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INTRODUCTION

Chromosome doubling and its manifestation on

cytomorpholofiy have been well documented in a wide ran^e of

plants by plant breeders. The phenomenon of polyploidy has

been recoanised 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 crop improvement in cucurbits

(Shiffriss, 1942; Singh and Yadav, 1984) it has been less

exploited in Cucumi s sat ivus.

Cucumis sativus the species used in the present

study is popularly used as salad cucumber. Autopo1yploids,

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 necessitates selection of

a suitable polyploidising agent, its effective

concentration and a suitable method for its application.

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



accepted and comroonly used polyploidising agent was selected

for inducinfi polyploidy in the present investifiation.

Taking into account of all these factors, the

present investigation was undertaken to analyse the effect

of colchicine for inducing polyploidy in Cucuinis sativus

under jji - vivo and in Jji - 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 Cucumi s sat ivus under in- vivo conditions.

2. To standardise a suitable medium for embryo culture in

Cucumis sat i vus.

3. To study the effect of colchicine under i_n - vitro

t r eatment s.
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review of literature

Literatures avpiiahi

::: .:;::::
fne ag re

Polypioidy in cucurbitace
ae

...::::::

u„u, ••°'̂ of chro^s™.! Chang.,

: "" B.,
responsible for thp • mainlyspeciation in different genera of l-h •
^-nily. Ayyanear (,9.9) . H. ^neraof this
'^Pinionthat-r-K

reason responsible for sdp ' ♦-•

speciation m the .hole fa.ilv
cucurbitaceae. Whitaker (I950) an
suon . " andsuggested that polypioidy ..,ht have pl.y,,

played an important
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rcl. .n scm. g.n,.. cuc.rb.tace,. ba„d on his stud,.,
Ech inocyst is macrocarpa

In cucurbits Jmphiploidy u»s found to b<
successful. When .mphiploids raised fro„ the hybrids of
t.ve cuU.v.t.d species of cucurb,ta, recort in an ts .,th
better baking qualities „ere produced especially from the
"OSS C. ma^i^ Xc.moschj^ (Pearson st aL. 1V51, Whitak.r
and Bohn, 1,50,. But according to Be^is <1,50> such effort,
".re unsuccessful „.th „ild species of Cucurh,t,

Polyploid forms uere identified in a number of

Melathria, Momordic. Citrull.,..
and Cucumis (Batra, 1V52 j Shimotsuma, 1965 i Roy e^ aj..
lV66i Singh, 1,74, flgra^al and Roy, 1,76, Singh and Roy.
197,, Dane and Tsuchiya, 1,7,,. Roy and Sho.h <1,71, .„d
Singh <1,75, reported that in genera Laffi and Cucum..
polyploidy induction showed positive response on its fruit
characters. In Cit^mus vjOaaris IK1 hara, 1,51, flndrus
•iil, 1,71, reported that the polyploids «er. superior to
the diploids.

"any natural polyploids were reported in

cucurbitaceae by many research u,orkers which include
Tri.;ho;anth,s ^wymeroids (Yamaha and Suematsu, 1,36),
Echinocystis macrocarpa (Whitak.r, 1,50,, Melothr,,

Vishveshwariah, 1,51), Cocc.n,. .ndira



r
o

<Kumar and Vishveswariah, 1952); and Corallocarous

welwxtschil (Miege, 1962); Cucumis ficifolia«. Cucumis

hep1adacty1 us (Shimotsuma, 1965); Momord ic a dioica (Roy et

ai.. 1966); Gomphoavne cissiformis (Roy and Trivedi, 1966);

Trichosanthes palmata (Verghese, 1972); T, oracteata

(Thakur, 1973); Momordica assamica (Singh, 1979); Cucumis

acuteatus and C.f iqare i (Dane and Tsuchiya, 1976).

Singh and Yadav (19B4) induced polyploidy in

Cucumis melo var. momordxca and C. prophetarum and compared

their characters with C. pustulatus. C.membranifo1lus

C.meeusei and C.heptadactvlus and concluded that C. meeusei

Q.- heptadoctvlus might be al lopolyploids whereas

C.pustulatus and C. membran i folius might be segmental

allopolyploids. Induced polyploids attained diploid

behaviour and showed possibility of producing polyploids by

se1ect ion.

Bene transfer system with recessive "ms" was

reported to be useful in the improvement of tetraploid

cultivars in Ci trullus 1an atus and in the production of

seedless cultivars of triploid water melons (Love ^

1986). In another report, tetraploids of Cucumis zevheri

were classified in two races as alloploids and segmental

autoploids, the former possessing six trivalents (Anon,

1986),



Effect of colchiciine

o

o

Colchicine, an alkaloid extracted from Colchicam

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 in crop improvement.

Colchicine mainly affects the mitosis. Suppression

of anaphase and lengthening the duration of metaphase

resulted in doubling of chromosomes (Halberstoed 1er and

Beck, 1943 ; Van't Hof, 1965; Davidson and MacLeod; 1966;

MacLeod and Davidson, 1968). Mechanism of its action was

sometimes thought to alter viscosity of cytoplasm through

gel-sol dynamic equilibrium (Malawista, 1965; Chakraborty

and Biswas, 1965; Affonso e_^ aX. 1967).

Krishnan gt. 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 (microtubu1ar protein) the sub unit

protein present in the membraneous system in the cell was

identified as a colchicine binding protein by Weisenberg

e_t_ai.. (1968). Artvinli (1987) confirmed this finding and
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explained this as responsible for the failure of chromsomal

separation into daugther nuclei and thereby causing

chromosomal doubling. Singh (19B3) reported that pure

colchicine is chemically with the formula C22H25O6N 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 Cucumis

var. momord ica and C. p rophe tarum in moist filter pap«r

for 12 hours and immersed in colchicine solution for

different periods and produced successfully the tetraploid

derivatives. Yadava el (1986) treated the hybrid

Cucumis dipsaceus X C anouria var, anouria and

C. dipsaceus X C. anouria var. lonoious with 0.15 and 0.25

per cent colchicine solution and developed amphidip1oids.

Dzevaltovski1 (1982) also developed induced polyploids by

seed treatment with colchicine solutions in Melo sativus.

Cucumis sativus and Citrullus vulgar is.



Apical bud treatment

Soaking the apical buds of the plant is 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 meio 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) also treated apical buds of Melo

Sag., Cucumis sativus and Citrullus vuloaris for

producing colchiploids.

Seedling treatment

Treating the whole seedling with colchicine 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 Luff a (Roy and Bhosh, 1971) and Cucumis

(Singh ,1975). Mackiewicz (1989) also induced chromosomal

alterations by seedling treatment with colchicine in Cucumis

sativus.



Morphological variations

Many workers have raised induced polyploids with

morphological variations in different genera like Cucumis,

Trichosanthes, ^ Momordica (Shifriss, 1942;
Hartmair, 1943; Batra, 1952; Roy 1970; Singh , 1975; Roy and
Ghosh, 1971).

According to Singh (1979) induction of polyploidy
in cucurbitaceae plants resulted in initial stunted growth

but finally resulted in gigantism of the plants.

Amphidiploids of Cucumis sg.. exhibited initial retarded

growth and subsequently increased vigour (Singh, 1986).

According to Singh and Yadav (1984) colchiploids of Cucumis

momordica and Cucumis proohetarum showed

increased thickness of stem, length of petiole, length and

breadth of leaves, length of calyx tube, size of guard

cells, length of stomatal aperture, pollen size etc. Yadava

e_t (1986) 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 (1979) observed delayed flowering

particularly in the case of female flowers and reduction in

number of flowers in the polypolids of cucurbitaceae plants.
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S.ngh and Yadav (1984) reported that polyplo.d derivatives
of Cucumis produced large female flowers. Vadava

(1986) recorded significant increase in size of male

and female flowers in the polyploids of Cucumi^ s^.

Pollen characters

Colchiploids of Cucumis melo var. momordica and

C. prophetarum possessed high pollen fertility (76'/. and 77'A

respectively) as reported by Singh and Yadav (1984). On 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 anouria increased pollen

fertility was observed by Yadava ej^ , 1986. Singh (1975)

reported that in polyploids of cucurbits, the initial 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 comparatively larger fruits and seeds eventhough

there is reduction in the number of fruits per plant and

number of seeds per fruit. Mackiewicz (1989) reported that

by colchicine effect there was reduction in fruit size in

cucumb e r.
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Cytological effects

The action of colchicine on mitosis has been found

to be greatly efficient, highly specific and totally

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 chromosomes.

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, 1965; Sharma, 1975). According to Turkov

aX. (1974) the root tips of Cucumis sat i vus had to be

pretreated in saturated solution of <x-bromonaphthal ene 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 in 3N HCl at room temperature for 40 minutes.

Additional cold treatment was required one to get

differential constriction in the chromosomes. According to

Dane and Tsuchiya (1976) for root tip cytological analysis a

pre—treatment of 3 hours in 0.002M 8—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 95'/,

ethanol and glacial acetic acid and stained for two or more

days at room temperature in 0.7 per cent acetocaramine.

Induced polyplaids 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 homolo^us

chromosomes 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 ones were less intensively stained (Turkov

ei 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

sat i vus.

Singh and Yadava (1984) observed 24 bivalents in

Cucum i s pus tu1 a tus and C.memb ran i fo1ius whereas a few
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qu.drxvalents were recorded xn C.meeusei and C.heptada.tv1,
whxch poxnted out thexr a11o or segmental a11opo1yp1oxd
nature. At metaphase-I colchiploxds derived from Cucumi.

01^ var. momordl^ and C. prophetarum showed unxvalents
and multxvalents along with normal bxvalents. The mean

chxasma frequency was almost identical xn natural

polyploxds. Ramachandran and Narayanan (1985) found that

the total nuclear DNA content of chromosomes xn Cucumis

varied from 1.373 to 2.483 picogram in diploids and 2.846 to

3.886 picogram in tetraploids. Yadava e^ (1986)

reported that chromosome association xn the amphidiploids

of cucurbits showed a number of multivalent association

besides bivalents and unxvalents.

In-vi tro techniques

Experiments done by White (1934, 1939), Gautheret

(1938), Nobecourt (1939), Reinert (1958), Steward e^
(1958) and Movel (1960) were often referred to as land marks

in the history of xn vitro techniques xn crop improvement.

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 (Heinz,
el ai.. 1977). Embryo culture technique had also been
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reported as a way to produce viable mutants in several crop

plants (Ghosh, 1982).

In Cucumis sat i vus 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 sat ivus (Sekioka and Tanaka, 1981; Trulson and

Shahin, 1986).

Several factors are found to be affecting the

developmental pattern of embyyoids in-v i tro. such as

osmolarity, carbon source, reduced nitrogen, growth

regulators and culture conditions, (Ammirato, 1983),

Protoplast culture in Cucumis sat i vus was also

found to be successful but plant regeneration was reported

to be at very low frequency (Orczyk and Malepszy, 1985; and

Trulson and Shahin, 1986).

According to Wehner and Locy (1981) 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 (Ra j asekharan e_t. , 1963; Ziv and
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Gadasi, 1986) were also reported. Ziv and Gadasi (1986) 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'/, of explants produced 2 shoots) accompanied by callus

production from cotyledon explants.

According to Kim e^ a±. (1988) callus growth

occurred on the peripheral zone of expanding cotyledon

fragments 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

saJXvus, after surface sterlisation with sodium hypochlorite

solution, for cotyledon culture in MS medium modified with

different concentrations of cytokinins, 6-benzyI aminopurine

(BAP), kinetin and (2-isopentyl) adenine (2iP), and

auxins a-naphtha1ene acetic acid (NAA) or Indol Acetic Acid

(lAA). When cotyledons are grown on the kinetin medium for

16 days as pre treatment before 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.



MATERIALS AND METHODS



MATERIALS AND METHODS

The investigation was carried out with a view to

standardise an effective technique for the induction of

polyploidy in Cucumis sativus under in. vivo and in. vitro

conditions. The study was designed as two experiments.

