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1. INTRODUCTION 

Kaefllpj'eria ga/al1ga L., popularly known as 'kacholam', is 

an important medicinal plant belonging to the family Zingiberaceae. The genus 

Kaelllpj'eria is believed to have originated in South East Asia, probably in 

Burma, and is distributed in the tropics and subtropics of Asia and Africa 

(HOltUIll, 1950). Its medicinal property has been exploited in the indigenous sys

tems of Illedicine of many countries such as Malaysia, Philippines, Thailand and 

also India. Of the 55 species reported in the genus, only 10 arc known to 

occur in India among which, K. ga/allga L. and K. rotullda L. arc of eco

nomic importance. 

Kacholalll is an attractive rhizomatous herb where the eco

nomic part IS, the underground rhizomes. The rhizomes possess stimulant, expec

torant. diuretic and carminative properties. Powdered rhizomes mixed with honey 

is administered against coughs. A decuction made uSll1g the rhizome is pre

scribed for dyspepsia, head ache, rheumatism and malaria. The rhizome boiled 

in oiL is externally applied to remove nasal obstructions. Kacholam can cure 

skin disorders, piles, oedema, fever, epilepsy, splenic disorders and asthma. The 

rhizomes can also promote or improve digestion. They are also used for curing 

inflammatOlY wounds. Apal1 from rhizomes, extract of whole plant is also Llsed 

in sume tonics (Burkill, 1935; Kirthikar and Basu, 1935; Brown, 1941; 

Quisumbing, 1951; Aiyer and Kolammal, 1964). 

In Ayurveda, kacholam IS reported to be effective against 
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diseases caused hy the morhidity of 'Vaatha' and 'Kapha', the major two 

among the 'Thridoshas'. Kacholam is an ingredient of several ayurvedic prepa

rations such as 'Kacllllwadi C'hoomam', 'Kac/zllraa£ii ti/(/i/afll', 'Kacllltwadi 

\'(wtrll', 'Asafle!aadi thai/am', 'KalyaaflakaKhrithalll', 'DaS(lllloo/a(lris/ztal7l' 

and 'Chym'llflapraasall/' (Sivarajan and Balachandran, 1994). 

Besides medicinal uses, kacholam finds Lise 111 cosmetic 111-

dListry too. It is used as a perfume in hairwashes, powders and other cosmetics 

and in the manufacture of agarhathis, Its anti-dandruff property make it an es

sential ingredient in hair washes. The rhizomes yield 2.4-4.0 per cent volatile oil 

which is utilized in the 11l,1Iluhll:turc of perfumes and Cllll)' flavourings. Antifungal 

and larvicidal properties are also reported for Kucholam. Recently some Japa

nese scientists have identified some anticancerous principles in Kaelllpferio 

Kll/unga L. thus the uses of tlw crop are very many and may extend further. 

The humid tropical climate of Kcrala is suited for the luxu

riant growth of kacholal11. The cultivation practices are simple and the crop is 

adapted to partially shaded conditions. Hence there is immense scope for culti

vation in the homesteads of the state and as an intercrop in the coconut and 

other perennial gardens. But so far, no specific variety of this crop has been 

identitied for Kerala. At present only local cultivars are available with the farm

ers. or late, the cultivation of the crop is fast spreading due to high demand 

ami hetter mill'ket price. As in any other crop, better varieties 111 yield, quality 

and other agronomIc attributes is a pre-requisite for making this crop further 

popular and its cultivation more economic. This need added emphasis due to 
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the fact that no improved cultivar or variety has so far hcen recognised 111 

kacholal11. 

Crop improvement programme in kacholam has not been at

tempted in a senous manner, mainly due to the fact that it has gained impor

tance only in recent years. The crop is propagtated through vegetative means 

I.e., through rhizomes. Recently, tisslIe culture method for rapid multiplication has 

also heen standarised for the I:rop (Vincent £'1 a/., 19(2). The genetic resources 

available with the crop exhihits little variability. Lack of natural genetic diversity 

and absence of seed setting are major constraints for improvement through se

lection and combination breeding. However, genetic variability is to be created 

for attempting crop improvement in kacholam as the hasic requirement. Altemate 

methods for inducing genetic variability for crop improvement in this crop in

clude induced mutagenesis and polyploidy. Efforts arc underway for creating 

genetic variability in the crop through induced mutagenesis in the Department of 

Plant Breeding and Genetics, College of Horticulture, Vellanikkara. 

The present investigation is aimed at induction of genetic 

variability in Kaempleria ga{(lIl!?a L. through polyploidy so as to select desir

able variants for direct commercial exploitation or as base material for furthcr 

genetic improvement. The cytogenetics of the parent material and the variants so 

isolated will also be studied so as to utilize the materials effectively. 





2. REVIEW OF LITERATURE 

2.1 Origin Hnd Distribution 

The genus Kaemp/,eria is supposed to have been originated in South 

East Asia. probably in Burma. It was evolved as an evergreen herb in the shady 

forest conditions of Burma and from there, it appears to have migrated across most 

of the tropical Asia, and right across Africa (Holtum. 1950). The genus is widely 

distributed in the tropics and sUbtropics of Asia and Africa (Synge, 1956). Willis 

(1960) suggested that family Zingiberaceae is chiefly Indo-Malayan in distribution. 

Hooker (1892) reported that Kaempferia galallga L. is distributed throughout the 

plains of India. According to Gamble (1926), it is distributed at low elevations 

along the West Coast. It has been recorded as occuring throughout the plains of 

India, especially in Bengal, Deccan, South Konkan and Kerala (Aiycr ,Ind 

Kolammal, 1964). 

2.2 E(:onomic Importance 

Medicinal properties of Kaempferia ga/allga L. have been described 

by many workers. As early as in the 17th century. Rhccdc (1678-1703) in Hortlts 

Malabaricus described the morphology of the crop and its medicinal value for 

curing Asthma. The herb is used as a flavouring for rice. Rhizome and leaves are 

employed as a perfume in hairwashes, powders and other cosmetics. They are worn 

by women for fragrance and also used for protecting clothes against insects. 

Rhizomes are also ealen along with betel as a masticatory (BurkilJ, 1935, 

Quisumbing, 1951). 
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The rhizome is used as a stimulant, expectorant, carminative and di

uretic. They are used in the preparation of gargles. They me administered with honey 

in coughs and pectoral affections. In Philippines, a decoction of rhizome is L1sed for 

dyspepsia, head ache and malaria. Boiled in oil, the rhizomes are applied extemally to 

remove nasal obstructions. Roasted rhizomes are applied hot for rheumatism and for 

hastening the opening of int1ammatory tumours. They are also used as a ww;h in dan

druff and for relieving irritation produced by stinging caterpillars. Mixed with oil, rhi

zomes are used as a cicatrizant. In Malaya, rhey are L1sed for chills in elephants. The 

juice of the plant is an ingredient of some tonic preparations. The leaves are used in 

lotions and poultices for sore eye, sore throat, swellings, rheumatism and fevers 

(BurkilL Il)3S; Kirthikar and Basll, 1l)]5; Brown, 1941; QlIiSLlll1bing, 195 I). It is also 

reported to promote or improve digestion and digestive powers and cures or allays 

skin or cutaneous disorders, piles, ot~dema, epilepsy, splenic disorders, difticult breath

ing (asthma) and diseases caused by the morbidity of 'Vaatha' and 'Kapha' (Aiyer 

and Kolammal, 1964). It removes bad odour of mouth. Recently larvicidal and 

anticancerous principles have been obtained from the rhizome extract of K. Ra/allga 

(Kosuge £'/ a!" 1985; Kiuchi el al., 1988). The hot water extract of Kaempj'cri(/ 

rhizomes showed strong larvicidal activity against the larvae of dog round worm, 

Tox()('(lm c(llIis (Kiuchi el a/., 1(88). Mangaly and Sabll (199 I) reported the use of 

K. ga/allga as an ingredient of ayurvedic preparations for skin disorders, rheumatism 

etc. Toxicity against neonate larvae of Spodoptera liltora/is was also reported in a 

contact residual bioassay (Pandit et al., 1993). 

2.3 Taxonomy 

KoclIIfJleria gO/(//Igo L. IS a monocotyledonous plant, helonging to the 
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family Zingiberaceae of the order Zingiberales, under the series Epigynae (Bentham 

and Hooker, 1894). According to Hutchinson (1934), there are four tri bes in the 

family Zingiberaceae viz., Custea, Hedycheae, Globeae and Zingibereae. Willis 

(1960) suggested that family Zingiberaceae contains 45 genera and 800 species, 

while Panchaksharappa (1966) opined that among the families of Scitaminales, 

Zingiberaceae consists of 47 genera and 1400 species. 

Seh urn ann (1904) di vided the fami ly Zingi beraceae into two 

subfamilies viz., Zingiberoideae and Costoideae. The Zingiberoideae is further di

vided into three tribes viz., Glohcae, Hedycheae and Zingibcreae. The genus 

Kaempferia comes under the tribe Hedyeheae. I-looker (1892) recognised four sub

genera under the genus Kaempferia namely Sincorus, Protanthium, Monolophus 

and Stachyanthesis. Among this, K. galanga comes under the sub-genera Sincorus. 

Sincorus includes eleven other species apart from K. galanga viz., Kaempferia 

marginata, K. speciosa, K. angustifolia, K. ovalifolia, K. pandurala, K. prainiana, 

K. roscoeana, K. parvijlora, K. involucrala, K. andersoni and K. cocinna. 

2.4 Morphology 

Kaempferia galango L. is an annual herb grown for its aromatic 

rhizomes. According to Hooker (1892) Kaempleria is a plant with tuberous root 

stock. Leaves are 3-6 inches long. spreading nat on the ground, deep green in 

colour with deltoid tip. Petioles are short and channelled. Kirthikar and Basu 

(1935) described K. galanga L. as a stemless herb with tuberous, aromatic 

rootstock which possess neshy, cylindric, non-aromatic root fibres. Leaves are a 

few in number, horizontally spreading and lying nat on the surface of the ground 

and having a length of approximately 6.3-12.5 em and breadth of 4.5-9.0 cm. They 

are deep grel.:n in colour, rotund, ovate, deltoid and acuminate. Leaf margins are 
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neither thickened nor coloured. Flowers arise from the centre of the plant from 

between the leaves. 

Aiyer and Kolammal (1964) described the leaves of kacholam as 

deep green, orbicular, suborbicular, orbiculate-ovate or ovate-cordate with thin 

membraneous blade, 6.2 to 15.0 em long and 5.0 to 15.0 em wide, smooth above, 

deltoid acuminate at tip, somewhat woody towards the base and 10-12 ribbed with 

the margin wavy but not thickened or coloured. The tuberous root stock is 

vertically oriented having several smaller secondary tubers and a cluster of roots, 

most of which are long, narrow and white, a few are shorter and tuberous at their 

tips. The main tuber is conical in form, wider below, narrower at the tip and dis

tinctly marked with a number of transverse or horizontal or annular scars of scale 

leaves spaced 3 to 5 mm apart. Directly attached to the nodes are a limited 

number of smaller tubers which are also vertically oriented. Surface of the tubers 

are fairly smooth and greyish or light brown in colour. 

Drury (1918) described K. galanga as a plant with biennial tuberous 

rhizome, stemless, stalked leaves, spreading flat on the surface of the earth which 

are eith~:r ovate, rotund or cordate in shape. Leaf margins are membraneous and 

wavy. Biswas and Chopra (1982) noted K. rotunda L. as a perennial stemless herb, 

about one foot high. Rootstock is tuberous with very thick root fibres. Leaves are 

oblong and erect with short, channelled petiole. 

2.5 Cytogenetics 

The chromosome number of Kaempferia has been studied only by a 

few workers and the reports available are conflicting. Raghavan and Venkatasubban 

(1943) studied the cytology of four species of Kaempleria namely K. gibsonii. K 
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githatii, K. rotunda and K. Kalal/go and reported that they showed a regular 

polyploid series having chromosome number 24, 36, 5,l and 54 respectively. The 

chromosomes in all the "pecies were fairly alike with more or less the same "ize. 

Since the chromosome numbers were all multiples of six. six was ascertained as the 

basic chromosome number of the genus. They also reported that the increase in 

chromosome number in the genus is not by the diminution of the size of chromo

somes. They found two chromosomes with subterminal constriction in K. giiJsonii 

and a pair of SAT chromosomes in K. rotunda and concluded that the speciation 

in this genera is due to polyploidy. aneuploidy ancl structural changes. 

