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Iran is one of the most important production limitations. The use of organic materials such as humic
acid and wood vinegar can be useful to help produce medicinal plants to reduce the effects of drought
stress. This research was carried out in order to investigate the effect of humic acid and wood vinegar
foliar spraying on plant traits and main compounds of peppermint essential oil under drought stress
conditions. A filed experiment was conducted as a split plot based on a randomized complete block
design with three replications in the research farm of the Faculty of Agriculture of the Tarbiat Modares
University in 2019. The experimental treatments included low irrigation regime at three levels
(irrigation up to the field capacity and respectively after draining 25 (no stress), 40 (moderate drought
stress) and 55 (severe drought stress) percentage of available water in the root zone) as the main plots
factor was foliar application at seven levels (humic acid (1, 2, and 3%), wood vinegar (5, 10, and
15%) and no foliar application (control)) as a sub plots. The results showed that the interaction of
foliar application and irrigation regimes had a significant effect on plant height, total dry weight, total
chlorophyll, flavonoid, total phenol, essential oil percentage and yield, and essential oil profile.
Maximum total dry weight was produced with foliar spraying of 2 and 3% humic acid in normal
irrigation conditions with 3204 and 3259 kg ha™, respectively, and moderate and severe water deficit
stress, respectively, caused a decrease of 15.34 and 27.42% of the total dry weight compared to the
control. Water deficit stress harmed the yield of essential oil; so that with the increase of the stress
intensity, its value decreased, and moderate and severe water deficit stress, a decrease of 9.38 and
40.2 percent of essential oil yield, respectively, was observed. Increasing the concentration of humic
acid from zero to 3% increased the total chlorophyll by 10.4%. The flavonoids increased by 14.6,
22.5, and 33.1 percent with the use of 1, 2, and 3 percent humic acid, respectively, and this increase
with the use of 5, 10, and 15 percent wood vinegar was 14.3, 34.7, and 37.1 percent, respectively. It
was 34.34 and 37.15 percent. By increasing the concentration of humic acid from zero to 3%, the
essential oil content increased by 60.6%. While increasing the concentration of wood vinegar from
zero to 15%, its amount increased by 90.7%. The highest amount of menthol was obtained from the
application of 10% wood vinegar in normal irrigation conditions at 61.04%, and it was placed in a
statistical group with the treatment of 2% humic acid application in moderate water stress conditions
(60.1%). In addition, the results showed that with the use of humic acid and wood vinegar, the amount
of menthol increased by 21.88 and 17.84%, respectively, compared to not using them. According to
the water limitation and the results of this research, it is recommended to use 3% humic acid in optimal
irrigation conditions and moderate water deficit stress and use 15% wood vinegar in severe water
deficit stress conditions.
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ORIl el g g 4 pw )8 a5l Gl by )5 o)L 1 (LS Sl sk a8 5 9 M alEl 4 Gl
S Sas iy ll cel Sl o g oS pw 3 )8 (onizmen 9d g i)l Sl axis )3 9 (LS ol Sl
2 s glom 3l Cllad 5 g S adg (Il col Glg o ooz 4 38 pols yoboay 25 (S (e35Cuns))
g o oS (03¢5 Cu) S SS9 il ceels At jd a8 de b oS i wgxd A ul
(oS 05 Bl lS (eagicn ;) JS s g9 9 g glas)l Lials bYs ;I S .(Sanchez-Moreiras et al., 2014)
it g & 35 390a8 3 & oS (o o 5 5l S IS M55 nlS g 5 gts ol nls
32l % 5 Jsie slam il cllad (il el (Jido)lS 3y il ol b S S kS Ag cdond )3 g i
5 Sis g nlS & oxie o 39500 oS Slalio alld > Jotnuo ol 1l alS o 3 5 it gt
L5 9 b e yials S cladds, Ges ( JlpS L5 Cov (pisxen (Flexas et al., 2004) 34 0 oS (0dg5Cun 1)



) ks s by o (AdlS glini uilw] soc uwfj‘;rw}u‘;[é‘f‘jaj)a 2 A pw 9 Swogdibaw/ 4l

[(Chaves et al., 2003) 54 oo )] (0395 ) JS Kiis 59 9 Gy

(il gl Sl (SiS 5 llpS ) G 45 e g Seeseinl (b slme slajles ST bl 5 ) Jode
Mean Squares

Essential

S.0V df Plant Total dry Total Flavonoids oil Essential
height weight chlorophyll percentage oil yield

