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INTRODUCTION

Kaempferia galanga L. popularly .known as 'kacholam is an
Important medicinal plant belonging to the genus Kaempferia of
the family Zingiberaceae, The genus is widely distributed in the
tropics and subtropics of Asia and Africa and in Philippine Islands.
Of the 55 species reported in the genus only 10 are known in

India among which, K. galanga L. and K. rotunda L. are the econo-

mically important ones.

Rhizomes of Kaempferia galanga L. are used in bulk quantit-

les in ayurvedic medicines and agarbathi industry. It finds an
important place in indigenous medicine as a stimulant, expectorant,
diuretic and carminative. Powdered rhizome mixed with honey
is admipistered against coughs and, decoction of the rhizome is
prescribed for dyspepsia headache, rheumatism and malaria. It
is used in hairwashes because of its antidandruff property. The
rhizome is also used in the curing of inflammatory wounds. The
rhizome yields 2.40-3.84 per cent volatile oil th-e active ingredients
of which are n-péntadecane and ethyl-p-methoxy-cinnamate. The
oil is utilised in the manufacture of perfumes and curry flavourings.
Antifungal and larvicidal properties are also reperted for this
plant. Recently some anticancerous principles have also been

identified in Kaempferia galanga L. from lJapan.




Because of these multivarious desirable attributes the export
value of this crop increased rapidly in the recent years. One
quintal of dried rhizomes fetch a market price of about 20,000~
30,000 rupees. The simple cultivation practices and the suitability
for inter‘cr‘opping- in coconut gardens have attracted a good number
of farmers in Kerala for undertaking the cultivation of kacholam.

Acute scarcity is hence being felt for quality planting material.

Systematic breeding programmes have not been undertaken
in this crop mainly because it has gained importance only in
recent years. No promising varieties have been reported in kacholam
and the types available with farmers are only local selections.
improvement of this crop by copventional methods of breeding
is also not possible for want of seed production. Seedlessness also

contributes to the limited variability available with the crop.

In any crop cytogenetical studies serve as an essential
prelude to scientific crop improvement. Such studies have been
successful in many crop plants to understand the phylogeny, evolut-
ion and domestication of various species. Improvement of Kaempferia
galanga L. requires thor‘éugh elucidation of cytogenetical details
and our present knowledge on this aspect is not complete. Various
authors have reported “diverse chromosome numbers for this species.
The reports available on basic chromosome number as well as
level of ploidy are also conflicting. Eventhough seedlessness is

the main hurdle for breeding of this crop, no serious attempts



have been made to elucidate the various factors contributing to

the lack of seed production.

Being a crop with tremendous potential for the present,

cytogenetic analysis in kacholam (Kaempferia galanga L.} was’ under-

taken with the following objectives:

bl

To confirm the chromosome number by mitotic and meiotic

studies and to work out the karyomorphology of Kaempferia

galanga L.

To find out the reasons for seedlessness in the crop by
detailed studies on cytology, floral biology, pollen

morphology and pollination mechanisms leading to fertilization.
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REVIEW OF LITERATURE

2.1 Origin, distribution and taxonomy

The genus Kaempferia is supposed to have been originated
in South East Asia, probably in Burma, where it is considered
to have been grown as &an evergreen In shady forest condltions
and from there, It appears to have migrated across most of the
tropical Asia, and right acros;s Africa (Holtum, 1950). The genus
is widely distributed in the tropics and subtropics of Asia and
Africa (Synge, 1956). Willis (1960) suggested that family Zingiber-
aceae is chiefly Indo-Malayan in distribution. According to Hooker

(1892) Kaempferia galanga L. is distributed throughout the plains

of India. Gamble (1926) reported that it is distributed at low

elevations along the West coast.

Kaempferia galanga L. is a monocotyledonous plant, belonging

to the family Zingibel;'aceae of the order Zingiberales. It comes
under the series Epigynae (Bentham and Hooker, 1894), According
to Willis (1960) the family Zingiberaceae, contains 45 genera and
about 800 species. According to Hutchinson (1934), there are four
tribes in the family, viz., Costea, Hedychia, Globeae and Zingiberea.
Panchaksharappa (1966) opined that among the families of Scitami-

nales, Zingiberaceae consists about 47 genera and 1400 species.

Schumann (1904) divided the family Zingiberaceae into two

subfamilies, viz., Zingiberoideae and Costoideae., The Zingiberoideae



is further divided into three tribes viz., Globeae, Hedychiae and
Zingibereae. The genus Kaempferia comes under the tribe Hedychieae.
Hooker (1892) recognised four sub-genera under the genus- Kaempferia
namely Sincorus, Protanthium, Monolophus and Stachyanthesis. Among
this, K. galanga L. comes under the subgenera Sincorus. The
subgenera Sincorus includes 11 species other than K. galanga L.

They are Kaempferia marginata, K. angustifolia, K. ovalifolia,

K. speclosa, K. pandurata, K. prainiana, K. roscoeana, K. parvi-

flora, K. involucrata, K. andersoni and K. cdtinna. The only variety
I\

reported in K. galanga L. is K. latifolia.
2.2 Morphology, propagation and cultivation aspects

According to Hooker (1892) Kaempferia is a plant with
tuberous root stock. Leaves are three to six inches long, spreading
flat on the ground, deep green in colour with deltoid tip. Leaf
margin is not thickened or coloured. Petioles are short and
channelled. Kirthikar and Basu (1935) described the morphology
c_>f K. galanga L. as follows. The plant is a stemless herb, with
tuberous, aromatic root stock which possess fleshy cylindric
nonaromatic root fibres. Leaves are horizontally spreading and
lying flat on the surface of the ground and having a length of
approximately 6.3 - 12.5 cm and a breadth of 4.5 - 9,0 cm. They
are deep green in ceolour, rotund, ovate, deltoid and acuminate.

