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Abstract

Background and objectives: The oak forests of western Iran, with their unique species diversity
and numerous plant communities, are considered among the most important natural ecosystems.
The diversity and richness of plant species play a vital role in the health and sustainability of these
forests. The present study aimed to investigate and understand the differences, similarities, and
relationships among understory plant species diversity in different Iranian oak forest stands, as
well as its relationship with their structural characteristics in the protected forests of Qalajeh
Mountain in Kermanshah Province.

Methodology: In this research, three forest stand types, including high forest, coppice, and
coppice-with-standards stands, were identified, and three 1-hectare sample plots were randomly
established in each stand type. Structural characteristics, including species name, growth form,
number of sprouts, diameter at breast height, tree height, dominant height of coppice trees, and
two perpendicular crown diameters, were recorded. In addition, to investigate the forest floor
vegetation cover and its relationship with forest stand characteristics, 40 sample plots of 1 m?2
were randomly selected within each 1-hectare plot. In each sample plot, plant species were
identified, and their richness and percentage cover were measured. Ecological Methodology
software was used to estimate diversity indices. The Shannon-Wiener and Simpson diversity
indices, Margalef and Menhinick richness indices, and Hill and Pielou evenness indices were
calculated.

Results: The results showed that 145 vascular plant species belonging to 104 genera and 35
families were identified in the study area. The largest plant families were Fabaceae with 12 genera
and 24 species, Asteraceae with 16 genera and 19 species, Poaceae with 12 genera and 18 species,
Lamiaceae with 8 genera and 12 species, and Apiaceae with 9 genera and 9 species. In the coppice
stand, 33 families, 88 genera, and 124 species were identified; in the coppice-with-standards
stand, 31 families, 83 genera, and 103 species; and in the high forest stand, 108 species belonging
to 33 families and 81 genera were recorded. The highest values of the Shannon—Wiener and
Simpson diversity indices were observed in the coppice stand, while the highest values of Hill
and Pielou evenness indices were recorded in the high forest stand. Margalef and Menhinick
richness indices were also highest in the coppice stand. The results of the analysis of variance
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indicated that only the Shannon—Wiener diversity index differed significantly among the stands
(P-value < 0.05), whereas the other indices showed no significant differences. The Shannon—
Wiener diversity index and Hill’s evenness index were significantly related to crown surface area,
whereas other structural characteristics of the stands did not show similar relationships with the
studied indices.

Conclusion: The results of this study indicate that the diversity of understory vegetation in the
studied forest stands is related to some of their structural characteristics. Moreover, the Shannon—
Wiener diversity index differed significantly among the three oak forest stand types, with the
coppice stand showing the highest diversity and the high forest stand showing the lowest diversity.
In contrast, the Simpson diversity index, evenness indices, and species richness indices did not
differ significantly among the forest stands.
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Figure 1. Geographical location of the study area
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Table 1. Tree and shrub species identified in the study area

Number Species Family

1 Quercus persica Jaub. & Spach Fagaceae

2 Prunus microcarpa C.A.Mey Rosaceae

3 Crataegus azarolus L. var. pontica (Koch) K.I.Christensen Rosaceae

4 Lonicera nummulariifolia Jaub. & Spach Caprifoliaceae
5 Pistacia eurycarpa Yalt. Anacardiaceae
6 Acer monspessulanum L. subsp. assyriacum (Pojark.) Rech.f. Sapindaceae

7 Prunus argentea (Lam.) Rehder Rosaceae

8 Daphne mucronata Royle Thymelaeaceae

Accepted names according to Plants of the World Online (POWO; https://powo.science.kew.org/):
 Quercus persica Jaub. & Spach

2 Prunus microcarpa C.A.Mey

3 Pistacia eurycarpa Yalt.

4 Prunus argentea (Lam.) Rehder
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Table 2. Descriptive and average statistics of the biometric characteristics of the studied stands

