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The genus Zingiber of the tamily Zingiberaceae is distributed in tropical and subtropical
) Asia and Far East Asia and consists of about 150 species. Zingiberaceac is of considerable
importance as a "spice family.” Besides ginger this family includes turmeric, cardamom,
large cardamom, grain of paradise, and several others having economic and medicinal
importance. Zingiberaceac was earlier divided into the subfamilies Costoideae and Zin-
giberoideae, which were later given independent family status as Costaceae and Zingib-
~ eraceae. Three tribes were recognized in the subfamily Zingiberoideae by workers such
- as Peterson (1889) and Schumann (1904); and the genus Zingiber was included in the
tribe Zingibereae along with Alpinia, Amomum, and others. This tribe is characterized by
~ the absence of lateral scaminodes or staminodes that are united to the labellum, in
mpatison with tribe Hedychieae, in which the lateral staminodes are well developed.
ter Holtcum (1950) removed Zingiber from Zingibereae and renamed it as Alpinieae;
s argument was that Zingiber is closer to the genem under the Hedychaeae as their lateral

osed that Zingiber should be in an independent tribe (Burtt and Smich, 1983).
The first documentation of ginger was by Van Rheede (1692) in his Hortus Indicus

st botanically described by Roxburg (1810), who reported 11 species, and placed
n two sections based on the nature of the spike: Section 1. spikes radical and Section
s-terminal.

.(1882) has carried out an exhaustive survey of the Zingiberaceae of Indian
a for The Flova of British India (J.D. Hooker). In this he recognized four sections:

very short and dense; peduncle very shore (11 species)
puzium Horan—Spikes produced from the rhizome on more or less elon-

neric classification was accepted by later workers including Schumann (1904)
n of Zingiberaceae.
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Zingiber Boehmer

Boehmer and Ludwig, Def.Gen.P1.89,1760, nom.cons; Benth.&Hook.f.Gen.PL

3,646,1883%; Baker in Hook.f.Fl.Br.India,7,243,1892; Schum.in Pflan-
zen.Zng.165,1904. Type species: Z. officinale.

Holttum (1950) provided the following description for the genus.

Rhizomes as or near surface of the ground, bearing leaf shoots close together. Leaf
shoots short to moderately tall, often with many leaves. Leaves thin in texture, never
very large (rarely to 50 cm long), sessile or with quite short petioles, the ligule 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, short or long, clothed with two-
ranked sheaths that are sometimes colored red; spike short or long, slender or thick,
cylindrical, ovoid, or tapering to a narrow apex, elongating gradually. Bracts fairly large,
usually brightly colored, red or yellow, usually thinly fleshy, closely imbricating or with
apices free, matgins plane or inflexed. One flower in the axil of each bract; flowers fragile
or short lived. Bracteoles one to each flower, facing the bract, thin and narrower than
bract, usually persisting and enclosing the fruit, split to the base, never tubular.

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 than the others, erect, narrowed to the tip, and hardly hooded; edges inflexed,
lateral lobes usually below the tip and on either side of it, sometimes joined partly
together by their adjacent sides and to the tip; 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 greatly 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
into a slender curved beak-like appendage as long as the pollen sac, with inflexed edges,
containing the upper part of the style. Stigma protruding just below the apex of the
appendage, not thickened, with a circular apical aperture surrounded by stiff hairs.
Stylodes usually slender and free, not surrounding the base of the style. Ovary glabrous
or hairy, trilocular with several ovules in each loculus. Fruit with a fleshy wall when
fresh, more or less leathery when dry, smooth, or hairy, enclosed by the persistent bract
or bracteole, dehiscent loculicidally within the persistent bracts. Seed ellipsoid, black
or dark brown, covered by a chin saccate white aril wich irregularly lacerate edges.

The main distinguishing features of the genus are: (1) long, curved anther-appendage
embracing the style, (2) the three-lobed lip (the side lobes are staminodes, which are
relatively broad and fused more or less to the mid lobe or lip proper), and (3) the
relatively large bracts, each with a single flower and a nontubular bracteole, more or less

imbricating on a lengthening inflorescence (Z. clarkei from Sikkim is an exception that
has two to four flowers to each bract). The bracts are often but not always colored; in
some species, they change color as they grow older. The color of the lip is an important
distinguishing character.

The genus contains 150 species: 34 species have been reported from China (Shu, 2003)
and 24 species from India (Baker, 1882). The main centers of diversity are South China;
Malaysia; Northeast India, Myanmar region, and the Java—Sumatra region of Indonesia;
Shu (2003) has recently revised the Chinese species. The only species extensively used
as flavoring for food is the true ginger, Z. officinale. Some species like Z. zerwmbet and
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Z.‘t‘rJ.Umﬂﬂfﬂ?ﬂr are well known for their uses in native medicine. Z. mioga is used as a
spice and its flower buds are in great demand in Japan as a vegetable

Zingiber officinale Rosc.

R(-)SCOG’,' New arrangements of the plants of the monandrian class usually called “Sci
minea, Tral?s. Linn. Soc. 8:348, 1807; Valeton, Bull. Buitenz 2nd S()e/r XXVil ‘ TZtg-
181-8; Fluckiger and Hanbury, Pharmacographia, 574, 1874: E’ngler Pﬂ.z’mzen",O :
Afrikes and Nachbargebiete, B. Natzpflanzen,.264,1895; Scln,lmann ,Z ib e, I
Das Pflanzenrich, 4,46,170,1904. : : P - i
Ins‘chi, Rheede, Hort. Malabaricus, 11,23-25, 1692,
Rhizome entirely pale yellow within or with a red external layer. Leafy stems to ab
3 50 cm tall, 5 mm diameter, glabrous exceprt for short hairs near base of each leaf Lill ?:luf
<ol l?af b.Iades commonly about 17 by 1.8 cm; rather dark green, narrowed evenly to sle ad .
'Wl"l‘ tip; ligule broad, thin, glabrous, to 5 mm tall, slightly bilobed. Scape slende); t 12n 5
R tall, the upper sheaths with or without short leafy tips; inflorescence approxir,na(;el ;";
cm long'and 15 mm diameter; bracts approximately 2.5 by 1.8 cm; green withy I
submargme'al bgncl and narrow translucent margin; margins incurved iower bract Pf‘g
slender white tip. Bracteoles as long as bract; calyx with ovary 12 mn‘: long; corolls “”lg
2.5 cm long, lobes yellowish, dorsal lobe 18 by 8 mm (flatcened) curving o%er the : tl}ll 1
and narrowed to the tip, laterals narrower. Lip (mid lobe) nearl}: circular, approxi mt Ff
12 mm long, and wide, dull purple with cream blotches and base sidel(;bel')spabo Taé eby
4 mm; free almost to the base, colored at mid lobe; anther cream, 9'mm long, a Lénda Y
] dark purplg, curved, 7 mm long (Holttum, 1950). The species is sterile 'uzjdpc[l) =
- set seeds (Flgure 2.1, Figure 2.2, and Figure 2.3). ‘ g
'.-;__:Taxonom.-m.rl notes: Roscoe (1807) described Z, officinale from a plant in the Botani
(:}grden at Liverpool as “Bracteis ovato-lanceolatis, laciniis corolla vevolutis, nectayio tril, /}ams
X and r‘efel.'red to Amomum zingiber Willd, Sp.Pl 1:p6. Willdenow (1797) e’xtended Lint:n s
SCf‘lptl(l)t? “A momunm scapo nude, spica ovata” with “squamis ovatis, foliis lanceolatishad a :’eus
ine ciliates.” Linnaeus's (1753) Amomum zingiber is the basionym for the specie !’lfim
nus Amomum of Linnaeus is a nomenclatural synonym of the conserved genperic i:.am Y
ngiber Boehn? (]?urr and Smith, 1968). The specific epithet zingiber could not be usei.l’
€ genus Zlmg:&er. Thus, Z. officinale was adopted as the correct name for ginger. Th
q Vns(.iavalliabl.e in-most herbaria are without flowers, and it is assumed thﬁt I{-%im:laeuz
éﬁg ;sre gejszz)gonRzn t:)e f;;ci)unt and figure given by Rheede in Hortus Malabaricus.
e |9jﬁ:‘imleyROS :‘ebeal(] : :n.’, l191é {))l.ate 12, 1692) is the designated lectotype of the
A€ species epithet officinale was derived from Latin, meaning “work shop,” which in

7 Latin was i i i

| Y'\ | used to mean pharmacy, thereby implying that it had a medicinal use.
{'1’.

tphology and Anatomy

gtfl;_i Elant is a herbac_eous perennial grown as an annual crop. The plant is erect
A zém:)).u; f:gci:)s(;t:e;}al'shoots (pseudostem) with leaves, and the underground,
i e gxfr(l)gerl are of two types, fibrous and fleshy. After planting,

s growth grow out of the base of the sprouts. These are the
_ ) e number of such roots keeps on increasing with the growth of
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A ginger plant showing aerial shoots and inflorescence.

Figure 2.1

tillers. These fibrous roots are thin, have root hairs, and their function is mainly absorp-
tion of water and nutrients. As a ginger plant grows further, several fleshy roots of
indefinite growth are produced from the lower nodes of the mother ginger and primary
fingers. These roots are thicker, milky white in color, with few root hairs, and no lateral
roots. Such roots carry out the functions of support as well as absorption (Figure 2.4).

During the initial growth, the apical bud of the rhizome piece planted grows out and
becomes the main tiller or mother tiller. As this tiller grows, its base enlarges into a
rhizome. This is the first formed rhizome knob and is often called the mother rhizome.
From either side of the mother rhizome; branches arise and they grow out and become
the primary tillers (Figure 2.5). The bases of these tillers become enlarged and develop
into the primary fingers. The buds on these primaries develop in turn into secondary
tillers and their bases into secondary fingers. The buds on the secondary fingers in turn
can develop into tertiary tillers and tertiary fingers.

The aerial shoots have many narrow leaves borne on very short petioles and with sheaths
that are long and narrow, and the overlapping sheaths produce 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) modified for 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 rhizome bit is used
for planting (“seed rhizome” or setts), there may be one or more apical buds on it;
however, normally only one bud becomes active. When large pieces are used, more than
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2.2 Sketch of the ginger plant sh
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Iic.in. the same plane (Shah and Raju, 1975a).
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e first developing branch, has 7 to 15 nodes, which later
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Floral Formula
GQur Brl K(3) C(3) A1 G3)

Figure 2.3 Floral diagram of ginger flower.

f roots—thick, white fleshy roots and the fibrous

2.4 Ginger rhizome showing two types 0
roots with root hairs.

Figure
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Ginger rhizome showing the conversion of branch apices into aerial shoots.

Figure 2.5

becomes an aerial shoot. Once this axis becomes aerial, the subsequent growth of the
T rhizome is due to the development of the axillary buds situated above the first two to
b three nodes of the underground main axis. These axillary branches are plagiotropic and
- then they quickly show orthotropic growth at their distal region and subsequently become
aerial shoots (see Figure 2.5). The same pattern of growth is continued for successive
branches to form a sympodial growth pattern. A few axillary buds at the distal end of
the branch remain dormant. The number of primary branches may be two, three, or four.
- These primary branches arise on either side of the main axis. Subsequent development of
~ the secondary, tertiary, and quaternary branches are on the abaxial side of the respective
~ branches. Irrespective of the number of primary branches, the subsequent branches lie in
the same plane, although alteration of this scheme is seen sometimes. A mature rhizome

d they show negative geotropic response (Shah and Raju, 1975a).

he number of nodes in each rhizome branch varies. The main axis (mother rhizome)
the subsequent branches (primaries) have 6 to 15 nodes. The internodal length of
rhizome branches ranges 0.1 to 1.5 c¢m, and varies even in a single branch. The
Jnternodal length is more in secondary, tertiary, and quaternary branches, and in the
‘aerial stem it ranges from 3 to 7 cm. In the underground stem the nodes have scale
lea ?_‘s-‘that ensheath and protect the axillary buds. These scale leaves fall off or may be
SE, 80 that in mature rhizomes only the scars remain. Young scale leaves have pointed
tips ‘ .hay help in penetration of soil.
Lhe distal few nodes of the rhizome have sheath leaves. At the early stage of develop-
men hey lack any apparent slit due to the overlapping of their margins. Later a
longi: dinal slit is formed through which the shoot tip projects. After the development
012 scale leaves and 3 to 5 sheath leaves, the foliage leaves are produced. A foliage
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Figure 2.6 Growth pattern of the ginger rhizome.
A. Habit. B. Typical mode of growth pattern (nodes are represented by dark horizontal

lines and dormant buds by a black spot). C. Two main axes developing from the seed
thizome, and their subsequent branches developing in the same plane. D. A main axis
with four primary branches and their subsequent branches developing in the same plane.

(Source: Shah and Raju, 1975a.)

leaf consists of a leaf sheath, a ligule, and an elliptical-lanceolate blade. The leafl sheath
is about 15 to 18 cm and lamina about 12 to 15 cm long. Above its region of insertion,
the sheath encircles the internode; and from the side opposite to its origin up to the
ligule, the sheath is open longitudinally. A distinct mid rib is present only in the lamina.
The phyllotaxy of the scale leaves on the rhizome and foliage leaves on the aerial stem
is distichous, with an angle of divergence of about 180°. Within the bud, leaves have

imbricate aestivation (Shah and Raju, 1975a).

