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Anatomy of peduncle in species of Scrophularia L. (Scrophulariaceae) in Iran
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Abstract. The peduncle anatomy in 35 populations, which belonged to 18 taxa of Scrophularia L., were studied. Am-
ong 37 quantitative and qualitative characters related to peduncle anatomy, several traits showed more taxonomic value
for taxa delimitation, including presence of palisade parenchyma and the number of its layers, the presence of phloem
fiber, the presence of bundle sheath, the presence of lamellar collenchyma at ridge location and the number of its layers,
the dimensions of cross section, thickness of vascular bundle, the dimensions of pith parenchyma, thickness of xylem,
thickness of parenchymatous part and thickness of lamellar collenchyma at ridge location. Finally, in comparison with
the results obtained by Grau (1981), in which 12 groups have been introduced, the current study confirms the validity of
3 groups. However, for the remaining groups, no noticeable concordance was found.
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S. kurdica Eig subsp. glabra Grau
S. kurdica Eig subsp. glabra Grau
S. nervosa Benth. subsp. nervosa
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Table 1. Information of studied taxa.

Collection data

Azarbayejan prov.: Orumieh, Suluk waterfall, 11.6.2007, Zamani, Daemi & Fatemi 37871 *(TUH).
Azarbayejan prov.: Silvana, Chalil-Kuh, 12.6.2008, Zamani, Daemi & Fatemi 38249 (TUH).

Markazi prov.: Ca. 40 Km E. OF Shahzand, Kuh-Soorakhe-Khonsar, 10.6.1986, Akhani 1476 (TUH).

S. nervosa Benth. subsp. nervosa Kurdestan prov.:Baneh to Marivan, 9.5.2007, Zamani, Daemi & Fatemi, 37739 (TUH).

S. amplexicauls Benth. Tehran prov.: Damavand toward Tar, 24.5.2004, American-Iranian Botanical Delegation 34086 (TUH).

S. amplexicauls Benth. Azarbayejan prov.: Arasbaran, Kalan mountain, 20.6.2005, Ghahreman, Attar & Hamzehee 35831 (TUH).

S. megalantha Rech.f. Mazandaran prov.: Ramsar, Neydasht, 4.1989, Ghahreman 8409 (TUH).

S. megalantha Rech.f. Road of Ghazvin-Rasht, 15.2.1977, Ghahreman & Aghustin 10620 (TUH).

S. umbrosa Dumort. Azarbayejan prov.:Gardaneh Heyran,Haji amir, 21.6.1982, Attar, Khatamsaz & Sheikh 10628 (TUH).

S. umbrosa Dumort. Mazandaran prov.: Kojur, before Chamestan, 19.6.1997, Ghahreman, Attar & Khatamsaz 20475 (TUH).

S. oxysepala Boiss. Ardabil prov.: Sardabeh, 10.05.2005, Ghahreman, Attar & Hamzehee 35316 (TUH).

S. oxysepala Boiss. Azarbaiejan prov.:Kaleybar, Qole;’e- Babak, 10.6.2008, Zamani, Daemi & Fatemi 38237(TUH).

S. rostrata Boiss. & Buhse Gilan prov.: 32Km from Rudbar to Darredasht to Pare-Sar close to Chelk-asar, 7.5.1990; Ghahreman &
Mozaffarian 9577 (TUH).

S. gaubae Bornm. Mazandaran prov.:pol-e.Zanguleh, 3.6.2008, Zamani, Daemi & Fatemi 38265 (TUH).

S. gaubae Bornm. Mazandaran prov.:Nowshahr, Kheyroud forest, 5.5.2009, Moradi & siadati 40170 (TUH)

S. elbursensis Bornm. Mazandaran prov.:road of Chalus:bifurcation of Yoush and Baladeh, 20.6.1997, Ghahreman, Attar &

S. elbursensis Bornm.

S. variegata M.Bieb. subsp. variegata
S. variegata M.Bieb. subsp. variegata

Khatamsaz 20450 (TUH).

Mazandaran prov.: On the road of Kraj to Chalus, 2Km to Tunel Kandovan, 18.6.2002, Attar & Naginezhad
29126 (TUH).

Khorassan prov.: Ghouchan, Dargaz road, 3.5.1999, Attar & Mahdigholi 22288 (TUH).

Mazandaran prov.:Deviation road of Baladeh.ca. 10km to polezanguleh from Baladeh, 3.6.2008, Zamani,
Daemi & Fatemi 38264 (TUH).

