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INTRODUCTION

Medicines and perfumes have a great potential in the international trade.
Medicinal plants form the main base for the manufacture of drugs of indian systems
of medicine and homoeopathy. There is no plant, our sages say, devoid of medicinal
value. It has been reported that some Indian community or other use as many as
7000 out of 15,000 flowering plants that occur in India, for medicinal purposes.
Cultivation of medicinal plants offers considerable scope for rural employment and
export for foreign exchange earnings. India has a vast geographical area with high
preduction potential and varied agroclimatic conditions, and we possess many useful
and economic species of medicinal plants still remaining unutilised and unimproved.
Kacholam (Kaempferia galanga L.) is one among them in which not much research

work and improvement has been done.

Kaempferia galanga L. is a high value medicinal and aromatic oil yield-
ing plant belonging to the family Zingiberaceae and is widely distributed in the
tropics and subtropics of Asia and Africa. The potential of the crop as a medicinal
plant is very much exploited in Malasia, Thailand and Philippines. It is an attractive
rhizomatous spice plant used in various culinary applications. The economic part of
the plant is the underground stem, the rhizome which finds an important place in
indigenous medicines as stimulant, expectorant, diuretic and carminative. It pro-
motes or improves digestion and digestive powers. Powdered rhizome mixed with
honey is administered against coughs. Decoction of the rhizome is prescribed for
dyspepsia, headache, rheumatism and malaria. It cures skin or cutaneous disorders,
piles, oedema, fever, epilepsy, splenic disorders, asthma and disease caused by

mobidity of ‘vada’ and ‘kapha’. Boiled in oil the rhizomes are applied externally to



remove nasal obstructions. It i1s used in hair washes because of its antidandruff
property. The rhizome is also used for curing inflammatory wounds. ‘Kachoradi
thailam’, ‘Kachuradi vattu’ and ‘Kachuradi choornam’ are some of the ayurvedic
preparations of Kacholam. It is an ingredient of some of the general tonics like
‘Chavanaprasam’ and ‘Dasamoolarishtam’. The juice of the plant is also an ingredi-
ent for certain tonics. Antifungal and larvicidal properties are also reported for this
crop. Recently some anticancerous principles have also been identified from Japan.
The Pharmaceutical Corporation Kerala Ltd. (Oushadi) alone need 7.5 tonnes of
dried rhizome per year for the preparation ayurvedic medicines. The projected re-
quirement of dried rhizome for the major ayurvedic medicine manufacturing indus-
tries is 145 tonnes per year. Steam distillation of rhizome yield 2.4 - 4 per cent
volatile otl. This oil is utilized in the manufacture of perfumes and curry flavour-
ings. Recently enquiry for purchase of oil has come from France and U.K. for the
manufacture of high quality perfumes (Personal communication with Vijaya Deo,
Deo Aromatices, Alwaye). Taking into consideration the present market price of
dried rhizomes (Rs.65/kg), the cost of 1 kg of o1l will come around Rs.8000 at the

rate of 1 per cent output on bulk distillation.

Kacholam is suited for cultivation in Kerala and the humid tropical
climate of Kerala is suited for its growth. The crop requires simple cultivation and
management practices. But no varieties of the crop have been identified in Kerala so

far. At present only local cultivars are available with the farmers for cultivation.

Crop improvement programme in Kacholam has not been attempted so
far in a serious manner. The crop is propagated by vegetative means and the prob-
lem of non-seed set is a major constraint for improvement through conventional

methods of breeding.



For any crop improvement programme the first and foremost require-
ment is a proper assessment of the variability present in the genetic stock. The
variability present in the existing types can be exploited by selection. Since the crop
1s vegetatively propagated the selected types can be maintained as such, and can be
muitiplied on a large scale. Yield is a dependent factor and it is contributed by a
number of other characters. If the yield contributing characters are identified, it is of
great value to work out a selection criteria which will contribute much to the crop

improvement programme.

The growth pattern of Kacholam is almost similar to that of other crops
of Zingiberaceae like ginger and turmeric which perform well as intercrop. So it will
be worthwhile to study the performance of the crop under coconut garden so that the
crop can be recommended for large scale cultivation in Kerala homesteads under

coconut based cropping system.

With these views in mind the present investigations were undertaken to

fulfil the following objectives:

To study the extent of morphological variability and yield contributing

characters in the local collections of Kaempferia galanga 1.
To identify types with high yield potential for large scale cultivation.
To propose a selection criteria for K. galanga L. genotypes.

To compare the performance of the types under open and as intercrop in

coconut garden.
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REVIEW OF LITERATURE

2.1 Origin and Distribution

The genus Kaempferia is supposed to have been originated in South East
Asia, probably in Burma, where it i1s considered to have been grown as an evergreen
in shady forest conditions and from there, it appears to have emigrated across most
of the tropical Asia, and right across Africa (Holtum, 1950). The family Zingibera-
ceae is chiefly Indo-Malayan in distribution (Willis, 1960). According to Synge
(1956) the genus Kaempferia is widely distributed in the tropics and subtropics of
Asia and Africa. Kaempferia galanga L. is distributed throughout the plains of India
(Hooker, 1892, Aiyer and Kolammal, 1964). Gamble (1926) reported that it is dis-
tributed at low elevations along the west coast. It has been recorded as occurring in

Bengal, Deccan, S. Konkan, Kerala etc. (Aiyer and Kolammal, 1964).
2.2 Economic importance of the crop

Medicinal properties of Kacholam have been described by many work-
ers. Even in 17th century Rheede (1678-1703) in Hortus Malabaricus described the
morphology of the crop and its medicinal value for curing asthma (Appendix 1V).
The herb is used as a flavouring for rice. Rhizome and leaves are employed as a
perfume in hair washes, powders and other cosmetics. They are used for protecting
cloths against insects, and are eaten along with betel and arecanuts as a masticatory

(Burkill, 1935 and Quisumbing, 1951).



The rhizomes are considered stimulating, expectorant, carminative and
diuretic. They are used in the preparations of gargles. They are administered with
honey in coughs and pectoral affections. In Philippines, a decoction of the rhizome
is used for dyspepsia, headache and malaria: Boiled in oil, the rhizomes are applied
externally to remove nasal obstructions. Roasted rhizomes are applied hot in rheuma-
tisin and for hastening the ripening of inflammatory tumours. They are also used as
a wash in dandruff and for relieving irritation produced by stinging caterpillars.
Mixed with oil, the rhizomes are used as a cicatrizant. In Malaya they are used for
chills in elephants. The juice of the plant is an ingredient of some tonic preparations.
The leaves are used in lotons and poultices for sore eyes, sore throat, swellings,
rheumatism and fevers (Kirthikar & Basu, 1935; Burkill, 1935; Brown, 1941 and
Quisumbing, 1951). It is also reported to promote or improve digestion, digestive
power and cures or allays skin or cutaneous diseases, piles, oedema, epilepsy, sple-
ni¢ disorders, difficult breathing (Asthama) and diseases caused by the mobidity of
‘vada’ and ‘kapha’ (Aiyer and Kolammal, 1964). It removes bad odour of the
mouth. Recently larvicidal and anticancerous principles have been obtained from the
rhizome extract of Kaempferia galanga L. (Kosuge et al., 1985; Kiuchi et al.,
1988). The hot water extract of Kaempferia thizomes showed strong larvicidal activ-
ity against the larvae of dog round worm Toxocara canis (Kiuchi er al., 1988).
Mangaly and Sabu (1991) reported the use of K. galanga as an ingredient of ayurve-
dic preparations for skin disorders, rheumatism etc. Toxicity against neonate larvae
of Spodoptera littoralis was also reported in a contact residual bioassay (Pandit er

al., 1993).
2.3 Taxonomy and Cytogenetics

Kaempferia galanga L. is a monocotyledonous plant, belonging to the



family Zingiberaceae of the order Zingiberales. It comes under the series Epigynae
(Bentham and Hooker, 1894). 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 Hedychiae. There are four sub-genera under
the genus Kaempferia namely Sincorus, Protanthium, Monolophus and Stachyanthe-
sis (Hooker, 1892). The subgenera Sincorus includes 11 species other than K.
galunga L. They are Kaempferia marginata, K. ungustifolia, K. ovalifolia, K.
speciosa, K. pandurata, K. prainiana, K. roscoeana, K. parviflora, K. involucratu,

K. andersoni and K. cocinna.

Raghavan and Venkatasubhan (1943) studied the cytology of 4 species of
Kuempferia 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,
they ascertained ‘6’ as the basic chromosome number for the genus. They reported
that the speciation in this family is due to polyploidy, aneuploidy and structural
changes. Raghavan and Arora (1958) assigned a chromosome number of 2n = 54
for K. galanga L. Chakravorthi (1948) assigned a chromosome number of 2n = 33
for K. rotunda L. and K. gilbertii 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. Sharma and Bhattacharya (1959) reported a chromosome number
of 22 for K. galunga L. Ramachandran (1969) had the same opinion as Raghavan
and Venkatasubhan (1943). According to him K. galanga L. is presumably an
aneuploid pentaploid. Mahanty (1970) reported that the 2n number of K. anguistifo-

lia is 22 and that of K. brachystemon is 26. A chromosome number of 2n = 22 had



been assigned for the species K. elegans and K. rosea. For K. gilbertii and K.
rotunda L. he reported a chromosome number of 2n = 33. Beltran and Kam (1984)
found that Asiatic Kaempferias have a basic chromosome number of X = 11 while
African ones have X = 14. Rekha (1993) reported that the somatic chromosome
number of K. galanga L. is 55. She recognised the species as a pentaploid with x =

11.
2.4 Morphology and Floral biology

Kaempferia galanga L. is an annual herb grown for its aromatic rhi-
zome. According to Hooker (1892) Kuempferia 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. Petioles are short and channelled. According to Kirthikar and
Basu (1935) the plant is a stem less herb with tuberous aromatic root stock, which
possess fleshy, cylindric and nonaromatic root fibres. Leaves are few in number
spreading horizontally, lying flat on the surface of the ground and having a length of
6.3 - 12.5 cm and a breadth of 4.5 - 9.0 ¢cm. They are deep green, thin, 10-12
ribbed, rotund, ovoid, deltoid and accuminate. Leaf margins are not thickened or

coloured.

Aiyer and Kolammal (1964) described the leaves of Kacholam as deep
green orbicular, sub orbicular, orbiculate-ovate or ovate-cordate, with thin membra-
neous blade, 6.2 to 15 ¢m long and 5-15 c¢cm wide, smooth above deltoid-acuminate
at tip some what woody towards the base and 10-12 nibbed with the margin wavy
but not thickened or coloured. Each leaf has a short channeled petiole. They report-
ed vertically oriented tuberous rootstock for Kacholam. It is having several smaller
secondary tubers and a cluster of roots most of which are long and narrow white, a

few are, shorter and tuberous at their tips. The main tuber is conical in form wider



below, narrower at the tip and distinctly 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 orient-
ed. Surface of the tubers are fairly smooth and greyish or light brown colour. 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.

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 6-12 flowers are
produced from an inflorescence. The inflorescence is situated at the centre of the
plant between the leaves. Flowers are fugacious, fragrant and open successively.
They possess three lanceolate bracts which are green and short. Calyx is having the
same length as that of the outer bracts. Coralla tube is 2.5 cm long, lobes are pure
white in colour, lanceolate a little shorter than the tube. Both the essential whorls are
trimerous. There are two lateral staminodes which are cuneate, obovate and are
situated at the base of the ovary and the stigma is filiform. Aiyer and Kolammal
(1964) described the androecium with fertile stamen and broad petaloid staminodes.
Fertile stamen is with a short arcuate keeled filament expanded above the mutiocous
anther into a petaloid quadrate, two cleft or forked crest or appendage. Anthers are
two celled and pistil is tricarpellary. The; described ovule as inferior 3 celled with
many horizontal anatropous ovules( on axile placentation within each chamber. Style
is long filiform ending in a turbinate stigma. Hooker (1892), Gamble (1926) and
Kirthikar and Basu (1935) described the floral morphology of K. rotunda as follows.
Flowers are born on radical scapes 1 cm long with spreading linear petals nearly as

long as the tube. Staminodes are oblong acute white in colour and having a length of



about 3.8 - 5.0 c¢m, lip is lilac or reddish in colour and is bifid. Anther crest 1s

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 {lowers were produced direct-

ly from the rhizome and they opened in succession.
2.5 Propagation and Cultivation aspects

Kacholam is propagated vegetatively using rhizome. The plant produces
both mother and finger rhizomes. Gopalaswamiengar (i951) reported that propaga-
tion of Kaempferia is by the division of the rhizome and it can be potted in light soil
and liquid manure promotes its growth. The Aromatic and Medicinal Plants Re-
search Station, Odakkali, Kerala has undertaken a study to find out the response of
K. galanga L. to different spacing and different levels of FYM. Preliminary trials
have shown that spacing of 20 x 15 cm and FYM at the rate of 30 tonnes per hectare
gave maximum rhizome yield (Annual Progress 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 3rd week of May and harvested after 6 months were significantly superior. Plant:
ing time had significant influence on the number of leaves per plant, leal width, total

leaf area and rhizome yield (Rajagopalan and Gopalakrishnan, 1985).

Phytochemical analysis and nutrient upltake studies on K. galangua 1.
conducted by Rajagopalan er al. (1989) revealed that mother rhizomes 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
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was 22.8 kg N, 28 kg P7Og and 36.9 kg K5O per hectare. NPK trials conducted at
AMPRS, Odakkali indicated that application of 50-75 kg N, 60 kg PHOg and 50-75
kg K5O per hectare was beneficial for increasing the rhizome and oil yield and oil
recovery (Research Report, KAU 1987-90). In another study conducted at AMPRS,
Odakkali (1991) it was revealed that application of 30 tonnes of farm yard manure
per hectare alone without fertilizer registered the highest yield of fresh rhizome

(5197 kg/ha) and the highest oil yield (23.25 t/ha).

A micropropagation trial on K. galanga L. was conducted by Vincent ez
al. (1991) and they reported that callus cultures were initiated from vegetative bud
explant of K. galanga on MS medium supplemented with 2.4 dichlorophenoxy
acetic acid (2,4-D) and 6 benzyl amino purine (BAP). Of the different hormonal
combinations tested maximum regeneration capacity was exhibited with 1.5 mg/l
BAP and 1 mg/l NAA. The axillary bud explant of K. galanga L. had the potential
to induce multiple shoots as well as roots in the medium containing BA alone or BA
+ kinetin (Vincent er al., 1992). The mortality rate to tissue culture derived plants
was low and about 90 per cent plants survived on transfer to sotl. These results

demonstrated that K. galanga L. can be micropropaged easily.
2.6 Chemical composition of rhizome

Panicker er al. (1926) analysed the dried and powdered rhizomes which
gave 2.4 - 3.88 per cent of volatile oil. The tuberous rhizome possesses a camphora-
cious odour with somewhat bitter aromatic taste resembling that of Hedychium spica-
tum. The compounds such as n-pentadecane, ethyl p-methoxy cinnamate, ethyl

3

cinnamate, 1-s” - carene, camphene, Borneol and P-methoxy styrene were reported

to be present in the oil (Panicker ef al., 1926 and Guenther, 1975). The oil freed
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from ethyl P methoxy cinnamate which separates out on cooling the destillate had

the following properties:

Specific gravity at 30°/3°. 0.8792 t0 0.8914
Specific optical rotation at 30° 2736’ to -4°30°
Refractive index at 30° 1.4173 to 1.4855
Acid number 0.5t01.3
Saponification number 99.7 to 109.0

Pillai and Warriar (1962) conducted investigations on the aromatic re-
sources of Kerala 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.

The essential oil content of rhizomes collected from Chowgat College
Campus has been found to vary depending on the month of collection of the plant
material (Nerk and Torne, 1984). Maximum oil content Was reported when the plant
material was collected in October and minimum, when it was collected in June. The

price of the oil was reported as 180-200/kg oil.

Bin Din and Samsudin (1991) reported the presence of cinnamic acid

dertvatives such as ethyl cinnamate and ethyl p-methoxy cinnamate in K. galanga.

Seven species of Kaempferia such as K. galanga L., K. parviflora, K.
unguistifolia and K. rotunda L. and three other species have been studied by Tunti-
wachwuttikul (1991) and reported four major classes of chemicals viz. cinnamate

esters, flavanoids, diterpenoids and cyclo hexane oxide derivative.
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Tuntiwachwuttikul er al. (1992) again studied 4 species of Kaempferiu
such as K. parviflora, K. unguistifolia and two unnamed Kaempferia species and
reported that rhizomes of K. parviflora yielded sixteen flavanoids. The major consti-
tuent 5,7 dimethoxy flavone was found to be antiinflammatory and the activity was
comparable to aspirin. Work on K. unguistifolia and an unnamed Kaempferia species
lead to the isolation of the two cyclohexane diepoxide analogues. The composition of
the essential oil of rhizomes of K. galanga growing in Malaysia has been investigat-
ed by Wong er al. (1992) and they reported 54 components of which the major
constituents were ethyl trans-P methoxy cinnamate (56.7%), ethyl cinnamate
(16.5%), Penta decane (9%), 1,8 cineole (5.7%), gamma-car-3ene (3.3%) and

borneol (2.7%). Terpenoid constituents amounted to 16.4 per cent.
2.7 Morphological variability

Kaempferia galunga has not attracted any systematic research work in
identifying the extent of variability in this crop. Since the literature available on this
crop is scanty, review of studies conducted 1n related crops like ginger, turmeric etc.

are cited here.

