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Abstract
Chitosan as natural product might have potential application in the production of Origanum majorana “Marjoram”, a known 
historic plant with economic importance in the agriculture and pharmaceutical industries. Under three irrigation periods 
(1, 3, and 5 days) in marjoram plants for 8 weeks, chitosan was applied as water solution at 50, 200 and 500 ppm. Chi-
tosan increased selected morphological parameters and associated with elevated physiological and molecular performance. 
Enhanced metabolism of the treated plants was expressed as increased rates of stomatal conductance and photosynthetic 
rates. In addition, soluble sugars and proline levels were higher. Elevated expression of MnSOD Cu/ZnSOD, FeSOD, APX, 
DREB2 and ERF3 s were also detected. Further elevated expression of CYP71D179/182 and CYP71D178 PII, essential oil 
composition-related genes, was also found. The SOD and APX enzymes were more active and there were reductions in the 
levels of reactive oxygen species. Thymol and cis-Sabinene were higher in treated plants essential oils. Chitosan may allevi-
ate water stress in marjoram by enhancing the metabolism and stress related genes in treated plants.
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Introduction

Lack of irrigation water or drought is restricting agricultural 
development worldwide. Some aromatic crops are oversensi-
tive to prolonged irrigation intervals (PII). Stress may influ-
ence the morphology and physiology and cause reduced 
growth and lower metabolic performance and these changes 
might be related proline and sugar osmotic (Toscano et al. 
2014; Bhattacharjee and Saha 2014; Elansary et al. 2017). 
Furthermore, molecular changes in specific antioxidant 
genes (e.g., APX and SOD) may occur under stress condi-
tions (Elansary et al. 2017). Other genes are also regulated 

by stress condition including DREB2 and erf (Liu et al. 
1988; Kang et al. 2002; Zhang et al. 2009; Ali et al. 2017).

The alleviation of water stress had been achieved using 
seaweed extracts (Elansary et al. 2017), growth regulators 
(El-Esawi et al. 2017), nanoparticles (Saxena et al. 2016) 
and chitosan (Yin et al. 2012; Bistgani et al. 2017). Chitosan 
oligosaccharide is relatively new biostimulant, produced by 
heating chitin then removing calcium and proteins (Sharp 
2013). Chitosan is a natural product that might be a potent 
metabolic elicitor (Yin et al. 2012; Ramírez et al. 2010). The 
chitosan is nontoxic, environmental friendly or biodegrad-
able and could be blended with starch, gelatin and alginates 
in the food industry (Kong et al. 2010). However, the stress 
related uses of chitosan are not well studied.

Origanum majorana L. is a known culinary herb that 
belongs to the family Lamiaceae with origins to southern 
Europe, Asia and North Africa (Makri 2002). The plant 
traditional uses roots in the history in Middle East and Ara-
bian countries for long time (Mansfeld 1986; Small 2006). 
Tender stems and leaves are used fresh or dry for seasoning 
and spicing food in the Arabian kitchen. Leaves and flow-
ers of the plant contain delicate fragrant essential oil that is 
widely used in traditional medicinal uses including lotions, 
perfume, cream and soaps (Khan and Abourashed 2010). 
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The use of the plant is further documented in history for 
headaches, asthma, ear problems and others (Morton 1981; 
Simon et al. 1984).

In this investigation, several approaches were followed to 
explore the possible use of chitosan to overcome PII stress 
in marjoram plants. The essential oil is sensitive to stress 
conditions and chitosan sprays by means of ratio and com-
position. The morphological responses of the plants were 
also deeply investigated. The genetic background which is 
related to the metabolic performance is illustrated by several 
ways. The study may have applications as novel protocol for 
the essential oil production in this plant. It is important to 
associate these changes as conducted in this study.

