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cavity was fu ll o f secretion which gradually dried up 
in th© evening. This shows that tha re captivity is 
raaKiaum in tha morning, This was confirmsd by the per
centage of capsule setting obtained by hand pollination 
o f flowers during tha different hours o f  the day. Flowore 
pollinated during forenoon hours gave high percentage of 
fru it setting (51 to 61 per cent). Flowers pollinated 
late in the afternoon gave a poor setting of 13 per cent,

MaMg^f_aoI3,-inetio,n

Purseglove (1975) reported that cardamom is  a 
naturally cross pollinated species, Shaaknr end 
Kumeresan (1979) also reported on the same line, 
Fattanshetty and Frasad (1972) stated that cardamom is  
cross pollinated because o f the very structure o f the 
flower, whore the stigma is  Placed well above the anther 
lobes and which is surrounded by cilia* Paramaswar (1973) 
also reported that cardamom is  invariably cross pollinated 
by insects, Hadhusoodanan at al. (1931) reported that 
although considerable amount of se lf pollination occurs In. 
cardamom by way o f geitonogomy, i t  is  principally a cross 
pollinated, entomophiloug crop. Under open pollination i t
i

had 54.55 psr cant fru it setting while by natural aolf 
pollination i t  had only 7,14 per cent fru it setting.
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Jtoaa£-a.£^Balliaatlaa
r

Pattanshctty and Prasad (1972) reported that honey 
bees are the principal agents of pollination. Bsc-free 
panicles had only 11 per cent fru it set as against 30.66 
per cent in the cas® of panicles open to bee activity. 
Parssmwar (1973) also reported that cardamom is  pollinated 
by insects* especially honey bees.

Pattonshetty and Prasad (197*0 reported that flowering 
panicle* o f  the prostrate type o f cardamom were often 
covered by a layer o f fallen dry leaves from shade trees 
which were not removed until harvest tlms. When these 
panicle* were exposed at flowering time* the average number 
o f capsules per panicle has increased from 2.1 to 27*4 due 
to Increased insect activity. P erases war (1978)
suggested that by maintaining boa hives in the cardamom 
plantation* the percentage o f pollination end in turn carda
mom yield sen be increased* Jose (1980) reported that giant 
rock bees (M is  daneatloa) are the primary agents o f polli
nation in cardamom and the Indian honey bees ( Aols indlca) 
are the secondary agents*

Sal£-sterility

fher© are conflicting reports on tho occurrence o f 
s ter ility  in cardamom* Sanaa ®ad Visweawara (1969) and 
Purseglove (1975) have reported salf s terility  in the crop*
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Patfcanshotty end Prasad (1972) based or their study o f the 
prostrate type* on the other hand* have reported that 
cardamom is  self compatible as they obtained 69 per cent 
fru it get on self pollination* Shankar and Kumaresan (1979) 
opined that there is no self-incompatibility in cardamom 
but due to its  flora l modificafcion i t  needs an agent for 
pollination, Jose (1930) reported that there is  no self

s

ster ility  in cardamom* oventhough cross pollination ia the 
rule* because there was 100 per cent fru it set when arti
f ic ia l  se lf pollination was 'done.

Kadhuaoodstian ,gt (1931) have reported that there 
ia considerable amount o f se lf pollination occurring in

i

cardamom through geitonogamy. Also the crop ia self com
patible aa proved by a rtific ia l se lf pollination where 
fru it set %ms 70.59 per cent* Shankar ^  (1931) have
reported that there are different sox forms in cardamom, 
which have been evolved through the years o f evolution from 
the purely yegotatively propagated form to completely 
sexually propagated form. I t  ranges from partially incom
patible to completely compatible form.

Usually cardamom seeds take 8 to 10 weeks for ger
mination# Earliness in germination can be induced by 
adopting different methods o f seed treatment#
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Kololgi (1973) reported that germination o f
cardamom seeds was better when sown in a plastic houae 
maintained at 23 to 26®C and 33 to 99 per cent relative 
humidity. Germination further increaaed when seeds were 
pretreated with concentrated n itric  acid for five  minutes. 
Reddy e t-s i. (1973) reported that treatments with n itric 
acid* acetic acid (25 per cent) and hydrochloric acid 
(50 per cent) for ten minutes each were found to be better, 
giving 97.6 por cent, 93.9 par cent and 91.5 per cent germi
nation respectively. Prasad at .al.(l97fr) reported that 
treatment o f freshly extracted cardamom seeds with concen
trated n itric acid for five minutes aignlficantly improved 
the germination.

3ulikeri and Kololgi (1977) on a study of v iab ility  and 
treatment effect on carda:som seeds reported that seed treat
ment with n itric  acid at 25 per cent for ten minutes markedly 
increased germination* Old aoede when kept as capsules gave 
germination of 26 par cent as compared to oris per cent for 
old seeds kept as seods. For fresh seeds the germination 
was, however, 66 per cent.

Fattanshetfcy &U (1973) reported that cardamom seeds 
germinated well upto four months o f storage, and thereafter 
germination decreased considerably. Their results also showed 
that treatment of seeds with organomercurial3 and storage in 
air tight containers led to reduction in germination.
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MATERIALS AID H2THQD3

I . MATERIALS!-

Three popular cultivars of cardamom v is ,# Malabar, 
Mysore and Veszfcukka vara used for the study conducted 
during 1981 at the Cardamom Research Station, Panapadusapara*

The salient features o f the cultivars are given
below!

(1) Malabars Plants are of medium, height. Leaves 
ore 30 to 45 cm long and short patiolad. Lower 
surface of loaves are pubescent. Panicles are 
prostrate which tra il on the ground# Flowers 
have long pedicels. Capsules far© small# globose# 
rounded or ovoid and highly ribbed (Pig* 1),

(2) Mysore! Plants are more robust and taller than 
those o f the Malabar type* Leaves are long 
petioled# broad and non-pubesceat* Panicles 
are erect or recumbont and flowers are borne on 
short pedicels. Fruits are fusiform# long, thrs# 
angled and ribbed (Fig, 2),

(3) Vazhukkai Plants are medium ta ll. Leaves are 
non-pubsscent. The panicles are semi-erect.



Figure 1. A clump of ’ Malabar*

Figure 2, A clump of ’ Mysore*



Figure 1

Figure 2
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Capsules long* I t  la in termed!at0 in type 
between ’ Malabar' and 'Mysore* (Pig* 3)*

The panicle end capsule characters o f the three eulti
vara are represented in Fig, k and 5.

3fcudies wore conducted on a number of true to type 
plants selected at random in each o f the three eultivara.

I I . METHODSl- '

(1)

Fifteen clumps in each of the three cultivars were 
labelled. The number o f shoots produced by each clump was 
counted at monthly intervals from May to July 1931* Shoots 
with leaves alone ware counted. The number of panicles 
produced in each clump was also counted at monthly Intervals 
from May to July 1931.

(2)
The study o f panicle characters such as length of 

panicle, length of interned©, number of racemes per panicle 
and number o f flowara par raceme was made during the late 
flowering season. Four clumps were selected from each 
cultivar. In each clump five well developed panicles were 
selected at random. Thus in each cultivar 20 panicles were 
selected#



Figure 3. A clump of •Vazhukka*

Figure 4# Panicle* o f fMalabar*, 
•Mysore9 and ’ Vazhuldia*



Figure 3

MALABAR MYSORE V A /H U K A

Figure 4



Figure 5* Capsules of •Malabar1, 
'Mysore' and 'Vashukka'



Figure 5
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(li) The "length of panicle'* was measured from the point 
Of its  attachment to the pseudo stem, to the tip*

Cii) The distances between two successive racemes in the 
proximal* mid and distal portions of each panicle were 
measured and the mean value was taken as the "length of 
interned©"*

+

(U i) The total number o f racemes were counted in each 
panicle and recorded.

(iv ) The number of flowers per raceme was estimated by 
counting the number o f barren stalks o f abscised flowers 
and the capsules*

\

(3)

Fifty flowers wore selected from each cultivar at 
random and the following observations were made.

