
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=teop20

Journal of Essential Oil Bearing Plants

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/teop20

Variability in Essential Oil Constituents,
Antioxidant Activities and Yield of Elite Small
Cardamom Lines (Elettaria cardamomum Maton)
Under Moisture Deficit Stress

S.J. Ankegowda, M. Alagupalamuthirsolai, R. Sivaranjani, Mohammed Faisal
Peeran, K.S. Krishnamurthy & M.S. Shivakumar

To cite this article: S.J. Ankegowda, M. Alagupalamuthirsolai, R. Sivaranjani, Mohammed Faisal
Peeran, K.S. Krishnamurthy & M.S. Shivakumar (2022) Variability in Essential Oil Constituents,
Antioxidant Activities and Yield of Elite Small Cardamom Lines (Elettaria cardamomum Maton)
Under Moisture Deficit Stress, Journal of Essential Oil Bearing Plants, 25:5, 1062-1076, DOI:
10.1080/0972060X.2022.2125351

To link to this article:  https://doi.org/10.1080/0972060X.2022.2125351

Published online: 11 Nov 2022.

Submit your article to this journal 

Article views: 45

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=teop20
https://www.tandfonline.com/loi/teop20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/0972060X.2022.2125351
https://doi.org/10.1080/0972060X.2022.2125351
https://www.tandfonline.com/action/authorSubmission?journalCode=teop20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=teop20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/0972060X.2022.2125351
https://www.tandfonline.com/doi/mlt/10.1080/0972060X.2022.2125351
http://crossmark.crossref.org/dialog/?doi=10.1080/0972060X.2022.2125351&domain=pdf&date_stamp=11 Nov 2022
http://crossmark.crossref.org/dialog/?doi=10.1080/0972060X.2022.2125351&domain=pdf&date_stamp=11 Nov 2022


Article
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Abstract: A field study was conducted at ICAR-Indian Institute of Spices Research, Regional Station, 
Madikeri, Karnataka during 2018 and 2019 to evaluate elite lines of small cardamom (Elettaria cardamomum 
Maton) for capsule yield, essential oil constituents, photosynthesis and antioxidant enzyme activities under 
moisture stress condition. Eight small cardamom lines were selected for the study and were grown under 
irrigated and moisture stress conditions adopting all the package of practices. Photosynthetic gas exchange, 
relative water content, total soluble proteins and antioxidant enzyme activities were determined at panicle 
initiation stage during summer. Yield and essential oil components were recorded after harvest. The results 
showed that moisture stress significantly reduced the soluble protein content and stomatal conductance in 
the leaves thereby lowering net photosynthetic rate, thus inhibiting growth and yield. Antioxidant enzyme 
activities viz. catalase, peroxidase, superoxide dismutase and polyphenol oxidase were significantly influenced 
by moisture stress. Among the genotypes, IC584058 showed bold capsules, higher and less reduction in 
yield under irrigated and moisture stress condition, respectively. It is suggested that the soluble protein and 
antioxidant enzymes in leaves play important role in maintaining cell water content and photosynthetic gas 
exchange during panicle initiation stage leading to less reduction in yield under moisture deficit condition. The 
essential oil components of three lines namely IC584058, IC584078 and IC584090 showed drastic variation 
under moisture stress. Though the α-terpinyl acetate content decreased (P<0.05), the oxygenated monoterpenes 
significantly increased in stress tolerant genotype IC584058 which influences antioxidant and antimicrobial 
activities leading to plant adaptive defense mechanism under moisture. 
Keywords: Elettaria cardamomum Maton, Moisture stress, Biochemical studies, Drought tolerance, Enzymes.