Rhizome Anatonty

dies on the anatomy of ginger were carried out mainly by the pharmacog-
nosists, and they concentrated on the officinal part, the rhizome, either dry or fresh
(Futterer, 1896). A comprehensive survey on the anatomy of the plants belonging to
Zingiberaceae was that of Solereder and Meyer (1930), in their classical work Systematische
Anatomie der Monocotyledonen (Systematic Anatomy of the Monocotyledons). They pro-
vided anatomical notes on 18 genera and some 70 species (Tomlinson, 1956). Later
Tomlinson (1956) supplemented the information and filled in the gaps. However, no
information was available on the developmental anatomy. Some studies were carried out

The early stu
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by Pillai et al. (1961), Aiyer and Kolammal (1966), and Shah and Raju (1975b). More
re-cently, Ravindran and colleagues investigated the developmental anatomy of 1'11i:z 0-1- ‘
oil ce_lls, and associated aspects (Remashree et al., 1997; 1998, 1999; qui):]dmt 109[;;35’
The following discussion is based on the studies of the above, workc:rs ‘ o ;
.The transection of a fresh, unpeeled rhizome is almost circular or ()VZ;ll about 2 cm 1
diameter, with the outline almost regular. The TS shows a light—l‘)l'()\\’:l-(f()l()l'(‘d (utm
!Jorder zm.d a central zone 1.2 ¢m in diameter marked off by a yellowish ring i"ror:] fr
mter‘mf,'dtate cortical zone. A distinct continuous layer of epidermis is gencrallé rese rn
consisting of a single row of rectangular cells; in some cases, it may h-e ru )turec); l\W'tln' ’
this is th_e cork, varying in thickness from 480 to 640 [lm and differcintiatedl intlo “‘“
outer region 300 to 400 pm in thickness, composed of irregularly arranged, tangentiz l‘;n
el(?ngated, slightly brown-colored cells, and an inner zone of 6 to 12 re ’rulafr . );
thin-walled rectangular to slightly rangential elongated cells arranged ilf’ radi'do:'\(r)swz
They measure 30 X 30 to 114 X 48 pm. (Note: Cork tissue develops after the‘ harves;
and during storing. So when a rhizome is cut soon after harvest, one may not encounte
{nuch cork tissue.) A cork cambium is not evident. Inner to th:e cork is the cortex tln:
is about 4 mm in thickness, composed of thin-walled large hexagonal to pol (m‘ql
parenchymal cells. The cortical cells are heavily loaded with starch grains Thi:seygr' in
are large, simple, and ovoid, in length varying from 15 to 65 [lm. Scatter'ed with:gnﬂ:l?s
cortex are numerous oil cells that contain large globules of yellowish-green color Thz
outermost three to five rows of cortical cells are not rich in oil contents. Man SC’ltt. |
‘cqlla'teral, closed vascular bundles are present, of which the greater n‘umi)er is ‘se;:Ci(r:
3 _tlhe inner cortical zone. The large bundles are parcially or entirely enclosed in a sheath
of septate fibers, whereas the smaller bundles are devoid of any fiber. Each vascular bu ‘dl
- consists of phloem, composed of small thin-walled polygonal cells witl; wcl‘I-m-ll:'Leci
ve tu!)es and xylem composed of one to nine vessels with annular, spiral or retiétllate
thickenings. These vessels have a diameter varying from 21 to 66 |.l’m. In the enclosing

b
}
i

from §tarch grains. The endodermis is lined by a pericycle composed of a single row

in-walled slighcly tangentially elongated cells devoid of any starch grains

e stele that form-s the bulk of the rhizome consists of parenchymal cells si.milar to

t §0.f;i the cortex, with starch grai.ns.and oil globules and a large number of irregularly
tered vascular bundles. Just within the pericycle a number of very small vascular

ndles are arranged in a ring. These bundles have only one to three vessels and a small

ne Enlargement

enlar; in gi i ivi i
i gntlamentfm ginger is by the activity of three meristematic zones. Very early
i 85':#1[3 lenft of the L:hlzome, a zone of meristematic cells is formed at the base
18 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 responsible for the initial increase in the width of the cortex. The
second type is the actively dividing ground parenchyma. The third type is the secondary
thickening meristem (STM), in which fusiform and ray initials are clearly visible. The
STM develops just below the endodermoidal layer.

At a lower level in the rhizome from the shoot bud apex, the PTM can still be identified.
The scattered vascular bundles are developing from the PTM or procambial cells. Such
groups of cells can be identified by the plane of cell division. The differenciation of
procambial cells into vascular tissue takes place at different stages of rhizome growth.
Unlike in many monocots, in ginger rhizome there is a special meristematic layer along
with the endodermoidal layer, and this layer consists of cambium-like cells. The cells
are thin-walled and arranged in a biseriate manner. In certain loci, where the vascular
bundles develop, these cells are elongated with tapered ends and appear similar to the
fusiform initials with an average of 62.34 {m length and 8.12 Um widch in mature
stages. Between these fusiform initials, some cells show transverse divisions to form ray
initials. The presence of the cambium-like layer is an important feature in rhizome
development. From this layer inverted and irregularly distributed groups of xylem and
phloem are formed along the intermediate layer. The cells outer and inner to the cambial
layer become filled with starch grains.

Development of 0il Cells and 0il Ducts

Oil cells are present in the epidermis or just below the epidermis of the leaf, petiole,
rhizome, and root. In the rhizome, oil cell initials are present in the meristematic region.
They are spherical and densely stainable. The initiation of oil cells and formation of
ducts occurs in the apical parts of shoots and roots and starts much before the initiation
of vascular elements. Secretory ducts are formed both schizogenously and lysigenously
(Remashree et al., 1998; Ravindran et al., 1998).

Schizogenous Type

The schizogenous type of secretory duct originates in the intercalary meristem of the
developing regions. The ducts are initiated by the separation of a group of densely stained
meristematic cells through dissolution of the middle lamella. Concurrent separation of
the cells leads to the formation of an intercellular space bordered by parenchymal cells.
These ducts anastomose and appear branched in longitudinal section. Further separation
of the bordering cells along the radial wall leads to widening of the duct lumen.

Lysigenons Type

The lysigenous type of duct formation is more frequent in the meristematic region, but
occurs in mature parts too. There are four stages involved in its development: initiation,
differentiation, secretion, and quiescence. These steps are a gradual process that occurs
acropetally (Figure 2.7).

Initiation and differentiation:  In shoot apex, the meristematic cells are arranged in tiers.
In between these cells, certain cells in the cortical zone are distinguishable from the rest
by their large size, dense cytoplasm and prominent nucleus (see Figure 2.7A). Such cells
act as the oil cell mother cell. Anticlinal and periclinal divisions of these cells result in

' Km 2.7 Ontogen
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s y of oil cell in ginger: lysigenous development.

ce.“ ;2 :Il rlnothelr Fell. B_!). Division of mother cell. E. Nuclear disintegration of central
- I Nuclear disintegration (note the deformed cell). G. Cytoplasmic condensation. H

Darkening of cell contents and increase in vacuolation. I. Mature oil duce with scz;m);

2 CthplaSln (lc, IySllIg CC” n, nu l us 1 Sd secret ly dll t; s, starch Jrain
cle O
) ) S y 0C, 01 Ce“, » 8¢ 0 Ct; s, 8 ’

f |
of ’(‘J'i!. cell initials (see Figure 2.7B
-adistance of about 420 [im from
enlarge in size, showing cytoplas
et development leads to the
etches toward the intercell

~E). Cyloplasmic vacuolation initiates in the
the shoot apex. Subsequently the surrounding
mac and nuclear disconfigurations (see Figure
disintegration of nuclear content of the central
ular space. Later the central cell disintegrates
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and che contents spill into the cavity thus formed (see Figure 2.71). This process that
takes place in adjacent cells leads to the formation of a duct. The duct can be either
articulated or nonarticulated, and becomes gradually filled up with the cell contents of
the lysed cells. Once the lysogeny of the central cell is completed, the adjacent cells also
lyse gradually in a basipetal manner, resulting in the widening of the duct lumen. These
stages occur between 1500 and 3000 [m from the apex.

Secretion:  The differentiated oil cells start a holocrine type of secretion and expel their
contents into the duct. Then the next cell (in acropetal order) becomes differentiated
into an oil cell and starts elimination of its contents followed by lysis. Simultaneously
the primary tissues continue to become differentiated into new oil cells and reach the
secretory stage. The secretion fills the duct in young stages, but the quantity becomes
reduced gradually, and finally the ducts appear empty. This could happen because of the
diffusion of oil basipetally and radially; such oil particles are deposited in the cells and
can be seen as black masses inside cells as well as in the intercellular space. Such stages
are noticed about 3,250 im from the shoot tip (Ravindran et al., 1998; Remashree et

al., 1999).

Quiescence:  In the mature rhizome the ground parenchyma does not undergo furcher
division and differentiation into the duct. In this stage the cells adjacent to the duct
become storage cells, containing numerous starch grains and large vacuoles. An empty
cell or cells with distorted cytoplasm appear along the duct lumen. Quiescence and
secretory stages are visible from the third month onward after planting. In primary
tissues the oil duct development is schizogenous, whereas further development proceeds

both schizogenously and lysigenously.

Root Apical Organization

The root apical organization in ginger together with many other zingiberaceous taxa
was first reported by Pillai et al. (1961). They found that the structural organization of
ginger root apex differs from that of other taxa (such as Curcuma, Elettaria, and Hedych-
fum). In ginger, all zones in the root apex are originated from a common group of initials.
From the rim of this common group, calyptrogen, dermatogen, periblem, and plerome
become differentiated. Raju-and Shah (1977)also reported a similar observation in ginger
and turmeric. The following discussion is adapted from Pillai et al. (1961).

The root cap is not differentiated into columella and a peripheral zone, and hence there
are no separate initials for these regions. The cells in this region are arranged in vertical
superimposed files. The cells arise by the activity of a meristem, which can be easily
differentiated from the rest of the region. Pillai et al. (1961) named this meristematic
region columellogen. In transections, the cells of the columella form a compact mass of
polygonal cells in the center with the cells of the peripheral region arranged in radiating
rows around it.

In the root body two histogens could be distinguished: (1) the plerome concerned with
the formation of stele and (2) the protoderm—periblem complex concerned with the
formation of the outer shell to the stele including periblem and dermatogen. The
protoderm—periblem complex is located outside the plerome and is composed of a single
tier of cells. The cells of this zone located on the flanks exhibit T-divisions, which help
the tissue to widen out. Periblem consists of the initials of the cortex extending from
the hypodemis to the endodermis. The hypodermis arises from the inner layer of the
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protoderm—periblem initials. The cells com

posing this tissue va carlie
A i i g cuolate earlier than the

3 EndOclllermln]s djfffe;cntlates from the innermost periblem cells, Outside the plerome
ome all cells of the periblem exhibit T-divis; initi
-divisions initially buc lacer in d
ce the ; evelopment
shlc))lvv anticlinal divisions, and the endodermis is differentiated at that time !
: cromel has At 1ts tup a group of more or less isodiametric cells On the sides of the
er m ] . -' " . ;
! pf Io ne dome is the uniseriate pericycle. Near the dome, cells take less stain because
of t 1e;: qullescent nature. The metaxylem vessel elements with wider lumens can be seen
. Fiar t r?'-bp erome dome. The isodiametric cells at the very center of the plerome divide
1ke a rib meristem to give rise to the pitl A i i
1. In transections passin i
0 g the pitk & near the tip of the
plerome dome, the' lqlttﬂls can be distinguished as a compact mass of isodiametlric cells
surrounded by radiating rows of periblematic cells.

Cytophysiological Organization of Root Tip
The root tip can be distinguished into two zones on cytophysiological grounds:

I The quiescent center:  This zone is found at the tip of the root body, characterized |
its cells having (a) cytoplasm highly stained wich pyronin-methyl gree:f’and‘h i l')y
(b) smaller nuclei and nucleoli, (c) cell divisions less fr vacsellodns
noticeable in most. S
’The median longisection of this group of cells is in che shape of a cup with the ri
3 Fwarcl. The abn}fe characteristics show their state of rest and are callecli) the uile f,l m
gterr.l;hlsst zonte mlclluddesl.cells tl))flrlonging to all the structural histogens of the 2)0:';‘?0&(?;

LR tructurally elimitable). It gradually merge i i
rrlstematx.c zone. Raju and Shah (1 977)gstudied );he ro:)gt :prcl:?ili)ft 'lg]fn;:;];::: fi.‘df-} <

t'urmenc “rlth azure B staining to localize DNA and RNA conte;]ts ing orgc:::f ftfa
tify the quiescent center. A quiescent center was present in all the thr '0
ted by the light stainability of its cells. S oot
mbles an inverted cup.

, and (d) vacuolation

In longisection the quiescent center

Wo. ; ' . ; .
f; one:t}iterrzfz;'zr zofw. This zone is shaped like an arch surrounding the quiescent
3 € sides of the root body. The cells of this zone have the following features:

cytoplasm deeply stained with i
yiC pyronin-methyl green and hematoxvli
ivides more frequently . e

have larger nuclei and nucleoli
acuolation is absent or not prominent

l::tl;::gfzco;ﬁe ;?E:?des ‘the cells of all t.he strucr-ural histogens of the root body.
o Charxon is muc; lower in the quiescent center compared to the
o T acter combined with the response of these cells to stains
pyfonin-methyl green indicates thar these cells are in a state of comparative
P:ncefar;: not synthesizing nucleic acids (Pillai et al,, 1961). The distance
; Przdt e root b.ody and the nf':arest mature phloem element, which carries
f é)s ucts required by the active cells, was reported to be 480 to 490 um
e e:fiesot;c:; ft;lat the cells at the ti'p c.'f the root body go into qUiescence'
- tent metabolites (Pillai et al., 1961).
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Ontogeny of Buds, Roots, and Phloem

C
The ontogeny of ginger was studied by Shah and Raju (1975b), R_enzlashreelet aid(izt)l?);
and Ravindran et al. (1998). In a longisection, the shoot apex is dome sntapThe sty
single tunica layer, below which the central mother cell zone 1sl p;e-se{u - s
meristem is situated on either side of the central mother zone. The. eaf is ll'lli-:'la o
the outer tunica layer and from the flank meristem. The shoot apmallorgalmlzlaot::x ‘At
acropetal differentiation of procambial strands are -closely. r.elated. to the phy - 1); o
an even lower level basipetally in the rhizome axis, addltlona! mnei'l cortica ke
produced by a lateral PTM or procambium in which the resulting cells are radi ;

Shah and Raju (1975b) investigated the nature of the shoot

' the shoot apex: . .
. . a single layer of tunica occurs, showing

x in ginger. In the shoot apex in all stages, nic » SHC
:)lr)jy angclﬁlal divisions. Cytohistological zonati(?n based on stamn;g afﬁmz- é;rnﬁz
observed at any stage. The distal axial order (cr) mclude‘s the centt::a hgrou.lp.crl k- ,L:ue
cells dividing periclinally and anticlinally zmd‘ the ove_zrl'y{ng. cells;‘ ol the turlua;_ : l{:l,] ik
2.8). The peripheral zone (pr)) is concerned with the initiation of the next leat p

50 um
D-E

Figure 2.8~ Ontogeny of shoort apex: (A) dorm

stage 2 shoot apex; (C) thizome wit . : t
topographical zonation; (E) rhizome apex showing topographical zonation.

ab, axillary bud; as, aerial shoot; cr, central zone; Iba, leaf E?ase; Ipys 1pas
Prys Pra, peripheral zone; rr, inner aerial zone; sr, seed rhizome; sz,
s

Shah and Raju, 1975.)

ant rhizome with stage 1 root apices; (B) rhizome w.u:h
h stages 3, 6, and 7 root apices; (D) aerial apex showing

leaf primordium;
shell zone. (Source:
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dium and formation of the leaf sheath on the opposite side. It is delimited by the shell

zone on the rhizome apices, which appears as an arc of narrow cells in median longitudinal

section. The peripheral zone (pr,) is associated with the initiation of the nextc leaf

primordium. In the rhizome apices it is also associated with the initiation of the axillary

buds. As the phyllotaxy is distichous, this zone is opposite to pr, in median longisections.

