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INTRODUCTION

oinger (Zingiber officinale Romc) belonging to
the family Zingiberaceae is an important commercial

spice throughout the world, esteered for it'a arome,
£lavour and pungency, It was one of the earliest
oriental apices introsuced to the West and'the demand
for this splce is incressing ever since. The aroratic
rhizomes of ginger £ind sprlication both as & gpice
and in medicines, At present ginger is ranked as

the third most important spice crop of India, standing
next to pepper and cardamom, India 1is 2150 the.
largest producer end exporter of ginger In the world,
contributing to sbout S0 per cent of world production
and export.

The increasing demand of ginger and it's suite
abllity for va:ieé preparations have put forth cro
the need for promising ginger types having specizl
quality attributes. Unfortunately, varieties having
the twin advantages of high yield ond special
qﬁality attributes are rare at present, Also the
ginger crop in India is facing the increasing
deovastation of so0ft rot and bacterial wilt for which
resistant types are yot to be developed. Some other
bottlencéks such as hiéh fibre content of varieties
and high cost of production sre also associated with
ginger cultivation in India, Hence therc is on |
imperative need for developing highlyielding varieties

with less fibre content and resistent to diseascs,



1f India hags to keep up her position in the world
market (Muralidharan and Kamelam, 1973s Nalir et :al.,
1930) ,

The analysis of crop improvement programmes so far
undertaken in ginger reveals that the major thrust
has been given to selection of cultivars sulted to
local conditions, The advantage of genetic varie
ability is to be tapred fully and exploited forxr

the benefit of cultivars (Muralidheran and Sakunthala,
1575y Nair et al,, 1980), Hybridization at
interspecific or intervarietal levels has not heen
reported 's0 farg similazly tﬁe genetics of ginger

is poorly understood, The greatest ﬁandicap which
obstruct the hybridizstion and geneticel studies,

and for that matter breeding pf ginger is the

absence of fruitset and seedset, Added to this
difficultly is the shy flowering nature of 21n91£gr
spPs It has besen observed that only a few specles .
of Zingiber snd a few varieties of Zinaiber officinale
flower, .that too forca short periocd of the year. 1In
fact, the physiology of: flowering in ginger is poorly
undergtocd in this regard,

Ginger has been describsd by many as a gpecies
flowering very -shyly and never setting seeds
(Hooke;. 18927 Eest, 1940), Seversl factors such
32 self incompatibility, chromosomal aberrations,



defects in micro and megagporogenesis, lack of
suitable peliinating agents and fallure of pollen
germination on stigma were reporteé t0 be responsible
for the absence of fruitset and seedset in ginger
(Fryxell, 1957, aqnachénaran. 1969s Pillsl st al.,
1978y Ratnambal, 1979). However, there is no
consengus among the workers as to the real mechenism.
operating in ginger. Unfortunately none of the
previcus investigators used in ¥vivo pollen germination
studies for conciuding to the mechanism of seli-
incompatibility in ginger. Ginger is propagated
vegetatively by means of rhizomes and lack of secdset
is not a problem for its multiplicetion (Anon, 1978).
However, seed propagation may be economicul as far as
cultivation 1s concerned, since cogst of planting
materisals (rhizomes) takes sbout 40 per cent of cost
of cultivation in ginger. lMNorecver, sesedset 1€
possible in ginger, will help the breeder to shuffle
the genome snd utilise thie inherent superiority in
each variety. Also it will facilitate the mutagenesis

yrogrammes and genetical studies to @ great esitent,

The importance of cytogenetical studies o
@stablish the phylogenetic relationahip and io explain
the mechanism of sterility in crops has been well
emphaziscd (Levitsky, 19317 Stebbins, 1974),.
Furthermore, '‘cytogenctical studies are considered as

useful tools for the characteristion of intraspecific



classification (Brandenburg, 1984 Ramachandran et al,,
1986)« Eventhough cytogeneticai studies have been
made in the genus Zingiber the information availlable
on cytogenetical polymorrhism in ginger ie very meagres
Also the relationship of meiotic abnormelities towards
rollen sterility leading to problems in fruitset and
seecdsct is poorly underatood, Ginger has been
described by many, as a species. producing high amcunt
of sterile greins (Pillai st sl., 1976)Jayachandran
and Vijsyagopal, 1979y Usha, 1983). However, details
on the extent of variability for pollen sterility
between varietics of ginger, the effect of different
media on the policn germination and pollen tube growth
of different varieties and the effect of irradiation
on the gerrdnation ¢of pollen grains in ginger are not
available, These detnils are guite significant in
un@exatanding the factors limiting frultset and seedoet
in ginger and also to devise methods for breaking these
barrierss Taking into account of the afore mentioned
‘gaps in the biology of ginger crop, the present
investigation was undertaken with the following

objectives,

1) To work out the karyomorrhology of ginger
varleties and to study the cytogenetical
rolymorphism in relation to plant morphologye.



2)

3)

4)

5)

To study the meictic ixregularities in
relation to pollen gterility in different

varieties,

To study the effeckt.of media and Arragiation
on the pollen germination sné policn tube

growth in 8ifferent varleties,

To work out the pollen-pistil interaction
by fluorescence microscopy to decide on the
presence of incompatibiiity mechenism in

gingere

To study the factors respronsible for absence

of frultsct and secdset in ginger,
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REVIEW OF LITERATURE

(Ginger (Zingiber officinale Rosc) has been
described by meny, a8s a apecies producing flovers

very scarcely and setting no seeds. .Eventhough scme
geattered unsuccessful attempts on fruitsct end
geedget are available, concerted and comprehensive
efforts on this aspect have not been made so far,
Also & mutuslly agreed unequivocal reason for the
absence of fruitset and seedset in ginger is not
avallable, Ginger is alzo a iess studied species
cytogeneticelly. Hence the zccumulated litersture
on varicus aspecta relevant to the subject matter of

the thesis are reviewed belawa
1) Origin =nd distrirution

Ginger has been used in India and China as
splee and medicine gince anclent times, It 1a not
known in a vwild state, nor is thy country of origin
known with certainity. However, Burkill (1968)
suggested that Maleaysia may not be the centre of
origin of ginger. Rosengarten (1969) recorded that
gingexr was mentioned by Chinese philcosopher Confucius
(551«479 B.Cs) in his Anslects, According to
Purscglove et 2l. (1981) ginger might have originated
in South East Asia, but later introduced to the tropics
end cultivated often in homegardens on a significant
scale in countries like Chine, Japan, Sierra Leone,

Nigeria, Austrslis, India and Viest Indies.



2) Spacles and varietics

Ginger (Zinqiher officinale Roac) is a
monocotyledonous plent belonging to the family

Zingiberaceas of the order Zingiberales, Burkill (1960)
mentioned scversl species that were usced in native
medicine in South East Asia, of vhich the most important
seem ¢o be Zingiber cassumunar Roxb and Z. zerurbet L.
According to Purscglove gt al. (1981) the genus
Zingiber Boehm has about 8090 specles of perennial
rhizomatous herbs throughout South Erst Asis and

extending to Queenslend cnd Japan,

Ginger 42 always propagsoted vegetatively and hence
the literature on varietiesn azre limited, Several
reports on the types notlced in different areas are
aveilable, Ridley (1912) reported two types available
in Gamelca gnd three races in West lMalaysia,

Gollifor (1973) described five types of ginger im the
British Soloman Islands, Pauloge (1973) listed the
names of scveral common cultivaxs of ginger grown in

differcont parts of Indizn subceontinent,
3 Cytogenotics

The chromosome number of 2n w 22 for Z, officinale
Rose has been confirmed by rmeny cytogeneticists
(Morinags et a). 1929s Sugiurz, 19362 Chckravorthi,
1948, Federov, 1969), eventhough Takahashi (1930)



reported a chromosome number of 2n = 24 for the
species. Raghavan and Venkatasubban (1943) reported
the cytology of three species of Zingiber viz,

Z. officinale Rosec Z., cassumunar Roxb. and Z. gerurbet
Sm. and all of them.haé the chromosome number of

2n = 22, They aléo found differences in the chromoscome
morphology in these species and concluded that the
chromosome of Zingiber officingge were Gifferent from
the other two specles in morrhology. Darlington and
Janski Amnmal (1945) observed two B chromosomes in _
certain types of Z. gofficinale in adéition to the normal
complement of 2n = 22, Chakravorti (1948) concluded
that in view of the bivalent associatioh in diploid
specles, 3. gassumner and-2. gerumbet, Z. mioga

Rosc with 2n = 55 chromosomes, i1s to be considered

as a pentaploids, Sato (1960) also concluded that

Zeo mioga with 2n =55 is to be considered as pentaploid
with a basiec nurber of x = 11, based on studies of
karyotype of 13 genera including 24 species in
Zingibersles,

Sharma and Bhettacharya (1959) reported wideapread
occurence of inconsistency in chromosoms number in
several specles of Zinglberzceae including Z.officinele.
They also observed high number-of fragments, stickness,
bridges, laggards, micronuclel and structural
alterations in somatic chromosomes of Z. gfficinsle

treated with Xerays,



Ramachandran (1969) reported the cytology of Iive
species of Zingiber including Z. macrostachyum Daiz,
L. roseun Rose and Z. wightisnwm Thor for the first
time, in addition to Z. officinale and Z. zerumbet, He
found evidence for structural hybridity involving
interchanges and inversions in Z. officinale. Mahanty
(1970) in an extensive cytological investigation in
the Zingibsrales reported chromosome nurbers of
2+ gpectebile Griff and 2. gylindrigum both as #n = 22,

Rl

Suzuka and Mitsuoka (1978) eonducted cytological
studies in Zingiber mioca and reported it as &an
autofebtaplold with 2n = 55, Pilllal et a}. {(1978)
obsexved that melosis is highly irregular in ginger
with only 46.6 per cent of the MiCs schowing bivalents
and the rest showing univalents, trivalents, quadrie

valents. etce

Karyomorphology of 32 cultivars of Z.0fficinzle
and three specles of Zinalber viz Z. gerumbet,
Z.nacrostachyum and Z.cassumunar were investigated
by Ratnambal (1979). She found considerable differences
in gross morphological characterlistics of chrorosomes,
A classification of karyotypes according to the degree
of .asymmetry showed that karyotype 1lb wag represented
in most of the cultivars of Z. officinale, while la
was found in Z.zerumbet, Ze.macrogtechyum and

Z.gassununar, p? analyeis in 32 cultivars of
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2. officinale and three wild species recognized eight
clusters baéed on the generalised distence for chromosome
attributese It was concluded that clascification of
the cultivars based on the.gecgraphicel distanca.wiil
be difficult in ginger.Ratnambal (1283) observed the
formation of quagdrivalents in most of the cultivars
of Z. officinale Rosc during meiuszis. Intraspecific
variability €or melotic behavicur was alsoc observed in
25 cultivars of Z. officinele. She established
significant linecer regression betwesn pollen sterility
and chromeosome aberrations at anaphase II and aberrant,
quérteta. It was concluded thot the structural
chromesome aberrations had a significent influence in

lowerping the fertility in cultivars of Z. officinale.

Ramachendran (1983) found that tetraploids (2n = 44)
can be produced in ginger by colchicine treatment,
Beltrznt and Kam (1984) reported the somatic chromosome
nunbers of 33 species including nine 2ingiber species
and noticed polyploidy (2n = 66) and presence of B
chrowosores (2n = 22 + 2 B) in Z. officinale, They
also remarked that Indian and Malayan Zingiber specles
are diploids (2n = 22), while the Japsnese species,
Zingiber micga is a pentcplold with 2n = 55, Datta and
Bhattacharya (1985) observed cytological irregularities
such &s fragments and ring formations in Z, officincle,
Omane Kumariiend Mathew (1985) presented a detolled
Karyotypic Gata on Z. officinale, Z. zesrumbet,



Ze uichtianum and 2, macrostachyum, all having 2n = 22

Chrerosomas
4) . Flowering

a) + .Fiowering behaviour: Hooker (1@952) described

gingzxr as & gpecles with very rare flowering. Holttum
(1950) stated that  £lowers are seldom seen in Malaysia
but are produced in some cther countries, thereby it j
appeared that f£lovwering in gipgez 1s observed under
certain conditions only. Pillai et al. (1978) xerorted
that, oflthe 35 germplasm colletions mainteined in
CPCR1, Kasaragod all but, six flowered and that floweripq
starteé‘in the last week of October.and lasted till
early December, the peak baing in November, Nybe (1978)
noticed that ginger types vslluvenad, Vengsra, Ernede
Chernad, Ernad Manjeri, Wynad Xumnamzngalem, Taivan,
Tagfingiva, Sierre Leone, Rio~ge~Janeiro, Utter Pradesh,
Jorhat, Rarasapattom, Nadle, China and Assem showed
0,52 ~ 11,71 per cent f£lcwering as ageinst no flowering
in Thodupuzha, Thingpurli and Himechal Pradesh types
under Vellenikkora conditiona in 1977. Similicxiy
flovering of Rio=de~Janeiro was recorded under the
climatic conditions prevailing ot Vellayani by

Jayachandran et ale (1979).
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‘b)  Inflorescences Nybe (1978), reported that the

inflorescence in ginger developed from the rhizome
along with scale leaf, It formed & bracteste spike
or raceme, each bract sdﬁﬁeﬁﬁimg a single flover with
a lateral or obliquely rosterior bracteole, The
bracts vere spirally arranged, The length of the
stolk varied from 25-30 cms Pillai st 21, (1978)
stated that pingle flowexs vere Lorne in panicles
directly arising from the rhizome and elso on
terminal epikes. Inflorescence in ginger is a scape
and iy produced.on & gpecial leaZ beering shoot
springing from the rhizome or is termincl, the
number of terminel inflorescence Leing tuo per.cent
and the flovers are subtended by 2 promirent, fertile
bract (Jayachandran ot ale, 1979).

A detalled description of ginger inflorescence
had been furnished by Purseglove et sl. (1981).
Accorxcingly spiccte inflorescence arises directly
from the rootw-ztock and has got & slender scspe of
10 to 20 m with or without short leaftirs &nd a
cylindpical coneslike spike (2 %o 7 m in length end
1,50 cm to 2,80 cm in diameter) uwith sppressed, ovate
or eliiptic and green bracts (2 to 2 cm long and
1.50 to 2,00 m wide) with o pole submarginol band and
incurved translﬁcent rarging, benring a single fragile

and shorte=lived flower in the axil of each less,
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c) Morphology of flowerst The floral details of
ginger has becn given by Nybe (1978), Jayachandran
(1579) and Purbeglove (1978), According to thelir
deseription the flowers sxe small ss compared to
those of the other genera and cre borne on the txile
of a bract snd are yellcuwish gxeen.'mygomorphicu
bisestual, epigynous ond trimerous, The calyx is
tubular or bell shoped. diyiding cbove dnto three
ahort tecth and split on one aide, The corella is
tubular kelow (2,00 to 2,5 em long) with threc
yellowish lobes of which the dorsal lobe ia curved
over the angother., Androecium consists of stermens of
vhich the outer three are feeuceﬂ to staminodes.

