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The genus 2illgiber of the farn ily Zi ng iberaceae is distributed in tropica l and subtrop ical 
Asia and Far East Asia and consists of about LSO species. Zingi beraceae is of considerable 
importance as a IIs pi ce famil y." Bes ides g inger this famil y includes turmeric, carci .. unom , 
la rge cardamom , g rain of pa radise, and severa l others hav ing economi c and med icinal 
irnpofrance. Z ing iberaceae was earlier divided into the subfamilies Costoideae and Zin
g iberoideae. which were later given independent fam il y status as Costaceae and Zi ng ib
eraceac. Three tribes were recog ni zed in the subfamily Zing iberoideae by workers such 
as Peterson (1889) and Schumann ( 1904); and the genus Zillgiber was incl uded in the 
tribe Z ing ibereae along with A/pilli(/., AIII01JlIfIll, and others . This t ribe is charaCterized by 
the absence of lateral staminodes or staminocles that are united to the labellum, in 
comparison with tribe Hedychieae, in which the latera l stal11inodes are well developed . 
L1ter HoltWI11 (l 95 0) removed Zingiber from Z ing ibereae and renamed it as Alpini eae; 
his a rg ument was that Zingiber is closer to the genera under the I-Iedychieae as their lateral 
staminodes appear as lobes at the base of t he labellum , whereas in AI/Jinia these stami nodes 
are well developed. Many later workers accepted the opin ion of H olttul11 . Bunt and 
Smith, however, felt that the contention of HoltWI11 is nomenclaturally incorrect and 
proposed that Zillgib, ,. should be in an independent tribe (B urtt and Smith , 1983). 

The first docurnentation of g inger was by Van Rheede (l692) in his l-IortllS ludicllS 
MfI/ab(lriclIJ (Vol. 11), the first written accou nt of the p lants of 1ndia. Van Rheede described 
the cultivated ginger (2. ojjicilla/e) under the local narne iflSchi (inchi) . The Indian species 
was first botanically described by Roxburg ( 1810), who reported L L species, and placed 
them in two sect ions based on rhe nature of the spike: Section 1. spikes rad ica l and SeCtion 
2. spikes terminal. 

Baker (1 882) has ca rried out an exhausrive survey of (he Z ing iberaceae of Indian 
Peninsula for Tbe N om oi Britisb i llrlia 0.0. H ooker). In this he recogni zed four sections: 

I . Cryptanthemum Horan-Spikes are produced direc tl y from the rhi zome and 
ate very shan and dense; peduncle very short (11 species) 

2. Lampuzi urn Horan- Spikes produced from the rhi zOI'ne on more or less elon

gated pedu ncles with sheathing scariose braCts (10 species) 
3. Pleuranrheis Benth-Spike peduncle arising from the side of (he leafy stem 

(1 species) 

4. Dymczewiczia (Horan) Benth- Spikes terminal on the leafy stem (2 species) 

This subgeneric classification was accepted by later workers i nclud ing Schumann ( (904) 
in his revision of Z ing iberaceae. 
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Zillgiber Boehrner 

Boehmer and Ludwig, Def. Gen.PI.89 ,1760, nom.cons; Benrh .&Hook.f.G en.PI. 
3, 646 , 188 3 ; Baker in Hook.f.Fl.Br. lndi a, 7,243, 18 9 2 ; Schum . in PA a n 

zen .zng .165, 1904. Type species: Z. offieil/al,. 
Holttum ( 1950) provided the following description for the genus. 
Rhi zomes as or near surface of the g rou nd, bearing leaf shoots close togerher. Leaf 

shoots shorr to moderately rail, often with many leaves. Leaves thin in texture, never 
very large (rarely to 50 cm long), sessile or with quite shorr petioles, the lig ule short to 

long deeply bilobed or entire. Inflorescence on a separate shoot without normal leaves 
(rarely at the apex of the shoot); scape usually erect, shorr or long, clothed with two
ranked sheaths that are sometimes colored ted; spike short or long, slender or th ick, 
cylindrical , ovoid, or tapering to a narrow apex, elongating g radually. Bracrs fairly large, 
usually brig htly colored, red or yellow, usually thinly fleshy, closely irnbricat ing or with 
apices ftee, margins plane or inflexed. One flower in the axil of each bract; flowers frag ile 
or short lived. Bracteoles one to each flower, facing the bract, thin and narrower than 
bract, usually persist ing and enclosing the fwit, spli t to the base, never tubu lar. 

Calyx thin , tubular spathaceous usually shorter than the bracteole, but sometimes 
longer. Corolla tube slender, usually about as long as the bract; dorsal lobe usually 
broader t han the others, erect , narrowed to the tip, and hardly hooded ; edges inflexed, 
lateral lobes usuall y below the tip and on either side of it , sometimes joined partl y 
together by their adjacent sides and to the t ip; color usually white or cream. Labellum 
deeply three- lobed (the side lobes representing staminodes), or rarely the side lobes 
hardly free from the mid lobe, side lobes erect on either side of the stamen, mid lobe 
shorter than or not g reatly longer than the lateral corolla lobes, its apex usually retuse 
or cleft; color cream to white or more or less deeply suffused with crimson or purple. 
Filament of stamen short and broad, anther rather long , narrow; connective prolonged 
inro a slender curved beak-like appendage as long as the pollen sac, with in fl exed edges, 
containing the upper part of the sty le. Stigma protruding just below the apex of the 
appendage, not thickened , with a circular apical aperture surrounded by stiff hairs. 
Sty lodes usually slender and free, not surrounding the base of the style. O vary g labrous 
or hairy, trilocular with several ovu les in each loculus. Fruit with a fleshy wall when 
fresh, more or less leachery when dry, smooth, or hairy, enclosed by the persistent bract 
or bracteole, dehiscent loculicidally within the persistent braers. Seed ellipsoid , black 

• 

or dark brown, covered by a thin saccate white aeil with irregularly lacerate edges. --=..,. 
T he main distinguishing features of the genus are: (1) long, curved anther-appendage 

embracing the style, (2) the three-lobed lip (tbe side lobes are sraminodes, which are 
relatively broad and fu sed more or less to the mid lobe or lip proper) , and (3) the 
relatively large bracts , each with a s ingle flower and a nontubular braereole, more or less 
im bricating on a Icngthening inflorescence (Z. clarkei from Sikkim is an exception chat 
has two to four Rowers ro each brac t). T he braCts are oftcn but not always colored ; in 
some spec ies, they change color as they grow older. The color of the lip is an important 
distinguishing character. 

T he genus conta ins 150 species: 34 species have been reported from China (Shu, 2003) 
and 24 species from Ind ia (Baker, 1882). The main centers of diversity are South China; 
Malaysia; Northeas t India, Myanmar reg ion, and the Java- Sumatra reg ion of Indonesia; 
Shu (2003) has recently revised the Chinese species. The on ly species extensively L1 sed 
as fl avoring for food is t he true g inger, Z. offirillale. Some species like Z. zemmbet and 
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Z. CtUSlfll""lJlar are well known fa t their uses in n t ' I" Z . . . ' . a Ive mee ]Clne. . 1I11oga IS used as a 
spice and ItS flower buds are in g reat demand in J apan as a vegetable. < , 

Zi"giber officinale Rose. 

R~scoc,: ~ew arr~ngements of the plants of the monandri an class usually called "Scita
mll1e~ , • rra l~s, LlI1n . Soc. 8:348, 1807; Valeton, Bull. Bu itenz, 2nd Ser., xxvii, 128. 
18 18, FluckLger and H anbury, Phannacogral, hia 574 1874· E" g l pA 0 
A r 'k I Nib . " , , er, anzenw. st -

'" es ane ac , argebLete B. Natzl, Aanzen 264 1895' S I Z" .. 
. ' "' " C 1unlann Ing ,beraceae 'n Das Pflanzennch, 4,46,1 70,1904. ' " 

Jnschi , Rheede, Hort. Malabari cus, ll ,23- 25, 1692. 
Rhi zome entirely pale yellow within or wi th a red external layer Leafy St b 

50 II . ' , ., ems to a out 
I fC;;; ~a ,5 mm diameter, g labrous except for short hairs near base of each leaf blade; 
~a . . a es common l.y about 17 by l.8 cm; rather dark g reen, narrowed evenly to slender 

tip, " g ule broad, thm, g labrous, ro 5 mm tali slig lltly bilobed Scape sl d 12 
II I I I " ' . en er, to cm 

ta ,t 1e upper s leat 1S \~ Ith or Without short leafy tips; inflorcscence approximately 4 .5 
cm long and 15 mm ehameter; bracts apl, roximately 2 5 by I 8 c 1 . . I I 

b . I b I . . , " g reen Wit 1 pa e 
su marg ll1a ane and narrow translucent marg in' marg' ns '" d l b ' I I '. , ' I I curve , ower raers WI th 
s ene er wh ite t ip. Bracteoles as long as bract' calyx with ovary 12 m", I II b 
2 5 I l b ' ' , ong; coro a ru e 

. cm ong, a es yel~ow l sh , dorsal lobe 18 by 8 mm (flattened), curving over the amher 
and narrowed to the tIP, laterals narrower. Lil) (mid lobe) nearly c,' rcl,lar . I 
12 I I . 'd " approximate y 

m~l Ollg, ane WI e, clu ll p urple with cream blotches and base, sidelobes about 6 b 
4 mm , free almost to the base, colored at mid lobe; anther crea m, 9 mm long, a enda ~ 
dark pdurple, curved, 7 mill long (Holttum, 1950). The species is steri le andPXoes n~t 
set see s (F'g ure 2. 1, F'g ure 2.2, and Fig ure 2.3). 

Taxollomiral llOles: Roscoe (L 807) described Z o' "ljieil/a/, fro I . l B ' 
Garden at Li r I " . . . 'lJ . map ant III t le otanlC 

, ve poo as Brae/elS ovalo-Ianceolali!, lacil/iis corolla revo/Tltis /leclc/rio trilobata'" 
and referred to A 111011111111 zil/giber Willd . Sp .pl 1:1,6 Wil ldenolV (1 797) , I I L' 
d " itA · . . extene ee II1naeus 
11. es~r.IPtl~t '~~Oll~ltm scaP? IJ/ule, spica ovata" with "squall/is ovatis,/oliis I(mreo/a/ishad ajJicem 
/argme CI .fales . LII1~aeli s S (.1753) A lIIOIIIIIIII zillgiber is the bas ionym for the species. The 
g~nu~ AWOl/111m of LlIlnaelis IS a nomenclatural synonym of the conserved eneric name 
~,;g'ber Boehm (Burt and Smith, 1968). The specific epithet zil/gib,r coul~ nor be :lSed 

~e genus ~/lJglbe~'. T hllS, Z. offirinale was adopted as the correct name for g inger The 
~:~~~~s ~vad.ab l.c-lI1 most herbaria are without- flowers, and it is assumed that Linl~aells 
Th fi IS ( e~c[Jp~on on the aCCOlint and fig ure g iven by Rheede in J-/or/IIS Malabarims 
spe~' 19 uzre g'Iji,ven I yRRheede (Vol. , II , plate 12, 1692) is the desig nated lecrotype of th~ 

Ies . 0ll/CIlIa e osc. Oanscll , t981). 

The species epithet officiI/cdc was derived from Latin meaning " ~vork sb " h ' I . 
early Latil I ' , op, W IC 1 III 

1 was lIsce to mean pharmacy, thereby implyi ng that it 11atl a n I" I 
' , I ee ICllla use. 

Morphology and Anatomy 

The g inger pia t ' l b ' 
has III fib n IS a ler aceoliS perennial g rown as an anllual crop. The plant is ereer 
stem (;;~?'zom~~u~I~~Ots, aerial . shoots (pseudostcm) wirh leaves, and the underg rou nd 
many roots I '. . roots of g lllger are of two types, fibrou s and i1eshy. After planting 
fibrous roOtslavl~g Irdefinit~ g rowth grow out of the base of the sprouts. These are th~ 

,an t lC num er of slIch roots keeps all increasing wi th the g rowth of 
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Figure 2. 1 A g inger plant showing aerial shoms and inflorescencc. 

tillers. These fibrous roots are thin, have root hai rs, and their funCtion is mainly absorp
tion of water and nutrients. As a g inger plant grows further, several fleshy roOtS of 
indefinite growth are produced from the lower nodes of the mother g inger and primary 
fingers. These roOts are thicker, mil ky wh ite in color, with few rOOt hairs, and no lateral 
roots. Such roots carry out the functions of support as well as absorption (Fig ure 2.4 ). 

During the in itial g rowth, the apical bud of the rh izome piece planted g rows out and 
becomes the main tiller or mother ril1er. As this tiller g rows, its base enlarges intO a 
rhizome. T his is the first form ed rhi zome knob and is often called the mother rhi zome. 

-r.rom-either side of tl1Cfhother rhi zome, branches acis aud t.h.c.x: g row out and become 
the primary ti llers (Fig ure 2.5). The bases of these tillers become enlarged and develop 
into the primary flllgers. T he buds on these primaries develop in turn into secondary 
ti llers and their bases into secondary fingers. The buds on the secondary fll1gers in tu rn 
can develop into tertia ry ti llers and tertiary fi ngers. 

The aerial shoots have many narrow leaves borne on very short petioles and with sheaths 
that are long and narrow, and the overlapping sheaths prod uce the aerial shoot. A pair 
of ligules is formed at the junction of leaves and sheath. The leaves are arranged in a 
distichous manner. 

Ginger is a subterranean stem (rhizome) modi fi ed fat the vegetative propagation and 
storage of food materials. The stem has nodes with scale leaves and internodes. Except 
for the first few nodes, all the nodes have axillary buds. When the rhi zome bit is used 
for planting ("seeel rhizome" or setrs), there may be one or more apical buds on it; 
however, normall y only one bud becomes act ive. When large pieces are used, more than 
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Figure 2.2 Sk I f I 
A e~cll ~ t lC gi nge.f plant showing the orig in of shoots, inflo rescence and (lower AS: 

ena s lOOt, R: Rhi zome, 111: Flower, P: Peduncle (scape), S: Spike.' . 

?ne bud may develop simultaneously If I b 
1S responsibl f4 I I ' . more t lan one ranch from the parent rh izome 
branches of t~e ~~ t le u

1 
t.lmate ~r~wth and development of the adult rhi zome: rhe 

The pattern of r1~:ure r ll zome Ile.In the same plane (Shah and Raju, 1975a). 
from the apical bud ~~~~ ~r~nc~lIn~ IS dlustrat~d in Figure 2.6. The mai n axis developing 

, c 1 IS t lC rst developing branch, has 7 co l 5 nodes, which later 
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t' 1~r .. 1 Fo rm" la 
4I9"r 11 ,1 K(J) C(J) A I G{J) 

figure 2.3 Flora l diagram of gi nger flower. 

fig"re 2.4 
f I . k I ' te fleshy roots and the fibrous 

Gi nger rhi zome showi ng tWO types 0 roots- IlK . W 11 

rootS with rOOt hai rs. 

8 0hlll)' and Crop I mprOvtllltllf 0/ Ginger 2 1 

Piglll'e 2. 5 Gi nger rhizome showi ng the conversion of bronch apices into aerial shoO[s. 

becomes an ae rial shoot. O nce this ax is becomes aer ial, the subsequent growth of the 
rhizome is due to the development of the axillary buds situated above the (j rst two to 

thtee nodes of the underground mai n ax is. These axillary branches are plagiotropic and 
then they qu ick ly show otthotropic g rowth at t heir di stal reg ion and subsequently become 
aerial shoms (see Fig ure 2.S). The Same pattern of g rowth is com inued for successive 
branches to form a sympod ial growth pattcrn. A fcw axillary buds at the dista l end of 
the branch remai n dormant. The num ber of prirnary branches may be two, three, or fouf. 
These primary branches arise on either side of the ma in axis. Subsequent development of 
the secondary, tertiary, and quaternary branches are on the abaxial side of the respective 
branches. Irrespective of the num ber of primary branches, the subsequent branches lie in 
the sams plane, although :l lteratiOl f this schemejs seen..sornetimes. A matu re rhizome 
may consist of 6 to 26 ax illary branches with fol iage leaves or only with sheath leaves 
and they show negative geotropic tesponse (Shah and Raju , 1975a). 

The number of nodes in each rhi zome branch varies. T he main axis (mother rh izome) 
and the subsequent branches (primaries) have 6 to lS nodes. The internodal leng th of 
the rhi zome branches ranges 0.1 to 1.5 cm , and varies even in a sing le branch. The 
internodal length is more in secondary, tert iary, and quaternary branches, and in the 
aerial stem it ranges from 3 to 7 em . In the underground stem the nodes have scale 
leaves that ensheath and protect the axi llary buds. These scale leaves fa ll off or may be 
lost, so that in mature rhi zomes on ly the scars remain . Young scale leaves have pointed 
lips that help in penetration of soil. 

The distal few nodes of the rh izome have sheath leaves. At the early stage of develop
ment they lack any apparent sli t due to the overlapping of their marg ins. Later a 
longitudinal slit is formed throug h which the shoO[ tip projects. After the development 
of6 to 12 scale leaves and 3 to 5 sheath leaves, the fo liage leaves are prod uced. A foliage 
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FiguI'e 2,6 
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Growth pattern of the !:: inger rhizome, , 
A, Hab it. B, Typical mode of g rowth p.·utern (nodes afC rcp resented ~y dark hOrizontal 
lines and dormant buds by a black spot), C. Two main axes developJllg from th,e see~1 
rhi zome, and their subsequent branches developing in rhe same ~Ian~. D. A mallllaxls 
with four primary branches and their subsequent branches devcloplll£ to the same pane. 

(Source: Shah and Raju, L975a.) 

leaf consists of a leaf sheath , a ligule, and an elliptical- Ianceolate b lade. T he leaf sheath 
is about 15 to 18 em and lamina abou t 12 to 15 em long. Above ItS. regl~n .of msef[JOn, 
the sheath encircles the internode; and from the sid.e O~)P~to ItS on~ln up to .the 
lig ule, the sheath is open longitud inally. A dist inct mid rtb. IS present only In the, lamllla, 
The phyllotaxy of the scale leaves on the rhizome and fohag~ le,aves on the aenal stem 
is d ist ichous, with an ang le of divergence of about l 80°. W lth l11 the bud, leaves have 

imbricate aestivation (Shah and Raj u , 1975a). 

Il bhome Allatomy 

The early studies on the anatomy of g inger were carried out ~nainly b.y the pharmalo;l~ 
. tS anel they concent rated on the offic inal part, the rh izome, either dry or, re 

nOSIS , f I I bing to 
(
r. 1896) A comprehensive su rvey on the anatomy 0 t 1e pan ts e ong l 
,' utterer, . . . . I k S ( Ie 

Zi ng iberaceae was that ofSolereder and Meyer ( 19 30), In their classlCa wor ~J!~"(I I:;~_ 
Anatolllie de .. MOllocotyledollell (Systematic Anatomy of the Monocotyledons). I ~~y iater 
vided anatomical notes on 18 genera and some 70 species ,(Tom lInson, 195 ~ r ' no 
Tomlinson ( 1956) supplemented the information and filled In the gaps. Howe e. 
information was available on the developmental anatomy. Some studies were carn ed Oll t 

\ 
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by Pilla i et al. (1961), Aiyer and Kolammal ( 1966), and Shah and Raju (I975 b). More 
recentl y, Ravindran and colleag ues investigated the developmental anatomy of rhi zomes, 
oil cells, and associated aspects (Remashree et a I. , 1997; 1998, 1999; Ravind ran, 1998). 
The fo llowing discussion is based 9n the studi es of t he above workers. 

The transection of a fresh, unpeeled rh izome is almost c ircula r or oval , abou t 2 cm in 
diall}ete r, with the outli ne a lmost reg ula r. The TS shows a lig ht-brawn -colored ourer 
border and a central zone 1.2 em in diameter marked off by a ye ll owish ring fco m an 
intermediate cortical zone. A d ist inct continuous layer of epidermis is generally present , 
consisting of a sing le row of rec tang u lar cells; in some cases, it may be ruptured. With in 
th is is the cork, varying in thick ness from 480 to 640 pm and diffe rentia ted into an 
outer reg ion 300 to 400 pm in thick ness , composed of irreg ul arly ar ranged, tangentially 
elongated, slig htl y brown-colored cells, and an inner zone of 6 to 12 reg ular rows of 
thin-walled rectang ular ro slig htly tangential elongated cells arranged in rad ial rows. 
They measure 30 X 30 to 114 X 48 /-1 m. (Nole: Cork tissue develops after the harvest 
and during storing. So when a rhi zome is cut soon after harves t, one may nor encou nter 
much cork tissue.) A cork cambium is nOt ev ident. Inner ro the cork is the cortex that 
is about 4 mm in thickness, composed of thin-wa lled large hexagonal to polygona l 
parenchyma l cells. The cortical cells are heavily loaded with starch g rains. These g rains 
are large, sim ple, and ovoid, in leng th varying fcom 15 to 65 ~lm. Scattered within the 
cortex are numerous oil cells that contain latge globules of yellowish-green color. The 
outermost three to five rows of cortical cells a re not rich in oil contents. Ma ny scattered, 
collatera l, closed vascular bundles are present, of which the greater number is seen in 
the inner cortical zone. T he large bu nd les a re partially or entirely enclosed in a sheath 
of septate fibers, whereas the smaller bundles a re devoid of any fiber. Each vascu lar bund le 
consists of p hloem, composed of small thin-walled polygona l cells with well -marked 
sieve tubes and xylem composed of one to nine vessels with ann ula r, spira l or reticulate 
thickenings. These vessels have a diameter va rying from 2 1 to 66 pm . 1n the enclos ing 
sheath of fibers the number of cells varies very much. There are 4 to 48 fibers or 
occasionally more. These fibers are very long , bur less than 1 mm , have a diameter from 
10 to 40 J..l.m , and are nOt stra ig ht, but undulate in character. The inner limit of the 
cortex is marked by a sing le- layered endoderm is composed of thin-walled rectang ula r 
cells, much sma ller than the cortica l celis, with their radia l walis slig htly thickened and 
free from search grains. The endoderm is is li ned by a pericycle composed of a sing le row 
of thin- va lied sl ightly tangent ially e longated cells devoid of any starch g ra ins. 

The stele that forms the bulk of the rhizome consists of pa renchymal cells simi lar to 
those of the cortex, with starch grains and oil g lobules and a la rge number of irregularly 
scattered vascu lar bu ndles. JUSt with in the pericycle a num ber of very small vascu lar 
bundles are arranged in a ring. These bundles have on ly one to three vessels and a small 
phloem. No fibers are present enclosing these small bundles. Genera ll y, the vascula r 
bund les present with in the stele are sl ig htly larger than those p resen t in the cortex, The 
stele contains more oil cells and starch grai ns than the cortex (Aiyer and Kolamma l, 
1966). 

Rhizome Eulm-gemellt 

~hizome enlargement in g inger is by the act ivity of th ree meristematic zones. Very early 
10 the development of the rhizome, a zone of merisremat ic cells is formed at the base 
of a young scale leaf primordium of developing rhizome. These meristematic cells develop 
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into the primary thickening meristem (PTM) and procambial stands. The meristematic 
activity of the PTM is responsi ble for the ini tial increase in the width of the cortex. The 
second type is the act ively dividing ground parenchyma. The thi rd type is the secondary 
thickening meristem (STM), in wh ich fusiform and ray initials are clearly visible. The 
STM develops just below the endoderrnoidal layer. 

