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INTRODUCTION

The Zingiberaceaareone of the largest monocotyledonous faasiin the
order Zingiberales with 53 genera and 1200 species all over the globe ¢Kedss
2002). The family diversified in South East Asia and is distributed mainly in the
tropics and subtropics witthe cener of distribution in the hdo-Malayan region but
extending through tropical Africa to Central and South America (kaeat,2002).
Zingibera@ae are well known as they provide many economically useful products
like food, ices, medicines, dyes, perfureéc. The recent classification tiie
family Zingiberaceae includes foursubfamilies and four tribesviz.,
Siphonochiloideae (Siphonochileae), Tamijioideae (Tamijieae), Alpinioideae
(Alpinieae & Riedelieag and Zingiberoideae (Zingibere& Globbeae) The new
classificationis based orphylogenyusing DNA data of nuclear internal transcribed

spacer (ITS) anglastid matK regiorfKresset al.,2002)

The recent classification dhe family Zingiberaceae based on molecular
phylogeny provides enough clarification to the generic relationship among the
family but the interrelationship among the taxa in the lovemk was still poorly

known

The genugingiber Mill. forms the second largest and the type genus of the
family Zingiberaceae represented by more than 150 spetagskiishnanet al.,
2021) anddistributed mainly from South and South East Asia to China and eastward
to Japan and nomhn Australia, withthe center of diversity in monsoonal Asia
(Larsen, 2005).

The nameZingiber was believed to be originated frothe Tamil word
fingivedc whi ch means ginger rhizome and
traders (Ravindran & Babw005. It was also believed that the Sanskrit word
Singiberameaning Horrroot may be the possible word of origin which further give
rise to the classical Greek wo#ingiberi and finally evolved as the Latin name

Zingiber.

t
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Genus Zingiber in NE India

Members of the genugingiber are perennial herbs with subterranean
tuberous rhizomes. Thaerialshoot system developing from the rhizome forms the
major vegetative part of the plant with alternately placed leaves having sheathing
bases.The nflorescence is a spike that may develop diyeitom the rhizome or
develop on the leafy shoot at the apex or through the leaf sE@agiberis distinct
from its related genera by a single anther with a beak orltkarstructure, which
embraces th terminal portion of the style. Thgenus can beecognized in the
vegetative stage by the presence of a pulvinus at the base of the petiole (Sabu,
2003).

The pioneer studies on the genus in India were carried out by Roxburgh
(1810). A total of 11 species dingiberwere observed by Roxburgh and heated
them under two sections based on the nature of their inflorescence. Section | is
characterized by radical and section Il by terminal spikes. L8=ker (1892)
recognized 24 species from British India and treated them under four infrageneric
sectiors. The sectiorCrypatanthiumHoran is characterized by a spike with a long
procumbent peduncle; secti@mngiber has a spike withan erectpeduncle; section
PleuranthesisBenth. characterized by inflorescence emerging through the leaf
sheath and sectioymczewiczia(Horan.) Benth. with terminal inflorescence.
Schuman (1904) followed the same infrageneric classification in his monograph on
Zingiberaceae. Fischer (1928) reported 7 species from the Western Ghats. Jha and
Varma (1995) studied the genus irhBi and Kumar (2001) reported 7 species from
Sikkim. Sabu (2003) recorded 8 species from South India. Tripathi and Singh (2006)
revised the genus in North East India and recorded the occurrence of 7 species.
Vasantha (2009) carried out a systematic studthe genuZingiberin South India

and reported 9 species.

The northeasterrpart of India is one of the richest floristic regionstloé
country, known as the paradise of taxonomists. The S@ist and the NortEast
monsoon greatly contribute to thende vegetation of this particular area. The
extensive fieldwork on the gendsngiberin North East India were carried out by
some botanists since 2006ripathi & Singh 2006; Thongamet al, 2013; Saby et
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al., 2013 Kishor & LeongGk o r n i 2013 Kunfret al, 2013, 2015Thongam

& Konsam 2014, the presence of 1Bingiber species have been confirmed in
North East India before the commencement of the present study, among these 6
species were described as new to science and two species weredreggoat new
record to Indian flora. Thuyssofar 16 taxa ofZingiber have been reported from
North East India However, this incredibly small number reflects the lack of
exploration in thenortheasterpart of India for the last hatfentury. Thereforewe
expectmore taxa to be discovered from these extremigigrsehabitats.

In the present study extensive fieldworlascarried out to revise the genus
Zingiber in North East India and a detailed morphological investigation on each
taxon wascarried outA key to all taxaof the genusn North East India is provided.
Detailed description, distribution, ecology, IUCN sta&uns notes of each taxon of
Zingiber are given in the taxonomic treatment. Additionally, a detailed systematic
study on the genus was rdad out by studying anatomy, palynology,
phytochemistry and molecular phylogeny to find out the interrelatioasiimpng
the taxa.

Importance of the study

The genusZingiber has great economic and medicinal potential. About 15
pharmacological propertiesere reported to gireg alone by various researchers.
Very delicate and fleshy flowers with a shordvilering period associated witainy
season, along with dense forest habitat make the collection and preservation of
specimens difficult. The bulky and fleshy nature of spikes and rhizomes makes
herbarium preparation and preservation nambersomeThe herbarium does not
help much forfurther studies because the nature of the peduncle, colour of bracts at
different stage of inflorescence, life cycleand colour of labellumetc are
veryimportant for taxonomic characterizatiprbut these characteristics are less
preserved in the herbam (Sabu, 2006). High diversity, rich endemismd great
economic potential make the study more fascinating. In this scenario, it is relevant to
reveal the correct taxonomic identity of the taxa for characterization, utilization and

conservation of the Waable natural resourse
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The genus is less understood taxonomically and biologically as many taxa
grow in dense forests during monsoon. Recent field explositiddorth Eastindia
have proved thatseveralnew taxa are yet to be identified. This needb@ough
field exploration throughout India, especially in North East India.

Objectives
1 Taxonomic revision of the gendsngiberin North East India
T Preparation of detailed taxonomic account of the genus in North East India

with description,llustration, ecology, ethnobotanical notes, distribution and

a dichotomous key for identification of taxa.

1 Detailed study on anatomy, phytochemistry, palynology and molecular
phylogeny of the taxa.

1 Resolvig nomenclature problems of aliaxa under study ncluding
typification.

1 Establishment of germplasm of abixa in Calicut University Botanical
Garden.

1 Preparation of herbarium and pickled specimens of all Indian taxa for further
studies.

1 Identification of endemic, endangered and potentiagédicinal and

ornamental taxa frm North East India.



REVIEW OF LITERATURE

Taxonomy

Rheede published the first comprehensive work on the flora of the Malabar
region (1678 1693). This is the f@amost workthat describes the natural wealth of
Asia andthe tropical region. The workHortus Malabaricus'was published in 12
volumes in Latin from Amsterdam with the assistance of local physicialkerafa.

The work described ten species of presday Zingiberaceae, including two
Zingiber species Zingiber officinale as 'inschi' andZingiber zerumbetas 'Katou
inschi Kua'. The book was later on translated to English (Manilal, 2003) and
Malayalam (Manilal, 2008) witnnotations.

Roxburgh, who is known as the father of Indian Botangde an importa
contribution to Indian floristicsHis book &Plants of the Coast of Coramandel
(1795 1820) contained 300 drawings and descriptiand includedZ. roseumas
AmomunroseumRoxb. The &lora Indicadintegrated a large portion of Roxburgh's
(1820, 1824) work on Indian botany. Part of Roxburgh's Flora Indica manuscript,
with additions by Wallich,was published posthumously under the titiElora
Indicad edited by WilliamCarey. It includesZ. capitatumRoxb., Z. cassumunar
Roxb.,Z. elatum Z. ligulatumRoxb., Z.marginatumRoxb.,Z. officinaleRoscoe/Z.
panduratum Roxb., Z. roseumRoscoe,Z. rubensRoxb., Z. squarrosunmRoxb, Z.
squarrosunRoxb.andZ. zerumbe(L.) Sm.

dcones Plantarum Indiae orientafis published by Wight (1838853),
includes seven genera and fourteen species of Zingiberadd@ak includesZ.
squarrosumand Z. zerumbetGraham (1839) studied 28 species of Zingiberaceae
including 5 species dingiber, in his Catalogue of Plants Growing in Bombay. It
contains Z. cassumunarZ. cernuum Z. macrostachyumZ. nimmonii and Z.
zerumbesubsequentlalzell and Gibson (1861) published the Catalogue of plants

indigenous to Western India in and neag Bombay Presidency, which listed 25
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species of Zingiberaceae, including 5 specieginfiber viz., Z. cassumunarZ.

cernuumZ. macrostachyunZ. nimmoniiandZ. zerumbet

Hooker's &~lora of British Indiad (18721897) is a historically accurate
treatise on the flora of the Indian subcontinent. For&lera of British Indi&
Baker (1892) investigated Scitamineae. He classified 224 species of Zingiberaceae
into 18 genera. The genu8ingiber includes Z. babatum Z. capitatum Z.
cassumunarZ. cernuum Z. chrysanthumZ. clarkej Z. cylindricum Z. gracile Z.
griffithii, Z. intermedium Z. ligulatum Z. macrostachyumZ. marginatum Z.
nimmonij Z. officinale Z. panduratum Z. pardocheilum Z. parishii f., Z. roseum
Z. rubens Z. spectabile Z. squarrosum Z. wightianumand Z. zerumbet Later
Trimen (1898) explored th#ora of Ceylon and publisheéA Hand Book to the
Flora of Ceylo He studied 15 genera of Zingiberaceae including 32 species and
the genusZingiber with four species viz.Z. cassumunarZ. cylindricum Z.

wightianumandZ. zerumbet

Schumann (1904) recognized two subfamilies in family Zingiberaceae
Zingiberoidea and Costoidea&ingiberoideae is again subdividedtathree tribes,
Hedychieag Globbeae and Zingiberea€he work include$5 species oZingiber
viz., Z. capitatum Z. rufo-pilosum Gagnepain,Z. brevifolium K.Schum., Z.
marginatum Z. clarkei Z. intermedium Bak, Z. officinale Z. cholmondelyi
(Bailey) K.Schum.,Z. zerumbetZ. railletii Durand Z. chrysostachysidl., Z.
parishii Hook., Z. citrinum Z. macradeniunK.Schum.,Z. inflexumBlume, Z.
spectabile Z. gramineunmNoronha Z. porphyrosphaer&.Schum.,Z. stenostachys
K.Schum.,Z. gracile Z. macrorrhynchunkK.Schum.,Z. puberulumZ. griffithii, Z.
coloratumN.E. Brown.,Z. macrocephaluniZoll.) K.Schum.,Z. tongtakk.Schum.,

Z. cylindricumMood., Z. odoriferumBlumeetc.

Cooke(1907) described 11 genera and 20 species of ginghisinF| or a o f
t he Pr esi de nwitlyfiveospecids betobging td the gerdiagiber, they
are Z. cassumunarZ. cernuumZ. macrostachyumZ. nimmoniiand Z. zerumbet
Rama Rao (1914) listed 3Bngiberae ae s peci es f rFlowmeringler al a i

Plants of Travanco@ This was merely a list of binomials, without any
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identification key or description provided. The work includscassumunar Z.

macrostachyupnZ. nimmonij Z. officinaleandZ. wightianum

| nPlaidts of Punjab , Bamber (1918) l i sted ten
genera of Zingiberaceae, which include thz@msgiber species viz.Z. cassumunar
Z. officinaleandZ. zerumbetin Gamble'sF-1 or a of Pr esi(l@d@ncy of
1935), Fischer (1928) listed 34 species under 9 genera of Zingiberaceae, including 7
species ofZingiber viz. Z. cassumunarZ. macrostachyumZ. nimmonij Z.

officinale, Z. roseumZ. wightianumandZ. zerumbet

Ridley (1924) explored thé Iera of the Malay Peninsul@and identified 20
genera and 12 species, includi@g aromaticumValeton, Z. cassumunarZ.
chryseunRidl., Z. chrysostachyRidl., Z. citrinumRidl., Z. gracileJack,Z. griffithi
Baker,Z. kunstleriKing, Z. ottensi Valeton,Z. puberulum Z. spectabileGriff. and

Z. wrayiPrain.

Major modifications to the subfamily Zingiberoideae were implemented by
Holttum (1950) He rearranged Schumann's sub divisions of the subfamily
Zingiberoideae by renaming it #dpinieae He separates the gendmgiber from
the tribeZingibereae and places the geriisgiber under the tribéHedychieaeHe
divided the Zingiberaceae family into two subfamilies, Zingiberoideae and
Costoideae and Zingiberoideae into fourr i lvie.,0Apinieag Hedychieag

Globbeaend Zingibereae.

Mitra (1958) examined the monocotyledons of Eastern India and observed

14 Zingiberaceae genera and Zinhgiber species, includingZ. capitatum Z.
cassumunarZ. chrysanthumZ. clarkej Z. elatum Z. intermedium Z. officinale, Z.
roseum, ZrubensandZ. zerumbet Duthie (1960) studied thé Iera of the Upper
Gangetic Plain and the Adjacent Siwalik and $limalayan Tract@ He identified

and reported 11 species under seven Zingiberaceae genera includidodyier
species, viz.Z. capitatumand Z. officinale. Panchaksharappa (1962) investigated
the two subfamilies of Zingiberaceae: Zingiberoideae and Costoideae and proposed
that the two subfamilies are different and natural groups, with Costoideae being

elevated to the level of a family.



Genus Zingiber in NE India

Santapau (1967 his &lora of Khandal@ answered several nomenclatural
problems surrounding Zingiberaceae and listed 6 species under 5 genera of
Zingiberaceae, making his contribution significant. He reported two species of
Zingiber viz., Z. cernuumand Z. macrostachyumBacker and Bakhuizen (1968)
recognized 53 species of Zingiberaceae under 14 gendréoma of Javaand the
speciesncludeZ. acuminatumZ. inflexum Z. odoriferum Z. officinale, Z. ottensii

Z. purpureumandZ. zerumbet

Burtt (1972) poposed a new classification of the family Zingiberaceae and
identified four tribes viz., Zingibereae, Globbeae, Hedychieae and Alpinieae. Burtt
and Smith (1972a) provided a key to the subfamilies, tribes and genera of
Zingiberaceae. Burtt and Smith (1972bcorded the early history of Zingiberaceae
classification through a historical examination of the important species involved in
the typification of the main genera, sub genera and sections. Burtt and Olatunji
(1972) proposed advanced grounds for confjrthe tribe Zingibereae to the genus
Zingiber alone and morphological and anatomical features differentiating it from

Hedychieae.

Rao and Verma (1972) surveyed the Zingiberaceae and Marantaceae of
Assam and found 70 species under 16 genera, including Zewgher species viz.,
Z. capitatum Z. cassumunarZ. chrysanthum Z. intermedium Z. officinale, Z.
rubensand Z. zerumbet The study provides a short description and distribution of
Zingibersp. in Assam and a key to the species was also provided for identification.
Holttum (1974) studied the family Zingiberaceae and provided a critical remark on
the comparative morphology of Ziberaceae in the Malay Peninsula and proposed
that experimental studies could shed light on the structure of the family's condensed

lateral cymes and inflorescence structure.

In the &Flora of Hassan DistridiRamamoorthy (1976) found 13 species of
Zingiberaceae under 9 genera with three speciegimgiber viz., Z. cernuumZ.
montanumandZ. neesanumsSrivastava (1976) identified four Zingiberaceae species
under three genera with a singléngiber species,Zingiber officinale in &lora

Gorakhpurensi@ Burtt (1977) went over the nomenclature of turmeric and other
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Ceylon Zingiberaceae in great depth. Burtt and Smith (1976) proposed some ways

for collecting and preserving Zingiberaceae plants.

From Bhopal, Oomachan (1977) identified five species belgntpnthree
Zingiberaceae genera, with a singlengiber species Z. officinale). Moo (1978)
recognized 23 species under six Zingiberaceae genera andifmiiper species,
namelyZ. kawagoij Z. koshunensj<Z. officinaleandZ. zerumbet n  Rlarasof 0
Taiward . | mterprétaionrof van Rheed$ortus MalabaricusNicolsonet al
(1988) have given scientific names for KatoschiKua asZ. zerumbeand Inschi
asZ. officinale.In the &~lora of Calicuy Manilal and Sivarajan (1982) listed seven
species belonging to four Zingiberaceae genera andZimgierspecies, including
Z. officinale Z. wightianumand Z. zerumbetManilal and Sivarajan confirmed the

specimen treated & wightianums actuallyZ. cernuum.

Ghazanfar and Smith (1982) explored rtora of Pakista®and identified
five species belonging to three Zingiberaceae genera, inclddiofficinale Joseph
(1982) reported 15 Zingiberaceae species anddmgibers peci e &loraah hi s 6
Nongpoh and Vicinify , East Khasi Hi lls DistZri ct, Me
chrysanthumZ. capitatum Z. zerumbetind Z. cassumunar.Subsequently, Deb in
h i Bloradof Tripurad i n 1983 and recognized 24 taxa
genera with thee Zingiber species viz.Z. officinale Z. rubensand Z. zerumbet
Subsequently, Balakrishnan (1983) studied dflera of Jowai and surroundings,
Meghalay®and reported 28 species of Zingiberaceae under 13 genera and reported

threeZingiberspeciesZ. capitatum Z. purpureurandZ. rubens

| n Révised Bland Book to the Flora of Cefdon o f Dassanayake
Fosberg , Burtt and Smith (1983) listed 38 species under 15 genera of Zingiberaceae
including 5 species dingiber, viz., Z. cylindricum Z. offianale, Z. purpureumZ.
wightianum and Z. zerumbet Sharmaet al (1984) classified 29 taxa into ten
Zingiberaceae genera from Karnataka; it includescapitatum Z. cernuum Z.
cylindricum Z. montanum Z. neesanumZ. officinale Z. wightianumand Z.
zerumbet | nFlotatokHintachal Pradesh , Chowdhery and Wadhw

listed 12 species under seven Zingiberaceae genera, inciidmegumbetNayaret
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al. (1986) reported five taxa under five genera of Zingiberaceae, inclugling

zerumbet  Flara ofhTropical Botanical Garden, Palode.

Borneo'szZingiber genus was reviewed by Smith (1988) and he recognized
18 species, includingZ. acuminatumvar. borneenseVal., Z. albiflorum Z.
coloratum Z. griffithii, Z. incomptumZ. leptostachyumZ. longipeduculatum Z.
martini, Z. odoriferum Z. officinale Z. pachysiphon Z. pseudopungensZ.

puberatunvar. borneensgZ. purpureunandZ. zerumbet

Rao (1986) reported six Zingiberaceae genera and #inggber species in
&lora of Gog Diu, Daman, DadrandN a g a r  HmelwddZi cAssumunarZ.
macrostachyunand Z. zerumbet | ndldrahoé \West Godavari DistricAndhra
Pr a d,eRadebal (1980) identified eight taxa belonging to five Zingiberaceae
genera and twdaingiber speciesZ. montanumand Z. roseum Subramaniaret al
(1987) reported seven species of Zingiberaceae belonging to six genera, with one

ZingiberspeciesZ. roseumnin the&lora of Palghaé

Karthikeyanet al. (1989) in&-lora Indicae Enumeratio Monocotyledoréae
enumerated21 species oZingiber, viz., Z. capitatumZ. cernuumZ. chrysanthum
Z. clarkej Z. elatum Z. capitatumvar. elatum Z. intermediumZ. ligulatum Z.
marginatum Z. neesanum Z. macrostachyumZ. nimmonij Z. officinale Z.
purpureum Z. roseumZ. rubens Z. spectabileZ. squarrosumZ. wightianumand
Z. zerumbetVajravelu (1990) found 13 Zingiberaceae species under 9 genera in the
&lora of Palghat Distric with Z. montanumand Z. roseumunder the genus

Zingiber.

Srivastava and Rao (1994) refpatr Z. odoriferum from the Andaman
Islands as a new record for India. Mohanan and Henry (1994) b thd or a o f
Thir uv an a fstetd @ghtZinggberdceae species under six genera, as well as
two Zingiber species,Z. zerumbetand Z. neesanumLater Saxena and Brahmam
(1995) reported 24 taxa under 7 genera and 5 speci&agiberviz., Z. capitatum

Z. officinale Z. purpureumZ. rubensandZ. zerumbefrom Orissa.
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Jain and Prakash (1995) worked on the phytogeography and endemism of
Zingiberaceae in India. They studied 130 species under 22 genera and identified 88
species endemic to India. The study listed 19 specigmgfberviz., Z. capitatum

Z. cernuumZ. chrysanthumZ. clarkej Z. elatum Z. intermediumZ. ligulatum Z.
marginatum Z. neesanup¥. nimmonij Z. officinale Z. purpureumZ. cassumunar

Z. roseumZ. rubensZ. spectabileZ. squarrosumZ. wightianumandZ. zerumbet

in whichZ. cernuumZ. ligulatum Z. neesanumandZ. nimmoniiare found endemic

to peninsular India and. clarkeiendemic to eastern Himalaya. intermediunmand

Z. rubensare distributed only in Brtheastern India, others in tropical Himalaya,
North eastern region, South India and Andamamd Nicobar Islands.Z.
intermediumhas given an endangered status Andfficinaleis widely cultivated. It
discusses the phytogeographical distribution of all Indian Zingiberacean species as

well as their endemism status.

Mudgal and Khanna (1995) studied thdera of Madhya Padestd and
reported fiveZingiber species viz.Z. capitatum Z. officinale Z. purpureum Z.
roseumand Z. rubens Theilade (1996) revised the genuZingiber in Peninsular
Malaysia and reported 19 species. Out of the 19 species, seventeen of them belong
to section Zingiber while two belong to &ct Cryptanthium The study also
described a new species dingiber, Z. fraseri Theilade and a new variety,.
officinalevar. rubrum Based on the rediscovery of the specimens of Koenig from

Phuket a new combination was proposedZdomontanum

In their &lora of Chin&@ Delin and Larsen (1996) recognised 20
Zingiberaceae genera and Ziagiberspecies.

Samvatsar (1990) listed four taxa under three genera of Zingiberaceae in his
book thed-lora of Western Tribal Madhya Pradesh, Jodhpand included Z.
cernuum Sabu ad Mangaly (1996) published a revision of the Zingiberaceae of
South India, which included 11 genera and 55 species. It consists of the following
Zingiber speciesZ. cernuumZ. montanumZ. neesanumZ. officinale, Z. roseum
Z. wightianumandZ. zerumbetSabu (2003) published a book on Zingiberaceae and

Costaceae of South India, which included description&. gapitatumvar. elatum
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Z. montanumZ. neesanup¥. nimmonii Z. officinale Z. roseum Z. wightianumand

Z. zerumbet

Theilade and Mood (1997 have reported two new specieszifgiberfrom
Borneo viz.,Z. eborinumMood & Theilade and&. flammeumLater Theilade and J.
Mood (1997a) discovered 5 new species from Borneo ZizaygenteumZ. lambii
Z. latifolium Z. pendulumZ. vinosum Subsegently Theilade (1999) studied and
reported 26 species dingiber from Thailand. They includ&. affintegrum Z.
barbatum Z. bradleyanum Z. chrysostachysZ. corallinum Z. flavovirens Z.
gramineumZ. junceumZ. kerrii, Z. larsenii Z. longibracteatumZ. montanumZ.
newmanij Z. officinale Z. ottensij Z. parishii Z. pellitum Z. peninsulare Z.
petiolatum Z. puberulumRidl. var. ovoideum Z. rubens Z. smilesianum Z.

spectabileZ. villosum Z. wrayiiandZ. zerumbet

Theilade and Mood (1999also reported 6 new species Zhgiber from
Borneo viz.,Z. chlorobracteatumZ. flagelliforme Z. georgei Z. phillippsii, Z.
velutinum Z. viridiflavum Theilade and Mood (1999b) identified a new species of
Zingiber, Z. collinsii. Srivastava (1998) ingtigated the Zingiberaceae in the
Andaman and Nicobar Islands, finding 23 taxa in 10 genera and 5 species of
Zingiber, includingZ. odoriferum Z. officinale Z. spectabileZ. squarrosumandZ.
zerumbet.Subsequently Hajrat al. (1999) studied théfFlora of Great Nicobar
Islanddand reported three taxa under three Zingiberaceae genera, withumbet
as a single species undéingiber. Delin et al. (2000) reported a new species of

Zingiber, Z. neotruncatunirom China.

Kumar (2001) studied the family Zjberaceae of Sikkim and reported 53
taxa under 13 genera of Zingiberaceae. It includesapitatum Z. clarkei, Z.
chrysanthumZ. rubens Z. officinale, Z. zerumbetandZ. purpureum Mohanan and
Sivadasan (2002) identified 12 taxa under seven Zingiberaceae genera and three
Zingiber species,Z. neesanumZ. wightianumand Z. zerumbetin the6 F|1 or a o f
Agast hy Bavsadloa @vidence from molecular data, Kressal. (2002)

proposed anew infrafamilial classification of the Zingiberaceae family. They
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described 4 subfamilies: Siphonochiloideae, Tamijioideae, Alpinioideae and

Zingibemwideae, with the genwngiberbeing under the latter.

Behura and Rout (2003) studied the diversityZaigiberaceae plants in
Orissa and which includeas capitatumZ. cassumunatZ. officinale Z. rubensand
Z. zerumbetTripathi and Singh (2006) revised the geAusgiberin Northern India
and reportedZ. capitatum Z. chrysanthum Z. intermedium Z. montanum Z.
officinale Z. rubensand Z. zerumbetand but the study failed to find out the

occurrence and distribution @f clarkej Z. ligulatumandZ. marginatum

Vasantha, (2009evised the genuZingiberin South India and reported.
capitaumvar. elatum Z. cernuum Z. montanum, Z. neesanuz. nimmonii, Z.
officinale, Z. roseumZ. wightianumandZ. zerumbetSabuet al. (2009)reportedZ.
parishii from Andaman and Nicobar Islands as a new distributional record to India.
Later Sabiet al (2013), reported. neotruncatunfrom Arunachal Pradesh as a new

distributional record for India.