S. zuvandica Grossh. Azarbayejan prov.:Kaleybar, Qale’e-Babak, 9.6.2007, Zamani, Daemi & Fatemi 37870 (TUH).

S. zuvandica Grossh. Azarbayejan prov.:Ca. 15km to Marand from Tabriz, Payam village, Mishoo-Dagh Mts, 11.6.2008, Zamani,
Daemi & Fatemi 38242 (TUH).

S. frigida Boiss. subsp. frigida Markazi prov.: Emarat Altitudes, 10.7.1986, Ghahreman & Aghustin 10633 (TUH).

S. frigida Boiss. subsp. frigida Chaharmahal-e Bakhtiari prov.: Shahr-e Kord, Baba-Heidar, 1.6.1986, Mozaffarian 54827 **(TARI).

S. deserti Delile Lorestan prov.:Khorramabad, Cham-Divan, 20. 5.1999, Veiskarami 24148 (TUH).

S. deserti Delile Hamadan prov.: 15km Tuyserkan to jukar, 11. 5.1988, mozafarian 64405 (TARI).

S. pruinosa Boiss. Kurdestan prov.:Ghamishleh, 27. 3. 2000, Attar & Okhovat 19533 (TUH).

S. pruinosa Boiss. Isfahan prov:Freydun shahr, Vahdatabad village, Mt. Pish-kuh, 24.6.2006, Attar & Zamani 36222 (TUH).

S. leucoclada Bunge Kerman prov.:Jiroft to Bam, Mts of Jebal-e Barez, Dehbakri, 29.5.2002, Ghahreman, Attar & Mehdigholi
28630 (TUH).

S. leucoclada Bunge Kerman prov.: Baft to Sirjan between Doulatabad and Siruieh, Mozaffarian 70177(TARI)

S. syriaca Benth. Lorestan prov.: Khorramabad, Veissian, 7.6.1999, Veisharami 23975 (TUH).

S. striata Boiss. Yazd prov.;Tarzjan, 15.5.1993, 28145 (TUH).

S. striata Boiss. Kohgiluyeh and Boyer-Ahmad prov. :Gachsaran, N slope of Khami Mt. Above tol-Tohegah, 9.8.2009,
Mahsegan 35164 (TUH).

S. striata Boiss. Zanjan prov.: Abhar, Jendsin village, 5.2006, Zamani 36499 (TUH).

S. azerbaijania Grau Ardabil prov.:35 km to Germi, from Ardabil, 10.5.2005, Ghahreman, Attar & Hamzehee 35323 (TUH).

S. azerbaijania Grau Azarbayejan prov.:Kaleybar, Qole;’e- Babak, 9.6.2007, Zamani, Daemi & Fatemi 37869 (TUH).

*TUH, Central Herbarium of Tehran University. ** TARI, Research Institute of Forests and Rangelands.

3T YRS (25 o8 Sl =Y J0r

Table 2. Peduncle quantitative anatomic characters.

LD:pym | SD: pm ThLC RLCR ThLC: RLC ThPP: RPP ThP: pm

Taxa R: pm pm pm

S. kurdica subsp. glabra- 37871 368.07 330.23 - - 15.85 1 48.79
S. kurdica subsp. glabra- 38249 551.75 482.94 - - 14.79 1 50.46
S. nervosa subsp. nervosa- 1476 492.78 418.76 - - 11.65 1 28.03
S. nervosa subsp. nervosa- 37739 | 540.00 454.10 34.04 3 20.97 1 39.16
S. amplexicaulis- 34086 1653.38 | 1150.66 | - 18.92 1 76.91
S. amplexicaulis- 35831 1717.72 | 1008.61 | 33.54 1 18.81 1 75.89
S. megalantha- 8409 981.14 1089.06 | - - 2171 1 225.16
S. megalantha- 10620 1540.26 | 1192.41 | - - 2341 1 240.81
S. umbrosa- 10628 583.55 545.40 47.44 2 15.68 1 19.73
S. umbrosa- 28715 586.97 482.01 21.58 1 - 66.27
S. oxysepala- 35316 1364.11 | 1095.75 | 13.15 - 16.22 45.37
S. oxysepala- 38237 403.57 300.00 - - 59.23
S. rosrata- 9577 636.23 452.47 26.00 2 44.69
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S. gaubae- 38265 594.83 498.21 - - - - - - 39.13
S. gaubae- 40170 1508.99 | 1028.52 | 22.15 23 - - - - 72.14
S. elbursensis- 20450 1614.96 | 1188.96 | 37.84 2 - - 100.19 56 113.78
S. elbursensis- 29126 692.86 484.45 27.92 2 11.34 1 38.85 23 23.24
S. variegata subsp. variegata- 599.53 291.00 21.61 1 - - - - 50.27
22288