Materials and methods

Materials and conditions

Origanum majorana L. was obtained from commercial nurs-
eries in the years 2016 and 2017 (January). These plants 
were identified by Dr Abdullah A. Al-Ghamdi then routinely 
vouchered at the Botany and Microbiology Department, 
College of Science, King Saud University. The plants were 
grown a 14 cm diameter plastic pots that have a mixture 
of peat and sand (1:1) as well as chemical fertilizer (Crys-
talon® 2 g L− 1,NPK 20:20:20) in a in growth chamber of 
the Department of Botany and Microbiology. Substrate field 
capacity quantification followed the gravimetric method. In 
this method, the soil was saturated with water and weighed, 
then the water was drained for 40 min and the difference 
was determined.

Treatments

The plants were watered every 1, 3, and 5 days during an 
8 week experiment. Sprays of chitosan (powder, Ghala Co., 
Riyadh) at 0, 50, 200 or 500 ppm dissolved in water was 
used weekly and starting 2 weeks before stress condition. 
Irrigation periods were the main effect (main plot) and chi-
tosan was the subplots. Plants receiving 0 ppm of chitosan 
were considered control. Three blocks (RCBD) with five 
replicates for each treatment design was used. The total 
number of plants was 60 (three irrigation intervals × 4 chi-
tosan conc. × 5 replicates) for each block in each year.

Measurements

Morphological measurements including leaf numbers, plant 
height, leaf area, root dry weight and overall all plant dry 
weight were determined after 8 weeks of treatments. Root 
dry weight as well as overall plant dry weight were quan-
tified by drying fresh plants in the oven at relatively low 

temperature (35 °C for 72 h) to maintain the essential oil 
and until reaching constant weight. Metabolic performance 
of the plant was measured by determining the photosynthetic 
rate (Pn). The transpirations rate (E) and related measure-
ments including the stomatal conductance (gs) were also 
determined using  CO2/H2O IRGA (ADC, LCi, Bioscientific 
Ltd, Hoddesdon, UK). These metabolic measurements were 
taken in sunny conditions and on leaves located in middle of 
the canopy. Other metabolic related measurement including 
proline and sugars were also determined following Bates 
et al. (1973) and Dubois et al. (1956).

Essential oil determination and analyses

A Clevenger apparatus was used to obtain the oil from dried 
leaves by hydrodistillation. The GC/MS analyses followed 
the oil extraction and the experiment conditions and com-
pounds identification followed previous studies (Adams 
2007; Elansary 2015).

Enzymes and genes

The activities of Superoxide dismutase (SOD) is an impor-
tant measurement in determining stress conditions. In addi-
tion, other enzymes such as ascorbate peroxidase (APX) 
play an important role under stress. The activities of theses 
enzymes were quantified in fresh frozen leaves following 
Elansary et al. (2017). Reactive oxygen species (ROS) accu-
mulation is usually reduced under normal conditions and 
may increase under stress conditions. This accumulation 
of ROS was expressed as  H2O2 using the Beyotime Col-
orimetric Kit. Total RNA isolation, cDNA preparation and 
qRT-PCR followed El-Esawi et al. (2017a, b) to quantify the 
possible responses of Cu/ZnSOD, APX, FeSOD, and MnSOD 
to stress and chitosan. Additional genes expression including 
DREB2 (Liu et al. 1988), AREB1 (Kang et al. 2002), and 
ERF3 (Zhang et al. 2009) were also investigated. PCR condi-
tions followed El-Esawi et al. (2017). Additional cytochrome 
P450 genes (CYP71D179/182 and CYP71D178) responsible 
for carvacrol and thymol biosynthesis in O. vulgare were 
also used following Crocoll et al. (2010), Crocoll (2010) and 
Morshedloo et al. (2017). Actin was used as house keeping 
gene and for comparison reasons by employing the  2−∆∆Ct 
method (Radyukina et al. 2011). Experiments were also 
repeated to ensure the fidelity of the data.

