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cavity was full of moaretion which gradually dried up

in the evening. This shows that tha receptivity is
maximum in the moraing, This was confxrﬁad by the per=
centage of capsule setting obtained hy haikd pollination
of flowars during the different hours of the day., Flowera
ﬁbllinateé during forenson hours gave high pércentage of
ffuit setting (51 to 61 peor cent)., Flowers pollinated

late in the afterncon gave a poor settlog of 13 per cent,

ﬂgﬁgrg f _pollination

Purseglove (1975) reported that cardawon is a
ngturally cross pollinated speclies, Shanikor end
Kumerasan (1379) also reported on the same lines
Pattonghetty and Prasad (1972) stated thod carﬁamnﬁ ia
cross gollinated becsuse of the very structuralor the
flover, where the stigma is placed well above the anther
Lobaé and which is surrounded by cilim, Parameswar (1973)
alsy reported that cerdamom L6 invariably cross pollinated
by insects, Madhusoodanan gt al. {1981) reported that
although considerable amunt of self pollination occurs in
cardamdm by way of geilionogemy, it is principelly s cross
pollingted, eantomophilous erop. Under open pollination it
ﬂad 54,55 par cent fruit setiiag while by natural self
pallination it had only 7.14 per cent fruit setting,
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Pottanshetiy and Prasad {1972) reparted that hogey
baes are the princlpal agents of pollinntions DBee«free
penicles hed only 11 per cent frult set as against 50,66
por cent in the case of panicles open bty bee activity.
Paremaswar (1973) also reported that cardawam s pollinated
by insects, especlally honey boes.

Pattanshetty and Prasad {1974) reported that flowzring
paniéla: of the prostrate type of cardemsm were o2ften
covered by a layer of fallen dry leaves £rom shade trees
which werae nnt remved until hervest time, When these
pontlcles were exposed at flowerling time, the average nunmbher
of capsules per panicle has increased from 2.1 to 27.4 due
to increesed inaect activity, Peraseswar gt gl. (1978)
guggested that by mainteining bea hives in the cardama
- Plantaltlons the percentage of pollination and in turn carda=
mon yicld cen be increased. Jose (1980) reported that glont
roct baes (gng damaatica) are the primary agents of pollb-.
nation in cardawom and the Indien honey bres (Aois ingiga)

are the secondary agents.

Self sterilitv

There are conflicting reports on the sccurrence of
sterility in cordamom., Serma and Visweswara (19563) and
Purssglove (1975) have regorted salf sterility in the crop.
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Pattonshetty end Prasad (1972) based on thelr study of the
prostrate type, on the other hand, - have repsrted that
cardamom is self compatible as they obtained 69 per cent
fruit set on self pollination, Shenkar and Kumaresen (1979)
oplned thet there is no selfeincompatibllity in cargamom
but due o its floral modification it needs an agent for
-pollination, Jose (1930) reported that there is no self
sterility in cardamom, eventhough cross pollination ia the
rule, becense there was 100 per cent fruif set when ertle
fictal gelf pollination was ‘done.

Madhusoodsnan at ale (1981) have reported that there
is consicerable amount of solf pollination ocourring in
cerdaion through'geltonogémy. Also the orop i self comw
patitle az proved by artificisl self pollination wherae
frult sat was 70.59 per cent. Shanker at gl. (1931) have
repofted that there are different sex forms in cardamom,
‘wittch haove been evolved through the yeers of evolution from
the purely vegetatively propagated form to completaoly
pexualiy pﬁopagated form, It ranzes froa paraiallﬁ Lncome

patible to completely compatible Torm.
Bead cerminntion
Usually cardamom seeds teke 8 o0 10 wecks for gere

mination, Barlineas in gerainqtion can be induced hy
adopting different mnethodds 9f seed treataant,
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Kololgl st gl. (1973) reported that germination of
cardaman sceds was batier when sown in a plastic house
maintained at 23 to 26°C and %3 ta 93 por cent relative
hunidlity. Germination further increaced when seads were
pretreated with concentrated nitric seld for five minutss.
Reddy ot al. (1973) reportsd that traatsents with nitrie
acld, ccetic acid (2% per cent) and hydrachloric aclid
{50 per eent) for ten minutes each were found to bs better,
giving 97.6 per cent, 98.9 por cent and $1.5 per cent germie
nation respectively, Prasad gg.gl.(1974} reported that
treatment of freshly extracted cardamn gecds with concene
trated nitric acld for five minutes gignificently improved

the germination,

Suliikori and Kololgi (1977) on a otudy of viabllity and
treatnent effect on cardaidm seeds resartod that sesd treate
ment with niterle acld at 25 par cont foar ten almutes merkedly
lncreaged gerslnation. Old seads wheon kept as capsules gava
geraination of 26 per cent as compared $o ong per gent fopr
»1d soeda kept as sevds. For fresh smeods the geraminstion
was, however, 66 per coent,

Pattanshetty og gl, (19738) reported that cardemom geeds
gevrninsted well upio Lour montha of storage, snd thereafter
geroination decreased consldersbly., Thelr results nlso showed
that treatment of seeds with organomercurials and storage in

alr tight containers led o reduction in germination,
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MATERIALG AND MITHODS

I, HATIRIALSIw

Three popular cultivars of cardasmonm viz,, Malabar,

Mysore snd Vezhukka were ussd far the study conducted

during 1981 at the Cardemom Research Station, Pgapadumpara,

The sallent feaﬁurea of the cultivars are given

halows

(1

(2)

{3)

HMalabar: Plants are of medium height, Leaves
ara 30 to 45 cm long and shord patinlad, Lower
surface of leaves are Jubascent. Panicles are
prosgtrats which frail on the grouand, Flowers
have long pedicels. Capsales are small, gl:abn;ae.

roundad or ovoid and highly ribbad {Fig. 1).

Mysore: Planits are more robust and teller than
those of the Malabar type, Leuves are long
patioled, broad sand noneputeccent. Penicles

are erect or recumbont and flowers are borne on
short pedicels, Fruits are fusiforam, long, three
angled and ribbed (Fig, 2).

Vazhukka: Plants are medium tsll. Leaoves are

non-=pubeascent. The panicles are senieerect,



Figure 1. A clump of 'Malabar!

Figure 2, A clump of "Mysore’



Figure 1

Figure 2
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Capsules long,. 1t is intermediate in type
botwaen 'Halabﬁr' and "Mysore' {Fig. 3).

The panicle end capsule characters of the three cultie-

vars are represented in Fig., & and 5.

Studies were coaducted o1 a number of true to type

Diants Beleacted at randsm in cach of the three cultivars.
II, MELHODS:-

(1) MNumbor 2f ghosta ead panicles

Fifteen clumpa in each of the three cultivars were
labelled, The number of ghoots produced by each clump was
counted at monthly intervals £rom May to July 1931, Shoots
with leaves alone were cownted, The number of panicles
produced in each clump was also counted at monthly iatervals
from May to July 1931,

(2) Raniole chafgoterg

The study of panicle charsctzrs such as length of
panlcle, length of intornode, numbser of racenes per paiicle
and nuober 0f flowera par racem2 waa made during the late
floworing éeasan. Four clumps were salectad from each
cultiver, In each clump five well developed panicles weras
selected at random. Thus in each cultivar 20 panicles ware

selactad.



Figure 3. A clump of '"Vazlukka'

Flgure 4, Paaicles of "Malabar!,
"Mysore! and 'Vazhukks!



Figure 3

MALABAR MYSORE VA/HUKA

Figure 4



Pigure 5. Capsules of 'Mglabar!,
'Mysore' and '"Vazhukka'



Figure 5
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(1) The "length of panicle" was messured from the paint

9f tts attachment to the pasudostem, to the tip.

(11) The distmnces batween two successive racezes in the
proximol, mid and distal portions of each panicle were
measured snd the mean valus wes takon as the "length of

internade?,

{11i) The total number nf racemes were counted in each

paniicle gnd re:ordeds

(iv) 7The number of flowors per raceme was estimated by
counting the number of barrzn stelks of absclsed flowers

and the capsuleg,

(3) Eloral ghargctors

Fifty flowerswere selected from each cultiver at

rendom snd the foliowing absarvations were made,

(1) Length of padicel
(1) Length of flower
(111) Length of corolla tube
(iv) Length of anther
{v) Leagth of style
(vi) Length of filament
(vis) Number of ovules por ovaery and

(viii) Size of polien
| Observations (1) to (v) were made with a ascale and

recorded in cme Length of filament was seasured with
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an oqular micrometer at 16 x 10 combination of eys=plece
and objectiva. One ocular division at thls magnification
corresponded 9 10,01 microns, Humber of ovule§ paﬁ ovary
was counted undar a dlasection microacops by cutiing open
the sides of the ovary well and scooping out the ovules

nne by one,

Tha size of pdllen waa meesurad by collecting pollen
from flowers at antheails and ataining with glycerine aceotoe
carmsine. Pollen prains wihlch appeared normal and deedly
'5tainad wera taken as fertile and others as sterila, The
diameter of the fortile gralns was weasured using the
ocular nicrometer at 16 x 40 combination of soys-plece and
objective, At this magnification one ocular division
corpespanded to 2.41 microns, 100 pollen grains were

megsured at random in cach cultivar,

(4) Sgread of flowaring

Twenty panicles which are sbsut to start flowering
were selected in each cultiver. The nuaber of flowers
opending in each panicle was recovded every day from the
first to the last day of mthesis to amsess the spread of
flowaring,.

