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INTHOLUCTION

Ginger (Zingioer officipale Fosc.), all
around the world, is5 an important commercial aplce

esteamed for its aruma, flavowr anc pungency., It was
one of the earliest oriental spices introcuced %o the
west and comuands an enviable position as a commocdity

of dear cemarxi of our times,

Aromatic raizomes of ginger find application
both as a spilce amd in medicine, The rhizozes are
widely used in the preparations of ginger beer, ginger
vine, gingersale, ginger bread, biscuit, e:kes, pudiing,
scups, pickles and curry powder, It cladms proven
pharmaceuticnl properties as n carminative, rubefacient,
stimlant and flavourant.

Ginger 1s rated as the fthird most isportant spice
of India stading next to pepper and ¢srdamow. Culti-
vation of this splce is undertaken in ginmost all the
tropical and sub tropical areas of Indis covering Kerala,
Tanilnadu, Karnataka, West Ben;al, Orissa, dihar,
Himeplchal Pradesh, Uttar Pradesh and Msharashtra. Kerala
agcounts for 70 per cent of total ginger production and
is the repowned centre for quality ginger. In tihe world
map of ginger producing countries, India enjoys the unique



position as the largest producer, its contribution

being 50 per cent., Msgpite of the tough competition

from Jamaie: , Kigerla, Sierra leone, Brazil, China,

Japan an¢ Indonegia, India atil) occuplies the top
position in the ginger trade internatimwally. United
Kingdon, United States and 8audl Aranls are tie Luportant
buyers of Indion ginger in internaticnal markst.

our attempts to boost ginger export are not
free fram set backs. The major bottlenccks identified
in this respect are the high fidre content of Indian
ginger compared to its traditional rivale-the Jamacian
gingeryin intemntional market and the comparatively high
cost of procduction. A8 a remedy, it was suggested to
develnp high yielding wvarieties possessing low fibre
content and bigh volatile odl and olecresin (Pruthd, 1976).
In line with this suggestion, the NHatiunal Seuinar on
ginger and turmerie (1980) had stressed the need for
evolving ginger varicties possessing hign yield, low
fibre content, high oleoresin and resgistance to soft rot.
Unfortunately, no systematic studies nave 30 far been
carried out on the erop laprovement aspects of ginger
to achieve the aforesald targets. Tallor made ginger
types suiting S0 various preparations have got real
demand in world market. Ideo types oriented to a more
efficient photusynthetic system and rapid develoyuant
of rhizomes had been lung sought for,
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Vogetative meang beins the rule and the most
popularly adopted methad of propagation, attempts in
erop fmprovement of ginger vere go for confined to the
callsction of cultivars from different loezlities and
their comparestive yielsd evelustion, EHEsch centre of
productivn tends to vroduce s distinctive type and the
vari=tion among these types are attributed to soil,
climatic and cultursl differences ss well aa the method
of preparation. Seweral cultivars tuat ciffer in size,
fibre content, woristure content, yield, pest anc disease
resistance ance adaptavility ere knows in Indics and abroad.
Inspite u these advantages, the long cinerised dream to
eveive auperior types taraugh oreeding has not materialised
tils date., Tue oresding programme 1ln gioger is handioapped
by Whe gay spe erratic flowerlng nature encountered and
tiue failure to agnieve geedeget in all tne types, Various
fectors like incospatibility, defective micro/wega
sporogenesis, presence of imhibitory subpstances at the
stignatic surfsee, occurrence of high percentage of
sterility and the failure of pollen gerudnation are
suspected to be facturs regponsible for these drawbacks,

Ho systemntic study has Deen carried out on the
fioral biology of ginger, 3Similarly, positive results
on pollen germinatiam and seed-sst In ginger asre yet to
come out, Howewver, preliminary studles have disclosed



some aspeots of oytology snd floral biology. But the
det:ils now av:ilable are not adequate enough %0 oarry
sut a erop improvement programme. Thercfore, there is
an isvediate need to take up detaslled study in these
lines, Such a study should be helpful to spot ocut the
hinderances involved in seed-get and pave the path to
chalk out a suliishle breeding progracve,

Ir this connection, 4t L3 thought that the
inherent inability of ginger to set seeds cun de overcome
by proper manipulation of flowvering vehnviour and floral
structures. Natr g% al. (1980) have advocated to explore
such a poasibility using growth normones, Accordingly,
an liveatligation was carried out with three growth
regulators viz., Kinetin, Ethrel anc KAA at varying
con@entrntiang and urea as an aild in hormone translogation,

Tne objlectives weres

(1) Assesaing the availladle varieties of zinger
for flowering oehaviour and the extent of flowering under
Vellianikkars condition and

(11) Evaluating the effect of Kinetin, Ethrel and
HAA with and uvithout urea on flow:r induction, retention,
poller characteristic:s and seed-get on Eioede~Janeiro
variety of ;inger, a comuerelal variety in Eerala.
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REVIEW OF LITGLATURE

Hnger is generally known as = apecies very
rarely {lowering and never getting seedas., Lecently, the
nature of flowerin: and floral bilology of ginger have
asttracted the attention of breeders and horticulturisgts,
Howeveyr, attepmptas to incuce flowering and secdeset in
gluger neve not suecesded so far, sStudies being still
in its iniancy, the lLiterature availlable in tuls line is
r-taer liuited,

4 review of the work done so far an the flowering
behaviour, floral biology, pollimation, induction of
sead-get and role of growth regulators on flowering,
pollination and seod-set in zinger is furnished in this
chapter,

2.1, Flowering behaviour

Aecoruing tou hooker (1cYe), ginger is a aspecies
very rarely flowering. Halttum (1950) statea that flowers
are seidow seen in Malaysia but are procuced in some
other coumtries, Thereby 1t appears that flowering in
ginger hat been woserved under certsin conucitions only.
Pillal g% ale (1978) reported that of the 3% germplamm
collections maintained in CPCKI, Kasaragod, all but six



flowered, and that flowering started in the last week

of Jetober and lasted t1ll eanrly Deceaber, the penk

being in Hovember, HNybe (1978) noticed that ginger types
Valluvanad (6.57 per cent), Vengara (2,49 per cent),

Ernad Chernad (M.9+ per cent), Ernad Manjeri (1.11 per cent),
Wynad Local (11.71 per cent), Wynad Kmismungalas

(1,60 per cont), Bajpal (7.43 per cent), Karahz:l (6.03

per cent), T-lvwan (V.03 per mmt.), Tafingiva (U.63 per cent),
vierraleone (2.92 per cent), Moran (1.1) pesr ceut),
Fiom¢g=dansiru (10,1 per cend), wyuad Haroaitody (6.06

per eent), Euruppsmpady (5.30 per cent), aripia (0.01

ger cant), Utbay Pradssh (1.1 per cens), doruat (6.15

per cent), Harasupattom (1.%e per cent), Lizdis (0.52 per cent),
Caina {C.7hpcy ceut) o0 Assan (10.F per cent) profusely
flowvered as against no flowering in Thodupusgha, Thingpuri
and Himacrnz1 Pradesh types under Vellanikiara conditions

in 1377. 3imilarly, flowering in Hivede-Janeiro was
recorded under the elimatic comiitiuns jyevalling at
Vellayani by Jayachapcran e% 8h. (1979).

2etele Infloyescepcs

liybe (1978), has skebohed out that tue inflorescenge
dewlops from the rhizome along «+it. a scale leal, Iu
forma a bractaate gplke or racese, each Hract suutending
e single flowar with a lateral or obliguely posterior



bractecle, The bracts are spirally arranged. The length
of the atalk varies from 15 to 30 cm.

Pillai gt gl. (1978) stated that single flowers
are borne in panicles directly ariasing frowm the rhigomeos
snd 2lso as terminal spikes. Inflorescence in ginger is
a scape ant is produced on a specisl sczle leal Dearing shoot
springing frowm the rhizome or is terminal, the number of
terminal inflorescence being two per cent and the flowers
are subtended by a propminent, fertile brset (Jayacnanarsn

&t al., 1979).

A detailed description of ginger inflorescence had
veen furnished by Purseglove g% al. (1981). accordingly,
spioste inflorescence arises directly from the rootstock
and has got a slender scape of 10 t0 20 om with or without
short leafy tips and a eylindrical, cone-lik= (& to 7 cnm
in length and 1.50 to 2,50 om in dizmeter) spike with
appressed, ovate or elliptie (2 ¢to 3 cm long and 1.50 to
2.00 om wide) and green bracts with & pale sub marginal
banc¢ and incurred tranalucent margina, bearing - single
fragile and short lived flower, in the axil of each uract.

2.1.2. Floral characteristics

Tne floral characteriatics of ginger has been
outlined by Nybe (1978). Aocorcing to nis desecnption,



the flowvers are swall as compared to tiocse of the other
Jenera, yellowish green, aygomorpuic, visexual, epigynous
and trimercus, 7The calyx 1s tubwlar or bell shaped
dividing above into three short teet: and asplit on one
side, Tne corolls is tubular dbelow, bDut separates above
into three aubegual oblong to lancedolate connate sezments
less than 2,50 om lubng. The stemens are in two whorls

of three each. The outer whorl is represented by three
lateral staminodes, TIhe inner staminsl whorl is complete,
the median (posterior) stumen is fertile, while the other
two unite to form the labellum which forus the most
conspicudus meaver in the flower becsuse of its pink colour
with yellow narkings. Anther 48 two ¢elied, tne cells
being contizuous, erowed with a long narrow curved
tapering grooved cerest. Ivary 1s inferior, tricarpellary,
syne~rpms, ovules arranged on axile placents. 3tyle is
filifora and lies in a chonrel along the fertile stamen,
The stigma (funnel shaped and clliate) projects beyond
the erest of the anther. Stigmatic haire are present in

groups,

According to Jayachandran gk al. (1979), ginger
flowers ars purple colourad naving a perianth, consisting
of sepals and petals. Androecium gonsists of stamens of
which the outer three are recuced to staminodesz., The
imer laterul stawens are united and showy to form o deep



purple coloured lmbsllum. The posterior stamen of the
inner whorl 4s the only fertile stamen mid is enclosed

by the labellum. The fllament is fiat and snort with two
prominent sather luoea, The atyle passes turoush the
sroove formed by the anther lobes and ends in a capitate
stigwa., Jayschandrar an Vijayagopal (1979) have described
tie bisexual filowers of zinger having one {ertile stamen
with two large anthex lobes filled witu plenty of pollen

graing.

Accoraing to Purseglove g% al. (1981) tus floral
structure of ginger 1s as follows : Flowers are borne in
the axil 2 a bract, have got thin tubular, spnthacecus
(1.00 > 1.20 om long) and three to,thed oxlyx. The corolla
13 fused to form a tube of 2,00 %o 2,50 om lengtn with 3
yellowigh lobes of which the dorssi lobe is curwved over tae
anther, The labellum or 1lip 18 nearly circular 1.20 ¢n
Rong and wide, dull purple with cream bl:tches at the base,
The labellum corresponus to three stamens with ovate
oblong side lobes and are free alaovatl to the base. dtamen
has a short and broad filament, & oream coloured anther
and a slamder beak like dark purple commective wiiich
coutuins the upper part of the atyle. OSiigma has a circular
Gpical aperturc surrowxied by stiff halrs and 1t protrudes
just below tie apex of the appendage. Two slender free
stylolds have been obgserved. Owvary ia inferior, trilocular
with severzl owvules per locule,



Publiczhed data on the floral blology of ginger
49 very limited except for the preliminary observations
made by Jayachandran g% al. (1979). Their study on {lower
bud development revealed that it took 20 to 25 days from
the bud initiation to full bloos and a period of 23 to 28
days was requirec for the emplotian of the blooming in
an inflorescence,

2.2.1, Anthesis

Ir ginger, flower starta cpenin; in the afternoon
by about 3 P.H. (Pilial gt al., 1978). A spread out period
of anthesis 1¢. Detween 1.30 P.K., to 3,30 P.M, has veen
reported under Vellayani conditions by Jayschandran

et al. (1979).

2elede Flower retentian and anthaer deuiscence

Jayach:andran g% al. (1979) based an their stwiles
on Rioede~Janeiro incdicated that blooaming takes plaoce in
an acropetal suecession and the flower fades and fails
on the next day of blooning. Purseglove et al.(1981)
opined th:t ginger flower is fragile and short lived.

10

Pillal g% al. (1978) observed that anther dehiscence

take:s place simultanecusly with the flower opening in



ginger, Jayachandran and Vijayagopal (1979) noticed
that pollen shedding almost goinclded with the flower

opening.

2e203. Pollen characteristios
2-203010 Paolien W“Qﬁﬁﬁuw

ko ldterature 1is avudluole on the pollen produ-~
ctiun ii: ginger except the gemwral observntiun reported by
Jaynchancr . and Vijayesopai (1979) that antier looes
are filled with plenty of pollen grains.

2024 3.2s Pallen morphology

aecoruing to Pillai gt al. (1978) pollen grains
ere heterucorpnic and round with a dlameter of 77 to 104
the averuge being 91 u. A striking feature obs=rved by
thegse vorker: was the very thick exine of the pollen grainas.
Jayachanar:n g4 8l. (1979) statec that pollen grains are
spherical with the aize ranging from 90 to 100 m, the
mean being 95.50 m.