2.7.1 Ginger

Morphological characters such as height of the plant, number of tillers,
number and length of leaf blade, number of secondary fingers, number of nodes per
finger, length, girth and internodal length of primary and secondary fingers were
found to differ significantly among ginger types studied (Nybe, 1978). He observed
no significant variation among types for breadth of leaves, length of petiole and
number of primary fingers. He reported significant difference in germination per-

centage also. Genetic variability, and heritability were estimated by Mohanty and
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Sharma (1979) for a number of characters in different cultivars of ginger. Their
study indicated that straight selection can be made to improve almost all characters
except the number of tertiary fingers and straw yield. Mohanty (1979) studied the
variability and heritability of 14 characters in 28 native and foreign varieties and
they reported high genetic co-efficient of variation (GCV), expected genetic advance
and heritability estimates for number of secondary rhizome [ingers and total root
weight. Also heritability estimate was high for leaf breadth, while GCV was high for
weight of root tubers. Twenty eight cultivars and strains of Zingiber officinale was
assessed by Mohanty ef al. (1981) and reported varietal differences for all the char-
acters studied such as number of tillers, number of leaves, plant height, leal width,
weight of straw, number of adventitious roots, number of root tubers, total number
of rhizome lingers, rhizome yield etc. Okwvowulu (1992) compared four exotic
cultivars of ginger (Maran, Himachal Pradesh, Wyanad local and Rio-de-jenairo)
with Nigerian land races (Talfin Yiwa and Yatsun biri) and recorded significant
differences for the root yield, leal number and shoot height at crop maturity, but the

stem tuber yield was not significantly different.
2.7.2 Turmeric

Pillai and Nambiar (1975) and Rao er al. (1975) noticed variation in
thickness, length, internodal length and colour of rhizomes among urmeric types.
Morphological and growth characters such as height of the plant, number of leaves
per uller and per plant, leaf characters, number and length of roots and rhizome
characters of mother, primary and secondary finger were found to differ significant-
ly among the types (Philip, 1978). He noticed no significant variation in tller
production among the types. The study revealed that morphological characters were
not rehiable o classify the types although some of them could be distinguished by

rhizome character. Morphological characters such as number of tillers, height of the
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plant, number of leaves both on the main plant and tiller, number of roots and
number, length, girth and internodal length of primary and secondary fingers were
significantly different among the lines (George, 1981). Philip and Nair (1980) re-
ported high heritability for curing percentage, and curcumin and oleoresin contents.
Genetic advance' was reported to be high for plant height, green yield, curing per-
centage, leaf blotch resistance and curcumin and oleoresin contents which indicated
that selection within the existing germplasm would lead to improvement for that
characters. Mukhopadhyay er al. (1986) reported significant variation for
shoots/clump, leaves/shoot, plant height and yield/plant. GCV was highest for total
plot yield and heritability estimate was moderate for shoots/clump. Indiresh er al.
(1990) also evaluated turmeric cultivars at Brahmavar and observed highly signifi-
cant variation between the cultivars for many of the characters. The characters viz.,
yield of cured turmeric, number of primary fingers and yield of secondary fingers
were reported to have a good amount of variability, high magnitude of heritability
and appreciable expected genetic advance (Jalgaonkar, 1990). Menon er al. (1992)
also reported significant differences between open pollinated progenies of Curcuma
aromatica cultivar Nandyal, for all the plant traits except tillers/plant as well as

rhizome characters, yield, curing percentage and curcumin content.
2.7.3 Costus speciosus

An evaluation of Costus speciosus germplasm by Ammal and Prasad
(1984) conducted in Tamil Nadu on the basis of height of the plant, length and
breadth of leaves, number of leaves and flowers per plant revealed the presence of
diploids, triploids and tetraploids, in the species. They also reported that,
eventhough the diploids have high diosgenin content, the triploids clones were the

most robust.
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2.7.4 Induced variability

The effect of gamma irradiation on Kaempferia galanga L. has been
studied by Viswanathan et al. (1992) and it has been found that irradiation treat-
ments at lower dosages viz., 0.5, 0.75 and 1.0 k rad produced stimulatory etfect on
the germination and period taken for germination of Kaempferia rhizomes. Inhibi-
tory effects on these characters were observed at higher doses. Mutagenic effects
were evident as variability on leaf colour, leaf shape and arrangement, leaf texture
and leaf thickness. Bushy type mutants were noticed 1n 7.5 k rad and they reported
that it can be used as an ideal raw material for crop improvement programmes of

Kaempferia.

2.8 Correlation studies

2.8.1 Ginger

Analysis of yield and plant characters like number of tillers, height of
plant and number of leaves by Kannan and Nair (1965) revealed that plant height
was generally associated with yield. Nybe (1978) reported that in ginger length of
leaf blade, length of petiole, leaf area index and number, length and girth of primary
and secondary fingers were positively correlated with yield. According to Mohanty
and Sharma (1979) rhizome yield was positively and significantly correlated with
number of stems, leaves, secondary rhizome fingers, tertiary rhizome fingers and
total rhizome fingers, plant height, leaf breadth, girth of secondary rhizome fingers
and number and weight of adventitious roots. Roy and Wamanan (1990) reported
that yield was correlated with shoot height, leaves per clump of shoot and tiller per
clump. Four exotic cultivars of ginger were compared with the Nigerian land races

by Okuvowulu (1992) and he reported a significant positive correlation between
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stem tuber yield and shoot number in Wyanad local and between stem tuber and root

yield in Maran.
2.8.2 Turmeric

Philip (1978) reported that morphological characters, such as height of
plant, length and breadth of leaf, petiole length, leaf area index, number of leaves
per tiller, number of roots per plant, length of roots, length of primary fingers and

girth of mother rhizomes were positively correlated with yield.

Mohanty (1979) studied correlation coefficients among different charac-
ters and yield components in turmeric and revealed that tail plants with more number
of broad leaves like to produce high yielding turmeric types. Nambiar (1979) esti-
mated the inter correlation among the morphological characters and yield in turmeric
and the results showed that number of tillers, plant height, and number of fingers
had high significant positive correlation with the yield of turmeric. He also reported

that the final yield was influenced by the weight of seed material.

Govind et al. (1981) showed that number of fingers per plant, number of
tillers per plant, height, rhizome length and dry matter percentage contributed 4 per
cent towards yield of turmeric rhizome. In an investigation conducted by Mukho-
padhyay and Roy (1986) in 25 cultivars of turmeric, a high correlation was observed
between plant height and yield per plant at both the phenotypic and genotypic levels.
Jalgaonkar et al. (1990) reported that the yield of cured turmeric was significantly
correlated with yield of secondary fingers. According t(; him the significant relation
of quantitative characters of secondary finger with each other and with those of
primary fingers was an indication of the scope for obtaining a good response to

selection through direct as well as indirect selection.
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2.9 Path cocfficient analysis

The theory of path coefficient analysis was first established by Wright
(1921). From an overall analysis of path coefficient Usharani and Rao (1981) sug-
gested the character as major contributors towards yield are those which had positive
direct effects and those having small negative effect but high genotypic correlation

with yield.

In ginger path coefficient analysis was done by Ratnambal (1979). The
analysis revealed that the phenotypic correlation between yield of rhizomes and
height of pseudostem was quite high and so also the direct effect of height towards
the correlation. It was also found that indirect effect of height in manifestation of the
correlation between yield and other characters was high. The direct effect of number
of leaves on yield was found to be low. Eventhough the length of leaf had a negative
direct effect, it was compensated by a high positive correlation between plant height
and final yield. In turmeric path coefficient analysis indicated that wherever signifi-
cant positive correlation between yield and morphological characters were estab-
lished, it was mainly due to substantial positive contribution by plant height and
number of fingers either directly or indirectly. Based on this Nambiar (1979) con-
cluded that plant height (of pseudostem) in turmeric was a single important morpho-
logical character for which selection for yield could be made. In turmeric path coef-
ficient analysis revealed that height of the plant and length of secondary fingers were
the major contributors towards rhizome yield. Direct effects of number of leaves per
tiller and girth of mother rhizome were positive whereas number of nodes per prim-
ary finger and petiole length had high negative direct effect on rhizome yield
(Geetha, 1985). Another study conducted by Mukhopadhyay and Roy (1986) re-
vealed that plant height had the maximum direct effect on yield, followed by tillers

per clump in turmeric. Tillers per clump, leaves per shoot and plant height were
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recommended as selection criteria for improving yield.
2.10 Influence of light intensity on morphological characters and yield

Sunlight being the source of energy for plants for photosynthesis, the dry matter
accumulation in general are found to be adversely affected by shading. But in gin-
ger, coffee, etc. positive influence was reported. Still in some other crops like
pineapple there was no appreciable decrease in dry matter accumulation even upto
75 per cent shading. In crops like tomato, tea, chilli and chickpea also partial shad-

ing was found beneficial. Plants vary in their response to shade.

In apple, tomato and many horticultural plants, an increase in total leal
area with shading has been reported (Clark, 1905). Experiments on shaded and
unshaded plants indicated that light favours formation of oil (Lubimenko and
Nervikoff, 1914). Aclan and Quisumbing (1976) reported positive influence of
shading on plant height in ginger. They also reported positive influence of partial
shading on yield. Crop under partial shade gave as much yield as that under full
sunlight. In turmeric rhizome yield was significantly higher in the open than under
shade (Ramadasan and Satheesan, 1980). Bai (1981) also reported that turmeric
recorded higher yield under 50 per cent shaded condiﬁoﬁ. Turmeric produces a rela-
tively dense canopy under natural condition. According to her, performance of ginger
was better under shade than in the open. Leaf area in ginger was not appreciably

altered by shading. In coleus also the yield of tubers was unaffected by shading.

Duriyaprapan and Britten (1982) noticed increased leaf area development
in shaded Mentha arvensis plants. Balyan er al. (1982) reported that the crop Cloci-
mum came up well under partially shaded conditions in Jammu, though the oil

content was slightly low under shaded conditions.
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Ravisankar and Muthuswamy (1986) carried out an experiment at
TNAU, Coimbatore to study the effect of light intensity on the dry matter produc-
tion in ginger and the recovery of dry ginger. The crop grown as an intercrop in the
six year old arecanut plantation with a light intensity of 15.3 K.lux recorded the
highest dry matter production in the plant and accumulation in the rhizome at all

stages of crop growth.

Sannamarappa and Sankar (1988) studied the performance of turmeric
under four different densities of arecanut. It has been found that in turmeric yield
increases with narrower spacing. The biomass production was high with spacing of

1.8 mx 3.6 m.

The effect of shade on plant height and chlorophyl content was positive
while it was negative in the case of number of tillers and number of leaves in all the
ginger varieties tried by Varughese (1989). Most of the ginger varieties recorded the
highest yield at 25 per cent shade. The percentage of dryage of ginger rhizome
increased with increase in shading with the maximum dryage at 75 per cent shade.
According to her, varieties grown without shade yielded the best quality rhizome.
Varughese (1989) also studied the influence of shade on turmeric varieties and re-
ported that all the turmeric varieties recorded highest yield at 0 per cent shade. Plant
height and chlorophyl content increased with increasing shade while number of till-
ers and number of leaves showed a drastic decrease. The percentage of dryage also
increased with increase in shading. She concluded that ginger varieties tested were
highly suitable for intercropping while turmeric varieties will be suitable for inter-

cropping only under conditions of ample light infilteration.
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According to Pillai (1990), in clocimum effect of shade on plant height
and spread was positive upto intermediate shade level whereas its effect on number
of branches, number of flowering shoots, length of inflorescence and leaf area was
negative. The highest total herbage yield, highest value of oil content and oil yield
were also recorded by the plant grown in the shade. Physical properties of oil were

also significantly influenced by shade.

'Nair et al. (1991) reported from College of Horticulture, Vellanikkara
that growth and yield attributes of Kacholam grown in open conditions were com-
parable with that grown under shade in coconut gardens. Kacholam grown in open
areas recorded a height of 22 cm, fresh weight of 112 g of officinal part per plant
and a dry weight of 23.92 g officinal part per plant as against the height of 20 cm,
110 g fresh weight of officinal part and 23.50 g of dry weight of officinal part per
plant obtained under shade in coconut garden. The results revealed the possibility of

growing Kacholam as intercrop in 8-20 years old coconut plantation.

Jayachandran er al. (1992) reported turmeric as a shade tolerant crop. It
was found that the yield of turmeric at 25 per cent shade was as par with open condi-
tion. Shade intensities beyond 25 per cent reduced the rhizome yield. They recom-
mended turmeric as a suitable crop component for homestead cultivation and for
intercropping under coconut and other perennial crops. As a result of shade height of
plant increased and tiller production reduced. Reduction in rhizome yield was also

observed as a result of 50 per cent and 75 per cent shade.

Plant grown under shade performed better than those in the open in
terms of rhizome yield in ginger (George, 1992). The effect of shade on plant
height, chlorophyl content, net assimilation rate and percentage dryage was positive

and she classified ginger as a shade loving crop. She also reported that plants grown
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under shade registered higher value for oil and oleoresin content compared to that

grown in the open.

Paul (1992) reported that performance of turmeric cultivars was poor
under intercropping in coconut garden. The performance of crop was better in terms
of rhizome yield, under medium shade levels of 50 per cent, and classified turmeric
as a shade tolerant crop. Effect of shade on plant height and chlorophyl content was
positive. But more number of leaves were produced in the open whereas no definite

trend could be observed in the number of tillers.
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MATERIALS AND METHODS

The present investigation on evaluation of Kacholam (Kaempferia galun-
ga L.) types for morphological variability and yield was conducted in the Depart-
ment of Agricultural Botany, College of Horticulture, Vellanikkara during the period

May, 1993 to January, 1994.
3.1 Materials

Germplasm of Kacholam including different local collections viz.
Koothattukulam, Ponnukkara, Thodupuzha, Palakkad and Varantharappilly,
gathered from cultivators’ field, preliminary selections made in the previous season
from the Vellanikkara type raised at AICRP on M & AP, based on some morpholog-
ical characters and yield and an irradiated population of Vellanikkara (M, genera-
tion), formed the materials for the present study. The total number of entries includ-

ed in the study was ten (5 collections, 4 selections and 1 irradiated population).

3.2 Methods

3.2.1 The experimental details and design

The above ten entries were put into a comparative yield trial in open and
under coconut garden of age 15 years. Two identical and parallel experiments were
laid out, one in the medicinal garden, AICRP on M & AP, Main Campus, KAU,
Vellanikkara and the other under the coconut garden in Instructional Farm, Vella-

nikkara. The experimental design was RBD with 3 replications.
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3.2.2  Soil analysis

Composite soil samples were taken and used for the determination of
chemical properties and the data are presented below. Texturally the soil is sandy

clay loam.

Chemical properties

Content
Constituent Method employed
Open field Coconut garden

Organic carbon 0.75% 1.0% Walkley and Black rapid
titration method (Jackson, 1958)

Available N, 295.92 kg/ha  331.5 kg/ha  Alkaline permanganate method
(Jackson, 1958)

Available P 7.39 kg/ha 4.8 kg/ha Ascorbic acid method
(Watanabe and Olsen, 1965)

Available K 4.35 kg/ha 2.6 kg/ha Flame photometry
(Jackson, 1958)

Soil reaction (pH) 5.5 5.8 pH meter method. Soil water
suspension of 1:2.5
(Jackson, 1958)

Electrical 0.25dS m’! 0.1dS m'! Conductivity bridge method
conductivity Soil water extract of 1:2.5
(Jackson, 1958)

3.2.3 Measurement of light intensity in coconut garden

The prevailing shade under the coconut garden was measured using line
quantum sensor. Using the instruments 2 sets of measurements were taken, one in
the open and the other in the coconut garden, and the percentage of light infilteration
in the coconut garden worked out. It was calculated as 50 per cent light infilteration

under the coconut garden.



3.2.4 Land preparation

The experimental fields were thoroughly ploughed in the month of May,
3 times to get a uniform soil condition. Raised beds of 3 x 1 m size and 25 ¢m
height were prepared and 30 ¢cm wide channels were made in between the beds.
Under coconut garden, beds were prepared along the slope in between the rows of

coconut.
3.2.5 Planting

Rhizome bits of 5 g weight with a single bud were used for planting. The
spacing adopted was 25 cm x 20 cm. Dried powdered cowdung at the rate of 20 tons
per hectare was applied before planting the rhizome in each pit. A population of 56
plants (4 rows and 14 plants per row) per plot was given (186667 plants per
hectare). Planting was done in the first week of June with the receipt of monsoon

showers.
3.2.6 Crop management

The same crop management practices were given for both the crop.
Mulching was done immediately after planting at the rate of 4.5 kg per plot (15 tons
per hectare). Fertilizers were applied at the rate of 50:50:50 kg NPK ha'! as
recommended by KAU (1993). The full dose of fertilizers was applied 2 months
after planting at the time of first weeding. Weeding was done at two months inter-

val.
3.2.7 Sampling technique

Random sampling technique was adopted to select the sample plants for
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recording various morphological characters in both the experiments. Ten plants
(clumps) were selected at random from each plot, eliminating the boarder rows and
labelled. Data for each morphological character were recorded from the same ten
labelled plants. For the chemical analysis for extracting oil, rhizomes from these ten

sample plants were bulked together to get a representative sample for each plot.

