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INTRODUCTION

Costus speciosus (Koening) Smith is a peremnniasl herb

with tuberous rhizoumes. It belonge to the family Zjingjibers-
ceae. This species is widely distributed throughout India
and other South Asian countries, upto an altitude of aoout

1200 m above the mesan sea level.

The presence of diosgenin in the rhizome of Costus
speciosus was firsi reported by Das Gupta and Pandey (197C).
They reported ihe diosgenin content as 2.12 per cent in the
alcoholic extract of the rhizome samples. iHowever, chemical
evaluation of & number of samples from different parts of tne
country revealed the existence of definite clonsl variation

in respect of diosgenin ocontent (Gupta et al., 1920).

Diosgenin is the most important raw material required
for the synthesis of a large number of steroidal drugs which
include cortico-stieroids, sex hormones and antifertility
coapounds. About 50 per cent of the steroid drug production
in the world relies on diosgenin as the base material., iHexico
contributes 75 per cent of the world's diosgenin output
(Applegweig, quoted by Asolker and Chadha, 1979). The other
countries producing diosgenin are China, Guatemala, Costa
Rioa and India. The total world requiremente of steroid
drugs and diosgenin by 1945 have been estimated 1o be around
320 tonnes and 2607 tonnes, respectively (Asolkar and
Chadha, 1979).



In India, the pharmaceutical industry has been meeting
the requirements of diosgenin from the tubere of Digscorea
deltoidea. The demand for steroidal druge especislly those
used as oral contiraceptives, has increased very much in
recent years and there is & fear of depletion of this natural
raw material. There is thus, necessity to find out aliernate
sources of diosgenin. For thie, two major approaches have
been resorted to. ©“ne is the introduction of the exotic

species such 2s Dioscorea floribunds and Dioscorea composita,

which have oceen found to be promising. The other approach

is to search for the presence of the alkaloid and its extrac-
tion from other locully availeble plant species. Hence it
becomes neceasary to develop end standerdise methods for

commercial cultivation of such diosgenin yielding plants.

Although there are several sources of diosgenin such
as Dioscorea epp., Solanum khasjanum, Iribulus terrestrie
and Kallstiroemia pubescens; Costus speciosus has the advantage
that it has a very wide gecographical distribution extending
from the sub-iimalayan tracts in the north to the hilly regions
of the central Indie and the Western Ghats. The production
of higher bio-mese in a short period and the comparative ease
in the extraction of diosgenin are added advantages. Further,
the diosgenin from Costus speciosus has been found to be purer

than that obtained from other sources,



Realising the possibilities of grooming Costus
speciosus as a commeroial source of diosgenin, a series of
research projects havé been prograamed by tne Kerala Agri-
cultural University. One study conducted at the College of
Horticulture during 1979-81 indicated ithat the epplication
of 45 kg N along with 30 kg each of P205 and K2O per na
resulted in the meximum yield of diosgenir (Sudhadevi [981).
Thies dose wae considered as the tentetiive optiuum. While
Singh gi al. (1979) reported a net profit of only Rs.2250
per hz from a 21-month old crop, in Lucknuow, the investiga-
tions conducted at the College of Horticulture indicated
that a net profiti of Re.7500 per ha could be expecied from
a six-month old erop of Costus speciosus. In Jammu,

Balysn et al. (1980) obtained a net profit of Rs.3930 per ha
frem an eight-aonth old crop. As such, furiher studies are
required to determine the stage of harvest in relation to the
yield of diosgenin and the net profit that cam be expected
from one hectare of Costus speciosus.

Closer spacinge were found to be better than wider
spacinge for obtaining higher yields per ha in related crops
such a8 ginger and turmeric (Loknath and Tas, 19643 Said and Hussam
1964; Aiyadurai, 1366; Randhawa and Misra 1974,. Large sized
rhizomee gave higher yields than smaller onez when used as
the planting meterial (Hussain and Said,1965; Randhawa et al.,
19723 Rendhews et al., 1974). These aspects were investigated



upon in Costue speciosus by Sarin et al. (1977), Pandey
et al. (1980) and Sharma et al. (1980), although their
resultis were not conclusive, Further studies are required
to make firm recommendations and ito evolve & package of

practices for tne commercial cultivation of Costus speciosus.

The present study, the second in the series, was aimed

to find outs

i) the optimum spacing and thereby the population
density for the commercial cultivation of
Costus speciosus,

1i) the optimum weight of rhizomes to be used for
planting and

i1i11) the duration of the crop at which maximum yield

of rhizomes and diosgenin could be obtained.
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2. REVIEW OF LITERATURE

Costus speciosus (Koening) Smith has been recently
designated as 2 medicinal plant of commercisl value.
Research work done on this orop is very scanily as compared
to the work on other commercially important medicinsl plants.
The literature available on this erop as well as on other
medicinal plante and zingiberaceous orope relevant to the

present investigations is reviewed hereunder.

2.1, Costus speciosus
2.1.1, Yariatjion in diosgenin content

The presence of the active principle, dioesgenin, in
the rhizomes of Costus speoiosus was first reported by
Das Gupte and Pandey (197C). They reported 2 diosgenin
content of 2.12 per cent in the rhizomes. Chemical evalua-
tion of a large nuaber of samples collected from different
geographical parts of the country indicated wide range of
variability in diosgenin content (Sarin et al., 1974).
According to them, the variation appeared to be genetiic
rather than physiological, as no relationship could be
established petween the size and age of the rhigomes and tne
diosgenin content. The rhizomes of Costus speciosus
were shown to coutain upto 2.6 per cent diosgenin, the ave-
rage being 1.5 per cent (Atal, 1975, Kapathi et al., 1977).
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Asolkar and Chadha (1979) reported diosgenin content verying
from 0.32 to %.37 per cent in rhizome samples collected from
various parts of the country. According to them, the mate-
rials from the sub-Himalayan belt of Jammu, Himachal Pradesh,
Uttar Pradesh and Bihar were better in quality with respect
to diosgenin content than the samples from ihe Westiern Ghats
and Orissa. Among the collectione from Uttar Pradesh, Bihar,
West Bengal, dManipur, Jamau & Keshmir, Himachal Pradesh,
Karnataka, Msharashtra, Kerala and Andamans, Gupta et al.
(1980) obtained a strain from Luckmow containing 6.1 per cent
crude and 4,92 per cent pure diosgenin. Llubis and
Sastrapradja (1980) analysed the rnigzome samples of 12 species
of Costus and found diosgenin content ranging from 0.46 per
cent (Costus afer) to 2.91 per cent (Costus rumphianus).

Gupta et al, (1979) reported that the colour of the
crude extracts of different samples had a significant bearing
on the ratio of pure to orude diosgenin. Iranda and
Chatterjee (1980) from biochemjical studies of Costus speciosus
reported that 2 distinci correlation exisied betiween the
microscopic characters of tne starch grains and the diosgenin
content in tne rhisomee. They found that the diosgenin con-
tent roee and the number of starch grains per cell diminished
as the rhizomes aged Ifrom six months to two years. In young

rhizomes, the grains were smail and round; buv in older

rhigoues, ilhey were large and oval and resiricled to the ares

of vasoular bundles,



2.1,2. Factors influenoing the yield of rhirzomees and diosgenin

Sarin et al. (1977) reported that highest diosgenin
content was obtained in July when the plants were in active
stage of growth, with flowering ,just started. They also
reported that de-~flowering had no effect in increasing the
yield of diosgenin., Gupta et 8l. (1981) observed that from
the dormant stage of the plante, the diosgenin content of
the rhizomes increased reaching the maximum of 3,18 per cent
when flower buds appesred on the plants in July. By the
time the plants became dormant again, the diosgenin level

ocame down to 1.88 per cent.

Several workers have studied the influence of the
agronomic practices on thne yileld of rhizomes and diosgenin.
Atal (1975) obtained an average yield of 1.57 kg rhizomes
per plant after nine montihe of growth. In their studies,
Sarin et al. (1977) obtained, rhizomes weighing 413 g, 655 g
and 1773 g, respectively from six, nine and twenty-month old
crops. However, the maxjimum yield was obtained from the
six-month old crop planted in July. The crop was planted at
1 m2 and 0.75 mzs but the orop growth indicated thet the
spacing could be further reduced in the oase of crops to be
harvested six to nine months after planting. ©Sarin et al.
(1977) di@ not find any marked differences in the yield of
diosgenin between the planis grown on ridges and in flat veds.
Singh et al. (1979) conducied studies to develop pacikage of



practices for the cultivation of Costum speciosus. They
planted 50~-60 g pieces on ridges., Hervestiing was done at
eight monthe, 18 months and 21 monthe after planting. dighest
yield in terms of fresh weight, dry weight and diosgenin per
unit area was obtained after 21 months of growth. Pandey

et al. (1980) observed annual yield of 1,24 kg per plant

by planting rhizomes weighing avout 75 g. They also found
that nine plante per square metre gave higher yielde than
three, four or six plants per square metre., The germinastion
percentage, numoer of shoots per plant, number of leaves per
shoot, number of leaves per plant, rhizome yisld and diosgenin
yield significantly inoreased with an increase in the weight
of planted rhizomes upto 125 g (Sharma et al., 1980).

2.1.3. Improving diosgenin yield

Very little work has been done to iaprove the diosgenin
yield. ©Sharma et al. (1980) reported that application of
150 kg N and 80 kg KQO per ha increased the rhizome yield.
In a field study conducted at the Hegional Research lLabora-
tory, Jammu, maximua yield of rhizomes and crude diosgenin
was obtained by a treatment consisting of 150 kg N, 100 kg
P205 and 100 kg Kao per ha (Singh et al., 1980). Iu 8 nutri-
tional trial conducted at the College of Horiiculture,
Yellanikkara, the tentative cptimum dose for obtaining maximum
yield of diosgenin wae observed to be 45, 30, 30 kg/ha of
N, P205 and KZO' respectively (Sudhadevi, 1981).



Few reportis are available on the attempts made in
increasing the diosgenin yield using chemicale or rediation.
Incubation of rhizome slices with water alone or in combi-
nation with growtn regulators has given encouraging results.
Seth et al. (1979) found that incubation of rhizome slices
with 2,4-D at 100 ppm significantly inoreased the diosgenin
yield by about 370 per ocent, relative to the conirol taken
as 100 per ocent, BEffect of gamma irradiation on the rhizomes
of Costus specioeus was siudied and some desirable plzntis
with high rhizome yield and diosgenin content were detected
from the irradieted population indicatiing the possibility of
improving the crop through induced mutations (laxmi et al.,1930).