2e703e3. Pollas fortality

A high percentage of pollien sterliiity has been
reported in ginger. Stainabllity of pallen obtained in
acetoenrmine method of fertility aesegsment was only
35 per cant (Pillatl st a}., 1978).



2.2.4, Stigma regeptivity, style length and
ovary length

Stigms regeptivity of ginger ia still 4in durkness
owing to the failure of hand pollination to set seeds.
Observations under hand lens by Jayachandran gt al.
(1979) indicated that stigma was receptive at the time of

anther azhlscendge,

o mention 1s aveilable literature on style
length and overy length.

2.2s5%. ¥Fxllen germination

Poor percontage of pollen geruination has been
Teported by various autnora. Nair et al. (1975) reported
that pollen greinsg of Kloede-Janeiro, Wynad local, Muran,
Burdwen atxi Apsan germinated in a media contsining
15 per cent sucrose, 300 nppm ealeiuz nitrate, 160 pun
boric aeld, 200 ppm potresium nitrate, 100 ppm magnesiun
nitrags =nc oneper cent agar., However, the jermination
vaz lesz than 1.60 per ocent,

Pilled gk gle (1978) found that addition of
boric acic i helpful to break the exins and theredy to

12

achieve tic germination of polien grains, Of the different

medin tried, the one wvith 8 per cent aucrose, 3 per cent
gelatin and S0 ppw boric avid in moist chawmber oparating
at 26.5%/&3.: condi tion rowm of 25°C gave the saximum
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pallen germination of .50 per cent., Jaysshandran g% al.
(1979) have put pollen sterility as hish as 76 per oent.

In their study, only 2.50 per cent germination was obtained
in dextrose agar media. They arjue that high percentage

of sterility may be une of the reasons for poor germination.

From the foregoing, 1t appears that inapite of
the best attempts, the maximum pollen 'gaminatmn obtained
80 £=r in ginger is only 1,50 per cent,

2¢ 3: #fliinstion

Pillai gt al. (1978) reported thet flower structure
of zinger panifests an adaptetion suitable for entazophily.

aand polliination using large quantities of pollen
in ginger vur. hiowde-Janeliro was tried Dy Jayachandran
£t al. (1972). Tae procedures tried by tuenm were (1)
podidnatisg Slowars .t anthesls with mature pollien of the
same floeer (11) pollinating flowver buds to be opened
within 24+ 2ours with poture pollen (ii4) poliinsting flower
buds to be opened within 2+ hours with pollen from the
sase flower bud (iv) poliin:ting flowers at antheais with
stimatic swlace removed with matwe pollen zruins of the
same [lover and (v) pollinating flowers at anthesis, the
stigmetic surfaoe of which wasz smesr2d with germination
media (sucrose, horic acid) with mature polien grains of the
sanme {lower, But no seed-got ¢ould be obtoined adopting the
verious methods.
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2.4, Seede-sst

Ascording to Hooker (189%), ginger 4s a species
never sotting seed, Atlempts by various workers so far,
have failed to achlieve seed-get in ginger., Factors
contriiuting for this debacledfe not properly understood.
East (19%0) and Fryxell (1957) suspected that the failure
to set seed mey be due to the incompatinility. Ramaghiandran
(1969) and Fatnambal (1979) remarked that the failure of
seed-get in zinger 43 cue to chramosamal ab';bex{auum.
Pillai g% al. (1978) opined that failure of seed setting
in ginger pay De due to varying regsuns ranging from
defects in microc and mega sporogeneais or lack of suitable
pollinating agents or the failure of pollen germination
on the stigma or due to incompatibvility if the ovule is
viable,

From the litersture reviewed so far, it 1s inferred
tnat attampts to achleve seed-s8t in singer nave not
succeeded til.i cate anc even the exact reascuna behind the
failure are not properly understood,

2.%. ERole of grovth regulators on flowering, pollinstion
and seedegat

Jrovtu rejulators as an aid to induoce flowering
and seedeset in singer is a povel approach and sgo, no
literaturc is avsilable in this respect. However,
Heir gt al. (1980) have suggested to explore the possibility



of incucing flowering and seedeset in ginger turough

the use of zrawth regulators,

Hormonal conoept of flowering was proposed by
Cajlachjsn 4n 1936, Fallure of sarlier atieupts ts cantral
flovearing by tne external applicatizp of growtn regul:ztors
spread a spoke of suspicion aon the regulatorjeffects of
growth: substences on fiowering, However, cbservati.un that
same n-tur:slly occurring growth substances in the wmeriste~
astic reglion of many plents varled considerably as they
trangit from veget:tive to yeproductive phizse, suggested
that the external spplication of growth regulators during
the flower induction period might result in the regulation

£ {lowering. In:e report that growth substsnces are
present at the verious parts of the flower and during the
various phoses of flower development (leopold anc Kriedemamnn,
1980 ) provided positive proof to the eoncept of hormonal
eontral sver flovering.,. These workers provided experimental
evidences to confirm that taers 4s an endogenous eontrol

of flowering monitored by srowth substances. Leopold and
Kriedenann (1980) furtier indiocated that auxins, cytokinins
ark ethylane eyercise Yregulatory activities in the
developmental sctivities like flower initiation, sex
expreasiun, fruit-set ancd frult growth,
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2.5.(1)s Auxins

Auxins are found to perfors the dual role of
promoting as wvell as inhibiting flowering. lLiverman
(1955) proposed that auxins are the controliing entities
i flowering process.

Thurlow and Jamer (19%7) observed that appli-
aatdon of lAA 500 ppm delayed enc aven prevented flowering
in soyabean., Similsrly, in the case of lettuee, inhtibitory
sffect of auuxic was found in the forwm of deleyed flowering.
These initial sheservotions put forvard the Delief that
auxins serperelly inhindt flowering. Howsver, in pineapple
auxin appiication induced flovering (Clerk and Kerns, 1942),
Stimulrtory «ffect of auxir on the developnent of the
orceldd enbirys sac has heen nhserved by Healop-ilarrison (1557).
He founc that auxin intraducesd to the orehié overy by
pallinagtion, trig.ers the entire development of tie eabryo
sae., Thus, 1t wvas concluded that until and unless the
flower is pollinated or supplied with an externsl svurce of
auxin, the orcnid esbryc sac failed to develop beyond the
single oell stage. The profound positive influence of
auxins on the maturation of the anion anther sac was

demaiatrated by Vasil (1997 ).

There:fter, eviderces for the positive effects of
auxins on flowering had been furnisned by vrricus workers.
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Auxing were founc to inducs and promote flowering in
certain shorteday plants (Ogawa, 19613 Maheshwari and
Venkatorsman, 1966 and Nitach, 1968) as well as some longe
day plants (Michniewics and Kamtensks $1965). In adkiition
to their rale in flower initiation and development, auxins
are found to influence the pollen tube growth (leopold
and Kricdeynann, 1980).

Takeyosl and Fujil (1961) noticed the procuction
of large apmounts of guxin by the flower bwd in the petals,
pollen snd ovary of some flowers at the time or flowey
opening. ALzin produced in the flower parts 1s expected

to prevent the¢ aovscission of the flower.

Leopold and Kriedemann (1980C) praposec that growth
ar. differsntiation activitiez which are inflluenced by
endagen us auxins could be altered by exogenous auxin
application.

205. (11.) Cytdiinina

Hagulatory sctivities mmnifested by cyt.okin}.m
in the varicus aspects of flowering have bean revealed
of late, Positive influenee of oytokinins in inducing
flowering in photoperiod requiring species wvas incdicated
by Msheshwari anc Venkataraman (1966) anc Michniewvics
and Kamiemka (1965). MNukaysmmwa g% al. (1962) pdtrayed
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the enhanced flowering obtained in some gpecies by
cytokinin applicstion, dStages of sex expression (kegl
and Olmo, 1966), fruiteset (Crane and wvan Overbeek, 1365)
and fruit growt: (Weaver arc van Overbeek, 1963) were
found to alter by eytokinins in asoms instances.
Favourable role of kinins on the maturstion >0 oninn
snther sac vas outlined by Vasil (1957).

25, (im)o Ethylene

Influance of ethiylene on flowerying was practically
unknown until hodriguegz (1932) observed that ethylene
appulicetions can induce flowering. Burg and Burg (1966 a & )
cnme forward with the theory that the stimulatinn of
flowering 4in pineapple by auxin sppiteation 1s actually
due to the subsequent ethyleve production, Etaylene cuntral
of flowering nnd been rveported in the brameliads by Cathey
and Taylor (1979).

An overall assessment of the effect of auxins,
cytokinins and ethylene on the flowerin; behaviour of
vsrious crops clearly indicate their pruofound positive
regulatory rale.
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MATERIALS AL Malli b8

Tie present investigation on the 'effect of
grovt: regulators on flowering, pollinsti.n and seedeset
in ginger' was carried cut at the College of iorticuiture,
Vellanikiara during the period 1981-.1983, Tue crop
raised during the planting season of 1961-82 under field
conditions was lost due %o the incidence of soft rot
diseape, Studies were repeated in 1982-'E3 season buth
in pot eulture and under field eonditions.

Details of the materials utilised and meticdology
fallswed are furnished herecunder,

Cultivation

The land was tractor ploughed, levslled and beds
of 3x 1 n size and 20 oca helight were formed., Chamels
of 30 em width vere provided around each bed,

Soft rot frees ginger rhizomes colliected from
Horticul tursl Hescarch Station, Ambalsvayal were utiliized
as planting material. Ruisomes soaked for 30 minmites
in a sclution containing 0.25 per oent Emigen and 0.0125
per cent Bkalux were ghade dried and utiliged for planting,
The selected sexd rhizomes were cut into uits of 15 g.
veight having one or two visble, healthy buds, These vits were
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planted in beds at a spaoing of 25 x 25 om. Package
of practieca (Kerala Agricultursl University, 1381)
vere fallowed,

For pot culture, treated rhisame bits welighing
15 4. were planted in pots of size 28 x 33 cnm filled with
pot uizture (11131).

Plenting was undertaken during the second weck
of April in pot culture and on 1st June in the main ficld,
3.1. Flowering vehaviour of different vurieties under

Vellanikkarn eomnditions

In order %o assess the mature ond extent of
flowering of different varistles of singer, the germplasm
collectiun maint-ined at the All Indis Co-ordinated &Spices
and Cashew Improvement Project, Vellaniki:ara sub contre
was mada use of, The collection included & vristies via,,
Hadia, Maren, Jorhut, Wynad Kunnamkulanm, 3urdwan,
Harasspatta Ermad Chernaed, Thodupuzha, Arippa, Juggljan,
Vengara, Iriwan, 3s)pui, Rajakkad, Wynad Mannasntocdy,
Valliuvoned, Vazhakkulam, Jagales, Seharics, Wynad Local,
kio=tde=Janeiro, Palal, Kuruppampady, EKottayan and dhola.

Baon veriety comprised of b plants cach pleonted
in three plots of siee 3 x 1 n each adopting a syacing
of 2% om betwesn planta and rows, The following observations
were recorded using the eniire population,
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(1) ™ller production per pl-nt at the time
of flowering.

{31) Purntion 4n days taken from planting to
flowering and

(114 Bunoer of plants flowered.

3.1ete Inflorescence characteristies; of Ricede~Janeiro
and Haran

The ssme Population of bk plants utilised for
asses:in; the flowering behaviour wvas maie use of to study
the ebar-cteristies of inflorescence in respect of the
varieties, kio=deeJaneiro and Heran. Thae folluwing

observaticis were wode,

(1) Number of inflorescence per plant in terus
of seape, terminal anc total,

(14 ) Rumder of flovers per inflorescence.

{111) Dnys taken from inflorescence initiation to
conpletiun of flowering.

3.1.1.1. Scape development and flowering seguence in
fiomde~Janeiro and Harsn
To study the development of ginger inflorescence,
29 plants each were tagged at randam both in hisede-Janeiro
and Maran., For further stwiies on floral bilology 20
inflorescence and 100 flowers wede again selected rundomly
from the aselected plants,

Sequentisl development of inflorescence {(scape)
vas folloved as a function of time. duccessiun of blooming
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was also obgserved, Photographs showing scapes at
different atajzes of development and bhlooming were tshen,

3elele Abtormal flor:.l stiuctures

Abnormalities in florusl structures, if any were
observed and recorded,

3.2, Flor:l biology of Eioede-~Janeiio ana Maran
362}!10 & thegls

Witn the ohjective of understsnding the exact
tine of flower opening, 50 inflovrescence wer: i ed
ingividuslly =nd observed st 15 minutes interval irom
123C hours opvards, till the cessstion of flower opening
process, Time of anthesis in Rioe=Ge-Janeiro and Maran

was determined,
3e2e2¢ Flow'r tontiun and anther denisgence

Tne inflorescence tagied for deterzining the
time of antliesis werv utilised for asertaining the
time of retention Jf incividusl flowers and =nther
deliscence in the two varieties vig,, Rlowde~Janeiro
and Maran,

Period of retention of o flower since blooming
was Getermined by obaerving the flower at two hourly
intervals upto 00 hours and azain at 0600 hours.
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Mmther sacs were examined 15 minutes prior to
flower opening and thereafter at every five minutes to
arrive at the tise of anther dehiscence,

3¢2¢3« Pallen characteristios

Anther sacs collected from the fully opened
flovers jJust prior to the time of anther dehiscence were
allx-ed to denisce in water taken in a petridisn, The
pollen suspension prepared by gentle crusiing of such
anthers was utilized to study the wvexious aspects of pollen
viz., worphology, fertility, productim and germination.

