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Abstract

Background and objectives: Garden thyme (Thymus vulgaris L.) is prominent among
medicinal plants due to its applications across various industries. Salinity is the second most
significant environmental factor limiting agricultural productivity in many regions worldwide,
including Iran. Biofertilizers, which supply macro- and micronutrients, amino acids, and plant
hormones, can enhance plant growth and improve stress resistance. This study examined the
effects of thyme extract (Thymbra spicata), seaweed, and a comprehensive bacterial biofertilizer
on garden thyme's morphophysiological traits, biochemical characteristics, essential oil yield, and

secondary metabolite production under salt stress conditions.
Methodology: This research was designed and implemented as a factorial experiment based on
a randomized complete block design with three replications, conducted in the medicinal plant
research greenhouse of Ilam University. The first factor included treatments of 10% T. spicata
extract (TS), 1% seaweed (SB), 10% complete bacterial biofertilizer (BB), and their combination
(TS+SB+BB). The second factor involved three salinity levels: 0, 100, and 200 mM sodium
chloride (SO, S100, and S200). In this study, in addition to morphological traits, the following
parameters were measured: relative water content, electrolyte leakage, total chlorophyll,
carotenoid and anthocyanin contents of shoots, total phenol, flavonoid, total protein, soluble
sugar, proline, malondialdehyde, the enzyme activities of catalase and phenylalanine ammonia-
lyase, antioxidant activity, and essential oil content. Essential oil components were also identified
using GC and GC/MS. After data collection, the results were analyzed statistically using SAS 9.3
software, and Duncan’s multiple range test was used to compare means at a 5% probability level.

The findings were presented in tables and graphs using Excel.
Results: Based on the results, increasing salinity stress led to a decline in the average values of
morphological, physiological, and biochemical indices of T. vulgaris. However, the application
of biofertilizer treatments mitigated the adverse effects of salinity. According to the mean
comparisons, under both non-stress and salinity stress conditions, the highest morphological
indices were observed in the combined treatment of TS+SB+BB. This combined treatment also
enhanced relative water content, chlorophyll, carotenoid, anthocyanin, total phenol, flavonoid,
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total protein, soluble sugar, and proline at all stress levels. In terms of carotenoid, anthocyanin,
total phenol, flavonoid, proline, soluble sugar, catalase, and phenylalanine ammonia-lyase
enzyme activities, and antioxidant properties, values generally increased with higher stress levels.
The highest phenylalanine ammonia-lyase activity and antioxidant activity were recorded under
both non-stress and moderate stress conditions with the TS treatment, while under high-stress
conditions, the TS+SB+BB combination showed the greatest activity. Salinity stress also
increased electrolyte leakage and malondialdehyde (MDA) content. However, at all three salinity
levels, the application of the TS+SB+BB treatment significantly reduced electrolyte leakage and
MDA content. In this study, the highest essential oil content was observed under moderate salinity
stress (S100) in plants treated with the TS+SB+BB combination, which also increased thymol
content by 45% compared to the control.

Conclusion: The results of the morphophysiological and biochemical assessments, along with
essential oil analysis of garden thyme, revealed a significant decline in photosynthetic activity
under salt stress conditions. This reduction was accompanied by decreased leaf water status and
a decline in various growth and biochemical parameters. The interaction between salinity stress
and the TS+SB+BB biofertilizer treatment demonstrated that plants receiving the combined
treatment experienced less reduction in growth, physiological, biochemical, and essential oil
parameters under high salinity stress compared to untreated controls. Overall, it can be concluded
that the combined biofertilizer treatment effectively mitigates the negative effects of salinity
stress, supporting improved quantitative and qualitative performance of garden thyme under
adverse conditions.

Keywords: Thymus vulgaris L., essential oil, thymol, antioxidant activity, salinity stress,
carvacrol.



YEA Y oosles Y e ol) Jhes 5 oo plE Slades aslilas

Thymus vulgaris L. y 2b 356 sbdg g 9 2b o <Xl Thymbra spicata L. olas 1
SIgw (g o

Ts5e wladl 5 " ieme wton T B sme M s S deme
b @Ol el o&tsls (5555LaS 0aStils ( SLEL poke 05 8 i)l pmli 1S s sl ils -
m.bagnazari@ilam.ac.ir : Sy mSUcwy ol sl @Dl @) o8zl ((55,5Le8 suSails  GLel ake o5 8 lioliad (Jsts sy 5 — Y
RS I INCEE NP P T Rt R AT SN PR SR N EW A g

olpl Sleal Glaal o) e s &l (55,5l szl Sheb ‘a}l.c 05 5 (aai gl Sy g mils =¥

\F-¥F J_J)}Jé:éj".‘kiér_)b VY sl ole C)Lé"c')\: VEY ol e izsly s @)U

ouS

s pslons Kl 5l ki @,\;J ool s 4y ool oS o oo (Thymus vulgaris L) e\ Q:qﬂ HERPPVH W
ol el s oler wioslaS bl 5l gy BB (isu 03 1) osleS OV pame W5 &S ol ame Jalo (paps (558
il 5 0y (2l el LS Gbapsaysn 5 Al ol o Sen 5 5,5l olie (el b i) lassS .0 e 5 pime
) $\B3S sl en 4 (Thymbra spicata L.) 53 ciusl oylas sla 5l wandlas cnl 5o cdipde (25 il L3 oS 5l
@ oS sl slaed b 5 oulul s Shae o plantign (S35t G S5 2 b SL B 5 ol S

