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AIlSTRACT 

The nutrient analysis data of 123 samples obtained from cardamom-growing tracts in South India was compared 
with already wo rked out leaf nutrie nt diagnosi s and recommendation integrated system (DR IS) indices values to 
find out the dev iation limi tation of nutrients from corresponding criti cal concentrations. The result s revealed that 
74, 54, 50, 46, 43 , 41, a nd 38% leaf samples a nal yzed have Z n, K, P, Ca, Mg, C li and Mo concentrations 
below the required criti cal values, respecti vely. The limiting leaf nutrients were in the order Zn > K> P > Ca > Mg > 
Cu> Mo> Fe> Mn >N. Correlation analysis showed that the so il nutri ents at the base of cardamom plants are signifi cantl y 
and positive ly corre lated with so il nutrients at interspaces, leaf nutrients and cardamom yield . An increase in so il 
p H resulted in increased avai lability of soil Ca, Mg and B. Soi l organic carbon increased leaf N content , while leaf 
Cn increased leaf Mo content. Soil ava ilable P, K, C li and leaf C li were significantl y and positive ly correlated 
wi th cardamom yie ld . 
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Cardamom (Elettaria ca rdam olllllfll M ) is mainl y 
cultivated in warm humid and high rainfall regions, especially 
on the slopes of western Ghats of South India at an elevation 
ranging from 800 to 1300 m above mean sea level. The 
productivity of cardamom in India is low (174 kg/hal 
COmpared to Gualemala (3 15 kg/ha), the main compctilor to 

The low producti vity is mainly attributed to poor so il 
imbalanced manuring, poor management practices 

IOdisease incidences (Singh 2007). Though cardamom soils 
rich in organic malter, they are, in general , acidic, low in 

1OS!,horus and potassium (Thomas and Kuruvilla 2007). 
the rate of decomposition of organic matter and 

iIt~,V r,elp><pof nutrients in cardamom soils is much slower 
.ss;ociation of forest trees and consequent low mean 

temperature . Diag nos is and reco mme ndation 
sYSlem (OR IS) indices for cardamom leaves were 

out by Sadanandan el al. (2000) . Krishnakumar 
recommended a fertili zer doseof75: 75: 150 

under rain fed cond ition for an yield realization 
kg/ha . Benefi c ial effects of liming, zinc and 

I appH,oal ion on cardamom have also bcen demonstrated 
and Kuruvilla 2008). However very little work 

done to identify the nutrients that limit productivity 

officer, (E-mai l: hanlZa @spices. res. in); 2Sc nior 
I\t~mail :' vsrinivasan@spices. res.in); 3Senior Scienti st (E-

in cardamom , Hen ce, an attempt was made to identify 
the major yie ld-limiting nutrients in cardamom gardens 
which influence productivity and to find out the inter­
relatio nships among so il nutrients , lea f nutri ent s and 
cardamom yie ld . 

MATERIALS AN D METHODS 

Leaf nutrient analysis data of farmers' fields from major 
cardamom-growing areas of Soulh India (Idukki Dislricl, 
Kerala and Coorg District, Karnataka) were compiled . For 
the purpose fifth pair o f leaf in panicle initiati on tillers from 
plantations under normal management system was collected . 
A IOta I o f 123 dala were so oblained since 1995. To find oul 
the deviation of nut rients from corresponding critical 
concentrations, the nutrient analysis data were compared 
(Senlhil Kumar et al. 2006) wilh already worked oul leaf 
nutrient ORIS indices values of cardamom (Sadanandan et 
al. 2000). To find out the interrelationship among soil , leaf 
nutrients and cardamom yield, data o f 48 gardens ( 18 from 
Idukki and 30 from Coorg) for which cardamom yield data 
were available, were grouped separately and computed with 
respective leaf nutrient analys is data, soil nutrient analysis 
data (at base and interspaces of cardamom plants separately) 
and Pearson's correlation co-effi cient were worked out (S PSS 
v 10) to determine the interrelationships among soil properties 
at the base of cardamom plant and their relat ionship with 
cardamom yield. 
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Table 2 Correlations of soil chemical characters at the base of 
cardamom planls among themselves and with cardamom 
yield 

