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Abstract
A field experiment was carried out to investigate the effects of foliar application of gibberellic acid (GA3) and Naphthalne
Acetic Acid on growth, yield and essential oil components of Ajwain during 2009-2011. The experiment was carried out
in a completely randomized block design with three replications at College of Agriculture, Shivajinagar, Pune. The
results revealed that foliar application of PGRS significantly enhanced the vegetative characters i.e. plant height, no.
of branches and leaf area of ajwain in addition to photosynthetic pigments, total carbohydrate, essential oil percentage,
essential oil yield/plant and thymol content. Ajwain essential oil composition was mainly characterized by presence of
thymol, p-cymene and  terpinene.
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market which grows annually. Essential oils comprise
the majority of compounds used by these industries. The
essential oil production depends not only on genetic
factors and the developmental stage of plants, but also
on environmental factors. It is desirable to develop
techniques of agronomical management to improve
essential oil products and their specific compounds.
Among other factors influencing essential oil production
are plant growth regulators or plant hormones.
Endogenous levels as well exogenous application could
affect essential oil production and chemical composition
(Prins et al., 20). The environmental factors can influence
biochemical pathways and physiological processes that
alter plant metabolism such as essential oil biosynthesis
(Sangwan et al., 21).
Recently, the need of essential oil bearing medicinal plants
has increased exponentially both in developing and
developed countries and is expected to enhance
tremendously in the foreseeable future (Farooqi and
Sharma, 6). Plant growth regulators (PGRS) have been
defined as one of the main factors influence plants growth
and their primary and secondary metabolites pool. In
recent research, plant growth regulators (PGRs) have
been shown to improve herb yield in basil (Arularasu and
Sambandamurthi, 3), and coriander (Badgujar and Warhal,
4; Verma and sen, 25) and fenugreek (Deore and Bharud,
5). The review of literature states that there is scarcity of
research work carried on seed spices especially ajwain.
Thus in present investigation an attempt has been made
to study the effect of foliar spray of different concentrations

Introduction
Ajwain (Trachyspermum ammi L.) belongs to family
Apiaceae. Its centre of origin is Egypt and India. Ajwain
is native to India, but is also cultivated in arid and semiarid regions of world like Iran, Egypt, Pakistan and
Afghanistan. It is widely distributed in northern part of
India in the states like Rajasthan, Gujarat, Uttar Pradesh,
Punjab, Tamil Nadu and Andhra Pradesh. Ajwain is erect,
glabrous or minutely pubescent branched annual herb
which grows up to 75-80cm in height. Stem is striate,
leaves are distant, and 2-3 innately divided, segments
linear. Flowers are white in colour. The seeds are small
and yellowish brown in colour.
Among traditional potential herbs, Ajwain is widely used
for curing various diseases in both humans as well as
animals. Ajwain is also known by other names in literature
as owa, omum, Bishop’s weed, carom, or Ethiopian
cumin. A number of medicinal and therapeutic properties
have been ascribed to various parts of this plant. Ajwain
seed essential oil contains about 40-50% thymol which
is a strong germicide, anti-spasmodic and fungicide.
Thymol is used as an ingredient of deodorants,
mouthwashes, toothpastes and many pharmaceutical
preparations (John Zachariah, 10; Krishnamoorthy and
Madalageri, 11; Malhotra and Vijay, 12). Essential oils
are used in the food and pharmaceutical industries due
to their therapeutic, antimicrobial and antioxidant
activities.
The aroma and fragrance industry is a billion dollar world
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of Naphthalene Acetic Acidand Gibberellic Acid on
vegetative growth, yield and essential oil components in
ajwain.

and thymol (Qualikems, New Delhi) were analyzed using
Gas Chromatography (Shimadzu GC-2014) equipped with
a flame ionization detector and a RTX-5 fused silica
column, (30 m length × 0.25 mm inner diameter × 0.25
ìm film thickness). The oven temperature held at 60oC for
5 min then programmed to 210oC at rate of 15oC min.
Injector and detector (FID) temperatures were 250ºC.
Nitrogen was used as the carrier gas with as linear velocity
of 36.2 cm/s. The sample size was 1.0 l for all the
measurements. The identification of active constituents
was based on the retention time. The active constituents
were quantified as percent contents, comparing their peak
with the peaks obtained from the authentic standards.
Statistical analysis
The data were analyzed statistically by one way ANNOVA
model using SPSS-20 statistical software. Means were
compared using Duncan’s Multiple Range Test (DMRT)
at P d” 0.05.