S. variegata subsp. variegata - | 1205.80 | 997.56 30.27 2 13.95 - - - 41.03
38264

S. zuvandica- 37780 655.04 334.44 - - - - - - 51.09
S. zuvandica- 38242 1594.75 | 1340.50 | 61.45 3 23.05 1 94.26 23 -

S. frigida subsp. frigida- 10633 581.68 500.69 - - - - 69.41 3 -

S. frigida subsp. frigida- 54827 733.75 544.11 31.15 2 13.39 - - - 50.30
S. deserti- 24148 792.44 614.89 - - - - - - 71.82
S. deserti- 64405 538.51 386.13 - - - - - - 33.54
S. pruinosa- 19533 1374.46 | 995.02 3358 2 33.81 1 - - 46.85
S. pruinosa- 36222 1550.50 | 1062.90 | - - 25.55 1 - - 33.04
S. leucoclada- 28630 534.41 431.02 - - 31.57 1 49.85 3 -

S. leucoclada- 70177 487.16 366.39 - - - - 30.40 23 -

S. syriaca- 43749 640.25 522.78 - - - - 51.96 3 -

S. striata- 28145 630.84 413.97 - - - - 33.96 2 -

S. striata- 35164 477.20 426.95 - - - - 58.03 2 -

S. striata- 36499 681.02 523.21 27.67 2 15.34 1 46.45 3 -

S. azerbaijanica- 35323 712.60 535.20 31.93 3 13.59 1 40.07 3.4 -

S. azerbaijanica- 37869 1297.50 | 807.41 4311 3 19.39 1 88.34 3.4 -

Abbreviations: LD: um, Longest diameter; SD: um, Shortest diameter, ThLCR: pm, Thickness of lamellar collenchyma at ridge location; RLCR,
Rows of lamellar collenchyma at ridge location; ThLC: um, Thickness of lamellar collenchyma; RLC, Rows of lamellar collenchyma; ThPP: pm,
Thickness of palisade parenchyma; RPP, Rows of palisade parenchym; ThP: um, Thickness of parenchyma.
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Table 2. (Continued).
RP ThPh ThX ThBS: LDVB SDVB LDPP: pm SDPP:
Taxa D pum L pm um um ‘um pm
S. kurdica subsp. glabra- 3 28.88 48.97 17.57 303.90 289.97 115.46 114.34
37871
S. kurdica subsp. glabra- | 3 31.28 60.68 26.65 621.58 479.88 168.58 89.76
38249
S. nervosa subsp. nervosa- 23 41.31 91.59 26.45 422.89 295.96 251.23 179.46
1476
S. nervosa subsp. nervosa- | 3 29.03 91.45 34.94 392.36 269.26 308.04 210.11
37739
S. amplexicaulis- 34086 45 25.75 42.11 37.35 761.68 410.54 506.84 305.95
S. amplexicaulis- 35831 45 44.66 157.90 43.64 1256.96 740.33 642.03 453.29
S. megalantha- 8409 6 7 40.19 84.77 - 581.96 478.28 315.91 238.72
S. megalantha- 10620 6_7 42.91 90.59 - 585.98 346.23 508.96 238.67
S. umbrosa- 10628 23 32.82 54.86 26.08 434.71 398.46 355.15 356.03
S. umbrosa- 28715 4 24.86 81.18 22.97 427.31 350.56 301.13 327.57
S. oxysepala- 35316 4 22.14 43.08 28.84 647.34 495.55 294.17 229.64
S. oxysepala- 38237 23.04 43.33 13.17 315.05 190.68 159.54 82.87
S. rosrata- 9577 4 16.49 55.15 29.08 514.15 315.41 516.16 252.27
S. gaubae- 38265 2 22.78 71.37 19.17 448.61 377.04 273.11 240.56
S. gaubae- 40170 3 38.97 96.14 32.00 1019.49 710.43 705.41 467.71
S. elbursensis- 20450 3 31.92 87.94 43.94 1096.38 743.17 531.10 369.03
S. elbursensis- 29126 23 29.89 62.74 19.68 540.69 367.88 401.17 225.67
S. variegata subsp. variegata- | 3_4 24.08 61.86 33.82 421.77 143.40 418.51 72.35
22288
S. variegata subsp. variegata - | 4 26.91 70.05 18.04 944.64 751.09 649.95 540.28
38264
S. zuvandica- 37780 4 29.98 80.61 23.34 544.76 295.68 391.37 177.88
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S. zuvandica- 38242 = 36.86 112.58 26.43 1162.21 854.16 493.57 340.66
S. frigida subsp. frigida- 10633 | - 23.58 68.20 26.92 389.66 279.12 242.17 125.16
S. frigida subsp. frigida- 54827 | 3_4 23.25 60.78 43.52 502.10 337.90 496.94 227.92
S. deserti- 24148 3 4 34.60 98.67 30.83 496.34 401.92 367.36 221.35
S. deserti- 64405 3 24.64 83.35 21.25 445.08 343.12 370.88 255.22
S. pruinosa- 19533 4 22.11 84.91 16.46 1206.37 827.27 815.07 537.05
S. pruinosa- 36222 4 2585 103.77 14.69 1307.10 929.00 547.55 342.83
S. leucoclada- 28630 - 27.43 92.56 18.92 384.31 305.08 202.67 59.58

