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INTRODUCTION

Cardamom (Elettaria cardemomum L.Maton), popularly
known as "Queen of Spices" is cultivated mostly in evergreen
forests, In India its-cultivation is mainly confined to
the Western Ghats comprising the states of Kerala, Karnataka
and Tamil Nadu. The crop is of great importance as a
foreign exchange earner and India.has an unique position
in the Trade of this spice. India used to acecount for
70 per cent of total world production and 60 per cent of
total world trade during the period 1978-79. Of late
there has been great ecological disturbance by way of
deforestation which has beﬁdme a distinct threat to the
cultivation of this shade loving crop. Cardamom cultivation
is at present facing'a severe crisis as a result of the
drought situation in cardamom growing areas of Kerala,
Karnatakgand Tamil Nadu, The uncertain rains coupled with
extensive deforestation in the cardamom hills of Idukki -
district have been playlng havoc with the cultivation of
this crop leading to complete destruction of the crop in
certain areas since 1981. The extent of damage due to
drought in Kerala was estimated to be 60 per cent at large
with wide variation. The production for the year 1981-82
was estimated to be 4100 MT while the production during
1982-83 turned out to be 2900 MT registering a sharp

decline,



Another important constraint which aggravate crop
loss include the damage by pests and diseases. Arong the
diseases which affect the crop 'Chenthal' is a malady '
which is reported to cause considerable reduction in yield
as well as demage to the plants. Though the disease {vas
reported to be caused by Corynebacterium sp, its etiology
is yet to be established conclusively, The occurrence of
thj.s difiease has been related to a combined effect of
nut_ritional, physiologlcal and envirommental factors by
a team of scientists who conducted al survey on the incidence
of chenthal disease in Idukki district of Kerala (Anon,1979).
The incidence of the diseage was found to be more severe in
areas which do not have proper shade. It was felt that
investigations are to be conducted to arrive at better
martagement practlices in order to maximise the production

of this valuable spice crop.

Thus, the present investigacviun was vasken up ww assess
the nutritional status of plants and their corresponding:
soil from the healthy and diseased areas with a view to
understand the relationship between the incidence of the
disesase and the concentratic?n of macrec and micronmatrient
elements in the soil aad plént. Another Tactor included
in this investigation was the effect of light Intensity on

the occurrence and severity of the disease in Kerala.
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REVIEW OF LITERATURE

Cardamom is one of the plantation crops in which only
limited efforts have been made to study nutritional and
related aspects. Though some-attempts have been made in the
past to study the nutrient status of some of the cardamom
growing soils as well as the nmutrient content of different
tissues of cardamom in terms of major plant nutrients,
literature pertaining to micronutrient status of the soil
as well as the plant is scarce. Further, the contribution
of soil end plant mutrient status to the yield and yleld
attributes of cardamom are also lacking. Besides, the
eritical limits of major and micro nutrients for the development
of toxicity and deficiency and their symptoms on the plant,
are yet to be understood which may help to differentiate
between the symptoms of physiological disorders and plant

damage due to pests and diseases.

Cardamom is affected by a mumber of foliar diseases.
“"Chenthal" 1s one among the foliar diseases of cardamom which
has become a very serious threat to the cardamom growers in
recent years especially in the High Ranges of Kerala, where
large cardamom plantations are located. This diseasé is
noticed at all the growth stages of the crop and in a1l the
najor cultivars of cardamom, viz., Vazhukka, Malabar and
Mysore. It may cause considerable reduction in yield and

capsule quality by affecting the plant growbth. The extent of



damage as well as the reduction in yield due:‘bo the
incidence of chenthal disease have not yet been assessed

scientificglly.

Literature relevant to occurrence of the disease,
symptoms, etiology, nutritional aspects of the cardamom
plant, in cenersl, and the symptoms exhibited by the
cardamom plant due to the deficiency of various nutrient

elements etc. are reviewed herein.,

2.1 Studies en cnenthal disease of cardamom.
2¢1,1 Occurrence,

The occurrence of a new disease of caﬁ'-damom from
Vandanmettu. in the High Ranges of Kerala State was
reported by George et gl. (1976). It was known locally
as "Chenthal"™ and was reported to be a destructivé
disease causing severe crop loss. The disease was
prevalent in varying intensitles in contiguous plantations
from Peerumeau to Pampadumpara in Kerala. George (1978)
reported tnat Chenthal disease was found to be severe in
thinly shaded areas and suggested not to thin out the

ghades for cardamom.

2.1.2 Symptoms of: chenthal digeage.
Mayne; (1942) reported a leaf disease of cardamom
with the sy;mptoms regsembling those of chenthal and stated

that young leaves of the plant were comparatively free
from the di'fésease symptoms.
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George (1978) described the symptoms of chenthal
Aisease nf° cardamom. Initlial symptoms were manifested
by the appearance of elongated watersoaked lesions of
varying size oﬁ the gbaxigl surface of young leaves.
In advanced;stages the lesions were brown to dark with
a pale yelldw halo. These developed near the leaf margins
and progressed towards the midrib., As the withering
advanced, fﬁe pseudostems also started wilting. New shoots
emerging from the diseased plants were very mich reduced
in size. Newly emerged shoots, at about three to four
leaf stage, were infected, culminating in total crop loss.
Flowers set after the incidence of disease, failed to
develop. Starting from the tip downwards, the infloress
cence dried up and the affected gardens presented =a

burnt appearance.

Etiolosy gnd control.

George et gl. (1976) considered the chenthal disease
to be due to bacterial infection. They conducted studies
on the “bac?erial blight" disease of cardamom. They
examined the infected leaves and observed the presence of
a-fungus, CQrvulggig sp. and a gram=positive, rod shaped,
bacterium, £dentif;ed as Corynebacterium sp., Trials
conducted using these microorganisms to test their

pathogeniciéy‘on cardamom plants revealed that only the

gram-positive bacterium, Corynebagterium sp. could initiate

the symptoms of the disease.
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2.2.1

In experimental field trials to control chenthal
disease of cardamom, six _antibaéterial. compounds were
screened, of which, Penicillin was found to be the most
effective. Plants sbrayed with 100 mg/ml Penicillin
solution Ior vhree consecutive days followed by a second
spray afver.a lapse of 30 days showed marked improvément
in comparison with the untreated control plants (George
and Jayasansar, 1977).

Wilsori (1977) observed the association of certain
fﬁngi with the incidence of chenthal disease; but it
could not be controlled by spraying fungicides or
antibiotics like Penicillin or Streptomycin.

Nutritional 'aspects of cardamom,

Studies on épil, nutrient status.

Mathew snd Azizuddin Mir (1968) reported that the
soils of Chickmagalur, Hassan and Kodagu districts of
Karnataka, where large cardamom plantations are located,
were high in organic carbon, low in available phosphorus
and medium in available potash,

Kulkarni et al. (1970) found that the cardamom
growing soiv« of Koppa and Mudigere of Chickmagalur
district were nigh in organic carbon and low in available
potash, Dacwu Rao (1971) classified the soils of Kop_pa
and S_ringerij} taluks of Chickmagalur and soils of Hassan

district as medium in organic carbon while Mudigere soils



were high in organic carbon status, Further, these soils

wvere low in avallable phosphorus as well as potash.

Though: the soils were classified as high in 6rganic
carbon or nitrogen, most of these soils apparently showed
regponse to added nitrogen., Kulkarni and Agnibhothrudu
(1972) revised the critical limits for organic arbon' to
a fairly higher range for classifying the available
nitrogen status of plantation scils. The 1imits were
fixed at 1.16 per cent, 1.16 to 2.32 per cent and above
2.32 per cent for low, medium and nigh organic carbon

content respectively.

. _, . Bopidh
Srivastava vshd-.. (1973) reported that the available

it
phosphorus, available potash, total calciuﬁl and organic'
carbon content of soils were positively correlated with
the yleld of. green capsules of cardamom per clump. The
avallable phosphorus, potash and soil pH were found to be

positively correlated with the number of tillers per clump.

Zachariah (1975) studied the fertility status of
various cardamm growing soils ahd reported that the
major.ity of the soils were high in organic matter and low
to medium J.n available phosphorus,

Nair ex gu. (1978) studied the distribution of major
nutrients in"the different layers of cardarom soils and
found that the total nitrogen and organic matter decreased

with increase in so0il depth and the C/N ratio narrowed



towards lower layers. There was not mich difference in
the content’'of total potassium between the various layers.
The avallability of nutrients decreased with soil depth
in 411 fhe cases. 7The surface hc_)rizon showed a slightly
higher pn unan lower layers, but, the variation in pH
between the!various layers was 6n1y negligible,

20242 Nutrient uptake by cardsmom plant,

The ce;}rdamom plant has been reported to contain 5.33
per cent N, "1.33 ber cent ;?205, 6.69 per cent K,.0, 2,70
- per cen’c_Ca(?!_and 3.50 per cent Mgl on ary weight basis
(Jotmn, 19675,.

Nutriént upteke studies were carried out bﬁr Kulkarni
et al. (1974) at R.R,S, Mudigere, Analysis of the
different plant parts revealed that while nitrogen,
phosphorus #And calcium content of leaves increased'from
young to mature stage a general decrease in _magnesium
and potassium content ‘was: seen. However, at the bearing
stage, nitrggen, phosphorus snd potassium decreased in
the leaf tidsue while a definite increase was noticed

for calcium and.magnesium.

1t was further reported that in the case of
pseudo stem, ithere was a general reduction in nitrogen,
phosphorus and potassium content and an increase in the
calcium and magnesium concentration with the age of the

plants. Hegarding the total uptake of nutrients by the



Plant at tﬁe harvest stage, it was seen that the removal
of potasium was maximum (20,01 kg/ha) followed by .nitrogen
(12,17 kg/tia) and calcium (8.8%4 kg/ha). However, |
phosphorus ‘and magnesium wére removed in comparatively
lesser ouantities (1.4 t0=2.32.kg/ﬁa), It was also seen
that for the production of one kilogram of cardamom
capsules, (_)25'.122 kg nitrogen, 0.014 kg phosphorus and
0.200 kg potassium were removed by the plants.

The rutrient uptake studies revealed that nitrogen,
pho sphorus ‘and potassium were remved contimiously by
tﬁe plant upto the bearing ;tage and these had to be
applieq 1n a soluble or available form till bearing stage.
Cal.cium and magnesium were needed only at later stages
of growth of the plant as they were tzken up mainly by
mature and bearing plants, Out of the different nutrients

removed, potassium was found to be the maximum.
2.3 Nutrient deficiency symptoms in cardamom,

. Deshpande gt al. (1973) described the following
diagnostic ymptoms for the deficiency of nitrogen,
phosphorus potassium, calcium and magnesium in cardamom
plants.

2e3e1 Nitrogen.
The deficlency symptoms first appeared on older
leaves which were reduced in size., The leaves turned

brown at the tip, greenish yellow in the middle and
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remained green at The Dase. 4iNere was a lLargescale
reduction in the number of suckers produced but these
withered at a later stage. Nitrogen deficiency resulted
in congiderahte alongation of roots which grew more than
one and a half times that of the shoots while the shoot
growth was meagre.

Pho gohorus.

Symptoms of phosphorus deficiency appeared in the
experimental :plants after a period of four and a half
months. Phosphorus deficilency resulted in the production
of numerous short roots. In the early stages they were

brownish, but rersained normal colour at a later stage.

Potassium,

Deficiency symptoms first appeared in the older
leaves. Root and shoot growth was restricted and the
plant showed 'browning of leaf tips which extended downwards.
Later, the whole leaf tumed dark brown. No new shoots
were produceti and ultimately the plant died within two

weeks after the expression of symptoms,

Cglcium.

. The deficiency of calcium resulted in restricted
root and shoot growth. . The
pseudostem showed thickening giving a bulb like appearsnce.
The initial symptom was the discoloration of young leaves,
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where the leaf margin turned brown with a golden yellow
band beneath. Scattered golden yellow spots appeared
on the leaves. The plants finglly wilted without making
fresh growth.

Magnesium.

Magneé'ium deficiency in cardamom plants resulted in
restricted s:.lcker'ing of plants. There was a reduction
in internodal length of plants and plants presented a
‘brovmish appearance, JThe top leaves were 'bxvisteé and
shbwed tip dbyirig. Later, the whole leaf became pale
yellow with ;:‘i:he mid rib remaiﬁing green, iwhile papery
spots appeared on the lamina which were the typic;al
symptoms of 'dggiciency of this plant mutrient,
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MATERTALS AND METHODS

The présent study was undertaken with a view to
investigate the nutritional status of chenthal affected
Plants and fheir respective solls., The study comprised
of selection of slte, scoring of plants affected by the
disease, coliection of soil and plant samples from the
marked plants, chemical andlysis of soil and plant
samplesletc$ﬂ In addition to these, chservations were
also taken to studylthe effect of light intensi¥v on

the incildence of the disease.

The defaiIS'regarding the collection of s0il and
plant sample%, experimental procedures, analytlcal
techniques awopted, and procedures for studying the effect
of light intensity on the disease are presented in this

chapter.,

Selection of.site and observational plants.

Site selection.
Three different cardamom plantations located in

Idukki distr;ct of Kerala State, each fepresenthag a
cultivar of cardamom chosen for the present investigation,
were selected as the sites for this studv. These
plantations were:
(a) Illimadgm Estate,
Cardamoﬁ Research Station, Pampadumpara (Kerala
Agricultural University).
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(b) Vattikkanam Estate,
Cardamom Research Station, Pampadumpara (Kerala
Agricultural University).

(c) A private estate located at Kattappana.

Selection of observational olantg and georine for digeage
intensgity.

For the present gtudy three common cardamom cultivars,
viz., Vazhukka, Malabar and Mysore, were identified and
selected from the above mentioned locations based on thelr
prominent plant characters. The details regarding the
selection orysites and obserVationai plants are furnished

in Table (1)

Four different levels of disease intensgity were
identified bv visual observation and a score chart
(Fig,1) was prepared. The major criterion for categprising
digease intensity into four groups was the percentage
of diseased leaves per clump in eac'h,category. The
different 1evels_of disease intensit& according to th;a

above mentioned scoring method are documented below.

Diease intenéf.ity Disease intensity— Description.
) rating. | group

1 Healthy disease free plants

2 . Low one to 15 per cent
diseased leaves per clump.