Introduction 
Small cardamom (Elettaria cardamomum (L.) 
Maton, Zingiberaceae), a shade loving herba-
ceous shrub popularly called “Queen of spices” 
grown mostly in Western Ghats. It is cultivated 
extensively in the altitude ranging from 500-

1500 m above MSL with an average annual 
rainfall between 1500 to 5000 mm and annual 
lowest and highest temperature varying from 10 
to 36°C. Cardamom is grown in India with a pro-
duction of 20,650 MT (Spices Board, 2017-18). 
Cardamom is a high value (second costliest crop 
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in the world after saffron) and high income crop, 
sensitive to both biotic and abiotic stresses 1,2.
 Though Western Ghats region receives good 
rainfall (1500-5000 mm), the distribution was 
uneven. Since small cardamom is basically rain-
fed crops, uneven distribution of rainfall in small 
cardamom growing tracts leads to reduction in 
plant growth and development leading to poor 
yield and in some cases, even leads to the death 
of plants due to severe water shortage. Reduced 
soil water content can decrease the yield of carda-
mom significantly during summer in the months 
of April and May 2. The sharp decline in area un-
der cardamom was noticed across the cardamom 
tracts of Western Ghats in recent decades. The 
failure of showers during this period results in 
affects panicle initiation, subsequent growth and 
crop yield. Summer rain during March, 2008 
have benefited the cardamom crop of 2008-2009 
up to 20-30%. Therefore, summer rains have 
positive influence on cardamom. There exists 
a strong relationship between the water deficit 
during summer and cardamom production 3.
 Reduced plant growth and productivity under 
drought are caused by altered plant water rela-
tions, decreased CO2 assimilation, cellular oxida-
tive stress, membrane damage of affected tissues, 
and in some instances, inhibition of enzyme ac-
tivity 4. Photosynthesis secured the plant growth; 
however, moisture deficit stress can cause severe 
injury to plants 55. Moisture deficit stress induced 
stomatal closure leads to decrease in CO2 avail-
ability which directly affects rates of photosyn-
thesis 5,6. Photosystem II (PSII) is believed to be 
the most stress sensitive among all photosynthetic 
functions, evaluation of chlorophyll fluorescence 
(Fv/Fm) can be used as a quick indicator in any 
crop 7. Crop varieties that maintain efficient pro-
tection of PSII activity (high Fv/Fm) under wa-
ter stress conditions, are considered to be stress 
tolerant 8. The relative leaf water content of plant 
decreases to an extent of 60-80% with increase 
in osmotic potential of the plant cells under wa-
ter deficit stress 9. Plants possess an efficient en-
zymatic antioxidant defense system to cope with 
ROS-induced oxidative stress 10. The enzymatic 
antioxidants (i.e., Superoxide dismutase (SOD), 
peroxidase (POX), catalase (CAT)) minimize the 

oxidative damage and ensure the moisture stress 
tolerance in plants under stressful conditions 11. 
These antioxidants have been reported to con-
tribute directly or indirectly in moisture deficit 
stress tolerance of small cardamom 12. A relative-
ly higher air temperature during panicle initia-
tion, especially during summer with prolonged 
dry season (more than two months), may cause 
abortion of cardamom flowers. High rainfall, air 
temperature and relative humidity are critical for 
better capsule setting and quality of cardamom 
13,14.
 The analysis of plant physiological function, 
yield and quality of plants exposed to water defi-
cit appears to be a promising approach to iden-
tify the deleterious effects of moisture stress in 
small cardamom. Hence, identification of mois-
ture stress tolerant lines with less reduction in 
yield and desirable quality under limited water 
availability is the need of the hour. 

Materials and methods
Experimental site and design
The experiments (under rainfed and irrigated 
conditions) were conducted in the research farm, 
ICAR-Indian Institute of Spices Research, Re-
gional Station, Madikeri, Karnataka, India. Two 
treatments viz rainfed and irrigation treatment 
were compared in a randomized block design 
with three replicates with a spacing of 2 m × 2 m 
in 2018 and 2019. The main plots were irrigation 
treatment and moisture stress treatment during 
summer (March to May). Irrigation was provid-
ed once in a fortnight for irrigation treatment and 
for moisture stress treatment, the crop was raised 
under rainfed condition. The selected eight small 
cardamom lines were IC349537, IC584058, 
GG×NKE-12, IC584078, CL668, HS1, Appan-
gala-1 and IC584090. Average temperature was 
22.5℃ and the mean total rainfall was 317 mm 
during summer (March to May) of 2018 and 
2019. The standard package of practices were 
followed in all the treatments as per the recom-
mendations of ICAR-Indian Institute of Spices 
Research, Kozhikode, Kerala, India. 
 The physiological parameters, including the 
antioxidant enzyme activities (SOD, POX, CAT 
and PPO), the content of soluble protein, leaf 
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water status, photosynthetic gas exchange pa-
rameters and chlorophyll fluorescence were de-
termined 10 days after imposition of moisture 
stress.