At a lower level in the rhizorne from the shoot bud apex, the PTM can still be identified. 
The scattered vascu lar bundles are developing from the PTM or procambial cells. Such 
groups of cells can be identified by the plane of cell d ivision. The different iation of 
procambial cells into vascular tissue takes place at different stages of rhizome growth. 
U nlike in man y monocots, in g inger rhi zome there is a special meristemati c layer along 
with the endodermoidal layer, and this layer consists of cambium-like cells. The cells 
are thi n-walled and arranged in a biseriate manner. In certain loci, where the vascular 
bund les develop, these cells are elongated with tapered ends and appear similar to the 
fusiform initials with an average of 62.34 Jlm leng th and 8. L2 Jlm width in marure 
stages. Between dlese fusiform init ials, some cells show transverse divisions to form ray 
ini t ials. The presence of the cambium-like layer is an important feature in rhizome 
development. from this layer inverted and irregularly d is tributed groups of xylem and 
phloem are formed along the intermediate layer. The cells outer and inner to the cambial 
layer become fill ed with starch g rains. 

DevelojJmeut of Oil Cells (Iud Oil Dllcts 

O il cells are present in the epidermis or JUSt below the epidermis of the leaf, petiole, 
rhizome, and root. In the rhi zome, oil cell in it ials are present in the meristen1at ic region . 
They are spherical and densely stainable. The in itiation of oil cell s and formation of 
ducts occurs in the apical parts of shoots and roOtS and starts much before the initiat ion 
of vascular elements. Secretory ducts are form ed both schizogenously and lysigenously 
(Remashree et aI., 1998; Ravindran et aI., 1998). 

Scbizogeno/IJ Type 

The schi zogenous type of secretory duct orig inates in the intercalary meristem of the 
developing regions. The duCts are initiated by the separation of a group of densely stained 

___ "m"e"r""istematic cells through dissolution of the middle lamella. Concurrent separation of 
the cells leads to the formation of an intercellu lar space bordered by-parenchymal cells. 
These duCts anastomose and appear branched in long itudinal section. Further separation 
of the bordering cells along the radial wall leads to widening of the duCt lumen. 

L),sigelloltS Type 

The Iysigenous type of duct formation is more frequent in the meristematic reg ion, but 
occurs in mature pacts too. There are four stages involved in its development: initiation, 
differentiation, secretion, and quiescence. These steps are a g radual process that occurs 
acroperally (Pigure 2.7). 

Iniliation anrl eli/Jeremiation: In shoot apex, the meristematic cells are atranged in tiers. 
In between these cells, certain cells in the cortical zone are disting uishable from the rest 
by their large size, dense cytoplasm and prominent nucleus (see Fig ure 2.7 A). Such cells 
act as the oil cell mother cell. Anticlinal and periclinal divisions of these cell s result in 

\ 

Figure 2. 7 
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Ont0;8eny of oil cell in g inger: Iysigenous development. 

A. Ol~ cell mothe.r ~elt . B-~. Division of mother cell. E. N uclear di sintegration of centml 
cDelJ ·kl . ~lIc1e(ar dlslllregrarron (note rhe deformed cell). G. CytolJlasmic condens",'on I_I 

ar "cnmg a cell d . . • .. 
cyto I (I I .comems an IIlcrease in vacuola tion. l. ~·ra ture oi l cluCt with seamy 

V
i> aslm) c, ySlng ce ll ; n, nucleus; oc, oi l cell; sci , secretory duct· s sta rch gra il" 

,vacuo e. " , 

a group of oil cell initials (see Pig ure 2 78 E) C I I . 
oil cells at a d ' f b . - . y op asmlC vacuolation in itiates in the , ,stance 0 a out 420 "m ~ I I 
cells also enlarg' . J . ~ rom t le s wot apex . Subsequently the surrounding 
2.7E F) FIe 'In Size, s lOWIng cytoplasm ic and nuclea r disconfig urations (see Fig ure 

, . un ler ( evelopment Ie d I , .. 
cell, which stretch d a. s to t le (ISlntegration of nuclear content of the central 

es towar the IOtercellular space. Later the central cell disintegrates 
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and t he contents sp ill into the cavity t hus formed (see Figure 2.71). This process that 
takes place in adjacent cells leads to the formation of a duct. T he duct can be either 
art iculated or nonarticulated, and becomes g radua lly fi ll ed up with the cell contents of 
the lysed cells. O nce the lysogeny of the centra l cell is completed , the adjacent cells also 
lyse g radually in a bas ipera l manner, resulti ng in the widening of the duct lu men . These 
stages occur between 1500 and 3000 !lm from the apex. 

Secretion: The differentiated oil cells start a holocrine type of secretion and expel their 
contents into the duct. Then the next cel l (in acropeta l otder) becomes different iated 
into an oil cell and starts eliminat ion of its contents foll owed by lysis. Si multaneous ly 
t he prirnary tissues continue to become differentiated in to new oil cells and reach the 
secretory stage. The secretion fill s the duct in young stages, but the quantity becomes 
reduced g radually, and finally the ducts appeat empty. This could happen because of the 
diffusion of oil basipetall y and radially; such oi l panicles arc deposited in the cells and 
can be seen as black ITlaSSeS inside cells as well as in the intercellular space. Such stages 
are noti ced about 3,250 ~lm from the shoot tip (Ravindtan et aI. , 1998; Remashree et 
aI., 1999). 

Quiescence: fn the mature rhizome the ground parenchyma does not undergo furt her 
division and differentiation in to the duct. In this stage the cells adjacent to the d uct 
become storage cells, contai ning numerous starch g rains and large vacuoles. An empty 
cell or cells with di storted cytoplasm appear along the duCt lu men. Quiescence and 
secretory stages are visible from the third month onward after planting. 1n primary 
tissues t he oil duCt development is schizogenous, whereas further development proceeds 
both schi zogenously and Iys igenousl y. 

Root Apical Organization 

The root apical orga ni za tion m g inger togccher with many other zing iberaceous taxa 
was first reported by Pillai et al. ([961). They found that the structural organi zation of 
g inger root apex differs fro m that of other taxa (such as CII1'CIIIJlt'I, Eleuflria, and Hedycb
ilfllt). In g inger, all zones in the root apex are orig inated from a common group of in it ials. 
From the rim of this common g roup, ca lyptrogen, dermatogen, periblem, and plerome 
becomecl ifferenriated . Raju and Shah ( 1977) also reported a simi laLObs vat i" n in g inge.~r __ =..,.... __ _ 
and turmeric. The following discussion is adapted from PilJai ct al. (196 1). 

The root cap is not differentiated into columella and a peripheral zone, and hence there 
are no separate initial s for these regions. The cells in this reg ion are arranged in vertical 
superimposed files. The cells arise by the aCtivity of a meristem, wh ich ca ll be easily 
differentiated from the rest of the reg ion. Pillai et al. (l96 1) named this meristematic 
region columellogen. In transections, t he cells of the columella form a compaCt mass of 
polygonal cells in the center with the cells of the peripheral reg ion arranged in radi ating 
rows around it. 

fn the root body two histogens could be distinguished : (I) the plerorne concerned with 
the formation of stele and (2) the protoclerm- periblem complex concerned with the 
formation of the outer shell to the stele including periblem and dermarogen. The 
protoderm- periblcll1 complex is located outside the plerome and is composed of a sing le 
tier of cells. The cells of this zone located on the flanks exhibit T-divisions, which help 
the tissue to widen Ollt. Periblem consists of the initials of the cortex extending from 
the hypodemis to the endoderm is. The hypodermis arises from the inner layer of the 
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proroclerl'll1- lf,e ll'iblem initials. The cells composing this tissue vacuolate earlier than the 
oll ter ce s 0 ( l C COrtex. ' 

Endodermis differentiates from the innermost periblem cells a . I I 1 
dome all cells of the petiblem exhibit T r . . . .. II b · utSle e t 1e I' erome 
I .. " . . -( IVISlons Ifll t/a Y lit later in developm ent 

SlOW antlcJJI1al Cil VISIO IlS, and the endoderm is is d iffiere"tl·at d I . PI I " < e at t lat fI me 
erome las ;: ~ t ItS t iP ~ g:oup of more Ot less isod iametr ic cells. On the ~ides of the 

plerome dome IS the Ulll seflate pericycle. Near the dorne cells tak I . b 
f l '" ' ( e ess sta m eca use 

o t 1elf qUI escent na tu re. fh e metaxylem vessel clements with . I I b 
I I I ' . WIC er umens can e seen 

near t 1e p erome come. f he Isodiametri c cell s at the ve ty Centel· of t l I d · . I 
I'k 'b ' " lC P erome IVIC e 
1 e a fI mefl s tem.t~ ? Ive fl se CO ~h~ pith . 1n transecc ions passing near the ri of the 

plerome domc, th~ 1~ltIal s can be cilstlllg uished as a compact mass of i sodi a ll1 e t~ic cell s 
surrou nded by rad iatIng rows of pcriblcmatic cells. 

Cytopbysiological Orgalli:UltioJl of Rool Tip 

The root tip ca n be di sting uished into two zones on cyrophysiologicaJ g rounds: 

.1. The qllies.cent celller: This ~one is fou nd at the tip of the root body, characteri zed b 
;~~ cells :~av lllg (~) cy tol~ lasm highly srained with pyron in -methyl g reen and hematoxyli '; 

.smabl er. nuc el anc nucleol i, (c) cell divisions less frequent, and (d) vacuolat io,,' 
norrcea e In most. ( ( 

The median long isection of this g roup of ceBs is in the shape of . I I . 
forward The b I . . ' a cup WIt 1 t 1e rJlll 

'. a ave c latacrerr StlCs show their state of rest al,d ate call d I . TI . . I J ' , ,e t le qUIescent 
~:nte r. liS zone IIlC lIC es cells belong ing to all the structural hiscogens of the roOt bo I 
I.e. ~ not s ~ructurally delimi table). It g radua ll y merges with the zone oursi c y 

menstemanc zone. Raju and Shah ( 1977) studied the root apices of . d~ , the 
a I ' . . I ' g inger mango g mger 
ne turmefl c WIt 1 azure B staining co locali ze DNA I RNA ' . ' 

idemiF h ' . aile contents III oreler to 
. I' Y dt ~ qlllesC~nt CC fl(~r. ~ .quiescent center was present in all the three cases as 
tne lCate y the lig ht stalllabdny of its cells. 1n long isect ion tI . 
resembles all inverted cup. 1e qUlescellt center 

~~n~:e ~~"~~:"Ifl~ic zo;,,; This ~one is shaped like an arch surrou nding the gui escent 
_~===,..s_l_es_o t 1e roOt ody. The cells of this zone have the fol low ing features: 

a. C(t~Pll asm deeply stained with pyron in -mcthyl g reen and hematoxylin. 
b. e IVle es more freq llcntly 
c. have latger nuclei and nucleoli 
d. vacuolation is absent or l10t prom inent 

The meristimatic . 0 . I I I 
The pe ' fZ ne Inc lie es t 1e cell s of all the structural hi srogens of the root boely 

rcenrage 0 cell d· .. . I I . . 
meristematic Zone TI ' Ilvl slOn IS muc 1. ower .In the quiescent center compared to the 
such as ronin . liS C 1arac~er .comb1lled With the response of these cells to stains 
repose a~X henc~n~;~hY I g reen 1Il ~II.ca tes that these cells are in a state of comparative 
between the t· f' I not syntheSI Zing nucleic acids (Pillai et aI. , 196 1). The distance 

'I' 0 fle toOt body I I the metabol l·C 
I aile t le neares t mature phloem element whi ch carrl·es • proe lICts reg · I b I . , 

This led to tl . utree y t 1e active cells, was reported to be 480 to 490 '1m 
L _ 1e suggestion that the cell I . f I ' . 
uc:causc of the deaftl f ffi '. s a~ (le tIP 0 t 1e root body go into quiescence 

, '0 su lClent metabolt tes (Pill ai et aI. , 196 1). 
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ONtogeny of Buds, Roots, {lnd Ph/oem 

I· I b SI I Ill· ( 1975b) Remashree er al. (1998), 
T he oncogeny of g inger was stuc ICC y la 1 ane aJu , . I I ' I 
and Ravindran et al. (1998). In a long isection, the shoot a:ex IS. dome s l ap~cl w~ta~l~ 
in de runi ca layer, below which the central mother cell zone IS pre.se ~t: . lC . 

~le~i s tem is situated on either side of the central mother zone. The.leaf IS 1I1 1 ~Jat~d fwm 
the outer tu nica layer and fto m the Rank meristcm. The shoot aplCa llo rg~n l ~ttlOn a~c~ 
acropetal diffe rentiation of procambial strands atC closely. r.elated. to t le p? lota~r 
an even lower level bas ipetally in the rhizome axis, addltlOna ~ Inner cortlca ~e s are 
produced by a lateral PTM at procambiu m in which the resul tJl)g ce ll s are radml rows. 

d R . ( 1975 b)· esr igated the narure of rhe shoor The I/(/Illre or the shoot a/lex: Shah an alu IIW'. I · 
" . II . Ie layer of t un ICa occurs, S 10W1l1g 

apex in ginger In the shoot apex 111 a stages, a slOg < •• ffi ' . 
~nl anticli nai divisions. Cytohisrological zonat ion based on stalO lOg a IlIty IS not 
obs~rved at any stage. The distal axial order (cr) includes the centra l grou~ of c:;,~rpus 
cells dividing periclinally and anticlinally and the ov: rI.y ~n~ cells of the W1111 C; (I .1 ~l~rr~ 
2.8). The petipheral zone (prl) is concerned with the IllI tla tlon of the next ea pfl 

as 

Q) 
I 

50um 
D-E 

B 

Sr Ip, 

f'iglll't 2.8 
OnlO eny of shoot apex: (A) dormant rhi zome wi th stage t f<,>Ot apices; (~) rhizome \~.i d: 
stage ~ shoot apex; (C) rhi zo me wit h stages S, 6, and 7 root apl:es; (D) ae.nal apex sho\\ IIlg 
IOI)Ogral)hical zonation; (E) rhi zome apex showing topographIcal zonatlon ·

f
· d. . 

I Ib I f b se' II' II) lea I)r llllor !tun, ab ax illary bud; as, aerial shoot ; cr, centra zone; a, ea a , I' 2' ' e' 
pr ;, pf2' peripheral zone; rr, inner aerial zone; sr, seed rhizome; sz, shell zone. (Sourc . 

Shah and Raju , 1975.) 
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dium and form ation of the leaf sheath on the opposite side. It is del imited by the shell 
zone on the rhi zorne apices, which appears as an atc of narrow cells in med ian longitudina l 
section. The peripheral zone (pr2) is associated with the initiation of the next leaf 
ptimord ium . In the rhi zome apices it is also associated with the ini tiation of the ax ill ary 
buds. As the phyllotaxy is distichous, this zone is opposite to pr, in med ian long isections. 
Pith cells d ifferentiate in the in ner axial zone (rr). 

Shah and Raju (1975b) recog ni zed seven developmenral srages of t he apical bud. In 
stage one (dormant apex), tbe shoot apex li es in a shallow depression, the apex measures 
1I6 to 214 ~m by 45 to 70 ~m . A rew cells tOward rhe Aank showed increased 
concentrations of DN A as evidenced by dense stai ning. Some cells of pr j and pr2 (see 
Fig ure 2.7) showed dense sra inabil ity for C-RNA (cytOplasmi c RN A). T he ourer corpus 
cells show peripberal divisions. In stage twO, the apex is dome shaped and its width and 
height are 94 to 165 11 m and 35 to 75 ~lm , respectively. Zones pr l and pr2 show denser 
histologica l staining than cr and rr zones. A biochemical zonati on is presen t at pr2 that 
shows deep staining for DN A. The apex at stage three measures 76 to 140 J.lm in width, 
and 53 to 86 J.lm in heig ht and is dome shaped . The cells of the inner ax ial zone are 
vacuolated . The shoor apex dome at srage four is 140 to 160 ~ 1l1 hig h and 90 to 116 
J.l m wide. O uter corpus cells are vert ically elongated. At stage five, the apex is a low 
dome having 2 14 to 248 ~lm height and 53 to 75 pm widrh. Cells of the pr, zone show 
dense sta ining. The apex of stage s ix is prominently dome shaped havi ng a width of 
169 to 200 ~lm and height of 87 to 96 ~m. During srage seven, rhe underg round branch 
reaches rhe soil level. T he shoot apex is 9 1 to 1I 2 ~lm in width and 134 to 167 ~m in 
heighr. 

[n ginger all the underground branches show a negat ive geotropic response. Two kinds 
of apices are fou nd in g inger: (1) the apices arc low dome and surrounded by either scale 
leaves or leaf bases, and (2) they are dome shaped and raised on an elongated ax is. In 
the base of the rhizome apices, cells derived fro m the inner axia l zone elongate tangen
tially and contribute to the widening of the ax is. In certain cases these cells extend up 
to the base of the ax illary buds. In a dormant apex they are thick wa lled and contain 
starch grains. These cells are distinct in the dormant or earl y act ive rhi zome apex and 
constitu te lat itudinal growth meristem. During vascular d ifferent iation a few cells of 
this meristem develop in to procambium. Duri ng subsequenr development of the rhizome 
a ex tll c derived.-from the inner ax ial zone elongate and conrribllte to the pith. 

Procambial dif!erelllicition: T he peri pheral or flank meristem divides periclinally and 
produces parenchymal cells. Some of the cells are dist ing uishable from the res t by deeper 
stainability, smaller size, less or no vacuolation , and darkly stai ned nuclei. These are t he 
procambial initials and each such group contains 15 to 20 cells. Later these cells elongate, 
vacuolat ion increases, and they develop g radually into sieve tl!.ges. P rotophloem differ
entiation precedes that of protoxylem . The collatera l differentiat ion of phloem and xy lem 
with parenchymal bundle sheaths becomes dist inct afte r an intermediate stage of random 
differentiation of the bundles. Ultimately the vascular bund les are fou nd scattered in 
parenchymal ground tissue. In transection, an endodermoidal layer is also visible during 
the development (Remash ree et aI. , 1998; Ravindran et aI. , 1998) . 

Axil/my Bud 

The development of leaves and scale leaves that encircle the shoOt apex in g inger rh izomes 
is in a clockwise direction . The axi llary bud meristem is first di scerni ble in the axillary 
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position on adax ial sides of the third leaf primordium from the .apical n~ e.ri ~tem as a 
dist inct zone by the stainability of the constituent cells and multlplane (hVI S I.OI~ of the 
cells in the concerned peripheral meristem seceors. T he ax illary buds thus on g ll1ate as 
a cellular patch in the adaxial side of a leaf or scale leaf ~f the node. In a full y d~ve.loped 
ax illary bud the cytohistological zones akin to the maIl1shoot apexcanbe( .. s tl~c tl y 
observed. The development of a new rhizome is by the enhancement of a dormant aXi ll ary 
bud, which acts just like the main shoot apex . The procambial cells an.d the g round 
meristem cells divide and parenchyma as well as vascular t issues add th ICkness to the 
new ly enhanced ax illary bud. Likewise, many buds . becom~ act ive du rin~ favorable 
conditions, each of which produces secondary or tertiary rhizomes. The ax illary. buds 
show vascularization by the act ivity of the procambial st rands of the mother rhizome 
and procambial cells orig inated from the differentiation of parenchymal cells. 

DClIelopmell1 of Ibe Root 

The adventitious root primordia become differentiated endogenously from : he :~dode r
moidal layer of the rhizome. Roots always develop just below the nodal re~lOn . lransec
tion of the rhizome reveals that the endodermoidal layer and the pen cycle become 
meristematic and undergo periclinal and anticlinal divisions resulting in a group of root 
in it ials. This is in direct connece ion with the vascular ring situated beneath the endo
dermoidal layer. The root primordia atc of the open type, hav ing com mon initia~ s .for 
the cort ical meri stem, root cap, and protoderm, The actively dividing and deeply stai ning 
cent ra l cylinder shows vascu lar connect ions with the rhizome vascu lature, As the enlarg
ing root primordia emerge throug h the cortex, the cort ical ce ll ~ are . crushed and . torn 
apart. Normally, these roOtS orig inate from the lateral or opposite Side of the ax illary 

bud and scale leaf. 

Phloem 

As a rule there is no secondary g rowth in monocotS, However, the rhizome structure of 
g inger gives evidence of bOth primary and secondary growth having a well-developed 
endodermoidal layer and cambium. The vascular bundles arc :oll atera l, c1~sed, and 
scattered in the g round parenchyma. The phloem element conS ists of the sieve tube, 

companiou cells, pa en hyma and fiber. 

Sieve lube: Phloem cells orig inate fro m a g roup of act ively dividing procambial cells 
of PTM. These cells can be disting uished from the surrounding cells by their meristem
atic ac tivity, stainability, and size of the nucleus. During developm~nt , a procambial ,ce ~1 
elongates and becomes thick walled with cy toplasm and a p r~n~I ~1ent nucleus; th l ~ IS 
the sieve tube mother cell . It undergoes a long itudinal unequa l diVISion , and the resultlng 
smaller cell g ives rise ro the companion cell. This cell cont inues to dividc,' forming fou r 
to eight cells. The large cell is the sieve cell . It has cy~oplasm and nu~ leu s 111 early stages, 
which degenerate during its development into the sieve. tube. OUflng furt~1er develop
ment, the vacuolation increases and the cy toplasm shrinks and appears Itke a thread 
along the wall. At the same time, the nucleus disinteg rates and the cell ass~lmes the 
features of the enucleated sieve tube element, The transverse wall of the sieve tube 
changes ro simple sieve plates with many pores and with very little ca llose deposition . 
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T he first sieve rube element can be di st ing ui shed at a dista nce of 720 to 920 pm from 
the shoot apex. 

In the g inger rhi zome, four to eight companion cel ls per sieve tube element arc arranged 
in vertica l lines with transverse cnd wa lls, They may vary from 18 to 32 pm in length 
and 7 to 19 pm in widrh . T he sieve rube elements arc arranged end ro end ro fo rm 
columns of sieve tubes. The length of a sieve tube clement varies from 57.5 to 103.S 
".,01, the average be ing 76.8 ".,01 . The width va ries from 5.29 to 10. 35 f1 m, the average 
being 8.76 !lm (Remashree et aI., 1998). At the ea rl y srage of development, the slime 
body is present in the sieve tube, which appears to be amorphous but homogeneous. 
Later the slime body dis integ rates. 

In g inger, development of sieve tube is pycnotic, simi lar to the second type of nuclea r 
degeneration reported by Esau ( 1969) and Evert ( 1984). The sieve element passes throug h 
a "frag mented multinucleatcd stage," a unique feature in the ontogeny of the multinu
cleated sieve tubes as reported by Esau ( 1938). 

Phloem /}(,rellchyma: The phloem parenchymal cells are com paratively larger than the 
companion cells and smaller than normal cortical parenchymal ce lls, The increase in size 
of the ph loem clement is proportional to the growth of the rhi zome. Some older ph loem 
parenchymal cells become lig nified into thick phloem fibers, 

Anatomical Features of Ginger in Comparison with Related Taxa 

Many spec ies-specific anatomica l va riations were noted in the genus ZiJigiber. These 
variat ions were presented in a comparative study of g inger and three other species 
(Ravindran et 01 1. , 1998). The salient features are g iven in Table 2. 1, which presents the 
important anatomical simi larities and differences among the fou r species: Z. ojJicina/e, 
Z. roselllll, Z. zeflllllbet, and Z. IJIClcrosl(/cbY"lJl. Ginger has di stinct anatomical features 
compared to other species, such as the absence of periderm , shorr-lived functional 
cambiu m, the presence of xy lem vessels with scalar iform thickening, helical and scalar
iform type of xylem tracheids, scalariform perforation plate, outer bundles with a col
lenchymatous bundle sheath , and hig h freq uency of oil cells. The oi l cell frequency was 
found to be 17.8/mm2 in g inger, whereas tbe corresponding frequency in the other 
species was 9.5, 5.3, and 2,S/mm 2 in Z. zerilli/bet, Z. 1II(/c1'Osl(/(hYIlIl1, and Z. 1';;;;''''1, 
(especriveiy. Species differences were also noticed in fiber leng th, fiber width, and fiber 
wall thickness, Histochemical studies indicated that Z. zemmbet has greater amount of 
fibers than the others. 