2.1.,4. Iissue culture

Rathore and Khanno{ 1378) obeerved a diosgenin content of
0.17 per cent and U.76 per cent (on dwd) respectively in the
undifferentiated callus of stem and rhizome, The diosgenin
content was greatest after six weeks. Khanna et al. (1980)
reported that suspension cultures of Costus gpeciosus grown
in RT liquid medium supplemented with cholesterol, sugarcane
Julece, kinetin and 2,4~ gave the highest production of
diosgenin with a level of 2,7 per cent. Gupta et al. (1981)
found that by sprouting the rhizomes in a sealed polythene
bag and leaving them as such for five to six weeks, 20 per cent
more diosgenin could be obtained.



2.1.5. Cytological studies

In Costus speciosus, somstiic chromosome numbers of
2u=18 and 2n=27 have been recorded by Sato and Simmonds,
respectively (quoted by Fedorov, 1974). Raghaven and
Venkstasubban, Chakravarti, Sharma and Bhattacharya (quoted
by Fedorov, 1974) obeerved higher number (2n=36).
Subrahmanyam (1978) also observed intraspecific ohromosomal
races of Costus speciosus, nemely diploid (2n=18), triploid
(2n=27) and tetraploid (2n=36), He reported that due to
their emall size, the chromosomes were not amensable to pre-
cise karyotypic analysis. However, in general, the karyotype
wvag found to be symmetrioal consisting of chromosomes ranging
in size from 0.31 to 0.42 m and with centiromeres looated at
median or sub-median positione. Nagendra and Abraham (1981)
attenpted to throw more light on the ploidy level, geographiec
distribution and origin of Costus speciosus. They observed
smeller lesves in the diploids, compared to the triploid and
tetraploid plents. A higher seed set (63.6 per ocent) was re-
corded in the tetraploid plents as compared to the diploids
(30.7 per cent) and the triploida (5.9 per cent).

2.2. Other ortant medicina lants
2.2.1, Spacing

Reports on the infiluence of spacing on the yield and
quality constituents in the medicinsl planis where the



commercial part is the underground stem/root are scanty.
Chatterjee (1977) observed & spacing of 22,5 x 10 em to be
optimum for obtaining higher yield of roots and total
alkaloid content in ipecac, Rmo et al. (1981) observed that
45 x 30 om spacing for ome-year orop and 60 x 45 cﬁ spacing
for two-year crop were the optima for obtaining higher tuber

and diosgenin yield in Dioscorea florjibunda.

A few experiments on spacing have been conducted in
other medicinel plants where the economic part is the aerial
portions., Closer spacings of 90 om x 90 om and 1 ma x 0.75 m
were recomamended by Hazarika and Bora (1976), and Rane and
Vidulaya (1976) respectively Ie# getiing maximum yield of
berries per unit area in Solsnum khasjanum. In Atropa
belladonna, Gulati et al. (1977) observed that wider spacings
gave higher leaf yield per plant but a closer epacing of
60 cm x 60 cm produced betier yield per uniti area, Goren
et al, (1980) reported that closer spacing (125 om x 150.cm)
resulted in better growth and quality of produce in hops.

In the case of senna, while the total heroage yield per unit
area was higher at 30 cm x %0 ca épaoing, the sennoside con-
tent per plant and the total semnnoside yield were found to be
higher at the spacings of 90 c¢a x 60 om and 60 om x 60 om
respectively (NandibChatterice,1981), Turkhede et al. (1981)
reéported thet ihe yield of alkaloids in opium poppy remained
unaffected by plant densities.
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2.2.,2. Weight of planting material

In Dioscorea fleoribupnda when the initial tuber weight
waeg around 80 g, the average tuber yield was 1,710 kg per
plant per year and the highest diosgenin percentage (on dwb)
was 4,55 (Khanna e% al., 1976). Hedge et al. (1981) reported
that in Dioscorea the diosgenin ocontent and the sprouting of
the tubers from the resultiant crops were found to be unaffected
by the type of planiing material.

2.203. g_;ﬂe gt M‘ﬂ

Literature available on the crop duration studies on
medicinal plantes having underground stem/root as the commer-
cial part is limited. Aorol and Kapoor (1962) reported that
the diosgenin content in Djioscorea deltoidea tubers inoreased
to a limited extent with the age of the plant., In the oase
of Dioscorea caucasia harvesting at the end of fourth grow-

ing season was found to produce highest yield of diosgenin
per unit area (Kodash et al., 1977). According to Hedge

et al. (1981) harvestiing of tubers earlier than February 15
reduced the tuber and diosgenin yield in Dioscorea floribunda.
Banerjee (1974) found thati in ipecac, the yield of alkeloid
increased with the age of the plant which was due to an
increase in total dry weight of roots and not due to an
increase in percentage of alkaloid in the tissues. In
Catharanthus roseus harvesting at 200 days after planting
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was found to give better yield of leaves, stems and rootis
(Pareek et al., 1981). Shah et al. (1981) recorded

3843 kg/ha of dry roote in two harvestis (at 15 months and
27 monthe of planting) and 4545 kg/he in a single harvest
(at 27 monthes of planting) in Glyeyrrhize glabra.

Experiments on the proper stage of harvest were also
conducted in other medicinal plants where the economic part
ie the above ground portions. In Dature metel, hyoscine
usually predominated in the pre~flowering stages and the
hyoscyamine increased in the later stages (Gupta et al., 1973).
Shan et al. (1976) observed that the diosgenin content was
lowest (0,34 per cent) in the leaves of Balanjties roxburghii
when the plants started flowering in February. Then it
gradually increaged reaching a maximum content of 0.8 per cent
in December when the fruits matured on the plant. In senua,
eventhough the highest concentration of sennosides was reached
on the 50th day after planting, the maximum yield of leaflets
as well as total sennosides were ogbtained when stripping wves
initiated on 70th day after planting (Sheh et al., 1979).
In Yucca filamentosa, BedorbElagnal, (1980) recorded the maximum
concentration (0.35 per cent) of sarsasapogenin in the leaves
during August. In Digitalis lanata, it was found that harvesti-
ing the crop from June to August gave the maximum glycoside
concentration as well as foliage yield (Rajukkannu et al.,1981).
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2.3. Zingiberaceous crops

2.3.1. Spacing

In turmeric, closer spacing has been found to give
_highcr yields per unit area. Saidand linssuin1964) recommended
a spacing of 30,48 x 15,24 om (12 x 6"), as it gave higher
yields. Aiyadurai (1966) recommended a spacing of 25 x 25 om
for flat bed system and a spacing of 45-60 cm between the
rowe 8nd 25 ocm between the plants for ridge and furrow
syetem of planting. Randhawe aud Misra,(1974) found a epacing
of 22 x 22 cm to be optimum for best growth and yield,
According to Sunderara; and Thulasidas (1976), spacing of
15«20 cm wae optimum for turmeric. Hao (1979) observed tae
spacing of 30 x 20 cm as better. In the experiments conducted
by Rajput et al. (1980), 30 x 45 cm epacing gave substantially
higher yields than 45 x 45 om or 45 x 60 om spacings. The
Kerala Agricultural University hae recommended a spacing of
30 x 15 cm for iturmeric, under flat bed system (Anon., 1981).

For ginger also, closer spacings have been found to be
better than wider spacings. Loknath and Das (1964) found
15 x 18 cm spacing as the best, compared to other spacings.
Under Thodupuzha (Kerala) conditions, Aiyadurai (1966) cbtained
higher yields with spacing of 15 x 15 cm. Iun a spacing trial
on ginger, Randhawa et al. (1972) obtained high yields from
20 x 20 cm and 20 x 30 om spacings. DBased on the results of
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a three-year trial in ginger, Anjaneyulu cnd K,—islmummﬂkj,(liﬂﬁ))
recommended a spacing of 22.5 x 45 cm. Sivan (1979) obtained
the highest total yield per ha at the closer spacing of

60 x 10 cm, eventhough the average yield per plant was the
highest at the widest spacing of 60 x 30 cm.

2¢3.2. Weight of planting material

In rhizometous crops, the sige of the original planting
material has been demonsirated to have influence on the
resultant crép. The use of large sized (3.8 cm) rhizomes
resulted in significantly higher germination and fresh yields
in turmeric (Hussain and Seid, 1965). Randhawa and Misra{ 1974 )
obtained best growth and yield in turmeric when large rhizomes
weighing about 100 g was used as the planiting material.
According to Randhawa et al. (1972), large rhizomes (150 g) of
ginger gave higher yields than the small ones (60 g).

2.3.3. Iime of harvesi

idlehta et al. (1980) reported tnat in turmeric curcumin
content of leaves decreased and that of rhizome increased
with increased maturity. From a study on the quality varia-
tions in turmeric at different maturity periods, Philip et al.
(1980) found ithe optimum stage of harvestiing to be 270 days
after planting at winich siage maximum yield of turmeric,

oleoresin and curcumin were obtained in four iypes of turmeric,

viz., VK, (G.L., Puram II), VKs‘(Mannutny Local), VK44
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(Vonti m;tta) and VK17 (Armoor Cl11-324), The drying per-
centage was observed to be étoadili inoreasing with maturity
of the crop. The oleoresin content was found to show a
quadratic response ag it decreased from the maximum value
on 180th day to the minimum value on 240ih day and there-
after it steadily increased and again reached the maximum
value on 270th day.

Mathai (1975) sampled ginger rhisomes from three to
seven monthe after planting to examine the variation in the
oleoresin content., He found thai the oleoresin content
decreased rapidly from the fourth month onwards. ielmi et al.
(1975) found that the oil and sleoresin yields in ginger
inoreased with rhizome age: when harvested at 3, 9.5, 11 and
12 monthe age. Studying the quality variation in ginger at
different maturity levels, Nybe (1978) observed that the
oleoresin and oil content were maximum ét 165 daye after
planting snd minimum at 270 daye in four types of ginger.
However, the types, viz., Rio-de-~Janeiro, UMaran, Kuruppampady
and Wynad Local, recorded maximum yield per hectare of oleo~
resin, oil and alsc dry ginger at 270, 195, 225 and 225 days
afier planting respectively. The maximum yield of green
ginger was ootained at 180 days after planting in all the
types. But the drying percentage continued to inorease with
the maturity of the crop. Based on these resulte, Nybe (1978)

recommended the above said periode as tue optimum stage for
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harvest of different types at which the maximum yields of
oleoresin, oil and dry ginger could be obtained. Sivan (1979)
reported that the optimum time of lifting for early harvest
was 24 to 26 weeks after planting. He found that delayed
harvesting resulted in a marked increase in the fibre con-
tent. Jayachandran et al. (1980) etated tnat Rio-de-Janeiro
variety of ginger could be harvested arfier seven montihs
maturity for green ginger purpose and for the extraction of
oleoresin and oil. However, harvesting after eight months
yielded higher content of dry ginger and minimum crude fibre.

