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INTRODUCTION

Cardamom ( E le t ta r ia  cardamomum L.Maton) , popularly  

known as "Queen o f  S p ices" i s  cu lt iv a te d  m ostly in  evergreen 

fo r e s t s .  In In d ia  i t s - c u l t iv a t io n  i s  m ainly con fined  to 

the Western Ghats com prising the s ta tes  o f  K era la , Karnataka 

and Tamil Nadu. The crop i s  o f  great importance as a 

fo re ig n  exchange earner and Ind ia  has an unique p o s it io n  

in  the Trade o f  th is  s p ic e . Ind ia  used to account fo r  

70 per cent o f  t o t a l  world production and 60 per cent o f  

t o t a l  world trade during the period  1978-79. Of la t e  

there has been gre at e c o lo g ic a l  d isturbance by  way. o f  

d e fo resta tion  which has become a d is t in c t  th reat to the 

cu lt iv a t io n  o f  th is  shade, lo v in g  .crop. Cardamom c u lt iv a t io n  

i s  at present fa c in g  "a severe c r i s i s  as a r e s u lt  o f  the 

drought s itu a t io n  in  cardamom growing areas o f  K erala , 

Karnatakq/and Tamil Nadu, The uncertain  ra in s  coupled w ith 

exten sive  d e fo re s ta t io n  in  the cardamom h i l l s  o f  Idukki 

d i s t r i c t  have been playing havoc with the c u lt iv a t io n  o f  

th is  crop lead in g  to complete destru ction  o f  the crop in  

certa in  areas s in ce  1981. The extent o f  damage due to 

drought in  K erala  was estim ated to  be 60 per cent at la rge  

with wide v a r ia t io n . The production fo r  the year 1981-82 

was estim ated to  be 4100 MT w hile the production during 

1982-83 turned ou t to be 2900 MT r e g is te r in g  a sharp 

d e c lin e .
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Another important con stra in t which aggravate crop 

lo s s  in clu d e  the damage by pests and d isea ses . Among the 

d iseases which a f f e c t  the crop ’ Chenthal1 i s  a malady 

which i s  reported  to cause considerable  redu ction  in  y ie ld  

as w e ll as damage to the p lants. Though the d isease  was 

reported  to be caused by Corvnebacterium sp. i t s  e t io lo g y  

i s  yet to be esta b lish ed  co n c lu s iv e ly . The occurrence o f  

th is  d isease has been re la te d  to a combined e f f e c t  o f  

n u tr it io n a l*  p h y s io lo g ica l and environmental fa c to r s  by 

a team o f  s c ie n t is t s  .who conducted a survey on the Incidence, 

o f  chenthal d isease  in  Idukki d i s t r i c t  o f  K erala  (Anon*1979). 

The in cid en ce  o f  the d isease was found to  be more severe in  

areas which do not have proper shade. I t  was f e l t  that 

in v e s t ig a tio n s  are to be conducted to a rr iv e  at b e tte r  

management p ra ct ice s  in  order to maximise the production 

o f  th is  va lu ab le  sp ice  crop.

Thus, the present in v estig a tion  was ta^en uy to assess 

the n u tr it io n a l sta tu s o f  plants and th e ir  corresponding;:; 

s o i l  from the healthy and diseased  areas w ith a view  to 

understand the r e la t io n sh ip  between the in ciden ce  o f  the 

d isease and the concentration  o f  macro and m icronutrienti
elements in  the s o i l  and p lant. Another fa c to r  included 

in  th is  in v e s t ig a tio n  was the e f f e c t  o f  l ig h t  in te n s ity  on 

the occurrence and se v e r ity  o f  the d isease in  K erala.
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Cardamom i s  one o f  the p lantation  crops in  which on ly  

lim ite d  e f f o r t s  have been made to  study n u tr it io n a l and 

re la te d  aspects . Though some ■ attempts have been made in  the 

past to study the n u trien t status o f  some o f  the cardamom 

growing s o i l s  as w ell as the n u trien t content o f  d if fe r e n t  

t is su e s  o f  cardamom in  terms o f  major p lant n u tr ie n ts , 

l it e r a tu r e  perta in ing  to m icronutrient sta tu s o f  the s o i l  

as w e ll as the plant i s  sca rce . Further, the con tribu tion  

o f  s o i l  and plant n u trien t status to the y ie ld  and y ie ld  

a ttr ib u te s  o f  cardamom are a lso la ck in g . B esides, the 

c r i t i c a l  l im it s  o f  major and micro n u trien ts  f o r  the development 

o f  t o x i c i t y  and d e fic ie n c y  and th e ir  symptoms on the p lant, 

are yet to be understood which may help to d if fe r e n t ia te  

between the symptoms o f  p h y s io lo g ica l d isord ers  and p lant 

damage due to pests and d isea ses .

Cardamom i s  a ffe c te d  by a number o f  f o l i a r  d isea ses . 

"Chenthal" i s  one among the f o l ia r  d iseases o f  cardamom which 

has become a v ery  seriou s  th reat to the cardamom growers in  

re cen t years e s p e c ia lly  In the High Ranges o f  K era la , where 

la rg e  cardamom plantations are lo ca te d . This d isease i s  

n o tice d  at a l l  the growth stages o f  the crop and in  a l l  the 

major cu lt iv a rs  o f  cardamom, v i z . ,  Vazhukka, Malabar and 

Mysore. I t  may cause con siderab le  redu ction  in  y ie ld  and 

capsule q u a lity  by a f fe c t in g  the plant growth. The exten t o f
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damage as w e ll as the redu ction  in  y ie ld  due to the 

in cid en ce  o f  chenthal d isease have n o t  y e t been assessed 

s c ie n t i f i c a l ly .

L itera tu re  re levan t to occu rrence  o f  the d isea se , 

symptoms, e t io lo g y ,  n u tr it io n a l aspects o f  the cardamom 

p lant, in General, and the symptoms ex h ib ited  by the 

cardamom pliant due to  the d e fic ie n c y  o f  v a r iou s  n u trien t 

elements e tc . are review ed herein .

2.1 Studies on .cnenthal d isease o f  cardamom.

2 . 1 . 1  O ccurrence,
/'

The occurrence o f  a new d isease o f  cardamom from 

Vandanmettu. in  the High Ranges o f  K erala  State was 

reported  bv ueorge e t  ( 1976) .  I t  was known l o c a l l y  

as ,,Chenthal,, and was reported  to be a d estru ctiv e  

d isease  causing severe crop l o s s .  The d isease  was 

prevalent in  varying in te n s it ie s  in  contiguous p lan tation s 

from Peerumectu to Pampadumpara in  K erala . George ( 1978) 

reported  xnau Chenthal d isease was found to be severe in  

th in ly  shaded areas and suggested n ot to th in  ou t the 

shades f o r  cardamom.

2 .1 .2  Symptoms o f ' chenthal d isea se .

Haynej ( 19^2) rep orted  a le a f  d isease o f  cardamom
ii51

with the symptoms resem bling those o f  chenthal and stated

that young lea v es  o f  the p lan t were com paratively fr e e  
from the d isease symptoms.
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George (1978) described  the symptoms o f  chenthal 

d isease  o f 1 cardamom. I n i t ia l  symptoms were m anifested 

by the appearance o f  elongated water soaked le s io n s  o f  

varying s iz e  on the abaxial surface o f  young le a v e s .

In advanced stages the le s io n s  were browi to  dark with 

a pale yelloiw halo. These developed near the l e a f  margins 

and progressed towards the m idrib. As the w ithering 

advanced, the pseudostems also sta rted  w ilt in g . New shoots 

emerging from the diseased plants were v ery  much reduced 

in  s iz e . Newly emerged sh oots , a t about three to fou r  

le a f  sta ge ,:w ere  in fe c te d , culm inating in  t o t a l  crop lo s s .  

Flowers, s e t 'a f t e r  the inciden ce o f  d isea se , f a i l e d  to 

develop . S ta rtin g  from the t ip  downwards, the in f lo r e s e  

cence d ried  up and the a ffe c te d  gardens presented a 

burnt appearance.

2 .1 .3  E t io lo g y  and c o n tro l .

George e t  j£L. ( 1976) considered the chenthal d isease 

to be due to’ b a c te r ia l  in fe c t io n . They conducted stu d ies 

on the "b a c te r ia l  b l ig h t "  d isease o f  cardamom. Theyi
examined the in fe c te d  lea v es  and observed the presence o f  

a -fungus, Curvularia sp. and a graim -positive, rod  shaped,
• i

bacterium , id e n t i f ie d  as Corvnebacterlum sp. T r ia ls  

conducted usin g  these microorganisms to t e s t  th e ir
r

p athogen icity  on cardamom plants revea led  th a t o n ly  the 

gram -positive bacterium , Corvnebacterium sp. cou ld  in i t ia t e  

the symptoms o f  the d isea se .
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.In experim ental f i e l d  t r ia l s  to co n tro l chenthal 

d isease  o f  cardamom, s ix  a n tib a c te r ia l compounds were 

screened, o f  which, P e n ic i l l in  was found to be the most 

e f f e c t iv e .  P lants sprayed with 100 mg/mL P e n ic i l l in  

so lu tion  xor tnree consecutive days fo llow ed  by a second 

spray a f fe r  ,a lap se  o f  30 days showed marked improvement 

in  comparison w ith  the untreated co n tro l Plants (George 

and Jayasanttar, 1977).

W ilson (1977) observed the a s so c ia t io n  o f  certa in  

fu n g i with tihe inciden ce o f  chenthal d isease ; but i t  

could  not be co n tro lle d  by spraying fu n g ic id e s  o r  

a n t ib io t ic s  l ik e  P e n ic i l l in  o r  Streptom ycin.

2 .2  N u trition a l ^.aspects o f  cardamom.

2 .2 .1  Studies on s o i l  n u trien t sta tu s .

MatheW and Azizuddin Mir (1968) rep orted  th a t the 

s o i l s  o f  Chickmagalur, Hass&n and Kodagu d is t r i c t s  o f  

Karnataka, where la rg e  cardamom p lan tation s are lo c a te d , 

were high Iri orga n ic  carbon, low  in  a va ila b le  phosphorus 

and medium In  a v a ila b le  potash.

Kulkarhi g t  ai> (1970) found th a t the cardamom 

growing s o ^  n f Koppa and Mudigere o f  Chickmagalur 

d i s t r i c t  were nigh in o rga n ic  carbon and low  in  a v a ila b le  

potash. Baii.vu Rao (1971) c la s s i f ie d  the s o i l s  o f  Koppa 

and SringeriJ ta luks o f  Chickmagalur and s o i l s  o f  Hassan 

d i s t r i c t  as medium in  orga n ic  carbon w hile Mudigere s o i l s
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were high in  orga n ic  carbon status* F urther, these s o i l s  

were low  in  a v a ila b le  phosphorus as w ell as potash.

Though the s o i l s  were c la s s i f i e d  as high in  orga n ic  

carbon o r  n itro g e n , most o f  these s o i l s  apparently showed 

response to added n itrog en . Kulkarni and Agnihothrudu 

(1972) rev ised  the c r i t i c a l  l im it s  f o r  orga n ic  orbon' to 

a f a i r l y  higher range f o r  c la s s i fy in g  the a v a ila b le  

n itrogen  s'cacus o f  p lantation  s o i l s .  The l im it s  were 

f ix e d  at 1 ,16 per cen t , 1 .16  to 2 .32  per cent and above 

2.32  per cent f o r  low , medium and high orga n ic  carbon 

content resp ectiv e ly *
Bop!®*1# »

Srivastava (1973) reported  that the a va ila b le

phosphorus, ava ila b le  potash, t o t a l  calcium  and orga n ic  

carbon content o f  s o i l s  were p o s it iv e ly  co rre la te d  with 

the y ie ld  o f , green capsules o f  cardamom per clump. The 

a va ila b le  phosphorus, potash and s o i l  pH ware found to be 

p o s it iv e ly  co rre la ted  w ith  the number o f  t i l l e r s  per clump.

Zachariah (1975) studied  the f e r t i l i t y  status o f  

variou s cardamom growing s o i ls  and rep orted  th at the 

m a jority  o f  the s o i l s  were high in  orga n ic  m atter and low 

to medium in  a v a ila b le  phosphorus.

Nair (1978) studied  the d is tr ib u t io n  o f  major

n u trien ts  in 1, the d if fe r e n t  la y e rs  o f  cardamom s o i ls  and 

found that the t o t a l  n itrog en  and orga n ic  m atter decreased 

w ith in crease  in  s o i l  depth and the C/N r a t io  narrowed
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towards lower la y e rs . There was n o t much d iffe re n c e  in  

the c o n te n t 'o f  t o t a l  potassium between the various, la y e rs . 

The a v a ila b i l i t y  o f  n u tr ien ts  decreased w ith s o i l  depth 

in  a l l  the cases. The surface horizon  showed a s l ig h t ly  

higher p» tuan lower la y e r s , bu t, the v a r ia t io n  in  pH 

between thejlvarious la y e rs  was o n ly  n e g lig ib le ,

2 .2 .2  Nutrient uptake bv cardamom plant.

The cardamom plant has been .reported  to contain  5 .33t;
per cent N, 1,33 per cent 6.69 Per cent K^O,

■ per cent CaC> and 3.50  per cent Mgp on dry iireight'basis)r
(John, 1967),.

N utrient uptake stu d ies  were ca rr ied  ou t by Kulkarni 

e t  a l . (1971) at R .R ,S, Mudigere, A nalysis o f  the 

d if fe r e n t  plant parts revea led  that w hile n itro g e n , 

phosphorus and calcium content o f  lea v es  in creased  from 

young to mature stage a general decrease in  magnesium 

and potassium content 'ttass seen. However, a t the bearing  

stage , n itrog en , phosphorus .and potassium decreased in  

the l e a f  t is su e  while a d e f in ite  in crease  was n o tice d  

f o r  calcium  j|and magnesium.

i t  was fu rth er  reported  th at in  the case o f  

pseudo stem, [there was a general redu ction  in  n itrog en , 

phosphorus and potassium content and an increase  in  the 

calcium  and magnesium concentration  w ith the age o f  the 

p lan ts , regard ing  the t o t a l  uptake o f  n u tr ien ts  by the
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plant a t the harvest sta ge , i t  was seen th at the removal 

o f  potasium was maximum ( 20.01 kg/ha) fo llo w e d  b y ,n itrog en  

(12 .17  kg/ha) and calcium (8 .8 4  k g /h a ). However, 

phosphorus I'and magnesium were removed in  com paratively 

le s s e r  a u m t it ie s  ( 1 .4  to 2.32  k g /h a ). I t  was a lso seen

that f o r  the production  o f  one kilogram  o f  cardamom
11

cap su les , 0’.12 2  kg n itrog en , 0 .014 kg phosphorus and 

0.200 kg potassium were removed by the p lants.

The n u trien t uptake stu d ies revea led  th a t n itrog en , 

phosphorus ;and potassium were removed continuously  by 

the plant Upto the bearing  stage and these had to  be 

app liea  xn a so lu b le  o r  a va ila b le  form t i l l  bearing stage. 

Calcium and magnesium were needed o n ly  at la te r  stages 

o f  growth o f  the p lant as they were taken up mainly by 

mature and bearing p lants. Out o f  the d i f fe r e n t  n u trien ts  

removed, potassium was found to be the maximum.

2.3  N utrient d e fic ie n cy  symptoms in  cardamom.

Deshpande e t  ai_. (1973) described  the fo llo w in g  

d ia g io s t ic  ' ymptoms fo r .  the d e f ic ie n c y  o f  n itro g e n , 

phosphorus potassium, calcium  and .magnesium in  cardamom 

p lan ts.

2 .3 .1  N itrogen .

The d e fic ie n c y  symptoms f i r s t  appeared on o ld e r  

leaves v/hich were reduced in  s iz e .  The le a v e s  turned 

brown at the t i p ,  green ish  ye llow  in  the middle and
i
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remained green at tne Dase. m e re  v/as a la rg e a ca ie  

reduction  in  the number o f  suckers produced but these 

withered at a la t e r  stage. N itrbgen d e fic ie n c y  resu lted  

in  consider*oKi» e lon gation  o f  r o o ts  which grew more than 

one and a h a lf tim es th a t o f  the shoots w hile the shoot 

growth was meagre,

2 , 3 .2  Phosphorus,

Symptoms o f  phosphorus d e fic ie n cy  appeared in  the
i

experim ental plants a fte r  a period  o f  fo u r  and a h a lf 

months. Phosphorus d e fic ie n c y  re su lte d  in  the production 

o f  numerous short r o o ts .  In the ea r ly  stages they were 

brownish, but regained normal co lou r at a la t e r  stase-

2 .3 .3  Potassium.

D e fic ie n cy  symptoms f i r s t  appeared in  the o ld er  

le a v e s . Root and shoot growth v/as r e s t r ic t e d  and the 

plant .showed browning o f  l e a f  t ip s  which extended downwards. 

L a ter, the whole l e a f  turned dark brown. No new shoots 

we re  produced and u lt im a te ly  the plant d ied  w ithin  two 

weeks a fte r  the expression  o f  symptoms.

2 .3 .4  Calcium.

The d e fic ie n c y  o f  calcium  re su lte d  in r e s t r ic t e d  

r o o t  and snoq-c growcn* . The

pseudo stem showed th icken ing  g iv in g  a bulb l ik e  appearance. 

The i n i t i a l  symptom v/as the d is co lo ra t io n  o f  young le a v e s ,



where the le a f  margin turned brown with a golden ye llow  

band beneath. S cattered  golden ye llow  spots  appeared 

on the lea v es . The plants f i n a l ly  w ilte d  w ithout making 

fresh  growth.

Magnesium.

Mamies'ium d e fic ie n c y  in  cardamom plants resu lted  in  

r e s t r ic t e d  suckering o f  p lan ts . There was a redu ction
- , • - i

in  in tern odal len gth  o f  plants and p lants presented, a 

brownish appearance. The top  lea v es  were tw isted  and 

showed t ip  drying. L a te r , the whole l e a f  became pale 

ye llow  with .the mid r ib  remaining green^ <:*Haile papery 

spots appeared on the lamina which were the ty p ica l 

symptoms o f  d e fic ie n c y  o f  th is  plant n u trien t.
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MATERIALS AND METHODS

The present study was undertaken w ith a view  to

in v estig a te  the n u tr it io n a l status o f  chenthal a ffe c te d

plants and th e ir  re sp e ctiv e  s o i l s .  The study comprised

o f  se le c t io n , o f  s i t e ,  scor in g  o f  p lants a ffe c te d  by the

d ise a se , c o l le c t io n  o f  s o i l  and plant samples from the

marked p lan ts , chem ical an a lysis  o f  s o i l  and plant

samples etc*.;! In  a d d ition  to th ese , ob serv a tion s  were
1

also taken to study the e f f e c t  o f  l i e h t  in te n s itv  on 

the inciden ce o f  the d isea se .