Pith cells differentiate in the inner axial zone (rr).

Shah and Raju (1975b) recognized seven developmental stages of the apical bud. In

. stage one (dormant apex), the shoot apex lies in a shallow depression, the apex measures
[ 116 to 214 pum by 45 to 70 um. A few cells toward the flank showed increased
: concentrations of DNA as evidenced by dense staining. Some cells of pr, and pr, (see
l Figure 2.7) showed dense stainability for C-RNA (cytoplasmic RNA). The outer corpus
cells show peripheral divisions. In stage two, the apex is dome shaped and its widch and
height are 94 to 165 im and 35 to 75 [m, respectively. Zones pr, and pr, show denser
histological staining than cr and rr zones. A biochemical zonation is present at pr, that
shows deep staining for DNA. The apex at stage three measures 76 to 140 [tm in width,
and 53 to 86 Um in height and is dome shaped. The cells of the inner axial zone are
vacuolated. The shoot apex dome at stage four is 140 to 160 m high and 90 to 116
Wm wide. Outer corpus cells are vertically elongared. Ac stage five, the apex is a low
dome having 214 to 248 pim height and 53 to 75 m width. Cells of the pr, zone show
dense staining. The apex of stage six is prominently dome shaped having a width of
169 to 200 pm and height of 87 to 96 m. During stage seven, the underground branch
- reaches the soil level. The shoot apex is 91 to 112 pm in width and 134 to 167 um in
~ height.
- In ginger all the underground branches show a negative geotropic response. Two kinds
- of apices are found in ginger: (1) the apices are low dome and surrounded by either scale
leaves or leaf bases, and (2) they are dome shaped and raised on an elongared axis. In
the base of the rhizome apices, cells derived from the inner axial zone elongate tangen-
.r'fdly and contribute to the widening of the axis. In certain cases these cells extend up
the base of the axillary buds. In a dormant apex they are thick walled and contain
h grains. These cells are distinct in the dormant or early active rhizome apex and
itute latitudinal growch meristem. During vascular differentiation a few cells of
eristem develop into procambium. During subsequent development of the rhizome
the cells derived from the inner axial zone elongate and contribute to the pith.

mbial differentiation: The peripheral or flank meristem divides periclinally and
uces parenchymal cells. Some of the cells are distinguishable from the rest by deeper
ility, smaller size, less or no vacuolation, and darkly stained nuclei. These are the
ial initials and each such group contains 15 to 20 cells. Later these cells elongate,
ation increases, and they develop gradually into sieve tubes. Protophloem differ-
,;On_ precedes that of protoxylem. The collateral differentiation of phloem and xylem
vith parenchymal bundle sheaths becomes distinct after an intermediate stage of random
differentiation of the bundles. Ultimately the vascular bundles are found scattered in

velopment of leaves and scale leaves that encircle the shoot apex in ginger rhizomes
clockwise direction. The axillary bud meristem is first discernible in the axillary
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n adaxial sides of the third leaf primordium from the apical meristem as a
bility of the constituent cells and multiplane division of the
cells in the concerned peripheral meristem sectors. The axillary buds thus originate as
a cellular patch in the adaxial side of a leaf or scale leaf of the node. In a fully developed
axillary bud the cytohistological zones akin to the main shoot apex can be distinctly
observed. The development of a new rhizome is by the enhancement of a dormant axillary
bud, which acts just like the main shoot apex. The procambial cells and the ground
meristem cells divide and parenchyma as well as vascular tissues add thickness to the
newly enhanced axillary bud. Likewise, many buds become active during favorable
conditions, each of which produces secondary or tertiary rhizomes. The axillary buds
show vascularization by the activity of the procambial strands of the mother rhizome
and procambial cells originated from the differentiation of parenchymal cells.

position o
distince zone by the staina

Development of the Root

The adventitious root primordia become differentiated endogenously from the endoder-
moidal layer of the rhizome. Roots always develop just below the nodal region. Transec-
tion of the rhizome reveals that the endodermoidal layer and the pericycle become
meristematic and undergo periclinal and anticlinal divisions resulting in a group of root
initials. This is in direct connection with the vascular ring situated beneath the endo-
dermoidal layer. The root primordia are of the open type, having common initials for
the cortical meristem, root cap, and protoderm. The actively dividing and deeply staining
central cylinder shows vascular connections with the rhizome vasculature. As the enlarg-
ing root primordia emerge through the cortex, the cortical cells are crushed and torn
apart. Normally, these roots originate from the lateral or opposite side of the axillary

bud and scale leaf.

Phloem

As a rule there is no secondary growth in monocots. However, the rhizome structure of
ginger gives evidence of both primary and secondary growth having a well-developed
endodermoidal layer and cambium. The vascular bundles are collateral, closed, and
scattered in the ground parenchyma. The phloem element consists of the sieve tube,

companion cells, patenchyma and fiber.

Sieve tube:  Phloem cells originate from a group of actively dividing procambial cells
of PTM. These cells can be distinguished from the surrounding cells by their meristem-
atic activity, stainability, and size of the nucleus. During development, a procambial cell
elongates and becomes thick walled with cytoplasm and a prominent nucleus; this is
the sieve tube mother cell. It undergoes a longitudinal unequal division, and the resulting
smaller cell gives rise to the companion cell. This cell continues to divide, forming four
to eight cells. The large cell is the sieve cell, It has cytoplasm and nucleus in early stages,
which degenerate during its development into the sieve tube. During further develop-
ment, the vacuolation increases and the cytoplasm shrinks and appears like a thread

along the wall. At the same time, the nucleus disintegrates and the cell assumes the

features of the enucleated sieve tube element. The transverse wall of the sieve tube

changes to simple sieve plates with many pores and with very little callose deposition.
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The first sieve tube element can be distinguished at a distance of 720 to 920 wm from
the shoot apex.
. In th('? ginger rhrlmme, four to eight companion cells per sieve tube element are arranged
in vertical lines with transverse end walls. They may vary from 18 to 32 llm in length
and 7 to 19 Hm in width. The sieve tube elements are arranged end to end to form
columns of sieve tubes. The length of a sieve tube element varies from 57.5 to 103.8
{;Lr‘n, tl;;e_’a;emge being 76.8 jum. The widch varies from 5.29 to 10.35 [m, the average
eing 8.76 m (Remashree et al., 1998). At the e i
B4 ; early stage of

body is present in the si be, whic o it o L

. sieve tube, w rich appears to be amorphous but homogeneous.
Later the slime body disintegrates.

In ginger, development of sieve tube is pycnotic, similar to the second type of nuclear
de.:lgeneranon reported by Esau (1969) and Evert (1984). The sieve element passes through
a fragm?nted multinucleated stage,” a unique feature in the ontogeny of the multinu-
cleated sieve tubes as reported by Esau (1938).

Phloen parenchyma: ‘The phloem parenchymal cells are comparatively larger than the
companion cells and smaller than normal cortical parenchymal cells. The increase in size
of the phloem element is proportional to the growth of the rhizome. Some older phloem
parenchymal cells become lignified into thick phloem fibers. ‘

Anatomical Features of Ginger in Comparison with Related Taxa

- important anatomical similarities and differences among the four species: Z. officinale
A . . ?
voseum, 7. zerumbet, and Z. macrostachyum. Ginger has distinct anatomical features

bium, the presence of xylem vessels with scalariform thickening, helical and scalar-
'm type of xylem tracheids, scalariform perforation plate, outer bundles with a col-
hlayr:;atg:sll;uélflllllems;u;z:}th,'and high frequency of oil cells: The oil cell frequency was
L ! ginger, whereas the corresponding frequency in the other
s_‘was 9.5, 5.3, and 2.8/mm? in Z. zerumbet, Z. macrostachyum, and Z. vaseunt
A'E‘l.vely: —Speci.es differences were also noticed in fiber length, fiber width, and ﬁbel"
tltl;lcal;n:::lse ;j.:setrr;chemmal studies indicated that Z. zerumber has greater amount of
general, xylem elements in Zingiber consist mainly of tracheids and rarely of vessels
3 &_{;Jondary wall thickening in the tracheids of ginger is of two types scalarifom';
llcal The rings, or helices, are arranged either in a loose or dense ;nanner The
‘“.ba'nds are found joined in certain areas giving ladder-like thickening. The \;vidth
cal tracheids is less than that of scalariform tracheids. Similar tracheids are present
,(fo{tarbyﬂm, whereas in Z. zerumber and Z. rosenm, only scalariform thickening
| gvmdran et al., 1998). Xylem vessels occur in ginger and not in other species.
! and Jackson (1990), while studying the microscopic characters of ginger
I, recorded that the vessels are fairly large, reticulately thickened, less commonl
and annularly thickened. ' ’
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)

Tuble 2.1 Comparative anatomy of four species of Zingiber

Tissue Z. officinale Z. rosentn
Epidermis Single layered Single layered
Periderm Absent Periderm with
lenticel
Cortex (outer Not wide Not wide
cylinder)
Endodermis Present Present
Casparian strips  Present Present
Cambium Present Not found

Central cylinder

Number of
vascular

bundles

Nature of
vascular bundles

Vascular bundles
distribution

Pith
Xylem elements

Vessels

Xylem tracheids
thickening
Perforation plate
Phloem

»

Metaxylem width

Bundle sheath

Qil cell frequency
Curcumin cell

Wider than the outer

zone
Less in the outer

cylinder than in the
inner zone

Collateral closed

More toward inner

cortex and scattered in

the central zone

Present

Vessels, tracheids, and

fibers
Vessels few with

scalariform/reticulate

thickening
Helical and

~scalariform type

Scalariform type
Sieve tube,
companion cells,

phloem parenchyma

and phloem fiber

Quter zone 57 jLm
Inner zone 84 pm
Quter vascular
bundles possess
collenchymatous
bundle sheath
Very high

None

Wider than the
outer zone

Less in the outer
zone than in the
inner zone

Collateral closed

More toward inner
cortex and
scattered in the
central zone

Present
Tracheids, fibers

Not found

Scalariform

None

Sieve tube,
companion cells,
phloem
parenchyma and
phloem fiber

20 pm 53 pm

Absent

Least
Present

Z. zerumbet

Z. macrostachyun

Single layered
Periderm present

Not wide

Present

Present

Not found
Comparatively less
wider than the
outer zone

Less in the outer
zone than in the
inner zone

Collateral closed

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

Present
Tracheids, fibers

Not found

Scalariform

None

Sieve tube,
companion cells,
phloem fiber, and
phloem
parenchyma

25 pm 53 pm

Absent

High
Present

Single layered
Absent

Wide

Present
Present
Nor found

Not wider than the
outer zone

More in the outer
cylinder than the
other 3 species but
lesser than the
inner zone

Collateral closed

Bundles are
arranged in two
rows in the middle
cortex and only a
few bundles in the
inner cortex and
the bundles are
uniformly
discributed in the
central zone.
Present

Tracheids, fibers

Not found

Helical and
scalariform

None
Sieve tube,

companion cells,
phloem fiber, and
parenchyma

32 pm 76 pm

Collenchymatous
sheath is present
only in outer
bundles

Less

None
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Leaf Anatomical Features

Ginger _leave:s are isobilateral. The upper epidermal cells of leaf are polygonal and
prt?domlpantly elongated at right angles to the long axis of the leaf. Inygthf: lo :
epxderm‘ls the cells are polygonal and irregular, except at the vein regi(')n where t:er
are vertically elongated and thick walled. The epidermal cells in the sca[é and sheafly
leaves (the first two to five leaves above the ground are without leaf blades) are elongat c]l
| and parallel to the long axis of the leaf. Oil cells in the upper and lower e idermﬁ: "
rec':lngu-lar,Ftl:ick v»lralled, and suberized. Unicellular hairs are present iﬁ the lIO\::
:f;nf;::s of the foliage leaves. Occasionally, a hair is present at the polar side of the
Gln.gf:t leaves are amphistomatic. A distinct substomatal chamber is present. Stomat
are cither diperigenous or tetraperigenous. Occasionally, anisocytic stomam‘ aren':il -
observed. The subsidiary cells are completely aligned longitudinally with the ‘uard :‘ ilo
The lateral subsidiary cells may divide to form anisocytic stomata. Occasionill tle :
to five lateral subsidiary cells are formed by further division (Raju and Shah 193’_:75)“35'
The guard cells on the foliage leaves are 40.6 pm long, whereas those on ’the she.ath
' and scale leaves are 28.9 wm long. The stomata on the scale leaves and rarely on th
s,hgath leaves show pear-shaped guard cells wich a large central pore. The nuclii of the
- guard cells are smaller than those in the subsidiary cells. Raju and Shah (1975) al ;
epottec} the uncommon wall thickening at the polar ends of the guard cells. This \:r:ﬁ
ckening may be restricted to the outer wall at the polar regions or : lso b
tended to the common inner cell wall. i e
Lo mlinson (1956) gave a brief note on the petiolar anatomy of ginger. The short petiole
| 6Ws a swollen pulvinus-like appearance. A transection just above the pulvinuspshows

Otode.rm.al cells by its small size, dense stainability of cytoplasm, and less
: he antlcll‘nal wall of the meristemoid appears lightly stained with, periodic
AS)‘reactlon than the lateral walls of the epidermal cell and the meriste-
de;mal cell on either side of the meristemoid divides to form a small
i 1@ is elrpldermal cell shows dense stainability for nuclear DNA. The young
s ry cells are smaller than other epidermal cells. Later the meristemoid
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Table 2.2 Leaf anatomical characteristics in four species of ginger

Tissnes

Z. officinale

Z. macrostachyum

Z. zerumbet

Z. rosenum

Epidermis
Hypodermis
Mesophyll
palisade

Spongy tissue

Air cavities

Vascular bundle
sheach

Stomatal Index
Range, Mean,
Std. deviation

Upper larger than
the lower

2 layers on upper
side, one layer on
lower side

Single layered on
upper side

34 layers, closely
packed

Absent in lamina,
present in the mid
rib region

Present on both
sides and extend

to both epidermis

5.8-8.9,7.45, 1.4

Both epidermis
equal

2-layered on both
sides

No palisade tissue

4-5 layers, loosely
packed

Present in the
mesophyll tissue
and more in the
mid rib region
Present on both
sides and extend
to upper
epidermis only
7.8-10.3, 8.15,
1.08

Both epidermis
equal

2-layered on both
sides

No palisade tissue

4-6 layers, loosely
packed

Few cavities in
lamina, more in
the mid rib region

Present on both
sides and extend
to upper
epidermis only
8.9-13.2, 10.23,
1.4

Both epidermis
equal

Upper cells are
larger, lower cells
smaller

Single layered on
upper side

4-5 layers, closely
packed

Absent in lamina,
present in the mid
rib

Present on both
sides and extend
to both epidermis

8.01-12.03,9.11,
1.2

divides to form a pair of guard cells. The epidermal cells that are lying at the polar
region of the guard cell may divide and occasionally completely abut the stomatal

complex and appear as subsidiary cells (Raju and Shah, 1975).