Block 2 0026 18592 0.000 0.000 0.002 6.575
Water d(f\’/f\}g't SUESS 5 gaz%%  3059055%*  0.130%* 0.013** 0.280**  649.43**

Error 1 4 0084 67577 0.005 0.0001 0.003 3.106
appl'i:é’&'l't?gn © 6  233%*  1175374**  0.105%* 0.007** 0.354**  535487**
W*S 12 21.26%*  57799** 0.011** 0.001** 0.038**  43.895%*

Error 2 36  0.287 8308 0.003 0.000 0.002 1.940

C.V (%) : 1.90 3.83 171 1.79 4.60 6.31

#*% ns
9

bl o dopd S Jlois e )3 (391 Y gime g ()1 pxe pae LIS o ey

Wgigdd g J5 Judg 5 clake ¥

C5,5 5 o Sy sl il s 3 (3 b 5 (S 5 St o s gDl 5 IS i e
2 Seogapipl 103 4w 9 9338 sbajlo 53 S5 o)l (e it 3> LS by 5:S0ke anolie Joia () Jgi2)
O byl 3 Sl 10> 4 308 9 Sy 5 (yjg 205 50 25 s VIV 5 9 YNAD b iy Csllas (o)l Lyl
gz &S g 20330 9 Ve 38 slajlos Jg (¥ Jgia) 18 ssmliie Sy 5 (g £35 53 p55 (e YIVFA L g (Suts
g9 daslest plo 0 Cond (Sp 5 0 p)5 52 JgegsSen +/TTY 5 /YA Cay) bawgte (SiS 15 Ll
S sne g Cute (Stuman (1= /VF¥*) S Sis (59 9 (1= /VO™) S0 el b 5 bl (¥ Jgia) wazils 65V
Cudly gyl e g Cute (Shran (1=2/¥A%) 5SS (59 9 (r=+/07%) lis)] b 435igM coppiman (0 Jga) o> (LS
Kol )3 Jgtme slom il cllad (138l «Shaguminnl 2,8 L GlalS )5 Judg IS (lgime Gil3E LY 51 (S6 (0 Jgi)
s 13 45 Mo I g S Sl 515 5 s slon 3l alleh s Sampmntod i ] g 5 L
Foawgd Glie (al Bl g S p bawgs j5 o hal3l el Slg oo Sogmiinl opizmen b oo G 55 Lido S Mg
)90 oy LS ;3 Seoguddwl 3,8 (Canellas et al., 2002) b o iolidl 50 Judg S ddgi cdomis )3 &S dga olS
(555 3,SLas Syt 5 S0 33 IS (e 38 il Smpeiial 5,15 o5 3 L5 ol 5 €5 5
e 0l HLid] p> Sl g i (213 dlge g I ol )5 b Sioganiwl (Ahmad et al., 2012) 54 0 g6y laLS
Wy o 8 olS Hlisl  gpcely Gysed |y giwed dlge JWsl g o edb GlEl 1 eSS, cole
g oo Mo 2LS slaplil sl o Sy 40 &5 i (L8 OlS ) 5l 69,5 S asgi9Me (Davoodifard et al., 2012)
olS > Seogdiusl 5,8 05,8 5135 (2016) Tian et al. .l caliseo (gla yiis & (LS Cwglio > ogeo (il o
dSgdiee yew > BASH Mg Gl cel Shegminl 35 &5 ol (LS @S 5 ©8)5 15 (yp 3j90
O3 1) Mg M il 4T )8 1 Jotue (slap 3l cullsd Wl o a5 sl dul (g9l> Ciga 45y (Tian et al., 2016)
Ui Lgasgll lalS )> g aS e 3,8 .(Ghasemzadeh et al., 2010) Lb o ol 53] 55 L5gigMs AJo3 s )3 ¢ Amd
(Khorasaninejad et al., 2019) 5.5 o 92691 13 L5g3gMé aJg5 ol 33l el oga 45 po 310,187 a8 3l

ol O yShos g o 3o VY

g ) (bl Jslome g (Sutd (5 (iiSeny 56 Cod il gl il 3 Slas 5 203 2l LS uib)ly 4328 Jg
bagte (S8 25 Ll 5 o o6 o3 D e 53 ool (sgme (i ) Jpi) €5 5 0 S Jlo)



