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content of Satureja hortensisleaves

5 olS o8 g els S el cd)b vsye
He“anthUS) u‘o;ul.JT OLS S)J g_j ‘5..“4 6‘9...7.0

=y Syl soye Yo mhu @ sk Oy b



fry S cosh, iz zohw Con o) (milul Gl 5 alondign (s, sl She » g 9,55 ol Kes g 0olle

Slows b aslas jo (gl cud )b as o V) S cogh,
ol o il8lae  YYY/A L S el ed b as o -
Uil byl s o asullgoglle cdale olj8l o
Wl a4 e Wilg oo (S U a5 wes o olis
89,45 adsh o (Moussa and Abdel-Aziz, 2008)
abjl, plals
og ol 5l S mls «é 5 o ,50 (Gao et al., 2020)
($%555 355 awiallisogslle olime 5 b ol o5
Loojb cilas ioghn ol mlo b as culs sogne
A e g 99500 ol slid Sl (O vgeS ol
Dgdgn 59 (a2 cuml g slie Sl 6 R dgis o 55
sere) STy, 5 Jpame ol asiallisogsll
asd 3 by o b ple g JSis asls g olis
Jeie S (Cheng et al, 2018) o5i
Sk o Medlops axly /42T adallsodle
woyd A g GligiS il )3 )5 10 0 p)5 S (e
Fd 3,8 9 /0 0,5 0l cdnline S el e b
Ll olS o asalleondle olime Lials el ol5eus
EXIEPRFTRORINERI SN S
Ay g SlaS 5wl oS 5o asalgagglle ol
a5 sueo e L2alS alS laJshe o 1) asallss gl
o5 ulis o cawl Glie palS el 053 Jas oyl

(Abdalla, 2011) 54 e oL @y Sz

gl g (Mosapour et al., 2016)

Shehzad et al., ) il San 5 555 lawgs (@NNUUS L.
Sl odls )58 Sas g Wld cos (2020
Skl O Lzals as ols ylis iy Glidiss uimen
Mosie Rl o (o5 byl so 0 B ws 0 A
Thymus) sl @S g0 j0 Sy ol (e lgiome
o (Thymus serpyllum Serpolet) 4 (vulgaris L.
Glgime oy i (Mohasseli and Sadeghi, 2019)
Cad b o, A led 50 3 (B, AYIY) S O oo
REPENEVIS JEN PO S NESP
VS Gal38l o 5] 9 5 10 B2 i 0,15
33 OlgeS (sl pae 4 o Cdo al ue)s
Ll ph o a8 chagn o ad el Cudyb a0 Ve jles
2 O35S 5 Sebeodlo aal b (3 Jsboe 5 (S5 5
wls«d 5 o0 (Arctiumlappal.) sslbl olS s,
Ll 9 o3lsieS b o5l Jolome o5 o5 alins ol Sy
dglivo 30 S O (o lyime alihl sl (Sas i

.(Nora and Safahani, 2020) o.& L5 ;0 aalis b

aill gy slle
Jlaie g ool @l jlas sls las osls il g 4 50 g lis
o oy S il mhaw o Cas cpl 5 bales
IS8) bosls (1 Skes duglie gl ulul 5 (Y Jgo) ol
gy 5 aillisagdlle Glime S cugh, rals L (Y
chw Aomb 0 S ba s oS o sogme

WO (%FC)  [60(%FC) 30 (%FC)
0.3 1
3 - a a a
& 2
Ry = 0.25 ab
) o0
. 1 [
3 ‘13 g 0.2 c be be
I3 15w cd od ®
+ % E d
3 3 < 01 A e e ©
. - c
R
3 2 0.05
=]
S
2 = 0 -
° Sl ol 0 0.5 1 2
Chitosan (g 1) (5l ;0 p,5) o958

0330 wiTig3 03l (l5a0 1 (3955 9 S Cughy ciliko g ghus Jliie 1Y JSC
Fig. 2. Interaction of different levels of soil moisture and chitosan on malondialdehyde content of

