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Abstract

Background and Obijectives: Zataria multiflora Boiss. is an important medicinal plant species
in the Lamiaceae family, native to Iran and some neighboring countries. Water scarcity is a
significant limiting factor for crop growth and production. Reduced efficiency of chemical fertilizer
uptake under drought conditions and their adverse environmental effects necessitates using
sustainable agricultural practices. Mycorrhizal fungi, through their symbiotic with plants, provide
essential nutrients to plants and mitigate the adverse effects of biotic and abiotic stresses on plants.
This study investigates the influence of mycorrhizal symbiosis under drought stress and non-stress
conditions on morpho-physiological characteristics of eight Z. multiflora ecotypes.
Methodology: This study was conducted on eight Z. multiflora ecotypes collected from Safashahr,
Neyriz, Khanekhore, and Fasa (located in Fars province), Faridan, Baharestan, Kalat Ghazi (located
in Isfahan province), and Qasreghand (located in Sistan and Baluchestan province). Two-year-old
plants of these ecotypes were subjected to two levels of drought stress, consisting of 50% and 90%
soil field capacity, representing drought stress and non-drought stress conditions, respectively.
Mycorrhizal fungi were applied at two levels (with and without) in a factorial experiment based on
the completely randomized design with three replications, conducted in a greenhouse of the
Agriculture Faculty, Shahrekord University, Iran. Drought stress was applied through reduced
watering, and arbuscular mycorrhizal fungi were inoculated in holes at a depth of 4-5 cm around the
roots in the pots. The symbiosis was confirmed through root staining. Morpho-physiological traits,
including plant length, width, crown area, leaf area, dry plant yield, and chlorophyll "a" and "b"
content, were measured. After variance analysis, the means were compared using the LSD test.
Pearson correlation coefficients were used to determine trait correlations, and stepwise regression
was employed to identify traits affecting dry plant yield.
Results: The results of the analysis of variance showed that ecotype, drought stress, and
mycorrhizal application had highly significant effects on plant length, plant width, crown area, leaf
area, dry plant yield, and chlorophyll "a" and "b" content. The significance of the two- and three-
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way interaction effects of ecotypes with drought stress and mycorrhizal application in all studied
traits indicates the different responses of ecotypes to drought stress and mycorrhizal fungus
application. Comparing the means of the two drought stress levels indicated a significant reduction
in all traits under stress conditions. Mycorrhizal application in non-stress conditions significantly
increased the traits. Using mycorrhizal fungi under drought stress conditions compensated for part
of the reduction caused by drought stress in the traits, resulting in an increase ranging from 14%
(plant width) to 210% (dry plant yield) compared to drought stress conditions. The comparison of
ecotypes in each combination of stress levels and mycorrhizal application levels suggests that plant
length and width, crown area, leaf area, and plant dry yield increased. The intensity of response or
change in these ecotypes to drought stress and mycorrhizal application varies. The correlation
coefficients and stepwise regression results indicate the critical role of leaf area and plant length in
dry plant yield under both non-drought and drought stress conditions.

Conclusion: In this restudy, high variability was observed in the evaluated traits such as plant
length and width, canopy area, leaf area, plant dry yield, and chlorophyll "a" and "b" levels in the Z.
multiflora ecotypes. On the other hand, the different reactions of these ecotypes to drought stress
indicate the high genetic potential of this native plant in Iran. Therefore, it can be used to select
superior genotypes. Considering the increasing and significant effect of most of the characteristics
studied, including yield due to the application of mycorrhizal fungus, this fungus can be used in
producing Z. multiflora under standard cultivation conditions and drought stress.

Keywords: Medicinal plant, biological fertilizers, chlorophyll content, leaf area.



AfA) ¥ooolad Feoade ol eme 5 o)l LS Sladss aslilas

Slouiss 1 <0 3999 1990 ST 39 (H 2 2 (23950 EI6 (s o8 T
s i Byl y 5o (Zataria multiflora Boiss.) (g 3! iy 9T

?ufub sy s shama ol S aad p dllome g3 S be.b.d )
Ol o S oS a oty (53,5\aS suSils (LS 3l 54 5 K5 685 s pmatils )
s_hoshmand@yah00.com :Kss ;S s o)) u) 058 et o35 e o8zils (5, 5\eS suStsls (6550585 g 5 LS e 055 el (J sue s diy 5 — Y
ol S et 3 S g oty (5,558 o uStils (65555 5 5 LS ol o5 8 kel -
ol oS e S e ol&iils (6 5,5LeS suSiiils (g5 5 5SS s 5 UL ol es 8 boked ¥

