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RORPHOLOGICAL ANL CYTOLUGICAL INVESTIGATIONS IN THE GENUS
CURCUSIA

LHERODUCTION

waemutman&rmwam
species, QuISula AGRGA Linn. (syn. §» Qpmestise Val.) and
Cupeuse arogatisn Salisd. belonging to the family
2inziberacens. India is the largest turmerie producing
country in the warld. During 1977-78 India produced
1,23,800 tons of turmerie from an area of 72,900 ha.
Andhra Predesh is the major turmeric growing state, which
acoounts for moxe than 30% ef the total produstion in the
gountry. MNaharashtrae, Tamilnadn, Crissa, Eerala and Bihar
are the othsr important turmerio producing states in that
order. Desides India, Sri lanka, and Pakisthan are the
major turmeric producing countries in the world.

mmmmwmmmsmma
rhisomstous herb and from India adout 30 spocies have been
reported. mmmmmmawmw.
Go Anada Roxbe, wanco gingers O RAZuASALolin Roxb., Bast
tndien arvewroot; (. R9IgACAD H08C8., zedoary) {. goesin,
mmkmmmofmwmaMQ importance. Mere than



50 gommercial cultivars are dlstinguished in this
ocountry by the names of logalities where they are
extensively cultivated, Majority of these oultivars
belongs to the species O« AonZs, while a few cultivars
with dright coloured rhizome belong to the species

Q. gromatigs. Some of the popular cultivars ares
Dindizam and Analapuram. These cultivare arc classified
as long duration (9 months), medium duration (8 months)
or short duration (7 months) based on the time taken for
maturity of rhisome.

Though some of the improved cultivars are oapable
of yielding 30 to 35 tons of green turmeric from oue
hectare, the actually realised yield in this country is
much less. The low average yicld is to be attridbuted to
the very littls orop improvement work carried out t1ll
regently. Improved cultural and manurial reeocmmendations
are seldem sdopted by the farmers., Earlier research
works on improvement of turmeric were cenfined to varietal
trials at aome of the Agrisultural Research Stations
belonging to State Departments of Agriculture and Agricultural
Universities in Andhrs Pradesh, Tomilnadu and Keralas,
However, systematio crop improvement work on turmeric was
initiated after the sanotioning of All India Co=crd{nated
Spices and Cashewnut Improvement Project in 1971 with its
headquarters at Kasaragod.



OBJECTIVES

Fhile more than 50 commereial oultivars are
avallable {n turmeric, detailed information on norphological
¢haracteristics and rhizome development are not available
even for popular cultivars, Barlier works in the gonus
ware confined mostly to quality of rhisomes and processing
techniques, The main objeetive of the present investigation
is to descride morphalogically the impertant cvamseraial
cultivers of C. Jonza and Q. argmatics, and bring out
morphologioal differences as well as inter-pelationship
based on general:sed distance DX statistics and path
co-afficlent analysis. In literatu-e it is reported that
£+ lapgs 18 a sterile triploid. 1In thé present study,
out of the 16 longa types under obscrvation, seven have
flowered and none of them has sot seeds, All the 11
£+ axonatien types have flowered and eet meeds, Jeedling
progonies raised from seeds of gromatice types have alse
produced rhisomes. 3%he poseibility of induoing fruitset
in S« JoREa s being investigzated., The observations have
indicated the poesidility of bringing out inherent genetie
variability in the cultivated types. Aoccardingly ons of
the objectives of the present inveotigation is to estadlish
the possibilities of improving turmeric cultivars based on
acientific breeding programme by exploiting the seedling
variability, Ohromosome nusber, meiotic behaviour and
biochenical differences with reierence to peroxidase banding




to show the differennes among cultivers and upeeies.

Attenpt has been mads 0 clasolify the turmertic ealtivers
aced on these aarphologlioal characters, fhisone developaent
pattern, ohronosome pumber ond bloehemicsl 4irfferences,

Sopcuns Jagcn is reportefd to e & native of southern
Soger ceomed to have vapacity for frulting, Darkill (19%3)
conaidered the species to be & cultigen, 7111 recently
the spocies was believed to te o sterile Sviploid and the
selovtion and ecultivation by vegetative pwopngation of

e classitication and nocenelature of thw genus
LECRAR 10 spite of the autharitative werks of Valenten
(1912) remains very confused, Aseaxding to ®att (1908)
there is 1ittie pooitive evidence to justify the suppesition
that @, Jongs is native to Indtae, mmumam |
2T spsoies of the subsganus Doourenas whone o
adbitats {nclude northwcaster: mm. Indo=Ching and
Indonesion group of Lolands, Hoolker (189¢) desertded
Quroume under the notural opder Seitsmineae and tribe
Zingiberese. But Rendle (1904) introdused the subefraily




sinz{beroideas under Singideraceae and deserided Jurcums
under the tribe Hedyehiese, Hutehinson (1934) alse
deneribed Quraumn under the tribe Hedychieae in the
family Bingibereceas,

Growth choragteristics and rhizome development
in turceric were described in sone detail by Shah and
Raju (1975). Aubekar (1927) diatinguished two groupe
of turmeric on the baais of rhisome characteristics, one
with hard and lWwicht coloured rhisoses and the othex
with softer, larger and 1light eoloured rhiscmws., 7The
former variety of rhisome is mainly used for dyeing and
tie latter as a condinent, Some typeg of rhizome producing
sweci arama have been deserided by Rajaratnam (1923).
Distinet 4Aifferences in quality and yield were observed
in the sanms variegy vhen grown at different elevations
(Sarasimban 1931). The crop grown on higher elevation
gave detter quality rhisomes, Valeaton (19.13) observed
that all the cultivars in Java came to flowering, but
the fruit set was oboerved in only two oultivars, Matnatk
et al. (1960) and Pat (1961) veported florel blology
and flosering behaviour of Q. longoe

Oytological studies in the genus have deen limited
to the report of chromosome numder and the firet report
on chromosome numdor in 0. Jongg was by Saguira in 1951,
Baghavan and Venkatosubdan (1943) reparted the chromosone



nosber for C. Wmn.m Thile a chromosone
number of dn = 42 was reperted in J. framaticn, 2n = 62
was reported in 0. lopan, Venkatasubban (1946) malde a
preliminary survey on chromosome number m&aaxﬁmaien of
various families of Zingiberaceas including C. gedoaria
(2n = 64) and C. patiolots (2n « 64)s AR unusual
chromosone number of 2n = 34 was reported in C, lonca

hy Sato (1948). Chakvavorti (1948) made considerable
contribution to the karyological atudy of 3ingiberacesas
as a whole and reported Zox the first time the ohromosome
number of O, guada (2n = 42), g. gedoaria (2n = 63-64),
seven cultivars of {. longs (2n = 62, 65, 64) and

C. ancumtifolis (2n = 42). Cytology of six species and
several varicties of Qurgums 'ms beon reported by
Ramschandren (1961). Ho also studied in deotail melosis
in Q. desipians (2n = 42), ond Q. langa (2n = 63).

Based on the investigation he concludod that naturel
crosuing has taken place betwesn . Jangs and C. arpgatics
and ons of these is evoived from othur by aucoesaful
mutational step@, rvepresented by many of the intermediate
types avallable.

PIAR OF WORK

Seventeen cultivars of (. longa, elght cultivare
of . argmation. one type of Q. ageda ond one Indonoeian
type were planted in a replicated trial for 3 conceoutive
yeaxrs starting from 1976, The plot siso wos J x 1 n



with 40 clumps for individusl plot. Important morphologicel
sharseters like number of tillers, number of leaves,
heioht of the shoot and length and Wwreadth of the last
mamﬂwmmewmmmw&eﬁ
at 45th, 90th, 120th, and 150th days after planting.

The data were subjested to generalised diotence - ?
statistic and path cowefficient analysis., Attempt has
also been made to group oultivars based on morphology,
rhisome devolopment patterns, ehromooome pumber, meiotic
 pehaviour and blochenieal choracters. Seedling progenies
were ralsed from 11 cultivars and implications of this
disupery in the oxop imgovenment work have been rought

oute .
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S2ATRMEND

Qurcump is a genus comprising about 70 speoies
of rhizomatous herbs belonging to the fanily Zingiderescae.
About 30 speoies of Qurgums are available in Indla, of
which only two species, Qurcums lonca Linn. (Syn. C.
domoatica Val.), and Quroums aromatiop Salisdb. are of
economic impertance., India is the largest producer and
exporter of twrmerie, Diring 1977-78 India produced an
estinated 1,23,800 tons of turneric from an area of
72,900 ha, Desides Indis, Sri Lanka and Pakisten are
the other major turmerie produoing countries in that
order, Orissa, Andhra Pradesh, Maharashtra, Tamilnadu,
Esrala, Bihar, Himachal Pradesh, Uttar Pradesh, Karnataka,
Assam and Meghalaya are the major turmeric growing states
in India, among which Andhra FPradesh alone contributes
for more than 30% of the total pwoduction,

Nore than 50 commercial cultivars are recognised
in this country by the names of localities, where they
are cultivated, HNajority of the popular cultivars belongs
to the species (. lonza., while a few cultivars delong to
g. aromatios. Armoor, Duggirala, Mydukur, Pekurpetta,
Alleppey, Dindigam and Amalapuram of Q. lonis, Kmsturdi
and Udayagiri of €. arggaticn are some of the popular
cultivars grown meatly in Andhra Pradesh. Though some



of the scleotions from the cultivers nmentioned above

are capable of yielding 30 to 35 tonnes of green turmeric
from one hectare, the average yleld realised is only
about 10 tonnes per heotarc, The low average yleld

(4n this country) has deen attributed to non-adoption

of cultural and manurial practices by the farmexs and
very little erop improvement work carried out t111 now,

Syatematie orop improvement work on turnerie was
initiated after the sanctioning of All India Cowordinated
Spices and Cashecwnut Improvenment Projeet (AICSOIP) in
1971 with its Hendquarters at Kasaragod. However, the
erop improvement work being carried out under the AXOICIP
confines to collegtions of eultivers.from different
localities and their comparative ylield evaluation on
regional basis, and selootion. The work carried out
under the AIOSCIP has helped to tdentify some of the
hich yielding cultivars like Mydulur, Amalapuran, Duggirale
Alleppey and Armoor types and eultivars with high curcumin
content and oleoresin content,

The investigation reported here is the eriginal
contribution of the author. The study involved desoriding
morphologically the important oommercial cultivars of
Q. lopga and Q. apgnatign te tring out the morphological
differencen a8 well as their intereprelatiocnship based on
generalised distance - D° statistics and path co-efficient



amalysic,. ™o bloshenicol studies with referenve to
peroxidase banding pattern, oil and curcusin contents

hted the differences betwesn the oultivars
within the species, as well as betwesn the species,
Oytologionl investigation with refersnce to somatic
ehromosone numbers, meiotic behawiour, pollen fertility
and stomatel charasteristies have further contributed
towards undsratanding the relationship. The practioceld
advantages of this study will de: (1) to classify the
twmerie cultivars as differentiated based on deseriptiol
p? statistiocs, path co-efficlent analysis, biochemical
cheraeteristics as well as cytological behaviour, and
(2) to formulate reeding rogroames in the cultivated
gpeoien, taking sdvoantage of the sesdling progenies
rezorted for the first time.

MWG&d—(
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IRTRODUUTION

Turzaric of commerce is the dried rhisome of
to the family Zingileraeeac, though O
Saliab. a semi-wild species is also cultivatod es a
splce in certuin parts of India, Other species of
lesser comereisl importancs are Curgums sasda Roxbe,
Mango cingers QUEQURS saguatifolis Roxb., Eaet Indien
arvouroot; Q. SACALD Rexb., Elack Zedoarys Qurcumm
santharrhizae Roxb., ond Qurouma asdeoris (Berg.) Roso.
Anong the turmeric producing countries, India has the
laxgeat share in terme of arca as well as produstion.
southern states with 350% of the total preduction being
from Andhra Pradeshs The classification and nomenolature
of genue Quroums remains very confused, though systematie
treatnent hos been given earlier by Watt (1908), Hooker
(1894), Valeton (1918), Rendle (1904) and Hutchinson
(1959)s Holttum's (19350) classification of family
Zingiberaceas has boen presumed to b the most authoritative
one, wherein he divided the family into two subefamilies,
i.e,, Singiberoideas and Costoldese, looker (1894)
desorided Qupounmp under the natural order Seitaminess and
tribe Zingidbereae. DBut, Rendle (1904) intreoduced the
subefanily Zingiberoideas under Zingideraceas and deserided




Surcugs wnder the tribe Hedychieae, with whioh Hutohinson
(1959) also agreed.

Over 50 cultivars have been recognised in this
country based on colleetlion and evaluation, However,
no attempt has beon made so far to desoribe these
oultivars seientifically, 7The Wreeding work has also
been eonfined to only selection of the cultivare and
comparative yield evaluation, since secd set had not
been reported in the oultivated apecies till this
{nvestigation was undertaken., The variability obtserved
among the oultivars of Q. Jooga and O. scamatica hes
also not been invectigated.

-

In esrlier werks, it is reported that Q. lonma

1s o sterile triploid. However, seed set has Leen
observed in all the {. grgmatisa types that have flowered
among the materials used in the present investigation.

Aoong different fomilies under the order
Scitamincae, only Musaceas has been investigated
oytologically to somo exte:t. Chromosone number in
g+ lonca was reported hy Seguira in 1931, Raghavan
and Venkatasubban (1943) reported the ohromosome number
for §. argoatigs and 0. Aonie. Venkatasubban (1946),
Sato (1948), Chakravorti (1948), and Remachandran
(1961, 1969) have also reported ohromoscne nusber in
about six spectes. The only detniled meiotic study

[



so far reported has been in Qurcums dccipisens Dels. and
G lonca (Remachandran, 1961). Based on the cytologload
{nvestigations Remachondran (1961) concluded that natural
crossing hed taken place between Q. Jonga sod Q. Axomakiss
and one of these was evolved from the other by succeasful
mutational steps, represented by many of the intermediate
types available,

The biological population has been clascified based
on the multivariate analysis as established in several
specice (Sair and Mukherjee, 1960} Reo, 19603 Nurthy and
Fovate, 1962; Cassie, 1963), though this type of work has
not boen widertaken 0 far in the family Bingiberacese except
for the report on Zingiber afiiginale (Ratoambal, 1979).
Bioohemical approoch to the classification of biological
population has also been ingressingly reported in xecent
yoauaaﬁwathmmhmmmwhwammtumm
to apply this latost technique in classifying Qupgums specles
and cultivars,

in the prosent Lmvestisation an attempt hos been made
to study the important morphological differences based on the
genernlised distance - D? statistics ond path co-efficient
analysis, An attempt has been made to group the cultivars
based on morphology, rhisome development patterns, blochemioal
charasteristics, chrososome number and nicrosporogenesis.