Chakravorthi (I 9'-iH) studied the cytology of five species of Kaeflll,/i'ria 

\'1/., K. gih.Wllii, K. Kitherlii, K. cienkowskya, K. atrovirells and K. rotunda and 

opined that there is clear evidence of polyploidy. He described K. atrovircn.l' as a 

diploid species showing normal chromosome pairing with eleven bivalents. AccOlding 

to him, K. rotunda and K. gilbertii are triploids with a chromosome number of 33. 

Further, he found the chromosome number to be 2n = 28 for K. cienkowskya and 

concluded that the genus is having two distinct polyploid series based on x = II ,md 

x = 14. Raghavan and Arora (1958) assigned a chromosome number of 2n :.;: 54 

for K. Kalallga L. but according to Sharma and Bhattacharya (1959) the chrolllo

some number of K. galallR(l L. is 22. 

Twenty seven species belonging to eleven genera of the family 

Zingiberaceae were studied by Ramachandran (1969) and he reported a chromosome 

number of 2n = 44 for K. rotunda L. and 2n = 54 for K. Rolal1Ra L. According 

to him, K. ga/wzga L. is presumably an aneuploid pentaploid. 

Mahanthy (1970) studied chromosome numbers of 14 species of 

K({(, 1I11)/eri(/. According to him, 2n number oj' K. (/Ilgllstijo/ia is 22. [n K. 
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brachystemon, the somatic number was found to be 2n = 24. A similar specil's K. 

ethelae is also having a chromosome number of 2n = 26. The species K. el ega ns' 

and K. rosea were assigned a chromosome number of 2n = 22 and for K. gilbertii 

and K. rotunda he reported a chromosome number of 2n = 33. A chromosome 

numbc~r of 2n = 42 was assigned for another species of Kaempferia. Based on his 

studies on Boral morphology, geographical distribution and cytology the author 

suggested that the basi~ duomosome number x = 11 can be considered as the 

original one for Zingiberales as a whole. He also proposed that African 

representatives of Kaempferia may be assigned the status of a separate genus, 

Cienkowskya. 

Beltran and Kalll (1984) studied the cytotaxonomy of Zingiberaceae 

and found that Asiatic Kaempferias had a basic chromosome number of x :C~ I 1 

while the African ones have x = 14. 

Quite recently, Rekha (1993) reported the results of cytological stud

Ies III Kaempferia galanga L. For the first time she reported a chromosome 

number of 2n = 55 for the crop. She also studied the karyomorphology and pre

sented for the first time the karyotype of kacholam. She found that the 55 

chromosomes could be classified into 11 sets of five each and she proposed the 

species to be a pentaploid with the basic chromosome number x = 11. 

2.6 Polyploidy Breeding 

Polyploidy is a widespread phenomenon in plants. It refers to a 

condition in which there are more than two sets of chromosomes in the cells of an 

organism. It has been estimated by Muntzing (1936) that more than 50 per cent of 

the angiosperms are polyploids. The first known example of polyploidy in plants 
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was the gigas mutant of OCllothera lamarckiw/{/ discovered by Hugo de Vries In 

I <)0 I which was later found to be a tetraploid, containing double the number of 

chromosomes than the norlllal plunts. (Lutz, I <)07 and Gates, 19(9). Later studies 

n:vealcd that polyploidy is of two different kinds involving either duplication of the 

.~amc genome or sUll1ll1atio/l of different genomcs, referred to as autopolyplpidy 

and allopolyploidy respectively. 

Polyploidy has played a vel)' imp0l1ant role in evolution or plants. 

allopolyploidy being the maJor contributor. Autopolyploidy has contributed to a limited 

extent III evolution of plant species. Some of oLir present day crops such as potato, 

coffee, sweet-potato, groundnut, alfalfa, banana etc. arc autopolyploids. III nature, 

allopolyploids arc produced by chromosome doubling of interspecific hybrids allli siller 

they combine some characteristics of each parental species, arc otten hardier than 

their diploid progenitors. The chromosome doubling enable them to overcome sterility 

to a great extent, that they behave like normal diploids and hence they carry the 

nallle amphidiploids. Some or the important allopolyploid crops are wheat, oats, cot

ton, tobacco, some Bmssic(/ species etc. 

Polyploids find several applications in crop improvement. Overcolll

Ing self incompatibility. making distant crosses possible, Lise as a bridging species in 

gene tr~Ulsfcr between two specie, as a source of new genetic variation or Lise directly 

as crop varieties are SOll1e, to list a few. The signific,mt achievement in allopolyploidy 

breeding is creation of a new crop species viz .. Triticale. 

Polyploidization can be achieved artirically in two ways; mitotic 

or meiotic. The former involves deregulation or mitosis at any stage in the vegeta

tive cycle, resulting in doubling of chromosomes with two identical gene compk

I11l'nt:-,. The meiotic mechanism involves rusion or unreduccd gamctes with SOI11<ltIC 
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chromosome number (2n). Several chemicals such as acenaphthene, chloral hydrate, 

benzene, nitrous oxide, 8 hydroxy quinoline, sulfanilamide, mercuric chloride etc. 

were used in the earlier periods to bring about mitotic arrest, for the induction oj' 

polyploidy. In 1937, Blakeslee et al. discovered the polyploidizing property of an 

alkaloid, colchicine, extracted from the bulbs and seeds or the plant ('o/cliiclim 

autumnale. It was far more crfective than other chemicals and in duc course, 

colchi~:ine replaced all the conventional methods of chromosome doubling ill 

plants. Blakeslee and Avery (1937) working on Portulaca, Datura and CUL'urhit(/ 

and Nebel and Ruttle (1938) working on Tradescantia, Petunia, Snapdragons and 

Marigolds noticed that this alkaloid was very effective in doubling the chromosome 

number. These pioneering works paved the way for future use of colchicine on a 

large scale for production of polyploids in different crops. The reasons for the 

quick acceptance of colchicine, as a chromosome doubling agent, can be attributed 

to its two specific advantages namely high efTcctiveness for making polyploids in 

many different species and with very little damage to the treated plants. I !igh 

solubility in water, Iloll-Iox icity to plants even at higher doses etc. adds ttl its 

merits (Eigsti and Dustin, 1955). 

2.7 Methods of Colchicine application 

For inducing polyploidy, the meristematic region is to be treated with 

colchicine solution i.e., actively dividing cells are to be exposed to colchicine. 

Treating germinating seeds, treating whole seedlings or apical bud treatment of 

young seedlings using cotton swab arc commonly followed for obtaining polyp·· 

loids. Rajendran et al. (1977) reported tetraploid production in Amorphoplialllls 

companu/atus by treating sprouting seeds with 0.2 per cent colchicine. Out of I :~,~ 

treated seeds they obtained one tetraploid. Suclharsan (1 ()g9) reported production of' 
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polyploids in Elettaria cardamomum by soaking the seeds in 0.5 per cent 

colchicine for 90 minutes. Dhawan and Tyagi (1989) developed two autooctaploids 

in Hyoscyamus muticus by soaking the seeds in 0.5 per cent solution of colchicint: 

for 72 hours. Nair and Ravindran (1992) induced polyploidy in black pepper (}'il'U 

nigrum L.) by treating seeds with 0.5 per cent colchicine solution. Autotetraploidy 

was induced in Plantago ovala by seed treatment with 0.4 per cent colchicine for 

48 hours (Kumar and Srivastava, 1994). 

Pushparajan (1988) produced tetraploid Sida rhombifolia ssp. r('{IISli 

by treatment of seedlings with 0.3 per cent colchicine for 16 hours and 8 hours 

each on successive days. Tetraploids were obtained in Raphanus sativus by treating 

diploid seedlings with 0.3 per cent colchicine solution for 2 hours (Kumar and 

Chaurasia, 1990). 

Kulkamy et al. (1984) induced autotetraploidy in Calharanthus 

rose us by immersing apical buds of seven day old seedlings in 0.5 per cent 

colchicine for 19 hours. Cotton swab method using 0.15 per cent colchicine was 

found to be successful in producing autotetraploids in Trigonella foenwn-waecum 

(Arya et ai., 1988). Gaonkar and Tome (1991) reported successful induction of 

polyploidy in Ageratum conyzoides by treating apical buds of seedlings with 0.25 

per cent colchicine for three consecutive days, four hours on each day, from 9 am 

to 1 pm. Verma and Raina (1991) reported induction of tetraploidy in Phlox 

drummondi by cotton swab method using 0.15 per cent colchicine for 12 hours, 

spread equally over two d(\ys. Aut<>tetraploid was induced in Petunia hyhridll by 

treating the apical portions of seedlings with 0.25 per cent colchicine solution 

(Singh, 1992). 

Jos el al. (1986) produced autotctraploids in taro by treating tuhers 
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with 0.5 per cent aqueous solution of colchicine for 48 hours. Ramachandran and 

Nair (1992) induced autotetraploidy in ginger, Zingiber o.f.ficinale, by treating buds 

on rhizomes with 0.25 per cent aqueous solution of colchicine. A hole about 2 mm 

in diameter and 4 mm in depth was made close to a sprouting bud, with a cork 

borer, and was kept filled for four hours, from 10-14 hours. The rhizomes were 

washed in running water for one hour and stored in moist soil overnight. The treat

ment was repeated for two consecutive days after which the rhizomes were planted 

in separate pots. Out of 90 treated rhizomes, 4 true tetraploids were obtained. 

2.8 Economic characters of some polyploids 

In this section, the important economic characters of autopolyploids 

developed in some related crops as well as some other crop plants are reviewed. 

The features associated with autopolyploidy include increased vigour 

and increased size of various plant parts - larger cells and hence larger vegetative 

and floral parts. Yield will also be higher, if the economically important part is 

vegetative. Other features are delayed germination, slow rate of growth, delayed 

flowering, larger tlowers but fewer in number and sterility (Singh, 1990). Thus 

autopolyploidy breeding is attempted with the objective of obtaining enhanced 

vigour and higher vegetative yield. Enhancement in some other characters such as 

alkaloid content, resistance to pests and diseases etc. are also expected. However, 

there are several reports in which the autopolyploid developed being weak and in

ferior to the original diploid. According to Stebbins (1971), the increase of cell 

size, which generally charaderises polyploids, docs not necessarily lead to 

increased size of the plant as a whole or even of its individual organs, becausl' of 

the reduction in the number of cell divisions in these plants. 



• 

14 

Induced polyploidy hus not heen reported in kacholam, so far, by any 

workers. Other important members of the kacbolam family Zingiberaceae arc gin

ger, turmeric, cardamom and ('ox/us sp. Among these, in ginger, cardamom and 

Cos/us sp., autoployploids have been developed. Ramachandran (1982) reported 

successful development of tetraploids in a local clone of ginger called 'Maaran' by 

treating the eyes on the rhizomes with 0.25 per cent colchicine solution. The tetra

ploid was more vigorous in growth with increased plant height, had larger and 

thicker rhizomes and larger, thicker and durker green leaves. Flowering was in the 

second year, just like normal ginger. Flowers and floral parts were bigger. The tet· 

raploid nature of plants was confirmed by cytological studies. While the 

chromosome number of ginger was 2n ::= 22, the tetraploid had 44 chromosome~ ill 

root tip cells. Ramachandran und Nair (1992) further reported the superiority of the 

tetraploid over diploid ginger. The paper covers studies on morphology, cytology, 

pollen fertility, yield and oil content of rhizomes in diploids as well as induced 

tetraploids of ginger. The tetraploid had higher yield and the rhizomes were more 

regular in shape with reduced branching tendency. The tetraploid rhizomes showed 

a marginal decrease in oil content (2.3%) as compared to the original diploid 

cultivar (2.8%). Ratnambal and Nair (1988) had reported that flowering absent in 

tetraploid ginger. In cardamom, autopolyploids were produced by seed treatment 

with 0.5 per cent colchicine solution (Sudharsan, 1989). The induced tetraploids 

were characterised by thicker leaves with a thick waxy coating on the abaxial 

surface. The stomata were larger and number of stomata per cm 2 of leaf lamina 

was lower. Ammal and Prasad (1984) observed that in ('oslus speciosLls, diosgenin 

content was maximum in the diploid folk.wed by triploid and tetraploid. 

Bai e/ al. (1976) while describing autotetraploids of ipomoea o/Jscllra 

reported polyploids had thicker, broader, coars,:r and darker green leaves. Length 
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and breadth of stomata increased significantly and their number per unit leaf area 

decreased. Rajendran et at. (1977) reported in elephant foot yam, the autotetraploid 

developed through colchicine treatment of seeds was more vigorous compared to 

diploid. In induced tetraploids of taro, the tuber development was found much 

restricted (Jos el al., 1986). They found that there was a decrease in the number of 

stomata as the level of ploidy increased. Bahl and Tyagi (1988) while describing 

autotetraploids in Coleus forskohlii, reported that though the tetraploids exhibited 

increase in plant height, the number of primary branches as well as number of 

leaves per plant decreased. But leaf area per plant was found to be increased. 

