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Abstract
D. kotschyi is a source of essential oils with medicinal properties such as antihyperlipidemic, immunomodulatory,
antinociceptive and cytotoxic effects. This study aimed to investigate whether the application of chitosan can
improve plant growth, increase secondary metabolite production and help antioxidant enzymatic systems in
Dracocephalum kotschyi under in vitro culture. Tow-week-old seedlings of D. kotschyi were cultured in MS
medium containing 0, 5, 10 and 20 mg.L-1 chitosan. Four weeks after treatments, the enzymatic and
morphological parameters were measured and the GC/MS analysis was used to evaluate the secondary
metabolites. Application of chitosan resulted in changes in physiological and morphological responses. It had a
beneficial effect on the main essential oil contents such as thymol, p-cymene and candinol (16.2%, 20.3% and
34% increasing, respectively). In spite of reduction of antioxidant activities and growth, 20 mg/l had a positive
effect on the oil components in D. Kotschyi.
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Introduction
Dracocephalum kotschyi Boiss, commonly known as
Badrandjboie-Dennaie and Zarrin-Giah, is an endemic
herbaceous plant of Labiateae family rich in essential
oils (Fattahi et al., 2011), flavonoid, monoterpene
glycosides, trypanocidal terpenoids, rosmarinic acid and
linolenic acid (Goli et al., 2013). D. kotschyi has
medicinal properties including antihyperlipidemic,
immunomodulatory, antinociceptive and cytotoxic
effects (Jahaniani et al., 2005). In recent decades, due to
the side-effects of chemical drugs, using some of the
plant natural products with different pharmacological
effects has grown rapidly (Amenu, 2014). However,
because of the excessive harvesting of wild plants,
limited distribution areas, and a lack of cultivation and
domestication, many medicinal plants are listed as
endangered plants. Therefore, it is important to
develope novel methods for the improvement of
secondary metabolite synthesis.
Recently, different strategies under an in vitro
system with comparatively faster reactions, controlled
environment and shorter generation time (Perez-Tornero
et al., 2009) have been the subject of extensive
researches. Researchers have attempted to utilize plant
cell biosynthetic capabilities for obtaining medicinal
metabolites and for studying the metabolism (Verpoorte
et al., 2002). Numerous valuable secondary metabolites
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such as alkaloids, polyphenols and terpenes have been
reported from in vitro culture studies and reviewed
several times (Verpoorte et al., 2002; Vanisree and
Tsay, 2004).
Biotic or abiotic elicitors can be used as compounds
triggering the formation of secondary metabolites.
Chitosan, as a biotic elicitor, is being frequently used in
a number of plant cell cultures for efficient induction of
important secondary metabolites. Chitosan is a natural
and safe polysaccharide produced from chitin, the major
constituent of arthropods exoskeleton and fungi cell
walls and the second renewable carbon source after
lignocellulosic biomass (Kurita, 2006). It has various
industrial, medicinal, pharmaceutical, and agricultural
applications (Krupa-Małkiewicz and Fornal, 2018; Zeng
and Luo, 2012; Nge et al., 2006; Barka et al., 2004).
Chitosan treatments have been shown to act as an
elicitor in plants, to improve yields and plant growth in
numerous crops and enhance secondary metabolite
production in cell suspensions and calli of various
species (Ohta et al., 2004; Kowalski et al., 2006; Yu et
al. 2002; Putalun et al. 2007). Chitosan application
could improve plantlet quality in vitro such as S.
tuberosum (Asghari-Zakaria et al., 2009) and facilitate
the acclimatization of platelets to ex vitro conditions
(Nge et al. 2006). It is thought that this can lead to the
induction of plant defense enzymes, and to the synthesis
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of secondary metabolites, such as polyphenolics, lignin,
flavonoids, and phytoalexins observed in many plant
species treated with chitosan (Malerba and Cerana,
2016).
The aim of this research was to investigate effect of
in vitro chitosan on improvement of plant growth and
secondary metabolite production in D. kotschyi.
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Materials and methods
This research was conducted in 2017 at Payame Noor
University of Isfahan. The seeds of Dracocephalum
kotschyi, was provided from the oil seed cultivation
company (Pakan Bazr, Isfahan, Iran). They were
washed with distilled water and then surface
sterilization was done by incubating seeds in 70 %
ethanol for 20 seconds, followed by transferring them to
the 20% sodium hypochlorite solution for 5 mins.
Subsequently, the seeds were carefully soaked in 70%
sulfuric acid for 12 mins. to remove the external
germination inhibitor. Then, they were washed three
times with sterile water. Then, 10 disinfected seeds were
placed in jars containing 30 ml of in ½ MS-basal
medium (Murashige and Skoog, 1962), containing 15
g.L-1 sucrose (Merck, Germany), 10 g.L-1 agar (Agaragar powder, Merck, Germany). All cultures were
incubated in the growth chamber (16 hrs. under 90
µmolm-2s-1 light / 8 hrs. dark) at 25°C. Vigorous
seedlings were obtained after two weeks of culturing.
Then, 5 aseptic seedlings were re-cultured directly on
fresh medium on MS medium supplemented with 0, 5,
10 and 20 mg.L-1 chitosan, respectively and were kept in
the growth chamber (16 hrs. under 90 µmolm-2s-1 light /
8 hrs. dark) at 25°C. Four weeks after the treatment,
effects of chitosan on total phenolic content, antioxidant
enzyme activities and secondary metabolites of roots
and leaves were studied.
Growth parameter: Length of shoot and root, dry
and fresh weight of shoot and root were measured.
Total phenolic content: Total phenolic content was
estimated according to Sonald and Laima’s method
(1999). A portion (0.1 g) of shoots and roots were
homogenized in 5 mL of 95% ethanol and then kept for
24-72 hrs. in the dark at 25°C. After homogenizing, 1
mL of extraction was mixed with 3 mL of distilled
water, 1 mL of ethanol 95%, 1 mL of 5% aqueous
sodium carbonate, and 0.5 mL of 50% folin-ciocalteu
reagent. Finally, after one hour, the absorbance of each
sample was determined at 725 nm using
spectrophotometer. Gallic acid was used for
constructing the standard curve. Results were reported
as mg /g fresh weight.
Enzyme extraction and assay: For enzyme
extraction, 0.1 g of shoots and roots from the treated
seedlings were homogenized in 2 mL of 25 mM sodium
phosphate buffer (pH=7). To prepare 100 mL sodium
phosphate buffer of the desired pH, 84 mL of 25 mM
Na2HPo4 buffer was added to 16 mL of 25 mM
NaH2Po4.2H2O buffer (Sambrook and Russell, 2001).
The homogenate was centrifuged at 15,000 × g for 20
mins. at 4°C. The supernatant was collected for

