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INTRODUC1ION 

COS~~8 !2eoiOSUB (KoeDing) Saith 1s a perennial herb 

wi tan tuberous rhizomes. I~ belongs '\0 the tami13 Z1Bg1bera

!!!!!!.. This speoles is widelY dl.t.rib~".d t.tlroughou~ India 

and other Sout.n Asian oount.ries, upta an 81 ti tude of Boout 

1200 JI above the nl.e811 sea level. 

Tne presence of dlosgenin in tn. rhlzome of Costue 

speoiosu8 wae first reported '01 Daa Gupta 8lld PandeY' (1970). 

They reported the diosgenin oontentas 2.12 per oent Ul the 

alcohollc ext.raot of tne rhizome s8&plea. However, chemical 

evaluation of a nuDer of asaplea trOll difterent part.s of the 

oountrY' revealed tne exietence ot definite clonal variation 

in respeot of dios,811m oon\8nt (Gupta !l !1:., 19dO). 

Diosgenin is tne a08t iaporiant raw material required 

for the s.rnthesis of a large nUllber of steroidal drugs whioh 

include cortloo-steroide, sex horaonea and antifertili~ 

co.pounda. About 50 per oent ot the steroid drug produotion 

m tne world relies on diosgenin a8 the ba.e material. Mexico 

contributes 75 per cent of tne wo.r14's diosgenin output 

(Applezwelg, quoted Dr Asolltar and Chadha, 1979). The otiler 

countrlee produoing diosgenin are Ohina, Guatemala, Costa 

Rioa and India. The total world require.ente of ateroid 

drugs and dioegenin '01' 1905 ha ... e be.n estimated to be around 

'20 tonne. and 2601 tonnes, reapectlve13 (Aeolkar and 

Chadha, 1919). 
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In Indla, the pbaraaoeuiloal industry hae been aeeting 

tne requ1remen1.e of 4ioapnin frOil 1.b.e tubers of D1oeoorea 

deltoldea. The demand tor steroldal drugs .ep.olal~ thoee 

used as oral contraceptlve., haa inoreaaed very much in 

recent yeare and there 1- a fear of depletlon of t.hle natural 

raw material. There 1s 'tb.U8, neoea8i V to :Cind out al terna'\e 

sources of diosgenin. For thle, two aaj or approach •• have 

been resorted to. One is the introduction of ine exotic 

species such 8S D1oecorea tloribUDda and Dloscorea cGmpoel'ta, 

whlch have oeen found to be proa181ng. The other approach 

is to search for tbe preser .. ce of the alkaloid and 1 ts extrac

tion from other looalll available plant epecie8. Hence it 

beco.es nece.eary to develop and standardise methods for 

commercial cultivatlon of suoa dioegenin ylelding plante. 

AI'thougb. tbere are .e ... eral sources of dlosgenin such 

as Dloscorea !£R-, Solany! kba.&anua, tr1bulu8 terreetria 

and Kallstroemla RUDescena; Cgeius 8pec~28us haB the advantage 

that 11. has a very wlde geographical distributlon extend1Dg 

fro the eub-H1IIala.,yan traots in 'the north to the hilly reglonB 

of tne central Indla and the We.tern Ghats. The productlon 

of hlgher blo-maes in a 8Bort perlod and the comparative ea8e 

in the extraotion of diosgenin are added advantages. Further, 

the dlosgenin from C08tU! speoloBu! haB been found to be purer 

than that obtained fro. other sourcea. 



Rea11sing tne 90 •• 1b111t1 •• of grooming Costus 

speCios!! as a coma.ro1al source of d1osgenin, a eerie. of 

reeearch proJects hav' been programmed bl tne Kerels Agri

cultural Univere1". ODe .tu~ conduoted at tne College of 

Jiorticu.l ture dur1.Dg 1979-81 ind1cated thai the application 

of 45 kg t~ along wi t.h ,0 kg each of 1'205 and K20 per ha 

resu.lted in tne raax1m.WI'yield of dioegenil: (5udhad.,?vi/IgeI). 

This dose was considered as tne, tentative optimum. While 

S1ngll !.!!1:. (19'19) reported a net profit of on13 Rs.2250 

per ha from a 21-m.ontn old crop, in Lu.ckno'W t the investiga

iione conducted at tne College of Horticu.lture indicated 

that a net profit of lte.75OO per ha could be expeoted from 

a eix-mollth old crop of CO.tus 828C108US. In Jammu, 
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lia13an !J !!1. (19tiO) oot.ained a net prof! t of 1\s.J980 per he 

!.rom an eie;ht-month old crop. As such, fllr"Wler studies are 

required to determine the stage of harVe.t in relation to tne 

1'181d of d10sgenin and tne net profit that oan be expected 

from one hectare of Costus .peo12su8. 

Closer spacings were found to be better than w1der 

epacinge for obtaining higher l1elds per ha in related crops 

BUch as ginger and turmeric (LoJme~ and Dae, 1964; Said atJd HU55all1, 

1964; AiJradurai, 1966; .Randhawa and Misra 1974). Large Bized 
) 

rhizomes gave h1gher yields than smaller ones when used 8e 

the plantlll8 material (I:h.lSe8in and Said J 1965; Randhawa .!1 !.! •• 

1972; Randhawa !l !l., 1914). thee. aspects were invest1gated 



upon in C08tU8 .2.oio8~. Dr Sarin !l~. (1977), Pandel 

!.l.!!. (1980) and Sbaraa !l!!. (1980), al'thougn their 

r •• ult8 vere not oonclu8in. Further st.udie. are required 
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to malte firm reoo_enda~ions and. to eTol ... e a package of 

practice. for tne oommeroial cult.1T8tion of C08tU. 8pecio8u •• 

The present st.I.1cl.Y. tbe second in tJle series, was aaed 

to find au t.s 

1) 'the opt1l1u", spacing and 'thereby the populat1on 

density for the commeroial cult.lvation of 

C08t~8 8Reo108u8, 

11) 1.he optimum weight of rhiSOIIea to be used for 

p lllllt1.ng and 

111) the duration of the crop at wh1ch max1mwa 1'181d 

of rh1zoaes and diosienin oould be obtained. 





2. REVIEW 01 LItERATURE 

2981M8 .peo108111 (Koen1ng) S111 i.h haa oeen reoentl.,r 

designated ae a medicinal plant of commercial v8111e. 

Re.earch work done on thi8 vop 18 Tery soan\y aa oompared 

to the work on other coaeroiall1 1aport.ant .edic1.nal plante. 

The litera t.l1re snilaole on tAi_ crop as well ae on ot.ber 

medicinal plante and z1ngibaraoeoua orope relevant to tne 

present investigations i8 reviewea hereunder. 

2.1.1. Variation W aJ.o_senJ.n oOJ}ient 

The pr •• ence ot tne aoti" principle, diosgenin, in 

tne rhizomes of 02atu8 .peo1o,s. was first reported by 

Dee Gup ta and Pandey (1970). They reported a di08senin 

content of 2.12 per oent in "Iibe rhis.es. Chemioal evalua

tion ot a large nuaber of 8saple. oollected from ditterent 

geographical parts ot the couniry !ndicat.ed wide range of 

variability in dioagenin content (Sarin !! !l., 1974). 

Aocording to them, tne variation appeared to be genetio 

rather than pbysiologioal, as no relationship could be 

established between t.b.e 8ize and age of tne rhizome. and tne 

diosgenin content. The rhizoae. of Coa!¥! apeoi08U. 

were shown to COl.l't.ain I1Pl.o 2.6 per cent dioagenin, the ave

rage being 1.5 per cent (Atsl, 1975. Kapatbi ~ !l., 1911). 



Asolkar and Chadb.a (1979) repor~.d dios,en1n oon'tent. Tarring 

froa 0.'2 to '.'7 per oen~ in rhizome .ample. oolleo~e4 from 

various parte of tne country. Aocording to thea, the aa~e

rial. from the suo-lU.aala,ran belt of Jammu, H1aaohal Pradeeb., 

uttar Prade8b. and Bihar were betier in quali V with respect. 
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t.o diosgenin content t.han the 8811p1es trca the Western Ghats 

and Orias.. bong the collections troa Uttar Pradean, Bihar, 

West Bengal, Kanlpur, J_u & lCaebll1r, Hiaachal Pradesh, 

Karna"taka, t4aharaehtra, Kerala and And_ana, Gupta !l !!. 

(1980) obtained 8 ei.ra1n from Luomow containing 6.1 per oent 

crude and 4.92 per cent pure diosgenin. Lubls and 

Sasirapradja (1980) ana~sed the rhizome .amples of 12 .peeie. 

of Costu8 and fOWBd diosgenin content. ranging from 0.46 per 

cent. (Costus !!!£) to 2.91 per cent (C08tus rumphlanus). 

Gupta !! li. (1979) report.ed tAat 'tille colour of the 

crude ext.ract.e of different a"ple. had a signifiC811t bearing 

on the ratio of pure to crude diosgenin. Panda and 

Cba1.terJee (1980) from biochemical studle. of Ooa1.&! 8P8Ci08U. 

reported tJult a diat1not. correlatlon existed between the 

8loroscopic oharaoters of lne atarch &rains 8l.Ld tile diosgenin 

cont.en t in i.b.e rhlzomes. They found tila t t.b.e dlospnin oon

tent rose and tne numoer ot a'iarch grail18 per cell d1.lll1niehed 

a. '\he rhizomes aged froa six aon"h8 'to two years. In 10llng 

rbizome., 'the grains were small and round, Inn ill older 

rhizomes, the,y were large &lid oval and reu1;ricted to the area 

of vBsoular bundles. 
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Sara .!l!J:. (1977) repo1"t.ed t.nat highest. diosgenin 

oontent was obtained in Ju13 when tne plants were in active 

etage of growth, with flowering JU.t. st.art.ed. The.1 alao 

repor1.8d that de-flower1Dg had no etfeot in increaaing lbe 

lield of dioasenin. GUP'-!l 11. (1981) observed tbat 1'1"0. 

tJle dor.-ant stage of tbe plants, t.he diossenin oontent of 

the rhizeaee increased reaohing the maXimum of ,.18 per cent 

when flower buda appeared on the plant.. in Ju13. B.r the 

tae '\he plant.s beo __ domant. apin, the diosgenin level 

oame down to 1.88 per oent. 

Several workers have etudi.d \be influenoe ot the 

agronomic practioe. on 'the .11.14 of rhizomes and diosgenin. 

Atal (1975) obt.a1ned an average rield of 1.57 kg rh1zoaes 

per plant aft.er nine montha of srowth. In t.b.e1r atud!e., 

Sarin !l!.!. (1977) obtained, rh1&0.es we1ghing 41' g, 655 g 

and 177' g, re.pectivel¥ froa aix, nine and t.wenV10lltb old 

crope. However, the JUX1a1lll rieU vae obtained fro. t.b. • 

• 1x-month old crop plant.ed in Ju13. The crop va. plan1..4 at 

1 .2 and 0.75 m2 J but the orop crowth indioated '\hat the 

.paotng could be further reduced in the ca.e of crops to be 

harve.ted six to nine months aft.er planting. Sarin et ale --
(1977) did not find lUll' marked difterence. in the .1ield of 

diosgenin between toe plant. grown on ridge. 8I!d in flat beds. 

Singh !!!!. (1979) conducted .t.ud1 •• to develop package of 
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prac~ice. for toe cQl~iya~ion ot CO.~UI 8»eoiO.U8. Th., 

plan~ed 50-60 g pleo •• on ridg... Harve.~1ng vaa done a~ 

eigh~ monthe, 18 aonibs and 21 aon'the afwr plan~ing. dighee~ 

.1ield in terma ot freah veiih~, UT ve1gb.i and dioagenin per 

un! t area vae ob'ta.1ned after 21 aont.ha ot grovib. Pander 

!l !!. (1980) ooauved a.rmual,ie14 of 1.24 kg per plani 

b.1 planiUlg rhlzOIl •• veiping 800ui 75 g. They a180 foWld 

tb.a~ nine plante per square aeir. pve higner yield8 than 

tbree, four or six plant. per square .eire. The .eraination 

perce,n tage, nWloer of shoo'. per plant, muaber of le8v •• per 

shooi, number of leavea per plant, rhizODle 1'1eld and diosgenin 

1'ield .ign1ficantlJ' invea.ed "i_ 811 increa •• in the weight 

ot planted rhizoae. upto 125 g (Sharma !.l !.!., 1980). 

Verr little work baa been done to improve the dio.genin 

yield. Sharma!l 11. (1980) reported that applioation of 

150 kg N and ao kg K20 per he increased the rhizome yield. 

In a field s~u~ conducted at tne Xeilonal Re •• arcb Labora

~orr. JaJllBu. max1mua T leld of rhiz.es and crude diosgenin 

va8 obtained br a ireatllen" oonalatiDg of 150 kg N, 100 kg 

P20 5 and 100 kg IC20 per AS (Singh !l !l.t 1980). In a nutri

tional trial conducted at the College ot rlorticul~ure. 

Vellanikkara, tne ~nta tlve opt1alwa d08e for obtainill8 max1mWl 

1'ield of diosgenin wae observed to be 45. ,0, '0 kg/ha of 

H, P20S and K20, reepeotivelJ' (Sudhad8Tl, 1981). 



Few report. are available on the attempta made in 

!ncreaaing the diosgenin 3ie14 using chaaicala or radiation. 

Inoubation of rhizODle ali08. wi\h water alone or in cOllbl

na tion wi til grow1.n regulat.ors has glven encouraging re8ults. 

Setn et ale (1979) found tnat incubatlon of rhizome elloee --
wi th 2,4-D at 100 'ppm 81gn1fioant13 incre.sed t.be diosgenin 

yield 01 about '70 per oent, relative to the control taken 

ae 100 per oent. ~ffeot of &&mae irradlation on tne rhizoae. 

of Costus speoloeus wae s~dled and eoae de.irable plants 

with high rhlzome 3ield and diosgenin content were detected 

from the irradiated population indioating tnepoe8ibilitr of 

improving the crop through induced au ta tlon. (Laxm! .!l !.!., 1980). 

Ratnore and I<h.'lm~ 1978) ob .. ned a dioegel.1n con'ttent of 
I 

0.17 per oent and 0.76 per oent (on dwb) re.peotivelT in the 

undifferentiated oallus of stem and rhizoae. The diosgenin 

oontent wae greatest after eix weeke. Khanna et ale (1980) --
reported that suspension cult~e8 of C08~. 8peoio.u8 grown 

in HT liquid medium euppluent8d w1't.h oholeet.erol, eup.rcane 

Juice, kinetin and 2,4-D gaTe tne b1sh-.t produotion of 

diosgenin w1th a level of 2.7 per oent. Gupta!l!A. (1981) 

found that or sprouting tne rhizoae. in a 8ealed polythene 

bag and leaving thea as such for five to six weeks, 20 per cent 

more diosgenin could be obtained. 
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In Cg8tUS 8R-0108~~, eomat1c ohroaosoae nuabers of 

211-18 and 2n-27 haye been reoorded bt Sato and S1Iuaonds, 

respeot1.,.el1 (quoted br Fe40roT, 1974). RagnaY8Jl and 

VenltaWoeubOan, Chakravart1, Sbaraa and Bhattacharla (quoted 

br Fedoroy, 1974) observed hiBb-r number (2n-,6). 

