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ABSTRACT

Violet is one of the most important plant in field of ornamental and medicinal purposes that grow wild in most part of
Iran. Therefore, it is important to identify and evaluate the characteristics of Iranian native violets. In this study, 37
morphological characters were measured on 8 wild populations of Viola spp collected from Alborz, Hamedan,
Kermanshah, Ardebil and Mazandaran province. Correlation analysis showed some positive and negative correlations
between characters such as lamina length from the base to maximum width with lamina sinus depth (r=0.911),
number of fimbriae with number of glandular fimbriae along both stipule margins (r=0.914), lamina apex angle and
colors corolla (r=0.854), lamina sinus angle with lamina length/lamina width (r=0.854), the lamina dentations has
correlation with posterior petal length (r=0.736), stipule width with anterior sepal length (r=0.726). Factors analysis
of these characteristics set the traits to six operating groups that justify 89.62% of total variance. Cluster analysis at
Euclidean distance of 10, divided the populations into three branches and important factors in cluster separation
contain feature of flower color, flower size, shape of stipule and number of fimbriae on stipule. The results showed
that violets with larger flowers such as Kermanshah and Chalous populations, violets with long stolons with fertile
buds such as Sisangan population and also violets with large leaves in Kermanshah population and Varian can be
used for medicinal and decorative purposes.

Keywords: Cluster analysis, factor analysis, genetic diversity, morphological features, Viola spp.

* Corresponding author E-mail: rnaderi@ut.ac.ir



Ly, (o5lwcpds, g0 (Eckestein, 2006) AFLP
el 00l Adiny IS 09)3 9 iz (90 Siekd
woslie Sy by wir b LS, alS azay
aS jloailais b oeolw S yladsS o Ly laaslais
JSes «Cleistogamous) ,5,b 09> (S p 5 O,kie
oS5 gl wae O bF,IS WFy ol
s hesS loiages 5 ack | 3,5 2 b
Aolso JounS ogee by olowi a4y SaS g 0>
(Khatamsaz, 1991)

Vb Cooal HlalS Aol co jo S5 g5
oS Sy JESle o s g 4oy g o)
S92 g0 E95 £ g geham 5l (Bl @bl g g4 S92
@ ez boggd ool 5l plen B ol oudly o5 59
,o (Vojdani, 1993) o5 eolatwl Mol Glaal
31 SS3558 90 sla SOLas (S E95 (o) n 4
G 58 g Wl omb plxl anie o5 kol
W5l ool (plondien 9 (JiSse Sl SiSS
Sliass a4 Ghls SS 5 aie axgi 950
(Farsi & Zolali, 2003) sles oo >lo!

S sozmaie dxlllae 5iST a1 4y axgi b
Slio b)) s amlie oSS glolis
om by, e g (WlBSSu, E9S (e
Nl sloasly slp ez Gl Gl S
alllas cpl jo WS SWS S sla SRy b S
bl Sl ol pl (oo sloatin Suielsd 50 Sloogas
oz 5l olnl 50 5 28 «2f Sl (et
5 2lolid 5 9,355 latunex £95 (ow)n jolate

B r9s 9 3lge
S Adiy Comex Cude (S5 g9 addllas (pl o
Sy olnl 6 s @pdled (b sble
O Jgo) <355 8 (o)
S alie glaglals @ eaisglaex Glacare

o0
a¥gg oy 5l ez (S, Viola e
o &S Cwl aigs OYO-F- - Jels (Violaceae)
g uiou VT ogu w5 o)l g, Lis bla i

Spdige el GiSu p3 sleegS (g0l ol
(Ballard et al., 1999; Yockteng et al., 2003)

sl n oSy oolul p addn oy unaib
Wiegid g oligS pgn, wBle Gl 1,5 o
S relS (S ledgS jphm oaimoaiy; slaglyial
L Slo ks (S8 5)lie Se b 5 S b oS
(Merdeda et al., 2008) ,sd o (S5 (5l
S59958,90 bl L)l yo Viola iz (goiyennds
sl (65 st ] oy 3,5 J5eme) S
Ghlie o a5 VO dgu> 0 a5 cwl a8
i dsbin Jols 1y 3 Jlad 5 Lsl datns
ardny opiny begS (npS,n sy Viola

