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INTRODUCTION

The phenomenon of polyploidy in higher plants
was one of the objects in early cytogenctical studles,
Commencing with the discovery of polyploidy in QOenothera
by Lutz (1907), this was subsequently found to be one
of the most widespread and distinctive featurcs of fairly
large number of plant specles. The realization that
many of the most valuable crop plants, such as wheat,
oats, cotton, tobacco, potato, banana, coffee and sugar-
cane are natural polyploids, and that many of the poly-
ploids possessed superior economic properties over and
above the diploids, led fo a more exhaustive exploration
into the scope of its being introduced artificially into
the field of plant science, with a view to evolve pro-
mising crop varieties.

The foremost successful attempt on the arti-
ficial production of a polyploid, was made by Winkler
(1918) through decapitation method. He was able to obe
tain a tetraploid form of Solanum nigrum from the rege-
nerated callus tissues. Trials of many workers in order
to evolve a more effective and less strenuous measure
for the artificial induction of polyploids continued for
a while. Cold or heat shocks, decapitation, treatments
with chemicals such as acenaphthene, chloral hydrate,



ethyl mercuric chloride, benzene, veratrine sulphate
ete.y are some of the methods tried. However, the col-
chicine technique proposed by Blakeslee and Avery (1837)
became universaly popular, by virtue of many of its
superior quallties. Colchicine 1s a very effective
polyploldizing agent, which can be applied to a wide

range of plants with considerable ease.

The alkaloid colchicine i1s extracted from the

corms and seeds of the autumn erocus, Colchicum sutumnsle,

belonging to the family, Liliaceae.

Induced polyploldy has a distinet area of use-
fulness in plant breeding. A4s one of the recent tech-
niques, it 1s found to be readily applicable as a valu-
able tool in crop lmprovement. Colchicine - induced
polyploids of many crop plants have become established
themselves as promising varieties. The presence of conse-
pleuously large and showy flowers in artificially induced
tetraploids of Iberis amara (Bali and Tandon, 1957), and

Cosmos bepinnatusea (Chhonkar et gl, 1957), suggest the
strong possibility of gelection of a desirable type for
introduction into the horticultural trade. Tstraploidy
has been induced in fruit crops, vegetables, oil seed

crops, legumes,y fodder ecrops, tuber crops, fibre crops



spices ylelding plants and in cereals. Compared with
the diploid more number of larger lmaves were produced
by the tetraplold Amaranthus blitum obtained by Tandon
and Chinoy (1950), 1In addition,its vegetative cycle

was observed to be prolonged.

Greater range of variability as regards size,
dry matter, protein content and sugar content etc. were
found in tetraplold sugarbeets and mangel (Peto and
Boyes, 1240; Kloen, 1957). Glucose and corchorin cone
tent of the tetraploid seeds and leaves of Corchorus

capsularis were greater (Bhaduri and Chakravorti, 1948).

Gingelly or Sesame (Segamum orientale L.} 1s
one of the popular oill ylelding crops of India. The oil
1ls malnly used for culinary purposes. The scope of poly-
ploidy breeding in this crop through colchicine - tech-
nique has been studied by Richharia and Persai (1240),
Kobayazhi and Shimamura (1948) and Sri;astava (1956),

The data obtained from these earlier works being quite
inadequate, the present study has been undertaken with

a view to throw more light on the folloving aspects.

1. To evaluate the economic aspects on the practical
utilization of the colchicine ~ techniqgue, in the

improvement of the sesamum crop in India.



2,

3.

To make a comparlson between the performnance of
diploids and artificislly induced tetraplolds with
respect to the rate of growth, flower production,
fruit set, frult size, seed yield, secd veight and
oll content of seeds, and

To study the norphological and cytological abnor7
mglities assoeiated with colechieine technigue.



REVIEW OF LITERATURE

Colchicine was known from very early days
as a specific remedy for gout. Its value as a tool in the
various branches of blological research was recognised

only recently.

Colchicine is a poisonous alkaloid, generally
extracted from the seeds and corms of the sutumn crocus,
Colchicum autumnale L., belonging to the family Liliaceae.
In its natural habitat, at Colchils, near the Black Sea,
it grows abundantly. Various other species of Colchicum
are also found to be containing colchicine, but only in
limited proportions.

Colechicine in biologlcal resegrch:

Colchieine in 1ts present role as a valuable
tool in bilological research was first introduced by
Dustin (1834) in Belgium. He recognised it as a mitotic

poison,

An early experimenter in plants with colchi-
cine was Charles Darwin (1875). His studies on its ef-
fects on certain insectivorous and sensitive plants, led

to no valid conclusions,



Organised botanical research with colchicine
began in the United States of America, Sweden and Japan
from 1937 onwards, following the reports on the unusual

observations made in colchicine-treated animal cells.

Nebel and Ruttle (1937) clearly demonstrated
that colchicine acted upon mitosis. For the first time,
they brought to light its importance as a tool in indu-
cing polyploidy in plants. Further, the efficiency of
colchleine in polyploldy was made clear by Blakeslee and
Avery (1937) 4n their experiments on Datura stramonium
and other plant specles. The horizon of colchicine re-
search widened guickly, when many other botanists learned
how effectively the drug could be used. Its high solu-
bility in water and its non-toxic nature to plants at
concentrations that sre effective in indueing polyploidy,
are the major advantages attributed to colchicine, in

its successful application in botanieal rescarch,

Many of the valuable crop plants such as
wheat, oats, cotton, tobacco, potato, banana, coffee,
and sugar cane zre found to be natural polyploids and
these polyploids possessed superior economic gqualities
over and above their diplolds. This, together with the
more recent invention of the well reputed colchicine-
technique has been responsible for the beginning of a

new trend in agricultural research. ¥The colchiecine



technique subseqpently has found unbounded applicability

in crop improvement.

Methods of colchicine application in plants:

The principle underlying the colchicine treat-
ment in plants 1s that, the alkaloid must be brought in
contact with actively dividing cells. This is achieved
by~

1. Treating the seeds with colchicine solution
or

2. Applying colchicine to the growing tips of
the seedlings, or

3. Applying colchicine to other growing reglons

of the plant like roots, tubers, suckers,
bulbs, flower buds, cuttings ete.

1. SEED TREATIRENT

The concentration-duration effect of aqueous
colchiclne on seed trcatment for inducing polyploidy
wag studied on different plant species by different au-~

thors.

Huntzing and Runquist (1989) treated seeds

of Pinus ponderosa with 0.,02% aqueous colchicine for

5 days and obtalned polyploid verieties. Prior to treat-

ment, the seeds were kept in molst sand at 5°C for 3



months. They were placed in the green house for ger-
mination and when the seed eoats split, were treated
with colchieine.

Richharia and Persai (1940) could get tetra-
plold Sesame by seed treatment with 0.06% colchieine

for 2 hours, but the percentage was very low.

Ramanujam and Joshi (1941) produced tetra-
ploid gram (Cleer arietinum) by treating soaked seeds

with 0.25%, 0.5% end 1.0% aqueous colchiecine for varying
durations ranging from 3 to 24 hours., Treatment with
0.25% solution for ¥ hour was found to be the best, from
the point of view of survival of plants and induction

of polyploids. They also succeeded in getting tetraploid
chillies by treating seeds in 0.05%, 0.1%, 0.2% and

0.4% aqusous colchicine for 1 - 8 days.

Rao gt al (1944) produced tetraploid strains
of Corghorus olitorius by treating dry seeds with col~
chicine solutlons of 0.05% ~ 1% concentration for 12 -
24 hours.

Ramgnujam and Deshmukh (1945) induced auto-
tetraploidy in self gsterile specles of Brasslca campes-
tris var. toria, Brassica pigra and in self sterile spe-
cles of Brassica cempestris var. sarson, Brasgica tourne-



fortil and Brassica Jjunceae by treating dry seeds in

aqueous colchicine of 0.1% to 0.4% strength for 24 - 48
hours; and germinated seeds in 0,025 = 0.,1% for 8 « 24

hours,

In Targzacum koke-saghyz, Wermke (1945) could
induce polypleidy by immersing seeds in 0.,05% - 0.8%
¢olchieine for 1, 2 and 4 days, in covered dishes at

room temperature.

Srivastava (1955) studied the varietal dif-
ferences among polyploids obtained from different strains

of Cicer arietipum. He found that seed treatnent with

0.256% colchicine for 30 minutes was superior to seedling

treatment in inducing tetraploids.

Sen and Harl (1965) showed that 0.25% colchi-
cine for 6 hours, the best concentration - duration com-
bination for inducing polypboidy in Vigna sinensisg, by

seed treatment.

Kundu and Sarms (1956, 1957) observed that
effoctive concentration for induction of tetraploidy in
Corchorus olitorius ranged from 0.0125% to 0.10% for
6 to 24 hours.

Sterbakov (1958) succeeded in getting 100%
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polyploidy in many ornamental plants, the effective
dose 1n Asparagus being a concentration of 0.1 = 0.2%

treated for a period of 4 - 6 hours.

Srivastava (1956) produced fertile autototra-
ploids in a pure variety of Sesame (Segamum orientale L.).
The seeds were sogked in water for 12 hours and treated
with 0,04%, 0.06%, 0.08% and 1.0% agqueous solutions of
colchleline for varying durations. After treatment seeds
were washed thoroughly with water and allowed to germi-
nate in goil in earthen pots. Only a few treated seed-
lings attained maturity, of which three were identified
as tetraplolds. 25 seeds treated with 0.04% and 0.06%
for 2 and 6 hour period produced one triploid each, and
25 seeds treated wlth 0,10% for 4 hours produced one
tetraploid,

Yokoyama and Matzui (1957) noted that in
Tea, the optimum conditions for indueing polyploidy
through secd treatment was with a concentration of 0.3%
for a range of 180-240 hours. Better results were oObe-
tained when the temperature fluectuasted over a fairly

wide range, than when it remained relatively constant.,

Klown {1957) induced polyploidy in 4 varies
tles of sugarbeet and 1n 3 varieties of mangel by trea-
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ting germinated seeds with a 0.1% -« 0.2% colchicine so-
lution in water at 28°C for different durations.

Hull and Britton (1958) obtained a number
of polyploid black berries and rasp berries by treating
germinating seeds at the cracked seed-coat stage with
0.2% colchiclne in 5% glucose solution at 86°F for 9

hours.

Autotetraploidy was induced in Agava canbala

by Thombre and Desai (1960). Germinating seeds treated
with 0.4% colchicine for & hours produced tetraplold
plants with 2n = 90,

Seharov gt al (1959) studied the concentra-
tion - duration effect for the induction of polyploidy
in Sugarbeet var. Ramon.31. A higher conccntration for
a shortef duration of treatment enhanced the production

of polyploids considerably.

Aleksic (1960) obtained tetraploid chillies
by treating seeds with 0.8% colchicine solution.

Moffett and Nixon (1961) opined that tetra-
ploids in Black wattle could most readily be induced by
sosking the seeds in 0.,02% = 0.03% colchicine for 48
hours., An alternative treatment with 0.01% -~ 0.02%

colchicine for 48 hours also proved to be effective.



2. SEEDLING TREATMENT

Treatment of seedlings at various stages of
development with colochicine has also proved to be an
equally popular measure as the seed treatment for indu-
cing polyploids in plants. In seedling treatment, col-
chicine is generally applied as aqueous gsolution, or
in the form of a paste made in lanolin, agar or glycerine
medium. The relative effectivenass of different coumbi-
nations of concentration of colechicine, duration of
treatment, and the mods of application varied from plant
to plant.

Vermke and Blakeslee (1239) found that a lone
ger period of treatment {2 days) was much more effective
with 0.2% to 0.4% concentration, than a shorter treat-
ment (1 day) with 0.8%, to induce polyploidy to tobadeo
seedlings.