Statistical analyses

To simplify the presentation of the data of the 2 years of 
2016 and 2017, the data were subjected to the analyses of 
variance and no significant differences were found between 
2 years. The data were pooled and differences among means 
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were expressed by least significant differences (LSD) at 
probability level of 0.05 using the SPSS software.

Results

Morphological parameters and essential oils

The morphological effects of PII and chitosan sprays are 
presented in Table 1. Under PII of 3 and 5 days, chitosan 
caused noticeable peak in leaf number and area in marjoram 
plants compared to untreated plants. Dry weights of roots 
only as well as dry weights of the whole plant increased in 

stressed plants treated with chitosan compared to untreated 
ones. It was noticed that the plants were shorter under stress 
conditions and that chitosan treatments reduced this short-
ness. The PII treatment of 3 days showed high ratio of essen-
tial oil (2.9%), which is more than controls 1 and 2 (2.6%) 
(Table 1). Under PII of 3 and 5 days, chitosan increased the 
essential oils. For example, PII of 3 days showed increasing 
oil from 2.9 to 3.7% in chitosan treatment at 200 ppm. The 
200–500 ppm chitosan spray elevated leaf number and area 
and increased dry weights as well as plant heights.

Table 1  Mean values (± SD) of 
leaf numbers (LN, leaf/plant), 
Leaf area (LE,  cm2/plant), plant 
dry weight (PDW, g/plant), root 
dry weight (RDW, g/plant), 
plant height (PL, cm) and 
essential oil percentage (EOP, 
% of fresh weight) as affected 
by irrigation intervals(1, 3, and 
5 days) and chitosan treatments

Control plants were used in each irrigation interval × chitosan treatment (Con1, 2 and 3)
*Means followed by different letter within a column indicate significant differences between treatments 
based on LSD test (p = 0.05)

Chitosan 
conc. 
(ppm)

LN LE PDW RDW PL EOP

1 day Con1 59.1 ± 0.7a 548 ± 5.6a 15.1 ± 0.5a 2.5 ± 0.1d 38.4 ± 1.5a 2.6 ± 0.1d
50 60.5 ± 0.5a 557 ± 6.2a 14.7 ± 0.1a 2.5 ± 0.1d 39.7 ± 0.8a 2.7 ± 0.1d
200 58.9 ± 0.3a 538 ± 5.1a 14.8 ± 0.4a 2.4 ± 0.2d 40.0 ± 0.5a 2.7 ± 0.1d
500 60.7 ± 0.1a 561 ± 8.1a 15.2 ± 0.3a 2.5 ± 0.1d 39.9 ± 0.3a 2.6 ± 0.2d

3 days Con2 38.1 ± 1.3d 324 ± 8.1c 9.5 ± 0.1d 3.1 ± 0.3c 31.2 ± 0.1d 2.9 ± 0.01c
50 42.5 ± 0.9c 349 ± 5..3bc 10.9 ± 0.5c 3.4 ± 0.1b 33.9 ± 0.6c 3.4 ± 0.01b
200 47.7 ± 0.7b 379 ± 7.1b 12.4 ± 0.4b 3.7 ± 0.2a 35.8 ± 0.3b 3.7 ± 0.01a
500 46.3 ± 0.5b 375 ± 9.1b 12.5 ± 0.5b 3.8 ± 0.3a 36.2 ± 0.5b 3.7 ± 0.01a

5 days Con3 24.1 ± 0.1e 121 ± 7.1e 4.1 ± 0.3g 1.5 ± 0.1g 28.8 ± 0.3g 1.6 ± 0.01f
50 26.2 ± 0.6e 141 ± 5.3de 5.5 ± 0.1f 1.8 ± 0.1f 32.1 ± 0.4c 1.8 ± 0.01ef
200 29.7 ± 0.1d 162 ± 3.4d 6.2 ± 0.4e 1.9 ± 0.1ef 33.5 ± 0.3c 2.0 ± 0.01e
500 29.1 ± 0.3d 159 ± 6.1d 6.3 ± 0.2e 2.0 ± 0.1e 34.3 ± 0.5bc 1.9 ± 0.01e

