NA-24 008 (1Y) s 0lalS 5 IS

=) oS 9 S5

22 S JS 55N 5 5 lame 5 ST AT S Bty s Sy SSUS

(Viola odorata L.) jass aiiy sCanes

TSz ol & e 03 e Sl A

L_)lj.@.p n‘;ay\.wl ).JT a@\: ‘QLE_:;?;JJ r)l; J;-b 459'_))' 9 LS"L;L' er; ajjf—\
Ol S5l T 5 S5 pwligr ho ol s5 (AL J5SU 50 (65318 s 05,5 =Y

B4 ghanbari@iau.ac.ir
VEST/AUA Gy b VY YA/P 26,500 Fb AP VAT il 6

Ol e 31 bl 53 55555 &y soas &S ol Violaceae oo 3l dludis aLS (Viola odorata L.) Jlaes aiis
oS oner V03 aleecdie Gl Shs S s e 455 SN GSUS o Sl GRask ol R
el S5 b ol Sl = b LB s adIS ST 2 VEY e elsl o DLk Olil 5 ass a2y olS
Ol Y cdilite o3l 50bel LTS 035 p1Sas O o 55 S SL (g o] Y (O Bals Lol 5
(s Slaosar 4 by Dlis 5 A 6))1@-? LS Bpai Ve QLSS e s o) e Sl sy ecis
03 Sl el oy LS @L:S INUEY bl Comem o S 5 whedgd OLS 5 o ol CLalus,
w by bl 53 S polie 5 Gy CL&S)l Cp i 4 Sosb 4y s o OLAS Sl e o ple alies sol&is s,
5P Wi S 5 5 ds B b s el Bl B p iyl edalie e 5 Y V! slaelRis )
LIS, prie L3 S SIS el e Uﬁkﬁm} 5 LS laolKin sy 55 S e ks 5 S, C]aM
b o OLS 5 slie o it oLl GupIKas 5 sLUS) 0Ll e glael&in sy 53 S ol
cilie Lol s, glads s s (e FIV0) Lys o 51 gLyl o i b Ol )Y ol 55 (sladi gas 0 Loy o
Ol o e 53 38 (Gl [oms 03 S s o 1) Jans alidty s glacumar 0dd (5, So3lul Sliv bl 5
Ll oals 5 e 0lS CldS s Ay s F3e sle b S 5SS bl ar glacsls oS b 8w
S Slaanes 53 IS WSS 5 i asle o S slpe 5 atdn S ol g Gl (380 Slin e
L oaly A (S5 sl Shy 4 b Dl SSUS nl Ol s oS g ol sls gl e

REIPNERNC

bt sl S5y ol g, (S Do sast iy 1S slasly

W=ie) oS g S5



NA-44 4 (1Y) o5 0blS 5 IS

4ndle

5ol gl tasn o (Sod ol L mle s oS cd BLLS Sl goled o sbaa S b ois, Ozl LS
Yazdi Faretal., ) aules SLle oS a6l e Olsl glasls 035 G b o o 5 Aol e sled 4 Ol (galia (65,8
sesdke SV e s a3 06 o 1) OLLS wd s ol s Of Ll i (S O gmmen el e (2022
Chenet) LS oo G5 o b 5o dld s)ls SUS 5 Bload 5158 o0 0dos sl 655 G Ciles Glacs 535 o 4!
S (Vogel et al., 2016) das o il 1) (S le b o i gbe Sl A= Sl G ols e .al., 2023
ot el 0T 035 ol 5 i (gl (23S 5 dnl e e K 5l (Ao AY s50m) 50ls (LS slas S
Gl g maols OBLS anwgs O3 ol sdias 0L cpl 5 Liyd oSS osls OWLS 5l Aoy Yo L o
.(Hamidah et al., 2018)