( i ) Length o f podicsl
( i i ) Length of flower

( i l l ) Length o f corolla tubs
(iv ) Length o f anther
(v) Length of style
(v i) Length of filament
(v ii) Number o f ovules per ovary and

(v i i i ) Size o f pollen
Observations ( i )  to (v ) were made with a scale and 

recorded in cm* Length of filament was measured with



an ocular micrometer at 16 x 10 combination of eye-piace 
and objective. One ocular division at this magnification 
corresponded to 10*01 microns, Number o f ovules per ovary 
was counted under a dissection microscope by cutting open 
the sides o f the ovary wall and scooping out the ovules 
on© by one#

The sis© of pollen was measured by collecting pollen 
from flowers at anthesis and staining with glycerine acato* 
camin©* a?oll@n graina which appeared normal and deeply 
stained were taken as fe r t ile  and others as sterile . The 
diameter of the fe r tile  grains was measured using the 
ocular micrometer at 16 x 40 combination o f ©y®*piece and 
objective. At this magnification one ocular division 
corresponded to 2.41 microns. 100 pollen grains were 
measured at random in each cultivar.

(4) Spread ..of flowering

Twenty panicles which ara about to start flowering 
were selected in each cuifcivcr* Th© number of flowers 
opening in each penicle was recorded every day from the 
f ir s t  to th© last day o f anthesis to assess the spread o f 
flowering*,

(3) T-lm^of-anthasis

The time and pattern of flower opening was studied 
in the three cultivars. Cut panicles ware used far making
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thoaa observations. Paniclea having three to four rantore 
buds were detached lat® in the evening and kept by insert
ing tha stalk in water, contained in glass troughs*

The different stages of antheais were Identified 
in itia lly  in a preliminary observation. Four distinct 
stages war# identified# The biraa of antbesis time was 
studied, by observing the opening of flowera from 2 M . 
onwards using a magnifying glass and recording the time o f 
completion o f each stage.

In each cultivar 25 flowers belonging to different 
panicles oT different' clumps were observed*

(6) £i^u,L^Lp,f-^a?-j£a

Pollen grains were collected from flowers at anthosla 
and stained with glycerine aestocarciine. They were observed 
under the microscope after about one hour* Those pollen 
grains which appeared normal and deep purple stained were 
scored as fe r tile  and those which ware broken end lightly

i

stained or unstained were scored as sterile , Tha count 
o f  fe r t i le  and sterile grains were taken in five different 
fie lds  per elide chosen at random* She observation was 
made on 20 slides per cultivar prepared from 20 flowers.

(7) ^lAbillfcSLAf_O0i-l^l

In vitro, culturing o f pollen grains was made in a 
germination medium containing 20 p?r cent sucrose solution
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and 100 ppm boric acid in equal proportions,

Flowera were collected from each cultivar at 
random frosa 6 ^  to 12 noon at Siourly intervale* Pollen 
grains were scooped out and put In the germination medium 
on a cover slip* I t  was allowed to rest on a cavity alide 
as a f} hanging drop"* After about three tours* the drop was 
observed under a microscope* Those grains which showed 
germination were taken aa viable and those which did not 
as non-viable. Than the percentage o f v iab ility  was worked 
out. The test was repeated for four days*

(3) Hg.caa_t-iHltg of flfciffma

Mature flower buds, were emasculated in the evening 
and covered* Emasculation was done by cutting the tip o f 
the lab&lluta which projects out in a mature bud* The bud 
iiias opened and the filament wee cut and stamen pulled out* 
Pollination was done on the next day at the specific hour 
using pollen from other cultivars or clumps and tagged*

Twenty flowers (fiv e  flowers par day for four days) 
were pollinated in each cultivar every torn' from 6 AM to 
12 noon*

The capsule development in each pollinated flower was 
chedied on th© tenth day after pollination and setting per
centage was recorded* The number of seeds per capsule was 
also determined*



(9)

Two similar, well developed panicles v/era selected 
In each clump* One panicle was tagged as 'open* and le ft  
exposed for insect (honey bse) activity* The other panicle 

, was tagged ao 'natural self* and kept In an insect proof 
cage consisting o f a bamboo frame covered with nylon net 
a ll around (Fig* 6 and 7)* The flowers produced In each 
panicle were scored every day and labelled*

The observation was made on 13 clumps per cultivar 
and In 33 paira of panicles (13 open and 15 caged)*

The capsule production in each panicle for the 
scored flowers was observed later. At maturity, these 
capsules were harvested end seeda were extracted* Germination 
testa were conducted on these seeds* Capsule setting per
centage, number o f seeds per capsule and send viability  
were estimated*

(10) Self s terility

13 clumps wore selected in each cultivar and five 
panicles were selected in each clump* Five different types 
of pollinntionc were practised on the five'panicles of each 
clump*

(I )  Panicle le ft  for open pollination
(11) - '  Panicle fcspt for controlled se lf pollination (which



Figure 6. Pollination cage -  X
(for  prostrate cultivar)

Figure 7. , Pollination cage -  XX 
(fo r  erect cultivar)



Figure 7
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was covered by nylon not cylinder and the flavors 
w eresslf pollinated a rtific ia lly ),

( i l l )  Panicle uaod for crossing with the second cultivsr,
(iv ) Panicle used for crossing with the third cult Ivor 

(tfe« paniclaa were covered and everyday the flowers 
were, cross pollinated using the pollen from the 
particular male parent).

(v) Panicles in which mature flowir buds were emasculated 
and covered to detect say parthenogenesis.

In e ll the cases the flowers were counted daily and 
labelled* After 10 to 15 days* the capsule setting was 
observed. At maturity the capsules were harvested and the 
seed® were extracted and counted* Seed v iab ility  percentage 
was estimated,

Seeds were washed four to five timea in water to remove 
the mucilagenous coating. Then they ware rubbed with wood 
ash and kept for  drying la the shade. After 20 to 24 hours 
they ware scarified by treating with concentrated sulphuric 
acid for two minutes and washed thoroughly for four to five 
minutes.

They were so^n in petridishea: over cotton, wool and 
blotting paper. The pa tridish* blotting papers and cotton 
wool were sterilised in an outoelave, Watering was done 
with sterilised water whenever necessary. After 30 to 35
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days* geraination was. observed end recorded upto 90 days*
Ttia percentage o f germination in each case was calculated*

(11) Statistical analvals

The data collected on tho three cultivar« were 
tabulated and analysed statistically .

The number o f shoots and panicles per clump* the 
length of panicle and internode and the number o f racemes 
per panicle end flowers per raceme were analysed using the 
Nested classification (Hierarchul classification) as proposed 
by Bliss (1967).

3ourcs of 
variation

Analysis o f Variance for individual character 

df S3 MS F

Variation bet- ( - - ^ 2
ween * A* class a" 1 -  c? -  3a Va Va/Vb.a
(cultlvars) ia

B within A
 ̂Wltiv^ rfil"  Di" a CF-3a M Sb Vb.a Vb*a/Vr

Within obser
vations (within N -^bl (Subtracted value) Vr 
plants)

Total K-1



Yffacra,1 a' - Humber o f levels o f *A* classes
fa - Frequency o f * a*
bi - Humber of replications (observations) in 

a cultivsr
fb - Frequency of *b*
ia - Sum of squares for between cultivars
Sb - Sum of squares for within cultivars

. Va - Mean square for between cultivars
Vb.a «» Mean square for within cultivars sod
Vr - Moan square for within clumps (plants)

Data on pollen fe r t i l ity  were analysed according to the 
proposed schedule for Completely ftandooLsed Designs 
(Federer, 1955)*

Analysis of Variance for individual character 

Source o f variation df S3 MS F

Total Tt-1 SST MSX

CultiveTs T-1 SSt  MŜ  MSt/MSE
Error T(t>1) ssF m B

Where, 53  ̂ -  Sum of squares for Total
SŜ  -  Sum of squares for cultivars 
SSe -  Sim of squares for error
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MS* -  Keen sew are for  cu ltivars and t
HSrt -  Kean sgaare for  error.iIj

For f lo r a l characters the moan, standard deviation 

and co e ffic ie n t  o f variation were worked, out.
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RESULTS

The data collected on the various morphological 
features like number of shoots and panicles per clump, 
Panicle characters and flora l morphology o f the three 
cultiv&rs o f cardamom were statistica lly  analysed* The 
observations on the timo and mechanism o f an thesis, 
pollen v iab ility , stigma receptivity and so lf s terility  
havo also been tabulated and analysed* The re cults are 
presented below*

(1) %mbfir_of__s.ho.ot^nj3r^cluma

The analysis of variance for the number o f ahoota 
per clump Is presented in table 1.

Table 1* Analysis of variance for the number o f shoot© 
per clump (Seated classification)

Source df S3 MS

Cultlvsr 2 173.91 86*955 1.794
Months within 
cultivar 6 290.69 43.482 -=1
Clumps within 
same month 126 12590.93 99.923
Total 134 13055.73
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The 'F1 values for cultivars and for months within 
cultivars were not significant; There was no significant 
difference between the three cultivars with respect to 
the number of shoots per dump* The difference between 
the number of shoots par clump in the different months 
wer© also not significant. The tneai number o f shoots per 
clump during different months for each culfcivar i 8 given 
in table 2.