VEoY 5t ad b VoY ob s ol el /b AARA RSPV R ISRl

oS>

o ol e ol oy 31 sl s ‘_;Lm}f 5l uii (Zataria multiflora Boiss.) (g3l Q.:;;.,T :Sae 5 aile
sl sS i L el el Jpame W5 oSz, sl e Sl s aS 3 g0 Jule &’T S el QT slaas b, 58
Sl o2 L oIl ool sl g, 5l eslanad o) ol o ) e bl 5 Sas o bl 5o e
it Sl Gl ol 6500 2l olis Sl s 00 S wals ped LIS L sen ol Sl 158 slag )l
P Ve A e S U QSR S PO A [P CNC O NN K eSS SO PNy P NS
VSRS G- S | JUR-VIC V5 A PSS e SUVRPI PO St

s osmals o pslie sble leas d;ﬂc«—? ks Jola (3t sl coisS) i g5, adllas ol s Ess 5 3l
Pl (Ol sl 5 Gl Sland o @ly) w8 a8 5 (Blgaol plind )3 @Bls) LHBNS (planslg o (ool pland o ils) L
O9N 9 v.(.....-, S5 i) S S5 w} T 50 Jala w:lﬁj CL“ 9 Jﬂe.‘,& 3 o Sl Al g C)L“’L.‘.g A
33 1S5 a il SIS Wl b 6 s s ST (S s S 0 Jlasl e 5 Jlasl o o 5 (Sts o
BTy C)\A g) -&.J; Jlsl S35 hoy & v&..., DS KD gy 35 4l sl SioolasS saaily & i FHENLY
Gb oS L QT b Calg 5 sl Ak, Lplal8 s azy; Ol bl s Sl O U ¥ Ges 4 oo as 5o )ng—vzj
5wy S s Shae (S coln (it £U Colin g (oo 5 b bt S5 a b sisse Sliv ad s S5l K
o S A aglie LSD g 5e3] 5l soliad b b uSilie « milsly 4 5m0 ool 51 oy s S s Slail b s a Jiss 1S (sl s
i oMl (gl o oy S5 51 45 Sz > Shae 5 50 Slio et Sln 5 im g (Somred ] 5 Ol Saen

Sy 22 5 dsb 2 sbire Sl S osSee 008 5 (S i i sS) Jalse S b plas (bl 4 s il
Wb an 5 a b 5 mSem s sl s s gme azmals b s A Jds IS 5wy Sas s Shae (S colan iy £ cals
308 5 (Sas w5 JUS 5o oSl Opline 1Sl S5l plas g 2 2550 Slao aan 55 15,580 3 8 5 (Sas 15 b G S)
o8 50l ams e ol L G Bl s Slis aan Jls e (a8 (St 5 e 5 s bapSibe amlie s 13,50
S b S 5l asy i Bl 5o 0Bl SIS el Jlisa | Slao lsgae Gl 2 g e 5s 15 S
i 5l b el s (05 S 5 Sas) IV b (s 02 0) TN o el 3150 S 0l 1) Clio 5o (Sas i



wel 5,58 g8 e mp 5L

Slio sy 6l s e sl Sl 358 26 5 (25 b slaaS i 51 S 2 55 bigwisS) ol anslie oz el
o ol Sl VsS85l 5 (Ses m Jlee) JU3 s oS ool e b G281 asasl e il
O JQ‘JJJ 93 b s ay K2 ool W5 s 4y Jsb s 5}. ch &S a5l oS Sl oxw;) a2 6<---=

3J§J.~:‘g_,gCA.'>\.._A‘ui'....tﬁc\:Qa\,u‘&'ju’ajcj‘j)bdq-j\&\%j)\a)fqlmow)::ﬁydﬁf\et‘,ﬂ:d;w

sodnl Bl Slaam g b oSl 5, sbowss ol o ol o5 s S ol gl s oy Ny o) S QS,.G) MJL
2> o) Q.::.iﬂ Mg C)b EABIRAPP d 305950 Cjb 38 S5 s Ses des )l candllas 550 gg\.a;}u el Hls pxa