Materials and Methods
The authentic seeds of ajwain var. NRCSS AA-2 were
procured from National Research Centre on Seed Spices,
Tabiji Farm, Ajmer (Rajasthan), India. The field experiment
was set up in the research field of College of Agriculture,
Shivajinagar, Pune in a completely randomized block
design (CRBD) with seven treatments and three
replications. The soil properties were pH (7.5), EC (0.22),
Available N2 (213 kg/ha), P2O5 (10.61 kg/ha) and K20 (362
kg/ha). The seeds of ajwain were sown during rabi season
in the first week of December directly in rows. Two weeks
after germination the plants were thinned to maintain a
distance of 45 x 30 cm. Foliar spray of GA3 and NAA at
25, 50 and 100 mg L-1 concentrations were made on field
grown plants (45 DAS) with 15 days interval till flowering.
Distilled water sprayed plants were treated as control.
Standard inter-cultivation practices like irrigation, weeding,
manuring were followed during the entire crop development.
The plants of each treatment and control were harvested
separately when seeds turn brownish. The harvested
plants were further sundried for 2-3 days and seeds were
separated out by gentle beating the sundried plants with
wooden stick or by rubbing over each other. The seeds
were then stored in sealed plastic bags till essential oil
determination.
Analysis of physiology, growth and yield of ajwain
plants
The biochemical analysis of photosynthetic pigments was
carried out by Arnon, (2) method and total carbohydrate
(Hedge and Hofrieter, 8) content was carried at flowering
stage (90 DAS). The data on growth attributes like plant
height, number of branches plant-1 and leaf area was
recorded at (120 DAS). The yield parameters like number
of umbels, seed yield and dry biomass per plant were
determined after harvesting.
Essential oil determination
The essential oils were extracted by hydro-distillation at
65OC temperatures for 3 hours from 100 gm of seed powder
in an all-glass type Clevenger apparatus. The amount of
oil obtained from the seeds was calculated as:
Essential Oil (% v/w) = Observed volume of oil (ml)/Weight
of sample (g) × 100
The essential oil was dried over anhydrous sodium
sulphate and preserved in sealed glass vials at 4°C prior
to the further analysis.
Determination of essential oil components by Gas
Chromatography
The major constituents of the essential oil, namely
p- cymene, - terpinene (Sigma Aldrich Fluka, GC grade),

Results and discussions
Effect of foliar spray of PGRS on growth of ajwain
plants
All the growth attributes like plant height, number of leaves
and leaf area were significantly enhanced by exogenous
application of plant growth regulators as compared to the
unsprayed plants (Table 1). Highest plant height was noted
at 100 mg L-1 GA3 (95.49 cm) and that in control it was
81.15 cm. GA3 also enhanced the number of primary
branches and leaf area as compared to NAA and control.
Gul et al., (7) noted that GA3 foliar spray enhanced the
height and ornamental wealth of Araucaria heterophylla
plants. Same results for the positive effects of GA3 on
plant growth and development have been reported by
Santos et al. (22) in Ocimum spp and Mishriky (13) in
celery (Apium graveolens). Verma and sen (25) also
reported the enhanced growth attributes with foliar
application of GA3 and NAA in coriander. The increased
herb growth due to PGRS application could be due to the
stimulation of cell division and elongation while increasing
plasticity of cell wall (Mohammed, 15; Paleg, 17).
Effect of foliar PGRS on physiology of ajwain plants
The application of foliar PGRs improved the photosynthetic
pigments and total carbohydrate content of ajwain
significantly over the control. The highest chlorophyll
content was obtained at 100 mg L-1 GA3 followed by NAA.
There was about 26.04 % and 24.21% increase in total
chlorophyll content by 100 mg L -1 GA 3 and NAA
respectively as compared to control (Figure 1). Foliar
application of 100 mg L -1 NAA and GA 3 resulted in
32.7 % and 26.8 % increase in total carbohydrate content
as compared to control (Figure 2). Increase in leaf
chlorophyll content might be responsible for increased
photosynthesis, ultimately enhanced the total
35

International Journal of Seed Spices

Table 1: Effect of foliar sprays of Plant growth regulators on plant height, number of primary
branches and leaf area of (Trachyspermum ammi L.) ajwain plants
Treatment

Plant height

No. of primary

Leaf area

(mgL )

(cm)

branches

(sq. cm)

Control

81.15±0.71c

11.71±0.36d

16.18±0.18d

NAA 25

86.45±0.73b

12.78±0.4bcd

18±0c

50

87.48±0.75b

13.59±0.3bc

19.79±0.41b

100

88.48±0.75b

14.01±0.01ab

20.93±0.52ab

GA3 25

88.57±1.29b

12.71±0.36cd

21.31±0.66ab

50

92.91±0.91a

13.87±0.47abc

21.85±0.6a

100

95.49±0.76a

14.94±0.53a

22.66±0.88a

SEm

0.99

0.25

0.51

p- value

0.000

0.001

0.000

-1

Values are means of three replicates ± SE. Within column, values followed by different letters are significantly
different (p < 0.05) according to DMRT

Figure 1: Effect of foliar sprays of Plant growth regulators on photosynthetic pigments (mg g-1
fr wt) of (Trachyspermum ammi L.) ajwain plants

Values are means of three replicates. Vertical bars represent ± SE. Within column, values followed by different
letters are significantly different (p < 0.05) according to DMRT
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Table 2: Effect of foliar sprays Plant growth regulators on yield attributes of (Trachyspermum
ammi L.) ajwain plants
Treatment

Number of umbels/ plant

Seed yield/plant

Dry biomass/plant

(gm)

(gm)