Sujanapal and Sasidharé2010) descrbed Z. anamalayananfrom Kerala.
Kumar et al. (2013) described a new species Dihgiber from Meghalaya viz.Z.
meghalayenséater Kumaret al. (2015) described two newZingiber species from
Mizoram viz., Z. mizoramensignd Z. murlenica Kishor and Leongsk or ni | k ov §
(2013) discovered a new species dingiber namely Z. kangleipakenséom the
State of Manipur. Thonga®t al. (2013)reportedZ. kerrii from Manipur as a new
distributional record to India lateThongam and Konsan2@14)identified a new
species oZingiber, Z. pherimaensdrom the Pherima village of Nagalandeong
Gk or n iet ak (@014 describedZ. jiewhoeifrom Laos.Das, Kumar and Dutta,
(2015)discovered a new speciesdihgiber namelyZ. bipinianumfrom Arunachal
PradeshMibang and Das (201&)escribed a new species, siaginensigrom Siang
Valley of Arunachal Pradesh. Prabukuneaial. (2016) discovered a new species of
Zingiber from Kerala viz.,Z. sabuanm Singh and Singh{2016) describedZ.
pseudosquarrosufnom Andaman and Nicobar Islands. &el.(2017)described a

new specie</. arunachalensifrom Arunachal Pradesh of Northatarn India.
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Aung et al. (2015) reported the occurrence &. orbiculatumand Z.
flavomaulosumin Myanmar. These represent the first records of these species for
the o Iera of Myanmaé Bai et al. (2015)studied the identity of. menghaiensand
Z. stipitatumand treated them as a synonymzofkerrii. Later Baiet al. (2015)
discovered a new species, tenuifoliumfrom Yunnan China. Subsequently.
ventricosumwas described by Baget al. (2016) from Yunnan, Chinaleong
Skornickovaet al.(2015)described nine newingiberspecies from Vietnam among
this Z lecongkietii belongs to Sect.Cryptanthium Z. atroporphyreus Z.
cardiocheilum Z. castaneumZ. mellisand Z. plicatum are terminally flowering
species belonging to the Sect. Dymczewiczid, . discolor Z. microcheilumand
Z. yersinii belong to sectZingiber. Ly et al. (2016)discovered a new species of
Zingiber, Z. skornickovaifom central Vietham. Tanaka and Au(®P17)described
a new specieZ. flavofusiformegrom Myanmar. The new taxon is characterized by
terminal inflorescence. Recenti®dyuo and Roy2019)reported this species from
Assam which forms a new distributional record to Indian flora. Ardiyenal.

(2017)discovered a new speciesdihgiber, Z. ultrilimitale from Indonesia.

Thongam and Knsam, (2018)discovered a new specieg, caudatum
characterized by long caudate bracts from Arunachal Pradesh. @twaldq2019)
described a new species @ingiber, Z. dimapurensdrom Dimapur district of
Nagaland. Later Odyuet al. (2019)describedZ. perenensérom Nagaland. Baet
al. (2018& 2020 described two new speciesgihgiberviz., Z. pauciflorumandZ.
leucochilum from China. Souvannakhoummane and LeeGk or ni | kovg§ (201
reported eightZingiber species from Laos, viz.Z. densissimumZ. kerrii, Z.
ligulatum Z. nudicarpum Z. orbiculatum Z. parishii subsp phuphanenseZ.
recurvatumand Z. smilesianum Lé et al. (2019) described a new species of
Zingiber, Z. vuguangensiom Central Vietnam.

Aung and Tanaka (2019tudied the taxonomy of genugingiber in
Myanmar and reported seven taxaaasew distributional record tthe 6 Iera of
Myanmab viz., Zingiber bradleyanum Z. chrysanthum Z. densissimumZ.

mekongense&. ottensij Z. parishiisubsp phuphanenseZ. tenuiscapusDocotet al.
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(2019) described two newZingiber species from Sorsogan, Philippiine&., Z.

aguingayaeandZ. subroseum

Bai et al. (2019)studied the identity, taxonomgandnomenclatural history of
Z. montanumZ. purpureumand Z. cassumunar They proposed that the correct
name for Cassumunar ginger Zs purpureumand Z. montanumis a different
spetes. They have reduced. newmanii Z. nudicarpumand Z. peninsulareas
synonym ofZ. montanumand Z. cassumunarZ. cassumunavar. subglabrum Z.
cliffordiae, Z. paucipunctatunandZ. pubisquamurwere treated as synonyms &f
purpureum They have also designated NeotypesAartomum montanurand Z.
purpureumand lectotypified the species suchZagassumunalZ. cassumunavar.

subglabrumZ. cliffordiag Z. peninsulareandZ. pubisquamum

Singh and Srivastav2(20) published checklist of flowering plants of India
which reports 33Zingiber species viz.Z. anamalayanumZ. arunachalensisZ.
bipinianum Z. capitatumZ. cernwm, Z. chrysanthumZ. clarkei Z. diwakarianum
Z. elatumZ. intermediumZ. kangleipakensé&. kerrii, Z. ligulatum Z. marginatum
Z. meghalayenseZ. mizoramensjsZ. montanumZ. murlenica Z. neesanuinZ.
neotruncatumZ. nimmonij Z. odoriferum Z. officinale, Z. pherimaenseZ. parishii
Z. pseudosquarrosyn¥. roseum Z. rubens Z. sabuanumZ. sianginensisZ.
squarrosumZ. spectabileZ. whightianumandZ. zerumbet

Based on a detailed morphological characterization, Thasthat. (2020)
treatedZ. sianginensisis a synonym af. officinale Ding et al. (2020)described.
porphyrochilum from Yunnan, China. Huong et al. (2020) reported Z.
porphyrochilumfrom Yunnan, ChinaHuonget al. (2020) reportedZ. mekongense
as a new distributional record intheF | or a o Ly etal. (@021 desaidbed
two new speciesZ. magangandZ. tamii from central VietnamPatil et al. (2021)
reinvestigated the exact identity &f neesanumThe name was previously applied
to two plants, one with white flowers and the other with yellow flowers and recently
the yellowflowered plants were nametl divakarianum The study recollected the

plants from the type localities which proved that the yelftowered species is the
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trueZ. nesanum makingZ. diwakarianuma synonym and that the existing narhe

anamalayanunhas applied to the whidowered species.

Jayakrishnaret al. (2021) described two new species dingiber from
Arunachal Pradesh vizZ. camapnulatum and Z. cornigerum Subsequently,
Hnialumet al. (2021)discovered a new variety df neotruncatumZ. neotruncatum
var. ramsawmii from Mizoram. Recently Moaakunet al. (2022) reported the
occurrence ofZ. callianthum and Z. mekongensdrom Nagaland as a new

distributional record to Indian flora.
Anatomy

Studies in the systematic anatomy 41 species ofZingiberaceaeby
Tomilnson (1956) describé the vegetative anatomy of the Zingiberaceae, with
reference to the taxonomy of the familyhe aatomy of this family deals largely
with the differences between the subfamili€®stoideaeand Zingiberoideaeand
where tle differences are large, the structure of these two groups are described
separately. These wo subfamilies, differ markedly in the anatomy of the lamina,
petiole and sheath, the structure of the node in the aerial stedthe structure of
hairs and the ype and distribution of silica inclusion. Oil cells are found only in
Zingiberoideae Anatomical evidence for the separation of the two subfamilies is
supported by evidence from vegetative and floral morpholegy Tribes within
Zingiberoideaecan bedistinguished only in the plane of insertion of the leaves and
type of silica cell. Tomlinson (1961) studied the morphology of Marantaaede
suggested thatalatheae and Maranteae cannot be resolved solely based on
morphological data andome generashae similar diagnostic characistics.
Tomlinson (1962pointedout that the anatomical datathie order Scitamineae can
be used aatool for further classification of the order and give a clearer picture of

the phylogeny of the order

Metcalfe (1959) sugested that anatomical charattes like the type of
stomata, silica bodies, sclerenchyma pattardleaf epidermis can be used for the
identification purpose athe species level instead of using as indicators of broad

taxonomic affinities.
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Dunn et d. (1965) investigated stomatal patterns in dicotyledons and
monocotyledons across 443 species, 152 gaaret@6 familiesanddiscovered that
the size of stomata in monocotyledons was much more consistent than in
dicotyledonsand could be used as a relatiyereliable character, whereas in

dicotyledons it was found to be a poor or inconsistent character.

Ram and Nayar (1974) suggested treating plants with Cupriatesuhnd
Hydrochloric acid to generate epidermal peels quicklyagwer (1977) studied
monocotyledon vessel types and discovered that Zingiberaceae roots have more
sophisticated vessel types than the other familRsiwal and Anand (1978)
suggested that anatomical characters alone cannot be used to build a catagorizati
system, but they have proven to be very useful in situations where knowledge from
other disciplines has failed or created proble@iatunji (1980) studied the structure
and development of stomata in 70 Zingiberales species and discovered that
paracytic tricytic, tetracyticand polycytic stomata exist in Zingiberalesd that
tetracytic stomata are abundant in Zingiberaceae and have a tetraperigenous mode of

growth.

Bell (1980) described the vascular architecturdlpinia speciosd.. stems,
which rewal scattered vascular bundles in two distinct zoaesnner system and
an outer system separated by a cylinder of undifferentiated tissues called the
intermediate zone, which has meristBke characteristics. The various terms used
in literature to dewibe this zone are categoed. Dahlgren and Clifford (1982)
compared the vessels of monocotyledon roots, stemideaves,concludedthat
Zingiberaceae leaves lack vesselghile roots have vessels with scalariform

perforation plates.

Histological examations onZ. officinale rhizomes were conducted by
Remashreeet al. (1997) and the vascular patterns revealed an inner zone and an
outer zone separated by intermediate layers. Vascular bundles are cdladeral
dispersed. They observed that both sides of the intermediate zone had starch grains,
oil cellsandcanals and the fusiformnd ray initials make up the meristematic layer

between the cortex and the central cylindRemashreet al. (1999) investigated the
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growth, distributionand structure of oil cells, as well as the development of

secretory ducts and oil diffusion #h oficinale.

Hussin et al. (2000) studied the leaf anatomy oAlpinia species
(Zingiberaceae)rom China. The leaf anatomy of 8pinia species from China
was investigatedAlpinia, largestgenus ofthe family Zingiberaceae conssbf 230
species worldwide. They poed out the possibility of using leaf anatomy for
possible identification of species in Zingiberaceae, which is a difficult task due to
similarities in leaf morphology and plant habit as well astha frequency of
flowering. They also suggested that there iaterspecific variations in the structure
of the leaf midrib and petiole which can be used for species identificadibwer
findings are the presence of adaxial hypodermis in the lamina in all species of
subgenuscatimbiumand its absence in afipeciesof subgeneraDieramalpinia,
probolocalyxand Alpinia, exceptingA. conchigera, A. galangand A. aquatics,
which appear to be closely allied in having ®gidermal filers in midrib and
petioles, which are absent from the rest of species. They concluded that the
interspecific anatomical variation of the leavesAdpinia species studied posse
common charactestics typical tothe genus and many are commontke family.
Leaf anatomical evidence can provide some support for taxonomic conclusions

drawn using other charactersAipinia.

Hussin et al. (2001) studied the anatomical variations the leaves of
Bosenbergiasp. (Zingiberaceae). The major differesogoted between thspecies
are variations in the type of stomata, the structure of the midrib, the outlines of the
leaf margin and petiole ithe transverse sectioand the presence or absence of
abaxial or adaxial tpodermis and trichomes in the lamir@as et al. (2004)
investigated the anatomy and foliar morphologyCofcumacaesia C. longa, C.
amadaand Kaempferia galangaln addition to macro and micimorphological
characteistics, anatomical features also contributed to the distinctivenéssach
species. These characters also contributed to reveal the pharmacological properties

of these plants.
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Jayasree (2007) conducted a detailed study on the morphological and
anatomical charaeristics of South Indian Zingiberaceae which include 7 taxhef
genus Zingiber, viz., Z. officinale, Z. cernuumZ. capitatum Z. neesanumZ.
roseum Z. wightianumandZ. zerumbetShe reported the presence of pulvinuthat
base of the petiole andharacterized by collenchymatous bundle sheath in the
pulvinus which forms a unique feature of the gentmsantha (2009) studied the
comparative anatomy of genwsngiber. A total of 9 taxa were studied vizZZ.
capitatum Z. cernuum Z. montanumZ. neesanumZ. nimmonij Z. officinale, Z.
roseum Z. wightianumandZ. zerumbet.The study resolved thé. cernuumandZ.
nimmonii using anatomical characters in addition to morphology and molecular
characters and provided a key based on anatomical alaréat the identification
of species.

Nonkratoket al. (2012) studied the leaf surface anatomy of gf®ecies of
Curcumain northeasternThailand. The study suggested that charesttes like
type, lengthanddensity of trichome, presence or absence of tannin can be used for
identification of theCurcumaspecies and the study recorded leaf surface anatomy of
14 species o€urcumafor the first time.

Alokesh et al (2018) studied the anatomy, Micromorphologyand
histochemical localization of different phytochemicals of two medicinally important
taxa of the familyZingiberaceagviz., Z. zerumbetand Amonum capactumThey
observed that th@resence of oil cells andleoresin in the cortex and central
cylinder region and globose, ovoidr irregularly rounded starch grains were
distinguishing features and these could be used as anatomical markangibér
zerumbetwhereasn A. capactumepidermalcells were hexagonal, cell wall more
or less straight, stomata paracytic, trichomes ulnieel or multicellular witha

pointed tip.

Uma and Muthukumar (2014)udied the root anatomy and morpgy} of
23 species of Zingiberaceae. Taxa were represéytddee tribes and eight genera.
The major anatomical characters noted in the root are a piliferous epidermis,

followed by an exodermis with suberized cells. The cortex with outer and inner
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layersis characterized by intercellular air spaces that werealigdextended, it is
linear inCurcumasp. andKaempferia galangatetrangular or triangular idingiber
officinale The endod e shapésthiclehirg vats matarityo Steleith
singlelayered pericycle and polyarch vascular tissues.Alpinia, Curcuma
Hedychiumand Zingiber the phloem strands form phloem islands. The peripheral
ground tissues dthe stele were mostly fibrous and occasionally parenchymatous.
The study confirmed the utility of anatomical charastess of the roots in
Zingibera@ae for identification of the plant species as well as authenticating plant
materials usedn medicine. They also performed a phylogenetic study using

anatomical characters.

Kajornjit et al. (2018) investigated the foliar atomy of 26 species of
Globbain Thailand. The study reaed that types of stomata, types of trichomes,
number of rows in intercostal regionke position of hypodermis, shape tie
midrib, types ofthe vascular system, shape of midrib and leaf margins in transverse
sections and cell inclusion were found to be important leaf anatomical
characteristics for species identification. For the first tiamejdentification key for
Globbaat the species level is provided based on these anatomical traits.

Mohamad and Kaly2018) made a preliminary anatomical study on leaf
surfaces of BorneaiZingiberaceaefrom NortheastSarawak. Six species from
different genera ithetribe Alpinieaewere studied and they concludéat different
species show different epidermal sizes, stomata distribution irregaadghow
some irregularities. Trichomes are simple, unicellalad scattered on leaf surfaze
in all five 5 species except in one species, which is devoid of trichomes.

Liu et al. (2020 studied the morphology and anatomy of leaf and rhizome
in Z. officinale with emphasis on itsecretorystructure. They studied various
anatomical features dheleaf such as epidermis structusgtangement of palisade
parenchyma, vascular bundlestc. The studies revealed that tine transverse
section epidermis is unigate with stomata on adaxial and axial surfaeetf) thin

cuticle coveringhe outer cell wall. Mesophyll formingdorsiventrdly with palisade

20



Review of Literature

andit contairs numerous chloroplasts, air canals are seen in palisade and spongy,

vascular bundles covered byparenchymal sheath.

Anu and Mathew Dar{2020) studiedthe comparative petiole anatomy of
twelve species o€Curcuma(Zingiberaceae) from south India. The study revealed
that petiole anatomical characters on the twelve speci€sirciimashowed almost
similar anatomical characteristics but some show important distinct features.
Presence of trichomes, outline shapehafpetiole (T.S) and air canals, number of
main vascular bundles, the thickness of chlorenchymatous and hypodermanidyer
width of middle portion and sheatletc. are indeed important for taxonomic

evaluation.

Zhaoet al. (2022) studied the leaf epidermal characteristics of 22 species of
Zingibersbelonging to 3 sections from China. The major outcomes of the study are,
in Sect.Pleuranthesighe stomatal index is significantly lower théme other two
sections, reported two types of trichome&ingiberv i z . Adel i cateo
former was found in most specieshereas the téer in Z. corallinum and Z.
montanunonly, oils cells are food in both epidermis in most of the species but it in
Z. ellipticum(Sect. pleuranthesik oil cells are restricted to abaxial epidermis only.
They also suggested that even if Zlngiber species have similar epidermal
architecture, stomatal density, trichome typel location of oil cells and crystals
provide useful information for systematic and taxonomic investigations in this

genus.
Palynology

Erdtman (1952) conductestveralin-depthresearchesn several species and
pioneered the use of acetolysis to prepare polfeshnu-Mittre (1964) studied the
evolution of different pollen groups and pollen morphology in connection to the
terms used to describe the pollen morphology as wehegdifficulties of academic

and applied interests that rely on the collaboration of several disciplines of research.

Skvarla and Rowley (1970%tudied the pollen morphology ofanna

generalis Bailey and found thathe pollen wall is exceptionally thick without
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detectable amounts of sporopollenin. They also sugdésat the pollen wall ofC.
generalisresembles the thick intine and thin exine found in many pollen grains. The
pollen wall ofCannahas an infinite nunmdr of aperturelike regiors for pollen tube
initiation which is different from other such pollen which laskaperture.

Kresset al. (1978) studied the pollen morphology éfeliconia and many
other relative Zingiberales members. The study identified the absence of a protective
exine and the presence of a thick wadheloped intine in the taxa studied. The
study also mentioned the significance of intine structure in adaptation and
classification.Stone and Kress (19y8bserved that pollen frofdeliconiaand most
of its Zingiberaceous relatives is destroyed by normal acetolysis prepaatitre

grain's fragility is caused by weak exine development and sporopollenin deposition.

Kress andDonald (1983) investigated the palynology of 27 species of
Heliconia (19 species with pendent inflorescences; eight species with erect
inflorescences). They found that pollen of species with erect inflorescences shares
many charactéstics in common with pollen of pemsht species. Four groups were
recognized based on pollen characters in species with pendent inflorescences. Based
on the evidence from cladistic analysis of the 27 species based on pollen characters
they also suggest that species with erect inflorescdraes evolved independently

several times from species with pendent inflorescences.

The ultrastructures of monocot pollen were studied by Zaya€a3) the
findings madea clear understandingf the evolutionary trends in aperture and
pollen wall structure. They also proposed that a parallel evolution occurred in
monocot pollen ultrastructure and Dicotllpa ultrastructure as proposed by Walker
(1976).

YuanHui and YuarHui (1988)studied the pollen morphology of 89 species
and 3 varieties belonging to 18 generattad family Zingiberaceaein China. The
study revealed that Zingiberaceae pollen grains are spherical, subspbreoaid
in shape and prolate, the size ranges froii2355 € m, p cdpértarate oar € non
aperturate (spiraperturate, poraajithe wall is composed of a very thin exine and a
thick intine and pollen grains are almost not resistant to acetolysis. The study also
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described the pollen structure oZ#hgiber species and recognized spherical pollens
with cerebroid sculpturing and ellipsoid pollen with striate dowipg characteristic

of Sect.Dymczewiczeand SectCryptanthiunrespectively.

Mangaly and Jyoth(1990) carried out the palynological study of South
Indian Zingeberaceae members and revealed that exine is absent only in
Kaempferia In Alpinia galangaand Amomum hypoleucum discontinuous exine
layer consisting of circular plates joined together at margiasfaund while all
other taxa possess an uninterrupted exine layer which is commonly 0.7 pum to less
than 2.0 um thickln conclusion based on palynological dafdpinia, Amomum,
Boesenbergia, Kaempferiand Zingiber constitute one group whilé&lettaria,

HedychiumandCostusconstitute another.

Theiladeet al. (1993) described the pollen morphology and internal wall
structure of 18Zingiber species. The pollen grains are spherical with cerebroid
sculpturingin the sectionZingiberandDymczewicziaWhile the pollen is ellipsoid
with spiro-striate sculpturing in SeciCryptanthium On the premise of pollen
morphology, it is proposed that the Sdaymczewiczias included within the Sect.

Zingiber.

Theilade and Theiladé1996) portrayed the ontogeny of the pollen wall
in Zingiberto supply a premise for understanding the usefulness of mature pollen in
evaluating the broader phylogenetic relationship within the order Zingiberales.
When the Inflorescences @f spectabile were processed for light and transmission
electron microscopy, it shows thiet Zingiberthe microspores developed a thick
primexine and the mature pollen exhibited an extremely thin and discontinuous
exine. Theadvancemenf a channeled intine wasatedafter thedeterioratiorof
the callosevall when the microspores had entered the $tage It comes
toits most extremé¢hicknesswithin thelate microspore period, after which
it diminishedin thicknessA wide diversity in the development of tharpexine was
shown when a comparison 6f spectabilewith members of other genera of the

Zingiberales were carried out.
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Saensoulet al. (2009)studied thePollen morphology of three species of the
genus Cornukaempferia(Zingiberaceae) in Thailand by Light microscopy and
scanningelectron microscopylhe pollen grains were found to be spherical, monad
andinaperturate. The exine sculpture is echinate with ragglaetween the spines
for C. larseniior echinate with psilate between the spinefoaurantifloraandC.

longipetiolata this perception helps support the taxonomic stat@ tdrsenii.

Kaewsri and Paisooksantivatana (200wyestigated the morphological
characteristics and pollen morphology of TWanomumto aid identification and
classification. Pollen grains of 14 represduts were examined in the study using a
scanning electron microscope (SEM) to reveal their morphology and usefulness for
infrageneric classification. They have observed two types of exine sculpture, psilate
and echinate. They suggested that classificdtyonsing pollen morphology does not
support grouping by the previous authors that emphasized fruit shapes.

Chen and Xig2011) investigated the pollen morphology2ff populations
of 16 species of Chinesg&urcumaandBoesebergia (Zingiberaceae)nder SEM
and TEM. The pollen grains are ovoid, spheraradinonaperturate. The pollen wall
is composed of a thick intine and a very tekine. The exine is psilate or echinate.
The intine consists of two layers, ie., an inner hgemmus layefendintine) anda
thick, channeled layer (exintine). According to the results, a
morphologicakoincidingbetween th@ollengrains of species ofCurcuma

which agreeto DNA arrangemeninformationshows ugo be a polyphyleticlass

Results aboutpollen  morphologynoreoverdon'tgive anyextraproof to
eitherjoin togetherorisolateBoesenbergia albomaculataand Curcumorpha
longiflora within thesamegenus andillustratethat moreorderednformationon
thegenusBoesenbergia and its relatives anequiredsome time before

thelastchoicecan be made.
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Saensoulet al. (2015) studied the pollen morphology of 14 species of the

genusCurcuma(Zingiberaceae) in northeastern Thailand using light microscope and

scanning electron microscope. Monad, inaperturate, with radial symmetry and large

with rugulose exine sculpturing pollen grains, were observed. Pollen grains with

different shapes like ®spheroidal, prolate spheroidal, spheroidal, subprolate and

prolate shapes were notice®ollenshape can betilizedas a supplementary

character fodistinguishing proobf the Curcumaspecies.
Phytochemistry

Bestmannet al. (1992) studied the root oil constituentsof Zingiber
chrysanthungrowing widely in India. 24 componentsvereidentified throughGC,
GC/MS and GC-FTIR, mainly monoterpenesvith the major constituentsl, 8-
cineole(42%), U-fenchyl acetatg15%), U-terpineol(6%) andcampheng6%).

Onyenekwe and Hashimot(1,999) studiedthe essetial oil compositionof
dried Z. officinale by GC and GC-MS techniques.The oil yield was 2.4% which
consistsof 1.6% esters,2.4% monoterpenehydrocarbons,5.6% alcohol, 6.6%
carbonyl compoundsand 64.4% sesquiterpenéydrocarbon.Zingiberene(29.5%)
sesquiphellandren&vere identified as the major compounds.Other compounds
identified were 2, 6-dimethl heptenl-ol, linalool oxide, U-gurjunene,isovaler
aldehydegadinol,2-pentanonegremophyllenel} anda-calaccorenei-muurolol, -
cubebeneaceticadd, U-himachallene[J- santalenepinanol, geranoicacid, geranyl

propionategeranoicacid, (E, E)}U-farnesenegeranicacidandn-methylpyrrole.

Srivastaveet al. (2000)investigatedhe essentiabil compositionof rhizome
of Z. zerumbefrom India by hydrodistillationmethodandwassubjectedo GC/MS
analysis.A total of 36 compoundswere identified and the major compoundsvere
curzerenonél4.4%),zerumbong&12.6%),camphor(12.8%),isoborneol(8.9%)and
1,8-cineole(7.1%).

Gurib-Fakim et al. (2002) investigatedthe essentialoil compositionof Z.
officinale, Hedychium coccineum, H. flavescandH. coronariumfrom Mauritius.
geranial(16.3%), neral (10.3%), zingiberene(9.5%), b-sesquiphellandrens.3%)

25



Genus Zingiber in NE India

andar-curcumeng5.1%) were the major constituentsof Z. officinale (E)-nerolidol
(44.4%), trans-sesquisabinenbydrate (24.2%) were the major constituentsof H.
coccineum H. flavescenswere characterized biinalool (35.0%), 1, 8-cineole
(15.3%), b-pinene (14.7%), Uterpineol (14.5%) and U-pinene (5.3%) were the
constituentsof. U-muurolol (16.8%), Uterpineol (15.9%), 1, 8-cineole (11.2%),an
unknownsesquiterpenalcohol (7.0%), U-fenchyl acetate(5.6%), citronellal (5.5%)
and(E)-methylcinnamatg5.1%)werethe compoundsdentifiedin H. coronarium.

Pino et al. (2004) examinedthe chemicalcompositionof the essentialoil
obtainedfrom therhizomesof Z. officinale Roscogrom Cubaby combinedGC and
GC/MS. Theoil wasdistinguishedoy the presencef cadinal,4-diene(12.5%),ar-
curcumend22.1%),b-bisabolend11.2%)andzingibereng11.7%).

Prakashet al. (2006a) investigatedthe phytochemical composition of
essentiabil from seedof Z. roseumandits antispasmodiactivity in rat duodenum.
Altogether 60 compounds,out of which 47 compounds(96.2% of the oil) were
identified. The major compoundsvere U-pinene,b-pinene limonene,p-cymene,U-
terpineol and verticiole. The presenceof mono and sesquiterpendiydrocarbons
which makeup about82% of the oil wasconsideredo be a uniquefeature.The oil
also has myorelaxantactivity on isolatedrat duodenalsmoothmuscle.This study
revealeda probableinhibitory effectof Z. roseunseedsssentiabil ontheinflux of

C&" throughthe cell membranef rat duodenakmoothmuscle.