The d e ta ils  regarding the c o l le c t io n  o f  s o i l  and 

plant samples, experim ental procedures, a n a ly t ica l 

techniques aaoy^ed, and procedures f o r  studying the e f fe c t  

o f  l ig h t  in te n s ity  on the d isease are presented in  th is  

chapter.

S e le c t io n  o f ! s i t e  and ob serv a tion a l p lants.

S ite  s e le c t io n .

Three d if fe r e n t  cardamom p lan tation s lo c a te d  in  

Idukki d i s t r i c t  o f  K erala S ta te , each represen tin g  a 

c u lt iv a r  o f  cardamom chosen f o r  the present in v e s t ig a t io n , 

were se le cte d  as the s i t e s  fo r  th is  studv. These 

p lantations itere:

(a ) Illimadam E state ,° t
Cardamom Research S ta tio n , Pampadumpara (K erala 

A g ricu ltu ra l U n iv e rs ity ).
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(b ) Vattakkanam E state ,

Cardamom He search S ta tion , Pampadumpara (K erala  

A g ricu ltu ra l U n iv ers ity ).

( c )  A private  esta te  lo ca te d  at Kattappana.

3 .1 .2  S e le c t io n  o f  I ob serva tion a l Plants and scorin g  fo r  disease.
•i

in te n s ity .

For the present study three common cardamom c u lt iv a r s , 

v i z . ,  Vazhukka, Malabar and My so r e ,  were id e n t i f ie d  and 

se le cte d  from the above mentioned lo c a t io n s  based on th e irii

prominent plant ch a ra cters . The d e ta ils  regard ing  the 

s e le c t io n  oiii s ines and observation a l p lants are fu rn ished  

in Table (1 )

Four d if fe r e n t  le v e ls  o f ,d is e a s e  in te n s ity  were 

id e n t i f ie d  bv v is u a l observation  and a score  chart 

(F ig .1 )  was prepared. The major c r i t e r io n  fo r  ca te g o r is in g  

d isease in te n s ity  in to  fou r  groups was the percentage 

o f  d iseased lea v es  per clump in  each ̂ category. The 

d if fe r e n t  le v e ls  o f  d isease in te n s ity  accord ing to the 

above mentioned scorin g  method are documented below .

Diease in te n s ity  
ra t in g . I

D isease in te n s ity  
group

D escrip tion .

1 Healthy d isease  fr e e  plants
2 Low one to 15 per cent 

d iseased  lea v es  per clump.
3 Medium 16  to  50 per cent 

d iseased  lea v es  per clump.
4 High more than 50 per cent 

d iseased  lea v es  per clump.
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Table. 1 . D e ta ils  o f  lo c a t io n s  and ob serv a tion a l p lants 

se le c te d  f o r  the study.

s i .
No. Lo ca tion s C ultivars D isease

in te n s ity
groups

Number o f
observation a l
p la n ts .

1 . V a tt  akk an am E s t  at e , Healthy 20
Cardamom Research Low 20
S ta tion , v azn.uK.Ka Medium 20
PampadumpaTa (K grala High 20
A gricu ltu ra l U n iversity ) T ota l 80

2 . Illimadam E state , Healthy 20
Cardamom Research Low 20
S ta tion , Malabar Medium 20
Pampadumpara (K erala High 20
A g ricu ltu ra l U n iversity ) T ota l 80

3 . A p rivate  ms'Cate Healthy 20

in  Kattappana Mysore Low 20
Medium 20
High 20

T ota l 80

Grand Total. 2 AO
is=±=:==£3£3
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For each cu lt iv a r  o f  cardamom, represen tin g  a
I

lo c a t io n ,  a contiguous area was marked ou t so as to(j
get 50 plants from each d isease in te n s ity  group. 

S e lection  o f, p lants f a l l in g  Into d i f fe r e n t  d isease  

in te n s ity  groups was ca rried  ou t by grouping the p lants 

in  the above area as per the score  chart. In  every 

clump three ;shoots were se le c te d  at random wherefrom 

three lea v es  were fu rth er  se le c te d  randomly from each 

shoot and were scored accord ing to the score  chart.

The mean score f o r  each plant was w orked.out from the 

scores obtained  fo r  a l l  the se le c te d  lea v es  o f  a clump. 

Based on th£s s co re ,p la n ts  were ca tegorized  into  

d if fe r e n t  in te n s ity  groups so as to  ob ta in  50 p lants
ii

in  each in te n s ity  group o f  the d isea se . From these 

50 p la n ts , 20 plants were se le c te d  at random and were 

marked as "ob serva tion a l p la n ts". A ltogether 240 

ob serv a tion a l p lants were thus se le c te d .

5 .2  B iom etric ob serv a tion s .

The fo llo w in g  b iom etric  observation s  were made 

on the observa tion a l p la n ts i-

(a )  t o t a l  number o f  t i l l e r s  per clump.

(b ) number, o f  pan icles per clump.

( c )  number o f  capsules per clump.

(d ) weight o f  green capsules per clump.



The observation s on the number o f  t i l l e r s  and 
p an icles  were made during September, 1982 w hile the

number and weight o f  green capsules per clump were taken

at the time o f  each harvest during December -  January,

1982-83.
i

C o lle c t io n  and preparation o f  s o i l  and plant samples. 

C o lle c tion  o f  s o i l  samples.
i

Surface s o i l  samples (0 -15  cm), at a d istan ce o f  

50 cm away from the base o f  the ob serv a tion a l plants o f  

a l l  the three cu lt iv a rs  were c o l le c t e d .  Sample c o l le c t io n  

v/as done tw ice  during the year 1982 ; f i r s t  b e fore  the 

on set o f  South-West monsoon (pre-m onsoon period ) during 

the f i r s t  week o f  March and the seoond a fte r  the heavy 

ra in s  ( posi>monsoon period) during the la s t  week o f  

September. Thus, 80 s o i l  samples each were o o l le c te d  

from the three d if fe r e n t  s i t e s ,  during the pre-monsoon 

period . This v/as repeated daring the posi>monsoon period  

also to g e t a t o t a l  number o f  480 samples.
n

Preparation o f  s o i l  samples f o r  a n a ly s is .

The samples were s e r ia l ly  numbered, brought to the 

la b o ra to ry , a ir  d r ie d , powdered w ith  a wooden m allet and
i

passed through a 2 mm nylon s ieve  and stored  in  p la s t ic  

capped b o t t le s  fo r  fu rth er  a n a lysis .
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3 .3 .3  C o lle c t io n  o f  ,plant_aam le.a.
i

L eaf samples were c o l le c te d  from a l l  the 

ob serva tion a l p lants at the time o f  c o l le c t io n  o f  

s o i l  samples daring the pre-monsoon and post-monsoon 

periods.

From each observa tion a l p lan t, the second, 

f i f t h  and.eighth  lea v es  from the top  were c o l le c t e d  

in  brown paper envelopes and s e r ia l ly  numbered, as
i

in  the case o f  s o i l  samples.

3 .3 .4  Preparation o f  plant samples f o r  a n a ly s is .

The .le a f  samples were a ir  d ried  f o r  tw o. days 

and then dried  to constant weight in  an a ir  oven at 

T70 + 5°C. Leaf samples we re  f in e ly  chopped, mixed

and powdered w ith hand w hile hot. They were c o l le c te d

in  s e r ia l ly  numbered polythene covers , and kept 

m oisture f r e e  in  a desiccator.
i

3 .4  A n a ly tica l Procedures.

3 .4 .1  Methods used f o r  s o i l  a n a lysis .

3 .4 .1 .1  E lectrochem ica l p ro p e rtie s .

3 .4 .1 .1 .1 .  S o i l  re a ctio n  (pH ).

The pH o f  the s o i l  samples was measured in  a 

1 :2 .5  so i l-w a te r  suspension u sin g  a Perkin Elmer pH 

meter w ith g la ss  and calomel e le c tro d e s  (H esse, 1971).
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3 .4 * 1 .1 .2  E le c t r ic a l  C onductiv ity  (E .C .) .

The e l e c t r i c a l  con d u ctiv ity  o f  the s o i l  v/as 

determined in  the f i l t e r e d  e x tra c t  o f  1 : 2.5  s o i l -  

water suspension u sin g  a S olubridge.

3 .4 .1 ;2  Chemical p ro p e rtie s ..
i

3 .4 .1 .2 .1  T ota l N itrogen.

The t o t a l  n itrogen  sta tu s o f  the s o i l  was 

determined by the m icro-k je ld ah l d ig e s t io n -d is t i l la t io n  

method (Jackson , 1973).

3 .4 .1 .2 .2  A va ilab le  phosphorus.

A va ilab le  phosphorus o f  the s o i l  was ex tracted  

with Bray No. 1  reagent ( 0. 03N NĤ F and 0.025N HClj 

Bray and K urtz, 1945) and co lo r im e tr ic  determ ination 

o f  phosphorus in  the ex tra ct v/as done by the
ii

chlorostannous reduced m olybdophosphoric b lu e  co lour 

method in  h ydroch loric  a cid  system (Jackson , 1973),

3 .4 .1 .2 .3  Exchangeable potassium.
f

Exchangeable potassium in  the, s o i l  was determined, 

in  the n eu tra l normal ammonium aceta te  e x tra c t  a fte r  

destroy in g  the orga n ic  matter by treatment with 

aqua r e g ia , usin g  an EEL Flame photometer (Jackson , 1973).

3 .4 .1 .2 .4  Exchangeable calcium  and magnesium.
i

From an a liq u o t o f  the aqua r e g ia  trea ted  

ammonium aceta te  e x tra ct  calcium and magnesium were
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determined by the versenate t i t r a t io n  method 

(Cheng and Bray, 1951).

3 * 4 .1 .2 .5  Exchangeable ir o n , manganese and z in c .

The aqua re g ia  trea ted  anmonium acetate  e x tra c t

was used fo r  the determ ination o f  exchangeable ir o n ,
S'

manganese and z in c  in  the s o i l  samples and they were 

measured in  an Atomic Absorption Spectrophotom eter 

(Jackson, 1973).ii
3 .4 .2  Methods f o r  plant an a lysis .

3 .4 .2 .1  Total N itrogen .
i

T otal n itrogen  in  the plant samples was 

determined by the m icro -k je ld a h l d ig e s t io n -d is t i l la t io n  

process' as described  by Jackson, 1973.

Preparation o f  Plant e x tr a c t .

T rip le  , acid  ex tra ct was used fo r  the determ ination 

o f  P, K, Ca, Mg, Fe, Mn and Zn in  the l e a f  t is s u e s  

(Johnson and U lr ich , 1959). For th is^one gram o f  the 

powdered l e a f  sample was d igested  with, t r ip le  acid  

mixture' u n t i l  c le a r . The d ig e s t  was made upto 100 ml 

with d i s t i l l e d  w ater, f i l t e r e d  and used fo r  fu rth er  

a n a ly s is .

3 .4 .2 .2  Phosphorus.
!'

From an a liq u o t o f  the t r ip l e  acid  e x tra c t  o f  

the plant samples, phosphorus was determined by the
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vanadoraolybdic yellow  colou r method In n i t r i c  a c id  

system as described  by Jackson (1973).

3 .4 .2 .3  Potassium.

The t r ip le  acid  ex tra ct  was s u ita b ly  d ilu te d  

and the potassium in the e x tra c t  was estim ated using 

an EEL Flame pho tome te r .

3 .4 .2 .4  Calcium and magieslum. ■
> *

Calcium and magnesium vjere determined in  an 

a liq u o t o f  the t r ip le  acid  ex tra ct  by the versenate 

t i t r a t io n  method (Cheng and Bray, 1951).

3 .4 .2 .5  Iron , manganese and z in c .

The determ ination o f  iro n , manganese and z in c  

were conducted w ith an Atomic Absorption Spectro­

photometer u sin g  the t r ip le  ac id  e x tra c t  o f  plant 

sample.

3 .5  O bservations made to study the e f f e c t  o f  l ig h t

in te n s ity  on the in cid en ce  o f  chenthal d isea se .

3 .5 .1  :Sj-ce sei.ec'Gion.

Three d if fe r e n t  s i t e s ,  represen tin g  each c u lt iv a r ,
<i

were se le c te d  as described  e a r l ie r  in  th is  chapter 

(3 .1 .1 . ) . -

3 .5 .2  S e le ct ion  o f  P lants.
I

150 plants were s e le c te d , 50 dach from a lo c a t io n , 

ffom  the th ree  d if fe r e n t  s i t e s  mentioned. The plants
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were se le cte d  from a contiguous area and were scored  

accord ing  to the scorin g  method d e ta iled  below*

3*5.2 .1  S coring  f o r  l ig h t  in te n s ity .

Three le v e ls  o f  l ig h t  in te n s ity  v i z . , low , 

medium and high in  the experim ental area were f ix e d
i

by v is u a l observa tion s . The plants were rated  

according to th is  in t e n s ity - le v e ls .  High ra tin g  was 

given to, the plants com pletely  exposed to sun ligh t 

while the low  ra tin g  was given to the plants under 

com plete shade. P lants coming in  between and re ce iv in g  

on ly  p a r t ia l su n ligh t were rated  as medium. The 

experim ental area with the se le c te d  plants were scored  

accord ing to th is  ra tin g . The l ig h t  in te n s ity  ra tin g s  

were fix e d  as one, two and three r e s p e c t iv e ly  f o r  

low  medium and high in t e n s it ie s  o f  l ig h t ,  fo r  the 

purpose o f  comparison and computation.

3 *5 .2 .2  S coring  fo r  d isease in te n s ity .

The plants w ith in  each le v e l  o f  l ig h t  in te n s ity  

were fu rth er scored  fo r  d isease in te n s ity  as per the 

score  chart described  e a r l ie r  in  th is  ch a pter(3 . 1 , 2) .  

The d isease  in te n s ity  ra tin gs were on e , two, three and 

fou r  r e s p e c t iv e ly  f o r  healthy , low , medium and high 

in t e n s it ie s  o f  the d isea se .

Thus, a healthy p lant r e ce iv in g  low  l ig h t  

in te n s ity  was given a score  o f  one w hile the healthy
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plants r e ce iv in g  medium l ig h t  in te n s ity  was given a score  

o f  two. S im ila r ly , a Plant showing low  le v e l  o f  d isease  

incidence and re ce iv in g  low l ig h t  in te n s ity  was given a 

score  o f  tiro .w h ile  those plants with low  l e v e l  o f  d isease  

in te n s ity  and r e ce iv in g  medium l ig h t  \iras given a soore 

o f  fo u r . Such a scorin g  method was adopted f o r  a l l  the
s'

plantsi-at each l e v e l  o f  d isease and l ig h t  in te n s ity ,

3.6 ata'Cis'Cicai A nalysis.

The data on y ie ld  and y ie ld  a ttr ib u te s  were subjected  

to s t a t i s t i c a l  an a lysis  w ithout any seasonal e f f e c t  as 

the harvesting was on ly  during one season.

The data obtained  was s t a t i s t i c a l l y  analysed by 

applying thej, an a lysis  o f  variance technique. This an a lysis  

was done sep arate ly  f o r  wach cu lt iv a r  fo r  the d if fe r e n t  

s o i l  and plant n u trien t content, and was done to in v e s t ig a te  

whether there was any d iffe re n ce  between the d if fe r e n t  

d isease in te n s ity  le v e ls  o r  between the two seasons.
11

Some u se fu l c o rre la tio n  c o e f f i c ie n t s  were also 

worked ou t to see the a ssoc ia tion  between crop y ie ld  and 

variou s s o i l ,  and plant n u trien t fa c t o r s .

The data on the e f f e c t  o f  l ig h t  in te n s ity  on the 

d isease obtained from the three d if fe r e n t  s i t e s  were
ji

pooled and analysed by applying the an a lysis  o f  variance 

technique.
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This chapter in clu des the r e s u lts  o f  the study 

presented a fte r  the n ecessary  s t a t i s t i c a l  analyses o f  

data. Samples were taken from d if fe r e n t  l o c a l i t i e s  with 

plants as in fluenced  by d isease in t e n s ity , chem ical 

co n s t itu t io n  o f  s o i l  and plant samples, c o r r e la t io n  

between y ie ld  and chem ical con stitu en ts  o f  s o i l  and plant
, i

and the v a r ia t io n  in  d isease in te n s ity  w ith re sp e c t  to  

in t e n s it ie s  o f  shades are presented here.

Growth characters o f  cardamom

The data perta in ing  to the mean values o f  the 

variou s growth characters o f  the plants at d if fe r e n t  

lev,e]s o f  d isease  in te n s ity  are presented in  Tab^.e-2 ; 

arid Appendix-I.

Number o f  t i l l e r s  per clump.

The .number o f  t i l l e r s  produced by the p lants at 

d if fe r e n t  le v e ls  o f  d isease  in te n s ity  d id  n ot vary 

s ig n i f ic a n t ly  with the s e v e r ity  o f  the d isea se . The mean 

t i l l e r s  produced per clump ranged from 22.40 to 23 . 70 , 

22.65 to 24.95 and; 25.00 to 28.05 fo r  the c u lt iv a r s  

Vazhukka, Malabar and Mysore r e s p e c t iv e ly  at d if fe r e n t  

d isease  in te n s ity  le v e ls*

Number o f  p an icles  per clump.

There was no s ig n if ic a n t  v a r ia t io n  among the 

number o f  oan ie les  Droduned D^r nlumD hv -hho d!  anfres n-fc
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d if fe r e n t  le v e ls  o f  the d isea se ; although, a d if fe r e n ce  

in  the mean values f o r  the number o f  p a n ic les  produced 

per clump was found among the c u lt iv a r s . The mean number 

o f  p an icles  produced at d if fe r e n t  d isease  in te n s ity  l e v e ls  

were in  the range 31,25 to 31.75 f o r  Vazhukka, 22.35 to 

23.20 f o r  Malabar and; 16,75 to 17.75 fo r  Mysore cu lt iv a r s ,

4 .1 .3  Number o f  capsules produced per clump.
i

The number o f  capsules produced per clump by the 

plants at d if fe r e n t  le v e ls  o f  d isease in te n s ity  did  n o t
I

show any s ig n if ic a n t  v a r ia t io n . However, in  a l l  the 

c u lt iv a r s , a non s ig n if ic a n t  reduction  in  the.number o f  

capsu les produced per clump was n oticed  in  sev ere ly  

in fe c te d  p lants. The mean number o f  capsu les ranged 

between 970,50 to 1058.25, 895.50 to 994.25 and 589,40 to 

671.70  f o r  the c u lt iv a r s , Vazhukka, Malabar and Mysore 

r e s p e c t iv e ly  at d i f fe r e n t  l e v e ls  o f  d isease in te n s ity .

