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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 rriedicirie and honioeopathy. 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 

production potential and varied agroclimatic conditions, and we possess many useful 

ancl economic species of medicinal plants still rer~~aining unutilised and unimproved. 

Kacholam (Kuempferiu gulungu L.) is one among them in which not much research 

work and iulprovement has bee11 done. 

Kuernpferiu gulunga 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 

plait 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 dgestion 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 is 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 

'Clnavanaprasam' 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. Kecently 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 pro-jected re- 

quilrernent 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 oil. 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 Arornatices, Alwaye). Taking into consideration the present market price of 

dried rhizomes (Ks.65/kg), the cost of 1 kg of oil will come around Ks.8000 at the 

rate of 1 per cent output on bulk distillation. 

Kacholam is suited for cultivation in Kerala and the humid tropical 

cli~illate of Kerala is suited f'or 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 irnprovernent programme in Kacholam has not been atlempled 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- 

merit 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 

is vegetatively propagated the selected types can be maintained as such, and can be 

multiplied 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 

gredt 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 llke 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 Kuernpferiu gulungu L. 

To identify types with high yield potential for large scale cultivation. 

To propose a selection criteria for K. gulungu L. genotypes. 

'1.0 co~npat-e the perSorrnance of the types under open and as iriler-crop in 

coconut garden. 





REVIEW OF LITERATURE 

2.1 Origin and Distribution 

The genus Kuernpferiu is supposed to have been originated in South East 

Asia, probably in Burma, where it is considered to have been grown as an evergreen 

in shady forest conditions and from there, it appears to have emigrated across most 

of the tropical Asia, and right across Africa (Hoitum, 1950). The family Zingibera- 

ceat: is chiefly Indo-Malayan in distribution (Willis, 1960). According to Synge 

(1956) the genus Kuempferiu is widely distributed in the tropics and subtropics of 

Asia and Afiica. Kuempferiu guhngu 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 Kolarnmal, 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 IV). 

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

pertilme 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 

(Burlull, 1935 and Quisumbing, 195 1). 



The rhizornes are considered stimulating, expectorant, carminative and 

diurel-ic. 'I'lley are used ill  tlle j)~el)arations of gargles. They are adniinistered with 

honey in coughs arid pectoral affections. In Piiilippines, a decoction of tile rhizorne 

is used for dyspepsia, headache arid malaria: Boiled in oil, the rhizomes are applied 

exterrlally to remove nasal obstructions. Roasted rhizomes are applied hot in rheuma- 

tism and for hastening the ripening of inflarnrnatory tumours. They are also used as 

a wash in dandruff and for relieving irritation produced by stinging caterpillars. 

Mixecl with oil, the rhizoriies 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. 

'I'tie leaves are used ill lotior~s and poultices for sore eyes, sore tliroat, swellings, 

rheumatism and fevers (Kirthikar & Basu, 1935; Burkill, 1935; Brown, 1941 and 

Quisulr~bir~g, 1951). It is also reprted to prori~ote or improvt: digestion, digestive 

power arid cures or allays skin or cutaneous diseases, piles, oedema, epilepsy, sple- 

nic disorders, difficult breathing (Astharna) and diseases caused by the xnobidity of 

'vada' and 'kapha' (Aiyer arid Kolarnmal, 1964). I t  removes bad odour of the 

mouth. Keceritly larvicidal and ariticaricerous principles have been obtairied Srorri the 

rhizome extract of Kue~?~pferiu ,qulung(l I,. (Kosuge er ul., 1985; Kiuchi et ul., 

1988). The hot water extract of Kuenlpferiu rhizornes showed strong larvicidal activ- 

ity against the larvae of dog r.ot.ricl worrn Tuxocuru cunis (Kiuchi e[ ul., 1988). 

Mangaly and Sabu (1991) reported the use of K. gulmga as an ingredient of ayurve- 

die prt:parations for skin disorders, rlieurnatisrri etc. Toxicity against neonate h v a e  

of Spudupteru litturulis was also reported in a contact residual bioassay (Pandit et 

ul., 1993). 

2.3 Taxonomy and Cytogenetics 

KurnpJeriu gulungu 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 kuempferia comes under the tribe Hedychiae. There are four sub-genera under 

the genus Kuempferiu namely Sincorus, Protanthium, Monolophus and Stachyanthe- 

sis (Hooker, 1892). The subgenera Sincorus includes 11 species other than K. 

gulungu L. They are Kuempferiu murginrrtu, K. ungustifoliu, K. ovulifoliu, K. 

speciosu, K. pundurutu, K. pruiniunu, K. roscoeunu, K. ~purv~~oru,  K. involucrutu, 

K. unlkorsoni and K. cocinnu. 

Raghavan and Venkatasubhan (1943) studied the cytology of 4 species of 

Kuempferiu viz. K. gibsonii, K. gilbertii, K. rotudu L. and K. gulungu 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. gulungu L. Chakravorthi (1948) assigned a chromosome number of 2n = 33 

i i ~ r  K. rotundu L. and K. gilhvrtii and considered them as triploids. He again found 

chromosome number of 2n = 28 for K. cienkowskyu and concluded that the genus 

Kuempferiu 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. gulungu L. Ramachandran (1969) had the same opinion as Raghavan 

and Venkatasubhan (1943). According to him K. gulungu L. is presumably an 

aneuploid pentaploid. Mahanty (1970) reported that the 2n number of K. ungui~tifo- 

liu is 22 and that of K. bruchystemon is 26. A chromosome number of 2n = 22 had 



beer1 assigned for the species K. eleguns arld K. roseu. For K. gilbertii arid K. 

rutundu L. he reported a chromosome number of 2n = 33. Beltran and Karn (1984) 

Sound that Asiatic Kaernpferias have a basic clu-ornosorne nurrlber of X = 11 wliile 

African ones have X = 14. Reklia (1993) reported that the somatic chromosome 

number of K. gulungu L. is 55. She recognised the species as a pentaploid with x = 

11. 

2.4 Morphology and Floral biology 

Kuernpferiu gulungu L. is an annual herb grown for its arorilatic rhi- 

zome. According to Hooker (1892) Kuempferiu is a plant with tuberous root stock. 

Leave:s 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 arid rlonaroliiatic root fibres. Leaves are few in nurnbcr 

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 crn. They art: deep green, thin, 10-12 

ribbed,, rotund, ovoid, deltoid and accuminate. Leaf margins are not thickened or 

Aiyer and Kolamnial (1964) described the leaves of Kacholarn as deep 

green orbicular, sub orbicular, orbiculate-ovate or ovate-cordate, with thin meinbra- 

neous blade, 6.2 to 15 cm long and 5-15 cni wide, srnootti above deltoid-acuminate 

at tip some what woody towards the base and 10-12 ribbed with the margin wavy 

but not thickened or coloured. Each leaf has a short channeled petiole. They report- 

ed vertically oriented  tube^-ous rootstock for Kacholam. it is having several srrialler 

secondary tubers arid a cluster of roots most of which are long and narrow white, a 

few are, shorter and tuberous at their tips. The niairi tuber is conical in for111 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. gulunga 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 Kuernpferiu 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 

sarne length as that of the outer bracts. Coralla tube is 2.5 cni 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 ant1 are 

situated at the base of the ovary and the stigma is f'iliform. Aiyer and Kolammal 

(1964) described the androecium with fertile stamen and broad ptaloid 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 
3 

two celled and pistil is tricarpellary. They described ovule as inferior 3 celled with 

many horizontal anatropous ovules on axile placentation within each chamber. Style 

i s  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. Stamin~des are oblong acute white in colour and having a length of 



about 3.8 - 5.0 cIn, lip is lilac or reddish in colour and is bilid. Anther crest is 

deeply bilid and anther lol~es are lanceolate. 

Rajagopalan (1983) described the flowering behaviour in K.gufungu L. 

He observed ha t  flowe~i~ig started in June and erided in September and the peak 

occurred during July-August. It was also reported that flowers were produced direct- 

ly froni the rhizome and they opened in succession. 

2.5 Propagation and Cultivation aspects 

Kachvla~rl is propagated vegetatively using rhizorne. The plant produces 

bolh mother and finger rhizomes. Gopalaswa~nierigar (1951) reported that propaga- 

tion of Kuempferiu is by the division of the rhizome and it can be potted in light soil 

and liquid IriaIlure pronlotes iCs growth. The Aro~natic and Medicinal Plants Re- 

search Station, Odakkali, Kerala has undertaken a study to find out the response ol' 

K. gulungu L. to different spacing arid diSSere11t levels of FYM. Prelirrli~iary trials 

have shown that spacing of 20 x 15 cm and FYM at lhe rate of 30 tonnes per hectare 

gave ~riaxi~riurri rhizome yield (Annual Progress Report, 1982). Rajagopalan (1983) 

carried out an investigation to standardise the propagation method, planting ti~ne arid 

harvesting ti~rie of K. galangu L. and reported ha t  mother rhi~omes planted during 

the 3rd week 01' May arid I~arvested al'ler 6 rr~onths were sigr~ilicar~tly supet.ior. Plant 

ing tirne had significant influerice on the nu~riber of leaves per plant, leaf width, total 

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

Phytochernical analysis and nutrient uptake sludies on K. gulungu Id. 

conducted by Rajagopalan ur (11. (1989) revealed that niother rhizomes planted 

during the 3rd week of May and harvested at six ~no~tths rriaturity recorded the 

niari~riurri essential oil and oleoresin yield. The mean ~~utrient uptake by the crop 



was 22.8 kg N, 28 kg P205 and 36.9 kg K20 per hectare. NPK trials conducted at 

AMPRS, Odakkali indicated that application of. 50-75 kg N, 60 kg P205 and 50-75 

kg K20 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 

(5 197 kg/ha) and the highest oil yield (23.25 ttha). 

