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INTRODUCTION



INTHQWQTIOIf

Following the discovery o f polyploidy in  

Oenothera by Luljai (1907) i t  was found to be one o f the

most widespread and distinctive features o f large number
ll ‘

o f plant species'.' The faot that many crop plants lik e  

wheat, oat©1, cotton, tobacco, potato, banana, coffee and
1 i

sugarcane are high polyploids led to the induction o f  

polyploidy in  plants with a view to producing more 

promising varieties.

The f i r s t  successful attempt was made by Winkler 

(1916) in bhrougil I decapitation method and he obtained a 

tetraploid form |E>f Sol mum nigrum from the regenerated 

callus tissue. Cold or heat shock, decapitation treat

ments wibh ehealiala auoh as acenaphthene, chloral 

hydrate, ethyl mjjruurio chloride, beasene, veraferiv® 

sulphate e tc ., are some of the methods tried. However 

Blakeslee and AvUxy (1937) are credited for the f i r s t

discovery of icolCJaicine technique which became universdy
' |

popular, becausei colchicine can be applied to a wide 

range o f plants with considerable ease.

' i I ^The alkaloid colchicine is  extracted from the
VIseeds and come o f | the autumn orochus, ColoMcum 

autumnal© belonging to the family Liliaceae.
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Induced polyploidy lias immense me in plant 

breeding, ffife presence of larger and showy flowers In 

polyploids o f Iberia amara (Bali said Tnndon, 1957) 

suggesbs ill© strong possibility of selection of a 

desirablo type for the introduction Into horticultural 

trade, 2© traploidy has been introduced in fru it crone, 

vegetable crops, legumes, fodder crops, fibre crops, 

spices yielding plants and in cereals. 2andon and 

Chinoy (1950) obtained in Maran.th.us bl ituai larger -ad 

more number o f leaves in th© feetraploid and vegotalive 

cycle was found to bo prolonged.

Greater range of variability with regard to else, 

dry matter, protein content and sugar content etc, were 

found in betr&plold sugar beets and mangel (Peto and 

Boys, 1940, Kloon, 1957).

Chilli (Capsicum Cruitiaeoase) is  widely used in 

India for culinary purposes. The scop© of polyploidy 

breeding by coichicine treatment in this crop has boon 

indicated by Pal gb a l (1939) end (1941) and 

(1960).

2ho present study was undertaken with a view to 

throw more light into the following aspects:-
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1. So evaluate the efficiency of colchicine as a

polyploidising agent in chillies*

2. So make comparison bo fcworn fche performance of
diploids and artific ia lly  induced tefcraploids with 

respoct fco the rate of grow fell, flower production, fruits 

sot and yield*

3* So study the morphological and cytologies!

abnormalities associated with colchicine technique*



REVIEW OF LITERATURE



Review o f L i m m x B

Early history

She history of colchicine,the drug o f ancient and

modern materia medica is  rooted in the myths and in the 

written record® ô f ancient, %ypt, India and Greece and 

runs its  courseijthrough the ages into the world of today. 

I t  is  known from presy early days as © specific remedy 

for gout, | J I 
i I

Colchicine is  a poisonous alkaloid extracted from 

the seeds and corma o f the autumn crocus Colchicum

> th© black sea i e . , at

Cochia* More than 50 species are known which contain
I

colchicine, I i

Austin (1934) in Belgium introduced colchicine in 

biological, reserWeh as a valuable tool. He recognised 

i t  as a meiobi cl poison. Charles Darwin (1875) was an
I Iearly experimenter on the effect of colchicine on plants*
M il

But he reportedjno valid conclusions. Modern period o f

family. I t  grows abundant-

Colchicine in  MolOjglcal research

He applied th© drug on insectivorous and sensitive plants.
T



research with colchicine begem in  1889 when Pernio©
!, II Ishowed a disproportion of metaphaae, and arres Led

I I 1anaphases in colchicine treefeed mitotic cells o f gastric
f  il j 

gland of dog.i
1 I 1

BustiiJ (1934) suggested the possib ility  of 

colchicine m  a t̂ool fo r cancer chemotherapy. Bus tin

et al (1937) very Iclosdy established that colchicine
j i '

acted upon mitosis both in animal and plant tissues.

Hebei and| Jmttle (1939) demonstrated that colchi

cine 30 feed upon mitosis and thab i t  was an important tool
i

in inducing polyploidy in plants*
I I I '

Hakslee and Avory (1937) through their work on
i I

Batura and other j plant species established the fact that 

colohicine was a|new and effective tool for making 

experimental polyploids. Its  high solubility  in water 

and non-letihality to plant at concentrations which cm

induce polyploid^ are the major advantages of colchicine
, i

as a tool in poiyploidisation in  plants.

• I M
Method of anulioaltion

j i

The principle underlying the colchicine treatment 

is  that the11|alkaloid must bo brought into contact with 

actively dividing ce lls . This is  effected by treating 

presoaked seeds with colchicine solution to the
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meris bemallc region of the plant or young seedling.

The method consists o f treating the seeds with col chi cine 

solutions applying colchicine to the growing tips o f 

young seedlings and applying colchicine to the other 

growing regions.* o f the plant lik e  roots, tubers, suckers, 

bulbs, flover bads, cuttings ele.

Seed tree tnent

Various workers studied the effect of aqueous 

colchicine solution on different plants species in 

inducing polyploidy.

luntsing and Bunquisb (1939) treated seeds of 

?inus nonderosB by keeping them in moist sand at 5°C 

fo r three months in green house. The seeds were treated 

with 0.25 percent aqueous solution of colchicine Cor 

Cive days whoa seed coat sp lit ,  resulting in  polyploid 

varie ties.

fieiap^uoon f nd Joshi (1941) produced tetraploifi 

gram ( 01 cor arietinum) by treating soaked seeds with 

1, 0.25 and 0.5 percent aqueous colchicine for varying 

duration ranging fro© h a lf to twenty four hours. Trea t -  

went v/i bh 0.25 percent solution fo r half pn hour was 

found to bo the best. They also got tebrtploid ch illie s  

by colchicine treatment o f seeds. Tne effeofeive



treatment was fere
i i

0.4 percent aquei

fating seeds with 0.05* 0.1, 0.2 and 

colchicine for one to eight days.ous

Bao j*J al !c 1944) produced tetraploid strains of

Corchorus olifeoriua by treating dry seeds with
v I

colchicine I solutions of 0.05 percent to 1 percent 

conoentra fekon for 12 to 24 hours.
i i u

Esmanujam and Deshmukh (1945) induced autote fcrs- 

ploidy in se lf  s feerile species o f Brass!ca caroes trie fa r.

toria . Bra©sion 'nigra and in se lf  sterile  species of!
Braseica coaroeetris Yar. Sarson* Brass!oa tournefortil 

and Braaoloa .iualoba by treating dry seed® in aqueous 

colchicine of 0 .ij to 0.4 percent strength for 24-48 

hours and germinated seeds in 0.025 to 0.1 percent fo r  

8-24 hours.

In Sarameum kok-sa&hyg. Warmke (1945) could 

induce polyploidy ̂ by immersing seeds in 0.05-0.8 percent 

colchicine for Jne, fewo and four days in covered pebri 

dishes at room temperature.

Hertz^ch 

Oryga satlva b̂y 

colchicine. I

(1954) obtained tetraploid forms of 

immersing germinated seeds in 0.05 percent

Huge, and Kramer (1955) on treating seeds of

Yacoinium Btvrfeil lusa. Yar, corymboaum and diploid and



to feraploid varieties of ffragaria voscs with 0.1 to 0*5 

percent solutions for period ranging from 27-72 hours 

noted an accelerated germination and increased germin&bl-

l i t y  in the case of seeds that were stored fo r  some time,
I

In the case of diploid P. vesoa the seeds gave best 

response to 0.3 percent colchicine solution for 72 hours.

B ifle r  (1955) reported that fcetraploida were

obtained by ferea 

verucosa with 0f 

respectively.''

ting seeds o f Picea abies and Betulst 

25 and 0.2 percent colchicine solution

Seatand H&ri (1955) showed that 0.25 percent 

colchicine for 6 hours was the best concen brabion-duration
i

combination^ for inducing polyploidy in  Vigna sinensis, by 

seed treatment.

Johnson (1956) reported that treatment o f seed of 

Be tula verucosa 'and an 1*1 hybrid between Be tula iaponlea 

and B. verucosa with 0.2 percent colchicine solution fo r

3 weeks gave tetraploid individuals.

Srivnstava (1956) produced fe rt ile  autotetvaploids 

in pure v a r ied  of Sesame ( Sasamua orientale B ). The

seeds wore soaked tin water for 12 hours and trea ted with
i I M

0.04* 0«06» 0t08| and 0.1 percent aqueous solution of



colchicine for varying dura felons. After treatment fehe 

seeds werejlwashddl thoroughly. 25 seed® treated with 0*04 

and 0.06 percent fo r 2 and 6 hours period produced one 

tetraplold each, and 25 seeds tree ted with 0.1 percent

for 4 houri produced one tetreploid.
ii

Yokoyaas and Matzui (1957) observed that in tea
! I

the optimum conditions for inducing polyploidy through 

seed treatment W|©s with con centra felon of 0.3 percent for

a range of 180-240 hours. Befcfeer results were obtained
i i

when the temperature fluctuated over a fa ir ly  wide rcnge,
i

than when i t  remained relatively constant.
i i

Knight (1957) treated Theobroma, cocao with 0*6 

percent colchicine in agar for 24 hours soon after
| i  i

germination* 1
1 “I I

Kundu and Barma (1956-57) observed that effective
i J i

concentration for .induction of te tra.ploidy in Corchorus 

olitorius rangedj from 0.0125 percent to 0.10 percent for

six to twenty four hours.
I 1 <| !