Table 2* Mean number of shoots per clump

Month Malabar Mysore Vaahuklca

May 39 40 39
June 44 43 39
July 41 42 39

Mean 41.3 41.7 39.0

(2) Si3M.bag^af-panlc.le.a .per..clump

The analysis of variance for the number o f panicles 
per cluap is  presented in table 3.
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Table 3. Analysis of variance for the number o f panicles 
per clump (Nested classification)

Source df S3 MS F

Cultivar 2 814.059 407.03 8.01*
Months within
cultivar 6 304.945 50.82 <1
Clumps within
same month 126 13631.066 108*18
Total 134 14750.07

# Significant at 5 per cent level

The *P* value for cultivars was slgn ificm t but for 
months within cultivar i t  was not significant. Hence there
was significant difference botwain the three cultivars with
regard to panicle production. The moan number o f panicles
per clump is  given in table 4*

Table 4* Mean number o f panicles par clump

Month * Malabar Mysore Vaahuicka

May 42 32 36
June 41 36 36

July 38 35 37

Mean 40.3 34.3 36.3
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I t  can thus b® Inferred that the cultivar .Malabar 
produces the taaxirauii nuaber o f panicles (40*50 per cltsap). 
I t  produced significantly larger number o f panicles then 
’ Vazhuk'ia* (36,3) -and Mysore* (34,3), The cultivars 
Vazhukka and Mysore ware on par in respect of panicle 
production.

(3) ££3.5 tft. .3.1 .an? Iskfl

The analysis o f variance for  the length o f pedicle 
is  presented in table 5,

Table 5* Analysis of- variance for the length o f panicle 
(Nested classiflootion)

Source df 33 MS F

CultIvors 2 3599.9 4299.5 23.75*
Between oluaps of 
the same cultivar 9 1345.5 149.55 <1
Between panicle® 
o f the son® cluap 43 12133,40 252,83
Total 59 22033,80

* Significant at 5 per cent level

The *F* value for culttvars was significant, whereas 
i t  was not significant between clumps o f the same cultivar. 
Thus, there was significant difference between the three



cultivars with regard to length of panicle. The msan 
length o f panicle of each cultivar is given in table 6.

Table 6# Mean length of panicle (cm)

Cultivar Clump I Clump II Clunp III Clump IV Mean.

Malabar 59.9 58.9 56.4 57.2 58.1
Mysore 43.8 31.4 42.8 45.0 40.8
Va;:hukka 76.4 68.3 74.0 60.9 69.9

C.D . 8.75

v *Va£hukka* had the maximum length for panicl® (69.9cm). 
It  wao followed by •Malabar1 (58.1 cm) and •Mysore1 (40,8 cm).

(4) Lmflth_of^anld^ln_ternotjgT
The analysis o f variance for the length of intornode 

is  prasant&d in table 7•

Table ? . Analysis of variance for the length of internode 
(Nested classification)

Source df SS MS

Cultivars 2 t 1.812 0.902 3.089*
Between clumps of 
the same cultivar 9 1.602 0.178 <1

Between panicles of 
the same clump 48 17.700 0.36875
Total 59 21.114

* Significant at 5 por cant level



The fF' value for cultivars was significant* while\
between clumps of the sa&e cultivar i t  was not significant* 
So there was significant difference between the three 
cultivars with regard to length o f Intercede. The moan 
length of internode in each cultivar is given in table 8*

Table 9* Mean length o f internode (cm)

Cultivar Clump I Cluap II  Cluap III Cluap IV Mean

2.3 2*4 2*6 2.1 2.4
2,2 2*0 2*4 2.2 2.2
2*6 2*6 2.9 2.5 2.6

Malabar
•Mysore
Vâ hukKa

C.D .  0*20

'Vazhulska' was on par with 'Malabar* but significantly 
mom than 'Mysore*, while ’ Malabar' was on par with 
'Mysore1/  -

( 5) Humber o f  raoeroeg o<*,r agntolq

The analysis of variance for the number of racemes 
per panicle is presented in table 9*



table 9* Analysis of variance for the atimber o f racemes 
per panicle (Nested classification)

Source df SS‘ M3

Cultivar 2 1452.10 726.05 29.83*
Between clumps p£ 
the same cultivar 9 219.10 24.34 1.51
Between panicle* 
o f the same clump 43 891.0 18.53 ■

Total 59 3563.0

# Significant at 5 per cent level

The *P* value for cultivars was significant, while 
between clumps o f the ©a®® cultivar i t  was not significant. 
So there wm  significant difference between the three culti* 
vers with regard to the number of racemes per panicle. The 
aeon number of racemes per paiicle of each cultivar is  given 
in table 10.

Table 10. Kean number o f racemes per oanicle

Oultiver Slump I  Clump II Clump III Clump IV Mean

Malabar 24 22 20 25 22.3
Kyaore 17 15 16 20 17.0
Vazhu&fca 33 27 28 29 29.3
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Among the three cultivars, ’ VazhuScka* had the 
maximum number o f racemes per panicle (.29*3) followed by 
’ Malabar* (22.8)• ’ Mysore* had the minimus number o f 
racemes (17*0). It  was significantly infertor to both 
’ Vasbufcfca* aid ’ Malabar*.

The analysis o f variance for the number o f flowers
per raceme is  presented in table 1 1 .

/
Table 11. Analysis o f  variance for the number of flowers 

par raceme (fleated classifleatlon)

Source df SS HS P

Cultivar3 2 52.5272 16*2632 2.3274
Between clumps o f 
the same cultivar 9 62.8916 6*9879 2.2432*
Between panicles 
o f  the same clump AS 149*5290 3.1152

\

Total 59 244.9478 4.1517

* Significant at 5 per cent level

The *J?* value for cult Ivors was not significant, while 
between clumps of the same cultivar i t  was significant. So 
there was no significant difference between the cultivara 
with regard to the number of flowers per raceme* The maaa 
number of flowara p©r raceme o f each cultivar is  given in 
table 12 *



Table 12* Kesi number of flowers per raceme

Cultivar* Clump X Clump IX Clump III Clump IV Mean
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Malabar 10 7 9 9 8*8
Mysore 7 7 6 7 6*8
Va^hukka 8 7 10 8 8*3

( 7 ) glor.fll_QbflEflfl.t9Eg.

The flowers o f the three cultivars did not d iffer  in 
general morphology (Fig* 8}* The flowers are pedicellate* 
asygoaorphic and bisexual, The flora l ports are arranged 
in trlaerous whorls. Membraneous bracteolea enclose the. 
flower buds individually* Calyx is  tubular or bell shaped* 
membraneous, divided into three short teeth at the tip.
Corolla Is tubular at the base and 1® lobed at the tip^into 
three petals of pale groan colour* Androecium consisting 
o f one stamen two stsmlnodes and one labellua is  in adhesion 
to the corolla tube* The stamen is inserted Jin the throat 
o f the corolla tube. I t  has a short filament and two anther 
lobes* between which is  found a groove. The two other 
stamans are represented by 'staminodea* located at the base* 
The most conspicuous part of the flower is  the large central 
lip  (labellum) which ia placed dorsally. I t  is  white coloured



Figure 8 . Flowers o f  ’ Malabar*, 
’ Mysore* and 'Vazhukka*



§1 ||
Figure 8
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with pink or v io let streaks originating from the centre.
It  givea the false appearance of a petal and Is mads o f 
three stamens* I t  covers the fe r tile  stamen in the hiid 
stage. The gynoeoiua consists of an inferior ovary, filiform  
style and a funnel shaped stigaa, Ovary is  green in colour 
and small in sine, with three loculea. Ovules are arranged 
on axil® placentation. The filiform  style passes through 
the groove provided by the stac&aa between its  two anther 
lobes. The stigma projects above the anther. The atlgmatic 
cavity is  surrounded by c il ia .

The data on biometrical observations of the flower are 
given in table 13.

There was no difference between the three eultivers 
in the moan length of flower and the length of different fLoral 
parts such as flower atalk, corolla tube, anther and style.
The length of filament was, however, slightly different. Pollen 
grains o f ‘ Vazhuktea* were slightly larger (90.35 microns) than 
those o f ‘ Mysore1 (85.68 microns) and ‘Malabar* (83.90 microns). 
The number o f ovules wore also the same in the three eultivers.