A gy Soph 25 Tl e s 2 sl
DLl iz SIS s ) S0 an b ol JulS Sl b sl s sl (bl s & (s el a3, 5 3l
Sl 3 258 (TSN e g5 sl s)lae sbaslag Juls (b3l el Jol 5586 s a5 )b oDl o&ails 05
5(S100) -+ (S0 o] (s)5e ikiin sha Jolt 03 558 5 WGl ails 5 (BB) 71+ ol Sk JolS 558 (SB) 7Y (ol so
wds S et 0] s Slstme (S5 sose Dl ede tasy ol 5o Ndg mde S Y se e [(S200) Y- -
@-%uﬂ b Al ol s ks A3 (S 850 8506 (S J g8 co sl Lt ilonn 55T 5 0555 5,18 JS by IS
sauns 1Sas il plalis cpiman 23 8 )5 w3550 ouilad lgime 5 gl sl cdls UL el YT s 5 5B
Sl s ad )bl 425 SAS 9.3 5Ll il S b s @)T@? 3 e oilsT sbaesls iz 2l GCIMS 5 GC Ly il
SIS Excel baw g ls g0 5 Jpde s pon @l 5 e3liznl 70 Jleas! e 55 Duncan 0905 3 b ela s Mes) 4yl
0 wlS lard s 5 G355 (Seistose el (:Sile 5l st L2 LBl odal sy el ol mls
5 O o Jla s dsesls ke awlie ulul Sisssba ol (a1, g0 (a5 e ) 6055 sbolas 5, L
il 3l o les ol wimen a0 § o5 TS+ SB+ BB il Sl 5o (S5 sssse sl on VL (g0 i Jlas]
S~ c)’“ 503 oy 5 Jskoe A8 (IS Sy A 5 (JS J 58 BN W= Vg3 L Y WP L s S gima
e ()31 1Sl 51 5 PAL 0 51 CAT 45T c b o Jphone 43 ol 53506 (IS J 5% coplom 5T o 55,8 Olio
S200 25 53 5 & TS Hlag oo S100 5 SO 25 o 53 55 oSl 5T 5 PAL 51 b 5V sl il 3l 2
aadllos ool lsme 5 cuds S i ol ot G5 il Lol olas | el o sYL TS+ SB+ BB il s
L sl ol Glsmme 5 oy S et ol TS+ SBH BB il [l 5 58 (o5t (25 phaw 4w 53 .28l il
ol 3 LTS+ SB+ BB il [l 5,8 5 53 S cus Luild glyims cp YL S100 is Loyl i 5o adlllas opl )3 ks 2alS

Ll Gl aale Hles a4 Cond L0 1) Jaai ol sme i) (gl i



..5d= Thymbra spicata L. s ,Las I

s Al plas £l Q»i'-e.ﬁ_‘ oS uiled 4525 5 plardism (S35 b shs0e s bl g n 5l ol CJL-' (S e

oS plandign 5 i, s, 8B Kos 5 S, O cunsy (2l ol JUis 4 5 mtess cdlad ol 5o sh58 i Ll s

315 oles Gk JalS 5 obss S s 5o S 5 2s5 sl eslas 5 5508 25 Jlise Sl sls £ 6ol sme S2alS

VU ooss 0 ol 5o sl 4 o sad Hle QLLS Lulel a5 0l o liand o S5 9 s (s ad s sl _zel ) oS

Jiu\a&'w.b‘é)j&uiﬁ‘kﬁ‘ﬁ)a M)b)‘aam‘ﬁuﬁﬁwu\y@t}«m))Mﬁ)\ﬁflmdfaso‘ﬂm

Y54
2 & Sioskae aSy WSadg bl s s, LS Sl o 2 3
Js S50 wsps i o Sl 5] el oJgass o uslal Thymus vulgaris L. :sals glas 3l
dodlo

L olrl s oler @ooslas Glagmss 5l ez 55 6 e
X AS L3l ) os os it sla Sl ol a1
Dad g ] el (AT 5 Cuen Sose a .
5w S el S s opa ol Bl IS b
ozl b ol 5558 23 8 po Jpamme s Shas ol e
A e 2l (0T e g, asle Lo
38l 516l S5 ol e s 5 030 e 5350
SO R SO P NI T O SRV
oS 1w byl e Jsb s .(Hosseini et al., 2017)
iy bis (S sl OF pal e b bis 4
P §ose el sl SLats sl Ol s
Shode Ay 4 S cal el cdld s il B
el (Sdple gl min Loy S ol
4 oLl 5 st 25 bl ssms D g0
G PS5 Sosd SR 2ae 5 S0l o chle
Royetal., ) s,ls Saws oo sla, 86 L 50l S
(2014
o S plS ol s sl ol
ol o535k ol alas 3l o 5eaS) Jlab sl S
Bl el 3 jep 1 Sl ] ol
Agarwal & Pandey, ) cuwl 5l 5 5l gl
g 5l S ol Sl 4 ey L (2004
oS 5l sbaS ames Llaes) sl
sleaSl el 1L b wilg e SlaeS) s
Llamsl sl cpl (Kumaran, 2006) auS cdslow

