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Summary

Pollen grains of 33 species species belonging to 20 genera of the family Lamiaceae distributed in some habitats in Iran were
studied using light and scanning electron microscope. For this purpose, pollen grains of Otostegia persica, Hymenocrater oxyodontus,
and exine sculpture of three species, namely, Salvia splendens, S. hypoleuca, and Phlomis herba-venti subsp. lenkoranica were studied
for the first time based on pollen morphology. The present study, therefore, showed considerable variation from very small, small, and
medium to large size in pollen grains. In addition, the shapes varied from prolate-spheroidal, sub-prolate, sub-spheroidal, and sub-
oblate to spheroidal in our study. The pollen grains colps observed into two different shapes i.e. tricolpate and hexacolpate, although
octacolpate was observed in two species of Ziziphora clinopodioides and Z. tenuior. In the present study, 10 different exine
ornamentation of pollen grains viz. micro-reticulate, reticulate, foveolate, foveolate-rugulose, foveolate-reticulate, bi-reticulate,
rugolate-foveolate rugulose, regulate, and micro-foveolate-rugolate were also found. The present survey, therefore, indicateed that,
pollen characters are valuable for taxonomic applications and may be a useful tool to differentiate variation between genera and species
in the family Lamiaceae classification.

Keywords: Exine, hexacolpate, pollen grains shape, sculpture, tricolpate
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Table 1. List of the studied species (both collected and herbarium specimens) in Iran

Taxon

Location, date, collector, Herbarium No.

Hymenocrater oxyodontus Rech.f.
Lagochilus cabulicus Benth.
Lamium album L.

Lavandula angustifolia Mill.
Leonurus cardiaca L.

Lycopus europaeus L.

Melissa officinalis L.

Mentha aquatica L.

Me. longifolia (L.) Hudson
Nepeta cataria L.
Origanum vulgare L.

Otostegia persica (Burm.) Boiss.

Golestan prov.: Yanghidareh-Kalaleh, 11 Jul. 2004, Noroozi 1892

Golestan prov.: Almeh, 15 Jun. 2012, Azizi 7973

Golestan prov.: Azadshahr, 23 Apr. 2020, Hasani 7977

Golestan prov.: Gorgan, 26 May 2020, Hajilari 7972

Gilan prov.: 9 May 2016, Kachoii 4430

Golestan prov.: Almeh, 5 Jul. 2020, Hasani 7974

Mazanderan prov.: Noor, Shahrak-e Emam, 11 Jul. 2019, Babaii & Mahdavi 9087
Mazanderan prov.: Noor, Shahrak-e Emam, 16 May 2020, Babaii & Mahdavi 7976

Mazanderan prov.: Amol, 10 Aug. 2020, Hasani 1874

Gilan prov.: 20 Jul. 1969, Javaheri 2561

Mazanderan prov.: Noor, Shahrak-e Emam, 22 Aug. 2020, Babaii & Mahdavi 7807
Fars prov.: Shiraz to Jahrom, 9 Jun. 2004, Niyazi 6754
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Table 1 (contd)
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Phlomis herba-venti subsp.
lenkoranica (Knorring) Rech.f.

Ph. herba-venti subsp. pungens

Khorasan Shomali prov.: Bojnourd, 17 May 2020, Karimi & Malkeshi 7808

(Wild.) Maire ex DeFillipps
Ph. olivieri Benth.
Prunella vulgaris L.
Rosmarinus officinalis L.
Sa. nemorosa L.

Sa. officinalis L.

Sa. splendens Sallow ex Schult.

Sa. hypoleuca Benth.

Scutellaria pinnatifida A. Ham.

Sc. tournefortii Benth.

Stachys alpina L.

St. annua (L.) L.

St. byzantina K. Koch.

St. inflata Benth.

St. lavandulifolia Vahl.

St. turcomanica Trautv.
Teucrium hircanicum L.

T. polium L.

Ziziphora clinopodioides Lam.

Z. tenuior L.

Semnan prov.: 5 Jul. 2016, Kaviani 3000

Golestan prov.: Golestan forest, 17 May 2016, Karimi 7812
Mazanderan prov.: Amol, 10 Sept. 2020, Hasani 9865

Golestan prov.: Gorgan, 29 Sept. 2020, Hajilari 9873

Golestan prov.: Gorgan,12 Jun. 2020, Hasani 9508

Golestan prov.: Gorgan,12 May 2020, Hasani 9506

Khorasan Shomali prov.: Bojnord, 13 Sept. 2020, Malkeshi 9501
Khorasan Shomali prov.: Bojnord, 14 Sept. 2015, Malkeshi 9510
Semnan prov.: 26 Jul. 2020, Ahad Khani 9511