Prakashet al. (2006b) carried out the combinationof GC and GC-MS
analysisof essentiabil from the rhizomeof Z. roseumandfound 44 compoundsf
which 36 compoundshave beenidentified comprising94.9% of the oil. Linalool
(53.3%) was found to be the major compoundin the essentialoil with lesser
amountsof limonene(14.0%), b-pinene(9.3%) and U-pinene(4.4%) beingamong
the otherconstituentsBorneol (0.9%)andb-eudesmol1.4%)which are considered
to be the markercomponentf Zingiberaceadamily were found to be presentin

relativelylow concentration# theoil.

The investigation of chemical characterization and antimicrobial activity of
caryophyllenerich rhizome oil of Z. nimmonii by Sabulal et al. (2006) 65
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constituentsaccountingor 97.5%o0f the oil wereidentified.Z. nimmoniirhizomeoil

is a distinctive caryophylleneich naturalsourcewith -humuleng( daryophyllene,
27.7%) and isomeric caryophyllenes p-caryophyllene(42.2%). The rhizome oil

containedl1.3% nonterpenoidconstituents,1.9% oxygenatednonoterpenes3.9%
monoterpenesl4.2%oxygenatedsesquiterpeneand 71.2%sesquiterpened.he oll

showednotableinhibitory activity againstthe fungi, Candda albicans,C. glabrata
and Aspergillus nigerand the bacteria Pseudomonas aeruginosand Bacillus
subtilis Singh et al. (2008) studied chemistry antioxidant and antimicrobial
investigationson essentiabil andoleoresinof Z. officinale andfound that geranial
(25.9%) was the major componentin essentialoil. Eugenol (49.8%) in ethanol
oleoresin.In the otherthreeoleoresinszingeronewasthe majorcomponen{33.6%,
33.3%and 30.5% for, methanol,CCl, ang iSOOCtaneoleoresinsyespectively).CCly

oleoresin and essential oil showed 100% zone inhibition against Fusarium
moniliforme The esentialoil was found to be better than the oleoresinseven

thoughbothwerefoundto be effective.

Sabulal et al. (2007) isolated and characterizedEssential oil from the
rhizomesof Z. neesanunirom the WesternGhatsregion of southernindia, by GC
and GCi MS. A total of Sixty-one constituentscomprising97.4% of the oil, were
identified. Phenylbutanoiddike (E)-1-( 3 Miimdtidjxyphenyl) buf-ene (23.1%)
and (E)-1-( 3 Njimdtidjxyphenyl) butadiené31.1%), a potent antrinflammatory
compoundwas isolatedfrom the oil. Major terpenoidconstituentsn Z. neesanum
rhizomeoil were(E)-b-ocimeng(12.7%),b-pinene(7.4%)andlinalool (4.0%).

Sasidharan and Meno(2010) comparedthe chemical composition and
antimicrobial activity of fresh and dry ginger oils (Z. officinale) and found that
Zingibereneis the major compoundn both gingeroils. Comparedo dry ginger oil
(14.4%), freshgingeroil containedgeranial(8.5%)the secondmain compoundand
had more oxygenatedcompounds(29.2%). Arcurcumene(11%), b-bisabolene
(7.2%), sesqui phel | andr eadieene ((8.59wWéle thea otlter U
constituentsof dry ginger oil. Antimicrobial activity of oils was assessetby disc

diffusion method against Bacillus subtilis, Pseudomonasaeruginosa, Candida
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albicans, Trichodermaspp, Aspergillusniger, Penicillium spp.and Saccharomyces
cerevisiae Very significant MIC valuesrangingfrom 10ug/mLto 1 pg/mL were
obtained.A broadapplicationof gingeroil in the treatmentof many bacterialand
fungaldiseasesvasalsodiscussed.

Sivasothyet al. (2011) studiedthe essentialoil compositionof leavesand
rhizomeandthe antibacteriabctivitiesZ. officinale var. rubrum Theilade Fifty-four
constituentswere identified in the rhizome oil, while 46 were identified in the oll
from theleaves.Therhizomeoil waspredominantlymonoterpenoidwith camphene
(14.5%), geranial (14.3%) and geranyl acetate(13.7%) the three most abundant
constituentswhile the leaf oil was dominatedby b-caryophyllene(31.7%). The
antimicrobial studiesrevealedthat both the leaf and rhizome oils were moderately
active againstthe GramnegativebacteriaEscherichiacoli, Klebsiellapneumoniae
and Pseudomonastutzeri and the Grampositive bacteriaBacillus licheniformis

Bacillus spizizeniiandStaphylococcuaureus

Gianget al. (2011)investigatedhe essentiabil from the fresh rhizomesof
Z. pellitum of Viethamby GC and GC-MS. The major constituentsf the oil were
found to be terpinen4-ol (35.9 %), p-cymene(19.8 %) and sabinene(7.1 %).
Monoterpenoidsconstituted80.1 % of the oil. Minor compoundsof the oil were
Sesquiterpenoidandtheidentified compoundsonsistedf 2.5 % of the oil.

Kaderet al. (2011)investigatedhe antimicrobialeffectsof ethanolicextract
of Z. zerumbetand its chloroform and petroleumether soluble fractions against
pathogenicbacteriaand fungi and found that potent antifungal and antibacterial
phytochemicalsare presentin ethanolextractof Z. zerumbetThe highestactivity
against Vibrio parahemolyticus(V. parahemolyticys was noticed in the crude

ethanolextract.

Ranaet al. (2012)studiedthe chemicalcompositionof the rhizomeessential
oil of Z. zerumbetar. darcyi andidentified thirty-threecompoundsaccountingfor
93.6%o0f the oil includingtwenty compoundsn minor (0.1-0.6%)andeightin trace
(<0.05%) amounts.The major compoundsidentified were zerumbone(69.9%) U-
humulene(12.9%), humuleneepoxidell (2.5%), caryophylleneoxide (1.1%) and
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camphendl1.9%).This wasthefirst reporton the analysisof Z. zerumbevwar. darcyi
oil andfound thatthis variety could be usedas an additionalnew sourceof natural

zerumbondesidesZ. zerumbet.

Chemicalconstituent®f theroot essentiabils of Z. rubensandZ. zerumbet
werestudiedby Dai et al. (2013)andthe major componentsdentifiedin Z. rubens
were (2)-citral (30.1%), camphene(9.7%), b-phellandrene(7.5%), 1,8-cineole
(7.0%) and zingiberene(5.3%). (2)-citral (26.1%), camphene(16.3%), sabinene
(14.6%), zingiberene(7.2%) and lavandulyl acetate(6.7%) were the main oil
constituent®f Z. zerumbetThis speciehaslow zerumbon€1.2%)content.

Finose and Gopalakrishng2014) evaluatedthe comparativeantioxidant
potentialusing Nitric Oxide ScavengingAssay, DPPH and superoxidescavenging
assayof Z. nimmonii The quantitativeestimationof the total flavonoid contentof
three different extracts; n-Hexane, Chloroform and Methanol were also done.
Accordingto the resultsobtained,hexanewas the mostremarkableand promising
extract among chloroform, hexaneand methanolic extracts. Hence hexanewas
chosen to be the potential extract and was further screenedfor various

characterizatiostudies.

Singhet al. (2014)studiedthe biological activity and chemicalcomposition
of essentiabil from the rhizomeof Z. zerumbetMajor componentsvere found to
be zerumbone(75.2%), a caryophyllene(7.1%), camphene(5.1%), eucalyptol
(2.4%) and camphor(3.0%). Antioxidant activity and total phenol contentassay
were studied using the DPPH and Folin-Ciocalteu colorimetric methods.
Antimalarial, antrleishmanial and antimicrobial assayswere analyzed for the
essentiabil andits major componentzerumboneThe essentiabil andzerumbone
exhibited antimalarial and antileishmanialactivities whereasonly Cryptococcus

neoformanshowedantimicrobialactivity on the essentiabil.

Salim et al. (2016) investigatedthe chemicalprofile, antiproliferativeand
antioxidantactivitiesof rhizomeoil of Z. anamalayanunfrom the WesternGhatsin
India. Twenty-one compoundsconstituting99.47%of the oil were identified. U-2-
carene (52.83%), camphene(9.83%), endafenchol (9.42%), iso-dihydrocarveol
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(6.44%) and cis-p-mentha2,8-dien-1-ol (5.19%)were the major componentsn Z.
anamalayanunrhizome oil. 65.81% of the rhizome oil constitutesMonoterpene
hydrocarbondollowed by oxygenatedmonoterpene423.78%) and sesquiterpene
hydrocarbon£9.87%).

Govindarajaret al. (2016)evaluatedhe larvicidal andrepellentpotentialof
Z, nimmoniirhizome essentialoil againstthe malariavector Anophelesstephensi
the dengue vector Aedes aegypti and the lymphatic filariasis vector Culex
quinquefasciatusA total of 33 compoundswith major componentsmyrcene,b-
caryophyllene U humuleneand U-cadinol wereidentified. The essentiabil showed
significanttoxicity againsthe earlythird-stagelarvaeof AnophelestephensiAedes

Aegyptiand Culexwith LCsovaluesof 41.19, 44.4@&nd48.26ug/ml respectively.

Meraneeet al (2017) studiedthe chemicalconstituentsof ethanolicfresh
rhizomeextractfrom Z. ligulatum and isolatedthree pure compoundskaempferol
7,4-dimethyl ether,quercetin7,4-dimethyl etherand n-propyl p-hydroxybenzoate.
The structuresvereelucidatedandconfirmedby spectroscopidata.Moreover,GC-

MS analyss werecarriedout to analyzethe volatile components.

Hung et al. (2017) studiedthe essentiabil compositionof Z. nitens a new
speciesusing gas chromatographylame ionization detector (GC-FID) and gas
chromatographynass spectrometry(GC-MS) techniques.t-elemene(17.0%), b-
pinene(12.8%)andb-elemeng8.8%)werethe major constituentf the leaf oil. U-
elemene(20.1%), germacreneD (8.6%) and bicyclogermacrend8.1%) were the
major constituentof stemoil andb-pinene(21.0%),0-elemeng12.8%)andbornyl

acetatg11.8%)werethe majorconstituentof root oil.

Mahboubi (2019) reviewed the chemical composition and biological
activitiesof Z. officinale (ginger)essentiabil. Throughexperimentabndpreclinical
studies, the antibacterial, antifungal, analgesic, antrinflammatory, antkulcer,

immunomodulatoryrelaxantandwarmingeffects.

Huong et al. (2020) investigatedthe chemicalcompositionand biological

activities of essentialoils of Zingiber speciesfrom Vietnam. The antibacterial
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activity of essentiabil wasassesse@gainsta selectionof GrampositiveandGram
negativebacteriaandfor activity againstCandda albicans The mosquitolarvicidal
activitieswereassessedgainstCulexquinquefasciatusAedesalbopictusand Aedes
aegypti Essentialoils rich in Upinene and b-pinene showedthe best larvicidal
activity. The rhizomeessentiabil of Z. nudicarpumshowedexcellentantibacterial
activity againstEnterococcudaecalis Staphylococcuaureusand Bacillus cereus

with minimuminhibitory concentrationgMIC) of 2,8andle g / mekpectively.

Baby et al. (2021) studied the phytochemicalscreeningand antifungal
evaluation of rhizome extract of Z. wightianum Preliminary phytochemical
screeningpf the methanolicextractprovedthe presencef alkaloids,carbohydrates,
tannins,flavonoids,saponinsaandphenols. Aminimum inhibitory concentratiorwas
determinedvhenthis extractwas subjectedo antifungalactivity. This extractalso
hasthe potentialto treata fungal infection Tineaversicolor, causedby the fungus

Malassezia furfur

Aswati Nair et al. (2021) studied the polyphenolic characteristics,
antimicrobial and antioxidantactivity of rhizome of Z. neesanumendemicto the
Western Ghats and identified the volatile metabolites by GC-MS analysis.
Antimicrobial activity againstgramnegativeEnterococcus fecali21.7 +0.6'1 cm)
wasdueto high total tannin(TT) contentin isopropanokxtract[55.261 + 6.623ng
TAE.100d'* DW] while the antifungalactivity againstMucor rouxii (9.7 +0.6) was
dueto high total flavonoid (TF) contentin ethyl acetateextract[681.94 + 33.871ng
CE.100g' ' DW]. 2-Methyl-7-nonadecenél 3.99%:;antimicrobial),Actinomycin C2
(8.57%; antineoplasticland Deoxyspergualin(12.55%; immunosuppressiveyere
identified as the Major bioactive phytochemical constituentsin Z. neesanum

rhizome
Molecular phylogeny

Kress (1990) proposed a new phylogenetic classification based on 32
morphological and anatomical characters. The phylogenetic analysis recognizes
eight families viz., Marantaceae, Cannaceae, Zingiea® Costaceae,

Heliconaceae, Lowiaceae, Strelitziaceard Musaceae, two superfamilies viz.,
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Zingiberariae and Cannariaand five suborders viz., Musineae, Strelitzinea,

Lowinea, Heliconineae and Zingiberineae within the Zingiberales.

Smith et al. (1993)carried out a phylogenetic analysis of order Zingiberales
using rbcL gene to find out the interrelationship within the order. A total of 21
species and proposed relatives were sampled for the andbysls.equal and
differential weidnts were performed for five analyses. The tree topology was found
to be similar in all analyses witlthe outgroup comprising Commelinaceae/
Haemodoraceae/Pontederiaceae members but the tree topology was different from
the previous morphological analyses Ksess (1990). The study divided the order
Zingiberales into two sister groups, one with Costaceae and Marantaceae and the
other six families clustered together in the second group. All families recognized in
the study are monophyletic except the paragltyMusaceae and Cannaceae. They
also suggest that the ability of rbcL sequence data to infer the phylogeny of

Zingiberales is limited to interordinal and intrafamilial relationships.

Harris et al. (2000) conducted a phylogenetic analysis tife genus
Aframomumusing ITS nr DNA. A total of 42 accessions representing 28 species
were sampled in the study. The size of the ITS 1 regidkfraamomunvaried from
187 bp to 190 bp and 215 bp to 216 bp for ITS 2. The pairwise sequence difference
among taxa was not found significant as compared to a similar analysis of genus
Alpinia of SoutheastAsia. The analysis supports the monophyly of the genus
Aframomunbut it failed to resolve the igroup species and recognized four putative
multispecies groups. The study concluded that the inability of ITS sequence data to
reflect the high degree of vations found in the vegetative and floral characters

were due to the rapid radiation under conditions.

Kanlayanapaphon and NewmdB000) studied the phylogeny of genus
Roscoeausing ITS nr DNA. Two species @autleyaand two species dfurcuma
were sampled as outgroups. The studyealed Roscoeas monophyletic group
with genusCurcumaas sister group. The phylogenetic analysis resolved the genus

Roscoea nt o t wo si ster clades vi z. , a o6Chi

nes

denotes their disjunct geographic distributioroasrs t he &6 Br ahmaputra g:
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Rangsirujiet al. (2000) studied the interrelationship among gemlpinia
using ITS and trnF regions. 17 taxa including Alpinia and one outgroup were
sampled for the analysis. The study suggestsAhgalangais closely related té.
nigra in sect.Allughas(with tubular bracteoles). The section shows a paraphyletic
origin. The study also proposed that galangaevolved within gct. Allughasand
the absence of tubular bracteotgs due to convergent evolution with seAtpinia

may be the result of evolution under domestication.

Wood et al. (2000) carried outa phylogenetic analysis of gendgdychium
J. Koenig using ITS1, ITS2 (nrDNA). They have sequeric29 taxa including 16
other related genera of Zingiberaceae. Théadistic study supports the
monophyletic origin ofHedychiumwhereas relationships to other genera are no
satisfactory. Four major clades were recognized in gétedychiumwith weak
bootstrap support and each clade is characterized by the number of flowers and
distribution of bracts. Based on the study the tribes in Zingiberoideae are not

showing a monophyletic origin.

Spechtet al. (2001)investigated the phylogenetielationships of Costaceae,
a tropical monocotyledoms family sister to the gingers (Zingiberaceae). Both
chloroplast (thetriiF | oc u s, i ncluding t fadthégtmlb L i ntr o
F intergenic spaceand the trnK locus, including the trnK intron and the matK
coding region) and nuclear (IT83.8si ITS2) DNA data were utilized for the study.
The study suggesthat genus Costus is broadly paraphyletic ®astussubgenus
Eucostugepresents large monophyletic radiation.

Kress et al. (2005) studied the validity of earlierAlpinia species
classifications using DNA sequencing and phylafjenanalysis using matK and
ITS regions. Theparsimony analysis of both individual and combined data sets
recognized six polyphyletic clades within the tribe Alpinieae. A Bayesian analysis of
the combined data set backed up the findings. The study revealed that both
Schumann's and Smith's classifiocas of the genus do not correspond to these

monophyletic groups of species.
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Selvarajet al. (2008) studiedthe matK gene from Zingibereceae for the
analysis of variants, parsimony site, pattermansition/transversion rates of of
phylogeny. The study identified 24% variants between the species and 1.54.
transition/transversion rate among the species. A phylogenetic tree was also
designed to find the efficacy of matK region to define the inter and gtararic
relationships. The study conded that the matK gene is a good candidate for DNA
barcoding.

Theerakulpisutet al. (2012) carried out a pylogenetic analysis of genus
Zingiber using the ITS region. The study resolved the species into lades
which correspond with previously usecogni zc¢
based on i np o ectssZingherc Bymctewipze(Hofai®) Benth.,
PleuranthesisBenth. andCryptanthiumHoran.). but the phylogenetic tree shows
that sectZingiber and Dymczewicziaare weakly supported as separate groups and
are more closelyelated to each other than tec® Pleuranthesisand Cryptanthium
The analysis was supped by a previous observation on two speciegunceum
andZ. gramineurmwhich were previosly tentatively placed in botheSt Zingiber
andDymczewiczadue t o their ability to develop tw
relationship of the two sections based on ITS sequences together with similarity in
pollen morphology supports aarlier proposal thabect.Dymczewiczishould be
amalgamated withSect. Zingiber. Phylogenetic analysis indicated th&ect.
DymczewicziandZingiberare formed within the same clade. Thus, this analysis of
nuclear ITS sequences is supportive of the pdilesed proposal byheiladeet al.
(1993) Apart from the similar shape of pollemembers of these two sects are also
characteded by having the same typeiofn por escence shape. Ther e
proposed that based on both morphol ogi cal
shape, pollen morphologyand molecular phylogenetic evidence th8ect.
Dymczewicziahould be included in th®ect.Zingiberas earlker proposed (Theilade
et al, 1993).

Vinitha et al. (2014)studied the efficacy of nine plastid (matK, rbcL, rpoC1,
rpoB, rpl36rps8, ndhJ, trniF, trnHpsbA and accD) ahtwo nuclear (ITS and
ITS2) barcode region in family Zingiberaceae by sampling 60 accessions of 20
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species belonging to seven genera frémdia. Bidirectional sequences were
obtained for all plastidoci by direct polymerase chain reaction (PCR) amplidans

all the accessions tested. Out of the 60 accessions, only 35 (58%) and 40 accessions
(66%) yielded ITS and ITS2 sequences, respectively, by direct sequencing. matK
and rbcL sorted 15 species (75 percent) into monophyletic groups and five species
into two paraphyletic groupings in diverse bioinformatics analyses. Only 12 species
(60 %) were distinguished from the 173 ITS sequences, which included 138 cloned
sequences from 23 accessions. The remaining species were divided into three
paraphyletic groupings Natural hybridizations may have occurred in the
evolutionary past, resulting in species paraphyly and intragenomic ITS heterogeneity
in the species studied, according to phylogenetic and genealogic studies of plastid
and ITS sequences. The findings suppithe use of matK and rbcL loci for
barcoding Zingiberaceae members and empbake low usefulness of ITS and the
highly regarded ITS2 in this family, as well as advagainst proposing ITS loci for

taxa based on inadequate sampling.

Augustineet al (2018) studied the Conservedrtholog Se{COS) markers
in Zingiber and their utility in DNA barcoding and species identificatidn. their
work, COS markers in the Zingiberaceae family were identified, functionally
annotatedand analyed. COS indicators were discovered, verifegt tested in a
total of 37 caseddouseleepinggenes (85.7%), a defangene, three mitochondrial
proteins and one chloroplast protein were discovered during the functional
annotation process. The study proposedttietise of a COS marker (ZE372342) as
a barcode target fahe Zingiber genus vas usefulndthe findings indicate that this
is a potential target.

Boer et al. (2018) resolved the paraphyly of the genusmomum
(Zingiberaceae) using a multharkerphylogenetic analys using mat and nriTS
with multiple accessions of the type, the geBledtariaand additional accessions of
AmomumAlpinia, Elettariopsis, Geocharis, GeostachysdHornstedtia The sudy
recognized nine clades Amomumandsix in Alpinia. Within these clades include
the generélettaria, Elettariopsis, Plagiostachyand species ofHornstedtia The
study also identified newgenera that correspond to wdklimited clades in the
evolutionary framework provided in the study is supported kyrpmological
investigations of species formerly subsumedmomum The study circumscribed
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the paraphyletic genudmomumand made identification easier and provide
nomenclatural stability. They revived three genera Gpnamomum, Meisterand
Wurfbainiaand three new genekgere newly described. The geneEpiamomum
Lanxangiaand Sundamomurare described, together with a key to the genera and a
nomenclatural synopsis that incorporates 384 specific names (including all
synonyms) into the new generic framork. There are 129 new combinations and
three replacement names among them. The study proposed that to resolve further
branches of Alpinioideae containing other polyphyletic taxa, more research and
sampling will be required.

Mood et al. (2018)studiedtaxanomy and botanical history &oesenbergia
gelatinosa B. jahaiana B. parvulaandB. phyllostachyaThe study used data from
morphological comparisons, ecologyd molecular phylogeny using plastid and
nuclear DNA sequence data, the studyed®d that these species are found to be
conspecific withB. parvulaand are reduced as synyns. The study also described
anew variety B. parvulavar. major.

Basaket al.(2019)evaluated the genetic structure argavild Alpinia nigra
populations using random amplified polymorphic DNA (RAPD), hsienple
sequence repeat (ISSR) and barcoding loci (plastid and mitochondrial). The order
(high to | ow) of Shannonds information i nc
t he populations was found to be: Al l T Guwa
analysis confirmed that genetic diversity decreased and genetic differentiation
increased among the three populations. They do not observe any isolation by
distance among thpopulation soa lesser amount of gene flow was observed. In
dendrogram and principal component analysis, the geographical isolation was
reinforced by a narrow range of genetic distance between the three populations and
the formation of two different clusts. For seven plastid loci and two mitochondrial
loci investigated, no mutation was found in any of the three groups, suggesting
taxonomic homogeneity. The phylogeny based on nine barcoding loci confirmed
their findings that IIT Guwahati populationassomewhat separated from the rest of
the population. According to the study, it will serve as a foundation for establishing

methods to prevent Zingiberaceous plant habitat fragmentation.
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Cui et al. (2019) sequenced the complete chloroplast genoni& officinale
and identified its phylogenetic position in Zingiberaceae. The study shows that the
chloroplast genome @&. officinaleis 162, 621 bp with a foypart circular structure
and 36.1% GC content. Annotations were made for all 113 distinct genes. There
were a total of 78 simple sequence repeats (SSRs) and 42 long repeat sequences
discovered, all of which could be used to idignspecies. The comparative analysis
revealed some highly variable regions, including rpst®-UUG, atpHatpl, trnT-
UGU-trnL-UAA, ycfl and psaCGndhE. They also found that, in all four shared
regions, the short singleopy (SSC) region was the most vaiegg which indicates
that the region may be undergoing fast nucleotide substitution in the Zingiberaceae
family. Accordingto the phylogenetic studyased on all accessible Zingiberales
chloroplasts at the National Center for Biotechno]dgformationZingiberis found
to be a sister branch Kaempferiaspecies. The study concluded that the availability
of the chloroplast genome . officinale offered vital data for specidevel
verification and phylogenetic analysend can therefore aid future resel on
Zingiberaceae species.

Mood et al. (2020) studied the history of the genudaplochorema
(Zingiberaceae) and compared its morphologyBimesenbergiaand molecular
phylogenetic analysis ag carried out using nrITS and trnK regions. The sampling
includes other Zingiberaceae genus also. Based on a comparative analysis of
molecular ad morphological data, the study proposed thiplochoremais
reduced toBoesenbergiawith eight new combinations. They also designated a
lectotype forB. loerzingii.
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AREA OF PRESENT STUDY

For the present study specimens were collected from the -EaghIindian
states of Arunachal Pradesh, Assam, Meghalaya, Sikkim, Mizoram, Tripura,
Manipur and Nagaland(Map 1). The study covers an area of 262230 sqg. km
(101,250 sg mi)almost 8 percent of that of India. The area shares an international
border of 5,182 kilometers (3,220 mi) (about 99 percent of its total geographical
boundary) with several neighboring countried,640 kilometers (1,020 mi) with
Myanmar in the east, 1,39%6lometers (867 mi) with Tibet Autonomous Region,
China in the north, 97 kilometers (60 mi) with Nepal in the west455 kilometers
(283 mi) with Bhutan in the nortivest, 1,596 kilometers (992 mi) with Bangladesh
in the southwest(Gogoiet al, 2009).

The Northeast region can be physiographically classified into the Eastern
Himalaya, the Patkai and the Brahmapralthe Barak valley plains. NortBast
India has a chiefly humid subtropical climate with hot, severe monsoons, humid
summersand mild winters. This region has some of the Indian subcontinent's last
remaining rainforests, which hold diverse flora and fauna and many crop species.
Reserves of petroleum and natural gas in the area are evaluated to constitute a fifth
of India's total potential.

BrahmaputreBarak river systems and their tributaries have contributed to
covering this region. Geographically, tlirds of the area is hilly terrain
interspersed with valleys and plains; the altitude varies from almost sea level to over
7,000 meters (2800 ft) above MSLapart from the Brahmaputra, BarakdIimphal
valleys and some flatlands in between the hills of Meghalaya and Tripura. The
heavy rainfall, averaging around 10,000 millimeters (390 in) and above makes
problems for the ecosystem, floaddhigh seismic activity. A montane climate with
cold, snowy winters and mild summers are the characteristic features of the states of
Arunachal Pradesh and Sikkim.