-1

(mg L )
Control

172.33±1.45f

53.33±0.33e

64.88±0.47c

NAA 25

191.27±0.9d

58.64±0.64d

77.44±0.29b

50

201.33±0.88c

62.72±0.28c

81.64±2.2ab

100

214.22±1.35a

68.34±0.33a

83.16±1.17a

GA3 25

184.54±2.32e

57.97±0.55d

76.97±1.51b

50

198.34±0.33c

61.93±0.52c

79.91±0.96ab

100

207.32±0.88b

66.66±0.89b

80.38±3.29ab

SEm

2.96

1.09

1.37

p- value

0.000

0.001

0.000

Values are means of three replicates ± SE. Within column, values followed by different letters are significantly
different (p < 0.05) according to DMRT

Figure 2: Effect of foliar sprays of Plant growth regulators on total carbohydrate content (mg g-1
fr wt) of (Trachyspermum ammi L.) ajwain

Values are means of three replicates. Vertical bars represent ± SE. Within column, values followed by different
letters are significantly different (p < 0.05) according to DMRT
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Table 3: Effect of foliar sprays Plant growth regulators on essential oil components (percent) of
(Trachyspermum ammi L.) ajwain
Treatment
(mgL-1)

p-Cymene

γ-Terpinene

Thymol

others

Control

26.2±0.2a

28.71±0.29a

41.81±0.43f

3.28±0.36

NAA 25

24.07±0.07b

26.69±0.31b

47.25±0.25d

1.99±0.01

50

23.11±0.11c

24.96±0.04c

49.24±0.24c

2.69±0.31

100

18.18±0.18d

17.62±0.62e

60.25±0.25a

3.95±1.05

GA3 25

26.02±0.02a

27.07±0.07b

43.15±0.15e

3.75±0.25

50

23.11±0.11c

24.32±0.32c

49.21±0.21c

3.36±0.64

100

18.2±0.2d

19.32±0.32d

59.31±0.31b

3.18±0.82

SEm

0.69

0.86

1.5

0.23

p- value

0.000

0.000

0.000

NS

Values are means of three replicates ± SE. Within column, values followed by different letters are significantly
different (p < 0.05) according to DMRT

Figure 3: Effect of foliar sprays of Plant growth regulators on essential oil content (percent) of
(Trachyspermum ammi L.) ajwain seeds

Values are means of three replicates. Vertical bars represent ± SE. Within column, values followed by different
letters are significantly different (p < 0.05) according to DMRT
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Figure 4: Effect of foliar sprays of Plant growth regulators on essential oil yield (mg plant–1) of
(Trachyspermum ammi L.) ajwain

Values are means of three replicates. Vertical bars represent ± SE. Within column, values followed by different
letters are significantly different (p < 0.05) according to DMRT
carbohydrate content. It is likely that increased
photosynthetic CO 2 fixation might provide more
carbohydrates for metabolism and for export to sink
(Ali, et al., 1; Yu et al., 26).
Effect of PGRS on yield and essential oil components
of ajwain plants
Foliar application of PGRs has significantly improved the
yield attributes like number of umbels, seed yield and
dry biomass per plant over control (Table 2). Application
of 100 mg L-1 NAA emerged as the best treatment to
enhance the yield attributes followed by GA3. Foliar PGRs
application also gave the most improved values for
essential oil percentage and essential oil yield plant-1
(Figure 3 and 4). The promotion of essential oil production
of medicinal and aromatic plants, as affected by several
plant growth regulators, has been reported by various
workers (Misra and Srivastava, 14; Naeem et al., 16;
Sangwan et al., 21). The positive effect of foliar PGRs on
essential oil production might be attributed to the improved
overall plant growth and metabolism as revealed in present
study (Figure 3 and 4). It seems that PGRs might have
enhanced the intrinsic genetic potential of the ajwain
plants to produce additional herbage yield with improved
quantity of essential oil through enhanced plant growth,
photosynthesis and overall plant metabolism in the present
study. These results are in agreement with the findings of
Idrees et al., (9), Naeem et al., (16) Shukla

et al., (23) and Srivastava and Sharma (24) regarding
various medicinal plants as influenced by different plant
growth regulators. Zhang et al. (27) verified that after GA
application (14 M) there was a 400% increase in the
concentration of artemisinin compared to control plants.
As a result of PGRs application on the foliage of ajwain,
there was observed a progressive increase in the content
of thymol in the essential oil as compared to the control
(Table 3). Foliar spray of plant growth regulators induced
substantial increase in thymol content but there was
decrease in the p- cymene and - terpinene level. The
increase in thymol content can be attributed to conversion
of - terpinene to p- cymene and further to thymol (Poulose
and Croteau, 18). In Salvia officinalis L. the chemical
com position changed with gibberellic acid
(100 mg L-1) application, with a significant reduction of
-tujone and -humulene in relation to the control plants
(Povh and Ono, 19).

Conclusion
Ajwain growth and essential oil production were
stimulated with increasing concentration of exogenously
applied plant growth regulators. Thymol remained the
major component of essential oil with all the treated and
control plants. It is worthy to mention that the content of
this component with special industrial interest was
enhanced by foliar sprays of plant growth regulators.
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