SubrabmBlllBBl (1978) a180 ob •• rved !nvaepec1fl0 obroaosoaal 

raoes of Costus sasolosus, D8ae1r d1plo1d (2n.18), trlplold 

(20-27) and tetrapl01d (2n-,6). He reported that due to 

the1,r mall s1ze, the ohl'oaoeoae. were not amenable to pre

else karlot3'Plc anal.rsis. However, in general, the karyotype 

V8S :found to be sy.etriosl consisting of cbr08loeoaee ranging 

in 81ze fro. 0.,1 to 0.42 ~ aDd w1th oentromeres located at 

medlan or eub .... edian posl tlons. Nagendra and A braham (1981) 

attem.pted to throw more 11ght on 1.lle ploidy level, geographlc 

dlstrlbution and orlgin of Costus s2eo198~!. They obserTed 

emeller leaves in the dlplold8, oompared to the trlplold and 

tetraploid plants. A h1gher .eed set (63.6 per oant) was re

corded in the tetraplold plants as compared to the d1pl01ds 

(30.7 per cent) and the tripl01d. (5.9 per oent). 

2.2. Other mortant medicinal plants 

2.2.1. SpacW 

Reporta on 'the influenoe of spaoing on t.b.e 'y1eld and 

qU8l1~ oonstltuents in tne •• dio1nal plants where the 
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cOJIIIercial part ia the \lD4eraround 8WIl/root are scanV. 

ChatterJee (1977) obaerye' a .pacing of 22.5 x 10 em to be 

optimum for Ob'Wiining high.r yield of roots and total 

alkaloid oont.ent in ipecac. Rao.!.l!!. (19«H) oba.ned that 

45 x .,0 om spacing for one-year crop and 60 x 45 011 spacing 

for two-rear crop were the optima for ob'\a1ning higber t,uber 

and diosgenin yield in,D1q8oqrea flor1b!R4a. 

A few experiments on spaeing have been oonduoted in 

otner .edio1nal plaLta where the econoale part ia tn. aerial 

portlona. Clo.v apacings ot 90 OIl x 90 om and 1 Il X 0.75 Il 

were r.co ... .n4.d by Henrika and ~a (1976), and Rane and 

V1dulara (1976) /r •• p.cti..,.e17 tor ptt.1ng lIaxiawa 11eld of 

berriee per unit ar.a in 591." kl\ae1!!p!1. In Avopa 

belladonna, Gulat1 !.l !!. (1971) oDeen.d that wlder spacinge 

gave hlgher leaf 11eld p.r plant but a oloser epacing of 

60 011 x 60 em produc.d better .r1eld per un! t area. Gor.n 

!!!!. (1980) report.ed toat closer spacing (125 em x 150 em) 

re.ulted in better growth and qual!" of produce in hop •• 

In the ca •• of 8e:rma. wh11e tAe tot.al herbage yield per un1 t 

area vaB higher at '30 em x '0 ClI spacing, the sermoa1de con

tent per plant and the t.otal 88J'W.oside Tield were found to be 

higher at tne spacings of 90 ca x 60 om and 60 QIIl X 60 011 ~ 

respeotivels (Nandl~ChCLlt~r-j~e/1981). Turkhede!l!!. (1981) 

r.ported that the yield of alkaloids in opiwa pOPPI remained 

unaffec\ed bT plant denait.ies. 
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In D10.oore. t1or1bypQa wh.n tne initial iuber weisb~ 

W8S around 80 g, ~e ayerage ~uber 7ield wa. 1.710 kg per 

plant per lear and the hJ.gh •• " dio.,enin peroentage (on dwb) 

was 4.55 (Khanna !l !l., 1976). Hed,e!l!!. (1961) reported 

that in Dio.oore. ine dioege.nJ.n oonwnt and. the sprouting of 

ille tubers from the reaul tent. orop. were found t.o be unaffeot.ed 

br the vpe of plant..1Jl8 material. 

2.2.3. Ti!e of h!£!ee' 

LIterature available on the crop duratIon .~udie. on 

medloinal p1an~. having UDdergroGnd .'-a/root as the oommer

oial part i8 11aIt.ed. Abrol and. Kapoor (1962) reported tb.at 

the diosgenin content in D1o'9ore. felioidea tuber8 inore •• ed 

to a lllli t.ed ext.ent vith the age of tne plall:t. In the oa.e 

of Dio.oores oauoBeia harTe.ttbg at. the end of fourth grow

ing .e880n vae fownd to produoe highe8t 11eld of diosgenin 

per unit. area (Kodaeh !! !l.t 1977). Aocording to Hedge 

!!!!. (1981) harTe.t1ng of tubere earUer 'than February 15 

reduced the tuber and dl0.senin 7ie14 in Dio.oorea floribynda. 

BanerJee (1974) found that in ipeoao, the .11eld of alkaloid 

inore.eed wi ttl the age of the plant. which was du.e to an 

inoreaee in total dry weight of root. and not du.e to an 

inoreaI8e in peroentage of alkaloid in tn. tieauG.. In 

ca'tbaran~ ro.eu. harve.t.ing at 200 day- afwr plal.lting 



vae found to give better li814 of leaves, ste.e and roote 

(Pareek!l !l., 1981). Shah !l !I. (1981) reoorded 

384' lcg/ha of dry roots in two harve.ts (at 15 months and 

27 monthe of planting) and 4545 kg/ha J.n a II1ngle haneat 

(at 27 months of plan1.1ng) in Glrclrrhiza glabra. 

13 

Exper1aenta OIl the proper etage of harveet vere also 

conducted in other aed1c1rJAl plante where the economic part 

is the above ground portions. In DeWa metel, h30ecine 

ueusll1 predoatnated in \be pre-flowering etagea and tne 

b¥08c.ramine increaeed in the later st.ages (Gupta !l !! .• 197'). 

Shah et ale (1976) observed 1bat tne diosgenin oontent vae --
lowest (O."4 per oent) in the leans of .Balan1 tes F9xburp1i 

when the plante start.ed flOvU1ns in February. Then it 

graduall1 inoreased reaching a aax1aua oonient of 0.8 per oent 

in Decemaer when t.b.e fru1 ta matured on the plant.. In senna, 

eventbough the higbeet oonoentration of eeuno8ides wae reached 

on the 501Jl dar after plantiDg, tne asxilllUil yield of leaflets 

as well as total .elUloslde8 vere obtained when s\ripping vas 

1n1 tiate4 on 70th dar att.er plant1Jlg (Sbah !! !!.. 1979). 

In Yucca f1laaentQsa, Bedor&EIC49mo.lJ (1980) reoorded the maximum 

concen\ration (0.'5 per cent,) of sarsasapogenin in 1Jle lesves 

during August. In Dig! talls lanete, 11. vas found 1Jlat harvest

ing the crop from June to August. gave the max1au al1co.ide 

oonoentratlon 8S well as fo11age rleld (RaJukkannu !l !l.,1981). 
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2.3. Z~1berao.ou. cro,. 

In turaerl0, 010"1" epacing haa been found to g1Te 

higher yields per unit area. Said and "iASS'U~ 1964) recoamended 

a spacing of 30.48 x 15.24 om (12 x 6"). aa it gaTe higher 

yield8. Ai3adura1 (1966) l"80_"ed a spac1q of 25 x 25 om 

for flat bed sTet- and a .pao.1D& ot 45-60 om between ibe 

rowe and 25 om between t.he pl.aJlt. tor ridge aJld furrow 

syst.e. of plan'i1ng. Randhawa (urd Mi!ol-Cl; (1974) found a spacing 

of 22 x 22 em to be opt.aWl for bee' grow1ih and .1ield. 

Acoording to Sundar8l"~ and Thule.idas (1976), spaoing of 

15-20 om wae opt1aua for turaerio. Rao (1979) observed tne 

spacing of 30 x 20 C4 88 bet'er. In the experiments conducted 

by RaJ put !l~. (1980), 30 x 45 011 spacing gaTe subatantiallT 

41gller yielde tban 45 x 45 om or 45 x 60 OIl spaoings. The 

Kerala Agricultural Univ.rei~ has recommended a spacing of 

'0 x 15' oa for t.urller 10, under fla t bed sre tea CAnon., 1981). 

For ginger also, closer spaOings have been found to be 

better than wider spac1ngs. Lo1cna'th and Dae (1964) found 

15 x 18 em spacing aa the beet, compared to o~er apacinge. 

Under Thodupuaba (Kerala) oondi tiona, A1¥adural (1966) ootained 

4igber lielde vitb spacing of 15x 15 ca. In a spacing trial 

on ginger, Randhawa .!l !!. (1972) obtained higb. yield8 fro. 

20 x 20 ca and 20 x }O OJI spao1nga. Ba.ed on the reeults of 
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a three-year trial in ginger. Anjanelulu Clnd KI.i~hll(l"'\\Av-tj.,~Jtl9'19) 

recommended a spacing of 22.5 x 45 am. Sivan (1979) obtained 

the highest total yield per ha at the oloser spacing of 

60 x 10 em, eventhough the average yield per plant was the 

highest at the widest spacing of 60 x 30 om. 

2.3.2. Weignt of planting material 

In rhizomatous orops. the size of the original planting 

material has been demonstrated to have influence on the 

resultant orOp. The use of large sized (3.8 om) rhizomes 

resulted in significantlY higher germination and fresh yields 

in turmerio (Husea·1n and SC1ldJ 1965). Randhawa and f'1IS1~(l( 1974) 

obtained best growth and yield in turmerio when large rhizomes 

weighing about 100 g was used as the planting material. 

Acoording to Randhawa !! ale (1972), large rhizomes (150 g) of 

ginger gave higher yields than the small ones (60 g). 

2.3.3. Time of harvest 

Mehta !:!!!. (1980) reported that in turmeric curoumin 

oontent of leaves deoreased and that of rhizome increased 

wi th inoreased maturity. From a study on the quality varia

tions in turmeric at different maturity periods, Philip!! !!. 
(1980) found the optimum stage of harvesting to be 270 days 

after planting at whioh etage maxiaum yield of turmeric, 

oleoresin and ourcum.in were obtained in four types of turmerio, 

viz., VK4 (G.L. Puram II), VK5' (Mannu~ Local), VK11 
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(Vonti mitts) and VX17 (Araoor 011-'24). The drying per

oentaB. vas 008erved to be at.eadili .inoreasin& witb -t.uri\y 

of the crop. The oleore.in oon'tent. vas found to ahow a 

quadra tic response ae -it dearea.ed from the aax.iaua Tal"e 

on 180ih dal to tne a1nJ.aWl_ value on 240t.ll da,y and there

after 11. at.ead1lr increa.ed and aga1n reached tne max.iaWl 

val"e on 270tb dal. 

Me tnai (1975) 8upled ginger rhizomes troa three to 

sev8l1 mont.lls after planting to exaa1ne the variation .in the 

oleoresin oont.ent. He found that tne oleoresin content 

decreaeed rapldlr froa tne four~ montb onwards. aelml et ale --
( 1975) found that the 011 an" oleoresin 1'leld8 in ginger 

inorea.ed wlth rhizoae age. wJlc harTested at a, 9.5. 11 aDd 

12 months age. Studying the qul1t.r variatlon in ginger at 

different lIaturl \y leTele, »:Tbe (1978) oDserved tnat. the 

oleoresin and 011 content were Jlaxiawa at. 165 dare after 

planting and m1n1mwa at 270 Cla,ya in four Vpe. of 81nBer. 

However, tne vpe., vlz., Rlo-Cle-Jane1ro, Maran, Kur1.lPP8llpa4t 

and Wynad Local, reoorded I18x1ll .... 11e14 per heotare of oleo

resin, 011 and a180 dry ginger at 270, 195, 225 and 225 dale 

after plant1n8 respectlve13. The aaxilawa yleld of green 

Binger was oo'\8ined at 180 dars after plantlnl in all the 

t.lp8.. Bl.lt tne dr,ing percenuge oontinued to inorease wl'\h 

the maturl" of tane orop. Ba.ed on these resl.llts, Brbe (1978) 

reco_ended tn. above said perIods aa '\ae opt.1Jlwa etage for 
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harve.t. of dift.rent. \rp •• at. whioll the llaxiDlwa Tle14. of 

oleoreein, 011 and d.rT g1nge.r could be obtained. SlTBIl (1979) 

reported that. the opt.1Jawa tae of lift.ing for ear13 harTeat 

was 24 to 26 weeks aft.er planting. He found tbat dela.Ye4 

harve.ting result.ed in a marked increaB. in the fibre con

t.ent.. JaTaohandran!l!.!. (1980) 8'\at..4 t.nat Rio-de-Jane1ro 

Tarie" of g1nger could be harvested a£t.8r eeven months 

mat.urity for green ginger p~pose and for ~e extraotion of 

oleoresin and Oil. However, harYest.J.ng after eigllt JIlontne 

ylelded higher oontent. of dry ginger and m1n1aum crude flbre. 

2.4. Economic. of cult1vation. it d10Bgen1n .fielding plante 

The eoollOJlios of ou.ltivat.ion of ~1oscorea tlor1bunda 

has Dean worked out by M&nT workers (Bamml and Randhawa, 1972. 

Baul !l !!! •• quoted bl Aaollcar and Chadha, 1979. TTagi !! !!., 
1976). .t>. net profit per ha of lie.l0,OOO to Re.12,500 froll 

a one-Tear crop and R8.25,OOO 'to :aa.'O,OOO froll a t.wo-Tear 

crop have been reoorded for trhe FB (0-1) eU-ain. The Pusa-l 

strain recorded a net profit of Ra.20,OOO per ha for a two

lear crop. TaJuddin!!!!. (1976) estimated a net profit of 

Rs.1d,OOC per ha for a three-year old crop of Dioecorea 

del't.o1dea. Tbe net per he profit from two-rear old and 

three-year old crops of L1oeoorea cORPQe1ta were reoorded 

6e Rs.9,d50 a.nd Rs.18,210 re8,Peo",iTely (li6bha, quoted by 

Aeolkar and Chadha, 1919). 
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The net profits subatantiallT inorea.e when the dios

genin 1s extracted and aarketed rather than when sold 8S 

tubers. Amlual net profit. ot Ra.4',OOO to Rs.59,OOO per ha 

for a one-rear crop and Re.62.000 to Re.69,OOO per he for a 

two-year orop of DAtsoorea fl9£1bUDda have been reoorded 

(Baa1 and Randhawa. 1972. Barai .!l 11., quo ted by Aso lJcar 

and Chadha, 1979). TaJuddin!l!l. (1976) estaated an 

annual profit of Re.17,400 per ba tor a ~ee-year old crop 

of DAoscore. deltoidea. However, Rs.ls,600 and Re.21,170 were 

tne ,mllLlel prot! t. per ha obtained by tne extraotion of 

di08genin froa two-rear and toree-Tear old crops of Dio.oorea 

oompo.lata, respeotivel1' (Rabba, quoted br Aaolkar sud 

Clladtla, 1979). 