Climate

Northeast India has a subtropical climate which is influenced by its relief and

influences from the southwest and northeast monsoons. The climate influences the
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Himalayas to the North, Mizoram and Manipur to the East and the Meghalaya
plateau to the Southnd the hills of Nagalandsince rainstormwinds beginning
from thelnlet of Bengal move northeast, these mountaimsstrainthe dampwinds
upwards, causing them to cool adiabatically and condense into cltisdsarging
overwhelmingprecipitation on thee slants.It is the rainiestiocale in the nation
with numerousplacesacceptingnormal yearly precipitation of 2,000 mm (79 in),
which is generally concentrated in summemid the storm season. Cherrapunji
found on the Meghalay#evel is one of the raiest put in the world with ayearly
precipitation of 11,777 mm (463.7 in). Temperatures dnect within the
Brahmaputra and Barak valleyreamfields which decreases witblevationwithin
theunevenareas. At thenost noteworthyelevationsthere'schangelessnow cover.
In common thelocalehas 3 seasons: Winter, summer atmrmyseason in which
the stormy season coincides with the summer months mush like therest of
India. Winter is from early November until mMarch whereassummer is from
mid-April to mid-October(Dikshit & Dikshit, 2014).

Beneaththe Koppen climate classification, tleealeis separatedhto 3wide
sorts A (tropical climates), C (warntalm mesothermal climates) and D (snow
microthermal climates). The tropical climatese dound in parts of Manipur,
Tripura, Mizoram and the Cachfields south of 28N and are classified as tropical
dampand dry. Much of Assam, Nagaland, northern parts of Meghalaya and Manipur
and parts of Arunachal Pradesdhop inside the warm temperaturenesothermal
climates §ortC) where theaveragegemperatures in the coldest months are between
T3 to 18 AC (ekar, 200%).Thé wholeBRahmapuieaevillejncludes
a muggysubtropical climate (Cfa/Cwa) with hot summers.h&ightsbetween 500
to 1,500 m (1,600 to 4,900 fipundwithin the easterrslopesof Nagaland, Manipur
and Arunachal Pradesh, a (Cfb/CWb) climaias with warm summersAreasover
1,500 m (4,900 ft) in Meghalaya, parts of Nagaland and northern Arunachal Pradesh

have a (Cfc/Cwf) climate with a cool and short summer.
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Temperature

Temperatureshangeby elevationwith the hottestplaces beingvithin the
Brahmaputra and BaraWaterwayfields and the coldest at the highest altitudes
(Dikshit & Dikshit, 2014. It is additionallyaffectedby thevicinity to theoceanwith
the valleys and westermegions being near to the ocean which moderates
temperaturesBy and large temperaturesvithin the unevenand hilly zonesare
lower than in thdields which lie at a lower altitude. Summer temperatures tend to
be more uniform than winter temperatures duedatb cloud cover and humidity
(Dikshit & Dikshit, 2019.

Within the Brahmaputra and Barak vallestreamfields, averagewinter
temperatureshift between 16 and 17 °C (61 and 63 Y#)ereaspeak summer
temperatures are around 28 °C (82 °F). The highest summer tempehappes
within the West Tripura plain with Agartala, the capital of Tripura hgvihecruel
greatestsummer temperaturesxtendingbetween 33 and 35 °C (91 and 95 °F) in
April (Dikshit & Dikshit, 2014. Themost elevatedemperatures in summaappen
sometime recentlgduring theentry of stormsandin this way,easterrregionshave
themost noteworthyemperatures in June and July whengteemarrivesafterward
than western area®Vithin the Cachar Plainfound south of the Brahmaputra plain,
temperatures are higher than the Brahmaputra plan thouglihe temperatureun
islittler owing to higher cloud cover and tr&nstormthatdirectnight temperatures
yearcircular (Dikshit & Dikshit, 2014.

Rainfall

No portion of Northeast Indiagets less than 1,000 mm (39 in) of
precipitationa year.Zoneswithin the Brahmputra va#ty get 2,000 mm (79 in) of
precipitationa yearwhereadilly zonesget2,000 to 3,000 mm (79 to 118 in) a year
(Dikshit & Dikshit, 2014. The Southwestainstormis capableof bringing 90% of
the yearly precipitationto the region. April to late Octobere the months where
most of theprecipitationin Northeast Indichappenswith June and July being the
rainiest months. In most parts of doeale thenormaldate of onset of thstormsis
1 June. Southern areas #ne primaryonesto getthe storm(May or June) with the
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Brahmaputra valley and thwlly northacceptingafterward(afterwardMay or June)
(Dikshit & Dikshit, 2014. Within the unevenparts of Mizoram, the closeficinity
to the Narrows of Bengal causes it tvolve early stormswith June being the

wettest season.
Soll

Soils are formed from the withering of rocks due to different catastrophic
events that occurred on the crust of the earth. It is a mixture of minerals and organic

matter. Geographically Indian soils are categorinéulthree major groups
()  Mature soils of Peninsular India (Red, BlakdLateritic soils)

(i)  Alluvial soils of IndeGangetic Plains

(i)  Scanty soils of Himalayas

The major types of soil met in Northeast India are;

a) Alluvial soil: This isthe most productive type of soil in India, also present in
the fringes of Peninsular India. It constitutes a high proportion ofaridys
stickier and the texture may vary from sandy loam to clay. Its color varies
from grey to reddistbrown. The quantity of potassium is higher in this saill,

whereas nitrogen is deficient.

b) Forest soil:Forestsoils are foundvithin the sloping and precipitousranges
where adequaterainforests areaccessible The soil's surface changes
agreeingto the mountain environment where they at@ped They are
loamy and silty on valley sides and coagsainedwithin the upperslants
Within the snowcoveredregionsof the Hmalayas, these soils experience
denudation and are acidic witmore humus substance The soils found
within thelower parts of the valleygspeciallyon thewaterwayporchesand

alluvial fans areprolific.

C) Black soil: also known as regur soildark soil is perfectfor developing

cotton and is known aslark cotton soil. They arewealthy in soil
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supplementssuch as calcium carbonate, magnesium, paadhime. These
soils arefor the most partlestitutein phosphoric contents. Thiark soils are
mace up of clayey soil, well known for its capacity to halampnessSince
of theirtall clay substancedark soils createwide splitsamidthe dry season,
but their ironrich granular structure makes thesafefrom wind and water
disintegration They aredestitutein humushoweverexceedinglymoisture
retentive,hencereactingwell to thewater systemThose soils arenoreover
found on numerousfringe tracts where thdundamentalbasalt has been

movedfrom its uniqueareaby fluvial forms
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MATERIALS AND METHODS

1. Taxonomic Revision
Literature Survey

Relevant material and information for this study were gathered ¥eoraus
sources, including papers and articles published in scientific publications and books,
as well as information retrieval systems and the University library. Electronic
sources included the UGICGInfonet database, JSTOR, Springer link, Wiley,
Elsevier, Sieence Direct, Oxford Journals, Pergamon, Shodhgangdéabase of
Indian dissertationsand Ph.D. Thesis repository, etc. were also utilized. The
following are some of the information retrieval systems that were used. International
Plant Name Indexvwww.ipni.org), World Checklist of Selected Plant Families of
the Royal Botanic Garden, Kewappskew.org/wcsp) Zingiberaceae Resource
Centre (ZRC)of the Royal Botanic Garden, Edinburglthttp://elmer.rbge.org.
uk/zrg, Index to American Literature(http://sweetgum.nybg.org/science/iabl),
Tropicos (www.tropicos.org etc. Protologues and other scientific articles and books
were obtained from the Biodiversity Heritage Library (BHI(http://www.
biodiversitylibrary.org) andotanical literature from the Missouri Botanical Garden

Library (http://botanicus.org).
Herbaria Study

Studied thetaxa based on the herhan specimens, including typest
various Herbaria like AAU, ASSAM, BK, BSHC, CAL, CALICDRI, K, KEP,
KKU, LINN, MH, P, RAF, SING and TNS (continuously updated), some from
direct visit and the others from the digitized collections at the department. Also,
online digitized herbaria like Kew herbarium Catalogubttp(//apps.kew
org/herbcat), Natural History Museum (http://www.nhm.ac.uk/ research
curation/scientifieresources/collections/  botanieadllections), the Linneaen
Society  Herbarium Http://linnearonlineorg/linnaean_herbarium.htinl and

Fairchild Virtual Herbarium Web Portal http://www.virtualherbarium


http://www/
http://apps.kew/
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org/vhportal.htm) were utilized. The details regarding the herbaria in which the

authors like Roscoe, Wallictetc. had deposited their specimens, wereieead

from theTaxonomic Literaturéd St af | eu & Co vWndex Herbhribrur61 197 8) .
(Thiers, continuously updated), accessed hittp://sweetgum.nybg.org/science/ih

was used to check the acronyms of herbaria.
Specimen Collection

Field trips were conducted tonortheasternstatesof India from July to
September for collecting specimens in the flowering sfélge.collected plants were
preserved for the herbarium, palynology, phytochemistry, molecular and aratomic
studies after studying their floral and vegetative morphology. The rhizomes were
planted in Calicut University Botanical Garden (CUBG) for further studies and as
part of germplasm conservationhd live germplasm oZingiber maintained at
CUBG which wascollected from different parts of India, was also utilized for the

study.
Herbarium Preparation

For the preparation of herbaria, the wet method (De Vogel, 1987; Forman &
Bridson, 1998) was followed. The plants collected from the field were trimmed to an
appropriate size and placed on old newspaper, then treated with formaldehyde and
sealed in polyethylene covers. The specimens were dried in both sunlight and hot air
oven at 60 degrees for fast drying and mounted on standard handmad€2heets
42 cm). Tke sheets were labeled with standard labels (14.5 x 11 cm). These sheets

are deposited in CALI.
Nomenclature and Citations

The dtations of taxa followed IPNI, for which the online database of the
IPNI (http://www.ipni.org was accessed. Also, World chesklof selected plant
families, a database of Royal Botanic Garden, Kew (http://apps.kew.org) was
utilized. The citations of publications follow&btanicePeriodicurHuntianum(B-
P-H) (Lawrenceet al, 1968) and IPNI database. For author citation, IHatabase

as we Authorsao$ Pladt Name Indéry Brummitt and Powell (1992) were
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followed. To obtain details about the authors and publicatitessynomic Literature
(Stafleu & Cowan, 19761 1978) was used. He
6l ndexrikagrmubmd (Thiers, continuously wupdat e
clarifications,Shenzhen Cod€lurlandet al, 2018 has beeffollowed.

2. Morphological Study
Descriptions and lllustrations

The floral morphology of the specimemss studied from the field itself.
The collected specimens were sealed airtight in polyethylene covers and brought to
the laboratory for detailed micromorphological studies. Flowers and fruits were
brought preserved id% formalin and50% FormalirAcetic acidAlcohol (FAA).
Their descriptions were noted in the description chart specifically prepared for the
genusZingiber (Appendix I) and Photographs were taken with a Nikon D750
Camera Photomicrographs of smaller parts were taken using a stereo microscope,
Leica M80 attached with Leica EC3 camera (Leica Microsystems, Switzerland
Ltd.).

The description of each species includes details regarding the morphology of
their rhizome, root, leafy shoot, leaves, inflorescence, bract, bracteole, flower, calyx,
corolla, labellum, lateral staminode stamen, ovary, style, stignaad epigynous
glands.For terminology and methodology of measurements, we felittve work
of Bai et al. (2015).

Conservationstatus of each species was carried out based onlth&N
Standardsind Petitions Committee 2022.

Identification

Specimens were identified by using previously published papers and articles,
local and regional Florastc. To confirm the identity of the taxa undstudy, type

materials and protologues were utilized.
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3. Anatomical Study

The anatomical study included 18 taxaZaigiber. Aerial vegetative parts of
the plants were selected for the studig., leaf (midrib, lamina & marginyand
sheath. The fifth leaf from the apex was taken for the stuay s€ctions wertaken
from the middle portion of the leaf and shegly. 1).

Mainly fresh specimens were used for the stldhe specimens preserved in
50% FAAwere usedvherefresh specimens were not available. Araad sections
(transverse sections) were taken usingharp stainless steel razor; sections were
stained in afranin, mounted using glycerol amgwed under a microscope. Ground
plans of the sections were viewed under a stereomicroscope (Leica M80 attached
with Leica EC3 camera). For their microscopic rkaation, a phaseontrast
microscope (Zeiss Lab.Al attached with Axio CamERc5s Carl Zeiss Microimaging

GmbH analyzer) was used. Photomicrographs of the sections were also taken.
4. Palynology

Palynological studies were carried out on pollen grareserved in 70%
ethanol and Acetic acidlcohol (FAA). The direct mounting method was adopted
since the common acetolysis method was found unsuitable. Before the study, the
pollen was washed in 1 ml of 70% alcohol and then centrifuged at 5000 rpm for 5
minutes. The supernatant was removed and sediment was resuspended in 1 ml of
70% alcohol. Pollen grains were directly placed on aluminum stubs using double
sided adhesive tape and sputteated with gold using a Hummer VII gold coating
apparatus. They werebserved and photographed under JEOL Model JSM
6390LV SEM with different magnifications. The descriptive terminology for the
pollen grains by Theiladet al.(1993) was followed.

5. Phytochemistry

Sample preparation

Fresh rhizomes of 17 taxa were usedthe study. About 1 to 2 gm of fresh
rhizomes were chopped and crushed in a headspace glass vial using a glass rod. The
crushed samples were preheated at a temperaturé®@ff&Oreleasing the volatile

content.
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Fig. 1. Diagramatic representation of the portionsof various foliar parts taken
for anatomical study: 1.Leaf margin;2. Lamina;3. Midrib; 4. Sheath.
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GC-MS conditions

Gas chromatographic analysis was performed usBG-MS-TQ8030
SHIMADZU. 1pL of the preheated sample was injected onto a GC equipped with an
MS and a medium polar capillary column B&il MS, (30m X 0.25mm |I. D.,
0.25pum), the oven program had an initial temperature &€ 66r 2 min, increased
to 200C for 2min at the rate &C/min followed by the temperature was increased
to 220C for 1min at the rate of°@/min. Finally, the temperature was increased to
250 at the rate of’€/min for 7min. The total run time was 530in. The detector
temperature and injection temperaturesv@dC, helium is used the carrier gas
with purity 99.999% at a flow rate of 1miin. The samples were injected in the
splittess mode. The ion energy used for the electron impact ionization (EI) mode

was 70eV. hie mass range scanned was-1000m/z.
Compound identification

The essential chemical constituents were identified by matching mass spectra
with spectra of reference compounds in the mass spectral library of NIST and
WILEY. The relative amounts of individual components were expressed asiperce

peak areas relative to the total peak area.
6. Molecular study

DNA sequencing of genugingiber represented in India was carried out
using ITS gene loci. The sequence data were analyzed based on ITS locus. These
data were utilized to infer the phylogeafy/the genera and also as supportive data to

confirm the identity of taxonomically problematic taxa.
Molecular Phylogeny of the genugingiber in India

A phylogenetic study using DNA sequence data of the g&mgiber in
India (including the species selected for the systematic studies) was carried out.
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Taxon Sampling

Materials and Methods

26 species and one variety belonging to the gemgiberwere sampled in

the study. Kaepmferia galangandK. purviflorawere chosen as the egtoup. The

complete lists of samples are provided able 1

Table 1: List of 29taxa (28+1)of Zingiberand two species dfaempferiaused for

the present phylogenetic anak/diased on ITS sequences.

GenBank
Sl. . . : Voucher .
Species hame Section Locality accession
No. no. no
Z. neesanunfJ.Graham) | Zingiber Mahabaleswar, | 150230 Not
1. Ramamoorthy Maharashtra deposited
2. Z. arunachalensig.Joe, | Cryptanthium | West  kameng| 150201 MW251854
T.Jayakr., Hareesh & Arunachal
M.Sabu Pradesh
3. Z. bipinianumD.K.Roy, | Cryptanthium Barapani, 130318 MW251853
D.Verma, Talukdar & Shillong,
Dutta Choud. Meghalaya
4, Z. campanulatum Cryptanthium Lower Dibang| 150203 MW251856
T.Jayakr., A.Joeareesh valley,
& M.Sabu Arunachal
Pradesh
5. Z. capitatumRoxb. Dymczewiczia | Barapani, 95627 KM983536
Shillong
6. Z. chrysanthunRoscoe | Cryptanthium Phamrong falls| 159728 Not
Sikkim deposited
7. Z. clarkeiKing ex Baker | Pleuranthesis | Darjiling, West| 153730 Not
Bengal deposited in
GenBank
8. Z. cornigerumT.Jayakr., | Cryptanthium Lower Dibang| 150204 MwW251857
A.Joe, Hareesh & M. valley,
Sabu Arunachal
Pradesh
9. Z.kangleipaken&ishor | Cryptanthium Barapani, 159501 Not
& Jana LeongGk o r n Meghalaya deposited
10. Z. kerrii Craib Zingiber Churachandpur, | 153782 Not
Manipur deposited
11. Z. ligulatumRoxb. Cryptanthium Lumami, 105515 KM983543
Nagaland
12. Z. meghalayensBushil | Cryptanthium Meghalaya 153503 Not
K. Singh, Ram. Kumar & deposited
Mood
13. Z. mizoramensis Cryptanthium | Aizawl, 153522 Not
Ram.Kumar, Sushil Mizoram deposited

51



https://www.ipni.org/n/77151957-1
https://www.ipni.org/n/77151957-1
https://www.ipni.org/n/77151957-1
https://www.ipni.org/n/77217194-1
https://www.ipni.org/n/77217194-1
https://www.ipni.org/n/77217194-1
https://www.ipni.org/n/77217194-1
https://www.ipni.org/n/77217194-1

Genus Zingiber in NE India

K.Singh & S.Sharma

14. Z. murlenica Cryptanthium Barapani, 153538 Not
Ram.Kumar, Sushil Meghalaya deposited
K.Singh & S.Sharma

15. Z. neesanun@.Graham) | Zingiber Athirapally, 94840 KJ872228
Ramamoorthy Kerala

16. Z. neotruncatunvar. Zingiber Tippi, Arunachal| 150202 Not
neotruncatunT.L. Wu, Pradesh deposited
K. Larsen & Turland

17. Z. neotruncatunvar. Zingiber Tamdil, 153524 Not
ramsawmiiLalramngh., Mizoram deposited
M.Sawmliana, T.Jayakr.
& M.Sabu

18. Z. nimmoniiDalzell Cryptanthium Calicut, Kerala | 105516 KF304552

19. Z. odoriferumBlume Zingiber Andaman 94725 KF304555

20. Z. officinaleRoscoe Zingiber Cultivated BBLZ5G1 | KR816713

5

21. Z. parishiiHook. Zingiber Thailand 336851 DQ064576

22. Z. pherimaiensis Cryptanthium BSI,  Shillong,| 150208 Not
Biseshwori & Bipin Meghalaya deposited

23. Z. purpureumRoscoe Zingiber Pune, 94722 KJ872218

Maharashtra

24. Z. roseum(Roxb.) Cryptanthium Ranipool, 92705 KJ872271
Roscoe Sikkim

25. Z. rubensRoxb. Cryptanthium Mizoram 153523 Not

deposited

26. Z. wightianumThawaites | Cryptanthium Anamalai, India | 86178 KM983550

27. Z. zerumbet(L.) Roscoe | Zingiber Nicobar, India 92608 KJ872294
ex Sm.
Genuskaempferia(outgroup)

28. K. galangal. 97750 KF304538

29. K. purviflora Wall. ex. 97751 DQ064592.1
Baker

Fresh leaves of 14 taxa collected from the field were sealed in zip lock
polyethylene covers containing silica crystals (Spectram) these silicedried
samples were used fdnd studyand ITS sequence of the remaining 16 taxa were

downloaded from GenB&n

52


https://www.ipni.org/n/873063-1
https://www.ipni.org/n/873063-1

Materials and Methods

DNA Isolation

The total genomic DNA was isolated from the fresh leaves using the Cetyl
Trimethyl Ammonium Bromide (CTAB) method (Doyle & Doyl#987) with minor

modifications.

1 Crush approximately 1 gm of leaf tissue using mortar and pestle in liquid

nitrogen into fine powder.
i Transfer the powder into a 2 ml sterile centrifuge tube.

1 Add approximately 1 ml of preeat ed 2X CTAB -buffer,

mercaptoetanol, 1 mg polyvinyl pyrolederend mix properly.
1 Incubate at 6% for 30 minutes up to 1 hr

1 Add anequal volume of Phenol: Chloroform: Isoamyl alcohol (PCI) and

shake well, Centrifuge at 10000 rpm for 10 minutes.

1 Separate upper aqueous layer in a new centrifuge tube and add an equal

volumeof Chloroform Isoamyl alcohol (CI), mix well by inverting thiabe.

1 Centrifuge at 10000 rpm for 10 minutes, separate upper aqueous layer in a

new centrifuge tuhe
1 Add an equal volume of Isopropanol and keej26t C for 2030 minutes.

1 Centrifuge at 10,000 rpm for 10 minutes 4tG Remove supernatant and

wash the pllet using 500 pL of 70% ethanol.

1 Again centrifuge at 10,000 rpm for 10 minutes 4C4 Remove supernatant

and dry the pellet.
i Dissolve the pellet in 5@0 pL of 1 X TE buffer.

i Add 1 pL of RNase and incubate it at’Z7 for 30 minutes.
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Electrophoresis

To check the presence of appropriate bands, the isolated genomic DNA was
visualized using 0.8% agarose gel electrophoresis. The agarose gel was prepared
using 0.5X TBE (TrisBorateED T A) buffer with 0.5 €9/ mL
0.5X TBE bufferwasusedasanl ect r ophoretic buffer. 5 €L
1 nL 6x geHoading buffer (0.25% Bromophenol Blue and 30% Sucrose in TE
buffer- pH 8) and each of the samples were loaded to theEtgdtrophoresis was
performed at 50 V until the bromophenol dye front raigd to the bottom of the
gel. Then the gels were visualized in a UV transilluminator-{Biaging Systems)

and the images were captured in a Gel documentation system (Syngene, UK).
Polymerase Chain Reaction (PCR)

The DNA amplification was carried out for ITS, encompassing the -ITS1
5.8sITS2. The PCR was performed with the primers used in previous studigs,
ITS (Vinitha et al. 2014). The primer sgquences, annealing temperatuaad
expected amplicon size of ITS locus used for amplification are listdchlhe 2.
Polymerase Chain Reactions (PCR) were done in 25 pL using GT PCR Master Mix
(TAKKARA BIO INC, Seta 34-1, Ostu, Shiga 5202193, Japan), 1 uM of each
primer and 1 pL unqudified genomic DNA. The DNA amplifications were
performed using Master Cycler (Nexus gradient, Eppendorf, Germany) using a
program consisting of an initial denaturing step of 5 min aCY%llowed by 30
cycles of 90 seconds duration, {€%, 30 secanrealing (55 C), 30 secextension
(72 C), ending with final7-minute extension (72C) PCR amplification profile is

given inTable 3.
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Table 2 Primer sequence, annealing temperatnd expected amplicon sizZ8'S
loci used in the study.

Primer Annealing Expected
Gene Name Sequence Temperature | Amplicon
(°C) Size (bp)

ITS-FS | AATGGTCCGGTGAAGTGTTC
ITS 58 650
ITS-R2| CTCGCCGTTACTAGGGGAT

Table 3. PCR amplification profile
ITS

98°C- 2 min
98°C- 10 sec
58°C- 20 sec 35 cycles
72°C- 30 sec
72°C- 5 min
4°C- hold
Amplified DNA was visualized on 1.2% agarose gel under a UV

transilluminator to check the presence of appropriate béfids 97). A 100 bp
ladder (NEB) was used as the molecular standard.

Agarose Gel Electrophoresis of PCR products

The PCR produts were checked in 1.2 % agarose gels prepared in 0.5X
TBE buffer containing 0.5 pg/mL Ethidium Bromide. 1 pL of 6X gel loading dye
(Himedia) was mixed with each sample and run the gel using Electrophoretic unit
(Enduro, Labnet International inclusive)7 V power supply with 0.5 X TBE as an
electrophoretic buffer for about2 hours until the Bromophenol Blue Dye front had
migrated to such an extent,i&lmost at the bottom of the gel. The 100 bp DNA
ladder (Invitrogen 100 bp DNA ladder of 0.1 pg/ pLncentration was used to
analyze the size of the amplified DNA. Gels were visualized in the UV
transilluminator (Biotech R & Laboratories, Yercaud, Salem, Tamil Nadu) and the
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particular images were documented using the Gel Documentation system (Enduro

GDS Labnet International Inclusive, aplegen)

Sequencing

Sanger6s sequencing using the Big Dye
later on subjected to the Sangers sequencing which was carried out using the PCR
thermal cycler (GeneAmp PCR System 9780plied Biosystems, USA) followed

by manufactureroés instructions.

Table 4. Partculars used for sequencing

Particulars used Amount

PCR Product (EXoSAP treated) 10-20 ng

Primer 3.2 pM (either forward or Reverse)
Sequencing Mix 0.28 ul

DMSO 0.30 ul

5X Reactio buffer 1.86 pl

Sterile distilled water Makeup to 10 pl

Sequencing PCR was carried out. It sists of the first and foremost
denaturation step of 96 for 2 minutes, followed by 30 cycles of°36 denaturation
for 30 seconds, 50 C annealingfor 40 secondsind elongation at 60 C for 4

minutes.
Procedure for Post Sequencing PCR clean up

The products after sequencing were cleaned up using Mastel, Mixster
Mix-Il and70% ethanol. 12 ul Master Mikand 52 ul Master Mixl were needed

for each sequenced reaction product.
Composition of the Master Mix
Master Mix| -2 pl of 125 mM EDTA in 10 ul Milli Q Water.

Master MixII- 2 pl of 3M Sodium Acetate at pH 4.6 in 50 ul ethanol.
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To the 10 pl of each reaction product, 12 ul of Master 4Mixas added.
Thoroughly mixed and to this 52 ul of Master Mixwas added. The contents were
mixed by inverting the tubes many times during incubation at room temperature for
30 minutes. After the incubation period, proper centrifugation has been carrigd out a
14,000 rpm for 20 minutes. Later on, the supernatant was discarded and the 70%
ethanol wash was repeated. The supernatants were decanted and 70% of ethanol
wash was repeated. After decanting shpernatanthe resultant pellet was kept for
air drying. The cleaned aidried products were sequenced in ABI 3730/3500
Genetic Analyzer (Applied Biosystems) at Rajiv Gandhi Centre for Biotechnology,

Thiruvananthapuram.
Editing of Sequence and Multiple Sequence Alignment

The quality of the sequence data has bd®tked using quality value (QV)
i,e. a widely accepted and established metric for determining the quality of the
standard sequence data. The QV> 20, means the probability that the base was
miscalled is not greater than 1%hich is an acceptable standafdr a good
sequence reaction. All the samples sequenced, showed a QMx»)practically
all samples sequenced could be used for further studies. Forward and Reverse
sequences were combined using Bioedit (Hall, 1999) software. Sequences were
aligned using Clustal W (Thompsomet al, 1994) incorporated within MEGA 11
(Koichiro et al.,202]) software. Alignments were thoroughly checled manually
edited using MEGA 1%oftware.