VP 090 & ylais ol g oloniy 6,90 i) (1)) ol pale dlzo g

&Sy doyd Vo jlasd duo > V/V00) lawgie (Siis i bl pd 3 g &S o> Ve led b g Al g5 (duopd VVAYY)
Ol (glol Lty 53 (30)d VIVFR) Seogatiunsl Lo yd dus g (30)3 VIFY) Cgn 48 o Juo)d VO ((huoyd V/VOF) o>
S K28 g I NY) iy 1) il s Sl L5 S Sy {1 Jpi) €5 3 (6 el 05,5 o529
b il 3,Sdos (B Jgaz) 3,3 6yl dne g Cuto (Siusan (=4 /VAX) a5939Ml5 o (1=+/0Y) JS' Jidg)lS" r=+/VV*¥)
ol 33 (2o I5N) siidle (12 97%) S LS (r= V) JS K g r=-IA0) iy gl
S g & b pasede Clao (Ser @l 4 a2y LIV 0 Joao) et (o)l xe g Cute (Siumon (1=+/AF*)
ool 203 556 5o ((Stsan (ulpd 4 a2 5 L Glag cal 3 g ) 8L uill 5 Sles (g5 bl 1oy 5 S

{8 Jsi) 292 JS StS g Sl it

csSait s bylpd ) g a8y 5 Sogubrdnl (b sl slajles GiiSeny jo il plin Glino (1 Ske duslie Y Jgaa

Total dry

Total

Treatments Plan}zll::;ight weight1 )(kg ha- chlog;?p‘lg!l) (mg (”Fl‘:::)‘llogl;?i‘dvi) Esse(l(l,z; Loil ylizeslile?lgga:lgﬂ)
H-1% 28.40+0.22f 2514+27d-f 3.094+0.037d-f 0.244+0.002fg 0.824+0.031ef 20.73+1.00h
= H-2% 37.48+0.07a 3204+29ab 3.185+0.033a-c 0.247+0.003f 1.072+0.025bc 34.35+0.79b
'% H-3% 35.11+0.33b 3259+34a 3.206+0.032ab 0.269+0.002cd 1.149+£0.033a 37.48+1.45a
én WV-5% 32.49+0.34d 2482+110e-g 3.031+0.014e-h 0.238+0.003fg 0.594+0.023hi 14.76+0.95ij
; m 38.12+0.09a 2627+112de 3.126+0.012b-d 0.252+0.002¢f 1.156+0.011a 30.36+1.36de
2 \1)?;; 38.30+£0.31a 3057+138bc 2.948+0.020h-j 0.269+0.002cd 1.147+0.019a 35.07£1.79b
Control 20.71+0.24k 2296+86hi 2.9514+0.034h-j 0.205+0.003ij 0.541+0.035i 12.35+0.35k1
H-1% 23.40+0.491 2083+21jk 2.988+0.027g-j 0.266+0.001de 0.949+0.01d 19.77+0.35h

E H-2% 26.89+0.35¢ 2502+79e-g 3.104+0.030c-¢ 0.284+0.002¢ 1.054+0.016¢ 26.38+0.95fg
% H-3% 33.84+0.14c¢ 2978+12¢ 3.249+0.033a 0.312+0.001b 1.13+£0.02ab 33.65+0.74bc
§ ?_ WV-5% 25.19+0.28h 1981+60k 2.909+0.028jk 0.246+0.002fg 0.843+0.019¢ 16.67+0.131
% K %\02 30.88+0.42¢ 2478+41e-g 3.01340.028f-i 0.338+0.003a 1.155+0.009a 28.63+0.68ef
g \1)\;\0;; 34.73+0.23b 2656+93d 3.09+0.016d-f 0.337+0.001a 1.183+0.004a 31.40+1.01cd

Control 19.97+0.19k 1780+521 2.899+0.020jk 0.23140.003gh 0.63340.007h 11.25+0.22k-m

P H-1% 21.95+0.25j 1791+£391 2.969+0.039h-j 0.218+0.002hi 0.576+0.005hi 10.31+0.15lm
g H-2% 28.33+0.44f 2008+65k 3.098+0.042c-f 0.248+0.000f 0.751+0.037fg 15.04+0.44ij
;?:: H-3% 28.81+0.27f 2356+94¢-i 3.064+0.020d-g 0.264+0.003de 0.7154+0.015¢g 16.83+0.551
-;E: WV-5% 18.87+0.051 1722+181m 2.797+0.0441 0.243+0.005fg 0.745+0.042¢g 12.82+0.6jk
§ \17\(7)\02 23.81+0.50i 2216+65ij 2.847+0.0461k 0.266+0.004de 0.926+0.026d 20.54+1.09h
§ \17\;\02 26.75+0.17g 2411+45f-h 2.934+0.032i-k 0.265+0.002de 1.058+0.019bc 25.52+0.74¢
Z Control 17.90+0.06m 1604+50m 2.767+0.0041 0.200+0.003j 0.602+0.045hi 9.64+0.62m