Regarding tne 800pe of C08tuS spec10su8 as a oomaercial 

crop, ~e report8 are confliot1ng. Economics of oultivation 

of COStu8 based on the actual cost incurred at Lucknow showed 

e net profi t of Hs .2250 per ha froa a 21-mon tb old crop 

(Singh !l !l., 1979). T.beir conclusion was that at tne 1979 

prioe leYel of diosgenin (Rs.450/kg). the crop could not be 

recommended to the farmers for coamero1al cultivation as a 

raw material for diosger~. A net profit of Re.a980 per ha 

vas obtained from an eight-saonth old crop of Costu,! .Reoiosus 

in Jammu (Balyan !! !!., 1980). Sudhedevi (1981) obtained a 

net profit of Rs.7,500 per he from a six-aontb crop of 

Costu8 at Vellanikkara. 





3. MATARIALS AND METHODS 

The pre.ent investigations were carried out trom 

~, 1981 to Yay, 19d2 at the College of Horticulture, 

Vellanikkara to inve.tigate the eftecta of spacing, rhizome 

weight and time of harvest on tbe 1'ield and quali" factors 

in Costue apecio.us. 

3. 1. ~ prepara tion 

The soil at the exper1laent.al plot had a sand,. C181' 

loam text.ure. The land was unifol'lll wi 'Ul modera te tertili ty 

and good drainage. The meteorologioal date. during t.ne 

cropping Beaeon are pre.ented (Jig.1, Appendix I). 

The aoi1 wae dug to 8 depth of ,0 om and the olods 

vere Droken eo as to obtain a .ediWl tine tilth. The area 

was then levelled. Raised beds of sla. , m x , m and height 

of 45 om were taken giv1n8 a spaoinB of 50 em between the 

SUb-8Ub plots, 60 OIl between the Bub plots, EU!d 70 OIl between 

the main plote. Cattle manure was applied at the rate of 

10 kg per plot (10 t/ba) and incorporated to tne eoil prior 

to planting. 

3.2. Plant.w IIsterial and elmt1y 

Rhizomes collected from. the border pl8IJ.ts of a pre

vioue experiment were used as ~e planttDg material. The 
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rhlzoaee were out into Dlta of tnr •• different grades, 

50 g, 75 g and '00 g pleoe.. They were planwd horlzontall.1 

at a dep'th of •• ven to t.en em below t.b.e eol1 surfaoe. Plant-

1Dg wae done on 20-5-1961 aooording to the treatIJent alloca

tlons in 'the dlfferen t plot... After planting, the so11 eur

fece waa mulohed wlto green leavee. 

3.3. Lv out and treataent details 

tn. experiment wae lald out. in 8pl1t-spllt.-plot deslgn 

wl th tbree replloatlons. The pariloulare of tne i.rea t.merr~e 

and their allooa~lon8 were .a given belows 

Alain plot (1) - t.1IIe of narye.t) 

D, - harvest at 81x aont.b. afier planting 

D2 - harve.t. at JUne months ai'ter planting 

D, - harVest at 'twe1ft montbs after planting 

Su~ plot (5 - Spac1ng) 

5, - 50 OIl x50c.ll'\ 

52 - 60 0U1 '" GO.:..Yt\ 

8
3 

- 75 CJIl x 75(;.m 

Sub-sub plot (W - veigbt of rhizome) 

W1 - 50 g 

w2 - 75 g 

W3 - 100 g 

Eaoh repllcatlon had 27 plots whloh gave a total of 

81 plots. Detailed la.r out of t.b.e exper1ment is given in 

11g.2. 
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X1trogen, phosphoras and potasslu. vere app11ed at 

tne rate of 75, 50, 50 kg/hs of H, P205 and K20, re.pectlvel1. 

11 trogen was app11e. in 'tvo .p11t 40.es, two-tb1rd 20 da.ra 

after planting rmcl the reu1Dlng one-third 60 dars after 

planting. P205 and K20 vere applled in two equal spllte, 

half a8 baeal and tne reaalnJn6 60 48YS atter planting. 

Earth1n6 llP was done 60 48,1. at.r pl8Dting. The plote 

were we.ded thrioe dur1D& tbe orop,tDg .eason, at 60, 120 

an4 180 dl\Ye after plant1l1&. 

,.6. OD8enat10ll! on F'''. ,!£!Ieter. 

Froa eaGb plot, toau- obMJ"t'at.1onal plants vere aarlte4 

at rando. aft..r leaV!Dg the border pl_te. The following 

ob.ervatione were reoorde •• 

".6.1. Plant helpt, M •• sU'aent wae taken tro. the 

baee of t.be at_ to tne t1p of tne '\o,.oet leaf of the 

h1ghest tl11er in each ob.enatlonal plant. The a .... rage of 

the four observatlonal plant. vae worked out to get the .ean 

h.1&bt of the pl8111.. per plot. 

,.6.2. Juab.r of t111ers per plants ~e nuaber of 

t111ers were determined Dr oounting tne nuaber of aer1al 





lJhoot. that had ar1.en fro. the rhl£ol1e. 7he mean number 

of tillere per plant vaa then calcu.lated. 

3.6.,. Number of leave. per tiller. The number of 

leave. on ach iller was reoorded and ~. mean number or 
leaves per tiller W8S tben computed. 

,.6.4. lumber of leav •• per planta !be nuaber of 

leave. of all the tillers in a plant was added upto get the 

number of leave. per plant.. !he .ean naoer ot leaves per 

ple.nt in a plot wa. '\hen worked out. 

,.6.5. Lengtb and w1dih of leave.I Tbe length and 

w1dth ot two leave. from each tiller were reoorded. the 

distanoe between 't.he point of att.aobllent of the lea! blade 

to the peeudostem and tne tip ot the blade V88 taken a8 the 

length. Width wae measured at. 1.b.ree pointe. n81Iel1, at t.b.e 

point of' max1Ulua width and one •• ah on 81 tber .ide of 1 t 

oorresponding to the pOints of .tnol1natlon ot the l811.1n 

towards the tip and baae of tb.e leaf. Fro. the •• , tne mean 

width of a leaf waa arrived at. Average lel~th and width 

of' leavee per plot 'Were 1.hen co.puted. 

22 

'.6.6. Total leaf area per plantl The aetrhodology 

su.ggested by Sudhadevi (1981) wae emplored for the e t1ma

tion of lea! area. TBe mathematical equation, ,.O.6341x + 
4.006 (where 1 • the leaf area and x • the product of length 

and breadth) was made \lee of. 7be to'tal leaf area per plant 



W fJ then arrived at. bl DlultlPl3'1nS tne 'aver ge leaf' area 

w1'th the number of' leave, per plant. 

Harvesting was done at three etage •• viz., at 81x 
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ontha (20tb November 1981). JJJ,.ne JIlontb.s (20th Febru8rl 1982) 

and 12 months (20th 1181 1982) aftar planting. 'lbe rhIzomes 

were dug out, roots were pruned and oleaned w11'.11 'tap water 

to re ove seiher ing so11 part1cles. Finalli., the cleaned 

rh1zomes wer r1nBed wltb distilled water. 

,.8. Post-barvest observatioAs 
•• 4 -

'.8.1. Number of ma1n rhisolles per plan". The nwaber of 

ain rhizomes produoed by the observational plants in the 

plot wae reoorded s.paraiels and their mean oaloulated. 

}.8.2. Length of main rhizome. The lens:th of the 

rh1zo es vas measured separatelf tor eaoh obe&rYational plant 

and the mean worked out for eaoh plot • 

.,.8 • .,. Internodal lensth of main rhlzo11eal The length 

of each internode of the main rblzOlIes of each bb.e,rvational 

plant was recorded separatelY and their mean work d out. 

,.6.4. umberot pr1lllBrl and seconderI' t~ere, The 

pr1m '1' fingers are those or1g1.n8t1l'~ from the sin rhIzome 

and tne secondary fingers are "those or1gina't1ng trom the 

pr1marl fingers (Plate II). The number of pr1mary and eecon4ary 





fingers vere counted •• paratel1 for ~. tour observat1onal 

plante and the aean per plot oaloulawd • 
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.,.6. 5. Leng~ and girth of pr1ller,. and .eoondary 

fingU's. Ten p.r11lar.r and 'ten .eoon4ar.r fingers were taken 

at rend .. troa ••• plo' f. '\b .......... '1_. 1ADa'\b of '\t1e 

priaU'T aU •• 00_1117 f1D&V. vue neod.' •• par.tell' ad 

........ ,\W4 fez: ••• \rp.. 'lh.U i1r'ih at the prozJaal, 

.1441. aa4 diatal per'\1oDa w.. al.o •••• ur.. to work •• t the 

.... Sir- ter ea. \1p. of t1qv. 

,.8.6. lva .... f _ •• ,... p.r1aal7 and ••• 0_817 

f.t.aae1'1 Dae _ie ot .. 4 ••• , _. 'wa p1"1aarT aa4 ... 0D41117 

f1qvs v .... 1' ......... ~,..."q at •••• 8Da •• puw. for 

••• Vp· • 

., .8.7. Total rAla ... 1'1.14. TAe rll1 ..... of aU _. 

plan" in '\be net plot v •• v., ........ "'e .... vork .. ou.'\. 

The t.otal T1eld of &r"Jl rhJ.s ••• per Aa vaa arr1Ted at taking 

into oon.14 .. '1cm tAe net area ., _. ,10'\8. 

Hal! a k110gram of the &r0.n rhizomes from. eaob plot. 

was chlpped and drled in the sun for one da.r. 711. samples 

were lat.er transferred to a het. air oven kept at 60-70oC and 

were dried t.o oons"ant weight on teat welghing. On oODlple"1on 

of dr.ring, ttle aamples were weighed aeparat.e13. The dr.r lIa"ter 

percentsp vaa oalcu.la"ed on ttle basia of fresh welght and 
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dr, veight. ttl. 'oul drT rh1sOll. 71eld per plot was 'Lllen 

arrlTed at. 

Soll aaaples vere 1aJcen before aad afw%" the experl

menta Suple., vere taken froa 0 to '0 _ deptA ., flTe 

randoa .pota in eaoh blook and tne.e vere pooled to get • 

repre.en\81.1" .aaple tor each blook. The aaaple. were air 

drled, around to pa •• 2 _ .1e",e and stored in pol¥et.b11ene 
• 

ablzoae s .. ple. oolleoted tor tbe eattaatlon of dr, 

aatwr vere powdered and used tor ~e extract10n of dioegenin. 

,.11. ~lrt1oal •• tnods 

,.11.1. So11s. To~l nJ.1.I'0gen in the suples was 

deterained bl KJ eldabl 4ip_tlon - d1st111at10n •• t.bod 

(Jaokson, 1959). A",ailabl. phosphorus extraoted b, Br~ Bo.1 

reagent (O.O' !! NH4F in 0.025 ! Hel) was determined b, the 

chloroetannoue reduoed .0~b4ophosphorio blue oolour me~od 

(JacJtaol1, 1959). ATa1lable ,01.8881 .. extracted OJ' 1 ! 

neutral aaaonlua aoetat. vaa e.t!aated using a flaae photo

.eter (Jackson, 1959). The 8011 pH was determined in • 

112.5 .,oll-vater auspension. 
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,. 11 .2. Ea 'U.a tion of dioagenin in rh1zoae. For the 

extraotion ot dlosgenin. '\he •• thod of Selvaraj (1971) vae 

adopted. 

The powdered rh1.oas .aaple. vere ueed tor tne ana~81e. 

Ten grUB of tne lIaterlal were blended t.horousbl¥ 1n a auer 

vi th 50 111of water for fl.e 1I11mte.. The slurrr waa trane

terrea 'to a 500 III flaek conialDJIlS 100 m.l of vater and a 

celculated 8II0unt of 11.45 If Hal a44ed to mainta1n the re--
quired a01d ooncentratlon of 2.5 I. tne flaa.lref1 tted wl tb a 

condenser vas plaoed on a bo.t.l1Da vater ba ib tor two hours 

to ooaplete the h,rdro13e1e. the elurry, at'ter hydrolys1s, 

vae oooled to rooll temperature and t11tered through a Buobner 

funnel under Yacuum.. The residue vae tben waahed vi th d1a-

t111ed water 1',111 tne tiltrate oe08lle free of ac1d. The 

res1due along with the filter paper vaa then transferred to 

a petri-diah and dried in an oyen at 100°0 for six hours. It 

waa then exvacted wltb. petrol.WI ether (b.p. 40-600 C) in a 

80xhlet apparatua tor eight hours. The extraoted solvent 

COlltain1ng dioes-nin waa oonoentrated to 25 1Il1, chilled in 

lce and filtered. toe motAer liquor obtained after tiltering 

V88 oonoentrated, ah111ed in 10e and the seoond orop of d108-

genin, it 8l\Y, was added to the f11'8t orop. l'.tle whole dioagenin 

was weighed after drying in an oven at 100°C tor two hours and 

expreased 8S percentage. 
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'3.11.'3. Statlstlcal anal"rsls' The data ob'\ained were 

statlstloall"r 8ll8l3'sed in a ale.rooOJlputer U8ine; 1ihe standard 

procedures (Snedecor and Coohran, 1967). 

Statistloa~ anal1s1. ot tne morphologlcal characters 

was done in spllt-plot deslgn 8. obserTatlons in this regard 

could be taken onls once at tbe fir.t stage of harvest du.r1ng 

NOTe.ber atter which tb.ere va. toul defoliatlon. As tne 

duratlon of t..he crop dld not beoOlle a veatment in this 

analYsls, spacing and mi •• e welpt were oon...a.dered as tne 

main plot and sub plot tre._ent. •• reepeotlvelJr. Rhizome 

charaoters and the 1'leld parueMra vere anal3.ed in 8pll t

sp11 t-plot desip wl ttl t.he dvat.lon of tne crop, spaoing and 

weight of planting aater!al allotea to the main plote, sub 

plots and sub-sub plots, re.peotl""ell'. Wl1ih regard to the 

effeot of crop d.uratlon on the 1'leld p8Z'SIletera, quadratlc 

response functlons were fitted (vhereyer parabolic eftecta 

were notloed) to find out tne optt.a. 

Root tlp squash teobniqae vae used for tne _stu~ of 

the ltarloVpe. Root tlp. oolleoted vere pre-t.reated in a 

saturated solut.lon of alpha-bromo naphthalene for '}O miIi-utes. 