. Diameter at the Basal area Height Crown Crown area
Stand Growth form Density (ha) . .
breast height (cm) (m?/ha) (m) diameter (m)  (m%ha)
High stand 120 18.55 12.97 6 5.43 3063
High stand Coppice stand 3.33 11.37 0.08 5.4 6.37 116.25
Total 123.33 18.31 13.05 5.98 5.46 3179.25
. . High stand 63.01 27.89 4.1672 5.65 5.36 1551.76
Coppice-with- .
Coppice stand 65.99 14.01 1.0198 5.57 4.55 1511.52
standards stand
Total 129 15.72 5.187 5.61 4.88 3062.76
High stand 10.33 15.49 0.34 5.65 4.3 99.6
Coppice stand Coppice stand 116 7.87 341 5.57 4.53 1917

Total 126.33 8.37 3.85 5.61 4.44 2016
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Table 3. Species identified in the coppice forest stand
Taxon Family Taxon Family
Allium myrianthum Boiss. Amaryllidaceae Trifolium bullatum Boiss. & Hausskn. Fabaceae
Allium stamineum Boiss. Amaryllidaceae Trifolium campestre Schreb. Fabaceae
Bunium paucifolium DC. Apiaceae Trifolium spumosum L. Fabaceae
Eryngium billardierei F.Delaroche Apiaceae Vicia michauxii Spreng. Fabaceae
Eryngium thyrsoideum Boiss. Apiaceae Vicia peregrina L. Fabaceae
Ferula macrocolea (Boiss.) Boiss. Apiaceae Vicia sativa L. Fabaceae
Heptaptera anisoptera (DC.) Tutin Apiaceae Erodium cicutarium (L.) L'Hér. Geraniaceae
Scandix pectin-veneris L. Apiaceae Geranium rotundifolium L. Geraniaceae
Smyrniopsis aucheri Boiss. Apiaceae Geranium tuberosum L. Geraniaceae
Bellevalia glauca (Lindl.) Kunth Asparagaceae Crocus haussknechtii (Boiss. & Reut. ex  Iridaceae
Maw) Boiss
Muscari neglectum Ten. Asparagaceae Gladiolus atroviolaceus Boiss Iridaceae
Achillea wilhelmsii K.Koch Asteraceae Iris aucheri (Baker) Sealy. Iridaceae
Anthemis odontostephana Boiss. Asteraceae Ixiolirion tataricum (Pall.) Schult. & Ixioliriaceae
Schult.f.
Carthamus oxyacanthus M.Bieb. Asteraceae Lamium album L. Lamiaceae
Centaurea iberica Trevir. ex Spreng. Asteraceae Marrubium astracanicum Jacq. Lamiaceae
Centaurea solstitialis L. Asteraceae Phlomis olivieri Benth. Lamiaceae
Cichorium pumilum Jacq. Asteraceae Phlomis persica Boiss. Lamiaceae
Echinops tenuisectus Rech.f. Asteraceae Salvia bracteata Banks & Sol. Lamiaceae
Garhadiolus hedypnois Jaub. & Spach Asteraceae Stachys benthamiana Boiss. Lamiaceae
Gundelia tournefortii L. Asteraceae Stachys kurdica Boiss. & Hohen. Lamiaceae
Onopordum carduchorum Bornm. & Beauverd.  Asteraceae Ziziphora capitata L. Lamiaceae
Lactuca aculeata Boiss. & Kotschy ex Boiss. Asteraceae Fritillaria straussii Bornm. Liliaceae
Picnomon acarna (L.) Cass. Asteraceae Gagea gageoides (Zucc.) Vved. Liliaceae
Scorzonera phaeopappa (Boiss.) Boiss. Asteraceae Tulipa systola Stapf. Liliaceae
Senecio vernalis Waldst. & Kit. Asteraceae Alcea kurdica Alef. Malvaceae
Tragopogon coelesyriacus Boiss. Asteraceae Malva neglecta Wallr. Malvaceae
