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Abstract. In this survey, anatomical characteristics of leaves in 35 populations belonging to 18 taxa of Scrophularia
have been studied. Among 39 quantitative and qualitative anatomical characters, some have more suitable taxonomic
value for differentiation of taxa, such as blade thickness, thickness of upper and lower cuticle of midrib, length of upper
and lower palisade parenchyma of blade, thickness of lower epidermis wall of midrib, thickness of upper and lower
epidermis of blade, rows of spongy parenchyma of blade, upper collenchyma type of midrib and the presence of
idioblast. Finally, comparison of the results of the current study together with Grau’s (1981) results confirm the validity
of 4 groups out of the 12 groups which he had introduced. As for the remaining groups, no noticeable concordance was
found.
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Speceis

. kurdica Eig subsp. glabra Grau
. kurdica Eig subsp. glabra Grau
. nervosafBenth. subsp. nervosa

nervosa Benth. subsp. nervosa
. amplexicauls Benth

. amplexicauls Benth

. megalantha Rech.f.

. megalantha Rech.f.

umbrosa Dumort.

. umbrosa Dumort.

. oxysepala Boiss

. oxysepala Boiss

. rostrata Boiss. & Buhse

. gaubae Bornm
. gaubae Bornm
. elbursensis Bornm.

wumwm

S. elbursensis Bornm.

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

. zuvandica Grossh.
. zuvandica Grossh.

w w

. frigida Boiss. subsp. frigida
. frigida Boiss. subsp. frigida
. deserti Del.

. deserti Del.

. pruinosa Boiss

. pruinosa Boiss

. leucoclada Bunge

nuLmLmumunmunuom

. leucoclada Bunge
. syriaca Benth.

. striata Boiss

. striata Boiss

. striata Boiss

. azerbaijania Grau
. azerbaijania Grau
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*
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Table 1. Information of studied taxa.

Collection data

Azerbaijan: Orumieh Suluk waterfall; Zamani, Daemi & Fatemi; 11.6.2007; 37871- *TUH
Azerbaijan: Silvana, Chalil-Kuh; Zamani, Daemi & Fatemi; 12.6.2008; 38249- TUH

Markazi: Ca, 40 Km E. OF Shahzand, Kuh-Soorakhe-Khonsar; Akhani; 10.6.1986; 1476-TUH
Kurdestan:Baneh to Marivan; Zamani, Daemi & Fatemi; 9.5.2007;37739- TUH

Tehran: Damavand toward Tar; American-Iranian Botanical Delegation; 24.5.2004; 34086- TUH
Azerbaijan: Arasbaran:Kalan mountain; Ghahreman, Attar & Hamzehee; 35831- TUH
Mazandaran: Ramsar, Neydasht; Ghahreman; 4.1989; 8409- TUH

Road of Ghazvin-RashtGhahreman, Aghustin;15.2.1977;10620- TUH

Azerbaijan:Gardaneh Heyran:Haji amir; Attar, Khatamsaz & Sheikh; 21.6.1982;10628- TUH
Mazandaran: Kojur: before Chamestan; Ghahreman, Attar & Khatamsaz; 19.6.1997; 20475- TUH
Ardebil: Sardabeh; Ghahreman, Attar & Hamzehee; 10.05.2005; 35316-TUH
Azarbaiejan:Kaleybar, Qole;’e- Babak; Zamani, Daemi & Fatemi; 10.6.2008; 38237-TUH

Gilan: 32Km from Rudbar to Darredasht to Pare-Sar close to Chelk-asar, 7.5.1990; Ghahreman &
Mozaffarian; 9577-TUH

Mazandaran:pol-e.Zanguleh; Zamani, Daemi & Fatemi; 3.6.2008; 38265- TUH
Mazandaran:Nowshahr,Kheyroud forest;Moradi & siadati;5.5.2009; 40170- TUH
Mazandaran:road of Chalus:bifurcation of Yoush and Baladeh; Ghahreman, Attar & Khatamsaz;
20.6.1997; 20450- TUH

Mazandaran: On the road of Kraj to Chalus, 2Km to T unel Kandovan; Attar & Naginezhad;
18.6.2002; 29126- TUH