D9 sh o RS pj B A g 0gd o0 Dgunxe
Boreali Adnatae .Stolonosae .Rostratae .Viola

0l Jlis oy 45 Sororia Americanae
Viola iz, ;5 (Marcussen et al., 2006) ool o
SrdisS L Viola o5 gd oo el 03, 90 4
L Eflagellatae o5, 4 suavis .alba .odorata
3929 wlw! »» a5 ambigua «collina hirta glaasss
Sl 00l e gyl g2y pae g
40 digS Yo oga> o (Becker, 1925; Gams, 1952)
184S cal oad lolid olnl osf Jled 5 Jlot
SBaisS ot 5| iBlise Ol ot o] 31 s
Viola tricolor g oo adian iz g9l
3y pb 1,V .odorata 4 V. baoshanensis .V. arvensis
Karimi, 2002; Tutin, et al., 1968; Mozafarian, )
Je O Ay pb 4y a5V odorata 4555 (1996
93 Olgld o)l gilushe Caio p3 enl By e
w0 Ss  woldlas il T e ke olge
(HIV) plsl (ol (ol (g pgid g Cogonmand
5l =5 5 (Drozdova & Bubenchikov, 2004) s,ls
Sy aiile Jslo 5 555958)90 « 5305, slastales]
RAPD s, 4 (Yockteng, 2003) DNA L
s (Marcussen, 2003) Allozyme «Auge et al., 2001)



a0 VFAR Ll oY 5L D) 5,50 ool l SLEL psle

5 Vo Jsax) ad aSeslail g ead 5 IS
5 St «S,lebeS 4 bype sla iy () JSA
s Jb Ol Sy an gy, (S Sy ail
A Sl olS e s asl b xS
Pl 5 awls waims J5 aBle 4y by o Shs
ol Sl Jl g Sy U5 90 g5, S5
J5le s 5l sslitel b i slas sy bl
S35 L o Juls 4535 5 (Koo 525 (SAS
oililyy SIS 4355 51 Jols pl,5g 00 5 SPSS
dlie Cqx Geizen 9 0B bl Ward oy,
OSls laslossiz yge;l g, 5l beols Kl

A oolaiwl wsye S g iy mhaw o

4 Sy S oodle 4 pld S ol (0 S9kS
e 5o g Wal Jie LS bl g V) Zes
Sgledige A5 9 (o5 Sleegas WWAY Lo
P P L
Swogas W clyg) Coogas V1) (Shy cda
SelS A gy p (o Smogas O 5 (o)
Jlo o Bae @y aF saligslaer Comex cl
95 S59laS easidls ac)ie jo LSy Ll o
0 s Jlas b (2,5) ol oKl xbs molie
aryy Y 5 Ve s 4 b lhe S
o WY o aldl (. Sle 9 o5 ole
o> BY prd Cagby xSl 5 o5 b

azin b Coarnex (59l gox Gblie Sliogas N Jgox
Table 1. Characteristics of areas where violet populations are collected

Sampling areas

Regional climate characteristics

Ramsar- Mazandaran  Average annual relative humidity 80%, Average temperature of the coldest month of the year 3.9 C°,

average temperature of the warmest month of the year 26.6 C°, Average annual rainfall 1257.6 mm

Sisangan- Average annual relative humidity 83%, Average temperature of the coldest month of the year 7.9 C’,

Mazandaran

average temperature of the warmest month of the year 25.2 C*, Average annual rainfall 1281mm

Khalkhal- Ardabil ~ Average annual relative humidity 62%, Average temperature of the coldest month of the year -9.3 C°,

average temperature of the warmest month of the year 20.1 C’, Average annual rainfall 246 mm

Varian- Alborz

Average annual relative humidity 47%, Average temperature of the coldest month of the year -5.7 C°,

average temperature of the warmest month of the year 27.2 C°, Average annual rainfall 168 mm