Leaf water relation
The leaf relative water content (RWC) was deter-
mined using the following equation 15.
RWC(%) = [(FW - DW)/(TW - DW)]×100
 Where, FW - fresh weight, DW - dry weight, 
and SW - saturated weight in water. The dry 
weight was determined after drying nearly 80°C 
for 72 hours.

Gas exchange and chlorophyll fluorescence 
measurement
Photosynthetic gas exchange parameters viz. net 
photosynthesis rate (A), stomatal conductance 
(gs) and transpiration (E) were measured in fully 
expanded 3rd uppermost leaves using a portable 
photosynthesis system 56 (LCpro-SD Advanced 
Photosynthesis Measurement System, ADC, En-
gland). The photosynthetic photon flux density 
was maintained at 900 μmol m−2s−1. During the 
treatment period, data were recorded between 
9:30 and 11:30 am. The observations were re-
corded when both A and gs were stable. Same 
leaf was used for chlorophyll fluorescence mea-
surements immediately after gas exchange mea-
surements. The maximum PS II quantum yield 
was expressed in terms of chlorophyll fluores-
cence (Fv/Fm) using the chlorophyll fluorometer 
(Os-30p) in 10-15 minutes dark adapted leaves 
between 9:30 and 11:30 am local time according 
to Strasser 16.

Extraction and determination of antioxidant 
enzyme activities
Antioxidant enzymes were estimated at panicle 
initiation stage. Antioxidant enzyme extracts for 
estimating superoxide dismutase (SOD), Perox-
idase (POX) and Catalase (CAT) activities were 
prepared by homogenizing 100 mg fresh leaves 
in 10 mL of phosphate buffer. Homogenates 
were centrifuged at 15000 g for 20 min at 4°C, 
and the supernatant was collected for enzyme ac-
tivity assay.
 The superoxide dismutase (SOD) activity was 

measured spectrophotometrically based on in-
hibition in the photochemical reduction of ni-
troblue tetrazoilum (NBT)17. A volume of 3 mL 
of SOD reaction mixture (Enzyme extract (100 
µL); sodium phosphate buffer (50 mM with pH 
7.8); methionine (13 mM); NBT (75 µM); EDTA 
(0.1 mM) and the riboflavin (2 µM) was added at 
the end) containing tubes were kept under light. 
Blank was prepared containing reaction mixture 
without plant extract and irradiation. The absor-
bance was recorded at 560 nm. The amount of 
enzyme extract causing 50% inhibition of pho-
tochemical reduction of NBT was defined as 
one unit of SOD activity and expressed as units/
min/g fresh weight (U/min/g fresh weight). Per-
oxidase (POX) activity was determined by mea-
suring the absorbance of reaction mixture (1 
mL phosphate buffer (pH 6.1); 0.5 mL guaiacol 
(0.25 %); 0.5 mL H2O2 (0.1 M and pH 6.0); 0.1 
mL enzyme extract) at 470 nm and expressed in  
μmol of H2O2 reduced min-1 mg-1 of plant tis-
sue18. Catalase (CAT) activity was determined 
by measuring the absorbance of reaction (0.5 mL 
enzyme extract; 0.5 mL 15 mM H2O2) at 240 nm 
for one minute 19. CAT Activity was calculated 
using the extinction coefficient (ε240 nm = 40 
mM-1 cm-1) for H2O2 and mentioned in µmol 
of H2O2 reduced min-1 mg-1 of plant tissue. 
 The poloyphenol oxidase (PPO) activity was 
measured according to Mayer and Harel method 
20. Enzyme extract for PPO activity was prepared 
by homogenizing 100 mg fresh leaves in 2 mL 
of sodium phosphate buffer (0.1 M; pH 6.5) at 
4°C. The homogenate was centrifuged at 20,000 
g for 15 min at 4°C. To start the reaction 200 
µL of 0.01 M catechol was added in the reaction 
mixture (1.5 mL of sodium phosphate buffer (0.1 
M; pH 6.5); 200 µL of enzyme extract) and the 
activity was mentioned as change in absorbance 
at 470 nm min-1 mg-1 of plant tissue.

