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INTRODUCTION

Small cardamom or true cardamom (Klettaria 
oardamomum Maton) is esteemed as the "Queen of Gpicea"*
Xn India# Kerala# Karnataka and Tamil Nadu account for 
the entire area under this crop with 58# 769 ha# 2^2 60 ha 
and 8# 108 ha# respectively* The three states share 
61*13 per cent# 30*44 per cent and 8*43 per cent of the 
total area (Cherian# 1986) • current production of cardamom 
in India is estimated at an average of 4000 metric tonnes*

Indian cardamom is known from the time immemorial 
for its superior quality* It is still adjudged as the best 
in the international market* The bulk of the cardamom 
produced in India is exported to the countries in the 
Middle East* Although India had been earning substantial 
foreign exchange through the export of this high value-low 
volume spice# the export earnings markedly declined froaRs 
58*30 crores during 1973-79 t>%5#44 crores during 1933-84 
(Mohanachandran# 1985) • The main reason attributed for this 
alarming situation is our low unit production ( 60 kg/ha) 
as against that in Guatemala (250 kg/ha) which was able 
to compete in the international market because of her 
higher unit productivity .and lower cost of production*
Added to this# the adverse climatic conditions characterized 
by the unprecedented and severe drought experienced during



1982 and 1983 caused unprecedented set back to the 
cardamom industry in the country*

The research scientists of the three State Agricul
tural Universities, the Cardamom Board, the CPCRI, the 
UP AS I and the different organisations of cardamom planters 
have been working collectively to revive the weakened 
cardamom industry* To bring alive the cardamom export, 
it is estimated that we have to achieve a production 
target of 5000 metric tonnes during the VII Five Year 
Plan period*

Till the recent past, cardamom was either grown 
as a wild plant under the forest canopy or raised in a 
semi-wild state* The price boom of cardamom in the inter
national market encouraged its intensive cultivation in 
adverse/marginal habitats* This has resulted in many of 
the present day problems faced by this spice of which imma
ture capsule shedding is the most important. Though the 
phenomenon is common throughout the cardamom tracts, Wynad 
and certain pockets of the Idukki district in Kerala recorded 
the highest shedding of immature capsules ( ranging from 
20 to 60 per cent) • The severity of capsule shedding in 
cardamom has been reported from Karnataka also (Pattanshetty 
and Prasad, 1972)* The heavy shedding of cardamom capsules 
can either result from ecological disturbance, hormonal



3

imbalance# nutritional disorder# inadequate pollination# 
pests/diseases or from the combined action of one or 
more of these factors* Therefore#' investigations were 
undertaken from a physiologists view point on the flower
ing# fruit set and capsule development in cardamom*
Apart from finding the causes for capsule shedding# the 
studies aimed at defining the general physiological bases 
of flowering# fruit set and capsule development of 
cardamom* Since the earlier work on cardamom did not 
take into account the variation among the three popular 
cultivars (Malabar# Mysore and Vazhukka)# the present

i

studies included either typical plants of the three 
cultivars or their representative genotypes* The studies 
were carried out at the Cardamom Research station#
Pampadumpara from January# 1932 onwards* A multi-directional 
approach was made to the problem which included aspects 
like# growth and development# histology of flowering# 
influence of the ecological parameters# relation of 
endogenous and exogenous growth substances to flowering# 
nutrient status at different growth phases of the crop# 
photosynthetic rate and trans location# and development of 
the flavour principles of cardamom capsules with the 
advancement of maturity of the capsules*
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2 REVIEW OF LITERATURE

Cardamom is a plantation crop which has substantial 
export potential from the Indian subcontinent to the inter
national spice market (Reddy# 1969) • The earlier researchers 
on cardamom gave stress primarily on crop inprovement# 
nutrient relations# crop management and plant protection. 
The physiological aspects in general and the physiology of 
flowering in particular ( of cardamom) are areas where only 
limited studies have been made so far* The literature 
pertaining to the work done on cardamom and its relatives 
as well as relevant work conducted on other crops have been 
reviewed and presented in this chapter*

2*1 Growth and development of vegetative and floral parts 
in cardamom

Investigations on flowering and fruiting of cardamom 
were conducted as early as in 1958 by Subblah and Abraham 
in. the Nilagiri tract of Tamil Nadu. They observed the 
average number of flowers borne per raceme from January 
to March to be 13.3# with 3*3 per cent fruit set* From 
April to September# on an average 150*7 flowers opened per 
raceme# with 30*7 per cent fruit set* From October to 
December 26*8 flowers per raceme opened with 19*1 per cent 
fruit set* Kuttappa (1969) reported that; the shedding of
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capsules in cardamom may be the result of Improper ferti
lisation of the flowers# injury to tha flowers through 
spraying/dusting leading to their abscission# coiqpetltion 
between the growing capsules# physiological factors and 
pest and disease incidence* Detailed Investigations on

#i

the blossom biology# pollination and fruit set in cardamom 
were conducted at the Regional Research Station# Mudigere 
during 1967-1970* Pattansihetty and Prasad (1972) observed 
that panicles of cardamom emerged from the swollen base 
of the stem almost throughout the year in one or the other 
sucker of a plant* More than 60 per cent of the panicles 
were found to be produced during the post-monsoon and 
winter seasons* Growth of the vegetative suckers was 
observed to be spread over a period of 13 months from their 
emergence* When the suckers attained ths age of one year# 
the reproductive buds (panicles) developed in 89 per cent 
of the pseudooterns. These observations indicated that the 
suckers required about 1 1  to 1 2 months to attain maturity* 
According to Pattanshetty and Prasad (1972)# when new 
panicles started developing on the mature suckers# the 
rate of linear growth of the suckers suddenly declined# 
thus indicating a sudden diversion of energy of the 
suckers from vegetative to reproductive needs* Fruit set 
was maximum during the rainy months (from JUne to September) 
because of the humid atmosphere that prevailed during the
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period* During the dry months (from December to March) 
practically no fruit set was observed by them*

f

Vi jay an and Sachariah (1972) determined the unit 
fresh weight of capsules and the percentage driage of the 
capsules in seven types of cardamom* The highest fresh 
weight obtained was 807 mg per capsule* The percentage 
recovery of the capsules after flue curing ranged between 
20*6 and 30*6*

f

P or am© s war (1973) observed the time taken from 
floral Initiation to full bloom ranged between 23 and 34 
days* For capsule development* it took another 106 to 113 
days* Anthesis commenced at 3*30 a.m* and continued upto 
7*30 a*m* Maximum number of flowers opened between 5*30 a«m* 
and 6*30 a*m* Anther dehiscence commenced immediately 
after anthesis and continued upto 7*30 a«m« Fertility 
of the pollen grains was found to be 83 per cent as indi
cated by the acetocarmine staining method* Viability dropped 
to 6*5 per cent after two hours of storage at 26°C* The 
stigma remained receptive for 12 hours on the day of 
anthesis* with the maximum receptivity between 8*00 a*m* 
and 10*00 a*m* leading to about 72 per cent fruit set* 
Pattanshetty and Prasad (1973) observed that honey bees 
played an important role in the pollination of cardamom 
flowers* Fruit set was obtained in 60 per cent of the-
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£ lowers marked on the exposed panicles as against In only 
1 1  per cent In the panicles enclosed in cloth cylinders* 
Capsule set in the different types of cardamom was examined 
by Parameswar and Venugopal (1974) * They found that tha 
multiple branching type produced more flowers than the 
others (prostrate# erect and semi-erect); but over 60 
per cent of the flowers and capsules were shed in all the

i

types studied* ?hey opined that almost half of the flower 
and immature capsule shedding might have been caused by 
physiological factors*

Continued Investigations at the Regional Research 
Station# Mudigere# Pattanshetty (1980) observed that the 
yields from a seedling population of cardamom exhibited 
large variation ( as much as 89 per cent) • Nearly half of 
the plants examined by him were found to be poor yielders* 
He felt that by selecting clones alone# the yields could 
be increased from an average of 50 kg to as high as 300 kg 
dry capsules per hectare*

At the cardamom Research station# Pampadumpara# 
Venkitoraman (1982) studied the reproductive mechanism in 
cardamom* He observed that the three cultivars# Malabar# 
Mysore and Vashukka exhibited more or less similar panicle 
characters and floral morphology* A distinct peak of
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flowering was not found in these cultivars* In Malabar, 
the period of flowering was found to be shorter than that 
in the other two cultivars* Self pollination occurred on 
a small scale with the help of crawling insects like ants 
and lice* The seed setting, however, was found to be low 
in self pollinated capsules* Venkitaraman (1982) opined 
that the poor seed setting observed in self pollinated 
capsules might have been due to the lack of sufficient 
pollen grains for effecting fertilization of all the ovules*

2*2 Histological studies on flower bud differentiation

Among the plant species# morphological similarities 
have been observed during flower bud differentiation and 
at the initial stages of the development of the flower buds* 
But at the later stages, the mode of development and the 
time taken for differentiation into various organs vary, 
depending upon the type of inflorescence produced by the 
plant species* It was bang (1965) who published a thorough 
treatise on the physiology of flower initiation* He 
observed that the morphology of flower initiation in 
different plants exhibited many specific features* In 
some plants, the shoot apices# after having functioned for 
some time as vegetative meristerns# are directly transformed 
into flower primordia* In others# flower primordia are 
initiated as lateral meris terns while the terminal meristem
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of the shoot remains in the vegetative phase or ceases 
active function* However# the principal features which 
distinguish flower primordia from vegetative (shoot) 
promordla are quite similar in all seed plants* The 
reproductive primordium will be usually larger ( in terms 
of height# width and number of cell layers) than the 
vegetative primordium*

2*2*1 Vegetative apex

The vegetative apex had a conical shape in grapes 
(Chadha and Cheferoa, 1971) and mango (Singh# i960)* In 
lltchi# Shukla and Bajpal (1974) found that the vegetative 
apex was dome shaped* Xn cauliflower# the young leafy 
plant was found to possess a small pointed shoot apex 
surrounded by narrow leaf primordia which arose in spiral 
succession around the shoot apex (SadiJc# 1962) • in pepper# 
Nallni (1933) reported three distinct stages in the develop
ment of the vegetative bud* At the beginning of initiation# 
the vegetative primordium was conical# undifferentiated 
and surrounded by leaf sheaths# which elongated in the 
further stages* Rajan (1985) confirmed the conical nature 
of the vegetative apex of pepper* He described the change 
of shape of the apex during a single plastochrone of leaf 
initiation from broadly conical just prior to initiation 
to sharply conical immediately afterwards*
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2 .2 .2  Transition stage and floral differentiation

Broadening and flattening of the apical meristem 
just before flower bud initiation have been observed in 
citrus (-Abbot, 19337 Randhawa and Disna# 1947), in litchi 
(Shukla and Bajpai, 1974) in coffee (Alvim, 1973) in 
jaman (ttishra and Bajpai, 1973) and in strawberry (Pathak 
and Singh, 1977) •

In grapes, formation of bract prlmordium was the 
first indication of the formation of cluster prlmordium 
(Winkler and Shemsettin, 1937) , In mango, high meris tematic 
activity marked by the production' of broad conical protubera
nces in the axils of the scales, was the first sign of 
blossom bud differentiation (Gunjate et 31., 1977;
Ravisankar et al.. 1979)*

Nalini (1983) described the appearance of two 
undifferentiated conical primordia surrounded by leaf 
sheath as the first sign of flower bud initiation in pepper* 
These primordia were not distinct from the vegetative 
primordia* Five stages ware identified in the development 
of flower buds* During the first stage, two undifferentiated 
conical primordia surrounded by leaf sheaths were observed 
indicating the commencement of flower bud differentiation 
process* Towards the latter half of the first stage, one 
of the primordia broadened and elongated* Appearance of a
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dome shaped structure at the apex of the broadened primordium 
in the second stage denoted the spike initiation stage*
The third stage indicated floral initiation and a struc
ture resembling pepper spike was clearly observed*
During the fourth stage# differentiation of floral parts 
was observed* Stamen and pistil primordia developed 
towards the end of the fourth stage* The differentiation 
process was completed by the appoarance of stamens ana 
ovary during the fifth stage* Rajan (1985) also made 
similar observations as narrated above in pepper by 
Halini (1983) • He recognised tho change of shape from 
conical to hemispherical as the transition from vegetative 
to floral phase* At this stage the primordial apex exhibited 
high merletematic activity*

2*3 Role of climatic factors (rainfall# temperature# 
relative humidity) and soil moisture on flowering 
and fruit set)

2*3*1 Climatic influence on the growth and productivity ■ 
of cardamom

Abraham and Tulasidas (1958) gave a detailed account 
of the ecological features of the cardamom growing tracts 
of south India* They opined that the natural habitat of 
cardamom# the evergreen forests of the Western Ghats# is 
characterised by heavy rainfall# low to medium temperature
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and high atmospheric humidity* The dense shade provided 
by the forest trees i s peculiar to the high altitude 
regions of the tropical forests. That cardamom is very 
exacting with regard to its climatic requirement is 
evident from the reports of Srivastava et al* (1967) •
They observed the growth of cardamom in Goorg area of 
Karnataka and found that it flourishes well in the hot 
sub-mountainous regions of the tropical evergreen rain 
forests either on the hill slopes or valleys, and the 
streams running in between* Cardamom was found to thrive

t
best on damp soils having a rich layer of vegetative 
mould resting on a humus layer* Virgin forest soils 
protected under the tall standing trees were found to be 
the best for cardamom* ̂Suttappa (1969) opined that the 
imbalances in the climatic factors are the causes for immature 
capsule shedding in cardamom* Disturbances in the micro- 
climatic compounents led to the improper development of 
pistil and weakens the stalk end of the flowers and 
immature capsules# favouring abscission of the capsules*
George (1976) reported that dependence on the climatic 
conditions and the deforestation in cardamom growing 
tracts are the constraints in the production of cardamom*
He. analysed.;the rainfall pattern and yield of cardamom 
over a period of time and observed that the years of low
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production wore those in which timely rainfall in adequate 
quantities has been wanting and in which acute and prolonged 
dry summers prevailed* Cherian (1977) identified environ
mental ecology as a vital f actor in cardamom cultivation*
He analysed the cardamom yield figures for three decades 
and concluded that the productivity in 1970 *s was too low 
as compared to that obtained in the past* He was of the 
opinion that , unless due attention is given to improve the 
environmental situations in such a way as to satisfy the 
requirements of the cardamom plants, the position would 
not improve with any amount of artificial tillage operations, 
irrigation, manuring and pesticide! application* According 
to Sundaram (1977) the deterioration of ecology limited 
the production of cardamom* The large scale denudation of 
forests in and around the cardamom tracts in recent years 
has.been cited as the greatest menace to the cardamom 
industry (Abraham et al«* 1979)* This practice has upset 
the ecological balance which is highly essential for the 
successful cultivation of the crop* For better crop performance, 
they suggested the maintenances^ a suitable microclimate 
in the cardamom plantations* Wubbarao and Kori-'kanthimath (1963) 
observed the amount of precipitation, the number of rainy 
days and the yields from several estates of the Coorg area 
over a ten-year period* Their analysis indicated that the 
yield of cardamom was Influenced more by the distribution 
of monthly rainfall rather than by the total rainfall one
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the number of rainy days# in 10 out of the 13 estates# 
maximum yield was recorded when the annual -rainfall was 
less than 2000 mm* This clearly suggested that the total 
annual rainfall was not the criterion deciding the 
production of cardamom* They concluded that a well distri
buted annual rainfall of 2000 mm may be the optimum for 
Cardamom cultivation*

the effect of fores t- c limate on the growth and 
productivity of cardamom was assessed at the Indian Cardamom 
Research Institute# Hyladumpara* Kurup (1984) opined that 
domestication, of cardamom has not been realised to the 
fullest extent and the crop remains still in its wild or 
near wild habitat* He further stated that the unprecedented 
changes in the micro-climate of the cardamom growing tract

■ i

Is due to the large scale felling of the forest trees*
9

As varieties tolerating these changes in micro-climate 
have not been developed so far# these practices have reduced 
the productivity of the plantations. He advised that for 
the rejuvenation of cardamom plantations# a secondary 
canopy of shade trees .should be brought up# similar to that 
existing in evergreen tropical forests*

v

2*3*2 Climatic influence on growth and productivity of
other crops 

2«3*2*1 Rainfall
The influence of rainfall on flower initiation has 

been reported earlier in apple (Wiggam# 1 9 1 8 ; Collison and
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Harlan* 1927/ and Degman et §1*, 1933) and In coffee 
(Pressanha, 1956; Alvlm* i960; Franco* 1962; Kees* 1964;
Van der Veen* 1968; and Browning* 1971) *

4

The flowering behaviour of coffee as related to 
climatic factors was examined in detail by Alvira (1973)*
He opined that rainfall and day length are the main 
external factors controlling flowering in coffee* Anthesis 
of the flower bud in coffee was seen associated with rain 
following a dry period or a transition from dryness to 
wetness (hydroperiodism) • He postulated that rain or 
irrigation can effectively break the flower bud dormancy 
in Coffee* when followed by a period of moisture deficiency 
(Alvim* 1977)* He recognised two phases of dormancy in 
coffee* The first one under the control of growth inhibitors 
(whose concentration decreased during, drought) put the 
bud in a ready-to grow state* The second (quiescence or 
imposed dormancy which persisted even after the true dormancy 
was over) resulted from inadequate water supply* He* 
therefore* concluded that a moisture stress was necessary to 
release the dormant phase and water uptake to release the 
quiescent phase* Clower (1974) investigated the physiological 
factors influencing irrigation and management of coffee in 
ftbhdesia* He observed that the vegetative growth of coffee 
trees occurred mainly in the rainy season and the fruit
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growth continued to the dry season* A six to eight week 
period of stress was advised for coffee# after flower bud 
differentiation in JUne# to ensure early and abundant 
flowering and to avoid a late crop*

Koo (1937) found that a relationship existed between 
the annual rainfall and the average yield per tree in 
Valencia oranges*

Alvira ot al* (1972) observed that moisture stress 
inhibited flowering in cocoa* Two types of flowering were 
observed in cocoa# the 'normal1 one in March to July and 
a 'crazy1 flowering or lean flowering at the end of the dry 
period*

The influence of rainfall on the productivity of 
cashew was evident from the Investigations of Veeraraghavan 
and Vasavan (1979) • They stated that a well distributed 
rainfall during October and November months was required for 
the optimum flowering and fruit set in -cashew*

2 *3*2 * 2 Temperature
Teirperature relations have been found to be important 

among the factors governing the pattern of flowering and 
fruit set in a wide variety of crops (Ferold# 1927;
Wittwar et al»* 1948/ Gardner et al*» 1952/ Kolesnik# 1953/ 
Baldwin# 1964; and Buttrose* 1969)* Since the work done on 
cardamom on these aspects is meagre# a few pieces of work on
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other crops have been reviewed and presented here*

£oba (1966) observed that floral Initiation in 
garlic took place in early or mid-^pril when a minimum 
temperature of 10°G was reached* long days and high 
temperatures were required for floral induction*

The effect of temperature on fruit set in apple 
trees was studied by Grauslund and Hansen (1975) • Potted1

t

g japle trees of varieties# Golden Delicious and iobo# after 
the commencement of flowering were kept in growth chambers 
at varying temperature regimes* Premature fruit drop increased 
when the temperature in the growth chamber Was 20°C and 
above*

Shimamura and Okamoto (1975) studied the effect of 
night temperatures on flowering# fruit set and berry growth 
in Muscat of Alexandria variety of grapes* Three-year old 
vines were exposed to night temperature of- 30°C# 25°C# 20°C 
and 15°C and today temperature of 30°C for 10 days after 
flowering* The highest night temperature gave the maximum 
berry set and berry growth* Temperature influence on flower 
initiation in grapes was detailed by Palma and Jackson (1931) • 
Buds of cvs# Ch ass ©las Dors and White Riesling were marked 
when the intemode above the buds just began to elongate* in 
the following season, the number* of flowers on the shoots 
from each marked bud was observed and related to the maximum
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temperature of the day* The study revealed that the 
initiation of flowers in grapes was promoted by high 
temperatures and that this was determined well before 
visible changes occurred within the bud*

Tha influence of air and soil temperature on 
flowering of citrus was studied by Hall et al* (1977)
The bud break was increased by warm soils at 2S°C than by 
cool soils at 15°C* In contrast* the initiation of flowers 
on the new shoots was more in cooler days (20°C at day and 
15°C at night) than in warmer days (30°C at day and 15° C 
at night)*

The effect or night temperature on flowering and 
fruit si so in Smooth Cayenne pineapple was observed by 
Freend (1981)* Plants were grown in a green house at 25Pc.;to 

30°C and later transferred to rooms maintained at nightI
temperatures of 15°C to 30°C* flowering was most rapid at a 
night temperature of 20°C and slowest at 15°C* Flowering 
did not occur after three years, of growth at 30°C*

2*3*2*3 Soil moisture

soil moisture deficit influences practically every 
aspect of plant growth* modifying the anatomy* morphology* 
physiology and biochemistry* The major effects of water 
stress are related to decrease in turgor pressure and water 
potential of the plant* Survey of the earlier literature on



these topics., appeared in the papers by Huber (1956),
Bvanari (i960), Stocker (i960), Vaadia et al* (1961) and 
Kozlowskl (1964)* The influence of soil moisture on the 
flowering behaviour of some fruit plants are reviewed here*

Vannerum et al* (1966) conducted detailed investiga
tions on the effect of soil moisture on the number of flowers 
produced by different varieties of strawberry* It Was found 
that conserving the soil moisture by mulching with plack 
polythene increased the flowering by 23 per cent and the 
yields upto 38 per cent as conpared to the control* Benoit et al* 
(1984) estimated the effect of soil moisture on the yield of 
low bush blueberry* Plants were evaluated under greenhouse 
conditions at moisture regimes from 0 *2 bars (about field 
capacity) to 5*0 bars* a significant increase in the number of 
flowers per stem was detected for the treatments at 0 *2 and 0*6 

bars than for the treatments at 1*0 and 5*0 bars* The number of 
flowers and the total yield of berries increased significantly 
with increased water availability*

Water stress was Induced in nine-year old Cox apple 
trees# during the late spring of 1973# to assess the extent 
of fruit set (Powell# 1974)• In one set of. the experiment a 
soil cover was used to intercept the rainfall from entering 
the soil while a second set received normal rainfall* Fruit 
set was considerably re&uced by water stress and the -trem with 
minimal water stress retained more fruits per cluster than the 
stressed ones*
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ftao et ale (1974) studied the effect of varying 
soil moisture regimes on plant growth and yield in 
pineapple* Irrigation was given when 30# 60#40 and 20 
per cent of the available moisture was depleted from 
zero to thirty cm layer; hut yields were more or less 
similar for all the treatments* However# the TSS content 
of the juice was lower.in the lower moisture regimes*

Tha influence of the environmental factors on 
hud burst# flowering and shoot growth of grapes was 
studied during a period of four years in three different 
localities (Alleweldt and Hof acker# 1975)* soil moisture 
provftd to he the chief factor influencing inflorescence 
development and fruit shattering*

2«3*2»4 Relative humidity

The fluctuations in the water relations of a plant 
consequent on tha fluctuations in the atmospheric humidity 
is of great importance in deciding the fruiting behaviour 
of a number of species of plants* Darwin had postulated 
theories in favour of this statement as early as in 1694*
The problems related with pollination and fruit set of 
several fruit plants as influenced by relative humidity was 
well documented by Gardner et 3 I*# (1952) • Since information 
on the precise role of this factor is lacking for the major
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plantation and spice crops# references on a few other 
crops have been reviewed here*

Muhina (1955) studied the eco-physiological characteri-
*

sties of photosynthesis# growth and dry matter accumulation 
in tea* Experiments were conducted to determine the effects 
of shading and changes in relative humidity on the performance 
of China tea* During the first year of growth# the plants 
showed a strong positive reaction to high humidity# but 
during the second year# the demand decreased and a relative 
humidity of. 98 to 99 per cent reduced the growth and forma
tion of dry matter * although photosynthetic activity remained 
high*

The effect of environment on nectar secretion was 
studied in flowers of nine ornamental species* (Huber# 1956)*

f]
Air humidity was found to have a favourable Influence on the 
secretion of nectar*

Hales et al*(1968) ascertained the relationship between 
climatic factors and growth rate of Valencia orange fruits*
A high relative humidity was found to have a profound 
influence on the apparent growth rate of fruits and the 
fruit volume did not return to the normal volume dictated 
by soil moisture tension when relative humidity values
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remained low throughout the night*

The environmental £ actors influencing growth and
* /

productivity of several Woody perennial plants were studied 
by Kramer and Koslowski (1979) # They opined that relative 
humidity exhibited a profound influence on the transpira
tion rate, and in turn govered the plant factors like leaf 
area# leaf exposure and structure# stomatal behaviour and 

effectiveness of the absorbing roots*

2*4 Endogenous changes of growth substances in relation to 
flowering and fruit set

2*4*1 Auxins

The theory that flowering requires a certain level of 
endogenous auxin in the leaves or meristerns of a plant# Was 
postulated by Lang (1952) * Later auxins were proved to be 
one among the major factors that control the flowering 
mechanism in plants (Liverman# 1955; Salisbury and Bonner# 
1956; Gooiribe 1960; Beevaart# 1962 and Kitsch# 1965)* The 
regulation of flowering of certain selected crop plants by 
changes in endogenic auxin levels are cited here.

The relationship between auxin content# berry growth 
and berry drop in Concord and Concord Seedless varieties of

j 'grapos was examined by Kitsch (1957) • He observed that after
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seven days of flowering, both the varieties showed a low 
growth rate and a low auxin content* After this growth rate 
and auxin content started to increase in both the varieties* 
tn Concord variety# between 20 and 26 days of flowering# 
the endosperm developed rapidly in the seeds and the growth 
rate and auxin content of the berries were high* Changes 
in the auxin levels of grape berries were estimated by 
Niml et al* (1977) • The growth of the seeded berries showed 
a typical double sigmoid curve* The rapid growth rate of the 
berries after fruit set (Stage 1 ) was characterised by a 
high activity of endogenous auxins*

Sacher (1957) conducted experiments in bean segments 
to examine the relationship between auxin concentration# 
tissue senescence and abscission* He proved that cells of 
the abscission zone may be sensitive to a drop in the auxin 
level and that below a critical auxin level# loss of 
membrane integrity occurs which permits displacement of 
cellular fluids and results In cell dissociation and 
abscission*

Growth substances in the flower buds and developing 
fruits of lowbush blueberry were assayed by Collins ot al* 
(1966)• The fruit development followed a typical sigmoid 
pattern# Ho correlation was observed between the growth of 
the fruits and the concentration of auxins in the fruit
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-tissues* The peak of auxin concentration occurred at the 
time of suspended growth between the two growth peaks* 
Dresher and Poovaiah (1983) analysed the auxin levels in 
strawberry fruits at various developmental stages* The 
levels of free and conjugated XAA were determined in achenes 
and receptacles of strawberry fruits (Osark Beauty ) from 
pollination to maturity* Free XAA was found almost 
exclusively in the achenes# with the maximum at 10 days 
after pollination (3000 ng/g dry weight) • Levels of free 
XAA were at least ten fold lower in 3-days old fruits*

F

Only traces of XAA could be detected in the receptacles 
at the advanced stages of fruit maturity*

Ghacko et al*(1972) compared the concentration of 
growth substances present during the season of flower bud 
initiation in the shoots of the regular bearing Variety 
Totapuri Red Small and the biennial bearing variety 
Dashehari# both in the *onk and •off years* The auxin
levels were found to be high in the flowering than in the

*

vegetative shoots*

2*4*2 Inhibitors
The abscission of flowers and immature fruits is a

*

global problem facing the cultivation of horticultural 
crops* The earlier proposed theories suggested a lowering 
of the auxin content' as the major cause for fruit drop
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(buckwill# 1953) 4 But later the occurrence of dormancy 
inducing substances was confirmed by tfarelng (1970)*

; V *  j - ' - V "  ^

These substances were subsequently named as ABA* The 
conclusive evidences on the increase of a b a content 
during the period of fruit dehiscence was reported by 
Davis and Addicott (1972) * Some of the salient references 
. based on the work conducted on certain fruit, crops are 
given here*

tfonselise et al*(1967) estimated the hormone- 
inhibitor balance of soma citrus tissues* Flowers in 
general contained a low concentration of inhibitors and 
petals in particular had a high percentage of promoters*

' The ovaries# developing fruitlets and peel tissues at 
all stages of fruit development displayed considerable 
inhibition; but no detectable promotion*

i

Hormonal regulation of mango malformation was 
discussed in detail by Pandey et al* (l974) « Endogenous 
growth substances were analysed in healthy and malformed 
mango panicles* Chromatograms of extracts from healthy 
buds were characterised by growth promoting activity 
whereas those from malformed buds had marked inhibitory 
sonee*
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Lae and Tomana (1981) observed the effect of fruit 
temperatures on the abscisic acid content of Delaware and 
m s  cat Bailey grapes# Abscisic acid content in Delaware 
grape was not affected by temperature# But in Muscat 
Bailey vines grown at 30°c# the abscisic acid content 
was lower than that of the vines grown at 20°C#

Abscisic acid activity in the developing fruits 
of Florida. Sun and Sharbati peaches was determined by Sandhu 
and Dhiilon (1981)# In two-year studies#ABA activity in 
both the cultivars were estimated# starting from one week

'i
after full bloom to maturity# in sharbati# the ABA level 
remained moderate in Stage X# declined to its lowest level 
in stage XX and rose to a maximum in Stage XXX# Xn Florida Sun# 
the ABA level was highest during stage X# moderate during 
Stage XX and declined to a minimum in Stage XXI#

The inhibitory substances present in persimmon 
ovaries during anthesis were identified and estimated by 
Lu et al* (1982) • The concentration of these inhibitors 
were related to the development of ovaries# It was found 
that the accumulation of ABA during and after anthesis 
prevented the development of tho ovary# when pollination 
and fertilization did not occur#
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Martin et al* (1982) studied the changes in ABA 
content o f pear receptacles from an thesis to pos t-fer ti
ll zation stages* The. ABA concentration was found to 
decrease after anthesis in all the flowers except in the 
pollinated receptacles# whereas a slight Increase occurred 
twelve days after full bloom*

2*4*3 Cytokinins

The discovery of the cytokinins was the direct 
outcome of tissue culture studies carried oh for several

D

years in skoog *s laboratory at the University of Wisconsin* 
Skoog and Tsui (1948) reported the chemical regulation of 
bud formation on tobacco stem segments and callus cultured 
in vitro* Bio-assays for the qualitative and quantitative 
estimation of cytokinins were standardised earlier (Richmond 
and bang# 1987; He Call a# 1962; Hurashige and Skoog# 1962; 
Hiller# 1963) • Though the formative effects of cytokinins on 
the release of buds from dormancy and inhibition of ageing

/  i

have been established earlier# its precise role in flower
ing# fruit set and fruit growth have been published quite 
recently* A few work done on fruit crops like grapes# 
mangoes* oranges and apples are presented here*

Chacko et £l* (1976) reported on the levels of 
cytokinin-like substances in grape berries at different
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developmental stages* The concentration of cytokinins in 
the cv* Bangalore Blue was maximum during anthesxs and 
et the first rapid growth period* But during the . lag and 
subsequent rapid growth phases# the cytokinin levels 
markedly declined*

Endogenous cytokinins in apples during ripening 
was assayed by Obrenvoic (1977) • Samples of growing and 
abscised apples (Bed Delicious) were analysed at ten days 
intervals for cytokinin content* There was no substantial 
difference in the cytokinins present in growing and abscised 
fruits* Cytokinin concentration was very high at the start 
of fruit development# decreased sharply during growth and 
Increased again at ripening*

investigations on cytokinin-like substances in mango 
were conducted by Satish (1977) * Cytokinin activity was 
estimated in Alphonso and Olour mango fruits during fruit 
development* In Alphonso variety# the cytokinin activity 
reached a maximum (197*6 /ig/g fresh weight) 32 days after 
flowering and declined thereafter* in Olour variety# the 
cytokinin activity was maximum (163*1 /ug /g) 35 days
after flowering* Ram jat al» (1983) studied the occurrence 
of endogenous cytokinins in" mango# cv* Dasheharl* They 
Identified cytokinins in the pericarp and seed* It was
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observed that during a period of rapid growth of the 
fruit and seed ( 42 days after pollination)* the cytokinin 
concentration increased rapidly at two stages* The first 
preceded the period of rapid cell division and the second 
coincided with the period of rapid cell enlargement* 
Cytokinin deficiency in the fruit was found to be associa
ted with fruit drop4and cessation of fruit growth*

Furio at al. (1981) analysed the endogenous cytokinins 
in flowers#' vegetative buds* leaves* ovaries and fruits of 
Washington Havel and Havalate oranges at different stages 
of development* The cytokinin content 'was found to be higher 
in vegetative than in the flower buds of Have late oranges; 
but the reverse was true for Washington. Haval oranges* A 
higher cytokinin content was observed in the ovaries of 
Washington Havel than in those of have late# suggesting that 
a higher flow of nutrients towards the vegetative organs 
occurred in Havel ate# causing a low fruit set and poor 
pro due ti vi ty *

2*5 Effect of exogenous application of growth substances 
in enhancing flowering# fruit set and yield

2*5*1 Auxins and gibberallins l
The control of flowering and fruit set by application 

of auxins has been the subject of numerous investigations 
on a large number:of plant species* The wider use of
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different: auxins in enhancing flowering and fruit: sot: 
have been published by Zimmerman and Hitchcock (1944)#
Avery and Johnson (1947), Wittwer (1949) and Osborne at al* 
(1952)• Auxin applications received renewed attention in 
connection with the earlier theories* bang (1952) observed 
that the effects of exogenous application Of auxin on 
flowering were seen only in those cases in which the 
endogenous levels of auxins were below a threshold level*

. . References to the bolting and flowering of certain
rosotted long day plants by, exogenous application of gibberell- 
ins have been observed earlier (bang* 1957; Doorenbos and 
WaXlensiek# 1959)•Since then# several workers have reported 
the beneficial use of gibberellin in enhancing flowering 
(Harada and Ritsch# 1959; bang# I960; Cajlachjan and 
bozhnikova# 1964; stoddart# 1966; Wareing and Sl-Antably#
1970; and Evans# 1971) * the work done on the role of 
auxins and gibberellins in enhancing flowering and fruit 
set of crop plants are quite laborious# some of the salient 
reports that are relevant to the present study are documented 
hare*

Scperiments on pineapple have proved that low concen
trations of &AA would cause flowering wnen applied as a spray 
before floral differentiation (Collins# i960)* NAA would 
applied at low levels after the fruit initiation in pineapple#
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brought; about an increase in size# weight and development 
period of fruits* However high concentrations of NAA when 
applied before normal fruit formation resulted in delayed 
fruit initiation * SeeyaVe (1966) induced uniform flowering 
in pineapple by the application of NAA at 15 to 30 ppm at 
the rate of 50 ml, per plant* Sharina and Randhawa (1966) 
studied the influence of growth substances on fruit set 
and fruit drop in sweet oranges. -Experiments were condu
cted for three years with nine-year old Hamlin and Valencia 
trees* The trees were sprayed at full bloom with QA^ (10#25 
and 50 ppm)# 2*4-0 and 2*4*5-X (both at 2*5/ 5*0 and 7*5 ppm). 
GAg at 50 ppm had the cost marked effect on fruit set of 
both the varieties* The beneficial effect of GA^ on enhancing 
fruit set in sweet orange was further confirmed by 
Agusti eg ail. (1932) * *A single spray of GA^ at 5 to 20 mg/l 
at petal fall to the entire tree enhanced the initial set
In sweet oranges* Aqueous sprays of 2*4-0(10 or 20 ppm) or

» '  /

GA^ ( 10 or 15 ppm) reduced the fruit drop in Marsh grape 
fruit (Dinar et al*# 1977) * Both Ga  ̂and 2*4-0 increased the 
peel firmness; but GA^ treated fruits were inferior in 
colour to 2*4-D treated fruits* Sinha at al* (1977) condu
cted experiments on the effect of plant growth regulator* 
on fruit drop* size and quality of Hagpur santra oranges* 
Studies were conducted for three years on 12-year old trees 
growing on Citrus lambhiri and treated with 2*4-0 at 10 to
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20 ppm# 2#4#5-7 at 5 to 15 ppm and NAA at 10 to 20 ppm#
The trees were sprayed at monthly Intervals from early 
July to October# 2#4#5-T at 15 ppm was the most effective 
treatment for the control of fruit fall#

Attempts were made to reduco the pre-harvest drop of 
Jonathan and Delicious apples (Shorter and Cripps# 1966) •
NAA at 10 ppm plus a wetting agent applied in early February 
and again in late February reduced the pre-harvest drop 
by almost 50 per cent.SrivastaVa and Agarwal (1966} probed 
into the effectiveness of GA^ on controlling fruit drop in 
Red Delicious apples. GA^ sprays at 0# 25# 50 and 100 ppm 
were applied to apple trees# five to six weeks after petal 
fall* All the GAj treatments reduced the fruit drop# 25 ppm 
concentration being more effective#

Majumder et al* (1970). tried the effect of NAA on the 
malformation of mongo# Branches of Dashehari# Chous a and 
Bombay Green Varieties which had suffered from floral mal
formation on the preceding season were sprayed with 10 0 to 
200 ppm NAA in October* The treatments considerably reduced 
the Incidence of malformation in the following season* The 
effect of growth regulators on fruit retention and quality 
of mango was studied by Mayura and Singh (1979) # Mango 
trees were sprayed with BAA# 2#4-D or 2#4#S-T each at 20 

and 40 ppm when the fruits ware at ths pea stage# followed or
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not by a second application one month later* Fruit 
retention was improved and the fruit quality enhanced by 
all the treatments# the best results being obtained with 
HAA at 40 ppm*

Weaver (1975) sprayed zinfandel grape vines at 
bloom (50 per cent Calyptra fall) and on the subsequent 
dates with KGA^ (Potassium gibberellate) • At fruit maturity# 
various parameters were measured* The treatments brought about 
a rapid increase in the cluster length* the set of berries 
and the weight of berries*

The effectiveness of GA^ on the yield of Arabics 
coffee in Kenya was reported by Ople (1977). Foliar sprays 
of Ga^ at 10 0 ppm were given to mature trees# three times 
during 1974 and 1975 at various altitudes* The 1974 treat
ments increased the yield of the following year's crop by 
12 to 26 per cent* The 1975 application Increased the yield 
of 1976 crop by eight to nine per cent*

Experiments were conducted to find out the effective
ness of three growth regulators# XAA# G/^ abd 2«4-D on 
fruit setting and yield of tomatoes (Hair at al.* 1974)»
The maximum increase in yield was obtained with XAA at 
25 ppm in four of the five varieties tested* Xn four
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varieties# GA^ treated plants gave maximum yield at 10 ppm 
concentration# v/hile the 2#4~D treated plants showed best 
performance at 2 ppm concentration* a slight reduction in 
yield was observed at 4 ppm concentration of 2#4~D*
Joseph and Peter (1981) reported on the effectiveness of 
2 #4-D on tomato* She trials were carried out with deter
minate, semi-determinate and indeterminate tomato cultivars* 
2,4-D was applied at 5 and 10 ppm concentrations at 30 #45 
and 60 days after transplanting* 2#4-D at 5 ppm was found to 
enhance earliness in 16 out of 24 cultivars and increased 
the average fruit weight in all the cultivars*

She effect of 2,4-D on fruit development in Piper 
nigrum is evident from the findings of Hariharan and 
Unnikrishnan (1985) • Pepper vines were sprayed with a sub
toxic concentration ( 1 ppm) of 2#4-D* Increases in the

*

degree of cell division# fresh weight# dry weight and 
volume of berries were obtained in the 2#4-D treated vines 
over those of the untreated controls*

Gurumurthy et al* (1985) reported the results of the 
field experiments conducted at the Regional Research station# 
Mudlgere on the effect of growth substances on fruit set 
and fruit development in cardamom* They found that Waa at 
75 ppm and 2#4-B at 2*5 ppm were effective in reducing the 
capsule drop* The effect of growth regulators on the weight 
of capsules was not found to be consistent*
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2 • 5 • 2 Cytokinins

Exogenous application of cytokinins have been found 
to enhance fruit setting of several fruit plants (steward 
and Simroonds# 1954 and Goldacre and Bottomley# 1959) • A 
few years later the beneficial effects of cytokinins on 
fruit setting was observed on figs (Crane and Van Overbeek# 1965)# 
cucurbits (Jonas# 1965) and grapes (Weaver et al«# 1966)• A 
few other references on certain crop plants are presented 
here#

Mullins (1967) observed the morphogenetic effects of 
some synthetic cytokinins in gropes# Inflorescence growth 
was promoted by the application of 6-benzyl ami nop urine • The 
effect of cytokinin treatments on the flower structure and 
berry set of the dessert variety Olimpia was studied by 
Jako and Szegedi (1972) • Vines were sprayed with 100 ppm 
solutions of BA (benzyl adenine) prior to flowering at three- 
day intervals during the month of May# BA treatment improved 
the size of the pistils# There was an increase in the number 
of berries set per bunch and the bunches were more compact 
with a high proportion of seedless grapes# Takagi and 
Furukawa (1977) studied the effect of BA on pistil develop
ment in Muscat Bailey grapes# Pistil development was promoted 
by BA (applied two to three weeks before anthesis) which 
increased the frequency of perfect flowers and enhanced the 
fruit set« Sriaivasan and Mullins (1980) studied the effect
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of BA on Muscat of Alexandria grapes* BA promoted the 
formation of ■anlagen1 (uncommitted primor‘=dla) and growth 
of the tendrils*

Development of Inflorescences in tomato plants 
grown in adverse light conditions was stimulated by the 
application of BA at 10 ppm concentration (Kinet et al**
1978) * Xt was found that on treatment with the growth 
substances* the soluble sugars and starch levels increased 
temporarily* Studies on the partitioning of the dry matter 
between the different plant organs suggested that the 
growth substances modified the distribution pattern of 
the assimilates within the plant* the inflorescence being 
favoured at the expense of the young leaves above*

2*5*3 Bthylene

ethylene gas evolved from stroke has been known to be 
capable of stimulating flowering in pineapple about seven 
decades back ( Crocker and Knight 1908)* Later* it has been 
found to promote flowering in many plant species (Rodrigues* 
1932; Van Overbeek* 1952; Burg and Burg 1966; Bleasdale* 1973 
and Roberts and Tucker* 1985) *

Mention is made here on the response of certain crop 
plants to exogenous application of Ethral/Ethcphon •
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Chacko at al* (1972) induced flowering in the 'off1 

year of Langra mango by the spray application of Efchrel at 
200 ppm* Sen et ̂ 1* (1973) used Ethephon for controlling 
non-uniform bearing of mango* Three sprays of Ethephon at 
250 ppm were given to hangra and Bombai varieties at monthly 
Intervals during August* September and October* shoot growth 
was inhibited and the percentage of shoots that flowered was
doubled* In the following year however* the conditions wars

in
unfavourable for flowering and the trees remained an 'off1 

condition* Pal et al* (1984) used Various growth substances 
to tackle the problem of biennial bearing in Deshehari mango* 
It was seen that Ethephon at 200 ppm plus 0*1% urea* applied 
five times at monthly intervals gave the best results and 
induced bearing in the 'off' year*

The cytohistological changes in pineapple after 
treatment with Ethephon (400 ppm) was studied by Wee and 
Rao (1979)» Ethephon treatment produced a broadened apex 
at the inflorescence initials*

Pattanshetty (1980) recommended the spray applies-
3

tlon of 250 ppm ethrel for inqproving the sucker, production 
In cardamom*
2*6 Nutrient status of the plant parts and uptake by the 

cardamom clumps at various periods of crop growth

Earlier attempts on the nutrient analysis in cardamom



were made at Mudigere, singanpatti and Idukki* John (1967) 
reported that the cardamom plant contains 5*33 per cent N*
1*33 per cent p2°5 * 6*69 per cent ^O# 2*70 per cent CmO 
and 3*50 per cent MgO ( on dry weight basis)* He observed 
that a mature capsule of the variety Mysore weighed 0*5 
to 0*8 g by fresh weight and the variety Malabar weighed 
0*3 to 0*6 g* Raman and Khan (1967) conducted manurial 
experiments on cardamom at Singampatti* The results of the 
fertilizer trial showed that the yield increased initially 
with the increase in the dosage of ft and K^O* They tried 
the nutrients 2n, Cu, B* Fe* Mg* Mn and Mo In various 
combinations * The results indicated that Mn had a significant 
response while Mo gave only a slight response* B was found 
to depress the yield* Combinations of zn and Cu* zn and Fa*

Cu and Mo and B and Mg also increased the yield significantly*

Data on soil and plant analyses were utilised by 
Srlvastava at £l* (1968) for judging the fertilizer needs 
of cardamom* They conducted leaf analyses for cardamom at 
the Citrus Experiment station, Gonicoppal* Nutritional 
status of the leaves from best performing cardamom plants 
were worked out for macro and micro nutrients* Definite 
conclusions could not be drawn from this experiment since 
the number of samples analysed were too low for drawing any 
inference* George (1971) emphasised the need for conducting
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trials on the nutritional requirements of the crop* Ha 
observed with regret that the favourable environment 
which the pioneer planters possessed when they' opened 
the cardamom plantations on rich virgin forest soils had 
disappeared* The soils were under continuous cultivation 
for decades with the resultant depletion and exhaustion of 
nutrients* He pointed out the need for taking up studies to 
draw precise information on the nutritional requirements 
and to make fertilizer recommendations for young and mature 
cardamom clumps for ensuring thrifty growth and increased 
crop production*

■ Detailed investigations on the nutrient uptake by 
cardamom clumps were conducted by Kulk^roi et 5^* (1971) 
at the Regional Research Station* Mudigere* The N* P and 
Ca content in the leaves increased from young to mature 
stages* whereas the K and Mg contents decreased* However 
at,the bearing stage* while the H* P and K decreased in the 
leaf tissue a definite increase was observed in the case 
of Ca and Mg* xn the case of pseufiostem* there was a general 
reduction in H* P and K content and an increase in the Ca 
and Mg concentration with the advance in age of the plants*
A broad pattern of the uptake of nutrients at the harvest 
stage revealed that the removal of K was maximum 
(20*01 kg/ha)* followed by N (12*17 kg/ha) and Ca(8*S4 kg/ha)*
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On the contrary# P and Mg wore removed in comparatively 
lesser quantities (1*4 to 2*32 kg/ha) ♦-They concluded from 
their studies that for the production of one kg of cardamom 
capsules# 0*122 kg N# 0*014 kg P and 0*200 kg K were 
removed by the plants*

Subsequently* a series of nutritional experiments . 
were undertaken at the Regional Research station# Mudigere* 
Recently# Venkatesha (1982) observed that the foliar 
application of nitrogen and potassium was equally effective 
as the soil application on enhancing the proliferation of 
suckers in cardamom*

Distribution of nutrients in the different plant 
organs of the three popular cultivars of cardamom was 
estimated at the CPCRX Kasaragod by Khader et al* (1982) •
They found that cardamom plants accumulated major# 
secondary and minor elements in the order K>H>Ca>Mg:>P>l3a 
Mn>Fe>Zn>Cu* They further observed that accumulation 
of P# K and Mg was maximum in the panicles and flowers*
The leaf blades contained the highest concentration of £3 
and the petioles together with leaf blades also contained 
the highest concentration of Ca* The cultivar Vashukka 
was found to absorb more P than the other two cultivars*
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Dileepkumor (1983) conducted studies at the 
Cardamom Research Station# Pampadump ara on the nutri
tional status of soil and plant parts in relation to the 
incidence of the chenthal disorder of cardamom* His 
analyses indicated that the Mg content of the plant parts 
declined with increase in the intensity of the disorder 
suggesting that Mg deficiency may be a causative factor 
for the occurrence of the chenthal disorder* He also 
correlated the nutrient status of the plant and soil with 
the yield of the crop* Among the different nutrients# P was 
found to be correlated with the yield of Cardamom* The 
correlation between the various nutrients in the soil and 
plant with the crop yield for the three cultivars were 
ranked as follows s

Malabar t P>K>N>Fe>Mn>Mg>zn:>Ca 
Mysore s P > N > C a > M g > K > F e >  zn>>Mn 
Vazhukka * P >  Mg> Fe> Ca> N > K >  zn> Mn

Mohankumar and Hegde (1983) reviewed the nutritional studies 
conducted till date on cardamom* They indicated that the 
cardamom crop depletes nutrients from the soil at all the 
stages of growth# which necessitates the application of 
nutrients for restoring soil fertility* 2he growth habit of 
cardamom in. relation to nutrition was studied by
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Korlkanthiroath (1934) * According to him cardamom exhibited 
a special growth feature whereby it produced suckers 
throughout the year* The initiation of panicles and the 
development of capsules were spread over a period of eight 
to nine months in an year* Thus# he concluded that a steady 
absorption and utilization of plant nutrients take place 
throughout the life cycle of cardamom* He# therefore 
suggested that a regular fertilizer schedule has to be 
followed for better fertilizer use efficiency and to 
realise higher yields in cardamom*

2*6*1 Carbohydrates# nitrogen and carbon/nitrogen ratio 
in relation to flowering

The pioneering report on the carbon/nitrogen balance 
as a factor governing, flower bud initiation was proposed by 
Kraus and Kraybill (1918)* Consequently# several workers 
have contributed to the relationship between CjN ratio and 
flowering (Gourley* 1915; Chandler# 1925; Archbold# 1928; 
Hooker# 1930; Thomas and Bernad# 1937; Shantha# 1965;
Chadha and Cheema# 1971 and Chitkara et al»* 1972)

Some of the work done on this line in certain 
plantation and fruit crops are reviewed here* Gopal «t al» 
(1975) made a physiological approach on the flowering of 
coffee under South Indian conditions* In a three-year study
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of the flowering pattern of Qoffea arabica cv*S-795* 
uniform flower bud enlargement and opening into normal 
flowers were found positively correlated to the starch 
index (reserve carbohydrate) on the wood*

The alternate bearing behaviour of Valencia orange 
was correlated with the carbohydrate reserves of the tree 
by Obnes at al» (1977) who found that these reserves in the 
tree were reduced by an 'on1 crop* in an 'off1 crop followed 
by this* the carbohydrate.'/ levels were not found to be 
consistent • Bud dormancy in the spring was more prolonged 
in the 'on* year trees than in the 'off * year trees*
u *

The biochemical changes associated with floral mal
formation in mango were studied by Fandey et 3 I. (1977) 
Changes in the. carbohydrate reserves* total W and the

i
anatomy of healthy- and malformed shoots of the cvs •# 
Dashehari and Chous a were followed before and after the 
fruit bud differentiation* Acid hydrolysable polysaccharides 
and total carbohydrates remained at higher levels in the 
leaves* stems and panicles of malformed than in those of the 
healthy shoots in both the cultivars* Ravlsarifcar and 
Kao (1962} studied the changes related to irregular bearing 
in the levels of carbohydrates* c/w ratio and mineral 
nutrients of Alphonso mangoes before* during and after
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fruit bud differentiation* At ail, stages# it was found 
that the levels of Insoluble carbohydrates ware apprecia- 
bly higher than those of soluble carbohydrates* The 
levels of insoluble carbohydrates and non-reducing sugars 
declined during fruit-bud differentiation# whereas tha 
level of reducing sugars increased*

i

Investigations on flower bud differentiation in 
pepper commenced at the Oollege of Horticulture# Vellanikkara 
during 1981* Nalini (1983) estimated the total soluble 
carbohydrate content# nitrogen content and C/.N ratio of 
two types of laterals (those that bora the crop during 
the past season and those that did not) and that of the 
new shoots• She observed that the-total soluble carbohydrates# 
nitrogen and c/N ratio varied considerably during different 
growth cycles* However# the C/N ratio exhibited two peaks 
the first synchronising with the differentiation of flower 
buds# and the second with the step up of flower bud differen
tiation activity* ftajan (1985) did not observe any signi
ficant correlation between the carbohydrate content and C/N 
ratio with flower bud differentiation in pepper* However# 
he recorded an accumulation of carbohydrates and a build up 
of C/N ratio prior to the peak differentiation period*
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2*7 Rate of photosynthesis and trans location of 
photosynthates by 1 4 C02 labelling techniques

Considerable use of isotopes have been made by
plant physiologists in studies on the photosynthesis and
plant productivity of several crop plants* Among the
many isotopes used# the one which has been. used in photo-

14synthesis studies is C* Some of the earlier work on rice
/

done at the international Rice Research Institute, Phili
ppines deserves special mention (Fujiwara and Suzuki, 1957/ 
Ota# 1958 and Shaw and Tanaka# 1967) • Of late# i4C studies 
have been conducted on different field crops as well as 
horticultural crops* The work done on some major horticul-

t

tural crops are reviewed here#

Austin and IiOngden (1967) deviced a rapid method
for the measurement of the rate of photosynthesis using 
14COj* The method consisted on interrupting the flow of
air over a leaf for 15 seconds, during which time air

14 14containing COg was passed over it* The amount of CC^
assimilated by the leaf was then measured* Results obtained 
were comparable with those obtained Using an infra-red gas 
analyser*

Distribution of labelled assimilates within an
14young apple tree after supplying CO^ to a leaf or shoot 

was traced by radio autography (Jankiewicz et al** 1967) •
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It was observed that the transport of labelled assimilates
from the young leaves of the leader was very meagre and
was traceable only in parts of the stem and the leaves
situated in the close vicinity of the treated leaves*

14The translocation and distribution of C labelled assimi
lates within a single shoot and between two adjacent
shoots were studied in one-year old Golden Delicious apple

14trees (Manolov et al** 1974) * When C02 was Introduced
into an upper developed leaf the translocation of labelled
assimilates was basipetal and when introduced into a lower
leaf* acropetal* The major part of labelled assimilates
moved from a middle leaf down the stem in a spiral* When

14whole shoots were exposed to C02# the labelled compounds 
were not translocated to an adjacent shoot/ but moved into 
the roots*

Kriedemann (1968) investigated the translocation
pattern in peach and apricot shoots# after treating them with 
14CO^ by the method of autoradiography* The terminal leaves

14of peach and apricot were fed with C02 from flowering 
till fruit maturity* It was found that in the early stages# 
the adjacent fruits shared the assimilates with the expand
ing leaves* At the later stages# only the fruits imported
assimilates from the terminal leaves* The accumulation of 
14C continued even when the fruit was fully ripe* After
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harvesting* trans location from the terminal leaves of peach 
was minimal# the labelled photosynthate being detected only 
in the main stem*

The trans location of C photo assimilates from
normal and mutant leaves. to the pods of Pi sum sativum
was estimated by Harvey (1974) • Assays of C distribution*
made 48 hours after treatment# indicated that the leaf and
the pod had a well defined respective source and sink
relationship that was Independent of leaf morphology. Thus

14the pods which comprised the main C sinks depended on
the leaf that had been fed with With regard to the
sink activity# there was little difference between mutant
and normal leaves* hawrie and Wheeler (1974) traced the
movement of photosynthetic assimilates to the nodules of
Plsuro sativum in relation to the fixation of nitrogen*

14It was seen that the accumulation of C labelled photo*
synthates in the nodules of pea plants in nitrogen-free
culture#, reached a maximum shortly before flowering and
fruit development* During the period from flowering to

14fruiting# accumulation of C photosynthates in the nodules 
declined by 60 per cent whereas the photosynthesis of the

’ i '  *plant was found doubled.

Uneven ripening and translocation of metabolites in 
'Gulabl1 grapes were studied by Vasundara (1981) . Radio-
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active CO^ was fed to the leaves during the rapid growth 
stage of the cluster (45 days after an thesis) * At this 
stage# there was small# medium and large sized berries 
within the cluster* In non-defolia ted plants# the highest 
amount of was recorded in the first two or three
branches of the cluster that contained a higher sink 
number* When the source capacity was reduced by defoliation# 
the pattern of translocation from fed leaves into the 
sinks differed* The first branch of the cluster became 
the predominant sink* Hence# the total activity and the 
specific activity were higher in the first branches than 
in the other-sinks*

Chacko et al* (1982) studied the relationship between
leaf number* leaf area and fruit development in mango* The
optimum leaf number/fruit ratio in various mango cultivars
was sought by isolating individual fruits with known numbers

14of supporting leaves by shoot girdling* CO^ feeding
14experiments showed a high rate of C fixation in the leaves 

of the girdled shoots than in those of the control shoots* 
However* the translocation of assimilates to the develop* 
ing fruits on the girdled and control shoots was comparable* 
Starch accumulation in the leaves was found to be reduced by 
shoot girdling*
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14Partitioning of C photosynthates were conducted
on strawberry plants toy Schaffer et ^1* (1985)• They

14studied the mode of C accumulation on fruiting as well
as deblossomed strawberry plants. It was observed that
the total quantity of radioactivity in the unfed leaves
and fruits of the fruiting plants were approximately equal
to the sum of the radioactivity in the untreated leaves of
the deblossomed plants* Autoradiographs showed that majority 

14of C was in the expanding leaves« The increased leaf 
production rates# which often resulted consequent to 
deblossoming of strawberry plants# were attributed to an 
increase in photosynthates that are partitioned to the 
expanding leaves*

The effect of C02 enrichment on growth and photo-
as si mi late transport in dwarf cucumber was assessed by
Madore and Grodzinski (1985) • Dwarf cucumber plants of the
cv* Spacemaster were grown for six weeks in a C02 enriched

—1atmosphere (1150 /til 1 ) * Source leaves of different
14age were plus© labelled with C02« 2?he distribution of 

14, 0 in petiole extracts and phloem exudates of the fed leaves
showed an increase of the label In transport sugars whereas 
a decline of the label was observed in the aminoaclds# 
particularly glycine and serine*



50

14The Import and unloading of C assimilate into
mature leaves of Coleus blumei was studied by Fisher
and Eschrich (1985) • ^°°2 was fed to the apical leaves
and the assimilate import ability of mature leaves (sink
leaves) were estimated* Some of the sink leaves were kept
exposed to. light while others were kept under darkness*
Autoradiographs showed that the label imported to sink
leaves that were exposed to light was more concentrated in
the major veins* In general# sink leaves kept under dark
imported much less label* Micro auto radiography of midveins of

14the sink leaves indicated that C was always translocated 
through the phloem*

2*3 Oleophysiology of the essential oils of cardamom

The distillation technique for extracting essential 
oil from cardamom seeds have been standardised earlier by 
Clevenger (1934) • He reported that seeds from green cardamom 
yielded more volatile oil than those from bleached cardamom* 
The loss of volatile oil in husk-protected seed was compara
tively small after a storage period of eight months whereas 
the seeds removed .from the husks recorded a loss in oil of 
approximately 30 per cent in eight months* Nambudiri et al* 
(1968) presented the modified knowhow for the production 
of cardamom oil by the distillation method originally
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invented by Clevenger (1934) • They advocated the establish
ment of a cardamom oil Industry in the country# utilizing 
inferior varieties of cardamom which as such# did not 
possess an export market*

The cardamom oil of Malabar# Mysore and Ceylon 
varieties were analysed by Lewis et al* (1955) * They 
identified that the three varieties have characteristically 
different flavours» These differences were examined by a 
study of their chemical composition using thin layer# 
column and gas liquid chromatography* The data revealed 
that the differences in the flavours were mainly quanti
tative* Nlgam et al* (1965) examined cardamom oils by gas 
chromatography* They-identified 12 compounds in the oil. 
which included limonene#' sabihene# cineole# terpeniol# 
terpenyl acetate and boraeol* The presence of alpha pinene 
and cineole# reported by pioneer workers in the cardamom 
oil# was confirmed by Lawrence et al* (1969) • In addition# 
they found that the oil contained 46 constituents unreported 
by earlier workers*

Detailed investigations on the chemistry and uses of 
cardamom oil were conducted by Shankaracharya and Nat are Jan 
(1971) * Cardamom oil was found to contain volatile oil# 
fixed oil# protein# cellulose# pentosans# sugar# starch#
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silica# calcium oxalate and mineral elements* The 
volatile oil of cardamom was described as colourless or 
pale yellow with an agreeable# aromatic and camphoraceous 
odour and a pungent# aromatic taste* Baruah et al* (1973) 
detected a total of 21 compounds in the oil o£ Alleppey 
strain of cardamom by gas chromatographic technique*
Lewis et jjl. (1976) recorded that the chief constituents 
of cardamom oil are 1 * 8  cineole (25 to 40 per cent) and 
terpenyl acetate (35 to 50 per cent)* Sayed et &1. (1979) 
evaluated the oil percentage in different varieties of 
Cardamom* They examined the capsules of the three popular 
cultivars# Malabar, Mysore and Vazhukka and eleven other 
types* It was seen that the cultivars Mysore and Vazhukka 
contained the highest oil (8*00 per cent) by dry weight*

The quality aspect of different commercial grades of 
cardamom were narrated by Sankarikutty et al* (1984) • They 
attributed the major flavour constituents of cardamom to 
the esters# alcohols and 1 *8- cineole* The fresh canphora- 
ceous flavour in cardamom was identified as due to the 
presence of 1#6-cineole* The esters (alpha terpenyl acetate# 
linalyl acetate and geranyl acetate) contributed to the 
sweet# spicy# floral and fruity flavour of the spice*
Among the alcohols# linalool and alpha terpeniol contributed
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to the floral flavour with citrusy note* Geraniol and 
nerol gave a sweet rosy and fruity odour with ini Id lemony 
note* Kerolidol was found to be responsible for the woody# 
floral and slightly green odour* Alpha and beta piaenes 
accounted for the woody pine like flavour* They further 
found out that d-limonene was responsible for the sweet 
orange flavour and camphene present in traces contributed 
to the ceirphoraceous note* Hathulla et al* (1985) coiqpared 
the husk and seed oils of cardamom* It was evident from tne 
gas chromatograms obtained under similar conditions with 
husk and seed oils from the same lot of cardamom fruits 
that these oils were identical with respect to their

~ i

constituents* It was further confirmed through infra-red 
spectroscopy that the spectra of husk and seed oils werei *
super-imposing -i* This proved beyond doubt the qualitativet *
similarity of the two oils*

Recently# gas chromatographic analysis of cardamom 
oils Were conducted at the Regional Research Laboratory# 
Trivandrum* Sumathikutty et al* (1935) studied the changes 
of the component flavour principles at different stages of 
maturity of the spice* The Mysore cultivar was employed for 
the study* The volatile oil was distilled from flowers# and 
also from fruits sampled at monthly intervals after flower
ing till maturity* Of the thirteen constituents identified#



a higher concentration of the major constituents were 
found at the fourth month of fruit maturity* The per cent 
cineole content which gives a camphorace-ous note to the 
oil showed an increasing trend up to three' months and 
thereafter remained constant* Terpenyl acetate which is 
responsible for the fruity# mellowy flavour showed a 
downward trend with fruit maturation up to three months 
and again the values remained constant*
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3 MATERIALS AMD METHODS

The studies on “physiological Investigations in 
relation to flowering# fruit set and capsule development 
of cardamom (Elettarla cardamomum Maton) n were carried out 
at the Cardamom Research station# Pampadumpara during . 
the period from January# 1932 to December# 1934* The 
P amp adump ar a station is situated in the high ranges of 
the Idukki district at an elevation of 12 0 0 m above m.s*l. 
The laboratory analyses were conducted at the College of 
Horticulture# Vallanikkara•

The details regarding the experimental material# 
methodology of experiments# collection of the plant samples 
and analytical techniques adopted are presented in this 
chapter*

3*1 Experimental material

The three popular cardamom cultivars namely Malabar# 
Mysore and Vazhukka were chosen for the studies from the 
Germplasm Block# the Vattakanam Block and the Xllimadam 
Block of the Cardamom Research Station# Pampadumpara as 
well as from the Thenammakkal Estate# P amp adump or a *

Table 1 gives the details of the experimental 
plants chosen for the study*.



Table 1  Details of locations and plants selected 
for the field, experiments

Location Experiment year of 
study Cultivar Number of

plants
selected

Cardamom Research Station# 
Paraoadumoara
Vattakanam
Block

Growth and 
development 
of vegetative 
and floral 
parts

1983
to
1934

Malabar
Mysore
Vazhukka

70 
70 
70 .

1 1 iimadam 
Block - Nutrient status 

of the plant 
parts during 
the blossom 
and rest periods 
of the crop

1983 Malabar
Mysore
Vazhukka

5
5
5

Germ plasm 
Block

/

Histological 
studies on 
flowering

1934 PV-1
(Malabar)

10

Germ plasm 
Block

Rate and trans- 
location of 
photosynthates

1984 PV-1
(Malabar)
PR-107 
(Mysore)

12

5

Germ plasm 
Block

Oleophysiology 
of the cardamom 
oils

1984 PV-1
(Malabar)
PR-107 
(Mysore)
PV-5 , 
(Vazhukka)

5

5

5

Ccontd**)
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Table 1 ( contd.)

Location . Experiment rear
of
study

cultivar
Number 
of plants
selected

Thenmmafckal
Estate
P amoadumD ara

Effect of 
exogenous 
application of 
growth substances 
on flowering# 
fruit set and 
yield

1982 
to
1983

Mysore 80

Thonmmakkal
Estate
Pamoadumoara

Sndog enousChanges; 
of growth sub
stances in rela
tion to flower
ing

1984 Mysore

Total number of plants selected 347

The three popular cultivars were identified and 
selected based on their prominent morphological features«

The growth pattern of the panicles (Plates 1 to 3) 
was the main character (Anon 1984) used for the sele
ction of the experimental plants* Besides this# the plant 
height# pubes Genoa on the leaves# the length of the internodes 
of the panicles (Plate 4) and the shape of the capsules 
(Plates 5 to 7) were also considered for identifying the 
plants belonging to the three cultivars*
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Tabid 2 ' Characters used for classification of 
the _ cultivars

Malabar Mysore Vazhukka

Veaetative characters
Plant height short tall varying
beaf pubescence pubescent non

pubes cent
non
pubes cent

Panicle characters
Growth pattern prostrate erect varying
Internodes closely. 

spaced
widely
spaced

varying

Capsules (Shape) linear oval to 
round

varying

Bearing clumps of uniform age ( 7 year-old) were 
chosen for the various experiments*

i

For the studies on flowering# rate and translocation 
of photosynthates# and oleophysiology of cardamom oils# 
monoclonal progenies of the promising selections namely 
PV-1 (Malabar)# Pfr-107 (Mysore) and PV-1 (Vazhukka) were 
selected from the germplasm block of the Pampaduropara 
Research Station* The methodology adopted for the different 
experiments are described in the forthcoming sections*
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3*2 Growth and development of the vegetative parts

This study was conducted on the plants selected 
from the Vattakanam Estate during the years 1932 to 1984* 
Seventy, uniform clumps in each of the three cultivars were 
labelled and used for the study* Of the 70 plants in each 
cultivar# SO were utilised for recording tiller counts*
The experiment was laid out in randomised block design 
with three cultivars and five replications consisting of 
ten plants per replication* On the experimental plants# 
monthly counts of new tillers (January# 1982 to December# 1933) 
and yearly counts (during January# 1982# January# 1983 and 
January# 1984) of tha panicle bearing tillers were recorded* 
The data were pooled*

The remaining twenty plants in each cultivar were 
utilized for recording the growth pattern of the tillers*
On each clump# five new sprouts were labelled during the 
month of JUly# 1962* From the 100 sprouts (tillers) so 
labelled in each cultivar# five at random were collected at 
bimonthly intervals for'destructive sampling and recording 
the observations* The observations continued for the life 
span of the tillers*
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3*2*1 Height of tillers

The height from the ground level to the tip of the 
pseudostem was measured and expressed in cm

3 *2*2 Humber of leaves

The leaves present at each sampling period were counted

3*2*3 Plastochrone index

This was computed by noting the tiua interval between 
the production of two successive leaves on a pceudostera and 
expressed in days

3*2*4 Total leaf area
The leaf area was determined by measuring the maximum 

length and maximum breadth of leaves and applying the formula
suggested by Korikanthimath and Subbarao (1983)
' A « a + bY (A » leaf area# a « constant -46*76# b* constant . 