A micropropagation trial on K. guhngu L. was conducted by Vincent et 

u1. (1991) and they reported that callus cultures were initiated from vegetative bud 

explant of K. guhngu 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 maxinium regeneration capacity was exhibited with 1.5 mgll 

BAP and 1 mg/l NAA. The axillary bud explant of K. gulungu L. had the potential 

to induce multiple shoots as well as roots in the medium containing BA alone or BA 

+ kinetin (Vincent et ul., 1992). The mortality rate to tissue culture derived plants 

was low and about 90 per cent plants survived on transfer to soil. These results 

demonstrated that K. gulungu L. can be micropropaged easily. 

2.6 Chemical composition of rhizome 

Panicker et u1. (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 Hedychiurn spicu- 

turn. The cornpounds such as n-pentadecane, ethyl p-methoxy cinnamate, ethyl 

cinnamate, 1-s3 - carme, camphene, Borneo1 and P-methoxy styrene were reported 

to be present in the oil (Panicker er ul., 1926 and Guenther, 1975). The oil freed 



f'i.om ethyl P methoxy cinnamate which separates out on cooling thc destillate had 

the following properties: 

Specific gravity at 30'13 O .  0.8792 to 0.8914 

Specific optical rotation at 30' -2"36' to -4O30' 

Refractive index at 30' 1.4173 to 1.4855 

Acid number 0.5 to 1.3 

Saponification number 99.7 to 109.0 

Pillai and Warriar (1962) cor~ducted investigations on the aromatic re- 

sources of Kerala and reported that Petroleum ether extract of the tubers of K. 

guhngu 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 

~naterial was collected in October and minimu~n, when it was collected in June. The 

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

Bin Din arid Samsudin (1991) reported the presence of' cinna~nic acid 

derivatives such as ethyl cinnamate and ethyl p-niethoxy cinnamate in K. gukungu. 

Seven species of Kuempferiu such as K. gulungu L., K. purv~fluru, K. 

unguistifoliu and K. rotundu 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. 



Tuntiwachwuttikul et ul. (1992) again studied 4 species of Kuenlpferiu 

such as K. purviJ2oru, K. unguistijbliu and two unnamed Kuempjkriu species and 

reported that rhizomes of K. purvijZuru 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. unguistifoliu and an unnarned Kuempferiu species 

lead to the isolation of the two cyclohexane diepoxide analogues. The composition of 

the essential oil of rhizomes of K. gulungu growing in Malaysia has been investigat- 

ed by Wong et ul. (1992) and they reported 54 components of which the major 

constituents were ethyl trans-P methoxy cimamate (56.7%), ethyl cinnamate 

(1 6.5 %), Penta decant: (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 

Kuempferiu gulungu 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 in 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 

nurnher of primary fingers. He reported significant diff'erence in gerrninatiorl per- 

centage also. Genetic variability, and heritability were estimated by Mohanty and 



Slias~lia (1979) for a nurriber ol' characters irl dil'krent cultivars of ginger. Their 

study indicated chat straight seleclion can be ~riade to irr~prove alrrlost all characters 

except the riurriber of tertiary lingers and straw yield. Mohanty (1979) studied the 

variability arid heritability of 14 characters in 28 nalive and foreign varieties arid 

they reported high genetic co-efficient of variation (GCV), expected genetic advance 

arid heritability estimates for ~iuriiber of secondary rhizome fingers and lolal root 

weight. Also heritability estinlate was high for leaf breadth, while GCV was high for 

weight of root tubers. Twe111y eight cullivars and strains of Zingiber ~J'cinule was 

assessed by Mohanty el ul. (1981) arid reported varietal differences for all the char- 

acters studied such as r~uxr~ber of tillers, nuniber of leaves, plant height, leaf width, 

weight of straw, number 01' adve~ititious roo&, nurriber of root tubers, total nurnber 

ol' rhito~ne lingers, rhizo~rie yield etc. Okwvowulu (1992) co~npared Sour exotic 

cullivars of ginger (Maran, Himachal Pradesh, Wyanad local and Rio-de-je~lairo) 

wilh Nigerian larid races (Taffirl Yiwa and Yabun t~iri) and recorded sigriificarlt 

diil'erences for the root yield, leaf nuniber and shoot height at crop maturity, but the 

sten1 tuber yield was not significa~ltly different. 

Pillai and Nalnbiar (1975) and Rao el ul. (1975) noticed variation in 

tllicki~css, Icl~gtl~, il~lcr~~odal 1c11gll1 arid colou~ ol' rlri;c.o~~~cs aitlolrg luritlcric: lypcs. 

Mol-phological and growth characters such as height ol' the plant, 11urnber of leaves 

per tiller arid per plant, leaf characters, nu~nber and length of soots arid rhizorrle 

characters of ~iiotlier, prirnary and secondary linger were found to differ signilicant- 

ly aniong Llie types (Philip, 1978). He rioticed no sigriilica~lt var-ialion in tiller 

production aniong the types. The study revealed that rrkorphological characters were 

1101 reliable lo classify the types allhougli sortie of Illern could be distiliguislted by 

rhizorne character. Morphological characters such as nu~r~ber of tillers, height of the 



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 (1986) re- 

ported high heritability for curing percentage, and curcurnin and oleoresin contends. 

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 et ul. (1986) reported significant variation for 

shootslclump, leaveslshoot, plant height and yield/plant. GCV was highest for total 

plot yield and heritability estimate was moderate for shootslclump. lndiresh et 111. 

(1990) also evaluated turmeric cultivars at Brahmavar and observed highly signifi- 

cant variation between the cultivars for many of the chlilrtcters. 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 et ul. (1992) 

also reported significant differences between open pollinated progenies of Curcurnu 

uromuricu cultivar Nandyal, for all the plant traits except tillerslplant as well as 

rhizome characters, yield, curing percentage and curcumin content. 

An evaluation of Cosrus speciusus germplasm by Ammal and Pr;isad 

(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. 



2.7.4 Induced variability 

The effect of gamma irradiation on Kuempferiu gulungu L. has been 

studied by Viswanathan et ul. (1992) and it has been found that irradiation treat- 

ments at lower dosages viz., 0.5, 0.75 and 1.0 k rad produced stirnulatory effect on 

the germination and per id  taken for germination of ~ u e m ~ f e r i u  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 in 7.5 k rad and they reported 

that it can be used as an ideal raw material for crop improvement programmes of 

Kuernpferiu . 

2.8 Correlation studies 

2.8.1 Ginger 

Analysis of yield and plant characters like number of tillers, height of 

plant arid riurriber of leaves by Karlnan 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 Sharrna (1979) rllizo~ne 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 clulrip ot' 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 



stern 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 tlle yield of' turmeric. He also reported 

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

Govind et ul. (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 turnleric 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 ul. (1990) reported that the yield of cured turmeric was significantly 

correlated with yield of secondary fingers. According to 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. 



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 hlgh positive correlation between plant height 

and linal yield. In turmeric path coefficient analysis indicaied 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 morplio- 

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 negalive direct effetct 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 



recornmended as selection criteria for improving yield. 

2.10 Influence o f  light intensity on morpiiological characters and yield 

Sunlight being the source of energy for plants for photosynthesis, the dry matter 

accut~iulation 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 llke tomato, tea, chilli and chickpea also partial shad- 

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

In apple, tomato and many horticultur-al plants, an increase in total leal' 

area with shading has been reported (Clark, 1905). Experiments on shaded and 

unshaded plants indicated that light favours forrnation of oil (Lubimenko and 

Nervikoff, 19 14). 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 turrrieric rl~izolr~tt yield was significantly higher in the open than ur~der 

shade (Ramadasan and Satheesan, 1980). Bai (1981) also reported that turmeric 

recorded higher yield under 50 per cent shaded condition. 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 Menthu urvensis plants. Balyan et ul. (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. 



Kavisankar and Muthuswanly (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 arwanut 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 m x 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 tur~neric varieties will be suitable tor inter- 

cropping only under conditions of ample light intilteration. 



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 ul. (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 ef ul. ( 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 recorn- 

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 tht: open i r ~  

terms of rhizome yield in ginger (George, 1992). The effect of shade on plant 

height, chlorophyl content, net assimilation rate and percentige dryage was positive 

and she classified ginger as a shade loving crop. She also reported that plants grown 



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. Ef'fect 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. 





