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ABSTRACT

The present study deals with the seasonal variation in the
composition of oil, protein, carbohydrate, carbon and nitrogen
content in the mature leaves of Callistemon viminalis. The total
amount of oil identified from different seasons was almost
similar, ranging from 98.73 to 99.62%. 1, 8-cineole was
identified as the major component in all the oils of different
season, however, its content was maximum in winter (64%) and
minimum in post-rainy (50%) season. The leaves collected in
the spring season contained the maximum amount of protein
and carbon content and the minimum amount of chlorophyll,
carotenoids and nitrogen content. The carbohydrate content was
the maximum in the rainy season and the minimum in winter
season. The post-rainy season leaves contained the maximum
amount of chlorophyll, carotenoid and nitrogen content and the
minimum amount of carbon content. These seasonal variations
may be attributed to the fluctuations in temperature and
humidity in different seasons that adversely affects the
volatility of the essential oil, physiological and biochemical

status of the plant.
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1. INTRODUCTION

Aromatic plants are reservoirs of volatile compounds/natural plant products that are involved
in various ecological functions such as anti-herbivore, antifungal, antibacterial compounds,
phytotoxins, as attractants of pollinators or seed dispersers and are also involved in plant-
plant interactions™2. In this regard, genus Callistemon R. Br. (Myrtaceae), represented by 50
species are mostly shrubs or small trees and bear evergreen foliage and brush-like flowering
spikes that provide them the common name of “bottlebrush™®, may hold great potential.
Though a native of Australia, Callistemon species are cultivated worldwide because of their
ornamental value. Leptospermone, natural compound obtained from roots of C. citrinus
(Curtis) Skeels., was found to be phytotoxic and caused bleaching of grass and broadleaved
weeds, while maize was found to be resistant to it*°. Mesotrione, synthetically derived from
leptospermone is used as a herbicide to control broadleaved weeds in maize crop. Over the
years, it has been reported that C. lanceolatus (Sm.) DC. possess anti-inflammatory and
antioxidant activity ®’. These reports indicate that C. lanceolatus possess various chemical
compounds which have medicinal properties. Monoterpenes 1, 8-cineole and a-terpineol, the

main constituents of C. citrinus have anthelmintic and antimicrobial activity®.

C. viminalis (Gaertn.) G. Don., commonly known as weeping bottlebrush, is a small
evergreen tree or shrub and is a native of South-eastern Australia. It is one of the very
common species of Callistemon, extensively cultivated in the gardens, parks and road sides in
different parts of the world including India owing to its ornamental value®. It has pendulous
evergreen foliage with crimson red flowers. Besides, the tree is aromatic particularly its
leaves and inflorescence™. According to Garg and Kasera™, oil from C. viminalis exhibited
anthelmintic activity against tapeworm and hookworm. The essential oil obtained from C.

1012 and insecticidal activities™. Khambay et

viminalis exhibited antibacterial and antioxidant
al. * isolated two new compounds namely, viminadione A and viminadione B from hexane
extracts of C. viminalis that exhibited insecticidal activity comparable to natural pyrethrum
extracts. Owing to their selective phytotoxic effects and biodegradable nature, essential oil
extracted from C. viminalis may offer a great deal of promise for future to serve as novel
herbicides. Though the phytotoxic effect of compounds extracted from C. citrinus has been
studied **, yet studies pertaining to phytotoxic effect of C. viminalis essential oil are lacking.

l. 15

De Oliveira et al. ™ reported that the essential oil extracted from the flowers of C. viminalis

possess allelopathic properties. Being an evergreen tree, the leaves remain available
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throughout the year. Environmental conditions like changes in climatic conditions, especially
temperature and light, influence the quantity of volatile organic compounds emitted from the
foliar tissue '®. Thus, it was hypothesized that the yield and composition of the oil varies with
season. A study was thus planned to determine the seasonal variation in the amount of
essential oil extracted from mature leaves of C. viminalis. Further, the variation in protein,
carbohydrate, carbon and nitrogen content in mature leaves of C. viminalis was also

determined in different seasons.
2. MATERIALS AND METHODS
2.1 Collection of Material