0*77# X « length x breadth)
3*2*5 Cry matter content of the plant parts

Tho suckers collected at each sampling period were separa
ted into leaves, pseudosterns# rhizomes# roots# panicles and 
capsules and the dry matter of each plant part was expressed 
in gram

3*2*6 The time taken from the initiation of a tiller to the 
visual appearance of an inflorescence initial on its rhizome 
was observed and, expressed in days *
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3*2*7 Number of loaves present on the pseudostem at which
inflorescence initiation occurred on the rhizome

/

3*2*8 Number of panicles borne per tiller

3*2*9 Life span of a tiller was computed from the visual 
appearance of the tiller initial to the death of the tiller 
and stressed in months

3*3 Growth and development of floral parts

Fifty clumps were employed for studying the growth 
and development of the floral parts* The experiment was 
laid out in randomised block design with the three cultivars 
in five replications, each replication consisting of ten 
clumps* The following floral characters were studied:

3*3*1 Number of panicles produced in each cluiup

This was observed at monthly intervals from January, 
1982 to December, 1983* v
3*3*2 Number of flowers opened in each clump

The flowers showing anthesis were counted during 
morning hours every day from January* 1982 to December 
1982

3*3*3 Percentage of fruit set per clump
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3*3*4 Percentage of immature capsule shedding to the 
set capsules as well as /to the total flowers borne

3*3*5 Percentage of capsules matured to the total flowers 
borne

3 *3 *.6 Yield of capsules per clump by fresh and dry weight

Apart from the floral characters studied on whole 
clump basis described above, observations were taken
from individual panicles chosen from these clumps* Three 
panicles were marked at random for this study during January, 
1902« From the data obtained from the three panicles, the 
mean values were worked out* The characters studied on 
Individual panicles ware as follows i

3*3*7 Number of flowers opened per panicle

The number of flowers borne on the panicles were 
estimated at monthly intervals by adding the counts of 
the fruits that had set and the number of barren stalks 
(of abscised flowers and capsules)

3*3*6 Days to 50 per cent and 100 per cent flowering

The number of days to 50 per cent and 100 per cent 
flowering t?as observed from the date of tagging the emerged 
panicles ie«, January, 1982



63
3*3*9 Extension growth of the panicle at monthly intervals 

in cm
3.3.10 Number of racemes developed in the panicle at monthly 

intervals
3*3*11 Time taken in days from the visual appearance of the 

inflorescence initial till appear an ce of the first 
flower bud

3*3*12 Time taken in days from visual appearance of the 
flower bud to an the sis

3-3*13 Time taken from anthesis to fruit set

This factor was studied only iri the Mysore cultivar. 
The flowers were hand pollinated immediately after an thesis. 
They were then collected at 6* 12,24,36 and 48 hours after 
pollination* The ovaries of these flowers wore separated and

i

the endogenous auxin contained in the ovaries were estimated 
by wheat coleoptlle straight growth bio as say* The ovaries 
showing a spurt in auxin activity were considered to have 
attained the fruit set stage and based on this the time taken 
from anthesis to fruit set wo® computed.

3.3*14 Growth ok fruits (capsules)

Tho fruits that had sat were tagged and sampled 
at an interval of ten days till the maturity of fruits*
The characters studied on. them were length* diameter and 
girth of capsules in mm* volume of capsules in ml* fresh



and dry weight: of capsules in mg# driage percentage of the 
Capsules and time taken in days from fruit set to attain 
the various seed maturity stages namely, tender seed,

s

greenish-yellow seed, brown seed, black seed and ripe seed* 

3*4 Histological studies

3*4*1 Collection ana storage of plant samples

Histological studies On flower bud differentiation 
were conducted on PV-1* a promising selection of the Malabar 
cultivar* Ten clumps of the monoclonal progenies of PV- 1  

were selected# each clump having more than twenty tillers*
The samples were collected at fortnightly intervals start
ing from 1st November# 1983 to 30th &>ril# 1984* One
sucker each was collected from every clung> so as to obtain

* ' ten samples at a time* The rhizome region that bears the
panicles and vegetative shoots were then separated* The
growing points in the nodal region of the rhizome were
cut out and preserved in 'FAA* as suggested by Sass (1981) •
For studying the time taken for the development of the

/ - j

floral parts# samples were collected at weekly intervale#
‘ i

after the visual appearance of the flower buds on the 
developing panicles* The collection started from 1st May#
1984 and continued till 31st July# 1984* These samples 
were then processed and examined for the various developmental 
stages *
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3*4*2 Processing tho specimens 
Killing and fixing

FAA was used for killing and also as a fixative for 
the specimens* Tho specimens could he preserved in FAA for 

. more than six months without any cellular distortion or 
degradation*

dehydration

Specimens ware dehydrated after a minimum storage 
period of two weeks in FAA* The method adopted for dehydra-*

t
tion was the one detailed by Johansen (1940) and standardised 
for pepper by Rajah (1935) in which isopropyl alcohol was 
used in combination with tertiary butyl alcohol (TBa) as the 
dehydrating agent (Table 3) • The schedule followed is given 
belovs

Specimens in FAA
iDecanted and flooded with 50% isopropanol ( 3 hours)
ifDecanted and flooded with solution X (3 hours)
1Decanted and flooded with solution XX ( 12 hours)

Decanted and flooded with solution XXX ( 3 tours)
IDecanted and flooded with solution XV (3 tours)

Decanted and flooded with solution V (12 hours)
Rinsed with 3 changes of TBA and flooded in the last change

| (12 tours)
Paraffin infiltration

* Fogmalin-Aceto-Alcotol (FAA)
Ethyl alcohol - 50 ml Glacial acetic acid - 5 ml
Formaldehyde (40%) - 10 ml Distilled water - 35 ml
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Xable 3 Strength of solutions vised for dehydration

Srade-
number

95%
Isopropanol

(ml)
Absolute
Isopropanol

(ml)
TEA
(ml)

Water
(ml)

- 1 50“ - 10 40
II 50 - 20 30

XXX ' 50 1 35 15
IV 50 * 50 -
V - 25 75

Paraffin infiltration and embedding
She plant material* after dehydration through SSA 

series* were infiltrated and embedded with paraffin wax 
containing coreoin (nwp* 60°C)*'

3*4*3 Microtomy
Median longitudinal sections of the plant specimens 

Were cut at 9 to 14 /xm thickness in a 'spencer Junior 
Rotary Microtome'*

3*4*4 Staining
The sections affixed to slides# after removal of the 

wax with xylol were stained with the nuclear dye basic 
fuchsia (pararosanllin) and subsequently with a safranin 
contrast* The method employed is a modification of the 
Peulgen's nucleal reaction (Feulgen and Rossenbeck* 1924) 
as illustrated belowt
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Preparation of stain

Basic fuchsin (0*5 g)
4

Dissolved in 100 ml boiling distilled water 

Cooled to 50°C and filtered /

4
10 ml l/N HCl and 0*5 g potassium metabisulphite added to 
the filtrate

4
The mixture shaken thoroughly

4
stoppered and placed in darkness for 18 hours

Staining procedure

Slides brought down to distilled water4Rinsed in cold l/N HCl*
Placed in heated (60°C) l/N HCl ( 5 minutes)
Rinsed in coid l/N HCl

IRinsed in distilled water

Transferred to the staining solution 
(basic fuchsin - 3 hours)

i
Differentiated in l/N HCl (10 minutes)

* 4Placed in 10% aqueous potassium metabisulphite
| ( 10 minutes)

Rinsed in distilled water
ICounterstained with 0 *05% Safranin ( 1 minute)
4Dehydrated

Mounted in Canada- Lais am.



3.4*5 Microscopic examination and photomicrography

The slides were examined through a "tfeswox* student 
microscope to locate the various stages of floral Initiation 
and differentiation* The slides were examined critically and 
photomicrography done using a binocular research microscope 
(Leitz-Dialux 20) at the Kerala Forest Research Institute# 
Peechi* llford black and white negative film (125 A3 A) #
Kodak safety colour film (100 A3 a) and Ektachrome colour 
positive film (64 A3 A) were used for taking the photo
micrographs*

3*5 Endogenous changes of growth substances in relation to 
flowering

The aim of this investigation was to assess the 
endogenous levels of growth substances contained in the 
developing ovaries and fruits (capsules) of cardamom* The 
Mysore cultivar was selected for this experiment in which 
the capsule shedding has been reported to be very severe* 
Fifty clumps of the Mysore cultivar were chosen and utilized 
for this experiment* This experiment was conducted during 
the year 1984 and samples of cardamom capsules were quanti
tatively assayed for auxins# inhibitors and cytokinins* 
Standard bio os say techniques were followed for estimating 
these growth substances*
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A total of 1000 flowers ware pollinated and tagged 
during the first week of July# 1984* Twenty flowers per 
clump were pollinated in all the fifty plants selected for 
this experiment* The details of samples collected for 
bloassays are furnished below t

Time after 
pollination

Number of 
ovaries/fruits

Growth substances
assayed

6 hours 10 0 ovaries Auxins # cytokinins 
and Inhibitors

1 2  « a H
24 « ii <1

36 " a M
48 ■ et N

1  week 50 fruits It

2 weeks n B
3 " R «
4 » tt «

3'5*1 Extraction and purification of auxins and inhibitors

The ovaries/capsules of the cardamom samples collec
ted at the various time intervals after pollination as 
indicated above were processed following the methods of 
Murakami (1970) and Rehman et al# (1975) for the extraction 
of auxins and inhibitors' The procedural steps followed 
are schematically represented below s
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Cardamom capsulas ( Known weight)

Extraction with 80% methanol at 5°C (thraa times) 

Filtration through glasswool
I

Adjustment of pH to 2*5 
  !_________

Extract + 
diethyl ether

ether fraction 
dried in vacuo (37 C)

Residue
i

Dissolved in triple 
distilled water 
(known volume)
i

Chromatograph! c 
purification

l

Bioassay forauxins

Assay of auxins
The procedure standardised by Mitchell and Diving®ton 

(1968) by "wheat coleoptile section straight growth bioassay" 
was employed for the estimation of auxins* The quantity of 
auxin was calculated from individual Rf positions that 
showed significantly more response than the control# by 
referring to the standard curve obtained from the bioassay 
of pure IAA* The Rf position 0*3 to 0*5 was found to be

Extract + 
acetone
I

Acetone fraction Q 
dried in Vacuo (37 C)
l

Residue
4.

Dissolved in triple 
distilled water 
(known volume)

4
Chromatographic
purification
l

Bioassay for
inhllltors
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consistent for the concentration of XAA. equivalent 
substances in the chromatograms of cardamom fruit samples*
The values of auxins in the plant samples were calculated 
and presented as XAA equivalents in nanogram per gram fresh 
weight of the capsules*

Assay of inhibitors

The method devicad by Eidolnant et £l. (1980) by mustard 
seed germination inhibition bioassay was employed for estima
tion of inhibitors present in the cardamom capsules* The 
inhibitory substances ware found to be consistent at Rf 
regions 0*8 to 0 *8 in the chromatograms of the present 
investigation* The inhibitors were expressed as ABA equi
valents in nanogram per gram fresh weight of the sanples*

3*5*2 Extraction and purification of cytokinins

Fresh capsules of the Mysore cultivar were collected 
in a similar manner for the assay of auxins and inhibitors*
The method of extraction adopted was the one standardised by
Xnoue et £l« (1979) • The procedural steps followed are

*outlined below t



72

Cardamom capsules (Known weight)
4-

Homogenisation with 80% ethyl alcohol at 5°C (three times)
I

Debris filtered off
4> oAlcoholic extract evaporated under vacuo (37 C)

Residuex
Dissolved in triple distilled water ( known volume)

>1
Adjusted pH to 2*5

XWashed with equal volumes of water saturated ethyl acetate
^ (three times)

Adjusted pH of the water phase to 8*4
x

Extracted with equal volumes of water saturated n-butenol
(three times)

x
Pooled up n-butanol phases

x
Flash evaporated to dryness

X
Residue

*Dissolved in triple distilled water ( known volume)

*
Bioassay for cytokinlns
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assay of cytokinln-like substances

The method outlined by Udaykumar and S as try <1973) 
employing cucumber cotyledons was adopted for this Investi
gation. Seedsvof cucumber was surface sterilized with 1% 
sodium hypochlorite solution* The seeds ware then germina
ted in total darkness for 48 hours at room temperature*
The seed coats were then removed and cotyledons were separa
ted* Ten cotyledons each were weighed and they were trans
ferred to sterilized petri dishes containing known volume 
of the test solutions* A set of control was run with 
cotyledons in pure distilled water. The petri dishes were 
kept under asceptlc conditions and exposed to weak fluorescent 
light (250 lx) for 3 days* The cotyledons were then 
blotted dry and weighed* *

The gain in fresh weight of the cotyledons was 
directly correlated with the cytokinln content of the plant 
samples* The quantity of cytokinins were worked out by 
referring to standard curves using kinetin and expressed- 
as kinetin equivalent in nonogram per gram by fresh weight 
of the santples*

3*6 Exogenous application of growth substances jor flowering 
fruits et and yield 

3*6.1 Standardisation of the concentration of growth substance
The experiment was laid out in randomised block design.
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Fifty uniform clumps of the Mysore cultivar were identi- 
fiold in a compact block of the estate* There were twenty- 
five treatments imposed for this study and each treatment 
was replicated twice* with one clump per replication*
The growth substances were applied as liquid sprays so as

i *
to wet thoroughly the panicles and basal portion of the 
clumps* The frequency of spray was at fortnightly intervals 
from April to August# 1982 which was the peak flowering 
period* The concentrations of the various chemicals tried 
were as followsi

Treatment Growth substances Concentration (ppm)
T 2*4-D 2

*2
a 4

T 3
* 6

** a 8

T5 2#4 *5~X 2

T6 ' a 4

T7 a 6

T8 a 8

T9 naa 20

T10 H 40

11
a 60

*12
ti 60

*13 BA 10



Treatment Growth substances Concentration (ppm)

*14 BA 20

*15 ft 30

*16 ft 40

*17 GA3 25

*18 H 50
T19 N 75
T

20
a 100

2 1 Bthrel 25
T22

H 50
T23 « 75
T24 * 100

T25 Control -

3*6*2 Detailed field experiment
i

Based on the results of the standardisation trial# 
the most effects concentrations for each of the growth 
substances were utilized for the detailed investigations 
in the year 1983* A separate set of thirty plants was 
identified in the Mysore cultivar tor this experiment* 
There were six treatments laid out in randomised block 
design and for each treatment# there were five single 
plant replications* The growth substances were sprayed 
at fortnightly intervals# corrmencxng from April# 1983 
till the end of September# 1983* The experimental details 
are furnished belowt
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Tre atmant Growth substances Concentration (ppm)

2,4-D 4
2| 4| 5*1! 8
NAA

100

, Ethrel 25
Control

3.6.3 Observations recorded

dumber of panicle bearing tillers
Number of young tillers sprouted
lieight of the pseudostem of productive tillers 
(average of ten tillers).
Total leaf area of productive tillers 
(average of three tillers)
idle leaf area was determined from length and 
breadth measurements of leaves malting use of 
the formula suggested by Korikanchimatn and 
Subbarao (1983) as given earlier in 3*2*4
{lumber of panicles produced per clump
Length of panicles
(average of ten tillers in a clump)
Number of splices produced per panicle 
(average of five panicles in a clump)
Humber of flowers borne per panicle 
(average of three panicles in a clump)
Total number of flowers borne per clump
Percentage of capsule setting per clump
Percentage of immature capsule drop to the 
set fruits
Percentage of immature capsule drop to the 
total flowers opened
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Yield of capsules per clump on fresh weight has is
percentage of capsules infested by thrlps
Essential oil content of capsules on fresh weight basis

3*7 Nutritional status of the plant parts during the 
blossom and rest periods of the crop

This study was carried out to estimate the mineral 
nutrients present in the different plant parts namely# N# p#
K# Ca# Mg# 5 , Fe# Cu# an and Mn at the different phases of 
crop growth and their relationship with flowering* The 
uptake of nutrients by individual tillers of cardamom at 
these crop bearing periods were then coeluted*

3*7*1 Collection of plant samples

Five uniform cluxqps were identified in each of the 
three cultivars Malabar# Mysore and Vashukka from the 
Xllimadam block of the Cardamom Research Station# during 
the year 1933* These five clumps in each cultivar were 
labelled for the study in January# 1983* Three uniform 

* tillers were marked in every clump which ware at the panicle 
initiation phase of growth* The experiment was laid out in 
a factorial randomised block design with the three cultivars 
and five growth stages as the treatments* There were three 
replications consisting of one tiller in every replication* 
Fifteen tillers were thus chosen in every cultivar as detailed 
above for this experiment* There were five sampling periods
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for the chemical analysis of nutrient; elements contained 
in the various plant organs* Three tillers were sampled 
at random from each cultivar at one growth stage for the 
chemical analysis* The five stages of growth were as 
followsi

Visual appearanco of the inflorescence Initials
Flower hud development stage
Peak stages of flowering
Capsule maturation stages
Post-harvest stage

The tillers after collection were cleaned and 
separated into the different plant parts namely roots# 
rhizomes# panicles# capsules#pseudostems and leaves*
The capsules were collected at five seed maturity stages 
namely tender seed# greenish-yellow seed# brown sead# 
black seed and ripe seed to determine the mineral elements 
contained in them*

3*7*2 Preparation of plant samples for chemical analysis

The plant samples were dried in an oven at 7Q°C for 
43 hours to 12 0 hours depending on the nature of the 
'sample* They were then ground in a Wiley mill to a fineness 
of 14 mesh and stored in sealed polythene covers*
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3*7*3 Estimation of carbohydrates

The total soluble carbohydrates In the leaf samples 
were determined by the calorimetric procedure as suggested 
by Dubois et 3 I* (1951) * The absorbance of the test solu
tions were read at a wave length o£ 625 nra in a Spoctronic 
20 Spectrophotometer.

3*7*4 Tbtal nitrogen

The total nitrogen in the plant sasitples were deter
mined by the calorimetric method outlined by Snell and Snell 
(1967) • The absorbance of the test solutions were read at a 
wave length of 410 nm in a spectrophotometer*

3*7*5 Preparation of diacid extract

Diacid extract of the plant samples were used for 
the estimation of P, iC, Ca# Kg# S# Fe, Cu, zn and Mn which 
is a modification of the method outlined by Johnson and 
Ulrich (1959) • The extract was prepared by digesting one 
gram of the plant sample in a 1 1 1  mixture of nitric acid 
and perchloric acid* The volume of the diacid extract was 
reduced from 15 ml to 3 ml# when it turned clear, the 
solution was then filtered and finally made up to 10 0 ml*
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3*7.6 Estimation of phosphorus

An aliquot of the solution was taken from the 
diacid extract and the total P was determined, calori- 
metrically by the Vanadomolybdata phosphoric yellow 
colour method of Jackson (1967) * The yellow colour was 
read in a Spectrophotometer at a wave length of 470 nnw

3*7*7 Potassium

Another aliquot of the diacid extract was taken# 
diluted 25 times and the total potassium in the extract 
was determined by the flame emission method using an £££•
Flame Photometer*

3*7*8 Sulphur
Sulphur was determined in the diacid extract by the 

method of turbidimetry as detailed by Hart (1961) • The 
principle adopted was essentially the same as for calori
metry* The turbidity developed by the precipitation of S 
in the plant extract as BaSO^ on addition of BaCl^ was 
read in the Spectrophotometer at a wave length of 490 nra*

L
3*7.9 Calcium and magnesium

Ca and Mg in the plant extract were determined after 
suitable dilution and a medium of strontium chloride (1000 ppm) 
was added to the solutions* The readings were taken by the 
flame atomisation method in an Atomic Absorption spectro-
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photometer (make XX* 257 of the Instrumentation Laboratory# 
USA) • The wave length employed for Ca was 422*7 nm and for 
Mg 285*2 nm*

■3*7*10 Iron# c0PP?£> zinc and manganese

re* Cu# Zn and Ma In the diacid extracts of the 
plant samples were read In the Atomic Absorption spectro
photometer without any dilution* The wave lengths selected 
for reading these elements were as follows!

Pa s 248*3 nm
Cu t 324*7 nm
2n I 213*9 nm
Mn : 279*5 nm

3*8 Rate of photosynthesis and translocation of photo- 
synthates at various stages of crop growth

The aim of the investigation was to study the rate 
of photosynthesis and translocation of the photo synthates by 
making use of radiotracer techniques* Two promising geno- * 
types of cardamom# namely# PV-l (Malabar) and PR-107 (Mysore) * 
ware selected for the study*

3*3*1 Feeding of radioactive CC>2

\ARadioactive CO^ was liberated (Vaznisensky et al«» 
1965) in a specially fabricated leaf chamber (plate 8) •





82

The reaction progressed as per the following formulas

Na214C03 +  2 HC104  > l4c02| +  2 NaCl +  **2° *  4 °2 f

The apparatus was a closed circuit system wherein
Na2 14 CQ3 was allowed to react with perchloric acid. 30% V/V*

14The specific activity of Nq2* C03 used was 51*2 m Cl/ra 
mole*

14One ml **a2 C03 of 100 ^uCi activity was mixed with
an equal volume of non-radio active tfa2C03 of the same
concentration* This mixture was kept at one end of the
leaf chamber in a beaker* The cardamom leaves ( as indicated
in the respective experiments) were inserted into the
leaf chamber. The leaf chamber was then made air-tight by
firmly clipping the. lower and upper portions together*
There were two exhaust rubber tubings for purging the
radioactive gases at the end of the feeding* Before commencing
the experiment these tubes were closed by dips* After
setting the feeding system, perchloric acid was run down

14into the beaker containing *?a2 CO^ through a burette firmly
inserted on its top outside the chamber* Perchloric acid

* » 
was added sufficiently in excess in order to insure that the
reaction was complete. The leaf chamber was provided with
a built-in fan ( 6 V capacity) to facilitate prompt circula
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tion of 4̂C02 liberated inside the chamber♦ The selected
14leaves were fed with the CO^ for the time specified for 

that experiment* After the feeding time, the unused mixture 
of gases were purged through the exhaust tubes into 10%
KOH absorbent solution* The light Intensity that was 
incident on the leaf chamber was measured at intervals of 
10 min* during the feeding period* by using e 'Yorco Photomet 
3001 luxmater*

3*8*2 Bate of photosynthesis at different intervals of 
the day

This experiment was conducted on the PV-1 genotype of
Cardamom* Ten suckers at panicle initiation stage were
Identified in a single clump*From oVary sucker* the tips
of the leaves l to 5 ( from the apex) were removed* The
leaf tips were then inserted into the leaf chamber and

14equilibrated in CO2 atmosphere as described before*
immediately after feeding the leaves were dried and

14preserved for assaying the CO^ activity fixed by them*
Based on the radioactive counts* the relative photosynthetic 
rates at different intervals of a day were calculated*
The feeding was done on 12th March* 1984 at half an hour 
intervals commencing at 8*30 a.m. and terminating at 6*00 p.m. 
The photosynthetic rates were correlated with the light 
Intensities at the time of feeding periods*
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3*8*3 Photosynthetic efficiency at different canopy 
levels of cardamom

This experiment was also conducted on the PV-l 
genotype using detached leaves and intact leaves*

143*8*3*1 C° 2 fixation in the detached leaves

One clump of PV-l was chosen in which four identi
cal tillers were marked* The leaf positions 1  to 10 were 
marked from the apex downwards in these four tillers* The 
ten leaf tips of one tiller were detached on 20-4-1984, 
numbered and kept for feeding in the leaf chamber between 
2*30 p*m* and 3*30 p*m* The leaves after the feeding time 
were processed for counting* The ten leaf tips from the 
other three tillers were utilized for the .study on 2lst,
22nd and 23rd April 1934*

143*8*3*2* C02 in intact leaves

Ten monoclonal clunks of PV-l (Malabar type) were
chosen and from each clump, one tiller of one year growth

were
was selected* These^serially marked as tillersl to 10*
Leaves from these tillers were numbered and a definite

14leaf in a tiller was fed with CO^ between 10 .0 0 a*m* and
10*45 a*m. The leaf discs were sampled immediately after the

■timefeeding^for determining the radioactivity fixed by them*



8 S

The tiller as a whole# was detached one month after feeding# 
and samples of all the plant parts were dried# finely ground 
and the radioactivity counted in a proportional counter;

The details of the feeding were as followss

Tiller
number

Position of leaf 
(from the apex)

Date of 
feeding

1 1 st 18-5*1984
2 2nd 19*5*1984
3 3rd 20*5*1984
4 4th 21*5*1984
5 5th 22*5*1984
6 6th 23-5*1984
7 7th 24-5*1984
3 8th 25-5*1984
9 9th 26-5*1984

10 1 0 th 27*5*1984

The light intensities were read at the commencement# 
at the middle and at the termination of the feeding time to 
calculate the average light intensity* Counts of the radio* 
activity fixed by the leaves were taken immediately after 
the feeding time* This count was considered as the cent 
per cent level# Based on the counts obtained in the organs



one month after feeding, the translocation of photosynthates 
to the various organs and also the relative contribution by 
the leaves of different positions of the various organs were 
computed*

3*8*3*3 Photosynthetic mobilization at different periods 
of crop growth

Five uniform monoclonal clumps of PR-107 (Mysore type)
were selected* One tiller of panicle initiation stage was marked

14in each clump* CO^ fixation was done on the marked tiller
in each clump at five stages of crop growth# namely# panicle

/

initiation# flower bud emergence, peak flowering# capsule 
maturity and post-harvest stage# Two successive feedings were 
given for each tiller on the same day so that radioactivity may 
not be a limiting factor* Th© leaves 1 and 2 and the leaves 3 
and 4 were fed together* The experimental procedure was as follows i

ae

Clump Stage of Data of Position Tims of
growth feeding of leaf feeding (hours)

1 Panicle 18*2*1983 1 and 2 10*00 to 10*45
initiation 3 and 4 ii«oo to 11*45

2 Flower bud 21*3*1984 1 and 2 10*00 to 10*45
emergence 3 and 4 11*00 to 11*45

3 Peak 13,8*1984 1 and 2 10*00 to 10.45
flowering 3 and 4 11*00 to 11*45

4 Capsule 24*9*1934 1 and 2 10*00 to 10*45
maturity 3 and 4 11*00 to 11*45

5 Post-harvest 20*12*1934 1 and 2 10*00 to 10*45
stage 3 and 4 11*00 to 11*45
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The suckers were carefully removed from the clumps 
one month after every feeding and were partitioned into the 
different plant organs* The radioactive counts were taken and 
the photosynthate translocation and partitioning coefficients 
were calculated*

3*8*4 Radioassay

The plant material dried in an oven at 70°C to a constant 
weight# were finely ground in a 'Remie' grinder# taking precau
tion against any change of contamination* Samples (100 mg) were 
accurately weighed into planchets for radioactive counting*
After spreading the samples uniformlly on the planchets at infinite

/ 1 
thickness they were counted using a gas-flow proportional
counter* Three counts were taken for each sample and mean of
the counts computed. Back ground correction was done for every

i

set of counting*

3*8*5 Autoradiography

. The genotype PV-1 (Malabar type) was utilized for this
experiment* An actively growing tiller was selected from a
potted plant ( one-year old) grown in the glass house* The

14apical four leaves were fed with CC>2* The plant was fcprooted 
12 0 days after feeding and separated into the different plant 
parts*

Specimens of the radioactive leaves# the non-fed 
leaves and the root system of the fed plant were dried and
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pressed using a herbarium press* The specimens were then
i

kept in contact with X-ray film in the dark* After an 
exposure of one month# the X-ray films were developed and 
positive prints taken of the autoradiographs • Based on the 
relative whiteness of the various areas in the positive 
prints* the radioactivity accumulated in the tissues tested 
were assessed*

3*9 Oleophysiology of the cardamom oils

The objective of this experiment was to determine the 
development of the flavour components in cardamom oil extra
cted at various stages of maturity of the capsules* Five 
growth stages of seeds (tender# greenish-yellow# brown# black 
and ripe) were recognised* Sampling of the capsules were 
done from five monoclonal clumps each of PV-1 (Malabar)
PR-107 (Mysore) and PV-S (Vazhukka) • Initially# the fruits 
that had set were tagged by means of fine nylon threads* 
Sufficient number of fruits ware tagged to yield a angles 
required for the five stages# They were then sampled destruc
tively at the above mentioned seed maturity phases* The 
essential oil was extracted from the cardamom capsules by 
adopting the method of Clvenger (1934) as modified by 
Hambudiri et £l* (1968)*

3*9*1 Extraction of essential oil
Capsules at different seed-growth stages ( tender# 

greenish-yellow# brown# black and ripe) were utilised for



th* study* a Known weight ot the capsules war* split open* 
coarsely ground «nd £ed  into the round battoated flask of 
a Clevenger distillation still* distilled water was added 
to the desk to about five times th* volume of the capsules*
She condenser and the trap C for oils lighter than water) 
were then attached end the distillation carried out for 
four hours* After the distillation time# the oil was 
separated from the water column in tho trap* collected in 
the glass vials and preserved iu a refrigerator* Xha percentage 
recovery of oil was calculated by v/w basis of the capsules*

3*9*2 Fractionation of flavour compounds in cardamom oils
by gas chromatography-

Th* oils distilled from the various samples of
cardamom capsules were £rafcionated by gas chromatographic
procedure to detect the important flavour constitutents
present in them* Shis Investigation was carried out at th*
Regional Research beboratory of the Council of Scientific

( / 
and industrial Research* Pappanamcode*

The gas chromatograph employed was * Hewlett Packard 
5840 A* model with a built-in electronic integrator* Th*
. analysis was carried out by temperature programming from 
ao°C to 200°C at the rate of 3°C per minute and kept constant 
at 200°C for 10 minutes* A 1*823 x 0*003 m ($* at 1/8*) QV-17 
(1054) column was used with ha as the carrier gas at a flow
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rate of 20 ml per minute* Flame Ionisation Detector (F*£«D) 
with temperature set at 300°C was used* The samples of 
essential oils were Injected at a temperature of 250°C* 
Qualitative as well as quantitative characterisation of the 
oils were done after Identifying the peaks obtained in the 
gas chromatogram*

3*10 The influence of climatic factors (rainfall# relative 
humidity# mean temperature) and soil moisture on 
flowering and fruit set

The meteorological data for the years 1982 to 1934 were 
collected from the *B class1 meteorological observatory of 
the Cardamom Research Station# Pampadumpara* The data on 
rainfall# relative humidity and temperature were collected 
daily and the monthly moans were computed* The data on soil 
moisture was recorded for only one year during 1982* Soil 
samples were collected from the experimental plots of growth 
and development studies at 15 cm depth and at weekly intervals* 
The percentage of moisture present in the soil was calculated 
on oven dry weight basis and the monthly means were calculated* 
Path coefficient analyses were conducted between the monthly 
means of the climatic data and the mean data pertaining to 
five important aspects of growth and development# namely# 
production of new tillers# number of panicles produced# number 
of flowers opened# percentage of fruit set# and percentage 
of capsule maturity* Valid conclusions were drawn on the 
direct and indirect effects of the four climatic factors on
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the behaviour of tillering, flowering, fruit set and 
capsule maturity in cardamom.

3.11 Statistical analysis

3*11*1 Growth and development of vegetative and floral parts

Tha data pertaining to the biometric characters obser
ved were analysed statistically as a factorial randomised 
block design*

3*11*2 Hormonal regulation of flowering in cardamom

The experiments on the effect of exogenous application 
of growth substances and the changes in the endogenous levels 
of growth substances were analysed as randomised block designs*

3*11*3 Nutritional status of the plant parts during the 
blossom and the rest periods of the crop

Statistical interpretation of the data was done follow
ing the factorial randomised block design technique. This 
analysis aimed to investigate the extent of variability in 
nutrient status between the cultivars tested and the nutrient 
removal by cardamom tillers at the various crop bearing periods 
studied* The ratio of carbohydrate and nitrogen in the leaf 
samples were also computed for finding their effects on the 
floral development of cardamom*

r

3*11*4 Rate and translocation of photosynthates

The data on the rate of photosynthesis at different
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intervals of the day# pbotosynthetic efficiency at different 
canopy levels of cardamom and the photosynthotic transloca
tion at different periods of crop maturity were analysed as 
completely randomised designs* She radioactive counts 
obtained in the leaves and the different plant parts were 
compared to examine the photosynthetic efficiency of the
various leaf positions in terms of fixation and in

14turn the relative translocation of C photosynthates to
the different organs tested* Simple correlation analyses
were worked out to see the relationship between immediate 

14fixation of CO^ and the light intensity that wa3 incident 
on the leaf chamber during the period of the study*

The data of the parameters that were recorded in
percentage were transformed into arc sin values and then
interpreted statistically following angular transformation
techniques* The extracts of analysis of variance tables

*

and the meteorological data of the Cardamom Research Station# 
P ampadump ara for the years 1982 to 1984.are furnished in 
the Appendices*



RESULTS



4 RESULTS

The results of the Investigations on the physiologi
cal aspects of flowering, fruit set and capsule development 
in cardamom conducted at the Cardamom Research Station,
Pampadumpara are presented in this Chapter.

Growth of the plants was assessed in terms of produ
ction o£ tillers, height of tillers, number of leaves 
produced per tiller, plastochrone scale, total leaf area 
per tiller and dry matter accumulation•

4*1 Growth and development of the vegetative and floral 
parts

4*1*1 Height of the tillers

The progressive height of the tillers from the 2nd 
month (September, 1982) to the 26th month (September, 1934) 
for the three cultivars are presented in Table 4* The data 
show that the Mysore cultivar produced the tallest tillers 
(285*0 cm) and the Malabar the shortest (194*0 cm)* Vazhukka 
plants were intermediate (270*0 cm)* The data also reveal 
that the growth of the plants, in terms of the height of 
the tillers, ceased at the 22nd month for Malabar, 24th 
month for Vazhukka and 26th month for Mysore* The increment 
in height varied from 10*0 cm to 37*0 cm in Malabar, 11*0 cm
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required shorter periods ( a mean of 34*9 days) as compared 
to Malabar (37*55 days) and Mysore (35*75 days) *

The leaf production was found to be slightly faster 
in the three cultivars during the simmer months* Consider
ing the three cultivars together the plas tochrone scale 
was 34*46 days for the period from January to March and 
34*60 days for the period from April to June* During rains 

, and winter* longer periods (36*36 days and 33*33 days 
respectively) were needed for a single plastochrone*

4*1*4 Total leaf area of the tillers

The leaf area was greater in the cultivar Mysore 
than in the other twd (Table 4) • The maximum leaf area
Values observed in the three cultivars during the entire

2 netspan of growth were 5213 cm (for Mysore at the 22 month)#
* 4784 cm^ (for Vazhukka at the 18th month) and 2490*74 crâ

(for Malabar at1 the 16 month) • A decline in leaf area
> was observed beyond the 16^# 22n^ and lS^1 months in
Malabar# Mysore and Vazhukka respectively* The mean rate
of expansion in leaf area for the cultivars as well as
growth periods were not significant*
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Table 6 plastochrone scale (time Interval in clays 
for successive leaf ©mergence)

Cultivars
wofiyons

Malabar Mysore Vasbuklsa Mean

January to 
April 35*20 34*40 33.30 34.46
April to 
June 36.20 34.20 33.40 34.60
July to 
’September 38.00 36.60 36.00 36.86
October to 
December 40.80 37.80 36.40 38.33
Moan 37. 55 38.75 34.90 36.06

© Every observation a mean of five tillers 
F tests Not significant
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4*1*5 Dry matter accumulation by the various plant organs

The data on dry matter accumulation by the Various 
plant organs are presented in Table 5*

The leaf dry matter accumulation followed a trend 
similar to that of the leaf area* The cumulative dry matter

nflaccumulation by the leaves reached the maximum at the 22 
month for the cultivars* Malabar and Mysore (30*5 g and 
51*0 g respectively) and at the 18 month (43*0 g) for 
the Vazhukka cultivar* The data indicated that the mean 
increment in dry matter accumulation by the leaves were of 
the order 2*92 g* 2*77 g and 1*77 g respectively for the 
cultivars Mysore* Malabar and Vazhukka* statistical analysis 
showed that significant difference existed only between the 
growth periods of sampling*

The highest dry matter accumulation by the pseudo stems 
r (Table 5) was for the Mysore cultivar (121*0 g) • The 
Vazhukka cultivar (116*0 g) and the Malabar cultivar 
(94*0 g ) recorded low dry matter accumulation when compared 
to the Mysore cultivar* The mean incremental rate of 
pseudostem dry matter accounted to 8*55 g# 5*54 g and 6*92 g 
respectively in Malabar* Mysore and Vazhukka* The mean 
differences between the cultivars did not reveal statistical 
significance*
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The dry matter accumulation by rhizomes (Table 5) 
showed the highest values at the 22 month for Malabar 
(21*5 g)i 26^ month for Mysore (32*0 g) and 24^ month 
for Vazhukka (27*0 g) • The mean increment in dry matter 
accumulation by the' rhizomes were 1*95 g* 2*46 g and 2*25 g 
respectively for the three cultivars*

The cumulative dry matter accumulation by the roots 
(Table 5) exhibited the maxima at the 20th month in Malabar 
(13*5 g)> 24th month in Mysore (15*3 g) and 22n^ month in 
Vazhukka (15*75 g) » The data indicated that the mean incre
ment in dry matter accumulation by the roots were 0*89 g* 
1*04 g and 1*18 g respectively for the three cultivars*

The data presented in Table 5 also show that the 
maximum dry matter accumulation by the panicles and capsules 
were for the three cultivars* Malabar* Mysore and Vazhukka 
(24*6 g* 21*5 g and 28*0 g respectively ) at the 22nd* 26th 
and 24th months* The incremental rate for dry matter 
accumulation by the panicles and capsules varied from 0*00 g 
to 8.90 g in Malabar* 0*00 g to 11*50 g in Mysore and 
0*00 g to 12*00 g in Vazhukka* The mean increment in 
panicle dry matter accumulation for the three cultivars 
were 2*24 g* 1*65 g and 2.33 g respectively*
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The total dry matter accumulation (Table 5) wan
highest in all the three cultivars at the 22 month
(180*35 g by Malabar# 222*50 g by Mysore and 203*00 g
by Vazhukka) * The data further showed that the mean rate
of total dry matter accumulation were of the order 16*40 g#
14*38 g and 14*60 g respectively for the three cultivars*
A decline in total dry matter accumulation occurred beyond 

ndthe 22 month in the cultivars# Mysore and Vazhukka 
wereas a sharp decline was not observed in the Malabar 
cultivar (Fig • 2),

Statistical analyses of the data for the dry matter 
accumulation by rhizomes# roots# panicles and the total 
dry matter gave significant difference only between the 
sampling periods of the study* The mean incremental rates 
of dry matter accumulation by the cultivars in all these 
cases were not significant* Based on the growth parameters 
studied, it is evident that growth continued up to 22 months 
in Malabar# 26 months in Mysore and 24 months in Vazhukka*

4*1*6 Production of tillers

The data presented in Table 7 denote the frequency 
of production of new tillers# observed at monthly intervals 
during the years 1962 and 1983* The number of new tillers
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Table 7 Frequency of production of new tillers

Months
1982 1983

Malabar Mysore Vazhukka Malabar Mysore Vazhukka

January 5*04 1*62 3.54 1.56 1.12 3*24
Feburary 2» 62 1*12 2*62 1*42 0*54 2.70
March 3.34 0*90 3*30 0*80 0*36 1 *68
^pril 4*54 2.54 6*22 2*18 1.82 2.90
May 6.22 3*78 9*80 4*50 2*82 4*36
JUne 11.36 5*10 17*20 4*88 2*70 9*92
July 22.38 6*68 23*62 7.16 3*00 16*14
-August 15.30. 4*96 21*30 9*26 3.72 18*34
September 6*68 3.78 12*00 6*94 1*94 14*16
October 4*24 3*56 6*50 3*08 2*64 9*02
November 9.16 5*12 10*56. 3*86 3*12 9*90
December 4*12 2 *42 4.24 2.0 2 2*08 5.30

Mean 8.86 3.47 10*49 3.97 2.13 3* 18

F test 
C.D (0*05)

**
0*92
Culti
vars

**
1*83

Months

**
3.17
Inter
action

0.60
Culti
vars

**
1*21

Months

**'
2*08

Inter
action

** Significant at 1 per cent level
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produced was maximum during the month'of July for the 
three cultivars studied during the year 1982 (22*38#
6*68 and 28*62 respectively for, Malabar# Mysore and 
Vazhukka)•

Least tillering was observed in February in the 
three cultivars during the year 1982 (2*62# 1*12 and 
2*62 respectively)* during the year 1983# maximum tiller
ing was recorded in August (9*26# 3*72 and 18*34 respectively) 
and the minimum in March (0*80# 0*36 and 1*68 respectively) 
for the three cultivars*

Two distinct peaks in tillering were seen in the 
three cultivars studied (Figs*3 and 4)* During 1982* July 
and November were the peak months of tillering# whereas 
August and November months showed peak tillering during 
1983*

The data presented in Table 8 show the number of 
panicle bearing or productive tillers during the January 
months of 1982# 1983 and 1 9 8 4 The number of panicle- 
bearing tillers registered an increase during the year 
1933 for the cultivars# Malabar and Mysore* During 1934* 
a decline in the number of productive tillers was observed 
for the two cultivars* The Vashukka cultivar also exhibited
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¥able 3 Production of panicle bearing tillers

Replications
Cultivars

Malabar Mysore Vazhukka
January January January 
1982 1983 1984

January
1982

January
1983

January
1984

January
1982 January1983 January1984

1 29*40 35*20 27*50 24*50 30*30 26*30 41*20 46*10 42*90
2 33*20 43*30 29*20 18*00 25*70 26.00 32*50 39*00 40.70
3 26*80 33*80 34*40 23*70 28*90 23*60 33*80 37*90 40*10
4 27*30 35*00 32*10 17*70 30*50 21*80 30*80 37*40 36*10
5 26*60 37*70 26.50 20*10 26*80 30*10 31*90 37*40 31*20

Mean 28*66 37*00 29*94 20*80 28*44 25*56 34*04 38*80 38*20

F test 
C.D (0*05)

**
4*75

**
4*13

**
3*05

@ Every observation# a, mean of ten plants* 
** Significant at 1 per cent level

MOcn



an increase in the number of tillers during January#
1983* However# the number remained the same during 1984 
also* The differences in tiller counts recorded in the 
cultivars as well as during the periods of counting were 
statistically significant* The Vashukka cultivar produced 
the maximum tillers (38*8 and 38*2 during the years 1983 
and 1984 respectively) followed by the Malabar cultivar 
(37*0 tillers) during the year 1983* The least number of 
productive tillers was in the Mysore cultivar (20*8) during 
January# 1982 *

4*1*7 Life span of a tiller

The average life span of a tiller was 22*98 months 
for Malabar# 26*37 months for Mysore and 24*88 months for 
Vazhukka (Table 9) • The range of variability was from 21*8 
to 24*4 months in Malabar# 25*1 to 28*2 months in Mysore 
and 23*8 to 26*0 months in Vazhukka* Statistical analysis 
of the data revealed that the Mysore cultivar was signi
ficantly superior to the other two cultivars in this 
respect*
4*1*8 Number of panicles produced per tiller and per clump

The number of panicles produced 
during the life span of the tiller was more in the 
tillers of Malabar ( mean of 2*2)# followed by in Vazhukka

106
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Table 9 Life span (months) of a tiller

Repli Cultivars
Meancations Malabar Mysore Vazhukka

1 23.70 28*20 23*80 25*23
2 23*10 23*10 24*30 24*17
3 22*60 26.60 25*60 24*93
4 24.00 23*60 24*80 24*87
5 22*20 27.30 24 *20 24*57
6 22.00 26*00 25*10 24*37
7 23*20 25*40 25*50 24*70
3 21*80 25.80 24*40 24*00
9 24*40 26«10 26*00 25*50
10 22*80 27*40 25*10 25*10

Mean 22*93 26.37 ' 24*33 24*74

y test a*
C.D (0.05) • 0 * 82

** significant at 1 per cent level
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(2*1) and Mysore (1*7) • When the three cultivars were 
considered together a range of one to four .panicles were 
produced by a tiller (Table 10)* Statistical analysis of 
the data revealed no significance*

' The data presented in Table 11 indicate the pattern 
of panicle production per clump* More number of panicles 
initiated during January# 1932 in the Malabar and Vazhukka 
cultivars (9*84 and 12*42 respectively)* The Mysore culti
var showed three peaks ( Fig.5) of panicle production 
during February# April and August 1982 (6*13# £>20 and 4*86 
respectively) • The mean number of panicles produced were 
4*14 (Malabar)# 3.36 (Mysore) and 5*90 (Vazhukka)* Statistical 
analysis revealed that the Vazhukka cultivar was ■ signifi
cantly superior to the other two cultivars in this respect*
The panicle production declined In the three cultivars 
beyond August# 1982*

During 1933 also# a similar trend in panicle proau
ction was observed (Table 11 and Fig*6)• The differences 
observed between the two year#s were that in the Mysore 
cultivar#1 tha peak period of panicle initiation was confined 
to four months (May to August# 1983) and that in all the 
three cultivars# December was also a .peak month for panicle 
initiation ( 3*78# 6*94 and 5*50 respectively for Malabar# 
Mysore and Vazhukka) *
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Table 10 Number of panicles produced per tiller

Replications Cultivars
Malabar Mysore * Vacbu&Ka

1 1 1 4
2 4 1 2
3 1 2 1
4 2 2 3
5 2 2 2
6 3 3 3
7 2 1 1
8 1 1 1
9 4 2 3
10 ' 2 2 1

Mean 2.0 1.7 2.1

F test i Not significant
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£atele 11 Number of panicles produced per clump

Months
Melebar Mysore Vazhu&ca Means

1982 1983 1982 1983 1982 1983 1982 1983
January 9*84 6*68 3*22 0*63 12*42 4*43 8*49 4*01
February 6*38 1*80 6*18 0*54 7*60 2.21 6.72 1*52
March 3*88 1*20 3*28 1*00 8*44 1*24 5.87 1*15
April 8*42 1*18 7.20 1*64 10*56 0.76 8*73 1.19
Hay 6*92 4*24 4*80 3*10 9 • 24 3.80 6*90 5*38
June 4* 98 3*36 3.04 6*18 ;5.98 6*30 4 *67 5*28
July 3*78 4*02 2.54 5*64 4*56 3.86 3*63 4.51
August 1*68 1*44 4*86 4.12 3*46 4*36 3*33 3*31
September 0*40 0*72 2*36 1*34 1*90 2*86 1.72 1*64
October 0*42 0*52 2*04; 2*58 1*30 2*24 1*42 1.78
November 0*30 1.18 1.60 4.76 1.72 4 . 90 1.21. 3.61
December 0*64 3*78 1.12 6*94 2*88 5*50 1*55 5*41

Means 4*14 2 *49 3*56 3.65 3*90 3*54 4*53 3*23

1982 F teat **
C.D.<0.05) 0*61

**
1*22

**
2*12

1983 J? test **

C.D (0*03) 0.40cultivars

**
0*80^Months

**
1*39interaction

** Significant at 1 per cent level
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4*1*9 Number of leaves at the time of panicle initiation

At the time of panicle initiation a tiller of 
Malabar had 6*3 leaves while those of Mysore (9*4) and 
Vazhukka (6*7) had more number of leaves (Table 12)* The 
extent of variability ranged from 6 to 8 leaves in Malabar,
8 to 11 leaves in Mysore and 8 to 10 leaves in Vazhukka*

4*1*10. Time taken for the visual appearance of panicle 
initials

In 'order to subtend a panicle on its rhizome, a 
growing tiller of Malabar cultivar took 335 days* The 
tillers of Mysore and Vazhukka took 387 days and 347 days 
(Table 13)* The difference between the Malabar and Vazhukka 
cultivars was not statistically significant and they were 
inferior to the Mysore cultivar* The data revealed a spectrum 
of variability from 313 days to 353 days in Malabar, 369 days 
to 414 days in xtfysore and 322 days to 405 days in Vazhukka*

4*1*11 Sxtension growth of the panicle at monthly intervals

Studies conducted on the growth of the panicles that 
initiated during January 1982 Indicated that growth continued 
upto 13 months in Malabar, 14 months in Mysore and 15 months
in Vazhukka (Table 14 and Fig *7) • The cumulative growth was1 * /

maximum in Vazhukka (74*90 cm) followed by in Malabar (63*27 cm)
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, Table 12 Humber of leaves at the time o£ panicle initiation

Repli
cations

Cultivars

Malabar Mysore Vaahukka/

X 6 10 10
XX 7 8 8
XXX 8 11 8
IV 7 9 9
V 6 6 9
vx 6 10 10
vxx 8 10 6
VIIX 7 9 9
XX 6 9 8
X 7 10 8

Mean 6.8 9.4 8*7

F test *'
C*D (0*05) oQ.82

* Significant at 5 per cent level



Table 13 Time taken ( clays) for the visual appearance 
of panicle initials

Keplications
Cultivars

Malabar Mysore Vashukka

X 341 407 346
XI 353 381 405
XXI 326 384 331
XV 318 392 344
V 330 385 322
VI 327 414 360
VII 344 380 329
vxxx 349 381 366
IX 320 377 340
X 342 369 327

Mean 335 387 347

F test **
C.D. (0.05) a 15.33

** Significant at 1 per cent level
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tEable 14 Ex tons ion grov;th of the panicles (cm)

Month & 
year

■ Cultivars
Malabar Mysore Vazhukka

cumula
tive
growth

incre
mental ■ 
rate

Cumula
tive
growth

Incre
mental
rate

Cumula
tive
growth

incre
mental
rate

January# 1932 1.73 1.73 1.11 1.11 3*47 3*47
February * 4.77 3.04 3.37 2*26 8*33 4*86
March * 3.00 3*23 6.40 3*03 14*00 5.67
April " 14*20 6*20 10.93 4.53 20*13 6*13
May ** 27.60 13*40 16.80 5*87 27*33 7*20
JUne * 38.27 10.67 22.07 5*27 35*33 8.00
July * 46.33 8.06 27.33 5*26 40*33 5.00
August * 53.13 6*80 32.20 4*87 46*87 6,54
September H 57.87 4.74 36.93 4,73 52,47 5*60
October * 62*00 4.13 41.47 4*54 56.33 3.86
November * 66*53 4.53 45.13 3*66 60*13 3 *80
December * 68*00 1*47 47*53 2.40 65*67 5*54
January 1983 68*27 0,27 48*67 i. i4 69* 93 4*26
February “ - mm 49.53 0*86 71.47 1.54
March °

1
i — 74*90 3.43

Mean 39*75 5*44 27*82 3*54 43*11 4*99

© F test for incre
mental growth
C*D. (0*05) 1.48 2.56 

Cultivars Months

**

3*18
Interaction

© statistical comparison was made only for the growth increments 
** Significant at 1 per cent level*
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and in Mysore (49*53 cm)* The mean incremental rate of 
panicle growth per month was high in Malabar (5*44 cm) 
followed by in Vazhukka (4*99 cm) and in Mysore (3*54 cm)* 
significant difference was found only between the Malabar 
and Mysore cultivars*

The rate of extension growth of panicles was 
faster in the cultivars* Malabar and Vazhukka during the 
first six month period after emergence (Fig* 7)* The Mysore 
cultivar exhibited a slow and steady growth without revealing 
a distinct peak*

4*1*12 Number of racemes per panicle

The production of racemes by the panicles continued 
up to 12 months in Malabar* 13 months in Vazhukka and 14 
months in Mysore (Table 15 and Fig*3) • The maximum number 
Of racemes were in the panicles of Vazhukka (24*43)* 
closely followed by in Malabar (24*16)* The minimum number 
was in Mysore (15*00)* The rate of raceme production per 
month was faster in Malabar (1*99)* followed by in Vazhukka 
(1*38) and in Mysore (1*11)* Statistical analysis revealed 
that the Malabar and Vazhukka cultivars were on par and 
both of them excelled the Mysore cultivar in this respect*

Fig*8 illustrates that the Malabar and Vazhukka 
cultivars were precocious in raceme production whereas
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Table IS Number of racemes per panicle

\ Cultivars

Month and 
year

Malabar Mysore VashukKa
Cumula
tive
growth

incre
mental
rate

Cumula
tive
growth

incre
mental
rate

Cumula
tive
growth

Incre
mental
rate

January, 1982 0.00 0*00 0*00 0*00 0*00 0.00
February ft 0.20 0.20 0*00 0*00 0*00 0.00
March ft 2*27 2*07 0*33 0*33 0*67 0.67
April ft 6*40 4*13 1*53 1.20 2.47 1*80
May ft 9*80 . 3.40 2*60 1.67 5*14 2.67
June ft 13*33 3*53 4.27 1.67 8.01 2.87
July ft 16.13 2. SO 6*47 2.20 10*74 2.73
August a 19*26 3*13 7.94 1.47 13.34 2*60
September w 20*99 1.73 9.07 1.13 16.27 2*93
October a 22.66 1.67 10.47 . 1.40 . 19.20 2*93
November if 23*79 1*13 12*14 1*67 21*33 2.13
December ft 24*16 0,37 13.87 1*73 23*00 1*67
January# 1983- - , - t14*80 0*93 24*43 1*43
February * n — — 15.00 0*20 - ** —

Mean • 13*25 1*99 7.04 1*11 11.12 1*88

$ F test for incre- . 
mental growth ** ’ ** **
C.Dfo.05)

t +

0.62
Cultivars

1.07
Months

1.10
Interaction

9 Statistical comparison was made only for the growth Increments
** Significant at 1 per pent level
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the Mysore cultivar exhibited a protracted nature for the 
production of the racemes.

4.1.13 Time taken from visual appearance of the panicle 
Initials till' the appearance of the first flower 
bud

For the appearance of the first flower bud, in an 
inflorescence, the Mysore cultivar took 49.4 days (range 
41*0 to 64*0 days), Vazhukka, 44.8 days ( range 34.0 to 53.0 
days) and Malabar 40.3 days ( range 31.0 to 48.0 days). 
Statistical analysis of the data (?able 16) indicated that 
significant difference existed only between the Malabar 
and Mysore cultivars.

4.1*14 Time taken from visual appearance of the flower 
bud to anthesis

The data presented in Table 17 indicate that the 
three cultivars took more or' less a month’s time from the 
visual appearance of the flower bud to an the sis • The mean 
number of days required was 28.8 in Malabar# 32.0 in 
Vazhukka and 34.0 in Mysore .significant difference existed 
only between the Malabar and Mysore cultivars* The range 
of variability was from 26 to 31 days in Malabar, 27 to 
38 days in Vazhukka and 27 to 40 days in Mysore. The 
different stages of development of flower buds till anthesis 
are shown in Plate 9*
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Table 16 Tima taken (days) from the visual appearance 
of the panicle initial till the appearance 
of the first flower bud

Replicate
Cultivars

, Malabar Mysore Vazhukka

1 40 48 39
• XI 47 64 . 55
III '31 4 2 51
IV 42 58’ 48
V 38 53 34
VI 35 4 5 47
VII 46 52 4 4

VIII 44 48 51
IX 37 43 41
X 48 4 1 38 *

Mean 40.8 49*4 4 4 * 8

F test 
CD (0*05)

*
5*20

* Significant at 5 per cent level



Table 17 Time taken (days)from the visual appearance 
of the flower buds to an thesis

Replications
Cultivars

Malabar Mysore Vazhukka

X 29 30 38
XX 30 36 36
XXX 31 38 -30
XV 28 35 27
V 30 27 31
VI 29 31 29
VII 30 33 23
VIII 23 36 31
XX 26 29 32
X 27 40 38

Mean 23,8 34 *0 32,0

F test ' * 
C.D(O.OS) - 3*34

* Significant at 5 per cent level
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4*1*15 Number of flowers opened par panicle

The data on the pattern of flowering on individual 
panicles of a clunp are presented in Table 18* The mean 
number of flowers opened per panicle per month was 7*77 
in Vazhukka, 5*66 in Malabar and 4.56 in Mysore* The 
differences were found to be,, statistically significant 
among the cultivars as well as the months* Flowering 
attained a faster rate from April in Malabar and Vazhukka 
cultivars (Fig*9) flowering continued till August in 
Malabar and till October in Vazhukka* The peak flowering 
In Mysore cultivar was from May to October*

4*1.16 Number of flowers opened per clump

The data presented in Table 19 reveal that the mean 
number of flowers opened per' clump in one month was highest 
in Malabar (113*40), closely followed by in Vazhukka 
(115.20) and lowest in Mysore (75*56) *. Statistical analysis 
of the data showed that the Malabar and Vazhukka cultivars 
( which were on par) were significantly superior to the 
Mysore cultivar.

Fig *10 indicates the pattern of flowering in the 
three cultivars* The cultivars exhibited a protracted 
nature of flowering* The peak flowering was from March to



Table 18 Number of flowers per panicle

- Cultivars
Month
and

year
Malabar Mysore Vazhukka Means

Cumulative
growth

Incre
mental
rate

Cumula
tive
growth

Incre
mental
rate

Cumulative
growth

Incre
mental
rate

Cumula
tive
growth

Incre
mental
rate

January 1982 0*82 0.82 0.10 0*10 1*02 1.02 0*65 0.65
February " 3.00 2.18 0*50 0.40, 2.90 1.83 2.13 1.49
March " 7.88 4.83 1.24 0.74 6.94 4U>4 5.35 3.22
april * 17.14 9.26 2.96 1.72 13.72 6.78 11.27 5.92
flay * 29.94 12*80 8 *72 5.76 23.16 9.44 20*61 9.33
June “ 45*18 15.24 20.02 11.30 34.82 11.66 33*34 12.73
JUly • 57.66 12.48 31.36 11*34 51.62 16*80 46.88 13.54

. August ** 65.18 7.52 40.24 8.83 68.64 17.02 58.02 11*14
September " 68.42 3.24 47.26 7.02 80.64 12.00 65.44 7.42
October * 69.52 1.10 51.23 4.02 39.86 9*22 70.22 4.78
November ° 70.00 0.43 53.96 2.63 92.44 2.58 72*13 1.88
December " 70.26 0.26 54.74 0.78 93.22 0.78 72.74 0.61

Mean 42.08 5.86 26.03 4*56 46.58 7.77 38.23 6.06
© F test for growth ** 
increments
C.D* (0.05) 0.55

Cultivars

**

1.10
Months

**

i.9i
Interaction .

© Statistical comparison was made only for the growth increments 
** Significant at 1 per cent level
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Table 19 Number o£ flowers per clump

Months
■ Cultivars

Malabar Mysore Vazhukka Mean

January 10*63 6.53 10.50 9.25
- February 29,56 13*08 25.64 22.76
March 100.84 31*36 ■ 49.44 60.55
April 112*8 51.04 100.92 88.25
-May 178.88 167*64 168.60 171.71
June 233*10 152*23 232.62 206.00
July 277*66 113*9 254.00 215.19
August 247*16: 119*82 9 ,209*94 192.31
September 128.76 113*46 153.20 131.81
October 57*48 61*66 97.90 . 72.35
November 17*68 49*16 .55*0 40.61
December 26.52 ,26.90 24 .2 25.87

Moan . 118*40 75.56 115.20 103.05

F test 
C.D(O.OS) ,9*32.

Cultivars

** **
18.63 32.28 
Months Interaction

** Significant, at 1 per cent level
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September in Malabar# My to September in Mysore and 
April to September in Vazhukka*

4*1*17 Days to 50 per cent and 100 per cent flowering

On the panicles initiated during January 1982#
50 per cent flowering Was observed in 170 days for 
Malabar# 192 days for Mysore and 204 days for Vazhukka 
(Table 20) • Statistical analysis of the data did not 
reveal significant difference between Vazhukka and Mysore 
cultivars which were superior to the Malabar cultivar*
The data revealed the variation to be from 151 to 108 
days for Malabar# 173 to 208 days for Mysore and 166 to 
234 days for Vazhukka*

Hundred per cent flowering was observed in the
- i t

cultivar Malabar in 317*8 days#, in Mysore in 385*0 days 
and in Vazhukka in 380*8 days* The difference between 
Mysore and Vazhukka was not statistically significant*
The range of variation observed in Malabar was from 247 
to 372 d&ys# in Mysore from 338 to 422 days and in 
Vazhukka from 312 to 442 days*

When the above parameters of flowering were compared 
it was evident that the extent of variability was high in 
Vazhukka followed by in Malabar and low in Mysore*



Table 20

124
Days to 50 per cent ana 100 per cent flowering

Cultivars

Repli Malabar Mysore Vazhukka
cations 50 100 50 100 50 100

per cent per cent per cent per cent per cent per cent

X 157 308 185 338 208 421
II 166 277 173 375 226 356
III 182 358' 191 346 231 408
IV 174 247 203 395 193 387
V 138 281 131 385 205 442
VI 151 344 206 381 166 345
VII 175 335 183 422 183 330

VIII 181 372 192 406 210 370
IX 155 305 205 411 184 312
X 169 351 196 391 234 437

Mean 170 ■317.8 192 385.0 204 380.8

F test ** **

C.D(0.05) 15.89 39.03
50 per cent 100 per cent
flowering flowering

** Significant at 1 par cant Xeval
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4*1*18 Time taken from anthesis to fruit set

This parameter was studied only in the Mysore 
qultivar of cardamom* Biological assay of endogenous 
auxin was conducted in the ovaries after pollination 
at periodical intervals* The peak point of auxin 
activity was taken as the time of fruit set* The data 
presented in Table 37 indicate that the activity of 
endogenous auxins expressed as equivalents of indole 
acetic acid.was maximum (315 ng/g)#* 36 hours after 
pollination* The higher auxin activity observed at this 
point indicated that fruit set had occurred within 36 
hours of pollination*

4*1*19 Time taken from fruit set to the different seed 
maturity stages

Five distinct seed maturity stages were observed 
in the developing capsules* They were the tender seed# 
the greenish-yellow seed, the brown seed# the black seed 
and'the ripe seed as shown in Plate 10* The Vashukka 
cultivar attained the tender seed stage in 19*0 days 
(Table 21)# the Malabar cultivar in 20*0 days and the 
Mysore cultivar# in 22*2 days* The period required to 
attain the greenish-yellow stage also followed a trend as 
above* The cultivar Vazhukka took a mean of 47*3 days#
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Malabar# 57 • 5 days and Mysore# 65*6 days to reach this 
stage* The brown seed stage was reached in Malabar 
(76*5 days) earlier than in Vazhukka (81*0 days) and 
Mysore (85*4 days)* The mean duration required for 
reaching the black seed stage was 113*2 days for Malabar# 
124*4 days for Vazhukka and 126*2 days for Mysore* The 
ripe seed stage was attained in 128*6 days (Malabar)#
136*5 days (Vazhukka) and 139*1 days (Mysore)* Statistical 
analysis of the data did not reveal significant difference 
among the cultivara for the brown and ripe seed stages*

4*1*20 Growth and development of ovaries / fruits

The data given in Table 22 and Vigs* 11 to 17 show 
the growth of the ovaries before anthesis as well as the 
growth and development of the capsules (fruits) after 
fruit set* The maximum length of the capsule was in the 
Malabar cultivar (28*0 mm)# followed by in Vazhukka 
(26*50 mm)» The Mysore cultivar had the shortest (16*20 mm) 
capsules* The difference in the mean length of the 
Capsules among the three cultlvars was statistically 
significant*

The diameter of the capsules at maturity was more 
in Vazhukka (13.8 mm) than in Mysore (13*5 mm) and Malabar 
(11*5 mm)* The differences among the cultlvars were not



Table 21 Time taken (days) from fruit set to sttain the different seed 
maturity stages

§ Tender seed Greenlsh-vellow Brown seed Black seed Ripe seed
0 stage seed
t k 0 ' • f ‘0 (0 (0 (0a U M k k k0hr~*

to so
to
% ao 1

£0 8o jj * 80 so i!Ck
£ | &it 1 s i 1 • 3 §1£ I 1

ta
1* f 1

m
£ £

z 19 25 24« c 44 591 42, 75 82 86 124 126 131 131 138 151
XI 20 23 23 . 62 70 55 83 80 98 114 119 129 127 144 145III 23 21 17 70 67 49 78 84 92 105 133 125 124 128 138XV 22 20 15 64 66 40 71 91 77 108 123 136 137 136 129V 18 26 16 51 50 51 80 88 61 117 146 141 130 149 129
VI 23 24 14 46 82 46 74 83 66 121 131 132 141 145 118
VIZ 18 20 20 43 68 43 85 86 85 118 128 117 133 139 146
VIXI 19 22 2 4 55 71 56 83 81 60 102 120 108 128 126 137
IX 21 20 19 ' 67 58 42 73 94 93 126 113 122 120 134 130X 17 21 IQ 68 65 49 78 85 72 97 118 103 115 152 142

Mean 20«0 22.2 19.0 57.5 65.6 47.3 78.5 85.4 81.0 113.2 126.2 124.4 128.6 139.1 136.5

F test * ™" T1-1 r ** NS ** NS
C.D(0«05) 3.04 7.62 - 7.35 —

NS Hot significant
* Significant at 5 par cent level 
*•* Significant at 1 per cent level



Table 22 Growth «n4 <5«v*Zopm«ot of ovaries/ espsul•9

,Growth»t#OC3(days 3

P r e - a ^ t n e s l g

10

.20 
30

P o s t  a n t h e s l s  

f r u it  set 
- 10 
.20 
.30 
40 

.50

,

70 
00 

90 
100 
110 .
120 

130

l e n g t h

M a la b a r  M ysora V^zhutica

. 1.2 o .a l.Q

CO•N

1.0 2.S
3*6 .  1.6 3.1

8.5 4*7 6.1
■ 14.2 • 8.4 11*0
15.0 8.9' 12.4'

*16*4 9.8 15*2
19.0 10.2 18.6
21.4 10*9 ‘ 20*8
24*5 11.0 21.0
24.8 11*0 22*2
25.5 11*3 23.6
26.0 12.5 24 *2
26.7 13.3 24.5

r 27 .Q 14*7 25*1
-28.0 15.1 25*8

- 16*2 26*5

diameter (rom)
Halabar Mysore YarhuJcVa

girth <ma) 2
M alabar  Mysore Va ihukk*

0.6 0*5 0*5 » 1.8 1.5 1*4
1.1 0.8 , 1.6 I * 3.1 2.0 . 3.3
1.9 * 1.2 1.7. j 7.4 2.4 : 5.2

4.8 2.8 4.6 I 16*6 9.5 13.0
6.0 S.8 5.5 1 23 .4 18-0 21.0
6.9 7.0' 6.6 E 2S*a 22.6 24.2
7*8 ‘ 7*3 6.9  j 27-0 24.8 25.0
7.8 7*5 7.7 j 2BpQ 25.4 26.9
0.0 7*8 3.5 , j 28-3 • 26.0 30 -0
8.6 8*2 . 9*2 j 29. S 27.0 31.5
9.7 8.6 9*7 I 31*8 28-0 32.0

10*0 9.5 10.1 32.0 32-5 • 32.2
10-5 * 10.2 11.7 - 32-2 33-0 3 3.4
io  .a 10*8 12.2 32-6 33.7 34.7
11.0 11-5 12-4 32.9 34.1 36.1
11.5 13.0 13.0 33.5 35-8 27.4

— 23*3 13.8 - 35.8 * 38.0

Kean 17.a 9.5 16.7 7*3 7.4 7.9 24.1 23.1 25.0

T test 
C .D .  Co.05)

a
1.05

VS
1.30

VS Hot s ign ific an t
* S ign ifican t a t 5 per cant le v e l M'ro

CO



Table 22 Oxawth and development o f ovaries/ capsules ( contd.)

Growth
Volume (col) fresh weight (rag) dry weight (mg) driage (%)

stages
(days) Malabar Myoofc* Vazhukka. .'Malabar Mysore Vashukka

\
-Mhlabar Myiore- Vazhukka MalabaT Mysore Vazhu-

kka

Pre-anthesis •

.10 0.011 0.008 0,009 7.0 4.0 8.0 0.5 0.2 0.7 7.14 5,00 8.75.