measurement of antioxidant enzyme activities.
Catalase activity: Catalase activity (CAT) was
assayed according to the rate of H2O2 decomposition
(extinction coefficient= 36 mM-1 cm-1) as measured by
the reduction of absorbance at 240 nm, following the
procedure of Aebi (1974). The reaction mixture
consisted of 2 mL of 25 mM sodium phosphate buffer
(pH =7), 50 µL of extraction enzyme and 100 µL of
37% H2O2. The activity was expressed as µmol/min/gr
FW.
Ascorbate peroxidase activity: Ascorbate
peroxidase activity (APX) activity was determined in a
1-mL reaction mixture containing 50 mM sodium
phosphate buffer (pH =7.0), 0.5 mM ascorbic acid, 0.2
mM EDTA, 0.1 mM H2O2 and 100 µL of the enzyme
extract. The subsequent decrease in ascorbic acid was
determined at 290 nm (E = 2.8 mM-1 cm-1) and the
activity was expressed as µmol/min/gr FW (Nakano and
Asada, 1981).
Determination of essential oils: The gas
chromatography–mass spectrometry (GC/MS) was used
for the identification of essential oil components in C.
copticum. A Hewlett-Packard 5890 GC (Hewlett
Packard, Waldbronn, Germany), equipped with a flame
ionization detector (HP-5970 mass-selective detector)
and a 50 m × 0.20 mm HP-5 (cross-linked Phenyl–
Methyl Silicon) column with 0.25 μm film thickness,
was used for this study. The FID was maintained at 250
ºC. In addition, ionization energy was 70 eV.
Temperature program was 100-250°C with changes of
4°C/min. Helium was used as carrier gas, the flow
through the column was 1 mL/min, and the split ratio
was set to 100:1. Identification was based on sample
retention time and mass recorded (Li et al., 2009;
Davies, 1990).
Statistical analysis: The experiment was performed
in a completely random design with three replicates.
One-way ANOVA was used for treatment assay and
Duncan tests were used to compare the mean values.