Number of stomata per mm2 and size of stomata increased in the autotetraploids. 

Srivastava and Raina (1992) observed that initial growth was slow in autotetrap

loids of Clilaria. 

The colchicine induced polyploid of Abelmaschus esculenlus had 

smaller. thicker, darker leaves than the diploids and showed inhibited growth and 

flowering. The fruits formed were small and irregular (Patil, 1963; Rajasl.!kharan 

and Ganesan, 1968). Sinha and Sinha (1975) reported profuse branching in 

colchicine treated plants of IJacus carota and Foeniculum vulgare. In Zinnia 

elegans, the tetraploid induced by Gupta and Koak (1976) was stunted in growth 

and was smaller in size compared with diploids. The plant was male sterile also. 

Colchicine induced sunflower plants exhibited distinct dwarf characters (Gupta and 

Roy, 1980). Verzea et al. (1983) reported that autotetraploid induced in Datura 

innoxia were taller than diploids and more vigorous with greater height of branch .. 

ing. They surpassed diploids by upto 40 per cent in total alkaloid yield. Zhang and 

Zhao (1984) reported that radish tetraploids. induced with 0.1 per cent colchicine. 

bolted 5-7 days later than the diploids and had larger f10wers and petals. The au

totetraploid induced in Catharanlhus roseus by Kulkarni et al. (1984) has less 
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number of leaves per plant compared to diploids. The alkaloid content was same in 

diploids as well as in the tetraploids. Kulkarni and Ravindra (1988) reported that 

tetraploid lines of Calharanthus rose us yielded about 4 and 5 times more lear alld 

root total alkaloid respectively than the diploid lines. The induced tetraploids in 

ll,yoscyamus muticus (Lavania, 1986) were vigorous with increased plant height. 

There was also increase in leaf size and thickness. The colchicine induced 

autooctap!oids of Hyoscyamus mulicus, produced by seed treatment in 0.5 p\!r cent 

colchicine for 72 hours, exhibited a reduction in plant height as well as the 

number of branches. The leaves and floral parts were larger and the main shoot 

was thicker (Dhawan and Tyagi, 1989). Srivastava and Lavania (1990) revealed 

that in Hyoscyamus alhus, induced autotetraploids showed a 19.61 per cent lower 

biomass yield. Lavania and Srivastava (1991) observed that tetraploids of 

Hyoscyamus niger were more vigorous than the diploids. Gaonkar and Tome 

(1991) reported that autotctraploids in Ageratum conyzoides were dwarf with 

increased number of branches, smaller and thicker leaves and larger stomata and 

poJllen grains. Pollen sterility and seed sterility were found to be increased. 

Colchiploid developed in Phlox drummondii had a slower growth rate and th\~ 

flowering was delayed by about 20 days compared to the diploid. The colchiploid'" 

showed significant gigantism as they were about 1.5 times bigger than the diploids. 

Tht!y had thicker stem and dark green, fleshy, broader leaves. The flowers also 

were conspicuously larger in size. There was pronounced increase in the size of 

stomata and pollen grains. The number of stomata per unit area in the tetraploid 

was 40 per cent less (Verma and Raina, 1991). The auto tetraploid strain 0 f Yeti \cr 

named as 'Sugandha', exhibited 60 per cent improvement in oil productivity 

(Lavania, 1991). In Plan/ago ova/a, autotetraploids induced by seed treatment with 

0.4 per cent colchicine for 48 hours, were larger and more vigorolls than diploids. 

The flowers stayed longer resulting in improvement in keeping quality and cxtCll-
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s10n of blooming period to some extent. However, there was increased pol len 

sterility. The gigas character of C
1 

tended to lessen in ('2 generation but was more, 

in comparison with the diploids. 

2.9 Scope of polyploidy breeding in kacholam 

The general breeding methodology that can be adopted for crnp 

improvement include introduction, selection, hybridization, combination bn:t:ding, 

mutation breeding and polyploidy breeding. Introduction aims at increasing 

variability available in a crop, by bringing in new genotypes from a different gt:O

graphical area. Selection exploits natural variability present in a crop or variabili ty 

brought about by introduction. For selection to be effective there should be 

considerable amount of genetic variability existing in the base population. Hybrid 

production as well as combination breeding creates new genotypes/genic 

combinations. For this, there should be variability in the population with hybridiza

tion feasibility. More improvement will be brought about, when the divergellce 

between the parents is more. Mutation breeding and polyploidy breeding aim at 

creating and exploiting new variability that does not exist naturally. Induced muta

tion create new alleles by altering existing alleles of genes. Polyploidy breeding 

alter the ploidy level of plants. Differences in the genome level changes the gene 

dosage leading to genetic variubility. The scope of introduction, selection and 

combination breeding for the genetic improvement of kacholam is very limited as 

natural variability is quite meagre and seed setting is absent. 

Polyploidy breeding is worth trying in kacholam since the economi

cally important part is rhizome and the crop is clonally propagated. Any 

improvement in yield or quality that may be induced by polyploidy can readily be 

maintained as the associated sterility does not hinder the propagation. 
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Cytological investigation by Rekha (1993) had revealed that the 

chromosome number of the crop is 55 and it is suggested to be a pentaploid. l':ven 

then polyploidy is worth trying because of the following reasons. Natural 

variability in the crop is very less and also since seed set is absent, hybridization 

and recombination breeding are very difficult. The chromosome number in this 

crop is not too high as compared to crops such as okra, Abelmoschus esculentus 

(2n = 72, 120, 130 or 132), pineapple, Ananas comOSlJS (211 = 50 or 100), Agave 

sisalana (2n = 138) etc. (Chuudhari, 1978). Also there is an optimum level of 

ploidy for each species below and above which the plant will be at a disadvantage. 

For example, for sugarbeet (Beta vulgaris) the optimum level is 3x i.e., triploid, 

while for Timothy grass (Phleum pratense) it is between 8-10x (Singh, 1 <)l)O). 

There are commercially important clonally propagated crops which are high level 

polyploids. Sweet potato, Ipomea batatas, which is a stem tuber crop, is a hexap

loid with 2n = 6x = 90 (Sundarraj and Thulasidas, 1976). Sugarcane, belonging to 

the genus Saccharum, has the basic chromosome number x = 6, 8 or 10 and shows 

very high ploidy levels. Noble cane, S. officinarum L. has a somatic chromosonw 

number 2n = 80. Some other species show still higher chromosome numbers viz., 

S. robustum 2n = 60-194, S. spontaneum 2n = 40-128 and S. barberi 2n = 82-124 

(Purseglove, 1975). Moreover the kacholam plant as a whole is relatively small so 

that an enhancement in the overall size of the plant and in its performance can be 

expected by inducing polyploidy. 
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3. MATERIALS AND METHODS 

With the objective of creating genetic variability in kachohun. 

through induction of polyploidy, studies were undertaken in the Department of 

Plane Breeding and Genetics, College of Horticulture, VelJanikkara during 1994-'95. 

3.1 MATERIALS 

3.1.1 Rhizomes 

Rhizomes of kacholam selection Vel/al1ikkara available with 

the genetic stock of AICRP on Medicinal and Aromatic Plants, Vellanikkara 

\\'ere utilized for the experiment. 

3.1.2 Chemicals 

Colchicine was used to induce polyploidy in the present in

vestigation. It is the most effective ,md widely used chemical for induction or 

polyploidy. Though several other chemicals me rep0l1ed to have polyploidizing 

effect, they are much less effective than colchicine and arc not commonly used 

(S ingh, 19(0). Colchicine is an alkaloid extracted from the plant autumn CroCllS 

(Co/chicHIII (futumnaie). It is commercially available as a cream coloured 

powder soluble in water. It can bring about chromosome doubling at lower 

concentrations. Colchicine supplied by S.D. FINE-CHEM LTD .. Mumbai was 

used in the present experiment. 

3.2 METHODS 

3.2.1 Fixing doses of colchicine 

To filld out the optimum dose of colchicine. tirst a prelil1li

mu)' trial was conducted by trl~aling the rhizomes with different doses of colchi

cme and observing the germm<ttion or sprouting of the treated rhizomes, under 
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laboratory conditions. 

First healthy rhizomes were selected, washed and cut into 

~Illall pieces of around .5 g weight and with 2 or .~ viahle buds. Then 20 

C<lch of the rhizome bits were kept immersed in aqueous solutions of colchicine 

with concentrations 0, 0.25, 0.50, 0.75, 1.00, 1.50 and 2.00 per cent for 4 

hours, from 7-11 a.m., on two consecutive days. For this, first a stock solution 

\\a~ prepared by dissolving 3 g of colchicine in a small qu,mtity of glycerol (I ~ 

III I ) <lnd then making up the volume to 150 m1. Tbis solution was diluted to 

different concentrations as follows. (n the case of control treatment, 5 1111 of" 

glycerol was dissolved in water and the volume was made upto 50 ml. 

Concentration Volume of stock Volume of water Volume of the treatment 

((Ir, ) solution (llIl) (m!) solution (ml) 

n.oo 0.00 50.00 50 

0.25 6.25 43.75 50 

0.50 12.50 37.50 50 

0.75 18.75 31.25 50 

1.00 25.00 25.00 SO 

1.50 37.50 12.50 50 

2.00 50.00 00.00 50 

After the first day's treatment, rhizomes were taken out and washed 

thuroughly in running water and kept on a moist sand hed. On the second day 

abo. thc same treatment was repeated. After tbe treatmcnt, rhizomes were washed 

thoroughly and sown in a sand bed wbich was tben kept moistened by regular 

sprays of water. Tbe sprouting was observcd. Based on the germination percentage. 
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the doses for the treatments were fixed. 

3.2.2 Colchicine treatment 

3.2.2.1 Preparation of rhizomes 

Fully matured quality rhizomes were first cleaned by washing with 

water for removing the soil and then the scales were scraped off using a scalpel, 

so that the buds are clearly visible. Rhizomes were then cut into small pieces 

weighing about 5 g each and with 2 or 3 viable buds of which only one healthy 

bud was retained for treating with colchicine, the rest being removed with the scal

pel. Buds at two stages of sprouting were selected viz., just emerging bud (SI) and 

bud at an advanced stage of sprouting (S2)' The prepared rhizomes were then 

grouped into two according to the stage of bud growth. In half of the rhizomes in 

both the groups, a hole about 2 mm diameter and 4 mm depth was drilled close to 

the bud using a cork borer. 

3.2.2.2 Preparation of colchicine solution 

A weighed quantity of the commercially available colchicine powder 

was mixed with a small quantity of glycerol (10% of the final volume) and dis

solved in distilled water and then the volume was made up to achieve the required 

concentration. The concentrations tried were 0, 0.05, 0.15, 0.25, 0.35 and 0.45 per 

cent and accordingly 0, 25 mg, 75 mg, 125 mg, 175 mg and 225 mg colchicine 

were weighed and dissolved in 5 ml glycerol each and vol ume made up to 50 ml 

with distilled water. 

3.2.2.3 Colchicine application 

Buds at two stages of sprouting were selected for colchicine treat-
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ment. The application was done by two methods and at two durations of treat

ment. The same treatment was repeated on two consecutive days. 

Stage of sprouting 

just emerging buds 

buds at an advanced stage of sprouting 

Methods of colchicine application 

1. Method 1 (M,) - hole method 

Here, colchicine was applied in holes drilled close to the bud. The hole 

was kept filled with the solution for the specified time (Plate 1). 

2. Method II (M) - Cotton swab method 

Here the bud was kept covered with a piece of cotton wool soaked 

in colchicine solution for the specified time (Plate 2). 

Duration of treatment 

4 hours on two consecutive days, from 7 a.m. to 11 a.m. 

2. T, 

6 hours on two consecutive days, from 7 a.l11. to I p.l11. 



Plate I Method I of colchicine application: hole method 

Plate 2 Method 2 of colchicine application: cotton swab method 
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In the experiment, two types of controls were maintained 

- absolute control and treatment controls. In absolute control, the rhizomes 

were pl,mted as such without any treatment. In treatment controls, the rhizume>; 

were prepared by scraping off the scales and removing the buds, retaining .\ 

single one and they were subjected to the same treatment except colchicine i.e., 

either the hole made near the bud was kept filled with distilled water mixed 

with glycerol (10% of final volume) or the buds were kept covered with a 

piece of cotton wool soaked in distilled water mixed with glycerol (10% of fi

nal volume)~ for the specified time. 