Leaf margins are neither thickened, nor coloured. Flowers arise



from the centre of the plant between the leaves. Drury (1978)
described K. galanga L. as a plant with biennial tuberous
rhizome, stemless stalked leaves, spreading flat on the surface
of the earth, which are either ovate, rotund or cordate in shape.
Leaf margins are membraneous and wavy. Biswas and Chopra (1982)
described K. rotunda L. as a perennial stemless herb, about one
foot high. Root stock is tuberous with very thick root fibers.

Leaves are oblong and erect, with short channelled petiole.

Gopalaswamiengar  (1951) reported that propagation of
Kaempferia is by the division of the rhizome and it can be potted
in light soil and that liquid manure promotes its growth., The
Aromatic and Medicinal Plants Research Station, Odakkali has under-
taken a study to find out the response of K. galanga L. to different
spacing and levels of FYM. Preliminary trials have shown that
a spacing of 20 x 15 cm and application of FYM at the rate of
30 tonnes per hectare gave maximum rhizome yield (Annual Report,
1982). Rajagopalan (1983) carried out an investigation to standardise
the propagation method, planting time and harvesting time of K.
galanga L. and reported that mother rhizomes planted during the
third week of May and harvested after six months, were signifi-

cantly superior.

Phytochemical analysis and nutrient uptake studies on K.
galanga L. conducted by Rajagopalan et al. (1989) revealed that

mother rhizome planted during the 3rd week of May and harvested



at six months maturity recorded the maximum essential oil and
oleoresin yield. The mean nutrient uptake by the crop was 22.8

kg N, 28 kg P205 and 36.9 kg Kzo per ha,

A micropropagation trial on Kaempferia galanga L. was

conducted by Vincent et al. (1992) and they reported that the
axillary bud explant of K. galanga L. had the potential to induce
multiple shoots as well as roots in the medium contalning BA alone
or BA + Kinetin, The' mortality rate of tissue culture derived
plants was low and about 90 per cent plants survived on transfer
to soil. These results demonstrated that, K. galanga L. can be

micropropagated easily.

An experiment was conducted to study the effect of gamma
irradiation on Kaempferia galanga L. by Viswanathan et al. (1992)
and it has been found that ir'r‘adi_ation treatments at lower dosages
viz,, 0.5, 0.75 and 1.0 K rad produce stimulatory effect on the
germination of Kaempferia rhizome. Inhibitory effect on germination
was observed at higher doses. LD 50 ﬁas found to be 2.5 K rad
and no germination was observed at 10.0 K rad and above, Bushy
type mutants were noticed in 7.5 K rad and they reported that
it can be used as an ideal raw material for crop improx;ement

programmes of Kaempferia.

2,3 Economic Importance of the crop

Medicinal properties of Kaempferia galanga L. have been




described by many workers. The herb is used as a flavouring
for rice. Rhizomes and leaves are employed as a perfume in hair
washes, powders and other cosmetics. They are used by women
for fragrance and also used for protecting cloths against Insects.
They are also eaten along with betel as a masticatory (Burkill,

1935 and Quisumbing, 1951).

The rhizome is used as a stimulant, exp.Jector‘ant, carminative
and diuretic. They are used in the preparations 'of gargle. They
are administered with honey in coughs and pectoral affections.
In Philippines, a decoction of rhizome 1is used for dyspepsia,
headache and malaria. The rhizomes, boiled in oil, are applied
externally, to remove nasal obstruction. Roasted rhizomes are
applied hot 1;or rheumatism and for hastening the ripening of infla-
matory tumours. They are also used as a wash in dandruff and
for relieving  irritation produced by stinging caterpillars. Mixed
with oil, rhizomes are used as a cicatricant. In Malaya, they
are used for chills in elephants. . The juice of the plant is an
ingredient of’ s;ome tonic preparations. The leaves are used in
lotions and poultrices for sore eye, sore throat, swelling,
rheumatism and fevers (Kirthikar and Basu, 1935; Burkill, 1935;
Brown, 1941 and Quisumbing, 1951). Recently larvicidal and anti-
cancerous principles have been obtained from the rhizome extract
of K. galanga L. (Kiuchi et al., ‘1988; Kosuga et al., 1985). The

hot water extract of Kaempferia rhizome showed strong larvicidal



activity against the larvae of dog round worm Toxocara canis

(Kiuchi et al., 1985).
2.4 Chemical composition of rhizome

Panicker et al. (1926) analysed the dried and powdered
rhizome and found that it contains 2_.4 - 3.88 per c;ént of a volatile
oil. The tuberous rhizome possesses a camphoracious odour with
somewhat bitter aromatic taste resembling that of Hedychium
spicatum. The compounds such as n-pentadecane, ethyl-P-methoxy
cinnmamate, ethyl cinnamate, carene, camphene, borneol' and p-methoxy
styrene are reported to be present in the volatile oil (Guenther,
1975; Panicker et al., 1926). Pillai and Warrier (1962) conducted
investigations on the aromatic resources of Ker‘aia and reported
that petroleum ether extract of the tubers of K. galanga L.
contained 2.05 per cent of ethyl-p-methoxy .cinnamate and 2,87

per cent of a residual essential oil.

Seven species of 'Kaempferia' such as K. galanga L., K,

parviflora, K. anguistifolia and K. rotunda L. and three other

unnamed Kaempferia species. have been studied by Tuntiwachwuttikul
(1991) and reported 4 major classes of chemicals viz., cinnamate
esters., flavanoids, diter;penoids and cyclohexane oxide derivatives.
Tuntiwachwuttikul et al. (1992) again studied 4 species of

Kaempferia such as K. parviflora, K. angu‘stifolia and 2 unnamed
LY



Kaempferia species and reported that the rhizomes of K. parviflora
yielded sixteen flavanoids. The major constituent, 5,7 - dimethoxy
flavone was found to be anti-inflamatory and the activity was

comparable to aspirin, Work on K. anquistifolia and on unnamed

Kaempferia species lead to the isolation of the two cyclohexane

diepoxide analogues,

An attempt has been made to compare some of the gene
products in 2 monotypes of K. galanga L. viz., prohom and jangang
using isozyme eletrophoresis by Suvachittanom (1991} and he found
out that prohom showed three superoxide dismutase bands, whereas
Jangang showed only two. With esterase, prohom showed 2 bands
while jangang showed only one. Based on these findings, he
suggested that the 2 types should be regarded as different species

since they exhibit different gene products.
2.5 Cytogenetics

The chromosome number of Kaemeferia has been studied
only by a. few workers and the reports available are conflicting.
Since the literature available on this crop is scanty, the reports

available on related crops also are included in this section.