3 Medium 16 to 50 per cent
diseased leaves per clump.

4 High more than 50 per cent

diseased leaves per clump.

il
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Table. 1. Details of locations and observational plants
selected for the s‘l:udy'.'
51: ) Disease —ﬁamber of
No, Locations Cultivars intensity observational
groups plants.
1. Vattekkanam Estate, Heglthy 20
Cardamom Research Low 20
Station, Yazuukka Magium 20
Pampadumpara (Kerala High 20
Agricultura]: Uni\(ersity) Total 80
2. Illimadam Estate, Healthy 20
Cardamom Regearch Low 20
Station, Malabar Medium 20
Pampadumpara (Kerala High 20
Agricultural University) - Total 80
3. A private tstate Healthy 20
in Kattappana Mysore Low 20
Medium 20
High 20
Total 80

Grand Total 240

s g S
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For eaﬁh cultivar of cardamom, representing a
location, a ?ontiguous area was marked out so as to
get 50 planté from each disease intensity group.
Selection of. plants falling into different disease
intensgity grbqps was carried out by grouping the plants
in the above area as per the score chart. In every
clump three;shoots vere selected at random wherefrom
three 1eaveé vere further gelected randomly from each
shoot and were scored according to the score .chart.
The mean score for each plant was worked_but from the
scores obtained for all the selected leaves of a clﬁmp.
Based on this score,plants were categorized into
different intensity groups S0 as to obtain 50 plants
in each‘inténsity group of the disease. From these
50 plants, 20 plants were selected at random and were
marked as "observational plants". Altogether 240

observational plants were thus selected. -
Biometric observations.

" The following blometric observations were made

on the obgervationsal plants:-

(a) total number of tillers per clump.
(b) number. of panicles per clump.
(¢c) number of capsules per clump.

(d) welght of green capsules per clump.
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The obgervations on the mumber of tillers and
panicles were made during September, 1982 while the

number and weight of green capsules per clump were taken
at the time of each harvest during December - Jamiary,
1982-83.

Collection and preparation of soll and plant samples.

Collection of soil gampleg.

Surfacelsoil samples (0-15 cm), at a distance of
50 c¢m away from the base of the observational plgnté of
all the three cultivars were collected. Sample collection
was done twice during the year 19823 first before the
onset of SouﬁhsWest mongoon ( pre-monsoon period) during
the first weék of March and the second after the heavy
rains (post=monsoon period) during the last week of

September. Thus, 80 soil samples each were collected

from the three different sites, during the pre-monsoon

period, This was repeated during the post—monsoon period

also to get a total number of 480 samples.

Preparation of soi] samples for enalvsig.
The samples were serially mambered, brought to the

laboratory, air dried, powdered with a wooden mallet and
passed through a 2 mm nylon sieve and stored in plastic
capped bottles for further analysis.
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Collection of plant sampleg.

Leaf samples were collected from gll the
observational plants at the time of collection of
soil samples during the pre-monsoon and post=monsoon

periods.

From each observational plant, the second,
fifth and, eighth leaves from the top were collected
in brown paper envelopes and serially numbered, as

in the case of s0ll samples.

Preparation of plant gamples for anglyglsg.

The;,.leaf samples were air dried for two days

and then dried to constant welght in an air oven at

770 + 5°C. Leaf samples were finely chopped, mixed

and powde:red with hand vhile hot. They were collected
in serially mumbered polythene covers, and kept
moisture free in a desicator.

Analyticél Pro cedures.

Methods used for soill analysis.

Electrochemical orpoerties.
Soil reaction (pH).

Tl'fé pH of the soil samples was measured in a

1:2,5 soil-water susPension using a Perkin Elmer pH

meter with glass and calomel electrodes (Hesse, 1971).
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3.4,1.1.2 Blectrical Conductivity (E.C.).

The electrical conductivity of the soil was
determined in the filtered extract of 1:2.5 soil-

water suspension using a Solubridge.

3elte1.2.1 Total Nlitr'ogen.
The total nltrogen status of the soil was
Ideter_'mined by the micro-kjeldahl digestion-distillation
method (Jackson, 1973).

Felts142.2 Available phosphorus.

Available phosphorus of the s0il was extracted
with Bray No.1 reagent (0.0 MH,F and 0,025N HC1;
Bray and Kurtz, 1945} and colorimetric determination
of phosphorus in the extract was done by the

chlorostannous reduced molybdophosphoric blue colour

méthod in hydrochloric acld system (Jackson, 1973),

3e4e1.2.3 Exchangeable potassium,

f

Exchangeable potassium in the s0il was determined.
in the peutral normal ammonium acetate extract after
destroying the organic matter by treatment with

aqua regla, using an EEL Flamephotometer (Jackson, 1973).

W
3.4,1.2.4 Exchangeable calcium and magnesium.
From an aliquot of the agua regia treated

ammonium acetate extract calcium and magnesium were
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determined by the versenate titration method
(Cheng 'end Bray, 1951).

Exchanggable iron, manganese and zinc.

Tuhe aqua regia treated ammonium acetate extract
was used for the determination of exchangeable iron,
mangane:se and zinc in the soill samples and they were
measured in an Atomic Absorption Spectrophotometer
(Jacksc);ln, 1973).

Methods for plant analysis.

Total Njitrogen.

Total nitrogen in the plant samples was
deterWed by the micro-kjeldahl digestion-distillation
pmcesél‘ as described by Jackson, 1973.

Preparation of plant em' act.
Triple acid extract was used for the determination

of P, X, Ca, Mg, Fe, Mn and Zn in the leaf tissues
(Johnso"n and Ulrich, 1959)., For this,one gram of the
powdered leaf sample was digested with triple acid
mixture until clear. The digest was made upto 100 ml
with distilled water, filtered and used for further
ana'l.ysig. |
Phosphof:'us.

F!,:'c'om an aliquot of the triple acid extract of
the plant samples, phogPhorus was determined by the
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Vanadomolybdic yellow colour method in nitric acld
system aé described by Jadkson-(1973).

Felte2.3 Rotassium.

The triple acid extract was sultably diluted
and the potassium in the extract was estimated using
an EEL F1amephotometer,

Felte244 Calcium and magnesium.:

Calcium and magnesium were determined in an
aliquot of the triple acid extract by the versenate
titration method (Cheng and Bray, 1951).

3.4.2.5 Iron, manganese and zinc.

The_determination of iron, mangsnese and zinc
were conducted with an Atomic Absorption Spectro-
photometer using the triple acid extréct of plant

sample.

3.5 Observations made to study the effect of light
intensity on the incidence of chenthal disease.

3.541 ‘Site selection.
three different sites, representing each cultivar,

i

were selected as described earlier in this chapter

(3e141.)
3.5.2 Selegtién of plants.

150 plants were selected, 50 dach from a location,

£Pom thg three different sites mentioned, The plants
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were selected from a contlguous area and were scored

| according to the scoring method detailed below.

Sgoring £or light intensity.
Three levels of light intensity viz., low,

‘medium and high in the experimental area were fixed

by ﬁisual observations. The plants were rated
according to this intensity-levels. High rating was
given to the plants completely exposed to sunlight
while the 1dw fating was given to the piaﬁts under
complete shade., Plants coming in between and receiving
only partiel sunlight were rated as medium. The
experim?ntal aﬁea with tﬁe seiected plants were scored
according to this rating., The light intensity ratings
were fixed as one, two and three respectively for

low medium and high intensities of light, for the

purpose of comparison and computation.

Scoring for diseage Intengitv.

The plants within each level of light intensity
were further scored for diéease intensity as per the
score chart described earlier in this chapter{3.1.2).
The disease inténsity ratings were_one, two, three and
four respectively for healthy, low, medium and high
intenéities of the disease.

Thus, a healthy plant receiving low light
intensity was given a score of one while the healthy
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plants receiving medium light intensify was glven a score
of tw, Similarly, a plant showing low level of disease
incidencé and receiving low light intensity was given a
score of two,while those plants with low level of disease
inténsity and receiving medium light was given a score
of four. Suéh a scoring method was adopted for all the
_plantsrat ea:’;:h level of disease and light intensity.

3.6 Statlstical Analysis.

The data on yield and yleld attributes were subjected
to statj.sticél' analysis vithout any seasonal effect as

the harvesting was only during one season.

The data obtained was statistically analysed by
applying theé, analysis of variance technlque, This anal:\fsis
was done separately for wach cultivar for the different
soil aﬁ_d plant nutrient content, and was done to invegtigate
whether there was any difference between the different

disease intensity levels or between the two seasons.,

n

Some useful correlation coefficients were also
worked out to see the association between crop yield and

various soil and plant nutrient factors.

The data on the effect of light intensity on the
disease obtained from the thfee different sites were
pooled and analysed by applying the analysis of varimmce

technique.
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4.1.1

4,1.2

RESULTS

This chapter includes the results of the study -
presented after the necessary statistical analyses of
data. Samples were taken from different localities with
plants as influenced by disease intensity, chemicai
constitution of s0il and plant samples, correlation
between‘yielg and chemical constituents of so0il and plant
and the varfation in disease intensity with respect to

intensities'of shades are presented here.
Growth characters of cardamom

The data pertaining to the mean values of the
various growth characters of the plants at different
leves of disease intensity are presented in Table-2;
and Appendix-I.

Number of tillers per clump.

The number of tillers produced by the plants at
different levels of disease intensity did not vary
significantiy with the severity of the disease. The mean
tillers pro%uééd per clump ranged from 22.40 to 23,70,
22,65 to 24,95 and; 25.00 to 28,05 for ‘the cultivars
?ézhukka, Malabar and Mysore respectively at different

disease'intensity levels.

Number of Panicles per clump,
There was no significant variation among the

number of paniecles broduced per eluamb hv tha olanta ot
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different levels of the diseasej although, a difference
in the mean v:alues for the number of panicles produced
per clump was found among the cultivars, The mean number

of panicles p.jc'oduced at different disease intensity levels

'were in the range 31.25 to 31.75 for Vazhukka, 22,35 to-

23,20 for Malabar and; 16.75 to 17.75 for Mysore cultivars,
Number of'oabsules produced per clump,

The number of capsules produced per clump by the
plants at diflferent levels of disease intensity did not
show any significant variation. However, in all the
cultivars, anon significant reduction in the number of
capsules pmdﬁced per clump was noticed in severely
infected plan&;ts. The mean number of capsules ranged
between 970.50 to 1058.25, 895.50 to 994.25 and 589,40 to
671.70 for the cultivars, Vazhukka, Malabar and Mysore
respectively at different levels of disease intensity,

Weight of capsules per clump.

The results showed that the weight of capsules
produced per clump was not significantly different for
plants at the different disease intensity levels. However,
the mean vaiues for all the three cultivars showed a
decreasing Lr‘end with an increase in the severity of the
disease. The values ranged from 637.95 to 687.40 g for
Vazhukka, 624,00 to 695.45 g for Malabar and 408.50 to
#70,90 g for Mysore cultivars respectively.



Table 2.

Growth characters of cardamom at different intensitlies of the disease.

Cultivar Disedse Welght of green Number of Namber of Number of
' intensity capsules/clump(g) capsules/clump tillers/clump panicles/
g'oup : - . ' -t 01MP-
Healthy 687,40 1058525 22,50 31:45
o W | 676,85 1015.70 22475 31.75
Vazhukka 2dium 66000 988:25 25,40 31:25
Leh 63%7.95° 970.50 23.70 31.15
Cc.D. - - - -
Heal thy 695.: 45 994,25 24.95 23.20
Low . 678,00 969 .55 23.70 22,65
Malabar Medium 662.30 946,40 23435 22.35
High 624.00 895.50 22,65 22.60
C_. D ._. - - - --
Healthy 470,90 671.70 28.05 17.75
[ Low 454,00 658.55 26,20 16.85
ysore Medium 448,35 643.50 25,00 17 .40
High 408.50 589.40 26.20 16.75
c.D. - - _ .

Sa.
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4.2 S0ll Analysis

The various tables presented here contain the
mean values"obtained from chemical analysis of 20 soil
éamples eacﬁh around the three cultivars of cardamom
at the four disease intensity levels collected during

| ' .
the pre-monsoon and post-monsoon periods,

4,2.1 Electrochemicgl properties,

4e2.1.1 Soil reaction {(pH).

The pH of the s0il samples were in the range
4,93 to 5.23 for the three cultivars at different
intensities of the disease and the differences were

non significant (Table-3; Appendix-II).
5o2.,1.2 Electrical conductivity (E,C.).

The electrical conductivity of soil samples was
more or less constant showing only non significant -
differences. Yhe range of values were from 0,11 to
0.14 milli;ﬁhos/cm3 for the three cultivars at
different fhtensities of the disease (Table-4; Appendix-III),

4,2,2 Chemical properties.

4o2.2.1 Total soil hitrogen.
The Gériation between the total nitrogen status
of the soil'around the plants at different intensity

' f
levels of the disease was not significant (Table-5;
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Appendix-IV) and the mean values ranged between 0.193

to 0.210 per cent for Vazhukka cultivar, 0.182 to 0,198
per cent for Malabar end; 0.180 to 0,189 per cent for
Mysore. Significant difference in the nitrogen content
of soil wa;s observed for all the three cultivars of
cardamom. ., It was found that the nitrogen status of

the soils "idl:u*ing the pr'é-monso'on period was ‘significantly
higher than that in the post-monsoon period, and their
mean values were 0.209, 0.201 and 0.195 per cent for

Vazhukka, ‘Malabar and Mysore cultivars respectively.

No significant season - intensity interaction
on the soil nitrogen status was noticed for any of

the cultivars.
L,2,2,2 Available phosphorus.

The data are furnished in Table 6 and Analysis

of Variance in Appendix - V,

The mean values of available phosphorus content
showed significant difference neither between the
different disease intensity levels nor between the two
seasons sil.u’died.. The range of values were 21 to 23,
20 to 22 r;lznd 21 to 22 ppm for the three different
soils cul%ivated to Vazhukka, Malabar and Mysore

respectively.

3l

Seadon-intensity interaction was not significantly

different "‘in the s0ils of any of the cultivars.
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Table 3. pH of the so0ils for the three cultivars at
different intensities of the disgease during
the two seasons.