In general, xylem elements in Zingiber consist mainly of tracheids and rarely of vessels. 
The secondary wall thi ckening in the tracheids of g inger is of two types, scalar iform 
and helical. The rings , or helices, are arranged either in a loose or dense manner. The 
helka,1 bands are found joined in certain areas giving ladder- li ke thi ckening. The width 
?f hebcal tracheids is less than that of scalariform tracheids, Simi lar tracheids are present 
m Z. flJt1croslachY"IIl, whereas in Z. zemmbet and Z. rOSeI(Jll, only sca lariform thi ckening 
OCcurs (Ravindran et aI., 1998), Xylem vessels occur in g inger and not in other species. 
Snowden and Jackson (1990), while studying the microscopic characters of g inger 
po.wder, recorded that the vessels are fairl y large, reticulately thickened, less commonly 
spirally, and annularly thickened. 
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'{flble 2.1 Comparat ive :matomy of four spec ies of Zillgiber 

Tissllt Z. officiI/rile Z, rOItlffll 

Single layered Single layered Epidermis 

Periderm Absent Periderm wi th 
lenticel 

Cortex (outer Not wide Not wide 

cyli nder) 
Endodermis Present Present 

Casparian strips Present Present 

Not found Cambium Present 

Central cy linder \Xlider than the outcr Wider than the 

zone outer zone 

t ess in the outer Number of Less in the aliter 
cylinder than in the zone than in the 

vascular 
bundles inner zone inner zone 

Nature of Collatera l closed Collatera l closed 

vascular bundles 
More toward inner 

Vascular bundles More toward inncr 
cortex and scattered in cortex and 

distribution 
the centra l zone scattered in the 

central zone 

Present 
Pi th Present 

Vessels, tracheids, and Tracheids, fibers 
Xy lem elements 

fibers 

Vessels Vessels few with 
sca lar i forml rct icu late 

Not found 

thicken ing 

Xylem cracheids J-Ielical and Sca larifo rm 

thickening sea an arm type 

Perforation plate Sca lar ifo rm type None 

Sieve tube , Sieve tube, 
Phloem 

companion cell s, companion cells, 

ph loem parenchyma phloem 

and phl oem fibe r parenchyma and 
phloem fiber 

l\'ic(axy lem width Outer zone 5 7 ~m 20 ~m 53 ~m 

Inner zone 84 ~m 

Bundle sheath Outer vascul ar Absent 

bundles possess 
collenchymatous 
bundle sheath 

Oil cell frequency Very hig h Least 

Curculllin ce ll None Present 
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Leaf Anatomical Features 

Z. ztl'llfllbet Z. fl/rlcJ'ostoC/JYlffJI Ginger leaves are isobilateral. The upper epidermal cell s of leaf are polygonal and 
predom inantly elongated at right ang les co the long axis of the leaf. In the lower 
epiclerrnis the cells are polygonal and irregu lar, except at the vein region, where they 
are verticall y elongated and thick walled. The epidermal cells in the scale and sheath 
leaves (the first two CO five leaves above the gcou nd are without leaf blades) ate elongated 
and parall el co the long ax is of the leaf. O il cells in the upper and lower epidermis are 
rectang ular, thick walled , and suberi zed. Un icellular hairs are ptesent in the lower 
epidermis of the foliage leaves. Occas iona ll y, a hair is present at the polar side of the 
scornata. 

Single layered 

Periderm present 

Not wide 

Present 

Present 
NO[ fOllnd 
Comparat ively less 
wider than the 
outer zonC 
Less in the outer 
zone than in the 
inner zone 

CollMeral closed 

More bundles in 
the middle cortex 
and number of 
bundles is ve ry less 
compared to other 
3 species 

Present 
Tracheids, fibers 

Not found 

Scalariform 

None 
Sieve tube , 
companion cells, 
ph loem fiber, and 
phloem 
parenchyma 

25 M-m 53 M-m 

Abse nt 

High 

Present 

Single layered 

Absent 

Wide 

Presen t 

Present 
Not found 
Not wide r than the 
oU(er zone 

More in the oucer 
cy linder than the 
other 3 species but 
lesser than the 
inner zone 
Collateral closed 

Bundles arc 
arranged in tWO 

rows in the midd le 
cortex and on ly a 
few bundles in the 
inner cortex and 
the bundles are 
uniformly 
di stributed in the 
cemral zone. 

Present 
Tracheids, fibers 

Not found 

Heli cal and 
scalariform 

None 

Sieve tube , 
companion cells, 

Ginger leaves arc amphistomatic. A distinct substomatal chamber is present . Scomata 
are either diperigenous or tetraperigenous, Occasionally, anisocyt ic scomata are also 
observed. The subsidiary cells are completely alig ned long itud inally with the g uard cell . 
The lateral subsidiary cell s may divide to form anisocytic ston1ata . Occasionally, (hree 
to five lateral subsidiary cells are formed by further division (Raju and Shah, 1975) . 

The guard cells on the fo liage leaves are 40.6 fJ.m long, whereas those on the sheath 
and scale leaves are 28.9 /-L m long. The S(Qmata on the scale leaves and rarely on the 
sheath leaves show pear-shaped guard cells with a large central pote. The nuclei of the 
guard cells are smaller t han those in the subsidiary cells. Raju and Shah (975) also 
repotted the uncommon wall thickening at the polat ends of the g uard cells. T his wall 
thickening may be restr icted to the outer wall at the polar regions or may also be 
extended to the common inner cell wall . 

Tomlinson (1956) gave a brief note on the petiolar anatomy of gi nger. The shott pet iole 
shows a swollen pulvinus-like appearance. A transection JUSt above the pulvinus shows 
typical structure with two bund le arcs, air canals, and collenchyma. A transection 
through the pulvinlls shows a d ifferent Structure. Here air canals and assi milating t issue 
are absent, there is extensive hypertrophy of ground tissue parenchymal cells, and 
abundant depos ition of tan niferous substances. The most striking feature according to 
Tomlinson (1956) is the collenchymatOus thickening of the cell s of the bundle sheath , 
Below the pulvinus the Structure is again normal as that of the above pulvinus region. 

Table 2.2 g ives the compa rative leaf anatomical features of fOlIf spec ies of Zingibel: The 
stomata ate tetracycl ic in all the species. The fi rst twO subsidiary cells are parallel to rhe 
guard cells and the Other two lie at rig ht ang les. In Z. officina/e, Z. rose",,,, and Z. 

__ ~:=~---- macrostflchYllnt there is a special thicken ing in the upper and lower sides of t he g uard 

phloem fiber , and 

cell, but Z. zemmbet showed some extra thickeni ng on the corners of subsid iary cells. 
The stomatal index was higher in Z, zerilli/bet. Guard cells were the largest in Z. zemmbet, 
followed by Z. officilla/e and Z. lIIrw·oslrlcbpm,. In Z. rose",,, the g uard cells were shorter 
and broader. 

parenchyma 

32 M-Ill 76 M-m 

Collenchymatolls 
sheath is present 
only in outer 
bundles 

Less 
None 

SlomatClI Onlogeny: Raju and Shah ( l 975) described the st tucture and ontogeny of stomata 
of ginger. Here the different iat ion of a g uard cell mother cell or a meristemoid occurs 
by an asym metrical division of protodermal cells. T he meristemoid is distinguished fro m 
the adjacent protodermal cells by its small size, dense stainabili ty of cytoplasm, and less 
1'acuolation. The ant iclinal wall of thc meristemoid appears lig hrly sta ined with periodic 
~Cid-Schiff (PAS) reaction than rhe lateral walls of the epidermal cell and the merisre
lnoid. The epidermal cell on either side of the meristemoid divides to form a small 
IUDSImary cell . This epidermal cell shows dense stainabi lity fo r nuclear DNA. The young 

iary cells arc smaller than other epidermal cells. Later the meristemoid 



34 Gil/gel': Tbe Gel/III Zingiber 

Tflble 2.2 Leaf anatomical characteri stics in four spec ies of g inger 

Timm 

Epidermis 

H ypoderm is 

Mesophyll 
pa lisade 

Spongy ti ssue 

Air cavi ties 

Vascular bund le 
sheath 

Stomatal Index 
Range, Mean, 
Std. deviation 

Z. officiI/file 

Upper larger than 
the lower 

2 laye rs on upper 
side, one layer on 
lower side 

Sing le layered on 
upper side 

3-4 layers,closcly 
p..'lcked 

Absent in lam ina , 
prese nt in the mid 
rib region 

Present on both 
sides and ex tend 
to both epidermis 

5.8- 8.9, 7.45, 1.4 

Z. If/flO·OJ/({ciJYIIIIJ Z. zentmbtl 

Both epidermis Both epidermis 
equal eq ual 

2- layered on both 2- Iayered on both 
sides sides 

No pali sade (issue No pali sade tiss ue 

4- 5 layers, loosely 4- 6 layers, loosely 
packed packed 

Present in the Few cavities in 
mesophyll tissue lam ina, more in 
and more in the the mid rib region 
mid rib region 

Present on both Present on bot h 
sides and ex tend sides and extend 
co uppcr to uppcr 
epidermis on ly epidermis on ly 

7.8- 10.3 ,8. 15, 8.9- 13.2, 10.23, 
1.08 1.4 

Z. r OJtlml 

Both epidermis 
equal 

Upper cells are 
larger, lower cells 
smaller 

Sing le layered on 
upper side 

4- 5 layers, close ly 
packed 

Absent in lamina , 
present in the mid 
rib 

Present on both 
sides and extend 
to both epidermis 

8.01-12.03,9.1 1, 
1.2 

divides to form a pa ir of g uard cells. The epidermal cells rhat are lying at the polar 
reg ion of rhe g uard cell may divide and . occasionally completely abut the stomatal 
complex and appear as subsidiary cells (RaJu and Shah, 1975). 

Anatom ical Features of D ry G inger 

1n commercial g inger rh izome (peeled dr ied rhizome), the ~urer t issue con~ i st.l~g of 
k e iderm is and hypodermis is scraped off So the transect Ions of processec r ll zome 

cor : p f ' ' dod rm is pericyd e and the cent ral cylinder or the vascular zon~ . conSist 0 cortex, en e" .. I .. f I ngl -
·d 's (of dry unpeeled g inger) is frequ endy d isorgalllzec, conslst ll1g 0 0 

tudin~~/~~~~ng rectangular cells; the hypoclermiS'COriSists of a few layers o~p~ren~,ym~ 
cells The cork cons ists of several layers of oblong- rectang ular, t.hl.n-wa e su efl ze 

II . The cortex is made of (1) rhi n-walled parenchymal cells conralO1 ng plenty of starch 
c:ai~;s (2) brown-colored oleoresin and oil cells scattered throughout t he cortex, and (3 ~ 
~brov~scu lar bundles. There is an unbroken endoderm IS made of t~ngentla.ll y elon? atec 
cells wirh thickened suberized radial walls. ~elow the endoderm IS there IS a pefl cyde 
that consisrs of an un broken ring of tangennally elongated cells. . . . 

The central cyli nder consists of an outer and an inner zone. In. the Durer zone add~OII11~~ 
I . Ie there is a vascular bundle zone without fibers. Flbrovascular bu n es a 

t 1e pert eye , I I' d 1'1 d tissue of the oleoresin cells occur in rhe central zone of the centra cy 111 cr. . l~ g roun 
entral c linder consisrs of thin-walled parenchyma l cells contatnlllg sta ~ch . I 

c The fi~ovascu l ar bund les are large. In long isections the fibers are long WIth modetat~a~ 
thick walls and a wide lumen. The vessels are large and scalaflform, except I~l t he vascu 
bund le zone adjoining the pericyde, where large reticulate vessels, scalanform vessels, 
and some special vessels occur. 
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Starch g rains are present in abu ndance. The gran ules are ovate and many are charac
teri zed by a protuberance at one end. They vary in size to abou t 45 f1.m in leng th and 
24 f.l111 in width. Under polarized light the gran ules exhibit a distinct cross througb 
rhe hilum ar rhe tapering end (Parry, 1962). 

Microscopic Featu res of Gi nger Powder 

Ginger rhi zome powder is pale yellow or cream in color with it pleasant, aromatic odor 
and a characteristic and pungent taste. The diagnostic characterisrics of g inger powder 
g iven by J ackson and Snowden (1990) are: 

1. The abundant starch g ranules are mostly simple, f.:1 irl y large, flat tened , oblong 
to subrecrang ular to ova l in ou ri ine wirh a small pointed hi lum Situated at 
the narrower end; infrequent g ranu les show very f..1int transverse st riations. 
Compound g ranul es with two componenrs Occur very rare ly. 

2. The fibers usually Occur in groups and may be associated with the vessels; they 
are f..1 irly large and one wa ll is frequently dentate; the walls are thin and marked 
with numerous pits, which vary from circular to slit shaped in outl ine; very 
thin tra nsverse septa OCcur at inrerva ls. The fibers g ive only a faint reaction 
for lign in. 

3. The vessels are fairly large and usually occur in small groups associated with the 
fibers; they are reticulately thickened, frequently showing distinct, regula rly 
arranged rectang ular pits, and are often accompanied by narrow, th in-walled cells 
containi ng dark browll pigmen t; a few smaller, spirally or annularly thickened 
vessels also occur. All the vessels give only a f.1int reaction for lig nin. 

4. The oleoresin cells in uncleared preparations are seen as brig ht yellow ovoid 
to spherica l cells occurri ng sing ly or in small groups in the parenchyma. 

5. T he abu ndant parenchyma is composed of th in -walled celis, rou nded to oval 
in outline with small intercellu lar spaces; many of the walls are characteristi_ 
cally wrinkled ; the cells are fi ll ed with starch g ranu les or oleoresin . Occasion 
all y, groups of parenchyma are associated with thin -walled tiss ue composed of 
seyera l rows oLcollapsed cells. 

Floral Anatom y 

Rao er al. (1954), Rao and Pa i (1959, 1960), and Rao and Gupta (l96 I) studied the 
floral anatomy of the members of Scitam ineae, in which a few species of ZiJlgiber were 
also inclUded . The floral anaromy of Z. ol/emi, Z. JI/({o·oS/({ChYlllll, Z. Cerml/"'i, and other 
Zingiber spec ies was reported by these workers. Because of the basic similarities in /loral 
characters, it is presumed that the flora l anatomical feacures will also be identica l. The 
fOllOWing discussion is based on the reports of the above-mentioned workers. T he /loral 
anatomical featu res of Z. Cerllllll", (wh ich is d ifferent from Z. officiI/rile on ly by the absence 
of stami nodes) are g iven in Fig ure 2.9. The peduncle conta ins two rings of vascular 
bundles wi th a few strands in rhe central pith. The inner ring g ives off three dorsal 
bundles of the carpels Outward and the latter then d ivide into three large strands 
alternating in pOsition with rhe dorsal bund les of rhe carpels. The central strands un ite 
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Gi) 
10 

6 

4 
3 

5 
9 

8 

1- 10 , different stages in [he development of floral vascu
Plora l ana[QIllY of Z. cenllllllfJ. 
iawre (for explanation, sec tex t). 

fi
· b die for a shan length and fuse with the vascular tissue immediately 

rst lO CO one un . II ' I cental bundles 
I . I Ti,e tllree large bundles divide first Into sma er lOner I' a 

co tle outSlee.' b I ff I tits 
and a large outet parietal bundle. The placental bundle may ranc 1 a I ~ mo~t a. 
base' Tile arieral bundle travels into the sepra and sends a few outware . :al,lc les II~CO 
I . var \~a ll. T he placental bundles in the axile area bear the ovu lar traces. ] he ~ostenor 

t)::i~tal Ybundle is larger and divides even at a lower level than the ot.her twO Into .twO 
--7

1",' --'l1rre A-transverse section through the basaLpatt f the ovary at tl11$ level shows. (l) 
or t . ratively thick ovary wall in which there are nu merouS vascular bund les almost 
~ comrariy scattered (2) in each of rhe three septa there is a prominent bundle rhat may 
I~.r:~l~ ~nco twO anci (3) in the placental zone there are 6 to to strands that bear tr~~~s 
~ I I ules Most of the potential bundles are exhausted in supplyi ng the ovul~s w ~le 
oO:et~; t~:o m~y fuse with the nearest parietal bundle. ~he loculi extend for a c~nslderab e 

distance above the ovuliferous zone, and in thi ~ terminal pan of t~le ~varYI t ~~ n~l~e~~ 
of bundles in the ovary wall is reduced by fUSIOn s amon~ themse ves, an~ a 0 f the 
fi I nos t a single ring near the level where rhe loculI end . Just on t le COp 0 

o~a~y at;le three parietal strands, which have already d ivided into tw.o or t~~e~ bundlesk 
exten'd laterally and form a broad network-like cy.linder of va.scular [Issue. l iS net:~~:e 
establishes vascular connections (anastarnoses) With the pen pherai bund ~ es 'l The cular 
locu li continue upwards into a V-shaped stylae canal. After the ana~~an~os l s ~ le vt

S 
(2) 

tissue directly forms (I) an outermost ring of about 15 small bun es or t e ca yx, 
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1\ next inner ring of about 2S larger strands for the corolla and androecial members, and 
(3) toward the center a number of small scattered strands arrange somewhat in the form 
of an arc. Two stylar traces are given off fro m the two marg ins of thi s arc-like g roup 
and they stand close to the two arms of the V-shaped stylar canal. The nu merous sma ll 
bund les, arranged at first as an arc, break up intO two groups, which supply the two 
epigynous glands present in anter iolateral positions. The tubular basal parts of the ca lyx 
containing the sepa l traces referred to ea rlier are at first separated, and at the same level, 
the twO epigynous g lands also separate. A very short dista nce above, t he style also 
separates. 

The basal parr of the Roral tube contains a ring of vascul ar bundles, an additiona l 
bundle in the medi an posterior posit ion, and a pair of closely placed bundles on either 
side. T he median posterior strand and the double strands on either side const itute the 
supply to the funct ional stamen. O ne of the component bundles of each double strand 
divides in to two in such a way as to result in a third bundle that lies toward the inner 
side with its xylem pointing to the outside. On the anterior side of the Aoral tube, the 
vascular bundles divide and form two rings, whereas on the poster ior face, external to 
the stamen traces, there is only one ring of bund les. The latter are for the labellu m, 
whose margins are fu sed for a shorr distance with those of the fi lament. T he outer ring 
of bundles is for the corolla. 

The Rat filament receives: (1) a small median bundle; (2) a t ri ple strand on either side 
of it, the constituent bundles of which more or less fu se together; and (3) twO or four 
minute strands toward either marg in . T he lateral triple strands are opposite the li ne of 
attachment of the anther lobes to the filament. The minute marginal traces disappear 
quickly, leaving only a small median bundle and the two lateral large composite ones. 
These run in parallel manner upward, and the composi te strands of each lateral g roup 
fuse together more or less completely, so that the anther connect ive contains a small 
median and two large lateral bundles. Above the level of the anther, the conneCtive is 
continued upward as a narrow Rat plate with margins incurved and enclosing the style. 
Each of the two cOlnposite lateral strands becomes smaller and divides into two. Thus, 
in the terminal parr of the fil ament, five bu ndles are present , of which one is the med ian 
one. The med ian bundle fad es out first, leaving a pair of bund les on either side. The 
bundles of each pair then fuse cogether g ivi ng only twO bundles, which run right up to 
the tip and disappear. 

The style receives on ly two traces and these run t hroug hout its length wi thout any 
=-""'"---- branch1n . :!.Jle styl d canal is narrow, V-shaped , the arm s of the Y po inting to the 

posterior side. Toward the tip the arms of the stylar canal spread ou t so that the canal 
appears as a curved slit in transverse seCtions. It then widens out in tO a large canal , 
which opens freely to the outside. The twO vascu lar bundl es of the sty le become more 
prominent in this terminal part and then disappear (Rao and Pai, 1959). 

Floral Biology 

Ginger Rowers are produced in peducled spikes ar ising d irectly from the rhizomes. T he 
9val or conical spike consists of overlapping bracts, from the axils of wh ich Rowers arise, 

bract ptoducing a single Rower. The fl owers ace frag ile, short-li ved, and surrounded 
a scariose, g labrous beacteole. Each fl ower has a thin tubul ar corolla that widens up 
the top into three lobes. The colorfu l part of the Rower is the labell ulll , t he petalloid 
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stamen. The labellum is tubular at the base, three lobed above, pale yellow oU[side, dark 
purple inside the top and marg ins, and mixed with yellow spots. The sing le fertile amher 
is ellipsoid, two celled, cream colored, and dehisces by long itudinal sli ts. The inferior 
ovary is g lobose, the style is long and filiform, and the stigma is hairy. Flowering is not 
common, and is probably influenced by climatic facrors and photoperiod. On the west 
coast of India (Kerala), most cultivars (lower if sufficiently large rhi zome pieces are used 
for planti ng. \'Vhen rhi zomes are left unharvested in pots, profuse flowering occurs in 
the next growing season. Flowering is also reported from the east coast of India 
(Bhubaneswar in Orissa). However gi nger does not usually (lower or flowers very rarely 
in the g rowing areas of such locations as Himachal Pradesh, Utter Pradesh, West Benga l, 
and Northeast India. Holrtum (1950) reported that g inger seldom, if ar all, flowers in 
Malaysia . Flowering is reported from south China, but not from north China, and also 
from Nigeria. In general ginger does not flower under subtropical or subtemperate 
climatic conditions. J apanese workers reported that flowering leads to yield reduction . 
Ginger is shown to be a quantitative short-day plant (Adaniya et aI. , (989). 

J ayachandran et al. (1979) reported that the flower bud development took 20 to 25 
days from the bud initiation to full bloom and 23 ro 28 days to complete (lower opening 
in an inflorescence. Flower openi ng takes place in an acropetal success ion. Anthesis is 
between l. 30 and 3.30 P.M. under the west coast conditions of Kerala. Anther dehiscence 
almost coincides with the flower opening. The flower fades and falls on the next day 
morning. There is no fruit setting. 

Das et al. (1999) repotted floral biology in four cultivars of ginger (Bhaisey, Ernad 
Chernad, Gurubathan and Turia local). They found t hat anrhes is under greenhouse and 
field conditions took place at around 1 :00 to 2:00 P.M. , under the coastal Orissa situations. 
Flowers were hermaphroditic with pin- and thrum-type incompatibility, and dehisced 
pollen g rai ns did not reach the stigma. Selfing and cross-poll ination did not produce 
any seed set. 

Self-I ncom patibi I i ty 

Dhamayanrhi et al. (2003) investigated the self-incompatibility system in gi nger. They 
reported that heterostyly wi t h a gametophytically controlled self-incompatibility sys-
tem exists in gi nger. Flowers ar~ distylous-;-there are long ("pin") and shott...(" thrum "), __ =-::-__ _ 
styles. The "pin" type has a slender style that protrudes out of the floral pares, which 
are short , covering not even half the length of the style. The stigma is receptive before 
the anrhesis, whereas the anthers dehisce after 15 to 20 hours. The anthers are situated 
far below and hence the poll en grains cannot reach the stigma. In case of the "thrum" 
style, the stig ma is very short and the staminodes are long and facing inward . However, 
the occurrence of thrum styles is very rare among cultivated g inger. According to the 
above-mentioned workers, this heterostyly situation may be a contributing faccor to 

the sterility in ginger. However, this may not be very important as almost all cultivars 
are the pin type and pollination is enromophilous, mostl y by honeybees. Dhamayanthi 
er al. (2003) have also reported inhibition of pollen tube g rowth in the style, and this 
was interpreted to be due to incompatibiliry. Adaniya (2001) reported the pollen 
germination in a terraploid clone of g inger, 4 X Sanshu . Pollen germination was hig hest 
at around 20°C and pollen t ube g rowth in the style was g reatly enhanced at I]DC. At 
this temperature, the pollen tubes penetrated into the entire length of the style in 
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66.7% o~ the styles analyzed. Pollen stored for 3 hours at a relative humidit HH of 
40 to 80 % completely lost Its viabi li ty, whereas poll en incubated at 100% HI~ ( .) I 
relanveIy 11Ig h germlllabil ity When the RH I I 0 . retalilee 
stopped g rowing. I-Ience for p~ lIen to germinate \;~~ gOt:~v ti~et/::~Ite l; tL~~e in the ~ tyl e 
low temperature (approxi mately 200C) and 100% 1' 1-1 . Y ar Issue, relat ively 

, 0 ," are essential. 