Xanthium spinosum L. Asteraceae Peganum harmala L. Nitrariaceae
Biebersteinia multifida DC. Biebersteiniaceae  Orobanche anatolica Boiss. & Reuter Orobanchaceae
Onosma dasytrichum Boiss. Boraginaceae Papaver argemone L. Papaveraceae
Onosma rostellatum Lehm. Boraginaceae Papaver macrostomum Boiss. & A.Huet Papaveraceae
Alliaria petiolata (M.Bieb.) Cavara & Grande Brassicaceae Veronica intercedens Bornm. Plantaginaceae
Meniocus linifolius (Stephan ex Willd.) DC. Brassicaceae Veronica intercedens Bornm. Papaveraceae
Alyssum stapfii Vierh. Brassicaceae Aegilops triuncialis L. Poaceae
Alyssum szovitsianum Fisch. & C.A.Mey Brassicaceae Aegilops umbellulata Zhuk. Poaceae
Minuartia hamata (Hausskn. & Bornm.) Mattf. Caryophyllaceae ~ Avena barbata Pott ex Link. Poaceae
Silene longipetala Vent. Caryophyllaceae Brachypodium distachyon (L.) P.Beauv. Poaceae
Helianthemum ledifolium (L.) Mill. Cistaceae Bromus danthoniae Trin. Poaceae
Bryonia multiflora Boiss. & Heldr. Cucurbitaceae Bromus tectorum L. Poaceae
Euphorbia aleppica L. Euphorbiaceae Bromus tomentellus Boiss. Poaceae
Euphorbia cheiradenia Boiss. & Hohen. Euphorbiaceae Festuca ovina L. Poaceae
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Taxon Family Taxon Family
Euphorbia denticulata Lam Euphorbiaceae Hordeum bulbosum L. Poaceae
Euphorbia falcata L. Euphorbiaceae Hordeum marinum Huds. Poaceae
Euphorbia helioscopia L. Euphorbiaceae Lolium rigidum Gaudin Poaceae
Euphorbia phymatosperma Boiss. Euphorbiaceae Poa annua L. Poaceae
Euphorbia szovitsii Fisch. & C.A.Mey. Euphorbiaceae Poa bulbosa L. Poaceae
Astragalus amblolepis Fisch Fabaceae Secale segetale (Zhuk.) Roshev. Poaceae
Astragalus curvirostris Boiss Fabaceae Setaria viridis (L.) P.Beauv. Poaceae
Astragalus ovinus Boiss. Fabaceae Stipa arabica Trin. & Rupr. Poaceae
Astragalus verus Olivier. Fabaceae Anemone biflora DC. Primulaceae
Coronilla scorpioides (L.) W.D.J.Koch Fabaceae Polygonum aviculare L. Polygonaceae
Glycyrrhiza glabra L. Fabaceae Ceratocephala falcata (L.) Pers. Ranunculaceae
Lathyrus aphaca L. Fabaceae Ranunculus kochii Ledeb. Ranunculaceae
Vicia lens (L.) Coss. & Germ. Fabaceae Ranunculus arvensis L. Ranunculaceae
Medicago coronata (L.) Bartal. Fabaceae Asperula arvensis L. Rubiaceae
Medicago monantha (C.A.Mey.) Trautv. Fabaceae Galium aparine L. Rubiaceae
Medicago orbicularis (L.) Bartal. Fabaceae Galium setaceum Lam. Rubiaceae
Medicago polymorpha L. Fabaceae Daphne mucronata Royle. Thymelaeaceae
Medicago radiata L. Fabaceae Urtica dioica L. subsp. dioica Urticaceae
Onobrychis crista-galli (L.) Lam Fabaceae Viola modesta Fenzl. Violaceae
Onobrychis lunata Boiss. Fabaceae Tribulus terrestris L. Zygophyllaceae
Pisum sativum L. Fabaceae