Thus there are totally 48 treatment combinations VII., ) 

"tages of sprouting (SI and S) x 2 methods of application (M I and M) x J 

time of treatment (T
I 

and To) x 6 doses of colchicine (C
I 

to CJ including the 

trl:atment controls. Twenty rhizome bits were subjected to each of the treat-

menl. 

After the treatments, the rhizomes were washed in rLlnJlin~ 

\\ ater for one hour and stored in moist soil overnight. On the next day also the 

"time treatment was repeated, after which the rhizomes were planted in "and 

t1 ays. Untreated controls were also planted. They were kept in the laboratoI), 

for two weeks, i.e., till the sprout emerges. Then the young plants were lifted 

undisturbed and planted in the main tield at a spacing' of 15 x 2S ems. Plant

ing and after care was dOI1l' according to Package of Practices Recommenda

t:ons (KAU, 1993), except the application of chemical fertilizers. 

The field was inspected and plants were observed regularly. 

Plants showing marked variation from the controls were marked and oh"er\,~l 

tions 011 establishment, growth, morphological features and hiometrical character" 
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were recorded. 

:\,2.3 Observations 

3.2.3.1 Germination 

The number of rhizomes sprouted per plot was recorded at fort

nightly interval and the germination percentage was worked out. The data will 

he statistically analysed. 

3.2.3.2 Number of leaves 

Number of leaves produced per plant was recorded at monthly 

interval. 

3 2.3.3 Leaf shape 

The shape of leaves of each treated plant was observed visually 

amI recorded as described by Lawrence (1951). 

3.2.3.4 Length and width of leaves 

Five fully opened leaves were selected at random from each of 

the treatment plant for recording the length and width of leaves. The length was 

measured as the distance between the base and tip of leaf blade. The avera~c 

length and width of lcaws were then computed. 

3.::.3.5 Nlimber of side shoots 

The number of side shoots/slickers produced by each treatmellt 

plant was recorded and the average worked out. 

3.2.3.6 Flowering 

Number of plants flowered III each treatment was recorded and 

the mean percentage worked out. 

3.2..3.7 Variations 

Variation from control noted 111 any of the characters were also 
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recorded. 

3.2.4 Identification of polyploids 

Plants showing marked phenotypic difference from the COII

trul plants were harvested separately during the end of January, after all the 

leaves had dried up. There were totally 18 plants identified. Rhizomes \\ere 

then dried in shade after dipping in cowdung slurry and stored in polythene 

covers. During May 2nd week, they were sown in sand trays along with the 

rhizome of untreated plants and watered regularly. When roots were formed i .l·., 

after 11/2-2 weeks, the rool tips were collected and the mitotiC' stages wele 

critically observed to aSl'l~rtuin the chromosome number and also to study cyt()

logical ahnormalities. The Illorphological characters, numher and size of st0ll1al;1 

and flowering were studied in detail, in the selected plants in comparison to the 

standard. 

3.2.4.1 Mitotic studies 

In order to find out the chromosome numher of variant Ii, 

mitotic studies were carried out using root tip squash method. The procedLlJ C 

standardised and tirst reported by Rekha (1993) was adopted for this. 

3.2.4.1.1 Time of collection of roots for mitotic studies 

Expecting a high rate of cell division in the mornmg hours. 

roots were collected at an interval of 30 minutes starting from 5.30 a.m. lIpto 

10.00 a.lll. and slides were prepared and observed for dividing cells. 

3.2.-1-.1.2 Procedure for mitotic studies 

Young and actively growlI1g roots WLTe excised and \\d~hed 
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to rel1love adhering soil particles. They were fIrst pretreated in saturated aque

ous solution of a bWlllollapilthalene for a period of 4 hours at 4°C. The pre

treated roots were waslwd thoroughly in 4-5 changes of distilled water and 

fixed in l'amoy's B Iluid to which a little ferric acetate had heen added . 

Carnoy's B fixative 

I part acetic acid + 3 parts chloroform + 6 parts ethyl alcohol 

After 24 hours the roots were washed thoroughly and 

drained on a filter paper and stained in Snow's carmine for 24 hours. 

Snow's Carmine stain 

Components Preparation 

Cmnine 4g Four grams of can nine powder was dissolved in 

H57r alcohol 95ml 15 ml boiling distilled water to which I 111101' 

Concentrated HCI I IllI concentrated HCI had heen added. Then 95 ml of 

Distilled water Isml Rs% alcohol was added to it. The stain was then 

cooled, filtered and stored in tightly stoppered 

bottles (Snow, 1963) 

A large quantity of the stain I.e., ahout 2 to 3 

times as much as needed to cover the root rips was used for getting efficient 

penetration. To improve the stainability of chromosomes. a drop of ferric acetate 

was added to the stain also. The stained roots were squashed on a glass sl ide. 

in -~5 per cent acetic acid. Alter keeping the coverglass, the slide was w<u'flIed 

slightly and pressed under the folds of it filter paper. The slides were scaled 



27 

with nail polish and screened for mitotic chromosomes. Camera lucida drawing~ 

of the good plates were made and photomicrographs were taken USlf1g a Lcill. 

Biomed Research Microscope with Automatic Camera Unit. 

... 
3.2.4.2 Stomatal Study 

Stomatal size IS found to near a direct correlatiol1 

with the ploidy level of plants. An increase in the size of stomata is an indica· 

tion of increased cell size which results from increase in the number of chro 

mosomes. 

For observing stomata, peeling of the lower epi·· 

dermis of the leaf was taken and mounted in glycerol and onserved under a 

light microscope. The length <Uld width were mea"ured with the help of Ocular 

and Stage Micrometers. Photographs of good preparations were taken. 

In order to ascertain the stomatal index, peel ings 

of rhe lower epidermis were taken from the nase, middle and tip of the leaf 

lamina and number of stomutal openings, as well as number of other cells 

were counted per microscopic field. The stomatal index was worked out uSIng 

the formula, 

Stomatal Index = __ N_u_m_h_e_r_o_f_st_o_n_1a_t_a ____ x 100 
Number of Numbcrof 

stomata + other epidermal cells 

Five mature ICHves selected at random were observed per plant 

and mean stomatal index was determined. 

The stomatal dl'llsity wa." also worked out ny counting nUl1lner or 

stomatal openings per I 111111.' uf the lower epidermis and expre.;sed as nUlllher 
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per cm" of the leaf lamina. Here also 5 mature leaves were observed pcr 

plant, with 3 measurements from each leaf and average was worked out. 

3.2.4.3 Meiotic Studies 

Meiotic studies were carried out following the 

fixation and staining technique as described below. The procedure was tirst re-

pOr1ed by Rekha (19<)3). 

Inflorescences of variant as well as control planh 

were collected between 11 Hm and 12 noon and fixed in acetic alcohol (I: 3) 

for 24 hours. 

The single anther dissected out from flower bud 

of proper maturity was kept on a clean slide and smeared well in a drop of I 

per cent acetocarmine to which a little ferric acetate had been added. Cover 

glass was then placed over it and the slide was gently warmed and pressed 

under folds of a filter paper. The prepared slides were examined under a Illi-

0\ S I Yt,G 

croscope and those slides with meiotic stages were scaled well ltSed'nail polish. 
" 

They were examined ill detail for meiotic chromosomes, for their characteristic,; 

and behaviour. 





4. RESULTS 

An allempt was made for inducing polyploidy in K(/(,lIll'fai(/ 

g(//(/lIg(/ L. at the Colkgl~ or Horticulture, Vdlanikkara during 1994-95. by treal ing 

the rhizomes with colchicine. The various effects of colchicine on kachohlll1 a'; oh 

served in the present st udy are presented below. 

4.1 Preliminary trial to fix the doses of colchicine 

The germination observed in the preliminary trial is presented In 

Table 1. From the table, it is clear that the LD'i{) value of colchicine for kacholam i~. 

somewhere around 0.5 per cent. Thus the doses for the experiment was fixed in the 

range of 0-0.5 per cent, at an interval of 0.1 per cent, starting from 0.05 per cenl. 

4.2 The experiment 

In the present experiment, there were totally 48 treatment 

combinations i.e., 2 stages of bud sprouting x 2 methods of colchicine application 

x 2 treatment durations x 6 concentrations of the chemical. [n each of the trcat-

ments, 20 rhizome pH:ces Wl:rc used. After the treatment, rhizomes were planted 

temporarily in sand trays and later transplanted to the mainfield. The growth of the 

treated plants were observed critically in comparison with untreated control plants. 

4.3 Survival of plants 

There were death of plants resulting from the treatment in the 

initial stages. After two months no further mortality was noticed. The survival 

counts of plants recorded in various treatment cOlllbinations estimated a.\ l/Iean 

values are given in Tahk 2(u) and 2(b). 

The survival of plants treated in the two methods M and M 
1 : 

at both tile treatment durations TI and T, arc pre.-;entcd in Table 2(a). The Ilt('LII1 
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Table 1. 

Sprouting in the preliminary trial 

-
Days after 

Number of rhizomes sprouted 

Concentration of colchicine (%) 

sowing 
0 0.25 0.5 0.75 1.0 1.5 2.0 

5th 19 14 7 2 1 - -

10th 19 16 8 4 1 - -

15th 19 16 8 5 0 - -
---
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Table 2(a). 

Survival of colchicine treated plants: Method of treatment vs Duration 

of treatment 
----

Concentration Mean number of plants survived in 
---

of cokhicine M) M2 M)T) MT ) 2 M2T) MT :' ) 

C) (Control) 18.25 18.00 18.5 18.0 19.0 170 

C 2 12.50 17.50 15.5 9.5 17.0 1 X.O 

C
1 

12.00 17.50 13.5 11.0 18.0 17.0 

C
4 

11.50 17.25 13.5 9.5 16.0 IS.5 

C s 9.00 17.00 11.5 6.5 16.5 17.5 

Cc, 8.00 16.50 8.5 7.5 15.5 17.5 

--
Average ofC

2
-C

6 
10.60 17.20 12.4 S.8 16.6 17.7 

(all values expressed out of 20) 

C indicate the concentration of colchicine , 

C) - 0% C
2

·O.05% C 1 - 0.15% 

C" - 0.25% C
I

·0.35% 

M indicate the method of treatment , 

M 1 - hole method M2 - cotton swab method 

T indicate the time of treatment , 

T1 - 4 hours on two consecutive days T: - 6 hours on two consecutive days 
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Table 2(b). 

Surviv~tI of colchicine trented plants: Stage of bud vs Method of treatment 

Concentration Mean number of plants survived in 

of colchicine S I S 
2 SIMI SlM2 S2M I S2M7 

C I 18.50 17.75 19.5 J 8.5 17.5 18.0 

C
2 

14.25 15.75 12.5 16.0 12.5 19.0 

C 
3 

16.00 13.50 12.5 20.0 12.5 15.0 

C 
4 

15.25 13.50 7.5 18.0 10.5 16.5 

C~ 12.75 13.25 8.5 18.0 9.5 16.0 

C(, 13.00 11.50 8.5 17.5 12.5 15.5 

Average ofC
2
-C

6 
14.30 13.50 9.8 17.9 11.4 16.4 

--
(all values expressed out of 20) 

S indicate the stage of bud growth 
x 

SI - just activated buds S2 - advanced stage of sprouting 

For MI, X2i = 38957320"; for M
2
, X\ ~ 35216470" 
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numher or plants sLJrvin:d in MI was 10.6 while that of M, was 17.2. On the 

other hanei. the mean \ulvival of controh (O(Y,) Wl'll' IX.25 and IX.OO respccti\\.:ly 

Tlli~ rk,lrh indicates lil;lI I!lUII,tilty of the pl;lIlts i" Ilot due to the ll1echanil'al in· 

Iury that Illay he caused whik dl'lllmg till' hok ncar the hud, but due to the dket 

oj colchicine. Taking II1to cOllsideration the duration of treatment, in MI a hi~her 

treatment duration tended to reduce the survival rate. The average of M IT \Va" 
~ I 

12.-~ and that of M IT. was XX In M 2' reverse trend was observed and the aVeI<lgc 

Tahk 2(b) presents the survival of treated planl'i compannr tlw 

stage" of hud growth ;lI1d metliods \)f treatment. i\ higher mortality was ohsnH'd ill 

method I compared to Illethod 2 in hoth thc stages of hud growth. The llle;lIl sllr-

\ival count in 5
1
M I \\;\.\ lJ.X and that of 5

1
M

2 
17.9 \vhile the val lies in S,M I alld 

S.\\, were 11..+ and IhA rl:spectivdy. For M I, a slightly higher mortality \Va" uh-

"l'ned in Si (Illean "un'ival count lJ.X) compared to S, (mean survival cOllnt 11.'4) 

\\hereas for M, the trend was reverse (thc mean survival counts for 51 and S, \WIT 

17() and 16..+ respectively). In general, plant mortality was found slightly higher In 

the advanced stage or hud sprouting (mean survival count in 5, - I J.5) compared to 

huds that have just begun to sprout (mean survival count 111 5 I - 14.3). 