3.203¢le Pollen pruduction

Pollen pruduction was estimated adopting haemocy-
tameter method, Haemocytometer emplouyed in thi: study was
Heubsuer Wype having dmproved double ruling.

Flowers posses:ing mature anthern (each ginger
flower Lins one anther/stamen) about to denisce were collected,
Five anthers/atasens were separated with a dissection
nesdle anc taken in a test tuve, The anthers were gently
crushed and 2,90 ml of water containing .25 per cent
Calgon (Cberle and Geortsen, 1952) was &dded, Contents of
ti:e test tube were thoroughly stirred to cbtain an even
diaspersion of the pollen grains in the suspensi.n,



no
[Fory

A drop of the muspension drawn in a fine pipette
was transferred o gach of the two cuunting chanvers.
The pollen grains in eagnh of the four corner squares of
eaci: counting chamber were counted with the help of a
hsnd tally counter and by using the low power objective of
the mloroscope, For each treatzent 10 such estimates were

pade o Wee tot l flowers oxanined per trentmnt was 50.

The pumber of pollen grains per flower was oGsloulated
ag Jor the {¢llowing axpregssion,

|78
Niowm &5 2. ¥ 19
n

wWhere
d = Huamber of pollien gy ins per flover

X = MHean pumser sf plllen gr-ing coaumted per
corner shuare

V = Volume of sugpenaion made up with anthers
in ¢c¢. (In the present investigation
V= 2.5()CC- 3;

n = Humber of anthers vwith vhich the suspension
vas sade up. (Being equal to five in the
precent axpsriment).

3e2e3e2. Pollen moxphology
A Crop of pallen zuspsnsioy prepared was transe

farred %o agetoosruing kept an - cleun alide., After

covering with a clean cover glip, the slides were kept as
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such for 10 mimutes for the pollen gruins to get stained
and were exemined uncer a micoroscope. dnape of pallen
grains was determined by visual assesswent, Tie dismeter
and exine thickness of the pollen gr:in were measured
using an ocular niorcemeter. Mean values of the diapeter
and exine thickness of 250 normal well snaped and well
steined pollen gr-oins selected at rundom were recorded.

3¢2:.3.3. Poilen fertility

Pertility of the pollen grains were sssessed
baged on e gtadnaciliity amd ghaps. Palien grains
porsully onapsd and gilained in acetocsruine ware treated
as fertile waereas unstazined and irye ular shaped but
stalned were regerdced as sterile, Fron the mean of ten
microscopic flelds fertility percentuge was worked out.

3.2.4.  Otigma recoptiviity, style length ad ovary length

Stizmg reee tivity vas nseessed Ly Lie visual
ougervetizy of the stigmutie surfsce undey 2 band lens,
Presence of ar ooze on the atigmatic surface was considered
a3 the posl ive svidencae for stigma recaptivity.

Length of the style snd ovary wers measured with
a Vermer Calipers.
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Je2.5. Pollen germination and pallen tube growth

For deteraining pollen germination, in vitro,
0O pollen grains of Rioede=Janeiro were counted from
10 microscopic fieldas and for pollen tube growth 10
pollen tubes wers measured 2+ hours after anther dehiscence
using an soular zicrometer, Germiosticn was expressed
in pereentege and tube growth in .

Photoaierographs vere taken to illustrate the
pattern of pollien tube growth,

The effect of the folloving mediz un pollen germi-

natiocn was assegsed,

(1) Flowers kept molstened.
{(11) Pollen diaspersed in distilled wvater,
(144) Pallen kept in the medium ocontaining 5, 10,

15 and 20 per cent sucrose,

(iv) Pollen keps in thres per cent gslatin, eignt
per cent sucrose and ppa boric miﬁ.

(v) Pollen kept in 15 per cent sucrose, 300 pum
Ca (393)&" 100 ppa Mg (303)2, 200 ppo m33s

100 ppm borie scid and ane per cent agar

and

(vi) Pollen dispersed in growth regulator
solutiong, vis., IAA and G4 both at
59 10, 15, 20 and 2% pom congcentrstion,

The above treatuzents were tried using the hanging
drop method under the following $hree conditions,
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(1) In a desicector, the bottou chamder filled
with distilled water,

(41) In BID incubstor set to 26.5°C.

(111) In 2 BOD incubator set to 26,5°C and the polien
gr-ins covered with moist cotton.

3.3. Pollination

Hand pollination was Cerried cut with the following
variables,

a) Stages 3 flower

(1) At buc stage 1e, one day prior to flowcr
opening,

(11) Imsedi=tely after flower opening.
(111) Three hours after flower opaning.

b) Conditisn of stigua and atyle
(1) stizmn introt
(11) Btigas Sust decspitated
(111) Stigm: and half the style recoved
(4v) Stigmo and entire style removed
¢) Denaity of pollination

(1) Smenring ance with standard brush
(11) Bmesnring twige with standard brush
(111) Smearing thriee vith standayd brush



d) Effect of nixed pollen

(1) Haturc pollen grains of ginger
{11} SGivger polien mixed with Alpinie pollen
(111) dGinger palien mized with Hadychium pollien
(v} <dnger pullen udxsd witi Aeempheria pollen
(v) Ginger pallen mixzedwith Costus pollen

e ) Supplezentary pollin:tion

?ollination done lmmmdiately alfter flower opening
was supplemorted with repested pollinations twice at tuo
hours interval.

Eaeh: of the above experiments way tried with
10 flovers and the expsriaent was Tepsated five times,

3., Success of pollination and seed-set

Fetenti n of flowers vas taken ag the indication
of the sugeess of pollinatdon and inditiation o seed- set.
The basal Lortiun of faded flovers was examined under a

hand lens for any incfoation of seed-set,
3.5, Growti: regulator treatoents

The experiment was lald out in Fandonised Slock
Design vith three replicatiaons on hiowteeJansiro vari«ty
of ginger, e treatwents corsisted of three growth

no



regulators vig., Kinetin, Ethrel and NAA, sach at three
levels., The levels tried were 5, 10 and 1% ppw in
Kinetin, 25, 50 and 100 ppm in Ethrel and 10, 2% and
50 ppm in HaA,

All the three growth regulators at the specified
levaels vere tried witn Swo per Sent urea anc without urea.

Grovth rejulaors with and without urea were applied
as four foldar sprays ad-pting the fallowing schedule.

(1) First spray at 105 days after planting.
(11 ) Secund apray at 120 days after planting.
(111) Third spray at 135 days after planting.
(dv) Pourth and final spray st 150 days after planting.

Bffect of growth rejulators with and without urca
on RiloedesJaneiro vas assessed o flowering behaviour,
floral bislogy, pollinatior and seed-set adopting the
procedures airendy det.ilec in Sections 3,1 %o 3.b.,

3.6, &Statistical analysis

The dat~: were ahalysed statisticnlly uming the
analysis of variange technigue s applied L tue Factorial
experisent in FHD design as per the pethods suggested by
8nedecor and Cochran (1967). Trataformations were made
vhelever necessary. sisnificant results were cozpared after
finding out the eritical differences.

L
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RRSULTS

FKesultas of the inwestigation are presentad in
the followin: seetions, The analysis of variance table
is fumished in Appendix I,

b,1, Flowering behaviowr of awvailable varieties under
Vellanikkara cunditiams

Anong the 29 vardstivs of ginger maintained
under the All India Coeordinated Cashew and 8:ices Iuprove-
nent Project, Vellanikkar: Sub-Centre, flowering was
observed onl; in RiowaewJaneiro and Maran. Flowering
behaviour of these two varleties is presented in Table 1.

Table ¥ Flowsring behaviour of Riowde-Juneiro
and Maran under Vallanikicaya caxiitions

Ho,of Average Average FHNo,of JMaan Peak
obger- tillera/ days og» gan ficwering
ars {

vod plent at taken (weuks
the tinme fyom flow- from
aof flowe snting ering planting)
ering o flow= (days)
sring
Riow=de~ L 26.66 163.67 45,00 23.67 23.00

Janeiro
Maren ole 15,40 13%6.2% 6.0¢ 18.1% 19.00
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It can be seen fraom Table 1 that floweriny
was eariier in Karan in respect of days taken for flowering.
Buszver of tillers per plant at e tize of flowering
8180 was less in Maran sompared to Rioede~Janeiro,
However, in termus of the plants fiowered and the duration
of flowering, Kiowde-Janeliro wvas superior to Maran., an
averall supremacy of Rio-de-Janeliro over Maran in respect
of all aspecta of flowering behaviour excepting earlinsss

was evidenced frog the data,

Peak tinme of flowering coincided withn the midile
of the flowering period in both the varieties and was
23 and 19 weeks aftzr planting in Rio-de-~Janeiro and Maran
respectively. Period of pesk flowering was the tuird week
of Jctober fur Meran and the third week of lNovemper for
Fioede~Juoneiro planted on first June under I'ield amditions.
Hovever, in Fio=de~Jaonelro grown in pot culture and planted
in the second week of April, peak flowering was noted in
the second week of Ogtober,

Weather data during the period of plant growth
are presented in Appendix Ii. The rainfall received during
the period from planting to flowering worked out £0229.30 onm
in the case of Maran a1d233,80 om in the case of
Rioede«Jansiro. 4 striking difference in the sunsnilte
reguirewent for flovering wvas obsarved, the values being
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[180+20 hours for Maran and 67%,.25 howrs for Flo=dee
Japeiro, In the case of Rioede~Janeixo planted curing
the second week of April and grown in pot cuiture, nore
sunshiine hours (76%.96 hours) were lequired coupared to
615,25 howrs for the orop planted in June snd yrown under
field cunditiuns,
k,1.1. Infloresconce charseteristica of Kiowde-Janeiro
ané Maran
Data presented in Table 2 incleated the wide

variation in the inflorescenge cherscteristic. of Blo-dee-
Janeiro und Marsn.

Table 2 Inflioregcence characteristiés of Kios-de-
Janeiro and Marsn,

Mear: mumbexr of infloreseence/ Mean Lays taken

Voriety plant mmber from infloe
of flow= reaconce
Terminal isocape Total oras per Snitistion
inflorea= Lo comple=
cence ti.n of
flowering
Flosde- 383 .67 16,50 29.67  8.00

Maran - 3.00 3. 00 15.00 k(}.m




Both terminal and seape types of inflorescence
were observed in Fiowde=~Janeiro (Plate I) whereas only
scapes could be found in Maran, Terainal inflorescence
in Filo=de~Janeirs vas to a tune of 20.70 per cent of the
totnl inflorescence produced. As nay be svidenced from
tie data with respect to the total nmunmoer of inflorescence
per plunt, Flowtive~Joneiro (18,%0) wans superiu to Marad
(3.00)., bumber of flowers per inflorescence was more in
RioedesJanedr:» (29.,67) ecompared to Maran (15.00), Time
token from the initiation of the inflorescence to the
completion of flovering vas 8 aid MO days in Rio-de-
Janeiro and Keran resyectively.
bet.1.1, Seape dovelospsont and flowverin:; sequence 4n

RiowleeJaneiro d Marad

Segquential steps of ecape developuzent and flowering
i Riowdewjaneiro are Lilustyated io Taole 3 and Plates
I and XX,

Identical pattern of seape dewelopment vas
abserved in Maran slso excepting the faet that 4t took
only 25 days for the full development of the inflorescence
sné the atalk as agninst 29 days ir Fioede-Janeiro. To
reac: the last phase of stsge nine, Maran took 40 days
88 2gainst &8 days in the ocasy of Elivede~Jensiro,



Table 3 Sequential steps of e donlapnm% and flowering
:.nqm ? tine

Qe(lBmy

aneiro as &
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Stage of Mean ka.n!
inflore~ days taken

Description of the stage

soeboe t-o reach
develop~- the stage
ment

1 4]

2 10

3 17

b &

5 26

6 29

7 30

8 30 to 38

5 39 to b8

D:itiation of the dome shgped structure

Swelling of the top end of the dome shaped

atructure

Inflorescence shapes with closely
packed bracts along with the elongation
of the s%=lk of the inflorescsnce

Bract developuant on the inflorestcence
with further elungation of the astulk

Bract spaces and further elongation of
the atalk

Full development of the influrescence
and the stalk

First flower appears on the lover uost
fertile bract

¥lowering continues in acropetal
suocession., flower opening at the rate
of one per day

Flowering coantinues in asoropetal succe-
ssion flover opening at the rate of two
to three per day




Plate I Scape and terminal types of inflorescence and
scapes at different stages of development and
flowering. (<Cocaul ooi)

8§ « BScape type of inflorescence
T -~ %Terminal type of inflorescence

Flate 1X S«wmatﬁ&hmﬂumwnofamnmmmtmd
flowering. b

scape developmant
sospe development
seape development
scepe davelopment
scape development
scape development
scape developmend
scape development
scaps develojment

4mu

e 1
e 2
tots &
8&&5& 5
8tage 6
mmmg
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b2, Floral binlogy of RioedesJanairo snd Haran
"02.1.“'@1““

anthesis time warisd from 1400 hours to 19k5

hours in lilo=de~Jawiro as egainst 1430 hours to 1600
moure in Maran (Teble &). In Rioede~Janelrs, initiation
@d completdn of flower spening were earlier coupared
to Maran., oprend over tme of apthesis wes suviter in
Maran compared to Rio-de~Jdaneiro, It was alsu found tnat
te peal time of flover opening wes between 145 to 1560
hours in Floede~Japeiro and 1500 to 1515 howrs 4n Karan,

Botnn in lilo-de~Janoiro and Maran, soil midsture
wnn found to play an important role in flower spening.
Ag the plants wer: grown under moisture strsss conditions,
fiovers folled to open, However, as tie stress was rou.ved

by irri ation, the flower cpenin; revived,

L,2.2, Flowsr retention an¢ anther deuniscence

Data pertaining to flover retention and sntier
deniscence in Rioede~Janeiro and Marw: are portraited in
Table 5. Jetention time of individusl flowers expressed
in the teble 1: arbitisry. As observec at 2400 hours,
flowers of both KlowdeeJaneiro aic Hsran were intact but
ware dried or/end rotian at 0600 hours.