KLoen (195T[) induced polyploidy in 4 varieties of
I >sugarbeet and 3 varieties of mangel by treating germinated 

seeds with 0.1 to 0.2 percent colchicine solution at 28°C 

for different durations*



Oou. 5 EARriC

10

Smith (1958) induced tetraploidy in Barley 

varieties by seeking geminated seeds in 0.1 percent 

col ©hicine solution.
i I

Hull and Britton (1958) obtained a number of poly

ploid blackberries and raspberries by treating geminating 

seeds at the crabked seed coat stage with 0,2 percent 

colchicine.)In 5 percent glucose solution at 86°? for 9
I 1

hours, ffranzkejet a l (1959) obtained many diploid mutants 

induced by treating geminating seeds of sorghum with 

0.5 percent eoltihlcins.

Saharbv e^ a l (1959) treated seeds of sugarbeet 

with 0.05 percejytj aqueous solution of colchicine for 48 

hours. Cfytologi|©al analysis showed that 2 out of 150 plants 

were teferaploids. They suggested that a higher colchicine 

concentration O.jl to 0.2 percent and shorter period of

treatment# 2-6 hours might increase the number of
I I

polyploids. I
I i

Thombre and Desai (1960) treated seeds of Agave 

oantala with!0.4 percent colchicine for 6 hours and

obtained tetraploids.

Oicinj ©t

seeds of winter
H |

for 24 hours.

al ( 196O) obtained polyploids by treating 

rye with 0.5 percent colchicine solution



J&aksle
were obtained by 

colchicine solution

I960) reported that tetrspleid ch illies  

treating seeds with 0.8 percent

Moffett and Ifiacon (1961) suggested that fcetrapXoids

in Hack wattle could most readily be induced by soaking
11 (the seeds in 0.02 peroent to 0.03 percent colchicine for

48 hours. , M  alternative treatment with 0.01 to 0.02
1  ̂ .

percent colchicine for 48 hours also proved to be effective.

et al (1963) reported that seed treat

ment was effective in obtaining polyploids in rye grass.

(1964) treated soaked seeds of cluster 

beans with!' aqueous solution of colchicine, fhe concen-
i| |

tratioas used wys*e 0.1, 0,25 and 0.5 percent for 3t 6 and 

9 hours. 0,5 percent colohioine solution for 9 hours

treatment more effective in producing 6 polyploids.

0.1 percent solution of colchicine for 3 hour treatment

was uasmcey@©fu|.j

la ir  (19o5|) obtained polyploid sesaama by treating
I I r i

the soaked]seeds with 0.05* 0,1, 0.15, 0.2 percent
l|1 1 J 1colchicine solutions for 3* 6 and 9 hours. The effective 

treatment was joiaj percent and 0.15 percent colchicine 

solution for' 6 hojirs eaeh. fhese concentrations gave 8 

polyploids! out of the total 19 polyploids obtained.



Seedling treatment
, I | ‘

Seedling treatment with eelehicine at various 

stages o f development has also been proved to be as
i

effective a® th<j seed treatment and in some crops acre 

effective than the seed treatment. In seedling treatment 

colchicine is  generally applied as aqueous solution or in  

the form of a p^ste made in lanolin, agar or glycerin©

medium, ilsei effect of different concentrations of
1 I ] '

colchicine, duration of treatment and mode of application 

may vary depending upon the plant on which i t  is  treated.

! 1 | s
Warmko and( Blakeslee (1939) found that a longer

' i
period of treatment (2 days) with 0.2 to 0.4 percent

i
colchicine solution was much more e ffic ien t than a shorter 

treatment (^ day)j with 0.8 percent colchicine to induce 

polyploidy la  tibacco seedlings*

Heble anci iuttle (1939) obtained bebraploid marigold 

plants by typetSj.ng seedlings with 0.02 to 0.16 percent 

colchicine solution for 1-14 hour® at the 4 le a f  stage*

They also obtained tetraploid petunias by painting i s  the 

rosette stage with 1 percent colchicine in lanolin*

1 I fShiaasiura 1(1939) induced tetraploidy in Lyconersioum 

eaculentum(by subjecting the growing points o f seedlings

12
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to colchicine treatment. Colchicine of 0.2 per con fc in 

lanolin paste w h s  applied 2 or 3 times a week.

Straub (1940) observed that the appliesbion of 

0.025 percent colchicine in cotton wads fo r  two successive 

mornings to the growing tips of shoo to in young seedlings 

was an effective mebhod to induce tetraploidy in  Pisnm 

sativum.

Beasley (1940) produced polyploid® from eleven 

types o f OossypiiM by colchicine technique. A small s l i t  

was mad© about 2 cm below the growing tips and immersed 

in b v ia l containing 0.2 percent aqueous solution o f  

colchicine fo r 24 hours.

Bnswel3er et a l (1940) get betraplold bulblote o f 

bilium formosanum by immersing the growing points in 

solutions o f colchicine o f 0.2 percent to 1 percent 

concentration fo r  2 hours.

Bangham (1940) treated the ax illa ry  buds of 

oesame with 0.5 percent colchicine and with 0.4 percent 

colchicine emulsion. In both the treatments severe burn

ing and drying bacic of leaves occurred, followed by tlie 

formation o f callus lik e  tissues and new buds, which 

developed into tetraploid branches.



Kumar ana (Abraham (1942) and Kumar (1945) reported 

that the mere effective method of inducing polyploidy An 

Phasciolua radiatua was by treating the apical buds of
|,r"t......

seedlings tviffefe 0*4 percent colchicine in agar#

Shifriss (,1942) recommended a method for mass

production of polyploids in Cucumie sativua by treating

the shoot apex at the ootyledonary stage of growth with
I f

0.3 to 0*5l percent colchicine emulsion.

1 i 
Tool and

i i Bpmford (1945) successfully doubled eight 

haploid forms of pepper to their diploid forms. Strengths 

of 0.1 to 1 percent colchicine emulsion were smeared on 

the growing tips** either in one or two applications An
I 1a week, or by injecting the aqueous colchicine by means

i !of an interval inaec tor inserted afe the nodal region.
I

Hofiaeyer (1945) treated the seedlings of Oarlca 

papaya with 0.1' percent colchicine applied in drops 6I i
times a day for five days.

Kobayashi 

method using 0.2

and Shimaoura (1945) reported that drop 

to 0.5 percent colchicine to wet the

growing stem tips to be the most effective method in

inducing polyploidy in sesame.
1 i 1 ;

Penaen1 (1§54) obtained tetraploldy in grapes by 

applying 0.5 percent eolchioine in 10 percent glycerine



in water. fhe cuds were moio feened with a small drop or
* iso of the solution once for every two days for a total 

of three times. || (
1 j M

Bertasoh](1954) obtained befcrsploid forms of
I I

Trifolium hvbridum by immersing shoots in 0.05 percent 

colchicine1 for 24 hours.

' 1 IZul'uuga and Gargiulo (1954) obtained a te fcraploid 

variety ofi V it l i  vinifera by injecting newly formed bud®
[ i i

with 0.1 to 0 .11 percent colchicine in 5 percent pure 

glycerine* Carlotto (1954) obtained diploid cells with 

2ns40 in clsoao ly| treating the seedling with 0.375 percent 

to 0.6 percent colchioino solution.

Bragdo (1955) reported that immersion of young 

winker rye seedlings when the Ooleoptiles are about? 5 rm 

long, in 0* 2̂ peioent colchicine for 20 minutes has g3ven 

good results.

I 1 1
Sedlmsyr | (|1955) treated young seedlings of sugar** 

beet with p .2 percent colchicine solution and obtained 

te kraploids* | | 1

Ohoudhury et jal (1956) produced tetraploid® in  

two varieties o f Corchorua caoaularis. and three

varieties of* Cor chorus olitoriua by treating seedling®
i

with 0*1 to 0.2 percent colchicine for 24 hours.
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Verga (1956) ob tsined 50-7Q peroen b telraploidy 

in beefe by treating It  with 0.05 bo 0.1 percent aqueous 

solution of colchicine at the apex of the needling at 

the cotyledonnry a lage.

Bereskevicus (1956) induced polyploidy in 

tomatoes by applying 0.01 to 1.0 percent colchicine 

solution ab the growing point of seedlings.

Ball end Tandon (1957) reported that the most 

effective method of treatment in obtaining polyploidy in 

Linarlus vul/mris was by treating the growing point of 

seedlings with 0.1 to 0.2 percent colchicine solution 

for six hours. In Iberia amara the same concentrations 

for 6-12 hours and in Al.vssum siaritinum 0.2 percent for 

6 hours proved successful.

Knight (1957) reported bhe optimum conconbratlon 

time combinati on in Inducing polyploidy in Iheobroma,

cocoa bo be 0.6 percent colchicine la agar, applied to 

apical buds for 24 hours.

Kumar ©b al (1957) obtained a fertile  olXohexaploid 

Araohls by treating bhe sterile triploid hybrid, obtained 

in a cross between 2 tefcraploid Arachis hyoog&ea w1bh 0.2 
percent aqueous solution of colchicine to bhe buds of the 

a berile hybrid.



17

Sifetea ot al (1959) obtained totraploid Trjf&Utas 

by immersing 4 day old seedling,® in 0.1 percent eoloM- 

cine. Treatment with, 0.05 percent oolchl cine for eight 

hours at room temperature geve s high porcenbage of 

nixaplolte. In Melilotue indlca the boob treatment; rca 
0.05 percent colchicine for 4 hours ab room tempera lure.