Seedling progenies were raised frem 9 cultivars of
Q. aromakice ond implications of this in crop improvenent
work have been brought out in detail.



ORIGIN AND DISTRIBUTION

Turoerie (Qurcume longa L. Syn. Q. doneatiga Val.
and Quroumo arematics Salisd.) is best known as a condiment,
though the plant has other uses that are important in the
social and religious 1ife of the people in southwennt Asia,
the genus Curcump belongs to the family Zingibderacess and
the eultivated speciecs were domocticated in southweant Asian
gcountries during the very early times. Though the source of
cultivated opecies 1o not known with certainty, it has beoons
paturalised in some areas speciclly in the northeeastern
parts of India and the island of Java, The oultivated species
were yeported to be sterile triploid (Burkill, 1935, Purseglove,
1972), though ceed set has been reported in a few apecies,
pecently. Turmeric combines the proportics of a spice and
a brilliant yellow dye stuff, The colouring matter, cureunin
content, in the plant rhisome has for many centuries been
used a8 a vegetable dye in the far-cant,

surmerisc is lioted as & colouring plant as early as
600 BO (Assyrian Herbals)e. In the medieval time, turmerie
was known in Burope as'Indian Saffron' (Rosengarten, 1972).
It was cultivated in India from time immemorial and was
veferred to, in the early Sanskrit writings of 4th and 5th
century AD. India is the major producer and exporter of
turneric at present and it i cultivated extensively in almoat
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all the states in India, Pran Indic, it 40 believed o
have reached Ohino by the 7th century. ¥he distribution
of turmbric sutside India, specially in Celebes, Moluscas,
ectablished beyond doudt (Sopher, 1964),

Anong all spiees, turmerie is considered to be the
most versatile, Desides bLeing uwsed as & condiment $t has
been employed as & chasp colouring substitute for saffron
and also in medioine, It forms oven today a treditional
part of wedding ritual and other religious ceremgnies in
India, In Indonesia, Surmeric water is rubbed en the body
Just like the use of cologne (Rosengerten, 1973). In many
parts of India, & form of the twrmeric {8 applied on human
body «8 & cosmetic, moatly due to its antiseptie propertiea.
In many Asian countries it is also used medioinally as o
carninative or as & owre fov liver troubles. . Jelled
with milk and suger it is recocmended as a cocmon remedy
for cold. The dried turmeric fubers contain 2 to 6 pmxr cent
essential oils, which finds its use in flavouwring spios
produets and perfunery,.

Though the country of origin is not known definitely,
it is undoudtedly of southeeast Asian origin, Aceoxrding to
¥att (1908) thouch aeveral speoies of Qurgumg wre native
to Indla, there is littls positive evidence to justify the
clain that J. Jongg itoelf is & native of India, According
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to Burkill (1935) turmeric reached Eust Africa in the Sth
eentury and ¥est Afyice im the 15th eentwry. The opice was
introduced to Jomalea in 1787 by Bdwards, where it has
become naturalised at present. The crop is widely distridute
throughout the tropical belt though its eommercial cultivatic
is largely coufined e Xndia and other cast Asian countries.

Indin is the lavgeot turceric produocing wountry in
the worlde %he estimated produetion of furmeric in Indis
during 197778 is 1,23,800 tonnes from an area of 72,900 ha,
Andhre Pradesh 18 the major turmeric growing state which
ascounts for more than 30% of the total produotion in the
countrys Haharashtra, Tauilnodu, Orises, Kerals and Bihar
are the other iuportant turmeric producing states
(Anonymous, 1978).

DAXONOHY

The fandly Singiderasceac was firet deserided
botanically by Keeing in 1783, Aecording to Schumman (1904)
Keeing's description of the family was mueh better than
‘that of many of the later taxoncmists, Our knowledge of
the Indlan Zingiberacese has been gr@tly inproved by the
deseription of Roxburgh in Caleutta (Roxburgh, 1832) and the
Maleyeion Singlberasese was firet deceribed by Griffith in
1851, Ascarding to Holttum (1350), Horaninow in 1861 was
the firet to pudlish a monograph on the fanily Singideraceas.
In 1904 Schumman published his most important work as a
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monograph on the family Zin;iberaceoe in Inglers
spflansenreich® in 1904, The family Singlberoceas was
separated into twe sudefamiliecs nemely gingibveroidens

and Oostoideas by him and the subefonily Bingiberoldens

was again divided into three tribes nemely Globleas,
Hedyohiae, and Zingiberese, Hutchinsen (1934) divided

the family into four tribes namely Comtoileae, Hedychise,
Globbae, and Zingidereas. Holttum (1950) geaerally coucurred
with Sehumman's olaseification of the family into two
gubefamilinos viz., Sinziberoidesae and Qostoidesc, le
rroposed three tridez vis,, Globbae, Nedychiae and Alpinee
under subefanily Singiberoideae and the subefamily Costoldeae

.

the gorus Qurguan 18 iscluded 4a the tribe Hedyotieae
(Rendle, 19043 Hutehinson, 19345 Holttum, 1950), Seven

+ \:j S 3

also included in this tride,

The classiffcation and nomenclature of the genus
Cureums in spite of the outhoritative works of Valeton
(1918), Hooksr (18994) and Holttum (1950) remalns very confuned.
The genus QUEOUZS comprises sbout TO species of rhisonastous
herb, out of which about 29 species have been descrided by
Hooker (1894) from India. A ecaparative desoriptien of the
three species included in the present study is given below
based on iooker (1894), Holttum (1950), Purceglove (1972).



Supcung Le

Root stock tuber bearing sessile and long stipitate
tudera; leaves normally oblong, often very large, Flowers
in dense compound spiles erowned by & coma of ocoloured
enlarged Wracts; lowey bhroots ovate, mexdbransous enclosing
several bracteclate fugitive flowers which open in suocession.
Calyx short, oylindric minutely toothed, OCoralla tube
funnel shaped, segments usually ovate or obleng, upper
longer and more concave, Lateral staminodes oblong, petaloid,
connate with short filament, anthex not erceeted, cells
contiguous, spurred at the base, lips ordicular, tip deflexed.
Ovary three celled, many ovuled; style filiform; stigma two
lippeds lips ciliate. Oapsule globose, membraneous, finally
3 valved, sceds oveid or odlong, usually ariliate.

1. Q. lonca L. widely oultivated in India. Rootstogk ovoid,
cessile tubers thick, oylindric., Ieaf tuft 4=5 ft., petiole
as long as the plain green blade, ‘eduncle hidden by the
sheathing petiole, Spike sutumnal, flower bragts pale green,
ovate, those of the coma pale pink, Flowers as longhs the
tracts, 1lke those of J. gecoaris ond C. gromatics in
strugture,

2. $o geomatigs Salisb, generally reforred to as wild turmeric
but cultivated in certain parts of India. Root stociks
tuberous bienaial, petiole os long a8 the blade, The bdlade

{s caudate, base deltoid, plain green avove or variegated
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with lighter and darker green, elothed bonsath with fine
sarsistent pudescence. Spike with pedunole produced with
or before leavess flower trects ovate, pale green, those
of the coma larger and more or less tinged with pink.
Flowers shorter than the Wwasta. Upper half of the corolla
to be funnel shaped, latarsl segments obdlong, upper longer,
ovate, conoave. Staninode obtuse, as long as the corolla
segments) ipe deflexed, orbicular yellow, obecurily
s-1obed; stigna obscurely 2«lobed.

3. J. gAda Roxd,, Mange ginger. Root stock ovedd, sessile
tubers thiek oylindric. leaf tuft, petiole as long as the
blade, plain green, uwmwzmummmm.
mmummwmmmatmum. Spikes
autumnal, Flowering bracts about 1%, those of the coma
tinged with pink. Flowers about as long as the tracts.
Corolla whitish, lip pale yellow,

Some of the othey apociai of econsnic importance apes
1. §. apguatifalia Roxb., Indian arrowroot, occurs wild in
India. It i8 ocultivated for sxtracting starch from the
mmwunammnmummmot.

2, §. sedoaria (Berg.) Rosc., Sedoary, spread in cultivation
throughout Iniise ¥The interior of the rhiscmes 1o yellow
and when dried has an sgreeatle musky odour with a slight
smell of stimmlant and ecarminative opertiso,
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G BADGEA Val. The rhisomes which smell like mango are
used as seasonins for food.

g+ as8ia Roxb. Hlack sedoary is a native of Bengal, where
it is also cultivated. The aramatie rhiszomes contaln
camphor and are used o8 a cosmetic and in indigencus
medicine,

g. Zapthoxrhign Roxb, It 4is the largest apecies of Qupounmg
reaching a height of 2 m and cultivated in Java and
Naloyuis, The deep yellow rhisome has a pungent smell
and bitter taste, It is used in indigenous madicine and
sonetimes for foods.

Growth characteristics and rhisome devolopment in
turoeris wore aamxmmgmmmwamm Baju
(1975) on the basis of rhisome characteristics, Ambelar
(1927) distinguished twe groups of turmeris, ons with hard
and bright coloured rhisomes and the other with softer,
larger aond light ecoloured rhizomes, Agcording to hin ,
the variety with bri;ht coloured rhizame is nostly used
for dying, whereas the variety with lavger and light
coloured rhiscae are used as oondiment. Rajaratuom (192%)
desoribed some cultivars, with rhiscme producing swoet
aroma, Differences in yield and quality has been observed
{n the same variety when grown st different elsvations,
and agvording to Narasimhan (1931) the erope grown on
higher elevation have given botter quality rhisomes.
valenton (1920) obeerved that all the cultivars in Java
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oame to fiowering, but the frult set was observed only
in two. The floral biology, and flowering bebaviour of
. longa hes been reported by Patnaik g% al. (1960) and
Pas (1961).

BIGNMETRIC STUDIRS

Use of multivariate methods of statistioal anslysis
1ixe the D° statistic to classify biologicul populations
has been well known in several apecies (Nair and Mukherlee,
1960; Rao, 19603 Murthy and Fevate, 1962 and Cassie, 1963) 4

mMemotrical aporoach to the tmprovemsnt of turmerie
has not been attempted so far, though some work has been
recently reported in gluger (Ratnanbal, 1979y Wobanty and
Sarma, 1979). Dased on the multiple regreesion snalyeis
using morphological characters, ie. height of plant, number
of loaves and bresith and length of last fully opsned leaf,
Ratnanbal {1979) cencluded that the final yield could de
fairly accurately estimted based on the data on 90th and
120th 4sy after planting. MNohanty and Sorma (1971) estimated
the genetie variability and heritability for 14 oharocters
in 28 exotic ond indigenous varieties of Ziagiber offisinall.
They observed that the genctic co~afficient of variability,
genetic advancement and heritability values were hizh for
number of secondery fingers and totoal weight of roots.
mia study also indicated that straight scloction ean De
nade to improve ell charaoters, except whight of rogt tubers,
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number of tertiasry fingers and strow yileld. The path
co~efficicnt annlysis in 10 eultivars of ZAniDEX
cexrriod out by Ratuanbal (1979) revealed that the
phenotypic cordelation betiesa the yield and helight wes
quite high and also the direct affect of height towards
the correlation was very high.

BIBOTROFHOANTIC STUDLIES

Zene eleotrophoresis on polyaorylemide gels
provides a useful tool for the evaluation ol proteins
and their taxoncnie relationships. A orude pwotein
extract when fractionated on a suitable gel nedium
produces a spectrun of bande, Iooology among the bands
of different specice based on similarity in migration
volooity provides e oriterion of genotic affinity, The
usefulness of clestrophoretic techniques in plant
asystematies has been eotadlished by earlier workers
(Boulter gt al., 1967). Innyse activity revealed an
band on gels (iscensymes) by specifis ensyme staining
methods bas beon smployed to relate and compere proteins
(Baxrt and Bhatia, 19673 Hitra et al., 1970). The studies
have also been useful in the study of speeies relationships.
Rlectrophoresis of analogous onsyne proteins has bheen done
{n Pebaccae (Thorman gt gles 1967), among menwbers of
priticinne (Bhatin, 1968; Barber gf als, 1968), and in

sa spocics (Voughan and Watte, 1967) and also in fungi
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I EYEEN ﬂfixcﬂ

Oytolozical studies in the order Zingiderales
have been limited to the report of chrumosome munbere
except in Mussceas, which had been theroughly investigated
by various workera (Agharker and Bhaduri, 1935 Cheesman
1932; Cheesman snd larter, 1935 Dodds, 1943, 19435
Chakraverti, 1948 and Simmonds, 1962). Sugiwra (1936) wes
the first to report the shromosene number in Q. LODER.

i oytoetaxonomieal apyroach to the fonmily
Singiberaceas was made by Raghavan and Yenkatasubdban in
1943 wherein they reported chromosoms .numbers for 24
species including that of g. aromatica ead Q. lonans
These authors reported a chromosome number of n = 42 fox
g. axematios and 2n = 62 for . langa. Venkatasubban (1946)
sede & preliminavy survey of chromoscme aumbers in 38
species of various families of Zingiberaceas inoluding
two species of QUECHmGs Le¢., C. potiolata (2n = 64) and
g. gadsaria (2n = 64). An unusuel ehromosome number of
2n = 34 was reported in C. longm by Sste (1948), which is
probably a miscount, Sharma and Bhattacharys (1959) mnde
an extensive etuly on the Xaryology of Zingiberaceas
wherein they reported the widespread inconsistency fox
chromosome nunmbers in individual species. The signifiecance
of this in the evaluation of cultivated species has been
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oloborated by them. Their study included L, apada
(2n=42) ond $o anguiRtifolis (20w42).

sato (1960) earricd out the karyotype analysis
in Zingideranles with special relerence to the
protokaryotyps and steble karyotype, and 4in this study
he reported & chromoscme number of 2nm32 for . lohgh
and cenoluded that the species seems to be arn allotetraplodd
with a basic number of x=8. Earyologically he found one
pair of 'A' chromosons with medium comstriction, and five
pairs of ‘A' ohromoncme with subsmedian constrigtion,
six pairs of 'B' chromosoms with sub-median ond sub-torminal
constrictions end four pairs of 'C' chrocosomes with
subenedian and substerminal constrictions. He also observed
a sstellite at the proxinal arm of one pair of ‘*aA'
chromopome and one pair of 'C! chromoSomes. He econoluded
that the basie number for the genus QUIQUDR scems to be
xn7 and 8, judging from the oboervation on the somatiec
chromosones, and reported chramosone number of 2nm32, 62
and 64.