MATERIALS AND METHODS 

The present investigation on evaluation of Kacholam (Kuempferiu gulun- 

gu 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, Ponnukkwa, Thodupuzha, Palakkad and Varantharappilly, 

gathered fiom cultivators' field, preliminary selections made in the previous season 

horn the Vellanikkara type raised at AICRP on M & AP, based on some morpholog- 

ical characters and yield and an irradiated population of Vellanikkara (M2 genera- 

tion), formed the ~riaterials 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 compwative 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 Instr.uctional Farrn, Vella- 

nikkwa. 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 deternlination 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 .O% Walkley and Black rapid 
titration method (Jackson, 1958) 

Available N2 295.92 kglha 33 1.5 kg/ha A h l i n e  permanganate method 
(Jackson, 1 95 8) 

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

Available K 4.35 kg/ha 2.6 kg/ha Flame photometry 
(Jackson, 1 958) 

Soil reaction (pH) 5.5 5.8 pH rneter  neth hod. Soil water 
suspension of 1 :2.5 
(Jackson, 1958) 

Electrical 0.25 dS rn-I 0.1 dS m-I 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 measurernenls 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 crri 

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 irn~nediately 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 

reconimended by KAU (1993). The full dose of fertilizers was applied 2 rnonths 

after planting at the time of f i s t  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 



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, rhizornes from these ten 

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

3.2.8 Preharvest observatiorls 

i. Germination 

The number of rhizomes sprouted per plot was recorded and the germina- 

tion percentage was worked out. 

. . 
11. Number of leaves 

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

at 2 rnonths interval and the average worked out for each plot. 

iii. Leaf shape 

The shape of the leaves of each type was observed visually and recorded 

as described by Lawrence (195 1).  

i v .  Length and width o f  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 bast: 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. 



v . Leaf' area index 

'Total leaf area 
haf area index was calculated as the ----------------- 

Land area 

Leaf area was measured using leaf area meter. For this purpose a destructive sam- 

pling of' 5 plants was taken fiom each plot, at the time of flowering. The leaves were 

cut, taken and fed to the instrument which gave reading on total leaf area. Frorn this 

value, leaf area of 56 plants was calculated which when divided by plot size (3 m2) 

gave the leaf area index. The same was repeated one month after flowering. 

vi.  Days to flowering 

In Kacholam the tlowers 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 witherd off and new flowers were produced 

successively from the same plant. The flowering process continued for 1 '/4 - 1 314 

months after planting, starting fiorn 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. 

. . . 
V I I I .  Number of flowers per inllorescence 

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

er~d in a !lower bud. For each sarnple plant the first flower bud was tagged tor 



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. 

ix. 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 observatio~is 

i .  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. 

i i .  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. 

. . . 
1 1  Girth of main rhizome 

The girth , ~ f  main rhizomes at the middle was measured using a twine for 

each sample plant and the average was calculated. 



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 guth 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 seconclary rhizome by 

the number of nodes. 

. . . 
vi i i .  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 



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 is 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 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 

i .  Oil estimation 

One hundred g of dried rhizomes from each replication was ground in a 

grinding mill to get a frne 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 oil was then expressed as percentage. 



. . 
11. Quality analysis 

The quality of the oil was assessed using gas chromatography in the 

instrurnent Chemito 8510 using column SE-30 at a temperature of 1 3 0 ~ ~  - 2 2 0 ~ ~  

programming at 5O per minute using N2 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 

er (11. (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 et ul. (1955). Correlation coef- 

ticients 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). 





RESULTS 

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

subjected to statistical analysis arld 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 signiticant difference in the germination percentage of the 

types averaged over the two situations viz. open and shade. Germination percentage 

of the types ranged between 96.06 per cent and 98.81 per cent. The type Ponnuk- 

kara recorded tht: rnaxin~uirl 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. 

i) Number of laves  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 Ihe Kacllolarrl crop in Ule field under open condition 





Plate 2. ew of the Kacholarn crop in the iield under coconut garden 





Table 1.  Variability in germination of Kacholam (Kuempferiu gulungu L.) 
types under open and shaded conditions 

Types 
Germination percentage 

~ 

Open Shade Pooled 

Koothattukulam 

Ponrlukkara 

Thodupuzha 

Palakkad 

Varantharappilly 

Vellanlkkara Seln. Br 

Vellanikkara Seln. NR 

Vellanlkkara Seln. L 

Vellanikkara Seln. M 

Vellanikkara Irradiated 

Mean 

SEm & 

CD (0.05) 



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

No. of leaves 1 HAP No. of leaves 3 HAP No. of leaves 5 HAP No. of leaves 6 MAP 
TY pe ------------------- ------------------- ------------------- ------------------- 

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 
kulam 

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 
Seln. 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. H 

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 

SEmf 0.48 0.34 2.64 1.87 3.57 2.57 4.05 2.86 

CD (0.05) 0.97 0.68 5.98 NS 7.28 5.22 9.16 NS 

HAP - Honths after planting 



significantly superior to the types Palakkad (3.42), Thodupuzha (3.38), Vellanikkara 

irradiated (3.28), Vellanikkara Seln. NR (3.28) and Vellanrkkara Seln. 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 rriarimum 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 conditioris. 'I'lie types produced rnore 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. Vellanrkkara Seln. M continued its poor performance of 

producing the minimum number of leaves 5 months after planting also (23.93). 



P'nt ries 

open EX! ~ n t r r t  r o p  

Fig. 2. Com para t i  ve performance of d i f ferent  types of Kacholam 

(Kaempferia galanga L.) i n  the production of leaves 
(1  month a f ter  planting) under open and shaded conditions 

V1 - Koothattukulam 

V2 - Ponnukkara 

V3 - Thodupuzha 

V4 - Palakkad 

V5 - Varantharappil ly 

V6 - Vellanikkara Seln. B r  

V7 - Vellanikkara Seln. NR 

V8 - Vellanikkara Seln. L 

V9 - Vellanikkara Seln. M 

V10 - Vellanikkara I rad ia ted 



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. Performance 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. Ponnulckara recorded the maximum number of leaves (32.18) and Palakkad 

recorded the minimum (21.33). The performance of the types was signiticantly 

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 Kachvlanl (Kuernpferiu galungu L.) 1.ypc;s 
under open and shaded conditiorls 





the two situations. The length of leaves varied from 11.23 cm to 13.98 cm. Ponnuk- 

kwa produced laves  with maximum length (13.98 cm) followed by Varantharappil- 

ly (13.94 cm), Koothattukulam (13.75 cm), Vellanikkara Seln. Br (13.23 cm) and 

Vellanikkara Seln. M (13.03 cm) and they were identical statistically. Palakkad 

recorded the minimum length (1  1.23 cm) 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 cm) and Vellanikkara Seln. Br (9.33 cm). Palak- 

kad produced leaves with minimum width (8.13 cm). There was no significant dif- 

ference in the width of laves 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. 

i) LA[ at flowering 

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

averaged over the two situations. The average LA1 ranged between 0.43 and 0.82. 



'1'itl)le 211. Variability in leaf cllaracter of Kachvlarrl (Kcionlpji)r-iu gulurzgct I,.) 
types under ol~en a id  shaded conditiorls 

Length of leaves Width of leaves . LA1 at flowering LA1 one month after 
Types (cm ( C Q )  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 
kulam 

Ponnukkara 12.99 14.98 13.98 8.51 10.00 9.26 0.86 0.78 0.82 0.95 0.85 0.90 

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 
P P ~ I ~ Y  

Vellanikkara13.17 13.29 13.23 9.61 9.30 9.46 0.66 0.58 0.62 0.65 0.61 0.63 
Seln. Br 

Vellanikkara11.77 13.64 12.70 8.55 9.00 8.77 0.52 0.43 0.47 0.62 0.37 0.49 
Seln. NR 

Vellanikkara11.74 12.41 12.08 8.28 8.21 8.24 0.51 0.42 0.46 0.54 0.33 0.43 
Seln. L 

Vellanikkara12.56 13.51 13.03 9.45 9.21 9.33 0.50 0.53 0.51 0.64 0.47 0.55 
Seln. H 

Vellanikkara12.13 13.51 12.82 9.13 9.05 9.09 0.60 0.40 0.50 0.60 0.41 0.51 
irradiated 

Mean 12.31 13.49 12.90 9.06 9.03 9.05 0.62 0.51 0.56 0.69 0.54 0.61 

S E ~ _ +  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 N S 0.24 0.17 

LA1 - 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 

Kwthattukulam recorded the maximum LA1 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:) LA1 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 Kwthattukulam were found to be significantly superior to all 

other types. Vellanikkara Seln. L recorded the minimum LA1 value (0.43). The dif- 

ference in this character among the types between open and shaded conditions was 

found to be signillcant. 'I'he types urider open condition recorded more leaf area 

index, I month after flowering. 