2.4, Beonomice of cult;vat;gg of diosgenin yielding plants

The economios of cultivaiion of Dioscorea floribunda
has oveen worked out by many workers (Bammi ané Rendhawa, 1972;
Baami ei 21., quoted by Asolkar and Chadha, 1979; Tyagi et al.,
1976). 4 net profit per ha of Rs.10,000 to Rs.12,500 from
a one-year crop aud Re.25,000 to Re.30,000 from a two-year
crop have been recorded for the ¥B (C-1) strain. The Pusa-1
strain recorded & net profit of Re.20,000 per ha for a two~-
year crop. Tajuddin et al. (1976) estimated & net profit of
R8.1¢,000 per ha for a three-year old crop of Ligscorea
deltojdea. The net per ha profit from two-yesr old and
three-year old crops of lLioscorea compoeitia were recorded
as Rs.9,850 and Re.18,210 respectively {(kebha, quoted by
Asolkar and Chadna, 1979).
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The net profite substantially inorease when the dios-
genin is extracted and marketed rather than when sold as
tubers. Annual net profite of Re.43,000 to Re,59,000 per ha
for a one-year orop and Rs.62,000 to Re.69,000 per ha for a
two-year crop of Dioscorea floribunda have been recorded
(Bammi and Randhawa, 1972; Beaami et al., quoted by Asolker
and Chadha, 1979). Tajuddin et al. (1976) estimated an
annual profit of Re.17,400 per ha for a three-year old crop
of Dioscorea deltoidea. However, Ks.18,600 and Re.21,170 were
the annuel profits per ha obtained by the extraction of
diosgenin from two-year and three-year old crops of Djioscores
compoejita, respectively (Rabha, quoted by Asolkar and
Chadnea, 1979).

Regarding the scope of Costus speciosus as a commercial

crop, the reports are conflicting. Economics of cultivation
of Costus based on the actual cost incurred at Lucknow showed
e net profit of Re.2250 per ha from & 21-month o0ld crop
(Singh et al., 1979). Their conclusion was that at the 1379
price level of diosgenin (Re.450/kg), the crop could not be
recommended to the farmers for commercial cultivation as a
raw materiasl for diosgenin. A net profii of Ks.8980 per ha
wag obtained from an eight-month old crop of Costus speciosus
in Jammu (Balyan et al., 1980). Sudhadevi (1981) obtained =
net profit of Rs.7,500 per ha from a six-month crop of
Costus at Vellanikkara.
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3. MATEHIALS AND METHODS

The present investigations were carried oul fronm
iday, 1981 to Hay, 1932 at the College of Hortiicultiure,
Vellanikkera to investigate the effects of spacing, rhizome
weight and time of harvest on the yield and quality fzctoras
in Costus speciosus.

3.1. Land preparestion

The soill at the experimental plot had a sandy clay
loam texture. The land was uniform with moderate fertility
and good drainage. The meteorological data during the
cropping season are presenied (Fig.1, Appendix I).

The soil was dug to a depth of 30 cm and the c¢lodse
were broken so as 1o obtain a medium fine tilth, The area
wvas then levelled, Raised beds of sige P m x 3 m and height
of 45 om were taken giving a spacing of 50 cm beiween the
sub-sub plote, 60 om between the sub plotes, and 70 om betiween
the main plots. Caitle monure was applied st the rate of
10 kg per plot (10 t/ha) and incorporated to the soil prior
to planting.

3.2, Planting materisl snd planting

Rhigomes collected from the border plauts of a pre-

vious experiment were used as the plantiing material. The
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rhizomes were cut into bits of three different grades,

50 gy 75 g and 100 g pieces. They were planted horizontally

at a depth of seven to ten cm below the soil surface. Plant-
ing wae done on 20-5-1981 according to the treatpent alloca~

tions in the differcnt plots. After planting, the soil sur-

face was mulched with green leaves.

3.3, 1Ay out and treataent detiaile

tne experiment was laid out in split-split-plot design
with three replications. The particulars of the treatments

and their allocatiions were as given below:

Main plot (D - time of harvest)
D1 - harvest at six monihs after planting
32 - harvest at nine months after planting

D, - harveet at twelve months after planting

3

Sub plot (S - Spacing)

S, = 50 cm x50em

1
82 ~ 60 om x GOcm
- x 75 cm
83 75 ca
Sub-sub plot (W - weight of rhizome)
w2 -75 &
w3 - 100 g
Each replication had 27 plote whioch gave 2 totsl of
81 plots. Detailed lay out of the experiment is given in

Fig.2.
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3.4. Fertilizer application

Nitrogen, phosphorus and potassium were applied at
the rate of 75, 50, 50 kg/ha of N, P2°5 and KQO, respectively.
Nitrogen was applied in two split doses, two~third 20 days
after planting and the remaining one-third 60 days after
planting. P205 and K20 were applied in two equel splite,
half as basal and the remaining 60 days after planting.

3.5. Intercultivation

Earthing up was done 60 days after planting. The plots
were weeded thrice during the eropping season, at 60, 120
and 180 days after planting.

3.6. Observatiione on growih parsmeters

From each plot, four obssrvational plante were marked
at random after leaving the border plants. The following

observations were recordeds

3.6.1. Plant heights lesasurement was taken from the
base of the stem to the tip of the topmost leaf of the
highest tiller in each observational plant. The average of
the four observatjional plants was worked out to get the mean

height of the plante per plot.

3.6.2. Number of tillers per plants The number of
tillers were determined by counting the number of aerial



PLATE - 1 Costus speciosus: habit
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shoots that had arisen from the rhiszome., The mean number
of tillers per plant was then calculated.

346.5. Number of leaves per tiller: The number of
leaves on each tiller was recorded amd the mean number of
leaves per tiller was then computed.

3.6.4., HNumber of leaves per plant: The number of
leaves of all ﬁo tillers in & plant was added upto get the
nunber of leaves per plent. The mean number of leaves per
\plant in a plot was then worked ui. _

3.6.5. Length and width of leaves: The length and
vidth of two leaves from each tiller were recorded. The
distance between the point of attachment of the leaf blade
to the pseudostem and the tip of the blade was taken as the
length, Width was measured at three points, namely, at the
point of maximum width and one each on either side of it
corresponding to the points of ineclination of tae lamina
towarde the tip and base of the leaf, From these, the mean
width of a leaf was arrived at, Average length and width
of leaves per plot werc then computed.

3.6.6. Total leaf area per plant: The methodology
suggested by Sudhadevi (1981) wae employed for the estima-
tion of leaf area, The mathematical equation, y=0,6341x +
4,008 (where y = the leaf area and x = the product of length
end breadth) was made use of., The total leaf area per plant
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was then arrived at by multiplying the average leaf area
with the number of leaves per plant.

3.7, Harvesting

Harvesting was done at three stages, viz., at six
monthe (20th November 1981), nine months (20th February 1982)
and 12 months (20th May 1982) after planting. The rhizomes
were dug out, roots were pruned and cleaned with tap water
to remove the adhering soil particles. Finally, the cleaned
rhizomes were rinsed with distilled water.

5.6, Post-harvest observations

5.8.1. Number of main rhizomee per plant: The number of
main rhizomes produced by the observational p_mm in the
plots wae recorded separately and their mean calculated,

3.8.2. Ilength of main rhizomes The length of the
rhizomes was measured separately for each observational plant
and the mean worked out for each plot.

5.8.3. Internodal length of majin rhizomes: The length
of each internode of the main rhizomes of each observational

plant wae recorded separately and their mean worked out.

5«8.4. Number of primary and secondary fingers: The
primary fingere are those originating from the main rhizome
and the secondary fingers are those originating from the
primary fingers (Plate !I)., The number of primary and secondary



rhizome
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fingers were counted separately for the four observational

plants and the mean per plot osloulated.

%.8,5., length and girth of primary and secondary
fingerss Ten primary and ten secondary fingers were taken
at randem from each plot for the observations. Iength of the
primary anéd secondary fingers were regorded separately and
the mean compyted for each {ype. Their girth at the proximal,
middle and 4istal pertions was also measured to work out the
mean girth for each {ype of finger.

3.8.6. Number of nedes per primery snd secondary
finger: The number of nodes of the ten primary and secondary
fingers were recordsd separately and the means computed for
eagh type.

%¢8¢7. Total rhizome yield: The zhizog;a of all the
plante in the met plot were weighed and the mean worked out.
The totel yield of green rhizomes per ha was arrived at iaking
into cousideration the net area of the plots.

Half a kilogram of the green rhizomee from each plot
was chipped and dried in the sun for omne day. The samples
vere later transferred to a hot air oven kept at 60-70°C and
were dried to constant weight on téat weighing. On completion
of drying, the samples were weighed separately. The dry matter
percentage was caloulated on the basis of fresh weight and
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dry weight. The total dry rhisome yield per plot was then

arrived at.

%.9. Sojl sampling

Soil samples were taken before and after the experi-
ment., Samples were taken from O to 30 om depth at five
random spote in each bloock and these were pooled to get a
representative sample for each block. The samples were air
dried, ground to pass 2 mm sieve and stored in polyethylene

]
bags until analysis.

3.10, Sampling of rhisomes

Rhizome samples collected for the estimation of dry
matter were powdered and used for the extraction of diosgenin.

3.11. Anslytieal methods

3.11.1. Soils: Total nitrogen in the samples was
determined by Kjeldahl digestion - distillation method
(Jackson, 1959). Available phosphorus exiracted by Bray No.1

reagent (0,053 N NH,F in 0,025 N HCl) was determined by the

4
chlorostannous reduced molybdophosphoric blue colour method
(Jackson, 1959). Available potassium extiracted by 1 X
neutral ammonium acetate was estimated using a flame photo~
meter (Jackson, 1959). The soil pH was deiermined in a

112,.5 soil~water suspension.



26

3.11.2. Estimation of diosgenin in rhirome:s For the
extraction of diosgenin, the method of Selvaraj (1971) was
adopted.

The powdered rhizome samples were used for the analysis.
Ten grame of the material were blended thoroughly in a mixer
with 50 ml of water for five minutes. The slurry was trans-
ferred to a 500 ml flask containing 100 ml of water and a
caloulated amount of 11,45 N HClL added to maintain the re-
quired acid concentration of 2,5 N. The flaskgfitted with a
condensor was placed on a boiling water bgth for two hours
to ocomplete the hydrolysis. The slurry, after hydrolysis,
vas cooled 1o room temperature and filtered through a Buchner
funnel under vacuum. The residue was then washed with dis~-
tilled water till the filirate became free of acid. The
residue along with the filter paper was then transferred to
a petri-diesh and dried in an oven at 100°C for six hours. It
was then extracted with petroleum ether (v.p. 40-60°C) in a
gsoxhlet apparatus for eight hours., The extracted solvent
containing diosgenin was concentrated to 25 ml, chilled in
ice and filtered, The mother liquor obtained after filtering
vas oconcentrated, chilled in ice and the second crop of dios-
genin, if any, was added to the first orop. The whole diosgenin
was weighed after drying in an oven at 100°C for two hours and

expressged as percentage,
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3.11.3. Statisticel analysis: The datia obtained were
statistically analysed in & miorocomputer using the standard
procedures (Snedeccr and Coohran, 1967).