Chakravorti (1948) made considerable contribution
te the karyological study of %4nziberaceae 8s o whole and
mpmxwtmmttmtheommmmu
g. smada (2n=d2), £» geioaria (2mm63 ond 64), seven
cultivars of §. longa (2ne62, 63 and 64) amd ¢.ancuiatifolis
(20=42). | |
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Cytology of six specice and sevon cultivarm of
C. 1onZa was reported bty Ramachandran (1961). In this
study he reported ochromosone number of 2n~86 for the
species . groqatica, for the first time and cenvluded
that the cpecies is a tetraploid, In this report he
also observed the melocais of two speotes, C. dooinie
(2n=42) and G. loncn (2nm63). He observed a rogular
formation of bivalents in the former and high percentage
of trivalent association in §. lonag inspite of the small
sise of the chromoscmes. The sterility of . langp has
beeon assumed to be dne to ite autoetriploid constitution.
Based on the presence of forms showing character

Antermediate between {. langa and C. @ranaticg he concluded

that natural crossing has taken place botwoen theseo two
apecies or alternately one of these is evolved Lfron the
other by succoesive zutational steps represented by those
internediate types. The herbaceous perennial hadit of
this plant, thelr vegetintive mode of propagation and the
small sise of chromosomes favour the perpetuation of
polyploid in this genus.

A further report on the chromosowe numbers in
Zingiveraceae by Romaghandran appeared in 1969, wherein
he reported again the chromosome number for Q. gmada
(2n=20,42), £. dooipisns (n=21, 2n=42), g. peilal
(2n=42), Q. aromatica (2nm63,86), Q. lonas (2uw62) and
Q. gedooria (2n=63). The study indicated a high basie
nunber of n=2{ for Hitchenis snd Qurougs and he presumed
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that Qurcupm might have boen derived either by dibasic
snphidiploidy (bty combioation of lower basie number 9

and 12 found in some gensra of the family) or by secondary
polypleidy. The reported chromosome mmbers in the genus
Surouma 8o far are given in Table 1.

¥torosporogencesis and megasporogenesis in g.
aurentiass and Q. lopcangil were reported hty Sastrapredje
and Aninah (1970)., Ameng the two species, fruit set wos
otwerved only in . agrantises and they concluded tint
the shoenve of fruit set in 0. loreenglil was due to pollen
abartion,

aR@? IR OVERERY

More than 50 commerciel cultivars of turmeric ave
 Aistinguished in Q. longs and Q. gromatica in the eountry
by the name of localities, where they are extensively
cultivated., Hajority of these oultivars belongs to the
 species §. loncgas while a few cultivars with tright coloured
rhisome bdelong to 0. aromakicss 3Some of the populmr
cultivars ares Armoor, Duggirela, Mydukur, Tekurpetta,
Subbarayudu, 1975). These ocultivers are classificd as
 leng duration (9 months), medium duration (8 months) or

~ short duration (7 months), based on the time taken for

- maturity of rhisone. Twmeric is a tropical orop

growm in apeas with an annual rainfall of 1,200 mm,
though it can de grown in lssser rainfall
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Table 1. mmmm number in W Linn.
I OIS
6mm
nunbex
2n

te
2e
-

4.

3.

Gs
T

8.
9.
10.

11.

12. . Johia
13, Q. deags
4. £ Jouga
15 & lon:a
16+ Co L0058

17, g+ AR

42
42
42
64
4
63
42
42
64
42 .
ws 63
- B6
we 86
- 64
- 32
- 62
- 62
- 62#3:
Pugeirala —— 63
Kovvur Desavall ~- 63
Thekurpetta - 63
GL mm - 63
mm - 63
Hellakatle _
Basupa - 63

Wmaﬂ, f961, 1959

Chalcravortt 09483 Sarma
and hattac 1989
Mhanam 1

MM&, 1948
amm&rm, 1961, 1969
halxaverti, 1948

VYenkatagubban, 1946

havan and
%m: 1943

R-machandran, 1961
Suguiras, 1936
Sato, 1948

Raghavan and
Yenkatasubban, 1943

Sarom and Bhattacharyys,
1959

Ohakravorti, 1948

Ramachandran, 1961
Ramachandran, 1961

Ramachendran, 1961

Ramnchandran, 1961
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areas under frrigation., The erop is cultives:

the sea level up to about 2,000 m 4in the Himalayan
foot hills, It thrives best in loamy or drained loose
fertile soils and cannot stand water logging.

Though some of the improved cultivars are
capable of yielding 30 to 35 tons of green turmeric
from one ha, the astual realised yield in this country
ts much less. The low average yield is attriduted to
the very little erop improvoment work carried out till
recently, and improved cultural and manurial practices
seldom adopted hy the farmers, Eerlier research works
on improvement of turmerie were confined to warietal
trials at the Agricultural Ra:emh Stations belonging
to the State Depsxrtment of Agwisulture.

flowever, aystematio crop improvement m on
furnmerie was initiated after the sanctioning of the
All India Co-ordinated Spices and Oashemnut Improvement
Project in 1971. The crop improvement work even under
this cowordinated scheme has been confined te colleetioen
of cultivars from 4ifferent localities, introduction
from other turneric growing countries ond their eomparativ
yield eveluation and selection. The comparative yield
evsluation conduoted under the AICSOIP so far has been
helpful to identify the types with high yield potential
(Selection Ho.15 from amalapursm type, Selection lio.2
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from Kydukur type) and high ouveunin ocontent (Selection
No.21 (Alleppey type) and Zelection 70,20 (fhedupumhes oovelsp
type)s Earlier reports indicate that turmerie ic a

sterile tripleid which flowers but fails to oot seed
{Burkill, 1935; “urseglove, 1072), 7In view of the

reported sterility no plant weeding work hes been
undertalen in this oxovp 80 Lfar. The present iavestigation
has clearly shomn thet at least C. oromatics has set

viable secd which geruinsted and roduced healthy seedlings,
and thus opens out a now vistas in erop tmprovement
woprnmme of this laportant splee.

Yery little information is availalle on the
cultural and memurinl regquirements of turneris. Isolated
repoxrts have appeared on the effect of spacing, weight of
socd ridscons snd time of sowing on the yield, Hussain
and Satd (1963) obtained hizher yield with lorger-eised
seed rhizone, IBarly sowing resulted in hicher yield,
reobably because of an early start to the crop (Agnihotri,
19493 Randhowa and Nandpuri 1966; and Randhowa and
Mern, 1974). Closcy plant spacing reccarded better yield
in twmerie, evidently dus to hisher nlant population pex
unit area (Randhewa and Handpuri, 19663 Satd and Altaf,
1963). This observation wes cnnfirmed Y Randhawa and
Kiasre (1974) in their study, wherein hizher yield was
obtained in 22 x 22 cm opating conpared to wider spaeing
up to 38 x 46 om, |
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I. MATERIALS

Sixteon cultivars of Qupoums longs. ¢leven
cultivars of Ourouma aromatice, one type of Qurguan
azada and one Indonesisn type used in the present
investigation, were from the germplasm collection
maintained at the Central Flantation Crops Research
Institute, Easaragod. The materials were planted in
two replicationa of 40 plants each planted in raised
beds of 3 u,z, consecutively for 3 years during 1976-'78.
During 1976 the weight of the seed rhisomes, its length
and number of nodes were regorded, for mother rhisones
as well as fingers at the time of planting,s The detalls
of the matorials used for the present study are given in
Table 2.

11. HETHODS

(1) ¥orphology. Por the morphological and biometrical
studies 16 cultivars of {. lapnca and two ocultivars of

2@ were used, In addition to these, six more
eultivars of . grometigo for which dats on morpholegical
gharaoters wore available during 1977-78, were alse

used for part of the investigation. Ths morphological
characters were regorded for 18 plants selected at random
from ench bed, Humber of tillers, number of leavea,
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Tadle 2. Oultivars of Q. Jonga end Q. aromakics

)

Selection

No, Dame of species Hoe Hame

te  Cupcums Jg 2a Hydulwe

2e " 4a Sorakhpur

3s " 8¢ Kuohi pud

4. . f1a Yontizitta

5. » 12a Amritapant

6o " 3¢ Hendyal type
Te » 140 Rejapurti local
8. “ 15% Analapuron
e * t6a ¥ynad local
10. " 18a 2. Sunder

1. " 20a Hoovattupusha
12. " 21a Alleppey

13, . 23a Duggirala
14, . 244 Ho. 24

15. " 27a Ethamukuls
16. " 28a Thodupusha
7. gurcums ar 50 Easturi

18, " 51 Kasturi tanubka
19, " 52 0L Purem

20, " 53 Jobedi,

21, . 54 Dahgi

22. . 58 Dindigan

234 . 56 Katergia

24, " 57 Udaysgirs
254 ’ 58 Amalapures
264 " 59 GL PurameI
7. " 60 Chayapasupu
28, Qureuma

29, '

gpm 8D,
rdonesian type
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height of plant, and length and breadth of last fully
opened loaf werc recorded at 45th, 90th, 120th and 150th
deys after planting. The rhizone charngters such as
number of mother rhiscmes and fingers, number of nodes
per unit length, length and eircumfexrence of mother
rhigomes and fingers sod yield per olump were recorded.
In the firat year, data pertaining to fifteen eultivers
alone were used for analysis, as rhizome charasters
and f£inal yield could not be reeorded forr the other
three cultivars, due to the severe incidence of rhizome
rot disease caused by Pyihium ep.

Analysis of varionoc was carried out, for the
morphological charaeters recorded on the 120th day and
the rhimome charnoters were rocgorded at the time of
narvest, to test for the differences between cultivars,
based on individual charssters.

Data recorded on seed rhisomes were made use of,
for regression analyais, to gtudy the effeet of initial
morphological charactars on final) yield,

fhe difforcnces among the oultivars for the
aggregate of four morshologlen) sharacters and five
vhigone chapasters, exsiuding yield, woro tested by
¥ilk's /\ ertterion (Rao, 1952).



oL
24 7

Par understonding the divergence botween the
cultivars, the individual D° values were obtained, for
all the passible palrewise combinations of them, for
both the yoara, Thare were 105 sush B° values during
the firot year (for 15 cultivars) and 155 duwring tiw
second year, whan data for all the cultivars wexe
availahle. Utilising D waluco, the cultivars were
grouped into different cluaters, following Tocher's
method (Rao, 1952).

Based on the phenotypic correlation between the
variables under study, and yield of plant, the standardisod
partial regression ccefficients were worked out. The
corvelation betwoen yield and individual morphological
charaoters wire partitioned into direcet and indirept
offeetn, to study the nagnitude of char:otor asscciation.

The linear relutionship between morphological
charagters observed en the 120th day and the final yield
was studied, using the multiple regression technique,
with a view to exanining the possidility of predicting
the final yield.

In crder to study the linesr velatiouship between
yield (¥) amd morphological oharacters such as oumber
of tillers (x4), number of loaves Cxa), neight of the
plant (I,), the produst of length and ltreadth of the
last fully openod leaf (3‘). nusber of mothey rhiszomes (zs).
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number of Lfingers (:s)mwwwmwm«m
unit length of the Lingore (x?). a8 multipie lincar
regression anaslysis was carriod out.

Fraotionation of the protein
mmﬁvandmby@olampmauuwnwmt
S8 polysorylamide gels (Shapiro, Vinuela ond Eainel,
1967) .«

Protein extrocts from leafl semples wore [wepured
in O.%% phoaphate tuffer (one part leaf sample to threo
parts phoophate buffer - pB 7.2, ¥y weight). The mixture
was sheken well in o separating funnel with three to
four changes of chloroform to remove chlorophyll and
then a 131 mixture of chlovoform and petroleum ether.
ohe extract was then shaken well with pure petroleus
ether for several times until the last trace of oil 18
removed. The extract was concemtrated in saturated

soorose solution for 24 honrag,

The phosphate bduffer extragtable protein wos
heated in & boiling water bath for 5 minutes, Enough
glyoercl phesphate was then added to give a final
concentration of 207 glyeerol phosphate. Bromophenol
plue (0.05%) was =sed as trocking dye.

Fleotrophorosis was periormed at 4 m aznps/running
tube for five hrs. The gel was stained with % Coomaasie
trilliant blue (for 2 hrs) and then destained by
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successive changes in 7% acetic acid dwring a peried

of 2436 hra until the stained bands were clear. The
nigration of btwromophenol blue was taken as the yeference
band within each gel fox ealeulation of Rf valuesn,

011 and eurcunin content were cetinated for 16
oultivars of Q. lopgp and 6 cultivars of §. grguatica,
based on the mothod wyeported by Jonaki and Bose (1967
ia Shanimrocharya acd Notarsjan, 1974). For estimation
of oil, 20 g of wellepowdered turmeric gsample was put
on a filter papor, folded and put into a Whatman extraetion
thimble, Tho thimble was put in the extraction column
of the Soxhlet Extraction apparatus and extracted with
petroleun ethor for adout 16 hre. &tw contonts were
poured inte a previously weighed evaporating dise, all
the ether wos sllowed to evaporate, cooled and welghed
as oll,

The recidus obtained Lrom the extraction of oll
was ugain extracted with bensene for cbout 48 hours
(or till the condensing liquid was free of any yellow
eolour). The contents of the flask was evaporated and
weighed as ourcumin.

Golowr grading for leaf and turmeric powler in
16 oultivers of Q. longa and 2 oultivars of . gromatiocs
wes carried out based on Hickerson's Colour Chart,

(3) &
[+ 18

Though flowering is ocheerved in
, seed got ves obtainsd in the




latter species only. The mature and dry infloreseences
wore harvested and trashed in DecemberwJanuary to
extraot the seed. The extracted seeds were sown in

15 om dianmeter petri plates lined with filter pepers
inside. Only dark and conparatively heavier seeds
were seleeted far germination trial., DBefore sowing,
sceds wore wazhed thorougnly in water and treated

with Bavistin (0.%%) solution for 30 ainutes to avold
fungsl and basterial contamination. The seeds germinated
{n 8 to 20 days and the seedlings were transplanted

to polythene co talners ot 2-leaved stsge, At the

end of the first season, when the cerisl parts started
withering, the plants were uprooted and examined.
After rocording observations, the small rhisomes were
transplanted to the bigger polythene bags ocontaining
petting mixture, During the second season normal
growth of the clump wap observed. The germination
data during the first scoson and seedling charastera
ingluding stomatal measurements and chromoscme nuabors
for each progony rows were recorded,

(4) Qvtolory. Three oultivars of (. longp and five
cultivars of §. gronatica wers studied for their melotic
behaviour. %The remaining cultivars could not bde used
for cytological investization as they failed to flower
in the exyerimental plots. For the melotic study,
flower buds were collected between 10.00 and 11.00 @.m.
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and fixed in Carnoy's fluid (6 parte of ether alechol,

3 partschloroform and one part acetic aoid), after
extraoting the buds from the infloresgence. 24 hours
after fixation, the materials were washed and stored in
704 aleohol. Phe anthers were ameared in i acetocarmine,
Kelotic stages were analysed from tenporary pereparations
and were made permanent subsequently.