Chopra and Swaiainstban (1960) induced polyploidy 

In watermelon by treating the terminal buds In coiyle* 

donaiy stege wi fell mi omulsi cm of 0.2 percent colchicine^

0 tearS o ©old, mbrpholine and lanonc.

Kumar (1960) treebed apical growing points of 

seedlings of BcluM.t3.ufa ruaeraa mfeh colchicine, by dipping 

in different s brengths of solution for different lengths 

of tisao. 0.1 percent solu felon for 12 hours was very 

effecfeive*

Mohanty jai. (1961) produced tetraploid pl^jite

of Ifigor by iaiLeraing seedlings in Q*05# 0*1, 0.2 anil 

0.3 pei*eent colelticia© solution® for 4» 8 and 12 hours* 

Troataenfe o f 0. jt percent for 4 hours end 0.05 percent 

Cor 8 hours gave best results*

louhamont (1961) in Ms study on fehe action o f 

colchicine on rice needling® obr erved, that 20 day old
plants were bobber fch&n newly gorssinn bf»d ©©©filings fee



indued poiyploi

applied fo r a t ;

0.1 percent colchicine solu tion 

east 2 hours was recommended for the

induction ,of p©^$jpXoidy in rice*

i
dalcealcoi (1961) observed that the optimum concen

tration off colchicine fo r polyploid induction in  cucumber 

consisted l»£ a <J#jo5 percent solution applied either at 

18°0 for 4® how® or at 33°0 -  35° 0 for 24 to 27 hours*

i 1
Vig (it963) ob baiaed autototrapl©ids in Pb IV type 

osoralioides B.C. by treating young seM~of

ling® with/Op 2 ^reont colchicine ia  laaonin© paste*

Srivastava and Ba^pai (1964) treated 25 health  

branches of loqpLjt ( Brtobotrya i&ponica I») with 0*12 per 

cent to 1 percent colchicino for 6 to 24 hours, and 

induced polyploidy.

f i l i a l  (1964)“ treated seedling® of

Cluster beans with colchicino* Concentration® and
1 i  !durations were y#|1» 0.25 and 0*5 percent and 3, 6 and $

hours respectively, fhe seedling treatraent mm found to 

be effeotLvel Maximum number of polyploids was obtained 

in the ftQQ&L3ag|treatment with 0*5 percent colchicino 
for 9 hours*1

I
i 1

< la ir ( 1965j) treated sesame seedlings with
colchi cine1 solution. Ihe concentrations wore 0.05, 0*1,
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0.15 and 0*2 percent colchicine solution in varying 

durations o f 3, 6 and 9 hours. The effective concenbra- 

tlon-durafcion combination© were found to be 0.2 percent 

at 3 hours and 0.2 percent at 6 hours.

Other methods

Other method of application includes the appli* 

cation of colchicine to growing regions of plants other 

than a tern tip such as root t ip , tubers, t i l le r s ,  Clowcr 

buds, cuttings etc.

Mebel and Buttle (1939) treated cuttings of ©ingle 

clone of Tradescan tin reflexa with 0.2 percent colchicine 

for four hours and induced tetraploidy.

Pal ejt a l (1939) obtained polyploid ch illie s  by 

treating the roots o f seedling with 0.05 -  0.4 percent 

colchicine fo r 4-6 hours at the time of transplanting.

Shimamura (1939) Induced polyploidy by immersing 

the roots of Allium cena (1 .0  to 1.5 cm in length) in  

0.4 percent colchicine fo r 2 hours. Sparrow (1939) 

obtained polyploid strains o f white flowered clone of 

Antirrhinum ma,iu3 by treating cuttings with a<juoous 

colcnxcia© o f 0.1 to 0.25 percent Cor 7—42 hours.
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Baaon and iCriehnaawamy (1950) succeeded la  

getting m  autote braploid Benniae t o  t.vrthoideg by 

forcing the aqueous solution of colchicine feo get Into 

the tissues under reduced pressure.

ffosyo (1954) obtained feetreploid mulberry p3uifes 

by fcreafcing the buds wi bh 0.4 percent colchicine.

Satandu ©j; a l (1955) treated wheat with 0.05 

percent colchicine and obtained amphidiploido.

Carnahan and H ill (1955) made a cross between an 

induced tefcraploid Fo b feuca ©labor and Lolium perinno. A 

hybrid with 21 chromosome was obfeained. Treatmenfc of 11 

t ille rs  with aqueous solution of colchicine reeulLed In 

the production o f autoallohexaploide.

XXIis (1956) reported that giant diploid and 

six&plold pollen grains were obtained by treating f 3 craor 

buds of birch with 0.2 percent warm colchicine solution, 

ihe treatment was carried out in a partial vacuum end wee 

effective especially at diakincsis.

£othicker and B idder (1957) reported that by 

grafting method and keeping the a ir  humidity at 20 p ercent 
and temperature 20°C with colchicine solutions of 0.5 and 

0.1 percent tor 72 bo 96 hours and using tomato as root 

stalk successful polyploids of Solatium paradoxa were 

produced.
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Osmone (1958) treated flower buds of tea plmfc 

with, colchicine* Of the 53 buds thus treated, 7 

developed fru its  with one seed, The resultant seedlings 

were triploids. The most effective treatment was 0,05 

percent colchicine solution for three days*

PaLmarcuk (1958) obtained a fe r t i le  aaphidiploid 

derived from the cross SeoaLo cereale x Ar-.rop.vron 

glaucous by treating the clones o f hybrid with colchicine 

solution, the effective concentration being 0.05 percent.

P&paioannott (1360) obtained polyploids of tobacco 

by treating 6 lin es of Nicotians, with colchicine solution. 

The most effective concentration was 0.5 percent solution 

applied fo r  24 hours.

Nnkaeone (1961) induced tetraploidy in  Vanda by 

treating cuttings and young shoots with colchicine. She 

basal end was immersed in aqueous colchicine of 0.5 «  1.5 

percent coneen trations fo r  2-6 hours. Most o f the induced 

polyploids were wixaploids.

Mmol (1962) got tetrnploid Bauvolfia screentins L. 

by subjecting cuttings o f the plant to colchicine treat

ment. Sobti (1363) obtained te trap! old s trains o f Meats, 

piperafea by treating the suckers with 0.1 percent 

col eiii cine fo r 24 hours.



22

Bffoot of colchicine on plan fee

Colchicine in berferes wibh the morphological, 

physiological, histological and cynological organisation 

of treated materials when i t  is brought in contact with 

actively dividing cells (BXakoele© and Avery, 1937)*

Morphologlcal variation

Whenever colchicine is  used as a polyploidising 

agent9 morphological variations have been reported to bo

accompanying frequently.

i?/orl£9 of many authors showed that the early 

retarded growth due to colchicine in many cases, was 

often followed by a considerably enhanced growth rate* 

(Pandey, 1956 in Linuoi usitatissj.mum L,, Srlvas fcava, 1956 

in Sesame orion bale L. and Saxana and Nanda, 1960 in 

Plilox), The bebraploids were observed to bake a longer 

time bo reach maturity and fl owering stage than the 

diploids. This was supposed to be duo to their ro terded 

growth rate (Kumar and Abrehsm, 1942 in Phriaeolue 

rad talus* Bali and Tandon, 1958 in Alyasum maritimuia).

Smith (1939) induced polyploidy in Wtcotiona 

species end found that the autotetraploidc of Hicolimaa 

ruelica. N* tebaoum end H. &laucua were characterised by



smaller plant habit, and the presence o f smaller and 

thicker leaves.

Warsske and SELakeslee (1939) found that the tetra- 

ploid Nicotians showed la rger stigma, thicker and longer 

anthers, thicker corolla  and flower stalks as compared 

to a berile ones.

Sando (1939) observed in colchicine treebed 

ffa&on.vron t&taricum bhe surface of the hull to be more 

rough with more prominent la te ra l ridges than those in  

diploids.

Amin (1940) found in  colchicine treated cotton, 

abnormalities such as swollen hypocotyledoaaiy stem, 

prominant le a f  veins, broader bracts, bigger glands, 

bigger flowers, pollens and seeds.

Graner (1941) found that colchicine treated plants 

of Manihot utilisalm a possessed la rger lobes which were 

suddenly constricted at the tip where as in the normal 

plants leaves were narrower.

Ssme&ujam and Jos hi (1941) who compared the early 
growths in the colchicine treated and untreated Oioer 

arietinma reported the delayed germination and retardation 

o f growth rate in treated pi salts. Ihey showed that 

increased concentrations and longer durations caused a
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move pronounced swelling and a greater delay In the  ̂

growth of fee plumules. Many of fee surviving aeeolings 

showed abnormalities such as curling and twisting of 
sfeem and loaves and roughening of their surfade.

ShiCries (1942) noted the most distinguishing 

peculiarity in fee tetrapiold Oueumis sativua on the 

accentuated serration of leaf margin. He also noted in 

fee octoploid and other higher polyploid forms» a pro
nounced difference in the size of the corolla, between 

stamina fee and pistillate flowers borne by the same plant.

Kebgyazhi and Shimamura (1945) observed the 

morphological and oybologioal behaviours in colchicine 

induced polyploids of sesame after a period of 7 years# 

the teferaploids were found to be robust and possessed 

thicker stem, larger leaves and bigger s feomata, flowora 

and seeds compared to those in diploids.