»lyle 5 (Thymus vulgaris L) 2l ool
L dlas 5 gloyn oS (Lamiaceae) olelus
o) aile el 00 T Pl s e sl
it Jsb 4 K o S sS cb S, Ll o8
oS Leee (Hosseini et al., 2017) asl o s L \Y &
ol 2D oS Ssieas ole 5 03y 4l mae b
oad e 855l il 5 sl Bl (G me i a0
sl LS 518 el anes)) gl o5 5o a5
o a3l o] it SLS 5 4 Dsi e ol ol o)l
Noroozisharaf & Kaviani, 2018) .l o Js 815, 5
ools ol oS cadl i (uilad o3 dlam 3l T il
s S Ao oSl ‘o\-&-«S‘@‘JT (B 5 2l Stus
PRSI P S FUN L PN R P I RV
@i‘v..‘j 5 e (gl 2le C\-w BN griw] Sl
Zounemat Kermani &) sso 0 o ool
.(Asadi, 2018
(23 0L 5550 53 s bata) o rage )
s Shes ol HEU me ilite L2 e
oblS cuxS 5l Llg Buas ol B Gl iS5 WS
a5 el W1 555 pm g i 5e ol s Sleslimad sl
e olS 055 sl Lo 4l sbadale Gl Sl
3,1 e solasl am 5 G LS Gl eSS 5 a5 sl
Jele cpess Sis 5l aa 6,52 (Ashraf et al., 2004)
S el gi,leS Slud g saiSssame 5 S5 Lo



YV

Slalae x5 e olS ai ) Esly 550 5 s uﬂ
R P IR PN C‘LL Casl ol plad e
M\.ﬂ.& 2 \) .o\.il)} .JJQ&; w‘ OgAA Mg)\jj&a
Slaly s bl 5 disy 5 5g Q.LL:&C_.LLL
De Souza et al., 2015; Naik et ) s a3 obls
ol e o sS 35530 a5 BB Lol (al., 2019
onn 5 45l e plie e » S Gl SL
o ol oS o ol o Sas (guz; 5 Sas
oS L alie 5o o)l ol i 3lge 5 J sl
Sabzi-Mehrabad et al., ) cwl sos oL ol
el olas b3l s ol 5o onl sl (2018
Sl sn s sbosS ol an 4 (T. spicata L.) ,b,5
Olosas @\4,—5\4 S8 S @..L..)b
5ol sl olean (SO5)e s,
T.) &b Cri s ool oS 4l el

3 S s Sost i Ll e s (vulgaris L.

W jigy 9 dlge
rh Gl Joe allie Olasis

FHEN SRR SYCUILY S W | W oipsn o)
s Casb)) SLel pake 05 8 Lol LS Slides
.)‘deu\.w “""-')‘) YO 6‘)—5 6\‘3 jZV’ L‘ 9‘ 0.)3.;\:94 )J
J,L\arﬁ)u\ oKils (e 2 a\/fu;j\,w a0 \0 5 59, 50
S e s B0 B YY 5 an s FP LS s
gl 5 VFES el 5 Jlas wids YA 5 ano YY
ity b (2 T oS 65 Lo

g«-f'-:‘-ﬁﬂ sbolas 5 80
le’ &b 5 JusSt sl Ooson Giass ol
mr B S ) S5 e b sl WS slaSoh
clalas Jols Lmlosl ol Jol 5586 s S ol (olalS
wbos S a3 35S (TS ANV S5 crts) olae
5 el @l 5 BB) /) oL SU JelS 558 (SB)
Voo S0) Al st ki sl Jals gy St

Y bt Y ale ol e s sl LS Sliies anlilas

SLLS Gilisee slacans 5 a5 winn 3 sbeaS 5
5l ey ol (Stoilova et al., 2007) x05 542
Thymbra e U L (Lamiaceae) ,lelis ol sl
505 o3 0BLS 51 (o5 58) 853l Joas o 5 spicata L.
ol Gl mae s Wl 3 so s oy s ol o8
Madd 506 5l i awte oS ol (AKiN et al., 2010)
Sl J5 S0, 5 Jses a8le baS s ol 5 badss 5
.(Akkol et al., 2009)

Seisa b Sda 5l elizad L3l sbdle o
W Al C‘” wlent s S ¢l il @»va\:-
s S e @\-ﬂ s S O p0 4 S o)l
3 Sk olie sl OV g cpl 358 0 a2 IL 4
Al Szt el (S il aial Sl 5 S
wle A Glapsem bl s sl (Sl
VO [P YO VOV P SO0 S PR OO W DS i
st oL wt, Ll el & s Sl
23 58 S sbeaS i sl i bl edle
s s 5L LS Wl semy baelas ol
L @‘-.5 oo 0,0 chw il S plie
Patel, 2018; ) wS_e Wl 1, T sy | 5 ooy i
—15Y bl emed &Y g o) (Ashour et al., 2020
Sl 5l eslinal b oS uxsl . (A-carrageenan) kSIS
e w25 5 5Ly 5 5lrS saS(18 55 b3 ol
L oo mt (Sl sl 5 sl (S sl
S olsea 5o (Betaine) by .axS o Sms olS o
5 Jes Sy s A 0 saSelilow Kol d
Begum ) xS e ol Gl oS Gl 1, (25 Jass
etal., 2018

L (PGPM) o3 i), Some sl sl Sn
L csbs @bl dhoe Sodl 5 als aup S
oS bt (s sS 5 ealazal )l e 5 eols 2ol 33
95 polsx cx) (De Souza et al., 2015) s>
ey 5 Dl 0 o 0305 e b 3l Baae
Sl d s ey Cdlad IS Bl s S s 5



..5d= Thymbra spicata L. s ,Las I

el l e e

(BB) 5L 4ol 558

00Ul ey s S lawl BB s ag sshie 4
Sdsb 9 Vool Ymosble Y-,k wlans
Sham s 4 (O ) ol ) e 5ol can s &S 2 5l a0k
il sl (Vo) oad 3, oot d e Vo Kp
5P ) ‘))15—‘ O Jv-bf solial w4 » ady
RIS b 2 S 5n s e e Ve sadag glas S
Voo e e Ve 0l a2e) Xas S5
Loy To* algal S5 8L sriln s 1 e
ey ke Ve e ety e ]

s olles 5 SB 5luesbe]