Khorassan: Ghouchan:Gargaz road;Attar & Mahdigholi;3.5.1999; 22288- TUH
Mazandaran:Deviation road of Baladeh.ca 10km to polezanguleh from Baladeh;Zamani, Daemi & Fatemi;
3.6.2008; 38264- TUH

Azerbaijan:Kaleybar, Qale’e-Babak; Zamani, Daemi & Fatemi; 9.6.2007;37870- TUH
Azerbaijan:Ca. 15km to Marand from Tabriz,Payam village, Mishoo-Dagh Mts; Zamani, Daemi & Fatemi;
11.6.2008; 38242- TUH

Markazi: Emarat Altitudes; 10.7.1986- TUH

Chaharmahal-e Bakhtiari: Shahr-e Kord, Baba-Heidar, Mozaffarian; 1.6.1986; 54827- **TARI
Lorestan:Khorramabad: Cham-Divan;Veiskarami; 20. 5.1999;24148- TUH

Hamadan: 15km Tuyserkan to;mozafarian; 11. 5.1988;64405- TARI

Kurdestan:Ghamishleh;Attar & Okhivat; 27. 3. 2000;19533-TUH

Esfahan:Freydun shahr, VVahdadabad village, Mt. Pish-kuh; Attar & Zamani; 24.6.2006; 36222-TUH
Kerman:Jiroft to Bam, Mts of Jebal-e Barez, Dehbakri;Ghahreman, Attar & Mehdigholi;
29,5,2002; 28630- TUH

Kerman: Baft to Sirjan between Doulatabad and Siruieh; Mozaffarian; 70177- TARI

Lorestan: Khorramabad: Veissian; Veisharami; 7.6.1999; 23975- TUH

Yazd;Tarzjan; 15.5.1993;28145-TUH

Gachsaran:N slope of Khami Mt. Above tol-Tohegah; Mahsegan; 9.8.2009; 35164- TUH

Zanjan: Abhar, Jendsin village; Zamani;5.2006;36499- TUH

Ardabil:35 km to Germi, from Ardabil; Ghahreman, Attar & Hamzehee;10.5.2005;35323- TUH
Azarbaiejan:Kaleybar, Qole;’e- Babak; Zamani, Daemi & Fatemi;9.6.2007;37869- TUH

TUH, Central Herbarium of Tehran University. ** TARI, Research Institute of Forests and Rangelands.
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Table 2. Leaf anatomy quantitative characters.
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Taxa MTh: ThUCuM: ThLCuM: ThLEWM: ThUCM: ThLCM: RUCM RLCM
pm pm pm pm pm pm

S. kurdica subsp. glabra- 37871 319.00 5.45 4.27 5.75 44.33 126.23 2.00 1L,4A
S. kurdica subsp. glabra- 38249 436.39 3.35 3.28 10.32 36.83 146.16 2.00 1L,4A
S. nervosa subsp. nervosa- 1476 341.99 2.59 2.29 7.72 16.77 19.14 1.00 1.00
S. nervosa subsp. nervosa- 37739 214.62 1.37 2.25 6.10 20.85 21.45 1.00 1.00
S. amplexicaulis- 34086 266.78 4.32 3.48 9.06 - 24.20 0.00 1.00
S. amplexicaulis- 35831 235.58 2.02 2.41 6.07 - 21.24 0.00 1.00
S. megalantha- 8409 312.07 1.57 1.30 3.16 - 23.77 0.00 1.00
S. megalantha- 10620 371.79 1.61 1.27 3.91 30.03 19.12 1.00 1.00
S. umbrosa- 10628 436.39 2.21 2.62 6.27 - 22.89 0.00 1.00
S. umbrosa- 28715 409.60 2.85 2.83 7.62 - 28.05 0.00 1.00
S. oxysepala- 35316 297.03 2.01 1.74 5.04 - 14.33 - 1.00
S. oxysepala- 38237 332.13 1.90 1.87 5.57 - - - -