Tabls & Time of anthesis in ginger varicties
Rioede~Janeiro and Marun

Teme (hours) Rumber of flowers opemed (out of 100)

FiloedewJaneir:> Maran

1230
1245
1300
1315
1330
135
100
115
30
Pl
1500
1545
1530
1545
1600
1615
1630

R L - R .

N N -5 - B




Table 5 Flower retention and anther deniscence in
Eio—de-é‘muq andé Maran .

Fetention time Tine of anther
- Variety of individual dehiascence
flowers {(minutes after
(in houra) flover oper.ing)
Fio«de=Janeiro >10 and <16 10 to 15
Maran 96 ané <15.% 20 to 2%

Anther dehlscence $odk plase in closs proximity
to the tize of flower opening Le., 11U to 15 minutes after
flower opening in Rio-de-Janesiro and 20 to 2% minutes
after flover opening in Naran,

ko2.3. Pollen charscteristics

Rumber of pallen grains per flower varied fram
1,657,500 ¢ 1,91,500 in hiowdemjaneiro anc Meran respe-
ctively (Table 6). It is also evidenced froa the data
thiat polien grains of both RiowdewJdaneiro and Maran
possegsed identical morphologlesl features namely,
spherienl with a thick exine, As can be seen from Table 6,
tie mean diameter of pollen grains was 8147 u in
Rioede=Janeiro and 79.68 um 4n the case of Maran and the



corresponciing exine thickness wvas 9.75 u and 10.15 a
respectively, FiloedseJaneiro recorded & pollien fertility
percentage of 12,48 (sterility being B87.52 per cent) as
against 16,42 (83,58 per cent sterility) in Maran.

Teble 6 Pollen charscteristics of Iiv~ds-Jatiairo
and Maran (Mean values).

Pollen produ~ Kxine Pollen Pallen

ction (Bo.of Dias -
Variety pollen groina Bhape meter :ﬁ‘:h’ ferti- ;I"t;""

~ 11
per flover) (w) Cm Y @)

Fio=ge~
Janeiro 1,87,500 Spaersical 81,47 9,73 12,L8 87,52

Yayan 1,91,500 Sphericel 79,68 10.15 16.hkz 83,58

rhotomderazraphs of the stailned fertile polien
(nate the thick exine) and unstained sterile pollesh are
presentec in late I1I.

b,2.0r, Stigms Treceptivity, style length and ovary len th

A perusal of tiie data presentad in Table 7
indicate that there was ciffercnce between Iiio-de-Janeirs
and Maran with Yegpect to stigma receptivity, stigsa
receptivity aszegsed by e pregence of an ouze on the



Plate IIX

Fertile and aterile pallen gr=ins of
Elo-de~Junedro and initial and dcwloping
stages of pollen germination. . quc

F - dtuined fertile pollen
5 « Unstained stexrile pollen

Fg « Initial astages of pollen germinatiun -
exine breaks

x =~ Develo,ing stages of pollen germination
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stigmatic surfsce revesled that stigma ramained recsptive
from one hour tc five hours at'ter flower opening.

It is further indicsted in Tabie 7 th:t the pean
style length was 3.72 om in the case of hiv-ve~Janeiro
ant 3.50 e 1n tho case of Morals wherea:s iLne corresgonding
velues of ovary length were 2,50 mm and 2.60 mm respectively
for the two varieties studied, Both Eio-ce-Jaheiro snd
Meran pogsessed very thin styles,

Table 7 Gtigma receptivity, style length and ovary
length: of Riowde=Janeiro ond Marsn,

Stigme recepti- Msan style Mean

vity (hours length ovarx
Variety after flower (o) lex:%
opening ) ¢
RivedawJaneirs 15 3.72 2.50
Maran 1¢5 3.50 2.60

ho?tSo Pollen gerpinatiun

Lata on the germination pereentage of polien of
ginger (ver., bEio=ce-Janeiro) as influenced by wmedia ond
eonditions are furnizhed in Table 8, It 18 evident from
the data that among the three canditions triec, pollen
grains failed to germinate in desiccator, the bottonm ehiamber



Table 8 Germination percent:ge of ginger (var. EioedeeJuneirod pallen as
influenced by wmedia and comiitions.

Germination percentage in
Legliceator: bottow  B.0.0L. Witk moist

chamber filled ircuba~- cottan
Media with distilled tor govering /'~
water 30l L1iCe

bator
(26.5°c)  (26.5°C)

Flowers kept moistered 0 0 1.00
Pallen ciapersed in distilled wat:r L4 0 0.50
Pollen kept in € Suerose salution ¥} o $.50
10% Sucrose soluticn 0 o] +00
15¢ Suerose solution 0 0 3.50
20% Sucrose solution '+ (¢} «00
Pollen kept in 8% sucrose, 3% gelatin and 60 ppm
boric acid 0 0 6.20
Pallien kept in 15% sucrose, 300 ppm Ca (2%03)2, 100 ppm Mg
mo3)2, 200 ppm KNO3, 100 ppu boris seld
and 1% agar 0 0 1.00
Pollen dispersed in growth regulator solutions
IA 5 prm 0 Q 0
I24 10 ppos G 0 ]
IAA 15 ppm 0 V] 0
IaA 20 ppm o 0 4]
IAL 25 ppm 4] 4] 0
Ga 5 pim 0 v} o
GA 10 pixs '+ 0 0
GA 15 ppm Q 0 0
GA 20 ppm 0 0 0
34 25 pmm 0 0 4]




of whioh was filled vith distillied water and i.d.D.
ineubator (26.5°C). However, positive respunse vas
obtnined as the polien grains were kept with a maiat
cotton covering in B,0.U. incubstor (26.5°C). Among tne
various pedia tried, growth rejulator sclutions (both
IAaA ava GA) at 9, 10, 15, 20 snd 25 ppm conoentrationg
recorced gero percantage geraination uncer sii the tiree
conditiona, Hediz coptalning sucrose were found to have
siznificant dinfluence ap pollien germinati-n as tried

vith wodst cotton cuvering in B3.9.L. drcudbstor (26.5°C).
Toe ge:rmiratdan porcentage lngreased {rum 1.50 per cent to
four per cent with an echancement in sugar concentration
fryoam five per ccnt to ten per cent. liowever, further
ircrease in suwrose concentyation from 10 per cent to

1% per cent amd then to Q0 per cent racorded a drop in
pallen germination percentage Irom four to 3.9 and then
to one, Thus, it gppesxed that the maxli pollen germi-
nation enuld be obtained by using a wedis with sucrose
eaneantretion & vetween 5 and 10 per cent.

Incorporation of tiree per cent gelatin and 60 pyn
oorde acid tu eigat per cent sucrose soiutin nelped in
getting maximws pollen geraination pereentage of 6.2¢ under
the moist cotton coverin; in B.8.L. incubstor (26.5°C).
However, a cumoinetion of 15 per cent suervse, 300 piw Ca
41«393)2, 100 pim Mg “‘33’2’ 200 ppm mr 100 ppa voric eaid gng



e per cent agar recorded poor polien gerainetion,

tiig prreentage being one. Thus, 1t L5 evidenced that
tue addition of the nitrate salts of Ca, M2 and K and
agar exsrcised a negatiw effeet on pulien gerzination.

Bagsed on these results, the medium cont:-ining
eigiit per cent sucrose, three per cent gelatin and 60 ppum
boric acid was selected for further germzinatia studies,

Geruinatdon of the pollen grains was first
avidencnd as huretingz of the egine and subseguent growth
al the poller tube (Plate III). A& eulargec view of the
pollen tube growth showed that the dense o.nients of the
#ollen grains got tratslocatad into the palien tube
indlcating thuat pollen germdvation was sh extension of the
intine tirough the broken: exine (Flate IV)., Pollen tube
as cbgerved nfter & hours in the medda vae 108 m in
lep;ts ané 16.70 u in widtiu. At the advanced stages of
Pollen gerainatia:, pollen fube was found to grow 4in a

colled msnner,

Poliinatim wvas carried cut at tue wvarious stages
of flowering viz., bud stige, imrediately aiter flower
opening ang three hours after flower opening, condition
of z2tigma vis., intast, ju:zt decapitated, stigma and half
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the style removed and stigma and the entire style

repoveds density of pollan in terms of smearing with
st:ndard brush vis.,, onee, twice and thrice; supplesentary
pollination vig., twiee at two hours interval supple-
penting the initial polliination undertazken incediately
after flover opening and using uaixed pollen viz., mature
ginger pollen, ginger pollen « Alpinin pollen, ginger
polien ¢ Hedychium pollen, singer polien + Kasmpheria
pallen and ginger pollen .+ Costus poallen,

bbb, Geed-set

Ho seel-s3ct was obtained in hiow=de~Janeiros and
Forar 4in any of the pollination combinations tried
(aieeum .“03)0

h.5. Effect of grov$h regulators on flowering, pollinstion
and¢ seed-:6% 1n RiowweeJaneiro

bo5.1.Flovering eharascteristics

Flowr ing charscteristics of Rioe-de~Janairu as
influenced by growth regulator and urea treatment are
presented in Table 9,

L,5.1.1. Days frou planting to flowering

Statistical analysis of the data revealed that
growti: regulators, urea and their interactiun had no



significant effect on the mmsbder of days taken for
flowering. However, eertaln trends were cbserved, All
the growvth regulator treatwents with the anly exception
of EAA 50 ppon requireé more Duuber of days for flowering
eoupared to the control. Mear nusber of daye to fliowering
vas the paxipun for planty treated vith Rad 10 ppe
(17€.83 days) widle 1t wvas the least for KAd 50 ppm
(164,66 days). Eventhough not signific:n%, it appsars that
urea had a delaying offect on flowering., The sbeerved
nan signifieange of urea may be due to the high varigbility
noticed between replicated cmasurements. Azong the treste
ments included in this study, NAA 50 ppm without urea vas
tie only treatient capable of imiucing early flowering
in Rioede-Janeiro, It was also seeh that higher the cone
centration of growth regulatorsz, lesser is the days tuken
from planting to flowering.
h,5.1s2. Musber of tillers par plant st the time of
flovering

Wit. respsct to the mumber of tiller: per plant
at the tise of flowerin;, the effect of growth regulators,
urea and interactisn were found to be not sinificant,
The trend observed with growth regulator treatments vas
that all the growth regulators resulted in leaser nusber
of tillers per pient at the time of flowering compared to
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control. 7he effect was more propounced with Kinetin
followed by Hthrel. Invarigbly in all the cases, lowver
t.e cuncentrations of growth regulator lesser was the
nuzber of tillers at the time of flowering. Urea was
found to contridute more Mmmbar of tillers per plant at
tne tipe of flowering, the effect being more evidenced
with: hiher concentrations of growth regulators. ITue
irteraction effects wers more relevant with NA: treatoomts
conpared to Kinetin and Ethrel tr:ataents,

"'.50193! Buratien of flﬁ%mg

Feasults if tne atetistic:l analiyais of dats on
tie duration of flowering showsd that neither the effect
of grovth regulators nor that of urea were statistic-lly
signi: leont whereas the effect of their interaction uns
siznificant. Thaough not signilicant, all the growth
rezulator treatments excepting % and 50 ppm Kthrel
exhivited mar;inal osdventage over control Kinetin 15 ppi
(.22 days) folloved by NAA 25 ppm (22.33 days) recorded
the maxioum dwration of fiowering, Urea was foung to
erhance the durstionh of flowering in eombinati.n with
Kinetin and ktirel treatuents out had a nezative effoot
A cumbinatd sn withi Bas. Ay the trestments without
ures HAA 50 ppz (26.66 days) recorGed a marginal inerease
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on the durstion of flowering. In cumbination with urea
Kretin 15 ppm (24,33 days), Bthrel 100 ppm (22.80 days),
Kinetin: 10 ppm (21.33 days) and NAA 10 ppm (21 days)
recorded longer flovering periud goumpared to eontrol.

k.5.2. Inflorescence charsgtsxistics

Data on the effect of growtn regulators and urea
on tne inflorescence characteristic: of Klioe=de~Janeiro
are furnisied in Teble 10,

k,5.2.1. Total Anflorescence per plant

A perusal of the data on the total inflorescence
P2y plunt revealed that growth reculators had s signifie
eant influence on the total number of inflorescence per
plant, All the growtih regulator treatrents with the
exception of 25 and 950 pum Kthrel regoxied asignificontly
more number of infloreseence per plant coupared to control,
Effect of urea was found to be not signific.nt, However,
urea had an aparent negative irfluence (Flates V and VI).
T.e interaction effect was found tc be significunt. In
th:e absence of ures NAA 50 ppsm (33.67) and Kinetin 15 pom
(30.93) (Plates VII and VIII) recorced more muaber of
inflorescence over control (Plate V)., Though statdstically
not significant, Kinetin 10 ppm without urea (llate IX)



Plate V¥ Rusber of inflorescence par plaut -
Control without urea -

Plate VI Nuobey of mnr:remnce mr pl.mt -
Contral with urea. ~






Plate VII Kunber of inflorescence per plant =
EAr 5 ppm vithout uree. ( i 0

Plate VIIX Number of inflorestenes per plant -
Kinetin 15 prm wvithout urea, ¢ "






Plate IX Rumbher of inflorescence per p:).wt -

Finctin 10 ppr without urea, 1 '

Plate X unber of infloresccnce per plwt -
Kinetin 15 ppm with ures, -
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glso appears (o fovour infloresgence provuctian, In
combinstion with urea, Kinetin 1% pom (25.00) (Flate X),
KAA 10 ppm (2 ,67), Kinetin 10 ppm (22,67), Ethrel 100 ppm
(21.67), Kinetir § ppm (19,00) and kAA 25 pim (16, 33)

were found to be significantly superior to ¢ontrol

(Plate VI) with respeet to total inflorescence per plant.