Raghavan and Venkatasubhan (1943) studied the cytology
of 4 species of Kaempferia viz., K. gibsonii, K. gilbertii, K.
rotunda L. and K. galanga L. and reported that they showed a

regular polyploid series having chromosome number 24, 36, 54



and 54 respectively. Since the chromosome numbers are all multiples
of 6, he ascertained '6' as the basic chromosome number for the
genus. Eventhough there were difference in chromosome numbers
among the 4 species, the chromosomes in all the 4& were falrly
alike and the size of the chromosomes were more or less the
same. Hence they reported that the increase in chromosome number
in this genus is not by the diminution of the size of the chromo-
some. In addition to this, Raghavan and Venkatasubhan (1943)
could find 2 chromosomes with subterminal constriction in K.
gibsonii and a pair of SAT chromosomes in K. rotunda L. Based
on these findings they concluded that, the speciation in this
family is due to poly'ploidy, aneuploidy and structural changes.
Raghavan and Arora (1958) assigned a chromosome number of 2n
= 54 for K. galanga L. Chakravorthi (1948) studied the cytology

of 5 specles of Kaempferia such as K. gibsonii, K. gilbertii, K.

rotunda L., K. cienkowskya and .5. atrovirens and opined that

there is a clear evidence of polyploidy. He describes K.
atrovirens as a diploid species showing normal pairing and 11
bivalents. For K. rotunda L. and K. gilbertii he assigned a
chromosome number of 2n = 33, and considered them as triploids.

He again found chromosome number of 2n = 28 for K. cienkowskya

and concluded that the genus Kaempferia had all the probabilities
to have two distinct polyploid series, based on x = 11 and x
= 14. Eventhough Sharma and Bhattacharya (1959} reported a chro-

mosome number of 22 for K. galanga L/. Ramachandran (1969) had



the same opinion as Raghavan and Venkatasubhan (1943),
Ramachandran studied the chromosome numbers of 27 species belong-
ing to 11 genera of the family Zingiberaceae and reported a chromo-
some number of 2n = 44 for K. rotunda L. and 2n = 54 of K.
galanga L. According to him K. galanga L. is presumably and
aneuploid pentaploid. Chromosome numbers of 56 species including
14 species of Kaempferia were studied by Mahanthy (1971} and

he described the chromosomes in detail. He found that the 2n

number of K. anguistifolia is 22 and there were 3 pairs of long

chromosomes and 5 pairs of medium length chromosomes and three
pairs of short chromosomes. All the long chromosomes have their
primary constriction in a sub-median position. Among the median
chromosomes, one pair had subterminal constriction, 2 pairs showed
a median constriction and other two had a submedian constriction.
All the short chromosomes showed submedian primary constriction.

In Kaempferia brachystemon the somatic number was found to be

2n = 26. A similar species K. ethelae having a chromosome number
of 2n = 26 is characterised by the abscence of a pair of SAT
chromosomes which was very prominent in African Kaempferias.
It is also noticeable that. these 26 chromosomes consist of 2 sets
of 13 each which is also intermediate between Asiatic and African
Kaempferias. A chromosome number of 2n = 22 had been assigned
for the species K. elegans and K. rosea and also for an unnamed
species. For another species of Kaempferia, a chromosome number

of 2n = 42 was also reported. For K. gilbertii and K. rotunda.l.



he reported a chromosome number of 2n = 33. Based on the
studies of floral morphology, geographical distribution and
cytology the author suggested that the African representatives
of Kaempferia should be assigned the status of a separate genus,.
Cienkowskya, and also the basic chromosome number x = 11 ean

be considered as the original one for zingiberales as a whole,

Beltran and Kam (1984) studied the cytotaxonomy of
Zingiberaceae and found that, Asiatic Kaempferias had a basic

chromosome number of x = 11 while African ones have x = 14,

Many cytogeniticists confirmed the chromosome number of

Zingiber officinale as 2n = 22. Eventhough Takahashi (1931)

reported a chromosome number of 2n = 24 for the species,
Raghavan and Venkatasubhan (1943) worked on the cytology of

Zingiber officinale Rosc -y Z. cassumunar Rose. and Z. zerumbet

and reported that all of them had a somatic chromesome number
of 2n = 22, fhey also found difference in the chromosome
morphology ..in -these species and concluded that, the chromosomes
of Z. officinale were different from that of the other 2 species
in morphology. Darlington and Janakiammal (1945) observed 2 B
chromosomes in certain types of Z. officinale, in addition to the
normal complement of Zﬁ = 22. Chakravorti (1948) concluded that,
in  view of the bivalent association 1in diploid species Z.

cassumunar  and Z. zerumebt, Z. mioga Rose. with 2n = 55



chromosomes has to be considered as a pentaploid. Sato (1960)
also emphasized that, g mioga with 2n = 55 is to be considered
as a pentaploid with basic number x = 11. Sharma and Bhattacharya
(1959) reported widespread occurrence of inconsistency in chromo-
some number, in several species of Zingiberaceae, including Z.
officinale. Ramachandran (1969) reported the cytology of five

species of Zingiber, including Z. officinale, Z. macrostachyum,

Z, roseum, Z. whitianum and Z. zerumbet and found out that,
meiosis was normal in the last three, where as, bridges and

laggards were observed in Z. officinale and Z. macrostachyum.