(= SN cas 50,00 S ag sk 4
LW oles cbglall 5 as oS 5 oobanle 5 S8
) Gl e maz , S bl cols o)
Lol 658 amlie s 3 el V- gl 4 2
G s a5 5500 S5l ol 40 de dind azalS
5 Sed Oleopas Sl (S s skl 4 S g4y 520
s Jlesl o) ol bz S oBalsl 4 gt
A Jsas)

VA

(TS) 55 oo sl o las ags
51w T.ospicata olS o lsls TS Jhys ag <lp
Sl » S o S a3 YD slas 5o g S
A K o L p \’J§ Voo olade as eslamal ,les
() o o 0 785 J0 51 e OYY) 70+ S5l
A S oy Cole FA Coe 4 ol Jolos ai e
3 Ol Ko ol il Bl S Lo e 23 5
Ls Glgn 2 a3 5as 93 ©e &) Jsbl slulas

Al 6 b sk ey b Jlsy s (w3 )3

SB) 2L Sdx 58
Algaren Twin L, S 5,5 SB [les ag sl »
355 s gep 50 S W) a8 a5 mslacn 8 5,
Sl ol e 4 obos S o)lae 74 g5l
Sl slge dVFL) S8l S Y Sl s a0
sbosos 5l cwlae 5 YL oolie 51 e w (YAY)
Ghreny olis 5 B sl (oniSsta 5 naSl 654,20
ad osbhla Al g A Gaba 5 il e
S e I P R AR P
el i &j Loy o @l gl S o 2l S

iales] 3550 S land 5 (Kosed G Shs Y Json
Table 1. Physicochemical characteristics of the experimental soil

San Cla St” Soil Organic Total Phosphor  Potassiu
Moisture (%) d y o pH 1 carbon nitrogen us m
Ve texture ds.m
o @ O ) (%) (bpm)  (ppm)
35 71 19 10 Slzr;iz/ 6.7 0.82 2.44 0.09 54.27 430.47

s Jlesl glals 2 Sost A (A Sy Cad) day
BB 5 0L aw) abdsloe &h50 4 SB 5 TS o)l
g;—ile.ﬂ o\-ht.:f A se=90 009% )2 Jjgj Soson Ol )
Cod Add p 5 Cuy dw 5o LAy 5 Las Jlasl 2L

BB w555k aay, C'-LL Ll call plsen

)\J.B.‘.‘.w\)’\w.,\,‘:rbd\o\,dfﬁ 6&%&0. Q‘}:“*{
3 35S el 293 o o (St 5l e 55, Y0) sbls
el g ol 5o Al 3 b 5l 5,5 25, 4 BB



VY

elbedism 5 (N5 Oliv
Lafné&)‘&k}d«ﬁj)ﬂ‘@chﬁ]‘wﬁ]d‘ﬁ”

el aslaw 5l = 5l el )l s
DA 0500 Aol bai s 5 ol L;Jb..hﬂ slales
G55 6305 b oBaslsT 5o b gad (FW) 5 055 .08 8
adoldl als v b g ol ) O L;J,_fn;\,\sl
S AT 00 058 58 e Of s cele Sl o
O 3 b cel Sl €38 5l L ins B pabse
Qdébﬁwﬁ@@h&eﬁbﬁﬁﬁﬁbﬂgju-
o5 058 B s S 0os hsh s s Sias lo elS
53 el YF Sse 4 baiged e el s 4 (TW)
K 5l ) 5 i Ses Q\;Lfﬁ\u a0 Voo glas
039 DW) S 03y o @l (S s paa
W.J«Zr\eﬁ\r;’/’~°\ w.)\.v\.bu:‘)yr\au.o\:.o\.véjf
238 aloe O o Sl 5 bl G b
oo i e ol s sl (Holaday et al., 1992)

..,\g.:Jf oalaa]
RWC (%) = [(FW — DW) / (TW — DW)] x 100
Wb puildng 055 — TW hisai 036 55 — FW
4 e Sas 55— DW

3o las s il 55T 5 0555, (Jud s IS (sl s
050) Gha) 3l s g0 ke s sl
& 503 3l pf /0 s eslad xSl (Arnon, 1967)
A gl e i 02l 13 sl 3 s s S
A s 4 2AS L5a 5 Lol sla 4 A saad J sl
;g.'v. AJU‘,M\}DMAJ jj L}-k;w Ay A.La-f‘)) JA.\;
@.ngjj&}dk;,\adj] .@.J;J&hoﬂ\éﬂj
Prismr, Labnet, ) 552 sle 4585 ;5 ;50 0« + v 55 4dds
Slo 1S 5 Gis 5l solind b Jglos e .5 S (USA
sdsili) e 4y Jaite g d Jue Ve 0355 0L S w
Specord 50, ) sy Sl s&iws 3 eslizal b o

Y bt Y ale ol e s sl LS Sliies anlilas

b S |3 gy i

S8 se 5 (S50 Olio 58050l
SS o3l (caslS 51 aw 59, VY VPN sand o
(bas S 5 25 b pase 5 K5sdssr0e Olio
Slsime alomdion (Sudds i sl ol ol
sl ..,\g.é; r\.?u'\ 456 cbed sl ol o & (ol
Soso 4 ol an absl asly a5l Sl
25l Sl o @l oliv  was ¢ 18eSsl solas