The content of total soluble protein
Soluble protein content was estimated by using 
Lowry method 21.Frozen leaf samples (0.5 g) 
were ground in a pestle and mortar using sodium 
phosphate buffer (0.2 M and pH 7.5). The mix-
tures were centrifuged at 4,000×g at 4°C for 10 
min. The supernatant was collected and used for 
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protein estimation as per Lowry’s method. Ab-
sorbance values were recorded spectrometrically 
at 660 nm and expressed as mg g-1 fresh weight. 
Bovine serum albumin solution was used for the 
standard curve preparation.

Determination of capsule yield traits
Plants under treatments were allowed to grow up 
to 4 years, after which observations on dry cap-
sule yield per plant was recorded.

Oleoresin estimation 
Cured cardamom capsules were dehusked, and 
seeds were ground into fine powder. 10 g of pow-
der was used for extraction of oleoresin. Oleo-
resin estimation was carried out using ASTA22 
method. The amount of oleoresin was estimated 
gravimetrically. 
 Oleoresin (%) =Weight of residue (g) / Weight 
of sample (g) × 100
 
Essential oil estimation
Essential oil was extracted using hydro distilla-
tion method on dry whole capsule weight basis 
23. Twenty grams of the whole cured cardamom 
sample was ground, seeds and husk were trans-
ferred to a 1 litre round bottom flask separately, 
and 500 ml distilled water was added and hy-
drodistilled for 4 hours. The hydro-distillation 
in Clevenger apparatus lasted 4 hours until the 
entire oil was liberated from the sample. The 
essential oil was carefully collected and dried 
over anhydrous sodium sulphate, and stored in a 
sealed glass vial for GC-MS analysis.
 The percentage of oil was computed as volume 
by weight basis:
 Essential oil (V/W) (%) = Amount of oil col-
lected (ml) / Weight of sample (g) × 100
  
GC-MS profiling of essential oil
Qualitative profiling of volatile constituents of 
cardamom essential oil was done using Shimad-
zu GC-MS (2010). The separation of compounds 
was achieved in a Rtx-5 5% Phenyl and 95% di-
methylpolysiloxane column with the dimension 
of 30m x 0.25mm x 0.25μm (L x W x ID). The 
temperature programming of the column was as 
follows: 65°C for 2 min, then gradient 3°C min−1 

to 155°C for 3 minutes. Ion source and interface 
temperature were set as 200°C and 240°C cor-
respondingly. Other operational parameters were 
as follows: column oven temperature: 65°C; in-
jection temperature: 240°C; helium flow rate: 
1.0 mL min-1; injection volume: 0.2 μL; injection 
mode: split (1:50 split ratio); acquisition mode: 
scan; scan range: 40-650 m/z with a scan 
speed of 1428. The mass spectra of the com-
ponents were compared with the standard 
mass spectral library of NIST/WILEY and 
identified by similarity search 24.

Statistical analysis
The experiments were performed in a random-
ized block design with three replicates. Differ-
ences between the treatments as well as among 
the cardamom lines were tested using the WASP-
Web Agri Stat Package 2.0 program. Statistical 
variance analysis was performed using ANOVA 
and compared with least significant differences 
(LSD) at 5% and 1% level. Multiple mean com-
parison of volatile constituents was done using 
Duncan’s Multiple Range Test (DMRT) 25 with 
5% and 1% level of significance. 