The mature leaves were collected from trees of C. viminalis, Panjab University campus,
Chandigarh, India in six seasons, namely, spring, summer, rainy, post-rainy, winter and post-

winter.
2.2 Extraction of oil

The essential oil was extracted with the help of Clevenger's apparatus. The mature leaves
(approximately 1 kg) were cleaned and placed in round bottom flask. The oil obtained from
the nozzle was dried over anhydrous sodium sulphate and stored at 4°C for further analysis by
GC-MS. For moisture determination, 100 g of leaves for each season were kept in an oven at
80°C for 24 h. The yield of the oil was expressed in percent dry matter (v/w, volume/dry

weight of tissue).
2.3 Chemical analysis of oil

The essential oil sample was analyzed by thermo GC-MS. GC was conducted on Trace 1300
Gas Chromatograph equipped with FID (Flame lonization Detector) and TG 5 column [30m
x 0.25mm (inner diameter), and 0.25um film thickness]. The essential oil sample and leaf
powder were analyzed by thermo GC-MS. GC was conducted on Trace 1300 Gas
chromatograph equipped with FID (flame ionization detector) and TG 5 column [ 30 m x
0.25 mm (inner diameter), and 0.25 pm film thickness]. Helium was used as a carrier gas and
the column flow rate was 1 ml/min. The injector temperature was set at 250°C. The oven
temperature was programmed from 60°C (held isothermally for 2 min) to 250°C with a ramp
of 3°C/min and held at 250°C for 5 min.
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All the oil samples and leaf powder were then analyzed by GC-MS using a TSQ 8000 triple
quadrapole mass spectrophotometer equipped with TG 5MS column using Helium as a
carrier gas at a split ratio of 1:150. Injector temperature and ion source temperature were set
at 250°C and 230°C, respectively. The oven temperature was programmed from 60°C (held
isothermally for 2 min.) to 250°C with ramp of 3°C/ min and held at 250°C for 5 min. The
mass spectra were in the range of m/z 30-400. Different components were identified on the
basis of (i) comparison of their Retention Indices (RI) relative to homologous series of n-
alkanes (C;-C3p Sigma-Aldrich) (ii) computer matching of mass spectra with the NIST

library, and (iii) consulting libraries of NIST 98", pherobase and compilation by Adams®®.
2.4 Determination of protein, carbohydrate, carbon and nitrogen content

Protein and carbohydrate content was determined from dried leaf samples (freed of water,
pigment, oils and fatty compounds, etc.) as per **?°. Water content was determined by oven
drying of the leaf samples at 80 °C for 72 h. Elemental analysis (C and N) was done on a

CHN elemental analyzer using dried leaf powder.
2.5 Parameters studied

The percent yield of the oil in mature leaves of C. viminalis was determined in different
seasons for one year (i.e. Jan’ 2013 to Dec’ 2013). Six different season were selected as
follows: spring (March-April), summer (May-June), rainy (July-August), Post-rainy/Pre-
winter (September-October), winter (November-January), and Post-winter (February). The
content of protein, carbohydrate, carbon and nitrogen were also determined. Besides, the
minimum and maximum atmospheric temperature and humidity were also noted. The

guantitative analysis of the components of oil was done.
3. RESULTS
3.1 Variation in the yield and composition of Callistemon oil in different seasons

The mature leaves of C. viminalis yield oil in the range of ~ 4-6 ml kg™ DW in all the
seasons, except for post-rainy season where the yield was less, i.e., 3.2 ml kg® DW. The
Callistemon oil was found to be yellowish-brown in color in all the seasons, except in winters
when the oil was pale yellow in color. The amount of oil extracted in different seasons
identified by GC-MS was almost similar, ranging from 98.73 to 99.62% (Table 1). A total of
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18 compounds from spring, 19 from summer and rainy, 21 from post-rainy and 22 from
winter and post-winter season were identified (Table 1). The major components identified in
Callistemon oil were 1, 8-cineole, a-pinene and a-terpineol in all the seasons. The content of
1, 8-cineole was found to be ~62% (spring season), ~55% (summer season), ~54% (rainy and
post-winter season), ~50% (post-rainy season) and ~64% (winter season) and of a-pinene
was found to be ~21% in spring, post-rainy and post-winter, ~24% in summer, ~25% in rainy

and~17%winterseason(Tablel).