Bao ®t al (1944, 45) reported that fee te feraplold 

Jute showed tho typical gigas oharacfeers and structurally 

different from the diploids.

lishiyama (1950) compared bhe growth sad yield of 
diploids and colchicine Induced polyploid strains of 
reddish* though fehe growth rate was refearded, fell# yields 

of feeferaploids wore higher than those of fee diploids*
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Tsndon and Chinoy (1950) reported that 30 dey old 

colchicine treated Aamranthus billturn had thicker sLome* 

more number of leaves and branches and larger leaves than 

those of the diploids. Larger and darker green leaves in 

greater number per plant and prolonged vegetative growth 

in colchicine treated plants suggested the possibility of 

producing superior types of plants through colchicine 

technique.

fandon (1951) reported that colchicine treated 

plants of Braaalca olemooae Var. Botrvtla. showed profuse 

branching as compared with complete absence of branching 

in the diploid plants.

Berman (1954) obtained tetraploid grapes with 

better sisefi berries by colchicine treatment.

Piseorev (1955) reported that the hybrids derived 

from wheat z rye, whoa treated with colchicine gave high 

yield in grain and straw, higher protein content and 

resistance to diseases end pests,

Brivastava (1956) comparing diploid and tetraploid 

sesamum found that the tetraploida had larger leaves, 

larger stomatal cells, larger flowers, thicker stems, 

larger capsules and larger pollen grains, but poor in 

fe rt ility  and seed set.
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Spasojevi© (1356) on studying colchicine induced 

tetraploids in  beans (Phasiolus vul^arl a 1 .) found that 

they were let© in flowering and ripening. However, they 

produced larger seeds.

Jotosson (1956) treated seeds o f Be tola verucosa, 

end an F1 hybrid between B. n&poniea and B. verucosa w3 th 

0.2 percent colchicine solution. She individuals obtained 

were having an abnormal growth due to excessive branching.

Sharm and But to (1957) observed that in Ooi"j aaflrum 

ea livusB the tetraploid plants were larger and darker is  

colour than tho diploids. Bub no polyploid seed geralsetod,

Libedeva (1959) found tliat colchicine induced 

polyploid potatoes were leas vigorous. The colchicine 

treated seedlings did not d iffe r  fro® the diploids* They 

were s e lf  ste rile . There was an increased yield  linked 

wi th decreased starch content.

Qytolo&ioal effect of colchicine

Colchicine acts upon mitosis with groat efficiency, 

high specific ity and total se loctivily . The reaction of 

the drug depends upon (1 ) specific coneenfcrafcioa (2 ) given 

exposure period (3 ) particular ri»i lotto s bnge where the
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chemical contacts fehe nucleus (4 ) ce llu la r type and 

(5 ) environ®enfe favourable fo r mitosis, The alkaloid  

mostly arroe fee the raetaphasc. As a result chromosomes 

accumulate in palra ( "Colchicine pairs '*). Mitosis vl feh 

pji arrested mctaphaoo due to the ac fci on o f col chic Lae ie  

termed as col cni cine rai tools (abbreviated 0. mi bonis)#

An arrest at metaphese reduces the number of 

anaphase or telophase, u i feiiaafcely fehe restitution nuc3@us 

is  formed when fehe chromosomes enter fehe interphase 

withoufe forming daughter nucleus,

t a a a  (1947) reported that in root tips of Bibus 

nigrum even a veiy low eoncenferation of colchicine ie . 9 

0,01 pereonfe produced 0, mitotic activity.

Smith et a l (1960) found that typical C. mitotic 

ncfeivi figr in Allium oepa could be obtained by treating  

fehe root tissue by 0.025 feo 0.8 percent colchicine for 

a period varying from 3-12 hours.

Ojaopra and Swaminathaa (1960) reported that occd 

fe r  feili fey in autotetrnpl old v,s feermclon was reduced 

considerably. By crossing 4x and 2x plants one Cruife 

was obtained with 67 seeds which geminated only upon 

she removal o f testa. The single fcetraploid fru it  

eon feained many esabryoless seeds.
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AXeksic (1961) found in tetreploid Capsicum rnmsm, 

that fehe fru its wore smaller and lim iter and bad thicker 

end higher dry mat tor content than the fru it  o f diploid  

plan be.

Bus bin (1934) reported bhat 0.005 percent of 

colchicine when applied bo Allium root tip for 46 nours 

incremml  the porcen feage of Iropokineeis,

Harps teed et a l (1954) reported tm t avvcngesao&& 

of chromatin was irregular which was detected in the 

analysis of pairing relationship at pachytene in  colcnicSne 

induced vnrie ties in sorghum.

nuntslng (1955) obtained a colchicine induced 

Triticele group which showed cytological abnormalI lice 

lik e  resti bufeion nucleus, prophase crumpling, arrested 

mebsphase, bridge formation in  anaphase etc,

Bvan et al (1957) reported that in broad bean root 

meria bem 0.1, 0.05 end 0.025 percent colchicine solution 

Induced metaphase accumulation. Prolonged troa (men bs for  

periods o f over 6 hours produced considerable slow do?® 

in the rale of cells entering in  lo C. mitosis, Iheir 

interph^so being prolonged.

Son and Ohedda (1958) observed a low frequency of 

quadrivalonts in tetraploid Pitasiolus mungo. Triads,
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Pentads, hexa&a and aept&de wore counted in larger numbers*

X&Laa ( 1960) found oorapsrotively loaner number o f  

quadrivalenle in the tetraploide o f Mona squamosru 

trivalonts sad univalents wore noticed. Laggards were 

clao noticed at anaphase X and IX#

Clemen fe et al (1961) found in  colchicine treated 

alfaXCa, that aporogenes3s was normal in  dihaploids n ileh 

were colchicine treated to double the chromosome number.

Raman and Keasvan (1963) studied the chromosome 

association at diaklnesla and metaphase X. In autotofcra* 

ploid of Arp chio durations is . in 38 pollen mo fehor ce lls  

examined, the frequency of quad riva l enis ranged from 0 to 

8, the moat frequent association being 6 XYe and 8 IXs.

In  a few ce lls  wi th brivalen ta a corresponding number ©f 

univalents was not present#

'ilsanksma (1964) reported that colchicine indxxoed 

iefcri ploid© o f clue tor beans ohowed 14 bivalenbs at 

metapheae* Some ce lls  showed 13 Divalent a, She also 

found that oe topic id plants showed 28 bivalenbs during 

diakinesis#
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Hair ( 1965) observed that colchicine induced 

te fcraploids of sesame showed multival m %  association  

during meiosIs, whAbk seriously affected -the meiotic 

behaviour o f th© tebraploids.
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MASE3XALS Am METHODS

3?h© present inves fcigation was conduc bed in th© 

Division of % r i cultural Bo fcf*ny, Agricultural College pad 

Has ear oh Institute, Veil ay m i during the year 19 66*4?,

An Materials

Seeds o f ch illies , Ofaoaioraa frutiscenoe. Butted 

series Ho* 2, were taken Proa th© collection main feci nod 

in the Agricultural College, VoXXayaai. Seeds were 

tested for v iab ility  os well as fo r germinability before 

being used fo r th© investigabioa.

Chemical

Colchicine (U .S .P .) batch Ho. 2578 made in 

Switzerland was used.

B. Method

fwo types o f fereatoonts i e . , seed treatment aid 

seedling treatment were tried. Aqueous solution of 

colchicine at four concentrations !©„, 0.15, 0.25, 0.35 

and 0.45 percent and three durations i e . v 3, 6 and 9 

hours were employed for the studies. A pot culture 

experiment using a randomised bloc**. design, with four
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replicafelons sad 25 treatments was conducted. Throe 

replications wore used for a t*» lis t lc a l analysis and tho 

4fell on© wm kept for ©ytolegical investigations.

Treatment dotails

Treatment
Ho.

Concentraction Duration Mode oC 
applicoticaa

( Control) Dio t illed  water application

*2 .15# 3 Hrs. Seed ■

$3 • 15# 6 , ,

*4 • 15$ 9 ».

% .25# 3 9.

*6 .25# 6 9 ,

*7 .25# 9 9 9

*8 .35# 3 »»

*9 .35# 6 99

*10 .35# 9 9 9

*11 .45# 3 9 8

*12 .45# 6 , s

*13 .45# 9 ?9



I

I
I

^ 0  ^ 0  ^ 0  ^ 0  ^0  

^  ^  0  ^  0  

^ 0  ^ 0  ^ 0  ^ 0  ^ 0  

^ 0  ^ 0  ^ 0  ^ 0  ^ 0  

0  0  0 0  0

^ 0  0 0  ^ 0  ^ 0

^ 0  ^ 0  ^ 0  ^ 0  ^0  

0  ^ 0  ^ 0  ^ 0  ^ 0  

^ 0  ^ 0  ^ 0  ^ 0  ^ 0  

^ 0  ^ 0  ^ 0  ^ 0

^ 0  ^ 0  ^ 0  ^ 0  ^ 0  

^ 0  ^ 0  ^ 0  ^ 0  ^ 0

^ 0  ^ 0  ^ 0  

^  ^  Q  ^  Q

^ 0  ^ 0  ^ 0  ^ 0  ^ 0  

^ 0  ^ 0  ^ 0  ^ 0  ^ 0  

^ 0  ^ 0  ^ 0  ^ 0  ^ 0  

^ 0  ^ 0  ^ 0  ^ 0  ^ 0  

^  ^ 0  ^ 0  ^  ^ 0
i !