The inner lateral stemens are united cnd showing to
form 8 deep purple cloures labellum, The posterior
stemen of the inner whorl is the only fertile steren
and is enclosed by the ladellum, Stamen has got a
short and broad filement with two prominent anther
lokes, The style peaseg through the groove formed
by the anther lokes and ends in o capitate stigma,
Btigms has a circular apicasl aperture surrounded by
stiff hairs and it protrudes just below the apex of
the appendage. Pillal et 2l,.(1978) described the
ovule as bitegmic and cnatropous. Overy is inferior,

trilocular with scveoral ovules per ovaly.

a) Floral biologys dJayachandran gt al. (1979)
reported that it tock 20 to 25 days from the bud



inttiation to full bloom and a psriod of 23 to 20 days
was required for the completion of the blooming in an
inflorescence, However, Usha (1983) estimated that it
took 29 days from the bud initiation to full bloom and
about 9 to 18 days for the completion of bleoming in

an inflorescence in gingore

Jayechandran et al. (1979) bascd on their studies
on Ripede~Janeire indicated that blecming tekes place
in an scropetal succesgicn and the flower falls on the
next dey of blocming. Pillai ot al. (1978) observed
that anther dehiscence tikes place pimultaneously with
the glouex: opening in ginger, Jayachandran and
Vijayagoral (1979) noticed that pollen shedding almost
coincided with the flowar opening. But Usha (1583)
observed that anther dehiscence took place 10 to 25 |
minutes after flower opening, Stigma receptivity of
ginger is still in darkness owing to the fallure of
hand pollination to set seeds, Observation under
hand lens by Jayachendren et sl. (1979) indicated thet
stigma was receptive at the time of anther dehiscence.
Usha (1983) roported that stigma remsined receptive

from one hour to five nourc arcter f£lower openinge
5) Pollen studies

a) Pollen production and rorphology: Pillai et al.
(1978) reported that the pollen grains in ginger are
hermaphrodite, round and with a éiameter of 77 to 104 pm,
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the average being 51 pm, A striking featura obscrved
by these uworkers was the very thick exine of the
pollengrains, Jayachendran at al, (1979) stated that
pellen grains are spherical with the size ranging from
90 to 100 pm, the mean being 95.5 pme Jayachendran and
Vijeysgopal (1974) also mentioned that anther lobes in
ginger are £llled with plenty of pollen graine. However,
Usha (1983) eatimated pollen production in ginger to
1.87..500 in variety Rio<de-Janeiro and 1,931,500 in
variety Maran. According to her, the availability of
pollen graing is not a limiting factor in gﬁnger
broedinge

b) Pollen fertility and germinaticnt A high percent-
age of rollen sterility has heen reported in ginger,
Genexrally the gteinabllity of pollen grains obtained
in acetocarmine method of fertility azsesament was
only 35 per cent (Fillal et al,, 1978), Usha (1983)
reported only 12,48 per cent fertile rollen grains

in Rio=de=~Janeirc and 16,42 per cent in Maran,

Germination of pollen grains in ginger hos been
found to be very low by many investigotors. DNair et !a_li_.
(1975) reported that pollen grains of Ricede~Janelro,
Wynad Local, !Maran, Burdwan and Assam germinated in &
medla containing 15 per cent sucrose, 300 prm calcium
nitrate, 100 ppm boric acid, 200 prm potassium nitrate,

100 ppm megnesium nitrate and one per cent ager,



Howsgver, the germination weg lesc then 1.60 per cant.
Pillal et 21, (1978) found that addition of boric acid
is helpful to break the exine #nd thereby to achieve
the germination of pollen grains, Of the different
media tried, the one with 8 per cent sucrose, 3 per
cent gelatin and 60 prm boric acid in moist ‘chamber
operating at 26,5°C gave the maximum germinaetion of
14,50 per cent, Jayachendran et 2l. (1979) heve put
pollen steriiity as-nigh es 76 per cents In thelr
study, only 2,50 per cent germination was obtained in
dextrose agar media, They argued that high percentage
of sterility may be cne of the reasonc for roor
gerninatione of grainse Usha (1963) reror.ed that
growth regulators vize IAA and GA were not having any
poeitive effect on pollen germinations Among the various
meéj;a tried, 8 per cent sucrose with 3 per cent geletin
and 60 prm boric acid gave maximum germinstion of

6.2=0 per cents

6) Pollinaoticn =ind seedmet

Pillai et al., (1978) reportcd that flower
structure of ginger monifests an adaption suitable for
entorophily. Hané rollination using large quantitics
of pollen graine in varicty Rioe=de-Janeiro by
Jayschendran et ale (1979) and Usha (1583) could not

achieve seedsot,
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Agcording to Hooker (1894), oginger is & species
never getting seeds DRast (1940) and Frysell (1957)
suspected thet tho failure to set sceds may de due
toself incompatibility, Remachendran (1969) and
Ratnambal (1979) remsrked that chromoscmol eberrations
were responsible for lack of scedset in ginger,
Pillal ot al, (1978) suspected three possible reasons
for the absaﬁce of scedget viz,, defects in micro and
megasyorogenesis, lack of suitsble pollinating agents
and failure of rollen germination on stigma or due to
incompatibility, Jayachondran and Vi jayegopsl (1979)
reported that in the event of incompatikbllity the
inhibitory acticn may not be locsted con the stigma
surface. On the other hond, Usha (1983) was of the
opinion that incompatibility zeaction may not be the
fuctot causing failure of secdget.in ginger, as she
falled to get ‘seed by bud pollination or with stigme
and style removsl, The growth regulator application

also. could not achieve scedset in her study.
7} Methods to overcoms barriers in scedset

The compatible mentor pollen effect, the capaeity
of compatible pollen, in & mixture of conpatible and
incompatible grains applied on stigmags to stirulate.
the growth of the incompatible pollen present in the
minture, was £irst obscrved by Michurich (1950) anAd
subsequently reported by Glendinning (1560), Teitsin
(1962), Grant et al. (1962) de Rsttancourt end
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Grant (1963), Miri and Bubar (1966 and Rerpov (1966)
The mentor pollen technique to overcome crossing
barriers in certein interspecific hydricization was
applied by Stettler (1968). Knox (1872) also successe~
fully repeated the axperiments of Stettler, Knowledge
of the behaviour of irradisted pollen may be useful
for the application of meniot pollen lechniéue.
(Pandey, 1975). Sxee ramalu gt al. (1579). reported
that no scedset or fruitfication was observed in three
genera of flowering plants vige. Nicotiasna, Qenothera

and Lycorersicon after mentor rollinationes The effect

of irxrrediation on the transier of certain speclfic
characters like disease resistance was tried in
Cucumis (den Ni1js, and Oost, 1980)J, Boom and den Nijs
(1983) obtained seed set in Cucumis by the mentor
"pollination techniqgue,

Using 20 different opecies Brewbaker and Emery (1962)
estimated theat X-ray doses of 220 kR or higher inhibited
pollen germination, In contrast, Pfahler (1971) found
an average LD 50 of 0,5 kgy for-pollen germinaticn in
Maize, Stobf (1972) suggested the examinations of pollen
tube grouth as a direct zssessment of compatibility.
According to Mock and loescher (1972) in wide crosses,
the pollen tube may grow the length of the stylo and
pengtrated the ovule tut fertilization may not occur.
Cost cnd cen Nijs (1979) reported the effect of
storage conditions on in vitro germinaticn of

irradiated and noneirradiated pollen of several
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Cucunis spscies, Irradiated mentor pollen proved to
be capable of occupying a certsin proporticn of ovules,
depending on irrsdiation Jdose cnd time between
subseguent pollinstions (Boom and den Nijs, 1983;
Visser et al, 1963). Dennissen ané den Nijs (1987)
based on their study on C £ Spe, reported that
polien germinazion end pollen tube grovwth were reduced

by increcsing the irradiation Gose for sll species.

In vivo rollen germination in the pistils
using fluoresceca microgcopy (Kho and Baer, 19685
Kho et zls 1982) to establish whether incompatibility
systcm ls operating or not in ginger has not been

agcertained in ginger,



//{m‘e‘ziﬂj and /;{eféoaé
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MATERIALS AND METHODS

Investigations on 'Cytogenatics, flowering and
seadsct in ginger' were carried out at the Dspartment
of Plantation Crops and Splces, College of Horticulture,
Vellanikkara during the year 1987, The weather data
during the period (January - Decermber, 1987) are given
in Appendix-1.

1) Morphological observations

Nine varicties of ginger representing different
gecgraphical regions of India including a variety from
Brazil were used for the study (Tsble 1),

Table 1. Source of different varleties of ginger
8l. No. Variety Source
1, Arippa Andhra Pradesh
24 Bajpal West Bengal
3e Burdwan West Bengal
Ge Kuruppanpady Kerala
Se Maran Aggam
Ge Nadia Aggam
Te Narasapattanm Andhra Pradesh
Ba Rio=de-Jeneiro Brazil
1 I8 Valluvanad Kerala

These varjeties were raised in pots and normal cultural
operations based on package of practices (Kerala
Agricultural University, 1986} were followed.



observations on the following morrhological characters
were recorded from five plants in each vaxioty. The

meen values were then calculated and presented.

a) Number of tillerss The number of tillers per
pot were ccunted after gix months of planting

rhizomes.

b} Plant height (cm)s The height of the main tiller’
in each pot was measured from soil level to the tip of
the highest leaf after six months of planting rhizomes,

¢) Length of leaves (em): The length of 10 leaves
in each pot was measured sfter six months of planting

rhigzomaes,

a) Breadth of leaves (cm)s The breadth of 10 leaves
in each pot was measured ofter six months of planting

rhigzomes.

e) Rurber of leaves per pot: The nurber of leaves

per pot was counted six mwonths after planting.

£) Days for appearance of flowerss The nurber of
days for the appeaxance of first infloresence after

planting was recorded in each pot,

g) Number of f£lowers per scapes The nuiber of flowers
per scape were determined by counting the number of

flowerg that vwere opening in each inflorescencee

h) Humber of inflorescence per pot:i The number of

inflorescence per pot were determined by counting
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inflorescences produced during the entire pericd
of life,

1) Number of inflorescence coming through heaxts
The number of inflorescence coming through the heart

wag counted and recorded,

jJ) Rhizome yicld {(g/pot)s The yleld vas recorded
by taking the fresh weight of rhizomes in each rote

2) Cytogeneticol studles

a) Standardization of time of collection of roots
for mitotic studiess During the course ¢©f rresent
invectigation, ginger roots wore found to give very
low mitotlic indexn as compared to many plant specles.
A}so the usual tlme of collection of roots hetween
911 8,m. was giving few dividing cells in the
preparations. In oxder to standardize the time of
collection of roots for getting high mitotic index,
rhizomes of the variety Rioede-Janeiro were germinated
in petridishes, The rocts were collected at two hour
intervels throughout a full day cycle of 24 hours,
The squashing technigque used for the anslysis of
mitotic index in root tips was based on a procedure
by Remachandren gt a). (1985), the detaills of vhich
are presented in the next section on "mitotic
chromosomes', The nurber of dividing cells in 30
£ields were counted end the mitotic index vas
calculated by the following forrmulas
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Number of dividing celle
Mitotic index = . = 100
Total nurber of colls

b) Mitotic chromosomess Karyomorphology of the above
nine varieties were analvsed using root tip eguashes,
For this the following method which was eésentially a
modification of the procedure by Ramachandren et 2].
(1985) was adopted

1) Germinate the rhizomes in petridishes

11) cCollect the roots when they attain 1 to 2 em

long at 5=6 a.m.

111) Pre~treat with saturated solution of pazadi-

chlorobenzene at room temperéture for four hours.

iv) Wash with distilled water and fix the roots in
Carnoys II fluid (6 ethyl aleohols 3 chioroforms 1

glacial acetic acid) at xzoom temperature foxr 48 hours.

v)  .Vash with distilled water and soften the roots
in an enzyme solution containing 1 per cent cellulase
and 0.5 per cent pectinase in 0,01 molar citrate
buffer (pH 4.0) at 37°C for 30~45 minutes

vi) Vash uith cltrate buffer and then with distilled

vatere.

vii) Hydrolyse the softcned roots in 1 N HCL at 60°C
for 15 minutes,
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viii) Wash with distilled water and stain with Feulgen
stain for 45 minutes until the meristematic tips turn

magenda coloured,

ix) Squash the stzined meristematic tips in 0.5 per

cent acetocazrnine,

x) Seal with paraffin wax and screen the slido for

mitotic chromosones.
Obgetrvations

Data were recorded from temporary slides only
since excessive staining of cytoplasm reduced the
claxity of preparations in permonent mounts, Karyoce
rcorphological measurements were recorded from f£ive
cells at metaphase stage Ain each variety. Care was
taken to measurc the chromcsomea from cells at identical

stages,

Measurements of length of long arm (1), short
arm (8) and satellite of individual chromosomes were
tabulated and homologcug pairs were icdentified. All
measurements were converted into micrometres and arm
ratios (1/g) for each of the homologous pairs were
calculated. The chromosomes were classified into the
following groups according to Giorgi end Dozzind (1969)
based on the pogition of the'centxomere and presence

or absence of satllites,.

SAT: Satellited chrormosom:.g, the arm ratio of
which 18 calculated leaving cut the satellite length,
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M: Medlzn chromoscmes, the. orm ratio of tvhich

is betwesn 1,00 and 1,25

5¥3 Submedian chromosomes, the arm ratic of which
is between 1,26 and 1,75

8Ts Subterminal chromoscomes, in which the arm
ratio im 1,76 angd abvoves

The total chromatin length (TCL) of the haploid
complement and also the relative chromosoms lingth
(RCL) which is expressed 6s the percentage of individuel
chromosome length, over the total length of haploid
complement were estimated, Average chromosome length

(ACL) in each variety was also calculated,

Total chromosome volume of the haploid complement
was alsc computsd for each species. JFor this the width
of five chromatids in each cell wag moasured at random
and meen chromatid wicth was es<imoted. Then the volume
of each chromosome wes cadlculsted based on the total
chromatid length (2 x chromcsome length) and average
chroratid width assuming the chrometids to be cylindrical

(Ramachandran and Narcyan, 1985).

Fhotographs were teken from temporary slides using
on Olympus F¥ 6 manual csmera unite. Idiogrars were
drawn for all the varicetiee whose haryomorphology were
znalyscd. Categorisetion of koryotype asymmetry of
gonatic complemsnt hasbeen rcde a2ccording to the method
of Stebbins (1958) who classified the karyotyre under
12 Classes (1A = 4C) taking into account koth the pogiticn



of the centromere in the chreomoscmes and the Jdegree
of difference botween the largest and smallest
chromosomes of & ceomplement (Table 2), Total form
per cent (TFY) was also calculated following the
formula glven by Huziwara {1962).