S. leucoclada- 70177 = 17.08 61.93 15.96 373.01 266.86 140.94 82.88

S. syriaca- 43749 - 14.50 78.36 12.40 450.77 366.67 281.36 186.23
S. striata- 28145 = 32.73 57.69 20.67 485.96 252.83 403.13 106.10
S. striata- 35164 - 34.15 57.17 22.81 311.56 281.72 236.54 140.26
S. striata- 36499 = 26.40 68.10 14.40 488.67 356.06 299.02 197.13
S. azerbaijanica- 35323 - 19.16 59.07 12.51 509.59 344.96 217.43 125.11
S. azerbaijanica- 37869 = 39.26 110.18 33.08 625.93 488.21 490.43 381.32

Abbreviations: RP, Rows of parenchyma; ThPh: um, thickness of Phloem; ThX: um, thickness of xylem; ThBS: um, Thickness of bundle sheath;
LDVB:um, Longest diameter of vascular bundle; SDVB: pm, Shortest diameter of vascular bundle; LDPP: um, Longest diameter of pith
parenchyma; SDPP: um, Shortest diameter of pith parenchyma
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Table 3. Peduncle qualitative anatomic characters.

Taxa Sh | LCR | LC PP P PhF SF BS ld | C NGT | G GTTy
Y T
S. kurdica subsp. glabra- 37871 Orb - + - + + = + 2 - - - -
S. kurdica subsp. glabra- 38249 Eli - + - + + - + - - - - -
S. nervosa subsp. nervosa- 1476 Eli - + - + + - + = a = + 23
S. nervosa subsp. nervosa- 37739 Obl4 + + - + + - + - - - + 1
S. amplexicaulis- 34086 Eli - + - + + - + = a o + 13
S. amplexicaulis- 35831 Obl + + - + + - + - - - + 14
S. megalantha- 8409 Eli4 - + - + - - - = o + + 3
S. megalantha- 10620 Eli4 - + - + - - - - + + + 134
S. umbrosa- 10628 Orb4 + + - + + o + + - - + D
S. umbrosa- 28715 Sqr + - - + + - + - - R -
S. oxysepala- 35316 Eli2 + + - + + = + 2 - + i B
S. oxysepala- 38237 Eli - - - + + - + - - - + 2
S. rosrata- 9577 Obl4 + - - + + - + = = - - -
S. gaubae- 38265 Obl4 - - - + + - + - - - + 3
S. gaubae- 40170 Obl4 + - - + + - + - + = + 134
S. elbursensis- 20450 Trp4 + - + + + - + - - - + 12-3
S. elbursensis- 29126 Trp4 + + + + + - + - - = + 1-2
S. variegata subsp. variegata- Obl4 + - - + + - + - - - + 3
22288
S. variegata subsp. variegata- Pnt5 + + - + + - + = = . + 125
38264
S. zuvandica- 37780 Eli - - - + + - + - - - + 12
S. zuvandica- 38242 Eli4 + + + - + - + - = = + 12
S. frigida subsp. frigida- 10633 Obl - - + - + - + - - - + 2
S. frigida subsp. frigida- 54827 Obl4 + - - + + + + = = B + 2
S. deserti- 24148 Sqr - - - + + - + - - - - -
S. deserti- 64405 Eli - - - + + - + = o - - -
S. pruinosa- 19533 Eli4 + + : + + - + + - - + 2
S. pruinosa- 36222 Eli - + - + + g + = = - - -
S. leucoclada- 28630 Eli - + + - + - + - - - + 2
S. leucoclada- 70177 Eli - - + - + - + - - - + 1
S. syriaca- 43749 Eli - - + - + - + + - - + 2
S. striata- 28145 Eli-Obl | - - + - + + + = = = - -
S. striata- 35164 Eli-Obl | - - + - + + + - - - + 2.3
S. striata- 36499 Eli-Obl | + + + - + - + - = = + 1
S. azerbaijanica- 35323 Eli4 + + + - + B + - - - + 2
S. azerbaijanica- 37869 Eli4 + T ¥ - + - + = = = + 2