Cultivar Season intensity groups Seasonal
_________ - means
Healthy low Medium High
Pre-monsoon 5:03 5.12 4,99 5,09 5.06
Po st-monsoon 5,11 5.08 5,05 5.03 5.07
Intensity
Vazhukka means 5,07 5.10 5.02 5,06
SE im/plot 0.0399
c.,D, I -
c,D, IT -
Pre-monsoon 5:16 5.21 5.19 5.21 ' 5.19
Post-monsoon 5020 5019 5.15 5.25 5.20
~Intensity |
Malgbar means 5.18 5.20 5.17 5.23
SE Im/plot 0.0276
c.D, I -
CeD., II -
Pre-monsoon 4,91 5.00 5.05 4,93 4,97
Po st-monsoon 4,95 4,98 5.15 4.97 5401
Intensity o o ' -
Mysore means 4,93 4,99 5.10 4,95
SE +m/plot 0.0861
c.,b, I -
c.D, II -

-— -y o . e - - - -

c,D,I - C.D, for comparing intensity means.
C.b,II- C,D, for comparing season~intensity interaction means.
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Tgble 4, Electrical conductivity of the soils for the
three cultivars at different intensities of
the disease during the tw seasons.

— - — - —— ———— - — g

Mean electrical conductivity
(milll mhos/om”) for disease

intensity groups Seasonal
___________ —— means
Healthy Low Medium High

Cultivar Season

Pre-monsoon 0,15 0.14 0:.15 0.13 0.14

Po st-monsoon 0.13 0,14 0,11 0,15 0.13
Vazhukka Intensity means 0.14 0.14 0.13 0.14

SE +m/plot 0.0155

c.D, I -

C.D. II -

Pre-monsoon 0:13 0:13 0.12 0.14 0.13

Po st-monsoon 0.15 0.11 0.12 0.12 0.14
Malabar Intensity means 0:14 0.,12 0,12 0.13

SE + m/plot 0.0213

c.D. I -

c.D., II ' -

Pre-monsoon - 0:11 0312 0.11 0.13 0:12

Post-monsoon 0.13 0.,14 0.1 0. 11 0.12
Mysore IntensitymgansOﬂZ 0.13 0.1 0.12

SE +m/plot 0.0224

c.D; I -

c.D, II -

C.D.I - C,D; for comparing intensity means. |
C.D,II - C,D, for comparing season-intensity interaction means.
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Table 5. Total soil nitrogen status for the three
cultivars at different intensities of
disease during the two seasons.

Mean total soil nitrogen (%) for
- disease intensity groups
Cultivar Seasfn =—m—mceccccmcsc—c———

Healthy Low  Medium - - High

Seasonal
means

Pre-monsoon  0.219  0.208 0,201 0.212 04209
Pogt-monsoon 0,194 0,190 0,190 0.204 0,191

Itensity,
Vazhukka means - 0.201 0.193 0.196 0,210
SE +m/plot 0.0097
c.,hD, I -
c,D, IT -

Pre-mongoon 0:193  0.208  0.201 0.201 0,201
Post-monsoon 0.171  0.189  0.184 0.192 0.184

Intensity
Malabar means i 0.182 0.198 0.192 0,197
SE im/piot 0.0107
c.D, I -
c.D, II -

Pre-monsoon .0:190 0:197 0:197 0.196 0,195
Po st-monsoon 0,170 0,172 0.179 0.183 0.176

Intensii:y'
Mysore mezns 0:180 0.184 0.188 0.189
SE _-l:m/piot 0,0114
c.b, I’ -
CoD, II:.. .. _=.

C.D. I - C,D, for comparing intensity means.
C.D,II -~ C,D, for comparing season-intensity interaction means.
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Table 6. Avallable phosphorus content of soils for the
three cultivars at different intensities of
the disease during the two seasons.

- 1 " . — s ——

Mean available phosphorus (ppm)
of soil for dlsease intensity
Cultivar Season " groups

Heglthy low Medium High

- e . gl S e -l

Seasonal
means

Po st~monsoon 23,00 20,4  21.4  20.6 21.4.

Vozhuldca Intensity means 23.2 21,1 22,0 21,8

SE +m/plot 1.383

CoDj :[l: - -

C.Dl II -

Pre-monsson - 20:% 219 21.9 20:4  21.6
Post-minsnan  19.7 21.4 20.9 19.8 20.4

Malabar Intensity means 20.0 21.7 - 21.4  20.%1

SE +m/plot 1.393

c.Db, I. -

C.D,IT -

Pre-monsoon 20,8 271.9 22:.0 221 21:7

Post-monsoon 20.5 2ol 21.5  21.7 21.3

Intensity means 20,6 21,6 21.8 21.9
SE im/blot 1.166

c,D, I -

c.D. II

CD, I = C_.'D,_for_ comparing intensity means.
C.D,ITI -~ C,D, for comparing season-intensity interaction means.
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Exchangeable potassium,

The data are given in Table-7 and Appendix-VI,
The resul%a revealed that there was no significant
interaction between the season and intensity and that
the difference between the exchangeable potassium
content of the soils around the plants at different
levels of disease intensity was not significant.
However, in all the three cultivars, there was a
significant reduction in fhe‘exchangeable potassium
content fﬁmm the pre~monsoon to the postemonscon
periocd with a2 mean difference of 14 ppm for the solls
of Vazhukka, 9 ppm for the soils of Malabar and; 13 ppm
for the soils of Mysore cultivar,

Exchangeable calcium and magnesium,

The mean values for exchangeable calcium and
magnesium are furnished in Tables 8 and 9 and Analysis
of variance In Appendices VII and VIII respectively.

J.'he data indicated that there was neither a
siglificmt difference in ‘the exchangeable calcium
content between The soils at different intensitles of
the disease nor a significant Interactlon between the
season and intensity in any of the three cultivars
studied. ‘he seasonal variation in the content of
exchangeav.e calcium was not significant, Thenange

h
of mean exchangeable calcium content of soils at
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Mean exchangeable potassium
( ppm) for disease intensity

Healthy Low Medium High

90.0
The1

82.0!

88.6
77.7

83.1

7.7
67.9

72.7

83.7
T4.3

77.0

Table 7. Exchangeable potassium content of soils for
the three cultivars at different intensities
of the disease during the tvo seasons.

Cultlvar Season groups
Pre-monsoon 109:3 93.3
Po st-monsoon 88,5 84.3

Vazhukka Intensity means 98.9 88.8
SE +m/plot 7.679
c.D, I -
¢c.,D. IT- -

Pre-monsoon 85.5 79.8
Post-monsoon 76.0 71.7

Malabar Intensity means 80.8 75.8
SE +m/plot 5.531
C;Di I -

c.D, IT- -
Pre-monsoon 99:9 90.7
'Pp st-monsoon 83%.9 ‘76.5
Intensity means 91.9 83.6
SE +m/plot 9.135

c.,D, I -

c.D, IT -

Seasonal
means

95.3

C81.1

91.0
77.8

C.D. I =« C.D; for comparing intensity means.

C,D,II - C.D, for comparing season-intensity interaction

mesgns.
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Table 8. Exchangeable calcium content of scils for
the three cultivars at different intensities
of the dlsease during the two season.

- - - e as e -
- — e el gy S e A G S el G G S A N I S S = - - -

Mean exchangeable calcium (ppm)

for diseage intensity groups Seasonal

Heslthy Low Medium High  Teans

Cultivar Season

Pre-monsoon 260 258 247 264 257
Po st-monsoon 256 255 243 261 254
Vazhukka Intenslity
means 258 256 245 263
SE 4m/plot  10.85
C‘ D._ I -
c. D. II -
Pre-monsoon 254 259 248 - 256
Po st~-monsoon 252 256 2414 252
Malabar Intensity
means 253 258 246 254
SE +m/plot 4,77
C. D. I
CO Do II
Pre-monsoon 240 235 234 238 237
Post-monsoon236 229 230 233 232
Ihtensity
means 238 232 232 235
SE +m/plot 5.95
C.D, I -
C.D.1II -

- A S G g S el el ) M S S S G e S S G S S S b

CeDe I - C.D. for comparing intensity means.
CeDe II -~ C.D. for comparing season-intensity interaction means.
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different disease intensity levels were 245 to 262,
245 to 258 and 231 to 238 ppm respectively for the
cultivars Vazhukka, Malabar and Mysore.

The exchangeable magnesium content of the soils
were significantly different between the plants at
different intensity levels of the disease for all the
cultivars of cardamom, There was a decreasing’tendency
in the exchangeable magnesium content of all the soils
as the level of disease increased from heal.thy to
high intensity. In Vazhukka, the maximum content of
801l exchangeable magnesium was observed for healthy
plants (218 ppm) and the minimum for severely diseased
plants (192 pom). However, it was seen that the |
exchangeable magnesium content of soils of healthy
plants was om par with that of the low and medium
levelvof disease infection ﬁhile, the magnesium content
of solls around severely infected plants was found to

be significantly lower than the healthy group of plants.

Significant difference in the content of.
exchangeable magneegium was noted in the soils around
the plant§ of the cultivar Malagbar which were at
different levels of disease intensity., The maximum
content was recorded by the healthy plants (225 ppm)
and the minimum by the highly inflected plants (207 ppm)



Table 9.

Exchangeable magnesium content of solls for
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the three cultivars at different intensities of

the disease during the two seasons.

S o S e Gl g e S T gul BN ) SN SN SN O SN AN W R S e e el S S D D G G e S e S il N s SN SN G S S S S AN A M S el S S G SN D SmE W

Mean exchangeable magnesiunm
for the disease intensity

Vazhukka

Malabar

Pre-monsoon
Post-monsoon

Intensity

Meens

SE +m/plot

cbDol I
C.D. II

Pre-monsoon
Post-monsoon

Intensity

means

SE +m/plot

CiD. I
C.D. IT

Pre-monsoon
Post-monscon

Intensity

mearns

SE 4m/plot

c.D. I
C.D. II

C.D. for comparing intensity means.

groups

e kel SO el S A Gy . ek g T T iy O S =

Low Medium High

sy S g guy A G G ol D G S S A g el Gy A D SN P U S S pen el M AR A NN M A A A O o i T g S el el VR S N S SR SN D U SN GNP e

218
6.913
19. 261
13.620

231
220

225
4,382
8- 633

216
206

211
6. 237
12, 287

223
220

221

211
200

205

e T S S e et e S e e S e P ey

218
215

217

206
195

200

197
188

192

211
203

207

196
185

190

Seasonal

meansg

221
214

207
197

CeD. for comparing season-intensity interaction means
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The exchangeable magnesium status of soils where
Mysore cultivar was taken for observations, also showed
significdntly different mean exchangeable magnesium
content I::S'etx-:een the different disease intensity levels
with a maximum of 211 ppm by the healthy plants and a
minimum 6f 190 ppm by the highly infected plants.

The exchangeable magnesium content of the =soil for
healthy plants was found to be on par with that of

the low and medium levels of disease intensgity. However,
the medium and low levels were significantly different
from the :s;eVerely infected plants for their soil content

of exchangeable magnesium,

All the three cultivars of cardamom showed
significant reduction in thelr s0il content of
exchangeaiale magnesium from the pre-monsoon to post-
monsoon Period. The mean reduction for the soils of
the cnree; cultivars were 11 ppm for Vazhukka, 6 .pom
for Mealabar and 6 ppm for Mysore.

_Seaéon—intensity interaction was noticed for the
cultivar Vazhukka while, the Malabar and Mysore
cultivars did not show any significant season-intensity
interaction for the exchangesble magnesium comtent of
the soilag!

Exchangeable iron, manganese and zinc,

Theidata on the mean values for exchangeable
iron, manganese and zinc content of soil around plants
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at differgnt levels of disease intenslty are presented
in Table 10, 11 and 12 and Analysis of Variance in
Appendices IX, X and XI, respectively.

Results revealed that there was no significant
varlation between the exchangeable iron content of
soils arounad plants at various levels of disease.
intensities or between the two seasons studied. The
range of ‘exchangeable iron lcontent for the soils
representing the different cultivars were 41 to 43 ppm
for Vazhukka, 39 to 40 ppm for Malebar and; 39 to 46 ppn
for Mysore cultivars. Similar results were observed
for exchangeable manganese also, However, there was
an increasing trend in the exchangeable iron and
manganese content of the soil after the monsoon. The
exchansaable manganese content were found to range from
117 to 125, 131 to 141 and 124 to 136 ppm for the
different =spils cultivated to Vazhukka, Malabar' and
Mysore cultivars respectively. .Exchangeablej zing
content of different soils under present investigation
did not show any significant variation between the
different levels of disease intensity or between the
two seasdtns for any of the cultivars. The exchangeable
zine content of the soils representing the three
different cultivars were in the range 41 to 44, 64 to 7!
and 50 To 58 ppm respectively for Vazhukka, Malabar

and Mysore cultivars.
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Table 10. Exchangeasble iron content of soils for the

three cultivars at different intenglities of

the disease during the two seasons.
-------- Meen exchangeable iron (ppm)

g for disease Intensity groups
Cultivar Season —— - - Seasonal

Heglthy Low Medium High neans

Pre-inonsoon 42‘ 7 liO o0 420 9 iiO -7 41 . 6

Post-monsoon 43,1 41,5 43.8 4.9 42,4
Vazlukka Intensity 42,9 40.8 43,4 40.8

means - [ ] ] -I

SE im/plot 3.038

CoD. { I -

C.D., 1I -

Pre-monsoon 39.6 39.8 38,2  38.6  39.3

Post-monsoon 40.9 0.8 39.5 39.9 40.3
Malabar Intensity

means l|0.3 L“OcB 38.8 39-3

SE +m/plot 3.678

CeDa I -

CeD. II -

Pre-monsocon 141 o 2 l"l"- 2 L]"I . 9 37. 1 41 o

Post-monsoon 44,3 47.1 44,1 40.6 44,0

Intensity
My sore means 42.7 45,6 43,0 38.8

SE +m/plot 3. 691

C.D I -

C.D 1I -

- -y -— - O oy S SR e

C.D. I - C.D. for comparing intensity means.
CfD. II -~ C.D. for comparing season-intensity interaction means.
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Table 11. Exchangeable manganese content of soils for the
' thred cultivars at different intensities of the
disease during the two seasons.

B Mean excﬁaﬂgeébl e m-an'ga‘ne'se
Cultivar Season (ppm) for disease intensity Seasional
_groups ‘ means

Healthy Low Medium High

Pre-monsoon 118 120 125 117 120

Post<monsoon 120 123 126 117 121
Intensity , _ | .