Anatomical Features of Dry Ginger

In commercial ginger rhizome (peeled dried rhizome), the outer tissue consisting of
cork, epidermis, and hypodermis is scraped off. So the transections of processed rhizome
consist of cortex, endodermis, pericycle, and the central cylinder or the vascular zone.
The epidermis (of dry unpeeled ginger) is frequently disorganized, consisting of longi-
tudinally oblong rectangular cells; the hypodermis consists of a few layers of parenchymal
cells. The cork consists of several layers of oblong—rectangular, thin-walled suberized
cells. The cortex is made of (1) thin-walled parenchymal cells containing plenty of starch
grains, (2) brown-colored oleoresin and oil cells scattered throughout the cortex, and (3)
fibrovascular bundles. There is an unbroken endodermis made of tangentially elongated
cells with thickened suberized radial walls. Below the endodermis there is a pericycle
that consists of an unbroken ring of tangentially elongated cells.

The central cylinder consists of an outer and an inner zone. In the outer zone adjoining
the pericycle there is a vascular bundle zone without fibers. Fibrovascular bundles and
oleoresin cells occur in the central zone of the central cylinder. The ground tissue of the
central cylinder consists of thin-walled parenchymal cells containing starch.

The fibrovascular bundles are large. In longisections the fibers are long with moderately
thick walls and a wide lumen. The vessels are large and scalariform, except in the vascular
bundle zone adjoining the pericycle, where large reticulate vessels, scalariform vessels,

and some special vessels occur.
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S.tarch grains are present in abundance. The granules are ovate and many are charac
arac-
| ;2’126(?' l?y a Protuberance at one end. They vary in size to about 45 lm in length and
pm in widch., Uncfer polarized light the granules exhibir a distince cross through

the hilum at the tapering end (Parry, 1962).

' Microscopic Features of Ginger Powder

Glc?ger]rluzom(? ppwder is pale yellow or cream in color with a pleasant, aromatic odor
and a characteristic and pungent taste. The diagnostic characteristics of ginger powder
given by Jackson and Snowden (1990) are:

1. The abundant starch granules are mostly simple, fairly large, flattened, oblone
to subrectangular to oval in outline with a small pointed ,hilum Sit:lat(‘d aét
the narrower end; infrequent granules show very faint transverse striations
Compound granules with rwo components occur very rarely, .

2. The fibers usually occur in groups and may be associated with the vessels: the
are fairly large and one wall is frequently dentate; the walls are thin and m;rkec);
w1'th numerous pits, which vary from circular to slit shaped in outline; very
thin transverse septa occur at intervals. The fibers give only a faint re;;ction
for lignin.

3. The vessels are fairly large and usually occur in small groups associated with the
fibers; they are reticulately thickened, frequently showing distinct, regularl
arranged rectangular pits, and are often accompanied by narrow, thin-\;alled celli

~ containing dark brown pigment; a few smaller, spirally or annularly chickened
vessels also occur. All the vessels give only a faint reaction for lignin,

4. The ole(?resin cells in uncleared preparations are seen as bright yellow ovoid

) to sphencal cells occurring singly or in small groups in the parenchyma.

551 ”"I'he ab}lndant parenchyma is composed of thin-walled cells rounded to oval

[ j in outline with small intercellular spaces; many of the walls’are characteristi

~ cally wrinkled; the cells are filled wich starch granules or oleoresin, Occas;ztr::

- ; ally, groups of parenchyma are associated wi i i
/ are with thin-walled
everal rows of collapsed cells. ———

2al) ,(,1.954)’ Rao and Pai (1959, 1960), and Rao and Guprta (1961) scudied the
11i|._t_o_r:1‘1y of the members of Scitamineae, in which a few species of Zingiber were
gascied. The floral anatomy of Z. ottensi, 7, macrostachyum, Z. cernuum, and other
_lf's Wwas reported by these workers. Because of the basic similaritJies in floral
'S :dlt is p‘resu.med that the floral anatomical features will also be identical. The
discussion is based on the reports of the above-mentioned workers. The floral
features of: Z) cermintim (which is different from Z. officinale only by the absence
ilels) afre given in .Flgure 2.9. The peduncle contains two rings of vascular
1 a few strands in the central pith, The inner ring gives off three dorsal
8 c:itrpels qutward and the latter then divide into three large strands
position with the dorsal bundles of the carpels. The central strands unite
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10, different stages in the development of floral vascu-

Figure 2.9 Floral anatomy of Z. cernnum. |
lature (for explanation, see text).

¢ length and fuse with the vascular tissue immediately
dles divide first into smaller inner placental bundles
The placental bundle may branch off almost at its
septa and sends a few outward branches into

e axile area bear the ovular traces. The posterior
han the other two into two

first into one bundle for a shor
to the outside. The three large bun
and a large outer parietal bundle.
base. The parietal bundle travels into the

the ovary wall. The placental bundles in th

parietal bundle is larger and divides even at a lower level t

of three, A transverse section through che basal par
a comparatively thick ovary wall in which there are numerous vascular bundles almost

irregularly scattered, (2) in each of the three septa there is a prominent bundle that may
divide into two, and (3) in the placental zone there are 6 to 10 strands that bear traces
for the ovules. Most of the potential bundles are exhausted in supplying the ovules while
one or two may fuse with the nearest parietal bundle. The loculi extend for a considerable
distance above the ovuliferous zone, and in this terminal part of the ovary the number
of bundles in the ovary wall is reduced by fusions among themselves, and all of them
form almost a single ring near the level where the loculi end. Just on the top of the
ovary, the three parietal strands, which have already divided into two or three bundles,
extend laterally and form a broad network-like cylinder of vascular tissue. This network
establishes vascular connections (anastamoses) with the peripheral bundles. The three
loculi continue upwards into a Y-shaped stylar canal. After the anastamosis the vasculat
tissue directly forms (1) an outermost ring of about 15 small bundles for the calyx, (2)

¢ of the ovary at this level shows: €LY =
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a next inner ring of about 25 larger strands for the corolla and androecial members, and
‘ (3) toward the center a number of small scactered strands arrange somewhat in tlc;l:,fdn
of an arc. Two stylar traces are given off from the two margins of this arc-like "
and they stand close to the two arms of the Y-shaped stylar canal. The numerousgs:'zuﬁ
}- bu-ndles, arranged at first as an arc, break up into two groups, which supply th "
epigynous glands present in anteriolateral positions. The tubula;' basal mrt[:l?)g 1 v tlwo
c;:ntammg t.he sepal traces referred to earlier are at first separated, and ;t the safl:: sv:lx
the two i ’
sepamteg'e[:u‘s_gynous glands also separate. A very short distance above, the style also
The blasal part of the floral tube contains a ring of vascular bundles, an additional
b'undle in the med ian posterior position, and a pair of closely placed bu;u‘{les o ] l'olna
side. The median posterior strand and the double strands on either side ccnnsl:i:l f“ ]ler
s|_.lp'ply to the functional stamen. One of the component bundles of each doubleu ter ; “;
d‘mdes. into two in such a way as to result in a third bundle that lies toward th inne
side with its xylem pointing to the outside. On the anterior side of the floral tuf) mnler
vascular bundles divide and form two rings, whereas on the posterior face e:nn:m'::;llt .
ic stamen  traces, there is only one ring of bundles. The latter are for tl’lﬂ labell %
j[hose margins are fused for a short distance with those of the filam Tl e
~ of bundles is for the corolla. A
o _',[.‘he flat filament receives: (1) a small median bundle; (2) a criple strand on either sid
X of it, the constituent bundles of which more or less fuse together; and (3) two :: ;cl)ui

?,chment (?f the anther lobes to the filament. The minute marginal traces dis

lpkly, lea_vmg only a small median bundle and the two lateral large C(;Il‘l ()sitcjl lj)l:l?r
€ run in parallel manner upward, and the composite strands of each laiZeral ro .
together more or less completely, so that the anther connective contains agsmuﬁ
dian and two large lateral bundles. Above the level of the anther, the connecti ¥
tinued upward as a narrow flat plate with margins incurved and e’nclosing the s:;lés

_ 5(;2 efﬁ:all:;:; lthen fuse together giving only two bundles, which run right up to
“!;le recei_\fes only tWo traces and these run throughout its length without any
m s'ide' ijz;l:él t:i;d;lz:: lslnarrow, Y-shaped, the arms of the Y pointing to the
‘ the tip the arms of the stylar canal spread out so that the canal
asti{\ curved slit in transverse sections. It then widens out into a large al
ens freely to the outside. The two vascular bundles of the style becoiec;l[:lr(;

:r.ekprodu?ed in peducled. spikes arising directly from the rhizomes. The
pike consists of overlapping bracts, from the axils of which flowers arise

; g{;l;rmis ll))racteole. Each flower has a thin tubular corolla that widens up
ee lobes. The colorful part of the flower is the labellum, the petalloid
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stamen. The labellum is tubular at the base, three lobed above, pale yellow outside, dark
purple inside the top and margins, and mixed with yellow spots. The single fertile ancher
is ellipsoid, two celled, cream colored, and dehisces by longitudinal slits. The inferior
ovary is globose, the style is long and filiform, and the stigma is hairy. Flowering is not
common, and is probably influenced by climatic factors and photoperiod. On the west
coast of India (Kerala), most cultivars flower if sufficiently large rhizome pieces are used
for planting. When rhizomes 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 ginger does not usually flower or flowers very rarely
in the growing areas of such locations as Himachal Pradesh, Utter Pradesh, West Bengal,
and Northeast India. Holttum (1950) reported that ginger seldom, if at 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. Japanese workers reported that flowering leads to yield reduction.
Ginger is shown to be a quantitative short-day plant (Adaniya et al., 1989).

Jayachandran et al. (1979) reported that the flower bud development took 20 to 25 -

days from the bud initiation to full bloom and 23 to 28 days to complete flower opening
in an inflorescence. Flower opening takes place in an acropetal succession. Anthesis is
between 1.30 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 secting.

Das et al. (1999) reported floral biology in four cultivars of ginger (Bhaisey, Ernad
Chernad, Gurubathan and Turia local). They found that anthesis 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 grains did not reach the stigma. Selfing and cross-pollination did not produce

any seed set.

Self-Incompatibility

Dhamayanthi et al. (2003) investigated the self-incompatibility system in ginger. They
reported that heterostyly with a gametophytically controlled self-incompatibility sys-
tem exists in ginger. Flowers are distylous, there are long (“pin”) and short (“thrum”)
styles. The “pin” type has a slender style that protrudes out of the floral parts, which
are short, covering not even half the length of the style. The stigma is receptive before
the anthesis, whereas the anthers dehisce after 15 to 20 hours. The anthers are situated
far below and hence the pollen grains cannot reach the stigma. In case of the “thrum”
style, the stigma is very short and the staminodes are long and facing inward. However,
the occurrence of thrum styles is very rare among cultivated ginger. According to the
above-mentioned workers, this heterostyly situation may be a contributing factor to
the sterility in ginger. However, this may not be very important as almost all cultivars
are the pin type and pollination is entomophilous, mostly by honeybees. Dhamayanthi
et al. (2003) have also reported inhibition of pollen tube growth in the style, and this
was interpreted to be due to incompatibility. Adaniya (2001) reported the pollen
germination in a tetraploid clone of ginger, 4 X Sanshu. Pollen germination was highest
at around 20°C and pollen tube growth in the style was greacly enhanced at 17°C. At
this temperature, the pollen tubes penetrated into the entire length of the style in
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0 : il
gg: /(égi/rhe iy analyzed. Pollen stored for 3 hours at a relative humidity (RH) of
‘ relatci)vely “l C_O']“Plf'fc’l}_/ lols'tllts viability, whereas pollen incubated at 100% RH retained

11eh er P 1 F
J 0 pocd 'I‘O\fin 8Hnjm1;1 ity. When the RH was low, the pollen tube in the style
| i temé’ &. Hence for pollen to germinate and grow in the stylar tissue, relatively
J perature (approximately 20°C) and 100% RH are essential,

| ' Embryology

| . The L.'mbrlyology of ginger has not been investigated critically so far, and it is rath
: j : i ; : ar, ather
gmazmg rllllt such an economically important species has been ignored by embryologists
ne possible reason may be the absence of flowering and seed set in ginger in mosr-
growzlg regIl‘lons. However, some information is available on a related species, Z. mac
;;a;fac )IW" he embryological features of the genera in Zingiberaceae are sim!ih.r and
; de ¢ (&
c:;lce the bmformatron on Z. macrostachynm may as well be applicable to ginger. o
he embr ; :
e Yo sac dcve[opmel;lt follows the Polygonum type (Panchaksharappa, 1966)
are anatropous, bitegmic, and crassi ;- I
_ vul - sinucellate and are b i
o : s : € borne on an axil
ﬁypode:nﬁ]' Tlllc mntrrlmrfigumentfforms the micropyle. In the ovular primordium the
archesporial cell cuts off a primar i i
| ‘ y parietal cell and a primar
- cell (Figure 2.10). The forme icli i 1 i
.10). er undergoes anticlinal divisi
o« _ sion. The sporo ell
- enlarges into a megspore moth i oy A
. er cell, which und i0si i
5 " ergoes meiosis formin
- The chalazal spore enlarges and produces the embryo sac. Its nucl gd m‘-‘gﬂsp?ﬂ‘&
b alazal sp es ar . . eus undergoes thr
successive divisions resulting in a . 7.
: eight-nucleate embryo sac. Prj ilization i
su i - Prior to fertilization in 7,
- . in Z,
4 b?rt‘ar/))wwl,r t!le syn(erflds and antipodals degenerate. The fate of the nuclei in the
embryo sac of ginger (which is a sterile ies) i
‘ species) is not known. However i
yo s hic ; , some studies
indicated a postmeiotic degeneration of the embryo sac (Pillai, personal commu-

chromosome number of gin
hehrc ger was reported as 2n = i
. 'Su:g;llurz (_193_?). Darlington and Janaki ij&mmal (1945) c?tidb: rh::;?%fog; 'a;‘lakglhzfgl)
km;asitgb—ajzilf;); 32 officinale. A more detailed study was carried out by Raghavan
5 - ’ ) on the cytology gf three species, Z. officinale, Z, cassumnnnar,
d‘ﬂfm et, ancli di_l three had the somatic chromosome number of 2n = 22 Based
] Lh rf)r;::)cszs mn: nllc{l)igﬁraim m(;rgh(;fogy, /the above-mentioned workers con.cluded
g b : ology ot Z. officinale was different from the other tw i
Ammal (Darlington and Janaki Ammal, 1945) reported two “B” i
irl;(t)yf%e;nc:jf gmg_er 21'n z'zddiFion to the normal compleﬂ]ent of ;":1) =B22flgf1:;<(;:1(:'?risi
o = 2 in ginger, He concluded that in view of the normal pairing
‘€0Es 1n species like Z. cassumunnar and Z. zerumbet, 7, mioga having a s i
edof 2n = 55 is to be considered a pentaploid (Table 2.3), e
¢ ﬁ!:}mE:l:[tr::cl?jryE (1959) reported the wid.espread occurrence of an inconsis-
o rlr{:a :zrs in several. species of ngiberaceae including Z. officinale.
I e ouc yotype studies of 24 species belonging to 13 genera and
I asic number of the genus Zingiber is x = 11 and that Z, mioga