Experiment I ( iri - yi vo stud ies) wa^ carried out with a

objective of studying the effect of colchicine for inducing

polyploidy in seed, seedling and apical bud of Cucumis

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

for standardising the medium for embryo culture of Cucumis

sat 1vus. The study also envisaged the observations an the

effect of colchicine on proembryos, embryo of mature seed

and embryo of dry seeds in in. - vi tro treatments.

Materials

Varieties

The varieties 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 EKperimenfc 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 II embryos from premature seeds,

mature seeds and dry seeds were subjected to colchicine

treatment and used for inoculation for culture,

Colchicine

Colchicine, an alkaloid derived from the plant

Colchicum autumnale was used as a po1yp1oidising 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/lOth strength for in - vi tro treatments in Experiment II

as 0.02, 0.03 and 0.04.

Medium

Experiment II, the in. - v i tro study was conducted

using modified Murashige and Skoog (MS) medium the

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

In Experiment II, the seeds were surface

sterilised with 0.1 per cent mercuric chloride solution for
12 minutes before excising the embryos.

6 lass wares

Steam sterilised 150 ml, IQO ml and 50 ml

Erlenmeyer conical flasks and 50 ml and 100 ml tubes were
used for culturing the embryos.

Methods

Experiment I was mainly a field study laid out in

Randomised Block Design (RBD) for both the varieties.

Experiment I

Design = R B D

No. of treatments = 27

No. of replication = 2

T reatments

In Experiment I treatments of colchicine

concentration, mode of treatment and period of treatment

were fixed as follows.
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Colchicine concentration

0.2 y.

0.3 '/.

0.4 V,

Mode of treatment

seed treatment

m. seedling treatment

apical bud treatment

Period of treatment

t, 2 hours

4 hours

ts b hours

Treatment combinations

c,m,t, Czmjt, Cjm,tj

Cimit2 Cjmitj Csmitj

c, mi ts Cim, ts Csm, tj

Cz mi ti Cs mi t,
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cim, ti Csmitj

Ci 0)2 tj cz irtz t, cj mj t,

Ci ms tj Czmjti Cjmsti

Cimjtz C2m3t2 Csffitfti

Cimjts Cjmjts Cjmjtj

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 solutions 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

1:1:1 (5oil;sand:cowdung) potting mixture. Three seeds were
sown in 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 durations

as fixed.

Apical bud treatment

Untreated seeds were allowed to grow up to two

leaf stage in polybags filled with Islil 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

thoroughly rinsed in distilled water and planted carefully
in polybags with out causing any damage to growing points.
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Experiment H

This experiment consisted of an i_n - y j tro

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 y.

C2 = 0.03 y,

cj = 0.04 •/.

Type of embryo

e, = pro embryo

Sj = embryo of mature s*ed

es = embryo of dried seed
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Day of treatment

~ treatment on the same day of inoculation

<^2 = treatment on the second day of inoculation

1^3 = treatment on the third day of inoculation

Treatment combinations

cjeid, csBid,

Ci Si dj cj ei da cj e, dz

c 1 ei dj Ci ei dj Cj e, .d,

e2 di Cz ez d, Cj ej d,

Cj Si dz Cj 62 di Cj ej di

CiSada Czejds Cj ea d,

CiBsdi CiBsdi Cjesd,

CiBsda Ciejdz CjCsdi

Ciejdj Ciesdj CsBsds

Ten culture tubes were used for each treatment so

as to get sufficient number of tubes after possible

con t am inat ions.
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Pro—embryos

Immature fruxts were collected from plants in the

field about one week before its maturity. From these

fruits, the seeds were seperated out, cleaned and washed

thoroughly in running water. These seeds were again washed

thoroughly in 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.

Maturi! embryo

Seeds were seperated out from fully mature fruits,

cleaned and washed thoroughly. These seeds were again

washed well in distilled water and surface sterilisad 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.

Embryo of dry seed

Seeds seperated out from fully matured fruits were

dried under sun for two to three days. The seeds were

surface sterilised by 0.1 per cent merpcuric chloride

solution and embryos from these seeds were used as embryos

of dry seed.



25

The surface sterilised seeds were kept inside

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

MS medium was selected as the basal medium for

embryo culture. To standardise the best combination the

basal medium was supplemented with different conctntrat ions

of Indol Acetic Acid (lAA) and Kinetin as follows.

lAA = 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 lAA was

selected as the medium for the present study (s»e

Append i x - I) .
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Inoculation of embryo

The excised embryos were used for xnoculation xn

tubes/flasks containing 15 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 lux.

Colchicine treatment

Colchicine treatment was carrie.d out at three

levels.

1. On the same day of inoculation

The pro-embryos, mature embryos and embryos of

dried seeds were treated with the polyploidising agent in

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

i'"'Cub a t i on . After two days of culturing, the explants were
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taken out from the culture media and washed thoroughly in

sterile distilled water to remove traces of media. These

explants were treated with respective concentrations of

colchicine solutions for 30 mimites 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 grow

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 warlier. After

colchicine treatment explants were washed with double

distilled water, replanted in a fresh medium and allowed to

g row.

Hardening of embryo culture plants

The explants were allowed to grow in tha medium up

to four leaf stage. The plants were then taken out, washed

thoroughly with double distilled sterile water, 0.1 per cent

Bavistin solution and transfered to 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 1, seedlings were allowed to grow in
the polybags up to four 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 II the polybagged plants after

proper hardening were transferred to green house and the

regeneration percentage was recorded.

Observat ions

Detailed observations on the following characters

".re Isken tc evaluate th. effect of different treatments in

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 polybags up to four leaf stage.
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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 plants 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 60 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 opening

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 opened 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 in centimeter of each fruit from each

plant was measured and mean value was estimated.

Weight of fruit

Each 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 using standard ocular micrometer. Diameter of

twenty fertile pollen grains per treatment was measured and

recorded as mean value.

Pollen sterility

Anthers from flower bude 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 grams

seperately from twenty microscopic fields per treatment.

The sterility was expressed as percentage.

Cytological csbservations

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 alcohol. The fixed materials wer#

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'/.

acetoearamine 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

emb ryogenes is.

Regeneration percentage

Observations were taken on total number of embryos

showing regeneration in each treatment and percentage

calculated.
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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 conditi
on

The embryo cultured plants were transferred to

green house on attaining four leaf stage. After subjecting

it to proper hardening observations 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 studies conduc;ted on

Cucums „,th .n objective of .n.lys.ng the effect of
colchicine on survival and morphological characters of the
plants are presented below.

Survival percentage

the

The data on percentage of survival of plants in

variety 'Seethal' at two weeks after colchicine

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

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 0.2 (C. ) to 0.4 (C. ) per cent. Among
different modes of treatment seed treatment (m, > recorded

significantly high survival percentage (71.75) over seedling
treatment <m, ) and apical bud treatment (m, ). Survival of
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plants also decreased progressively with increase in the

period of colchicine treatment. There was significant

reduction in the survival of plants from 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 of two hours treatment.

Data on interaction effect of colchicine

concentration and mode of treatment with respect to variety

Seethal are given in Table-2. Interaction effect of

colchicine concentration and mode of treatment w».s found to

be significant. Highest value (83.00) 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 O.A per cent concentration (cjms) respectively.

Interaction effects of colchicine concentration

with period of treatment and mode of treatment with period

of treatment on the variety Seethal are presented m T3ble-3

and A respectively. The effects were not significant.

Data on survival percentage in the thre» factor

interaction of treatments in the variety Seethal are given

in Append i x II.

Among the different interaction of treatments the

highest value (90.50) for survival percentage was recorded
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with 0.2 per cent colchicine concentration given »s seedling
treatment for two hours period (c.m,t.) and lowest value
(39.00) for survival percentage was recorded in the

treatment of 0.4 per cent colchicine given as apical bud

treatment for six hours (csmjtj).

The data on survival percentage of seedlings two

weeks after colchicine treatment in Delila are presented in

Table-9 and Fig.l.

Untreated control plants showed significant1y

higher survival percentage <?9.30) compared to the treated

pi ants.

As colchicine concentration increased from 0.2 p«r

cent (c:) to 0.4 per cent (cj ) significant reduction in

survival percentage, from 85.53 to 59.56, wa« noticed.

Among different modes of treatment, seed treatment (m.)

recorded highest value (74.03) which was on par with

seedling treatment (m,). Effect of apical bud treatment

(m, ) was significantly low (68.92). With increasing period

of treatment from two hours (t,) to six hours (t,)

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



38

Compared to control, treated plants showed

significantly reduced length of vine at 30 days of growth

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 than 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' colchicine treatment. At 60 days stage there was

no significant difference among the treatments for vine

1eng th,

Data on interaction effect of colchicine and mode

of treatment on the variety Beethal are given in Table-2.

At 30 days growth stage in Seethal highest value (112.33)

for length of vine was recorded 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 (c.m,). At 60
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.t,)

produced maximum vine length (112.41) at 30 days stage of

growth. Vine length was reduced to minimum (87.37) m the

treatment of colchicine, 0.4 per cent given for si. hours

durat ion (cj tj >.

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 of vine (108.83) was recorded for seed

treatment was given for four hours. Vine length was minimum

(84.73) when apical bud treatment was given for six hours.

At bO days stage the treatments did not show any significant

difference for vine length.

Among the treatment combinations as presented in

Appendix II seed treatment of 0.2 per cent colchicine for

four hours(c,m.t,) recorded the highest vine length (117.00)
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and apical bud treatment of colchicine at 0.4 per cent level

for four hours (Cjmjtj) 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 increasing concentration of colchicine from

0.2 to 0.4 per cent, vine length reduced significantly from

94.88 to 54.88 cm. Among modes of treatment, seedling

treatment (mj) recorded lowest value (69.37) which was on

par with apical bud treatment (mj) and highest value (78.33)

was recorded by seed treatment. When period of treatment

was increased from two to six hours progressive decrease in

vine length was noticed from 77.86 to 68.30 cm. At 60 days

of growth stage there was no significant difference among

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 ..gn.ncant ,t 60 St.,.. s„d tr..t„ent
-th 0.2 pe. c.nt colchic.n.

of v.n, ,,05.33 cm, and l„„„t value (50.12 „as reco.d.d
by s.,dU„5 tr.at„ent a, 0., p.. calch.one
ocnc.ntration .Oday, c, stag. the
effects were not significant.

Data presented on Table-ll and 12 revealed that

interaction effect of colchicine concentration with period
of treatment and mode of treatment with period of treatment
"as not significant with respect to variety Del.la in 30 and

60 days of growth stages.

Three factor interaction of treatments (Appendix
rV) was also significant in Delila at 30 days of growth
stage. Colchicine at 0.2 per cent given for two hours by
seed treatment (cm. t. ) produced highest (116.00 cm) and

0.4 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 60 days of growth stages are presented in
Tab 1e-1.
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Compared to control, colchicine treated plants

produced significantly lower number of branches

i.' days growth stage. At 60 days stage there was no

significant difference between the treated and control

p 1 an t s .

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

compared to apical bud treatment which recorded the lowest

value (7.51). Four hours of colchicine treatment (t,)

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 (7.86). The

effect of treatments was found to be insignificant at 60

days of growth stage (see Fig.3).

Interaction effect of colchicine concentration

with mode of treatment on this parameter in 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 (cjmj) produced highest number (11.40) of

branches and 0.4 per cent colchicine given as apical bud

treatment (Cjmj) produced lowest (4.40) number of branches
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JO days growth stage. fit 60 days growth stage th.
interaction effect was insignificant.

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 treatment for 4 hours

(m,t.) produced highest number of branches (10.60) and was
on par with seed treatment for two hours (m.t.). Lowest

value was recorded by apical bud treatment for sik 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

Tab 1e-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 60 days stage the
treatment effects were not significant.

