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Abstract. Wild grapevine, Vitis vinifera subsp. sylvestris is considered as a rare species in Europe and Iran and possesses
restricted distribution due to threatening factors. Natural populations of wild grapevine in the north of Iran were evaluated
in three wild areas of coastal and plains areas of Miankaleh, submontane areas of Amol and the forest patches of Kojour
and a cultivated sample of crop grapevine, V. v. subsp. vinifera in Babolsar. A total of 41 anatomical traits and important
ecological factors such as soil and climatic variables were investigated and included in further analyses. Anatomical
characteristics of leaf blade and petiole had the most important impact on the separation of wild and the cultivated taxon.
All the soil and climatic factors, particularly altitude and annual rainfall were significant between studied stations. Mean
temperature of the warmest month along with soil clay and calcareous percentage had the highest effect and relationship
with the anatomical traits. Based on the current result, anatomical characters can be used for separation between wild and
cultivated populations. They are also effective in separation of different populations of wild grapevine. Quantitative
anatomical changes in the studied populations are reflection of the different soil and climatic conditions of their habitat.
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Fig. 1. Location of the studied sites in Mazandaran province, N. Iran.
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Table 1. Location of the studied sites of wild and cultivated grapevine. Miankaleh (M), Amol (A), Kojour (K) and

Babolsar (B).
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Table 2. Anatomical characters and their abbreviated forms in the study.

CSAM Cross-Section Area of Midrib E G, b fada o
UCTM Upper Cuticle Thickness of Midrib O e 8, 65 IS S i
LCTM Lower Cuticle Thickness of Midrib S, Sl J S5 S Calhs
XTM Xylem Thickness of Midrib & a5, LE s
PTM Phloem Thickness of Midrib & S S e s
LUECM Length of Upper Epidermal Cell of Midrib O S 8,8, B sl gl J b
LLECM Length of Lower Epidermal Cell of Midrib O e 5,85 Sl o) Jske J b
CSASM Cross-Section Area of Stele of Midrib & Gn L5 el o o o
TUMTM Thickness of Upper Mechanical Tissue of Midrib O S8, E 6 ol L Sl
TLMTM Thickness of Lower Mechanical of Tissue of Midrib O G 585 Sl oozl il Ll
UPTM Upper Parenchyma Thickness of Midrib &y Gl 8, 65 il Sl
LPTM Lower Parenchyma Thickness of Midrib & Sl &, Sl L el
NUMLM Number of Upper Mechanical Layers of Midrib O, G5 SO s Y sl
NLMLM Number of Lower Mechanical Layers of Midrib O, Sl SS s Y sl
NUPL Number of Upper Parenchyma Layers 5y S5 il sla &Y sl
NLPL Number of Lower Parenchyma Layers 5 Gl il s &Y sl
NVBM Number of Vascular Bundle of Midrib O e 55 T Sl sl
LT Lamina thickness O oSy s
MT Mesophyll thickness G5 Lse Calis
UCTL Upper Cuticle Thickness of Lamina O oSy B SIS S s
LCTL Lower Cuticle Thickness of Lamina 5 oSy Sl S5 S s
UET Upper Epidermis thickness OE B ) Calis
LET Lower Epidermis thickness o, Gl k) s
PPT Palisade Parenchyma Thickness o, by Ll el
SPT Spongy Parenchyma Thickness o5y i bl b
PPT/SPT Palisade Parenchyma Thickness/Spongy Parenchyma Thickness & il bl Selnd b5 el Cals
PPTLT Palisade Parenchyma Thickness/Lamina Th. O oSy i b Ll el
CSAP Cross-Section Area of Petiole ey ke ol
LCTP Lower Cuticle Thickness of Petiole 5 s G5 USG5 S Calis
UCTP Upper Cuticle Thickness of Petiole O o> Sl JSS S i
LUECP Length of Upper Epidermal Cell of Petiole o5 4> S5 puyl e sk
LLECP Length of Lower Epidermal Cell of Petiole O e S eyl S b
TLMTP Thickness of Lower Mechanical Tissue of Petiole 65 > Gl oSzl 3L Sl
TUMTP Thickness of Upper Mechanical Tissue of Petiole G5 s G a3l i
LPTP Lower Parenchyma Thickness of Petiole 5 o> S Rl el
UPTP Upper Parenchyma Thickness of Petiole o o> S5 bl el
CSAPS Cross-Section Area of Petiole Stele 5 e Jud S eke ol
XTP Xylem Thickness of Petiole & s ok 5 calis
PTP Phloem Thickness of Petiole O s AT Calis
NVBP Number of Vascular Bundles of Petiole :f,‘,; b sT Slowws sl
LS Length of Stomata <33,d50
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Fig. 2. Leaf lamina cross section of wild grapevine (Vitis vinifera sylvestris) in A: Miankaleh, B: Amol, C: Kojour and D:
cultivated grapevine (V. v. vinifera) in Babolsar. S: Spongy parenchyma, P: Palisade parenchyma, T: indumentums.
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Table 3. One-way ANOVA analysis of anatomical characters of Vitis vinifera sylvestris and V.v. subsp. vinifera leaf
lamina among four studied sites of Miankaleh, Amol, Kojour and Babolsar.