By treating seedlings of Marigold at the 4
loaf-stage with 0.,02% to 0.16% for 1 to 14 hours, Nebel
and Ruttle (1939) succeeded in obtaining a number of te=-

traplold plants. They also obtained tetraploid petunias
by painting seedlings in the rosette-stage with 1% cole
chicine in lanolin.



Shimamura (1939) induced tetraploidy in Lycoper-
sicum esculentum, by subjecting growlng points of seed-
lings to colchicine treatment. Colchicine of 0,2% in

lanolin paste was applied 2 or 3 times a week.

Straudb (194Q) found application of 0.025% col-
chicine in cotton wads for 2 successive mornings to the
growing tips of shoots in young seedlings, an effectlve

method to induce tetraploidy in Pisum sativum.

Baasley (1940) produced polyploids from 11
types of Gogsyplum by colchlcine technique. A small slit
was made about 2 ems, below the growing tip, and immersed
in a vial containing 0.2% agueous solution of colchicine

for 24 hours.

Emsweller gt al (1940) eould get tetraploid
bulblets of Lillum formosanum by immersing the growing

points in solutions of colchicine of 0.2% to 1.0% con-

centration for 2 hours,

Langham (1940) treated the axillary buds of
Sesame with 0.5% colchicine, and with 0.4% colchicine~
emulsion. In both treatments, severe burning and dying
back of the leaves occurred, followed by the formation
of callus~-llke tissues and new buds, which developed into

tetraploid branches.
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Kumar and Abrsham (1942) and Kumar (1945)
found 0.4% colchicine-agar applied to the apiczl bud
of seedlings was most effective for indueing tetraploidy
in Phaseolus radiatus.

thifriss (1942) recommended an efficient
method for mass production of polyploids in Cucumis
sativas by treating the shoot apex at the cotyledonary
stage of growth with 0.,3% to 0.5% colchicine-emulsion.

Toole and Bamford (1945) suecessfully doubled
eight haploid peppers to their diploid forms. Strengths
of 0.1% to 1.0% colchicine emulsion were smeared on the
growing tips, either in one or two applications a week,
or by injecting the aqueous colchicine by neans of an

interval injector inserted at the nodal region.

Hofmeyer (1945) could induce tetraploidy in
Carica papaya by treating seedlings with 0.1% colchicine,
applled in drops six times a day for 4 or 5 days.

Kobayazhi and Shimamura (1945) reported that
‘drop method' using 0.2% - 0.5% colchicine to wet the
growing stem tips to be the most effective method in in-
dueing polyploidy in sesame.

In grapes, Dermen (1254) induced tetraploidy



by applying 0.5% eolchicine in 10% glycerine in water.
The buds were moistened with a small drop or so of the

solutiony, onee every two dayss for a total of 3 times.

Hertzseh (1954) obtained tetraploid forms of
Irifolium hybridum by immersing shoots in 0,05% @olchi~

cine for 24 hours.

Zuluuga and CGargiulo (1954) obtained a tetra-
ploid variety of Vitis vinifers by treating newly-formed
buds with injJections of 0,1% to 0.3% colchicine in 5%

pure glyecerin.

Bragdo (1955) has reported that immersion of
young seedlings, when the coleoptiles are about 5 um.
long, with 0.,2% colchicine for 20 minutes has given good

results in winter rys.

Choudhury gt al (1956) produced tetraploigs
in two varieties of Corchorus capsuleris, and three varie-
ties of Corehorus olitorius by treatment of seedlings
with 0.1% to 0.2% colchieine for 24 hours.

Dereskevicus {(1966) obtained polyploid tomatocs
by applying 0,01% to 1.0% colcehlcine at the growing point
of the seedlings.
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Ball and Tandon (1957) found that in Linaria
yulgaris, the most successful treatment for the induc-
tion of polyploidy to be colchicine of 0.,10% to 0.20%
concentration, applied to the growing points of seedlings

for 6 hours. In Iberis amara the same concentrations

for 6 to 12 hours and in Alyssum mparitimum 0.20% for 6

hours, proved successful,

Kanight (1957) reported the optimal concentra-
tion time combination in inducing tetraploidy in Theobroma

cocoa to be 0.6% colchlieine in agar, spplied to apileal
buds for 24 hours,

Kumar gt gl (19567) studied the cause of steri-
lity in the interspecific hybrids of the genus Apachig.
The tripiloid hybrid obtained in a cross between the tetrae
ploid Arachis hypozeae (2n = 20) was found to be sterile,
and with a view to overcome the sterility, a fertile
allohexaploid plant (2n = €0) was produced by doubling
the chromosome number by applying 0.2% aqueous colchicine

to the buds of the sterile hybrid.

Sikka gt al (1958) studied the effeptiveness
of different concentrations of colchicine and durations
of treatments, in induecing polyplcidy in Tpifolium alexane
dripum and Meillotus indics. Most effective treatuents

in these two crops comprised the immersion of shoots of
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one wéek old seedlings in 0,10% colchicline for a time
of 8 hours, snd the immersion of whole seedlings of si-
milar age in 0.05% for 4 to 8 hours respectively. The
treatwent was carried out at room temperature (75° to

80°F) in the case of Melilotus seedlings.

Sen and Chheda (1953) observed that treatment
of seedlings of Phaseolus mungo with 0.25 to 0.5% colchi-
cine for € to © hours for one to two days could give

ebout 50% poiyploid sectors.

Chopra and Swaminathan (1860) induced poly=-
ploidy in watermelon by treagting the terminal buds in
the cotyledonary stage with an emulsion of 0.2% colchi-

cine, stearic acid, norpholine and lanoline,

Kumar (1960) treated apiczl growing points
of seedlings of Delphinum ajscus with eolchicine, by
dipping in different strengths of the solution for dif-
ferent lengths of time. 0,13 solution for 12 hours had
an eprreclable effect.

Sen and Bhowel (1960) induced tetraploidy
in 2 varicties of Vigna sinensis. Treatuwent of seedlings

was much more effective than that of seeds in inducing

4% sectors.
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Mohanty et al (1961) produced tetraploid
plants of Niger by immersing seedlings in 0,05%, 0.1%,
0.2%, 0.3% colchicine for 4, 8 and 12 hours. Treatment
of 0,1% for 4 hours and 0,05% for 8 hours gave best re-

sults.

Bouharmont (1961) in his study on the action
of colchicine on the rice seedlings observed, that 20-
day old plants were better than newly germinated seedlings
to induce polyploidy. 0.1% colchicine solution applied
for at least 2 hours was recommended for the induction

of polyploids for breeding purposes.

Schank and XKnowles (1961) applied 0,1% cole
chicline to the cotyledons of Carthamus tinctorius L.,
4 times daily, consecutively for 3 days, which resulted
in the produciion of the highest number of polyploids.

Galecenko (1961) found that the optimum con-
centrgtion of colchicine for polyploid induction in
cugumber c¢onsisted of a 0,06% solutlon applied either
at 18°C for 48 - 72 hours or at 33° - 35°C for 24 - 27

hours.

Sen and Vaidyabhushan (1960) obtained tetra-
ploid horsegram by treating the seedlings with 0.1%,
0.25% and 0.5% colchicine for 3 and 9 hours.
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Vig (1963) induced autotetraploids in PbIV

type of Cysmopsis psoralioldes D.C. by treating young
seedlings with 0.2% colchicine in lanolin paste.

Raman and Kesavan (1963) reported an instance
of doubling the chromosome number of germinating sesd-
lings of Arachls duranensis by treating apical buds with
0.5% colehicine in water, for a period of 90 minutes

each day, in the morning for 3 consecutive days.

Srivastava and Bajpal (1964) treated 25 healthy
branches of loquat (Eriobotrya japonica L.) with 0.12%
to 1,0% colehieine for six to 24 hours, and induced poly-
ploldy to study the effect of colchicine on fruit set
and pulp/seed ratio.

3. QOITHER METHODS

Other methods include, the application of
colehicine to growing regions of the plant other than
stem tips, such as roots, tubers, suckers, bulbs, flower
buds, cuttings ete.

Nabel and Ruttle (1938) treated cuttings of

single clones of Iradescantia reflexa with 0.2% colchi-
cine for fpur hours and induced totraploidy.
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Pal gt o1 (19238) induced polyploidy in Chil-
lies by treating roots of seedlings with 0.05% = 0.4%
colchicine for 4 to 6 hours at the time of transplanting.

Shimemura (1939) could induce chromosome doue
bling by immersing the roots of Allium gepa 1.0 to 1.5
cms. in length in 0.4% agueous colchicine for 2 hours.
The same procedure was adopted by Carpentier (1954) in
groundnut using 0.005% eolchicine.

Sparrow (1939) obtained polyploid strains
from a white flowered clone of Antirrhinum majus by
treating young potted cuttings with aqueous colchicine
0.1% to 0.26% for 7 to 42 hours.

Raman and Krishnaswamy (1950) succeeded in
getting an autotetraploid Pennisetum typhoides with 28

chromosomes by foreing the aqueous solution of colchicine

to get into the tissues under reduced pressure,

TIllics (31956) obtained giant diploid and
mixoplold pollen graing by treating flower buds of birch,
with a 0.2% solution of warm colchicine. The treatment
was carried out in a partial vacuum, and proved effective,

especially at diakinesis.

Nakasone (1961) was able to induce tetraploidy
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in vanda by treating cuttings and young shoots with colchlcine.
The basal ends had been immersed in aqueous colchicne

of 0.5% to 1.5% concentrations for 2 to 6 hours. Most

of the induced tetraploids were mixoploids.

Ammal (1962) could get tetraploid Reuvolfia
serpentina L. by subjecting cuttings of the plant to

eolchicine treatment.

Sobti (1963) obtained tetraploid strains of
YHenta piperasta L. (2n = 144) by treating suckers of
diploid plants with 0.1% colchicine for 24 hours.

Effect of Colchicine in plants:

Colchicine, when brought in contact with
actlvely dlviding cells, interferes with the normal
morphological, physiologlcal, higtological and cytolo-
gilcal organizations of the treated materials (Blakeslee
and Avery, 1937). In plants, these effects are often
noticed. Plants treated with colchicine show a wide
range of morphological diversities, which are associated

with similar diversities at the celluler level also.

Morphologieal variationg:

Ever since the utilization of colchicine as

a polyploidizing agent in plants, morphological varia-



- 22 -

tions have been reported to be accompanying frequently.
The first noted effect is delayed germination followed
by a retardation in the growth rate. This has been
pointed out by Ramafujam and Joshi (1541) in Cicer
arietinum, who compared the early growths in the col-

chicine treated and untreated plants.

Works of many authors showed that the early
retarded growth due to colchicine in many casesy 1is
often followed by a considerably enhanced growth rate.

(Pandey in Linus ugitatissimum L., 1956; Srivastava

in Sesamum orientale L., 1956; Saxena and Nanda in

Phlox, 1980). The tetraploids are observed to take

a longer time to reach maturity and flowering stage
than the diploids. This was supposed to be due to

their retarded growth rate (Xumar and Abrzham in Phaseo-

lus radlatus, 1942; Ball and Tandon in Alyssum mariti-
mum, 1958).

Smith (1939), while inducing polyploidy in
Nicotiana species and species hybrids by colchicine
treatnent found, that the autotetrapiolds of Nlcotlana
rustica, H.tabacum and N.glauea were characterised by
smaller plant hablt, and the presence of smaller and

thicker legves.
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Warmke and Blakeslee {(1939) observed that
the tetraploid Nicotlana showed larger stigma, thicker
and longer anthers, thicker corolla and flower stalks

as compared to sterile onese.

sando (1989) observed in colchicine treated
tetraploild Fagopyron tataricum, the surface of the hull
to be more rough with siore prominant lateral ridges

than those in the dipleids.