Increase in the concentration of colchicine from

0,2 to 0.4 per cent produced significant fall in the number
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of branches from 5.57 to 3.41 at 30 days of growth stage.
Among the modes of treatment, seed treatment (m.) recorded
the highest value (5.17) and the apxcal bud treatment

recorded the lowest value (4.34). Increase in the period of

treatment from two to six hours produced significant

decrease m this parameter from 5.06 to 3.99. No

significant effect was noticed at 60 days of growth stage.

Interaction effect of colchicine concentration

with mode of treatment given in 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 m

Table-11. Colchicine at 0.2 per cent applied for two hours

recorded the maximum value (6.40) 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

insigni f icant.

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.)
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recorded maximum number of branches (5,97) which was on par

with seed treatment for two hours (mii). Lowest number of

branches was produced by seedling treatment for six hours

(m2t3) and was on par with apical bud treatment for six

hou r"5 ( m, t j ) .

Three factor interaction of various treatments on

number of branches in De1i1 a 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.

Nua^er of leaves per plant

The data on number of leaves per plant in the

variety Seethal at the two growth stages are given in

Table-l (see Fig.4).

In Seethal, the different treatments exerted

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 to 38.52 as colchicine

concentration increased from 0.2 (c,) to 0.4 per cent (c,).

Seedling treatment (m^) produced maximum number of leaves

per plant (57.54) and it was significantly superior to

apical bud treatment (ms). Period of treatment also exerted

significant influence by reducing the number of leaves

produced per plant. Number of leaves from 60.14 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,m2) recorded highest value (76.37)

whereas apical bud treatment with 0.4 percent colchicine

produced lowest value (31.08) with respect to this

parameter.

Data on interaction effects of colchicine

concent rat ion with period of treatment in respect of this

parameter in Seethal are depicted in Table-3. Here also

only at 30 days of growth stage, the effect produced was

significant. As colchicine concentration and period 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 (citj ) recorded the highest

(71.42) and colchicine 0.4 per cent treatment for six hours

(cstj) recorded the lowest (28.02) values.

Interaction of mode of treatment with period of

treatment did not exert any significant influence at both

the growth stages (Table-4).

Among the treatment interactions (Appendix-I1)

also significant variation was observed at 30 days of growth

stage (Fig.4). Highest (88.50) and lowest values (27.25)

were recorded at Cimiti and Csmjts 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 67.79 to 42.83. Apical bud treatment

(ms ) recorded the lowest value of 56.27 followed by seed

treatment (m,) and seedling treatment (ma). 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 60 days of growth stage.

Data on 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 response

was noticed at 60 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 (85.66) 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 Appandix-IV revealed the

significant effect of three factor interactions at 30 days

stage of growth. In Delila, the apical bud trtatment 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 for first flower opening

The data on number of days taken for first flow*r

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

Compared to control, the first flower opening was

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

The data revealed that both male and female flower

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 (36.87 days) in the

apical bud treatment and the earliest flower 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 (36.94) was recorded
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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 bot-h 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 opening (23.17 and 32.33

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-II, 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

^irst male flower opening. For female flower opening in

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 of treatments on number of

days taken for male and female flower opening in Delila are

presented in TabIe-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 flower opening was delayed

progressively from 20.81 to 25.67 days for the male flowers

and 25.33 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 to 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 concentrat ion

with mode of treatment are depicted in Table-10. Apical bud

treatment with 0,4 per cent colchicine concentration

produced maximum delay in 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 colchicin. concentration
with period of treatment <Table-ll) 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 colchicine produced maximum delay m
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 opening (19.33

and 25.83 days respective1y).

Three factor interaction* of treatments

(Appendix-IV) were also significant. Seedling treatment of
0.4 per cent colchicine for six hours (c,m,t,) and apical
bud treatment of 0.2 per cent colchicine for two hour,

(c.mjt.) recorded maximum and minimum values respectvely
u^ith respect to male flower opening. For female flower

opening, seedling treatment of 0.4 per cent colchicine for

two hours (cm, t, ) and apical bud treatment of 0.4 per cent

colchicine for six hours (c,m,t,) recorded lowest and

highest values respectively,
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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 control 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

579.78 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 flowers (511.44

and 23.06 respective ly) were produced by six hour (tj )

colchicine treatment. For male flowers four hour treatment

produced maximum number which was on par with the two hour

t reatment.

Data on interaction effect of colchicine

concentration with mode of treatment on number of flowers in

Seethal are given in Table-6 Minimum number of male flower

(449.00) were producd when 0.4 per cent colchicine was given

as seedling treatment (csm^ ) and maximum number of male

flowers (610.67)were produced when colchicine was given as
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by 0.2 per cent level applied as seedling treatment (c.m,).
In the case of female flowers, 0.2 per cent seed treatment

and seedling treatment (c.m. and c.m.) recorded the

highest (27,66) and 0.3 per cent and 0.4 per cent apical bud

treatments (cam, and Cjms) 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 on 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 450.67

to 328.75 and number of female flowers decreased from 16,78

to 14.06. Mode of treatment and period of treatment did not

exert any significant influence on this parameter m Delila.

Data on interaction effect of colchicine

concentration with mode of treatment are presented xn
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TabU-14. Colchicine at 0.2 per cent level appUed by seed
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 (c.m,) and seedling treatment (c^m.).

Interaction of colchicine treatment with period of

treatment showed significance only on number of male flowers

(Tabie-15), Maximum male flower production (470.33) were

noticed in 0.2 per cent seed treatment (c,t.) and minimum

<351.77) was noticed in 0.4 per cent apical bud treatment

(C3 ts ) .

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 (577.5) for number of

male flowers per plant was recorded in c,m. t, and minimum

(217.50) in cjmit, level. In the case of female flower* per

plant the treatments seed treatment of 0.2 per cent
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colchicine for six hours (c,m. t, ) and seedling treatment of
0.4 per cent colchicxne for six hours (C3m.t3) recorded

maximum (22) and minimum (11) respectively.

Stomatal length

Data on stomatal length in Seethal are given m

Table-5 and Fig.8.

Colchicine treated plants produced comparatively
large sized stomata than the control plants.

With increase in colchicine concent ration 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 0.126 mm.

Interaction effect of colchicine concentration

with mode of treatment (Table 6) 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 (c^m,) and it was on par with the

apical bud treatment of colchicine 0.4 per cent. (c,ms).

Lowest value (0.097 mm) was recorded in the seed treatment

of colchicine 0.2 per cent (c,m,).
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Data on 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 c. t. level to c,t, level stomatal

length progressive1y 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 length.

Data on the effect of treatments on stomatal

length m Delila are given m Table-13 and Fig.8.

Colchicine treated plants showed signficantly higher length
of stomata compared to control plants.

As colchicine concentration increased 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 0.111. to 0.124 mm.

Interaction of colchicine concentration with mode

of 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 (0.133 mm) at apical bud treatment of 0.4 per cent
colch ic ine (cj m, ) .

With increasing colchicine concentr»t.on „.th

per.od Of treatment fromc.t, to =.t. progressive increase
in stom»tal length from 0.092 to 0.134 mm noticed ,n
Delila (Table-15),

Data on interaction effect of mode of treatment
with period of treatment are presented in Table-16.
Seedling treatment for two hours (m.t.) recorded lowest
(0.104 mm) and apical bud treatment for six hours (m,t,)
recorded highest (0.132 mm) stomatal length.

Among the three interactions of all treatments

(Appendix-V) seed treatment of 0.2 per cent colchicine for
two hours (cm. t, ) and apical bud treatment of 0.4 per cent

colchicine for six hours (c,m,t,) recorded lowest (0.090)
and highest (0.165) 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 in

present investigation as fruit characters. Data on fruit

characters in Seethal are presented in Table-5. Data on

interaction effect of colchicine concentration with mode of

treatment (Table-6), colchicine concentration with period of
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treatment (Table-7) made of treatment with period of

treatment (Table—8) and three factor interaction of

treatment (Appendix —111) 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 ,16 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.

Pollen characters

The data on pollen characters viz., pollen size

and pollen sterility percentage on Seethal are presented in

Table 5 (see Fig.6 and 7).

Control plants showed significant variation from

treated plants with respect to pollen characters in Seethal.

Siginificantly bigger pollen grains with high sterility w»re

produced by treated plants compared to untreated control

p1 ants.

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 0,069 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 of treatment. Mode of treatment did not

SKert any influence on pollen sterility. With increasing

period of treatment, size and sterility also exhibited

increase.

Data on interaction of colchicine concentration

and mode of treatment in Seethal are given in Table 6. The

interaction exerted significant influence only in pollen

size and not in pollen sterility. Apical bud treatment of

0.4 per cent colchicine (cjmj) recorded maximum pollen size

(0.072 mm) and seed treatment of 0.2 per cent colchicine

(Cimi) 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 (citi) and it

increased progressively to 0.073 mm pollen size and 59.85

sterility percentage in the treatment combination of 0.4 per

cent colchicine given for six hours (Csts).
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seedling treatment for two hours (rneti) and highest value

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

hours (ms ta).

Among interaction of all treatments (Appendix-V)

0.2 per cent seed treatment for two hours (cimiti) and 0.4

per cent apical bud treatment for six hours (cgmsts)

recorded lowest (0.030 mm) and highest (0.053 mm) values

respectively with respect to pollen size. Lowest pollen

sterility (ll.S'i) and highest pollen sterility (68.15'0 were

noticed at apical bud treatment of 0.2 per cent colchicine

for two hours (cimsti) and 0.4 per cent colchicine given as

apical bud for six hours (csmata).

Cytological observation

Cytological studies were carried out in different

seed treatments. Presoaked 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 IN HCl for 30 minutes at 60® C. Root tips were put in

Feulgen stain 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 oa survival and morphological characters upto flower opening in Seethal

T reatments Survival

percen

tage

Length

30 DAP

•f vine

(cm)

60 DAP

No of branches

per plant
30 DAP 60 DAP

No of

per

30 DW

leaves

plant
60 DAP

Days taken to
wale flower

open ing

Days taken to
female flower

opening

Ci 82.78 106.16 134.22 10.78 18.84 62.71 262.39 24.30 34.50

Ci 57.44 94.84 136.25 8.61 17.99 51.37 260.82 25.56 34.61

Ci 53.97 88.72 133.39 6.95 17.16 38.52 260.49 28.28 38.44

CD 6.10 3.98 NS 0.75 NS 2.29 1.20 1.15

m, 71.75 102.28 135.75 9.64 17.03 55.57 257.60 25.06 34.78

m. 61.86 96.74 133.61 9.01 18.63 57.54 260.51 25.50 35.89

Mi 62.58 90.79 136.49 7.51 16.32 39.08 259.19 24.28 36.89

CD 6.10 3.98 NS 0.75 NS 2.29 N5 NS 1.15

t, 69.22 100.54 134.94 9.09 17.60 60.14 259.93 24.33 34.78

t. 66.86 98.41 136.82 9.38 18.22 49.89 257.33 24.33 35.83

t. 60.11 90.77 134.09 7.86 18.17 42.57 26.44 26,17 36.94

CD 6.10 3.98 NS 0.75 NS 2.29 NS 1.20 1.15

Treatwent

mean

66.61 95.41 135.93 9.00 18.19 52.86 261.31 24.79 35.63

Control 99.25 120.00 139.49 15.00 20.11 86.95 263.90 20.50 29.50

CD 9.14 5.97 NS 1.12 NS 3.44 NS 1.80 1.73

CD - At 5X level NS - Not Significant



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

Treatment

interac

tions

Surv i val

percen

tage

Length of vine
(cm)