However, though the di tTerence bet ween M I and M, \\'a.\ round 

"tali"tically significant. X'I' for MI as well as M, was not significant. Thus it Il1L1.st 

Ik' concluded that st~lge or hud growth and time or tll'atlllcnt have no signii"iC<lI1t cr-

ket on MI and Me' SUIlIC ot the treatments indicate a trend that as the concclltlatl()n 

(l/ colchicine increa"e~, the Ilulllber of plants survived decreases. But this \\'<IS /lot 

(ollnd statistically signii·lc<lnt. sinee X\ for MI and \1, Wl:re highly significant. 

.tA Growth of plants 

In tile main ficld. the growth or the plants eIl1erged Imlll thl' 
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In general, the plants rcsulting from the method of treatment 

M I' wherein colchicine was applied in holes drilled close to the sprouting bud 

were smaller in size than the control plants. Initial growth rate was slow, !lumber 

of suckers and total number of leaves per plant werc less, and size of leaves were 

smaller. The mean numlx:r of suckers per plant in M, was 2.28, two months aner 

plunting and 4.45, four months after planting. The corresponding values in controls 

were 4.10 and 7.17 respectively ITable 3(a) and 3(b)j. Total number of leaves per 

plant was 3.46, two months after planting and 8.79, four months after planting in 

the case of M, where as the controls recorded the values 8.68 and I <I.7R 

respectively [Table 4(a) and 4{b)]. The leaf size recorded three months after plant

ing is furnished in Tablc 5 and it can be clearly sccn that mean leaf length and 

breadth in M, were less than the controls. Many of the plants had an unhealthy 

appearance because of fewer number of leaves while in the case of control plants 

thcre was profuse suckering and clustering of leaves. But several of the plants 

were found to possess normal rate of growth towards the end of thc growing 

scason so that at maturity they were more or less like the untreated plants. In other 

words the deleterious effects noted in the early stages of growth wcre compensatcd 

towards the later stage of growth. 

The plants resulting from the mcthod of treatment M2 wherein 

cotton swab techniqe was adopted, were very much like thc control plants with no 

appreciable difference. There were neither gigas plants nor plants with rcduced 

VlgOUr. 

Normally in kacholam, plants start flowering ahout 2 months 

after planting. The flowering season is from June to Septemher and peak t10wering 

is nuticed during July and August. Thc percentage of plant~ no\\,,-,red in \'ariolls 

treatments is presented in Tahle 6. 
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Table 3(a). 

Mean number of suckers per plant, 2 months after planting 

- .0-

M, M, 
.-

ST ST ST S
l
T

2 
ST S2TI SI T2 S,T, 

'I I 2 I L J ~ I I - -

C 
I 

4.32 3.91 4.41 3.77 4.47 3.90 4.30 3.78 

C, 2.62 2.17 2.34 2.72 5.02 4.12 4.03 3.91 

C 
1 

2.51 2.23 2.14 2.91 4.11 3.74 3.65 3.17 

C 
4 

2.32 2.14 2.13 2.31 3.64 3.71 3.61 3.12 

C , 2.16 2.90 2.09 2.01 3.55 3.69 3.53 3.09 

C 
() 

1.96 2.02 1.97 1.86 3.69 3.44 3.12 3.11 

Grand mean of treatments - 2.28 Grand mean of treatments = 3.65 

Grand mean of controls = 4.10 Grand mean of controls -- 4.11 
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Table 3(b). 

Mean number of suckers per plant, 4 months after planting 

M, M, 

S,T, SzT, SJ2 S2T2 S,T, ST S,T2 S,T, 
2 I - -

C 
I 

7.86 8.12 6.69 6.01 7.40 6.93 7.48 6.99 

C 4.96 5.16 5.07 4.97 8.77 8.14 8.08 7.50 

C 4.84 4.64 4.36 4.78 8.55 6.91 7. I 8 6.n 

C 
~ 

4.36 4.41 4.28 4.37 7.69 6.66 6.52 6.63 

C, 4.16 4.23 4.26 4.17 7.34 6.39 6.49 6.30 

C 
" 

3.94 4.18 J.78 4.01 6.94 6.22 6.48 6.26 

Grand mean of treatments -- 4.45 Grand mean of treatments - 7.10 

Grand mean of controls = 7.17 Grand mean of controls = 7.20 
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Table 4(a). 

Mean number of leaves per plant, 2 months after planting 

--

MI M, 

SITI SlTI ST I 2 S2T2 SITI ST 
2 I SI T2 S,T, 

C 
I 

8.75 8.02 9.05 8.92 8.85 9.42 8.28 8.91 

C , 3.75 4.62 5.50 5.66 9.35 8.35 9.07 9.00 

C , 4.64 4.22 3.95 4.65 9.14 8.57 8.71 8.35 

C 
I 

2.34 3.16 3.35 3.32 8.78 9.21 9.28 8.50 

C, 2.75 2.86 2.99 2.52 8.71 8.92 8.42 9.50 

C 
(, 

2.00 2.57 2.14 2. 11 9.28 8.85 8.21 8.64 

Grand mean of treatments = 3.46 Grand mean of treatments -- 8.84 

Grand mean of controls = 8.68 Grand mean of controls == 8.86 
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Table 4(b). 

Mean number of leaves per plant, 4 months after planting 

--
M, M2 

ST 
I I S2T, S,T2 S2T2 S,T, S2T, SJ2 ST 

~ ~ 

(I 20.22 18.69 21.32 18.91 21.28 20.42 18.96 19.98 

C, 9.93 9.12 12.32 14.75 21.63 18.25 22.32 22.70 

C, 9.64 9.09 10.44 10.36 22.74 21.12 19.66 18.20 

C 
~ 

7.90 8.94 9.62 8.62 19.75 20.56 21.]5 20.CJ=~ 

C, 6.22 6.21 8.33 8.65 19.85 18.91 19.78 20.20 

C 
(. 

5.57 5.22 6.Y2 7.99 20.91 20.38 18.52 18.35 

Grand mean of treatments - 8.79 Grand mean of treatments - 20.:W 

Grand mean of cuntrols . - 19.78 Grand mean of controls - 20. I (, 

-



Tahle .'i 
Average leaf size per plant, 3 months after planting 

I 

I MI M2 
I 

SITI S2T I SIT 2 S2T 2 SITI S2T I SI T 2 S2T2 

1 b 1 b I b 1 b I b I b I b 1 b 

(' 
~ 

10.12 7.52 9.29 7.16 11.62 8.17 9.34 6.92 13,41 8.91 12.78 9.22 13.64 9.00 I 12.99 8.53 

I 
I 

i I 

C, 8.96 6.86 8.83 6.98 7.37 5.62 7.86 5.78 12.28 8.24 12.56 9,45 11.74 8.28 i ! 1 I'l..1 8.38 1 1.::- . 

C, 8.66 5.73 8.25 5.79 7.02 5.46 7.14 5.62 11.67 8.45 11.62 8.37 13.33 9.23 12.13 8.93 

('4 7.71 5.55 7.31 5.26 6.63 5.35 6.43 5.55 11.52 8.50 11.55 8.26 12.13 9.13 12.04 8.77 

C 6.97 5.21 6.96 5.05 6.61 4.83 6.49 4.85 11.61 8.30 11.42 8.08 11.66 8.26 11.71 8.34 

C 6.58 4.81 6.90 5.03 6.45 4.61 6.16 5.13 10.99 7.94 11. 11 8.03 11.23 7.88 11.28 7.90 

Mean leaf length of treatments = 7.26 Mean leaf length of treatments = 11.78 

Mean leaf length of controls = 10.09 Mean leaf length of controls = 13.2 

I I fvlem leaf breadth of treatmenb = 5,45 , ~1eaf1 leaf breadth of treatments = 8.~-+ , 
I 

I 

Mean leaf hreadth of controls _ '7,1·1 I !\1e:lr. le~f breadth of controls = 8.u2 - ,.,. I 

j 
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• 
Table 6. 

Mean percentage of flowering in treated plants 
~. --

S,M,T, SI M IT2 SlM1T1 S2M IT2 SI M 2T I SI M 2T2 S2 M 2T I S,M,' 1', 

C 
I 

100.00 94.44 94.74 100.00 95.00 . 100.00 100.00 94.4 4 

C ) 90.00 100.00 80.00 81.25 93.75 95.00 93.75 100.0 o 

C 
\ 

54.54 72.73 84.62 69.23 100.00 100.00 100.00 100.( )0 

C.J 63.63 75.00 71.43 53.85 94.44 94.74 100.00 92.8 6 

C , 50.00 28.57 81.82 41.67 100.00 100.00 94.12 87.5 o 

C 
/) 

33.33 33.33 27.27 16.67 95.00 100.00 93.33 100.( )0 

Grand mean ofcontrols in M I =97.3% Grand mean of control in M2 =: 97.36% 

Grand mean oftreatrnents in MI = 60.45% Grand mean oftreatrnents in Me ,= 96.72% 
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From the table it is evident that in M
J 

a lower proportion of 

plants flowered and in M2 number of plants flowered were on par with the control. 

Flowering was noticed in all the concentrations of colchicine treatment. And no 

delayed flowering was observed i.e., no flowering was noticed after Septembn. 

Towards the end of the growll1g season 18 plants showi ng 

marked phenotypic difference from the normal plants were identified as suspected 

polyploids. The pattern of selection of variants from among the various treatment 

combinations are presented in Table 7. 

The selected variants include 14 plants from M
J 

and 4 from Mc' 

Thirteen plants selected from M
J 

were characterised by reduction in vigour and 

they didn't flower during the crop period. The 14th plant was the largest/most 

vigorous plant from M J' Of the 4 plants selected from M
2

, one was the largest 

plant and one was the smallest. Two other variants were also selected from M~. 

The morphological featun:s or the selected plants as compared to normal plants are 

furnished in Table 8. 

4.5 Morphology of the variants selected 

From Table 8, it is clear that most of the variants selected were 

characterised by reduced vigour and plant size. No increased plant size was noted 

as a result of the treatment. Some variants had thicker and darker green leaves 

which is a character aSSl>Ciatl~d with polyploids. Other variations noted include 

round shape and pale green colour of leaves. One variant plant appeared chimeric 

(plant No.5) with prominent striations on the leaves in one of the side shoots. 

Purple colouration of thl" leaf tip on the under surface was another characteristic 

l1uleJ and in one variant, the young leaves had yellowish tip. Some variants had 
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Tabll?7. 

Number of variants identified from different treatment combinations 

SIMITI SI MJ2 SzM1T1 S2M IT2 SI M2TI SIM 2T2 S}vt2TI SMT 
l I 2 ~ 

C 
I 

C, 1 2 
-

C, 1 1 

C 
4 2 1 1 J 

C', 2 I 1 

eJ 2 1 1 (, 

~. 