1*1

I

I
I

1
T

n.
5

«4* Feet 8 Fesr

D E S IG N  OF EXPERIM ENT
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I r e a  tm en t
m *

C o n c e n t r a t i o n D u r a t i o n M o d e  o f  
a p p l i c a t i o n

T n
.  15 $ 3 H r a . N e e d l i n g

t r e a t m e n t

* 1 5
. 1 5 $ 6 9 9 9 9

* 1 « • 15 $ 9 1 9 9 9

*1 7 . 2 5 $ 3 9 S 9 9

*16 . 2 5 $ 6 9 , " 9 9

* 1 9
.2 5 $ 9 9 9 9 9

T 2 0 .3 5 $ 3 9 9 9 9

T 2 1
. 3 5 $ 6 9 9 9 9

T22 . 3 5 $ 9 9 9 9 9

" 2 3 .4 5 $ 3 9 9 9 9

$ 2 4 .4 5 $ 6 9 9 9 9

T 2 5 . 4 5 $ 9 9 9 9 9

Sowing

■Pofes of uniform size were filled  with standard 

po&feing mixture. Shey were labcUod according to treat

ments and arranged as per the statistical design. 20 

seeds were dibbled In each not at uniform depth* After 

one week’s growth 5 uniform and health seedling were 

retained in  each po6. the removed seedlings under eoed
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treatment were pleated separately for ejrtologleni 

examination* One mo&Sjh after seedling treatment* till© 

plants were again thinned Iso two in 3 replication© m& 
the seedlings were kept without further thinning on

replication 4. fhe plants thus roraowi from the pots 

m m  planted In the field and were a3eo tiytologio&ly 

examined*

Seed trentp.ont

Seeds mem directly immersed in the rmpoetiw  

solutions in petrl disheo for the scheduled periods of 

time* washed with die tilled water and ©own in respective 

po Is*

S e e d l in g  targatwen fe

Seoi© wore s o «  in pots on the ^s®e day gs in the 

cnee of the seed Ire&taen I* fhe apical hud© of 1§ tfcgr ©Id 

seedlings under each Ireateient wore troutod with colchicine 

at the scheduled concentrations sad for scheduled periods 

of duration#

She solution was dropped using a dropper on til© 

apical hud o f the seeCUnga plumed with cotton. More 

solution wee added to xcep the cotton plug moist. After 

the scheduled period© of treatment the cot.ton plug© wore
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removed cud the buds were thoroughly washed wibh 
die billed water.

Gharac feera a fcudied

Iho following characters wore studied.

Germination oercontnge

Gemination percentage was estimated aeparafcoly.
50 seeds from cvch treatsienfe wove taken, washed well 
with d is t il le d  water and were allowed to gormin^fee on 

moist f i l t e r  paper kept in pefcri iisheo. 2?he geraiiiaiien 

counts were iakon every day for 6 days rnd germination 

percentage was worked out froa the data.

Early deformity

Abnormalities shown by the plant© were observed 
end recorded.

Height of the plants

Plant height was recorded in cm measuring from

so il  level to the t ip  o f the apical bud. This was done 
from the 10th day of sowing t i l l  fcho day of harveot.
Data on height of plants recorded before harvest w^ro 
©iafeia bie&Lly analysed.
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Humber of stomata

A random sample of 10 leaves were taken from each 

treatment for this study. The tissue was pealed o ff 

from the lower surfso© of the lea f and 3 teined with 

0.5 percent safraain. The s3idcs were prepared and 

examined under the sieroeeop©. The length and width of 

100 randomly selected stomata were measured for each 

treatment# lumber of stomafen per microscopic fie ld  wos 

also recorded and la oach treatment 100 ouch observation© 

were made. The date for the distribution of stomata were 

analysed s teUoticslly.

Arm and tofckaess of 3 e^vea

Measurement of mean area of leaves was made la 

sq.mm. using graph paper technique. For thie9 randomly 

selected leaves were used from the middle of the plants 

when they were 50 days old.

The tiaeicnees of leaves was measured out from the 

sample collected. I I  was recorded in micron (p.) as 

measured from 100 hand sections for each treatment. 

Maaauremente wrre confirmed to the cen&rel portion of 

the leaves In a ll cases.
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lumber o f flower©

Slower counts wore omlc daily from each plant 

under different treatments from o il replications end the 

total number of flowers under each fcreateent was compared

by s law su tca l analysts*

Cy Eologieai observe fcinns

By observing the peculiar tihoruo teria feics of 

poXyploida the suspected polyploids were labelled* She 

flower buds of a ll  the treated plants were fixed in 1*3

acetic alcohol* The fixation was done afe 9 a,in. for 6 

hours* After fixation the material was ptored in 70 vo r  

cent? alcohol* An tears were squashed in a dron of 2 poreent 

acoto carbine* Gentle tapping and judicious wat’ming 

reeul feed in the uniform spreading o f chromosomes. The 

chromosome number and teeir behaviour such as abnormalities 

or regularities during motefeio behaviour were studied and 

lb© stages were photegrpnhed* 2h© behaviour o f chroponome© 

of totvaoloS d and diploid wyre compared*

Pollen aj,ve and ste rility

'Che size and ste rility  of pollen grains were studied 

from an entirely random sample. She pollen grains from th© 

flower of each plant were &teined with glycerine cooto
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carmine. ItLamoter of 100 pollen grains from each treat

ment was measured in micron (u ) , using a standard ocular 

mi cross© tor. Vov eotiaa felon o f s ter i l l  by 30 ©icroacopie 

fie ld s  were taken. «>ell f i l le d  and darkly s fcained 

pollen grAins were classified as fe r t i le  and shrunken 

and una fcolncd ones as o tori3 os.

lumber of fru its

fhe total number of fru its set in each plant was 

counted and the data were subjected to statistical 

analysis, fhe percentage o f fru it set was rise worked 

out.

Yield

Yield of fru its , Crcah weight as well aa dry 

weight o f a ll the treatments were recorded and the data 

were tannlysod. i/eight of 1000 seeds from each troe fcmoiit 

was recorded in grams.

8 bisteical procedure

She recorded data, for d ifferen t characters under

study were subjected to statistical analysis. Tho effect

of d ifferen t treatments on s te r i l ity  of pollen was
2calculated by applying the X too b. Analysis of variance
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was wor&ei out fo r height of plants, number o f 3tomrts$ 

number of flowers, number of fru its  and dry weight of 

Cruiba, Ih© effect of ofeher treatments on other 

characters under study was determined by caLeulafcing 

the mean and standard error.
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Perpen feage of germination

She seeds of Cansoleum f r y feiaeenoe variety Dubta 

series Ho, 2 possess a high percentage o f gemination* 

Seeds treated with colchicine showed no reduction in  

gemination (Table I ) .

Time teen  fo r gemination

The seeds tree bed with colchicine in general 

showed no delay in gemination* The data on gorsainatS ©n 

percentage© at 24 hours intervals are presented in 

Sabi© I .

ffarly deformity of seedling

I© plants under seed treatment showed any 

deformity of the seedlings. The colchicine tree led 

seedlings were oharcofcerlaed by a numbor of morphological 

abnormalities such as retarded growth at early stage, 

crinkling and lobiag of leaves, thicker and dark purple 

coloured leaves etc. ( Table IX, Plate X). Out of the 

480 treated olnnfes 142 showed such abnormal!tie3. All 

the treatments except 2 ^  i e . , treatment with lowest 

conoen br&tion for the shortest duration showed crinkling
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fable I

Gersins felon o f colchicine fcre*̂  feed seeds

Oeraina tioa pereon tag© i-ELcr 

24 Bro. 48 Hrs* 72 Hr s. 36 Hrs. 116 Hr s. 140 firs, fofesl

8 4 22 44 8 88

^2 10 8 28 6 34 86

23
18 14 12 to 4 94

^4 28 10 40 18 - 36

% 18 24 24 6 iz 34

32 16 10 4 30 92

$7 28 8 20 20 20 88

% « 12 34 8 26 30

*3 20 8 44 14 4 90

®10 ■» 12 46 - 30 08

*H 4 6 68 6 4 88

®12 8 12 42 18 14 94

$13 6 12 36 12 24 90
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of leaves for one week a f bor treat®©n t. The growth of 

seedlings was found to ho retardod for the firs  t 4 days 

in the one© of 3 hours * treat®on bs end one week for 6 

hours* end $ hours treatments in e ll the ooncentratioiis* 

The leases developed immediately atter the treat®out 

were small, thick and malformed, With regard to Johlng 

of 3eaves the different treatments produced different 

results* 5?̂  ie . , the lowest concentration for the 

shortest duration produced leaves with no lobtng.
1©., the highest concentration for the maximum duration 

produced leevo© with a maximum of eight lobes, T^g9
Tgo aad 2g  ̂ produced leaves with varying lobes of 3-5*

The other treatments produced iorvos with the maximum. of 

2 lobes*

Height of plants

The final plant height at the time of harvest 
showed no significant difference when compared with the 

control, Tho analysis of th© data is given in Table i l l *

Loaf charac tore

Size and distribution of stomata

Considerable increase was noticed in the size of 
tho stomata in the treated pi salts. With regard to the



fable IX

Early ite Coral ty

Xrest- fotsl
saent J?o. of bobbing Crinkling Pm*pte Sitoo 61a 1 ougli 

p3 ants do

% 20 12 16 - 14 6

*16 20 16 7 - 12 8

S17 20 12 5 «*■ 15 5

fia 20 12 5 - 15 5

S19 20 16 6 1 16 4

S2Q 20 9 2 - 20 0

221 20 S3 7 - 9 11

*̂ 22 20 17 10 - 9 11

$23 20 8 10 - 10 10

$24 20 5 8 - 14 6

225 20 19 10 - 9 11
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Tstole XIX