He found evidence for structural hybridity involving interchanges
and inversions in Z. officinale. Mahanthy (1971) in an extensive
cytological investigation in Zingiberaceae reported chromosome
number of 2n = 22 for Z. spectable Griff and Z. cylindricum.
Suzuka and Mitsuoka (1978) conducted cytological studies in Zingiber
mioga and reported it as an autopentaploid with 2n = 55. Pillal
et al. (1978) observed meiosis as highly irregular in ginger,
with only 46.6 per cent of the PMCs showing bivalents and the

rest showing univalents, trivalents and guadrivalents.

Karyomorphology of 32 cultivars of Z. officinale and three

species of Zingiber viz., Z. zerumbet, Z. macrostachyum and Z.

cassumunar were investigated by Ratnambal (1979). She found
considerable difference in gross morphology of chromosomes, based

on the studies of karyotype of 13 genera, Iincluding 24 species.



A classification of karyotype, according to degree of asymmetry
in Zingiberaceae showed that, karyotype '1b' was represented
in most of the cultivars of Z. officinale while '1a' was found

in Z. zerumbet, Z. macrostachyum and Z. casumunar. Ratnambal

et al. (1983) observed the formation of quadrivalent in most of
the cultivars of Z. officinale. Ramachandran (1983) found that
tetraploids 2n = 44 could be produced in ginger, by colchicine
treatment. Beltran and Kam (1984} repor‘-ted the somatic chromosome
number of 33 species including nine ginger species and noticed
aneuploidy (2n = 24), polyploidy (2n = 26) and B chromosomas
(22 + 2B) in Z. officinale. They also remarked that Indian and
Malayan Zingiber species were diploids while the Japanese species
Z. mioga was a pentaploid with 2n = 55. Dutta and Biswas (1985)
observed cytologlcai irregularities such as fragments and ring
formations in Z. officinale. Omanakumari and Mathew (1985)

presented a detailed karyotypic data on Z. officinale, Z.

zerumbet, Z. macrostachyum all having 2n = 22 chromosomes.

Cytology of nine ginger varieties was studied by Sathiabhama
(1988) and it was obs';erved that all the nine wvarieties have a
somatic chromosome number of 2n = 22. She also reported that
the chromosomes showed difference in morphological features among
the cultivars. Bridges and laggards during anaphase of meiosis

was also reported.,

Suglura (1936) reported, a somatic chromosome number of

2n = 64 for Curcuma longa. Chromosome numbers of 24 species




in the family Zingiberaceae, including that of C. aromatica, C.
amada and C. longa were studled by Raghavan and Venkatasubhan
(1943) and reported that, C. aromatica and C. amada had 2n = 42
whereas C. longa and C. zedoaria had 63 son:latic chromosomes.,
They also reported that, C. longa and C. zedoaria were triploids
and the chromosome numbers such as 62, 64 etc. are found occass-
ionally, due to somatic aberrations. Cytology of six species of
curcuma and seven cultivars of C. longa was reported by
Ramachandran (1961). A chromosome number of 2n = 86 for C.
aromatica was also reported by him and he concluded that the
species is a tetraploid. He also studied in detail, the meiosis
of two species C. decipiens (2n = 42) and C. longa (2n = 63)
and concluded that, the sterility in C. longa was probably due
to its autotriploid nature. C. decipiens showed normal bivalents
at metaphase 1, whereas in C. Eggg a higher percentage of
trivalent association was found, indicating the presence of auto-
triploidy. A further report on the chromosome numbars in
Zingiberaceae and genus Curcuma was published by Ramachandran
(1969), wherein he reported the chromosome number for C. amada

(2n = 20, 42), C. decipiens (n = 21; 2n = 42), C. neilgherrensis

(2n = 42), C. aromatica (2n = 63, 86), C. longa (2n = 63) and
C. zedoaria (2n = 63). A high basic number of n = *21 was
assumed for Hitchenia and Curcuma. Ramachandran (1969) concluded

that, the genus Curcuma might have been derived either by dibasic



amphidiploidy [x = (9+12)] or by secondary polyploidy.
Microsporogenesis and megasporogenesis in C. aurantiaea and C.
lorgengii were reported by Sastrapradja and Aminah (1970). Fruit
set was observed only in C. aurantiaea by these workers and
they concluded that, the abscence of frult set in C. lorgengii
was deu to pollen abortion. Detailed cytological investigation by
Nambiar (1979) revealed that, all cultivars of C. aromatica had
somatic chromosome numbers of 2n = 84 and C. longa had a chromo-
some number of 2n = 63. This along with 2n = 42 for C. amada,
indicated a polyploid series, with multiples of n = 21. Nambiar
(1979) presumed that the earlier reports of chromosome numbers
viz., 2n = 32, 62 and 64 for C. longa and 42, 63 and 86 for C.
aromatica'Wer‘e probably exceptional cases and the correct chromo-
some numbers for these species are 2n = 63 and 2n = 84

respectively,
2.8 Flowering

In Kaempferia the inflorescence is reported to be a short
scape (Gamble, 1926). The floral morphology has been described
by a few workers (Hooker, 1892; Kirthikar and Basu, 1935 and
Drury, 1978). According to them, six to 12 flowers are produced
from an inflorescence which is situated within the sheath of the
leaves. Flowers open successively and ar*e.fugacious and fragrant,
with three lanceolate bracts. They are white in colour with a

purple spot in the centre of each of the division of the inner



series. Calyx is having the same length as that of the bracts.
Corcolla tube is very long with filiform §tigma. Both the essential
whorls are trimerous. There are 2 lateral staminodes which are
cuneate, obovate and are situated at the base of the ovary. Floral
characters of K. rotunda L. alsoc have been described by many
workers (Hooker, 1892; Gamble, 1926; Kirthikar and Basu, 1935).
According to them in this, flowers are born on radical scapes
one cm long with spreading linear. petals nearly as long as the
tube. Staminodes are oblong, acuté, wnite in colour and having
a length of about 3.8 - 5.0 cm, lip is lilac or reddish in colour,
and is‘ bifid. Anther crest is deeply bifid and anther lobes are

lanceolate,

Rajagopalan (1983) described the flowering behaviour in
K. galanga L. He observed that flowering started in June and
ended in September and the peak occurred during July-August.
It was also reported that flowers are produced directly from the

rhizome and they open in succession.