4 .1 .4  Weight o f  capsu les per clump.

The r e s u lt s  showed that the weight o f  capsules 

produced per clump was n ot s ig n i f ic a n t ly  d if fe r e n t  f o rlj

plants at the d if fe re n t  d isease  in te n s ity  l e v e l s .  However, 

the mean values f o r  a l l  the three cu lt iv a r s  showed a 

decreasing  trend with an increase  in  the se v e r ity  o f  the 

d isea se . The values ranged from 637.95 to 687.40 g f o r  

Vazhukka, 624,00 to  695.45 g f o r  Malabar and 408.50 to 

470.90 g f o r  Mysore cu lt iv a rs  r e s p e c t iv e ly .



Table 2 , Growth ch aracters o f  cardamom at d i f f e r e n t  in t e n s i t ie s  o f  the d isea se .

C u ltivar D isease
in te n s ity
group

Weight o f  green 
ca p su les / clumpC g)

Number o f  
capsul e s /  clum p

Number o f  
t i l l  er a/ clum p

Number o f  
p a n ic le s / 
clump.

Healthy 687*40 1058v25 22*50 31*45
)W 676*85 1015*70 22*75 31.75

Vazhukka 2dium '“ 660*00 988-25 22*40 31.25
Lsh 657.95 ' 970.50 25.70 31.15

C.D. - - - -

Healthy 695.45 994.25 24.95 23.20
Low . 678.00 969*55 23.70 22.65

Malabar Medium 662.30 946*40 23*35 22.35
High 624.00 895.50 22.65 22.60

C.D., -■ - - -

Healthy 470.90 671.70 28.05 17.75

[ysore
Low 454.00 658.55 26.20 16.85
Medium 448.35 643.50 25.00 17.40
High 408.50 589.40 26.20 16.75
C.D. - . - —

ro
cn
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4 .2  s o i l  A nalysis
i

The va riou s ta b le s  presented here contain  the

mean va lues obtained  from chemical an a lysis  o f  20 s o i l
{■

samples each around the th ree  c u lt iv a rs  o f  cardamom 

at the fou r  d isease in te n s ity  l e v e ls  c o l le c te d  during 

the pre-monsoon and post-monsoon periods,

4 .2 .1  E lectrochem ical p ro p e rtie s .

4 .2 .1 .1  S o i l  rea ction  IpHJ.

The pH o f  the s o i l  samples .were in  the range 

4,93 to 5 .23 fo r  the three cu ltivars at d if fe r e n t
i1 <

in ten s itie s ! o f  the d isease and the d iffe re n c e s  were
1 i1

non s ig n if ic a n t  (T a b le -3 ; A ppen d ix -II).

4 .2 .1 .2  E le c t r ic a l  'condu ctiv ity  (E .C .) .

The e le c t r i c a l  con d u ctiv ity  o f  s o i l  samples was 

more or  le s s  constant showing on ly  non s ig n if ic a n t  

d if fe r e n c e s . The range o f  values were from 0 ,1 1  to 

0 .1 4  m i l l i  mhos/cm^ f o r  the three cu lt iv a rs  at
(l

d i f fe r e n t  in t e n s it ie s  o f  the d isease (T a b le -4 ; A p p e n d ix -I ll) , 
»

4 .2 .2  Chemical p ro p e rtie s .
'

4 .2 .2 .1  T ota l s o i l  n itrog en .
i

The v a r ia tion  between the t o t a l  n itrogen  sta tu s

o f  the s o i l ' around the plants at d i f fe r e n t  in te n s ity
ii

le v e ls  o f  the d isease was n ot s ig n i f ic a n t  (T a b le -5 ;
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Appendix-IV) and the mean values ranged between 0.193 

to 0.210  per cent f o r  Vazhukka c u lt iv a r ,  0 .182  to 0,198 

per cent f o r  MaLabar and; 0 .180 to 0 .189 per cent fo r  

Mysore. S ig n ific a n t  d iffe re n ce  in  the n itrog en  content 

o f  s o i l  was observed fo r  a l l  the three cu lt iv a r s  o f  

cardamom. , I t  was found th at the n itrogen  status o f  

the s o i l s  during the pre-monsoon period  was s ig n i f ic a n t ly
i ,

higher than that in  the post-monsoon p eriod , and th e ir
i

mean va lues were 0 .2 0 9 , 0.201 and 0.195 per cent fo r  

Vazhukka, ; Malabar and Mysore c u lt iv a r s  r e s p e c t iv e ly .

No s ig n if ic a n t  season -  in te n s ity  in te ra ct io n  

on the s o i l  n itrogen  status was n o tice d  f o r  any o f  

the c u lt iv a r s .

4 .2 .2 .2  A va ilab le  phosphorus.

The data are furn ished  in  Table 6 and .Analysis 

o f  Variance in  Appendix -  V,
I

The mean values o f  a va ila b le  phosphorus content 

showed s ig n i f ic a n t  d iffe re n ce  n e ith er  between the 

d if fe r e n t  d isease in te n s ity  le v e ls  nor between the two 

seasons stud ied . . The range o f  va lu es were 21 to  23,

20 to  22 a id  21 to 22 ppm fo r  the th ree  d if fe r e n t
•i■i

s o i l s  cu lt iv a te d  to Vazhukka, Malabar and Mysore 

r e s p e c t iv e ly .
.■I

S ea son -in ten sity  in te ra ct io n  was not s ig n if ic a n t ly  

d i f fe r e n t  in  the s o i l s  o f  any o f  the c u lt iv a rs .
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Table 3 . pH o f  the s o i l s  f o r  the three cu lt iv a rs  at 
d if fe r e n t  in t e n s it ie s  o f  the d isease  during 
the two seasons.

C u ltivar Season
Mean pH va lu es fo r  d isease  
in te n s ity  groups Seasonal

Healthy Low Medium High
means

ft* e-monsoon 5.03 5.12 4.99 5.09 5.06
Post-monsoon 5.11 5 .08 5.05 5 .03 5 .0 7

In te n s ity
means 5.07 5.10 5 .02 5.06

SE +m /plot 0.0399
c .d7 I -■
C.D. I I -

Pre-monsoon 5^16 5*21 5.19 5.21 5.19
Post-monsoon 5.20 5.19 5.15 5.25 5.20

In te n s ity
means. 5.18 5.20 5 .17 5.23

SE -m /p lo t 0.0276

C.D. I -

C.D. I I -

Pre-monsoon 4*91 5.00 5 .05 4.93 4 .97
Post-monsoon 4.95 4.98 5.15 4.97 5.01

In te n s ity
means 4.93 4.99 5.10 4.95

SE +m /plot 0.0861
c . dT I -
C.D. I I —

Vazhukka

Malabar

Myso re

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 4. Electrical conductivity of the soils for thethree cultivars at different intensities of
the disease during the two seasons.

C ultivar Season

Mean e le c t r i c a l  con d u ctiv ity  
(m i l l i  mho s/cm-5) f o r  d isease 
in te n s ity  groups

Healthy Low Medium High

Pr e-monsoon 0,15 0*14 0*15 0 .1 3
Po st-monsoon 9 ,13 0 ,1 4 0,11 0 ,15

In te n s ity  means 0 .1 4 0 .1 4 0 .13 0 .1 4
SE +m /plot 0.0155
c . d~ I -
C.D. I I -

Pre-monsoon 0 .1 3 0*13 0 .12 0 .1 4
Post-monsoon 0.15 0,11 0 ,12 0 ,12

In te n s ity  means 0*14 0 .12 0 .1 2 0 .1 3
SE + m /p lot 0.0213
C.D. I -
C.D, I I -

Pre-monsoon ■ 0*11 0*12 0*11' 0 .1 3
Post-monsoon 0 ,1 3 0 .1 4 0,11 0.11

In te n s ity  means 0*12 0 .13 0.11 0 .1 2
SE +m /plot 0.0224
C.D; I -
C.D. I I

Seasonal
means

Vazhukka

Malabar

Mysore

0 .1 4
0 .1 3

0 .1 3
0 .1 4

0.^2
0 .1 2

C.D.I - C.D* for comparing intensity means.
C.D.XI - C.D. for comparing season-intensity interaction means.
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Table 5. Total soil nitrogen status for the threecultivars at different intensities ofdisease during the two seasons.

Mean to t a l  s o i l  n itrogen  ($ ) f o r  
d isease  in te n s ity  .groups Seasonal

C u ltivar Season .means
' Healthy Low Medium - High

ft* e-monsoon 0.219 0*208 0*201 0*212 Ov 209
Post-monsoon 0 .194 0.190. 0;190 0.204 0.191

I  te n s ity  , 
means 0*201 0.193 0.196 0.210

SE +m /plot 0.0097
C.D, I —
C.D. I I -

Pre-monsoon 0*193 0.208 0.201 0.201 0.201
Post-monsoon 0.171 0.189 0 .1 84 0.192 0 ,1 84

In te n s ity  
means I 0.182 0.198 0.192 0.197

SE +m /plot 0.0107
C.D* I -
c , d .. i i J

i
-

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

I
In te n s ity  

means ■ 0*180 0.184 0.188 0.189
SE +m /plot 0.0114
C.D. r -
C.D. II:; - -- -  .

Vazhukka

Malabar

Mysore

C.D. I - C.D, for comparing intensity means.
C.D,XI - C.D, for comparing season-intensity interaction means.
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Table 6, Available phosphorus content of soils for thethree cultivars at different intensities ofthe disease during the two seasons.

Mean a v a ila b le  phosphorus (ppm) 
o f  s o i l  f o r  d isease  in te n s ity  Seasonal 

C u ltivar Season "g ro u p s

Healthy low Medium High

ft? e-mohsoon 
Post-monsoon

23*4
23.0)

21*8
20 .4

22 .6
2 1 .4

2 2 .7  , 
.20*6

22.7
21 .4

Vazhukka In te n s ity  means 
SE +m /plotii
C.D* I 
C.D. I I

23 .2
1.383

21.1 22.0 21.8

Pre-monsson • 
Po-st-mo n.cnon

20*4 
IQ .7

21*9
2 1 .4

21.9
20.9

20*4
19.8

21 .6  
20 .4

Malabar In te n s ity  means 
SE +m /plot 
C*d7 I- 
C.D. I I

20.0
1.393

21 .7 21 .4 20.1-

Pre-monsoon
Post-monsoon

20*8
20.5

21*9
21.4-

22*0
21.5

22*1
2 1 .7

21*7
21 .3

In te n s ity  means 
SE +m /plot
c .'dT I
C.D, I I

20*6
1.166

21 ,6 21.3 21.9

C.D. I - C.D., for comparing intensity means.
C.D.II - C.D. for comparing season-intensity interaction means.
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4 .2 .2 .3  Exchangeable potassium.

The data are given in  Table-7 and Appendix-VI.

The r e s u lts  revea led  th at there was no s ig n if ic a n t  

in te ra c t io n  between the season and in te n s ity  and that 

the d iffe re n c e  between the exchangeable potassium 

content o f  the s o i l s  around the p lants at d if fe r e n t  

l e v e ls  o f  d isease in te n s ity  was n ot s ig n i f ic a n t .  

However, in  a l l  the three c u lt iv a r s , th ere  was a 

s ig n if ic a n t  reduction  in  the exchangeable potassium 

content from the pre-monsoon to the post-monsoon
/i

period ^ mean d iffe re n ce  o f  14 ppm fo r  the s o i l s

o f  Vazhukka, 9 ppm fo r  the s o i l s  o f  Malabar and; 13 ppm 

fo r  the s o i l s  o f  Mysore c u lt iv a r .

4 .2 .2 .4  Exchangeable calcium  and magnesium.

The mean values f o r  exchangeable calcium  and 

magnesium are fu rn ished  in  Tables 8 and 9 and A nalysis 

o f  varian ce  in  Appendices VII and V III  r e s p e c t iv e ly .

The data in d ica ted  th at th ere  was n e ith e r  a
'i

s ig n i f ic a n t  d if fe r e n ce  in  the exchangeable calcium
’j

content between the s o i l s  a t d if fe r e n t  in t e n s it ie s  o f  

the d isease  nor a s ig n if ic a n t  in te ra c t io n  between the 

season and in te n s ity  in  any o f  the three cu lt iv a rs  

stud ied , 'he seasonal v a r ia tio n  in  th e  content o f  

exchang£awj.e calcium  was not s ig n i f ic a n t .  Them ige
h

o f  mean exchangeable calcium  content o f  s o i l s  at
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Table 7. Exchangeable potassium content of soils forthe three cultivars at different intensitiesof the disease during the tv.o seasons.

C ultivar Season

Mean exchangeable potassium 
( ppm) f o r  d isease  in te n s ity  

groups Seasonal
means

Healthy Low Medium High

Pr e-monsoon 109i 3 93 .3 90.0 88 .6 9 5 .3
Po st-monsoon 88 .5 84 .3 74.1 7 7 .7 81.1

Vazhukka In te n s ity  means 
SE +m/plo t  
C.D; I 
C.D. I I -

98 .9
7.679

88.8 82.0) 83=1

Pre-monsoon 85.5 79.8 76 ;5 77 .7 79.9
Post-monsoon 76.0 71.7 68 .6 67.9

Malabar In te n s ity  means 
SE +m /plot

C;D; I 
C.D. I I ■

80 .8
5.531

75.8 72.5 7 2 .7

Pre-monsoon 99.9 9 0 ;7 89 i7 8 3 .7 91.0
Post-monsoon 83.9 76.5 76.5 7 4 .3 77.8

In te n s ity  means 91.9 83 .6 83 .0 77.0
SE +m /plot 9,135
C;D. I -
C.D. I I . -

C.D. I -  C;D; f o r ' comparing intensity  means.
C.D.II -  C.D. fo r  comparing season-in tensity  interaction means.
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Table 8. Exchangeable calcium content of soils forthe three cultivars at different intensitiesof the disease during the two season.

C u ltivar
Mean exchangeable calcium  (ppm) 

Season £ o r  d isease in te n s ity  groups Seasonal
Healthy Low Medium High means

Pre-monsoon 260 258 247 264 257
Po st-monsoon 256 255 243 261 254

Vazhukka In ten sity
means 258

SE +m /plot 10.85
C.D. I
C .D .II

256 245 263

Pre-monsoon 254 259 248 256
Po st-monsoon 252 256 244 252

Malabar In ten sity
means 253

SE +m /plot 4 .77
C.D. I
C .D .II

258 246 254

Pre-monsoon 240 235 234 238 237
Po st-monsoon236 229 230 233 232

Intensity
means 238 232 232 235

SE +m /plot 5-95
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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d iffe r e n t , d isease in te n s ity  le v e ls  were 245 to 262,

246 to 258 and 231 to 238 ppm r e s p e c t iv e ly  f o r  the 

cu lt iv a rs  Vazhukka, Malabar and Mysore.

The exchangeable magnesium content o f  the s o i l s  

were s ig n i f ic a n t ly  d if fe r e n t  between the p la it s  at 

d if fe r e n t  in te n s ity  l e v e ls  o f  the d isea se  fo r  a l l  the 

cu lt iv a r s  o f  cardamom. There was a decreasing tendency 

in  the exchangeable magnesium content o f  a l l  the s o i l s  

as the le v e l  o f  d isease in creased  from healthy to 

high in te n s ity . In  Vazhukka, the maximum content o f  

s o i l  exchangeable magnesium was observed fo r  healthy 

plants (218 ppm) , and the minimum fo r  sev ere ly  d iseased  

plants (192 ppm). However, i t  was seen th at the 

exchangeable magnesium content o f  s o i l s  o f  healthy 

plants was on par with that o f  the low  and medium 

le v e l  o f  d isease in fe c t io n  w h ile , the magnesium content 

o f  s o i l s  around sev ere ly  in fe c te d  p lants was found to 

be s ig n i f ic a n t ly  low er than the healthy group o f  p lants.

S ig n ifica n t  d iffe re n c e  in  the content o f . 

exchangeable magnesium was noted in  the s o i l s  around 

the plants o f  the c u lt iv a r  Malabar which were at 

d if fe r e n t  le v e ls  o f  d isease  in te n s ity . The maximum 

content was recorded  by  the healthy plants (225 ppm)
1

and the minimum by the h igh ly  in f le c t e d  plants (207 ppm)
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Table 9* Exchangeable magnesium content of soils forthe three cultivars at different intensities of
the disease during the two seasons.

C u ltivar Season

Mean exchangeable magnesium 
f o r  the d isease  In te n s ity  
groups Seasonal

TTl © ra T l Q

Healthy Low Medium High
U i ■>_. c ia a  9

Pre-monsoon 226 211 208 197 211
Post-monsoon 210 202 198 • 188 198

Vazhukka
In ten sity

Means
SE +m /plot
Cb D. I
C.D. I I

218
6.913

19.261
13.620

207 203 192

Pre-monsoon 231 223 218 211 221
Post-monsoon 220 220 215 203 214

Malabar In te n s ity
means

SE +m /plot
C.D. I
C.D. I I

225
4.382
8.633

221 217 207

Pre-monsoon 216 211 206 196 207
Post-monsoon 206 200 195 185 197
In ten sity

means 211 205 200 190
SE +m /plot 6.237
C.D. I 12. 287
C.D. I I -

C.D. I  -  C.D. f o r  comparing in te n s ity  means.
C.D. I I  -  C.D. f o r  comparing sea son -in ten sity  in te ra ct io n  means

i
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The exchangeable magnesium status o f  s o i l s  where 

Mysore cu lt iv a r  was taken fo r  observations* also showed 

s ig n i f ic a n t ly  d if fe r e n t  mean exchangeable magnesium 

content tj'etween the d if fe r e n t  d isease in te n s ity  le v e ls  

v/ith a maximum o f  211 ppm by the healthy plants and a 

minimum o f  190 ppm by the h igh ly  in fe c te d  p lan ts.

The exchangeable magnesium content o f  the s o i l  f o r  

healthy plants v/as found to be on par w ith th at o f  

the low  and medium le v e ls  o f  d isease  in te n s ity . However, 

the medium and low  le v e ls  were s ig n i f ic a n t ly  d if fe r e n t  

from the severe ly  in fe c te d  plants f o r  th e ir  s o i l  content 

o f  exchangeable magnesium,

All;i the three cu lt iv a rs  o f  cardamom showed 

s ig n if ic a n t  reduction  in  th e ir  s o i l  content o f  

exchangeable magnesium from the pre-monsoon to post­

monsoon period . The mean redu ction  f o r  the s o i l s  o f  

the tru-ee;; cu lt iv a rs  were 11 ppm fo r  Vazhukka* 6 ppm 

fo r  Malabar and 6 ppm fo r  Mysore.