Results and discussion
Capsule yield
The important physiological stages like pan-
icle initiation and subsequent growth depends 
on receipt of summer shower from January to 
May in the cardamom plantation. The drought 
prevailed during past decades during summer 
(1982-83) resulted in more than 50% mortality 
in susceptible cultivars of cardamom3.Earlier 
studies have also shown that higher air tem-
perature and drought can seriously affect car-
damom yields up to 70% in non irrigated areas, 
therefore, higher summer temperature coupled 
with drought episodes are considered the stron-
gest climatic limitations across most cardamom 
growing regions 26. In our study, a significant 
reduction in dry capsule yield was observed 
in all the lines under moisture stress (Table 1). 
Dry capsule yield of IC584058 and CL668 lines 
were 74.0 and 73.6 g plant-1 respectively, under 
moisture stress demonstrating them as relative-
ly moisture stress tolerant lines among the eight 
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elite cardamom lines. Under moisture stress, 
the maximum yield reduction was observed in 
IC584090, GG×NKE-12 and HS1 (30.9, 43.9 
and 42.7 g plants-1). The dry capsule yield in 
these lines was highly reduced under moisture 
stress prevailed during panicle initiation stage, 
reflecting them as the relatively sensitive lines 
to moisture stress. Appangala-1 showed medi-
um level of sensitivity to moisture stress (55.8 
g plant-1). Earlier study also supported with the 
present results that the tolerant genotypes of 
cardamom maintained higher biomass with less 
reduction in capsule yield under moisture stress 
condition 48.

Leaf water content (RWC)
Water stress caused a decrease in leaf water con-
tent. Plant recovery from desiccation is primarily 
dependent on the capacity for maintaining high-
er RWC during desiccation 27. Relative water 
content can be used for characterization of car-
damom germplasm for drought/moisture stress 
49. In the present study, a significant difference 
in relative water content (RWC) was observed 
among lines between moisture stress and irriga-
tion treatments. During stress period, IC 584058 
and CL668 lines maintained significantly higher 
leaf water content (74.8 and 71.4%, respectively) 
as compared to other lines at panicle initiation 
stage (Table 1). In controversy, relative water 
content in cardamom did not show significant 
variation between water stress and irrigated 
treatments due to rhizomatous nature of the crop 
48. Studies in rice crop revealed that significant 
positive correlation between relative water con-
tent with grain yield during reproductive stage 
water stress condition 28.

Photosynthetic gas exchange
Abiotic stress modifies the rate and duration of 
photosynthesis, transpiration and stomatal con-
ductance 2. Stomatal closure mechanism is sen-
sitive to water stress 29, it can be used as an indi-
cator of water deficit stress tolerance. Plants with 
low values of stomatal conductance may occur 
in water limited environments. In present study, 
stomatal conductance (gs) varied significantly 
between irrigation and moisture stress treatments 

in most of the lines. The line IC584058 main-
tained lowest gs under moisture stress condition 
(0.017 mol H2O m-2s-1) followed by IC 349537 
(0.019 mol H2O m-2s-1) (Table 1). In contrast, 
a higher stomatal conductance was observed in 
GG×NKE-12 (0.027 mol H2O m-2s-1). Among all 
the lines, while IC584058 maintained the gs of 
around 0.017 mol H2Om-2s-1, other lines had a 
slightly increased gs of >0.020 mol H2O m-2s-1 
under water deficit stress. Present study revealed 
that the tolerant line IC5849058 following the 
water saving mechanism in leaves by maintain-
ing low stomatal conductance under water stress 
and the similar results were also observed in Vi-
gna sp 50.
 Photosynthetic rate (A) was also sensitive to 
water deficit stress condition and it is closely 
related with biomass production in plants 30. In 
agreement with stomatal conductance, the pho-
tosynthetic rate was significantly (P≤0.05) af-
fected in the all the lines under moisture stress 
(Table 1). A great decrease was observed in HS1. 
Under water deficit stress, IC584078 recorded 
1.89 μmol CO2 m-2s-1 photosynthetic rate while 
it decreased to <1.65 μmol CO2 m-2s-1 in all the 
other lines. Maintenance of leaf photosynthetic 
rate is important to increase the yield potential 
of cardamombecause the photosynthetic rate of 
individual leaves which form the canopy, affect 
dry matter production via photosynthesis within 
the canopy 2.
 Increase in transpiration rate can affect the 
flowering, capsule setting and the yield of carda-
mom significantly during summer months (April 
and May) 2. Drought tolerant cultivars of bean 
crop displayed the ability to modulate its stomata 
and keep a high photosynthetic rate with a low 
transpiration (High Water Use Efficiency) rate 
under water limited environment 31. In the pres-
ent study, decreased transpiration rate (E) was 
observed in IC584058 (0.291 mmol H2O m−2s−1) 
with higher photosynthetic rate compared to 
other cardamom lines under water deficit condi-
tion. It is very clear that the line IC584058 main-
tained higher leaf water status (as evident from 
its RWC) through its very sensitive stomata and 
showing one of the strategies to survive under 
water deficit condition. 
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Photosystem II efficiency
Chlorophyll fluorescence analysis may provide a 
sensitive indicator of stress conditions in plants. 
In the present study, a significant reduction in 
chlorophyll fluorescence Fv/Fm value was ob-
served in all lines under moisture stress, while 
there was minimal reduction in this ratio in 
HS1 and IC584058 (0.798 and 0.789 under wa-
ter stress) at panicle initiation stage (Table. 1). 
The photochemical efficiency of photosystem II 
is determined by the Fv/Fm ratio which is de-
creased significantly during water deficit stress 
32. Similarly, winter wheat seedlings indicated 
that the variety that maintained Fv/Fm was tol-
erant to water deficit stress, capable of maintain 
high photosynthetic activity 8.

