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Improving the Morphophysiological and Phytochemical Traits of Garden
Thyme Sprayed by Chitosan and Ascophyllum nodosum
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Table 1. Analysis of variance (mean square) effect of chitosan and seaweed foliar application on some
morphophysiological characteristics of Thymus vulgaris L.
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Table 2. Mean comparison of the interaction effect of foliar application of chitosan and seaweed on some
morphophysiological traits of Thymus vulgaris L.
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10 19,6700 4,672 0.797¢ 0.310¢ 1.107¢
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In each column, numbers with the same letter do not have a significant difference at the 5% probability level of Duncan's

test.
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Fig. 1. Mean comparison of simple effect foliar application of (a) seaweed fertilizer and (b) chitosan on aerial part

fresh weight of Thymus vulgaris L. (In each column, numbers with the same letter do not have a significant
difference at the 5% probability level of Duncan's test.)
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Fig. 2. Mean comparison of simple effect foliar application of chitosan on aerial part dry weight of Thymus
vulgaris L. (In each column, numbers with the same letter do not have a significant difference at the 5%
probability level of Duncan's test.).
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Fig. 3. Mean comparison of simple effect foliar application of (a) seaweed fertilizer and (b) chitosan on biological

yield of Thymus vulgaris L. (In each column, numbers with the same letter do not have a significant difference at
the 5% probability level of Duncan's test.)
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Table 3. Analysis of variance (mean square) effect of chitosan and seaweed foliar application on some
phytochemical traits of Thymus vulgaris L.

Sla o 5 S5keo
Syt ailie @l az ) (Mean square)
Sources of Variations E;fgerggrﬂf RUCIEANS JS Jsid JS asgisdls wu.m;f
Carotenoid Total phenol Total flavonoid Essential oil
percentage
)',’S i 2 0.00" 0.01" 0.04"s 0.92"
Replication
b= 3 0.00™ 2.50™ 2.95™ 0.28™
Chitosan
ey Sala 3 0.00™ 0.01s 0.26™ 0.11"
Seaweed
ks"l':{)‘) ‘SJ} x u‘)}"‘s 9 0-01** 0.0lns 0.37** 0.07**
Chitosan x Seaweed
2olojl sl
oS 35 0.00 0.01 0.03 0.01
Error
Ol s o o
Coefficient of variation - 2.28 1.47 10.00 10.00
(%)

P sire s g oy ) 90 Jlail mhaw jo o e i g ™ g
*,**and ns are significant at 5% and 1% probability level and non-significant, respectively
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Fig. 4. Mean comparison of the interaction effect of foliar application of chitosan and seaweed on carotenoid

content of Thymus vulgaris L.(In each column, numbers with the same letter do not have a significant difference
at the 5% probability level of Duncan's test.)

VAY



Ol 5 oo,

F s

Mg wo o) Jloisl mhaws 5o IS S8 Gl » OligS (oS dslome ool e el cnl 5l (Sl Ghaghy mlbs
Sl 0,5 o BITF) (£l gl oS 5o S Joid e e (O JSC2) (lie dulin logad bl o (Y Jgaz) 0o
aald Lo 4 o a5 sl Camody 3L Jslme Sjg0n 5SS p il dee 3008 L (Sis 5 08 SIS
b oo Gl 50 S U538 Ol (li9eS (ol Jslome zolaws (lEI b (S jsboas cuils il a0 VO

5 6

o

3 5

2o 4 d

= c

138 o

2=

“wex> 2

o ©

E° 1

o s i

TE O a0 )

P 0 3 6 9
RUT=A

Chitosan (ml.I')

Sl alie g b (golsl g 8 59) (Eb tagl JS g3 oliee 2 0ligS (Sl bee ool 51 eSile dlio -0 JSC
(35,05 Sl (5031 70 et mhaws 5o v b (g lo sixe
Fig. 5. Mean comparison of simple effect foliar application of chitosan on total phenol content of Thymus vulgaris

L. (In each column, numbers with the same letter do not have a significant difference at the 5% probability
level of Duncan's test.)
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Fig. 6. Mean comparison of the interaction effect of foliar application of chitosan and seaweed on total flavonoid
content of Thymus vulgaris L. (In each column, numbers with the same letter do not have a significant difference
at the 5% probability level of Duncan's test.).
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Fig. 7. Mean comparison of the interaction effect of foliar application of chitosan and seaweed on essential oil

percentage of Thymus vulgaris L.(In each column, numbers with the same letter do not have a significant
difference at the 5% probability level of Duncan's test.)
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Nowadays, one of the environmentally friendly methods to increase the biosynthesis of
secondary metabolites in medicinal plants is the use of biological elicitors. For this reason, the
present study was conducted to investigate the effect of chitosan and seaweed biofertilizers on
the quantitative and qualitative traits of garden thyme. This experiment was factorial in the
form of a randomized complete block design with two factors: chitosan liquid fertilizer (0, 3,
6 and 9 mlI") and seaweed extract (0, 2.5, 5 and 10 mlIY) was performed with three
replications. The results showed that all the experimental treatments caused a significant
increase in the studied traits; So that the highest amount of plant height, photosynthetic
pigments and carotenoid were obtained with the simultaneous application of 6 ml.I"* of chitosan
and 10 ml.I"* of seaweed. Also, the application of the highest level of fertilizer (9 ml.I"? of
chitosan and 10 ml.I"t of seaweed) resulted in the production of the largest diameter of the main
stem (1.67 times the control), fresh and dry weight of aerial parts (98% increase compared to
control), biological yield, total phenol (75% increase compared to control), and total flavonoid
(3.81 mg of quercetin per gram of dry weight). The maximum production of essential oil in
garden thyme was also observed as a result of foliar spraying of 3 ml.I* of chitosan along with
10 ml.I"! of seaweed, which was about 3.25 times higher than the control. Therefore, the use of
biofertilizers can be an effective way to improve the quantity and quality of garden thyme, as
well as preserve the environment and increase the food and medicinal safety of plants due to
the reduction in the use of chemical fertilizers.

Keywords: Essential oil, Elicitor, Photosynthesis, Flavonoid, Biofertilizers.
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