Total sum of short arm length

Ty 5 < 100
Total chromosome length

Table 2. Stebbins {1958) classification

ST vyt

Largest chromosome Proportion of chromoscmesn
leagth 'withza:m ratlo more than
23

i it
= —

Smallest chromosons

length G.Oa Ce01 «» 045 05 ~ 099 1.00
211 ia 2a 3a
211 -4 1 ib 2b 3b

431 ic 2¢ 3¢

©) Melotic gtudies

Plents of 21l varleties uere ralscd in pots keeping

£ive potes for each variety dSuring March « December 1987

and rnoosmal cultursl operations weras followed based on
package of practices (Kerszla Agricﬁltuxal University,
19860 o
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Ginger produces bisexusl flowers only. Hence
bilsexual flower buds of sige 0,2 = 0.4 mm Were £ixed
in Carnoys I fluid (acetic slcchol = 113) mixed with
two to three drops of ferric acetste during 9=11 a.m..
After 48 hours of .ﬂzauén buds were transferred to
TO% _alcoholo Squaghing the buds the -ncxt day of
fixation gave better spread where as prolonged preser~
vation led to chromosome clumping. A small bit of
.each anther was cut out end smeared well in a Grop of
one per cent acetocarmine, Cover slip was placed,
the slide wermed gently and pressed strongly under
filter paper to remove the excess stein. The prepa-
rations were sealed with paraffin wax, The slicdes
were acreenad after 15-20 minutes when chromosomes
have taken optimum stain and differentiated.

Observations

The £following cbgervations at metaphase I,
Anaphase I and Telophase I were recorded.

1) Number of bivalents, é:ivalenta. quadrivalents,
pentavalents, hexsvalents etc. per pollen mother cell
(rMC)

11) Totel chiasemata per PMC

- 444) PMCs with normal and aknormsl snsphace I
iv) PMCs with laggards and bridges at anaphase I

v} EMCs with noxmal endd abnorm:l telophase I
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Chiasma freguency of meiotic chromosomes was
calculated in each variety and subjected to 'F!
test ((Panse and Sukhatme, 1976). Photographs of
neiotic chromoscomes were token in an Olympus P 6

manusl camera unite.
3« Pollen morphology

a8) Pollen fertility (X): Pollen grains were
collected for each variety on the day of / anther
dehiscence. They vere then stained with one per

cent acetocarmine on slides and the fertility (%)

was estimated as the percentage of stained over

the totsl number of grains (Shivanna and Johri, 1985).

b) Follen diameter (ym)s¢ The diemeter of pollen
grains (pm) was measured from 25 grains énd the
average valus was worked out for each variety.
Additionally the presence or absence of poraes, was

recorded.

¢} FPollen shepe: Shape of the pollen grains in
ell the varieties werzre noticed,

d) Pollen germination (%)s Pollen grains from all
nine varieties were collected and kept for germi=
nation in the fellowing media for 24 hours in a BOD
incubator at 25°C,
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Mediat 1, Distilled water
2« B% sucrose + 1% 60 ppm boric acid
3¢ 15% gucrose + €60 ppm boric zeld
4, 30¥% sucrose + 60 ppm borle acld
8 8% sucrose + 60 ppr boric acld-+ 1% gelatin
6. 15% sucrose + &0 ppm boric acid + 1¥ gelatin
'7.' 30% sunrcose + 60 ppm boric =2eld +1% gelatin

The germinated graing were counted in 15 fields in
different slides and the percentage of germination was
¢alculated in thé following ways

Pexcentege of  Number of npollen graing germincted x 100
gernination To nunber of pollen grains

The length of pollen tubes after 24 hours of germi-
nation were alse measured in different media and mean
velues calculated,

e) Cormination of irradiated grainos The pollen
grains of variety Muran were irradiated with different
doses Of ganma rays i.0e 0 kR, 0,5 kR, 1 kR, 5 kR,

10 XR, 25 kR, 50 kR end 100 kR 2nd kept for germinstion
in the above seven media for 24 hours in a B.0JD.
incubator at 25°C and germinated. grains were counted
19 15 £ields in differont slidezs and the relationship
of irradiated doses end polien germination (%) was
recoxrdad.
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4, Pollen=pistil) intexrsction

In oxder to study the pollen pistll interaction
the follawiﬁg method of Kho end Baer (19€3) was used,
The flower bude of variecty lMaran vere fixed in FAA
(Poxmaiin's.o : acotic acid 5.0 s 90 ethyl alechol)
at 0, 2, 4, 8, 12 &nd 16 hours after pollination for
a pericd of 24 hours., The f;owera were found to
rermain on the plont for less than 16 hours after
opening. The fixed buds were transferred to 1 N NaOH
for 7 to 12 hours at room temperature, They were
washed thoroughly with dlstilled water znd stained
with Oel per cent eniline blue in 0.1 N K90, for
ebout 18 hourse. The pistil was later macerated in
80 per cent glycerol. In yivo pollen tube g‘xowth in
the platils was then examined in & Leitz microscope
under UV light.

Fhotomicrograrhs of the preparaticns were later

tsken in an Lelits automatic camers,
Se Overcoming the barriers in scedset

Ginger never get seeds. In order Lo overcome
the berzlers in seed set, the following techniques
were attempted in two vaziaeties of ginger. vig.
Ricede~Janeiro &nd Maran. Twenty f£ive flovers were

uged in both csses.
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a) Artificisl self pollination: Pollination was

carried out by using the pollen f£rom the same £lower.

b) Artificial sibbing: Follination was done by

using rollen from separate flowers of the sane variety.

c) Artificial crosa pollination between varictiess
Pollinating flowers after anthesis with pollen from

other varleties,

d)} Bua pellination: Pollination carried out one day

prior to flower opening.

@) Mentor rollinationt FPollination was carried out
by using rixture of irradiated (0.5 Kr) and normel
pollen grains.

£) Chemically asided pollination: Stigmatic surfoce
was emeﬁree with germination media (8% sucrose +
boric acid) and pollination wam cerried out with
pollen graing of different variety.

g) Removal of stigms and artificial pollination: The
stigma wvas removed using a scaspel and the pollen
gréins were applied on the cut end of style st the

~ time of :ecepé&vity.

Twenty f£ive flowers were randomly selected. =nd
used for each pollination technique. Percentage of
fruit sot was recorded during subsequent days of
pollination.
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RESULTS
1) Morphological choracters of verieties

Mean values of 10 worphological characters in nine
varieties are presented in Table 3 and plate 1. These
included both vegetative and f£loral characters vis,
nunber of tillers per plant, height of plant (m)length
of leaves (cm), breadh of leaves (em), number of
leaves per pot, daﬁé.fbn appearance of flowers, number
of flowexs per scape, nurber of inflorescences per pot,
number of inilorescences coming through the heart and
rhicome vield (g/pot). Statistical apalysis of the
dats furnished in Tsble é.diagnot show any significant
difference between varietles wiéh regaxd to any of the
ﬁorphg;ogical charscters at fivé rer cent &and one per
cent levels. Incidently the variation obse;ved ﬁithin
a variety was egual or higher than that between
varicties, These tralts vwere in general influcnced by

environmental £actors,
2) Cytogeneticzl otudies
a) Standardization of time of collection of roots:

The £ixation of roots during the morning hours wag
found to give less number of dividing celle in the
root tip sguaches. In order to standardize the time of
collection; mitotic index (%) was estimated ot two hours



Table 3

Mean of morphological characters in nine vorieties of ginger

Characters

Sle Variety Fos.of Plant No.0f Length Breadth Days for Ro.0f NoeOf wno.0f mm
Yoo tillers height 1leaves of of appear= f£ig~ scape/ :ln%lo—- vield/
{cm) leaves leaves ance of vwors rot resce- pot (g)
(cm) (cm)  £lowers scape o g

coming

throuch

heart

1. Arippa 33424 6640 259.00 19.15 2,24 186 3433 B2 0 400,00
2, Bejpai 23,00 89,2 168,84 23,78 2.54 189 3.20  7.60 1 525,00
3« Burdwan- 20,50 6040 149.24 19.58 20,37 is8s 3.00 8.60 0 381.25
4, Ruruprampady 26400 7665 191,25 21,14 1,99 178 4.00 890 2 418,75
5. Maran 27466 B2,66 207,66 25.12 267 176 11,00 9.10 4 558,33
6e Badia 23450 76,00 232,25 260475 2440 185 Ge50 912 2 468475
7. Noresapattam 28,50 71440 189,80 19,94 2.12 177 5.00 9,83 -1 420.00
8. Ricsde~Janeiro 28420 66.80 202,20 19.15 2.46 175 9.20  Be54 5 46040
8+ Valluwaned 25400 6725 22473 2043 184 3.00 8495 1 3125

162.5

£t



Plate Is-le Plant morpholeogy in different varieties
of ginger.
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Table 4  Analysis of veriance for different
morphiclogical attributes in ginger

Chaxacters df = 8 MS8 EMESS F.value
No.of tillers 93,000 644889  1.433 NS
Plant height 273.873 89,1689 3,071 113
Noe. of lecves 5990.688  3639.813 1,646 No
Length of leaves (cm) 8.858 2,110 4.193 NO
Breadth of leaves {(cm) 0.159 0085 1,870 W5
Days for aprpearance of :

flowers 784797 7.817 10.081 RS
No. of scape/pot 35,550 7.678 4.513 N
Ro. of flowers/scape 11,100 9,434 1.177 bS
Fresence and appearance

of scape coming through 0,589 0e211 2789 RO
heart

Rhizome yield/pot (g) 75547,623 28205,536. 24678 18

NS Not significant at 5% and 1% level

intervals and ﬁhe data are presented in Table S5 and Flgels
It was seen that the nurber of <ividing cells os indicated
by mitotic index increcsed during the night hours from 6 Kl
to 6 AM, Consedquently a decreasse in the mitiotic 1ndex*was
noticed in the day time from 6 AM to 6 P, The maximum
value of mitotic index (41403 per cent) was observcd in the
roots collectcd at 6 AM apd the mindmum at 12 noon

(2,89 per cent).
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Table 5 Mitotic index in ginger var. Rio-de~Janeiro
during a 24 hour cycle.

Time of collection of roote Mitotic index (%)
€ AM 41.03
8 AM 4,73

10 aM 5.13
12 a1l 2,89
2 ™M G.47
4 FM 7.09
6 MM 10,18
10 PM 19,23
12 20.85
2 AM 30.48
4 An 25,46

b) Mitotic chromos=omes

The karyomorrhology of nine varieties of ginger was
analysed in detall in the present study. In all nine
varieties, a stable socmatic chromosome count of 2n = 22
was obaerved in the root tip cells, The morphological
characteristics of individual chromosomes with respect to
length_of long srm, short arm and satellite, arm ratio,
typs of chromosome, total chromatin length, relative
chrorogore length and total chromoseme volume were
determined. These observations are furnished in Tables 6
to 17 and plate 2. The 1diograms of chromosomes Arauvn
in the decreasing order of length are presented in Fig.Ze
Accordingly the karyotypes of diiferent vagletlies are
described balows
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FIG.1. MITOTIC INDEX (%) IN GINGER VARIETY - RIO-DE-TANEIRO.
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i) Arippas. The chromosome complement 4in thié variety is
characteriscd by nine pairs of medi.anl end two pairs of sub~-
median chromozomes (Tsble 6, Fige.2, Flate 2a), The length
of individual chromosomes varied £rom 1440 pm to 3.55 pm
snd the total chnromation length of the haploid complement
was 23,37 p me The relative length of chromosomes renged
£rom 5.54 per cent to 14,06 per cénts The volume of indi-
viduel chromosomes renged from 3.18 p > 20 1,26 pm° with
8 total of 21,76 ixns for the hapleid complemsnt,

4i) Bajpeis The keryotyps analysis for this variety is
given in Tsble 7, Fige.2. Out of the 11 pairs of chromoe
somes, ten vere belonging to median and.one t¢ subterminal
category in this variety. The individual length of chro-
mo=cmes ‘ranged from 1,60 p: to 4401 B m for the entire
haploid complements The volume of individual chromosomes
shoved a variaiion from 1.60 to 4.03 :p'ma and the total

chromosome volume wags 30403 pma.

414)Burdwans The karyomorphology of Burdwan is presented
in Table 8, and the idiogram in Fig.2 and Plate 2b. It
was having 10 pairs of median and one pair of submedian
chromosomes, The chromosomes ranged in length from

1.70 p m t0 3.30 p m end the relative length from G.41
per cent to 12,43 per cente The total chromatin length
of the chromosonmes ranged £rom 1,56 p m3 to 3482 p m3.

iv) Ruruppampadys The abeolute length of individuail
chromoscmes ranged from 150 p m to 3.78 pme The total
chromatin length of the haploid complement was 27,99 pm



Table 6 Karyotype anelysis in ginger variety Arippa, (2n = 22)

Mean length ()

Chxomoscme -
No. Long erm Short srm Total length Arxm ratic Type Relative Vt:lugo
(m) (1/3) Chremesome  (pm”)
] length (%)
1. 1.80 1,75 3455 1.03 M 14.06 3.18
24 1.58 1445 3.03 1.09 M 12,00 2.72
e 1.50 1.33 2.83 1.13 M 11,21 2.54
4. 1.33 1.28 2.61 1.04 M 10.34 2436
Se 1.20 1.10 2.30 1.09 K 911 2,08
6o 1.10 1.00 2.10 le10 M 8.32 1.98
7e 1.00 1.00 2.00 Le15 M 8451 1.94
8. 1,00 1.00 2,00 1.00 M 7.92 1.60
- Ya 1,00 0.80 1.50 1.25 M 7413 1.62
10. 0.95 0.55 1.50 1.73 M 5.94 1.36
11, 0.90 0,50 1.40 1.80 = S.54 1.26
25,27
M: Median Slle Subedian

LE



Table 7

Karyotyre zpelysis in ginger variety Bajpai (2n = 22)

8€

Chromo=-
sowe No., Mean length (SM) Arm‘x;t:)lo Type Relative Volunrne
v 1/s chromoscme
Long arm Short arnm 'l‘ota.‘l(. sé;mgth | Length (%) (n ma,
1 2.08 1.93 4,01 1.08 M 13.37 4.03
2 1.88 1473 3.62 1,99 M 12,04 3462
3 1.73 1.60 3430 1,08 M 10,99 3430
4 1.58 145 3.03 1,09 M 10,09 3403
5 1.55 1433 2.88 1.17 M 9,59 2,688
6 1445 1.28 2.73 1.13 M 9,09 2.74
7 1.35 1.13 2.48 1.19 M 8423 2.48
8 1.20 1.15 2435 1.04 M. 7483 2.36
9 1.10 1.10 2,20 1.00 R 7432 2,00
10 1,00 0,80 2460 1.25 1 5.94 1,80
11 1,00 6460 1.60 1.67 ST 5433 1.60
29,99
M3 Median 43 Sutmedian STs Subterminal