Results
Results of chitosan influence on the morphological
characteristics of D. kotschyi are shown in Figure 1. In
comparison to the control, application of 20 mg/l of
chitosan induced a significant decrease in shoot length
(Fig. 1a). However, no significant differences were
observed in other levels of chitosan. Moreover, 10 and
20 mg/l chitosan decreased the root length significantly,
as compared to the controls (Fig. 1b). The largest
reduction of the plant height was observed at the 20
mg/l of chitosan. In comparison to the control, chitosan
prompted a significant increase in fresh weight of shoot
at 5 and 10 mg/l of chitosan. Moreover, the differences
were not significant between the control and 20 mg/l
chitosan (Fig. 1c). As shown in figure 1d, chitosan led
to noticeable increase in root fresh weight. However, the
decrease at 20 mg/l resulted with value which was still
significantly higher than the control. The highest value
of fresh weight was obtained in culture media
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Figure 1. Effect of chitosan on plant growth of D. kotschyi. Shoot length (a), root length (b), shoot fresh weight (c), root fresh
weight (d), shoot dry weight (e) and root dry weight (f). Values represent the mean of three replicates and dissimilar letters
are significantly different according to Duncan’s test (P ≤ 0.05).

supplemented with 10 mg/l chitosan. In spite of
reduction of root and shoott length, chitosan had a
positive effect on dry weight. Increasing of dry weight
was observed in all of the chitosan concentrations, but 10
mg/l of chitosan had increased it more (Fig. 1e and f).
No statistical difference was observed in the shoot
phenolic compound among different concentrations of
chitosan (Fig. 2a). While, the mean comparison results
indicated that chitosan caused a significant decrease in
amount of phenolic compound in root of D. kotschyi. In
the chitosan treated roots, 20 mg/l chitosan decreased
the phenolic compounds significantly about 50%, as

compared to the control (Fig. 2b).
In this study, it was noticed that increasing
concentration of chitosan resulted in significant
reduction of CAT activity in the treated shoots (Fig. 3a).
While, in the treated roots, the CAT activity in medium
containing 5 mg/l chitosan showed almost the same as
control did, the activity was increased by enhancing the
chitosan concentrations in the culture media, compared
to the control (Fig. 3b). The maximum APX activity
was observed at 10 mg/l chitosan in the treated shoots
and at 5 mg/l chitosan in the treated roots, about 2 times
when compared to the control (Fig. 3c and d).
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Figure 2. Effect of chitosan on phenolic content of D. kotschyi. The phenolic content of leaf (a) and root (b). Values represent
the mean of three replicates and dissimilar letters are significantly different according to Duncan’s test (P ≤ 0.05).

Figure 3. Effect of chitosan on antioxidant enzymes activity of D. kotschyi. Catalase activity in leaf (a), root (b), ascorbate
peroxidase activity in leaf (c) and root (d). Values represent the mean of three replicates and dissimilar letters are
significantly different according to Duncan’s test (P ≤ 0.05).