. S ea son -in ten sity  in te ra c t io n  was n o tice d  f o r  the 

c u lt iv a r  Vazhukka w h ile , the Malabar and Mysore 

c u lt iv a r s n a id  n o t show any s ig n if ic a n t  sea son -in ten s ity  

in te ra c t io n  f o r  the exchangeable magnesium content o f  

the so ilsJ

4 .2 .2 .5  Exchangeable ir o n , manganese and z in c .

Theiidata on the mean values f o r  exchangeable 
ir o n , manganese and z in c  content o f  s o i l  around plants
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a t d i f fe r e n t  le v e ls  o f  d isease in te n s ity  are presented 

in  Table TO, 11 and 12 and Analysis o f  Variance in  

Appendices IX , X and XI, re sp e ctiv e ly *

K esults revea led  th at there was no s ig n if ic a n t  

v a r ia tio n ' between the exchangeable iro n  content o f  

s o i l s  arouna plants at variou s l e v e ls  o f  d isea se , 

inten  s i t  lies o r  between the two seasons studied . The 

range o f  exchangeable iron  content f o r  the s o i l s  

re present in s  the d i f fe r e n t  cu lt iv a rs  were 41 to 43 ppm 

fo r  Vazhukka, 39 to AO ppm fo r  Malabar and; 39 to A6 ppn 

f o r  Mysore cu lt iv a r s . S im ilar r e s u lt s  were observed 

f o r  exchangeable manganese a lso . However, there 'was 

an in crea sin g  trend in  the exchangeable iron  and 

manganese content o f  the s o i l  a fte r  the monsoon. The 

exchanfTpohi e manganese content were found to range from 

117 to 125, 131 to 141 and 124 to 136 ppm fo r  the 

d i f fe r e n t  s o i l s  cu lt iv a te d  to Vazhukka, Malabar and 

Mysore cu lt iv a rs  r e s p e c t iv e ly . Exchangeable z in c  

content o f  d if fe r e n t  s o i l s  under present in v e stig a tio n  

d id  n ot show any s ig n if ic a n t  v a r ia t io n  between the 

d if fe r e n t  le v e ls  o f  d isease in te n s ity  or  between the 

two seasons f o r  any o f  the c u lt iv a r s . The exchangeable 

z in c  content o f  the s o i l s  represen tin g  the three 

d i f fe r e n t  cu lt iv a r s  were in  the range 41 to 44, 64 to 7 i 

and 50 t o  p 8  ppm re s p e c t iv e ly  f o r  Vazhukka, Malabar 

and Mysore c u lt iv a r s .
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Table 10 . Exchangeable iron  content o f  s o i l s  f o r  the 
three c u lt iv a r s  at d if fe r e n t  in t e n s it ie s  o f  
the d isease during the two seasons.

C u ltivar

Vazhukka

Malabar

Mysore

Mean exchangeable iro n  (ppm) 
f o r  d isease in te n s ity  groups

Season
Healthy Low Medium High

Seasonal
means

Pre-monsoon 42.7 40.0 42.9 40.7 41.6
Post-monsoon 43.1 41.5 43.8 40.9 42 .4

In ten sity
means 42.9 40.8 43 .4 40.8

SE +m /plot 3.038

C.D. I -  •

C.D. I I -

Pre-monsoon 39.6 39.8 38 .2 38.6 39.3
Post-monsoon 40.9 40.8 59.5 39.9 40.3

In ten sity
means 40.3 40.3 38.8 39-3

SE +m /plot 3.678
C.D. I -
C.D. I I -

Pre-monsoon 41 .2 44 .2 41.9 37.1 41.1
Po st-monsoon 44.3 47.1 44.1 40.6 44.0

In ten sity
means 42.7 45.6 43.0 38.8

SE +m /plot 3.691
C.D I -
C.D I I -

C.D, I C.D. for comparing intensity means.
C.D. II - C.D. for comparing sea son-intensity interaction means.
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Table 11. Exchangeable manganese content of soils for thethree cultivars at different intensities of the
disease during the t-wo seasons.

Mean exchangeable manganese 
C u ltiva r  season (PP°0 d isea se  in te n s ity  Sessional

_grougs   ________  means
Healthy Low Medium High

Pre-monsoon 118 120 125 117 120
Po st^monsoon 120 123 126 117 121

Vazhukka
In ten sity
means

SE +m /plot
C.D ,I
C.D. I I

CO
r- 

I 
1

122 125 117

Pre-monsoon 140 1.29 138 1.40 .137
Po st-monsoon 142 132 143 142 ,140

Malabar
In ten sity
means

SE tm /p lot
C.D 111
C.D. :'II

•
141
. 5.492

131 141 1.41 ,

Pre-monsoon 122 129 133 123 131
Po s1>monsoon 125 135 138 127 127

Mysore
In ten sity
means

SE +m /plot
C.D . I
C.D . I I

124
*5.555

132 136 125

C.D. I - C.D. for comparing intensity means.
C.D. II - C.D. for ComDarine season-intensity int erarviH rm moane.
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Table 12. Exchangeable z in c  content o f  s o i l s  f o r  the 
three cu lt iv a rs  at d if fe r e n t  in t e n s it ie s  o f  
the d isease  during the two seasons*.

Mean exchangeable s in e  '
(ppm) f o r  d isease 

C u ltiva r  Season in ten s ity  groups Sessional
- Healthy Low Medium High

mean

Pre-monsoon
Post-monsoon

43.6
41.5

44 .7
43.5

40 .7
39.8

42.0
41 .3

42.7
41 .5

Vazhukka
In ten sity
means

SE +m /plot
C.D. I
C.D. II

42.2 
3.436

44.1 40.1 40.8

Pre-monsoon 
Po st-monsoon

.67 .9
65.9

64 .4
63 .5

76 .8
7 1 .5

70.8
68 .0

70 .0
67 .2

Malabar
In ten sity
means

SE +m /plot
C. D. I
C.D. I I

66.9
11.602

64.0 74.1 69 -4

Pre-monsoon
Post-monsoon

59.6
56 .4

57.6
54,1

51 .3
49 .2

51.6
48 .2

55.0
51.9

Mysore
In te n s ity
means 58.0 55.8 50 .2 49.9

SE +m /plot 3.838
C.D. I 
C.D. I I

C.D. I - C.D. for comparing intensity means.
C.D.II - C.D. for comparing season-intensity interaction means.
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None o f  the three c u lt iv a r s  showed any s ig n if ic a n t  

sea son -in ten sity  in te ra ct io n  fo r  the content o f  s o i l  

exchangeable ir o n , manganese o r  zinc*

4 .3  Plant A nalysis.

The Various taDJ.es t«.'eseucea nere comtaxn mean 

va lu es obta ined  from the chemical an a lysis  o f  20 p lant 

samples each from the three d if fe r e n t  c u lt iv a r s  o f  

cardamom at the fo u r  d isease  in te n s ity  le v e ls  during 

the pre-monsoon and post-monsoon periods*

4 .3 .1  T ota l n itrogen .

The data on the t o t a l  n itrogen  content o f  plants 

are furn ished  in Table-13 and Aopendix-XII,

There was no s ig n if ic a n t  v a r ia tio n  between the

n itrogen  content o f  Vazhukka plants between the d i f fe r e n t
\ }

le v e ls  o f  d isease in te n s ity  o r  between the two seasons
i

stu d ied . However, the n itrogen  content o f  p lants showed 

a decreasing trend a fte r  the monsoon. The oth er two 

cu lt iv a rs  also gave sim ilar r e s u lts  w h ile , none o f  the
i

c u lt iv a rs  showed sea son -in ten s ity  in te ra c t io n .

The mean n itrogen  content o f  the plants ranged 

from 2.080 to 2.199 per cent between the d i f fe r e n t  le v e ls  

o f  the d isease in te n s ity  f o r  the cu lt iv a rs  Vazhukka,

2.086 to 2/155 Per cent f o r  Malabar and 2.090 to 2.117 

per cent fo r  Mysore c u lt iv a r s . The maximum mean n itrogen  

content was recorded  by the healthy plants o f  the c u lt iv a r ,
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Table 13. Plant nitrogen content for the threecultivars at different intensities of
the disease during the two seasons.

C u ltiva r Season

Mean n itrogen  content (SO 
f o r  d isease in te n s ity  
groups
Healthy Low Medium High

Seasonal
means

Vazhukka

Malabar

Mysore

Pre-monsoon 2. 213 2.186 2.110 2.103 2.153
Po st-monsoon 2.186 2.110 2.076 2.068 2.110

In ten sity
means 2. 199 2.148 2.098 2.081

SE +m/plot 0 .084
C.D. ,1 -
C.D. I I -

Pre-monsoon 2-151 2.172 2.124 2.103 2.138
Post-monsoon 2.11,0 2.138 2.096 2.069 2.107

In ten sity
means' 2.131 2.155 2.110 2,086

SE +m /plot 0.077
C.D. -
C.D. i i -

Pre-monsoon 2.124 2,144 2.110 2.103 2.120
Post-monsoon 2.089 2.089 2.075 2.076 2.086

In ten sity
meansi 2.107 2.117 2.093 2.090

SE +m /plot 0.077
C.D. I -
C.D, I I

C.D. I - C.D, for comparing intensity means.
C.D. II - C.D. for comparing season-intensity interaction means
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Vazhukka, w h ile , the MaLabar and Mysore cu lt iv a rs  

reg is tered , higher mean n itrogen  content f o r  plants 

showing the low  le v e l  o f  d isease in fe c t io n *  However,
i

these d if fe r e n ce s  were n o t  s t a t i s t i c a l ly  s ig n ifica n t*

4 .3*2  Phosphorus.

The data on the Plant content o f  phosphorus f o r  

the three d if fe r e n t  cu lt iv a r s  at the d i f fe r e n t  d isease 

in te n s ity  l e v e ls  are presented in  Table 14 and .Analysis 

o f  Variance in  Appendix-XIII.

The r e s u lts  obtained  revealed  th a t the p lants at 

d if fe r e n t  degrees o f  d isease in fe c t io n  d id  not vary  

s ig n i f ic a n t ly  in  the phosphorus con ten t, in  any o f  the, 

three cu lt iv a rs  se le c te d  f o r  the present in v e s t ig a tio n . 

However, the mean phosphorus content f o r  the c u lt iv a rs  

Malabar and Mysore showed a decreasing  tendency with 

the in crease  in  the degree o f  the d isease  as w e ll as 

w ith the change in the season from pre-monsoon to 

post-monsoon period*

The mean values f o r  the phosphorus content 

re g is te re d  by the three cu lt iv a rs  at the d i f fe r e n t  le v e ls  

o f  the d isease.w ere in  the tiange 0,170 to 0 .1 8 5 , 0*157 

to 0.173 and 0.156 to 0 .172 per cent r e s p e c t iv e ly  f o r  

'Vazhukka, Malabar and Mysore cu lt iv a r s . However, none 

o f  these cu lt iv a rs  showed marked sea son -in ten s ity  

in te ra c t io n .
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Table 14. Plant phosphorus content for the three. cultivars at different intensities of the
disease during the two seasons.

Mean phosphorus content (%) 
f o r  d isease  in te n s ity  

C u ltiva r Season groups. Seasonal
Healthy Low Medium High means

Pre-monsoon 0.186 0.181 0.170 0.178 0,. 179
Po st-monsoon 0 .1 84 0.179 0.169 0.176 0.177

In te n s ity  
Vazhukka means 0.185 0.180 0.170 0.177

SE +m /plot 0.008
C.D. I -
C.D. I I -

Pre-monsoon 0.173 0.164 0.163 0.159 0.165
Post-monsoon 0.172 0.165 0.162 0.156 0.163

In ten sity  
Malabar means 0.173 0.164 0.163 0.157

SE +m /plot 0.007
C.D. I -
C.D. I I -

Pre-monsooni 0.173 0.172 0.158 0.157 0.165i
Post-monsoon 0.171 0.170 0.156 0.155 0.163
In ten sity
means 0 .172 0.171 0.157 0.156

C.D. I -
C.D. I I —

C.,D., I - C.D. for comparing intensity means.
C..D. II - C.D.- for comparing season-intensity interaction means.
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4 ,3 .3  Potassium,

The d e ta ils  are furn ished  in  Table-15 and 

Appendix-XIV.

A ll the three c u lt iv a rs  o f  cardamom se le cte d  fo r  

the present in v e s t ig a t io n , showed s ig n i f ic a n t  d iffe re n ce  

in  the potassium content o f  lea v es  o f  p lants at d if fe r e n t  

le v e ls  o f  d isease  in te n s ity . In a l l  the ca ses , a gradual 

redu ction  in  the potassium content o f  lea v es  was n o ticed  

as the se v e r ity  o f  the d isea se  increased .

In  the cu lt iv a r  Vazhukka, the maximum mean 

potassium content was recorded  by the healthy plants 

(2 .6 6  per cent) fo llow ed  by the plants showing low  (2, 

per cent) and medium (2 .1 6  per cent) l e v e ls  o f  diseas< 

in fe c t io n ,  w h ile , the h igh ly  in fe c te d  plants recorded  

the minimum content (2 .1 4  per ce n t).

The cu lt iv a r  Malabar, also recorded  the h ighest 

potassium content f o r  the healthy plants (2 .4 3  per cent) 

and the low est by the h igh ly  in fe c te d  p lants (2 .0 4  per cent)

The healthy plants re g is te re d  a maximum mean 

potassium content o f  2.61 per cent in  the cu lt iv a r  Mysore 

which was found to be on par with that o f  the low  in te n s ity  

p lants having 2.58 per cent potassium. However, these 

two d isease  in te n s ity  groups showed a s ig n if ic a n t  d iffe re n ce  

in  potassium content with the plants showing medium
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(2 .0 4  per cent) and high (1 .8 6  per cent) degree o f  

d isease in fe c t io n .

A ll the th ree  cu lt iv a rs  showed a s ig n if ic a n t  

redu ction  in  the potassium content w ith a change in  

the season from pre-monsoon to po st-monsoon period  

(F ig . 3 b ) .  Their mean values f o r  the two seasons were
I ,

2 .5 3 , 2 .40 and 2 .46 per cent fo r  the c u lt iv a r s  Vazhukka, 

Malabar and Mysore re s p e c t iv e ly

wone ox tne cuji-civars snowed any s ig n if ic a n t  

in te ra c t io n  between the season and in te n s ity  o f  the 

d isease .

4 .3 .4  Calcium and magnesium.

The d e ta ils  regarding the calcium  and magaesi__

content o f  plants at the d if fe r e n t  l e v e ls  o f  d isease  

in te n s ity  are fu rn ished  in  Tables 16 and 17 and Appendices 

XV and X V I.'

The re s u lts  Ind ica ted  that the calcium  content o f  

plants at the various d isease in te n s ity  le v e ls  d id  not 

vary  s ig n i f ic a n t ly  in  any o f  the th ree  c u lt iv a r s  se le cted  

f o r  the present study. B esides, none o f  the cu lt iv a rs  

showed any s ig n if ic a n t  v a r ia t io n  between the pre-monsoon 

and post-monsoon period  o r  in te ra ct io n  between the 

season and in te n s ity  o f  the d isease f o r  th e ir  calcium 

sta tu s . However, there was a n o n -s ig n ifica n t  redu ction
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in  the calcium  content between the two seasons studied  

in  a l l  the three c u lt iv a r s .

The mean calcium  status o f  p lants at the d if fe r e n t  

d isease  in te n s ity  le v e ls  were found to range from 0.777 

to 0 .8 5 4 , 0.745 to 0 ,774  and 0,826 to 0.851 per cent 

r e s p e c t iv e ly  f o r  the c u lt iv a r s  Vazhukka, Malabar and 

Mysore.

The r e s u lts  on the magnesium content o f  plants at 

d if fe r e n t  d isease in te n s ity  le v e ls  revea led  th at a l l  the 

three cu lt iv a rs  va r ied  s ig n i f ic a n t ly  in  th e ir  mafyiesium 

content w ith a change in the degree o f  the d isea se .

Highly s ig n if ic a n t  r e s u lt s  at one per cent l e v e l ,  \ms 

observed f o r  the cu lt iv a r  Mysore while Vazhukka and 

Malabar showed s ig n if ic a n t  r e s u lts  on ly  at f i v e  per cent 

l e v e l ,  f o r  the magnesium content o f  le a v e s .

A ll  the cu lt iv a rs  recorded low er mean magnesium 

values w ith severe ly  in fe c te d  plants and the redu ction  

in the magnesium content was gradual from healthy to 

h igh ly  in fe c te d  plants (F ig . 4b ) .

In  Vazhukka the healthy plants r e g is te re d  a maximum

magnesium content o f  0 .304  per cent which was found to  be

on par with the plants showing low  and medium le v e l  o f0
d isease  in te n s ity . However, the sev ere ly  in fe c te d  plants 

showed s ig n i f ic a n t ly  low er mean magnesium values (0 .233  

per cent) than a l l  oth er p lants.
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In the cu lt iv a r  Malabar, the maximum magnesium 

content was recorded by the healthy p lants (0.356  per cent) 

fo llow ed  by the plants showing low  le v e l  o f  d isease 

in te n s ity  ( 0.326 per c e n t ) .  The healthy plants were 

found to be on par.w ith  those showing low  and medium 

le v e l  o f  d isease  but; were s ig n i f ic a n t ly  d if fe r e n t  from 

the severe ly  in fe c te d  plants with a mean magnesium 

content o f  0.263 Per cent.

The c u lt iv a r  Mysore also showed s im ila r  trends 

as that o f  Malabar, wherein the healthy plants recorded 

the maximum mean magnesium content o f  0 .348 per cent.

The plants at low  le v e l  o f  the d isease gave a mean 

value o f  0.320 per cent f o r  magnesium and was found to 

be on par w ith the healthy and medium d isease in te n s ity  

p lants. The minimum mean magnesium content (0 .2 57  per 

cen t) was recorded  by the severe ly  in fe c te d  p la n ts , 

which was s ig n i f ic a n t ly  lower than the plants showing 

low  and medium le v e l  o f  d isease in te n s ity .

The seasonal v a r ia t io n  in  .the magnesium content 

o f  plants was not s ig n if ic a n t  in  any o f  the three' 

c u lt iv a r s . However, the plants showed a decreasing  

■trend in  the magnesium content with a change from 

pre-monsoon to post-monsoon period . None o f  the 

cu lt iv a rs  showed any sea son -in ten s ity  in te ra c t io n .
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Table 15# Plant potassium content for the threecultivars at different intensities of
the disease during the two seasons.

Mean potassium content (?6) 
f o r  d isease in te n s ity

C u ltivar Season group s Seasonal
Healthy Low Medium High means

Pre-monsoon 2.865 2.575 2.340 2.335 2.529
Post-monsoon 2.466 2.200 1.975 1.945 2.145

Vazhukka
In ten sity  
means .