.20' 0.022 0.012 0.014* l l . i 7.3 12,0 1.0 0.5 1.5 9.09 6.82 11.67

.30 0*028 0.015 0.017 14.2 8.8 16.4 1.5 1.0 2.0 10.50 11.29 12.20
Post anthasia

F ru it-set 0.050 0.042 0.038 17,5 24.5 20.5 2.0 3.0 3.0 11.42 .12.24 14.63
- .10 0.057 0.053 0,060 60.0- 65.0 54.0 7.0 8*0 8.0 11.66 12.30 14.81

-.20 0.100 ‘ 0.075 0.140 60.0 82.0 - 68.0 9.0 12.0 11.0 15.0d' 14.63 16.18
.30 0.170 0.140 0.230 110.0 95.0 103.0 17.0 16.0 17,0 15.45 16.84 16.50
40 0.220 -0.140 0.380 175.0 123.6 146.0 31.0 25,0 25'. 0 17.71 20.22 17.12

. -50 0.240 0.220 0.430 223,0 176.6 255.0 ' 43.0 37.0. 45.0 19.28 20.95 17.65
60 0.360 0.280 0.480 335.0 241.0 340 ,0 66.0 52.0 62. 0 19.70 21.57 18.24
70 0.440 0.310 0.520 425.0 25.6.0 410,0 88.0 .57,0 85.0 . 20.70 22.26 20.73
80 0.470 0.370 0.590 455.0 312.0 520 .0 98.0 71.0 110.0 21.54 22.76 21.15
90 0.570 0.410 0.730 514.0 374.0 ‘ 600.0 114.0 88.0 135.0 22.13 23.52 22.50

100 0.680 0.440 0,760 602.0 442.0 640.0 135.0 105.0 150.0 22 .42 23,7.5 t 23 .44
110 0.740 0.500 0.810 685 <0 517 .Q 680.0 156.0 123.0 160.0 * 22.77 23.79 23.53
120 0.820 0.560 0.860 730.0 590.0 • 705,0 170.0 142.0 170.0 23,28 24.06 24.11

130 - 0.640 0.880 . — 620 *00 760.0 - 150.0 185.0 ", 24.19 24.34

Maan 0.312 0.248 0.409 276.5 231.6 313.9 58.7 52.4 68.8 16.87 18.01 18.09

F tos t MS * * * NS

CtO> (0 .05) 35.6 6.1
M  ■ 

— ------C3
Ml -  Mot: s ign ific a n t 
’*  j ig n i f lc e n t  a t 5 par cant le v e li 1
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Plate 10 Seed maturity of cardamom capsules (from left to right:
tender, greenish-yellow# brown* black# and ripe seed stages)

Plate 11 Three distinct stages of immature capsuie shedding in cardamom
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1 3 5
T a b le  24 P e r c e n t a g e  o f  im m atu re  c a p s u le  s h e d d in g  

t o  t h e  t o t a l  f lo o r e r s  b o r n e  l a  a  c lm qp

M onths M a la b a r M yso re V ash u k ka Mean

J a n u a r y 1 1 * 8 7 ( 1 9 * 1 9 ) 2 0 , 1 8 (2 6 * 0 7 ) 1 6 , 8 5 ( 2 3 * 3 6 ) 1 6 * 3 (2 2 * 8 7 )

f e b r u a r y 12 * 4 8 ( 2 0 ,4 8 ) 1 4 , 1 8 ( 2 1* 8 9 ) 1 7 , 1 1 ( 2 4 , 1 7 ) 14 * 9 2 ( 2 2 * 5 1 )

M arch 2 1* 5 0 ( 2 6 ,7 0 ) 2 0 * 1 3 ( 2 6 * 18 ) 2 3 , 5 1 (2 8 * 9 7 ) 2 1 * 7 1 (2 7 * 2 8 )

A p r i l 2 3 ,4 5 ( 2 9 ,0 5 ) 19 * 0 6 (2 5 * 6 9 ) 1 7 * 3 6 (2 4 * 5 8 ) 2 0 *0 2 (26 *4 4 )

May 1 6 , 8 7 (2 4 * 2 3 ) 1 2 * 7 5 (2 0 *8 0 ) 1 5 * 2 2 (2 2 * 4 6 ) 14 * 9 5 (2 2 *4 9 )

Ju n e 16 * 9 6 (2 4 * 2 7 ) 18 * 2 9 ( 2 5 * 3 1 ) 1 2 . 2 1 ( 2 0 * 12 ) 1 5 * 8 2 ( 2 3 * 2 3 )

J u l y 16  *0 5 (2 3 * 5 3 ) 1 6 * 5 2 (2 3 * 8 9 ) 1 0 , 7 9 ( 1 9 .0 7 ) 14 * 4 5 ( 2 2 . 1 6 )

A u g u st 14 * 0 0 ( 2 1* 8 4 ) 1 7 * 2 7 ( 2 4 ,4 5 ) 1 2 * 5 7 (2 0 *5 4 ) 1 4 * 6 1 (2 2 * 2 8 )

S e p te m b e r 2 4 * 6 3 (2 9 *0 8 ) 1 4 ,7 9 ( 2 2 ,4 9 ) 1 6 * 5 8 ( 2 3 * 8 1 ) 18 * 6 7 ( 2 5 .0 6 )

O c to b e r 2 3 * 1 6 (2 8 *0 8 ) 2 3 * 3 1 ( 2 8 ,8 2 ) 2 1 * 3 9 ( 2 7 ,2 7 ) 2 2 * 6 2 ( 2 8 .0 5 )

N ovem ber 3 0 * 2 0 (3 2 * 6 0 ) 14 * 6 9 ( 2 2 ,4 0 ) 2 9 ,0 8 ( 3 2 * 6 1 ) 2 4 * 6 5 (2 9 *2 0 )

D ecem ber 14 * 6 9 ( 2 1 * 7 0 ) 1 1 * 6 2 ( 1 9 ,4 0 ) 2 3 * 6 2 ( 2 8 ,7 9 ) 16 * 6 4 ( 2 3 .3 0 )

Mean 18 * 9 2 (2 5 * 0 8 ) 16 * 9 0 ( 2 3 * 9 3 ) 1 8 * 0 2 (2 4 * 6 4 ) 1 7 . 9 5 (2 4 * 5 2 )

T he v a l u e s  g iv e n  I n  p a r e n t h e s e s  a r e  t r a n s fo r m e d  b y  a r o - s l n  
c o n v e r s io n

P - t e s t  * *  * *  * *

C*D (0 * 0 5 )  0 * 4 5  1 , 9 2  2 ,8 4

C u l t i v a r s  M onths i n t e r a c t i o n

** Significant at 1 per count level
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T a b le  25  P e r c e n t a g e  a t  i m $ « n  c a p s u le  s h e d d in g  to  
t h e  a c t  c u y t ttl w  l a  a  c lta a p

Cttltivan
Month*   .........          —............   noon

M alabar M y so re  Vashukka

J a n u a r y 7 4 .9 2 ( 6 3 .2 3 ) 8 6 .8 2 ( 6 7 .6 2 ) 9 9 .8 3 ( 4 8 .2 6 ) 7 2 .5 2 (9 9 .7 0 )

F a b r u a r y 7 1 . 4 2 (9 8 .2 9 ) 6 9 .9 0 (9 6 .9 0 ) 9 4 .9 4 ( 4 7 . 1 0 ) 6 5 .4 2 (94*09)

M arch 5 9 .6 4 ( 9 0 .7 4 ) 6 0 .9 4 ( 9 1 .3 4 ) 4 6 * 1 2 ( 4 2 .7 4 ) 9 5 .4 3 (4 8 *2 7 )

j ^ r l l 4 1 . 2 0 (3 9 .8 9 ) 3 9 .4 2 ( 3 6 .4 8 ) 3 3 . 9 7 ( 3 5 .9 9 ) 3 6 .8 6 (37.31)
May 2 2 .9 3 ( 2 8 .9 3 ) 2 1 . 1 3 ( 2 7 . 3 1 ) 1 9 .9 9 ( 2 9 .7 9 ) 2 1 . 2 2 ( 2 7 .2 1 )

J8 n e 1 9 .9 8 (2 6 .9 0 ) 24 *9 9 ( 2 9 .7 2 ) 1 4 . 1 6 ( 2 1 . 8 1 ) 1 9 . 5 8 ( 2 6 .0 1 )

J u l y 1 9 . 1 3 ( 2 9 .8 7 ) 2 2 .7 7 ( 2 8 .3 2 ) 1 2 . 4 3 ( 2 0 .9 6 ) 1 8 . 1 1 ( 2 4 .9 2 )

A u g u st 17 * 8 6 ( 2 4 .9 1 ) 2 3 .6 8 (2 9 .9 6 ) 1 9 .4 9 ( 2 2 . 9 1 ) 1 9 .0 0 ( 2 5 .9 3 )

fte p tea to e r 3 9 .6 3 ( 3 8 .6 8 ) 2 3 .2 4 ( 2 9 .9 8 ) 2 4 .9 3 ( 2 9 .3 3 ) 2 9 ,9 3 ( 3 2 .7 0 )

O c to b e r 9 0 .4 1 ( 4 9 .2 4 ) 4 3 . 3 2 ( 4 1 . 1 4 ) 3 9 .2 3 ( 3 6 . 1 6 ) 4 2 .9 8 ( 4 0 .8 5 )

M e v e a b e r 6 9 .2 6 (9 6 .9 9 ) 4 3 . 1 6 (4 0 *8 2) 4 6 .3 4 ( 4 2 .9 0 ) 5 2 .9 2 (4 6 .8 9 )

D ecem ber 6 9 .6 3 ( 9 4 .6 1 ) 4 8 .6 4 ( 4 4 . 1 8 ) 6 0 .9 8 ( 9 1 * 1 2 ) 5 8 .2 8 (4 9 .9 7 )

Moan 4 6 .0 0 ( 4 2 .7 8 ) 4 2 . 1 0 ( 4 0 .3 0 ) 3 4 .9 6 ( 3 5 .3 6 ) 4 1 . 0 2 (3 9 .4 8 )

Tha v a l u e s  g iv e n  l a  p a r e n t h e s e s  a s *  t r a n s fo r m e d  b y  a r o - s i a  
c o n v a r a Io n

F t a a t  * *  * *  *

C .D (Q .O S) 3 . 1 2  7 * 2 9  1 0 . 7 9

C u l t l v a r s  M onths X a t a r a e t l o a

* significant at 5 par cant level
** significant at i par oaat level
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T a b le  26  P e r c e n t a g e  o f  e e p e u le e  c a r r i e d  t o  M a t u r i t y  
t o  t i l e  t o t a l  f lo w e r *  b o r n e  i n  a  clung*

Months C u l t l v a r s Mean
M a la b a r M y so re V a sh u k k a

Ja n u a r y 3 * 1 0 ( 8 .8 0 ) 2 .6 5 ( 6 .9 7 ) 1 1 . 6 8 ( 2 0 .5 9 ) 5 . 8 1 ( 1 2 . 1 2 )

F e b r u a r y 4 .9 4 ( 1 1 . 9 4 ) 5 .8 5 ( 1 2 . 8 1 ) 1 6 . 8 9 ( 2 2 .7 5 ) 9 .0 9 ( 1 5 .8 3 )

M arch 1 2 * 4 4 ( 2 0 .3 8 ) 1 3 . 9 5 ( 2 1 .0 4 ) 2 8 . 9 1 ( 3 2 .2 4 ) 1 8 . 4 3 ( 2 4 .5 5 )

jq p r l l 3 4 .0 9 ( 3 5 .6 6 ) 3 4 . 1 3 ( 3 5 .6 8 ) 3 5 . 1 9 ( 3 6 . 1 9 ) 3 4 .4 5 ( 3 5 .8 4 )

May 5 7 .9 9 (4 9 .6 9 ) 4 7 .2 2 ( 4 3 .3 0 ) 6 2 .0 7 ( 5 2 . 1 0 ) 5 5 .7 6 (4 8 .3 9 )

Ju n e 6 8 .0 5 ( 5 5 .6 4 ) 5 6 . 1 1 ( 4 8 .5 1 ) 7 3 . 1 8 (5 8 .8 9 ) 6 5 .7 8 ( 5 4 .3 4 )

J u l y 6 7 .5 4 ( 5 6 .2 9 ) 5 7 .2 6 ( 4 9 .2 2 ) 7 9 .6 3 (6 0 .4 9 ) 6 6 .8 5 ( 5 5 .3 2 )

A u g u st 6 4 .4 7 ( 5 3 .4 6 ) 5 2 .6 5 ( 4 6 .5 7 ) 6 8 .9 0 (9 8 .2 0 ) 6 2 . 0 1 (5 2 .0 7 )

S a p ta n fe a r 3 5 .6 7 ( 3 6 .5 3 ) 4 3 .0 3 (4 0 .9 8 ) 5 2 .8 0 (4 4 .6 0 ) 4 3 .8 3 ( 4 1 . 3 7 )

O cto b a r 2 1 . 7 0 ( 2 7 .0 9 ) 3 1 . 1 2 ( 2 3 .7 7 ) 4 0 .7 6 ( 3 9 .4 8 ) 3 1 . 1 9 ( 3 3 .4 4 )

Moveraber 1 1 . 4 2 ( 1 9 .0 8 ) 2 2 .7 5 ( 2 7 .8 9 ) 3 3 . 5 3 ( 3 5 .3 8 ) 2 2 .5 6 ( 2 7 .3 8 )

D acerabar 6 .6 0 ( 1 4 .3 9 ) 1 2 . 5 2 ( 2 0 * 12 ) 1 5 . 7 4 ( 2 2 .9 8 ) 1 1 . 6 2 ( 1 9 . 1 6 )

Maan 3 2 .3 0 (3 2 * 4 2 ) 3 1 . 6 0 ( 3 2 .2 3 ) 4 2 .9 4 ( 4 0 .3 2 ) 3 5 . 6 1 ( 3 4 .9 9 )

The v a lu e s  g iv e n  i n  p a r e n t h e s e s  a r e  t r a n s fo r m e d  b y  a r c - s i n  c o n v e r s io n

F t e s t  * *  * *  * *

C .D . ( 0 .0 5 )  2 .4 6  4 .9 3  8 .5 4

C u l t l v a r s  M onths i n t e r a c t i o n

** Significant at 1 per cent level
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T a b le  2 7  Y i e l d  o f  o a p s u le s  p e r  cluag> (g)

C u l t l v a r s

A e p l l -
e e t l o n s

M a la b a r H f i s r e Vamhuhha

f r e s h
w e ig h t

D ry
w e ig h t

f r e s h
w e ig h t

D ry
w e ig h t

f r e s h
w e ig h t

©rf 
w e ig h t

I 6 5 8 .5 1 4 8 * 1 6 3 3 1 * 2 7 8 * 16 9 1 7 * 8 2 19 * 0

XX 7 9 3*0 1 8 7 * 1 5 3 0 3 * 3 7 3 * 1 4 6 2 1* 0 15 4 * 0

XXX 3 5 4 * 5 1 3 3 * 6 5 39 0 *0 9 5 * 5 5 9 2 2 * 8 2 2 3 * 0

XV 5 8 5 * 3 12 7 * 6 4 2 7 2 * 0 6 7 * 4 5 5 9 5 * 5 14 7 * 0

V 6 6 2 * 5 1 3 5 * 6 9 3 1 4 * 5 7 6 * 4 2 5 3 8 * 0 13 4 * 0

Mean 6 5 0 * 8 15 0 * 4 6 3 2 2 * 2 4 7 8 * 14 7 19 * 0 2 17 5 * 4 0

r  t e s t  * *  +*

C *D *(Q *05) 1 8 2 * 1 7  4 2 * 0 1

f r e s h  w e ig h t  f r e s h  w e ig h t
o f  c a p s u le s  o f  c a p s u le s
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4 * 2  H i s t o l o g i c a l  i t « d i M  on £ lo w e r in g

4 * 2 * 1  O l f l t x w U t U o a  o f  f lo w e r  b u d s  i n  t h e  g o n o ty p o ,

P V - 1

T ho  i t o d y  w as e a r r i e d  « t t  d u r in g  a  six-month p e r io d  

fro m  l e t  November# 19 8 3  t o  3 0 t h  A p r i l ,  19 8 4  o n  P V -1#  a  

p r o  [Rising selection o f  th e  M a la b a r  c u l t i v a r .  The b u d s  w o re  

s a s tp le d  a t  f o r t n i g h t l y  i n t e r v a l s  t o  e x a m in e  t h e  p e r c e n t a g e  

o f  f l o r a l  d i f f e r e n t i a t i o n  and a l s o  t o  s t u d y  t h e  i n t e r n a l  

m o rp h o lo g y  o f  t h e  d e v e lo p in g  b u d s*

T he d a t a  p e r t a i n i n g  t o  t h e  d i f f e r e n t i a t i o n  o f  

f l o w e r  b u d s p r e s e n t e d  i n  T a b le  2 8  sh ow  t h a t  d i f f e r e n t i a 

t i o n  o f  f l o w e r  b u d s in c r e a s e d  fro m  Novem ber# 19 8 3  and  

attained a p e a k  d u r in g  t h e  sa o o n d  f o r t n i g h t  o f  Decem ber# 

19 8 3  (8 4 *6  p e r  c e n t ) •  T h e r e a f t e r ,  f l o w e r  b u d  d i f f e r e n t i a 

t i o n  s t e a d i l y  d e c r e a s e d ,

4 , 2 , 2  H is t o lo g y  o f  t h e  a p i e a l  n e r i s t s m s

M edian  l o n g i t u d i n a l  s a o t i o n s  o f  th e  b u d s w a rs  

ex a m in e d  u n d e r  m ic r o s c o p e  t o  o b s e r v e  t h e  h i s t o l o g i c a l  

f e a t u r e s  o f  t h e  d i f f e r e n t i a t i n g  s h o o t  a n d  f l o r a l  a a r i -  

ste rn s  o f  t h e  P V - i  g e n o ty p e  o f  o a rd a n o su

D i f f e r e n t i a t i o n  o f  th e  s h o o t  s to r is to m

Tho a p i c a l  s t s r ls t o m  a p p e a r s  b r o s d l y  c o n i c a l  d u r in g  

t h e  i n i t i a l  s t a g e s #  w i t h  p n e n ln o a t ly  n u c le a t e d  c a l l s
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T a b la  2 8  D i l l t m i i « U o b  QZ f i o w a r  feud* i n  
t b a  g a a a t y p a ,  9 V - 1  ( i4 a la b a r )

D a ta  o f  ( M » « n « l lO B * ? lo w a r  b a d  dif tarantia- 
t l o n  ( par c a n t )

1 - 1 1 - 1 9 8 3 8 0 *6

1 5 - 1 1 - 1 9 8 3 6 6 .6

1 - 1 2 - 1 9 8 3 7 0 *0

1 8 - 1 2 - 1 9 8 3 8 6 * 8

1 - 1 - 1 9 8 4 8 0 *0

1 8 - 1 - 1 9 8 4 7 0 .0

1 - 2 - 1 9 8 4 6 6 *6

1 5 - 2 - 1 9 8 4 7 3 * 3

1 - 3 - 1 9 8 4 5 3 * 3

1 6 - 3 - 1 9 8 4 3 6 * 6

1 - 4 - 1 9 8 4 3 3 * 3

1 5 - 4 - 1 9 8 4 2 3 * 3

*  D a ta  b a a  a d  on 20 b u d * a x a n in a d  a t  a  v a r y  

o b a a r v a t io n



( P l a t *  1 2 ) «  The a e r i s t e a  b aa  a  b r o a d  b a a *  an d  t h e  

i n n e r  c o r *  o f  e a l l a  I n  t b *  a e r i s t e a  c o n s t ! t u t *  t h e  

c o r p u s  w h ic h  c a n  b a  s e e n  l i n e d  b y  a  s i n g l e  e a l l u l a r  

l a y * r «  t u n ic a *  T b *  p r lm o r d lu a  l a  s e e n  w rap p ed  up 

w i t b  s e v e r a l  s e a l *  l e a v e s  i n  s u c c e s s io n *

P l a t a  1 3  sb ow s t h a t  t b a  a e r i s t e a  h a s  l e s t  t b a  

s h a r p n e s s  a t  t b a  p a r l p b a r y  and a p p e a r e d  b u ld g e d  a t  t b a  

s i d a s *  J u s t  b a lo w  t b a  t u n ic a *  t b a  c a r p u s  r e g i o n  a p p e a r  

d a a p l y  s t a in e d *  i n d i c a t i n g  tb #  l o c a l i s a t i o n  o f  DMA a t  

t b a  p r i m o r d i a l  s i t e *  Tb# p r i m o r d i a l  c a l l s  a r e  w it h  l a r g e  

n u c l e i *  T he h ig h  quantum  o f  DMA i n  t h e s e  n u c l e i  m ig h t 

h a v e  r e a c t e d  w it h  b a s i c  f u c h s i a  ( th e  n u c l e a r  s t a i n  u se d  

i n  t h i s  i n v e s t i g a t i o n )  t o  g i v e  t b a  d a r t  c o l o u r  t o  t h e  

a a r i s t a a a t i c  a p e x *

W ith  c o n t in u e d  grevfeb * t b a  a e r i s t e a  l o s e s  i t s  

c o n i c a l  s h a p e  an d  a t t a i n s  a  h e m i s p h e r ic a l  s h a p e  ( P l a t a  1 4 )  • 

T b a  a a r i s t a a  t o g e t h e r  w i t h  t h e  y e a a g  s c a l e  l e a v e s  a r c h in g  

o v e r  i t *  a p p e a r  d e e p ly  s t a i n e d *  T he o l d  s c a l e  l e a v e s  c a n  

b e  s e e n  jn t a ia e d  t o  a  l e s s e r  d e g r e e  w hen c o o p e re d  t o  t h e s e  

o f  t b *  a a r i s t a a a t i c  p r i m o r d i a l  n o n e*

T he h a s t i - s p h e r i c a l  a p e x  p u s h e s  u p w ard  and d i s t i n c t  

n o t c h e s  a r e  r e c o g n i s a b l e  on  t h e  p e r i p h e r y  o f  t h e  p r im o rd iu a *



Plate 12 L,S. of the shoot meristem at the Initiation stage (X 100)
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shoot meristem into a hemispherical apex (X 100)
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w h ic h  w o u ld  l a t e r  d e v e lo p  i n t o  l e a f  p r im o r d ia  ( P l a t e  1 $ )  • 

ried ge l i k e  p r o t u b e r a n c e a  c a n  b e  s e e n  o n  e i t h e r  s i d e  o f  

th o  prim ord iu m # w h ich  n i g h t  h o  th o  p r i m o r d i a  o f  th o  

e n v e lo p in g  s c a l e  l e a v e s .  A t t h i s  a t a g o ,  th o  p rim o rd iu m  

l a  i d e n t i f i a b l e  oa a  s h o o t  m a r ia  torn.

T hoao m o r p h o lo g ic a l  f o a t n r o a  w o ro  o b s e r v e d  o n l y  

i n  th o  b u d s o o l l o c t o d  i r o n  th o  f o u r t h  t o  th o  lo w o a t  

nodoo (c o u n te d  fro m  a b o v e )  o f  th o  r h i s o a o  w horo n o r m a l ly  

o n l y  v e g e t a t i v e  t i l l o r a  d e v e lo p e d .

Zn P l a t o  16 #  t h o  a o tc h o a  t h a t  a p p e a r e d  on th o  

a p i c a l  m o ria to m  ( P la t o  i§ )  h a v e  d oopon od  f u r t h e r .  Tho 

p r im o rd iu m  show s e lo n g a t io n #  p u s h in g  fo r w a r d  th o  o e a lo  

l e a v e s  a r r a n g e d  a s  a  a o r l a s  o f  c o n o s  o n o  o v o r  th o  o t h o r  

i n  s u c c e s s io n *

T ho a p i c a l  m o ria to m  l a  a o o n  d o v o lo p o d  i n t o  a  

c y l i n d r i c a l  s t r u c t u r e  w h ic h  eo n  ho i d e n t i f i e d  d i s t i n c t l y  

a a  a  s h o o t  p rim o rd iu m  ( P la t o  1 7 )  •  Tho o u t e r  t u n i c a  and 

t h o  n u c l e i  o f  th o  i n n e r  o o x p tu  l a y e r  a r e  a e o n  d e e p ly  

s t a i n e d *  Tho l o a f  p r im o r d ia  c a n  b o  num bered  fro m  t h o  a p e x  

dow nw ards i n  a  s e r i e s #  1*^# i-a # U y  i*4 e t c #  The e x a c t  

n u o to arin g  waa n o t  p o a a i b l e  b o e a u a o  o f  th o  a p i r o l  n a t u r e



Plate 15 Appearance of notches on the shoot apex and emergence of
wedge like protuberances on either side of the shoot meristem 
< X 100 )

Plate 16 Elongation of the shoot meristem and deepening of notches 
at the meristematlc apex ( X 50)
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Plate 19 L.s. of the nodal region of rhizome, preparatory to the initiation 
of inflorescence ( X 100 )

ocrc lik<L 
zsnz.

ch'vi'di\a, 
cells *

•late 20 L.S. of the site of inflorescence initiation showing an arc 
like zone and dividing cell layers beneath ( X 100 )





Subsequently# the inflorescence primordium has 
assumed a pyramidal shape (Plates 21 and 22)* bike the 
shoot primordium# the inflorescence primordium Is seen 
enveloped by a series of scale leaves (Plate 21)• a 
notch can be seen on one side of the inflorescence 
primordium which could be the initial of a floral bract 
(Plate 22).

*

In Plate 23# the elongating primordial sone can be 
distinguished from the rest of tha ground tissue by its 
dark stained appearance. Under higher magnification 
(Plate 24) • DNa localisation can be easily observed in 
the large nuclei prominently stained with basic fuchsin.

The structure depicted in Plate 25 marks the 
transition of an apical meristem from its vegetative to 
the floral phase, bike the vegetative prlmordla showing 
primordial leaves initiating in whorls arounu a shoot 
apex# floral initials appear on the axils of bracts in 
a spiral mannar around the Inflorescence apex. Unlike the 
shoot primordium which has a hemisperical apex# the 
inflorescence apex is rather flattened and individual 
flower prlmordla are large and blunt.



SCaJjl. k*f

firnnrhim showing its characteristic pyramidal Inflorescence primorlum snowing xu
shape enveloped by scale leave
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Plate 22 The inflorescence primordium in Plate 21 magnified, showing a 
notch- the initial of a floral bract ( X 320 )

'zone.

Plate 23 Elongation of the inflorescence primordium showing ark stained cells ( X 100 )
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Plate 24 The inflorescence primordium in Plate 23 magnified showing 
localization of D NA in the large nuclei ( X 200 )
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The panicle primordium shove marked elongation 
and individual flower primordia appear as round pro
tuberances encircled by bracts (Plate 27)• These flower 
primordia can be numbered from tne apex downwards as 
*1* F2# F3' F4 ®tc#* in * manner similar to what was 
indicated in tha case of leaf primordia initiated on 
shoot apices (Plate 27)* several scaly bracts have 
arisen from the central cylindrical axis immediately 
behind the floral initials* which are seen running parallel 
to one another in a series (Plate 26) •

The individual floral initials show further 
development in Plate 2d* They have assumed ovoidal to 
dome shapes* The initials are seen subtended at the axil 
of every floral bract* The central axis has lost its 
cylindrical shape consequent on the invaginations caused 
by the developing floral primordia*

individual flower buds are seen differentiated 
in Plate 29* Pour flower buds can be identified on the 
raceme and floral bracts appear at the peripheral regions 
which envelope the developing floral primordia* in normal 
course# a single raceme of the cardamom panicle proauce 
five to eight flowers*



Plata 26 Elongatidf inflorescence primordium witn flower primordia encircled bracts ( x 50 ) a
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Plate 28 Development of the flosal (raceme) initial into ovoicLai
structures subtended at tne axils of floral bracts (X 50)
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* 46’

4 * 2 * 3  T in *  ta k e n  f o r  th o  f l o w e r  bu d  d i f f e r e n t i a t i o n  

i n  cardam om

Tho g e n o ty p e  P V - 1  w as e m p lo y e d  f o r  t h i s  s t u d y  

a l s o *  f o r  o b t a in in g  in f o r m a t io n  on  t h o  t im e  ta k e n  f o r  

th o  d i f f o r o a t  d e v e lo p m e n ta l  p h a s e s *  b u d s  w e re  o o l lo c t o d  

a t  w e e k ly  i n t e r v a l s  co n w e n c in g  fr o m  1 s t  J u l y *  i f 84*

To a v o id  an y  ch a n e o  o f  v a r i a t i o n  i n  t h o  b a s i e  m o rp h o lo 

g i c a l  f e a t u r e s #  b u d s  w e re  sa m p le d  fro m  a  s i n g l o  clu m p o f  

P V - l*

Tho d a t a i l s  o f  th o  t im e  ta k o n  f o r  v a r i o u s  m orpho

l o g i c a l  o v e n t s  a r o  p r o s o n t o d  i n  T a b le  2 9 *  A n a to m ic a lly #  

th o  p a n i c l e  p r im o rd iu m  w as r e c o g n i s a b l e  a t  th o  2nd  w eak 

fro m  th o  p r o - p r i m o r d i a l  p h a s e  ( P l a t e s  2 1  and  2 2 )  • Mhen 

m o rp h o g e n e s is  o f  t h e  o t h e r  f l o r a l  p a r t s  w oro a l s o  c o n 

s i d e r e d *  th o  t r a n s i t i o n  o f  an  a p i c a l  m e r is te m  fro m  v e g e t a -  

t i v e  t o  r e p r o d u c t i v e  p h e s e  ( w i t h  d i s t i n c t  f l o r a l  

p r im o r d ia )  o c c u r r e d  a t  th e  S t h  week ( P l a t e  2 S ) •  T he 

p a n i c l e  p rim o rd iu m  e lo n g a t e d  c o n s i d e r a b ly  a t  th o  6 th  

w eek ( P l a t e s  26  an d  2 7 )  end  o  s e r i e s  o f  r a t h e r  ro u n d  

p r im o r d ia  ( o f  t h e  ra c e m e s)  d e v e lo p e d  o n  t h e  p a n i c l e  

p rim o rd iu m * T h is  s t a g e  t h a t  m arked  t h e  e lo n g a t io n  o f  

th o  p a n i c l e  p rim o rd iu m  c o in c id e d  w it h  t h e  v i s u a l  a p p e a r 

a n c e  o f  p a n i c l e  i n i t i a l s  on  t h o  n o d a l  r e g i o n  o f  r h is o m e s •
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T a b le  29 T im e ta k e n  f o r  t h e  d e v e lo p m e n t o f  f l o r a l  
p o r t s  l a  t h e  g e n o ty p e *  P V - l  (M a la b a r)

S e r i a l  D e t a i l s  o f  d e v e lo p m e n t  o f  t h e  f l o r a l  p a r t  
amber

Tim e

1
2

3

P a n i c l e  i n i t i a t i o n  — — — —

T r a n s i t i o n  t o  p a n i c l e  p r lm e r d lu a

e lo n g a t io n  o f  p a n i c l e  prlm ord ltam  
and i n i t i a t i o n  o f  p r i o e r O l a  o f  
i n d i v i d u a l  ra c e m e s

D e ve lo p m en t o f  ra ce m e p r l a o r d i a

2n d  w eak

9 th  w eek

P r i m o r d i a l  
s t a g e s  # t h  w eek

7 t h  w eek

D i f f e r e n t i a t i o n  of b r a c t s  and f l o w e r  b e d s  
i n  a  racem e

9 t h  w eek

6 D eve lo p m en t o f  a n t h e r

7  D eve lo p m en t o f  p i s t i l

f  D e v e lo p m e n t o f  m io ro s p o ro s

12t h  v o o k

1 2 t h  week 

1 5 t h  we e k
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T h e ra ce m e  p r im o r d ia  c o n t in u e d  d e v e lo p m e n t  and b y

t h e  7 t h  w eek fa w n  t h e  p r e - p r i m o r d i a l  s t a g e #  t h a  ra ce m e

p r im o r d ia  w e r e  e a s i l y  i d e n t i f i a b l e  ( P l a t *  2 8 ) .

D i f f e r e n t i a t i o n  o f  b r a c t s  and f l o w e r  b u d s  o c c u r r e d  a t

t h a  9 th  w eek ( P l a t a  2 9 ) *  i ^ t o  t h i s  p h ase#  t h a  i n f l o r e s c e n c e

c o u ld  b a  c o n s id e r e d  a s  i f  i n  i t s  p r i m o r d i a l  p h a s e  o f

d e v e lo p m e n t*

D e v e lo p m e n t o f  a n t h e r  to o k  p l a c e  a t  t h e  1 2 t h  

w eek  and t h a t  o f  t h e  p i s t i l *  a t  t h e  1 3 t h  w eek  ( P la t e s  30  

an d  3 1  r e s p e c t i v e l y ) *  M ic r o s p o r e *  d e v e lo p e d  i n s i d e  th e  

a n t h e r  lo b e s  a t  t h e  l i t h  w eek  ( P l a t e  3 1 ) *

4 * 2 * 4  H is t o lo g y  o f  t h e  f r u i t  a b s c i s s i o n  so n e

A n a rro w  h o r i s o n t a l  so n e  w as o b s e r v e d  i n  th o  

f r u i t  s t a l k s  whan on am in od  p r i o r  t o  t h o  im m atu re  f r u i t  

( c a p s u le )  s h e d d in g *  P l a t o  34  show s t h a t  th o  o o l l a  o f  

a b s c i s s i o n  so n e  d i f f e r  s t r u c t u r a l l y  fro m  t h e  o o l l s  a b o v e  

an d  b e lo w  i t *  A t h r e e - l a y e r e d  a b s c i s s i o n  s o n *  o en  b e  

o b s e r v e d  w h ich  p o s s e s s  d e n s e r  c y t o p la s m .

4 . 2 . 5  H is t o lo g y  o f  t h e  rh is o m s

T he s e c t i o n  th r o u g h  t h e  n o d a l r e g i o n  o f  a  

r  h i  some ( P l a t *  3 5 )  p r i o r  t o  t h e  i n i t i a t i o n  o f  p a n i c l e
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a ho v s  a  p ro m in e n t  s o n e  w it h  s e v e r e  v a s c u l a r i s  a t l o a  a t  

t h e  n o d e* B u n d le s  c a n  toe s e e n  d i s t r i b u t e d  th r o u g h o u t  

t h e  s t e l a r  r e g io n *  T h e e n d o d e rm is  i s  l a c k i n g  and t h e  

l i m i t i n g  b o u n d a r ie s  o f  c o r t e x *  p e r i c y c l e  and p i t h  a r e  

i n d i s t i n g u i s h a b l e *

P l a t e  3 6  sh ow s tw o m e ta x y le m  v e s s e l s  e a c h  on 

e i t h e r  s i d e  a  p r o t o x y le m  e n g u l f i n g  i t *  T he p h lo em  

p a ren ch y m a  i s  p ro m in e n t  and t h e  com p an io n  c e l l s  a p p e a r  

d e e p  s t a i n e d *  T h e v a s c u l a r  b u n d le s  a r e  s e e n  c o v e r e d  

b y  a  g ro u p  o f  c e i l s  ( t h a  b u n d le  s h e a t h )  •

4 * 2 * 6  Histology o f  t h e  l e a f

A t r a n s v e r s e  s e c t i o n  o f  a  m a tu re  l e a f  of cardam om  

( P l a t e  3 7 )  show s an  o u t e r  e p id e r m is  t h a t  fo rm a d  t h e  

l i m i t i n g  b o u n d a ry  o f  c e l l s  on  t h e  a d a x i a l  s i d e *  A row  

o f  p a l i s a d e  m e s o p h y ll  i s  s e e n  w h ic h  h a s  c l o s e l y  p e c k e d  

c e l l s  t h a t  a r e  v e r t i c a l l y  a r r a n g e d ,  a  c e n t r a l  c o r e  o f  

m e s o p h y ll  c a n  b e  r e c o g n is e d  w it h  i r r e g u l a r l y  a r r a n g e d  

c e l l s  w h ic h  c o n t a in  a b u n d a n t num bar o f  c h l o r o p l a s t s  •

T h e s p o n g y  m e s o p h y l l ,  s e e n  b e n e a th  t h e  c e n t r a l  m a so p h y ll*  

sh ow s o n ly  a  fe w  c h l o r o p l a s t s *  T he a b a x l a l  s i d e  o f  th a  

l e a f  i s  l i m i t e d  b y  a  s i n g l e  l a y e r  o f  t h e  c e l l s *  t h e  

lo w e r  e p id e r m is *



Plate 36 a  portion dfi Plate 35 magnified showing a single vascular 
bundle ( X 400 )

-poJisctxlt, 
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Plate 37 T»S. of cardamom leaf ( X 320 )
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4.2.7 Histology of tho seed

A  p o r t io n  o f  t h s  t r a n s v o r s o  s e c t i o n  o f  a  s e e d  

a t  i t s  " t e n d e r  s t a g e "  i s  show n i n  P l a t e  3 8 *  T he s e e d  

c o a t  o r  t e s t a  c a n  b e  i d e n t i f i e d  a s  h a v in g  t h r e e  l a y e r s  

o f  c o l l s *  Ah I n n e r  o o r e  o f  en d o sp e rm  c a n  b e  s e e n  d e v e lo p 

in g  w it h  t h i n - w e l l e d  p a re n c h y m a to u s  c e l l s .

P l a t e s  3 9  an d  40 r e v e a l  t h e  s t r u c t u r a l  p e c u l a r i -  

t i e s  o f  th e  s e e d  a t  t h e  g r e e n i s h - y e l l o w  s t a g e *  T he 

in n e r m o s t  l a y e r  o f  t h e  in te g u m e n t  ( t e s t a )  a p p e a r s  

s l i g h t l y  m ore s t a i n e d  th a n  th e  o u t e r  l a y e r s  ( P l a t e  3 9 ) *  

T h e i n n e r  o o r e  o f  en d o sp e rm  c e l l s  i n d i c a t e  t h e  o n s e t  

o f  th e  d e v e lo p m e n t  o f  s t a r c h  g r a i n s  w h ic h  a p p e a r  a s  

b l a c k i s h  b o d ie s  ( P l a t e  4 0 ) •  T he m id d le  l a y e r  o f  t e s t e  

sh ow s t h i n  w a l le d  v e r t i c a l  c e l l s  a r r a n g e d  p a r a l l e l  to  

o n e  a n o t h e r .

T he 'b ro w n  s e e d *  s t a g e  ( P l a t e  4 1 )  sh ow s i l g n i f l -  

c a t i o n  o f  i n n e r  t e s t a  l a y e r  an d  a  h e a v i l y  s t a i n e d  m ass 

o f  en d o sp erm  c e l l s  w i t h  d i f f u s e d  s t a r c h  g r a i n s *

T h e 'b l a c k  s e e d *  s t a g e  i l l u s t r a t e d  in  P l a t e s  4 2  

an d  4 3  show s t h e  d e v e lo p m e n t  o f  s t a r c h  g r a i n s  i n  a lm o s t  

a l l  t h e  c e l l s  o f  t h e  en d o sp erm * T he i n n e r  l a y e r  o f  t e s t a  

a p p e a r s  h e a v i l y  l l g n i f i e d *  a  l a y e r  o f  w a r t y  m u c i la g in o u s
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Plate 39 T.S. of greenish-ye1low seed of cardam om  (X 100)
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Plate 40 A portion in Plate 39 magnified showing the development of 
starch grains (X 200 )

plate 41 T**3. of brown seed of cardamom (X 100)
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c e l l s  c a n  b e  s e e n  d e v e lo p e d  a b o v e  t h e  o u t e r  t e s t a *  

T h e  s t a r c h  g r a i n s  show  a n g u la r  c o n f i g u r a t i o n  and 

h a v e  f i l l e d  a lm o s t  t h e  e n t i r e  a p a c e  o f  t h e  en d o sp erm  

c e l l s  ( P la t e  4 1 )  h u t  a r e  s e p a r a t e d  fro m  t h e  c e l l  

w a l l s *

4 * 3  The i n f l u e n c e  o f  c l i m a t i c  f a c t o r s  ( r a i n f a l l #  

r e l a t i v e  h u m id ity #  sw an  t e m p e r a t u r e )  and s o i l  

m o is t u r e  on f l o w e r i n g  an d  f r u i t  s e t

The d a t a  on t h e  m e t e o r o lo g ic a l  f a c t o r s  d u r in g  

t h e  p e r io d  o f  t h e  p r e s e n t  i n v e s t i g a t i o n s  ( Ja n u a ry #

19 8 2  t o  Decem ber# 19 8 4 )  a r e  p r e s e n t e d  i n  a p p e n d ic e s  Z 

t o  X I I .

A p e r u s a l  o f  th e  w e a th e r  d a t a  o f  19 8 2  i n d i c a t e d  

t h a t  t h e  t o t a l  r a i n f a l l  r e c e i v e d  d u r in g  th e  y e a r  was 

1 4 1 1 * 8 0  mm w it h  a  mean o f  1 1 7 * 6 5  mm p a r  month* The 

m o n th ly  r a i n f a l l  v a r i e d  fro m  n i l  d u r in g  Ja n u a r y  and 

F e b ru a ry #  t o  2 6 5  mm d u r in g  Ju n e *  T h e le a n  r a i n y  

m onths w a r s  Ja n u a r y #  F e b r u a r y  an d  M arch  w h i la  t h e  

h e a v y  r a i n y  m onths w e re  JUne# J u l y  and August*

T he r e l a t i v e  h u m id ity  r a n g e d  fro m  6 8 * 10  p e r  c e n t  

i n  F e b ru a ry #  19 8 2  t o  9 1 * 3 0  p e r  c a n t  i n  J u l y  19 8 2 *
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T he p e r io d  fro m  Ju n e  t o  A u gu st#  19 8 2  w as m arked  b y  h ig h  

r e l a t i v e  h u m id ity  w it h  a  p a t t e r n  s i m i l a r  t o  t h a t  o f  t h a  

r a i n f a l l  d i s t r i b u t i o n *  C o m p a r a t iv e ly  lo w  r e l a t i v a  h u m id ity  

was r a o o r d a d  f o r  t h a  p a r l o d s  fro m  J a n u a r y  t o  may and sep te m ~  

b a r  t o  D ecem ber*

T h a  maan m o n th ly  te m p e r a tu r e  v a r i e d  fro m  18 « 4 S °C  

I n  D ecem ber# 19 8 2  t o  2 4 * 2 9 °C  i n  A p r i l#  19 8 2 *  Tha p e r io d  

t h a t  r a o o r d a d  h ig h  t a m p a r a t u r a  w as fro m  F e b r u a r y  t o  d a y *

T he te m p e r a t u r e  r e c o r d e d  d u r in g  t h a  o t h e r  m onths e x h i b i t e d  

r a t h e r  an  e r r a t i c  p a t t e r n *

S o i l  m o is t u r e  e s t im a t e d  a t  I S  cm d e p th  o f  th a  s o i l #  

g a v e  an a v e r a g e  m o n th ly  maan v a lu e  o f  1 8 * 4 2  p a r  c a n t *  T he 

m o n th ly  mean r a n g e d  fro m  9 * 2 4  p a r  c a n t  i n  March# 19 8 2  t o  

2 3 * 8 0  p a r  c a n t  i n  Ju n e#  19 8 2 *  S o i l  m o is t u r e  a t t a i n e d  a  

p e a k  d u r i n g  Ju n e  t o  A u g u s t , 19 8 2 *  T h a m o is t u r e  p e r c e n t a g e  

o f  th a  s o i l  w as lo w  d u r in g  th e  m onths fro m  Ja n u a r y  to  

A p r i l , 19 8 2  am i a g a in  fro m  O c to b e r  t o  Decem ber# 19 8 2 *

4 * 3 * 1  D i r e c t  and i n d i r e c t  e f f e c t s  o f  c l i m a t i c  f a c t o r s

o n  t h e  f r e q u e n c y  o f  p r o d u c t io n  o f  new t i l l e r s  p e r  
clum p

T a b le  30  sh ow s t h e  i n f l u e n c e  o f  t h e  c l i m a t i c  f a c t o r s  

o n  th e  t i l l e r i n g  a b i l i t y  i n  cardamom *

T he c l i m a t i c  f a c t o r s  s t u d i e d  c o n t r i b u t e d  11*9% 

p e r  c e n t  v a r i a t i o n  i n  M alab ar#  8 8 *8 9  p a r  c a n t  v a r i a t i o n  

i n  M yso re  and  8 2 * 9 8  p e r  c e n t  v a r i a t i o n  i n  V ash u kka*



#
1 5 4

3 0 * 1 *  c v . M a la b a r

R a i n f a l l R e l a t i v e
h u a l d l t y

Mean
t e a p e r a -
t u r e

S o i l
m o is
t u r e

C o r r e l e -
t i o n

R a i n f a l l * 0 * 3 f i t 0 * 8 7 7 9 * 0 * 0 0 0 6 0 * 2 2 1 6
*

0 * 7 0 2 0

R e l a t i v e
h u m id ity * 0 * 3 3 2 1 * 0 * 0 8 12 0 * 2 2 8 5 O .d d f J

Mean t e a *  
p e r a t n r e 0 * 0 0 13 * 0 * 4 6 3 1 s b t i m * 0 * 0 7 0 1 * 0 * 3 3 4 0

s e l l  m ol* 
s t u r e * 0 * 3 1 6 6 0 *8 6 8 4 - 0 * 0 4 7 7 H i3 m

* ♦
0 * 7 7 8 0

R e s i d u a l  e f f e c t s  *  0 *4 6 9 6

3 0 . 2  S f : &SUL9XM

R a i n f a l l H t M 1 2 0 * 2 7 8 9 0 * 0 0 0 4 • 0 * 0 1 9 4 0 * 8 9 l l

R e l a t i v e
h u m id ity 0 * 6 3 6 7 u r n s 0 * 0 4 6 6 •0 * 0 2 0 0 0 . 8 8 &

Mean t e a *  
p e r a t u r e * 0 * 0 0 2 1 * 0 * 1 4 0 3 -fislftZZ 0 * 0 0 6 1 * 0 * 2 4 4 0

S o i l  m oi
s t u r e 0 * 6 14 6 0 * 2 6 8 9 0 * 0 2 7 4 • S M i t i 0 .7 8 W

R e s l d u e l  e f f e c t s  *  0 * 3 6 2 1

3 0 * 3  c v .V a sh u R R a

R a i n f a l l * 0 * 2 8 7 6 0 * 6 7 0 8 - 0 .0 0 0 7 0 * 3 8 6 6 0 . 7 6 $ $

R e l a t i v e
h u m id ity * 0 * 2 4 0 7 0 * 8 0 14 •0 * 0 9 9 3 0 * 3 9 8 6 0 *8 6 4 0

Mean t e a -  
p e r a t u r e 0 * 0 0 0 8 * 0 * 3 4 6 2 0 .2 2 0 6 • 0 * 1 2 2 3 * 0 * 2 4 7 0

s o i l  m o is
t u r e * 0 * 2 3 0 9 0 * 6 6 3 5 -0 * 0 6 6 0 0 * 4 8 14

* *
0 *8 6 8 0

R e s i d u a l  a f f e c t s  *  0 * 4 12 6

#  T he d ia g o n a l  v a l u e s  ( u n d e r l in e d )  a r e  t h e  d i r e c t  e f f e c t s  an d  t h e  
h o r i z o n t a l  v a lu e s  a r e  t h e  i n d i r e c t  e f f e c t s .

*  s i g n i f i c a n t  a t  6 p e r  c e n t  l e v e l

* *  S i g n i f i c a n t  a t  1  p e r  s e n t  l e v e l
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R e l a t i v e  h u m id ity  h a d  t h e  h i g h e s t  d i r e c t  e f f e c t *  

i a  t h e  c a s e  o f  M a la b a r  and V ash u k ka  c u l t l v a r s  ( 1 .0 4 8 0  and 

0 * 9 0 14  r e s p e c t i v e l y ) •  l a  t h e  M yso re  c u l t i v a r *  r a i n f a l l  

h ad  t h e  maximum d i r e c t  e f f e c t  ( 0 * 6 4 1 2 ) *  The se c o n d  

h i g h e s t  d i r e c t  e f f e c t s  w e re  f o r  r a i n f a l l  i n  M a la b a r  

( - 0 * 3 9 6 8 ) *  r e l a t i v e  h u m id ity  i n  M yso re  (0 * 3 2 4 8 )  and s o i l  

m o is t u r e  in  V asn u kk a  ( 0 * 4 8 14 ) *  T he d i r e c t  e f f e c t s  o f  

r e l a t i v e  h u m id ity  w ere  p o s i t i v e  i n  t h e  t h r e e  c u l t l v a r s  

w h e re a s  t h a t  o f  r a i n f a l l  wad p o s i t i v e  in  M ysore and 

n e g a t i v e  i n  M a la b a r  and V ash u k k a*

T h e i n d i r e c t  e f f e c t  c f  r a i n f a l l  on  t i l l e r i n g  

a b i l i t y  w as m ore th r o u g h  r e l a t i v e  h u m id ity  i n  t h e  t h r e e  

c u l t l v a r s  (0 *8 779 * 0 * 2 7 8 9  an d  0 * 6 7 0 8 )  r e s p e c t i v e l y ) *  The 

mean te m p e r a t u r e  a l s o  h a d  t h e  maximum i n d i r e c t  e f f e c t  on 

t i l l e r i n g  th r o u g h  r e l a t i v e  h u m id ity  i n  t h e  t h r e e  c u l t l v a r s  

( - 0 * 4 6 3 1*  - 0 * 1 4 0 3  and - 0 * 3 4 6 2  r e s p e c t i v e l y )  and i n  t h i s

c a s e  t h e  e f f e c t s  w e re  n e g a t i v e *  T he I n d i r e c t  e f f e c t  o f  

s o i l  m o is t u r e  on  t i l l e r  p r o d u c t io n  w as h i g h l y  in f lu e n c e d  

b y  t h e  r e l a t i v e  h u m id ity *  i n  t h e  c u l t l v a r s *  M a la b a r  and 

V ash u k k a  (0 *8 6 8 4  and 0 * 6 6 3 6  r e s p e c t i v e l y )  and h y  t h e  

r a i n f a l l  i n  t h e  M yso re  c u l t i v a r  ( 0 . 5 1 4 8 ) .

T h e c o r r e l a t i o n  b e tw e e n  t i l l e r  p r o d u c t io n  and t h e  

c l i m a t i c  f a c t o r s  ( r e l a t i v e  h u m id ity  an d  s o i l  m o is t u r e )
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w e re  h i g h l y  s i g n i f i c a n t  f o r  t h e  t h r o e  c u l t l v a r s  ( P < G * 0 1 )  • 

R a i n f a l l  a l s o  e x h i b i t e d  a  s i g n i f i c a n t  c o r r e l a t i o n  a t  o n e  

p e r  c e n t  l e v e l  w it h  t h e  t i l l e r i n g  a b i l i t y  o f  %  s o r e  and 

V ash u k k a  e u l t i v a r s  and a t  f i v e  p e r  c e n t  l e v e l  w it h  

M a la b a r  c u l t i v a r *  T h e t i l l e r  p r o d u c t io n  a i d  n o t  i n d i c a t e  

an y s i g n i f i c a n t  c o r r e l a t i o n  w it h  t h e  mean te m p e ra tu re *

4 . 3 * 2  D i r e c t  and i n d i r e c t  e f f e c t s  o f  c l i m a t i c  f a c t o r s

o n  t h e  nuatoer o f  p a n i c l e s  p ro d u c e d  p e r  clum p

The r e s u l t s  o f  t h e  a b o v e  a n a l y s i s  a r s  p r a s a a t e d  

i n  T a b le  3 1 *

w ith  r e s p e c t  t o  p a n i c l e  p r o d u c t io n  p e r  clum p* t h e  

f o u r  w e a t h e r  p a r a m e te r s  t o g e t h e r  a c c o u n te d  f o r  3 2 * 2 5  p e r  

c e n t  v a r i a t i o n  i n  M a la b a r*  5 5 * 0 3  p e r  c e n t  v a r i a t i o n  i n  

M yso re  and 3 5 * 3 0  p e r  c e n t  v a r i a t i o n  i n  V ash u k ka*

R a i n f a l l  h ad  t h a  maximum d i r e c t  e f x e e t  i n  M a le b a r  

and V ash u k k a  e u l t i v a r s  ( - 0 * 5 0 3 1  and - 0 * 5 3 0 4  r a s p e c t i v o l y )  

t h e  e f f e c t s  b e in g  n e g a t i v e *  I n  M yso re  c u l t i v a r *  t h e  d i r e c t  

e f f e c t  w as maximum f o r  r e l a t i v e  h u m id ity  ( - 1 * 0 5 4 4 )  .a n d  

t h i s  e f f a c t  was a l s o  n e g a t i v e *  I n  t h e  t h r e e  e u l t i v a r s *  

th a  a a e o n d  h i g h e s t  d i r e c t  e f f e c t  w as f o r  s o i l  m o is t u r e  

(0 *5 0 5 7 *  0 * 7 5 1 0  and 0 * 5 3 4 5  r e s p e c t i v e l y  f o r  M alab ar*
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Tahla 31 Direct and indirect effects of climatic factor*

on tho atidMf of paniclos produced por cliup
3 1 * 1  c v . M a la b a r

R a i n f a l l
R e l a t i v e
h u m id ity

Mean
te m p e ra 
t u r e

s o i l
m o is t u r e

O e rr  e l a 
t i o n

R a i n f a l l - S U 5 S 2 1 * 0 * 16 6 6 - 0 * 0 0 1 4 0 * 4 7 1 2 -0 * 2 9 9 0

R e l a t i v e
h u m id ity * 0  •  SO 4 0 -fhtAiii, - 0 * 1 8 8 2 0 *4869 -0 * 4 0 6 0

Moan te8g>era~  
t o r e 0 * 0 0 19 0 * 0 8 6 6 f t t l l i l - 0 * 14 9 0 0 * 3 7 3 9

S o i l  m o is tu r e * 0 * 4 8 4 3 * 0 * 1 6 3 8 - 0 * 1 1 0 6 - 0 * 1 7 2 0

R e s i d u a l  e f f e c t s •  0 * 8 2 3 1

C T - & I 2 5 1

R a i n f a l l 0 * 2 0 3 3 - 0 * 8 8 2 2 - 0 * 0 0 10 0 * 6 0 3 0 - 0 * 0 7 6 9

R e l a t i v e
h u m id ity 0 * 1 7 0 1 - i t z m - 0 * 1 3 6 9 0 * 6 2 19 -0 * 3 9 9 0

Mean te sq p a ra -  
t u r e *0  *0006 0 * 4 6 6 3 0 . 3 1 7 1 - 0 * 1 9 0 8 0 * 6 8 1 $

S o i l  H » is -  
t u r e 0 * 1 6 3 2 - 0 * 8 7 2 7 - 0 * 0 0 8 1 Q j d m - 0 * 0 3 9 0

R e s i d u a l  e f f e c t s *  0 * 6 6 3 4

3 1 * 3  c v .  V ash u k k a

R a i n f a l l - 0 * 1 6 8 3 * 0 .0 0 1 4 0 * 4 2 9 2 -0 * 3 6 9 0

R e l a t i v e
h u m id ity * 0 * 6 3 4 4 - 0 * 1 8 4 0 0 * 4 4 2 6 -0 * 4 6 6 0

Mean te m p e ra *  
t o r e 0 * 0 0 2 1 0 * 0 8 1 7 - 0 * 1 3 6 8 0 * 3 7 4 0

s o i l  m o is
t u r e * 0 * 6 1 2 7 * 0 * 16 6 6 - 0 * 1 0 8 2 - 0 * 2 4 3 0

J t e e id u a l  o f  f o o t s  ■  0 .8 0 4 4

#  Tho d ia g o n a l  v a lu e s  ( u n d e r l in e d )  a r e  th o  d l r o c t  o f f o o t *  
an d  th o  h o r l a o n t a l  v a l u e s  aro  th o  I n d i r e c t  e f f e c t s *

*  s i g n i f i c a n t  a t  5  p o r  c o a t  l e v e l
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a y s o r e  and Vashukfca) and h a r e ,  t h e  e f f e c t s  w e re  p o s i t i v e *

T he i n d i r e c t  e f f e c t s  o f  r e l a t i v e  h u m id ity  and 

s o i l  m o is t u r e  o n  p a n i c l e  p r o d u c t io n ( a l t h o u g h  n e g a t iv e )  

w ere  m ore th ro u g h  r a i n f a l l  i n  t h e  c u l t i v a t e  r ta la h a r  

and V ashukica* The i n d i r e c t  e f f e c t  o f  mean te m p e r a tu r e  

was m ore th r o u g h  s o i l  m o is t u r e  i n  t h e s e  c u l t i v a t e ,  

a lt h o u g h  n e g a t i v e *

I n  M ysore c u l t i v a r ,  t h e  i n d i r e c t  e f f e c t  o f  

r e l a t i v e  h u m id ity  on p a n i c l e  p r o d u c t io n  w as m ore th r o u g h  

s o l i  m o is t u r e  and t h o s e  o f  t e m p e r a t u r e  an d  s o l i  m o is t u r e  

w ere  m ore th r o u g h  r e l a t i v e  h u m id ity *

T he c o r r e l a t i o n  V a lu e s  o f  t h e  c l i m a t i c  f a c t o r s  

( r a i n f a l l  r e l a t i v e  h u m id ity  and s o i l  m o is t u r e )  w e re  

n e g s t i v e  f o r  th e  t h r e e  c u l t i v a r s •  The mean t e a p e r a t u r e  

e x h i b i t e d  p o s i t i v e  c o r r e l a t i o n  w it h  p a n i c l e  i n i t i a t i o n  

f o r  t h e  t h r e e  c u l t i v a r s *

T h s c o r r e l a t i o n  b e tw e e n  t h e  c l i m a t i c  f a c t o r s  and 

p a n i c l e  i n i t i a t i o n  w as n o t  s i g n i f i c a n t *  The o n ly  c o r r e l a 

t i o n  t h a t  show ed s i g n i f i c a n c e  was t h a t  b e tw e e n  te m p e ra 

t u r e  an d  p a n i c l e  i n i t i a t i o n  i n  t h e  M yso re  c u l t i v a r  

( r  •  0 * 5 3 1 0 ) .
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4 * 3 . 3  d i r e c t  and i n d i r e c t  a f f e c t *  o f  c l i m a t i c  f a c t o r *  

o n  t h e  num ber o f  f l o w e r s  o p e n e d  p a r  clump

T a b le  3 2  d e t a i l *  t h e  a f f e c t *  o f  c l i m a t i c  f a c t o r *  

o n  f l o w e r  p r o d u c t io n  i n  a  clu m p*

T he f o u r  f a c t o r *  t o g e t h e r  c o n t r i b u t e d  t o  9 2 * 4 3  

p e r  c e n t  v a r i a t i o n  i n  M a la b a r*  8 3 * 7 6  p e r  c e n t  v a r i a t i o n  

i n  M yso re  and 9 2*8 4  p e r  c a n t  v a r i a t i o n  i n  V esh u kka*

m  t h e  t h r e e  c u l t i v a r * #  t h e  maximum d i r e c t  e f f e c t  

o n  f l o w e r  o p e n in g  p a r  c lu iqp  w as e x h i b i t e d  b y  s o i l  m o is 

t u r e .  T h e se  e f f e c t s  w e re  p o s i t i v e  and o f  th e  s e q u e n c e  

1* 0 6 4 4  (M a la b a r)*  0 * 9 8 19  (M ysore) and 0 . 9 1 4 1  (V esh u kka) • 

The d i r e c t  e f f e c t s  o f  t e m p e r a tu r e  on f l o w e r i n g  i n  t h e  

t h r e e  c u l t i v a r s  w e re  a l s o  p o s i t i v e  and ra n k e d  s e c o n d  i n  

M yso re  and V ash u k k a* The M a la b a r  c u l t i v a r  h ad  t h e  s e c o n d  

h i g h e s t  d i r e c t  e f f e c t  b y  r a i n f a l l #  a lt h o u g h  n e g a t i v e *

T he h i g h e s t  I n d i r e c t  e f f e c t s  o f  t h e  t h r e e  c l i m a t i c  

f a c t o r s  ( r a i n f a l l *  r e l a t i v e  h u m id ity  an a  te m p e ra tu re )  on  

f l o w e r  o p e n in g  w e re  th r o u g h  s o i l  m o is t u r e  i n  t h e  c u l t i v a r *  

M yso re  an d  V ash ukka* l a  t h e  c a s e  o f  M a la b a r  c u i t i v a r  

a l s o  t h e  h i g h e s t  i n d i r e c t  e f f e c t s  o f  r a i n f a l l  and r e l a t i v e  

h u m id ity  w e re  th ro u g h  s o i l  m o is tu re #  b u t  t h e  i n d i r e c t  

e f f e c t  o f  t e m p e r a t u r e  o n  f lo w e r in g  w as th r o u g h  r e l a t i v e  

h u m id ity *
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Table 32 Direct and indirect effects et climatic factors

on the number of flowers opened in a dump
3 2 * 1  c v . a a l a b a r

R a i n f a l l R e l a t i v e
h u m id ity

Mean tem 
p e r a t u r e

R o i l  m o is
t u r e

C o r r e l a 
t i o n

R a i n f a l l - a d 1 2 f f 0 * 5 4 5 2 0 * 0 0 2 1 0 * 8 5 4 7 0 .6 8 5 0

R e l a t i v e
h u m id ity - 0 * 5 9 7 4 a - 0 * 2 7 5 4 0 * 8 8 1 3 0 * 5 5 0 $

fteen  tem 
p e r a t u r e 0 * 0 0 2 4 - 0 * 2 8 1 9 - 0 * 2 7 0 3 0 *0 0 9 0

s o i l  m o is
t u r e - 0 * 5 7 3 2 0 * 5 4 0 3 - 0 * 1 5 2 5 0 * 8 6 $ $

R e s i d u a l  e f f e c t s  • 0 * 2 7 5 1

R a i n f a l l - 0 * 1 9 3 0 - 0 .0 0 0 9 0 * 7 9 1 7 0 * 7 3 $ $

R e l a t i v e
h u m id ity 0 * 1 1 7 5 - 0 * 1 3 0 4 0 * 8 15 4 0 * 5 7 4 0

m m  tem 
p e r a t u r e -0 * 0 0 0 5 0 * 0 9 9 1 s u m s i - 0 * 2 5 0 4 0 * 15 0 0

c e i l  m oi
s t u r e 0 * 1 1 2 7 - 0 * 19 0 0 - 0 * 0 7 5 6 0 * 8 3 $ $

R e s i d u a l  a f f e c t s  «• 0 * 4 0 2 0

3 2 * 3  c v . Vaahufcfca

R a i n f a l l - a * . i i t i 0 * 2 9 2 4 - 0 * 0 0 1 4 0 * 7 3 4 0 0 * 7 9 $ $

R e l a t i v e
h u m id ity - 0 * 1 8 9 9 S L t M M - 0 * 1 8 7 2 0 * 7 5 5 9 0 * 7 2 $ $

h een  tem 
p e r a t u r e 0 * 0 0 0 7 - 0 * 1 5 0 8 - 0 * 2 3 2 2 0 * 0 5 10

S o i l  m oi
s t u r e - 0 * 1 8 2 1 0 * 2 8 9 1 - 0 * 1 2 0 1 0 * 9 1 6 1 Q*ntS

,  R e s i d e a l  e f f e c t s  *  0 * 3 1 7 1

•  T h e d ia g o n a l  v a lu e s  ( u n d e r l in e d )  a r e  t i l e  d i r e c t  e f f e c t s  en d
th e  h o r i z o n t a l  v a lu e s  a r e  t h e  i n d i r e c t  e f f e c t s *

•  S i g n i f i c a n t  a t  5  p e r  c e n t  l e v e l

* *  s i g n i f i c a n t  a t  i  p a r  c e n t  l e v e l



C o r r e l a t i o n  b e tw e e n  r a i n f a l l  an d  f l o w e r  o p e n in g  

was s i g n i f i c a n t  a t  o n a  p e r  c e n t  l e v e l  i n  t h e  c a s e  o f  

M yso re  and V ash u k ka  e u l t i v a r s  and a t  f i v e  p e r  c e n t  l e v e l  

i n  t h e  c a s e  o f  M a la b a r  c u l t i v a r *  The c o r r e l a t i o n  b e tw e e n  

r e l a t i v e  h u m id ity  ana t h a  a m b e r  o f  f l o w e r s  o p en e d  p e r  

c lum p w as a l s o  s i g n i f i c a n t  a t  o n e  p e r  c e n t  l e v e l  in  

V ash u k k a  an d  w as s i g n i f i c a n t  a t  f i v e  p e r  c e n t  l e v e l  i n  

M a la b a r*  S o i l  m o is t u r e  e x h i b i t e d  a  h i g h l y  s i g n i f i c a n t  

c o r r e l a t i o n  w it h  f l o w e r  o p e n in g  f o r  t h e  t h r e e  e u l t i v a r s  

(P <C 0.01) *

4 * 3 * 4  D i r e c t  an d  i n d i r e c t  e f f e c t s  o f  c l i m a t i c  f a c t o r s  

o n  t h e  p e r c e n t a g e  o f  f r u i t  s e t  p e r  e lu n p

T a b le  3 3  i n d i c a t e s  t h e  i n f l u e n c e  o f  c l i m a t i c  

f a c t o r s  o n  th e  p e r c e n t a g e  e f  f r u i t  s e t  p e r  o lu a p *  The 

c l i m a t i c  f a c t o r s  c o n t r i b u t e d  9 4 .0 0  p e r  c e n t  v a r i a t i o n  

i n  M a la b a r*  90*40  p a r  c e n t  v a r i a t i o n  i n  M yso re  and 9 1* 0 0  

p e r  c e n t  v a r i a t i o n  i n  V ash u k ka*

T ha m a x imum d i r e c t  e f f e c t  w as r a c o r d e d  b y  s o i l  

m o is t u r e  i n  M a la b a r  (0 * 7 2 3 6 )  and M yso re  ( 0 * 6 3 3 1), w h e re a s  

i n  V ash u k k a  r e l a t i v e  h u m id ity  h ad  t h e  h i g h e s t  d i r e c t  

e f f e c t  (0 * 6 0 0 6 )*  The s e c o n d  h i g h e s t  d i r e c t  e f f e c t s  w e re  

f o r  t e n p e r a t u r e  i n  M a la b a r  and M yso re  (0*469 4  and 0 *4 9 9 4  

r e s p e c t i v e l y )  ana f o r  s o i l  m o is t u r e  I n  V ash u k k a  ( 0 * 6 0 0 1) *



Table 33 Direct and indirect llfMti o£ the climatic factors
on tho percentage of fruit sot por dump

3 3 * 1  CV. M a la b a r

R a i n f a i l R a l a t i v n
h u m id ity

heen m *
p e r & t u r e

S o i l  m o is
t u r e

c o r r e l a 
t i o n

R a i n f a l l 0 * 1 7 3 0 - 0 * 0 0 1 9 0 * 5 9 10 0 * 9 9 $ $

R e l a t i v e
h u m id ity 0 *0 9 9 0 - 0 * 2 0 2 9 0 *9 9 9 0 0 * 9 9 9 $

Moan
t e a p a r a -
t u r o
s o i l
m o is t u r e

- 0 * 0 0 0 3

0 * 0 9 19

-0 * 0 9 9 3

0 * 17 X 2 - 0 * 1 1 9 3

- 0 * 1 9 3 9 0 * 19 9 0  

0 . 8 5  W

R e s i d u a l  e f f e c t s  ■ 0 * 2 4 2 9

3 3 • a

R o in fo X X SLmSMS. 0 * 2 9 9 2 - 0 * 0 0 1 4 0 * 9 0 9 3 0 . 8 * 1 $

R o X a t iv o
h u m id ity 0 .0 6 7 0 s u i m - 0 * 2 1 5 7 0 * 9 2 4 2 0 * 4 9 4 $

Moan
te m p e ra 
t u r e

- 0 * 0 0 0 3 - 0 * 1 3 3 3 - 0 * 1 9 0 9 0 * 2090

s o i l
m o is t u r e 0 * 0 9 4 3 0 * 2 9 9 9 - 0 * 1 2 9 9 0 * 9 2 $ $

R e s i d u a l  e f f e c t s  - 0 * 3 0 9 9

3 3 • 3  c v .  Vasim kfca

R a in fo X X 0 * 5 0 9 4 - 0 * 0 0 1 4 0 *4 0 9 0 0 .9 * 8 $

R o X a t iv o
h u m id ity -0 * 0 4 0 0 SU*2M - 0 * 2 1 0 3 0 * 4 2 0 7 0 . 7 7 | $

Moan to n *  
p o r a t n r o 0 * 0 0 0 2 - 0 .2 6 2 9 - 0 * 1 2 9 1 0 *0 9 9 0

S o i l  m oi
s t u r e -0 * 0 3 9 4 0 * 9 0 3 9 - 0 . 1 2 3 ? 0 * 9 0 9 1 0 *9 9 0 0

R e s i d u a l  o f  f o o t s  *  0 * 2 9 9 ?