About 38 components were recognized in the essential
oil of seedlings of D. kotschyi under control and 20 mg/l
chitosan treatment. The results obtained in our study
indicated that the major compositions of D. kotschyi oil
content of thymol by 16.2%, p-cymene by 20.3%,

were thymol, γ-terpinene, p-cymene, β-pinene,
limonene, candinol, linalool, geranyl format, comphene,
carvacrol, ocymene (Table 1). Among these main
constituents, in contrast with the controls, the
candinol by 34% and comphene by 10.5% were

In vitro application of chitosan effects on essential oil …

27

Downloaded from jispp.iut.ac.ir at 19:41 IRDT on Monday April 19th 2021

Table 1. Constituents of essential oil of D. kotschyi using GC MS

Pyridine
α-Thujune
α-Pinene
Comphene
Sabinene
β-Pinene
Myrcene
2-Carene
Beta -Ocymen
α-Phellandrene
Linalool epoxide
α-Terpinene
p-cymene
Limonene
γ-Terpinene
Ocymene
Sabinene hydrate
Terpinolene
Linalool
Pinocarvone
Myrtenal
Verbenone
Geranyol
Borneol
Thymol
Terpinen-4-ol
Carvacrol
Candinol
α-cubenen
β-Caryophyllene
Heptyl acetate
α-Hummulene
γ-Cadinene
Geranyl format
Hexyl valerat
Germacrene D
α-Bourbonene
Caryophyllen epoxide

Pic. No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

increased; while γ-terpinene by 20. 6%, limonene by
22.4%, carvacrol by 22.2% and linalool by 19% were
decreased in the chitosan-treated seedling in comparison
with controls. In addition, pinocarvone was only
detected in seedlings grown under chitosan treatment
and sabinene hydrate were only detected in controls
(Table 1).

Discussion
In this study, application of 10 and 20 mg/l of chitosan
decreased the shoot and root length, but its lower
concentrations did not significantly affect these traits.
Moreover, all of the chitosan concentrations showed a
positive effect on shoot fresh and dry weight, the effect
of 10 mg/l was more significant. The increase of the
fresh and dry weight may be due to a significant
increase in the diameter of the stem and root under
chitosan treatment. Reports suggest that chitosan has

RI
924
936
947
955
971
984
999
1007
1017
1023
1030
1039
1046
1055
1066
1073
1080
1096
1135
1154
1197
1249
1266
1282
1297
1310
1333
1341
1354
1365
1381
1408
1463
1492
1503
1516
1528
1540

control
0.9
1.5
1.3
1.9
1.1
6.5
1.2
0.8
1.4
1
0.9
1.5
6.9
5.8
14.1
1.7
0.8
1.3
2.1
-1.1
1
6.1
0.9
17.3
1.5
1.8
4.7
0.8
1.1
0.9
1.3
1
2.6
0.9
1.4
1.3
0.8

20 mg/l chitosan
1.3
1
1.8
2.1
0.9
4.4
0.8
1.1
0.9
1.5
1
1.7
8.3
4.5
11.2
1
-1.5
1.7
0.9
1.3
1.5
7.4
1.1
20.1
0.8
1.4
6.3
1.2
0.8
1.4
0.9
1.1
2
1
0.8
1.1
1.4