3.2.8 Preharvest observations
i. Germination

The number of rhizomes sprouted per plot was recorded and the germina-
tion percentage was worked out.

i1. Number of leaves

Number of leaves produced per plant was recorded from the ten sample plants

at 2 months interval and the average worked out for each plot.
ui. Leat shape
The shape of the leaves of each type was observed visually and recorded
as described by Lawrence (1951).
iv. Length and width of leaves

Five fully opened leaves were selected at random from each of the
sample plant for recording the length and width of leaves. The length was measured
as the distance between the base and tip of leaf blade. Width was recorded as the
width at the centre of leaf blade. The average length and width of leaves were then

computed.
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v. Leal area index

Total leaf area
Leaf area index was calculated as the  -——---v--memenmv
Land area

Leat area was measured using leaf area meter. For this purpose a destructive sam-
pling of 5 plants was taken from each plot, at the time of flowering. The leaves were
cut, taken and fed to the instrument which gave reading on total leaf area. From this
value, leaf area of 56 plants was calculated which when divided by plot size (3 m?)
gave the leaf area index. The same was repeated one month after flowering.

vi. Days to flowering

In Kacholam the flowers borne on an inflorescence and open successive-

ly. The days to first flowering was recorded for each plot.
vii. Spread of flowering

Flowering commenced 45-55 days after planting in this crop. Flowers
remained open for 1 day and later withered off and new flowers were produced
successively from the same plant. The flowering process.continued for 1'a -1 3/4
months after planting, starting from last week of July to second week of September.
Spread of flowering was recorded as the duration from the day of first flowering to

the day of last flowering.
viii. Number of flowers per inflorescence

In Kacholam a single plant is a clump and each sucker may or may not

end in a flower bud. For each sample plant the first flower bud was tagged for
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taking observation. The flowers in an inflorescence opened one per day in a few case
two flowers per day. So every day the number of flowers opened were counted till
the flowering was over. Thus the number of flowers per inflorescence was obtained

and the mean value calculated.
1x. Number of suckers

The number of suckers produced by each sample plant was recorded and

the average worked out.
x. Plant spread

Spread of the plant was measured using a twine in two directions (North
South and East West directions) and the average of these two measurements was

recorded as the plant spread.

3.2.8 Post harvest observations

1. Number of main and secondary rhizomes

Number of main and secondary rhizomes produced per plant was record-

ed for the ten observational plants and their mean worked out.
ii. Length of main rhizome

The length of main rhizome produced by the ten observational plants was

recorded separately and the mean calculated for each plot.
iii.  Girth of main rhizome

The girth of main rhizomes at the middle was measured using a twine for

each sample plant and the average was calculated.
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iv.  Number of nodes and internodal length of main rhizome

The number of nodes in each main rhizome of the sample plants was
recorded. The internodal length was found out by dividing the total length of the

main rhizome by the number of nodes.
v. Length of secondary rhizome

Five secondary rhizomes were selected at random from each observa-

tional plant and the length was measured using a twine and the mean worked out.
vi. Girth of secondary rhizomes

The girth at the middle for the same five secondary rhizomes selected

from the observational plant was recorded and the mean worked out.
vii. Number of nodes and internodal length of secondary rhizome

The number of nodes was recorded for the five secondary rhizomes and
the internodal length was found out by dividing the length of secondary rhizome by

the number of nodes.
viit,  Fresh rhizome yield

The ten sample plants were harvested separately and weighed to get the
individual plant yield and the average worked out. Rhizome yield per plot and per

hectare were also calculated.
ix. Dry rhizome yield

The rhizomes of the ten sample plants were chopped into small bits,

dried separately under sun for 5 days. The moisture content in the rhizome was then
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found out using immiscible solvent method with toluene as solvent. When the mois-
ture content reduced to 8 per cent, the dry rhizome yield of individual plant was
recorded and then the mean worked out. Dry rhizome yield per plot and per hectare

were also worked out.

x. Biological yield

It 1s the total dry matter accumulation including the economic part ie. the
rhizome and the uneconomic parts like, leaves, shoot and roots. Biological yield was

also recorded for the ten observational plants and the average worked out.

xi. Harvest index

economic yield

Harvest index is calculated as the
biological yield
For each observational plant harvest index was worked out by dividing

the dry rhizome yield with the dry plant weight and the mean worked out.

3.2.9 Chemical analysis

1. Oil estimation

One hundred g of dried rhizomes from each replication was ground in a
grinding mill to get a fine powder. Fifty g of the powdered sample was used for

analysis.

Solvent extract of each sample was taken using hexane as solvent. Fifty g
of the sample was reflexed, with 400 ml of the solvent. From the extract, the solvent
was evaporated out and the oil obtained was weighed when constant weight reached.

The o1l was then expressed as percentage.
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1. Quality analysis

The quality of the oil was assessed using gas chromatography in the
instrument Chemito 8510 using column SE-30 at a temperature of 130°C - 220°C
programming at 5 per minute using Ny as carrier gas.

3.2.10 Statistical analysis

The data were statistically analysed using the analysis of variance tech-
nique for randomised block design according to the procedure suggested by Panse
and Sukhatme (1978). For each morphological character the data were analysed
separately for the open crop and the crop under shade. Then a pooled analysis was
done to compare the performance of the open crop and the intercrop for each charac-
ter. The components of variance ie. phenotypic variance, genotypic variance and
environmental variance were also computed as the procedure suggested by Johnson
et al. (1955). Heritability was estimated by the method suggested by Burton and
Devane (1953) and the expected genetic advance was also worked out for each
character, as suggested by Lush (1949) and Johnson er al. (1955). Correlation coet-
ficients for each morphological character with yield was worked out as per the tech-
nique suggested by Cochran and Cox (1950). Path coefficient analysis was also done
using Spar 1 soft ware package to study the direct and indirect effects of yield con-

tributing characters on yield as suggested by Deway and Lu (1959).
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RESULTS

The data collected for various characters of the crop were tabulated and

subjected to statistical analysis and the results are presented in this chapter.
4.1 Morphological variability in different characters and yield

The data on each character was seperately analysed under open and
shaded conditions by analysis of variance technique and then pooled analysis was

done to compare the performance of the types under open and shaded conditions.

4.1.1 Germination

There was no significant difference in the germination percentage of the
types averaged over the two situations viz. open and shade. Germination percentage
of the types ranged between 96.00 per cent and 98.81 per cent. The type Ponnuk-
kara recorded the maximum germination percentage (98.81%) and Vellanikkara
irradiated population recorded the minimum value (96.06%). There was no signifi-
cant difference in the germination percentage of the types between open and shaded

conditions. (Table 1).
4.1.2 Number of leaves

The results are presented in Table 2a.
1) Number of lcayes 1 month after planting

The pooled analysis showed significant difference between treatments
regarding this trait. One month after planting, the number of leaves ranged from

3.17 to 5.73. Ponnukkara (5.73) and Vellanikkara Seln. Br (4.13) were found to be



Plate 1. A view of the Kacholam crop in the field under open condition
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Table 1. Variability in germination of Kacholam (Kaempferia galunga L.)
types under open and shaded conditions

Germination percentage

Types

Open Shade Pooled
Koothattukulam 97.62 98.21 97.81
Ponnukkara 98.21 99.40 98.81
Thodupuzha 98.81 95.39 97.10
Palakkad 97.02 97.02 97.02
Varantharappilly 97.02 98.81 97.92
Vellanikkara Seln. Br 98.81 96.43 97.62
Vellanikkara Seln. NR 96.43 98.81 97.62
Vellanikkara Seln. L 97.02 95.83 96.43
Vellanikkara Sein. M 97.62 98.21 97.92
Vellanikkara Irradiated 96.88 95.24 96.06
Mean 97.54 97.33 97.44
SEm+ 2.08 1.47
CD (0.05) NS NS




33

Table 2a. Variability in leaf characters of Kacholam (Kaempferia galanga L.)
types under open and shaded conditions

No. of leaves 1 MAP No. of leaves 3 MAP No. of leaves 5 MAP No. of leaves 6 MAP

Type  =eeeomeee == -
Open Shade Pooled Open Shade Pooled Open Shade Pooled Open Shade Pooled

Koothattu- 3.37  3.53  3.45  17.47 14.27 15.87 36.84 29.43 33.14 32.63 25.27 28.95

kular

Ponnukkara  6.20 5,27 5.73 23.20 17.63 20.42 37.20 35.00 36.10 35.13 29.23 32.18

Thodupuzha  3.90 2.87 3.38 14.59 12.70 13.65 28.25 26.53 27.39 29.15 25.70 24.43

Palakkad 3.93 2,90 3.42 16.93 9.60 13.27 28.07 20.00 24.03 26.00 16.67 21.33

Varanthara- 3.77 3.43 3.60 14.20 14.73 14.47 26.68 25.30 25.99 26.34 21.90 24.12

ppilly

Vellanikkara 4.43 3.83 4.13 17.00 12.83 14.92 32.27 23.77 28.02 32.73 17.65 25.19

Seln, Br

Vellanikkara 3.43 3.13 3.28 13.60 12.97 13.28 24.40 25.80 25.10 28.87 22.90 25.88

Sein. NR

Vellanikkara 3.77 3.63 3.70 17.93 14.10 16.02 33.37 26.67 30.02 34.73 23.20 28.97

Seln. L

Vellanikkara 3.30 3.03 3.17 12.33 12.67 12.50 23.03 24.83 23.93 25.87 22.30 24.08

Seln. M

Vellanikkara 3.13 3.43 3.28 14.53 14.07 14.30 29.67 28.93 29.30 27.80 25.60 26.70

irradiated

Mean 3.92 3.51 3.71 16.18 13.56 14.87 29.98 26.63 28.30 29.93 23.04 26.18

SEnt 0.48 0.34 2.64 1.87 3.57 2.57 4.05 2.86

€D (0.05) 0.97 0.68 5.98 NS 7.28 5.22 9.16 NS

MAP - Months after planting
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significantly superior to the types Palakkad (3.42), Thodupuzha (3.38), Vellanikkara
irradiated (3.28), Vellanikkara Seln. NR (3.28) and Vellanikkara Sein. M (3.17).
The performance of the types were significantly different under open and shaded
conditions. The leaves produced were more under open condition. Here there was no

interaction between the treatments (types) and the two situations. (Fig.2).
ii) Number of leaves 3 months after planting

There was no significant difference in the number of leaves produced by
the types, 3 months after planting averaged over the two conditions, open and shade.
The average number of leaves ranged between 12.50 and 20.42. Ponnukkara record-
ed the maximum number of leaves (20.42) and Vellanikkara Seln. M recorded the
minimum number of leaves (12.50). The character differed significantly between
open and shaded conditions. The types produced more number of leaves under open
condition. Here there was significant interaction between the treatments and the
situations. Ponnukkara produced the highest number of leaves both under open and
shaded conditions. Under open condition Ponnukkara was found to be significantly
different from all the types except Koothattukulam and Vellanikkara Seln. L. But
under shade it was on par with all the types except Palakkad regarding this trait.
Vellanikkara Seln. M recorded the lowest number of leaves in open (12.33), where

as Palakkad recorded the lowest number of leaves under shade (9.60).
iii) Number of leaves 5 months after planting

It was found that there was significant difference between the treatments
regarding this trait averaged over the two conditions. The character ranged from
23.93 and 36.10. Ponnukkara was found to be significantly superior to all the rest
except Koothattukulam. Vellanikkara Seln. M continued its poor performance of

producing the minimum number of leaves 5 months after planting also (23.93).
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There was significant difference in the performance of the types between open and
shaded conditions. But the interaction was found to be nonsignificant. The perfor-
mance was better under open condition. Pertormance of Palakkad was 40.4 per cent
more under open condition and that of Vellanikkara Seln. Br was 35.8 per cent more

under open condition.
iv) Number of leaves 6 months after planting

The difference between the types in the number of leaves produced, 6
months after planting, averaged over the two conditions was found to be nonsignifi-
cant. Ponnukkara recorded the maximum number of leaves (32.18) and Palakkad
recorded the minimum (21.33). The performance of the types was significantly
better under open condition and here interaction was also found to be significant.
Vellanikkara Seln. M was with the minimum number of leaves under open condition
(25.87), whereas Palakkad recorded the minimum number of leaves under shade

(16.67).
4.1.3 Leaf shape

There was no predominant variability observed in the shape of leaves
except length and width. Leaves were some what ovate or obovate in shape with
broad, acute base and apex. For the type Koothattukulam the apex of the leaf was
some what round and less pointed. The leaf margins were found to be more wavy

under open condition compared to shade (Plate 3).
4.1.4 Length of leaves

There was significant difference in the leaf length of types averaged over



Plate 3. Leaf shapes of Kacholam (Kaempferia galanga L.) types
under open and shaded conditions
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the two situations. The length of leaves varied from 11.23 ¢m to 13.98 ¢m. Ponnuk-
kara produced leaves with maximum length (13.98 ¢m) followed by Varantharappil-
ly (13.94 ¢m), Koothattukulam (13.75 c¢m), Vellanikkara Seln. Br (13.23 c¢m) and
Vellanikkara Seln. M (13.03 ¢m) and they were identical statistically. Palakkad
recorded the minimum length (11.23 ¢m) which was on par with Vellanikkara Seln.
L (12.08 ¢cm) and Thodupuzha (12.27 cm). There was significant difference in the
length of leaves recorded by the types between open and shaded conditions. Crop
under shade produced long leaves compared to those under open. Here the interac-

tion was absent (Table 2b).
4.1.5 Width of leaves

From the results of pooled analysis of the character width of leaves it is
clear that there was significant difference between the ‘types. Varantharappilly
recorded the maximum width (10.24 ¢cm) which was on par with Ponnukkara (9.48
cm), Vellanikkara Seln. M (9.46 ¢m) and Vellanikkara Seln. Br (9.33 ¢m). Palak-
kad produced leaves with minimum width (8.13 ¢m). There was no significant dif-
ference in the width of leaves of the types between open and shaded conditions.

(Table 2b). Here interaction was found to be nonsignificant.
4.1.6 Leaf area index

The results are presented in Table 2b and Fig.3.
1) LAI at flowering

At flowering there was no significant difference in the leaf area index

averaged over the two situations. The average LAI ranged between 0.43 and 0.82.
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Table 2b. Variability in leaf character of Kacholam (Kaempferia galanga 1..)
types under open and shaded conditions

Length of leaves Width of leaves - LAI at flowering  LAI one month after
Types (cm) {cm) flowering

Open Shade Pooled Open Shade Pooled Open Shade Pooled Open Shade Pooled

Koothattu- 12.87 14.67 13.75 9.23 9.73 9.48 0.98 0.49 0.73 1.13 0.81 0.97
kulan

Ponnukkara 12.99 14.98 13.98 8.51 10.00 9.26 0.86 0.78 0.82 0.95 0.85 0.9
Thodupuzha 11.96 12.57 12.27 8.68 8.26 8.47 0.51 0.36 0.43 0.49 0.67 0.58
Palakkad 11.44 11.01 11.23 8.71 7.54 8.13 0.47 0.44 0.46 0.55 0.35 0.45

Varanthara- 12.51 15.38 13.94 10.45 10.02 10.24 0.56 0.71 0.64 0.69 0.53 0.61
ppilly

Vellanikkara 13.17 13.29 13.23 9.61 9.30 9.46 0.66 0.58 0.62 0.65 0.61 0.63
Seln. Br

Vellanikkara 11.77 13.64 12.70 8.55 9.00 8.77 0.52 0.43 0.47 0.62 0.37 0.49
Seln. NR

Vellanikkara 11.74 12.41 12.08 8.28 8.21 8,24 0.51 0.42 0.46 0.54 0.33 0.43
Seln. L

Vellanikkara 12.56 13.51 13.03 9.45 9.21 9.33 0.50 0.53 0.51 0.64 0.47 0.55
Seln. H

Vellanikkara 12.13 13.51 12.82 9.13 9.05 9.09 0.60 0.40 0.50 0.60 0.41 0.51
irradiated

Hean 12.31 13.49 12.90 9.06 9.03 9.05 0.62 0.51 0.5 0.69 0.54 0.61
Skm# 0.73 0.56 0.64 0.47 0.16 0.06 0.12 0.08
CD (0.05) 1.49 1.14 NS 0.95 NS NS 0.24 0.17

LAI - Leaf area index
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Ponnukkara recorded the maximum value (0.82) and Thodupuzha recorded the
minimum (0.43). The character was not significantly different between open and
shaded conditions. But here the interaction was significant. Under open condition
Koothattukulam recorded the maximum LAl value (0.98) but its performance was
poor under shade (0.49). Under shade Ponnukkara recorded the highest leaf area
index (0.78). Palakkad recorded the minimum value under open condition (0.47)

whereas under shade Thoudpuzha recorded the minimum (0.36) .
ii) LAI 1 month after flowering

Here there was significant difference between the types regarding this
character averaged over the two conditions. The character ranged between 0.43 and
0.97. Ponnukkara and Koothattukulam were found to be significantly superior to all
other types. Vellanikkara Seln. L recorded the minimum LAI value (0.43). The dif-
ference in this character among the types between open and shaded conditions was
found o be significant. The types under open condition recorded more leat area

index, 1 month after flowering.