Accepted names according to Plants of the World Online (POWO; https://powo.science.kew.org/):

* Achillea wilhelmsii K.Koch

2 Meniocus linifolius (Stephan ex Willd.) DC.

3 Vicia lens (L.) Coss. & Germ.

4 Ranunculus kochii Ledeb.

Setaria viridis (L.) P.Beauv., Smyrniopsis aucheri

Boiss.
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Linum mucronatum Bertol., Arenaria serpyllifolia

L., Arum elongatum Steven., Bufonia oliveriana Ser.,

AJuss,

crupinastrum (Moris) Vis., Fritillaria imperialis L.,

Chrozophora tinctoria (L. Crupina
Fritillaria persica L., Lactuca orientalis (Boiss.) Boiss.,

Teucrium polium L., Ononis spinosa L.
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Centaurea solstitialis L., Eryngium billardierei
F.Delaroche, Euphorbia phymatosperma Boiss.,

Lamium album L. Medicago polymorpha L,
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Table 4. Species identified in the coppice-with-standards stand
Taxon Family Taxon Family
Allium myrianthum Boiss. Amaryllidaceae Onobrychis lunata Boiss. Fabaceae
Eryngium thyrsoideum Boiss. Apiaceae Ononis spinosa L. Fabaceae
Ferula macrocolea (Boiss.) Boiss. Apiaceae Trifolium campestre Schreb. Fabaceae
Ferulago carduchorum Boiss. & Hausskn Apiaceae Trifolium spumosum L. Fabaceae
Heptaptera anisoptera (DC.) Tutin. Apiaceae Vicia peregrina L. Fabaceae
Scandix pectin-veneris L. Apiaceae Erodium cicutarium (L.) L'Hér. Geraniaceae
Smyrnium cordifolium Boiss. Apiaceae Geranium rotundifolium L. Geraniaceae
Arum elongatum Steven. Araceae Crocus haussknechtii (Boiss. & Reut. ex Maw) Iridaceae
Bellevalia glauca (Lindl.) Kunth. Asparagaceae  Gladiolus atroviolaceus Boiss. Iridaceae
Muscari neglectum Ten. Asparagaceae  Iris aucheri (Baker) Sealy. Iridaceae
Achillea wilhelmsii K.Koch Asteraceae Ixiolirion tataricum (Pall.) Schult. & Schult.f. Ixioliriaceae
Anthemis odontostephana Boiss. Asteraceae Ajuga chamaecistus Ging. ex Benth. Lamiaceae
Carthamus oxyacanthus M.Bieb. Asteraceae Salvia bracteata Banks & Sol. Lamiaceae
Centaurea iberica Trevir. ex Spreng. Asteraceae Marrubium astracanicum Jacq. Lamiaceae
Cichorium pumilum Jacq. Asteraceae Phlomis persica Boiss. Lamiaceae
Crupina crupinastrum (Moris) Vis. Asteraceae Stachys benthamiana Boiss. Lamiaceae
Echinops tenuisectus Rech.f. Asteraceae Stachys kurdica Boiss. & Hohen. Lamiaceae
Garhadiolus hedypnois Jaub. & Spach Asteraceae Teucrium polium L. Lamiaceae
Gundelia tournefortii L. Asteraceae Fritillaria imperialis L. Liliaceae
Lactuca aculeata Boiss. & Kotschy ex Boiss. Asteraceae Fritillaria persica L. Liliaceae
Lactuca orientalis (Boiss) Boiss. Asteraceae Gagea gageoides (Zucc.) Vved. Liliaceae
Onopordum carduchorum Bornm. & Beauverd Asteraceae Tulipa systola Stapf. Liliaceae
Picnomon acarna (L.) Cass. Asteraceae Linum mucronatum Bertol. Linaceae
Scorzonera phaeopappa (Boiss.) Boiss. Asteraceae Malva neglecta Wallr. Malvaceae
Senecio vernalis Waldst. & Kit. Asteraceae Peganum harmala L. Nitrariaceae
Tragopogon coelesyriacus Boiss. Asteraceae Orobanche anatolica Boiss. & Reuter. Orobanchaceae
Xanthium spinosum L. Asteraceae Papaver argemone L. Papaveraceae

Onosma rostellatum Lehm.
Alliaria petiolata (M.Bieb.) Cavara & Grande

Alyssum linifolium Stephan ex Willd.?
Arenaria serpyllifolia L.

Bufonia oliveriana Ser.

Dianthus szowitsianus Boiss.

Silene longipetala Vent.
Helianthemum ledifolium (L.) Mill.
Chrozophora tinctoria (L.) A.Juss.
Euphorbia aleppica L.

Euphorbia cheiradenia Boiss. & Hohen.
Euphorbia denticulata Lam.
Euphorbia falcata L.

Euphorbia helioscopia L.

Boraginaceae
Brassicaceae

Brassicaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Caryophyllaceae
Cistaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae

Acantholimon oliveri (Jaub. & Spach) Boiss.
Acantholimon bromifolium var. ilamicum
Mobayen

Aegilops triuncialis L.

Aegilops umbellulata Zhuk.

Avena barbata Pott ex Link.

Bromus danthoniae Trin.