{3
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_8, stages in the development of the embryo

Figure 2.10 Embryology of ginger (Z. macrostachyum). 1
sac (for details see text).
1. LS. of the anacropous ovule.
“meagspore mother cell. 4. T
Organized embryo sacs. Note the degenerate

2. 1..8. ovule showing archesporial cell. 3. LS. ovule with
haped tetrad. 5, 64+ and-8-nucleate em.bryo $aCS.—7Ty-8e
d synergids and antipodals in 8.

having 2n = 55 is a pentaploid. Ramachandran (196?) studied the cytologyzof 2:;&_
specie%; of Zingiber V(Z. macrostachynm, Z. voseum, Z. wigb;‘mmm?, Z. ;Ierw;nbet,d a:ﬁde.nze of
iploi = 22 in all species. He foun
d found a diploid number of 2n 2 . species. g
::::l)ct?.lr:'al hybridity involving interchanges and inversions in gmgf’:zr‘. Mal:a;;z 2({})372)‘
studied the cytology of Zingiberales. He n?po'rted 2n = 22bfor ! ﬁper:l sre ot
eylindricum and concluded that the genus Zingiber appears to be muc
. Hydychieae than in the Zingibereae. : : :
Plifaeil;nmba)l( ({979) investigated the karyotype of 32 cultivars of glfnger 122 ;ﬁ(igina::i
and found that all of them possess a somatic chro;)t";osomelnupgbe:. :n (ZSf;egbinS 19g5 S
i ins’ cati i )
; karyotype was categorized based on Stebbins’s classi t
2.l£i1c)h’I;:§og?1iyzesY}:hree degrees of differences between .the longest and the sll(;rt:;e
Z\{uomosome of the complement and four degrees of differences with respect
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Table 2.3 Chromosome reports on Zingiber
Species n 2n Reference
7. officinale 22 Suguira (1936)
22 Moringa et al. (1929)
22 Raghavan and
1 Vankatasubban (1943)
22 Chakravorthi (1948)
:%‘_ 22 Sharmaand Bhattacharya
‘ (1959)
22 + 2B Darlington and Janaki
Ammal (1945)

24 Takahashi (1930)

11 22 Ramachandran (1969)
11 : 22 Ratnambal (1979)
Z. roseum 11 22 Ramachandran (1969)
Z. wightianum 11 22 Ramachandran (1969)
Z, spectabile 22 Mahanty (1970)
 Z. oylindricum 22 Mahanty (1970)
- Z. cassumunnar 22 Raghavan and

Venkatasubban (1943)

22 Ratnambal (1979)
22 Holttum (1950)
22 Holteum (1950)
55 Moringa et al. (1929),
Sato (1948)
11 22 Ratnambal (1979)

ryotype of “1B” was found in all cultivars except in cvs. Bangkok and Jorhat, which
ve a karyotype asymmetry of 1A (Ratnambal, 1979). The karyotypes of various

rom 22.4 pm-in cv. Jorhat to 374 pm in cv. China. The length of the longest
ome ranged between 2.8 pm (in cv. Jorhat) and 4.8 (m (in cv. China). The
f the shortest chromosome ranged between 1.2 pm (in cv. Rio de Janeiro) to
n cv. China).
bal (1979) used the karyotype data in a generalized distance-D? statistics
Based on the D? values, the cultivars were grouped into different clusters.
-two cultivars fell into eight groups, A—H (Table 2.5). The relative distance
Eggh group is a measure of the extent of divergence of the cultivars constituting
p. Cultivars Tafingiwa, Jamaica, Rio de Janeiro, Thinladium, Thingpuri, Maran,
achal Pradesh did not fall into any cluster, indicating their independence as
rgence from the rest of the cultivars. Z. zerumber and Z. casummunar did not
a {;group, but Z. machrostachyum fell into group B. It was also seen that
cal distances did not influence the clustering. This is expected in a strictly
propagated species, the planting materials that have been transported from
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Table 2.5 Grouping of ginger cultivars based on D? analysis of karyotype data

' Group Cultivars in the group

China, Assam, Burdwan

Wynad, Kunnamangalam, Sierra Leone, Kuruppumpadi, Jugidan, Jorhat
Narasapattam, Poona.

Arippa, Tura

Eranad, Manjeri, Nadia, Uttar Pradesh

Wynad local, Valluvanadu

Taiwan, Bajpai, Bangkok, Vengara
Eranad Chernad, Thodupuzha

T OmmDoOm>

- Source: Ratnambal (1979).

b

1 Tb?acraﬂdcbyﬂm the total chromatin length of the haploid complement is 29.6 tm. The
“absolute length of individual chromosomes varies from 3.5 to 1.9 m. Chromosomes 1,
4, 5, and 9 have submedian centromeres; 3, 6, 10, and 11 have median centromeres;
7 has terminal centromeres. The second chromosome had a satellite on its longer’
Z. cassumunnar had a total chromatin length of 24.7 pm; the individual chromo-
nes length varied from 2.9 to 1.6 pm. The karyotype is characterized by one subter-
al, two submedian (one of which is satellited), and eight median chromosomes. There

= 22 chromosomes. {

Fignre 2,11 Mitotic metaphase showing 2n

Table 2.4 Karyotype variability in ginger cultivars

0 ] Kﬂ' Jlgb 4] (l‘[ﬂ 5
14 CJ' trvars wi v ! 1y an
Sl’ No. r_yoi)pe (’J{Ifd(fff Range wltivars with 1o est d d / est v (4

: 76? asymmetry is reported as being IA.
15 et al. (1998) carried out karyotype analysis and 4C DNA estimation in eight
r cultivars. They recognized five types of karyotypes occurring in these cultivars.

. Total chromacin length (jum) 22.4-37.4  cv. Jorhat, cv. g:i::
2. Length of longest chromosome 2.8-48 cv. Jorhat, cv.

(j.m) ; ; China and Poona ) . : . "

3. Length of shortest chromosome 1.2-2.2 ev. Rio de Janeiro, vs. KIS pe A. Large- to medium-sized chromosome with primary and secondary constric-
(jum) .y % v, Jugijan, cvs. Mananthody and Atippa 1s nearly submedian in position, respectively

4. No. of median chromosomes = &

£l
. 1 1 h S

. vs. Kuruppumpadi, Poona, and Himachal dian posiFion and other in the subterminal position
6. No. of subterminal 0-2 ‘;) ey oy .. Small-sized chromosome with nearly median to median primary constriction
i hie — —_— - i 7 : :
chromosom = == | T h satellite l?odxes on the loqg arm . ' .
7. No. of satellite chromos W cvs. Jorhat and Bangkok, species Z. Medium- to small-sized chromosome with nearly submedian primary
8. Type of symmetry mm‘-rasmrbyﬂm, 7. zerunibet, and Z. casumunnar NSt iction
= In all other cultivars _ Type E Medium-sized chromosomes with nearly submedian primary constriction

é.pcs of karyotypes are found in the cvs. Bhitarkata local, Himachal Pradesh,
-_hg A type was present in all the cultivars except in cvs. Raipur local and
e C type chromosome was common in all the cultivars except in cvs. Maran,
57, and Tura. D and E types were found in all the cultivars. The total
ength ranged from 64.80 wm in cv. 8.557 to 98.12 pm in cv. Wynad.
ome volume was from 84.35 pm?in 8.557 to 1126.36 pm? in Wynad.

Source: Ratnambal (1979).

i i ained relatively
region to region and between countries. The karyotype of the cultivars rems

a y Cal bCC‘aUSE Of tlle laC Of eC b 10! alld evo 1c1 by (& al ro .
S mmetri k recom 1na n 1‘ on sexu P CESSES

1 Of th e species tha[ are ClOSCl

| o i ' DNA varied significantly in different culti £ pitpats i 16234 pico-

- cer. In Z. zerumbet the total chromatin lengt 0 2 : : 05357t 12636  in N,

:fﬂ?”'}g;; al;olme L g e fFom }?.9 . 1b6mtl£1an ltj::n- hincv. 8.537 to 22.934 pg in cv.Wynad. The average chromosome length and
: d the remaining have su

11 chromosomes have median centromeres anc maining Hive i
tromeres. Four chromosomes are long, four medium, and three :

i i arm. In £
mosome with a median centromere has a satellite attached to its long |

from 2.94 to 4.46 and 3.83 to0 5.74 jim?, respectively. The nuclear DNA
ectly proportional to the total chromosome volume, which in turn was
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positively correlated with the chromosome length. The variability in DNA amount has
been attributed to loss or addition of highly repetitive DNA sequence rather than the
adenine-thymine (AT) or guanine-cytosine (GC) rich sequences in a genome, which
reached a certain level and became stabilized during microevolution and gradual selection
(Das et al., 1998).

Meiosis

Ratnambal (1979) and Ratnambal and Nair (1981) studied the process of meiosis in 25
cultivars of ginger. These cultivars exhibited much intercultivar variability in meiotic
behavior. Cultivars like Karakkal formed only bivalents, whereas in cv. Taiwan two
hexavalents, one quadrivalent, and three bivalents were present. Univalents were very
common and much variability was noticed in respect of their number (Figure 2.12a, b).
The presence of multivalent and chromatin bridges was found to be a common feature
in most cultivars studied by Ratnambal (1979). The presence of multivalents in a diploid
species indicates structural hybridity involving segmental interchanges, and four to six
chromosomes are involved in the translocations as evidenced by quadrivalents and
hexavalents. This structural hybridity might be contributing to the sterility in ginger.

Ratnambal (1979) also reported two to six univalents in various cultivars; the lowest
was in the cv. Mananthody and the highest in cv. Karakkal. The number of univalents
observed at metaphase 1 was more than that in diakinesis, and this has been attributed
to the precocious separation of one or two bivalents. Most of these univalents end up in
the formation of micronuclei and are lost subsequently, This leads to the production of
gametes with deficiency and is likely to lead to sterility. A high 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. Unequal breakage of
bridges at anaphase might be leading to the production of gametes with duplications
and deficiencies (Ratnambal, 1979).

Structural chromosomal aberrations occurred at all stages of microsporogenesis in
ginger. The predominant aberrations were laggards, bridges, and fragments at anaphase
I;-laggards, bridges, and fragments, irregular chromosome separation, and irregular
cytokinesis at anaphase II; and micronuclei and supernumerary spores at the quartet
stage (Table 2.6). Ratnambal (1979) had shown a positive linear regression between
pollen sterility and chromosomal aberrations at anaphase II and aberrant quartets.
Structural chromosomal aberrations have been attributed as the cause of sterility in
ginger. But how such a diploid species as ginger came to acquire a complicated meiotic
system that led to chromosomal sterility is not well understood. A hybrid origin followed
by continuous vegetative propagation can be one reason for the abnormal chromosomal
behavior (Ratnambal, 1979). Beltram and Kam (1984) studied meiotic features of 33
species in Zingiberaceae, including nine species of Zingiber. They observed various
abnormalities such as aneuploidy, polyploidy, and B chromosomes. They also confirmed
the diploid nature of the Malysian Zingiber (x = 11) and the pentaploid nature of the
Japanese ginger, Z. mioga.

Das et al. (1998) studied meiosis and sterility in fout cultivars (Bhaisey, Ernad Chernad,
Gorubathany, and Thuria local) and reported a 30.35 to 40.5% meiotic index in them.
Pollen mother cells showed incomplete homologous pairing at metaphase 1 and spindle
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uble 2.6 Chromosomal abnormalities and pollen sterility in ginger cultivars The pollen of Zingiberaceae is usually classified as inaperturate, but Zingiber i
L exception. Some workers described Zingiber pollen as monosulcate (Y:avada ;’315‘; ;" I[)il;lln
Percentage of PMCs ~ PMCs with Percentage of B Bicn <t al., 198.5; Mangaly and Nair, 1990), whereas others reported the pt;llen :1; be‘in :
with anaphase 1 Metaphase 11 Abnormal pollen J inaperturate (Liang, 1988; Chen, 1989). Theilade et al. (1993) made a det'lilctd Studé,
sI. No. ol T o rnalitis - sty olf Poll_e(n; lm?rphology.and struceure in 18 species of Zingiber. The pollen is s‘pherical 0);
: e ar - - - e llPSOl al. The spherlca}l pc_)llen grains hav-e a cerebroid or reticulate sculpturing. The
grains are 55 to 85 Um in diameter. The elliptical pollen grains (in Sect. C i
2 Bangkok 33.3 51.7 42.9 82.0 have a spirostriate sculpturing. The grains are 110 to 135 by 60 v IYI3Eantl]lllm)
] Tftiwan 8.1 40.0 519 82.8 grains have 2 to 3 m thick coherent exine. Tl.w intin(: coniis)ts :)(l)” Zj ulm. o
4 Sierra 'I.EOnc 47.2 55.1 52.2 85.0 thick outer layer and 2 to 3 [Um thick inner layer adjacent to the pr o laycr’s A i
> Tafingiwa 11.0 344 48.8 82.9 layer is radially striated; the inner layer has a distinct, minute fine srlr e
6 ja.masca : 11.6 30.2 54.2 54.4 - are present. It has been indicated that the entire wall ’ﬂlnctions asa 3”C‘EL1,..e.lNo apercures
7 Rio de Janeiro 17.6 71.2 70.6 90.2 ~ site (Hesse and Waha, 1982; Kress and Stone, 1982). Nayar (199‘5§ S:C"Itlz germination
8 Wynad local 5.5 39.4 379 76.7 1 pollen grains of 22 taxa in Zingiberales including Z. rosenm and Z zﬂ:lc l;: gerlmmatmg
9 Kunnaman{;alm 15.4 70.7 80.5 91.4 > hat the pollen grains possess an exine containing sp01:01>ollenin 'In .':;”l eltl — reported
10 Mananthodi 21.1 60.2 42.2 82.5 is a well-defined lamellatted cellulosic layer (described as the : t SIIE i lﬂ.yelj there
11 Kuruppampadi. 24.5 30.8 39.7 79.6 lier workers), which is the medine. The intine is membmﬂeousou jr e of intine by
12 Eranad Manjeri 18.0 26.9 303 74.2 ind protein and is in ekt ioropldiiti sospilsne. A; germiillr;ticonsmt?'d cellulose
13 Franad Chernad 214 41.5 56.7 84.4 ibe develops thac has the protoplasmic membrane (inti ination a solicary pollen
14 Valluvanadu 200 39.4 33.8 85.6 - e (intine) as its wall and pierces the
15 Thodupuzha 9.8 69.2 61.2 86.4
16 Vengara 3.2 20.6 51.9 84.0
17 Karakkal 20.7 58.3 48.7 85.7
18 Uttar pradesh 32.9 67.0 58.8 86.1
19 Bajpai 34.2 614 5.5 85.5
20 Assam 38.4 61.2 51.6 78.5
21 Jorhat 18.7 81.1 79.4 88.7
22 Thingpuri 21.4 47.2 24.3 84.0
23 Jugidan 19.7 72.4 83.2 88.8
24 Burdwan 23.1 24.6 47.9 79.6
23 Maran 19.4 76.6 71.2 793
26 Z. zerumbet 28.4 19.3 15.2 9.0
27 Z. casummnnnar 23.0 28.1 18.3 4.7

PMC, Pollen mother cells. Source: Ratnambal (1979).