Chaloos- Average annual relative humidity 82%, Average temperature of the coldest month of the year 1.7 C°,

Mazandaran

average temperature of the warmest month of the year 21.1 C’, Average annual rainfall 1257.6 mm

Kheiroodkenar-
Mazandaran

Average annual relative humidity 83%, Average temperature of the coldest month of the year 7.9 C°,
average temperature of the warmest month of the year 25.2 C°, Average annual rainfall 1281 mm

Nahavand-Hamedan  Average annual relative humidity 44%, Average temperature of the coldest month of the year -6.1 C’

average temperature of the warmest month of the year 39.2 C’, Average annual rainfall 263 mm

Kermanshah

Average annual relative humidity 39%, Average temperature of the coldest month of the year -2.9 C°,

average temperature of the warmest month of the year 29.0 C°, Average annual rainfall 305.1 mm

Table 2. Characteristics studied in violet populations

Characters Character explanation
Stolons
StAL Maximum length of aboveground stolon (cm)
StP Violet pigmentation of stolons 0 absent; 1 present
Laminas and petioles
LL Lamina length (cm)
LW Lamina width (cm)
LL1 Lamina length from the base to maximum width (cm)
LSL Lamina sinus depth (cm)
LSW Lamina sinus width (cm)
LCN Number of crenulae along both lamina margins (lamina dentations)
LAA Lamina apex angle (degree)
LSA Lamina sinus angle (degree)
AE Stationary angle (degree)

SL Stipule length (mm)
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Continued table 2. Characteristics studied in violet populations

Laminas and petioles

LL/LW Lamina length/lamina width
LW/LSW Lamina width/lamina sinus width
LLL/LL Lamina length from the base to maximum width/lamina length
LSL/LL Lamina sinus depth/lamina length
Peduncles
PL Peduncle length (cm)
PL1 PL1 Peduncle length below bracteoles (cm)
PL1/PL Peduncle length below bracteoles/peduncle length
Calyx (sepals)
KAL Anterior sepal length (mm)
KAW Anterior sepal width
Corolla (petals)
CPL Posterior petal length (mm)
CcPw Posterior petal width (mm)
CPL1 Posterior petal length from the base to the first maximum width
CLL Lateral petal length (mm)
CLW Lateral petal width (mm)
CAL Anterior petal length (including spur) (length of flower) (mm)
CSL Spur length (mm)
CSP Spur colour 0 white; 1 pale blue or (bluish-)violet; 2 deep violet
CPSP Pigmentation of corolla in contrast to pigmentation of spur
0 spur paler than corolla; 1 spur the same colour as corolla; 2 spur darker than corolla
CPL1/CPL Posterior petal length from the base to the first maximum width/posterior petal length
SW Stipule width (mm)
SFN Number of fimbriae (=glandular fimbriae, non-glandular fimbriae and sessile glandule) along
both stipule margins
SFL Maximum fimbriae length on stipule (mm)
SGN Number of glandular fimbriae along both stipule margins
SYGN Yellow or yellowish-brown glandular fimbriae on stipule (including yellow or yellowish-
brown sessile glandule)
0 absent; 1 present
SBGN Blackish glandular fimbriae on stipule (including blackish sessile glandule)

0 absent; 1 present

| CPL1

PL1
CAL
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Figure 1. The measured morphological traits taken from the article Hodalova et al. (2008).
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Table 3. The range of variation and coefficient of variation of the quantitative characteristics examined in violet populations