Bromus tectorum L.

Bromus tomentellus Boiss.

Festuca ovina L.

Hordeum bulbosum L.

Poa annua L.

Poa bulbosa L.

Stipa arabica Trin. & Rupr.

Anemone biflora DC.

Plumbaginaceae
Plumbaginaceae

Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Primulaceae
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Taxon Family Taxon Family
Euphorbia szovitsii Fisch. & C.A.Mey. Euphorbiaceae  Ceratocephala falcata (L.) Pers. Ranunculaceae
Astragalus amblolepis Fisch. Fabaceae Ranunculus kochii Ledeb. Ranunculaceae
Astragalus curvirostris Boiss. Fabaceae Ranunculus arvensis L. Ranunculaceae
Astragalus ovinus Boiss. Fabaceae Prunus haussknechtii C.K.Schneid.. Rosaceae
Astragalus verus Olivier. Fabaceae Asperula arvensis L. Rubiaceae
Glycyrrhiza glabra L. Fabaceae Galium aparine L. Rubiaceae
Lathyrus aphaca L. Fabaceae Verbascum alceoides Boiss. & Hausskn Scrophulariaceae
Medicago coronata (L.) Bartal. Fabaceae Daphne mucronata Royle. Thymelaeaceae
Medicago monantha (C.A.Mey.) Trautv. Fabaceae Viola modesta Fenzl. Violaceae

. . . Tribulus terrestris L. var. orientalis
Medicago orbicularis (L.) Bartal. Fabaceae Zygophyllaceae

(A.Kern.)

Medicago radiata L. Fabaceae

Accepted names according to Plants of the World Online (POWO; https://powo.science.kew.org/):
* Achillea wilhelmsii K.Koch

2 Meniocus linifolius (Stephan ex Willd.) DC.

3 Ranunculus kochii Ledeb.
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Table 5. Species identified in the forest high stand

Taxon Family Taxon Family

Allium myrianthum Boiss. Amaryllidaceae Vicia michauxii Spreng. Fabaceae

Allium stamineum Boiss. Amaryllidaceae Vicia peregrina L. Fabaceae

Bunium paucifolium DC. Apiaceae Geranium tuberosum L. Geraniaceae

. . . Crocus haussknechtii (Boiss. & Reut. ex .
Ferula macrocolea (Boiss.) Boiss. Apiaceae . Iridaceae
Maw) Boiss
Ferulago carduchorum Boiss. & Hausskn. Apiaceae Gladiolus atroviolaceus Boiss. Iridaceae
Scandix pectin-veneris L. Apiaceae Iris aucheri (Baker) Sealy. Iridaceae
. o . . Ixiolirion tataricum (Pall.) Schult. & Lo
Smyrnium cordifolium Boiss. Apiaceae Ixioliriaceae
Schult f.

Bellevalia glauca (Lindl.) Kunth. Asparagaceae Ajuga chamaecistus Ging. ex Benth. Lamiaceae

Achillea santolinoides subsp. wilhelmsii (K.Koch) . .
Asteraceae Salvia bracteata Banks & Sol. Lamiaceae

Greuter!

Anthemis odontostephana Boiss. Asteraceae Marrubium astracanicum Jacqg. Lamiaceae

Carthamus oxyacanthus M.Bieb. Asteraceae Phlomis persica Boiss. Lamiaceae

Centaurea iberica Trevir. ex Spreng. Asteraceae Stachys benthamiana Boiss. Lamiaceae

Cichorium pumilum Jacg. Asteraceae Stachys kurdica Boiss. & Hohen. Lamiaceae

Echinops tenuisectus Rech.f. Asteraceae Ziziphora capitata L. Lamiaceae

Gundelia tournefortii L. Asteraceae Fritillaria straussii Bornm. Liliaceae

Lactuca aculeata Boiss. & Kotschy ex Boiss. Asteraceae Gagea gageoides (Zucc.) Vved. Liliaceae


https://powo.science.kew.org/

oSl 55 LS cba S 55 bl \EYd
Taxon Family Taxon Family
Onopordum carduchorum Bornm. & Beauverd. Asteraceae Tulipa systola Stapf. Liliaceae
Picnomon acarna (L.) Cass. Asteraceae Alcea kurdica Alef. Malvaceae
Scorzonera phaeopappa (Boiss.) Boiss. Asteraceae Malva neglecta Wallr. Malvaceae
Senecio vernalis Waldst. & Kit. Asteraceae Orobanche anatolica Boiss. & Reuter. Orobanchaceae
Tragopogon coelesyriacus Boiss. Asteraceae Papaver argemone L. Papaveraceae
Xanthium spinosum L. Asteraceae Papaver macrostomum Boiss. & A.Huet Papaveraceae

Biebersteinia multifida DC.
Myosotis refracta Boiss.