Soluble protein
Soluble protein is an important component of 
cell osmotic regulation. Under moisture stress, 
the concentration of soluble protein significantly 
decreased in all the lines (Table 1). Under severe 
drought stress condition the protein synthesis 
was diminished by giving rise to free amino ac-
ids 33. In present study, the lines IC349537 and 
HS1 showed a higher magnitude of decrease in 
soluble protein concentration (0.588 and 0.585 
mg g-1 FW under water stress) and a lower reduc-
tion in soluble protein was observed in IC584058 
(0.663 mg g-1 FW under water stress). The main-
tenance of favorable cellular turgor potential un-
der water deficit conditions allows the plant to 
maintain physiological functions such as stoma-
tal opening, CO2 assimilation, and cell expan-
sion and development 34.

Antioxidant enzymes
Drought-tolerant plant genotypes are prepared 
to efficiently detoxify Reactive Oxygen Species 
by the coordinated action of enzymatic antioxi-
dants; the most important components of which 
are superoxide dismutase (SOD), catalase (CAT), 
peroxidase (PRX), ascorbate peroxidase (APX) 
and polyphenol oxidase (PPO) 52. Increase of 
SOD, CAT and POX activities was observed in 
drought-tolerant genotype, in comparison to the 
drought sensitive plants of Maize 35. Further, 
antioxidant enzymes activities were stimulated 

by PEG-6000 induced drought stress in carda-
mom 12. According to the results represented 
herein in Fig. 1A, water stress during summer 
could induce the activity of SOD, CAT, POX 
and PPO in the various lines of cardamom and 
the activity of enzymes (SOD, CAT, POX and 
PPO) involved in reactive oxygen species scav-
enging varied significantly upon moisture stress 
treatment. SOD represents the first line of plant 
defense system against uncontrolled oxidation 
during unfavorable conditions which converts 
highly reactive singlet oxygen molecules into 
more stable hydrogen peroxide 36. Plant SOD ex-
ists in three forms according to the metal ion of 
their active site; Cu/Zn, Mn and Fe forms 51, 57. In 
the present study, SOD activity significantly var-
ied between irrigated (2.03 to 6.3 U/min/g fresh 
weight) and stressed plants (Ranges from 1.6 to 
6.2 Umin-1g-1 FW) (Fig. 1A). The increased activ-
ity of SOD in some cardamom elite lines under 
water deficit stress reflects a reasonable degree 
of tolerance. Conversely, the observed inhibition 
of SOD in the other lines may be attributed to the 
adverse impact of water stress protein metabo-
lism or the defect in Cu, Zn, Mn and/or Fe – metals 
activating the enzyme. Similar results indicating 
increased SOD in drought tolerant genotypes and 
suppressed activity in susceptible ones have been 
formerly highlighted 37,38.
 CAT activity also showed similar pattern. CAT 
activity of stressed plant leaves (Ranges from 
1.10 to 1.66 µmol min-1mg-1FW) significantly 
increased in all lines than irrigated plant leaves 
(Ranges from 1.04 to 1.50 µmol min-1mg-1 FW) 
except IC349537 and IC584090 (Fig. 1B). Per-
haps this might be due to the low affinity of CAT 
towards hydrogen peroxide. The enzyme CAT 
has low affinity for hydrogen peroxide and ef-
fective only in high concentration of hydrogen 
peroxide 36. In fact, moisture stress must have in-
duced excessive production of hydrogen perox-
ide in leaves which was favorable to the enzyme 
CAT and similar findings have been reported in 
orchid plants 39.
Moisture deficit stress could induce the activities 
of POX and PPO in the various elite lines of car-
damom but these two enzymes were suppressed 
in some other lines. Moreover, POX activity was 
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induced by stress in IC584058, GG×NKE-12, 
CL668 (Ranges from 1.45 to 4.06 and from 1.24 
to 5.29 µmol min-1mg-1 FW under irrigated and 
stressed plants leaves (Fig. 1C). Enhanced ac-
tivity of POX was reported in cardamom seed-
lings as a stress acclimation strategy 12. Similar-
ly, the cardamom lines IC584058, GG×NKE-12, 
CL668, and IC584078 showed the enhanced 
activity of PPO (Ranges from 0.047 to 0.101 
and from 0.079 to 0.151 min-1mg-1 FW under ir-
rigated and stressed plant leaves, respectively) 
(Fig. 1D). PPO utilizes O2 to oxidize phenolics 
to their corresponding quinones, hence higher 
PPO activity may indicate more degradation of 
various toxic substances accumulated because of 
water stress 40.