The1' were t.h.el1 wae.b,ed in dlstl11ed water aud flxed in C8rno1"s 

fixative for 1d-24 hours. Afterwards, they were hydl"olJrsed 

in 1 ! Hel at 700 c for 5 to 10 81nUieS. The root t.lps were 



\hen stained, equaahe4 in 1l"on acet,ooaraine and eX8Ilined. 

Caaera luo1da drav1nge were aad. from vell-apread 80a8t,10 

metaphase platee. 
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4. RESULTS 

The etfeota of apaeiDa. weight of planting aa,erial 

and duratlon of tn. crop on \be 1181d and quali~ oonsti

tuent. in Coatu. ., •• 1o,u. vere !nTe.tl .. ted upon in a field 

\r1al <.p11t-.p11t-plot experiment with tnr.e replioations) 

oonduoted at the College of Hortioulture, Vellanikkara during 

1981-'82. The reaults of the !nT •• t1aat1on. are pre •• nted 

in thi. ohapMr. The ABOYA tabl •• tor t.b.e different charao

tera are appended (App.nd10 •• II to 'f). 

4.1. Mgrphologloal oh~ao\!ra 

4.1.1. Grgvth charaoter •• !h. data pertaining to the 

morphologloal charaoters of ine plante a. influenoed by 

spaoing aLd welsn t of planted rh1sOIIe. vere ana13l3ed ae 
, 

ep11 t-,lo\ deaign. The reaul til are pre.ented in fable 1 Bl.Ld 

and '\he anal.1s18 of nr1anoe /1n App.n4ix II. 

Statlstlcal ana138la of th. data on plant height 

revealed that tne heigt1t of 14e plant va. 81gn1.floantll 

influenoed by both spaoing and rhlzOile welgbt. The plant. 

height inorea.ed w1 tb deoreaa. in spaoing from 90.97 CII at 

S, (75,,75".:.")1 'to 95.52 om at 52 (60)(60cl11, and 101.16 om at S1 

(50 Jl50 (l1\j. 51 dlffered 8ig:nlflcantl1' trom 82 and 5.,; out \he 

differenoe 'between 82 and 5, vaa not 81cnlfloant. There vas 

a progress!" inoreaee in the helght ot the plants vl th 



Table 1.- Errect or spacing and we1ght of planting mater1al on tne growth. characters or 
Costus speoiosus 

---------~----------~----------~----------------~------~----~----~~---------------------~-~-
Plant Huber of NWADer Jiuaoer Lenatb W1dth of Area per Leaf area 

Trea tmen te he1Pt t111ers of or or le .... e. leaf per plant 
(oa) per leaTa. lea ... e. lea ... e. <OIl> <-.2) <_2) plant per per (ca) 

t1ller plant 
--------------~---~---~~~----~----------~--~~------~--~--~--~---------~-~-~~-~------~----~ 
5;eBC1ng 
81 - 50 ... ~Oc.nl 101.16 7.01 14.11 101.22 20.54- 6.60 98.10 9'90.71 
52 - 60..;(.0 ... "" 95.52 8.50 14.60 121.91 20.55 6.77 100.20 11740.45 
5, - 75A1ScYh 90.97 9.'5 15.'5 14'.'5 20.28 6.80 99.80 1,251.58 

--.--
CDO•05 5.'9 0.99 lfS 27.55 HS .s 1952.'7 

Weiset of 21antSni .ater~al 
W1 - 50 g 91.23 7.82 14.75 114.94 20.14 6.64 95.85 10152.82 
W2 - 75 g 95.88 8.17 14.71 121.84 20.58 6.75 100.46 11722.25 
W, - 100 g 100.55 8.88 14.60 129.70 20.66 6.77 101.84 12501.67 

CDO•05 4.00 1.0, JiS 14.70 NS liS liS 990.7' 
~----------~~--~----~----~---------~~~-----~---------~----~---~--~~--------~~-------------~ 

NS • Not signifioant 

w 
o 
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1norea .. 1n the rh1.0.. ve1&b1o. Tlle lle1ght. 111ores.ect fro. 

91.2' om at. w1 (50 g) t.o 95.86 ca at, W2 (75 &) and 100.55 em 

at w, (100 g). S1sn1tlo8l1' 41tterenoe. vere obeeneel in all 

the oa.ee. Int.erac't.1on8 vere not found 100 be 8igniticant. 

The nu.ber ot t111er8 per plant vaa found to !ncrea.e 

w114 inereaa. in epaoJ.na. The nUlabar of tll1er. vaa 7.01 

at 51' d.'5 at. 82 and 9.'5 at, 5,. 52 and 5, prodtlced a1gn1-

flo811t.13 lIore n1.DQer of t111ere t.baJl S,. but. between 52 and 

S, 81gn1tlcant. d1fluenoe vae DOt, ... n. The etfect. of veight. 

ot rb.iZOilee Ol.l proc1uot,lon of t11ler. vaa foWld to be linear. 

Increaaed velgb t. of rhlsoa.e re8ul1oe4 in proportions t.e13 

inorea.ed nwnoear ot t.1llere. No 8J.&n1f1cs14 t. d1tter8110es were 

ob.ened in t.be ollee 01' 1nwraot.1ona. 

Whl1e tne number ot l.a ••• per t111er was not found to 

be influenced by epacing or rhlzome "e1ght, the nuaber of 

leave. per plal1t \lalS profoWldls Wlue.need by both tbe factor •• 

Tbe ruaber of leaye8 per plallt, inor .... el fr014 101.22 at. ~, 

t.o 121.91 at 52 aucl 14'.', at. s,. S1ln1flcant. di!fer~ce was 

ooeerved bet-ween 81 and 5, onl¥. The effect of velght. 01' 

rhizomes on leaf produol,ion vae fowui to be linear. Increa8. 

in weight. of' rn1&omee propor\1cma1.e13 iucrea.ed. tn. nWl08r of 

leav •• per paL'. Int4tracUone were lolmd 1.0 De not. slgn1-

ficant.. 

The spaolng and weight. ot rhis ••• Mowed no eign1t1-

ocmt. effect. on the lengt.h. wldtb and area of lean8. Hovever, 



there was a substantial 1Dcrea.8 in tne total le.f area 

per plant at w1der spacings. the leaf area per plant in

oreased froa 9'70.71 .. 2 at 51 to 11740.45 cm2 at 52 and 
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2 1"251.58 OIl at S.,. 52 and S., di4 not differ 81gn1f1oan"l¥. 

The leaf area per plant was influeno.d Dr the we1sht of 

rhis •• s also. Tlle leaf area inore.s.d troa 10152.82 GIrl 

at W1 '\0 11722.25 .2 at "2 and 12507 .61 om.2 at W,. "2 and 

w., were at parJ but aign1fIoantl¥ cl1fferent froa w1• Bone 

ot the interactlol18 vas found to be 81fpli t loant. 

4.1.2. Rb1-M. cb.a£aotel'!' The data relating to the 

rhiso •• obaraoters 88 intlllenoect Dr spaoing, we1ght of plallt1ng 

materlal and duration of the Ol'"OP ha.,.. been analJ'sed ae spli t

split-plot design with duration of the orop in main plot, 

spaoiDg in au.b plot and ve1gb" of planting aater1al in sub-

aUb plot. The results are pre8.ted in 'rable 2 and the 

anal¥s1e of varlanoe, in AppendIx III. 

Spao1n& did not intluenoe tbe number of rh1zomes. The 

weisht of planting a.terial s1p1fIoantlT influenoed 1ib.e 

nuaber of rh1zOIles. The number ot rhizOJIles at W1 t W2 and 

W., were 1.76, 1.90 and 2.02,re.peotlvelT. Signif10ant 

difterenoe. vere ob.erved between "1 and W2 88 well as bet

ween W1 and W,I but not betw.en "2 and w.,. step of harvest 

d1d not have 81JI' marked effeot on the nwaber of rhizomea. 

The interaot10na were not found to be s1pi!ioant. The leng1ib. 

of rh1zoaes wae not aarltedlJ' 1ntl"enced 01' spacing. Howe..,er, 



Table 2.- Effect of .pac1D&, ve1sbt of planttng .a\er1al 
and etase of haryeat on ~e rhizcae character. 
o! Costus aReo1oa¥! 

Treataente 

Spac1nl 

8, - 50 011" SOL>" 

52 - 60 om)( GOe"" 

S, - 75 CIIl}( 1:J-~ .... 

CDO•OS 

B.ber of 
rh1z.e. 
per plant 

1.86 
1.87 
1.9S 

NS 

We~gb.t of 2lant1ng m.awrial 

W1 - 50 g 1.76 
W2 - 75 II 1.90 
w, - 100 g 2.02 

CDO•05 0.1, 

Stase of harye.t 

D, - 6 month. 1.68 

1>2 - 9 aont.he 1.69 

D, - 12 mOlltile 1.91 

CDO•05 liS 

Lenit.h of 
rh1zoa •• 

(oa) 

'2.'9 
'4.00 
34.88 

NS 

".76 
".9a 

'5. '3 
2.48 

'2.92 
,'.0' 
'5.'2 

1.70 

Internodal 
leng~ 
(oa> 

'.07 
'.14 
'.26 

'.09 
'.09 
'.28 

0.16 

2.98 
,.16 
,.,0 

liS 
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NS • Not e1gn1f1oant 
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tne welght. of tbe plant.1Dg _t.erlals influenoed tne lengtb 

of rhlzOJI.e. a igrU.floant.lI' • BAlsoae lengt.h increa.ed trOll 

".76 011 at. W1 to ".98 OIl at. W2 and "5.5' CII. ai W,. Signi

fioant. differenoe wae ODBerTed onlt Det.ween W1 and w,. As 

t.ne orop dura""lon increa •• d frOJl six aon"\hs (D,) to nine 

(D2) and ""welft (D,> aonths, 'tne leagtb of rhizomes wae 

found to inoreaee. The rn,i.OIlea were 32.92 em, ,'.0'.5 oa and 

'5.,2 em long at. D1, D2 and D"reapeotlTel1. D, 41ftered 

81gn1floanils from D1 and D2 • lone ot '\he lnt.eraot.ione was 

found io be signifioant.. 

SpaoinS had no marked efteot. on tne tnt.ernodal length 

of the rhl.cae.. We1gtli of the plaAi1Jli •• 't,erials slgnlfl

oant.l1 influenoe' the 1D.ternodal lenath. The internodes were 

,.09 ca, .,.09 om and .,.28 oa long at. W1' W2 and W" respecti

... e11'. w, was 8ip.ifloant.)¥ dlfferent. trOll W 1 and w2• Dura

t.lon of the crop also had DO 8igniflcant effect. on t.he inter

nodal length of rhizomes. The interaoilons were not found t.o 

D8 8ignifloant. 

4.1 • .,. Charaoters if t.ne R£1!YrX and seoondarl fWere, 

Data on tne effeote of the th.r.e trea1im811t.& on the Qnat-aciers 

of the pr1aary and seoondary t.1ngers are pre sen ted in 

Table'. The analJ'si& of varianoe ls given in Appendix IV. 

Spacing had no effeot on \be number of primary fingers. 

Inoreaae in the weignt of plant1Dg aaierials brought. aoout. 
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a progressive increa.. 1n ~e DUaber of prtaarl fingers from 

5.28 at W1 to 5.55 a~ W2 &D4 5.80 at w,. However, eignif1-

oant d1fferenoe was ooaene4 onl.,r Detween \<11 and w,. Stat1e

t.i081 anal.1e1e of the 4ata sboved 'that nWJI.ber of pr1a&rl 

fingers increaaed as tne harvest was del~ed. Wh11e D2 and 

D, 41ffered e1gn1:tioant13 froa 1>1 'Ulel eb.oved no marked 

41fferenoe between th... fAe llWIoer of prJaarl f.1n&ers at 

D" D2 and n, were 5.14, 5.69 and 5.81, r.epect1ve~. Bone 

of tne in'teraot10na wae found to be 8ignifioant. 

Len&th of iIle pr im8Z'1 finger. oorre.ponding t.o 51' 52 

an4 5, were 11.61 om, 1,.14 om and 1'.50 em, reapectivelT. 

Significant differenoe. were observad exoept oetween S2 and 

5,_ Weignt of tile pla.n~1D& •• wrials had aignif1cant effeot 

on 1be length of pr1a817 f1J18ere ." W, 1..,.e1 (1,.88 ca). 

W1 (11.92 om) and W2 (12.44 oa) di4 not Tart a1gnif1oantlY 

in 1b.1s reepect. Length" of tne prJJaarl f1n&er8 was very much 

influenoed 0.1 the raa1n plot Ve.1iment at D, level. The 

length of pr.il1lar.1 f~erB was 14.44 om at D,. Bo'\b at D1 

and D2, 'tne primary finger. were onl.1 11.91 om 101l8_ The 

int.eraot10n15 showed. no 81',8 t18t.10a1 d11'ferel~oe. 

Increaaing the spacing ae well 8S planting heavier 

IIster1al Drought about poe1 tive attaots on the girth of 

pr1lla.r1 fingers. The g1rtb 1.nCreas84 from .,.t)9 ClIl at 51 to 

4.67 011 at 52 and 5.88 CJIl at 5,_ !h. g1rth8 were 4." 011, 



fable '.5. - Effeot. of spacing, we1gbt of pla.ut.1ng mat.erial and st.age of harYeat on tne characters 
of pr1aary and secondar." fingers of C08t."S Spe0108"S 

~-----~------~~-~-~~---~~~~~-~---~---------~-~~~---~~-------~-----------------------~-~~-~~~~~ 

Trea tm en ta 
Iwabe.r of Length 
prtaarr of pr1-
f .1ngere m.arT 

fingers 
(em.) 

Girth of lfWlOer Bwaber o~ Leng1.h of 
pr1Barr of nod.. .econdary secondary 
fingers per pr1- fingers fingers 

aar.r ( CIIl ) 
(om) finger 

Girth of 
secondar." 
finger. 

(em) 

Naber of 
node. per 
.eoolld8.l"1' 
finger 

~---~--~------~----~------------~~---------~--~--~---~----------------~------------~~~~----~-~-~ 
S28OJ.ng 

8 1 - 50"so(..~ 5.46 11.61 3.89 5.48 4.'.57 '.92 2.91 3.72 
82 - 60 "GC,-"."" 5.67 1'.5.14 4.67 6.'5 4.'9 4.2'.5 '.05 '.71 5, -75.( 7.,-" ...... 5.49 1'.50 5.88 6.42 4.60 4.82 '.'2 '.77 

CDO•05 NS 0.84 041 0.46 IS 0.,6 0.24 liS 

Wei~t of Rlantlng matArial 
W1 - 50 g 5.28 11.92 4." 5.64 4.20 4.1, 2.94 '.48 
W2 - 75 g 5.55 12.44 4.79 6.07 4.59 4." '.05 '.79 
W, - 100 g 5.80 1'.88 5." 6.'4 4.51 4.50 '.29 '.9' 

CDO•05 0.37 1.22 0.24 0.41 .5 0.'4 0.20 0.22 

§.1eS! of harvest 

D1 - 6 aonths 5.14 11.91 4.56 5.9' 3.'4 ,.6, 2.92 '.'5 
D2 - 9 lIlonths 5.69 11.91 4.88 5.95 4.61 4.45 '.22 3.69 
n, - 12 months 5.81 14.44- 5.01 6.37 5.44 4.89 ,.14- 4.17 
- ,,_.,- . 
CDO or. 0.2' 1.17 NS US 0.47 0.43 0.19 0.38 
~ __ ~~2 __ ~~~ ___ ~~_~~_~_~_~~~~~~~~ ___ ~_~ ___ ~ __ ~ _______ ~_~ __ ~~~~~~~~ _____________ ~~ _________ ~ ______ 

NS • Not significant 

W 
OJ 
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4.79 om and 5." OIl at W1, W2 and w." r •• peot.ivel.r. Slgnlfi

oant dltference. vere OD""84 1n bot.b. the treatments. Delat

ing t.be harve.t. di4 not Dr1q agou.t 8.DI' marked change in t.b.e 

g1r1ib of pr1marr fingers. The j,nt.8raot10I1S showed no st.at.i.

tioal signifioanoe. 