Amin (1940) studied some of the important
characteristic features of colchicine treated cotton.
Swollen hypocotyledouary stem, retardation of initial
growth, broader leaf lobes, prominent leaf veins, broa=-
der bract;, bigger glands, blgzer flowers, bigger pol-
pen, bigger seeds ete. were some of the characteristic

features observed.

Graner (1941) found that the colchicine trea-
ted plants of HManihot ntillssima possessed an average
stomata length of 40 s had larger lobes which were sude
denly constricted at the tip, in contrast to the leaves

of the control, where the lobes were narrower kthroughout.

Ramgnujam and Joshi (1941) while studying
the morphology of the colchicine treated gram (Cicer



arietinum) showed that increased concentrations and
longer durations caused a more pronounced swelllng

and a greater delay in the growth of the plumules.
Many of the surviving seedlings showed chargcteristlc
abnormalities in growth in the early stages, such as
curling and twisting of stem and leaves and roughening

of thelr surface.

Shifriss (1942) noted the most dlstingulshing
peculiarity in the tetraploid Qucunls sativus, as the
accentuated serratlion of leaf margin. He also noted in
the octoplold and other hizhor polyploid forms, a pro~
nounced difference in the size of corolla, betwsen sta~

minate and plstillate flowers borne by the same plant.

Kobayazhi and Shimamura (1945) observed the
morphological and cytologieal behaviour in colchiclne~-
induced tetraploids of sesame after a period of seven
years. The tetraploids vere found to be extremely
robust and possessed thicker stem, larger leaves and
bigeger stomata, flowers and seeds compared to that in
diploids. Further, in the Etetraploids they obtained a
high fertility both in the pollen grains and the seeds.

Warmke (1945), reported that the induced te-
traploid forms of Taraxacum kok-saghyz, produced more
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than four times as much rubber as that produced by the
normal diploids.

Rao gt al (1944, 1945) opined that the tetra-
ploid jute showed the tysical gigas characters and were
structurally different from the diploids. The fact that
differences in the structure of the ultimate fibre are
sssoclated with changes in chromosome number, is of
great economic importance as tho quantity of Jute de-

pends primarily upon the nature of ultimate flbres.

Kishiyama (1950) compared the growth and
yield of diploids and artificlally induced tetraploid
strains of raddish. Even though a retardation of growth
was noted in the tetraploids, the yleld of thHe tetra-
ploids was comsistently higher than that of the diploid

varleties.

Tandon and Chinoy (1950) observed that 30
day old colchicine treated plants of Amaranthus blitum

had thicker stems,more number of leaves and branches,
and larger leaves than those of the diploid plants.
Larger, darker green and greater number of leaves per
plant and prolonged vegetatlve growth in colchicine
treated plants suggest a possibility of producing su-
perior types of this,through colchicine technique.
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Tandon (1951) showed that in colchieine
treated Bragsice oleraceae var. Botrvtis, the branching
was profuse as compared to the complete absence of
branching in the diploid control. Tiere was a lot of
variability in the size of the head, and time of its

emergence in the treated plants.

Dermen (1954) induced tetraploidy in 10
varleties of grapes by colchicine technique and was gue-
cessful in seleeting bunch grapes with better sized

berries,

Srivastava (1956) comparing diploid and te-
traplold sesame observed that the tetraploids had lar=-
ger leaves, larger stomatal cells, larger flowers,
thicker stems, larger capsules and larger pollen grains.
The main difficulty in the use of autotetraploids in
a plant breeding programme was due to their sterility

and poor seed set.

Spasojevie (1956) on studying colehieine
induced tetraploids in bean (Phaseolus wvulgaris L.)
found that they were late im flowering and ripening.

However, they produces larger seeds.

Sharma and Datta (1957) observed that in
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Corisndrum gativum, the tetraploid plants were larger
and darker in colour than the diploids. No polyploid

seed had been successfully germinated.

Chopra and Swaminathan (1960) observed the
sged fertility in autotetraploid watermelon was consi-
derably lowered. By crossing 4x and 2x plants, one
fruit was obtained with 67 secds which germinated only
upon ramoval of testa. The single triploid fruit con-

tained many embryoless seeds.

Aleksic (1961) found in tetraplold Capsicum
annum, the frults were smaller and llghter, had thicker
and higher dry matter content, than the fruits of dip~
loid plants.

Galcenko (1961) enumerated certaln outstan-
ding characteristics obssrved in polyploid cucumber.
They include short and thick stems, leaves which were
deformed with coarse serrations, and more plumpy but
short fruits. The growth hablit also varied. Some
were bushy, while others had a particularly short stem
with determinate growth habit. A high degree of steri-
1ity was also noticed in the pollen grains.
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Vakill (1962) induced tetraploildy and octo-
ploidy in Musg balbissiana and Musa balbisslana x Musa
agcuminata hybrids by colchicine treatment. The tetra-
ploids had thicker leaves and shorter petioles than
the diploids, grew more slowly and had drooping habit.
Many of the octoplolds and tetraplolds reverted to
tetraploids and diploids respectively.

Gopalakrishnan and Shastry (1964) obtained
tetraploid Ovygzar austrailensig by colchicine treatment.
The tetraploid sector was e¢learly distinguishable on
the basis of their dark green follage, stouter foliar
velns, larger spikelets and elongated tip of palea,

Cytological effects of colehicine:

Colchicine, the polsonous alkaloid is a well
reputed polyploidizing agent. In spite of number of
abnormalities seen in plants treated with colchicine,
the technique has been found to be remarkably suitable
for the artificilal induction of polyploidy.

Colchicine when brought in contaet with cells
produces abnormalities in thelr morphologic and physlo-
loglec hehaviour. The effects have been studied by many
scientists during mitosis and melosis.
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Colchicine was first recognized as a mito-
tic poison. 1Its activity, produced cells with multi-
plied chromosomal complecments. Similar effcet was ob-
tained when many other agencles were employed. Thelr
effect which simulated those of colchicine was termed
as Ce~mitotic activity.

Vaarama (1947} recorded that in the root-

tips of Ribus nigrum, even a very low concentration of

colchicine (0.01%) produced Cemitotie activity.

Smith and Hiner (1260) found that typieal
C-mitotic effect in Alliwm cepa could be obtained by
treating the root tissues by 0.025% - 0.8% colchicine

for periods varying from 3 to 12 hours.

One of the gereral effects of colchlcine

is found to be an overall decrease in the mitotic index.

Carpentier (1954) treated roots and root-
lets of groundnut with 0.005% concentration of colchi-
¢lne, and obtained Cemitotic cells. However, the pro-
portion of cells in division to the totaly was very

much reduced.

Bvans gt al (1957) studied the effect of

colchiecine in broad beans and observed a general arrest
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of the mitotic phenomenon, resulting from the accumula=
tion of many celis at metaphase. Concentratlons of
0.10%, 0.05% and 0.025% colchicine affected more or
less the same extent of metaphasic accumulations.
Prolonged treatments for perlods over 6 hours produced
considerable glow down in the rate of cells entering

into mitosis, thelr interphases belng prolonged.

Damon (1958) reported an arrest of cell
division at metaphase with the production of star, ex-
ploded and ball metaphase types in the shoot cells of
sorghun seedlings, which were treated with different

concentrations of colchicine.

The most widely accepted effect of colchicine
1s the 1nhibltion of the spindle mechanism.

Wede (1940, 49, 50) treated Tradesoantig
with concentrations of 0.05% =~ 0.10% colchicine and ob-
served that the spindle fibres falled to develop after

prophase.,

Hindmarsh (1952) was of the opinlon that
colchicine of concentrations above 0,10% destroyed the
spindle in all stages of mitosls, and thus totally in-
hibited their formation.
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Davidson (1957) pointed out colchieine-
induced chrouosomal breskages in Vieia fzbs. This was
in additlon to the other sffects mentioned above.

At melosis, colchicine was found to inter-
fere with the spindle mechanism, as in the case of mi-
tosis. This, invariably uvas found to result in an un-
equal separation of chromosomes at anaphase, resulting
in the formation of genetically unbalanced ecells., In
many cases the homologous chromosomes falled to synapse.
Crossing over was found to be considersbly suppressed.
The formation of univalents and multivalents was also

frequent.

Walker {1938) observed a complete as well as
partial suppression of the gpindle mechanism in micro-
spore mother cells of Tradesgantia paludosa, treated with
colchicine. Triads, pentads, hexads, octads etec. were
found to result from the partial suppression of the
spindle.

Srivastava (1956) observed that in some
plants of tetraploid sesame, 95% of the pollen grains
were sterile. This was due to an unequal separation of
the chromosomes to the opposite poles., At anaphase I,
the chromosonmes were observed at the poles in 26 + 26,

24 + 28, and 22 + 30 rates.
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Apart from polyploids, colchicine produced
occasional aneuploids after unequal separation of the
chromosomes at anaphase I. Franzke and Ross (1952)

reported such occurrences in sorghum.

Normal pairing of homologous chromoscnes

was found to be adversely affected by colchicine.

gparrow (1842) studied that in Antirrhinum
majug, colchlcine delayed meiotic initiation upto
eight weeks or more, after treatment. The high fre-
guency of univalent formation (37%) was considered to
be due to a failure of synapsis between homologous
chromosomes. Further, crossing over was reported to
be totally suppressaed in the pollen mother cells after

treatment.

Multivalent formation was observed by many
authors as one of the universal phenomena agsociated

with eolchieine trestment in plants.

Ramanujam and Joshi (1941) studied the melo-
tic behaviour in the tetrasploid Cleer arletinum, in
comparision to the diploid. In the diploids, normal
bivalents were noticed, whereas in the tetraploids,

quadrivalents and trivalents were noticed in varying



frequencies. Chromosome bridges and fragments were rea-

lized in a few cells at anaphase I.

Iyengar (1944) found that in cotton, colchi~-
ecine induced triploids showed marked variation in the
production of multivalent configurations. However, the
hexaploid showed very 1little deviation from the normal
diploids.

Masima and Uchilyamada (1955) studying the
cause of storility in autototraploid rice, observed that
i1t was highly correlated to a high frequency of quadri-
valent eonfigurations, noticed at diskinesis and meta=
phase I.

Sen and Chheda (1958) observed a falrly low
fraquency of quadrivalents in tetraploild Phaseolus mungo;
triads, pentads, hexads and septads were counted in

larger number.

Islam (1960) found comparatively lesser number
of quadrivalentgs in the tetraploids of Amnmona sguamosa L.
Trivalents and univalents were noticed instead. Lagging
chromosomes were also seen at anaphases I and II,

Raman and Kesavan (1963) studied the chromoseome
associations at dlakinesis and metaphase I in auntotetra-

ploid Apachis duranensis. In the 38 pollen mother cells



examined, the frequency of quadrivalents ranged from
0 to 8, the most frequent assoclation being 63, *+ 81+
In a few ecells with trivalents, a corresponding number

of univalents was not present.
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MATERIALS AND METHODS

Ao MATERIALS

Seeds:
Seeds of Sgpsamum orientsle L. of strain TMV 2
was selected for the present ilnvestigation. Of the five
different strains colleected for preliminary studies,
THV 2 wag speclally selected on the basis of its compa-
ratively high germinability sbove the remaining four.
This material was supplied by thc 01l Seeds Specialist,
Agricultural College and Research Institute, Coimbatore.

Colchicine:
Colchicine, manufactured by the British Drug

House, wag used for all the treatments.

B. HMETHODS

It is proposed to conduct treatments with four
d1fferent concentrations of colchicine for three separate

durations, through two modes of application.

Concentration of Colchicine
1. 0.05% - c1
2. 0.,10% - c2
3. 0.15% - ca
4. 0.20% - c4
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Duration o
1. 3 Hrs.
2. 6 39
3. 9 4

Modes of applicatlo;

l. 8Seed Treatment - S
2, Seedling Treatment - P
TREATMENT COMBINATIO
TapLE 1
Pot Coneen~ Mode of Treatment
No. tration. Duration application. combination.