(5) ZIime of onthesip
The time and pattern of flowspr opening was studied

{a the three cultivars, Cut panicles ware used for making
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these observationg, Paniclea hgving three to four mature
buds ware detached late in the evealng ®1d kKept by inseris
inz the staik in water, conteined in glass troughs.

The differsnt stages of anthesls vare identified
tnitlally in a prelioinery observstion, Four distinct
stages ware ldentified, The tlme of gntnesls time was
studled, by obmerving the opening of flowers from 2 A .
oawards using a magnifying glasss end recording the time of

complaetion of each stage.

In gach sultiver 2% flowers balonzlng to different

- panlcles of adiffarent clumps wore obaarvad.

(6) Eergility of vollen

Pollen grailna wora cdllected from flowars at antheals
and stained with glycarine acetdcarmines, Thay were observed
under the microseope after about one hours. Those pollen
graina which appesred normal and deep purple stalned were
écored as fertile atrd thoge which ware brokea and lightly
stalned or unstalned were scored as sterile, The count
cf fertile end storile grains were taken in five different
fields per ellde chogen at random.' The obhasrvation was

Made on 20 glides ner cultivapr Drepared Zrom 20 flowers,

(7) Yiahiiity of onllen

in viten qulturing of pollen gralns was made in a

geraination medium cpntaining 20 psr cent sucrose solution



gnd 100 ppm boric aclid in egual proportiongs

Flowers were collected from gcach cultlver ab
rendom from 6 At 12 noon at hourly intervals, Follen
“gralas were acooped out and put 1 the gepaination mediuan
on o covar aslip. It was allowsd to rest om a cavity slide
as a "hanging drop", After adout three hours, the drop was
observed under a microacspe. Those grains which showsd
germinntion were tekien aag viable =nd thass which dild nat
as non=-viashle, Thon the percentage o2 viobility was wirked

out, The tast was repested for four days.
(3) Raceptiv £ atigm

Maturs flowar buds were emassulated in the evening
and soverad, Emasculation was done by cutting the tip of
the labsllum which projecis out in a mature bud. Ths bud
Wus opaned unﬁ the filament was cut and stasen pulled out,
Pallination was done on the next day at the specific hour

using pollen from othar cultivars or clumps and tagged.

Twenty flowers {five flowers par day for four days)
were 95111natad in each cultivar every hyur from 6 AM %o

12 nonn,

Tbé capsule éavelapéent in each pollinpted flowsr was
sheckod on the tenthi day after psllination and setting pers
centage was recorded, The nuabar of sesds per capsule was

aleo determined.
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(9) Hada of poliination

Tuy similar, well developed panlcles were selected
in each clump, One penicle was tagged as ‘open' and left
exposed £ar insact (honey bee) activity. The other paalcle
. was tagged an 'natural self' and kept in en ingsect proof
gage consisting of o bamboo frame coversd with nylon net
all around (Fig, 6 and 7). The flowers produced in each

panicle ware scored every day and labelled,

Tha shgervatiosn was made on 15 clumps pear oultivar

and in 32 pairs of panicles (15 open and 15 caged).

The capsuls produétton in each panicle Zor the
goored floweras was abasrved later, 4% maturity, these
capsules were harvested and seeds were extracted, Geraination
teste ware conducted on these seeds, Capmule setting perw
contage, nunber of geeds per cepsule and sead viability

were gstimnted,

(10) 3Self aterility

15 clumpa wors selsctad in each culiivar and five
panicles wore selsoted in easch clump, Five difforent types
of pallinations wers practised on the five panicles of each

olumpa

(1)- Penicle loft for open pollination
(41) - 7. Poanicle kapt for controlled asl€ pollination {which




Figure 6. Follination cage -« 1
(£or prostrate cultivar)

Figure 7. Pollinstion cage - II
(for erect cultiver)



Figure 7



was coversd by nylon not cylinder and the flowers
wera solf polliaated artificially).

{(i11) Panicle uscd for crossing with the second cultivar,

(iv) Pantecle used for crossing with the third cultiver

| {the panicles were covered and everyday the flowers
wers. crose pollinated using the psllen from the
particular mele parent). |

(v) Penlcles in which mature flowir buds were emasculated

aad coversd to detect any parthenogenesis,

In all the cases the flowers were eounted deily and
labelleds After 10 to 15 days, the capsule setting was
ubaarved. At maéurlty the capsules were harvested and the
seeds wers extracted snd counted. 3Seed viebility perceatage:

was aabtismated,

éeeds wers wéshed four to five timea in water to remive
the ﬁucilmggnoua contings Then they were rubbed with wood
ash and kept for ﬁfying in the shasde, After 20 ta‘zk hours
they were scariried by treating with coacentrated sulphuric
acld for two minutes and washed thoroughly for four to five

ninutesn, -

They wera so«n in petridishes over cotton wosl and
blotting papor.e The patridish, Llotting papers aand cotton
wool were sterilised in sn outoclave,  Watering was done

with sterilized water whonever accessary. After 30 €5 35
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days, germination was observed snd recorded upt> 90 days.

The percentage of germination in each case was calculated,

(11)  Stotistics) salvals
The data collected en tho three cultivars were

tohulatad and anelyaed statistically.

The nuzbher of shoobts and paniélas per clump, the
lengiin of penicle angd interasde _and the number of racemogs
par panicle end flowers par racome ware agnalysed using the
Nested classiflcation (Hierarchsl classification) as proposed

by Bllias (1967).

dnalysie of Vaviance for indlvidusl character

3ourez sl
variation af 53 M3 F
Variation bete 2
Eeei?u'_.&' e}asa a1 é%-:-’: ® = Sa Va Va/Vbe a
(o] vars ' i
Cuistia o g
within cule pleg =1
civar) 5 - CFP=3a = Sb Vb.a Vb.a/Vr

Within obsere
vations (within Ne==bi (Zabtracted value) Vr
plants)

Yotal [ syz-c?

Al gy WA PP e S S R -




Whore, *a"
fa
bi

4 1)
Sa
Sb
.Va

Vho& -

Vp

ata o0

Number of lavels of 'A' claasses
Frequancy of 'a’

Number of replications (obgorvations) in
a culiivar

Fraguency of 'b!?

Sum of squares for between cultivars
Sum of aquaraes for within cultivars
Mean square for between cultivars
Mean squars for within cultivers ead

Mean acuare for within clumps (plants)

pollen fertility were analysed according to the

propos=d scheduls for Completely Randomized Designs
(Pederer, 1955).

Anplysis of ¥arianee for individusl cherseter

Source of varistion af 83 #9 r
Total Tte1 S§¥ MST
Qulidivears T=1 sst Mst MSt/M3E
Error T( t=1) 38 MSy;

Where, 83p = Sum of eguares for Total

- Sum of asquares for cultivars

w Bun of asueres £or error
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msﬁ - HMegn stuare Dor cultivers and

18.. « Mean ssusre I[or ercir.

Al

Far floral chagracters the mran, standard daviation

snd cosefllcient of variation were worked out.
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RESULTS

Tha data collected pn the varisus morphslogical
featurss like nuumber of shoote and panlcles per clump,
panlcle cheoracters and floral morphology of the three
cultivers of cardamom were statistlically analysed, The
observations on the time gnd mechaniem of anthesis,
pollen viablility, stigma receptivity and self sterility
have also bean tabulated and analysed, The resmults are

pregoated bhelow.

(1) Sumher of shsots oer clump

The analyais of varience for the numbsr of shoosts

per clump 1s presented iln table 1.