30 DAP 60 DAP

No of

per

30 DAP

branches

plant
60 DAP

No of

per

30 DAP

leaves

plant
60 DAP

Days taken to
male flower

opening

Days taken to
female flower

opening

c, t. 86.67 103.70 134.92 11.42 19.60 71.42 259.81 24.16 34.00

Ci ti 83.50 112.41 135.05 11.20 19.01 60.67 262.11 23.83 34,17

C, t; 78.17 102.35 132.68 9.72 17.92 56.03 265.25 24.60 35.33

C2 t, 58.58 93.25 135.00 8.78 17.16 61.00 261.58 24.00 34.83

C2 58.08 90.33 140.17 9,02 19.17 50.25 258.00 25.33 34.50

C2 tj 55.67 32.58 139.58 6.02 17.62 42.87 269.06 27.00 34.50

Cs t, 62.41 104.67 134.91 7.08 18.08 48.00 265.38 24.00 35.50

Cjtr 59.00 92.48 135.25 7.93 18.47 38.75 251.68 23.83 38.83

C3 tj 46.50 87.37 130.00 5.83 18.98 28.82 265.00 27.50

0
0

•

CD NS 6.90 NS NS NS 3.96 NS NS NS

CD - 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

male flowers

per plant

No. of

female flowers

per plant

Stomatal

length
(mm)

No. of

fruits

per plant

Length of
fruit

(cm)

Girth of

f rui t

(cm)

Weight
of fruit

(g)

Pollen

si ze

(mm)

Pollen

steri1i ty
(V.)

c, 579.78 27.17 0.106 3.94 40.94 27.93 1384.72 0.058 28.74

571.61 23.89 0.117 3.11 40.69 27.42 1408.61 0.066 42.83

Cs 538.00 23.56 0.127 3.88 41.82 20.53 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

mj 575.61 25.28 0.118 3,44 42.27 29.13 1313.33 0.063 38.42

mj 568.94 24.06 0.121 3.28 38.06 29.42 1334.35 0.066 41.26

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

ti 596.61 24.56 0.119 3.28 41.44 29.31 1251.11 0.064 35,83

t j 511.44 23.06 0.126 3.50 39.94 30.31 1315.56 0.068 46.92

CD 30.35 1,31 0.004 NS NS NS NS 0.002 3.02

Treatment

mean

569.96 25.16 0.120 3.77 41.08 28.69 1315.45 0.062 39.28

Control 652.15 33.00 0,089 4.00 39.25 30.11 1238.25 0,042 11.95

CD 45.53 1.96 0.006 NS NS NS NS 0.003 4.53

CD - At 57, 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)

T reatment No. of

male flowers

per plant

No. of

female flowers

per plant

Stomatal

length
(mm)

No. of

fruits

per plant

Length of
fruit

(cm)

Girth of

fruit

(cm)

Weight
of fruit

(g)

Pol1 en

size

(mm)

Pol1 en

sterility
{•/,)

c, m, 594.83 27.66 0.097 4.66 46.00 33.13 1415.00 0.054 38.32

c, mi 610.67 27.66 0.101 3.66 40.07 29.75 1392.50 0.055 37.18

c, mj 559.33 26,16 0.116 3.50 36.75 32.11 1446.67 0.063 30.72

CzOi 592.00 24.17 0.124 3.67 44,75 33.12 1414.17 0.068 41.38

Cimz 566.33 24.50 0.129 3.68 44.75 34,13 1357.50 0.065 43.33

Cjmj 581.00 23.00 0.128 3.91 35.88 28.33 1454.17 0.062 43,76

cjm, 497,00 24.00 0.124 3.66 38.63 29.07 1361.68 0.064 53.55

Csm2 449.00 23.67 0.129 3.83 42.00 35.50 1420.11 0.069 44.75

Cjmj 556.50 23.00 0.122 4.17 44.83 32.00 1376.28 0.072 49,28

CD 52.57 2.26 0.007 NS NS NS NS 0.004 NS

CD At 5'/. 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)

T reatment

interact

ions

No. of

male flowers

per plant

No. of

female flowers

per plant

Stomatal

length
(ram)

No. of

fruits

per plant

Length of
fruit

(cm)

Girth of

f rui t

(cm)

Weight
of fruit

(g)

Pollen

size

(mm)

Pol1 en

sterility
(•/.)

c, t, 579.83 30.50 0.102 5,5 46.4 27.0 1216.67 0.051 22.32

Ci t2 604.16 25.83 0.104 2.8 42.2 27.7 1249.17 0.058 29.03

C, ts 530.83 25.16 0.109 3.5 34.1 29.1 1288.33 0.063 34.83

Ci t, 595.16 25.67 0.128 3.3 40.5 26.6 1492.50 0.064 43.37

c, tj 622.00 23.33 0.130 3.7 44.9 28.5 1375.50 0.067 39.03

C2 ts 522.17 22.67 0.118 2.8 36.8 27.1 1249.50 0.067 46.08

Cj t, 569.00 24.83 0.127 3.7 39.5 28.2 1398.33 0.068 48.35

Cj tj 563.67 24.50 0.119 3.8 37.1 31.7 1325.25 0.065 39.38

Cj tj 481,33 21.33 0.135 4.1 49.0 34.8 1311.55 0.073 59.85

CD NS NS 0.007 NS NS NS NS 0.004 5.23

CD At 5'/. 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)

ireatment

Lnteract-

Lons

No. of

male flowers

per plant

No. of

female flowers

per plant

Stomatal

length
(ram)

No. of

fruits

per plant

Length of
fruit

(cm)

Girth of

f rui t

(cm)

Weight
of fruit

(g)

Pollen

size

(mm)

Pollen

sterility
(•/.)

c, t, 579.83 30.50 0.102 5.5 46.4 27.0 1216.67 0.051 22.32

C, 604.16 25.83 0.104 2.8 42.2 27.7 1249.17 0.058 29.03

C, ts 530.B3 25.16 0.109 3.5 34,1 29.1 1288.33 0.063 34.83

c, t, 595.16 25.67 0.128 3.3 40.5 26.6 1492.50 0.064 43.37

C2 tz 622.00 23.33 0.130 3.7 44.9 28.5 1375.50 0.067 39.03

Cz t. 522.17 22.67 0.118 2.8 36.8 27.1 1249.50 0.067 46.08

Cs t, 569.00 24.83 0.127 3.7 39.5 28.2 1398.33 0.068 48.35

C} tj 563.67 24.50 0.119 3.8 37.1 31.7 1325.25 0.065 39.38

Cj ts 481,33 21.33 0.135 4.1 49.0 34.8 1311.55 0.073 59.85

CD NS NS 0.007 NS NS NS NS 0.004 5.23

CD At 5'/. level NS - Not significant



Table 8 Interaction effect of mode of treatment and period of treatment on various
morpholofiical characters in Seethal (number of flowers to pollen characters)

Treatment

interact

ions

No. of

male flowers

per plant

No. of

female flowers

per plant

Stomatal No. of Length of
length fruits fruit

(men) per plant (cm)

Girth of

fruit

(cm)

Weight
of frs^it

(g)

Pol 1 en

size

(mm)

Pol 1 en

sterility
(•/.)

m, t, 550.67 26.23 0.117 4.50 49.30 29.95 1244.17 0.059 39.60

(til tj 583.83 25.67 0.117 4.17 43.25 30.60 1236.67 0.060 36.85

m, tj 542.00 25.83 0.118 4.00 36.83 27.46 1404.17 0.067 46.80

mi ti 589.16 27.83 0.119 4.00 39.07 27.00 1215.83 0.058 36.33

mi ti 586.33 24.83 0.116 2.50 40.83 27.83 1246.67 0.067 32.12

mi tj 551.33 23.16 0.120 3.83 46.92 32.55 1477.50 0.064 46.12

mj t, 604.16 26.83 0.120 3.17 37.83 27.83 1398.33 0.065 37.60

ms tz 626.66 23.16 0.123 3.87 40.25 29.50 1370.11 0.067 38.22

m, tj 561.00 22.16 0.124 2.72 36.08 30.91 1401.12 0.067 47.50

CD NS NS NS NS NS NS NS NS NS

CD - At 5V. level NS Not 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

interact- percen-
ions tage

C2

Cj

CD

m,

mz

CD

t,

tj

t.

CD

T reatment

mean

Control

CD

85.53

71.64

59.56

3.19

—*
74'. 03

73.78

68.92

3.19

76.67

73.17

66.92

3.19

73.22

99.50

4.78

CD At 5% level

Length of vine
(cm)

30 DAP 60 DAP

94.08

67.99

54.88

4.66

79.33

69.37

70.06

4.66

77.86

71.81

68.30

4.66

123.27

124.89

120.15

NS

129.33

126.94

125.87

NS

127.31

128.31

126.54

NS

74.28 127.93

120.00 131.15

6.99 NS

No of branches

per plant
30 DAP 60 DAP

5.57

4.90

3.41

0.58

5.17

4.37

4.34

0.58

5.06

4.83

3.99

0.58

14.63

14.27

14.18

NS

14.67

14.63

14.32

NS

14.18

14.84

14.60

NS

4.86 14.61

11.00 15.32

0.86 NS

No of leaves

per plant

30 DAP 60 DAP

67.79

65,99

42.83

3.41

57.89

62.56

56.27

3.41

72.24

55.24

48.93

3.41

219.67

218.93

216.11

NS

226.71

222.89

223.11

NS

223.77

218.33

222.61

NS

60.44 222.03

81.33 229.12

5.11 NS

NS - Not significant

Days taken to Days taken to
male flower female flower

opening

20.81

22.06

25.67

0.82

22.89

23,11

23.53

NS

19.94

22.28

26.31

0.82

22.63

17.00

1.21

opening

25.33

23.69

31.89

1.28

27.72

26.53

26.67

NS

26.00

26.61

28.31

1.28

26.01

28.00

1.92



T reatment

interact

ions

Surv1val

percen

tage

Length of vine
(cm)

30 DAP 60 DAP

No of branches

per plant
30 DAP 60 DAP

No of

per

30 DAP

1 eaves

plant
60 DAP

Days taken to
male flower

opening

Days taken to
female flower

opening

c^mi 87.73 105.33 129.00 6.56 15.58 68.83 228.67 19.42 22.16

cim2 87.83 90.90 133.58 3.92 15.08 73.05 211.50 21.50 25.66

^l'"3 81.00 98.42 127.22 6.23 14.83 61.50 218.83 21.50 23.17

C2fni 71.16 59.73 134.33 6.05 15.35 58.92 235.30 22.17 23.50

C2ffl2 73.50 66.63 131.50 5.30 13.71 71.67 220.33 22.00 22.25

C2m3 70.25 77.33 123.83 3.35 13.75 67.38 231.17 22.00 25.23

C3'"l 63.00 65.83 134.66 2.88 13.08 43.92 222.17 25.00 30.50

C3m2 60.00 50.12 125.75 3.90 15.08 42.67 206.83 25.83 31.50

C3'^3 55.00 68.50 136.58 3.45 14.33 39.92 219.33 26.17 31.67

CD MS 8.07 MS 0.99 NS 5.09 NS 1.42 2.22

CD - At 5X level NS - Not significant



Table 12 Interaction effect of mode of treatment and period of treatment on survival and
morphological characters upto flower opening in Delila

Treatment Survival Length of vine No. of branches No. of leaves Days taken to Days taken to
interact- percentage Icm) per plant per plant male flower female flower
ions 30 DAP 60 DAP 30 DAP 60 DAP 30 DAP 60 DAP opening opening

miti 79.33 80.60 121.50 4.90 14.47 74.25 226.83 19.33 25.83

mit2 74.00 68.63 134.00 5.48 14,75 55.08 228.33 22.17 28.33

mit3 68.75 62.17 135.50 5.08 14,80 48.33 231,00 27.17 29.00

">2^1 75.25 71.67 128.92 5.87 14.17 72.25 223.67 19.83 26.00

m2^'2 70.83 68,73 121.50 4.15 15.05 57.66 220.11 23.17 26.83

">2^3 75.41 67.73 130.42 3.10 14.67 57.66 227.30 26.33 26.75

<"3^1 70.16 81.92 131.50 4.37 14.91 70,22 220.83 20.67 26.16

"•3^2 61.16 77.25 129.42 4.86 14,72 53.58 223.13 21.50 26.67

<"3^3 61.71 75.00 126.72 3,80 14.33 45.00 220.11 28.42 29.17

CD NS NS NS 0.99 NS 5.09 NS 1.42 2.22

CD At 5'/. level NS Not signi'ficant



No. of No. of

Male female

Treatments flowers flowers

per plant per plant

^2

C3

CD

mi

012

""3

CD

^2

CD

T reat/nent

mean

Control

CD

450.67

336.94

328.75

21.91

360.69

371.94

357.72

NS

388.19

389.78

392.39

NS

397.61

602.50

32.86

CD At 5*/. level

16.78

15.39

14.06

1.44

15.94

14.89

15.39

NS

16.17

15.00

15.06

NS

15.69

19.55

2.15

on

en

Stomatal No. of Length of Girth of Weight of Pollen Pollen
length fruits fruits fruits fruit size

steri1i ty
(g)(mm)

0.103

0.122

0.130

0.007

0.113

0.119

0.121

NS

0.111

0.119

0,124

0.007

0.120

0.082

0.003

(cm)

5.56 47.47

5.00 49.56

5.17 52.14

NS

5.83

5.78

5.11

NS

6.06

5.61

5.06

NS

5.68

5.91

NS

NS

49.44

51.44

48.31

NS

48.17

49.75

30.31

NS

49.28

43.44

NS

(cm) (mm) (•/.)