Statistica. analysie of the morphological characters
wvas done in split-plot design as observations in this regard
could be taken only once at the first stage of harvest during
November after which there was iotal defoliation. As the
duration of the erop did not become a treatment in this
analyeis, spacing and rhisome weight were consjdered as the
main plot and sub plot treatments, respectively. Rhizome
characters and the yield parameters were aualysed in split-
split-plot design with the durqtion of the crop, spacing and
wveight of planting material alloted to the main plots, sub
plots and sub-sub plots, respeotively. With regard to tae
effect of crop duration on the yield parameters, quadratic
response functions were fitted (wherever parsbolic effects

were noticed) to find out the optima.

3.12. Cytological examination

Root tip squash technique was used for the study of
the karyotype. LRoot tips collected were pre-treated in a
saturated solution of alpha~bromo naphthalene for 30 minutes.
They were tnen washed in distilled water and fixed in Carnoy's
fixative for 106-24 hours. AIterwards, they were hydrolysed
in 1 N HC1l at 70°C for 5 to 10 minutes. The root itips were



then steined, squashed in iron acetocarmine and examined.
Camersa lucida drawings were made from well-spread somatioc

metaphase plates,

28
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4. RESULIS

The effectis of spacing, weight of planting material
and duration of the crop on the yield and quality consti~-
tuents in Costus specjosus were investigated upon in a field
trial (split-split-plot experiment with taree replications)
conduocted at the College of Hortioulture, Vellanikkara during
1981-'82, The results of the investigatione are presented
in this chapter. The ANOVA tables for the different charac-
ters are appended (Appendioces II to V).

4.1. Morphological characters

4.1.1., Growth characterss The data periaining to the
morphological charactiers of the plants as influenced by
spacing and weight of planted rhizoneq were analysed as
split-plot design., The resulte are presented in Table 1 aund
and the analysis of varianoce ,in Appendix II.

Statistical analysis of the data on plant height
revealed that the height of the plant was significantly
influenced by both spacing and rhizome weight. The plant
height inoreased with decrease in spacing from 90.97 cm at
53 (75x75cw o 95.52 om at 5, (60x€0cm and 101.16 cm at S,
(50x50cm;s 8, differed significantly from 5, and 83: but the
difference between S, and 33 was not significant, There was

a progressive inorease in the height of the plantis with



Table 1.- Effect of spacing and weight of planting material on the growth characters of
Costus speciosus

T P T SV WA T e S WO S P G e T D GO W e S A A W W o - - - - .- - S U U e s RS WP W S G G W B W G G S W S S S G VIS G G B Y TS e O

Plant Number of Humoer Nuaper  lLength Width of Area per Leaf area
of

Treatments  pejght tillers of of leaves leaf per plant
(om) per leaves leaves leaves (em) (emz) ( 2)
plant per per (ea) oa
tiller plant
Spacing
S1 - §0x50cm 101,16 7T.01 14.11 101,22 20.54 6.60 98,10 93%390.71
82 - 60“60“‘"\ 95.52 8.50 14.60 121 091 201.55 6077 100.20 11740.45
S3 - T5115cm 90.97 9.35 15.35 143.35 20.28 6.80 99.80 13251.58
CDO.OS 5.39 0.99 RS 27.55 NS NS KNS 1952.37
Weight of planting materjal
W, -5 g 91.23 T.82 14.75 114.94 ° 20.14 6.64 95.85 10152.82
Wy - 75 g 95.88 8.17 14.71 121.54 20.58 6.75 100.48 11722.25
CDO.OS 4.00 1.03 NS 14.70 NS NS NS 990.73

> S W o iy T S e - o> a we - W . D A v S — L - —

NS = Not significant

g
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incresse in the raizome weight. The height inoreased froa
91.23 ou &t Wy (50 g) to 95,88 om at Wy (75 &) and 100.55 om
at w3 (10C g). Bignificant differences were oovserved in sli

the cases. Interaciions were not found to be eignificant.

The number of tillers per plant was found to increase
with incresse in spacing. The number of tillers was 7.01
at Sy, 8.5 8t 8, and 9,35 at 33. &, and 33 produced signi-
ficantly more numoser of itillers than 81; but between 32 and
83 eignificant difference was not seen, The effect of weight
of rhizomes onu production of itillers was found to be linear,
Increased weight of rhizomes resulted in proportiounstely
inoreased nunover of tillers, No significant differences ere

observed in the case of interactione.

While tne number of leavee per tiller was not found to
be influenced by spacing or rhizome weight, the number of
lsaves per plaul waes profoundly influenced by voth the faclors.
The number of leaves per plant inoreased from 101,22 at 51
to 121,91 at 5, and 143.35 at 83. Significant difference was
ooserved between S, and 35 only. %The effect of weight of
rhizomes on leaf production wae found to ve linear, Increase
in weight of raizomee proportionately increared the number of
leaves per plant, Interactions were found to ve not signi-

ficant.

The spacing and welght of rhigsomes showed no eignifi-

cznt effect on the length, width and area of leaves. However,



32

there was a8 substantial increase in the total leaf area

per plant at wider spacings. The leaf area per plant in-
creased from 9370,71 ea? at Sy to 11740.45 cn? at 5, and
13251.56 on” at 8. 5, aud 55 414 not differ significantly.
The leaf area per plent was influenced by the weight of
rhizomes also. The leaf area inoreased from 10152.82 om®
at Wy to 11722,25 on® at W, and 12507.67 ca® at Wy. W, and
HB wvere at par; but significantly different from Wye DNone

of the interactions was found to be significant.

4.1.2. Rhigome characterss The data relating to tne

rhisome charactiers as influenced by epacing, weight of planting
material and duration of the corop have been analysed as split-
split-plot design with duration of the crop in main plot,
spacing in sub plot and weight of planting material in sub-

sud plot. The resulis are presented in Table 2 and the
analyeis of variance, in Appendix III.

Spacing 414 not influence the number of rhizomes., The
wveight of planting material significantly influenced the
number of rhiromes. The number of rhizomes at w1, w2 and
w3 vere 1,76, 1.90 and 2.02 respectively. Significant
differences were observed between W, and w2 as well as bet~-
ween w1 and wsg but not between w2 and Hg. Stage of harvest
did not have any marked effect on the number of rhizomes,

The interamotions were not found to be significant. The length

of rhizomes wae not markedly influenced by spacing. However,



Table 2.~
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Bffect of spacing, weight of planting material

and stage of harvest on the rhigome characters
of Costus ppeciosus

- e - -

G S S T G G S5

Number of

length of

Treatmente rhizomes rhizomes length
per plant (om) (em)

Spacing
S.‘ - 50 om»50'—'“ 1086 52039 3.07
S2 - 60 M x GCom 1087 34.00 3.14
53 - T5 e xT5cm 1.95 54.88 3.26
CDO.OS NS NS NS
Weight of planting maeterial
w3 - 100 g 2,02 35.53 3,28
CDo.o5 0.13% 2.48 0.16
Stage of harvest
D1 - 6 monthse 1088 32.92 2.98
D2 - 9 months 1.69 33.03 3.16
D3 - 12 months 1,91 35.32 3¢30
CDO.OS RE 1.70 NS

D e W c AN GRS A D o T —

NE& = Not significant

- S W e G B -

W e M G S S S S N -
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the weight of the planting materials influenced the length
of rhizomes significantly. BRhisome length increased froam
31.76 om at W, to 33.98 on at W, and 35.5% ocm at wS. Signi~
ficant difference was observed only between Wy and WB. As
the crop duration inoreased from six months (D,) to nine
(Dz) and twelve (33) monthe, the lengih of rhizomes was
found to increase., The rnigomes were 32,92 om, 33.03 om and
35.32 om long at Dy, D and 3,reapecttvely. D3 differed
significantly from D1 and Dz. None of the interactions was
found to be significant.

Spacing had no marked effect on the internodal length
of the rhisomes, Weight of the pianting materjials eignifi-
cantly influenced the internodal length. 7The internodes were
3.09 om, 3,09 cm and 3.28 om long at w,, wz and WB’ respecti-
vely. w3 was significantly different from Wy and wz. Dura~
tion of the crop also had no significant effect on the inter-
nodal length of rhizomes., The interesotiones were not found to
be significant,

4.1.3. Characters of the primery and secondary fingers:
Jata on the effecis of the three treatments on the cuaaracters

of the primary and secondary fingere are presented in
Table 3. The analysis of variance is given in Appendix IV,

Spacing had no effect on the number of primary fingers.
Increase in tne weight of planting materials brought avout



a progressive increase in the number of primary fingers from
5.28 at Wy to 5.55 at W2 and 5,80 at WB' However, signifi-
ocant difference was ooserved only betiween w, and w3. Statis-
tical analyeis of the date showed that number of primary
fingers increased as the harvest was delayed., VWhile D2 and

D

3
difference beiwveen them. The number of primary fingers at

differed significantly from D1 they showed no marked

D1. Dz and D3 wvere 5,14, 5.69 snd 5,81, respectively. None
of the intersotions wae found to be significant,

Length of the primary fingers corresponding to S,, 52

and 5, were 11,61 cm, 13.14 om and 13,50 ca, respectively.

3
Significant differences wvere obeserved except between 32 and

s Welght of the planting materisle had significant effect

3e
on the length of primary fingers at WB level (13,88 em),

W, (11,92 om) and W, (12,44 om) did not vary significantly

in this respect., Length of the primary fingers waes very much
influenced by the main plot treatment at DB level., The
length of primery fiugers was 14.44 om at DB' Both at D,

and D2, tne primery fingers were only 11.91 om long. The

interections showed 10 statistionl differeunce,.