Chemical constituents of essential oil
Environmental factors such as drought, high 
temperature, low temperature and excess rainfall 
as well as ecological factor such as shade, com-
petition, etc., affects the yield and composition 
of essential oil in several spices and aromatic 
crops 41,42. In cardamom, the oil is dominated by 
oxygenated compounds and is very little mono- 
or sesquiterpenic hydrocarbons, all of which are 
potential aroma compounds. The composition of 
the ether, 1,8-cineole and the esters, α-terpinyl 
and linalyl acetates make the cardamom volatiles 
a unique combination. Alcohol viz. linalool im-
parts floral woody flavour with citrusy note 53,54. 
In our study also, we observed changes in vola-
tile constituents of cardamom essential oil under 
water deficit stress condition, though the varia-
tion was not uniform among the genotypes an-
alyzed (Table 2). In cardamom, 1,8-cineole and 
α-terpinylacetateare the principle volatile com-
pounds along with α-pinene, sabinene, myrcene, 
linalool, terpinen-4-ol and α-terpineol. Geno-
types IC349537, Appangala-1 and to some extent 
GCxNKE-12 were found to be non-responsive to 
drought treatments as no significant changes in 
major volatile constituents were found between 
control and stress treatment plants (Table 2). No 
major changes in volatile profile could be taken 
as a positive sign that the genotypes are relative-
ly stable in maintaining their flavor profile even 
in water stress conditions. 

 The volatile constituents of three genotypes 
namely IC584058, IC584078 and IC584090 
showed drastic variation between irrigated and 
water stressed plants. Among major volatile 
compounds, concentration of α-terpinyl acetate 
reduced significantly (P<0.05) in these geno-
types as compared to control. As α-terpinyl ac-
etate is the principle flavour compound having 
mild, sweet-like aroma of cardamom, the de-
crease in the concentration of this compound in 
drought stress would lead to decrease in flavour 
quality of these genotypes under drought condi-
tion. In addition to reduction in α-terpinyl acetate 
and linalool in the genotype IC584078, increase 
in 1,8-cineole contentwould increase the cam-
phorous flavor of cardamom in this genotype un-
derwater stress.
 In the genotype IC584058, decrease in mono-
terpene hydrocarbon compounds like α-thu-
jene, α-pinene, sabinene, β-pinene, β-myrcene, 
α-terpinene and ϒ-terpinene was observed with 
concomitant increase in oxygenated monoter-
penes like citral, geraniol and geranial in drought 
stress plants as compared to control. Similar 
result was observed in the genotype IC584090. 
In the genotype GCxNKE-12, significant reduc-
tion in monoterpene hydrocarbons like sabinene, 
myrcene and α-terpinene and ϒ-terpinene was 
found with the exception of sabinene hydrate 
where the concentration was found to increase in 
water stressed plant. 
 The volatile components were divided into 
two categories namely monoterpene hydrocar-
bons and oxygenated monoterpenes to assess 
the changes in group wise profile upon drought 
stress. Among them, oxygenated monoterpenes 
occupied major portion of the volatile compo-
nents (Table 3). Oxygenated monoterpenes are 
stable compounds as compared to hydrocarbon 
monoterpenes which are prone to oxidation 43. 
Moreover, the antioxidant and antimicrobial ac-
tivity of oxygenated monoterpene compounds 
are higher as compared to hydrocarbon mono-
terpenes 44. Based on the comparative analysis, 
we could say that increase in oxygenated com-
pounds in the genotypes GCxNKE-12, IC58078 
and CL668 increased the active compounds in 
their essential oil.  These changes might be con-
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Table 3. Composition of different classes of volatile constituents 
upon moisture deficit stress in small cardamom lines