Somatic ehromosome numbers were determined fron the
root tip squashes following the method adopped hy Ratnanbal
(1979) im ginger. %he technigue oconsisted of colleeting
rootetips at different timss in saturated solution of alpha
bromonaphthalone for 4 hours at low temperature and fixing
in Ostergren and Heneen's (1362) tm&ve‘ The matsrials
were fixed for 24 hours, hydrolyeed in 1 HOl for 10 minutes,
stained ia 0,57 leuco besic fuchsin and squashed in 1%
acetocarmiie. Intsot and wellespread metaphase plates alone
wore considered for counting the ehromosome numbers. For
the study of pollen fertility, fully opened flowors were
colleoted and anthers about to dehisce were squecsed in
1 per cent acotocarnmine - glycerins (1:11). Only well stained
and full grains were considered as fortile.

A £ins peeling from the lower epideruis of the leaf
_wes obtained and treated with methanol for four minutes to
fix the stomata in open condition. The pseling was washed
earefully in distilled water and mounted in glycerine,
Stomatal counts were taken by a graticule and measurements
ware made by an ocular micrometor.



>

29 | 2 9

RESULES
I MORPHOLOQICAL CHA:AOTERS

The mean values for the morphological sharacters
reoorded on the 120th day after plantiog and rhisome
sharacters recorded at the time of harvest, are presented
in Table 3. Analyeis of varionee vovealed that the
differences aneng the cultivars were signifteznt for
nunber of tillers per plant height, ratio of length to
eircunferente of fingers, and yleld, in the years 1977-'78
and 1978-'79 (Table 4). For the ratio of length to breadth
of leaf and ratio of length to circumferense of mothor
rhisomes, the differences between cultivare were not
significant in any of the yeors. JFor other charagters,
these dirferences were significant only during the second
year,

In both the years, the nunbor of tillers per plant
was unifornly high (above &) in selection No.24 (Todle 3).
During the Lirst yeor, the highest value of 4.27 was
recordsd by selection Ho.16a Wynad local, whereas during
the second year, selection No.12a Amritepani recorded the
highest value of 4.8% tillers per plant. In all the
cultivars, plants were unifornly taller during the seocond
year, compared to the first year, Maximum height wae
recorded by selection Ho.28a Thodupushs during the two

yeoxs.,
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Table 3. Morphological eharccters of 16 cultivars of §. lonza

§1. N-me of specties/ Yoar  Hos of  Hos of imznt’ Leat
N eultivers tillers leaves length/
O per plant breadth

ratio

{om)
I. C. longa

1. 2a MySulur 1977-78  2.50 10,53  93.05 3.87

197879 253 1631 112,06 3.89

2, 4a Gorakhpur 1977=78 2.10 9.60 81.80 3.73

1978-19  2.67 14,64 98,75 3.7

1978-7T9 2,83 7.53 99.94 3.64

4, 11a Vontimitta 197T7«78 1.45 8,03 65,88 3,55

1978«79 531 18.45 110,28 3,07

5. 12a Amritapani 1977«78 2.40 12,05 80.65 4457

1978-79  4.83 28.09 106,59 3.25

6. 1% Nandiyel 1977=78 2,30 11,33 96.T5  4.36
el Wre  teer0 2.8 12,37 99,67 3.04

7. 14b Rajpuri local  1977=78  2.70 11,05 98,75 3.58
1978=-79 2.61 14.64 93,95 3.08

8. 15b Analapures 197778 2468 19,80 91,80 387
1078-79 2,89 17.67 108,00 S.24

. 16a Wynad local 197778 4.23 15,68 86,535 3.84
% 16a $578=79  3.20 16,11  115.50 3.62
10. 18a 7. Sunder 1977=18 343 13,00 85,23 431

19?3“'79 3056 20,314 "70% ‘c*‘
11, 20a Woovattupusha  1977=78  lot available

1978-T9 3.89 18,42 106,78 4.08
12, 2 Allepty e a4 BN BE 18
13, e Mgsirala 3%:773 gfga“ﬁm%:es 110,17 3.79
We M4 Jo. oreTe  $:08 e oowd 3.3
15. 27a Bthamulada 3377;:33 gﬁsmmﬁ'ss 100,67 3.84
16, 20m Thodupusha (PRSI m3 s 1%

197778 1,70 8.25 94495 3.88
8. 57 vlayagirt T8 2.3 10.15 0.1 373

197879 2,56 15,70 100,20 3,76



and 2 cultivars of Q. gromgticn

e

Bo. of No. of  No. of m&m Length/ Length/
nc%hqr t!néara pa§ unit eirounference cirounference Yield/
rhicones ratio of ratio of olump
mother rhisomes fLingers

(gn) N
2040 5.60 0.89 0,10 1 c’g 253.50
2.39 12,00 t.12 .69 0.92 369,17
2.29 10.8% 1.02 0.61 1. 19 365,00
2,09 5. 11 1.29 0.62 0.95% 180,14
1.50 4.95 1.31 0.68 0.99 267,50
1.97 4,50 1.33 0.69 0.93 144,02
2,20 T.15 0.99 0.63 1.17 192,50
%425 12.25 1445 0.74 o 360,.8%
170 4.50 0.89 0,57 1.34 120,00
5.56 17,42 1.55 0.75 1.20 415.64
2.08 8.8 1.13 0.57 1.17 432.59
2,81 Se 1.45 0,72 0.89 185,70
2.80 7495 1.02 053 1.27 ¥75.00
2.70 10,03 1.18 0. 0,92 280,06
2,10 6.3 1 «06 0.51 1.18 267.50
2.81 1.6 1.23 0.69 1,04 438,54
2,20 525 0,93 0.58 1.26 172.50
5.03 8. 1.39 0.74 0.9% 250,42
3.00 8,20 0.96 0.54 1.3 302.50
3453 14.50 430 0.70 1.01 420,44
2498 9.6% 1.28 0.7 C.79 242.47
2&77 6'66 1‘ "3 0’?’ 0‘82 315:.00
2.42 4,22 1.59 0.67 0.80 142.50
2437 2,37 6456 1.27 0.7T7 177.47
5.10 5.05 0.80 0,60 1.53 195,00
2.87 - 6497 14453 0,77 1.01 156,06
2,36 6.2% 1.38 0,60 0.89 186,89
2440 5e44 1.20 0.7T4 1.11 191,00
3e64 11.95 1.52 0.66 0.90 314.67
3.25 7.17 1"!6 0.79 1.50 208,%2
2.T0 T+50 1.0% 0.57 1.75 265,00

2.67 11.53 1.12 0.66 1.66 300,8%
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Padle 4. Summary of analysis of voriance (Ms848+)
and 2 cultivars of U, aromatioa

e AOT7=1978

Oharacters Replications  Oultivars
(def = 1) (d.2.= 14)
4, No. of tillers per plant 0.8979 1149500
2. BNo. of leaves 24.0487 12,3365
3, Height 0.8944 174.2794 +*
4. Tength/bdreadth of leaf 0.5521 C. 174
5, No, of mother rhirones 0.069% 0s4745
6. No. of fingero 8.9544 60231
7. Fo. of nodea Dper unit length 0.0046 0V.0236
8. Ilength/circumference of mother
rhizomes 0.0003 0.0091
9. length/cireunference of fingers 0.0567 © 0.2230%
10, YieM 9870,09 21076.44

# gignificont at P = 0,05 ¢ Sionificant at P



for morphological characters in 16 ecultivars of 0. lonege

- 3 3o F54 4N ) )

Error Replieations  Oultivars . Brrer
(def » 44) (Qsf = 1) (4.2 = 17) (4.2 = 17)
0.1905 0.5364 0.8045%# 0.2207
5.7058 30,8210 43,6596+ 9.0916
43.9436 240,8137 269.2819% 93.5616
0.1492 0.5725 0.1468 0.1300
0.4617 0.1482 1420519+ 0.1628
8.0838 4.22%0 27,3756+ 71,6129
0.0515 0,0036 0.0426% 0.,0073
0.0059 0.,0078 0,0043 0,004 1
0,0263 0.0191 0.1056%+ 0.0047
5792.47 1.6300 14101,20* 6371.56

= 0,01



PLATE 1

Seneral view of turmeric plantation
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FIATR IX

Norphological charscteristios of Qupouma species

Mge 1 + Q. longs 14 Rajapuri looal
¥zgea 2 3 fa ticg 70 EKatergia

Mge 3 3 Lol
Fig. 4 v CQuroupn spe Indonesian type






mma 11X
Rhisomes in Q. lonza
Pg. 1 1 Be¢ Xuchipudt
Pige 2 1+ 13%a Handyal type
Pigs 3 1 14 Rajpuri looal
7g. 4 + 150 Asalapures












PLATE ¥

Rhizomes in Qupounp species

Fg. 1 ¢+ 0. longn 244 Fo.24.
Mg, 2 ﬁ, aEaakis 57 Udeyagiri

Pig. 3 1+ 2. saada
Mee 4 ¢ Qpoupe 8pe Indonesien type
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Iength/oireunfe-ence ratio of finrers was found
to vary between 0,82 and 2,27 among the cultivars, during
1977=*78 and between 0,80 and 1,66 during 1978-'79, In
both the years seleotion No.29a Alleppey recorded the
lowsst length/circumference ratio and the ratic was very
high in two oultivars belonging to Q. aromatigs. Yield
was also found to vary coasiderably among the cultivare,
During the first year, the highost yield of 432,50 g per
clump was reeorded by selection No.13¢ Handyal type,
followed by selection No.14d Rejapuri loeal. During the
second yever, seleotion Ho.150 Amalapuram recorded the
highest yield (438.34 g) closely followed by selection
Ho.18a T. Sunder, Over the years fluetuation in yleld
wes high, espeeially in eultivars like selection Ho.12a
Amritapani, followed hy selectlion No.15bd Amalapuram,

Yield data rocovded on plants ralsed separately
from mother rhisomes and fingers in 10 cultivers of
8. Jongs snd 8 eultivars of §. promaticn are given 4n
Table 5, The yield 4ifferences observed in the above twe
specics due to the differences in weight of mother rhisomes
and fingers used as planting materiasl, mre given in Zadle 6
and diagramatiocally represented in Plate VI, |

In order to study the relationship between yleld
{y) and morphological characters such as mumber of
tillers (x1), number of lcaves (%2), plant height (x3),
length x breadth of the last fully opened leaf (»4) and



FLATE VI Coe

Yield in twraeris in relation to the
type (motber rhisoue/fingers) and
weight of seed material
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Table 5. Differences in yield of turmeric due to difference
in eseed welzht of mother rhizomes and fingers

S1. ¥ame of species/ BRSO _Thigoned :
¥oe oultivers T, of soed TYield per Tt. of seed TLeld pe
rhisone elump rhisone ¢lump
e ()  (gm) {(gm)
I. £ denea
1s 2a Nyduly 69.6 654 2344 334
2. 48 Gorakhpur 72.8 551 20.1 538
3. 80 Kuohipudi 549 572 28,5 341
4. 11a Yontinitta 59.0 444 18.5 357
S« 128 Anritapani 6646 354 25.4 309
6. 130 Bandiyal type 57.7 600 23.4 47
Te 14% Rajpurl looal 5649 876 13.9 447
8. 150 amlapuram 60.6 637 . 19.5 3T1
9« 244 Ho. 24 347 558 11.9 440
10. 27a Bthamukula 55.9 385 25.0 54
Mean 58.9 564 20,8 385
I1. §. axogatica
11, 50 Eesturi 35.5 625 19.8 g )]
12, 51 Kasturi tanukas 29,5 538 18.5 426
13+ 57 Udayagirti 24.8 430 17.0 276
4. 53 Jobedi 40,3 112 17.3 308
15. 54 Dabgl 32.3 509 15.1 266
16, 55 Dindigen 353 469 21.4 432
17. 56 Katergia 3%.5 613 179 289
18, 58 Amslapuran 52.2 610 2444 303
‘ 35.2 56% 18.6 322

‘ﬁn) 56‘ ’9;3 397
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number of mother rhisomes (x5), number of fingers (X6)

and average nunmber of nodes per umit length of the finger,
the intercorrelation coefficients were warked out, These
are presented in Table 7., It was observed that ytleld of

& plant con be ectimated by the lineer prediction equation:
Tw60,69 = 24434 x 105,15 x 246427 x 30,36 x 4+16.17 x
5+10.24 x 6~167-74 x 7, with a coefficient of determination
R2=0,9046, which is highly significant.

The stondaxrdised partial regression cocfficients
were worked out to find out the contribution of any one
morphological char-eter, either directly or indireetly
tovards the manifestation of vemlatim with yield, The
results are presented in Tadbles 8a - Eg; The
intererelationships between yield and morphologioal
charaoters have been diagrammatically presented in
Plate VII, It 1o seen that the effect due to residual
factors is only 0.0982, theredy estadlishing the suitability
of the abdbove lincaxr caunal schems.

7ilk's oriterion, obtalned from multivariate
analysis of variance, based on all the nine characters
excluding yicld was 9.002 x 10=7 for 1977«78 and 2.3084 x
10»7 for 1978~79, bdoth of which turned ocut to be highly
significant, showing thersby differenves dotween cultivars
for the aggregate of the charaoters,



VAR VI

Diagramostic representation of
intererelationships between yield
and morphological choracters



PLATE VN

Duémmabtc vepresentation of

intev velationship bebweon yield g,
mOYf*OlOéloaL chavacteys

&
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fable 8. Partitioning of correlations between yield
and morphological charagtexrs into direet

sad indirect effoota.