SE +m /plot
C.D. I
C.D. I I

2.663 
0 .111 ' 
0.2187

2.338 2.158 2.140

Pre-monsoon 2*695 2.360 2.325 2.225 2.401
Post-monsoon 2.270 ' 1.950 1.925 1.850 1.998

Malabar
In ten s ity
means

SE +m /plot
C.D. I
C.D. I I

2.483 
0.090 
0.1782

2.155 2.125 2.038

Pre-monsoon 2.855 2.765 2,190 2.020 2.458
Po st-monsoon 2.370 2.335 1.880 1.710 2.086

Mysore
Int ensity  
means

SE +m /plot
C.D. I
C.D. I I

2.613
0 .0 9 0 '
0.1775

2.575 2.035 1.863

C.D. I - C.D. for comparing intensity means.
C.D. II- C.D. for comparing season-in tensity interaction means.



,p''’r,le 16. , Plant calcium content for the three' cultivars at different intensities of
the disease during the two.seasons*

Mean plant calcium  content (%)
C u ltiva r Season Seasonal

Healthy Low Medium ■■ .High means

Pre-monsoon 0.850 0.776 0.776 0.819 0.805
Post-monsoon ■ 0.857 0.778 0 .742 0.809 0.797

Vazhukka
In ten sity
means

SE +m /plot
C.D. I
C .i). I I

0 .854
0.040

0.777 0.759 0 .814

Pre-monsoon 0.779 0.770 0.747 0.750 ' 0 .762
Post-monsoon 0.769 0.754 0 .742 0.744 0.752

Malabar
In ten sity
means

SE +m /plot
C. D .: I  .

0.774
0.032

0.762 0.745 0.747

C.D. I I - •

Pre-monsoon 0.863 0.833 0.855 0.848 0.849
Post7monsoon. 0.838 0.819 0 .842 0.842 0.835

Mysore
In ten sity
means

SE +m /plot
C.D. I

0.851
0.014

0.826 0.848 0 .845

C.D. I I  . -  ■
v

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 17.

C u ltivar

Vazhuklca

Malabar

Mysore

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

Mean plant magnesium content 
{%) f o r  d isease in te n s ity

Season groups

Healthy Low Medium High

Seasonal
means

Pre-monsoon 0.311 0.291 0.286 0.235 0.281
Post-monsoon 0.297 0.281 0 .274 0.230 0.271

In ten sity
means 0 .304 0.286 0.280 0.233

SE +m /plot 0.019
C.D. I 0.0379
C.D. I I -

Pre-monsoon 0.359 0.333 0.310 0.268 0.318
Post-monsoon 0.352 0.319 0.291 0.258 0.305
In te n s ity
means 0.356 0.326 0.301 0.263

SE +m /plot 0.026
C.D. I 0.0513
C.D. II -

Pre-monsoon 0.359 0.330 0.295 0.261 0.311
Post-monsoon 0.336 0.310 0.281 0.253 0.295
In ten s ity
means 0.348 0.320 0.288 0.257

SE +m /plot 0.025
C.D. I 0.0496
C.D. I I

C.D. I - C.D. for comparing intensity means.
C.D. II- C.D. for comparing season-intensity interaction means.
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4 .3 .5  I ro n , manganese and z in c .

The, d e ta ils  regarding the iro n , manganese and z in c  

content o f  plants at the d if fe r e n t  le v e ls  o f  the d isease 

in te n s ity  are presented in Tables 18, 19 and 20 and in  

Appendices XVII, XVIII and XIX r e s p e c t iv e ly .

The plants at d if fe r e n t  l e v e l s . o f  the d isease 

did n o t very  s ig n i f ic a n t ly  fo r  th e ir  content o f  iro n  

in  l e a f  lamina. Further, there was no in te ra ct io n  

between season and in te n s ity  o f  the d isea se . The seasonal 

e f f e c t  on the iron  content o f  plants was a lso in s ig n ifica n t*

The mean iron  content o f  plants f o r  the three 

cu lt iv a rs  were in  the range 217 to 228 ppm fo r  Vazhnkka,

217 to 220 ppm fo r  Malabar and; 227 to 236 ppm fo r  

Mysore.

The r e s u lts  in d ica ted  that the manganese sta tu s o f  

the plants was not s ig n i f ic a n t ly  d if fe r e n t  between the 

d if fe r e n t  le v e ls  o f  the d isease o r  between the two seasons 

studied . The season, in te n s ity  in te ra ct io n  was also n ot 

s ig n if ic a n t .

The range o f  manganese content in  th e  plants were 

found to be 73 to 79 , 73 to 80 and 76 to 90 ppm fo r  the 

cu lt iv a r s  Vazhukka, Malabar and Mysore r e s p e c t iv e ly .

There was no sea son -in ten s ity  in te ra ct io n  f o r  the 

z in c  status o f  p lants. The plants at d if fe r e n t  in te n s it ie s
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Table 18. Plant iron content for the three
cultivars at different intensities ofthe disease during the two seasons.

C u ltiva r Season

Mean plant iro n  content 
(ppm) f o r  d isease  
in te n s ity  groups Seasonal

Healthy Low Medium High means

Pre-monsoon 227 217 229 223 224
Po st-monsoon 227 216 226 220 223

Vazhukka
In ten s ity
means

SE +m /plot
C.D. I
C.D. I I

227
6.435

217 228 221

Pre-monsoon 222 220 218 219 220
Post-monsoon 219 215 216 214 216

Malabar
In ten sity
means

SE +m /plot
C.D. I

C.D. II

220
7.134

217 217 217

P f e-monsoon 229 238 236 236 234
Post-monsoon 225 234 233 232 231

Mysore
In ten sity

means
SE +m /plot
C.D. I
C.D. I I

227
6.017

236 235 234

C.D. 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.

C u ltiva r
/

Season
Mean plant manganese content 
(ppm) f o r  d isease  in te n s ity  
groups Seasonal

means
Healthy Low Medium High

Pre-monsoon 73 .2 . 80 .3 77.6 74.1 77.5
Post-monsoon 76.0 77.8 75 .5 7 2 .2 75 .3

Vazhukka
In ten s ity
means

SE +m /plot
C.D. I
C.D. I I

77.1
8.880

79 .0 76 .5 73.1

Pre-monsoon . 78 .7 77.7 80 .5 75.7 .78 .1
Po st-monsoon 76.1 72 .3 78 .7 71.1 74 .5

Malabar
In te n s ity

means
SE +m /plot
C.D. I
C.D. I I

.7 7 .4
8.059

75.0 79.5 73 .4

Pre-monsoon ,8 1 .8 ,7 7 .2 88 .8 91 .8 84.9
Post-monsoon ,8 0 .0 .75 .0 86 .5 87 .7 82 .3

Mysore
In ten sity
means

SE +m /plot
C.D. I
C.D. I I

80 .9
8.247

76.1 ■ 87.6 89 .7

C.D. I - C.D. for comparing intensity means.'
C.D. XI ~ C.D. for comparing season-intensity interaction means
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Table 20. Plant zinc content for the three cultivars
at different intensities of the disease
during the two seasons.

C u ltivar Season

Mean plant z in c  content (ppm) 
f o r  the d isea se  in te n s ity  
groups

Healthy Low Medium High

Seasonal
means

Pre-monsoon 65.9 71.1 64.1 63 .7 66.3
Po st-monsoon 64 .0  . 69.1 62 .2 61 .2 64.1

Vazhukka
In ten sity
means

SE +m /plot
C.D. I
C.D. I I

64.9
10.107

70.1 63-2 62 .4

Pre-monsoon 63 .7 60.8 63 .7 62.9 62 .8
Po st-monsoon 61.0 59.1 58.5 59.9 59.6

Malabar
In te n s ity
means
SE +m /plot
C.D. I
C.D. I I

62 .3
4.899

59.9 61.1 61 .4

Pre-monsoon 64.9 68.3 71 .3 7 2 .4  . 69 .2
Post-monsoon 62.1 65.3 67 .2 66.0 65.1

Mysore
In te n s ity

means
SE +m /plot
C.D. I
C. D. I I

63 .4  
9 ,  341

66.8 6 9 .2 69 .2

C.D. for comparing intensity means.
C.D. for comparing season-intensity interaction means.
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o f  the d isease  did  n ot express any s ig n if ic a n t  v a r ia tion  

between th e ir , z in c  concentration . The V a ria tion  in  the
i

z in c  content o f  plants at the two seasons studied  was 

also n ot s ig n if ic a n t .

The range o f  mean values f o r  the z in c  content o f  

plants at d if fe r e n t  le v e ls  o f  d isease in te n s ity  were 62 to

70 , 60 to 62 and 63 to 69 ppm re s p e c t iv e ly  f o r  the Vazhukka,

Malabar and Mysore c u lt iv a r s .

4 .4  Cation Ratios

4 .4 .1  S o i l  f a c t o r s .

4 .4 .1 .1  Potassium/CCpI nium+Magnesium) R atio.

The d e ta i ls  o f  s o i l  K/(C&+Mg) r a t io s  fo r  the three 

d if fe r e n t  c u lt iv a r s  are presented in Table 21 (a ) and 

Appendix-XX.

The r e s u lt s  revea led  that there was no s ig n if ic a n t  

v a r ia tio n  in  the K/(Ca+Mg) ra t io  o f  s o i l s  in  any o f  the

cu lt iv a rs  at the d if fe r e n t  d isease  in te n s ity  le v e ls .

However, in  a l l  the c u lt iv a r s , the ra tio  narrowed from the 

pre-monsoon to post-monsoon period . The mean values at 

d if fe r e n t  d isease in te n s ity  le v e ls  were in  the m g e  

0.0701 to 0 .0811, 0.0619 to 0.0648 and 0.0681 to 0.0750 

fo r  the cu lt iy a rs  Vazhukka, Malabar and Mysore r e s p e c t iv e ly ' 

(F ig . 5 a ).
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Table 21 (a). K/(Ca+Mg)- ratio in the soil for the thre>cultivars at different intensities of th<
disease during the two seasons*

C u ltivar Season
Mean K/(Ca+Mg) r a t io  in  the
s o i l  f o r  d isease  In ten s ity  „ _ 
groups Seasonal

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

Vazhukka
In ten sity
means

SE +m /plot
C.D. I
C.D. I I

0.0811
0.0063

0.0701 0.0730 0.0746

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

Malabar
In ten s ity

means
SE +m /plot
C.D. I
C.D. I I

0.0648
0.0047

0.0620 0.0619 0.0627

Pre-monsoon 0.0787 0.0765 0.0671 0.0779 0.0751
Post-monsoon 0.0712 0.0669 0.0690 0.0667 0.0689

My so re
In te n s ity
means

SE +m /plot
C.D. I
C.D. I I

0.0750
0.0067

0.0717 0.0681 0.0733

C.D. I - C.D. for comparing intensity means.
C.D. II - C.D. for comparing season-intensity interaction means.
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4-.4.1 *2 Potass ium/Magiesium r a t i o .

The 'd e ta ils  are furn ished  in  Table 21(b) and'' J
Append ix-PCE,

Wone o f  the cu lt iv a r s  showed any s ig n if ic a n t  

v a r ia t io n  "in the K/Mg r a t io  in  the s o i l s  around plants 

at d if fe r e n t  degrees o f  d isease in te n s ity . In  a l l  the 

cu lt iv a rs  the r a t io  narrowed a fte r  the monsoon. However, 

th is  was s i f f i i f i c a n t  o n ly  w ith the c u lt iv a r  Mysore 

w hile <=VnnWed onLy a non s ig n if  ica n t tendency

fo r  decrease 5 b ).

The ranges o f  K/JXig r a t io s  at d if fe r e n t  le v e ls  o f  

d isease  in te n s ity  were 1.351 to 1.503* 1,100 to 1.186 

and 1 .2 7 0 'to 1 ,333 r e s p e c t iv e ly  f o r  the cu lt iv a rs  

Vashukka. Malabar and Mysore.

4 .4 .2  P lant fa c t o r s .

Th= s t a l l s  o f  K/(Ca+Mg) and K/Mg r a t io s  in  the 

plant a re 'fu rn ish ed  in  Tables. 21 (c) and 21 (d ) and 

Appendices iu u i and XXIII r e s p e c t iv e ly .

4 .4 .2 .1  Potassium/|(Calcium + Magnesium) R a tio .

A ll th e  c u lt iv a rs  in d ica ted  a nign±y s ig n if ic a n t  

v a r ia t io n  .in the K/(Ca-*Mg) ra t io  at d i f fe r e n t  le v e ls  o f
r ' ,

d isease in te n s ity . In a l l  the three cu lt iv a r s  the
M

r a t io  at f i r s t  showed a d ec lin e  but then increased  with 

t h a  flPVPPit.v n f  t h a  In  the» rail-hi van
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Table 21(b)- K/MS Ratio in the soil for the threecultivars at different intensities ofthe disease during the two seasons.

C u ltivar Season
Mean K/Mg ra t io  in  the s o i l  
f o r  d isease in te n s ity  
groups Seasonal

means
Healthy Low Medium High

Pre-monsoon 1.595 1.474 1.436 1,465 1.492

Post-monsoon 1.412 1.381 1.267 1.349 1.352

Vazhukka
In ten s ity

means
SE +m /plot
C.D. I
C.D. I I '

1.503
0.1341

j i mm

1,428 1.351 1.407

Pre-monsoon 1-253 1.156 1340 1.209 1.189
Po st-monsoon 1.119 1.102 1.061 1.107 1.097

Malabar
In ten sity
means

SE +m /plot
C.D. I
C .D .II

1.186
0.0797

1.129 1.100 '1.158

Pre-monsoon 1.448 .1.347 1 .332 1.367 1.366
Post-monsoon 1.217 1 .192  1.236 1.280 1.232

In ten sity
means 1.333 1.270 1.310 1.324

SE +m /plot 0.1157
C.D. I -
C.D. I I -

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 21(c). Plant K/(Ca+Mg) ratio for the cultivarsat different intensities of the disease
during the two seasons.

Mean Plant K/(Ca+Mg) ra tio  
C u ltiva r  Season f o r  d isease ln te n s lty  sroups- Seasonal

Healthy Low Medium High means

Pre-monsoon 1.008 0.926 0.864 1.012 0.952
Post-monsoon 0.963 0.841 0.818 0.912 0.884

Vazhukka
In ten s ity

means
SE +m /plot
C.D. I
C.D. I I

0.985
0.0286
0.0564

0.884 0.841 0.962

Pre-monsson 1.014 0.932 0.859 0.967 0.943
Po st-monsoon 0.983 0.797 0.833 0.810 0.856

Malabar
In ten s ity

means
SE +m /plot
C.D. I
C.D. I I

0.998
0.0.296
0.0583

0.865 0.846 0.888

Pre-monsoon 1.035 0.785 0.841 1.034 0 .9 24
Po st-monsoon 0.930 0.691 0.746 0.877 0.811

Mysore
In te n s ity

means
S.E. +m /plot
C.D. I
C.D. I I

0 .983
0.0264
0.0519

0.738 0 .794 0.956

C.D. I - C.D. for comparing intensity means.
C.D.II - C.D. for comparing season-intensity interaction means.
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Vashukka,: the h ighest mean r a t io  was given  by  healthy

plants (0*985) which was found to ,b e  on par with the
■ /

severe ly  in fe c te d  plants ( 0. 962)* However, plants showing 

low  and medium le v e l  o f  .d isease  in cid en ce  were found 

to be on par f o r  th e ir  mean K/(Ca-*Mg) ra t io  (0 .8 8 4  and 

0,841 r e s p e c t iv e ly . However, the K /(Ca + Mg) r a t io  

o f  the diseased  plants.w ere s ig n i f ic a n t ly  d if fe r e n t  

from those o f  healthy p lan ts.

In the c u lt iv a r  Malabar the h ighest mean r a t io  

f o r  K|(Ca+Mg) was given by the healthy plants (0 .9 98 ) 

fo llow ed  by the plants showing high ( 0 . 888) ,  low  ( 0 . 865) 

and medium (0 .8 46 ) le v e l  o f  d isease  in c id en ce . However, 

the plants at high,'medium, and low  le v e ls  o f  the 

d isease were found to be on par f o r  th e ir  K/Ca!$Mg) r a t io .

In  the c u lt iv a r  Mysore, the h ighest mean rh tio  

was given ;,by the healthy plants (0 ,9 8 3 ). However, these 

plants were s ig n i f ic a n t ly  d if fe r e n t  from the p lants 

showing-medium, le v e l  o f  in ciden ce  (0 .7 9 4 ). The low est 

value was 'recorded by the plants at low le v e l  o f  d isease 

in ciden ce  (0 ,7 3 8 ) which was s ig n i f ic a n t ly  d if fe r e n t  

from a l l  o;;fcher p lants.

4 .4 .2 ,2  Potassium/Magnesium R a tio .

The r e s u lts  revea led  that there was no s ig n if ic a n t
.1

v a r ia t io n  in  the K/Mg ra tio  in  p lants at d if fe r e n t
\

in te n s ity  le v e ls  o f  the d isea se . However, the r a t io  
narrowed a fte r  the monsoon period (F ig .5d ).
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Table 21(d). Plant K/Mg ratio for the three cultivarsat different intensities of the disease
during the two seasons.

C u ltlva r  Season
Mean.Plant K/Mg r a t io  f o r
disease in te n s ity  groups Seasonal

Healthy Low Medium High

Pre-monsoon 3.006 2.826 2.700 3.062 2.898
Post-monsoon 2.777 2.499 2.437 2.679 2.598

In ten sity  
Vazhukka means 2.892 2.662 2.563 2.870

SE +m /plot 0.1756
C.D. I -

C.D. I I -

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 In ten s ity  
means 2.524 2.215 2.309 2.346

SE +m /plot 0.1348
C.D. I -
C.D. I I -

Pre-monsoon 2.786 2.499 2.480 2.632 2.599
Post-monsoon 2.362 2.157 2.429 2.462 2. 352

In ten s ity
means 2.574 2.328 2.455 2.547

SE +m /plot 0.1352
C.D. I -
C.D, I I -

C.D. I - C.D, for comparing intensity means.
C.D. II - C.D. for comparing season-intensity interaction means.
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The range o f  mean K/Mg r a t io s  f o r  the d if fe r e n t  

cu ltiv a rs^ a t the d if fe r e n t  d isease in te n s ity  l e v e l s ,  

were 2.568 to 2 .892 , 2.215 to 2 .524 and 2.328 to 2 .574 

fo r  Vazhukka, Malabar and Mysore c u lt iv a r s  r e s p e c t iv e ly .

4 .5  C orre la tion  studied  between Crop y ie ld  and N utrient

F actors

C orre la tion  between a l l  the plant and s o i l  

nu trien t, fa c to r s  w ith the y ie ld  o f  cardamom was worked 

o u t , ign orin g  the d isease  fa c to r .  1 The r e s u lts  obtained  

are presented herein .

4 .5 .1  N utrient content o f  s o i l s .