Pollen grains were spherical or oval In shape with 
small spines on She exin©, They appeared as a whit® sticky 
or powdery mass according to the prevailing environmental con
ditions. This may be because o f the spiny nature o f the ejcin* 
which made thorn cling together. In any ea^e, they did not get 
separated Into individual grains end-were not carried away by 
the wind.



1?sble 15* Floral character*

SIMr* Characters
Malabar

*?«7* Mean C.V.

£ Length or flower C ca) 5.040 6.37
11 Length o f pedicel (ca) 0*483 28.28

i l l Length o f corolla (caj 2.050 9.26
Iv Length of filassent 

(saicrons) 890.039 11.87
V Length of anther ( cot) 0.599 4.20

v l Length of style (ca) 2.920 5.27
v i l Diameter o f  pollen 

(alcrons) 83.890 4.35
v i l i Nuraber o f ovules per 

ovary 13 20.70

Mysore Vathuicka

Mean P
i 

<i 
i 

*
I

Mean C.V.

5.000 7.24 5.020 6.70
0.402 22.67 0.432 34.78
2.100 4.86 2.070 6.09

823.328 10.80 859.457 8.49
0.600 3.33 0« 804 3.24
2.899 7.67 2.900 5.83

35.630 25.93 90.350 41.61

17 16.51 17 15.62
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(3) SgJ,mO_of_-aow».r.ltig

The number o f flowers opening on different days 
(1st to S3 tb day) in panicles o f  the different cultivar a 
is  given in §abl© 14,

\

The data indicate that the cultlvaro Mysore and 
Vazhukka had protracted flowering and produced larger 
number of flowers than 'Malabar1, 'Malabar1 produced 
572 flower® in a period of 50 days in 20 panicles whereas 
'Mysore' and 'Vsshukka' produced 1682 and 1399 flowers 
respectively in a period of 95 days* Thus* the cultivar 
Mysore produced maximum number o f flowers, On an average* 
the percentage o f flowers opening per day per panicle in 
'Malabar' was 2*00 and in 'Mysore* and 'Vazhukka* i t  was 
only 1.18,

In 'Malabar* * 30 per cent of flowering was over in 
13 days; in 'Mysore* i t  took 25 days end In 'Vazhukka*
30 days* A high percentage o f flowering was recorded from 
the beginning its e lf  in a ll the three cultivar s. I t  was 
continued for a period and then reduced at the end of the 
flowering period, Thar© was no distinct 'peak* in 
flowering (Pig, 9 ),

(9) £lmg_jaf._an.the 3 ig
In cardamom flowers, onthesis occur during the early 

hours of the day. The flowor feuds which are to open the
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Table 14* Spread of flowering (number o f flowers opening 
on different days)

Si. „ Malabar Mysore VazhukkaNo* Bays ----------------------------------------------------- ------
* Number % Number % Number ^

I 1 to 5 107 18,7 107 6.3 110 7.5
.1 1 6 to 10 109 19,1 121 7.2 110 7.9
XXI 1 1 to 15 103 18,0 121 7.2 122 8.7
IV 16 to 20 03 15,4 127 7.6 123 8.7
V 21 to 25 - 68 11,9 130 7.7 131 9.4

.VI 26 to 30 43 7.5 124 7.4 117 8.4
VII 31 to 35 27 4.7 130 7.7 105 7.5

VIII 36 to 40 13 2.3 126 7,5 95 6.3
IX 41 to 45 1 1 1.9 110 6.5 97 6.9
X 46 to 50 3 0.5 118 7.0 90 6.4

XI 51 to 55 - - 110 6.5 93 6.6
XII 56 to 60 - - 103 6.1 71 5,1

XIII 61 to 65 - • 87 5.2 54 3,9
XIV 66 to 70 - - 72 4.3 32 2.3

XV 71 to 75 - - 69 4,1 24 1.7
XVI 76 to so - - 22 1.3 15 1 . 1

XVII 31 to 85 5 0.4 10 0.7

Total 572 100 1693 100 1399 100
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next morning could be clearly identified in the evening 
by $K&hr hood-like appearance* the flora l parts project 
out o f the membraneous bractaole and were in a "swollen0 

condition* the purple streaks on the folded labellum 
cfiuybe seen through the translucent corolla*

the mechanise o? mthesis consisted of four stages, 
in all th© three cultivars*

( i )  Anthesis began by the splitting open of the two 
lateral lobes of the corolla ( petals) to both 
sides*

( i i )  the second stage was marked by the unfurling o f the 
labellum* The ventral lobe o f the corolla facing 
the XabQllum and holding i t  in a hooked condition 
opens out and releasee the labellum*

( i i i )  The labellum opens out .fully* The ataman with the 
style end stigma (which w ere  kept as a unit) moves 
sway from the labelItua and becomes straight*

(iv ) The dohiacencc o f the anther.

The observations on time of anthesis are given in 
table 15* The time given corresponds to the completion 
o f each stage of anthesis* The beginning of the f ir s t  
stage was erratic. It started, from the previous evening 
to about 45 minutes before its  completion*
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Table 19* Tima of anthesis (Mean of 25 flowers)

Stage Malabar Mysore Vashukka

I stage 4.25 AM 5.16  AM 4*22 m
II stag© 5*40 AM 4*11 AM 5.26 AM

III stage 7*01 AM 6.09 AM 7.18 AM
IV stage 8.03 AM 8.22 AM 8.14 AM

From the above observation i t  could be aoen that the 
cultivar Mysore was slightly early in fiovar opening at 
a ll stages except at anther dehiscence. In that respect 
i t  appeared to be slightly late* ’ Malabar* and’V&zhukka* 
were almost on par with regard to the time o f anthesis 
at a ll stages*

( 10 )
The analysis o f variance for the fe r t i l ity  of pollen 

is presented in table 16*
Table 16. Analysis o f varieties for the fo r tu ity  of pollen 
# ( Completely flandomized Design)

Source df SS MS F

Total 59 4763.85
Cultivar 2 334,89 167.45 2.155
Srror 57 4428.94 77.701
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The *P* Value for cultivars was not significant*-. 
Hence there was no significant difference between the 
three cultIvors* The seen fe r t ility  of pollen is  presen
ted in table 17 -

Table 17* Hearn fe r t i l ity  o f pollen (fi)

Cultivar Mean
Hlnlmuss (%) Haxinana {%)

Malabar 91*62 ‘ 63*07 99.40
Mysore 89.79 75*32 98.43
Vasfcukka 83*36 66.91 99.78

( 1 1 ) glflbtltfar o t  m ll»n
The jL& vitro, analysis showed that gerainability of 

pollen gradually increased fro© 6 to 10 AM in 'Malabar*, 
upto 11  AM in the other two cultivars and then decreased* 
The ©pen gerssinability percentage of each cultivar at every 
hour la given in table 18.

In ♦Malabar*, the pollen geraiaability increased 
rapidly'from 6 i?M and reached a peak of 60*25 per cent at 
10 AM. It  thea decreased to 41.25 per cent by 12 noon*
In 'Mysore* the germinability showed a gradual increase 
from 6 M  onwards, reaching a peak o f 42*36 per cent at



1 1  AM and then dropped to 33*18 par cent by 12  noon.
In the case o f •Vashukka1» a similar pattern o f gradual 
increase in gerainabllity was noticed reaching a peek 
o f 42*33 per cent at 1 1  AM and then decreasing to 27*21 
per cent by 12 noon (Pig* 10)*

Table 18* Mean germinability o f pollen (&)

T im e
m am m tmt* *■

Malabar Mysore V a z h u k k a

6* 00 AM 25*06 16.39 19*90.
7 *oo m 39*44 35.75 19.50
8*oo m 43*66 3^*30 21*38
9*oo m 53.26 35.80 27.17

10.00 AM 60.25 36.98 38,43
11,00  AM 53.56 42.86 42.33
12*00 H oon 41.25 33*18 27.21

t3iiiiii•iiiI - -  r -----------------r-ir.~- r - , ------

The data also reveals that the germination percentage 
of pollen in the cultivar Malabar is  uniformly higher at 
all the stages of testing* In general# i t  con be inferred 
that the pollen grains showed maximum gerainability between 
10 and 11  AM in cardamom*

A comparative study o f data on pollen fe r t i lity  and 
v iab ility  indicates that all the fe r t ile  grains were not 
viable* The fe r t ility  percentages were as high as 9 1*Q2f 
89*79 and 88*35 in cultivars Malabar, Mysore and Vashukka
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respectively, whereas at peak v iab ility , th* percentage* 
o f gerainability were only 63.25, 42.86 and 42.35 in the 
three eultivers respectively.