29.91 1385.56 0.038 30.21

47.42 1310.28 0.040 30.96

29.42 1259.45 0.044 51.44

NS

29.11

29.36

30.13

NS

285.79

28.77

31,03

NS

29.33

27.11

NS

NS

1235.00

1279.00

1340.83

NS

1298.81

1271.11

1285.56

NS

1281.40

1191.25

NS

0.001

0.039

0.040

0.043

0.001

0.040

0.041

0.041

NS

0.040

0.030

0.002

2.54

35.68

36.86

39.97

2.54

27.96

30.71

53.94

2.54

36.32

3.90

3.50

NS Not significant



Table 14 Interaction effect of colchicine concentration and mode of treatment on various
morphological characters in Delila ( number of flowers to pollen characters)

Treatment

interact

ions

cimi

C 117)2

czmi

€2^2

C2m3

'=3'"1

cjm?

C3m3

CD

CD

No. of male No. of female Stomatal

flowers flowers length
per plant per plant (mm)

507.50

422.00

422.50

396.73

388.50

363.00

417.83

305.34

287.67

37.95

At S'/i level

20.00

15.17

15.17

15.00

15.33

15.83

12.83

14.17

15.17

2.48

0.088

0.113

0.106

0.122

0.117

0.125

0.126

0.127

0.133

0.012

\ •' 'v;

No. of Length of Birth of Weight of Pollen Pollen
fruits fruits fruits fruit size sterility

(cm) (cm) (g) (mm) (%)

6.83

7.83

7.13

5.8

5.33

5.17

4.83

5.22

5.17

NS

NS

47.33

46.50

48.50

46.00

45.33

47.41

49.11

48.91

50.12

NS

24.50

26.08

30.50

30.75

29.92

33.17

28.50

30.33

29,42

NS

Not significant

1230.88

1292.50

1303.33

1299.17

1325.15

1203.33

1175,00

1417.50

1185.83

NS

0.033

0.038

0.041

0.041

0.038

0.042

0.043

0.043

0.047

0.002

25.28

32.22

33.12

36.50

26.05

30.03

45.25

52.32

56.77

4.39
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diplQid 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 chromosomes were not well stained in

them and could not be seen clearly. Highly stained

artifacts were also seen in excess in colchicine induced

cells.

EKperiment 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 lAA Qnd

Kinetin as follows.

lAA = 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 supp1emented with lAA. Among the

three concentrations of lAA tried, maximum callus growth

rate was observed with the medium supplemented with 0.1 mg/L

lAA. Early embryo differentiation wag also noticed in this
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combination. High callus induction rate and fast callus

arowth response were noticed with this medium. ns medium

supplemented with 0.05 and 0.2 mg/L of lAA also gave early

callus induction. But delay in shoot differentiation was

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

combinat ion.

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 lAA 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 embryogenesia

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 hightfst

colchicine concentration of 0.04*/. maximum period of 23.85

days was taken for embryogenesis as against the minimum

period of 14.67 days taken for embryogenesis art colchicine

concentration 0.02V«. 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 (11.6 days).

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 18. 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*/.. Colchicine (cj e, ) . The

time taken for embryogenesis was minimum (8.00 days) when

the embryos of dry seeds were treated with the lowest

colchicine concentration of 0.02*/. (cicj).

The interaction effects of colchicine

concentration with day of treatment and the interaction

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 also significant. Maximum value was

recorded at 0.4 per cent colchicine applied on pro-embryo

on the same day of inoculation (cse.d, ) and minimum was

obtained when dry seed embryos were treated with 0.02

per cent colchicine on third day of inoculation (Cjesdj).

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

embryogenes is.

Untreated proembryos, mature embryos and dry seed

embryos showed early embryogenesis compared to colchicine

treated ones. With increasing colchicine concentration

embryogenesis was delayed significantly recording a 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 (14.7B 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 proembryos

at 0.04 per cent concentration (cje,) maximum delay (40.78

days) was noticed for embryogenesis. Fastest embryogenesis

at 11.00 days was observed for the Ciej combination.
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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 (cjcsdj ) and maximum value was recorded with

pro-embryos when treated by 0.04 per cent colchicine on

same day of incoculation (csSid, ),

Regeneration percentage

The data on regeneration percentage of calli in

culture tubes in respect of variety Seethal are depicted in

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.
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Data on interaction effect of colchicine

concentration with type of ambryo are presented in Table 18.

Maximum regeneration obtained was recorded with c,e,

combination (53.47*/.) and minimum value (0.37'/.) for Cj®, .

Interaction of colchicine concentration with day of

treatment and type of embryo with day of treatment had no

significance on regeneration percentage in Seethal.

Among interactions of all treatments in Seethal

(Appendix VI), dry seed embryo when treated with 0.02 per

cent colchicine on the third day of inoculation (c.e,d,)

recorded maximum (68.62) and pro-embryo treated by 0.04 per

cent colchicine on the same day of inoculation (cjeidi )

recorded minimum (0.04) regeneration percentage.

Data presented on Table 21 revealed significant

influence of colchicine concentration and type of embryo on

regeneration percentage in Delila. A significant fall in

regeneration percentage from 17.47 to 8.79 was noticed with

increase in level of colchicine concentration from 0.02 to

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

significance on regeneration percentage in Delila,

no



70

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 (ciejd, ) and

pro-embryos treated by 0.04 per cent colchicine on the the

same day of inoculation (cje.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 1 eaves.

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

maximum (2.55) and minimum (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
with type of ertryo showed sianificnat effect (Table 17,.
The combination c,e, recorded „axi„um (3,25) and c.e,
Minimum (0.37, values. Interaction of colchicine
concentration with day of treatment and type of embryo with
Isy of treatment was not sienificant in Seethal.

The interaction of effect of treatments are eiven
Appendix VI. Dry seed embryos treated with colchicine

0.02 per cent on the same day of inoculation Ccie^d,) and
pro-embryos treated uith 0.04 per cent co1chicine on the
same day of inoculation (c,e,d,) recorded maximum and

m inimum 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 (1.58) 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,e3 recorded maximum number of leaves

while the minimum number was recorded by CsBi . Interaction

effect of colchicine concentration with day of treatment and

type of embryo with day of treatment were insignificant.

Among interaction of all factors (Appendix VII)

significant variations were noticed, with dry seed embryos

treated with 0.02 per cent colchicine on the same day of

inoculation (ciejdi ). praembryos treated with 0.04 per

cent colchicine on both second and third day of inoculation

(csejdz/cseidj) 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. Control 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 (0.50) 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

concentration with type of embryo on length of plantlet in

Seethal are given in Table 18. Maximum and minimum values

were recorded by Ciej and Cjei respective1y. 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 on 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 in

De1i1 a.
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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 ones.

A significant decrease in plantlet length from

6.39 was noticed with increasing colchicine

concentration from 0.02 to 0.04 per cent. Dry seed embryo

(e,) recorded maximum plantlet length of 8.55 followed by

mature embryo (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 on dry seed embryos at the same

day of inoculation (c,esd,) and colchicine at 0.04 per cent

on the second day of inoculation of pro-embryos (cje,di)

recorded maximum (8.52) and minimum (1.32) values

respect i vely.

Survival percentage under green house condition

Data on survival percentage of plants in green

house for the variety Seethal are presented in Table 17.
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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 in

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 embryos were used. Day of

inoculation showed no significant influence.

the two factor interaction were

rxj-t 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.e,d.) recorded maximum value of

3.32 and the value was significantly lowered to 0.29 at

colchicine treatment of 0.04 per cent on pro-embryos on the

same and second day of inoculation (cse,d, and Cjejdj).

Data on survival percentage of plants in Delila

are given in Table 21,



7G

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 on 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 tO 0.04

per cent, decrease in survival 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 t re atmeirjt e xe r t ed r*o

siginificant effect.

All two factor interactions were insignificant

with respect to this parameter in De1i1 a.

Among three factor interactions (Appendix VII)

colchicine treatment of 0.02 per cent on dry seed embryos on

same day of inoculation (CiBsds) recorded maximum and

colchicine treatment of 0.04 per cent on pro-embryos on the

second day of inoculation (Cjeid2) recorded minimum value

in De1i1 a.

Morphological variations noticed

Some morphological variations were noticed on

developing plantlets in the culture medium. The
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ccmon fe.tur. noticed in colchicine tr,.t,d ,rtryo, uas th,
stunted growth. Failure in c»llu= differentiation wa. al.o
noticed vith hisher levels of colchicine treatn,ent . Very
poor callus induction and callus differentiation were
noticed with the pro-en,bryo in the culture medium.

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 (c.e,di, ,
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 percentage. The plantlets remained without

any further development in green house for 10 to 15 days and

majority of them gradually died eventhough they were cared

properly.



Table 17 Effect of colchicine concent rat icKi, type of eiibryo and day of treataent
on survival and various plant characters in Scethal

Treatments

No. of days
taken for

embryogenesis

Regenerat ion
percentage

No. of leaves produced
in tubes 45 days after
treatment

Length of plantlet
45 days after
treatment icm)

Survival of plants
under green house
condition (*)

14.67 33.42 2.51 8.31 1.61

<^2 18.93 23.74 2.10 5.12 1.52

C3 23.85 9.90 1.62 4.33 1.31

CD 1.62 8.36 0.21 1.12 NS

27.93 0.83 1.64 0.50 0.82

«2 17.85 22.85 2.04 0.70 1.53

•3 11.67 43.38 2.55 2.10 1.69

CD 1.62 8.36 0.21 1.12 0.17

19.48 19.62 2.11 6.61 1.57

d2 19.04 21.39 2.00 5.88 1.43

<^3 18.93 26.06 2.03 6.72 1.44

CD NS NS NS NS NS

Treatment

mean

18.17 24.84 2.14 6.01 1.50

Control

(proembryo) 13.17 1.57 1.63 0.43 1.14

Control

(mature

embryo) 7.67 61.37 2.58 3.51 1.82

Control

(enbryo of
dry seed) 5.33 76.67 3.64 6.91 2.14

CD 4.87 25.07 0.61 0.89 0.52

CD At 5X l»v*l NS Not significant



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

Treatment

interact

ions

No. of days
taken for

embryogenesis

Regeneration
percentage

No. of leaves produced
in tubes 45 days after
treatment

Length of plantlet
45 days after
treatment (cm)