Inoreaae 1n apac1ng increaeed '\be nwaber of node. from 

5.48 at 5, t.o 6.'5 at 52 and 6.42 at 5,. 51gn1f1cant. dlffe

reneea were observed b.tween 51 8D4 82 a. well aa between 

5, and 5., I bu.t not between 52 and 5,. As far a. 1ib.e ve1gbt. 

of ~e plant.iDg material vas concern.d, .ignlficant varlatlon 

in tne nwaber of node. va. obeernd oDl.l' beween W, (5.84) 

and W., ( 6. '4) , a1 'tbough 't.tle.re vaa a .t.ead.Y increa.e in the 

nwaoer of nod •• wlib inor •••• 111 the weight of rhil'.o.e. planted. 

Increa.ing the U"op d..arat.1on bro. t about. II&J"g1nal 1no.re •• e 

in the nUllber of node. per prla8l"Y fiDger whlGh va. not a'\8-

tlstioallT aigniflcant.. All tnt.eract10ne exo.pt tnat bet.w •• n 

.pacing and weight of planting mawr1al were found to be not. 

.ignificant. 

Increasing the spacing 1norea •• 4 the lellgth of •• 00nd8.l'1 

fingers from ".92 em at 51 t.o 4.2' om at. 52 and 4.82 os at 5,. 

Significant differences were observed except between 5, and 52-

Increas. in tne weight of plant1ng mat.erlal al.o contr1buted 

to the increase in length of t.he .eoonAiarr f1lJgera. The 

•• oondary fingers were 4." om, 4.'5 _ and 4.50 OIl at W1, 

W2 and W." respeotivelJr'. S1&nJ,.t1oant dlf:t:uenee waa ob •• rved 



on1-1 between W, and W,. Leng'tb. of t.ne •• oonder,. f1ngere 

inor .... d oy del811na 'tAe ham.t. Len&1.h ot the .econdary 

fJ.nprs at dlfferent claw. of ~ •• t vere ,.6, _ at, D" 
4.45 om at, D2 and 4.89 om at »,. !he etteot,. vere ob.erved 

to be elsnitioant in all the C88... Interactions d14 not 

ahow 81gnif10ant .ttecte. 

Gir'\h of the .eoondary t1ncer. inOJ"ea.ed trN 2.91 CIa 
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at 5, t.o .,.05 OIl at. 52 and ".'2 em at. S.,. 53 had .ignif10ant 

efteot, o .... r 5, and 52. There v •• a progre •• ive inorea.e in tb.e 

girth ot aeoondary tingera aa 14e ve1gbt of planwd rhizome. 

inerea •• d. It increaeed !rea 2.94 - at, W, '\0 ".05 em at W2 
and '.29 oa at. w.,. The effe.t. of W, vaa foUDd '\0 be e!pi

ficant Oyer '\bat of W, and W2• G1r1ib. of '\he .econdary fin

ger. wae found to inorea.e troa 2.92 .. at, D1 to '.22 om at 

D2 and decreaae to ,.14 om at D,. D1 d1fter.d 8iga1fioantlT 

from bo1A D2 and D,J INt, t.h. differenoe oe1;w.en D2 and D., 

va. not .tati.ticall1 .1IDifioant. Interactions abowed no 

aignificant differ.nce •• 

The toree apacinl- vere toUDd to be 8~ti8tioallT on 

par vith respect to the number ot node. per secodary finger. 

There vas a steady increaae 1n 'the nwaber of node. .a veigb t 

of 'the planting material incr.a •• d. The number of nodes 

were '.46 at W" '.79 at, W2 and '.9' at W,. W2 and W, did 

not differ sig:n1fioant13 vhile W1 and W2 ae vell ae W, and 
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W, showed aignifioant differenoea. With inoreaee in crop 

duration, the nwaber of aod •• per aeoon4(U-1' finger inoreaaed 

from ".'5 at. 1>1 to ,.69 a~ ])2 and 4.17 at D,. S1&n1ficant. 

d1fferenoe. were observe. between D1 and D., ae well 8. between 

D2 and D,I but. not between D, and ])2. lone of tne inter

aotion. abowed atatistical 8isn1fioanoe. 

The data on the T1eld of rh1seae. and dioagenin ae 

1nfluenoe4 Dr the duration ot the orop, spaoing and we1ght 

of planting aaterial are pr •• eat •• 1n Ta~le 4 and the analTe1e 

of variance, m Append1x V. 

W1 th re8peot to epac1n&, hJ.sb.er 1'1eld8 of &reen rhis_ea 

per he were obtained at, oloaer .pac.1ngs.- There was a ate.Ar 

inoreaae in '\he l1eld b1' .eore.aing tne spaoing, 51' 52 an4 

5., giving average 1'1elds of 4,.12, ,6.16 and "4.84 tonne. 

per ha, reepeot.1velT. The effeot of ve1gbt. of planted rh1zome 

on 'the y 181d WBS .een to be l.1near. Inoreaaed rhizome we 19b. t 

proport,1ona~lT inoreaeed tn. Tie14s. The r1eld more.aed 

fro. '5.11 tonne./ha at, W1 to '7.7 tcmne.!ha at W2 and 41.,1 

t,ODDe./ha at, w,. Wi t.ll reapeot to the durat10n of the orop, 

tne per heotare lield of green rhizomes 81&nlflcantlT dlffered. 

There was a linear decrea •• in the Tield 88 the harvest was 

del.a3ed. The lield of green rhizOilea at. D1 , D2 and D, were 

45.,1, ,6.91 and ,1.91 toDn •• per ha, re.peot.lvelT. 1>1 wae 



8ignificantl1 different troa D2 and D,. the interactions 

were fo~ to haye no al1P1t1cant .ftect. 
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Spaoing and v.1ib\ ot plant1nl "'-r1al ha4 no effect 

on the drl .atter. The ..... of llarve.t enibi Md signi

fioant influenoe on the ur aatw.r p.roenta,.. The drl 

aa\ter inore ••• d fr .. 12.4 per oen\ at D1 to 18.67 per cent 

at D2 and d.ere •••• to 17.2 per c.nt at D,. S1sn1:f'icant 

difterenc •• w.re ob •• n.4 .. tw •• n D1 and D, •• vell as bet

ween ])., and D2 • but not betv.en ])2 and D,. Quadratic re8-

ponae flUlotion ahowed tnat tAe optiawa mat..rl t.r for obtainIng 

hiib drS matter peroentage waa tan aon\hs. 

At, t.he cloae.t apa-iDa 8,. '\he dr1 rhizoae yield per ha 

va. found to be .1In1ficantlr hliBer as compared to ina 1iald. 

at 52 and s.,. Th. y1e14 va. 6.90 10Dnes/ha at 51' 5.82 

tonnes/hs at 52 and 5.'" tOJlll •• /ha at s,. fhe effect of 

we1gbt of the planting m.ater1al on the lield of dry rhizoae. 

was found '\0 be l.1near. Inor •••• in tile ve1ght of rllizoae 

resulted in 8 proportionate inor.a •• in lield. The eff.ct 

of duration of l4e crop on the lie14 of dry rhizolle. was 

found to ne quadratic. The dr.1 rhizome lie14 increased froa 

5.62 tonne./ha at D1 to 6.96 'tonne./ha at D2 and decreased to 

5.48 tenneB/ha at D.,. B.r fittinl the quadratic respon.e 

funotion the opt1aWll atage for obia1nJng high drl rhizOlile 

yield wss found to be nine Jlon'th.. Significant differenoes 

were not observed tn the oa •• of 1n'-rao~1ona. 



Table 4.- Effect. of spacing. weight. of plan'tiDg lIlaterial and s'tage ot harveat. on 
the yield parameters ot Cost.us speci08u. 

~~---~--~---~-~-~~~~--~-~~-----~-~~-~-~-----~~-~~~--~--~-~-~~----~-------~~--~--~--~--
Yield of Dry Yield of 

Tre. 1imen t.8 green IIst.ter Uy 
rhiscae. (1c, ) rhisoae. 

(t./ha) (t/ha)' 

DioeSenJ.n 
cont.ent. 
(~) 

Yield ot 
diosgenin 
(kg/ha) 

-~----------~---~--~--~-~-~~---------~--~-----------~-~--~~--~~---~-----~---~-~------~ 
SR8CW 

51 - 50 cm .... !:i·O .... '" 4,.12 16.'2 6.90 1.79 12.,.65 
82 - 60 em J( Ge(,., '6.16 16." 5.82 1.64 99.21 
S., - 75 oaK7.!)·..:", '4.84 15.68 5.'" 1.6, 88.74 

CDO•05 5.80 liS 0.91 B5 21.42 

~eisa ~ of 2lan'tW8 .aaater~.l 
W, - 50 g "5.11 16.'2 5.61 1.62 9.,.95 
W2 - 75 g '7.70 15.95 5.88 1.75 105.77 
w., - 100 g 41." 16.08 6.56 1.69 111.88 

CDO•05 4.55 lIS 0.82 0.11 15.6' 

Ltase ot hamel D, - 6 months 45." 12.40 5.62 2.01 112.80 
D2 - 9 aon'\hs ,6.91 18.67 6.96 1.79 129.66 
D., - 12 aontbs .,'.91 17.27 5.48 1.26 68.95 

CDO•05 5.12 1.84 1.24 0.21 '6.57 
~--~~-~--~-~--~-~~~--------~--~---~~~-~~~~~~------~---------~----~-~---~~-~-------~--

NS • Not 8ignifioant 
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The etteot of .paeiDI OD ~e diosgenin conten' vas 

not eignifioant. Weipt. ot plant1Dg aaterial emibi ted sig

nifioant etteot, on dloepn1n oontent.. The diosgenin content 

was 1.62 per oent at W" 1.75 per oent. at W2 and 1.69 per oent 

at w,. Signifioant ditferenoe vae obeerved on13 between 

W1 and w2- The data on diosgenin oonien' ehoved a steaq 

deoline aa the harye.t vas 4el..,.ed. The diosgenin oontent. 

vas 2.01 per oent at D" 1.79 per oent. at. D2 and 1.26 per oent. 

at D,. S1gn.1tIoant. ditterenoe. vere oDeerved 8.lIl0Di all the 

stages. The in'\eraotiona indicated no auked differenoe •• 

An yi.14 of 12,.65 kg per ha of dio.genin vas obtained 

at. the olos •• t. spacing. 81• !h. ri.ld decreased to 99.21 kg 

and 88.74 kg per ha at 52 and S" r •• peotlTels. 51 vaa .J.g

nitioantl¥ superior to 82 and s,. fhe veight of planted 

rhizome. vae ooaerved to have a linear effeot. in \he yield 

of diosgenin. Tbere vas 8 proport,ions ie increa.e in the 

diosgenin yield 88 the v.1gb. 1. of planting ma terisl inCZ'eased. 

Tbe da'\8 on per ba .r1eld of dioe,enin revealed tbat. it in

increased !rOll 112.8 kg at D1 to 129.86 kg at D2 and decrea.ed 

to 68.95 kg at n,. Both. D, and D2 vere 8ignifioantl.r superior 

to D,I but be\veen D, aDd D2 tbere va. no s1gniflcant ditte

renoe. From the quadratiC reaponse tunot.1on the opt1aWll 

siage ot harveat for maximum 1'ield of diosgenin per ha was 

found to be eight months. The interactions did not emibi t 

signifioant differences. 



Tbe expected .rleld of e.o.b. vaa .ent oOllb1na t,lon vaa 

de4110e4 trOll tne linear aodel of 'the expttr1JD.ent aa 1'0110"8' 
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vb ere Y 1Jk 18 l4e value 1.0 be expeoted (apart, troa 

exper imeniel error) from a plo~ in whiGb i'th level of 'ttl. 

dl1ration of the crop, J'Ul 18T81 of spao1DB and Jt'tb level of 

we1gb.t of plantinB Jlaterlal are applied and Di' Sj and Wk are 

tne ettect. of the dl.U"atlon of '\be crop, spaOing and velgbt. 

of planting aater!al, respeof,l",e13. The interaotions were 

not oonaidered in thi8 80de1 Hoa •• e of tne abaenoe ot 8'tat18-

t,10al significanoe. It was found '\hat a Jlaxiawa 'yleld ot 

157.65 kg/ha of dioagenin could be expeot8d froll 'the '\rea tment 

cODlbinf,tdon D2S1W3• 1.e., 100 I rhlS011e »leoes. plantea at 

50 X!S"O(.M spacing and the harvest done at nine months of plant-

ing (Table 5). 

4.4. Correlation stud1e. 

Oorrelatlons between the morphological charaoters ot ~e 

plant and tne rhizOIle charaot.el-a on the one hand, and the 

.11eld ot diosgenin per plant on tile ot.b.er were worJted Ol1t. 

The correlation ooefficients tor different charaoters are 

furnished in Table 6. 



Table 5.- Ob.erved and exp.ot.d 71.1d. of d10.,enin 
under 41tte.rent V ...... nt oOilbinat,iona 
Ol.an ot t.bre. l'.p11oa tiona) 

-... ~ ..... --....... ~-.. ~--------~-~ ..... -.. -..-. .. --...... ~-.... -............... -........ -.......... 
Tre. traent. Ob •• ned ~1eld 

(qIU 
Expeot-ad 71814 

<k&/ha) 
--~~~~-~-~~~~~~~-~~-~-~~~~-~~~~---~~-~~~~~-~-~~~~~---

D'S1 W1 127.'0 '22.66 
D,S,W2 1'6.76 "4.48 
D,S,W, 147.'8 140.59 

D'S2W1 90.79 98.22 
D1S2W2 104.88 '10.04 

D'S2W
' 115.'9 116.15 

D,8.,W, 98-.55 87.75 
D18,W2 96.2, 99.57 

D,S,W, 97.90 105.68 
D28,W1 142.18 "9.12 
D28,W2 152.59 '51.54 

*D2S1W, 159.90 '51.65 
D2S2W, 97.45 '15 28 
D2S2W2 120.05 127.10 
D282W, 1,6.12 1".21 
D2S.,W1 89.51 '04.81 
D2S.,W2 96.16 116.6' 
D2S.,W., 1.,6.06 122.74 
D.,S,W, 68.6., 18.81 

D.,s1W2 102.50 90.6, 

D.,s1"" 85.a., 96.74 
D.,52W, 50.72 54 • .,7 

D.,82"2 79.16 66.'9 
D.,82W., 48.'4 72.,0 

n,s.,w, 51.95 4'.90 
n.,8.,W2 51.62 55.72 
D.,S.,W., 79.98 61.e, 

* Tr ••• ent combinatIon whiCh p .... ~. aaximwa 1'1eld 

44 



Table 6.- Correlation ooeffioienta for different 
.ar1ables 

Yield of dioagenin 
per plant .. 