BLAST

The similarity of sequences obtained in the present study with thdke in

database was determined using the Basic Local Alignment Search Tool.
Phylogenetic Analysis

Maximum Likelihood analysis was performed using RAXML version 8:
(Stamatakis, 2014) software to get the standard phylogenetic reconstruction of DNA

sequence dat
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RAXMLGUI 1.5 7 Randomized Axelerated Maximum Likelihood

Commonly RAXML (Randomized Axelerated Maximum Likelihood) is
regarded as a sequential and parallel Maximum Likelihood based inference program
to construct large phylogenetic trees. The analysis started with importing 29 taxa
contained 679 characters intbet RAXML GUI 1.5 software. Settings had been
changed accordingly to the data set: ML + thorough bootstrap was used; the number
of replicationswas set to 1000, bootstrap per branch length was selected, the
evolutionary model was set to GTRGAMMA and run #malysis, tree with robust
topology was obtained after a couple of minutes with good bootstrap supporting

values.
Bayesian analysis using MrBayes version 3.2

The Bayesian analysis was conducted using MrBayes R&2quist, 2008
JModelTest 2.1.3 (Darribat al.,2012) was used to determine the most appropriate
molecular model for each data set. The models used for ITS was SYM + | + G. Four
Markov chain Monte Carlo (MCMC) chains, one cold and three heated, were
performed. In orderot more fully explore tree space and stationarity of parameters,
four MCMC, each of one million generations, starting from different random points
in parameter space (Millet al.,2002; Jordart al.,2003; Kresset al.,2005), were
performedof every 1@" cycle from the chain, trees were sampled.

7. UPGMA cluster analysis

Eighteen Indian Zingiber speciefor 15 anatomical characters were
considered for thelusteranalysisbased on anatomical dadad 22Zingiber species
for 7 palynological charactersvere consideredor cluster analysis based on
palynological data.PAUP* 10" version software was used for analysis and
construction of tree, Unweighed Pair Grolpathod with Arithmetic Mean
(UPGMA) method(Optimum criterian = distance; Branch swapping algoritfim
Tree Bisection ReconnectiofTBR); Bootstrap = 100was used. The characters

were directly convereted to codes using different character.states
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CLASSIFICATION

The first referenceot he f ami |y Zi nS$peceeRlaataregm e was

by Linnaeus (1753). He has described five genera in his Monandria Monogynia
which includeAmomum zingibet.., A. zerumbeL., A. cardamomunt., Alpinia
racemosaL., A. granaparadisi L., Costus aralgus L., Curcuma rotundaL., C.

longa L., Kaempferia rotundd.. and K. galangal. Later, some of these species
have been moved to other gener&., Amomum zingibeto Zingiber officinale
Roscoe,A. zerumbeto Zingiber zerumbefL.) Smith, Amomum cardamomumo
Elettaria cardamomungL.) Maton andCurcuma rotundao Boesenbergia rotunda

(L.) Mansf.

Based on the number of anthers and position of style, Roscoe (1807) divided
Monandria Monogynia into two families: @aae (using the name of Jussieu's tribe)
and Scitamineae. Cannae comprised genera su@am@sa, Maranta, Thalia..,
Phrynium Willd. and Myrosma L.f. Philydrum Willd., Hedychium, Alpinia,
Zingiber, Costus, Kaempferia, Amomum, CurcamdGlobbawere among the nine
genera listed in Scitamineae. Later, in Monandrian Plants of the Order Scitamineae
(Roscoe, 1824828), he eliminate®hilydrum and Myrosma,which did not even
belong in Zingiberalesand added Roscoea, Renealmid. and Hellenia to

Scitamineae.

Roxburgh (1810) placed the monandrous plants of India belonging to the
orders Scitamineae (of Linnaeus) and Cannae (of Jussieu) under the class Monandria
monogynia and divided them into two based on the number of anthermanfteer
simple or artter double)CannaandPhryniumwere placed in the group with simple
antherand Kaempferia Curcuma, Amomum, Costasd Alpinia in the group with
double anther. He followed the same classification in his subsequent works also,
viz., Roxburgh (1814, 1820).

Blume (1827) classified Scitamineae into five sections. The sections were

Zingibera Blume (which includeszZingiber, Curcuma & Kaempferiy, Amomae
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Blume (which include®\momumeElettaria, Donacode®lume, DiracodesBlume &
Hedychiun), Alpiniae Blume (which includesAlpinia, Hellenia and Cenolophon
Blume), CostiBlume (which include€ostug andGlobbeaeBlume (which includes

Globbg and treatedCanneaesadistinct section.

Lestibodois (1841) divided the Zingiberaceous taxa into six tribes:
KaempferieesHedychiees CurcumeesAlpinees Costoideesand Mantisiees with
Zingiber placed in theHedychieestribe. Duchartre (1849) adopted the same

classification

A more natural classification was proposed by Bentham and Hooker-(1862
1883) in their'Genera Plantarum which contained four tribes under the order
Scitamineae. They divided the order Scitamineae into four tribes viz., Cardneae (
Maranteae (ten), Museae (@hd Zingibereae (21)heir classification was chiefly
based on floral charactstics such as the degree of fusion of seghlsnumber of
fertile stamens and satminodes, the number of locules and placentatiemvary,

structure of style and stignamdposition of embryo.

Engler and Prantl (188¥899) elevated Scitamineae, tbelinal level and
recognize four familiesn it which include Zingiberaceae, Marantaceae, Cannaceae

andMusaceae.

Baker (1892) inc1 or a of Blivided thes drderlSoitdmineae into
four tribes viz., Zingibereae, Maranteae, CanrematMuseae. In Engler and Prantl's
Die Naturlichen Pflanzenfamilien, Petersen (1899) classified the order Scitamineae
into four families viz., Zingikraceae, Marantaceae, Cannacaae Musaceae. He
also divided the Zingiberaceae tribes into thyemups: Hedghieae, Zingibereaand
Globbeae. In contrast thetribe Hedychieae, where lateral staminodes are free and
highly developed, Zingibereae is distinguished by the absence of lateral staminodes,
which are united with the labellum.

In &ngler's Das Pflanzerichd Schumann (1904) split Zingiberaceae into

two subfamilies: Zingiberoideae K. Schum. and Costoideae KurSandretained
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three tribes delineated by Petersen (1889) under Zingiberoideae imgclud

Hedychieae, Zingibereaad Globbeae.

Loesener (1930) followed the same classification as Schumann in Engler and
Prantl'sDie Naturilichen Pflanzenfamiliérand he treatedingiber under the tribe
Zingibereae. Subfamily Costoideae was elevated to the status of family Costaceae
by Nakai (1941)

Holttum (1950) reorganized Schumann's classification of the Zingiberoideae
subfamily by separating the genzmgiber from the tribe Zingibereae, renaming it
Alpineae and placing the genu&ingiber under the tribe Hedychieae and family
Zingiberaceae isidided into two subfamilies, Zingiberoideae and Costoideae, with
Alpineae, Hedychieae, Globbeaand Zingibereae being the four tribes of

Zingiberaceae.

Il n contrast to Holttumbs treat ment Burt

Zingiberin monogeneric tbe Zingibereae.

Burtt and Smith (1972a) updated Schumann's (1904) classificatioime of
family Zingiberaceae andagea new infrafamilial classification witha key to the
genera. They classified the Zingiberaceae family into tsubfamilies viz.,
Costoideae and Zingiberoideae. The absence of lattralinodes and epigynous
glandsas well as the absence of aromatic oil cells, characterizes the Costoideae
subfamily whereas distichous leavespen sheaths, lateral staminodesd
epigynous glads characterize Zingiberoideae. Globbeae (4 genera), Zingibereae (1
genus), Hedychieae (16 genera) and Alpinieae are the four tribes under the

Zingiberoideae subfamily (24 genera).

All of these Zingiberaceae classifications took into account based on
vegdative and floral traits. Despite the changes in the number and composition of
families by various authors and Scitamineae's taxonomic position was increased to
that of a superorder (Zingikerae) or an order Zingiberaleshel Bentham and
Hookeb <lassifcations remain unaltered. It forms a very closely interrelated

assemblage of monocotyledonous taxa, probably very distinct from other groups
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Zingibera®@ae are classified into four tribes by Larseet al. (1998):
Hedychieae Petersen (19 genera), Globbeateréen (4 genera), Zingibereae
Petersen (1 gers)and Alpinieae Meisn (21 genera).

Based on molecular evidence, Kres$ al. (2002) proposed a new
classification of the Zingiberaceae family, which is adopted in the current treatment.
Four subfamilies werédentified. The Siphonochiloideae subfamily contains only
one tribe, Siphonochileae, which contains only one gesipionochilusTamijiais
the only gens in the Tamijioideae subfamind it belongs to the Tamijieae tribe.
There are 21 genera in thepklioideae subfamily, divided into two tribes viz.,
Alpinieae and Riedelieae. Aframomum Alpinia, Amomum Aulotanda,
Cyphostigma Elettaria, Elettariopsis Etlingera, Geocharis Geostachis
Hornsteditia Leptosolena Paramomum Plagiostachys Renealmia and
Vanoverberghiaare among the 16 genera in the Alpinieae family whereas
Burbidgea Pleuranthodium Riedelig Siamanthusand Siliquamomurrare the five
genera in the Riedelieae family. The Zingiberoideae subfamily is divided into two
tribes viz., Zingibeeae and Globbeae. There are 25 genera in the Zingibereae tribe
(BoesenbergiaCampanda, Cautleya CornukaempferiaCurcuma Curcumorpha
Distichochlamys Haniffia, Haplochorema Hedychium Hitchenia Kaempferia
Laosanthus Nanochilus Parakaempferia Pommoreschea Pyrgophyllum
Rhynchanthus Roscoea ScaphochlamysSmithatris Stahdiochilus Stahlianthus
and Zingiben. The tribe Globbeae with 5 generasggnepainia Globba

Hemiorchis Mantisia& Caulokaempferia

The classification of Kres®t al. (2002) was followed by Takano and
Nagamasu2007) and they have added one gemdgxochlamysA. Takano and

Nagamto the tribe Zingiberae.

Both the Angiosperm Phylogeny Group Il (APG Ill, 2009) and the
Angiosperm Phylogeny Group IV (APG 1V, 2016) systemieated the
Zingiberaceae family as one of eight in the Zingiberales order. Although these

systems were largely molecular, Tomlinson's (1962, 1969) families can be seen in
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them. Cannaceae, Costaceae, Heliconiaceawjaceae, Marantaceae, Musaceae

and Stelitziaceae are some of the other Zingiberales family members.

Genus History

The family Zingiberaceacasp| aced i n cl ass 1. Monogy
Linnaeus (1753) in hisSpecies Plantaruth Amomum zingiberA. zerumbetA.
cardamomum A. granaparadisi Costus arabicus Alpinia racemosa Curcuma
rotunda Curcuma longaKaempferia rotundandKaempferia galangavere among
the plants listed in it. LateAmomum zingibeand A. zerumbetwas moved to

ZingiberMill. as Zingiber officinaleRoscoe an@ingiber 2rumbef respectively.

Zingiber Adans. was incorporated in tribe Zingibeaceae Petersen. by
Schumann (1904). Holttum (1950) separaZaagiber from the Alpinia group and
renamed the tribe Alpinieae. He placgaigiber in Hedychieae without modifying
the tibe's name for fear ofomfusion. It was adopted bgeveralauthors, includig
Weisse (1932), Mahanty (197&0d others.

Roxburgh (1810) investigated the genus in India and documented 11 species.
Based on the nature of inflorescence he plabeth in two sections. Sectidn
Spike radical, which compris&ngiber officinaleRoscoeZ. zerumbefL.) Smith,
Z. cassumunaiRoxb., Z. roseum(Roxb.) RoscoeZ. ligulatum Roxb., Z. rubens
Roxb. and Z. squarrosumRoxb. Section-2. Spike terminal, incidesZ. capitatum

Roxb.and Z marginatumRoxb.

Baker (1892) described 2ingiber species from British India and treated
them under four sections. Section Cryptanthium Horan. - Spikes emerge
immediately from the rhizome and are small and thick, with a short peduncle (11
species.)LampuziumHoran (Section Il) - Spikes with sheathing scariose bracts
developed from the rootstock with more or lemsct-extended peduncles (10
specis). PleuranthesiBenth.- A sessile spike that emerges through the leafy stem
(1 species)DymczewiczigHoran.) Benth- Spikes on the apex tieleafy stem (2

species).
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Later, Burtt and Smith (1972) renamed SelcampuziumHoran. to Sect.
Zingiber without changing the member taxa because it comprises the type species
Zingiber officinale According to Theiladeet al. (1993), dividing plants into
Sections Zingiber and Dymczewicziaonly based oninflorescence habit was
insufficient. They discovered thahe two Sections had spherical pollen with
cerebroid sculpturing in commoand that pollen morphology is a more useful

criterion for sectioral classification than inflorescence behavior.
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Zingiber Mill.
Zingiber Mill . (nom. et orth. con¥ Miller, Gard. Dict. Abr., ed. 4, 3: 1545. 1754;
Boehm.in Ludwig, Defin. Gen. Pl. 89. 1760; Roxb., Asiat. Res. 11: 345. 1810, Fl.
Indica 1. 46.1820; Dalzell & Gibson, Bombay Fl. 272861; Benth.& Hook.f.,
Gen.Pl. 3: 646.1883; Baker in Hook.f.FIl. Brit. India 6: 243. 1892frimen, Hamlb.
Fl. Ceylon 4: 256. 1898; Ischum.in Engler, Manzenr. 4 (46): 165. 1904; Cooke,
Fl. Bomkay 2: 733. 1907; E.CFisch., Rec. Bot. Survndia 9: 178. 1921, in
Gamble, Fl.Madras 8: 1487. 1928; Holttum, Gard. Bubingapore 13: 48. 1950;
A.S.Rao & D.MVerma, Bull. Bot. Surv. India 14: 136, 197Ramamoorthy in
Saldanha & Nicolson, FHassan Dist. 768. 1976; B.L.Burtt & R.5.in Dassan.
& Fosberg Rev. Handb. Fl. Ceylon 4: 492. 1983; Manilal, Fl. Silent Valley 314.
1988; R.MSm., Notes Roy. Bo Gard. Edinburgh 45: 409. 198& Kumar,
Zingiberaceae of Sikkim 66. 200M.Sabu, Folia Malagiana 4(1): 25%2. 2003;
M.Sabu, Zingiberaceae and Costaceae of South India22252006; Tripathi &
Singh, J. EconTaxon Bot. 30: 526. 20065.K.Singh & S.K.Srivastin A.A.Mao &
S.S.Dash, Fl. PI. India Annot. Checklonocot.133. 2020.

Type specieingiber officinale Roscoe Trans. Linn. Soc. London 8: 348. 1807

Plants perennial rhizomatous herllBhizome, stoloniferous or clump
forming, thick, fleshy, branched, subterranean, aromatic or nonaromatic, colored
usually cream with bluish, purplish or yellowish tingé,21cm diam., tubers if
present fusiform or ovalLeafy shoot, 70180 cm tall,Leaves 824 when flowering,
shortly petiolateor subsessile, pulvinate; pseudosteri@®0cm tall, pubescent or
glabrous; basal sheath without bladie52in number, green or purplish egm,
pubescent or glabroubgule short or long, entire or deeply bilobed,iGxm long,
green or hyaline with reddish tinge, membranous, glabrous or pubescent, apex acute,
truncate or roundlamina ovate to narrowly ovate or oblong dlhptic, broad or
narrow, 2045 x 21 15 cm, apex acuminate or acute, base round or cumeatgins
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entire or undulate, adaxially dark or light green, pubescent or glabrous, abaxially
light green or purplish, pubescent or glabrols]orescence terminal, arising
through tle leaf sheath or on a separate shoet,gker plant. Peduncle short or long

or absent, eruct or procumbent, clothed with leafless sheaths. Spikes short or long,
ovoid or cylindrical, half immersed in soil or completely exposed, growth racemose
type. Bractspersistent, B8x 0.83 cm, fleshy, loosely or closely imbricating,
variously colored usually green, red, brown or purplish rarely yellow, with a
membranous hyaline margin, pubescent or glafrenclosing asingle flower.
Bracteoles persistent, shorter than or as long as bract, split up to the base, apex
rarely bifid, creamy white, brown or greenish, pubescent or glabrous. Calyx tubular,
tip 2 or 3toothed, shorter than the bracteole, hyaline, membranoussgent or
glabrous. Corolla tube cylindrical, tubular, longer than or as long as the bract, white,
creamy white or yellow, glabrous; dorsal corolla lobe broader than and longer than
the lateral lobes,i3 x 1 1.2 cm, narrowly ovate, narrowed to the tip aubes
inflexed, tip curved, white, yellow or cream with reddish or purplish tinge; lateral
lobes narrowly ovate, situated just below the labellum, joined together partly by
their adjacent sides and to the labellum, white, yellow cream, cream with reddish
purplishtinge. Labellum dobed, ovate or obovatei 2 x 0.5 1 cm, margin crisped

or entire, recurved or emarginate, apex notched or acute or round, lateral staminodes
fused with the midlobe, fusion may be toté,or '/, of the lateral staminode, .

2.3 cm long, erect on either side of the stamen, white, yellow, cream or purple
sometimes spotted with yellow, purple or yellowid lobe equal or shorter than
lateral corolla lobes, variously colored usually white, cream, yellow or purple etc.,
may beunspotted or white, purple, yellow, cream or sometimes deeply purple
spotted. Filament short or highly reduced, c. 1mm, broad, anthit @rd long,
connective prolonged into a slender, curved crest, enclosing the upper part of the
style. Stigma ciliate, up-shaped, project below the apex of the crest. Epigynous
glands two, linear, shorter or as long as ovary. Ovary cylindrical10ct long

hairy or glabrous, cream or cream with purple tingcBilar with many ovules on

axile placenta. Fruit a capsul®&,4 x 1 1.8 cm, fleshy when fresh, leathery when

dry, enclosed within persistent bract and brale, dehiscing loculicidallyFruit
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turns to dark red at maturity. Seeds many, ellipsoid, arillate, aril black or dark

brown.

Distribution: India, Malaysia, Queensland, New Guinea, Thailand, Borneo,
Kampuchea, Cambodia, Japan, East Indies, Java, Laos, Philippines, China, Sri
Lanka, Bangladesh etc.

Phenology July to December. The flowering period is very short and usually
associated witlthe rainy season. Plas with white and crearoolored flowers open

in the evening and last for I2s.,whereas the rest produce flowers in the morning.

Habitat & Ecology Grows in moist shady evergreen, saergreen and mixed
deciduous forests; even in margingtod road, cultivation fields, margins of streams

and disturbed forest margins. They prefer black hunalssoil with leaf mulch for

better growth. Plants are also observed in sandy loam and clayey soil. The altitude
preference ranges from 100 to 1500 m no plantswere observed above 1500 m
altitude. The plants are usually found associated with other Zingiberaceae members,

Musaceae members, Urticaceae members and Poaceae members.

Notes Amomum Hedychiumand Zngiber look similar inthe vegetative stage but
the fleshy leafy shoot oZingiber makes it distinct fromAmomumand Hedychium
which arecharacterized bthe hard woody leafy shooEingiberis characterized by

a swollen pulvinus at the base of the petiole. Anatomically the pulvinus is
characterized by bundle sheath made up of collenchyma tissue (Tomlinson, 1956;
Jayasree, 2007) whereas the other genera of Zingiberaceae, the bundle sheaths
are sclerenchymatous. The present phylogenetic analysis based sholS that

the genus can be sulivided inb three major groups whichorrespondto the
previously proposed sectional classification. Three sections recognised in the present
study are SectPleuranthesis Sect.Zingiber and Sect.Cryptantium The present
study also supports the amalgamation of SBgimczewiczian Sect.Zingiber as

previously proposed bVheiladeet al.(1993) andlheerakulpisuet al. (2012).
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Infrageneric Classification

Based on the nature of inflorescenfoeir infrageneric sections are recognizethie
genus Zingiber (1) Z. Sect. Cryptanthium Horaninow (1862), having a radical
inflorescence with procumbent peduncle; @) Sect. Zingiber with long erect
peduncle;(3) Z. Sect. PleuranthesiBenth. Benth.& Hook.f., 1883) characterized
by a spike emerging through the leaf sheath andZ(4ect. Dymczewicziawith a
terminal inflorescenceBenth. & Hook.f, 1883). The present phylogenetic analysis
using ITS region does not support the sectional status of Bgetczewicziaas
proposed by Theiladet al. (1993) the inflorescence character alone was not
satisfactory to treat sedingiberand Sct.Dymczewiczias distinct sections. They
both share spherical pollen with cerebroid sculpturing and they sadgest pollen
morphology can use as a clearer criterion for sectional classification instead of
inflorescence habit. A previous phylogeneticdstuy Theerakulpisuet al (2012)
also strongly suggesthe amalgamation ofegt. Zingiberand Sct. Dymczewiczia
Hence based on the present study and previous stu@ie€set¢h Dymczewiczids

merged with $ct.Zingiber.

Key to the genuszingiber in North East India

1. Inflorescence emerging through the leaf sheath........................ 8. Z. clarkei
1. Inflorescence terminal or developing from the rootstalK.............cccccceeeeees 2
2. Pedunclerery short 0rabSent..........cccuuuuiiiiiiiiiieeeiiee e 3
2. PeUUNCIE PrESENL......eiiiiiiiiiiiii e 5
3. Bracts obovate with broad transparent membranous margin........................
PSPPSR 16.Z. marginatum
3. Bracts ovate to narrowly ovate wiimarrow membranous margin............... 4
4. Labellum yellow, unspotted, apex bilobed or notched lamina linear, spike bright
[0 =T= o SRR 5.Z. capitatum
4. Labellum creamy yellow with maroon spots, apebobed laminabroad, spike
VEIIOW. .o 11.Z. flavofusiforme
5. Spike on procumbent peduncle.............oooiiiiiiiiiceeii e 6
5. Spike onerectpeduncle.............ovuiiiiiiiiii e 20
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10.
10.
11.

11.
12.
12.
13.
13.

14.
14.
15.
15.
16.
16.
17.

17.

Systematic Treatment

RNIZOME StOIONIFEIOUS .....uviiiiiiiiiiiiie e 7
Rhizome CIUMEOMMING ......ovvviiiiiieice e ee e 11
Labellum white, pink or purple blotched................coooii 8
Labellum white, yellow and red blotched..............ccccooee e, 9
Bracteole apeacuminate, lateral staminodes free from labellum............. 10

Bracteole apex bifid or horned, lateral staminodes adnate to labellum........
TP 9.Z. cornigerum

Ligue34 c¢cm | ong, hya.l.ine.,...l.abbcZeliguawm e é

Ligule 1 2 cm long, green, narrowly ovate................cooeevienn. 26.Z. roseum
Bracts apex caudate..............coeevviiiiiieeei e 6.Z. caudatum
Bracts apex acuminate................euvvuvviiireeeeeiriiine e 2.Z. bipinianum
Corolla lobes, yellow or cream or cream with reddish tinge at middle and.apex
ettt eeeeeMEeeeeeeeeiiessssesestssseeeeeesstsseseeesisiemesisstssteeeesianstttteeeeinnntesaanrrreeeeeesanes 16
Corolla lobes, cream with pinkish tinge at middle and apex.................... 12
Bracts looselymbricate.............coieiiiiiiie e 14
Bracts closely imbriCate..............oooviiiiiiiieeee e 13

Lamina oblonglanceolate, bracts red, calyx tridentate...19.Z. mizoramensis

Lamina elliptic lanceolate, bracts creamy white, purple at apex and margin

calyx bidentate,...........ooovviiiiiiiiiiee e 10.Z. dimapurense
BracCtS INAI.......coiiiiiee e ee e e e e 15
Bract obovate.............coooeeiiiiiiiieee e 24.Z. pherimaense
Lateral staminodes cream with red SPOtS...........ccccoeeeeeee. 3. Z. callianthum
Lateral stamindoes bright yellow unspotted.................. 17.Z. meghalayense
Labellum bright yellow unspotted.................ouiiiiiiiceciiiiiieeee e 17
Labellum cream, purple or red spotted..............ooovvviviemeeeiieeeee, 18

Bracts pale green, apexuminate, twisted, reflexed, labellum, apex notched,
lateral staminodeill.5 cm loNg.........ccccvvvviiiiiiiiiieeeiiiieee 7.Z. chrysanthum

Bracts green, purplish tinged, apex cuspidate, reflexed, labellum, apex round,
lateral staminode 1mm loNg.........ccceeeieeiiiiiiiicien, 13.Z. kangleipakense
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18.

18.
19.
19.
20.
20.
21.
21.

22.
22.
23.

23.

24,
24,
25.
25.

26.

26.

27.