All the types except Palakkad, Varantharappilly and Vellanikkara Seln. L 

recorded lugh LA1 value 1 month after flowering compared to the value at flower- 

ing. 

4.1.7 Days to flowering 

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 Vellanikkara Seln. Br 

(47.33). Vellanikkara Seln. L had taken the maximum days to flowering (56.00). 



'I'here was significant difference in this character between open and shaded condi- 

tions. The number of days taken for first flowering was rnore 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) under 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 Vellan~kkara 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. Vellanikkwa Seln. Br ranked first in spread of 

flowering under open condition (53.67), whereas it was 5th under shade (41.33). 

Ponnukkara had a flowering period of 49.67 clays under both the conditions. Mini- 

murn 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 nurnber 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 



'I'able 3. Variability in flowering characters of Kacholarn (Kuenzpferiu gulun~u 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 

Thodupuzha 

Varan thara- 
pilly 

Vellanikkara 
Seln. Ur 

Vellanikkara 
Seln. NR 

Vellanikkara 
Seln. L 

Vellanikkara 
Selri. M 

Vellanikkara 
in-aclialeil 

Mean 48.93 51.73 49.63 45.70 41.70 43.70 7.22 5.54 6.38 

SEln + 2.74 1.94 5.05 3.58 1.12 0.82 

CD (0.0.5) 6.20 4.39 11.42 NS 2.28 NS 



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 Kwthattukulam (8.03), whereas under 

shade, Vellanlkkara Seln. M ranked first (7.87) followed by Kwthattukulam (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 Kwthattukulam (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 . 1 1 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 cm) followed by Kwthattukulam (28.56 cm) and Vellanikkara Seln. Br 

(28.49 cm). Under shade Ponnukkara recorded maximum plant spread (29.95 cm) 

followed by Varanthwappilly (29.45 cm) and Kwthattukulam (28.53cm). Palakkad 

recorded the minimum plant spread both under open (26.00 cm) 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. 



'Table 4. Variability in number of suckers of Kacholam (Kuernpferiu gulungu L.) 
types under open and shaded conditions 

Types 
Number of  suckers per plant 

............................................... 
Open Shade Pooled 

Koothattukulam 

Ponnukkara 

Thodupuzha 

Palakkad 

Vwantharappilly 

Vellanikkara Seln. Br 

Vellanikkwa Seln. NR 

Vellanikkara Seln. L 

Vellanikkara Seln. M 

Vellanikkara irradiated 

Mean 9.25 7.30 8.28 



Table 5.  Variability in plant spread of Kaeholam (Kuernpferiu gulungu L.) 
types under open and shaded conditions 

Types 

~ - 

Plant spread (em) 
.......................................... 
Open Shade Pooled 

Koothattukulam 

Ponnukkara 

Thodupuzha 

Palakkad 

Varar~tharappill y 

Vellanikkara Seln. Br 

Vellanikkara Seln. NR 

Vellanikkara Seln. L 

Vellariikkara Seln. M 

Vellanikkara irradiated 

Mean 

SEm 3: 



Plate 4. Variability in the vegetative growth of Kacholam 
(KaemySeriu galunga L.) types under open conditiori 

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





4.1.12 Number of mother rhizo~nes 

'I'liere was signilicarit dif'f'erence in tlie riuriiber of rnotlier rliizo~nes 

produced by the types averaged over open and shaded conditions. The number of 

mother rhizonies produced by the types ranged between 1.90 and 2.77. Vellanikkara 

Seln. Br produced the highest number of riiother rhizomes (2.77) which was found 

to be significantly superior to all other types except Punnukkaa (2.53) regarding 

this trait. Palakkad produced the least number of rriother rhizomes (1.90) which was 

on par with Vellanikkara Seln. L (2.03) and Vellanikkara Selrn. M (2.07). All the 

types produced rnore number of rriother rhizo~lies under shaded condition except 

Vuantharappilly 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 tlie length of rnother rhizomes produced by the types, 

averaged over the two situations was found to be nonsignificant. Rhizomes of 

Ponnukkara recorded the maxirnum length (3.85 cm) and rhizomes of Vellanikkara 

Seln. NR and Vellanikkara irradiated population recorded the niini~nurn length (3.35 

cm). Performance of the types was the same both under open and shaded conditioris 

regarding this cliaracter (Table 6). 

4.1.14 Girth of mother rhizornes 

There was significant difference in the girth of mother rhizomes of the 

types averaged over tlie two situations. The girth rariged between 7.53 c111 arid 8.05 

crn. Rhizomes of Vellanikkara Seln. M was with maximum girth (8.05 cm) which 

was on par witli Vellanikkara SeIn. NR (7.93 cm), Vellanrkkara Seln. Br (7.90 crn), 

Ponnukkara (7.88 crn) and Thodupuzha (7.72 cm). Kwthattukularn produced 



rhizomes with minimum girth (7.53 cm). 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 

Thdupuzha. Here also there was no interaction (Table 6). 

4.1.17 Number of secondary rhizomes 

There was significant difference in the number of secondary rhlzomes 

produced by the types averdged over the two situations, open and shade. The charac- 

ter ranged between 9.63 and 14.20. Pomukkara 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 Seln. M (10.33) 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. 

No. of mother Lrngth of mother Girth of mother No.  of nodes In~ernoclal length 
rhizomes rhizomes (cm) rhizomes (cm) (cm) 

Open Sliade Pooled Open Shade Pooled Open Shade Pooled Open Shade Pooled Open Shade Pooled 

Kwthattukularn 

Ponnukkara 

Thociupuzha 

Palakkad 

Varantharappilly 

Vellanikkara Seln. Br 

Vellanikkara Seln. NR 

Vellanikkara Seln. L 

Vellanikkara Seln. M 

Vellanikkara irradiated 

Mean 

SEM + 



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 tyj~es averaged over the two situations and also between the two situations. 

The character ranged between 3.05 cm and 3.57 cm (TabIe 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 tiom 5.59 

cm which was recorded by Vellanikkara Seln. L to 6.22 cm which was recorded by 

VeIlanikkara 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). 

4.1.2 1 Internodal length of secondary rhizomes 

Here also there was no significant difference between types tor irlterno- 

dal length of secondary rhizomes averaged over the two situations, open and shade. 

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



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

~ o . - o ?  secondary Length 01 secondary Gi~ch of seconhry No. of ~ ~ d e s  Internodal length 
rhizomes rhizomes (crn) rhizomes (cm) 

TY pes 
Open Shade Pooled Open Shade Pooled O w n  Shade Pooled Open Shade Pooled Open Shade P ~ o k d  

-- 

Kwtha~ukulam 

Ponnukkara 

ThodupuLha 

Palaklcad 

Varantharappllly 

Vellanikkara Seln. Br 

Vcllan~kkara Seln. NR 

Vellanikkara Seln. L 

Vellanikkara Seln. M 

Vellanikkara irradiated 
- - 

Mean 

SEm + 



Plate 0. Variability in the per plant yield of rhizomes of 
different types of Kacholarn (Kaempmia galangu L.) 
under open and shaded conditions 

?late 7 .  Comparative perforrilance of he  high yieldiilg types 
Koolliattukularr~ and ~bnnukkara in per plant rhizome 
production under open and shaded conditions 



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 rhlzome (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 fi-esh 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 tht: 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 Veil-a Seln. Br (19.71 g). Under shade also Ponnukkara ranked 





lirst (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 clry 

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 m2) and per hectare yield of fresh as well as dry rhlzomes 

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. 

Pomukkara recorded the maximum biological yield per plant (38.96 g) followed by 

Vellanikkara Seln. Br (38.92 g) and Vellanikkara irradiated (38.33 g). Ponnukkiira 

recorded the highest biological yield under shade also (38.42 g) followed by Vella- 

nrkkara 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 rhlsome yleld Dry rhl~orne yield Dry welght ram Blolog~cal yield Han est index 011 content 
glplant glplant glplanl (percentage) 

TY pes 
Open Shade Pooled Open Shade Pooled Open Shade Pooled Open Shaded Pooled Open Shade Pooled Open Shade Pooled 

Koothatlukulam 64.43 58.73 61.58 15.61 19.40 17.50 0.24 0 .  0.27 31 4 4  33.23 32.29 0.50 0.53 0.52 1.60 2.13 1.87 

Po~ukkara  74.46 58.16 66.31 19.81 19.79 19.80 0.27 0.34 0.30 38.96 38.42 38.69 0.52 0.54 0.58 2.20 2.07 2.13 

Thodupuzha 66.63 40.39 53.51 16.18 12.46 14.32 0.24 0.32 0.28 30.04 25.18 27.61 0.55 0.49 0.52 2.78 2.60 2.67 

Palakkad 48.81 31.22 40.01 13.08 10.17 11.62 0.27 0.33 0.30 26.00 19.60 22.80 0.51 0.44 0.47 1.53 1.33 1.43 