Height o f plant at fche tin© of harvest 

Analysis of varinne©

Source s.S. Bf V 3? P

To b s l 1010303-16 74

Block 396579.4 2 498239.7 223.98

Xre taenb 3045.16 24 126.88 1

jSvrnr 10678,6 48 222.47

F. relioes ar© nob signxCicrnb
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number of s feomata per uni t area toe Srrealmen t moan vu e 

not sfca tis tically different from toe control. But too 

fcefcraploid plant showed significanfc reduction in too 

number of ©tomata per unit area*

Bo to too length and width of s tomato. were found 

to bo increased in the leaves of the treated plants when 

compared to those of the control,

length

The fcefcraploid had a mean stomata length of 

69*430 & 0,398 iu while in the control i t  woo only 21.81 

~ 0,01617 ju« The data in respect of the length of 

stomata are given in Table X, The maximum mean length 

of stomata le *9 67,430 -  0,298 ja was obtained in Tg<- 
followed by ®19 Having 45.74 * 0*418 Jtt,

Size

Mean length of a tompIt. in /u

Between deploid 
and to tranlold

Diploid 22.110 * 0,016?
$e traploid 69.430 ± 0.398

Between concentration 0.15$
0.25$

25.69 -  0.1§04 

27.94 -  0.2332
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0.35^ 24.88 £ 0.1452

0.45^ 31.25 -  0.2882

Be tween duration 3 hours 27.852 -  0.1496

6 hours 28.028 ± 0.1716

9 hours 28.078 £ 0.0616

Oped ¥s* Seedling Sop>d 26,0? £ 0.1166

Seedling 32.428 £ 0.2882

mm
The width of stomata In the polyploid was also 

found to ho increased. The mooxi wid fch of stomata in fche 

febroplold um 47,078 -  0,812 ju while In diploid i t  was 

20.350 £ 0.11518 p. Mascintisi ®oaa width o f a toraala vtm 
oh fceinod in 1 which was 45.078 -  0.719 /a followed by 

having a mean widish of 31.450 ~ 0.275 ju. The details 

o f wid to of 3 tom Isa in the various tree teento are given 

in Table X, Plate XI shows bh© size of stomata, in the 

con brol no well as in t^e polyploid plant.

Mean width o f a bona ba, in la

Between diploid  
and betraploid

Diploid 19.250 £  0.1518

Sobrswloid 47.078 £ 0,812
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Between concentrafcions

Between durations

Seed Vs. Seedling

0.19* 17.67 -  0.01

0.25* 20.83 -  0.1364

0.35* 21.054 - 0.011

0.45* 27.126 -  0.3168

3 hours 20.372 -  0.099

6 hours 20.526 i  0.0946

9 hours 32.032 -  0.2266

Seed 19.734 -  0.770

Spotting 23.10 -  0.203

Humber oC b tomata nor unit area

T&q data on & loiaal&l counts were stafeis licolly 

analysed. Uir©nthough the ire ̂  team I differences wore 

s lielle&Lly not significant llie higher treatments
showed Tower q Lomebs per unit; area. The polyploid lied 

only 11 a lone la par unit area while 11 was 26 In feho 

control* (Sable IV, Plate I I I ,  f ig . 2 ).

Mem area of leevea

She treated plants possessed larger leaves ttiah. 
the control. The mean area of leaves ranged from 181 mm 
3n troataent 4 to 281 mm in treatment 22 wnerea® I t  was 
213 mm in the control. Difference in the mean area of



Table I f

Jtaabdr o f oua+a per mil fc area 

Analysis at v&rlonec

Sourer h.S, I f ¥ P

Total 228844933-0 2459
ire  ..trient 48606.5 24 2025. 27 0.21;

rrror 2283586*8 2475 9226.62

$ w tSkoer* pro not a lgn lfif'n t
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EabX© V

Analysis of variance for moon area of leaves

Source 3 3 M ¥ !

Sobal 589069.39 74

Bepllc&bion 98658.35 2 49329,17 9.38*'

Tree Inont 243368.06 24 10140.34 1.37*

Seed Vs Seedl in* 36405.01 1 36405.01 7.07*
Send Vs Con fcrol 404.32 1 404.32 0.00
£codling Vs Oon brol 9014.78 1 9014.78 1*75'!
Between duration 4982.93 2 2491.26 0,48
Between concentration 72753.86 3 35173.31 6. 83^

Between duralion for  
seed fcrea feaenb 2184.00 2 1092.00 0 .2 1
Between concentration 
for seed tre^ fcment 72753.86 3 24251.29 4 .? r
Between dax’ation 
for seedling 
tren fcn©fit 20039.05 2 10019.52 1.95*
Be bweon eon con bra, bi on 
for seedling 
broa iKient 58494.55 3 19498.18 3.79*

Error 247042.90 48 5146.73

** Significant ab 1$ and 5$ level



Between ooncon feration 0.3). 63.35

*3 *5 *2 *4 *6 *7 *8 *9 *10 *11 *12 *13 *14

*15 *16 *17 *18 *19 *20 *21 *22 *23 *24 *25

Between concentration fo r seed feres fcmen fe G. 33. 68.07

*1 *2 *3 *4 *5 *6 *7 *8 *9 *10 *11 *12 *13 *14*15

*16 *17 *18 *19 *20 *21 *22 *23 *24 *25

Between dura felon for seedling brontraont G.D. 41*66



leaves "between the differen b treatments was oignifioont*

The dabs are presented In Table V. The maximum mean 

area o f 281 mm was obtained under treabment 22 (0*35 per 

cent solution for 9 hours In seedling treatment). The 

plant which was la te r  confirmed to be a betraploid 

possessed a mean le a f  area o f 198 mm as compared with the 

m©:ji l*vaf area of 219 sin of the control, {Table IX),

Thickness of loaves

The da6a for mean thickness of leaves in different 

treatments are given in Table Xs In the teIraploid the 

mean lea f thlchnoss wac found to bo 64*30 -  0.26624 while 

In diploid i t  was only 43.46 -  0.1716 /u. (Table IX,

Flats I I I ,  Fig. 3)« Between seedling Irmtaonia it  wrs 

found to be significantly superior. Between concentrations 

the concentration 0.33 percent and between durations, the 

duration of 9 Xiours were found significantly superior.

The maximum mean thickness of leaves was obtained in 

(0.45 percent for 9 hours seedLang treatment),

Mean thickness o f leaves in m

Between diploid 
and t©traplold

Diploid 
Te trnnloid

42.46 ± 0.1716 

64.30 *  0.26624
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fable f t

Umber o f flowers 

Analysis o f variance

Source s.s. M V F

SofetfL 14*40184.35 74

Bopl I cat i Oil 597625.79 2 298812.89 28.36

Tree, tenonfe 336754.35 24 14031.43 3.33

Frror 505804.21 48 10537.59

F r tics are nob significant
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menfe 25 man found to Is© tetraploid with 2n b 48. In 

diploids the raeiotic d Ivin ton w  0 normal «vi feh fell© 

fonaa feioa o f 12 l i e  afe diukinleee mid aefcaphoae X aid 

regular separation at anaphase 1 and XX (P late IV ).

She early 3 logos o f diakinises and raetaphnsc I  in the 

pollen mo feher ce lls  of the toferoolold wore aonaal with 

the forma felon o f 24 XIa, hat abnGxmoliti.es lik e  laggards 

oncl bridges wore soon at anaphase X and I I  (P lato V). 

Baring aaaphere X, 3 laggards were soon In one eelI and 

in another c e ll 2 laggards and 3 bridges wore seen*

Baring telophase in some ce lls  only 3 groups o f 0hroe»e«* 

gomes were noticed. In some others 5 groups were 

no bleed. In come oases besides these 5 groupss 2 laggards 

were seen loonfeed at the centre o f the ce ll.

Size and s te r ility  o f pollen

3iae of oollen

The tetraploid had la rgor po ll on grains than the 

diploids. The pollen grains in feefcraploid possessed a 

mean diameter of 46.970 ~ 0.0187 p. while i t  was 

22.836 -  0.3718 ju in diploids. (P ig . 5 ). The moan

diasao fear ©f pollen grains under the various tree fern on is 

is  gxvon in Tab3 © S.
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fable VI1

MaXysio of variance for toe 
sterili by o f pollen

$r©Risiml Value of X2

frets tod Vs eonfcrol 59.2**
Seed V<3 Seedling 4041.56**
Between duraU tms 121.36**
Betweoa coaoentraiLona 236.64**

Signifioonfe afc and 5̂  level



Diameter o f pollen trains in pi

Be tween diploid
and t© teoloid

Diploid 22.836 + 0.3718

Setraploid 46.970 + 0.O187

Between conoenferationc 0.15$ ^4.002 £ 0.0374

0.25$ 24.41 0.0352

0.35^ 23.958 £ 0.0352

0 .45S& 25.52 £ O.0066

Between durations 3 hours 23.958 £ 0.033

6 hours 24.332 £ 0.0374

9 hours 25.058 £ 0.0137

beod Vs Seedling Seed 24.64 Jr 0.029
Seedling 25.21 £ 0.0418

£be maximum mean dinme tor o f pollen grains WPS

no feed in 0.25 percent conoen trail on followed by 0,,35* 0.45

md 0,15 percent respectively. Between duration maxlmiOT 

size was noticed in 9 houra trenioent followed by 6 hours 
end 3 hours resnrc fctvely o f the 2 stages of Ireelmmt*

Mean diameter o f pollen was grepter in seedling treata© t  

than in seed treatment.