Embryology 

The ~mbryo logy of g inger has not been investiga ted criticll ll y so ca d· · I 
amaz lIlg th' t I . . • It r, an It IS rat 1er 
• , . . d suc 1 an economICally Jlnporrant species has been i 'nored b _ b . 
One pOSSible reason may be the absence of n _. . I gd . Y ~m ryolog lsts. 

. _ . owenng ane see set III g ll1ger in most 
growlllg reg ions. However, some information is ava ilable 0 11 a r id _ . , ~ 
rOl/(/(hplIIl. The embryological feat ures of the ' < , '. Z. .'b e ate SpCG I.es,. Z. 1)/("1(-
I I· ft . genera In IIlg l eraceae are Similar and 
1ence t le III ormatIon 011 Z. JI/(,lCrol/clChYIIJIt may as well be apjJlicable t. ' • 

The embryo sa I I r. II . 0 g inger. 
TI I • c e eve opment 0 ows the PO/ygO/1I1111 type (Panchaksharappa 1966) 

1e o~u .es are anatropous, bltegmic, and crassinllcellate and are borne on' an .j 
placentatIOn. The inner integ ument forms the mi cropyle. In the I ... .: aXI 
hypodermal a rchesl~orial cell cuts off a primary IJa rieta l c II I ovu ~1 pllmoldlum the 

II W . 2 10) . - . e ane a pnmary sporogenous 
ce I I g ~lre . . I he form er undergoes anticlinal d ivis ion. The sporogenous c II 
~~ arges Into a megspore mother cell , which undergoes meios is formin me ' e 
I he chalazal spore enlarges and produces the embryo I I g gaspores. 
successive divisions resulting in a eig ht-nucleate embr ~'~~c tsp:.~uc eus lII~d.~rg?es ~hr:e 
1I/(1Cf'01/({(hpflJlJ the synerg ids and antipodals degenera{e Th·e ratoer oto

f 
fe
l 
rtdlzalt l~n. III IZ. 

emb f· ( I · · < . r; t 1e nuc el 1Il t le 
hay r~o I~ac 0 I g ll1ger W.1 1 ~h IS a sterile species) is not known . However, some studies 

~ e .IIlC Icatee a postmelOtlc degeneration of the embryo sac (p· lI . I 
IllCatlOn). < I aI, persona commu-

Cytology, Cytogenetics, ancl Palynology 

Mitotic Studies 

The chromosome number of ginger was reponed as 2n = 22 by M . I 

~~:~ :~~~~~ ~~3~) ~;:;i;g#n an~1 J~,aki Ammal (1945) cited a rej~~;;'~;o~: ~~k~\~~r,; 
and Venkatasubban ( 1943).0

0 
"I"" e. Ifll ore fderaded study was carried Out by Rag havan 

. n t 1e cyto ogy ° three species Z 'Iji. l Z and Z. zertllJlbe/ and 'III th J d I . ' -' . OJJlCIl/t'I e, . ((/1JlIIl/llIIl/t'lY, 
on the crn; I .·.d ree la t le somatIC chromosome number of 2n = 22 Based 

I erences 111 I eog ram fllorlJholog tl b· . 
that the ch y, 1e a ove-mentloned workers concluded 

romosome morphology of Z o,cljic· l I·(r r 
Janaki Amm I (0 I· .. 'l) ilia e was c I lerent I rom the other two species. 
. a ar mg ton and J anakl Ammal 1945) I " .. 
In certain typ f· . ' , reportee two B chromosomes 
(1948) I res a g mger In addition to the normal complement of2 n = 22 CI k . 

a so round 2n = 22·· IT . 1a ravort l 
of I I bivalents in s . rklll l lllger. - e concluded that in view of the normal pairing 
chromosome of 2n I:c;e; . I e b· (ajJlI"~/IIIIJ(lr and Z. zertllllbet , Z. lJIioga having a somatic 

Sha I IS to e conS Idered a pentaploid (Table 2 3) 
rma ane Bhattacharya (1959) d I . d . . 

teney in chromosome numb . reporte ~ le WI .esp~ead occurrence of an inconsis
/iato (1960) carrie I k ers In several speCIes ofZlng lberaceae including Z. o/ficillale 

• e out aryotype studies of 24 . b I . . 
Concluded that the b ' b speclCs e ong lllg to 13 genera and 

aSI( nllm er of the genus Zillgiber is x = 11 and that Z . 
< '. 1l1l0gt'l 
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Figure 2. 10 
I ) 1- 8. smges in the development of the embryo 

Embryology of g inger (Z. III1W'01IOC')YIIIII . 

sac (for details see text). I I Will' archesporlal cell 3 L S ovu le with 
I . L.S. of t1~atrOPol~:'~v~~/ ~dS t~;r~de. \10 6-:-4~ and 8-nucleate embryo sacs. 7, 8. __ ,:"-~-__ 
meagspore motller ce . . s la\ ' I d . I 1 . 1 8 
Or~an i zed embryo sncs. Note the degenerated sy nergic san anu\)()( n s 11 . 

. ='s a ,ema loid. Ramachand ran (l969) studied the cytology of five 

~';;~~! ~; Zillg;?-, '(Z: 1~!aC1'OS;:Cb~IIII' ~. ;0":"'2; i'l~i~;:i:;~;~:'e;' ;:~II;~~le~d a~~ic~n"!tc~f 
Jlale) and fou nd a cil plOid .nun~ er 0

1 
n s and inversions in g inger. Mahanty (1970) 

structura l hybrid ity involvIng IIlterCla';,fe, I 2n = 22 fo r Z. specltlbil, and Z. 
stud ied the cytology of Zmg,berales. e r~po.rte( b ICh more correctly 
cy/;nc/riCIIIll and concluded t~l at th: ~en.us 2mglber appears ro e ml 

placed in H ydychieae than ."1 th~ ~1Ilt'bereae . of 32 cul t ivars of ginger (Z. offici/wi,) 
Ratnambal ( l 979) IIlvestlgatec t 1e aryotype ber of 2n = 22 (Figure 

and found that all of them posse~~ a somatIC chrom~:l~~l~ l~s~~catiOn (Stebbins, 1958), 
2 l l ) T he karyotype was categomed based on Stebb I I I the shortest 
.' '. Ir e de rees of d ifferences between t le ongest ane 

wlhich reco" genol zfe: h~ l c: mpl;ment and fou f deg rees of d iffe rences with respect ro the 
c lromOSOI 

, 

Table 2.3 Chromosome reports on Zingik r 

Species 

Z. officillale 

Z. r01etlflZ 

Z. UJigbtiaml1lz 

Z. 1pectabile 
Z. rylilldriOlfll 

Z. mUlUmOlllf'" 

Z. c/arJui 

Z. ot/emi 

Z. mioga 

Z. zemmbt, 

" 

11 

\I 

\I 

\I 

\I 
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2" Reference 

22 Suguira (1936) 

22 Moringa et al. (1929) 

22 Raghavan and 
Vankat3Subban (1943) 

22 Chakmvort hi ( 1948) 

22 Sharma and Bhattacharya 
( 1959) 

22 + 2B Darlington and J anaki 
Ammal (1 94 5) 

24 Takahashi (1930) 

22 Ramachand ra n (1969) 

22 Ratnamba l ( 1979) 

22 Ramachand mn (1969) 

22 Ramachand ran (1969) 

22 Mahant y (1970) 

22 Mahamy ( 1970) 

22 Rag hava n and 
Venkatasubban (194 3) 

22 Ratnamba1 (1979) 

22 J-Iolttum (1950) 

22 i-io1ttlllll (1950) 

55 Moringa et a!. (1929), 
$."0 (1948) 

22 Ratnamba l (1979) 

proportion of the chromosome that are aCfO-, meta-, and te locentric. An asymmetrical 
karyotype of " tB" was fo und in all cu lt ivars except in cvs. Bangkok and J orhat, which 
have a karyotype asymmetry of l A (Ramambal, 1979). The karyotypes of various 
culrivars exhi bited on ly minor d ifferences (Table 2.4 .). T he tota l chromosome length 
varied from &2-A-f.lm in cv. Jorhat-to 3774 11 m in . China. The lengt h of the longest 
chromosome ranged between 2.8 f.lm (in cv. J orhat) and 4.8 11 m (i n cv. China). T he 
leng th of the shortest chromosome ranged between 1.2 fLm (in cv. Rio de J aneiro) to 

2.2 f.lm (in cv. Chi na). 
Ratnambal (979) lIsed the karyotype daw in a genera lized distance- D2 stacisti cs 

analysis. Based on the 0 2 values, the cu ltivars were g rouped into different cl usters. 
Thitry- two cul tivars fell into eight g roups, A- l-J (Table 2.5). The relative d istance 
between each group is a measure of the extent of d ivergence of the cult ivars constitu t ing 
the gcoup. Cultivars Tafingiwa, Jamaica, Rio de Janeiro, Thinl~d i um , T hingpuri, Maran , 
and H imachal Pradesh did not fa ll into any cluster, indicat ing t heir independence as 
well as divergence from the res t of the cult ivars. Z. zemmbet and Z. CI'ISItlJtJIIIII/(lr did not 
fall into any group, but Z. lIIadJrOS/(IchYlIlll fell inro g roup B. It was also seen thar 
Beographical distances did not infl uence the clustering . This is expected in a strictl y 
vegetatively propagated species, the planting materials that have been transpotted from 
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r1iglll'e 2, 11 Mi tot ic mewphase showing 2n = 22 chromosomes, 

'{'(Ible 2.4 Karyoly pe variabi lity in gi nge r culti vars 

Sl. No, Km)'ol),/Ie C/J(ll'drler 

I. l owl chromatin leng th ( jJ.m) 

2. Leng th of longest chromosome 

( jJ.m) 

J. Leng th of shortest chromosome 

(p,m ) 

4. No. of median chromosomes 

j . No, of submedian chromosomes 

6. No. of su bterminal 
clTI'01'fIDsnmes-

7. No. of satelli te chromosomes 

8. Type of sy mmetry 

1~t1l1ge 

22.4- 37.4 

2.8-4 .8 

1.2-2 .2 

1- 9 
2- 10 
0-2 

IA 

In 

cv. Jorhat, cv, China 

cv, Jorhat , cv. China 

cv. Rio de J ane iro, cvs. China and paona 

cv. Jug ijan, cvs, l\.'iflllanthody and Arippa 

cv. Mananthod y, cv. Jug ijan 
cvs. Klirupptllnpad i, Paona, and H imachal 

Pradesh. --'=:"--:----
In HII culti vars 
cvs. Jorhat and Bangkok, species Z, 
IJItICI'OJ/(/( /J),lIlJ1, Z, ztl'llIIlbef, and Z, CtlJl(lJIIIIJI/(II' 

In all other cult ivars 

Source: Raloambal (1 979), 

, I k ot Je of the culti vars remained relat ively 
reg ion to region and between counrrfles. T )e

b
. arYt'oYnla"d evolution by sexual processes, 

. I b f the lack 0 recom rna' , d 
asymmet fl Ca ecause ? ,< d I I of three spec ies that are closely relate 

b I ( l 979) IIwestlgate t ,e cy tO ogy . 2' 6 
Ramama a ' I 1 ' n the haploid compliment was ,), 

to gi nger. In Z. zemll/bet the total chromatin engt' , f 29 to l 6 ~m . Six of 
II T he absolutc length of individual chromosomes range~ ~om I . b' d 'an cen-
~m,' . and the rema1l1 111g lave su me I . 

II chromosomes have median centron~e res. r and three short The third cllfO-

tromeres, Four chrom?somes are long, I our mee :~~ ~~' ~[[ached to its 'long arm, In Z. 
\v ',t l, a meelian cent romere las a sate I • mosome < 
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Table 2.5 Grouping of gi nger cu ltivars based on D1 analysis of karyotype data 

Crollp 

A 

n 
C 

D 
E 

F 

G 
H 

China, Assam, Burdwan 

\Vynad, KUllnamanga lam, Sierra Leone, Ku ruppurnpad i, Jugidan , Jorhat 

Narasapattam , Paona . 

Ar ippa, Tura 

Eranad , Manjeri , Nadia, Utta r Prades h 

Wynad local , Valilivanadu 

Taiwan, Bajpai, Bang kok, Vengara 

Eranad Chernad , Thodupu l ha 

Source: Ratnarnbal (1979). 

lI/(lCYOJ/(iChYIIIll the [Otal chromatin length of the haploid complement is 29,6 pm . T he 
absolute leng th of individual chromosomes varies fro m 3.5 to l.9 11m, Chromosomes 1, 
2,4, 5, and 9 have submedian cencromeres; 3, 6, la, and 11 have med ian centromeres; 
and 7 has terminal centromeres, The second chromosome had a satelli te on its longer ' 
arm . Z, C(IJJIIJlllI1ll1ar had a' total chromat in leng th of 24,7 J.Lm ; the individual chromo
somes length varied from 2.9 ro 1.6 J.L1n . T he katyotype is characte ri zed by one subter
minal, twO submedian (one of which is satell ited), and eight median chromosomes, There 
were three long, three med ium , and five shan chromosomes, In all three species the 
typc of asymmetry is reponed as being lA, 

Oas et al. (1998) carried Ollt karyotype analysis and 4C DNA estimat ion in eight 
g inger cultivars, They recog ni zed five types of ka ryotypes occurring in these cultivars. 

Type A. Large- to medium-sized chromosome with primary and secondary constric
tions nearl y submed ian in position, respectively 
Type B. Large- to med ium-sized chromosome with two constrict ions, one in the 
submed ian posi tion and other in the subterminal position 
Ty-~all:sized chromosome with nearl y median to median primary constriction 
with satellite bodies on the long arm 
Type D , Medium- to small-sized chromosome with nearly submed ian pri mary 
constric tion 
Type E. Medium-sized chromosomes with nearly submedi an primary constriCtion 

All the types of karyorypes are found in the cvs. Bhi ta rkata loca l, Himachal Pradesh, 
and Tura . The A type was present in all the culti vars except in cvs, Raipur local and 
Wynad. The C type chromosome was common in all the culti vars except in cvs, Maran, 
Nadia, S-557, and Tura. D and E types were found in all the cultivars. The total 

leng th ranged from 64.80 fL m in cv. S. 557 to 98.1 2 fL m in CY. Wynad. 
chromosome volume was fro m 84 .35 fLm J in S.557 to Il 26.36 fLm 3 in Wynad. 
4C DNA varied sig nificanrly in differei" culti vars of g inger; ftOm l 6.234 pico

(pg) in cv. S. 537 to 22.934 pg in cv.Wynad. The average chromosome length and 
ranged ftom 2.94 to 4.46 and 3.83 to 5.74 ~m3 , respect ively. The nuclear DNA 
was directly proport ional to [he tOtal chromosornc volu me, which in tu rn was 
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pos iti vely correlared wirh the chromosome leng th . The vatiability in DN A amount has 
been attributed to loss or addition of hig hly repetitive DNA sequence rather than the 
aden ine- thymine (AT) or g uanine-cytosine (GC) rich sequences in a genome, which 
reached a certain level and became stabi li zed during microevolution and gradual selection 
(Das et aI. , 1998). 

Meiosis 

Ratnambal ( 1979) and Ratnambal and Nair (1981) stud ied the process of meiosis in 25 
cultivars of g inger. These cultivars exhibited rnuch intercultivar variabil ity in meiot ic 
behavior. Cultivars like Karakkal form ed only bivalems, whereas in cv. Taiwan two 
hexavalents, one quadrivalenc , and three bivalents were present. Univalents were very 
common and much variabi li ty was noticed in respect of their number (Figure 2. l 2a, b). 
The presence of multivalent and chromatin bridges was found to be a common feature 
in most cultivars stud ied by Ratnambal (1979). The presence of multivalents in a d iploid 
species indicates structural hybridity involving segmental interchanges , and fou t to six 
chromosomes are involved in the translocations as evidenced by guadrivalents and 
hexavalents. This st ruCtural hybridity might be contributing to the sterili ty in g inger. 

Rarnambal (1979) also reported tWO to six univalents in various cultivars; the lowest 
was in the cv. Mananthody and the hig hest in cv. Karakkal. The number of univalents 
observed at metaphase 1 was morc than that in diakines is, and t his has been artributed 
to t he precocious separation of one or two bivalencs. Most of these univalenrs end up in 
the formation of micronuclei and are lost subsequently. This leads to the producrion of 
gametes with defic iency and is likely to lead to sterility. A hig h percentage of abnor
malities has been observed during the first and second divisions, as well as in the tetrad 
stage. The bridges noticed were presumed to be due to inversion heterozygosity or from 
chromosomal breakage and reunion in the early stage of meiosis. Uneq ual breakage of 
bridges at anaphase mig ht be leading to the prod uction of gametes with duplications 
and deficienc ies (Ramambal, 1979). 

Structura l chromosomal aberrations occurred at all stages of mlcrosporogenesis in 
g inger. T he predominant aberrations were laggards, bridges, and fragrnents at anaphase 
I; laggards, bridges, an tagmcntsl irregular chromosome separat ion, and irreg ular 
cytokinesis at anaphase 1I; and micronuclei and"'Slij')ernumerary spar arthe quartet 
stage (Table 2.6). Ratnambal (l979) had shown a posit ive linear regression beeween 
pollen ster il ity and chrornosomal aberrat ions at anaphase 1I and aberrant guanets. 
Structural chromosomal aberrations have been att ributed as the cause of sterility in 
g inger. But how such a diploid species as g inger came to acq uire a complicated meio[ ic 
system that led to chromosomal sterility is not well understood. A hybrid orig in followed 
by continuous vegetat ive propagation can be one reason for the abnormal chromosomal 
behavior (Racnambal, 1979). Belcram and Kam (1 984) studied meiotic fearu res of 33 
species in Z ing iberaceae, including nine spec ies of ZiJJgiber. They observed various 
abnormali ties such as aneuploidy, polyploidy, and B chromosomes. T hey also confirmed 
the diploid nature of the Malysian Z ing iber (x = Il ) and the pentaploid nature of the 
J apanese ginger, Z. miog(/.. 

Das et al. (1998) stud ied meiosis and sterili ty in four cultivars (Bhaisey, Ernad Chernad, 
Gorubarhany, and Thuria local) and reported a 30 .35 to 40.5 % meiotic index in them. 
Pollen mother cells showed incomplete homologous pa iri ng at metaphase 1 and spindle 
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Pigllre 2.12()M· · . .. 
a ClOsls(diakincs is)showing I ' I (b) .. 

and univalenrs. mu Uva em s. Meiotic metaphase showing mulcivalems 

fP,no
"m:a1il' i·,es (e.g., la te separation laggard . k b · I 
pollen sterility. Das et al (l 999)f. j ' I S, S tl C Y . tIC ges) at anaphase I , leading to 

"'·'"mts, with irregular' . c/ t lat tI~e srerJiay Illight be due to nonhomology 
,/I1I"i', n. The absen f sepa~at l ~n 0 genomIC cornplements leading to steri le gamere 

. ce 0 gcrmmanon pores on t l II . 
Impediment to seed set. le po en grams has also been indicated 
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'{tlbit 2.6 
. . I \I T ty in ginger cu ltivars Chromosomal abnormalit ies an( po en secn I 

Percelltflgt of 
Pemlllfigeof 

Percentflge of PAles PMCs with 

with allflphase 1 Afetap/JlIJt 11 Abllol'lIIal poI/til 

abllot'1llfllities abllol'lIlt1lilies tell't1ds steril;ty 
SI. No. Cult;vflYJ 

45.8 52 .9 8 1.0 
I Chi na 31.0 

42.9 82.0 
Bangkok 33.3 51.7 

2 
40.0 5 1.9 82.8 

3 Taiwan 8.1 
85.0 55. 1 52.2 

4 Sicrra Leone 47.2 
34.4 48.8 82.9 

5 l ufmgiwa 11.0 
30.2 54.2 54.4 

6 Jamaica 11.6 
70.6 90.2 

Rio de Janeiro 17.6 71.2 
7 

39.4 37.9 76.7 
\'\fynad local 5.5 8 

70.7 80.5 9 1.4 
9 Kunnamangalm 15.4 

82.5 60.2 42.2 
Mananthodi 2 l.l 10 39.7 79.6 
Kuruppampadi 24.5 30.8 

I I 
26.9 30.3 74.2 

Eranad Manjcr i 18.0 12 56.7 84.4 
Eranad Chcrnad 21.4 41.5 

13 
39.4 33.8 85.6 

14 Val luvanadu 20.0 
69.2 61.2 86.4 

Thodupuzha 9.8 15 
20.6 51.9 84.0 

16 Vcngaro 3.2 
85.7 58.3 48.7 

17 Karakkal 20.7 
67.0 58.8 86. 1 

18 Uttar pradesh 32.9 
85.5 

34.2 6 1.4 5.5 
19 Bajpai 

51.6 78.5 
38.4 6 1.2 

20 Assam 
79.4 88.7 

18.7 8 l.l 
21 Jorhat 

47.2 24.3 84.0 
21.4 22 Thingpuri 

72.4 83.2 88.8 
Jug idan 19.7 23 

24.6 47.9 79.6 
24 Bllrdwan 23. 1 

79.3 
19.4 76.6 71.2 

25 f',.-1aran 9.0 
28.4 19.3 15.2 

26 Z. zertllllbtl 
18.3 4.7 

23.0 28. 1 
27 Z. ((IS,,,,I1I11I1111ar 

PMC, pollcn mother cells. Source: Ramambal (979). 

I'ollell Mor/Jb%gy 
• i r investi acors (Scone et aI., 1979; Zavada, 1983; Dahlg ren e[ aI. , (985) were 

!t;h:a~~)~niOn tha; the pollen gra ins of the family are exi neless
d

,. po~seds~lIlg ~ Sttt~l;ti~lr~II~~ 
I 

. . (I-I e and Waha 1982). However late[ scu les 111 Icace " d 
comp ex IIlt1l1e ess < " • •• I d ve lope 
majori[y of [he Zingibecaceae an ex inous layer does eXist, ~1[ht9lt~' Ig PO~~~9)e Recen[ 
. taxa (Kress and Scone 1982; Skvana and Rowe y, ,len, . 

~~lf;l~t.:C~ I~~U~~~: . I~~~g~~::~~~~[~~~~e~~:~r;:~I:~,il~;'~~I:~v~:;,"~:~:~r~~~w:cel:~r;;:~~~~~ 
I S t C[yp[anrhium has ellipsoid pollen g rams with splrostnate SClI P 

w lereas ec. . 
(Liang, 1988; Chen, 1989). 
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The pollen of Zingiberaceae is lIsuall y classified as inaperturatc, bur Zillgiber is an 
exception. Some workers described Zillgiber pollen as monosulcate (Zavada, 1983; Da hl
g ren et aI., 1985; Mangaly and Na ir, 1990), whereas others reported the pollen as being 
inape"ura,e (Liang, 1988; Chen, (989). T heil ade e' al. (1993) made a decail ed scudy 
of pollen morphology and structure in l 8 species of Zingibe,.. T he pollen is spherical or 
elli psoida l. The spherica l pollen gra ins have a cerebroid or reticu late sculpturing. The 
gra ins arc 55 to 85 Pill in diameter. The elliptical pollen gra ins (in Sect. Cryptanthium) 
have a spiroscriate sC lllp[llring. The grains arc 110 to 135 by 60 co 75 11m. The poll en 
g rains have 2 to 3 J-lm thick coherent ex ine. The imine consists of two layers, a 5 I-lm 
thick outcr layer and 2 CO 3 J..lm thick inner layer adjacent to the protoplast. The outer 
layer is radially striated; the inner layer has a distinct, minute fin e structure. No apertures 
are present. It has been indicated that the emire wa ll functions as a potential germination 
sice (Hesse and Waha, 1982; Kress and Scone, 1982). Nayar (1995) sclldied germina[ ing 
pollen g rai ns of 22 taxa in Zingibera les including Z. rOSCl/1II and Z. zemlllbet and reported 
that the pollen g rains possess an ex ine conta ining sporopollen in . lnside this layer there 
is a well-defin ed iamellarred cellulosic layer (described as the Outer layer of imine b}' 
earlier workers), which is the medine. The intine is membraneous and consists of ce ll ulose 
and protei n and is in t:1Ct the protoplasmic membrane. At germinat ion a sol itary pollen 
tube develops that has (he protoplasmic membrane (in tine) as its wa ll and pierces the 
outer layers smoochly even in (he absence of a germpore or aperture (Fig ure 2. 13). 