Table 1., Anslysis of variance for the number of shoote
per clump (Nested classification)

Source ae 88 M5 F
Manths within
cultivar 6 250,83 48, 482 <1
Clumps within )
same month 126 12590.93 99,928

Total 134 13055, 73
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The 'F' values for cultivars and for months within
cultivars were not significant, Thare was no significent
difference between the three cultivars with respect to
the numbsr of shoots per clump, - The difference batween
the aumbar of shoosts per clump in the differsnt moaths
were also not significasit. The mean number of shoots per
clump during different months f£ar each cultivar is given
in table 2,

Table 2, Mean nuabar >f shoots per cluap

‘Month = Melabar Mysore Vazhuklea

May 39 &0 L2

June &4 43 39

July _ 4y 42 , 39

Meen 41,3 Me?7 39,0
{(2) N r of o nog

The analysls sf variance for the aumber of peinicles

per clump i3 presented in table 3,
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Table 3, Analysis of verlance for the number of panicles
par clump (Nestad classification)

Source , ae S8 s F
Cultivar 2 814,059 407 .03 8,01%
Months within
cultivar 6 304,945 5082 =<1
Cluaps within . ,
same month 126 13631.066 108,18
Total C 134 14750, 07

* Sigificant at 5 per cent level
The *F* valuo for cultivars was significsnt but for
montha within cultivar it was not significent, lience there
was significant difference between the three cultlvars wlth
regerd {2 panlicle production, The moan aunber of panicles

par* clump is- given in table 4,

Table 4, Mean number of panicles par clump

Month Mal abar Mysore Vazhukka
May 42 32 36

~ June i 36 36
July 38 39 37
Mem 40.3 3.3 5643

C'. D = 3.68
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It can thus be inferred that the cultiver Malabar
praoduces the macimum nuaber of panicles (40,30 per clump),
It produced significently larger number of panicles thm
"Vazhuk'?:a' (35.3) and '"Myzore' (34.3). The cultivars
Vaztukita and Mysore were on par in respect of panicle

© produaction.

(3) Lgnszth of osnicla
Tha analysis of variance for the length of panicle

is pressated in table 5,

Table 5. Analysis of varlance for thea leagth of panicle
(Nested classification)

BNk il D G2 MD T S 0 O 1D TN A TR (TR R TS WY SR S My By v (o ] TP Y o v S Ay S T

3ource af 88 | M5 F

Cultivars ‘2 3599,% 4293.5 28,75%
Between clunmps of

the same cultivar 9 13455 143,55 <1
Between penicles

of the apze clump 43 12133,40 252,88

Total 59 22083,80

Ay i 2 an gl L D0 B 40 S A S0 -uip b S S i aey 50 AP shE gl T T Tt M i ADS A Frh agl st

* Simificant at § per cent level

 The 'F' valuo for cultilvars was signi?icent, whereas
it was not signifilcent betuwees clumps of the asme cultivar,

Thus, there wae silgnlficent differonce “etwsen the three
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cultivars with regard to length of peaicles The mean
length of panlcle of each cultivar ix given in table 6,

Table 6, Mean length of pealcle {(ca)

Sy

Qultivar Clump I Clump II Clump III Qlump IV !Mdan

Mal abar 59.9 88.9 5G.4 572 58,1

Mysore 63,8 ) Tlels 5h2.8 1&5.0 QOQB

Vazhukka 76.4 68.3  7h4eO 60.9  69.9
C.D ] 8075

¢ *Wazhukka' hed the maximum length £or panicle (69.9em).
It wac followed by *Malabar' (58.1 cm) and 'Hysore' (40,8 cm),

(4) Length af pgnicle interapde

The analyszis of variance for the length of internsde

s preganted in tavle T.

Table 7. Analysis of variance for the lenagth of internode
{Hested classificution)

-y - o > ey > Koy g v Sy -y o O T w

Ssurce ag 35 M5 3
Cultivars .2 10812 0.902 5.089%
Batween clumps of
the game cultivar 9 1,502 0178 <%
Betwean pantcles of
the sama clump 48 17702 Cs 36875
Total 59 21.115

¢ Simificant at 9 per cent level
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The 'F value for cultivars waﬁ\signitlcant. while
betwﬁen clumps of the same cultiver 1t was not signlficant,
8o there was significent difference batween the three
cul tivars with regard to lsngth of interasdes The mean

length of internode in each cultivar is given in table 8,

Table 8, Mean longth of internode {cm)

g - S S AR W 4R S Nl

Cultiver  Cluamp I Clump IX Clump III Cluap IV Heen

Malabor ‘2.3 A 2.6 2,1 2.4

Mysors 2.2 .. 2.0 2.4 2.2 2,2

Varhltka 2.6 2,6 29 243 2,6
c.D ol 0.30

*Vazhukka' was on par with "Malabar' but significently
mora than  'Mysore', while 'Malabar' was on par with

t M}'EOPG' v "

(5) Hymber of vasemos por donicle

The analysis of variance for the number of racemes

per pgnicle ils gresented ian table 9,



Table 9, Analysis sf varisace for the aumber of raceaes
per pmiicle (Hested classiflcution)

Ssurce df 58 M3 rd
Cultiver 2 1432,10 736065 20.83%
Batween Glumps of
the same cultiver 9 219,10 2hy 34 1 31
Batwean penlcles |
of the same clump - 48 891.8 18458
Total 59 2563.0

% 3ignificant at 5 per cent lovel

The 'F' value for cultivars Qaa significent, whil@‘
betwaen elumoa of tﬁa pama eultivar It was npt signiflcont,
50 thare was significont difference botwesn the thras cultie
vars with regard %o the numbar of racanay per pmicle. The
mesn aumbsr of racaues per pDanlcie of eech cultivar is glven
in table 10,

Tuble 10, HMHean nusbar of racenes pel csticle

Cultiver Clump I Clump II Clump III Clump IV Mean

Malabar 24 22 20 25 2248
Myaore 17 15 16 20 17,0

Vazhuikka 33 27 aa 23 23

cOD b 3-53
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Amang the three cultivers, "Vazimitka' had the

naximum numbar of racemes per pmicle (29,3) followed by

*Malabar" (22.8).

Mysore' had the minimum mimber of

recones {17.0). It was significantly inferior to both

'"Vazmskiza' and "Malabar!,

(6) Humber of flowers ver pageme

The analysis of varisnce for the numbar of flowers

é@r raceme is pressated in table 11,

4

Table f1. Analysias of varisnce for the numbar of flowera
: per raceme (Nested classification)

Source at 88 M3 F
Qultivars prd 3205272 16.2652 2-32?4
Between clumps of
the sgmo culiivar 9 62,8316 66,9873 2,24%2%
Botween panicles : _‘
of the same clump 48 149.5290 341152 X
Total 59 2449478 4e1517

-

* 3ignificant at 5 per cent level

The 'F! value for cultivers was not sigalficant, whils

batweer clumpa of the same cultivar it was slgnificant. So

there was no significent difference between the cultivérs

with regard to the number of flowers per raceme,

The ﬁaan

nunber of flowers per raceme of each cultivar is g;venlin

table 12
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Pable 12, HMesa number »f flowers per rageme

S W e A P O ol e

Cultivar Clump I Clump'II' c;ump.III Ciump IV  Maen

] ol Wik i . A P, g -y -

Mal abar 10 7 9 9 8.8
Mysore 7. 7 6 7 " 548
Vazmuikcks 8 7 10 8 8,3
N harectae

The flowers of the thrae cultivars did not differ in
goneral morphology (Fig. 8)e The flowers are pedicellatey
zygomsrphic and blsaxugl.l The floéal parte are agranged’_'
in trimersus whorls, Membranesus bracteslies ancloae'the.
flower buds individually. Calyx is tubular or bell shaped,
nesbranesus, divided into three short teeith at the Tige
Corolla 1m tubular at the base sad is lobed at the tip into
three petals of pnle grenn colour; Androeclun congisting
of one stamen twd staminodes end one labellum is in adneaiop
to the corolla tubs. The stamon is inserfed dp the throat
of the corolla tube, It has a short filamént and twd> enther
lobas, hetween wilch is found a groove. The two sther
stanens pire represented by 'staninodes' locabted ét the basce
The most conaplcuous part of the flover is the 13539 central
11p (labellum) which ia placed dorsally, Xt is white colourad




Fimire 8, Flovers of 'Maladart,
*Mysoret znd 'Wazhukka®



Figure 8
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wiGh pinit or violet streake originsting from the centre,

It gives the false appearance of a petal snd 1s made of

three stomens, It covers the fertile stamen in the bid
gtage. The gynoecium consiats of s inferior ovary, filiform
style and a funnel sheped stigma, Overy le green in colour
and small in size, with three locules, Ovules are srranged
on axile placentation., The filliform style pacses through
the groove provided by the staman between its twp gnther
lobems, The stigma projects asbove the anther. The atigmatic
cavity is surrounded by cilinme o |

The data on bismatricel sbservations of the flower ara

given in table 13,

There was no difference botween the three cultivers
In the mesn length of {lower and the length »f different floral
parts guch as flower atalk, corolla tube, anthar ond style.
The length of fllonent was, bowaver, slightly different, Pollsn
grains of *Vazhukita' were slightly larger (90.35 microns) than
thonse of Myzore' (85.68 micronas) and '"Malabsr® (83.90 microna).