Mazanderan prov.: Amol, 12 May 2020, Hasani 9502
Mazanderan prov.: Amol, 10 Aug. 2020, Hasani 9503

Gilan prov.: 20 Jul. 2013, Heydari 9504

Mazanderan prov.: Noor, Shahrak-e Emam, 15 Aug. 2020, Babaii & Mahdavi 9505

Mazanderan prov.: Behshahr, 8 Nov. 2011, Sarmadi 3345
Markazi prov.: Arak, 11 May 1995, Mostafavi 3991
Khorasan Shomali prov.: Bojnord, 22 May 2005, Kordi 4459

Mazanderan prov.: Noor, Shahrak-e¢ Emam, 11 Aug. 2014, Janighorban 7780

Golestan prov.: Golestan forest, 26 May 2008, Karimi 5568
Khorasan Shomali prov.: Shirvan, 5 Jul. 2012, Ghaviandam 6240
Golestan prov.: Marave-tapeh, 11 May 2012, Karimi 1163
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Table 2. Quantitative characters of the pollen grains of the studied species

Polar axis Tropical Ratio of . . Largest Smallest
A polar to Pollen area Exin thickness . Groove Groove
Taxon length (um) axis length equatorial (um?) (um) Pollen size length (um) width (um) groove groove
P) (um) a‘j(is /E) H H gt (1 H width (um)  width (um)
Hymenocrater oxyodontus 35.41+0.68 35.49+0.72 0.02+1.00 107.743.17 0.079+0.004 Medium - - - -
Lagochilus cabulicus 27.86+4.73 17.20+£2.12 0.08+1.10 394.50+13.74 0.084+0.005 Medium 24.9545.042 0.777+0.106 1.472 0.292
Lamium album 20.99+0.14 19.25+0.46 0.09+1.10 351.12+15.30 0.841+0.006 Small 18.436+0.597 3.035+0.333 4.935 1.025
Lavandula angustifolia 29.79+0.21 30.95+0.43 0.76+0.97 749.59+62.86 0.196+0.014 Medium 26.209+0.803  2.470+0.346 3.935 1.053
Leonurus cardiaca 14.41£0.743 14.51+0.57 0.08+0.98 209.92+55.93 0.099+0.007 Small 17.141£0.915  2.539+0.562 4.259 0.344
Lycopus europeus 33.75+2.96 31.58+1.69 1.06+0.04 94.21£19.18 0.246+0.016 Medium - - - -
Melisa officinalis 32.63+0.25 29.251+1.46 1.10+0.12 880.89+153.74 0.151+0.01 Medium 33.424+0.212 0.779+0.115 1.903 0.206
Mentha aquatica 0.26+ 28.98 28.30+0.61 1.021£0.93 741.67+23.37 0.1240.01 Medium 26.091+0.483 0.921+0.116 1.635 0.321
M. Longifolia 1.59+£25.29 21.89+0.27 1.16+£0.07 518.81+£28.21 0.118+0.01 Medium 21.328+0.574 1.358+0.184 2.126 0.549
Nepeta cataria 27.66+0.43 21.73+3.63 1.315+0.16 699.94+153.58 0.096+0.01 Medium 23.793+2.382 0.825+0.132 1.226 0.468
Origanum vulgare 22.2+78.74 20.73+0.67 1.13+£0.22 471.6349.23 0.096+0.003 Small 18.365+2.419 0.515+0.044 0.658 0.294
Otostegia persica 0.06+9.21 4.11+1.2 1.21+0.06 66.18+0.11 0.16+0.01 Very small - - - -
Phlomis herba-venti .
- 32.16£1.15 21.84+0.04 1.59+0.33 517.17+79.83 0.084+0.004 Medium 26.094+3.710 3.644+0.606 5.744 1.257
subsp. lenkoranica