S 5 b glome H-1%) 3,1 )13 3)lwiks | (clas £ coMe 5l an 23l o LSD 905l oloolys yls sime M5 336 gt o )3 S e i o JBlis (il (gla Sl
WV-10% o )3 gy gz 45 o (b b Jglome WV-5%0 «Siogamipw | o )3 ds (5 b Jgle :H-3% «Seogudsis | 1o )3 93 (5 b gl H-290 «Sogutris | o )
(B gloxe oy5) 1ol :CONLIOL 5 1o )3 VO Cgn &Sy (8L Jglome WV-15% o> Vo g 45 s (b Joloxo

colo 1l ) Jgtus lam 3Tl Gl Soogunians | 3,5 L il |3,Shos 5 20y (2alj3l LY 51 (S
y il | gy o il | bl a3 )3 Jofun o (slaps 3l cdlad ial38l b Wil o Seogudriw | | ol 5> il |

odid LSy (glinl )0 a8 )50 g yhund yid da (0,5 wal)8 5,k 5l Sogmiuw! (Khalid et al., 2018) a»s i3l
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dgp— S oS —9) )_i_._> u,u_’l_wl ul)_._a uu_,‘)J] 90 c..\_i)‘b )9 o u.\_;‘ |
s g cd)S 8wy dy50 louy LS 3 Seegumis wl 35 ¢ 355 S y> (Niakan & Khavarinezhad, 2003)
2 ¢pizron J(Rouhiet al., 2018) 34 o ylouy 1> (il ] 3 Slos g o > ili8l el Shogdauw | 5,8 aS 0l L
ol d5gs 5 gl LS ;o il ! s Slas g do 3 ilidl el Seogumiiw | (g9l (sladgS 5l sl | o saiioss S
yo b Ol il g wile | cdle w18 0 Jotm o lans 3l el Liol3sl o IS jobas (Gomaa et al., 2017) cuw |
S5 Wlosds zilas Seogadiuw [35)5 L il 15,Slas 5 00 o (iliél Lo | s 9 fleie 4 ol bw & olie
el g &y )8 453l (Ll @l 9 €8)S )8 (yn 3j90 by g gl OBLS 13 o & 5w )8 (BT
el g a8y 0,8 a5 0 sdalidie 3855 (pl 43 (pitmad g o LS Cpl jd uilwl 5, Sas 5 asyy i)l
bylys (il 5 Slas ials (Mohamed & EI-Maghraby, 2016) 544 0 55 w9 glss ;0 Judg,lS (glgizee i8]
QL”‘.’.) olS 0 L}..JL.»‘ d‘?b“ u....»\)sl el u-"rbg oS &S o5 sdal e (380 (ﬁ-‘ 20 (e .\;buo u,.\.zalf OL".’.)
.(Ramoliya et al., 2018) wib o i Loyl plp 43 oS cdabdlore ¢ yiis byl yd )0 (uslul doyd o381 s 39 0
S I ST Cud b g 5 S ¥ —F

S5 2y Sy Jlatl s )3 (6o sine 3B (bl slome 5 (SbS (A5 Sam 2l U uilly 4255 Jpe )
S ot 35 05 055 clive b > (L3 o lin aumlin Jgio (1 Jpi) oS a1l i o 5 S S5
9 (F Jgio) 25 W95 S 5 039 )5 > SIBal 5 (oo VUVA L s (St (25 Lalpd )3 Semgatrdinl 4o )3 s
238 slos opizman (F Jgan) b oaalite gllae (ylol baulpd 53 Shaganiaml 10)3 o 3l e 55 o oy yiaS