28 855 st 2o i) Al

sy Slio

r@ 5 My o Sl 4 gley L ol &UJ)\
oSl e s b aSha b a8 gy 0
4 SWEL (28 Loy by asb (YL ) ey s
Ll bl 5 oos dolodly 5 i 5SS Sl
5o by Ses o5 a5 Seslal 2 8 /0N s
CSelul a3 o 4wl s praKas ) e
ol oo oS 5l s b basy, S ol 5 e Xd
Slol cusb, G sl am o sols siscans YulS Lk
i Sl @l 5 oss wdly Jlazes 4 S by
oS /N iy b s sl b oA, 5ok
sl oo basy; paaSas 5l as o 5 Sl
35 bl Sas 35 5 s Sose 4yl 5051
1w S s Sesll r/f VAR WO TS VR | COPSIR
e85y iS ks 3l eslizad | 4y, Jsb .(Newman, 1966)
g Ayl v aiy ) o G ool e Jo K
i Sl e il ey (edendt ) 56)
Jsa b @b 5l 5 05misSSl Lo, 5l olial b asy ) mans
:(Atkinson, 1980) s 5 4l 5

TRA = 2 X (RV X m x TRL) X 0.5
RV ;sz > 4...:) JSCL‘TRA ‘ALQ‘) QJ\ DL

J_,.LL;J:‘J:TRL}V/\Y J.).Lﬂ‘cmswju.i)rgw-

.Cwd Cm S gy W)



..5d= Thymbra spicata L. s ,Las I

ngga)\u\.’\ 6\}0 el J;JJ; ML"M AJ}QJ J" O
(YY) o\ 5 Tassoni s, 5 ol sl (sl yime
L F 050 rJf A pfﬁﬁﬁﬂ e 5 H3 S o3l

vy

Jslwe 55 0l i (Analytic Jena AG, Germany

dse 5l eslannl b oLl o5 5 53 bag 5,8 ol »

\’Jf B rjfg;“"“ = 1 (6 o 50 éubﬁib SlAde )

Total chlorophyl = [(19.3 * A663 — 0.86 * A645)V/100W] + [(19.3 * A645 — 3.6 * A663)V/100W]

Carotenoides =100(A470) - 3.27(mg chl. a) - 104(mg chl. b)/227
‘J».Ay\.: V. 5 #Y0 £5Y L;LthAJjL BEBTY Uu\} =A c()jmju\..u )\ JJL:- u_.\.ajs lem) sdsslo J".\N > =V

(PH 7.8) Vo b Voo ol Slis 5L 2 e an
50 L sed e iz bl
Som ke ol S sl amys Sl sles L3 ids Y S
s e oS3l sl eslas p) i Sl aas
b oookas 5l e /) i e s eslindd S
G o 3l e Y/ 5wy b3l g 50 5 anils
0 5 e A oS5y iy 5 35538 ] 4 5,500,
Baws b Jols S (655 da plpe caids
5 Ad b 5 OB e sl 0R0 g se sb o e gy Sl
deloa 5059 08 2 p Sk e s Ol
53 sl B iomin okt 4 (Bradford, 1976) ws 8
os» sleme (VAVA) Kochert oy, 51 olsn slaplul
A dlgs o dle glgma 5 (VAVY) Bates 2, 5l ealazal |

3 S sslial (V4#A) Packer , Heath :s, 5

AJG\M.) PLESE L] Noooo

byl (CAT) WK w5l el io
oy 4 FaeeS| T el 5 (PAL) SUL el YT
DPPH
CAT w5l el (s oolas 3loslel 51
L ol ea (Y400) Maehly , Chance s, 3l eslazl |
ke Y0 sk e @ Seslal gl
Ao S ¥ooeles 4 PHET Joe s 00 w550
sl oolas iy Sa £ 5 (Ha02) 5550 5laes)
Jsb 03 Gl Ol e dias bl 5 plas o

PR e Wi 5 055 =W

5N 5 IS J58 gl s

A o b Il oolas ) e /0 Ll s
e A3 8 blie S 088 s Al s o
S am s S 8lol ¥ S e ol S A e S
i gl oS WS Js oslas K, sk o8 Selol
S iSly Cov oslas j ssm e Jsb eSS 00
g ISP PR VEVAPUYY I [ [ ) W PP v SWy
D L 0351 LIS e sy 5 48 313 A g 3
Gl 5 SNl 2, Gl 2534055 5 sba 1Sl
DS 5 Wil sh an s il e ST 31 olas
555 Ao sy Jsw ol S s S sl nan
55 Aids N0 as S5 Syl i aslinal ey sSend
FasbVE e e sadsh 5o baisel Cla 5 28 8,15 (S
< Ssslwl (Pandjaitan et al., 2005) w8 sl 3
S Krizek sy, 5heslanal b 5 e gy il | bais 5520
ey U5 U5 Sy an il (148A) oS
WM 5 5 i 0S5 el SIE I e S e
heelows D505 5 055 08 2 e 5S 0 8 ke e
N

sleplul L3 Jodoe a3 S s Llade S5l
sl ol (sl odsn (sl

A eslazal 3,983 5 Ba, 3l ends  sSeslul sl

Lo S hen Yoo) s 035 5l o isad oshite cnl



YVvY

ol izl oBaes 4 G5 sl as bl (NISTLD)
S5 G, (o /0 Joloe) by S o bu g
b 5 it Calg L Gy oBaws 4 o] ads See
5 RT) oIk ooy (R ool pasle 5leslaal |