....-
June 2009) 

NUTRIENT STATUS OF CA RDAMOM G 
Table 3 C ARDENS 

orrelalions of soil chemical cf 
cardamom plants to II .' laraclers al the base of 

HH at IIHerspaces 
43 1 

Table 4 Populatioll of cardamolll gardell s having available leaf 
lI111ricllt COI/centratiolls below alld above corresponding 
crit ical values Soi l characters at the base Correlation 

Soil characters 
al the base Soil characters 

at imerspaces Correlation 
co·efficienl 

Correlalions of soi l chemical eln 
cardamom planls 10 thaI r I ' f < racters al the base of 

o ed and cardamom yield 
Population of cardamom gardens having available leaf 

nutrient concentrations below and above corresponding 
critical values is given in Table I . The results reveal that 74, 
54, 50, 46, 43 , 4 I, 3S, 30, 23, 6.5% leaf samples analyzed 
have shown Zn, K. P, Ca, Mg. Cu, Mo, Fe, Mn and N 
concentrati ons below th e requ ired criti ca l va lu es , 
respectively. This indicates that Zn, followed by K, P, Ca 
and Mg are the major yield-limiting nutrients in cardamom 
fields. Sadanandan el (II. (2000) reported wide variations in 
leaf nutrient status of cardamom fields, N from I .26-2.S I %, 
P 0.10--0.20%, K 1.0- 3.4%, Ca 0.60--1.3S% and Mg O. IS-
0.3 I %. Generally cardamom growing soi ls of South India 
have soil pH 4.7- 7 .0, CEC 8.6- 58.5 c mol (p+)/kg, organic 
ca rbon 3.3- 5.9%, P 2.5- 6.2 mglkg and low in K and 
micronutrients (Krishnakumar and Potty 2002). Thomas and 
Kuruvilla (200S) have reported decreasing suslainabilily of 
cardamom gardens due to climate change, increase in soil 
acidity, and decrease in organic matter, with wide spread zinc 
and boron defici encies. This may be because of Ihe high 
rainfall status of the region due to which leaching losses of 
soluble cations like K and Mg will be maximum, thereby 
making Ihe soil highly acidic. 

Table I Population of cardamom gardens 123 samples having leaf 
nutrient concentrations below and above corresponding 
critica l values 

Nutrient Critical value Samples below Samples above 
critical level* critical level* 

N 2.04 (%) 8 (6.5) 11 5 (93.5) 
p 0.15 (%) 61 (50) 62 (50) 
K 2.25(%) 67 (54) 56 (46) 
Ca 0.95 (%) 56 (46) 67 (54) 
Mg 0.25 (%) 53 (43) 70 (57) 
Pe 253 mglkg 37 (30) 86 (70) 
Mn 371 mglkg 28 (23) 95 (77) 
Zn 33 mglkg 91 (74) 32 (26) 
Cu 28 mg/kg 5 I (41) 72 (59) 
Mo 0.56 mglkg 15 (38) 104 (85) 

*percentage no, of samples in parentheses 

lllfer-relatiollships alllong soil chemical properties at the base 
of cardamom plants alld their relatioll to cardamom yield 
Pearson's correlation co-efficient were worked out to 

determine the inter-relationships among soil properties at the 

co-efficient ( I') 

Soil pH vs soil Ca 0.360* 
vs soil B 0.362* 

Soil CEC vs soil Fe - 0.299* 
vs soil Zn - 0.442** 
VS soil Cli - 0.354* 

Soil OC vs soil Ca 0.332* 
Soil P vs cardamom yield 0.6 15** 
Soil K vs so il Mn 0.373** 

vs so il Cli 0.363* 
vs cardamom yield 0.423 ** 

Soil Ca vs soil Mg 0.465** 
vs soil Cu 0.317* 

Soil Fe vs soil Mn 0.487** 
vs soil B - 0.290* 

Soil Zn VS soil Cli 0.667** 
Soil Cli VS cardamom yield 0.472** 

**P= 0.01 ;*P=0.05. 

and soil K was positively correlated with soil Mn and Cu 
Soil Fe was positi vely cOlTclated with soil Mn and negatively 
with soil B, Soil Zn was positively correlated with soil Cu 
Soil P, K and Cu levels were significantly and posilively 
correlated with cardamom yield, highlighting the importance 
of these nutrients on cardamom yield, 