Vazhukka means 119 122 125 1 1'(
SE +m/plot - 3,849
Co D ..I -
C.. D. Y II ) -
Pre-monsoon 140 129 138 140 137
Post-monsoon 142 132 143 142 140
Intensity '

Malabar means 141 131 141 1M
C'. D =II -
C,D, 'II -
Pre-monsoon 122 129 133 123 131
Post-monsoon 125 135 138 127 127
Intensity

My sore means 124 132 136 125
'SE +m/plot 54555
CeDe I -
C. Do II -

C.D. I - C.D. for comparing intensity means.
C De II - C, D. for comparing seasoneintencitv interactdan mesna.
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Table 12. Exchangeable zinc content of solils for the
three cultivars at different intensities of
the disease during the two seasons..

Mean exchangeable zinc -

(ppm) for discase
Cultivar Season igtensi‘ty groups Seaslonal
-------------------- . T C O oy, e g m eans

Hezlthy Low Medium High

- - D O O i S S T S g e S e 0 G 0 G D g W e O

Pre-monsoon 43,6 bh,7  LO.T 42.0 42,7
PO St“monsoon 1‘4 . 5 L“B- 5 39 . 8 14'1 . 3 41 ° 5

Intensity '

Vazhukka means 42,2 Lh.1  40.1 40.8
SE +m/plot 3.486 '
CeDoe I -
C.D., 1I -

Pre-monsoon 67.9 64l 76,8 70.8 700
POStﬁmonsoon 65.9 6305 7105 6800 67- 2

Intensity
Malabar means 66.9 64.0 The1 69.4
SE tm/plot 11.602
C.De I -
C.Ds 11 -

Pre-monsoon 59.6 57.6  51.3 51.6 55.0
Post-monsoon  56.4 54,1 9.2 L8.2 51.9

Intensity
Mysore means 58.0 55.8 50.2 49.9
SE +m/plot 3.838
CeD. I -
C.D, II -

CeD. I = C.D. for comparing intensity means.
C.D.II ~ C.D. for comparing season-intensity interaction means.
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None of the three cultivars showed any significant
season-intensity interaction for the contenf of soil

axchangea‘t{le iron, manganese or zinc,
L.,3 Plant Analysis.

The various 'taDJ.ES plreserneed nelre coliecalll meari
values obtained from the chemical anélysis of 20 plant
samples each from the three different cultivars of
cardamom at the four disease intensity levels during

the pre-monsoon and post~monsoon perisds.
4e3e1 Total nitrogen.

The data on the total nitrogen content of plants
are furnished in Table-13 and Appendix=XII,

There was no significant variation between the
nitrogen content of Vazhukka plants between the different
levels of c:li'sease intensity or between the two seasons
studied. However, the nitrogen content of plants showed
a decreésing trend after the monsoon. The other two
cultivars %].SO gave gimilar results while, none of the

cultivars showed season=-intensity interaction.

The mean nitrogen content of the plants ranged
from 2.080 to 2199 per cent between the different levels
of the disease intensity for the cultivars Vazhukka,
2,086 to 2,155 per cent for Malabar and 2.090 to 2.117
per cent for Mysore cultivars. The maximum mean nitrogen

content was recorded by the healthy plants of the cultivar,
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Table 13. Plan{: nitrogen content for the three
cultivars at different intensitles of
the disease during the two geasons.

- T Me;n nitrogen content (%)
for disease intensity

Cultivar Season groupa _ Seasonal

Healthy Low Medium High neans

Pre-monsoon 2,213  2.186 2.410 2.103  2.153
Post-mongoon 2,186 2,710 2.076 2.068 20110

, Intensgity
Vazhukka means 2. 199 2.148 2,098 2,081
SE +n/plot 0.084
CeDe .1 -
CoDe II -

Pre-monsoon 2151 2,172 2.124 2.103 2.138
Pogt-monsoon 2.110 2,138 2.096 2.069 2,107

Intensity
Malabar means’ 2,131  2.155 2.110 2.086
SE imfplot 0.077
C.D. I -
C.D. II -

Pre-monsoon 2.124 2,144 2,110 2.103 2.120
Po St"‘mon soon 2e 089 2e 089 2e 075 Ze 076 2e 086

| Intensity
My sore means 2,107 2.117 2.093 2.090
SE 4m/plot 0.077
C.Ds I -
C.D, II -

CeDe I =~ CuDs for comparing intensity means.
- CDe II - CiDs for comparing season-intensity interaction means;
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Vazimkka, while, the Malabar and Mysore cultivars
registered higher mean nitrogen content for plants
showing the low level of disease infection. However,

these differences were not statistically significant,

4e3.2 Phosphorus.

The data on the plant content of phosphorus for
the three different cultivers at the different disease
Intensity levels are presented in Teble 14 and Analysis
of Variance in Appendix=-XIIIL,

The results obtained revealed that the plants at
different degrees of disease infectlon d4id not vary
significantly in the phosphorus content, in any of the
three cultivabs selectéd for the present investigation,
Hovever, the mean phosphorus content for the cultivars
Malabar and Mysore showed a decreasing tendency with
the increase in the degree of the disease as well as
with the change in the season from pre-monsoon to

po st-monsoon period,

The mean values for the phosphorus content
registered by the three cultivars at the different levels
of the disease.were iln theyange 0,170 to 0.185, 0,157
to 0.173 and 0.156 to _0.172 per cent respectively for
‘¥azhukka, Malabar and Mysore cultivars, However, none
of these cﬁltiVars showed marked season-intensity

interaction.
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Pable 14 Plant phosphorus content for the three
. cultivars at different intensities of the
disease during the two seasons.

Mean phosphorus content (%)
for disease intensity
Cultivar Season _groups_______. .. Seasonal

means
Heelthy "Low Medium High .
Pre-monsoon 0.186 0.181 0.170  0.178 0,179
Post-monsoon 0.184 0.479 0.169 0.176 0177
Intensity
Vazhukka means 0.185 0.180 0.170 0.177
SE +m/plot 0.008
C.D., I -
COD. II -
Pre-monsoon 0.173 0.164 0.163 0.158 0.165
Post-monsoon 0.172 0.163 0.162 0,156 0.163
' Intensiﬁy . :
Malabar means 0.173 0!164 00163 0.157
SE +m/plot 0.007
COD. I -
C.D. II -
Pre-monsoon 0.173 0.172 0.158 0.157 0. 165
Post-monsoon 04171 0.170 0.156 0.155 04163
Intensity : . -
means 00172 0.171 0.157 00156
CeDs I -
C.D. II -

o iy o oo G S - =

CeDa I = CuDe for comparing intensity means.
C.D. II - C.D. for comparing season-intensity interaction means.



4.3.3

46

Potassium.

The detalls are furnished in Table=15 and
Appendix-XiV,

A1l the thiree cultivars of cardamom selected for
the present investigation, showed significant difference
in the potagsium content of leaves 6f Plants at different .
levels of.disease intensity, In all the ceses, a gradual

reduction in the potassium content of leaves was noticed

"as the severity of the disease increased.

In the cultivar Vazhukka, the maximum mean
potassium content was recorded by the healthy plants
(2.66 per cent) followed by the plants showing low (2,
per cent) and medium (2.16 per cent) levels of diseas
infection, while, the highly infected plants recorded
the minimum content (2.14 per cent),

The cultivar Maglabar, also recorded the highest
potassium content for the healthy plants (2.48 per cent)
and the lowest by the highly infected plants (2.04 per cent)

The healthy plants registered a maximum mean
potassium content of 2.61 per cent in the cultivaer Mysore
which was found to be on par with that of the low intensity
Plants having 2,58 per cent potassium. However, these
two disease intensity groups showed a significant difference

in potassium content with the plants showlng medium
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(2.0%4 per cent) and high (1.86 per cent) degree of

disease infection.

A1l the three_cultivars showed a significant
reduction in the potassium content with a change in
the season from pre-monsoon to post—nbnsoon period
(Fig. 3b). Their mean values for the two seasons were
2.53, 2.40 and 2.46 per cent for the cultivars Vazhukka,
Malabar and Mysore respectively

None ol the cultivars showed any significant
interaction between the season and intensity of the

disease,

4,3,4 Calcium and magnesium.

The details regaerding the calcium and magnesi....
content of plant; at the diffgrent levels of disease
intensity are furnished inl Tables 16 and 17 and Appendices
XV and XVI,'

The results indicated that the calcium content of
plants at the various disease intensity levels did not
vary significantly in any of the three cultivars selected
for the present study.' Besides, none of the cultivars
showed any significant variation between the pre-monsoon
and post-monsoon period or interaction between the
season and intensity of the disease for their calcium

status. However, there was a non-significant reduction
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in the calcium content between the two seasons studled

in a1l the three cultivars.

The mean calcium status of plents at 'the different
disease intensity levels were found to range from 0,777
to 0.854, 0.745 to 0,774 and 0.826 to 0,851 per cent
resoectively for the cultivars Vazhukka, Malabar and

Mysﬂre-

The results on the magnesium content of plants at
different disease intensity levels revealed that all the
three cultivars varied significantly in their magnesium-
content with a change in the delgr'ee of the disease.
Highly significant results at one per cent level, was
observed for the cultivar Mysore while Vazhukka and
Malabar showed significant results only at five per cent

level, for the magnesium content of leaves.

K11 the cultivars recorded lower mean magnesium
values with severely infected plants and the reduction
in the magnesium content was gradual from healthy to
highly infected plants (Fig. ab).

In Vdzhukka the healthy plants registered a maximum
magnesium content of 0.304 per cént which was found to be
on par with the plants showing g.ow and medium level of
disease intensity. However, the severely infected plants
showed sigrificantly lower mean magnesium values (0.233
per cent) than all other plants.
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In the cultivar Malsgbar, the maximum magnesium
content was recorded by the healthy plants (0.356 per cent)
follovwed by the plants showing low level of disease
intensity (0.326 per cent). The healthy plants were
found *o be on par_ with those showing low and medium
level of disease but’were significantly different from
the geverely infected plants with a mean magnesium

content of 0.263 per cent,

§

The cultivar Mysore aiso showed similar trends
as that of Malabar, wherein the healthy plants recorded
the maximum mean magnesium content of 0.348 per cent,
The plants at léw'leﬁel of the disease gave a mean
value of 0.320 per cent for magnesium and was found to
be on par with the healthy and medium disease intensity
olants. The minimum mean magnesium content (0,257 per
cent) was recorded by the severely infected plants,
wnich was significantly lower than the plants showing

low and medium level of disease intensity.

The seasonal variation in the magnesium content
of plants was not significant in any of the three
cultivars., However, the plants showed a decreasing
trend in the magnesium conﬁent with a change from
pre=monsoon to post-monsoon period. None of the

cultivars showed any season-intensity interaction.
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Table 15. Plant potassium content for the three
" cultivars at different intensities of
the disease during the two seasons.

Mean potassium content (%)

for disease intensity
Cultivar Season _groups ' Seasonal

Heglthy Low Medium High 108

- ——— - - e e S - D s i P il o i ol Sk . g o T

Pre-monsoon 2,865 2,575 2,340 2,335 2.529
Post-monsoon 2.466 2.200 1.975 1.945 2.145

Int en-si'ty .
VaZ hukka means . . 2o 663 e 338 21 58 2471 liO
' SE +m/plot 0111 '
CeDe I 0.2187

c. D- II -

Pre-monsoon 2,695 2,360 2325 2,225 2,401
Post-monsoon 2.270 1.950 1.925 1.850 1.998

Intensity
Malabar means 2.483 2.15% 2.125 2,038
SE +m/plot 0,090
C.D. I 0.1782
C.D. II -

Pre-monsoon 2,855 2.765 2,190 2,020 2.458
PO St-monsoon 2e 370 . Za 385 1 . 880 1 . 710 2e 086

Intensity

MYSOI‘G means 2 61 3 T 2 575 2 035 y 0863
SE im/plot 0.090°
C- Do . I 0 L 1775

C.D, II -

C.D. I - C,D. for comparing intensity means.
CeD. IT- CuD. for comparing season-intensity interaction means.
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T~hle 16, L Plant calcium content for the three
cultivars at different intensities of
, the dlsease during the two.seasonss

Mean plant calcium content (%)

Cultivar Season for disease intensity Broups _ gegsonal

Healthy Low  Medium . High 3RS

Pre-monsoon 0.850 0.776_ 0.776 0.819 .Q;805
Post-monsoon: Q0.857 0.778 0.742 0.809 0.797

Intenslty
Vazhukka means 0.854 0.777 0.752 0.814
SE sm/plot 0.040 '
C.D. I : -
C.D. II -

Pre-monsoon  0.779 0.770  0.747 04750 ' 0.762
Post-mohsoop " 0.769 0.754 0.742 0.744 0.752

Intensity

Malabar means ' 0.774 0.762  0.745 0.747
SE +m/plot 0.032 '
Co.Dof I . . - -

c' D. II - - e

Pre-monsoon 00863 0.833 0-855 0-8&8 0.849
Post-monsoon. 0.838 '0.819 0.842 0.842 0.835

Intensity S '
Mysore means 0.851 0.826 0.848 0.845
SE +#m/plot . 0.014 .
C.D. I . -
C.D, II -

v
- am - - - e —— e, s

- T S S T S SV S g ST

CeDe I = C.D. for comparing intensity means.

C.D. IT - C,D. for comparing season-intensity interaction means.



Table 17.

Cultivar

Vazhukka

Malabar

My sore

S g e gup G g D N W

Plant magnesium content for the three
cultivars at different intensities of
the disease during the two seasons.

Mean plant magnesium content
(%) for disease intensity
Season groups Seasonal
- - ——— “ means
Heal thy Low Medium High

Pre-monsoon 0.311 0.291 0.286 (.235 0. 281
Po st-monsoon 0.297 0.281 0.274 0.230 0271

Intensity

means 0.304 0,286 0.280 0.233
SE +m/plot 0.019

CeDo I 0.0379

C.D, II -

Pre-monsoon Q. 359 O. 333 0-310 O 268 00318
Post-monsoon 0.352 0.319 0.291 0.258 0.305

Intensity

means 0.356 0.326 0.301 0.263
SE +m/plot 0.026

CeDe I 0.0513

CeD. II -

Pre—mopsoon 0.359 0.330 0.295 0.261 0.311
Post-monsoon 0. 336 0.310 0.281 0.253 0.295

Intensity

means 0. 348 0.320 0.288 0.257
SE +m/plot 0.025

CeDe I 0.0496

C.D. II -

C.D. I = C.D. for comparing intensity means.
C.D. II- C.D., for comparing season=-intensity interaction means.
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Iron, manganese and zinc.

