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Figure 1. Distribution areas of Mentha Mozaffarianii Jamzad in natural habitats
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Table 1. Geographic allocation and other additional information of the assembled populations
a8 oSty Ol Jsb o gl - slos 5ol
iy, P sl Ul sWl
Location  Location Province Latitude Longitude Altitude Mean annual Mean annual
code (N) (E) (m) rainfall (mm) temperature (°C)
Bo 05> e 2757255 5615433 1518 182.1 24.1
Bokhon Hormozgan
Ba S oL 2724128 5430399 2161 109.2 23.3
Bastack Hormozgan
D Susas oL 274401.0 5554079 590 166 26.1
Damtang Hormozgan
z o3 oL 2751218 5619072 1290 356 19.2
Zakin Hormozgan
s O oL 2750170 5648133 891 280 215
Sikhuran Hormozgan
Ge = oL 2728097 5613599 415 266 24.1
Geno Hormozgan
H Sl oL 2752217 5628607 1109 270 20.1
Hemag Hormozgan
e
Bod SR
Bu Khaeez Bushehr 2845030 5129573 95 341 25
-olS oo
F & 2936375 5128304 884 280.90 17.2
kemarej Fars

Slaws op ey A el j)l e S| o e Ol
uﬁ;*s ) Sl 3 C)L«S St L§L°’°\§-‘z€.ﬁ) 2 “5;.‘
NLEWS el Sy 58 Kiys, o J/j. sl
5 YO i sa) S dsb i oS s olstee
ae&ins, 5o S dob S 5 (e Jue VA/AY
sddlice (o o Vo/YY 5 Ve o i) S 5 S
sy, cuiia S by cho Gl
s be e oS s 58 Sl (oS ol i
L L oS os 5 S Bl bl
cLbay sl gl o le angli el el
Sl Vo) 5 e sl W) Sl ey,
ooy bl Gresle 88/7Y) ohsbum 5 (i
Sl YA/PY 5 S0ke b Sy oty 5 45y glas)
Ble Job cpsads sl 1 Wiy gl o aeS e
5 Gasle OV/TY) oolS o&ay, s ol
(e ssle Y8) Slas sbeliygs 53 Ol cniolsS
e slaw Cho o o samlie (YV/0) Sews

@L“.J

Sl om L b Oolw (bl 4
Ol by u\.«w asf\las d)y4a 6\AJMM LS\j. ICE
o dob Cons asls gl e sl VO s S olaws
Slo S lals 5o S cbeasls slaw 3 S, o
Y Jodn) s samlin (g5l ae SO

S5 50 Olio (SSke auylio
Coran a5l 0 GSesltl Slio (ke anylia
el 5 blaas ol saz sl e ¥ Jeas o
AL ey S sdd S e3lnl Glav (Ske anylis
s sl Ll B 4 LSy G b b S
il age Slio &8 ol pli s 0 e b sl
Bl Job iy gl S sl s Job (S, ol
Bl sl 5 318 Jsb ool asle slaw Lol
hls oS s Glo Sy bl asle s samns S

sl o gl 51 ol &S Koy €S



5B ST s

FINY) Sl cbol&isy, 5 sl plas |, 31 )8
AAY) Sams e sl AN WS (e Sl
5 ON/VE) ol s e sl Vo) 0815 (e 5l
Jsb S bl cwsa Cugsle NY) ossy

\YY

5 o VNE Sl b Siaes oty iln
Bl slaw oS V/EF G Sle Ll B,
SS9 (YO/YY) oo cel&ayy, amah |, b
B aM:Jf e olaw e clls (YY/VF)
JS/ Lo slaws o xS sl (VV/AY) Sl ag*b“})
Job s e sle Y8/88 L Kies oy aao

LS 5 (255 W S50 Sl Slay e 550l 5 (Sls oS Sl ite Y Joix
Table 2. Quantitative characteristics, mean and mean Square of the assembled populations