The numbar of ovules wore alsp the sane in the throe cultivers.

Pollen grains wore spherigal or ovel in shape with
small spines on the eiine, They apnéared as a white stlcky

| or powdery mass sccording to the prevalling savirsnmental cone

~ditions, This may be becmize of the spiny nature of the sxine

~ which made them cling together. In any ca:gs they did not get

~ separated into individual grains ond-were not oanried'away by

the~uiqd.



Table 13, Floral characters

" e b o
Halabar Myaoge Vozhuikka
gé' Characters , _
* ' Mean C.V. Hean CuV, Mean  C.V,
i Length of flower {eom) 5.040 - 6,37 5.000 728 5.020 6.70
i1 Length of pedigel {ecm) 0. 483 23,28 . 0. 402 22.67 Q. 432 34,78
£ii Length of corolla (caj 2.030 Ta26 - 2.130 4,86 26070 6.09
iv Length o2 filmment ‘
(microns) 890,033 11.87 823,328 10,80 858,457 B,ﬁQ
v Longth of anther (cm) 0.5599 H,20 0.600 Be 33 0,804 3B, 24
vl Length of style {cm) 2.320 5.27 2,830 7.67 2,300 ° 5.83
vii Dismeter of pollen '
gmicruns) 83.890 5y 35 85,680 25,93 90.350 41.61
vili Number sf ovules per
{)'vm'y 18 20.70 1? 16.51 17 15062

v
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{8) Soread of flowering
The nuabar of flowers opening on diZferent days

{18t to 85th day) in penicles of the different cultivars

iz given in table 14,

Y

The data indicate that the cultlvers Mysore and
Vaziukiza had protracted flowering and produced larger
number of flowers thaa 'Malabar'e 'Halabar! produced
572 Dowers in a parind of 50 days in 20 peanicles whereas
fiysore' and "Wanhukka' produced 1682 and 1399 flowers
rospectively in a perind of 85 days. Thus, the cultivar
Hysore pgroduced maximum number of flewers, 02 an average,
the percsatage of flowera opsning por dey per panicle in
'¥Malabar' was 2,00 end in *Myasosre! ond 'Vazmiitka' Lt was

only 1.18,

In *Malabar', 30 per ceat of flowering was over in
15 days; in "Mysore' it took 25 deys and in "Vazhukka'
30 days. A bigh psrcentage of flowcring was recorded from
the begluning itself in all the three cultlvars. It was
continued for a period and then reduced st the end of the
flewgring parind. Thero was no distinct "peak' in
flowering (Fig, 9).

(9) ZIime of mthesis
In cardamom flowors, snthesls occur during the early

hours of the day: The flowor buds which agre to open the
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Table 14, Spread of flowaring (number of flowers opening
on different days)

;ég : D;ya _ H;;.;ba; Hyso;e Vazhukka
Number % Rumber % - Number #
I 1 to5 107 18,7 107 6.3 110 Te5
IX & to 10 109 19,1 121 7«2 110 7.9
IIT 11 to 15 103 18.0 . 121 7.2 122 8.7
IV 16 to 20 88 15.4. 127 7.6 123 8.7
V 29 to 25 - 68 11.9 130 7.7 1% e
NI 25 to 3 43 7.5 124 Tels 117 8.4
VII 31 t0 35 27 4,7 130 7.7 105 7.5
VIII 35 to 40 13 243 126 725 95 6.8
IX &1 4o 45 1 1.9 110 645 97 6.9
X 46 to 50 3 0.5 118 . 7.0 90 Seds
XI 51 to 55 - = 10 6.5 93 6.6
‘XII 56 to 60 - - 103 6.1 71 5.1
XIII 61 to 65 - - 87 5.2 54 39
KI¥ 66 to 70 - - 72 43 32 2,3
W71t 75 - - 6 h1 2 1.7
NI 76 to 80 - - 22 13 15 1.1
XVII 81 to 85 - - 5 O &t 10 0.7
Total 572 100 1682 100 1%9 100
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noxt morning could be clearly identified in the svening
by iuir hood-like appearsnces Tha floral parts project
out of the membrancous bracteole and wee in a "swollen®
condition, The purple stresks on the folded labellun

could e seen through the {traaslucent corolla,

The mechanlgs of snthesls consigted of four stages,
in a1l %he three culsivars,

(1) Anthesis begen by the splitting opun of the two
latersl lobes of the corolla {petnls) to both

sides,

(;1) The second stage waa meried by the unfurling of the
lebelluwe, The ventral loba of the corolla facing
the labellum and holding it in = hooked oondlition

openg out and releases the labellwn,

(111)  DTbe labellum ppens out fully, The stasen with the
style end stlgma (which were kept as a unit) moves

evay frow the labellum and becounzs siralgnt,
(1v} The dehiscence of the snther,

The obsarvatipna on tine of anthesls are given in
table 15, The time glven corresponds to the completion
of each stage of onthesis. The beginning of the first
stage was erratic. It startsd from the previous evening

to about 45 ninutes before its complation,
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Table 15, Time of anthosis (Mean of 25 flowers)

- - " - - - d

Stoge Halabar Mysore Vaziukka

I stoge 4,25 MM 3.16 A 4,22 M
II atege 5. 40 M 411 AM 5.26 M
111 stoge 7.01 M 6,09 A% 7.18 M4
IV stage . 8.03 MM 8.22 N 8.14 A4

From the nbove obssrvation it could be ssen that the
cultiver Mysore was slightly early in flower épening at
all astages except at anther dehlscence, In that resgpect
it sppearsd %5 be slightly late. 'Malaber? and'Vazhuitkal
were alaost on par with ragard‘t: the time of anthesis
at all sisges.

{(10) Pertility of
The analysis of variance for the fertility of pollen
-ig prezeated in table 16.

Table 16, Analysia of varisnce for the fertility of pollen
' (Completely Rendomized Desigs)

- L 2 1 W ' el o

Saurce a¥f S8 M3 B
Total 59 4763.83
Cultivar 2 334,89 167.45  2.155

Error 57 L428,54 T7. 701

- - .
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The ’F'_value for cultivars was not eignificante-
Hence there was no significant difference hotween the
three gultivars, The meen fertility of pollen is pregsen=
ted In table 17,

 Tavle 17. HMesy fertility of pollen (%)

s il o

Cultiv _Mean - o8¢
ar fgrfégity Minimum (%) Haximam (%)
~ Hslaber 91,82  63.07 99, 40
Mysore 82.79 7532 ] 98,43
Vachuiika 83,36 i 65.91 99,73

(11) Viability of psolien
The in vitrp snalysis shawed that germinabllity of
pollen gradumlly increased from 6 to 10 AM in "Malabar®,

upto 1 A" in the other twy eultivara ané then decreased.
The meen germinability percentage of each culiivar at every
hour ip given ln table 18,

In 'Malsbar', the pollen germinability increased
rapl@ly'from 6 A1 and reached a peak of 80,25 per cent at
10 A, It them decreased %9 41,25 per cent by 12 noon.
In 'Mysore' the germinability showed a grasual Lacreage

from 6 M onwards, reaching a peak of 42,36 p@r'uent at




11 A% and then dropped to 33,18 per cent by 12 noon.
In the case of 'Vazhukiza', a similar pattern of gradual
increass in germinability was notlced reaching a peask
of 42433 per cent at 11 AM and then decreasins to 27.21
par cent by 12 noon (Fig, 10).

Table 18, Mean germinsbility of pollen (%)

- oy alew

Time Melabar Hysore Vazhukka
6,00 &% 25406 L 16,7 19,990
700 M 3. 44 35475 19,50
8,00 MM 03,66 34,30 21,38
9.00 4H 5%, 26 35,80 27,17
10,00 44 60.25 35,98 348
11,00 5356 . 42,86 42,33
12.00 Hoon 41,25 33,18 27. 21

-~ ok wln - =

The data alsv revesls thot the germination percentage
of pollen in the cultivar HMalabar is uniEorml} higher at
all the mtages of testing. In genaral, {t can he inferred
fhat the pollen grains showed maximum germinability betwesen
10 and 11 M In cardamon,

A comparative study of data on pollen fertility and
viabillty indicatea that all the fertile grains were not
vioble, ’I'?m fertility petcentages were as high us 91.82,
83,79 and 88,35 in cultfvoras Malabar, Myssre snd Vazhukka
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respectively, whereas at pegd viabillty, the percentages
of germinabllity were only 623,25, 42,86 and 42,33 in the

threa cultivars respactively.