Table Ba. Yield ve number of tillers

effect Oontridution
Direct Funber of tillers - 0.2074
Indivect Rusher of leaves - 0,061
" Flant heisht 1.2574
" x breadth of last v
ly opened leaf » 0,5637
" Humber of mother rhimones 00,0204
" Runber of fingers 0.200%
" Humber of nodes/om of finger 00,0406
Fotal Correlation eoefficient ‘
between yield and nucher 0.4883%
| of tmt |
Table 8b, Yield vs numbder of leaves
%%mz:mt | Charactor Contribution
Direct Eumber of leaves = Oy 2606
Indirect Bumder of tillers - 0.,1479
" Plant height 1.11%6
" Length x readth of leaf - 0.4557
. Rumber of mother rhisomes 0.,059%
u Nunbéxr of fingers 0,0835
L]

Rumber of nodes/em of finger 0,0059

Correlation cosfficient
betwean yield and nunmber 0.5981
of leaves :




Pable 80,

Yield w2 plant height

eftect Charagter Contribution
Direvet Plant height 15404
Indirect Humber of tillers - 0,1690
" Hunbex of leaves - ,1884
» Iength x breadth of leaf « 0.7138
" Humber of mother rhisoce ~ 0,0215
L fumber of fingers - (0. 1366
" Ruuber of nodos/om of
finger = 0.0413
fotal m}.atim coefficlent 4
. botween yield and plant 0.6256
belght .
Pable 84, Yield vs length x breadth of last
fully opened leaf
eftoot B Gharapter Contridbution
Direot length x treadth of leaf «0, 7823
Indirect Funber of tillers «0,1492
" Busber of leaveo -0, 1518
» Hunber of mother rhisones w0, 0366
" Hunber of fingers Gl 1560
. Bunbexr of nodos/cm of finger 00,0102
Total Correlation ooefficiont

betvaen yin!.& and length x 0.4520
mum uat
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Pable Be, TYield ve numbdber of mother rhiszones

Divect/indirect
effect Character Contridbution
Direct Fumber of mother rhisomes 0.1576
Indirect Bamber of tilleve «0,0569
" Bunber of leaves «0,0981
L Plant height (), 2104
" Length x breadth of leaf 0.t1018
" Huabexr of Zinsers 0.0503
. Susber of modes/om of finger «0,01%8
Total Correlation goelficient
betveon yield and number 0.0%3085
of aother rhisouwss
Pable 8f. Yield va numder of fingers
DPireot/indireet
offeoct Oharaoter Contribution
Direct Hunber of fincers 0.,6042
Indirect Ruaber of tilloxrs «0, 0687
" Humber of leaves «0,0%560
“ Plant height 0.3482
" length x weadth of leafl =) o 2020
" Hunber of mother rhisoses 0.01%%
" Hunber of nodea/om of finger ~0,0218

fotal Currelation coeflficiont | |
‘ between yield end nunber 0.6370
of fingers




Table 83. TYield v8 nuxder of nodea/om of fingers

Mrect/indirect
effect Oharavter Oontribution
Direot Ramber of nodea/om of finger «0.2439
Indireot Bunber of tillers (3, 0545
“ Busbor of leaves . 0.0062
» Flant height «(},2608
» Length x twoadth of leaf 0,0325%
" Bumder of mother rhisome 00,0089
" Runmber of fingey 0.0540
Total Oorpelation ccefficient
between yield and nunbder ~0.,4376

of nodew/en of finger
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The quantitative differences with respect to the
morphological ¢ aracters were evaluated using the
Mahalanobis D° statistie. The D® values were more ar less
similar in doth the years (fedle 9). The valuecs ranged
Lfrom 8.8 t0 493.3 during 1977=78 and from 9.3 to 848.1
during 197579, %he data availadle on the contribution
of each oharnoter to the total D” valus revealed that
the ratio of length to oircunfersnce of fingers was the
most important dicoriminating fastor, in doth the years,
Other charagters of importance in the study of genetie
divergence wore the height of the plant, numder of nodés
per unit length and number of mother rhimomes,

-

gpeotra on acrylamide zels is given in Plate VIII, PThe Rf
values for 16 cultivars of . longps twe cultivars of

Q. sxoaatica, one type of Q. gmada and one Indonesian type
of Qurcuns sp. are given in Table 10,

In all, 13 bands could bde resolved varying in RS
values, though in none of the types studied all the bands
weore preosent. It is notewerthy that band nusher 8 was
resolved i{n all the types eand dand numbers 12 and 13 in
most of the types, In general the fast moving proteins
were more abundeant in distribution among the types studied,
Anothar interenting feature was the high intensity of certain
bonds resolved. Among J. longa typee, dand Ho.12 was nost



PLATE VIIl

Dagram of eleotrophoretic speotra of

Lurcung species

£- lonsa
1. 2o Nyduiur
2. 4a Gorakhpur
3. 80 Ruchipndi
4, 112 Vontimitta
S, 128 Amritapenti
6s 13¢ Nandyal type
7. 14b Rajapuri local
8. 159 Amalapuram
9. 16a uyned local
10. 18a 2. Sunder
1. 20a Hogvattupusha
12. 2ta Alleppey
15. 2Ba Duggirala
14, 248 Ho A
15, 27a BEthamukula
16, 262 Thodupusha

17.
18,
19.
20,

£+ aromatiss

50 Easturi
57 Ulayagirt

. saaia
furgumg sr.
Indonesian type
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Table 9. ﬂa valucs based on nine charagters in turneric for the

AR

. m&:’”"“" sa 48 - 80 ta 12a 130  14b 15
. g longa
1, 2e Mydukar . 22,6 St.4 30,5 32.0 20,0 15,0 8.8
2. 4a OGorakhpur 18.3 - 81,3 15.9 53,9 213 18,2 16.0
s. 8¢ uehipudi 78.3 90,2 = 842 25,7 69.9 104:2 461
4. 11 Vontimitta 51.6 36.5 0.3 =  53.6 53,5 43.4 368
5. 1% Amttspeni  M5.3 3505 675.6 5.6 - 388 T40 2.6

6, 13 ¥andyal type 39,3 30.9 62,0 29.9 365.0 w . 25.5 15.0
Te 1405 Rﬁslﬁm local 14.4 98 103.5 34.2 3347 558 - 152

8. 15b Azalapursm 20,9 12,5 1473 25,7 2613 497 1.7 -
9. 16a Wynad looal $9.8 26,2 85,9 15.3 348.1 9,3 305 374
10. 18a T. Sunder 55.0 37.0 182.9 15,2 194.1 47.6 300 13.6
41. 20 Moovattupusha 408 58.2  T75.0 53«4 4395 194 306 81,8
42, 21a Alleppey 9.6 39,7 89,3 22,2 318.4 10,3 40,2 537
13. 23a Duggirala 23,1 30.2 38,3 55,9 496.C 21.4 40.4 613
14, 244 No.24 92.4 55.2 146.1 STe2 225.2 41,2 56,6 52,5
15, 27a Bthamukula 19.3 9.6 99.5 20,2 324,53 17.1 10,7 179
16, 28a Thodupusha 105.8 81.2 234.1 19,0 174.8 66,0 7T8.6 58.4
1. g. arenatice
17. 50 EKasturl 297.7 213.8 481.5 279.3 337.3 3517 240.4 171.8
18, 57 Udayagiri 584.4 4568.7 B848.1 532.1 404.1 661.2 490,0 387.5

g

Fote: Values for 1977-1978 are given above the dlagonal and 1978«



) yoars

1977-1978 and 1978-1979

16a 18a 20a 21a 23a 244 278 20a 50 57

135.9 35,8 = 48.1 - 89,0 = 32,8 196.1 41.2
160.1 50.1 = 78,0 =« 11,9 « 76,8 159.9 3%1.3
52.1 33.0 = 30.8 = 47.4 =  39.6 349.0 145.9
160,2 516 = 51,7 = 97.0 = 86,1 215,2 52.7
95,7 36,7 = 53.8 - 50,6 = 26.2 238.3 82,9
188,0 75.5 = 1017 =« 1353 « 33,1 1%6.4 37.0
157.8 63.9 = 101.2 =~ 127.2 « 64,5 138.7 21,0
114.5 304 = 64.7 - 76,0 « 39,2 174.5 39,0
- 42,7 - 82,1 = 25,9 = 146.2 495.3 2433
359 - - B4 - 210 = 76,2 311.5 1041
24.6 TS5 = - - - - - - -

19,1 47.5 323 = - 52,4 = 70.4 404.2 152,6
18,0 83,7 31.8 43,7 ‘= - - - - -

49.6 41,8 70,5 26,5 8%.5 - - 92,4 38%.0 1%6,3
13.3 23.6 32.6 214 32.5 47.5 = - - -

45,7 22.2 82,6 51.6 116.6 52.3 49.2 =~ 227.0 B4.9
225.9 232,8 473.2 353.6 350.1 286.8 279.6 331.2 6644
6248 452.3 B17.5 646,7 683.6 539.2 549.3 571.6 62,9 -

1979 below the diagonal.
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Padle 10. R values of phosphate buffer extraotable ]

g1, Neme of species/ mﬁ nusbers
Bo. cultivars
1 2 3 4 5 6
1. Q. lanea

1. 2a MNydukur - - 0.18 - 0.2¢ -
2, 4a Gorakhpur - - 0,18 0.22 - -
s, 80 Kuchipudi 0,02 - 0.16 0.2 0.2 2 =
4. 11a Vontimitta 0.04 - 0.15 - - -
5. 12a Amritapani - - - - - -

6. 1% Nandyal type 0,02 - - 020 Ou24 0427
7. 14b Rajapuri local = - - - - -
8. 15b Amalapurem - " 0.18 - 0.2% -
9. 16a Wynad local - - - 0.22 0,26 -

10, 18a T. Sunder - 0.11 0.18 - - 0429

11, 20a ¥oovatiupushs 0.06 - 0.15 - - 0.29
12. 21a Alleppey - 0.07 017 - 0,25 -
13, 23a Duggirala - - 0.15 - 0.24 -
t4. 244 NHo.24 » 0.10 017 0.23 - -

15, 27a Bthamukula - - - 0.2 - 0.30

16. 28s Thodupusha 0.00 - - - - 0.29

I1. go aronatieh
17. 50 Kasturi - - - 0.22 - -
18, 57 Udayagiri 0.06 0.09 0.17 - - -
I11. Q. gpads 0,06 - 0.15 0.23 - -
IV, Qurgums SPe

»
Indonesian type 0,02 - - 0,23 - 0431

R— " o - ——




proteins in polyaerylamide gels.

7 8 9 10 N 12 13
0.35 0.49 055 0.68 - 0.82 0.9
0.38 0.46 0.56 - - 0.80 0.94

- 046 - - - 0.86 0,068

- 0.46 - - 0.79 - 0.87
?.35 044 0.58 - 0.78 0.84 -

- 0.47 - - - 0.80 0,89
0.40 0:46 0.52 0.,68 0.77 - -
0.40 0.42 - - 0.76 0,82 0.89
0,38 0.49 - - - 0.84 0,94
0.40 O.46 0.58 - 0.78 - 0.89
0.,3% 0.49 - 062 - 0.8% 0.87
0.38 0.49 - 0,67 - 0.86 0,88

- 0.45 - 0.61 0,73 0.85 -

- 0.48 - - - 0,8% 0,89

- 0.48 - - 0.73 - -

- 0.47 - - 0.T3 0.83 0.89

- Osdé 0.58 - - - 0.89
Q.34 0446 - 0.635 0.79 - 0.87
0.3%2 0.42 0.59 - - 0.80 -

- 0.7t 0.84 -

045

0.55

0.61
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prominent except in 27a, 12u; and 14d. Dond No.14 108
prominent in types 27s and 12a while band No.$0 was
prominent in type 14b. High intensity of band Hoe9 was
noticed in Indonesian type. All the protein dands were
unifornly faint in two types of Q. gromation investigated,
In C. pERdA band Ho,12 was slightly prominent though very
faint compared to that of 0. longa.

- IIX ESTIHATION OF OLL ARD QURGUKIN COUTENTS
041 and cwrounin eontents estimated for 16 cultivars

of C. Jglga and eix oultivars of g, aronatica are given in
Table 11.

OF TURMERTC

IV OCLOUR GRADING IN LSAP AND FOSDEH

Oolour grading for leaf and turmerio powder in 16
cultivars of Q. lougp and two oultivars of &+ arcuaticn wes
oarried out based on Nickerson's colour chart and the data
are presented in Tadle 12,

V¥ SERD FROPAGATION

Azeng 16 oultivars of Q. longa and 11 sultivars of
Axomptice, 6 cultivars in the former and all the 11 cultivars

in the J.attar apecies flowered. The flowering periocd was
August-geptember under Ensaregod conditions, The flowering
elunps were cheerved on the outer rows of the beds exposed
to sun light. The mature capsules were observed in
October=liovember. The nunber of days taken feo flowering
from the tine of sowing, and maturity of the sced, and
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Table 11. 011 and oureumin coantent in 16 oultivars of
g+ Jonse and 6 cultivars of Q. apomatios

S1, Hume of species/ 011 (%) Ourcumin co:tent (%)
I« £ JoREA

te 2a Bydulonr 4,19 9,98
2. 48 Oorokhpmr 4,98 8,90
3. 8¢ Kuchipudi 6.00 1.28
4. 1fa Yontimitta 6,92 12,25
5. 12a Amritapand 4.46 11.50
6, 13a Handiyal type 4.97 10.98
7. 14b Rajpurti looal 4.82 9.950
Be 15b Amalapuran 4494 9.20
9, 16a wWynad loool 5465 13.90
10. 18a ?. Sunder 3,02 T 9.98
11. 20a Neovattupusha 454 14.48
2. 21a Alleppey Ged3 13.93
13, 232 Duggirala 4425 10,58
14, 248 Ho.M 5440 14.02
16, 28 Thofupusha 4.91 13,48
I. £+ aeomatisn

7. 50 Easturi 9.0 8410
18, 57 UWayagiri 7454 848
19, 51 Easturi tanuim e 1 B.4
20. 53 Jobedi 8.2 T3
21. 54 Dahgi 6.9 63




Table 12, Oolour gradings in leaf and powder of turmerie
(Acoording to Nickerson's colour chart)*

sl. Name of specics/

No. oultivars Top leaf Powdex

I £s JODCR

1. 2a Mydukur 5 GY 5/6 HYG 7.5 YR 6/9 DOY
2. 4a Gorakhpur 5 GY 5/6 WG 7.5 Yu 6/9 DOY
3. Sc¢ Kushipudi s 0% 5/6 MY 7.5 IR 5/7 5YB
4. 11a Ventimitsa 5 0Y 5/ WY T.5 IR 6/9 DOY
5, 12a Amritapani § 0Y 5/7 Y@ 5 YR 6/11 30
6, 15a Randiyal type § GY 5/6 MYG 7.5 YR 5/7 SYB
7. b Rajpuri local 5 GY 5/6 MIG 7.5 YR 6/9 XX
8, 15b Aoslapuram 5 0Y 5/6 M¥¢ 7.5 YR 6/9 DOY
9. 16 & wynad local 5 GY 5/6 XY@ 5 YR 6/11 S0
10, 18a %2, Sunder § GY 5/6 WYG 7.5 YR 7/%1 80Y
11, 20a Hoovattupusba s GY 5/6 MYG 5 YR 6/11 SO
12. 21a Alleppey 5 GY 5/6 ¥¥6 5 YR 6/11 50
13, 2% Duggirala 7.5 GY 8/7 0 10 YR 7/10 30Y
14, 244 To.24 5 GY 5/6 MY S YR 6/11 SO
15. 27a Ethamukula 5 GY 5/6 HYG 7.5 YR 6/9 DOY
16, 28a Tedupusha % 6Y 6/8 8SY6 5 YR 6/11 30
1I. g acomatlon

7. 50 Zasturi 5 GY 4/3 MOG 7.5 YR 6/9 DOY
18. 57 Udayegiri 5 Y 4/3 MOG 7.5 YR 6/9 DOY

#40G = Hoderate olive green
HYG - Hoderate yellow green
SY0 = gtrong yellow groen
DOY « Dark orange yellow
SIB » Strong yellow trown
80Y « Strong ocrange ycllow
80 « Strong arange
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goruination particulars for M.ne cultivars are given in
Pable 15, Prom the Table it is evident that the aumber
of days tulen for flowering in C. loncg varies from 118 to
143 days, whercas in the case of {. gromatiocn it varies
from 95 to 104 doys. The time taken for the maturity of
pecds from flowering vories fram 23 %o 29 days in (.
axogatione Seed sct was not obesrved in any of the six
cultivares of Q. longa that have flowered.

on extroction from capsule two distinet types of
soeds (dark heavy and light bromm) wore observed, The
seod hos a snooth surfage and an apical mieropylar ring
with a wavy outline. Fercentage of Mnation varied
from cultivar to cultivar in L. arozatica (Table 13).
Seventy to ninety pex cent of germination was recorded in
about 8 = 20 days after sowing. There was practically no
germinetion gka after the 20th day. At the time of
geroinetion the seed absords moisture and becomes enlarged
before the omeygence of the plumule., The plumule 18 about
4 = 5 en long with two protuberances at the base, which
later develop into the first two primery roots (Flate 1X,
Plg. 1). The seedlings st twoelenf stoge were transplanted
to polythene bags (Plate IX, Pig.2)s During the firet year
only rootas and root tubers were obeerved (ilate IX, Pige8)e
Nornal rhiscme developaent occurs during the second year
(Plate IX, PAg.4).