In a related crop ginger, 'ver*y rare flowering was reported
by Hooker (1892). Holtum (1950) stated that flowering in ginger
occur under éertain conditions only. Pillai et al. (1978) reported
that, of the 35 germplasm collections maintained at CPCRI, all
but 6 flower’ed and that flowering started in October and lasted

till early December, the peak b2ing in November.



Jayachandran et al. (1979) reported that it took 20-25
days from the bud initiation to full bloom and that a period of
23-28 days was required for the completion of blooming in an
inflorescence in ginger. However, Usha (1983) estimated that it
took 29 days from the bud initiation to full bloom and about nine
to 18 days for the completion of blooming in an inflorescence in
ginger. She also reported that flower opening is in an acropetal
succession and that the flowers fall off the next day of anthesis.
Pillai et al. (1978) observed that anther dehiscence take place

simultaneously with the flower opening.

Patnaik et al. (1960} studied the floral biology of turmeric
and reported that the first flush of flowering in a spike is gener-
ally completed within flve to 12 days. Opening of flowers takes
place in the morning between 6.00 - 6.30 a.m. at a temperature
of about 24°C, during which period thc.a humidity of the
atmosphere remains above 70 per cent in the locality. Dehiscence
of anthers takes place just at the time of flower opening and

pollination is observed to bhe brought about by insects.

2.7 Pollen studies

No previous reports on pollen characterisation is available
in Kaempferia. However similar studies in ginger are presented

below.



Pillai et al. (1978) reported that pollen grains in ginger
are heteromorphic, round and with a diameter ranging from 77 to
104 um, the average being 91 jum. A striking feature observed
by the workers was the very thick exine of pollen grain.
Jayachandran et al. (1979) stated that pollen gralns are spherical
with é size ranging from 90 pm = 100 ,Jm, the mean being 95.5
Mum. Jayachandran et al. (1979) also mentioned that anther lobes
in ginger are filled with plenty of pollen grains. However, Usha
(1983) estimated pollen production per flower in ginger as 1,87,500
in wvariety Rio-de-Janeiro and 1,91,500 in the variety Maran.
According to her, the inadequacy of pollen grains was not a limit-
ing factor in ginger breeding. Sathiabhama (1988} also reported
that ginger flower produced sufficient pollen, but a high
percentage of pollen sterility bas been observed. Pillai et al.
(1978) reported 35 per cent fertility while Usha (1983} reported
only 12.48 per cent in Rio—de—leaneir*o and 16.42 per cent in

Maran.

Germination of the pollen grains in ginger has been found
to be very low by different investigators. Nair et al. (1975)
reported that pollen gr‘ain'.s of varieties like Rio-de-lJaneiro, Wynad
local, Maran, Burdwan and Assam germinated in a media containing
15 per cent sucrose, 300 ppm calcium nitrate, 100 ppm boric acid,
200 ppm potassium nitrate, 100 ppm magnesium nitrate and 1 per
cent agar. However, germination was less than 1.6 per cent. Pillai

et al. (1978) found that addition of boric acld was helpful in



breaking the exine and thereby achieving pollen germination. Of
the different media tried the one containing 8 per cent sucrose,
3 per cent gelatin, 60 ppm boric acid and kept in a moist
chamber at 26°C gave maximum germination of 14.5 per cent.
Jayachandran et al. (1979) observed pollen sterility as high as
76 per cent. They obtained only 2.5 per cent germination in
dextrose agar medium. Among the various media tried 8 per cent
sucrose with 3 per cent gelatin and 60 ppm boric acid gave
maximum pollen germination of 6.2 per cent. Sathiabhama (t988)
reported 60-80 per cent pollen sterility in ginger. Pollen germinat-
ion was also poor and was only 11.8 per cent in a medium
containing 8 per cent sucrose, 60 ppm boric acld and 1 per cent

gelatin.

No reports on seed set are available so far both in ginger

and Kaempferia galanga L. However in Kaempferia rotunda L. fruit-

ing in each rains in Himalayas was reported by Biswas and Chopra
(1982). Pillal et al. (1978) reported that flower structure of ginger
manifests an adaptation suitable for entomophily. Hand pollination
using large quantities of .pollen grains in variety Rio-de-Janeiro
by Jayachandran et. al. (1979) and Usha (1983) could not achleve
seed set. According to Hooker (1892) ginger is a species never
setting seed. East (1940) and Fryxell (1957) suspected that the
lack of seed set may be due to self incompatibility. Ramachandran

(1961) and Ratnambal (1979) remarked that chromosomal aberrations



were responsible for lack of seed set in ginger. Pillai et al.
(1978) suspected three possible reasons for the abscence of seed
set viz., defects in micro and megasporogenesis, lack of suitable
pollinating agents and failure of pollen germination on stigma or
due to incompatibility. Jayachandran and Vijayagopal (1979)
reported that in the event of incompatibility the inhibitory action
may not be located on the stigma, on the other hand, Usha (1983)
was of the opinion that incompatability reaction may not be the
factor causing failure of seed set in ginger, as she failed to get
seed by bud pollination or with stigma and style removal.
Sathiabhama (1988) conducted an experiment using fluorescent
microscopy in order to study the pollen tube growth through the

style. But no growth of pollen tube was observed in the style.
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MATERIALS AND METHODS

The present study on cytogenetics of Kaempferia galanga L.

in relation to seed set was undertaken at the Department of Agri-
cultural Botany, College of Horticulture, Vellanikkara during the
period 1991-93. A local selection 'Vellanikkara' grown in the
garden of ~AICRP on Medicinal and Aromatic Plants, was used for

the study (Plate 1 and 2).