All the types except Palakkad, Varantharappilly and Vellanikkara Seln. L
recorded high LAI value 1 month after flowering compared to the value at flower-

ing.
4.1.7 Days to tlowering

Here there was significant difference in days to flowering between the
types pooled over the two situations. The character ranged between 44.50 and
56.00. Ponnukkara had taken the minimum days to first flowering and it was found
to be significantly different from all other types except Vellanitkkara Seln. Br

(47.33). Vellanikkara Seiln. L had taken the maximum days to flowering (56.00).
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There was significant difference in this character between open and shaded condi-
tions. The number of days taken for first flowering was more for the crop under
shade compared to the open crop. Interaction between the types and situations was
also found to be significant. Ponnukkara and Vellanikkara Seln. Br had taken the
minimum days to first flowering (44.0) uﬁdcr open condition. Under shade Ponnuk-
kara had taken 45 days where as Vellanikkara Seln. Br had taken 50.67 days to first

flowering (Table 3).
4.1.8 Spread of flowering

Pooled analysis showed no significant difference in spread of flowering
between the types. Ponnukkara had a prolonged flowering period of 49.67 days
where as Vellanikkara Seln. L had the shortest period of flowering (35.33). There
was significant difference in the spread of flowering of the types between open and
shaded conditions. Spread of flowering was more for the open crop. Significant
interaction was also present here. Vellanikkara Seln. Br ranked first in spread of
tlowering under open condition (53.67), whereas it was 5th under shade (41.33).
Ponnukkara had a flowering period of 49.67 days under both the conditions. Mini-
mum flowering period was recorded by Vellanikkara Seln. L under open condition
(36.67) and Seln. M recorded the minimum flowering period under shaded condition

(34.00) ( Table 3).
4.1.9 Number of flowers per inflorescence

Here the difference between the treatment means pooled over the two
conditions was found to be nonsignificant. The average number of flowers per in-
florescence ranged from 5.47 as recorded by Palakkad, to 7.63 as recorded by
Vellanikkara Seln. M. There was significant difference among the types between

open and shaded conditions. Crop grown in open produced more number of flowers
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Table 3. Variability in flowering characters of Kacholam (Kaempferia galanga L.)
types under open and shaded conditions

Days to flowering  Spread of flowering  No.of flowers per
Types inflorescence

Open Shade Pooled Open Shade Pooled Open Shade Pooled

Koothattukﬁlam 48.67 51.00 49.83 47.67 39.67 43.67 8.03 6.43 7.23
Ponnukkara 44.00 45.00 44.50 49.67 49.67 49.67 6.37 5.67 6.02
Thodupuzha 49.33 53.00 51.17 44.00 43.33 43.67 8.17 5.53 6.85
Palakkad 49.67 53.67 51.67 46.67 41.67 44.17 6.33 4.60 5,47

Varanthara- 48.00 50.67 49.33 48.00 41.33 44.67 6.47 523 5.85
pilly

Vellanikkara 44.00 50.67 47.33 53.67 41.33 46.67 8.10 4.53 6.32
Seln. Br

Vellanikkara 53.67 52.67 53.17 39.00 39.67 39.50 6.50 6.23 6.37
Seln. NR

Vellanikkara 54.33 57.67 56.00 36.67 40.00 38.33 6.90 4.33 5.62
Seln. L

Vellanikkara 46.00 52.67 49.33 48.67 34.00 4533 7.40 7.87 7.63
Seln. M

Vellanikkara 51.67 50.33 51.00 43.00 42.00 44.33 797 497 6.47
irradiated

Mean 48.93 51.73 49.63 45.70 41.70 4370 7.22 5.54 6.38

SEm+ 2.74 1.94 5.05 3.58 1.12 0.82
CD (0.05) 6.20 4.39 11.42 NS 2.28 NS




41

per inflorescence. Significant interaction was also present here. Under open condi-
tion, Thodupuzha was with the highest number of flowers per inflorescence (8.17)
followed by Vellanikkara Seln. Br (8.10) and Koothattukulam (8.03), whereas under
shade, Vellanikkara Seln. M ranked first (7.87) followed by Koothattukulam (6.43)
and Vellanikkara Seln. NR (6.23). Minimum number of flowers per inflorescence
was recorded by Palakkad in open (6.33) and Vellanikkara Seln. L in shade (4.33).
(Table 3).

4.1.10 Number of suckers per plant

The number of suckers ranged from 6.80 and 10.62. Ponnukkara pro-
duced maximum suckers per plant (10.62) followed by Koothattukulam (9.42).
Vellanikkara Seln. M recorded minimum suckers per plant (6.80). There was con-
siderable difference in this character between open and shaded conditions. The types

under open condition produced more suckers (Table 4).
4.1.11 Plant spread

There was no significant difference in plant spread of the types averaged
over the two situations and between the two situations. But here significant interac-
tion was present. Thodupuzha recorded the maximum plant spread under open condi-
tion (29.51 ¢m) followed by Koothattukulam (28.56 ¢cm) and Vellanikkara Seln. Br
(28.49 c¢m). Under shade Ponnukkara recorded maximum plant spread (29.95 c¢m)
followed by Varantharappilly (29.45 ¢m) and Koothattukulam (28.53¢m). Palakkad
recorded the minimum plant spread both under open (26.00 c¢m) and shaded condi-
tions (22.94 ¢cm) (Table 5).

The variability in overall vegetative growth of the types can be observed

in Plate 4 and 5.‘
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Table 4. Variability in number of suckers of Kacholam (Kaempferia galanga L.)
types under open and shaded conditions

Number of suckers per plant

Types

Open Shade Pooled
Koothattukulam 11.13 7.70 9.42
Ponnukkara 12.07 9.17 10.62
Thodupuzha 8.50 7.07 7.78
Palakkad 9.20 5.43 7.32
Varantharappilly 8.00 7.53 1.77
Vellanikkara Seln. Br 9.47 6.87 8.17
Vellanikkara Seln. NR 8.40 6.73 7.57
Vellanikkara Seln. L 10.57 7.10 8.83
Vellanikkara Sein. M ' 6.83 6.77 6.80
Vellanikkara irradiated 8.37 8.67 8.52

Mean 9.25 7.30 8.28
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Table 5. Variability in plant spread of Kacholam (Kaempferia galanga 1..)
types under open and shaded conditions

Plant spread (cm)

Types
Open Shade Pooled

Koothattukulam 28.56 28.53 28.55
Ponnukkara 28.93 29.95 29.44
Thodupuzha 29.51 27.23 28.37
Palakkad 26.00 22.94 24.47
Varantharappilly 26.53 29.45 27.99
Vellanikkara Seln. Br 28.49 26.48 27.49
Vellanikkara Seln. NR 26.54 27.56 27.05
Vellanikkara Seln. L 27.56 26.07 26.82
Vellanikkara Seln. M 28.07 27.78 27.92
Vellanikkara irradiated 27.53 28.18 27.86
Mean 27.77 27.42 27.60
SEm+ 1.06 0.75
CD (0.05) NS NS




Plate 4. Variability in the vegetative growth of Kacholam
(Kaempferia galanga L.) types under open condition

Plate 5. Variability in the vegetative growth of Kacholam
(Kaempferia galunga L.) types under shaded condition






44

4.1.12 Number of mother rhizomes

There was significant difference in the number of mother rhizomes
produced by the types averaged over open and shaded conditions. The number of
mother rhizomes produced by the types rang(;,d between 1.90 and 2.77. Vellanikkara
Seln. Br produced the highest number of mother rhizomes (2.77) which was found
to be significantly superior to all other types except Ponnukkara (2.53) regarding
this trait. Palakkad produced the least number of mother rhizomes (1.90) which was
on par with Vellanikkara Seln. L (2.03) and Vellanikkara Selm. M (2.07). All the
types produced more number of mother rhizomes under shaded condition except
Varantharappilly which produced more mother rhizomes in open, but the difference

was ‘not statistically significant (Table 6).
4.1.13 Length of mother rhizomes

The difference in the length of mother rhizomes produced by the types,
averaged over the two situations was found to be nonsignificant. Rhizomes of
Ponnukkara recorded the maximum length (3.85 ¢m) and rhizomes of Vellanikkara
Seln. NR and Vellanikkara irradiated population recorded the minimum length (3.35
cm). Performance of the types was the same both under open and shaded conditions

regarding this character (Table 6).
4.1.14 Girth of mother rhizomes

There was significant difference in the girth of mother rhizomes of the
types averaged over the two situations. The girth ranged between 7.53 ¢m and 8.05
c¢m. Rhizomes of Vellanikkara Seln. M was with maximum girth (8.05 c¢m) which
was on par with Vellanikkara Seln. NR (7.93 cm), Vellanikkara Seln. Br (7.90 cm),

Ponnukkara (7.88 c¢m) and Thodupuzha (7.72 cm). Koothattukulam produced



45

rhizomes with minimum girth (7.53 ¢m). There was significant difference in the
girth of mother rhizomes of the types between open and shaded conditions. Girth

was more under open condition for all the types (Table 6).
4.1.15 Number of nodes of mother rhizomes

The pooled analysis showed no significant difference between the treat-
ments. The number of nodes of mother rhizomes ranged from 3.40 to 3.73. But
there was significant difference in the number of nodes of mother rhizomes produced
by the types between open and shaded conditions. Crop under shade produced more
nodes on their mother rhizomes. There was no interaction between the types and

situations (Table 6).
4.1.16 Internodal length of mother rhizomes

There was no significant difference in this character of the types pooled
over the two conditions and also between the two conditions. Internodal length
ranged from 1.00 ¢cm as recorded by Koothattukulam to 1.51 cm as recorded by

Thodupuzha. Here also there was no interaction (Table 6).
4.1.17 Number of secondary rhizomes

There was significant difference in the number of secondary rhizomes
produced by the types averaged over the two situations, open and shade. The charac-
ter ranged between 9.63 and 14.20. Ponnukkara was found to be significantly
superior to all the rest except Koothattukulam (13.52) and Thodupuzha (12.55).
Palakkad recorded the minimum number of secondary rhizomes (9.63) which was on
par with Vellanikkara Sein. M (19.33) and Seln. NR (10.72). Performance of the
types regarding this trait was significantly different between open and shaded condi-

tions. Crop under open condition produced more number of secondary rhizomes.



Table 6. Variability in mother rhizomes of Kacholam (Kaempferia galanga L.)

types under open and shaded conditions.

Types

No. of mother
rhizomes

Length of mother
rhizomes (cm)

Girth of mother
rhizomes (cm)

No. of nodes

Internodal length
(cm)

Open Shade Pooled

Open Shade Pooled

Open Shade Pooled

Open Shade Pooled

Open Shade Pooled

Koothattukulam
Ponnukkara
Thodupuzha

Palakkad
Varantharappilly
Vellanikkara Seln. Br
Vellanikkara Seln. NR
Vellanikkara Seln. L
Vellanikkara Seln. M

Vellantkkara irradiated

213 247 230
233 273 253
247 247 247
1.87 193 1.90
247 233 240
2,67 287 277
207 259 233
193 2,13 2.03
200 215 207

193 243 218

346 368 374
373 397 385
3.7 3.62  3.68
3.67 341 354
363 365 364
2.83 339 3.61
345 335 340
345 343 344
3.81 366 374

3.67 335 3.51

7.65 7.41 7.53
8.11 7.65 7.88
8.16 7.28 1.72
7.91 721 756
7.86 7.50 7.68
8.31 749 790
8.25 7.61 793
7.83 7.32  7.58
8.35 7.74 8.05

7.94 731 7.62

343 3.60 3.52
327 400 3.63
3.47 377 3.62
347 3.80 3.63
3.60 3.87 3.73
373 373 3.73
323 3.56 3.40
320 3.93 3.57
327 3.67 3.47

333 3.80 3.57

1.01 098 1.00
1.14  1.03 1.09
1.08 1.07 1.08
1.06 1.07 1.07
1.2 1.09 1.06
1.03 101 1.02
1.07 106 1.07
1.08 1.15 1.12
1.17  1.00 1.09

.11 115 1.13

Mean
SEM +

CD (0.05)

219 241 230
0.18 0.14

0.37 0.28

3.65 355 3.60
0.20 0.06

NS NS

8.04 7.45 7.5
0.24 0.17

0.50 0.34

3.40 377 359
0.22 0.16

0.04 NS

1.08 1.06 1.07

0.08 0.06
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There was no significant interaction (Table 7).
4.1.18 Length of secondary rhizome

There was no significant difference in the length of secondary rhizomes
of the types averaged over the two situations and also between the two situations.

The character ranged between 3.05 ¢cm and 3.57 cm (Table 7).
4.1.19 Girth of secondary rhizomes

There was no significant difference in the girth of secondary rhizomes of
the types averaged over open and shaded conditions. The character ranged from 5.59
c¢m which was recorded by Vellanikkara Seln. L to 6.22 ¢cm which was recorded by
Vellanikkara Seln. M. There was significant difference in this character between the
types grown under open and shaded conditions. The girth of secondary rhizome was

more under open condition (Table 7).
4.1.20 Number nodes of secondary rhizome

The pooled analysis showed no significant difference between the types.
Ponnukkara recorded the maximum number (4.07) and Palakkad recorded the
minimum (3.53). But there was significant difference in the number of nodes of
secondary rhizomes recorded by the types between open and shaded conditions.
Crop under shaded condition produced secondary rhizomes with more number of

nodes (Table 7).
4.1.21 Internodal length of secondary rhizomes

Here also there was no significant difference between types for interno-
dal length of secondary rhizomes averaged over the two situations, open and shade.

Internodal length varied from 0.82 ¢m to 1.00 cm. There was significant difference



Table 7. Variability in characters of secondary rhizomes of Kacholam
(Kaempferia galanga L.) types under open and shaded conditions.

No.yo(_ secondary Length ol secondary Gurth of secondary No. of nodes Internodal length
Types rhizomes rhizomes (cm) rhizomes (cm)

Open  Shade Pooled Open Shade Pooled Open Shade Pooled Open Shade Pooled Open Shade Pooled
Koothattukulam 13.77 1327 1352 3.18 3.37 3.28 6.04 564 584 358 .4.07 382 089 0383 0.86
Ponnukkara 15.53 12.87 1420 333 328 3.30 6.15 6.00 608 373 442 407 09 076 0.383
Thodupuzha 12.40 12.70 12.55 333 332 3.33 6.18 553 585 370 413 392 09 076 0.83
Palakkad 1060 867 9.63 314 312 3.13 596 591 593 353 353 353 089 0.89 0.89
Varantharappilly 1240 1060 11.50 3.13 326 3.19 569 575 572 3.80 400 39 083 0.8 0.382
Vellanikkara Sein. Br 13.93 9.87 1190 346 3.13 3.30 6.14 557 585 3.8 393 387 091 0.8 0.86
Vellanikkara Seln. NR 1173 970 10.72 3.73 3.41 3.57 5.89 569 579 345 373 359 108 092 1.00
Vellanikkara Seln. L 1275 11.07 1191 314 295 3.05 5.70 ’5.48 559 3.57 38 368 0.8 078 0.8
Vellanikkara Seln. M 10.27 10.38 10.33 332 335 3.33 6.22 621 6.22’ 3.80 368 374 0.88 092 090
Vellanikkara irradiated 12,40 1222 1230 3.19 341 330 625 579 6.02 347 400 373 093 085 0.3
Mean 12.58 11.13 11.86 3.30 3.26 3.28 6.02 576 5.89 364 393 379 091 084 088
SEm+ 1.25 0.90 0.22 0.07 0.26 0.18 0.28 0.20 0.08 0.06

CD (0.05) 2.53 1.84 NS NS 0.52 NS 0.57 NS 0.17 NS

8V



Plate 6. Variability in the per plant yield of rhizomes of
different types of Kacholam (Kaempferia galanga L.)
under open and shaded conditions

Plate 7. Comparative performance of the high yielding types
Koothattukulam and Ponnukkara in per plant rhizome
production under open and shaded conditions
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in the internodal length between open and shaded conditions. Internodal length of

secondary rhizome was more for the crop under open condition (Table 7).
4.1.22 Fresh rhizome yield per plant

It was found that there was no significant difference in fresh rhizome
yield of the types averaged over the two conditions open and shade. But when the
character was considered for the open crop and intercrop separately there was signif-
icant difference between the types. The performance of the types was significantly
different between open and shaded conditions. It was found that there was on the
average 30.0 per cent more yield under open condition. There was significant inter-
action between the types and the two situations. Under open condition, Vellanikkara
Seln. Br recorded the highest yield of fresh rhizome (74.93 g) followed by Ponnuk-
kara (74.46 g) and Thodupuzha (66.63 g). Whereas under shade Koothattukulam
recorded the maximum yield (58.73 g) followed by Ponnukkara (58.16 g) and
Varantharappilly (50.45 g). Performance of Palakkad was poor both under open
(48.81 g) and shaded conditions (31.22 g). Vellanikkara Seln. Br yielded only 39.97
g of fresh rhizome per plant under shaded condition which was 46.6 per cent less

than the yield under open condition (Table 8, Plate 6 and 7).
4.1.23 Dry rhizome yield per plant

There was no significant difference in the dry rhizome yield of the types
averaged over open and shaded conditions. But the types differed for this character
when considered separately. Dry rhizome yield per plant was found to be the same
both under open and shaded conditions. Here interaction was found to be significant.
In open Ponnukkara recorded the highest dry rhizome yield per plant (19.81 g)
followed by Vellanikkara Seln. Br (19.71 g). Under shade also Ponnukkara ranked
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first (19.77 g) followed by Koothattukulam (19.40 g) which recorded only 15.61 g
under open condition. Vellanikkara Seln. Br recorded only 13.55 g of dry rhizome
per plant under shaded condition. Vellanikkara Seln. NR recorded the minimum dry
yield (10.00 g) under open whereas Palakkad recorded the minimum dry yield under
shaded condition (10.15 g) (Table 8).

Per plot (3 x 1 m?) and per hectare yield of fresh as well as dry rhizomes

for each type were calculated and presented in Table 9 and 10, Fig.4 and 5.
4.1.24 Dry wet ratio

The ratio of dry rhizome yield to fresh rhizome yield of the types aver-
aged over the two situations was found to be statistically the same. The dry wet ratio
ranged between 0.25 and 0.31. There was significant difference in the dry wet ratio
of the types between open and shaded conditions. Dry wet ratio was more for the

crop under shade (32.0 %) (Table 8).
4.1.25 Biological yield per plant

There was no significant difference in the biological yield of the types
averaged over the two situations and also between the two situations, open and
shade. But there was significant interaction between the types and the conditions.
Ponnukkara recorded the maximum biological yield per plant (38.96 g) followed by
Vellanikkara Seln. Br (38.92 g) and Vellanikkara irradiate'd (38.33 g). Ponnukkara
recorded the highest biological yield under shade also (38.42 g) followed by Vella-
nikkara Seln. M (37.78 g) and Koothattukulam (33.23 g) (Table 8).



Table 8. Variability in yield characters of Kacholam (Kaempferia galanga L.) types under
open and shaded conditions.