The d if fe r e n t  s o i l  n u trien t fa c to r s  were found 

to in flu en ce  the y ie ld - in  a l l  the th ree  c u lt iv a r s  

o f  cardamom studied . The c o rre la t io n  c o e f f i c i e n t s  o f  

s o i l  n u trien t fa c to r s  with y ie ld  are presented in  

Table 2 2 (a ) .

4 .5 .1  I t  may be observed from .the Table 22(a) th a t ,

among the" d if fe r e n t  n u tr ie n ts , the a v a ila b le  phophorus 

content o f  s o i l  showed maximum c o r r e la t io n  w ith y ie ld  

in  a l l  the th ree  cu lt iv a rs  o f  cardamom ( r  = 0 .6 6 6 ,

0 .555 , 0. 626, r e s p e c t iv e ly  f o r  Vazhukka, Malabar 

and Mysore. A ll the oth er n u trien ts  showed varying  

degrees o f  c o rre la tio n  w ith y ie ld  in  the three c u lt iv a r s .

In  Vazhukka, the next h ighest c o rre la t io n  was 

obta ined  fo r  exchangeable potassium ( r  «  0 .528)



Table 22. Simple correlation coefficients
(a ) F ie ld  versu s s o i l  n u trien t fa c t o r s

C u ltivar
S o il  n u trien t fa c t o r s

Total
n itrogen

A va ilab le  
Pho sp hoarus

Exchangeable
potassium

Exchang­
eable
calcium

Exchang­
eable
magne­
sium

Exchang­
eable
iro n

Exchang­
eable
mangan­
ese

Exchang­
eable
z in c

Vazhukka 0.105 NS 0 .666** 0.528** 0.196* 0.403** 0.423** 0.138 NS 0. 278**
Malabar 0.504** 0 .743** 0.1224 NS 0.255** 0 .166* 0.525** o ;4 9 3 ** 0 .266**

Mysore 0.205* 0 .626** 0 .481** 0.052NS 0 .164* 0.630** 0.582** 0 .1 0 2  NS

(b)- Y ie ld  versu s p lan t n u tr ie n t fa c t o r s

C u ltiva r
P lan t n u trien t f  acto rs

N itrogen Phosphorus Potassium Calcium Magne­
sium

Iron Manga­
nese

Z in c

Vazhukka 0.302** 0 .988** 0.208** 0.373** 0.784** 0.399** 0 .075  NS 0.164*

Malabar 0.518** 0 .847** 0 .743** 0.187** 0 .336** 0.463** 0 .353** 0 .283**
Mysore 0.797** O .869** 0 .448** 0 .514** 0 .457** 0 .383**

* S ig n if ica n t  at 596 le v e l .
** S ig n ifica n t  at 196 l e v e l  
NS N o n -s ig n ifica n t .

cn
CJl
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fo llow ed  by exchangeable iro n  and magnesium (r= 0 .423  

and 0.403 r e s p e c t iv e ly ) .  T ota l s o i l  n itrogen  and 

exchangeable manganese showed on ly  poor co rre la tio n  

w ith  y ie ld .

In Malabar, the c o r re la t io n  w ith y ie ld  was 

n oted  n ext to phosphorus f o r  iro n  ( r  = 0 .505) manganese 

( r  a 0 .493) and n itro g e n  ( r  = 0.540) w hile a a non­

s ig n if ic a n t , c o rre la tio n  was observed f o r  potassium 

( r  = 0 .1 2 2 ), The c o r re la t io n  between y ie ld  and s o i l  

content o f  exchangeable calcium , magnesium and zin c 

was poor.

For the cu lt iv a r  Mysore a ls o , the y ie ld  was 

co rre la ted  with exchangeable iron  ( r  = 0 .630 ) and 

manganese ( r  = 0.582) next to a v a ila b le  phosphorus. 

However, the exchangeable £ inc and calcium  were found 

to be u n corre la ted  w ith the y ie ld  o f  capsu les per 

clump (r  = 0.102 and 0 .0 5 2 ).

4 .5 .2  Mutrlent content o f  P lants.

The r e s u lts  in d ica ted  th at the y ie ld  o f  capsules 

per clump was posjtjviHr co rre la te d  w ith the n u trien t 

content o f  p lants.

Maximum a sso c ia t io n  was noted fo r  phosphorus 

in a l l  the three cu lt iv a rs  and th e ir  re sp e c tiv e  

c o r r e la t io n  c o e f f i c ie n t s  ( r )  were 0*988, 0.847 and 

0.869 f o r  the c u lt iv a rs  Vazhukka, Malabar and Mysore.
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Table 23* E ffe c t  o f  l ig h t  in te n s ity  on chenthal d isease 
(mean in te ra c t io n  scores between l ig h t  and 
d isease in t e n s it y ) .

I n te n s it ie s  o f  l ig h t  Means

Low Medium high

Healthy 3.67 8 .00 5.00 3-56

Intensities Low 12.00 21.33 14.00 15.78

o f  the Medium 14.00 36.00 33.00 27.67

d isease High 10.67 37; 33 64.00 37.33

Means ! 10.08 25.67 29.00
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In  Vazhukka, phosphorus was fo llow ed  "by magieslum Cr«0.784) 

v;hile in  Malabar, i t  was potassium ( r  = 0 .7 43 ) th at fo llow ed  

phosphorus. In the cu lt iv a r  Mysore a h ighest c o rre la t io n  

c o e f f i c ie n t  o f  0 .797  f o r  plant n itrogen  content could  be 

obtained which ranged second a fte r  phosphorus In  i t s  

a s so c ia t io n  w ith the y ie ld  o f  capsules*

The c u lt iv a r  Malabar showed s ig n if ic a n t  c o r re la t io n  

between manganese content and capsule y ie ld  w hile the 

cu lt iv a rs  Vazhukka and Mysore expressed on ly  a, n o n -s ig n ifica n t  

c o r re la t io n . A ll the cu lt iv a rs  recorded p o s it iv e  c o r r e la t io n  

f o r  iro n  and z in c  with y ie ld  o f  capsules per clump.

4 .6  O bservations made to study the e f f e c t  o f  L ight in te n s ity  

on the in ciden ce  o f  Chenthal d isease

The r e s u lts  are furn ished  in  Table 23 and Appendix-XXIV.
n
;i

The r e s u lts  revea led  that there was s ig n if ic a n t  

in te ra c t io n  between d if fe r e n t  le v e ls  o f  l ig h t  in te n s ity  and 

d isease in te n s ity . The h ighest mean in te ra c t io n  score  was 

recorded by the sev ere ly  in fe c te d  plants re ce iv in g  high 

l ig h t  in te n s ity  (■&£. Off?) while the healthy plants re ce iv in g  

low  le v e l  o f  l i g h t  " in te n s ity  recorded  o n ly  a mean in te ra ct io n  

score o f  .3*67.
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DISCUSSION

The r e s u lts  o f  the s t u d y  to e lu c id a te  the r o le  o f  

d if fe r e n t  n u tr ien t elements on the development o f  chenthal 

d isease in  cardamom and the e f f e c t  o f  shade on the In ten s ity  

o f  the d isease  are d iscu ssed  in  th is  chapter.

Growth characters o f  cardamom

Number o f  t i l l e r s  per clump.

The number o f  t i l l e r s  produced per clump in  the three 

cu lt iv a rs  o f ,  cardamom v i z . ,  Vazhukka, Malabar and Mysore at 

d if fe r e n t  le v e ls  o f  d isease in te n s ity  did  n ot show any 

s ig n if ic a n t  v a r ia tio n  in d ica tin g  that the in ciden ce  o f  the 

d isease did  not a f f e c t  the production o f  t i l l e r s  o r  the

general growth characters o f  the p lant. Cardamom i s  a
<

perennial crop in  which the t i l l e r s  are produced from the 

e a rly  v eg e ta tiv e  phase onwards and continues even a fte r  the 

m aturity o f  the plant. S u ff ic ie n t  number o f  t i l l e r s  w il l  

be e sta b lish ed  b e fo re  the plant s ta rts  bearing  and hence a 

sudden attack o f  chenthal d isease on the lea v es  o f  the
ii

plant may n ot probably have any s ig n i f ic a n t  e f f e c t  on the 

t o t a l  number o f  t i l l e r s  in  a clump. At advanced stage o f  

in fe c t io n , however, some o f  the t i l l e r s  may get damaged 

as observed and reported  by George (19 78 ).

Number o f  Panicles Per clump.

The number o f  p an icles  produced per clump was n o t
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s ig n i f ic a n t ly  d if fe r e n t  at d if fe r e n t  le v e ls  o f  d isease  

in te n s ity  showing th at the d isease had n o t s e r io u s ly  

a ffe c te d  the production o f  p a n ic les .

5 .1 .3  Number o f  capsules produced per clump.

The r e s u lts  presented in  T able-2  in d ica ted  th at 

a l l  the cu lt iv a rs  showed a decreasing tendency w ith 

regard to the number o f  capsules produced per clump 

w ith an increase in  the sev er ity  o f  the d isease .

Although th is  redu ction  was n ot s t a t i s t i c a l l y  s ig n if ic a n t , 

the percentage redu ction  was found to be 8.29# 8 .88  

and 12.25 r e s p e c t iv e ly  fo r  the c u lt iv a rs  Vazhukka,

Malabar and Mysore (F ig .2 ) .  C onsiderable drying up o f  

, flow ers  on the pan icles was n o tice d , in  the case o f
I;

sev ere ly  in fe c te d  p lants. The reduction  in  the number 

o f  capsules per clump could thus be a ttr ib u ted  to the 

drying up o f  blossom s due to the d isea se , A s im ila r  

observation  was made by George (1978) in  h is  stu d ies  

on the e f f e c t  o f  d isease  in fe s ta t io n  in  cardamom 

p lan tation s.

5 .1 .4  Weight o f  green capsules per clump.

A redu ction  in  the weight o f  capsu les produced 

per clump o f  the order o f  29.45 g f o r  Vazhukka, 71.45 g 

fo r  Malabar and 22.55 g fo r  Mysore was n o t ice d  between 

th e ir  re sp e c t iv e  healthy and sev ere ly  in fe c te d  p lan ts. 

(T a b le -2 ), Although th is  red u ction  in  the weight o f



71

capsu les per clumps at d if fe r e n t  le v e ls  o f  d isease  

in te n s ity  was n ot s t a t i s t i c a l ly  s ig n i f ic a n t ,  there was 

a decreasing trend in the weight o f  capsu les per clump 

with an increase in  the se v e r ity  o f  the d isease  (F ig ,2 ) .  

The percentage redu ction  in  the weight o f  capsules per 

clump fo r  the three c u lt iv a rs  worked out to  be 7*19,

10.27 and 13.09 r e s p e c t iv e ly  f o r  Vazhukka, Malabar 

and Mysore. The decrease in  the weight o f  capsules 

could be the d i r e c t , r e s u lt  o f  a dim inution in  the 

number o f  capsules produced by these p lants. George(l978] 

reported  a .sim ilar y ie ld  redu ction  in  cardamom due to
i.

the in ciden ce  o f  chenthal d isease .

Another probable reason con trib u tin g  to the 

reduction  in  the y ie ld  o f  d isease a ffe c te d  p lants cou ld  

be a decrease in  the quantity  o f  photosynthates a va ila b le  

f o r  the f i l l i n g  up o f  capsules on account o f  the damage 

caused to the net pho to syn th etic  area, o f  the l e a f  lamina. 

I t  cou ld  be p±ed that in  plants most sev ere ly  a ffe c te d  

by the d isea se , as high as SO per cent o f  the l e a f  area 

was covered w ith watersoaked le s io n s  which could suppress 

both  pho to syn th etic  a ss im ila tion  as w ell as tra n s lo ca tion  

o f  the assim ila tes  needed fo r  the f i l l i n g  up o f  the 

capsu les.

The study o f  the growth characters o f  the plants 

affected  bv the disease did ro t reveal anv remarkable
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redu ction  in  the number o f  t i l l e r s  as w ell as p an icles  

present in  a clump. The e f f e c t  o f  the d isea se , though 

not s t a t i s t i c a l ly  s ig n i f ic a n t ,  was ev iden t o n ly  on the 

number and weight o f  capsules produced per clump. As the 

photo sy n th etic  e f f i c ie n c y  o f  the plants dim inishes w ith 

the se v e r ity  o f  the d isea se , i t  may be r e f le c t e d  on the 

emergence o f  le s s e r  number o f  t i l l e r s  in  the succeeding 

years.

5 .2  S o il  chem ical p rop erties  and plant n u tr ie n t  content

5 .2 .1  E lectrochem ical p rop erties  o f  th e  s o i l .

■ S in c e th e  e lectroch em ica l p rop erties  o f  the s o i l  

such as pH and e le c t r i c a l  co n d u ctiv ity  v:ere more or le s s  

s im ilar f o r  a l l  the cu lt iv a rs  in  the three lo ca t io n s  at 

d if fe r e n t  le v e ls  o f  d isease in te n s ity , i t  may be concluded 

that these fa c to r s  were n ot having any p a rticu la rs  e f f e c t  

on the development o f  the d isea se .

5 .2 .2  S o il  and Plant n u trien t fa c t o r s .

N itrogen.

The to t a l  n itrogen  content o f  the s o i ls  as w e ll as 

the plants did  not show any s ig n if ic a n t  d iffe re n c e  at 

d if fe r e n t  le v e ls  o f  d isease in te n s ity  in  any o f  the three 

cu lt iv a rs  studied (T ables 5 and 13)» both  during the 

pre-monsoon and post-monsoon periods. T h ism vealed  that 

n itrogen  may have on ly  a minor r o le  in  the syndrome
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development o f  the d isease . I t  may be noted from 

Table-5 that the n itrogen  content o f  the s o i l  samples 

in  the present study were in  the1'h igh 11 ra t in g  range 

f o r  n itrogen  and that there cannot be a p o s s ib i l i t y  

o f  n itrog en  d e fic ie n c y  bein g  a predisposing con d ition  

f o r  the development o f  the d isea se . Kulkarni (19 70 ), 

Dattu Rao (1971) and Zachariah (1975) a lso reported  very  

high va lu es f o r  the e a s ily  o x id is a b le  o rga n ic  m atter 

content o f  the cardamom s o i l s  which in d ir e c t ly  in d ica te  

the high n itrogen  status o f  these s o i l s .

The mean s o i l  n itrogen  content around the plants
i

at d if fe r e n t  le v e ls  o f  d isease in te n s ity  showed a 

s ig n if ic a n t  decrease a fte r  the monsoon in  a l l  the 

cu lt iv a rs  studied . , The mean redu ction  was 0.01:8 per
I

cent fo r  the cu lt iv a r  Vazhukka, 0*017 per cent f o r  

Malabar and 0.019 Per cen t fo r  Mysore. I t  cou ld  be 

noted from the r e s u lts  o f  plant an a lysis  (T able-13) 

that th is  redu ction  in the s o i l  n itrog en  content
I

a fte r  the, monsoon was not associa ted  with a corresponding 

Increase in  the content o f  plant n itrogen .
i *

The reduction  in  the s o i l  n itrogen  content could 

be accounted by the increased  crop demand during the 

monsoon period f o r  the production  o f  more o f  vegeta tive  

matter by way o f  new shoots and t i l l e r s .  A dditional 

n itrogen  i s  also necessary f o r  the development o f  the
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capsules which emerge during th is  period . K ulkam i 

(1971) reported  a higher demand o f  the cardamom plant 

fo r  n itrogen  and potassium fo r  the development o f  

capsu les. She redu ction  in  the s o i l  n itrogen ' content 

observed a fte r  the monsoon could thus be Jbhe r e s u lt  

o f  an increased  ra te  o f  absorption  by the plants f o r  

the development o f  green matter as w e ll as fo r  

capsules which are formed during the monsoon period.

The mean n itr o g e n . content o f  the plant samples, 

though n ot s ig n i f ic a n t ,  also showed a reduction  a fter  

the monsoon (T a b le -1 3 ). This cou ld  p a rtly  be a r e s u lt  

o f  the tra n s loca tion  o f  n itrogen  from the lea v es  to 

the develop ing capsules which are formed during th is  

p e r io d .; Kulkarni (1971) had reported  that about

0.122 kg o f  n itrogen  was removed fo r  each kilogram  

o f  dry capsules produced.

The low ering o f  plant n itrog en  content can 

p oss ib ly  be also due to a d ilu tio n  e f f e c t  in  the plant 

consequent to the emergence o f  fre s h  t i l l e r s  and oth er 

v eg e ta tiv e  Parts during the monsoon period .

5 .2 .2 .2  Phosphorus.

I t  was seen that the a v a ila b le  phosphorus content 

o f  s o i l s  was not s ig n i f ic a n t ly  d if fe r e n t  around the
Ji " *

plants at d if fe r e n t  in te n s it ie s  o f  the d isease  (T a b le -6 ). 

I t  cou ld  be considered  th a t , l ik e  n itrog en , the a va ila b le
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phosphorus content o f  the s o i l  may Play o n ly  a minor 

r o le  in  the development o f  d isease symptoms. The 

content o f  phosphorus was also not s ig n i f ic a n t ly  

d if fe r e n t  among plants at the d if fe r e n t  in t e n s it ie s  

o f  the disease..

Compared to the healthy p lan ts , a gradual redu ction  

in  the content o f  phosphorus was n o tice d  in  the lea ves  

o f  p lants a ffe c te d  by the d isease  (T a b le -1 4 ). Although 

th is  reduction  was not s t a t i s t i c a l ly  s ig n i f ic a n t ,  i t  

may poin t e ith e r  to a le s s e r  absorption  ra te  o r  a poor 

u t i l i s a t io n  cap acity  o f  the plants associa ted  v/ith an 

Increase in  the se v e r ity  o f  the d isea se . This con d ition  

can also be a r e s u lt  o f  an increased  u t i l i s a t io n  o f  

h igh .energy phosphates o f  ATP m olecules to overcome the 

s tre ss  con d ition  4n the plant.

The e f f e c t  o f  season in  enhancing the a v a ila b le  

phosphorus content o f  the s o i l  was found to be 

in s ig n if ic a n t  (T a b le -6 ) . Even though there was, a 

p o s s ib i l i t y  o f  .more o f  phosphorus coming in to  the 

a v a ila b le  p oo l, due to the seasonal e f f e c t s  lead in g  to 

an enhanced ra te  o f  m in era liza tion  o f  orga n ic  phosphorus 

and d is s o lu t io n  o f  in so lu b le  in organ ic phosphorus 

co mpoundsjton a va il able form s, no in crease  in  the 

a v a ila b le  phosphorus content o f  the s o i l  was n o tice d  

a fte r  the ra in s . The a d d ition a l phosphorus requirement
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f o r  the v eg e ta tiv e  f lu sh  formed during th is  period  

would have come mainly from th is  source and hence no 

in crea se  in  the a va ila b le  phosphorus content o f  s o i l s  

cou ld  be n o tice d . Kulkarni (1971) reported  that the
i

phosphorus requirement o f  cardamom was on ly  very 

l i t t l e  compared to the requirements o f  oth er major 

n u tr ien t elements l ik e  n itrogen  and potassium.