Soil pH 

Soil CEC 

Soil OC 

Soil P 
Soil K 

Soil Ca 

Soil Mg 
Soil Fe 

SoilMn 

Soil Zn 

Soil Cu 

Soil B 

VS soil p H 
VS soi l Cli 
VS soil B 
VS soil Fe 
VS so il Zn 
VS soil Cli 
VS soil D,C 
VS soil Ca 
VS soil P 
VS soil K 
VS soil B 

vs soil O.C 
VS soil Ca 
vs soil Mg 
VS soil Mg 
VS soil Pe 
VS soil Mil 
VS soil B 
VS soil Fe 
VS soil Mil 
VS soi l Zn 
VS soil ell 
VS soil Zn 
VS soil CU 
VS soi l Fe 

" P- o - .01 ;* P = 0.05. 

0.3 11 * 
- 0.425** 
0.3 15* 

-0.43 1** 
-0.449** 
- 0.319* 
0.745** 
0.4 11 ** 
0.875** 
0.7 18** 
0.375** 
0.375** 
0.566** 
0.399** 
0,5 19** 
0.706** 
0.562** 

-0.290* 
0.413** 
0.612** 
0.648** 
0.469** 
0.608** 
0.89 1* 

-0.336* 

Relationships between soil chemical properties at the base was significantly and negativeJ 
and illterspaces of cardamom plants organic carbon at the bas~ 't/ ~ correlated with leaf Mn and 
The correlations of soi I chemical characters at the base of base shown very high COJTe~~~I , l eaf ~, Soil Fe and eu at the 

cardamom_plants to that of the inlerspaces are given in Zn Was 'vel ( Ions wull leaf Zn and Cu Leaf 
Table 3. It was found Ihal soil I,H al Ihe base of caralall1i61~J:llrowen y Correlaled wi lh leaf Mo d I . 

y significant ,,' an caf e u 
was significantly and positi vely correlated with soil pH and ctrdamom yic/d, ( POS itI ve correlation wilh 
B and negatively with soil ell availability in the interspaces, The Correlations showed th at 
Soil CEC at the base of cardamom was negatively correlated fhobase of cardamom plant ', n,10s ~ ~f Ihe soil nutrients at 
with soil Fe, Zn and Cli availability in the interspaces. Soil with that of inte s ale s l glll~l ca ntly and positively 
organic carbon, P, K, Ca, Mg, Fe, Mn, Zn and Cli at the bast and ea d rsp~ces sod nutrients as well as 

d ,( r amom YlCld F ' h . ' of cardamom was significantly and positively correlate In cardamolll g d , lIJ', er, the sod and leaf 
their respective levels in the interspaces indicating that A ' ar ens are Interrelated a 

, n Increase in pH and CEC ' <" mong 
lateral movement of the applied nutrients/fertili zers at basios IVB'lalJilil' of C M lesulted lfllllcreased 

Soil pH 
Soil OC 
Soil P 
Soil Pe 

Soil Mn 
Soil Cu 

LeafCa 
Leaf Pc 
LeafZn 
LeafCu 

Soi l characters 

VS leaf Mil 
VS leaf N 
VS leaf CU 
VS len f Mn 
VS leaf Zn 
VS leaf Mil 
VS leaf Mg 
VS leaf Fe 
VS leaf Mn 
VS leaf CU 
VS learMo 
VS leaf Zn 
VS leaf Mo 

VS cardamom yield 

** P 0.01 ; * P _ 0.05. 

The slep . r 

Correlal ion 
co-efficient 

- 0.351** 
0.742** 
0.29 1* 
0.325* 

- 0.379** 
0.3 18* 

- 0.336* 
-0.298* 
0.293* 

0.376** 
0.325* 
0.362* 

-0.376** 
00401 ** 

-Wise lorward regression aJ J ' 
leaf nutrient concentrations with th at < l~ , YS I S of cardamom 
Ihal leaf Cu (mg/kg), Ca (%) and K' ofYlCld (kg/ha) showed 
lJlfiucncing cardamom yield . h 1(%) are t~e major factors 
Ih I · . WII 11e followlII I · a IS Significant at p~ 0 01 I I ' g re atlOllship 

y . Id - . eve wllh an R' of 0 340 Ie - II 6.5 + 98 9 (I f . . 
Cu); (R' = 0.340**).· ca K)- 168.8 (lcafCa) + 0.89 (leaf 