1 0.05% 3 Hrs. Seed treatment ci’l‘!g

2 5 3 4y Seedling 4, Cy75]

3 ') 6 4y Seed ) CyToS

4 ” 6 9y Beedling CyTaP

5 ’9 9 gy Seed ' CyI38

6 .9 9 yay Seedling 4, CyTP

4 0.,10% 3 Hrs. Seed treatment Cngg

8 ”» 3 9y Seedling 4, Galy!

9 'Y 6 'Y} Seed [X]) 02'1‘23
10 ’ 6 49 Seedling 4, ColoP
11 (X} 9 ( X] Seed (%) GaTas
12 ’) 9 4y Seedling ., CoTgP
13 0.15% 3 Hrs, Seed treatment CaI,S
14 ’9 3 42 Seedling 6'3 4!
15 (X} 6 (] Seed e GST S
16 v S s Seedling 5, carrgp
17 ” 9 4, Seed . c212s

18 ”» 9 4y Seedling 4y Cgl'gl’
19 0.20% 3 Hrs, Seed treatment CaI48
20 ’ 3 Seedling 4, Cg T3]
21 ’y 6 (1] Seed 1Y} C4T S
22 ) 6 4y Seedling . C4T§P
23 [ 3] 9 (%] Seed Y3 G4T ]
24 ” 9 Seedling ,, GoI5P
25 Control 1
26 Control 2




Fig. 1. Plan of lay out of the Experiment.

Design: 26 x 4. Randomized Block
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In order to study statistically, the relative
merits of the different concentrations, durations, appli-
cationsy and their different combinations, & Randomised
Block Design with four replications was used in this ex-
periment,

The plants were raised in pots, under identical
conditions. The arrangement of pots is as shown in Fig.l.
The pot number corresponding to the various trestment

combinations 1s presented in Table I.

Seed Treatment:

Seeds soaked In distllled water for 15 hours
were allowed to dry on blotting paper for 30 minutes, be-
fore they were transferred to small vials containing col-
chicine solutions of desired coneentration. After 30
minutes they were arranged in petridishes containing fil-
ter paper molstened with the same concentration of col~
chicine., After the durations preseribed for the treat-
ment, the seeds were thoroughly washed in distilled water
and kept on wet blotting paper for initial germination.
After twelve hours , * the seeds were sown in pots.

For control, seeds soaked in dlstilled water for the de-

sired time duration were used.
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Seedling Treatment:

Seeds were direetly sown in pots without prilor
soaking, as in seed treatments, and the apical buds of 12-
day old seedlings were subjected %o treatwent, The appll-

cation was earried out as follows:-

The Lolchicine solution of the approprilate
concentratlion was applied drop by drop, using a glass
dropper so as to wet the plugs, made up of sterillzed ab-
sorbent cotton wool, kept at the region of apleal buds.
Considerable care was taken to see, that the plugs were
kept molst throughout the tiume of treamtment. After the
treatment, the plugs were removed and the seedlings were
thoroughly washed with distllled water. Plants treated
1dentieally, but with distilled water instead of the

folehicine solution, were utilized as Centrol,
The following characters were studled:~

1. Germination Percen t

Geralnation trials were conducted separately.
The diffcrent concentratidn-duration combination of treat-
ments were glven to the lots of 100 sceds, which were
washed thoroughly after the application of colchiecine.
They were allowed to germinate on moist filter papers, kept



in petridishes. The germination percentage was calcu-
lated after allowing ten days for seeds to germinate.
In addition,comnting of germinated seeds was made every

day.
2. Darl efor) of seedliness

Seedlings showed considerable range of abhore
malities. The studied aspects invoelved the early growth
of the plant, and the nature of hypocotyl, cotyledons
and leaflets.

3. Heipght of plants:

The height was measured in the case of indivi-
dual plants from the 15th day of sowing to the day of
harvest, Veekly measurements were recorded, so as to
study the rate of growth and the total height of indi~
vidual plants ab harvest.

4, Leaf characters:

a) Mean_ avea of lgsveg: Measurement of area of leaves
was made in sq. ems.s using graph paper technique. For
this, ten randomly seleeted leaves vere collected from

the middle of the plants, when they were 40 days old.

b) Mean thickness of leaves:
The thickness of lesaves was measured out from



the sample collected from middle of the plants, when
they were 45 days old. It was recorded in micra (n)

as measured from 100 hand sections for each treatument.

5. Size and dlstribvution of stomata:

A sample of 10 lgaves was collected randomly
from each treatment, and tissue from the lower surface
was pealed off, and stained with 0.5%, Sairanin. The
length and width of 100 randomly selected stomata were
measured, for cach treatment, using a standardized ocu~
lar micrometer. The frequency of stomata per unit area
was deternined, by counting their number from 100 fields
taken at random for each treatment. The data for size

and distribution of stomata were analysed statistically.

6. Number of flowers:

Dally flower counts were made from each plant,
under different treatments and the final data were sta-
tistically analysed.

7. Cytologleal observations:
By observing the gigas characters peculiar
to polyploids, the suspected polyploids were labelled

separately. The floweor buds of asppropriate size were
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fixed in a 3:4:1 mixture of absolute alcochol, chloroform
and propionic acid, which has been previously saturated
with ferric chloride, The fixation was done between 11
and 12 A.M. for 24 hours, after which the materisl was
stored in 70% ethyl slcochol. Anthers wvere squashed

in a drop of 1% propionocarmine. Gentle tapping and Jju-
dicious warming favoured excellent spreading and differen~
tial staining of the chronmosomes and cytoplasm in tho

nicrosporocytes.

The chromosone numboer and thelr behaviour such
as formation of multivaleuts, secondary assoclations
etc., of the polyploids were photographed and camera
lueida dravings were made from such preparations. The

behaviour of chromosomes in diploids was also studied.

8, Size and sterility of pollen zrains:

The size and sterility of pollen grains vere
studied from an entirely random sample. Ten plants were
selected at random from each treatment, The pollen
grains from one {lower from each plant were stained
with glycerine-acetocarmine. Diameter of 100 pollien
grains was measured in miera (p), for each treatment,

using a standardized ecular micrometer.



Por the estimatlion of sterility, ten filelds
were scored for sterile and fertile grains from each
slide at random. In this way 100 microscopic fields
were scored for each treatment from which the percen-

tage of sterility was caleulated,

9. HNumper end size of fruits:

The total number of fruits, set in each plant

was counted and the data were analysed statistically.

For determining the size of frults, a sample
of 10 fruits was selected randomly from each treatment,
the length and girth were measured and data were com-

pared.

10. XYield of seeds:

At the time of harvest, a sample of 10 fruilts
wag collected at random from each treatment and seeds

from these fruits were counted and data were comparcd.

11. Weight of 1000 seeds:

Weight of 1000 seeds from each treatment was
recorded in grams and the data vere statistically ana-

lysed.



12. Egtimstion of oil content:

The oil from the polyploid seeds as well as
in seeds from other treatments was extracted by perce-
lation method, and the results were recorded in percen-

tages.

After weighing accurately 0.3 grams of dry
seeds from each treatment, they were grind with 1 granm
of speclally prepared glass powder and an equal quantity
of anhydrous sodium sulphate, in a dry glass mortar.

The mixture was transferred to a percolator which provi-
ded with a pad of cotton wool at the bottom, over which
stood 3" thickuess of anhydrous - sodium sulphate, 4n
aluminium cup with 4 pieces of 1" square filter paper
was welghed, and brought under the percolator. 5«7 cc.
of the solvent Carbon - Tetrachloride was pourcd to

the percolator to wet the contents. More and more
(about 20 ce.) of the solvent was added to the percolator
to extract the oil fully. The material collected in the
dish was allouved to evoporate in an alr oven and weighed
egain until consecutive values agreed. From the dif-

ference in weight, the percentage of oll was caleculated.
Sta ic rocedure:

The recorded data pertaining to the different



characters under investlgation were subjected to statis-
tical anslysis. The effect of different treatments on
the sterility of pollen grains was calculated by applying
e¢hil~square test. Analysis of varlance was worked out for
four characters namely height of plants, number of sto-
meta, number of flowers and number of fruts. The effect
of different treatments on other characters under study
were determined by caleulating the mean and standard

error.
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EXPERDMENTAL RESULIS

1. (a) Percentage of Germination:

Generally the strain TMV2 of Sggamum orlentale L.
possesses a remarkably high percentage of germination.
Secds treated with colchicine of varylug concentration-
duration combinations showed a slightly reduced percen=-

tage of germination.

(b) Time taken for zernination:

Seeds treated with colehicine in most cases
took a longer time for germination. The pertaining data
on this aspect and the percentage of germination are
appended in Table II

2. Early deformity of seedlinzg:

The colchicine treated plants vere symptomae
tized by a number of morphological abnormalities. They
inelude retarded growth, the presence of unusually thick
cotyledons, developuent of malformed leaves which vere
thick, dark and crinkled and considerably stunted stem
(Plate T). Of the total 480 plants treated, 85 showed
such symptoms of early deformity. Cytological studles

were later conducted on these isolatcd deformed plants,
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and 1t was found that 27 out of these 85 were polyploids.
The_grouwth eedli :

The growth of seedlings was found to be practi-
eally retarded for the first five days in the case of
3 hours, treatment, and for seven days in the ecase of
6 and 9 hours treatments. The leaves developed imme~
dlately after the treatment were small, thick and male
formed and 1rregularities were noted in thelr arrange-
ments. In two plants ralsed from 0.,20% for 9 hours and
in one plant from 0,15% for & hours of seed treatuents,
three to five leaves seemed to emerge from each node
instead of the usual two in untreated plants., YNewly
formed leaves in the abnormal plants were thicker, dare
ker in colour and had coarser texture than those in the

untreated.

Slze and sheope of early lesgves:

Changes in the size and shape of leaves were
also noted znd recorded. Tive plants raiseg from 0.10%
colchicine for 3 hours, and two from 0.20% for O hours
of seed treatments and 4 seedlings treated with 0.15%
for 9 hours, produced only bilobed leaves for the first
two weeks. First two leaves produced by a plant in
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0.15% for 4 hours seed treatment were trilobed, the
3rd and 4th leaves produced by a plant in 0,10% for 3
hours seed treatment were bifoliate and 2nd, 4th and
5th leaves produced by a plant in 0.,20% for 9 hours
seod treatment were found to be trifoliate.

3. Helght of plants:

The overall height of the treated plants at
the time of harvest showed significant inerease, when

compared to thut of the control,

Compapring the effect of different concentra-
tions, a slight increase in height was observed in 0.20%
(Plate 2B) followed by 0.158. Between duration, tﬂere
was a significant increase, in the case of 2 hours treszt-
ment, The effect of interaction between concentrations
and durations was also found to be highly significant,
The difference, howevery in the ¢ase of seed and seed-

ling treatuments was found to show mo signifieance.

The analysis of wvariance for the height of
plants for different treatments 1s given in Teble III.

Graphical representations of the height of
plants under different concentration~duration combination

are given in Figs.2 and 3.



TABLE __IIT

slg o varisnce

For the helpght of plants at the time of harvest

Source ggﬁaggs D.,F. Varlence F.ratlo
Total 16177.85 103
Block T4 .49 3 24,80 0.72
Treatment 13530,10 26 541.20 15.78%*
Seed Vs. Seedling 0,66 1 0.€6 0.019
Between concentrstions 7231.41 3 241047 70.,3%%
Between durations 1205.02 2 €02.81 17.6%%
Treated Vs. control 2208 .02 1 208,02  64,3%*
Interaction between
concentration X duration 1495.65 S 249,27 T.27%%
Error 573 .36 75 34,30

#% Sipnificant at 1% and S levels.
Critical difference = 85,7488
Ranicing treatuents

CaTa C4TS C3T3 CaT1 CeT2 Cui2 CAIg Cal) C2Tl €112
C1T1 c213 COoT0




Pig. 2. Graphical representation of the total
height of plants under 0.05% and 0.10%

concentrations.
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Pig. 3. Grapnicsl representation of the totsol
height of plants under 0.15% and 0.20%

concentrations,
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4. Leaf chersctors:
(8} irea of leaves:

The treated plants possessed larger and broa-

der leaves than the diploid plants under control (Plate

2A). The results given balow, show the comparison of

the nean area of leaves in different treatments.

