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Figure 2. Growth stages of Viola siehreana from Alangdare habitat
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Table 1. Soil analysis results

Silt Clay Absorb_able Absorbable Organic - Neutralizing . Electri_ce}I
Texture Sand (%) (%) (%) potassium phosphorus carbon (%) Nitrogen (%) substances (%6) Saturation (%) conductl_;nty pH
(ppm) (ppm) (dS.m™)
Silty-Loam 24 60 16 556 68.5 7.28 0.728 20 45.80 1.64 7.9
VWAA Jl 5o o8 5 ol i bzl Sledbl =Y Joux
Table 2. Meteorological information of Gorgan city in 2019
March April May June July August  September  October  November  Decemder January February
Maximum monthly temperature ('C) 32.6 37.1 35 38.8 421 3.9 34.9 27.9 245 26.4 29.8 25.2
The lowest monthly temperature (°C) 2.7 3.6 13.9 17.7 18 16.8 9.2 3.7 -0.5 -1 -2.2 0.5
Average monthly temperature (°C) 14.9 20.3 25.2 28.1 28.2 25.7 22.2 153 10.68 9.84 9.54 114
Average monthly rainfall (mm) 2.4 1.7 0 13 0.3 0.8 1.7 45 0.3 0.3 2.8 2
Average monthly relative humidity (%) 81.5 67.4 58.2 67.4 64.1 62.7 65.3 70.8 73.8 69.6 66.1 75.8
Average solar radiation (W.m) 4.3 7.7 9.6 6.3 7.3 7.2 7.6 54 5.3 5.2 6.6 4.7
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Table 3. Geographical characteristics of habitats from which Viola spp. populations collected

) ) ) Altitude  Latitude Longitude Steep )
No. Habitat: area, city, province ) . Herbarium code
(m) °) °) direction (°)
Afratakhte, Aliabad, Golestan
1 1620 36.7939 54.9655 South TBZFPH 4098
(purple flower) (V. alba)
Qarnabad, Jelin, Golestan (purple flower)
2 515 36.7935 54.6242 South TBZFPH 4083
(V. odorata)
Alangdare, Gorgan, Golestan )
3 ) ] 361 36.7832 54.4517 Plain (flat) TBZFPH 4085
(white flower) (V. sieheana)
Ziyarat, Gorgan, Golestan (purple flower)
4 649 36.7297 54.4842 South TBZFPH 4095
(V. odorata)
Ziyarat, Gorgan, Golestan (white flower)
5 633 36.7302 54.4845 South TBZFPH 4096
(V. alba)
Bandargaz, Golestan (purple flower)
6 322 36.6927 53.954 South TBZFPH 4088
(V. odorata)
Pasha kolah, Amol, Mazandaran
7 420 36.5392 52.677 South TBZFPH 4097
(purple flower) (V. odorata)
Kaleibar, East Azerbaijan (purple flower)
8 ) - 1110 38.8515 47.0474 South TBZFPH 4092
(V. ignobilis)
Paveh, Kermanshah, Kermanshah
9 1348 38.7727 62.1916 South TBZFPH 4093

(purple flower) (V. ignobilis)
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Table 4. ANOVA of some traits in cultivated Viola spp. populations

S % s e E = % = B o B v 1]

- n < =] < .2 F=] c o [l N o 2 o

SOV. df. 2z =% 3 = S £S5 =t = =) Ihs 35 8

ES S5 g g g S g s > S 2 EE £z &

2 g & gé ¢ gs 25 = 3

Population 8 52.95** 24.7%* 23.07** 1.73** 0.12** 0.11** 0.02n.s. 1.33ns. 1.02ns. 30.61**
Experimental error 18 4.92 451 7.15 0.14 0.03 0.01 0.02 0.7 0.8 1.28
C.V. (%) - 234 1.27 22.96 30.72 40.67 38.94 71.21 70.15 72.73 15.59
n.s. and **: non-significant and significant at 1% probability level, respectively.
¥ Jsda sl
Continued Table 4. ...

© o j— [%2) 2 £ — > - - > (2]

= = = ° = o (%] c c > c =

> > _2 S c c _ 3 c 8 g 8 T o _5

= = IS Q <) o >I o > o >

S.O.V. df. s s g9 g g s g g <22  xgh (8% g3
S s F2 = £ s i 2§50 Eg< EgUL F3

5 5 E O 2 = = <® < < 8

Population 8 0.88** 0.11** 1.43** 0.21** 0.003* 403.9** 33.44** 381.02** 419.8** 11.49** 4.62*
EXpeerr'erf”ta' 18 0.05 0.02 01 0.02 0.001 2253 5.03 14.28 115 1.77 1.47
C.V. (%) - 11.14 18.76 11.10 12.95 18.52 21.92 15.75 7.71 24.23 23.87 18.9

n.s., *, and **: non-significant and significant at 5 and 1% probability levels, respectively.
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Table 5. Means comparison of yield components in cultivated Viola spp. populations