Has gllls .oa b

6ol Olaloe 5 osls o say 500

Nl by 6)3%&9: S silel sl
(SAS Institute Inc., Cary, NC, USA) SAS 9.3 ¢, L|
S bnSile e SManl aglie ol 5 as b 4520
el s sl 70 Jlusl slhe s Duncan el
Excel (Microsoft Luy jlsss 5 Joss &) soa
a5 S sl SOffice Professional Plus Excel 2013)

oS s, sboasls

3 5 05 iy gl e e &S o ol s
S 5 5 0oy ke, CLM 3 Jsbeslsle Ses
Rz 15 o085 sles oole bl b o a
o5 Gl LY Jaam) i 3515 Sles X (s) s i
bl 38 Ll s S b pasls (Sl 5 6552
S Gosba ol LS ) oes ms i S gaS
s S0 e Ll it s aesls il i oLl
035 NOL/EF |, &5 5 i) ol s TS+ SB+ BB _aiils
adyy 5 ooe AYI/NY L lale Kas 5 OYI/AY 5
e SVLYY Job AVINY |, Kas 055 Q700 1
(C) anls sles 4 S PEL/O0 1) ay ;) b 5 WAL/ - Y
Cendlys S200 i Lal e oo Sl ees ams il
oo lasls Sas 5 VN 5 0oy YOU/FO ) 65 i)
L, Sas 05 YELOA |, ade, 5 ods A-7/0A
|y a5 VAVI/AY e SIS ok YET/SY
il i i mer 53 C Ll 4 Ced VYAZ/YA
(Y Jous) s

Y bt Y ale ol e s sl LS Sliies anlilas

oo dy_gin b Sl o 3l oozl b o 5 YF -+ e
Ol w3l b gl s SOl aiss S
b el oS a5 ais S o ead et &SI
o3lizeel b 5WILS el sV s @ 51 clla o aloe S
(Yo £) oLKes sang 55, b srdad 5 sl Sialians
il g de) Sali gl cdle Wil
o235 W DPPH b dSusl, Sles ol 5 a5 Ss3l)
S8 el syse (Yo0A) o8 5 Ebrahimzadeh

b S

o) Gl 5 alalis 5 bl (sl oS5
VAP P00 B I VIR v S PN u:J\.wl C\,&g;w\ <l
sazol] LS wsai 5 e £00 was Olel b S5
Lo p ulal gl ai rbﬁ\ﬁkﬁwhmbwqﬁ
oK g A8 5l Sas o5 08 Al S e
Sl e O op 33l b Gull o Sl 3 2ls
09 0,5 Aded O oKas 4 Gy ol b eush, Gis
5 GC loslal LSy plols as IS Iy
bl s elelis (Burt, 2004) uz .l GC/MS
S oalial b £l ot s] Guilad 53 552 50 15 slacS 5
SCION SQ GMI GC) sl S5k, S 58 oK
cwu.ia S a4 &S (oLl SSL-T21 Ju.W.436
DB-) MS-4 ¢ cwu.ia &5 SCION-MS . ~
56 4Y culis e e /Y0 X e \O Jsb 4 BMS
[ J.A.A LSJ}JSJ\ T ChA-A 9 (Ls.:)ﬁ* ./YOUSLM
R RPNAL VAL SV EAp VW PR LUV PSR
Wy b el 58 olsie a4l e /aids S0l
o 54 daly 55 sS 5 by oz eslizll VeV a5 s
Oﬁrﬁ.aﬁa\ﬁg‘dh@)aﬁ‘n 3;|J§6;;3\...~A.>,)>YA~
S S olen ool sles by oefee bY. (@amu)
Skl L oSy ol as S5 GC ¢l YL s
S5 a e B e G LT e b Aol



..5d= Thymbra spicata L. s ,Las I

VO

oyl oS iy Olao 5 oL SL el 5 ol S s bS5 LS5 cris) oolas S Gl ase =Y Jsax

S S cou £

Table 2. ANOVA of Thymbra spicata extract and seaweed and completed bacteria biofertilizers effects on
Thymus vulgaris vegetative traits under salinity stress

SOV df Pl_ant Shoo’; fresh Shoqt dry Root Root Root Root_fresh Roo_t dry
T " height weight weight  length  volume surface weight weight
Block 2 0.03™ 1.59m 0.01" 2.19™  13.62  2557™ 0.5™ 0.01m
Treatment (T) 4 34.16™  63.80™ 125"  64.69™ 1302.9" 1998.31"  17.83™ 0.35™
Salinity stress (S) 2 300.98™ 509.46™  10.02™ 749.44™ 6779.35™ 14218.8™  107.02™ 2.10™
TxS 8 1.52™ 4.16™ 0.81* 3.28™ 22352 209.29" 2.99™ 0.05™
Experimental error 28 0.02 0.33 0.007 0.61 19.78 24.13 0.1 0.002
C.V. (%) 1.88 4.15 4.40 4.32 9.47 6.73 1.26 1.22

"s,* and ™: non-significant, significant at 5, and 1% probability levels, respectively.
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Table 3. Means comparison of Thymus spicata extract and seaweed and completed bacteria biofertilizers effects
on Thymus vulgaris vegetative traits under salinity stress