Saturegja hortensis
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Table 1. Analysis of variance the effect of chitosan foliar application on growth traits of Satureja hortensis under

different levels of soil moisture

4L ooy
eros R .
) el <9 Al s _ 0,5 Slowy
Sl @lo 303! Plant Number of Stem Srdsb Srse Number
S.0.vV df height brunches diameter Leaf length Leaf width of node
Sk, o gt 11s10% 0517 72.61" 317" 417"
Soil moisture (a)
4 23.94 28.59 0.18 2.26 0.74 0.94
Chitosan (b)
(a)x(b) 8 15.35™ 10.99™ 0.24™ 37.38™ 0.44™ 1.88"
> 30 2.08 0.50 0.02 041 0.02 0.23
Error
Table 1. Continued alol) Jgus
0995 oy
alold plodl s 0095 Camnd
ST LY D e Fosgicmay i
u‘)-u.’-l élu-o 65‘)‘ Internode Fresh Weight ‘5"9# Dry weight of Root fresh M) Root dry
S.0.V df length of aerial part aerial parts weight weight
Sk, 5 o7 14.35" 3.335" 0.420°" 0.0003"*
Soil moisture (a)
olighs 0.17" 0.46" 0.120" 0.422" 0.0157
Chitosan(b)
axb 8 0.51™ 2.03" 0.102" 0.003 ™ 0.0020™
s 30 0.02 0.06 0.007 0.0003 0.000061
Error

** Significant at 1% probability level.

o] 4G j5bar g Liwljon C85 &g lacds Jals
Sl Gl Gl cely (Sas s as wels las
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Table 2. Analysis of variance the effect of chitosan foliar application on biochemical properties and essential oil content
of Satureja hortensis under different levels of soil moisture

a0 039 9d

s (slex - .
Ol i @l SRR FC PR i oibol o5
S.0.V sob! Syl Electrolyte oo sddflgspgile  wemSln pegential oil
df RWC leakage Proline MDA H202 content
SEcashys o 477777 22407 0000073 0017797 00127 152"
Soil moisture (a)
ob}h-hs *k *k *k *k *k *k
4 112.55 12.82 0.000041 0.0126 0.020 0.36
Chitosan (b)
axb 8 237.81" 18.81™ 0.000074" 0.0123" 0.005™ 0.39™
Error ks 30 3.00 2.25 0.000001 0.00026 0.0001 0.03
** Significant at 1% probability level. aoyo ) Jloizl mhaw jo o gxe
35 - @0 (%FC) @60 (%FC) 30 (%FC)
a
30 ab ab
: _p-d b-d b-d*° -
: b-d b-d . -
,3 _ 25 4 bd cd o ded b-d__ b-d|
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Fig. 3. Interaction of different levels of soil moisture and chitosan application on electrolyte leakage
of Satureja hortensis
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Table 3. Mean comparison of the effect of chitosan foliar application on growth traits and essential oil content of Satureja

hortensis under different levels of soil moisture

S a;.;,.la) o555 | £ 4l olaxy adlw yhs Spdsh Sy opse 0,5 olaxy
Soil Chitosan  Plant height ~ \umber of Stem  aflength Leafwidth umberof
moisture brunches diameter node
FC% gl! cm mm
90 Acetic acid  43.7+0.96%¢ 16.8+0.43¢d 1.98+0.01°  24.0+0.57°¢  3.1+0.06>  12.5+0.28924
90 0 44.9+0.01%¢ 18.3£0.43b° 2.30+0.112  25.240.27°  4.2+0.06* 13.0+0.0332
90 0.5 47.24+0.086* 23.1+0.63? 2.31+0.09°  31.1+0.41*  4.2+0.05? 13.5+0.2892
90 1 45.4+1.4002 20.34+0.43° 2.2240.032>  26.7+£0.21°  3.5+0.09° 13.0+£0.2892
90 2 43.5+0.76*4 17.3£0.66% 1.7540.08%¢  23.1£0.349 3.1£0.07cd  12.0+0.289a¢
60 Acetic acid  42.4+0.90 16.2+0.16% 1.75+£0.07°¢  22.6+0.479 2.8+0.08c  11.3+£0.144%¢
60 0 40.6+£0.61¢¢ 15.5+0.29¢f 1.74£0.07¢¢  22.6£0.09% 2.7+0.03¢  11.7+0.3334
60 0.5 43.5+0.95%4 16.5+0.29¢d 1.88+0.14%4  23.4+0.16%¢ 3.1+0.03° 13.3+0.3332
60 1 42.4+0.94b4 16.5+0.29<d 1.81£0.05%4  22.7+0.77% 2.8+0.02°°  12.4+0.220*¢
60 2 42.1+0.23b4 15.8+0.14de 1.70£0.13%¢  22.5+0.44de 2.7+0.11°°  11.5+0.289>4
30 Acetic acid  36.8+£1.607° 11.8+0.43¢h 1.53+£0.02¢  20.5+0.47%¢  2.6+0.01° 11.0+0.2894
30 0 39.5+0.1449¢ 13.3+0.44¢ 1.46£0.07°¢  19.1+0.1028  2.6£0.16°  11.7+0.333¢
30 0.5 40.6+0.61¢¢ 13.8+0.44%¢ 1.70+£0.06°¢  21.0+£0.02¢¢ 2.7+0.03°¢  12.7+0.333*¢
30 1 40.3+0.49¢¢ 12.8+0.14¢h 1.65+0.02¢¢  20.6+0.10°¢ 2.6+0.002% 12.3+0.33324
30 2 36.8+0.349¢ 10.8+0.44h 1.29+£0.07¢ 17.1£0.08"  2.4+0.15° 11.2+0.167¢
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Table 3. Continued