2. J 3 Germinat ion of pollen gra ins. 
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The stainability percentage ranges from L4.7 (cv. Thin8puri) to 28 .5 (in cv. Pottang ; 
and Ch ina). Usha ( 984) reported 12.5 and 16.4% stainability in cvs. Rio de J aneiro and 
Moran , respectively. Pollen germination ra nged from 8 (cv. Sabarimala) to 24 % (Moran) 
(Ohamayanthi et aI., 2003). Pil lai et aL (1978) reported 17% pollen germination in cv. 
Rio de Janeiro. The pollen tube g rowth under in vitro was maximum in cv. Ch ina (488 
JJ.m) and minimum in cv. Nadia (328 J..l.m). The Ilumber of poll en tubes ranged from 
6.5 ( in cv. Nadia) to 16.7 (in cv. Varada) (Dhamayanthi et aI. , 2003). 

P h ysio logy of G inger 

Effect of Day Length 011 Plowel'illg and Rbizome Swelling 

Ginger is g rown under varying cl imat ic conditions and in many countries in both 
hem ispheres. I t is genera ll y regarded as bei ng insensi t ive to day leng ch. Adaniya et al. 
(1989) carried out a srudy to de termine the in Auence of day length on th ree J apanese 
cu irivars (Kintoki, Sanshu , and O shoga) by subject ing the p ianrs co vary ing lig ht periods 
in comparison with nant rai daylig ht. In the th ree cui rivars, as the lig ht periods decreased 
from 16 to 10 hOllrs, there was inhi b ition of vegetative g rowth of shoots and the 
undergrou nd stem. T he rhizome k nobs became more rou nded and smaller. As the day 
length increased to 16 hours, rhe plants g rew morc vigorously and the rh izome knobs 
were slender and larger and active as new sproucs comi nued to appear. W hen the lig ht 
period was cx tendcd to L9 hours, there was reduction in all g rowth parameters, and it 
was on a par with the 13-hou r lig ht period. It seems t hat the vegetat ive g rowth was 
promoted by a longer light period up to a certain limit, whereas rhi zome swell ing was 
accelerated under a relatively short day length (Table 2.7). The resu lts also suggested 
that a re latively short day length accelerated t he prog ression of the reproductive growth, 
whereas relatively long day leng th decelera ted it . G inger is therefore described as a 
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Table 2. 7 EfTccr or photoperiod on the g rowth of underg round parts 

Cultit'l,r 
Dfly 

\"(Ieigbt 0/ 
No. 0/ \"(Ieigbt 0/ (I rbizollle 

Imgtb (h) rbizome klJob! rhizome (g) knob (g) 
Kintoki '0 27 .0aY 75.2b 2.7I b 

NO' 30.4, II S. 2a 3.80, 
13 30.6" , 02.0,b 3. I 5b 
16 29.9, 12S.Sa 4.33, 
19 2S.Sa 99. 3,b 3.50, 
10 26.7, 58.3, 2. IBc 

Sanshu 

NO 39.6b 151.4b 3.82b 
13 47.5, 15 2. lb 3.26b 
' 6 45.2,b 2 12.3a 4.64" 
19 27.8, 123.2b 4.48, 
10 I 1. 2b 68.9, 6. 15b 

Oshoga 

NO 13.8"b 190.4,b 13.80, 
13 15.9" 215.9, 13. 58" 
' 6 12.Sab 195.6,b IS.2Sa 
19 ' 0.8b 146.7b 13.58, 

Values (oJ/owed by Ihe same leHers are nor sis nificandy different 
;Naturul day ,.englh. d~reased (rom 13.46 h (June 29) to lOA I h' (Nov 29) 
Mean separatIon wuh 111 cuh ivnrs by Duncan 's muhiple range [eSI, 5% level. 

Percelllllge 
No. 01 0/ !U'OI/m 
primarY '"(JOI.r /)rim(llJ' roots (%) 

39.8" 19.9, 
I 27.0c 3.9b 
154.8b, 0.6, 
204.4" 
, 84.9,b 

4 1.3" 2.3a 
77. lb 2.Sa 
55.0ed 0. 5b 

146.7, 
74.5 bc 
26.% 0.7a 
44 .4, O.Sa 
49.6, 
44.6, 
4 0. 211 

q uant itat ive short-day p lant for Aoweri ng and rh izome swell ing (Adaniya et aI. , 1989). the 15th day and then declined g radually (1:,ble 2 8) J I fi 40 I 
These workers have also observed intraspecific variations in photOperiod ic response; cv. the malondia ldehyde (MDA) Con tent of Ie . .' n

l 
r l C u st cays of lea f g rowth, 

Sanshu responded most sensit ivcly, and Kintoki was more sensit ive than Oshoga. They dismucase) act ivity showed a lit tle decreas:~~f~:~~Olncle con Sl ta 'MlfOanAd SOD (sl~ pcrox i d e 
I d I I h ··fi I I . d II b i d I · m k II I SOD cays, t le conten t IIlcrease I conc u ce t lat suc an IO traspCCI c responsc to t lC P lotoPCflO cou cere ate to t lC tr at ee yane act ivity drOl l l b ' II < ( 

b it,·es exl,,·b,·ted a ste'aelY ,·ncrease' d,e,',r ,s"u s6taOndtJa y. Pc .. rox idase (POD) and cata lase act iv-tradi tional geograph ical d istri ution; Kintoki and Sanshu are early cul tivars adapted to 
the northern part (Kanto district) and O shoga is a late cultivar ad aptcd to thc south senescence of gi nger ieOlf se ts' I . 81 fays. X lzhen e t a!. (1998) concluded that 

X · h • In W len ea age reaches abour 40 days 
---,(Okillawa to Shikoku d istric ts). 'z en et al (1998) also stu r I I I I ' . 

Sterl ing et al. (2002) stud ied the e ect of ph oro period on flower bud ini tiation ..... aud- _+--"~_;pom.siti ons and' I 'I I (ICC t le p 10tOsynt leric characteristic of diffe rent leaf 
lower' I' repO~tc( t lat t le Pn ~f midposit ion leaves was the hig hcst followed by 

developmcn t in Zingiber lIIioga (m yoga, or J apanese g inger). Plants g rown undcr long- eaves anu n was lowest In 1- T I . 
day cond itions (L6 hours) and shorr-day cond itions (8 hours) with a nig h t break prod uced d,i~ercnr leaf positions was from 18 .46 t~Pf~r8;aves . II l C2 ~fh.t cOl11 p~nSatio l.l pOi.nt of 
(]ower buds, whereas those under shorr-day cond itions (8 hours) d id not. T h is fa ilure of SUlOn leaves and lowest in low r I ~'. fLl1lo 111 ~ ,It .was hig hes t In I11ldpo-

to 827.6 II II 2 _ , e eaves. r he Iog ht saturation PO,nt ranged frOIll 6248 
fl ower bud product ion under short day was due ro abortion of developing Aoral bud r--- I11O m s , the val ues were 6248 827 6 1799 5 I 2 . 

primord ia rather than a fai lurc to initiate in florescences. It was concluded that althoug h upper, middle and low I e" . ane . Il mo 1m s- J, respectively, 
for flower development in myoga a q uantitat ivc long-day req uirement must bc sat isfied , posit ion le~v~s were et63e.~ve~9 60 2 ~o~t~nSation pojnt~ in upper, middle, and 
flower in it iation was day neutra l. Short-day cond itions also resu lted in premature senes- middle and lower Ie • . l~~ 3 . fL

UI, respectIvely. CO 2 saturation in 
r of p~ in · aves were .3, 1499 .0 and 1582.0 ~I II I. The diurnal 

cenee of roliage and red uced foliage d ry weig ht. about 9:00 A'\I d l ~er~nt leaf posItIOns gave a double peak curve, the first peak was 

Cbloroj)by/l COllteut fi nd Pbotosyutbetic Rate ;1/ Relal iou to Leaf Maturity 

Xizhen et a l. (1998c) invest igated the ch lorophyll content , photosynthetic rate (Pn), 
MDA conten t, and the activit ies of the protect ive enzymes duri ng leaf development. 
Both chlorophyll contell( and Pn increased with leaf ex pansion and reachcd a peak on 

. . ane t le second appea red from 1300 to 1400 hours. 

BebfltJim' fllld Cbloroj)byll Plllorescence 

et al. (1998) Stu I I I I I I 
leaves Gi ng I e lee t lC C 1 orop lylJ fluorescence and stomatal behavior of 

. er eavcs were enclosed individually in cuverres and studied to find 
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Table 2.8 
. I ' I I ment of g inger leaves 

Changes of chlorophyll content and photosynthet Ic rate (urtng (eve op 

Lea[ age (days) ChlorojJhy" (Olltellt( IIlg . g ' ) 
p IJ( iJ.1Ilolm 2 · S ' ) 

1 day 

') days 

10 days 

15 days 

20 days 

25 days 

30 days 

35 days 

40 days 

45 days 

50 days 

55 days 

60 days 

Sou rce: Xizhcn Ct al. (I 998b). 

1.80 

1.98 

2.02 

2.58 

2.56 

2.43 

2.47 

2.5 1 

2.56 

2.30 

2 .0 1 

1.89 

1.77 

6 .11 

7 .58 

9 .16 

10 .30 

0 .20 

9.86 

8 .54 

8 .69 

8 .48 

7.62 

7. II 

6.65 

6.2 1 

. I I in microcl imate. Stomatal 
out the relationship between photosy ntheSlds anc I

C 't~ ne~ey\ow values of high intensity . 
( ) . cd and was saturate at te a IV < 

conductance gsc lllcreas kIt 290C but transpiration (rr) 
(400 J-I..mol- I ) . At di fferent leaf temperatures, gsc pea ec a .' I CO concen-

increased wi"~ inc r~aSl~~r~:::d~~I~c:~~:'~:~;;~:;;ti'.~~:n~li'~i:~'~~nf,, ;::::::~ sOil 'mo isture
f trat lOns cause gsc 0 I < 2 I) At a soil moisture content 0 

availability until a threshold was rea~hed (10 .51' to I g ~ i'th il~ c reasing tr. Fluorescence 
3 5 I gsc increased approximate y mear y \ . FO) 

2 to . Ig g, ~ . PS II) decreased with increasing phoron flux dellSlry (p . . 
(IFv/lFme' se eexc ptr:sl~c~r:~\~rg ;~l PFD and different tcmperatures, Fv/Fm waFS IrFhe lowes.t adt 
n eav 0 d I w PPD 'v ' m remal11e 

150C, and the highest at more than 25 C. In leaves expose to 0 , 

at a similar value over all temperatures tes ted. 

Photosynthesis and Pholores/)iration. 
. bl I thetic system and a p lant 

Zhe~xian et aL (2000) measuted , uSil~~~i:itl~~I~t~f eh~;::;~~.e.s i and the diurnal varia
effiCi ency analyzer, the phot.osysrcm

d 
I d dPCeld conditions There were marked 

. f I I t 'c effiCiency un er s 1a e an n . 
tlon o. p .10.t~sy nt ~:I~ omena under high light stress at mid-day. The apparent quantum 
photoll1hlbmon PI ' . I ffl . of PS 1I (1'v/F111) decreased at midday, and 
yield (AQY) and ph~toc l emlC~ ~ lC ~ency nt of hotoinhibition due to higher light 
there was a marked dIUrnal variation. fhe eAxfte I PI· g AQY and Fv/Fn increascd and 

. . I II' 19 stage ter s lac 10 , < 

intenslty wasfsevlere ~nl[1b~ s.eee III cl.ln'ed ·nlarkedly However, under heavier shade, the 
I l e o p 10tolO 11 ltlOn c e <. . f I d ' 

t ;~o~:g ~1etheti c rate declined because the carboxylatio~ efficiency decl!ned a ter s l~a~~!~ 
p SI . Y t al (1999) investigated the seasonal and dIurnal changes In photoresp I 

lI-Jle e , . . . r r leaves under fi eld condltlOnS 111 orc er to 
(Pr) and the xanthophyll cycle (L) 111 g ll1ge ; . t photoinhibitory damage. 
understand the role. of Land Pr In pro~ect1llgL :~ve~nag::I~:aves were matked, and Pr 
The seasonal and ,hurnal changes of p, and g g k . I 10·00 A. M. to 
showed diurnal changes in response to PFD, and Its pea was atounc . 
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12: 00 noon. Pr decl ined with increasi ng shade intensity. T he L cycle showed a diu rnal 
va d ation in response to PFD and xant hophyll cycle pool. Both increased during the 
midday period , and peaked around L2:00 noon. T he resul ts , in genetal, ind icated t hat 
Pr and the xanthophyll cycle had positive ro les in diss ipating excessive light energy and 
in p rotecting the photosy nthetic appara tus of g inger leaves ftom midday high-light 
stress. 

X izhen et al. (2000) have also inves tigated the role of SOD in protect ing gi nger leaves 
from photoinhibition damage under hig h-light intensity. They observed that on a sunn y 
day the photochemi cal effi ciency of PS II (1'v/1'm) and AQY of g inger leaves decl ined 
gradually in the morning, bur rose prog tessively after 12:00 noon. The MDA content 
in g inger leaves increased but the Pn declined under midday high-lig ht stress . SOD 
activity in g inger leaves increased g radually before L400 hours, and then decreased. At 
60% shading in the seedling stage, Fv/Fm and AQY of g inger leaves increased but the 
MDA content, SOD act ivity, and Pn decreased . Pn , AQY, and 1'vlFm of g inger leaves 
treated with diethyldirhio carbamic acid (DOTC) decreased whether shaded or not, but 
the effect of DOTC on shaded pl ants was less than that on unshaded plants. These 
workers concluded that midday hig h-light intensity imposed a stress on g inger plants 
and caused photoinhibition and lipid peroxidation . SOD and shading played importan t 
roles in protecting the photosynthetic apparatus of g inger leaves against high lig ht stress . 

Xizhen et al. (1998a) have investigated the effect of temperature on photosynthes is of 
ginger leaf. They showed that the hig hest photosynthetic rate and apparent quantum 
efficiency was under 25°C. T he lig ht compensation point of photosynthesis was in the 
range of 25 to 69 J.lmol.m2s- l ; it increased with increasing temperature. The lig ht 
saturation point was also temperature dependent. The low-light saturation point was 
noted at temperatures below 25°C. The CO2 compensation point and the saturation 
point were 25 to 72 and 1343 to 1566 fLl/l , respectively, and both increased with the 
increase in leaf temperature. 

Xianchang et al. (1 996) srudied the relationship between canopy, canopy photosyn
thesis, and yield formation in g inger. They found that canopy photosynthesis was closely 
related to yield . In a field experiment using a plant population of 5,000 to 10,000 per 
666.7 m' area, they had a yield increase from 1,733 ro 2,626 kg. The Pn increased from 
8.16 (1111101 CO, m- ' I (ground) S- I) to 14.66 ; the leaf area index from 3.21 (m'lm' ) 
to 7.02 m'lm' (Table 2.9). The uni t area of branches (tillers) and leaf area index were 
Over 150/m 2 and 6 m 2/m 2 , respecti vely, in the canopy of the hig her yield class . The 

:----4e~anopies over 1 ,000 plants per 666.67 m' satisfied these two criteria and among t hem 
there were no significant differences in height, tillers, leaf area index, canopy photosyn
thesis, and yield . Diurnal changes in the canopy Pn showed a typical sing le-peak curve, 
which was different from the double-peak curve obtained from the sing le- leaf Pn. 

.StUdlies have been carried Ollt to find out the effect of various growth regulators on g inger 
flowering and rhi zome development . The main aims of such studies are to bteak 

rhi!zolme dormancy, to induce flowering and seed set, and to enlarge the rhi zome 
by increased yield. Islam et al. (1978) studied the influence of 2-chloroethyl 

)S\l,honic acid (ethrel or ethephon) and elevated temperature treatments. ExposlIte of 
rhizome pieces to 35°C for 24 hours or to 25 0 ppm ethrel for 15 min caused a 
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']llble 2.9 
1 . and yield of gi ngcr 

Effcel of plan[ density on growth, photoSyOllCSIS, . 

Plallt drmity Plmlf Tillers 

(fie' 66.67 ",' ) hI. ((111) (nollll ) 

5,000 62a* 103a 

6,000 64, 122b 

7,000 67, 138c 

8,000 73b 15 2d 

9,000 74b 159d 

10,000 74 b 163d 

"Same leiters :Ire not statisticall y signi licallf 

Source: X ianchang et al. (1996). 

Photos),nthetic mte Yield 
Ltdf arM 

(kg/666.7 ",' ) 
index (111',,1 ) ( )J.mol COI ,,1 (groulld) . ! - I) 

8. 16, 1733.42' 
3.2 1a 

1948.25b 
4.25b 10.17b 

22 11.22c 
5.3 1c 12.2 3c 

6.l)d 14.56d 2637.17<1 
2614.95d 

6.63d 14.78d 
2626. 13d 

7.02d 14.66d 

'(able 2. JO nffcel of temperature and ethrel on germination and earl y g rowdl of g inger 

Growth parametcrs 

Shoots plus swollen buds (%Y 

Total length of shoots per 
rhi zome piecc (Ill) 

Length of longest shoot per 
rhi zome pi ece (on) 

Shoots having roots (% ) 

Tottll number of roots per 
seed piece 

Con/rol 

70.4 
2.63 

1.48 

9.43 
2.45 

D ay 16 Pre/rtflltd 

76.8 9 1.8' " 

3.49' 4.23"" 

1.90' 2.36·" 

13.73 3463'" 

2.78 9.81 ' ·' 

D a)' 23 PrelrMted 

COlltrol 35' C Ellml 

86.2 81.4 92.6 

3.72 5.36 6.83'" 

2.28 3.23 436' 

25.83 4 1.83" 46.93" 

5.95 9.1 2 13.54" 

Ix f hoots swollen buds and visible bur apparently 
Source: Islam e( al. (1978). "Expressc.d a~ pCrCCI~{.rife of [Q( ~l llum ~ ~r~l su catn;cnt at P = .0'5. P = .01 , and P = .001 , 
dormant buds; • • •• , ••• denotes slglllfiCam I erences rom COl 

respC<tivcly. 

. in shoot tOwth during the first 23 days of g tOwth (Table 2. 10). 
substanCla l increase g b foots )eLr.hizome piece by a factor 
Ethrel was more effective In increa~ing·the n~m ~r 0 r of 3 ~ (both at day 16). Relatively 
of 4.0 ancl the number of shoots haVing roots Y a act~;e sufficient to produce maximum 
low concent rations of ethtel (!ess t~an 250 pp~) ~~thOugh significant increases in the 
responses in terms of shoo~ englt parabmetefr , ~ted shoots and the total number and 

b f l ots per seed pIece t le num er 0 ro, f 1 000 
num er 0 s 10 . ' to the hi hest concentrations 0 , 
length of rootS per seed pIece occurredTeven up f et l1"el

g 
was found to be effective in 

I· d b II et al ( 1978) reatment 0 . , I ppm Stll C Ie y sam <.' I . bT had increasec 
reducing the variabi lity in root growth, but shoot growt 1 varia I Ity < 

particularly at concenttations below 500 PI I, m I' fC f dam inozide g ibberellic acid 
. I N ( 1986) JnvestJgatec ne e rect 0, , . 

Furutam anc agao . . I . Id f ' er Field-grown gwger 
(GAl)' and ethephon on flowering, shoot gtowth, ane y,e

f 
GOA g ,;~ ; 44 and 2.88 mM); 

plants were treated with three weekly fobar sP(toa
y
3
s 0

13 
1626 ;nM) GA inhibited 

I I (0 3 46 and 6 92 mM), Ot dam,noz,de ., ,ane . . l et lep 10n , . , < • 
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flowering and shoot emergence, whereas ethepon and daminozide had no effect on 
flowering but promoted shoot emergence. Rhi zome yields were increased with dami
nozide and decreased with GA 3 and cthephon . 

Ravinclran et at. (1998) tested three g rowth regulatots- triacontanol , paclobutrazole, 
and GA3-on ginger to find out their effect on rhi zome growth and developmencal 
anatomy. Paclobutrazole- and triacontanol-treated rhi zomes resulted in thi cker walled 
cort ica l cells compared to GA3 and comrol plants. The procambial activity was hig her 
in plams treated wit h tri acontanol and paclobutrazole. 1n the cambium layers, the 
fusiform cells were much larger in paclobutrazole- treated plants. Growth-regulator 
treatment did not affect the general anatOrny. althoug h dimensional var iations ex isted. 
T he numbers of vascular bu nd les were more in plants treated with paclobutrazole and 
triacontanol. Paclobutrazole-treated plants exhibited greater deposit ion of starch gra ins 
than other treatments. The fiber content in the rhizome was less in GA 3-treated rh izome. 
A higher oil cell index and hig her frequency oi l cell s were observed in paclobutrazole
treated rhizome (Table 2.1l). GA treatment also led to considerable increase in the 
number of fibrous roots. 

G"OlUlh-Relateri Compositional Cb({lIges 

Baranowsk i (1986) studied the cv. Hawaii for 34 weeks and recotded the g tOwth-related 
changes of the rhi zome. The sol id content of rhe rhizome increased throughour t he 
season, but there was a decl ine in the acetone exrraccable oleoresin content of dried 
ginger. However, the oleoresin coment on a fresh weig ht basis was roug hly constant 
(Table 2. 12). 

The (6)-gingerol content of g inger generally increased with the age of the rhizome on 
• fresh weight basis (Table 2.1 3) These resul ts indi cate the basis fot the gtadual incte.se 
in pungency with matllrity. O n a dry weig ht basis, gi ngerol generall y exhibited a linear 
increase with maturity up to 24 weeks, followed by a steady decline throug h the rest 
of the period. The results, in general, indicate that it may be advantageous to harvest 
ginger early (i.e., by 24 weeks) for converti ng to var ious products. 

Table 2. J J Effect of triacontanol , paclobutrazol, and GA3 on rhi zome charac ters of gi nger 

Altall Mtan 
;'lfmlMal 

leuglh leuglh of M /'fll/ 

aerial Sltlll Ml'fIll lr4 rhizome rhizolllt AlMII oil Cmdefibtr 
((m) Itl/glh ((III) «(fII) girth ((111) (e//! per Imll (Olllelll (%) 

2.3 1.9 5.2 6.8 18.3 2.2 
1.9 2.0 4.0 7.8 12.3 2.4 
0.8 1.8 0.7 4.6 22 .2 2.6 
4.8 3.2 4.4 8.6 17.8 1.8 

acid. 

(1998). 



