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1. Principal component analysis (PCA)
2. Hierarchical cluster analysis (HCA)
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ACH | 46.82+2.63" 71.4+6.16" 65.8+3.01° | 42.9+3.15" 84.4+4.9" 1.85+0.27 0.84+0.03° 6.9+0. 3% 7.7+0.67"
SFA 45.9+2.85"° 55.5+3.1¢F 48.4+3.07* 85.5+4.2° 133.143.3° 1.96+0.3° 0.9+0.05° 10.4+2° 8.08+0.5%
SPR 34.442.165 55.6+4.5°" 46.7+3.2°¢ 85.07+2.7° 138.340.6° 1.94+0.09" 0.94+0.04° 10.6+1° 9.1+£0.32°%
KAJ 36+3.02% 60.05+4.4> 41.8+5.1F 67.9+1.9° 122.8+7.5¢ 1.71£0.1% 0.69+0.02¢ 8.1+3° 10.9+0.6
LHP 38.4+3.1°% 57.7+6.8"¢ 44.6+3.7°¢ 50.4+3.042 94.5+4.5% 1.64+0.33" 0.64+0.03" 74204 10.3+0.5%%
CHS 30.5+3.1" 55.243.5°" 49.7+6.7° 68.9+4.3% 102.143.7° 1.54+0.27 0.64+0.04'" 4.5+0. 38 9.6+£0.66°"
BQK 44.1+2.9>¢ 55.8+3.7°%¢ 48.7+4.2° 109.3+4.3" 161.4+8.6° 1.84+0.29" 0.73£0.02% | 52+0.3" | 10.7£1.03"°
ABA | 45.6£3.01"° 72.1+4.6° 62.6+4.2° 83.6£3.9° 151.945.5° 1.92+0.04 0.74+0.04% 5.10, 31 8.9+0.63"
MNZ 34.8+2.4% 48.02+2.6° 37.242.4f 37.8+5.4' 68.5+8.8' 1.68+0.22" 0.66£0.03°" 4.5+0. 38 10.5+0.5"¢
VAN | 47.08+3.8"° 50.04+3.07°¢ | 47.2+3.6"¢ 86.243.6° 112.545.4° 2.79+0.19° 1.23£0.03° 10.4+0. 1° 8.8+0.5™"
QLC | 35.02+2.9" 63.8+3.7° 49.5+3.2° 82.8+5.7° 116.0127.5% 1.69+0.28" 0.72+0.01% | 7.5+0. 3> 9.8+0.72""
MHZ 47.3+2.5% 51.5+3.8%¢ 46.9+3.4"¢ 102.4+1.8° 148.4+1.1° 1.71£0.2% 0.71£0.03% | 7.6+0. 3" 11.6£0.4°
TIK 422424 49.4+3 3% 45.1+3.9"¢ 59.5+3.38" | 112.08+1.4° 1.720.12° 0.62+0.06=" 6.5+0. 3¢ 9.4+0.77%F
TLB 34,443 4% 49.1+3.6°% 43.8+2.2%" | 41.04+4.3" 89.36.6% 1.50+0.22° 0.62+0.05%" 6.4+0. 2% 10.240.6"°
AVL 49.9+2.9° 46.6+3.41 41.1£1.6% | 47.19+3.8%" 85.1£4.2% 1.57+0.17" 0.64+0.03%" 6+0. 2% 9.4+0.8%"
KRK 31.0443.06" 39.3+1.7" 27.04+3.98 27.0842.8' | 44.01+2.08' 1.52+0.19" 0.610.02" 5.7+0. 4% 9.6£0.4°"
I\g 40.02+2.5%" 51.4+3.8%¢ 44.4+0.7"¢ | 47345015 | 90.02+4.4% 1.61£0.26" 0.63+0.04%" 6.6+0. 3¢ 9.5+0.4%"
KHK 311170 31.9+1.4 28.2+0. 88 30.6+3.7 49.8+5.2 1.62+0.08" 0.63+0.049%" 5.10, 31 9.5+0.48%"
SRM 34.142.4% 46.3+4.7" 39.142.6% 24424220 | 68.5+5.003' 1.64+0.11% 0.68+0.03%" | 5.9+0. 1% 10.4+0.51°¢
ABN 41.7+3.7°% 44.3+3.4% 38.8+2.5% 74.9+3.6° 102.746.2F 1.72+0.20 0.69+0.04*" 6.5+0. 4 10.4+0.79¢