aolol .V Jous

009 S
P odgCams) plul Sis
sk aboté sl ol S e e
s 0,55k Fresh Dry weight A A egiams) ool ol o
Soil oligs Internode  weight of of aerial Root 4y, A Essential oil
moisture  Chitosan length aerial part parts fresh weight Root dry weight content

FC% gl! cm g/plant Y%viw
920 Acetic acid  3.2+0.005*°  5.10£0.26>  1.67+0.01®>  0.21+0.016%¢ 0.09+0.00504 2.2+0.0403b4
920 0 3.3£0.0023% 5.36+0.04®  1.86+0.07*  0.24+0.0096 0.11+0.0023%¢ 1.7+0.02744
920 0.5 3.6+0.0033*  6.37+0.21° 1.76+0.16*  0.32+0.0152° 0.19+0.0033a 2.5+0.0115%¢
90 1 3.3+0.0124%  452+0.034  1.76£0.06°  0.28+0.0093 0.17+0.01242 2.0+0.023¢d
920 2 3.1£0.004>4  4.15+0.47°°  1.57+0.06*° 0.12+0.0089°f 0.07+0.0044-2 2.3£0.1300%°
60 Acetic acid  2.8+0.003°°¢  3.73+0.08%f  0.84+0.01¢  0.10+0.0086f 0.06+0.00341¢ 2.5+0.0515%¢
60 0 3.0£0.002%°  2.62+0.038"  1.08+0.07%  0.11+0.0066" 0.06+0.003¢8 3.0+0.193
60 0.5 3.3£0.0029%  4.27+£009°°  1.30+0.07>¢ 0.28+0.0038 0.12+0.0029° 3.0+0.1612
60 1 3.2£0.0022¢  3.71+0.019T  1.28+0.06°  0.17+0.01049% 0.08+0.0017% 2.3+0.017%
60 2 2.6+0.0051¢f  2.63+0.092%  0.85+£0.04¢f  0.10+0.0026° 0.05+0.00511¢ 2.3+0.156b°
30 Acetic acid  2.3£0.0001f  3.08+0.11F»  0.66+0.02f  0.09+0.0005° 0.05+0.0001¢ 2.6£0.03782
30 0 2.6+0.0034f  2.16+0.05"  0.81+£0.05¢f  0.11£0.0105° 0.06+0.0028fe 2.84+0.2252
30 0.5 3.3£0.0007¢  3.46+0.02°¢ 1.15+0.09de  0.24+0.0096" 0.09+0.0007<4 3.0+0.025%
30 1 3.1£0.0006* 3.26+£0.34°¢  0.87+0.01¢  0.13+£0.0089<f 0.07£0.0006% 3.0+£0.0491%
30 2 2.340.049F  2.05+0.06' 0.67+0.03f  0.10+0.0077F 0.05+0.0491¢ 3.1+0.0492

.ol oo Bonferroni yg031 b 7.0 Jlei! s jo jlo e Bzl 5925 pus oais Lis aiw o 0 alie B>

Similar letters in each column shows non-significant difference according to Bonferroni test at 5% level
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Fig. 4. Interaction of different levels of soil moisture and chitosan application on proline content of

Satureja hortensis
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Fig. 5. Interaction of different levels of soil moisture and chitosan application on the amount of hydrogen

peroxide of Satureja hortensis
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