Survival of plants
under green house
condition (*/,)

cjei 22.56 1.30 1.82 3.12 1.31

cje2 13.44 35.40 2.47 7.22 1.64

<^1^3 B.OO 53.47 3,25 8.31 1.87

C2ei 25.77 0.74 1.73 2.12 1.26

C2e2 18.44 23.30 2,07 5.71 1.51

^2^3 12.56 47.18 2.49 5.93 1.78

<^3^1 35.44 0.37 1.36 0.63 1.09

<=3®2 21.67 9.85 1.59 1.16 1.43

<=3^3 14.44 19.48 1.91 2.71 1.40

CD 2.81 14.47 0.36 1.61 NS

CD - At 5'A level NS Not significant



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

Treatment No. of days Regeneration No. of leaves produced Length of plantlet Survival of pi ants
interact taken for percentage in tubes 45 days after 45 days after under green house

ions embryoQenesis treatment treatment (cm) condition (%)

cidi 14.78 27.31 2.59 7.33 1.77

cid2 14.22 32.46 2.47 7.12 1.49

^1^3 15.00 40.48 2,47 6.91 1.56

C2di 18.22 21.78 2.31 6.56 1.56

C2d2 19.88 22.18 2.11 6.91 1.49

^2^3 18.67 27.27 2.oe 6.33 1.50

25.44 9.77 2.10 5.88 1.37

^3^2 23,00 9,52 2,00 6.37 1.30

23.11 10.43 1.99 6.32 1.25

CD NS NS NS NS NS

CD At 5y, level NS - Not significant



Tabls 20 Interactifxi effect of type of eabryo and day of treatwent
on survival and various plant characters in Seethal

Treatment

interact

ions

No. of days
taken for

embryogenesis

Regeneration
percentage

No. of leaves produced
in tubes 45 days after
treatment

Length of plantlet
45 days after
treatment (cm)

Survival of plants
under green house
condition

eidi 28,67 0.55 1.68 5.12 1.18

eid2 27.33 1.07 1.61 5.61 1.22

^1^3 27.77 0.86 1.61 5.59 1.65

®2<^1 17.67 14.77 2.09 6.12 1.26

82^2 17,89 17,33 2.04 6.23 1.43

82^3 18,00 22,11 2.61 6.19 1.49

^3^1 12.11 43.54 2.49 6.55 1.86

63^2 11.89 40.25 2.31 6.39 1.64

83^3 11.00 46.34 2.49 6.49 1.55

CD NS NS NS NS NS

CD At 5% level NS Not significant



Tabl. 21 Effect of colchicine concentration, type of eabryo «nd day of inoculation
on survival and various plant characters in Delila

Treatments

<^1

^2

CD

'2

•3

CD

d2

d3

CD

Treatment

mean

Control

(proewbryo)

Control

(nature

embryo)

Control

(embryo of
dry seed)

CD

t^ke^for^^ R«9*neration No. of leaves produced Length of plantlet Survival of plantstaken for percentage ,n tubes 45 days after 45 days after under oreen house
embryogenes.s treatment treatment (cm) cond.t!^ ,5?

15.19

17.52

30.11

1.51

29.04

19.00

14.78

1.51

21.9t

20.26

21.59

NS

17.74

14.00

7.00

5.23

4.54

17.47

13.83

8.79

5.51

0.42

15.19

24.48

5.51

14.43

12.57

13.09

NS

15.67

1.90

46.33

61.17

16.53

2.33

1.89

1.49

0.18

1.58

1.80

2.34

0.18

1.92

1.93

1.86

NS

3.29

2.33

2.67

11.33

2.29

9.11

8.59

6.39

1.32

3.16

4.92

8.55

1.32

4.22

4.39

5.32

NS

5.11

2.13

3.99

6.93

1.10

1.58

1.43

1.24

0.14

1.01

1.53

1.52

0.14

1.52

1.44

1.40

NS

1.42

1.00

1.52

1.93

0.43

CD At 5X level
NS Not significant



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

Treatment

interact

ions

No. of days
taken for

embryogenesis

Regeneration
percentage

No. of leaves produced
in tubes 45 days after
treatment

Length of plantlet
45 days after
treatment (cm)

Survival treatment

under green house
condition (X)

cjei 19.98 0.5B 1.82 5.39 1.35

€1^2 14.78 5.22 2.17 6,33 1.71

cie3 11.00 9.91 2.90 7.31 1.69

C2®1 26.56 0.51 1.72 6.30 1.23

^2^2 14.56 7.72 1.78 7.30 1.56

'=2®3 11.44 7.88 2.17 7.32 1.51

^361 40.78 8.44 1.18 5.11 1.04

C3®2 27.67 8.12 1.43 5.21 1.31

C3e3 21.88 1.10 1.85 5.22 1.36

CD 2.61 NS 0.35 NS NS

CD - At 5*/. level NS Not significant



Table 23 Interaction effect of colchicine concentration and day of treataent
on survival and various plant characters in Deli la

Treatment

interact

ions

No. of days
taken for

enibryogenesis

Regeneration
percentage

No. of leaves produced
in tubes 45 days after
treatment

Length of plantlet
45 days after
treatment (cm)

Survival treatment

under green house
condition (.'A)

cidi 14.78 18.55 2.30 7.38 1.80

cid2 14.00 16.20 2.38 7.42 1.34

^1«^3 16.78 17.11 2.29 6.59 1.61

C2di 17.22 18.10 1.95 6.32 1.52

C2d2 17.00 18.21 1.90 6.19 1.39

<^2^3 18.33 17.33 1.90 7.00 1.38

<=3^1 15.11 16.52 1.50 6.80 1.22

17.33 16.38 1.53 5.90 1.28

<^3^3 16.11 18.11 1.45 6.01 1.22

CD NS NS NS NS NS

CD At 5!< level NS Not significant



Table 24 Interaction effect of type of embryo and day of treatment
on survival and various plant characters in Deli la

Treatment

interact

ions

No. of days
taken for

embryogenesis

Regeneration
percentage

No. of leaves produced
xn tubes 45 days after
treatment

Length of plantlet
45 days after
treatment (cm)

Survival treatment

under green house
condition ('/,)

eidi 30.11 10.35 1.57 8,11 1.13

28.22 0.48 1.56 7.82 1.24

28.77 0.42 1.59 7.35 1.33

ezdi 27.11 0,89 1.79 7.22 1,39

^2^2 28.34 8.11 1.88 7.11 1.42

25.12 8.28 1.72 7.12 1.41

26.78 9.71 2.38 7.23 1.43

^3^2 28.11 9.99 2.36 7.60 1.42

^3^3 28,13 9.32 2,26 7,01 1.19

CD NS NS NS NS NS

CD - At 5% level NS - Not significant



DISCUSSION



DISCUSSION

Polyploids are produced 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 in chromosomes the nature and usefulness of the

autopolyploids are not predictable. The autopo1yp1oids, if

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 sat ivus the species used in the present

study is popularly used as salad cucumber. So

autopolyploids if produced 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 of inducing
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polyploids in Cucumis sativus through ui-vivo. treatment of

seeds, seedlings and apical buds and also through in-vLitrfi.

treatments of embryos of seeds. In the ijn-viyo e><periment

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-vitrp experiment 0.02,

0.03 and 0.04 per cent of colchicine were applied on

pro-embryos, embryos from mature 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-vivo)

Survival of plants

Colchicine is a poisonous plant alkaloid which

causes many lethal effects on plants at higher

concentrations. With increasing concentration it can cause

low survival of plants and hence a study on the survival of

colchicine treated plants is 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
f treatment also had significant effect recording highest

rvival in the seed treatment in both varieties. Lowest

survival was recorded in both the varieties when apical bud

treatment was resorted to. Survival was lowered

significantly at the highest colchicine concentration (0.4V.)
when applied by apical bud treatment in both varieties. In

seed treatment of colchicme, 0.2 per cent concentration for

a period of two hours recorded maximum survival of plants in

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 in

mitotic division stages. Colchicine being a poisonous

substance, often has some sublethal effects which affect the

cellular activity. This may be the reason for the low

survival percentage noticed with high concentrations of
Ichicine and also with longer period of treatments.

o

su

coJ

Many workers earlier have noticed this sublethal

effects of colchicine which caused low survival percentage.

Reports of Singh (1979) in Melothna; Singh and Yadav (1904)
and Yadava e^ (1906), in Cucumis; Singh and Roy
(1900) in Petunia; are in confirmity with these

obse rV a t i ons.
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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 le. 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 in both

varieties. Period of treatment also showed similar pattern

of variations. 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 of branches and leaves may be attributed to the

sublethal effect of colchicine.

Ramanujam and Joshi (1941) m Cicer arie tinumr

Andrus e^ al. in water melon (1971); Singh (1975) in Cucumis

meio.; and in Cucumis sfi.. by Singh and Yadav (1984) and

Yadava et. (1986) noticed similar observations.

Significant variations observed with respect to these

parameters in colchicine treated plants, suggested

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

indication of polyploidy.

At bO 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

colchicine 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 reason for the insignificant effect of treatments at

60 days of growth stage. Similar results were reported by

Shifriss (1942) and Davidson (1979) in Cucumis. Amin (1940)

ha^ also reported similar initial stunted growth of

colchicine treated plants only during early growth stages.

Janaki Ammal and Bezbaruach (1962) in Cathar4nth<^s ro^^us

also noticed similar observations. Singh (1979) and

Yadava ei aj^. (1984) reported initial stunted growth pattern

in colchicine treated Cucum is s^..

A delay in flowering by two to eight days was

noticed among the colchicine treated plants compared to

control plants in both varieties. The delay was recorded in

both male and female first flower opening. With increase tn
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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 in the

opening of both male and female flowers increased

progressively. Seed 1ing 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 specieis.

Randolph (1932) in maize; Kumar and Abraham (1942) in

Phaseolus; Tandon and Chinoy (1950) in Amaranthus bi1itum;

Srivastava (1950) in sesame; Singh and Yadav (1984) and

Singh and Roy (1988) in Cucumis all observed delayed

flowering associated with polyploid forms. The observations

of present investigation suggested that colchicine

treatments were effective in producing colchiploids in

Cucumis sativus. The initial stunted growth in colchiploids

as reported may be the cause of delayed flowering in 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 control plants in both

varieties. Flower production was significantly and

progressively reduced along with increase in colchicine

concentration in both varieties. In the variety Delila

reduction in flower production increased along with the
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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 of
flowers in artificially induced polyploid forms in Cucumis

sfi.. Roy and Bhosh (1971) in Luffa and Roy et. (1960)
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 p1 an t.

In respect of stomatal length, significant

variations were observed on the colchicine treated plants

compared to control in both varieties. With increasing

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 Cuc^mis Singh and Yadav

(1984) and Yadava ^ aj.. (1986) in Cucumj^ satjj^ reported

increased stomatal size associated with polyploid

derivatives in Cucumis sp. Variat ions not iced in stomatal

length, a reliable morphological index to identify polyploid
forms, suggest the existence of colchiploids among treated
population.
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Uith respect to the fruit characters taken for

study viz. number of fruits per plant, length of fruit,

fiirth 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 Singh

(1975) in Cucumis melo also agree with the present

obervat ion.

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 flowerinfi stage which

started 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. Increase in

pollen size 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 e^ ^ ( 1974 ) and Yadava et_ aj. (1984) in Cucumis s£.. .

Luongdinhoua (1950) in Oryza sp; Amstrong and Robertson

(1960) in Trifolium hybridum and Ilercykutty 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 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 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 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 - 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 important feature

reported in cucurbits is that in majority of polyploids the

chromatin length is much less than the actual chromatin

length of their related diploid counterparts (Singh, 1979).
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The chromosomes undergo an oveall diminition in size, though

there is exact mulitip1ication of DNA contents (Darlington

1965 and Sharma 1974, 1975).

Dane and Tsuchiya (1976) reported that while using

root tips of cucurbits as a material for cytological

studies, a pretreatment under deep freezing temperature with

0.002M 8-hydroxyquinoline was required for proper

chromosome condensation and microtubule depolymerisat ion.