been used as a supplement in order to promote plant
growth (Cho et al., 2008, Nahar et al., 2012, Tantasawat
et al., 2010). However, different species respond in
different ways to the presence of chitosan that is,
addition of higher concentration of chitosan to MS
medium, inhibits the growth whereas, lower
concentration of chitosan was found beneficial.
Similarly, higher concentration of chitosan showed
inhibitory effect on the growth of hairy root cultures of
Artemisia annua (Putalun et al., 2007) and Brugmansia
candida (Pitta-Alvarez and Giulietti, 1999).
After the first report on the eliciting action of
chitosan in pea (Pisum sativum L.) and tomato
(Solanum lycopersicum L.) plants (Walker-Simmons et
al., 1983), chitosan was shown to enhance plant’s
defense system. It is also one of the most widely used
elicitors to increase the secondary metabolites in plants
(Karuppusamy, 2009). Plant phenolic is one of the
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major groups acting as primary antioxidants or free
radical scavenger (Sanchez-Moreno et al., 1998). It has
been previously shown that chitosan enhanced the
phenolic contents via induction of PAL enzyme (Kim et
al., 2005; Meng et al., 2008). It has been found that the
antioxidant substances, such as ascorbic acid,
flavonoids, anthocyanin and phenolic compounds were
activated by chitosan application in many plants
species; barberry (Berberis vulgaris L.) (Ozgen et al.,
2012), broccoli (Brassica oleracea L.) (Perez-Balibrea
et al., 2011), Lamiaceae (Orthosiphon stamineus) (Lim
et al., 2013), sweet basil (Ocimum basilicum L.) (Kim et
al., 2005) and tomato plants (Coqueiro et al., 2011).
Altough, in this study, chitosan did not show the clear
phenolic induction effects on the shoots. Moreovere,
addition of chitosan into the culture medium had no
significant effects on root phenolic compound with the
exception of last concentration (20 mg/l), which
decreased phenolic compound. It is thought that
chitosan can be a natural molecule that induces
numerous physiological responses in plants, dependent
on its structure and concentration and on species and
developmental stage of the plant.
Another major part of plant antioxidant system is the
involvement of antioxidant enzymes. Antioxidant
enzymes may reduce the energy of free radicals, stop
the free radicals from forming and may also interrupt an
oxidizing chain reaction to minimize the damage caused
by free radicals (Shull et al., 1991). Despite the
numerous reports of enhancement of the activity of
antioxidant enzymes by chitosan, in this study, CAT
activity in the treated shoots decreased with increase of
chitosan concentration. However, in the treated roots,
the CAT activity increased by enhancing the chitosan
concentrations in the culture media. The results of
previous researches indicated that chitosan, by
increasing the relative water content of the leaves,
maintains leaf turgor pressure, protects the cell
membrane and decreases the activity of antioxidant
enzymes (Yang Feng et al., 2009). Induction of CAT
activity could play a protective role against possible
oxidative damage (Dorey et al., 1998). Consequently, a
higher level of CAT activity in roots in response to
elicitor may be a pointer to the above observation.
Moreover, chitosan increased the APX activity in

seedlings of D. kotschyi. The maximum of APX activity
was observed at 10 mg/l chitosan in the treated shoots
and at 5 mg/l chitosan in the treated roots. Increase of
anti-oxidant enzymes activity was reported in many
species under chitosan treatment (Mandal, 2010; Guan
et al., 2009; Mahdavi et al., 2011).
Recently, more attention has been paid to the
chemical composition of Dracocephalum L. genus.
Essential oil composition of many species of this genus
has been reported previously and there is considerable
diversites among the major constituents in these oils
(Singh et al. 2008; Zhang et al. 2008). Differences in
the volatile oil composition of the plants can be resulted
from genetic (genus, species, and ecotype), chemo type,
distinct environmental and climatic conditions, seasonal
sampling periods, geographic origins, plant populations,
vegetative plant phases, and extraction and
quantification methods. The results obtained in our
study indicated that the major components of oil of D.
kotschyi were thymol, γ-terpinene, p-cymene, β-pinene,
limonene and candinol. There were many other
compounds in minor amounts. Chitosan could have a
considerable influence on the content of essential oils
and stimulate the biosynthesis of some essential oil
compounds in the seedlings of D. kotschyi. 20 mg/l
significantly increased the amounts of thymol, pcymene and candinol and reduced the concentration of
γ-terpinene, β-pinene and limonene.