Table 8

Karyotype analysis in ginger variety Burdwen (2n = 22)

‘Chromo=-

Mean lengtr; (g

some Now Axm ratio Type Relative Volume
long azm stort arm Total length (1/s) Chromosocme (p w3)
length (%)
1 1,80 1.50 3.30 1.20 M 17.43 3.82
2 1460 1450 3.10 1.07 M 11,09 3.60
3 148 1.43 2.91 1.03 n 10,97 3.36
4 1,40 1.25 265 1.12 M 9.99 3408
5 1.35 1420 2455 1.13 M 961 2496
6 1.30 1,05 2,35 1.24 M 8,80 2.72
7 1.15 1,00 2,15 1415 1 8411 2450
8 1,00 0.98 1.98 1,13 i 7.46 2430
9 1,00 0.96 1.96 1.11 7406 2420
10 1,00 0.85 1.85 1,18 M 7401 2.14
11 1.00 .70 1.70 1.42 &M 641 1.96
26454
. M: 'edisn SMy Surmedian

6E
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(Table 9, Fig. 2). Out of the 11 pairs, 10 have msdisn
and ocne has subterminal centromere. The volume of
individusl chromosomes in this variety ranged from
1.89 p'm’ £ 4,76 p 0° with a total estimate of

38439 u m3 for the haploid complement.,

v) Harant The chromoscomes of this, variety ranged 4n
length from 140 pm to 3,71 pm with a mean total
chromatin length of 28,02 yp o (Table 10,' Fig. 2,

Plate 2¢). The complement was also chracteris=ed by
£ive medion and six submedian pairs of chromosomes,
The volume of chromogomes xanged from 2,02 p_ms to
Se.3¢ p m> with a totsl estimote of 40,82 B m> for the

haploid complement,

vi) Nedias The karyotyre analysis of this variety

ig presented in Table 11, Fig. 2 and Plate 2d, It has
shown the variastion in length f£rom 1-.70 pmte 3,70 pm
between different pairs. The total chromatin length of
haploic complement was 38,02 ¢ me This veriety also
showed £ive pairs of median and six palrs Oof submedien
chromosomes in its complement, The volume of individual
chromosomes ranged from 2.94 p n> to 6.40 i m° with a
total chromosome volume of 56.85 p m® for the hapleid

conplements

vii) Narasapattems The length of individual
chromosomes in this variety ronged from 1,70 pmto
396 p o with a totsl chromatin length of 30,23 pm
for the haploid complement. The classification of



Table 9 Keryotype analysis in ginger variety Kuruppampady (2n = 22)

M le m :
Chromosome Total, Arm ratio Relative Volume
{ P o)

No. Long exm  Short arm J(.gzg:}})i (1/3) wrpe gzgg‘;'%
1 2.05 1,73 3.78 1,18 M 13.49 4476
2 1.80 1.65 3,45 1.09 M 12,32 4.35
3 1.55 1.50 3405, 1.03 M 20489 3.84
4 1.45 1.45 2,90 100 M 10.36 3.65
5 1.38 1.38 2.76 1400 1 9.85 3.48
6 1.28 1.13 2.41 1.13 M 8460 3.04
7 1.20 1,08 2.28 1.11 M Be14 2.87
8 1.05 1.05 2,10 1,00 M 7450 2465
9 1.03 0.93 1.96 1.11 M 6499 2447
10 1.00 0.80 1.80 1.25 r ' 6443 2427
11 1,00 0450 1,50 1.82 ST 536 1.89
27.99

M = Madian, ST = Subterminal

I%



Table 10 Keryotyre anslysis in ginger variety Maran (2n = 22)

Mean length (g mz
Chromosome : To Arm ratio Relatlve Volum

Ro. leng axm Short arm J(.agggl)a (1/s) pe ﬁ:;m&a?;? ( p o )
1 2,08 1.63 3.71 1.28 sM 13.24 5.34
2 1.88 1.56 3.46 1.19 M 12,35 4.98
3 1.78 1.33 311 1.34 M 11,10 4.48
4 1.50 1.40 2.90 1,07 M 10.35 4.16
S 1450 1.15 2,65 1.30 s 943 3.82
6 1.43 1.13 256 1.27 si 9.11 3,69
7 1425 ‘1495 2430 1,19 M 8.19 3432
8 1420 0495 2.15 1.26 sM 7.65 310
9 1.05 0,90 1495 1.17 M 6.54 2.80

10 0495 0.80 1.75 1.19 M 6424 2.52
11 0.90 0.50 _1::3 1.80 sM 4.98 2.02
28,02

M = Nedian, SM = Submedian

¢?



Teble 11 Karyotype analysis in ginger variety Nadia (2n = 22)

Mezn 1 m
_Chromosome : Total - Arm ratio Relative Vol

No. long arm  Short arm .}o;gi):h (1/s) Type gg;ﬁ% ( P:‘gg
1 2,10 1.60 3.70 1.31 sM 12,01 6.40
2 2,00 1.63 3.63 1.23 M 11.68 6.29
3 1.98 1.47 3.45 1.35 sM 11.19 5.97
4 1.85 1.45 3.30 1.28 M 10,71 5.71
5 1.80 1.45 3.25 1.24 M 10,55 5462
& 1.78 1.00 2.2 1,78 s 9402 4.81
7 1.55 1.10 2465 1,41 st 8460 4.58
8 1443 0.93 2.56 1,54 sM 7.66 4.08
9 1.05 1.00 2,05 1.05 M 6465 3.55

10 1.00 0.95 1,95 1.05 3] 6.33 3.37
11 1.00 0,70 170 1,43 sM 5452 2.94
30,82

M = Nedian, &M = Submedian

€7
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chromogomes according to arm ratio has shown 10 pairs
of medlian and one pelr of submedian chreormosones in
the camplemeat. The volume of individual chromosomes
has ghoun a variation of 257 p m; t0 6.98 pn m3 and
the towal chremosome volume amounted to $2.04 P n’

{Table 12, Fig. 2).

viii) Rio=di-Janeiro: The karyotype of this exotic
variety was characteriscd by 11 palire of chromosomes
which varied in length from 1.86 g m to 3.68 p m and

the total chromatin leagth of th¢ haplold complerent

15 28467 p = (Teble 13, Fige. 2, Plate 2e). The
chromogome comploment wag also characterised by o dlstinet
palr of satalli;es on the short arxm of the longest polr
of chrowosones. Out of the 1l pairg, four were belonging
to median, six to submedian and one to subterminal
categorys The volums of incividual chromosomes in thie
variety ronged f£rom 3,20 p.ma to 6.27 K m; with a total)
estimate of 44,48 P m3 for the entire haplold complement.

ix) Velluvanad: The karyotype analysis presented in
Table 14, Fig. 2 and Plate 2f, showed that the length
of chromoseomes in this variety ranged from 1.80 jpmto
4,03 P m with a total chromatin length of 29.44 p m for
the haploid complement., It has eight palrs of median,
two palrs of submedian and one pair or subterminal
chronosomes according to arm ratio grouping. The

"longeat chromoscme psir in this varicty cleo showed a



Table 12 Karyotype analysis in ginger variety Narasapattam {(2n = 22)

Hean length (pm)

: Relative
ggfomome long arm  Short arm %be;:gsi.h Az&a/;e)stio pe fhe:gi’g% \(k]:g.ggl)s
1 1.98 1.98 3.96 1,00 o 13.11 6496
2 1.83 1.78 3.61 1,03 M 11,95 6+36
3 1.65 1.53 3.18 1.08 2 10.52 5.58
4 1.50 1,50 3,00 1.00 M 9443 5428
5 1.48 1,48 2.96 1.00 M 9.79 5.20
6 1435 1.35 2.70 1,00 M 8494 4476
7 1.28 1.28 2,56 1.00 M 8+47 4.50
8 1.15 1.11 2426 1.04 M 7.48 3498
9 1.00 1.00 2.00 1.00 M 6.62 = 3.52
10 1.00 1,00 2.00 1.00 M 662 3452
11 1.00 0.70 1.0 1.43 st 5.63 2.9
30423

M = Median, SM = Submedian

G¥



Table 13 Karyotype anslysis in ginger variety Rio-de-Janeiro (2n = 22)
Mean len m)
Chromosone . ShOrt arm Total Arm ratio oo, 2&;’;;&1. Volure
Noe Long arm -+ length (1/s) length (%) ¢ RE%)
Satellite (pm
1 1.59 (1.09+1.00) 3.68 1.46 SAT 12.83 6.27
2 1,79 1.46 3.25 1.22 ™ 11.33 5.5¢
3 1.92 1.17 3.09 1.64 sM 10.78 5427
P! 1.75 1.17 2,92 1.50 sM 10.18 4.95
5 1.50 117 2.67 1.28 M 9.31 4455
6 1.50 1409 2.59 1,38 M- 9.03 4.41
7 1.50 1.00 2.50 1.50 M 8.72 4.26
8 1.13 1,04 217 1.04 M 757 3.69
9 1.00 1.00 2.00 1.00 M 6.58 3.41
10 1.00 0.92 1.92 1.09 M G#69 3.27
11 1,25 0.63 1,88 1,98 ST 6.56 3420
28,67
M = MNedlan, &, = Submedian, SAT = Satellited chromosome, 5T o Subterminal

97



Table 14 Karyotype anelysis in ginger variety Valluvanad (2n = 22)

Mean Jength (nm) _ Relative
Nor O"®  long arm  Short am ¥%§§§h e e Type g::g:g:?zg Yﬁ}g%f
1 2408 1495 3.03 1.07 SAT 13.69 3.10
2 1493 1.78 3.71 1,08 B 12.59 2,86
3 1485 1.50 3.35 1.23 M 11.38 2.58
4 1,55 1.45 3.00 1.07 1 10,19 2.32
5 1.45 1.45 2480 1,00 M 9.85 2.24
6 1445 1,20 2.65 1.21 M 900 2.04
7 1.40 1400 2,40 1,40 sM 8415 1.4
8. 1410 1.00 2410 1.10 M 7413 1.60
9 1.10 100 2,10 1,10 M 7.13 1,60
10 1400 0,70 1.70 1.43 st 5,78 1.30
11 1.00 0.50 _1.50 2,00 ST 5,09 1,16
29,44

M = Mediasn, SM = Submedian, ST = Subterminal, SAT = Satellited chrormoscome

L7
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FIG. 2. IDIOGRAMS OF DIFFERENT VARIETIES OF
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distinct satellite on the short arm, The volume of
chromosomes ranged €rom 1,16 y n’ to 3.10 p>mP with
a total estimate of 22.64 1 m3 for the entire heploid
comélemont-

The karyotyre differences between the varieties
ere sumnarised in Table 15. It be seen that the
total chromatin length among the varieties ranged from
25427 p m for Arippa to 30.82 p m for Nadia (Pige 3)a
On the other hand, the total chromoscme volure arong
the varieties ranged from 21,76 p;ma for Arippa to
56.05 p m® for Nedie (Fige 4). The maxirum difference
of chromosome length (1.50 ~ 4,03 P.m) was observed in
Valluvanad '.end minimum in Purdwan {(1.70 to 2,20 p m).

b) Classification of kegyotype according to Stebbins

classification

The classificaticn of karyotype according to the
dagree of asymmetry wag also werked out for nine
vorieties of ginger using Stebbing clapalficstion is
presented in Table 16. In general ginger varieties
beleng to the symmetrlioal groups l1la or lb, However,
the alightly asynmetrical nature of karyotype
(between these two) as represented in 1b was observed
in seven out of nine varieties excepting Burdwan and
Rio-ge~Janeiro. Those ae@en varieties belonging to
ib category hed ratios of largest/smallest chromogomes

batween 231 and 411 and no, chromosone with arm ratio



Table 15 Varistion in length and volume of chromoscmes in different varieties of ginger

Range in Average Total Total
Variety Chromosore ¢chromosome chromosome chromsomas
length (pm) length (pm) = lemgth (pm) velutie( pm”)

1. Arippe 1.40 -.3.55 2.29 25,27 21.76
2. BDajpai 1.60 ~ 4,01 2.73 29.99 30.03
3., Burduen 1,70 = 3,30 2.41 26.54 30.12
4. Xuruppempedy 1.50 - 3.78 2.54 27499 35.39
S. tMaran  1.40 = 3,71 2.55 28.02 40.82
6. Nszdla 1.70 ~ 3,70 2.80 30.82 5685
7. Narssspattam 1,70 = 3,96 | 2475 30.23 52,04
Be Rio=de-Janeiro 188 = 3,68 2.61 28467 44.48

9« Valluvanad 1,50 - 4,03 2468 29.44 22.64

67



Table 16 Karyotype symmetry/asymmetry in different varieties of ginger
Variety Zﬁ?&rz}ﬁsﬁm Lgrrgest/amane;t 2};2212’ "fgﬁ form};ﬂ6 ;
:@n:azac; more chromosome Xatio oy netan waxra 2
1. Aripps 0.00 2050 ¢ 1 b 46.54
2. Bajpel 0400 2450 s 1 1b 48.63
3. Burdwan 0.00 1.94 3 1 la 45.44
4.. Ruruppampedy 0.00 2452 ¢ 1 . 1b 47.48
Se Narasn 0.00 2,65 ¢ 1 1v 44.14
6. - Badia 0.00 2418 ¢ ) 1ib 43.08
7. Narasaspsttam 0.00 2433 ¢ 1 b 48,66
8, Rio=de-Janeirc 000 1,96 s 1 1a 41.44
9. Valluvanad 0.00 2469 3 1 1b 45.96
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more than 2t1. On the cother hand Burdwan and
Rio=tle-Jeneiro were having largest/swallest chrormogcme
ratio less than 2:1 and no chromosomes with arm ratio
mors than 231, The total form percentages of
different verieties furnished in Table 16, exhibited
a genexal trend in the evolution of karyotype. The
values renged from 41,44 per cent for Rio-de-Janeiro

to 48,66 per cent foxr Narasapattem.

a) Variation in the number of median submediain apd

subtermenal chromosomes

The nunber of median, submedian and ‘subterminal
chremosomes in different varieties asre presented in