(Camaz b yma Pop (P <0.05) L1 (gols ime sl (bl i 51 S mie Gy (lls SlacnSols &gt a 55 S0ls Ogasl wlal
Lo ABA (Sl BQK ¢ 5 anir (CHS (55 4l & LHP (1S KAJ (o oo SPR LT s SFA (o 3LT Ses :ACH

er MYM (S S KRK (J3l :AVL (Y b TLB o 5l GU TIK a3 40 MHZ (oo 46 1 QLCOL 5 :VAN o ks :MNZ bl

I3 sLide JABN (o, SRM (s KHK

.-L.J‘-L.ﬁb../.\ JL&:»?“C?E—»/JQ Sol3 s sl Golel L 5l iz S mie oy glls oS ey Sl

Sz 53 e (%S 5 055 72U 5 (e e
sls Ol aallas ol ool oad olulid sUT ole
Sl azils Jgd wlin gLy, 50 A5 55550 Ol s oS
3 et e S 53 A8 Oljee 1 s
el o sdalie LT b Camer 5 o %S
DS e Lames 5 50 ilal s s
o= :l.:bf_.‘..a Clac e 3 u.:/,:,éég.e)f
3 el Slie i LS 5
o) Sl ol 0 is O3 5 (e e A urax

0

Yo

e glac e gledgn oL

O s &S 31> QLA (O J 3d) Artemisia sieberi
5 SEb e > S S bsa s IS
20 JBs IS sa B IS Jlake S 5 e e
s Omes Cul el sdalle IS S Coner
Jsdoe gladd 5 oy 0 Jlade o miy sls OLES
3 Ot (RS 5 osh el orer 4 by
il e 0Ly S 4 bg e 50 Jglee sladd
Slat ez 53 A S5 5 J50 Ol L)

S e 53 5 Ol o iy 3l OLAS Cilisee



D)Lo.w c‘:j‘s)lb ulhlg; w&#f‘ aollad

Artemisia sieberi Cilizes S ianaz 53 SU5550 550 slaesls S0le auslie Jsd 10 J g

sl Jy BRI o
pop. | BR[| Bk | a0 Rary ] > " o
- ghes AE E . .
mg/g FW mg/g FW mg/g FW mg/g FW mggw e m%(\))v e (1) bl
mg/g FW
ACH 0.69+0.078%¢ 0.39+0.06¢ 0.11£0.015>* 0.86£0.074*° 0.59+0.056>° 21.9+2.8% 12.4+1.3% 0.65+0.12°
SFA 0.76£0.046® 0.46+0.041%¢ 0.14+0.018% 0.85+0.13*° 0.51+0.046° 24.7+2.7°" 15.4+1.6* 0.74+0.08%
SPR 0.72+0.026* 0.47+0.045" 0.16£0.021* 0.79+0.18°% 0.54+0.05%" 25.6+2.4%¢ 14.6+1.6" 0.66+0.12°
KAJ 0.69+0.037°¢ | 0.45+0.041*¢ 0.13£0.03%° 0.87+0.04*¢ 0.66+0.032* 24.6+3.6%" 13.5+1.6°F 0.69+0.10°
LHP 0.62+0.027* 0.42+0.006>" 0.11£0.009** 0.79+0.03°% 0.62+0.026*¢ | 21.9+2.52% 13.6+2.33F 0.74+0.08%
CHS 0.55+0.040' 0.36+0.038' 0.07+0.019° 1.02+0.22° 0.73£0.07* 21.6+1.75%" 14.3£2.06™" 0.77+0.06%
BQK 0.79+0.022* 0.50+0.027° 0.16£0.008* 0.77+0.19% 0.55+0.032°F 23.6+2.3°" 14.5+2.27°F | 0.95£0.03"°
ABA 0.72+0.037% 0.46£0.053*¢ 0.14+0.019® 1.01£0.11% 0.62+0.011°¢ 20.7+2.18" 11.6£0.861 0.71£0.09°
MNZ 0.58+0.031°¢ 0.34+0.038'% 0.06£0.0142 0.99+0.22%° 0.66+0.04 21.7+1.2%" 13.44+3.2%¢ 0.85+0.02°
VAN 0.65£0.027° | 0.38+0.034%¢ 0.09+0.02°¢ 0.64+0.11° 0.41£0.026" 28.5+2.67*¢ 17.3+2.46™ 1.08+0.09°
QLC 0.63£0.025% | 0.37+0.038°% 0.110.02>* 0.82+0.12™¢ 0.66+0.038" 29.3+2.5%¢ 17.7£1.3% 1.05£0.08"
MHZ 0.75+0.43% 0.51£0.042° 0.14+0.03% 0.67+0.03% 0.44+0.05%" 30.142.03% 18.6+1.18° 1.09+0.1°
TIK 0.71£0.032* 0.47+0.04 0.12+0.025*¢ 0.78+0.04°% 0.58+0.057°° 30.7+2.3° 17.5+0.81% 0.98+0.04°°
TLB 0.69£0.069°¢ | 0.41£0.038>% 0.07+0.019° 0.74+0.02% 0.57+0.052°% | 28.15+2.4*¢ 15.241.2%° 0.93+0.02"
AVL 0.61£0.025% 0.41£0.030°¢ 0.08+0.013%¢ 0.80+0.03"° 0.62+0.026°¢ 28.5+1.6™¢ 15.8+1.4° 1.04+0.07*
KRK 0.52+0.029¢ 0.33£0.039¢ 0.08+0.008%% 0.78+0.025°% 0.59+0.067°° 22.7+2.4% 13.7+1.4°F 1.04+0.07
MYM 0.61£0.025% 0.40+0.035>¢ 0.14+0.035% 0.70£0.026* 0.47+0.066'" 24.5+2.5% 15.007£1.2°7 | 0.98+0.04%°
KHK 0.53+0.041¢ 0.40:£0.047°¢ 0.12+0.02*¢ 0.76+0.03% 0.53£0.057 26.5+2.6°" 15.7+1.7%° 1.01£0.06™
SRM 0.54+0.033' 0.42:£0.039"* 0.07+0.017% 0.81£0.033*° 0.64+0.04° 27.742.3%° 16.2+1.3%¢ 0.92+0.01%
ABN 0.610.085 0.44+0.06™° 0.6611:£0.03>° 0.75+0.03% 0.55+0.04%" 29.742.11% 17.007£2.5 | 0.93+0.02"
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slsn 5 Sl sl ana U (6555 5 500 30 Slio L3I J g