27

Rhizome internallycreamy yellow with bluish tinge in some areas and outer
pinkish circle mouth of the flower bélshaped................4. Z. campanulatum

Rhizome internally cream or brownish, mouth of the flower tubular........19
Lateral staminodes fre€j 1.5 CM IONQ..........uiiiiiiiiiiie e, 20
Lateralstaminodes adnatel L5 mm loNg...........cccoovvveviiviiiieemee e, 21
Corolla lobes cream............cooooiiiiiiimeen 1.Z. arunachalensis
Corollalobes red............ooviviiiiiiiiieee e, 17.Z. mekongense
Bracts dull red, acute at apex, lateral staminode yellow.......... 27.Z. rubens

Bracts pinkish green, acuminate at apex, reflebadral staminode pple
5] 010 ] 1 =T o 20.Z. murlenica

Labellum white or pale yellow unspotted..........ccccoevveeiiiiiccciiiiiiieeeeeeeee 24
Labellum dark maroon or reddish black with yellow spots...................... 23

Leaves 1i3 cm thick narrowly ovate, labellum dark maroon with yellow
SPOLS .. —————————— 23.Z. officinale

Leaves6i 7 cm thick lanceolate or oblanceolate labellum reddish black with
YEIOW SPOLS....ccoi it 12.Z. intermedium

Bracts greenish brown with reddish at base.................... 25.Z. purpureum
Bracts bright red or green turn dark red at maturity...............cccooeveeeeunnnns 25
Peduncle 613 cmlong, leaves linear, narrowly ovgtbract acute at apex..26

Peduncle 2060 cmlong, leaves broad, lanceolate , bract round at apex......
ettt tteeeeeeeeeeeeaaa—teeeteeeeeeeeeeeeaaaaaaanannneeeeeeeeaaaannnnnrereesannnns 28.Z. zerumbet

Lateral staminodes free from labellum, linbaacts with reddish spot at apex
et ettt eeeetaeeettaemeeeeestaeeeettnteeettneeetn———_etetaeeetnaeeetnn e rnnnreanas 14.Z. Kkerrii

Lateralstaminodes adnate labellum, obovate, bracts light green or bright red
ettt eeeeeeEEeeteeeeeeeessseeeesteeeeeeeeanstteteeeeetaninnnnttteteeeeeaantteeteeeeanneannnnrreeeeeeeannnes 27

Bracteoles and corolla lobes with reddish tinge at apex, bracts bright.ted..
PP PPPUPPPPPPR 21. Z. neotruncatumvar. ramsawmii

Bracteoles and corolla lobes are creamy white, bracts light Green..............
e ———— e 22.Z. neotruncatumvar. neotruncatum

1. Zingiber arunachdensis A. Joe, T.Jayakr., Hareesh & M.Sabu, PhytotaQa
(1): 095. 2017S.K.Singh & S.K.Srivastin A.A. Mao & S.S.Dash, Fl. Pl. India
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Annot. Checkl. Monocotl133. 2020 U. Shankar, Eco. PatAssem.Veg. Fl. Nor.
Re. Ind. 1: 1522021. Type India, Arunachal Pradesh, West Kameng District,
Durga Mandir,on the way to Bomdilla from Balukpong, 774 m, 30 June 2015,
A.Joe & V.S.Hareesh 121844olo CALI; iso CAL). Fig. 2

Perennial, nosstoloniferous, clump forming, rhizomatous herbs, not
spreading by running rhizomes. Rhizomes fleshy, not so much branched, roots thick,
long, externally light to dark brown, ternally cream with an imer white circle,
tubers absentLeafy shoots 70145 cm tall, pseudoste®Oi 50 cm tall, green,
glabrous, hairy towards leaves, basal sheaths with pale purple coloration, glabrous.
Leaves 87 nos. when flowering, subsessilgylvinate. Laminaovatelanceolate,
26132.5 x 13.414 cm, adaxially green, glabrous, abaxially light green, slightly
tomentose, base cuneate, apex acumimatggin wavy Ligules 56 mm long,bi-
lobed,pubescent, light green, apex truncate. Infloresceocedgo four,1i 2 flowers
open at a timeradical, spicate, 1117 cm long, peduncle 4.8 cm long, glabrous,
green, covered with purple sterile bracts. Spikes narrowly ovate, fertile bracts
narrowly ovateclosely imbricating4.5'7 x 1.5 2 cm, lower onebigger than upper
ong ovate,4.5'6 x 3.54.5 cm, apex acuminate, inner glabrous and shiny, outer
hairy, purplish or purplish with green base or light green with purplish tinge,
enclosing a single flower. Bracteoles lindamceolate, ¥4.5 x 0.81 cm, crem
with a purple tinge at apex, sparsely pubescent externally, glabrous internally, apex
acute. Flowers 7i®.4 cm long.Calyx tubular with a unilateral spli€i 2.5 x 0.8 1
cm creamy white, externally pubescent, internally glabrous, apéobed. Floral
tube 4.55.3 xc. 0.3 cm, glabrous, cream, apex creamy yellow; dorsal corolla lobe
narrowly ovate, 31B3.8 x 0.91.3 cm, concave, acuminate at apex, glabrous
internally and externally, creamy with translucent veins; lateral corolla lobes
narrowly ovate, 22.7 x 0.30.4 cm, cream with slight yellow or orange tinge and
with translucent veins, glabrous on both sides, acute or acuminate at apex, incurved
soon after opening of flower. Labellum ova&2.5 x 1.21.4 cm, deep violet
purple or purple with creamy yellow base and some cream dots towards the centre
and line at peripheryapex acute,margin slightly recurved crispy Lateral

staminodes ovaRi 14 x 34 mm, apex acutdree from labellum, apepurple with
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some cream dots, base cream or cream with yellow tinge, curved inwards. Stamen
2.41 2.8 cm longfilament 5 10 mm long, anther theca&1l2 x 0.30.4 cm, cream,
connective tissue glabrous, cream, anther crest (bédk? tm long, deep violet
purple, wrapped around stigma, glabrous. Style filiform, glabrous, whitgma
cuplike, ostiole ciliate. Ovary cylindrical, 0.v0.9 x 0.3 cm, cream, densely
pubescent, trilocular with axile placentation. Epigynous glands same or much longer

than the ovary, 018.6 cm long, apex pointed, cream. Fruit not seen.

Distribution: Currently known only z| India

o
ot
[o)]
™~

from West Kameng District, Durgé:
Mandir, on the way to Bomdilla

from Balukpong iap 2).

25°30'0"N

Phenology June toOctober.

Etymology The specific epithet

o Z. arunachalensis

6arunachal ensi s

NE India

of the state from where the specic pre— prer— pe——

was described. Map 2. Distribution ofZ. arunachalensis

Habitat & Ecology Z. arunachalensiss known only from Durga Mandir, on the
way toBomdilla from Balukpong, West Kameng district of Arunachal Pradesh. The
plants are growing in the understorey of evergreen forests at an elevatiorgrang
from 700800 m in association withMusa arunachalensjsM. velutina subsp.

markkuanaetc.

IUCN status: As the occurrence of this taxon is found in highly restrictediia 1
km? area, the species is likely to fall within a category of thrieegbablethreat to

its existence in this localitig due towidening of the roads and other developmental
activities which may lead tahe loss of its natural habitafThus, based on the
present knowledge and available data, conservation status is assessiidadly Cr
Endangered (CR) (IUCN criteria: CR Ba; C2b).
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Fig. 2. Zingiber arunachalensis A.Joe,T.Jayakr., Hareesh & M.SabA. habit; B. rhizome;
C. portion showing leaf bases and ligulBs;basal part of plant showing inflorescendes

F. flower lateral and front view and showing the variations in labellum color pat&rn;
single flower; H. flower closeup; I.i1J. bract showing variations in color patterk;
bracteole;L. ovary with epigynous glands and basal portion of stylecorolla lobes N.
labellumwith lateral staminode®. stamen with styl& stigma.
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Notes Z. arunachalensisshows affinity towardsZ. bipinianumbut differs from
latter in having nonrstoloniferous rhizomes, purple lateral staminodes with creamy
spots and deep purple anther crests. It also rese@bierzoramensibut is distinct

from it in having purpliskred, narrowly ovate spikes with 6.8.0 cm long
peduncles, narrowly ovate bracts with acuminate apices, creamy yellow corolla

lobes and free, ovate lateral staminodes with acute apices.

Specimens examinedndia, Arunachal Pradesh West Kameng District, Durga
Mandir, On the way to Bomdilla from Balukpong, 774 m, 14 July 20L6,
Jayakrishnan & Nikhil Krishna 15020{CALI); Ibid., 26 August 2017 Nikhil
Krishna 15354 {CALI).

2. Zingiber bipinianum D.K.Roy, DVerma, Talukdar & Dutta Choud., J.nJBot.

90: 298.2015; S.K.Singh & S.K.Srivastin A, A.Mao & S.S.Dash, Fl. PIl. India

Annot. Checkl. Monocotl33. 2020 U.Shankar, Eco. PatAssem. Veg. Fl. Nor. Re.

Ind. 1: 152. 2021Type India, Meghalaya, South Garo Hills District, Balpakram

National Pak, HatisiaBe at , Teptepa, 25A1E322M0,.123606N 90
June 2014D. K. Roy130318holo ASSAM) Fig. 3

Perennial, stoloniferous rhizomatous herbs. Rhizome thin, not so much
branched, externally creamy whiwith brown tinge, internally creamy white or
translucent white with an outer brown circl& 112 cm in diameter; roots thin, Ign
tubers absent. Leafy shootsi30 cm tall. Leaves 1610 nos. when flowering;
pseudostem 3®0 cm long, purplish green spahg@ubescent; basal sheathist3dn
number, purplish towards the base, green towards apex, glabrous or sparsely
pubescentligules 45 mm long, bifid, divided at base, green with purplish tinge,
glabrous margin ciliated, triangular, apex acute; petioleusl 0.30.5 cm long,
pulvinate; laminae elliptic to narrowly ovate, 2% x @10 cm, adaxially green,
glabrous or sparsely pubescent, abaxially light green with purple tinge at midrib,
villous, baserounded, apex acuminate, margin entire. Inflorescenedmthree, one
to two flower at a time, radical spicaté,/5x 2i 2.5 cm peduncle 56 x 0.7 0.8 cm,
fully immersed in soil, covered with closely imbricating cream sterile bracts with

purple tinge at apex; spikes narrowly ovate; sterile baase, purple, inner
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Fig. 3. Zingiber bipinianum D.K. Roy, D. Verma, Talukdar & Dutta Choudl. habit;B. &
C. flower side & front view; D. inflorescence with flowerE. rhizome;F. ligule; G. C. S.of
rhizome; H. single flower;l. bract; J. bracteole;K. calyx; L. corolla lobes M. labellum
adaxial & abaxial viewN. stamen side & front view). ovary with epigynous glands.
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glabrous and shiny, outer glabrous or sparsely pubescent, atenfertile bracts
enclosing a single flowecglosely imbricatingnarrowly ovate, #4.5 x 1.21.5 cm,
purple with cream at base, apex acuminate; bracteoles narrowly ovat2,725&

0.41 0.5 cm, creamy white with purple tinge at apex, apex acute, inalerogis and
shiny, outer pubescent at base, apex acute. Flow&rgré long; calyx 1.41.6 x

0.771 cm long, tubular with unilateral split, translucent white, ajp&xobed,
glabrous; floral tubei% cm long, white, glabrous; dorsal corolla lobe triangutar o
narrowly ovate, 2.82.7 x 0.6 0.8 cm, creamy white, glabrous both internally and
externally, apex acute; lateral corolla lobes narrowly ovatg,22x 0.40.5 cm,
creamy white, glabrous both internally and externally, incurved soon after opening
of flower; labellum elliptic, 2.52.7 x 0.91 cm, purple and creamy white blotched,
apex acute margin slightly recurved, glabrous; lateral staminode triangular or
narrowly ovate, 1.61.7 x c. 0.2 cm, free from labellum, creamy white, apex acute.
Stamen 2.82.6 x ¢ 0.2 0.3 cm; filament c. 1 mm long, connective tissue glabrous,
creamy white; anther thecae siZel? x 0.20.3 cm, cream;anther crest 113.4 x

c. 0.1 cm long, creamy white, wrapped around the stigma, glabrous. Style filiform,

white, glabrous, stigmaup-shaped; ostiole ciliate. Ovary cylindrical, creavith

purple spots and lines, 00.8 x 0.3

India

0.4 cm, trilocular with axile

29°0'0"N

placentation, pubescent; epigynot
glands two, creamy white, c. 0.4 cr

long, linear Fruit not found.

25°30'0"N

Distribution: Currently krown only

® /. bipinianum

from the type localitfMap 3).

NE India

Phenology Flowers June to July. I L L
89°30'0"E 93°0'0"E 96°30'0"E

22°0'0"N

Etymology The specific epithet is in
honor of Dr. Bipin Kumar Sinha, Map 3. Distribution ofZ. bipinianum

Scientist, Industrial Section, Indian MuseamdBotanicalSurvey of India

IUCN status Known from a single collection, hence its conservation status remains
Data Deficient (DD).
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Notes Z. bipinianumis unique in having broadly ovate to ovd@ceolate purple

bracts, bidentate calyx, linedanceolate, free taral staminodes and creamite

with the purple blotched labellum, which distinguishes it from all allied speBiet.

this species shows a close relationship withroseum(Roxb.) Roscoe and.
meghalayenseWe coul dndt get any data regarding

name of theaxonfrom the local people.

Specimen examined India, Meghalaya, Shillong, Botanical survey of India
experimental garden, 09 July 20J3ayakrishnarl53509(CALI).

3. Zingiber callianthum u t calli@anthus T r i b o uarsen & TiHbouret al.,
Thai J. Bot. 6: 59. 2014; Tanaka al., Thai J. Bot. 13: 55. 202Type: Thailand,
Tak, Mae Ramad, montane forest, alt. i80Q@00 m, 15 July 200R.Triboun 3344
(holo BK; iso AAU!, KKU). Fig. 4

Perennial, norstoloniferous rhizomatous herbs. Rhizoight purple internally.

Leafy shoots 112 m tall, leaves I3 numbers. when flowering; basal she&is

in number, maroon; ligules bilobed,&mm long, green, sometimes pale red on the
lower leaves, glabrous or pubescent, obtuse or acuminate; pétdleni long,

green, pilose (on young leaves) to glabrous, pulvinate; laminae oblong of ovate
lanceolate, 45150 x 1018 cm, slightly plicate, green on both surface, younger
leaves are maroon on lower surface, glabrous or slightly pubescent on the upper
surface, glabrous and pubescent near the midrib in lower surface, base attenuate or
cuneate, apex acuminateargin entire. Inflorescence one to fivé 2lflowers at a

time, radical spicate,iZ0 cm long; peduncle procumbent with inflated sheathing
bract 8 15 cm long, pink to red; spikes consisting ofi 12 loosely imbricating

floral bracts; bracts linear, 5.6.5 x 1.3 1.5 cm, cream or red, apex acute, glabrous
internally and sparsely pubescent externdihgcteoles linear,i4.7 x 1.21.4 cm,
slightly convolute, pale red, pubescent internally and externally, apex acute. Flowers
6.5 8 cm long; calyx tubular wit unilateral split, c. 2.5 cm long, pale pink, apex tri
lobed, outer pubescent, inner glabrous; floral tub&%53cm long, glabrous or
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Fig. 4. Zingiber callianthum Triboun & K. LarsenA. Inflorescence showing open bracts
and flowersB. a portion ofleaf base showing liguldfiotos by Tanaka).

sparsely pubescent, white; dorsal corolla lobe narrowly ovaie3.8.4 1.31.5 cm,
pale pink with translucent veins, acuminate at apex; lateral corolla lobes narrowly
ovate, 2.83.2 x 0.81 cm, pale pink with tramscent veins, apex acute, incurved

soon after opening of flower; labellun
1.812.0 x 2.32.5 cm, cream with redg_
molted, apex truncate, emarginate ~

India

lateral staminodes,i11l x 46 mm,
3/4" adnate tolabellum cream with

25°30'0"N

red molted, apex rounded. Stameni 1.

2 x 0.30.4 cm; filament reduced to ¢

o Z. callianthum

4 mm long, connective tissue glabrou

pale pink; anther crest (beak)1l5 cm © - . .
89°30'0"E 93°0'0"E 96°30'0"E

long, red, wrapped around the stigma,
glabrous. Style filiform, white, stigma Map 4. Distribution ofZ. callianthum

cup-shaped, ostiole ciliate ovary cylindrical, cream, c. 0.8 cm, trilocular with
axile placentation, villous; epigynous glands two, linear. Fruit unkndivaken

from protolo gue)
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Distribution: In India known from Nagaland. Native to Thailaadd known from
Myanmar Map 4).

Phenology Flowers fromJuly to August, openingt 11 am and senescing at 3 am.
Fruiting unknown.

Habitat & Ecology The plants are growing in wet moist plaaeng the stream of
degradedsecondary moist deciduous forest in association vid#ggonia sp.
(Begoniaceaeklatostemasp. (Urticaceae) angtrobilanthesp. (Acanthaceae) etc.

IUCN status Data deficient (DD)

Notes Z. callianthumwasfirst reported from Thailand by Triboun an€l Larsen as
Z.callianthus at er Tri boun changed the @dapteci fic e
are characterized by loosely imbricating or open bracts with visible inflorescence
rachis. Recently this plant was reported from Mwan by Tanaka (2021), later Dey
and Tanaka(2022)reported this plant from Nagaland as a new distributional record
to India. According to Tanaka in Indian plarise bracts are more greenish and the
ligule lobes are ovatevhereas in Tai and Myanmar plants the bracts and labellum
are more reddish antteligule is ensiform, but both these charaistiges fall within

the range of variation. Unfortunatelwe could notcollect this plant during our
study and the information mentioned hextaken mostly from the protologue.

4. Zingiber campanulatumT.Jayakr, AJoe, Hareesh & M.SabTaiwania 6¢1):
109.2021.Type India, Arunachal Pradesh Lower Dibang Valley District, near
Chidu, 20 km from Roing to Chidu, 30000 m, 18 July 2016[. Jayakrishnan &
Nikhil Krishna 150203holo CALI; iso CAL). Fig. 5

Perennial, nonstoloniferous rhizomatoterbs. Rhizome fleshy, not so much
branched, externally light brown, internally creamy yellow with bluish tinge in some
areas and an outer pinkish circle,iR%®m in diameter; roots thick, long, tubeii4

x 3i 3.5 cm, cream, fusiform. Leafy shootsi &35 cm tall, leaves BL4 nos. when
flowering; pseudostem 690 cm long, green sparsely pubescent; basal shedhs 3

in number, purplish towards the apex, green towards base, glabrous or sparsely
pubescent; ligulesi® mm long, green with purplish tinge at appybescent, apex
truncate; petiole subsessile, pulvinate; laminae oblong329% 9.510.5 cm,
adaxially green, glabrous, abaxially light green with purplish tinge, sparsely
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pubescent, base cuneate, apex acuminate, margin entire. Inflorescence ores to thre
1i 2 flowers at a time, radical spicate, 25 cm long; peduncle with inflated
sheathing bracti@3 x 12 cm, creamy white, covered with cream sterile bracts
with purplish tinge at apex and margin; spikes ovate; fertile bracts narrowly obovate,
415 x 1511.7 cm, purplish towards apex and margin with creamy center and base,
apex acute, pubescent internally and glabrous externally; sterile bracts larger than
upper one, enclosing a single flower, widely ovate; bracteoles triangular to narrowly
ovate, 34 x 1i 1.3 cm, cream with purplish tinge at apex, glabrous internally and
externally, apex acute. Flowers&cm long; calyx 1.61.7 x 0.8 1 cm, tubular with
unilateral split, white, apex ttobed, outer pubescent, inner glabrous; floral tube 5

5.3 cm long, gibrous, creamy white, apex creamy yellow; dorsal corolla lobe-ovate
narrowly ovate, concave,i3.5 x 11.2 cm, creamy with translucent veins,
externally pubescent, internally glabrous, acuminate at apex; lateral coetita
shaped; labellum, elliptic, 2.3.5 x 1.51.9 cm, deep purple with creamy yellow
base, creamy lines towards the center and creamy dots at the periphery, apex round,;
lateral staminodes ovate, 11253 x 0.50.7 cm,*," portion adnate with labellum,
cream with pinkish dots and lines,sSgacreamy white, apex truncate. StameB.8

x 0.50.6 cm; filament reduced to c. 1 mm long, connective tissue glabrous, creamy
yellow; anther thecae 1.%.8 x 0.250.3 cm; anther crest (beakj 1L5 cm long,

deep purple, wrapped around the

stigma, glabrous. Style filiform, 8| "

white, lobes triangular, 2i2.6 x 1 :
1.2 cm, creamy or creamy yellow

Z
with translucent veins, outer hairyg|

inner glabrous, apex acute, incurved
soon after opening of flower; mouth
of the flower stigma cughaped,

® Z. campanulatum

22°0'0"N

ostiole ciliate. Ovary cylindrical, 0i6 P OTE e

0.7 xc. 0.5 cm, cream, trilocular with Map 5. Distribution ofZ. campanulatum
axile placentation, densely pubescent;

epigynous glands same as the length of ovary, creaii).8.¢m long, linear. Fruit
capsule, reddish white,i8 x 2°2.5 cm, trilocular,glabrous, calyx and base of
corolla tube persistent, bract and bracteole persistent. Seéds & 3 mm, white

when young, arillate,i80 nos. in a locule.
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Fig. 5. Zingiber campanulatumT.Jayakr, A.Joe, Hareesh & M.SaBRuhabit;B. ligule; C.
rhizome;D. C. S. of rhizomeE. infructescenceF. inflorescence with flowerss. flowers
front view; H. single flower;l. bract;J. bracteoleK. calyx; L. corolla lobesM. labellum;
N. stamen side & front viewQ. ovary with epigynous glandp: fruit.
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Distribution: Z. campanulatunis known only from Chidu, Lower Dibang Valley
district of Arunaclal PradeshNlap 5).

Phenology Flowers fromJune to August, opening in the morning and senescing

within 24 hours. Fruits from August to September.

Etymology The speci fic epithet 0 c a mphaanpud & u mo
regarding theshapeof the mouth of the flower.

Habitat & Ecology The plants are growing in the margins of water streams in the
understorey of evergreen feteat an elevation of 30800 min association with
Musa itinerans Cheesman M. cheesmaniiSimmonds M. sikkimensisKurz.,

Impatiens roingensiblareestet al, Begoniasp.andHedychiumnsp.

IUCN status (Proposed here) Z. campanulatumis known only from the type
locality. Three populations are observed with a total of 9 individuals. Based on the
available data this plant is treated as Vulnerable (VU). (IUCN criteria: VU D2)

Notes Z. campanulatuns unique in having bracts with deep purple margin and it is
similar toZ. mizoramensiandZ. arunachalensisThese three species show a purple
labellum with cream sge and long creamy corolla tubéut differ from Z.
mizoramensisin having a pubescentigule, 6 13 cm long peduncle, triangular
narrowly-ovate bracteole, creamy corolla lobes, adnate lateral staminodes and
differs from Z. arunachalensisin having oblong laminae, 7.35 cm long
inflorescence with creamy oblong spike, narrowly obovate braam with purple

at the margin, mouth of the flower belshaped aneklliptic labellum with round

apex.

Specimens examinedndia, Arunachal Pradesh Lower Dibang Valley District,
Roing, Chidu,3000400 m, 04 July 2015A. Joe& V.S. Hareesh121876(CALI);
Ibid., 27 August 2018Nikhil Krishna 159508 CALI).

5. Zingiber capitatumRoxb., Asiat. Res. 11: 348. 1810 & Fl. Ind. 1: 3820;
Roscoe, MonandPl. Scitam. T. 86. 1828; Baker in HobkFl. Brit. India 6: 248.
1892 Prain, Bengal Pl. 1045.1903; Mitra, Fl. Pl. East India 1: 252. 1958; Rao &
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Vermag Bull. Bot. Surv. India 14: 138. 1972; Kumar & Raju in Gupta, High. PI.
Indian Subcont. 2: 251. 1991; HainesitBBihar & Orissa 3: 1193. 196Kumar in
Hajraet al.,Fl. Sikkim 1: 132. 1996; S.Kumar, Zingib. Sikkim 69. 2001; S&mlia
Malayisiana 4(1): 30. 2003ripathi & Singh, J. Econ. Taxon. Bot. 30: 526. 2006;
S.K.Singh & S.K.Srivastin A.A.Mao & S.S.Dash, Fl. Pl. India Annot. Checkl.
Monocot.133. 2020 U. Shankar, Eco. Patt. Assem. Veg. Fl. North. Reg. India. 1:
152, 2021. Fig. 6

Type India, Hindostan, 181Q Wallich N. Cat.656a.820.
Dymczewiczia capitatéRoxb.)Horan., Prodr. MonogScitam. 261862.

Perennial, non stoloniferous rhizomatous herbs.Rhizome thick, branching
sympodial, externally brown, internally yellow, diameteri2.&m; tubers many.
Leafy shoot 100150 cm tall, leaves 1@6 in number when flowering; pseudostem
60i 70 cm long; baal sheathsi4 in number, dark green, sparsely pubescent;
ligules c. 1 mm long, green, glabrous; petiole subsessile, pulvinate; lamina narrowly
ovate, 3245 x 23.3 cm, green and glabrous adaxially light green and sparsely
pubescent abaxially, base rouddapex acuminate, margin recurved. Inflorescence
terminal, 46 flowers at a time, spike single, terminal, sessile, linedrl42 2 3.5

cm; fertile bractsenclosinga single flower, narrowly ovate, 33.8 x 11.5 cm,
green with red margins and white beloapex acute, pubescent; bracteoles linear to
lanceolate, 2153 x 1.8 2.2 cm, green at apex greenish white at the middle and base,
margin smooth and light green, acute, sparsely hairy on both surface. Flowers 4.8
5.2 cm long; calyx tubular with unilateraplit, 1.2 1.4 x 1 1.3 cm, membranous,
hyaline, apex triobed, pubescent on the margin; floral tube 1.5 cm long, light
yellow, glabrous; dorsal corolla lobe broadly ovatej 2.8 x 1.31.6 cm, yellow,
glabrous, apex acute, hooded lateral corolla lolzesowly ovate, 2.3 x 0.5 cm,
yellow, glabrous; labellum broadly ovate, 2280 x 2 2.4 cm, yellow, deep yellow

at cener, apex notched, emarginate, margin wavy; lateral staminode®wly
ovate, 1.82 x c. 0.5 cm, adnat¥; length to labellum, yellowapex wavy Stamen
2.312.5x%x 0.20.3 cm; filament size c. 0.1 cm long, connective tissue glabrous,

yellow; anther thecae 1.2 x 0.3 cm, yellow; anther crestl132cm long, yellow,
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wrapped around the stigmglabrous. Style filiform, whiteglabrous, stigm#&unnel
shaped; ostiole ciliate. Ovary cylindrical, cream,id.& c. 0.2 cm, triocular with
axile placentation, pubescent; epigynous glands two, cream, c. 0.5 cm long, linear.

Fruit not seen.

Distribution: In India, this species is

N

reported  from  Assam, Bihar 5|

00

29

Meghalaya, Nagaland, Sikkim, Utta
Pradesh and West Bengal; it casoa
see in Nepal and Bangladeshap 6).

25°30'0"N

Phenology July to September. Flower:

open in the afternoon and last for Z

0"N

22°0

hrs, 46 flowers will open - W .

89°30'0"E 93°0'0"E 96°30'0"E

simultaneously in an inflorescence. o _
Map 6. Distribution ofZ. capitatum

Etymology The speci fic epithet HAcapitatumo

the terminal inflorescence of the plant.