Abbreviations:Sh, Shape; LCR, Lamellar collenchyma at ridge location; LC, Lamellar collenchyma; PP, Palisade parenchyma;P, parenchyma; PhF,
Phloem fibers; SF, subepidermal fibers;BS, Bundlel sheath; Id, Idioblasts; CY, Crystals; NGT, Non-glandular trichome; GT, Glandular trichome; GTTy,
Glandular trichome type.

Orb (4), Orbicular (with 4 ridge); Eli(2 or 4), Elliptic (with 2 or 4 ridge); Obl (4), Oblong (with 4 ridge); Sqr, Square; Trp4, Trapezoid with 4 ridge; Pnt5,
Pentagon with 5 ridge; Eli-Obl, Elliptic to Oblong.
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S. yavrv :l ¢ S. umbrosa.yavie :H S. umbrosa.y-sva :G S. megalanthaaf-a :F . S. amplexicaulisx¥oary :E S. amplexicaulisyf.as
S. variegata ravsf :N S. variegata subsp. variegata.yyyar :M S. elbursensis.y-fo- ;L S. gaubae.¥-1v: :K S. rosrata asvv :J oxysepala
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.S. azerbaijanicaxvasa :X S. striatayoysr ;W S. syriaca.svvea :V S .leucoclada.yasy :U S. pruinosaxsyyy ;T .S. pruinosa.yaory
Fig. 1. Cross section of peduncle. A: S. kurdica subsp. glabra37781, B: S. nervosa subsp. nervosa.l476,

C: S. nervosa subsp. nervosa.37739, D: S. amplexicaulis.34086, E: S. amplexicaulis.35831, F: S. megalantha.8409, G: S.
umbrosa.10628, H: S. umbrosa.28715, 1: S. oxysepala.38237, J: S. rosrata.9577, K: S. gaubae.40170,
L: S. elbursensis.20450, M: S. variegata subsp. variegata.22288, N: S. variegata subsp. variegata.38264,
O: S. zuvandica.38242, P: S. frigida subsp. frigida.54827, Q: S. frigida subsp. frigida.10633, R: S. deserti.64405, S: S.
pruinosa.19533, T: S.pruinosa.36222, U: S. leucoclada.28630, V: S. syriaca.43749, W: S. striata.35164,
X: S. azerbaijanica.37869.
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Fig. 2. A: crystal in S. megalantha, B: crystal in S. gaubae, C: lamellar collenchyma, D: lamellar collenchyma at ridge
location, E: phloem fiber (PF) and subepidemal fiber (SF), F: idioblast (Id) and bundle sheath (BS), G: palisade pare-
nchyma (PP) and bundle sheath.
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Fig. 3. Trichome types. A: type 1 and 3 glandular trichomes, B & C: type 1 glandular trichomes, D & E: type 2 glan-
dular trichomes, F: type 3 glandular trichomes, G: type 4 glandular trichomes, H: type 5 glandular trichomes, I: stellate
trichomes.
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Table 4. Grau’s groups (1981). eConfirmed groups by leaf anatomy study (Bayat & Attar, 2016). #Confirmed groups

by peduncle anatomy study.

S. elbursensis <S. gaubae <S. rosrata
S. frigida <S. zuvandica <S. variegata
S. deserti

S. pruinosa

S. syriaca <S.leucoclada

S. azerbaijanica <S. striata
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