Varantharappilly 61.49 50.45 55.97 16.44 16.18 16.31 0.27 0.32 0.29 27.88 29.21 28.55 0.59 0.56 0.58 2.33 1.87 2.10 

Vellanikkara Seln. Br 74.93 39.97 57.45 19.71 13.55 16.63 0.26 0.34 0.30 38.92 25.25 32.09 0.51 0.53 0.52 2.53 2.53 2.53 
Ln 
CI 

Vellanikkara Seln. NR 51.20 47.32 49.26 10.00 14.66 12.33 0.20 0.31 0.25 22.78 31.83 27.31 0.44 0.46 0.45 2.33 2.60 2.47 

Vellandkm Seln. L 54.42 44.57 49.49 13.97 16.03 15.00 0.26 0.36 0.31 31.22 29.05 30.13 0.45 0.55 0.50 2.47 3.07 2.77 

Vellanikkara Seln. M 54.61 47.81 57.21 15.11 15.40 15.26 0.27 0.32 0.30 36.66 37.78 37.22 0.41 0.41 0.41 3.00 2.80 2.90 L 

Vellanikkara hadialed 54.61 47.39 51.00 14.86 14.35 14.61 0.27 0.31 0.29 38.33 28.56 33.45 0.39 0.50 0.43 2.73 2.87 2.80 \--l 
q 

Mean 60.56 46.60 53.58 15.48 15.20 15.34 0.25 0.33 0.29 32.22 29.60 31.01 0.49 0.50 0.50 2.35 2.39 2.37 % 



Table 9. Per plot and per hectare yield of fresh as well as dry rhizomes of 
Kacholam (Kuempferiu gulungu L.) 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) (tomes) (kg) ( t o ~ e s )  

Koolhattukulatn 

Pomukkara 

Thodupuzha 

Palakkad 

Varantharappilly 

Vellanikkara Seln. Br 

Vellanikkara Seln. NR 

Vellanrkkara Seln. L 

Vellanikkara Seln. M 

Vellanikkara irradiated 



Table 10. Per plot and per hectare yield of fresh as well as dry rhizome of 
Kacholam Kuempjeriu guhngu L.) types under shaded condition 

Fresh rhizome Fresh rhizome Dry rhizome Dry rhizome 
Types per plot per hectare per plot per hectare 

(kg) (tomes) (kg) (tomes) 

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 



Fresh rhizome y i e l d  ( t /ha)  
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Fig.4. Comparative performance of  f r esh  rhizome y i e l d  per  hectare 
of Kacholam (Kaernpferia galanga L .)  types under open 

and shaded condit ions 

V1 - Koothattukulam 
V2 - Ponnukkara 
V3 - Thodupuzha 
V4 - Palakkad 
V5 - Varantharappi l ly  

V6 - Vel lanikkara Seln. B r  
V7 - Vel lanikkara Seln. NR 
V8 - Vel lanikkara Seln. L 
V 9  - Vel lanikkara Seln. M 
V10 - Vel lanikkara I r r ad ia ted  



D r y  rh izome y i e l d  ( t / h a )  
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F i g  . 3. Comparat ive performance o f  d r y  rh izome y i e l d  
p e r  hec tare  of Kacholam (Kaempferia galanga L.) t y p e s  under 

open and shaded condi t ions 

V 1  - Koothattukulam 
V 2  - Ponnukkara 
V 3  - Thodupuzha 
V4 - Palakkad 
V 5  - Varan tha rapp i l l y  

V 6  - Ve l lan ikkara  Seln. B r  
V 7  - Ve l lan ikkara  Seln. NR 
V8 - Vel lan ikkara  Seln. L 
V 9  - Ve l lan i kka ra  Seln. M 
V 10 - Vel lani l t  ka ra  I r r a d i a t e d  



4.1.26 Harvest Index 

The pooled analysis showed no significant difference in the treatment 

means. harvest index of the types ranged fiom 0.41 as recorded by Vellanildtara 

Seln. M to 0.58 as recorded by Pomukkara and Vwantharappilly . The types per- 

formed similarly both under open and shaded conditions regarding this trait (Table 

8). 

4.1.27 Oil content 

There was singificant chfference 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. Vellmikkmd Seln. M yielded the highest percentage of oil 

(2.90%) followed by Vellanikkara irradiated 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.6). 

Oil yield per hectare was calculated and presented in Table 1 1 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 cimamate, which is a white crystal and ethyl cinnarnate. Para- 

methoxy ethyl cimamate 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. 

Vellmkkara irradiated population yielded the maximum content of paramethoxy 
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Table 1 1. Oil yield per hectare of Kacholam (Kuempferiu gulungu L.) types 
under open and shaded conditions 

Oil yield per hectare (kg) 

Open Shade 

Koothattukularn 

Ponnukkara 

Thodupuzha 

Palakkad 

Varantharappilly 

Vellanikkara Sel. Br 

Vellanikkara Sel. NR 

Vellanikkara Seln. L 

Vellanikkara Seln. M 

Vellanikkara irradiated 



Fig.7. Comparative performance of o i l  y i e l d  per hectare of 
Kacholam (Kaempferia galanga L. ) types under open 

and shaded condit ions 

V1 - Koothattukulam 
V2 - Ponnukkara 
V3 - Thodupuzha 
V4 - Palakkad 
V5 - Varantharappi l ly  

V6 - Vel lar~ ikkara Seln. B r  
V7 - Vel lar~ ikkara Seln. NR 
V 8  - Vel lanikkara Seln. L 
V9 - Vellanikkara Seln. M 
V 1 0  - Vellanikkara l r r ad ia ted  



Table 12. Variation in major components of oil of Kacholam (Kuempferiu 
gulungu L.) types under open condition 

- 
Major components of oil 

........................................................................ 
Types Para methoxy Ethyl cinnamate Unknown component 

ethyl cinnamat (percentage) (percentage) 
(percentage) 

Koothattukulam 

Ponnukkara 

Thcdupuzha 

Palakkad 

Varanthwappilly 

Vellanikkara Seln. Br 

Vellanikkara Seln. NR 

Vellanikkara Seln. L 

Vellanikkara Seln. M 

Vellanikkara irradiated 



Table 13. Variation in major components of oil of Kacholam (Kuempferia 
gulungu L.) types under shaded condition 

'Major components of oil 

Types Para methoxy Ethyl cinnamate Unknown coniponent 
ethyl cinnamate (percentage) (percentage) 

(percentage) 

Kwthattukulam 

Ponnukkara 

Thodupuzha 

Palakkad 

Varantharappilly 

Vellanikkara Seln. Br 

Vellanikkara Seln. NR 

Vellanikkara Seln. L 

Vellanikkara Seln. M 

Vellanikkara irradiated 



ethyl cinnamate (69.83%) under open condition where as under shade Vellanikkara 

Seln. Br recorded the maxirnurn content of pararnethoxy 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 cimamate 

varied between 14.63 per cent and 24.50 per cent under open condition and 17.25 

arid 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 Vellanlkkara Seln. L the total 

conlenl of par-alnethoxy ethyl cinnamate and ethyl cinnarnate was found to be more 

under open condition. Vwanthwappilly, Vellanikkara Seln. NR and Seln. M were 

with more pararnethoxy ethyl cinnamate under open condition. The rest ol' the typcs 

were with high pwamethoxy ethyl cinnamate content under shade. The same 4 types 

were with less content of ethyl cinnamate under open compared to shade. Vellanik- 

kwa 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, nurr~ber of leaves (1 rr~orath alier planting, 3 ~nonths alter 

planting, 5 months after planting) length of laves, 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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4 0.489 12596 5206247 14.9534 9.88% W 

5 9.436 32043 .11972BMK08 38.0400 22.7437 VQ 

b 9.789 29681; O.Sb3tJ T T T  

7 12.645 598990 1.1378 W 

0 13.267 606545 1.1522 'vQ 

9 14.774 59596 .32616627E 00 47.0066 61.9587 PB 
-------------------------------------------------------------------- 

F i g  8 Gas chrornatograoh of o i l  o f  Kacholam (Kaernoferia galanp L. 1 - 
t y oe Koothattul~ularn under o p m  condi t ion 
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Gas ch romatcq raph  o f  o i l  o f  Kacholam (Kaempfc r ia  gnlangn L r )  

t y p e  Thodupuzha under  open c o n d i t i o n  
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Fig.12. Gas chromatograph of oil  of Kacholarn (Kaernpferia galanga L . )  
t y p e  Varantharappilly under open condition 
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F ig .  14. Gas chromatograph o f  o i l  o f  Kacholarn (Kaempfer ia galanga L . ) 
t y p e  Vel lan ikkara Seln. NR under open cond i t ion  
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Fig.  16. Gas chromatograph of o i l  of Kacholam (Kaernpferia gelanga L. ) ; 

t y p e  Vel lan ikkara  Seln. M under  open cond i t i on  
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Fig.17. Gas chromatograph o f  o i l  of Kacholarn (Kaempfe r ia  ~ a l a n g a  L.) 
t y p e  Vel lanikkara I r rad ia ted  population under open condition 
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Fig.  18. Gas chromatograph of o i l  of Kacholam (Kaempfer ia galanga L. ) 
t ype Koothattukulam under shaded condit ion 
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Gas ch romatog raph  o f  o i l  of Kacho lam (Kaempfe r ia  galanga L. ) 
t y p e  Poonukkara  under  s h a d e d  c o n d i t i o n  
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Fig.20. Gas  chromatograph of oil of Kacholarn (Koempfe r i a  galanga L. ) 
t y p e  Thodupuzha under  s h a d e d  c o n d i t i o n  
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SRN R.TIK HEIGHT MEA HT X MEAX TYPE 