] 34 3 a 2 4 3 o3 o :

) S O R O R R R S IR b
oS plis 0.19 021 0.25 0.26 0.24 0.10 | 0.14 0.01 | 0.18 0.16 0.24
o 0.50" 0.53" 0.42 053" | 050" | 065" | 023 | 0717 | 042 | -046 0.43
Y b ks 0.38 0.33 0.31 0.34 029 | -056" | 014 | 054" | -034 | -0.24 0.24

Ble i 03y .

el -0.002 0.07 0.07 0.07 0.02 | -0.51 023 | -0.297 | -0.21 0.004 | -0.009
Sndsb 0.17 0.16 -0.19 -0.19 0.24 035 | 022 | -0.18 | 0.03 0.13 0.25
Sp oo 0.10 -0.05 0.21 0.13 0.14 041 | 034 | -028 | 0.07 0.01 0.16
S i 03 0.06 -0.02 -0.49 0.23 0.11 026 | 053" | 022 | 042 0.18 0.15
S 5 Sl 0.10 -0.10 0.03 0.05 0.18 0.04 | 003 | 013 | -0.14 0.20 0.12
a JbsJs 0.26 0.11 0.04 0.07 009 | 040 | 013 | -038 | -0.06 | -0.10 0.01

b LS 0.19 0.03 0.12 0.03 0.01 023 | 022 | -0.14 | 0.08 -0.06 0.03
L5558 0.11 0.08 -0.09 0.01 010 | 015 | 021 | -0.18 | 0.13 0.17 0.08
o 0.66" 0.64" 0.80" 077" | 071" | 042 | -0.12 | -0.55" | -0.68" | 044" | 0.68"
Il gla3 -0.50" 0.62" 0.67" 071" | 0.66™ | -023 | -008 | -038 | -055 | 047" | 0.64"

Jss 0.55" -0.50" 0.62" 059" | 0.647 | 032 0.12 | 0567 | 0.44 0.43 0.5‘8”
455950 0.65" -0.52" -0.55" 0577 | 0.67" | 023 0.09 | 050" | 032 0.48" 0.6‘]”

ol 0.91™ 0.77" -0.43" 069" | 0.82" | 059" | 037 | 0777 | 025 0.79™ 0.7‘5”
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YY-F5 iboxin | 1+ Y )l o) 05lowd o3 Jo PV ol 8boud 02,15 SBLS somedgiadoST dolibun