Character Unit of measurement Minimum Maximum Mean Coefficient of variation
StAl mm 0 298.200 140.25 47.68
LL mm 30.2200 74.7100 49.72 17.00
LW mm 27.6133 63.3166 40.64 17.00
LL1 mm 11.10667 41.0433 21.29 29.28
LSL mm 5.1533 29.1900 14.55 47.89
LSW mm 2.333 22.133 11.14 43.85
LCN mm 24.666 77.666 40.66 9.64
LAA mm 62.000 112.333 80.69 7.07
LSA mm 67.333 114.666 83.57 10.52
AE mm 26.666 74.333 46.49 10.91
SL mm 9.5166 29.6166 19.24 18.18
SW mm 1.8833 18.7066 11.53 16.90
SFN mm 6.666 57.000 24.25 13.40
SFL mm 0.4100 17.1100 8.21 37.73
SGN mm 5.666 58/000 18.41 26.21
SYGN mm 3.000 28.333 10.91 34.56
SYBN mm 2.000 18.000 7.10 20.93
PL mm 49.96 129.7200 8.88 23.60
PL1 mm 16/610 62.6850 39.58 19.78
KAL mm 7.455 31.5011 15.83 36.42
KAW mm 2.733 18.850 12.33 13.84
CPL mm 3.785 28.2650 18.96 26.09
CPW mm 1.62 24..9850 14.02 41.44
CPL1 mm 1.395 21.0200 12.96 31.47
CLL mm 5.075 27.7500 18.15 29.90
cLw mm 1.589 24.3900 13.18 54.33
CAL mm 8.1400 33.125 22.19 30.31
CSL mm 1.000 23.4560 10.83 54.56
LL/LW - 0.968 1.5272 1.22 6.38
LW/LSW - 2.006 14.2228 4.88 27.20
LL1/LL - 0.3122 0.5383 0.42 12.91
LSL/LL - 0.1564 0.4011 0.28 27.38
PL1/PL - 0.2256 0.8269 0.50 12.59
CPL1/CPL - 0.3016 0.8959 0.64 18.16
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Table 4. Means comparison of some characteristics examined in eight native violet populations studied.

FaA

CPL CPW LAA KAL SL SW SFN SFL SYGN
Ramsar 23.54% 16.82° 79.333% 11.650° 9.770° 2.020° 10.000¢ 2.130% 3.167°
Sisangan 20.76° 14.76® 68.333° 12.206° 16.332°  10.929°  24.833°  6.884%° 9.000°
Khalkhal 5.83° 5.21° 89.333% 3.415° 13.860 6.673% 46.000° 0.543° 22.667%
Varian 18.45® 14.92%® 91.333%® 13.860% 27.690°  15.047®  30.000°  12.247°  13.333"
Chaloos 25.71° 15.75®  91.963% 12.474°  20.755®°  12.882*  16.778%  11.162®  8.778°
Kheiroodkenar 23.82¢ 17.53% 65.667° 16.408°  22.400°  17.210°  25500°  12.411% 7.917°
Nahavand 16.73® 9.64° 105.000°% 2.955° 14.513% 5.800% 42.333° 0.643° 28.333?
Kermanshah 20.69° 17.37° 70.000° 18.555° 29.617° 18.547°  18.667%  16.797° 8.333°
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In each column, means followed by the same letter are not significant at P<0.01, according to Duncan Multiple Test.
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Table 5. Factor results of the traits examined in eight native violet populations studied

Coefficient Factors 1 2 3 4 5 6
Cumulative variance percentage 32/03 58.45 79.94 81.39 85.51 89.62