\/orplwlo),!il'al katun'" of ,d~dcd \'uriant, 
".--.-_._---

---~--.-

Pidrd fr·,'d 1Illl'111 \'I\IIlIHII,tll\111 .\u[lIhcr NlImhrr I,(,J/ "Ill' J'IO\\'\'l!ll~ 
\lI!Ilb\'l " III ',dli~11 {lie pL1Il1 "I "I 

::,1' b\.'\.'I, idl.'lllilll'd 'Lk~C!" kJ\c,> lell,111 Widlh 
IlIlll (,'m) 

S \1 T C, 'i h.,12 231 

.., \1 1 C, () 7.:) h,I5 

,\ \1 ( , ." I' 'J '\ 7.0 

-I '-; \1 T (' X,'i -I'i 

, \1. Ie, X J.7'i I.XO 

6 S \1 '(' 6 6'i 375 x 

\ \1 I (' -I (,) -1,5 

X \ \11 C 7 ~ ') ,- 5,2 x 

lJ '> \ I I ( :; 7 :; -I2'i x 

IU S .. \I,T,C 2 H 1.1) -II) 

I! "- \ 1 I ( 'J ' :) ,il>li 

12 " \ I j' (' 7 ~,O ;0 x 

I, " \1 I I R 9,5 

1-1 '> \1 I ( 14 12,0 US 

15 " \ 1 1(' II I) 'i 6,5 x 

:(1 \ \ I 12 12 () 7,0 

I~ '> \, 1 I) ~() 11 0 '!() 

IS '> \ 1 (' 
" 'J 'J , I) , 

'i._'O 

.\ LmJ S, arl' :",(cl~l''' l'! hhl "pn1llting. SI Deing just l'l1ll'rgill~ huds and S( an aJv;.lllcl'li 
:-,t~lgC of Srrl)U(ln~ 

\1 ..lIlJ \1 ..lr~ !ll('[ih)~!" (1/ C~JlclllciJll' appiicatilHl. In ,\11 colchicinl' \\.';jS applied in a ilOk 
JfllkJ (lll~l' (() thL' ':luJ .l1lJ II \1 d cuttOIl picc!.! suakl'J in tile chelllical \\.~1.\ r1ac;,:d ()\l'l 

:;:':!l,!\",-'\.·(llk ... -':ll.,Jli\llll):\..·)kh~\..'llll:-C -(J.(),:~:U(),(' -0.1:)'1",( I·O.~.~()IJ,( _().,,,;;o'o 
,~nu l - (J --l~' 

i ,Hlj! ,lr~llI1lt.:(q{rl"I:111'.JI(· I, ·~lh)LJr\aIlJ·1 -()h{lllr'\.rqh:Lllcd()n[\\()coll .... ~(,:Llti\c 
JJ\ , 

------,-- -----,\ 
(JtllL'! l'llar;!l"!l'/\ 

----~ 
~Ill~lll pl:mL k"" \ It!-I'r()u:-. 

Il';I\l'''> \Ill,dk, 

I 
:--'lJlall plant. k.\.\ \ 1t211rnu:-. I I ca\c~ :--Illall. d:lrh ~rCl'n III (ol{llir. with '\'<.1\) Ill;tr~lrh 

I ea\cs Ihid, '1I1d rOlilldish 

Small plallt 

I l'~1\ L'S :'JlldIL p.ile t!rl'cn ill ClllUlJf 

l.l'ar tip h:h :1 pllrpk cplour,ltioll nil the ulh.kr:-'lIrl ,Il',-' 

I he sllwllest plalll ill :-'1, 

lea\Cs \ery sm;d!. pak and elongated 

!'etiok lung allli \ jsibk abow ground 

I .ca\ t:s stand sl'paratL' without a.ny clustering 

Small plant. k" \ ignrolls 
I ,'a\Cs small. p,dc 

~Jll;!ll r1all1. k.""'" \ J~l)n)lI~ 

I."" es thick all.! lhirker ~r,'cll hUI SJll~11 in si/c 

Small rlanl 

I.,'a\ ,'.' p,J/,' ,11,,1 Ihin 

Slllall rlant 
)'\ lllllg kd\'C> Iud :1 ! L'll(l\\ l'()]lllJl;tt lllll III (Ill' IIf' 

PLlIlt s1ll:lii ;Jlld k'~" \ Jgor{)ll~ 

1,'.1\,', sillall IlIlh pmlllinellt lip 

\"""11,1""1 
I l'.\\ l'S naITO\\ :llld pointed 

III 01" silk ,11<)01 Ihe ka\es appcar 

striped \I ilh l",r;/,II11,J/ dark t;reen ~Ild light grl'en ["""1, 

~lll,!lkr k~I\l':' \\Ill! \\a\: marglllS 

l'I~!!lt k:-.s \ igllrtlll> 

l'urpk cnl( lur;Jli(lll lll" k;lr IIp \ 1!1 the UtHJef>')lH Lill' (1) \lllltlg k. 

I ea\ ,'S thick 

Plant te~ ..... \ 1t;llltlU'-, 

I he I'''gest 1'/;1111 111 I'd, 

I l'a\Cs dark "rl'l'n \\ itll r(Hlnd tip 

I l'af \'L'ins l'f"llJllilll'llt 

I,'a\ l'S Iltid, .til.! pale 

lite lal~es 1'/;1111 in 1\1, 

lite slll,dlesl 1'1;111/ in 1\1, 
I .l' ..... ~; \ j~ ()J till', 

!'IJrple cnjPllr.ll)(lll of leaf tip Oil thl' ulli..krsurLlll' 

--_._------------j, 



44 

wavy leaf margins. 

Thc seledt.:d plants were marked in the field uSing pegs and 

har\ested separatdy in tht.: last week of January, after all the kaves had dried up. 

There were no morphological difference for the rhizomes, except in size bd\\'\.?cn 

the \'ariants and the control plants (Plate 3). All the variants except one had one or 

more mother rhizomes and a few finger rhizomes. One variant (plant No.6) had a 

single mother rhizomt.:. The rhizomes of another variant (plant No.5) weft.: very 

small und globular with closely spaced leaf scars or nodes. The fresh weight of 

rhizomes ranged from I ,3X g to 48,00 g. Another characteristic of kaclwiall1 

rhizomes is the prt.:scnce uf 'wat(~rbags' i.e., swellings on the roots which were 

prcst.:nt in the variants as well. 

The rhizoI11t.:s after drying in shade were stored in polythene 

bags for detailed cytological and morphological studies in the next growing season. 

4.6 Study of the variants s(~lected for detection of polyploids 

The usual morphological features associated with polyploidy 

include increased cell size and size of vegetative parts, extended vegetative ph'lse. 

delayed flowering, increase in the size of stomata and decrease in its density de 

However, these indications are only secondary and hence can be used for prelimi· 

nary screening for the presence of polyploids. The final proof to confirm a plant tn 

bt: a polyploid is the increased number of chromosomes 111 the somatic cells which 

can he contirmed by observing the mitotic division. Meiotic irregularities arc also 

assuciakd with polyploids and there will be various chromosome associations. 

For detailed study of the \'miants isolat-:d, 111 the following crofl 

SC~bllIL tht: rhizomes \\t:re planted in sand trays in the lab and watered rC:,',lIl:1rl~ 



Plate 3 Rhizomes of variants identified and control plants 

LAY-OUT 

Control Variant 1 Variant 2 Variant 5 Control 

Variant 7 Variant 4 Variant 6 Variant 14 Variant 9 
(Polyploid) 

Variant 15 Variant 8 Variant 3 Variant 13 Variant 18 

Variant 12 Variant 16 Variant 10 Variant 11 Variant 17 
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Two \\eeks later the root tips were excised and mitosis was ohserved. The plallts 

wele then replanted in earthen pots filled with potting Illixture and their growth 

was critically examined dnd observations on biol11etrical characters were recorded. 

-+.6. I Mitotic studies 

In onkl to lind out the chromosome Ilumher of the parent In;\

teri;tl ;IS well as the Vall<lllh, root tip squash preparations were made and exatl1-

ined. The results arc presented helow. 

The ideal time of collection of roots for mitotic studics was 

found to be 7.30 a.m., both for the parent material and for the variants. CytologI

cal preparatilllls from the roots collected at 7.}() a.lll. had maximum cells at l';lIlv 

lJ1elaph;lsc stage. Prc-treatmcllt of roots in saturated aqueous solution o! (X 

broIllonaphthalcne at 4"(' lor 4 hours followed by 24 hour fixation in Camol"'" 13 

l1uid rllllowed by stainin~ in Snow's Carmine for 24 hours was found to give gUild 

cytological preparation with proper condensation of chromosomes and good spread. 

Till' "taincd roots wcrl' ..,quashed in 45 per cent acetic acid. Addition of a little 

fernl' acetate to the fixativc and also to the stain improved the stainability of chlll-

4.6.1.1 Mitotic study ul the parent material 

Root tip squash studies in KO(,lI1pf~ri(/ go!al/go L. using SI1\lv/:-, 

Carnlll1e stain revealed that the somatic chromosome number in this crop IS 55 

(Plate -+J. 

-+.6.1.2 Mitotic studies ill the variants 

RllUl 111' "Llu;tsh studies \\l'I'e c(}lHluctcd in ;111 thc \ari;lIlh IdcII-



• 

46 

tified. Out of 18 variants sdcLtcd, one had I 10 chromosomes in their somatic 

cells. It is an induced polyploid with 2n = 110 (Plate 7). All the remaining OI1<':S 

had 55 chromosomes in the nHlt tip cells. 

4.6.2 Morphological studies 

For studying morphology of aerial parts, the rhizomes were di

vided into sections about 4-5 g in weight, and planted temporarily in sand trays. 

Two \veeks after, the root tips were excised for mitotic studies. Kacholam produce 

thin fibrous roots as well as fairly thick roots. The colour of the roots is white 

with creamy yellow tip. There were no difference in colour, thickness and texture 

among the roots of the polyploid as well as other variants and the control plants. 

After excising roots for the mitotic studies the plants were al

lowed to grow in pots and morphology of the polyploid as well as other variants 

was studied in detail. Table 9 presents observations on biometrical characters. 

From the table, it is evident that observations on 14 variant 

plants are on par with the control plants. None of the aberrant leaf characteristics 

were expressed. However the polyploid as well as three other plants differ 

substantially from normal plants. Those four may be stable variations in kacholam 

brought about by colchicine, one being a higher level polyploid. The 

morphology of a standard plant, the polyploid and three other stable variants are 

described below. 

4.6.2.1 Morphology of a standard plant 

A typical plant of Kaemp(eria galanga L. (Plate 4) is having 

a bushy appearance \\ith 15 or more leaves in 5-10 suckers. Leaves spread 
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Table 9. 

Biometrical characters of variants, the polyploid and control plants in thc 
second generation 

Plant Total number of loaves Average leaf size Number Days to Yield 
1\0. of flowering (g) 

1 map 2 map 3 map 4 map 5 map 6 map Length Width suckers 
(em) (em) 

Control 3 8 13 18 24 25 11.25 8.3 8 49 45.38 

Control 4 8 12 17 23 23 13.75 8.25 7 53 4653 

1 4 7 13 18 24 26 13.17 9.45 9 53 52.16 

2 2 4 7 8 9 9 10.25 6.36 2 - 12.96 

3 4 9 14 21 26 26 10.50 8.15 8 54 48.03 

4 3 6 10 15 22 23 11.95 9.40 6 50 42.56 

5 3 4 5 8 9 9 4.82 2.34 2 - 7.44 

6 4 8 14 20 24 25 12.08 9.30 7 53 43.00 

7 2 3 4 5 7 7 6.75 4.20 3 - 1132 
(Polyploid) 

8 3 8 11 16 21 22 13.03 9.56 8 54 42.17 

9 2 4 6 8 9 10 8.93 7.24 4 - 15.20 

10 5 8 14 22 28 27 11.52 9.38 10 50 48.81 

11 4 8 18 28 33 33 12.56 8.80 8 51 73.42 

12 3 9 16 27 32 31 11.52 9.33 8 49 68.19 

13 3 8 17 25 29 28 13.23 9.87 10 49 59.12 

14 3 7 16 23 26 25 10.30 8.60 9 50 53.38 

15 3 7 14 19 23 25 11.65 7.65 8 52 52.67 

16 4 8 13 18 24 23 12.36 9.63 7 52 55.79 

17 3 7 14 21 2G 27 10.48 8.91 8 51 57.98 

18 4 8 15 23 27 27 12.2"7 8.58 8 50 58.86 
~.,~ --. i ---
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horizontally on the ground and the lIsual plant spread will be around 2S-30 l'm 

The plant is stemless and only leaves arc visible above the ground, The plant 

height is lIsually less than 15 em. The average length and breadth of leaves oj' the 

pLtnt under study was 12, I J em and 9.03 em respectively. The mean length of s\o-

mata \Vas 48 11 and the stomatal index was 10.7 (mean stomatal density S,600/em2 

of the leaf lamina) (Plate 7). 

The growmg season IS from June to January and the rhizome is 

ha\ll1g a dormancy from December to May. By the end of the groWlI1g season the 

bl\ es dry lip. Kacholam !lowers during July to September. The !lowers appear in 

the l'entre of a sucker and the inflorescence is enclosed in the sheathy leaf petiole. 

Flower opening is in succession and the outermost one opens first. A period of 1-\-

I () day~ i~ required for the completion of blooming in a cluster. 

The rhizomes arc aromatic, consist of a few mother rhi/oll1e~ 

and ~e\'eral finger rhizomes, Rhizomes contain a number of buds covered by le~llh-

er\, scales, Per plant yield of rhizomes will be around SO-70 g. 