Nonea persica Boiss.

Onosma dasytrichum Boiss.

Onosma rostellatum Lehm..

Alyssum linifolium Stephan ex Willd
Alyssum szovitsianum Fisch. & C.A.Mey.
Dianthus szowitsianus Boiss.

Minuartia hamata (Hausskn. & Bornm.) Mattf.
Helianthemum ledifolium (L.) Mill.
Bryonia multiflora Boiss. & Heldr.
Euphorbia aleppica L.

Euphorbia cheiradenia Boiss. & Hohen.
Euphorbia denticulata Lam.

Euphorbia falcata L.

Euphorbia helioscopia L.

Euphorbia szovitsii Fisch. & C.A.Mey.
Astragalus amblolepis Fisch.

Astragalus curvirostris Boiss.

Astragalus gossypinus Fisch.

Astragalus ovinus Boiss.

Astragalus verus Olivier.

Coronilla scorpioides (L.) W.D.J.Koch
Glycyrrhiza glabra L.

Lathyrus aphaca L.

Lens culinaris Medik. subsp. orientalis (Boiss).
Medicago coronata (L.) Bartal.
Medicago orbicularis (L.) Bartal.
Onobrychis crista-galli (L.) Lam.
Onabrychis lunata Boiss.

Pisum sativum L.

Trifolium bullatum Boiss. & Hausskn.

Biebersteiniaceae
Boraginaceae

Boraginaceae

Boraginaceae
Boraginaceae
Brassicaceae
Brassicaceae
Caryophyllaceae
Caryophyllaceae
Cistaceae
Cucurbitaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae

Fabaceae

Veronica intercedens Bornm.
Acantholimon oliveri (Jaub. & Spach) Boiss.
Acantholimon bromifolium var. ilamicum
Mobayen

Aegilops triuncialis L.

Aegilops umbellulata Zhuk.

Avena barbata Pott ex Link.

Bromus danthoniae Trin.

Bromus pumilio (Trin.) P.M.Sm.
Bromus tectorum L.

Bromus tomentellus Boiss.

Festuca ovina L.

Hordeum bulbosum L.

Lolium rigidum Gaudin.

Poa annua L.

Poa bulbosa L.

Secale segetale (Zhuk.) Roshev.

Stipa arabica Trin. & Rupr.

Polygonum aviculare L.

Dionysia odora Fenzl

Anemone biflora DC.

Ceratocephala falcata (L.) Pers.
Ficaria kochii (Ledeb.) Iranshahr & Rech.f.2
Ranunculus kochii Ledeb..

Papaver argemone L.

Asperula arvensis L.

Galium aparine L.

Galium setaceum Lam.

Daphne mucronata Royle

Verbascum alceoides Boiss. & Hausskn
Urtica dioica L. subsp. dioica

Viola modesta Fenzl.

Tribulus terrestris L. var. orientalis
(A.Kern.) G.Beck

Plantaginaceae
Plumbaginaceae

Plumbaginaceae

Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Poaceae
Polygonaceae
Primulaceae
Ranunculaceae
Ranunculaceae
Ranunculaceae
Ranunculaceae
Papaveraceae
Rubiaceae
Rubiaceae
Rubiaceae
Thymelaeaceae
Scrophulariaceae
Urticaceae
Violaceae

Zygophyllaceae

Accepted names according to Plants of the World Online (POWO; https://powo.science.kew.org/):

* Achillea wilhelmsii K.Koch
2 Meniocus linifolius (Stephan ex Willd.) DC.
3 Ranunculus kochii Ledeb.
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Figure 2. Marrubium astracanicum Jacq. (Left) and Bromus tectorum L. (Right) in studied area
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Figure 3. A view of the high stand in the studied forest (Left) and Verbascum alceoides Boiss. & Hausskn (Right)
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Table 6. Analysis of variance of Iranian oak stands based on the value of species diversity indices

Diversity index Sum of squares df Mean square F Sig.