54 Ginger: '[he Genlls Zingiber 

Table 2. 12 CI 
.' II nd composition of g inger Hawa iian rhizomes during growrh langes Ln y lc ( a 

\\'Ieeks 41" plallfing WI* (kg) Solid! (%) 

12 0.1 6 .4 

0. 5 5. 1 
16 

0.4 49 
IS 

20 0.8 5.3 

0.9 5.7 
22 

1. 5 6. 1 
24 

26 3.0 7.0 

2S 3.4 8.8 

3.7 9.2 
30 

10.4 3. 1 32 
13.S 

34 5.0 

*Ave!age of four piflms, cleaned rhiz~mes _ 
** Means sel>aratc<1 by Duncan's mult .ple range test (P - .?5) 
Figures followc<1 by t he same leu en are not signifICantly different . 

Source: Baranowsk i (1 986). 

'fable 2.13 Changes in (6)-g ingeroi conte m during g rowth 

Wleek! after planlillg Wlel weight baJi! (ppm)~ 

12 
597 

16 
964 

IS 
708 

20 
723 

22 
871 

24 
1001 

26 
1039 

2S 
1184 

1110 

Oleoresin (%)** 

Dry Il'I bllJiJ Fwh /lI1 bllJi! 

IS.7. 1.20a 

19.7a 1.00c,d 

18.4a 0.90d 

16.Sb 0.S9d 

16.7b 0.95c,d 

15.4c 0.94c,d 

14.7c,d 1.03b,c 

13.6d 1.20a 

12. le 1.04a,b 

10.Of 1.04b,c 

7. lg 0.99c,d 

f)' J' I",igbl basis (ppm * IO J)" 

/Jotrmy alld Croj) I m/u·O/lemenJ o[ Ginger 55 

domestication mig ht have played a major role in the evolu tion of thi s crop that is steril e 
and propagated solely vegetatively. G inger has rich cultivar diversity, and most ma jor 
grow ing trac ts have cu lt ivars that are spec ific to the area; and these cui tivars arc rnostly 
known by place names. Cul tivar d iversity is richest in China. In India t he diversity is 
more in the state of Kerala and in the northeastern reg ion of Ind ia. Being c10nally 
propagated, the population structu re of this species is determined mainl y by the presence 
of isolation mechanisms and the divergence that mig ht have resulted throug h the 
accumulat ion of random mutations. At present , more than 50 g inger cul tivars possessing 
varying quality attributes and yield potenti al arc bei ng cultiva ted in lndi a, althoug h 
the spread of a few im proved and hig h-yielding ones are causi ng the d isappearance of 
the traditional land races. The cul t iva rs popu larl y g row n (culti var diversity) in the var ious 
ginger-g rowing states in India are g ivcn in 1hble 2. l4. Some of these cultivars were 
introduced in to India, and the cul tivar Ri o de Janeiro, an introd uct ion fro m Brazil , has 
become very popular in Kera la. In trod uctions such as China, J amai ca, Sierra Leone, and 
Taffin Giwa, are also grown occasionall y. 

Among the g inger-growing count ries, China has the richest cultivar diversity. The 
important cultivars g rown in Ch ina are g iven in Table 2. 15. Less important ones are 
Zaoyang ofH ubei province, Zunji big white g inger ofGiuzhou, Chengg u yellow g inger 
of Shaxi, Yulin rou nd fleshy g inger of G uangx i, Bamboo root g inger and Mi an yang 
g inger of Sichuan, Xuanchang g inger of Ahuii , Yuxi yellow g inger of Yu nnan, and 
Taiwan fleshy g inger. ~1any of these cultivars have unique morpholog ical markers for 
identification. 

In general, the cul t ivar var iabili ty is much less in other g inger-growing countries. 
Tindall (968) reported that rhere were rwo mai n types of g inger grown in West Africa. 
These differ in color of the rhi zome, one with a purpli sh red or blue tissue below the 
outer scaly ski n, whereas the other has a yellowish white flesh. Graham ( 936) reported 
that there were five kinds of ginger recog ni zed in J amaica known as St. Mary, Red eye, 
Blue Tumeric, Bull blue, and China blue. Bur Lawrence (1984) reported tha, only one 
cultivar is grown widely in J amaica. According to Rid ley (915), three form s of g inger 
were known in Malaysia in earlier days: halyia betel ([fue ginger), halyia bata, or padi, 
a smaller leaved ginger with a yellowish rh izome L1 sed only in medicine; and halyia 
udang, red g inger having red color ar the base of the aerial shoot. A red variety of g inger, 
Z. offlCinale vat. mbra (also called pink g inger), has been described from Malays ia, in 
which the rhizome skin has a reddi sh color. A variety I1 withered ski nll also has been 30 

32 
1238 

9.3 

IS.9 

14.5 

13.6 

15.3 

16.4 

14.S 

13.5 
12. 1 

11.9 

11.3 
-==-:--..... - -fl:1X!lrted . In Philippines two colrivars are known , the native and the H awaiian (Rosales, 

34 
\54 7 

"Means sep.1rated by Dllllcan's mu ltiple range test ( I' = 0.05) 

Source: Baranowsk i (1986). 

Genetic Resources 

The history of domestication of ginger is not d~fln ite l ~ know~i .HO\~eve~, rl;iS tC;ogoi~ 
know n to have been under cultivation and use III Jnclia and . llll~ or t le as , but 

Cl, 'lna is IJrobably the region where domesticat iOn had starred , . 
years or even more. L < • bT . . Chilla 
li r'tle is known about the center of origin, althoug h ~he l a r~es t v.a Cla 1 ItY

d 
e~lst~ 111 er wjrl~ 

Southwesrern India, known as the Malabar Coast 111. anclen.t tll.n es, [ta. e gtn~erjod of 

I W Worlel from ancient times indicating ItS cultivatIon . ThiS long I 
t le estern ' 

1938). In Nigeria the cv. Taffin G iwa (Bold, ye llow g inger) is the common one, t he 
other being Yasun Bari, the black g inger. 

In Japan the ginger types are class ified inro three groups: (1) small -sized plants with 
tillers and a small rhizome, (2) rnediurn-s ized plants with an intermed iate number 

and a medium-sized rhi zome, and (3) large-sized plants with fewer tillers and 
rhizomes. The common cultivars included in these g roups are Kinroki , Sa nshu, 

respectively. A stabilized tetraploid line of San shu (4x Sanshu) is also being 
Itil,at"d in]apan (Adaniya, 200 1). In addition, Z. lIIioga aapanese ginger) is also g rown 

for spice and vegetable purposes. In Queensland, Australia, g inger was an 
crop in earlier times. The g inger culrivars mighr have been introduced there, 

the exact source is not known. T he local cultivar, known as Buderim local, is 
commonly grown. Australia ea rlier introduced cultivars from J apan, Hawaii, 
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'I t/ble 2. 14 Ma jor .g inge r-g rowing states in India and their popuh' r cul tivMs indi cati ng the d ivers ity 

in g inger 

Kera la 

Himachal 

Ptadesh 

Assam 

Nagaland 

Orissa 

Cllilimr lIame 

Rio de J anei ro (32 .55 rfha- fresh) 

Bllrdwan, Jamaica 

Nadia (28.55 t/ha- fresh) & 6 .54 
(/ha-<iry), Maran, Bajpai, and 

Narasapattam 
Ri o de Janeiro and Kuruppumpady 

SG-666 
Rio de Janeiro (2 1.80 t/ha- fresh; 
3.27 (/ha-dry), Assam (1 7.23 
[/ha- fresh), Maran (3.27 t/ha--<i ry), 
and Thing puri (2 .79 [/ha--<i ry) 

Thingpuri, Rio de Janeiro. and China 

IISR-Varada (22.6 e/ha) 

llSR-Mahima (23.2 [/ha) 
and llSR-Rejatha (22.4 r/ha) 

V1E~-2 (33.83 e/ha), Rio de Janeiro 
(27.38 [/ha), Ernadan (25. 11 r/ha), 
and Manamhavady (22.94 [/ha) 

(g reen g inger) 
Himachal Select ion , Rio de Janeiro 

SG-646 and SG -666 

Kerala local (3.76 t /ha) and B- 1 (3 .83 
t/ha), Himachal select ion (local) 
( \0.9 t/ha) and Kerala local (9.6 (/ha) 

SG-534 (1 0 .35 (/ha), V,E,-2 (8.92 
t/ha), Acc. No. 64 (8.9 t/ha) 

Nadia (6.7 [/ha) & Chekerella (5.7 

[/ha) 

Thinlad ium, Nadia, and Khas i loca l 
(>30 ( /ha) 

SG-666 

Ri o de Janeiro and China (239 
g/plant), Ving ra se lection, Ernad 
Manjeri, U.P., Thing puri, 
Kllfllppampadi, Wynad 
Kunnamangalam Thingpuri (2 .20 

t/ha) 

V'£8-2 (25 .1 3 t/ha) 
V}S, - 8 (22. 12 t/ha) 

Andhra Pradesh 115R-Varada 

SJJfcijic 

Irnil lc/Ja/"{/cUI" 

High yie ld 

High yield 

H igh yield 

RatOon crop 

Fresh rhi zome 

High yield 

High yield 

Wider 
adaptabi lit y 
High yield 

High yield 

High yield 

High yield 

Fresh g inger 

High-a lt itude 
areas 

High fresh 
rh izome yield 

High fresh 
rhi zome yi eld 

High fresh 
rhi zome yie ld 

High yield 

High-altitude 
area 
I-ligh-nltitude 
area 

I?f/frtllce 

Thomas (1966); 

Muralid haran and 
Ka malam (1973) 

AICSCl P (1978); 
Khan (1959) 

Sree Kumar et al. 
( 1980) 

Rattan (1989) 

J\{uralidharan (1973) 

Sreeku mar et al. (1980) 

Mu ralidharan (197 3) 

Sasikumar er al. (2003) 

Pradeep Kumar et al. 
(2000) 

Jog; e( al. (1972) 

Ra[(an (1 989) 

Arya and Rana (1990) 

AI CRPS (2000) 

Aiyadurai (1 966); 
Saikia and Shadeque 
(1992) 

Singh et al. (1999) 

Ratta n (1989) 

Mo hanty et al. (198 1) 
Panig rahi and PaUO 
(1 985) 

AIC RPS (2000) 

Naidu et al. (2000) 

Karnataka Hi machal Pradesh (19.97 (/ha), 
Jorha[ ( LRa8 (/ha), \'(Iynad loca l 
(18 .68 (/ha) 

Meghalaya Tu rn (26.69 rfha), Poona (25.04 (/ha). 
and Basa r loca l (24.88 (/ha) 

' '<fest Bengal G urubathan (27.9 t /ha) Ace. No. 64 
(18.93 , /ha) 

Madhya Pradesh V3S1-8 (1 7.4 t /ha) 

Table 2.15 Ginger va ri eties common ly g rown in China 

SI. No. CtllegolylType 

1. Sparse seed ling t ype 

2. Dense seed ling type 

3. Edible medicinal type 

4. Edible processed type 

j. Ornamental g inger exam ples 

6. Other cu lt ivar examples 
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Hig h fres h Gowda and Melanta 
rhizome yield (2000) 

Mid hills area Chandra and Gov ind 
(1999) 

Hig h yield AICR PS (2001) 

H igh yield AIC R PS (1999) 

Vtl riclies/CulliwtrJ 

~and zhou (sparse ringed , b ig Acshy 
g mger) 

Shandong La iwu (b ig g inger) 

G uangzhow (dense-ri nged fleshy gi nger) 

Zhejia ng (red-claw gi nger) 

Fujian red bud 
Hunan yellow hea rt 
Chicken claw gi nger 
Xi ngguo gi nge r 

G uangzhou (fleshy) 
Fuzhou g inger (pu rplish shoot) 
Tong ling (white g inger) 
Fujian bamboo g inger 
Zunyi (big white g inger) 
Leifcng g inge r 

Lai she g inger 
Flower g inger 
Tea g inge r 
Strong g inger 
Hengchum g inge r 
I-Iekou g inger 

Z'loyang (Hubei Province) 
Zunj i big gi nger (Giuzhou) 
Chengg u Yellow (Shaxi) 
Vulin round fleshy (Guangx i) 
Bamboo root g inge r (S ichuan) 
Mianyang (Sichuan) 
Xuanchang (Ahuii ) 
Yuxi yellow (Yunnan) 
L'l iw u slice g inger (Shandong) 
Yellow claw (Zhejiang) 
' ta iwan fl es hy (Taiwan) 

Recently the Bllcletim Gin er C (2002 
V,'<[CI.al variety, called Bllderim G ~d ~ o. .) has released the first tetraploid 

ginger, introduced fro n J 0., °lf cultivatIOn In Queensland . Z. lIIiogfl, the 
buds. which are a veget' bl apla ll~ 1 IS a so g rown commercially for its unopened 

< a e ( C Icacy. 
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In many cases, the major prod uction centers are fa r from the ateas of orig in of the crop 
concerned (S immonds, 1979). T his is t rue of g inger as well : the Indo/Malayan reg ion 
is very rich in Z ing iberaceous Aora (H oitwm , 1950). Considering the present di stribu
tion of genetic variability, it is onl y log ical ro assume that the Indo/Malayan region is 
probably the major center of genetic diversity for Zingiber. It may be inferred that 
geograph ical spread accompanied by genetic di fferentiat ion into locall y adapted popu
lations caused by mu ta tions could be the main factor responsible for va riat ions encoun
tered in culti va ted g inger (Ravinc! ra n et ai. , 1994). In Ind ia the earl y movement of 
set tlers across the leng th and breadth of the Kerala state and ad joining regions, where 
the maximum g inger cul t ivat ion is found, and the story of shifti ng cul tivation in 
northeastern Indi a (the second major ginger-growing seCtor in Ind ia) , arc well-doClI
men ted sociolog ica l events. The farme rs invariably carried small samples of the common 
crops that they grew in theit orig inal place along with them and domesticated the sa me 
in their new habitat- in most cases, virg in fores tl ands. Consc ious selecti on for different 
needs such as high fresh g inger yield , good dry recovery, and less fiber content over the 
years has aug mented the spread of differentiation in this crop. T hi s would have ul timately 
resul ted in the land races of g inger of today (Ravindran et al. ,1994). 

COIISe1'Vtlt;on 0/ Ginger Germp/rtSlII 

Major collections of g inger germplasm are maintained at the Ind ian Insti tu te of Spices 
Research (Il SR ), Ca licut , India, and the Research Institute (or Spices and Medicinal 
Crops, Bogar, Indones ia. In Indi a serious efforts are being made for conservation of 
g inger germplas m. At present, the g inger germplasll1 conservatory at IISR consists of 
645 accessions that include exotic cultivars, indigenous collections, improved cu lti vars, 
mutants, tetraploids, and related species (lISR, 2002). In addi t ion, 44 3 accessions are 
being mainta ined at di ffe rent centers of the All Indi a-Coord inated Research Project on 
Spices and the N ational Bureau of Plant Genetic Resources (NBPGR), Reg ional Station, 
Th rissur (AI CRPS, 2001 Table 2. 16). The major constraints invol ved in the conservat ion 
of che germplasm of g inger are the cwo soil-borne diseases : rhizome rot caused by PytbillJ/J 
spp. (such as P. tlpbfllJidermfllllJJJ, P. lIlyriotyl llm, and P. vexclJ/s) and the bacterial wilt caused 
by l?ctistolJia SOlalJflCeamlll (Pselldomonas so/antlceamm) . Added to this, infeccion by leaf Aeck 
virus is also posing serious problems for conservat ion . T hese d iseases are ex tremely 
di fficult to control or prevent under field condi t ions. H ence, in the National Conservatory 
tor gi nger a IISR, ·nger germplasm is conservedjo specially made cement tubs under 
50% shade, as a nucleus gene bank to safeg uard the material from dead ly d iseases and 
to mainta in the puri ty of germplasm from adulteration, which is very common in field 
plantings. Each year, part of the germplaslll collection is planted out in the fi eld for 
evaluat ion and characteri zat ion (Ravindran et ai., 1994). The collections are harvested 
every year and replanted in the next season in a fresh port ing mixture. On harves ting 
the rhizomes, each accession is cleaned and dipped in fung icide and insecticide for 
protec tion and stored in individual brick-walled cubicles lined with sawdust Ot sand in 
a well-protected building. 

111 Vitro Come,'vclt ioll 

In vitro conservation of g inger germplasm is a safe and complementary strategy to procect 
the genetic resources from epidemic diseases and other natural di sasters. This is also an 
excellent method to supplernent the conventional conservation strateg ies. Conservation 
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Table 2.16 Germplas rn collen ions of g inger in India. 

SI.1I0 ll1J/illlte/Unium;/y 

J. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

1ndian Inst itute of Spices Research, CalicLlt 

?rissa Un iversity of Ag ri culture and 
fechnology, Pon angi . Orissa 

?r. Y.S Pa rmar Un iversity of I-Ioniculcure and 
I'orcsrry. Solan , H imacha l Prades h 

Rajendra Ag ricultural University, Ohol i, n ihar 

Utrara na ngala Krishi Viswa Vi dy,daya 
Pu nd ibari, \'(fest Benga l ' 

.~arcndra Dev Universi ty of j\g riculture and 
lechnoJogy, Kumargani , Fa izabad, Utta r 
Pradesh. 

Ind i.ra Gand hi Kri shi Viswa VidyalaYll , 
RegJOnal Star ion, Haigarh 

Nat iona l Bureau of Plant Genet ic Resource 
Reg ional Station, Thriss Llr, Kern la s, 

Departmcnt of Horticu ltu rc, Sikkim 

Ce~l rn l Ag ricultura l Hesearch InslitU[e, POrt 
Bhll r, Andamans 

No. 0/ acceJJ;olJJ I?t/ert'l/ce 

645 IISR (2002) 
172 AICRI'S (2003) 

271 AICRI'S (2003) 

103 -do-
31 -do-

29 -do-

35 -do-

173 Ravindra n e[ al. (2004) 

58 Kumar (1999) 
33 Shi va er al. (2004) 

of ginger germpiasm under in vit ro condi tions b I _ . . 
Calicllt (Geetha et al 1995" N· I B b Y s ow g lOwth was standarcil zed at IISR 

, ,., , Ifma a u et al 1996· Geetha 2002) B I · ' 
g inger could be stored u co one . ., , <, . y t liS method, 
and Skoog (MS) med ium ~vith 10 ~~~~ 'VJt~'OU/ subCUlture in half-streng th Mu rashige 
tubes. The surviva l of such stored e~cll .o sucrose, and mannitol in sealed cul ture 

. matefJ a IS arou nd 85% At IJSR 100 · 
accessIOns of g inger are being COllser I d . . . , over ulliq ue 

vee un er III VIt ro gelle b k d · 
storagcof germpl asm (Ravindran et aI. , 1994; Geetha 2002) TI an a~n., e IlIm-term 
at relatIvely hIgh ambient temperatures (24-2 0C ' . .. le pOSS.l 1Ilfy of storage 
taxa to stress f.'lcco rs was eXI)iored b 0 kk 9 I ) by subJeCtlflg the g Inger and related 

·od ' y e erseta ( 199 1) The in . I b pefJ was better wi th an overla f r . I ('C · - - crease 111 r le su culture 
was seen. y 0 Iqllle para lin . After one year, 70 co 100% survival 

Ravindtan and coworkers (Anon 2004) I · 
conservation. Synthetic seeds, dev~ lo ed \ ~t~ne ardl z~d the use of synthetic se.eds ill 

a g mate gel cou ld be st P Vlt 1 s~ma t lC embryos, encapsulated 111 5% 
can be substituted for g l_1 I or~d 111 MS med lUlll supplemenred with I mg l - I. gil 
AU''''''le (BA) at 22 + 20C c' 1f

9
0Ug 10llt the chap ter (and also in other chapters) Benzyl 

( - lor mOllths WIth 75% s . I TI 
' t.~lnsfer to MS medium I . 0 urvlva . lC encapsulated beads on 

mgl - I Naphthalene s~I~:ri~n::li~e~~~~l) 1.0 ~ll~ I - J Benzylaminopurine (BAP) and 
~la~ltlets (Sajina et al 1997) '[I . ' . g eJJllll1ated and developed into normal 
I'I)(lu':(i·, >n ( ., . le conserva tIOn of germplas I · I . . . ., was also investigated I · . fi ( III t ll oug 1 ITIlcrorhl zome 

when Cultured . ~ne It was ound that microrhi zomes can be induced 
Such ml·c I ·. III MS medlUlll supplemented with higher levels of sucrose (9 to 

ror ll zomes can be·J I fi 
1l1l1S-,>ld microrhizomes can b e~s l y SCOree or '.nore than one year in culfllte. Six-

The microrhi zome ~ ehr~rly planted 111 the fi eld without any accl imati_ 
laElatiorl, conservation ~1 call tHIS e used as a disease-free seed marerial and for 

technology is amen 'bt(~ exchange of germplasm (G eetha, 2002). This microrh i
a e or automatIOn and scaling up. 
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Cryopreservation is a st rateg y for long- term conservat ion of germ plasm (Ravindran et 
aI. , 1994). Efforts are going on at IISR and N BPGR fo r developing such strateg ies. 
Cryopreservation of gi nger shoot buds throug h an encapsulat ion-dehydration method 
was attempted by Geetha (2002). The shoot buds were encapsu lated in 3% sodium 
alg inate beads and pretreated with 0.75 M sucrose solution for 4 days and dehydrated 
in an air current from laminar air flow and then immersed in liquid nit rogen. Beads 
conserved li ke this on t hawing and recovery exhibited 40 ro 50% viabilit y. The cryo
preserved shoot buds wete regenerated intO plantlets. The stlldies ca rried out at JJSR 
showed that vitrification and encapsulat ion-vitrification methods are more sui table fo r 
the cryopreservation of g inger shoot buds (Nirmal Babu , unpubli shed data). 

Cbal'flcl el'izaliolJ ftlul E-va /II(1/.iolJ of GermjJ/flS1lI 

A clear knowledge of the extent of genetic variability is essential for formulating a 
meaningful breeding strategy. Under a low-variability situation , selection programs will 
not yield worthwhile benefits. In any vegetatively propagated species the extent of genetic 
vatiability will be limi ted unless samples are drawn from dist inctly different agroeco
log ical situations. Studies on genetic vat iability for yie ld and associated charac ters in 
g inger indicated the existence of on ly moderate variability in the germplasm. Little 
variability exists among the genotypes that are grown in the same area; however, good 
variabili ty has been reported among cultivars that came from widely divergent areas. 