S. rosrata- 9577 1097.59 2.42 2.37 3.67 - 60.69 - 2L,2A
S. gaubae- 38265 490.54 2.78 2.57 7.54 - 17.18 - 1.00
S. gaubae- 40170 551.01 2.72 2.41 8.21 32.47 18.22 1.00 1.00
S. elbursensis- 20450 323.89 3.78 4.10 9.73 28.06 27.68 1.00 1.00
S. elbursensis- 29126 273.34 2.73 2.66 3.67 22.43 21.70 1.00 1.00
S. variegata subsp. variegata- 22288 225.73 3.23 3.56 7.28 16.80 14.47 1.00 1.00
S. variegata subsp. variegata -38264 221.52 4.82 4.42 7.70 22.96 19.09 1.00 1.00
S. zuvandica- 37780 239.27 3.41 3.00 4.39 18.83 12.73 1.00 1.00
S. zuvandica- 38242 361.40 5.23 4.03 7.30 35.27 26.34 12 1.00
S. frigida subsp. frigida- 10633 289.10 2.78 2.55 10.60 - 18.90 - 1.00
S. frigida subsp. frigida- 54827 249.08 3.86 3.97 8.92 23.16 15.85 1.00 1.00
S. deserti- 24148 327.03 3.10 2.48 9.19 17.24 14.26 1.00 1.00
S. deserti- 64405 254.03 4.41 2.98 13.33 23.42 16.78 1.00 1.00
S. pruinosa- 19533 353.38 3.86 3.45 8.37 33.16 27.48 1.00 1.00
S. pruinosa- 36222 545.07 413 4.87 7.00 74.30 13.16 1.00 1.00
S. leucoclada- 28630 357.37 2.06 1.97 11.18 - 13.16 0.00 1.00
S. leucoclada- 70177 352.72 3.92 4.25 11.44 - 20.43 0.00 1.00
S. syriaca- 43749 407.63 7.83 4.15 11.82 32.65 30.18 1.00 1.00
S. striata- 28145 291.58 4.07 3.47 8.94 - 12.44 0.00 1.00
S. striata- 35164 283.22 3.96 3.85 7.48 28.39 25.27 1.00 1.00
S. striata- 36499 324.50 3.73 3.78 7.46 19.19 12.77 1.00 1.00
S. azerbaijanica- 35323 261.23 4.95 4.89 11.52 39.19 15.58 2.00 1.00
S. azerbaijanica- 37869 543.25 4.93 4.95 12.20 28.54 22.31 1.00 1.00

Abbreviations: MTh: pm, Midrib Thickness; Th(L)CuM: pm, Thickness of upper (lower) cuticle of midrib; ThLEWM: pm, Thickness of lower epidermis wall of
midrib; ThU(L)CM: pm, Thickness of upper (lower) collenchyma of midrib; RU(L)CM, Rows of upper (lower) collenchyma of midrib.

L, Lamellar; A, Angular.
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Table 2. (Continued)