FLATE IX
Seed propagation in J. SRQMARIAR
Flg. 1 1 Gernineting secds

Mg. 2 ¢ Seedlings transplanted in th
Pge 3 1 (noeyoar old seodling with reot
tuders

Pige 4 1 ‘woeyear old seedling showing
development of rhisomes



PLATE IX
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¥/ OYZOLOGY

1. 2omnt * s

The somatic chromocome numbers were determined for
the following speoies and cultivars (Pable 14; Flates

X « XI1).
Table 14. Somatic chromosome in Qurcuma species and
eultivars,
S1. Hame of species/ IMumber *0Lf type' somatie
Ho. oultivers gtm an cells with
¢
analysed Chromosone Percentage
number of cells
X, ﬁi m N
2, 13a Randyal type 35 63 - e
5. 16a Wynad local 35 63 — —
4. . 244 To.24 30 63 62 4.0
5. 28a Thodupuszha 20 63 - -~
Ir. 4. apematics
6, 50 Kasturi 41 o4 82,86 19.5
7. 51 Kamturi tanuin 28 84 86 14.0
8. 57 Raysgiri 30 84 e o
9« 54 Dahgi 20 84 86 26,0
0. 56 Intergia 20 B84 - won
1. 58 Amalapuram 20 84 - -
IiX. g. gmadn 40 42 b ——

8
!
|




FLATE X
meuammmg.m
Mg, 1 1 2a Ryduknr, 2n = 63
Pige 2 3 1% Haxdynl type, 2n = 63
He. 3 1 160 Zynad lacal , 20 w 63

Pige 4 1 162 dynad loonl, ehromosone
moscic with 2n » 62






_mﬂ.ﬁ chronoscnns m Lo acomation .

Mge t 13
Mg 2 3
Mg 3 1
Pige 4

50, Xasturi, 2n = 84

51, Kasturi tanum, 2n = 84
57, Ddaysgiri, 2n = 84

54, Dahgi, 3 » 84




PLATE XI
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PLATE XIX

Samtic ehroowsoncy Lo QUESuR apecies

Flge 1 1 56 Eatergia, 2n = 84
Fg. 2 ¢ & skoualicn, 58 Asalapurem, ZnmG4
Fige % ¢ J. gladn, 20w 42

Mg, 4 ¢ Qurcuma Spe Indonesian type,

2n w 42
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, - One quadrivalent, one trivalent,
twenty seven bivalents and two univalents were the maximunm
association observed ot diakinesis as well as netaphase « I
(16.7 and 19,17 respectively). One to two trivalents were
observed in 81.5 per cent of tho cells examined., A minimum
of two univolents were observed in all asssociations. The
number of univalents varied from 2 to 3. One trivolent +
29 bivalents + 2 univalents were the highest frequency ot
diakinesis as well as at metaphase - I. The later stages
of meiosis were abnormal, with normnl seperation of
chromogsomes only in 18,2 per cent of the 'cells, The rest
of the gells had laggards varying from 1 to 3. The pollen
fortility was 48,54,

Table 15. Chromosome assceistion in C. longa 244 No.24

Shromosone assscciation PFrequeney of P
v 11z 11 4 Ma!z&meia Hetaphase=I
1 1 27 2 1 4

- 2 27 3 - 5

- 1 29 2 4 8

- - 30 e 1 4

o

Total 21
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11) 8o X ~ In this cultivar also
the maxioum peiring observed was a quadrivalent in 50%
of the cells anslysed at dlskinesis, However, at
metaphase~I, only trivalents were cbserved as the maximum
pairing, Thirty bivalents and three univalents wore of
the higheat frequency at metaphase~l. Normal separation
was observed only in 27.8% of the cells at anaphase-I,
Iaggards varied from 1==3 in 6.7¢ of the cells analysed,
the remalning showing one tridge. The pollon fertility
was 45.75.

Table 16. Chromosome association in §. Jonga 8¢ Kuchipudi

Chramosome aagociation m:;mmy of Pils
WMWM
v IIY Iz I .mm.nwu Wp&m&m‘i
1 - % 3 -
- 1 29 1 6
- - 350 3 3

Potal 8 14

At diakinesis, only
two types of assocliation wore observed, ie. one trivalent +
29 bivalents + 2 univalents (25,04) and 30 bdivalents and
three univalents (75%). However, at metaphase-I, &
quadrivalent was also observed in 15.8% of the pellen
mother cells. The highest frequency of c¢olls at this stage
had 30 bivalents + 3 univalents  52.6%)e Humber of




02
univalents varied from O to G,

later stoge of meiosis was nornal in 53,3% of the
cells annlysed., The only abnormality observed was one
laggard for remaining cells, The pollen Jertility was
46.%5.

Table 17. Chromosome association in J. lonsn
13a Nandyal type.

- - -

Chromosonc association Frequency of s

-

-

v III Ix I Dt s beta .
1 1 21 2 - .
- N % 3 6 10
Total 8 19
(b) a. iR RS b R St

1) 50 Faatixd (2n = 84): At dickinenis 44.4% of
the cells had 42 bivalents. The maxtmum associatien
observed at this stage was 4 quadrivaleats, 32 bivalents
and four univalents, The imivalents varied from 0 - 4
at thisg atage. At mstaphaseeI, the maximum assocliation
obasrved was also 4yy+32,,Hy (9415)e Two quadrivalents,
37 bivalents and two univalonts were of the highedst
frequency at netaphaseel, Porty bivalonts and & univalents
were observed in 22,2% of the pollen mother cells at
diakinesis and 20.44% of the cells at metnphace=I,
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Pable 18. Chromosone association in {. grogaticn

80 Xasturi

eh:mmn asasoclation | Frequency of P¥s

iv 11 1 Diakinesis Hetaphagewl
4 32 4 1 4

4 34 - 2 6

3 36 - -

2 ¥ § 2 4 12

- 40 4 4 9

- 42 - 8 10

Total 18 4
The lator stages of divisions wexre normal in
85.7% of the oella, Laggavds and Mridges were obeerved
in the remaining cells, The pollen fertility was 74.5%

11) 57 udayvesdxd (2n = Of One hoxavalent was
observed in 40% of the mother cells analysed at diakinesis.
Howover, the maximun association obaerved at metaphase=~I
was only quadrivalents, JForty two bivalents were odaurved
in 30% of the cells at dickinesis and 33,3% of the cells
at metaphase-I, Humber of univalents varied from O = 4
at dtakinesis as well as metephase-l,
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fable 12. Shromosome association in . gromoticn

87 udeyagiri
pone associotion Frequenoy of KXs

Vi Iv i1 Diakinesis Metaphase~l

1 1 37 - 4 -

- ] 32 - : | -

- 3 ’5 - b

- 2 3 2 1 4

L Q ” - ‘ "2

-~ - ‘9 4 - 6

- - 42 - 3 14
Total 10 42

Hor-al separation wns observed only in 46.7% of
the cells., Ilaggevrds were observed in 40% and bridges
fn 13.37 of the cells, FPollen fertility was 69.8%
(Pable 23).

1i1) $1 kasturd tanun (2o = 84 The highest
frequenay of chromosomc association observed at diakinesis
was one hexavalent, one quadrivalent and 37 bivalents.
Forty two bivalants were of the highest frequenoy both
at diakinesis as well as at metaphase-I (41,74 and 55.94
reapectively). Univalents were not observed in any of
the cells analysed (Table 20).
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Table 20, Chromosome apsociation in §. aropatios
5% Knsturti tanuke

Ghrm‘aammtim - m:qmw of I‘Bf@s .
Vi 1v i1 I Diskinesis Metaphase-I
1 1 n - ) -
. 3 36 - 4 3
- 1 40 - 2 5
- - 42 - 9 10

Total 12 18

33.3% of the pollen mother cells at diakinesis
and 16,7% of pollen mothey ocells at metaphase~i had 3
quadrivalents and 3€ bYivalents. The anaphsse separation
was pormal in 66.7% of the cells. One to two laggards
were oboerved in the remalning cells annlysed,
Abnormalitice were not obasrved in the second division.
The pollen fertility was T74.2% (Table 23).

1v) 5% Johedd (3n = 84); At dialkinesis as well as
metaphasesI, 4 quadrivelents and 34 bivalents wore of
iz frequoncys Thin associntion aleo farms the
highest freguenny at diakineeis, The highest Lrequensy
obsorved at metaphose-I was 42 bivalents (50.0%). Four
univelonts were observed at dimkinosls as well as
metaphase~I in 40,04 and 33,3% respeotively, The later
stoges of divisisns wore normal in 55.6%4 of the cells,
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Four laggards were observed in the remaining cells.

Fo other abnoranlitios were observed in the later stages
of the division. The pollen fertility was 56.8%

(Teble 23).

Table 21. Chromosome assooiation in Q. gromatiog

55 Jobedi
‘ sssociation ~ Frequengy of Fills
v i 1 Dlakinesis MetaphasesI
34 - 2 1
3 36 - 4
- 40 2 10
- 42 - 15
Total 5 30

v) 54 Dabcd (2n = 84); One hexavalent and 39
bivalents were observed in 33,3% of the cells at
diskinesisc, Hoxavalent was the meximum apeociations
obaorved. lighest froquency observed at diakinesis
was 42 bivalents (50.0%), The numdber of univalents
varied from O ~ 4 at metaphase~I, The maximum assooiation
obeazved was two quadrivalents and 38 bivalents (36.4%).
It also forms the highest frequency. The later stages
of meiotic behaviour wao normal in 71.4% of the cells
fnvestiyated. laggards varying from 1 - 2 were obgerved
in 28,65 and Wridges were oboerwed in 7.1% of the cells.



57

The pollen fertility was 68.6% (Tuble 23).

Table 22, Ohromosome association in (. aromatice 54 Dahgi

Chromosone associaztlion Mrequency of Plila

12 4 Iy il i Disakinesis lMetephancel
4 - %9 - 4 -

- 2 b1} 2 % 3

- 2 38 - 1 12

- - 40 4 - 8

Total 12 33

sable 23, ollen fertility in . lgonca ond {» gropatios

51 TDame of species/ o ‘ N |
No. oultivars Pollen fertility (%)
1.

1. 45.74

24 46443

3 48,48

11,

4. 74449

5e 69.84

6. 73438

Te 63,56

84 70.01




FLALE XIIX

ketosis in Q. Joaqa cnd Lo @iguation

Fige 1 + g. dcRER, metaphaceel
Mge 2 1 Go lugise metaphagosi
g« 3 ¢ Q. piopatiss, metaphasesl
¥ige 4 3 Pollen grains in Q. gromatice

L







DISOURSION

The genus Jurguma coaprises about seventy species
of rhisomatous herds found mainly in Indo-Ealaysian region.
Stareh, plgnents, dyes and aramatioc oils are extracted
from some of the species of cconomic importance, Among
them Q. lougoe the trus turneric of commerce, is the only
species eultivated, though £. gromakics, & semi-wild
apecies is also cultivated in certain regions of India
to produce twmeric, Though the domestication, propagation
and commercial uses of turmeric are well documented
(Sopher, 1964; Rosengarten 1373), work on erop improvement
nas received attention only in recent years.

I. HORPHOLOGY

A oritical analysis of the date (Table 3) in
atiferent cultivars of g. Jonga and G. sronatios
that the differences in yield was due to the differonow
in the planting saterisls used., The differences in yleld
of turmeric due to differences in seed weight of mother
rhisomes and fingers have been shown in Todls 5, The
date indicated that about 60% higher yield was odtained,
when mothor rhisome was uscd as the planting material
{neteod of fingera, When the cultivars of (., gropetics
were gonsidered separately, this inevense in yleld was
of the order of 75%. Binoe the mother rhisomes used as
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planting material are hesvier thea the fingers, the
obwious inference is that the final yiold is influenced
sore by the weight of the seed material, Hussain and
Satd (1965) and Randhowa and Misra (1974) also recorded
signifteant inorease in yield, when larger sised seed
rhisomes were uued am planting materisl,

This relationship was further exaained dy grouping
the data on the basis of the weight of the seed material
used separately for the two species (Tadle 6), When
mother rhisomes were used as planting naterial, &
progressive insrense in yleld was notlieed, with inorease
in the weight of the seed rhimome, However, when fingers
mere used for plaating, proportionate increase in yield
was moticed only up to a oeed rhiscme weight of sbout 30 g.
further inorease in the weight of secd rhisome was not
refleoted in the reperticnste inorease in yield. The
cbvious concliusion 1s that the optimum weight of fingers
a8 seed material is about 30 g, when planted at a spacing
of 30 om x 25 om under Kssarazod eondition. It was alse
ocboerved that when the mother rhiscme ead fingers of the
some weight were used as planting naterial, the final
yield was higher in plots planted with mothor rhisones
(Mate IV). The date thus indicate thot the final yleld
in turserie ie dependant on the welsht and type of the
sesd material (motber rhizome/fincers) used for planting.
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An analysis of inter—correlation of ¢oefficients
amen; morphologlead eherocters and yield (Table 7)
revea)s that only three sharasters, vis., aumber of
tillere, mtmmmmuﬁwmamﬂm
correlations with yleld, Even though the ewmwrelation
between length » breadth of lecaf =nd yield i ponitive
and fairly high, it is not eignificant at 5% lovel.
mcmcmwwmmummmtnmh
of the fingers, thore is a negative oarvelation, bat
thip correlation is not signifiocont &t 5% lovel, length x
preedth of leaf is an index of loaf area and in genoreld
4t is expected to have a high correlation with yield,
ohe correlation 18 not significant in the present case
probably due to the wide variation tn yield, and the
length/breadth of loaf ares not exhibiting a similar
variation, to give s significant correlation ccefficient.