Table 1 Seasonal variation in the composition of essential oil from mature leaves of C.

viminalis.
S.No. Seasons ——» Spring Summer Rainy Post- Winter Post-
l rainy/ winter
pre-
Components winter
1. 4-Amino-5-hydroxy- - - - - - 4.36
naphthalene-1-sulfonic
acid
2. Vinyl crotonate - - - - - 0.91
3. Propanoic acid, 2- 0.15 0.12 0.18 0.21 0.14 0.74

methyl-, 2-methyl
propyl ester

4.  o-Pinene 20.82 24.34 2542  20.67 16.85  20.90
5. Camphene 0.13 - - - 0.05 0.71
6.  p-Pinene 0.53 0.62 0.66 0.59 0.38 0.71
7. p-Myrcene - 0.34 0.25 0.23 0.09 0.20
8.  oa-Phellendrene 1.42 2.44 1.89 2.43 0.43 0.82
9 Propanoic acid, 2- - - - - 0.16 0.18
methyl-, 3-
methylbutyl ester
10.  1,8-Cineole 61.47 54.65 5395 49.68  63.82 54.37
11.  p-(2)-Ocimene - 0.29 0.22 - 0.11 -
12.  y-Terpinene 0.31 0.36 0.39 0.40 0.23 0.25
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13.  a-Terpinolene 0.09 0.28 0.23 0.24 - 0.12
14.  Linalool 0.45 0.73 0.63 0.75 0.45 0.63
15.  3-Octanol, acetate - - - - 0.07 -
16.  L-Pinocarveol 0.29 0.11 0.09 - 0.28 0.25
17.  Santolina alcohol 0.29 0.22 0.22 0.30 0.24 0.35
18.  Terpinen-4-ol 0.34 0.43 0.36 0.53 0.32 0.38
19.  a-Terpineol 10.73 11.93 11.68 13.14 9.88 11.53
20.  Piperitone oxide - - - - 3.64 -
21. Carvone - - - 0.57 - -
22.  n-Amyl ether 0.46 0.47 0.44 0.79 0.58 0.63
23.  Durohydroquinone 0.40 0.62 0.90 1.72 - 0.72
24.  trans-Ascaridole - - - - 0.50 -
25.  Caryophyllene 0.22 0.08 - 1.78 0.22 -
26.  Isocaryophyllene - - - 0.22 - -
27. Germacrene D - - - 0.65 0.11 -
28.  Ledene - - - 0.62 - -
29.  (+)-Spathulenol 0.59 0.65 0.58 1.37 0.18 0.45
30.  Viridiflorol - 0.33 0.84 2.28 - -
31.  t-Cadinol 0.16 - 0.25 - - 0.19
32.  a-Cadinol - - - - - 0.22
33.  Total 98.85 99.01 99.18 99.17  98.73 99.62

The amount of a-terpineol in the oil was more than 10% in all the six seasons. The content of
a-phellandrene was maximum in summer (~2.4%) and minimum in winter (~0.4%). 4-amino-
5-hydroxy-naphthalene-1-sulfonic acid (~4.4%), vinyl crotonate (~0.9%) and a-cadinol
(~0.2%) were present only in the post-winter season. Similarly, piperitone oxide (3.64%) and
trans-ascaridole (0.50%) were exclusively present in winter season in C. viminalis essential
oil. The oil of post-rainy/pre-winter season contained ledene (0.62%), carvone (0.57%) and

isocaryophyllene (0.22%) that were absent in other seasons (Table 1).
3.2 Protein and carbohydrate content