Phs’u :‘)ig’?;&’ﬁg;‘ns 20.08+0.14  1.59+24.69  1.160.12 610.89+52.14  0.087+0.003 Medium 33 09:1.187  1.94420.4 4929 0.496
Ph. olivieri 45.28+1.17 0.92+21.50 1.33£0.11 600.27+21.02 0.143+0.0008 Medium 27.451+0.626 1.639+0.335 2.818 0.565
Prunella vulgaris 32.11+£0.95 2.20+23.79 1.36+0.08 874.23+£162.94 0.121+0.005 Medium 31.160+0.720 1.093+0.134 2.14 0.355
Rosmarinus officinalis 35.34+0.25 0.52+26.06 1.37+0.08 695.43+81.57 0.067+0.003 Medium 35.652+1.012  0.971+0.167 1.894 0.278
Salvia nemorosa 3.05+35.69 34.261+0.97 1.06+0.15 977.45+40.71 0.093+0.004 Medium 32.42+2.187 1.617+0.211 4.11 0.61
Sa. officinalis 29.73+0.05 26.63+0.839 1.12+0.03 715.594+23.33 0.082+0.003 Medium 26.829+1.468 1.997+0.399 3.729 0.906
Sa. splendens 39.92+5.21 51.24+£3.05 0.77+0.06 1835.994+278.56 0.131+0.012 Medium 37.743+0.648 1.766+0.167 2.812 0.719
Sa. hypoleuca 32.63+0.86 32.65+1.63 1.004+0.055 886.079+£33.26 0.064+0.007 Medium 29.574+2.181 1.790+0.136 2.715
Scutellaria pinnatifida 23.29+0.37 20.87+0.7 1.129+0.045 37.43+1.34 0.113+0.009 Small - - - -
Sc. tournefortii 22.69+2.08 17.76+£0.29 1.27+0.10 347.28440.16 0.052+0.004 Small 25.782+0.204 0.465+0.037 0.733 0.364
Stachys alpina 20.57+0.99 21.24+1.77 0.97+0.04 360.50+40.27 0.102+0.01 Small 17.053+1.346 3.251+0.753 6.056 0.28
St. annua 34.21+0.45 26.98+1.13 1.28 £0.05 799.45+17.004 0.087+0.004 Medium 0.234+31.070 3.240+0.412 5.703 0.943
St. byzantina 21.81£1.29 18.02+0.42 1.21+0.08 327.18+16.22 0.075+0.003 Small 23.700+0.160 1.686+0.356 4.704 0.286
St. inflata 37.31+3.003 27.73+0.31 1.34+0.10 847.99+48.93 0.073+0.003 Medium 2.178+30.493 1.906+0.218 3.018 0.352
St. lavandulifolia 28.90+4.43 24.03+0.80 1.17+0.01 631.05+£216.80 0.090+0.004 Medium 30.821+£0.319 2.470+0.262 3.605 1.021
St. turcommanica 14.78+1.4 14.25+0.5 1.031+£0.074 19.9+1.42 0.080+0.008 Small - - - -
Tecurium hircanicum 31.29+£2.59 21.98+0.73 1.42+0.07 529.72435.67 0.115+0.007 Medium 32.165£1.756 1.538+0.119 1.903 1.142
T. polium 21.49+1.35 17.60+0.97 1.2540.12 351.69+£32.64 0.086+0.006 Small - - - -
Ziziphora clinopodioides 30.05+1.9 28.16+2.72 1.11+0.06 76.33+10.83 0.129+0.006 Medium - - - -
Z. tenuior 41.64+1.08 41.88+1.38 1.00+0.05 145.42444.90 0.100+0.008 Medium - - - -
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Fig. 1. Polar and equatorial pollen grains using SEM microscope (B, C, D), Surface sculpture in close view
(B1, C1, D1), Pollen grains using light microscope (A, B2, C2, D2).
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Fig. 1. (contd). Polar and equatorial pollen grains using SEM microscope (E, G, H), Surface sculpture in close view
(E1, G1, H1), Pollen grains using light microscope (F, E2, G2, H2).
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Fig. 1. (contd). Polar and equatorial pollen grains using SEM microscope (I, J, K), Surface sculpture in close view
(I1,J1, K1), Pollen grains using light microscope (L, 12, J2, K2).
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Fig. 1. (contd). Polar and equatorial pollen grains using SEM microscope (M, N, O, P), Surface sculpture in close view
(M1, N1, O1, P1), Pollen grains using light microscope (M2, N2, O2, P2).
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Fig. 1. (contd). Polar and equatorial pollen grains using SEM microscope (Q, R, S, T), Surface sculpture in close view
(Q1, R1, S1, T1), Pollen grains using light microscope (Q2, R2, S2, T2).
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Fig. 1. (contd). Polar and equatorial pollen grains using SEM microscope (U, W, X), Surface sculpture in close view
(U1, W1, X1), Pollen grains using light microscope (V, U2, W2, X2).
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Fig. 1. (contd). Polar and equatorial pollen grains using SEM microscope (Y, Z, ZA, ZB), Surface sculpture in close
view (Y1, Z1, ZA1, ZB1), Pollen grains using light microscope (Y2, Z2, ZA2, ZB2).
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Fig. 1. (contd). Polar and equatorial pollen grains using SEM microscope (ZD), Surface sculpture in close view (ZD1),

Pollen grains using light microscope (ZC, ZD2, ZE, ZF, ZG).
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