0 2 ) RfiaflB.tiv.ity. of

The receptivity o f stlgaaa at the different timing*
1 * expressed as percentage of capsule setting and presented 
in table 19,

Table 19 . Receptivity of atigaa (aa percentage of 
capsule setting)

Time
Cultivar

6 AM 7 AM Q AM 9 AM 10 AM 11 AM 12 Moon

Malabar 50 40 40 35 30 30 15
Mysore 45 35 50 45 70 25 55
Vazhuhha 20 25 50 35. 15 20 25

w j  f

The data reveal that in the cult Ivors Malabar and 
Vazhuktca, the stigaa receptivity increased gradually from 
6 AM reaching a pedc at 8 AM and decreased thereafter. In 
the cultivar Mysore receptivity showed an erratic behaviour. 
In cultivarB Malabar and Vci’ bukka, the maximum percentage* 
o f capsule setting were 40 end 50 respectively while in 
•Mysore* i t  was as high as 70 (Fig. 11).

The ®s&a seed set per capsule following pollination at 
each hour from 6 AM to 12  noon in the thre* cultivara la 
presented in table 20.
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Table 2 0 * Mean eeedaet per capsule (Number of seeds 
per capsule)

Tims
u i.V u*

6  AM 7  AM a m 9  M 10 m 11 m 1 2  Eoon

Malabar 1 5 1 4 1 5 1 4 1 5 1 5 1 4

Mysore 1 4 1 4 1 6 1 5 1 6 1 3 1 5

Vâ bukka 1 6 16 1 7 1 7 1 6 1 7 1 8

The data indicate that there was no difference in 
neadset fct the different hours of the day eventhough the 
receptivity of stigma differed at different hours. 'Malabar* 
had a aoan number of 1 4 * 5 7  seeds per capsule whereas 'Mysore* 
hud 1 4 * 7 1  seeds and 'Vazhukka* had 1 6 . 7 1  meeds* So i t  
could be inferred that the cultlver Vazhu&ka has high seed 
set as competed to the other two cultivars.

(13) pollination

Capsule flatting, seed setting and seed viability in 
'open* end 'caged* oanloles of the three cultivars are 
presented in table 2 1 .

Capsule setting in 'open* pmlcle was 5 3 . 4 2 , 4 3 . 3 3  

and 5 5 * 2 6  per cent respectively in the-three cultivars 
Malabar, Mysore and Vâ hukka. This */aa much higher th«i
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the capsule setting percentage of * caged* panicles o f the 
three cultivars ( 15 . 07* 16,59 end 2*32 for ‘Malabar** 
‘ Mysore* and ‘ Vazfeukka* respectively), The high capsule 
setting in ‘open* poniclea In comparison to ’caged* ones 
clearly indicates that a ll the cultivars are predominantly 
cross pollinated. The Low capsule setting In the * caged* 
panicles might be due to se lf pollination through very 
small Insects like ants creeping into these cages.

Table .2 1 , Quantitative estimations on the mode of 
pollination

Malabar Mysor© Vazbukka
xj dssFv unions

"Open caged open caged . op on. caged

Humber o f flowers S3 73 60 61 76 71
Number o f capsules 46 1 1 26 10 42 2
Capsule setting 

( percentage) 53,42 15,07 43.33 16,39 55.26 2,82
Number o f seeds 
per capsule 
( seed setting) 12,59 10.33 12.21 10.67 13.65 10.50

Seed v iab ility  
(germination 
percentage)

56,60 55,79 46.34 19,03 46,15 0

The msgn number o f seeds per capsule was the same 
in *op«n* panicles o f a ll the three cultivars ( 12 , 59* 12 ,21 

and 13,65 for 'Malabar** ‘ Mysore* and ‘ Vashukka* respectively).
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Seed setting wan similar In 'caged* panicles also 
(10*33, 10*67 and 10.50 for 'Malabar', 'Mysore' and 
*Va.:hukka* respectively). The slight reduction in 'caged* 
panicles slight b© due to the lack of sufficient pollen 
for effective fertilization .

Thar* was no appreciable difference between the three 
cultivars in seed viability  in the 'open* panicles (55.60, 
46,94 and 46*15 por cant for 'Malabar', 'Mysore* and 
*Va2hukka' respectively). For the 'caged* panicles, seed 
viab ility  vas 55.79, 19,05 and zero per cent in the three 
cultivars* The low osad germination for 'Mysore' and 
'Vazhukka* raisrhfc be due to the very small number o f seeds 
which wor© available for conducting the germination tests*

(14) Ssi£jSfc2£U££E

Ths data on the study of self s terility  are given 
in table 22.

(1) Caogile-setttaLg

Th?re was no capsule setting under * emasculation ■ and 
covering* In a ll the three cultivars. This indicate* that 
there is no parthenocarpy in cardamom*

’ Assisted se lf pollination* resulted in high capsule 
setting in a ll the three cultivars (66*67, 63*33 and 76*74 
per c»nt for 'Malabar*, 'Mysore' and 'Vazhuklce,' respectively).
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Moreover* the different cress combinations o f the three 
cultivars also showed high capsule setting. The data 
thus indicate tha absence of self or cross incompatibility 
in these cultivars o f cardamom.

Capsule setting was comparatively low in a ll the 
1 1 ■ three eultivers under •open pollination* where the panicles

were exposed to insect activity and to the natural method 
o f pollination. The capsule setting was 55.42* 43*33 and 
55*25 per csnfc In * Malabar* 'Mysore* and 'Vatbukka* res
pectively* This might be due to lack of adequate polli
nation on1 days o f adverse environmental conditions.

(11)

The data on seed setting indicates that there is  no 
parthenogenesis In cardamom as the seed setting on 
'emasculation and covering* was zero in a ll the three 
cultivars*

The number of seeds per capsule was not different 
in any of the treatment for the three cultivars* The 
mean seedsst was 13*44 for 'Malabar1* 13*51 for 'Mysore* 
and 13*42 for •Vaxhuktia*,

( i l l )  S a ^ v ln b llitv
Tha data on seed v iab ility  showed high variability 

in the different treatments end cultivars. Seed v iab ility  
was vary poor under 'assisted aelf pollination* in
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comparison to normal 'open pollination*, In cultivar 
Malabar, v iab ility  was as low as 6,73 par coat for 
1 assisted se lf  pollination* ©nd as high as 56,60 par cent 
for ’ open pollination ', la 'Mysore* i t  was 9,35 par cent 
and 46,4B par cant whereas in 'Vazhukfta* i t  was 33,54 per 
cent and 46,15 p@r cent respectively. Seed viab ility  ia 
the different cross combinations was also lower than that 
under 'open pollination1. In all the three cultivars 
highest seed germination was recorded under 'open 
pollination* • Seed germination was low under se lf 
pollination god in the different cross combinations.
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DISCUSSION

Card53ioa is  a crop in, which a lo t  o f natural 
variation exists# In the strict sense# each plant is  
different from the other# Originally I t  grew as a wild 
plant in the h illy  forest areas# Realising the economic 
importance this plant has been domesticated in the 
recent past* I t  is  now grown on a plantation scale in ' 
the high ranges. Eventhough three cultivars vis*# 
Malabar* Mysore and Vashukka have been recognised,their 
distinct features have not yet been worked out# A clear 
understanding o f the reproductive mechanism in this crop 
is  also lacking. There are conflicting reports on the 
mode o f pollination end existence o f se lf s te r ility  in 
cardamom* A thorough knowledge of the reproductive 
mechanism is  essential to initiate breading program©® 
in any crop# Hsn.ee a detailed study was undertaken at 
the Qardaraora Research Station# Pempadump&ra to understand 
the reproductive mechanism in cardamom with special 
emphasis on the mode o f pollination and se lf sterility#

i

Purseglove (1975) in his general description of the 
plant states that 10 to 20 pseudostems (shoots) per clump 
are; present* Sto significant difference was found for the 
number o f shoots per clump between the three cultivars#
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So i t  could be assumed that the three cultivars are on 
par with respect to shoot production* I t  could also be 
inferred that shoot production takes place actively by 
the month o f May* The shoot number did not Increase 
significantly in the subsequent months*