The detalls regarding the iron, manganese and zing
content of plants at the different levels of the disease
intensity are presented in Tables 18, 19 and 20 and in
Appendices XVII, XVIII and XIX respectively,

The plants at different levels.of the disease
did not very significantly for their content of iron
in leaf lamina. Further, there was no interaction
between season and intensity of the disease. The seasonal

effect on the iron content of plants was also insignificant.

The mean iron content of plants for the three
cultivars were in the range 217 to 228 ppm for Vazimkka,
217 to 220 ppm for Malabar and; 227 to 236 ppm for
Mysore.

The results indicated that the mangenese status of
the plants was not significantly different between the
different levels of the disease or between the two seasons
studied. The season.intenslty interaction was also not

significant.

The range of manganese content in the plants were
found to be 73 to 79, 73 to 80 and 76 to 90 ppm for the

cultivars Vazhukka, Malabar and Mysore respectively.

There was no season-intensity interaction for the

zinc status of plants. The plants at different intensities
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Table 18. Plant iron content for the three
cultivars at different intensities of
the disease during the two seasons.

Mean plant iron content
(ppm) for disease

Cultivar Season intensity_ groups Seasonal

Healthy Low Medium High means
Pre-monsoon 227 217 229 223 224
Post-monsoon 227 216 226 220 223
Intensity
Vazhukka means 227 217 228 221
SE im/plot C 6,435
Co Do I -
CeDe II -
Pre-monsoon 222 220 218 219 220
Post-monsoon 219 215 216 214 216
Intensity
Malabar means 220 217 217 217
SE +m/plot 7,134
C. D. I -
C.D. II -
Pfe~monsoon 229 233 236 236 234
Post-monsoon 225 234 233 232 231
Intensity
My sore mesns 227 236 235 234
SE +m/plot 6,017
' C. D- I -h

COD. II .—

CeD. I = C.D. for comparing intensity means.
C.D. II - C.D. for comparing season-intensity interaction means.



Table 19.

Plant manganese content for the three
cultivars at different intensities of

the disease during the two seasons.

Cultivar

- — i iy S ap E S0 S S S A A S A SN Y S el emp agh G S eup A <ol g O P G TS O OB R

Vazhukka

Malabar

My sore

s

Season

Pre-monsoon
Post-monsoon
Intensity
means

SE am/plot
C.D. I

C.Ds II

Pre-monsoon
Post-monsoon
Intensity
means

SE 4+m/plot
CeD, I

C.D. II

Pre-monsoon
Post-monsoon
Intensity
means

SE +m/plot
CoDe I

C.D. II
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Mean plant mangenese content
(ppm) for disease intensity
groups

78. 2
76.0

771
8,880

Seasonal
- el —————— llE2NS
Healthy Low Medium High '
. 80.3 T7.6  Th.1 775
77.8 T75.5 7T2.2 753
79.0  76.5 731
T77.7 80.5 75.7 . 7841
72:.3 78«7 7141 The5
75.0 79.5 73.4
,77.2 88B.8 91.8 84.9
.75.0 86.5 87.7 B2, 3
76.1 87.6 89.7

C.D. I « C,D, for comparing intensity means.’
CeDs II = C.D. for comparing season-intensity interaction means.

- e v S Y Y S S ah a
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Table 20. Plant zinc content for the three.culti\rars
gt different intensities of the disease
during the two seasons.

Mean plant zinc content (ppm)

for the disease intenslty
Cultivar Season groups ~ Seasonal
- - =T means
Healthy Low Medium High

- - - — D = = -

Pre-monsoon 65.9 T1e1 641 63,7 66.3
Post~-monsoon 64,0  69.1 62.2 61.2 6441
Intensity
Vazl’mkka means 614-. 9 70. 1 63- 2 62. L!'
SE +m/plot 10.107
C- Dc I - l
Co Do II -
Pre-monsoon = 63.7  60.8 63.7 62,9 62.8
Post-monsoon  61.0  59.1 58.5 59.9 53.6
Intensity
Malabar means 62,3 59.9 61.1 61.4
SE +m/plot 4.899
C- Do I - ‘
. C. D. II . -
Pre-'m(_)nsoon . 6409 i 6893 71 03 72.4 . 69.2
Post-monsoon 62,1  65.3 67.2 66.0 65.1
: Intensity . '
My sore means 63, 4 66.8 69.2 69.2
SE im/plot 9. 341 '
C.Ds I - '
CeDe 1II ’ -

- -—— e - - - = - — - - e o

C.D. I ~ C.De for comparing intensity means.
S¢D. II - C.D. for comparing season-intensity interaction means.
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of the disease did not express any significant wvariation
between their. zinc concentration, The variation in the
zinc content of plants at the two seasons studied was

also not significent.

The range of mean values for the zinc content of
plants at different levels of disease intensity were 62 to
70, 60 to 62 and 63 to 69 ppm respectively for the Vazhukka,
Malabar end Mysore cultivars. |

Cation Ratios

Soil factors,

Potassium/{ Cal ciumiagnesium) Ratio.

The de't;ails of soil K/(Cé&#Mg) ratios for the three
different cultivars are presented in Table 21(a) and

Appendix=XX,

The results revegled that there was no significant
variation in the K/(Caig) ratio of soils in any of the
cultivars at the different disease intensity levels.
However, in all the cultivars, the ratio narrowed from the
Pre-monsoon to po st-monsoon period. The mean values at
different diséase intensity levels were in the mnge
0.0701 to 0.0811, 0.0619 to 0.0648 and 0.0681 to 0.0750
for the cultivars Vazhukka, Malabar and Mysore respectively "
(Fig, 5a).
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Table 29 (a)e K/(Ca#Mg) ratio in the soil for the thre
cultivars at different intensities of th
dlsease during the two seasons.

--------------- Mean K/(CatMg) ratio in the
' soll for disease intensit
Cultivar "Season Zroups y Seasonal
N il - —====  means
Healthy Low Medium High

Pre-monsoon 0.0835 0.0727 0.0790 0.0786 0.0785
Post-monsoon 0.0787 0.0676 0.0670 0.0705 0,0719

Intensity .
Vazhukka means 0.0811 0.0701 0.0730 0.0746
' SE 41i/plot  0.0063
C.D., I -
C.D. II -

. Pre-monsoon 0.0668 0.0641 0,0644 0.0660 00,0653
Post-monsoon 0.0629° 0.0599 0.0594 0.0593 0.0604

Intensity
Mal abar means 0.0648 0.0620 0.0619 0.0627
SE +m/plot 0.0047
C.D. I -
C.D. II -

Pre-monsoon 0.0787 0.0765 0.0671 0.0779 0.0751
Post-monsoon 0.0712 0.0669 0.0690 00,0667 0.0689

Intensity .
Mysore means 0.0750 0.0717 0.0681 0.0733
SE +m/plot 0.0067
C.D. I -
C.D. IT -

- o —— b ma -—— -y

S S gk S A el P R S S G S S S e G S e e S A IS D Al b o

C.De I - CiD. for comparing intensity means.
C.D. II - C.D. for comparing season-intensity interaction means.
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hobeq.2 Potassium/Magnesium ratio.

The ‘detalls are furnished in Table 21({b) and
Appendix-XXT,

ané of the cultivars showed any significant
variation in the K/Mg ratio in the soils around plants
at different degrees of disease intensity. In all the
cultivars the ratio narrowed after the monsoon., However,
this was sigificant only with the cultivar Mysore
while nthane chnwed-ohl} a non significant tendency

for decrease \rig. 5b).

The ranges of K/Mg ratios at different levels of
disease intensity were 1,351 to 1.503, 1,100 to 1.186
and 1.270 “to 1.333 respectively for the cultivars

Vazhukka. Malabar and Mysore.

Loh, 2 Plant factors.

Tha Antgils of K/{(Ca#Mg) and K/Mg ratios in the
olant are ‘furnished in Tables 21(e¢) and 21(d) and
Appendices Axii and XXIIT respectively.

bely, 2.1 Potassium/(Calcium + Magnesium) Ratio,

All -;the cultivars indicated a nignly significant |
variation in the K/(CaMg) ratio at differen*l;, levels of
disease irftensity. In all the three cultivars the
ratio at f:irst showed a decline but then increased with

+the ﬁaver-i:‘!:v of the diasase (Fie.Bec). Iﬁ t+he r11divar
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Table 21(p). K/Mg Ratio in the soil for the three
cultivars at different intensitlies of
the disease during the two seasons.

— - -y e - - - e iy e S il SU N D ey S S G S g s

. Mean K/Mg ratio in the soil
Cultivar Season for disease lntensity
groups

Healthy Low Medium High

Seasonal
meagns

Pre-monsoon  1.595 1.474 1.436 1,465 1,492
Po St—mDnSOOn 1. Ll“l 2 1. 381 1. 2.67 1. 349 1. 352

Intensity
Vazhukka means 1503 1,428 1.351 1.407
SE +m/plot 0.1341
C.D, I -
C.eD, IT T -

Pre-monsoon  1.253 1,156 1440 1.209 1.189
Post-monsoon 1.119 1,102 1.061 1.107 1.097

Intensity
Malabar means 1.186 1¢129 1.100 “1.158
SE +m/plot 0.0797
C.D. I -
C.D.IT -

Pre-monsoon 1.448 . A1.347 1.382 1.367 1. 386
Post-monsoon 1.217 1.192 1.238 1.280 1.232

Intensity _ .
means 1.333 1.270 1.310 1.324
SE sm/plot 0. 1157 '
C.D. I -
C.D. II -

kel S -l g e S S S SO gt S D S D S el ek S G ol S e gk S S P

C.. D, I - CeD. for comparing inte:nsity means.
CeD. II - C.D. for comparing season-intensity interaction means.
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Table 21(c)., Plant K/Ca+Mg) ratio for the cultivars
at different intensities of the disease
during the two seasons.

Mean Plant K/(CatMg) ratio
for disease intenslity groups. Segsonal

Heaslthy Low Medium  High  T2€ans

gy g S gy S b D S e et P A A N GRS P S e sl S el S - — - -

Pre-monsoon 1.008 0.926 0.864 1.012 0.952
Post-monsoon 0.963 0.841 0.818 0.912 0,884

Cultivar Season

Intensity , .
Vazlukka means 0.985 0.884 0.841 0.962
SE +m/plot 0.0286
CeDe I 0.0564
C.De IT -

Pre-monsson 1.014 0.932 0.859 0.967 0.94%
Post-monsoon 0.983 0.797 0.833 0.810 0.856

Intensity
Malgbar means 0.998 0.865 0.846 0.888
SE +m/plot 0.0296
C.D. I 0,0583
CeD. II -

Pre—mohsoon 1.035 0.785 0.841 1.034 0,924
Po st-monsoon 0.93%0 0.691 0.746 0.877 0.811

Intensity
Mysore means 0.983 0.738 0.794 0,956
S.E. +m/plot 0.0264
C.D. I 0.0519
CeD. II -

CeDe I -~ C.De for comparing intensity means.
C.D,II - C.D. for comparing season-intensity interaction means.
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Vazhukka, the highest mean ratio was given by healthy
plants (0,985) which was found to.be on par with the
severely infected plants (0,962). However, plants showing
low and medium level of disease incldence were found

to be on par for their mean K/(Ca#lg) ratio (0.88%4 and
0,841 respectively. However, the K/(Ca + Mg) ratio

of the diseased plants were significantly different

from those of healthy plants.

In the cultivar Malsbar the highest mean ratio
for KZ(Ca-I:-Mg) was given by the healthy plants (0,998)
followed by the plants showing high (0.888), low (0.865)
and medium (0.846) level of disease incidence. However,
the plants at high, medium, and low levels of the
disease were found to be on par for their K/Ca¥lg) ratio.

In the cultivar Mysore, the highest mean ratio
' was given by the healthy plants (0,983). However, these
plants vere significantly different from the plants
shovﬁ_ne;-ms;diumilevel ‘bf-incidelnce (0.794). The lowest
value was ":recorded by the plants at low level of disease
incidence L:(0.738) which was significantly different

from all other plants.
4o4h,2,2 Potassium/‘:Magnesium Ratio.

The results revealed that there was no significant
variagtion in the K/Mg ratio in plants at different
intensity levels of ‘the disease. However, the ratio

narrowed after the monsoon period (Fig.5d).
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Table 21{d). Plant K/Mg ratio for the three cultivars
at different intensities of the dlisease
during the two seasons.

Mean Plant K/Mg ratio for

Cultivar  Season dlisease intensity groups Seasonal
-—— - —-—— -== means

Healthy Low Medium High

g g gl b e W i D

- oy d -

Pre-monsoon 3.006 2.826 2,700 3.062 2.898
Post-monsoon  2.777 2.499 2.437 2.679 2.598

Intensity
Vazlukka means 2,892 2.662 2.568 2.870

SE +m/plot 0.1756

C.D. 1 -

C.D. II -

Pre-monsoon 2,737 2.375 2,463 2.311 2.529
Post-monsoon  2.311 2,052 2.155 2.737 2.169

Malabar Intensity

means 2.524 2,215 2.309 2,346
SE +m/plot 0.1348

C.D. I -

C.D, II -

Pre-monsoon 2. 786 2. 499 éa 480 2.632 2,599
Post-monsoon 2.362 2.157 2.429 2.462 2,352

Intensity
means 2. 574 2.328 2.455 2,547
SE +m/plot 0.1352
C.D. I -
C.D. II ~

CiD. I - C.D, for comparing intensity means,
CoDs IT - CuD. for comparing season-intensity interaction means.
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‘The range of mean K/Mg ratios for the different
cultivars.at the different disease intensity levels,
were 2.568 to 2.892, 2.215 to 2.524 and 2,328 to 2,574

for Vazhukka, Malabar and Mysore cultivars respectively,

Correlation studied between Crop yleld and Nutfient

Factors

Correlation between all the plant and soil
nutr,'ient_:factors with the yleld of cardamom was worked
out, ignoring the digease factor. The results obtained

are presented herein,

Mutrient content of soils.