[ Downloaded from c4i2016.khu.ac.ir on 2024-04-25 |

Taxa BTh: ThUEB: ThLEB: ThSPB: RSPB LUPPB: | LLPPB: ABH: °
pm pm pm pm pHm pm
S. kurdica subsp. glabra- 37871 143.24 24.71 18.83 59.83 3 4 58.09 - 140-145
S. kurdica subsp. glabra- 38249 126.43 25.22 15.80 51.36 35 51.29 - 115-120
S. nervosa subsp. nervosa- 1476 187.74 28.77 26.82 47.01 34 64.27 - 160.00
S. nervosa subsp. nervosa- 37739 164.28 23.42 17.80 54.61 3 4 60.17 70.00
S. amplexicaulis- 34086 167.84 20.05 16.64 - - 45.89 43.60 95.00
S. amplexicaulis- 35831 166.02 26.53 19.63 50.22 34 53.03 - 73-80
S. megalantha- 8409 68.25 15.61 11.71 27.44 3.00 26.77 - 160-170
S. megalantha- 10620 94.17 14.96 16.41 36.35 3.00 49.61 - 150-153
S. umbrosa- 10628 168.64 29.70 27.20 54.60 3.00 74.58 - 75-95
S. umbrosa- 28715 216.26 28.58 20.78 83.94 34 73.44 - 115-135
S. oxysepala- 35316 111.03 28.75 17.31 26.43 3.00 49.78 - 85.00
S. oxysepala- 38237 137.89 23.78 18.86 34.66 34 66.16 - 80-95
S. rosrata- 9577 256.02 37.55 24.93 65.54 34 117.74 - 180.00
S. gaubae- 38265 366.60 70.67 32.80 106.95 4.00 140.79 - 120.00
S. gaubae- 40170 222.01 38.42 22.77 99.33 45 128.96 - 20.00
S. elbursensis- 20450 318.01 39.88 25.00 147.16 45 201.73 - 70.00
S. elbursensis- 29126 166.12 23.07 16.44 76.64 34 133.20 - 28.00
S. variegata subsp. variegata- 22288 149.82 28.56 15.33 65.27 34 110.28 110.00
S. variegata subsp. variegata- 38264 242.85 21.84 15.72 121.37 45 166.47 - 40.00
S. zuvandica- 37780 214.36 22.97 18.72 62.21 3.00 79.81 - 105.00
S. zuvandica- 38242 365.94 37.24 20.69 - - 144.89 103.18 70.00
S. frigida subsp. frigida- 10633 150.42 24.68 19.18 46.37 2.00 62.42 - 120.00
S. frigida subsp. frigida- 54827 164.54 32.22 19.73 62.64 34 72.00 - 135.00
S. deserti- 24148 248.87 28.21 22.69 125.36 45 98.87 - 180.00
S. deserti-64405 248.30 46.26 37.75 - - 146.61 111.08 180.00
S. pruinosa- 19533 303.67 38.42 23.69 - - 169.45 118.84 120.00
S. pruinosa- 36222 228.32 40.28 22.94 61.44 34 89.08 - 180.00
S. leucoclada- 28630 337.71 19.61 16.60 - - 142.56 103.20 160.00
S. leucoclada- 70177 254.56 45.31 41.34 - - 153.00 111.23 160.00
S. syriaca- 43749 479.58 54.27 54.11 - - 176.67 150.87 110.00
S. striata- 28145 270.01 38.69 25.75 - - 172.74 96.35 145.00
S. striata- 35164 311.23 45.08 33.12 108.72 34 151.37 - 140.00
S. striata- 36499 244.33 35.83 39.03 - - 142.04 94.21 115.00
S. azerbaijanica- 35323 264.50 47.59 34.37 - - 89.73 70.43 95.00
S. azerbaijanica- 37869 286.32 45.06 33.57 - - 176.33 95.24 140.00

Abbreviations: BTh: pm, Blade thickness; ThU(L)EB: um, Thickness of upper (lower) epidermis of blade; ThSPB: pum, Thickness of spongy
parenchyma of blade; RSPB, Rows of spongy parenchyma of blade; LU(L)PPB: um, Length of upper (lower) palisade parenchyma of blade;
ABH: °Angle between two halves of the blade.
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Table3. Leaf anatomy qualitative characters.

Taxa MSh UCM UCTyM
S. kurdica subsp. glabra- 37871 Orb + L
S. kurdica subsp. glabra- 38249 Pnt + L
S. nervosa subsp. nervosa- 1476 Seorb + L
S. nervosa subsp. nervosa- 37739 Seorb + L
S. amplexicaulis- 34086 Orb - -
S. amplexicaulis- 35831 Orb - -
S. megalantha- 8409 Orb - -
S. megalantha- 10620 Orb + L
S. umbrosa- 10628 Obov - -
S. umbrosa- 28715 Obov - -
S. oxysepala- 35316 Obov - -
S. oxysepala- 38237 Obov - -
S. rosrata- 9577 Ovt - -
S. gaubae- 38265 Re - -
S. gaubae- 40170 Ovt + L
S. elbursensis- 20450 Orb + L
S. elbursensis- 29126 Re + L
S. variegata subsp. variegata- 22288 Obl + L
S. variegata subsp. variegata- 38264 Re + L
S. zuvandica- 37780 Re + L
S. zuvandica- 38242 Obl + L
S. frigida subsp. frigida- 10633 Seorb - L
S. frigida subsp. frigida- 54827 Seorb + L
S. deserti- 24148 Obl + L
S. deserti- 64405 Obl + L
S. pruinosa- 19533 Seorb + L
S. pruinosa- 36222 Seorb T L
S. leucoclada- 28630 Re - -
S. leucoclada- 70177 Re - -
S. syriaca- 43749 Ovt + L
S. striata- 28145 Ovt - -
S. striata- 35164 Ovt + L
S. striata- 36499 Seorb + L
S. azerbaijanica- 35323 Re + L
S. azerbaijanica- 37869 Re + L