Fig.21.  Gas c h r o m a t q r a p h  of oil of Kacholarn (Kaempfer ia gillanga L. ) 
t y p e  Palakkad under shaded condi t ion 



SRN R.TIK HIGH1 AREA HTX M E A X  TYPE 

Fig.22. Gas ch romatog raph  o f  o i l  o f  Kacholam (Kaempfe r ia  galanga L . )  
t y p e  V a r a n t h a r a p o i l l y  under  shaded  c o n d i t i o n  



Fig.23. Gas chromatograph of  o i l  o f  Kacholam (Kaempfer ia galanga L.  ) 
t y p e  Vel lan ikkara Seln. B r  under shaded condi t ion 
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F ig .24.  G a s  c h r o ~ n n t o l ~ r f i p h  of  o i l  of K t ~ c h o l i l r ~ ~  ( I < ; ~ o ~ n p t c r  ia ( J C I ~ C I ~ I ~ ~ I  L . ) 
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Fig .25 .  G a s  chromatograph of  o i l  of Kacholam (Kae~~ , , . ; d r i a  galanga L .  ) 
t y p e  Vel lan ikkara Seln.  L under shaded  condit ion 
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Fig.26. Gas chromatograph o f  o i l  o f  Kacholam (Kaempfer ia  galanga L . )  
t y p e  Vel lan ik  ka ra  Seln. M under  shaded cond i t i on  
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Fig.27. Gas chrorn.3tograph of oil of Kacholam (Kaernpleria gillilnq~ L 
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t y p e  Vellani kkaro  Irradict  led populittion under. ..;>iidcd condition 



Table 14. Correlation coefficients for different characters of Kacholam 
(Kuernpferiu gulungu L.) with yield under open and shaded conditions 

Character 
Correlation coefficients 

............................... 
Open Shade 

1 .  Number of leaves 1 month after planting 

2. Number of leaves 3 months after planting 

3. Number of leaves 5 months after planting 

4. Number of leaves 6 months after planting 

5 .  kng th  of leaves 

6. Width of laves  

7. LA1 at flowering 

8. I,AI 1 nlonth al'ter tlowerir~g 

9. Days to flowering 

10. Spread of flowering 

11. Number of flowers per inflorescence 

12. Number of suckers per plant 

13. Plant spread 

14. Number of main rhizome 

15. Length of main rhizome 

16. Girth of main rhizome 

17. Number o f  nodes of main rhizome 

18. In ternodal length of main rhizome 

19. Number o f  secondary rhizome 

20. Length of secondary rhizome 

2 1. Girth of secondary rhizome 

22. Number of nodes of secondary rhizome 

23. Internodal length of secondary rhizome 

** Significant at 1 % level 
* Significant at 5 % level 



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 grrth 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 ol' 

laves  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 

'I'he 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. 



Table 15. Direct and indirect effects of  yield contributing characters of Kacholam 
(Kuempferiu gulungu L.) on yield under open condition 

- - - -- - 

Ind i rec t  e f f e c t s  
................................................................. 

S1. Characters Direct No. of No. of LA1 Days t o  No. of No. of No. of Spread 
No. e f f ec t  leaves leaves flower- suckers mother second- of 

1 month 5 nonths ing per rh izoaesary  flowe- 
a f t e r  a f t e r  plant  rhizomes r ing 
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 
month a f t e r  
planting 

2 N o . o f l e a v e s 5  0.21 -0.25 - 0.06 -0.06 -0.13 0.01 0.01 0.06 
months a f t e r  
planting 

4 ]lays t o  flowering 0.39 -0.29 -0.03 -0.05 - 0.02 -0.05 -0.01 -0.55 

5 No.ofsuckers/ -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 
r h i  zones 

8 Spreadof 0.65 0.16 0.02 0.05 -0.34 -0.02 0.05 0.003 - 
f .lowering 

Residual - 0.32 



i) 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). 

ii) Indirect effects I 

a) Number of laves 1 month after planting 

Indirect effect of number of leaves 1 month after planting on yield was 

the ~naximurn via spread of flowering (0.18). The indirect effect through number of 

leaves 5 months after planting (0.09), LA1 (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 

'I'he indirect effect ot' the character on yield was rnaxirr~ur~i via nurnt~er ot' 

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 LA1 (0.06), number of' mother 

rhizomes (0.01), number of secondary rhizomes (0.01) and spread of flowering 

(0.06). 



c) Leaf area index 

LA1 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). it 

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). 

e) 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 

nurr~ber of suckers per plant were negative and negligible. 



g) Number of secondary rhizomes 

Indirect effect of number of secondary rhizomes was maximum via 

number of laves 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 laves 1 

month afier planting (0.16). 

4.3.2 The crop grown as intercrop 

i) 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 LA1 had negligible direct effect on yield. Days to flowering had high 

direct effect on yield but it was negative (-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). 

ii) Indirect effects 

a) Number of leaves 1 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 qalanqa L.) on yield under shaded condition. 

- - 

S1. C11;lrac~ers Direct No. of No. of LA1 Days to No. of No. of No. of Spread Total 
No. effect leaves leaves flower- suckers mother second- of flow- sprerld 

1 month 5 months ing Per rhizome ary ering 
after after plant rhizome 
planting 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 5 months 0.27 0.02 - 0.02 0.17 -0.18 0.11 -0.05 0.09 0.45 
after planting 

4 Days to flowering -0.39 -0.01 -0.12 -0.03 - 0.10 0.21 0.08 -0.04 -0.34 

6 No. of mother rhizornes -0.26 0.01 0.12 0.02 0.32 -0.09 - -0.03 0.05 0.25 

7 No. of secondoary -0.15 0.01 0.09 0.01 0.21 -0.09 -0.06 - 0.04 0.36 
rhizomes 

8 Sprad of flowering 0.13 0.01 0.19 0.01 0.12 -0.13 -0.10 0.04 - 0.33 

9 Plant spread 0.52 0.02 0.19 0.02 0.21 -0.15 -0.1 1 -0.09 0.07 - 

Residual - 0 . 3 1  



planting (0.20). The character had negligible indirect effect via LA1 (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 

nun~ber 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. 

c) k a f  area index 

The direct effect of LA1 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). 

e) Nurnber of suckers per plant 

This character also had negative indirect effect via plant spread (-0.46), 

but it was high. The indirect effect vii number of leaves 5 months after planting was 

high and positive (0.24) followed by via days to flowering (0.19). 

t )  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). 



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 o f  variance 

The variance due to phenotype (Vp); genotype (Vg) and environment 

2 were computed and also heritability in the broad sense (h ) 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). 



'Table 17. Coniponer~ts of variance, heritability and genetic advance of dil'ferenl 
characters of Kacholani (Kuern/.$eria galungu L.) under open condition 

Clii~saclers Coinponerits of variance Herita- Genetic 
.................................... bility advance 

Pherio- Geno- Environ- 
typic typic mental li2 
(VP) tVg) tVe) 

1. Number of leaves 1 month 
after planting 

2. Nu~rlber of leaves 3 months 
after planting 

3. 'Vu~iiber of leaves 5 rr~onths 
after plaiting 

4. Nurnber of leaves 6 ~nonths 
after planting 

5.  1,englh of leaves 

6. Widdl of leaves 

7. LA1 at flowering 

8. LA1 1 111onth after plaiting 

9. Ilays to flowering 

10. Spread of flowering 

1 I .  Nuniber of flowers per 
inflorescence 

12. Nu1111)er of suckers per plant 

13. I'lant spread 

Contd. 