Table 17. Four varieties viz. Bajpel, Kuruppsmpady,

Table 17 Type of chromosomes in different
varieties of ginger

25 Type of chromosome

Veriety Meaien  Submedien  Subterminel
1 Arippa 22 o 2 -
2 Bajpat 22 10 - 1
3 Burdwan 22 10 1 -
4 Ruruppampady 22 i0 - 1
5 Maxan 22 6 -
6 Noadis 22 5 6 -
7 Nargsapattam 22 10 1 -
8 Rio~-GeJeneiro 22 6 1
9 Valluvanad 22 8 2 1
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Ric=de~Janeiro and Valluvanad exhiblted a pair of
subterminal chromosomes in the. complement, The
varieties Ricede~Janeiro and Valluvanad have shown a
distifict paixr of catellited chromosomes also in the
complement, The varietlies Bajpal, Burdwan, Kuruppams
pady and Harsgapattam were having more number of median

ctizemosomes compared to other varieties,
e) Melotic Studies

Ginger plants uwere found o flower very shyly.
This was well illustrated in the morphological observations
on floveringes The plants started flowering from middle
of August and continued only untill 5iddle of October,
Only Maran, Rioede=Janeiro and Valluvanad produced
moderate nuzber of scapes per pote In 8ll other varieties,
many pots remained unflowered throughout the'grtuing
season. Therefore, defaulted melotic studies were
carried out only in Maran, Rio~de-Janeiro and Valluvanad,
Also some flowers were available for welotic studies
from varicty Nadia, which gave configurations at Anaphase I
and Telophalg I atage of mciosis. The nelotic
configurations at Metsphase I stage of meicsis alongwith
chiasma fregquency are given in Table 18 and plate 3.
The abnormalities at Ansphase I and Telophase I stage
of meiosis in four varieties aslongwith pollen steriiity
are furnished in Teble 19,



a3

In the variety laran, out of 17 PMCs observed, one
cell shoWwed normal bivalent peiring. At Metaphase I mesn
bivalent frequency was more (5,41 per cell) which was
followed by quadrivalents (1,59 per cell) untivalents
(1,47 per cell), trivaslents (0,71 per cell), pentavalents
(0,18 per cell) and hexavalents (0,06 fer cell) 4n the
oxder (Table 18). Tlils variety showing the highest nurber
of univalents 8lzo produced the lowest chiasma freqguency
(16.35 per PMC). At later stages of first meiotic divisicn
also, abnormalities were observed in the variety HMaran
(Table 19 Plate 3)¢ In fact, nocrmal Anaphase I was
noticed only in 61,76 per cent of PMCs where as 20.5
per cent showed . bridaes and 17.6¢ per cent chowad laggards.
At Telorhase I stage, 93 per cent MMCs showed normal
divisicn, 7 per cent rroduced abnormal division by produ=-
cing micronucled.: snd formation of rore than two groups
of chromatin. Conseguent to abnormalities, this variety
produced & high percentage of aterils pollen grains
(73417 per cent).

Rio=de=Janeiro also ahpwed sbnormalities during
melosis. At Metaphase I, bivalents were rore fregquent
(6417 per cell), which wag followed by quadrivolents (1.67)
univalents (0.5), trivalents (0.5) and hexsvalents (0.17).
This exotic va:iéty having the Ilowest number of uni=
valents smong the threc vﬁxietiés comparid. exhibited the
higheaﬁ chiasma fregquency (19.35 per BMC), anephase I

abnormalities were also cxpresscd in the form of kridges



'able 18. Chrowmosome configuration at Metaphase I during meiosis in Jdifferent varieties of

ginger
No.of cells Chiasma
Variety observed I 1z 11 v ' VI frequency
| Mean *+ SeEe
Maren 17 25 92 12 27 3 1  16.35:0.46
(2.47) (5.41) (0.71) (1,59) (0.i8) (0.00
Rio=de~Janeiro 6 3 . 37 3 10 0 1 19.00+0.75
(0.50) (6.17)  (0.50) (1.67) (0.00) (0.17)
Valluvanad S 4 ‘33 4 7 o 0 17.4* 1.37
(0.80) (6.60)  (0.80) (2.40)  (0.00)  (0,00)

Values in pasrenthesis indicete mean freguency per cell.



Table 19. Bumber of cells showing abnormality &t Anaphase I snd Telorhase Iiin diffcrent

varieties
Total cells - Follen
Variety i cerved Anaphaze- I Telovhose T Sterility
Hormal | tbnormal Total (%)
Pridoe Teg90ra ggéé g\red Normal Abnormal

Maran 68 22 14 12 172 160 12 73417
(G1.73) (20.5) (17.64) (93.0) (7.0}

Nadia 23 18 2 3 59 57 2 60,233
(78.26) (8.69) (13,04) (96.61) (3.38)

Rio=de=- 42 32 6 4 é8 a2 6 73.50

Janeiro (76.19) (14.28) (9.82) (87.5) (12.5)

Valluvanagd 29 17 5 7 30 25 5 75.48.
(58462)  (17.24) (24.31) (83.33) {16.66)

Values in parenthesis indicate percenteges.

G§



Plate IIXI,

Meiotic configurations of gingex

variety Maran
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and laggards In 14*28 par cant and 9*52 par cant of tha
PMCs respectively* At Talophasa Z also 12*5 par cant
PMCs showed abnormalities In the form of micronuclel ad
chromatin blocks* This exotic variety also produced
7350 par cent sterile pollen grains*

In valluvanad# only five calls vara obtained to score
for Metaphase | configuration which shoned a bivalent
frequency of 660 per PMG# Mean quadrivalent™ par cell
was 1*40 and mean univalents and trivalants were (080
par PMC each* Tha mean chlasma frequency vas 174 par
PMC* At Anaphase Z# bridges ware observed In 17%24 per
cent of PMCs and laggards In 24*31 of the cases* Tel-
phase Z abnormality was noticed In 1666 par cent of tha
PMCs* This variety also troducec a large proportion of
sterile grains (/5*480)* Both Anaphase Z and Talophasa Z
abnormalities ware frequent iIn variety Nadia# which
produced 60*33 par cent sterile grains* Zn fact# Nadia
has recorded the lonest Anaphase | and Telophase Z
abnormalities among the four varieties and produced tha

lonest percentage of pollen sterility*
3*  Pollen morphology

The single bl&ocular anther of ginger contained a
large anount of sticky pollengrains*® The morphological
features of pollen grains ere presented In Table 20 ad
plate 4 The pollen grains were heterogeneous iIn slse



Table 20.

© O N O 0o b~ W NP

Pollen morphology In different varieties of ginger

Variety

Arippa

DaJpal

Burdwan
Kuruppampady
Karan

Nadia
Nerasapattam
Rio-de-Janeiro
Valluvanad

Average diameter
@

9%6.30
104.50
A.75
96.76
65.16
106.00
94.50
110.60
93.75

Shape

Presence of
pores

Mono-sulcate
Kono-sulcate
Mono-sulcate
Mono-sulcate
Mono-sulcate
Mono-sulcate
Mono-sulcate
Mono-sulcate
Mono-sulcate

Sterl1Ity(%)

13*73
77.83
84.42
6/7.73
73.17
60.33
75.73
73.90
75.48



Plate IV# Morphology of pollengrains In different
varieties of ginger

At Arippa

D1 BeJpal

Ci  Burdwan

Dt Kuruppampady

Et Maran

Ft Madia

G3 Nerasapattam

Hi Rio - de - Janeiro

I1 Valluvanad



Plate XV

W A S/

*






58

and ware limited by a thick exlne* They ware round In
ahapa and were monoeulc<te aa far aa pores are concemed*

a Pollen fertility

All the ginger varieties used In the present study
produced large amount of sterile grains (Table 20)*
Pollen fertility among varieties as assessed by staina-
bllity In acetocarmine ranged from 15*58 per cent In
Burdwan to 39*67 per cent in Nadia* Excepting Nadia* all
varieties produced high percentage of sterile grains
(70*80 per cent)* The mean diareter of pollen grains
ranged fron 65*16 @m for Karan to 110*60 p m for Rio*
de-Janeiro* However* within a variety* the variation iIn
the diareter of pollen grains is quite high*

b) Pollen germination

Pollen grains of <11 varieties were collected at the
time of anther dehiscence and percentage of germination iIn
different media were determined™ Kean percentages of
germination of pollen grains are presented in Table 21 ad
the anmalysis of variance is given in Table 2 Zt was
observed that all nine varieties have poor percentage of
germination of grains in distilled water and the mean values
ranged fran 1797 per cent to 6*71 per cat™ The medium
containing 8% sucrose + 60 ppm boric add + 1% gelatin
produced the highest percentage of germination (11*81%)*
This was folloned by the medium having 30% sucrose + 60 ppm
boric add + 1% gelatin (863%) and subsequently by the



Table 21* Mean pollen gemination (X) of ginger varieties in different media

Varieties Mediun 1 Medium 2  Medium 3 Medium 4 Medium 5 Meciiun 6 Medium 7

Distilled 8% 3+60 15XS+60 30XS+60 8% 3reD 15XS+60 30XS+60

water p2B pPe®© B PG [IJQTICB; + |:I)>r<®é *
Arippa 3.97 4.09 6.42 4.91 12.34 7.08 6.46
Bajpai 4.00 S.26 3.51 2.49 11.12 8.62 7.87
Burdwan 1.97 3.07 3.19 2.20 7.46 4.80 6.9
Kuruygoairpedy  6.506 9.23 9.36 7.53 13.97 10.73 12.75
Maran 3.67 5.68 5.29 4.32 11.95 7.41 8.17
Nadia 5.4 7.14 4.53 5.16 14.61 9.35 11.31
Narascpattan 4.0 6.02 £€3 5.29 10.59 6.62 7.98
Rio-de-Janeiro 6474 4.52 7.4 4.35 11.77 7.57 8.78
Val luvanad 3.87 5.03 7.21 5.3 12.5 10.9 7.37
Kean 4.48 5.56 5.W 4.62 11.81 8.12 8.63

C D for media m 0.31 C D for variety = 0*27

8 m Sucrose G m Gelatin B m Boric acid



Table 22 Analysis of variance for germination of
Follengralns of different varieties of
ginger under different media

Source df S*S M.S.S F Value
Media 6 77.342 9663 7*3697*
Variety 6 2717252 45*209 AA*457**
Media

Variety 48 42 570 0*887 0676
Error 88*2 1157.207 1*312

** Significant at 50 level
CD for media <= 0.31 CD for variety = 0.27

medium having 15% sucrose + 60 boric add + 1% gelatin
(E*120)* It was also noticed that boric add had some
positive influence on the gemination of pollen grains*

The micxophotograph8 of the germinated pollen grains after
24 hours of iIncubation In ant* varieties of ginger under
certain media are presented in Plate 5 On comparing the
varieties and media together# It was toun ®that the variety
Nadia has recorded the highest percentage of germination

in medium having 8% sucrose ¢ 60 pan boric add * 1%
gelatin (14*61%)*

The correlation coefficient between pollen sterility
and pollen germination was calculated™ The correlation
coefficient was significant and negative ((*92)* Also
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the variety having the lowest pollen sterllity {60 .33%)
among the varleties used in the pxésent gtudy, exhibitéd
the highest percentage of germinaﬁion (14.61%), Conversely
Burdwan baving the highest pollen sterility (%) showed the
lovest percentage of germination of pollen grains (7 646%) o
The pollen grains after 24 houre of incubation in B sCeDe
incukstor vrocuccd rollen tubes of varying lengths in
different media. The mean yollen tube lengths in dlfferent
varieties under Gifferent medie ere comﬁiled in Table 23.
Tt was found that the variety Valluvanad had the longest
pollen tubes if all the media ere congicdered, But, Nadia
has recorded the maximum pollen tube length of 108 pm in
the most suitable medium noticed in the studye. Concidering
all medla and all varieties together, the in vitro pollen
tube length after 24 hours of incutistion in ginger is cnly
60,01 p2 me On comparing the media alone, the mediun cone
taining 8% sucrose + GO ppm borde acid + 1% gelatin which
gave the higheet percentage of germination ranked First
with zegard to poilen tube length (83.33 p m). Thic was
followed by the medium having 303 sucrose + 60 I roric
acid + 1% gelatine The medle having gelaiin in

all cuseg
produced a better growth of pollen tubes,

c) Germination of irradiated pollen graing

The pollen grains of the variety marah viere dryadd
raddae

with varying Coses of gema
£ 7d raySe The
germinatisn STpeciy

of the grains vwere later determineg by keeping 4
‘ = “iy ...n differe

media for 24 hours in & B.0.D. incubator, The |
. mean nerce

age of germination of irradiat
ed grains ig
S glven in Tanle



Table 23. Average length of the pollen tube (p m) in different mecdla in different varicties
Sle Variety Medium 1 Medium 2 Medium 3 Mediuvm 4 Medium’ B+ Medium 6 Medium 7 Mean
No. Distilled 8% &+60  15%S+60 30sS+60  BUSI60 0 15¥S+E0 30%s5+60
water prm Prm Tem PEmBA1NG ppm3lXG ppmBHl¥ G
1. Arippa 48 57 43 38 65 58 62 53
2. Bajpal 44 53 41 42 92 54 58 54 .85
3. Burdwan '39 48 46 51 €8 49 64 54,85
4. Kurupgampady 38 44 51 48 70 45 48 49,14
5. Maran 44 52 58 60 84 48 72 59471
6. Nedla 51 39 52 £8 108 62 73 63428
. 7« Nerasapattam 42 56 62 68 es 74 82 6742
8e Ric-de-Janelro 38 ag 50 62 84 92 87 65485
9« Valluveanad 44 38 59 48 91 7¢ 68 72.0
Mean 4311 4833 51433 5277 83633 62,22 68e22
S = Sugrose B = Boric ecld G = Gelatin

¢3



Table 24 " Mean gexrminotion(%) of irradiated pollen grains of varlety Hsran in different media:

Cermination percentage

Media
0 KR 0«5 ER 1 KR 5 ¥R 0 KR 25 KR SO KR 100 xR Hean

Hedium 1 3487 3,22 3,12  2.91 2.85 2,45 1,90 0 2,54
{Sistiller water) - _

Meddum 2 54685 4,02 3.82  3.65 . 2.28 3,12 2443 0 3.24
(83 sucrose + '
60 ppm Boric acid)

Medium 3 529 4,62 3.52 316 3.04 2456 234 ¢ 3.086
(15% Sucrose +
60 prm Doric acid)

Mediom 4 4 032 3.73 333 320 3.14 3.03 2450 4] 2090
(30% Sucrose «+
60 ppm Borlc acid)

Medium 5 11.95 10.38 774 5033 5203 £ 458 3,04 0.61 54,08
(8% Suecrose + :

&0 'ppm Borlce seld+

1% gelatin)

Mcdium ) 7.41 6.12 5;41 4.76 4:47 4.16 3.18 905(} 45150
(18% Sucrose +

60 prm Borle acid)+

1% gelatin

#fedium 7 817 T:10 6433 Se42 &.12 4457 3.10 0.59 5.05
(30% sucrose -+

60 ppm 2Boric acid+

1% gelatin)

Mean 6667 5.59 4.75 4,06 J.84 3449 264 Ge24

CU for redia = (.35, CD for irradietion = 0,30

€9
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and Flgs 5. The statisticel analysis 19 furnished in
fable 25. It was cobserved that germination was more
in the non-irradiated grains than lrradiated grains,

in all medla. The pollen germination (%) decreased
with increase in irradistion dose (Fig. 5). The
medium containing 8% sucrose + €0 ppm boric aclid +