Conclusion
In this study, it is confirmed that chitosan can function
as a elicitor for D. kotschyi. It can be claimed that the
chitosan had a significant effect on morphological traits.
It can be even said that some concentrations of chitosan
caused high inhibition on plant growth. However,
chitosan (20 mg/l) is most effective on the main
essential oil contents such as thymol, p-cymene and
candinol and it could serve as an exciting and promising
experience
for
the
pharmaceutical
industry.
Nevertheless, further biochemical investigations are
needed to determine the function of chitosan as a
stimulator and further studies in several genotypes are
needed to confirm this proposition.

References
Aebi, H. (1974) Catalases. In: bergmeyer HU (ed) methods of enzymatic analysis. Academic Press, New York.
2: 673–684.
Amenu, D. (2014) Antimicrobial activity of medicinal plant extracts and their synergistic effect on some selected
pathogens. American Journal of Ethnomedicine 1: 018-029.
Asghari-Zakaria, R., Maleki-Zanjani, B. and Sedghi, E. (2009) Effect of in vitro chitosan application on growth and
minituber yield of Solanum tuberosum L. Plant Soil Environment 55: 252–256.
Barka, E. A., Eullaffroy, P., Clement, C. and Vernet, G., (2004) Chitosan improves development and protects Vitis
vinifera L. against Botrytis cinerea. Plant Cell Reports 22: 608-614.
Cho, M. H., No, H. K. and Prinyawiwatkul, W. (2008) Chitosan treatments affect growth and selected quality of
sunflower sprouts. Journal of Food Science 73: 570-577.
Coqueiro, D. S. O., Maraschin, M. and Piero, R. M. D. (2011) Chitosan reduces bacterial spot severity and acts in
phenylpropanoid metabolism in tomato plants. Journal of Phytopathology 159: 488.