L a8 cuwsls 1y (2,2-Diphenyl-1-picrylhydrazyl) DPPH )l (s yiadion ot (Suis i byl )0 Ko gl duo )d duo
Cgr aS 1o VO g Sogutduw| do yd dw 3)8 g s o6 i balyd )3 Ggn 4w o )3 V0 3,8 sl b
Gz 4 o 803 Vo 2,8 51 IS o s (F i) €85 )8 o)Ll 09)5 o )3 gt (S S bl 3
S gre g o [ Siuon (1=+/OV**) Sl 5T cud o b ST i (F Jgi) dol Camdts oad oS (i Lalyd )
ST 5l b b (IS s a8l LI (0 Joeds) ol s gy pixe (Siumsed Slaw plo b Jg (0 Jgas) il
bl Jole S, (yie & Slgicn (Sebs 5 Ll 55 85 ool a8 JUb Sl 5 (S0 S Ji8 .28l il 35
S5 i Bl > S slaJsbe ] i > S5 e o i STl o b 555 b L JS 5 S Jos ol
M55 x5 > 45 35 o bl Lo 3 > Jotns sl lld Gl el IS 8 rizpan 5L ety i
(Bose etal., 2014) \b o Giol38l Sis i bl yd o il
28 48 3l S gl g €8, JE s 2090 Gl oS 53 (Kb S 15 bl 3 S 58 b (3os S 0

15 oaalite 35 ol 53 cmizpen 9 oo (b ol 3Skes g by (9 (S G5 e Oyl als el JS S
Sy St G s 5 3 ol b5 3 B (flyme 5 il 3,Slae G el JS B 58 oS
o oy Dy90 lonS olS 33 L3 (glgie o Sl ST 5l culld 5 Sis i b gaios S 4> (Sharma et al., 2019)
ol el «Sogmil a5le S OliS 5 (S g I loogs Sl oalitl 4 ols (L 3o ol (oizeen 285 )8
(Zhu et al., 2021) 3¢ oo S 5 baslyd )3 1gnS olS j> L (clgimme o  JlawnST ol cullad
bl Lot lus 5 -0

o 5 b Jsl 5 (S5 A it il 5 (LB-CINONE 5 (5o ol o Jia) il Lol e 5

Sy s N 3lS 3 g e i 35 (5 U Sk Al Jgiz (¥ Jpi2) 255,515 1o S, Jla
O Ll b > Saogutdnl 3oyd 93 3,0)5 Jlas b g (F Jgin) del cawdds 2o yd £V/+¥ b Cglhan (6yLol basl s 1 g
9 Saogumdenl 3,08 b Jgiie Hlude ol L gl (¥ Jgdo) cd)5 51,8 g)lol 09,5 <o )3 1uoyd £4/V0 b bawgio Siis



VP 090 & ylais pieiy g oloxiy 6,90 i) (15 HOLS pole dlzo

YA

2oy YFIY 9 ¥YNA (s s gllan (oylol baslps g bawgie (Sutd a5 bl 5 gl 5l ool pie 4y coms coge oS
Joia) 1 layle plos 31y (do > YEVA) Ggllao (glol bl 45 aalis jlaws > cobiaol Juite (¥ Joda) il ilj8l

b g o9 bjlass polio 1 yid a0y VA0 b ogllae ()bl baylpd j3 0ol Jlass 55 55 (ygite (ljwe Oy picis eymizan (¥
e i oS Jlo s (F o) <85 )8 (g)lel 09)5 S 55 ollas (bl byl 55 Sngaipunl 0> dws 318
(¥ Josa) wis odalie do > ¥/AY b s (Sid 55 bl 0 G aS s do > Ve b sl Hlews > 1,8-Cinole

sSid i balyd 3 g 4 s 5 Seogamdinl (b gl glajles > Jald gl Luill sdes luS 5 g Sl 5l cud b (S b Guil g 4555 Y Jgds

SOV

Mean Squares

Total

Menthyl

DDPH Menthol Menthone 1,8-cinole
Phenol acetate

Block 2 0.115 0.558 0.304 2.190 0.001 0.20

Water deficit stress (W) 2 41.830** 722.123** 78.094** 21.002** 4.237** 0.390**
Error 1 4 0.100 4,718 1.499 1.205 0.007 0.020

Foliar application(S) 6 9.063** 272.721** 194.707** 27.286** 1.335** 0.615**

W*S 12 4.546** 34.479** 12.784** 3.279** 0.576** 0.141**
Error 2 36 0.101 7.151 0.486 0.753 0.005 0.017
CV (%) - 2.12 3.86 1.30 4.38 4.16 3.95

w3l o3 Sy Jloin] o 53 (351 0 sine 5 ()l e s SOl i g F g™

2 g 4S5 Syl b sl sloylet (i 53 i gl il sdes @S 5 g ST T b B (S 5 (5 Sike dulie € Jgua