olis o6 Traits sl 5Y Sl CH PR <\ Wt
Unit Abbrv. Mean + SD MS
als glgsl o S, sl Number of leave in 15 cm end of branch No NL 28.09+11.87 248.337"
S, Jds  Leaflength mm LL 16.40+ 6.08 133.129™"
S, slke  Leaf width mm LW 5.58+2.03 11.973™
S, e e 4 sk o Leaf L/W ratio Per R1 3.06+ 1.17 2.239 ™
3,8, sl Veins number No VN 5.85+ 2.53 14.518"
S s Jsb  Petiole length mm PL 0.89+ 0.81 2.375™
ol sl slas Number of the main stem No NS 3.64+1.92 13.351"
Sl sl 3,k Stem the main length cm SML 37.98+ 14.68 757.143"™"
S sy sl ks Stem diameter near the soil mm SDS 3.12+ 1.57 11.386™"
ol il 65,5 Kb Jsb Internodes of the main length mm IML 17.45+ 11.58 607.678™"
ol sl 535 8 slas Number nodes in the main stem No NNS 53.22+ 20.90 1533.000™"
Sol sl 550 Kle sls  Number internodes in the main stem No NIS 54.22+ 20.90 1533.000""
s> axle slas Secondary stem number No SSN 5.74+7.03 121.546™
sl Ls  Secondary stem diameter mm SSD 2.179+ 1.06 5.749™
sy ¢, Plant height cm PH 72.203+49.31 5658.865™
55 ks Plant diameter cm PD 79.407+ 46.35 5476.088™
<5 glis,l 4 ks cs Plant height/ Diameter ratio Per R2 1.257+0.52 0.642 ™"
sams 8 axle slaw  Flowering branches number No FBNSL 24.648+ 11.99 371.685 ™
Slo S, ¢lls asls 55 in smooth leaf shoot
sams J§ asle Jb Flowering stem Length cm FSL 24.638+ 11.99 372.500™
=31 8 Jsb  Inflorescence length cm IL 14.11+8.48 320.718™"
o518 ks Inflorescence diameter mm ID 4.37+1.29 4.449™
31 5, Sla alos Distance of internodes in inflorescence mm DIl 6.96+ 2.42 15.449™
23108 5508 sl Number nodes in inflorescence No NNI 16.88+ 6.36 84.83"

RGO ISR A P WS EPEWSEA J | FCN C‘I“)" Sbsre ob gre s G Sa Lo 55 o Ol e ufs..
ns, *, ** = the MS of geneotypes are non-significant and significant at 5,1 and 0.1% probability levels, respectively.
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Table 3. Mean comparison of quantitative morphological traits of different populations of Mentha Mozaffarianii

Jamzad
o oS Slis ol FyEe Sy Sas oS pye = Sl A WS
Abbr. Bokhon Bastack  Damtang Zakin Sikhuran Geno Hemag Khaeez kemarej
NL S slaws 22.50% 37.33% 28.333cd 28.5% 23.33% 19.66¢ 34.33%c 23,16 35.66%
LL mm S, Jsb 14.16% 10.00¢ 16.66% 19.83%* 25.00% 15.83% 19.33% 10.33¢ 16.50%
LW mm S, sbe 4.66 5.00° 4.66 5.70® 7.36° 6.00® 6.50% 3.00° 7.33°
R1 S adsb ces 3.34%® 2.00° 3.49° 3.56° 3.53¢ 2.66%° 3.25%¢ 3.50% 2.20%
VN 3,8, slaws 6.00%° 7.66° 8.00% 4.00% 6.33%¢ 5.00° 6.66% 3.33¢ 5.66%
PL mm & s Jsb 0.50* 1.00° 1.00° 1.00° 0.33 1.00° 233 0.16¢ 0.66™
NS ol sl slaws 3.83% 3.83% 6.00° 4.50%° 1.33¢ 3.33« 1.83% 3.00¢ 5.16%
SML cm ol sl b 41,50 27.50° 34.50% 51.83® 43,50 28.83% 26.00° 30.83% 57.33¢
SDS mm Sk o5 sl s 1.50¢ 3.58° 5.00° 2.58bed 2.580ed 1.83¢ 2414 3.00% 5.58
IML mm ol sl ;s s Sbe Jsb 20.00° 4.25° 20.83° 19.16° 21.66° 23.50° 35.00% 4.66° 8.00°
NNS Sl sl 5568 sl 58.16° 38.16° 48.33% 73.00® 61.16% 40.33« 36.16° 43.00¢ 80.66°
NIS Sl il 53 5 Kils slaw 59.16° 39.16° 49,33% 74.00% 62.16" 41.33% 37.16° 44,00 81.66%
SSN sl sl sl 6.33 9.16% 16.16* 4.00% 2.50% 3.00% 4.16% 1.66¢ 4.66%
SSD mm sl s 1.16¢ 2.03% 2.33° 2.58° 1.65% 1.35¢ 1.58% 2.50° 4.412
PH M w5 plis| 36.67 29.67° 40.33% 85.17% 96.33° 102.00° 7150  114.83%  73.33%°
PD ma, ks 60.00 35.67° 54,67 78.33%¢ 119.67% 109.33* 87.33%® 114.50% 55.17%
R2 Sy gl a4 kS cos 1.822 1.20b 1.42%¢ 0.99% 1.31%¢ 1.24% 1.54% 1.07° 0.68¢
FBNSL a8 asle sluws 35.33% 21.83% 27.33® 19.16" 24.00% 35.16% 11.83¢ 29.00% 18.16"
FSL CM suas 8 axle Job 35.33% 21.83% 27.33%® 19.16 24.00% 35.16% 11.83¢ 29.00% 18.16%
IL cm o318 Job 12.00° 8.91° 25.66% 10.00¢ 11.16¢ 19.16° 6.83° 25.16% 8.08°
1D mm .51 8 s 5.00° 4.83° 3.50% 5.16° 5.00? 3.50% 2.83¢ 450 5.00°
Dl MM 5718 s s Sl dols 9.16% 7.83% 5,500 7.00%c 6.66¢ 5.16% 4.83¢ 7.33%¢ 9.16°
NNI S 556 8 slaw 16.50%¢ 11.66% 18.50% 15.00° 18.16%¢ 22.33% 20.66% 18.00%° 11.16¢