"’05-2.2- Kumber of scupe:s per plent

gffects of Zrowth regulator:, urea anc their
interaction were gsignificant on the mumber of scapes per
plont. With the exception of all the three concentrations
of Ethrel snd Xinetin at 5 ppm growth regulatoy treatwents
vere significsntly superior %o cuntrol in thia resp ct.
Urea exi 1 ited a negative influence r«garuing the nusber
of scape: per plunt. Iu the sbsence of ureu amd KAA 5C ppw
(28.33) anc Kinetin 15 ppm (25.33) produced meximum nucher
of scepss per plant followed by Kinetin 10 ppm (23.33).
In coxbinstion with urea, nuaber of senpes per plant
decreased and the maximum value obtalsied was vith NAA 10 ppo
(21.33). Anung the treatuents with urea, all the congel-
tratiang of Kinetin and HAA exospt EAA 50 pom and Ethrel
100 ppm were significantly superior to contral,

L,%.2.3, Humber of terzinal inflorescence er plant

Statisticesl analysis of the data showed thad
growth rezulators and urea had no significant influence
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on the nusber of terminal inflorescence per plsnt whereas
tie interaction effect was significant. However, urea
seenms Lo exert a positive influence on the production of
terminal inflorescenege, Azan the different treatasnts,
Kinetir 15 ppm with urea (6.00) KAA 50 ppm (5.33) and Kivetin
10 ppn (4,33) without urea recorded sore nmusver of terazinal
infloresconce pay plant,

beSe2ekt. JLength of inflorescence

Length of the inflorescencs: was found to vary

siznificantly with growth regulators and urea treataents

th cugh theis interacti st d1d not exhibit any signilicant
influence, Ammng the growth Yegulator trestoents
"HAA S0 ppm (5.68 ew), Kinetin 15 ppm (5.33 o), KAA 25 ppm

Ce13 em) and Kinetin 10 ppa (5.00 om) were significmntly
superior to control. Urea contributed for suorter infloe-
reascence in all treatuents except in eombinetion with
Kinetin 5 ppm and sturel 2% ppm where 1t resulted in lunger
inflore scence,

bho5e2+5. Number of flower: per inflorescence

Kaither the effeat of growth regulators nor that
of urea werye signifie:nt on the mumber of {lowers produced
per inflorescence, However, their inte:asction effect vas
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significant. A trend that urea contributing for alight
reduction in the number of flowers per inflorescence was
observed. Among the growth regulator treatasnts, exoe. ting
Finetin 5 p;m andi Hthrel 25 ppm otaers cuntributed for
wore muzber of flovers per infloreacence, In the avssnce
of urea none of tue tieatuents was found to have signifie-
cant effect over contral. Maximui flower procduction vas
noticed with NAA 50 ppm followed by control. I combie-
nation with urea, higher cuncsentratiung of Kinetin and
stnrel anc lower concentrations of KAA were found to be
significantly suparior o cantrol.

b,5.3, Abnormalities in florai structure

Abnormalities in floral structure encountered
becouse of growth regulator and urea trentments are
cutiined in Table 11. Abpormalities observed vere confined
to the androecius., Jne of the pl:nts treated with Kinetin
$ ppm and 2 per cent urea produced a flower having s
single fertile anther lobe insteard of the normal two
muubers, &e {lower each obtained from the plant subjected
to Kinetin 10 ppm with: urea sand HAA 25 ppm without urea
treatoents had two fe:tile stamens per flower insteed of
one seen in normel flower. As the oecurrence of these
abnor.:alities wvas an isolated incidence, no generslized

FHRISAE
{80 sbs



02

of abnormal fioral structures could be drawn from
At mﬁu“swo

4.5k, Floral biology of KiowdeJaneiro

Ho veristion was observed among tile growth
regulator and urea treatasnts with respect to the anthesis
tize, time of anther deniscenge and retention of individual
fiowers. Invariably, in all cases, identiceal values were
obtained as those of control.

Tgble 11 Amormal floral structures in different
treatments

Pratment ﬁzﬂ;g%u Abnormality

Kinetin % ppn + Urea Mther loves Jne fertile antoer
1obe per flower
inatead of the
narmal two

Kinetin /) ppm + Urea Stapen Two fertile stomens
per flower instesd
of the one in
noraal flower

RBAA 25 ppm Stanen Two fertile stomens
per flower instesd
of the one in
norsal flowver
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%.5.5. Pollen gharacteristies of Eioede~Janeiro
4,5.5.1.Pollen procuctiun and morphulogical features

Effect of growth regulators and urea on tae
extent of pollen production in terus of the number of
»0llen grains per flower and morphological features vig.,
Alemeter anc exine thlckneas of pollen grains of Hiomiee

Jeneiro arve givensfndle 12.
b,y.%.1.1. BExtent of pollen production

Usta furnissec in Tadle 12 incicusied that the
nusioer of pollen graing per flower varied significantly
viti: grovt regulator treataents, A1l the growth
ye julotar trectments recorded move number of pollien grains
per flower over cuitrol, However, signiflcant differonce
was noticed oniy with HAA 10 ppu and Knetin (5, 10 and
15 pom levels)e Though  Urea bad 0o signdiicant influence,
a positiwe trend in respect of pollien prcductdlon had been
ingientod, InSeracticn «ffect was algniric:ant. Kinetin
10 ppm (6,45,800), Kinetin 10 opm (5,88,500), Had 5¢ pum
%,37,500) and Rai 2% pan (W 34,000) without urea and
Hnetin 5 pm (5,524800), suuzed 29 ppn (5,15,600) and
BAA 10 pum (5,17,400) wiuh urea were found to yleld promi-
sing results as ocompared tw contxral.
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‘*-S‘S.‘ogo Iamater of pollan grains

Statistic:]l analysis of the datu relating to
dieme oy of polien grains imdicated that neither the
growvth rejulators Doy urea had any significant influence
on poller diasmetsr., However, an apparent favourable
efiect of urea and a positive effect of lAA treataents at
all the three levels (tie maximus peing with LAA 25 pum)
'@ besn obaserved, Iuteraction effect of growth rejulgtors
ec LTea was found o0 Dbe significant. In the sbsence of
ures, Ainetin 15 ppm vas signifilcantly cdifverent from
cmtyol. Wit urea, nae of the treatoents were different

from control.

13'050501.3: sxine thickness of m.ﬁ graing

Siguifieqnt influence of the growth regulator n
the exine wiickness of the pallen 4rains was noticed
(Table 12). Kinetin 5 ppm (13.20 A) and LiAa 50 ppa
(12,69 M) recordsd sl nilic:ntly thicker exines coumpared
to eontrol (10 a). Kinetin 15 ppm ard NKAA 10 ppe were
t:e only camses exnibiting lesser exine thickness then
control, Howvever, this effeot was not statistically
sionificnnt,. The exine thickness was found to reduce

vwith higher concentrati neg of Kinetin ad Ethrel and
1ower levals of HAA, Effeat of urea and intersction were
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not significant, 7The minimus value of sxine thickness
was observed with Ethrel 100 ppm in combination with
urea (8,09 m) faolloved by Kinetin 15 ppm without urea
(8.67 m).

h.5.5.2. Fertility of pcollen grains

Data on the effect of growth regulators and urea
on pollen fertility and sterility of ginger (var.Rioede~
Janeiro) are outlined in Zable 13.

Statisticnl analysis of the data rewsaled that
grovih regulators, urea and their interaction had signi-
ficant influence on the fertility and sterility of pollen
grains, MNAA 50 pp:, Kinetin 15 ppm, Kinetin 10 ppm,
Ethrel 25 ppm aid NAA 25 ppe were significsntly superior
to contraol in reapect of higher fertility and lower
sterility. Urea wvas found to ald in Laproving the ferti.
1ity and reducing the sterility. Interaction effuect was
also significant. Ethrel 25 ppm (20.05 per cenmt), Kinetin
15 ppe (19,01 per cent), Kinetin 10 ppm (18.71 per cent)
and HAA 50 ppm (18.58 per cent) EAA 25 pp (15.90 per cent)
snd Etarel 50 ppm (15.73 per gent) with urea were found
to contribute for increased pallen fertility. A correse
ponding recduction in steriiity wvas slso observed in
thoge treataents, Jamong the treatuents devoid of urea nome
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of the growth regulators showed significant variation
over contral,

Growth regulstors recorded a significant influence
on wstained sterile pollen percentage and irregular
shaped sterile pallenh percentage, Urea and intaractiod
effects wvere not signiiicant.

HAA 50 ppz was the only growth regulator treat-
ment which recorded significantly lesser sterility due to
unataining over sontrol,

In the cass of pallen sterility due to irregular
shape Kinetin 5 ppm recorded significantly lesser gterility
percentage over control wiersas NAA 50 ppm resulted in
significantly wore sterility percentage over control.

‘*-506; Longth af 8"10 and oswary

8tyle lengt and gvary length of Rioedee-Janieiro
in resgpect of grovth regulator and urea treateents are
presented in Table 1,

keHe6.1, Btyle length

The effect of growti regulators snd urea on the
style length of Rioede-Janeiro was not statistically
significant whereas the interaction effect was significant,



Table 1 lLenyth of style and ovsry of ginger (var. Kio=de-Janeiro)
as Influcheed by growth regulatir: and urea

Style length (em) Ivazy longth (ma)
Trogtaents ¥ith urea Witicut Jrouti regue kith uisa Witaut Growth
urea lator (me»n) ulaa regulator

Kine tin 5 ppu 3:57 3-63 3\‘60 2.0C 2-50 2025
Kinetin 15 pom 3.72 3.80 3.76 2.7% 2.83 2.79
Bthrel 25 pps 3.60 3.50 3.5 2.38 200 219
Ethrel 50 ppm 3.70 3.60 3.6% 2.50 2.08 2.29
Eth:el 100 ppm k.10 3.70 3.90 2.60 2.17 2.38
Baa 10 ppm 3.67 3.7¢ 3.68 2.50 2.50 2.50
HAA 25 ppm 3.60 3.90 3.7 2.33 2.38 2.3
Baa 50 ppe 3.3 h.00 3.65 2.27 2.17 2.22
Control 3.9 3.50 3.70 2025 2.50 2.38
Urea (mean) 3.68 3.7¢ - 2.37 2.38 -
C.b. (growth rejulator) - -
C.L. (Urea) - -

Colie {Anteractiun) 3.189 -
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All the growth reguletor treatments with the excepti.ns
of Lthrsl 100 ppu, Kinetin 15 ppm and NAA 2% ppm resulted
in reduged style length comparsd to control, Style
lenith was found to reduce with lower conesntrations of
Kinetin and Ethrel. Ethrel 100 ppm with urea (4,10 cm)
folloved by NAA 50 ppm without wea (8,00 om) eontrinuted
for maximum style length,

h.sqﬁogo nary length

tatistic 1l anslysis of the data showed that tie
effects of growth regulutors, urea and theldr interaction
vere not significant. Asong Sue growth regulators Kinetin
1% ppm and KAA 10 pom were the only treatmsnts which
recexded longer overies compared tc contral. Kinetin
1% pum without urea (2.83 mu), Kinetin 15 ppm with urea
(575 ma), Kinetin 10 pps without urea (2,67 o) anc
Etirel 100 ppu with urea (2.60 mz) were tiie anly casecs
wiere the ovary length was found to have marginal increase
over the control without urea.