The protein content in mature leaves of C. viminalis was measured to be 65.2+1.01,
24.3+0.44, 55.8+1.95, 26.0+0.77, 27.3+0.55 and 27.2+1.02 pg mg™ FW in spring, summer,

rainy, post-rainy, winter and post-winter season, respectively (Fig. 1). The content was
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maximum in spring and minimum in summer season. Similarly, the carbohydrate content
ranged from 2.8-1.0 pg mg™ FW in different seasons (Fig. 1). It was the maximum in rainy
season (2.9+0.51 ug mg™ FW) followed by spring (2.7+0.42 pg mg™* FW), summer (1.7+0.56
Hg mg™* FW), post-rainy (1.2+0.20 pug mg™ FW), post-winter (1.0+0.16ug mg™ FW) and
winter (1.0£0.25 ug mg™ FW) season (Fig 1).
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50 Carbohydrate content
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30 F — —_—
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Content (ug mg'1 FW)
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Spring  Summer  Rainy Post-rainy Winter post-winter

Seasons

Fig. 1 Seasonal variation in protein and carbohydrate content in the mature leaves of C.

viminalis
3.3 Carbon/Nitrogen ratio

The carbon content was maximum (~49.1%) in spring season and minimum (~47.1%) in
rainy season (Table 2). However, the nitrogen content was highest in post-rainy season
(~2.1%), followed by summer (~2.0%), rainy (~1.9%), post-winter (~1.7%), winter (~1.6%),
and spring season (~1.3%).The C/N ratio was highest in spring season (~38.1) and minimum

in post-rainy season (~23.1), respectively (Table 2).
3.4 Chlorophyll and carotenoid content

The total chlorophyll content and carotenoid content was measured in the mature leaves of C.
viminalis in different seasons of the year (Fig 2). The results indicated the maximum
chlorophyll content in the post-rainy season (2.8+0.35 pg mg™* DW) and the minimum in

spring season (1.4+0.13 pg mg™ DW) (Fig 2). Similar results were obtained for carotenoid
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content in the leaves of C. viminalis. It was found to be highest in post-rainy (0.9+0.10 pg

mg™* DW) season followed by rainy, summer, post-winter, winter and spring season (Fig 2).

Table 2 Seasonal variation in carbon and nitrogen content in the mature leaves of C.

viminalis.
Seasons Carbon content Nitrogen content C/N ratio
(%) (%)

Spring 49.1 1.3 38.1
Summer 48.7 2.0 24.1
Rainy 47.1 2.0 23.7
Post-rainy 47.7 2.1 23.1
Winter 48.1 1.7 29.1
Post-winter 48.6 1.7 29.1

Data presented is mean of three replicates.
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Fig 2 Seasonal variation in photosynthetic pigments (measured in terms of chlorophyll

and carotenoid content) in the mature leaves of C. viminalis
4. DISCUSSION

Aromatic plants are reservoirs of essential oils, the content and composition of which varies
with seasons. The yield of the oil from mature leaves of C. viminalis was different throughout
the year. It was highest in the rainy season (5.90 ml/kg DW), followed by post-winter (5.70
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ml/kg DW), spring (4.91 ml/kg DW), winter (4.53 ml/kg DW), summer (4.05 ml/kg DW) and
post-rainy season (3.20 ml/kg DW). The variation in yield of the oil may be attributed to the
seasonal changes in temperature and humidity that adversely affects the volatility of the
essential oil. Sharafzadeh and Zare * pointed out that the environmental factors affect the
biochemical and physiological processes in plant that significantly alter the metabolic
activities of plant. According to Padalia et al. %, the yield and composition of the essential oil
largely depend on the climatic conditions and the season at the time of collection. The low
yield of the oil in post-rainy season might be due to high humidity in that season. Moreover,
lower yield of Callistemon oil in the summer may be attributed to higher temperature that
leads to more volatilization of oil. Our results are in agreement to those of Da-Silva et al. %
who reported highest amount of basil essential oil in the winter (January) and lowest in the
summer (August). Some other reports also suggested seasonal variation in the content of

24-27

essential oil in plants“™=". In addition to the oil content, variations in the amount of

carotenoids, chlorophyll, protein, carbohydrate, carbon and nitrogen were also observed in

the leaves of different seasons. This might be attributed to different environmental conditions.
5. CONCLUSION

From the above discussion, it can be concluded that environment effect the photosynthetic

pigments, composition of oil and various biochemical content in the plant.
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