The numder of tillors, numbexr of lesvos, plant
height and leaf length x broodth, bave highly eignifiocant
intergorrelations smong themselves. Table 8a reveals
that though there is a positive correlation between yield
and number of tillersa a8 such, the direat efiect
due %o this charapter 1o nogetive, It i/ also seen
that the indirect effects through number of lsaves and
leazth x hreadth of leaf are alao negative. The positive
corvelation 18 mainly dus to a high positive indirect
effect through plant Beight and a positive indirect
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effect through numder of fingera, both of which have
highly significant corvelations with yleld,

Bven though the postitive eorrelation botween
yield and aumber of leaves is not signifioant, it ia
cbeerved from Puble 8 that the plant height contributes
a high positive indirect effeot though the 4irect effect
due to nunber of leawes 16 nagative, '

She oplitting up of corvelation between yield
and plant hetght (as soen in Tohlo Ge) shows that the
high ecrrelation betwesn these two charasters is again
dus to 8 high positive direst effect. The mumber of
fingers also contributes to & positive indireot effect,
whereas the other charagters having significmnt correlations
with plant height have negative indircet effowt.

The direet effeot of length x Wweadth of last
fally opened loaf tovands the ealablishnent of a
positive correlation with yield is asen to bde negative
but here again, plant heizht contributes a sudetantial
poaitive fndreot offect, nullifying the negative indireet
effact of other charagters having significant correlations
with length x Ureadth of lonf (as seen in Zable 94),

fHumbexr of mother rhisomcs' has a positive
direot effeet together with & positive indireet effeot
through length x treadth of leaf, but theae are nullified
by & negative indireet effeot contridbuted by plant height
resulting in almost no corxelation with yleld,.
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fable 8f reveals that a highly signifieant
oorrelation detween yield and mumber of fingers,
matnly due to a substantial positive direet effeet
through this charaeeter and positive indirect effect
through plant height, AS in tho pwevicue cases,
number of tillers, nuuber of leaves and length x bhreadth
of leaf contribute negative indireot effects.

Table 8g shows that the negative corvelation
betwoen yleld and pumber of nodes per unit iength of
fincer is matnly due to a negative direct effeot and
a negative indireot effoot through plant height,

Sumning up the above results, by the method of
path coeffieiont analysis, it 10 obeerved that wherever
gignificant positive correlation betwoen yleld and &
morphological charaster is established, it is mainly
dus to substantial positive contribution Yy plant height
and pumber of fingers, sither directly or indireetly.
Charecters such as number of tillers, number of leavea
and length x treadth of lsaf contridute vegetative
effeots, cither direstly or indireotly in most of the
cases, It may de concluded that the plant height in
turmerio is a single impertant morphological charapter
basod on which seleotion for yield could bde made,
¥ombexr of fingsrs per clump is a secondary charaster
whioh also may help in scleotion of bettexr ylelding
sultivars.
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msed on the D° statistics, the fifteen cultivars
oould be grouped into three clusters during 1977-*78,
whoroas the eighteen cultivars foll inte four clusters
during the subsejuent ysar, TFiw clustering patternm in
the two yoars has beon given in Table 24 Pwo culiivars
belonging to the species {» SR0EALIoR were eeping
their soparate identily in both the years, ©he eultivars
belonglag to the apoeion $, Jonga were almost equally
divided nmong the othar two olusters during the Liret
yoar, whercas in the second year, two of the cultivars
belonzing to the species were in two distinot clusters
and all) the remaining 14 culiivars were in one singls
cluster. K

The intra sud inter-eluster 1P values, for both
the years have been prosented in Tuble 25 (see also
Plate XIV), Tuble 26 gives the oluster meens Sor the
two years.

During 19T7-'78, the maxizum inter-gluater D%
valne of 241.16 was noticed detween olumters II and III,
the latter deing comprised of the two cultivars belonging
to ¢» promaticss This wes dus to the long, norrow and
eylindrical shape of the fingers, as reflegted in the
length/eirounferente ratio and the tall stature of the
plants, belonging to $.» aromatiope Oultivars in
oluater III were consplouvcus far their lesser number
of mother rhisoces, tillers and leaves pex clump,



PLATE XXV

Sputial distridution of eclusters
daring 1977=1978 and 1978«1979



PLATE XIV. SPATIAL DISTRIBUTION OF CLUSTERS
DURING 1977-78 AND 1978 - 79
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Runber of nodes per unit length was low indicating
comparatively wider interncdal distance for thess
cultivars, Distance betweoen clusters I and III was
also high, malnly due to the differences in length/
eircumferonce ratio of fingers. Though clusters I
and II consisted of cultivars belonging to J. longa,
the ocultivars in the latter cluster were found to
have more number of anarrower leaves, lesser mumber
of fingers and elongated mother rhisomes, Maximum
differences in yield was noticed detween these twe
elusters,

Though during 15978-'79, cluster I consisted of
14 eultivars, all belonging to the species J. lana,
the iatresoluster I° value was only 40.04. However,
the highest interwgluster D° valus of 675.63 was noticed
betweon clusters IIX and IV, consisting of the remaining
two cultivars of Q. lonigs Vis., S¢ Kushipudi and
12a Amritapani. This diver;ence was due to the
differencea in the shape of fingers and mother rhiscmes
(length/circunference ratic). Cultivar 8¢ Kuchipudd
(oluster IIXI) was equally distant from eluster II,
consiasting of the cultivars bLelonging to Q. arematica.
Elongated shape of fingers of the ocultivers belonging
to the latter species was found to de the main
contriduting facter for this., However,oclusters III
and IV were found to be nearer to cluster I, consisting
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of cultivars of {. longn than to cluster II, formed
with the cultivars of L. groamatice.

A coperison of the D° values computed in
both the years revealsd that the intraseclusters walue
for the cultivars of {. gromatica (cluster III duwring
1977-'78 and clustor II during the succeeding year)
were more or less sinilar, In both the yesrs, nunber
of tillers was minimum and length/cireunference ratie
of fingers maximum, for the cultivars af this specles.

II. BAIOCHRMICAL 8TUDIES

The protein symegran from elsetrophoretic
studies has revealed prominest interespecifie vertation
specially in band numbers 9 and 2. Ameng {. longa
types, band nusher 12 was found to be nost prominent
except in a fow cultivars like 27a, 12 and 14d, On
the other hand, 4in U, guads band number 12 was slightly
prominent, though the band ia very faint compared to
S+ lopgae The Indonesian type was quite different with
band 9 having the higheat intensity. All the protein
bands were uniformly faint in cultivars belonging te
8. sComaiign. Similor intereepecifiec differe
been observed in speoific enzyme protein among othexr
group of plants aleo (Mitrn gt al., 1970) Vaughan and
¥oite, 1967) and variation in mrotein and ensyms has
beer considered as ong of the oriteria to study the




69

apecies relationships (Fox gt 8les 1964} Garber, 1965)
Hart and Bhatia, 1967). The data pbtained from the
eleetrophoretic etudies indicate the possible use of
these information in the classification of species
and cultivars of turmerie and along with the I¥ snalysis
spe data, form an useful complimentary tool for
nnderstending the relationship and differences among
the cultivars and species., However, the stuly has
also indicated that it may be necessary to work out
the separation of genetically demarcated isoensymes
1ike malate dehydrogenass, alochol debydrogenase and
enterases to get a clear ploture abgut the differences
and relationships. .

The oil and curcumin contents estimated in
8. lonsa snd 8. axonptica cultivars aleo supplement
the conclusion drewn frem the D° amalysis and
sleetrophoretic studies, The ocultivars belonging to
g. longa hsve a very high variatien in ouwrcumin eontent,
ranging from 7.8 to 14.5%, whereas in J. arcmallign, the
range of curounin content was very narrow (6.3 to 8.481)¢
the oil eontent in Q. JanER cultivars was relatively
low (3.0 to 8.45%), The investigation has clearly
wrought out the faet that in G. Jonsa the variedbility
meuumnummummtuwryushem
to Q. gromatigc, aod for identifying cultivars with
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high eureunin and oil contents it may be worttwhile
to carry out seleotion in . longa alone, The atudy
has also helped to identify cultivars with high eurcumin
ecentent like Sclestion Hos. 20m, 244, 21a, 16e, 298
which incidentally are in the same genetic cluster
vased on the D° analysis, Interestingly, the study
has also indicated that the cultivars with high oil
centent (Q. arpmaticn eelection Hos, 50 and 57) have
relatively low ourcumin centent and hence it mey not
be worttahiile to attenpt te seleet a variety with
high oil es well as high curcusin gontent,

The data on eolour of leavos and turmeric powder
revealed that in J. gromatica the colowr was dark orange
yellow and in Q. lonsa it was atrong yellowish and dark
orange yellow,

I1z.

GENEZICAL mm

In the present ifovestigation, ohromosome numbers
for three apecies have deen reportoed, 1.0., O« 1lo0EGe
2n » 633 Q. acougticn., 2n = 84; g. ampde, 28 = 425 and
Qurcumn sps (Indonesian type) @n = 42, A perusal of
 the earlier veparted ehremosome nuzbers shows that a
chrocosome number of 2n = 32, 62, 63 and 64 for g. lopge
(Sugiura 19%6; Sato 19603 Raghaven and Venkatasubban
1943; Chakvavorti 1948; Sherma and Bhattacharyys 1959
Rameachandran 1961 and 1969), 2n = 42, 63, and 86 for
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s arooatica (Rashavean and Venkatasubtan 13433 Rameshandren
1961, 1969) and 2n = 42 for C. gmoda (Chalravorti 1948;
Sharms ond Dhattachazyys 1959 and Ramachandran 1969).
Other chromosone numbers reported for the genus are
2n = 42 for §. decinieng, 8. oeilchaxcensis
aoqustifolia (Remachandren 1961, 19693 Ohakravorti, 19483
Sharma and Dhattacharys, 1959), 2n = 63 and 64 for Q.
paria (Venkatasubbodb, 19463 OChakravorti 1948;
Rasschandran, 1961, 1969) and 2n = 64 for {. pptislaka
(Venkatasubbah, 1946). Thus chromoscae mmbers for 8
specics of Qurcunm with 2n = 32, 42, 62, 63, 64 and 86
bave been reported se far, The present investigation has
clearly ehown that all the oultivars of (., sromation have
2n = 84 and Q. longa 2n = 63, This along with 2n = 42
for C. amada and Gurcuma sp. (Indonesisn type) reported
here show & polyploid series with msultiples of n = 29
and somatic chromosome mubers of 2n = 42, 63, and 84,
If a basic number of n = 21 i assumed, then Q. auads,
ureuza sp. (Indonesian type), @ dseinisns, §» neilds
and $. gaguatifolis are to be considered as dipleids,
. lonca, o triploid, and . aromeiion, o tetraploid.

- Based on the mwsber of cultivars in . gronaties
and Q. lopil investigated at present, it is to be fax
presuned that the earlier reported chromosome number of
2n = 32, 62 and 64 for §. lon:n and 42, 63 ond 86 for
g» gromation are exceptional cases and correet ohromosome
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numbers for these two spocios are 2n = 63 and 21 = 84
regpoctively. This hos beea further confirmed by a
gametic nusbher of B » 42 for Q. pRppatica reported here
for the firet time,

Dased on the karyotype analysis in gs 1OGEDe
Sato (1960) found that the specics hos ons pair of A
ehromonome with medisn constriction, S pairs of A
ohremosones with sub-medisn constrietion, 6 pairs of B
ehromosones with subwaedlen and gsubeterminal oonstriet’on,
and 4 pairs of ¢ ohromosomes with sub-median and terzinal
conatriotions. He assumed that the genus Qupounp secns
to have a Yasic number of 7 and 8, judging from the socatie
chromosoms nusber of 2n = 32, 42, 62 and G4 reported carlter,
Ramachandren (196%) proposed a basic nunber of x = 21 in
Qurounn, derived either by dibasioc emphidiplotidy (derived
from & combination of lo -«r basie aumbers x = 9 and 12)
or by seeondary polyploidy.

Tolyploidy snd aneuploidy combined with strustural
changee of chromosomes sre presuned to be the nain omwses
for higher nusbers in differont families of Seitaniness
(Raghaven and Venkmtosubbten, 1943; Venkatasubben, 1946}
Sharma and Bhattacharyys, 1956, 1959 and Sato, 1960).
Nost of those anthors agree that lower numders such on
4, 5 and 6 are the originol basic nusbere and sesondary
basic aushers such as 9, 10, 11, 12 and 13 are derived
nunbers through further evolution. On the basis of the



(7
73

available sytolegical information, it is to De assumed
that 2n = 42, 65 and 84 are the correet sometic
ehromosome sumbers for the thoee spootes investigated
hare, The reported chromosome numbers for different
specios of Ouzrcuma (1.¢., 28 = 42, 63 and 84) could

be explained 4f o basic number of either X o 7 or x w 21
is assuned, Howwver, fram the pairing behaviour of
chromosomes as indieated by quairivalents and hoxavolents
respectively during microsporogencsis in (. longs and

8. proaation, it may not be reasonable to assunme a dasie
number of x = 7, The obeerved gquadrivalents and
hexavalents could bo explained if the basic number of

x = 21 is agsumed for the genus, and in which cose L. gpade
will be & 4iploid, $. looga o triploid and Q. gromstion
a tetraploid,

A survey on the distribution of basic chromosome
nusbers in Zingideralss (Soto, 1960) revoaled that out of
132 specios belonging to 21 gonera, basic nunbers of
9, 41, ond 12 were found in 96 spocies, obwiously indicating
the predosinance of these three basto numbers, In the
1ight of tw abowe ohservation, it is to be prosumed that
x e 21 for Qurcutl 18 & secondery bDesic nunber probably
derived from o combination of x = 9 and 12 o postulated
by Ramachandvan (1961),
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Abasence of multivelente and presenss of bivalents
in polyrloid species normally indicate its alloploid
pature. Pregence of multivelent association at metlosis
cannot neccasarily be treated as the sole evidenve for
autoploidy, because of genotypically controlled tendenday
to form bivalents as reported in Zhlsum Dakeng (Muntsing
and Pralken, 1940). Ohromosome pairing and ell the events
of meioeis are presumed to be under gonetic centrol and
the specificity of synapsis oan be induced or narrowed
by gene action to permit the pairing of ohromosome related
genstiocslly or evolutionarily (Riley and Law, 1965).
thug the appareat diploid like dehaviow of the triploids
and tetraploids in gurguma oan be explained on the
presumption that the failure of pairing between gonomes
is not due to lack of homology between constitusnt genomos,
but due to genetic mechanism suppressing peiring between
‘nomologous end homsologows chromoscmws, o8 explained in
the classicol examples of Iritisum pastivun (Riley and
Ghapman, 1350; Riley, 1960). A siailar gene controlled
phenomsnon, suppressing multivelent foroation has also
been reported to Yo in operation in tetraplold Quaguin
In addition to delicately bmlanced gene,
controlling homologous chromosemes pairing genus
suppressing or permitting ctromosoms palring and
conblnation of these, may also harpsn in the same speclies
as reported for wheat (Atley and Chapman 1958, Kempanna
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and Riley 1962; Driscoll, 1972 and Jang and Riley, 1973).
Any one of the above situntion may not de exclusively
ccourring in QuIgums, since most of the species are
propagated by vegetativel motheds.