Increasing the speeing as well as planting heavier
material brought about posiiive effeots on the girth of
primary fingers. The girth increased from 5,89 om at 81 to
4,67 om at 82 eand 5,88 cm at 83. The girthe were 4.3% cm,



Table 3. - Effect of spacing, weight of planting material and stage of harvest on the characiers

of primary and secondary fingers of Costus speclosus

Number of length

- o ane

Number of

Girth of Number HNumber of length of Girth of
Treatments primary of pri- primery of nodes secondary secondary secondary nodes per
fingerse  mary fingers per pri- fingers fingers fingers secondary
fingers aary (om) (cm) finger
(cm) (om) finger
Spaeing
S, = 50x50um 5.48 11.61 3.89 5.48 4.37 3.92 2.91 3.72
Sz - 60 60em 5.67 13.14 4.67 6.35 4.39 4.2% 305 3.71
83 - 75& ‘Tb‘c’m 5.49 13.50 5088 6042 4060 4.82 3.32 3.77
CDO.OS NS 0.84 04 0.46 KS 0.36 0.24 NS
Weight of planting material
W.' - 50 g 5.28 11.92 4033 5084 ‘.20 4.13 2094 3048
52 - 75 &g 555 12.44 4.79 6.07 4.59 4.35 3.05 3.79
N3 - 100 g 5.80 13.88 5.33 6.54 4.57 4.50 3.29 3.93
CDO 05 0.37 1.22 0.24 0.47 NS 0.34 0.20 0.22
Stage of harvesti
D1 - & months 5.4 11.91 4.56 5.93 334 3.63 2.92 3.35
Dz - 9 monthﬂ 5069 11.91 ‘088 5095 4061 4045 3-22 3069
D3 - 12 months 5.81 14.44 5.01 6.37 5.44 4.89 3.14 4.17
OBO 05 0.23 1.17 NS NS 0.47 C.43 0.19 0.38
———a¥ld_ - e e e S o e S i R - e =t o 1 e e

NS = Not significant
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4.79 cm and 5.33 cm at w1, N2 and WB' respectively. Signifi-
cant differences were observed in both the treatments. Delay~-
ing the harvest did not kring asout any marked change in the
girth of primary fingers. The interactions showed no statis-
tical significance,

Inorease in spacing inoreased the number of nodes from
5.48 at S5, to 6.35 at 5, and 6.42 at 83. Significant diffe-
rences vere observed between S, and S2 as well as between
81 and 33; but not between 52 and 53. As for as the weight
of the planting material was concerned, significant variation
in the number of nodes was observed only between W, (5.84)
and w3 (6.34), although there was a steady inorease in the
number of nodes with increage in the weight of rhizomes planted.
Increasing the corop duration brought about a marginsl increase
in the number of nodes per primary finger which was not sta-
tistically significant, All interactions except that between
spacing and weight of planting materjial were found to be not
significant,

Increasing the spacing inoreased the length of secondary
fingers from 3.92 om at 54 to 4.23 om 2% S, and 4.82 om at 83.
Significant differences were obgerved except betwsen 81 and 82.
Increase in the weight of planting material also contributed
to the increase in length of the secondary fingers. The
secondary fingers were 4.13 om, 4.35 ca and 4,50 om at Wy,

W, and Wy, respeciively. Significani difference was observed
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only between W, and Wa. Length of the secondary fingers
increased by delaying the harvest., ILength of the secondary
fingere at different dates of harvest wvere 3,63 ca at D1.
4.45 om at D, and 4.89 om at DS' The effects were observed
to be signifiocant in all the ceses. Interactions d4id not
show significant effeots,

Girth of the secondary fingers increased from 2.91 cm
at 5, to 3.05 om at 5, and 3.32 om at 53. 33 had significant
effect over 5, and 82. There wvas a progressive increase in the
girth of secondary fingerse as the weight of planted éhizomea
increased. It increased from 2.94 oa at W, to 3.05 om at W,
and 3,29 om at Wy o The effect of w, was found to be signi-
ficant over that of W, and wz. @Girth of the secondary fin-
gers was found to inorease from 2,92 cm at Dy to 3.22 om at
D, and decrease to 3.14 ca at D,. D, differed signifiocantily
from both D2 and DB' but the difference between D2 and D3
was not statistically significant. Interactions showed no

significant differences,

The three spacings were found to be statistically on
par with respect io the number of nodes per secondary finger.
There was & steady inorease in the number of nodes as weight
of the planting material increasged., The number of ncdes
were 3.48 at Wy, 3.79 8t Wy and 3.93 at Wy. W, and Wy did
not differ signifioantly while w‘ and Wy, as well aes Wy and
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w3 showed significant differences. With increase in orop
duration, the nuamber of nodes per secondary finger increased
from 3,35 at D; to 3.69 at D, and 4.17 at DB' Significant
differences were obeerved beilween D, and D3 as wvell as between
D2 and D3; but not between D, and Da. None of the inter-

actions showed statistical significance,

4.2. Yield of rhizomes and diosgenin

The data on the yield of rhizomes and diosgenin as
influenced by the duration of the corop, spacing and weight
of planting material are presented in Teble 4 and the analysis
of variance, in Appendix V.

With respect io spacing, higher yields of green rhizomes
per ha were obtained at closer spacings. There was a steady
increase in the yield by deoreasing the spacing, Sq» 52 and
83 giving average yielde of 43.12, 36.16 and 34.84 tonnes
per ha, respectively. The effect of weight of planted rhizome
on the yield was seen to ve linear, Increased rhizome weight
proportionately inoreased the yields. The yield increased
from 35.11 tonnes/ha at Wy to 37.7 tonnes/hs at Wy and 41.31
tonnes/ha at w,. With respect to the duration of the crop,
the per hectare yield of green rhisomes eignificantly differed.
There was & linear decrease in the yield as the harvest wae
delayed., The yield of green rhigomes at D,, Dz and D3 wvere
45.31, 36,91 and 31,91 tounnes per ha, respectively. D, was
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eignificantly different from Dz and D3. The interactions

vere found to have no significent effect.

Spacing and weight of planting materisl had no effect
on the dry matter. The stages of harvest exhibited signi-
ficant influence on the dry matter percentage., The dry
matter increased from 12,4 per cent at Dy to 18.67 per cent
at Dzland decreased to 17.2 per cent at D3' Significant
differences vere observed between D, and DB as well as bet-
ween Bi and D2; but not between Bz and D3‘ Quadratic res-
ponse function showed that the optimum maturity for obtaining
high dry mattier percentage was ten months,

At the closest spaeing 81. the dry rhizome yield per ha
wvas found to be significantly higner as compared to the yields
at S, and 83. The yield was 6,90 tonnes/ha at 81, 5,82
tonnes/he a8t 82 and 5.33 tonnee/ha at S,. The effeot of
weight of the planting material on the yleld of dry rhizomes
wvas found to be linear, Increase in the weight of rhizome
resulted in a proportionate jincreese in yield. The effecti
of duration of the crop on the yield of dry rhizomes was
found to pe quadratic. The dry rhizome yield increased from
5.62 tonnes/ha at Dy to 6.96 tonnes/ha at D, and decreased to
5.46 tonnes/ha at D,. By fitiing the quadratic reeponse

3
funotion the optimun stage for obiaining high dry rhizome

yield wae found to be nine monthe., Significant differences
were not observed in the ocase of interactions,



Table 4.~ Effect of spacing, weight of planting material amd stage of harvest on

the yield parametere of Costus speciosus

Yield of

— - - ——

Yield of Dry Yield of Diosgenin
Treataents green matier ary content diosgenin
rhizomes (%) rhizomes (%) (kg/ha)
_____ _ (t/ha) . (t/haj L _
Spaeing
51 - 50 Qi x50um 43.12 16032 6.90 1.79 123065
82 - 60 €l « GCam 36.16 16.33 5‘82 1.64 99021
83 - 75 CR x 75 cm 3408‘ 15.68 5:33 1063 88.74
CDO.OB 5.80 NS 0.91 RS 21.42
Weight of planting materjal ‘
W2 -T75 & 37.70 15.95 5.88 ‘ 1.7% 105.77
CDO.OS 4.55 NS 0.82 0.1 15.63
Stage of harvest
D1 - 6 monihs 45,31 12.40 5.62 2.01 112.80
Dy - 12 months 31.91 17.27 5.48 1.26 68.95
fDO.OS Se 33 1.84 1.24 _“E}:-Z“T_ . 3§.57 _

NS = Not significant

1%
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The effecti of spacing on the diosgenin content was
not significant, Weight of planting material exhibited sig-
nificant effeot on diosgenin content. The diosgenin content
wvas 1.62 per cent at Wqo 1.75 per cent at W, end 1,69 per cent
at w3. Significant difference was observed only between
w, and w2. The data on diosgenin content showed a stieady
decline as the harvest was delayed. The diosgenin content
was 2,01 per oent at Dy, 1.79 per cent at D, end 1.26 per cent

at D Significant differences were observed among all the

atag:a. The interactions indicated no marked differences.

An yield of 123.65 kg per ha of diosgenin wae obtained
at the olosest spacing, S54. The yield decoreased to 99.21 kg
and 88.74 kg per ha at S, and 85. respectively. 51 wvas sig-
nificantly superior to 52 and 83. The weight of planted
rhizomes was ooserved to have a linear effect in the yield
of dicsgenin., There was a proportionatie increase in the
diosgenin yield as the weight of planting material increased.
The data on per ha yield of diosgenin revealed that it in-
increased from 112.8 kg at Dy to 129.86 kg at D, and decreased
to 68.95 kg at D3. Both D, and D2 were siguificantly superior

o D,; but between B1 and Dz there was no significant diffe~-
rence, From the quadratic response function the optimum
stage of harvest for maximum yleld of diosgenin per ha was
found to be eight monthe. The interactions did not exhibpit
significant differences,



4.3, Optimun combination of factors

The expected yield of each treatment combination was

deduced from thne linear model of the experiment as followsi:
Yidk = A+ Di + SJ + wk

vhere Yi;k is the value to be expected (apart from
experimentel error) from a plot in which ith level of the
duration of the orop, jth level of spacing and kth level of
weight of planting meterial are applied and Di' SJ and wk are
the effects of the duration of the crop, spacing and weight
of planting material, respectively. The interaciions were
not considered in this model because of tne absence of statis~-
tical significance., It was found that & meximum yield of
157.65 kg/ha of diosgenin could be expecied from the treataent
combinz tion Das1w3, i.e., 100 g rhizome pieces planted at
50x5Cwm gspacing and the harvest done at nine months of plant-
ing (Table 5).

4.4. Correlation studjes

Correlations between the morphological charaocters of the
plant and the rhizome charactere on the one hand, and the
yield of diosgenin per plant on the other were worked out.

The correlation coefficients for different characiere are

furnished in Table 6.