Table 17. Corllinued 

14. Nurriber of main rhizomes 0.11 0.06 0.05 

15. Length of main rhizomes 0.05 0.01 0.04 

17. .Yunlber of nodes of rliain 0.06 0.01 0.05 
~,hizorries 

18. Interriodal length of main 0.01 -0.0007 0.01 
rhizornes 

19. Nuniber of secondary rhizomes 4.65 1.35 3.30 

20. I2erlgtI~ uf secondary rhizotlles 0.09 0.01 0.08 

2 1 . (jirth of secondary rhizomes 0.10 0.01 0.09 

22. Nu~riber of nodes of secondary 0.08 -0.01 -0.08 
rllizorries 

23. Internodal length 0.01 0.002 -0.01 
o T secondary rhizomes 

24. Rhizvrne yield (fresh) 106.58 74.75 31.83 

25. Rhizonie yield (dry) 12.57 6.50 6.08 

26. Oil percentage 0.31 0.18 0.13 



Table 18. Coniponents of variance, heritability and genetic advance of different 
characters of Kacholarri (KuemySeriu gulungu L.) under shaded condition 

Compo~ienls of variance Herit- Genetic 
................................. ability advance 
Plieno- Geno- Environ- 
lypic lypic rrlental h2 
(Vp) (Vg) (Ve) 

1 .  Number of leaves 1 nionth 
after planting 

2. Number of leaves 3 ~nonlhs 
afier planting 

3. Nurriber of leaves 5 nlonths 
alier planting 

4. Number of leaves 6 rnontlis 
after planting 

5 .  Lerlgth of leaves 

6. Width of leaves 

7. LA1 at flowering 

8. LA1 1 ~rio~ilh alier llowering 

9. Days to flowering 

10. Spread of llowering 

I I .  Nu11il)er of llowers per 
inllorescence 

12. Number of suckers per 
plant 

13. Plant spread 



?'dt)le 18. Continued 

15. Length of main rhizornes 0.09 0.01 0.08 0.13 

16. Girth of main rhizomes 0.08 0.01 0.03 0.06 

1'7. Number of nodes in main 0.08 -0.01 0.09 -0.13 
rhizomes 

18. Internodal length of main 0.01 0.0003 0.01 0.03 
rhizornes 

19. Nu~rlber of secondary rhizomes 3.33 I .97 1.36 0.59 

20. Length of secondary rhizomes 0.06 0.004 ' 0.06 0.07 

22. Nuri~ber of nodes of seconday 0.17 0.01 0.15 0.09 
rhizon~es 

2.3. Internodal length of secondary 0.01 0.0003 0.01 0.27 
rhizomes 

24. Rhizorne yield (fresh) 118.83 44.14 74.70 0.37 

2.5. Rhizome yield (dry) 12.16 4.81 7.35 0.40 

26. Oil percentage 0.48 0.18 0.30 0.37 



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 (1 6.85). 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. 



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 4'7.2 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 

LA1 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 

shadt: LA1 at flowering had moderate heritabilit~~40.6 per cent and it was high at 1 

month after flowering (72.7%). Genetic advance was also very high (58.39%) 1 

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

4.4.8 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 



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- 

iance 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 variance 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. 

4.4.1 1 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 



per. cent. In shade plant spread had a phenotypic value ol' 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 a 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 nocles and internoclal length showed low heritability and genetic advance 

in open. Number of nodes recorded negative values for both heritability and genetic 

advance (- 1 1.6 % and -1.8 % respectively). But in shade number of rhizomes record- 

ed compwatively 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 

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

atlvance of 24.62 per cent. The phenotypic variance was 106.58 and the genotypic 



variance was 74.75. In shade the character showed medium heritability (37.1 %) 

with a genetic advance of 17.88 per cent. The pheriotypic variance was 118.83 and 

the genotypic variance was 44.14. 

4.4. I6 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 heritability 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 4.8 1 .  





DISCUSSION 

The results on the evaluatior~ of Kacholarn (Kuerrlpjieriu gulangcr L.) 

types for morphological variability and yield and comparative performance of the 

types under open and as intercrop in coconut garden with 50% light infiltralion are 

briefly discussed in this chapter. The results are discussed broadly in 3 subheads 

viz., 1) Moryliological 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 had 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 fur the nurriber of leaves 

produced. Fro111 the result it could be seen that in each stag(: there was considerable 

variation in the number of leaves produced by the types both under open and shaded 

conditions. Con~pared to shaded corldiliori ]ear production was more under opcri 

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 minirrlum 

nurnber of leaves under open condition. Palakkad was the inl'erior 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. 



This result indicates that influence of environment is not uniform over 

the types. Ponnuhkara 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 et ul., 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 et ul. (1 986) and Menon et ul., (1 992). 

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. Lxngth and width were maximum for Vwantharappilly followed 

by Pomukkara and Koothattukulam. P a l W d  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 et ul. (1981) observed vari- 

ability in leaf width also. The variability in length and width of leaf blade among the 



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 Kwthattukulam 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. Vwanthwappilly had 22.9 per cent more elongated Ieaves under 

shaded condition than under open condition. The Ieaves 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 (1 1.44 cm) under open 

condition compared to shaded condition (1 1 .Ol  cm). 

5.1.3 hafared index 

There was considerable variability in the leaf area index among the types 

studied both under open and shaded conditions. Ponnukkara and Koothatti~kulam 

were the best types for this character also. It was also found that, for almost all the 

types, in open LA1 was more 1 month after flowering. But in the case of intercrop, 

majority of the types recorded high LA1 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 LA1 at flowering whereas there was 

considerable variation in LA1 1 month after flowering, between the open crop and 



crop uncler shade. Clark (1905) reported an increase in total leaf area with shading in 

apple and tomato. The same result was reported in Menthcr urvensis plants by Dur- 

iyaprapan 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 

clocimurn by Pillai (1990). In the present study the leaf area was found to be re- 

duced due to shading. LA1 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 higkl amount of variability in 

days to flowering among the types both under open and shaded conditions. Under 

both the environments Pomukkara 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. 

Pomukkara had a prolonged flowering period under shde  condition which was 



significantly different from all other types except Vellanikkara irradiated. Vellanik- 

h a  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 gown 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 et ul. (1981). The same result was obtained in turmeric by Philip (1978), 

George (1981) and Mukhopadhyay et ul. (1986). Pomukkara recorded the maxi- 

mum number of suckers per plant. Variation 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 F'lant 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 coritributing factor. With increased plant spread the photosynthetic surface is 

increased and thus photosynthesis and high tuber formation. 



5.1 .8 Number of mother rhizomes 

There was considerable variability in the number of mother rhizomes, 

both under open and under shade. Vellanikkwa Seln. Br produced the maximum 

number of mother rhizomes and Palakkad was with the minimum number of mother 

rhizomes. Mohanty et ul. (1981) reported variability in the number of rhizome 

fingers in ginger. The same result was obtained in turmeric (George, 1984 and Indir- 

ish et ul. 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 Kuempferiu is considered. The crop produced more 

number of mother rhizomes under the coconut garden. Early arresting of vegetative 

phase is 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 g~rth 

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 rnuther rhizorne 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). 



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. 

Ponnukkwa 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 



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 ul. (198 1) repurt- 

ed varietal differences for the character rhizome yield in ginger. The same result was 

reported in turmeric by Mukhopadhyay et ul. (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. Pomukkara 

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 condition. The crop is harvested during December - January when there 

is scarcity uf water in the soil. In coconut garden, under rainfed condition, the water 

deticit 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 guth 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 ul. (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. 



I3ut 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. 

ITrom 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 

i. 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 Pomukkara, 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. 



ii. Quality of' oil - Major components 

Gas chromatograph analysis revealed the presence of 3 major compon- 

ents in oil of Kacholani. Paramethoxy ethyl cimamate content rariged 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 variability of Kuernpferiu 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, 

nu~nber of suckers per plant, plant spread, nuniber 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 

rhxzomes showed considerable variability. Direct selection based on yield is also 

found to be el'fective. 

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 



n~onths 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 laves  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 Warnanan, 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 Kacholarn 

based on the leaf characters like number of leaves, length and width of leaves and 

leaf area index. Number of leaves was highly correlated with yield under both the 

conditions and it is an important early selection criteria. 

Flowering characters llke 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 m a n s  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 to slop its vegetative phase. 

This can indirectly influence the production of more mother rhizomes which in turn 

influence the prtxluction 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. K m a n  and Nair (1965) reported high 



correlation of the satlie character with yield in ginger. Mohanty and Sharma (1969) 

arid Roy and Walnanan (1990) had the same result in ginger. In turrrieric also 

nurnber ol' tillers was lbund to bc: correlated wilh yield (Narnl~iar, 1979 and Govind 

er ul., 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 

fiarning 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 

leaf' 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 an i~nportant parameter. 

Among the rhizome characters, number of mother rhizomes and number 

of secondary rhlzomes were found to be highly correlated with yield under both the 

conditions. In addition, length and girth of mother and secondary rhizomes were 

also fourid 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 Sharnla (1979) revealed the influence uf 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 

er u1. (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 LA1 value, prolonged 

spread of flowering, 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 is 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 seem 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 l ~ e r e  almost equal to the c or relation 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. 



Nuriiber of suckers per plant had a positive correlation with the yield, but its direct 

effect on yield was negative. This implies the necessity for simultaneous 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 seconclary 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 molher rhizomes, rhizome yield (both 

fiesh and dry) and oil percentage were having high heritability estimates in open 

condition. Under shaded condition in addition to the above characters, length of 



leaves, width of leaves and number of secondary rhizomes were also Sound 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 sshade 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 

niaxirnuni 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. 



Under open condition number of leaves, leaf area index, days to flower- 

ing arid 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 

reliable and effective for number of leaves 5 rr~onths after planting, leaf area index 

and spread of flowering. 