Areas
Afratakhte Qarnabad Alangdareh Ziyarat Ziyarat Bandargaz Amol Kleybar Kermanshah
o (V. alba) (V. odorata) (V. sieheana) (V. odorata) (V. alba) (V. odorata) (V.odorata)  (V.ignobilis) (V. ignobilis)
Characteristics
Number of leaves 6.33 ¢ 12.66b 10.3 bed 11bc 186 a 7.66 cde 8.33 cde 7 de 4.66¢€
Aerial parts length (cm) 8.66 de 75e 169a 13b 12.5bc 12 bed 9.16 cde 11.4 bed 13.5ab
Root length (cm) 11.1bc 9.33¢ 158 a 10.6 bc 12 abc 14.66 ab 8.16 ¢ 8.66 C 14.3 ab
Aerial parts fresh weight
© 0.76 de 0.86 de 0.77 de 0.88 de 2.1ab 1.08 cd 0.24¢e 1.61 be 2.66 a
g
Aerial parts dry weight
© 0.17 bc 0.23 bc 0.25 bc 0.29b 0.61a 0.24 bc 0.07c 0.27 bc 0.66 a
9
Root fresh weight (g) 0.35 bed 0.53 abc 0.6 ab 0.22 cd 0.35 bed 0.77 a 0.18d 0.35 bed 0.68 a
Leaf area (cm?) 15.8 bc 133¢ 18.9ab 20.71a 15.5 be 15.4 bc 18.9ab 14.1c 22.7a

In each column, the 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 chlorophylls a or b between cultivated Viola spp. populations
Afratakhte (V. alba), Qarnabad (V. odorata), Alangdareh (V. sieheana), Ziyarat (V. odorata), Ziyarat (V. alba), Bandargaz (V. odorata),
Amol (V. odorata), Kleybar (V. ignobilis), and Kermanshah (V. ignobilis).
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Figure 4. Means comparison of total chlorophyll and carotenoids between cultivated Viola spp. populations
Afratakhte (V. alba), Qarnabad (V. odorata), Alangdareh (V. sieheana), Ziyarat (V. odorata), Ziyarat (V. alba), Bandargaz (V. odorata),
Amol (V. odorata), Kleybar (V. ignobilis), and Kermanshah (V. ignobilis).
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Figure 5. Means comparison of total phenols and total flavonoids between cultivated Viola spp. populations
Afratakhte (V. alba), Qarnabad (V. odorata), Alangdareh (V. sieheana), Ziyarat (V. odorata), Ziyarat (V. alba), Bandargaz (V. odorata),
Amol (V. odorata), Kleybar (V. ignobilis), and Kermanshah (V. ignobilis).
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Figure 7. Means comparison of antioxidant activity by FRAP method and total antioxidants between cultivated

Viola spp. populations

Afratakhte (V. alba), Qarnabad (V. odorata), Alangdareh (V. sieheana), Ziyarat (V. odorata), Ziyarat (V. alba), Bandargaz (V. odorata),

Amol (V. odorata), Kleybar (V. ignobilis), and Kermanshah (V. ignobilis).
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Abstract

This study was aimed at comparing Viola spp. populations collected from north and
northwest of Iran to investigate the adaptability and feasibility of their domestication under
climatic conditions of Gorgan. The whole plant samples together with their rhizomes were
collected from nine habitats in Golestan, Mazandaran, Gilan, East Azerbaijan, and Kermanshah
provinces during the growing season. After botanical approval and receiving herbarium code,
the rhizomes were cultivated under the same soil and climate with three replications. Their yield
components and physiological, morphological, and phytochemical traits were measured after
one crop year at flowering stage. The results showed that these populations were from V. alba
Besser, V. odorata L., V. siecheana W.Becker, and V. ignobilis Rups. species. All populations
produced flowers and seeds after one crop year. The populations differed significantly (P<0.01).
V. ignobilis from Kermanshah had the highest amount of root and aerial parts fresh weight,
aerial parts dry weight, and leaf area. The highest amount of root and aerial parts length
belonged to V. sieheana from Alangdare. V. alba from Ziarat had the highest amount of total
phenols (45.74 mg gallic acid per gram of dry extract) and total flavonoids (20.24 mg quercetin
per gram of dry extract). The highest amount of chlorophylls a and b, total chlorophyll,
carotenoids, and anthocyanins was observed in V. odorata from Bandargaz. The highest
antioxidant activity by DPPH and ABTS methods was found in V. alba from Afratakhte and the
highest one by FRAP was observed in V. odorata from Qarnabad. The highest amount of total
antioxidant was measured in V. alba and V. oderata populations from Ziarat region. Overall, the
results proved the considerable traits diversity in Viola spp. populations. This diversity could be
due to the high genetic potential among different populations, differences in environmental
conditions, or the interaction of population and environment.
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