Ravindran C( al. (1994) characteri zed 100 accessions of g inger germplasrn based on 
morpholog ical, yie ld, and quality parameters. Moderate variabi lity was observed for 
many yield and quality traits Crable 2.1 7). Ti ller number per plant had the hig hest 
variability, followed by rhi zome yield /plant. Among the quality traits, the shogaol 
contell( recorded the highest va riability, followed by crude fiber and oleores in . None 
of the access ions possessed resistance to the causal organism of leaf spor disease, Phyl
losticla zil/giberi, Quality parameters such as dry recovery and oleores in and fiber contents 

'{'tlble 2. 17 Mean, range, and CV (%) fo r yield atlribmes and qualit y tra its in g inger germplasm 

Cbtlrtlrftr M et/II Range CV (%) 

Plant heig ht (em) 592 23.I - BB.6 19.00 

_ -Lc_al no. lplant 37.1 17.0- 52.0 18.22 

Tiller no.lplanr 16.8 2.SU:: 5.5-- 45.90 

Leaf leng th (COl) 23.8 17.0-36.5 10.90 

Leaf wide h (cm) 2.6 1.90- 3.70 10.80 

Days (0 maturi ty 226.0 214- 236 13.5 

Dry recovery (%) 21.7 14.0- 2B. 5 14.3 

Rhi zome yieldfplam (g) 363.1 55.0-770.0 39.3 
Crude fiber (%) 4.3 1 2. 1- 7.0 23.3 

O leores in (%) 6.1 3.2-9.5 21.7 

Gingerol (%) in oleores in 19.9 14.0- 27.0 15.2 

Shogaol (%) in oleoresi n 4. 1 2.7- 7.5 24.3 

Source: Ravindran et at. (1994). 
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a
alr.e, kI9n09'4v)n. to vary with the soil type, Cultural c d" 

on It lons, and climate (Ravind ran et 

Mohanty and Sarma (1979) reported that e d 
estimates were hig h for the num be f ' d xpec ~e genetic advance and heritabili ty 

ffi . , . r 0 secon ary rhI zome and I . 
coe IC lent of Variation was high fi . If ' tota roOt weIght. Genetic 

d . 'C ( or welg It 0 roOt tubers RI " . I 
an slg nillcantl y correlated with n b f . llZome Yle d was positively 
I . fi lim er 0 pseudos,ems (' 11 ) 

r lIzome Ingers , tert iary rh izome fingers t I I ' tl ers, leaves, secondary 
f I ' ora tll zome 1)lant he' I I fb a secane ary rhizome fingers and b . . ,( 18 1t, ea readth , g inh 

. d' d I ' ' num er and weIght of a I .. 
III Kate t lat straig ht selection was l S fi I ' < e Vent ltlouS roots. Studies 

b f . ' l e u to Illlprove almost all I 
num er a tertIary fingers and stra . Id I) , c laracters except the 

. . '<\Y y,e . , a ' tan et al ( 1988) I I 
was pOsItively and sig nificantl y carr 1 I . I . repartee t lat plant heig ht 
I h I · e atee WIt 1 number of leav J f I 
engt , r llzome breadth, and yield pcr 1, Iot '["I b ' . es, ea engch, rhizome 

d · . C • le nllm er of leaves p I 
an slg nlncantly related to rhizome Ie I b . I . • cr p anr was positively 
I I I ng t 1, reae rh and y,eld 1'1 I ' a so re atee to rhizome breadrll a I . I I P . . " . le r llZome leng th was 

• < < nc Yle e . OS J(lve (or I ' fl ' 
plant heIg ht, number of tilJers and I f b re atlon 0 r 11 Zome weig ht with 
M I ' < ea num er was relJorted b S k 

olancy et al. (1 98 1) observe I "fi '. . y ree umar et al. ( 1980). e a slg llJ !Cant vafl eral I ff4 r 
except for the num ber of tilJers per 1, Ia, I b' e I erences ror all the characters 
D bl I ( , n ane nllm er of lea I 

o la 1993) observed a wide range of . b 'I' r ves per p ant. Pandey and 
b h · 'vafla I J(y lOt mo t f I I y t em. RhI zome yield I,er pla"t " I S Ot le c laracrers Studied 

, was POsitIve y asso' d . I 
of fingers per plant, weig ht of fingers I . ' c.late Wit 1 plan t heig ht, llumber 

At IlSR, Sasikumar et al. (l992b) ,s ;'lCIPlrlll"0aOry rh'zome. 
. b'I' ue lee access IOns of . 

vaCla I tty, correlation and I)ath analys ' 1'1 r g Inger germ plasm for 
I d · ' , , 's. ley lOu nd that rh ·· . Id 

corre ate with p lant heig ht t,' ller d I f b • Izome Yle was positi vely 
2 ' an ea Ilum er a I I f I 

.18). Plant height also had a sig 'f! I ' ' , ne ea ength and widrh (T.1ble 
b < III lCant ane positive ass " . ' J 

num er as well as length and widrl f 1. f Tl . ' OClat lon WJt 1 leaf and ti ller 
number, leaf length, and leaf width ~v~s ela. l ~ .assocJati~n of leaf number with tiller 

. ·c ( a so positi ve and slg nific 1"11 a slgnlllcant negative association w' rI I ' ant. I er number had 
. . " 1 c ry recovery Leaf width I d .. 

asSOCiatIOn with dry recovery, .• 1a a POSitIve sig nificant 

Tabl. 2. 18 CI laraeter assoc iarions in g inger 

Charncter Uti/no. 
ua/ Len[ Day; to O,y I?hizomtl '(jller NO, Imgth lI'eight IJlrltf(l'ily r«owlY p/alll 

0.69' 0.32" 0.59" 0.5 1" 0. 12 O.I B 0.26" 0.56" 0.47" 
0.36" 0.01 0.07 

0.30' 0. 13 
0.3B" 

om 0.29" 0.26" 
0.42" 0.04 0.04 0.49" 

0.0 1 0.42" 0.23" 
0.06 om 

0.10 
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Yadav (1 999) reported a hig h genotypic coefficient of variat ion for leng th and weight 
of secondary rhi zomes, weight of pri mary rhi zomes, number of secondary and primary 
rhizomes, and rhi zome yield/plant. High heritabil ity coupled with high genetic advance 
as a percentage of mean was observed for plant height, leaf length, suckers per plane, 
nu mber of mother and secondary rhizomes, weight of primary rhi zome, and rhizome 
yield per plant, ind icating that desirable improvement in t hese traits can be broug ht 
about through straig ht selection. Plant heig ht followed by numbet of ti llers pet plant 
and leaf length had a max imu m d irec t effect on rhi zome yield (Sing h, 2001). 

Nybe and Nai r (198 2) suggested that morpholog ical characters are not rel iable to 

classify the types, although some of the types can be disting uished to a certa in ex tent 
from rhizome characters. All the morphological characters were found to vary among 
types except for breadth of leaf, leaf area index, and number of primary fingers. Man
mohandas et al. (2000) fo und that all the cultivars d iffered sig ni fi ca ntly in ti ller number 
and leaf nu mber. Yield stabil ity analysis revealed the superiority of cvs. Ernad and 
Kuruppumpacl i as they expressed high mean yield, nonsig ni ficant genotype-environmenr 
ineeract ion and stability in yield. 

Biochemical Var iab ility 

Oleoresin of g inger is the total extracc of ginger conrain ing all the flavoring principles 
as well as the pungent constituents. T he oleoresin conta ins two important com
pounds- gi ngerol and shogoal- that contribute to the gi nger pungency. On long-term 
storage, gi ngerol becomes converted to shogoal. The qua li ty of g inger thus depends on 
the relat ive content of g ingerol and shogoal. Zachariah et al. (1993) classified 86 g inger 
accessions into hig h-, med ium-, and low-quality types based on the rela tive contents of 
the quality components (Table 2. 19). There are many ginger cult iva rs with high oleo
resin , a few them, such as Rio de Janeiro. Ernad Chernad, Wynad , Kunnamangalam, 
and Meppayyur. also had a high g ingerol content. T he intercharacter association showed 
a positive correlat ion with oleoresin , g ingerol, and shogoal. 

Sham ina et al. (1997) investigated the va riabil ity in rota I free amino acids, proteins, 
cota l phenols, and isozymes, using 25 cultivars. Moderate vatiations were recorded for 
rora l free amino acids, proteins, and toral phenols. Isozyme va riabi li ty for polyphenol 
oxidase, peroxidase, and SOD was reported ro be low, indi cating only a low level of 

----'-pnolymorph ism. 
The information avai lable from various srudies on germplasm evaluat ion is summarized 

in Tables 2.20 and 2.2 1. 

'{(Ible 2. J 9 Range. mean, and coefficient of variance in g inger cult ivars for the qua lity components 

QI/(Ility romtjllleltts R(lIlge M t'flll CV% 

O leores in (%) 3.2- 9.5 6.1 2 1.5 
G ingerol (%) (i n oleores in) 14- 25 19.9 15.0 
Shogaol (% ) (in oleoresin) 2.8- 7.0 4. 1 23.7 

Source: Zachariah et al. (1993). 
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Trible 2.20 E / . f · 
' V;"l Ll:ttron 0 ginger gerrnp /;"Islll for rhi zome yield ;mel its att ributes 

Cbararter/lmil 

I. Hig h yield 
(fresh and d ry) 

2. Bold rhizome 

3. Slender rhizome 

4. Short dumtion 

5. Hig h dry recovery (%) 

VarietylC,,11 il'flr/ A(C('.JSiQII 

U. P, Rio de J ;"Ineiro, Thingpuri , Karakkal 
Suprabha, Anarnika . J ug ijan ' 

SG-646 (Kerala) ( 159 g/p la nr) and SG-666 
(H.P) (151 8/planr) 

R io.~e J ane.iro, Supmbha, Surllchi, Suravi , 
jug lJan , Thrgpuri, Wynad loca l, H imachal 
Karakkal , Vamda, Maran Ace. Nos. 64 11 7 
and 35 ' 

Rio de J aneiro (Av. 2 1 {/ha- fresh, Maran (Av 
20 rlha, 4.40 t/ha-dry), Nadia (Av. 19 . 
r/ha- fres h, 3.80 tllla---dry), Namsapattam 
(Av. 3.80t/ha-dry) 

': io de J aneiro (32.5 5 (/ha), Chi na ( 16.76 t/ha) 
Ernad Chernad ( 15.84 t/ha) , 

Wynad (9 .0 kg/3 /11 2, SG-700, SG-705, ll nd 
llDJR -1226 (7.5- 7.7 b'/3 on ' ) V r, - 5 I 
I'GS 4 0 , 2 .... 4 , anc 

3 (7.8 k813 on ' ) 

SG-876, SG-882 (9.2 k813 on ' ) 

China, laHing iv;"l , SG-35 

Varada, Gu ru bathan, I3haise, China , Ace. N 
11 7,35, 15, 27 , and 14 2 as . 

Sli ruchi , Klinduli loca l 

Sierra Leone 

1\". loca l_ 2 (29.7%) 
Tura (28%) 

Tl od . 
1 upl~zha (22.6%), Kuruppampad i (23.0%) 

and NadIa (22.6%) . 

Tum and Mamn 

]\·rohanry and Panda 
( 1994) 

Rattan ( 1989) 

Sas ikumar et ;"II. (1994) 

P;"lu lose (1973) 

Thomas (1966) 

AICRPS (1999, 2000, 
200 1) 

Sasikumar er a!. ( 1994, 
1999) 

Mohanty and Panda 
(1994) 

Mohanty ;"Ind Panda 
(1994) 

Mohanty ( 1984) 

Sreekumar et a!. (1982) 

NI'be ec al. ( 1982) 

Na;, (1969); 
Muralidharan ( 1972); 
CpCRI (1973) 

Mll ra lidharan ( 1973) 
Tum (22.07%), Thinladium (2 1.03%), and 
Jo,hal (20.60%) 

~==-~-..:,.,. 
engara \25%), Ernad (24.37%), Himachal 

Pradesh, and Sierra Leone (23. 12% each) 

6. High oleores in (%) 

Zahjra ~ad , Jorhat local, Kuruppampadi , Ernad, 
SU~UCh' , Maran , Assam, China, Mowshom, 
Thrngpll i, Varada, Ace. Nos. 27 11 7 204 d 
294 ' , , an 

SG-685 

Ass;"l ll1 (9.3%) and Manathody (9.2%) 

Kuruppampadi (7. 1%) 

Rio de Janeiro (10. 5%), Maran ( 10.0%) and 
\'(fynad loca l (9.1 %) 

Thomas ( 1966) 

Sasikumar et a!. (1994, 
1999) 

AICRpS (2000) 

KrishnamOLlrth y et al. 
(L970); Natarajan et ;"II. 
(1 972) 

Mura lidharan (1972) 

Nybe cc al. (1980) 
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'Ii/ble 2.20 (Cominucd) 

V",·itl ylC 1111 il.'tlrl A ((m iOIl 

Ri o de J aneiro (10.8%) 

I?efermm 
C bart/cur/1m i I 

\'V'ynad , Kunnamangalam, Ambalavayalan, 
Ernad , Sant hing Pu i, Rio de J ane iro, 
Kurllppampatii , Himachal, Varada, and China 

Sreekumar et al. (1980) 

Sasiku mar et :11 . (1 994) 

Rio de Janeiro, \'(fynacl , Kunnamangala m, 
Meppay ur, Santh ing Pui (~ ... Iani pu r- I), Ernad , 
Erattllpetfa, Tamarassery loca l, PGS-33, and 

PGS- II (> 7.4%) 

Zachariah et aL (1993) 

Ace. Nos. 14 (9.0 %) and 118 (6.0%) 

Nadan Pulpa ll y, Nadan , and Ace. No.57 

Ace. Nos. 110, 582, 236, 388, 4 14 ,6, and 3 

(6.2- 8.9%) 
V

I
S

I
-8, BDJR- 1226, and e hanog- II (8.3 to 

8 .7%) 

7. I-l ig h Essential oil (%) Mananthody (2.2%) 

8 . Low crude fi ber (%) 

Karakkal, (2.4% ), Rio de J aneiro (2.3%), 
Vcngara (2.3%), and Vall llvanad (2 .2%) 

E1akallan and Sabarimala 

Acc. N os. 118 (2.6%) and 14 (2.5%) 

Pu lpally, Sabarimala, Nadan Pul pall y, and 

Thodupuzha 
Ace. Nos. 4 18, 399, 389 , 205, 11 0 ,236, \04, 

and 296 (2.9-3.2%) 
BLP-6, SG-723, BDJ R- 1054, SG-5 5, and 

Maran (2.0 to 2.8%) 
Shi ll i, Bang i, I-l img iri, Acc. No. 64 , V 1£,,-4 
PGS-23, and SG-706 
China (3.4%), UP (3.7%), Himachal Pradesh 

(3. 8%), Nad ;a (3.9%) 

Tum (3.5 %) 
China (3.43%), Ernad (4.4 3%) 

-----------Zahiraba d, Ku ruppampaci i, Mi zo, ~GS-1.6 , 
China, UP, Nad ia, Poana , and Jamaica 

Ace. Nos. 287 (3.0%), 288, 22 and 18 (3.2%) 

Varada , Ace. Nos. 15 and 27 

9. H igh yicld of dry 
g inger (t/ha) 

Poona (4 .62%), Nadia (4 .84%), und 

Thinlad ium (5.0 1 %) 
Ace. N os . 4 19, 386, 415, 200, 110, and 336 

(2.2-3.3%) 
Rio de J aneiro, Maran (3.27 t/ha), and 

Thingpuri (2.79 t/ha) 
Maran (Av. 4.40 (/ha) , Nad ia (Av. 3.80 t/ha) , 

Narasapattam (Av. 3.80 t/ha) 

Sasikllmar et al. (1999) 

Z1.chariah et al. (1999) 

AICRPS (1999) 

Krishnamurrhy et al. 
(1970); Lewis et aL 

(1 972) 
Nybe et a\. (1982) 

Sasikumar et al. ( 1999) 

Zakariah et al. (1 999) 

AICRPS ( 1999) 

AICRPS (2000) 

Nybc et a\. ( 1982) 

Sreckumar et al. (1 980) 

T homas ( 1966) 

Sasikumar ct al. (1 994) 

Sasikumar ct al. (1 999) 

J og i et al. (1 972) 

Zachariah et al. ( 1999) 

Muralidharan (1973) 

Paulose (1973) 
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10. Hig h g ingcroJ and 
shogaol 

11. l-ligh zing iberene and 
(6)-gi ngerol 

;Xlynad, K.lIn nam~ngal a rn . Ambalavaya lan, 
Ernacl , T h ing PU rl , ancl Rio de J aneiro 

M iz?, Nad ia, Maran , Ernad , Kada, and 
N an anpara (high g in j 'crol-22% r I . I . . 0 0 0 eoresln)' 
tlO de Janclro, Sant hing Pin (f\hni pur- I) , 
PGS 37 S 64 " - , - 1, i\'!amn , Erattupena, Nadan 
Pu\pally, Jorhat local , PGS- 16 M·,·'o'" I N I· 
(1

. 1 , .. .. c ac ta 
u8 1 shogaol}----S% of oleoresin) 

Baharica and Amaravat hy 

Baharica and Amaravat hy 

Data colleCtC'<1 (rom various sources. 

Sasiku mar Ct al. ( 1994) 

Zachariah ec a l. ( 1993) 

Sas ikumar et al. (1 999) 

Sasikumar et al. (1999) 

Table 2.2 1 Screeni ng of g inge r gc 1 . rmp a5m agaJllst pest and d isease incidences 

Chnf(lrler/lmil 

A. Reunion to pes ts 

I . Shoot borer 
2. Rhizome scale 

3. 5wrage peSt 

4. Root-knot nematode 

B. React ion {o d iseases 

I . Rhi zome rot 

B.«o,;. ' wile 

spot 

Variel)'1 mit i ['fIr/ (lCCN S iOIl 

Rio de J aneiro 

\'(Iild-2 

Anarn ika 

Varada, Acc. Nos. 2 15 
and 2 12 

Vall uvanad, Tura and 
H .P 

Acc. Nos. 36, 59 and 
22 1 

J orhat and Sierra 
Leone 

Maran 

Narasapattam 

13urdwan- l , Anam ika 
Poona and H imachal' 

BDJ R- 1226, J amaica, 
BLP-6 

V1E)-2 , Rio de 
J aneiro 

Taffi ng iva , Maran 
Bajpai lllld Nad ia 

Maran and Kund ul i 
local 

Reaclion 

Tolera nt 

Least 
infestation 

Least inc idence 

Resistant 

Least 
infestation 

Resistam 

Least incidence 
( 11.25 %) 

l.east infection 

Least 
suscept ible 
(L-20% ) 

Less 
suscepti ble 

Less 
suscepti blc 

Leas t incidence 

Most tolerant 

Less 
suscepti ble 

U ejerenceJ 

Ny bc ct a\. ( 1980) 

Mohant y ( 1984) 

Sas ikurnar et a l. (1 994) 

Charles and Ku iyan ( 198 1) 

AICSCIP (1975) 

Nybc and Nair (1 9 79) 

Mohanry ( 1984) 

Sasik umar er al. ( 1994) 

AI CRPS ( 1999) 

Pradeepkumar er a \. 
(2000) 

Nybc and Na ir (1 979) 

Sasikumar er a\. ( 1994) 
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Path Analys is 
. I t 'on between yield and morpholog ical characters 

T he part it ioning of phenocyplC corre a I I I f path coeffi cient analys is revealed that 
into direct and ind irect effects by the met 10C 0 II 's 11igh indirect effect in the estab-

, ' d I ' I d' ct effect as we a b I 
plant height exill bite a 11g 1 Ir~ d I r morpholog ical characters (Ratnam a , 
lishment of correlat ion between Yield a~98~~ l~nd i cated that nu mber of leaves per plant 
1979' Nair et aI. , (982), Rattan et al. <. Id I nt fo ll owed by rh izome breadth , 

, , 'b ' n to Yle per p a , b I ' f had max imum cilrect contn UtiO .' d ' ct efCec ts of stomatal num er, e,l , I I ' I pOSit iVe Ire l ' 'd ' 
Oas et al. ( 999) reportee very 11g 1} ' . 'eld' leaf te mperarure, relat ive huml Ity 

area leaf number, and plant height on r 11fzome yl . t"OI', showed neglig ible effec ts. T he 
, <, . I te a trans pita I . .' 
Of leaves' stomatal resistance ane ra . I ' 111'gh (0 63 1) and thiS tra it IS , , b I '. e ylele was vel y . , f 
d irect effect of leaf num er on .r 1IZ0r:n . c. ov ing rh izome yield. T he study 0 

I t on cnterlon ror IInpr . ' I recommended for use as a se ec I fo rces in fl uencing Yield afe welg H 

Pandey and Dobhal ( 1993) revealed that the s([olngestl ( 1999) groulJed 18 cultivars into 
, I I f · Idth Stng 1 et a ' , fl 

of fingers, width of fingers, ane ea ~v . 'b d D 2 analysis. The major forces In u-
d N I I condttlons ase on " ' I fib three clusters un er aga ane . . II er plant and oleoreslll ane er 

eneing divergence of cultivars were rhn·.ome Yle ( p 

contents. t1 anal sis uSlllg 100 acceSSIOns of g inger. T hey 
Sasikumar et al. ( 1992b) carned out pa a~ 'le~ Yth exhibi ted the lughest cit ren effect on 

reported that plant heig ht followed by Ie d ' g a: t on yield All other dl ren effects 
I I a negative Irect ellec h I 

rhizome yield . D ry recovery lac < ft for leaf number through plant elg 1t 
were neglig ible. The lu ghest tnd irect e e~t wals . ht ' In turn plant height exerted a 
fo llowed by leaf length, again through P ant '~llg Moderate i'ndlrect effects were also 
moderately good JI1cll rect effect on rhi zome Y I ~ c: ht) an~llea f length and leaf number 
noticed in the case of leaf Width (through ~Ian t :~~~d a'[~S l d Ll a l effect of 0.82 17, thereby 
(through leaf leng th) ~oweve r, thes~:~rfo~.r~nn~l~ stu~l y was only 18%. T hey concluded 
tnc\Jcat ing that the variabili ty accou In a select ion program as thiS 

I II b en prime Importance < I 
that plant height s lOU c e glv I . ell as a good d irect effect Wit 1 
charac ter had pos it ive and slglll ficant corre atlon as w 

rh izome yield. . ' or 11010g icai characters indicated that the 
, I s by ustng m I' I ' I Multiple reg reSSiOn ana YSI I b k' ' nto consideration plant 1elg H, 

fi nal yield could be predicted fa irly a~cf~;~teoYJe l;e~" I ~~fa~ the 90th and 120th days after 
number of leaves , and b readth of las y I I ( 1989) found that to improve yield 

b I I L982) R attan et a ' d I ' 
I)lanring (R1I.tnam a et a ., . . I ber of leaves per plant an r 1lZomc-

I ' I Id be g iven to t 1e num I ' I 
Per plant, emp 1aSlS s 10U , ' R ' I (1999) reported that 11g 1er . I n analysIs at et a . 
leng th by using partla regresslo . ted wi~h chlorophyll -a, catbohydrate, a~d lo\~e r 
rhi zome yields were strongly assOCi a . l owed significant correlat ion with 

, I I f L af 1)[Otelll contents s 1 d 
polyphenollevels 111 t 1e ea , e b ' T I chlorophyll a:b rat io also showe a 
carbohydrates and the chlorophyl: a\ ri"t l o 'boh~drate content , However, polyphenols 

highly positive correlatiOn With t 1e . ea C~\ II ophyll -b and carotenoids with chlo
showed a significant pos it ive corre lation Wit 1 C l or 

rophyll -a and chlorophyll-b, 

Crop I mprovement As a 
. . er is const rained due to the absence of seed set. 

Crop_improvement . work 111 g.ll1g d ' d induction of polyploidy were the crop
resul t , clonal selection, mutatlon

d 
bMree lng , an

tly 
somaclonal variations ar ising through 

I d mploye ore recen , ' improvement met 10 s e . 
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the call us regenerating system is also being made use of in crop-im provement work. 
Most of the work in this area was carried out in Ind ia. T he major breed ing objeCtives 
are: high yield , wide adaptabili ty, resistance to diseases (such as rh izome rot , bacterial 
wi lt , and FmarillllJ yellows), improvement in quality pararneters (oil, oleoresin), and low 
fi ber. Work in th is area is carr ied out main ly at t he JISR, CalicHt, the AtCRPS center 
at the High Altitude Research Stati on , Porrang i, under t he Orissa U ni versity of Agri
culture and Technology and at the AICRPS center at the Y.S. Parmar University of 
H orticu lture and Forestry at Solan (Himachal Pradesh), 

Crop-im provement work carr ied out so fa r has been confi ned mainl y to germplasm 
collect ion, evaluation , and selection. A large number of collections have been assembled 
at the IISR , and these collect ions have becn evaluated for yield and quality characters. 
In add ition, a few int rod uct ions from other countries have also been made Li se of for 
breed ing work. Some of the ind igenous cult iva rs havc been known to be hig h yielding 
and of good q uality. In general, variabi lity was fou nd to be limited in culti vars g row n 
in the same reg ion , but wider variabili ty is met within cultivars growing in geog raph
ically distant locations. 