(12) Regnntivity of stigma

The receptivity of stigsoa at the differsnt timings
is expressed as percentage af capsule setting and presented
in table 43,

Tavle 19, Reoceptivity of stigma (es darcentage of
- capsule eehting)

i il - =

' Tine
Cultiver -
6M TAM 8 941 10 M 1M 12 Noon
Malabar 30 40 40. 35 0 30 15
Myaore L5 3% - 50 b5 70 .25 35
Vazhukke - 20 25 . 50 35 15 20 25

el O - A RN ) ) W P O ey e apioan o un e e A vt W ) S R,

The data revesl thot in the cultivars Malebar and
Vazhukics, the stigna recoptlvity increased gradually from
6 &M reaching a peek at 8 M ond decreazed thereafter, In
the culiivor Myscre raceptivity showed an erratic behaviour.
In cultivare Melabsr and Verhukka, the movinmum percentages
of cepsule setting were 40 eﬁd 50-respeat1vély'wﬁ11e in
"Mysore! it was as high as 70 (FPig. 11).

The 2zen se2d set per capsule fs5llawing pollination at
each hour from 6 &4 to 12 noon in the three cultivars is

presented in table 20.
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Table 20, Mean seedset per campsule (Number of seeds
per capsule)

Pime

Cultivar : .
64 7 Al B 9 M 10 M 11 A% 12 Hoon
Mal abar : 15 14 15 14 15_ 15 14
Hysora G 4 16 15 16 13 15
Vazhikks 6 16 17 17 16 17 18

The data indlcate that thare was no difference in
seedset &t the differant hiours of the dzy eveathough the
recepilvity of stigna differed abt different hours, "Malabar'
had s @een number of 14,57 seods per capsule whereas 'Mysore!
had 14.71 seeds end 'Vazhukka' had 16,71 peeds. So it
could be inferred that the cultiver Vezimitka has high seed

set as compadad ©0 the other twa cultivars,

(13) Made of colinntion

Capsule asatiing, amced setting and sacd visbility in
'open' snd 'caged' panisles of the three cultivers are

presented in table 21.

Capsule setting in ‘opan' panicle was 59.42, 43.33
and 55.26 per cent respectively in the three oultivars

Malabor, Hysore and Vachukka, This was mich higher then
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the capsule setting percentagze of 'caged' paniclesof the
three cultivars (15,07, 16,39 and 2.82 for 'Malaber’,
tMysora' and "Wazhukka' respectively). The high capsule
setting in'open' panicles in comparioon to ‘caged' ones
clearly indicates that all the cultlivars are predominantly
cross pollinateds The low capsmule setting in the 'caged’
panicles might be due to zolf pollination through very
szall incscts like snts creoping into these cages,

Table 21 Cuantltative estimations on the msde of
pollination

“al abar Mynore Gazhnkﬁa

Observations
Ypen caged open oaged  opan caged

Nuzber af flowers 83 73 60 61 76 Y&
Humber af capsules 45 11 26 10 42 2

Copsule settin
{ percentage 55.42 15,07 43,33 16,33 55.20 2,82

Humber orlaeeda
per capsule ‘
( geed setting) 12.59 | 10.33 12,21 10.67 13.65 10.%

Seed viability
( germinotion 56460 55,73 46484 19,03 46,15 0

. percentage)

The megn number of seeds per capsule was the same
in *open* pgnicles of all the three cultivars (12,59, 12.21
and 13,65 for 'Malabar'!, °Mysore' ‘end 'Vazhuuka' respectively).
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Seed setting was similar in 'caged' penicles also

{1035, 10.67 and 10.50 for 'Halabar', "Mysors' end
*Vazhukka' respectively)s. The slight reduction in 'eaged!
ganiclaé @ight be Sue to the lack of sufficient polien
for effective fertilization,

Thare was no appreclable differencs between the three
cultivars in aseed vlability in the "open' panicles {55.60,
46,84 and 46,15 por cent for *Malsbor', *Mysore' gnd
'"Wazhukka' respectively). For the 'caged' panicles, seed
viability was 55.79, 19,05 and zers par caent in the thres
gultivars. The low sacd germination for "Mysore! aad
'"Vazhukiza® might be due to the very sauall number of seeds

wiiich wore avalleble for coaducting the geraination tests,.

(14) Self sterility
The data on the study of self asterility are given
in toble 22,

(1) Laomyle setting
Thare was no capsule getting under 'emasculation’ and
covering' in all the three cultivars, This indicates that

thera 1s no parthenocarpy in cardamom,

'Assisted solf pollination' reosulted in high caepsule
sotting In all thz three cultivars (66,57, £3.33 and 75.74

‘per cent for 'Malabar', 'Mysors' and 'Vazhukke! respectively),
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s
'

Moresver, the different cross combinations of the three
cultivars also showed high capsule seiting. The data
thus indicate the abgence 5f self or cross Lnsompati.bllity

in thesa cultivars of cardemdm,

Capsule setting was comperatively low in all the

thm_e cu_lti"é'ara under 'opén ballinati.on' yhare the panicles

were expogsd to lusect activity and 4o the natural meth@@
of polliinption. The capsule sejht:lng was 55.42, 43,33 and
55«25 por ceﬁﬁ in "Mzlaoar, "Hysore' and 'Wazhukka' rege
pactively, This might be dua %5 lack of adequate pollie

nation on' days of adverse environmaatal conditions,

(11) Seed getting

The data on seed getting indicates that there is no
parcthonsgenesis in cardamom as the geed setting on
‘emasculation and covering' was zero in all the three

cultivers,

The number of seweds por cepsule was not different
in any of the treatmont for the thrse cultivars. The
mosn seedset was 13.44 for "HMalabar', 13,61 for 'Mysore'
a1d 13.42 for 'Vaziuuka's |
(111) Sga@‘ viability

The data on meed Visbillty showed high veriasility

in the different troatments and cultlvars. .Sced viability

was very poor under® ‘asslsoted self pollination'! in
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conparison to normal 'opon pollinationf®, In cultivar
HMalabar, viabllity was as low as 6,78 per cent for
Yasslsted self pollination® and as high as 56,60 par cent
for %open pollination's In 'Mysore' it wae 9,33 par cent
andléﬁ.hﬁ par cent whereas 1n.'Vazhukka' it was 33,54 per
cant and 46,15 por cent respectively., Sead viability in
the different cross combinatlons wns alsd lover than that
under 'open pollination', In all the three cultivars
highest seed geramination was recorded undor 'open
QOIIinmtiﬁn'. Sead gernrination was low under aolf

poilinaﬁian end in the different cross combinations,
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DISCUISION

Cardamon 48 a crop in which a lot of natural
variation exists. In the sirict genses, each plant is
different from the other. Originally it grew as a wild
plant in ihe hi}ly forast areas, Healising the economic
importance thiz plent has been domeaticated in the
recent past, It is now grown on a plantation scale in
the high renges. LBventhough three cultivara viz., q
Halabars Mysore and Vazhukka have been recognised,their
diastinet faatures have nﬁt yet boen worked out,s A clear
understanding of the répraduative machanism in this crop
is olso lacking., Thore are csnfiicting reporvs on the
made of pollination end exictence of self sterility in
cardatom. A thorough knowledze of the reproductive
mechenisn is essential to initiate braeling programues
in any crop. Honee a detalled study was undertaken ab
the @ardanom Research Station, Pampadumpgra to understand
the reproductive mechanism in cardomom with speclsal

esphasis on the mode of pollination and sell sterility,

Purseglove (1975) in his general description of the
Plant states that 10 to 20 pseudoste@a ( shoota) per clump
are’ grosent, Ho significent difference was found for the

nurber of shoots per cluwp betwesn the thrae cultivars.



8o it could be assumed that the three culiivara are on
par with reospect to shoot production, It ¢ould also be
inferred that shoot production takes place actively by
the month of May, The shoot number did not increase
aignificantly in the subsoquent months.