SUMMARY 

An investigation on evaluation of Kacholam .(Kuempferiu gukungu L.) 

types for morphological variability and yield was undertaken at the College of Horti- 

culture, Vellanlkkara during 1993-94. The experiment was aimed at studying the 

extent of morphological variability and yield contributing characters in the local 

collection of Kuempferiu 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. 

1. The study on the variability of kuempjkriu gukungu 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. 



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, 

nulrlbcl- ol' llowcr-s pcr inllor-csccncc, nu~nl~cr ol' suckcrs per plant, gir-111 of' ~riolllcr 

rhizomes, number of secondary rhizomes, girth of secondary rhizornes a11d 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 

rhizorne yield was con~yarable which indicates that Kacholam can be grown as an 



intercrop in 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, 

nurnber 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 glrth of secondary rhizomes were positively 

and significantly correlated with yield under shaded condition. 

14. Rhizome yield and oil 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 

area. 

16. Under open condition number of leaves, leaf area index, days to llowering 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 n~oderately trigh herihhili- 

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. 



Taking into account all the aspects the entry Ponnukkara showed its 

superiority 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 
Wealher data (weekly average) Tos the exl)erir~ienlal period 

( S S O ~  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 % 

June 4-10 
June 11-17 
June 18-24 
Jun3 25-July 1 
July 2-8 
July 9-15 
July 16-22 
July 23-29 
July 30-Aug 5 
Aug 6-12 
hug 13-19 
Aug 20-26 
Aug 27-Sept 2 
Sept 3-9 
Sept 10-16 
Sept 17-23 
Sept 24-30 
O C ~  1-6 
Oct 7-13 
Oct 14-20 
Oct 21-27 
Oct 28-Nov 4 
Nov 5-11 
Nov 12-18 
Nov 19-25 
Nov 26-Dec 2 
Dec 3-9 
Dec 10-16 
Dec 17-23 
Dec 24-31 
Jan 1-7 
Jan 8-14 
Jan 15-21 
Jan 22-28 
Jan 29-Feb 4 
Feb 5-11 
Feb 12-18 
Feb 19-25 



APPENDIX-I1 
LAYOUT PLAN - OPEN CONDIlION 

V, - Koothattukulam V6 - Ve l lan ikkara  Seln. B r  

V 2  - Ponnukkara V 7  - Ve l lan ikkara  Seln. NR 

V 3  - Thodupuzha V 8  - Ve l lan ikkara  Seln. L 

V 4  - Pa lakkad  V g  - Ve l lan ikkara  Seln. M 

R, - F i r s t  rep l i ca t io r ,  

R2 - Second rep l i ca t i on  

R 3  - T h i r d  r ep l i ca t i on  

- Coconut pa lm 

V 5  - Va ran tha rapp i l l y  \/ - Ve l lan ikkara  i r r a d i a t e d  



APPENDIX-111 

LAYOUT PLAN - COCONUT GARDEN 

V 1  - Koothat tukulam V6 - V e l l a n i k k a r a  Seln. t t r  R1 - F l r s t  r e p l l c a t l o n  

V 2  - Ponnukkara V 7  - V e l l a n i k k a r a  Seln. NR R2 - Second rep l i ca t i on  

V3 - Thodupuzha V8 - V e l l a n i k k a r a  Seln. L R3 - T h i r d  r e p l i c a t i o n  

V 7  - Pa lakkad  V g  - V e l l a n i k k a r a  Seln. M - Coconut palm 

V 5  - V a r a n t h a r a p p i l l y  V  - V e l l a n i k k a r a  
i r r a d i a t e d  



APPtNUIX-IV 
r h o  oldes t  1 iter.,r turo on Kacholorri - I i o r t c~s  MnI i t l> i~r icus  

2 a r r  1 1 .  & b . 4 ~ ,  



A p p e n d i x - I V .  Contd. 

T A B U L A  X L I .  
Ramannes dicunt Capura G t s r i  planto naG 
cens in arenofis. Kadix carnora , albicans , 
fibras emittens, & novellis re propagans ocu- 
Iis, odoris fragrantis & aromatici , maxime 
cum Gcca , Zill&eri~ inRar , albicante 
ficca carne, cortice ruffo, rupolo. DUO 

ex radjce fo / in  , pedunculis CurreQis, latis Gcavis exiur- 
aunt , in transverfum estenia, ex adverro fita, ampla, ro- 
3 
tundiola, inferius finulo cavo , anguflc cxcifi , craffa, car- 
nofi, glabra , venis iubtilibus innularibus, qux folium in- 
tus obl'curo t raau  Cubeunt , ex media crnn firiata , viroris 
in luperiori partc faturi & fufci , in inferiori , q u z  radici ob- 
veria, viridi clari, in oris limbulo rubefcente inltruita , o- 
doris grati aromatici. Florer ex iadice inter folia media fur- 
reQi euiurgunt, oblongo petiolo ceu collo , tripetali, duo 
illurum oblongo rotunda & candida , tam interius quam 
exterius : tertium hiice oppofitum , anterius in medio , in 
duo alin quaii petals eit divirum, interius candidum, in me- 
dio & ima parte ad pedem purpureo rubrum, exterius can- 
didum , in pede interiore dilute flaveicens & viridelcens , 
funtque in totum tribus oblongoangufiis candidisfoliolis 
feu auriculis. iuccinai. ' Ex Borum medio /'fyirtr exfurgi t 
latus , foliaceus , cnndidus, adpedem petali purpurei Bavel- 
ccntern accumbens, fuperne in duas ungulas fiffus, qux h 
petalo purpureo iunt reflex%. In medio flavus eft, intus a n *  
oufia theclformi cavitate, per quam alius, ie transmittit b 

pyisr candidus, tenuiffimus, gelamuin nodulatus : flores in 
totum illis Trje~lgeii-,]el-yelengrc non difimiles runt .  In 
ruper obfervavimus , quod loco Boris emarcidi ac decidui, 
una noc?eflos novellus cum petiolo fcrmc pollicari & radice 
e~f i l ia t7  0cyu.s ergo narcuntur. q d d i x  ficcata in transverfas 
inciditur lamellas, & div nditur. CBUI~NI cum rcccnti 7 
b ~ w - 0  in  pillulas reda€tus, afihmaticis dstur. 

T A B U L A  41. 
p 2 1 - c ~  n O n  ''!Ict hxc  ~ ~ ~ ~ c ~ ;  m1i-U c!I : f'ldnfd 6 1 / 0 1 j ~ r ~ , r ~ d 1 c t  f ~ 6 ~ r o ( ~ , f i o r c ~ r 1 p c ( ~ l o  dgurrn, A ~ J ~ J ~ J , I ~ P ~ J .  

P. YT. x I< 4- 



Appendix-1V . Continued 

KATSJULA KELENGU 

Bralinlins say that the plant called Capura Calari grows in sandy 

grounds. Tlte root of this plant, Ilesfiy arid white-tinted sprouts out lila~rierlts called 

eyes as Ineans for self propagathig. These shoots are highly sweet smelling arid 

arornatic. Tliey are similar to Zinziber, being fleshy, white-tinted with bark wringled 

and reddish. The two leaves at the shoot, rising like a crook (shepherd's), bending 

inwasd on sides, round in shape, spreading flat and wide hollow at the lower and 

r~arsowing at the verge. These (leaves) are thick and fleshy with finely woven sea- 

sonal veins. These veins or streaks go through furrow-like channels; food (sap) 

being received in the upper past, is absorbed in Ihe interior. The veins are extending 

towards the root; they look glaringly green and in the mouth side they turn slightly 

reddeni~ig the surface and they produce a pleasing arornatic odour. Flowers conie out 

frorn the shoot through the centre of these leaves in oblong petals (tri-petals). Two 

of the111 Lake a round oblong shape, inside and outside white in colour. A Uiird twirl 

petal opens up above in the centre. These petals are separate. White in the centse, 

Uie inner depth being purple. The outside of this petal is white, on the inner boltorn 

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. Frorn the rrliddle of ttie flowers 

shoots out broad, lealy and white slilus lying down towards tile yellow part of the 

puryle-coloured petals, fixed above in two hoofs which are reflected by Uie 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 line stilus; its flowers as 

a wliole are not dissirriilar to Ts-jengeli-nel-Kelengu (Chinga~ineer kizangu). Besides 

we observe tlial in the place of withered and fallen flowers, overnight new flower is 

born. The root cut across, are sold sepasately The bulbs made into pills is given to 

asthmatic patients. 



ABSTRACT 

An investigation on the evaluation of Kacholam (Kuempferiu gulungu L.) 

types for morphological variability and yield was undertaken at the College of Horti- 

culture, Vellmkkaa during 1993-94. The experiment was aimed at studying the 

extent of morphological variability and yield contributing characters in the local 

collection of Kuempferiu 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, fiesh 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 

intercrop 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 oil yield Vellanikkwa Selctions were the superior types both under open 

and shaded conditions. 

Rhizome yield and oil 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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