Moon arga of leaves ln Sag. ems.

1. Between Diploid snd

Tetraploid.

2. Treated Vs. Control

3. Between Concentrations

4, Botween Durations

5. Seed Vs, Seedling

Diploid ~ 36.158
Tetraplold - 68,76 *
Treated - 66,207 #
Control - 36,15 *
0.05% - 84,33 t
0.10% - 66.588 ¥
0.15%2 , =~ 66,642 §
0.20% - 62.089 ¥
3 hours - 65.874 *
6 4y - 64,863
9 gy - 67.29] #
Beed - 88,00 #
Secdling - €4.417 ¥

diploid and

The mean area of leaves in the

1.652
0,732
0.923
1.652
1.820
0.410
0.15¢
0.336
1.960
0.320
1.106
1.112
0.934

tetraplolids wers found to be 36.15 sg. cms. and 68,76 ops.

respectively (Table VIII).

In aifferent treatments, the
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mean area varied from 54.50 to 75.61 sq. ens. Further
the comparison of different coneentrations showed no
signifiecant difference betwsen 0,10% and 0.15% treatuzents.
Of tho four diffceent concentrations 0,20% was found

to be superlor. Among the difforent durstions, 6 hours
treatment was found to be least effective, Seed treat~-
ment produced an inereascd leaf area than the seedling

treatuent,

{(b) Ihickness of leaveg:

The thickness of leaves was measured from
transverse sectlons. It was evident that in tetrumploid
plants, leavos werc charscterised hy thicker leaves than
those in the diploids (Plates 3 and 4). The data for
the mean thickness of leaves in different ireatments

were comparod.

Mean thlckness of leaves in 2

1, Between diplold ang Diploid - 241.74 + 2.451

Setzaplold Tetraploid » 307.04 + 5.517

2. Between teeated Treated - 205,61 * 6.358
and_control

Control - 241,74 * 2451

3. Between concentrations 0.05% - 265.44 + 15.572

0.10% - 207,04 + 9,530

0.15% - 203.88 + 12,008

0.20% - 323,90 # 11.127



Fig. 4. SGrophical representation of the mean

thickness of leaf,
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4, Between durations 3 hours =~ 287,712 r 8,051
6 4 - 293,09 + 10,112

B gy - 303.36 ¢+ 6.410

5. BSeed Vs, Seedling Seed - 287.56 * 8.697
Seedling - 303.94 + 4.171

The mean thickness of leaves in diploids and
totraploids were found to be 241.74 B end 307,04 u res-
pectively (Table VIII) and in different treatments it
varied from 246.48 g to 338.12 p (Table XI). Haximunm
thickness of leaves was Obtained in 0.,20% for 9 hourse
seedling treatment. Between durations, 9 hours, and
between the stages of applications, seedling treatment

was found to be the best,

Fig.4 gives the graplilcal representation of

the mean thickness of leaves in various treatments.

5. B8ize and distribution of stomata:

Considerable increase was noticed in the size
of stomata in treated plants, but their distribution per

unit area was scanty (Plates 5 and 6),

(1) Siget In the leaves of treated plants, both the
length and width of stomata showed an increase, when come
pared to that in diploids kept under control.
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(a) Lepgth: The tetraplolds had a mean stomata
length of 28.93 Be In control it was only 22.40 P
(Table VIII). The recorded data on the mean length
of stomata, in all the treatments were statistlezally

compared.

Mean length of stomata in ]
1. g;ween a1 gloid and Diploid - 22,40 * 2,685
seksepiald Tetraploid - 28,93 * 1,730
2. ZIreated Vs. Control Treated - 2B.,61 + 2,014
| Control - 28,40 * 2.685
3., Between concontrations 0.05% - 26,810 * 4,125
0.10% - 28,960 + 2.430
0.15% - 28,735 ¢ 1.970
0.20% - 28,845 + 2,903
4, Betuween durations 3 hours - 28,773 » 2,613
€ 4y - 28,351 » 2.400
9 4 - 28,957 + 1.774
5, Seed Vg. Seedling Seed - 28,420 ¥ 0.931
Seedling - 29,005 & 1.110

From the result it is evident, that the colchi-
ecine treatment could increase the length of stomata.
Maximum length of stomats was noted in 0.153% for & hours
and 0.20% for 9 hours seedling treatment, closely followed
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by 0.15% for 6 hours secd treatment. Comparing the
stnges of application, seedling treatuent resulted in
a slightly higher stomatzl length than in seed treat-

nent .

(o) Width: The width of the stomata in the tetra-
ploids was also found to be inecreased. The mean width

in the diploids wag found to be 17.25 pu and in tetra-

ploids, 1w.€2 p (Table VIII}.

Hean width of stomata in @

1, Retieen Diploid apd Diploid - 17.23 ~ 2,271
tetraploid
Tetraploid - 10,62 =+ 1,340
2, Ireated Vs, Control Treated - 20,10 + 4,46
Control - 17.25 + 2,271
3. Betweon eongentraticus 0.05% - 20,056 + 5.30
0.120% - 10,32 + 2,795
0.15% - 20.51 + 2,30
0.20% - 20,10 + 1.73¢
4. Betveon durations 3 hours - 20,09 + 3,316
[ I - 19,83 + 1,010
- B - 20,19 + 2,274
&, Seed Vs. Seedling Seed - 19.842 + 0,734
Socdling « 18.953 + 1,253
In generals in colehicine treated plants, an



increase in the width of stomata was noticed.

The meximum width of stomsta was obtained in
0.20% for 6 hours seedling treatment. 0,155 was found
to be superior to 0,05%, 0.10% and 0.,20% in increasing
the width of stomata in combination with 9 hours dura~
tion. But no significant difference was noted between

the seed and secdling treatments.

The data of the mean length and width of
stomata in @ifferent treat-ents are given in Tables IX,
X, XI and XIY.

(11) HNumber of Stomata:

The tetraploid showed larger stomats which
were fewer in nutber per unit area (Plate 5 and 6). ‘The
data on stomata counts were statistically analysed and
the results are given in Table IV. The analysis showed
that there was significant difference in the nuwmber of
stomata between treatment and the control., The effect
of different concentrations, durstions, interaction be-
tween concentrations and duration and the effect of
treatment of different stages were found to be highly
significant,

The minimum number of stomata was found in



ABLE IV

Apslysis of vardance
For %the number of siomaba per unit aren

C

Source Seds Aef. Varlgnce F.ratio
Total 57069.19 1299
Treatuents 39392,31 25 1575.7 114 ,2%%
Treated Vs. Control 19882.58 1 10822,58 1524 .,07*
Seed V3. Seedling 75,85 1 75.85 5.4¥%
Between concentrations 14038,91 3 4679 .64 338,00%#
Between durations 1163,65 2 §81.82 43 L00%
Interactlon bhetween con-
centration < durations 2943 ,33 G 420,55 35,00%%
Error 17676.88 1274 13.87

*#% Slgnificant at 1% and 5% lewvels
1.0182

Critical difference

Conelusion:

COTO, C1T2, C1T3, C1T), C3T1, C2T3, C213, C4T1, CBT3,

€372, GaTl, C4AT2, CAT3.



Pig. 5. OCrophical representation of the
distribution of gtomata.
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0.20% for 2 hours secedling treatment while the maximum
number was obtained in the untreated plants followed by
0.,05% for 6 hours seedling treatment.

The distribution of stomata is graphically
reprasented in Flgure 5.

6, HNumber of flowerg:

The flowers borne by tetraploild plants were
conspicucusly larger than those in the diploids (Plate 7),
but the blooming date in the tetraplolds was very mueh
delayed. The data pertaining to flouer counts in verious
treatuents vers subjected ¢o statistieal snalysis, and

the analysis of varlance is given in Table 7,

The data showed that there was significant
inerease in the production of flowers in the colchicine
treated plants. Maximum nunber of flowers was produced
in 0.20% for 3 hours seedling treatment, The effsets
of treatuonts at different stages of application, diffe-
rent eoncentrations and different durations and intera-
etion betieen concentretion and duration were not found
to he statistlieally significant.

Total number of flovers produced in each treat-
ment 1s grasphicaily represented in Fig.6 and the average



eV

Anplysis of variance
For the number of flowers

Source SeS. d.f. Variance F.ratio
Total 119141,76 103
Block 983,41 3 327.80
Treatment 431995.,01 25 1679.80 1.65%
Seed Vs. Seedling 3162,51 1 3162.51 311
Between conecentrations 47926,.,28 3 1598,76 1,57
Between durations 2410.02 2 1205.01 1.18
Treated Va. Control 16742,02 1 16742,02  16.48%*

Interaction between con-
centrations and durations  2511,57 418,59 0.411

Error 76163 434 75 1015.51

[+13

o B a2 T 2 > L ]

¥ Significant at 5% level
*% gipnificant at 14 and 5% levels.
Conelusion:
For F rgtio for treated Vs. control alone is highly
significant. That is, the treatment has a signi-
ficant effect on the produetion of flouers.



Fig. 6. fGraphieal representation of the total
flowver production under various treat-

ments.
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number of flovers produced by plants in different treat-
ments is included in Tables IX, X, XI and ZII,

7. Cytolozical ohservations:

The behaviour of chromosomes at meiosis was
studied in the treated plants as well as in the untrea=-
ted plants. In general, in the diploids, the melosis
was found to be nbrmal. The formation of 132 regular
bivalents at diakinesls and metaphase I was notlced
(Plate 80M9aThe separation of chromosomes at ansphase
I and II was also regular - 13 + 13 (Plate 8()«9n.In te=~
traploids, 26 bivalents could be gounted at metaphase I
vhich lacked the characteristic orientation at the equa~
tor of the spindle (Plate ©c). First amaphasic separation
resulted in two groups of 26 chromosomes in each (Plate
10).

Chromosome association at diakinesis and
metaphase I was studied in a large number of pollen
mothcr cells, The frequencies of univalents and triva-
lents were more than those for higher assoclations

(Plate 11).

Persistence of one or more gsecondary nucleoll
was & peculiarity, throughout the melotic stages in the
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pollen mother cells of diploids as well as polyploid
plants, In the plants where the pollen sterlility was
higher, the microspores in the tetrads varied in their
relative sizey and in some of the microspores, more
than one nucleolus wag observed (Plate 8S), Any other

type of melotlc irregularity could not be observed,

8, JBize ang sterility of pollen:

(e) sige of polien: The tetrsploids had larger pol-
len grains than the diploids, From the results 1t was
observed that the pollen zrains in the tetraploids pose
gsessed a mean diameter of €3.,301 m, while 1i was only
53.25 p in the diploids.

Dizmeter of pollen zrains in m

1. Diploid Vs. Tetraplold Diploid ~ 83.25 + 0,630
Tetraploid €34301 *+ 4.90

2, Ireate + Control Treatad =~ 65.00 + 2,791
Control ~ §3.25 + 0,630

3. Between concentration 0.05% - 58,975 + 1.855
0,10% 64,670 + 0.780
0.16% ~ 63,505 + 2.,29235

0.,20% - 68,703 *+ 0.5320
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4. Begkween duration 8 houra 61,425 # 2.471
6 " - 64030 t 5;312
9 4y - 63,910 # 4.1280

5, Seed Vs. Seedling Seed - 63.3¢ 1 0.984
Seedling 63.12 £ 0,771

The nmaximum mean diameter of pollen grains
was noted in 0.,20% for 9 hours seed treatment, and the
minizmum fu the untreated ones, followed by 0,05% for
3 hours seed trestment and 0,05% for 6 hours seedling
treatment. Comparing Lhe effect of coneentrations,
0.20% and 0,10% vere found superior to the rest of the
coneentrations, and between different durations, 9 hours
was found to be the best. Of the two stages of applica~
tions seed treatment resulted in increazsed psllen diame~

ter than the seedling treatument.