The absence o f  a s ig n if ic a n t  d iffe re n ce  in  the 

content, o f  phosphorus in  the s o i l  as w ell as in  plant 

which are severe ly  in fe c te d  by the d ise a se , e lim in ates 

the p ro b a b ility  o f  th is  element a ctin g  as a. d e c is iv e  

fa c to r  in  the in ciden ce  o f  chenthal d isea se .

5 .2 .2 .3  Potassium.

The content o f  exchangeable potassium o f  the s o i l s  

d id  n ot vary much.at d if fe r e n t  le v e ls  o f  d isease  in te n s ity  

in  any o f  th e ,th re e  s it e s  se le cte d  f o r  the study (T a b le -7 ). 

However > the plant potassium content at d if fe r e n t  stages 

o f  d isease in te n s ity  expressed a s t a t i s t i c a l l y  s ig n if ic a n t  

v a r ia t io n . In  the healthy plants the potassium content 

was 2 .6 6 , 2 .48 and 2.61 per cen t w hile in  the 

corresponding sev ere ly  in fe c te d  p lants i t  was 2 .1 4 ,

2 .0 4  and 1.86 per cen t r e s p e c t iv e ly  fo r  the cu lt iv a rs  

Vazhukka, Malabar and Mysore (T a b le -1 5 ). The decrease 

in  the ilpotassium content was more prominent in  the 

cu lt iv a r  Mysore compared to  the oth er two. The decrease
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in  the potassium content observed in  the d iseased  plants 

(F ig .3 b ) d e f in it e ly  in d ica te  a le s s e r  ra te  o f ' absorption  

o r  a ss im ila tion  o f  th is  n u trien t in  such p la n ts . Potassium 

i s  known to be associa ted  w ith im parting d isease 

re s is ta n ce  to most crops (Agarwala and Sharma, 1976).

The low  content o f  potassium n o tice d  in  the diseased  

plants could be' presumed to have acted as a predisposing 

fa c t o r ,  making the plants more s u s c e p t ib le .fo r  the 

in ciden ce  o f  the d isea se . A lte rn a tiv e ly , the p h y s io log ica l 

con d ition  a ssocia ted  w ith the d isease might have a ffe c te d  

the uptake as w ell as tra n s lo ca tion  o f  potassium by, 

the p lan ts ’ re su lt in g  in  a low  status o f  plant potassium, 

as evidenced from the in v e rse .re la t io n sh ip  o f  the potassium 

content in plants with the se v e r ity  o f  the d isease .

A redu ction  in  the exchangeable potassium content 

o f  the s o i l s  was n o tice d  a fte r  the monsoon P e r io d (F ig .3 a ). 

This may be a ttr ib u ted  to the higher uptake o f  potassium 

fo r  the. production o f  new t i l l e r s  as ■ w e ll as development 

o f  capsules on the p a n ic les . N utrient uptake stu d ies  on 

cardamom conducted by Kulkarni (1971) showed that the 

crop requ ired  higher q u a n tities  o f  potassium at the time 

o f  pan icle : and capsule form ation . Further, one hectare 

o f  cardamom removed 52.11 kg o f  potassium from the s o i l  

w hile the corresponding fig u r e s  f o r  n itrogen  and phosphorus
■ If

were on ly  25.97 and 4.35 kg r e s p e c t iv e ly . The p a n ic le .
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husk and seed contained 3 .4 5 , 4.28 and 3 .72 per cent 

potassium r e s p e c t iv e ly .

A com paratively higher requirem ent o f  potassium 

by the cardamom plant i s  in d ica t iv e  o f  the d e c is iv e  

r o le  o f  potassium in  the n u tr it io n  o f  the p lant. As a 

s ig n if ic a n t  c o rre la tio n  between the in te n s ity  o f  the 

d isease and potassium content was obta in ed , the importance 

o f  potassium in  the development o f  the d isease cannot 

be ignored.

None o f  the c u lt iv a r s  showed any sea son -in ten s ity  

in te ra ction  in d ica tin g  that the d isease in ciden ce  i s  n ot 

a d ir e c t  r e s u lt  o f  the jo in t  a ction  o f  season and in te n s ity .

3 .2 .2 .4  Calcium and magnesium.

Exchangeable calcium  content o f  the s o i l s  around

the plants were n ot found to d i f f e r  s ig n i f ic a n t ly  between
\

the d if fe r e n t  in te n s it ie s  o f  the d isease  or  between 

the two seasons studied  (T a b le -8 ). This may in d ica te  

a poor ra te  o f  removal o f  calcium  from the s o i l  f o r  the 

newly formed t i l l e r s  and capsu les.

The calcium  content o f  the plants d id  not d i f f e r  

s ig n i f ic a n t ly  at d if fe r e n t  le v e ls  o f  d isease  in te n s ity .

The seasonal v a r ia tio n  in  plant calcium  content was also 

n e g l ig ib le ,  though a l l  the plants su ffe red  a s l ig h t  

decrease a fte r  the monsoon (T a b le -1 6 ).
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The magiesium content o f  s o i l  and plant showed 

s ig n if ic a n t  d iffe re n ce s  w ith re sp e ct  to the d if fe r e n t  

le v e ls  o f  d isease in te n s ity  in  a l l  the three cu lt iv a rs  

o f  cardamom; a low magnesium status be in g  associa ted  

w ith d isease  a ffe c te d  plants and th e ir  corresponding 

s o i l s  (F ig .4 ) . The d iffe re n c e  in  the magnesium 

content o f  s o i l s  around healthy and d iseased  plants 

were 26 ppm fo r  the cu lt iv a r  Vazhukka, 18 ppm fo r  

Malabar and.21 ppm fo r  Mysore (T a b le -9 ) , w hile the
i

re sp e c tiv e  v a r ia t io n  in the plant magnesium contenth
was 0.071, Per cent f o r  the cu lt iv a r  Mysore (T a b le -1 7 ). 

The dim inution in  the ch lorop h y ll content o f
I

plants h eavily  a ffe c te d  by the d isease could be . 

a ttr ib u ted  to the lack  o f  supply o f  magnesium to the 

le a v e s , o r  to a degeneration  o f  ch lorop h y llou s t is s u e s . 

The decreased ra te  o f  photosynthesis found in  magnesium 

d e f ic ie n t  plants could  perhaps be la r g e ly  account f o r

in  term s'iof the known r o le  o f  magnesium as a con stitu en t
!

o f  ch lorop h y ll and in a ct iv a tio n  o f  severa l enzymes 

p a r tic ip a t in g  in  the dark re a c t io n s  in  photosynthesis 

(Agarwala and Sharma, 1976). however, the ty p ica l
i

magnesium d e fic ie n c y  symptoms as described  by Deshpande 

(1973) were not ev ident in  any o f  the p la n ts , except 

the ty p ic a l  brownish watersoaked le s io n s  o f  chemthal 

d isease on the lea v es  o f  in fe c te d  p lants. The low
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content o f  magnesium in  the diseased plants .togeth er 

w ith a low  content o f  exchangeable magnesium in  the 

s o i l s  o f  the a ffe c te d  plants were suggestive o f  

a lower le v e l  o f  magnesium uptake by the in fe c te d  

p lants compared to healthy ones. The low  magnesium 

content o f  p lants, presumably may act as a predisposing 

fa c t o r  f o r  the development o f  the d isea se . However, 

th is  has to be v e r i f i e d  by supplying magnesium sa lts
i

to the plant e ith er  through the s o i l  o r  as a f o l i a r  spray 

and n otin g  i t s  e f f e c t  on the in ciden ce  o f  the d isea se , 

by conducting su ita b le  experim ents.

A s ig n if ic a n t  redu ction  in  the echangeable . 

magnesium; content o f  the s o i l s  was n o ticed  in  a l l  the 

three lo c a t io n s  a fte r  the ra in s , although a corresponding
i

. increase 'in the plant magnesium content v/as not evidenced 

(Table 9 and 1 7 ). The redu ction  in  the exchangeable
i'

magnesium content o f  the s o i l  could  be la r g e ly  a ttr ib u ted  

to the very  high lea ch in g  lo s s e s  from the s o i l s  during 

monsoon period  as crop removal was found to be on ly  

n e g l ig ib le .  This i s  in  accordance w ith the fin d in g s  

o f  Kulkarni (1971') that the requirement o f  magnesium 

fo r  cardamom v/as on ly  meagre, compared to oth er n u tr ien ts

5 .2 .2 .5  Iro n , manganese and z in c .

The-; exchangeable ir o n , manganese and z in c  content 

o f  the s o i l s  around plants at d if fe r e n t  le v e ls  o f  d isease
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in te n s ity  did not d i f f e r  s ig n i f ic a n t ly  in  an y .o f the 

three cu lt iv a rs  studied. However, there was an in crea sin g  

trend in the exchangeable iron  and manganese content 

a fte r  the monsoon which could be a ttr ib u ted  to the 

r e la t iv e  accumulation o f  these elements as a r e s u lt  

o f  heavy leach in g  o f  o th er  bases, a ty p ica l c h a ra c te r is t ic  

o f  humid t r o p ic a l  s o i l s  (Tables 10 and 1 1 ). The plant 

content o f  iro n , manganese and z in c  also showed no 

s ig n if ic a n t  v a r ia tio n  with the season or  in te n s ity  o f  

th@ d isease  in d ica tin g  that these p lant n u trien t 

elements were not d ir e c t ly  involved  in  the development 

o f  the d isease .

 ̂  ̂ Cation Ratio s

The K /(C a + Mg) and K/Mg r a t io s  o f  the s o i l  at 

the th ree  d if fe r e n t  s i t e s  in d ica te  a decreasing trend 

w ith the se v e r ity  o f  the disease in cid en ce  (F ig .5 ) ,  

However, the decrease was s t a t i s t i c a l ly  n ot s ig n if ic a n t  

fo r  any o f  the lo c a t io n s . The decreasing  trend could 

be a ttr ib u ted  to  an imbalance in  the ra tio  e ith e r  due 

to an increased  u t i l i z a t io n  o f  one element over the 

o th ers or  due to a s h i f t  lin: the concentration  o f  one 

o f  the elements from the exchangeable pool to u navailable  

pool.

A sim ilar trend was shown by the d if fe r e n t  cu lt iv a rs  

also fo r  the. K/(Ca+Mg) and K/Mg r a t io  in  the plants 

(F ig .5 ) .  Thus i t  would be concluded that a s h i f t  in
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the c a t io n ic  r a t io  might have helped in  the development 

o f  the d isease o r  the development o f  the d isease  i t s e l f  

might have: a lte red  the c a t io n ic  balance in  the plants 

r e s u lt in g  in  a s h i f t  in  the r a t io .  In  e ith e r  case* 

the d isease  was found to he associa ted  w ith an imbalance 

in  the r a t io  o f  potassium and magnesium in  the s o i l
i

as w e ll as plant.

5 .4  C orre la tion  stu d ies between crop y ie ld  and n u tr ie n t fa c to r s

The d if fe r e n t  s o i l  and plant n u trien t fa c to r s  were
t

found to be d ir e c t ly  co rre la ted  w ith the y ie ld  o f  cardamom 

in  a l l  th e1 three cu lt iv a rs  (T a b le -2 2 ).

The Des"C correia 'cion  wiuh the y ie ld  w as.obtained 

fo r  phosphorus.both in  the s o i l  ( r  = 0 ,6 6 6 , 0.743 and

0.626 r e s p e c t iv e ly  fo r  Vazhukka, Malabar and Mysore
11

cu lt iv a rs ) * and in the plant ( r  = 0 .9 8 8 , 0,847 and 0.869 

fo r  Vazhukka, Malabar and Mysore c u lt iv a r s  r e s p e c t iv e ly ) 

ind icating- that in  s p ite  o f  the low requirement o f  th is
ii

elem ent, cardamom y ie ld s  were h igh ly  in flu en ced  by  the 

content of; phosphorus in the s o i l  as w e ll as in  the p lant.

The occnangeaDie iron  gave f a i r l y  good co rre la t io n
1

f o r  the cu lt iv a rs  Malabar and Mysore ( r  »  0.525 and 0.630
1-

re s p e c t iv e ly ) w hile the cu lt iv a r  Va2hukka showed good
i

co rre la t io n  with potassium ( r  = 0 .528) next to phosphorus. 

However, in  a l l  the cases exchangeable calcium  and z in c
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were round to be not co rre la ted  w itn tn e  y ie ld  o r  ,
<!!

cardamom in d ica tin g  the poor r o le  o f  these n u trien ts  

in  d ecid in g  the y ie ld  o f  the crop0

The d i f fe r e n t  cu lt iv a r s  in d ica ted  d i f fe r e n t ia l  

a sso c ia tio n  between th e ir  y ie ld  and plant content o f  

n itrog en , .potassium and magnesium., A ll the cu lt iv a rs  

showed d ir e c t  c o rr e la t io n  between the y ie ld  o f  capsules 

and the pl:ant content o f  iron  and z in c  in d ica tin g  that 

these n u trien ts  alas may have an in flu en ce  on .the 

production  o f  capsu les.

5 .5  E f fe c t  o f  i-Light in te n s ity  on the in cid en ce  o f  Chenthal -'

d isease

The re s u lts  (.Table 23) in d ica ted  th at as the 

in te n s ity  !o f l ig h t  f a l l in g  o n 'th e  plant in creased , there 

was a s ig n if ic a n t  in crease  in  the in cid en ce  o f  the 

d isea se . This r e s u lt  i s  in  accordance w ith the rep ort 

o f  George ;(1978) that the chenthal d isease  was found 

to be more severe in  th in ly  shaded areas.

I t  i s  wallknown that cardamom i s  a shade lo v in g  

plant which p re fers  d iffu se d  su n ligh t. Hence higher 

l ig h t  in t e n s it ie s  might have produced some p h y s io lo g ica l 

derangenieiia in  the plant lead in g  to  the development o f  

the symptoms o f  chenthal d isease .
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SUMMARY AND CONCLUSIONS

An In v estig a tion  was carried  ou t to study the 

n u tr it io n a l status o f  the s o i l  and plant In  r e la t io n  tolil
the incidence! o f  chenthal d isease  in  three c u lt iv a r s  o f  

cardamom v iz .*  Vazhukka, MaLabar' and Mysore, a t the 

C ollege o f  A g ricu ltu re , V e lla ya n i. S o i l  and p lant samples
i

fo r  the study were c o l le c t e d  from the cardamom p lan tation s 

in  the High Ranges o f  Idukki d i s t r i c t  o f  K erala  S tate during 

the periods March,1982 (pre-m onsoon period ) and September,i r
1982 (post-m onsoon p e r io d ).

The p lants wore ca tegorized  in to  fou r  d isease 

in te n s ity  groups v i z . , healthy , low , medium and high based 

on  the score  |;chart prepared ( F i g . i ) .  Twenty plant samples from 

each category  o f  the d isease  in te n s ity  and th e ir  corresponding
i

s o i l s  were c o l le c t e d  fo r  the th ree  cu lt iv a r s  during the 

pre-monsoon and po st-monsoon periods. These samples vjere 

analysed by su ita b le  a n a ly tica l techniques to assess th e ir  

content o f  N, P, K# Ca, Mg, Fe, Mn and Zn. The data was 

subjected  to s t a t i s t i c a l  an a lysis  to  b rin g  ou t the 

a s so c ia t io n  between these n u trien ts  and d isease  in te n s ity  

during the two seasons. C orre la tion  between these n u trien ts  

and y ie ld  o f  i cardamom were a lso  worked o u t .

The important r e s u lt s  and con clu sion s drawn from the
ii

study are summarised hereunder,
!j

1 . The growth ch aracters such as number o f  t i l l e r s  and
■ i



number o f  pan icles per clump did  n ot express any v a r ia tio n
I i

with, the in te n s ity  o f  the d isease  in d ica tin g  th at the 

d isease could  n ot produce any marked redu ction  in  the 

number o f  t i l l e r s  o r  p a n ic les . However, the y ie ld  o f  

cardamom (b oth  number and weight o f  green capsu les per 

clump) showed a decrease with the se v e r ity  o f  the d isea se . 

The reduction!; in  the number and weight o f  capsu les per 

clump o f  sev ere ly  a ffe c te d  plants over the healthy plants 

were 8 .29  and 7 ,19 per cent f o r  the c u lt lv a r  Vazhukka 

8.88 and 10.27 per cent f o r  Malabar and 12.25 and, 13.09 

per cent f o r  Mysore cu lt iv a rs , r e s p e c t iv e ly . However, 

th is  redu ction  in  y ie ld  was n ot s t a t i s t i c a l l y  s ig n i f ic a n t .

2 , T ota l n itro g e n , a va ila b le  phosphorus,.exchangeable 

jpotassium, calcium , .iro n , manganese and z in c  o f  the s o i l s  

were not found to  in flu e n ce . the development o f  the 

d isease in  .any o f  the cu lt iv a rs  stu d ied . The content o f  

nitrogen, phosphorus, ca lcium , ir o n , manganese and z in c
i

also were more o r  l e s s  sim ilar in  a l l  the plants at 

d ifferen t: l e v e ls  o f  the d isease in d ica tin g  th e ir  minor 

r o le  in  the development o f  the d isease symptoms.

3. Although the exchangeable potassium content o f  the 

s o i l  was not s ig n i f ic a n t ly  d i f fe r e n t ,  the p lant content 

o f  the element recorded a decrease v/ith an in crease  in  

the d isea se  in te n s ity . Hence i t  may be presumed that 

potassium could be associa ted  with the d isea se .
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4. Exchangeable magnesium content o f  the s o i l s  showed 

a decrease wilih the s e v e r ity  o f  the d isease  in  a l l  the 

cu lt iv a r s . S im ila r ly , the plant magnesium content also
r ,

showed decreasing trends w ith the in crease  in the in te n s ity  

o f  the d isease  in d ica tin g  that magnesium may probably be 

associa ted  w ith the in ciden ce  o f  the d isea se .

5 . The monovalent to  d iva len t r a t io  (K/Ca+Mg) ra t io  

o f  both the s o i l  and p lant narrowed w ith the s e v e r ity  o f  

the d isea se . !.A s l ig h t  in crease  in  the r a t io  was n o ticed  

in  the sev ere ly  a ffe c te d  p lants. K/Mg ra t io  o f  the s o i l  

and plant also showed s im ilar trends. Hence i t  may be 

in fe rre d  thal ihe d isease was probably a ssocia ted  w ith an 

imbalance in  the monovalent to d iva len t c a t io n ic  r a t io .  