LCM LCTyM BCTy MTy Id
+ LA Cc D +
+ LA C D
+ L € D -
+ L C D +
+ L € D _
+ L C D _
+ L Cc D +
+ A C D +
+ L © D +
+ L C D
+ L © D
- - C D
+ LA © D
+ L C D
+ L © D
+ L C D
+ L © D -
+ L C D +
+ L © D -
+ L C D +
+ L © IS +
+ L S D
+ L © D
+ L C D -
+ L © | +
+ L C | +
+ L © D +
+ L C IS +
+ L S IS +
+ L C IS +
+ L C IS
+ L C D
+ L © IS
+ L C IS -
+ L C IS -

Abbreviations: MSh, Midrib shape; UCM, Upper collenchyma of midrib; UCTyM, Upper collenchyma type of midrib; LCM, Lower collenchyma of midrib;
LCTyM, Lower collenchyma type of midrib; BCTy, Bundle cap type; MTy, Mesophyll type; 1d, Idioblast.
Obl, Oblong; Orb,Orbicular;Seorb, Semiorbicular; Pnt, Pentagon; Ovt, Ovate;Obov, Obovate; Re, Reniform. L, Lamellar; A, Angular; C, Collenchymatous

parenchyma; S, Sclerenchyma; I, Intermediate; Iso, Isolateral; D, Dorsiventral.
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S. (¢) «S. megalantha (¥) <S. amplexicaulis (¥) <S. nervosa subsp. nervosa () <S. kurdica subsp. glabra (1) .t .8, -y S

(YY) <S. variegata subsp. variegata ()*:) <S. elbursensis (%) ¢S. gaubae (A) <S. rosrata (V) ¢S. oxysepala (7) <umbrosa
(") S .leucoclada (V&) <S. pruinosa ('¥) <S. deserti (V) <S. frigida subsp. frigida ()Y) <S. zuvandica
.S. azerbaijanica (Y A) <S. striata (1Y) «S. syriaca

Fig. 1. Midrib. (1) S. kurdica subsp. glabra, (2) S. nervosa subsp. nervosa, (3) S. amplexicaulis, (4) S. megalantha, (5) S. umbrosa,
(6) S. oxysepala, (7) S. rosrata, (8) S. gaubae, (9) S. elbursensis, (10) S. variegata subsp. variegata, (11) S. zuvandica, (12)
S. frigida subsp. frigida, (13) S. deserti, (14) S. pruinosa, (15) S. leucoclada, (16) S. syriaca, (17) S. striata, (18) S. azerbaijanica.
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(®) «S. megalantha (¥) «S. amplexicaulis (¥) <S. nervosa subsp. nervosa (Y) <S. kurdica subsp. glabra (1) .« -v S

(V) <S. variegata subsp. variegata () <S. elbursensis (%) <S. gaubae (A) <S. rosrata (V) «S. oxysepala () <S. umbrosa
(Y7) S .leucoclada (V&) <S. pruinosa (V¥) <S. deserti (¥)S. frigida subsp. frigida (YY) <S. zuvandica
.S. azerbaijanica (1A) «S. striata (V) <S. syriaca

Fig. 2. Blade. (1) S. kurdica subsp. glabra, (2) S. nervosa subsp. nervosa, (3) S. amplexicaulis, (4) S. megalantha, (5)
S. umbrosa, (6) S. oxysepala, (7) S. rosrata, (8) S. gaubae, (9) S. elbursensis, (10) S. variegata subsp. variegata, (11)
S. zuvandica, (12) S. frigida subsp. frigida, (13) S. deserti, (14) S. pruinosa, (15) S. leucoclada, (16) S. syriaca, (17) S. striata,
(18) S. azerbaijanica.
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Fig. 3. (1a, 1b) Collenchyma type of midrib, (1a) upper lamellar collenchyma of midrib, (1b) lower lamellar and angular
collenchyma of midrib. (2a, 2b) blade thickness, (2a) the thickest blade in S. syriaca,(2b) the thinnest blade in S. megalantha.
(3a, 3b) bundle cap type,(3a) collenchymatous parenchyma bundle cap,(3b) sclerenchymatous bundle cap in

S. frigida subsp. frigida.
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Table 4. Grau’s groups (1981). *Confirmed groups by the present study.
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