1% gelatiﬂ was found to be the best even for irradiated
grains. Earlier this medium has given the highest
gernination percentage for non-irradisted graing in

all varleties of gilnger.
4. Pollen pistil interaction

The technique of fluorescence microscopy was
found to be quite sultable for studying the pollen-
pistil interaction 1n ginger. Ginger planto £lowered

Table 25. Apnalysis of voriance for germinaticn of
irradizted pollen grains variety lMoran

Sucrose df M58 FP.Value
lMedia 6 16,974 8.804%*
Irxadiation 7 42,141 21.858%%
doses
Media x dose a2 04865 0e448
Erxor 784 1,928

*¥ Significant at 1% level
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during the middle of August to the middle of October
and the time of anthesis was between 3,30 to 4.30 Bi,
In the present study of pollen pestil interaction,
artificial pollination was performed as a precaution
to ensure_enough ﬁollen grains on the stigma. The
polien grains were sticky and the stigme at the time
of :eceptiviéy produced 2n ooze which favcured the
adherence of pollen grains on the stigma., It was aleo
noticed thet the flowers of ginger abscisec in the
stylar regién before 12 houra of anthesis. However,
with strenuous .efforts, plstils were collected at

Or 2, ¢» & and 12 hours after pollination (extending
to night hours) and anelysed microscopically under UV,
It was found that the sti¢gms Of ginger flower is
highly spiny in nature, the nurker of spines was
sbout 26-30 per stigms (Plate 6A)s Also the spines
were closely arranged on the stigmatic surface. Tne
ovules of giﬁge: ere lemone=ghared and were highly
luminous with fluorescence staining (Plate €B). The
pollen graing arplied on the stigma were either
sticking to the spine tips or were damaged by the
spines. Because of the closeness of spines, it was
quite difficult for the pOllen grains to gain
contact with the stigmatic gurface. At 2 houzs

after poliination, the stigma has shown snough
fertile and sterile grain on the stigma in all the
pollinated pistils, but none of them germinated



Plate VI. Appearance of Pistil in ginger varlety

Maran

A, Lemon shaped and luminous stigma
covared with spinese ‘

De Ovules of ginger under UV,
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(Plate 7A)s However, exsmination of the pistils at

4 hours of poliination revezled two pollen grains
out of twenty observed on the stigma were germinating
in two szlides. This contributes to @bout 10 rer cent
germination, vhich compered very well wich dn vitro
germination of grains, The length of the pollén tuke
wvag about 70 p m (Plate 7B), but the pgllen tube vas
not penetrating the stigma, One of tﬁe gefminated
pollen grains on the stigma also showed coiled rolien
tube growth, which was also noticed in the in vitro
pollen germination {(Plate 7C). Unfortunately the
plstiles after 8 end 12 houxg of pollination and also
tﬁe stigma of shed £lowers 4id not reveal any
germination of grains on the stigmatic surface. The

average length of gtyle in Maran wag 3.9 cm {39,000 pim).

e
i ——

Overcoming the barrlers in fruiltset and seedset

In order to overcome the barriers in seedset,
various rollination technigues such as artificial
gelf pollination, artificial cross pollination,
artificial glbbing, artificlial cross rollination
between varieties, bud pollination, menteor poliination
with a mlxture of normal and irradlated pollen grainsg,
mixed pollination with rollen greains of different
varleties, and chemically alded pollinestion were carried

out in the varieties vize. Maran ond Rio=de=Jdoneiro.



Plate VII. In vive pollen pistil interaction in

ginger vazriety

A3 Ungerminated pollen grains 2 hours
after pollination.

B: Germinated pollen grain with pollen
tube grove betveen two epines on
stighnd

C: Coiled pollen tube grovwthe
P = Pollengrain

S8= Stigma spine
Pt= Polien tube



Plate VII



67

Both thesé_varietieé produced enough flowers end hence
tuwenty five flowexrs each were used for different typss
Oof polliration. Even the stigme and style were removed -
at difficrent helghts in these varletlies and artificiel
pollination was employed. Unfortunately none of these
polliination techniques was effective for the setting

of f£ruits or seeds in glngere.
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DISCUSSION

Ginger €ingiber nfficinzle Rosc.), the only
sultivates species of the genus Zingiber (Family
Zingiberaceae) 1s distributed throughout tropicsl
Socuth Eagt Asia extending to Queensland =nd Japan,
trorical Africa and Central fmericas It is valuad
as an important spice, cutsteened for its aroma,
£laveour and pungencys. JIn recent years, the use of
ginger and its productes have conslderably lrncreaseds
Hence there is good demand for this spice in the
world market. The inc:eas;ng'demand and ito suit
abllity for varied prernarations have put forth the
need'foi promising ginger types having special
quaiity attributes, Unfortunately, the types
having the twin advantages of high yield and
gpeclal quality attributes are rare at presente
Further, resistant typeé against the devastating
diseases of ginger such as soft rot and bacterial
wilt are yet to be developed, The crop improvew
ment programnes carried'out so Zar have been
mainly to select the best suited cultivar for the
local conditions. Hybridization between cultivars
and between other species has not been rerorted
a0 far. Henezs the inherent yarméb;lity is yet to
he exploited for the benefit of ginger cultivatiqn.
The greatest handicap in the breeding of ginger 1is

the lack of fruitset and seedscte Furtherrore, only



63

& few specles of Zingiber and a few cultivare of
ginger flower, that too for a resitricted period

of the year,

The genus Zingiber has becn adequately
treated by taxonomists (Schumann, 19042 Burkill,
19667 Purseglove et al., 1981), However cytogeneti-
cal investigations in Zingiber are quite meagre.
As in meny crops like cereals =nd potato.identi-
flcation of varieties in ginger are quite diffie
cul: due to the lack of enough morphological
markers, Inmny crop species cvtogenetical,
protein énd nuclelc acld polymorphismg have been
suggested to be useful for the ldentificstion and
?egistration of verieties (Beckmann and Soller,
19867 Evola et al., 1986). The present investi«
gation was aimed to study the morphologicai.
cytological and pollen morrhological variation
in different varieties to find out reasons(e) for
the absence of frulitset and seedset and also to

identify the means for achieving seedset in ginger.
1., tMorpheloglcal studles

Z2inciber officinele is a perennial rhizeomatous

herb, bearing leafy shootcs close together, often
with many leaves and robusk branched rhizomes rorne
horizontally near the suriece of the rsoil. Nybe
{(1978) reported that it was very difficult to

classlfy the different tyres of ginger based on



morphological attributes. The identification of
varieties based on morphological attributes is
extremely strénxmx;in a standing crope In the
prresent investigation, the statistical analysis
of morphological observaticns did not reveal any
significant dliference between varletiese This
may be because of the prominent influence of
environméhtal factors on morphologlical characters,
Morphologlical characters are infliuenced to a
great extent by so0il and climatic factors (Friend,
1966), Hence their use as identifying characters

are seldom yecormeiided in cereals and rotato. The

results obtained in the present study also indicate

that morpholeogical characters cannot be relied

uron for identifying varieties of ginger,
2) Cytogenetical studies

The uge of cytogenetic inVestigations as an
aid in establishing phylogenetic relationshipr and
also in explaining the mechanism responsible for
sterility has been recognized by meny workers
(Levitzky, 1931y Babcock et al., 1942y Stebbins,
1674) , 2Abgence of morrhological difference hete
ween varicties addas to the use of cytogecnetical
investigations for the characterisation of
varletics of ginger. 1In crops like wheat, rice,

nmalze, rpotato, etce. blochemicol and cytogecneticsl

70
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techniques are used now-a-days to characterise
and register different varieties, Igozyme
markera, proteln markers, restricticn fragment
length polymorrhisms (RFLP), etc, have been
ascribed as useful tools in this direction.
The cytogenetical parameters f£or the identi-
fication and characterisation of varieties and
cultivars of crops have been also mentioned

(Brandenburg, 19847 Ramachardran et 3l.,.1985).
a) Mitotic studics

In the present investigation, collection of
roots in the rorning hours'repeatedly gave very
low mitotic index in the root tip squaches. Hence
a necéssity was impoged to standardise the optimum
time of collection of roots for mitotic studies in
ginger. The mitotic index of roots coliected at 2
hour intervals in a full day cycle of 24 hoursa, has
shoun cleaxly that cell division in Qoots is more
in the night than in the dey time (Fige. 1).
Mitotic index increased from 6 PM. onwards and
reached the maximum of 41.03 per cent by € Al.
Hence optimum time for collection of roots for
mitotic studies in ginger will be between 5«6 Ali,
Though it is inconvenient for a researcher to
collect the root at such an early time, there is no
other way as there is drastic reduction in mitotic

index afterwards, as the day light comes ine.
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Incidentally it has gone to the lower level of 4,73
per cent by 8 AM, It may be worthwhile if efforts
are made to unravéi the physiolcgical effect of day
light on the reduction of mitotic index in ginger,
bnfortunately, the physiology of ginger including

flovering is sbldom understoode.

A nurber of report have appeared on the chromo- .
gome number of Zingiberaceae (Morinags et al., 19262
Suguira, 1936y Raghavan and Venkatosubban, 1943g
Chakrovorthi, 1948), G&ince then at least four
extensive works on chromosome nunber and morrhology -
have been reported in zingiberaceae (Sato, 19607 . .
Ramachandran, 1969y Mehanty, 1970y Ratnambal, 1979).
In the present investigation, the somatic'dhromoaom?
nunber was determined in nine varietles of ginger. ;
It was found that 2n » 22 is constant among tha ning
varieties of ginger. Ratnambal (1984) also di&d not“
observe any variation in tﬁe number of chromoscmes
betwecn varieties of gingere Hence numerical varie
ation in the evolution cf different varieties of

ginger would not have occured.

The nine varieties of ginger uscd in the present
investigation 418 not exhidbit any signiflicant morpho=
logical disferences It is also quite difficult to
distinguisﬁ and characterisc the differont varieties
based on mﬁzphological attributes as they are influenced
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to a great extent by s6il and climotic factorse In
this context, kaxyotyre detalls may be ugeful for

the cheracterisation of indlvidual varleties of
ginger either alone or in combinotion with blo-
chemical attributes snd morphology (Brandenburg,
1984). Cytogenctical parameters are seldom ine
fluenced by environmente. The karyotype of nine
varieties of ginger studied in the present investi-
gation showed considerzble dlfferences in'their
morphologicel festures such &8 length pf chromoscmes,
centromere rosition, total chromatin length and total
chromosome. volumes Such dlfferences would have occured
through translocation, inversion snd deletion of
chromosome segrments {(Stebbins, 1950g 1858). In fact,
ginger plant has the ability to sustain these chromo-
somal mutations by vegetotlve propagatione The
varieties Arippa, Burdwan, Kuruppampady &ndé Herasa.
pattam having the largest number of medien chromo=-
somes and no subterminal chromosomes can ke considered
ags primitive varleties. lowevex, the varieties
Rio-de~Janeiro, Maraon, Nadla and Valluvanad were
having more submedian and one subterminal chromosoﬁbs.
These karyotypic chenges would have occureé through
gross chromosemal mutations cuch ag translocations
inversiors aed deletlons. Such changes zre quite
pos=zikle in ginger, aé enouvghmeitotic abnormalitles
have been obaerﬁed_in different varieties (Ratnembél,

1979: present investigotionl.
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Stebbins classification (1958) recognize three
grades of dlfferences bstween the largest and the
smallest chromosomes of the compiement. and four
degrees with respeet to prorortion of chromosomes
which are acro, telo or ﬁetécentrié. The ¢lascie=
fication of the Karyotype of different varietieé
showeé that the varieties, in genergl have a
symmetrical ka:yoﬁype. éince they fell into la and
1b groups Thus it can be inferred that Zingiber
officinale belong to the primitive species of
anglosperms (Stebbing, 1958). Iowever, slightly
apymnetrical keryotyre represented in 1lb as comparad
to la was obscrved in seven out of nine varietica,
The karyotype of the varidetices of 2.0fficinaie has
;emained relatively symmetrical without_muéh large
changen, due to the lack of recowmbination and evoe=
lution by sexual rroeess. This was also favoured

by the vegetative method of propagation in ginger,
b) Heiotic studies

The analysis’ of microsrorogenesis in four varleties
of ginger carricd out in the present investigstion has
shovwn =ome interesting features. The genome of ginger
is highly unstabilized ag fer as melosis 1s concerned.
Out of the threc varieties that could be compared at
Meterhase I, lMaran having the highest mean freguency

of univalents showed the loweast chiasma frequency.
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Rio-de~Janeiro, on the other hand produced the highest
number of bivalents osnd chiasna fregquency. lNowever
all three vaorieties produced multivaolents ond unie
valents in addition to bivalents in pollen mother
cells (PMCg) at Metaphage I stege. The presence of
guadrivalents and hexavelents in FMCs indicoted

that at lezst four to six chromosomes are involved
in translocations in these varieties (Sybenga, 1975).
The variation in chromosome assocliation of ¢ifferent
varieties of ginger, whiéh consisted of univalents,
trivalents, quadrivalents, pentavalents and hexaw
valents besides bivalents was rossibly the outcorme
of irregular pairing of chromoscmes due to trans-
locations (Katiyar, 1978). The presence of uni=-
valents at Metaphase I has been variously attributed
to failure of chromoscmes t0 rair at zygotcne or
fallure to form chalsma among praired pertnerg., Un
equal and delayed scparation of multivalents may
8lso give rise to univalents (Ratncmbal, 1979).

Abnormalities vwere also observed as bridges and
laggards at Anaphase I and as micronucle! forration
at Telophose I stages of melosis. The four varieties
of ginger viz., Maran, ladia, Rio=de~Janeiro and
"Valluvanad whiclhi coulsd be atudied in this respect
shoved varying degreee of abncrmalities. The inter-
varletal difference in the degree of abnormslities

cap be attributed to the role played@ by meiotic genes



(Grant et 8l., 19622 Rees, 1961) or may be the out-
come of irreqular rairing by transolocztions

(katiyar, 1978). The veriety Valluvaned having the
highest percentages of abnormal Anaphase I and Teloe
rhase I PCs produced the highest percentages of
gterile grains (vide Table 19), On the other hand
Nadia having the lowvest percentages of abnormal
Anaphage 1 end Telophase I PMCs produced the louvest
percentage of sterile pollen grainse Even though

the numver of varletles analysed is admittedly small,
there seems to exist a direct relationship of Anaphase I
end Telophese I abnormaolities with pollen sterility in
ginger, Analysie of meilosis in a nurker of vaxietiés
may steengthen this £indinge The presence of bridges
in PMCs during meiom=is I may be due to peracentric
inversion of chromosomes segments (Sybonga, 1975).
Ratnambal (1983) observed intraspecific variability
for melotlc behaviour in ginger,end also suggested

that pollen sterility is due to chromosomzl aberrations.