Table 2  Mean values (± SD) 
of photosynthetic rate (Pn, 
µmolCo2  m− 2 s− 1), transpiration 
rate (E, mmol  m− 2 s− 1), 
stomatal conductance (gs, mmol 
 m− 2 s− 1), proline (mg g− 1 FW) 
and sugars (%) as affected by 
irrigation intervals (1, 3, and 
5 days) and chitosan treatments

Control plants were used in each irrigation interval × chitosan treatment (Con1, 2 and 3)
*Means followed by different letter within a column indicate significant differences between treatments 
based on LSD test (P = 0.05)

Chitosan 
conc. (ppm)

Pn E gs Proline Soluble sugar%

1 day Con1 8.1 ± 0.1a 2.8 ± 0.1a 112.3 ± 1.5c 10.21f 0.84f
50 8.0 ± 0.01a 2.7 ± 0.1a 111.5 ± 2.1b 10.42f 0.82f
200 8.2 ± 0.1a 2.8 ± 0.1a 110.8 ± 1.3a 10.32f 0.83f
500 8.2 ± 0.1a 2.7 ± 0.0a 109.6 ± 1.1a 10.14f 0.84f

3 days Con2 4.4 ± 0.1e 2.0 ± 0.1e 61.3 ± 1.2i 13.11e 0.89e
50 5.2 ± 0.1d 2.2 ± 0.1d 65.1 ± 1.6h 14.32d 0.94d
200 5.8 ± 0.1d 2.4 ± 0.0d 68.7 ± 2.1g 15.71c 0.98d
500 5.8 ± 0.1d 2.4 ± 0.1d 69.1 ± 0.9g 15.78c 0.89d

5 days Con3 3.5 ± 0.1g 1.0 ± 0.0g 35.1 ± 0.9l 15.23c 0.95c
50 4.2 ± 0.1f 1.2 ± 0.1f 38.5 ± 0.5k 17.11b 1.11b
200 4.7 ± 0.1f 1.3 ± 0.0f 41.8 ± 0.4j 18.90a 1.24a
500 4.6 ± 0.1f 1.3 ± 0.1f 42.0 ± 0. 7j 18.82a 1.26a
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Metabolic plant performance

The effects of PII on the photosynthetic performance as well 
as the stomatal conductance and transpiration are presented 

in Table 2. There were increases in the three parameters fol-
lowing chitosan sprays compared to untreated plants. The 
highest increase in the three parameters of gas exchange was 
found in treatments of 200 and 500. These high chitosan 
treatments showed no differences regarding their effects 
on gas exchange in general. Under PII treatment in control 
plants, the proline and sugars were high. However, chitosan 
increased the accumulation of proline.

Enzymes gene expression

SOD and APX activities peaked following chitosan applica-
tions and PII of 3 and 5 days, as shown in Fig. 1. Normal irri-
gation intervals accompanied by chitosan had no effects on 
these enzymes.  H2O2 levels were greatly reduced following 
chitosan applications (Fig. 2). The expression of Cu/ZnSOD, 

Fig. 1  SOD and APX enzymes activities following chitosan treat-
ments (50, 200, and 500 ppm) at 1, 3 and 5 day irrigation intervals

Fig. 2  H2O2 composition in the leaves of marjoram following chi-
tosan treatments (50, 200, and 500 ppm) at 1, 3 and 5 day irrigation 
intervals