The different soil nutrient factors were found
to influence the yield in all the three cultivars
of cardaﬂbm studied, The correlation coefficients of
soil nutrient factors with yield are presented in
Table 22(a). |

It may be observed from the Table 22(a) that,
among the' different nutnients, the available phophorus
content of soil stioved maximum correlation with yield
in a1l the three cultivars of cardamom (r = 0.666,

0.555, 0.626, respectively for Vazhukka, Malsbar
and Mysoré. All the other nutrients showed varying
degrees of correlation with yleld in the three cultivars.

In Vazhukka, the next highest correlation was
obtained for exchangeable potassium (r = 0.528)



Table 22. Simple correlation coefficients
(a) Field versus soil nutrient factors
_ Soil mutrient factors
Cultivar - = -
Totgl Availagble Exchangeable Exchang- Exchang- Exchang- Exchang- Exchang-
nitrogen Phosphorus potassium eable eable eable eable eable
c : calcium magne- iron mangan- zinc
o sium ese
Vazhukka 0.105 NS -0.666** 0. 528%% 0.196% @, 403%% Q0.423%*% 0,138 NS 9.278**
Malabar 0. 5043% 0. Th3%* 0.1224 NS  0.255%% 0.166%  0.525%% (O.493%% (Q,206%*%
My sore 0.205% 0.626%+# 0. 481%% 0.052N8 p.164* 0.630%% (0.582%*% (0.102 NS
(b) Yield versus plant nutrient factors
Plant nutrient factors
Cultivar -~ - : - —— - - -
Nitrogen Phosphorus Potassium Calciuvm Magne~ Iron HManga- Zinc
sium nese
Vazhikkg 0.302*"* 0.,988%% 0. 208%%* 0. 373%% O, 784%% ' 0.399%% (0,075 NS 0.164%
Malabar 0.518%%* 0.847%% O.743%% 0.187%* Q,336%% (Q,463%% (Q,358%% (Q,283%*
Mysore 0. 797 #* 0.860%x 0. 448 #* 0.514%% Q. 457*% (,388%*

* Significant at 5% level.
#* Significant at 1% level
NS Non-significant.
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followed by exchangesble iron and magnesium (r=0.423
and 0,403 respectively). Total soil nitrogen and
exchangeable manganese showed only poor correlation

with yield.

In Malabar, the correlation with yield was
noted next to phosphorus for iron (r = 0.505) manganese
(r = 0.493) and nitrogen (r = 0,540) while a a non-
significant correlation was observed for potassium
(r =0.122), The correlation between yield and soil
content of exchangeable calcium, zﬁa@ésium and zinc

was Poor.

For the cultivar Mysore also, the yleld was
correlated with exchangeable iron (r = 0.630) and
manganese (r = 0.582) next to available phosphorus.
However, the exchangeable Zinc and calcium were found
to be uncorrelated with the yileld of capsules per
clump (r = 0,102 and 0,052).

4,5,2 Nutrient content of plants.

The results indlcated that the yleld of capsules
per clump was gdsitively: correlated with the nutrient

content of plants.

Maximum assoclation was noted for phosphorus
in all the three cultivars and tfleir respective
correlation coefficients (r) were 0,988, 0,847 and
0,869 for the cultivars Vazhlukka, Malabar and Mysore,
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Table 23, Effect of light intensity on chenthal disease
(mean interaction scores between light and

disease intensity).

Intensities of 1light ‘ Means
Low Medium high
Healthy 3.67 8.00 5.00 5.56
Intensities Low 12.00 21,33 14,00 15.78
of the  Medium 14,00 36.00  33.00  27.67
disease High " 10.67 37.33 64.00 3733

Meang . 10.08 25,67 29.00
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In Vazhukka, phosphorus was followed by magnesium (r=0,784)
while in Malabar, it was potassium (r = 0.743) that followed
phosphorus. In the cultivar Mysore a highest correlation
coefficient of 0.797 for plant nitrogen content could be
obtained which ranked second after phﬁsphorus in its
assocliation with the yield of capsules.

The cultivar Mglabar showed significant correlation
between mangsnese content and capsule yield whiie the
cultivars'Vézhukka and Mysore expressed only a non-~significant
correlation, All the cultivars recorded positive correlation

for iron and zinc with yield of capsules per clump,

Observations made to study the effect of Light intensity
on the incidence of Chenthal disease

’The resq;ts are furnished in Table 23 and Appendix-XXIV,

The res&ats revealed that there was significant
interaction between different levels of light intensity and
disease intensity. The highest mean interaction score was
recorded by the severely infected plants receiving high
light intensify‘(i&%u@?) while the healthy plants receiving
low level of Light-intensity recorded only a mean interaction

score of 3.67.
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DISCUSSION

The results of the study to elucidate the role of
different nutrient elements on the development of chenthal
disease in cardamom and the effect of shade on the Intensity

of the disease are discussed in this chapter.

Growth characters of cardamom

Number of tillers per c¢lump.,

The number of tillers produced per clump in the three
cultivars of cardamom viz,., Vazﬁukka, Malabar and Mysore at
different levels of disease intensity did not show any
significant variation Indicating that the incidence of the
disease did not effect the production of tiilers or the
general growth Fharacters of the plant., Cardamom is a
peremial crop in which the tillers are produced from the
early vegetative phase onwards and continues even after the
maturity of the plant. Sufficient number of tillers will
be established‘before the plant starts bearing and hence a
sudden attack q;,chenthal disease on the leaves of the
plant may not-pfobably have any significant effect on the
total number of tillers in a clump. At adveanced stage of
infection, howe%er, some of the tillers may get damaged
as observed and reported by George (1978),

Number of panicles per clump.

The number-of panicles produced Per clump was not
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significantly different at different levels of disease
intensity showing that the disease had not seriously
affected the production of panicles.

Number of capgules produced per clump.

The results presented in Table-2 indicated that
all the cultivars showed a decreasing tendency with
regard to the number of capsules produced per clump
with an increase in the severity of the disease.
A though this reduction was not statistically significant,
the percentage reduction was found to be 8.29, 8,88 .
and 12.25 F‘espectiveiy for the cultivars Vazhukka,
Malabar and Mysore (Fig.2). Considerable drying up of

. flowers on the panicles was notlced in the case of

severely ilﬁfe’cted plants. The reduction in the number
of capsules per clump could thus be atitributed to the
drying up of blossoms due to the disease., A similar
observation was made by George (1978) in his gtudies
on the ef:t:ect of disease infestation in cardamom

plantations.

Weilght of pgreen capsules per clump,

A péduction in the weight of capsules produced
per ciump of the order of 29.45 g for Vazhukka, 71.45 g
for Malabar and 22.55 g for Mysore was noticed between
their resg!)ective healthy and severely infected plants.

(Table~-2), Although this reduction in the weight of
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capsules per clumps at different levels of disease
intensity &as not statistically significant, there was
a decreasing trend in the weight of capsules per clump
with an incPease in the severity of the disease (Fig.z).
The percentage reduction in the weight of capsules per
clump for the three cultivars worked out to be 7.19,
10,27 and 13,09 respectively for Vazhukka, Maglabar

and Mysore; The decrease in the weight of capsules
could be the direct result of a diminution in the
number of capsules produced by these plants. George(1978,
reported a similar yield reduction in cardamom due to

the incidence of chenthal disease.

Another probable reason contributing to the
reduction in the yield of disease affected plants could
be a deérease in the guantity of photosynthates available
for the filling up of capsules on account of the damage
caused to ﬁhe net plwtosynthetic area of the leaf lamina.
It could be nted that in plants most severely affected
by the disease, as high as 50 per cent of the leaf area
was covered with watersoaked lesions which could suppress
both photosymthetic assimilation as well as translocation
of the assimilates needed for the filling up of the

capsules,

The study of the growth characters of the plants

affected bv the dise;'a.qe did mot reveal anv remarkahle
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reduction in the number of tillers as well as panicles
present in a clump. The effect of the disease, though
not statistically significeant, was evident only on the
number and weight of capsules produced per clump. As the
photosynthetic efficiency of the planté diminishes with
the severity of the disease, it may be reflected on the
emergence of lesser number of tillers in the succeeding

years.,
Soil chemical properties and plant nutrient content -

Electrochemical broperties of the sgoij.

.Sincethe electrochemical properties of the soil
such as pH and electrical conductivity were more or 1éss
similar for:all the cultivars in the three locations at
different levels of disease Intensity, it may be conc_luded

"that these factors were not having any particulars effect

on the development of the disease.

Soil and plant nutrient factors,

Nitrogen.

The total ﬁitrogen content of the soils as well as
the plants did not show any significant difference at
different levels of disease iﬁtensity'in any of the three
cultivars sii:udied (Tables 5 and 13), both during the
pre-monsoon‘and post-monsoon periods. Thismvealed that

nitrogen may have only a minor role in the syndrome
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development of the disease. 1t may be noted from

Table-5 that the nitrogen content of the soil samplesl
in the present study were in the"high"rating range

for nitrogen and that there cannot be a possibility

of nitrogen deficiency being a predisposing condition
for the development of the disease. Kulkarni (1970},
Dattu Reo (1971) and Zachariah (1975) also reported very
high values for the easily oxidlsable organic matter
content of the cardamom soils which indirectly indicate
the high nitrogen status of these soils. |

Thelmean soll nitrogen content around the plants
at differént levels of disease infensity showed a
significant decrease after the monsoon in all the
cultivars studied, The mean reduction was 0.018 per
cent for the cultivar Vazhukka, 0,017 per cent for
Malabar éhd 0,019 per cent for Mysore., It could be
noted from the results of plant analysis (Table-13)
that this reduction in the soil nitrogen content

after the monsoon was not associated with a corresponding

increase in the content of plant nitrogen.

The reduction in the soil nitrogen content could
be accounted by the increased crop demand during the
monsoon period for the production of more of vegetative

mafter byiway of new shoots and tillers. Additional

nitrogen 1s also necessary for the development of the
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capsules which emerge during this period. KXulkarni
(1971) reported a higher demand of the cardamom plant
for nitrogen and potassium for the development of
capsules. ¥he reduction in the soil nitrogen' content
observed after the monsoon could tlms be fhe result
of an increased rate of absorption by the plants for
the devélopment of green matter as well as for

capsules which are formed during the monsoon period,

Thé mean nitrogen content of the plant samples,
though ﬂot significant, also showed a reduction after
the monsoon (Table=-13). This could partly be a result
of the translocation of nitrogen from the leaves to
the developing capsules which are formed during this
period. : Kulkarni (1971) had reported that about
0.122 kg of nitrogen was removed for each kilogram

of dry capsules produced,

The lowering of plant nitrogen content can
possibly be also due to a dilution effect in the plant
consequent to the emergence of fresh tillers and other

vegetative parts during the monsoon period.

Pho spho rus.

It ‘was seen that the avallable phosphorus content
of so:.ls was not significantly dif:f.‘eren‘l: around the
plants at different intensities of the disease (Table-6).
It could be considered that, like nitrogen, the available
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phosphorus content of the soil may play only a minor
role in the development of disease symptoms. The
content of phosphorus was also not significantly
differentlamqng plants at the different intensities

of the disease.

Comgared to the healthy plants, a gradual reduction
in the content of phosphorus was noticed in the leaves
of plants affected by the disease (Table-14). Although
this reduction was not statigtically significant, it
may point either to a lesser absorption rate or a poor
utilisation capacity of the plants associated with an
increase in the severity of the disease. This condition
can also be a result of an increased utilisation of
high energy phosphates of ATP molecules to overcome the
stress condition dn the plant.

The effect of season in enhancing the avallable
phosphorﬁs content of the soil was fbund to be
insignificant (Taﬁle-G). Even though there was. a
possibility of more of phosphorus coming into the
available pool, due to the seasonal effects leading to
an enhan?ed rate of ﬁineralization of organic phosphorus
aﬁd dissolution of insoluble inorganic phosphorus

compounds to;gVailable forms, no increase in the

NG R e CLEE
R
e,

availaple'bhosphbrus content of the soil was noticed

after the raiﬁs. The additional phosphorus requirement
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for the vegetative flush formed during this period
would have come mainly from this source and hence no
increase in the available phosphorus content of soils
could be noticed. Kulkarni (1971) reported that the
pmsphofus requirement of cardamom was only very
little compared to the requiremenmts of other major

nutrient elements like nitrogen and potassium,.

The absence of a significant difference in the
content of phosphorus in the soll as well as in plant
which are severely infected by the disease, eliminates

the probability of this element acting as a decislve

~ factor in the incidence of chenthal disease.

Potassium,

The content of exchangeable potassium of the soils
did not . vary mucﬁ_at different levels of disease intensity
in any ﬁ)f the three sites selected for the study (Table-7).
However, the plant potassium content at different stages
of disease intensity expressed a statistically significant
variation. In the healthy plants the potassium content
vas 2.66, 2,48 and 2.61 per cent while in the
corresponding severely infected plants it was 2.14,
2.04 and 1.86 per cent respectively fof the cultivars
Vazhukka, Malabar and Mysore {Table=15). The decrease
in the ;gpotassium content was more prominent in the

cultivar Mysore compared to the other two. The decrease
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in the potassium content observed in the diseased plants
(Fig.3b) définitely indicate a lesser rate of: absorption
or assimilation.of this nutrient in such plants. Pbéaséium
is known t? be assoclated with imparting disease
reslstance to most crops (Agarwala and Sharma, 1976).

The low content of potassium noticed in the diseased

plants could be oresumed to have acted as a predisposing
factor, making the plants more susceptible.for the
incidence of the disease. Alternatively, the physiological
condition associated with the disease might have affected
the uptske as well as translocation of potassium by,

the plants resulting in a low status of plant potassium,

as evidenced from the inverse relationship of the potassium

content In plants with the severity of the digease.

A reduction in the exchangeable potassium content
of the soiis was noticed after the monspon period(Fig.3a).
This may bé attributed to the higher uptake of potassium
for the_prédqqtion of new'tillérs as-well as development
of,cagsuleé on the panicles. Nutrient uptske studies on
cardamom conducted by Kulkarni (1971) showed that the
crop required higher quantities of potassium at the time
of panicleland cabsule formation. Further, one hectare
of cardamom removed 52.11 kg of potassium from the soil
while the‘?orresponding figures for nitrogen and phosphorus
wvere bnly é5.97 and 4.35 kg respectively. The panicle.
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husk and seed contained 3.45, 4.28 and 3.72 per cent

potassium respectively.