{v) Extent of pollan sterility: The snalysis of
the mean percentsge of sterility is given in Table VI,
In the tetrapleids the sterility varied from 31.91 to
43,20% (Table X and XII). In the diploids, 16,00% of
the pollen was found to be sterile, 0,15% for 9 hours
seed treatnent resulted in the highest percentage of
pollen sterility. The effect of treatments in the two

stages of application was not ststistically significant.



IapLs VI

Analysis of varisnce
For_ tho Sterility of polien

-

Treatment Value of X2
Treated Vs, Control 46,35%%
Seed Vs, Seedling 3.28
Betwecn durations 77 «32%%
Betveen concentrations 80 ,80%+

#& Slgnificant at 5% and 1% levels.



Fig. 7. Orsphical repregentation of the
percentage of sterility of the
pollion gralns,
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But the effects of concentrations and durations were
found to be highly significant. Graphlesal represents-
tion of the percentage of sterility in different treat-
ments is given in Fig.7.

9. Number ang sige of fruits:

(1) HNumber of fruits: The percentage of fruit sot
in the treated plants was found to be considerably de-
creased. The F=ratios for different stages of applica~
tion, duration of treatment, concentrations and intera=
etion between concentration and duration were not found
to be significant. Graphlcal reprezentations of the
nuttber of fruits is given in Fig.8). The anglysis of
variance of the data on the total number of fruits in
different treatments is shown in Table VII,

(11) B8igze of frults:

(a) Length: The length of fruits was recor-
ded in ems. The mean length of fruilts in diploids and
tetraploids were found to be 2,10 and 2,95 cns,. respec-

tively (Table VII).

Length of frults in ems.

1. Between diploids and Diploids =~ 2,10 % 0.461
tetraploids
Tetraploid ~ 2,95 & 0.317




ABLE _VIT

Analysls of varlance

For_the ymumber of fruits

-t o -

Source SeSe d.f. Variance F.ratio
Total 78584 ,62 100
Bloek 755,797 3 261.52
Treatrient 27547.12 25 1101.88  1.GZ

Betwesn gsecd Vs.Seedling 38G.51 356,51 0.831

1

Between concentrations 3727 .86 3 1242 .62 1.85
2
i

Between durations 1229 ,69 614,84 0,215

Treatod Vs. Control 1308.59 1302,89 1.94

Eprop 50281.73 5 670,42
Conclusiont

The F.ratios are not significant



Flg. 8., Oraephical representation of the total

number of fruits under various treatments
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Fig. 9. Graphical representation of the

percentage of frult set.
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2. Between Treated snd Treated - 2.71 =+ 0.910
£ontrol Control =~ 2.10 =+ 0461
3. Belwesn. concantprations 0.05% - 2,66 -+ 0,774
0.10% = 2.90 + 0.503
0.15% - 2,69 <+ 0,916
0.20% - 2,81 <+ 0.831

4. Between duratjon 3 hours ~ 2,64 + 0,33
6 sy - 2,43 + 0.135

9 45 = 276 + 0.5

5. Sced Vs. Secdling Secd - 2,84 + 0,37
Seodling =~ 2,56 + 0,102

The comparative study of mean length of fruits
showed that the treatuent had resulted in a slight inecrease
in the length of frults, over the control. No appreciable
difference in length was observed in different concentra-
tions, durations and stages of applications, However, a
slight increase 1n length was noted in 0.16% for 9 hours,
geed treatment.

(b) @irth of fruits:

The data of mean girth of fruits in diploids,

tetraploids and in other treatments were compared.

« Between diploids and Diploids « 3.53 + 0.263
*elzaploldn Tetraplold - 4.61 * 0,195



2. Betwecn treated aud Treated - 4,397 + 0.310
control
Control -~ 3.53 *+ 0.206
3. Between congentrations 0.05% » 4,315 + 0.610
0.10% - 4.286 + 0,315
0.15% = 4,495 + 0.221
0.20% - 4.462 + 0,430
4. Between durations 3 hours - 4.503 + 0,217
8 4y - 4,414 + 0.253
9 4y - 44853 + 0,130
5. Secd Vs, Seedling Seed - 4,207 ¢+ 0.911
Seedling =~ 4,587 & 0.360

The results of comparison revealsd that the
frults In diploids possessed a mean girth of 3.53 cma.
while in tetraploids the girth varied from 4.13 to 4.36
ems, (Plate 12), comparison of diffcrent concentrations
showed that treatment with 0.153 resulted in higher fruit
girth in combination with 3 and © hours durations of
treatwents, Mo signifieant difference in girth was noted

botween the stages of application.

The data on the mean girth of frults are given
in Tables IX, X, XI and XII.

10, Yield o cedst

Seed counts from a sample of ten fruits col-
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lected at random from the tetraploid and diploid plants
showed that there was a considerable defrease in the nume
ber of seeds in the tetraploids. The results of compa-

rison are given below:

i. 0. d_tetraplol Diploid =~ 925,00
Polyploid = B8G2.35

2. Ireated Vs, Control Treated = 831.12

Control = 9225.00
3. Betwesn concentrations 0.05% = 782.67
0.10% = 897,70
0.15% = B2G.34
0.20% = 817.83
4. Between durations 3 hours = 807,63
6 4y = 836,87
9 4 = 830.85
5. Beed Vs, Scadling Seed = 869,00
Seedling = 800,00

Minimum number of seeds was counted in treat-
ment with 0.,05% followed by 0.20%, and meximum number in
0.10%. Treatment for 3 hour and @ hour durations produced
lesser number of seeds than treatument for 6 hours. Compa~
rgtively, the seedling treatment ylelded lesser number of

geeds than sced treatument.



The data on seed ¢ounts in different treatoonts

are given in Tables IX, X, XI and XII.

1l. Yeight of 1000 seeds:

The seeds from the frults in tetraploids were
bigzer in size than from that of the diplolds (Plate 13).
An increase in velght was noted ss well, of such seeds.
The followlng results confront the mean welght of 1000

seeds in different treatrments.

Ueight of 1000 geedg in grams

Between diploid and Tetraplold Diploid = 2,06 grans.
Tetraploid = E2.87 4,
Between Treated and Control Treated = B.64 gy
Control = 2,06
Botwesn coneentrations 0.05% = 2.585
0,10% = 2481 »
0.15% = 2,438 »
0.20% = 2.975 7
Botuesn durations 3 hours = B,857
& 43 = 2,816 »
9 4 = 2,731
Sved Vs . Seedling Seed = 2.540

Seedling = 2,736



The mean weight of 1000 seeds in tetraploids
was found to be 2.817 grans, against 2,06 grams in dip-
loids. A meximum 1000 seed weight was observed in 0.20%
for 6 hours seed as well as seedling treatments. Come
paratively, the seed treatment resulted in lesser 1000
seed weight than in seedling treatment.

12, Cytologiesl identification of Tetraploids:

Based on chromosome nunber in the melotic
metaphasic and anaphasic preparstions, twenty seven
treated plants were confirmed to be tetraploids in the

pregent study.

The followlng tables give the detaills regar-
ding the total number of seeds or plents treated, num-
ber of suspected polyploids isolated in each group by
morphological observations, and the actual nunber of
plants those were confirmed as tetraploids by cytoloe

glcal analysis.

Seed Treatment

Concen» Dura~ No. of No. of sugpec- Tetra-
tration. tion. geeds ted polyploids ploids
treated. by morphologi- confir-
cal observa- med.
tion.

0,05% 3 Hrs. 20 3 -



0.05% 6 Hrs. 20 4 .-

. 9 4 20 6 2
0.10% 3 9 20 8
" Y 20 3

”" Y 20 3 -

0.15% 3 4y 20 5 -

. 6 20 6 4

. - T 20 3 1

0.20% 3 20 5 2

v 6 4 20 8 4

. TN 20 5 3

Total 240 56 19

Percentage of polyploid obtained = 7.91

Ho. of No. of suspected
Concen~ Durae plants polyploids by Number

tration tion treated morphological confirmed.
chsorvations.,
0 .05% 3 HI‘S - 20 l -
" Y 20 1 --
. 9 4y 20 3 1
O [3 10% 3 99 20 - -
’ S 9y 20 2 -
1) 9 4 20 4 -



0.15% 3 Hrs. 20 3 -
" 2 » 20 2 1
0.20% 3 4 20 a 2
”» 6 1 20 5 2
. 9 4 20 2 1
Total 240 29 8
Percentage of polyploid obtained = 3,33

13. 01l content:

The oil from a knowm quantity of seods, from
tetraploids as well as diploids was extracted, by the
percolation method. It was lnferred that the percentage
of oll in the totraploid seeds was slightly lesser than
in the diploids (Tables X and XII),



IABLE _ VIII

Lomns n diploids 1o

No. Cheracters Diplold ety

1. Height of plants at the time of 67 cmg. 82,51 cnms.

harvost

2, Mean area of leaves 36.15 sq.em3. 68,76 sg.oms.

3¢ Hean thickness of leaves 241,74 n 307.04 p
4.+ Average number of stomata per

it area 37.13 21444

5. lean length of stomata 22,40 n 28,23 p

6. Mean width of stomata 17,25 p 19.62 p

7. Average nusber of flowers

per plant 20.25 290,75

8. ¥ean sterility of pollen 15.,00% 38.36%

9, Mean dlameter of pollen 53.25 p 63.30 n
10. Mean length of fruits 2.10 cma, 2.95 oms.
1l. Mean girth of fruits 3453 eng. 4,61 ems,
12, Average number of fruilts

per plant 17.90 17.41
13, Average percentage of fruit sot 89,50 60.33
14, Number of seeds from 10 fruits 925 863
15, Mean weight of 1000 seeds 2,06 gn. 2.82 gm.