Fig. 3  Relative expression (fold change) of APX, FeSOD, Cu/ZnSOD, MnSOD in marjoram following chitosan treatments (50, 200, and 
500 ppm) at 1, 3, and 5 day irrigation intervals
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MnSOD, APX FeSOD, DREB2, AREB1 and ERF3 is shown 
in Figs. 3 and 4. It was found that APX, FeSOD, Cu/ZnSOD, 
MnSOD are stimulated in chitosan treated plants under PII. 
The concentrations of 200 and 500 ppm showed the high-
est levels regarding genes expression. However, other genes 
including DREB2, AREB1 and ERF3 varied in their expres-
sions (Fig. 4). 1 day irrigation intervals showed no varia-
tion compared to control. PII conditions showed increases 
in the expression of DREB2 and ERF3, but AREB1 had no 
changes. Under PII, chitosan high doses of 200 and 500 ppm 
stimulated DREB2 and ERF3. Furthermore, the increases in 
the expression levels associated with increasing stress condi-
tions. CYP71D179/182 and CYP71D178 showed significant 
fold changes in their expression following chitosan treat-
ments (Fig. 5).

Essential oil composition

The essential oil composed of thymol, cis-sabinene hydrate, 
4-terpineol, terpinolene, α-Terpinene and sabinene, as shown 
in Table 3. PII and chitosan influences the chemical consti-
tutes of different treatments, as shown in Table 3. PII modu-
lated the oil constitutes in control. The thymol, cis-sabinene 
hydrate and sabinene increased from 30.40, 15.41 and 7.30% 
to 31.61, 16.52 and 7.6%, respectively, following 3 day irri-
gation intervals prolongation. 4-Terpineol, terpinolene and 
α-Terpinene were reduced in control plants watered every 3 
and 5 days compared to normal conditions (1 days).

PII and chitosan affected oil constitutes as shown in 
increased thymol, cis-sabinene hydrate and sabinene.

Discussion

In other plants such as Brachiaria brizantha (Fialho et al. 
2009), Mentha sp. (Elansary 2017), turfgrasses (Elansary 
et al. 2017) and Medicago sativa (Zhang et al. 2018), the 
diminished vegetative growth is a mechanism for reduc-
ing water loss. Ninou et al. (2017) reported that stress in 
Origanum vulgare has effects on dry matter percentage in 
grown plants. Furthermore, Radácsi et al. (2010) found 
reductions in the dry mass of stressed Ocimum basilicum. 
The reduced dry weights found here is drought avoidance 
method (Nilsen and Orcutt 1996; Elansary et al. 2017). 

Fig. 4  Relative expression of DREB2, AREB1, and ERF3 in marjo-
ram following chitosan treatments (50, 200, and 500 ppm) at 1, 3, and 
5 day irrigation intervals

Fig. 5  Relative expression (fold change) of CYP71D179/182 and 
CYP71D178 in marjoram following chitosan treatments (50, 200, and 
500 ppm) at 1, 3, and 5 day irrigation intervals
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The plant shortness is caused by slow growth rate under 
PII and similar patternhad been described in marjoram 
(Hekmat et al. 2010), Ocimum basilicum (Elansay et al. 
2015) and Mentha sp. (Elansary 2017).

Essential oil ratio peak after stress might be related to 
reduced water content (Ninou et al. 2017). However, con-
tinuous water stress conditions may reduce the essential oil 
ratios in marjoram plants (Hekmat et al. 2010).

Enhanced growth following chitosan treatment may 
increases essential oils (Bistgani et al. 2017). They found 
increased essential oil yields in water stressed Thymus dae-
nensis Celak plants treated with 400 ppm chitosan sprays.

Stress may cause temporal reduction in metabolic per-
formance including gas exchange measurements (Toscano 
et al. 2014). Chitosan may increase the proline content and 
lipid peroxidation (Bistgani et al. 2017) or cause increased 
polyphenolic composition in treated plants (Yin et al. 2012). 
Chitosan may alleviate stress by influencing gas exchange as 
well. Indeed, this is related to increased chlorophyll content 
and synthesis efficiency as well as proline and sugars peak 
in treated plants.