Similar regress' , 
, Ion analysIs with th t f ' 

~varJabilily and cardamom ield k a 0 so il nutrient 
lllfiuenee of soil P K C Z Y (g/ha) showed Ihe POSili ve 
is ' , a, n and Cu (mg/kg) and Ihe equalion 

Yield = 1049 252 . 
. + . 7 (soJ! P) + 0.11 (soi l K) . 

27.40 (soil Zll) + 8 7 ( ·1 C , -0. 146 (so,1 Ca)-
TI . . . SOl u); (R = 0 408**) 

le pOSIti ve correlations of P and K ,' . ' 
Ihe POSili ve response by 111 ~ wllh YlCld show Ihal 

, e crop III terms of 'I k 
an IIlpUI fertilizer dose of 75:75: 150 k I s upla e When 
IS recommended under ra · ~ d . . g N, P,Os and K,O/ha 
of 120; I 20:240 kg N P '~' e Slluallon and addilional dose 
Irench mel hod of pi ' r ' 5 and K,O/ha under high densily 

The I d an IIIg (Koflkanlhimalh 2002) 
s u Y revealed Ihal 74 54 50 . 

samples collecled fr .d '" 46, 43, 41 , 38% leaf 
I d ' am cm amOlll growin d 

h h · d . I I . Cu a, g and B and dec d . t roug ralll water or ue to any Illtercll tura and Fe Soil 0' rease aV;:lIlability 
This suggesls Ihat ferlilily build-up in Ihe overall field . . rganlc carbon enhanced I fN 

,"creased along witl I f ( - ea content 

n Ja have respectiv I Z ggar ens of SOl JIll 
. e y n, K P Ca M C 

ConcentratIOns below the re uiJ' ' ,', (, g, U and Mo 
of limiting leaf llutrients q zed Critical values and the order 

important for maintaining the productivity level where to the increase ,." I H .,
l
e
C
a Mo content. This might 

. d k· ,. ' WIll a a ·1 b· . root may IIltercept an ta e up nutnents even away lVJO availability So' l 'I < Va! a Illty and hence 
basin. were signific;nll I a~~al able Cu bOlh allhe base 

M was n > K > P > C M 0 > Fe > Mn > N It a > g > Cu > 
II b . Was also found Ihal ·1 

Ie ase of cardamom pl ant " < SOl nutrients at 
correlated with that of' ( s are slgnllk3nlly and positively 

base of cardamom plant and their relationship to cardamom Correlations of soil chemical characters at the bast 
yield (Table 2). Results revealed thaI soil pH was significantly canlamom plallts to that of leaf alld cardamom yield 

. This mi y, POSlllvely con·e/aled wilh 
fields for ~1\ be due 10 Ihe use of Cu fungiCide 

heallhy and I · I Isease managemenl which keeps 

,~~ .• ",,,I Mg Sh~:~;:~~~;"· The nUlrienls, espeCially 

d II1terspaces as well I f 
an cardamom yield TI ,as ea nutrients 
, ' Ie CorrelatIOn stud 
IIllpol1anceofnutrientsP K C .... Y revea led the 

and positively correlated with soil ea and B availability, while The correlations of soil chemical characters at 
soil CEC was negati vely correlated with soil Fe, Zn and Cu, cardamom plants to that of leaf and cardamom yield arc 
Soil organic carbon was posilively correlaled wilh soil Ca in Table 4. It was found Ihal soil pH allhe base 

[EJ 

their role I POSiti ve mOucnce On yield 
as Ile most inn ' 

production . ucncll1g nutrients in 

ga d ' , a, Mg, Zn and Cu . d 
( r Cns and warrants balanc '" In car amom 

Producti vity, cd ferlilJzallOll for increaSing 

Korikanthimalh V S GJ . 
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