Characters 1 2 3 4 5 6
StAl -0.408 -0.023 -0.103 0.033 -0.288 0.803
StP 0.427 0.320 -0.051 0.064 -0.662 0.217
LHL 0.848 0.063 -0.045 -0.140 -0.315 0.015
LL -0.531 -0.056 0.756 -0.034 -0.153 0.037
LW -0.510 -0.119 0.709 -0.294 -0.018 -0.003
LL1 -0.301 0.147 0.893 -0.024 0.038 0.156
LSL -0.162 0.216 0.931 0.028 -0.094 0.037
LSw -0.092 0.488 0.789 -0.062 0.062 -0.026
LCN -0.227 -0.722 0.059 -0.535 0.189 0.127
LAA -0.647 -0.354 0.087 -0.390 0.385 -0.102
LSA -0.877 -0.207 0.056 -0.040 -0.106 0.011
AE -0.371 -0.146 -0.127 -0.775 0.092 0.053
SL -0.157 0.296 0.853 0.066 0.073 -0.073
SW 0.117 0.196 0.785 0.452 0.046 -0.107
SFN 0.041 -0.840 0.268 -0.134 0.212 0.0353
SFL 0.247 0.407 0.615 0.448 -0.001 -0.175
SGN 0.166 -0.722 0.166 -0.082 0.223 0.545
SYGN 0.397 -0.626 0.211 -0.408 0.282 0.238
SYBN 0.560 -0.421 0.032 0.365 0.053 0.405
PL -0.619 0.145 0.066 0.509 0.197 0.126
PL1 -0.343 0.476 -0.348 -0.098 0.569 -0.003
KAL 0.117 0.757 0.460 -0.004 -0.089 0.247
KAW 0.322 0.709 0.328 0.377 -0.283 -0.067
CPL -0.005 0.926 0.179 0.146 0.005 -0.051
CPW 0.223 0.784 0.290 0.050 -0.075 0.048
CPL1 0.262 0.893 0.210 0.016 -0.027 0.066
CLL 0.145 0.923 0.195 -0.023 0.066 0.002
cLw 0.326 0.821 0.343 0.059 0.039 0.050
CAL 0.056 0.912 0.224 0.130 0.171 -0.073
CsL 0.463 0.733 0.214 -0.171 0.201 0.088
CsP 0.969 0.093 -0.031 0.128 -0.078 -0.031
CPSP 0.962 0.151 -0.085 0.109 -0.053 -0.077
LL/LW 0.968 0.148 -0.097 0.108 -0.052 -0.045
LW/LSW 0.908 -0.153 -0.280 0.023 -0.042 0.036
LL1/LL 0.970 0.151 -0.095 0.093 -0.039 -0.042
LSL/LL 0.969 0.152 -0.092 0.095 -0.042 -0.045
PL1/PL 0.968 0.157 -0.113 0.083 -0.033 -0.046
CPL1/CPL 0.967 0.165 -0.094 0.091 -0.045 -0.043




Table 6. Correlation coefficient among some studied features in eight native violet populations studied.
Characters __ StP L W LI [SL  [SW _LCN __[SA SL SFN SGN___KAL _CAL _CLW
StP 1
LL 0.158 1
LW 0097  0.930** 1
LL1 0174  0.844** 0790** 1
LSL 0027  0.786** 0718** 0911* 1
LSW 091  0588% 0573** 0.807** 0841** 1
LCN 0127 0243  0429** 0059 -0.111 -0.255 1
LSA 0382% 0561** 0547** 0267 0197 0016  0.326 1
SL 0076  0.615** 0551** 0826** 0847** 0798 -0.15 0047 1
SFN 0185 0219 0302 0156 005 0212 O0751** 0165 -0.048 1
SGN 0313 0002 0067 0055 -0026 -0.231 062** -0002 -009 0914** 1
KAL 0096 027 0177  0541** 0588** 0736** -0542** -0211 0559** 0448*  -0.357 1
CLW 0.225 0038  -0033 029 0438* 0662** -0.657** 0451* 0489** -0561** -0426** 0846%* 1
CAL 019 0068 0001 0294 0407* 0597** -0.686** -0.238 0474* -0.703** -0.629** 0.752** 0863** 1

2oy ) 50 Jloisl mdaw )5 ls gne g o gine OS] 398 o5 5 4y s g 5 NS
ns, *, ** Non-significant, significant at the 0.05 and 0.01 probability levels, respectively.

StP: Violet pigmentation of stolons. LL: Lamina length. LW: Lamina width. LL1: Lamina length from the base to maximum width. LSL: Lamina sinus
depth. LSW: Lamina sinus width. LCN: Number of crenulae along both lamina margins. LSA: Lamina sinus angle. SL: Stipule length. SFN: Number
of fimbriae. SGN: Number of glandular fimbriae along both stipule margins. KAL: Anterior sepal length. CLW: Lateral petal width. CAL: Anterior
petal length (including spur) (length of flower).
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Figure 2. Clustering of violet populations based on morphological characteristics
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