Yoy

Sl Sas Ty AT

Do S i g =5 Jsane Ll e

Sy cels (b o M gl g g3 255 (sl oS S bl
doddo

ai) ol b (S50 bl 5l s Wby ol
G L ms s O ol s Ol Gde Il
Monclus et al., ) el o)y 4 paus, A e 5l Jll
S cwl gblis Wl o« Sas Jess» (2006
5 syl oSl Bl Jels Gl 1 e ) LS
5 56 2os ROS LU bl jaals sl w518
e (Fang & Xiong, 2015) wS e eolanal Sis was
il il Ll a Osen Ses sbalss
S Gl Gl Sssen (alsr slaplil az, LmalS
phidiey S JBa S s JalS s Ld
S 2 eSS 45l R S VTS
Cool ST S 5 Shee 2l culg 55 s oS
s 4 (Y-\0) Yosefzade .(Okunlola et al., 2017)
O A P W] " sl 48
oS 3o Dlio , Sas as Sol 1)l F el
Sologime Sl &g ol plail Sas 55 5 45 Job e )
losss adlae b (o)) o\Kan 5 AShiri .l assls
63,5 F (Bl sl eias Ve s A E Y U
b sa s S slsme 5 ol8 Sis o35 wslasla Jsb &S

il el (Ses s bl s

Zataria multiflora Boiss. _als oU L (5l ed cpiasl
5 &S asl e (Laminaceae) e o, age sa S 51 S
gode oS Gl S e i, ol Cpe s e s
s b S g pldlidl 5 oSt Gl 528 s ol
35558 oleys sl sl oLS (Sajed et al., 2013) sl
CL& B o\.;S/ U"\ 0 55 :\3& R s oolazal P...J 9 Cuddy 2
s 520l oy g ) (o lae dap S ag o ailig 5 2l
sl o-lal (Pavela et al., 2018) s ls 5,8 bsly
KEDICER I iy &YW by Sy ool
3 t'\f.o.w‘ Sl 0 Jolie 35 s (2lsS oK
(Sajed et al., 2013) 5 5 oo o3kl S, 55 e
5oL 0y sl e sl 008 same Jule (Ol 35S
S3,L Sl (Barchet et al., 2014) cuwl Jyame 55
ool 5l aS s3T5 e Jee YYF=YVO o) Ll 5o aVL
(Biglari et al., 2019) cel S /Ve sp0 ol Sl
adsl Lol 0 « Sas 4 Jesor 5 « Sas 5l ol
Jﬁ).}L@Téﬁﬁjbéwéw‘kgjﬁjéﬁmd\j
Bl s Sas i cov s Shee Gl 3l 5 olS 6,850
ol LUly « Sas 5l olash (Zheng et al., 2017)



Yoy

.(Yooyongwech et al., 2016 :Lozano et al., 2015
L5 et J:’J 4 \)e.):gs‘ LRI QS\...;. 4 oS Jos
\-“G)té G 5 bady, O bl s Ol JU Llie ole
(Ruiz-Sanchez et al., 2010) 4zl .
CiS g 3l el L JLSas ws, 4 am g
56 G el ol al 5 bl s 3l sl oS
i GRS e 5 O Jal 50 15,558 206 s ses
s oSl cutny Sidnbbre b Sny

b g (8O

L w9y 9 dlgo
s i ALE o VP 5T bl s asdlas ol

Sl i (gay oS en sy g5,slas suslasls
s Jela (Z multiflora Boiss.) 3l as vl
L 5 oppmals Gl tlio bl 5l eas GJ)TC“’.'
53 @ls) GBS (plawolg o B (ol planl 5o )
5 Ol plial 5o dBly) w3 La 5 (Olaaol e
il (e o

VAR Jle s 00z S5 (3t otes] slag ST slasde
4 S sSsS s el S5 Lt 0o elld e 2
RSV PV PO AT TRV IRUWENSCR IR S 3 WG
e S5 S ol e sl VOX\Y slul 4 (S
B 4 s <okl K S Jame \ Jpam 55 s S5
sl oaa o 8 51 e s bl LU 5, YT p oS
o3ls Jlas) w8 51 s e a4 bglalS (basa S il us,
Lo Jame 8IS 4 0,000 liea 5o g A