Fresh rhisome yield Dry rhizome yield Dry weight ratio Biological yield Harvest index Oil content
g/plant g/plant g/plant (percentage)

Types

Open Shade Pooled Open Shade Pooled Open Shade Pooled Open Shaded Pooled Open Shade Pooled Open Shade Pooled
Koothattukulam 64.43 58.73 61.58 15.61 19.40 17.50 0.24 031 027 31.44 3323 3229 0.50 053 0.52 1.60 213 1.87
Ponnukkara 74.46 58.16 66.31 19.81 19.79 1980 0.27 0.34 0.30 38.96 3842 3869 0.52 0.54 0.58 220 2.07 213
Thodupuzha 66.63 40.39 53.51 16.18 12.46 1432 0.24 032 0.28 30.04 2518 27.61 055 049 0.52 278  2.60 2.67
Palakkad 48.81 31.22 40.01 13.08 10.17 11.62 0.27 033 030 2600 19.60 22.80 0.51 044 047 1.53 1.33 143
Varantharappilly 61.49 50.45 5597 1644 16.18 1631 027 032 029 2788 2921 2855 0.59 056 0.58 233 1.87 210
Vellanikkara Sein. Br 74.93 3997 57.45 1971 1355 16.63 0.26 034 030 38.92 2525 3209 051 053 0.52 253 253 253 o
Vellanikkara Seln. NR 51.20 47.32 49.26 10.00 14.66 1233 020 031 025 2278 31.83 2731 044 046 045 233 2,60 247 =
Vellanikkara Seln. L 54.42 44.57 49.49 1397 16.03 1500 0.26 036 031 31.22 29.05 30.13 0.45 055 0.50 247 3.07 277
Vellanikkara Sein. M 54.61 47.81 57.21 1511 1540 1526 0.27 032 030 3666 37.78 37.22 0.41 041 04] 3.00 2.80 290 —
Vellanikkara irradiated 54.61 47.39 51.0(—) 14.86 1435 1461 027 031 0.29 3833 2856 3345 039 050 043 273 2.87 280 b
Mean 60.56 46.60 53.58 1548 1520 1534 025 033 029 3222 2980 31.01 049 050 0.50
SEm+ 10.01 7.08 3.34 2.36 0.00 0.00 6.51 3.20 0.08 0.06

CD (0.05) 22.65 NS NS NS 0.00 NS NS NS NS NS
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Table 9. Per plot and per hectare yield of fresh as well as dry rhizomes of
Kacholam (Kaempferia galanga 1..) under open condition

Fresh rhizome Fresh rhizome Dry rhizome Dry rhizome

yield yield yield yield
Types per plot per hectare per plot per hectare

(kg) (tonnes) (kg) (tonnes)
Koothattukulam 3.601 12.03 0.87 2.91
Ponnukkara 4.17 13.90 1.11 3.70
Thodupuzha 3.73 12.43 0.91 3.02
Palakkad 2.73 9.11 0.72 2.44
Varantharappilly 3.47 11.55 0.99 3.29
Vellanikkara Seln. Br 4.20 13.99 1.10 3.68
Vellanikkara Seln. NR 2.87 9.56 0.56 1.87
Vellanikkara Seln. L 3.05 10.16 0.83 2.61
Vellanikkara Seln. M 3.06 10.19 0.85 2.82

Vellanikkara irradiated 3.06 10.19 0.83 2.77
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Table 10. Per plot and per hectare yield of fresh as well as dry rhizome of
Kacholam Kaempferia galanga 1..) types under shaded condition

Fresh rhizome Fresh rhizome Dry rhizome Dry rhizome

Types per plot per hectare per plot per hectare
(kg) (tonnes) (kg) (tonnes)
Koothattukulam 3.30 10.96 0.99 3.31
Ponnukkara 3.26 10.86 1.11 3.69
Thodupuzha 2.20 7.54 0.70 2.32
Palakkad 1.75 5.82 - 0.57 1.90
Varantharappilly 2.83 9.42 0.91 3.02
Vellanikkara Seln. Br 2.24 7.46 0.79 2.53
Vellanikkara Seln. NR 2.65 8.83 0.82 2.74
Vellanikkara Seln. L 2.50 8.32 0.70 2.99
Vellanikkara Seln. M 2.68 8.93 0.86 2.87

Vellanikkara irradiated 2.65 8.85 0.80 2.68
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4.1.26 Harvest Index

The pooled analysis showed no significant difference in the treatment
means. harvest index of the types ranged from 0.41 as recorded by Vellanikkara
Seln. M to 0.58 as recorded by Ponnukkara and Varantharappilly. The types per-
formed similarly both under open and shaded conditions regarding this trait (Table
8).

4.1.27 Oil content

There was singificant difference in the oil percentage of the types aver-
aged over the two situations open and shade. Oil percentage varied from 1.43 per
cent to 2.90 per cent. Vellanikkara Seln. M yielded the highest percentage of oil
(2.90%) followed by Vellanikkara trradiated type (2.80%) and Vellanikkara Seln. L
(2.77%). Palakkad recorded the minimum oil yield (1.43%) which was found to be
significantly inferior to all other types except Koothattukulam (1.87%) (Table 8 and
Fig.0).

Oil yield per hectare was calculated and presented in Table 11 and Fig.7.

4.1.28 Quality of oil

The gas chromatograph of Kacholam oil of both the crop yielded 3 major
peaks of which 2 components were identified (Table 12 and 13). They are para-
methoxy ethyl cinnamate, which is a white crystal and ethyl cinnamate. Para-
methoxy ethyl cinnamate content ranged between 53.6 per cent and 69.83 per cent
for the open crop and 55.78 per cent and 63.90 per cent for the crop under shade.

Vellanikkara irradiated population yielded the maximum content of paramethoxy
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Table 11. Ol yield per hectare of Kacholam (Kaempferia galanga 1..) types
under open and shaded conditions

Oil yield per hectare (kg)

Open Shade
Koothattukulam 46.61 70.50
Ponnukkara 81.36 76.47
Thodupuzha 82.45 60.32
Palakkad 37.35 24.67
Varantharappilly 76.59 56.44
Vellanikkara Sel. Br 93.10 63.98
Vellanikkara Sel. NR 43.50 71.16
Vellanikkara Seln. L 64.42 91.85
Vellanikkara Seln. M 84.63 80.33

Vellanikkara irradiated 75.73 76.89
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Fig.7. Comparative performance of oil yield per hectare of
Kacholam (Kaempferia galanga L.) types under open
and shaded conditions

Koothattukulam V6 - Vellanikkara Seln. Br
Ponnukkara V7 - Vellanikkara Seln. NR
Thodupuzha V8 - Vellanikkara Seln. L
Palak kad V9 ~ Vellanikkara Seln. M

Varantharappilly V10 Vellanikkara Irradiated
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Table 12. Variation in major components of oil of Kacholam (Kaempferia

galanga L..) types under open condition

Major components of oil

Types Para methoxy  Ethyl cinnamate  Unknown component
ethyl cinnamat (percentage) (percentage)
(percentage)
Koothattukulam 61.96 22.74 9.89
Ponnukkara 57.67 23.52 8.53
Thodupuzha 55.70 24.50 8.95
Palakkad 57.05 23.36 9.40
Varantharappilly 64.80 15.69 10.78
Vellanikkara Sein. Br 55.70 24.50 8.95
Vellanikkara Seln. NR 66.23 14.87 9.00
Vellanikkara Seln. L 53.69 22.63 12.10
Vellanikkara Seln. M 59.72 20.19 9.24
Vellanikkara irradiated 09.83 14.63 9.97




Table 13. Variation in major components of oil of Kacholam (Kaempferia

galanga 1..) types under shaded condition

Wajor components of oil

Types Para methoxy  Ethyl cinnamate Unknown component
ethyl cinnamate (percentage) (percentage)
(percentage)
Koothattukulam 61.40 22.65 9.83
Ponnukkara 59.67 19.74 10.61
Thodupuzha 62.06 17.25 9.87
Palakkad 60.46 19.25 9.39
Varantharappilly 61.38 18.09 10.04
Vellanikkara Seln. Br 63.90 17.43 8.72
Vellanikkara Seln. NR 57.16 23.61 10.65
Vellanikkara Seln. L 56.83 21.70 12.19
Vellanikkara Seln. M 55.78 22.82 9.39
Vellanikkara irradiated 56.57 22.87 10.98
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ethyl cinnamate (69.83 %) under open condition where as under shade Vellanikkara
Seln. Br recorded the maximum content of paramethoxy ethyl cinnamate (63.90%).
Vellanikkara Seln. L and Seln. M recorded the minimum content of this component
under open and shaded conditions respectively. The content of ethyl cinnamate
varied between 14.63 per cent and 24.50 per cent under open condition and 17.25
and 23.61 per cent under shade. Ethyl cinnamate content was maximum in oil of
Vellanikkara Seln. Br (24.50%) under open condition and in Vellanikkara Seln. NR
(23.61 %) under shade.

Oil of the type Koothattukulam was identical regarding its quality under
open and shaded conditions. For all the types except Vellanikkara Seln. L the total
content of paramethoxy ethyl cinnamate and ethyl cinnamate was found to be more
under open condition. Varantharappilly, Vellanikkara Seln. NR and Seln. M were
with more paramethoxy ethyl cinnamate under open condition. The rest of the types
were with high paramethoxy ethyl cinnamate content under shade. The same 4 types
were with less content of ethyl cinnamate under open compared to shade. Vellanik-
kara Seln. L recorded high content of the 3rd compound both under open and shaded

conditions (Fig.8 to Fig.27).

4.2 Correlation studies

4.2.1 Open crop

The characters, number of leaves (I month after planting, 3 months after
planting, 5 months after planting) length of leaves, leaf area index, spread of flower-
ing, number of suckers per plant, number of mother rhizomes and number of sec-
ondary rhizomes were found to be positively and significantly correlated with yield.
Days to flowering was found to be negatively correlated with yield (Table 14).

Number of leaves 1 month after planting was highly correlated with yield (0.654).
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Fig 8 Gas chromatogranh of oil of Kacholam (Kaempferia galanga L.)
type Koothattukulam under open condition
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Fig.9. Gas chromatograph of oil of Kacholam (Kaempferia galanga L)
type Ponnukkara under open condition




2
PG 3 2 -
T L
LA
BVEACNAT
['s]
A R PR R P
SAN R.TIME  HEIGHT AREA HT% AREAR  TYFE
I 2.512 453300 0.5095 ®°
7 3976 334 1470840 2.7319 1.6534  PB
3 6.078 505074 0.6802 BB
4 7.969 636060 0.7375  Bv
5 7.995 2295 952285 1.8719 1.0705 W
6 B8.767 17589 79567584 14,3134 §.9508 W
7 9.802 45122 .21792997E 08 36.8027 24,4977 W
8 10.09¢ U9 T 1.7870 0.8010 TTT
9 12,180 798140 0.8972 BV
10 12.948 N 1334937 2.0370 1.7302 w
11 13.570 7374 953935 2.0994 1.0723 W
17 15.379 46978 .4954B8748¢ 08 38,3165 55.6981 PP
13 17.51s 444023 0.4991 117
14 19,105 1051980 11825  PB

Fig.10. Gas chromatograph of oil of Kacholam (Kaempferia galanga L.)

type Thodupuzha under open condition
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Fig.12. Gas chromatograph of oil of Kacholam (Kaempferia galanga L.)
type Varantharappilly under open condition
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Fig.13. Gas chromatograph of oil of Kacholam (Kaempferia galanga L.)
type Vellanikkara Seln. Br under open condition



8.3680

&
? \
- g
g8 3 \/\/ = \
_J \J"\"J\"W 2 g
" W
(1 -
bt M e DG GO N B o R o
SAN R.TIME  HEIBHT AREA HT% AREAY  TYPE
{ 3.932 740687 0.8433 BV
2 3.212 267083 0.J088 W
J 6,002 S44736 0.6217 WP
4 7.839 316438 0.3611 W
3 B.579 1831t 7887219 16.7938 '9.0013 W
6 9.499 33545 .13032989E 08 30,7636 14,8738 W
7 9.840 327669 0.6022 TIT
8 12,185 2153 1176494 1.9786 1.38427
9 12.68% 2903 1847387 2.6625 2,108 W
10 13.303 1686 1094556 2.4674 1.2492 W
11 15.170 47071 .38032767E 08 43.1709 66,2302 VR
12 7.7209 hYTRARS 3.6027 TIV
13 18.788 25 1627196 2.16% 1.8570 VT

Fig.14. Gas chromatograph -of oil of Kacholam (Kaempferia galanga L.)
type Vellanikkara Seln. NR under open condition
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Fig.15. Gas chromatoqraph of oil of
type Vellanikkara Seln. L

Kncholam  (Knempferin galanga L.)

under open condition
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Fig.16. Gas chromatograph of oil of Kacholam (Kaempferia gélanga L.)
type Vellanikkara Seln. M under open condition
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Fig.17. Gas chromatograph of oil of Kacholam (Kaempferia calanga L.)
type Vellanikkara Irradiated population under open condition
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Fig.18. Gas chromatograph of oil of Kacholam (Kaempferia galanga L.)
type Koothattukulam under shaded condition
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Fig.19. Gas chromatograph of oil of Kacholam (Kaempferia galanga L.)
type Poonukkara under shaded condition
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Fig.20. Gas chromatograph of oil of Kacholam (Kaempferia galanga L.)
type Thodupuzha under shaded condition
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Fig.21. Gas chromatograph of oil of Kacholam (Kaempferia galanga L.)
type Palakkad under shaded condition
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Fig.22. Gas chromatograph of oil of Kacholam (Kaempferia galanga L.)
type Varantharappilly under shaded condition
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Fig.23. Gas chromatograph of oil of Kacholam (Kaempferia galanga L.)
type Vellanikkara Seln. Br under shaded condition
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Fig.24. Gas chromatograph of oil of Kacholam (Knmn[)fcr‘in qalanga L.)
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Fig.25. Gas chromatograph of oil of Kacholam (Kaeu,./uria galanga L.)
type Vellanikkara Seln. L under shaded condition
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Fig.26. Gas chromatograph of oil of Kacholam (Kaempferia galanga L.)
type Vellanikkara Seln. M under shaded condition
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Fig.27. Gas chromatograph of oil of Kacholam (Kaempferia galanga L.)
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Table 14. Correlation coefficients for different characters of Kacholam
(Kaempferia galanga L.) with yield under open and shaded conditions

Correlation coefficients

Character -
Open Shade
1. Number of leaves 1 month after planting 0.65** 0.57**
2. Number of leaves 3 months after planting 0.57** 0.65**
3. Number of leaves 5 months after plahting 0.42% 0.67**
4. Number of leaves 6 months after planting 0.35 0.63**
5. Length of leaves 0.42* 0.83**
6. Width of leaves 0.15 0.80**
7. LAI at flowering 0.48%* 0.37*
8. LAI I month after flowering 0.40* 0.45*
9. Days to flowering -0.57** -0.54**
10. Spread of flowering 0.58** 0.39*
L1, Number of flowers per inflorescence -0.16 0.31
12. Number of suckers per plant 0.41%* 0.62%*
13. Plant spread 0.05 0.79**
14. Number of main rhizome 0.44* 0.42%
I5. Length of main rhizome 0.13 0.49%*
16. Girth of main rhizome 0.01 0.49%*
7. Number of nodes of main rhizome 0.18 -0.01
18. Internodal length of main rhizome -0.07 -0.28
19. Number of secondary rhizome 0.46** 0.52**
20. Length of secondary rhizome -0.17 0.39*
21. Girth of secondary rhizome 0.11 0.36*
22. Number of nodes of secondary rhizome 0.17 -0.04
23. Internodal length of secondary rhizome -0.27 0.32

** Significant at 1% level
* Significant at 5% level
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4.2.2 Inter crop

In the case of intercrop, the characters, number of leaves (1 month after
planting, 3 months after planting, 5 months after planting and 6 months after plan-
ting), length of leaves, width of leaves,leaf area index, spread of flowering, number
of suckers per plant, plant spread, number of mother rhizomes, length of mother
rhizomes, girth of mother rhizomes, number of secondary rhizomes, length of
secondary rhizomes and girth of secondary rhizomes were found to be positively and
significantly correlated with yield. Days to flowering was negatively correlated with

yield (Table 14).

From the correlation studies it has been able to highlight that number of

leaves had high correlation with yield in both the conditions.
4.3 Path coefficient analysis

Yield is a contribution of a number of characters referred to as yield
contributing characters. Path coefficient analysis was done to partition the associa-

tion of various yield contributing characters into direct and indirect effects.