Highly significant differences could ba seen between 
the three cultivars in the number o f panicles par clump*
But within each cultivar, the number of panicles were the 
same during different months# Maximum nuabor of panicles 
was produced by 'Malabar* • Ths other two cultivars were 
on par* Since the number of shoots produced by the three 
cultivars was equal i t  can be Inferred that the cultivar 
Malabar produces a large number of panicles in relation t o ' 
number of shoots* There was no signifleant increase in the 
number of panicles during the period from Key to July* 
Pattanahetty and Prasad (1972) end Paraaeswar (1973) on the 
other hand, have reported that most o f the panicles emerge 
during the post monsoon and winter season#

length of panicle differed significontly in a ll the 
cultivars# Such differences were not significant between 
clumps of a cultivar. Hooker (189*0 end Gamble and 
Fischer (1935) have reported that oanlclos are upto two 
feet long which may be erect or prostrate in the different
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cultivars. According to Puraoglove (1975) panicles in 
cardamons were 60 to 120 eta long in general and in the 
cultivar Malabar they were between 60 and 90 era in 
length. However, in the present study, the panicles of 
•Vazhuttka* had the mctxleftwa Length ( 69*9 ©a) which was 
followed by •Malabar1 (53,1 esc) and •Mysore1 (40,3 css),

The in teraoda l len gth  o f  p an icle  was s ig n i f ic a n t ly  

d i f fe r e n t  in  the c u lt iv a r s , Uhe length  in  *7azhukka* 

waa on. par w ith that In *MaXabarf which was on par with 

•Mysore11* ♦Vazhukka* and •Myaar*1 d if fe r e d  s ig n i f ic a n t ly  

la  th is  r e s p e c t , The length  o f  p sn ic la  ©eeras to  have a 

d ir e c t  in flu en ce  on the length  o f  ln tsraode  a ls o , os the 

c u lt iv a r  having the lon gest pan icle  ha3 the maximum length  

o f  in to  m o do and v ic e  versa*

The number of raceme© per panicle also differed signi
ficantly in the three cultivars* But tbsre was no signifi
cant difference between the different clumps o f the sam© 
cultivar* 'Vashukka* had the maximum number of racemes par 
panicle followed by •Malabar1 and •Mysore1# The latter two 
cultivars showed significant difference between themselves*

With respect to panicle characters* •Vachukka* seems 
to be the beat cultivar* The long internodes are compen
sated by long panicle and more number o f racemes par 
panicle* 'Malabar* seems to be Intermediate followed by



’ Mysore* • The psnide characters usually have a relation 
with the yield potential of the cultivar*

The number of flowers per raceme, was not significantly 
different in the cultivars* But the different clumps within 
a cultivsr showed significant difference# Th© mean number 
of flowers per raceme was: 3*3 for ’ Malabar'# £*8 for 
’ Mysore* and 8*3 for ' Vaidiukka* •

The flowers of the three eultivara did not d iffer 
quantitatively as well as qualitatively. The length of 
flowarwas 5*04, 5*03 and 5*02 cm in cultivars Malabar,
Mysore and Vazhukka respectively* However, Pattanahetfcy 
and Prasad (1972) and Purseglov# (1975)' reported that the 
leHiith o f tlowar in cardamom is  3*7 and 4,0 cm respectively* 
Th© stalk, of the flower ^as ; 0*488, 0*402 and 0*432 cm 
long in the three cultivars* This is  in conformity with 
the report of Pattsrtehetty and Prasad (1972) that tb© mejsi 
length o f flower stalk o f prostrate variety was 0*5 cm#
Th© mean lengths of corolla tube was 2. 03* 2*10 and 2#07 cm* 
o f filament was 890*1 * 328*8 arid 85S.5  microns* o f anther 
was 0*599# 0*600 and 0*604 cm in' ’ Malabar’ # ’ Mysore* and 
’ Vashukka* respectively, Pattanshetty and Prasad (1972), 
however# have reported that anthers were on m  average 
0*7 cm long in the prostrate variety. Th© moan length of

i
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style was 2*92, 2*89 and 2*90 ca In ’Malabar*» ’ Mysore* 
and ’ Vazhukka’ respectively. The number of ovules per 
ovary was 19, 17 and 17 respectively In the three culti
vars.

Pollen grains were largest In ’ Vashutcka* (90,35 
microns) and smallest in ’ Malabar* (83,90 microns). This 
is not in agreement with the. report of Verm go pal and 
Paraseswsr (1974 b) that pollen grains o f the erect type 
were the largest and those of the semi-erect were the ! 
smallest*. The pollen grains were spherical to oval in 
shape with small spines on the exine, They appeared as 
a white sticky or powdery mass according to the environ
mental conditions. These observations are in agreement 
with the reports by Pattsnshatty and Prasad (1972), 
Param&swar (1973) and Venngopal and Paramoswar (1974 b).

As stated earlier, there Is no difference between 
the three cultivars in flo ra l morphology such as colour 
and shape. Also in quantitative aspects such as length 
o f the flower stalk,coroila tube, anther and the style 
and in the number o f ovules per ovary there exists no 
difference. But in the length o f filament and diameter 
of pollen grains there is  a alight difference between 
the cultivars.



60

Flowering was more protracted in eultivara Mysore 
and Vozhukka than iti Malabar* I t  was almost complete 
within 50 days from fir s t  flowering in ’Malabar* , but was 
prolonged upto 85 days in ’ Mysore* and *VaahtiRke** This 
is  not in agreement with the report o f Pattanshetty and 
Prasad (1972) that flowering in th© prostrate variety 
crossed 75 per cent during the months o f June to August 
and the total duration o f flowering was six months from 
May to October* PBranmawar (1973) end Paraaeswar end 
Venugopal (1974 c) however, reported that flowering was 
observed throughout the year* under Mudiger© conditions.- 
The difference in flowering pattern can be due to the 
climatic difference at Mudigere and Pampadusjpara.

Ho distinct *p©ak* for flowering was observed in the 
panicles* In ’ Malabar*, at the beginning,' the percentage 
of flowering wae 18*7 which came down gradually to 11*9  by 
the 25th day and further to 0.5 by the 50th day* In 
*My«ore* and ’ Vazhukka* where a more protracted Pattern was 
observed the rate of flowering was almost constant at 
6.5 to 7*0 per cent upto the 55th day o f flowering* This 
was reduced to 0.4 and 0.7 per cent respectively by the 
85 th day*
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The mature flower bad* ware in a compact condition 
an the previous evening o f opening, Th© taoebmisa o f 
flower opening in cardamom was found .to Involve the 
following four distinct steps*

<i> Splitting open of the two lateral lobes o f the 
corolla (petals)*

( i i )  Unfurling o f  the labellutt following its  release by 
the petal which holds i t  in & hooked condition,

( l i l )  Opening o f the labellua fu lly  followed by the 
straightening of the stamen with the style and 
stigma*

(iv ) Dehiscence of the anther*

These observations are in agreement with the reports 
o f  Pattoaehe-tty end Prasad (1972) aid JPafeaeawsr and 
Venugopal (1974 c).

The f ir s t  three stages o f sntheals were completed in 
’ Mysore* slightly earlier'then in •Malabar* and ’ Vaahukka’ # 
But the key process of anther dehiscence occurred almost 
at the same titsa In a ll the three cultivar*# Anther 
dehiscence took place at 8*05# 3*22 ©id 8*14 M in ’ Malabar** 
’ Mysore* and ♦V’eahukka* respectively. This is  in general 
agreement with the report o f  Paraseawar and Venugopal 
(1974 e) that anthesis in cardamon commenced between 
,3*30 end 4*30 AM and continued t i l l  7*30 AM* Anther



dehiscence vac re ported to be maximum between 5*30 AM and
6.30 AH ®sd after 7*30 AH there was no dehiscences at all* 
Hoover, F&ttanshetty and Prasad (1972) reported that 
flower opening in the proatrat© variety began at 4, 30 AM 
and ant her dehiscence took place at 6 AM* Jo a© (1980) 
has also reported that flower opening started by 4 AM and 
attained a peak by 7 AM*

Flower opening and anther dehiscence arc highly 
influenced by the climatic conditions such a® temperature, 
humidity and sunshine* Hence, the difference in the 
timings reported by previous workers from that observed 
to the present Investigation could be attributed to changes 
to one or more of these factors due to change in location 
o f study and possibly time also*

The m m  pollen fe r t i l ity  percentages ware 91*82,
89*79 and 88*38, for ’ Malabar*, 'Mysore1 and ’ Vashukka' 
respectively* Ho significant difference was found between 
those cultivar3 in fe r t i l ity  o f pollen grains# Those 
observations are in conformity with the reports o f 
tfemigopsl and Parameswar (1974 b) that the pollan fe rti
l i t y  percentage® were 92.00 and 82*64 in asal-ereet and 
erect types respectively*

The germtoability o f pollen grains increased 
gradually from 6 to 10 AM to ’Malabar'v upto 11 AM In the 
other two cultivars end then decreased* The maximum
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germ in ability  in 'Malabar* was 60.25 par cent at 10 JIM*
In 'Mysore* end 'Vazhukka' i t  was at 11 AM with 42.66 
and 42.33 per cent respectively. Emergence o f pollen 
tuoe could be generally seen within two hours of dusting.
It  Qay be inferred that th© pollen: grains of 'Mysore* and 
•Vazhufctea* have low germinability in comparison to those 
o f ’ Malabar*. This observation on the germin ability o f 
pollen grains o f the prostrate cultivar (25.06 to 60.25 
per cent) does hot agree with the report, o f Pattanshetty 
and Prasad (1972) that the percentage of germination was 
75 to 90.