St i bl
Treatments (rﬁ?ii\flﬁ}e l;(gd DDPH (%) Menthol (%) aiw“?:gl(yo/lo) Me(l:;l)l)one 1,8-cinole (%)
gF.Wh)

H-1% 11.58+0.083k 60.04+0.431gh 52.50+0.599jk  21.12+0.595c-e 1.93£0.101c¢ 2.96+0.065kl1
= H-2% 12.82+0.115j 66.85+2.807¢f 58.9440.450¢ 21.00+0.346¢c-¢  1.86+0.036¢c-e¢  3.254+0.021f-i
'% H-3% 14.41£0.078gh 70.05+2.237de 56.75+0.414de 19.12+0.775fg 2.92+0.043a 3.45+0.089c-f
:én WV-5% 13.55+0.028i 62.97+1.623fg 53.80+0.697hi 19.35+0.641fg 1.77+0.028de  3.15+0.120h-k
g m 15.64+0.128de 61.78+1.005gh 61.04+0.428a 19.34+0.623fg 1.37+0.02hi 3.25+0.055f-i
2 \1)\;};) 15.57+0.112de 60.28+0.833gh 56.284+0.185ef  21.51+0.735b-d 2.38+0.033b 3.38+0.094d-g

Control 13.42+0.145i 57.98+1.052h 50.21£0.1111m 24.79+0.159a 2.95+0.032a 2.69+0.120m

H-1% 13.79+0.110i 66.98+0.804ef 51.35+0.317kl 22.90+0.222b 0.43+0.008; 2.71+£0.032m

E H-2% 13.90+0.301hi 70.96+0.156¢c-e  60.15+0.350ab 19.70+0.75¢-g 1.49+0.034fg  3.43+£0.021d-f
%}
E H-3% 14.42+0.244gh 81.87+0.413a 59.21+0.110bc 16.40+0.015h 1.44+0.036f-h  3.03+0.060j-1
é g WV-5% 14.61+0.246fg 71.86+1.836cd  49.60+0.079mn 18.30+0.382¢ 1.54+0.027f 3.05+0.112i-1
§ “ %};} 15.55+0.085de 62.88+1.013fg 55.33+0.224fg 18.60+0.433¢g 1.86+0.036¢-¢ 3.7+0.033ab
g ‘17\?02) 15.52+0.305de 79.10£3.073ab 54.33+0.524gh 18.90+0.359g 1.76+0.014¢ 3.51£0.076b-¢
Control 13.83+0.056i 60.58+0.445gh 42.30+0.837q 22.30+0.653bc 1.88+0.049cd  3.214+0.018g-j
- H-1% 15.28+0.320e 73.89+0.459¢d 48.93+0.184no0  19.70+0.289e¢-g 0.37+0.014;j 3.14+0.155h-k
f_,g H-2% 18.73+0.068b 73.31£1.161cd 56.73+0.111de 19.10+0.516fg 1.94+0.038¢ 3.66+0.063bc
E H-3% 19.28+0.110a 82.60+0.652a 57.45+0.294d 15.98+0.108h 1.3940.04g-i 3.54+0.050b-d
§ WV-5% 15.13+0.338ef 74.85+1.988bc 48.33+0.3440 18.40+0.267g 1.32+0.014i 2.8940.035Im
§ %}; 15.85+0.214d 72.70£1.224cd 52.93+0.318ij 19.42+0.297fg 1.37+0.042hi 3.91+0.037a
§ ‘17\;\02] 16.96+0.122¢ 79.10£1.173ab 53.76+0.422hi 19.38+0.450fg 1.38+0.037g-i  3.52+0.038b-¢
z Control 14.71£0.119fg 63.98+2.008fg 44.79+0.878p 20.49+1.18d-f 1.46+0.053f-h  3.31+0.086e-h
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Sy o glome H-196) .5)l5 ) 3,k ] ellas + oDl 1 snptz b o LSD cygoj] okl o sine M) 35 gt 1o )3 S st oo Sy il (el elosSilio
MWV-10% o )3 iy o 45 o (b b Jglome WV-5%0 o Siogipipw | do 3 s (o5 b Jsle :H-3% «Sogudsw | o )3 93 (b b gl :HH-290 «Sogudris | o
((s5bJsloxe y985) 22Ls :CONLIOL 5 40 )3 VO g &S pus (Sb Joloee WV-15%0 o3 Vo Cgn oS o (8l Jsloro