Pollen Morphology

The earlier investigators (Stone et al., 1979; Zavada, 1983; Dahlgren et al., 1985) were
of the opinion that the pollen grains of the family are exineless, possessing a structurally
complex intine (Hesse and Waha, 1982). However later studies indicated that in the
majority of the Zingiberaceac an exinous layer does exist, although it is poorly developed
in many taxa (Kress and Stone, 1982; Skvaria and Rowely, 1988; Chen, 1989). Recent
palynological studies have demonstrated differences in pollen structure between sections
of Zingiber. The Sect. Zingiber has spherical pollen grains with cerebroid sculpturing,
whereas Sect. Cryptanthium has ellipsoid pollen grains with spirostriate sculpturing
(Liang, 1988; Chen, 1989).
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Table 2.7 Effect of photoperiod on the growth of underground parts

f
The stainability percentage ranges from 14.7 (cv. Thingpuri) to 28.5 (in cv. Pottangi |
and China). Usha (1984) reported 12.5 and 16.4% stainability in cvs.Rio de Janeiro and |

Moran, respectively. Pollen germination ranged from 8 (cv. Sabarimala) to 24% (Moran) Weight of
(Dhamayanthi et al., 2003). Pillai et al. (1978) reported 17% pollen germination in cv. b Day No. of Weight of @ rhizome a0 Percentage
Rio de Janeiro. The pollen tube growth under in vitro was maximum in cv. China (488 Cultivar — length (h)  vhizome kuoks ~ vhizome (g)  fnob (o) :yf _ o _m'”l/e"
pm) and minimum in cv. Nadia (328 um). The number of pollen tubes ranged from . B eoki - on / primary roots  primary roots (%)
6.5 (in cv. Nadia) to 16.7 (in cv. Varada) (Dhamayanthi et al., 2003). i 30.4:7 1711-221’ f-;gh 39.8d 19.9a
V.4 2a 3.80a
. 13 30.6a 102.0ab 3.15b : ﬂ;‘x 3‘?[’
Physiology of Ginger 16 29.9a 128.5a 4.33a 204 4a -
. =
Effect of Day Length on Flowering and Rbizome Swelling Sanshu ]l(i 52;: ;): 2:}) ;?::: lfl-ﬂ,%b e
Ginger is grown under varying climatic conditions and in many countries in both ND 39.6b 151.4b 3.82b 77:: ;Z;m
hemispheres. It is generally regarded as being insensitive to day length. Adaniya et al. 13 47.5a 152.1b 3.26b $5.0cd O'SZ
(1989) carried out a study to determine the influence of day length on three Japanese 16 45.2ab 212.3a 4.64a 146.7a -
cultivars (Kintoki, Sanshu, and Oshoga) by subjecting the plants to varying light periods . 19 27.8¢ 123.2b 4.48a 74.5b¢ .
in comparison with natural daylight. In the three cultivars, as the light periods decreased . Oshoga 10 11.2b 68.9¢ 6.15b 26.9b 0.7
from 16 to 10 hours, there was inhibition of vegetative growth of shoots and the ND 13.8ab 190.4ab 13.80a 44.'4:; 0~Sﬂ
underground stem. The rhizome knobs became more rounded and smaller. As the day 13 15.9a 215.9a 13.58a 49.6a _' ’
length increased to 16 hours, the plants grew more vigorously and the rhizome knobs 16 12.8ab 195.6ab 15.28a 44.6a
19 10.8b 146.7b 13.58a 40.2a :

were slender and larger and active as new sprouts continued to appear. When the light
period was extended to 19 hours, there was reduction in all growth parameters, and it
was on a par with the 13-hour light period. It seems that the vegetative growth was
promoted by a longer light period up to a certain limit, whereas rhizome swelling was
accelerated under a relatively short day length (Table 2.7). The results also suggested
that a relatively short day length accelerated the progression of the reproductive growth,
whereas relatively long day length decelerated ic. Ginger is therefore described as a
quantitative short-day plant for flowering and rhizome swelling (Adaniya et al., 1989).
These workers have also observed intraspecific variations in photoperiodic response; cv.
Sanshu responded most sensitively, and Kintoki was more sensitive than Oshoga. They
concluded that such an intraspecific response to the photoperiod could be related to their
traditional geographical distribution; Kintoki and Sanshu are early cultivars adapted to
the northern part (Kanto district) and Oshoga is a late cultivar adapted to the south

(Okinawa to Shikoku districts).

followed by the same letters are not significantly different.
day l'ength. deqeased. from 13.46 h (June 29) 1o 10.41 h (Nov. 29)
N separation with in cultivars by Duncan's multiple range test, 5% level

;11(1):;3; ladr::;ll1 tgen( S{eE:)IXl)ed gradually (Table 2.8). In the first 40 days of leaf growth
1l yde content of leaves remained co ide
tase) activity showed a little d frisviypmieta ionr
e we ecrease. After 40 days, the MDA content
l)_.fba.nddSOD activity dropped substantially. Peroxidase (POD) and caml;l; ;Ecatsii(-l
hé 1t? a steady increase during 60 days. Xizhen et al, (1998) concluded that
cence o ‘lgmger leaf sets in when leaf age reaches about 40 days,
et al. (1998) also studied the photosynthetic characteristic of different leaf

Sterling et al. (2002) studied the effect of photoperiod-on flower-bud-initiation and

development in Zingiber mioga (myoga, or Japanese ginger). Plants grown under long-

day conditions (16 hours) and short-day conditions (8 hours) with a night break produced

flower buds, whereas those under short-day conditions (8 hours) did not. This failure of

flower bud production under short day was due to abortion of developing floral bud

A m; a:ad regf):]ted thar the Pn O.f“ midposition leaves was the highest followed by

T ]@af-;zssii?on:)n wafs Eowlegr‘;g upper leaves. The light compensation point of
nt leaf Was trom 18.46 to 30.82 pmol/m?-1; it was highest in mi

; - ; in midpo-

‘ Ves :!?d johv;rest in lower leaves. The light saturation point ranired from 6:2508

Hmol/m?s!, the values were 624.8, 827.6 and 799. 5 Umol/m?s-1, respectivel‘y

primordia racher than a failure to initiate inflorescences. It was concluded that although ddle, and lower leaves. CO ;
2 tompensation points in upper, middle, and

for flower development in myoga a quantitative long-day requirement must be satisfied,
flower initiation was day neutral. Short-day conditions also resulted in premature senes-

cence of foliage and reduced foliage dry weight.

Chlorophyll Content and Photosynthetic Rate in Relation to Leaf Maturity

Xizhen et al. (1998¢) investigated the chlorophyll content, photosynthetic rate (Pn),
MDA content, and the activities of the protective enzymes during leaf development.
Both chlorophyll content and Pn increased wich leaf expansion and reached a peak on

G-i(l:9e981) studied the chlorophyll fluorescence and stomatal behavior of
~inger leaves were enclosed individually in cuvettes and studied to find
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Tuble 2.8 Changes of chlorophyll content and photosynthetic rate during development of ginger leaves

Leaf age (days) Chlorophyll content(mg * g’ Pn (el m™2 - 571)

| day 1.80 6.11

5 days 1.98 7.58
10 days 2.02 9.16
15 days 2.58 10.30
20 days 2.56 0.20
25 days 2.43 9.86
30 days 2.47 8.54
35 days 2,51 8.69
40 days 2.56 8.48
45 days 2.30 7.62
50 days 2.01 7.11
55 days 1.89 6.65
60 days 1.77 6.21

Source: Xizhen et al. (1998b).

out the relationship between photosynthesis and changes in microclimate. Stomatal

conductance (gsc) increased and was saturated at relatively low values of high intensity.
(400 pmol ). At different leaf temperatures, gsc peaked at 29°C, but transpiration (tr)
increased with increasing irradiance and temperature. Increasing external CO, concen-
trations caused gsc to increase but were relatively insensitive to increasing soil moisture
availability until a threshold was reached (0.5 to 2 glg). At a soil moisture content of
2 o 3.5 glg, g5¢ increased approximately linearly with increasing tr. Fluorescence
(Fy/Fm, electron transfer in PS 1) decreased with increasing photon flux density (PFD).
In leaves exposed to high PFD and different temperatures, Fv/Fm was the lowest at
15°C, and the highest at more than 25°C. In leaves exposed to low PFD, 'v/Fm remained

at a similar value over all temperatures tested.

Photosynthesis and Photorespiration

Zhenxian et al. (2000) measured, using a portable photosynthetic system and a plant
efficiency analyzer, the photosystem inhibition of photosynthesis and the diurnal varia-
tion of photosynthetic efficiency under shade and field conditions. There were marked
photoinhibition phenomena under high light stress at mid-day. The apparent quantuml
yield (AQY) and photochemical efficiency of PS 1I (
there was a marked diurnal variation. The extent of phot
intensity was severe in the seedling stage. After shading,
the degree of photoin
photosynthetic rate dec
Shi-jie et al. (1999) investigated the seasonal and diurna
(Pr) and the xanthophyll cycle (L) in ginger le
understand the role of L and Pr in protecting
The seasonal and diurnal changes o
showed diurnal changes in response to

Fv/Fm) decreased at midday, and
oinhibition due to higher light
AQY and Fv/Fn increased and
hibition declined markedly. However, under heavier shade, the

lined because the carboxylation efficiency declined after shading.
1 changes in photorespiration

aves under field conditions in order to
Jeaves against photoinhibitory damage.
f Pr and L of ginger leaves were marked, and Pr
PFD, and its peak was around 10:00 A.M. O
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12:.00- noon. Pr declined with increasing shade intensity. The L cycle showed a di
va}'éz:ltlon in response to PFD and xanthophyll cycle pool. Both increased :.h?rinl ur:lal'
;—:anzytgznod, };mci peal_«:d around 1‘2.:00 noon. The results, in general, indicatedgth:c
! Pmtecth}:;m;th 1{3:(1)1t;;(cle¢1a(.1 positive roles in .dissipating excessive light energy and
- p ynthetic apparatus of ginger leaves from midday high-light
Xizhen et al. (2000) have also investigated the role of SOD in pr i i
| g;)mtﬁimt}c:utlhlinno'n‘ damage under high-light intensity. They ois?r?etcllntiilzﬁe: :Eanvrf;
| grirdua“;) iz ?ﬁ;e;n;tiline;ﬁc;i:c;;f P:) 11 (Fy/f"lm) ?nd AQY of ginger leaves declined
) ress :
in fgi_nge.r le:fwes increased but the Il’)n flecli::::lyuerllctl:' im?c(l)a;cﬁxn ‘hi?el1I:4DA -, 50D
activity in ginger leaves increased gradually before 1400 hours angd thegn dStress' (;? w
60% shading in the seedling stage, Fv/Fm and AQY of ginger’leaves incr ecr:lalsae b
_‘ MDA content, SOD activity, and Pn decreased. Pn, AQY, and Fv/Fm of e -
‘.l:\t':_reated with diethyldichio carbamic acid (DDTC) decreasezl whether sh;deﬁ“-lgel~ oy o
the effect of DDTC on shaded plants was less than that on unshaded la(:t n()’tl:llmlt
‘-.fqgo_rkers conciudefi tlllat midday high-light intensity imposed a stress on pi 5 11‘359
. Q}d cfa.used phqt01nh1bition and lipid peroxidation. SOD and shading pla %dn;gner A
: é;zli::eﬁr:e;tl(ni%glse §)lilotosynthetic apparatus of ginger leaves against hig};’h ligl:E;):::sr]st
; a) have investigated the effect o -
etf-leaf. They showed that the ﬁighest photosyni;izlt?cp i;if:u;i; 1:15:)];20115: e
ency was under 25°C. The light compensation point of photosynthesis w(:ilsm'mul[]n
r‘)f 25 to 69 pmol.m?~'; it increased with increasing temperature. Thelrllithi
::znt frg:;tmv:s:e:[;(;lg?ge;:éur'f; hdepggdent. The low-light saturation point \%as
! . The 5 comp.lf:nsation point and the saturation
ase ir,f 1;{1::1e ;i;jfull.j_43 to 1566 W/, respectively, and both increased with the
ang et al. ( 19?6) studied the relationship between canopy, canopy phot
xleld formation in ginger. They found that canopy photos;nthesli).z vxlr)as clOSYTﬂ
(;,yleld. In a field experiment using a plant population of 5,000 to 10 OO(())Se f
a;eé, they hzad a yield increase from 1,733 to 2,626 kg. Thl; Pn increa;ed frgii
?/;nzo(?r;?,]e 21 %rc;a;d) sT‘) to 14.66; the leaf area index from 3.21 (m?/m?)
S mz/.mz. e um‘t arealof branches (tillers) and leaf area index were
_ r-c]-,ggo-pl-ants,Pz.S%ZCél;‘;l{;i ;ns attl?leﬁczn()ﬁay of the higher yield class. The
20 : isfied these two criteri
A 0 'ls:lgrll;f.icant difference_s in height, tillers, leaf areacizif:: ::nci);? ;E(E)%[é?e;l}
Z{T‘f . Diurnal changes in the canopy Pn showed a typical single-peak CLIZVE
lifferent from the double-peak curve obtained from the single-leaf Pn ’

VLD Regulatam

been carri
g andw;il out to find out the effect of various growth regulators on ginger
rhizome development. The main aims of such studies are to break
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Table 2.9 Effect of plant density on growth, photosynthesis, and yield of ginger

Plant density Plant Tillers Leaf area Photasynthetic rate Yield
(per 66.67 ni) bt. (cm)  (noln?) index (m?n?)  (pmiol CO? ni (ground) - ') ( kgl/666.7 1)
5,000 62a¥ 103a 3.21a 8.16a 1733.42a
6,000 Gda 122b 4.25b 10.17b 1948.25b
7,000 67a 138¢ 5:31c¢ 12.23¢ 2211.22c
8,000 73b 152d 6.15d 14.56d 2637.17d
9,000 74b 159d 6.63d 14.78d 2614.95d
10,000 74b 163d 7.02d 14.66d 2626.13d

sSame letcers are not statistically significant

Source: Xianchang et al. (1996).