Khan (1 959) reported t he high yielding capacity of cv, Rio de J aneiro, [n a tr ial with 
L8 cultivars, the yield of Rio was double of that of cv. China under Kerala cond it ions 
(Thomas, 1966), Kannan and Nair (965), Thomas and Kannan (1 969), ancl Muralid ha
ran and Kamalam ( 1973) also fOllnd chat cv. Rio de J aneiro was superior to other cuit ivars 
with respect to yield ; however the percentage dry g inger was lower than that of cv. 
Moran, Rand hawa and Nandpuri ( 1970) evalua ted 15 cult ivars for four years, and 
reported that none could ollt-yield the local cult ivar (H imachal) under the colder cl imate 
of Himachal Pradesh, J og i et al. ( 1972 ) also reported that the local cv, Himachal produced 
the highest yield , fo llowed by cv, Rio de Janeiro, 

The trials carried out at Kasaragod under the All Ind ia Coordinated Research Project 
indicated the high-yield potenti al of cvs Rio deJaneiro, Burdwan, and J amaica (A ICSC IP, 
1978), In Assam cv, N adia out-yielded other cultivars (Aiyad ura i, 1966), 

Nybe et al. (1982) evaluated 28 cul tivars for fresh and dry rh izome yield and noted 
sig nificant d ifferences among them . Fresh rhi zome yield was hig hest in the case of cv. 
Nadia, followed by cvs. Moran, Bajpa i, and Narasapattam . Cv. Nadia also gave t he 
highesr yield of dry g inget, Sreekumar et al. (1 98 2) found that cvs Rio de Janeiro and 
Kuruppumpad i were the best yielders. 

Mutalidharan (1 973) studied the varieta l performance of g inger in Wynad , Kera la, 
~-~':"-_!nd roncluded-rhar-the , R io de j aneiro gave the hig hesr fresh g inger yield, whereas 

the dry g inger yield was lowest in this cult ivar. Dry g inger yield was hig hest in cv. 
Cvs. Moran, Nadia, and T hingpui are the ocher hig h yielders and were more or 

on a par with cv. Rio de J aneiro. T his worker recommended cv. Rio for fresh gi nger 
,to<:lu(:t i'c," and cvs. Moran , Nadia, and Thing pui for dty g inger produCtion. 

r!UIlation and Selectio n for Q ua lity 

et 01. (1 972) evaluated 14 cult ivars and reported that the fiber content ranged from 
Poana) to 6.98% (cv, N arasapattam), Cv, Karakkal was lowest in d ry recovery 
by cvs. Wynad local and Rio de Janeiro. Cv. Rio had the hig hest oleoresin , 

cv. Karakkal had the highest oil. Crude fiber was least in cvs. Nadia and China. 
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Nybe et al. ( 1982) evaluated 28 culti vars and reporced t hat cvs . Rio de J aneiro and 
Moran had the highest oleoresin content, 10.53 and 10.05%, respectively. Essential oi l 
was hig hest in Karakkal (2.4 %) and crude fiber was highest in Kuruppumpadi (6.4 7%). 

Sreek umar et al. (1982) found that the dry g inger recovery ranged from 17.7 % in cv. 
China to 28. 0% in cv. Tura. Cultivars havi ng more than 22% dry recovery (cvs. Moran, 
jug ijan, Ernad Manjeri, Nad ia, Poona, Himachal Pradesh, TUfa, and Arippa) are sui table 
for dry ginger production. 

Breeding Strategies 

COllve1l lio1lfl/ M elbod: tbe C/ollal Selectioll PatblVt'I·Y 

The clonal selection pathway has been the most successful breeding rncrhod in rhe 
absence of seed set. The steps involved are: collection of cuiti vars from diverse sou rces 
and their assemblage in one or morc locarions, evaluation of cui t ivars for superiori ty in 
yield, quality or stress resisrance, selection of promising lines, replicated yield t rials in 
muitiiocations, selection of the best performer, its multi plication and tesring in large 
evaluation plots and finally release. For a cuitivar to be released , it shou ld g ive a yield 
increase of 20% or more over the ru ling standard cu it ivar (Figure 2.1 4). T his strategy 
has been used successfully for evolving rhe present day cultivars, which have been 
developed mainl y for higher yield adaptability and quality (Table 2.22). 

Table 2.22 Eiit,e cul riva rs w 'clopeei anei released 
" 

Mean Dry Oil ,Heall 
yield recovery CO/lIt111 Oleoresi// Crt/de days to 

C,t/tillal' //allle Pedig"ee tl /)(/ (% ) (%) (% ) fib,,' (%) III(/("rity 

Suprabha Selecrion from 16.6 20.5 1.9 8.9 4.4 230 
Kund uli loca l 

Su ruchi Ind uced 11.6 23 .5 2.0 10.0 3.8 220 
muram of 
Rudrapu r loca l 

Suravi Selcction from 17.5 23.0 2.1 10.2 4 .0 225 
ger rnplasm 

IISIt Varada Do - 22.6 19.5 1.7 6 .7 3.3 200 

IJsn Mahima Do 23.2 23.0 1.7 4.5 3.3 

IISR Raj irha Do 22.4 19.0 2.4 6.2 4.0 200 

.,.A-limg iri Clonal select ion 
from H imachal 

14.0 20.6 1.6 4.3 6.0 230 

1.oea l 

Dudcrim gold' Ind uced NA NA NA NA NA NA 
tetrap loid of cv. 
Q ucensland 
Loc, I 

4x Sanshub Inducccl NA NA NA NA NA NA 
tetraploid of (v. 
Sanshu 

' Develop(xl by (he Budcrim Ginger Co., in Queensland, Australia . Reported to be high yictder, havi ng pl umpy 
rhizomes. 
bDeveloped in J ap .. 1 1l , reported to be high yielding, and is culti vated common ly. More informat ion on yield and quality 
are not available. 

Des irab le 

Frd eva illal io" rep1icalcd 

t 
Promisi ng' N .. 

, O( p rOIll/ SlIIg ' 
st eel di scard ' 

Multiloca lioll tri als 

+ 
Yield 

~ ~ 
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GcrlllplaSIll 

Pre liminary Evnlual ion 

Screening for diseases 

Pro mising ; 
selcc i 

Undes irab le 
discard 

Screening fo r inseci 
pes ts/nematodes 

I 
I 

NO I pro mi sing; 
discard 

! 
Discard 

~ 
Resisl<1ncc to stress 

+ 
Adaplab ilily, 

Qualil y 

+ ! 
PromiSi ng - scle I II '. * C lOse YJcldmg > 20qf h . 

I) over I e rUling culli va r 

+ 
Mulliply and release 

Breeding stmreg I I 
y- t le conal select ion pathway. 

general breed ing b ' . . r . 0 Jectlves In mOSt breedin . 
qua ny, reSIStance ro fungal lb ' g prog lams have been: hig h yield 

I I ' ane actenal l>a tl . b I ' 
ane ow fiber content Resist p' . .. lOgens, 0 d rhizomes, hig h dry 

and Rat t " . ance to ythllllll (th I 
! OllJa !OUlllttcearllll/ (bacter'al . '1 I e calis. a organism for rhizome 

such I . ' I, WI t pat lOgen) has so f: b 
se ectlOll prog ram carrie I I < ar nOt cen encOUntered 

:/J~rmplasm . ,e Out at n e lISR Ca l' J 5 I ' . 
evalUatIOn were tes ted' r ,< IClIr, cu t lvars short listed 

. This effore led to tile sel ectli~~e:f~a ted trials for fOll r years in five locations 
at presenr in south and central Ind ' (ara~~, one of the mOSt important ruling 

presented in L1ble 2 23 I d la see Ig ure 2 . . 14). 
nt'~ra,cti'Dn. TI . a so emonstrate the' n f 

le quali ty characters of thes . 111 lIence 0 genotype- envirOll _ 
e acceSSlOllS are g iven in 'L1ble 2.24. 
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Table 2.23 Yield and dry recovery of gi nger at different locations 

Accession 

Number 

5 I 

64 

14 1 

25 1 

222 

63 
151 

53 
II 

249 

65 

250 
(H im achal) 

293 
(SlIprabha) 

295 
(Maran) 

252 
(M puzha) 

CD 

CV 

Perlll'tl ll
I If1l1111Zbi 

9.5 
11.1 7 

9.83 
12.33 

10.1 7 

10.83 

11.0 

11.0 

10.6 

10.1 

9.83 
10.17 

11.1 7 

10.17 

11.0 

0.62 

47.48 

ilfMIl /i'eJb yidd (kgl3 IIr bed) 

MfiI'<lIt- AlIIlIbtl- Nimvi- PtYHI'flIl-

1I/1I1Z/}(1 Iflllfl)'tll I>«(hi /plIzhfl IIf1l11l1zh; 

9.43 6.28 7.1 7 11.08 19.5 

11.5 7.38 9.83 11.0 21.0 

9.83 6.78 8.00 10.0 20.5 

8 .1 7 6.09 8.83 9,47 20.0 

8.0 5. 17 7.83 6.92 20.5 

9.0 6.87 7.67 10.83 18.5 

9.27 6.30 8.17 8. 10 20.0 

10.33 6,4 1 9.83 9.60 20.0 

9.0 6,47 7. 17 9.67 17.5 

10.0 6.00 8.33 9. 16 17.5 

10.5 5.33 7.33 11.0 20.0 

10.5 6. 10 8. 16 10.23 21.0 

9.67 7.25 7.83 11.28 18.5 

8.83 7.23 9.0 7.36 21.5 

8.83 6.70 8. 16 7.83 20.0 

0.54 0.5 I 

17. 19 11 .27 12.1 
0.90 

12.6 

Source: I1 SR An nual report, 1994- 1995. 

Ory re(otltry (%) 

AIIIM/-
fll'fl)'fl i Pmhi 

24.0 24 .0 

23.0 24.0 

18.00 20.0 

23.0 19.0 
22.0 22.0 

21.0 1.0 

19.0 24 .0 

15.0 20. 5 

14.0 20.5 

17.0 20.5 

20.0 21.5 

22.5 25.0 

15.0 19.0 

19.0 20.0 

16.0 19.0 

Ni"(l/lil
pllzhtl 

16.0 

20.0 

19.0 

19.5 

22.0 

14.0 

20.0 
19,4 

19.5 

20.5 

20.0 
21,4 

15. 1 

22.2 

19.27 

In another trial for increasing the rhizome size, L5 bold rhizome accessions short listed 
from the germ plasm were tested in multilocation plots (Table 2.25). Based on the overall 

-Superior performance, accessions3 5 and L07 were selected, multiplied, and released for 
cultivation under the names JISR Rejatha, and fISK 1 ahima , respectively (Sasikumar
et al. 2003) (Figure 2. 15). 

Clonal selection programs for crop improvement were carried out at the High Altitude 
Research Starion in Potangi, Orissa, and at the Department of Vegetable Crops at the 
YS. Parmar University of Horticulture and Forestry in Solan (Himachal Pradesh). The 
former came out with the selections, Suprabha, and Su ravi and the latter with the 
selection , Himgiri. 

Ala/alioll n,.ee(iillg 

Ginger is nOt amenable to any conventional recombination breeding programs due to 

its sterilit y. Induction of variability through mutations, chemical mutagens, ioni zi ng 
radiat ions, and tissue culture (somaclonal variati ons) has been tried by a few workers 
(Gonzalez et aI. , 1969; Raju et aI., 1980; Giridharan, 1984; J ayachandran, 1989; 
Mohaney and Panda, 199 1; Nirmal Babu, 1997). The general scheme for a mutation 
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Table 2.24 Yield dry recover a I , . f 
' y, .Il( qua Ity a promising g inger accessions at JlSR 

Acassioll no. 

51 

64 

14 1 

25 1 

222 

63 

151 

53 
II 

249 

65 

H.P loca' 
Suprabha 

Maran 

M. Puzha loca l 
CD (P = 05) 

Source; IISR Annual reporr ( 1993 1994). 
Nil; Value not avaibble 

E. Od (% ) 

2. 1 

1.9 

1.9 
2.4 

2.0 

2.3 

2.0 

2.5 

2.0 

2.4 

2.7 

1.2 

1.9 
2.0 

1.9 

Table 2.25 Yi eld and recovery of bold ,1, ,"00 I . 
. 1C se enrons 

ArcusiolJ 110. 1996 

Mean Yield (/resh) Dry I'CCO/lCI')' (%) 

11 7 13.5 

3l 14.7 
49 12.3 
27 13.0 

3173 
::-·T41!-=~~_<l.0 

Il 

41l 
9.6 

12.3 
7.3 

12.2 

11.4 

13.2 

' 3.0 
8.l 

13.1 
1.1 3 

22.0 

17.5 

22.0 

22.0 
___ -.,23.0 

23.0 

19.1 
22.0 

15.0 

22.0 

23.0 
19.1 
23 .0 

2 1. 5 

17.5 

Annual Report (1997, 1998, 1999). 

Oleoresin (%) 

6.8 

6.0 

6.5 

9.0 

7.0 

7.0 

7.0 

9.9 
7.0 

9.0 

8.0 

5.8 

6.3 

7.5 

6.3 

1997 

Cmde jiber (%) 

5.7 

5.4 

4.0 

6.6 

3.9 
4.9 

6.0 

5. 1 

4.0 

3.5 

5.3 
8.5 

4.4 

6.1 

NA 

1998 
Mean yield 

01)' rCcot'f'Y (%) Yield 

9.9 

11.9 

10.3 

11.3 

9.6 
6.9 

13. 1 

11.4 

10.6 

10.5 

10.9 
11.4 

'0.9 
7.4 
9.9 
('86 

2l.l 
2 1. 2 

2 ('3 

26.3 
25.l 
26.8 

24.8 

24.3 
22.0 

27.0 

2l.l 
24 .3 

26.l 
23.8 
22.0 

11.0 

14.7 

9.3 
11.8 

7.0 
12.7 

9.7 
10.8 

8.2 
9.8 
9.3 

12.5 

II. 7 

10.3 

10.7 

1.22 
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Pigllre 2.16 Breed ing strategy- the unconvenriona l pathway. 

program is g iven in Figure 2. 16. Rhi zome birs were rreared with chemica l 
or irradiared with gamma rays . G inger buds arc sensitive to irradiat ion and 

was reported to be below 2 Krad . The LD,o (50% lethal dose) for germination 
[tellOtted to be between 1. 5 and 2.0 Krad (Girid haran. 1984). J ayachandran ( 1989) 

the cv. Rio de Janeiro with gamma rays at 0 .5 to 1. 5 Krads and Ethy lmcthane 
(EMS) at 2,0 to 10,0 mM and studied VM ,. VM, generations with a view to 

;e ,.,sefu l mutants. This study revealed that the percentage of sprouti ng, surviva l, 
height of plants decreased as the mutagen dose inc reased . The LD)o in the study 

'" 
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1.0 Ktad of gamma rays and below 8 
for sprouting and survival was between 0 ,5 and 

mM of EMS. . tion ' in l 5 Krad gamma rays there was 45 % 
Mutagen treatment affected t iller produc '6 1M.. · d ction in tiller product ion . The 

. 10 M EMS rhere was 70 re u . . II 
reduction, whereas In m ~ T ' mprove seed set. Rhizome Yle e 
mutagen treatment did not affect pollen ertl Ity or I . 

was affected in a dose-dependent manncr. . nd 'olmc\ a significant reductIOn 
• I d I VM2 generatton a " . 
Jayachand ran (989) ana y~e t 1C 1 can tiller number ind icated transg ress~on 

in plant height as the dose II1creased. 1 he m i ·. yield in the VM2 generation 
f I S· ' larly the mean t lIzome .. 

to either side 0 the contro s. Iml, , . I I · loses of the mutagens g lVlI1g 
·c . b I I I'rections with n e ower e . . I · indicated shilts 111 ot 1 t 1C e I : . . shifts The variation 111 r 11Zome 

·f I I I" I er doses g lVll1g negatlvc . f 
Pos itive sh l tS ane t 1C lIg 1 . k ~ nd that lower doses 0 gamma 

f I I 320 gi l lalH ThIS same wa r er aLI ··d 
Yield ranged rom to, J,. 4 M) more effect ive in indUCi ng WI er 

K I) I EMS (2 to marc . I rays (0 .5 and 0 .75 rae. ane h P thilllJl.tlpJJtl1lidenJltll lllll, and bactena 
variations. Screening agall1st the soft rot II~alt ogen, YI al' y change in pathogenic suscep-

I . I · 'IIm) C IC not revea " < " I 
wi lt (caused by U tI stoma so a Jldcea! ' I I [fects of mutagen treatment 111 t 1e 

I d ( 1989) observed t lOt r le e . I . tibility. J ayac 1an ran . . " I 'on of s([ong d iplontlC se ectlOn. . . I ed II1dlCatll1g t 1e operatl B· . 
subsequent generatIOnS van ts 1 ' . '. f . Nigerian cultivars (Yats lln 1ft 

I (1995) · adlated rhIzomes a two ' . I 
Nwachukwu et a . Iff. < . to 10 G 'amma rays (Gy- Gray- IS t 1e 

and the yellow g ingerTafin G~V~)O; I;!~;;.\r, these ~jt ivars the GR50 ( 50% growth 
unit of absorbed dose , l G y 6 G in Tafin Giwa and Yatsun Bm , respect ively, 
reduct ion) was found to be at 5 and y I . 

, d b 87 5 Gy for both CLI ttvars. f I 
and LD~o was Joun to e . I I . I ' of '\ high-yielding mutant rom t 1e 

I P I ( 1991) rel)orter r 10 ISO atton • . 
Mohanty ane ane a " d I I " and gamma rays as mutagel1lc 

T I d EMS SOdlllln aZI e co c 11C1ne, < < 

VM generation. "y use ., .' 'rl· . PGS- IO and PGS- (9) were 
3 I . ( UP Rio de Janclro, 1l11gpUl , ' . d··d I agents and five cu tlvars cv. , . T enty promising 111 IVI ua 

• I · VM VM and VM generatlons. w I 
treated and studiee In II 2' ? 0 ft hem(V K - 3) gave the hig 1est 

" ") Icc ted for evaluatIOn. ne 0 I I . . 
clumps (mutants were se . . ' fi I hi her than the top yield ing vanety, 

Yield of 22 .08 tlha, which was slg nl cant
d
Y gonllJarative yield trials and mul tilo-

. . I I ere funher teste III c ,< b Suprabha. SIX top Yle e ers \V . . , f V K - 3 and have been su se-
. trial s- the results indicated the supcflortty o . \ I 

catIOn < .' d the name Suravl. 
quenrly released for cultivatIOn un ~ r ' the locations tested , and V I K\ - 3 \Vas out 

The genotype differences were consls~en~ over I ( of 23%. The rhizomes are 
. III " ThiS Ime has a ( ry recovery . 

Yielding the others 111 a oca.tlOns.. I I . I k" 1 and dark yellow fl esh with bulg lOg 
I· d· I fi gers havJ nge ar g azee s II , < I ·1 

plnmpy with cy 111 fi ca n ' ' " I dee brown scales. Th is genotype las 0 1 

oval tips and finger node.s that are covered ~v 't;nd c;ude fiber content of 4.0%. 
content of 2.l % , oleoreslll cometH of ldO.~ %, mllrarl·ons to fi nd out the possible use 

) I' d . d ce Isozyme • . 
Tashiro et al. 0995 stue Ie 10 u . tS at an early stage or under an In 

. k for detect 109 mutan < < • I 
of isozyme analYSIS as mar ers f k K ' toki and Sh irome Wase and eXClsce 

T I ey used rhe cvs Ora u u, tn , . MNU) vitro culture system. "} . I . a (N _methyl-N -nitrosourea-
I . 1 5M methy nmosoure• NAA 

shoot t ips were treatee Wit 1 m l' m supplemented with 0.05 mg 
for 5 to 20 minutes and cultured on MS mee IU I zed for locating mutations in the 
and 0.5 mg BAIL Regenerated plants were (~~~l) g lutamate-oxaloacetate transam
following isozymes: gluram~te dehydr~~~~~ 6_pho; phogluconate dehydrogenase (6-
inase (GOT), malare dehy rogenase I shikimate dehydrogenase (SKDH). AnalysIS 
PGDH) phosphog lucomutase (PGM), anr • ' I ' all ri,e three cultivars. Five 

, "D' sozyme proil es lOr < f 
of the untreated control gave 1II?\ olm I files that differed fro m the basic paner~ °1 
of 2 l MNU-treated plants had Isozyme pro . mutants expressed morphologlca 
GOT, 6-PGDH, PGM and SKDH. All these ISozyme • 
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variations such as multiple shoot formation, dwarfing , and abnormal leaves. T he results 
indicated that treating shoot t ips with MNU and then culturing them in apptopriate 
media can recover mutants and that isozyme analys is is a good technique in deteCt ing 
the mutation rate, and hence is usefu l in mutation breeding prog rams. 

Polyploidy B,·eedillg 

Induced polyploidy has been tried in g inger for introducing variabi lity, for improving 
pollen and ovule fertility, and for improving g rowrh and yield . Ramambal et al. (1 979) 
reported induction of polyploidy in the cv. Rio dc Janeiro through colchicine treatment . 
The tetraploids showed stunted g rowth and had reduced leng th and breadrh of leaves . 
However, in thi s case a stable polyploid line cou ld not be establ ished and all t he plants 
reverted to diploidy in the succeeding generations. 

Ramachandran et al. (1982) and Ramachandran and Nair (1992) reported successful 
production of stable tetraploid lines in cvs. Maran and Mananthody. The polyploids were 
more vigorous than the diploids and flowered during the second year of induction. The 
stable terraploid li nes (2n = 44) had larger, plumpy rhizomes and hig h yield (1 98.7 
g/planr). However, the essential oil content was lower (2.3%) than the orig inal diploid 
cuitivar. There was considerable increase in pollen fertility in the tetraploids. T hese 
tetraploids are maimained in the germplasIll collection at IISR, Calicut. 

Adaniya and Shi ra i (2001) induced tetraploids under in vitro cond itions by culturing 
shoot tips in MS solid medium containing BA, NAA, and 0. 2% wlv colchicine for 4, 
8, 12, and L4 days and transferred the shoot tips to medium without colchicine for 
further growth. More tctraploids were recovered from buds cul tured for eig ht days. 
Induced tetraploid line of rhe cultivars (4x Kintoki , 4x Sanshu , and 4x Philippine cebuI ) 
were later transferred to the field where they /lowered. These tetraploids produced pollen 
with much higher fertili ty and germinability rhan the diploid plants (0 .0 to I % in the 
diploid planes as against 27 .4 to 74 .2% in the tetraploids). 

The commercial g inger company in Q ueensland , Australia, Buderim Gi nger Co., has 
developed and released for cul tivation a tetraploid line from the local cultivar. This line, 
{lamed Buderim Gold , is much hig her yielding and has plump rhi zomes that are ideall y 
Suitable for processing (Buderim Gi nger Co., 2003). Nirmal Babu (996) developed a 
IfOffilSlnlg line of cv. Maran from somaclonal variants. T his line is high yielding with 

rhizomes and ta ller plants (Fig ure 2. 17). In add ition to somaclonal variation, 
biotechnological approaches have been init iated for evolving disease-res istant gen

(for deta Ils, see Chaprer 4). 
breeding strateg ies currently in use will not be usefu l to solve many of the serious 

besetting the g inger crop. In spite of extensive search, no genes resistant to 

rot , Pmarilllll wi lt, or bacteria l wil t could be located in the germplasm. The 
of sexual reproducrion and seed set imposes a severe constraint on our efforts to 
resistant cuiti vars. Recourse to biotechnolog ical approaches may be useful. 
no effort is going on in this field in a concerted manner anywhere in the world . 
to r-DNA technolog y by using resistance genes to the target pathogen from 
plants can be a viable alternative for evolving resi stant g inger plants. Unti l 

modified g inger cultivars are avai lable, one has to rely on disease 
through efficient phytosanitat ion, throug h crop rotation, and by the use of 
organisms. However, the ginger breeders and biotechnolog ists around the 

PUt their brains together to evolve a future action plan to solve the difficult 
and constraints to which this crop is currently being subjeCted. 
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P
· 2 / 7 I-l igh-yielding somaclonal variant. 
IglII'e . 
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