Table 5.~ Observed and expected yields of diosgenin
under different trestament combinations
(Mean of three replications)

Observed Kaeii " Expected yield

Treatments (kg/ha (xg/ha)
L,5,¥, 127.30 122.66
D484, 136.76 - 134.48
D1s1w3 147.38 140.59
DySoW4 90.79 98,22
DS, W, 104,88 110.04
Dy B Wy 115.39 116.15
D133w1 98.55 87.75
D,S,Vz 96.23 99,57
D183w3 97.90 105.68
D,S4W, 142.18 139.72
Dy84W, 152.59 151.54

*D 54y 159.90 157.65
DyS,W, 97.45 115 28
D232w2 120,05 127,10
Dzszw3 136,12 133.21
nzs3w1 89.57 104.81
DyS4Wy 96.76 116.63
DyS4Wy 136.08 122.74
DyS4W, 68.63 78.81
D8 4 W, 102,50 90.63
DyS Wy 85.83 96.74
DyS,W4 50,72 54,37
D382w2 79.16 66.19
D382w3 48.34 72.30
DyS5W,4 51.95 43.90
DyS4l, 51.62 55,72
DgSqWy 79.98 61.83

- - — ———" - -

* Treataent combination whioch gave the maximum yield



Table 6.~ Correlation coefficiente for different

variables

b ¢

Correlation
coeffiocients

(r)

Yield of diosgenin
per plant

"

”

"

(1]

"

Height of the plant
Number of
per plant

Number of
per plant

lLeaf aresa

tillers
leaves

per plant
Number of rhizomes
per plant

length of rhizomes
Kuaber of primary
fingers

Length of primary
fingers

Girth of primery
fingers

Number of secondary
fingers

Length of secondary
fingers
Girth of secondary
fingers

Dry matter (%)

+»

+

- W G- S S -

0.386%*

0.275*
0.361%*

0.436**
0.293**

0.357%*

0.254*
0.227*
0,308%*

0.215%8

0.203%8

+ 0.499%*

ar = 79

NS = Not signifioant
* = Significant at five per cent level
** = Significant at one per cent level

" -
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Number of tillers per plant, lsaf area per plant,
number of rhizomes per plant, length of rhizomes, number
of primary fingers per plant, nuamber of secondary fingers
per plant, dry matter percentage and diosgenin content
showed highly significant positive correlations with the
yield of diosgenin per plant, Positive correlations signi-
ficant at five per oent level was observed in the case of
yield of diosgenin per plant with number of leaves per plant,
and length and girih of primary fingers, S8Significant oorre-~
lations were not observed between the characters such ss
height of the plant, length and girth of the seocondary fin-
gers, and the yield of diesgenin per plant.

4.5, Ec gs of ocultivat

Economiocs of cultivation and the net profit which
could be expected froa six, nine and twelve-month old crops
of Costus specjosus were computed based on the expected
yields of 140.59 kg, 157.65 kg and 96.74 kg crude diosgenin
of 60 per cent purity per ha, respectively (Table 7, Appen-
dix VI). The price of diosgenin wvas taken as Rs,525/~ per kg
(Anon., 1982) for the caleoulation of the net profit. It was
seen thet a net profit of Rs.4840/~ and Rs.6270/~ could be
obtained from six-month and nine-month old erops, respectively.
The twelve-montih o0ld crop resulted in a loss of Rs.130 per ha,
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Table 7.- Economics of Costus oultivation and extraction of
diosgenin froa one hectare*

Itens D1s1w3 D281w3 D381w3

1. Cost of cultivation Rs. 9922,.7%5 Rse.10287.75 Re.10287.75

2. Cost of extraction
and purification R2.29523.90 Re.33106.50 Re.20315.40
of diosgenin

3. Totel expenditure

for cultivation
extraction and ' R3039‘46065 Re.43394.25 R8030603o15

purification
4. Crude diosgenin

recovered 140.59 kg 157.65 kg 96.75 kg
6. Quantity of pure

diosgenin 84.35 kg 94.59 kg 58.04 kg

7. Sale value of
dioegenin R8.44283.75 Re.49659.75 Re.%0471.00

(¢Rs.525/~per kg)
8. Net profit/loss +Rg. 4837.10 +Rs, 6265.50 -Re,.132.15

* Based on the expenditure inocurred at the experimental plot -~
details worked out in Appendix VI



4.6, Cytological examination

The cytological examination revealed that the race
of Costus speciosus used in the studies had a somatic
chromosome number of 2n=36 (Plate i, ¥ig.© ).

4.7. emical characteristics ¢ 8olil

The soil at the experimental site was high in N and X
and low with respect to P, based on the conventional soil

test rating (Table 8).






Teble 8.- Chemical characteristics of the soil in the experimental plot

O - W - —— G S S W G G GO = 2 T G G S W S -

Content in soil

Const t
onatituen Before After
experiment experiment
Total nitrogen (%) 0.072 0.072
Avajlable P205(ppm) 8.85 9.46

Availeble K,0 (ppm) 224.8 182.8

pH 5.15 5.23

Method used for
estimation

Microkjeldahl

In Bray-1 extiract, chlorosia-
nous reduced molybdophos-
phoric blue colour method

In neutral normal ammonium
acetate extract - Flame
Photometric

132.5 soil:water suspension
using pH meter

* Muhr et al. (1965)

S G LD W S G S ST S S G G S G T Y Y S S 0

6%



Q’Jcaﬁ[on




5. DISCUSBION

The junvestigations reportied in this thesis were
undertaken at the College of Hoxrticulture, Vellanikkare
during 1981-'82 to study the effecte of spacing, weight of
the planting meterial and duration of the c¢crop on the yield

and quality factore in Costus speciosus.

5.1. Morphological charagters

5.1.1. Growth charscters: The observations on morpho-

logical characters were taken only once, i.e., at the time
of first harvest in November. Beyond this stiage, defoliation
set in and no leaves were retained by the plant. The statis-
tical analysis was done ag split-plot with spacing ae main
plot treatment and weight of planting material as suo plot
treatment.

Among the morphological characters studied, the number
of tillere per plant, number of leaves per plant and leaf
ares per plant inoreased progreesively with spacing (Table 1,
Fig. 3, Appendix 11). Though signifioant differences were
not observed in the number of leaves per tiller (and hence
in the numver of nodes) at the different spacings, the plant
height was observed to be higher at closer spascinge. This
suggested that the increase in the plant height at high den-
sity planting was mainly due to internodal elongation. The
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increase observed in the number of leaves per plant at wider
spacinge without marked changes in the number of leaves per
tiller suggesied that the additional tillere contributed to
the increased leaf production per plant at wider spacings.

The length, widih and area of leaves were not influenced by
the spacing. But the leaf area per plant was found to oe
significantly higher at wider spacinge. This can be attri-
buted to the increased number of leaves per plant., The re-
sults thus indicrte that planting Costus speciosus ati wider
spacing (75x79<») enhances the vegetative growtih. Increased
vegetative growtih at wider spacings has been reporied in a few
medicinal planis. Gulati et al. (1977) observed better vege-
tative growih of Atropa belladonna at wider spacinge. In
pennsa, the plants at low dcnsiiy planting exhibited inoreased
vegetative growth and herbage yield per plant (HNandi and Challeiyee,
1981), though the herbage yield per unit area was higher at
closer spacings. A oritical examination of these obeervations
and the resulte of the present studies indicate tnat widely
spaced plante fared better than closely sepaced plants with

regard to vegetative growih characters.

The weight of the plauiing material was observed to
have significant influence on the plant height, number of
tillers and leaf production per plant (Table 1, Fig. 3,

Appendix II). The number of leaves per itiller was found

unaffected by the weight of planted rhizomes, :However,

THRISSUN
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increase in the number of leaves per plant was observed
with the increase in the weight of planting material, which
is mainly due io the contribution of increassed number of
tillers. The length, width and leaf area were not markedly
influenced by the weight of planting material; but the leaf
area per plant steadily increased with increase in weight of
the planted rhizomes (Table 1, Fig.3). This indicated that
higher leaf area per plant resulted from higher leaf produc-
tion whioch in turn resulted from higher tiller production.

The resulis of the present investigations are in con-
formity with the findings of Sharma et al. (1980) in Costus
speciosus and Randhaws o Meva (1974) in turmeric. In general,
planting of large sizeu raigomes resulted in veiter vegetative

growth.

5.1.,2. Rhizome characters: The observations on rhizome

characters were analysed in split-split-plot design with the
duration of the crop in main plot, spacing in sub plot and
weignt of the planting material in sub-sub plot.

Spacing did not impart significant influence on any of
the rhizome characters (Table 2, Fig. 4, Appendix III). The
weight of planting materiel significantly influenced all the
rhizome characters, The number, lengih and internodal length
of rhizomes inoreased as the weight of planting material
increased (Iable 2, Fig. 4). Among the rhizome characters,
the length of rhizome alone was influenced by the stage of
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harvest. The length increased significantly with the in-
oreage in crop duration (Table 2),

5.1.3. Characters of primary and secondary fingers:
Wider spacing brought about a significant increase in the

length and number of nodes of the primary fingers; but their
nuaber and girth were not markedly influenced by the diffe-
rent spacings (Table 3, Fig. 5, Appendix IV). The more the
weight of planted rhizomes, the more was tne number of pri-
mary fingers, their length, girth and numver of nodes. The
number of primary fingers and their length were significantly
inoreassed by delaying the harvest, However, delaying the
harvest did not bring about any marked change in the girth
and the number of nodes of the primary fingers (Table 3,

Fig. 5, Appendix IV).

The length of the secondary fingers and their girth
were significantly higher at wider spacings; but the number
of secondary fingers and the number of nodes in them were
not influenced by spacing. All the secondary finger charac-
teres, except their number, increased significantly with the
increase in the weight of planted rhizomes, Increasing the
orop duration brought about a progressive increase in the
gecondary finger characters such &s their number, lengih and
number of nodes, The girth of the secondary fingers first
increased and then showed a decrease, with the age of the

plant (Teovle 3, Fig. 5, Appendix IV).
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5.2. Yield of rhizome snd diosgenin

In dense planting, the yield of green rhizomes, dry
rhizomes and diosgenin per ha wexr® found to be higher (Fig 6).
Out of the tnree spacings (50x350Cc §0x60m and T5:Them) (ried,
the closest spacing of 50+50on wag found to be significantly
superior to the others. ©Spacing had no significant effect on
the dry matier percentage and diosgenin content (Table 4,
Appendix V).

The role of high density planting in enhancing the
yield per unit ares in rhizomatous orops is well established,
The resultis of the present investigations agree with the
findings of Sarin et al. (1977), Pandey et al. (1980; in
Costue and Rao et al. (1981) in Dioscorea floribunda.

Said wd Hussein{ 1964 ), Randhawe and Misia (1974), Sundararaj and
Thuiagidae (1976), Rao (1979) aud Rajput @i al. (1980) in
turmeric; and Loknath and Dae (1964), Aiyadurai (1966), and
Randhave et al. (1972) in ginger, aleo found closer spacings
to give higher yields per unit area.

Weight of the planting material did not influence the
dry matter percentage; but the diosgenin content was found to
be higher when heavier materials were planted, The yield of
rhizomes and diosgenin proportionately increased witih the
increase in the weight of planting materijal (Taoble 4, Fig. 7,
Appendix &). Planting material weighing 100 g each was found



GREEN RHIZOMES oY RHIZOMIS DICSGENIN

14 G-

2 120 Sy
= e
= < S
2 B = e Y T
1 ae £ o o ;
; 1 A : -0 e ;’ @ // : :f
; =;'i¢_--—w~,4;»a°"‘e“:~m»-“”“"'“::;fm;——ﬂ\ bl 8" \%Od ‘A o
e Gt A 1 . Q Va [N W}
a ok T _J O S /; L&o
| . < . - - ) L/ o .. i foli
. L 3 LW G LA =60 % n ey
e 7 e 3 > o ¢ > ) Y
e Lrz 3 4 % oo ] d “A R
¢ oo = 41 " aoc ] 40 RN s
’ ¢ T e 3 e cao -] s cot :
. ; A ceaao : 3 . e 5o 1
. Lo 3 “ : i 3 0y )
2 ’ <] // G ana : 20 /’ ner
0L - 9 A - 3 S
; conC 2] A oo 3 o ;\ o -
"4 Lw 3 L G b ’ el
L]

L Tt T e PV LY

e e a2 e

e A e e

o
Qo

5On7 E0 g O 60" 60 B 0 50

SPACINGEm )

-
J\
i

o

™M

v

T

™

O

T OF SPACING ON THE YIELD OF RHIZOMES AND DIOSGENIN.

n




to be significantly superior to the others (50 g and 75 g)
with respect to the yield of rhizomes and diosgenin.