3.1 Mitotic studies

In order to find out the chromosome number of Kaempferia,

mitotic studies were carried out using root tip squash method.

3.1.1 Standardisation of the procedure for mitotic studies

3.1.1.1 Time of collection of roots for mitotic studies

Since the number of dividing cells was found to be varying,
the time of co_].lection of roots giving the highest mitotic index
was found out. For this, roots were collected in the active growth
stage during the months of May and June, at two hours interval
throughout the full day cycle of 24 hours and fixed in Carnoy's
fluid. The f-ixed roots were washed thoroughly and stained with
Feulgen stain for 45 minutes after hydrolysis. The number of divid-
ing cells in 25 fields were counted and the mitotic index was

calculated by the formula.



Plate 1. A flowering plant of Kaempferia galanga L.

Plate 2. A view of the kacholam field






Number of -dividing cells

Mitotic index = 100

Total number of cells
3.1.1.2 Pre-treatmens, fixatives and stains

Different pre-treatment agents, fixatives and stains were
tried so as to find out the best suited among them for obtaining
good cytological preparations. The four pre-treatment agents tried
were paradic_hlor‘obenzene, 8-hydroxy quinoline, colchicine and
<€ -bromonaphthalene. Duration of pre-treatment varied from 1
to 4 hours. Different fixatives viz., acetic-alcohol (1:3), Carnoy's
fluid and Ostergren and Heneens fixative were iried for the

present study.

The three different stains tried were acetocarmine, Feulgen
and Snow's carmine. The above mentioned pre-treatments, fixatives
and stains were used in -different combina'tions, the details are
presented in the Tables 1, 2 and 3. The duration of different
treatments also varied. The best cémbination was used for further

studies. The procedure adopted is discribed as follows.
3.1.2 Karyotype analysis

For karyotype. analysis squash preparations were made
as follows. Young and actively growing roots were excised after
2 weeks of plant@ng. They were washed to remove the adhering
soil particles and pre-treated in saturated aqueous solution of

& -bromonaphthalene for a period of four hours at 4°C. The pre-



Table 1. The pre-treatments, fixatives and stains used for mitotic studies in kacholam
(Kaempferia galanga L.)

*Pre~-treatment

Fixative

Stains

1. Para-dichlorobenzene
(saturated aqueous solution)

2. 8-hydroxyquinoline

(saturated aqueous solution)

3. Colchicine (1 per cent)

4, oL ~bromonaphthalene
(saturated aqueons solution)

Acetic alcohol (3:1)

Carnoy's fluid II

Acetic alcohol (3:1)

Carnoy's fluid II

Acetic alcohol (3:1)

Carnoy's fluid II

Ostergren and Heneen's

fixative

Acetic alcohol {(3:1)

Carnoy's fluid II

Ostergren and Heneen's .

fixative

Acetocarmine
Feulgen

Acetocarmine
Feulgen

Acetocarmine
Feulgen

Acetocarmine
Feulgen

Acetocarmine
Feulgen

Feulgen
Acetocarmine

Acetocarmine

_Feulgen

Acetocarmine
Feulgen
Snows carmine

Acetocarmine
Feulgen
Snows carmine

Acetocarmine
Feulgen
Snows carmine

* Each pre-treatment was tried for different durations ranging from 1-4 hours

st
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Table 2. The composition of different fixatives used for mitotic
studies in kacholam (Kaempferia galanga L.)

Fixatives Composition

1. Acetic alcohol 1:3 1 part acetic acid +
3 parts ethyl alcohol

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

2. Carnoy's fluid

3. Ostergren and Heneen's Methanol - 60 ml
Fixative (1963} Chloroform - 30 ml
Distilled water - 20 ml
Picric acid - 1 g

Mercuric chloride - 1 g




Table 3. Preparation of the stains

used for mitotic studies in kacholam (Kaempferia galanga L.)

Stain

Components

Preparation

1. Acetocarmine 1%

2. Feulgen reagent

3 Snow's carmine

Carmine powder
45% acetic acid

Basic fuchsin

1N HCl

Potassium meta-
bisulphate

Activated charcoal

Distilled water

Carmine

85% alcohol
Concentrated HCl
Distilled water

1T gm
100 ml

1 gm
30 ml
3 gm

2 am
100 mi

4 gm
95 ml
1T ml
15 ml

Hundred ml of 45 per cent acetic acid was heated
in a conical flask until it boiled. Then 1 gm of carmine
powder was added to it with constant stirring. Boiling
was continued for 2-3 minutes until the dye got dis-
solved and~-the colour changed to grape red. The stain
was cooled to room temperature, filtered and stored
in a glass stoppered bottle (Sharma and Sharma, 1980).

Dissolved 1 gm of basic fuchsin gradually in 100 ml
boiling distilled water. Cooled to 58°C filtered and

again cooled upto 26°C. Thirty ml 1IN HCl and 3 gm
potassium metabisulphite were added followed by
vigorous shaking for three minutes, the bottle was

sealed well, wrapped with black paper and kept over-
night in a cool dark chamber. Next day the stain
was taken and the colour was observed. If straw yellow
coloured, it was used as such and if otherwise, 2
gm charcoal was added, shaked vigorously and filtered.
The stain was kept in dark coloured bottle in a refri-
gerator (Sharma and Sharma, 1980).