Salinity Plant Shoot Shoot dry Root Rootdry  Root Root Root
stress Treatment height fresh weight fresh weight length  volume surface
(mM) (cm)  weight (g) (¢) weight (g) @ cm (m}) (cm?)
S0 §.°””°.' (noextractor 6 270 16 ge 2.08° 28.61¢ 4010 224% 519 83.86%
iofertilizer) (C)
Thymus spicata extract
10(;) (Ts)p 28° 17.49 3.15¢ 29.22¢ 409 2359 550 90,09
Seaweed biofertilizer
1% (SB) 29.130 19.54¢ 2.74°¢ 30.16° 4.23b 24.8¢ 62.66° 98.77¢
Completed bacteria
biofertilizer 10% (BB) 29.66° 23.640 3.31° 30.5° 4.27° 27.33b 77.66°  115.36°
TS+ SB+ BB 30.52 25.028 4.4428 31.232 4.482 30.762 1012 139.672
C 20.5 9.78Kl 1.37¢ 26.169 3.669 12.8 34.33f 51.23
S100 TS 24.06° 12.73" 1.78" 27.83¢° 3.98 17.46% 48de 73.22f
SB 23.269 12.14M 1.7n 27.23f 3.81f 16.269  41.33¢f 64.979
BB 25.23¢ 13.869 1.949 288 3.92¢ 18.53"  49.66¢  76.02¢f
TS+ SB+ BB 25.7¢ 15.18f 2.12° 28.40¢ 3.98¢de 19.86° 50¢ 78.96¢f
C 16.66! 6.07" 0.85" 21.33i 2.99] 8.931 13.66" 27.57k
TS 18.5% 7.32™ 1.02m 22.83 3.2i 10.13J 209" 35.67k
S200 SB 19.63k 8.94! 1.25! 25.14" 3.35" 11.93i 269 44,1}
BB 21.96" 10.72k 1.5k 26.74% 3.75f 13.21 35.66f 54.37N
TS+ SB+ BB 22.69" 11.61 1.62 27f 3.78f 14.66" 39.33f 60.189"
In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
BB: an equal combination of Aztobarvar-1, Phosphate Barvar-2, Petabarvar-2, Sulfobarvar-1, and Ferozinc Barvar biofertilizers.
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Table 4. ANOVA of Thymbra spicata extract and seaweed and completed bacteria biofertilizers effects on
Thymus vulgaris physiological traits under salinity stress

Relatvie Water  Electrolyte Total . .
S.0.V. d.f. Content Leakage Chlorophyll Carotenoids  Anthocyanin
Block 2 1.40m 1.75™ 1.02m 0.93m 0.0001"
Treatment (T) 4 198.72" 67.64™ 100.84™ 1.23" 0.002™
Salinity stress (S) 2 2250.6™ 583.08" 9.09™ 2.79™ 0.002"
TxS 8 5.4™ 4.89" 0.01* 10.45™ 0.003™
Experimental error 28 1.47 0.49 0.08 0.01 0.000002
C.V. (%) 1.57 1.79 2.81 4.29 3.94

"s, ", and ™: non-significant, significant at 5, and 1% probability levels, respectively.
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Table 5. Means comparison of Thymus spicata extract and seaweed and completed bacteria biofertilizers effects
on Thymus vulgaris physiological traits under salinity stress

Salinity Treatment Relative water Electrolyte Total chlorophyll Carotenoids Anthocyanin
stress (mM) content (%) leakage (%0) (mg.gt FW) (mg.gt FW) (UM gt FW)
Control (no
extract or .
SO . o 83.43¢ 36.66° 8.359 3.15 0.021
biofertilizer)
©
Thymus
spicata extract 86.76° 36.46° 10.41F 3.9¢ 0.036¢
10% (TS)
Seaweed
biofertilizer 93.03° 36.26° 10.54¢f 3.15 0.027°
1% (SB)
Completed
bécmrl?. 93b 347 12.47¢ 3.39¢ 0.032¢f
biofertilizer
10% (BB)
TS+ SB+ BB 96.56% 319 16.772 4.84° 0.07°
C 67k 43.53¢ 5.66! 4.94° 0.04¢
S100 TS 73.539 30¢f 8.479 4.37¢ 0.04¢
SB 76.36° 409 7.32" 4.83° 0.032¢f
BB 73.73f 38¢ 12.37¢ 3.624 0.06°
TS+ SB+ BB 86.06° 37 14,745 5.172 0.082
C 63.03" 492 4,761 1.73 0.022i
TS 63" 46.86° 7.969 2.159 0.035¢
S200 SB 63.43" 47.63® 7.22" 1.79 0.031¢f
BB 76.06° 46.36° 11.02¢ 1.33" 0.032¢f
TS+ SB+ BB 76.16° 46.16° 13.18° 2.049 0.041¢

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
BB: an equal combination of Aztobarvar-1, Phosphate Barvar-2, Petabarvar-2, Sulfobarvar-1, and Ferozinc Barvar biofertilizers.
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Table 6. ANOVA of Thymbra spicata extract and seaweed and completed bacteria biofertilizers effects on
Thymus vulgaris biochemical traits under salinity stress

S.O.V. d.f. Phenols Flavonoids Protein  Soluble carbohydrates Proline Malondialdehyde
Block 2 1.73™ 0.041™ 238.73™ 806.6™ 0.045™ 0.023™
Treatment (T) 4 23.28™ 219" 2773.97™ 4037.6™ 0.09™ 0.31™
Salinity stress (S) 2 24.80™ 6.40™ 1479.74™ 19458.5™ 1.43™ 111"

TS 8 6.89™ 1.83™  8067.74™ 6197.6™ 1.95™ 0.69™
Experimental error 28 0.033 0.006 13.39 18.30 0.003 0.001

C.V. (%) 4.56 4.01 2.45 4.87 2.99 2.67

"s, ", and ™: non-significant, significant at 5, and 1% probability levels, respectively.
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Figure 1. Means comparison of 7hymus spicata extract and seaweed and completed bacteria biofertilizers effects

on Thymus vulgaris biochemical traits under salinity stress
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
C: Control (no extract or biofertilizer), TS: Thymus spicata extract 10%, SB: Seaweed biofertilizer 1%, BB: Completed bacteria biofertilizer 10%; BB: an equal
combination of Aztobarvar-1, Phosphate Barvar-2, Petabarvar-2, Sulfobarvar-1, and Ferozinc Barvar biofertilizers.