•  Tho d ia g o n a l  v a lu o s  ( u n d e r l in e d )  a r e  t h o  d i r e c t  o f f s e t s  « a d  
th o  h o r io o n to X  vaX u o s a r o  th o  i n d i r e c t  o f  f o o t s *

*  S i g n i f i c a n t  a t  5  p o r  c e n t  l e v e l

** Significant at i por eont Xovoi



1 6 3

i n  t h e  c u l t i v a r *  M a la b a r  and M y e o ra , t h e  i n d i r e c t  

e f f a c t a  o f  r a i n f a l l *  r a l a t i v a  h u m id ity  an d  te n q p e ra tu re  

on  f r u i t  s a t  w arn  m ora th r o u g h  s o i l  m o is t u r e *  T he f r u i t  

s e t  p e r  c lu m p i n  VaahuJcka c u l t i v a r  w a i in f l u e n c e d  b y  

r a i n f a l l  an d  te m p e r a tu r e  i n d i r e c t l y  th r o u g h  r a l a t i v a  

h u m id ity *  The i n d i r a e t  i n f l u a n c a  o f  r a l a t i v a  h u m id ity  on  

f r u i t  s a t  w as m om  th r o u g h  s o i l  m o is t u r a *

Tha c o r r a l a t i o n s  b a t w aan r a i n f a l l  and s o i l  m o is tu r a  

and f r u i t  s a t  p a r  clum p w arn  h i g h l y  s i g n i f i c a n t  I n  th a  

t h r a a  c u l t i v a r s  ( i ? < 0 * 0 1 )  • H ow avar t h a  c o r r e l a t i o n  b a tw a a n  

m l a t i v a  h u m id ity  and f r u i t  s a t  w as h i g h l y  s i g n i f i c a n t  

o n ly  i n  th e  c a s e  o f  VaahukJca# i n  t h a  e a s a  o f  M a la b a r  and 

M ysora  c u l t i v a r s  t h a  c o r r e l a t i o n  b e in g  s i g n i f i c a n t  o n ly  

a t  f i v e  p a r  c a n t  l e v e l *

4 * 3 * 5  D i r e c t  and i n d i m e t  a f f e c t s  o f  c l i m a t i c  f a c t o r s  

o n  t h a  p e r c e n t a g e  o f  c a p s u le s  m a tu re d  i n  a  c lu m p

T a b le  34  p r e s e n t s  t h e  a f f e c t s  o f  c l i m a t i c  f a c t o r s  

on  t h e  m a t u r i t y  o f  c a p s u le s  i n  cardam om *

Tha w e a th e r  p a r a m e t e r s  c o n t r i b u t e d  t o  9 4 * 3 5  p e r  

c e n t  v a r i a t i o n  on c a p s u le  m a t u r i t y  p e r  c lu m p  i n  M a la b a r*  

8 6 *0 8  p e r  c e n t  v a r i a t i o n  i n  M yso re  an d  9 3 * 4 8  p a r  c e n t  v a r i a 

t i o n  in  V ashuhJca*
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T a b le  34  D i r e c t  an d  i n d i r e c t  e f f e c t s  o f  t h e  c l i m a t i c  f a c t o r s  

on  p e r c e n t a g e  o f  c a p s u le s  c a r r i e d  t o  m a t u r i t y
3 4 . 1  c v . c a l a b a r

R a i n f a l l R e l a t i v e
h u m id ity

Mean
te m p e ra 
t u r e

S o i l
m o is t u r e

C o r r e la 
t i o n

R a i n f a l l 0 . 1 2 4 3 - 0 .0 0 1 9 0 .7 4 8 5 0 .8 0 JJ
R e l a t i v e
h u m id ity - 0 .0 5 7 2 SL»M§£ - 0 . 2 0 1 2 0 . 7 7 1 8 0 .6 6 3 $

Mean
te m p e ra 
t u r e

0 .0 0 0 2 - 0 .0 6 4 2 - 0 .2 3 6 8 0 . 1 6 5 0

s o i l
m o is t u r e - 0 .0 5 4 a 0 . 1 2 3 0 - 0 * 1 1 8 3 o.asli

3 4 . 2  cv.£Z2££ft

1eelI * 0 .2 3 9 8

R a i n f a l l SuMU 0 .0 4 6 5 - 0 . 0 0 1 2 0 . 5 1 0 4 0 . 8 3 I S

R e l a t i v e
h u m id ity 0 . 2 3 5 3 SL tP M I - 0 . 1 6 2 2 0 .5 2 6 3 0 .6 5 6 0
He an
te m p e ra 
t u r e
s o i l
m o is t u r e

- 0 .0 0 0 9

0 .2 2 6 7

- 0 .0 2 8 9

0 .0 4 6 0 - 0 .0 9 5 3

- 0 . 1 6 1 5

£U£2££

0 . 1 8 9 0

o.ailo

R e s i d u a l  effects • 0 . 3 7 3 1

3 4 . 3  cv.&aisi&a

R a i n f a l l - f t a l& Z l 0 .4 6 8 8 - 0 . 0 0 1 6 0 .6 3 4 4 0 . 8 l l S

R e l a t i v e
h u m id ity - 0 .2 4 0 7 u m i - 0 .2 0 5 4 0 .6 5 4 5 0 . 7 6 1 8
Mean
te m p e ra 
t u r e 0 .0 0 0 9 - 0 . 2 4 1 9 & & 4 I2 2 - 0 .2 0 0 7 0 .0 3 4 0

s o i l
m o is t u r e 0 .2 3 0 9 0 .4 6 3 7 - 0 . 1 2 0 8 IxlMSL 0 .9 0  IS

R e s i d u a l  e f f e c t s  ** 0 .2 7 4 2

#  T h e d ie g n e n e l  v a l u e s  ( u n d e r l in e d )  a r e  t h e  d i r e c t  e f f e c t s  and 
t h e  h e r i s o n t a l  v a l u e s  a r e  t h e  i n d i r e c t  e f f e c t s
*  S i g n i f i c a n t  a t  5  p e r  c e n t  l e v e l  

* *  S i g n i f i c a n t  a t  1  p e r  c e n t  l e v e l
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S o i l  m o is t u r e  sh ow ed  t h e  h i g h e s t  d i r e c t  e f f e c t s  

o n  c a p s u le  m a t u r i t y  i n  t h e  t h r e e  e u l t i v a r s  ( 0 .9 3 2 1 ,  o . 6 35 6  

end  0 * 7 9 0 0  r e s p e c t i v e l y  i n  M a la b e r*  M y so re  and V ash u k ka) • 

T h e  s e c o n d  h i g h e s t  d i r e c t  e f f e c t s  w e re  f o r  mean te m p e r a tu r e  

i n  th e  e u l t i v a r s  M a la b a r  and jt y s o r e  (0 * 4 6 5 7  and 0 * 3 7 5 4  

r e s p e c t i v e l y )  and f o r  r e l a t i v e  h u m id ity  i n  V ash u k k a  ( 0 * 5 6 0 1 ) *

The i n d i r e c t  e f f e c t s  e f  r a i n f a l l  and r e l a t i v e  

h u m id ity  o n  c a p s u le  m a t u r i t y  w e re  h ig h ,  th r o u g h  s o i l  

m o is t u r e  f o r  t h e  t h r e e  c u l t i v a r *  ana t h e  e f f e c t s  w e re  

p o s i t i v e *  T h e i n d i r e c t  e f f e c t  o f  t e m p e r a t u r e  on c a p s u le  

m a t u r i t y  w as m ora th r o u g h  s o i l  m o is t u r e  in  t h e  c a s e  o f  

M a la b a r  and M ysore  e u l t i v a r s  ( - 0 * 2 3 6 0  an d  < - 0 ,16 15  r e s p e c 

t i v e l y )  and th r o u g h  r e l a t i v e  h u m id ity  i n  t h e  c a s e  o f  V ash u k ka  

c u l t i v a r  ( - 0 * 2 4 1 9 ) .  T h e se  i n d i r e c t  e f f e c t s  w e re  n e g a t i v e *

T h e c o r r e l a t i o n s  o f  s o i l  m o is t u r e  an a  r a i n f a l l  

w i t h  c a p s u le  m a t u r i t y  w ere  s i g n i f i c a n t  a t  o n e  p e r  c e n t  

l e v e l  i n  t h e  t h r e e  c u l t l v a r s *  R e l a t i v e  h u m id ity  h ad  h i g h l y  

s i g n i f i c a n t  c o r r e l a t i o n  w it h  c a p s u le  m a t u r i t y  i n  V ash u k k a  

( P < 0 * 0 1 )  an d  s i g n i f i c a n t  c o r r e l a t i o n  i n  t h e  e u l t i v a r s  

H s l s b a r  and M yso re  ( P < 0 * 0 5 )  •



1 6 6

4 *4  B f f e c t  o f  « M 0«bo\m a p p l i c a t i o n  o f  g ro w th  s u b s t a n c e s  

on  e n h a n c in g  f lo w e r in g *  f r u i t  a c t  an d  y i e l d

4 . 4 . 1  b t a n d a r u l s  a t i o n  o f  t h e  d o s e

T he d a t a  g i v e n  in  T a b le  1 ft  show  t h e  e f f e c t  o f  

g ro w th  s u b s t a n c e s  t r i e d  in  t h e  p r e l i m i n a r y  t r i a l  o n  th e  

m o r p h o lo g ic a l  c h a r a c t e r s  and  y i e l d  o f  cardam om * The aim  

o f  t h i s  I n v e s t i g a t i o n  w as t o  s e l e c t  t h e  b e s t  d o s e  f o r  e a c h  

o f  t h e  g ro w th  s u b s t a n c e .

T h e p a r a m e te r s  s t u d i e d  f o r  f i x i n g  t h e  c o n c e n t r e *  

t lo n  o f  v a r i o u s  g ro w th  s u b s t a n c e s  w e re  num ber o f  p a n i c l e s  

p ro d u c e d  p e r  c lu a p ,  t o t a l  num ber o f  f l o w e r s  b o rn e *  p e r c e n t a g e  

o f  f r u i t  s e t *  p e r c e n t a g e  o f  c a p s u le  d r o p  and y i e l d  o f  

c a p s u l e s .  B a se d  on t h a  i n f l u e n c e  o f  th a  g ro w th  s u b s t a n c e s  

o n  t h e  a b o v e  m e n tio n e d  m o r p h o lo g ic a l  c h a r a c t e r s *  t h e  m o st 

e f f e c t i v e  d o s e s  w ere  d e te r m in e d  t o  b e  a lp h a  BAA (40 ppm)*

2*4 *4 }( 4 ppm)* 2 ,4 # S -T  (6 ppm)* s t h r e i  (100 ppm) and 

OAj (100 ppm) • S t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a  r e v e a l e d  

t h a t  t h e  g ro w th  s u b s t a n c e s  s i g n i f i c a n t l y  I n f lu e n c e d  f o u r  

o f  t h e  f i v e  c h a r a c t e r s  s t u d ie d *  T he p e r  c e n t  f r u i t  s e t  p e r  

clum p w as t h e  o n ly  e x c e p t io n  w h ic h  w as n o t  s i g n i f i c a n t l y  

a l t e r e d  b y  t h e  a p p l i c a t i o n  o f  g ro w th  s u b s t a n c e s *  T he 

t r e a t m e n t s  a lp h a  BAA (40 ppm) and 2# 4 * 0  (4 ppm) w ere  o n  p a r
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Table 35 E ffect o f exogenous application o f growth substances on
flowering, f ru it  set'aod y ie ld  £ Standardisation experiment)

Growth substance 
and its  
concentration 

<ppmj

Number of 
panicles 
produced 
per clump

Total number 
o f flowers 
borne in a
clomp

Per cent 
fru it  set 
per clomp

Per cent 
dropping 
o f Immature 
capsules

Yield of capsules 
by fresh weight

to)

2.4-D 2 55.50 1388.50 58.00 22.00 » 606.00
( 67.00 1761.00 • 74.50 13.50 914 .00
6 54.00 1478.00 58.00 23.50 588.00

* 8 61.50 1553.50 59.50 22.00 675.00
2 ,4 ,5-T 2 50.50 1459.50 58.00 25.50 648.50

• 4 63.50 1447.00 59.50 26.00 '602.50
* 6 67.50 1636.50 64.50 17.00 835.00
• 8 53.50 • 1449.00 60.50 22.50 527.50

Alpha NAA 20 56.00 1527.00 57.50 . 26.50 . - 612.50
* 40 72.00 " 1949.00 67.00 13.00: 1082.00
»  60 SliOO 1585.50 59.50 27.50 *537.50
* 80 64.50 1453.50 59.50 25.50 505.00

BA 10 60.00 1338.50 57.50 25.50 467.50
• 20 54.50 1438.00 60.00 27.50 560.00
* 30 63.00 - 1427.00 59.00 24.00 587.50
• 40 Cl .00 1372.50 55.50 27.50 ‘ 487.50

OA, 25 57.00 1511.50 58.50 25.00 520.00
• 50 63.00 1490.50 56.50 23.00 527.50
• 75 64.50 - 1489.00 57.50 27.50 522.50
" 100 69.00 1806.50 63.00 18.50 706.50

Bthrel 25 70.00 1882.00 62.00 22.00 76S,50
• 50 51.00 1384.00 53.50 31.00 460 .00
• 75 49.50 1328.50 54.50 32.00 393.00
• 100 47.00 1431.50 55.50 37.50 472.50

Control 55.50 1477.50 60.00 25.SO 652.20

F test ** •* NS •• **

C.D. (0.05) 5.79 239.86 “ 4 .IS 111.37

t.'S  Hot s ign ifican t 
* .S ign ifican t at 5 per cent leve i 

** S ign ifican t at 1 per cent leve l
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w it h  r e s p e c t  t o  t h e  c h a r a c t e r s  s t ud i e d  ( e x c e p t  y i e l d  o f  

c a p s u le s )  a n a  b o t h  t h e  t r e a t m e n t s  w e re  s i g n i f i c a n t l y  

s u p e r i o r  t o  t h e  c o n t r o l *

4 * 4 * 1  F i e l d  e x p e r im e n t

T he g ro w th  s u b s t a n c e s  were f u r t h e r  t e s t e d  a t  t h e i r  

b e s t  c o n c e n t r a t io n s  t o  e s t a b l i s h  t h e i r  e f f e c t i v e n e s s  on  

e n h a n c in g  c r o p  p r o d u c t i v i t y  i n  cardam om ,

T he d a t a  p r e s e n t e d  i n  T a b le  3 6  show t h a t  t h e  

g ro w th  s u b s t a n c e s  a p p l ie d  d i d  n o t  s i g n i f i c a n t l y  a l t e r  

t h e  num ber o f  p r o d u c t iv e  and new t i l l e r s *  th e  h e i g h t  o f  

t i l l e r s *  t h e  t o t a l  l a a f  a r e a  and t h e  num ber o f  p a n i c l e s  

p ro d u c e d  b y  a  c lu o p *  H ow ever* t h e  num ber o f  you n g t i l l e r s  

s p r o u t e d  w as m ore w it h  a p p l i c a t i o n  o f  26 ppm JS th re l (6 6 )*  

f o l lo w e d  b y  40 ppm Na a  (80) a s  a g a i n s t  c o n t r o l  (74 ) • MAA 

a t  40 ppm g a v a  t h e  maximum h e ig h t  f o r  t i l l e r s  (294 cm) b e s i d e s  

i n c r e a s i n g  t h e  num ber o f  p a n i c l e s  p ro d u c e d  b y  a  clum p (8 4 * 4 )/  

th e  c o r r e s p o n d in g  v a l u e s  i n  c o n t r o l  w e re  f o r  th e  t i l l e r  

h e ig h t  (2 7 8  cm) and f o r  t h e  num ber o f  p a n i c l e s  (6 8 * 4 )*

W ith  r e s p e c t  t o  t h e  o t h a r  c h a r a c t e r s *  a p p l i c a t i o n  

o f  40 ppm NAA s i g n i f i c a n t l y  I n c r e a s e d  t h e  l e n g t h  o f  p a n i c l e s  

(7 6 *8  cm ),  th e  num ber o f  f lo w e r s  b o r n e  p e r  p a n i c l e  ( 10 4 )#  

t h e  t o t a l  f l o w e r  p r o d u c t io n  p e r  d u m p  (3 0 9 7 )  and t h e  y i e l d
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Growth subas tarv 
c« and i t s  con. 
c e n t c a t i o n(pum)

Number o f  p r o 
d u c t iv e  
t i  l l e r s

dumper ot young
f i l l e r s  sp r o u 
ted

H eight o f  fo e  
pseudoste.T o t
p r o d u c t iv e  
f r L l e r s  ■ : .  :

T o t a l  l e a f  area 
o f  the p rod u -  
t i v e  t i l l e r s  
(cm )

Number o f  p a n i 
c l e s  produced 
in  a clump

Length o f  
p a n ic le s

Number o f  
racemes p rodu 
ced per  
p a n ! c i e

Number o f  
f l o w e r s  born* 
p er  p a n i c l e

T o ta l  nunioer o f  
f l o w e r s  borne In 
a clump

P ercentage  ca p 
s u le  g e t t in g  
p er  clump

Percentage dropp
ing of Immature 
capeule to the 
total flowers
P ercen tage  dropp
ing o f  immature
c.-.» -u le  to  tiit

ec p-.-r p lane by 
f r e s n  w eigh t (a)
Percentageo f t 

ti.ri,

i rites-

Pur tentage essen  
t i t a i  o r !  by 
f r e s n  weight 
o f  ca p su les

Table 
36 

E
ffect 

of 
exogenous 

application
 

of 
grow

th 
substances 

grcw
t 

flowering, 
fruit 

set 
and 

yield 
of 

cardamom 
(Field 

experiment)



of capsules ( 1780 g) • Tins corresponding figures in the 
control plot, were for the panicle length (67*2 cm), the 
number of flowers borne per panicle (79,2), the total 
flower production per clutqp (2366) and the yield of 
capsules (1035 g)* 6aa at 40 ppm significantly reduced 
the immature capsule drop (11*60 per cent of the set 
capsules and 17*40 per cent of the total flowers produced 
by a clump) as against in control (22*8 per cent of the 
set capsules and 30*4 per cent of the total flowers)* 
Application of 2,4~D ( 4 ppm) was second to filAA ( 40 ppm) 
with respect to tha yield contributing characters studied* 
The beneficial effects of 204~u ( 4 ppm) wtta more pronounced 
tnan those cl NAA (40 ppm) by way of its significant 
influence on the too rp ho logical characters namely, the 
number of racemes produced per panicle (23*0), the 
percentage of capsule setting In a clump (66.6) and the 
recovery of essential oils from fresh capsules (11*64 
per cent)• The control plot gave values of the order 
18.80 racemes per panicle, 6i*d0 per cent capsule setting 
and 10*50 per cent recovery of essential oil*

When the uwrpho logical characters observed and 
the yield of capsules were compared Ft fistically, 
naa ( 40 ppm) and 2,4-b ( 4 ppm) were found to be superior
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treatments ac they enhanced flowering,fruit set and 
yield of cardamom*

4.5 endogenous levels of growth substances in 
developing ovaries and fruits ( capsules) 
o£ Cardano®

v’te op the oncogenous levels of growth substances 
oo'-.se) y# auxins. Inhibitors tjad eyto .tinlas ?.re presented 
in Table 37.

i.3.1 rtUxin.,

Auxin-lire substances extracted trout purified 
caroamon fruits were found to be consistent at Rf positions 
0 . 3  to 0 . 5  m p.sosr cnromatograias• Hence, this portion 
was ioLected for the estimation of auxin activity by 
employing the “wneat col̂ >pt;*.lw blocs say*#

it could be seen from the data given in Table 37 
that tne concentration of auxin-liJce substances expressed 
as equivalents of indole acetic add maintained a steady
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T a b le  3 7  C h an ges i n  t h e  l e v e l s  o f  en d o g en o u s g ro w th  

s u b s t a n c e s  i n  t h e  d e v e lo p in g  o v a r i e s  an d  
f r u i t s  o f  e a r d a n o *  ( c v  M yso re)

Tim e a f t e r  
p o l l i n a t i o n

A u x in s *
2

i n h i b i t o r s
3

c y t o k l a i a s

(n g /g on f r e s h  w e ig h t  b a s i s )

6 h o u rs 14 0 1 0 5 3 2 7 0

1 2  h o u rs 1 2 5 30 2 3 3 0

24 h o u rs 1 1 0 95 3 4 10

36  h o u rs 3 1 5 1 3 0 3060

4 3  h o u rs 2 70 1 3 5 26 30

1  week 1 3 5 220 2090

2 w eeks 25 13 0 2 30 0

3 w eeks 30 1 7 5 1 3 7 0

4 w eeks 30 17 0 3 14 0

1  E x p r e s s e d  a s  e q u i v a l e n t s  o f  i n a o l e  a c e t i c  a c id

2  "  a b s c l s l c  a c id

3  “  k l n e t i n
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p a t t e r a  i n  t h a  o v a r i e s  o f  t h a  M yso re  c u l t i v a r  c o l l a c t a d  

a t  t h a  6 t h .  1 2 t h  a n a  2 4 t h  h o u r  a f t a r  p o l l i n a t i o n .  Tha 

a u x in  c o n c e n t r a t io n  r e a c h e d  a  p e e k  ( 2 1 5  n g / g  f r a a h  sa m p le )  

a t  t h a  2 6 t h  h o u r .  T h a a u x in  a c t i v i t y  re m a in e d  f a i r l y  

h ig h  a t  t h e  4 8 th  h o u r (270  ng/g) •  T h e r e a f t e r ,  t h e  a u x in  

c o n c e n t r a t io n  d e c l i n e d  I n  t h e  c a p s u le s  c o l l e c t e d  d u r in g  

t h e  f i r s t  w eak  a f t a r  p o l l i n a t i o n .

T he d a t a  p r e s e n t e d  e a r l i e r  i n  T a b le  22  i n d i c a t e d  

f r u i t  ( c a p s u le )  w i l t i n g  c o u p le d  w it h  t h e  s h e d d in g  o f  

Im m atu re c a p s u le s  was s e v e r e  I n  t h e  M yso re  c u l t i v a r  w i t h in  

20 d a y s  o £  f r u i t  s e t #  Z t  w as o b s e r v e d  fro m  t h i s  s t u d y  t h a t  

t h e  a u x in  a c t i v i t y  w as c o m p a r a t iv e ly  le w  (8 5 .6 0  and 00 n g /g  

f r e s h  c a p s u le s  r e s p e c t i v e l y )  I n  t h e  c a p s u le s  a t  t h a  2n d .

2 r d  an d  4 t h  w eek a f t e r  f r u i t  s e t .

4 . 5 . 2  i n h i b i t o r s

i n  p a p e r  ch ro m ato g ram s o f  cardam om  f r u i t  e x t r a c t s ,  

i n h i b i t o r y  s u b s t a n c e s  w e re  fo u n d  t o  b e  c o n s i s t e n t  a t  R f 

r e g io n s  0 . 6  t o  0 . 8 .

A p e r u s a l  o f  th e  d a t a  (T a b le  2 7 )  I n d i c a t e  t h a t  

t h e  l e v e l s  o f  I n h i b i t o r y  s u b s t a n c e s  e x c e p s s e d  a s  e q u i v a l e n t s  

o f  a b s c l s l c  a d d  w e re  lo w  (80 t o  12 0  n g / g  f r e s h  c a p s u le s )  

fro m  t h e  6 t h  to 2 6 th  h o u r  a f t e r  p o l l i n a t i o n .  T h e I n h i b i t o r
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l e v e l  r o s e  t o  1 8 $  n g /g  f r e s h  c a p s u le s )  a t  th «  4 a t h  h o u r  

a f t e r  p o l l i n a t i o n *  T h e r a a f t a r #  a  s t e a d y  c o n c e n t r a t io n  

(220# 18 0#  1 7 5  and 17 0  n g / g  r e s p e c t i v e l y )  w as m a in ta in e d  

d u r in g  t h a  1 s t #  2nd# 3 r d  and 4 t h  w eak  a f t e r  p o l l i n a t i o n *

Tha i n h i b i t o r  l e v e l  a t t a i n e d  a  p e a k  a t  t h e  en d  o f  t h e  

f i r s t  w eek  a f t e r  p o l l i n a t i o n *

4*5*3 Cytokinin*

The c y t o k i n i n  c o n c e n t r a t io n  i n  t h a  cardamom  c a p s u le s  

w e re  e s t im a t e d  b y  t h e  "cu ou m ber c o t y le d o n  b i o a s s a y * *  The 

c o n c e n t r a t io n  o f  c y t o k l n i n - l i k e  s u b s t a n c e s  a s s a y e d  i n  t h e  

cardam om  o v a r i e s  and c a p s u le s  a r e  p r e s e n t e d  i n  T a b le  3 7 *

T he d a t a  r e v e a l e d  t h a t  a t  t h e  en d  o f  s i x  h o u rs  a f t e r  

p o l l i n a t i o n *  t h e  d e v e lo p in g  o v a r i e s  o f  th e  r ty so re  c u l t i v a r  

r e c o r d e d  a  f a i r l y  h ig h  l e v e l  o f  c y t o k i n i n - l i k e  s u b s t a n c e s  

(3270  n g / g ) *  Xn th e  n e x t  s i x  h o u rs*  there w as a  d e c l i n e  

i n  t h e  c y t o k i n i n  l e v e l  t o  28 20  n g /g  f r e s h  o v a r i e s #  A t t h e  

en d  o f  24 h o u rs  a f t e r  p o l l i n a t i o n  t h e  c y t o k i n i n  a c t i v i t y  

r e a c h e d  t h e  p e a k  l e v e l  o f  3 4 10  n g /g *  T h e r e a f t e r  t h e  c y t o k i n i n  

l e v e l  s t e a d i l y  d e c l i n e d  t o  18 7 0  n g / g  f r e s h  c a p s u le s  a t  th e  

en d  o f  t h r e e  w eeks a f t e r  p o l l i n a t i o n *  A g a in  t h e  l e v e l  r o s e  

t o  3 1 4 0  n g /g  a t  t h e  en d  o f  t h e  f o u r t h  w eek*
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4 * 6  N u t r ie n t  s t a t u s  o t  th o  cardam om  p l a n t s  a t  v a r io u s  

s t a g e s  o f  c r o p  g ro w th

T he a im  o f  t h i s  I n v e s t i g a t i o n  w as t o  f i n d  o u t  t h a  

v a r i a t i o n  I n  p l a n t  n u t r i e n t  c o n t e n t  a t  f i v e  im p o r t a n t  

g ro w th  s t a g e s  o f  cardam om  n am ely* v i s u a l  a p p e a r a n c e  o f  

p a n i c l e  i n i t i a l s #  f l o w e r  hud d e v e lo p m e n t s t a g e #  p e a k  

f l o w e r i n g  p e r io d *  c a p s u le  m a t u r i t y  s t a g e  an d  p o s t - h a r v e s t  

s t a g e #

T h e r e s u l t s  o f  t h e  c h e m ic a l  a n a l y s i s  o f  m a jo r  an d  

m in o r n u t r i e n t s  I n  t h e  d i f f e r e n t  p l a n t  p a r t s  o f  cardam om  

arm p r e s e n t e d  i n  T e h le s  3 4  t o  4 2#  Tho c o n c e n t r s t io n  o f  

th o  m a jo r  and s e c o n d a r y  n u t r i e n t s  Of* ?«  K« Ca# Mg and ft) 

a r e  e x p r e s s e d  a s  p e r c e n t a g e  h y  d r y  w e i g h t  o f  t h e  o rg an #  

w h e re a s  t h a t  o f  th e  m lc r o n u t r i e a t s  (F a , zn« Mn and Cu) 

a r e  e x p r e s s e d  a s  p a r t s  p o r  m i l l i o n  (ppm) h y  d r y  w e ig h t#

4 # 6 # l N it r o g e n

X t  c a n  h e  o b s e r v e d  fro m  t h e  d a t a  t h a t  i n  t h e  

l e a v e s  an d  p se u d o ste m s#  t h e  p e r c e n t a g e  n i t r o g e n  show ed a  

g r a d u a l  d e c l i n e  fro m  t h e  v i s u a l  s p p e a r a n c e  s t a g e  o f  t h e  

p a n i c l e s  t o  t h e  p o s t » h a r v e * t  s t a g e #  The l e a f  n i t r o g e n  

c o n t e n t  w as maximum a t  t h e  v i s u a l  a p p e a r a n c e  s t a g e  o f  t h e  

p a n i c l e s  i n  t h e  t h r e e  c u l t l v a r s *  t h e  v a l u e s  r e c o r d e d  h e ln g  

2 # 34  p e r  c e n t  l a  M alab ar#  2 # 7 3  p o r  c o a t  l a  M yso re  and



T a b le  3 3  N u t r i e n t  s t a t u s  o f  cardam om  p l e a t s  a t  d i f f e r e n t  s t a g o s  o f  
c r o p  g ro w th

( i )  i a a v e s

N u t r ie n t  e le m e n ts

■  <*> P(5t) i ( i ) Cm(%) Mg (%)

° *  1 8 i
g ro w th  o  o  5  5

3 £  IsS  35 >

1 ! 1* 
3 1 3*

1 S Is 
3  1  3

I ! is
1 5 Is

1  5  1 .  

3  3  3 J

1 2 . 3 6 2 . 7 5 2 . 2 9 0 . 2 5 1 0 .2 6 4 0 .2 8 9 3 . 7 7 3 . 2 3 3 . 2 0 1 * 0 9  0 . 8 7 1 . 1 1 0 . 2 3 7 0 .2 9 4 0 . 3 0 1

2 2 . 0 7 2 .4 8 2 .8 4 0 . 2 5 8 0 . 2 7 7 0 . 2 7 8 3 . 8 7 3 . 5 4 3 . 7 6 1 . 2 3 1 . 0 9 1 . 1 9 0 . 3 3 6 0 . 3 5 9 0 . 4 2 1

3 1 . 9 8 2 .3 8 1 . 9 3 0 . 2 4 7 0 .2 2 8 0 .2 4 4 3 . 5 8 3 . 5 2 3 . 9 8 1 . 5 6 1 . 5 6 1 . 5 8 0 * 3 8 0 0 * 4 7 3 0 . 5 9 2

4 1 * 6 4 2 . 1 1 2 .0 9 0 . 2 4 7 0 . 2 3 7 0 . 2 1 8 3 . 2 0 3 . 1 7 3 * 6 0 2 . 1 2 1 . 8 2 1 . 5 7 0 .4 7 3 0 .4 9 0 0 .5 8 4

S 1 . 5 4 1 . 6 0 1 . 7 2 0 . 1 9 7 0 . 1 8 8 0 . 1 6 8 2 .8 3 2 . 9 5 3 . 3 5 2 . 1 6 1 . 8 7 1 . 7 2 0 .4 6 7 0 . 4 5 1 0 . 5 6 3

7  t o s t
and
C.D(O.OS)
c u l t i v a r s ** 0 . 1 0 NS — * 0 . 2 3 #* 0 . 0 8 ** 0 . 0 2 7

G ro w th  s t a g e s ** 0 . 1 4 *• 0 .0 3 9 ** 0 . 3 0 ** 0 . 1 1 #* 0 . 0 3 5

I n t e r a c t i o n ** 0 . 2 3 NS ■a— a& 4 - ** 0 . 1 9 * 0 .0 6 0

( c o n t d . . )



Zable 38 (coma**)
nutrient elements

Stages , &(*) jv (ppm> 2a (ppm) Ms (ppm) Ctft (ppm)
of
growth

1 s iJ  ® <§
3 * 1

i 8 I
e l lI  f  >

!  b i 
1 1 !

% e | 
% | 1
3 i 1

1 5 I
i  i  ?

i 0 * 1 5 0 0 . 1 9 4 0 * 18 0 2 1 2 * 3 3 1 8 8 .0 0 1 9 0 * 6 7 2 6 * 8 7 3 1 . 1 7 2 3 * 4 7 3 6 7 * 5 3 4 9 0 * 3 7 3 1 9 * 9 7 1 3 . 4 0 7 . 5 0 9 * 2 '

2 0 * 1 9 8  0 * 1 8 0 0 * 18 0 2 3 0 * 6 7 2 0 8 * 3 3 19 9 * 0 0 3 0 . 7  7 3 2 * 4 0 3 4 * 9 3 5 4 5 * 1 0 6 9 4 * 0 7 5 0 3 .4 7 1 6 . 1 0 1 3 * 2 3 1 2 * 2 3

3 0 * 1 5 5  0 * 1 6 5 0 * 1 6 1 2 3 7 . 3 3 1 8 7 * 6 7  2 0 0 * 3 3 3 2 .9 7 4 2 * 7 0 4 3 * 9 7 7 4 7 . 1 7 8 0 0 .6 0 8 4 1* 7 0 2 0 * 4 7 1 2 * 5 3 2 7 * 4 3

4 0 . 1 2 3 0 . 1 3 5 0 * 1 4 8 2 2 8 .6 7 1 9 9 . 6 7 2 2 6 * 3 3 3 9 * 8 0 5 4 * 4 0 4 6 * 3 3 6 8 5 * 10 8 6 7 * 2 0 9 0 9 * 2 3 4 1 * 9 7 1 7 * 1 0 3 2 * 2 7

5 0 * 0 9 5 0 . 1 1 3 0 * 1 2 6 2 2 5 .0 0 2 10 * 0 0 2 2 7 . 3 3 4 3 .8 3 4 7 * 0 7  4 8 * 3 3 6 7 9 * 5 3 8 0 0 * 6 3 8 4 1* 4 0 5 6 * 5 3 3 3 * 0 0 3 6 . 1 6 ,

t U t  «Ad
*D CO *0 5 )
u l t i v a r s  *  0 * 0 10  * *  1 1 . 4 2  * *  3 * 2 5  * *  1 5 * 7 3

rowth stages * *  0 * 0 1 3  *  1 4 * 7 4  ♦ *  4 * 2 1  * *  2 0 * 3 0

tteraction *  0 * 0 2 3  US — HS * *  3 5 * 1 7

1  P a n i c l e  I n i t i a t i o n  s t a g e  2  F lo w e r  b u d  d e v e lo p m e n t  s t a g e  3  P e a k  f l o w e r i n g  s t a g e

4 C a p s u le  m a t u r i t y  s t a g e  S  P o s t - h a r v e s t  s t a g e

US H ot s i g n i f i c a n t  *  S i g n i f i c a n t  a t  §  p e r  c e n t  l e v e l  * *  S i g n i f i c a n t  a t  1  p e r  c a n t  l e v e l

* *  2 * 5 5

* *  3 . 2 8

* *  5 * 7 0



T a b le  3 9  N u t r i e n t  s t a t u s  o f  card a m o n  p l a n t s  a t  d i f f e r e n t  
s t a g e s  o f  c r o p  g ro w th  
( 1 1 )  ? » e u d o s t e s e

N u t r ie n t  e le m e n t s

N (*) p <*) K(%) Ca(*) N0 <%)

i s i* § it i l* t >
1 s if o 4
3 i ! 1 * 1  3 3 1

| s Ie o c
3 3 1

i i !
3 1 !

o

i !** ts«• IS
i

1
2
3

4
5

1 * 3 8  1 * 3 2  1 * 2 0  0 * 2 5 0  0 * 2 4 7  0 * 2 7 2  5 * 3 2  5 * 3 2  5 * 3 4  1 * 0 0  0 * 4 4  1 * 0 7

0 .9 4  0 . 9 2  1 * 1 8  0 * 2 9 4  0 * 2 8 7  0 * 2 8 7  5 * 4 0  5 * 4 3  4 * 9 2  1 * 0 5  1 * 1 2  1 . 3 2

0 * 8 2  0 * 8 2  1 * 0 3  0 * 2 3 0  0 * 2 4 7  0 * 2 4 8  5 * 4 8  5 .0 8  4 * 3 5  1 * 1 7  1 * 2 7  1 * 5 1

0 * 4 4  0 * 7 4  0 * 9 4  0 * 2 1 0  0 * 2 2 0  0 * 2 4 2  5 . 1 5  4 * 8 8  4 .2 9  1 * 3 3  1 * 5 8  2 * 0 3

0 * 4 9  0 * 4 4  0 * 4 9  0 * 1 8 4  0 * 1 9 4  0 * 2 0 1  4 * 1 8  4 * 3 8  3 * 4 0  1 * 2 2  1 * 4 4  1 * 8 7

0 * 2 9 7  0 * 2 7 1  0 * 2 7 5  

0 * 3 4 8  0 * 4 1 4  0 * 3 7 9  

0 * 4 7 9  0 * 4 9 7  0 * 4 3 7  

0 * 4 7 8  0 * 5 4 2  0 * 5 9 5  

0 * 4 9 4  0 * 4 4 2  0 * 4 2 4

r taat nod 
C.D  (0 *0 5 )
c u l t i v a r s * 0 * 1 1 MS « e * 0 * 2 8 * *  0 * 0 1 • * 0 * 0 3 4

a ro w th  s t a g e s * ♦ 0 * 1 3 MS - * * 0 . * * * *  0 . 1 3 * * 0 * 0 4 3

I n t e r a c t i o n MS MS - US ee * *  0 * 2 2 • 0 * 0 7 4

(contd**)



T a b le  3 0  ( c o a t d * * )  

................................. N u t r i e n t  e le m e n ts

« »

s m

99
3

es
£ 3

Fe (ppm)

9
9
3

s
i

Zn (ppm)

9
9
3 9>

Mn (ppm)

99
3

8Oa
£

3>

Cu (ppm)

e
S,« 3

0 * 0 S 5  0 * 0 7 7  0 * 0 7 7  1 7 8 * 6 7  1 4 6 * 6 7  1 6 0 * 3 3  4 5 * 6 3  2 8 . 1 7  4 0 * 8 3  5 0 5 * 8 0  4 5 3 * 9 7  5 6 2 * 0 7  5 * 6 3  4 * 5 3  6 * 0 7

0 * 0 4 8  0 . 0 7 3  0 * 0 6 2  1 8 2 * 3 3  1 4 0 * 6 7  1 6 2 * 3 3  4 9 * 5 0  2 8 * 8 3  5 2 * 5 0  5 6 8 * 8 0  4 7 9 * 5 3  7 0 9 . 1 3  6 * 6 3  5 * 4 7  7 * 2 7

0 * 0 3 8  0 * 0 5 3  0 * 0 5 8  1 8 8 * 6 7  1 6 1 * 6 7  1 6 9 * 3 3  5 0 * 7 0  5 9 * 9 3  5 7 * 6 0  8 9 4 * 7 3  7 5 1 * 3 3  9 3 3 * 3 7  8 , 1 0  8 . 5 3  1 2 * 1 7

0 * 0 2 9  0 * 0 4 1  0 * 0 4 2  1 8 8 * 6 7  1 6 1 * 6 7  16 7 * 0 0  6 8 * 7 0  6 7 * 4 7  6 5 * 8 7  7 0 3 * 5 3  8 7 1* 4 0  7 9 1* 5 0  0*83 1 3 * 9 2  16 * 7 0

0 * 0 2 9  0 * 0 4 0  0 * 0 3 5  1 8 0 * 3 3  1 7 6 * 6 7  1 7 9 * 3 3  6 8 .9 3  5 6 * 9 3  5 2 .4 0  5 9 0 * 1 3  5 7 8 * 5 3  7 5 7 * 8 3  9 * 7 0  1 9 * 7 3  1 8 , 7 7

*D* (0 *0 5 )  
i l t l v a r s * *  0 * 0 0 7 * *  1 1 * 4 7 * *  3 * 4 2 * *  2 4 * 1 3 * *  1 * 4 3

Eovtb s t a g e s  ** 0 * 0 0 9  

i t a r a c t i o n  US

MOMUe

98

•* 4 * 4 1  

* *  7 * 6 4

** 3 1 * 1 5  ** 1 * 8 5  

•* 5 3 * 9 5  ** 3 * 2 0

1  P a n i c l e  I n i t i a t i o n  s t a g e  

4  C a p s u le  m a t u r i t y  s t a g e  

9 8  M et s i g n i f i c a n t  

*  S i g n i f i c a n t  a t  5  p e r  c e n t  l e v e l

2  F lo w e r  b u d  d e v e lo p m e n t  s t a g e  3  P e a k  f l o w e r i n g  s t a g e  

5  P o s t - h a r v e s t  s t a g e

* *  S i g n i f i c a n t  a t  1  p e r  c e n t  l e v e l



T a b le  4 0  I t t t r i M t  s t a t u s  o f  cardam om  p l a n t s  a t  d i f f e r e n t  
s t a g e s  o f  c r o p  g ro w th  
( 1 1 1 )  R h iz O M C S

n u t r i e n t  e le m e n ts

1Hi
» ( * ) POO K<%) Ca <%> Mg (%)

9

1
4>
(A

*
«

1
l
o

£

e

>

a
4

1
s
2
?

ia
>

4
*

3
soa
%

|
1
>

$
s

3
8
§
£ I

S
%

3
8
0a

1s
>

1 1*21 1*40 1.59 0.222 0.145 0.237 4.29 4.91 5.07 1.08 0*83 0*87 0*419 0*524 0.507

2 1.20 1.68 1.21 0.241 0*213 0*293 5.54 4*27 5.54 1.25 0*92 0*91 0*574 0*444 0.477
3 1.17 1.22 1*18 0*408 0*278 0*387 5.47 4*93 5*44 1.28 0*94 0*93 0*729 0*837 0.838
4 1*02 1.13 0.89 0.279 0*224 0*294 7*23 7*14 4*35 1.42 1.07 1*12 1*055 0*942 1.158
5 0*8$ 1.08 0*89 0.232 0*189 0*270 4*94 5*49 4*34 1.24 1*04 1*05 1.003 1.092 0.955

t t e s t  and 
C.D. (0*05) 
( M i t i v a i s • • 0*09 # • 0*027 * * 0*31 * * 0*08 e 0*052
g ro w th
s t a g e s # • 0*12 * • 0.035 • * 0*28 • • 0*10 # • 0*048

I n t e r a c t i o n  * * 0.21 88 .. * 0*49 MB • * 0*118

( o o n t d * .)



Table 40 ( contd)

JC4»
• Nutrient elements « .

*o
u

Fe (pjDm) Zn (ppm) Mn (ppm) I Cu (ppm)t*
o
a®
-pu3

%
3
't
X

®MOwN2

23jC
N
m
>

aH
0
X

eMOUi
£

* .
Mn
Nfd>

$•
a
<0s

9
U
om
£

a

SfJCN10>

• a- 3r4<0
X

■#
o«
1?

fd*
•sr5N(0>

a
•aH
as

1
so
■ ̂  ■

flj
3Ne>

1 0.148 0.123 0.118 225.00 244.33 271.67 64.17 40.47 43.97 316.60 378.87 354.17 7.50 6.70 9.30
2 0.139 0.116 0.114 235.33 273.00 273.33 ' 64.07 54.20 54.37 688.07 491.63 363.47 12.83 8.57 1 1 . 0 0

3* 0.154 0.097 0.104 265.67 267.33 292.67 67.80 51.93 66.97 572.00 519.67 702.70 18.23 11.27 14.53
4 0.137 0.097 0.088 279.00 284.00 304.33 108.30 56.13 80.37 538.33 795.00 943.30 35.60 35.77 41.97
5 0.113 0.075 0.071 ,286.33 294.33 315.33 128.90 81.67 74.07 439.50 602.70 640.77 37.47 51.40 54.53

I .
f test and 5*D. (0.05) ** 0.017 * *  15.60 * * 5.33 ** 25.37 * 3.24
cultivars
•rowth ** 0.022 ** 20.13 ** 6.88 ** 32.76 ** 4.18
stages
[nteractlon NS - NS - ** 11.91 ** 56.74 ** 7.25
1 Panicle* initiation stage 2 Flower bud development stage 3 Peak flowering stage
4 Capsule maturity stage 5 Post-harvest stage qq
US Not significant
* Significant at 5 per cent level ** Significant at 1 per cent level



T . a b , l e  4 1 .  N u t r i e n t . .  e l e m e n t s .  o f  c a r d a m o m  p l a n t s . ;  a t - : d i f f e r e n t : s t a g e s  o f  
c r o p  g r o w t h  '  \

( i y )  s  R p o t s  v

St
ag

es
 

of 
t

gr
ow

th
 

1

Nutient elements..

N. (X) ; p; (x): K: (X) ■ C:a (X); Mg (X)

Malabar Mysore- Vazhukka Malabar. Myso re 'azhukka Malabar ttyp&ra. Vazhukka; <lalabar: Mysore. Vazhukka
1
'Malabar Mysore Vazhukka
1

1 0.98 0.97 0.96 0.102 0 . 1 1 2 0*098 3.71; 4*08; 3,50; O>06.; 0.89- 0* 87; 0*464; 0.382 0.489-

2 1.40 0.92 0 . 86 ;0.p90 0.137 0.129 4.03! 4 .19-3 3^70: 0> 91; 1>0 4-;. 0.91; 0.543; 0,738 0.521

3 1.22 0.87 o . 92 '0*101; " 0* 150,: 0;. 153. 4->14, 4.42 4.* 10* 1*11 1.13 1*02 • 0,*635 0.945; 0.710

4 1.16 1.01 0.97 jo.>14.77 0;.i61; 0*201; 4.87; 4>06 4*17. i 1,403 1,25. 1.24 0.810 0*837; 0.881- 1

5 0.98
■i

0.81 0 .§9 j0.1?5,
1

0,170 0*232 3*033 4^103 . 3>51l | 1> 57? 1-59; 1.49 to. 75 7 0.709 0.792 ,

P  t e s t  a n d  
C . D .  ( 0 . 0 5 )  
c u l t i v a r s

G r o w t h  s t a g e s

I n t e r a c t i o n

**
*

M S

0 .12

0 . 1 5

**.0>Q24; 
* t *  0 * 0 3 1 ;  

M S

**» 0;.20; 
*** 0:;. 265 

* *  0 : > 4 5 :

N j S  > - -  

* * *  0 : .  1 6 . ;  

N S .  - -

* * '  0 * 0 2 9  

* * -  0 . 0 3 7  

* +  0 , 0 8 5 .

(gontd. . )



Tidal* 41 (contd,}

Nutrlant elements
0

55
S (X) P* (ppm) Zn (ppm) Mn (ppm) Cv (pp»)

•y »  e 0■fc> U iO 9
Malabar Mysore Vashukka Malabar Mysore Vashukka Malabar Mysore Vashukka Malabar Mysore Vashukka italahar Mysose Vashukka

1 0,035 0.034 0,043 336,67 352.00 331.33 47.80 81.67 88.70 199.67 217.90 231.43 29.20 14.37 14.63

2 0.042 0.038 0.054 331,00 352,67 339.00 44.13 81.20 76.10 296.27 34S.13 213.80 35.43 20.30 18.57

3 0.047 0.059 0.078 <335,67 356,00 354.67 63 .87 54.17 75.33 316.10 515.60 434.47 42.23 19.93 21.37
V

4 0.080 0,080 0,070 337.00 360,33 341.67 81.87 57.47 76.98 625.17 662.77 650.00 35.17 24.67 29.53

5 0.055 0.065 0.055 349,00 361,QQ 338,00 52.93 51.27 69.83 336.13 616.43 662.37 31.80 20.20 22,33

? te s t  end
-•i'» (0.35) . _ n
eu ltivars  ‘ *< °:®05

Jrowth stages *4 0.007

In teraction  **  0 ..012

* 13,3*
*s -

**  e .s t

** s.at
25.95

35.50

58.03

«* i*if 
* •  2.80 

<•* 4.-85

1 Pan icle in it ia t io n  stage 

4 Capsule maturity stag*

2 Flower bud development s ta g *  

5 Post-harvest stag*

3 Peak flowering stage 

is  Hot s lgn ifle a n t

S ign ifican t .at 5 per cent le v e l 
* *  S ign ifican t a t 1 per cent le v e l

H*00CO
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42 S u tr ltB t status o f  cardamom plants a t  d i f fe r e n t  stages o f  crop growth ir) Pan ic las and capsules

Stagas
o f

growth

M vtrlen t eleaonits

H{%) 9 IX) K 00 Ca 00 Mg 00

Malabar | Mysore Vazhukka Malabai Mysore Vashukka Malabai Mysore Vashukka Malabar ttfmocmVashukka Malabar My sora Vashukka

1 1.51 1.09 1.53 0.193 0.163 0.178 3.58 3.89 4.49 1.09 0.86 0.66 0.374 0.374 0.574

2 1.49 1.38 1.37 0.255 0.198 0.263 4.93 4.47 4.84 1.26 1.04 0.84 0 .521x 0.877 0.937

3 1.60- 1.73 1.54 0.298 0.246 0.313 5.19 4.96 4.88 1.42 1.17 1.16 0.543 0.997 1.035 .

4 1.39 1.68 1.52 0.316 0.283 0.311 5.29 4.94 5.46 1.39 1 .6 8 ' 1.53 0.952 1.163 1.097S 1.13 1.44 1.15 0.303 0.268 0.275 4.93 4.82 4.27 2.03 1.76 1.35 2.114 1.260 0.179

r  t o s t  and 
C.D. (0 .05)
c u lt lv a rs  MS -  * •  0 «0 M  H  . •  - ■ e *  0.10 * •  0.05#
Growth stages  * •  0.22 * *  0.021 * **■ 0.46 . ee # • ! *  * *  0.077

In te ra c t io n  MS MS . •  MM -  * *  0.22 * *  0^131

(contd . .  )

H*
00
•C*



T a b l e  42 ( c o n t d . )

Nutrient elements

w S (%) Fe (ppm) Zn (ppm) fin (ppm) Cu (ppm)

Mai abar! i Mysore Vazhukka
i--  .. -t_________ _

Malabar Mysore Vazhukka Malabar Mysore Vazhukka Malabar Mysore Vazhukka Mai acar ..•■yso re Vazhukka

C .078 0 .06 3 0 .078 147.00 155.00 154 .00 27.66 59.80 33 . 77 413.47 580 .00 685.90 10 .00 15.43 17.47
0.101 0 .076 0.093 151.67 165.00 164 .00 44.10 61.13 49.67 553.70 624 .03 710.53 13.37 13.03 16.80

3 0.130 0.035 0.140 154.33 194.67 173.67 64.13 55.67 52.57 597.37 757.90 754.20 16.57 22.27 22.70
7 0.145 0.107 0.161 171.00 194.00 184.33 75.67 79.93 70.43 800 .23 903.97 905.63 14.63 14.80 35.83
5 0.178 0.166 0.152 175.67 215.00 196.67 80 .03 89.87 83 .70 672.23 779130 736.90 15.67 17.90 29.67

F test and 
C.D. (9.05) 
cultivars
Growth stages
Interaction

** 0.016 
* *  0.020
NS -

** 8.65
** 11.17
NS

* * 4.98
** 6.43
** 11.13

** 13.87
** 17.90
** 31.01

* *  1.88  

** 2.43
* * 4.20

1 Panicle initiation stage 
4 Capsule maturity stage -

** Significant at 1 per cent level

2 Flower bud development stage 
5 Post-harvest stage NS

3 Peak flowering stage 

Not significant

h*CDCl
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2 .2 9  p e r  c e n t  i n  V azh u kk a* Tha n i t r o g e n  c o n t e n t  o f  l e a v e a  

waa minimum a t  t h a  p o a t - h a r v e a t  s t a g  a ( 1* 5 4 #  1* 9 0  a ad  

1 * 7 2  p a r  c a n t  r e s p e c t ! v a l y  i n  M alab ar#  M yso re  a a d  V aahukka)

Tha maximum v a lu a *  f o r  n i  t r o y  a n  r a o o r d a d  i n  t h a  

p aau d o atam a w a ra  a t  t h a  p a n i c l e  i n i t i a t i o n  a t a g a  ( 1 . 3 8 ,

1 . 3 2  and 1 * 2 0  p a r  c a n t  r e a p e o t l v e l y  i n  M alab ar#  M yaora and 

V aahu kka) • Tha d e c l i n e  i n  n i t r o g e n  c o n t a n t  o f  th a  p s e u d o s t e  

fro m  t h a  p a n i o l a  i n i t i a t i o n  p h a a a  t o  t h a  l a  t a r  p h aa aa  o f  

c r o p  m a t u r i t y  f o l lo w e d  a  p r o g r e a a i v e  s e q u e n c e  aa  t h a t  waa 

o b a a r v a d  i n  t h a  eaaa o f  l e a v e s *

T ha rh iso m a a  a l a o  a x h i b i t a d  a  s i m i l a r  t r a n d  w it h  

r e s p e c t  t o  n i  t r o y  an  p a r o a n t a g a  a x c a p t  i n  M yaora# whara 

t h a  f l o w a r  b u d  d a v a lo p m a n t  a t a g a  ahow ad a  p a a k  f o r  a i t r o g a n  

c o n c e n t r a t io n  ( 1 * 4 0  p a r  c a n t ) #  f o l lo w a d  b y  t h a  p a n i c le  

i n i t i a t i o n  p h a a a  ( 1* 4 0  p a r  c a n t ) #

Tha r o o t  n i t r o g e n  l e v e l  waa h ig h  a t  t h a  f lo w a r  

b u d  d a v e lo p m a n t a t a g a  i n  t h a  c u l t i v a r  M a la b a r  ( 1 .4 0  p a r  

c a n t )  an d  a t  t h a  c a p a u le  m a t u r a t io n  a t a g a  i n  M yaora and 

V aah u kka c u l t i v a r a  ( 1 . 0 1  an d  0 * 9 7  p a r  c a n t  r a a p a e t i v a i y )  •

Xn t h a  t h r e e  c u l t i v a r a  t h a  r o o t  n i t r o g e n  waa lo w  a t  t h a  

p o s t - h a r v e s t  s t a g e *

Tha p a t t e r n  o f  a i t r o g a n  a c c u m u la t io n  i n  t h a  

p a n i c l e a  i n d i c a t e d  w id e  v a r i a t i o n  among th a  g ro w th  s t a g e a  

i n  t h a  t h r e e  c u l t i v a r a *  i n  M alab ar#  a i t r o g a n  l e v e l  waa h ig h



a t  t h a  c a p s u le  m a t u r i t y  s t a g *  ( 1 . 8 9  p a r  c a n t )  w h e re a s  

i t  wa* h ig h  a t  t h a  p a a h  f l o w e r i n g  s t a g e  i n  M yso re  and 

V azh u kka c u l t i v a r s  ( 1 * 7 3  an d  1 . 5 4  p a r  c a n t  r a s p a c t i v a l y )  •

s t a t i s t i c a l  a n a l y s i s  r e v e a l e d  t h a t  t h a  d i f f e r e n c e s  

i n  t h a  tsaan n i t r o g e n  p a r a a n t a g a  waa s i g n i f i c a n t  among t h a  

c u l t i v a r s  a s  w a l l  a s  among t h a  g ro w th  p e r i o d s *  Tha o n ly  

a x c a p t io n  fo u n d  waa t h a  n i t r o g a n  c o n t e n t  o f  t h a  p a n i c le a  

w h ic h  d id  n o t  g i v a  a n y  s i g n i f i c a n t  d i f f a r a n c a  among th a  

c u l t i v a r s .

4 * 4 ,2  C a r b o h y d r a te s  and G/X r a t i o

T h a d a t a  on  t o t a l  s o l u b l e  c a r b o h y d r a t a  c o n t a n t  o f  

l a v a s  an d  t h a  r a t i o  o f  c a r h o h y d r a t a a  t o  n i t r o g a n  a t  t h a  

f l v s  g ro w th  s t a g e s  s t u d i e d  a r e  p r e s e n t e d  i n  T a b le  4 3 *

T h e t o t a l  s o l u b l a  c a r b o h y d r a t e s  i n  t h a  l e a v e s  

v a r i e d  fro m  4 * 0 3  t o  S . f t l  p a r  e a n t  i n  M a la b a r ,  3 * 4 0  to  

S .S 3  p a r  c a n t  i n  M yso re  and 3 * 1 0  t o  4 .6 9  p a r  c e n t  i n  

V azh u kka* T h a maximum I s v s l  o f  c a r b o h y d r a t e s  w a re  a t  t h a  

f l o w e r  bud d e v e lo p m e n t s t a g e  i n  M a la b a r  and V ash u k k a  and 

a t  t h a  p a n i c l e  i n i t i a t i o n  s t a g a  i n  M y s o r e . The p o s t - h a r v e s t  

s t a g a  w as c h a r a e t e r i s a d  b y  a  lo w  l a v a l  o f  e a r b o h y d r a t s s  

i n  t h a  t h r a a  c u l t i v a r s .
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T o t a l  4 3  T o t a l  s o lu fe la  c a r b o h y d r a t e * ,  n i t r o g e n  an d  C/N r a t i o
l a  t h a  l e a v e s  o f  card am o n  a t  f i v e  m a jo r  c r o p  a a t u r i t y  s t a g e s

M a la b a r M y so re V a sh u k k a

& t a g o s
o f

g ro w th

C a r b o h y d r a te s  
( p a r  c a n t )

N it r o g e n  Q/fe 
(p e r  o e n t ) r a t i« .

_________J

C a r b o -  
> h y d r a t e s  

(p e r  c o a t )

N i t r o g e n  
(p o r  c a n t )

q/N
r a t i o

C a r h o *  N it r o g e n  
h y d r a t e *  (p e r  c e n t )  
( p e r  c a n t )

C/*
r a t i o

P a n i c l e
i n i t i a t i o n
s t a g n

4 . 3 5 2 . 3 6 1 . 8 4 5 . 5 3 2 . 7 1 2 . 0 1 4 . 3 7 2 . 2 9 1 . 9 1

F lo w e r  h od
d e v e lo p m e n t
• t a g e 5 . 5 1 2 .0 7 2 .6 6 4 . 6 7 2 .4 8 1 . 8 8 4 .6 9 2 .0 4 2 . 2 9
P e a k  f l o w e r *  
l a g  s t a g e « .a o 1 . 0 8 2 .4 2 5 .3 0 2 . 3 8 2 . 2 2 3 . 9 8 1 * 9 3 2 .0 6
C a p s u le
m a t u r i t y
• t a g # 4 .2 9 1 . 6 6 2 . 5 8 4 . 6 1 2 . 1 1 2 . 1 8 3  . S i 2 . 0 9 1 . 6 8

P o s t ~ h a r v e s t
o t a g o 4 .0 3 1 . 5 4 2 . 6 1 3 .4 0 1 . 6 0 2 . 1 1 3 . 1 0 1 . 7 2 1 . 8 0

ooCO



1 8 3

T h a qA 9 r a t i o  a t  t h a  f i v a  g ro w th  s t a g a s  ra n g a d  

b a tw a a n  1 . 8 4  an d  l * l i  l a  M c la b t f i  1 * 8 8  and 2 . 2 2  l a  M yaora 

an d  1 * 6 8  an d  2 * 2 9  l a  V a a h u k k a . Tha C/w r a t i o  d id  a o t  

a x h l b l t  an y  d a f i n i t a  r a l a t i o n  t o  th a  f l o w e r i n g  and f r u i t  

h a a r in g  h a b i t  o f  t h a  c r o p *  H ow avar, t h a  c / n  r a t i o  waa 

h ig h  a t  t h a  f l o w a r  h ud  d a v a lo p m a n t a t a g a a  o f  M a la b a r  and 

V ash u k k a  c u l t l v a r s  (2 *8 6  a a d  2 * 2 9  r a a p a e t i v a i y )  and a t  t h a  

p a a k  f I o w a r in g  a t a g a  o f  t h a  M yaora c u l t i v a r  ( 2 * 2 2 ) .

4 * 6 * 3  P h o sp h o ru s

P h o sp h o ru s  c o n t a c t  o f  t h a  l a a v a s  r a g i a t a r a d  a  

h ig h  s t a t u s  a t  t h a  f l o w a r  b u d  d a v a le p ia a n t  stay a  i n  t h a  

c u l t i v a r a .  M a la b a r  and M yaora  ( 0 .2 8 8  and 0 * 2 7 7  p a r  c a n t  

r a a p a e t i v a i y )  and a t  t h a  p a n i c l a  i n i t i a t i o n  s t a y a  i n  

V ash u k k a  (0 * 2 3 9  p a r  c a n t ) *  A t  t h a  p o s t ~ h a r v a s t  a t a g a .  P 

waa lo w  i n  t h a  l a a v a s  o f  th a  t h r a a  c u l t l v a r s  ( 0 * 1 9 7 ,

0 * 1 8 8  an d  0 * 1 6 8  p a r  c a n t  r a a p a e t i v a i y ) •

T h a  f l o w a r  b u d  d a v a lo p a a n t  a t a g a  i n d i c a t e d  a  

h ig h  l a v a l  f o r  P i n  t h a  p a a u d o a ta n s  o f  t h a  t h r a a  c u l t i v a r a  

(0 * 2 9 6 , 0 * 2 8 7  and 0 * 2 8 7  p a r  o a n t  r a a p a e t i v a i y )  w h i la  t h a  

p o s t - h a r v a s t  a t a g a  i n d i c a t a d  a  lo w  l o v o l  ( 0 * 1 8 4 ,  0 * 19 4  and 

0 * 2 0 1  p a r  o a n t  r a a p a e t i v a i y )

P h o sp h o ru s  c o n c e n t r a t io n  o f  t h a  rh iso a M S  was 

e o n p a r a t i v a l y  lo w  a t  t h a  p a n i c l a  i n i t i a t i o n  p h a a a  o f  th o  

t h r a a  c u l t i v a r a  ( 0 * 2 2 2 , 0 , 1 6 8  and 0 * 2 3 7  p a r  c a n t  r a a p a e t i v a i y )
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w h ic h  r o s e  a t  t h a  f l o w e r  b u d  d e v e lo p m e n t  p e r i o d  and 

r e a c h e d  a  p e a k  a t  t h a  f l o w a r l n g  p e r i o d  ( 0 .4 0 8 , 0 * 2 7 8  and 

0 * 3 8 7  p a r  c a n t  r e s p e c t i v e l y ) •  S u b s e q u e n t ly  t h a  p c o n c e n t r a -  

t i o n  o f  rh iz o m e s  £ o l i  a t  t h a  c a p s u le  m a t u r i t y  and t h e  p o s t *  

h a r v e s t  s t a g e s .

S h e  r o o t  P c o n c e n t r a t io n  show ed  m axim a i n  t h e  

t h r e e  e u l t i v a r s  a t  t h e  p o s t * h & r v e s t  p h a s e  ( 0 * 17 5 *  0 * 1 7 0  

and 0 * 2 3 2  p a r  c a n t  r e s p e c t i v e l y  i n  M a la b a r*  M yso re  and 

V ash u k k a) •  Tha l e a s t  l e v e l  o f  r o o t  P w as o b s e r v e d  a t  th e  

f l o w e r  b u d  d e v e lo p m e n t s t a g e  i n  M a la b a r  (0 *09 0  p a r  o a n t)  

and a t  t h a  p a n i e l e  i n i t i a t i o n  s t a g #  i n  My s o  r a  and V ash u k ka  

( 0 * 1 1 2  and 0 * 0 9 8  p a r  c e n t  r a s p a c t i v a l y ) «

Tha P c o n c e n t r a t io n  o f  p a n i c l e s  w as minimum a t  

t h e  p a n i c l e  i n i t i a t i o n  s t a g a  ( 0 * 19 ) *  0 * 1 5 3  an d  0 * 1 7 8  p e r  c e n t  

r e s p e c t i v e l y )  and maximum a t  th e  c a p s u le  m a t u r i t y  s t a g e  

i n  M a la b a r  and M ysore e u l t i v a r s  ft) * 3 1 5  an d  0 * 2 8 3  p a r  c e n t  

r e s p e c t i v e l y )  and a t  th a  p a a k  f l o w a r l n g  s t a g e  in  t h e  

V ash u k k a  c u l t i v a r  ( 0 * 3 1 3  p a r  c a n t ) •

S t a t i s t i c a l  a n a l y s i s  o f  th e  d a t a  sh ow ed  t h a t  t h e  

P c o n c e n t r a t io n  i n  t h o  l o a v e s  w as n o t  s i g n i f i c a n t l y  

d i f f e r e n t  among th a  c u l t l v a r s  w h e re a s  i t  was s i g n i f i c a n t l y  

d i f f a r a n t  among t h e  f i v e  g ro w th  p e r i o d s *  I'be c o n c e n t  o f  p  

i n  t h e  p se u d o ste m  d i d  n o t  r e v e a l  s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f f e r e n c e  e i t h e r  among t h e  e u l t i v a r s  o r  among th e  g ro w th
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p e r i o d s *  T he P c o n c e n t r a t io n  o f  th o  r h is o m o s , r o o t s  

end  p a n i c l e s  w e re  s i g n i f i c a n t  among t h o  c u l t i v a r *  a*  

w e l l  os g ro w th  p e r i o d s •

4 * 6 .4  P o t a s s iu m

Tho c o n c e n t r a t io n  o f  p o t a s s iu m  i n  th o  l e a v e s  w oro  

h ig h  a t  th o  f lo w o r  hud d o v o lo pmon t  s t a g o  i n  M a la h a r  and 

M y so re  ( 3 * 8 7  and 3 . 5 4  p o r  c o a t  r o s p o c t i v o l y )  w h oro as i t  

w as h ig h  a t  th o  p e a k  f l a v o r i n g  p o r i o d  i n  V ash u k k a  ( 3 .9 8  

p o r  c o n t ) .  Tho l o a f  K e o n c o n t r a t io n  s u b s e q u e n t ly  f o i l  

to w a r d s  th o  l a t o r  s t a g o s  o f  c r o p  m a t u r i t y .

Tho p o t a s s iu m  e o n c o n t r a t io n  o f  t h e  p se u d o ste m s  

d id  n o t  show  a  d o f l n i t o  p a a k  among th o  g ro w th  s t a g e s  o f  

t h a  t h r o a  c u l t i v a r s .  Tha p o e t - h a r v e s t  s t a g a  e x h i b i t e d  th a  

minimum K l o v o l  i n  th o  t h r o o  c u l t i v a r s  ( 4 . 1 8 *  4 .3 8  an d  

3 .6 0  p o r  c o n t  r o s p o c t i v o l y ) .  Ths ra n g o  i n  p so u d o sto m  X 

w as fro m  4 . 1 8  t o  6 .4 8  p o r  o o n t  i n  M a la h a r*  4 .3 8  t o  5 .4 3  

p o r  o o n t  i n  Mymozm an d  3 .6 0  t o  5 . 3 6  p o r  c o n t  i n  V a sh u k k a .

Tho rh iso m o s a c c u m u la te d  m ore K a t  th o  e a p s u lo  

m a t u r i t y  s t a g o  i n  th o  t h r o o  c u l t i v a r s  ( 7 .2 3 *  7.14 am i 

6 . 3 5  p o r  c o n t  r o s p o c t i v o l y ) .  Tho A  c o n t o n t  f o i l  t o  a  lo w  

l o v o l  a t  t h o  p o s t « h a r v o s t  s t a g o  (4.94* 5 .6 9  an d  4 .3 6  p o r  

c o n t  r o s p o c t i v o l y ) .  Tho p a t t o m  o f  A  a c c u m u la t io n  i n  th o  

rh iso m o s  w as r a t h o r  o r r a t i c  a t  th o  o t h e r  g ro w th  s t a g e s .
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The r o o t  K c o n c e n t r a t io n  w as h ig h  a t  th e  c a p s u le  

m a t u r i t y  s t a g *  ( 4 .8 7 ,  4 .8 6  and 4 . 1 7  p a r  c e n t  r e s p e c t i v e l y )  

I n  t h a  t h r a a  c u l t l v a r s *  Tha K c o n o a n t r a t lo n  w as lo w  a t  

t h a  p a n l c l a  I n i t i a t i o n  s t a g a  I n  h y s o r e  an d  V ash u k k a  

c u l t l v a r s  (4 *0 8  and 3 * 5 0  p a r  c a n t  r e s p e c t i v e l y )  and a t  

t h a  p o s t - h a r v e s t  s t a g a  l a  H a la fc a r  c u l t i v a r  (3 * 0 3  p a r  c a n t ) .

T h a  p a n l c l a  K c o n c e n t r a t io n  I n c r a a s a d  w it h  t h a  

I n c r s a s a  I n  t h a  c r o p  a g e .  I t  a t t a i n e d  a  p e a k  a t  th a  

c a p s u le  m a t u r i t y  s t a g a  (S * 19 «  4 * 9 8  an d  3 * 4 6  p a r  c a n t  

r e s p e c t i v e l y )  i n  th a  t h r e e  c u l t l v a r s *

I n  t h a  s t a t i s t i c a l  a n a l y s i s  o f  t h a  d a t a  t h a  K 

c o n c e n t r a t io n  o f  l e a v e s ,  p s e u d o s te m s , r h ls o m a s  and r o o t s  

e x h i b i t e d  s i g n i f i c a n t  d i f f e r e n c e s  among t h a  e u l t i v a r s  and 

a t  t h a  d i f f e r e n t  g ro w th  s t a g e s *  The m  c o n c e n t r a t io n  o f  

p a n i e l o s  h o w e v e r , d i f f e r e d  s i g n i f i c a n t l y  among th a  g ro w th  

s t a g e s  o n ly *  Tha c u l t l v a r s  d id  n o t  r o v o a l  s i g n i f i c a n t  

d i f f e r e n c e .