Qasemzadeh et al., ) <ol (ai2s [S) Violaceae o, 3l Viola «,S VA I S (Noori et al., 2016) ' laxs 4l
Qasemzadeh «Noori et al., 2016) +5,ls S AL s cbasdS sl Sl glas o8 L alS &S ol (2015
Jled bl o olS o0l 505 (Motavasselian et al., 2022) ;5 5 5 730 Ol sl e b )3 5 035 (et al, 2015
Feyzabadi et al., 2014) s55 o ol 55355 Oy Ol Jld sble 5 o3 28 jsba 5 3L e L)l 5 Wl
o b g b K s Ol e = A b S asis ke 4 S Liasy s (Mozafarian, 2022
asJllas (Rad & Shafiei, 2010) 55 5,5+ slo K 53 baasiy =l 655 i V. odorata L. ass 4t (A el
S50 A 5 bt 8 (S35 58050 LKL Sl ealital L Bdtes w2idS ans 3 53 o5 OLS (S5 98055
S5 SSUS ey > (MirMohammadi Maibody & Golkar, 2019 «Moradi et al., 2022) .l ol ol
ol @ e 55 5 olS (K55 S80S prtle 0Ll orse tle LA £ 5 a5 eslital (a0 olS (sl
L oo olS sl 5 S Glacs

Los o a pamie OS5 O3p Lls romen 5 2003 (203 sla Sy Bbd 5l Jans diiy olS el 4 ax 55 L
LS 5 50 5 obidisu ) Slosast o) p o&iuyg, b Ll b adaly 53 Sl Glidss ege aen 5l 5 (535
s B4 (50 il Glaelli ) 53 sl Gas planil Ly olS nle e

L by, g3l

Ghre iy S ol il 5 pland st b Dl cilise ol ) Slosar 36 )2 sl
Gk 3l spse oSl T el G A pbdl SIS an b ol S w2 b LB s sl
oo S e ol ss V0 b il slaas e 5ot e te YXY slal b SuSs 51 2 0 ool w4 (g 1S
SWlar (2,0 5 dgb Jed 5 el 253 b s aes GPS Lo ailes Gblie pLsar DMl 3 S (5551 mer

O dsds) s S b s ouls pedlasl Lo cla..ﬂjl CUSJ\ B

Viola odorata -\

P L T



A 350 sLel&iu g, aldl i SN -) i

NA-44 4 (1Y) o5 0blS 5 IS

Table 1- Geographic information of the habitats.
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Table 2- Soil characteristics of the habitats.
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Figure 1- Types of leaf tip shapes. Normal sharp tip (1), very sharp and thin (2), round and semicircular (3).
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Table 3- Analysis of variance effect of habitat on the characteristics of the sweet violet plant.
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S 505 Al el s oy y
45}4' A i . 69)3 R CLLr_)‘ _ P C\L\_ﬁ
_ Fresh weight Diameter of the  Diameter of Height 303! SOV
Dryweight  of the plant ~ secondary stem  the main stem ~ Number of g DF e
of the plant sub-branches
Kk *k Kk *k Kk °Kﬁjﬁ"‘})
19.13 142.92 1.25 1.47 4.09™ 158.30 9
Habitat
Ut
1.07 12.03 0.06 0.03 2.03 2.80 20
Error
Ol s o
9.92 11.71 13.12 7.61 25.92 1826 - s
C.V. (%)
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**and ns respectively indicate significance at the probability level of one percent and absence of significant

difference.
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Table 4- Comparison of the average effect of the habitat on the characteristics of the sweet violet plant.
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) (¢ S) €5 5 055 <y
(5 . Diameter of the Crashes) (oSl M
Fresh weight of .
Dry weight of  tne plant (gn) secondary stem Diameter of the Plant Habitat
the plant (gr) (mm) main stem (mm)  height (cm)
YL
10.00% 30.33% 1.73¢% 2.30¢ 36.67%
Elimalat
M
8.33¢ 24.33¢ 1.40¢ 1.87¢ 39.672 @’
Lavij
Sl
11.00°¢ 30.67% 1.90% 2.63%¢ 28.33%¢
Abpari
o8 MK Sk
9.50¢de 27.33¢% 1.50°% 2.17¢% 29.33 Noor forest
park
Bl
12.00% 32.33% 2.30b¢ 2.87° 34.00% <
Seasangan
S Iu<4u
12.832 38.33%® 2.70% 3.40° 24.00° M
Namak abroud
SLTS
13.502 39.672 2,778 3.602 22.33° -
Kalarabad
dlae o3l 50l
6.00f 17.67f 0.93f 1.33f 20.67¢ Emamzadeh
Abdollah
Ol )Y
8.00¢ 22.33¢f 1.37¢ 1.90¢ 24.00°
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13.332 33.33% 2.63% 2.40% 40.002 -
Kheshtsar