A comparatively higher requirement of potassium
by the cardamom plant is indicative of the decisive
role of potassium in the nutrition of the plant. As a
significant correlation between the intensity of the
disease and potassium content was obtained, the importance
of potassium in the development of the disease cannot

be ignored.

None of the cultivars showed any season-intensity
interaction indicating that the disease incidence is not

a direct result of the Jjoint action of season and intensity.
De2s2,4 Cal.clum snd magnesium,

Exchangeable calcium content of the soils around
the plants?were not found to differ significantly between
the different intensities of the disease or between
the two seasons studied (Table-8). This may indicate
a poor rate of removal of calcium from the soll for the

newly forméd tillers and capsules.

The calcium content of the plants did not differ
significantly at different levels of disease intensity.
The seasonél variation in plant calcium content was also
negl:igible, though all the plants suffered a slight

decrease after the monsoon {(Table-16).



FIG . 4. MAGNES|IUM CONTENT OF SOILS AND PLANTS FOR THE TWO SEASONS AT DIFFERENT DISEASE INTERNSITY LEVELS.

PRE _1AONSCON Mg CONTENT FOR “VAZHUKKA

I g - MEALTHY e — POST- MONSOOHN Mg CONTENT FOR VATHUKKRA
1, - LOoW PRE ~ MONSOON Mg CONTENT FoR MALABAR

Is - MEDIUM @ e e ~—— — POST- MONSOON Mg CONTENT FOR MALARLR
14 - BIGH — —— - PRE - MONSOaN Mg conTENT FOR MYSORE
St e e — e POST = MONSOON MJ CONTENT FOR MYSORE

3) EXCHANGEABLE Mg CONTENT OF SONI.S. b) Mg COWNTENT OF PLANTS,

235 042 —W

230 Q040

225 oZg _|
Ean
5 a2zo .
a N ~ ©936 -

9

o D
ﬁ 215 -] ~ Oz
o |
2 z
7 210 E o322 _]
P 8
5 o

205 030 ]
W L]
A 3
3 200 { o o28 |
) Z
g 3
_-f iss _| L o286 ]
I
0
ﬁ 120 _| @24 _|

185 _|. ., 022 _|

180 Q20

| [ I 1 I T T 1
1, 1, 1, I, I, I, 1, I,

INTENSITY OF THE DISEASE IHTENSITY OF THE DISE . ASE




79

Thé_? magnesium content of soil and plant showed
significant differénces wifh respect to the different
levels of disease intensity in all the three cultivars
of carda@om; a low magnesium status being assoclated
with disease affected plants and their corresponding
soils (Fig.A). The difference in the magnesium
content %f solls around healthy and diseased plants
were 26 ppm for the cultivar Vazhukka, 18 pom for
Malabar and 21 pom for Mysore (Table-9), while the
respegtiée variation in the plant magnesium content

was 0,074 per cent for the cultivar Mysore (Table-17).

Thé: diminution in the chlorophyll content of
plants heavily affected by the disease could be
attributed to the lack of supply of magnesium to the
leaves, or to a degeneration of chlorophyllous tissues.
The decreased rate of photosynthesis found in magnesium
deficient plants could perhaps be largely account for
in termsyof_the known role of magnesium as a constituent
of bhlor&phyll and inactivation of several enzymes
participéting in the dark reactions in photosynthesis
(Agarwal% and Sharma, 1976). However, the typical
magnesiuﬁ deficiency symptoms as described by Deshpande
(1973) wére not evident in any of the plants, except
the typiéal brownish watersoaked lesions of chemthal

disease on the leaves of infected plants. The low
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content of magnesium in the diseased plants. together
with a low content of exchangeable magnesium in the
soils of the affected plants were suggestive of

a lower l$Ve1 of magnesium uptake by the infected
plants compared to healthy ones. The low magnesium
content of plants, presumably may act as a predisposing
factor fof the development of the disease., However,

this has to be verified by supplying magnesium salts

to the plant either through the soil or as a follar spray

and noting its effect on the incidence of the disease,

by conducting suitable experiments.

A gignificant reduction in the echangeable
magnesb;xﬁj content of the soils was noticed in all the
three locations after the rains, although a corresconding
increase ‘in the plant magnesium content was not evidenced
(Table 9 and 17). The reduction in the exchangeable
magnesiumll content of the soil could be largely attiributed
to the Vei‘y high leaching losses from the soils during
monsoon period as crop removal was found to be only
negli.gib.!._le. This is in accordance with the findings
of Kulkaﬁ;li (1971) that the requirement of magnesium

for cardamom was only meagre, compared to other nutrients

Iron, manganese and zinc.
The}f exchangeable iron, manganese and zinc content

of the soils around plants at different levels of disease
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intensity did not differ significently in any.of the

three cultivars studied. However, there was an increasing
trend in the exchangeable iron and manganese content

after the monsoon which could be attributed to the
relative accumulation of these elements as a result

of heavy leaching of other basess a typical characteristic
of humid tropical soils (Tables 10 and 11). The plant
content of iron, manganese and zinc alsoc showed no
significant Variétion with the season or intensity of

thé disease indicating that these plant nutrient

elements were not directly involved in-the development

of the disease.,

Cation Ratios

The K/(Ca + Mg) and X/Mg ratios of the soil at
the three different gites indicate a decreasing trend
with the severity of the disease incidence (Fig,5).
However, the decrease was statistically not significant
for any of the locations. The decreasing trend could
be attributed to an imbalance in the ratio either due

to an increased utilization of one element over the

others or ‘due to a shift.in the concenitration of one

of the elements from the exchangeable pool to unavailable
pool.

A similar trend was showa by the different cultivars
also for the K/(Ca#g) and K/Mg ratio in the plants
(Fig.5). Thus it would be concluded that a shift in



FIG.5. CATION RATIOS OF SOILS AND FPLANTS AT DIFFERENT DISEASE INTEMNSITY LEVELS,

a) l<CCa.+M5) RATIO OF SolLS

b) K/Mg »ATIO OF souws.

INTENSITY OF THE DISEASE

009 _ 25
“
-~ 008 _ g 20
5° 08 g
9 0
3‘ 0
9 $
}_
0
é ooy _| z 1°5 |
( \‘//
’_l?v L
n \///’_/’
a 006 '!\ 10
/S ¥ . —
\ -
¥ }
808 o5 .
1 T 1 l | 1 I |
I, I, I3 1, I 12 xs 14
INTENSITY 'OF THE DISEASE INTERSITY OF THE DISEASE
I, - HEALTHY
1 CULTIWAR VAZHURIL A
I, - Low
1_5 - MEDIUM CULTIVAR MALAB AR
IA_ - HISH CULTIVAR MYSORE
c) ¥ (Cat Mﬂ) RATIO OF PLANTS . d) K/MS RATIO OF PLANT S .
1"3 375
1°2 4 350
9
Bt n 325
4 I
{ z
4 {
L 1o 4 300 |
s o
0 k
0 09 _ O 275 |
[
< 0
¢ %
> o8 _ g 250
z )
4 2 s
3 o7 _ \ 225 _|
{ Y
¥
o6 _| 200 _|
o5 175
Y [ ! 1 1 T T T —
1, L, i, I, I, I, I, I,

INTERSITY OF THE DISEASE




5.4

82

the cationic ratic might have helped in the development
of the diséase or the development of the disease itself
ﬁight have:: altered the cationic balance in the plants
resulting :.n a shift in the ratio. In eithe;' case,

the disease was found to be associated with an imbalance
in the rat:,i.o of potassium and magnesium in the soil

as well as plant.
Correlation studies between crop yleld and nutrient factors

_ The different soi‘-l and plant nutrient factors were
found to b'é directly correlated with the yield of cardsmom
in all the three cultivars (Table-22).

The pbest correration with the yield was obtained
for phosphorus both in the soil (r = 0.666, 0,743 and
0.626 resp_%fectively for Vazhukka, Malabar and Mysore '
cultivars) end in the plant (r = 0.988, 0,847 and 0.869
for Vazhukka, Malabar and Mysore cultivars respectively)
indicating;—i that in spite of the low requirement of thié
element,_c:érdanmm yields were highly influenced by the
content of;‘ phosphorus in the soil as well as in the plant.

The exchangeabie iron gave fairly good correlation
for the cultivars Malabar and Mysore (r = 0.525 and 0.630
respectiveiy) while the cultivér Vazhukka showed good
eorrelatioifl with potassium {(r = 0.528) next to phosphorus.

However, in all the cases exchangeable calcium and zine
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were found to be not correlated with the yleld oI .
cardamom indicating the poor role of these mutrients

in deciding the yleld of the crop.

The different cultivars indicated differential
associatidh between their yield and plant content of
nitfogen,épotassrum and magnesium,.,, All the cultivars
showed diﬁect correlation between the yield of capsules
and the plant content of iron and zinc indicating that
these_nutéients also may have an influence on. the

production of capsules.

Effect of Light intensity on the incidence of Chenthal -
disease

- The results (Table 23} indicated that as the
intensity of 1light falling on the plant increased, there
was a sig&ificant increase in the incidence of the
disease. -This result is in accordance with the report
of George;(1978) that the chenthal disease was found

to be more severe in thinly shaded areas.

It is wellknown that cardamom is a shade loving
plant which prefers diffused sunlight. Hence higher
light intensities might have produced some physioldgical
derangemenus in the plant leading to the development of

the symptqms of chenthal disease.
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SUMMARY AND CONCLUSIONS

An investigation was cerried out to study the
nutritional sﬁatus of the s0il and plant in relation to
the incidence of chenthal disease in three cultivars of
cardamom viz., Vazhukka, Melabar and Hysore, at the
College of Agriculture, Vellayanl. Soll and plant samples
for the study:. were collected from the cardamom plantatlons
in the High Renzes of Idukici district of Kerala State during
the periods Merch,1982 (pre-monsoon period) and Saeptember,

1982 (post~monsoon period).

The glagzts were categorized into four disease
intenslty groups viz., healthy, low, medium end high based
on the score ;‘jchart prepared (Fig,1). Twenty plant . Samples from
each cate@ryf of the disease intensity and their corresponding
soils were cc;:llected for the three cultivars during the
pre-monsoon and post-monsoon periods. These samples were
analysed by suitable enalyticsl techniques to assess their
content of N; P, K, Ca, Mg, Fe, Mn and Zn. The data was
subjected to statistical anslysis to bring out the
assoclation between these nutrients and disease intensity
during the t\i‘:;o seasons. Correlation between these mutrilents
and yleld of:l cardanom were also worked out.

The important results end conclusions drawn from the
study are surmerised hereunder,

Te The gr'c_';\-rth characters such as number of tillers and



number of panicles per clump did not express any variation
with the inté;sity of the disease indicating that the
disease'couldfnot produce any marked reduction in the
number of tiliers or panicles. However, the yleld of
cardamom (boﬁh.number and weight of green capsules per
clump) showed a decrease with the severity of the disease.
The reductiod{in the number and weight of capsules per
clump of sevéfély.affected plants over the healthy plants
were 8.29 .and 7.19 per cent for the cultlvar Vazhukka
8.88 and 10.27 per cent for Malabar end 12,25 and 13.09
per cent fqr:ﬂysqre cultivars respeetively. IHowever,

this reduction in yield was not statistically significent.

2. Total nitrogen, available phosphorus, exchangeable
po tassium, calcium, iron, manganese and zinc of the solls
were not found to influence the development of the
disease in any of the cultiVaré studied. The content of
nitrogen pho.?;bhorus, calecium, irqri, manganese and zinc
also were more or less similar in all the plants at |
different levels of the disease indicating their minor

role in the development of the disease symptoms.

3 Although the exchangeable potassium content of the
soil was not sigmificantly different, the plant content
of the element recorded a decrease with an increéase in
the disease intensity. Hence it may be presumed that

potassium could be associated with the disease.
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4, Exchangeable magnesium content of the soils showed

a decrease with the severity of the disease in all the
cultivars., Similarly, the plant magnesium content also
showed decreas:ing trends with the increase in the intensity
of the disease indicating that magnesium may probably be

assoclated wi'l",h the incidence of the disease.

5. The monovalent to divalent ratio (K/Ca#Mg) ratio

of both the soil and plant narrowed with the severity of

the disease. 'A slight increase in the ratio was noticed

in the severely affected plants. K/Mg ratio of the soil

and plant alsé showed similar trends. Hence it may be
inferred thal 5he disease was probably assoclated with an
imbalance In the monovalent to_diva;ent cationic ratio.
However, whether the development of the disease was a result
of an imbalante in the ratlo or an imbalance in the ratio
resulted in the disease development could not be revealed

 from the results.

6. . Correlation studies between the yileld and nutr'iént
status of soil 'and plant revealed that among the different
nutrient, phosphorus was well correlated with the yield of
cardemom in s11 the cultivars, The different cultivars
expressed diﬁferential response to other nutrients with
their yleld. | The correlation between the various nuitrients
in the soil and plant with their yields for the three

cultivars can be ranked as followst
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Soil nutrient factorsg.
Cultivar Vazhukka ~ PPX>FedMg>Zn>Ca>Mn> N

Cultivar Malabar ~ P>FePN>Mn>Zn>Ca)> Mg7K
Cultivar Mysore - P>Fe>Mn>K YN >Mg>Zn)Ca

Plant nutrient factors.

Cultivar Vazhukka - PO>Mg>Fe>Ca>N>K2>Zn>Mn
Cultivar Malabar - PP2K>N>Fe>Mn >Mg>Zn7Ca
Cultivar Mysore - P>N>CarMg>K7>Fer>Zn >¥n

7. The observations made to study the effect of light
on the intensity of the disease revealed that, the disease
was most _sev:e_re with the plants receiving maximum sunlight
while the plants growing under shaded conditions, were
comparatively free from the disease. This shows that
light plays en important role in aggrevating the disease

and stresses the importance of shade in cardsmom plantations,

In general from the results of the present study
nqhutnient factors could be ascribed as a predisposing
factor for 'l?he incldence of the disease. The development
of the disease could only be correlated with an imbalance
in the K and Mg content in the plant. A shift in the
ratio of K and Mg might have affected the metabolic
_acfivities of the plant resulting in the development of
the disease or the disease might have affected the
utilisation'pattern of the plant leading to a shift in
their ratio;
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Based on the findings of the present study, the

following lines of work cen be taken up.