2 direct relationship between structural hybridity
and pollen sterility has been establishcd in Tulipa
{(Upcott, 1937) and Pongamia rinnata (Sarbhoy. 1977)

It is well=known that atructural heterozygotes for
translocation and inversicn contribute directly to
alter the normal course of melosis at later stages
(Burhham, 1956). “Chromosome bridges, fragments, mécro-
nuclel at Anaphase I etce. are comon feature in these
cases. Pollen rmother cells showing chromogome bridges,
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laggards and micronuclei give rise to unequal
distribution of chrbmosomes and conscquently to
microsrores with deficlent or duplicate chromosome
scgments, DBecause of their non=disjunctionzl
orientation and unequal'sepa:ation. multivalents
nay also give rise to gametes with deficiency and/or
duplication of chromostu segrnents or chzomoscmés.
Thuas in Zingiber officinalé’tranalocation and
inversions which in turn will result in the formation
of univalents, multivalents, bridges, laggards and
micronuclel formation etcs during meiogis, contrie
bute to rollen sterility. The varleties having the
higheét percentage of thesé gbnormalities produce

the highest percentage of pollen sterilitye.
3) Pollen studies
a) Pollen morphology

Ginger flovers carry enough pollen grains in
the aingle_bilobed:anthgr. Anther dehiscence occurs
irmediately after flower opening dnd.sticky ppllen;
grains.are dispersed from the Véntral sides of éh%?
anther lobese The rollen grains ore round, highli;
heterogenecus in size and £iliing, and are limited:
by a very thick exince. A well defined pore is aﬁséni
in the pollen grains and the cdﬁditiods is‘diacriﬁpd

as monosulcate (Zavada,. 1983).4 Thp fé:tility of the
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grains a3 assessed by acetocarmine stalnabllity,

was very low in almost sll verietles. Incidentally;
high amount of melotic irregulerities leading to
high rezcentage Of rollen sterility in ginger is
already discussed. Pollen fertility verled from
15,52 per cent to 39,67 per cent between the nine
varieties, The voriety Nadia produced the highest
-percentage of fertilé grains and Durdwan showed the
lowest rollen fertility. This intervarietal difference
in pollen fertility is accompanied by the wvariation
in the extent of meiotic abnormaliiies comseguent to
genocmic instability. %The consegquence of high
sterility of rollen grains is quite obvious, es it
reduces the chance of proper fertilization &nd seed=
set, Hence high rollen sterllity is one of factors,
limiting seedset in ginger, Fillal et al,, (1972)
reported 35 per cent of pollen fertility in ginger.
Usha (1983) has obtained 12.48 per cent fertility in

Rio«~de~Janeiro and 10.42 per cent in Maran.

The pollen grains of different varieties vwere
highly heterogeneous in sige and filliﬁg. The mear
‘diameter of pollen grains fanged £rom B85.16 pmin
Maran to 110,60 p m in Rio-de~Janeiro. The size of
the grains have been found to be rositively correlated
with the numker of chromosomas the& carry, in many
crop speciegse The variéfies of ginger show varying
degrees of melotic sbnormalities and pollen grains

may be difficient or excess for the number ¢f chromo-
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somes or segmcnts of chromcsomes. This might offect
adversely their formation and result in the varying
size and £111ing of pollen grains (Shivenna and Johri
ieas).

3.2 PFollen germinaticn

Information on the germination of pollen grains
under in yitro conditions are quite significant to
understand the mechanimns limitdng frultset in ginger.
In the present investigation, out of the seven different
media tried, the medium containing 8% sucrose + 60 ppm
boricy aecid 4+ 1% gelatin prcduced the highest perceatage
of germination of pollen grains (11.,81%). rollen
germinstion wes always found to be bhetter in & B.0.D.
incubator kept at 25°C than under rcom temperature
conditions. Pilled gt al., (1978) reportcd 14.5 per cont
gerimination of pollen grains in a medium containing 8%
sucrose + 60 ppm koric acld + 3% gelatine The hicghest
percentage of germination of 14,61 rer cent has been
cbtained for Nedia varicty in the rregent study,
Hovever, all cther reports indicate lower percentages
of germination of pecllen grains in ginger (Jayachanéteﬁ
et 8l., 1979; Uscha, 1983},

In ginger, initiation of pollen germinetion wae
niarked by exine bursting and the extensicn of the

initine as the rellen tube, typicel of monoculcate
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.condition. The variety Nadle, having the highest
percentege of germination of pollen grains. The
correlation coefficient betueen pollen sterility end
pollen germination (%) was 2lso negetively significont
‘(-0.92). This indicates that the varleties having
higher pollen fertility will have higher percentage of
pollen germineation, which is quite logical. On
comparing the varleties with regard to the length of
pollen tubes aftexr 24 hours of incubation in the media,
Valluvanad recorded the maximum length which was
followed by Naresepattem end Rio-de-Jeneiro. Out of.
the different medie ccmpared, the one contaiﬁing 8%
sucrose + 80 ppm boric acid + 1%.ge1atin induced the
growth of pollen tubes to the maximﬁm exfent (83,33 pnﬂ .
Infect, the media ccnteining gelatin in sll cases h
produced a higher rate of growth of pollen tukes.
However, the longest pollen tube recorded was only 108
pm £or Nadia variety in medium conteining 8% sucrose +
60 ppm boric aclid + 1% gelotin. Intercstingly, rost bf
the pollen tubas towards the end of their 24 hours of
growth, produced conspicuous colilinge Usha (1983) hqs
observed colling of rellen tubes in Maran snd@ Rioe=dew
Jeneiro. Investigations on this coiling of pollen
tubes will be worthwhile to understand better the repro-
Guctive biology ©f ginger.
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Irradiation of rollen grains has been suy_
to be eﬁfectivé in breéking the bearriers in fertilie
zaticn (Stéttle:. 19685 Knox, 19727 Pendey, 1975).
The behaviour of igradiated pollen greains expecially
germination and growth under in vifvo conditions has
to be ascertained before the technique iz ured to
break the barriers in seedset. The germination of
drradiated graine of varying doses under different
media carried out in the present ;nvestigation have
shown that irracdiation is alwaye detraemental for the
germination of grains in ginger. As the irradiation
dose increased, the germination percentege aico
decreased simultencously. The germination percentage
was less than one per cent at an irradiation cose of
100 kR, irradiation. The inhibitory effect of
irradiation on pollen germination in plents has becn
reported by many investigators (Brewbaker =nd Emory,
1962y Pfahler, 1971). Menbranee damage 15 mentioued
as @ possible cause for the inhibited cell elongation
in irradioted pollen groins (Visser and Ocst, 1581).
Boom and den Nijs (1983) suggested that cell elong=
ation, the rost loportant process in rollen germi-
nation and tube growth may only be disturked at higher
doses oi irradiation. The advenae effect of irrediation
on the highly sterile and gcnomically unstable pollen
grains of ginger may not be only dilsturbance at cell
elongation and membranel; levels, but may also be at

cell division and genome levels,
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4) Pollen=pistil interaction

In higher plante, proper-interaction between pollen
end pistil is quite significant for the normal functicning
of microspores and seed preduction. The concept of
pollen-pistil interaction depends upon the combination
of stigﬁatic and pollen molecules at complementery gsites
(sampson, 1662). In the present study, the fluoreacence
microscople procedure of Kho and Baer (1968) for studying
polien-pistil interaction has been found to be quite
suitable in ginger.

pillei et gl. (1578) suggested that fallure of

- pollen germinetion on stigma or inccmpatibility may be one
of the factors limliting seedsct in ginger. dJayachandran
‘end Vijayagopal (1979) reported that in the event of
lnccmpatibilit&u the inhibitory action may not be located
on the stigme surface., On the other hand, Ushe (1983) was
cf the opinion that incompatibilitylreaction may not be
the factor causing fallure of seedset in ginger., Eventhough
present studigs in this respect are admittedly 1ncoﬁcxusive.
some useful infercnces ¢an be drawn from the results of UW
microscopy, Which may cerve as guidelines for futuze
comprehensive 1nvesﬁigétions. The stigma of ginger

flower 1s highly spiny for proper adhé:ence. contact

anad gexﬁination of pollen graina. The pollen graing

are highly sterile (73.17? per cont in Maran) and

even under 4n vitro conditions gave only up to

11.95 per cent germination in Maran, The'pollen



grains cof the vaerlety Maeran was able to produce the
masximum tube lenyth of only 84 1 m, after 24 hours of
incubaticne In the in gj_;.y_q_ rollen studies of stigms,

a major percentage of rollen grains did not germinate
probably cue to sterility and inherent inabilitya.
However, scome rollen was capable of germination on

the stigma, 23 was revealed in 4 hours after rellination.
As in the case of in vitro conditions ﬁollen tube growth

~was slow ond reached only 70 p m after 4 hourse The

§3

penetration of rollen tube in the stigms wes not observed.

Also the removcl of stigme at different heights‘cpa
pollination did not facilitate fruitsct cnd secdset.
Hence, the present study cen neither resute fully nor
suprort the existence of 1ncompatibility system in.
ginger. Existence of two prefertilization barriers
such a8s sterility and incompatibility within a crop
speclies that too within a variety is seldom noticed,

In addition, ginger has a number of berriers limiting“
gseedset which will be discussed later. Further, it is
hard to see a plant specles operating self and cross
1néompatibility at the seme level. In the present
investigation meny techniques breaking incompatibility
(1€ existing) such as bud pollination, ertificiel
sibbing, artificial cross pollination between varieties,
chemically alded pollination, mixed pollinaticn,

mentor pollination, stigma removal and artificlal
pollination etc. failed to produce frultset and seedset.

Hence rased on the results, the existence of



incompatibility mechenism operating in ginger is quite
doubtfuls. The uneguivocal conclusion in this respect
i1g possible through extensive flﬁoxescence studies on
in yivo germination on pollen grains on stigma under
different techniques of pollination (to break
incompatibility) using a profuse flowering variety
with high pollen fertility,

§) Reasmons for the sbsence of fruitset and secdset

in ginger

Glnger has been depscribed by many, as a specles
rroducing ﬁlowers very shyly and never setting seeds
(Hooker, 1894, EBast, 1540, Fryxell, 1957; Ramachandran,
1969, Ratnambal, 1979). Every efforts to produce seeds
in ginger has failed so far (Nair et al., 1980), Also
many conflicting suzmisgs héve been put forward by
dlfferent workers with regard to the mechanism
1imiting fruitset and meedset in ginger. These include
defects in micro and magasnogogenesis, leck of sultakle
rellinating agents and fallure of pollen germinzticn on
stigma or due to incompatibility (Pillal et al., 1978,
Usha, 1983). In the present investigation different
pollination techniques were employed to overcome the
barriers in fzruitset and seedset. Among the stoges
of £lovwer utllized for poll;nation; 5ud stage wos
unsatisfactory as stigma was not receptive at this
stage and no set was obtained, Artificlal self
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pollination, artificial sibbing, artificie) croas
pollination between varieties, mentor pollination using
normal and irradiated pollen grains, mixed pollination
and chemicolly alded pollination falled to give any
positive results on fruitset. Removal of stigma as well
as partial and complete removal of style and artificiﬁl
pollination also f£alled to give any succesg in frultsét.
if the inhibitory substance present at the stigmatic.
surface or stylar neck as suspected in incompatibility
system was the reagon for the feailure of fruitset and
saedeet, success could have been obtained through the
removal of stigma or style. In short, it was not
possible to overccme the long prevailing problem of
absence of seedset in gingere. Bﬁt the present investi-
gation was rewarding in identifying the limiting
factors £or the absence of fruitset and seedset, which

are gsummarized belows

) . Unsteble geneme ond consequent 8bnormalitiest Ag
discussed earller, structural chrompscmal  eberrations
such a2s translocations, deletions inversions etc. are
expreseged in the form of multivalents, bridges,
fragments, laggards ctc. during melosis, Thece
abnormalities lead to the sterility of microscores

end megaspores. LEventhough FiCs were analysed only,
cne can expact such abnormallities in the egg mother

cells (E“Cs) and sterility of megaspores. Hence cven
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after fertiligation is achieved in ginger with much
efforts, one should be prepared to overccme the poamible

enbryo breakdown znd seed sterility.

b) Pollgn sterilitys ChHigh poilen stexrility ranging
from 60=84 per cent might berne of the serious
limjtations foz the setting of fruits and seeds in
ginger. It is interesting to anslyse how a diploid
srecies like Zinaiber officinale acquired itcelf such
conpliceted meliotic system and conseguent sterilitye.
The one propagation method known in ginger is through
rhizomes. Their rhizomes can be caorried for considerable
distance by man, &nimals and many other agenclez and as
a whole is immune to environmental changes. Hence it ims
possible that many incividual cultivsrs of ginger found
at present verxe rrobably the .seme ones in existence
hundreds of years before, The zge of cloncs in a
vegetatively propagated crop like ginger 1s impossible
to estimete (Stebbins, 1560)., FProbably cue to
continuous vegetative propagation, the species might
have lost its need for sexuval reproduction (Retnambalq
i579). A parallel case has been reported in literature
nzmely that of saffron {(Crocus aativus). This srecles
is highly sterile as to rollen and seed and is normally
propagated by corms (Stebbins, 1950),. 1In such perennial
plané with efficient vegetative propagation, complete

sterility is not creating eny barrier for its survival,



c) Spiny stigmas: The stigmatic surface of glnger
f£louwers have spine like structures nurbering to 26«30
per stigna, These spines are found to damage the
pollen grains or prevent them to get atteched to the
stigmatic surface during the act of pollination.

d) Low percentage of pollen germination: Frem the
cozrelationlanalyais it Qas sean thaﬁ aterility is
positively correlated with pollen germinaticn. Even
in the variety Nadia having the highest pollen
fertllity (39.67%), the maximum polien germinaticn
noticed was only 14.61 per cent. Thus poor gerrination
of pollen grains might hg one of the reasons for
fallure of fruitset,

e) Slow germdinaticn of pollen graims: Initiation
of pollen germination was marked by exine bursting
and the extension of the intine as pollen tube. Even
though usome pollen grains are germlnating under

in vitre and ln wvive conditions the process is taking
plece very slovwly so that flovers ave withered before

the pollen tube could reach the ovulese.