Higher yields have been reported by several workers
using heavier planting materials in Costus speciosus
(Pandey et al., 1980; Sharma et al., 1980), in Dioscorea
floribunda (Khanna et al., 1976), in turmeric (Hussair wd Sad,
1965; Randhawa cwd Misra, 1974) and in ginger (Rendhawe et al.,
1972).

Bventihough the yield of green rhizomes was highest at
six months after planting, the highest yield of dry rhisomes
wae obtained at nine months after planting. While the yield
of green rhizomes showed 8 linear decrease with the age of the
plant, the yield of dry rhizomes showed & quadratic response.
The yield of dry rhizomes increased from the sixtih to the
nineth month and decreased by the 12th month after planting.
The dry matier percentage also showed a quadratic response
with the orop duration. The dry matter content was highest
when the crop was harvested at nine months after planting
(Table 4, Fig. B).

Sarin et al. (1377) obtained the maximum yield of green
rhizomes from a six-month 0ld crop of Costus. However,
Singh et al. (1979) reported that harvesting Costus at

21 months duration gave higher yields of fresh weight and
dry weight of rhizomes per unit area, compared to the harvest

at eignt months and nine months duration. Nybe (1978) obtained
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the maximum yield of green ginger 180 daye after planting;

but the maximum yield of dry ginger was obtained during the
period between 210 and 225 daye after planting. He observed
that the drying percentage continued to increase with the
maturity of the crop., In turmeric, Philip et al. (1980)
reported that the maximum yield of both fresh and dry rhizomes
were obtained 270 days afier planting. They observed that the
dry matter percentage increased with the duration of the crop.

The percentage of diosgenin showed a steady decrease
with the delay in harvesti, lhe maximum being during the sixth
month (November) and minimum, during the 12th month (May).
However, the maximum yield of diosgenin per unii area wvas
obtained 2t nine months after planting. The yield of dios-
genin showed a steep decline from the ninth monih onwards

(Table 4, Fig. 8, Appendix V).

Sarin et al. (1977) obteined the highest diosgenin
content in Costus with ihe onset of flowering in July.
Gupte et al. (1981) aleo observed that the diosgenin content
increased from the dormant stage of the plant to a maximua
with the oneet of flowering in July. The diosgenin content
then declined till the planis became dormant again. Under
Vellanikkera oconditions, planting is possible only during
ilay-June. Ag such, the orop would be only two or taree months
old in July of the year of plantiing when the plants would
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flower for the firsti time. Though the diosgenin content

ie likely to be high ae obeerved by Sarin et al. (1977) and
Gupta et al. (1981), the biomaes would be small and hence
the diosgenin yield would also be low. In order to obiain
large quantity of biomass with high diosgenin content, one
would have to harveet the crop during July of the second
yeer when the plants would be in flower again. In fact,
such were the observation of Singh et al. (1979) who obtained
increasing yield of diosgenin when the crop durstion was
increased from eight to eighteen and iweniyone months. How-
ever, further studies are required to ascertain whether sucn

very long orop durations would yield economic resulte or not.

In ginger, Nybe (1978) observed thet the oil and
oleoresin content decreased with the maturity of the crop.
However, the yield per hecisre of oil and oleoresin were
meximum at later maturiiy stuges in the different types,
Philip et sl. (1980) reported a steady decrease in the
curcunin and oleoresin content in turmeric from the maximum
on the 180th day to a minimum on the 240th day. The maximum
vasg again reached by the 270th day after planting. The per
ha yield of curcumin and oleoresin were found 1o be highest
at 270 daye after planting.

Juadratic response funetions were fitted to find out

the optimum crop duration in relation io the different yield
paraaeters (Fig. 8). Although the yield of green rhizomes



A Al

S U

e RHLZGME

3

: e
TR} S B
4

hesmen o e g

+ X

=1 #

LI
SZOME

it

Ciwy

MUM (8 e,

D

LY
\r

re, .t d

OPTIN Ui
N6 MONTHG

O

QURATION

- N 4

!

3 i’_;i\ R e
ff;
iy .
-, 6] ~»
:;3 3»3:«' ‘ '.5,;:' ,‘ 3 ” i
for N « . & //’*“'\
:K L ) Lid \
WEKE) @ (30 /
0 ¥ \
;‘.} 5 O \
£y 187 “ O oo
. 51 \
- L \
R O & )
-
% ;.‘g»’"§ ) eed G
WV L .
{::3 Aﬁﬁ; :’“; s ,.)}.‘. '
i.:.\z UL&‘J; %ot N
0 4 n : A o - g Eod
i
DURATION DURATION
Fie-0 EFFECT OF STAGE OF HARVEST 7 THE YIFLD WARAR Y oS



58

wae the highest at the first stage of harvest (six monthe
after planting), the dry mattier percentage was so low taat
the yield of dry rhizomes was low ai that stage, The dry
matter content wes found to be highest at the tenth month
after planting. However, the quadratic response functions
showed that the ninth month after planting is the optimum
stage of harvest for getiting maximum yjield of dry rhizomes
in Costue. The diosgenin ocontent was found 1o be maximum
at six months after plantiing. However, because of the very
low dry matier percentage and consequent poor dry rhizome
yield, the diosgenin yleld was poor at this stage, The
optimum stage of harvest for getting the maximum yield of
diosgenin per heciare was found to be eight monthe aftier

planting.

5.3. Optimum combinatjon of factors

The expected yield for each treatment combination
was arrived at using tae linear model of the experiment.
The results showed the treatment combination D281H3 as the
economic optimum (Teole 5). A maximum yield of 157.65 kg/ha
of diosgenin could be expected by planting 100 g rhisome
pleces (w,) at 50<50mspacing (S,) and harvesting the orop
at nine monthe after planting (Dz).

5.4. Correlation studies

In order to assess the nzture and degree of association

of the plant amorphological characters and rhisome ocharaciers
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with the yield of dlosgenin per plant, correlations were
worked out with reference to 14 charactiers selected from
anong the 23 included in the studies, Out of these, highly
significent or significant positive correlations were ovserved
between 11 characters and diosgenin yield per plant (Table 6).
The studies, thus, indicated that these characters (Number

per plant of tillers, leaves, rhigomes, primary fingers and
secondary fingers, leaf area per plant, dry matter content,
diosgenin content, length of rhizomes, and length and girth

of primery fingers) could be useful in seleciing materiasl which
would give high diosgenin yleld.

5.5. Economics of cultivation

The expected yields of crude diosgenin from six-month,
nine-month and twelve-month 0ld orope of Costus worked out
to 140.59 kg, 157.65 kg and 96.74 kg per ha, respectively.
Considering the present market price of diosgenin (Rs.525
per kg), ihe net profit per ha worked out to Rs.4840 and
R8.6270 for the six-month and nine-month 0ld crops, respec-
tively. The twelve-month o0ld crop showed & loss of Re,130
per ha (Table 7, Appendix VI.).

With regard to the profite obtainable from the commer-
cial cultivetion of Costus, the available reports show con-
siderable varistion. A net profit of Re.2250 per ha was
recorded by Singh et al. (1979) from a 21-month old crop.
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According to them, at the 1979 price levele of diosgenin
(Re.450 per kg), Cestus was not profitable for commercial

cultivation. Balyan et al. (1980) obtained a net profit of
Re.8980 per ha from an ejight-month cld crop. Under Vellamikkara
conditions, Sudhadevi (1981) reported a net profit of Rse.7500
per ha from a2 six-month o0ld crop supplied with 45:30:30 kg/ha
of N:P205:K20 (identified as the optimum in her studies).
Sudhadevi's recommendation was not available at ithe time of
starting the present investigations in which the plots were
uniformly under 75:50:50 kg/ha of N:P2051K20. The shortfall
in the net profit observed in the present investigatiions can
be explained as due to decreased diosgenin yieids at higher
nitrogen levels as observed by Sudhadevi (1981). Further,
Sudhadevi (1981) computed the per hectare figures from a net
experimental area of 360 nz. The net area in the present
studies was 729 m2 and the per heotare figures worked out

on the ovasie, though more reliasble, sre likely to be lower,
The third factor that lowered the net profit in the present

investigation is the increase with wages of labour and cost

of fertilizers.

5.6. Cytological examination

The race of Costus speciosus used in ihe studies was

observed to be a tetraploid with 2n=3%6 (Plate ll, Fig. 9).

Sometic chromosome numbers of 2n=18 and 2n=27 have been
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recorded by Sato and Simmonds, respeotively (quoted by
Fedorov, 1974). Raghavan and Venkatasubban, Chakravarii,
Sharma and Bhattacharya (quoted by Fedorov, 1974) oobserved
tetraploide in Costus speciosus. Intraspecific chromosomal
races (diploid, triploié amnd tetraploid) were also observed
oy Subrahmanyam (1978).

Summing up, the low density plante exhibited better
growth and yield per »lant. However, planting at the closer
spacing ( 500ax50a.) gave significantly higher yield per unit
area., in the case of weight of planting material, 100 g
weight of planted rhizomes wae found to be significantly
superior to the other two lower rhizome weights (50 g and
75 g) with respeci to growih and yield. Altaough the yield
of green rhizomes ag well as diosgenin conteni were higher
at six months after planting, the dry matter conieni was
very low. Therefore, the yield of dry rhizomes and diosgenin
were poor at thai siage, wuadratic response functions showed
that the optimum miage of harvest for getiing tne meximum
yield of diosgenin per na is eight monthe after planting.

A maximum yield of 157.65 kg/na of diomgenin could be expected
by plenting 100 g rhizome pieces at 5C:x50cwwsgpacing and har-
vesting the crop at nine months after planting. This treat-
ment combin:tion gave a net profit of Re.6270/- per ha.

The present investigations olearly indicated that
Costus speciosus could be groomed as a commercial crop in

Kerala.
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6. SUMMARY

An experiment in split-split-plot design was con-
ducted at the College of Horiiculture, Vellanikkara during
1981-'82 to study the influence of spacing, weight of
planting material and duration of the crop on the yield and
quality fectors in Costus speciosus. The selient resulis

are summarised below:

6.1. Planting at low density (75575.w enhanced the vegeta-
tive growth of tne plante iu terme of number of tillers,
nuaber of leaves and leaf area per plant. iost of the
primary and secondery finger characters &lso were signi-
ficantly higner at wider spacings. The yield of rhizomes
and diosgenin per plant were found io be higher.