.. 

., 

.. 

.. 

.. 
It 

.. 
tt 

.. 
II 

.. 

.. 
naB 1 df • 79 

Baaber of tillers 
per plant 

:I.bar of leav8. 
per plant 

Leaf are. per plarlt 

B.ber of rhi •••• 
p.r plant 

:r.na1b of rb.izoae • 

BUIlber of p.r1aar1 
fJ.Dge.rs 

Lena1ih of priaarr 
f.1.Dger8 

G!rib of prJ.a&r1' 
f1Dger. 

Buber of .. ocm4arr 
finger • 

LeD&th of .. oondul' 
finger. 

G!rtb of .eoondary 
fJ.nger. 

Drr matter <.> 

Oorrelat.ion 
ooeffiol en t.e 

(r) 

• 0.'86** 

• 0.275* 

• 0.,61** 

• 0.4,6** 

• 0.29'** 

... 0.'57** 

+ 0.254* 

• 0.227* 

+ 0.,00** 

• 0.215
lffi 

+ 0.20,18 

+ 0.499** 

Diosgenin content (~) +0.526** 

liS • :lot. _!pifioant 
* • Signifioant. at five per cent level 

** • SisnJ,tlcant at one per cent level 
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_waber of ,\111 ... per plan"', _at are. per plan", 

nuaber of m1s.e. per plan1i, 1.na1b. ot rhisoaea, nvabel!' 

of pr1aar1' finger. per plaalii, IUDber of ••• oncl&r7 f1ngera 
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per plan"', drr a.1i"er per.an~e and d10acentn oontent 

&bowed h1gn~ .1gn1t10an" p •• l"'1ye oorrelatlon8 w1tn tne 

rl.1d of dl0 ••• nin per plan1i. Po.l,\1" oorrelatlena .1SD1-

:r10an1i a1i fl .... p.r oenii 1",,1 va. 00 ....... 4 in th. oa •• of 

71.1d of 410 •• enin per plan1i vita aaaber of l.a.,..a p.r plant, 

aDd 1.Jlg1A and girth of pr1llar7 t1DCVa. S1p.1tloan'\ 001'1'.-

18'\10n8 vel'. not ob •• rn4 bew.en '\h. oharao1iera .,,011 .a 

he1&h i ot th. plan'\, 1-._ ant ,.I.r'Ul of '\b. 1I.00MUI fin

,ere, and the 11.1d of 41o~..ua per plan'\. 

loonoal08 of o"l'\l .... UOI1 and tA. n.i prot1t. whle 

oo"ld be .xp.oted froa au, »J.ne an4 "".1 ....... 011_ old 01'09. 

of C.a1iull lIeeo1Q.ua w.re ooaPQ~. baaed on ~. .xpeoiad 

71eldll of 140.59 q, 157.65.1ta aa4 96.74 kg crude 41oegen1n 

of 60 per cen'\ purl V per ha, ".pe011 ... 16 (Table 7, Appen-

dix VI). 1he prlce of dl08,en1Jl va. 1ialten .a Re.525/- per q 

(Anon., 1982) for t.h.e oaloulat1o», of 'Ul • •• i protl1i. I1i wae 

•• en tb.s.t a net. protli of R •• 4840/- aDd Re.6270/- oould be 

obU1lled trOll slx-mont.h and n1n."0I11ib. old orops, r.apeot1Te13. 

The t.v.1 ....... onth old crop r •• ul,\.d in • 10 •• of Re.130 per ha. 



Table 7. - Eoonoalo8 of Co8W, eul'li" tlon and extraction of 
diosgenin fro. ODe .ee\are* 

-~--~--~~~~~--~----~~-~--~--~--~-~~-~-~--~--~~~-~~~~~~~~~--~---

Ite"8 D181W, D2S1W, D,S,W, 
--~~-~~-~--~-~--~~-~~~-~-~-~-~--~-~---~-~---~~~~-~---~~---~~ 

1. Cost of oultlT8tion 11e. 9922.15 118.10281.75 118.10287.15 

2. Oost of ex\raetlon 
and purifloation aa.2952'.90 Re."l06.50 R •• 20,15.40 
of dlo8genin ,. To'\al expend 1 'lure 
for cult1Tat1on, 11s.'9446.65 Re.4"94.25 Re.,060,.15 exu-action and 
purifioation 

4. Crude dioegenin 140.59 q 151.65 kg 96.15 kg reooTered 

5. PuriV 60,& 6~ 6~ 

6. Quanti V of pure 84.'5 kg 94.59 leg 58.04 q dl08genin 

7. Sale Talue of 
dl08ger.in Rs.442a'.15 118.49659.15 R8.'0411.00 
(@Ra.525/-per kg) 

8. .et profit/loee +R.. 48'7. 10 +Re. 6265.50 -R8.1,2.15 

--------~--~---~-~---~~------~~~~-~~~~~~-----~-~~~~~~~~-----~ 

* Ba.ed on 'tbe expendi iure inourret at tbe experimental plot -
de tall. worked out in Appen41z TI 
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tne ortolog1oal .xaa1Da~lon reyealed 1bat tn. race 

o! Co.tus eR.O~O.U! u •• d in ~e stud1e. had a soaet1e 

ohroa08oae nwabe.r of 28-" (Plaw nt, Fig. 9 ). 

The 8011 at tile expuiaen tal 81 te va. h1gh 111 N an.4 K 

and low v1~ resp." to " .a.d on 'Ule oonTentlonal s011 

test rating (Table 8). 
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Table 8.- Chemical charact.eristios of the soil in the experimental plot 

------------~------------------------------------------------------------------------
Conten 1. in soil 

Constituent 
Before After 

experiment experiment 

* Rat.ing Method used for 
estimation 

---------------------~-------------------------------------------------------------~-

Total nitrogen (%) 0.072 0.072 

Available K20 (ppm) 224.8 182.8 

pH 5.15 5.2' 

hip 

low 

Kiorokj eldahl 

In Bray-1 extract, chlorosta
nOQS reduced mol1bdophos
phoric blue colour method 

In neutral normal ammonium 
aoetate extract - Flaae 
Photometric 

1.2.5 soil:water suspension 
u.a1q pH meter 

----------~--------------~-~-~--~-~~~~-~-~--~~---~--~--~~~------------------------

* Muhr !!!l. (1965) 





5. DISCUSSION 

The inveetigations reported in tRi. tBeei. were 

Wldertaken at t.lle College of Hortio"l tare, Vellanikkara 

during 1981-'82 to etudy the ettects of spaoing, weight of 

tne planting asterial and duration of tb,e crop on the lield 

and quali" factors in Qos~e ,peoiO'9.-

5.1.1. Growib. oharaoiU's. The obaenationa on morpho

logical charaoters were t.aken 0Al8 once, i.e •• at the time 

of first harve.t in Ifoveaber. Bercm4 this stage, defoliation 

set 111 and no leans vere reta1ne4 bl' tabe plant. The st.at,ls

t1cal analysis vae done 88 .p11t-plot w1th .pacing ae main 

plot trsataen'\ and weight of planting material 88 sub plot. 

trea tmen'\. 

Among the morphological cbaract.ere staldied, '\he nUliber 

of t11lers per plant, number of leave. per plant. and leaf 

area per plant inoreased prosre.8ivel¥ vlt.h .pao1ng (Table 1, 

Fig. " Appendix II). Though 81.p1fioant differences were 

not ob.er'f'ed in the nwaber ot leaves per tiller (ami henoe 

W the nuaber of nodes) at '\he different spacing., t.b.e plant 

height vaa oosened to be higher at closer .pacings. Thie 

S"888 St8d that tne inoreaae 111 tile plant height at h1&h d8n

a1 iy planting wae ma1.nlT due to 1nte.rnodal slongs t10n. The 



increase observed in the BUIlber of leav •• per plant at wider 

spaoings wi'\hout marked onanges in the nwaber of leaves per 

tiller suage.ted that the additional tillers oontribu1ed to 

the increaeed leaf produ.otion per plant at wider spacings. 
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The lellBth. wid t.b. and area of leave. were not influenoed 0.1 

the apaoiDg. But tne leaf area pel' plant was found to ce 

eignifioan1,l¥ higher at wider Bpao1ll&e. nis oanbe a1,trl

buted to the inorea.ed nUllber of leave. per plant. The re

sul1,s \hue 1ndlcpte tbat planting Coatsa sRecioBu.. at wider 

spaOing (75x'7~~W\) enhance. ~e yecetat1ye growth. Increaaed 

vegetative growth at wider epacinss has been reported in a few 

.edioinal plant. •• Gulat.i !! !l.(1977) observed bet.ter vege

u tive growtb of A trope bell~49PP' at wider spacing.. In 

aeJm&. 'tne plants at low dens1 \r planting e%hiDi ted illorea.ed 

vegetative grow'tn and nerbap l1e14 per 'plant (Nandi (Illd Ch(,11u"jI!~, 

1981), though t.be heroage lield per unit area was higher at 

oloser spac1nge. A critical exaa1nat10n of these observations 

and the resul"., of the pre8ent 8tudie& indicate tbat "ide13 

8paoed plante fared better than 0108ell spaced plante with 

regard to vegetative growth oharaoters. 

The weight of tne plant,1.D& mawrial WSS 008e"ed to 

have signifioant 1.n!luen<.:8 on the plant hel8ht. number of 

tiller8 and leaf produotion per plan" (Table 1, Fig. " 

Appendix II). ~he number of leave. per tiller waa found 

unaffected by the weight of planted rhizomes. 
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increaee in 'the nWllber of lea ... e. per plant wae obaened 

with tne increa.e in the ve1Cht of planting maierial, which 

i8 .a1nl1 due to the oontribution of inoreased uuaber of 

tiller.. The length, width and leaf area were not markedlT 

influenced b,. 'the welght of plantiDS uterial; but the leaf 

area per plant steadll¥ incre.aed vi'ttl inoreaee in weight of 

the planted rhizomes (Table 1, F18."). 'this indlca;'8d that 

higher leaf area per plant resulted from hlgner leaf produo

tion which in iurn resulted frOll higher tiller produotion. 

The resul t.8 of the 9re.eni in ..... tiga t1o.ns are in oon

for.it,. wit.h t.he fllldings of Sharma!!!!. (1980) in Costus 

S.2e0108U8 and Randhawa uwl 1'1.!..I"C.1. (1974) in t.uraer1c. In ieneral, 

plant.1ng of large sizeu raizoaee res111t.ed in ueifier vegetatiye 

grovth. 

5.1.2. Rhizome oharaoters. !he obseryat.ione on rhizome 

obaraoters were ana138ed in 8pli i-apll t-plot design vl th tne 

duration of 1ihe crop in main ploi, spacing in sub plot and 

welght of t.ne planting maierial in Bub-sub plot. 

Spacing did not impart significant influenoe on ~ of 

\he rhizome charaoters (Table 2, ~ig. 4, Appendix III). The 

weight. of planting mat.erial slgnificantly 1n!'luenced all 'the 

rblzOJIle charaot.era. The IlWJlDer, length and iniemodal lengt.h 

of rhIzomes inoreased ae the weipi of .Qlan1.1ng lIaterial 

increased (Table 2, Fig. 4). AlIloll8 tne rhizome obarac1.ere, 

the length of rhizOIDe alone vaa influenoed boY the etag. of 
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harveet. The leng1b inore •• ed s1gn1f1oant13 wl th the in

orease in crop duratlon (TaDle 2). 

5.1.,_ Charaoters of prpaar.r and aeoonder, fH+i!ra. 
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W1der .paoing brougbt 8Dout a 81gnifloant increase in the 

length and number of nodea of the pr1lAary fingers. 'but their 

nUllDer and gath were not markedl¥ 1nfluenoed 01 the dlffe

rent spacings (Table " F1g. 5, Appendix IV). The more the 

welght of planted rhlzomes, "the aore wae the nuber of prl

aarT fingers, thea le.nst.h., girth and nWlloer of nodes. The 

nUllber of pr1.rDarl fingers and tneir lengt.b. were elp.1floantly 

inoreaaed Dr del81!ng the harYe.t. However, deJ.a.rlni tne 

harTeat dld not bring abo~i U'I¥ .ark.d ohange in the girth 

and. the nwaber of node. of \he pr1aary finger. (Table " 

F1g. 5, AppendiX IV). 

The length of the a.oonclarT fingers and their girth 

were 8ignlf10ant.q h1gher at wider .pBo1ngsJ but the IlWIlber 

of aeoondar1 finger. and the nwaber of nodes in them. were 

not 1nfl~enoed 01 spaoing. All \he seoondarT finger Oharao

tere. exoept their llWJlDV, inore.aed elgn1fioantl.r w1 t.b. the 

increase in 'the welght of planted rhlzomes. Inoreaaing \h. 

orop durat10n orought about a progre.aive increase in the 

.econdarT finger characters suah .e their nwaber. length aDd 

nwaber of nodee. The girth of the seoondary fingers first 

inoreaaed and then showed a decre.ee. with. the age of the 

plant (Table " F16. 5. Appendix IV). 
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5.2. Yleld of rhi&oae 9. cU.a.,eni.n 

In denS8 planting, '\be "ield of green rhizomes, drr 

rhizomes and diosgenin per ba wer\ found to be hiiber (1ig 6). 

Ou.t of the three spaCings (50;(~oG\"i 60><60c\1, 8lJ.d 751C 7.!l-.;.,·,) 1.rled, 

tne closest spacing of SOAS-Oon W8S found to be 8ignlfio811t13 

su.perior to the otnere. ~pa01ng had no eignificant effeot on 

the dry matter percentage and dlosgar~ oontent (Table 4, 

Appendix V). 

The role of high •• l18i t1' planting in el1hano1rl& the 

11eld 'per unit area in rhizoaatoua orops 1s well .subliabed. 

The results of the present tnTeetilatlone agree wlib tne 

ftndinBe of Sarin n !!. (1977), PlUl4e" !l!!. (1960) ill 

Co.tus and Rao !l !!. (1981) in ~10soorea ~lorlbypda. 