£) Coiling of pollen tube: Coiling of pollen tubes
during the advenced steges of pollen germination might
be onother limiting factor for the failure of
fertilization in ginger.
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g) Long style length: The mean length of style in
ginger 18 3.9 cm (39,000 um). The pollen tube

attained only upto 108 pm in the best case under

. in vitro conditions after 24 hourse In the in vivo
cqnditions also the pollen tubes measured only about

95 pm after 4 houra of pollination. So the possibllity
of rollen tube reaching the ovule which is 39,000 pm
below is gquite remotes by this time flower will be
withered ond dehisced,

h) Retention of opened flowers for a short period
cf upto 12 hours on the plants The flowers were founc?
to remain on the plant for 1es“athen 12 hours after
anthesis. By the time, pollen grains germinate and
grow abscislon layer is formed in the stylar regicn

and flowsrs are shed,

In essence, the asbsence of fruitset and seedsst
in ginger does not scem to be controlled by a single
factors but an arey of factors make this challenging

Pproblem more complex,



Summary
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SUMMARY

Ginger (Zingiber officinale Rosc) ‘belonging to
the family zinglberacese is an important conmercial

spice throughout the woride. The aromatic rhizomes
of ginger £ind application both as a spice and in
medicines, At present ginger ia ranked as the thifé
important spice crop of Indie, standing next to

pepnper and cardamoms

Through the demand for ginger is increasing
varieties of ginger having high yield and specisl
-gquality attributes are rare at present, Also the
crop 1s f£acing the increassing devastetion by soft
rot and bacterial wilt for which resistant types a#e
.yet to be developed, The ¢rop improvement programnes
underteken in the crop 56 far confined only to
selection of cultivars suited to local conditions,
The adventage of gentic vériebility is yét t0 be
tapped and exploited fully in the crop.

The greatest haendicap which ¢bstru'ct: tho
hybridzation and geneticai studies and for that
matter breecding of ginger is thé sbsence of frult
set and secd sete Earlier investigators have rroyoeed
various conflicting surmises such as self incompata=-
bility, chfomosomsl aberrations, defects in micro

and megcosporogenesis, lack of sultable pollinating



30

agents and felliurc of pollen germination on stigma
for the absence of frultset and secdset in ginger.
But ncne of the previous authors have used in vivo
pollan germination studies for concluding to the
mechanlienm of self=incoempatibility in ginger. Even
though cytdgenetical studies have been made in the
genus zingibor the information available on cytow-
genetical rpolymorphiem in ginger is very meagre,
hlso the relationship of meiotic abnormalities to-
wards pollen sterility leeding to problems in
fruitset and seedaet is poorly understcod. Ginger
has been deseribed by many as a spicles producing
high amount of sterile rollen grainze Detaila on
the extent of variability for polien sterility
between varieties of ginger, the effect of different
medla on the pollen germination and pollen tube |
growth of dlfferent variecties and the effact of
irradiation on the germination of pollen grains in
ginger are quite significant in understanding the
factors liﬁiting frultset and scedset and also

to devise methods for brealing thesc barrierse.

. Considering these gaps in the biology of ginger
erop, the present investigetion name;y 'Cytogenetics,
flovering and seedset :in ginger' was undertaken at
thei'Department of Plentation Crops and Spices,
College of Horticulture, Keralas Agricultural

University, Vellaniklkarae
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The study was carried on nine ginger varietles
representing different gecgraphical regions in India,
These varlieties were railsed in pots and normal
cultural ojeratlons based on package of practices
(Rerala Agricultural University, 1986) were followed.
Both morpho;bgical observations and cytological
characters were recordeds Cytogentical studies covered
both ﬁiﬁatic and melotic stages, Studles were Clso
conauéted on pollen morrhology, pollen plestil inter-

action and methoda to overcome the barrlers in scedact,.

The different morpholecgical characters which
include both vegetative as well as florael choracters
vize. number of tillers per plant, helght of plant (cm),
length of leaves (cm), breadth of leaves {(cm), nuder
of leaves per pot, days for appearsnce of flovers,
number of flowers per scape, number of infleoreocence
per pot, number of inflorescance c¢oming through the
heart, rhizome yield (g/pot) etc., 4id not roveal ony
significant difference, Morphological characters are
Influenced to & great extent by soil and climatic
factors, Hence their use as identifying characters
are seldcm recommended. The results obtained in the
present gtudy also indicate that morrhologiceal
characters alone cannot be relied upon for

ldentifying varleties of ginger.



Absence of rorphological difference betuvecn
warieties adds to the use of cytogenetical investi.
gations for the characterisation of varieties of ginger.
It was revealed that collection of roots in the day
time gave very low mitotic index in the root tip
asquashes and the mitotic index was found to increase:
during the night hours, The optimum time for collecte
ion of roots for mitotic studies in ginger will be
between Sw& Al

During the investigation, the somatic chromosome
number was determind in nine varicties of ginger. It
was found that 2n = 22 is constant in the nine varie~
ties of ginger. Since the nine varieties did not
exhibit any significant morphological differences,
karyotyre cdeteills was useful for the characterisation
of individuel varieties of ginger. The karyotype
of nine varlieties of ginger studied shoved consider-
able difference in their morrhological features such
as length of chromosomes, centromere positicn, total

chromatin length and totsl chrorosome voluma,

The classification of the karyotype of diffexent
varisties of ginger showed that Zingliber gfficinale
belong to the rrimitive specles of anglosperms, EoOws-
ever slightly saymmetricel karyotype represented in
1b as compared to la was present in scven out of nine

varieties
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The enalysis of microsrorogeneis in four varieties
of ginger showed that the genome of ginger is highly
ungtablized as far as melosls is concerned, The
variation in chromosome assoclation of different
varieties of ginger, which consisted of univalents,
trivslents, quatdrivalents, pentavalents and hexae
valents besldes bivalente vere seen in ginger. Abe=
normalities were also observed as bridges and lazggards
at Anaphase I ané o micronuclel formation at

Telorhase I stages of melosis.

Ginger flowers carry enough pollen grainsg in
the single bilobed anther. Follen grains are round
and monosulcates The prollen grailng of ginger are
having high rercentage of rollen sterility due to
high amount of meiotic irreqularities. Pollen
@éxtility varied from 15.58 per cent to 35.67 per
cent among the nine ﬁarieties. The mean diameter
of pollen grains ranged from 85,16 g m in Maran to
110460 p m in Riosde-Janeiro

The study conducted on pollen germination have
revealed that out of the seven different medlia tried,
the medium containing 8% eﬁcrose + 60 ppm boric acid +

5% gelatin produced the highest percentage of ¢ere
minaticn of pollen grains (11.81%), By correlation
coefficient analysis it was seen that the veriety
Nadia, having the highest nercentage of pollen ferti-
lity has nroduced the highest rercentage of germie

naticn of pollen grainse
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irradiation of pollen grains wasdone for breaking
the barriers on fertilization. The germination of
irrediated gréins of vorying doses under different
wedia carrlied oﬁt have shown that irradiation is
alwvays detremental for the germination of grains in
gingere The gerxminstion percentage was legs than

one per cent at 100kR irradiation. It was seen that

sterilitcy and pollen germinaticn was correlated,

The study of pollen=-pistil interaction using
flourescenee microgoory revesled that the stigma of ‘
gihge: is highsly spiny for proper adherence, contact
and germination of pollengrains. In the in vivo
pollen studles of stigra, a major percentage of
yollen grains did ncot germinate probably due to
sterility end Ainherent: inability.' Further, it is
" herd to see a plant species operating self end crésa
incompatibility 2t the same level, Many techniques
for breaking incompatibility (1£f existing) such as
bud polliination, artificial sibbing..artificial crosg
pollination ketween varietles, chemically aided
rollination, mixed pollination, wentor prollination:,:
atigma removal ang artificial pollination f£ailed 6o

produce fruit set snd seed scte

Many conflicting surizrigses have been put for ward
by Aifferent workers with regard to the mechenisi
limiting fruitset and seedset in ginger., It wag

rogaible to identlfy some of the limiting factors for



the absence of fruitset and seedset {in ginger,
Structural chromosomal aberrations such as trane-
slocations, deletions, lnversion etc, lesds to the
sterllilty of microsrores. The pollen atezility
ranges from G0=84 per cent might be one of the
seriocus lirdtations for the setting of frults and
geeds. The spines present on the stigmatic surface
of ginger flowers found to damage the pollen grains
or prevent thcm to get a;tached to the stigmatic
surface during the act of pollination. The roor
germination of rollengrains might be one of the
reagsons for f£ailure of frultset, Eventhough scne
pollengraine are germinating the process is taking
place very slowly so that flowers are withered before
the pollen tube could reach the ovuless coiling of
rollen tubes during the advenced steges of germination
might be another limiting factor for the fallure of
fertilization in ginger.- The resn length of style
in ginger 15.39,000 B me The pollen tube. atteined
the maximum of 108 pm only in the best cascs of
pollen germinaticn under in yvitro conditions after

24 hours. ESo the possibility of pdllen tube reaching
the ovule which ig 39,000 p m below 1s quite remote
by this time the flower will be withered and dehised.
The ginger flowers were found to remain om the plant
for less than 12 houxrs after antheslis. By the time,
pollen graine germinate snd grow, cabscisien layer is

formed in the stylar regicn and flowers are shed,



The present studies revesled that the abscnce
of fruitset and seedset in ginger does not seéns
€0 he controlied by 2 single factor, but an arrsy
of factors make this challenéing problemn. more

compleXs
‘Future lines of works suggested

1) It will be worthwhile Af efforis are made 0
roveal the physiological effget of day length on
the reduction of mitotic 1nﬁex~;n'gingc:."

2) it waé also revealed that horic acid had spme
positive influence on the germination of pollen

grains, whrich méy be further stuéieﬂ.

3) . The media having gelatin in all cases produced
& better growth of pollen'tube. This also needs further

extensive studies.

4) Medium containing 8% sucrose + 60 ppm boric aclid +
1% gelatin was found to be the best for gernmination of
golleh. Thie medium may ke further enriched end
studics ¢coiiducted to get a better pollen germination
and pollen tube growths

§) It hes been revesled that the sterility and
pollen germineaidon are correlatede This may be
fuxthexr investigated.
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APPENDIX -1

Weather data during the period (January -December, 1987)

Month Total rainfall Sunshine hours Temperature Mean relative
rm Total Nean Mean X Mean N humidity (%)
January 0 299.0 Ceb 33.2 22.7 52
February 0 285,0 10.1 . 35.0 22,4 52
Harch 0 305.0 10.2 36.4 2262 55
april 131.3 23640 7.8 3642 2543 64
Htay 95.0 279.0 9.0 36.1 24.7 €6
June 83747 126€.0 Ge2 30.7 . 2347 83
July 33645 176.0 Se7 30,3 2345 €4
August 35844 113.5 3.7 29 6 2345 87
September 174.0 222.9 704 31.5 23.9 79
Qcteber 2804,4 193,23 Ge2 31.9 2349 79
Hovember 224.4 200.8 Ge7 31.6 228 77

Lecenber ) 64 .0 250,.4 8.1 31.6 233 77
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Ahstyract

Investigation on Cytogenetics, flowering and
seedset in ginger was carried out at the Depariment
of Plantation Crops and Spices, Céllege of ilortde

culiure, Vellanikkara with the follcwing oojectives.

1. To workout the karyomorphology of ginger varieties
and tQ study the cytogenetical polymorphism in |

relation to the plant mofrhclogye

2e. To ztudy the melotic irfegularitics in relation

to rollen sterility in different varicties..

3. Po gtudy the effect of media and irradiztion on
th= pollen germingtion end polleh tube growth in

different varietles.

4. To work out the pollen~pistil interaction by
£lourcgcence microscony to declde on the presence

of incompatibility mechanism in gincer.

Be To study the factors regsponsibla for akgence of

£ruitset and seedset in ginger.

The study wac <arried on nine ginger varieties
reoprenenting different geographic:l regions in Tndia.
Roth morphoslogical and cftogenetiéal chitracters were
recorded, Studies were also conducted on pollesn
morphology,.p@llén-pist@l'1nteraction and on methods

to over come the barriers in seed sete Absence of



morphological difference between varieties adds to the
use of cytogenetical investigatione for the character=-
isation of varieties of ginger. The miotic index was
fbund tﬁ be maximum during 5«6 AMe All the nine ginger
varieties studied eho&ed a chromosome nurmber ©f 2n = 22,
The karyotype of nine varieties of ginger studied
shéwed considerable difference in their morphological
features such as length of chromoéomes. centronere
position, total chromatin.. length and total chromoe-
some volumes  Such differences could have occured through
transtdcation,. inversion and deletion of chromosonme
segments. Classification of karyotypes in ginger
varieties fell in to primitive 12 e&nd 'ib group. During
meiotic‘studies it was seen that the genome of ginger
is highly wistable, Abnormalities like bridges and
laggards were also present which will lead to the

formation of micronucleli.

Ginger flowers carry enough rollen grains in the
single bilobed anther., But 60=-84 per cent of the
rollen graing were sterile. The high amount of meiotic
irregulorities may be leading to high percentage oé
pollen sterility. Out of the seven different medie
tried for rollen germination, the medium conteining
8% sucrose + 60 pcm boric acid + 1% gelatin produced
the highest percentoge of germination of 1ollen grains
(;1.81%).| The stecility and pollen germination was

also correlated,



Irradiation of pollen grains has been suggested
to be effectlive in breaking the barriers in seelset,
But it was seen that the irradiation of rollen grains
was deteremental for the germination of pollen grains
in ginger. vProper interaction bhetween pollen &nd
pistil is quite sigrnificant for the geed production.
The study by using uv microscopy revealed the presence
of spiny stigmatic surface which will prevent proper
adherence, contact and germinaticn of rollen grains.,
It is hard to see whether self and cross inconpatie
bility is operating iﬁ gingere. Iﬁ the present ine
vestigation many technicues f£or breaking incompatibie-
lity (1f < existing): such as bud rollination, artie
ficial sibbing, artificial cross rollination betwecn
varieties, chemically asided pollination, mixed
rollinaticn, mentor pollinaticn, stigma removal and
artificial rollination failed to produce frultgset and
seedset., ﬁence,based on the result the existence of
'incompatihility rechanism operating in ginger is quite
complicuteds Structural chromosomal akerraticns such
ags translocation, deletions, inversions etc, leads to
the sterility of microspores and megagsrores. Follen
gterility ranging f£rom 60 - B4 ner cent might be one
of the serious limitétien for the setting of frult and
seeds in ginger. The spines prezent on the stigmatic
surface prevent the rollen grain to'get attached to

the stigmatic surface during the act of poliination.



Sterility is correletcd with rollen germination and

it is only upto 14,61 per cent in variety having
maximun fertility. The germination of pollen gralns
wag taking place very slowly so that flowers are
vwithered before the pollen tube could reach the ovules,
Coiling of pollen tubke was also noticed during the
advanced stagez of pollen germination. The style
length was very long (39,000 p m) in ginger. But the
rollen tube atteined only 102 p m in the best cese
under in vitro condition after 24 hours. So the
posaibility of pollen tube reaching the ovule is remote
by the time flower will ve withered snd dehiscede The
flowers vere found to remain on the plant for less

than 12 hours after anthesise

in essence, the absence of fruit set and seed get
in ginger dose not seer to be controlled by a single
factor, but en arxay of factors noke this chellenging

problem more complexe