4 * 6 * 5  C a lc iu m

The c a lc iu m  c o n c e n t r a t io n  sh ow ed  a  g r a d u a l  I n c r e a s e  

fro m  th o  p a n i c l e  i n i t i a t i o n  s t a g e  t o  t h e  c a p s u le  m a t u r i t y  

s t a g a  i n  a l l  t h a  p l a n t  p a r t s  o f  t h e  t h r e e  c u l t l v a r s *  T he 

p e a k s  o f  Ca a c c u m u la t io n  w a re  a t  t h a  p o s t - h a r v e s t  s t a g a  

( l e a v e s ,  r o o t s  and p a n i c l e s )  and a t  th o  c a p s u le  m a t u r i t y
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s t a g *  (p se u d o ste m s and r h ls e m e s )  * Whan t h *  e u l t i v a r s  

and t h a  g ro w th  s t a g * *  w * r a  c o n s id e r e d  t o g e t h e r *  t h a  

r a n g *  o f  v a r i a t i o n  i n  Ca eo n  t o u t  w as i r o n  Q .8 7  t o  2 .  i t  

p a r  c * n t  i n  t h *  le a v e s *  0 .6 4  t o  2 * 0 3  p o r  c a n t  i n  t h *  

p se u d o ste m s*  0 * 8 3  t o  1 * 4 2  p o r  o a n t  i n  t h *  r h i s e a e s *

0 *8 6  t o  1 * $ 9  p a r  c a n t  i n  t h *  s o o t s  and 0 * 4 4  t o  2 * 0 3  p a r  

e * n t  i n  t h *  p a n i c l e s *

T h * C a c o n t e n t  o f  t h *  l e a v e s *  p se u d o ste m s#  r h ia o n * s  

an d  p a n i c l e s  e x h i b i t e d  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  

among t h *  e u l t i v a r s  a s  w a l l  a s  g ro w th  s t a g e s *  The r o o t  C a 

c o n t e n t  d id  n o t  show  s l g n i f l e a n t  d i f f e r e n c e  among t h a  

e u l t i v a r s *  w h e re a s  i t  w as s i g n i f l e a n t  among th o  g ro w th  

s t a g e s *

4 * 4 * 4  M agnesium

The m agnesium  a c c u m u la t io n  f o l l o w e d  a  p a t t e r n  

s i m i l a r  t o  t h a t  o f  e a lo iu m *  T he c o n c e n t r a t io n  r o s e  fro m  

th o  p a n i c l e  i n i t i a t i o n  s t a g e  t o  t h e  o s p s u l *  m a t u r i t y  

s t a g *  i n  t h *  t h r o *  e u l t i v a r s *  T h * Mg a c c u m u la t io n  i n  t h *  

l e a v e s  a t t a i n e d  a  maximum a t  t h *  e * p s u l *  m a t u r i t y  p e r io d  

i n  M a la b a r  and M yso re  an d  n t  t h e  f l o w e r i n g  p e r i o d  i n  

V ash u k ka* Th* p o s t - h a r v e s t  s t a g *  * x h i h i t * d  a  p e a k  f o r  

Mg a c c u m u la t io n  i n  th o  p se u d o ste m s  an d  p a n i a l e s *  Mg 

c o n c e n t r a t io n  i n  t h *  r h is o m * *  and r o o t s  o f  M a la b a r  an d  

V ash u k k a  a t t a i n e d  tb* p * * k  a t  t h *  c a p s u le  m a t u r i t y  s t a g * *
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I n  t h a  M y*o ra  c u l t i v a r *  Mg c o n c e n t r a t io n  waa 

a t  t h a  p o s t - h a r v e s t  a t a g a  i n  t h a  r h is o m a s  an d  a t  t h a  

f l o w e r i n g  a t a g a  I n  t h a  r o o t s *  T he Mg c o n c a n t  (p a ro a n to g a )  

v a r i e d  fro m  0 * 2 3 7  t o  0 * 5 9 2  i n  t h a  l a a v a a  0 . 2 7 1  t o  0 * 0 4 2  

in t h a  p sa u d o sto m s*  0 * 4 1 9  t o  1 * 1 5 8  I n  t h e  r h is o m a s ,

0 * 3 8 2  t o  0 * 9 4 5  i n  t h a  r o o t a  and 0 * 3 7 4  t o  1 * 2 4 0  i n  t h a  

p o n ic la e  •

The c u l t i v a r *  a *  w a l l  aa g ro w th  p e r i o d s  ravaalad 

s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  f o r  t h e  Mg o o n ta n t  

o f  t h a  v a r i o u s  p l a n t  p o r t a *

4 * 6 * 7  s u lp h u r

T h a p a t t e r n  o f  d i a t r i b u t i o n  o f  s u lp h u r  i n  th e  

p l a n t  p a r t s  d i d  n o t  r a v a a l  a n y  d a f i n i t a  t r a n d  among t h a  

g ro w th  p a r io d a *  Tha p o a t - h a r v a a t  a t a g a  w as c h a r a o t a r i s a d  

b y  a  lo w  S  c o n c a n t r o t io n  i n  t h a  l a a v a s ,  p a a u d o a ta n a  and 

rh is o m a s  w h ara a a  t h a  p a n i c l a  i n i t i a t i o n  a t a g a  ahow ad lo w  

& o o a c a n t r a t io n  i n  t h a  r o o t a  an d  p a n i d o s  i n  t h e  t h r o a  

c u l t i v a r s *  Tha s  c o n c e n t r a t io n  a t t a i n e d  a  p e a k  a t  th a  

p a n i c l a  i n i t i a t i o n  s t a g e  i n  t h e  l e a v e s *  p sa u d o sto m s and 

r h is o m a s  w h ara a a  t h a  c a p s u le  m a t u r i t y  and p o s t - h a r v e s t  

s t a g e s  e x h i b i t e d  t h e  m a x imum f o r  S  c o n c e n t r a t io n  o f  r o o t s  

and p a n i c l e s *  r e s p e c t i v e l y •  T he v a r i a t i o n  i n  8 c o n c e n t r a 

t i o n  w as fro m  0*095 t o  1*980 p a r  c a n t  i n  t h a  le a v e s *
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0 * 0 2 9  t o  0 * 0 7 7  p e r  c e n t  l a  t h e  p i f U d o i t M * ,  0 * 0 7 1  to  

0 * 18 4  p a r  c a n t  l a  t h e  r h is o m e s *  0 * 0 3 4  t o  0 *0 0 0  p e r  c a n t  

i n  t h e  r o o t s  and 0 * 0 4 3  t o  0 * 1 7 8  p e r  c e n t  i n  t h e  p a n i c l e s *

S t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a  i n d i c a t e d  t h a t  

t h e  d i f f e r e n c e s  i n  t h e  8 c o n c e n t r a t io n  o f  t h r e e  c u l t l v a r s  

v e r s  s i g n i f i c a n t  a t  t h e  f i v e  g ro w th  p e r i o d s  s t u d ie d *

4 * 6 * 8  i r o n

T h e c o n c e n t r a t io n  o f  i r o n  i n  t h a  v a r i o u s  p l a n t  

p a r t s  o f  Cardam on ( a t  t h o  d i f f a r e n t  g ro w th  p e r io d s )  

show ed a  g r a d u a l  i n c r e a s e  fro m  t h e  p a n i c l e  i n i t i a t i o n  p h a s e  

t o  t h e  l a t e r  p h a s e s  o f  c r o p  M a t u r i t y *  The d a t a  i n d i c a t e d  

t h r e e  e x c e p t io n s *  The p e e k  f lo w e r in g  p e r i o d  re o o rd o d  

th e  h i g h e s t  l e v e l  f o r  l e a f  f a  c o n t e n t  i n  t h e  M a la b a r  

c u l t i v a r  an d  t h a t  o f  t h e  r o o t  I s  c o n t e n t  i n  t h e  V ash u k k a  

c u l t i v a r *  Xha m axi mum F a  c o n t e n t  o f  t h e  p se u d o ste m s 

was o b s e r v e d  a t  t h e  c a p s u le  m a t u r i t y  s t a g e  o f  th e  M a la b a r  

c u l t i v a r *

The F e  c o n c e n t r a t io n  o f  d i f f e r e n t  o r g a n s  v a r i e d  

fro m  1 8 7 * 6 7  t o  2 3 7 * 3 3  ppm i n  t h e  l e a v e s *  14 0 * 6 7  t o  18 8 * 6 7  

ppm i n  t h e  p se u d o ste m s*  2 2 8 * 8 9  to  3 1 8 * 3 3  ppm i n  t h e  x h iso m e s*  

3 3 1 * 0 0  t o  3 6 1 * 0 0  ppm i n  t h e  r o o t s  en d  14 7 * 0 0  t o  2 13 * 0 0  ppm 

i n  t h e  p a n i c l e s *  T he d i f f e r e n c e s  i n  t h e  F e  c o n c e n t r a t io n
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among t h a  c u l t i v a r *  aa  w a l l  aa  among t h a  g ro w th  s t a g e s  

w a ra  s t a t i s t i c a l l y  s i g n i f i c a n t *  Tha a x c a p t lo n s  o b s e r v e d  

w a ra  t h a t  o f  t h a  Va c o n t a n t  o f  th a  p s a u d o a t a M  and 

r o o t a  d u r in g  t h a  d i f f a r a n t  g ro w th  p a r i o d s .

4*6.9 zinc

T ha c o n c e n t r a t io n  o f  slaa sh ow ed  a  g r a d u a l  

i n c r e a s e  fro m  t h e  p a n i c l e  i n i t i a t i o n  p h a s e  t o  t h a  l a t e r  

p h a s e s  o f  c r o p  m a t u r i t y .  T h a o n l y  e x c e p t io n  w as t h a  

r o o t s  o f  t h a  c u l t i v a r s  M y so re  an d  Vashufcfca w h ich  a t  t h a  

p a n i c l a  i n i t i a t i o n  p h a s e  show ed  t h e  p e a t  F a  c o n t e n t ,  

i n  t h a  o t h e r  p l a n t  o r g a n a  o f  t h a  t h r e e  c u l t i v a r s .  t h a  

l o w e s t  l e v e l  o f  zn  w as a t  t h a  p a n i c l e  i n i t i a t i o n  s t a g a  

an d  t h a  h i g h e s t  l e v e l ,  e i t h e r  a t  t h a  c a p s u le  m a t u r i t y  

s t a g a  o r  a t  t h a  p o s t - h a r v e s t  s t a g e .  She r a n g e  o f  v a r i a 

t i o n  i n  zn  c o n c e n t r a t io n  w as fro m  2 6 * 8 7  t o  5 4 *4 0  ppm i n  

th a  l e a v e s .  2 8 * 1 7  to  6 8 *9 2  ppm i n  t h a  p s e u d o s te m a . 4 0 * 4 7  

t o  12 8 * 9 0  ppm in t h a  r h is o m a s .  4 4 * 1 3  t o  8 8 *7 0  ppm i n  t h a  

r o o t a  an d  2 7 * 6 6  t o  8 9 * 8 7  ppm i n  t h a  p a n i c l e s  an d  c a p s u le s *

s t a t i s t i c a l  a n a l y s i s  o f  t h a  d a t a  r e v e a l e d  

s i g n i f i c a n t  d i f f e r e n c e s  i n  t h a  mean zn l e v e l s  anong th a  

c u l t i v a r s  a s  w a l l  a s  among t h a  g ro w th  p h a s e s .

4.6*10 Manganese

T h a m an gan ese  c o n t a n t  o f  th a  d i f f a r a n t  p l a n t  

o r g a n s  i n d i c a t e d  a  g r a d u a l  i n c r e a s e  fro m  t h a  p a n i c l a
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I n i t i a t i o n  s t a g *  t o  tb a  l a t e r  c r o p  m a t u r i t y  s t a g e s *  The 

lo w e s t  c o n c e n t r a t io n  o f  m  w as a t  t h e  p a n i c l e  i n i t i a t i o n  

s t a g e  i n  t h e  t h r e e  e u l t i v a r s •  T h e o n l y  e x c e p t io n  w as t h e  

r o o t  Mn c o n t e n t  o f  t h e  V ash u k k a  c u l t i v a r  w h ic h  show ed t h e  

lo w e s t  l e v e l  e t  t h e  f l o w e r  h u d  d e v e lo p m e n t s t a g e *  S h e  r a n g e  

o f  v a r i a t i o n  i n  Mn c o n t e n t  w as fro m  3 1 9 * 9 7  t o  9 0 9 *2 3  ppm 

i n  t h e  l e e v e s *  4 5 3 .9 7  t o  9 3 3 * 3 7  ppm i n  t h e  p se u d o ste m s*  

3 16 * 6 0  t o  9 4 3 * 3 0  ppm i n  th o  rh is o m e s *  19 9 * 4 7  t o  6 6 2 * 9 7  ppm 

i n  t h e  r o o t s  and 4 1 8 * 4 7  t o  9 0 6 *6 3  ppm i n  t h e  p a n i c l e s *

S h e  d i f f e r e n c e s  among t h e  e u l t i v a r s  a s  w e l l  a s  among t h e  

g ro w th  s t a g e s  w e re  s t a t i s t i c a l l y  s i g n i f i c a n t  f o r  t h e  Ms 

c o n t e n t*

4 . 6 . 1 1  C o p p e r

T h e c o n c e n t r a t io n  o f  o o p p e r  i n  th e  v a r i o u s  o r g a n s  

o f  cardam om  w as lo w  a t  t h e  p a n i c l e  i n i t i a t i o n  s t a g e  i n  th e  

t h r o e  e u l t i v a r s  •  S h e  ma x i mum Cu c o n t e n t  o f  th e  le a v e s *  

p se u d o ste m s and rh is o m e s  w e r e  o b s e r v e d  a t  t h e  p o s t - h a r v e s t  

phase or t h e  t h r e e  e u l t i v a r s *  S h e  r o o t  Cu c o n t e n t  w as h ig h  

a t  t h e  flowering s t a g e  i n  M a la b a r  an d  a t  t h e  c a p s u le  

m a t u r i t y  s t a g e  i n  M y so re  an d  V ash u k k a* The p a n i c l e  Cu 

c o n c e n t r a t io n  a t t a i n e d  a  p e a *  a t  t h e  f l o w e r i n g  s t a g e  i n  

M a la b a r  and M yso re  e u l t i v a r s  and a t  t h e  c a p s u le  m a t u r i t y  

s t a g a  i n  t h e  V ash u k k a  c u l t i v a r *
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T h a  Ctt c o n c e n t r a t io n  r a n g e d  fro m  7*5 t o  56*93 ppm 

in tho l a i v t t f  4 * 5 3  t o  16*73 ppm in t h e  p se u d o a te m ,

6 .7 0  t o  5 4 * 5 3  ppm i n  th o  rh iso m as#  1 4 * 3 7  t o  4 2 * 3 3  ppm 

I n  t h o  r o o t s  and 10 * 0 0  t o  3 5 * 6 3  ppm i n  th o  p a o ic io o *

Tho moan d i f f o r o n o o s  in Cu o o n c o n t r a t i  on o f  th o  t h r o o  

c u l t i v a r s  a s  w a l l  a s  t h a t  a t  th o  f i v e  g ro w th  s t a g o s  w oro 

s t a t i s t i c a l l y  s i g n i f i c a n t *

4 * 4 * 1 2  u p ta k e  o f  n u t r i e n t s  b y  cardam om  t i l l o r s

Tho d a t a  p r e s e n t e d  i n  T a b le  4 4  i n d i c a t e d  t h a t  

f o r  p r o d u c t io n  o f  o n e  k g  d r y  c a p s u le s  th o  M ysore  c u l t i v a r  

d e p le t e d  m ore n u t r i e n t s  ( t o t a l  o f  1 6 1 7 * 6 8  g )«  w h e re a s  

o n ly  l o s s  n u t r i e n t s  w e re  d e p le t e d  b y  M a la b a r  (9 32*6 6  g )  

and V a sh u k k a  (7 7 9 *5 0  g )  c u l t i v a r s *  The d e p l e t i o n  o f  K 

w as h i g h e s t  b y  t h e  t h r e e  c u l t i v a r s  M ysore# M a la b a r  and 

V ash u k k a  (8 9 6 *46  g« 5 4 0 * 0 5  g  an d  3 9 3 * 9 6  g  r e s p e c t i v e l y )  

w h i le  Cu w as d e p la t e d  t o  t h e  lo w e s t  e x t e n t  (0 *34  g»

0 * 2 2  g  and 0 * 2 5  g  r e s p e c t i v e l y ) *  m e  o r d e r  o f  d e p le t io n  

o f  n u t r i e n t s  f o l lo w e d  a  s i m i l a r  p a t h  i n  t h e  t h r e e  

c u l t i v a r s  ( K# Ce# 6* Mg* 9# s # Mn# Fe# zn  and C u )*

4 * 7  R a t e  of p h o t o s y n t h o s i s  and t r a n s l o c a t i o n  o f  p h o to -  

s y n t h a t e s  a t  v a r i o u s  s t a g e s  o f  g ro w th

The p h o t o s y n t h e t i c  e f f i c i e n c y  o f  cardam om  l a a v e s  

w as a s s e s s e d  e t  v a r i o u s  i n t e r v a l s  o f  a  d a y  and a l s o  a t



T a b le  4 4  U p ta k e  o f  n u t r i e n t s  (g) b y  cardam om  t i l l e r s  
f o r  p r o d u c t io n  o f  o n e  kg d r y  c a p s u le s

e u l t i v a r s
nutrient -   ....     — ... — «*— ....— ....        ■»'
e la m e a t s  Malabar M y so rs  V ash u k k a

199

M 1 1 7 * 8 3 2 2 1 * 8 8 1 1 5 * 9 4
P 2 4 *9 0 4 2 * 2 3 2 2 * 8 4

K 6 4 0 *0 6 8 9 9 *4 6 3 9 3 * 9 6

C a 16 9 * 0 8 2 9 3 * 3 5 1 5 5 * 0 1
Mg 6 9 ,2 3 1 1 8 * 3 7 6 9 * 3 3
s 1 2 * 1 0 2 3 * 2 9 1 1 * 9 3

f e 2 * 3 2 3 * 6 2 1 * 9 5
zn 0 * 7 6 1 * 2 0 0 *6 0

Mn 7 * 1 7 1 5 * 2 4 7 *6 9

cu 0 * 2 2 0 * 3 4 0 * 2 6

T o t a l 9 3 2 * 4 4 1 6 1 7 . 8 9 7 7 9 *6 0
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t h e  d i f f e r e n t  c a n o p y  p o s i t i o n s  u s i n g  d e t a c h e d  a s

v e i l  a s  i n t a c t  l e a v e s .  T h e  p h o t o s y n t h e t i c  e f f i c i e n c y

w as d e te r m in e d  toy r e l a t i n g  th e  c a p a c i t y  o f  a  l e a f  t o  
14

f i x  *  c o 2 u n d e r  c o n t r o l l e d  c o n d i t i o n s  a s  e x p la in e d  

e a r l i e r  i n  i t e m  3 . 8 .  T he r e l a t i v e  c o n t r i b u t i o n  o f  

p h o t o s y n t h e t e s  toy t h e  v a r i o u s  l e a v e s  ( t h e  e x t e n t  t o  

w h ic h  t h e  l e a v e s  a c t e d  e s  s o u r c e  i n  s u p p ly i n g  p h o to -  

s y n t h a t e e  t o  v a r i o u s  o r g a n s )  a l s o  fo rm e d  a n o th e r  a s p e c t  

o f  s t u d y *  A p a r t  fro m  t h e s e  e x p e r im e n ts *  th e  s i n k  a f f e c t s  

o f  t h e  d i f f e r e n t  p l a n t  o r g a n s  w orn  s t u d i e d  a t  f i v e  

m a jo r  c r o p  m a t u r i t y  p e r i o d s *

4 . 7 * 1  R a te  o f  p h o t o s y n t h e s i s  a t  d i f f e r e n t  i n t e r v a l s  

o f  a  d a y

T h is  e x p e r im e n t  Wes c o n d u c te d  on d e ta e h e d  l e a v e s  

o f  P V - 1  e t  h o u r ly  i n t e r v a l s  b e tw e e n  8 * 3 0  a .m . and 4 *0 0  p .m . 

on  1 2 t h  M arch* 19 8 4 *  T h e t im e  a l lo w e d  w as 30  m in u te s  f o r  

e a c h  s o t  o f  * *C 0 2 f e e d i n g .  T he p h o t o s y n t h e t i c  r a t e  a s  

r e l a t e d  t o  c o u n ts  p e r  m in u te  (cpm) o f  r a d i o a c t i v i t y  a r e  

g iv e n  i n  T a b le  4 5 *  C o r r e l a t i o n  w as w o rk ed  o u t  b e tw e e n  

t h e  l i g h t  i n t e n s i t y  t h a t  p r e v a i l e d  e t  t h e  t im e  o f  l *C 0 2 

f e e d in g  an d  t h a  cpm /lQ 0 mg d r y  w e ig h t  o f  t h e  l o a v e s .

I t  i s  e v i d e n t  fro m  th e  d a t a  t h a t  t h a  p h o t o s y n t h a -  

t i e  e f f i c i e n c y  w as m ore d u r in g  t h e  m o rn in g  and e v e n in g  

h o u r s .  A s i g n i f i c a n t  n e g a t i v e  c o r r e l a t i o n  w as o b s e r v e d



T a b la  4 5  Hat* o f  p h o t o s y n t h a s is  a t  d i f f a r a a t  intarvala 
o f  a  d a y i  S n o t i H #  F V - l  (M a la b a r)
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Tim a o f  1 4 CO„ 
lo a d in g

cpm / 10 0  « 9  l a a v a a  on

d r y  w a ig h t  b a s i s  
( im s a d ia t a  f i x a t i o n  o i  
1 4 c o  b y  la a v a a )

a

Maan l i g h t  
i n t a n a i t y  ( I x )

8 *3 0  t o  9 .0 0  a .m * 8824 17 8 0

9 .3 0  t o  1 0 . 0 0  • 6 1 5 1 3 3 4 0

1 0 * 3 0  t o  1 1 * 0 0  * 4 3 9 1 4 7 3 0

1 1 . 3 0  t o  1 3 . 0 0  H 2 16 6 9300

12 * 3 0  t o  1 * 0 0  p .m . 4 6 1 10 0 0 0

1 * 3 0  t o  3 * 0 0  " 544 10 0 0 0

2 * 3 0  t o  3 * 0 0  " 3 7 6 2 7670

3 * 3 0  t o  4 * 0 0  ” 9504 546 0

4 .3 0  t o  5 * 0 0  - •093 6 15 0

5 * 3 0  t o  6 *0 0  " 1 1 1 4 4 1580

r t o s t *• •

C.D (0 *0 5 ) 6 3 3

C o r r a l a t i o n  o f
l i g h t  i n t a n a i t y  v s

fixation - 0 . 3 6 4 !
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b e tw e e n  1 4 CQa l i x r t  toy l e a v e s  and th o  l i g h t  i n t a n a t t y

t h a t  p r e v a i l e d  a t  t h a  t i « a  o f  f e e d in g  ( r  »  -0 * 8 6 4 4 )  •
14

Tho maximum f i x a t i o n  o f  CO^ w as fro m  5*30 p*m* t o  

6 *0 0  p *m . ( cpm m H S 4 4 )  whan th o  l i g h t  i n t e n s i t y  

w as r a t h e r  lo w  (1580 I x )  • D u r in g  t h o  m o rn in g  h o u r 

(fro m  8*30 a*m* t o  9*00 a*m *) a l s o  ( when t h e  l i g h t  

i n t e n s i t y  w as 1780 l x )  th o  f i x a t i o n  was h ig h

(cpm *  8824)* I t  w as f u r t h e r  o b s e r v e d  t h a t  a s  t h a  

l i g h t  i n t e n s i t y  in c r e a s e d  on  r e a c h in g  t h e  noon h o u rs  

o f  th o  day# th e  r a t e  o f  ^ C O j  f i x a t i o n  d e c l in e d *  Tho 

r a d i o a e t i v i t y  f i x e d  fro m  11*30 a*m* t o  12*00 a*m* w as 

f a i r l y  lo w  ( epm *  2186) a t  9300 l x *  From  12*30 p*m* 

t o  1*00 p*m * and fro m  1*30 p«m* t o  2*00 p .m .; when t h e  

l i g h t  i n t e n s i t y  w as m ere th a n  10 # 0 0 0  lx #  v e r y  lo w  am ounts 

o f  r a d i o a c t i v i t y  w o re  f i x e d  ( cpm m  465 and 344 r e s p e c 

t i v e l y )  •  T h e re  was# th u s  a  p r o g r e s s i v e  d e c r e a s e  i n

**CC»2 f i x a t i o n  toy t h e  l e a v e s  fro m  t h o  m o rn in g  t o  noon
14

p e r io d *  From t h e  noon t o  e v e n in g #  c o 2 f i x a t i o n  toy 

th e  l e a v e s  g r a d u a l l y  i n c r e a s e d *

4 * 7 * 2  P h o t o s y n t h e t ic  e f f i c i e n c y  a t  d i f f a r a n t  c a n o p y  

l e v e l s  ( i n  d e t a c h e d  l e a v e s  o f  cardamom )

T he p h o t e s y n t h e t i c  e f f i c i e n c y  o f  t e n  f u l l y  

o p e n e d  l e a v e s  w e re  a s s e s s e d  i n  te rm s  o f  im m e d ia te  f i x a 

t i o n  o f  * * C 0 2 toy t h e  d i f f e r e n t  l e a f  c a n o p ie s *  T h e



203

r  audio a c t i v e  c o u n ts  o b t a in e d  i n  th e  l o a f  d i s c s  sa m p le d  

fro m  t h e  t e a  l e a f  c a n o p ie s  a r e  p r e s e n t e d  l a  T a b le  4 6 *

T h e d a t a  p e r t a i n i n g  t o  2 0 th  A p r i l#  19 8 4  r e v e a le d  

t h a t  t h e  f i r s t  o p e n e d  l e a f  f i x e d  f a i r l y  h ig h  am ount o f  

{ cpm *  2 9 19 )  •  T h e r a d i o a c t i v e  f i x a t i o n  w as 

minimam i n  t h e  s e c o n d  l e a f  ( c p a  «  1 1 7 4 ) *  From  th e  

t h i r d  t o  t h e  s e v e n t h  l e a f #  t h a  r a d i o a c t i v i t y  in c r e a s e d  

g r a d u a l l y  ( fro m  cpm ■  1 2 $ 9  t o  2 59 8 ) .  T h e  e i g h t h  l e a f  

r e c o r d e d  a  r e d u c t io n  ( cpm -  18 8 4 )  and t h e  n in t h  g a v e  

t h e  h i g h e s t  v a l u e  ( c p *  *  4 9 7 8 )#  The t e n t h  l e a f  show ed 

a  r e d u c t io n  t o  apm *  17 5 9 #

T he d a t a  p e r t a i n i n g  t o  ^ 0 0 ^ , f o o d in g  on  2 1 s t  

i£ > r ll#  19 8 4  a l s o  g a v o  an o r r a t l c  t r e n d  a s  f a r  a s  t h e  

f i x a t i o n  b y  t h e  i n d i v i d u a l  l e a v e s  w as c o n c e r n e d *  i n  

t h i s  c a se #  t h e  **C 0 2 f i x a t i o n  h y  t h e  te n th #  n in t h  and 

f i r s t  J e a v e s  ( cpm -  4 4 75#  3 2 5 4  an d  29 0 2  r e s p e c t i v e l y )  

w as h ig h *  The lo w e s t  f i x a t i o n  w as h y  t h a  t h i r d  l e a f  

(cpm -  1 3 0 0 ) •

T h e e x p e r im e n t  o n  22n d  A p r i l#  19 8 4  g a v e  t h e  m a x i

mum * * c o 2 f i x a t i o n  h y  t h e  f i r s t #  te n th #  t h i r d  an d  n in t h  

l o a v e s  ( cpm »  8 4 3 1#  8304# 7 0 9 5  and 5 3 2 2  r e s p e c t i v e l y )  • 

The f i x a t i o n  o f  **CU2 h y  t h o  s e c o n d  l e a f  w as t h e  lo w e s t  

(epm m  3 1 0 5 )  •
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T a b le  4 6  P h o t o s y n t h e t ic  e f f i c i e n c y  a t  d i f f e r e n t  

c a n o p y  l e v e l s  i n  d e t a c h e d  l e a v e s  o f  
cardam om  G e n o ty p e  t F V - 1  (M a lab ar)

T in e  o f  f e e d i n g < 2 * 1 0  p*m* t o  2 * 2 0  p . ® *

L a t e  o f  f e e d in g

1!'j 2 0 - 4 * 19 8 4  
(R e p l i c a 
t i o n  1 )

2 1 - 4 - 1 9 8 4  
( R e p l i c a 
t i o n  2 )

2 2 - 4 - 1 9 8 4  
( R e p l i c a 
t i o n  3 )

2 3 - 4 - 1 9 8 4  
( R e p l i c a 
t i o n  4 )

$
\\u

2  »

« £ o 0 1 R a d i o a c t i v e  
l e a v e s  on <1

ooemfcs 
Lry w e ig h t b a s i s ) ils-f

l e t 2 9 1 9 29 0 2 8 4 3 1 5 3 7 5 4 9 0 7

2nd 1 1 7 6 2 1 5 6 3 1 0 6 9039 38 6 9

3 r d 1 2 5 9 13 0 0 70 9 5 5 3 1 1 3 7 4 1

4 t h 1 5 5 2 2 3 0 9 34 8 9 5 8 5 5 3 3 0 1

5 t h 1 8 1 1 2 0 0 2 4 10 0 5 1 3 6 3 2 6 2

6 th 18 4 3 17 0 4 4 6 4 7 4 3 9 5 3 1 4 7

7 t h 2 59 8 2 3 9 7 4 4 8 6 8 9 5 3 4609

8 th 18 8 4 2 5 7 0 39 4 8 5 9 7 8 3 5 9 5

9 th 4 9 7 8 3 2 5 4 5 3 2 2 8 2 5 1 5 4 5 4

1 0 t h 1 7 5 9 4 4 7 5 830 4 8 4 6 1 5 7 5 0

Mean r a d i o 
a c t i v e
c o u n ts 2 1 7 8 2 5 0 7 529 4 6 6 7 5 4 16 4

(epm)

F t e a t - - - - h o t
s i g n i f i 
c a n t

L i g h t
i n t e n s i t y
( l x )

8 3 6 7 7000 5 7 6 7 37 7 0



A d e f i n i t e  t r e n d  o f  i 4 C©2 f i x a t i o n  was n o t

s e e n  i n  t h e  e x p e r im e n t  c o n d u c te d  on  2 3 r d  A p r i l , 19 8 4  a l s o .

14Here# t h e  C02 f i x a t i o n  h y  t h e  s e c o n d  l e a f  ( cp w -9 0 39 ) 

w as t h e  h ig h e s t #  f o l lo w e d  h y  f i x a t i o n  b y  t h e  se v e n th #  

t e n t h  and n in t h  l e a v e s  ( cpm •  89S3# 8 4 4 1  and 8 2 5 1  

r e s p e c t i v e l y ) .

T h e mean e  pm v a l u e s  computed fro m  t h e  f o u r  

s e t s  o f  * *C 0 2 f e e d in g s  (T a b le  4 8 ) i n d i c a t e d  t h a t  t h e  

f i x a t i o n  h y  t h e  te n th #  n in th #  f i r s t  and s e v e n t h  l e a v e s  

(cpm •  5750#  5454# 4 9 0 7  an d  4 5 0 9  r e s p e c t i v e l y )  w ere  

c o m p a r a t iv e ly  m ore t h a n  t h a t  h y  t h e  o t h e r s *  when t h e  

l i g h t  i n t e n s i t y  t h a t  p r e v a i l e d  d u r in g  t h e  r a d i o a c t i v e  

f e e d in g  w as exam in ed  v i s  &  v i s  f i x a t i o n  o f  r a d i o a c t i 

v i t y #  i t  w as o b s e r v e d  t h a t  ** 0 0 ^  f i x a t i o n  w as m ore 

u n d e r  lo w  l i g h t  i n t e n s i t i e s  ( cpm *  2 17 8 #  2507# 529 4  

and 8 5 7 5  r e s p e c t i v e l y  a t  l i g h t  I n t e n s i t i e s  8367# 7000# 

5 7 6 7  end  3 7 7 0  l x ) *

s t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a  d i d  n e t  r e v e a l  

an y  s i g n i f i c a n t  d i f f e r e n c e  among t h e  r a d i o a c t i v e  c o u n ts  

o b t a in e d  fro m  th e  t e n  l e a f  c a n o p ie s *

4 * 7 * 3  P h o t o s y n t h e t ic  e f f i c i e n c y  a t  d i f f e r e n t  l e a f  

c a n o p ie s  ( u s i n g  I n t a c t  l e a v e s )

T h is  e x p e r im e n t  w as c o n d u c te d  o n  m o n o c lo n a l 

p l a n t  p o p u la t io n  o f  t h e  g e n e  ty p e #  P V - 1  o n  t e n  s u c c e s s i v e
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d a y s  t h a t  eo mmanoe d  on t h a  1 8 t h  hay# 19 8 4  and a a d a d  

o n  2 7 t h  hay# 19 8 4 *  Th© t ir a a  o f  f e e d i n g  ^^00^ w as 

k e p t  c o n s t a n t  ( 10 * 0 0  a .m . t o  1 0 * 4 5  a*m «) t h a  d a t a  a r a  

p r e s e n t e d  i n  T a b le  4 7 *

T ha I mmedia t e  f i x a t i o n  o f  1 ^C 02 w as maximum

b y  t h e  t h i r d  l e a f ,  f o l l o w e d  b y  t h e  f o u r t h ,  f i r s t  and

s e c o n d  l e a v e s  ( cpm -  84449# 7 2 555#  7 2 1 8 7  and 7 14 5 8

r e s p e c t i v e l y ) ,  Tha f i x a t i o n  o f  0^  b y  t n a  o t h e r

l e a v e s  w as c o m p a r a t iv e ly  lo w *  H ig h  l i g h t  i n t e n s i t i e s

(78 50  t o  9 Q 0 o lx ) p r e v a i l e d  d u r in g  t h e  t im e  o f  f e e d in g

&h t h e s e  C N perlsM M ts* T he r e s i d u a l  r a d i o a c t i v i t y

i n  t h e  f e d  l e a v e s  a f t e r  o n e  m onth o f  f e e d i n g  1 ^CQj

r a n g e d  fro m  7 * 4 7  p e r  c e n t  t o  1 5 * 8 8  p e r  c e n t  o f  t h e

r a d i o a c t i v i t y  c o u n te d  o r i g i n a l l y  ( im m e d ia te ly  aftar
f i x a t i o n  o f  ^ C D j)  * on  t h e  t i l l e r s  w h e re  t h e  l e a f

14
p o s i t i o n  o n e  t o  t h r e e  w e r e  f e d  w i t h  *  flOg, t h e  t r a n s l o 

c a t i o n  o f  t h e  p h o t o s y n t h a t e s  w e re  no r e  t o  th e  a p i c a l  

r e g io n  o f  t h e  p se u d o ste m  ( 1 2 * 7 9 ,  1 1 * 8 5  and 14 * 3 0  p e r  c e n t ,  

r e s p e c t i v e l y )  • The m id d le  r e g io n  o f  t h e  p se u d o *  te st

a c c u m u la te d  m ore r a d i o a c t i v e  p h o t o s y n t h a t e s  when l e a f
14

p o s i t i o n s  f o u r  t o  s i x  w e re  f e d  w ith *  CUj ( 1 2 * 0 7 ,  1 5 * 8 5  

and 1 5 * 5 1  p e r  c e n t ,  r e s p e c t i v e l y ) *  xn  e x p e r im e n ts  w h ore 

t h e  lo w e r  l e a f  c a n o p ie s  ( s e v e n  t o  t e n  ) w e re  f e d  w it h  

1 4 C0a # m ore r a d i o a c t i v i t y  w as t r a n s l o c a t e d  t o  t h e  lo w e r



Table 47 Photoaynthetic e ffic ien cy  e t d iffe ren t lea f canopies ( as Judged by l4C0, fixa tion  by intact 
leaves) and re la t iv e  translocation o f photosynthates to  other leaves and organs

Treatments
Oates o f  feeding ^ C 0 ;j ( Time o f faecling; 10,00 a.m to 10,45

a.m
(p osition  o f 
leaves and 
organs)

18-5-1984 19-5-1984 20-5-1984 21-5-1984 22-5-1984
1 2 3 1 2 3 1 2 3 1 2 3 i  i 3

1st opened le a f 72187 9151 12.68 3126 4.38 2894 3.43 984 1.36 308 0.60
2nd " 936 1.30 71436 7240 10.13 3818 4.52 1750 2.43 464 0,92
3rd « 526 0,73 304 0.42 f^469 9007 10,60 2671 3.69 714 1,42
4th « 156 0.22 276 0.38 582 0.66 72356 9889 13s66 490 0,96

5th • 166 0.22 230 0.32 306 0.36 682 0.94 ^00^3 5064 10,12

6th • 182 0.26 188 0.22 294 0.34 352 0.48 402 0.8Q

7th • 176 0.24 184 0.26 234 0,26 346 0.34 354 0,70

8th • 92 0.12 110 0.14 162 0.18 260 0.36 292 0,58

9th ■ 86 0.12 112 0.16 188 0.22 266 0,36 242 0.56

10th ■ 0.10 96 0.12 208 0.24 290 0.40 212 0,42

pseudostem apex 9238 12,79 8308 11.63 12500 14.80 7264 10.03 4312 8,62

pseudostem middle 
portion / 4752 6.58 6540 9.16 9729 11.52 8734 12*07 7818 15,63

pseudostem base 2886 3.99 5565 7,79 9620 11.39 6578 9.09 5153 10,30

rhizome 17315 23.99 13192 18,47 18156 21.49 14835' 20,50 10470 20,93

roo t 732 1.01 2840 3.98 • 2444 2.89 3068 4,24 4720 9,44

F t e s t . ** ee e* •• . ■ *#

C.D. (O.OS) 484 579 ♦14 754 708

Light in ten s ity  
( lx )

5770 5230 4170 5430 8100

T o ta l trans loca 
t ion

64.36 67.60 \ 82.86 79.94 82,00

1 immediate fixa tio n  o f 14COa (cpm) 2 1 Residual rad ioactiv ity  (cpm) 3: Trans location (X)

• *  S ign ifican t at 1 per cent le ve l

contd..
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tafcia it (aeatd..)
Datas ot faad ln g  l*co2 (Tima 6 f fe e d 1 h g i jo  .6 § a d  ia  tO iiS  a d i

Treatments ___________ _________
(p o s it io n  o f  
lea ves  and

23-5-1984 24-5-1984 25*5*1984 26*3*1984 27*5*1984
organs) 1 2 3 1 2 3 • 1 2 3 1 2 3 1 2 3

1st opened l e a f 88 0.18 86 0.18 100 8.22
\

76 0.14 76 0.16
2nd 264 0.58 124 0.28 82 0.18 66 0.12 150 0.30
3rd 312 0.70 108 0.24 124 0.28 i24 0.24 • 160 0.22
4 th 370 0.82 78 0.16 92 0.28 100 0.20 168 0.34

5th ■ 484 1.08 80 0.16 174 0*40 190 0.38 196 0.40

6th • 44292 3966 8.95 260 0.58 168 0.38 204 0.40 220 0.46

7th • 268 0.60 44525 3328 7.47 346 0.80 324 0.64 268 0.56

8th • 128 0.28 406 0.90 3953 9.35 336 0.66 298 0 .6 2

9th • 212 0.46 480 1.00 344 0.80 48591 5151 10 .30 454 0.94

10th • 162 0.36 104 0.22 202 0.70 43o 0.86 67468 5752 22.22

pseudostem apex 3840 8.67 1872 4.20 2856 6.76 1884 3.74 1290 2.72

pseudostem m idd le 
p o r t io n 6782 15.31 3960 0 .89 3498 0 .2? 39*96 8.06 2907 6.12

pseudostem base 4370 9.87 8621 18.91 6445 15.24 992f  18.61 9825 20.70

rhizome 8819 19.91 12084 27.14 9148 21.63 12590 25.39 to o 26vt3 „

r o o t 4008 9*03 5890 13.24 5364 12.69 5800 11.70 6023 12.69

F t e s t * * « *

C.D. (0 ;05) 819 827 711 714 789

L ig h t  in t e n s it y  
( l x )

7630 8330 7860 9000 "8400

T o ta l  tra n a lo ca -  
t lo n

76.82 83.63 79.90 

-___ ____ s

31.44 84.48

1 1 Inm adiata f i x a t io n  o f  14C02 (cpm> 2 » Residua l r a d io a c t iv i t y  tape)

3,i Trans lo c a t io n  (%) 
a a ‘S ig n i f i c a n t  a t  1 par can t 1 eve-2
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2 0 3

p o r t i o n  o f  t h e  p s e u d o ste m  ( 18 * 9 1#  15 * 2 4 #  1 8 . 6 1  and 

2 0 * 7 0  p o r  e o n t  r e s p e c t i v e l y )  * The d a t a  r e v e a l e d  t h a t  

t h a  m a n  f i x a t i o n  o f  b y  i n t a c t  l a a v e s  w e re  a b o u t

t o n  t o  tw e n ty  t im e s  h i g h e r  th a n  t h a  f i x a t i o n  b y  d e ta c h e d  

l e a v e s  ( cpm ra n g e  * 2 f 2 7 8  t o  8 4 *4 6 9  Vs cpm ra n g e  

2 1 7 8  t o  6 6 7 9 ) •

T h a s i n k  a f f a c t a  o a u a a d  b y  th o  rh ls e o a e s  I n c r e a s e d

whan 14CO2 f e e d in g  waa s h i f t a d  fro m  t h a  t o p  t o  t h a

b o tto m  c a n o p ia a .  rthen t h a  f i r s t  l a a f  w aa f a d  w it h  
1 4

COg t r a n a  l o c a t i o n  o f  t h a  p h o t o a y a t h a t a s  t o  th a  r h ia o a a  

waa 2 3 * 9 9  p a r  c a n t  and whan t h a  t a n t h  l a a f  waa fad #  

t r a n a  l o c a t i o n  o f  t h a  p h o to a y n th a t a a  t o  rh ia o m a  in c r a a a a d  

t o  2 6 * 1 3  p a r  c a n t *  t f o b i l i a a t i o n  o f  a a t a b o l i t a a  to

t h a  r o o t s  a l s o  s ho w ad a  p a t t a r a  s i m i l a r  t o  t h a t  fo u n d  

i n  t h a  e a a a  o f  t h a  r h ia o a a a *  T he l i g h t  l n t a n a i t y  and 

**C 0 2 f i x a t i o n  sh ow ed  a  s i g n i f i c a n t l y  n e g a t i v e  c o r r a l e -  

t i o n  ( r  »  - 0 * 9 4 1 8 * * ) .

4 * 7 * 4  P h o t o a y n t h a t ie  a o h i X l a a t i o n  a t  d i f f e r e n t  p e r io d s  

o f  c r o p  g ro w th

T h a s t u d y  w aa c o n d u c te d  o n  m o n o c lo n a l p l a n t s  

o f  t h o  g e n o ty p e *  P A - 1 0 7  a t  f i v e  c r o p  m a t u r i t y  p e r io d s #  

nam ely# p a n i c l e  I n i t i a t i o n  s t a g e *  f l o w e r  b u d  d a v e lo p m a n t 

a ta g o #  p e a k  f l o w e r i n g  s t a g e #  c a p s u le  m a t u r i t y  s t a g e  and 

p o s t - h a r v e s t  s t a g e *  T ha r a d i o a c t i v e  o o u n ts  w a ra  t a b u l a 

t e d  an d  a r e  p r e s e n t e d  i n  T a b le  4 8 *
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Table 48 MoDlization of pfotosyntnates at ai:terer.c periods of crop growtn

t r ̂  t3 
(position of
leaves and 
other p lan t 

organa)

1st opened le a f

2nd m

3rd m

4 th m

Sth m

6th «

7th •

Sth •

9th •

10th m

11th m

12th^ m

13th m

14th m

16th m

Stages o£ crop growth and dates ading 14C0

P a n i r i e  initia
tion stage 

28-12-1983

68,231 
52, 546 
<8.178 

26,669

7496

8300

7636

5673

790

873

703

830

433

3.83

4.24

3.90

2.89

0.40

0.44

0.35

0.42

0 . 2

tlower bud aeve- 
lopment stage 

31-3-1984

45,529 

50,64 8 

43.176 

31,448

’ear.
s

18-

iowenng
tage
6 -1 9 8 4

10,629

12,805

11,505

10,230

698

819

591

638

446

385

355

6 . 2 2

7.49

6.73

5.98

0.40

0.47

0.34

0.37j

0.26

0. 22J

0.20

74,36

65,491

59,253

61,729

13,048

16,680

10,990

9,825

707

596

289

159

208

162

191

115

95

5.00

6.39

4,21

3.76

0.27

0 .22

0.11
0.06

0.07

0.06

0.07

0.04

0.03

Capsule maturi
ty stage

24-9-1984

72,817

77,462

68,339

53,628

10,089

12,940

10.093

7,111

713

592

613

517

566

452

339

121
107

75

3.7b

4,75

3,70

2.61

0.26

0 .2 1

0 . 2 2

0.18

0 .20

0.16

0 . 1 2

0.04

0.03o.o:

Po. a-harvest 
s tage

81,262

76,429

59,678

58,939

30,463 

27,703 

25,631 

26,674 

228 

170 

85 

102 

• 128 

167 

104 

50 
. . 48

67 

55

11.02 

10.03 

9.28 

9,65 

0 .08 

0.06 

Uj03 

0.03 

O.tft 
0.06 

0.03 

0.01 

0,01  o.oa, 
o.oi

Paeudostem t ip

paeudostem middle 
portion  

paeudostem base

rhizome

Pan ic le

roo t

34.13 

17, 70C 

10,67c 

34.74C

1, 76C 

12.70!

17.4

9.0 

S .4 

17.7! 

0 .8  

6.5C

37,570

18,022

12.257

63.638

25,064

25.163

14.43

6.91

4.70

24.40

9.60

9.65

26,220 

11,147 

8, 720 

48, 864 

33,795 

12.954

9.63

4 .0 '

3.2C

17.9 :

12.4]

4 .7 !

17,214

11,273

2,37?

17.921

12,122
9.906

6.23

4.08

0.86

«.«»
4 ,3?

3.58

1 t e s t

VO. (0.05)

*4,

2176 1849 2366 3127

1 immediate f ix a t io n  o f  14

2208

C02 *°Pra) 2 Residual radioac tivityr (cpm)

• ** S ignificant at 1 per cent lev *!
3 Trans location (X)
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* h a  d a t a  i n d i e  a  t a  t h a t  t h a  t i p s  o f  th a  p aau d o starn s 

a c c u m u la ts d  f a i r l y  g o o d  am ounts o f  1 4 C m s t a b o U t a s  <6*23 

t o  1 7 * 4 9  p a r  c a n t)#  s i n o s  was f a d  t o  t h a  f o u r  o p a aa d

l a a v a a  fro m  t h a  a p a x  i n  a l l  t h a  a x p e r lm a n t s .  Tha rh iso m e s  

e x h i b i t e d  th a  ma x i mum s i n *  e f f e c t  a t  a l l  t h a  e s o p  m a t u r i t y  

a t a g a a  s t u d ie d  (4 *4 9  t o  2 4 * 4 0  p a r  c a n t ) •  T h a i n i t i a t i n g  

p r im o r d ia  abound o n ly  l i t t l a  r a d i o a c t i v i t y  03*99  p a r  o a a t )  • 

A t  t h a  e a p a u la  m a t u r i t y  s t a g a *  t h a  p a n i o l a a  a c c u m u la ta d  

morn 1 4 C p h o t o a y a t h a t a a  ( 1 2 . 4 1  p a r  c a n t )  w b sre a a  at the 
p o s t - h a r v s s t  s t a g e  t h a  a c c u m u la t io n  waa c o n s i d e r a b ly  

re d u c e d  (4 * 3 9  p a r  c a n t ) *

maximum p h o t o a y a t h a t a a  (2 4 *4 0  p a r  c a n t )  a t  t h a  p a a k
14f l o w a r i n g  p e r i o d .  T r a n s l o c a t i o n  o f  * * e  m a t e b o l i t a a  t o  

th a  r o o t a  d a c l i n e d  fro m  t h a  f l e w a r  h a d  d a v a lo p m a n t  s t a g a  

t o  t h o  p o s t - h a r v a a t  s t a g e  ( 1 2 * 9 7  p a r  o a a t  t o  3 * 9 9  p a r  o a a t ) .  

T r a n s  l o c a t i o n  o f  a s s i m i l a t e s  t o  t h a  n o n - fa d  l a a v a a  

waa fo u n d  t o  h a  m in im a l ( 0 * 0 1  t o  0 * 4 7  p o r  o a a t )  •  Tha 

b a a a l  p o r t io n  o f  t h a  p a a u d o sta m s  a c c u m u la ts d  l a a a a r  

am ounts o f  p h o t o a y a t h a t a a  (0 *9 4  t o  S » 4 S  p a r  o a a t )  

o o a p a r s d  t o  t h a  p o r t i o n s  a b o v e  i t *  A t  t h a  p o s t - h a r v e s t  

s t a g a ,  t h a  f a d  l a a v a a  ( f i r s t  t o  f o u r t h  fro m  t h a  a p a x }  

r a t a i n a d  aa  much aa 3 9 * 9 9  p a r  c a n t  o f  t h a  r a d l a s d t l v i t y  

f a d  t o  th a a u  O n ly  2 4 * 1 1  p a r  o a a t  r a d i o a c t i v i t y  w as 

t r a n a p o r t a d  t o  a l l  t h a  o r g a n s  t o g a  t h a  r .

T h a c o r r e l a t i o n  b e tw e e n  l i g h t  i n t a n a i t y  and 

f i x a t i o n  waa fo u n d  t o  h a  n a g s t i v a  ( r  *  •9§&$0*)  to d



JWcLie. 44- ( ScdjL l u)



Plate 45 Posive print from the autoradiograph showing the translocation 
of more C photosynthates to the tertiary rootlets when 
compared with the primary and secondary roots



s i g n i f i c a n t .

4 . 7 . S  au  t o  r a d io g r a p h y

P i c t o r i a l  in fo r m a t io n  t h a  i4c a c c u m u la t io n  b y  
14

t h e  l o a v e s  ( t o  w h ich  0 0 a w as f e d )  an d  t h a  t r  ana l o c a t i o n  

o f  t h a  r a d i o a c t i v i t y  t o  t h e  n o n - fa d  l a a v a a  a a d  r o o t *  was 

o b t a io o d  b y  t b a  a u t o r a d io g r a p h y .  Tha a p i c a l  f o u r  la a v a a  

i n  a  p o t t o d  p l a n t  o f  P V - i  v a r a  f a d  s im u l t a n e o u s ly  w it h  

1 4 C02 l a a i d a  a  " p e r s p e x "  l a a f  c h a m b e r.

P l a t a  44  ( p o s i t i v a  p r i n t  o b t a in a d  fro m  t h a  

a u t o r a d io g r a p h )  show s t h a t  t h a  r a d i o a c t i v i t y  w as s t r o n g  

i n  th o  f i r s t  and se c o n d  o p en e d  l e a v e s  w h ic h  a p p e a re d  

a l i k e  ( b r i g h t  w h ite )  • T ha t h i r d  l a a f  a l s o  e x h i b i t e d  

f a i r l y  s t r o n g  r a d i o a c t i v i t y *  th o u g h  n o t  t o  t h a  sam e 

d e g r e e  a s  w as o b s e r v e d  i n  t h e  l e a f  p o s i t i o n s  one and 

tw o* Tho f e d  l o a v e s  a c c u m u la te d  v a r y i n g  am ounts o f  1 4 C* 

a s  t h a  p o s i t i o n  o f  n o n - fe d  lo a v e s  m oved aw ay fro m  t h e  

s i t e  o f  fe o d ln g *  th e  r a d i o a c t i v i t y  d e c r e a s e d *  a s  e v i d e n t  

fro m  t h e  r e l a t i v e l y  m ore d a rk e n e d  l e a f  im p r e s s io n s  

o b t a in e d  fro m  th a  f i f t h  t o  s e v e n t h  n o n - fe d  l e a v e s *

I t  c a n  a l s o  b e  s e e n  fro m  t h o  a u t o r a d io g r a p h  t h a t  

i n  th o  * 4 C£»2 f e d  lo a v e s *  th e  r a d i o a c t i v i t y  m oved o u t  o f  

t h e  m id r i b  w h e re a s  m ore r a d i o a c t i v i t y  a c c u m u la te d  in  t h e  

m id r i b  and v e i n s  o f  t h e  n o n - fe d  l o a v e s  •



Plate 44 Positive print from the autoradiograph showing variecLpattern 
accumulation by leaves (Leaves 1 to 3 were fed with CQ? 
whereas leaves 5 to 7 were not fed)

14.





213

A u to r a d io g r a p h  o l  t h e  c o o t  s y s t e m  ( p l a t *  4 5 ) 

i n d i c a t e d  t h a t  t h e  t r a n s l o c a t i o n  e l  p h o t o s y n t h a t e s  

t o  t h a  p r im a r y  and s e c o n d a r y  r o o t s  w a re  lo w  and m ore 

r a d i o a c t i v i t y  a c c u m u la te d  i n  t h a  t e r t i a r y  r o o t l e t s *

4 * 3  C h an ges i n  t h a  f l a v o u r  com pon en ts o r  cardam om  

c a p s u le s  a t  d i f f e r e n t  s a a d  m a t u r i t y  s t a g e s

Cardamom o i l  w as e x t r a s  t a d  fro m  f r u i t s  

( c a p s u ia s )  toy s te a m  d i s t i l l a t i o n  a t  f i v e  g ro w th  maturity 
s t a g e s  o f  s e e d s  ( t e n d e r *  g r e e n i s h - y e l l o w ,  b ro w n , black 
an d  r i p e )  •  The r e p r e s e n t a t i v e  g e n o ty p e s  u t i l i s e d  f o r  

t h i s  e x p e r im e n t  w ere  P V - l  ( M a la b a r ) ,  P 8 - 1 0 7  (M ysore) 

and P V -5  (Vashukka)•

T ato le  49 d e p i c t s  t h e  c h a n g e s  o f  t w e lv e  m a jo r  

a r o m a t ic  com pon en ts i n  t h e  e s s e n t i a l  o i l  d i s t i l l e d  a t  

f i v e  s e e d  m a t u r i t y  p h a s e s  m e n tio n e d  e a r l i e r *  i d e n t i f i c a 

t i o n  o f  t h e  c o n s o n a n ts  and t h e  q u a n t i t a t i v e  e s t im a t i o n  

w e re  d on e a f t e r  f r a c t i o n a t i n g  t h e  e s s e n t i a l  o i l s  in t o  

t h e i r  c o n s t i t u e n t s  i n  a  g a s  c h ro m a to g ra p h *  The r e s u l t s  

o f  t h e  a n a l y s i s  a r e  g iv e n  toelow*

4 * 8 * 1  A lp h a  p in a n e

T h e maximum c o n c e n t r a t io n  o f  a lp h a - p in e n e  was 

o b s e r v e d  t o  b e  a t  th e  g r e e n i s h - y e l l o w  s e e d  s t a g e  i n  th e  

g e n o ty p e s  P V - l  and ? V - S  ( 0 * 9 8 7  an d  0 * 5 5 4  p e r  c e n t  

r e s p e c t i v e l y )  and t h a t  t h e  r i p e  s e e d  s t a g e  i n  P it - 10 7



Table «9  F lavou r c h a r a c t e r is t ic *  o f  c a r d * * o »  o i l *  a t  d i f f e r e n t  m aturity  stage#

Oultivars/
Chemical components (*> '

O il samples *3 oha 
pinene

beta
pinena

«J-
Umonene

1.8-
cineolo

11 n a 1 oo 1 terpene-
4-ol

a lpha 
terpenlol

Unalyl
acetate

terpeny1 
acetate

garanlol 'je tin/1 
acetate

sierolidoi

PV-1 
(Malabar)tender 

seed
* greenish-yellow

seed
* brown seed
* black seed 
“ ripe seed

0.296

0.987
0.533
0.793
0.591

0.919

3.336
1.909
2.370
1.753

0.976

2.634 
1.597 
2.14s 
1.683'

17.295

30.231
47.441
54.671 

. 50.677

1.582

1.490
1.223
0.864
0.864

2.343

2.937
2.835
2.461
3.193

2.935

2.962
2.366
2.107
2.477

2.366

1.933
2.349
2.382
2.017

57.830

41.14?
27.489
24.254
25.041

0.843

0.483
0.470
0.990
1.813

$.987

3.781
1.948
0.966
0.536

0.839

0.376
0.303
0.146
0.140

Mean 0.640 2.057 1.80 7 40.063 1.205 2.754 2.569 2.209 35.152 0.922 2.644 0.360

PS-107
(Mysore)tender 

seed 0.158 0.700 0.638 4.054 3.988 2.646 4.440 2.326 ’ 61.202 0.708 7.087 1.92?
• greenish-yellow 

seed 0.231 0.836 1.042 14.924 1.878 3.357 3.651 2.033 56.812 0.556 6.032 0.703
* borvn seed 0.326 1.407 1.051 19.023 5.790 3.729 4.691 2.491 46.650 0.494 6.126 0.67?
^  black seed 0.231 Q.826 0.805 18.815 5.351 3.744 5.212 3.813 48.61? 0.919 3.425 0.6$?
• ripe seed 0.554 1.534 1.814 . 32.232 2.856 3.297 3.659 1.835 38.311 ' 1.504 3.290 0.54?

. Mean G.-300 1.061 1.070 17.810 3.973 3.355 4.332 2.500 50.318 0,836 4.592 0.902

PV-5
(Vaahukka) tender 

seed ^,2*4 0 .943 0.792 5.925 3.540 2.807 4.254 1.926 53.006 9.$75 - 6.547 1.512

• greenish-yellow
seed

• brown seed
0.554 2.302 1.902 21.034 3.581 3.36? 3.993 1.63? 48.65© 0.45? 3.879 0.64® *

0.346 3.333 1.277 21.779 3.6*7 3.241 3.733 1.908 46.177 0.551 4.090 0.84©..

• black seed 0.389 1.096 1.283 29.945 3.168 3.215 3.245 2.836 44.396 0.99$ 2.381 . 0.541

• ripe seed 0.184 0.623 0.754 21.315 1.523 3.177 3.172 2.354 56,067 2.505 1.217 0.691

Mean 0.343 1.259 1.202 20.000 3.100 3.161 3.679 2.130 51.659 1.016 3.623 0.848

General Mean 0.428 1.459 1.360 25.958 2.759 3.090 3.527 2,380 45.710 0.925 3.620 0.703
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(G .S S 4  p e r  c e n t ) .  A lp h a  p in a n a  e o n t n t  w as lo w  a t  th a  

t e n d e r  s a a d  s t a g e  i n  t h a  t h r e e  g e n o ty p e s  ( 0 .2 9 6 ,  0 . 1 5 0  

an d  0 .2 4 4  p a r  c a n t  r e s p e c t i v e l y  i n  P V - l ,  p h - 1 0 7  and 

P V -S ) and  a t  t h a  r l p a  s a a d  s t a g a  i n  P V - S ( 0 . 1 6 4  p a r  c a n t ) .  

Tha g e n o ty p e  P V - i  show ad  m ore a lp h a  p in a n a  c o n t a n t  

(0 .6 4 0  p a r  c a n t )  i n  t h a  a s s  a n t i  a l  o i l  f o l l o w e d  toy P V -S  

( 0 .3 4 3 )  an d  p h - 1 0 7  ( 0 .3 0 0 )  whan t h a  maan o f  t h a  f i v e  

s a a d  m a t u r i t y  p h a s e s  w a re  c o n f u t e d .

4 . 3 . 2  B a t a  p in a n a

T h e c o n c e n t r a t io n  o f  b e t a  p in a n a  f o l lo w e d  a  

s i m i l a r  t r e n d  a s  t h a t  o f  a lp h a  p in a n a  in t h a  t h r e e  g en o 

t y p e s .  T h a  c o n c e n t r a t io n  w as h ig h  a t  t h a  g r a a n i s h - y a l l o w  

s a a d  s t a g a  o f  P V - l  and P V - S ( 3 .3 3 6  and 2 .3 0 2  p a r  c a n t  

r e s p e c t i v e l y )  and a t  t h a  r i p e  s a a d  s t a g a  o f  P H -10 7  ( 1 . 5 3 4  

p a r  c a n t )  .  The lo w  l e v e l s  o f  t h e  b e t - p in e n e  w are  a t  t h e  te n 

d e r  s a a d  s t a g e s  o f  P V - l  and P H -1 0 7  ( 0 .9 1 9  and 0 .7 0 0  p a r  

c a n t  r e s p e c t i v e l y )  and a t  t h a  r l p a  s a a d  s t a g a  o f  P V -S  

( 0 .6 2 3  p a r  c a n t )  •  Tha mean b e t a  p in a n a  c o n t e n t  i n  t h a  

t h r e e  g e n o t y p e s  w e re  o f  t h e  o r d e r  2 .0 5 7  p a r  c a n t  ( P V - l) ,  

1 . 2 5 9  p a r  c a n t  (PV -S) an a  1 * 0 6 1  p e r  c e n t  (P H -10 7 ) •

4 . 3 . 3  d-ilmonene
T he c o n c e n t r a t io n  o f  d - lim o n e n e  r a n g e d  fro m  

0 .9 7 6  t o  2 .6 3 4  p a r  o a n t  i n  P V - l ,  0 . 6 3 3  t o  1 . 3 1 4  p a r  c a n t
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in P H - 10 7  and 0 * 7 5 4  t o  1 * 9 0 2  p a r  c o a t  I n  P V -5  a t  t h e  

f i v a  t « « d  m a t u r i t y  a t a g e s .  P V - l  ra n k e d  to p  f o r  t h e  

mean d - l in o n e a n  o o n to n t  ( 1 * 0 0 7  p e r  c e n t )  f o l lo w e d  b y  

P V -S  ( 1 * 2 0 2  p a r  o a n t)  and PR-1Q7 ( 1 * 0 7 0  p a r  c a n t )  •

4 * 8 * 4  1 * 8  -  C ln a o la

T h a o o n e a n t r a t io n  1 *  8 - e i n e o l e  i n  t h a  e a s e n t i e l  

o i l  g r a d u a l l y  r o s e  i n  t h a  t h r a a  g e n o t y p e s  * a  t h a  m a t u r i t y  

o f  s e e d a  p r o g r a a a a d *  T h ia  i n c r a a a a  o o n t in u a d  t i l l  th a  

r i p a  a a a d  a t a g a  i n  P h - 10 7  w h i le  t h a  o o n e a n t r a t io n  f a l l  

a t  t h a  b l a c k  a a a d  a t a g a  i n  P V - l  and P V -S  * 1 , 8 - e i n e o l e  

c o n t a n t  v a r i e d  fro m  17 * 2 9 9  t o  9 4 * 8 7 1  p a r  e a n t  i n  P V - l*  

fro m  4 *0 9 4  t o  3 2 * 2 2 2  p a r  o a n t  i n  P H -1 0 7  and fro m  $ * 9 2 5  

t o  2 9 *9 4 9  p a r  o a n t  i n  P V -S *  Tha o o n t a n t  o f  1 # 8 - c ln e o l e  

w as 4 0 * 0 8 3  p a r  o a n t  in  P V t , 20 *0 0 0  p a r  o a n t  i n  P V -S  a n a  

1 7 * 8 1 0  p a r  o a n t  i n  P h - 10 7 *

4 * 8 * 5  h i n a l o o l

P R - 1 0 7  e x c e l l e d  t h a  o t h a r  g a n o ty p a s  f o r  t h a  

m aaa l i n a i o o l  c o n t e n t  (3 * 9 7 3  p a r  e a n t )  and P V - l  o c o u p ia d  

t h a  b o tto m  r a n k  ( 1 * 2 0 5  p a r  o a n t ) *  £h e g a n o t y p a  P V -5  s t o o d  

I n t a r m a d ia t a  ( 3 * 10 0  p a r  o a n t )  •  T h a  o o n e a n t r a t io n  o f  l i n a i o o l  

w as h ig h  a t  t h a  brown s e e d  a t a g a  i n  t h a  g a a o ty p a a  P R - 10 7  

and P V -S  (5 *7 9 0  and 3 * 8 8 7  p a r  e a n t*  r e s p e c t i v e l y ) *  

T h e r e a f t e r *  t h e  c o n c e n t r a t io n  f a l l  g r a d u a l l y  t o  2 *8 9 8
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an d  1 . 5 2 3  p a r  c a n t  a t  t h a  a d v a n c e d  s t a g a #  o f  s a a d  

m a t u r i t y .  From  t h a  you n g  t e n d e r  s a a d  s t a g a  t o  t h a  f u l l y  

r l p a  s a a d  s t a g a *  t h a  p e r c e n t a g e  o f  l l n a l o o l  i n  P V - l  

s t e a d i l y  d a c l in a d  < 1 .5 8 2 ,  1* 4 9 0 *  1 * 2 2 3 *  0 * 8 6 4  and 0 *8 6 4  

p a r  c a n t  r e s p e c t i v e l y  a t  t h a  s e e d  g ro w th  s t a g e s ) .

4 * 8 * 6  T e r p e n e - 4 - o l

T h a  c o n c e n t r a t io n  o f  t e r p e n e - 4 - o l  in c r e a s e d  

fro m  t h a  t a r t a r  t o  g r e e n i s h - y e l l o w  s a a d  s t a g a  i n  t h a  

t h r a a  g a a o t y p a s *  T h a r a a f t a r ,  i t  m a in ta in e d  a  s t a a d y  

l e v e l *  T h a r a n g a  i n  e o a o a n t r a t io n  was fro m  2 *6 4 6  to  

3 * 7 4 4  p a r  eam t i n  Fh-»107* fr o m  2 * 8 0 7  t o  3 * 3 6 7  p a r  c a n t  

i n  P V -S  an d  fro m  2 * 3 4 3  t o  3 * 1 9 3  p a r  c a n t  i n  P V -S *  Tha 

maan t e r p e n e - 4 - o l  c o n c e n t r a t io n  i n  t h a  t h r a a  g a a o ty p a s  

w a ra  3 * 3 5 5 *  3 * 1 6 1  and 2 * 7 5 4  p a r  o a n t  r a s p a e t i v a l y .