385 b alS il Ly (55, Slgi o 5 39 o odli] JT sladsS 13 a8 ol JT S 5 Sy Sogudon]
2y g il glgioe ol el Wlgh o Siogupinl jl ooliiw] aS” cusl odly 4Lis (2018) Hassani et al. wladss
(Thymus vulgaris L.) cpézsl obS uilo] By » Shogaiu | 13l gaios 5 3 98 o) slowd @l 5 bligp
FoBgys 10 5o 5 Luilwl (glgiome yiuli8l el Sioguaiuul 1 odlitwl a8 ol lid Baiod Cpl guls (28,8 )|)8 oy )90
g didgy 08 Jlod Spogemd |1 a5 (29)5 55 JgS1p)l8 (lsimo (3wl 50w load o] plhord S 5
D39 Jald 09,5 5l jl g gy 0ad Hlesd Sogeidans 1L a5 (29)5 )0 o Jid 5 basdany 5 (liee comiman dg: ald 09,5
3506 LS bl bligy » bles o Seogundywl 5l osliwl & 8,5 doeis lg3 o0 oyl Ly .(Hassaniet al., 2018)
Koy 5 Scagantonl 136 K00 Baios S 53 39 o oliord OS5 )3 s g il (glgime (ljEl el 58
5l oolatwl aS sl lis 3aiss ol ol (8,5 J18 wyy )50 (Mentha spicata L.) iy gl 5 Jalb L lals sl
5 00l | e i ) 5 o 1008 Wyl losd S )3 Uilgys )3 s g el | glyime ial3dl Csly ecSpmput i |
ol il gliss o] (Lol S 5 o el aa (255 gl ol 3 il (g (I3 sl Ssngeninnl
(> gliss olS 3)90 53 Wdgr S 09,5 I ik idg: 00D jlasd Sogemtpasl b 45T (29)5 )3 gl g (igtte (Jgitie
gl ol Lol ingy S 09,5 51y 392 045 Jlogd Smgaponsl b &S (29)5 )3 (il S 5 5 (uslsl (slgien (e
duopd b i Siuwed Jod> .(Javanmardi et al., 2014) 5g; oLS 50 (pl o (S5 9 (Jawre (slacgles Joay polde )
3ySkes (1= JSAR*) il Aoy 1=+ IVAR*) IS Libo IS ((r=+IVS*%) S (Sts 59 =+ IAVSY) el Jsiie
b ol wl o sioyd a8 oy (0 Jgi) )5 (gl gime 5 Cutto (Siumod (I=+/OY*) 05959M0 5 (r=+/VF**) [l
(r=/¥A%) JS St g b Joiie 353 comiomen (B Jgaz) 31 (Lis (5l e 9 (e (Stuwran (1==+/FV¥) 15559308
K555 5 5] e (Sinson (B J52) 3 (5 fosine 5 St (Shuwson (1= 15+%) JS 5y 1,8-cinole 103 5
JS b g JS Sts e LtalBl LI Bl e 1505 G e 3,5Vl 3 o Sy (LtalBl) Gt iy 0kimd L
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Traits A B C D E F G H | J K L
A 1.00

B 0.89** 1.00

C 0.75** 0.76**  1.00

D 0.72** 0.72** 0.52* 1.00

E 0.85** 0.91** 0.67** 0.94** 1.00

F 0.03 -0.17 -0.08 0.03 -0.07 1.00

G 0.53* 0.49* 045 0.78** 0.68** 0.19 1.00

H 0.02 0.01 0.18 0.19 0.11  0.57** 0.40 1.00

| 0.81** 0.76* 0.78** 0.68** 0.74** 0.22 0.53* 0.25 1.00

J -0.28 -0.12 -0.27 -0.26 -0.21 -0.54 -047* -074 -040 1.00

K 0.31 0.48* 0.22 0.11 0.30 -0.16 -001 -039 014 025 1.00

L 0.28 0.17 0.06 0.35 029 0.60** 0.42 030 030 033 0.09 1.00
F il 5,Skos B uibol ao 3 D (S Lids 15 :C e plep plul (K25 55 B eglis)l 1A sl o s ) Sy 5 gy Jlom] o 53 (Siarad s1imd LS o iy ¥X 5 *
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