Path coefficient analysis was done separately for the crop under open
condition and for the crop under shade.
4.3.1 Path analysis for open crop

The analysis was done by taking 8 yield contributing characters having
high correlation coefficient value with yield. The direct and indirect effects of each

characters on yield are presented in Table 15.
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Table 15. Direct and indirect effects of yield contributing characters of Kacholam
(Kaempferia galunga 1..) on yield under open condition

Indirect effects

S1. Characters Direct No. of No. of LAI Days to  No. of No. of No. of Spread
No. effect leaves leaves flower-  suckers mother second- of
1 month 5 months ing per rhizomes ary flowe-
after after plant rhizomes ring
plant- plant-
ing ing
1 No. of leaves 1 0.57 - 0.09 0.04 -0.20 -0.07 0.03 0.01 0.18
nonth after
planting
2 No. of leaves 5 0.21 -0.2% - 0.06 -0.06 -0.13 0.01 0.01 0.06
sonths after
planting
3 LAl 0.15 0.16 0.09 - -0.12 -0.06 0.02 0.01 0.23
4  Days to flowering 0.39  -0.29 -0.03 =-0.05 - 0.02 -0.05 -0.01  -0.55
5 No.of suckers/ -0.15 0.27 0.19 0.06 -0.05 - 0.01 0.01 0.07
plant
6  No.of mother 0.10 0.19 0.03 0.03 -0.19 -0.01 - 0.01 0.30
rhizomes
7 No.of secondary 0.02 0.27 0.14 0.06 -0.11 -0.07 0.05 - 0.10
rhizomes
8 Spread of 0.65 0.16 0.02 0.05 -0.34 -0.02 0.05 0.003 -
flowering

Residual ~ 0.32
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1) Direct effects

From the table it could be seen that spread of flowering and number of
leaves 1 month after planting had high direct effect on yield (0.65 and 0.57 respec-
tively). Days to flowering had a direct effect of 0.40 which was followed by number
of leaves 5 months after planting (0.21) and leaf area index (0.15). The direct effects
of number of mother rhizomes and number of secondary rhizomes were negligible
(0.10 and 0.02 respectively). Number of suckers had a negative direct effect on

yield (-0.15).

i) Indirect effects o

a) Number of leaves 1 month after planting

Indirect effect of number of leaves 1 month after planting on yield was
the maximum via spread of flowering (0.18). The indirect effect through number of
leaves 5 months after planting (0.09), LAI (0.04), number of mother rhizomes
(0.03) and number of secondary rhizomes (0.01) were negligible. Indirect effect of
the characters via days to flowering and number of suckers per plant were negative

and negligible (-0.20 and -0.07).

b) Number of leaves 5 months after planting
The indirect effect of the character on yield was maximum via number of

leaves 1 month after planting (0.25). Indirect effect on yield was negative and negli-
gible via days to flowering (-0.06) and number of suckers/plant (0.13). The charac-
ter had negligible indirect effects on yield via LAl (0.06), number of mother
rhizomes (0.01), number of secondary rhizomes (0.01) and spread of flowering

(0.06).
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¢) Leaf area index

LAI had maximum indirect effect on yield via spread of flowering (0.23)
followed by the indirect effect via number of leaves 1 month after planting (0.16). 1t
had negative indirect effects via days to flowering (-0.12) and via number of suckers
per plant (-0.06). The indirect effects via number of leaves 5 months after planting
(0.09), via number of mother rhizomes (0.02) and number of secondary rhizomes

(0.01) were found to be negligible.
d) Days to flowering

The indirect effects of days to flowering via all other characters were
negative except the effect via number of suckers per plant which was positive but
negligible (0.02). The indirect effect was maximum but negative via spread of
flowering (-0.55) followed by the effect via number of leaves 1 month after planting

(-0.29).
¢) Number of suckers per plant

The character had maximum indirect effect via number of leaves 1 month
after planting (0.27) followed by via number of leaves 5 months after planting
(0.89). Indirect effects of number of suckers per plant via all other characters were
negligible and it was negative via days to flowering.

f) Number of mother rhizomes

-

Number of mother rhizomes had maximum indirect effect via spread of
flowering (0.30) followed by via number of leaves 1 month after planting (0.19).
All other indirect effects were negligible. Indirect effects via days to flowering and

number of suckers per plant were negative and negligible.
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g) Number of secondary rhizomes

Indirect effect of number of secondary rhizomes was maximum via
number of leaves 1 month after planting (0.27) followed by via number of leaves 5
months after planting (0.14). The indirect effects were negative via days to flower-

ing and number of suckers per plant.
h) Spread of flowering

Spread of flowering had maximum indirect effect via days to flowering,
which was negative (-0.34). It was positive and maximum via number of leaves 1

month after planting (0.16).

4.3.2 The crop grown as intercrop

1) Direct effects

In the case of crop grown under coconut garden, plant spread had high
and positive direct effect on yield (0.62) followed by number of leaves 5 months
after planting (0.27) and spread of flowering (0.13). Number of leaves 1 month after
planting and LAI had negligible direct effect on yield. Days to flowering had high
direct effect on yield but it was tm:gativc (-0.39). Number of mother rhizomes
(-0.26), number of suckers per plant (-0.21) and number of secondary rhizomes

(-0.15) also had negative direct effects on yield (Table 16).

1) Indirect effects

a) Number of leaves | month after planting

The character had high indirect effect via plant spread (0.39) followed by

the effect via days to flowering (0.20) and via number of leaves 5 months after



Table 16. Direct and indirect effects of yield contributing characters of

Kacholam
(Kaempferia galanga L.) on yield under shaded condition.
SI. Characters Direct No.of No.of LAI Daysto No.of No.of No.of Spread Totl
No. effect leaves  leaves flower- suckers mother second- of flow- spread
1 month 5 months ing per rhizome ary ering
after after plant rhizome
planung planting
1 No. of leaves 1 month  0.02 - 0.20 0.02 0.20 -0.15 -0.09 -0.08 0.06 Q.39
after planting
2 No. of leaves S months  0.27 0.02 - 0.02 0.17 -0.18 0.11 -0.05 0.09 0.45
after planting
3 LAI 0.05 0.0 -0.09 - 0.19 -0.17 -0.07 -0.04 001 0.19
4 Days to flowening -0.39 -0.01 -0.12 -0.03 - 0.10 0.21 0.08 -0.04 -0.34
5 No.of suckers/plant -0.21 0.02 024 0.02 0.19 - -0.11 -0.06 0.08 0.46
6 No. of mother rhizomes -0.26 0.01 0.12 0.02 032 -0.09 - -0.03 0.05 0.25
7 No. of secondoary -0.15 0.0f  0.09 0.01 0.21 -0.09 -0.06 - 0.04 0.36
rhizomes
8 Spread of flowering 0.13 0.01 019 0.01 0.12 -0.13 -0.10 0.04 - 0.33
9 Plant spread 0.62 0.02 0.19 0.02 021 -0.15 -0.11 -0.09  0.07 -

Residual - 0.31

49
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planting (0.20). The character had negligible indirect effect via LAI (0.02) and via
spread of flowering (0.06) whereas it had negative and negligible indirect effects via
number of suckers per plant (-0.15), number of mother rhizomes (-0.09) and

number of secondary rhizomes (-0.08).
b) Number of leaves 5 months after planting

The character also had maximum indirect effect via plant spread (0.45)
followed by via days to flowering (0.17) and via number of mother rhizomes (0.11).

The indirect effects via all other characters were negligible.
¢) Leaf area index

The direct effect of LAI via plant spread was the maximum (0.19). It’s

indirect effect via days to flowering was negative (-0.19).
d) Days to flowering

The indirect effect of days to flowering was negative and high via plant
spread (-0.34). The effect was positive and maximum via number of mother

rhizomes (0.21).
¢) Number of suckers per plant

This character also had negative indirect effect via plant spread (-0.40),
but it was high. The indirect effect via number of leaves 5 months after planting was

high and positive (0.24) followed by via days to flowering (0.19).
f) Number of mother rhizomes

The indirect effect of number of mother rhizomes was maximum via

days to flowering (0.32) followed by via plant spread (0.25).
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g) Number of secondary rhizomes

The number of secondary rhizomes also had high indirect effect via plant

spread (0.36) followed by days to flowering (0.21).
h) Spread of flowering

The indirect effect of spread of flowering via plant spread was 0.33
which was the highest indirect effect followed by number of leaves 5 months after

planting (0.19) and days to flowering (0.12).
i) Plant spread

Plant spread which had high direct effect on yield had maximum indirect
effect via days to flowering (0.21) followed by number of leaves 5 months after

flowering (0.19).
4.4 Components of variance

The variance due to phenotype (Vp); genotype (Vg) and environment
were computed and also heritability in the broad sense (h2) and genetic advance

(GA). The results are presented in Table 17 and 18.

4.4.1 Number of leaves 1 month after planting

The character showed a phenotypic variance of 0.94 and a genotypic
variance of 0.71 with high heritability (75.70%) and genetic advance (38.47) in
open. Under shaded condition, the phenotypic variance (0.78) and genotypic var-
iance (0.34) were comparatively low and also the heritability and genetic advance

(42.90 per cent and 19.18 per cent, respectively).



68

Table 17. Components of variance, heritability and genetic advance of different
characters of Kacholam (Kaempferia galunga 1..) under open condition

Characters Components of variance Herita- Genetic
-- bility  advance
Pheno- Geno- Environ-
lypic  typic  mental 2
(Vp)  (Vg)  (Ve)
1 2 3 4 5 6
1. Number of leaves 1 month 0.94 0.71 0.23 0.76  38.47
after planting
2. Number of leaves 3 months 11.58 8.52 3.06 0.74  31.85
after planting
3. Number of leaves 5 months 37.27 16.85 20.42 0.45 18.96
after planting
4. Number of leaves 6 months 17.67 10.58 7.09 0.60 17.33
after planting
5. Length of leaves 0.67 6.19 0.49 0.28 3.71
6. Width of leaves 0.89  0.20 0.69 0.23 4.88
7. LLAI at flowering 0.04 0.02 0.01 0.69  43.25
8. LAI 1 month after planting 0.05 0.03 0.02 0.61 42.39
9. Days to flowering 15.58 11.87 3.71 0.76  12.66
10. Spread of flowering 35.15 21.55 13.60 0.61 16.45
11. Number of flowers per 2.04 -0.08 2.12 -0.04 -1.63
inflorescence
12. Number of suckers per plant 4.87 1.37 3.47 0.28 13.86
13. Plant spread 1.93 1.01 0.92 0.53 5.42

Contd.



Table 17. Continued
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1 2 3 4 5 6
[4. Number of main rhizomes 0.11  0.06 0.05 0.57 17.74
15. Length of main rhizomes 0.05 0.01 0.04 0.20 2.37
16. Girth of main rhizomes 0.13  0.02 0.11 0.14 1.31
17. Number of nodes of main 0.06 0.01 0.05 0.21 3.13
rhizomes
18. Internodal length of main 0.01  -0.0007 0.01 -0.08 -1.38
rhizomes
19. Number of secondary rhizomes  4.65 1.35 3.30 0.29 10.28
20. Length of secondary rhizomes 0.09 0.01 0.08 0.12 2.12
21. Girth of secondary rhizomes 0.10 0.0t 0.09 0.09 0.90
22. Number of nodes of secondary 0.08 -0.01 -0.08 -0.12 -1.80
rhizomes
23. Internodal length 0.01 0.002 -0.01 0.22 4.77
of secondary rhizomes
24. Rhizome yield (fresh) 106.58 74.75  31.83 0.70  24.62
25. Rhizome yield (dry) 12.57  6.50 6.08 0.52 24.40
26. Oil percentage 0.31 0.18 0.13 0.59  28.75
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Table 18. Components of variance, heritability and genetic advance of different
characters of Kacholam (Kaempferia galanga L.) under shaded condition

Components of variance Herit-  Genelic
Character ability  advance
Pheno-  Geno-  Environ-
lypic typic  mental W
(Vp) (V) (Vo)
1 2 3 4 5 6
1. Number of leaves 1 month 0.78 0.34 0.45 0.43 22.29
alter planting
2. Number of leaves 3 months 6.13 3.12 3.00 0.51 19.18
after planting
3. Number of leaves 5 months 2750 9.76 1774  0.36 14.85
alter planting
4. Number of leaves 6 months 19.10 11.86 724  0.62 24.27
after planting
5. Length of leaves 2.46 1.32 1.14  0.54 12.87
6. Width of leaves 1.03 049 0.54 047 10.93
7. LAI at flowering 0.03 0.01 0.02 041 29.16
8. LAl 1 month after {lowering 0.04 0.03 0.01 0.73 58.39
9. Days to flowering 12.27 9.26 3.01 0.76 10.53
10. Spread of {lowering 23.34 18.76 9.58 0.59 14.06
11. Number of flowers per 2.27 0.6l 1.66 0.27 15.13
inflorescence
12. Number of suckers per 1.95 0.68 1.2 0.35 0.14
plant
13. Plant spread 568 3.05 2.64 054 9.60

Contd.



Table 18. Continued
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1 2 3 4 5 6
14, Number ol main rhizomes 0.12  0.006 0.00 0.49 14.03
15. Length of main rhizomes 0.09 0.01 0.08 0.13 2.29
16. Girth of main rhizomes 0.08 0.0t 0.03 0.06 0.48
17. Number of nodes in main 0.08 -0.01 0.09 -0.13 2.10
rhizomes
18. Internodal length of main 0.01 0.0003 0.01 0.03 0.61
rhizomes
19. Number of secondary rhizomes  3.33 1.97 1.36  0.59 19.98
20. Length of secondary rhizomes 0.06 0.004 006 0.07 1.04
21. Girth of secondary rhizomes 0.13  0.02 0.11 0.12 1.50
22. Number of nodes of secondary 0.17 0.01 0.15 0.09 1.80
rhizomes
23. Internodal length of secondary 0.01 0.0003 0.01 0.27 7.02
rhizomes
24. Rhizome yield ({resh) 118.83 44.14 7470 0.37 17.88
25. Rhizome yield (dry) 12.16  4.81 735 040 20.67
26. Oil percentage 048 0.18 0.30 0.37 22 .45
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4.4.2 Number of leaves three months after planting

The character had a phenotypic variance of 11.58 and genotypic variance
of 8.52 and high heritability (7.35%) and genetic advance (32.85) in open condition.
In shade the phenotypic variance was 6.13 and genotypic variance was 3.12. The
character showed a heritability of 51 per cent with a genetic advance of 19.18 per

cent.
4.4.3 Number of leaves five months after planting

Number of leaves 5 months after planting had comparatively a high value
for phenotypic variance (37.27) and genotypic variance (16.85). Heritability was

45.2 per cent and genetic advance was 18.96 per cent under open condition.

In shade the character had a phenotypic variance of 27.50 and a genoty-
pic variance of 9.76 which was low and had comparatively low heritability (35.5%)

and genetic advance (14.85%).
4.4.4 Number of leaves six months after planting

In open the character had a phenotypic variance of 17.66 and a genotypic
variance of 10.58 with a heritability of 59.9 per cent and genetic advance of 17.33
per cent. Under shade the character had comparatively more phenotypic variance
(19.10) and genotypic variance with a heritability of 62.1 per cent and genetic

advance of 27.27 per cent.

In general the character number of leaves is heritable.
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4.4.5 Length of leaves

In open the length of leaves had a very low heritability (0.28%) with a
phenotypic variance of 0.67 and genotypic variance of 0.19. The genetic advance
was 3.77 per cent. But under shaded condition the character had moderate heritabili-
ty of 53.7 per cent and a genetic advance of 12.87 per cent with a phenotypic var-

iance of 2.46 and a genotypic variance of 1.32.
4.4.6 Width of leaves

Width of leaves also showed low heritability (22.8%) and genetic ad-
vance (4.88) under open condition. The phenotypic variance was 0.89 and the
genotypic variance was 0.20. But in shade width of leaves had moderate heritability
of 47.2 per cent and a genetic advance of 10.93 per cent. The phenotypic variance

was 1.03 and the genotypic variance was 0.49.
4.4.7 Leaf area index

LAI showed high heritability both at flowering (68.6%) and 1 month
after flowering (61.1%) in the case of open crop. Genetic advance was also high
(43.25 per cent at flowering and 42.39 per cent, 1 month after flowering). Under
shade LAI at flowering had moderate heritability,40.6 per cent and it was high at |
month after flowering (72.7%). Genetic advance was also very high (58.39%) 1

month after flowering compared to GA at flowering (29.16%).
4.4.& Days to flowering

Days to flowering had a phenotypic variance of 15.58 and a genotypic

value of 11.87 in open. It had a high heritability of 76.2 per cent and comparatively
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low genetic advance (12.66%). In shade also the character was highly heritable
(75.5%) with comparatively low genetic advance (10.53%). The phenotypic var-

tance was 12.27 and genotypic variance was 9.26.
4.4.9 Spread of flowering

The character had a phenotypic variance of 35.15 and a genotypic var-
iance of 21.55 with high heritability (61.3%) and the genetic advance was 16.45 per
cent in open. In shade spread of flowering had a phenotypic variance of 23.33 and a
genotypic variance of 13.76. The heritability was 58.9 per cent and the genetic

advance was 14.06 per cent.

4.4.10 Number of flowers per inflorescence

The character had a phenotypic vaniance of 2.04 and a negative genoty-
pic variance (-0.08) in open. Heritability (-4.0%) and genetic advance (-1.63%)
also were low and negative. But in shade the estimates of variance were positive.
Phenotypic variance was 2.27, genotypic variance was 0.62. Heritability was low

(27.0%) and genetic advance was 15.13 per cent.

4.4.11 Number of suckers per plant

In open condition, the character had a phenotypic variance 4.84 and a
genotypic variance of 1.37. Heritability was low (28.3%) and the genetic advance
was only 13.86 per cent. The character had medium heritability in shade (35.20%).
But with very low genetic advance (0.14%). The phenotypic variance was 1.95 and
the genotypic variance was 0.68.

4.4.12 Plant spread

In open the character had a phenotypic variance of 1.93 and genotypic

variance of 1.02. Heritability was 52.6 per cent and genetic advance was only 5.42
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per cent. In shade plant spread had a phenotypic value of 5.68 and a genotypic value

of 3.05. The heritability was 53.6 per cent and genetic advance was 9.6 per cent.
4.4.13 Characters of mother rhizome

Only the number of mother rhizome was heritable (57.4%) with 4 genet-
ic advance of 17.74 per cent in open. Length and girth of mother rhizome showed
very low heritability (19.6% and 14.4% respectively) with genetic advance of 2.37
per cent and 1.31 per cent respectively. Number of nodes also showed low heritabili-
ty (20.6%) with a genetic advance of 3.13 per cent. Heritability and genetic advance
of internodal length was low and negative (-7.5% and -1.38% respectively). In
shade also the same pattern was observed. Only the number of mother rhizomes was
heritable (48.8%) with a genetic advance of 14.63 per cent. Length, girth and inter-
nodal length had low heritability and genetic advance values. Number of nodes had

negative and low heritability and genetic advance (-13.4% and -2.1% respectively).
4.4.14 Characters of secondary rhizome

All the characters of secondary rhizome viz. number, length, girth,
number of nodes and internodal length showed low heritability and genetic advance
in open. Number of nodes recorded negative values for both heritability and genetic
advance (-11.6% and -1.8% respectively). But in shade number of rhizomes record-
ed comparatively high heritability value (59.2%) and genetic advance (19.98%). All

the other characters showed low heritability and genetic advance.