Said t\\d \·lIotsS(\ih ( 1964), Randhawa cud Ni!'>l-u ( 1974), Sundararaj and 

'l'hI4J.8'iJ,<tas (1976), Rao (1979) twd RaJput !1!!. (1980) in 

turmeric; and Loknath and Das (1964), A1J'adurai (1966), and 

Randhawa !.l .!!. (1972) in g!nier. alao found closer spacings 

to glTe higher ylelds per unit area. 

Weight of the planting material did not influ.ence tne 

drr matter percentageJ but the dlo8gen1n content was found to 

be hlgber when heavier materlals were planted. The 11eld of 

rhizoaee and diosgenin proportionatel1' inoreased wi 1Jl the 

increase in the weIght of planting aaterial (Taol. 4, Flg. 1, 

Appendix V). Planting material weishing 100 g eaoh wae found 
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to be a1&nifioan~l¥ superior \0 the otnere (50 g and 75 g) 

with reapeo~ to the r1eld of rAizo •• s and diosgenin. 
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Risner 1'1elds have been reported Dr 8everal workers 

uaing heavier planting materials in CestUI s2ec1oau~ 

(Pande.,!.! !l., 1960, Sharma!! !l., 1960), in Dioscorea 

floribunda (Khanna et ~.1., 1976), in ~urmeric (Huesair «lId 'l«,d, 

1965; Randhawa (\lId l'1b,-a" 1974) and in ginger (Randhawa!! !!. t 

1972) • 

BYentllougb. the .,ield of are.n rhizoaes was highest at 

s1x months after planting, the h1gh.e.t rield of drr rh1&OlIes 

vae obtained at nine months after planting. While lb.e lie1d 

of green rh1zQlIea showed a linear deerease w1 th the age of the 

plant, the rield of dry rh1zome. showed a quadrat10 respon.e. 

The y 1e ld of dry rh.izo.e. inoreaaed from the aix t.b. to the 

nineth month and decreaeed b,rt.he 12t.b month af'ter planting. 

The dry matter percentage alao snowed a quadratiC response 

vi tn \be crop duration. The drT matter content was highest 

when the crop vaa harTested at. nine months after planting 

(Table 4, Fig. 8). 

Sarin !! li. (1977) obUined tne Dl8x1aUll l'ield of green 

rhizomes trom a 8ix-aontb old crop of CQ8!se. Hovever, 

Singh !! y. (1979) reported that harvesting Cost~, at 

21 months dl.lration gave higher r1elds of fresh ve1&ht and 

drr weight of rh.izomes per un! t area, compared to the harvest 

at 8ignt months and nine aonths duration. l\Ybe (1978) obt.ained 
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the JIlax1aWD .11e14 of creen ginger 180 da.Ys after plantJ.DgJ 

but the maximWl 1'1eld of dry ginger vae obtained during the 

per104 betveen 210 and 225 day. after planting. ae obeerved 

that tne drying peroen'Wige oontinued to increa.e w1th the 

.a~1tr of the orop. In t~mer10, Ph11ip et ale (1980) 

report.8d that the maxaWl .11eld of bo'Ul trean 8l.ld dry rh1zoaee 

were obtained 270 d83s aftv ,lant.1ng. Thel observed tnat tne 

drl .attar peroentage inorea.ed v1 t.h tne duration of tne crop. 

The percentage of diosgenin moved a stead,y decreaee 

wi tb the de1a.y in harve.t, tAe max1awabeing during the s1xth 

month (November) and a1nJ.awa, during ttle 12'tb Dlontb. <Ma.1). 

HoveTer, the DlaxiJaam .11eld of diOllgenin per un! t area va8 

obta1ned at nine lIon1J1e after planiing. The .1ield of dios

genin shoved a eteep decline froa '\be ninth month onvards 

(Table 4, F1g. 8, Appendix V). 

Sarin .!.l!!. (1977) obt.a1ned the highest d10sgenin 

content in Cqstue vi th the onset ot flowering 1n Jul,y. 

Gupta!!!!. (1981) also observed that the diosgenin content 

!ncreaeed from the dormant etage of the plant to a raaxiawa 

w1 t.b. tne onset of flowering in Jul¥. The diosgenin content 

then deolined 1.111 the plants beGalle dor.ant again. Under 

Vellan1kkara oond1tions, planting ls p088101e onlI during 

Mal-June. As BUch, the croP w0111d 'be onl,y two or three lllontJu:'!! 

old in Jul,y of the lear of planting when the plants would 



flower for '\he first. tae. Thoup ttle diosgenin content 

ls llkelT to be h1gh as ooae"ed bl Sarin !l!!. (1977) and 

Gupta !! li. (1981), the o1oaas8 would be _all and hence 

the diosgenin yield would a180 be low. In order to obtain 

large quantltl of b1eaass w1th h1gh d10sgenin content, one 

would have to haryest tbe orop during JulT of tne seoond 

lear when the plants would be in flower again. In faot, 
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such were the observatlon of 51ngb !! !l. (1979) who obtained 

increasing l1eld of dioegenu.\. when tile crop dur*tlon was 

increased from. e1gbt to eiBhteen and twenvone Dloll'tJla. How

ever, further atu.dles are required to asoertain whetb.er SUCh 

verI long orop durations would l1eld econosio results or not. 

In ginger, 1l.1be (1976) observed that the 011 and 

oleoresin content deoreased vi th the 118 t.ur 1 1.1 of tb.e orop. 

However, the l1eld per hectare of 011 and oleoresin were 

max1awa at later msturl t..r stage. in t.lle dlfteren t typ ••• 

Pbl11p !!!!. (1980) reported a steady deoreaae in the 

ourcwnin and oleoresin oontent in tUl"Dler1c trOll the maxiaua 

on 1.be 1a01.b dal to a lI1n1mua on the 240tb dar. The aax1aua 

was again reaChed by the 2701b day after planting. The per 

ha y1eld of ouroumin and oleoresin were found t.o oe hlgheat 

at 270 481'8 after plant.ing. 

1.~uadratl0 response funotions were f1tted to find out 

the optJ.mum crop duratlon in relat.10n to tne different yield 

para;neters (Fig. 8). Although the yleld of green rhizomes 



5-

.' .. ... ... ~.-- .. 

\~J f-~ 1 L r'~ 
:Hr i 12CiME 

DP''r' 
/·~--T-·---~-. RHIZOME: 

r- ~ ....... , 

DURATION 

" : • - •• -. .. •• > 

..... 0 ••• :: ••• ' 

.. ' ~ .... 

"- J •• ~ • • 



was the highest a t the f1ret atage of harvest (six months 

after planting), tne dry matter peroentage was 80 low thai 

the l1eld of drr rhlzomes waa low at tbat- etage. The drT 

mat.ter cont-ent VElS found to be h1ghe." at. tne tentb montb 

atter planting. However, the quadratio re.ponae funct.ions 

Mowed that tne ninth mont.b. after plant.1.ng ls '\he optiJIWll 

siage of harvest for gett.ing maxiaum 11eld of dr1 rhizome. 

in Costu.e. ~he diosgenin oontent was found 1.0 be maxiJlua 

at slx m.onths after planting. However, beoause of tn. verr 

low drl mat.ter pero.I4tage and oonaeq".nt poor drr rhlZOIIle 

lield, the diosgenin lield waa poor at thi. etage. The 

opt1JaWll etage of harvest for gett.1ng the max1laWi 1'i814 ot 

dioagenin per hectare wae found t.o 'be elght months after 

planting. 

Th. expected 1ie1d for eaoh weaiment. ooalU,natlon 

vas arrived at a8ing t..ile linear model of tn. exper1a8llt. 

!he result.s showed the treataent oombination D2S,W, ae ine 

economic opt.1Jawa (Tao1e 5). A aax1aua 7ie14 of 157.65 kg/ha 

of diosgenin ooal4 be expeoted br planting 100 , rhiz •• 

pleces (W,) at. 50J(50c'nspao~ (S,) and harnstinS the orop 

at nine months after planting (D2). 

5.4. Cqrrelat.lon ~tud1es 

In order to aesees tne nat.ure and degree of aseoolation 

of tne plant. morphological oharaot.eza and rhis •• oharaot.ez8 
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with the lield of diosSeDin pe~ plant, oorrelations were 

worked out with refere.noe ",0 14 ohareoters seleoted from 
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among tne 2' 1ll01uded in tbe studies. Out of 1;be.e, h1glll.T 

signifioant 01' significant positive oorrelations were oo.erTed 

be",we.n 11 characters and diosgenin lield per plant < Table 6). 

The studie., thus, indicated that thes. oharaote.rs (Huaber 

pel' plant of tillers, l.sy_., rhizoaes, priaarl fingers and 

seoondarl fingers, leaf area per plant, drl matter oontent, 

diosgenin oontent, length of rhizomes, 8.l'.i.d lengtb. and g1l't.h 

of priJaarl fingers) oould be u.seful in seleoting materlal whloh 

would cive hlgh diosgenin lield. 

5.5. Eoopoaios of cultivatlon 

The expeoted lields of crude diosgenin froll six-aonth, 

nine-month and twelve-aon'th old Grops of Costu.s worked out 

to 140.59 kg, 157.65 kg and 96.74 kg per ha, reapeotiv_l.T. 

Considering the present market prioe of diosgenin (Rs.525 

per ki), t.be ne t profi t per ha worked out to Rs. 4840 and 

Rs.6270 for the six-Ilontn and ntn .... onth old orops, re8peo

tivel.1. The t.welYe-month old crop anowed a lose of Re."O 

per he (Table 7, AppendiX VI ). 

W1 th regard to the profl t. obt.a1nable from the COJll11er-

01al oultivation of Costus, tne aTaileble reports Bhow oon

slderable varlation. A net profit of Re.2250 per be was 

reoorded bY' S1ngb !! !l. ('979) froll e 21-mont.b. old crop. 
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Aooording to them, at tne 1979 prloe levels of 4l08,enin 

(Rs.450 per kg), Costus vas not profltable for ooamerclal 

cultivatlon. Balian !! !l. (1gS0) ob~1ned a net profit of 

Rs.8980 per he frOIi an e1gb.t-aonth old orop. Under Vellan1ldtara 

conditione, Sudhadevi (1g81) reported a net profit of Rs.7500 

per ha trOll a su-raontb. old crop supplied wlth 45.'0.,0 kg/he 

of NIP2051K20 (identified 8S the optimum in her studie8). 

Sudhadevl's reooamendation va8 not aval1able at the t!ae of 

starting tne present invest.lgatlons in vhich the plote vere 

uniformlY under 75150150 kg/ha of B:P205IK20. The shortfall 

in the net profit observed in tne preaent inVeetiga tione oan 

be explained ae due to decreased dlosgenin yields at higher 

nltrogen levele 8S observed b.1 Slldbadevi (1981). Further, 

Sudhadevi (1981) computed the per heotare figures trom a net 

exper1Jaental area of ,60 .2. The net are. in the present 

stlld1es wae 729 .2 and the per heotare figures worked out 

on the basle, though more reliable, are l1kelT to be lover. 

The thlrd fao tor the t lowered t.ne ne t pro! 1 t. in the preaen t. 

investigation 18 tae increase vlth vages of labour ar~d cost 

of fertillzera. 

5.6. qrtolog1oal examinatlon 

The raoe of Costus spe0108us l1sed in the st.udies vas 

observed to be a tetraplold vi th. 2n.,6 (Plate U(, P'ig. 9). 

Soaatic enrOllosome nwabers of 211-18 and 2n.27 have been 
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reoorded Dy Sato and SlDwond8, resp80,\1velT (quoted bl 

Fedorov, 1914). Raghavan and Venka ta8ubban, Chaltravar tl, 

Sharma and Bhatt.aoharla (qu.oted bl Fedorov, 1914) ob.8ned 

tetraploid. in Co8tU.8 8pe0108ia. 1n1raapeclf10 chromosomal 

ra08. (diploid, triploid and tetraploid) were also obsened 

01' Subrahm8ll3'Bm (1978). 

Sumaing up, lbe low den.1~ plante exhibited better 

growth and 11eld per ~lant. However, planting at the clo.er 

spacing (SOon It ~-o, .. ,) gave eign1flcant.13 higher .r 1814 per un1 t 

area. J.l.I. the C8a8 of welght of plan'\1.ng material, 100 g 

welght of planted rnlzoaes vas found to be slgniflcantlt 

superior to tne otner t.wo lower rblzome weigtlts (50 g and 

75 g) wl t.h. respect 1.0 growtn and 11eld. Although 1.be lield 

of green rhlzoaes as well as diosgenin content were higher 

at six months after planting, the dry ms. tter content waa 

verI low. Therefore, the l1eld of dr1' rhlzO.IIles and diosgenin 

were poor at t,na" a tae:.te .;...tu.a.dra 1,10 responee funo tiona showed 

that tne optawn etage of harveat for getting tn. raax1aum 

l1eld of diosgenin per na i8 eight .0ntOs after planting. 

A lIluimwa lield of 157.65 kg/na of dioagellw could be expected 

Dl planting 100 g rhlzome pleoe. at 5C II 50c.\ot,spac1ng and har

vesting the orop at nine montb8 after planting. Th18 treat.

ment combination gave a net. profit of Rs.6270/- per ha. 

The present inve8tlgationa olear11 indioated that 

C9stu8 8peOl0BQ8 could be groo.ed ae a ooaaercla1 crop in 

Kerala. 
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6. SUl84A.RY 

An exper1aen~ 1n spll~-.pllt-plot de.1gn vas con

ducted a~ tne College of Ho.rt1cul~ure, 'ellan1Jt1tara during 

1981-'82 to 8tudy the influence of spacing, weight of 

plan~1ng material and duratlon of tn. crop on the 11eld and 

quall~ f8c~ors in qostus 82eolosus. The 8alient results 

are auamarlsed belowl 

6.1. Planting at low dena1ty (75J\7!h~ enhanoed t.h.e vegeta

tive growth of tile plante ib terms of nwaber of tl1lere, 

number of leaves and leaf area per plan~. Moat of the 

prauy aDd seoondary finger characters a180 were slgnl

floant~ hlgner at wlder spacing8. The yleld of rhlzomes 

arld dl08genin per plant were found to be blgher. 

6.2. Planting Costus 8P80&08". at hlgb. denslV (50 K !iOon) WB8 

found \0 be oenefl01al for obtaining hlgher per ha yleld 

of rhizomes and diosgenin ae com.pared to plan~1ng 1~ 

el tber at 6011.60{>Y\ or 75 ... 7!)· .. ~ 

6.3. The plant height, nuaber of t.111era, nwnber of leaves 

and leaf area per plant were found to be .lgnlfloantll 

hlgner when heavler planttog ma,-rlals were u.ed. 

Planting of euch rhizome. also resulted 1n better growtn 

of the rhlzome.. The yleld of rhizome., diosgenin con

tent and yield of dlosgenin were sub8tant18l~ h1gQ8r 
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when heavler rhi.oae. vere planted. The st~d1es indl

oawd that planting of 100 g rhizome pleces vas s1gni

flcantlT superlor to planting 11ghter rhizomes 

(50 g and 75 g). 