6.2. Planting Costus speciosus at high density (50x50m) was

found to be oceneficial for obiaining higher per ha yield
of rhigomes and diosgenin as compared to planting it
either at 60460 or 755'75«-10

6.3. The plant hejight, number of tillers, number of leaves
and leaf area per plant were found to be significantly
higner when heavier planting materials were used,
Planting of such rhizomes also resulied in beiter growth
of the rhizomes. The yield of rhizomea, diosgenin con-
tent and yield of diosgenin were sudstantially higher
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when heavier rhigomes were planted. The studies indi-
cated that planting of 100 g rhizome pieces was signi-
ficantly superior to planting lighter rhizomes

(50 g and 75 g).

Harvesting the orop at six months duration gave higher
yields of green rhizomes with increased diosgenin oon-~
tent. However, the dry matter percentege was very low
at this stage. As such, the yield of dry rhizomes and

diosgenin were poor.

Eventhough the yield of green rhizomes and diosgenin
content deoreased with the duration of the orop, the
dry metter percentage increased by the second stage of
harvest, nine months after plenting. This resulted in
higher yielde of dry rnizomes and diosgenin at this
stage.

By delaying the harvest to 12 months after planting,

the dry mettier percentage decreased, which together

with ths low rhizome yield and diosgenin content resulted
in poor yields of diosgenin.

Quadratic response functions were fitted to find out

the optimum in relation to different yield parameters.
The optimum stage of harvesti for obtaining meximum dry
rhizome yield was found o be nine monthe after planting.
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However, the optimum stage of harvest for getiing
maximun yield of dioegenin was found to be eighth
month after planting.

The treataent combination Dzs1w3 wvas identified as the
eoconomic optimum. A maximum yield of 157.65 kg/ha of
diosgenin could be expected by planting 100 g rhizome
pleces (ws) at 50«50wm gpacing (31) and harvesting the
crop at nine montns after planting (D,). 4 net profit
of Re.6270 per ha could be expected from & nine montih~

old crop.

The characters such as number per plant of tillers,
leaves, rhizomes, primary fingers and secondary fingers,
leaf ares per plant, dry matter content, diosgenin con-
tent, length of rhizomes, and length and girth of primary
fingers exhibited highly significant or significant
positive correlation with the yield of diosgenin per

plant.
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Appendix 1

Weather data (monthly averages) from 1st May 1981 to

30th May, 1982

- o 2w -

Temperature (°C)

Month

Maximun Minimua
ay 33.10 24,70
June 28.5% 22,50
July 29.26 22,68
August 28.65 21.95
September 29,45 22,94
October 30.78 22.85
November 31.50 21.85
December 31.54 21.54
January 32.43 21.25
February 36.90 21,30
iarch 35.40 27.20
April 34.70 25,40
May 33.80 24.50

Relative Total

humidity rainfall
(%) (mm)
88,70 225.80
90.50 303.23
87.00 128.23
87.75 101.23
84.60 104.56
78450 21,60
72.25 19.50
62,40 0.44
58.75 -
57.70 -
78,20 -
81.70 61.40
79.90 172.60
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Sources of ar
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Appendix 11

Analysis of variance for the effect of spacing and weight of planting material
on the growth characteristics of Costus speciosus

o . A T - -

Mean squares

Whe e A o B B e e G W W G AU A S A S G S A T SR SN T A

Plant Number
height of
tillere

Number

of

leaves

Nuaber
of
leaves

per plant per tiller per plant

Total 26
Replication 2
Spacing (M) 2
Error (a) 4

2

Bhizome
veight (S)

Linear 1
Quadratic 1
Mx8 4
Error (b) 12

682.90°  1.84
234.25 12.67**
16.96  0.57

195.58"  2.67
390589** 5.06%

0.28 0.28
21,08 0.93
15.17 1.00

4.42
Je52
0.85

0.05

0.39
0.50

1392.46
3993.83
443.07

491.30

980.36*
2,25

310.22

204.82

leafl

Ieaf

length width

4.19
0.21
0.77

0.69

0.85
0.45

% %
2.08

0.1
0.09

0.04

-

0.04
0.10

Area per
leat

136.50
11.64
31.65

88.88

28.13
54.42

Total leaf
aresa

A T m SH . G e DS T Gy G G YA T Ao R G GRS G M GNT A A AN EEy Wp HRG SO T S IS TG G W AR G T SO P S G I G G TS G A T R e S R U e S e A S W

8010301.72
34066685.40*%
222%865.32

12938001,.80"+

24953931.00%*
922072.00
2318959.94
930270.17

-

* Significant at 0.05 level
** Signifiocant at 0.01 level



Appendix I1I

Analysis of variance for the effect of spacing, weight of
planting material and stage of harvesti on the rhizome

characters of Costus speciosus

- o

- —— -

Mean squares

Source of ag

variation Number of Length of Internodal
rhizomes per rhisomes length

plant

Total 80

Replioation 2 0.10 559 0.40

Stage of .

hmeﬂt (“) 2 00007 ‘9.95’ 0071

Error (a) 4 0.03% 5.09 0.21

Spacing (5) 2 0.06 4%.13 0,25

M x S 4 0001 23027 0007

Error (b) 12 0,03 30.16 0,10

Rhizome

weight (SS) 2 O 4T7** 97.12% 0.30%

M x S5 4 0008 2057 0.04

8 x S8 4 0001 13.80 0.05

M x8& x 8§ 8 0.03 17.78 0.10

Error (c) 36 0.06 20.19 0.08

L d

- -

— i S G G W gy

* Significant at 0.05 level
#* gignificant at 0,01 level

- -



Appendix IV

Analysis of variance for the effect of epacing, weight of planting material and stage

pue 2 Satusd

of harvest gn the characters of primary and secondary
ringers of Costus speciosue

- o e o U U O g, g B W T T T Lad bl

Mean squares

U . S S O G GU S TED. S SN U Y B GO T Y A S G S N U A GRS S A TP

of ar
s:::::ion Number of Length of Oirth of XNumber Number Length Girth of Nuaber of
primary  primary primary of nodes of se~ of se~ secondary nodes per
fingers fingers fingers per pri- condary condary fingers secondary
[_ry fingers fingers finger
........ ... finger -
Total 80
n‘pli@atioﬂ 2 3. 58'* 10.80 0027 2034 50 56* 2.63’ 0071' 0.93
gino 2{ ) 2 3 474 57.84%* 1.46 1.64 29.41%* 11,02%* 0.66% 4,530
Error (a) 4 0.09 2.41 1.09 2.49 0.39 0.32 0.06 0.2%
Spacing (S) 2 0033 27:24“* 27005*' 7033** 00“ 5058'* 1‘ ZO®* 0.03
M xS 4 0.51 0.49 0.39 0.33 1.60 0.57 0.18 0.35
Brror (b) 12 0.40 2,03 0.47 0.60 0.89 0.37 0.16 0.18
Rhizone e -
veight (S8) 2 1.83* 27.76%* 6.74 1.67 1.30 0.95 0.89* 1410
M x S8 4 0.52 10.63 0.15 0.47 0.08 0.42 0.14 0.07
s b 4 SS 4 0060 7‘98 0032 2016* 0030 0010 0009 000’02
Mx$SxSS 8 0.28 4.69 0.34 0.57 0.25 0.29 0.10 0.10
Error (e) 36 0.44 4.86 0.18 0.72 0.50 0.38 0.13 0.16

*
* ¥

Significant at 0.05 level
Significant at 0.01 level

G D S 4P e W .
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Appendix V

Analysis of variance for the effect of spacing, weight of planting material and
stage of harveet on the yield of rhizome and diosgenin

of Costus speciosus

. - -

Source of

ilean squares

** Significant at 0.01 level

variation af Yield of Dry matter Yield of Diosgenin Yield of
een content dry content diosegenin
rhizomes rhizomes

Total 80

Repliocation 2 1077.29** 4.07 22.14* 0.11 11701.38
name of () 2 1238.04%* 292.76%* 18.04 4.00%* 26657 .88*
Iinear 1 2424.06** 320.18%* 0.27 T.59%% 25958, 10*
Quadretio 1 52.0% 265.39** 35.80% 0.41 27357 .66*
Error (a) 4 45.83% 5.94 2.69 0.08 2%42.25
Spacing (S) 2 535.04% BeTT 17.58%* 0.23 8666.46*
xS 4 77.65 1.43 1.48 0.04 605.78
Error (b) 12 95.44 2.33 2.35 0.08 1304 .12
§‘;‘i;g‘;°( s5) 2 261.62* 0.95 6.50 0.18% 2242.34
Linear 1 518.94** 0.78 12.18* 0.022 4340,05%
Quadratic 1 4.30 1.13 0.83 0.338*% 144.64
M x sb 4 51.47 3.27 0.81 0.05 350.25
S x S8 4 80.91 2.4 2.79 0.10 1143.07
M xS x SS 8 41.49 3.13 2.84 0.12 1276.48
Error (o) 36 67.88 1.46 2.21 0.04 800.23

* 84 icant at 0.0% level
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ABSTRACT

An experiment conducted at the College of Hefticulture,
Vellanikkara, during 1981-'82 to study the influence of
spacing, weight of planting material and duration of the
crop on the yield and quality factors in Coetus specjosus
revealed that low demsity planting (75x75:w enhanced the
overall vegetative growth., However, the per heotarc yield
of rhizomes and diosgenin were found to be significantly
higher at the closest spacing (50:50cw),

The higher the weight of the planting material, the
better was the vegetative and rhizomatous growth. The yield
of rhiromes and diosgenin were proportionately higher when
heavier planting materiamls were used. Planting of 100 g
rhizome pieces was found to be significantly superior to
planting of rhizomes weighing 50 g and 75 g.

Increasing the crop duration significantly inoreased
some of the rhizome and finger characters, Though the yield
of green rhizome and diosgenin content were higher at six
months after planting, the dry matter content was low at that
stage. The yield of dry rhisomes and diosgenin were higher
at nine months after planting, due to the high dry matter
content. Quadratic response funotions showed the eighth
month to ve the optimum stage of harvest for obtaining maximum
yield of diosgenin per unit erea,



The treataent comdbination nzs1w3 wvas found to be the
economic optimum. A meximum yield of 157.65 kg/he of
diosgenin, giving a net profit of Rs.6270 per ha, could be
expected by planting 100 g rhizome pieces (w’) at 50 x50cm
spacing (81) and harveeting the crop at nine months after
planting (Dz). The studies indicaied that Costus spegcigsus

could be groomed as a commercial crop under Kerals conditions.
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