However, whether the development o f  the d isease  was a r e s u lt  

o f  an imbalance in  the r a t io  o r  an imbalance in  the ra t io  

resu lted  in  the d isease development could n ot be revea led  

from the r e s u lts ,

6. .. C orre la tion  stu d ies between the y ie ld  and n u trien t 

status o f  s o l i  and plant revea led  that among the d if fe r e n t  

n u tr ie n t , phosphorus was w ell co rre la ted  w ith the y ie ld  o f  

cardamom in  fin the- cu lt iv a r s . The d if fe r e n t  c u lt iv a r s  

expressed d i f fe r e n t ia l  response to  oth er n u tr ien ts  with 

th e ir  y ie ld . The c o r r e la t io n  between the variou s n u tr ien ts  

in  the s o i l  and plant w ith th e ir  y ie ld s  fo r  the three 

cu lt iv a rs  can be ranked as fo llo w s :
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S o li  n u tr ien t fa c to r s .

C u ltivar Vazhukka

C ultivar Malabar

C ultivar Mysore

P>K> Fe>M g>Zn>Ca>M n> N 

P > F e > N > M n>Zn>C a>  Mg>K 

P>Fe>Mn>K >N>Mg>Zn J>Ca

Plant n u trien t fa c t o r s .

C u ltivar Malabar

C u ltivar Vazhukka

C ultivar Mysore

-  P>Mg>Fe>Ca>W >K>Zn  >Mn

-  P>K >N >Fe >Mn >Mg>Zn> Ca

-  P > N > C a > M g > K > F e  >Zn>Mn

7.  The observation s made to study the e f f e c t  o f  l ig h t  

on the In ten s ity  o f. the d isease  revea led  th a t , the d isease  

was most severe with the; plants r e ce iv in g  maximum su n ligh t 

w hile the. plants growing under shaded co n d itio n s , were

com paratively fre e .fro m  the d isea se . This shows that
a. i

l i g h t  p lays an important r o le  in  aggravating the d isease 

and s tre sse s  the importance o f  shade in  cardamom p lan tation s.

In general.from , the re su lts  o f  the present study 

no^hutrient fa c to r s  could  be ascribed  as a predisposing 

fa c to r  fo.r the inciden ce o f  the d isea se . The development
i

o f  the d isease could o n ly  be co rre la ted  with an imbalance 

in  the K and Mg content in  the p lant. A s h i f t  in  the 

ra tio  o f  K and Mg might have a ffe c te d  the m etabolic 

a c t iv i t ie s  o f  the plant re su lt in g  in  the development o f  

the d isease „or the d isease  might have a ffe c te d  the 

u t i l i s a t io n ;  pattern o f  the pl'ant lea d in g  to a s h i f t  in 

th e ir  ra t io i.
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Based on the fin d in g s  o f  the present study, the 

fo llo w in g  l in e s  o f  work can be taken up.

1 . S tudies on the e f f e c t  o f  potassium and magnesium in  

d if fe r e n t  r a t io s  on the d iseased  plants by supplying 

them e ith er  as a f o l i a r  spray or as a s o i l  treatm ent,

2. L ight management stu d ies  in  the a ffe c te d  p lantations 

to reduce the in te n s ity  o f  the d isease during summer.

3. S tud ies on the e f f e c t  o f  phosphorus in  in creasin g  

the y ie ld  o f  cardamom.
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APPENDIX - I
Analysis of Variance Table - Growth characters of cardamom

Growth
characters

Source df
Mean Squares f o r  cu lt iv a rs  

Vazhukka Malabar Mysore

Number o f 
t i l l e r s /

D isease
in te n s ity 5 7 .0 18.5 95.1

clump
Error 76 18.1 11.6 1589.4

Number o f 
p a n ic le s /

Disease
in te n s ity 3 1 .4 2.6 4 .4

clump
E rror 76 51.4 23.6 13.9

Number o f  
ca p su les /

D isease
in te n s ity 3 29203.6 28157.4 26127.5

clump
E rror 76 41716.5 29385.9 31576.2

Itf e igh t o f  
cap su les /

D isease
In ten s ity 3 9056.8 18563.2 15127.0

clump

Error 76 19888.7 1226389.3 16136.7



APPENDIX - II

Analysis of Variance Table - Soil pH

Source d f Mean Squares f o r  cu lt iv a rs

Vazhukka Malabar Mysore -

D isease
in te n s ity 3 0.0437 0.0230 0.0160

Season 1 0.0040 0.0040 0.0640

Season x 
in te n s ity 3 0.0603 ' 0.0160 30.0240

E rror 152 0.0319 . 0.0152 0.1481

APPENDIX -  I I I
Analysis o f  Variance Table -  E le c t r ic a l  con d u ctiv ity  o f  s o i l #

Source d f Mean Squares f o r  cu lt iv a rs

■ ■ Vazhukkai Malabar Mysore

D isease
in te n s ity 3 0.0010 0.0037 0.0027

Season 1 0.0040 0.0040 0.0010

Season x ' 
in te n s ity 3 0.0067 0.0027 0.0037
Error 152 0.0048 0.0091 0.0100



APPENDIX-IV
Analysis of Variance Table - Percentage nitrogen in the soil

Source d f Mean Squares f o r  cu lt iv a rs

Vazhukka Malabar ■ - Mysore

D isease
in te n s ity 3 0,00140 0,00120 0,000691

Season 1 0.01030* 0.01120* 0.01440*

Season x  
In te n s ity 3 0,00060 0,00030 0,00002

Error 152 0.00190 0.00230 0.00260

APPENDIX. -  V

Analysis o f  V ariance Table -  A vailable phosphorus in  
the s o i l  (ppm)

Source df Mean Squares f o r  cu lt iv a rs

. Vazhukka - ■ Malabar Mysore 1 •

Disease
in te n s ity 3 31.0383 29.6185 12.8510

Season 1 67.2209 20.4776 8.5748

Season x 
In te n s ity 3 5.5309 0.5267 0.0577

Error 152 38.2647 38.8133 54.9103

S ig n ifica n t  a t 5% l e v e l .



APPENDIX -  VI

Analysis o f  Variance Table -  Exchangeable pot^assium 
in  the s o i l .

Mean Squares fo r  cu lt iv a rs
source Of

Vazhukka Malabar Mysore

D isease
in te n s ity 3 2382.7560 594.3896 1169.2250

Season 1 8023.0560* 3159.5062* 6943.2250*
Season x 
In ten s ity 3 282.4730 99.6567 77.6250

Error 152 1179.2330 611.8490- 1668.9066

APPENDIX -  VII

A nalysis o f  Variance Table -  Exchangeable calcium  
in  the s o i l  (ppm)

Source d f
Mean Squares fo r  cu lt iv a rs

Vazhukka Malabar Mysore

Disease
in te n s ity 3 2338,5230 977.2067 399.7733

Season 1 465.8060 369.0562 955.5062

Season x 
In te n s ity 3 6.9410 11.1079 6.1226

Error 152 2354.9290 455.2878 708.1296

* S ig n if ica n t  at 5% l e v e l .



APPENDIX - VIII
A nalysis o f  Variance Table -  Exchangeable magnesium 
in  the s o i l  (ppm)

Source df Mean Squares f o r  c u lt iv a r s

Vazhukka - Malabar Mysore

D isease
in te n s ity 3 4525.4750** 2362.5900* 3016.1583

Season 1 4622.5000** 3657.6562"" 4473.2250*

Season x  
In ten s ity 3 6160.6920* 38.3560 2.0250

Error 152 955.9210 384.0500 778.0070

appendix -  IX

A nalysis o f  Variance Table -  Exchangeable Iron  in  
the s o i l  (ppm)

i

Mean Squares fo r  cu lt iv a rs
t

Vazhukka ' Malabar Mysore

D isease
in te n s ity 3 75.1420 13,6729 313.6062

Season 1i; 22.5000 41.0062 345.1562

Season x
I n to i  s i  ty 3 3.3170 17,3062 3.1062

Error 152 134,6150 270.5832 272.5168

* ft* s ,ev<:l
** fgntftovrf «fc 1 'f- Ifivef



Analysis o f  V ariance Table -  Exchangeable manganese 
in  the so i l  ( ppm) .

APPENDIX - X

Source
i

d f Mean Squares f o r  c u lt iv a rs

- Vazhukka Malabar Mysore

D isease
in te n s ity 3 480.1080 1050.2733 1300,0067

Season 1 108.9000 357.0062 701.4062

Season x 
Intens i t y 3 13.3840 792,3534 4.8393

E rror 152 296.2990 603.1845 617.2615

APPENDIX _~XI

Analysis o f  Variance Table -  Exchangeable z in c  in  
the s o i l  (ppm);:

Source d f Mean squares f o r  cu lt iv a rs

Vazhukka' Malabar ■ Mysore

D isease
In te n s ity 3 107.2060 742.3729 656.6750

Season. 1 61.2560 299.7562 372.1000

Season x  
In te n s ity 3 37,1070 34.1230 3.7167

Error 152 243.0260 2692,0080 294,6760



appendix -  x i i
A nalysis o f  Variance Table -  Percentage n itrog en  in  the p lant

Source d f
Mean Squares f o r  cu lt iv a rs

Vazhukka^ Malabar Mysore

Disease
in te n s ity 3II'

0.11350 0,03450 0.00620

Season ,1 0.07400 0,04690 0,05780

Season x 
In te n s ity 3 0,00470 0,00030 0.00140

Error 152
n

0.14210 0.118490 0.11760

■APPENDIX - X III

Analysis o f  Variance Table -  Percentage phosphorus in  
the plant.

Source d f Mean Squares fo r  cu ltivars^

Vazhukka Malabar Mysore

D isease
in te n s ity

-i

3 0.001600 0,001650 0,003013

Season 1 0.000160 0.000060 ,0.000159

Season x 
In te n s ity 3 0.000100 0.000003 0.000007

Error 152 0.001220 0.000968 0.001216



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

Source d f Mean Squares fo r  C u ltivars

Vazhukka Malabar Mysore

Disease
in te n s ity 3 2.3937 1.5181 5,7276**

Season 1 5.8906 6.4802 5.5131**

Season x  
In te n s ity 3 0.0030 0.0044 0.0684

Error 152 0.2464 0.1636 0.1624

APPENDIX -  XV
Analysis o f-V a rian ce  Table -  Percentage calcium  in  the plant

Source df Mean Squares fo r  cu lt iv a r s

Vazhukka Malabar Mysore

Disease
in te n s ity 3 0,07020 0,00760 0.00500

Season 1 0.00300 0.00340 0.00860

Season x  
In te n s ity 3 0.00430 0,00023 0.00060

Error 152 0.03230 0.02060 0.00378

** S ig n ific a n t  at 1% l e v e l .



APPENDIX - XVI
Analysis of Variance Table - Percentage magnesium in the planl

Source d f Mean Squares f o r  cu lt iv a rs

Vazhukka Malabar Mysore

Disease
in te n s ity 3 0.0225* 0.0616?* 0.0623

Season 1 0.0041 0,0062 0.0108

Season x 
in te n s ity 3 0.0002 0.0003 0.0006

Error 152 0.0074 0.0136 0.0127

APPENDIX -  XVII

Analysis o f  Variance Table -  Iron  content in  the plant (ppm)

Source df Mean Squares f o r  c u lt iv a rs

Vazhukka Malabar Mysore

Disease
in te n s ity 3 1058,8417 108.0000 650.8250

Season 1 93.0250 547.6000 562.5000

Season x 
In te n s ity 3 20.7417 16.5667 1.3333

Error 152 828.2842 1017.8530 724.1303

* S ig n if ic a n t  at 5% l e v e l .
** S ig n ifica n t  at “]% le v e l



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

APPENDIX - XVIII

Source d f Mean Squares fo r  cu lt iv a rs

Vazhukka Malabar Mysore

D isease
in te n s ity 3 242.8853 290.8562 1563.4080

Season 1 189.2250 522.0062 275.6250

Season x  
In te n s ity 3 0.7750 27,9563 10.8750

Error 152 1577.2428 1298.9707 1360.2260

APPENDIX -  XIX

Analysis o f  Variance Table -  Z inc content in  the p lant (ppm)

Source d f Mean Squares f o r  c u lt iv a rs

Vazhukka Malabar Mysore

Disease
in te n s ity 3 465.4167 36.4417 299.2229

Season 1 193.6000 403.2250 668.3062

Season x  
In te n s ity 3 0.7833 21.2417 28.3396

Error 152 2043.1375 480.0332 1745.2550



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

Source d f ' Mean Squares fo r  c u lt iv a rs

Vazhukka Malabar Mysore

D isease
in te n s ity 3 0.00090 0.00008 0.00030

Season 1 0,00220 0.00100 0.00150

Season x 
In te n s ity 3 0,00170 0.00002 0.00030

Error 152 0.00080 0.00044 0.00090

APPENDIX -  XXI

Analysis o f  Variance Table -  S o il  K/Mg r a t io

Source d f - Mean Squares fo r  cu lt iv a rs

Vazhukka - Malabar Mysore

Disease
in te n s ity 3 0,1576 0,0542 0.0310

Season 1 0.7854 0.3394 0.9533

Season x 
In te n s ity , 3 0.0181 0.0119 0.0350

E rror 152 0.3599 0.1271 0.2676



- APPENDIX - XXII
Analysis of Variance Table - K/(Ca + Mg) ratio in the plant

Source d f
Mean Squares fo r  c u lt iv a n

azhukka -Malabar Mysore

Disease
in te n s ity 3 0.1802 0.1865 . 0.5778**

Season 1 0.1893 o . 3065 0.5073

Season x 
In ten s ity 3 0,0008 0,0463 0.0100
Error 152 0.0164 0.0175 0.0139

* S ig n ifica n t  at 5% l e v e l
* S ig n ifica n t at "[% le v e l

APPENDIX XXIII 

Analysis o f  Variance Table -  K/Mg ra t io  in  the plant

Source d f Mean Squares f o r cu lt iv a r s

Vazhukka Malabar Mysore

Disease
in te n s ity 3 1,0047 0,6694 0.4933

Season 1 3.6117* 5.1922 2,4431

Season x 
In te n s ity 3 0,0466 0.0279 0.2820

Error 152 0.6168 0.3633 . 0.3657

* S ig n ifica n t  at 5% le v e l
** S ig n ifica n t  at 1% l e v e l .



APPENDIX - XXIV
Analysis of variance Table - Effect of light intensity
on the disease.

Source df - Mean Squares

'&4t>
Disease intensity 3 1726.991

Lieht intensity 2 1223.583

Disease x light
intensity 6 474.657*

Error 24 66.0279

Significant at 5% level 
** Significant at 1% level



NUTRITIONAL STATUS OF SOIL AND PLANT 
IN RELATION TO THE INCIDENCE OF 
CHENTHAL DISEASE OF CARDAMOM

K. N. DILEEP KUMAR B.Sc. (Ag.)

ABSTRACT OF A THESIS 

Submitted in partial fulfilm entof the requirement for the degree 

MASTER OF SCIENCEHN AGRICULTURE  

FACULTY OF AGRICULTURE  

■ KERALA AG RICU LTU RA L UNIVERSITY

Department of Soil Science and Agricultural Chemistry 

College of Agriculture 

Vellayani, Trivandrum.

1983



ABSTRACT

An in v e s t ig a tio n  was ca rr ied  ou t at the C ollege  o f  - 

A g ricu ltu re , V e lla yan i, to study the n u tr it io n a l status 

o f  s o i l  and plant In r e la t io n  to the in cid en ce  o f  chenthal 

d isease in  three major cu lt iv a rs  o f  cardamom v i z . , Vazhukka, 

Malabar and Mysore. S o il  and plant sample's f o r  the study 

were c o l le c t e d  from the cardamom p lantation s in  the High 

Ranges o f  Idukki d i s t r i c t  o f  K erala  S tate  during March,

1982 (Pre-monsoon period) and September, 1982 (Post-monsoon 

period)

The plants were ca tegorized  in to  fo u r  d isease  in te n s ity  

groups based.on a score chart* Twenty p lants were id e n t i f ie d  

as ob serva tion a l p lants f o r  a cu lt iv a r  from each category  

o f  the d isease In te n s ity  and th e ir  growth and y ie ld  characters 

were stu d ied . Plant and s o i l  samples c o l le c t e d  from a l l  the 

ob serva tion a l p lants during the pre and post-monsoon periods 

were analysed fo r  th e ir  content o f  N, P, K, Ca, Mg, Fe,

Hn and Zn,

The r e s u lts  o f  the study revea led  that a l l  the 

cu lt iv a r s  o f  cardamom showed a decreasing trend in  th e ir  

y ie ld  w ith the sev er ity  o f  the d isea se , w ithout showing 

any seriou s  d iffe re n ce  in  the number o f  t i l l e r s  o r  number 

o f  pan icles per clump.

Exchangeable magieslum confcant o f  the s o i l s  as w ell 

as potassium and magnesium ‘ content o f  p lants recorded a 

decrease w ith the se v e r ity  o f  the d isease  In d ica tin g  a



d e fic ie n c y  o f  these elements being  p o ss ib ly  associa ted  

w ith the in ciden ce  o f  the d isea se . Hcwever, s o i l  and 

plant content o f  other n u trien t elements such as N, P,

Ca, Fe, fin and Zn were not found to in flu en ce  the development 

o f  the d isease .

The K/(Ca+Mg) and K/Mg r a t io s  in  the s o i l  and plant 

at f i r s t  narrowed with the sev er ity  o f '  the d isease but, 

showed a s l ig h t ly  in crea sin g  tendency with the h igh ly 

in fe c te d  plants in d ica tin g  an imbalance in  the ra tio  o f  

monovalent and d iva len t ca tion s  in  the diseased  p lants.

C orre la tion  stu d ies between the y ie ld  o f  cardamom 

and s o i l  and plant n u trien t status in d ica ted  th at among 

the variou s n u trien ts  y ie ld  was w ell co rre la ted  with 

phosphorus content in the s o i l  and p lant. A ll  the three 

cu lt iv a r s  showed a d i f fe r e n t ia l  response o f  y ie ld  to • 

o th er  n u tr ien ts .

The observation s made from the study on the e f f e c t  o f  

l ig h t  in te n s ity  on the development o f  the d isease  showed 

that the d isease was most severe in  the plants exposed to 

su n ligh t w h ile , the plants growing under shaded con d ition s 

were com paratively fr e e  from the d isease emphasising the 

importance o f  shade f o r  cardamom.

The fin d in g s  from the present work suggest the need

fo r  fu rth er stu d ies on the e f f e c t  o f  phosphorus in

in crea sin g  the y ie ld  o f  cardamom, the e f f e c t  o f  K and Mg in

variou s r a t io s  on the co n tro l o f  the d isease as w ell as shade 
management fo r  p ro tection  o f  the crop from chenthal d isea se .