(B-Y JKa) s § Las cku
035 O sl b cow Slas] s1 cdle
TS+ il sles cou cd 85 palesT cal 5o s
cdls VLYY S0 i kle 55 SB+ BB
Sy cos S100 2 55 cdly ilp) Sl sl
s edly Gl Slaas) sl el AAZ/OV SB
Y0//A% TS+ SB+ BB ik ,les cow S200 us

AC-Y JSa) ol plas el 3l Slasas] sl clas

$asS slaslas 5 )5 et cos PAL 51 el
PAL el s 8 )5 6oy ousl oslas 5 )
Ol L A il (mlE s s e (2B
cillae Jimgs cpl 5 GassN 5 Jsb sbeSs
SO u,.....v CEN 93 D TS )\»...a o5 PAL V.J\as .3)\.5
alis Ll PYYV/A- 5 YRYZ/AD o s 4 S100 4
e\, TS+ SB+ BB ik Loy S200 a5 55 5 sbs

o 53 (C) wals Hley & comd INVA/FY 2153l



YA-

Sl 5l sl o Gulal il ol oS sl ples
S ol s 50 580 e Lyl s 5 TS+ SB+ BB
LylLe o sals s 4 Cod Jond 770 (2530
Sles ﬁ\-’ S s b ) e 23 5 S0 s
TS+ SB+ il [l Lol cou a5 5 eas 53
A et Jsars (eS8 saoS 5 S0 i L) 2,5 BB
25 S OS5 B s e DL i - W
~WT el GlaeaS 5 a8 e o sl Ll
Js S8 5 Jss, e JIW ‘o%*-i}‘ug ot (O

.M\J 6,....»\5 .,\33)

Y oolet PV sl ol e s psols oS Slides allas

ole 5l Ll cou ol Glyime adlas ol s

oi5 ol bl Sy o 25 6258 slasls
S100 e ol e 5o oV Jsas) C3 8 15 e
Dl sl W s 5 e slud Gl o 5V
4 S100 , SO s ;s s TS+ SB+ BB ials
Slome ZAYA/YA 5 FYCL/VY Ll cel cs s
oS pulil 4 s 5o (D-Y JSa) as el
el A Jpae o0 4 oS5V sl L ]
Sl olsea Js Sl 5 i 5L Jaes a8
T | AL RPN R R W LR TPy GOl W R W

5 wbodom Olio 5 SL L el 5 oL S i 6“5353 LTS o—fwT solas Sl il a5 =Y Joas
st G ot (B sl oS sl
Table 7. ANOVA of Thymus spicata extract and seaweed and completed bacteria biofertilizers effects on
biochemical traits and Thymus vulgaris essential oil under salinity stress

Phenylalanine

Catalase . L . .

S.O.V. d.f. ammonia-lyase Antioxidants Essential Oil
(CAT)
(PAL)

Block 2 0.073™ 0.022"™ 36.8™ 0.06™
Treatment (T) 4 0.64™ 0.12™ 683.94™ 0.95™
Salinity stress (S) 2 0.73" 0.95™ 195.52™ 0.62™
TxS 8 0.55™ 1.15" 365.46™ 0.50™
Experimental error 28 0.001 0.0003 2.68 0.0009
C.V. (%) 4.21 3.96 2.83 3.07

"s,*, and ™: non-significant, significant at 5, and 1% probability levels, respectively.
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Figure 2. Means comparison of 7hymus spicata extract and seaweed and completed bacteria biofertilizers effects
on biochemical traits and Thymus vulgaris essential oil under salinity stress
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
C: Control (no extract or biofertilizer), TS: Thymus spicata extract 10%, SB: Seaweed biofertilizer 1%, BB: Completed bacteria biofertilizer 10%; BB: an equal

combination of Aztobarvar-1, Phosphate Barvar-2, Petabarvar-2, Sulfobarvar-1, and Ferozinc Barvar biofertilizers.
CAT: Catalase enzyme, PAL: Phenylalanine ammonia-lyase enzyme.
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Table 8. Thymus vulgaris essential oil compounds affected by control and Thymbra spicata extract + seaweed
biofertilizer + completed bacteria biofertilizer combined treatment under non-stress conditions

C TS+SB+BB

Compound 7 /
a-thujene 14 0.5
a-pinene 1.8 0.6
camphene 04 0.6
myrcene 55 23
a-terpinene 2.7 15
p-cymene 17.4 7.7
y-terpinene 11.0 6.1
linalool 6.0 31
borneol 3.8 23
thymol methy! ether 0.9 15
thymol 35.3 51.1
carvacrol 7.7 6.6
E-caryophyllene 1.7 2.1
humulene 0.1 0.1
y-cadinene 0.2 0.5
d-cadinene 0.3 0.9
caryophyllene oxide 0.5 11
y-eudesmol 0.1 0.4
tau.-cadinol 0.4 1.3

98.2 92.5

C: Control (no extract or biofertilizer), TS: Thymus spicata extract 10%, SB: Seaweed biofertilizer 1%, BB: Completed bacteria biofertilizer 10%; BB: an equal combination
of Aztobarvar-1, Phosphate Barvar-2, Petabarvar-2, Sulfobarvar-1, and Ferozinc Barvar biofertilizers.
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