4,5.7. Pollen germination and pollen tube srowth
bo5.7.1. Pallen germination

growth regulators, urea andé their interaction
vore found to exert significant influence an the germie
nation of singer pollien (var. RiowdeeJaneirc). Higher
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eagentrationa of Kiretin and HAL and the lowest
concentration of Ethrel recorded aignific:nfly high
percentage of pollen geruination over control, Urea was
found to have ¢ slgnificant spd positive influence on
pollen germination, I combination with urea Ethrel

25 pom (11.50 per cent), NAA 50 ppe (19.00 per ceng),
Kinectin 15 ppe (11,00 per csnt), Kinetin 10 e, (10,50
per ecent), HAA 25 ppm (.10 per cent) and Ethrel 50 ppm
(9. 00 per cent) with urea were found to enhance the
pallen gerumination significantly over the control. Azong
tie tre~tments without urea, AAL 50 ppm (46,00 jer cent),
KAL 25 ppm (7.50 per cent), Kinstin 15 pom (7.20 psr cent)
andé Kinetin 10 ppm (7.00 per cent) recorded better pollen
zorzination sonpared to control,

5.5-7.2. Pollen tube growth

It 1zay be seen froz Table 15 that growth
resulators had a significent reguluatory rale on pollen
tube growth. With the exeeptions of NHAA 50 ppwm (161 a)
and NAA 25 ppm (W0 m), growth regulator treatuents
contributed for poor pollen tube growth owver control.
Trhiough statistic:ily not sdgnificant, urea was found %o
have an ayparently favourablie influence on polleb tube growth.
The maximam value of pollen tube growth was obtained in



Table

15 Effect of growth regulators and urea on polien

germination and pallen tube growth

62

Pollen germination (%)

Pollen tube growth
2% nrs after anther

(dzhj{%céﬁei

Treatzents
With without Growth With Without Growth
urea tirea Tegulutor urea urea regulator
(1ean} (meen )
Kinetin &5 pom 750 6,60 7.0% 56,00 52.00 54,00
{15.89) (¥.89) (15.32)
Kinetin 410 ppe 10.96 700 8;75 82000 6“-00 73.0@
(18.%8) (15. 34 {17.11)
Kinetin 15 ppm  11.00 7.20 9. 10 9z o 00 76.00 & ,00
(13.37) (15.56) (17.046)
Etrrel 25 ppa 11.50 6,20 8.85 60, GU LQ, 0 50.00
(19.50) (1. b2) (17.11)
Etriel 50 ppm Jo OL 5.50 7.25 68.00 56.00 62.00
(17.43) (13.56) (15.50)
ithrel 100 ppm 7.00 %,70 5.85 70.67 68,00 69.33
(15.32) (12.52) (13.92)
Kar 10 pom 8,0 6,20 7.10 118,00 100,00 109,00
(16.11) (4, L¢) {15.1)
KAr 29 ppm 9.4¢ 50 S5 8,00 132,00 #4000
(17.853 (15189)  (16.87)
HAA 50 ppm 11.00 8400 9.50 162,00 160,00 161.00
(19.37) {16.43) {17.90)
Control 7,06 6.230 6.63 116,00 1CL.0C 112.00
(15.39) (1h.%2) (.91)
m‘a (“M) 90‘9 QL' - 97.27 35‘60 -
(17.57) (e 24)
Cole (gronith Tegulator) (e 7313 36.716
qu’. (Ul’ﬂa) (0!39‘) -
Cels (In%zactiuﬂ) (10‘19) -

Values in parentheals indicate the angular trionaformed ones



the case of HAA 50 pum with urea (162 u) followed by
NAA 50 ppm without urea (160 m). A trend was ohserved
ant highey the conoentration of HAA better would be
the pollen tube grovth,

bo5.8, Pollination

ALl tiie plants subjected %o growth regulator
treateents Wilh and withsut urea were pollinated in all
passisle cagouinatirse, All the wvariables cutlined in

sscticn L.3 were tried,
k5,9, Gesl-set

In nune Jf the combinantions inwolving growth
regulators, with and without urea and pollinstion procedure
variable., secd was obtained, It all the cases, flowvers
wvere found to dry or/and rot by the next day morning.
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DIsCURBBIGH

Ginger and its products have gomzanded
congiderable cuomsercial significance in the interna-
tionsl trade, The ever inoressing demand and its
suitabilisy for varied preparations have jutforth tae
need for promising girnger types having aspecial quality
attributes, Unfortunately, the types: having the twin
advntages of high ylelc and special qunlity attributes
are rare at present. FResearch work on erop izprovement
programwes in ginger is soanty dbut for the introduction
and seleotion of high ylelding varietiea, Consider-ovle
variability has been Observed among the verieties
availeble under cultivation. KHovever, attempts to
sanipulate the genotype veriability througn introduction
and selection have falled to cope with: the demand for
special ginger types. Thus, 4t appears that the
advantage of genetic variability 1s yet to be tupped
and explofited for the benefit of cultivators, Evolving
superioxr types through breeding appears to be a way
out in this reapesct.

Bhy and irregular flowering, posr pollen
germination and the fallure %o set sseds are the amin
barriers for breeding in ginger. Luck of systematic



studies on the floral structure and flor:l biology
of ginger also poses problens in the orop izprovement
programmes in ginger. A thorough undergtonding of the
flowering bhehaviour amxi floral biology of the availe
anle ginger varisties was thus reckoned as the theme
of the present investigation, The effect of growth
regulators and urea on the flowering benaviour, floral
biology, flornl structures, pollination and seec-set
also wes evaluated. The results of the study are
discussed in the following ssctionas.
Ye1ls Flowering vatiaviow of avsilavle varieties

uncder Vellanikiara conditions

It wvas observed that flowering ic regtricted

to tuo varieties viz., hiowdeeVaneiro and Maren out of
the 2F warietiss, It 1s thus apperent that varicties
vary widely in respect of flovering. Merked differences
setween Fioe=de=Janeiro and Marsn in all asvects of
flouwering also provided positive evidences for the
varietal influsnee on the flowering bahavicur of ginger,

Earlier flowering noticed in Marzn may be
attributed to its lesser photo-periodic requirement
coupareé¢ Lo Rio-de~Janeiro. IThe observation that Maran
had lesger nusber of tillers at the time of fioswering
gompared to Rio-de-Japeiro may be due $o an inherent
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character in tiller production. The report by
Nybe (1078) tant Maran produces lesser mumber of tillers
than Rioedee=Janeliro also supports this view, Longer
dur~tion of flowering in Filoede«Janeir: may be attri-
suted to 1ts advantage over Maran in respsct of muaber
of Anfloreacence per plant and numder of flowers pey
inflorescunce,
5etstle Inflorsseencs charagteristic: of Pioeie«Janeiro

and Maren

Esrlier workers have reported that inflorescence
in ginger develops postly a8 scapes originating froa
the rhigsompe and oocasionally as terminal spike at the
tip of the tiller. Ragults of the present investigation
shoved that terminal inflorescence was restricted to
Rio=ge=~Janeiro. Varietel influence on the ococurrence
of terminsl inflorescence is thus indicated. It seems
that the horm.uns/factor governing flowering in ginger 1is
present in ths underground stem. Tranglocation of thias
hormone/factor t> the tiller %ip may be reasponsible
for the ocecurrence of terminal infloresgcence. Varietal
infiuence o the tranalocation of thias horaone/factor
may e the reason for thz presence oy adsence of teruinal
inflorescence in ginger.
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During the present investigation, it wvas
revealed that the percentage of terzinal inflorescence
in Fio=de=Janeirc was 20.70 per cent as againat two
per cent reported by Jaysehandran g% al. (1979).
Clinrtic and seasonal factors may be hweld responsidle
for this variation,

Pregence of more nuzdber of infl rescence and
more flowers per inflorescence in hioede~Janeiro goapared
to Maoran, 48 an observsti n of signifieance to bresders.
Similaxly, the cduration of flowsring being more extended
in Kis=de=jeneiro, it {8 possidle to undertake sizeable
nuzovey of pollinatiuns, tiat too repeatedly after
aspsssing the success.

Cetetels Sonpe development

Sequentinl steps of scepe developuent, revealed
that gswelling o1 the top end of the come shaped structure
parked the visuel initiation of the inflorescence
develppent, In the abgence of such a swelling, the
dome ahaped atructure might have remained in vegetative
phase, Presence of the fluvering response/hurmone,
availsbility of photoperiodic requirement and soil
sxdsture are the factors likely to deciue the phase of
the dome shaped atructure,
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For the full development of the inflorescences
and 8tclk in Rioede~Janeiro, it took 29 deys as againast
the earlier rrports 1s. 20 to 25 deys (Jayachandran
a2t Al. 1979). 8imllaxly blocming in an inflorescence
was over within 9 to 18 days, wihereas Jayachanuran at al.
{1979) hat reported a blooming period of 23 to 2B days.

leseer tize teken by Maran over Rio=de-Janeiro,
£or the Tull develoysant of the inflorescence may be due
to the legaer minoer of hracts and flowers in Maran.

Yariesta) factor: alzo might be a ¢ause for thisg phenomensn,

Acropatal succession of flower opening as ovserved
in thi: study was in gjreement withi tue report by
Jayachardran e al. (1979). The observed blouming pattern
of single flower vy day initlally and two to three flovers
per c¢ay in the later stages 1s a new information,

Se2¢ Flor-l biology
Le2e1se Anthusis

8.1l wolsture was found to have a marked influence
on the antheais f ginger in semeral, Fluowers falled to
open under moisture stress comdiitions, Copparatively
eayiy flouer opening in RioedeeJansir,  thus appears to be
owing tu 1ts inherently high molsture content wiiich might
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have eontributed the initial miisture required for
bloosing.

Anthesis tine in Rio-de~Janeiroc observed during
the present study, aluost e¢oincided with the earlier
reports (Pillal gt Al.y 1978 and Jayachandran gt Al..
1979) within the limitations of the elimatic variatiuns.
Anthesis time in zinger is restricted tc a period of 2,30
to 2.4 hours that too with 35 to 4O jer cent flovers
openin: within 15 minutes during the peak period of flower
opening.

Ce2ele Flownr retention and anther deniscence

Purseglove ¢t al. (1981) have reported that
singer flovers are fragile and short lived. Hesults of
the pregent atudy wvere in confirmity with this, Ulirying
or/and iotting of flowers was found to take place 4in
between 2A¢00 hours and 0600 hours, Further studies appear
necegsary to locate the exact tiae of flower fragility.

Bo mention 1s available in the literature on
the exact time of anther deilscente except for a state-
mant that it coineided with flower opening., However, it
wvas observed that anther cehiscohoe does not exactly
coineide with flower opening and it tekes place 10 to 15
minutes (Bioecde«Janeiro) ané 20 to 25 minutes (Maran)



aft-r flower opening. Thug, it appears thast the
calisotion of palien ;rains fram fully opened flowers
is possidle,

YHecs3se Pollen characterizties

It wag observed during the present study tant
pollen grains are present in plenty in ginger flowers,
the count per flower varying froum 1,687,500 in Fioedew
Janeiro to 1,911,500 in Maran, The data reveal that
availability of pollen grains is not a limiting factor
in ginger breeding.

With respect t> the marphological features of
pollen greins, the results cbteined in this study were
in agreement with the report by Pilial gt zl. (197€).
Prescoee of the thick exine agcoumting to 23.98 per cent
of the ¢lsmeter in Fiomce~Janeir> and 25.50 per cent n
Marar 48 an obserystion of gunsiderable siinificance.

Pollen fertility assessed by the stainability
with acstogarmine vas as lov as 12,48 per cent in Risede-
Japeiro and 16,42 per csnt i4n Maran., These values are
far lesser than the reported values of 35 per cent by
Pilles g2t 2). (1978) and 24 per cent by Jayashandran g% al.

(1979). Poor fertility hi h sterility of pollan grsins

thus seenms to De s matter of eoncern tc the breeders.



Sedele Htigua rmats.uts. style length unc

ovary length

ctdgns receptivity of ginger has not been
Mroperly understood. lesults of the present study
funcicuted that stigma remained receptive (as jucdged
from the presence of an 0ose) from one hour to fiwve
nourg after flower opening., aMcoraingiy 1t i; sugsested
tiat the west time for pollination in ginger is within
one to Five nours after flowver opening.

Lag but thin style ocbserved in HiveceeJaneiro
and Haran say oe a cause of hindrance to sugcessful
Pmmmﬁmh

Bhort and thick style and long ovaries may De
nelpful in ashtieving pullination sueceas 1in ginger.

Sel2e5e PoOllan germination

Poor palien viavility had been suspected to be
one of the faoturs responsible for pollinsticn failures
in ginger. G&Specific temper-ture as well as humicity
requirerent for pollen germinaticp nay be evidenced from
the results >f the studies an pollen geraination,
Fulfilment of 2ithecr of these conditins £-1led to Live
2sitive responsg.
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Growth regulators wviz,, IAA and GA were fund
to have no positive effect on pollen germination. Thouy
sugar was {fovund to have an influence on pollen viability,
the effect does not appear to be of ssmotic typs.

Anong the various media tried, the une with
eisht per cent sucrose, three per cent gelatin and 60 ppm
horde eeid recomueended by Pillai gt al. (1978) was found
to be the beat. The beat cunditian identiiied for pol.en
germinnstion was keeping with polist cotion cuvering in
330 incubator (26,5°C). Even under the best condition
and the best mediux identifjed during the present investie
gatian, the maximun polien germination votained was as
1ou a8 6.20 per cent a3 against the reported figures of
.5 per cent by Filial g% al. (19765,

Initiatia of pallien germination was marked by
cxine bursting end the extension of the intine as the
paller tube. Coilling of the pollen tu.e obselved cu:ring
the advanced stages of pollen germingtion, seems to he
a centributing fector for the pollinaticr faflure. Prior
to eoiling, the pollen tube atisined a length of 108 a,
Sinoe the style iength was 3.72 em, the poussibility of
tiie pallen tube reasshiing tie ovary priusr to c¢oiling is
rogote. HMoreove:, unge the eoiling 1s started, pollien tube



penetrstion through the thin stigma is likely to de

pore vifficult, Thus, 4t 1=z clear that poor pollen
gerumination ané defective poller tube growth are ¢ertain
practie-) problems encountered in the polilinatiun atwiles
of zinger.