1. Studies on the effect of potassium and magnesium in
different ratios on the diseased plants by supplying

them either as a follar spray or as a soil treatment.

2. Light management studies in the affected plantations

to reduce the intensity of the disease during summer.

3, Studies on the effect of phosphorus in increasing

the vield of cardamom.
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APPENDIX - I

Analysis of Variance Table - Growth characters of cardamom.

Growth Source
characfers
Number of Disease
tillers/ intensity
clump

Error
Number of Disease
panicles/ intensity
clump .

Error
Number of Digease
capsules/ intensity
¢lump

Error
Welght of Disease
capsules/ intensity
clump

Error

76

Mean Squares for cultivars

Vazlmkka Malabar

7.0

18.5

18.1 11.6
1els 2.6

51e &t 23.6
29203.6 28157. 4
41716.5 29385.9
9056.8 18563. 2
19888.7 1226389.3

Mysore

95.1
1589. 4

ol
13.9

26127.5
31576.2

15127.0

16136.7



APPENDIX - II

Analysis of Variance Table - Soil pH

- S o P T P Y et e S B S U S ey Sk S S A S S S el S S P P N S S ul} S P R i

Source af Mean Squares for cultivaré
Vazhukka Malgbar Mysore - -

Disease

intensity 3 0,0437 0.0230 0,0160

Season 1 0.0040 0.0040 0.0640

Season x

intensity 3 0.0603 00160 0.0240

Error 152 - 0.0319 - 0.0152 - 0.1481

APPENDIX - ILI
Mnzlysis of Variance Table - Electrical conductivity of soil

Mean Squares for cultivars

Source daf R o e
Vazhukk a Malabar Mysore

Disease ’ '

intensity 3 0.0010 0 0037 0.0027

Season 1 J.0040 0.0040 0.0010

Seagson x

intensity 3 0.0067 0.0027 0.0037

Error 152 0.0048 0.0091 0.0100




APPENDIX IV

Analysis of Varlance Table - Percentage nitrogen in the soll

- . QS S S —— S A S Ay G eyt o A S B - T )

Source , af Mean Squares ﬁoE_Sult;vgrs
Vazhukka ~  Malabar - - Mysore
Disease ' o :
intensity 3 0.00140 0,00120  0.00062
# #* *
Season 1 0,01030 0.01120° 0.01440
Season X
Intensity 3 0,00060 0.00030  0.00002
Error 152 10.00190 0.00230  0.00260
APPENDIX - V

Mnalysis of Variance Table = Available phosphorus in
the soil (ppm)

Mezn Squares for cultivars

Source daf IR L _.
-Vazhukka- - Mgl abar Mysore -

Disease

intensity 3 31.0383 29,6185 12.8510

Season 1 67,2209 20,4776 8.5748

Season x

Intensity 3 5.5309 0.5267 0.0577

Error 152 38.2647 38.8133 54.9103

%' Significant at 5% level.




APPENDIX - VI

Anglysis of Variance Table - Exchangeable potTasgsium
in the soil.

Mean Squares for cultivars

Source af —— ——— - -
Vazhukka Malabar Mysore
Digease
intensity 3 2382,7560 594.3896  1169.2250
Season 1 8023.0560  3159.5062° oy poso
Season x
Intensity 3 282, 4730 99.6567 77,6250

Error 152 1179.2330 611.8490.  1668.9066

APPENDIX -~ VII

VAnalysis of Variance Table - Exchangeable calcium
in the soil (ppm)

Source 's o O —
Vazhukka Mal abar Mysore

Disease :

intensity 3 2338.5230 977 .2067 399.,7733
Season 1 465 ,8060 369.0562 955,5062
Season x '
Intensity 3 6.9410 11.1079 6.1226
Error 152 2354.2290 455.2878 708.1296

¥ Sipnificant at 5% level,



APPENDIX - VIII

Mglysis of Variance Table = Exchengeable magnesium
in the soil (ppm)

i
T - - T - S W e e v - —
i

" Mean Squares for cultivars

Source af . _—
Vazhukka - Malabar Mysore

Disgease . * o
intensity 3 4525, 4750 2362,5900° 3016,1583
Season 1 4622.5000'  3657.6562  4473.2250
Season x '

Intensity 3 61606920 38,3560 2,0250
Error 152 955.9210 384.0500  778.0070

D S S 5w e e - -——

APPENDIX - IX

Analysi's of Variance Table - Exchangeable iron in
the soil (ppm)

Mezn Squares for cultivars

e s - — -

Source at
i

Vazhikka' "Mzl abar Mysore
Disease - . '
intensity 3 751420 13.6729 313.6062
Season 1 22.5000 51,0062 345,1562
Season x .
Intensity 3 3.3170 17.3062 3.1062
Error 152 184,6150 270.5832 2’?2.5168

* gignificant at 5 7. level

% slg_ni-fl'cqrr{ at | 7~ level



APPENDIX « X

Mnalysis of Variznce Table - Exchengeable manganese
in the soil (ppm).

Source af ~ —
- - Vazimkka  Malabar  Mysore

Disease

Intensity 3 480,1080 1050,2733 1300,0067
Season 1 108,9000 357.0062  701,4062
Season x

Intensity. 3 13,3840 792,3534 4.8393
Error 152 206.,2990  603.1845 617.2615

" «
— - - - - -—p —p S -

APPENDTY - XTI

Mnalysis of Vafiance'Table - Exchangeable zinc in
the 5013 (opn):

Mean Squares ror cultivars

Source at o _

" " Vazikka  ~ Malabar - Mysore
Disease ' '
Season 1 61,2560 299,7562 372.1000
Season X ' '
Intensity 3 37.1070 34,1230 3.7167

Error 152 243 .0260 2692,0080 294,6760

- S W Y P TR 0 S e o ——



APPENDIX - XTI
Anzalysls of Variance Table - Percentage ni‘brogen in the plant

Mean Squares for cultivars

Source af ot e o e e e ————
Vazhukka' Malsbar Mysore

Disease ‘

intensity 3 0.11350 0,03450 0,00620
It

Seasbn A 0.07400 . 0,04590 0,05780

Season x .

Intensity 5 0.00470 0.00030  0.00140

Error 152 0.14210 0.118490  G6.11760

APPENDIX - XIII

Angl.ysis of Variance Table - Percentage phosphorus in
bhe plantn ‘

e - I — —— - - e T Pl s S v e S el ul) ful S S e el S A A B

Mean Squares for cultivars-

Source at

Vazhukka Mal abar Myso re
Disease
intensity 3 0.001600 0,00165¢ 0,003013
Season y 0.000160 0.000060 0.000159
Season x
Intensity 3 0.,000100 0.000003 0,000007
Error 152 0,001220 0.000968 0.001216

- — -——




APPENDIX - XIV
Mnalysis of Variance Table - Percentage potassium in the plant

- ——— ey s min . sl YT W S P S u bk PR St VR S S AT L NS NG TR PR P g el ok WU N S S S ey e

Mean Squares for Cultivars

Source at
Vazhukka Mal apar Mysore
Disease o Rt *%
HH #¥ ’ %
Season 1 5.8906 6.4802 . 5.5131
Seasen X .
Intensity ) 0.0030 0.0044 0.0684
Error 152 0.2464 0.1636 0.1624

APPENDIX - XV
Mnplysis of Variance Table - Percentage calcium in the plant

Source ae Mean Squares for cultivars

Vazhukka Malabar Mysore
Disease
intensity 3 0,07020 0.00760 0.00500
Season 1 0.00300 0.00340 0.0086&0
Season ¥
Intensity 3 0.00430 0,00023 0.00060
Error 152 0.03230 0.02060 0.00378

D e S g . S - = -

#* Sigificant at 1% level.



APPENDIX . XVI

Anglysis of Variance Table ~ Percentage magnesium in the plant

Mezn Squares for cultivars

Source at
Vazimkka

Digsease *
intensity 3 0.0225
Season 1 0.0041
Season x

Intensity 3 0.0002
Error 152 0.0074

APPENDIX - XVII

ey S

Malabar Mysore
0.0616* 0.0623
0.0062 0.0108
0.0003 0.0006
0.0136 0.0127

Mnalysis of Variance Table - Iron content in the plant (ppm)

Source af
Disease
intensity 3
Season 1
Season x
Intensity 3
Error 152

S A S S ERg s e G e S e bk} S Y

~ * Significant at 5% level.
¥% Significant at 1% level

Mean Squares for cultivars

828,2842

Vazhukka Mal abar
1058.8417 108.0000
93,0250 547,.6000
20,7417 16.5667
1017.8530

650.8250
562.5000

1.3333
724,1303




APPENDIX - XVIII

Analysis of Variance Table - Manganese content in the
plant (ppm)

Source ar 00 ___TET TEme R e e e
Vazhukka Mal abar Mysore
Disease
intensity 3 242.8833 290,8562 1563. 4080
Season 1 189.2250 522.0062 275.6250
Season x : -
Intensity 3 0.7750 27.9563 10.8750
Error 152 1577.2428 1298.9707 1360,2260

- L el L T —

APPENDIX - XIX
Mnalysis of Variance Table - Zinc content in the plant (ppm)

Mean Squares for cultivars

Source df ~ o

Vazhukka Mal abar Mysore
Disease ‘
intensity 3 465 ,4167 38,4417 299.2229
Season 1 193 .,6000 403.,2250 668,3062
Season x
Intensity 3 0.7833 21.2017 28.3396

Error 152 2043.1375  480.0332  1745.2550

- - — s Sl - — . my gy ol gl N S o



APPENDIX XX
Malysis of Variance Table - Soil K/(Ca+Mg) ratio

Mean Squares for cultivars

Source af- —

Vazhukka Mal abar Mysore
ﬂfzg‘l‘gfw 3 0.00090 0.00008 0.00030
Seagon 1 0,00220 0.00100 0.00150
Season x
Intensity 3 0400170 0,00002 0.00030
Error 152 0.00080 0.00044 0.00090

——— ey oy

APPENDIX - XXI
Analysis of Variance Table ~ Soil K/Mg ratio

- -Mean Squares for cultivars

Source df

Vazhkka . Mgl abar Mysore
Dlsease l
intensity 3 0.1576 0,0542 0.0310
Season 0.7854 0.3394 0.,9533
Season x R
Intensity 3 0.0181 0.0119 0.0350
Error 152 0.3599 0.1271 0.2676




APFENDIX - XHII
Mnalysis of Variance Table = K/(Cé'+ Mg) ratio in the plant

Source df —— - -
‘azhukka- ' -Malabar-  Mysore

Disease B % #¥% %
intensity 3 0.1802 0.1865 . 0.5778

- * ' "% - %
Season 1 0.1893 0.3065 0.5073
Season x .
Intensity 3 0.0008 0.0463 0.0100
Error 152 0.0164 0.0175 0.0139

- - A e e e - — sl .

* Sipnificant at 5% level
¥ Significant at 1% level

APPENDIX XXIIT
Anglysis of Variance Table - K/Mg ratic in the plant

" Mean ‘Squares for cultivars

Source af - S S
Vazhukka Mgl abar Mysore

Disease A .
intensity 3 1.0047 0.6694 0.4933

' * *® .
'Seasdn ﬁ
Intensity 3 0,0466 0.0279 0.2820
Error 152 0.6168 ‘ 0.3633 . 0.3657

i VS O et iy ey ey O il s gy - - L - -

* Significent at 5% level
#*  Sipnificant at 1% level.




APPENDIX - XXIV

Malyslg of variance Table = Effect of light intensity
on the disgease.

-‘Source af - Mean Squares
*3

Disease intensity 3. 1726,991
%

Lieht intensitv 2 1223.583

Disease x iight "
intensity - 6 474,657

Error 24 66.0279"

¥ Significent at 5% level
** Significant at 1% level
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ABSTRACT

An investigation was carried out at the College of-
Agriculture, Vellayani, to study the nutritional status
of s0il and plant in relation to the incidence of chenthal
diseaée in three major cultivars of cardamom viz., Vazhukka,
ﬁélabar and Mysore. Soil and plant samples for the study
were collected from the cardamom plantations in the High
Ranges of_;dukki district of Kerala State during March,

1982 (Pre-n;onsoon period) and September, 1982 (Post-monsoon
period)

The plants were categorized into four disease intensity .
groups based on a score chart: Twenty plants were identified
as observational plants for a cultivar from each category
of the disease intehsity and their growth and yield characters
were studied. Plant and soll samples collécted froﬁ all the
observational plants during the pre and‘post-monsoon periods
wére analysed for their content of N, P, K, Ca, Mg, Fe,

Mn and Zn,' -

The results of the study revealed that all the
cultivars of cardamom showed a decreasing trend in their
yield with the severity éf the dlsease, without showing
any serious difference in the numbgr of tillers or number

of panicles per clump.

Exchangeable magnesium contant of the soils as well
as potassium and magnesium’content of Plants recorded a

decrease with the severity of the disease indicating a



deficiency of these elements being possibly assoclated

with the incidence of the disease. However, soil and

.plant content of other nutrient elemeﬁts such as N, P,

Ca, Fe, Mn and Zn were not found to influence the development

of the disease.

The K/Ca+Mg) and K/Mg ratios in the soil and plant
at first narrowed with the severity of the disease but,
showed a slightly increasing tendency with the highly
infected plants indicating an imbalance in the ratio of

monovalent and divalent cations in the diseased plants.

Correlation studies between the yield of cardamom
and soil and plant nutrient status indicated that among
the various nutrients yield was well correlated with ‘
pho sphorus content in the soil and plant. All the three
cultivars showed a differential response of yield to
other nutrients.

The oﬁserVations made from the study'on the effect of
light intensity on the development of the disease showed
that the disease was most severe in the plants exposed to
sunlight while, the plants growing under shaded conditions
were comparatively free from the disease emphasising the
importance of shade for cardamom. ‘ -

The findings from the present work suggest the need
for further studies on the effect of phosphorus in
increasing the yileld of cardamom, the effect of K and Mg in

various ratios on the control of the disease as well as shade
maﬁagement for protection of the crop from shenthal disease.