Py 1¢]

. Highly‘significant differences cduld be seen betwaen
the three cultivers in the number of panicles per clump,
But within each cultivar, ﬁhe aumbapr of panlcles were the
same during different months, Maxizum auabzr of panicles
was praduced by "Malabar's. The other fwy cultivors were
on pore. Since the number of shoots pradgced by the three
culﬁivars was 2qual it can be inferred that the cultlivar
Malabar produces o lerge number of panicles in relation to-
number 9f shooto. There was no significant increase in the
numbar of penicles during the pericd from May to July,
Pattanshetty end Prasad (1972) end Parameswar {1973) on the
other hend, have reported that most of the panicles emersge

during tha gost monsooa sad winter seasin,

. Length of penicle differed significantly in a@ll the
cultivars, Such differenceswars not sigificant between
clumpa of a cultivar, Hooskor (1334) end Gamble and
Fischer (1935) have reported that venlcles are upto two
feet 1ong which may be erect or prostrate in the different
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cultivars, According to Purseglove (1975) panlcles in
" cardamsym were 60 to 120 cm long in general and in the
culiivar Mglabar they were batween 60 and 90 cm in
length, Howsver, in the present study, the penicles of
Wazhuitia' had the maxiom leagbh (59.8 cm) which was

Drilowad by 'Malabar' (53,1 o) aad 'Mysore' (40.3 cm),

The internodal lenghth of panlole was significantly
differant n the cultivers, The length in "Vazkika'
wag on par with that in Yialabor' which was oa par with
Hysora's *Waziukks' mud 'Myosora® differed sigmificantly
in this respect, The length of psifcle seems to have a
direct influence on the leagth of intarndds also, as the
cultiver having the Losngest panicle has the maximam leagth

t

nf Internyde and vice veraa.

The numbayr of racemes per panicle also differed signi-
Licaantly in the three cultivarse But there was no sigifie
cant difference betwesn the different clumps of the same
cultiver, 'Vazhukica' had the maximum numbec of racemes por
panicle followed byr'ﬁalbbar‘ and 'Mysore’, The latter twn'
cultivara ahowed sipgnificant difference betwgen themselves.

With respect to panicla characters, '"Vazhukka' gsems
to be the best cultivar, The long internsniss are compene
galad by long paenicle and more number of racenes peor

panicla, 'Ha;abar' gsamns to be intermediate followed by
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‘Mycore's. The panicle charccters ﬁsually have & relation
with the yloeld potentiel of the cultivar,

The number of flovers par racem2, was not significantly
different in the cultivara, But the different clumps within
@ cultivar showed signifleait difference. Thz meen numhor
of flouzrz pot* racane ~§as: 328 for 'Maolabar', 6.8 for

"Mysore' and 5,3 for 'Varhukka's

Elocel morobology

The flowers of the three cultivars did not differ
quantitatively ns woll as qualibatively, The length of
flowarwas 5.04. 500 gad 3,02 en in cultivars Mal abar,
Hysoré and Vazhukka respsgtively. However, Puttanshetty
and Prasad {(1972) and Purseglove (1975)'Pa$0rtad‘that the
length of flowar in cardemom is 3.7 and 4.0 ¢n respectively.
The stalk. of the flower was . 0,483, 0,402 and 0,432 cm
long in the three cultivars, This ls in conforaity with
the report of Pattanshetty and Prasad (1972) that the memn
length nf flower stalk of prostrate veriety was 0.5 ca.
The mean lengths of ¢orolla tube Qas 233, 2,10 end 2,07 cn;
of filazent was 890,11, 328,8 =nd 858,5 microns, of anther
was 0,599, 0.600 and 0,804 ca in' "Melabar?, "Myssre! and
"Vazhukka'® respectively. Pattansheity and Prasad {1972},
however, have reposrted that snthers were on an average

D.7 c@ long in the prostrate variety., The moan length of
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style was 2,92, 2,89 and 2,90 cm in 'Malabart, 'Mysore!
and "Vazhukita' respectively, The number of ovules per
ovary ' was 18, 17 and 17 respactively in the three cultie

vars.,

Pollen grains were largest in "Wazhukka' (90,35
picrons) and smallest in 'Malaver' (83.90 microns), This
is not in agreement with the. report of Venugopal and
Paramogwar (1974 b) that bollen gralns of the erect type
were the larzest snd those of the gemlesrect were the
szalleste The pollen grains were spherical to oval in
shape with small spines on the exine, They appearsd as
a white stlicky or powdery mass according £o the environe
mental conditions, These observations are in pgreement
 with the reporta by Pattsmshetity snd Prasad (1972),
Parameswar (1973) and Venugopal end Parameswar (1974 b),

As stated earlier, thore is no diffsrcnce hetween
the threa cultivars in floral morphology such as colour
and shzapes Als#o in quantitative aspects such asz length
of the flower stelk,corslla tube, snther and the style
and in the number of svules per ovary there exists no
ditference, But in the length of filament and dismeter
of pollen grains there (8 a alight differencs between

the cultivers,
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 Mthests
Plowaring was more pratracted in cultivars Mysore
and Vazhukka than in Malabar. It was almost complete
within 50 days from first flowering in 'Malabar', but. vas
pralonged upto 85 days in "Mysore' and "Wazhukka', This
" is a9t in egreemeat with the report of Pattanshetty end
Prasad (1972) that Llowaring in the prostrate variety
erossed 75 per cent dupring the months of June o Magust
and the total duration of flowering was slx months from
Moy to Octobers Perameswar (1973) end Parcueswsr end
Veaugpopal (1974 c) however, reparted thaf flowering was
obsarved throughhut the yveers under Mudigere conditions,.
The difference in flowering peitern c¢cen be dus o the

ciinatic dlfference at HMudigere and Pampadumpars.

Ho distinet ‘peakt' for flowering was dbserved in the
panicless In 'Malabar!, at the beginning, the percentage
of flovering was 18.7 which came down graduelly to 11.9 by
the 25th day and further to 0.5 by the 50th day. In |
- "Mysore® and "Vazhukka' where a more protracted patfern was -
ohserved the rate of flowering was almost constant at
645 10 7.0 per cent upts the 55th day of flovering. This
was reduaced t> Q.4 and 0.7 per cent respectivelyAby the
85th day,
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The mature flower buds wara in a cmpact conditlon
on the previous evening of opening., The mochmisa of
flowar apeaing in cardamom was fsuné .to involve the

following four distinct ateps,

(1) Splitting open of the twd lateral 1lobes 0f the
corolia (petalal.

{11) Unturling of the labelius following Lia rolease by
 the petal which holds it fn & hooked condition,
(11L) Opsning of the labellum fully followed by ghe
stroaightening »f the stanen with the siyle and
A1 o, '
(1v) Dehiszcence of tﬁa anthals’

Thess observatipns are in agreement with tha peports
of Pattanshotty end Prasad (1972) snd Pareacswar snd
Vemugooal {1574 c). '

The firast ithree atapes of aenthesls were gompleted in
tlysove' slichtly earlier-ﬁhéﬂ in "Malabor' and 'Vazhukke'.
But the xey process »f anther dehlacence oceurred aloost
at the same time in all the thrse qultivérsﬁ Anther
dehiscence took place at 8,03, 3,22 ond 8,14 @1 in 'Halabar',
"Mysore' md "Wezhuuka'® respectively, This is ia general
agresseant vith the report of Parameswar gnd Venugopal
(1574 o) that onthesis in cardamon comzenced between
3430 and 4,30 M1 snd contimued £411 7.30 M, Anther
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dehiscence was reported to be maxfmum between 5.30 AM and
6.30 AM and aftor 7.30 A4 there was no dehigcances at all.
Howsvar, Pattanshetty and Prnsad {1972) resorted that
fTlower opaning in the prostrate verloety Legen =t 4,30 M
ond anther dehiscence took place at 6 M. Jose (1980)

Baw als? resorted that flower opening started by & M and
attained a peak by 7 AM.

Plower opening and anther dehliagence are highly
influenced by the climuatie conditions asuch as temperature,
humidity and sunshine, Henco, the differencs in the
fimings sgported by previous workers from that sbasrved
in the present iavestigation could be attributed to chenges
in one o5 nore of thece factors due to change in logation

of study asnd posalbly time algo.

Tae msaﬁ pollen fertility percentages ware 91,82,
83,79 =nd 89.36. for 'Malabar?, '"Mysore' and *Vazhukia'
rospactively. No signiflcant dlffersnce was found between
these eultivara in fertility of pollea grains, Thase
‘obsarvations are in conformity with the reports of
Vermnignosl snd Parameswar (1974 b) that the pollen fertie
1ity porcentages were 92,00 and 82.64 in asmiesrect and

eroct typesn reapectively.