4 * 8 * 7  A lp h a  t a r p a n i o l

T ha c o n c a n t r a t lo n  o f  t h i s  com p on en t show ad a  

t r e n d  s i m i l a r  t o  t h a t  o f  t e r p e n e - 4 - o l *  w h a r a in  t h a  g e n o 

t y p e  p h - 1 0 7  s t o o d  f i r s t  f o l lo w e d  b y  P V -5  an d  P V - i*  a  

d a c l l n a  in  a lp h a  t a r p a n i o l  c o n c e n t r a t io n  w as o b s e r v e d  i n  

t h a  g e n o ty p e s  P V -5  and  P V - i ,  fro m  t h a  t e n d e r  s a a d  a t a g a  

t o  t h a  r i p e  s a a d  s t a g e *  T he t r e a d  o f  a c c u m u la t io n  o f  

t h i s  com pon en t w as r a t h e r  e r r a t i c  i n  t h a  g e n o ty p e *  P & -1Q 7 .
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T he e x t e n t  o f  v a r i a t i o n  o f  a lp h a  t e x p e n i o l  l a  t h e  t h r e e  

g e n o ty p e s  w as fro m  3 * 6 5 1  t o  5 * 2 1 2  p e r  c e n t  i n  P h - 1 0 7 ,  

fro m  3 * 1 7 2  t o  4 * 2 5 4  p e r  o a n t  i n  P V -S  a w l fro m  2 * 1 0 7  to  

2 * 9 6 2  p e r  c e n t  in  P V - l*  The sw an  v a l u e s  f o r  t h e  t h r e e  

g e n o ty p e s  w e re  4 * 3 3 2 ,  3 .6 7 9  and  2 * 5 5 9  p e r  e e a t  r e s p e c t i v e l y *

4 * 8 * 6  L i n a l y l  a c e t a t e

h e r e  o r  l e s s  u n i fo r m  l e v e l s  w e re  e x h i b i t e d  b y  

l i a a l y l  a c e t a t e  a t  t h e  f i v e  o a p s u le  g ro w th  s t a g e s  s t u d ie d *  

T h e p e a k  o f  a c c u m u la t io n  o f  l i a a l y l  a c e t a t e  w as a t  th e  

b l a c k  s e e d  s t a g e *  The p e e k  v a l u e s  w o re  3 * 8 1 3  p e r  c e n t  i n  

P h - 1 0 7 ,  2 * 8 3 6  p e r  e e a t  i n  P V -5  and 2 * 3 8 2  p e r  o u t  i n  P V - l*  

T h e sw an  v a l u e s  f o r  l i n e l y l  a o e t a t e  c o n c e n t r a t io n  i n  th a  

t h r e e  g e n o ty p e s  w ere  2 * 5 0 0  p e r  c e n t  i n  P R - 1 0 7  (ra n g e  

1 * 8 3 5  t o  3 * 8 1 3  p e r  c e n t ) ,  2 * 1 3 0  p e r  c e n t  i n  p V - 5 ( r a n g e  

1 * 6 2 7  t o  2 * 8 3 6  p e r  c e n t )  an d  2 * 2 0 9  p a r  c e n t  i n  P V - l  

(ra n g e  1 * 9 3 3  t o  2 * 3 8 2  p e r  c e n t )  •

4 * 8 * 9  o e r a a i o l

The v a r i a t i o n  i n  g e r a a i o l  c o n c e n t r a t io n  a t  t h a  

f i v e  c e p s u l e  g ro w th  s t a g e s  g a v e  a  oeasaon t r e n d  i n  t h a  

g e n o t y p e s  s t u d ie d *  The g e r a a i o l  c o n t e n t  a t t a i ned  e  p e e k  

a t  t h e  r i p e  s e e d  s t a g e  i n  t h e  t h r e e  g e n o t y p e s  (2 * 5 0 5  p e r  

c e n t  in  P V - 5 ,  1 * 8 1 1  p e r  c e n t  i n  P V - l  en d  1 * 5 0 4  p e r  c o a t  

i n  p « - 10 7 )  •  The sw an  g e r a a i o l  c o n t e n t  i n  t h e s e  g e n o ty p e s  

w e re  1 * 0 1 6  p e r  c e n t  ( r a n g e  0 * 6 5 7  t o  2 * 5 0 5  p e r  e e a t )



0 * 9 2 2  p a r  c a n t  ( r a n g e  0 * 4 7 4  t o  1 * 8 1 3  p a r  c a n t )  and 

0 * 8 3 6  p a r  c e n t  ( r a n g e  0 * 4 9 4  t o  1 * 5 0 4  p a r  c a n t )  r e s p e c 

t i v e l y *

4 * 8 * 1 0  A lp h a  t a r p e n y l  a c e t a t e

A d e c l i n e  i n  c o n c e n t r a t io n  o f  t h i s  ooiqponent 

was o b s e r v e d  in tha t h r a a  g e n o ty p e s  fro m  t h a  t e n d e r  s t a g e  

t o  r i p e  s a a d  s t a g e s *  Tho mean a lp h a  t a r p e n y l  a c e t a t e  

l e v e l s  w a re  5 1* 6 5 9  p a r  c a n t  i n  P V -5  ( r a n g e  4 4 * 3 9 4  t o  

6 3 * 0 0 6  p a r  c a n t )  5 0 * 3 1 8  p a r  c a n t  i n  P R - 1 0 7  ( r a n g e  3 8 * 3 1 1  

t o  6 1 * 2 0 2  p e r  c a n t )  an d  3 5 * 1 5 2  p a r  c a n t  i n  P V - i  ( ra n g e  

2 4 * 2 5 4  t o  5 7 * 8 3 0  p a r  c a n t ) *

4 * 8 * 1 1  Q e r a n y l a c e t a t e

A f a l l  i n  g e r a n y l  a e e t a t e  c o n c e n t r a t io n  was 

o b s e r v e d  fro m  t h a  t e n d e r  s a a d  s t a g e  t o  r i p e  s e e d  s t a g e  

i n  t h e  t h r e e  g e n o ty p e s *  Tha v a r i a t i o n  i n  t h e  t h r e e  g en o 

t y p e s  w as fro m  2 *2 9 0  t o  7 * 0 8 7  p e r  c e n t  i n  P R - 10 7 *  fro m  

1 * 2 1 7  t o  6 * 5 4 7  p e r  c e n t  in P V -S  and fro m  0 * 5 3 6  t o  5 * 9 8 7  

p e r  c e n t  in P V - i*  The mean v a l u e s  e f  g e r a n y l  a c e t a t e  w e re  

4 * 5 9 2 *  3 * 6 2 3  and 2 *6 4 4  p a r  c e n t  r e s p e c t i v e l y  f o r  t h e  

g e n o t y p e s *

4 * 8 . 1 2  n e r o l i d o l

The c o n c e n t r a t io n  o f  n e r o l i d o l  a l s o  f o i l  fro m  

t h e  t e n d e r  s e e d  s t a g e  t o  r i p e  s e e d  s t a g e  i n  t h e  t h r e e  

g e n o t y p e s *  T he maximum l e v e l s  o f  n e r o l i d o l  w o re  o b s e r v e d
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a t  t h a  t e n d e r  s e e d  a t a g a  an d  t h a  v a l u e s  w a ra  1*927,

1 . 5 1 2  an d  0 * 1 3 9  p a r  c e n t  r e s p e c t i v e l y  t o r  P R - 1 0 7 ,  P V -5  

and P V - l*  Xha raio im ue l a v a l *  o f  n e r o l i d o l  v a r a  a t  th a  

r l p a  s a a d  a t a g o  f o r  P R - 10 7  and P V - l  (0 * 5 4 7  an d  0 * 14 0  p a r  

c a n t  r e s p e c t i v e l y )  and a t  t h a  b l a c k  e e a d  s t a g a  f o r  P V -5  

( 0 * 5 4 1  p a r  c a n t ) *

T h a n a a n  v a l u e s  o f  t h a  t w e lv e  f l a v o u r  c o n s o n a n t*  

e s t im a t e d  a b o v e  a t  t h a  f i v e  c a p s u le  g ro w th  s t a g e s  w ere  

w o rk ed  o u t  i n d i v i d u a l l y  f o r  th e  t h r a a  g e n o t y p e s *  The 

d a t a  a r e  p r e s e a t e d  i n  T a b le  5 0 *  T h e  d a t a  r e v e a l e d  t h a t  

a lp h a  t a r p e n y l  a c e t a t e *  1 , 4 - c i n e o l e ,  g a r a n y !  a c e t a t e  and 

a lp h a  t a r p a n i o l  w ir e  t h e  M a jo r  c o n s t i t u e n t s  o f  th o  e s s e n 

t i a l  o i l  o f  card an est*

x h a  g a s  chxO M atogram s o b t a in e d  fro m  t h a  b l a c k  s e e d  

(k a r im k a i)  s t a g e s  o f  t h e  t h r a a  g e n o ty p e s  a r e  d e p ic t e d  i n  

P i g s . 2 2  t o  24 *



T a b le  SO R a n k in g  o r d e r  o f  t h e  im p o r t a n t  f l a v o u r  
com pon en ts i n  cardamom  e s s e n t i a l  o i l s

O en o typ es
F la v o u r
com pon en ts P V - l  P h - 1 0 7  P V -5

(M a la b a r)  (M yso re) (V ash ukka)

a lp h a  p in e n e 1 1 1 2 1 2

h a t e  p in e n e 7 9 8

d - lim o n e n e 8 0 9

1 , 8  -  c i n e o l e 1 2 2

l i n a i o o l 9 5 6

t e r p e n e - 4 - o l 3 5 5

a lp h a  t e r p e n i o l 5 4 3

l i a a l y l  a c e t a t e 6 7 7

g e r a a i o l 10 1 1 10

a lp h a
t a r p e n y l  a c e t a t e 2 1 1

g e r e n y l  a c e t a t e 4 3 4

n e r o l i d o l 1 2 10 1 1
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Cardamom i s  an  im p o r t a n t  p l a n t a t i o n  c r o p  

c u l t i v a t e d  w i d e ly  i n  t h e  h ig h  a l t i t u d e  r e g i o n s  o f  K e r a la *  

K a r n a ta k a  an d  T a m il N ad u , r e s e a r c h  o n  d i f f e r e n t  a s p e c t s  o f  

cardam om  c u l t i v a t i o n  w as s t a r t e d  a t  v a r i o u s  r e s e a r c h  c e n t r e s  

i n  t h e s e  s t a t e s  s h o u t  f o u r  d e c a d e s  h a c k *

P r e l i m i n a r y  s t u d i e s  o n  t h a  f l o r a l  b i o l o g y  o f  

cardam om  w e r e  c o n d u c te d  a t  t h a  R e g io n a l  R e s e a r c h  S t a t io n *  

M u d ig e re  i n  K a rn a ta k a *  and t h a  s t u d i e s  w a re  m o s t ly  b a s e d  

o n  th o  p r o s t r a t e  t y p e  o f  cardam om * Tha p h y s i o l o g i c a l  b a s e s  

o f  f l o w e r i n g  and f r u i t  s a t  i n  t h e  t h r e e  p o p u la r  c u l t i v a r s ,  

M a la b a r  ( p r o s t r a t e  t y p e ) *  M yso re  ( e r e c t  t y p e )  and V ash u k ka  

( s e m l- e r e e t  t y p e )  h a v e  n o t  b e a n  c o n d u c te d  s o  f a r  i n  a  

s y s t e m a t i c  m anner*

T h a p r e s e n t  s t u d i e s  w a re  c a r r i e d  o u t  a t  th a  

Cardamom R e s e a r c h  S t a t io n *  P mapad u s y e r a  and a t  t h a  C o l la g e  

o f  H o r t ic u l t u r e *  v e l l a n l k k a r a *  T he b a s i c  m o r p h o lo g ic a l  

f e a t u r e s  i n  r e l a t i o n  t o  g ro w th  an d  d e v e lo p m e n t  an d  t h a  

d y n a m ic s  o f  f l a v o r i n g  and f r u i t  s e t  w a r e  s t u d ie d *  s t r e s s  

b e in g  on  u n d e r s t a n d in g  t h a  f a c t o r s  w h io h  c a u s e d  t h a  s e v e r e  

f r u i t  s h e d d in g  i n  cardamom*
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Ecological adaptations of tha crop had been invest!* 
gated in detail in tha present investigations. Tha varia
tion in nutrient status of the plant parts at different 
crop maturity periods has also he an critically examined* 
fruit development was correlated with tha internal hormonal 
levels* Exogenous application of hormones was tried to 
unravel their possible role in enhancing flowering# fruit 
set and yield* Radiol shelling technique was employed to 
examine the rate of photosynthesis at different leaf canopy 
levels of caidamem and to study the sink effects of the 
different plant organs. Essential oils of cardamom were 
extracted by steam distillation of capsules at five seed 
maturity phases of the three cultlvars* Fractionation of 
the essential oils aas done ( gas chromatographieaiiy) to 
find out tho changes in the different flavour iugredients at 
thase f.lva need maturity phases* Tha gallonh findings 
obtained in tho present investigations are discussed in this 
chapter*

5.1 Growth and development of the vegetative and floral 
parts of cardamom

Growth and development of the different plant parts 
examined in the three popular cultlvars of cardamom (t̂ alabar# 
Mysore and Vashukka) indicated that the tallest tillers 
were produced by the Hysore cultivar ana the sho&st# by the
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Malabar cultivar (Table 4) • The maximum taller height 
was observed at the 26th# 24th and 22nd month respectively 
for the cultivars# Mysore# Vazhukka and Malao&r. The 
rate growth curve illustrated in fig* 1 indicated two peaks 
in Mysore# three in Malabar and four in Vasnukku*

Tha rata of leaf production exhibited a trend 
ci.nilar to that of height of the tillers in the three 
culfivers (Toole 4). The Mysore cultivar was the prolific 
leaf prouucert followed by Vashukka and Malabar* However# 
the peaks of leaf production by the cultivars differed 
fro® tha peaks of their height increments. The Malabar 
cultiv&r showed two peaks# whereas only a single peak 
w«a axiiibiaod by tha other two cultivars. It could be 
a ear* fro® tho data that within 14 month? of the emergence 
of the tiller?, more than thre« fourth of the total leaves 
of a tiller emerged, m  almost similar finding has been 
reported earlier by Sulikeri atj. al» (1970) wherein they 
observad that the rate of leaf production in cardamom 
tiller* was faster during tha vegetative phase or during 
the first year growth of the tillers.
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T h e  V ash u k k a  c u l t i v a r  r e q u i r e d  l e s s  t im e  f o r  e  

• i n g l e  p le s t o e h x e n e  w h e re a s  t h e  M a la b a r  c u l t i v a r  r e q u ir e d  

n o  r e  t i n e  ( T a b le  6 ) *  Though t h e  t o t a l  l e a f  p r o d u c t io n  v a a  

Maximum i n  t h e  M yso re  c u l t i v a r *  t h e  V ash u k k a  c u l t i v a r  

s u r p a s s e d  t h e  M yso re  c u l t i v a r  i n  te rm s  o f  t h e  p e r i o d  ta k e n  

f o r  t h e  e m e rg e n ce  o f  s u c c e s s i v e  l o a v e s  ( p la s t o c h r o n e  s c a l e ) .

T ho p r o l i f i c  n a t u r e  o f  l o a f  p r o d u c t io n  b y  t h o  M yso re  c u l t i v a r  

c o u ld  b e  a t t r i b u t e d  m a in ly  t o  i t s  l o n g e r  l i f e  sp an #  w h e re a s  

t h e  f a s t e r  e m e rg e n ce  o f  l o a v e s  i n  t h e  V a sh u k k a  c u l t i v a r  c o u ld  

b a  due t o  i t s  i n h e r i t e d  p o t e n t i a l i t y  b y  w ay o f  n a t u r a l  

h y b r l d i t y *  V ash u k k a  i s  b e l i e v e d  t o  b e  a  n a t u r a l  h y b r id  o f  

M a la b a r  and M y s o r e , a  s i n g l e  p la s t o c h r o n e  to o k  a  mean o f  

3 4 * 9 0  t o  3 7 * S S  d a y s  among t h o  t h r e e  c u l t i v a r s  o f  card am o n , 

i n  a l l  t h o  c u l t i v a r s  t h o  r a t e  o f  l o a f  p r o d u c t io n  w as fo u n d  

t o  b o  f a s t e r  d u r in g  t h e  summer p e r io d *  S u c h  i n c r e a s e d  l o a f  

p r o d u c t io n  w it h  a  r i s e  in  sw an  t e m p e r a t u r e  d u r in g  summer h ad  

b e e n  o b s e r v e d  e a r l i e r  i n  c o c o n u t  (T h e b a n #  1 9 8 1 )  •

Tho l o a f  a r e a  was t h a  maximum i n  th o

M y so re  c u l t i v a r  and minimum i n  t h a  M a la b a r  c u l t i v a r  (T a b le  4 ) 

T h a t r e n d  i n  l e a f  a r e a  f o l lo w e d  a s i m i l a r  p a t t e r n  a s  t h a t  o f  

th o  t o t a l  l a a f  p r o d u c t io n *  s i n c e  t h o  t o t a l  num ber o f  lo a v e s  

p ro d u c e d  w as m ore i n  t h e  M y so re  c u l t i v a r ,  i t  i s  q u i t e  o b v io u s  

t h a t  t h i s  c u l t i v a r  show ed  t h o  maximum l o a f  a r e a  a l s o *  A
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s i m i l a r  f i n d i n g  o f  h ig h e r  l e a f  a r e a  o u t p u t  b y  t h e  M ysore  

c u l t i v a r  w as r e p o r t e d  e a r l i e r  b y  K o r ik a n th im a th  an d  

S u b b a ra o  ( 19 8 3 ) «  T h a  d e c l i n e  i n  t h a  l o a f  a r o a  o b s e r v e d  

b o yo n d  th o  22nd# I 8 t b  and lS t l*  m onths i n  t h e  c u l t i v a r s  

M y so re , V ash u k k a  and M a la b a r  r e s p e c t i v e l y #  i n d i c a t e d  t h a t  

so n o se o n c o  o f  th o  l e a v e s  s t a r t o d  d u r in g  t h i s  p e r io d *  An 

i n s t a n c e  o f  d o e l i n o  in  t h o  l o a f  a r o a  w i t h  th o  o n s o t  o f  

l o a f  so sto seo A ce  w as r e c o r d e d  s i m i l a r l y  l a  th o  o a s o  o f  

t u r m e r ic  b y  S a i fu d o o n  ( 1 9 8 1 ) *

Tho t o t a l  l o a f  p r o d u c t io n  an d  th o  t o t a l  l o a f  a r o a  

w oro fo u n d  t o  h a v e  a  d i r e c t  h e a r i n g  o n  th o  l o a f  d r y  m a tto r  

e o n t o n t  a l s o  ( T a b le  S) •  Tho h i g h e r  d r y  B e t t e r  a c c u m u la t io n  

b y  th o  lo a v e s  o f  t h o  M yso re  c u l t l v a r  m ig h t  b o  i n v a r i a b l y  

d u o  t o  t h o i r  h i g h e r  l o a f  p r o d u c t io n  and e o n s e q u e n t iy  a  h ig h a r  

e x p a n s io n  o f  l e a f  a r o a *  T ha c u m u la t iv e  d r y  m a t t e r  accu m u la

t i o n  b y  t h o  p se u d o ste m s  a l s o  f o l l o w e d  o  t r e n d  s i m i l a r  t o  t h e t  

o f  t h e  l o a f  d r y  m a t te r *  Tho moon in c r e m e n t a l  r o t e  of d r y  

m a t t e r  a c c u m u la t io n  i n  th o  p se u d o ste m s  w as h ig h  i n  M a lab ar*  

f o l lo w e d  b y  i n  V ash u k k a  and M y s o r e . T he t o t a l  d r y  m a t to r  i n  

th o  p se u d o ste m s  d e c l i n e d  a t  t h e  l o t o r  p h a s e s  o f  t i l l e r  

g ro w th *  The d e c l i n e  was o b s e r v e d  b o yo n d  th o  1 8 t h  m onth i n  

M a la b a r , and  b o y o n d  t h o  2 0 th  m onth i n  t h o  o t h e r  tw o  e u l t i v a r s *  

T h is  i s  i n d i c a t i v e  of th o  s o n o so o n c o  o f  t h o  p o o u d o sto m s 

b oyon d  t h o s e  p e r i o d s *
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I n  t h e  r h ls e n e e #  t h e  d r y  m a t t e r  a c c u m u la t io n  

m a in ta in e d  a  s lo w  p a c e  d u r in g  t h a  i n i t i a l  p e r i o d s  a t  

v e g e t a t i v e  g ro w th  o f  t h a  t h r a a  c u l t i v a r s  ( T a b le  5 ) .  Tha 

l a  t a r  g ro w th  p h a s e s  o f  t h a  t i  l i a r s  w a ra  c h a r a c t e r i s e d  b y  «  

s p u r t  l a  d r y  m a t t e r  c o n t a n t  o f  r  h i  so  m a s. M ore o v e r#  t h a  

rh is o m a s  d i d  n o t  r a v a s l  a  d i s t i n c t  p a r l a d  o f  s a a a s o a a c a  

i n  t h a  t h r a a  c u l t i v a r s *  S h is  l a  t u r n  s u g g e s t e d  t h a t  t h a  

l a s t  o r g a n  t o  p a r i s h  l a  a  cardam om  t i l l e r  w o u ld  h a  t h a  

r h i  som a* Tha l o n g e r  a c t i v e  g ro w th  p a r l a d  o f  t h a  rh is o m a s  

l a  s o n s  o t h e r  a m b e r s  o f  z ln g i b a r a a a a a  h a s  b e a n  r e p o r t e d  

e a r  l i a r  b y  P u r s e g lo v e  ( 19 7 5 )  * S h e  d r y  m a t t e r  a c c u m u la t io n  

b y  t h a  r o o t a  (T a b le  S ) a l s o  f o l lo w e d  a  t r e n d  s i m i l a r  a *  t h a t  

o f  t h a  r h is o m a s  d u r in g  th a  i n i t i a l  w s g o t a t iv e  p h a s e  o f  t h a  

t i l l e r s *  B u t  a t  t h a  l a t e r  s t a g e s  o f  g ro w th  (b eyo n d  t h a  a g e  

o f  20 m on ths)#  t h a  r o o t s  e x h i b i t e d  s e n e s c e n c e •  R e g e n e r a t io n  

o f  ro o ta #  t h e r e f o r e #  may n o t  o c c u r  b e y o n d  t h i s  p e r io d *

C o n t r a r y  t o  t h a  v e g e t a t i v e  o rg a n s#  t h a  p a n i c l e s  

sh ow ed  a  p r o g r e s s i v e  i n c r e a s e  i n  g ro w th  r a t a  t h a t  commenced 

r i g h t  fro m  t h a  v i s u a l  e n s r g e a c e  s t a g a  t i l l  t h a  c a p s u le  

m a t u r i t y  a t a g a  ( T a b le  5 )  •  T h e r a  w as a  s p u r t  i n  t h a  d r y  w e ig h t  

o f  t h a  p a n i c l e s  an d  c a p s u le s  a t  t h a  l a t e r  p h a a a a  a t  g ro w th *  

S e n e s c e n c e  o f  t h e  p a n i c l a  r a o h i i  o a c u r e d  b e y o n d  t h e  l a t e r  

c a p a u le  m a t u r i t y  s t a g e *  T h ey  o o n p le t e d  t h e i r  l i f e  sp a n  b e f o r e  

t h e  rh ie e m e e *  T he M a la b a r  an d  VashuXfca c u l t i v a r s  a c c u m u la te d



m ore M o a t f i  l a  t h e i r  r e p r o d u c t i v e  o rg a n s#  w h e re a s  th o  

M yso re  c u l t i v a r  a c c u m u la te d  lo s a #  u n l i k e  i n  t h a  e a s e  o f  

v e g e t a t i v e  o r g a n s  i n  w h ich  t h e  r e v e r s e  w as t r u e *  Tha h ig h e r  

o u t p u t  o f  y i e l d  h y  t h e  i t e i t h e r  and V e sh n k k a  c u l t i v a r s  may 

a l s o  h e  d u e  t o  t h e i r  h ig h e r  a c c u m u la t io n  o f  d r y  m a t t e r  in  

t h e  r e p r o d u c t i v e  o r g a n s  • T h e p o o r  r a t e  o f  d r y  e a t t e r  

a c c u m u la t io n  h y  t h a  r e p r o d u c t i v e  o r g a n s  o f  M yso re  and i t s  

c o o p e r a t i v e l y  p o o r  y i e l d i n g  h a h i t  h a v e  h e e a  o b s e r v e d  e a r l i e r  

h y  S h a n k a r  ( 19 8 0 )»

when t h e  t o t a l  d r y  m a t t e r  a c c u m u la t io n  w as v ie w e d  

i n  a  b r o a d  s e n s e  (T a b le  I  en d  f l g * 2 )  an  i n d i v i d u a l  t i l l e r  

o f  cardamom  e x h i b i t e d  two d i s t i n c t  g ro w th  p h a s e s  nam ely# e  

v e g e t a t i v e  p h a s e  d u r in g  t h e  f i r s t  y e a r  o f  g ro w th  and e  

r e p r o d u c t i v e  p h a s e  d u r in g  t h e  s e c o n d  y e a r *  A f t e r  t h e  p ro d u 

c t i o n  o f  p a n i c l e s  and t h e  s t a t u r i t y  o f  c a p s u le s #  t h e  t i l l e r s  

e x h i b i t e d  s e n e s e e n c e *  T h ey  w e re  fo u n d  t o  d i e  a p p r o x im a t e ly  

a t  t h e  a g e  o f  tw o y o a r s *  Tho moan l i f e  s p a n s  o f  cardamom  

t i l l e r s  w e re  2 2 * 9 8  m onths i n  M alab ar#  2 9 * 3 7  m onths i n  M yso re  

an d  2 4 * 8 8  m onths i n  V a sh e k k a  ( T a b le  9 )«

T h is  d i s t i n c t  g ro w th  p a t t e r n  o f  caraam om  t i l l e r s  

r e v e a l  a  b i e n n i a l  h a b i t  whan e a c h  t i l l e r  i s  c o n s id e r e d  a s  

an  i n d i v i d u a l  u n i t  c a p a b le  o f  p e r p e t u a t i n g  i t s  own g ro w th *  

O b s e r v a t io n s  made i n  t h e  p r e s e n t  s t u d i e s  on  t h e  g ro w th  and
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d e v e lo p m e n t o f  card am o n  t i l l e r s  d i f f e r e d  fu n d a me n t a l l y  fro m  

t h o s e  mad* b y  P a t t a n s h e t t y  an d  P r a s a d  (1972) • Th*y o b s e r v e d  

*  su d d en  d i v e r s i o n  o f  e n e r g y  and m e t a b o l i t e s  b y  t h *  p a n i c l e s  

and c a p s u le s  d a r i n g  t h *  r e p r o d u c t i v e  p h a s e  o f  th e  t i l l e r s  •

B u t  o b s e r v a t i o n s  mad* i n  t h *  p r * a * n t  in v e s  t i g a t i o n a  s u g g e s t  

t h a t  t h *  v e g e t a t i v e  and r e p r o d u c t i v e  p h a a a a  a r e  h o t  m u tu a l ly  

e x c l u s i v e  i n  cardam om * D u r in g  t h a  a a c o n d  y a a r  g ro w th  o f  

t h a  t i l l e r s *  t h a r a  waa a p p a r a n t ly  a  o a # a c t io n  i n  v a g a t a t i v *  

g ro w th #  h u t  i t  waa n o t  o b s e r v e d  t o  h a  a  c o m p le te  c a s s a t i o n .  

G ro w th  o f  t h a  v a g a t a t i v *  and  r e p r o d u c t i v e  o r g a n a  p r o g r e s s e d  

a ia u X ta n a o u a X y  d u r in g  t h i s  p e r i o d !  aX th o  ugh t h a  X a t t o r  

d o m in a te d  t h a  fo r m e r *  B r o a d ly *  f o u r  s t a g e s  oouXd h a  d i s t i n g u i 

s h e d  d u r in g  t h a  a n t i r a  X i f a  s p a n  o f  a  t i l l e r *  n am ely* a  aXow 

i n i t i a l  p e r i o d  o f  v a g a t a t i v *  g ro w th *  a  so e o n d  s t a g *  o f  

f a s t e r  v e g e t a t i v e  g ro w th * a  t h i r d  a t a g a  o f  commencement o f  

t h *  r e p r o d u c t i v e  g ro w th  and a  g r a d u a l  c e s s a t i o n  o f  v e g e t a t i v e  

g ro w th  and a  f o u r t h  s t a g a  o f  ad v an c e a s n t  o f  r e p r o d u c t i v e  

g ro w th *  Tha s e n e s c e n c e  o f  th e  t i l l e r  o c c u r r e d  a t  t h i s  a d v a n c e d  

r e p r o d u c t i v e  s t a g e *  s u c h  d i s t i n c t  s t a g e s  o x  g ro w th  c y c l e s  

h a v e  h e e n  o b s e r v e d  i n  t r o p i c a l  t u b e r  c r o p s  b y  Q o u rse y  ( 19 * 7 )  

an d  onwuame ( 1 9 7 8 ) *  T he o n l y  d i f f e r e n c e  t h a t  d i s t i n g u i s h e d  

cardam om  fro m  t h e  t u b e r  c r o p s  w as i n  t h a  d u r a t io n  o f  e a c h  

g ro w th  s t a g e  w i t h i n  t h e  e n t i r e  g ro w th  c y c l e *
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t h r e e  c u l t i v a r *  d u r in g  t h e  y e a r s  19 8 2  end  1 9 8 3 *  H ig h

t i l l e r i n g  a b i l i t y  w as o b s e r v e d  i n  t h e  t h r e e  c u l t i v a r s  d u r in g

<JUly* 19 8 2  and A u g u s t  19 8 3  ( T a b le  7  and F i g s .  3  and  4 ) *  when

t h e  f r e q u e n c y  o f  s p r o u t in g  o f  t h e  new t i l l e r s  w as r e l a t e d

t o  t h e  M e t e o r o lo g ic a l  d a t a  f o r  t h a  y e a r s  19 8 2  an d  19 8 3

(A p p e n d ic e s  X and XX} * i t  w o u ld  h o  so o n  t h a t  t i l l e r i n g  was

m ore d u r in g  t h e  s o u t h s  c h a r a c t e r i s e d  h y  h e a v y  r a i n f a l l *

h ig h  r e l a t i v e  h u m id ity  and s o i l  m o is t u r e *  T h e c u l t i v a r s  a l s o

d i f f e r e d  i n  t h e i r  a b i l i t y  f o r  t i i l e r  p r o d u c t io n *  Vashufcfca

r a n t e d  to p  f o l lo w e d  h y  M a la b a r  an d  M y so re *  T h a t  t i l l e r i n g

o f  cardam om  i s  d e p e n d e n t o n  t h e  c l i m a t i c  c o n d i t i o n s  i s

e v i d e n t  fro m  t h e  f i n d i n g s  o f  V e n k ita r a m a a  ( 1 9 8 2 ) •  He

o b s e r v e d  a  h ig h  p r o d u c t io n  o f  now t i l l e r s  d u r in g  Ju n e *  19 8 2

when t h e  r a i n f a l l  and r e l a t i v e  h u m id ity  w e re  q u i t e  h ig h *

The t h r e e  c u l t i v a r s  e x h i b i t e d  h i g h e r  p r o d u c t io n  o f  p a n i c l e

b e a r in g  t i l l e r s  d u r in g  th e  y e a r  X982 th a n  d u r in g  19 8 3  and

19 8 4  (T a b le  8 ) •  The l o v e r  c o u n ts  o f  p r o d u c t iv e  t i l l e r s

d u r in g  ( Ja n u a r y )  19 8 4  i n d i c a t e d  t h a t  t h e r e  w as m o r t a l i t y

o f  t h e  t i l l e r s  d u r x a g  19 8 3 *  T h e y e a r  19 8 3  w as c h a r a c t e r i s e d

b y  an  u n p r e c e d e n te d  and s e v e r e  d ro u g h t*  T h e re  w as a  d i s t i n c t

d r y  s p e l l  ( J a n u a r y  t o  A p r i l )  when no r a i n f a l l  w as r e c e iv o d

(A p p en d ix  XX) • A ls o *  t h e  mean temperature a t t a i n e d  a h ig h
0 such

v a l u e  (ra n g e  2 1 * 1  to  2 6 * 5  C ) .  C l im a t i c  c o n d i t i o n s / a s  t h e s e

a r e  r a r e  i n  t h e  cardam om  g r e e t i n g  t r a c t s *  ir o m  t h e  c o m p a r a t iv e

The production of new tillers was studied in the



s t u d y  o f  t h e  t h r e e  c u l t l v a r s  i t  c a n  h e  c o n c lu d e d  t h a t  t h e  

M a la b a r  c u l t i v a r  e a s i l y  su e e u sfe ed  t o  th e  s e v e r e  d r o u g h t  

e x p e r ie n c e d  d u r in g  19 8 3 *  V a sh u k k a  seem s t o  h a v e  t o l e r a t e d  

t h e  d ro u g h t  s i t u a t i o n  t o  a  f a i r l y  g o o d  e x t e n t *  The b e h a v io u r  

o f  t h e  M a la b a r  c u l t i v a r #  a s  e v i d e n t  fro m  t h e  r e s u l t s  o f  t h e  

p r e s e n t  i n v e s t i g a t i o n s  &  c o n t r a d i c t o r y  t o  th e  b e l i e f  t h a t  

i t  c a n  t o l e r a t e  d r o u g h t  s i t u a t i o n s  f a i r l y  .better th a n  t h e  

o t h e r  c u l t l v a r s *  Z t  i s  q u i t e  p o s s i b l e  t h a t  e v e n  t h e  

l o c a l l y  a d a p te d  c u l t i v a r  l i k e  M a la b a r  e a n  e x h i b i t  v i o l e n t  

r e a c t i o n  t o  e x tre m e  v a r i a t i o n s  i n  t h e  c l i m a t i c  c o n d i t io n s  

o f  th e  a r e a *  e v id e n c e s  i n  s u p p o r t  o f  t h e  b e t t e r  p e r fo rm a n c e  

o f  V ash u k k a  h a v e  b e e n  o b t a in e d  e a r l i e r  a t  t h e  I n d ia n  

Cardamom R e s e a r c h  I n s t i t u t e #  M ylad u m p ara  (M adhusoodanen £ &  a l * 

19 8 2 )  •  V ash u k k a  i s  r e p o r t e d  t o  b e  a  h y b r id  d e r i v a t i v e  o f  

M a la b a r  and M y so re  fcah ad evan #  1985). H y b r id s  h a v e  b e e n  

fo u n d  t o  e x h i b i t  b e t t e r  a d a p t a b i l i t y  t o  a d v e r s e  c l i m a t i c  

c o n d i t i o n s  (G ard n er#  1 9 6 8 ) •

T h e mean num ber e f  p a n i c l e s  b o r n e  o n  a  t i l l e r  

d i d  n o t  r e v e a l  much v a r i a t i o n  among th e  c u l t l v a r s  (T a b le  10 )  • 

B u t  when t h e  p a n i c l e  p r o d u c t io n  p e r  d u n p  w as c o n s id e r e d  

t h e  c u l t l v a r s  e x h i b i t e d  w id e  v a r i a t i o n  (T a b le  1 1  and F i g s * 3  

and 6) • D u r in g  t h e  y e a r  19 8 2#  p a n i c l e  p r o d u c t io n  p e r  clum p 

w as h ig h  i n  V a sh u k k a  f o l lo w e d  b y  i n  M a la b a r  and M yso re *
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T h is  again, n i g h t  h a v e  b oo n  d u e  t o  th o  h y b r i d  v i g o u r  o f  

V ash u k k a  (S h a n k a r , 19 8 0 )  •  T h a p a t t e r n  o f  p a n l o l a  p r o d u c t io n  

e x h i b i t e d  a  d i f f e r e n t  t r a a d  l a  1 9 8 3 ,  whan t h a  M yso re  

c u l t i v a r  p ro d u c e d  m ore num ber o f  p a n i c l e s  t h a n  V ash u k k a  

an d  M a la b a r*  a  c l o s e  s c r u t i n y  o f  t h e  d a t a  i n d i c a t e  t h a t  

t h a  maan m u t e r  o f  p a n i c l e s  p ro d u c e d  p e r  elusqp w as lo w  

d u r in g  t h a  y e a r  19 8 3  i n  a l l  t h e  c u l t i v a r s ,  w h ic h  c o u ld  be 

a t t r i b u t e d  to  th e  s e v e r e  d r o u g h t  a aq p e rien c e d  d u r in g  19 8 3 *

T h e p a n i c l e s  i n i t i a t e d  d u r in g  t h e  summer p e r i o d  ( Ja n u a r y  t o  

a p r l l )  m ig h t  h a v e  succum bed t o  t h e  s e v e r e  d r o u g h t*  The 

r e l a t i v e l y  h i g h e r  p a n i c l e  p r o d u c t io n  b y  th e  M yso re  c u l t i v a r  

d u r in g  19 8 3  c o u ld  n o t  b e  i n  a n y  w ay a t t r i b u t e d  t o  I t s  

in h e r e n t  ( g e n e t i c )  p o t e n t i a l i t y  f o r  d r o u g h t  t o le r a n c e *

The p r o b a b le  r e a s o n  l i e s  i n  t h e  f a c t  t h a t  s i n c e  p a n i c l e  

p r o d u c t io n  i n  M yso re  i s  r a t h e r  l a t e  ( m id t o  l a t e  p e r io d  

o f  an  y e a r )  t h i s  c u l t i v a r  h a s  e v a d e d  o r  s k ip p e d  t h e  d ro u g h t  

p e r io d  o f  19 8 3 *  B u t  t h e  c a s e  w as d i f f e r e n t  i n  i4 a la b a r  and 

V ash u k k a  c u l t i v a r s  w h e re in  m ore p a n i c l e s  i n i t i a t e d  d u r in g  

t h e  e a r l y  p e r i o d  o f  an  y e a r  w h ic h  i n  f a c t  c o in c id e d  w it h  

t h a  d ro u g h t  r e s u l t i n g  i n  s e v e r e  m o r t a l i t y  o f  p a n i c l e s *

T he mean num ber o f  l e a v e s  p e r  t i l l e r  e t  p a n i c l e  

i n i t i a t i o n  ( T a b le  1 2 ) ,  t h e  t i n e  t a k e n  f o r  v i s u a l  a p p e a ra n c e  

o f  t h e  p a n i c l e s  (T a b le  1 3 ) ,  t h e  t i n e  t a k e n  fro m  t h e  v i s u a l  

em e rg e n ce  o f  t h e  p a n i c l e s  t o  t h e  u p p e a ra n c e  o f  t h e  f l o w e r  

b u d s  (T a b le  1 8 )  a s  w e l l  e s  t h e  t i n e  ta k e n  f r o n  t h e  a p p e a ra n c e
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o f  th o  f l o w e r  b u d s t o  t h e i r  a n t h e s i s  (T a b le  1 7 )  u M b l t t d  

t r e n d *  s p e c i f i c  t o  o ao h  c u l t i v a r *  Tho d a t a  c o n c l u s i v e l y  

i n d i c a t e  e a r i l n e s s  o f  th e  M a la b a r  c u l t i v a r  a s  coaqpared t o  

th o  M yso re  c u l t i v a r *  Tho V ash u k k a  c u l t i v a r  o c c u p ie d  ah

in t e r m e d i a r y  p o s i t i o n  b e tw e e n  t h e  tw o *  i n  a  h y b r id #  t h i s
Jbe

c a h ^ a x p e e te d  p a r t i c u l a r l y  i f  t h s  g e n e s  r e s p o n s i b l e  a r e  o f  

a d d i t i v e  n a t u r e  (6u n d a r e r a j  an d  T h u la o id a e #  I9 6 0 )  •

D e f i n i t e  g ro w th  p a t t e r n s  c h a r a o t o r i s  t i e  f o r  d i f f e r e n t  

c u l t l v a r s  o f  cardam om  h a v e  b e e n  o b s e r v e d  b y  e a r l i e r  w o rk e rs  

( P a t t a n o h e t t y  an d  P ra sa d #  1 9 7 3 ?  V en k itaram an #  1 9 8 2 ) *

T ha t o t a l  e x t e n s io n  g ro w th  o f  p a n i c l e s  w as fo u n d  

t o  h o  h ig h  i n  t h a  V a sh u k k a  c u l t i v a r  f o l lo w e d  b y  t h e  

M a la b a r  end M y so re  c u l t l v a r s  ( T s b le  14  and F ig # 7 ) #  B u t  

t h e  r a t e  o f  p a n i c l e  e x t e n s i o n  g ro w th  V os h ig h  i n  M elsb er#  

f o l lo w e d  b y  V ash u k k a  and M ysore#  T h e t o t a l  num ber o f  

ra c e m e s  b o r n e  p e r  p a n i c l e  a s  w e l l  a s  t h e  r a t e  o f  ra ce m e  

p r o d u c t io n  f o l lo w e d  a  t r e n d  s i m i l a r  t o  t h a t  o f  t h e  p a n i c l e  

e x t e n s i o n  growth ( T a b le  I S  am i P i g * 8 ) .  I c  c o u ld  b e  e l u c i 

d a t e d  fro m  t h e  d a t a  t h a t  t h e  p a n i c l e  e x t e n s i o n  g ro w th  

c o n t in u e d  up t o  I S  m onths i n  V ashukka# 1 4  m onths i n  Mysore 
an d  1 3  m onths i n  M alab ar#  B u t  t h e  p r o d u c t io n  o f  ra ce m e s 

b y  p a n i c l e s  d e p i c t e d  d i s s i m i l a r i t i e s  among t h e  c u l t i v a t e #  

T he ra ce m e p r o d u c t io n  in  p a n i c l e s  c e a s e d  a t  t h e  1 2 t h  month
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i n  M alab er#  1 2 t h  month i n  V ash u k k a  and 1 4 t h  m onth i n  

M yso re*  H ere  a g a in  c o n c e n t r a t e d  f lo w e r in g  ( p r o d u c t io n  o f  

rao o m o s) w as so o n  i n  th o  M a la b a r  c u l t i v a r  w h e re a s  t h e  

M yso re  and V ash u k k a  c u l t i v a r s  e x h i b i t e d  p r o t r a c t e d  

n a t u r e *  T h e e a r l i e r  r e p o r t s  on th e  p a n i c l e  g r o w th  o h a r a c -  

t o r s  ( P a t t e n s h e t t y  and  P r a s a d *  X972t M adhnsoodanan gjfc mX». 

19 8 2  and V en k lta ram an #  19 8 2 }  d i d  n e t  i n d i c a t e  t h e  d i f f e r 

e n c e s  i n  p a n i c l e  e x t e n s io n  g ro w th  a s  w o l l  a s  th e  r a t e  o f  

racem e o p e n in g  among th e  t h r e e  c u l t i v a r s *  S h a n k a r  (19 8 0 ) 

o b s e r v e d  t h a t  t h e  i n t e r n e d a l  d i s t a n c e  i n  p a n i c l e s  an d  

race m e p r o d u c t io n  a r e  b a s i c a l l y  g e n e t i c  c h a r a c t e r s  t h a t  

a r e  t h e  y i e l d  d e t e r m in a n t s  i n  cardam om * T he d i f f e r e n c e s  

i n  p a n i c l e  c h a r a c t e r s  among t h e  t h r e e  c u l t i v a r s #  o b s e r v e d  

i n  th e  p r e s e n t  s t u d y  m ig h t  h a v e  c o n tr ib u te d  t o  t h o  d i f f e r e n 

c e s  i n  y i e l d  o b t a in e d  fro m  t h e  c u l t i v a r s  a l s o *  Tha num ber 

O f f l o w e r s  o p e n e d  p e r  p a n i c l e  w as h ig h  i n  V ashukka# f o l lo w e d

b y  i n  M a la b a r  an d  M yso re  ( T a b le  1 8  an d  P lg * 9 )  * T he num ber

o f  f lo w e r s  o p e n e d  p e r  c lu m p w as h ig h  i n  M a la b a r  and V ash u kka

w h ic h  w e re  on  p a r  and lo w  i n  l o r e  ( f a c i e  1 9  an d  P ig *  1 0 ) *

T he p a t t e r n  o f  f lo w e r in g  i n  p a n i c l e s  w e re  s t u d i e d  o n  

s e l e c t e d  o n e s  t h a t  em erged  d u r in g  Ja n u a r y #  19 8 2  w h e re a s  

t h e  f l o w e r i n g  i n  c lu m p s w as s t u d i e d  o n  t h o  b s s i s  o f  t h o  

t o t a l  num bar o f  p a n i c l e s  t h a t  h a d  em erg ed  d u r in g  t h e  y e a r *  

Tha d i f f e r e n c e  i n  f l o w e r  o p e n in g  p e r  p a n i c l e  and p e r  clum p
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e x h i b i t e d  b y  t h e  c u l t l v a r s  M a la b a r  en d  V a sh u k k a  m ig h t 

b e  d u e t o  t h e  r e a e o n  t h a t  t h e  num ber o f  f l o w e r s  o p en ed  

c o u ld  h a v e  b e e n  r a t h e r  l e s s  on p a n i c l e s  o f  t h e  V ash u k ka  

c u l t i v a r  t h a t  em erged  d u r in g  t h e  l a t e r  p a r t  o f  th e  y e a r *

T h e d u r a t io n  ta k e n  t o  a c h ie v e  SO p e r  c e n t  a s  

w e l l  a s  10 0  p e r  c e n t  f l o w e r i n g  w as c o m p a r a t i v e ly  l e s s  i n  

t h e  M a la b a r  c u l t i v a r  (T a b le  3 0 )  th a n  i n  t h e  o t h e r s *

T he M yso re  c u l t i v a r  r e c o r d e d  a  lo n g  d u r a t io n *  The 

V ash u k k a  e u l t l v a r  s t o o d  in t e r m e d i a t e  b e tw e e n  t h e  tw o 

i n  t h i s  r e s p e c t *  T h e e x t a n t  o f  v a r i a b i l i t y  w as fo u n d  

t o  b e  h ig h  i n  V ash u k ka  c u l t i v a r *  V e n k ita r a m a n  ( 19 8 2 )  

p o s t u l a t e d  t h a t  t h e  t h r e e  p o p u la r  cardam om  c u l t l v a r s  

b e h a v e d  m ore o r  l e s s  s i m i l a r  i n  t h e  p a n i c l e  c h a r a c t e r s *  

t h e  I n t e n s i t y  and s p r e a d  o f  f lo w e r i n g *  T h is  m ig h t  b e  

d u e t o  t h e  r e a s o n  t h a t  h i s  s t u d y  b e in g  c o n f in e d  o n l y  t o  

t h e  p e e k  f l o w e r i n g  p e r io d  h e  c o u ld  n o t  o b s e r v e  t h e  b a s i c  

d i f f e r e n c e  i n  f l o w e r i n g  b e h a v io u r  o f  t h e  c u l t l v a r s *  

H ow ever he to o  o b s e r v e d  t h e  s h o r t e r  f l o w e r i n g  s p a n  o f  

t h e  M a la b a r  c u l t i v a r  an d  th e  b r o a d  s p e c tru m  o f  v a r l a *  

b i l l t y  o f  t h e  V ash u k k a  c u l t i v a r «

T h e d u r a t io n  fro m  f r u i t  s o t  t o  c a p s u le  m a t u r i t y  

w as l e s s  i n  M a la b a r*  H y a o re  r e q u i r e d  m ore t im e  and 

V ash u k k a  o c c u p ie d  an  in t e r m e d i a t e  p o s i t i o n  (T a b le  2 1 )  •



T h e t h r e e  c u l t i v a r s  t o o k  a p p r o x im a t e ly  f o u r  s o o t h s  

t i n *  t o  r o a c h  t h a  b lo c k  s e e d  s t a g e  o f  e a p e a l e s *  

f i a r l i e r  r e p o r t s  b a s e d  o a  e x p e r im e n t s  c o n d u c te d  a t  th o  

I n d ia n  Cardam on R e s e a r c h  i n s t i t u t e *  M y la d u r p a r a  

(M adhusoodaaaa e £  a l . *  19 8 2 )  a r e  i a  c o n f o r m it y  w it h  

t h e  r e s u l t s  o f  t h e  p r e s e n t  i n v e s t i g a t i o n s .

G ro w th  and d e v e lo p ne n t  o f  card am o n  f r u i t s  

( c a p s u le s )  i a  t o m s  o f  t h o  le n g t h *  g i r t h  and vo lu m e o f  

c a p s u le s  e x h i b i t e d  d o u b le  s ig m o id  c u r v e s  ( T a b le  2 2  a ad  

f i g s * l l * 1 3  and 1 4 ) *  T h a c a p s u la  g ro w th  I n  t h a  t h r o o  

c u l t i v a r s  r e v a a l e d  tw o s p u r t s  d u r in g  t h e i r  e n t i r e  

g ro w th  c y c l e *  I n  b e tw e e n  t h e  p e a k s *  p a r i o d s  o f  s u s p a a d e d  

g ro w th  w ar#  o b s e r v e d .  S u c h  d o u b le  s ig m o id  p a t t e r n s  

h a v e  b e a n  o b s e r v e d  in  n u tn e g  (Nascent* 19 8 0 )  and a l s o  

i n  c e r t a i n  te m p e r a te  s t o n e  f r u i t s  l i k e  p e a c h *  a p r ic o t *  

plum  and c h e r r y  (L e o p o ld  an d  K r l c dem ann* 19 8 0 )  •

T ha mean p e r c e n t a g e  o f  f r u i t  s e t  p e r  e lu a p  w as 

h ig h  i a  V ash u k k a  fo l lo w e d  b y  l a  M a la b a r  an d  M yso re  

(T a b lo  2 3  a ad  r i g * 1 8 ) *  T ha im m atu re  f r u i t  ( c a p s u le )  

s h e d d in g  w as s e v e r e  i a  M a la b a r*  f o l lo w e d  b y  i n  M ysore 

and V a sh u k k a  ( T a b le s  24 end  2 8  a a d  T ig s *  1 9  a a d  2 0 ) *

T h a d a t a  r e v e a l e d  t h a t  th e  c l i m a t i c  c o n d i t i o n s  d u r in g  

Ja n u a r y  to  A p r i l  and S e p te m b e r  t o  D ecem ber* 19 8 2  in d ie e d
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s e v e r *  c a p s u le  s h e d d in g *  The b e h a v io u r  o f  th e  c u l t l v a r s  

w it h  r e s p e c t  t o  f r u i t  s e t t i n g  p e r  c lus$>  an d  c a p s u le  

s h e d d in g  r e f l e c t e d  on  t h e  p e r c e n t a g e  o f  c a p s u le s  m atu red  

i n  a  e l u a p .  T h e h ig h  p e r c e n t a g e  o f  f r u i t  s e t t i n g  

c o u p le d  w it h  a  lo w  p e r c e n t a g e  o f  c a p s u le  s h e d d in g  

a c t u a l l y  c o n t r i b u t e d  t o  t h e  h ig h  p e r c e n t a g e  o f  c a p s u le  

m a t u r i t y  i n  t h e  V ash u k ka  c u l t i v a r .  T h is  i s  e v i d e n t  

fro m  t h e  d a t a  p r e s e n t e d  i n  T a b le  26  and F i g . 2 1  w h e re in  

V ash u k k a  ra n k e d  to p  f o r  c a p s u le  m a t u r i t y  p e r  elueap 

f o l lo w e d  b y  M a la b a r  and M y s o r e . i n  t h e  p r e s e n t  i n v e s t i 

g a t i o n  M a la b a r  w as fo u n d  t o  b e  p r o l i f i c  i n  f l o w e r  

o p e n in g  p e r  c lu m p . T h e r e d u c t io n  l a  c a p s u le  m a t u r i t y  

o b s e r v e d  i n  M a la b a r  m ig h t  b e  d u e  t o  i t s  medium n a t u r e  

o f  f r u i t  s e t t i n g  a ad  s e v e r i t y  o f  c a p s u le  s h e d d in g .

The f r u i t  s e t t i n g  aad  o a p s u le  s h e d d in g  c h a r a c t e r s  i n  

tu rn #  i n f l u e n c e d  t h e  y i e l d  o f  t h e  c a p s u le s  o b t a in e d  

p e r  c lu a p *  a s  e v id e n t  fro m  t h e  d a t a  p r e s e n t e d  i n  T a b le  2 7 .  

The y i e l d  o f  e a p s u le s  p e r  c lu a p  ( b o th  on  f r e s h  w e ig h t  

b a s i s  an d  d r y  w e ig h t  b a s i s )  w as m ore i n  t h e  V ash u k k a  

c u l t i v a r  th a n  i n  th e  M a la b a r  an d  M yso re  c u l t l v a r s .

The h ig h e r  y i e l d  p o t e n t i a l  o f  t h e  V ash u k k a  c u l t i v a r  

h a s  b e e n  r e p o r t e d  b y  e a r l i e r  w o rk e r s  (S h a n k a r  1 9 8 0 ;  

M adhusoodanan e t  a l . .  19 8 2  and  V e n k lta ra m a n *  1 9 9 2 ) *



T he a b o v e  m e n tio n e d  a s p e c t s  o n  t h o  f l o r a l  

m o rp h o lo g y  an d  £ l e t t e r in g  b e h a v io u r  o f  cardam om  a r e  a p p l i 

c a b le  t o  t h e  o t h e r  p r o s t r a t e #  e r e c t  an a  s e m i - e r e c t  t y p e s  

t h a t  a r e  c u l t i v a t e d  i n  t h e  h ig h  r a n g e s  o f  K e r a l a  a lth o u g h  

som e o f  t h e  p l a n t s  may n o t  c o n fo rm  t o  t h e  t y p i c a l  d e s c r i p 

t i o n  o f  t h e  t h r e e  c u l t i v a r * • t h a t  o f  t h e  e a r l i e r  r e p o r t s  

o n  cardam om  a r e  h a s e d  on t h e  e x p e r im e n t s  c o n d u c te d  a t  th e  

R e g io n a l  R a s e a r c h  s t a t io n #  M u d ig e re  and t h a  Cardamom 

R e s e a r c h  S t a t i o n s  a t  Ram padum para an d  t iy ia d u m p a ra *  Tha 

r e s u l t s  o b t a in e d  in t h e  p r e s e n t  i n v e s t i g a t i o n s  d i f f e r e d  

fu n d a m e n ta l ly  fro m  t h e  o b s e r v a t i o n s  o n  a s p e c t s  o f  f l o w e r 

in g  and f r u i t  s e t #  r e p o r t e d  b y  e a r l i e r  w o r k e r s  ( P a t t a n s h e t t y  

and P ra sa d #  1 9 7 2 1 P a r  areas war# 1 9 7 3  an d  R ara m e sw a r and 

V an u go p al#  19 7 4 )  fro m  P te d lg e re *  T h e l a r g e  v a r i a b i l i t y  

p r e s e n t  i n  t h e  e x p e r im e n t a l  m a t e r i a l  u s a d  and t h a  t o t a l l y  

d i f f e r e n t  a g r o e l i m a t i e  c o n d i t i o n s  o f  th e  tw o l o c a l i t i e s  

( in  K a r n a ta k a  and K e r a la )  c o u ld  h a v e  g i v e n  r i s e  t o  t h e  

h a s l e  d i f f e r e n c e s  o b s e rv e d #  S h e  d y n am ic s  c f  f lo w e r in g #  

f r u i t  s e t  an d  c a p s u le  m a t u r a t io n  i n  cardam om  a r e  a s p e c t s  

d s p e n d a n t  o n  t h a  t y p a  o f  c u l t i v a r  grow n  a s  w e l l  a s  on  th e  

e n v i r o nment a l  c o n d i t io n s  o f  t h e  l o c a l i t y *  Tha v a r i a t i o n  

o h s a r v e d  b a tw e e n  t h a  two y e a r s  19 9 2  mod 19 8 3  c o u ld  b e  

a t t r i b u t e d  t o  t h e  d i f f e r e n c e  i n  w e a t h e r  c o n d i t i o n s  b e tw e e n  

t h e  tw o y e a r s *
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I n  o r d e r  t o  o b t a in  a  c l e a r  p i c t u r e  th o  i n f l u e n c e  

o f  c l i m a t i c  f a c t o r s  o a  somo o f  th o  im p o r t a n t  a s p e c t s  o f  

f lo w e r in g  w o re  w orked  e a t  s e p a r a t e l y *

S . 2 H i s t o l o g i c a l  s t u d i e s  o a  f lo w e r in g

A lth o u g h  s t u d i e s  o a  som e o f  t h e  fu n d a m e n ta l h i s t o 

l o g i c a l  a s p e c t s  h a v e  b e e s  a t te m p te d  e a r l i e r  (M orey $ $  a l . *  

19 7 7 )  a  s y s t e m a t i c  s t u d y  o f  t h e  f l o r a l  m o rp h o g e n e s is  h a s  

n o t  b e e n  made s o  f a r  i n  cardam om .

T h e p a t t e r n  o f  f l o w e r  b u d  d i f f e r e n t i a t i o n  was 

s t u d ie d  in  t h e  g e n o ty p e  P V - l  (M a la b a r)  fro m  N ovem ber, 19 8 3  

t o  A p r i l .  1 9 8 4 .  F lo w e r  b u d  d i f f e r e n t i a t i o n  m a rk e d ly  

I n c r e a s e d  fro m  N ovem ber. 19 8 3  o n w ard s an d  a t t a i n e d  a  p e a k  

i n  lA io e a b e r  1 9 8 3 .  s u b s t a n t i a l  num ber o f  f l o w e r  b u d s 

e x h i b i t e d  d i f f e r e n t i a t i o n  d u r in g  J a n u a r y  t o  F e b r u a r y ,

19 8 4  a l s o .

F lo w a r  bu d  d i f f a r e n t i a t i o n  d e a l i n e d  d u r in g  M arch 

an d  A p r i l  1 9 8 4 .  T ha p a r io d  fro m  N ovem ber t o  / * > r i l  i a  

n o r m a lly  c h a r a c t e r i s e d  b y  a  lo w  m o is t u r e  s t a t u s  i a  th e  

h ig h  ra n g e  s o i l s ,  b e c a u s e  t h e  r a i n s  r e c e i v e d  a r e  r a t h e r  

s c a n t y  d u r in g  t h i s  p e r i o d ,  a  m o is t u r e  s t r e s s  d u r in g  t h i s  

p e r io d  w o u ld  lo w e r  t h e  w a t e r  p o t e n t i a l  i n  t h e  cardam om  

p l a n t s ,  p a r t i c u l a r l y  i n  t h a  r h is e m e s *  C o n se q u e n t  on t h a

2^3
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lo w e r in g  o f  t h e  w a t e r  p o t e n t i a l  i a  th e  r h is o m s s ,  t h e r e  

w i l l  h e  n a r k e d  r e d u c t io n  i n  t h e  t r a n e l e e a t i o a  o f  w a te r  

a a d  m e t a b o l i t e s  t o  th e  e t h e r  o r g a n a  l a m  t h e  r h is o m s s *

T h is  i a  t a r n  w i l l  r e s u l t  i a  a a  a c c u m u la t io n  o f  t h e  

m a t a h o l i t e a  and t h e  ea d o g e n eu a  g ro w th  s u b s t a n c e s  d a r in g  

t h e  a t r e a a  p e r i o d *  S u c h  a  s i t u a t i o n  may p o s s i b l y  t r i g g e r  

t h e  d i f f e r e n t i a t i o n  o f  f l o r a l  p r l a e r d i a  w h ic h  n o r m a lly  

o c c u r s  a t  t h a  n o d a l  r e g i o n s  o f  t h e  r h i s o a o s *  I n s t a n c e s  

o f  f l o w e r  h u d  d i f f e r e n t i a t i o n  i n  t h e  a e r i a l  s h o o t s  o f  

D lo s o o r e a  s p p *  c o n s e q u e n t  on  t h e  p h y s i o l o g i c a l  c h a n g e s  

o c c u r r in g  i n  th e  t u b e r s  h a t e  b e e n  o b s e r v e d  b y  onwueme 

( 19 7 8 )  • d e  c o n c lu d e d  t h a t  a  m o is t u r e  s t r e s s  s i t u a t i o n  

w as n e c e s s a r y  p r i o r  t o  t h e  i n i t i a t i o n  o f  f l o r a l  p r lm e r d le *

T ha s t u d i e s  w it h  r a s p e e t  t o  t h e  c h r o n o lo g y  o f  

t h e  d i f f e r e n t  s t a g e s  o f  f l o w e r  b u d  d i f f e r e n t i a t i o n  

i n d i c a t e d  t h a t  tw o  w ee k s w a r s  r e q u i r e d  f o r  t h e  m e r i s t e a a t l c  

s o a a  i a  t h e  rh ls o m e  t o  i n i t i a t e  a  d i s t i n c t  p a n i e l a  

p r im o rd iu m . T h a t r a n s i t i o n  o f  t h e  p r im o rd iu m  fro m  i t s  

v e g e t a t i v e  p h a s e  t o  t h e  r e p r o d u c t i v e  p h a s e  w as c o m p le te d  

b y  t h a  f i f t h  w eak* i n d i v i d u a l  ra© erase a p p e a r e d  a t  t h a  

s i x t h  w eek an d  c o n t in u e d  t h e i r  d e v e lo p m e n t  d u r in g  t h e  

s e v e n t h  w eek* B r a c t s  and f l o w e r  b u d s w a r s  I n i t i a t e d  

w i t h in  e  ra ce m e  a t  t h a  n in t h  w e a k . The p r i m o r d i a l  p h a s e  

l a s t e d  up  t o  t h i s  s t a g e *  D e v e lo p m e n t o f  a n t h e r  an d  p i s t i l



t o o k  p l a c e  r e s p e c t i v e l y  a t  t h e  1 2 t h  and 1 3 t h  w e e k s*

H is t o lo g y  o f  t h e  a p i c a l  m ariste rn  w as a l s o  

exam in ed  i n  t h e  P V - i  g e n o ty p e  o f  cardam om * T h e  s h o o t  

m e r ls te m s  a p p e a r e d  a s  c o n i c a l  s t r u c t u r e s  d u r in g  t h e i r  

p r i m o r d i a l  p h a s e  o f  d e v e lo p m e n t  ( P l a t e s  1 2  and 1 3 ) *

L e a f  p r im o r d ia  o r i g i n a t e d  a s  n o tc h e s  o r  d e p r e s s io n s  

o n  t h e  a p i c a l  s h o o t  m o r is te m  ( P l a t e  I S ) *  T he p rim o rd iu m  

d e p i c t e d  t h e  c h a r a c t e r l s t i e  m o r p h o lo g ic a l  f e a t u r a s  o f  a  

s h o o t  m e r is te m  a t  t h i s  s t a g e *  A c h a r a c t e r i s t i c  p h a s e -  

manon o b s e r v e d  i n  cardam om  w as t h e  s i t e  s p e c i f i c i t y  i n  

t h e  i n i t i a t i o n  o f  d i f f e r e n t  t y p e s  o f  p r im o r d ia  ( v e g e t a t i v e  

p r im o r d ia  o r i g i n a t i n g  on  t h e  rh ix o m e s  fro m  t h e  f o u r t h  

n od e fro m  t h e  a p e x  to w a rd s  t h e  lo w e s t  n ode and p a n i c l e  

p r im o r d ia  o r i g i n a t i n g  fro m  t h e  a p i c a l  t h r e e  n o d e s  o f  

rh iso m o ) • S u c h  a  p r e d e t e r m in e d  s o n a t ia n  o f  s s i r l s t e m a t i e  

a c t i v i t y  f o r  v e g e t a t i v e  s h o o t s  and p a n i c l e  h e a r i n g  s h e e t s  

p o i n t s  o u t  t h a t  t h a  t r a n s i t i o n  fro m  v e g e t a t i v e  t o  re p ro d u 

c t i v e  p h a s e  i s  n o t  a  s im p le  m o r p h o lo g ic a l  e v e n t  i n  cardamom * 

T ho s h o o t  a s  w a l l  a s  th a  p a n i c l e  p r im o r d ia  e x h i b i t e d  t h e i r  

d i s t i n c t  m o r p h o lo g ic a l  c h a r a c t e r i s t i c s  r i g h t  fro m  t h e i r  

p r e - p r l m o r d i a l  s t a g s *  L e a f  p r im o r d ia  c o u ld  h e  I d e n t i f i e d  

o n  th e  s h e e t  m eriste m * o r i g i n a t i n g  i n  s p i r a l  w h o r ls  

( P l a t e s  1 7  and 1 8 ) •  T he s h e e t  m e r is te m  i n  cardam om  t h a t  

o r i g i n a t e  fro m  t h e  m o th e r rh is o m e  ( o f  t h e  p a r e n t  t i l l e r )
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p r i m a r i l y  f u n c t i o n s  a *  *  l e a f  p r o d u c in g  o r g a n *  l a  duo 

c o u r s e  o f  d e v e lo p m e n t  o f  t h e  s h o o t  m a r ls  tem* t h o  fo r m a t io n  

o f  a  now r h i s o a e  t a k e s  p l a c e  an d  th o  s h o o t  a t t a i n s  i t s  

s e p a r a t a  e n t i t y  a s  a  t i l l e r *  t h o  p a e u d o ste m  i s  in o f f o o t  

fo rm e d  h y  s u c c e s s i v e  w ra p p in g  op o f  a  s e r i e s  o f  l o a f  

s h e a t h s *  As t i l l o r  g ro w th  p r o o a o d s  a  c e n t r a l  c o r a  o f  

t t m - U k i  a x i s  d o v t lo p i  fro m  t h o  rh io o o io  t h a t  g i v e *  

s u p p o r t  t o  t h o  p s a u d o s t e n .  th o u g h  m r a y  a l .  ( 19 7 7 )  

h a v e  a s s ig n e d  th o  t e r n  " a e r i a l  s to a t*  t o  th o  p se u d o *te rn  

o f  cardam om  M a in ly  b e c a u s e  t h o  c e n t r a l  a x i s  p o s s o s s  

a n a to m io a l  f e a t u r e s  r e s e m b lin g  t h a t  o f  t h a  rh ia o m e * th o  

te rm  a e r i a l  s te m  w h ic h  th o y  m ean t a s  t h a t  o f  a  t r u a  stem * 

c a n  ho a o c a p to d  o n ly  a f t o r  f u r t h o r  c o n f i r m a t i v e  a x p a r i -  

m ants w it h  r e g a r d  t o  th o  o r i g i n  o f  l e a v e s  and th o  o o a t r a l  

a x i s  o f  t h a  p s a u d o s te n *  M o re o v e r  t h o  c a n t r a l  a x i s  o f  th o  

p s o u d o s t a a  la c X s  d i s t i n c t  n od os and a l s o  t h a  p r o s o n t  

l a v a s t i g o t i o n s  r e v e a l  t h a t  t h a  l e a v e s  o r i g i n a t a  o n  s h o o t  

p r im o r d ia  t h a t  sm arg a  d i r e c t l y  fro m  t h a  r h l s o a e s  o f  th o  

p a r e n t  t i l l o r *  T he d i f f e r e n t i a t i o n  o f  o t h e r  o r g a n s  l i k e  

p a n i c l e s  and r o o t s  may ho th r o u g h  l a t e r a l  o r  i n t o r e a l a r y  

m a r ls  toms s i t u a t e d  i n  t h o  n o d a l  r e g i o n s  o f  th e  r h l s o a o s *

A s i m i l a r  m e r i s t e m a t ic  a c t i v i t y  o f  t h e  a p i c a l  m e rls to m  i n  

p e r fo r m in g  th o  s o l o  f u n c t io n  o f  l o a f  p r o d u c t io n  h a s  h e e n  

o b s e r v e d  i n  t h a  C a sa  o f  o i l  p a lm  ( H a r t le y *  19 7 9 )  •  Tho 

g ro w in g  p o i n t  i n  cardam om  may h o  e i t h e r  s e a t e d  o t  th o
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a p e x  o f  th o  r  h i  som e o r  p u sh e d  u p w ard  t o  t h o  t i p s  o f  

th o  p se u d e s ta m  l a  th o  n o rm a l c o u r s e  o f  t i l l e r  g r o w th . 

However# t h e s e  a s p e c t s  n e e d  f u r t h e r  d e t a i l e d  e x p e r i 

m e n t a t io n .

The p a n i c l e  ( i n f l o r e s c e n c e )  m e r l s t e a  a p p e a r s  

o n  t h e  rh lso m e  n o d es a s  a  f l a t t e n e d  none I n  m ed ian  

l o n g i t u d i n a l  s e c t i o n  ( P l a t e  19 )  • As t h a  d e v e lo p m e n t 

p ro c e e d s #  th e  p a n i c l e  p r im o rd iu m  r e s e m b le s  an  a r c  l i k e  

s t r u c t u r e  ( P l a t e  2 0 ) .  T h e i n d i v i d u a l  racem e i n i t i a l s  

t h a t  a p p e a r e d  on t h e  p a n i c l e  p r lm o r d la  ( P la t e  2S ) w e re  

l a r g e r  th a n  t h o s e  o f  t h e  l a a f  p r lm o r d la  t h a t  a p p e a re d  on  

t h e  s h o o t  m e ris te rn s  ( p l a t e  1 8 ) .  The racem e I n i t i a l s  a l s o  

seem ed  t o  em erge  I n  s p i r a l  w h o r ls  a t  t h a  p a n i c l o  a p e x  

( P la t e  2 7 )  • T h ey  w e re  s e e n  e n c i r c l e d  i n d i v i d u a l l y  b y  

f l o r a l  b r a c t s *  Thus t h e  p a n i c l e  p rim o rd iu m  d i f f e r e d  

s t r u c t u r a l l y  fro m  t h e  s h o o t  p r im o rd iu m  and a l s o  i n  i t s  

mode o f  d e v e lo p m e n t*  The p a n i c l e  p r im o rd iu m  w es fo u n d  to  

b o  d e t e r m in a t e  i n  i t s  grow th#  w h e re a s  t h a  s h o o t  p rim o rd iu m  

w as r a t h e r  in d e t e r m in a t e *  S u c h  d e t e r m in a t e  g ro w th  h a b i t s  

h a v e  b e e n  o b s e r v e d  w it h  r e s p e e t  t o  f l o r a l  m a r ls  tom s o f  

s e v e r a l  p l a n t s  (C u tte r#  1978)*

F o r m a t io n  o f  an a b s e l s s i o n  s o n e  i n  t h e  f r u i t  

s t a l k s #  p r i o r  t o  t h e  im m atu re s h e d d in g  o f  t h e  c a p s u le s #  

h a s  b e e n  o b s e r v e d  ( P la t e  3 4 )  * Cardamom h a s  t h e  a n a t o m ic a l
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f e a t u r e s  o f  a  n o n e t * *  p l a n t *  V a s c u la r  e le m e n ts  o f  t h a

• t a n  and l e a f  ( P la t a n  I S  an d  3 7 }  l a c k  t h a  cam bium , a  

p ro m in e n t  v a s c u l a r  s o n a t io n  i n  t h a  xh iao m a  n o d e s , p r i o r  

t o  th a  i n i t i a t i o n  o f  p a n i c l e  p r i a a x d i a  a t  t h i s  r e g io n #  

h a s  b e e n  o b s e r v e d  ( P l a t a  I S ) *  T h a  t y p i c a l  ro o n o c o ty led o a o u s  

s t r u c t u r e  o f  t h a  r h is o m a , a e r i a l  s te m , l e a f  s h e a t h  and 

r o o t  o f  cardam om  h a s  b e e n  r e p o r t e d  e a r l i e r  (r te re y  1 $  a l , , l » 7 7 ) .  

i n  t ite  a b s e n c e  o f  cambium i n  t h a  v a s c u l a r  sy ste m #  t h a  

p r o b a b i l i t y  e x i s t s  f o r  t h a  fo r m a t io n  o f  an  a b s c i s s i o n  

s o n s  fro m  c e r t a i n  i n t e r c a l a r y  n e r i s t a n s *  F o rm a tio n  o f  

an a b s c i s s i o n  so n e  i n  c o c o n u t  p r i o r  t o  t h e  s h e d d in g  o f  

im m atu re  b u t t o n s  h as  b e e n  Sound t o  b e  a c t i v a t e d  b y  c e r t a i n  

i n t e r c a l a r y  m e ris te rn s  (Henon en d  P a n d e le i*  19 4 9 }  • The 

p h y s io lo g y  o f  f r u i t  a b s c i s s i o n  i n  cardam om  n e e d s  f u r t h e r  

d e t a i l e d  i n v e s t i g a t i o n s  t o  y i o l d  o o a * ? r e h e n s iv e  in f o r m a t io n .  

T h e re  c a n  b e  a  p r o b a b le  r o l e  o f  t h a  < * 1 1  w a l l  d i g e s t i n g  

en sym es l i k e  p e c t i n a s e  and c e l l u l a s e  w h ic h  may c a u s a  

d i s s o l u t i o n  o f  t h a  c a l l  w a l ls #  l e a d i n g  t o  c a p s u le  s h e d d in g *  

T h e se  a s p e c t s  n e e d  f u r t h e r  s t u d i e s *

T ha d e v e lo p m e n t  o f  i n d i v i d u a l  f l o r a l  I n i t i a l s  

a r e  d e p ic t e d  i n  P l a t e s  29  and  2 9 *  T h e a n t h e r  m atu red  

f i r s t  ( P l a t e  30 )  f o l lo w e d  b y  t h e  p i s t i l  ( P l a t e  3 1 ) ,  T h e 

p o l l e n  g r a i n s  w e re  fo u n d  t o  b e  u n i n u c le a t e  an d  t h e y  w e re  

d i s t i n c t l y  v i s i b l e  i n  a  l o n g i t u d i n a l  s e c t i o n  th r o u g h  th e  

a n th e r  lo b e s  ( P l a t e s  3 2  an d  3 3 )  •  s i n c e  t h e  p o l l e n  g r a i n s
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a r e  u n i n u c le a t e ,  i t  may e e  p o s s i b l e  t h a t  t h e y  w e re  e t  

a  s t a g e  p r i o r  t o  t h e  m s i o t le  d i v i s i o n .

h i s t o l o g y  o f  t h e  s e e d s  r e v e a l e d  t h a t  s t a r e h  

g r a i n s  s t a r t e d  t h e i r  d e v e lo p e e a t  a t  t h e  g r e e n i s h - y e l l o w  

s e e d  s t a g e  ( P l a t e s  1 9  a a d  4 0 ) .  The l i g o i f i e a t i o a  o f  t h e  

t e s t a  o c c u r r e d  a t  t h e  h r e v a  s e m i s t a g e  ( p l a t e  4 1 ) .  The 

fo r m a t io n  o f  s t a r e h  g r a i n s  w as c o m p le te d  a t  t h e  b l a c k  

s e e d  s t a g e  ( P l a t e s  4 2  and 4 2 ) .  A t t h i s  s t a g e ,  m u c ila g e  

s t a r t e d  d e v e lo p in g  a b o v e  t h e  t e s t a  l a y e r s .  T he s t a i n i n g  

s c h e d u le  a d o p te d  i n  t h e  p r e s e n t  i n v e s t i g a t i o n s  w as fo u n d  

t o  b e  i n s u f f i c i e n t  f o r  l o c a t i n g  t h e  e s s e n t i a l  o i l  c o l l s  

p r e s e n t  i n  cardam om  s e e d s .  T h e  fo r m a t io n  and d e v e lo p m e n t 

o f  t h e  e s s e n t i a l  o i l  c e l l s  v i s  *  v i e  s t e g e e  o f  s e e d  

m a t u r i t y  w i l l  bo i n t e r e s t i n g  a s p e c t s  f o r  f u r t h e r  s t u d i o s ,  

f u r t h e r  e x p e r im e n t a t io n  w it h  d i f f e r e n t  s t a i n i n g  s c h e d u le s  

w i l l  h e lp  t o  t r a c e  t h e  fo r m a t io n  an d  d e v e lo p m e n t  o f  

e s s e n t i a l  e l l  c e l l s .  Com bined u s e  o f  d i f f e r e n t i a l  s t a i n s  

aad  s c a n n in g  n in e t e e n  m ic x o s e e p y  may e l a e  b e  w o r t h w h ile .