)ls L Sl sme L\ 7.0 C‘L‘ » LSD ;,‘,a)'_\ ol dan Sz ([a2) Gy bl &S s, 5o duu.i..\m
Means followed by the same letter in the rows have no significant differences at 5% probability level.

ol 4l sl b b asle L (7= /AF) sl
I7=/8%) S oo U S, Jsb (=2 /vy) Sl
r=-/00) S, dob b ol sl s Sk Job
Sl A o o ol Hh a5 e Giw
5 s gl 4 ke b ol Bl slas ales|
Jodm) as oanlie ite Siaed g 8 L S, sluw

(¥

o (Kiawrad
S b ol Slio Sar o deln s
s b o 8 ol Slio o e St ik
Jsb b oS slaw (F7=4/80) ol wle 5o s Kl
Bl Job Lo Sl slaw 5 (7=1/80) Jol sl
L osans 8 asls slaw oz saalew (F7=4/4A) ol
63 Pl s s 5 (F7=2/30) a3l Jsb olio
sl ol b ol sl Jsb as saalas (7=2/30)
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Table 4. Correlation study of 23 quantitative traits studied in nine measured populations of Mentha Mozaffarianii Jamzad.

Variables NL LL LW R1 VN PL NS SML SDS IML NNS NIS SSN SSD PH PD R2 FBNSL  FSL IL ID DIl NNI
NL 1.00

LL -024  1.00

LW -0.07 0.64 1.00

R1 -0.13 033 -046 1.00

VN -0.11 021 018 -011 1.00

PL -0.01 012 034 -022 020 1.00

NS 026 -014 -024 012 -002 -0.15 1.00

SML 005 050 036 017 -0.03 -0.29 0.20 1.00

SDS 012 030 030 -012 051 -001 033 040 100

IML -026 054 048 009 024 049 -034 -006 -0.12 1.00

NNS 005 051 036 017 -003 -0.28 020 1.00 040 -0.05 1.00

NIS 005 051 036 017 -003 -0.28 020 1.00 040 -0.05 1.00 1.00

SSN 025 -032 -040 009 012 -001 033 -016 013 -015 -0.16 -0.16 1.00

SSD 029 028 038 -016 012 -013 038 060 077 -031 060 060 -002 1.00

PH 010 049 034 011 005 -025 029 084 048 -012 084 084 -004 0.63 1.00

PD -031 041 -001 036 018 -011 -027 027 -015 035 027 027 -010 -029 020 1.00

R2 -026 -010 -0.18 012 003 012 -044 -039 -043 038 -039 -039 -012 -0.61 -0.65 0.51 1.00

FBNSL -034 002 -028 028 002 -028 009 -006 -018 0.01 -006 -006 -0.09 -0.23 -0.01 027 0.10 1.00

FSL -034 002 -028 028 002 -028 009 -006 -018 0.01 -006 -006 -0.09 -0.23 -0.01 027 0.10 1.00 1.00

IL -029 -006 -038 031 -008 -019 029 -031 0.09 005 -031 -031 013 -0.13 -021 0.09 0.15 0.44 0.45 1.00

ID 003 006 006 -001 000 -014 014 021 -007 -034 021 021 004 027 019 -014 -0.27 -0.03 -0.03 -036  1.00

DIl -023 -000 012 -020 029 -022 009 030 020 -024 029 029 -005 026 025 -0.09 -0.16 0.15 015 -030 052 1.00
NNI -0.21 0116 -0.07 021 -003 011 -021 -025 -0.15 035 -024 -024 -005 -0.27 -0.19 0.20 0.29 0.37 0.37 0.46 -0.07  -0.30 1.00

*, **=significant at 5 and 1 % probability levels, respectively
The full name of traits is presented in Table 1

*x  *

2250\ 5023 0 Sl o 55l e i a7
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Table8. Coefficients Eigen vectors and values, percentage of variance and cumulative variance in the analysis of

principal components on different traits in M. Mozaffarianii Jamzad.