Downloaded from jispp.iut.ac.ir at 19:41 IRDT on Monday April 19th 2021

In vitro application of chitosan effects on essential oil …

29

Davies, N. W. (1990) Gas chromatographic retention indices of monoterpenes and sesquiterpenes on methylsilicon and
carbowax 20M Phases. Journal of Chromatography 503: 1-24.
Dorey, S., Baillieul, F., Saindrenan, P., Fritig, B. and Kauffmann, S. (1998) Tobacco class I and II catalases are
differentially expressed during elicitor-induced hypersensitive cell death and localized acquired resistance.
Molecular Plant-Microbe Interactions 11: 1102-1109.
Fattahi, M., Nazeri, V., Sefidkon, F., Zamani, Z. and Palazon, J. (2011) The effect of pre-sowing treatments and light on
seed germination of Dracocephalum kotschyi Boiss: An endangered medicinal plant in Iran. Horticulture,
Environment, and Biotechnology 52: 559–566.
Goli, S. A. H., Sahafi, S. M., Rashidi, B. and Rahimmalek, M. (2013) Novel oilseed of Dra-cocephalum kotschyi with
high n-3 to n-6 polyunsaturated fatty acid ratio. Industrial Crops and Products 43: 188-193.
Guan, Y. J. J., Hu, X., Wang, J. and Shao, C. X. (2009) Seed priming with chitosan improves maize germination and
seedling growth in relation to physiological changes under low temperature stress. Journal Zhejiang University
Science B 427-433.
Jahaniani, F., Ebrahimi, S. A., Rahbar-Roshandel, N. and Mahmoudian, M. (2005) Xan-thomicrol is the main cytotoxic
component of Dracocephalum kotschyii and apotential anti-cancer agent. Phytochemistry 66: 1581-1592.
Karuppusamy, S. (2009) A review on trends in production of secondary metabolites from higher plants by in vitro
tissue, organ and cell cultures. Journal of Medicinal Plants Research 3: 1222.
Kim, H. J., Chen, F., Wang, X. and Rajapakse, N. C. (2005) Effect of chitosan on the biological properties of sweet
basil (ocimum basilicum L.). Journal of Agricultural and Food Chemistry 53: 3696.
Kowalski, B., Terry, F. J., Herrera, L. and Penalver, D. A. (2006) Application of soluble chitosan in vitro and in the
greenhouse to increase yield and seed quality of potato minitubers. Potato Research 49: 167-176.
Krupa-Małkiewicz, M. and Fornal, N. (2018) Application of Chitosan In Vitro to minimize the adverse effects of
salinity in Petunia × atkinsiana D. don. Journal of Ecological Engineering 19: 143-149.
Kurita, K. (2006) Chitin and chitosan: Functional biopolymers from marine crustaceans. Marine biotechnology (New
York) 8: 203-226.
Li, X. M., Tian, S. L. and Pang, Z. C. (2009) Extraction of Cuminum cyminum essential oil by combination technology
of organic solvent with low boiling point and system distillation. Food Chemistry 115: 1114-1119.
Lim, F. L., Yam, M. F., Asmawi, M. Z. and Chan, L. K. (2013) Elicitation of orthosiphon stamineus cell suspension
culture for enhancement of phenolic compounds biosynthesis and antioxidant activity. Industrial Crops and Products
50: 436.
Mahdavi, B., Modarres Sanavy, S. A. M., Aghaalikhani, M. and Sharifi, M. (2011) Effect of water stress and chitosan
on germination and proline of seedling in safflower (Carthamus tinctorius L.). Journal of Crop Improvement
25: 728-741.
Malerba, M. and Cerana, R. (2016) Chitosan effects on plant systems. International Journal Molecular Science 17: 996.
Mandal, S. (2010) Induction of phenolics, lignin and key defense enzymes in eggplant (Solanum melongena L.) roots in
response to elicitors. Journal of Biotechnology 9: 8038-8047.
Meng, X., Li, B., Liu, J. and Tian, S. (2008) Physiological responses and quality attributes of table grape fruit to
chitosan preharvest spray and postharvest coating during storage. Food Chemistry 106: 501.
Murashige, T. and Skoog, F. (1962) A revised medium for rapid growth and bioassays with tobacco tissue cultures.
Plant Physiology 15: 473-497.
Nahar, S. J., Shimasaki, K. and Haque, S. M. (2012) Effect of different light and two polysaccharides on the
proliferation of protocorm-like bodies of cymbidium cultured in vitro. Acta Horticulturae 956: 307-313.
Nakano, Y. and Asada, K. (1981) Hydrogen peroxide is scavenged by ascorbate-speciﬁc peroxidase in spinach
chloroplasts. Plant Cell Physioloy 22: 867-880.
Nge, K. L., New, N., Chandrkrachang, S. and Stevens, W. F. (2006) Chitosan as a growth stimulator in orchid tissue
culture. Plant Science 170: 1185-1190.
Ohta, K., Morishita, S., Suda, K., Kobayashi, N. and Hosoki, T. (2004) Effects of chitosan soil mixture treatment in the
seedling stage on the growth and flowering of several ornamental plants. Journal of the Japanese Society for
Horticultural Science 73: 66-68.
Ozgen, M., Saraco glu, O. and Gecer, E. N. (2012) Antioxidant capacity and chemical properties of selected barberry
(Berberis vulgaris L.) fruits. Horticulture Environment and Biotechnology 53: 447.
Perez-Balibrea, S., Moreno, D. A. and Garcia-Viguera, C. (2011) Improving the phytochemical composition of broccoli
sprouts by elicitation. Food Chemistry 129: 35.
Perez-Tornero, O., Tallon, C. L., Porras, I. and Navarro, J. M. (2009) Physiological and growth changes in
micropropagated citrus macrophylla explants due to salinity. Journal of Plant Physiology 166: 1923-1933.
Pitta-Alvarez, S. A. and Giulietti, A. M. (1999) Influence of chitosan, acetic acid and citric acid on growth and tropane
alkaloid production in transformed roots of Brugmansia candida: effect of medium, pH and growth phase. Plant
Cell, Tissue and Organ Culture 59: 31-38.