Chitosan relatives including chitin increase the chloro-
phyll accumulation and may affect the size of the chloroplast 
(Dzung and Thang 2004) and this activity may influence the 
aeration through enhancing stomatal conductance and the 

Table 3  Essential oil chemical constituents (means expressed in percentage) of marjoram as a response to irrigation interval (1, 3, and 5 days) 
and chitosan treatments

Control plants were used in each irrigation interval × chitosan treatment (Con1, 2, and 3)
*Means followed by different letter within a row indicate significant differences between treatments based on LSD test (P = 0.05)
RI Retention index, LRI retention index from literature

1 days 3 days 5 days

Chitosan doses (ppm)

RI LRI Con1 50 200 500 Con2 50 200 500 Con3 50 200 500

946 945 α-Pinene 0.1 0.1 0.1 0.1 0.09 0.08 0.09 0.09 0.08 0.09 0.08 0.08
974 974 Sabinene 7.3d 7.4d 7.4d 7.3d 7.6c 7.97b 8.45ab 8.42ab 7.71bc 8.2b 8.7a 8.7a
978 978 β-Pinene 0.7 0.6 0.6 0.8 0.6 0.5 0.7 0.6 0.6 0.5 0.6 0.6
985 984 Myrcene 0.11 0.10 0.11 0.10 0.12 0.11 0.10 0.10 0.08 0.09 0.08 0.09
1015 1015 α-Terpinene 9.23a 9.30a 9.10a 9.25a 8.13b 6.42c 4.32e 4.13e 6.10c 5.42d 3.32f 3.13f
1035 1035 Terpinolene 9.50a 9.42a 9.58a 9.53a 9.01b 8.36c 7.93e 7.82e 8.01c 7.48e 6.28f 6.15f
1040 1040 Cineole 0.12 0.11 0.13 0.11 0.10 0.09 0.11 0.09 0.09 0.08 0.07 0.08
1067 1067 γ-Terpinen 0.42 0.41 0.43 0.43 0.46 0.49 0.48 0.47 0.46 0.45 0.42 0.46
1080 1080 cis-sabinene hydrate 15.41g 15.38g 15.26g 15.50g 16.52f 17.42e 18.41d 18.37d 19.37c 20.88b 22.56a 22.33a
1117 1117 Linalool 0.22 0.23 0.24 0.23 0.20 0.22 0.21 0.22 0.21 0.20 0.22 0.20
1142 1142 cis-p-Menth-en-1-ol 0.09 0.08 0.09 0.09 0.04 0.05 0.05 0.06 0.03 0.05 0.06 0.05
1160 1160 trans-p-Menth-en-1-ol 1.56 1.59 1.60 1.57 1.51 1.54 1.66 1.43 1.42 1.63 1.53 1.53
1188 1188 Borneol 0.20 0.21 0.22 0.19 0.10 0.11 0.09 0.11 0.11 0.10 0.15 0.14
1190 1190 Myrtenol 0.10 0.10 0.10 0.10 0.15 0.16 0.14 0.13 0.15 0.17 0.16 0.14
1192 1192 Terpinen-4-ol/4-Ter-

pineol Terpineol
14.40a 14.23a 14.31a 14.46a 13.23b 12.17c 11.04d 11.12d 10.01e 8.98f 7.24 g 7.11 g