S . 2 T he i n f l u e n c e  o f  c l i m a t i e  f a c t o r s  ( r a i n f a l l #

te m p e ra tu re #  r e l a t i v e  h u m id ity )  and s o i l  m o is t u r e  

o n  f l o w e r i n g  and f r u i t  s a t  i n  cardam om

Cardamom i s  h i g h l y  s e n s i t i v e  t o  t h e  f l u c t u a t i o n s  

i n  c l i m a t i c  c o n d i t i o n s .  T he c r o p  com as up w o l l  i n  t h e  

h ig h  a l t l t u & e  r e g io n *  o f  th e  hum id t r o p i c s  w h e r e in  t h e



246

s h a d e  p r o v id e d  toy t h e  l u x u r i a n t  g ro w th  o f  f o r e s t  toreos 

c r e a t e s  «  c o n g e n ia l  a l c x e *  c l i m a t e .  l a  t h i s  h a b i t a t ,  

f l u c t u a t i o n s  i a  o l iM a t i o  c o n d i t i o n s  a r e  v e r y  M ild *  The 

l a r g e  s c a l e  d e n u d a t io n  o f  s h a d e  t r e e s  i s  p o s in g  a  t h r e a t  

t o  t h e  v e r y  e x i s t e a o e  o f  t h e  c a r d a n o e  i n d u s t r y  i a  t h e  

c o u n tr y  i n  a s  « u c h  a s  i t  c a u s e s  d r a s t i c  and  su d d e n  

f l u c t u a t i o n s  i n  t h a  c l i m a t i c  c o n d i t i o n s •  A c c o r d in g  t o  

C h e r ia a  ( 1 9 7 7 ) ,  a n o t h s r  s i t u a t i o n  now f a c i n g  t h a  cardamom 

i n d u s t r y  i n  o u r  o o u a t r y  i s  t h s  o n e  a r i s i n g  o u t  o f  e n v ir o n 

m e n ta l p o l l u t i o n  i a  i t s  n a t u r a l  h a b i t a t *

T h a p r e s e n t  i n v e s t i g a t i o n s ,  protoed i n t o  t h e  r o l e  

p la y e d  b y  t h e  t h r e e  M a jo r  e l l a a t i c  f a c t o r s  ( r a i n f a l l ,  

t e m p e r a tu r e  a a d  r e l a t i v e  h u m id ity )  e a  t h e  f l o w e r i n g  

b e h a v io u r  o f  th o  c r o p .  T h e r o l e  o f  s o i l  m o is t u r e  was 

a l s o  a s s o s s e d .  F i v e  im p o r t a n t  g ro w th  p a r a is e t e r s  ( fr e q u e n c y  

o f  p r o d u c t io n  o f  new t i l l e r s ,  num ber o f  p a n i c l e s  p ro d u c e d , 

num ber o f  f l o w e r s  o p e n e d , p e r c e n t a g e  o f  f r u i t  s o t  and 

th o  p e r c e n t a g e  o f  c a p s u le s  c a r r i e d  t o  M a t u r i t y ) w o re  

r e c o r d e d  on  a  w h o le - c lu s p  b a s i s  an d  c o r r e l a t e d  w it h  t h s  

d i m a t i e  and s o i l  f a c t o r s  r e c o r d e d  d u r in g  t h e  y e a r  1 9 1 2 ,  

P a t h  e o - e f f i e l e n t  a n a l y s i s  w as d o n e  t o  a s s e s s  t h s  d i r e c t  

s a d  i n d i r e c t  e f f e c t s  e f  t h e  w e a t h e r  p a r a m e te r s  o n  th o  

f lo w e r in g  b e h a v io u r  aad  t i l l e r i n g  h a b i t .
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T h e f r e q u e n c y  o f  p r o d u c t io n  o f  now t i l i a r s  i n  a  

clum p w as s i g n i f i c a n t l y  i n f l u e n c e d  b y  th o  r e l a t i v e  h u m id ity  

and r a i n f a l l #  i n  t b s  t h r s s  v a r i e t i e s •  Tha d i r s c t  o f f s e t s  

o f  r s i a t i v s  t u m i d i t y  an d  r a i n f a l l  w s r s  p o s i t i v e *  I t  c o u ld  

b e  s e e n  fro m  T a b le  3 0  t h a t  t h e  num ber o f  t i l l e r s  s p r o u te d  

w as maximum i n  t h e  m onth o f  J u ly #  19 9 2  f o r  a l l  t h e  t h r e e  

c u l t l v a r s  an d  t h e  m in i mm# i n  f e b r u a r y  19 9 2 #  The p e a k  

m onths o f  t i l l e r i n g  w e re  J u l y  am i N ovem ber d u r in g  t h e  

y e a r  19 9 2 *  T h e m e t e o r o lo g ic a l  d a t a  (a p p e n d ic e s  I  t o  £ 1 1 )  

i n d i c a t e  t h a t  r a i n f a l l  and r e l a t i v e  h u m id ity  w e re  h ig h  

d u r in g  th e  J u l y  and N ovem ber m onths# d o s e  e x a m in a t io n  

o f  t h e  p a t h  a n a l y s i s  d a t a  i n d i c a t e s  t h a t  r e l a t i v e  

h u m id ity  f a v o u r e d  t h e  t i l l e r i n g  th r o u g h  t h e  i n d i r o o t  e f f e c t s  

o f  r a i n f a l l  and s o i l  m o is tu ro #  I t  c o u ld #  th u s#  b o  

c o n c lu d e d  t h a t  th e  d i s t r i b u t i o n  o f  r a i n f a l l  i s  v e r y  

im p o r t a n t  a s  f a r  s s  th o  p r o d u c t io n  o f  v e g o t a t l v e  t i l l e r s  

i s  co n cern ed #  b e c a u s e  s o i l  m o is t u r e  an d  r e l a t i v e  in m id i  t y  

a r e  c h i e f l y  d e p e n d e n t  o n  r a i n f a l l #

The num ber o f  p a n i c l e s  p ro d u c e d  I n  a  clum p w as 

n e g a t i v e l y  c o r r e l a t e d  w it h  t h e  w e a t h e r  p a ra m e te rs #  

r a i n f  a l l  and r e l a t i v e  h u m id ity  ( T a b le  3 1 )  •  The mean 

t e s t e r a t u r e  h a d  t h e  m o st p ro n o u n c e d  a f f e c t  o n  p a n i c l e  

p r o d u c t io n  o f  th e  t h r e e  c u l t l v a r s  e x h i b i t i n g  h i g h l y  

s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n #  M ore num ber o f  p a n i c le s
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19 8 2  (T a b le  1 1 )  • D u r in g  t h i s  p e r io d *  r a i n f a l l  w as 

s c a n t y *  r e l a t i v e  h u m id ity  w as lo w  and t h e  mean te m p e ra 

t u r e  was h ig h *  T h o se  c o n d i t i o n s  i n d i c a t e  t h a t  a  p e r io d  

o f  m o is t u r e  s t r e s s  c o u p le d  w i t h  a  r e l a t i v e l y  h ig h  

t e m p e r a tu r e  r e g im e  a c c e l e r a t e d  t h e  e m e rg e n ce  o f  p a n i c l e s  

i n  cardamom*

w it h  r e s p e c t  t o  f l o w e r  o p e n in g  i n  a  cluo£># s o i l  

m o is t u r e  h a d  t h e  maximum d i r e c t  e f f e c t *  t h e  e f f e c t  b e in g  

p o s i t i v e  ( T a b le  3 2 ) •  T e m p e ra tu re  ra n k e d  s e c o n d  among 

t h e  f a c t o r s  e x h i b i t i n g  t h e  d i r e c t  e f f e c t s  o n  t h e  f lo w e r in g  

b e h a v io u r  o f  t h e  t h r e e  c u l t i v a r s *  b o l l  m o is t u r e  h ad  th e  

maximum c o r r e l a t i o n  w it h  £ lo w e r in g  a l s o *  T a b le  1 7  show s 

t h a t  f l o w e r i n g  i n  cardamom  w as o f  a  p r o t r a c r to d  n a tu r e *  

( e x te n d in g  fro m  M arch t o  S e p te m b e r*  1 9 8 2 ) •  S in c e  t h e  

mean t e s ^ e r a t u r e  was m ore d u r in g  M arch to May and r a i n f a l l  

was m ore d u r in g  Jb n e  t o  A u g u s t*  i t  c o u ld  b e  c o n c lu d e d  

t h a t  a  p e r io d  of h ig h  te m p e r a t u r e  t r i g g e r e d  t h e  f lo w e r 

in g  m ech an ism  i n  cardamom* w h ic h  w as i n  t u r n  c a r r i e d  

fo r w a r d  d u r in g  t h e  r a i n y  p e r io d *  N a l i n l  ( 19 8 3 )  a l s o  

made a  s i m i l a r  o b s e r v a t i o n  i n  t h e  f l o w e r  b u d  d i f f e r e n t i a 

t i o n  m echanism  i n  p e p p e r *  S h e  fo u n d  t h a t  t h e  r e c e i p t  o f  

t h e  p rem on soon  sh o w e rs  a f t e r  t h e  d r y  s p e l l  (D ecem ber t o  

A p r i l )  t r i g g e r e d  th e  f l o w e r  b u d  d i f f e r e n t i a t i o n  a c t i v i t y

\
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i n  p e p p e r *  s u b s e q u e n t  I n v e s t i g a t i o n s  o n  t h a  f l o w e r  hud 

d i f f e r e n t i a t i o n  o f  p e p p e r  (R a j an# 19 8 5 )  c o n f ir m e d  t h a t  

th e  h ig h  te m p e r a t u r e  o f  summer s e a s o n  p r i o r  t o  t h e  

o n s e t  o f  t h e  s o u t h - t f e s t  m onsoon w as c o n d u c iv e  f o r  t h e  

s t e p  up o f  t h e  f l o w e r  h u d  d i f f e r e n t i a t i o n  a c t i v i t y *

T h e p e r c e n t a g e  o f  t h e  f r u i t  s e t  and t h e  p e r c e n t a g e  

o f  c a p s u le s  m a tu re d  i n  a  c lu m p w e re  s i g n i f i c a n t l y  

in f lu e n c e d  b y  s o i l  m o is t u r e  a ad  r a i n f a l l *  c o r r e l a t i o n  

c o e f f i c i e n t s  w e r e  h ig h  f o r  s o i l  m o is t u r e  and r a i n f a l l  

o n  th o  on e h an d  and f r u i t  s o t  a a d  p a r e e a t a g e  o f  C a p s u le  

m a t u r i t y  o n  t h a  o t h a r  ( T a b le s  3 3  and 3 4 )  •  Z t  w as f u r t h e r  

o b s e r v e d  t h a t  d u r in g  t h e  p e r i o d  May t o  A u g u st  (when 

r a i n f a l l  and s o i l  m o is t u r e  w e re  h i g h ) ,  maximum num ber 

o f  f l o w e r s  o p e n e d  I n  a  d u m p  a t t a i n e d  f r u i t  s e t  an d  t h e y  

w e re  c a r r i e d  t o  m a t u r i t y *

m  o v e r a l l  a n a l y s i s  o f  t h a  i n f l u o n e c  o f  th o  

c l i m a t i c  f a c t o r s  on  t h e  f l o w e r i n g  en d  f r u i t  s e t  i n  

cardamom  i n d i c a t e s  t h a t  a  p e r i o d  o f  s o i l  m o is t u r e  s t r e s s  

c o u p le d  w it h  h ig h  te m p e r a t u r e  f a v o u r e d  th e  i n i t i a t i o n  o f  

p a n i c l e s *  T he o n s e t  o f  r e i n s  t o g e t h e r  w it h  h ig h  te m p e ra -  

t u r e  in d u c e d  f lo w e r in g *  A h ig h  s o i l  m o is t u r e  re g im e  

com b in ed  w i t h  a  h ig h  s t a t u s  o f  r e l a t i v e  h u m id ity  (w h ich  

r e s u l t e d  fro m  a  w e l l  d i s t r i b u t e d  r a i n f a l l )  w as more
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a d v a n ta g e o u s  t o  t h a  s p r o u t i n g  o f  t h a  t i l l e r s *  f r u i t  

s e t t i n g  an d  m a t u r a t io n  o f  t h e  c a p s u l e s •  The f l o w e r i n g  

b e h a v io u r *  f r u i t  s o t  an d  c a p s u le  m a t u r a t io n  o f  cardamom 

a r e  a s p e c t s  d e p e n d a n t  o n  t h e  m o is t u r e  s t a t u s  o f  th o  

s o i l *  The c o n c e p t  o f  h y d r o p e r io d is m  p u t  fo r w a r d  b y  

A lv im  ( 19 7 3  an d  19 7 7 )  w it h  r e s p a c t  t o  f l o w e r i n g  i n  

c o f f e e *  t h e r e f o r e *  h o ld s  g o o d  f o r  cardam om  a l s o *  

D i f f e r e n t i a t i o n  o f  p a n i e l e s  an d  t h a i r  d e v e lo p m e n t  

o c c u r r e d  d u r in g  a  d r y  p e r io d *  H ow ovor th e  f l o w e r  buds 

t h a t  w e re  p ro d u c e d  on t h e  p a n i c l e s  w e re  q u i e s c e n t  (dorm ant) 

u n t i l  s u f f i c i e n t  r a i n s  w o re  r e c e i v e d *  s u c h  a  q u ie s c e n c e  

(dorm ancy) o f  t h a  f l o w e r  b u d s  o f  p e p p e r  w as a l s o  o b s e r v e d  

b y  M a l in i  ( 1 9 8 3 ) *  s u b s e q u e n t ly  k f j a n  ( 19 8 S )  o b s e r v e d  e  

h orm o n al r e g u l a t i o n  o f  th e  f l o w o r  b u d  d i f f e r e n t i a t i o n  

a c t i v i t y  i n  p e p p a r *  w h e re in  ho  r o e o r d o d  a  lo w  l o v o l  o f  

i n h i b i t o r s  d u r in g  th e  summer m onths and t h i s  lo w  l e v e l  

w as fo u n d  t o  p e r s i s t  th r o u g h o u t  t h e  p e a k  p e r i o d  o f  f lo w o r  

b u d  d i f f e r e n t i a t i o n *  b i k e  t h e  c a s e s  o f  c o f f e e  and p e p p a r*  

tw o p h a s a s  o f  d orm an cy d an  b o  o p e r a t i v e  i n  cardam om * 

une i s  t h e  i n n a t e  dorm ancy b r o u g h t  a b o u t  b y  t h e  i n t e r n a l  

h o rm o n a l r e l a t i o n s  o f  t h e  p l a n t *  A d e c l i n e  i n  t h o  i n h i b i 

t o r s  m ig h t  b o  r e s p o n s i b l e  f o r  t h o  i n i t i a t i o n  o f  p a n i c l e  

p r im o r d ia  on th o  r h is o m e s *  T he s e c o n d  p h a s e  i s  th o  

q u ie s c e n c e  o r  d orm an cy in d u c e d  b y  th o  e n v ir o n m e n ta l  

f a c t o r s  o f  w h ich  t h e  s o i l  m o is t u r e  re g im a  h a s  b e e n  fo u n d
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t o  b e  th o  m oot im p o r ta n t*  H ow ever# u n l i k e  i n  th o  e a s e  

o f  c o f f e e *  a  bu d  h u n t  i s  n o t  p ro n o u n ce d  i n  cardam om  

o n  r e c e i p t  o f  th o  »l — > s h e w e re *  b e c a u s e  p a n i c l e  

p r im o r d ia  a r e  p ro d u o o d  i n  a  p r o t r a c t e d  m an n er, o n c e  

th o  f l o w e r  b u d s  h o v e  a p p e a r e d  o n  t h o  p a n i c l e s *  f o r  

th o  o p e n in g  o f  f lo w e r s *  s o t t i n g  o f  th o  f r u i t s  and 

d e v e lo p m e n t o f  t h o  f r u i t s *  a d e q u a te  m o is t u r e  i s  

a b s o l u t e l y  n e c e s s a r y  i n  cardam om *

5 *4  a f f e c t  o f  e x o g e n o u s  a p p l i c a t i o n  o f  g ro w th  s u b s t a n e a s  

o n  f lo w e r in g #  f r u i t  s e t  an d  y i e l d  o f  cardam om

Tho p r e l i m i n a r y  t r i a l  c o n d u c te d  on  t h e  i iy s o r e  

c u l t i v a r  d u r in g  t h a  y e a r  1 9 8 1  h e lp e d  t o  s e l e e t  t h e  i d e a l  

c o n c e n t r a t io n  o f  th e  d i f f e r e n t  g ro w th  s u b s t a n c e s  f o r  t h e  

s u b s e q u e n t  t r i a l *  P o u r  d i f f e r e n t  c o n c e n t r a t io n s  w ere  

t r i e d  in  t h e  g ro w th  s u b s t a n c e s  (2*4-£t# 2 *4 *S ~ T *  a lp h a  B a a # 

<3*3 an d  a t h r e l )  • B a s e d  o n  t h e i r  e f f e c t i v e n e s s  o n  p a n i c l e  

p r o d u c t io n  p e r  elump# f l o w e r i n g  b e h a v io u r#  f r u i t  s e t  

an d  y i e l d *  t h e  b e s t  l e v e l  f o r  e a c h  g ro w th  s u b a t a n e o  was 

f i x e d *  The c y t o k in n  (BA) t e s t e d  i n  t h e  p r e l i m i n a r y  t r i a l  

w as e l im in a t e d  f o r  t h e  d e t a i l e d  f i e l d  e x p e r im e n t  b e c a u s e  

i t  w as n o t  fo u n d  b e n e f i e i a l  t o  t h o  *D r*ore c u l t i v a r  o f  

cardamom* T he d e t a i l e d  f i e l d  e x p e r im e n t  i n d i c a t e d  t h a t  

a lp h a  b a a  (40 ppm) waa s u p e r i o r  t o  t h e  o t h e r  g ro w th  

s u b s t a n c e s  t e s t e d  (T a b le  3 8 ) *  A lp h a  BAA (40 ppm) w as
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a b l e  t o  i n c r e a s e  t h e  p l a n t  h e ig h t#  i n c r e a s e  t h e  p a n i c l e  

le n g th #  In d u c e  p r o d u c t io n  o f  noire f l o v e r s #  c a u s e  r e d u c t io n  

i n  th e  c a p s u le  d ro p p in g  an d  e n h a n c e  t h e  y i e l d *  W ith 

r e s p e c t  t o  t h e  c h a r a c t e r s  s e c t i o n e d  above# 2 ,4 - D ( 4  ppm) 

s t o o d  s e c o n d  t o  a lp h a  14AA (40 ppm) • W ith r e s p e c t  t o  th e  

nuatoer o f  ra c e m e s  p ro d u c e d  p e r  p a n ic le #  t h e  p e r c e n t a g e  o f  

c a p s u le  s e t t i n g  i n  a  clump# t h e  y i e l d  o f  e s s e n t i a l  o i l  and 

t h e  p e r c e n t a g e  o f  t h r i p s  i n f e s t a t i o n  o f  t h e  c a p s u le s #

2# 4 - 0  <4 ppm) e x c e l l e d  t h e  o t h e r  g ro w th  s u b s t a n c e s  

i n c l u d i n g  a lp h a  MAA(40 ppm )* A n o th e r  n o t a b le  r e s u l t  o f  

t h e  e x p e r im e n t  w as t h a  in d u c t io n  o f  m ore t i l l e r i n g  b y  

S t h r e l  (2 5  ppm )*

T he b e n e f i c i a l  e f f e c t s  o f  a lp h a  NAA an d  2#4~D on 

e n h a n c in g  f r u i t  s e t  and y i e l d  i n  cardam om  h a v e  b e e n  

o b s e r v e d  b y  Q urum urthy S&  d i *  ( 19 9 5 )  • P r i o r  t o  t h a t  

P a t t e n s h e t t y  ( 19 9 0 )  o b s e r v e d  t h a t  s t h r e l  (2 50  ppm) 

e n c o u ra g e d  t h e  s p r o u t i n g  o f  t i l l e r s  i n  cardam om * The 

o b s e r v a t io n s  made i n  t h e  p r e s e n t  s t u d i e s  a g r e e  w it h  t h e  

f i n d i n g s  o f  t h e  e a r l i e r  w o rk e rs#  e x c e p t  f o r  t h e  d i f f e r e n c e s  

i n  th e  m o st b e n e f i c i a l  c o n c e n t r a t i o n s •  T h e e a r l i e r  p i e c e s  

o f  w o rk  r e p o r t e d  w e re  c o n d u c te d  a t  t h e  R e g io n a l  R e s e a r c h  

S t a t io n #  M u d ig e re  w h ic h  h a d  a  d i f f e r e n t  a g r o c l i s t e t i c  

s i t u a t i o n  fro m  t h a t  o f  t h e  h ig h  r a n g e e  o f  K e r a la *  F u r th e r#  

t h e  M a la b a r  ( p r o s t r a t a )  t y p e  o f  cardam om  w as a m p lo y e d  f o r  

t h a  a x p a r im a n t s  a t  M u d igere#  w h e re a s  t h e  M yso re  ( e r e c t )
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t y p e  w as o a p lo y o d  f o r  * ho p r e s e n t  i n v e s t i g a t i o n s  a t  

Pam padum para. Tha t im e  an d  f r e q u e n c y  o f  a p p l i c a t i o n  

o f  t h e  g ro w th  s u b s t a n c e s  w e re  a l s o  d i f f e r e n t  i n  t h e s e  

e x p e r im e n t s .  T h e d i f f e r e n c e s  o b s e r v e d  i n  t h e  e f f e c t i v e  

c o n c e n t r a t io n  o f  t h e  g ro w th  s u b s t a n c e s  c o u ld  h e  a t t r i b u t e d  

t o  t h e  r e a s o n s  s u g g e s t e d  a b o v e *

T h e a u x in s  2 #4-D  an d  hAA m a rk e d ly  r e d u c e d  th e  

im m atu re  c a p s u le  s h e d d in g  o f  cardam om , s i n c e  a  d ro p  i n  

th o  on d ogon ou s a u x in  l e v e l s  an d  a  s p u r t  i n  t h e  I n h i b i t o r  

l e v o l s  c a u s e d  t h e  im m atu re  c a p s u le  s h e d d in g  o f  cardam om , 

i t  i s  o b v io u s  t h a t  th o  a u x in s  s u p p l i e d  e x o g e n o u s ly  h a v e  

f a v o u r a b ly  a l t e r e d  t h e  h o rm o n a l b a la n c e  w i t h in  t h e  

cardam om  f r u i t s  t h e r e b y  p r e v e n t in g  t h e  a b s c i s s i o n  o f  

f r u i t s *  £ v id e n c e s  i n  s u p p o r t  o f  t h i s  v ie w  h a v e  b e e n  o b t a in e d  

i n  s e v e r a l  o t h e r  ex o p a  b y  v a r i o u s  w o r k e r s  ( h a i r  a $  e l * .  1 9 7 4 ;  

S ln h a  «£t j £ , * # 1 9 7 7 ;  Aa y u r a  an d  S in g h *  1 9 7 9 ;  Jo s e p h  end 

P e t e r *  1 9 8 1  an d  H a r ih a r a n  an d  U n n ik r lsh n a n *  1 9 9 5 ) *

5 . 5  kn oogen ou s l e v e l s  o f  p l a n t  horm ones i n  t h e  d e v e lo p in g  

o v a r l o s  and f r u i t s  o f  cardam om

Tho c o n c e n t r a t io n  o f  en d o g en o u s a u x in s  i n  t h e  

o v a r i e s  re m a in e d  s t e a d y  fro m  t h e  t im e  o f  p o l l i n a t i o n  t i l l  

24  h o u rs  l a t e r *  T h e a u x in  c o n c e n t r a t io n  in c r e a s o d  t o  h ig h  

l e v o l s  a t  3 4  an d  4 8  h o u rs  a f t e r  p o l l i n a t i o n *  S u b s e q u e n t ly *
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t h e r e  w as a  d ro p  i a  a a x i a  c o n c e n t r a t io n  u p to  o a t  month 

a f t s r  f r u i t  s e t #  f r u i t  ( c a p s u le )  w i l t i n g  w as v a r y  

s e v e r e  i n  th o  M yso re  c u l t i v a r  o f  caraam om  fro m  t h o  

f r u i t  s o t  s t a g o  u n t i l  ono m onth a f t o r  th o  f r u i t  s o t *

Tho d e v e lo p m e n t o f  th o  en d o sp e rm  w as n o t  e o m p lo to  d u r in g  

th o  i n i t i a l  s t a g o s  o f  so o d  d e v e lo p m e n t  i n  cardam om  

( P ia t o s  i d  and 3 9 ) .  I n  t h o  a b s e n c e  o f  a  w o l l  d o v o lo p o d  

endosperm # th o  r a t o  o f  p r o d u c t io n  o f  a u x in s  i n  t h e  so o d s  

o f  im m atu re c a p s u le s  o f  cardam om  c a n  ho e x p e c t e d  t o  bo 

low# w h ic h  i n  t u r n  m ig h t h a v e  c a u s e d  t h e  s h e d d in g  o f  

im m atu re c a p s u le s  a t  t h e  e a r l y  s t a g o  o f  t h e i r  dovolopm on t#

s i m i l a r  r o l e  o f  s o o d s  i n  th o  d o v o lo p m o n t o f  f r u i t s  

b y  en d o g en o u s s y n t h e s i s  o f  a u x in s  h a v e  b oo n  e s t a b l i s h e d  

i n  s t r a w b e r r y  ( N it s  eh# 19 5 0 )#  I n  b lo c k  c u r r a n t  ( a r i g h t # 19 5 1 ) #  

in  f i g  (C ran e  <g%  a l» #  1 9 1 9 )  and i n  g r a p e s  (coombo# 1 9 1 0  

an d  N i t s c h  a l# «  1 9 1 0 )  • T h e re  w as fo r m a t io n  o f  a  d e a r  

o u t  a b s c i s s i o n  zo n e i n  cardam om  ( P la t o  34 ) t h a t  l e d  t o  

t h o  f r u i t  sh e d d in g #  F o rm a tio n  o f  a b s c i s s i o n  z o n a  lo a d in g  

t o / f o l l o w e d  b y  a  l o s s  o f  m embrane i n t e g r i t y  an d  d i s s o l u t i o n  

o f  t h o  c e l l u l a r  c o n t e n t s  a t  th o  a b s c i s s i o n  r e g i o n s  h a v e  

b oon  r e c o r d e d  i n  s e v e r a l  f r u i t  p l a n t s  (S a eh er#  1 9 5 7 ) *

Tho su d d en  d e c l i n e  i n  t h e  e n d o g en o u s a u x in  l e v e l  o b s e r v e d  

i n  t h e  f r u i t  c a n  b e  a t t r i b u t e d  t o  t h e  fo r m a t io n  o f  t h i s  

a b s c i s s i o n  sone# w h ich  in d u c e d  f r u i t  d ro p #  T h e i n c r e a s e  i n



t h e  a u x in  a c t i v i t y  o f  o v a r i a s  o b s e r v e d  fro m  24 t o  36  

h o u rs  a f t e r  p o l l i n a t i o n  i n d i c a t e d  t h a t  f r u i t  s e t  had  

o c c u r r e d  d u r in g  t h i s  p e r io d *  a  s t r i k i n g  i n c r e a s e  i n  t h e  

d i f f u s i b l e  a u x in  c o n c e n t r a t io n  i n  t h e  o v a r i e s  o f  to b a c c o  

f lo w a r s  a f t e r  p o l l i n a t i o n  t o  f r u i t  s e t  h a s  b e e n  o b s e r v e d  

(M uir* 1 9 4 2 ) *

The c o n c e n t r a t io n  o f  i n h i b i t o r s *  e x p r e s s e d  a s  

e q u i v a l e n t  o f  a b s c i s i o  a c id *  w as h ig h  i n  t h e  cardamom 

c a p s u le s *  o n e  m onth a f t e r  t h e  f r u i t  s e t *  The i n c r e a s e  

i n  t h e  c o n c e n t r a t io n  o f  i n h i b i t o r y  s u b s t a n c e s  and t h e  

s u b s e q u e n t  lo w e r in g  o f  th o  a u x i n / i n h i b i t o r  r a t i o  m ig h t 

h a v e  b e e n  p re d o m in a n t  f a c t o r s  t h a t  in d u c e d  t h e  im m atu re 

c a p s u le  s h e d d in g  i n  cardamom * T ha s t i m u l a t i o n  o f  f r u i t  

a b s c i s s i o n  duo t o  a  s u b s t a n t i a l  i n c r e a s e  i n  t h e  en d o gen o u s 

a b a  c o n t e n t  h a s  b e e n  o b s e r v e d  i n  e  v a r i e t y  o f  f r u i t  

p l a n t s  (D a v is  and A d d ic o tt*  1 9 7 2 /  bu  f £  a i * .  19 8 2  and 

M a r t in  o t  e l * .  1 9 8 2 ) *

T h e e n d o g e n o u s c y b o k in in  l e v e l s  i n  t h e  d e v e lo p in g  

o v a r i o s  and t h a  f r u i t s  o f  cardam om  d id  n o t  r e v e a l  an y 

d i r e c t  i n f l u e n c e  on  th o  g ro w th  and d e v e lo p m e n t  o f  cardamom 

c a p s u le s *  H ow ever* a  s l i g h t  i n c r e a s e  i n  t h e  c y t o k ln l n  

l e v e l s  w as o b s e r v e d  fro m  t h e  t im e  o f  p o l l i n a t i o n  t o  f r u i t  

s o t *  T h is  i s  a  s t a g e  c h a r a c t e r i s e d  b y  f a s t e r  c e l l  d i v i s i o n  

a ad  s i n c e  c y t o k i n i n s  a r e  s u b s t a n c e s  t n a t  p ro m o te  c e l l
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d i v i s i o n  i n  th a  i n i t i a l  s t a g * *  o f  o v a r y  d e v e lo p m e n t. 

I n c r e a s e d  i a v a i a  c a n  h a  e x p e c t e d *  t h a  r o l e  o f  en d o gen o u s 

c y t o J c i a ia s  i n  o a i i  d i v i s i o n  and f r u i t  s a t  i n  g r a p e s  was 

p o s t u l a t e d  a a r i i a r  b y  W eaver | |  (1966) *

5 .6  n u t r i e n t  s t a t u s  o f  t h a  cardam om  p l a n t s  a t  v a r i o u s  

p e r io d s  o f  c r o p  g ro w th

T h a n u t r i a n t  s t a t u s  o f  t h a  d i f f a r a n t  p l a n t  p a r t s  

o f  cardam om  w as e s t i ma t ed  a t  f i v a  m a jo r  c r o p  g ro w in g  

p e r io d s #  nam ely# p a n i e l a  i n i t i a t i o n  s t a g s #  f l o w a r  bud 

d e v e lo p m e n t s t a g s ,  p e a k  p e r i o d  o f  f lo w e r in g #  o a p s u la  

m a t u r i t y  s t a g s  and p o s t - h a r v e s t  s t a g s  i n  t h a  t h r o o  p o p u la r  

c u l t l v a r s •  s t a n d a r d  a n a l y t i o a l  t e c h n iq u e s  w a ra  em p lo yed  

t o  a s s e s s  t h a  c o n c e n t r a t io n  o f  M# P # K# C a , Mg, s ,  ? * ,  

zn# its  and  c u *

T ie  n i t r o g e n  s t a t u s  o f  t h a  p s e u d o s te m a , l e a v e s  

and rh is o m a s  d e c l i n e d  w it h  t h a  a d v an c em en t o f  t h a  g ro w th  

p h a s e s *  T h a c o n c e n t r a t io n  o f  r o o t  M an d  p a n i c l e  Ji 

i n c r e a s e d  w it h  t h a  a d v an cem en t o f  c r o p  a g o  an d  t h a y  

i n d i c a t e d  t h a  m axim a a t  t h a  c a p s u le  m a t u r i t y  s t a g e *

T h a t o t a l  s o l u b l e  c a r b o h y d r a t e  c o n t e n t  o f  th a  

l e a v e s  w ss h ig h  d u r in g  t h a  i n i t i a l  s t a g e *  a  d e c l i n e  i n  

t h a  c a r b o h y d r a t e  c o n c e n t r a t io n  i n  t h e  l e a v e s  w as o b s e r v e d  

a t  t h a  c a p s u le  m a t u r a t io n  a a d  p o s t - h a r v e s t  s t a g e s *
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H ow ever* t h e  C /ii r a t i o  d id  n e t  s m « l  a a /  d e f i n i t e  

r a l a t i o n  t o  t h a  f l o w e r i n g  b a h t v i o u r  o f  t h a  c r a p *  t h a  

h ig h  s t a t u s  o f  c a r b o h y d r a t e s  a t  t h a  p a n i o l e  i n i t i a t i o n  

and f l o w e r  h ud  developsM U tt s t a g a s  h a ip a d  t o  b u i l d  up 

o r  a c c u m u la te  t h a  c a r b o h y d r a t e s *  th u s  f a v o u r i n g  t h a  

d e v e lo p m e n t o f  f l o r a l  p a r t s  i n  cardam om * A s i m i l a r  

in s t a n o a  o f  c a r b o h y d r a t e  a c c u m u la t io n  w as o b s e r v e d  

(N aX ln i*  1 9 9 3 )  p r i o r  t o  t h a  f l o w a r  b u d  d i f f e r e n t i a t i o n  

i n  p e p p e r*  T h a  C /9  r a t i o  e x h i b i t e d  a t  t h s  and  p h a s a s  o f  

c r o p  g ro w th  w as b a s i c a l l y  d u a  t o  a  v a r y  l e v  s t a t u s  o f  

N, o o n sa q u a n t  t o  th a  h L g h a r  m o b i l i s a t i o n  o f  N f r o s t  t h a  

l o a v e s *  s i n c e  t h a  r h ie o a e  a f  cardam om  i s  a  s t o r a g a  

o rg a n *  w h ich  i s  t h a  im m e d ia te  s o u r c a  o f  c a r b o h y d r a t e s  

f o r  t h a  g ro w th  and  d e v e lo p m e n t  o f  t h a  p a n i c l a s *  a n a l y s i s  

o f  c a r b o h y d r a t e s  i n  t h a  r h is o m a s  c o u ld  h a v o  r a v a a l a d  i t s  

p o s s i b l e  r o l a  i n  f lo w e r in g *  An a c c u m u la t io n  o f  c a r b o h y d r a t e s  

i n  t h e  u n d e rg ro u n d  t u b e r s  o f  e d i b l e  s p e c i e s  o f  P i o s c a r a a  

(C o u r s e / , 1 9 6 7  an d  Onwuawa ,  19 7 9 )  an d  d i o s g e a i n  h e a r in g  

s p a c i a s  o f  B i o s c o r a a  (V a sa n th a h u isa r , 19 7 9 )  w as o h s a r v a d  

p r i o r  to  f l o r a l  in d u c t io n  i a  t h e s e  yam s* The r h i a e a a s  

w h ic h  a b t a i n a d  m e t a b o l i t e s  fr o m  t h a  l e a v e  a  h ad  t h a  

c a p a c i t y  t o  s t o r e  th a n  f a r  l a a g e r  d u r a t io n s  s a d  t o  r a l e — a 

them  s l o w l y  f o r  t h a  d e v e lo p m e n t o f  f l o r a l  s h o o t s  and 

v o g s t a t i v o  t i l l  e r a *  X h a r a fe r e *  f u r t h e r  s t u d i e s  a n  t h a  

c a r b o h y d r a t e  c o n t e n t  o f  t h a  r h is e m e s  a a a d  t o  h a  ta fc e a
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f o r  u n r a v e l l i n g  t h e  e x e a t  r e l a t i o n s h i p  b e tw e e n  r h i s o a e  

c a r b o h y d r a t e s  a a d  f l e v e r i n g *

T h e 9  c o n t e s t  o f  t h e  l e a v e s  an d  t h e  p se u d o ste rn s  

d e c l i n e d  a t  t h e  l a t e r  p e r i o d s  o f  c r o p  g ro w th *  T he 

rh ls o m e  9 sh ew ed  an  i n c r e a s e  i r o n  t h e  p a n i c l e  i n i t i a t i o n  

p h a s e  t o  t h e  p e e k  f lo w e r in g  p h a s e *  s u b s e q u e n t ly #  i t  

d e c l i ne d * T he r o o t s  an d  t h e  p a n i c l e s  a c c u m u la te d  c e r e  9 
f r o n  t h e  p a n i c l e  i n i t i a t i o n  s t a g e  t o  t h e  c a p s u le  m a t u r i t y  

s t a g e *

The p o t a s s iu m  c o n t e n t  e f  t h e  d i f f e r e n t  o r g a n s  show ed 

a  t r e n d  a s  t h a t  o f  9 a t  t h o  d i f f e r e n t  c r o p  m a t u r i t y  

p e r io d s  s t u d i e d *  I n  g e n e r a l#  t h e  d i f f e r e n t  o r g a n s  o f  

cardam om  c o n t a in e d  f a i r l y  r i c h  am ount o f  K t h a n  t h e  

o t h e r  e le m e n ts *  T h a t  cardam om  i s  a  h e a v y  f e e d e r  e f  p o t a s h  

h a s  b e e n  w e l l  d o c um ented b y  s e v e r a l  w o rk e r s  (John# 1 9 * 7 ;  

K u lk a r n l  j^ # «  1 9 7 1 #  fta c h a r ie h #  19 7 8 #  s h a d e r  fj> ** 19 8 3  

an d  D ile ep k u m ar#  1 9 8 1 )  *

O r g a n -w is e  d i s t r i b u t i o n  o f  n u t r i e n t s  i n  t h e  t h r e e  

c u l t l v a r s  o f  cardam om  r e v e a l e d  t h a t  t i n  l e a v e s  a c c u m u la te d  

m ore o f  M and Ca« rh iso m e s  a c c u m u la te d  m ere e f  K an d  Mg 

and p a n i c l e s  a c c u m u la te d  m ere e f  9 *  T h e se  o b s e r v a t i o n s  a r e  

i n  c o n fo r m it y  w i t h  t h e  e a r l i e r  w o rk  c o n d u c te d  a t  c p c jix  

(Kh a d e r  a t  a l« «  19 8 2 ) *  The e x c e p t io n s  o b s e r v e d  w e r e  t h a t
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t h e  M S C W lU U o a  « l  C «  M  «  WhoX« b w i s  o c c u p ie d

t h e  s e c o n d  p o s i t io n #  f o l lo w e d  b y  H ( t h i r d )  fr o m  th o  

p r e s e n t  a n a l y t i c a l  r e s u l t s  w h e re a s  K h ad o r e t  e l .  ( 19 8 2 )  

fo u n d  a  h i g h e r  a c c u m u la t io n  o f  n th e n  C o . M o re o v e r  th o  

n u t r i e n t  s t a t u s  o f  r h is o m s s  w as n o t  e s t im a t e d  i n  t h e i r  

a n a l y s i s  w h ic h  o t h e r w is e  a c c u m u la te d  f a i r l y  l a r g e  

q u a n t i t i e s  o f  t h e  macro# s e c o n d a r y  mad m ic r o  n u t r i e n t s  •

A n a l y t i c a l  r e s u l t s  o f  t h e  p r e s e n t  i n v e s t i g a t i o n s  

f u r t h e r  sh ew ed  t h a t  t h e r e  w as a  d e c l i n e  i n  t h e  c o n c e n t r e *  

t i o a  o f  B# 9 and K I n  t h e  l e a v e s  fro m  t h e  p a n i o l e  i n i t i a 

t i o n  t o  t h e  p o s t - h a r v e s t  s t a g e *  t h e s e  m a jo r  n u t r ie n t s #  

a r e  h i g h l y  m o b ile  w i t h in  t h e  p l a n t  ( T i s d a l e  an d  K e lso n #  19 7 9 )  • 

In  t h e  c o u r s e  o f  d e v e lo p m e n t o f  t h o  o rg a n s#  t h e y  m ig h t 

h a v e  b e e n  t r a n s p o r t e d  fro m  t h e  l e a v e s  ( s o u r c e )  t o  t h e i r  

s i t e s  o f  u t i l i s a t i o n  n a m e ly  t h e  rh lse m e s#  t h e  p a n i c l e s  

and t h e  r o o t s  ( s in k s )  •  T h is  i s  f u r t h e r  e v i d e n t  fro m  th o  

a c c u m u la t io n  o f  m ore 9 an d  K i n  t h e  rh is o m a s  a t  t h e  p e e k  

f lo w e r in g  an d  c a p s u le  m a t u r i t y  p e r i o d s .  K u lk a r n i  a l .  

( 1 9 7 1 )  h a v e  o o n e lu d e d  t h a t  t h e s e  e le m e n ts  e x h i b i t  d i r e c t  

i n f l u e n c e  o n  t h e  y i e l d  and q u a l i t y  o f  cardam om . T he 

c o n c e n t r a t io n  o f  t h e  s e c o n d a r y  n u t r i e n t s #  nam ely# Ca 

am i Mg i n c r e a s e d  i n  a l l  t h e  o r g a n s  fro m  t h e  p a n i c l e  

I n i t i a t i o n  p h a s e  t o  th e  c a p s u le  m a t u r i t y  p h a s e .  K u lk a m i  

( 1 9 7 1 )  a l s o  h a v e  o b s e r v e d  s i m i l a r  t r e n d  I n  r e s p e c t  o f  t h e s e  

b a s e  e le m e n ts  fro m  t h e  j u v e n i l e  t o  t i t s  s e n e s c e n t  p e r io d s
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o f  Cardamom* Though t h e  p r e c i s *  r o l e  o f  Mg n u t r i t i o n  o n  

t h e  g ro w th  an d  y i e l d  o f  c a r d  anion i s  s e t  w e l l  d o cu m en ted , 

b i le e p k u m a r  ( 19 0 3 )  o b t a in e d  a  p o s i t i v e  r e s p o n s e  f o r  Hg 

i n  e n h a n c in g  c r o p  g ro w th  and p r o d u c t i v i t y *  M agn esiu m , 

a  c o n s t i t u e n t  o f  c h l o r o p h y l l ,  i s  i n v o lv e d  d i r e c t l y  i n  

t h e  p h o t o s y n t h e t i c  a c t i v i t y  o f  t h e  l e a v e s *  T h i s  may ba 
t h e  r e a s o n  f o r  en h an cem en t o f  y i e l d  i n  cardam om , c o n s e 

q u e n t  t o  t h e  h ig h  a s s i m i l a t i o n  o f  p h o t o s y n t h a t o s  b r o u g h t  

a b o u t  b y  a  s a t u r a t i o n  o f  Mg i n  t h e  l e a v e s •

The s u lp h u r  c o n c e n t r a t io n  o f  t h e  o rg a n a  d i d  n o t  

r e v e a l  an y  d e f i n i t e  r e l a t i o n  t o  t h e  f l o w e r i n g  an d  c r o p  

p r o d u c t i v i t y  i n  cardamom* H o w ev er, h ig h  l e v e l s  o f  s  

a t  t h e  p a n i c l e  i n i t i a t i o n  p h a s e  i n  the l e a v e s  and  t h e  

r h is e m e s  and t h e i r  a c c u m u la t io n  i n  the r o o t s  an d  tha 
p a n r e l e s  a t  t h a  c a p s u le  m a t u r i t y  p e r i o d ,  a r e  i n d i c a t i v e  

o f  a  h ig h e r  u t i l i s a t i o n  o f  & f o r  t h e  c a p s u le  m a t u r a t io n  

o f  cardam om .

Q u a n t i t a t i v e  e s t im a t i o n  o f  t h e  m ic r o n u t r ie n t s  

( f e ,  f a ,  Ma and Cu) i n  t h e  p l a n t  p a r t s  a t  t h e  f i v e  

g ro w th  s t a g e s  s t u d i e d ,  i n d i c a t e d  a  co sm o s t r e a d  i n  t h e  

t h r e e  c u l t i v a r *  (M a la b a r , M yso re  and V ash u k k a ) * T h e re  

w es a  g e n e r a l  i n c r e a s e  i n  t h e  c o n c e n t r a t io n  o f  t h e s e  

m ic ro  n u t r i e n t s  fro m  t h e  p a n i c l e  I n i t i a t i o n  s t a g e  t o  t h e  

c a p s u le  m a t u r i t y  s t a g e  in  a l l  t h e  p l e a t s *  The h ig h  r a n g e  

s o i l s  w h ere  cardam om  i s  e x t e n s i v e l y  grow n  a r e  c h a r a c t e r ! *
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o n  t h e  h e a v y  down p o u r , t h e r e  e r e  c h a n c e s  f o r  l o a t h i n g  

o f  t h e  b a s e  e le m e n ts  o f  t h e  s e l l *  s i n c e  t h e  b a s e  s a t u r a 

t i o n  o f  t h e  s e l l  i s  lo w e r e d  c o n s i d e r a b l y ,  a  h ig h  a o i d l e  

r a n g e  d a t e  l o p s ,  a  phenom enon t y p i c a l  o f  t h e  h ig h  r a n g e  

(hum id t r o p i c a l  s o i l s ) ,  t h e  a v a i l a b i l i t y  o f  r a ic r o n u t x i -  

e n t s  (z n , r e ,  m  and B) w i l l  b e  h a n c a d  i n  an  a c i d i c  

c o n d i t i o n  o f  t h e  s o i l ,  a  s i m i l a r  g e n e r a l  phenom enon 

o c c u r r in g  i n  a c i d i c  s o i l s  h a s  b e e n  w e l l  e s t a b l i s h e d  b y  

B la c k  ( 19 7 3 )  and s p e c i f i c a l l y  i e r  cardam om  s o i l s  b y  

D ilse p k ttm a r  ( 19 * 3 )  • The c o m p a r a t iv e ly  h ig h  a v a i l a b i l i t y  

o f  z n , r e  and *«n i n  t h e  e a rd w n e a  s o i l s  m ig h t  h a v e  l e d  

t o  t h e i r  h ig h  r a t e  o f  a b s o r p t io n  b y  t h e  v a r i o u s  o r g a n s  

o f  cardam om , s i n c e  t h e s e  mlere n u t r i e n t s  a r e  im m o b ile  

w i t h in  t h e  p l a n t  and t h e i r  u t i l i s a t i o n  i s  f a i r l y  le w  f e r  

t h e  v a r i o u s  p h y s i o l o g i c a l  p r o c e s s e s ,  i t  m ig h t  h a v e  le d  

t o  t h e i r  h ig h  a c c u m u la t io n  i n  t h e  d i f f e r e n t  o r g a n s  o f  

cardam om  w it h  t h e  ad v an cem en t of c r o p  m a t u r a t io n ,  

s u p p o r t in g  e v id e n c e s  i n  f a v o u r  o f  t h e  h ig h e r  a b s o r p t i v i t y  

o f  m ic r o n u t r ie n t s  b y  cardam om  h a v e  b e e n  r e c o r d e d  b y  

D ile e p k u m a r  ( 1 9 9 3 ) ,

T he u p t a k e  o f  t h e  n u t r i e n t s  b y  i n d i v i d u a l  t i l l e r s  

o f  cardam om  I n d i c a t e d  b e y o n d  d o u b t  t h a t  cardam om  i s  a  

h e a v y  f o o t e r  o f  p o t a s h  (T a b le  4 4 ) ,  f o r  p r o d u c t io n  o f



262

u n i t  b io m a ss  o f  c a p s u le s ,  t h e  M y so re  a u i t i v e r  r e q u ir e d  

m ore n u t r ie n t s #  fo l lo w e d  b y  M a la b a r ,  T h e V esh u k k e  

c u l t i v a r  d e p l e t e d  l e s s  n u t r i e n t *  th a n  t h e  o t h e r  t w  

c u l t i v a r * .  The m a g n itu d e  o f  d e p l e t i o n  o f  n u t r i e n t s  

f o l lo w e d  a  s i m i l a r  t r e n d  l a  t h e  t h r e e  c u l t i v a r * .  T hey 

w r « «  i n  t h e  d e s c e n d in g  o r d e r  o f  m a g n itu d e , X# Ca# I#  

Mg, P ,  s ,  On, F a ,  2a  and Ctt* Some o f  t i t s  e a r l i e r  

i n v e s t i g a t o r s  h a v e  a la o  e b s o r v e d  s i m i l a r  i n u u b  i n  

t h a  u p ta k e  o f  n u t r i e n t s  b y  eardam om  (John# 19 6 7 #

Raman and k h a n , 1 9 * 7 ;  K u lk a r n l  * 1 . .  1 9 7 1 ;  

K o r ik a n th lm a th #  19 9 4 )  *

5 , 7  R a ta  o f  p h o t o s y n t h e s is  an d  t r a a s l o c a t i o n  o f

p h o t o s y n t h a t e s  a t  f U l u t a t  s t a g e #  o f  e x o p  g ro w th

Cardamom i s  a  c r o p  o f  t b o  t r o p i a a l  r a i n  f o r o s t s  

w hore i t  i s  grow n am idst f o r a s t  t r a a a  t h a t  p r o v i d e  d a n s a  

sb a d o  a t  d i f f e r e n t  s t r a t a  a b o v e  t b o  l e v e l  o f  th e  e n e p . 

O b s e r v a t io n s  made b y  e a r l i e r  r e s e a r e h  w o r k e r s  h a v e  l a d  

t i e s  t o  c o n c lu d e  t h a t  a d e q u a te  n u a b e r  e f  t r e e s  t h a t  

p r o v id e  s h a d e  a t  t h r e e  c a n o p y  l e v e l s  (u p p e r , m id d le  and 

lo w e r )  im p ro v e  t h a  g ro w th  and p r o d u c t i v i t y  o f  cardam om  

(K u tta p p e , 1 9 6 9 ;  C h a r ia n , 1 9 7 7  an d  K a r s p ,  1 9 8 6 ) •  i n  

t h e s e  s i t u a t i o n s  t h e  i n s o l a t i o n  t h a t  i s  i n c i d e n t  on  th a  

l e a v e s  o f  cardam om  is r a t h e r  lo w *  T h a t  cardam om  i s  e  

s h a d e  l o v i n g  p l a n t  ( p s io p h y t e )  e n d  t h a t  i t s  b a t t e r
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p e r fo r m a n c e  i s  u n d e r  sh a d e d  s i t u a t i o n s  h a v *  b e e n  a s  t a b  1 1 -  

s h a d  b y  f i e l d  a iq p a t iM a t s  c o n d u c te d  a t  t h a  C a i i a a m  

R a a a a r c h  s t a t i o n s  lo c a t e d  a t  F ah p a & u q p a ra  and M y ia d n ^ a r a  

(an o n ; 19 8 4 ) *  H o w ever, s y s t e m a t i c  a t te m p ts  t o  o b t a i n  

p h y s i o l o g i c a l  e x p la n a t io n  t o  t h a  phe nomenon h a v e  n o t  

b a a n  made s o  f a r *  The p e a s a n t  i n v e s t i g a t i o n s  aim ed  a t  

a s s a s s i n g  t h a  c o m p a r a t iv e  p h o to  s y n t h e t i c  e f f i c i e n c y  o f  

card am on  l e a v e s  a t  d i f f e r e n t  l i g h t  i n t e n s i t i e s  an d  a t  

d i f f e r e n t  c a n o p y  l e v e l s *  S t u d i e s  w a re  a l s o  n o t e  t o  

u n r a v e l  t h a  p a t t e r n  o f  t r a n s l o c a t i o n  of t h a  p h o to *  

e y n t h a t e s  a t  f i v e  s e l e c t e d  c r o p  m a t u r i t y  s t a g e s *

T h a p h o t o s y n t h e t i c  r a t e ,  a s  i n d i c a t e d  b y  t h a  

e f f i c i e n c y  o f  a l e a f  t o  f i x  **C03, was found t o  b e  

h ig h  i n  su b d u e d  l i g h t  i n t e n s i t i e s  (T a b le  4 S )  • A s i g n i 

f i c a n t  r e d u c t io n  i n  t h e  r a t e  o f  f i x a t i o n  o f  

a c t i v i t y  b y  t h e  l e a v e s  ( o f  t h e  » V ~ 1 g e n o ty p e )  w as

o b s e r v e d  a s  t h e  l i g h t  i n t e n s i t y  r o s e  fro m  t h e  m orn in g

( 17 8 0  l x )  t o  n oon  h o u rs  ( 1 3 * 8 8 0  l x )  •  D u r in g  t h e  e a r l y

a f t e r n o o n  ( fro m  1 2 * 3 0  p*m« t o  2 * 0 0  p*m *) when t h e  l i g h t  

i n t e n s i t y  w as m ore th e n  10 * 0 0 0  l x *  t h e  f i x a t i o n  < *  M c 0 j  

g r a d u a l l y  i n c r e a s e d  t h e r e a f t e r  an d  r e a c h e d  a  p e a k  b y  th e  

e v e n in g  h o u rs  (fro m  $ * 2 0  p*m * t o  0 *0 0  p*m *) •

From  t h e s e  o b s e r v a t io n s *  i t  c o u ld  b e  p o s t u l a t e d  

t h a t  t h a  p h o t o s y n t h a t ic  r a t a  i n  cardam om  b e a r s  a  n e g a t i v e

r e l a t i o n  t o  t h a  l i g h t  i n t e n s i t y  an d  t h a t  a  lo w  l i # > t *
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c o a p e n s a t io n  p o i n t  f a v o u r s  t h a  p h o to c h e m ic a l  p r o c e s s e s  

l a  a  l o a f  •  P s i o p h y t l c  s p e c i e s  o f  p l a n t s  u s u a l l y  p o s s a s s /
g r e a t e r  a f f l d a n o y  f o r  C©2 f i x a t i o n  and u t i l i s a t i o n  a t  

lo w  l i g h t  i n t a n s l t l a s  b e c a u s e  o f  t h a  lo w  r a s l s t a n e a  

o f f e r e d  toy t h a i r  s to m a te s  f o r  C©2 d i f f u s i o n  (R ad n o r and 

K ok , 1 9 7 ? ) *  F u r t h e r ,  t h a  c h l o r o p h y l l  c o m p le x e s  o f  t h a s a  

p l a n t s  a r a  a d a p te d  t o  u t i l i s e  t h a  a b s o r b e d  C02 u n d e r  

su b d u e d  l i g h t *  T he a n a l y s i s  o f  t h a  p h o t o s y n t h e t i e  

e f f i c i e n c y  o f  d i f f e r e n t  c a n o p y  l e v e l s  o f  cardam om  d id  

n o t  r e v e a l  an y  d e f i n i t e  t r e a d *  e i t h e r  i n  t h a  e x p e r im e n ts  

u s in g  d e ta c h e d  l e a v e s  o r  t h o s e  u s i n g  i n t a c t  l e a v e s  

( i 'a b la a  44  an d  4 7 )  • S h e  mean r a d i o a c t i v e  c o u n ts  o b t a in e d  

fro m  d e ta c h e d  l e a v e s  d e c l i n e d  fr o m  l e a f  p o s i t i o n s  1 t o  4 

u n d e r  I d e n t i c a l  c o n d i t i o n s  o f  l o a d in g  ( i n s i d e  a

p e r p a x  l e a f  cham ber) * T h e r a d i o a c t i v e  00^ f i x a t i o n  b y  th e  

7 t h  t o  10t h  l e a v e s  sh ow ed  an  I n c r e a s e *  s i n c e  th e  l *O 02 
f i x a t i o n  d u r in g  a  p a r t i c u l a r  t im e  O f f e e d in g  d ep en d ed  

l a r g e l y  o n  t h e  m ic r o - c l im a t e  t h a t  p r e v a i l e d  i n s i d e  th e  

p e r p e x  l e a f  ch am b er, a  c o m p a r is o n  b e tw e e n  t h e  l e a v e s  o f  

t h e  d i f f e r e n t  s e t s  o f  f e n d in g  w o u ld  n o t  b e  m e a n in g fu l*
f

A m e a n in g fu l  c o m p a r iso n  i s  f e a s i b l e  o n ly  when t h e  l e a v e s
14

e r e  f e d  s im u l t a n e o u s ly  w it h  0® 2 * X t  may bo c o n c lu d e d  

fro m  t h e  e x p e r im e n t s  u s in g  d e t a c h e d  l e a v e s  t h a t  t h e  lo w e r  

l e a f  c a n o p ie s  u t i l i s e d  l *CQ2 m ore e f f i c i e n t l y  t h e n  th e  

u p p e r  l e a f  c a n o p ie s *  A s i m i l a r  i n s t a n c e  o f  e f f i c i e n t
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W COj fixation b y  tho lowor l««f eaaopiac o f  sorylm 
w as o b s a r v a d  b y  J a c o b  ( 19 4 4 )  •

S t u d i e s  on  f i x a t i o n  i n  i n t a e t  l e a v e s

(T a b ia  4 ? )  w h ic h  w e re  c o n d u c te d  on t a n  c o n s e c u t i v e  d a y *  

c o u ld  n o t  g i v e  a  t r u e  p i c t u r e  o f  t h a  e f f i c i e n c y  o f  a  

p a r t i e u i a r  l a a f  i n  p e r fo r m in g  t h a  f u n c t i o n  o f  p h o to 

s y n t h e s i s .  The o h an g aa  i n  t h a  e n v ir o n m e n t a l  c o n d i t io n s  

d u r in g  a a o h  s a t  o f  14C02 l o a d in g  m ig h t  h a v e  c o n t r ib u t e d  

t o  t h a  v a r y i n g  t r a n d s  r a o o r d a d  b y  t h a  i a a v a s  a t  d i f f a r a n t  

s o t s  o f  r a d i o  a c t i v a  lo a d in g  e x p e r im e n t *  • C o n t r a r y  t o  

w h at w as o b s a r v a d  fro m  t h a  a x p a r im a n t  u s i n g  d a to o h a d  

ia a v a s #  t h a  i n t a e t  i a a v a s  i n d i e a t o d  a  h ig h  **€Q g f i x a t i o n  

a f f i e i a a c y  b y  t h a  l a a f  p o s i t i o n s  1  t o  4  an d  a  d a c l i n a  

t h a r a a f t a r  t o  t h a  lo w a r  c a n o p ia s  •  i n  a i l  t h a  e x p e r im e n ts#  

t h a  r h i s o a a s  t r a n s p o r t o d  m ora l *C  a s s i m i l a t a s  fro m  t h a  

r a d i o a c t i v e  f a d  la a v e e *  T ha r o l a  o f  s u b t e r r a n e a n  ste m s 

a s  s t o r a g e jo r g a n s  f o r  m o t a b o l i t o s  h a s  b a a n  o b s a r v a d  b y  

s a v a r a l  w o r k e r s  (■dolm an# 1 9 4 3 1 C o u rsay#  1 9 4 7 ;  Thosy s o n  

an d  K e l ly #  19 7 3 #  Oawnama# 1 9 7 3  and F u r s e g l o v e  § &  j£ « #  1 9 9 1 )  • 

I t  w as f u r t h e r  o b s a r v a d  t h a t  t h a  t r a n s p o r t  o f  l a b a l l s d  ^  

m e t a b o l i t e s  fr o m  th o  14C02 f o d  l o a v o s  t o  tb o  o t h o r  o r g a n s  

w as o o n f in o d  m a in ly  t o  th o  o r g a n s  s i t u a t e d  i n  th o  o lo s o  

v i c i n i t y  o f  t h a  t r a a t a d  l a a f *  s i n c e  t h a  rh io e m e s#  

p se u d o ste rn s and r o o t s  w a ra  t h a  m a jo r  s la b s #  t h a  t r a n s p o r t
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o f  p h o t o s y n t h a t a s  o o u ld  h o  m a in ly  r e g a r d e d  a s  b a s i p e t a i *  

H ow ever* f a i r l y  h ig h  X4C a c t i v i t y  o o u ld  ho o h s a r v o d  I n  

th a  n o n - fe d  l e a v e s  s h o v e  t h a  l *C O j f a d  l e a v e *  whan l o a f  

p o s i t i o n s  1 t o  4  w o rt  e m p lo y ed  f o r  t h a  s t u d y *  T h is  

p hono a o aon  g a v e  an  I n d i c a t i o n  t h a t  t h o  m a t a h o l l t o a  w ore 

t r a n s p o r t e d  a c x o p a t a l l y  a l s o *  A p r e d o m in a n t ly  h a s l p o t a l  

t r a n s p o r t  o f  th a  m e t a b o l i t e s  i n  r h ls o m a fo u a  p l a n t s  h a s  fx/ 

b e e n  d ocu m en ted  e a r l i e r  b y  a le n e r n e n n  ( 1 9 $  l )  •

The r e s u l t s  o f  t h a  p r o a a n t  in v e a  t i g e t i o n s  c l e a r l y  

I n d i c a t e  t h a t  th a  e f f i c i e n c y  o f  X*C02 f i x a t i o n  b y  

cardam om  l e a v e s  w as h ig h  u n d e r  lo w  l i g h t  i n  t o n a l  t i o e  

(1500 t o  $00 0  l x )  •  The e f f i c i e n c y  e x h i b i t e d  b y  t h a  lo w e r  

c a n o p ie s  ( t o  f i x  m ore OOj) n i g h t  h a t e  b e e n  d u e  t o  t h e  

d i f f u s e d  l i g h t  ( b e c a u s e  o f  t h e  mutual s h a d in g  b y  th e  

l e a v e s )  t h a t  w as i n c i d e n t  on  t h o s e  l e a v e s )  * in c r e a s e d  

e f f i c i e n c y  o f  lo w e r  o a n a p io s  o f  l o a v e s  t o  u t i l l s o  

d i f f u s e d  l i g h t  h a s  b a o n  o b s e r v e d  i n  c e r t a i n  f o r a g e  

g r a s s e s  b y  s h e e h y  and C ook ( 1 9 7 ? )  *•

I n  t h e  g e n o ty p e  P h - 1 0 7  (M ysore) * t h e  r h is o s m s  t r a n s 

p o r t e d  m ore m e t a b o l i t e s  d u r in g  a l l  g ro w th  s t a g e s *  T h e re  was a l s o  

a  l o c a l i s a t i o n  o f  r a d i o a c t i v i t y  i n  t h e  g p i o a l  p o r t i o n  

o f  t h e  p se u d o ste m  when t h e  a p i e n l  f o u r  l e a v e s  w e re  f e d  

w i t h  X*C02 * F a i r l y  h ig h  p r o p o r t i o n s  o f  l a b e l l e d  a s s im i

l a t e s  w e re  d e t a c h e d  fro m  t h e  p a n i c l e s  an d  t h e  r o o t s *



s i n e *  t h e  l a b e l  c o o ld  b e  t r a e e d  fro m  t h o  o r g a n s  in c lu d 

i n g  th o  n o n - fo d  lo a v e s ,  i t  c a n  h o  prosu m od t h a t  

p h o t o s / n t h a t o s  w e re  d i s t r i b u t e d  t o  a i i  t h o  s ia lc s  o f  a  

t i l l e r *

Tho d o v o lo p in g  p a n i c l e s  an d  r o o t s  a c c u m u la te d  

l o s s  am ounts o f  m e t a b o l i t e s  when com pared  t o  th o  

rh iz o m e s*  I t  a p p e a r e d  t h a t  t h e  r h ls e m e  { t h e  t r u e  s te st)  

o f  cardanom * s i t u a t e d  o t  a  s u b t e r r a n e a n  r e g io n *  i s  th e  

m o st v i t a l  o r g a n  w h ic h  a c t e d  a s  a  s t o r a g e  t i s s u e  o f  

a s s i m i l a t e d  fo o d  m a t e r ie l *  The o r g a n a  t h a t  a r o s o  fro m  

t h e  r h ia o m e s , ( p a n i c le s  sn d  r o o t s )  o b t a in e d  t h e i r  s u p p ly  

o f  p h o t o s y n t h a t e s *  i n  tu rn *  fro m  t h e  rh iz o m e s *  T h is  

m ean t t h a t  t h a  r h ls o m s s  f un c t io n e d  a s  a  r e s e r v o i r  o f  

p h o to s y n t h a t e s  s u b s e q u e n t ly  r e l o a d i n g  them  t o  th o  

p a n i c l e s  ( in c lu d in g  t h e  c a p s u le s )  an d  th e  r o o t s *  S in c e  

th e  t im e  i n t e r v a l  a l lo w e d  f o r  r e c o r d i n g  th e  t r a n s  l o c a t i o n  

r a t e  o f  p h o t o s y n t h a t e s  d u r in g  t h e  p r e s e n t  i n v e s t i g a t i o n s

was o n ly  f o r  o n e  month* t h e  r e a l  s i n k  e f f e c t s  d u e  t o
Jae

t h e  rh iso m e e  c o u ld  n o t  ̂ a s c e r t a in e d  •  i n v e s t i g a t i o n s  on  

t h o s e  l i n e s  a r e  n e c e s s a r y  o n  t h e  e t h e r  p r o m is in g  gen o 

t y p e s  o f  cardam om  t o  a r r i v e  a t  d e f i n i t e  c o n c lu s io n s *

T he p a t t e r n  o f  p h o t o s y n t h e t e  m o b i l i s a t i o n  a t  t h o  c a p s u le  

m a t u r i t y  s t a g e  i s  show n d i a g r s a m a t i c a l l y  i n  F i g *  2S«

2 G7
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T h a au ttecaU atrip ha  (P la ta . 4 7 )  ia d X ca tad  th a t 

th o  •*' C a s s ira iia ta s  teow ntla tad  moro s t ro n g ly  in  tho 

m id r ib s  and v t la i  o f n on -fad  la a v a s • lb s  t a r t ia r y  

fo o d o r  ro o ts accuarulatad mono p h e to syn th a ta s than  tbo 

p rim ary  and secondary ro o ts  (P la t s  4 5 ) .  I t  may b o  

p o in tsd  o a t th a t  t s r t ia r y  z o o t ls t s  o f  cardamom aro  

tho m ain fo o d o r ro o ts and as suoh# tho  m ain s i t s  o f 

u t il is a t io n  o f  p h o to sya th o to s* Tho p rsso n c s o f  o n l y  

fo sb lo  r a d io a c t iv it y  in  th o  m id -r ib s  o f 14coa fod  

lo a v ss  la d ic a t s s  th a t p h o to syn th a to s hava movod o u t 

o f  t ito m id -r ib s . T h is#  in  turn# su g g s s t s  th s  a x is  tones 

o f  phloom  tra n sp o rt  o f  lo s f  o s s im ila to s *  fho  tra d in g  

o f  t i n  tra n sp o rt  o f  tho  m sta b o lits s  u s in g  au to ra d io 

graphy has boon a w a ll o s t a h lis h s d  method In  so v o ra l 

h o r t ic u lt u ra l c ro p s (W arning and P h ilip s#  1573; s t ra a t  

and Qpih# 1 9 7 0 ;  Saron# 1979 and Asmnlu# 1 9 8 2 ) .