4.4.15 Fresh rhizome yield per plént

The character was highly heritable under open (70.1%) with a genetic

advance of 24.62 per cent. The phenotypic variance was 106.58 and the genotypic
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variance was 74.75. In shade the character showed medium heritability (37.1%)
with a genetic advance of 17.88 per cent. The phenotypic variance was 118.83 and

the genotypic variance was 44.14.
4.4.16 Dry rhizome yield per plant

In open the character had a phenotypic value of 12.57 and a genotypic
value of 6.50 with a hertability of 51.7 per cent and a genetic advance of 24.4 per
cent. In shade the character was comparatively less heritable (39.5%) with a genetic
advance of 20.67 per cent. The phenotypic variance was 12.16 and the genotypic

variance was 4.81.
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DISCUSSION

The results on the evaluation of Kacholam (Kaempferia galanga L.)
types for morphological variability and yield and comparative performance of the
types under open and as intercrop in coconut garden with 50% light infiltration are
briefly discussed in this chapter. The results are discussed broadly in 3 subheads
viz., 1) Morphological variability of yield contributing characters and yield,
2) Characters correlated with yield and path coefficient analysis and 3) Components

of variance.
5.1 Morphological variability of yield contributing characters and yield

Out of the 21 characters studied 11 characters bad high correlation with
yield. The response of different types to these characters under different situations

are discussed in following pages.
5.1.1 Number of leaves

The types were observed at 2 months intervals for the number of leaves
produced. From the result it could be seen that in each stage there was considerable
variation in the number of leaves prdduced by the types both under open and shaded
conditions. Compared to shaded condition leafl production was more under open
condition for all the types. It reveals that leaf production is influenced by light in-
tensity. Ponnukkara ranked first under both the conditions regarding this trait and it
was 57.6 per cent superior than Vellanikkara Seln. M which recorded the minimum
number of leaves under open condition. Palakkad was the inlerior type under shaded
condition regarding this trait. Superiority of Ponnukkara was 77.3 per cent over

Palakkad and 38.7 per cent over Vellanikkara Seln. M.
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This result indicates that influence of environment is not uniform over
the types. Ponnukkara can be considered as a stable type. Performance of Palakkad
was very poor under shaded condition compared to open condition (34.4%). This

indicates that this type is very sensitive to environment.

After 5 months there was a reduction in the number of leaves produced
by the types which indicates that vegetative growth is retarding 5 months after
planting. All the entries recorded maximum number of leaves 5 months after plant-

ing. There after a declining trend was noticed.

Variability in number of leaves has been reported in ginger by several
workers (Nybe, 1978; Mohanty er al., 1981; Okwvovulu, 1992). Similar result was
obtained in turmeric also. Philip (1978) observed variability in leaf number among
the turmeric types he studied. The same result was reported by George (1981),
Mukhopadhyay er al. (1986) and Menon et al., (1992).

Varughese (1989) observed more number of leaves under open condition
compared to shade. The same result was observed in turmeric also (Varughese,

1989; Paul, 1992). The present result is in agreement with these findings.
5.1.2  Length and width of leaves

Significant variation was absent in length and width among the types
under open condition. But under shade the types differed significantly in their leaf
length and width. Length and width were maximum for Varantharappilly followed
by Ponnukkara and Koothattukulam. Palakkad was with the shortest leaf with
minimum width under shaded condition. Nybe (1978) reported variability in length
of leaf blade in ginger under open condition. Mohanty er al. (1981) observed vari-

ability in leaf width also. The variability in length and width of leaf blade among the
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types under shaded condition may be due to the difference in the inherant ability of
the types to respond to limited environmental condition prevailing under coconut
garden. The present results reveal the capacity of producing good vegetative growth

of Varantharappilly, Ponnukkara and Koothattukulam under shaded condition.

It was found that light intensity had great influence on the length of
leaves. Under limited light intensity, the leaves were more elongated than under
open condition. Varantharappilly had 22.9 per cent more elongated leaves under
shaded condition than under open condition. The leaves of Vellanikkara Seln. NR
and Ponnukkara were 15.9 and 15.3 per cent respectively more elongated under
shaded condition compared to open condition. It may be an adaptation for the effec-
tive utilization of light available under coconut garden. Though the difference was
not significant, the entry Palakkad had more lengthy leaves (11.44 ¢m) under open

condition compared to shaded condition (11.01 cm).
5.1.3 Leaf area index

There was considerable variability in the leaf area index among the types
studied both under open and shaded conditions. Ponnukkara and Koothattukulam
were the best types for this character also. It was also found that, for almost all the
types, in open LAI was more 1 month after flowering. But in the case of intercrop,
majority of the types recorded high LAI value at the time of flowering. The reason
can be attributed to the difference in vegetative growth of the types in different
environments. For the intercrop maximum vegetative growth was attained at the
time of flowering whereas for the open crop the growth continued even after flower-
ing. Suckering might have stopped early in the case of intercrop. This may be the
reason why there was no significant variation in LAI at flowering whereas there was

considerable variation in LAI 1 month after flowering, between the open crop and
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crop under shade. Clark (1905) reported an increase in total leaf area with shading in
apple and tomato. The same result was reported in Mentha arvensis plants by Dur-
iyaprap.an and Britten (1982). Leaf area in ginger was not appreciably altered by
shading (Bai, 1981). A negative effect of shading on leaf area was reported in
clocimum by Pillai (1990). In the present study the leaf area was found to be re-
duced due to shading. LAI is influenced by both the leaf area of individual leaf and
number of leaves. Eventhough length is increased in shade, the number of leaves

produced is reduced under shaded condition and thus the leaf area index.
5.1.4 Days to flowering

From the results it was found that there was high amount of variability in
days to flowering among the types both under open and shaded conditions. Under
both the environments Ponnukkara was found to be the early flowering type. Again

it was found to be a stable type.

There was considerable difference in days to flowering for the types
between open and shaded conditions. Flowering started earlier in the case of open
crop compared to the intercrop. It is an indication of the beginning of reproductive
phase and completion of vegetative phase. Influence of light on flowering was uni-
form for all the types except Vellanikkara irradiated type which indicates the sen-

sitivity of the type to the varying environments.
5.1.5 Spread of flowering

Regarding spread of flowering, there was variability among the types.
Under both the conditions Vellanikkara Seln. L was having less flowering period.

Ponnukkara had a prolonged flowering period under shade condition which was
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significantly different from all other types except Vellanikkara irradiated. Vellanik-
kara Seln. Br. had the maximum spread of flowering under open condition whereas
it was very less under shade. Same was the case with Koothattukulam. For all other
types the period of flowering was comparable under the different environments.
From these results it is evident that the influence of light intensity on spread of

flowering is unpredictable and it varies with the types.
5.1.6  Number of suckers per plant

Significant variability was observed in the number of suckers per plant
among the types grown under coconut garden where as it was nonsignificant for the
open crop. Variation in number of tillers was reported in ginger by Nybe (1978) and
Mohanty er al. (1981). The same result was obtained in turmeric by Philip (1978),
George (1981) and Mukhopadhyay et al. (1986). Ponnukkara recorded the maxi-
mum number of suckers per plant. Variatién in the potential of the types to respond
to limited environmental condition might be expressed only under coconut garden.

Under open condition there is no limitation in the light resource.
5.1.7 Plant spread

The character plant spread was found to be significantly different among
the types both under open and shade. It was one among the few characters for which
the types performed similarly under open and shaded conditions. Under the con-
trolled condition with limited light infiltration plant spread is a very important
yield contributing factor. With increased plant spread the photosynthetic surface is

increased and thus photosynthesis and high tuber formation.
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5.1.8 Number of mother rhizomes

There was considerable variability in the number of mother rhizomes,
both under open and under shade. Vellanikkara Seln. Br produced the maximum
number of mother rhizomes and Palakkad was with the minimum number of mother
rhizomes. Mohanty er al. (1981) reported variability in the number of rhizome
fingers in ginger. The same result was obtained in turmeric (George, 1984 and Indir-
ish et al. 1990). Nybe (1978) observed no significant variability in the number of

primary fingers in ginger.

Performance of the types regarding this trait was different under the
different environments as far as Kaempferia is considered. The crop produced more
number of mother rhizomes under the coconut garden. Early arresting of vegetative
phase 1s observed in the case of inter crop which necessitates more number of

rhizome production under coconut garden.
5.1.9 Length and girth of mother rhizome

There was no significant variation in the length and girth of mother
rhizome among the types, both under open and shaded conditions. When pooled
over the two conditions there was significant difference in this character. The girth
was more under open condition for all the types. This may be due to the high rate of
photosynthesis in plants under open condition. High moisture content in the rhizome
can be also attributed to the more girth of mother rhizome under open condition.
Variability in length and girth of mother rhizome was reported in ginger by Nybe

(1978). The same result was obtained in turmeric by George (1981).
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5.1.10 Number of secondary rhizomes

There was high amount of variability in the number of secondary
rhizomes for the intercrop. But for the open crop number of secondary rhizomes was
not variable for the types. This again may be due to the difference in potentialities of
the types for the effective utilization of limited resources under shaded condition.
Variability in the number of secondary rhizomes was reported in ginger by Nybe

(1978). The same was reported in turmeric by Philip (1978).

The number of secondary rhizomes was found to be more under open
condition. It is an important yield contributing character and it may be due to the

effective photosynthesis under open condition.
5.1.11 Length and Girth of secondary rhizome

There was no significant difference in the length and girth of secondary
rhizome among the types under both the conditions. But in ginger significant varia-
tion was reported by Nybe (1978). The same was reportd in turmeric by George

(1981). The present study was not able to show any variability regarding this trait.
5.1.12 Yield

Fresh rhizome yield, dry rhizome yield and biological yield were found
to be significantly different for the types both under open and shaded conditions.
Ponnukkara and Vellanikkara Seln. Br. were the superior types regarding the yield
(fresh, dry and biological yield). Palakkad and Vellanikkara Seln. L were the inferi-
or types under open. But under the coconut garden the picture was different. Pon-
nukkara and Koothattukulam performed well but Vellanikkara Seln. Br. was an

inferior type under shade. Palakkad maintained its inferiority under shade also. It is
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clear from the result that Vellanikkara Seln. Br. is a shade sensitive type whereas
Ponnukkara and Koothattukulam are shade tolerant types. Ponnukkara is a stable
type which performed well under both the conditions. Mohanty et al. (1981) report-
ed varietal differences for the character rhizome yield in ginger. The same result was

reported in turmeric by Mukhopadhyay er al. (1986).

Comparative study of the types revealed the fact that there was consider-
able variability in the fresh rhizome yield under open and shaded conditions for all
the types. All the types had high fresh yield under open condition. Ponnukkara
yielded 28 per cent more under open condition. But there was no significant variabil-
ity in the dry rhizome yield and biological yield under the varying environments.
Vellanikkara Seln. Br. was an exception. It recorded 45.5 per cent more dry yield
under open condiﬁoﬁ. The crop is harvested during December - January when there
is scarcity of water in the soil. In coconut garden, under rainfed condition, the water
deficit in the soil will be still worse due to the competition by the coconut palm.
Hence the rhizomes may get dried. In other words the water content in the rhizome
will be less compared to the open crop. The result obtained in the present study on
the girth of mother and secondary rhizomes indicated that the girth is more under
open condition, which may be probably due to high moisture content in the rhizome
of open crop. This might be the reason why the dry yield of rhizome was compar-
able under open and shaded condition where as the fresh yield was more under open

condition.

In turmeric also fresh rhizome yield was reported to be higher in the
open than under shade (Ramadasan and Satheesan, 1980 and Varughese, 1989). Nair
et al. (1991) reported that fresh as well as dry rhizome yield of Kacholam grown in

open condition were comparabale with that grown under shaded in coconut garden.



But in ginger yield was reported to be more under shaded condition (Adan and
Quisumbing, 1976; Varughese, 1989 and George, 1992). Ravishankar and Muthus-
wamy (1986) reported that dry matter production and the recovery of dry ginger was
more when the crop was grown as an intercrop in arecanut plantation. In the present
study the dry rhizome yield was comparable under open and shaded conditions
which may not be due to the high dry matter production but due to the increased

dryage. The dryage was more for the shade crop.

Kacholam had an average harvest index of 0.5 which was not significant-
ly different among the types and under different environments. It is the proportion of
dry matter accumulation in the economic part to the total dry matter production.
From the result it is clear that the character is not influenced by the environments
and it may be a genetically controlled character. Or the influence is uniform for all
the types and under different conditions. It is true in the case of vegetatively propa-

gated crops where there is narrow genetic variation in the population.

5.1.13 Quality aspects

1. Oil content

There was considerable variability in the oil content of the types both
under open and under shade. Vellanikkara selections were found to be superior in oil
content under both the conditions. Vellanikkara Seln. M yielded 36.4 per cent more
oil than the entry Ponnukkara, which was the superior type in rhizome yield under
open condition. The same was the case under shade also. This indicates that oil
content is not correlated with yield. This necessitates separate selection criteria for

yield and oil quantity.
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i1. Quality of oil - Major components

Gas chromatograph analysis revealed the presence of 3 major compon-
ents in 01l of Kacholam. Paramethoxy ethyl cinnamate content ranged between 55-65
per cent. Ethyl cinnamate content ranged from 15-25 per cent and there was an
unknown component (8-12 per cent). The components were the same in all the types
but some amount of variation is noticed in its quantity. No general trend was ob-
served in the quantity under open and shaded conditions. There was a balance
between the content of Paramethoxy ethyl cinnamate and ethyl cinnamate. The types
with high paramethoxy ethyl cinnamate, were with less amount of ethyl cinnamate.
The reason may be attributed to the possibility of conversion of one compound to the

other.

The present results reveal that there exists considerable variability among

the types in the oil quantity not in its quality.

So the present study on the varability of Kaempferia genotypes revealed
the presence of variability and scope for selection in the yield contributing characters
like number of leaves, leaf area index, days to flowering, spread of flowering,
number of suckers per plant, plant spread, number of main rhizomes and number of
secondary rhizomes under both the conditions. Under shade, in addition to the above
characters length and width of leaves, length and girth of primary and secondary
rhizomes showed considerable variability. Direct selection based on yield is also

found to be effective.

5.2 Characters correlated with yield and path coefficient analysis

5.2.1 Correlation studies

Leaf characters such as number of leaves 1 month after planting, 3
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months after planting, 5 months after planting, length of leaves and leaf area index
at flowering and 1 month after flowering were found to be correlated with yield.
Under shaded condition, in addition, width of leaves also had high correlation coef-
ficient. In ginger length of leaf blade and leaf area index were reported to be corre-
lated with yield (Nybe, 1978). Number of leaves and leaf breadth were also reported
to be having high correlation coefficient with yield in ginger (Mohanty and Sharma,
1979 and Roy and Wamanan, 1990). Philip (1978) reported the presence of correla-
tion between the above leaf characters and yield in turmeric. Number and breadth of

leaves were reported to be highly correlated with yield in ginger by Nambiar (1979).

The above result revealed the scope for early selection in Kacholam
based on the leaf characters ike number of leaves,‘length and width of leaves and
leaf areaindex. Number of leaves was highly correlated with yield under both the

conditions and it is an important early selection criteria.

Flowering characters like days to flowering and spread of flowering were
found to be highly correlated with yield under both the conditions. Days to flower-
ing was negatively correlated with yield which means that early flowering types are
high yielders. It might be due to the fact that, in the case of early flowering types
the vegetative phase is completed well ahead from the reproductive phase and tuber
formation phase. Flowering might have forced the plant o stop its vegetative phase.
This can indirectly influence the production of more mother rhizomes which in turn
influence the production of more number of secondary rhizomes in each mother
rhizome. Spread of flowering might be an indirect indication of robust and healthy

stand of crop. The types can be selected for these flowering characters also.

One more character which was found to be correlated with yield for both

the crop was number of suckers per plant. Kannan and Nair (1965) reported high
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correlation of the same character with yield in ginger. Mohanty and Sharma (1969)
and Roy and Wamanan (1990) had the same result in ginger. In turmeric also
number of tillers was found to be correlated with yield (Nambiar, 1979 and Govind

et al., 1981).

Plant spread which had less correlation with yield in open condition was
found to be highly correlated with yield in shade. This indicates the necessity of
framing separate selection criteria for the types which is to be grown under open
condition and as intercrop in coconut garden. Spread of the plant is an indication of
the orientation of leaves, rather than number of leaves. Under shade, orientation of
leat is very important since it influences the effective utilisation of limited light
resource under coconut garden. In open light is not a limiting factor, where the
orientation of leaves or plant spread have little influence on photosynthesis rate and
hence yield. So while selecting varieties for intercropping plant spread must be taken

as 4n nmportant parameter.

Among the rhizome characters, number of mother rhizomes and number
of secondary rhizomes were found to be highly correlated with yield under both the
conditions. In addition, length and girth of mother and secondary rhizomes were
also found to be correlated with yield for the intercrop. This is in agreement with the
report of Nybe (1978) in ginger. He reported positive and significant correlation of

number, length and girth of primary and secondary fingers with yield.

Mohanty and Sharma (1979) revealed the influence of number and girth
of secondary rhizome fingers on yield. In turmeric length of primary fingers and
girth of mother rhizomes were reported to be positively correlated with yield by
Philip (1978). The influence of rhizome length on yield was also reported by Govind
et al. (1981).



So in the present study it is seen that the following characters had high
correlation with yield both under open and shade. Superior entries are found to be
early flowering types with more number of leaves, high LAI value, prolonged
spread of tlowering, more number of suckers per plant, more number of mother and
secondary rhizomes. Under shade, plant spread is an important character which was
found to be highly correlated with yield. It is also seen that yield and oil content are

highly independent characters.
5.2.2 Path coefficient analysis

Correlation studies simply give an idea about the relationship between
different morphological characters and yield considering yield as the effect. It simply
provides the causal factors to effect. There can be direct and indirect effects for each

causal factor to yield and so simple correlation may not explain a true relationship.