¥ooolad Feoade ol eme 5 o)l LS Sladss aslilas

ek ple ole Gl LK Sas mo bl o s
s oolimal 3U3 ol 4 plens 0,8 &S bl s
5 e LS ol LB LS e ks
Sagis, 3ol o3 @1 e oy ke o 3]
Sos 2 L Gidam GrasS 5 )l dan sl DIk (g5, 5leS
> seie sl St 5 bzl ool oS ol sl
My s S 0o 8 el b &S s Sl ole suiS
5 Gl olSs ol plis ole bl & e sl
(Golubkina et al., 2020) x5z o S 5 3250 Sdne
S s GSdam slaasS Al 15,8 6“’@)\5
Cod oaz 1S i Sl gy sk GalS | T s
S5 Cose 4 e ol (Selosse et al., 2015)
Lo sl Sl 4 e S W5 g 2ol (S5 em slasnl b
Van der ) spi e 530508 5 g i sS) 53 (g2
S NS gl 15,55 glag 6 (Heijden et al., 2015
a-ls 3l Glomeromycota 3 4l

Spatafora et al., ) xs o auail Mucoromycota
Y A e\.;S/ d)\.o.‘:-\ Sy o ‘(2016

DL

o)

sl 50 ulv\’ WS pa 5 aay 5l el 5 anl e Ll sl
o5 s Jly Lle s lese s mlBl s plie
{Laurindo et al., 2020) xs 3 .
ol oo S a8 e o) Kansy sads 4
& 039 i ols ls Sl 4 e kS pa a2,

Scharf et al., ) S5 (S i 5 Sl Ay a8 ol

Loy Sesx o S 5l S anlee (2015
RUiZ-) JJ\J S99 i UY}M B \j)}gvﬁ 6L°C)\3

calesl s salimal 55 00 SB oland S 58 Oleo g - Joan

Table 1. Physicochemical characteristics of experimental soil

Soil texture N () P mg.kg™h K mg.kg™h pH EC @dS.m™) Organic
carbon (%)
Sandy clay 0.04 18.8 329 7.84 0.97 0.58

loam
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Figure 1. Mycorrhiza fungus chlamydospores in symbiosis with roots of Zataria multifliora
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Table 2. ANOVA of drought and mycorrhizal fungus effects on morphophysiological traits of Zataria multiflora ecotypes

S.0.V. d.f. Plant height Plant width Crown area Leaf area Plant dry yield Chlorophyll a Chlorophyll b
Ecotype (E) 7 386.02" 42.81" 4908.97 1418.81" 64.47" 10.49” 228"
Drought stress (S) 1 2581.3" 191.25" 3259.017 674.43" 190.18" 15.77" 1.85"
Mycorrhiza (M) 1 1809.61" 40.69" 1595.57" 166.48" 464.55" 1.65 472"
SxE 7 102.97 13.61" 1226.06" 25.67" 3.377 11.06" 232"
MxE 7 122.56" 9.62" 1387.94" 79.46" 9.36" 3.88" 1.01"
MxS 1 177.67 5.36° 3272.04" 117.64" 6.76" 11.99” 0.26'
MxSxE 7 49.95 6.41" 6019.97" 72.72° 2.03" 1.29 0.60"
Experimental error 64 19.76 0.46 26.1 14.66 0.23 0.28 0.05
C.V. (%) 19.27 8.77 12.26 13.97 9.42 7.72 7.39

*and **: significant at 1 and 5% probability levels, respectively.
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Table 3. Means comparison of drought and mycorrhizal fungus effects on height and plant width and crown area in Zataria multiflora

ecotypes
Ecotype Plant height (cm) Plant width (cm) Crown area (cm?)
Control Mycorrhiza  Drought SxM Control M S SxM Control M S SxM
(M) stress
S

Safashahr 12.06° 31.56° 8.13° 16.13 5.06° 253 4.36° 5.1¢ 47.56° 62.91" 28.58° 64.72

Qasreghand 12.13° 17.16° 6.8¢ 14.23¢ 7.46% 10.46% 5.73% 4,73 71.098 141.249 30.68° 55.69
Freidan 9.33¢ 40.332 12.7% 22.36%°¢ 8.3h° 10.3% 5.16% 6.96° 61.51f 324.01° 51.33¢ 121.15°
Baharestan 38.3% 37.5® 13.6™ 17.3% 6.7¢ 7.76° 5.06% 5.8° 200.38° 228.55f 55.18¢ 78.86°
Neyriz 31.6%® 35.86% 21.16° 18.6™¢ 10.86° 12.23° 5.26% 5.8° 270.72° 345,01° 86.96° 84.41°
Khanekhore 22.86¢ 36.23% 19.53%® 27.6°% 8.16° 16.43? 6.63 8.83% 146.99¢ 466.45° 101.75° 193.48°
Fasa 30.16™ 39.56° 19.06% 25.93? 9.33° 9.86¢ 8.46° 8.16° 221.11° 305.79¢ 127.02? 166.3°
Kolahghazi 23.9% 33.36% 18.16% 24.7% 10.73° 11.23" 7.13° 9.06° 201.04° 294.13° 102° 175.88°

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 4. Means comparison of drought and mycorrhizal fungus effects on leaf area and
plant dry yield in Zataria multiflora ecotypes

Leaf area (mm?)