Ramachandran and Narayanan (1985) have confirmed these

findings. The difficulty noticed in cytological

observations of colchicine treated root tip cells in the

present investigation can be attributed to the minute

chromosome 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 Cucum i s

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.
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Standardisation of culture (nedium for embryo culture

In the present investigation MS medium was used as

the basal medium. This medium was supplemented with three

levels each of lAA and Kinetin ie. at 0.05, 0.1 and

0.2 mg/L. Comparing the callus initiation and callus growth

rate on the media supplemented with lAA and Kinetin, lAA

supplemented medium was found to be better. With the

addition of either lAA or Kinetin, callus growth was

observed. But callus initiation rate was more in the

modified MS medium. MS medium supplemented with lAA at

O.lmg/L gave a better embryo take, early tissue

differentiation and early callus growth. Hence this was

selected as the standardised medium for embryo culture in

the present study. Standardisation trial was conducted

using embryo from dry seeds. An early uptake by using

modified MS media was reported Cucumis sativus by

Rajasekharan et. aX (1963); Sekioka and Tanaka (1781) { Ziv

and Gadasi <1986) and Kim ej^ (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 (1984), Ziv and Gadasi (1986) and Fassuliotis

and Nelson (1988) . They suggested that the success of

in-v1tro techniques 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 Nelson (1986, 1988); Kim e_t aj^. (1988) and

Ganibley and Dodd (1990) reported the importance of various

chemicals in the medium controlling plant regeneration in

Cucumis sat 1vus.

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-embryos 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.

Growth characters

Reduction in growth characters viz. number of

leaves produced and length of plantlet 45 days after
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treatment with increasing colchicine concentration was

noticed in both varities. Plantlet length and leaf

production were maximum when dry seed embryo was used 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.

Morphological variations

Some morphological abnormalities such as flowering

in the culture tubes, stunted growth of plantlets. failure

in callus differentiation and organogenesis etc. were

noticed in 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 immature flowering in the medium.

John Staba (1990) reported that callus development was

affected with variation in the chemical composition of the

med ium,
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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 sat i vus.

Drastic fall in the regeneration percentage of

calli was noticed with increasing colchicine concentrations

in both varities. With increasing 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, in both

varities. Day of treatment exerted an insignificant effect

on ly.

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. Among

the controls also the pro-embryos recorded comparatively low

regeneration percentage. Reduction in 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 noticed in

the embryo culture plants in 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 embryos in culture tubes

from the initial stage onwards may be one probable reason

for the very low survival shown by plants in the green

house. 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 reasons had been

attributed for the poor survival of tissue cultured plants



under green house conditions. Leaves with poor or no

development of cuticular waK on leaf surfaces, poor

development of epicuticle and pronounced mesophyl1 air

spaces may be one probable reason (Grout and Aston, 1978;

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 e^ a_l_. <1990),

Availability of surplus sugar in the medium makes the

in-v11 ro plants mixo-or heterotrophic and not fully

phototrophic• So they have only poor photosynthetic ability

(Grout and Aston, 1977 and Lee e_t_ 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 house.

It can be concluded that dry seed embryos of

Cucumis sat i vus are ideal for in-v i t ro 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—v i t ro conditions.
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SUMMARY

The investigation was earned out as two separate

experiments. Experiment 1 (xn-vivo studies) was undertaken

in the Department of Agricultural Botany, College of

Agriculture, Vellayani and Experiment II (in-v11 ro studies)

was conducted at the Tissue Culture Laboratory attached to

the Department of Pomology, College of Horticulture,

Ve11 an 1kkara. The investigation was conducted with a view

to study the effect of colchicine on Cucumxs sativus under

in-v1vo and in-v11 ro conditions. The study materials

included two varieties of Cucumis sativus viz., "Seethal'

and 'Delila'. The mam objectives of the study were to

study the effect of colchicine applied in different

concentrations (0.2, 0.3 and 0.4*/.) for different periods of

treatment (2, 4 and 6 hours) on seeds, seedlings and apical

buds of Cucumis sativus plants ; to standardise a medium for

embryo culture under in-vitro conditions and to study the

effect of colchicine applied in different concentrat ions

(0.02, 0.03 and 0.04 '/.) for different periods of treatment

(2, 4 and 6 hours) on pro-embryos, mature embryos and

embryos of dry seeds. In the first experiment observations

were recorded on the survival of plants, growth characters,
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fruit characters, stomatal length, pollen size and pollen

sterility. In the second experiment observations were

recorded on regeneration of callus, embryogenesis, survival

and growth characters in greenhouse conditions. Based on the

results eminated following conclusions were made.

EKperinient I

1. Colchicine concentration of 0.4 per cent and period of

treatment of six hours resulted in minimum survival of

plants in 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

colchicine treated plants compared to control. At

higher levels of treatments, the variations increased

significantly.

3. A progressive delay in number of male and female flower

opening was noticed with increasing colchicine

concentration and periods of treatment in both

varieties. Mode of treatment did not exert any

significant influence in both varieties. All the

colchicine treatments effected significant delay in

flowering when compared to control.
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4. 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,

5. A significant increase in stomatal length was recorded

with increasing concentrations of colchicine in both

varieties. Mode of treatment did not produce any

significant influence.

6. 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.

7. There was a progressive increase 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 sterility in the

variety Seethal. But in the variety Delila the above

treatment produced only maximum sterility. The pollen

size was not significantly changed.

Progressive increase in variation was noticed for

all characters along with the increase in colchicine
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concentration and period of treatment. Apical bad treatment

found to be most damaging. All treatments showed

significant variations for the different characters studied

compared to control 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 ideal

to be used for the induction of polyploidy in Cu^usus,

sa 11vus.

Experiment II

1. Delayed embryogenesis was resulted in colchicine

treatments. The delay showed progressive increase in

response to the progressive increase in colchicine

concentration from 0.02 to 0.04 percent in both the

varieties. Considerable delay in embryogenesis was

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 in regeneration

percentage of callus was noticed with increasing

colchicine concentration in both the varieties. Pro

embryos recorded significantly low regeneration
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percentage. No significant variation was produced by

day of treatment,

3. With respect to number of leaves produced per plant in

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.

4. 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 increasing

levels of colchicine concentration in both the

varieties. Plantlets from dry seed embryos showed

maximum growth rate compared to those from mature and

pro-embryo.

5. 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 least survival under green house

condition. Day of treatment had no significant

influence on this parameter.
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6. Some abnormal growth behaviours were noticed in the

plantlets in culture tubes like failure in callus

development, lack of leaf formation in medium,

premature flowering etc. in the colchicine treated

emb ryos .

7. Under in-v i t ro study also, eventhough higher-

concentrations of colchicine 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 under jn-y i t ro with less lethal effects.

With respect to planting material used for inoculation

dry seed embryos were found to be best suited for

cu1tur ing.
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Appendix I

Composition of iKidified MS medium used for embryo culture

Constituent g/l

I. NH4NO3 165.0

2. KNO3 190.0

3. M9SO4.7H2O 37.0

4. CaCl2.2H20 44.0

5. KH2PO4 17.0

6. FeS04.7H20 27.84

7. Na2EDTA 37.24

a. MnS04.7H20 16.9

9. ZnSD4.7H2O 8.6

10. H3BO3 6.2

11. KI 0.83

12. CoCI2•6H2O 0.12

13. CUSO4.5H2O 0. 12

14. Na2MQa4.2H2O 0. 125

15. Glycine 0.20

16. Nicotinic acid 0.50

17. Pyridoxine 0.05

18. Thiamin® HCl

ID
0

•

0

19. lAA 0.01

20. Sucrose 30 gm

21 . Agar 6 gm

pH 5.5



Treatment

interact

ions

Appendix II

Effect of interaction of treataients on survival and various
Morphological characters in Seethal

Survival

percen

tage

Length of vine
(cm)

30 DAP 60 DAP

No of branches

per plant
30 DAP 60 DAP

No of leaves

per plant
30 DAP 60 DAP

Days taken to
male flower

opening

Days taken to
female flower

opening

C, re, tj 85.5 114,5 140.2 13.6 19.5 77.8 251.5 24,5 35.5
c, m, t. 87.0 119.0 141.3 10,9 18.7 73.0 256.5 26.0 34.5
c.m, t. 76.5 103.5 133.7 7,9 17.5 64.5 269.9 25.0 36.0
c, m, t, 90.5 103.5 130.5 8.9 19.8 88.5 261.9 25.5 35.0
c, m, t. 83.0 104.4 135.3 12.3 19.4 71.2 261.8 23.5 34.5
C| Wj tj 73.5 91.8 131.8 18.0 20.3 69.5 266.2 25.0 35.5
Cj«, t, 83.8 93.1 134,0 11.8 18.8 48.0 266.0 22.5 32.0
Cira, t. 80.5 113.8 128.0 10.3 17.5 37.5 266.7 22.0 33.5
Cjm, t. 84.5 111.8 132.6 8.3 18.5 34.5 260.0 22.0 35.0
CiWi t, 56.0 99.0 136.8 8,7 18.6 63.5 239.9 25.0 34.0
Cjm, ti 56.8 93.0 141.2 8,4 19,3 51.0 256.5 25.0 34.0
Cimi t( 65.5 80.0 134.8 10,5 20.7 42.5 266.0 27.0 32.5
c,ma t, 50.5 98.3 130.2 11,4 19.9 63.5 276.5 26.0 34.5
Ci m, t. 56.8 91.5 139.5 10.2 18.3 53.3 273.8 27.0 32.0
Ci mt t. 47.8 88.0 143.0 4.4 18.5 51.1 273.6 29.0 33.5
Cjm, t, 69.5 32.3 138.0 6.3 18.65 57.0 247.9 24.0 35.5
Ci m» ti 60.8 79.8 139.8 8.5 18.1 46.5 244,9 24.0 36.0
Cjm, t. 53.8 90.5 141.0 9.2 17.8 35.0 267.4 25.0 37.5
Cim, t, 82.5 114.5 139.3 9.1 19.6 56.0 272.6 26.0 32,5
c»mi tj 73.5 106.5 120.0 9.2 19.5 44.2 237,7 23.5 34.5
Cs m, ts 62.5 111.7 123.3 8.6 20.9 28.2 262,0 25.5 39.5
Csm, t, 60,0 88.5 132.0 7.5 20.6 52.5 270,5 24.0 35,5
Cjmi ti 56.5 92.9 137.0 9.5 19,3 41.0 265.7 23.3 41.5
Cj mj ti 38.0 111.7 142.0 5,5 19.4 31.0 266.0 26,0 42.0
Csmt t, 44.8 74.4 139.5 4.7 18.5 35.5 283.0 23.5 39.0
Cs«, ti 47.0 74.5 133.0 5.2 19.6 30,5 249.7 24,5 40.5
c» mj ti 39.0 62.6 132,0 3,4 19.5 27.2 267.0 31.5 41.5
c» ro* t« 97.3 120.0 148,4 15.0 23.5 106.7 263,9 23.5 29.5

CD 9,1 5.9 NS 1.1 NS 3.4 NS 1.2 1.2

CD - At 5* level NS - Not significant



Appendix III

Effect of interaction of treat«ent on various
•orphological characters in Seethal

Treatment No. of male No. of female Stomatal No, of Length of 6i^t^ of Weight Pollen Roller
interact flowers flowers length fruits fruits fruits of fruit size steri] ty