Four gm of carmine powder was dissolved in 15 ml
boiling distilled water to which 1 ml of concentrated
HCl had been added. Then 95 ml of 85 per cent ethyl
alcohol was added to it. The staln was then cooled
and stored in tightly stoppered bottles in order to
prevent the evaporation of the alcohol (Snow, R., 1963)

LT



treated roots were washed thoroughly in four to five changes of
distilled water and fixed in Carnoy's fluid (6:3:1) to which a
little ferric acetate had been added. After 24 hours the roots
were washed thoroughly and drained on a filter paper and stained
in Snow's Carmine for 24 hours. A liberal quantity of stain, i.e.,
about two to three times as much as needed to cover the material
was used for getting good penetration. The excess stain was
poured back into the stock bottle. The stained roots were
squashed in 45 per cent acetic acid. After keeping the coverglass,
the slide was warmed slightly and pressed under the folds of
a filter paper. The slides were sealed with nail polish and
screened for mitotic chromosomes. Camera lucida drawings of the
good plates were made and photomicrographs were taken using

an orthoplan automatic camera unit.

Observations

Number of chromosomes from 25 well spread cells at meta-
phase stage were counted and the somatic chromosome number in
this crop was confirmed. Camera lucida drawings and photomicro-

graphs were also utilised for further confirmation of the number.

Karyomorphological measurements were recorded from photo-
graphs of 5 well spread cells, at metaphase stage. Care was taken
to measure the chromogsome from cells at identical stage. Measure-
ments of length of long arm (1), short arm (s) and satellite of

individual chromosomes were tabulated and identical chromosomes



were identified. All the measurements were converted to microns
and arm ratio i.e., long arm/short arm (1/s) for each chromosome
was calculated. The chromosomes were classified into the following
groups (Giorgi and Bozzini, 1969) based on the ] position of centro-

mere and presence or absence of satellite.

SAT - Satellite chromosome - the arm ratioc of which is calculated

by leaving out the satellite length

M - Median chromosome = the arm ratio of which is between
1.00 - 1.25
SM - Submedian chromosome - the arm ratio of which Iis

between 1.26 - 1.75
ST - Subterminal chromosome - the arm ratio of which is 1.76

and above

Total chr‘omafin length (TCL) of the basic complement and
also the relative chromosome length which is expressed as the
percentage of individual chromosome length over the total length
of basic complement were estimated. Average chromosome length

(ACL) was also calculated.

Categorisation of karyotype asymmetry of somatic comple-
ment was made according to the method of Stebbins (1958). Stebbins
classified the karyotype under 12 classes, taking into account,

both the position of the centromere in the chromosome and the



degree of difference between the largest and smallest chromosomes

of a complement.

Table 4. Stebbins classification (1958)

k)

Largest chromosome length Proportion of chromosomes with
Smallest chromosome length arm ratio more than 2:1

0.00 0.01-0.50 0.50-0.99 1.00

2:1 1a 2a 3a 4a
2:1 - 431 1b 2b 3b 4b
4:1 1c 2c 3c 4c

Total form per cent (TF %) was calculated, using the

formula given by Huziwara (1962).

TE % = Total sum of short arm length
Total chromosome length

3.1.3 Karyotype and Idiogram

Photographs of well spread cells were used for the prepar-
ation of karyotype. The chromosome figures were cut and arranged
in an order according to their lengths. Chromosomes having equal

length and arm ratio were pasted together.

Idiogram was also constructed for this crop. Chromosomes
were designated as 1 to 11 in the decreasing order of size and

increasing order of asymmetry. Idiograms based on actual length



of the chromosome and also based on the relative 1eng-th of chromo-

somes were drawn.

Plants were raised in the field during May 1993 to August
1993 adopting routine cultural operations. Profuse flowering was
observed in July =~ August. During this period meiotic studies
were carried out and detailed studies on floral morphology were
also undertaken, so as to investigate the r'ea-sons for seedlessness

in this crop.

3.2 Melotic studies

3.2.1 Standardisation of time of fixation of flower buds

From the preliminary observations it was found that micro-
sporogenesis is highly dependant on temperature. In order to
standardise the time of fixation of buds they were collected at
two hour intervals during the day time between six a.m. and
six pm After 24 hours of fixation smear preparation were made
and ideal time for fixation was standardised based on division

of the pollen mother cells (PMCs).
3.2.2 Standardisation of maturity and size of buds

Inflorescence iIn Kaempferia is a radical scape, young
flower buds being concealed in the leaf sheath and remaining
underground until anthesis. Hence it 1is not possible to pluck

single buds. So the whole inflorescence was scooped out and



fixed. Inflorescences at different stages of maturity from different
plants were fixed and examined. The emergence of the first flower
bud above the soil level indicated initiation of flowering in this

crop.
3.2.3 Studies on meiotic chromosomes

Meiotic studies were carried out following routine fixation

and staining technique as described below.

Flower buds were collected between 11 a.m. and 12 nocon

and fixed in acetic alcohol (1:3) for 24 hours.

The single anther was dissected out from the bud, kept
on a clean slide and smeared well in a drop of 1 per cent aceto-
carmine to which a little ferric acetate had been added. Coverglass
was placed and the slide was gently warmed and pressed under
the folds of the filter paper. The slides were examined under
the microscope and those with dividing cells were sealed well
using nail polish and examined for the meiotic chromosomes. Photo-
micrographs of different stages of meiosis were taken using an

orthoplan automatic camera unit.

The excess buds fixed were stored in 70 per cent ethyl

alcohol for future use.



Observations

Camera lucida drawings were made from 25 well spread

PMCs and observations were recorded.

1) Chromosome associations like univalents, bivalents and multi-
valents per pollen mother cells (PMCs) at diakinesis and
metaphase I stage

2) Mean chiasmata per PMC and mean chiasmata per chromosome

3) Percentage of cells with bridges and laggards if any at
anaphase stage

4) Percentage of cells with micronuclei if any at telophase stage

3.3 Poll_en studies

3.3.1 Anthesis and anther dehiscence

With the objective of understanding the exact “time of
flower opening, 10 inflorescences were observed at 15 minutes
interval from 12.30 a.m. onwards until the cessation of flower
opening. The inflorescences tagged for determining the time of
anthesis were also utilized for ascertaining the time of anther

dehiscence,

3.3.2 Pollen production per flower

This was estimated adopting haemocytometer method. Haemo-
cytometer employed in this study was Neubeuer type, having
improved double ruling. Flowers possessing mature anthers, ' about

to dehisce, were collected at their peak. anthesis time (3 a.m.).