Ixbgrnd o f pollen s te r il ity

?he mean percentages of s te r il ity  and its  analyses



Table VIII

Number of fruit© 

Analysis of amriaaoe

Bouroe s.s . M V F

Total 34928.00 74
Trea feaonts 9405.65 24 391.90 1.24

Replica lions 10346.64 2 5173.32 16.36

Lrror 15176.63 48 316.17

J* I’nfcioes are nob significant
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are given in 'fable VII. (F ig. 5 ) ,  In fch© feebraplold,

bh© percentage of &fcerillty wan 44.2 vmoroas in  diploxd 
the s beri3 i  ty of pollen gfain wpa only 5.1 pcrcenfe* 0.5 
0.45 percent for 9 hours treatment at ©oedlitig abn̂ e 

resulfeed in the highest! percenbag© of s te r i l i ty  oC 
pollen grains. $ho seedling treatment was remarkably 
superior fco soed troataen fe in producing poll ©a s te r ili% ,

Humber of fruits

m ean uusabor of fru l feo produced end the percentage 

of fruib set under the different treafe&enbs are given in 

feblo X. (Fig. 6). She mean number of fruifcs veraed 

from 32 in trea fement 3 feo 46 in trenfement 15 oo comp? rod 

to 45 in the conferol. fho treatment difference wao nofe 

found to be s la t  is felcally significant. (UJablo V III ).

She percentage of  fruife êb ranged from 16.3 in troalatmt 

79 feo 31.3 la treatment 25* as compared to 37.7 in tho 

con ferol. (Fig. ‘7 ). Tho twtraploid plant; produced 123 

fruits wi feh a fru it oefc of 60 percent fe comp?,red to the 

control producing fruits md fru it set of 37.7 percent.

Xield of fruits

$he yield data of ripe fruifee pertrea-tmcnt ueforo and 
after drying in tho various treatments are given in Sable XI.

4 9



Sable XI

Yield of fruits ia  grama

Sreafe- Tresii Dry Sroa t- irosJa Dry
seats weight weight Mate weigh fe weight

*1 242 169.5 *14 307 265.0

*2 300 220.0 $15 318 276*0

*3 272 1^.5 T16 252 210.4

24 300 219.2 *17 316 273.0

% 244 191.6 $18 314 271.2

S6 285 241.8 1̂9 214 261.0

h 182 140.1 $20 275 232.7
$g 233 162.1 $21 299 246.5

$9 263 220.0 T22 280 219.2

f 10 269 246.8 2̂3 297 254.7

*11 292 218.8
*24 292 243.1

$12 265 222.8 % 390 258.0

$1J 308 266.0



‘ A*C*
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Sho yield  o f ripe fru its  before dicing ranged 

from 182 g in treatment 7 and 300 g in treatment 25 while 

1 t was 242 g 3n the con fcrol.

She yield o f ripe fru i bs a fter drying ranged 

from 140 g In treatment 7 to 258 g in treatment 25 while 

i t  wna 169*5 g in the control*

Polyploid plant gave a yield  of 125 g o f ripe  

fru its before drying and 99*5 g a fter drying, Shore was 

significant difference between the freoh and dry weight 

of fru its between polyploid and control.

Weight of 1000 seeds

She following results give the weight of 1000 oeedo 

in different treatments.

1000 seed weight

2.9S g

2.90 g 

2.80 g

3.00 g

3.00 g

2.90 g
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*7 2.80 g

*8 2.90 g

*9 3.20 g

*10 3.10 g

*11 3.10 g

*12 3.20 g

*13 2.90 g

*14
3.20 g

*15
3.20 g

*16 2.95 g

*17 3*00 g

*18 3.10 g

*19 3*10 g

*20 3.00 g

*21 3.10 g

*22 3.00 g

*23 3.10 g

*24 3*10 g

*25 3.50 g

Tetraplold 3*90 g
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CytologioaL identification of -be toariloifl

Bused on meiotio chromosome mushes? in the mcioti© 

laotephasi© and anaphasic preparations, only one plant w e  

confirmed 60 be tefcraploid in th© present; study. The 

following date give Die details regarding the total number 

of seeds or plants treated, number o f suspected polyploids 

isolated in each group by morphological observations end 

the actual number of plants confirmed as polyploid by 

cy fcological analysis.

Seed treatment

Ooaomtration B u n io n  £ £ £ £ *
ploids

0.15$ 3 hours 20 - »

0.15$ 6 t» 20 - »

0.15$ 9 ,, 20 - -

0,25$ 3 »• 20 -

0.25$ 6 9, 20 -

0.25$ 9 ,, 20 - -

0,35$ 3 », 20 - -

0.35$ 6 , , 20 ~ -

0.35$ 9 9, 20 -
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Comparison b© fcween Diploid aid To brnploid

Tahlo IX

Ho. o f cb^raefccrs Diploid To Iraniold

Height of plant at bho 
bimc of harvest 50*00 cm 64.50 cm

Mem area o f leaves 2<9'.00 rim f9g. 00 iam

Moan Ulickneas o f leaves 45.54 ]U 64.30 fa

Average number of 
<3 bossa te per uni b area 26 11

Mean lengtth o f © bocia fca 21.89 ju 69.43 /u

Mean width of & tosmla 20.35 /u 47.078 /a

Moan diameter o f pollon 22.86 46.97

Average number of 
flowers per plant 128 200

Mean s terility  o f pollen 5.7 £ 44.4 $

Average number o f fraifce 
per plant 45 120

Mom weight; of 1000 oeeGs 2.98 g 3.9 g
Chromosome number 2n a 24 2n ss 48

©
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fa to lo  X ( C on ta ,. )

Tree. fc'eonta
Xvoreg© 
fehickn^ss 
o f  l o * f  

in  ja

A v e r s e  
Ho. o f  
f lo w c re

Perecn  fcr 4,0 
o f  p o lle n  
s fe e r i l i  fey

«let^n 
diuaefeor
o f  n o i l  on 
in  p

Avcnn&P 
Ho. o f  
f j r a i t e

r,<?rcentag€ 
o f  f r u i t
not

Control 45.54 1 2 8 5.7 2 2 . 8 3 6 45 37.7

0.15# 3 Hrs. 45.54 129 4.4 23.47 36 25.4
6 »» 4 6 . 8 6 129 4.3 2 3 . 1 0 32 24.9
9 > 9 48.42 1 2 3 6 . 2 23.95 36 29.3

0.25^ 3 9 » 46.42 1 5 0 4.9 23.60 33 27.2
6 9 » 4 8 . 6 2 142 5.1 23.36 40 26.9
9 9 9 46.31 135 1 0 . 1 2 1 . 6 0 23 16.3

0.35# 3 9 » 47.96 144 6 . 6 24.90 27 2 0 . 0 2
6 9 9 45.93 157 11.7 23.29 36 25.5
9 9 » 48.29 151 8 . 8 23.27 37 23.9

0.45$ 3 9 9 49.30 178 7 .8 25.65 36 24.1
6 9 9 49.85 175 11.7 2 3 . 1 0 37 2 0 . 8
9 9 » 45.67 175 7.1 23.65 44 23.7
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fab le  X ( Coatd.. )

Average Percentage Moan /verngc
frsatoent© Ho. of o f pollen eb amoter Ho. o f

flowers s fcorili by o f poll on fraa fee   - -.....   ir - ■ i - ■ nnn— r  i i i.i. i ii ‘P *- i ..i ■ ....

Percoiibae©
o f f r a i t  

get

0.15$ 3 Hr s. 175 5.9 24.22 44 24.0
6 9 9 175 10.8 23.65 48 25.1
9 9 9 193 7.4 25.54 35 1 8 . 1

0.25$ 3 9 9 215 7.7 23.27 45 22.1
6 9 9 196 3.1 24.97 45 23.9
9 t  9 131 10.7 24.95 28 10.3

0.35$ 3 f  9 178 11.7 22.22 38 21.0
6 9 9 2I& 7.1 25.01 41 19.2
9 f 9 242 6 . 6 24.402 36 17.3

0.45$ 3 9 t 193 1 1 . 8 25.21 42 24.1
6 9 9 143 10.2 25.89 41 29.1
9 9 f 134 24.2 31.22 42 31.3
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fhe object o f the tria l was to evaluate the 

scope for applying the colchicine technique in improving 

chillies#

Chillies responded well to colchicine, which w&o 

evident from the fact that most of the treated plants 

showed various types of morphological abnormalities#

But i t  was lees effective in inducing polyploidy. Out 

of the 480 plants treated, 142 showed such abnormalities 

but out of this only 1 plant showed doubling of chromo

some number* Pal e| aL (1938) and (1941), Bamanû am and 

Joshi (1941) and Aleheio (1960) induced polyploidy in  

chillies by applying colchicine technique.

Xn the present invos tlg&tion i t  was proved that 

the tetraploids could be produced in chillies by colchicine 

application# But their proportion of produo felon was too

low with the concentration employed in this study.

In general, many o f the treated plants showed that 

they were affected by the alkaloid colchicine# Shis was 

evident from their morphological abnormalities.
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Germination in colchicine treated seeds

She seeds treated with colchicine started gemina

tion after 24 hours as in the control and the in itia l 

growth rate was also normal. In certain oases the treated 

seeds showed greater gemination percentage. Kluge and 

Kramer (1955) obtained accelerated gemination and 

increased gerainability in colchicine treated Vacolniuia 

ayrtelliua and ?. corvmboaum. diploids and tetraplcM® 

varieties of Bra&arla veaoa. while Pal et e l (1941) 

recorded reduced germination percentage in seed treatment 

of chillies#

Seed Vte Seedling treatment

Pros the present study i t  was clear that the 

seedling treatment was more successful in inducing 

polyploidy in ch illies, than seed treatment. She success 

of seed treatment in inducing polyploidy was reported 

by various workers like hunt sing (1939) in Pinua 

oondoroaa. Pal et al (1941) in ch illies, Bamanujam and 

JosM (1941) in Cioer arlefcinum. Srivpstava (1956) in 

Sesame and Hair (1965) in Sesame.