Table 2.10 Effect of temperature and ethrel on germination and early groweh of ginger

Growth parameters Day 16 Pretreated Day 23 Pretreated

Control 35°%C Ethrel Control 35°C Ethrel
Shoots plus swollen buds (%)* 70.4 76.8 91.8"" 806.2 81.4 92.6
Total length of shoots per 2.63 3.49° 4.23™ 3.72 5.36 6.83""
rhizome piece (m)
Length of longest shoot per 1.48 1.90 2.36™ 2.28 3.23 4.36"
rhizome piece (cm)
Shoots having roots (%) 9.43 15.73 34,63 25.83 41.83" 46.93"

2.45 2.78 9.81"" 5.95 9.12 13.54"

Total number of roots per
seed piece

Source: Islam etal. (1978), ‘Expressed as percentage of total number of shoots, swollen buds, and visible but apparently
dormant buds; ¥, *¥*, *¥* denotes significant differences [rom control treatment at pP=.05P=.0l,andP= 001,

respectively.

_ se in shoot growth during the first 23 days of growth (Table 2.10).
Ethrel was more effective i ificreasing the aumber-of roots per rhizome piece by factor
of 4.0 and the number of shoots having roots by a factor of 3.7 (both at day 16). Relatively
low concentrations of ethrel (less than 250 ppm) were sufficient to produce maximum

s in terms of shoot length parameters, although significant increases in the
f rooted shoots, and the total number and

he highest concentrations of 1,000

substantial increa

response
number of shoots per seed piece, the number o

length of roots per seed piece occurred even up o ¢t
ppm studied by Islam et al. (1978). Treatment of €
reducing the variability in root growth, but shoot growth variability had increased
particularly at concentrations below 500 ppm.

Furutani and Nagao (1986) investigated th
(GA;), and ethephon on flowering, shoot growt
plants were created with three weekly foliar sprays
ethephon (0, 3.46, and 6.92 mM), or daminozide (0.3,

'y
e effect of daminozide, gibberellic acid

of GA, (0, 1.44 and 2.88 m
13, and 6.26 mM). GA, inhibited

threl was found to be effective in

h, and yield of ginger. Field-grown ginger
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flowerin |
: ﬂgwering EE? shoot e;neml']gem_e, whereas ethepon and daminozide had no effect on
§ promoted shoot emergence. Rhi: i i
' . | . Rhizome yields wer 3 i ami
nozide and decreased with GA, and ethephon 4 ere ncreased wih damis
Ravindran et « .
o . ;: (1998) ées(:ed thrflze growth regulators—triacontanol, paclobutrazole
;—on ginger to find out their effec i ,
anatomy. Paclobutrazole- and triacontanol ft::'etax:i fl;:‘zome ey
. - rhizomes resulted in thick
o n thicker walled
;;n ;:ams lt[ﬁ cor:llpar.ed to .GAS and control plants. The procambial activity was higher
ﬁlsjl;orm . lcleate with triacontanol and paclobutrazole. In the cambium layers gthe
o :
e ; wereffmuch larger in paclobutrazole-treated plants. Growth-regu’lator
| e rls Or;.or a eIct rll;e %f.-lneral anatomy, although dimensional variations existed
vascular bundles were more in pl i |
T plants treated with paclobutra
. o zole and
.:-:;:::ng:;otl Paclobutr;;olt;—;reated plants exhibited greater deposition of starch grains
| reatments. The fiber content in the rhi i :
than : e rhizome wa i
B el e and bigher § | s less in GA ;-treated rhizome.
gher frequency oil cells were observed in paclobutrazole-

no:rzl;l t(ﬁgiifl) studiec,ir :he cvl. cIl-lawaii for 34 weeks and recorded the growth-related
: izome. The solid content of the rhizome i d
son, but there was a decline in the acetone s b Ve
_ extractable oleoresin i
However, the oleoresi i i e el
e n content on a fresh weight basis was roughly constant
(géfglﬁfizl C?’Pr]i?t ;)fl%’i)n%e]r generally increased with the age of the rhizome on
eigh is (Table 2. ese results indicace the basis for th i
ncy with maturity. On a dry weigh is, gi e e
: ght basis, gingerol generally exhibited a li
. n
with maturity up to 24 weeks, followed by a steady decline through theI r:i

Mean Mean
internodal

Img.!b length of Mean
aerial stem Mean leaf rhizonze rhizome Mean oil Crude fiber
(em) length (cm)  (cm) girth (cm) cells per mni®  content (%)

23 1.9 3.2 6.8 18.3 2.2
' éz fg 4.0 7.8 12.3 24

i ; 0.7 4.6 22.2 2.6

. 3.2 4.4 8.6 17.8 1.8

t;.i!- (1998).
(1}
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: o . ; h
‘Tuble 2.12 Changes in yield and composition of ginger Hawaiian rhizomes during growt

Olearesin (%6)**

Fresh wt basis

Weeks after planting We* (kg) Salids (%) Dry wt basis

0.1 6.4 18.7a 1.20a
i 0.2 5.1 19.7a 1.00c,d
= 0.4 4.9 18.4a 0.90d
s 0.8 5.3 16.8b 0.89d
- 0.9 5. 16.7b 0.95¢,d
22 1..5 6.1 15.4¢ 0.94cd
, 3.0 7.0 14.7¢,d 1.03b,c
- 5.4 8.8 13.6d 1.20a
" 3l 9.2 12.1e 1.04a,b
:2 3.1 10.4 10.0f 1.04b,c
34 5.0 13.8 7.1g 0.99¢,d

#Average of four plants, cleaned rhizo'mes -
##Means separated by Duncan’s multiple range test (P=d
Figures followed by the same letters are not significantly different.

Source: Baranowski (1986).

Tuble 2.13 Changes in (6)-gingerol content during growth

. i . , * 10-3)
Waeks after planting Wet weight basis (ppn) Dry weight basis (ppm )

9.3
12 597 o
964 :
i 14.5
708 .
18 .
723 13
o 15.3
871 :
” 164
1001 5.
5 14.8
1039 i.
. 13.5
1184 3
- 12.1
1110 j
o 11.9
1238 .
32 1547 113
34

*Means separated by Duncan’s multiple range test (P = 0.03)
Source: Baranowski (1986).

Genetic Resources

S i i i is crop is

The history of domestication of ginger is not deﬁnitcciy km:lw(r;.l }-Imxff;::e:;;i;;; : 800

ivati nd use in India an hina ,000

known to have been under cultivation a . hins. for che Last "

ina i bably the region where domestication ha , bl

ears or even more. China is pro . catiol  started

}lfittle is known about the center of origin, although the lar:gest V.al'iablllty e:;mt? in (l-zwirh

Southwestern India, known as the Malabar Coast in ancient times, traded ginge b
]

indicating i ivati i eriod of
the Western World from ancient times, indicating its cultivation. This long p
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| domestication might have played a major role in the evolution of this crop that is sterile
and propagated solely vegetatively. Ginger has rich cultivar diversity, and most major
growing tracts have cultivars that are specific to the area; and these cultivars are mostly
known by place names. Cultivar diversity is richest in China. In India the diversity is
more in the state of Kerala and in the northeastern region of India. Being clonally
propagated, the population structure of this species is determined mainly by the presence
of isolation mechanisms and the divergence that might have resulted through the
accumulation of random mutations. At present, more than 50 ginger cultivars possessing
varying quality attributes and yield potential are being cultivated in India, although
the spread of a few improved and high-yielding ones are causing the disappearance of
~ the traditional land races. The cultivars popularly grown (cultivar diversity) in the various
"ginger-growing states in India are given in Table 2.14. Some of these cultivars were
‘introduced into India, and the cultivar Rio de Janeiro, an introduction from Brazil, has
ome very popular in Kerala. Introductions such as China, Jamaica, Sierra Leone, and
ffin Giwa, are also grown occasionally.

mong the ginger-growing countries, China has the richest cultivar diversity. The

rrant cultivars grown in China are given in Table 2.15. Less important ones are

ang of Hubei province, Zunji big white ginger of Giuzhou, Chenggu yellow ginger

axi, Yulin round fleshy ginger of Guangxi, Bamboo root ginger and Mian yang

er of Sichuan, Xuanchang ginger of Ahuii, Yuxi yellow ginger of Yunnan, and

an fleshy ginger. Many of these cultivars have unique morphological markers for

outer scaly skin, whereas the other has a yellowish white flesh. Graham (1936) reported
hat there were five kinds of ginger recognized in Jamaica known as St. Mary, Red eye,

eric, Bull blue, and China blue. But Lawrence (1984) reported that only one
s grown widely in Jamaica. According to Ridley (1915), three forms of ginger
wn in Malaysia in earlier days: halyia betel (true ginger), halyia bara, or padi,
leaved ginger with a yellowish rhizome used only in medicine; and halyia

izome skin has a reddish color. A variety "withered skin" also has been
hilippines two cultivars are known, the native and the Hawaiian (Rosales,
igeria the cv. Taffin Giwa (Bold, yellow ginger) is the common one, the

id a small rhizome, (2) medium-sized plants with an intermediate number
medium-sized rhizome, and (3) large-sized plants with fewer tillers and
The common cultivars included in these groups are Kintoki, Sanshu,
pectively. A stabilized tecraploid line of Sanshu (4x Sanshu) is also being

(Adaniya, 2001). In addition, Z. mioga (Japanese ginger) is also grown
and vegetable purposes. In Queensland, Australia, ginger was an
atlier times. The ginger cultivars might have been introduced there,



56 Ginger: The Genuis Zingiber
Botany and Crop Improvement of Ginger 57

Tuble 2.14 Major ginger-growing states in India and their popular cultivars indicating the diversity
in g Karnaraka Hisiach
in ginger imachal Pradesh (19.97 t/ha) Hi
) gh fresl '
Jorhat (18.88 t/ha), Wynad local rhizome ;eld C;ggga S
Specific (18.68 t/ha) y ( )
State Cultivar name traiticharacter Reference Meghalaya Tura (26.69 t/ha), Poona (25.04 t/ha),  Midhills a -
: - = 3 . and Basar local (24.88 t/ha) ’ = Chandra and Govind
Kerala Rio de Janeiro (32.55 t/ha—fresh) High yield Thomas (1966); West Bengal Gurubathan (27.9 t/ha) A _ (1999)
Burdwan, Jamaica High yield Muralidharan and (18.93 tha) ha) Acc. No. 64 High yield AICRPS (2001)
Kamalam (1973
. . . amalam ( ). - Madhya Pradesh ~ V,$,—8 (17.4 t/ha) High vield
Nadia (28.55 t/ha—fresh) & 6.54 High yield AICSCIP (1978); 1gh yie AICRPS (1999)
t/ha—dry), Maran, Bajpai, and Khan (1959)
Narasapattam
i i Sree K cal. : -
Rio de Janeiro and Kuruppumpady ~— Ratoon ¢rop (lrzego)umar et a g Table 2.15 Ginger varieties commonly grown in China
SG-666 Fresh rhizome Rattan (1989) - 8L No.  Category/Type Vaviesies/ Cultivars
Rio de Janeiro (21.80 t/ha—fresh; High yield Muralidharan (1973) I, - Sparse seedling type
3.27t/ha—dry), Assam (17.23 : G'andzhou (sparse ringed, big fleshy
t/ha—fresh), Maran (3.27 t/ha—dry), ginger)
and Thingpuri (2.79 t/ha—dry) Shandong Laiwu (big gi
ER De . g ginger)
Thingpuri, Rio de Janeiro, and China  High yield Sreckumar et al. (1980) S Guangzhow (dense-ringed fleshy ginger)
1ISR-Varada (22.6 t/ha) Muralidharan (1973) 3 Bdib o Zhejiang (red-claw ginger)
. . : . ible medicinal type .
1ISR-Mahima (23.2 t/ha) Wider Sasikumar et al. (2003) Fujian red bud
and 1ISR-Rejatha (22.4 t/ha) adaptability Hunan yellow heart
High yield Chicken claw ginger
V,E,—2 (33.83 t/ha), Rio de Janeiro  High yield Pradeep Kumar et al. Edibl Xingguo ginger
(27.38 t/ha), Brnadan (25.11 t/ha), (2000) jils processed (ype Guangahos (eskis)
and Mananthavady (22.94 t/ha) Fuzho_'-l ginger (purplish shoor)
(green ginger) Tongling (white ginger)
Himachal Himachal Selection, Rio de Janciro High yield Jogi et al. (1972) gtlrllﬁljl (t;?mbo; g!ﬂgcr
Pradesh $G-646 and SG-666 High yield Rattan (1989) T &Yr:g g'i!i :erlte ginger)
Kerala local (3.76 t/ha) and B-1(3.83  Fresh ginger Arya and Rana (1990) ~ Ornamental ginger examples Loiihe rigis
t/ha), Himachal selection (local) Flowerg ; ng -
(10.9 t/ha) and Kerala local (9.6 t/ha) s gingerg :
$G-534 (10.35 t/ha), V,B,—2 (892  High-altitude AICRPS (2000) i Sitins Bt
t/ha), Acc. No. 64 (8.9 t/ha) areas R Hengehum ginger
Assam Nadia (6.7 t/ha) & Chekerella (5.7 High fresh Aiyadurai (1966); ot ¥ Hekou ginger
— ———¢/ha). T r rhizome yield Saikia and Shadeque Jther cultivar examples Sty (Babel Praines
(1‘992) T Zunji big ginger (Giuzhou)
Nagaland Thinladium, Nadia, and Khasi local High fresh Singh et al. (1999) Chenggu Yellow (Shaxi)
(=30 t/ha) rhizome yield { Yulin round fleshy (Guangxi)
Orissa SG-666 High fresh Rattan (1989) T Bamboo root ginger (Sichuan)
rhizome yield N Mianyang (Sichuan)
Rio de Janeiro and China (239 High yield Mohanty et al. (1981) z‘((“l’af‘d‘;“g (a’hUii)
xi yellow (Yunnan)

Panigrahi and Patro

(1985)

Laiwu slice ginger (Shandong)
Yellow claw (Zhejiang)
Taiwan fleshy (Taiwan)

glplant), Vingra selection, Ernad
Manjeri, U.P., Thingpuri,
Kuruppampadi, Wynad
Kunnamangalam Thingpuri (2.20

High-altitude
area

[ISR-Varada

t/ha)
—2(25. igh-alti (! 000
‘(,;gf_;g;_:; bzin) e AICRES (000" iy tly the Buderim Ginger Co. (2002) has released the first loi
) i y, called Buderim Gold, f e N8 tetrap oid
Naidu et al. (2000) ; , for cultivation in Queensland. Z. mioga, the

ntroduced from Ja i
L pan, is also grown ¢ . .
hare a vegetable delicacy. - tercially fop e Mippensd

Andhra Pradesh
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In many cases, the major production centers are far from the areas of origin of the crop
concerned (Simmonds, 1979). This is true of ginger as well: the Indo/Malayan region
is very rich in Zingiberaceous flora (Holttum, 1950). Considering the present discribu-
tion of genetic variability, it is only logical to assume that the Indo/Malayan region is
probably the major center of genetic diversity for Zingiber. It may be inferred that
geographical spread accompanied by genetic differentiation into locally adapted popu-
lations caused by mutations could be the main factor responsible for variations encoun-
tered in cultivated ginger (Ravindran et al., 1994). In India the early movement of
settlers across the length and breadth of the Kerala state and adjoining regions, where
the maximum ginger cultivation is found, and the story of shifting cultivation in
northeastern India (the second major ginger-growing sector in India), are well-docu-
mented sociological events. The farmers invariably carried small samples of the common
crops that they grew in their original place along with them and domesticated the same
in their new habitat—in most cases, virgin forestlands. Conscious selection for different
needs such as high fresh ginger yield, good dry recovery, and less fiber content over the
years has augmented the spread of differentiation in this crop. This would have ultimately
resulted in the land races of ginger of today (Ravindran et al.,1994).