Five anthers were separated with a dissection needle and were
gently crushed and suspended in 2.5 ml of sucrose solution taken
in a test tube. Contents of the test tube were stirred well to
get an even suspension of the pollen grains. A drop of the
suspension was drawn in a fine pipette and transferred to each
of the two counting chambers. The pollen grain in each of the
four corner squares of the counting chamber was counted using
a low power objective of the microscope. The number of pollen

grains in a flower was calculated as per the following expression

olX Vv X ‘IO4
n

N =

where,
N = Number of pollen grains per flower
% = Mean number of pollen grains counted per corner square

v = Volume of suspension made with anther in ml
(in the present investigation it is 2.5 ml)

n = Number of anthers with which the suspension was made

up, it being equal to five in the present experiment

The experiment was repeated and the mean number of pollen

grains per flower was worked out.

3.3.3 Pollen fertility, size and morphology

Fertility of pollen was assessed on the basis of stainability
of pollen grains in acetocarmine~glycerine mixture. The inflorescence

was bagged on the previous day of opening of the flowers. Pollen



grains were collected from the newly opened flowers at 6 a.m.
and stained in a drop of acetocarmine-glycerine mixture on a clean
slide and kept aside for one hour. All the pollen grains that
were well filled and stained were counted as fertile and others
as sterile. Pollen grains were counted from 10 different samples,
scoring 10 fields from each. The values were expressed _in

percentage,

Pollen diameter was measured using an ocular micrometer,
after caliﬁration. Mean as well as range of size were calculated.
Photomicregrphs of pollen grains were taken showing fertile and
sterile grains as well as different size ranges. Morphology of

the pollen grains were also studied.

3.3.4 Pollen viability and pollen tube length

To find out the ideal medium for gérmination of pollen
grains different combinations were tried as listed below. These
included different levels of sucrose along with 60 ppm boric acid
and 1 per cent gelatin, Distilled water was used as control. The
treatments were fixed based on previous report in ginger (Sathia-
bhama, 1988). The percentage of germination of pollen grains was

recorded in the seven media.

1. Distilled water
2. 8 per cent sucrose + 60 ppm boric acid

3. 8 per cent sucrose + 60 ppm boric acid + 1 per cent gelatin

el



4. 15 per cent sucrose + 60 ppm boric acid
5. 15 per cent sucrose + 60 ppm boric acid + 1 per cent gelatin
6. 30 per cent sucrose + 60 ppm boric acid

7. 30 per cent sucrcse 60 ppm boric acid + 1 per cent gelatin

-

Pollen grains isolated from freshly opened flowers were
kept in a drop of the medium contained in a cavity slide. The
slide was -then incubated in a moist-chamber for 24 hours. Obser-
vations on germination were recorded in 20 fields in each media
after 24 hours. The most suitable media for pollen germination

was then worked out.

The slides used to study pollen germination were also
utilized to study the length of the pollen tube, after 24 hours
of incubation. The length of the pollen tubes were measured from
the well germinated pollen grains using an ocular micrometer, in
ten randomly select;ad fields of the seven treatments. The mean
values were expressed in' Jam. Photomicrographs of the germinated

pollen grains were also taken.

36



3.4 Stigma receptivity, style length and number of ovules

For finding out the stigma receptivity flowers were hand
pollinated at two hour intervals after opening. Fifty flowers were
covered with polythene bags on the previous day of opening.
Freshly opened flowers with sufficient pollen grains were
collected in the early morning and reserved in a petriplate lined
with moist filter paper as the source of pollen., Five freshly
opened flowers each were pollinated at an interval of two hours
starting from 6 a.m. One hour after pollination the flower was
plucked and stigma along with a small portion of the style was
separated and kept in a clean slide. A cover glass was placed
above it, the gynoecium was gently pressed and observed under the

microscope for the germination of pollen grains on the stigma.

A few quantitative measurements such as style length,
ovary length and number of ovules were recorded using a finely
divided scale and‘ observing through a dissection microscope. The
size of the ovule was also measured wusing an ocular micrometer.

Photographs showing the length of the style was taken.

3.5 Hand pollination

While analysing the different aspects contributing to seed-
lessness within the crop artificial pollination was also tried to

overcome the barriers if any.

i



3.5.1 Artificial polllnation to induce seed set

Fifty randomly selected flowers protected prior to anthesis
were pollinated using freshly collected pollen in the morning.
These flowers were labelled properly and observed for one week

for the development of ovary and ovule.
3.5.2 Stub pollination

Since 1_:he style was too long compared to the pollen tube,
stub polliﬁation was attempted in order to produce seeds iIn
Kaempferia. In fifty randomly selected flowers the style was cut
back to half the length and pollen grain were applied on the
cut surface. The same was repeated after removing 3/4th of the

style.
3.6 Pollen—pistil interaction

Since all the above methods failed to get any positive
result on seed set, the following experiment was conducted to
study pollen tube penetration and growth through the style. The
fluorescence technique given by Kho and Baer (1968) was adopted
for the study. Inflorescences were covered with polythene bags
on the previous day of experiment. The next-day flowers were
pollinated at 6 a.m. The pollinated flowers were fixed in FAA
(Formalin 5 ml, acetic acid 5 ml and ethyl alcohol 90 ml) at

3, 6, 9, 12 and 24 hours after pollination. After 24 hours the



fixed buds were transferred to IN NaOH for eight hours at room
temper'atur'e. They were washed thoroughly with distilled water
and stained in 0.1 per cent aniline blue in 0.7 N KZHF’O4 for a
period of 18 hours. The pistil was later macerated in 90 per
cent glycerol. In vivo pollen tube growth was then examined under

the fluorescent lamp of an orthoplan microscope.

The above experiment was also repeated by pollinating
the flowers after wetting the stigma with a drop of the polle