But according to Wanake (1939) in fobacco,

Shimamura (1939) in Byooperoioum esculan turn. Beasley



56

(1940) in Goasypium, Iianghaa (1940) in Sesame, Kumar 

ana Abraham (1942) and Kumar (1945) in Phsseolus, TocH 

and laaford (1945) in pepper and Ihankaama (1964) in 

cluster beans seedling treatment was found to be superior 

to seed treatment*

Early deformity of seedlings

She data presented in Sable 21 show that In 

general a l l  the concentrations of colchicine employed in 

the present study fo r the seedling treatment resulted in 

some early deformities of the treated seedlings* $xc«*pt 

with the lowest concentration of 0*15 percent for 1 hours 

durations the treatments were effective* On a comparison 

of the different durations I t  was seen that the in it ia l  

retardation of growth was found to persist for longer 

periods with the longer durations of treatment* I t  was 

also observed that though the increase in  le a f lobing 

was not proportionate to the increase in concentration 

or durationff the abnormal leaves with the maximum lobings 

were obtained under the treatment receiving the highest 

concentration fo r the longest duration*

Early deformities in colchicine treated plants 

including retardation of growth were recorded by Fendey 
(1996) in Mnusa ualt&tiaalmua. Srivataava (1956) in



Sesnmugt oriental©. Kamanuja®. and Joshi (1941) found 

that increased concentrations and longer durations o f  

treatment oausod more pronounced retrrdation o f growfch 

rate in eo3 chi cine treated Qieor arietimim. Similar 

results with ch illie s  were reported by Pal e j a l (1941)*

In the present study only 142 out o f 480 treated 

seedlings produced morphological abnormalities. Even 

among these 142 seedlings only one plant under m s  

confirmed as a polyploid and hence i t  could be observed 

that a l l  the lower concentrations raid shorter duration 

could produce only some physiological disturbances In 

the treated plants.

Ther© was no early deformity in plants from seeds 

treated with colchicine. Pal e j a l (1941) recorded 

slower growth, le a f  curling and other abnormalities In  

seedlings of ch illie s  from colchicine treated seeds.

The results ia  this study indicated that col chicine 

treatment o f c h il l i  seeds should be done fo r  more than 

9 hours la  any ease I f  some effects of this chemical arc 

to be obtained oven with a concentration o f 0.45 percent.
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Height of bbe pi an be

She fin&L pleat height wsts not found to bo much 

affected by any o f the treatments. In She tetraplold  

wMch was conf3 raed a fter Gytological observations I t  

was found that there was considerable increase in  the 

plant height compared to the dipload. Stewards the f i r s t  

week there was a alow growth rate in the teferaploid than 

the diploid, but la te r  there was an Increase in height* 

Ihla is  in agreement with the resu lt o f Srivasfeava (19565 

in sesame and landon and Ohinoy (1950) in  Ammram thus 

blitum.

fhe fact that the tetraplold obtained showed 

increased ©feature than any dther plant fereated with feiit 

same concentration and duration of the chemical suggests 

that the mechanism involved is  not a general s feimulno 

but an increase in  ce ll s ize  brought about by ehronocono 

doubl lag*

Size and distribution of stomata

On a comparison o f the d ifferent treatments i t  

was found that there was a general increase in a feoma fed 

size both in length and width in the plents under tho 

seodlin^ breatmenfee. With regard to the distribution
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of ©tomata, though the differences he tween treatments 

were not significant, there was a general reduc bioa *n 

the number of etoBtota per unit area in the plants 

treated with higher concentration.

She polyploid plant obtained showed significant 

increase in stomst&L siao both in length and breadth sad 

a significant reduction in the number o f stomata per 

unit area compared to the control. Graner (1941) in 

Manlhot u tilissima and EobsyasM (1945) and Srivas tarn

(1955) in sesame also obtained sim ilar results.

Area and thickness of leaves

I t  was observed from the present investigation 

that the tetraploid xjossossod thicker and darker leaves 

with rough surface than the diploids. The lower surface 

o f leaves was hairy. Bit the lo a f area wan comparatively 

smaller than the corresponding diploids. This is  la  

agreement with the record o f Smith (1939) in  fficotiangu 

Tendon and CMnoy (1950) observed thicker and darker 

loaves with increased le a f  area in nolyploids of 

Anar an thus b3 I turn. The rough le a f  surface in polyploids

was recorded by Sando (1939).
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Blooming behaviour and number and size of flowera

Delayed flowering fey 27 days was observed in 

tetraplotd ch illi. Ihe flo ra l parte were in general 

feigger in* else compared to the control. Delayed flower

ing of polyploid mm reported fey Kostar and Abraham (19421, 

in phaaeolus, Srivas fcava (1955) in sesame, Spaso^ctic

(1956) in bean® and ^Bali and fandon (1958) ia  M&a&m ( 

isaritinua* P

Cyfeologieal observations

She meiotio behaviour of the fcetraploid was found 

to bo normal during dia&inesis and metaphase 1 with 24 

feivalen&a. Dal et (1941) in ch illies, Sen and Qhedda 

(1958) in Phaaeolus mungo, Isles* (1960) in Mona squamosa. 

Raman and Eesavaa (1963) in Aracihis duranenBla. ^ankasssa 

(1964) in cluster beans and Hair (1965) in a ©seme recorded 

higher associations at diakinesis and metaphase X.

le i© tic abnormalities like laggards and bridge© 

during anaphase, and triads, pentad® and excluded 

chromosomes during telophase were observed in the tetrm- 

ploid obtained in the present study. Such abnormal! ties 

weago rocorded by Muatzing (1954) in 2rlcica3.es* Sen end
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Chedda (1958) in Phaseolus mungo and Islam (1960) in 

sesame.

Size and sterility of pollen

'She fee feraploid obtained in fehc present study was 

characterised by a high poroenba&e (44.2 percent) of 

pollen, sterility . Pal ot ai (1941) recorded 30-90 nor 

cent po llm sterility  in feeferaploid chillies.

Rrivastava (1956) in sesame and Saxene and Hands. 

(1960) in phlox also recorded increased pollen aterili.fey 

in polyploids#

She pollen grains produced hy the feeferaploid 

chillies wcro larger in sis© then the corresponding 

diploids* Increase in size of pollen grains of feetra- 

ploido was recorded by Pal et a l (1941) in chillies, 

I l l i s  (1956) in birch, Sriva&fe&va (1956) in sesame,

Anas trong and Eober feson (1960) in Alsiice cl over.

Fruit setting and yield

Ihore was an increase in the percentage of frails 

Bet in tli© fee feraploid even though there was greater 

pollen sl.erlli.ty. Total fru it yield vvaa thus Increased#
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Other workers lik e  Kumar and Abraham (1942) in 

Phaseolous rndtatus. Singh (1955) in Gorlca papava.

Sen and Bhewel (1959) in Tiam sinensis and Hair (1965) 

in sesame however, recorded reduction in fruit set and 

yield. She faredts of tetraploid were smaller than th© 

corresponding diploids. Production of smaller frurtte 

in tetraploid ch illies  was recorded fcy Aleksie (1961)#
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3. Stealing treatment with colohS ein© resulted 

ia early doformt tics li&e retarded growth, leaf lobiag 

and crinkled appearanoe of leaves* whereas plants fmn 
treated seeds were normal*

4. I t  was found that early deformities immediately 

following the application of colchicine cannot ho ta&en

as an indication of induction of polyploidy as only one 

out of 142 plants with early deformities was coafirsioi 

ae a polyploid in this study*

5* She early retardation ia  plant height due to 

colchicine application was found to he made up during 

the lator sieges of plant grow lb*

6* The feetmploid 0. frut&scenbe showed taller 

plant habit* thihteea? leaves, larger stomata in lessor 

number, delayed blooming, larger flowera in  larger number, 

high pollen s t e r i l i t y  and increased yield of fruits 

compared to the diploids.

7* She meiotic abnorseli lies observed ia fcho 
poll m m ther cells of festraploid 0. fmWecm^e were 

laggards and bridges at anaph&ftos I  and IX and 

occurrence of triads, pentads and excluded chrooonomes 
at telophnse*
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8. fact that only one polyploid plant could 

l)e ol)Gained in the present study indicates that colchicine 

at oon centra felon® tried is not much effective in CapBleom 

frutfigcenfio as a polyploidising agent.

9* 2he facts that previous workers have obteJnei 
polyploids in Capsicum annua with conoon ferations of up to 

0.4 percent and that in the present study with Capsicum 

frutfiaoenSc even s concenLration of 0.45 percent was not 
much effective suggests the possibility that different 
specie® of Capsicum may respond differently to colchicine 

treatment.
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Plate I I  (A) Size and dis fcriftution of 
atomafca in diploids.^, 
(Magnification ; 150}.

(B) Size and disIriBu bion of 
a toma ba in letraploid





Plate I I I  (A) Leaf thickness of the^diploid
plaife (Mag. 100,)

(B) Leaf thickness of the 
tetraoloid plant





Plat© IV (A) Meio feic division showing 
12 bivslents in control 
(M agnificatlon 1000 pi).

I

Plafee V (A) Early meiotio anaphase in 
fehe polyploid
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Plate V (B) Late anaphase 1st in polyploid

Plate V (0) Meiotio anaphase 1st in the 
polyploid showing 2 laggards.
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Plate (D) Meiotic anaphase 1st in
polyploid showing 1 laggard

(2) Meiofeic telophase I I  in
polyploid showing 5 groups 
of chromosomes.
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