Conservation of Ginger Germplasm

Major collections of ginger germplasm are maintained at the Indian Institute of Spices
Research (IISR), Calicut, India, and the Research Institute for Spices and Medicinal
Crops, Bogor, Indonesia. In India serious efforts are being made for conservation of
ginger germplasm. At present, the ginger germplasm conservatory at IISR consists of
645 accessions that include exotic cultivars, indigenous collections, improved cultivars,
mutants, tetraploids, and related species (IISR, 2002). In addition, 443 accessions are
being maintained at different centers of the All India-Coordinated Research Project on
Spices and the National Bureau of Plant Genetic Resources (NBPGR), Regional Station,
Thrissur (AICRPS, 2001 Table 2.16). The major constraints involved in the conservation
of the germplasm of ginger are the two soil-borne diseases: rhizome rot caused by Pythium
spp. (such as P. aphanidermatum, P. myriotylum, and P. vexans) and the bacterial wilt caused
by Ralstonia solanacearum (Pseudomonas solanacearum). Added to this, infection by leaf fleck
virus is also posing serious problems for conservation. These diseases are extremely
difficult to control or prevent under field conditions. Hence, in the National Conservatory

for ginger at TISR; ginger germplasm-is conserved in specially made cement tubs under

50% shade, as a nucleus gene bank to safeguard the material from deadly diseases and
to maintain the purity of germplasm from adulteration,which is very common in field
plantings. Each year, part of the germplasm collection is planted out in the field for
evaluation and characterization (Ravindran et al., 1994). The collections are harvested
every year and replanted in the next season in a fresh potting mixture. On harvesting
the rhizomes, each accession is cleaned and dipped in fungicide and insecticide for
protection and stored in individual brick-walled cubicles lined with sawdust or sand in

a well-protected building.

In Vitre Conservation

In vitro conservation of ginger germplasm is a safe and complementary strategy to protect
the genetic resources from epidemic diseases and other natural disasters. This is also an
excellent method to supplement the conventional conservation strategies. Conservatiofl

A
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I Table 2.16 Germplasm collections of ginger in India.
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2. Orissa University of Agriculture and 172 -
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3. Dr. Y.S Parmar University of Horticulture and 271 AICRPS (2003)
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Rajendra Agricultural University, Dholi, Bihar
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6. ’Narendm Dev University of Agriculture and 29 d
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Cryopreservation is a strategy for long-term conservation of germplasm (Ravindran et
al., 1994). Efforts are going on at IISR and NBPGR for developing such strategies.
Cryopreservation of ginger shoot buds through an encapsulation-dehydration method
was attempted by Geetha (2002). The shoot buds were encapsulated in 3% sodium
alginate beads and pretreated with 0.75 M sucrose solution for 4 days and dehydrated
in an air current from laminar airflow and then immersed in liquid nitrogen. Beads
conserved like this on thawing and recovery exhibited 40 to 50% viability. The cryo-
preserved shoot buds were regenerated into plantlets. The studies carried out ac IISR
showed that vitrification and encapsulation-vitrification methods are more suitable for
the cryopreservation of ginger shoot buds (Nirmal Babu, unpublished data).

Characterization and Evaluation of Germplasm

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
variability will be limited unless samples are drawn from distinctly different agroeco-
logical situations. Studies on genetic variability for yield and associated characters in
ginger indicated the existence of only moderate variability in the germplasm. Little
variability exists among the genotypes that are grown in the same area; however, good
variability has been reported among cultivars that came from widely divergent areas.
Ravindran et al. (1994) characterized 100 accessions of ginger germplasm based on
morphological, yield, and quality parameters. Moderate variability was observed for
many yield and quality traits (Table 2.17). Tiller number per plant had the highest
variability, followed by rhizome yield/plant. Among the quality traits, the shogaol
content recorded the highest variability, followed by crude fiber and oleoresin. None
of the accessions possessed resistance to the causal organism of leaf spot disease, Phyl-
losticta zingiberi. Quality parameters such as dry recovery and oleoresin and fiber contents

Table 2.17 Mean, range, and CV (%) for yield actributes and quality traics in ginger germplasm

Character Mean Range cV (%)
Plant height (cm) 59.2 23.1-88.6 19.00
Leaf no./plant i 37.1 17.0-52.0 18.22
Tiller no./plant 16.8 2.80-355 45.90
Leaf length (cm) 23.8 17.0-36.5 10.90
Leaf width (cm) 2.6 1.90-3.70 10.80
Days to maturity 226.0 214-236 13.5
Dry recovery (%) 217 14.0-28.5 14.3
Rhizome yield/plant (g) 363.1 55.0-770.0 39.3
Crude fiber (%) 4.31 2.1-7.0 23.3
Oleoresin (%) 6.1 3.2-9.5 21.7
Gingerol (%) in oleoresin 19.9 14.0-27.0 15.2
Shogaol (%) in oleoresin 4.1 2.7-1.5 24.3

Source: Ravindran et al. (1994).
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Yadav (1999) reported a high genotypic coefficient of variation for length and weight
of secondary rhizomes, weight of primary rhizomes, number of secondary and primary
rhizomes, and rhizome yield/plant. High heritability coupled with high genetic advance
as a percentage of mean was observed for plant height, leaf length, suckers per plant,
number of mother and secondary rhizomes, weight of primary rhizome, and rhizome
yield per plant, indicating that desirable improvement in these traits can be brought
about through straight selection. Plant height followed by number of tillers per plant
and leaf length had a maximum direct effect on rhizome yield (Singh, 2001).

Nybe and Nair (1982) suggested that morphological characters are not reliable to
classify the types, although some of the types can be distinguished to a certain extent
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) found that all the cultivars differed significantly in tiller number
and leaf number. Yield stability analysis revealed the superiority of cvs. Ernad and
Kuruppumpadi as they expressed high mean yield, nonsignificant genotype-environment

interaction and stability in yield.

Biochemical Variability

Oleoresin of ginger is the total extract of ginger containing all the flavoring principles
as well as the pungent constituents. The oleoresin contains two important com-
pounds—gingerol and shogoal—that contribute to the ginger pungency. On long-term
storage, gingerol becomes converted to shogoal. The quality of ginger thus depends on
the relative content of gingerol and shogoal. Zachariah et al. (1993) classified 86 ginger
accessions into high-, medium-, and low-quality types based on the relative contents of
the quality components (Table 2.19). There are many ginger cultivars with high oleo-
resin, a few them, such as Rio de Janeiro, Ernad Chernad, Wynad, Kunnamangalam,
and Meppayyur, also had a high gingerol content. The intercharacter association showed
a positive correlation with oleoresin, gingerol, and shogoal.

Shamina et al. (1997) investigated the variability in total free amino acids, proteins,
total phenols, and isozymes, using 25 cultivars. Moderate variations were recorded for
total free amino acids, proteins, and total phenols. Isozyme variability for polyphenol
oxidase, peroxidase, and SOD was reported to be low, indicating only a low level of

polymorphism:——— :
The information available from various studies on germplasm evaluation is summarized

in Tables 2.20 and 2.21.

Table 2.19 Range, mean, and coefficient of variance in ginger cultivars for the quality components

Quality constituents Range Mean CV%
Oleoresin (%) 3.2-9.5 6.1 21.5
Gingerol (%) (in oleoresin) 14-25 19.9 15.0

2.8-7.0 4.1 23.7

Shogaol (%) (in oleoresin)

Source: Zachariah et al. (1993).
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Table 2.20 Evaluaci i [
valuation of ginger germplasm for rhizome yield and its ateribuces

Character/trait

1. High yield

(fresh and dry)

)

2. Bold rhizome

3. Slender rhizome

hore duration

Variety/CultivarlAccession

U.F, Rio de Janeiro, Thingpuri, Karakkal
Suprabha, Anamika, Jugijan ’
SG-646 (Kerala) (159 b
: &/plant) and $G-66
(H.P) (151 g/plant) 0
Rio”de Janc-'iro. Suprabha, Suruchi, Suravi,
]](ugu;::, Thigpuri, Wynad local, Himachal
arakkal, Varada, Maran Acc l
ol an Acc. Nos. 64, 117
Rio de Janeiro (Av. 21 ¢/ha fresh
A — , Maran i
20 t/ha, 4.40 t/ha—dry), Nadia (Av. 19 b
t/ha—fresh, 3.80 t/ha—r ), N :
(Av. 3.80¢/ha-dry) S
Rio de Janeiro (32 55 t/ha), Chin
: . ’ a (16.76 ¢/l
Ernad Chernad (15,84 t/ha) B
Wynad (9.0 kg/3 m?, $G-700. §
: » 9G-700, SG-705, and
BDJR-1226 (7.5-7.7 kg/3 m?), V,E,—5, and
PGS 43 (7.8 kg/3 m?) S
SG-876, 8G-882 (9.2 kg/3 m?)
China, Taffingiva, SG-35
Varada, Gurubathan Bhaise, Chi
) an, , China, Acc.
117,35, 15, 27, and 142 e
Suruchi, Kunduli local

»

Sierra Leone

Tura local—2 (29.7%)
Tura (28%)

Thodupuzha (22 6%), Kuruppa .
6%), P
and Nadia (22.6%) Ppampadi (23.09%)

Tura and Maran

Tura (22.079%) Thinladium (21

A .03%),
Jorhat (20.609%) i
Vengara (25%), Ernad (24.37%), Himachal
Pradesh, and Sierra Leone (23.12% cach)
Zahira{;ad,_]orhat local, Kuruppampadi, Ernad
Sul:l.l('hl, Maran, Assam, China, Mowshom
'ZI';;ngpui, Varada, Acc. Nos, 27,117, 204, =,md
5G-685

Assam (9.3%) and Manathody (9.2%)

Kuruppampadi (7.19)

Rio de Janeiro (10 5%), Mar
s A 10.
Wynad local (9.1%) b
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Ratran (1989)

Sasikumar er al. (1994)

Paulose (1973)
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AICRPS (1999, 2000,
2001)

Sasikumar et al. (1994,
1999)

Mohanty and Panda
(1994)

Mohanty and Panda
(1994)

Mohanty (1984)
Sreekumar er al. (1982)
Nybe et al. (1982)

Nair (1969);
Muralidharan (1972);
CPCRI (1973)

Muralidharan (1 973)
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(1972)

Muralidharan (1972)
Nybe et al. (1980)
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Tuble 2.20 (Continued)

Character/trait

7. High Essential oil (%)

8. Low crude fiber (%)

9. High yield of dry
ginger (t/ha)

Variety/Cultivar/ Accession
Rio de Janeiro (10.8%)
Wynad, Kunnamangal;xl'n,dATb:é;‘fyalan,

ing Pui, Rio de Ja A
ES::;;:;iradf Himachal, Varada, and China
Rio de Janeiro, Wynad, Kunnamangalam,
Meppayur, Santhing Pui (Manipur-1), Ernad,
Erattupetta, Tamarassery local, PGS-33, and
PGS-11 (> 7.4%)
Acc. Nos. 14 (9.0%) and 118 (6.0%)
Nadan Pulpally, Nadan, and Acc. No.57
Acc. Nos. 110, 582, 236, 388, 414, 6, and 3
(6.2-8.9%)
V,5,-8, BDJR-1226, and Chanog-11 (8.3 to
8.7%)
Mananthody (2.2%)

Karakkal, (2.4%), Rio de Janeiro (2.3%),
Vengara (2.3%), and Valluvanad (2.29)
Elakallan and Sabarimala

Acc. Nos. 118 (2.6%) and 14 (2.5%)
Pulpally, Sabarimala, Nadan Pulpally, and
Thodupuzha

Acc. Nos. 418, 399, 389, 205, 110, 236, 104,
and 296 (2.9-3.2%)

BLP-6, SG-723, BD_]R-IU'54, §G-55, and
Maran (2.0 to 2.8%)

Shilli, Bangi, Himgiri, Acc. No. 64, V,E;—4
PGS-23, and SG-706

China (3.4%), UP (3.7%), Himachal Pradesh
(3. 8%), Nadia (3.9%)

Tura (3.5%)

China (3.43%), Ernad (4.43%)

#Zﬁﬁi'mbzd;'l{umppampadi.»Mizo. PGS-16,

China, UP, Nadia, Poona, and Jamaica

Acc. Nos. 287 (3.0%), 288, 22 and 18 (3.2%)
Varada, Acc. Nos. 15 and 27

Poona (4.62%), Nadia (4.849), and
Thinladium (5.01%)

Acc. Nos. 419, 386, 415, 200, 110, and 336
(2.2-3.3%)

Rio de Janeiro, Maran (3.27 t/ha), and
Thingpuri (2.79 t/ha)

Maran (Av. 4.40 t/ha), Nadia (Av. 3.80 t/ha),
Narasapattam (Av. 3.80 t/ha)
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10. High gingerol and
shogaol

11