4.6.2.2 Morphology of the polyploid 

The polyploid was obtained from the treatment comhinat Ion 

s ~1.T C i.l'" from a rhil.ul1ll' with !'irst stage of bud sf)!"()UtinL! (SI) treated with I : I h \...--

0.4) pn cent colchicine (( 'J ill a hole drilled close to the bud (M
I

) for a tillll' of 

rour huurs (T
I
), the treatment being repeated on two consecutive days. 

Thl' plant was less vigorous and slo\\' in growth and it had a 

rohust appearance with dark grccn and thicker leaves (Plate ~). Number of Slickers 

wa" redun'd. There wa" ~I single shoot in the first year and three in the second ~!en 

natl(lil. The lutal number u{ k,IVCS produced durillt! till' entire ~r()\\ll1g ~cas()n \\a" 
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12. TI1l:'rc was no difference in leaf shape from normal plant. The length and hrl'adth 

of till' largest leaf was 7.()~ cm and 4.23 Clll respectively. The meall length of sto

Illata was 6-+ p. which is 33.3 per cent higher than the normal plants. The index was 

lm!!l with a value of 12.6 (mean stomatal density - 4400/cm2 of leaf lamina) (Plate 

l)). The plant did not flower neither in the first year nor in the second year. 

The mitotic study of root tip cells revealed that in somatic cdh 

the plant contains 11 () chromosomes. Meiotic study could nol be condllcled~illl'e 

the pl..l!1t did not nOWl'!". 

The rhizollles morphology was similar 10 the normal plants l'X.· 

ccpt the size. In the first generation there was a single mother rhizome weighing -+ 

g and 110 finger rhizollles. It yidded one mother rhizome and three finger rhil.omes 

ill the .~el'\lnJ generation whidl weighed 11.32 g. 

-+.6.2.3 Morphology or thl' variants 

or the 17 uthl'r plants idelltified as variants, 14 hehaved like 

normal plants in the "cl'ond generation (sec Tahle l)). There was no sign of growth 

n.'tardation and there was no reduction in the size of plants. All of them flowered 

in th~ normal flowerillg season. So it must be concluded that the variation-; oh

served 111 them in the first generation were not permanent. But three of the vari

anls, ViI., plants numhered 2, :') and l) (see Table l)) maintained their characteristics 

in the second generation also. The morphology of these stahle variants arc de

scribed below. 

-+.6.2.J.1 Plant numbn I 

Tlll" \\;t" ohtained from till' tre;ltllll'llt S,\l!Tr; I.l' .. frolll d 
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Plate 6 Somatic chromosomes of normal kacholam plant 

(X 4000) 

Plate 7 Somatic chromosomes of the polyploid 

(X 6000) 



.,' 



Plate 8 Stomata of normal kacholam plant 

(X 400) 

Plate 9 Stomata of the polyploid 

(X 400) 
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Pl<1te 10 Variant plant No.2 

Plate 11 Variant plant No.5 
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rhizome with the first stage of bud sprouting (S) treated with 0.25 per cent 

colchicine (C
4

) in a hole drilled close to the bud (M) for a time duration of four 

hours on two consecutive days (T). 

The plant was small with lesser number of suckers and leaves 

(Plate 10). The number of suckers was two and number of leaves six months after 

planting was nine. The leaf size was almost the same as the control plants . The 

margins of the leaf lamina were wavy. The size of the largest leaf was 11 cm x 7 

cm. The leaf colour was normal. The stomatal size and density was on par with 

the control plants. The plant did not flower. 

The yield was also less. In the first year the rhizomes weighed 

3.14 g and in the second year the yield was 12.92 g. 

4.6.2.3.2 Plant number 5 

This was obtained from the treatment S)M)T)C
S 

i.e., from a 

rhizome with the first stage of bud sprouting (S) treated with 0.35 per cent colchicine 

(Cs) in method M) for a duration of four hours on two consecutive days (T). 

The plant was the smallest among the treated plants (Plate 11). 

The leaves were very small and narrow and their number was also less. The 

average leaf size was 4.82 cm x 2.34 cm. Leaf petiole was longer and leaf lamina 

was pale green in colour. The side shoots are not distinguishable as the leaves 

stand separate. Above the ground, a portion of leaf petiole and leaf lamina were 

visible . The leaves were not clustered and the stomatal size was identical to the 

control plants, The plant did not flower. 

The plant yielded two very small rhizomes which were globular 
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In shape with closely spaced leaf scars weighing 1.38 g in the first year. In the 

second year. four such rhizomes, a little bigger in size, were produced. The yield 

was 7.44 grams. 

4.6.2.3.3 Plant number 9 

This plant was from the treatment S)MJ,C
6

, i.e., from a 

rhizome with the first stage of bud sprouting (S)) treated in method M) with 0.45 

percent colchicine (C
6

) for a time of six hours on two consecutive days (T,). 

The number and size of leaves were reduced (Plate 12). 'T'he 

average size of leaves was 8.93 cm x 7.24 cm. In the first year the young leaves 

exhibited a yellow colouration in the tip which did not appear in the second year. 

The rhizome growth was also found retarded. The y'il'ld 

recorded III the first year was 5.06 g and in the second year it was 15.20 g. 

4.6.3 Meiotic studies 

As the polyploid did not tlower, meiotic study could not be 

conducted. In case of normal kacholam plant the procedure followed by found to 

give good preparations. Univulents, bivalents and multivalents could be detected in 

pollen mother cells during metaphase I. 



Plate 12 Variant plWlt No.9 







5. DISCUSSION 

Kacholam, Kuempferia galanga L. is an important medicinal 

plant belonging to the family Zingiberaceae. It is useful for treating a varidy (If 

ailments and it forms an essential ingredient in several ayurvedic preparations. At 

present production of this crop is not able to cope lip with the demaJ\d. 

Improvement of the crop by conventional methods of breeding is not possible due 

to seedless nature of the plant. Existing variability is also much limited for want of 

seed production. In this context the present investigation is carried out to induce 

polyploidy in kacholam. Colchicine was used to bring about chromosome dOUbling. 

Autopolyploidy, produced by doubling of chromosomes, have been found to be of 

much value in the case of plants in which economic parts are vegetative, due tn 

their tendency to have vigorous vegetative growth. Kacholam is ideal for polyp

loidy breeding, since rhizomes are the economic part as well as the propagation 

material. The present investigation is an attempt to induce polyploidy in kacholam 

and to study the morphological features of the induced polyploid and also other 

variants obtained through colchicine treatment. 

5.1 Survival of colchicine treated plants 

The plants resulting from colchicine treatment exhibited a lower 

survival rate in comparison to control. The survival rate decreased with increase in 

concentration of colchicine, in general. In other words a higher kthality was found 

associall.'d with a highn dose. Sinlllar trends \\TIl' reported in several crop" 11) 
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several workers. Gupta and Koak (1976) in Zinnia elegans, Schifino and Mora~'s-

Fernandi!s (1987) in TrU'o !i 11m, Kumar el al. (1988) in Capsicum anllUllf11 ,md 

Dhawan and Tyagi (1989) in J~yoscyamus mulicu.1 reported similar trends. KUlllar 

el ai. (1988) opined that the germination depression and low survival rate can he 

attributed i!ither to the toxic effect of colchicine or to irregular cell division thal 

results in death of seedlings. 

Among the two methods of colchicine application tried in the 

present investigation, M I, in which colchicine was applied in a hole drilled close to 

the bud, exhibited a lower survival rate compared to M" the cotton swab method. 

The mean percentage of plants survived in MI was 53.0 per cent, while that or M, 

was 86.0 per cent. Considering the fact that mean survival in treatment controls 

were almost equal, the differi!nce in survival rate can very well be attributi!d 

to the effect of colchicine. In MI colchicine was introduced deep into the tissue 

and hence the effect might have been more pronounced. This is further 

strengthened by the fact that the stable variants including the polyploid were ob-

tained from MI' It is to be noted that higher mortality of treated plants was ub-

served in MI compared to M2 in both the stages of bud growth. The survi\'al of 

SJ'v1 1 was 49 per cent and SIM2 was 89.5 per cent whereas for S2S1 and S,M, the 

corresponding values were 57 and 82 per cent. 

When we compare the two methods of colchicine applicatioll. 

M I <.lnd M2, taking into consi(kration to duration of treatment, it can be found that 

the effect of treatment duratioll is more pronounced in M I' In other words a higher 

treatment duration declined the survival rate. The mean percentage for M Twas 
I I 

62 while that of MITl was 44. In M2 such a trend was not ohserv~d. The 

respl~ctive \ alues 01''1
1 

and '1'., for Me were 83 pn cent and ER.S per cent. Tilc 

reason tor this behaviuur lll<tV he [he fact that illner ti~;slles were put in ,'Olltac( 
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with the chemical in MI' 

Plant mortality was found slightly higher in advanced stage of 

bud sprouting (S) compared to buds that have just begun to sprout (SI)' The mcan 

survival for SI was 71.5 per cent and that for S2 was 67.5 per cent. Also none of 

the stable variants could he isolated from S=,. Hence it can be conel uded that just 

activated huds are ideal for colchicine treatment for polyploidy induction in 

kacholam. 

5.2 Growth of plants 

The effect of M 1 which reduced the survival of treated plants 

was also retlected in the growth of the plants. In general the plants in M 1 were 

smaller in size than the control plants. The plants in M, were less vigorous while ill 

the case of Me the plants were more or less like the control pJants with no appre

ciable difference. In M, a lower proportion of plants flowered (60.45%) while in M2 

almost all the plants flowered in the normal flowering season (96.72%). Out of 1 R 

variant plants selected from among the treated plants, 14 were from M, and four 

from M l . Thus M, was mort: slIccessful in inducing variability compared to Me 

5.3 Methods of colchicine lIppliclition 

In the present investigation. two methods of colchicine applica

tion were tried, viz., colchicine application in a hole drilled close to the sprouting 

bud (M I) and cotton swab method (M). Among these two, the polyploid as well 

as three stahle variants were obtained from M, and no stable variation could be 

spotted in M 2. Thus M I is proved to he an ideal technique for induction of poly

ploidy i 11 kacholam. Ramachandran (1982) and Ramachandran and Nair (I q(12) 

reported the Sllccess of this tcrlJlliquc for polyploiuy induction in ginger, a silllilar 
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rhizomatous crop of the same family. In the present study also since this technique 

was successful in inducing polyploidy, it can be proposed as an ideal technique for 

polyploidy induction in rhizo11latous crops, in general. 

504 Chromosome number of kacholam 

Root tip cells of Kaempferia g{f/anga L. when observed under a 

microscope as a squash preparation using Snow's carmine stain revealed that they 

contain 55 chromosomes. Thus the chromosome number of this crop is confirmed 

to be 211 ~ 55. This result is ill agreemcnt with earlier report by Rekha (199] J. She 

further reported c1assificatioll of thc 55 chromosomes into eleven sets of five 

structurally similar chromosomes and this indicates that Kaempjeria ga/anga L IS 

a pentaploid with the basic number x = I J. The present investigation flJily 

supports this. Mahanathy (I (nO) reported a basic chromosome number of x = I I 

for ml:mbers of the family Zingiberaccae. Beltran and Kam (1984) also reported 

the basie number as II in Asiatic Kaemp!('ria. The present study also SUPP(lrt:; 

these findings on the basic number. The results of the present investigation dis· 

prove the reports of Raghavun and Venkatasubban (J (43) and Ramachandr,lIl 

(J (69), that the chromosome number of Kaempj'eria ga/anga L. is 2n = 5'L sinc(~ 

all the 55 chromosomes could be clearly counted in good preparations. Further, 

Ramachandran (1969) also suspected aneuploid pentaploidy in his report of 54 

chromosomes. 

5.5 l\litotic studies 

In the present investigation the ideal time of collection of roots 

for mitlJtic studies \vas found to be 7.30 am. Though Rekha (1993) reporl('cI the 

OCClHlCI1I.:l' oJ Illilutic division throughout th\.~ dLlY time Cllld thc peak at (1.(1() ~iill. ill 
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our study peak division was observed to be around 7.30 am, because cytological 

preparations from the roots collected at 7.30 am had maximum cells at early 

metaphase stage. The procedure of staining standardised by Rekha (199:;) was 

adopkd in the present study and it was found to give very good cytological pn:pa

ration. Staining as well as chromosome spread was satisfactory. Addition of a I ittlc 

ferric acetate to the fixative as well as to the stain was found to improve the stain

ability of chromosomes. 