Plant dry yield (g)/plant

Ecotype Control Myc(c,)\;r)hua s[t)::sig(gt) SxM Control M S SxM
Safashahr 15.16°% 35.861 16.02° 22.73P 4,03 11.8% 0.58° 5.82°
Qasreghand ~ 13.66%¢ 21.46° 5.5¢ 13.4¢ 0.75° 2.929 0.38° 0.89°
Freidan 11.93¢ 28.4¢ 5.93¢ 14.6° 1.75¢ 443 0.48° 2.04¢
Baharestan ~ 24.43% 80.6%° 12.33% 44532 5.3° 12.21° 3.64% 7.86%
Neyriz 23.73% 52.8° 5.43° 25.2° 6.43° 10.22¢ 2.11° 8.37°
Khanekhore ~ 18.83°¢ 39.86¢ 7.3%¢ 25.4° 5.27° 11.09% 3.19% 7.87%
Fasa 25.5° 83.23% 10.73%°¢ 40.96° 5.96% 10.38% 3.48° 7.79%
Kolahghazi 22% 75.3° 9.7 44,27 3.48° 9.38° 0.85° 5.01°

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 2. Means comparison of drought and mycorrhizal fungus effects on chlorophyll a content in

Zataria multiflora ecotypes
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 3. Means comparison of drought and mycorrhizal fungus effects on chlorophyll b content in

Zataria multiflora ecotypes
Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 5. Means comparison of drought and mycorrhizal fungus effects on Zataria multiflora ecotypes

Drought stress condition

Trait

Mycorrhiza application

Control D;t()rlég:t Change (%) Control Mycorrhiza Change (%)
Plant height (cm) 28.24° 17.87° -36.72 18.71° 27.4° 46.44
Plant width (cm) 9.21° 6.38" -30.73 7.14° 8.45° 18.34
Crown area (cm?) 211.78° 95.24° -55.02 112.74° 194.28° 72.32
Leaf area (mm?) 35.79° 18.99° -46.94 14.25" 40,53 184.42
Plant dry yield/plant (gr) 6.58° 3.77° -42.70 2.98° 7.38° 147.65
Chlorophyll a (mg.g* FwW) 6.47° 7.28° 12.51 6.74° 7.00° 3.85
Chlorophyll b (mg.g™* FW) 2.90° 3.18° 9.65 2.82° 3.26° 15.60
In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
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Table 6. Correlation coefficients of morphophysiological characteristics in Zataria multiflora ecotypes under
mycorrhizal fungus treatment (above diameter: normal irrigation and under diagonal: drought stress)

Trait 1 2 3 4 5 6 7
1. Plant height 1 0.28 0.76"™ 0.60" 0.70™ 0.21 0.24
2. Plant width 0.63" 1 0.80"" 0.20 0.14 -0.17 0.29
3. Crown area 0.92"" 0.85" 1 0.49" 0.53" 0.009 0.27

4. Leaf area 0.40" 0.38" 0.46" 1 0.78" 0.24 0.05

5. Plant dry yield 0.50" 0.37" 0.49" 0.75"" 1 0.27 0.001

6. Chlorophyll a 0.14 0.21 0.20 0.17 0.30 1 0.04

7. Chlorophyll b 0.18 0.16 0.23 0.23 0.15 0.11 1

*and **: significant at 1 and 5% probability levels, respectively

(Zataria multiflora) () es criu sl o 51 Kis osle 3 Shas 32l Sl il o &smw S5 -V Joia

SIS RS 5 R ok Jul 8 e

Table 7. Stepwise regression for plant dry yield components of Zataria multiflora ecotypes under no stress and
drought stress conditions

Variable Partial Model
Step F Value Pr>F
No stress Entered R-Square R-Square

conditions 1 Leaf area 0.61 0.61 71.02 <.0001
2 Plant height 0.08 0.69 12.06 0.001
Drought 1 Leaf area 0.57 0.57 61.74 <.0001

stress 2 Plant height 0.05 0.62 6.58 0.02

conditions 3 Chlorophyll a 0.03 0.65 4.24 0.05
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