Habitat & Ecology These plants are usually found in forest margins and open grass
fields at an altitude of 100100 m.Z. capitatumis found in association with other
plants such a<leistanthus collinugRoxb.) Hooki., Boswellia ®rrata Roxb.,
Emblica officinalis Gaertn., Phoenix sylvestrigL.) Roxb, Curculigo orchioides
Gaertn. Sterculia urengkoxb., Chloroxylon swieteni®c., Butea superbd&oxb. ex
Willd., Helicteres isoralL., Holarrhena pubescengvall. ex G.Don Hemidesmus
indicus(L.) R.Br. etc.

IUCN status Leastconcerred(LC)

Notes Roxburgh (1810) described two new speciéscapitatumand Z. elatum
from British Inida. SubsequentlyBaker (1892) altered the rank and treated
elatumas a variety oZ. capitatumRoxb. But Horaninow (1892) placdmbth under
a new genu®ymczewicziaFurthermore, the identity af. capitatumvar. elatum
was confirmed by ermaet al.(1991). Kumar andRaju (L991) reported varelatum
from Sikkim without citing proper locality and specimen. We have made extensive
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Fig. 6. Zingiber capitatumRoxb. A. habit; B. & C. inflorescence with flowerD. single
flower; E. bract;F. bracteole;G. calyx; H. corolla lobes]. labellum;J. corollatube with
stamen side viewK. stamen front viewt.. ovary with epigynous glands.
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field studies in Northeast India and unfortunatehe could notcome across any
specimens which matchith this variety instead many populations of the typical

variety were observed from Meghalaya and Assam.

Specimens examinedndia, Andhra Pradesh, Visakhapatnam District , Way to
Gudem to Chitapalli, 825 m, 13 November 1970, J. L. Ellis 37129 (M¥rangal
District, Pakhal, 24 December 196&. M. Sebastine 11704MH); Assam
Dargong, Cornum, September 18X5¢oll., s.n.(CAL); s.loc., s.d., s.coll. 1415
(CAL); Gualhara, Charaidakka, 8 July 19189pendra Nath Kanjilal 7577
(ASSAM); Kamrup District,Mothorguri, 1000 m, 11 July 195R.S. Rao 10020
(ASSAM); Khasi & Jayantia Hills, 26 August 1968l. P. Balakrishnan 47142
(ASSAM). Bihar, s.loc.18 June 191%. C. Kanodia 112ZCAL); Dharampur, 14
December 1957M. Panigrahi 20919(CAL). Madhya Pradesh Hoshangabad
District, way from Bunglapur to Churna, 430 m, 2 October 196@oseph 11200
(MH); Saugor District, Mahli reserve forest, 8 November 196®. Balakrishnan
11539 (MH). Meghalaya, Khasi Hills, J. D. Hooker & T. Thomsan s.(CAL);
Umsaw, 26August 1968N. P. Balakrishnan 47147ASSAM); Shillong, Barapani
lakeside, 14 August 200%&anoj 95627 95628 (CALI). Nagaland, Burinahah,
November 1811s.coll. 1827(CAL). Orissa, Khandagiri, 7 November 1959/.
Panigrahi 20919 (ASSAM); s.loc, 7 Novenber 1959, M. Panigrahi 20948
(ASSAM). Sikkim, Terrai, 14 October 1884;. B. Clarke 36976ACAL). Uttar
Pradesh Kheri, Duduwa, 1 September 19R, K. Singh 302{CDRI); Belrayan,
23 September 197&. K. Singh 752@CDRI); Maila, 30 October 197€. K. Singh
7896 (CDRI). West Bengal, Jaldapara, Malangi forest, 22 October 198&.
Banargi 14842(CAL); Bamkura District., 30 September 1968,N. Yonnayal 829
(CAL).

6. Zingiber caudatum Bhiseshwori & Bipin, J.Jpon. Bot. 93 (1): 31. 2018;
S.K.Singh & S.K.Srivast.in A, A.Mao & S.S.Dash, Fl. Pl. India Annot. Checkl.
Monocot.133. 202Q U. Shankar, Eco. Patt. Asseleg. Fl. North. Regindia. 1:

152,2021. Type India, Manipur, Imphal, cultivated at Institute of Bioresources
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and Sustainable Development (IBSD), 20 March 2@igjn 1BSD/Zi 139 (holo
ASSAM; iso IBSD). Fig. 7

Perennial rhizomatous herbs. Rhizome slender, stoloniferous, horizontaliaiepn
very short, 2.5 cm diameter, externally tan white, internally white with two
concentric rings, inner c. 1.2 mm diam. outer 3 mm wide; tubers not seen; roots
numerous. Leafy shoot 75 cm tall, leaveEl® in number when flowering;
pseudostem 30 cm lopgubescent; basal sheathi82n number, green; liguleg 6

mm long, bilobed, light green, sericeous, margin hairy, round at apex; petiole
reduced to pulvinous, light green, glabrous; lamina obklhgtical, 28 30 x 911

cm, adaxially light green, glabwms, abaxially light green or purplish green on young
leaves, sericeous, base cuneate, apex acuminate, margin entire. Inflorescence
radical, procumbent,i3 per plant, one flower at a time, ¥ cm long; peduncle
1.5/3 x ¢. 1 cm, white, glabrous; spikeasrrowly ovate, 67 x c. 2 cm; fertile bracts
enclosing a single flower, narrowly ovaté 546 x 0.5 cm, green or brown with red
spots, apex caudate, externally sericeous, internally glabrous; bracteoles narrowly
ovate, 3.0 x 0.5 cm, serranslucent greesh, externally pubescent, internally
glabrous, apex acute. Flowers76cm long; calyx c. 1.5 cm, tubular with unilateral
split, hyaline, apex tdobed with reddish tinge, pubescent; floral tube slender, white,
31 3.5 cm long, externally sparsely pubescenternally glabrous; dorsal corolla
lobe narrowly ovateg¢. 3 x c. 0.5 cm,creamy white with translucent veins, apex
acute with slight pink tinge, curved; lateral corolla lobes narrowly ovate, c. .3 x
0.4 cm, creamy white with translucent veins, glabrous on both sides; labellum
obovate, c. 2.2 %. 0.7 cm, white with dark violet or purple blotches and dots, apex
rounded to emarginate, margin undulate, irregular, glabrous; lateral staminodes
narrowly shaply triangular, 810 x c. 3 mm long, white,%2 length adnate to
labellum. Stamen c. 2.1 x 0.3 cm; filament reduced to mni long, connective
tissue glabrous, white with magenta spots; anther theche 0.3 0.1 cm, creamy
white; anther crest 0i9 mm bng, white, wrapped around the stigma, glabrous.
Style filiform, white, glabrous, stigma cdike; ostiole ciliate. Ovary cylindrical,
creamy yellow, 0.60.6 x c. 0.4 cm, trilocular with axile placentation, villous with
soft brown hairs; epigynous glandsa, cream, 0.80.4 cm long, linear. Fruit not
seen.
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Fig. 7. Zingiber caudatumBhiseshwori & Bipin.A. habit; B. inflorescence with flowerC.
a portion of sheath showing ligul®. single flowerE. bract F. bracteole;G. calyx; H.
corolla lobes). labellum;J. stamenK. ovary with epigynous glands.Potos by Alfred
Joe)
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Distribution:  Arunachal Pradesh,
Indi
Northeast India (Currently knowré. e

o~

from the type locality]Map 7).

Etymology The namefic au d a

N

25°30'0

refers to the long caudate apex

bracts.

o 7. caudatum

Phenology Flowering from July to

22°0'0"N

NE India

October. Flowers open in the mornin : i : -
89°30'0"E 93°0'0"E 96°30'0"E

and last for 24 hours. Map 7. Distribution ofZ. caudatum

Habitat & Ecology The typical habitat is a mixed evergreen fordstey prefer

dark soil enriched with leaf mulch and humus. Plants found growing near bamboo
thickets associated with ferns and some Poaceae members between an altitude of
150'600 m.

IUCN status Data Deficient (DD)

Notes Z. caudatumshows many overlapping characters wathbipinianum.The

bracts with caudate and loosely imbricating apex were seen in some mature
inflorescence of zbipinianumas well. As the type localities of botaxafall within

the same geographic range (ArunacReddesh) we strongly beliew& caudatum

could be an ecotype or variation 8f bipinianum Further explorations in the type
locality and remote areas are required to find out the degree of variation and to

confirm the identity oZ. caudatum.

Specimens xamined Known from a single collection and vesuld notcollect the

plant from wild.

7. Zingiber chrysanthumRosc. MonandrPlI. t. 86. 1828; Baker in Hodk.Fl. Brit.
India 6: 243. 1892; Mitra, Fl. PIl. East. India 1: 23358; Rao &Verma in Bull.
Bot. Surv. India 14: 136. 1973mith in FI. Bhaan17: 187. 1987Kumar & Raju in
Gupta, High. Pl. Indian Subcont. 2: 252. 1991; Kumar in Hajjral., Fl. Sikkim 1:
133. 1996;Tripathi & Singh, J. EconTaxon. Bot. 30: 526. 20065.A. Mao et al.,
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Checkl. Fl. Nagaland 1: 143. 201Atng, M.M. & Tanaka, N.Bull. Natl. Mus.Nat.
Sci. 45: 18. 2019,S.K.Singh & S.K.Srivastin A.A.Mao & S.S.Dash, Fl. PI. India
Annot. Checkl. Monocotl33. 2020 U.Shankar, Eco. Patt. Assem. Veg. Fl. North.
Reg. India. 1: 152, 202IType Zingiber chrysanthunRosc. Iconotype: t. 86 in
Roscoe, Monandr. PI. Scitam. 1828.

Z. flavescensink ex A. Dietr. Sp. PI. 1: 54. 1831. Fig. 8

Perennial,nonstoloniferousrhizomatousherbs. Rhizome thick, short, externally
brown,internallyyellow, 1.5/ 2 cm diam.;tubersabsentLeafy shoot1.5 2.3 m tall,
leaves12i 16 in numberwhen flowering; pseudostenv(Gi 100 cm long, sparsely
pubescentpasalsheathwithout blade,3i 4 in number,greenishwhite with purple

tinge at base,sparselypubescenttigules bilobed, 51 7 mm long, purple, pubescent,

apex rounded;petiole 2I 3 mm long, green, glabrous,pulvinate; laminae oblong
lanceolate27i 34 x 5i 7 cm, apexacuminatepasecuneate, margin entire, adaxially
green, glabrous, abaxially light green, pubescent. Inflorescéis;edlical, spicate,
spikes globose to ovatel & cm long, single flower opening at a time; peduncle 4

x 1.8 2.2 cm, sheathingrhcts pale red with whitish tinge; sterile bracts broadly
ovate, apex acuminate, pale red with narrow yellowish stripes, glabrous internally
and pubescent externally; fertile bracts broadly ovate ordiegied, B6.5 x 4 2.2

cm, apex acuminate, twisteceflexed, margin wavy, white at base, purple at the
middle andpale green at the tip, each enclosing a single flower; bracteoles narrowly
ovate (open), 3i@.8 x 0.40.5 cm, apex acute, slightly notched, white with purplish
tinge at middle and tip, pubesc¢est apex. Flowers bright yellow; 80 cm long;
calyx tubular with unilateral split;. 2.8 x ¢. 0.8 cm, apex tdentate, membranous,
hyaline, pubescent; Corolla tube yellow, 2 cm long, glabrous; dorsal corolla
lobe narrowly ovate, i3.3 x 0.40.5 an, apex acute, beaked, light yellomith
translucent veins, sparsely pubescent internally and glabrous externally; lateral
corolla lobes triangulanarrowly ovate, B3.2 x c. 0.3 cm, apex acute, light yellow
with translucent veins, margin hyaline, glabraaigernally, pubescent internally,
incurved soon after opening of flower; labellum suborbicul&B, 2 2 2.6 cm, apex

deeply notched, margin entire, bright yellow, unspotted, glabrous; lateral staminodes
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Fig. 8. Zingiber chrysanthumRosc. A. Habit, inset: basal part of the pla; & C.
inflorescence with flowerd). ligule; E. rhizome;F. single flower;G. bract;H. bracteole].
calyx; J. corolla lobesK. fruit; L. labellum;M. stamen front & side view\. ovary with
epigynous glands.
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ovae, 2.22.3 x c¢. 0.8 cm, apex acute, bright yelloW" portion adnate with
labellum. Stamen 2i2.6 x 0.20.3 cm,; filament reduced to c. 1 mm long,
connective tissue bright yellow, glabrous; anther thecae creahi3 xc. 0.2 cm;
anther crest deep yellow, 1 cm long, wrapped around the stigma, glabrous. Style
filiform, white, glabrous, stigma culiike; ostiole ciliate. Ovary cylindrical, 6 x 2

mm, cream, trilocular with axile placentation, pubescent; epigynous glandsi#vo, 3
mm long, cream, linear. Frustcapsule, ellipsoibblong, seeds browsub globosg

aril membranous.

Distribution: Its native range is z
Himalaya to Myanmar. In India, the al
plants are mainly distributed ir

Arunachal  Pradesh, Meghalay: .

25°30'0

Sikkim, Uttarakhand and Tripura
(Map 8).

Phenology Julyi October.

NE India

22°0'0"N

Habitat & Ecology. The plants are 89°300'E 93°00'E 96°300'E

rowing on vertical cuttings in the o
9 9 g Map 8. Distribution ofZ. chrysanthum
understorey ofhe evergreen forest at an
elevation of 600700 m in association witlBegoniasp., Pteris sp., Globba sp.
Impatienssp.and some Urticaceae members. They prefer humbslack soil for

growth. Some populations are also observed on rock cliffs.
IUCN status(Proposedhere): Near Threatened (NT)

Notes Z. chrysanthumis similar to Z. meghalayensén having bright yellow
labellum and bright yellow, adnate lateral staminodes, terminally reflexed bracts but
differs from latter in having pale red bracts with a crumbled margin that are
compactly arranged. This plant is a traditional medicinal plartispeised to treat
body pain, gastritis and piles

Specimens examinedndia, Arunachal Pradesh Pasighat District, 13 December
1911, Burkill 37113 (CAL); Roing District, Hadil Nala, 10 October 1993unil
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Tripathi 21846 (CDRI). Assam Duphala Hills, Barhuni, 1974). L. Lister 73
(CAL); Nowgong, 31 August 1938R. N. De 20321(ASSAM). Sikkim, West
Sikkim District, 24 July 1882H.B. Cal 2/A(CAL); Ibid., 1 August 1899P.W.
Mackinnon 467896, 467893CAL); Pelling, Phamrong falls, 29 July 2018,
Jayakrishnan T 15972@CALlI). Tripura, Chandrapur, 29 August 195R,S. Rao
8966(ASSAM).

8. Zingiber clarkei King ex Baker inHook. f., Fl. Brit. India 6: 248. 1892; D.C.S.
Raju in B.K. Gupta, High. Pl. Indian Subcont. 2: P295. 1991; S. Kumar in Hajra
et al., Fl. Sikkim 1: 120134. 1996; Singh A. K, Spic. Condim. Wil. Cultiv. PI.
India. 137 154. 2017; S.K.Singh & S.K.Srivastin A.A.Mao & S.S.Dash, Fl. PI.
India Annot. Checkl. Monocotl33. 2020 U. Shankar, Eco. Patt. Assem. Veg. Fl.
North. Reg. India. 152021.Type India, West Bengal Darjeeling, Rishap, 3500
ft., 18 August 1870C.B. Clarke 12398holo K!). Fig. 9

Perennial, stoloniferous rhizomatous herbs. Rhizome fleshy, not so much branched,
creamy white with brownish tingej 2 cm in diameter; roots thin, long, tubers not
seen. Leafy shootg 1.6 cm tall, leavesi@0 nos. when flowering; pseudosteni 40

50 cm long green sparsely pubescent or glabrous; basal sheahsn2number,
green, glabrous or sparsely pubescent; ligules10.8nm long, light green, sparsely
pubescent, truncate; petiole ss#ssile, glabrous, 0.8.5 cm long, pulvinate; lamina
lanceolate, 2630 x 610 cm, adaxially dark green, abaxially light green color,
pubescent on both sides, base cuneate, apex acuminate, margin undulate.
Inflorescence one, one to two flowers at a time, spicate, spike emerging through the
leaf sheath, 1’216 cm long; pedurie G 8 cm, green, covered with broadly obovate
sterile bracts with truncate apex; spikes cylindrical; sterile bracts oblong to obovate,
green, apex truncate, glabrous internally and sparsely pubescent externally; fertile
bracts enclosing a single flowablong to obovate, 2i2.8 x 1.8 2 cm, light green,

apex truncate; bracteoles cylindrical, i228 x 11.2 cm, creamy white, apex
truncate, glabrous internally, sparsely pubescent externally. Flowrs ém long;
calyxc. 1 x c. 0.5 cm, tubular with urditeral split, creamy white, bifid, pubescent;
floral tube, 22.5 cm long, glabrous; dorsal corolla lobe narrowly ovate,

93



Genus Zingiber in NE India

Fig. 9. Zingiber clarkei King ex Baker A. habit; B. young inflorescence emerging through
the leafy sheath. & D. inflorescencewith flower; E. rhizome;F. single flower;G. bract;
H. bracteolel. calyx;J. corolla lobesK. labellumadaxial& abaxial view L. stamen front
view; M. ovary with epigynous glands!. ligule.
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2.112.3 x 0.81 cm, cream, glabrous internally and externally, apex acute; lateral
corolla lobes narrowly ovatej 2.2 x c. 0.6 cm, cream, glabrous; labellum broadly
obovate, 1.82.2 x 1.21.3 cm, yellowish orange at the center, red with orange tinge
at the margin, apex notched, margin wavy, glabrous; narrowly ovéaex®. 3 mm,

free, creamy yellow, apex acute. Stameni 248 x 0.20.4 cm; connective tissue
glabrous, creamy yellow; anther thecae 1.3 x 0.4 cm, cream; anther crésB ti2

long, yellowwith red spots, wrapped around the stigma, glabrous. Style filiform,
white, glabrous, stigma ctghaped; ostiole ciliat®©vary cylindrical, 56 x c. 3 cm,
creamy white, trilocular with axile placentation, densely pubescent; epigynous

glands two, linear,ream, c. 0.4 cm long. Fruit not seen.

Distribution: In IndiaZ. clarkeiis India

29°0'0"N

known only from Sikkim and West
Bengal(Map 9).

Phenology Flowers from July to

25°30'0"N

August andfruits from September
to October

e 7. clarkei

Etymology The specific epithet

22°0'0"N

NE India
1 1 1 F

refers to C. B. Clarkea wellknown 89°30'0"E 93°00"E 96°30'0"E

taxonomist. Map 9. Distribution ofZ. clarkei

Habitat & Ecology The plants were found to be growing anhumid climate in
betweenCinchonaplantations of Mungpoo, 41 km away from Darjeeling, West
Bengal. The black soil rich in leafy mulch and other organic madteigeal for the
growth of this plant. They prefer shady habitat and usually grow the understorey of
evergreen forests at an edion rangng from 800 1700 m in association with
Cinchonaplants, Pilea melastomoidegPoir.) Borgn.,Elatostema lineotunwight,
Begonia palmat®. Don etc.

IUCN status(Proposed): This taxon is used as an ornamental plantiaedrrently
known onlyin the states of Sikkim and West Bengalindia. We have observed

many populations from Darjeelingistrict. Because of the narrow distribution, a
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detailed study is required to assess the survival status of the taxon hence currently
treated as Data Deficie(DD).

Notes:Z. clarkeiis the only member of th8ect.Pleuranthesisn India. This species

is characterized by an inflorescence arising through the leafy shoot. The plant is
endemic to Sikkim Himalayas and is also available in the local nurseries of West
Bengal. KumamandRaju (1991) and KumakQ01) have reported the oceence of

Z. clarkei from the state of Sikkim but no herbarium specimdérsn their
collections were available in Indian hera. Tripathi and Singh excluded this
species from their revision as the specimens of the taxon are not available in any of
the Irdian Herlaria. Despiteour best effortswe could notfind any wild population

of Z. clarkeifrom Sikkim instead many populations of these plants were obsgerved
Darjeeling dtstrict of West Bengal. A single herbarium sheetZofclarkei was
available at BHC, which helped us to locate the wild population of this interesting

species.

Soecimens examinedindia, West Bengal Darjeeling, 27 August 1871, C.B.
Clarke 12624 (CAL); Kalimpong, on the way to Darjeeling, 1250 m., 30 August
2018, Jayakrishnan 159730 (CALI); Peshok, on the way to Darjeeling, 5000 ft., 08
September 1989, S. kumar 11456 (BSHC); Rishap, Darjeeling, 35@2 fAugust
1870, C.B. Clarke 12305 (K!); Sureil, 2 October 1900, D. Prain s.n.; Mungpoo
Cinchona plantations, on the way to Darjeeling, 1200 m., 03 July 2018,
Jayakrishnan 159755 (CALI); (some specimens without collection details are also
observed at CAL(468051 & 468055).

9. Zingiber cornigerum T.Jayakr, A.Joe, Hareesh & M.Sabuaiwania 66(1):
101- 112. 2021. Type India, Arunachal Pradesh Lower Dibang Valley District,
Iduli, 26 km fom Roing to Iduli, elev. 152 21 July 2016,T. Jayakrishnan &
Nikhil Krishna 150204holo CALI; iso CAL). Fig. 10

Perennial, stoloniferous rhizomatous herbs. Rhizome slender, not so much branched,
covered by numerous thin roots along the entire length, externally creamy white,

internally divided into three circular zones, inner cream, middle creamy yellow and
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outer dak brown, I1.5 cm diameter; tubers absent. Leafy shodtl90 cm tall,
leaves 810 in number when flowering; pseudosteni @0 cm long, glabrous or
sparsely pubescent; basal sheath% iB number, purplish green, pubescent; ligules
516 mm long, green, glabus, acute; petiole green, glabrous,i1.2 cm long,
pulvinate; lamina elliptidanceolate, 2635 x 6.510.5 cm, adaxially dark green,
glabrous, abaxially purple, pubescent at the base and along the mid rib, base
cuneate, apex acuminate, margin entinélofescence one to two, one flower at a
time, radical spicate, 116 cm long; pedunclei® cm long, creamy white,
sheathing bracts creamy white with purplish tinge at apex; spikes narrowly ovate
10i 12 x 3 4.5 cm; sterile bracts ovatanceolate, creamy vite with purplish tinge,

apex acute, glabrous internally and pubescent externally; fertile bracts each
enclosing a single flower, broadly ovatd,65x 0.81.0 cm, creamy white with
purplish tinge, apex acuminate; bracteoles clateeolate, 2:53.0 x 0.81.0 cm,
creamy white, purplish tinge at apex, glabrous internally, pubescent externally, apex
horned or bifid with a long acute lobe and a small lobe. Flowit® &m long;

calyx tubular with unilateral split, c. 1.4 x 0.7 cm, white, apelobed, glabros;

floral tube white, 87 cm long, glabrous; dorsal corolla lobe triangudarceolate,
2527 x 0.60.7 cm, white with translucent veins, glabrous internally and
pubescent externally, apexcute, curved; lateral corolla lobesatrgularlanceolate,
2.212.4 x ¢ 0.4 cm, white with translucent veins, glabrous on both sides, incurved
soon after opening of flower; labellum elliptic, P03 x 1.21.5 cm, creamy white

with reddish pink blotches, apex round margin recurved, glabrous; lateral
staminodes triandar, 1/ 1.3 x c¢. 0.3 cm, adnate up to middle of the labellum, white,
apex beaishaped. Stamen 2.3.5 x 0.50.6 cm; filament reduced to chkmm long,
connective tissue glabrous, white; anther thetd&@1.8 x 0.30.4 cm, creamy
white; anther crestill.2 cmlong, white, wrapped around the stigma, glabrous. Style
filiform, white, glabrous, stigma culike; ostiole ciliate. Ovary cylindrical, creamy
white, 0.8 0.9 x 0.40.5 cm, trilocular with axile placentation, pubescent; epigynous

glands two, linear, 0i1®.9 cm long, cream. Fruit not seen.

Distribution: Arunachal PradestiCurrently knownonly from the type locality)
(Map 10).
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Fig. 10 Zingiber cornigerum T.Jayakr., A.Joe, Hareesh & M.SaBu habit; B. C. S. of
rhizome; C. a portion of petiole showing liguled. basal part of pseudostem showing
inflorescenceE. flower front view;F. lateral staminode with beaked ap&x;single flower;

H. bract;l. bracteoled. calyx; K. corolla lobesL.i M. labellum adaxia& abaxial vievs;
N.i O. stamen sidé& front views;P. ovary with epigynous glands.
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Phenology Flowers fromJune to August,

. . . . Z
opening in the morning and senescirs|

o2}
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within 24 hrs.

Etymology @ The  specific  epithet 2
6cornigerumdé is de
horn, which refers to the horned bracteol

of theflower.

22°0'0"N

Habitat & Ecology. Z. cornigerum is

known only from Iduli, Lower Dibang

Systematic Treatment
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India

« Z. cornigerum

1 1
89°30'0"E 93°0'0"E

Map 10. Distribution ofZ. cornigerum

1
96°30'0"E

means

Valley district of Arunachal Pradesh. The plants are growing in the margins of rice

fields and small water streams in black clayey soil. It grows at an elevationiof 100

200 m in association withMusa velutinaH.Wendland& Drude M. itinerans

CheesmapAlpinia nigra(Gaertn.) Burrt Curcumasp. etc.

IUCN status Near Threatened (NTRrobablehreat to its existence includes loss of

habitat due tavidening of the cultivatiorields and flooding

Notes Z. cornigerumis similar toZ. bipinianum in having stolonifrous rhizome,

narrowly ovate spike with purplish brown bracts, white floral tube and lateral

staminodes but differs from the latter in having glabrous ligubaxially purple

leaves, bracteole with horned apéteral staminodes apex beaked #mder half

adnate to the labellum.

Specimens examinedndia, Arunachal Pradesh, Lower Dibang Valley District,
Iduli, 10 km from Roing to Iduli, 150 m, 5 July 20¥%,Joe & V.SHareesh121887

(CALI).