Abbrevi olio F1 F2 F3 F4 F5 F6
NNS kol Bl 55 8 sl 0.88 -0.24 0.21 -0.03 -0.02 -0.24
NIS kol Bl 55 0 Kl slaws 0.88 -0.24 0.21 -0.03 -0.02 -0.24
SML ol sl b 0.88 -0.24 0.21 -0.03 -0.02 -0.24
SDS S Ksy sl s 0.58 -0.04 -0.30 -0.21 0.48 0.32
SSD sl s 0.70 -0.24 -0.24 0.04 0.41 0.13
NNI o3 B 65y 08 slaws -0.55 -0.14 0.36 -0.29 0.18 -0.19
LW S sle 0.47 0.42 0.36 -0.34 -0.04 0.01

PL S s Isb -0.08 0.70 0.06 -0.22 0.11 0.04
IML ol Bl 5550 K Jsb -0.04 0.60 0.55 -0.38 0.08 -0.13

FBNSL s 8 as s sl -0.40 -0.64 0.20 -0.51 -0.01 -0.001

FSL sams 8 asls Job -0.40 -0.64 0.20 -0.51 -0.01 -0.001

IL o3l IS Jsb -0.48 -0.54 0.000 -0.28 0.33 -0.02

PD £y ks -0.12 -0.23 0.62 0.50 0.34 0.24

NS kol L sl 0.16 -0.38 -0.47 -0.32 0.33 -0.18

NL S olaws 0.19 0.22 -0.52 0.23 0.30 -0.25

LL S, dsb 0.42 0.27 0.64 -0.32 0.09 -0.08
SSN ol asls sl -0.01 0.09 0.57 -0.20 0.08 -0.11

PH < gl 0.04 -0.31 0.51 0.56 0.40 0.20

ID SIS 0.34 0.43 -0.08 -0.01 -0.48 -0.03

VN 3,55 slaws 0.20 0.37 -0.06 -0.45 0.11 0.62

DIl 31 ey 0 Sl dols 0.43 -0.37 -0.04 -0.09 -0.46 0.52
Eigenvalue oyl 4.88 3.31 2.86 2.21 1.53 1.24
Variaance (%) =bls ao s 23.24 15.8 13.64 10.52 7.30 5.93
Cum. Var. % ez b))y Ao 23.24 39.04 52.68 63.21 70.51 76.45

e 55 g0 all3e 55 85 0 sl ) o sl cl sus BA,\:SLA\.@;Y%)’JCM‘:): Zags b oolael
* The underline coefficients have significant correlation with the relevant axes.
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Figure 2. Clustering of different populations of M.mozaffarianii Jamzad based on morphological traits by the
Ward method. G: Geno; H: Hemag; Bu: Khaeez; Z: Zakin; B: Bokhon; F: komarj; S: Sikhuran; Ba: Bastak; D:
Damtang
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Table5. Euclidean distances of M.Mozaffarianii Jamzad populations based on the studied traits
Cnras Population oo\ Sty o)) s Sl PRy Sized 9> 9 oSl (s
kemarej Bastack Sikhuran Hemag Geno Damtang Bokhon  Zakin Khaeez
CJL\S Kemarej 0
Stas Bastack 83.22 0
ol s Sikhuran 78.94 116.88 0
Sla Hemag 83.40 76.21 62.34 0
Y Geno 96.02 109.67 40.93 55.47 0
Kz Damtang 68.00 39.82 91.26 60.56 86.17 0
O 9 Bokhon 60.35 50.45 86.95 68.93 87.45 28.00 0
oS Zakin 32.55 91.63 48.25 64.17 68.60 68.36 62.13 0
el Khaeez 98.13 119.35 4471 69.75 28.42 99.03 101.13 72.23 0

andllas 550 Curer glad s 4w 5l Jeols 5oy 8 s Slio Jlas Sl sl 5 00ke o 255 0503 5 om bl =Y Jsa

Table 6. Between and Within group variance, the mean and standard deviation of traits in groups obtained from
cluster analysis of studied populations by Ward method