1198 1198 Terpineol 3.53a 3.54a 3.55a 3.62a 3.12b 2.74c 2.55d 2.62d 2.53d 2.11e 1.87f 1.88f
1233 1233 Geraniol 0.52 0.46 0.51 0.51 0.63 0.67 0.64 0.76 0.72 0.76 0.91 0.91
1269 1269 Thymol 30.04e 30.51e 30.21e 30.14e 31.61d 33.73c 35.41b 35.34b 33.21c 35.35b 37.12a 37.22a
1443 1443 Caryophyllene 1.71e 1.65e 1.63e 1.64e 1.91d 2.34c 2.74b 2.78b 2.21c 2.73b 3.56a 3.61a
1466 1466 γ-Elemene 0.11 0.09 0.10 0.11 0.10 0.04 0.04 0.03 0.06 0.02 0.02 0.01
1470 1470 γ-Gurjunene 0.09 0.08 0.09 0.08 0.03 0.04 0.05 0.04 0.03 0.04 0.03 0.03
1552 1552 Epiglobulol 0.20 0.22 0.20 0.19 0.11 0.13 0.12 0.13 0.10 0.09 0.11 0.12
1571 1571 Caryophyllene oxide 0.33 0.35 0.30 0.30 0.22 0.21 0.25 0.23 0.21 0.21 0.24 0.22
1584 1584 Spathulenol 0.11 0.12 0.11 0.11 0.10 0.11 0.12 0.12 0.10 0.11 0.10 0.10
1605 1605 Cubenol 0.10 0.12 0.11 0.12 0.11 0.13 0.10 0.11 0.10 0.12 0.10 0.09
1620 1620 Methyl jasmonate 0.24 0.22 0.22 0.21 0.21 0.23 0.21 0.22 0.23 0.21 0.25 0.25
1624 1624 α-Cadinol 0.08 0.08 0.07 0.07 0.07 0.07 0.07 0.08 0.05 0.06 0.05 0.06
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transpiration rates. The accumulation of proline is related 
to improved stress tolerance (Bandurska 2001; Zhang et al. 
2018). The increase in the photosynthetic rates in plants 
treated with chitosan may result from increased accumula-
tion of chlorophylls which enhance consequently the pho-
tosynthetic rates and such conclusion is strongly supported 
by previous work on chitosan (Farouk et al. 2008, 2011). 
However, other reports revealed opposite results (Bittelli 
et al. 2001; Song et al. 2006) which indicate that the effect 
might be species dependent.

Previous study indicate the antioxidant stress tolerance 
is supported by the oxidative enzymes (Ma et al. 2008; 
Sheikh-Mohamadi et al. 2017). Modulation of stress genes 
(e.g., FeSOD) might be related to stress tolerance (El-Esawi 
et al. 2017). Chen et al. (2016) related the photosynthetic 
apparatus with stress tolerance as found here. Chitosan 
sprays did not affect AREB1 but affected other genes such as 
CYP71D179/182 and CYP71D178, which are related to car-
vacrol and thymol and explaining essential oil shifts. Patri-
celli et al. (2015) reported parallel results as stress responses 
of these genes in O. vulgare and Morshedloo et al. (2017) 
also.

The current study support previous investigations (Soli-
man et al. 2009; Elansary 2015). Baatour et al. (2013) found 
cis-Sabinene hydrate and 4-terpineol (terpinen-4-ol) in the 
oil as found here.

Stress affects major oil constitutes in basil (Elansary 
2015), mint (Elansary et al. 2016) and rosemary (Elansary 
et al. 2017). The morphological and physiological changes 
affect oil glands population and manipulate the essential oil 
composition (El-Keltawi and Croteau 1987).

Chitosan relation to essential oil ratio and constitutes is 
clear now and the highest quality of the oil were found in 
conditions, where chitosan is at high doses. These condi-
tions enhance the metabolic and morphological status of 
the plants. The high quality oil is related to high cis-Sabi-
nene hydrate in marjoram (Franz and Novak 2002; Elansary 
2015). Other reports indicated high phenolics in the leaves 
of Ocimum basilicum L. plants treated with chitosan but 
they did not study the essential oil (Ghasemi Pirbalouti et al. 
2017).

Conclusion

Chitosan is important in stress alleviation in some plants 
including marjoram. It increases the vegetative and meta-
bolic levels of the plants subjected to unfavorable con-
ditions. Increased expression of specific antioxidant and 
specific stress genes in marjoram is expected following 
chitosan application. The essential oils quality of marjo-
ram are largely improved by chitosan as well as oil ratio. 

The chitosan is highly recommended under stress condi-
tions in marjoram.
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