10. Zingiber dimapurenseN.Odyuo, D.K.Roy & A.A.Mao, NeBIO 1(2): 60. 2020.
Type India, Nagaland Dimapur District, Medziphema swdivision, Hekeshe

village forest, 1003 m, 10 July 2018 ex hort. in Garden of Botanical Survey of India

(Eastern Regional Centre, Meghalaya, East Khasi Hills, Shillong, Woodland
Campus)N. Odyuo & D.K. Roy 13835@0lo ASSAM).
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Perennial, rhizomatous herbs. Nstoloniferous, Rhizome compact, odorless,
externally brown, internally divided into two circular zones, whii€ @ém diameter;
tubers absent. Leafy shooti9@20 cm tall, leaves 1@0 in number when flowering;
pseudostem 3®0 cm long, glabrous or sparsely pubescent; basal shegghis 4
number, green with purple at margin, pubescent; liguid$) 5nm long, bilobed,
green with purple tinge, hairy, acute; petiole green, hairy,10ce long,pulvinate;
laminae ellipticlanceolate, 180 x 49 cm, adaxially dark green, pubescent,
abaxially pale green, pubescent, base rounded, apex acuminate, margin entire.
Inflorescence two, one to two flowseat a time, radical spicate, illl6 cm long;
pedunck 2.55 cm long, creamy white, sheathing bracts creamy white with purplish
tinge at apex; spikes narrowly ovate, i85« 1.3 3 cm; sterile bracts narrowly
ovate, creamy white with purplish tinge, apex acute, glabrous internally and
pubescent externally; fide bracts each enclosing a single flower, narrowly ovate,
516 x 0.81.0 cm, creamy white with purplish tinge, apex acuminate; bracteoles
ovatelanceolate, 2i23.2 x 0.71.2 cm, creamy white, purplish tinge at apex,
glabrous internally, pubescent extdipwaapex acute. Flowers 6.3.5 cm long;
calyx tubular with unilateral split, c. 1.2c¢x0.4 cm, white, apex Hobed, glabrous;
floral tube white, 4.65.5 cm long, glabrous; dorsal corolla lobe narrowly ovate, 3
3.2 x 0.30.6 cm, purplish pink at middlend apex, white at base with translucent
veins, glabrous, apex acute, curved; lateral corolla lobes narrowly ovat2,92-<6c.

0.4 cm, purplish pink at middle and apex, white at base with translucent veins,
glabrous on both sides, incurved soon afteenapg of flower; labellum ovate to
lanceolate, 218.3 x 1.21.3 cm, creamy purplish pink witiwhite blotches, apex
acuminate, glabrous; lateral staminodes triangulai,1184x c. 0.32 cm, adnafé"
length adnate to the labellum, white, apex acumirgtiemen 2.62.7 x 0.50.6 cm;
filament reduced to c. 1mm long, connective tissue glabrous, white; anther thecae
1.211.5 x 0.30.4 cm, creamy white; anther crestillyY cm long, white with
purplish streaks, wrapped around the stigma, glabrous. Stylerrfilifavhite,
glabrous, stigma culike; ostiole ciliate. Ovary cylindcal, creamy white, 01%.7 x
0.310.4 cm, trilocular with axile placentation, pubescent; epigynous glands two,

linear, 0.40.5 cm long, cream. Fruit not seen.
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Fig. 11. Zingiber dimapurenseN.Odyuo, D.K.Roy & A.A.MaoA. habit; B. inflorescence
with flower; C. single flower;D. bract;E. bracteolef. calyx; G. corolla lobesH. labellum;
I. corolla tube witrstamen;J. stamen front viewK. ovary with epigynous glands.
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Distribution: In India Z. dimapurenseas

known from Nagaland (Dimapur districtz| India
Hekeshe village forest) and Arunaché-
Pradesh Anjaw District, Tidding
Bridge) (Map 11).

25°30'0"N

Phenology Flowering starts from June

to July. Flowers last for one daytuging

« Z. dimapurense

22°0'0"N

NE India
1 1

1
89°30'0"E 93°0'0"E 96°30'0"E

from August to September.

Etymology ~ The  specific  epithet Map 11. Distribution ofZ. dimapurense
aimapurensé refers to the Dimapur

district, type locality of this species.

Habitat & Ecology The plants are growing in mixed evergreen forests associated
with bamboo thickets at an elevation of 100030 m. They prefer black humush

soil. Some populations were also observed in roadsdical cuttings. A total of

six populations were observed in the type locality and an average of three to five
individuals were observed in each population.

IUCN status(Proposed here) Vulnerable (VU) (IUCN criteria: VU D2)

Notes Z. dimapurenseis similar to Z. mizoramensisn having creamy white
bracteoles with purplish red tinges along the margins, narrowly ovate subequal,
purplish pink corolla lobes with white base and creamy white anther crest with

purplish apex.

Specimen examinedndia, Arunachal Pradesh Anjaw District, 1030 m, 21 July
2018,Jayakrishnan ®& Nikhil Krishna 15973ZCALI).

11. Zingiber flavofusiforme M.M.Aung & Nob.Tanaka, Phytotaxa 319 (2): 195
199. 2017; N.Odyuo & D.K.Roy, Bull. Arun. Fr. Res., 34: 21. 2019; DeijeiNl.,

J. Jpn. Bot., 95(2): 102. 2020ype Myanmar, Sagaing Region Nam Ei Mae,
along the Nam Ei Zu River, branch of the Chindwin, Htamanthi Wildlife Sanctuary,
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Khamti Township, 120 m alt., 12 September 20I&naka et al. MY850 (holo
TNS!; iso NY,RAF). Fig. 12

Perennial rhizomatous herbs. Rhizome slender, branched, horizontally elongate,
very short, externally dirty white, internally creamy white, 2.5 cm diam.; tubers
ovoid, outer dirty white, inner grayish blue. Leafy shodtID cm tall, leavesi®

in numberwhen flowering; pseudostem 880 cm long, sparsely pubescent; basal
sheaths 23, reddish green; ligulesi6 mm long, shallowly bilobed, hyaline with
reddish tinge, glabrous; petiole subsessile, light green, glabrous, pulvinate; laminae
narrowly ovatelanceolate, 25 x 55.5 cm, adaxially dark green, glabrous,
abaxially purplish green, sparsely pubescent along the midrib, base obtuse, apex

attenuate, margin entire. Inflorescence

terminal on leafy shds, one flower at az| india
time, 1214 cm long; peduncle sessileg'
spikes narrowly ovate, 124 x 3.5 cm;

fertile bracts (all bracts usually fertileg

each enclosing a single flower, ovati

3.5'3.8 x 2.5 cmorange yellow, turning

« Z. flavofusiforme

yellow when mature, apex acutez
o

i 89"3;)'0“E 93"(;‘0"E 96°32)'0"E
x 1.0 cm, creamy white at base red Mmap 12. Distribution ofZ. flavofusiforme

tinged at apex, glabrous, apex acute. Flowers76@&m long; calyx tubular with

glabrous; bracteoles ovateéangular, 3.0 &

unilateral split, c. 2 x c. 0.4 cm, hyadi, apex biobed, glabrous; floraube creamy
white, 3.54 cm long, glabrous; dorsal corolla lobe ovate,i 2.3 x c. 0.9 cm,
creamy yellow with translucent veins, glabrous, apex acute, curved; lateral corolla
lobes triangulddanceolate, 2i2.5 x c. 07 cm, creamy yellow with translucent
veins,glabrous on both sides; labellum broadly ovate, 253 x 1.22.5 cm, maroon

with creamy white blotches and dots, apex trilobed, margin undulate, glabrous;
lateral $aminodes reduced, c. 4 mm long, creamy yellow, with maroon blotches
adnate to labellum. Stamen 2268 x c. 0.3 cm; filament reduced to c. 1 mm long,
connective tissue glabrous, creamy yellow with maroon spots; anther thdch®

x 0.3 0.4 cm, creamy white; anther crestilL3 cm long, maroon, wrapped around
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Fig. 12. Zingiber flavofusiformeM.M.Aung & Nob.TanakaA. habit; B. inflorescence with
flower; C. inflorescence at young stage; ligule; E. rhizome;F. C. S.of root tubersG.
single flower; H. bract; I. bracteole;J. calyx; K. corolla lobes;L. labellum adaxial&
abaxial view;M. stamen along with corolla tub®. ovary with epigynous glands.
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the stigma, glabrous. Style filiform, white, glabrous, stigmglike; ostiole ciliate.
Ovary cylindrical, 0.50.6 x 0.40.5 cm, creamy yellow, trilocular with axile
placentation, glabrous; epigynous glands two, lineaii,0098cm long, cream. Fruit

not seen.

Distribution: India, Assam, Kakoi Reserve forest and Myam (Htamanthi
Wildlife Sanctuary, Sagaing Regiomigp 12).

Phenology Flowering from August to September. Flowers open in the morning and

last for 24 hrs. Fruiting period unknown.

Etymology The specific epithet refers to yellow to orange colored and fusiform

shaped inflorescence.

Habitat & Ecology. The plants prefer to grow netlire bank of streams or riveas
lithophytes. The typical habitat is found to be sewergreen forest. They groas
scattered small populations with one or two individuals. Moist dark soil is suitable
for natural growth and flowering. It grows in association walobba multiflora
Wall. ex Baker, Tabernaemontana divaricatéL.) R.Br. ex Roem. & Schult.
Ardisia humiliVahl., Callicarpa longifoliaLam., Chloranthus elatiorLink, Ocotea

lancifolia (Schott) Mezetc.
IUCN status (Proposed herepata Deficient (DD)

Soecimens examinedlndia. Assam, North Lakhimpur district, Kakoi Reserve
forest, Bank of Kakoi river, 20 August 2018 ex hort. in Garden of Botanical Survey
of India (Eastern Regional Centre, Meghalaya, East Khasi Hills, Shillong, Woodland
Campus)N. Odyuo & D.K. Roy 12891RASSAM!).

Notes Z. flavofusiformavas originally describeddm Myanmar byand Tanaka&
Aungin 2016andlater Odyuo and Roy reported the plant from Assam in 2019 as a
new distributional record to Indi&%e coul dndt c ol thesitThet h e
descriptions are based on the live specimens growitigeagxperimental garden of
the Botanical Survey of India, Shillong, Meghalaya. flavofusiformein India

shows an extensiviatraspecificvariation while evaluating to the specimens from
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Myanmar. Thedistinctiors becomanainly found in thenflorescence as theform

and sizevary considerablywith the age of the plant. The younger plants are
characterized by more fusiform and cylindrical spikeecause oftheir closely
imbricating bractsvhile the mature plandeems greatef a flattened spikbecause

the bracts get loosen in due course. The rhizome color also varies and intensifies as

the plant grows for two or three years.

12. Zingiber intermediumBakerin Hook.f., Fl. Brit. India 6: 246. 1892; Mitra, FI.

Pl. East. India 1: 253. 1958; Rao & Verma in Bull. Bot. Surv. India 14: 137. 1972;
Tripathi & Singh, J. Econ.Taxon. Bot. 30: 526. 2006; A.A.Mao & S.S.Dash, Fl. PI.
India Annot.Checkl.1:133. 2020Type India, Meghalaya, Khasi Hills, Bhorlassa,
s.d, 3500 ft,Clarke s.n(K). Map 13

Perennial rhizomatous herliseafy shoot 90100 cm tall, leaves subsessile; laminae
lanceolate or oblanceolate,iZ% x 61 7 cm, abaxially sparsely pubescent along the
midrib, base obtuse, apex acuminate. Ligules mmand@mus c. 5 mm long.
Inflorescence radical, peduncle 20 cm; spikes globose, 10 x 5 cm; bracts
lanceolate, membraneous, c. 3.7 cm long; bracteoles shorter than bracts. Flowers
reddish black; calyx tubular with unilateral sptit,3.2 cm long; floratube as long

as bracts; corolla lobes pale red, c. 3 cm long narrowly ovate; labellum suborbicular,
c. 2.5 x 2.3 cm, reddish black with yellow blotches and dots; lateral staminodes

oblong; filament reduced; anther c.

India

mm long; anther crest longer thantzert

29°0'0"N

theaca, reddish black, wrapped aroul
the stigma; Ovary trilocular with axile

N

0

placentation; epigynous glands twe

25°30

cream, c. 2 mm long, linear. Fruit nc

seen.

* Z. intermedium

22°0'0"N

Distribution: Endemic to Northeast T e P
India,  known from  Arunachal Map 13. Distribution ofZ. intermedium
Pradesh, Nagaland and Meghalaya.
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Phenology July to October
IUCN status Data deficient (DD)

NotesWe coul dndét c ol | 2 mtermegionfromsNoréheast imdian s o f
during the study and the short descriptisrgiven above is badeon herbarium
specimens and largely on Baker and Rao & Verma. Further exploration is needed to
assess the survival status of this species.

Specimens examinedindia, Arunachal Pradesh, West Kameng District., Tipi
Nala, 12 October 1996Sunil Tripathi 2033 (CDRI). Assam, North Khasia,
Bhoilasa, 06 August 1886&;. B. Clarke 44443K!). Nagaland, Kohima District,

4500 m, 30 October 198@, B. Clarke 41389CAL).

13. Zingiber kangleipakens&k i s hor &, Gark.dullnSingaare 65(1): 40.
2013; S.K.Singh & S.K.Srivast.in A.A.Mao & S.S.Dash, Fl. Pl. India Annot.
Checkl. Monocot133. 2020 U.Shankar, Eco. Patt. Assem. Veg. Fl. Nor. Reg. Ind.
1: 152. 2021Type Inida, Manipur , Imphal, Sagolband, c. 24°48'N 93°55'E, 780 m.
20 July 2000,Kishor 9 (holo CAL!; iso SING!, isoHerbarium of Institute of

Bioresources and Sustainable Development, Imphal). Fig. 13

Perennial, nosstoloniferous rhizomatous herbs. Rhizome thick, dichotomously
branched, externally light brown, internally @atream when mature, 18 cm
diameter. Leafy shoot 15070 cm tall, leavesi&@5 in number when flowering;
pseudostem 7@0 cm long, sparsely pubescent; basal sheath without biatle 3
green, sparsely pubescent; ligules bilobéd.2 mm long, hyaline, glaous, apex
acute; petiole subsessile, pulvinate; laminae oblamgeolate, 3542 x 78 cm,

apex acuminate, base cuneate, margin entire, adaxially dark green, pubescent near
the vein, abaxially light green, pubescent. Inflorescence generally arisingHeom
rhizome on a separate short peduncle, rarely breaking through tshézdhs up to

25 cm above the ground, radicapicate, spikes ovatej 8 x 3 4 cm, two flowers
opening at a time; peduncle DI5cm, white, sheathing bracts white; sterile bracts
broadly ovate, apex rounded, white with pale reddish lines at the gladaxpus
internally and sparsely pubescent externally; fertile bracts each enclosing a single
flower, ovoid, 3.23.5 x 1.8 2.3 cm, white or pale green with purplish or yellow
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Fig. 13. Zingiber kangleipakenséK i s hor & AChabit;B.nd. & R..inflorescence
with flowers; E. rhizome;F. single flower;G. bract;H. bracteole]. calyx; J. corolla lobes;
K. labellum adaxial & abaxial view;. stamen side & front viewy. ovary withepigynous
glands.

10¢



Systematic Treatment

tinge at apex, apex acutbracteoles narrowly ovate, 328 x c. 0.8 cm, apex
bilobed or notched, white with yellowish tinge at apex, glabrous internally, sparsely
pubescent externally. Flower§@&5 cm long; calyx tubular with unilatrsplit, c.

2.5 x ¢. 0.5 cm, apex tlobed, hyaline, membranoysjbescent; corolla tube cream,

5 cm long, glabrous; dorsal corolla lobe narrowly ovate,23x 0.40.6 cm, apex
acute, pale yellow at middle and apex white at base with translucent gleinous;

lateral corolla lobes narrowly ovate

India

2.372.5 x c. 0.4 cm, apex acute, pa

29°0'0"N

yellow at middle and apex white &
base with translucent veins, glabrot
on both sides, incurved soon afte

25°30'0"N

opening of flower; labellum oblong

to obovate, 183 x 11 1.5 cm, apex
e Z. kangleipakense

rounded, margin wavy and crispec

22°0'0"N

NE India

yellow, dabrous; lateral staminode L L :
89°30'0"E 93°0'0"E 96°30'0"E

very small or reduced, c. 0.2 x c. 0.2

Map 14. Distribution ofZ. kangleipakense
cm, yellow, adnate. Stamen 1.5 x
c. 0.2 cm; filament reduced to c. 1 mm long, connective tissue yellow, glabrous;
anther thecae cream, 1 x c. 0.2 cm; anther crest deep yellow,i0.6 cm long,
wrapped around the stigma, glabrous. Style filiform, white, glabrous, stigma cup
like; ostiole ciliate. Ovary cytidrical, 34 x c. 3 mm, cream, trilocular with axile
placentation, denselyubescent; epigynous glands two32nm long, cream, linear.

Fruit not seen.

Distribution: We have collected this species from the state of Meghalaya and
Mizoram. Young rhizomes and shoots are available in the toagtets of Manipur
and Mizoram(Map 14).

Phenology Flowering starts from June to July. Flowers last for one day. Fruiting
from August to September.

Etymology T h e s p e c i Kangleipakepserefdnsetd theGangleipak, an old
name of Manipur, which is the natural habitaZzokangleipakense
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Habitat & Ecology. Z. kangleipakenserefels moist and shady areas for growth.
Some populations are also observed in open fields. This particular species shows a
narrow distribution in Northeast Indi& previous study reports its occurrence in
Manipur only. The plants are growing i& mixed evergren forest along with
Hypoestes phyllostachyBaker, Crotalaria retusal., Impatiens balsaminal.,
Pandanussp, Rungiasp. etc. Theyare usually found in clayey soil. The annual
rainfall of the typical localities is 1000300 mm anchasa temperature rangef

121 27°C.

IUCN status (Proposed here): As this speciesis locally cultivated and plenty
availabe in the local market madeas toconclude that the status is least concerned
(LC).

Notes Z. kangleipakensés closely allied toZ. roseumin having thick, fleshy,
creamy white or pale yellow rhizome, subsessile leaves of similar size and shape,
yellowish white labellum with very small lateral staminodes, but differs by yellow
corolla lobes and anther cre&. kangleipakensehares some chacterstics with
ChineseZ. longiligulatumS.Q.Tong, but the latter only has a height of 1 m, poses
larger leaves, narrower braaisange anther cresfccording to the observation by
Rajkumar (2013)it was difficult to placeZ. kangleipakensm Sect.Cryptanthium

as it sometimes produces an inflorescence emerging through the leaf sheath which is
a characteristic feature of Seé&tleuranthesis But we couldit come across such

type of inflorescence development in any of the population studied. We have
observed a similar situation in the caseZoimizoramensisvhich also produces an
inflorescence which is the characteristic feature of $detiranthesisBased on the
evidence from pollen studies we have decided to pfadeangleipakense Sect.
Cryptanthiumas it produces elliptic pollen with spirostriate sculpturing. In addition
anatomical characters delimit Segkeuranthesigrom the rest of th&ingiber Sect.

in having a well defined adaxial and abaxial hypodermis in the leaf lamina.

Specimen exained India, Manipur, Imphal west District, 1000 m, 23 July 2018,
Rahul 153564 CALI). Meghalaya East Khasi Hills, Shillong, Laitumakhrah, 1220
m, 3 August 2017Jayakrishnan T15950% Jaintia Hills District, Jowai, 1380 m,
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11" July 2017, JayakrishnanT. 153510 (CALI); Mizoram, Champai District,
Murlen National Park, 24 August 200Brasanth & shameer 4286&ALl); Ibid.,
1250 m, 25 July 201 dayakrishnaril. & Nikhil Krishna 153528 CALI).

14. Zingiber kerrii Craib, Bull. Misc. Inform., Kew. 4031912; Loesener in Nat.
Pflanzan famed.2.15a: 588. 1930; Ida Theilade, Nardl. Bot.19 (4): 397. 1999;
Thongamet al., Taiwania 58 (4): 291294. 2013;Bai et al., Gard. Bull. Singapore
67(1): 137. 2015; Souvannakhoumman&& or ni | kov §, ,Bdl:dbugh J.
2018; S.K.Singh & S.K.Srivastin A.AMao & S.S.Dash, Fl. PlL. India Annot.
Checkl. Monocot133. 2020 U.Shankar, Eco. Patt. Assem. Veg. Fl. Nor. Re. Ind. 1:
152, 2021.Type Thailand, Chiang Mai province, Doi Sootep, 9001200 m, 24
July 1910A.F. Kerr 129(Q(lecto K!; isolectoK!, P!). Fig. 14

Zingiber menghaiens8.Q.Tong, Acta PhytotaxSin. 25(2): 145146.1987; Wu &
Larsen in Fl. Chin&24: 326. 2000; Bakt al., Gard. Bull. Singapore 67(1): 137.
2015.

Zingiber stipitatumS.Q.Tong., Acta PhytotaxSin. 25(2): 146147. 1987; Wu &
Larsen in Fl. China.24: 326.2000; Baial.,Gard. Bull. Singapore 67(1): 137. 2015.

Perennial rhizomatous herbs. Rhizome thick, pleagroma, branching with short
dichotomies, externally brown with greemiginge, internally cream, 1.2 cm
diameter. Leafy shootil.5 m tall, leaves 3@5 in number when flowering;
pseudostem 4®0 cm long, glabroysBasal sheath without bladei 8in number,
dark green, glaucous; ligules bilobedi32 mm long, membranous, sparsely
pubescent; leaves subsésspulvinate; laminae linedanceolate, 2225 x 4.55

cm, adaxially dark green, glabrous, abaxially light green, glabrous, base rounded,
apex acunmate, margin ent@. Inflorescence £3, basal, separate from the leafy
shoot, spikes narrowly ovatejI0 cm long, single flower opening at a time;
peduncle 1012 x 1.3 1.6 cm, green, sheathing bracts dark green with purplish tinge
towards the apex; st&ibracts broadly ovate, apex rounded, light green with purple
patch at apex, glabrous internally and externally; fertile bracts broadly ovat8, 3

x 2 2.5 cm, apex rounded, light green with purplish spot at the apex, green changes
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Fig. 14. Zingiber kerrii Craib. A. habit; B. & C. inflorescence with flowerD. single
flower; E. bract; F. bracteole; G. calyx; H. corolla lobes;I. labellum with lateral
staminodes;). stamen side & front viewK. ovary with epigynous glands;. ovary with
style andstigma.
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to dark purple when mature, closely imbricating, each enclosing a single flower;
bracteoles narrowly ovatej 2.5 x 0.70.8 cm, apex truncate, hyaline, glabrous;
flowers 4.8 5.3 cm long; calyxubular with unilateral split, c. 1.2 x c. 0.4 cm, apex
tri-lobed, white, hyaline, membranous, glabrous; Corolla tube creamy whit&, 2.8
cm long, glabrous; dorsal corolla lobe ovaté2.3 x 0.50.6 cm, apex acute,
creamy white with translucent veins,aspely pubescent internally and glabrous
externally; lateral corolla lobes triangular or narrowly ovat@.2 x c. 0.4 cm, apex
acute, creamy white with translucent veins, glabrous on both sides; labellum sub
orbicular, 22.5 x 0.50.7 cm, apex deeply rdied, margin entire, creamy white,
unspotted, glabrous; lateral staminodes lineiat,3 % c. 0.3 cm, apex acute, creamy
white, free from labellum. Stamen 18x 0.1 0.3 cm; filament reduced to c. 1 mm
long, connective tissue cream, glabrous; anther ¢hecaam, 0.8L x c. 0.3 cm;
anther crest cream, c. 0.8 cm long, wrapped around the stigma, glabrous. Style
filiform, white, glabrous, stigma cughaped; ostiole ciliate. Ovary globose, c. 2.5 x

c. 2.5 mm, cream, trilocular with axile placentation, glabrepsggynous glands two,

linear, 2.5 2.7 mm long, cream. Fruit not seen.

Distribution: Z. kerrii is known from z| India
Louangphabang province in Laos. Th &
species, was originally described frol

Thailand and it has been reported fro z

Churachandpur district of Manipur%'
India in 2013 (Thonganet al., 2013)
and also from Myanmar and Chin
(Bai et al.,2015a)(Map 15)

22°0'0"N

1 1 1
89°30'0"E 93°0'0"E 96°30'0"E

Phenology Flowering from June to Map 15. Distribution ofZ. kerrii.

August. The flowers open in the

morning. Fruit setting from August onwards.

Etymology The speci f i cisiaponar ¢f Arthur Rr&neis Georgederr
(1887 1942) an Irish physician and a botanist known as the founding father of

botany in Thailand. He made the first collectionZ okerrii.
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Habitat & Ecology This species grows in deciduous forest and mixed bamboo
forest, at about c600 m altitudealong with other Zingiberaceae species such as
Larsenianthussp, Hedychiumsp and otherZingiber sp. In Chinait has been
reported to occur in grassy areas at the edge of the forest and in evergreen broad
leaved forestbetween700" 1300 maltitudes(Bai et al.,2015a).

IUCN status Least Concern (LC)

Notes Z. kerrii is only known from a single locality in India. In Thailand and
Myanmar the plant occain Shan district (Kresst al.,2003). The natural habitat is
found to be degraded due to anthropogenic aigsvithreatening its habitathis
species is used by the local people as vegetable people harvest the plants from
the forest. Young inflorescences and tender shoots are boiled or steafned
with chilli and dried fish.

Specimens examinedndia, Manipur, Churachandpur District, Ngaloi hill, 1200
m, 13 July 2018Murugeshar59736(ASSAM).

15. Zingiber ligulatum Roxb., Asiat. Res. 11: 348. 1810; Roxb., Fl. Ind. 1: 51.
1820; Baker, Fl. Brit. India 6: 245. 1892; K. Schum., Pflanzenr. IV, 46: 186. 1904;
S.K.Singh & S.K.Srivastin A, A.Mao & S.S.Dash, Fl. Pl. India Annot. Checkl.
Monocot.133. 2020Type Hindostan, Redating 1810Roxburgh(n.v).

Fig. 15 & 16

Perennial rhizomatouderbs. Rhizome thick, running, branched, horizontally
elongate, externally dirty white with reddish tinge, internally creamy whit2,5

cm diameter; tubers absent. Leafy shooti1®0@ cmtall, leaves B12 in number

when flowering; pseudostem #&0 cm long, sparsely pubescent; basal sheatBs 2

in number, green; ligules 2.8 cm long, deeply bilobed and separated from the stem

as a flap, hyaline with greenish tinge, glabrous; petiole lgjeen, pubescent,
pulvinate; laminae narrowly ovate, IZ8) x 812 cm, adaxially dark green,
glabrous, abaxially light green, sparsely pubescent, base attenuate, apex acuminate,
margin undulate. Inflorescence radical, spekdnalf immersed in soigne flower at

a time, 710 cm long; pedunclei3 cm; spikes ovate 10 x c. 5 cm; fertile bracts
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Fig. 15 Zingiber ligulatum Roxb. A. habit; B. inflorescence;C. flower side view;D.
flower front view E. a portion of leaf base showing ligul€; singleflower; G. bract H.
bracteole]. calyx; J. corolla lobesK. labellum adaxial & abaxial view.. stamen front &

side view;M. ovary with epigynous glands.
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