Downloaded from jispp.iut.ac.ir at 19:41 IRDT on Monday April 19th 2021

30

Journal of Plant Process and Function, Vol. 8, No. 31, Year 2019

Putalun, W., Luealon, W., De-Eknamkul, W., Tanaka, H. and Shoyama, Y. (2007) Improvement of artemisinin
production by chitosan in hairy root cultures of Artemisia annua L. Biotechnology Letters 29: 1143-1146.
Sambrook, J. and Russell, D. W. (2001) Molecular cloning: A Laboratory Manual (eds. Argentine, J., Irwin, N.,
Janssen, K. A., Curtis, S., Zierler, M., McInerny, N., Brown, D. and Schaefer, S.,) Pp. A1-5. Cold Spring Harbor
Laboratory Press, New York.
Sanchez-Moreno, C., Larrauri, J. A. and Saura-Calixto, F. (1998) A procedure to measure the antiradical efficiency of
polyphenols. Journal of the Science of Food and Agriculture 76: 270–276.
Shull, S., Heintz, N. H., Periasamy, M., Manohar, M., Janssen, Y. M., Marsh, J. P., et al. (1991) Differential regulation
of antioxidant enzymes in response to oxidants. Journal of Biological Chemistry 266: 24398-24403.
Singh, N., Kaul, V. K, Megeji, N. W., Singh, V. and Ahuja, P. S. (2008) Essential oil composition of three accessions of
Dracocephalum heterophyllum Benth. cultivated at palampur. Indian Journal of Natural Products and Resources
22:927–936.
Sonald, S. F. and Laima, S. k. (1999) Phenolics and cold tolerance of Brassica napus. Plant Agricultural 1:1-5.
Tantasawat, P., Wannajindaporn, A., Chantawaree, C., Wangpunga, C., Poomsom, K. and Sorntip, A. (2010) Chitosan
stimulates growth of micropropagated dendrobium plantlets. Acta Horticulturae 878: 205-212.
Vanisree, M. and Tsay, H. S. (2004) Plant cell cultures - an alternative and efficient source for the production of
biologically important secondary metabolites. International Journal of Applied Science and Engineering 2: 29-48.
Verpoorte, R., Contin, A. and Memelink, J. (2002) Biotechnology for the production of plant secondary metabolites.
Phytochemistry Reviews 1:13-25.
Walker-Simmons, M., Hadwiger, L. and Ryan, C. A. (1983) Chitosans and pecticpolysaccharides both induce the
accumulation of the antifungal phytoalexin pisatin in pea pods and antinutrient proteinase inhibitors in tomato
leaves. Biochemical and Biophysical Research Communications 110: 194-199.
Yang Feng, H., Li, J., Wu, J., and Yurong, X. Q. (2009) Chitosan enhances leaf membrane stability and antioxidant
enzyme activities in apple seedlings under drought stress. Plant Growth Regulation 58: 131-136.
Yu, L. J., Lan, W. Z., Qin, W. M., Jin, W. W. and Xu, H. B. (2002) Oxidative stress and taxol production induced by
fungal elicitor in cell suspension cultures of Taxus chinensis. brief communication. Biologia Plantarum 45: 459-461.
Zeng, D. and Luo, X. (2012) Physiological effects of chitosan coating on wheat growth and activities of protective
enzyme with drought tolerance. Open Journal of Soil Science 2: 282-288.
Zhang, C., Li, H., Yun, T., Fu, Y., Liu, C., Gong, B. and Neng, B. (2008) Chemical composition, antimicrobial and
antioxidant activities of the essential oil of Tibetan herbal medicine Dracocephalum heterophyllum Benth. Natural
Product Research 22:1–11.