16, Mean percentsge of oll con-
tent in seeds 51,337% 50,048%

17. Chromosome number (2n) 28 52




TaBLE  IX

Seed Treatment

P -

HMean height Mean area Averzge Mean length Hoan width Average Average MNean dia-
Treatments. of plants of leaves thlckness of gstomata of stomata NHo. of HNo. of meter of

in cms. in ens. of leaves in B in B stomata flowers pollen

in y. inp

Control G8.00 45,92 241.74 22.40 17.00 39.48 21.00 53.50
0.05% 3 Hrs., 80,50 66,51 259,12 26,95 19.25 24,72 26,15 58,10
6 4y 65.5) €7.62 258,80 27 .65 18,14 29.20 29,45 55,59

2 4, 74.82 71,30 290,72 27.00 13.60 28.86 28,05 59,45

0.10% 3 Hrg. 70.00 65,60 265,98 20,35 18.64 25.14 31.30 62,97
6 45,  B1.55 70,87 282,80 28,00 18.60 2i.14  20.40 62,49

2 4 7348 71.15 292.30 22,35 12.64 22.20 30405 €9.,30

0.15% 3 Hrs. 20.25 71.68 280,34 28,00 19,95 19.16 29,40 62.37
6 53 83.7 61.34 290,60 28.65 20.65 20.92 26440 63430

2 45 95,00 644,40 296 .50 28,00 18,75 20,76 28.45 58,65

0.20% 3 Hrs. 88,70 6l.43 316.00 27.94 18,77 21.10 29,90 63,16
6 49 103,00 62,69 322,16 28.35 2044 18.60 33.10 68,95

2 49 94,60 75.61 321.66 28.7¢ 20.61 17.40 30.45 71.12




IABLE X

Seed_ Treatment

P L L Y - T3y . -

Percentage Mean length Mean girth Average 1lo. of Welght of 011 content

Ireatments of pollen of frults of fruits lo. of seeds 1000 seeds  in percen-
sterility in cns. in ems. fruiis. Lrom 10 in grams. tage.
fruitis.
Control 16,00 2,86 3.53 13.90 935 2,105 851.67
0.05% 3 Hrs. 34,71 2.2 3,76 20.80 860 2,172 48.30
8 gy 35.83 2.20 4,16 24 .43 820 2153 §1.,00
9 4 85.05 2,71 4,23 21.84 864 3700 50,67
0.102 3 Hrs. 35,90 2.93 4419 17.19 945 3000 40,67
6 5 36,00 2.67 4,28 17.70 s 2,155 51,70
Y 4y 35,74 Z.21 4,07 24.80 a37 42153 49,30
0,155 3 Hrs,. 39,07 2.63 4,23 19.62 750 2,000 47,30
6 4y 43,82 2.64 4,25 17.9¢ 20 2840 51,00
D 4y 43,80 2.86 4,13 14,04 982 2740 49,33
0.20% 3 Hrs. 37.34 2.75 4,29 14,70 803 2.530 43,00
6 5y 37,16 2.84 4,42 16.83 855 3100 3165
9 90 43.87 2,95 448 18.31 R4 2,080 49,90

- Y T



IaBLE  XI

Seedling Treatment
Mean height Mean area Average Mean length Mean width Average Avsrage Meen dia-
Treatment of plants of leaves thickness of stomata of stomatzs No. of No. of meter of
in cms. in cms. of leaves in p inp stomata flowers pollen
in p inp
Control 66,00 26.40 241.74 22.40 17.50 34.78 19.25 53.00
0.05% 3 Hrs. 72.00 73.20 246.48 26.95 18.80 22.24 31.55 58.80
Py} 63.72 53,40 249.64 26,60 18.55 32,40 24.25 58.45
9 ys 81,40 54.50 300,20 28.35 19,60 23,64 26445 €1.60
0.10% 3 Hrs. 64,50 56430 316,00 29,40 19,00 21.62 24.50 63.00
6 4y 80,68 G610 315.58 29,05 19.25 23.81 29,00 60.20
9 gy €9.25 G7.00 317.53 29,38 19,67 21,62 22,50 66450
0.15% 3 Hrs. .33 66.00 293,88 28,70 20 .44 18,74 26,00 59.20
'Y o 6030 319.16 29,75 20,34 20.71 238,00 60.25
D 4y 84,15 61,80 312.68 292,05 20.€5 21.40 22,50 60.20
0.20% 3 Hrs. 88,20 64,00 325.48 28.88 20,30 2140 35.85 65,10
6 45 B0 .63 68,50 325 .80 29,05 2069 18.62 33.00 68.95

9 9y 73.28 7350 338,12 29.75 20,00 16.10 25.50 68.60




Seediing Ireatuent.

BLE,

Percentage Meazn length Mean girth Average WNo. of Welght 01l con-

Treatment of pollen of fruits of fruits Woi of seeds of plant tent in

sterility in cms. in ems. fruits. from in gms. percen~
10 fruits. tage.
Control 16.00 2,20 3.45 18,90 915 2,02 51,00
0.05% 3 Hrs. 31,91 2.50 4 .87 24,50 GE0 2.20 49,00
s 32.00 2.64 4,54 23.98 &30 2.62 47,33
Ty 32,00 2,61 4,33 18.90 8C0 2455 49.00
0.10% 3 Hrs, 34,856 277 44,25 18.36 800 2.95 51,00
6 gy 34.10 2,66 4 .54 20,30 888 2.70 47,76
' 37.10 2.68 4451 15,20 830 2.50 49,00
0.15% & EBrs. 32.54 2,55 5,79 14,20 686 285 51.30
€ 4y 34.00 2.06 4,18 15.10 970 2.80 51433
G s 35.65 2 .80 4433 . 850 2,74 49,67
0,20% 3 Hrs,. 38.13 2.70 4.67 24,60 226 2,90 48,00
6 44 42,319 2.62 4,85 16.80 760 3.20 51.00
9 9y 43,55 2.66 4,18 13.00 858 3.00 48.67




The objoot of tho present investigation was to
conduet an evaluation of the scope for applying the col-
chicine technique In improving ome of the major oil ylel-
ding plants - Sessmum orlentale L., varlety TiVgp.

Sesanmes like many other crops plents, respon-
ded well to colchieine. This was evident from the fact
that, almost all plants whieh were subjected to colchi-
eine troastment, exhibited conslderabdle extent of morphow
loglcal deformities. However, as & polyploidizing agent,
colehleine was less effective in sesame. Out of & total
of 85 plants which showed morphologleal gbnormalities,
only 27 were found to be possessing multipiied chromoso-
nal complementa.

Polyploidy hed played a major role in the natus
ral evolution of many plant groups, and artificisl indue-
tion of polyploidy in plants had consequently acquired a
top position among many other methods as a valusble tool
in plant breeding. It muat, however, be combined with
other methods for obtaining a specific purpose. {Stebbins,
1956) .

In sesamey the colchielne technique had been



applied by Richharia and Persai (1940}, Langham (1940),
Kohayezhi and Shimamura (1945) and Srivastava (1956),
with a view to evolving tetraploid strains, and obtained
tetraploids. However, no further research was continued
so as to evaluate the scope of utilizing this technique
in the improvenent of sesame. In this erop, any nethod
of improvement could bs considered desirable, only if,
it enabled an enhanecd production of oil,

In the present investigationy it was proved
that the tetrsploldas could be produced in sesame through
ecolchicine technique, but their proportion was found to

be very low,

In genersl, almost all the treated planty were
found to be asffected by tho drug colchieine. This was
evident from their germination, early growth habit, nature
of leaves and many other characters.

Sermination in colechieine-treated socdsgs

The strain TMVs possessed 95% of germination, which
started from the first 24 hours after sowing and completed
gernination within five days. However, the seeds treated
with colchieine germinzted only after a period of 48 hours.
The 1nitial growth was also slowy as was evideat from a



longer duration teken for full egtablishment of secdlings.
Similar results were obtained by Smith (18392) in Nicotiana
langadorfil and H.hpbacgum, Ramanujam and Joshi (1941) in

Cicer aplotinum, Sarna and Datta (1951) in Cordandrunm
sapivum, Saxens end Nanda (1951) in phlex,

Colchicine 1s a poisonous drug, whose effoet
interferes advorsely with the noramal behaviour of the
living eells. Its effect as an inhibitor of mitotic di~
vistons (Carpentier, 1954), as an arrestor of already
initiated mitotle division st the stage of metephase
(Bvans et gl 1957) and as a genersl toxie substznce on
the living tissues probably wore the ressons for the

dealayed germination of sceds.

In the colchicine freated seeds, the emsrgence
of the shoots and roots was delayed. Such observation
was made earlier by imin (1940} in cotton, Kumar and
Abrahan (1942) in Phastolus rsdistus, Seits (1967) 1n
Amerieon vater melons. This was agaln considered to be
due tec the effect of colehicine as a mitotic inhibitor.

Seed Vs, Secudling treatments:

From the present observation, it was evident

that the seed treatuent was more suecessful in indueing



polyploidy in sesame, than geedling treatuent. The supe-
riority of the secd treatment had heen reported by Smith
(1939) in Hicotisna glsuca, Pal gt al (1941) in Capaioum
annum, Ramagujam and Joshi (1941) in Clcop apletipum L.,
Bragdo (1955) in Irifoliun pratense, and Kundu and Sarma
(1956) in forchorus olitoriua. However, a contradictory
view had been proposcd by Kumar and Abrshem (1942) in
Phaseolus radiatus, Evans (1955) in Irifoliun pratonge
and Sen and Bhowel (1959) in Vigna sinengig, who noted,
that on comparison, seedling treatment vas more succesful
in the {nduction of polyploidy. Aumin (1340) reported
that both secd and seedling troatments veore equally efw
fective in inducing polyploidy in cotton.

The socked seeds noprmally contained more nua~
ber of cells in actlve divislon. On the other hand, in
deedlings, dividing cells are fewer in number and confined
in specific regions, Those couid very well be the reasons
why the emergence of polyplolds from seedlings, was relae
tévely low, For successful induetion of polyploidy in
sny materl al, chances should be provided for more number
of actively dividing cells, to come in contact with the
drug (Stebbing, 1950).
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Baply deformity o ¢

Tike many other plantsy colchicine-treated

sesame also showed a number of morphological abnormalities

in their early pgrovth. Of the total 480 plants treatad,

85 showed symptoms of abnornmeilties, such as gonerzl stune

ting, crinkling gnd malformation of cotyledons snd leaves,

On eytological tests, only &7 out of these 85 were conflr-
med as true tetraploids with 2n = §2, Trou thls, it was
found that colchicine, eventhough was capablc of producing
morphological deformities in sesame, was a comparatively
poor polyploidizing agent. This too, probably, was bee
couse of the Interference of the drug with the normal
blochemical path ways essoclated with the enrly grovwth
and development of the organism.

Helght of planks:

Confirmed tetraplolds in the present study
showed an increased helght at the time of hervest espe-
clally with 0.20% for € hours treatment. Towards the
first two weelts, the scedlings of tetraploids grew at a
slower rate when compared vith the normal diploids.
Thercafter, they were found to surpass the diploids,
and ultimately galned an Ineressed height. This was in
agreerent with the results of Srivastava (1956) in the
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same crop. An inereased elongation of the ghoots as &

result of ecolehleine treatuenty had been reported by

Tenden and Chinoy (1950) in Amarguthug blitum, and Sharmisend hts
(1951) 4n Coriandrum gativum. Contrsdictory resulis with
respeet to tho height of plants treated with Lolchieins,

had been arrived at by Smith (1939) in Ricotisna rustica

and Heglauca, Kundu and Sarma (1957) in Qorchorus olitow

rlug and Sen and Chheda (1958) in Phgseolus mungo.

The incregsed stoture shown by the colchieine
treated plants wag probably dus to the stioulation pro-
duecd by the drag on the growing parts. Towards the timo
of applieatlon, the tlssues might have been more senuie
tive to the toxicity, which took time to regain many of
their normal festures and eonseguently the stimulative
effect wight have betome pronounced,

Leaf characters

Area 1 a5 of 5

It was observed in the prosent study, that the
tetraplolds possesscd largery coarser, darker and thiecker
leaves than those in the diplolds. This was in sgresment
with the findings of Richharia snd Persal (1840) and



Shimamura end Kobeayazhi (1945) in the saue crop, Kumar
and Abpahanm (1942) in Phageolus padlatugs Tendon and

8eli (1957) in Iinpels vulgavis, Vakili (1962) in Muas,
Ammzl (1962) in Rauvolfia ing, Sobti (1963) in
Henks plpezals and Vig (1964) in Cygmopsis - pgopailoides
D.C,

In the present study it was observed that treat-
rent with 0.20% for 9 hours resulted in the maximun area
and thieckness of the leaves. It was secn due to tho ge-
neral enlarpgerent of cells in the epidermsl, and pallisade
tigsues of the lcaves. The dark green colour of the
leaves wag assgelated with the Inereased proportion of

ehlorophyll in the palissde tissucs of the leaves.

Slze and digtribution of stomatas

Larger but lessor nunber of stomata per unit
srea wore noted in totraplold sesame in the present invese
tization. This wvay in agreement with the findings of
Graner (1941) in Manthot utilissimg, Kumar end Abrsham
(1942) in Phaseolus padistus, Srivastava (1956) in Sessaue,
and Knight (3957) in Theobropms goepa. But such differonce
in the sige snd number of stomata could not be noticed in
the tetraplelds of Fieis willoss by Hertzeh (1951).