De3e Pallination

An sveluation of the varlabies apployed in the
poliinstion studies based on the results discussed 8o

far is furnished below.

Azorg the stages of flower utiiised four pollie-
nabticn, bud stage end tue stuge lanmedlately after flowy
apening were unsatislnetory as stigma was not reguptive
at thece stnges, Tne third stege, vis., t:ree hours
after flover opening was well within the period of stigme
receptivity.

Femnval of the stigma and partinl anc oatpletse
ragoval of the atyle alsc failled to gzive successful
pollinstion. If the inhibitury substances present at the
stigmatic surface or stylar neek were the reasons for
tiie failure, suocesss could have bsen sbtuined through
the removal of stigan and ztyde. Sicllierly, Af the
une.pducdve nature of the thin style fur sollen tube
penetiation, was the factor for paliitation fallurve,
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succeess could have besn obtained under complete

removal of stigma snd the entire style, HSut the out
end of the atyle had only less surface area %o hiold the
pollen, If this point is viewed in the 1ight of poor
pollen geraination, the pollinztion «timck appears W
be Justifiavle,

in pollination stwuiles, adequate polien was
ensured thirough increased density of pullen and supplie
mentary pollinations. But, the accomubdetive area of
tre stigmatic surface and the ocut end of the style wvas
licdted, roor polien geraination coupled with poor pollen
accammsdative power at e recelving end cight havegen
contrioutory feetors for negative results.

Pallination with mixed pollen has not been
guccesaful in inducing the neceas:ary stimulus required
for sucoessful pulliration.

Loty IBedeget

Fertilisation failure owin. to poor pollen
viability and defective pollen tube growth resuited in
seedeset fallure in gingsr in the present investization,



5.5.  Effect of growth r:gulawrs an flowering,
pollination and seed-set in Rioede~Janeiro,

te5ete Flowerin: characteristics
Ce5etel. Days from planting to flowering

Amorg the growth Yogulators tried Naa 50 pom
wvas found to induce early flowering. Positive influence
of auxins ip inducing flowvering had been reported by
Maheshwari and Verkataramen (¥966) anc Michniewics and
Xamdenaka (1965).

HAA treatments have ghown the trend of invueing
earlier flowering with increasing cuncentr-tions from
10 pom to 50 ppm. Thus Lt peens that hizher concentrations
of NAA, sbove 50 pow might be helpful in incueing still
earlicr flowering.

The observntion that urea dalayed the flowering
may be explsined from its effects on promoting vegetative
grovth (Bection b,5,1.2).

SeDe1:e2, Kumber of tillers per plasnt at the time of
flovering

Growth: regulators ezhibited a negstive influence
vieress wes hat @ positive effect on the nuwber of
tillers produced per plant at the time of flowering.
These observatiuns help in Judging the effect of growth
regulators and urea on plant growkh and flowering.
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5eSe1e3e dLuration of flowering

Xinstin (15 ppm) wez found to cuntribute for
extended flowvering period 4in Jioede=Janeiro, This
observ:tian is supported by the inference that Kinetin
15 ppo produced more nuuber of inflorescence per plant
(8cction h,5,2.1.) and more number of fluvers per infloe
rascence (Section #.5,2.5).

5.5.2+ Inflorescence charascteristics
Fe5e2e1eTotsl inflorescence per plant

Positive affects of HAA and Kinetin on inflio-
rescence Hroducticnh wers evidenced during tihe present
inveatigation, Bvidences of favoursble effects »f auxins
¢n flovering had been reported by Clark and XKerns (194Z)
in pineapple. 8ince Kthrel treatzents recorded lesser
nusber of inflorescence per plant, it appears that the
mechaniss of promoting the inflorsscence production by
EAa in ginger 1s not identical to the one in pinespple.
The fevourable influenee of Kiretdn on inflorescence
production 1s in conformity with the reports by Maheshwari
snd Verkatarasan (1966) and Nekayamxa gt al. (1960).

He ative influence of urea on infloresocence pro-
duction may be due to its positive effect on tiller
procuctioh and its tendency $0 retain the plant in vegetative
phase.



5e5¢2:2, Husber of seapes per plant

Fesults and trends deing in identicsl line as
with Section 5.,%.2.1. same explanations hold good
hete alaso,

SeTele3s Nunbar of terminal inflorescencs per plant

Kiretin 10 and 15 ppm and HA2 50 ppm resulted
in tie production of terminal infloresconce. Positive
infiuence of urea vas also evidenced in thils respect,

Exogenously applied Kinetin and HAA might ave
Luved Irom the leaves tou tas apiguld lateral bulds tarcugh
the paloem, trunaforming the wegetative bud to floral
bud and thereby producing & serainal inflorescence,
Exoganious applicantion of growtdh regulators uight have
eit.or tiigsered the activity or substituied the role of
the naturally vecurging flowering Lormone/response,

Se5elelbe  lanstih of inflorescence

Favourable effccts of NAA (50 and 25 pym) and
Kinetin (15 ond 10 ppu) and the pegative influence of
urea could be explained on the game lines as discussed
in Section 5.5.2.1.
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5e5e2.5, Nuwber of flowers per infloressence

HAA 50 ppm without urea could be singled out
as the caly treatwent capabls of producing more nuucber
of flovers per infloressence compared to contral, In
viewv of the favourzble influence of Ethrel (25 and 50 ppm),
it sp.wars that the positive effeat of NAA on the nunber
of Tlovers per infloraacence may be due to the ethylems
pediated gechanian as In pinsapple.

Se5e3e Abnormalities in florsl structures

Oecurrence of abnormal floral structures being
dsclanted case, it i3 %00 early to agke uny inference on
the role of growth regulators and urea in thils respeat.

5.5.4, Floral biology of RioedesJonairo

The observntions that growth reiulators and urea
treataents had no significant infiuence on the time of
antliesds, mitiaer dehdscence and retention of individual
fluwers point out that the floral biulogy uf ginger is
not regulated by growth: regulators but by verietal and
climatic faetors,
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5¢9.5. Pollen characteristics
5+5s5. 1o Pallen production and morpholoj;icsl features
Eebe5e1s1s Extent of pollen productiomn

The observed favourable effect of growth regu~
lators and urea may bs attributed to tie stimuintory
effact of growth rejulators at the gene level, uanife:ted
a8 the activation of specific gene resulting in the
synthesis of specific —KNA end engymes and the contri-
putory role of ures snd growth regulators to the oell
content, Among the growth regulators, HAA and Kinetin
were found to favour the palien production, The role of
auxin sa a cunstituent >f pallen (Takeyoshi and Fujii,
1961) and the pouitive effect of auxins and cytokinins on
the moturation of onion enther sac (Vasil, 1957) may be
quoted in support of the present observations. Stimulstory
effeet of cytokinins in cell division by increasing the
synthesis of DNA and m FHA and that of auxin by inereasing
the ribosomal FRA mijht have resulted in enhanced pollen

pracuction,
S5eDebeters Diamester of pollen greins

The apparent positive influence of HAA treatments
and urea on the dieneter of pollen groins cuuld be
explained on the same lines as in Section 5.5.%.1..Moreover,
auxin induced cell elungati m as a result of the micro
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fiuvril synthesis and its incorporation into> the core of
tae cellwall euntributing to an increase in the dyy
velzht o the wall may de another possible reason for

the inecrcase in pullen dismeter, Effects of auxins on
the sypthesis »f m FlA, FlA directed protein synthesis
ang the synthesis «f celliulose synthetase also might nave
contributed to the incressed pollen diameter,

5¢5¢9.1: 3¢ Exine thiokness of pollen grains

Exine thickneas was found %o have a marginal
reduction with higher lovels of Xinetin and Ethrel and
1ower levels of NAA., Kffect of auxins on cellwall
thickening has veen discuszed in Ssction 5.5.5.1.2., The
exine of tiwe pollsn appears to be a deposit of mieroe
fiorils on the inner face f the cellwall. This consi-
der-tion, i1f held v:lid expluins the thicker exines as a
result of higher HAA concentrations. KEthylene is found
to promote the gullwall permeablility by its cellwall
éissoluticn effect. Owing to this effect of ethylene
on pollen walls, reduced exine thickness resulted, Urea
by its effect in enhaneing the turgour and stress on the
cellwall also reduces tis exine thickness. Thus, the
reduced exine thickness as a reswlt of Ethrel with urea
treatcent appears to be justifiable,
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5.5.5.2, Pertility of pollen grains

Favourable influemge of grovih re ulators and
urea on pollet: fertility may be due to their rugulatory
role on the synthesls of speagific nucleic acid:, snzymes
and eell coanstituents, goveming the palian fertility.

5:9.6. Style length and ovary length

Short atyle and loag ovary arc desirsnhle for

success ir pollinction. Fesults of the present study shoved

2% grovéh reojgulator and urea treatnents wvere not e:pable
encuzh in panioul-ting the style and ovary to the advantage
of hreeding, usinte no substantial ovary deveiopment eould
be aciieved by the grovth: regulstor and urea treatments,
thie possinility of obtaining a parthencsearpie fruit develope
pent appears o be remote. However, the higher concentratiuns
of Kinetin (wit: and without ures) and Ethrel (with urea)
have indicated some promising results in tuls respeet and

nence are worth persuing.
5e5.7. Poller: germination and palien tube growth

Pollen geraination was echieved with growth regu~
lator treatymnts in general with the only exception of the
hizher coneentration of Ethrel, Higher concentrations of



NAA and Kinetin favoured pollen germination. Urea =lso
contributed for the gaame, A cuupnrison of these results
with the o on the effegt of growti rsgulators and urea
on tie fertility of pollem graine siowed identiec:l
pattern., Thus, 1t appesrs that the acetugaruine test of
pallen fertility in girger 4s & true indicatiun of the
pallen viability in respect of Riowle~Janeiro veriety,
The explanations offered on the influence of growth
regulatory ant urea on pollen fertilily are thus v 1ib

here 400,

Enhanced pollen tube growt vags ac .ieved with
NAA 50 pom and 25 ppm.  Leopold and Krisdenmamn (1980)
hnve furnisned the evidence for the influance of auxing
afn poller: tube growth., An appraltsal of the trend indic tes
that still higher cuncentrations of NAA msy bde worth trying
to achieve bettar pollen tube growtl:,

50 50 8t Pﬂlliﬁﬂtim

Fallure in pollination studies inspite of grovth
regulator application indiecstes the necessity for a more
gystomatdc study based an the rasults of the present
investigation,

$¢5¢9: Seedwsed
It wves not possible to overcome the long
prevailing problem of fallure ib seed-ged in ginger by



the application of grovth regulators with and withoug
urea., However it was possible %o throw much 1ignt an

the factors contributing to the hincrunces in seed-set,
Toxic substances at the stigmatic surface was found to be
not a eause for polliination fatlures, The problems of
poor pollien viability and pollen tube growth were

tackleod to an extent by growth regulator application.

In an atisapt to overcome the ingompetivility problems,
mixed pallen vas emploved for pollinntion, The fallure
to achieve seed-set, even with mixed polien indicates
that incompatibility may not be the fagtor csusing seed-s:t
fallure, Effect of grovth re. ulators and urea on the
structural anid functional aspects of Jinger flower was
incicated during the present investiz~ticn, Thase
positive responses can be @xploited for better results,
The dmpact of growth regulators with and without urea

on mega and micro aporogencsis which was not taken up in
the present investigation 1s a fleld for future studies,



- Summary




34

SUMMARY

Flowering charseteristics of the availshle
varieties of ginger and the effeat of growth regulators
on the flowering charscteristics, polidnation and seed-set
in Riowde=~Janeiro variety of ginger wre studied at the
Departaent of Flantation Crops and ploes, Colle,s of
Horticulture, Kerals Agricultursl m”"aity, v ol Lo kicara
during 1981-83.

Nain findings of the &W[,‘u 1 00d
hersunder.