6.4. Harvesting ~e orop at six months duratlon gave higher 

11elds of green rhls_e. wl tb increased dlosgenin oon

tent. However, 'the drt utter percentage was Ter1' low 

at thl. stage. As 8uch, 1ihe 11e14 of U1' rhizomes and 

diosgenin were poor. 

6.5. Eyen though the 1'leld ot green rhizom.e. and diosgenin 

content decreased wi t.n \be duratlon of tne orop, 'libe 

drl matter percentage inCrea.ed 01 the •• oond stage of 

hanest, nine aonths after plauting. Thls re.ul \ed in 

hlgher yields of dr1' rnlzoae. and diosgenin at thle 

etage. 

6.6. Br dela1'ing tab.e harY.st to 12 mont.bs atter plant1Di, 

tne dry matter percentage decreas.d, which '\o,et.ner 

wltll the low rh1zOlIe 11eld and dlosgenin content resulted 

in poor ,,1elds of diosgenin. 

6.7. QuadratIc re8ponae tunotions were tit'\84 to tind out 

tne opt1Jawa in relation to different li814 pareaeters. 

The opt1awa stage of hanest tor oir\a1n1D8 aax1llWl drl 

rhlzome yield was foUDd to be nine aontha after planting. 



However, the op~1aaa etase of harYe8~ for getting 

Dlax1JDWIl r ieleI of dioegenJ.n wae found to be 8igb. th 

month 8f~er planting. 

6.8. The ~eataellt ooab1Datlon D2S1W, wae identified 88 the 

eoonomio opt-aWl. A max.tawa .rield of 157.65 kg/ha of 

diosgenin oo~ld be expected by plant.ing 100 g rhizo.e 

piece. (W,) at 50 lC50'h1 spacing (51) and harvest.ing tne 

crop at nine 1Jlontne after planting (D2). Ii ne~ profit 

of Re.6270 per ha could be expeoted from a nine montD

old orop. 
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6.9. The charaoters s~ch as nwaber per plant of tillers, 

leave., rhizomes, priaary fingers and .econdar.r fingers, 

leaf area per plant, dry .a~~ content, dios,enin con

tent, length of rhizome., and length and girth of pr1.Jllar1 

fingers exhibited highls 8igr1J.fic811t or significant 

positive correlation vito the 7i81d of diosgenin per 

plant. 
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Appendix I 

Weather 4at.& <aonthlT ......... ) :trOll 1.t Wa,y 1981 to 
,01b _, 1962 

Mon1h 
Temperature (°0) 

Ma,r ".10 24.10 

June 28.5' 22.50 

Jul¥ 29.26 22.68 

August 28.65 21.95 

Sept_ber 29.45 22.94 

October ,0.16 22.85 

.oTeaber ,1.50 21.85 

December ,1.54- 21.54 

JanuarT '2.4' 21.25 

:rebruarr ,6.90 21.,0 

.March '5.40 21.20 

April '4.70 25.40 

)(81 ".80 24.50 

RelatlTe 
hWl141t.1 
(~) 

SS.10 

90.50 

81.00 

81.15 

64.60 

18.50 

12.25 

62.40 

58.75 

57.70 

78.20 

81.10 

79.90 

Total 
ra 1nta 11 

<a> 

225.80 

'0,.2, 

128.2' 

101.2, 

104.56 

21.60 

19.50 

0.44 

-
61.40 

172.60 
-~---~~-~--~~-~~-~---~~--~~----~-~~~~-~-~~-~---~~~----~~-~~--~~~ 



AppendiX II 
Ana13Si8 ot variance tor the ettect, of spacing and we1gb.t, ot plant.J.ng Jl8.t,erial 

on 1ibe growth. cb.araot,eristloe ot Coa1;u8 epe0108us 

~~-~--~~-~-~~~~----~~~~-~~------------~~--~---~-~----------------~~--------------~~-----------~-

Souroes of 
T8riat.10n dt 

Mean sql1Sres 

Plant NUilber Nuber NWIlber Leaf Leaf 
height ot of ot lengtJ1 vIcltb 

t,ll1are leave 8 leave. 
per plant per t,ll1er per plant 

Area per 
leaf 

Total leaf 
area 

~~-----~-----------~-~~~~---~-------~-~-------~---~---------------------~-----~--~~---~~~----~~ 
Total 26 
ReplIcatIon 2 682.9a* 1.84 4.42 1392.46 4.19 ** 2.08 1,6.50 8010,01.12 
Spac.mg (II) * 2 234.25 12.61** '.52 '99'.8' II- 0.21 0.11 11.64 '4066685.40* 
Error (a) 4 16.96 0.51 0.85 ""'.07 0.17 0.09 ,1.65 2225865.'2 
Rhlzoa. ** 2.67 0.69 129'8001.80** weight, (s) 2 195.5' 0.05 491.,0 0.04 88.88 

L1near 1 '90 .. 894* 5.06- 980 • .,6* - - 2495'9,1.00** 
Quaclra'tlc 1 0.28 0.28 - 2.25 922072.00 
.xl 4 21.08 0.9' 0.'9 .,10.22 0.85 0.04 28.1, 2,18959.94 
Error (b) 12 15.17 1.00 0.50 204.82 0.45 0.10 54.42 9,0270.17 
_ .......... ~ ... _ .... _.-.... ... ~ .. _~ .. ___ ... _. ... ~_~ ........ _ ...... _,.. ... ....__.~_ .... ....., ... __ ...... ~_..a ..... ~ __ ..... ___ ... ._..__..... ............. _~ ...... _-. ..................... ._. .. __. ...... __ .................... ~ 

* Sign1fIcant, a~ 0.05 1 ... 1 
** Slsnltlcan~ at, 0.01 level 



Appendix III 

haJJ'sl. of varJ.anoe tor t.b.e -tteot ot .,ao1Di. velib" ot 
planting aater1al and .t.aae of harYe.t on ~. rh1zoa_ 
oharaotara ot CO.tuB .p •• 10euJ 

~~~~~~~-~~~~~--~--~-~~~~~~~~-~~~-~~-~--~~~~~~-~-~-~-~~~~~~-

Souroe ot lieu .quare. 
dt nr1at10n .waber of LeqtD of Internodal 

rlliaoae. pu- rb1s.e. lenat.b 
plant 

-~---~~~~~-~~~---~-~~~--~~~~~~~~~-~~~~~~~~~~~-~-~~~~--~~~~~~ 

Tot.al dO 

Rep l10a t10n 2 0.10 
S~le of 
hane.t (M) 2 0.007 

Error (a) 4 0.0' 
Spaoing (8) 2 0.06 
.M x S 4 0.01 
Error (b) 12 0.0" 
.Rh1zoae 
ve1ght (85) 2 0.47** 

M x SS 4 0.08 

s x SS 4 0.01 

M x S x SS 6 0.0" 
Error (e) 36 0.06 

* S1gn1t1oant. at 0.05 1 .... 81 
** S11D1t1oant at 0.01 leyel 

5.59 0.40 

49.95· 0.11 

5.09 0.21 4,.1, 0.25 
23.27 0.07 
'0.16 0.10 

97.12· 0 • .,0· 

2.57 0.04 

1'.80 0.05 

17.18 0.10 

20.19 0.06 



AppeD41x IV 

AIlaqe1. of .,.arianoe tor ~e e:l'1'.o~ or epao1.:ng, weight of planting Dlat.er1al and stage 
of har"t'est. on 1ihe oharaoWr8 of priDlar,y am secondar.r 

f1ng8ra ot OQ.~. 8paoi08U8 

~~~~~~~~-~~-~~~~~~--~--------~---~~~-~~-~~---~~---~---~--~---~---~---~-~-~---~----------~~--
Mean 8quares 

soarce of df -_. 
.....r 1. "1on BuaDer of Luaih of Girth of lhaber Baber lAD&tb. GuiA of BIlllDer ot 

pr1Jlarl' p.l'1JIarJ' prj,a8r.J ot DOd.. of 8e- of •• - .eocmdar.y node. per 
t1D&VB 1'1Ilpr. :l'blgere per pr1- condar.r conder.J tiD&era .eoondar.J 

aarr t1npre fJ.n&«re t1n,ger 
t.1nger 

~~~~-~------~-~--~~-~~~~~~~~~-~~------~---~---~--~-~-~~---~--~~-~~-~~~-----~~-~----~~-~~-~~-

Toul 80 
B.ep11oation 2 ".58** 10.80 0.21 2 • .,4 5.56* 2.6,* 0.11· 0.9' 
fllle of 2 ".47** 57.84*· 1.46 1.64 29.41** 11.02** 0.66* 4.53** harye." (1) 

Error (a) 4 0.09 2.41 1.09 2.49 0.'9 0.'2 0.06 0.25 
Spaoing (S) 2 0."" 27.24** 27.05** 7."'** 0.44 5.58*· 1.20·* 0.0, 
l\IxS 4- 0.51 0.49 0 • .,9 0 • ." 1.60 0.57 0.18 0.'5 
Error (b) 12 0.40 2.0., 0.47 0.60 0.89 0.'1 0.16 0.18 

Bll1aoae 2 1.8'- 27.76** 6.74** 1.67 1.~ 0.95 0.89* 1.41·« ve1P't (BS) 

II x SS 4- 0.52 10.6., 0.15 0.47 0.08 0.42 0.14- 0.07 
S x SS 4 0.60 7.98 0.32 2.16* 0.'0 0.10 0.09 0.002 
.. x S x SS 8 0.28 4.69 0.:54- 0.57 0.25 0.29 0.10 0.10 
Irror (e) ,6 0.« 4.86 0.18 0.72 0.50 O • .,s 0.1' 0.16 
-~----~~-~~~--~~~~~~--~~~-~-~~-~~~~-~~~~~-~~--~~~--~--~~---~-~~~~~~-~~-~~~-~~--~~~~~~~~-

* Signitioant at 0.05 len 1 
** Significant at 0.01 1 ..... 1 



Appell41x V 

Anaqele of varlance for 1.be effect of spacing, weight of plant1n& aat.erlal and 
s'tage of haneat on 1ihe 1'ield of rhlzome and dlosgen1n 

of Costus speclo8us 

-----~-~~-~--~-----~-~~~~-~-~~-~-~-----~--~~--~-~~-~~~--------~----------~-~-~--~~~~---

Source of 
lIeen 8quares 

d:t 
Tarletlon Yleld of Dr1' aatt.er Yield of Dioagenin Yleld ot 

rzeen content dry oontent dloegenin 
.rh zoa •• rhisoaee 

~--~-~---~~~---~~~---~~---~~~---~------~----~-~-~~~----~-~---~------~--~~~---~-~-~-

Total 80 
Replloatlon 2 1077.29** 4.07 22.14* 0.11 11701.'6 
'fiae of 2 1238.04*· 292.78** 18.04 4.00** 26657.88* han'eet (II) 

Linear 1 2424.06** '20.18*· 0.27 1.59** 25958.10* 

Quadra"10 1 52 • ., 265.'9** '5.80* 0.41 27'57.66· 
BlTor (a) 4 45.8' 5.94 2.69 0.08 2'42.25 
8paolDg (5) 2 5'5.04* '.71 17.56** 0.2" 8666.46* 
.xS 4 77.65 1.4' 1.48 0.04 605.18 
Error (b) 12 95.44- 2." 2.'5 0.06 "04.12 
llhlsoae 2 261.62* 0.95 6.50 0.18· 2242.'4 welpt (SS) 
Linear 1 1 518.94*· 0.18 12.18* 0.022 4'40.05* 
Quadratlc 1 4.,0 1.1, o.a, 0.,'8* 144.64 
II x sl 4 51.41 .,.21 0.81 0.05 '50.25 
s x SS 4 80.91 2.14 2.19 0.10 114'.07 
II x 5 x 5S 8 41.49 ,.1, 2.84 0.12 1216.48 
Error (0) ,6 67.88 1.46 2.21 0.04 800.2' 
--~--~~-~-~--~---~~~~~~-~-~-----~-~--~~-~~--~-----~-~----~----~-~--~~~----~~-~~~-~~~~~ 

• Slgn1tlcan~ a" 0.05 ley.l •• Signlflcant at 0.01 level 
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ABSDACT 

An experia." 00l1d"ow4 ." ibe Colle,e ot HOJ"'t1oulture. 

Vellanlkkara, dur1DC 1981-'82 to ."'d.r tlle 1nfl"enoe of 

spao1n8. v.1gb't of plant.1Jl4l u'\erial and durat.ion of taB 

crop on tn. yield and qua11" faotors 1D ~,elyl .• R.o1o,u. 
-

r.Tealed that lov dena1 V plan't1ng < 75)(75':tI\j 8Dhano.4 th. 

oyersll v.g.1atlve grow1A. HoveTer, tn. per heo+..a:if 11.1d 

of rhizomes and diosgenin vere found 'to be .1gnlfloan't~ 

hlgher at. 'the oloses't apao1ng (50 .. 50,-",). 

The h1gher '\he v.1gb" of tAe plant1DB aa'terial, 'the 

bett.er vas 'the Teg.'tati'Y8 and .rh1soaa1;o"s grovib. The l1eld 

of rhlzoaes and diosgenin vere proportionat.e~ hlsbe.r wh.n 

h.ayier planting lIaterlals vere used. PlaDt1nl of 100 g 

rhizo.. pleo •• vas found t.o be s1gn1floant~ aup.rior to 

planting of rhisomes w.igbJ.ng 50 g and 75 g. 

Increasing the crop duration sipifloantlJ' inu .... d 

sOlie of the rhizome and finger oharaoters. Though the yield 

of green rhizoae and diosgenin oontent were higher at six 

Jloniba after planting, the dry matter oonWnt. was low at that. 

etage. The l1eld of dry rhiz_es and. dlos •• nin w.r. higher 

at nin. aon'Uls att.r planting, due to 1ib.e h1gh dr7 matter 

oont.ent. Quadrat.io reSp0JUl8 tunotlO1l8 Mow.d 'th. eigh'til 

aont.h to De 1ib.e opt.1aua a""ge of haneat tor obta.1nJ.Jac aax1aUII 

y1.1d of dloqenin p.r unit are •• 



!h. v.a"_f, o08ll1Dat.10n D2S1W, vaa found 'to be \he 

.oono.to opt.~. A aas1aua 11.14 of '57.65 kg/ba of 

d10spJU.n, li..,1Jac • n.t. protl t. ot R •• 6270 per ha, oould be 

exp.ot.." ., plant.f.a8 100 g Z"Alsoa. pie ••• (W,> at. 50,.,50,-W\ 

spacing (51) and hary •• t.1ng the crop at. nina .on""'. at_r 

plant.ing (D2). Tne st.udie. indicated tbat. po."!! .peo&oau. 

could be groo.ad 8e a ooaaero1al crop UDder Kerala oond1t.1ons. 
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