The present observations indicate that fe r t i l ity  o f t 
pollen estimated by acetocarmine staining technique cannot 
be taken as a reliable index of v iab ility  since the maximum 
fe r t i l ity  was 99.40, 93.43 and 99.73 per cent in ’ Malabar', 
’ Mysore* and 'Vazhukka* respectively aa against the maximum 
germinability o f 60*25, 42.86 and 42.33 per cent for the 
three cnltlvara* These observations are in agreement with 
the reports of Paremoawar (1974) and Paraaeswcir and 
Venugopal (1974 b).

Receptivity of stigma showed a regular pattern for 
’ Malabar* and ’ Vazhukka* from 6 AM to 12 noon. The per
centage of capsule setting increased upto 8 AM and then 
decreased slowly. In ’ Mysore*, i t  showed an irregular



pattern without act®&r trand. The observation on the 
eultivar Malabar is  in conformity with the report by 
Pattanabotfcy end Prasad (1972) that flavors have maximum 
receptivity daring the morning hours* They obtained 
51 to 61 per cent capsule setting when pollinated In the 
framing* In the present study the maximum setting was 
AO per cent at 7 and 8 AM* The setting was reduced to
15 per cent by 12 noon. This is  in agreement with the
report of Pattanshetty and Prasad (1972) that capsule 
setting was as low as 13 per cent in the afternoon hours*

There was no significant difference between the 
three cultivars in the aesn number o f seeds per capsule 
at the different timings of pollination, Thia, shows that
i f  the stigma is  receptive, normal aeadseV'tdftea place
irrespective of the time of pollination. Also i t  was seen 
that the number of seeds per capsule was slightly higher 
in 'Vazhukka' as compared to 'Malabar*,

gftlifaisMgB. " —

The capsule setting percentages were 55. A2, A3*33 
and 55.26 in 'open* panicles o f 'Malabar*, 'Mysore* and 
'Vazhukka* respectively whereas they were only 15*07,
16,39 and 2*32 respectively in the 'caged* panicles. As 
the capsule 3et was considerably higher in 'open* polli
nated panicles than in the 'caged' panicles the crop is
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predominant!/ a cross pollinated one* This in  in con
formity witte the reports o f Pattanshetty end Prasad (1972)* 
Parameswar (1973)» Purse glove (1975) * Shankar and Ktmoresm 
(1979) and Madhuaoodsman £ t »(1931). The cross pollinated 
nature of the crop is  predominantly due to the special 
morphological feature o f the flower that the stigma is 
placed W'Sll above tha anther La teas and that the stipm tic 
cavity is  surrounded by cilia* This necessitates the 
involvement o f an external agent for effecting pollination. 
Similar conclusions were drawn by Pattanshetty and Prasad
(1972),

The cross pollinated nature o f the crop cm also be 
attributed to the large sl?o o f tha pollen grains and their 
occurrence as a sticky mass* This makes d ifficu lt  the 
transfer o f pollen to the stigsatic surface during anther 
dehiscence* Moreover, the panicles are so close to the 
ground, especially in 'Malabsr* that wind w ill not be 
intense around that area to enable the natural transfer o f  

pollan grains from anther to stigma.

Self pollination was recorded upto □ small extent 
such as 15*07, 16*39 and 2.82 per cent in •Malabar1,
'Mysore* md 'Vashukka* respectively in th® protected 
panicles* This might b© duo to the movement o f crawling 
insects such as cats and lice  which have access to the
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above panicles even under caged conditions.
Hadhugoodhanan et el, (1931) have also reparted that 
there is  considerable asount of self pollination by way 
of gel tonogamy.

Seedset per capsule was 12,59* 12 ,2 1 and 13,65 
in •Malabar*, 'Mysore* and •Vashulcka* respectively, in 
•open* psaloles, whereas i t  was 10.33, 10.67 md 10.50 
respectively in protected panicles. The alight reduction 
in seedset could be attributed to the lads o f sufficient 
pollen for effective pollination.

the fi©ed viab ility  estimates for * caged* as wall 
as •open* panicles have also shorn different trends. I t  
was 56,60, 4S.8*» and .45.15 per cent respectively in 
■Malabar*, 'Mysore* and■V’azhukka* for 'open* panicles 
as against 55,79, 19,05 end zero pqr cent respectively for  
'caged* panicles. She low percentage o f germination of 
se lf pollinated seeds o f 'Mysore* and 'Vaxhukka* (19.05 
end sero per cent respectively) cm be attributed to the 
lack o f sufficient seeds for the experiment (only 10 and 2 

capsules were available for  the tria l in *Myg©re* and 
’ Vashukka* respectively) due to the poor capsalo setting 
under se lf pollination.

The agent involved in the cross pollination was 
inferred to be the honey bee as there was high bee 
activity in the flowering season during the morning hours
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around the clumps* Moreover# the protected panicles 
which were actually covered by a nylon mesh cylinder 
could (seep out only large flying insects like the been 
and such flowers showed low capsule setting, 1?h®e® 
observations are in conformity with the earlier reports 
by Pattanshetty and Prasad (1972)# Para®e»war (1972)# 
Pattnnafreiiy and Prasad (1974) and Paraaeawar &t a l,
(1978), However# Jons? (1980) had reported that giant 
rock bees ( Aqjg, ^omaMoa) were the primary agents of 
pollination and honey bass ( Apis indies) were only 
secondary agents.

Sarma and Vic was war a (1969) and Purseglove (1975) 
have reported the occurrence o f se lf s te r ility  in cardamom, 
Shankar (1991) have reported that there are d iffer
ent 'sex forms' ranging from partially la-compatible to 
completely compatible ones# Capsule setting percentage was 
soro after emasculation and covering in all the three 
cultivars indicating that there is  no parihenocarpy in 
cardamom# I t  can b© inferred that the low capsule set 
obtainsd in protected panicle® of all the three cultivars 
was purely due to se lf pollination assisted by crawling 
insects#

Csspsul© setting percentage under '©pan' poliinetion 
were 55#42# 43,33 and 53*26 In 'Malabar*# Mysore and
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'Vashuteka* respectively* But these percentages were low 
In comparison to the capsule setting paresntages o f 66*67, 
63*33 acid 76*74 for the three cultivars respectively,

4

obtained after assisted self pollination* These observat
ions rule out the possibility for the occurrence o f se lf 
s terility  in cards®*®* Similar conclusions were drawn by

■ i

Paitmshetty end Prasad (1972) in the prostrate cultivar, 
where capsule setting under self pollination was as high 
as 69 par Gent* Shankar and Kumaressi (1979), Jose (1980) 
and Madhusoodenon ^1 * (1981) have also reported that 
there is no se lf s te r ility  in cardamom*

High percentages o f capsule setting wore obtained 
in a ll the six cross combinations between the three culti
vars, the maximum being 80*85 in *Vaahu&lca x Malabar* and 
the minimum being 60*92 in 'Malabar x Vashulska* • These 
results therefor® indicate that, there is no cross incom
patibility  in this crop*

iSatioates o f the number of ssed3 per capsule were 
almost similar to a ll the treatments and ranged from 12.21 

to 14*52* This confirms the absence o f any se lf or cross 
Incompatibility in the crop*

The percentages o f seed germination' to the different 
treatments showed high variation* High germination percen
tages were recorded under 'open pollination' to a ll the
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throe eultivara. Comparatively low germination percent
ages wore shown by the seeds under 'assisted se lf . 
pollination' especially in 'Malabar* and 'Mysore'# Seeds 
of the cross 'VaahuRfca n Malabar* exhibited low germination 
percentage in spite o f high seed setting, th is night he 
attributed to 'facultative parthenogenesis' whore unferti
lised ovules develop under the stimulus o f pollination or 
hybrid inviability where the hybrid embryos fa i l  to 
germinate* This aspect however* needs further detailed 
investigation,

'fh© present study indicates that although the 
thrse cultivars are similar in aany aspects* they as well- 
show some dissimilarity in certain features. 'Vazhukfca* 
seems to have panicle characteristics which lead to higher.;;*, 
capsule production and consequently increased yield, there 
Is essentially no difference between the three cultivars 
in flo ra l morphology. In pollen fe r t i l ity , germioability
and stigma receptivity also, the three cultivars follow> ■ ^

almost a similar pattern, Anthesis occurs in the early 
morning in cardamom. Xhe crop is  predominantly cross 
pollinated and the agent is  honey bee, Th© study also 
revealed, that there is  neither se lf s te r ility  nor 
parthenoc&rpy in the three cultivars.
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SUNMARY

A study on the reproductive mechanism in cardamom .. 
was undertaken la the three popular cultivar a viz, f 
Malabar, Mysore md Vazhukka, Field studies wore condu
cted at the Cardamom tie search Station, Pampadurapara and 
laboratory studies at the College of Agriculture# 
tfsllaysnl during 1931* Plants true to type in each of 
tha three cultivars were selected at random* Observations 
wera mude on flora l morphology, time and mechanism of 
anthssio* pollen v iab ility , stigma recaptivity, mode of 
pollination and se lf sterility* The data ware analysed 
statistica lly  aid results interpreted.