The germingbility of pallen grains increased
grodually from & to 10 A1 in "Malabar', upto 11 AM in the

other two gultivars and then decrzased., The maxioum
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gerainability in *Malabar' was 60,25 per cent at 10 M,
In '"Mysore! and "Vazhukka' it was at 11 ™M with 42,86
and 42.33 per cent respectively., FEamergence of pollen
tube could be generally seen within two hours of dusting,
It may be 1nferred that the pollen grains of 'Hyssre' and -
'Va"hihka’ have low germinability in comparison to those
or 'Malabar', This obsorvation on the gevmlnability of
pollen grains of the prostrate cultivar (25.06 to 60.25
per cent) does not agree with the preport of Pattanshetty
a1d Prasad (1972) that the percentage of germination was
75 to 0.

The present obaservations indicate that fertility of |
pollen estimated by acetocarmine stalning technique cennot
be tTaken ag a‘;eliabte index 0f viabillty since the maximum
fertility was 99,40, 93.43 and 89,78 per cent in "Malgbar',
*Myoore' and 'Vazhuhka! respectively as againat the maximum
gorninability of 60;25. 42,86 ané 42,33 per cent for the

_three cultivara, These observations are in asreement with

the reports of Paremeavar (1974) snd Perameswor ond
Venugopal (1974 b).

Receptivity of stigma showad 2 regulor pattern for
"Molabar! aad 'Vazhukka' from 6 A1 t0 12 noon. The per=
centage of capsule setting inoreased upto 8 M and then

decreaszed slowly. In 'Mysore'!, 1f showed an Lrregular
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pattem: withoutaclear trend. The observation on the
cultivar Malaber i3 in conformity with the report by
Pattanshetty and Prasad (1972) that flowers bave maxliman
receptivity during the moraing hours, They obtained

51 %5 61 per cant capsule setting when pollinated 1n_the
marning. In the prasent atudy the nmaxinmun éettlng was
4o per cent at 7 and 8 MM, The setting was reduced o
15 par cent by 12 noon, This is in agreemeat with the
raport of Patteonshetty and Prasad (1972) that capaule

setting was as low as 13 per cent in the afteracon hours.

Thers was no slgnificqnt aiffaronce betwean the

thrae euliivars in the mesn number of seeds Jer cupsule -

/‘-‘-

at tha different timings of pollination. Thlg,shﬁwa that

if the stigma is receptive, normal ueedsgﬁ/%akas place

~

irrespective of the tine of pnllinaﬁion; Also 1t was seen

that the mumber 5f seeds per capsule was slightly higher
in *Vazhukika'® sa compared to 'Malabar!,

Polligation -

The capsule setting percentages were 55«42, {3433

and 55,26 in 'open' panicles of "Malabar', 'Mysore' and

Warhukka! respectively whereas thay were only 15,07,
10439 and 2,82 respectively in the 'coged’ panicles. As
the cmpsule set was congiderably higher in Yopen' polli-

nated panicles than in the 'caged' panicles the crop is
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predominantly a cross pollincted ones This in in oo
foraity with tha reports of Pattenshetty and Prasad {(1972),
Parsmegvar {1973), Purseglove (1975}, Shanker and Kumaresm
(1979) and Maghusyodanan gt 21.(1931). The cross poliinated
nature of the ¢rop is predomlnantly due to the speclal
morphologleal featura of the flower that the stigna is
placed wall above the anther lobes sad that the ztigmatic
caviity 1ls surrounded by cilla, This necgeagsitates the

involvement of on eiternal agent for affecting polliaation.

 Similar coaclualons were drawa by Pattenshetty and Prasad

(1972).

The cross pollinated nézure of the crop can alao be
attributed to the large size of the pollen gralnz and their
occurrence an a sticky mmsge. This makes difficult the
transfer of pollen to the stigeatisc surface during anther
dehiscence, Moreover, the panlcles sre so close to the
ground, asvecially in *Malabar' that wind will not ba
intonse around that area to enable the natural trasnsfer of

pollen grains from anther to stigmae

S»lf pollination was rocorded udio g small extaut
suah s 15407, 16,32 and 2.82 por cent in 'Halobur',
Myaore! md "Wazhukka® respectively in the pm»ected
panicles. This might bae due t> the movesent of crewling

inaoets sueh as ents and lLice which have gecess to the




absve panicles even under gaged conditiones,
Madhusaodhanen gt gl. (1981) have also repsried that
there {s ¢onaiderable amsunt of azlf poliinaztlion by way
of geltansgemy.

Seedset per capmule was 12,59, 12.21 and 13,565
in "Malabar', 'Mysore' and 'Vazhuika' respectively, in
topen' panlcoles, whoreaa it wam 10,33, 10.67 aad 10,50
respectively in protected paniclea, The slight reduction
in geedset could be attributéd %o the lack of sufficlent
pollea for effective pollination,

The seed visbility estiwates for ‘caged' as well
as 'open' penicles have alsd> shown different trends. It
vas 50,60, 45.8L and 45,15 per cent respectively in
'"Malabar!, 'Hysore’-and'Vazhukka' for 'open' panicles
a3 againat 55,79, 19,05 end zerd per cent respectively for
'caged‘ pantcles, The low perceatage of germination of
gelf pallinated‘seeda of *Mysore' and '"Wazhukka' (19,05
end zers per cent raspectively) can be attributed to the
lackt of sufficlent seeds for the ezperiment (only 10 and 2
capsulies were available for the triagl in ‘ﬁysore' and
'"Vazhukka' respactively) due %o the poor capsule setting
under self pollinafion,

The agent involved in the cross psllination was
inferred to be the honey bee as there was hlgh bee
activity in the flowaring scason during the morning hours
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avound the clumpa, Mareavev,Ptha protected panicles
which were actually covered by a nylon mesh ayliﬁda;
could Reep put only large flylng insects like the bees
" aad such flowars showed low capsule setting, These

' observations are in conformity with the earlier reports
by Pattansbetty and Prasad (1972), Parameswar (1972),
Pattanshetty and Prasad {1974) and Parameswar gt snl.
(1978)s However, Jose (1980) had reported that glent
rock bees (Anig domegbige) wers the primary agents of
pollination and haney besa (Anlz indicy) were oaly

secondary ageants,.

Self aterility

Sarna end Viswsswara (1959) ond Purseglove {4375)
have repsrted the pccurrence of éelf starility in carda=ocme
Shankar 2% al. (1981) have }égaéted that thers are differe
ent 'mex forme' raaging froa pertially law-compatible to
completely eonpatible ones, Capaulé seftlﬁg'percanﬁaga was
zero after emasculation and.cavering in éll the three
cultivars indleating that there Ls no parthenscarpy in
cardomm, It cai be inferred that thy low capsule set
obtalned in protacted panicles 2f 21l the thres cultivars
was purely due to salf pollination assisted by crawling
insects,

Capsule satting percentage under "spea' pollinstion
wera 53.42, 43,33 and 55,26 in "Malabar®, Mysore and
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Wazhutka' respectively, But these pergentages were low
1n domparisen to the capsule setting porcentages of 66,67,
6333 sl 70,74 Lfor the three cultivars respactively,
obtained after ssaisted aelf polllination, These observate-
ions rule out the possibility for the sccurrence of aeclf
ster;lltyﬁin cerdansm, Slimilar conclualsns were drawn by
Pattenshetty end Prasad (1972) ia the prostrate cultivar,
where capsule getting under z21f pollination was as high
as 69 por cent, Shankar sad Kumareas (1§7§). Jose (1980)
and Hadimasoodens gk al. (1981) hove alao reported that

there is as aself sterllity in cerdswon,

High percentages 5 capsule setting were obtained
in all the alx cross comblnations bhetween the three cultis-
vars, the nedoun being 80.85 in *Vaztniilks x Malabar'! end
the minlmun belng 60,922 in 'Malabar x Vazhukka'; Th-se-
resulis tharasfore indicate that, there is no cross income
patibility in this crop. |

Estimates of the numbor of gseeds per capsule were
almogt similar in 21l the treatuents and raaged from 12,21
€9 14452, This conflras the absenes of any gsclf of cross
lncampatiﬁtlity in the crop.