Reiotie pairing hoas Deen regarded as rellable
indicator of the polyploidy involved. The presence of
quadrivalent in . longg snd hexmwalent in {. gromation
indtentes a degres of homology between constituent genones,
Based on the assumption that (., argusticn is a tetraploid,
one would have expegted muoh higher frequency of
pultivalents for this specios. One weuld ardinarily
expect to find a much higher frequenty pf multivaisnts
in autopolyploida. However, the presence of few rmltivalents
indicates, that the species may not be a true tetraploid
but at best o segnental allotetraploid. The meiotie
vehaviowr of O Anpaatice reveanled that few of its
chiromooomos could associate to form amultivelents,

Horphologicel rescmblanges, chromosome Dehaviowr,
totrasonic sagregation, and fertility or eterility of
the putative 4ipleid form, are socoe of the basie on which
the nature of polyploidy is detornmined (Stebbins, 19503
Swaminathan, 1954)s Any one of the following three
explonation could bde put forward to ianterpret the low
frequency of multivalents in f. gra:azipgg. The specles
is a segmsntal allopelypleid, with some chromosomes
tn four cémplete struotural homologues which regularly
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pair as maltivalenta, and other se strongly differentiated
that they form only divalents., Suech a meiotic beheviour
also could de expected in an antopolyploid which has
undergone & long period of cohromosomal) and genetie
differentiation to finally form predominantly bivalents.
Species exhiditing genotypically controlled tendency to
form Divalents oan also show this type of pairing.

fetraploids 1ike L. axomation when first arose
would presumadly have been relatively sterile. OWwiously
they showed more advantageous character than the diploid,
and might have survived the imitial period by reproducing
vegetatively. Inevitably they would be more powerfully
seleated for inoreased fertility, and c¢ensequently
favouring selection of edominantly bivalents. This
tndieates that either there is an inhibited gens suppressing
the pairing of chromosomes betwoen homologous pariners,
thus limiting the multivalent foruation, or alfernately
an evolutionary process extended for & period of time
whevein the newly prodused autoploidy becomes converted
into segmental sllopolyploid.

Baged on the variation pattern a8 evidenced
from correlation stulies and 2 analysis, and further
supported by oytological observations, it is tempting
to presume that J. logam (2n = 63) is a natural hyteid
Detween 2n = 42 and 2n = 84 types. Though the apecies
is relatively sterile, the chromosome pairing in meiosis
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is nearly normal with few trivalents and univalents.

In a triploid plant, meiosis is expested to De guite
firregular with high frequeney of trivalents, univelents,
tridges and fragments (Goodspeed, 1930; Upeott, 1938).
Predominently bivalent fermation in the triploid

g. lgnga eould be explained if it is assumed that the
putative diploid (2n » 42) and tetraploid (2n =» 84)
parental species with secondary dealc nusber of n = 21
had arisen from primary basie number of 9 and 12 with
the following prodadle constitution,

Diploid (2n = 42) x Tetraploid (2n » B4)

x = 9 (AA) x = 9(AsAA)
¥ ' +
X= 32(;&1&‘) x "42(‘1&‘*"‘1)
\V4

Triploid (2n » 63)

AAA

L
Ayhqhy

(A »93 Ay =12 chrasosones )

Qertain amount of homology betwesn A and Ag
genomes is indicated by the presence of quadrivalents
in g, Jonga snd hexavalents in $. promatisss 2The
loglieal corollary of this assunption is that the A
gengme of the diploid may not be completely homeologous



78 7

mthmligmofthe tetraploids and honce the
linmited numbor of multivelents observed, Besides,
ag in the present caove, mostly divalents have been
reported in triploid Pppgaris (Yarnell, 1330) and
tobacco (Bast, 193%), and this has been attributed
to non-homologous peiring o aome sort of
'non-gene=ty-gens' pairing.

In perennial plants with effieient vegetative
reprodustion, & high degree of seed sterility ies not
a barrier to the existenoe of either the individual o
the population. Nuzercus exasmples are available in
literature with alundant wild speeies distributed over
large arcas, entmu reproduced by vegetative means,
ganadenals ond m 8D {Mt. 19183 Stebdine, 1950)
and sterile triploid form of Zritillaria saaschates
(Matsuura, 1935)s Ia all such cases the reproductive
potential and spreading is hy means of asexual prepagation,
but genetic variability is brought adbout hy occasional
sexual reproduetion, The most importent effeot of this
en evolution is to lessen the scleotive valus of complete
sterility in sexual reprodustion. Highly eterile genotypes
may live for such long time and successfully compete with
the fully sterile rolatives, Such situation has deen
reported in the case of Ilymus iritiscidaeg by Stebdins
(1950).
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In the prescnt case, although the tetraploid
seniewild species, $. abometiga ywoduces seed, the
seed rroduction ssems to be amainly ceatrolled Wy
environmental fagtors. Oultivars of §. louaa are
completely sterile and have greater vegetative vigour
and ability to spreed by rhisomes and have proved to
be an equal competitér, if not better tuan Q. gramstios
under the rigorous scleotion carried over centuries,
By the vegetative propagation this aterile triploid
han besn able to malntain {ts remariable genetic
tdentity fer consideradly long tine,

A 1ittle flexidility in the vegetatively propagated
species of Qurcuma hes been indicated by the presence of
chronocaone mosaies bDoth in pollen mother cells and somatic
cells (Table 14), The evolutionary aigaificance of the
altered chromosome number for the somatie cells in
vegetatively propagated plants has bsen well catablished
by Sharma and his ascsociates (Sharma, 1956; Sharma and
Sharme, 19593 Sharma and Bhattacharyya, 1956, 1959;
Sharom and Hukhopadhyaya, 1963). Spectiation in such
vegetatively propageted plants is brought about through
the entrance of a nuclous with altered chromosome number
tnto the young gowowing shoots, resulting in elones with
altered chromosome number, It 48 probadle that alteration
in sormatic chromosome munber, followed by vegetative
propagation might have given rise to clones with 2n » 52, 64
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reported in . Jlongg and 2n = 86 reparted in g,
arcpatisne Bven then, unless these clones with
altered chromosome nunbers have an adaptively superior
attridute, they are likely to be sliminated in the
solection. Such ¢clonos pay not have much of & chance
to survive in ocompetition with the establiched cultivars
and hence their relative infrequenoy in the germplasm
ocollections,

IV, SERD PROPAGATION

A1l the oultivexrs belonging to . gromatios
flowered and set seed. Azeng (. lougs cultivars, only
Alloppey, Enchipudi, Nandyal type, #9mnod local flowered,
but none of them set geed, ebwiously confirming complete
gterility, The scedlings raised from the seeds of nome
of the cultivars of §. grammtion bed remarindle
morphological similaritice to the parental elones, All
the progenies hod 2n » 84 only, just like the parentel
clones of §. argmetics, Zeaf epidermal pettern as
indicated from the measuremont of stomatsl and epethslial
oelle also showed very little variation. On the basis
of chromosome counts of the progenies and uniform
morphological chavapteristics, the possidility of
apomixis cocurring in Q. grogatico omnnot be ruled out,
In faot the linited extent of melotic irregularities,
reduced pollen fertility, together with the merphologieal
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and aytological evidences {ndicated in the present
lrvestigation strongly suggest apomiotic reproduction,
However, positive evidence for apomixis can De obtatned
only by properly conducted lreeding tosts along with
studies of megaspore, embryosac and embryo development
(stebbina, 1950), The processes of apemixis and

sexuality run conourrently in higher plants (Oustafeson,
1946, 1547). Relationship between apomixis and polyploidy
hes been reported in many groups of plents and s polyploid
which is apomictio, has distinet advantages in reprodustion,
begnuse they oircunwent the complicated process of genn
exchange and produce seed through & cloning process that
reproduces the genotype of the mother plant (Clausen, 1961).
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SUMMARY

Sixteen cultivars of Qurcume lopug, 11 cultivars

Indonesian type of Quroums

apecion were used for
sorphological, biomstrieal, blochemieal and gytogenetieal
inveatigations,.

Critical analysis on the morphological and yield
data of different cultivers of §. Jouga and Q. aromptice
revealsd that the differences in yield were due to the
dirferences in seed weight of mother rhisomes and fingers.
¥hen mother rhisomes were used as planting meterial, a
progrescaive inerease in yield was noticed with the inerease
in the weight of seed rhisomes. Hewever, when fingers
wore used for planting, it was ohserved that the optimum
weight of fingers as seed material was about 30 gm, when
plented at a spaeing of 30 x 25 on,

An analysis of inter ocorrelation of co-effieients
among the zorphological characters and yleld revealsd
that number of tillers, plant height and number of fingers
had significant correlation with the yleld, The numbex
of tillers, number of leaves, plant height and leaf length x
readth, were found to bave dighly significant
inter-correlation among theumselves, FPath cow-efficient
analysis indisated that wherever significant positive
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correlation between yield and morphological eharsoters
was estadblished, it woas mainly dus to sudstantial positive
contribution Wy plant height and number of fingers, either
direotly or indireetly. Dased sn this, it is conoluded
that plant height in turmerie is a single impertant
morphological character on whioh selsotion for yield

conld be made,

Cultivars of §. longa and €. sromatics
grouped into three slusters during 1977-'78 and fowr
olusters during 1378-'79 based generalised distance D
statistie. Iwo cultivars delonging to Q. gromaticn were
keeping separate identity (n both the yeers., THhe saximum
tnter-oluster D value during 1977-'T8 was notieed betwesn
clusters IT1 ond III, the latter being comprimed of twe
ecultivars belonging to . sromatica. lLong, narrow
eylindrical shape of fingers as reflected in the length/
eireunference ratio, characteristic of g. promatica, were
responsible for this. Though clusters I asd II coneisted
of cultivara bdelonging to J. lones, the cultivars in the
latter cluster were found to have more numbder of leaves,
lesper aumber of fingers and elongated mother rhimomes,

A comparisen of D* values computed in both the
yoenrw revealed that intrascluster values for the oultivars
of 8. arpmatica were more or less similar, In both the
years number of t{llers was minimum and length/eircumferonce
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ratio of fingers maximum for the oultivars of this
gpenies,

The protein mymogram from electroe-pharetic astudies
revealed prominent inter-specifie variation with respect
to band numbers 9 &nd 12, Bond number 12 was found te
bo most preminent among G. Aongp oultivars, except in
the case of 27a, 12s and 14b, All the protein bands
were uniformally faint in cultivars belonzing ¢ g

' g- amada wos charecterised hy the prominence
armm 12 though its intensity wes low as compared
to that of {. loucas QuESuAR species (Indonesien tyre)
was quite distinet with band Ho.9 ml.ng the highest
{ntensity. The data indicated the Mim use of
electrophoretic stulies in classification of species and
cultivars of turmeric.

Estimation of oil and curcumin contents in
atfferent cultivars indicated that in J. Jonsn the
variabllity for oil as well o8 curcunin content was very
high compared to J. aRamation and for {dentifying eultivars
with high eurcumin and oil contents it nmay be worthwhile
to carxy out selection in . ]Jaags alene. the stuly also
{ndicated that the cultivars with high curcusin eontent
had relatively low oil content.



The eytological investigation haw clearly shown
that all the oultivars of {, sromation have 2n = 54 and
8. longa 2n » 67 chromosomss in their somatic complement.
This along with 2n = 42 for §. amada and Indonesisn type
of Curgume %p. showed a polyploid series with multiples
of n = 2% and ¢hromosome numbers of n = 42, 63 and 84,
It is suggested that the sarlier reported chromosome
numbers of 2n = 32, 62 and 64 fer Q. laonga snd 42, 63 and
86 for $, propaticn sre sxceptional cases and the correct
chremosome numbers of these two species are 2n = 63 and
84 respeotively, Purther, it is alsc suggested that the
basie number of x » 21 for Qurcuma is a seeondary basie
sunber probably derived from o esombinativn of x = 9 and 12,

Detailed meiotic analysis was carried out for 3
cultivars of . longa and 5 cultivars of (. gro:
A maxioum of gquadrivalentas and hexavalents were found in
8. dongs and C. aromaticn respectively. Bivalents were
predosinant in all the cultivars of both the species.
The later stages of meliosis were almost regular in the
cultivexe of {. gromatiop, though increased abnoarmalities
ware observed in the cultivars of g. Jongs. The pollen
fertility 4n J. Jlonga wanged from 45.7 to 48,%% and in
o promatice from 62.0 to 74.5%. The apparent dipleid-like
hmwur of triploid amnd tetraploid Qurgumg op. has been
explained under the presumption that the failure of
pairing bdetooen genomwes ia due to gpemetic mechanism
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suppressing pairing between homologous and homeologous
chromosomes, However, a certain degree of homolozy
betweon constituent genomes has been indicated due to
the presense of quadrivalents in g. longs and hexsvalents
in . arountics

Based on the wariation pattern as evidenoed from
correlstion study and D® analysis and further supported
Wy eytologioal observation, it has doen suggested that
C. longe 2n = 63 18 probably s naturel hybrid between
2n = 42 and 2n = 84 types,

A 11ttls flexidility in the wegetatively propegated
speciens of Qurcump has been indicated Yy the presenve of
cehrogocoome mosaics and the evolutionary signifiosnce of
this in the vegetatively ropagated plants has hesn indicated.

A1} the eultivars belonging to . arcmotica flowered
and set seeds hove been recarded for the first time in this
tnvestigation. Asong §. Lopga. cultivare only Alleppey,
Kuchipudi, landysl type, ¥ynad local flowered, but none
of them oet seed, The seodlings raised from the seeds of
g+ sromatica had remerkable morphological similarities
to the parental clones. All the progenies hed 2n = 84
chromosones just like the parental clones of . sromstics.
On the basis of shromosome counts of the monm#, and
uniform morphological characteristics supported Yy other
eytological evidences, it is suggested that apomixis
coours in (. aronatiQis
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