S BT L (6555058550 Slis LLS Y g

<l oH EC o e o £s Solse | 05 | A b =k
sk @m | @) | ) | % | %) | ) | % | (ppm) | (ppm) | (ppm)
oS plis ) 0.134 | oe 0.461° | 0345 0419 0.228 0.026 0016 | -0.096 0.343 0257 | -0.181
Vb ks 0.132 0.043 | -0.020 | 0012 0.117 0.406 0.388 0230 | -0.530" | -0.040 | -0.018 | -0.064
Yl ks 0273 0223 | -0.146 0212 -0.279 0.222 0.291 0.194 | -0.492° | 0.145 -0.036 | -0.102
sl e 03 .
0248 | -0.506 -0.385 0.148 -0.190 | 0.140 0.131 0.038 -0.148 0.241 0320 | -0.127
b glaasls
e‘_‘\j‘\.g,_};';)jj .
0335 | -0.493 0354 | 0232 0316 0.287 0.151 0.102 | -0300 | 0.128 0247 | -0.112
il
Sdsb 0.175 | -0.464" | -0.006 0.034 -0.076 0.157 -0.023 0.071 -0.153 0.199 | -0.546" | -0.349
S o 0.043 0392 0.054 0016 | -0.013 0.113 0.064 0.087 -0.241 0223 | -0.470" | -0.193
S St 035 0.157 | -0.435 0.026 -0.183 0.087 0.404 0.052 0.230 0317 0.188 -0.433 0.176
S S asys | 0274 0.185 | -0272 0.226 0204 | -0.124 0.017 0.099 0.134 0.161 0.092 | -0.037
a s, ks 0228 | -0.461° | -0.191 0.235 0344 | 0380 0075 | -0.182 | -0.453" | -0.010 | -0.183 | -0.005
b L ks 0299 | -0.517" | -0.348 0379 | -0.466" | 0271 0.040 0220 | 0232 | -0.010 | -0.063 0.030
LS55 -0.089 | -0273 | -0.301 0.184 0.092 0.389 0.043 0235 | -0.121 0.133 -0.127 0.127
odan 0.063 | 0.604” | 0475 | -0.013 -0.013 0.102 0.402 -0.421 0262 | 0372 0.528" 0.011
Jslee glans 20.051 | 0.639" | 0361 0.017 0.030 | 0.047 0.329 0219 | 0107 | 0433 | 0513 0.120
Jsé 0.068 | -0.561" | -0.453" | 0.160 0.157 | -0.038 0222 | 0448 0.189 0.359 04917 | 0.044
BRPPY 0.132 | -0.560° | -0.465" | 0.146 0.104 | -0.187 0.169 | 0.543" 0.220 0.431 0.510" | -0.045
el A 0.106 0374 | -0519" | 0.059 0.041 0396 | -0.491" | 05817 | 0.643" | 0443 0.540" | -0.354
Dendrogram using Ward Linkage
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oS gl 0.384 0.270 0.323 0.611
Vgl ks 0.331 -0.515 0.113 0.692

Y gl ks 0.324 -0.341 0.225 0.799
Sl slaetla 5 8l s 035 0.822 -0.024 0.137 0.410
Spdsb 0.108 0.113 0.861 0.244
Sp e 0.115 0.038 0.925 0.195

S p S 055 0.360 0.127 0.776 -0.058
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Jss 0.107 0.897 0.028 0.020

A5 55 5N 0.067 0.920 0.063 -0.015
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1 . Principal Component Analysis (PCA)
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Abstract

In this study, in order to study and compare the morphological and phytochemical traits of
Artemisia sieberi Besser., aerial parts of the plant at the full flowering stage were collected
randomly from 20 different regions of Qom province. Morph physiological and phytochemical
traits including plant height, leaf dry weight, stem dry weight, leaf ash percentage, leaf and
width length, shoot dry weight, as well as chlorophyll content, soluble sugars, proline, phenol,
flavonoid, and essential oil percentage of different populations, were measured. In addition,
ecological conditions and soil composition in each area were assessed. Due to the ecological
diversity of habitats in Qom province and based on the analysis of the main components for
ecomorphological and phytochemical traits of Artemisia sieberi populations, the highest
diversity of characteristics and factor load was observed in chlorophyll @, b and aerial dry
weight as the most important distinguishing feature of 4. sieberi populations, respectively. The
results of cluster analysis showed the separation of A. sieberi populations in two main groups
with 13 and 7 populations in a hierarchical dendrogram, respectively. The results of correlation
of traits showed that aerial dry weight had a significant positive relationship with chlorophyll
and essential oil content. In general, the amount of proline, soluble sugars, phenols and
flavonoids had a significant relationship with ecological traits, temperature and rainfall in each
region. In addition, the altitude of each region was negatively correlated with the amount of
proline and positively correlated with the percentage of essential oil, so that the population of
Vanan with the highest altitude had the highest percentage of essential oil. In general, the
amount of rainfall and the height of the environment affect the appearance and amount of plant
compounds.
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