The percentages of seed germination in the different
treatnents showed high vari-tion, High germination percen=-

tages were recorded under "open pollination' in all the
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three cultivargs, Cowparatively low germination percente.
ages were shown by the seeds vader ’asslsted self
p&lllnatien' agpeclially in 'Malahar' and "Mycora', Saoecds
of the cross "Wazhukika x Malabar' exhibited low germinétian
percentage in aspite of high seed setting. This might be
attributed to 'facultative parthenaéenesis' whaere unfertie
lized ovules develop under the stimulus of pollinastion or
hybrid imviab;lity where the hybrid embryds fail to _
gerainates This aspect however, needs further detatled

investigation,

The present study indicates that although the
three culgivara are similer in nany aspects, thay as well-~
‘show gone diseimilority in cortain features. ‘'Vazhukika'
seems to have panlele cheracteristics which leed ©o higher:.
capeule production and esnsequently increased yield. Thé;:\
is essentially no difre?enca betwoon the three cultivars
in florel morphology. In pollen fertility, germinability
atd atigma recepilvity alss, the three cultivars follow
almoat g simiiar pa;tenn. Mnthesis Occurs in tﬁe eariy
moraing in cardemom. The crop 1s predominantly cross
poliinated snd the agent is honey bee., The study also
revenled thsat there is nelither aslf sterillty nor |

parthenscarpy in the three cultivars.
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SUMMARY

A atudy on the repraductive mechanism.-in cardasonm |
was undertzien in ﬁhe thiree popular cultivers viz.,
ﬁulabar, Mysore md Vazhukka, Fileld studies wore condue
cted at the Cardemom desearch Station, Pampadumpara aad
laboratory studles at the Collegae of Agriculiurae,
Vollayand during 152%7. Planta true to type in each of
© the thres cultivars vere selected at random. Observations
were made on floral morphology, tine and mecheniam of
anthesis, polisn viability, stigma recaptivity, mode of
pollinitinon and aelﬁ starility. The dete ware analysed
statistleglly and results interprated.

There was n9 signifizant difference bokwaen the three
cultivars in the number af shonts per 6lumpu But, the
nuaher of panicles par clump was higher in "Melasbar' then
in 'Mysore! and 'Vazhukka', This Indlcates thet "Malabart
produces mﬁre nurbher of poaiclaes per sheot than the sther

twd cultivars,

The penicles of 'Vazhukia' were slgnificantly longer
then those of other two cultivers. 'Mysore! hed the
shortest panleles, Length of panicle internsde was
slgnifieantly more in *Vazhukka' then in *Mysore?,.



71

"Malabsar? was intermediabte, 'Vazhukka' produced signie
ficantly more racemes per panicles than the other ~twd
guliivers, 'Mysore' had the mialmum rumber of racenes
per panicls. The number of fiowers par racene was nostly

the sane in ell the three cultivars,

Tha ocultivars did not differ significontly with
respact L9 generael floral worphology suoh as colour and
shape., Thay alsa did not differ in cusntitative aspects
such as leagth of flower and floral parts. The dlsmster
of pollen gralns in the culiivars was alichtly diffesrent.
The pollien grains ware aphagﬁmal to oval in shade witﬁ
smallraptnes on the exine, They appesred ga a white sticky

or powdery mass accoradiag to the environmentsl conditiona.

"Thg period of flowering was ashortest with 50 days in
"Malabar' ag ¢ompared t5 the protracted flowsriag of the
other two cu1t1Var§ with 85 days. %ha r-te of flowering
was almost unilsorm upts twoe=thirds of the flowsring period

angd dropped later,

The secheailsh of flower opening was similar in all
the three cultivsrse. It consists of four stoges,

(1) Spilitting open o5f the two lateral lobes of the
corolla {petals). |

(11) Unfurling of the labellum following its release
by the ventral lobas of the corolla; which holds it
in a hosked condition.



{(111) Opening of the labellusm fully and stralghtening
of anther along with style and atigma. '
{(iv) Debiscence of the snther,

The first thres stages of sutheais weare completed in
"Mysore' slightly esrlier than in "Malabar® and 'Vazhukikal,
But the key process of snthesis viz., the dehiscence of
gnther took place almost st the same time in all the three

ultivors and was hetwesn 8,03 and 8,22 AM,

Pallen fertility as indicated by the scetocaraine
staining technique renged from 89,36 to 91,82 per ceat
in the three cultivars., Thore was 1o significent differe
ence between the three cultivaprs in fertility of pollen,
Pollen geralnability increassed gradually from 6 to 410 AM
in "Malabart an:d upto 11 AH in '"Vazhukka' and "Myasre!
and thereaftor decreased, '"Malabar'! had cmﬁparaf.wely. high
gerainability than the ather twd cultivara, It wag inferred
that the acetocarmine stainlog technigue 1s not a reliable
mothod of estimating viability of pollen as all the grains
stained in the acetosarmine technlque did not germinate,
The receptivity of stigma astimated by capouls setiing
percentage was found to lncrease from 6 A onwards reaching
a pesk at B ﬁf’ and decroasing thereafier, in 'Malebar! and
Warbukicats In YMysore! atigma receptivity exbizitad an

irregular pattern. There was no differ'enca in numbor of
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lseds per capsule at the different hours of psliination in
spite of differences in the percentage of capsile setting,

i

Carﬁamom was found to be predominantly cross
polliinated and the chief agent involved was inferrsd as the
honey beas, The morphological fratures of the pollen grains,
the placament of stimma absve the mither lobes ond the place=
nent of ronlicles near the ground level might have faclilitated
eross pollination. Thers iz no perthenncarpy ln‘tha thrae“
cultivars, Self or crogs incompatibility is abscont since,
artificisl s2lfing and the different cross combinations gave
high capsule setting. The sced setting was also found to be
very much almilsr in the different treataents further confirme
ing the abaenge 2f azolf aterility or cross iﬁcsmpatibility.

. However, the geed viability percentages correaponding to
different treatments showad high varisbility. In all the
three cultivars the 'spen pollinated' sceds showed high gerni-
nability while the seeds from asalsted self polliingtion in
'"Malabar! sad 'Hysar;' and those of the cross 'Vashukka x
Malabor! showed comparatively loaw germination, This ghaere

vation needs further detalled Inveatigation,

The prosent study has ravealed that the three
cultivars of cardamsm though similer In any morphologlcal

aspacts, are different in respect of o faw charactses.
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"Wazhukita' sesns to possess panlcle characteristica which
favour a higher yleld of capsule, Horesver, there is no
appreciable difference in {loral morphslogy, pélled fortility,
viablllity and stignma receptivity, Anthesia occura in the
‘early hours of the day almost at the same times The crop is
bredaminantly cross pollinated gnd the ageatas are inferped

to be honey beeg. It was alsp inferred that there is

neither palf storility nar parthendowrpy in thase cultivars

of cardamom,
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ABSTRACT

The study on the reproductive nechanisgm in cardemon
was undeptaken at ths Cardaemom Research Station, Pampadun-
para in three popular cultivars viz., Malabar, Mysore and
Vazhukka, Labzratory atudies were conducted at the

College of Agricultura, Vellayanl.

Different morphoslogical characters of the panicle
end flower, spread of flowering, time snd mechenise of
anthesis, pollen viability, stigma roceptlivity and self
sterility were studlsd, The three cultivara woere critically

czpared with respect o each of these characters,

The cultivars were found to have mostly similar
panicle characters and £19r91 aorpholagsy. Thore was no
diatiﬁct peak in flowerling in the cultivars. In *#alaber’,
the period of flswering was shorter than in the other two
cultivars, Antheals in cardacsos was found to occur Iin the
early hours of marning, The mechanism 3£ £lower opcning
involved four distinct but overlapping stages beginaing
with the opening >f petals and ending with dehlscence of
anthers, The first throe stages of zathesis in "Mysore'
was conplated slightly earlier thea in *Malaber' aad

"Wazhukika®, But anther dehiscence scourred almast at the
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aone time, Pollea fertility by acetocarmine technigue
was high, The germinability of pollen was high in the
gar'ly hours of the day and decreased by noon, Stigma T
receptivity was alsd high In the early hours of the day
and decressed by noon, in 'Halabaré and YWashukka',
However; "Mysore' shawed sn irregular pattern as regards
stigna receptivity, | ‘

The crop was predominantly crass pollinated end the
chief agent involved i1s Inferred as the honey bee, Tha
morphologleoal features of the pollen grains, the placement
of atigma acove the anther lobes snd the placement of the
panicles near the ground might facilitate cross pollination.
S21f poliinetion was found ©o0 occur on a small scale with
the help of crawling ingects like antz ond lice. Tho sced
setting, however, was lower in gell polliazted capsules.
This might be due o the lack of sufficicnt pollen grains
for effectiva fertilization of all the ovales.

The results indicated that there is no parthenocerpy
in cardamom and that there is neither self asterility nor
cross incompatibillty, Seed setting was found to be very
much gimilar in the different trestments such as open bolll—
nation, artificlel s21f pollinatlion and controlled aself
pollinaticn., Howaver, sseé viability in the differant self
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and cross conbinationa showed diffsring trends.
Incidences of 'facultative parthenogenesis’ or *hybrid
taviabllity' cen be suspacted, Hswevar, this neads

furdthsr more detalled investigation,