(%)
ions per plant per plant (mm) per plant (cm) (cm (9> (mm)

c, ra, t, 545.5 30.5 0.101 6.0 61.0 21.5 697.5 0.050 21.5
cim, t. 679.0 27.5 0.090 3.5 38.8 24.0 1080.0 0.051 27.6
c, m, tj 480.0 25.0 0.102 4.5 38.3 23.1 1267.5 0.061 35.9
Ci mi t, 589.5 31.5 0.111 5.5 35.2 26.5 1295.0 0.052 19.0
ci mj t. 608.0 25.5 0.093 2.0 43.5 27.5 1322.0 0.060 28.5
Ci m, t. 634.5 26.0 O.lll 3.5 41.5 29.5 1260.0 0.060 34.0
c, m, t, 604.5 29.5 0.112 5.0 43.0 33.0 1350.7 0.060 26.5
c,m, t. 595.5 24.5 0.131 3.0 44.5 38.0 1045.0 0.071 31.1
C, fflj t. 478.5 24.5 0.112 2.5 22.8 34.0 1337.0 0.061 34.6
Cjflli t, 619.0 25.0 0.143 4.0 49.5 34.0 1465.0 0.071 42.0
cjm, t. 580.0 22.5 0.133 4.0 51.5 38.0 1418.0 0.072 38.4
Cim, t. 577.0 25.0 0.128 3.0 33.0 32.0 1297.5 0.071 43.2
cjmi t, 580.0 25,5 0.128 3.0 44.3 23.0 1350.0 0.060 45.6
CiHIj t. 615.5 24.5 0.132 2.5 47.5 23.0 1347.5 0,072 37,2
CjHI, t. 507.5 23.5 0.122 2.5 42.5 25.0 1375.0 0.062 41.8
Cj nix t j 586.5 26.5 0.133 3.0 27.8 22.0 1662.5 0.062 41.6
Ci (dj ti 570.3 23.0 0.143 3.0 35.2 24.0 1300.0 0.063 47.9
Ca m* t j 485.5 22.5 0.119 2.5 34.8 24.0 1400.0 0.063 54.7
c,m, t, 487.5 23.5 0.129 4.0 37.5 25.0 1217.0 0.063 44.6
Csfll, t. 556.5 27.0 0.129 4.0 39.2 29,0 1150.0 0.062 61.3
c»m, tj 449.5 21.5 0.133 3.0 39.5 27.05 1647.5 0.072 45,3
Cam, t, 598.0 26.5 0.147 3.0 37.5 31.0 1002.5 0.062 31.5
Cj A} t2 437.0 24.5 0.133 2.5 31.2 32.5 1070.5 0.073 57.5
Cjm, tj 378.5 12.5 0.150 2.5 37.0 43.5 1797,5 0.08 45.1
Csfflsti 421.5 24.5 0.130 3.0 57.5 28.5 1175.0 0.08 42,0
Cim, ti 498.5 22.0 0.113 3.0 32.5 33.5 1465.5 0.073 62.5
c,m, t. 400.5 22.5 0.153 3.0 39.7 34. C 1770.0 0.074 67.5
Coffl, t. 754.5 33.0 0.090 7.0 39.5 34.0 1197.0 0.04 11.9
CD 33.34 1.31 0.004 NS NS NE NS 0.002 3.0
CD - At 5% level NS - Not significant
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Appendix VI

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

No. of days
No. of leaves Length o

Treatment
produced 45 plantlet

taken for Regeneration days after Survival 45 days
after

interact

ion*

embryogenesis percentage treatment percentage

treatwen'

(cm)

ci e, d, 22.36 1.08 2.31 0,99 4.32
e, d. 20.54 1.09 2.31 0.29 3.11

c, e, d. 24.65 1.79 2.31 0.91 2,92
c, e,d, 13.30 17.90 4.97 2.31 3.19
ci e^dj 13.98 34.17 5.32 1.64 3.22
Ci e,d. 12.95 47.72 4.97 1.21 3.29
c.e,d. 8.64 62.32 11.30 3.32 4,92
Ciejd. 7.98 58.69 8.59 2.00 6.99
c.e,ds 7.28 68.62 8.95 2.31 6.22
Ci®, d, 25.63 0.52 2.31 0.29 2.13
Ci*, d. 28.08 1.03 2.00 0.91 2.11
c,e,d. 23.31 0.66 1.64 0.62 2.61
C2e,d, 17.64 17.25 2.95 1.64 7.39
cie,d. 17.66 21.48 3.65 0.62 8.11
cie,d. 19.99 31.06 3.32 1,64 6.79
c,e,d, 11.31 47.38 5.65 2.65 8.12
c,e,d. 13.66 43.87 4.65 2.31 8.32
c,e,d. 12.61 50.09 5.32 1.59 8.11
cje, d, 37.78 0.04 0,99 0.00 2.12
c,e,d. 32.96 1.01 0.62 0.29 2.07
c,e,d. 35.31 0.05 0.91 0,29 2,18
c»eid, 21.97 9.08 1.31 1.31 6.44
Cje,d, 21.90 9.39 1.64 0.91 5.49
CiCid, 20.99 11.02 1.64 0.91 5.76
c,e,d, 16.33 20.15 2.65 1.48 6.78
c»e,d. 13.98 17.99 3.00 0.91 6.37
CsCsds 12.91 20.10 2.31 0.94 6.92
Control-ei 14.92 1.48 1.64 0.29 2.12
Control-Bi 7.66 60.96 7.98 2.31 4.01
Control-e, 5.32 78.65 12.25 3.57 7.13

GD 4.25 4.38 2.14 1,50 1.23

CD - At 5X level NS - Not significant



Appendix VII

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

Treatment

interact

ions

No. of days
taken for

smbryogenesis
Regeneration
percentage

No. of leaves

produced 45
days after

treatment

Surv1val

percentage

Length of
plantlet
45 days
after

treatment

(cm)

C| e, d, 20.99 0.48 2.00 1.31 3.31
Ci e,d. 16.99 0.76 2.65 0.29 3.62
ci e,d. 21.31 0.50 2.31 0.91 2.99
cii(d, 13.26 19.96 3.32 2.31 4.21
ci e,d. 13.96 18.96 4.32 1.21 4.12
Ci e,d. 16.99 21.76 3.62 2.31 4.32
c, e,d, 9.95 35.11 8.66 3.32 8.52

e,d. 10,98 28.81 7.66 0.91 6.61
Ci e,d. 11.98 30.60 7.32 1.64 8.39
Cie.d, 26.59 0.43 1.94 0.99 2.61
cje,d. 26.23 0.43 1.64 0.29 2.42
c,e,ds 26.65 0.39 2.31 0.29 2.33
cje,d, 15.23 16.99 2.61 1.31 6.32
C2e,d, 13.63 15.50 2.31 1.64 6.19
cj e^dj 14.58 12.98 1.64 1.31 5.32
c»e,d, 9.60 27,95 3.96 1.64 7.11
cj eid. 11.00 25.12 3.96 0.99 7,32
ciejdj 13.57 24.30 3.32 1.16 6,92
c,e,d, 42.64 0,13 0.62 0.00 2.11
cje.d. 41.33 0.26 0.29 0,00 2.11
Cje, d. 38.20 0.36 0.29 0,19 1.91
cie,d, 29.96 8.96 0.99 1.31 3.92
c,e,di 25.66 8.59 1.31 0.29 4.56
cj e,d. 27.29 12.49 0.91 0.62 4.72
Cjejd, 19.99 19.07 2.31 0.29 5.19
Cjejd, 22.28 14.22 2.65 1.94 5.99
cje,ds 23.15 14.08 2.31 0.54 5.82
Control-Bi 13.98 1.87 2.61 0.15 1.11
Control-ej 7.62 46.21 6.61 1.31 3.18
Control-e, 5.32 61.16 11.30 1.64 8.32

CD 4.54 3.59 1.99 1.42 1.62

CD - At 5X level NS Not significant



Vv - C2m3^t3

C = Control

Z - C3m3^t3

C = Control



Plate 1. Variations noticed on germination of colchicine
treated and control seeds after ^ive days of
treatment in variety seethal. ij

- . ^

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



Plate 3.

Is'?

Plate 4.

coZc.ici„e,t.eate
variety Delila. aays of treatment in

CONTROL
Variations noticed on seedling growth after tendays of colchicine treatment L'varJetfslSt^lJ,



Plate 5.

Plate 6. Diploid cells - metaphase and anaphase stages,

Q
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Plate 7. Colchicine treated coJls.

Plate 8,

c.e,d,



Plate 14. Flowering noticed in culture medium

I Variety - I>eli lo^

Plate 13. Variations noticed on
plantlet growth in culture
medium in variety Delila.
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Plate 16. Callus development without
organogenesis.

te

enUol

Plate 15. Shoot development without
leaf formation.



Plata 17. ~^°f_^Plantlets^ln_grea - comparison of control with colchicine
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Growth^of^plantljts^in greenhouse - comparison of control with colchicine
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ABSTRACT

The present; investigation entitled "Artifical

induction of polyploidy in CMCMmxg sativus L. „as carried

out as two separate experiments. Experiment I, was(in-vivo

^ludy) w cTrl.d uut at th, ColWyp „f Avricultur-.

Vellayani during the period September 1991 to February 1991.

Experiment II (m-vjJ^ study) was carried out at the Tissue

culture laboratory attached to Department of Pomolgy,
College of Horticulture, Vellanikkara during the period
January 1991 to July 1991. The main objective of Experiment

I was to study the effect of colchicine for inducing
polyploidy in seed, seedling and apical bud treatments.

Objectives of Experiment II were to standardise a suitable

medium for embryo culture and to study the effect of

colchicine on proembryos, mature embryos and dry seed

embryos under in. - vutrg. condi t ions . Experiment I was laid

out in RBD with two replications. Experiment II was

carried out in CRD with three replications. The two

varieties of Ct^cumi^ ^ativy^ 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 sik hours. Survival was

significantly low in apical bud treatment. Maximum survival
was noticed in seed treatment of colchicine 0.2 per cent for

a 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, from 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 for 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 treatment



maximum del.y not.ced, With incre.si.g colchic.n.
concentration from 0.2 to 0.4 per cent and period of
treatment fro™ t.o tu .i. ho.r. significant increase in
stomatal length „.s noticed in both varieties. Mode of
treatment exerted no significant influence on ,to»atal
length. fill the fruit characters le. number of fruit, per
plant, length of fruit, girth of fruit and weight of fruit
studied, „.r. not significantly influenced by the treatment,
tried. In both varieties pollen size and sterility increased
considerably „ith 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 uere conducted in the root tips of
colchicine treated seeds and metaphase and anaphase stages
".re obtained in th. normal diploid cells. But th, enlarged
colchicine affected cells shou,ed very poor stainability.

Experiment II

Standardisation of , suitable medium was carried
0"t by using MS medium as the basal medium. MS medium

supplemented with 0.1 mg/L of IflA „.s found suitable tor
embryo culture. Three types of embryo viz., pro-embryo,
mature embryo and dry seed embryo vere used for embryo
culturing.



.n.rea,, .n colch.cine ccnc.ntrat.on from 0.02 to 0.04 per
cent in both varieties. When pro-embryos were used for

ulation significant delay was noticed for embryogenesis
.n both varieties. Regeneration of calli „a= reduced
s.^niMcantly „.th increase in colchic.ne concentration.
Pro-e™.ryos ,ave lo.est and dry seed embryo ,ave highest
regeneration percentage in both varieties. Length of
pUntlet and number of leaves produced per plantlet in
culture tubes .ere reduced significantly in the higher
levels of colch.c.n. 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.
Calchicine concentration everted no significant influence in
S.ethal. But in DelUa with increasing colchicine
concentration from 0.02 to 0.04 per cent, survival of plants
in green house reduced significantly. Day of treatment had
no 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 and different modes of colchicine
treatment can induce significant changes in the survival of
punts, cytomorphological characters of the plants and



PoU.n sterUity. incr.a.in, coUhtcin, con.ntr.t.on
P.rio. o, th. v.i.tion.

pr=,r,s..vely. But con.id.rlng the 1^.1 „
refUcted on th. surviv.l of pUnt,, 0.2 per cent
colchicine application for two hour, by ...d tr.at».ht i,
desirable under in-vi^ coodi tion. Under in-vijro condition
use of dry ,.,d e„bryo is be,t for .™bryo culture which can
be successfully carried out by usin, MS mediuo, modified
with 0.01 ™,/L of Iflfl. Colchicine 0.02 per cent can be u.ed
for the induction of polyploidy under in conditions.
feinc. it is effective in producin, variations with minlmu™
deleterious effects.

/\
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