Genotypes Treatments
% Volatile compounds

Monoterpene
Hydrocarbons**

Oxygenated 
monoterpenes** Others**

IC349537 Control 8.07 91.43 0.65
Stress 8.57 90.91 0.67

IC584058 Control 9.56 89.89 0.74
Stress 9.49 90.08 0.66

GCxNKE-12 Control 10.16A                 89.36B                 0.67

Stress 9.16B                 90.48A                 0.53

IC584078 Control 9.92A                 89.57B                 0.67A                 

Stress 8.85B                 90.82A                 0.49B                 

CL668 Control 10.32A                 88.88B                 0.91A                 

Stress 9.82A                 89.63A                 0.65A                 

HS1 Control 10.03A                 89.24 0.85A                 

Stress 10.18A                 89.28 0.64A                 

Appangala-1 Control 8.09 91.25 0.78
Stress 8.67 90.78 0.68

IC 584090 Control 9.73 89.50 0.97A                 

Stress 9.39 90.04 0.81A                 

**Means with common superscript are statistically significant at P<0.05 and means with different superscript 
are statistically significant at P<0.01 using DUNCAN’s Multiple Range Test

sidered as plants adaptive defense mechanism 
against water shortage or drought like conditions. 
Some studies reported that the content of oxy-
genated monoterpenes reduced under moderate 
and severe drought stress condition in Saliva do-
lomitica with increase in some of the oxygenated 
sesquiterpenes 45 as opposed to our study where 
we found increase in oxygenated monoterpenes 
in some of the genotypes. Moreover, they ob-
served the reduction in sesquiterpenes hydro-
carbon and an increase in oxygenated sesquit-
erpenes. In Basil (Ocimum basilicum) crop, the 
plants subjected to 50% field capacity increased 
major phenolic and monoterpene hydrocarbon 
compounds as compared to control and 75% 
field capacity samples 46.  They also   proved that, 
drought stress influenced the expression of some 
of the genes involved in terpenoid and phenolic 
biosynthetic pathway. The variation observed in 

our study could also be due to modulating the ex-
pression profile of some of the genes involved in 
terpenoid biosynthetic pathway 47. Study like this 
would throw light on the effect of moisture stress 
on flavour quality of cardamom. Furthermore, it 
also helps in the identification of suitable geno-
types to be cultivated under drought prone area 
without affecting the flavor profile of cardamom 
capsules. 

Conclusions
Eight elite small cardamom lines were evaluated 
for moisture deficit stress tolerance under field 
condition during the fifth successive crop season. 
Significant variation was recorded for growth, 
yield and quality parameters between the treat-
ments and the lines. The line IC584058 having 
compact flowering, bold capsule, higher yield 
under irrigated condition also showed less re-
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duction in yield under moisture deficit condition, 
indicating that it is relatively tolerant to moisture 
stress. The study also revealed that it has sensi-
tive stomata, maintained higher leaf water con-
tent and better gas exchange and higher antiox-
idant activities under moisture stress conditions. 
Among the lines, it also showed increased in 
active oxygenated monoterpenes like citral, ge-
raniol and geranial under moisture stress which 
might be confer tolerance to moisture deficit 
stress. The lines IC349537, Appangala-1 and to 
some extent GCxNKE-12 showed no significant 
changes in major volatile constituents between 
treatments but with significant yield reduction 
under moisture deficit stress. Hence, the line 
IC584058 could be used in breeding programme 
to develop high yielding and climate resilient 
cardamom genotype which is urgently required 
under climate change scenario. 
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