Anung the 2§ varieties umj

in Mersn, Sequential steps of soapy,, . w1y
flowering were cutlined. From thej, of ;na
to the completion of flowering, 1%, ® 8cape

Ri.
Janedyo as auinst WO days in M& ""“de-.
"0 virge
! d
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from %00 hours t0 155 hours (the peak bein; betwsen

M5 to 1500 hours) in Rio-de-Janedro and ™30 to 1600
hours (the peak veing between 1500 to 1519 hours) in
Maran, Fragile and short lived nature ( <96 hoursg) of
ginger flovers was noticed. It was observed that antuer
dehisecence t-kes place 10 to 195 minutes (Kiocede-Janeiro)
and 20 to 25 minutes (Maran) after flower opening. Pienty
of pollen grains, e count per flower being 1,87,600 in
RideCesdaneliro and 1,91,500 in Maran, are present in
ginjer flowvers, Pollen gr-ins of both Riowde-Jmneirs and
Maran vere gpheric:] +ith thick exines - the thickness
being 9.73 M in Fioede«Janeiro and 10,15 m 4n Maran. Pollen
fertility, asesessed by the stainabiiity with acetuearcine,
vas 88 lov as 12,48 per cent in liloede=Jgneiru and 16,02
per cent in Maran., In botni the varisties, stigma repnined
receptive from one hour to five nours after flower opening.
Lang but thin style was noticed both in Rioede«Janwir. and
Mar-n.Style lenytsi varied from 3.72 ca (Kio=daeJaneiro)

£o 3.50 em (Maran), Ovary length was found to be 2.50 ma
in Rioede=Janeiro and 2.60 mu in Maran.

studies with the paollen gr:ins of Rioede-Janedro
indicated the specific reguireuents of temper:ture and
humidity for pollen germinatiocn. IAA and GA had no
positive effect on pollen germinaticn. Among the various
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media tried, the ane with eignt per cent sucrose, turse
per cent gelatin and 6C ppa boric acid was found to be
the best, Tne hest condition identified for pallen
gerainatian was keeping with mcist cotton covering in

33 incubator (%.5%). Tie paxioun pollen jerminstion
obtained was 6,20 per cent, Coiling of the pollen tube
was ohserved durinz the advanmd stages ie. at a length
of 106 us The possibility of the pollen tube resching
tiie ovary through the thin style of 3.7: em length, prior
to colling appears to be remote,

Poliinstian was earried out in Kio-de-Janeiro
and ¥ar-n employing the variambles like atage of flower
(but stase, immediately after flower opening and tiree
hours after flowey opening), cupdition of stigma (partial
anc complete resuval of style), density of polien
(spearing once, twice and thrice with standay@ orush),
mixed pollen (gingsr pollen mixed witn eltier Alpinia,
sedyeniua, Kaemphieria or Costus poliem) ancd suppleasntary
polidnztion (repeated polliination twice at two hours
interval). Ko seed-pet was obtained in sny of these cases,

Srowth Togulators and urea were found to have
0o sigmificznt irfiuvengr un the floverirg cnarscteristics
of Rinede~Janeira, Hovewer, positive influaznce of KAA
€0 ppo " indueing sarly flowering and Xinetin 1% ppm



on the duration of flowering was indicated. Urea
had an apparently negative effect on the flowering
characteristios.

Positive effects of NAA and Kinetin on inflo-
rescence production were observed, Procuction of
torminal inflorescence was favoured by Kinetin 10 ppm
and 15 ppm and NHAA 50 ppm. Urea seems to favour the
procuction of terminal inflorescence, Favourable effects
of ures on the length of the inflorescence were indicated.
NAA 50 ppm without ures produced apparently more nusber
of flovers per inflorescengs over control. KEffects of
growts: regulators and urea were not signific:nt in this
respect, A trend that urea cantributing for slight
reduction in the nunber of flowers per infloregcence vas
obaerved,

Abnormal floral structures occurred as isolsted
cases and sc the effect of growth regulators and urea
wvas hot inferred.

Growth Tegulator and urea treatoents had no
influence on the floral blology of ginger.

HAA 10 ppm and all the thryee levels of Kinetin
produced mors numbeyr of pollen grains per flower, Urea
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also exhibited a positive trend in this respect. in
apparent positive influence of NAA and ures treatments
on the pollen: Giameter was noticed. Merginal reduction
of exinre thiockness wvas achisved with higher levels of
Kinetir anc Ethrel and lower levelg of HNAL, Ethrel

100 ppp in cowbinetdon with urea recorded the miniuum
exine thickness. Jrowth rejulator:s, ures and their
interaction had significent influence on the fertility
of pollen grains, Among the growth regulator troastnents,
NAA 5C ppm, Kinetin 15 ppm and 10 ppm recorded signifi.-
cant ipnerement in pollien fertility over contrsl. Ursa
wvasg fomd to aid in enhancing the poller fertility aend
recucing the pollen sterility. sHtWrel 25 pps in comdi-
natian wvith urea recorted the waxinum pollen fertility.

A marginal reduction in style lenith wvas
achieved with the lover congentraticns of Kinetin and
Ethrel. Kinetin 15 ppm end HAA 10 ppm regulted in
longer ovaries, Maximum ovary length was achieved with
Kinetin 15 ppm wvithout urea.

mong the grovth regulator treatments, higher
concentrations of lAi and Kinetin and tiie lowest
coneenitration of Ethrel recoried significantly higher
percentage of pollen germination over control., Urea
exerted a favourable effect on pollen germination,
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Maxirum pollen germinaotion was acaleved with sthirel

25 pom with ursa. Effect of growdh re ulators mnd urea
on the fertility of palleb groins and pollen geraination
folloved an identical trend.

Wit thke exceptions of KAA 29 ppe and 50 ppm
the growth regulator trestments contributed for poor
pollen tube growth, Urea sppears to favour the pollen
tube growth. The maximum valus of pullen tube grovtn wvas
shtatred in the case of HAA SC ppm with urea (162 u).

ALl the planits of Hivede~Janeiro subjected to
growth regulator treatments with and without urea were
pollinated in all possible combinaticns, Vari:qbles like
the atage of flower, condition of stigma, cdensity of
pollen, nixed pollen end supplementary pollination were
tried, In none of-combinaticns, seed-set was achieved,
Incmpatibility does not appear to be a resson for the
fatlure 4in achileving seed-set in ginger.
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APPELDIX - X
Aalysis of varlance - Moan sum of square volues

Growth Urea Grovth Error
Charscter regulator (df = 1) resula&ax x (df= 38)
(af = 9)
&Lu_i)

87.276°  12017%°  7.8968%°  us.697
W9.659™  193.066" 82.919"% 133,056

Days froz planting to flowering
Tillers per plant st the time of flowering

Puration of flowering 16.717% 21 35.3‘08" 9.0 82
Total inflorescence per plant 321.389"’ 189.038"“ 137.815 55,808
Number of seape per pladt 322.039 370.017" 133.239 52,361
Buxmber of terminsl inflorescence per plant 6. &5» 2.01%" 10.356 b.208
Lecgth of Inflorescence 2.1} 395" 0. 72458 5.819
Kumber of flowers per inflorescence 32.085 58.9&5“% h9, 17‘0" 16.560
Pollen production (No.of pollen srains/flover) 568.293° 5,362 721.253 * 19167
Digmeter of pollen grains 65,8207  113,h93"0 173.913 45,826
Exine thickness of pollen gruins 10,285 o1 6, 3.175
Fertile pollen percentage 19.809°" k. 709" 8.680“ 2.469
Sterile pollen percentage (unstained) M9.050""  102.757% 26.7&"“ 26,658
Sterile pollen percentage (irregularly shaped) 32.852"%  o0.65%° ao.boz 10. 90k
Sterile pollen percentage (tot:l) 20.309 " 100.017°"  s.197"° 1.035
Style length 0.056™ 0.008%%  0,155°"° 0.037
Ovary lemsth 0.181% 24075  1,9688 9.5%
Pollen germinati percent:ge 10. ™9™ 120,13 2.8 0.459
Pollen tube growth 8531.711%°  2001.667% 72.333%°  983.309

B8 = Not Significant

L - B5ig.4ficant at 55 level
L L. 8igrificant at 1% level



APPEULIX - II

Weather data during the perisd of plsnt growth - April to Lecemoer, 1983.

Temperature Rel:tive humidity Total Rainy Totul
w2 R
m"’ m"' g?ug:s ﬂ;tﬁra Meon
April 25.80 .20 - - 66.00 - - 270.90
May 25.50  35.10 - - 69.00 37.%0 3.00 220,50
June 2.50  31.90 30.00 69.00  79.00 367.20 19.00 113.8
July 23.70  29.70 9. 00 79.00  87.00 580.60  24.00 83.5¢
August 2%.10 23.80 93.50 8.0 87.00 7M.70 26,00  61.30
Septeher 29.50  23.%0 93.00 75.00  &,00 hok,16  2.00 108.00
Oetober 3t.20 23,10 90, 00 .00 77.00 %9, 80 6.00 215.80
lovenbey 311.80 22,30 &, 00 58.00  71.00 60.20 3.00 244,90
Dece.sber 31,20 23.90 71.00 55.00 63,00 24 M0 3.00  215.60

—_—

Source 3 Meterologle:l Observatory, Vellanikkara,
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ABSTRACT

Flowering behaviour and floral biology of
RiowdeesJaneiro and NMaran snd the sffect of growth regu-
lators viz., Kinetin (5, 10 ané 15 ppm), Ethrel (25, 50
and 100 ppm) enc HaAA (10, 25 and 50 pps) in combinetion
wvith two per cent urea and without urea un flowering,
poliirstion and seedeset in Riowde-Janeirc were studied
at tiie College of Horticulture, Kerala Agricultural Univer-
sity, Vellanikkara during 1981-183.

The objective of the investigaticn was to assess
the avnilable wvnarieties of ginger for flowering oehaviour
and tu evaluate the effect of growth regulstors with and
wvithout urea on the flowering behaviour, flor:l biology,
flor:l structure, pollinaticn and seed-set in Rio=de~Janeiro.
Tne possibility of overcoming the problems of shy and irres
gular flowering, poor pollsn geraination and the fallure to
set seeds also vas explored during the investigatiun.,

Asong the 25 warieties studied, flowering was observed
only ir two varieties viz., Riowde=Janeiro and Maran, Consi-
derable varisztin vas noticed between Riowde~Janeiro and
Marsn with respsct to flowering behaviour, extent of flowering,
types of Anflorescence, time taken for soape development,
anthesis, anther deh:iscence, pollen production, pollen
fertility, style length and ovary length, Lorg but tain
style wag noticed voth in Rio=de-Janeiro and Marun.



Irrespective of the variety, flowers were found to rot/
and dry within 16 nhours after flower opening.

The maximunm pollen germinatian (6.20 per cent)
wvas obtained in the medium conSaining eight per cent suorsee,
three per cent gelatin and 60 pym boric acic under moist
cotton coverinz in BOD ineubator (26.5°C). Cufling of the
polle: tube during the sdvanced stages of growth was noticed,

Pollination carried out in Rioede~Janeiro and Maran
employing the variabvles like stage of fiower (bwd stage,
imuediately after flower opening and three hours after flover
opening), cunditiaon of stigma (partiasl and complete removal
of style), density of pollen (amenring ace, twice and
thrice with standayd bDrush), mized pollen (ginger pollien
vith either Alpinis, Hedychium, Kesmpheria or Costus pollen)
and supplesmeniary pollination (repested poliination twioe
at %wo hours interval) fatled to record any positive evidence

Qf ”d"“ta

Effect of growth regulators anc urea on flowering
hehaviour, inflorescence characteristiocs and floral strue
ctures of ginger wvas evidenced during the study, f\ifa.vourable
influence of KAA 50 ppm aon induecing early flweri;mg, Kinetin
15 pou on the duration of flowering, HAA and Kinetin un
inflorescence production, NAA 50 ppm without urea on the
nupber of flowers per inflorescence, MA: 10 ppm and all the
three levels of Kinetin on pollen productiocn, KAA on pollen



diameter, higner levels of Kinetin and Ethrel and lower

levals of LiAA on exine thimning, Ethiel 2% ppm in combie
natiun with ures, Kinetin 15 ppm with: urea, NAA 50 ppa and
Kinetin 10 ppm un pollen fertility, lower levels uf Kinetin
and xtnrel ou reducing the style length, Kinetin 15 ppm

anc HAA 10 pum on ovary length, Bthrel 2% ppu with urea and
higher levels of HAA and Kinefdn in pollen germination and

BA° 50 ppm on pollen tube growth was reveusled during tie study,

Floral diology of Rioede~Janeir. was not Lfluenced
by zrowth regulator and urea treataents,

Abnormal floral structures occurred asz i1solated
cases and thersfore the role of growth reiulator: and urea
in thir respect was not clear from the reauns.'

‘Pollinatin carried out in ginger (var.Rioede-Janeiro)
Plants, subjected o growth regulator trestients witi and
without urea, employing the variables like st-_ e of flower,
candition of stigma, density of pollen, mixed pollen and
supplezentary pollination failed to result in seed-set.

1710943



	image76501
	image76502
	image76503
	image76504
	image76505
	image76506
	image76507
	image76508
	image76509
	image76510
	image76511
	image76512
	image76513
	image76514
	image76515
	image76516
	image76517
	image76518
	image76519
	image76520
	image76521
	image76522
	image76523
	image76524
	image76525
	image76526
	image76527
	image76528
	image76529
	image76530
	image76531
	image76532
	image76533
	image76534
	image76535
	image76536
	image76537
	image76538
	image76539
	image76540
	image76541
	image76542
	image76543
	image76544
	image76545
	image76546
	image76547
	image76548
	image76549
	image76550
	image76551
	image76552
	image76553
	image76554
	image76555
	image76556
	image76557
	image76558
	image76559
	image76560
	image76561
	image76562
	image76563
	image76564
	image76565
	image76566
	image76567
	image76568
	image76569
	image76570
	image76571
	image76572
	image76573
	image76574
	image76575
	image76576
	image76577
	image76578
	image76579
	image76580
	image76581
	image76582
	image76583
	image76584
	image76585
	image76586
	image76587
	image76588
	image76589
	image76590
	image76591
	image76592
	image76593
	image76594
	image76595
	image76596
	image76597
	image76598
	image76599
	image76600
	image76601
	image76602
	image76603
	image76604
	image76605
	image76606
	image76607
	image76608
	image76609
	image76610
	image76611
	image76612
	image76613
	image76614
	image76615
	image76616
	image76617
	image76618
	image76619
	image76620
	image76621
	image76622
	image76623
	image76624
	image76625
	image76626
	image76627
	image76628