2,16 LSD a3l el 5 ds 0 ozl o 53 (ool me sl il S 2ie > S Blas 8 Sla Sl Oy a5

In each column, the means with at least one common letter are not significantly different Based on the LSD test
(P<0.05).
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Table 5- Analysis of variance effect of the habitat on the characteristics of the sweet violet leaves

S e k3 R r S S S 3l Spopr  Spddb 2 .
: e
Petiole Petiole Leaf Number of Leaf Leaf 3!
. . S.0.v
diameter length area leaves width length DF
- . - o . Ky,
0.62 1.04m 10.55 360.08 0.34 0.63 9
Habitat
ot
0.03 0.60 3.70 9.53 0.08 0.17 20
Error
22
11.52 20.37 17.54 9.52 11.85 14.26 - Sl S
C.V. (%)

ML&)\JJM Q}Lﬂb}:})@)b@) L4<i JW\C&w}: LSJBJ.:.AJ{:L:J g_,..:.?JJMnSJ:}‘M‘
=™ and ns respectively indicate significance at the probability level of 1 and 5 percent and absence of significant

difference.
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Table 6- Comparison results of the average effect of the habitat on the characteristics of the leaves of the sweet

violet plant
e Sp e Sy dsb
Guogke) S s i i) S el S e sl 7 7 _
o (e il (o5l ol
Petiole diameter (zr Number of Habitat
Leaf width Leaf length
(mm) Leaf area (cm?) leaves eaéc:/nv; ea(c;r;g
YL
1.45¢% 10.333¢ 46.67% 2.478c 2.832 ’
Elimalat
N
1.38¢% 10.67% 48.332 2.27%¢ 2.8072 &
Lavij
e
1.63% 12.67% 34.33° 2.50%c 3.002 j"
Abpari
s s SL
1.40% 12.67% 35.33¢ 2,670 2.83° ~ 5
Noor forest park
O
1.78% 9.67b¢ 42.67° 2.70%® 3.178 <
Seasangan
e
2.05% 13.332 25.00¢ 2.73% 3.178 o
Namak abroud
LS
2,050 13.33° 21.00% 2,83 3.23 Y
Kalarabad
AA\‘_\.& e:‘J‘,,aLa\
Abdollah
1.02¢f 9.67b¢ 31.00° 2.17°¢ 2.678
Larijan
2.128 11.00% 22.33% 2.373¢ 3.178 -
Kheshtsar
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In each column, the means with at least one common letter are not significantly different Based on the LSD test
(P<0.05).
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Figure 2- Comparison results of the average effect of the habitat on the condition of the tip of the sweet violet

leaf. (Non-identical letters indicate a significant difference at 5% level using LSD test.)
Normal sharp tip (1), very sharp and thin (2), round and semicircular (3).
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Table 7- Analysis of variance effect of habitat on the amount of photosynthetic pigments of sweet violet leaves.

L5508 5 o s b Jss,ks a 5,8 @33l 4o e b
Carotenoid Total chlorophyll Chlorophyll b Chlorophyll a DF S.0VvV
Ky,
0.10** 1.02** 0.17** 0.38** 9
Habitat
last
0.018 0.06 0.016 0.04 20
Error
ol il
5.03 5.67 9.52 6.07 - s
C.V. (%)

Al e oy S bl e 3 (5515 e Sl

#% Respectively indicate significance at the probability level of 1 percent.
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Table 8- Comparison results of the average effect of habitat on the amount of photosynthetic pigments of sweet

violet leaves.
7S k) A58 P pSake) JS 50 eSSk b Jdsls Sk d s ks
G osses (5 ossesS (5 ossesS Gosses o
Carotenoid (mg/g Total chlorophyll Chlorophyll b (mg/g  Chlorophyll a (mg/g Habitat
f.w) (mg/g f.w) f.w) f.w)
YL
2.650cd 4.50% 1.27b 3.230
Elimalat
N
2.82% 4.23% 1.13¢% 3.10¢ &
Lavij
ol
25200 4.60% 1.370 3.230% S
Abpari
s K S
2.73be 4.31% 1.17¢de 3.14% e
Noor forest park
S
2.47% 4,83 1.43° 3.40%¢ e
Seasangan
))J.J&u'
2.47% 5.15% 1.652 3.50%
Namak abroud
LTS
2.38° 5.282 1.682 3.602
Kalarabad
dilte ol jalal
2932 3.29f 0.96¢ 2.33¢ Emamzadeh
Abdollah
Ol )Y
2.83® 3.93¢ 1.07¢% 2.87¢
Larijan
2.620cd 4.63% 1.40° 3.23% i
Kheshtsar