The direct and indirect effects of each causal factor 1s estimated through
path analysis. If the correlation coefficient between a causal factor and effect is
almost equal to its direct effect, correlation explains the true relationship and a direct
selection through the trait will be effective. If the correlation coefficient is positive
but the direct effect is negative or negligible, the indirect effect seems to bethe cause
of correlation. In such situation the indirect causal factors are to be considered

simultaneously for selection.

Under open condition the characters, number of leaves 1 month after
planting and spread of flowering had maximum direct effect on yield and these
direct effects were almost equal to the correlation co-efficients. So here correlation
explains a true relationship and a direct selection based on these characters will be

effective in improving the yield. Days to flowering also had high direct effect.



Number of suckers per plant had a positive correlation with the yield, but its direct
effect on yield was negative. This implies the necessity for simultancous selection
for indirect causal factors. Here the indirect effect was maximum via number of

leaves 1 month after planting.

So the present study was able to reveal that there is immense scope for

identifying superior genotypes by counting the number of leaves.

Under shaded condition the character plant spread had maximum direct
effect on yield which was almost equal to its correlation coefficient. It was followed
by number of leaves 5 months after planting. So direct selection based on these
characters will be effective. The characters, number of suckers per plant, number of
mother rhizomes and number of secondary rhizomes had negative direct effects on
yield where as its correlation coefficient was positive. This indicates the reliability of
indirect selection and all these three characters had maximum indirect effect via
plant spread which again proves plant spread as a selection criteria under shaded

condition.
5.3 Components of variance

For the selection to be reliable and effective, the characters should be
highly heritable. There should be considerable variation in the population, for the
characters to be selected and the selected characters should be highly heritable. The

high heritability value should be coupled with high genetic advance also.

The characters number of leaves, leaf area index, days to flowering,
spread of flowering, plant spread, number of mother rhizomes, rhizome yield (both
fresh and dry) and oil percentage were having high heritability estimates in open

condition. Under shaded condition in addition to the above characters, length of
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leaves, width of leaves and number of secondary rhizomes were also found to be
highly heritable. But the rhizome yield and oil content were less heritable. This
might be due to the fact that the rhizome yield was influenced by more number of
morphological characters under shade i.e. it is greatly influenced by the environ-

ment.

The characters, number of leaves and leaf area index had high heritabili-
ty coupled with high genetic advance. Early selection based on these characters will
be effective and reliable. Rhizome yield (fresh and dry) and oil content also had high
heritability and moderately high genetic advance. So direct selection for these char-
acters also will be effective. The other characters, days to flowering, spread of
flowering, number of mother rhizomes and number of secondary rhizomes which

recorded high heritability had moderate genetic advance under open condition.

For the shaded crop leaf area index (1 month after flowering) had the
maximum genetic advance, coupled with high heritability. So it is the most reliable
selection parameter for the types to be grown under shaded condition. Number of
leaves, spread of flowering, number of mother rhizomes, number of secondary
rhizomes, rhizome yield (fresh and dry) and oil content had moderate genetic ad-
vance estimate. Direct selection based on yield is not reliable in the case of shaded
crop, since the characters are less heritable even though the genetic advance was

moderate.

Based on correlation studies, path coefficient analysis and the estimates
of heritability and genetic advance, selection criteria can be framed separately for

the open crop and the crop to be grown as intercrop in coconut garden.
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Under open condition number of leaves, leal area index, days to flower-
ing and spread of flowering had high correlation and direct effects on yield with
moderately high heritability and genetic advance. So selection will be effective for
these characters. Direct selection for rhizome yield and oil quantity also will be

reliable.

Under shade plant spread is an important parameter but the character
recorded moderately high heritability but low genetic advance. Selection will be
refiable and effective for number of leaves 5 months after planting, leaf area index

and spread of flowering.
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SUMMARY

An investigation on evaluation of Kacholam (Kaempferia galunga L.)
types for morphological variability and yield was undertaken at the College of Horti-
culture, Vellanikkara during 1993-94. The experiment was aimed at studying the
extent of morphological variability and yield contributing characters in the local
collection of Kuempferia and to identify types with high yield potential for large
scale cultivation. It was also aimed to compare the performance of the types under
open and as intercrop in coconut garden. The salient results of the investigation are

summarised below.

[. The study on the variability of kaempferia galunga types revealed the presence
of considerable amount of variability and scope for selection for the characters,
number of leaves, leaf area index, days to flowering, spread of flowering, plant
spread, number of mother rhizomes, number of secondary rhizomes, fresh rhizome
yield, dry rhizome yield, biological yield and oil percentage, under both open and

shaded condition,

2. In addition to the above characters length and width of leaves and number of

suckers per plant also showed variability under coconut garden.

3. Vellanikkara Seln. Br and Ponnukkara were the best types regarding fresh as

well as dry rhizome yield under open condition.

4. Ponnukkara and Koothattukulam performed well under shade regarding fresh as
well as dry rhizome yield whereas performance of Seln. Br was poor under shaded

condition.
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5. Ponnukkara can be considered as a stable type and Vellanikkara Seln. Br is very

sensitive to the limited environment under coconut garden.
6. Performance of entry Palakkad was poor under open and shaded condition.

7. Regarding oil yield Vellanikkara selections were the superior types both under

open and shaded condition.

8. The types were variable in their oil quantity not in quality. As reported earlier,
it is confirmed that 3 major components are present in Kacholam oil. They are
paramethoxy ethyl cinnamate (55-65 per cent) ethyl cinnamate (15-25 per cent) and

an unknown compound (8-12 per cent).

9. The study on the comparative performance of the types under open and shaded
condition revealed that the characters, number of leaves, LAI, spread of flowering,
number of flowers per inflorescence, number of suckers per plant, girth of mother
rhizomes, number of secondary rhizomes, girth of secondary rhizomes and interno-
dal length were more under open condition, whereas the characters length of leaves,
days to flowering, number of mother rhizome, number of nodes on mother rhizomes
and secondary rhizomes and dry wet ratio were more under partially shaded condi-

tion.

10.  The differences in the characters width of leaves, plant spread, length of
mother 'rhizome, internodal length, length of secondary rhizome, dry rhizome yield,
harvest index and oil content of the types were nonsignificant between open and

shaded condition.

11.  Eventhough the fresh rhizome yield was less under shaded condition, dry

rhizome yield was comparable which indicates that Kacholam can be grown as an



intercrop 1 coconut garden also. Among the 10 entries, types Ponnukkara and

Koothattukulam showed their superiority under partially shaded condition.

12. The characters, number of leaves, length of leaves, LAI, spread of flowering,
number of suckers per plant, number of main rhizomes and number of secondary
rhizomes were positively and significantly correlated with yield under open condi-

tion. Days to flowering was negatively correlated with yield.

13. In addition to the above characters, width of leaves, plant spread, length and
girth of main rhizomes and length and girth of secondary rhizomes were positively

and significantly correlated with yield under shaded condition.

14.  Rhizome yield and o1l yield were found to be two independent characters. This
necessitates separate selection criteria for the types with high rhizome yield and oil

yield.

15.  No morphological character was found to be correlated with oil yield. So
independent selection has to be made for identifying varieties with high oil per unit

ared.

16.  Under open condition number of leaves, leaf area index, days to flowering and
spread of flowering had high correlation and direct effect on yield with moderately
high heritability and genetic advance. So selection will be effective for these charac-

ters. Direct selection for rhizome yield also will be reliable.

17.  Under shade plant spread was an important parameter which had high correla-
tion and direct effect on yield. But the character recorded moderately high heritabili-
ty but low genetic advance. Selection will be effective for the characters number of
leaves 5 months after planting, leaf area index and spread of flowering for the crop

under shade.
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Taking into account all the aspects the entry Ponnukkara showed its
supertority as a high yielding entry suitable under both the situations namely open

and partially shaded condition prevailing in coconut garden.
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APPENDIX-I
Weather data (weekly average) for the experimental period
(from 4-6-1993 to 25-2-1994)

Standard Month and date  Total  No. of  Temperature Relative Sunshine Evaporat-
week No. rainfall rainy hours ion
Max. Min. Fore- After- mm/day
‘c ‘C noon % noon %
23 June 4-10 236.6 6 29.6  23.3 95 80 1.8 3.5
24 June 11-17 237.9 7 29.2  23.8 95 80 1.8 3.5
25 June 18-24 85.5 4 30.4 245 94 73 4.4 3.8
26 Jun3 25-July 1 186.4 5 29.2  23.6 94 82 2.9 3.3
27 July 2-8 188.9 6 28,6  22.7 95 78 2.0 3.1
28 July 9-15 167.8 7 28.7 22.6 92 83 1.8 3.1
29 July 16-22 128.1 6 28.9  22.9 94 76 2.8 2.9
30 July 23-29 101.0 6 28,0 23.1 94 80 2.9 3.1
31 July 30-Aug 5 96.4 6 29.1 23.7 9% 76 3.6 3.8
32 Aug 6-12 54.9 4 29.9 23,5 95 75 4.6 3.9
33 Aug 13-19 66.3 6 29.2 23.1 93 78 3.3 3.7
34 Aug 20-26 61.9 4 29.8 23.2 96 74 5.6 4.0
35 Aug 27-Sept 2 33.6 2 29.8  23.5 95 73 6.5 3.4
36 Sept 3-9 23.7 2 29.4  23.0 93 75 3.9 3.05
37 Sept 10-16 11.5 1 30.7 23.1 93 69 7.5 3.45
38 Sept 17-23 23.2 3 31.7  23.4 94 63 8.3 4.1
39 Sept 24-30 14.9 1 31.0  23.2 91 65 6.7 3.9
40 Oct 1-6 149.8 6 29.8  23.4 93 82 3.8 2.9
41 oct 7-13 181.5 5 29.3  29.2 95 78 2.1 2.5
42 Oct 14-20 102.7 4 1.2 23.2 90 74 4.9 2.8
43 Oct 21-27 83.4 2 31.9  23.5 92 72 6.3 2.8
44 Oct 28-Nov 4 3.2 0 32.5 24.2 80 63 7.1 3.8
45 Nov 5-11 58.3 3 30,4 23.9 84 70 4.0 3.5
46 Nov 12-18 12.7 2 31.8  23.0 91 66 5.6 3.0
47 Nov 19-25 1.2 0 31,8 23.1 72 54 7.6 4,6
48 Nov 26-Dec 2 0.8 0 31.4 243 77 60 5.8 5.7
49 Dec 3-9 17.0 2 1.2 22.7 84 62 3.4 3.4
50 Dec 10-16 0.0 0 32,5 2.9 75 47 5.1 5.05
51 Dec 17-23 1.0 0 31.0 23.8 75 59 5.5 5.6
52 Dec 24-31 0.0 0 31.6 23,5 72 47 6.1 6.1
1 Jan 1-7 0.0 0 32.6  23.6 69 44 10.0 7.5
2 Jan 8-14 0.0 0 32.2  22.7 73 43 9.0 7.3
3 Jan 15-21 19.4 1 33.6  23.7 83 49 7.7 4.9
4 Jan 22-28 0.0 0 32.8 22.0 65 32 9.2 9.7
5 Jan 29-Feb 4 0.0 0 33.9  21.0 81 37 9.8 5.9
6 Feb 5-11 0.0 0 34,6 23.8 17 43 7.8 6.3
7 Feb 12-18 1.7 0 344 23.1 86 45 8.2 4.7
8 Feb 19-25 0.0 0 35.7  23.0 83 36 7.8 6.1
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COCONUT GARDEN
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The oldest literature on Kacholam - Hortus Malabaricus
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Appendix-IV. Contd.

MALABA;\iUU‘J. O [

KATSFUL A KELENGU.

TABULA XLL

Ramannes dicunt Capura Catari planta naf-
; @ L5 censin arenofis. Radix carnofa, albicans,
‘ 54| fibrasemittens, & novellis {e propagans ocu-
@ A lis, odoris fragrantis & aromatici, maxime
llcum ficca, Zingiberis inftar , albicante
‘ficca carne, cortice ruffo, rugofo. Duo
ex radice folia, pedunculis furrectis, latis & cavis exfur-
gunt, in transverfum extenfa, exadverfo ﬁt.zg, ampla, ro-
tundiola, inferius {inulo cavo, angufte excifa, craffa, car-
nofa, glabra, venis fubtilibusannularibus, qua folium in-
tus obfcuro tra¢tu {ubeunt, ex media vens ftriata, viroris
in {uperiori parte faturi & fufct, in inferiori, que radici ob-
verfa, viridi clari, 1n oris limbulo rubefcente 1inftructa, o-
doris gratiaromatici. Flores ex radice inter folia media {ur-
recti exfurgunt, oblongo petiolo ceu collo, tripetali, duo
illorum oblongo rotunda & candida, tam interiusquam
exterius: tertium hifce oppofitum, anterius in medio, in
Guo alia quafl petala eft divifum, interius candidum, in me-
dio & 1ma parte ad pedem purpureo rubrum, exterius can-
didum , in pede interiore dilute flave{cens & viridefcens,
funtque in totum tribus oblongoanguftis candidis foliolis
feuauriculis fuccin¢ti.” Exflorum medio /y/us exfurgit
Iatus, foliaceus, candidus, ad pedem petali purpurei flave!-
centem accumbens;, {uperne in duas ungulas fiffus, quza
petalo purpureo funtreflexe. In medio flavuseft, intusan:
gufta theciformi cavitate, per quam alius, f{e transmittit
/blus candidus, tenuiflimus, gemmals nodulatus : floresin
totum illis 7 gjengeli-nel-Kelengn non diflimiles {funt. In
{uper oblervavimus , quod loco florisemarcidi acdecidui,
una nocteflos novellus cum petiolo ferme pollicari ¢ radice
exfiliat; ocyus ergo nafcuntur. Radix ficcatain transverfis
inciditur lamellas, & divenditur. Bulbus cum recenti
butyro in pillulasredactus, afthinaticis datur.
TaBsurLa 4.

Paremnonhaberhxcplanta; mihicft: Plunia bifoliata,radice suberofa, flore tripetato difurmi Malabarienfis.

p. X1 X KL




Appendix-IV. Continued

KATSJULA KELENGU

Brahimins say that the plant called Capura Catari grows i sandy
grounds. The root of this plant, fleshy and white-tinted sprouts out {ilaments called
eyes as means for self propagating. These shoots are highly sweet smelling and
aromatic. They are similar to Zinziber, being {leshy, white-tinted with bark wringled
and reddish. The two leaves at the shoot, rising like a crook (shepherd’s), bending
inward on sides, round in shape, spreading flat and wide hollow at the lower and
narrowing at the verge. These (leaves) are thick and fleshy with f{inely woven sea-
sonal veins. These veins or streaks go through furrow-like channels; food (sap)
being received in the upper part, 1s absorbed in the interior. The veins are extending
towards the root; they look glaringly green and in the mouth side they turn slightly
reddening the surface and they produce a pleasing aromatic odour. Flowers come out
from the shoot through the centre of these leaves in oblong petals (tri-petals). Two
of them take a round oblong shape, inside and outside white in colour. A third (win
petal opens up above in the centre. These petals are separate. White in the centre,
the inner depth being purple. The outside of this petal is white, on the inner bottom
yellow (golden) and green. On the whole these petals are slightly oblong and girded
up by three tiny petals akin to the lobe of the ear. From the middle of the flowers
shoots out broad, lealy and white stilus lying down towards the yellow part of the
purple-coloured petals, fixed above in two hoofs which are reflected by the purple
petals. In the middle of the narrow envelop like cavity, which is golden, through
which another knoty bud projects itself as a white and very fine stilus; its flowers as
a whole are not disstmilar to Tsjengeli-nel-Kelengu (Chingazineer kizangu). Besides
we observe that in the place of wilthered and fallen flowers, overnight new flower is
born. The root cut across, are sold separately The bulbs made into pills is given (o

asthmatic patients.



ABSTRACT

An investigation on the evaluation of Kacholam (Kaempferia galanga L.)
types for morphological variability and yield was undertaken at the College of Horti-
culture, Vellanikkara during 1993-94. The experiment was aimed at studying the
extent of morphological variability and yield contributing characters in the local
collection of Kaempferia and to identify types with high yield potential for large
scale cultivation. It was also aimed to compare the performance of the types under
open and as intercrop in coconut garden. The salient results of the investigation are

abstracted below.

There was considerable amount of variability for the characters, number
of leaves, leaf area index, days to flowering, spread of flowering, plant spread,
number of main and secondary rhizomes, fresh rhizome yield, dry rhizome yield,
biological yield and oil percentage both under open and shaded condition. Under
coconut garden in addition to the above characters, length and width of leaves and

number of suckers per plant showed variability.

There was difference in the performance of the types under open and
shaded condition. Fresh rhizome yield was more under open condition whereas dry
rhizome yield was comparable which indicates that Kacholam can be grown as an

mntercrop in coconut garden.

Ponnukkara can be considered as a stable type which performed well
under both the conditions. Vellanikkara Seln. Br was found to be a shade sensitive

type and the performance of Palakkad was poor under open and shaded conditions.



Regarding o1l yield Vellanikkara Selctions were the superior types both under open

and shaded conditions.

Rhizome yield and o1l yield were found to be two independent charac-
ters. This necessitates separate selection criteria for types with high rhizome yield

and oil yield.

Under open condition number of leaves, leaf area index, days to flower-
ing and spread of flowering had high correlation and direct effect on yield with
moderately high heritability and appreciable genetic advance. So selection will be
effective for these characters. For the crop under shade, selection will be effective
for the characters, number of leaves 5 months after planting, leaf area index and
spread of flowering. Under shade plant spread was an important character which had
high correlation and direct effect on yield. But the character recorded moderately

high heritability but low genetic advance.

No morphological character was found to be correlated with oil yield. So
independent selection has to be made for identifying varieties with high oil content

per unit area.
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