5 .8  Changas la  tha  f la v o u r  oomponon ts  o f ean&amom 
c a p su la s a t  f iv o  saad  m a tu rity  phasos

A e r it io a l  anam ination  o f  tho  d a ta  on f la v o u r  

oosqponoats v is  j| |  oap su lo  m a tu rity  (T ab lo s 49 and 

SO and P ig s *  22 to  24) ru vo a lo d  th a t  tha  o o n o a a tra tlo a s 

o f  a lpha  and b a ta  p ln on o s* and d -llm o aana w ars h ig h  a t 

tho  g ro o n ish -y s llo w  saad  sta g o  in  tha  ganotypas P V -l
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(M a i*b a r) and PV -5 (Vasftukka) and a t  tha  r ip e  seed 

sta ge  la  the genotype Pft-107 (J^ so ra ) • Tha concen tra 

t i o n s  o f  I ,  8 -c in a o le , te rp a n e -4 ~ o l, a lp h a  te rp e n io l, 

i in a ly l  aoata ta  and g e ra n io l v a ra  o o a p a r a U v a l y  h ig h  

a t  tha  b la c k  saad  and r ip a  saad  sta g a s In tha  th raa  

genotypes s tu d ie d * Tha ste ad y  accum ulation  o f  th a sa  

f la v o u r  com ponents fro st tha  young s ta g s  to  tha  la t e r  

sta g e s o f seed  m a tu rity  in d ic a te d  th a t peak developm ent 

o f  tile  c h a ra c te r is t ic  f la v o u r  o f  cardamom o ccu rre d  a t 

th a  b la c k  saad  and r ip e  scad  s ta g e s* She r e s u lt s  o f 

tha p re lim in a ry  stu d ie s  on  th a  r e la t iv e  accum ulation  

o f  th a sa  com ponents In th a  th re e  p o p u la r c u lt lv a r s  o f  

cardamom by Se n k a rlk u tty  f £  (1992) are  la  ga a e ra l 

agr ssmont  w ith  tho so  o f  th a  p ro sc n t la v a s  t lg a t lo e s  *

Ho w a v e r . I n  t h a  p r e s e n t  I n v e s t i g a t i o n s ,  h ig h  c o n t e n t s  

o f  a l p h a - t s r p e n y l  a c a t a t a ,  g a r a n y l  a o a t a t a  and n e r o l i d e l  

v a r a  o b s e r v e d  a t  th a  t e n d e r  s a a d  s t a g e  o f  t h a  c a p s u le s *  

T h a c o n c e n t r a t io n  o f  t h a s o  com p o n en ts d e c l i n e d  w it h  t h a  

ad v an cem en t o f  m a t u r i t y  a f  t h e  c a p s u l e s ,  A r e c a n t  s t u d y  

c o n d u c te d  a t  t h a  R e g io n a l  h a s a a r c h  l a b o r a t o r y ,  T r iv a n d ru m  

(S u m a th lk u tty  p j|  a l * .  19 9 9 )  a l s o  I n d ic a t e d  s i m i l a r  

r e s u l t s  a s  t h o s e  o f  t h a  p r e s e n t  s t u d i e s *  A lp h a  t a r p a n y l  

a c e t a t e ,  h e ln g  a  m a jo r  c o a p o n e n t  o f  t h a  s p i c e ,  t h a  

d a c U n a  i n  i t s  o e a s t t l a t l m  w it h  t h s  ad v an o am an t a f  s a a d  

m a t u r i t y  w i l l  b e  a  t o p i c  o f  a p o d a l  i n t e r e s t  f o r  th a
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o l e o p h y » i o l e g i s t .  S h e  h i g h e r  c o n c e n t r a t io n  o f  t h e s e  

com pon en ts a t  t h o  t e n d e r  « « « d  s t a g e  may b o  duo t o  t h e i r  

h ig h e r  r a t e  o f  s y n t h e s i s  d u r in g  t b o  o a r l y  p e r io d  o f  

s e e d  d e v e lo p m e n t*  Though d u m a th lk u t ty  ( 19 S S )

h a v e  n o t  a s s i g n e d  an y  s p e c i f i c  r e a s o n  f o r  su e h  •  

d e c l i n i n g  t r o a d  in  th o  e o c e a n la t lo n  o f  a lp h a  t a r p e n y l  

a c e t a t e #  p o s s i b i l i t y  e x i s t s  f o r  a  b a c k  c o n v e r s io n  o f  

t h i s  com ponent t o  som e o t h o r  o o n s t i t u o a t  c o o p o n e n ts  

w it h  t h o  a d v an c em en t l a  s o o d  m a t u r i t y  o f  t b o  s p i c e *

S u c h  i n t o r o o n v e r s io n s  o f  com p o n en ts w it h  a d v a n c ement  

o f  e r o p  m a t u r i t y  h a s  b oon  w a l l  e s t a b l i s h e d  l a  som o 

o t h e r  a r o m a t ic  p l a n t s  b y  G u e n th e r  ( 1 9 5 a ) .  T h o se  

a s p e c t s  r e q u i r e  f u r t h e r  d e t a i l e d  e x p e r i m e a t a t i o a •

T ha r e s u l t s  p o i n t  o u t  t h a t  f o r  c o m m e rc ia l 

e x t r a c t i o n  o f  t h e  e s s e n t i a l  o i l s  a s  w e l l  a s  f o r  u s e  a s  

a  s p ic e #  t h e  c a p s u le s  s h o u ld  b o  h a r v e s t e d  e t  t h e  b l a e k  

s e e d  s t a g e  ( ' K a n a k a ! ' ) .  Among t h e  t h r e e  g e n o t y p e s  F M  

ro o k e d  f i r s t  i n  te rm s o f  a lp h a  a s  w a l l  a s  b o t e  p la e a e s #  

d -lim o n o n o  an d  i , 0 -  o l a e o l e *  T h e  c o n c e n t r a t io n s  o f  

t h e s e  com p o n en ts w ere  t h e  minimum i n  t h e  g e n o ty p e  P R - 10 7 *  

P V - i  e x h i b i t e d  in t e r m e d ia t e  l e v e l s .  T h e c o n c e n t r a t io n s  

o f  l i a a l o o l #  t e r p e n e - 4 - o l#  a lp h a  t o r p o a lo l#  l i a a l y l  

a o o t a ts #  g e r a a y l  a c e t a t e  an d  n a r o l i d o l  w o re  h ig h  i n  t h e  

g e n o ty p e  P R - 10  7 ,  f o l lo w e d  b y  l a  P V -5  and P V - l .  T h e 

g e n o ty p e #  P V -S  r a n k e d  f i r s t  f o r  o n l y  tw o co m p o n en ts , 

g o r a n i o l  an d  a lp h a - t a r p e a y  1 a c e t a t e *  I t  i s  t h u s  o b v io u s



t h a t  t h a  g e n o t y p e  P h - 10 7  (M yso re) i s  s u p e r i o r  t o  t h a  

o t h e r s  i n  q u a l i t y  a s p e c t s *  T h e g e n o t y p e ,  P V - 1  (M a lsh a r)  

p o s s e s s e d  o n l y  lo w  p r o p o r t io n s  o f  t h e  c h i e f  c o n s t i t u e n t s  

w h ich  im p a r t e d  t h e  c h a r a e t o r l s t i o  f l a v o u r  t o  th a  s p i e s *  

P V - l  p o s s e s s e d  a  h ig h  c o n t e n t  o f  1 , 8  c i n e o l e  w h ic h  g a v u  

a  m ore h a r s h  e a m p h e ra c e -o u s  f l a v o u r  t o  i t s  o i l *  T h e 

d o m in an ce  o f  cam p h o r•ee-'O u s f l a v o u r  I s  s u p p o s e d  t o  ho 

an i n f e r i o r  f a c t o r  a s  f a r  a s  t h a  q u a l i t y  a s p e c t s  o f  

cardam om  a r e  c o n c e r n e d . S u c h  an  a c c u m u la t io n  o f  h ig h  

c i n e o l e  i n  t h e  c a p s u le s  o f  M a la b a r  h a s  ham s fo u n d  h y  

e a r l i e r  w o r k e r s  a l s o  ( s h a n k a r a n e h e r y a  and h a t a r a j a n ,  1 9 7 1 )  • 

Tha p r e s e n c e  o f  h ig h  l e v e l s  o f  t h a  a s t e r s ,  a lp h a  t e r p e n y l  

a c e t a t e  l l n a l y l  a c e t a t e  m id g e r a n y i  a c e t a t e  o o u ld  h a v e  

c o n t r i b u t e d  t o  t h a  s w e e t ,  s p i c y ,  f l o r a l  and f r u i t y  

f l a v o u r  o f  t h a  g e n o ty p e  P h - 1 0 7 ,  T he M yso re  c u l t i v a r ,  l a  

g e n e r a l ,  p o s s e s s e d  a  h ig h  q u a n t i t y  o f  t h e s e  com pon en ts 

th u s  m akin g  I t  th a  m ost p o p u la r  among th a  c u l t i v a r *  o f  

cardam om . C o n f i r m a t iv e  e v id e n c e s  f o r  t h e  s u p e r i o r  

q u a l i t y  o f  M y so re  c u l t i v a r  h a v e  b e a n  p r e s e n t e d  b y  

S u m a th ik u t ty  H  h2&* ( 19 8 5 )  ,

Tha f l o r a l  f l a v o u r  and lem on y n o t e  o f  P h - 10 7  

c o u ld  b e  due t o  t h e  p r e s e n c e  o f  h ig h  l e v e l s  o f  t h e  

a l c o h o l s ,  l i n a l o o l ,  a lp h a  t e r p e n i o l  and g e r a n i o l .  The 

woody p in e  l i k e  f l a v o u r  d o m in a n t in  t h e  e s s e n t i a l  o i l  o f



P V - l  m ig h t  b e  d u e  t o  h ig h  l e v e l s  o f  a lp h a  an d  b e t a  

p l a e a e s  •  s i m i l a r  o b s e r v a t i o n s  h a v e  b e e n  made b y  

S s n k a r l k u t t y  £& aJ,* ( 19 0 4 )  and  d u m ath U cu tty  s i  A&* (1999) 

a t  t h e  R e g io n a l  R e s e a r c h  l a b o r a t o r y  (C SiiO # T riv a n d ru m * 

D e t a i l e d  s t u d i e s  e m p lo y in g  card a m o n  f l o w e r s  an d  f r u i t s  

r i g h t  fro m  t h o  a a t h o s i s  s t a g e  u n t i l  t h e  c a p s u le  

m a t u r i t y  s t a g e s #  s t  w e e k ly  i n t e r v a l s  in  t h a  o t h e r  

p r o m is in g  g e n o t y p e s  o f  cardam om  may b e  a b l e  t o  p r o v id e  

a d d i t i o n a l  I n fo r m a t io n  on  t h o s e  a s p e c t s *
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6 SUMMARY

I n v e s  t i  g a t lo n s  w ere  c a r r i e d  o u t  a t  t h a  Cardamom 

R e s e a r c h  s t a t i o n ,  P as& ad n m p ara  an d  a t  t h a  C o l la g e  o f  

H o r t i c u l t u r e ,  V e l l a n l k k a r a  d u r in g  19 8 2  t o  19 8 4  t o  

g a t h e r  in fo r m a t io n  on  t h e  p h y s i o l o g i c a l  b a s e s  o f  

g r o w th , f l o w e r i n g ,  f r u i t  s o t  an d  c a p s u le  d e v e lo p m e n t 

i n  cardam om * Tha c a u s e s  o f  f r u i t  ( c a p s u le )  s h e d d in g  

w e re  a l s o  e x a m in e d  w it h  a  v i e w  t o  e v o lv e  m ethods e f  

c o n t r o l *

6*1*1 The s t u d i e s  r e v e a l e d  t h a t  t h a  V ash u k k a  c u l t i v a r  

p o s s e s s e d  m ore t i l l e r i n g  a b i l i t y  th a n  t h a  o t h e r  tw o *

T he M ysore  c u l t i v a r  w as fo u n d  t o  b o  c o m p a r a t iv e ly  w eak*

6 * 1 * 2  T he t o t a l  l e a f  p r o d u c t io n ,  t h e  t o t a l  l e a f  n r e a  

and t h e  d r y  m a t t e r  a c c u m u la t io n  i n  t h e  l o a v e s  w e r e  h ig h  

i n  M y so re , f o l l o w e d  b y  i n  V ash u k k a  an d  M a la b a r*  f o r  a  

s i n g l e  p la s t o c h r o n e ,  t h e  V an h ukka c u l t i v a r  r e q u i r e d  l e s s  

t im e  com p ared  t o  t h e  o t h e r  tw o  c u l t i v a t e *

6 * 1 * 3  Among t h a  d l f f a r a n t  o r g a n s  o f  a  t i l l e r  t h e  l a s t  to  

u n d a rg o  s e n e s c e n c e  w es t h e  rh la e m e *  The p se u d o ste m s  an d  

l a a v e s  s e n e s c e d  e a r l i e r  th e n  t h e  e t h e r  o r g a n s  (rh ln o m s s , 

p a n i c l e s  and r o o t s ) *
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6 . 1.11 g ro w th  an d  d e v o lo p n e a t  o f  c a r d a n o a  c a p s u 1m

l a  t o n a s  o f  tkio l a n g t h ,  g i r t h  and v o lu a *  o f  t h o  c a p s u le s  

e x h i b i t e d  d o u b le  s ig m o id  c u r v e s ,

6 . 1 . 1 2  Tho d i f f e r e n t  a s p e c t s  o f  f l o w c r i a g  an d  f r u i t  

s o t  s t u d i e d ,  in d lo a t o d  r a t h o r  h ig h  v a r i a b i l i t y  l a  th o  

V ssh u k k a  c u l t i v a r  and lo w  v a r i a b i l i t y  l a  t h o  M yso re  

c u l t i v a r ,  h a  e a r l y  c r o p  h o a r i a g  h a b i t  w as o x h ifc l t o d  b y  

M a la b a r  w h e re a s  M yso re  p o s s e s s e d  a  l o t s  b o a r i a g  h a b i t ,

6 . 2 . 1  Tho s t u d i o s  r e v e a l e d  t h a t  t i l l o r i a g  i n  th o  th r o o  

c u l t i v a r s ,  w as m ore d u r in g  th o  m onths o h a r a e t o r i s o d  b y  

h ig h  r a i n f a l l ,  r e l a t i v e  h u m id ity  and s o i l  m o i s t u r e ,  Tho 

m a tu re  a s  w e l l  a s  th o  a o w ly  s p r o u t e d  t i l i a r s  o f  V ash u k k a  

t o l o r a t o d  th o  d r o u g h t  s i t u a t i o n  b o t t o r  th a n  t h o s o  o f  th o  

o t h o r  c u l t i v a r s ,  Tho a o w ly  a a a r g e d  t i  l i a r s  o f  M a la b a r  

e a s i l y  succum bed t o  d r o u g h t ,

6 . 2 . 2  A d i s t i n c t  d r y  s p o i l  t h a t  p r e v a i l e d  fro m  Ja n u a r y  

t o  A p r i l  t r i g g e r e d  t h o  p a n i e l a  i n i t i a t i o n  p r o e o s s ,  Tho 

o a s o t  o f  r a i a s  c o u p le d  w it h  h ig h  t e s ip e r e t u r e s  w as c o n d u c iv e  

t o  n o ra  o f  f l o w o r  o p o a in g ,  a  h ig h  s o i l  n o l s t u r o  r e g i a *  

o o n b la o d  w it h  a  h ig h  s t a t u s  o f  r o l a t i v o  h u m id ity  (w hich  

r o s u l t o d  fro n t a  w a l l  d i s t r i b u t e d  r a i n f a l l )  im p ro v e d  t h a  

f r u i t  ( c a p s u le )  s o t t i n g  and i n c r e a s e d  th o  a u n b e r  o f  

c a p s u le s  o o r r i o d  t o  m a t u r i t y .
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6 * 3 * 1  H i s t o l o g i c a l  s t u d i o s  c o n d u c te d  I n  th o  g e n o ty p e  

P V - l  (M a la b a r)  sh ow ed  t h a t  d i f f e r e n t i a t i o n  o f  p a n i c l e  

p r im e r d ia  w as m ore d u r in g  N ovem ber t o  M arch* Tho s h o o t  

p r ia o r d iu m  o r i g i n a t o d  a s  a  c o n i c a l  m e r i s t e a  w h o ro as  th o  

p a n i c l e  p r i s o r d i u *  w as a r c - l i k e *  Tho s i t s  o f  I n i t i a t i o n  

o f  th o  p a n i e l o  and th o  s h o o t  p r i a o r d i a  w oro a t  d i s t i n c t  

n o d es o n  t h o  rh iso m e *  The p a n i c l o  p r ia o r d iu m  w as d e t e r -  

n in a t o  i n  i t s  g ro w th  h a b i t *

6 * 3 * 2  V a s c u l a r i s  a t i o n  a t  th o  r h is o ia o  n o d o s w as o to sarved

p r i o r  t o  th o  I n i t i a t i o n  o f  p a n i c l o  p r i a o r d i a *

6 * 3 * 3  H i s t o l o g y  o f  th o  s o o d s  re ve a lad  th o  d c v c lo p a a n t  

o f  s t a r c h  g r a i n s  a t  th o  g r o o n is h - y o l i o w  s o o d  s t o g o *  Tho 

l i g n i f i c a t i o n  o f  th o  t o s t a  o c c u r r o d  a t  t h o  b ro w n  so o d  

s t o g o *  Tho d e v e lo p m e n t  o f  s t a r c h  g r a i n s  w as o o q p lo t o d  a t  

th o  b l a c k  s o o d  s t a g o *

6 * 4 * 1  en d o gen o u s a u x i n - l i k e  s u b s t a n c e s  w oro  fo u n d

o o n s i s t o n t  a t  M  p o s i t i o n s  0 * 3  t o  0 * 5  i n  t h a  p a p e r  

ch ro m ato g ram s • Tho a u x in  a c t i v i t y  a t t a i n e d  a  paak 

( 3 1 5  n g / g  f r o s h  o v a r i e s )  36  h o u rs  a f t e r  p o l l i n a t i o n .  

S u b s e q u e n t ly  t h o  a u x in  l e v e l s  d ro p p e d  t o  90 n g / g  f r o s h  

o v a r i e s  w it h  o n e  m onth o f  f r u i t  s o t  w h ich  fa v o u r e d  th o  

fo r m a t io n  o f  an  a b s c i s s i o n  s o n s *  lo a d in g  t o  im m atu re  

c a p s u le  s h e d d in g *
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6 .4 . 2 j?h« concentration of inhibitors were found
consistent at &fi regions 0.6 to 0*3 in tha paper 
chromatograms. Ihe ImveX of inhibitoryautoetances 
rose from 12 hours after pollination ( 30 ng/g 
capsules) to one week aftar fruit sat (220 og/g) •

6.4.2 ivenbhouigh an increase in cytokuain activity 
w*a» tuufefVBu rrutn «.na time of pollination to tha fruit 
u&t ^taya# tbv. cyw^inin levels drd not reveal any
define to relation with the growta ana development of
Capsules:.

6.5.1 irogenoui; application of 11 Aa ( 40 pprr.) and 
?.#4~D ( 4 ppm) increased the plant height# enhanced tha 
pro'auction of p articles end flowers# reduced the cspaale
d ro p  coin im p ro ved  th e  .v i^ lcU

-.ut*ircjL ( 2*> p£̂ti) ptoittovea one d l l ^ x a b i l i t y
Ox Cdki

6.5.3 2 #4-0 ( 4 ppm). 2.4«S-T ( 6 ppm) and m a a  (40 ppa)
were effective In enhancing the total content of essential 
oil in tha capsules•



278

6 * 6 * 1  Tha t o u l  s o l u b l a  c a r b o h y d r a t a  c o n t s n t  i n  

t h a  X aa v a a  w as h ig h  d a r in g  t h a  i n i t i a l  s t a g a  o f  f l o r a l  

d sv a lo p m a n t*  T ha C/U r a t i o  d i d  n o t  h a a r  an y  d a f i n i t a  

r a l a t i o n  t o  t h a  f l o w s d a g  o a h a v io u r  o f  cardam om *

6 . 6.2 T h a  M« 9 and K  c o n t a n t  o f  t h a  l o a v e s  and 

p sa u d o sta m s  d a  o l  in  a d  to w a rd s  t h a  l a t a r  s t a g e s  o f  c r o p  

g ro w th *  Tha r h i s e a a s  sh ow ad  an  i n o r a a s a  i n  t h a  c o n o a n t r a -  

t i o n  o f  t h a  m a jo r  a la m a n ts  fro m  t h a  p e n l d e  i n i t i a t i o n  

s t a g a  to  th a  p a s h  f lo w s  r i n g  p a r i o d *

6 . 6 . 3  T ha o o n c a n t r a t io n  o f  Ca* Mg# Fa# 2n* Mn and Cu 

in o r a a s a d  i n  a l l  t h a  o r g a n s  I r a n  t h a  p a n i o l a  i n i t i a t i o n  

s t a g a  t o  t h a  c a p s u la  m a t u r i t y  s t a g a *

6*6*6 Tha u p t a k e  o f  n u t r i e n t s  b y  i n d i v i d u a l  t i l i a r s  

o f  cardam om  i n d i e  a  t a d  t h a t  card am o n  i s  a  h e a v y  f a a d a r  

o f  p o t a s h *  T ha n u t r i a n t  u p t a k e  ( t o t a l  o f  M# 9# K# Ca# 

Mg* &* f a *  2n* Mn and Cu ) r e v e a l e d  t h a t  f o r  t h a  p ro d u 

c t i o n  o f  1 k g  d r y  eardamom  o a p s u la s  t h a  V ash u k k a  c u l t i v a r  

<top l a  t a d  l a a s  am ounts o f  n u t r i a n t s  (7 7 9 *5 0  g )  th a n  t h a  

M yso ra  c u l t i v a r  ( 1 6 1 7 * 8 8  g )  * T h a  maan n u t r i a n t  d a p la t i o n  

o n  a  who l a  d u m p  b a s i s  b y  t h a  t h r a a  c u l t i v a r s  c o u ld  b a  

ra n k e d  a s  f o l l o w s  i

K > C a > n > n g > P > 8 > i 8 i > F a > z a > c u
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6 . 7 . 1  Tha s t u d i o s  H a iiA  on  t h o  f i x a t i o n  o f  14C0a 

show ed  t h a t  th o  p h o t o s y a t h e t i c  e f f i c i e n c y  w as m ore u n d e r  

su b d u ed  l i g h t  i n t e n s i t i e s  ( 1S 0 0  t o  S000 l x  ) .  a  lo w  

l i g h t  o e a p e n a a t io n  p o i n t  woo fo u n d  t o  f a v o u r  th o  p h o to 

c h e m ic a l  p r o c o s o o o  i n  t h o  l e a v e s  o f  cardam om . A sse ssm e n t  

o f  t h o  p h o t o s y n t h o t ic  o f f i a i o n c y  « t  d i f f e r e n t  o o n o p y  

l e v e l s  (u o in g  o i t h o r  d e t a c h e d  l e a v e s  o r  i n t a c t  l e a v e s )  

d i d  n o t  r e v e a l  a n y  c o n c l u s i v e  p a t t a m .

# • 7 * 2  Tha r h is o a a o  w orn  fo u n d  to  ho th o  m ain  s i n k s *  

F a i r l y  h ig h  p r o p o r t i o n  o f  th o  l a f e o l lo d  a s s i m i l a t e s  w oro 

d o to e to d  fro m  t h o  p a n io lo a  an d  r o o t s  a l s o .  T ho r h is o m * a , 

h en ce *  f u n c t lo n a d  a s  a  r e s e r v o i r  o f  p h e t o s y n t h a t o s  f o r  

s u b s e q u e n t  r o lo a a o  t o  t b s  o t h o r  p a r t s  o f  th o  t i l l e r s *

6 * 7 * 3  Tho m ovem ent o f  th o  l a b e l l e d  n o t o h o l i t i o s  w as 

m o s t ly  b a s i p e t a l *  A o z o p o ta l  t r a n s p o r t  o f  t h o  m e t a b o l i t e s  

w as o b s e r v e d  t o  a s m a l l  a x  t a u t .  T h a  t o r t i a r y  f a a d o r  

r o o t l a t s  w a ra  fo u n d  t o  ho t h o  m ain  a l t o s  o f  u t i l i s a t i o n  

o f  th o  p h e t o s y n t h a t o s *

6 *8i  1  <3as c h r o m a to g r a p h !c  o a t im a t io n  o f  cardam om  o i l s  

a t  t h a  f i v o  a a o d  a k a tu r it y  s t a g a s  r a v o a la d  t h a t  th o  

com pon en ts 1# 8- c i n e o l e ,  t a r p e n e - 4 - o l ,  a lp h a  t a r p a n i o l *  

l i n a l y l  a e a t a t a  an d  g e r a a i o l  w o ro  c o m p a r a t iv e ly  h ig h  o t  

t h o  " b la c k *  and " r i p e "  s a a d  s t a g  o s *
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6.8.2 A high content of alpha terpenyl acetate# 
geranyl acetate and nerolidol was observed at the young 
tender seed stage of the capsules.

6.8.3 The Mysore genotype# PR-107 was found to be 
superior in quality because of the high content of the 
esters# alpha terpenyl acetate, geranyl acetate and 
linalyl acetate. The capsules of PR-107 on steam distilla
tion gave a high recovery of essential oil.

6.8.4 The quality of capsules of the genotype PV-1 
(Malabar) was Inferior to that of the other two geno
types# mainly because of a high content of 1# 8-cineole 
which imparted a harsh and campheraceous odour to the 
spice. The recovery of essential oil was also low in 
PV-1.

6.8.5 for consumption as a spice as well as for distilla
tion of the essential oils# the black seed stage ('Karimkai') 
was found to be the most ideal stage in cardamom.
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and o a rto o n d lo x id e  f l u *  i n  f o r a g e  g r a s s  c a n o p ie s .  
A na.  | 2 | *  f t #  1 0 1 7 - 1 9 2 9 *

sh lm am u ra . K . an d  O kam eto. 9 .  1 9 7 9 .  E f f e c t  o f  n ig h t  
t e a p e r a t u r e  d u r in g  f l o w e r i n g  o n  f r u i t  s o t  a a d  
h o r s y  g ro w th  l a  M u se a t  o f  A le x a n d r ia  g r a p e  v i n e s .
p g fittftg  fliB trtt a|.
O kayam a U n i v e r s i t y ,  f t *  1 7 - 1 3 .

S h o r t e r .  U .K . and c r l p p s ,  J .  29 9 9 * s t o p  d ro p  s p r a y s  f o r  
Jo n a t h a n  an d  D e l i c i o u s  a p p l e s .  J .  A g i l e #  w .A u s t .
2« S4 2 -S4 S.
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stod d art#  l l i iU w  on t in  re la t io n sh ip  batwaan
g ib b a r e llin  m etabolism  in  norm al ana n o n -flo w a rin g  
ro d  c lo v e r, |« | ^ ,  | g£ * | 2 * N - 1 9 ? *

• * *  ! £ * * •  M* 1 > 7 * *  l f t j . J t a t o A 8fflL .ftj W l f t fAtoftlB* tota>,,«jipi, attfl t a l t o B i p f t *  iftward Amol« 
( P u b l i s h e r s )  l * t d .# t e n d o n *p p 9 3 *9 l.

stre e t#  H *l«  and Q plk* H* 1979*
f t f L j i

PP

subbarao* 0«* Ko rlkan th lm eth * V * S .  1983. the in flu e n c e  o f
r a in f a l l  on the  y la ld  o f cardamom (B lo t ta r la  cardamom 
M aton) la  Ooorg d is t r ic t *  P la .Creoa l l C l i  t 8 - a f ,

S u b b la h , H»s# an d  Abraham* S .V *  19 5 9 *  a  n o t e  on  f lo w e r in g  a ad  
f  r a i t i a g  i n  e a r d n a a  ( B l o t t a r l a  cardamomumi *
M adras B a r i c * ^  | |  ( I )  * 1 9 1 - 1 9 2  .

S u l i k a r i ,  0 t 8 * i  P a t t a n o h a t t y *  H *Y . and K o l o l g l *  s .D .  1 9 7 9 .
l a f l u e a e e  o f  t h e  l e v e l  o f  w a t e r  t a b l e  on t h e  g ro w th  
an d  d e v e lo p m e n t o f  c a r damom* l a  B a l l i a t #  S .V .  ( * d .)  
£ « £ •  i f t  m * § x m *  1 1 1 *  f i B f f l i t  I n d ia n  S o c i e t y  f o r  
P l a n t a t i o n  e ro p a *  CPQBI* K a e a r e g o d . p p  3 1 9 - 2 1 9 *

S u m a th lk u tty #  M .A ., ^ a n k a r ik u t t y *  B* O m an ak u tty , M** N ir m a la  
N «A«| Thomas# P .P .#  D e i  A * V .# Padm akum ari# K .P *  
and  N arayan an * c , s #  19 8 8 *  A n a l y s i s  o f  q u a l i t y  a s p e c t s  
o f  cardam om  a t  d i f f e r e n t  s t a g e s  o f  m a t u r i t y *  Cardamom.

(11) p  1 - 9

S u n d e r  am# s * 0 *  19 7 7 *  t o  m a x im ise  p r o d u c t io n  o f  cardamom* 
Cardamom.  |  ( S ) i  1 5 - 1 7 *

f t u a d a r a r a j ,  d . d * and T h u la e ld a e *  « .  19 9 9 *  i n t r o d u c t i o n  t o
8K $ jf f l f f lB & g $  g § &  s t o f lA J u a U f l t o a *  P o p u la r  Book u e p e t*  
M ad ras p p * 8 7 —99*

* T a k a g l«  T* and fu ru k aw a *  If* 1 9 7 7 *  S t u d i e s  o n  t h a  s t a b i l i s a t i o n  
o f  0*3 in d u c e d  s e e d l e s a  b e r r y  p r o d u c t io n  i n  M u sc a t

B a i l e y  g r a p e s *  £* Jam * t e n * M a r t .S o l .  | | ( 2 )  • 1 7 3 - 1 9 0 .

T h a te e n *  P .K *  1 9 8 1 *  H and b o o k  o n  f oTifflnfll f u jLm.  O x fo rd  & IBM 
P u b l i s h i n g  Co** Now D e l h i ,  p p  9*

Thomas* J *B * and Bernard * C * 1917* f r u i t  te d  a tu d ia s in  
*S u lta n
t o 1 1 4 3

* S u lta n a  g ra p e *  |« floun. a a l.  In d u s t r l * H as* Ana* 
—1*7#
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T h o m s o n , H .C , and K s l l y ,  C . 1 9 7 2 .  V a n  t a d  l a  c r o p s
T a t a  HcOxaw m u  P u b l i s h i n g  f e  b ^ .  Maw f i a l h l • 
p p  3 7 5 - 1 7 6 .

T i s d a l e ,  s *Xm  sad *•*•««♦ 1970* 8f||, fftmUfY iltj
f a r t i l l s a r s .  f h s  M a c m illa n  C o . ,  Bow f o r k ,  p p  7 3 * 9 9 .

U d a y a k u a a r . m. and B a s t t y .  iU 8 .JU  1 9 7 1 .  a  b i o  a s  s a y  l o r  
c y t o k i n l n s  u s  l a g  cu cu m b er c o t y l e d o n * .  n u * « i  j .  
f t o .  B i o l .  £ £ *

V a a d ia , * . .  Ranay# f  . C .  «M i K a g a n . R.W . 1 9 6 1 *  P l a n t  w a te r  
d e f i c i t s  s a d  p h y s i o l o g i c a l  p r o c e s s e s .  A n a.  R e v .  
P l a n t  P h y s i o l .  2 6 9 * 2 9 2 •

* V en d er V e e n , f t .  1 9 6 8 .  P l a n t  horm ones end 2 lo w a r in g  l a
c o f f e e .  AQ ta m i  1 2 *  3 7 1 * 3 7 1 *

Vannertsw. f t* . P a i a s t h y .  a .  « a d  b a s fc e r t s *  P .  1 9 9 6 .  a  s t u d y  
o f  s o i l  re q u ir e m e n ts  f a r  s t r a w  h a r r y  g r o w in g , 

h m i & a  1 4 *  4 9 i * s i o .

Van Q v e rb e e k , J .  1 9 9 2 .  A g r i c u l t u r a l  a p p l i c a t i o n  o f  g ro w th  
r a g u l a t a r s  aad  t h a i r  physiological b a s i s .
d a a - J a x *  ZL'ghxatek'* V  * 7 - i o a .

V asa n th a k u m a r. k .  1 9 7 9 .  S t u d i e s  o a  t h a  p r o p a g a t io n  and 
g ro w th  o f  a a p o g s n in  b a a r i n g  y a m s. b i o s c o r e a  
f l o r l b u n d a  an d  £ .  ooy p o s l t a  M .b c  ( h a r t )  t h e s i s ,  
u n i v e r s i t y  o f  A g r i c u l t u r a l  S c i e n c e s .  Ok Vic. 
B a n g a lo r a .

V a s u a d a ra . M. 1 9 8 1 .  Bow * s t a d i a s  a n  u a a v a n  r i p a n i a g  and 
t r a u s l o c a t l o n  o f  m e t a b o l i t e *  I n  *0m ls b l*  g r a p e  
( V l t l s  v i a i f a r a  b * } H .tic  (Ag) t h e s i s  U n i v a r s i t y  

o f  A g r i c u l t u r a l  * e i s n o e # .  GHCVK. B a n g a lo r a #

V a s n is e n s k y .  s . ,  s n g a l ,  o . s . ,  K h o lo d o v a . V «P . and 
b o r o s h k in a .  b .A .  1 9 8 $ .  A  w ash ed  f o r

W 00. l a b a l l l n g  o f  f i a l d  c r o p s  i n  a  p s r s p a n  
l e a f  c h a s t e r .  F l s l o l a c l w a  jy | ( 4 )  * 6 18 * 8 2 4  •

V e r a r a g h a v a n ,  P .O . ,  V a s a v a a . « .0 .  1 9 7 9 .  i n f l u e n c e  o f
r a i n f a l l  on  t h a  p r o d u c t i v i t y  o f  c a s h e w . In d ia n

£ • 2 1  <2 > * * * * * * *
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V la lu te i) i f t«  J *  19 8 2 *  G o a p a r ls o n  o f  t h e  e f f i c a c y  o f  s o i l  
a p p l i c a t i o n  vo  s o l  1- o n - l o U t r  a p p l i c a t i o n  o f  
XPK n u t r i e n t s  on p r o l i f e r a t i o n  o f  s t ic k e r s  1 b  
c a x d a a o a *  T h e s i s  rftf»s t r a c t s .  U n i v e r s i t y  o f  
A  g r l c u l t u r a l  s c i e n c e s *  S e n g a lo r e  | ( l )  « 9 3 * 9 4 .

V sa k lta ra m a n *  s .  19 8 2 *  R e p r o d u c t iv e  m e o h e n is a  l a  e s r d e n o a .
M»8e . ( A g ) t h e e i s *  K e r a l a  A g r i c u l t u r a l  U n iv e r s i t y *  
V e l l a y s a i *  T r l v n f m *

V i J a y  an* P . * .  and  Z a c h a r ia h *  p . * .  1 9 7 2 ,  M et w e ig h t  o f  
c a p s u le s  l a  7  t y p e s  o f  card am on  ( r i e t t a r i a  
f l i r t i m n m  H a to n )*  i t s  h e r i t a b i l i t y  and g e n e t i c  
a d v a n c e ,  g m g r a n s  £  ( S u p p l) s  2 1 - 2 3 .

W arning* p . r .  19 7 0 *  G ro w th  an d  i t s  c » * o r h l n a t l o a  l a  t r e e s *  
l a  J* u c k w lll*  b .C .  a a d  C u t t in g  C .V » ( s d . )  P h y s io lo g y  
e U U O B U E S B l#  A c a d e a lc  P r e s s ,  Iw m dan, pp 1 - 2 1 .

W arning* P . F .  and £ l - A n t a b ly *  H.M .M . 19 7 8 *  T h e  p o s s i b l e
r o l e  o f  en d o g en o u s g ro w th  i n h i b i t o r s  i n  th o  c o n t r o l  
o f  f l o w e r i n g .  l a  B e r n i e r  9  < * d .)  C o f i u i « *  » «a
B J l B i i i l .  ii.89SftLj9.jli I, j j f f g f t i  A11̂ * flfifemiRft*
Longm an, bonbon* p p  2 8 9 - 3 0 0 .

M s re la g *  P . P .  an d  P h i l l i p s *  I . D . J ,  1 9 7 3 .  t h e  c o n t r o l  o f
g r o w t h  i l l f l  . i l .B l i i l l t K i*  P srgam on
P r e s s  l t d . *  O x fo r d , p p  2 X 2 - 2 1 4 ,

W eaver* R . J ,  1 9 7 5 ,  a f f e c t  o f  t im e  o f  a p p l i c a t i o n  o f  p o t a s s iu m  
g l b b o r e l l a t e  o n  o l u s t o r  d e v e lo p m e n t o f  'z l a f e n d o l *  
g r a p s s .  V f t l s  ^  (2) s 9 7 - 1 0 2 ,

*M eaver« R . J . *  Van o v e rb o o k *  J .  a a d  P o o l h . m.  1 9 8 6 .  a f f e c t  o f  
k l a i a s  o a  f r u i t  s o t  and d a v e lo p m a n t  i n  V l t l s  
v i a l f e r a .  H i l q a r d i a ,  | | i  1 8 1 * 2 8 1 *

woe* y .C .«  ftao* A .H * 1 9 7 9 .  d e v e lo p m e n t  o f  t h o  i a f l o r e s e s a e s  
an d 'C ro w n * o f  A n an as pompous a f t e r  t r e a t m e n t  w it h  
a c e t y le n e *  Maa a ad  B tn e p h o n . A m ur. J ,  B e t .  66 (4) i 
3 5 1 * 2 4 0 .

W iggen* A . 1 9 1 8 *  Some f a c t o r s  fo r m in g  o r  o p p o s in g  f r u l t f u l a s s s  
i n  a p p l e .  R e c .  B u l l .  rto .A g r i c .  A xo . B t e .*  j y | i  1 9 * 2 6 .

* W ia k le r *  A . J .  an d  S h a m s e t t ia *  A.M e 1 9 3 7 .  F r u i t  b u d s and
f l o w s r  fo r m a t io n  l a  S u l t a n a  g r a p s *  H l l a e r d i a .  IQ i 
9 8 9 * 8 9 9 .



w i t t v e r ,  s . r t .  19 4 9 *  S f f e e t  o f  f r u i t  s e t t i n g  t r e a t m e n t ,  
v a r i e t y  an d  c o l o r  r a d i a t i o n  on y i e l d  a a d  f r u i t  
c l c o  o f  g c M o t e t t to  t o m a to e s . P r o c * £BUL* i f f *  H o r t . 
§8k* U <  3 4 9 - 3 5 4 ,

w i t t w a r ,  s . t f . # S t a l lw o r t h *  H . a ad  H ow ell#  m. j .  1 9 4 8 .  £ £ £ £ «
>  £&£• BfflEI* ifilb ** || t 371-380.

W rig h t , S . T . C .  1 9 5 5 *  s t u d i e s  o f  f r u i t  d e v e lo p m e n t  i n  r e l a t i o n  
t o  p l a n t  l io n a o iM i. J *  H o r t ,  | g ^ *  J ^ c  1 9 4 - 3 1 1 .

Z a c h a r ia h ,  ? a u  1 9 7 8 .  f e r t i l i s e r  m anagem ent f o r  cardamom*
Xn H e l i i a t ,  S . v .  (8d . )  P r o s .  1 s t  A n n . fcyma.  £ | a «
C r o p s .  I n d ia n  s o c i e t y  f o r  P l a n t a t i o n  c r o p s *  GPCJU* 
X a s a r a g o d . pp  1 4 8 - 1 5 4 *

z e e v a a r t *  J . A . a .  17 4 2 *  P h y s i o lo g y  o f  f l o w e r i n g . £ f l i e a a o .  1 3 7 1 
7 2 3 - 7 3 1 .

* •  and H itc h c o a * #  A . S .  19 4 4 *  S u b s t a n c e s  e f f e c t i v e  
f o r  i n c r e a s i n g  f r u i t  s a t  and in d u c in g  s e e d l e s s  
t o m a t o e s .  P r o p .  Am or.  boa* H o r t .  | g ^ »  y e  3 5 3 - 3 5 1 .

Zimmermann, t f .H , 1961,  Hovem nnt o f  o r g a n i c  s u b s t a n c e s  i n  
t r e e s ,  S c i e n c e .  7 3 - 7 9 .

*  O r i g i n a l  n o t  s e e n .
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Meteoro logical data of tha Cardamon Has a arch station*
Pampadumpara

Month Rainfall(two)
Relativehumidity

{*)

Tenperatura (°C) > soil 
moisture 
(%)

t-iaxi-nuam Minimum Mean

January - 78*29 23.82 14*32 18*92 13*09
February - 68*10 27*88 14*70 21*29 11*82
March 3 .SO 73*28 29.61 16*60 23*11 9*24
April 126.10 70*43 29*73 18*88 24.29 12*80
May 163*80 78*72 27*69 18*98 23*32 21*60
June 268*00 90*90 23*18 17*87 20*83 33*60
July 206*30 91*30 22*80 17*60 20*20 27*40
August 214.00 90*40 22.00 17*00 19*80 30*50
September 71.90 78*80 28*00 17*00 21*00 18*40
October 146*20 79,40 26.00 17.70 21*88 15*25
November 201*30 86*90 23*30 17.10 20*20 14*14
December 23*70 74*90 22*20 14*70 18*48 13*54

Total 1411*80 981*12 302*91 202*39 282*66 221*08

Mean 1 1 7 . # 5 7 9 .2 6  2 6 * 2 4  16 * 6 7  2 1 * 0 6  16 * 4 2



19 8 4

APPBiDIX-XXI
Mataoro logic*! data of tha Cardamom Baaaaroh station,
Pampadumpara

Month R a i n f a l l R a l a t i v a T a m p a ra tu ra <°C)

(an) h u m id ity
(14) Maximum Minimum Maan

J a n u a r y 2 3*9 0 79 *6 0 2 4 * 2 0  ' 1 6 * 1 0 2 0 * 1 5

f a b r u a r y 2 8 *4 0 8 0 *20 2 2 *8 0 16 * 5 0 19 * 6 5

M arch 13 2 * 9 0 68*20 2 7 * 1 3 13 * 9 0 2 3 * 0 2

A p r i l 9 2 * 2 0 6 9 *2 0 2 3 * 2 0 19 * 7 0 2 3 * 9 5

May 9 1* 8 0 70 *0 0 2 9 *2 0 1 9 .7 0 2 4 * 4 5

Ju n a 78 9 *9 0 9 2 *7 0 2 0 * 9 7 1 5 * 8 2 18 * 4 0

J U ly 5 4 7 * 3 0 9 2 *0 0 2 2 * 3 7 1 5 * 9 5 1 9 . 1 6

A u g u st 2 2 6 *8 0 9 1* 0 0 2 3 * 9 4 1 7 * 0 5 2 0 * 5 0

s a p ta n la a r 4 2 6 * 7 0 8 3 * 4 0 2 4 * 2 5 1 7 * 6 2 2 0 *9 4

o c t o b a r 2 4 0 * 2 0 3 3 * 8 0 2 4 *4 4 1 6 * 5 6 2 0 * 5 0

Movarahar 1 3 8 * 1 0 8 5 *6 0 2 4 * 3 0 1 5 * 4 3 1 9 . 8 7

D a e a u b a r 6 3 * 7 0 7 6 .6 9 2 3 * 9 3 1 4 * 2 3 1 9 * 1 1

T o t a l 2 7 6 7 * 0 0 9 7 2 * 3 9 2 9 5 * 7 3 2 0 3 * 6 1 2 4 9 *7 0

Maan 2 3 0 * 5 8 8 1 * 0 3 2 4 *6 4 1 6  97 20*88
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APPENDIX - XX
Meteorological date of tho Cardamom Research station*
P ampadumpara

Month R a i n f a l l
(mm)

R e l a t i v e
h u m id ity

m

T e m p e ra tu re  ( ° c )

Maximum Minimum Mean

J a n u a r y - 66.20 2 6 .2 0 1 6 .0 0 21.10
F e b r u a r y - 5 9 ,8 0 3 0 .2 0 1 8 . 3 0 2 4 .2 5

M arch - 5 7 . 1 0 3 2 .4 0 1 9 .0 0 2 5 .7 0

A p r i l - 5 6 .3 0 3 3 .9 0 1 9 . 2 0 2 6 .5 5

May 12 9 * 8 0 7 0 .6 0 2 9 .0 0 1 9 .6 0 2 4 .3 0

Ju n e 2 1 1 . 4 0 8 5 .2 0 2 3 * 5 0 1 8 .7 0 21.10
J u l y 3 0 5 ,0 0 8 3 .3 0 2 3 .4 0 1 8 . 3 0 2 0 .8 5

A u g u st 4 2 3 .5 0 8 8 .6 0 22.20 1 9 . 1 0 2 0 .6 5

S e p te m b e r 3 2 9 .0 0 8 3 .7 0 2 3 .6 0 1 7 . 8 0 2 0 .7 0

O c to b e r 1 8 3 . 2 0 8 2 .6 0 2 3 .4 0 20.10 2 1 . 7 5

N ovem ber 2 0 3 .2 0 8 1 . 7 0 2 5 .0 0 1 6 . 5 0 2 0 .7 5

D ecem ber 7 9 .0 0 8 0 .4 0 2 3 .2 0 1 5 . 9 0 1 9 . 5 5

T o t a l 1 8 6 4 . 1 0  8 9 5 .9 0 3 1 6 .0 0 2 1 3 . 5 0 2 6 7 .2 5

Mean 1 5 5 . 3 4 7 4 .6 3 2 6 .3 3 1 8 . 2 1 2 2 .2 7



G ro w th  o f  t h a  v a g a t a t i v a  o r g a n s  
( E x t r a c t #  o f  a n a l y s i s  o f  v a r ia n c a )

appssdix XV

Sourca of
variability

df Haight of 
tiliars

Mi&ntoar of laavas Total loaf araa Dry 
of ; 11 M Dry aattar 

of paaodostaas
mss 9

ratio
m s  p ratio MSS F ratio MSS F

ratio
MSS

>1 
*8 i

Cultivars 2 187*16 1*48 47*20 1*33 366162 2*05 11*74 1*84 131.79 1*75
Sampling
intamls 12 172*85 1*39 52*94 1.49 300851 1.68 25*40

* *
3*98 167.53 2*2$

srzor 194 124.76 35*66 178616 6*38 75.31

S o ttre a  o f  
v a r i a b i l i t y

d f D r y  a a t t a r  o f  
.jfc ia O M M .. .... ......

u r y  a a t t a r  o f  
r o o t s

D ry  a a t t a r  o f  
p a A i c l a s  an d  
c a o s u l a s  .

T o t a l  d r y  
a a t t a r

MSS F  r a t i o m s F  r a t i o MSS F  r a t i o
MSS F  r a t i o

C u l t i v a r s 2 5 .9 6 1*68 1 . 7 1 1 * 4 4 1 4 * 1 2 1 . 8 2 2 2 9 .3 6  1 * 8 1
* * * * * * •

S a i l i n g 12 19 * 0 9 5 * 3 8 5 . 2 7 4 * 4 2 2 2 . 1 7 2 .8 5 4 6 2 .6 7  3 . 6 5
i n t a r v a l s

E r r o r 19 4 3 . 5 5 1 . 1 9 7 * 7 6 1 2 6 . 7 2

*  S i g a i l i o a a t  a t  $>% l e v a l

* *  s i g n i f i c a n t  a t  1*  l a v a l



APPENDIX V

Growth and development Of v e g e ta t iv e  and f l o r a l  part* 
(Extracts o f  analysis o f  variance)

8ourca o f 
Varia
b i l i t y d f

Production o f new t i l l e r s  
(1982)

Production o f  new t i l l e r s  
(1983)

tea P ra t io MSS P ra t io
s

C u ltlva rs 2 758 i2 6 .n 576 192.51
Months 11 403 67.f t 137 45.I f

In te r 
action 22 58 9.1* 32 10. W

Error 140 6 3

Appendix V ( contd)

r

Source o f
Production o f pan lo le  bearing t i l l e r s

v a r ia 
b i l i t y d f Malabar Mysore Vashukka

MBS f ra t io  MSS f  ra t io  MSS P ra t io

Rep lica 
tions 4 11.60 1.09 7.96 0.97 43.55 9**93

Treatments 2 100.86 9.$$ 74.43 9 . t !  41.35 ’ . I !

Error 8 10.61 8.20 4.38

Appendix V ( con td .)

Source o f  
v a r ia  d f

L i fe  span o f  a 
t i l l e r

Ruafcer o f  i
p er t i l l

panicles
ler

b i l i t y MS& f  r a t io ' W .........- it r a t io

Rep lications 9 0.68 . 0.89 1.41 1.82

Treatments 2 28.87 37.t t 0.70 0.90

Error 18 0.77 0.12

> 
.

i1 ( c o n td .. )

Source
o f

v a r ia 
b i l i t y

d f

Plastochrom a
sc a le

Humber o f  p an ic le s
p e r clump (1982)

Humber o f  p an ic les  
p e r  clump (1983)

MSS 1 r a t io ' "3? p r a t io d f MSS P r a t io

C u lt lv a rs 2 4.12 1.34 2 34141 si.55 23.57 1 9 .lt
3 5 .lt  

• •Season 3 3.98 1.29 11 88291 13 4 .lt 43.65

In t e r 
ac tion

6 2.57 0.83 22 5113 7.77 11.89 9.7 «

E rro r 44 3.08 657 1.22



APPENDIX V ( CONTD..)
Tima taken from f r u i t  sa t to  d i f fe r e n t  seed m aturity stages 

(Extracts o f  ana lys is  o f  varianca )

Source o f  
v a r ia b i l i t y d f Tender saad Greenish- Brown saad Black saad

ye llow
saad

Ripe saad

MBS r
r a t io MSS P MSS T MBS 

r a t io  r a t io
r

r a t io MBS * F '
ratio ,

nap l i e  a t  ions 9 4.13 0.40 71.35 1.08 58.48 0.84 208.87 3.41 52.06 0.58
Treatments 2 38.80' 3.71 640.90 12.95 122.03 1.76 496.13 8 . ! ! 299.03 3.32
Error 18 10.47 65.82 69.25 61.21 90.18

Appendix V ( c o n td .. )
Growth and development o f  ovaries/  capsules 

(Extracts o f  ana lys is  o f  varianca)

8ouree
o f d f len gth  Diameter G irth  Volume aa ioh t Dry

weight
Drying • 
percentage

va r ia 
b i l i t y MSS *  MSB *  MSS *  MSS * i u  F 

r a t io  r a t io  r a t io  r a t io  r a t io MBS *
ra t io MBS *

Replica
tion s 2 2.21 2.78 0.45 0.87 1.40 0.40 0.0009 1.70 370.20 0.80 19.52 1.05 0.03 0.03

T rea t
ments

19 4.01 5.0$ 1,37 2.3$ 24.30 6.93 0.0020 3.9$ 2110.60 4.39 144.84 7.93 6.79 7.19
Error 38 0.79 0.52 3.52 0.0005 460.37 18.66 0.92

Appendix V ( con td .)
F ru it sa t. f r u i t  drop and capsule m aturity per olusp 

(Extracts o f  analys is o f  variance)

Source 
o f  v a r ia -  d f F ru it  sa t Capsule drop Capsule drop to Capsule maturity

MSS F r a t io  MSS F r a t io  MBS F r a t io '  MBS # ra t io

C u lt i
vars 2 1133 27.H 1345 18.3$ - 3988 11.$5 645 13.1!

Months
In te r 
action

11
22

2817 67.91 
55 1.3$

199.87
301.42

2.33 1320 3.93
4.33 807 2.2S

4814
286

101.39
6.3$

Error 140 42 74.94 357 47

Appendix V ( c o n td .. ) 
Y ie ld  o f  capsules per clus^p 

(Extracts o f  analysis o f  varianca)

&ource o f  v a r ia b i l i t y  d f Presh weight Dry weight
MSS F ra t io MSS F ra tio

R ep lica tions 4 
Treatments 2 
Error 8

13856
225033
15601

0.88 
14.12 ’

739
12,758

829

0.94
15.19

*  S ig n if ic a n t  a t  5X le v e l * *  S ig n if ic a n t a t  IX le v e l



« p p w d l»  v  ( c o n t d ..)

Sourceofvariability
df

Hunbar of laavas at panicXo initiation
Tina taka forpanicleinitiation

Tina taken fron panicle initiation 
to. flower bud stag#

Tina taken flower bud antbeais
fronto

N M  P ratio n&£ Jr ratio 168 P ratio "Nlft ' "f ratio
M p U e ctlons 9 0.70 0.09 428 1.82 69.59 2.17 12.72n 1.01
Traat- 2 **18.10 23.80 7413 27.88 185.20 *5.87 88.80 5.45aents
Error 18 0.77 268. 31.57 12.61

Appendix V (contd.)

Sourceofvariability
df extension growth of panicles Hunbar of racemes per panicle Humber of flowers per panicle Munber of flowers per clusp

MBS P ratio MS8 P ratio MBS P ratio MBS P ratio
Cultivate
Months

2
11

2191
1983

» ? #
32.04

109.95
249.14

23.$}
52.17

156.93
335.47

68.46**
146.36

87.45
116.89

30.87**
41.27

interactions 22 14*8 r 2 4 .U 172.34 36.IS 35.87 15.65** 13.74 4.85**

Error 140 61 4.77 2.29 • 2.83

Appendix V ( ocertd..)
Souroe of variability df Days to 50 pair cent flowering Days to 100 per psnt flowering

MSS P ratio MBS P ratio

Seplicaticms 9 228.98 8.80 996.68 0.58

Treatments 2 2973.33 10.19 14178.80* /
1725.17Error 18 286.18



APPENDIX VI
Exogenous application of growth substances Standardisation experiment (Extracts of analysis of variance)

Source of 
variability df Number of panicles Total flowers Per cent fruit set :Per centi capsule irop Yield of capsules

MSS F ratio MSS F
ratio

MSSe F ratio MSS F ratio MSSJ.. F ratio

Replications 1 1.28 0.4.6 9522 0.71 1.28 0.04 50.10 12.37 4341 1*66
Treatments 24 99.25 i2.«5' 53978 3.55 37.35 1.13 57.94 14. M 48321 16.£5
Error 24 7.86 13S07 33.11 , 4.04 2911

Exogenous application of growth substances
Field experiments (Extracts of enplysis of variance)

Source of 
variability

df

Number
ductive

of pro
tillers

Number
young

of
tillers

Height of Total leaf Number of 
productive area panicles 
tillers

Length of 
panicles

Numberracemes
panicle

of
per

• MSS F ratio MSS F ratio MSS F MSS F MSS F MSS F MSS F ratio
ratio ratio ratio ratio

Replications 4 232.33 3.06 81.08 1.91 154.33 1.17 398887 3.16 207.05 2.15 110.Q0 2.17 9.13 1,01
** *#

Treatments 5 40.00 0.53 265.50 0.87 816.83 1.27 116665 0.92 206.80 2.14 218.05 4,31 33,49 3,68
Error 20 75.93 304.48 643.53 126284 96.15 50.72 9.09

( c o n t d . .



Exogenous a p p lica tio n  o f  growth eubetencee 
f i e l d  experim ent ( co n td .)

a ttr a c ts  o f  a n a ly s is  o f  variance

Source
o f  v a r ia -  d f  
b i l l t y

Number o f  
flow ars par 
p a n ic la

T o ta l flow ars p er Per c e n t  fa r  cen t Per c e n t T le ld  o f cap su les fo r  cant
cluiqp ca p su le  capsule capsule drop by fr e s h  w eight th rip s

s e t t in g  drop by t o t a l  by s e t  in f e s t s - -
■ flow ers f r u it s  t lo a

Per ; 
cen t  
assee*
t l a l
o i l

MSS P r a t io  MBS t  r a t io  MBS P mss P
r a t io  r a t io

MSS f  MSS P M S S P M S & r
r a tio  r a t io  r a tio  r a tio

R ep li-
f f t lo n s

Treat
ments

Error

4 99.2S

5 760.20 

2% 113 .«2

0 .87  115902

ee
6 .68  575533

88535

7.21 0 .37  ~2.97 ‘ 1 .09  12.12 2.37 141954

858630

19.68 2.71 5 .10  118134

1.31

6.50 195.80 9 ,95 94.94 35 .08 191.31 37.54

1.20 9.77 1.41 2 .98 4.01

7.27 119.97 17.36 1.63 2.20

6.90 0 .74

* *  S ig n if ic a n t  a t  1 X l e v e l



N utrient status o f cardanm plants a t d iffa ra n t stages o f crop growth 
( fee tra c ts  o f analysis o f variance)

wtflDix v i!

M 1f * 1c Cla Mg

MBS P ra tio MBS F ra tio MBS
\

F ra tio MBS F ra tio MBS F ra tio

heaves
a.

2

3

0.46

0.8?

0.07

**
23.82

aa
44.68

aa
3.79

0.000005

0.0109

0.0007?

. 0.003 
aa 

6.770

0.475

0.34

0.71

0.16

a '
3.3?

aa
7.11

1.59

0.19

1.41

0.06

aa
14.42

aa
106.95

aa
4.86

0.05

0.09

0.003

aa30.79
aa

69.92

2.72

Pseudosteas

0.09

0.61

5.03
aa

31.34 '

o.oo9 ; 

0.007

0.454

0.343

1.58

2.35

aa
10.91

aa
16.26

0.72

0.75

aa
42.43

aa44.31
0.07

0.14

5.59
aa65.10

3 0.04 2.12 0.018 0.0M 0.18. 1*25. 0.07 4.09 0.006 2«Sf

*
Khlaonss

2

3

0.12

0.42

0.04

a4
7.87

aa
26.82'

.a
2.4Q

0.028 

0.029 . 

0.001

66
20.88

aa
21.96

0.79

5.36

4.21

0.43

aa
31.19

aa24.68
2.51

0.41

0.09

0.004

-aa
37.54

aa
8.59

0.41

0.02
0.54

0.01

4.£
109.00

2.<l!

Boots

3

0.32

0.08

0.04

12.17

3.o!
1.37

0.006

0.012

0.001

111....o r " 11: ....

u.fl
1.12

1.14

1.54

0.21

15«tt
20.11

-a2.82

0.02
0.60
0.009

0.93

26.1!

Oat?

0.02

0.23

0.03

15.5*

145.1! 
aa - 

10.02

Pam elas
and
capsules

1

2

3

0.04

0&JH.
Q%'6i .

0.75

1 .n  

1.81

0.000
0.921
0.0008

aa
7.56

22.fl
0.60

0.14

2.02
0.33

0.62

6 .S l

1.64

0.41

1.06

0.00

aa
22.56

59.!!
64 . 

4.05

0.32 

0.1? .

50 M
i2i.it

aa5.i»



APPSMDZX V l i  (O ontd .)

S Pa sn Ms On

MBS *
ra tio

MBS a r
ra tio

MBS P
ra tio

MBS P
ra tio

MBS P
ra tio

1 0.0009 5.41 3035.36 13.0$Si 192.76
ee

10.15 61125.59
ee

138.£6 636.12
ee

54.66
Leaves 2 0.0082 45.44 792.41 3.3$ 585.58 30.$$ 305916.27 691.46 1511.04

ee
129.84

3 0.0005 2.91 333.91 1.43 29.98 1.58 16473.18
ee

37.23 132.69
ee

11.40

1 0.00126 16.2$ 2754.22 ii .2 $ 273.28 13.$$ 64075.27
ee

61.56 74.07
ee

20.13

Pseudostems 2 0.00204 26.22 482.03 2.05 1271.89
ee

60.74 189570.96
ee

182.13 181.001 1 49.19

3 0.00006 0.75 148.47 0.63 189.71
ee

9.06 '15958.22
ee

15.33 21.24 5.7$

1 0.0073 14.22 4159.09
ee

9.53 3628.21
ee

71.47 .34375.67
ee

26.39 70.33 3.4 .
RhicOOMS 2 0.0026 5.22 3932.94

ee
9.04 3114.59

ee
61.36 196144.65

ee
170.38 2874.69 153.11

3 0.0002 0.34 205.39 0.47 472.48 9.31 59913.47
ee

52.04 68.07
a

3.62

Hoots

1

2

0.0003

0.0021

5.3$

43.1$

1480.27

172.59

4.62

0.54

1382.41

316.04

38.5$

8.$!.
58116.89

138974.34

ee
48.26

115.$•

1014.59

141.26

ee
120.77

ee
16.82

3 0.0002
* *  -

5.03 116.91 0.36 *598.11
ee

16.48 30069.18
ee

24.97 31.82
e

3.79

1 0.0038
ee

8.57 2342.29
ee

17.49 617.11
ee

13.92 94864.19 275.$! 422.36
ee

66.85
Pan icles

and’ 2 0.012
*e

27.72 2765.36
ee

20.65 2879.88
ee

64.94 121339.67 352.$! 100.34 15.$$
capsules

3 0.0008 1.79 168.54 0.26 183.23
ee

4.13 r5688.l9 16.$) 72.73 U . f t

l Cultlvars 2 Onwtb ftatw 2 Interaction
* Significant at S par cant level ;
** Significant at 1 par o6nt level



Radiotracer experiments 
(Extracts of analysis of variance)

appendix VIII

Rate of photosynthesis at different intervals of a day 
Source of vari.abi 1 ity df MSS

9 45344583
20 138221

Treatments
Error

F ratio

328

Photos yntha tic ef f i ciency at different canopy levels ( detached leaves) 

Source of variability df MSS ,c % £ i£
Treatments 9 3603403 0.56

30 6399015

Photosynthetic efficiency at different canopy levels ( intact leaves)
*-Leaf positions

Source
of
varia
bility.

Treat -
neats
Error

df

14
.30

MSS F
ratio

* *
16813451 6579 

2556

MSS F
ratio

**
10122422 4442 

2279

MSS F
ratio

MSS F
ratio

15871699 336 
4707

**
18155402 2110 

8605

MSS F
ratio

*  Hr
9609118 2282 

4210

MSS F
ratio

5341015 1246 
4287

MSS F
ratio

2956802 504 
5866

F
ra tio MSS F

ratio
-H-

5109691 1151 
4441

5745467 1240 
4634

source 
of varia
bility

df MSS F
ratio

Treat 14 10651743 ** *“• •••2 933
ments
Error 30 3 e 3 2

MGt til-: at i Jn of pnotosynthar.es at different periods of crop growth
wO;iic«
va r i nisi ~

i i o r a 1, ,i a i
k7,7T~TT*‘*T*

t j a f • orlr..... Flower i)ua stage Peaic flowering stage Japsule maturity stage Post-harvest stage
li ty

£
c ;• 1 1 o

at 
i,-- i

F ratio at; MSc; 
- ■ ! ‘dt iO

Gt, rtio e
rat - a

df [ MbS K

Error 3. cj 5 10 4 0 
-- 1________

130 7-j z. d b 
5 54 54 3

224 ** 3 3] 3383«421 
3 tii 3 763 3 2
- i

0* * 1 'a# b 1 /1 71 71 
401 875X9

60 1 * * h , -t-*-20 P143725493
4 2 j 186 930

t

769**

** Siym iicant at i% level T " .... ........



awtracx

Z n v e s  t i g a t i o n a  w e ra  c a r r i e d  o u t  a t  t h a  Cardamom 

M « « « r o h  s t a t io n #  Fam padum para and a t  t h a  C o l le g e  o f  H o r t i -  

o u lt u r a #  V e l l a n i k k a r a  d u r in g  10 8 2  -  *84 t o  g a t h e r  in f o r m a t io n  

o n  t h a  p h y s i o l o g i c a l  f a c t o r s  g o v e r n in g  f lo w e r in g #  f r u i t  s a t  and 

c a p s u le  d e v e lo p m e n t o r  t h e  t h r o e  p o p u la r  cardam om  c u l t i v a t e #  

M alab ar#  M yso re  and V ash u k k a *  X a p h a s is  h ad  b e e n  g iv e n  to  

u n r a v e l  t h a  c a u s e s  o f  f r u i t  (C a p su le )  s h e d d in g  s o  a s  t o  

e v o lv e  m ethods o f  c o n t r o l *

S t u d io s  on  g ro w th  and d e v e lo p m e n t  i n  o  b r o a d  s o n s #  

d e p i c t e d  t h a t  an i n d i v i d u a l  t i l l e r  o f  cardam om  h a d  a  b i o n n i a l  

g ro w th  h a b i t *  The d i f f e r e n t  a s p e c t s  o f  f l o w e r i n g  an d  f r u i t  s a t  

s tu d ie d #  i n d i c a t e d  t h a t  t h e  v a r i a b i l i t y  w as h ig h  i n  t h e  

V esh u k k a  c u l t l v a r  an d  lo w  in  t h e  M y so re  c u l t i v a r *  An e a r l y  c ro p  

b e a r in g  h a b i t  w as e x h i b i t e d  b y  M alab ar#  w h e re e e  M yso re  

p o s s e s s e d  a  l a t e  b e a r in g  h a b i t  and V a sh u k k a  e x h i b i t e d  v a r y i n g  

t r e n d s *  T h e p e r c e n t a g e  o f  f r u i t  s o t  w as h ig h  i n  V ashukka# 

f o l lo w a d  b y  M a la b a r  an d  M yso re*

I n f l u e n c e  o f  c l i m a t i c  c o mpo ne n t s  o n  t h e  p h y s i o l o g y  o f  

f l o w e r i n g  show ed  t h a t  a  d i s t i n c t  d r y  s p e l l  t r i g g e r e d  t h e  

p a n i c l e  I n i t i a t i o n  p r o c e s s *  The o n s e t  o f  r e i n  c o u p le d  w it h  

h ig h  t e m p e r a tu r e  w as c o n g e n ia l  f o r  f l o w e r  o p e n in g *  A h ig h  

s o i l  m o is t u r e  s t a t u s  com b in ed  w it h  a  h ig h  s t a t u s  o f  r e l a t i v e  

h u m id ity  (w h ich  r e s u l t e d  fro m  a  w e l l  d i s t r i b u t e d  r a i n f a l l )  

e n h a n c e d  t h e  s e t t i n g  o f  c a p s u le s #



H i s t o l o g i c a l  s t u d i e s  c o n d u c te d  i n  t h e  g e n o ty p e  P V - 1  

(M a la b a r)  show ed t h a t  d i f f e r e n t i a t i o n  o f  p a n i c l e  p r i r a o r d ia  

w as m ore d u r in g  N ovem ber t o  M arch# A p ro m in e n t  v a s c u l a r  

s o n a t io n  was o b s e r v e d  i n  t h e  rh lso m e  n o d e s  p r i o r  t o  t h e  

I n i t i a t i o n  o f  p a n i c l e  p ro m o rd ia #  H i s t o l o g y  o f  t h e  s e e d s  

r e v e a l e d  t h e  d e v e lo p m e n t  o f  s t a r c h  g r a i n s  a t  t h e  g r e e n i s h -  

y e l l o w  s e e d  s t a g e *

B i o l o g i c a l  a s s a y s  f o r  en d o g en o u s a u x in s #  i n h i b i t o r s  and 

e y t o k ln l n s  i n  t b s  d e v e lo p in g  c a p s u le s  i n d i c a t e d  a  s p u r t  i n  

a u x in  and  c y t o k i n i n  a c t i v i t y  p r e p a r a t o r y  t o  f r u i t  s o t *

T h e l e v e l  o f  i n h i b i t o r y  s u b s t a n c e s  r o s e  a f t e r  t h e  f r u i t  s e t  

s t a g e #  w h i le  t h a t  o f  a u x in s  f e l l  w h ic h  fa v o u r e d  t h e  fo r m a t io n  o f  

an  a b s c i s s i o n  s o n s  c a u s in g  sh e d d in g  o f  im m atu re  c a p s u l e s .

JDcoganous a p p l i c a t i o n  o f  Ma a (40  ppm) and 2# 4 - 0  (4 ppm) 

i n c r e a s e d  t h e  p l a n t  h e ig h t#  en h a n ce d  t h e  p r o d u c t io n  o f  p a n i c l e s  

en d  f lo w e r s #  r e d u c e d  d ro p p in g  o f  Im m atu re c a p s u le s  an d  I n c r e a s e d  

t h e  y i e l d *

T h e u p ta k e  o f  n u t r i e n t s  r e v e a l e d  t h a t  cardam om  i s  a  h s a v y  

f e e d s r  o f  p o t a s h *  T he V ash u k k a  and M a la b a r  c u l t i v a t e  d e p le t e d  

l e s s  n u t r i e n t s  th e n  th e  M yso re  e u l t i v a r  f o r  p r o d u c in g  u n i t  

y i e l d  o f  c a p s u l e s •

R a d i o t r a c e r  s t u d i e s  show ed t h a t  t h e  p h o t o s y n t h e t i c  

e f f i c i e n c y  o f  cardam om  was m ore u n d e r  lo w  l i g h t  i n t e n s i t i e s *

T he rh iz o m e  w as fo u n d  t o  b o  t h e  m ain  s i n k  i n  a  cardam om  t i l l e r *



G as c h r o m a to g r a p h ic  e s t im a t i o n  o f  cardam om  o i l s  

i n d i c a t e d  t h a t  t h e  M yso re  g e n o ty p e  (P R -1 0 7 )  w as s u p e r i o r  

i n  q u a l i t y  a s p e c t s  ( b e c a u s e  o f  h ig h  c o n t e n t  o f  t h e  e s t e r s ,  

a lp h a  t e r p e n y l  a c e t a t e ,  g e r a n y l  a c e t a t e  and l i n a l y l  a c e t a t e )  

when com p ared  w it h  t h e  V ash u k k a  g e n o t y p e  (P V -5) and M a la b a r  

g e n o t y p e  (P V - l)  • F o r  co n su m p tio n  a s  a  s p i c e  a s  w e l l  a s  

f o r  d i s t i l l a t i o n  o f  t h e  e s s e n t i a l  o i l s ,  t h e  h la e k  s e e d  

s t a g e  ( * k a r im k a l* )  w as th e  m o st i d e a l  s t a g e  l a  cardam om .