Sum of
Anatomical characters Squares df Mean Square F-value Sig. Post hoc
LT 0.828 3 0.276 8.222 0.004 1-4;24; 34
MT 0.453 3 0.151 3.105 0.071
UCTL 0.001 3 0.000 1.484 0.273
LCTL 0.000 3 0.000 9.013 0.003 2-4; 34
UET 0.001 3 0.000 0.444 0.727
LET 0.025 3 0.008 5.557 0.014 3-4
PPT 0.118 3 0.039 5.185 0.018 2-4; 34
SPT 0.136 3 0.045 2.461 0.117
PPT/SPT 0.106 3 0.035 7.604 0.005 1-2;2-3; 24
PPT/LT 0.833 3 0.278 1.568 0.253

P o235 :C bl 53 Vo v, subsp. viniferaD 5 ;8 € (LT B WSile :A &) 4w 3 Vitis vinifera sylvestris jla & ,8 ,-¥ <

oS Xy (i Ph sl
Fig. 3. Leaf midrib cross section of Vitis vinifera sylvestris in A: Miankaleh, B: Amol, C: Kojour and D: V. v. subsp.
vinifera in Babolsar. C: collenchyma, P: parenchyma, Ph: phloem, Xy: Xylem.
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Table 4. One-way ANOVA analysis of anatomical characters of Vitis vinifera sylvestris and V. v. subsp. vinifera leaf
midribs among four studied sites of Miankaleh, Amol, Kojour and Babolsar.

Anatomical
characters Sum of squares df Mean square F-value Sig. Post-hoc
Csam 904.716 3 301.572 5.905 0.012 14
UCTM

0.000 3 0.000 5.070 0.019 2434
LCT™M 0.000 3 0.000 3265 0.063
XT™ 0.158 3 0.053 3596 0.050 14
PTM 0.028 3 0.009 0.894 0.475
LUECM 0.017 3 0.006 1.518 0.264
LLECM 0.002 3 0.001 3.955 0.039 14
CSASM 702.480 3 234.160 1.810 0.203
TUMTM

0933 3 0311 39.256 0.000 142434
TLMTM

0.161 3 0.054 5.601 0.014 2324
UPT™M 5557353 3 1852.451 0.892 0475
LPTM

1.085 3 0362 6.694 0.008 24:34
NUMLM 8.467 3 2.822 6.048 0.011 14
NLMLM

4.000 3 1.333 11.000 0.001 13,34
NUPL 0.183 3 0.061 0303 0.822
NLPL 3.383 3 1.128 1.996 0173
NYBM 2.933 3 0.978 3.841 0.042

3 b s Vo v subsp. vinifera D 5 528 1C T B dGle 1A o&asl 4w 5 Vitis vinifera sylvestris ,s & s o0 Sin -t S8
‘Ph ‘ﬁ:é:F c‘sl&}frﬁ%:AC ‘Jw\«.a r:fu)\f Lc ‘V:L%C (G) @f‘d)lig“_.él{): Adlyseg g (F)V-;fa%c(E)):&:a @L&f)ﬁ):gﬂr: 1

W s gl slad sho 3 431, R (o 8 XY (i o
Fig. 4. Petiole cross section of Vitis vinifera sylvestris in A: Miankaleh, B: Amol, C: Kojour and D: V.v. subsp. vinifera

in Babolsar. petiole tissues at higher resolution (E), Collenchymas tissue (F) and presence of Raphids in collenchyma
tissue (G). C: collenchyma, F: Ph: phloem, Xy: Xylem, R: Raphids.
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Table 5. One-way ANOVA analysis of anatomical characters of Vitis vinifera sylvestris and V.v. vinifera petioles among
four studied sites of Miankaleh, Amol, Kojour and Babolsar.

Anatomical
characters Sum of Squares Df Mean Square F-value Sig. Post-hoc
CSAP 323482.450 3 107827.483 30.543 0.000 12:1-4,24,34
LcTP 0.000 3 0.000 1.417 0.290
vcre 0.000 3 0.000 14.417 0000 | j 40434
LUECP 0.004 3 0.001 2.549 0.109
LLECP 0.003 3 0.001 906 0.469
TLMTP 1.558 3 0.519 5.763 0.013 94
TUMTP 1.201 3 0.400 3.449 0.055 23
LPTP 0.185 3 0.062 3.484 0.054 | 54
UPTP 70.748 3 23.583 61.708 0.000 14:2.4: 34
CSAPS 103085.921 3 34361.974 35423 0.000 14:24; 34
XTP 1571 3 0.524 13.570 0.001 14:24; 34
PTP 1.003 3 0.334 11.715 0.001 12:24:34
NVBP 59.400 3 19.800 6.368 0.009 14:24
LS 0.105 3 0.035 36.702 0.000 12:13; 14

Ik 1GC col yor Sk 1 SC s ,3 Vo v vimifera D 5 528 1C « JoT B S5l A ol gz 55 Vitis vinifera sylvestris ;s 455, -0 s

35, 0L
Fig. 5. Stomata of Vitis vinifera sylvestris in A: Miankaleh, B: Amol, C: Kojour, and D: V. v. vinifera in Babolsar. Sc:
subsidiary cells- Ge: Guard cells.

(S 55 andllan o (el ST (slaesls 8 b S ANOVA P s -1 J9or
Table 6. One-way ANOVA analysis on soil samples of studied sites of wild grapevine.

Soil variables Sum of Squares df Slzl/lj::e vi;e Sig. Post-hoc test
Sand (%) 5170.933 3 1723.644 | 20756 | 0.000 | | .13.1.4:2.3: 34
Silt (%) 2709.600 3 903.200 21103 | 0.000 | 314,23

Clay (%) 549.333 3 183.111 12383 | 0.001 | 113,34

OM (%) 53.296 3 17.765 22247 | 0.000 | | .14;23:34

pH 3322 3 1.107 17821 | 0.000 | |5 13 14.23:34
TNV (%) 2978.867 3 992.956 91.812 | 0.000 | 15142334
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