It wag seen that the length and width of stomata
" were considerably ineressed in the totraplolds sbtained as
2 pesult of 0,20% treated for 6 to O hours. Thelr number
per unit apes was also found to be reduced with the samne

concentration-duration combinaticon.

It was therefore assumed that eolchieine hed
indueed the enlargement of the guard cells of the stomata

as in the case of other cells in tho plant tissue.
Blooning behawioup. muiber and aize of floweprs:

Delayed flowering was observed in the tetraploid
sesame. On an average they took a fortnight move for
flowering than the eorresponding dipleids. The floral
parts were bigger in size, with an inereased number of
stamens. The number of stamens wveried fron 4 to 7 in
tatraploids wheraas it was invariably 4 in the diplolds,
But a reduction In the number of atamens produced by the
totraploids of Corchopusg capsularig was reported by
Chandhurl (1956); and by Kluge (1960} in Fragapls yesea

It was observed Iin the present investigation
that the maximun numbey of flowers wes prodused by treate
ment with 0.20% colehicine for a period of 3 hours. The
increased produetion of flowers could be explained, as a
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naturel outcome, from the vigorous growih and branching
hablt due to the glgas nolure of the tetraploide.

Crtologloal ohservationg:

The melotie behaviour of the tetraploids was
found to be seriously affeoted, with the formation of
varying nunber of multivalants in the pollen mother cells.
Such observations were previously reported by Ramanujam
and Joshi (3941) in Cieer avietinum, Maslma (1942) in
flax, Mehts gt al £1948) in berseem, Bhoduri and Chakra-
vorti (1948) in Coprchorus capsulsris, Das (31953) in
dolilotug glba, Srivestava (195€) in Sesamum grientale L.
and Tslam (1060) in Annona sguampsa.

The higher peresntaze of pollen sterility was
noted in the plants treated uwith 0,152 colchicine for 9
hours,., The reasong for sterllity nighi be attrlbuted to
the fornation of genetically unbalanead gametes, due to
the wnequal senaratlon of chromosodes during anaphase in
the pollen rother eclls of the tetraploidz, Wherever the
normal, distribution of 2¢ + 2¢ ohronosomes oecured, fere
tiiity was resulied,

3ize snd sterilliy of Pollen:

Anothoer reason attribubed to such a higher
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pereentage of pollen sterility in the tetraploids was
that the microspores formed in the tetrads varied in
their relative size; with a larger number of nucleoll,
The results fully agreed with the findings of Kumar and
Abrsham (1940) from their oytologieal anslysis of sterile
diploids of sesame.

Srivagtava (1956) reported that the pollen
sterility in the totraplold sesame varied from 20 to 25%
but in the present experiment, it was found to vary from
231.91 to 43.20%. An inerease in pollen sterility in the
polyploids was previously reported by Kuzdowiez (1960),
in tomatoes, Saxena and Nanda (1960) in phlox, Galcenko
(1961) in Cucumbers and Hehta gt al (1963) in bergeen.

The pollen grains produced by the tetraploid
gesane were found to possess a larger dlameter than in
the normal diploids. Haximum diameter was notlced in
0.20%, treatcd for @ hours. An inerease in the size of
pollen grains consequent te colehicline treatment was
noted by Illies (1956) in birch, Srivastava (1956) in
sesama, Armstrong and Robertson (12€0) in alsike clover
and Hehta gt gl (1963} in herseem. Stout aud Chandler
{1941) observed that the pollen grains in the tetraploid
Petunlp axilispls were larger in size with four germinal
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pores, instesd of three., This was supported by the fine-
dings of Bhaduri and Chakravorti (1948) in tetpraploid

Lorchorus gepsularis.

It woo pssumefl in the present investigetion,
that the larger pollen graing in the polyploids of sesaus
might be due to the larger size of the pollen mother cells.

Fruit settine and vield:

Bventhough, the nusber of flowors produced by
the tetraplvids waes higher, a considersble reduection was
notieed in the porcentage of fruit set because of higher
pePeentsge of sterility. 7The total yleld was thus drage
tically reduced, Such reduction in yleid in the colchi-
eine-induced polyplolds wag previously noted by Kumar and
Abreham (1942) in Phaseolus padiatus, Singh (1955) in
Larioes popaya, Sen and Bhowel (1259) in ¥igns ginenslg,
Kuzdowlez (1960) in tomatoes, Sen and Vaidysbhooshan (1960)
in horse grum and Frasgewska (1962) In Comeling sativa.

The frults borne by the tetraploids of sesame
were having a larger sige, with larger and heavier seeds.
Similar observations were msde earller by Sando (1939) in
Fagopyron tataricum, Amin (1940) in cotton, Kumar and



Abrsham (1942) in Phaseolug radistug, Dermen (1243) in
grapes, Kundu and Ssrma (1956) in Copghopus olitoriusy
Srivastava (1956) in seseme, Sen and Chheda (1858) in
Phaseplus munzos Chladek and Rod (1958) in Matriosrig
ghamomill L, and Srivastaova and Bajpal (1964) in Loquat.

The reduction in yield in the tetraploids
ecould be offset by larger and heavier seeds, eventhough
the number of seeds per fruit was a little less than in
the diplolds,

D11 content of seeds:

In spite of their possessing a larger slze and
enhanced welght, the seeds from the tetraploid plants
vielded a lower percentage of oil (50,0483), as agalnst
51.337% in the diploids.

In the light of the resulf%z obtained in the
present experiment, it was concluded that the scope of
colehicine-technique as one of the methods in the improve=
ment of Sosamum grientsle L. 1s considerably linited.

Very little is known on the performance of the tetraploid
as an lmproved variety in comparison to the normal diploid,
espeeially with respect to the yleld of oil, and more extenw-
sive cxperiments at the fleld level had to he carried out



before drswing conclusions.

Golchicline produced morpholaégleal deformities
in the treated plants. But its valus as a polyploldizing
agent in sesame was found to be apparently low, as was
evident from the extremely low proportion of polyploids
identified and eonfirmed cytologleally., Polyploids due
to thelr abnormsl behaviour at meiosis during microsporo-
genesls, and to the consequent production of sterile
pollen, produced very few seeds which, whether breed
true or noty had to be verified through other experiments,
which fall beyond the scope of the present investigation.
As sesame oould not be propazated vegetatively and as
the number of seeds produced by tetraspleids was found to
bo low, extremely serious probiems would be met with in
raising and rearing polyploid populations, In addition,
work had to be earried out, s¢ as to explore more into
the possibility of utiliging this technique, for the im~
provement of sesame, in combinztion with other methods,

involving hybridization, selection ete.
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7.l'.'he present investigation was undertaken in the
Agricultural Botany Division of the Agzricultural College
and Research Institute, Vellayani, with a view to evalua-~
ting the scope of colchicine technique 1n the improvement
of one of tho major oil ylelding erop plants of India -
Sesamun prientsle L. (2n = 26),

In thils study, colehieine in agueous solutions
of four concentrations - 0.05%, 0.103, 0.15% and 0,20%
was applied to seeds as well as seedlings in combination
with three different durations viz., 3, 6 and 9 hours.
Its effect as seen from the performance of plants was
elosely followed and discussed,

There was good indication, that like many
other crop plants, sesame responded to the various treat=-
ment combinations of colchicine. It was found that the
drug inducod considerable amount of morphologleal varia-
tion in almost all treated plants. However, as a poly~
ploidizing agent, colechlcine was observed to be of rela-
tively less active in gesame. This was confirmed on the

basis of cytologleal observations condueted at microspo-



rogenesis. Of the total 85 plants which showed morpholo=
gical deformities, only 27 vere found to be polyploids —
tetrapicids with 2n = 62,

Trestments on seeds were found to produce
more number of plants with worphological deformities and
multiplied chromosomo complements than the seedling treate
ment. TFurther, it was also recordsd that in gesame the
effeot of colchicine was more effective especlally at

higher concentrations in prolonged treatments,

The morpholegieal deformitiocs included, a
siightly reduced and delayed germination of seeds and
general stunting and production of deformed leaves in
young seedlings., This observation was proved to be in
conformity with similar observations made by different

authors in many other crop plants.

In the treated plants, for the first two weeks
the growth was congildersdbly inhibited. However, a marked
progross was notiged from the third and fourth week one-
wards, The overall 1life, blooming, fruiting and maturity
were prolonged in the case of treated plants for another

two more weeks.

Blooming, though profuse, due to a high propor-
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tion of pollen sterility resulted in shy bdearing. Fruits
were larger but contained fewer number of larger and hea=
vier seeds. The oil content in the tetraploids was found
to be slightly reduced.

In the light of the above observatlons, it was
concluded that the scope of applying colchicine for the
improvement of scsame crop is to a great extent, subject
to many limitations. The proportion of colchieine ine
duced tetraplolds was found to be very low. Further, the
tetraploids on comparison with the normal untreated dipe-
lolds contributed poorly to the yleld of oil., The diffi-
culty with which the induced tetresploids breed true, to-
gether with the total absence of an alternative method of
propagation throuzh vegotative means, suggest that cole
chicine breedinzg directly can have little value in the
improvenent in this crop. However, it is also indlcated
that other techniques such as hybridigzation and selection
are to be combined with colchicine technique, if any die
rective is to bo proposed on further improvement in the

erop.
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A _GENERAL VIEW OF THE EXPERIMENTAL PLOT

Plate. 1. Early deformlties showm by plants treated
with 0.20% colchicine for 9 hours

23 # 0.20% - 9 Hrs. - Seed treatment
24 = 0.20%3-9 ., =~ Seedling treatment






Plate 2A.

A tetraploid plant obtained from seeds
treated with 0,20% for 9 hours, showing
gigas characters. 25 = Control

Tetraploid and diploid plants showing dif-
ferences in the external characters. viz.

nature of branching and height.






Plate 3, lLeaf thickness of the diplold plant

4. Leaf thicimess of the tetraploid plant






Plate 5. BSize and distribution of stomata in diploids.

6, 8ize and distribution of stomata in tetraploids.






Plate 7.

8ize of corolla in the tetraploid and diploid (C)
plants.

8, (1 &42) PFirst melotic metaphase of the Pollen Cells

(3)

(4)

(8)

(F)

9.

of the diploid plant, showing 13 bivalents properly
oriented (Camers lucids drawing 10 x 63).

Pirst anaphasic separation in the diploid plant,
showing 13 chromosomes in each pole. Two small
round dots represent the sscondary nucleoli (Camera
luclda drawing 10 x 63).

Second metaphase of the diploid plants with 26 biva-
lents (13 + 13). 4 small dot in the centre is the
secondary nucleolus (Camera luoida drawing 10 x €3),
Pollen grain smear from a tetraploid plant with
43.,90% pollen sterility, showing variation in their
size and an increased number of nucleoli (Camera
lucida drawing 10 x €3).

Pollen grain smear from normal diploids showing
single nucleolus in the nucleus (Camera luocida
drawing 10 x 63).

Saear preparation from the normal diploid plants

to show the characteristic orientation of 13 biva-
lents at the equator during first metaphase.






Plate 98,

c.

Barly anaphase I in diploids to show normal sepa-
ration of 13 bivalents

Pirst meiotio metaphase of the tetraploid plant
showing 26 bivalents (3 out of foous).

Pirst melotio anaphase of the tatraploid plant
showing 26 chromosomes in each pole.






JN ZETRAPLOIDS (JO X 63

Plate 11 A. PFirst melotic mestaphase, with 26 bivaleuts,
scattered in the optoplasm.

B & G, First anaphase showing 26 chromosomes in each
pole. Small round dots represent the secondary
nuclieoll.

D. Diskinesis - 2qy + 4gry *+ 1347 + 6 4

E. do 1., + 8

w2ty






Plate 12, Difference in the sige of fruits in
diploids (C) and tetraploids.

13, Difference in the size of seeds in
diploids and tetraploids.