2,16 LSD ¢spa3l el 5 ds 0 ozl o 53 (ool me sl il S i > S Blas 8 Sla Sl Oy a5

In each column, the means with at least one common letter are not significantly different Based on the LSD test
(P<0.05).
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Table 9- Analysis of variance effect of habitat on the amount of phytochemical compounds of sweet violet

leaves.
SleSt sl cdbs JS 4o s Js ol3T e s JreL
Antioxidant activity Total flavonoids Total phenol F.D S.0vV
i)
250.08** 205.81** 422.22%* 9
Habitat
ot
5.00 4.73 4.53 20
Error
CH OIS N
2.73 3.37 2.90 . i
C.V. (%)
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#% Respectively indicate significance at the probability level of 1 percent.
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Table 10- Comparison results of the average effect of habitat on the amount of phytochemical compounds of
sweet violet leaves

SISl s el p S e 58 0 S k) JS 5 el e S el SIS R S ) S

(Ao 3) (L (i K,
Antioxidant Total flavonoids (mg of quercetin  Total phenol (mg of gallic acid Habitat
activity (%) per gr of dry matter) per gr of dry matter)

YL
83.00° 63.33¢ 75.33¢
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N
92.00° 75.33% 83.67" &
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92.33? 72.00%¢ 84.67° ‘
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5 ;K.;-/' - Sob
74.67% 61.00% 62.67¢ > )
Noor forest park
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77.33¢ 61.67¢ 64.67° e
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35 1Kas
72.33° 55.00f 62.67¢ >
Namak abroud
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73.00° 57.67¢ 62.67¢ Y
Kalarabad
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In each column, the means with at least one common letter are not significantly different Based on the LSD test
(P<0.05).
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Figure 3- Cluster analysis for grouping the habitats of sweet violet. (The numbers assigned to the habitats are, in
order from one to ten, Elimalat, Lavij, Abperi, Noor Forest Park, Sisangan, Namak Abroud, Kalarabad,
Imamzadeh Abdullah, Larijan and Kheshtsar).
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Abstract

Sweet violet (Viola odorata L.) is a perennial and aromatic plant from the Violaceae family that grows
in the northern regions of Iran. This research was conducted in order to investigate the biochemical
diversity of 10 selected populations of the sweet violet plant in Mazandaran province in 2023 in the
form of a completely randomized design with three replications. The habitats included Elimalat, Lavij,
Abpari, Noor Forest Park, Sisangan, Namak Abroud, Kalarabad, Imamzadeh Abdullah, Larijan and
Khesht Sar. Ten samples were collected from each habitat and traits related to vegetative
characteristics, photosynthetic pigments, and phytochemical compounds of leaves of each population
were evaluated. To categorize populations, cluster analysis (cluster) was performed by Ward's method
using SAS statistical software version 9/4. The results showed significant differences in all the
morpho-physiological traits across different habitats, so the highest height and number of leaves were
observed in Elimalat, Lavij, and Kheshtsar habitats, the highest diameter of the main and secondary
stems, fresh weight and plant dryness, leaf width and surface area, and petiole diameter were reported
in Kalarabad and Namak Abroud habitats and then in Kheshtsar. The most photosynthetic pigments of
the leaves were evaluated in the habitats of the west Mazandaran (Klarabad and Namak Abroud) and
the highest amounts of phytochemical compounds were found in the Larijan habitat which is located at
a higher altitude above sea level (4115 m). The cluster analysis of different habitats based on the
measured morphological traits and climatic characteristics divided the populations of violet into three
separate groups. In general, we can conclude that geographical differences are one of the most
important parameters affecting the growth and quality of native plants. Most of the morphological
traits, photosynthetic pigments of violet leaves, and secondary metabolites such as total phenol and
flavonoids in the studied populations exhibit significant differences. Some of this diversity is
attributed to genetic characteristics, while another part is influenced by climatic conditions.
Keywords: Biochemical traits, Habitat, Leaf characteristics, Violet.