Between groups 0.193 2 0.097 7.135 0.026
Shannon-Wiener  Within groups 0.081 6 0.014

Total 0.274 8

Between groups 6.55%x10° 2 3.27x10° 2.456 0.1662
Simpson Within groups 8.001x10°° 6 1.33x10°%

Total 14.55x105 8

Between groups 1.42x106 2 7.11x10® 2.207 0.072
Hill Within groups 1.01x106 6 1.7x106

Total 2.43x10°° 8

Between groups 1.22x10* 2 6.1x10° 0.017 0.983
Pitt Within groups 0.21 6 0.004

Total 0.22 8

Between groups 0.804 2 0.402 0.502 0.628
Menhinick Within groups 4.803 6 0.801

Total 5.608 8

Between groups 19.203 2 9.601 1.801 0.244
Margalef Within groups 31.99 6 5.332

Total 51.192 8
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Table 7. Average diversity indices in the studied stands

Stand Shannon-Wiener Simpson Hill Pitt Menhinick Margalef
Coppice stand 5.35+0.136% 0.976+.0022 0.002+02b 1.183+0.032 5.28+0.6052 15.82+1.4992
Coppice-with- 5.06+£0.075%  0.975+0.0022 0.0021:+0%¢ 1.176£0.249°  526+0.323°  15.67+1.081°
standards stand

High stand 5.02+0.128*  0.973+0.0052 0.0025+0% 1.192+0.0952 4.828+1.3892 13.87+3.542

Different letters in each row indicate a significant difference between means (P<0.05).
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Table 8. Correlation of species diversity index values with structural characteristics in coppice stand

Diversity index Diameter at the breast height (cm) Basal area (m?ha) Crown area (m%ha) Height (m) Height-diameter ratio

Shannon-Wiener 0.654™ 0.947™ -0.991™ -0.170"m 0.618
Simpson 0.028™ 0.529m -0.683™ -0.755" -0.02m
Hill 0.25™ -0.275" 0.989™ 0.537" 0.295™
Pitt 0.993" 0.917™ -0.917™ 0.537" 0.986™
Menhinick -0.236™ 0.288" -0.991™ -0.901" -0.282m
Margalef -0.394"s 0.125" -0.956™ -0.961™ -0.437m

**: Significant at p<0.01; *: Significant at p<0.05; ns: non-significant
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Table 9. Correlation of species diversity index values with structural characteristics in Coppice-with-standardse

stand
Diversity index Diameter at the breast height (cm)  Basal area (m?ha)  Crown area (m%ha) Height (m) Height-diameter ratio
Shannon-Wiener 0.807"™ 0.784m -0.865" -0.826"™ 0.171"
Simpson 0.196"™ 0.233™ -0.607™ -0.16™ -0.966™
Hill -0.931™ -0.945™ -0.887" -0.917™ 0.739"
Pitt -0.323™ -0.358™ -0.22m 0.288™ 0.991™
Menhinick 0.611" 0.641m -0.523m -0.582" -0.98™
Margalef 0.785™ 0.808" -0.714m -0.762™ -0.803™

**: Significant at p<0.01; *: Significant at p<0.05; ns: non-significant
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Table 10. Correlation of species diversity index values with structural characteristics in the high stand

Diversity index  Diameter at the breast height (cm) Basal area (m?ha) Crown area (m?ha) Height (m) Height-diameter ratio

Shannon-Wiener -0.967™ 0.932™ -0.831" -0.962" 0.861"
Simpson -0.911™ -0.858" -0.807™ -0.904" -0.825™

Hill -0.696™ 0.61" -0.872" -0.683™ 0.56"

Pitt -0.828" 0.758" -0.626™ -0.817" 0.716™
Menhinick 0.749m -0.783™ 0.695" 0.839" -0.743™
Margalef 0.751"™ -0.671™ 0.718™ 0.739m -0.624"

**: Significant at p<0.01; *: Significant at p<0.05; ns: non-significant
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