Ifhsr® was no significant difference between the three 
cultivars in the number o f ahooto per clump* But# the 
number o f panicle a per clump was higher in 'Malabar* then 
in 'Mysore* and 'Vazhukka*# fhis indicates that 'Malabar* 
produces sore number o f panicles per shoot than the other 
two cultivars*

fhe panicles o f 'Vazhukka* were significantly longer 
than those o f other two cultivars* 'Mysore* had the 
shortest panicles* Length of panicle interned© was

t

signif icantly more in *Va2hukka* than in 'Mysore*.
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•Malabsr* was intermediate* •Vaahukka1 'produced signi
ficantly more racemes per panicle than the other ;two 
cultivar®# ’ Mysore1 had the minimum nuatbar o f racemes 
per panicle* the number o f flower® par raceme was mostly > 
the sa-se in a ll the three cultivars*

The cultivars did not differ significantly with 
respect to general floral morphology such ao colour and 
shape*, They also did not d iffer in quantitative aspects 
such as length of flower and flora l parts* The diameter 
o f pollen grains in the cultivars was slightly different# 
The pollen grains ware spherical to oval in shape with 
smell spines on the exlne* Th»y appeared ea a white sticky 
or powdery mass according to the environmental conditions*

The period of flowering was short®at with 50 days in 
•Malabar* ©c compared to the protracted flowering of tha 
other two cultivars with 85 days* The rate o f flowering 
was almost uniform upto two-thirds o f the flowering period 
and dropped later*

The mechanism o f flower opening was similar in o il 
the three cultivars* I t  consists of four stages#

( i )  Splitting open of the two lateral lobes o f the 
corolla (petals)*

( i i )  Unfurling o f the labellum following its  release
by the ventral lobe o f the corolla* which holds i t  
in a hooked condition*
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( i l l )  Opening of the labellua fu lly  and straightening 
o f anther along with style and stigjna*

(iv ) Dehiscence o f the anther.

The f ir s t  three stages o f anthosia w«r© completed in 
•Mysore1 slightly earlier than in •Malabar* and •Vazhnkka*. 
But the key process o f m thesis v iz .,  the dehiscence of 
anther took place almost at the same time in a ll the three 
cultivars and was between 3.03 and 8.22 AM.

Pollen fe r t i l ity  as indicated by the acetocarmlne 
staining technique ranged from 83.36 to 91.82 per coat 
in the three cultivars. there was no significant d iffer
ence between the three cultivars in fe r t i l ity  o f pollen, 
Pollen gefainability increased gradually from 6 to 10 Aft 
in •Malabar* and up to 11 AM la fVashukka* and •Mysore* 
and thereafter decreased. *Malaber* had comparatively high 
germinability than the other two cultivars. It was inferred 
that the acetocarmine staining technique is  not a reliable 
method o f estimating viability  o f pollen as a ll the grains 
stained in the acetocaraine technique did not germinate*
The receptivity of stigma estimated by capsule setting 
percentage wag found to increase from 6 AM onwards reaching 
a peak at 8 AM end decreasing thereafter. In *MafLabar* and 
•VazbukitB** In •Mysore* stigma receptivity exhibited an 
irregular pattern. There waa no difference in number o f
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seeds per capsule at the different hours o f pollination in 
spite o f differences in the percentage o f capsule setting*

i  ■:

Card83021 was found to be predominantly cross 
pollinated and the chief agent involved was inferred as the 
honey bees* The morphological features of the pollen grains, 
the placement o f stigma above the anther lobes and the place- 
ment o f panicles near the ground level might have facilitated  
cross pollination. There is  no porthenocarpy in the three 
cultivars. Self or crocs incompatibility is  absent since, 
a rtific ia l selfing and the different cross combinations gave 
high capsule setting. The seed setting was also found to be 
very much similar in the different treatments further confirm
ing the absence of so lf sterility  or eraas incompatibility. 
However, the seed v iab ility  percentages corresponding to 
different treatments showed high variability* In a ll the 
three cultivars the 'open pollinated* seeds showed high germi-
nabillty while the seeds from assisted se lf pollination in

*

’ Malabar* sad 'Mysore* and those o f the cross ’ Va-hukka x 
Malabar* showed comparatively low germination* This obser
vation needs further detailed investigation*

The present study has revealed that the three 
cultivars of cardamom though similar in any morphological 
aspects, are different In respect o f a few characters*
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'Vazhu&ka* seems to possess panicle characteristics which 
favour a higher yield o f capsule* Moreover, there is  no 
appreciable difference in flora l morphology, pollen fertility*  
v iab ility  and stigma receptivity* &itheaia occurs in the 
early hours o f the day almost at the same time. The crop is  
predominantly cross pollinated and the agents are inferred 
to ba honey bees. I t  was also Inferred that there is  
neither se lf s terility  nor parthenoearpy In these cultivars 
o f ctardamom#
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abstract

The study on the raproductive mechanism in cardamoa 
was undertaken at the Cardamom He search Station, Pampadua- 
para in three popular cultivars v ia ,, Malabar, Mysore and 
Vaahukka* Laboratory studies were conducted at the 
College o f Agriculture, Vellayenl,

Different morphological characters o f the panicle 
and flower, spread of flowering, time Kid mechanism o f 
anthesis, pollen v iab ility , stigea receptivity and se lf 
ster ility  were studied. The three cultivars ware cr itica lly  
compared with respect to each o f these characters.

The cultivars were found to have mostly similar 
panicle characters and flora l morphology. There was no 
distinct peak in flowering in the cultivars. In 'Malabar*, 
the period o f flowering was shorter than in the other two 
cultivars, Anthoaia in cardamom was found to occur in the 
early hours of morning. The mechanism of flower opening 
involved four distinct but overlapping stages beginning 
with the opening of petals and ending with dehiscence o f 
anthers. The f ir s t  three stages of anthesis in *Mysore* 
was completed slightly earlier than in ’ Malabar* and 
♦Vaahukka*, But anther dehiscence occurred almost at the



sane ti.no. Pollen fe r t i l ity  by acetocarmine technique 
was high. The germinability o f pollen was high in the 
early hours o f the day and decreased by noon® Scigaa 
receptivity was also high in the early hours of the day 
and decreased by noon® in ‘ Malabar* and 'Vavihukka'#
However® ’ Mysore' showed an irregular pattern as regards 
stigma receptivity®

The crop was predominantly cross pollinated and the 
chief agent involved is  Inferred as the honey baa. The 
morphological features o f the pollen grains® the placement 
o f stigma above the anther lobes and the placement of the 
panicles near the ground might fa cilita te  cross pollination® 
Self pollination was found to occur on a small scale with 
the help of crawling insects like ants and lice# The seed 
setting® however® was lower in ce ll pollinated capsules®
This might be due to the lack of sufficient pollen grains 
for effective fertilisation  o f a ll the ovules#

The results indicated that tharo Is no parthenooarpy 
in cardamom and that there is  neither se lf s terility  nor 
cross incompatibility® Seed setting was found to be very 
much similar in the different treatments such as open polli
nation, a rtific ia l se lf pollination and controlled self 
pollination. However® saed v iab ility  in the different se lf

12$
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and croae combinations showed differing trends* 
Incidences of ’ facultative parthenogenesis' or 'hybrid 
invlability ' con bo suspected. However* this needs 
further acre detailed investigation*