Traits olao ol xS \ S ALY ¥ S
Abbrev. Clusterl Cluster2 Cluster3
Leave no in the end of branch S sl NL 32.08+5.06° 29.38+7.472 25.12+6.362
Leaf length mm &, Jsb LL 18.16+2.352 13.61+3.36% 17.62+6.152
Leaf width mm &, sbe LW 6.51+1.15% 4.77+0.19 5.71+1.89°
Leaf L/W ratio Sro2p 4 dsb s R1 2.88+0.96° 2.94+0.82° 3.23+0.40?
Veins number S8, ol VN 4.83+1.17% 7.22+1.07° 5.33+1.51°
Petiole length mm & s dsb PL 0.83+0.23? 0.83+0.28° 0.95+0.98?
Number of the main stem ool L sl NS 4.83+0.47° 4.55+1.25 2.37+0.942
Stem the main length cm ol sl Jb SML 54.58+3.88? 34.50+7.00° 32.29+7.70%
Stem diameter near the soil mm Sk Ko 5 sl ks SDS 4.08+2.12% 3.36+1.76% 2.45+0.482
Internodes of the main length mm Jol sl o Sbe Jsb IML 13.58+7.892 15.02+9.342 21.20+12.50?
Nodes No. in the main stem kol Bl 550 8 olaw NNS 76.83+5.422 48.22+10.00° 45.16+11.03%
Internodes No. in main stem ol Bl s s Kb slas NIS 77.83+5.422 49.22+10.00P 46.16+11.03bc
Secondary stem number il axla sl SSN 4.33+0.47° 10.5545.052 2.83+1.040
Secondary stem diameter mm sl ks SSD 3.50+1.292 1.84+0.60% 1.77+0.502
Plant height CM <5 ¢l PH 79.25+8.36° 35.5545.41° 96.16+18.172
Plant diameter m s, ks PD 66.75+16.38° 50.11+12.79° 107.70+14.222
Plant height/ diameter ratio G gl 4 ks s R2 0.84+0.222 1.48+0.312 1.29+0.1922
Flowering branches number sans 8 as s sl FBNSL 18.66+0.702 28.16+6.78% 25.00+9.892
Flowering stem Length CM suas J§ asls Job FSL 18.62+0.762 28.16+6.782 25.00+9.892
Inflorescence length cm 318 Jsb IL 9.04+1.35 15.52+8.912 15.58+8.18%
Inflorescence diameter mm .31 )8 s ID 5.08+0.112 4.44+0.82? 3.95+0.972
Internodes distance inflor. mm 318« Sl dols DIl 8.08+1.53? 7.50+2.717 6.00+1.192
Node No.in inflorescence 318 536 8 slaws NNI 13.08+2.71° 15.55+3,51% 19.79+2.082
Within-cluster variance 235 0350 obls - 528.77 817.93 1349.53
Between-clusters variance 238 o ol 5618.33 - - -

.J})‘bﬁ\.}é}l.ﬁ@b}bﬁzaCL—-/JDMJ&&RJ)P&‘J‘JJ@JJ}J)L&C&\?A
Means of rows followed by the same letter have no significant differences at 5% probability.
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Abstract

Mentha Mozaffarianii Jamzad. is an aromatic, medicinal and endemic plant that grown in the
South of Iran. Overharvesting, drought stress, destruction of its natural habitats have increased
the extinction risk of this unique species. To investigate the morphological variation, nine
populations were collected from its natural habitats during the years 2019-2021 and 23
morphological traits were evaluated. The results of the analysis of variance indicated the
existence of diversity among the studied populations. There were significant differences among
populations (P<0.05) for all the traits except the leaf number, leaf length to width ratio and the
number of flowering branches. The results showed significant correlation among most of the
studied traits. Based on the principal component analysis (PCA), six main components
explained 76.45% of the total variance among traits. The first, second and third components
explained 23.24, 15.8 and 13.64% of the total variation, respectively, and they were considered
as the effective components in plant height, inflorescence, and canopy cover. Based on cluster
analysis using Ward method, the populations were divided into three main groups. The
populations in cluster 3 had the highest plant height and crown area. Evaluation of phenotypic
variation and collection of its genetic resources is necessary to facilitate the management and
better investigation in breeding programs. Assessment the presence of phenotypic diversity can
provide beneficial information in the management of collections and germplasm of Mentha
Mozaffarianii. The data obtained from this research is useful and valuable in identifying
appropriate populations for breeding purposes.

Keywords: Mentha Mozaffarianii, endemic species, multivariate analysis, correlation.
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