5.5.1 Mitotic study of the polyploid 

While observing the mitosis of variants selected, a single plant 

was proved to be a polyploid. It h~d 110 chromosomes in the somatic cells. wlJi Ie 

the chromosome number of kacholam is 55. As kacholam is proposed to be a 

pentatploid with the basic number x = II (Rekha, 1993), the variant now got 

inducfd must be a still higher level polyploid ie., a decaploid with 10 sets of 

chromosomes (Plate 5). 

5.6 Morphology of the polyploid 

The polyploid obtained was poor In general, as compared to 

normal plants. The plant size was small because of retarded growth rate. The ~;ize 

as well as number of leaves was found reduced. Number of suckers was also 

reduced. The leaves were thicker and darker green. In several other crops also, the 

polyploids induced were found to have thicker, coarser and darker green leaves as 

reported by Sudharsan (J 989) in cardamom, Rai el al. (1976) in Ipomoea o/Jsclira. 

Patil (1963) and Rajasekharan and Ganesan (1968) in Abelmoschus esculentl/s, 

Ramachandran (1982) in ginger. Lavania (I986) in l~)'()scyaml/s muliel/s. Gaonkar 

and Tome (1991) in A~erallllJ/ cony::.oides a:1d Verma and RaiJ~a (~991) in Plilox 
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dmll/II/olldii. Slow growth rate was reported in colchiploids of Phlox drull/!IIoi/(Jii 

hy Ver/IJa ~Illd Raina (ll)l) 1). Initial slow growth rate was reported in induced ,Ill 

Illieiraploids of C/iwrill by Sri\"aslava and Raina in 1992. Stunted growth and .slllall 

planl .SI/t' was reported in Ihe tetraploid induced in Zinnia clega1/.\ by Gupta ~Illd 

Koak (1976). Colchicine induced sunflower plants exhibited distinct dwarf ch'lrac

lers (Gupta and Roy. 1 ()80). Reduced plant height was reported in induced 

dutooctaploids of H\'OSc\'UIlI/I.\ IIllIlicllS by Dhawan and Tydgi (llJR9). The nUlllbcr 

of branche:-. were also rl~dLJced In Agemtll//l C(}I1\';:.oilics. Gaonkar and Tome (llJlJ I ) 

abo rl'porlL'd reduction ill plant height. Number of leave:-. per plant was found to 

he decreased in induced autoldraploids of ColellS Iorskoh/ii. as reported by Balli 

and Tyagi (ll)X8). The autotetraploid induced in C(/l/zamllthus rosCIIS by Ku lkarIl I ('{ 

(/1. (Il)~..f) ~tl~o had le:-.s number of leaves per plant compared to diploids. 

The polypluid obtained in the present investigation had larger ~to

mala \vlth reduced stomatal density compared to the normal plants. There wa:-. n.~ 

per C('1ll increase in the sill' of .... toillata, in case of the polyploid. and the llulllhcr 

per L1lllt kaf area decreased by .: 1.5 per cent. Sudharsan (1989) reported that ill in

duced pulyploids of canlalllOlIl, the stomata were larger and the number of stolHata 

per llllJ\ leaf area was lower. According to Bai c{ (/1. (1976), in autotetraploid:-; of 

iIJ()II/('O o/J.lCllra, length and breadth of stomata increased significantly and the III I I 11 -

ber decreased per unit area . .I():-. l'! (/f. (1986) also reported decrease in the nUlllbl'l of 

"tomata a:-. the levels of ploidy increased in taro. In the report of Bahl and Tyagi 

( IlJ~~ l. in <llItotctraploids uf Coleus forskolilii, the stomatal size as well as nUlilher 

per 111Jn2 increa:-.ed. But in the present study. the sill' of stomata increased hut Illl~ir 

number per unit leaf area decreased. In Ph/ox drtllJ/lI/(}/ulii. Verma alld Rail1<l (I qq I) 

reportL'd that colchicine induced tetraploid exhibited pmnounced Illcrease ill Sl/.\. 01 

,1(lI11,lld i1ll1 tile Iluillber PL'!" unit arl'~1 \\'~h ·HJ pn Cl'llt Ic~;\. 
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The isolated polyploid in kacholam gave a lower yield than 

control plants. But in ginger, which is a very close relative of the crop, induced 

polyploid rel.:orded a higher yield (Ramachandran, 1982 and Ramachandran and 

Nair. 1(92). The rhizomes of the tetraploid ginger was larger, thicker, with 

increased nodal length and less branching. The reasons for this difference in 

response to polyploidization of both these crops may be the fact that while 

cultivated ginger is diploid, kal.:holam is pentaploid. Though the polyploid induced 

in ginger is superior to the diploid, same may not be the case when a higher kvd 

polyploid is induced from a pentaploid. Because each crop is having an optimum 

level of ploidy, it can a very well be deduced that pentaploidy is optimum for 

kachnlam and hence a higher level polyploid may not perform well. 

Jos el al. (11)86) reported that the tuber development was mud1 

restricted in induced tetraploids of taro. In induced polyploid of kacholam also, 

rhizome development was found to be much restricted . 

Flowering was not noticed in the induced polyploid of 

kacholam for two crop seasons. In ginger tetraploids Ratnambal and Nair (1982) 

reported similar behaviour. But Ramachandran and Nair (1992) observed flowering 

in tetraploids in the second year, just like normal ginger. 

5.7 Morphology of other variants 

Three stable variants were obtained in the present investigatioll 

which were also characterised by reduced vigour. The number of suckers as well 

as number of leaves were less. In two of the variants the leaf size was found to be 

much reduced. The chromosome numbers were not increased in these plants which 

was also evident from the presence of normal sized stomata. The rhizome growth 

\\as alsu found to bc retarded. The reasons for thcse variations may be ~;()mc (kl

eterious lllutations brought ..tbou! by cokhicinc. 





6. SUMMARY AND CONCLUSION 

A trial on inducing polyploidy in kacht lam, Kaempferia 

galanga L. was carried out in the Department of Plant Bree,iing and Genetics, 

College of Horticulture, Vellanikkara during 1994-95. The major objectives were to 

find a suitable technique of colchicine treatment for polyploidy induction, develop 

a higher level polyploid in kacholam with the intention of increasing the variability 

in the crop and also to verify the existing reports on chromosome numbers in 

kacholam. The salient findings of the study are summarised below. 

1. Treatment of rhizomes with 0.45 per cent colchicine yielded the polyploid. 

Here the method followed was colchicine application in a hole of about 2 

mm diameter and 4 mm depth, drilled close to the sprouting bud, the hole 

being kept filled for four hours on two consecutive days. 

2. The above mentioned method yielded, in addition to the polyploid, three 

other stable variants while the cotton swab method was not successful in 

inducing variability. Thus colchicine application in a hole drilled close to 

the sprouting bud is much superior to cotton swab method, in kacholam. 

3. Immediately activated buds are the best for treating with colchicine for 

inducing polyploidy. 

4. Root tip squash studies revealed that the number of chromosomes in the 
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somatic cells of Kaempferia gaiallga L. was 55. This number IS being 

reported for the second time in this species. 

5. For mitotic studies roots were collected from plants grown under indoor 

conditions. 7.30 am was found to be the ideal time for collection of lOots 

since they gave maximum number of cells in early metaphase. 

6. The procedure adopted for mitotic study was pretreatment of roots in a. 

Bromonaphthalene for 4 hours at 4 DC followed by 24 hours fixation 111 

carnoys B fluid which is followed by staining in Snow's carmine for 24 

hours after which the roots were squashed in 45 per cent acetic acid. This 

procedure gave very good cytological preparation with condensed 

chromosomes which were properly stained. Addition of a little ferric 

acetate to the fixative as well as to the stain yielded hetter stained 

chromosomes. 

7. Mitotic study of the polyploid showed that somatic chromosome number of 

the plant was 110. As kacholam is proposed to be a pentaploid, this one 

must be a decaploid. 

8. The polyploid was characterised by small plant sIze and reduced vIgour. 

Rhizome development was found retarded and pe!' plant yie!J was less. 

9. The leaves were thicker with reduced sIze. Stomata was conspicu0l.!sly 

larger with reduced density. 

10. Flowering was not ohserved In the indllced polyploid for two growing 

seasons. 
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CONCLUSION 

Being a preliminary investigation, conclusive results cannot bt! 

drawn regarding the suitability or the crop for polyploidy breeding. Production and 

study of more number of polyploids are necessary for this. The present 

investigation was successful in evolving an appropriate technique of rhizome treat

ment of colchicine for inducing polyploidy. The polyploid developed in this study 

was poor with regard to yield compared to normal plants. But further 

multiplication of the polyploid obtained will facilitate the estimation of oil, 

oleoresin and also other bio- chemical ingredients. 
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Month & year 

LeBOe SEASON 

1994 May 

June 

July 

August 

September 

October 

November 

December 

1995 January 

" CROP SEASON 

1995 May 

June 

July 

August 

September 

October 

November 

December 

1996 January 

APPENDIX-I 

Meteorological parameters at Vellanikkara, 
Thrissur during the two crop seasons 

Mean Mean temp. (DC) Mean Total 
sunshine RH rainfall 

(hrs) Max. Min. (%) (mm) 

8.0 33.6 24.7 75 124.2 

2.1 28.9 22.9 90 955.1 

1.4 28.6 22.4 91 1002.1 

3.0 30.0 22.8 85 509.2 

7.3 31.8 23.2 78 240.5 

6.7 32.3 22.7 80 358.2 

8.1 31.8 23.3 68 125.3 

10.6 32.2 22.2 58 0 

9.6 32.9 22.4 59 0 

6.5 33.5 23.9 78 370.5 

3.7 31.6 23.1 86 500.4 

6.1 29.9 23.2 89 884.7 

3.7 30.6 23.7 86 448.7 

6.1 30.1 23.5 82 282.5 

8.3 33.2 23.2 78 110.4 

6.5 31.3 22.5 80 88.4 

10.3 32.5 21.3 57 0 

9.4 33.1 22.4 53 0 

No of Cumulative 
rainy pan evapo-
days ration 

(mm) 

7 1370 

27 84.2 

29 86.1 

20 91.4 

8 113.9 

20 97.1 

5 137.9 

0 169.6 

0 178.5 

13 129.3 

19 103.7 

26 88.5 

22 96.4 

13 97.7 

8 113.8 

5 89.1 

0 195.9 I 
! , 

0 208.6 i 
I , 

, I 
---..J 
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ABSTRACT 

A trial on induction of polyploidy in Kaempleria ga/allg({ I .. 

was undertaken at the Department of Plant Breeding and Genetics, College of 

Horticulture, Vellanikkara, during the period 1994-'95. A local selection Vellanikkaf'{l 

collected from the genetic stock maintained at AICRP on M & AP was used fur 

the study. The objective was to l:reute variability in kacholarn by developing p(1ly 

ploids. 

The rhizomes of the crop were treated with colchicine for in 

ducing polyploidy. Five concentrations of colchicine viz., 0.05, 0.15, 0.25, 0.35 alld 

0.45 per cent (C
2 

to C
6

, C
I 

being control i.e., 0%) was tried for two time dura· 

tions viz., four hours and six hours (T
J 

and T 2), the same treatment being repeated 

on two consecutive days. Two 11l\.~thods of treatment were tried the tirst (M I) bcit:~ 

chemical application in a hole drilled close to the sprouting bud .lI1d the Sl~COfld 

(M}) being the ordinary cotton swab method. Rhizomes with two different stag\~s 

of bud sprouting were used: (I) with just emerging buds (SI) and (2) buds at an 

advanced stage of sprouting (S). 

The treated rhizomes were planted in the field and their growlh 

was cxamined. In the end of the crop season, 18 variant plants were identified an.,j 

they \vcrc put to detailed morphological and cytological study in the next growing 

season. Mitotic study of the parent material confirmed that the chr0l110SUllle 

number of kachlliam is 5). Of the 18 variants identified one was found to \ . .'onlall1 



110 chromosomes in the somatic cells. As kacholam is proposed to be a pentaploid 

the induced polyploid must be a decaploid. 

The polyploid was obtained from the treatment combination 

S,MJ,C
6

• It was characterised by small plant size and reduced vigour. The Icav('s 

were thick with reduced size. Stomatal size increased conspicuously with their 

numbers reduced. The rhizome development was found retarded and the per plant 

yield was also less. The rhizome morphology was on par with the normal plants. 

The plant flowered neither in the first season nor in the second. 

In addition to the polyploid, three other stable variants were 

obtained from the experiment. They were also characterised by reduced vigour and 

yield. 
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