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ABSTRACT 

This work presents the first comprehensive revision of Iranian Rorida Gmel. based on extensive field surveys, herbarium visits, literature review, and micromorphological investigations. Our taxonomic assessment shows that these taxa can be delimited from each other by a combination of habit, leaf size and morphology, indumentum type, details of floral structure, shape fruit and size, and seed color. We recognize five species of Rorida for the Flora of Iran and propose two new combinations, R. dolichostyla (Jafri) Khorasani & Naqinezhad, comb. nov., and R. fimbriata (Vicary) Khorasani & Naqinezhad, comb. nov. Moreover, two new records of Rorida for the flora are reported, R. tomentella (Popov) Thulin & Roalson, and R. droserifolia (Forssk.) Thulin & Roalson. An identification key to all Iranian Rorida, nomenclature, comprehensive descriptions, along with notes on taxonomy and ecology (phytogeography, habitat, conservation status), illustrations, and distribution maps are provided for each species. 
Key words: Cleome, Droserifolia group, IUCN Red List, New combination, New records, Rorida, Taxonomic novelties.

Cleomaceae Bercht. & Presl is a relatively small family encompassing over 300 species belonging to 9–27 genera of which Cleome L. is the largest genus (Hall, 2008; Patchell et al., 2011, 2014; Aparadh et al., 2012; Soares Neto et al., 2022). Cleome has been shown to be paraphyletic (Hall, 2008; Feodorova et al., 2010; Patchell et al., 2014) and it consists of almost 250–300 species in the forms of herbs and shrubs, which most taxa are widely distributed in the tropical and arid regions of northern Africa, and west and south Asia (Feodorova et al., 2010; Patchell et al., 2014; Mousa, 2019, Shilla et al., 2019; Roalson, 2021). Cleome is regarded as taxonomically difficult due to high morphological variability and infrageneric treatments of taxonomic groups that have been treated as sections are now segregated into multiple genera (Iltis, 1952, 1959, 1960; Iltis & Cochrane, 2007; Tucker & Vanderpool, 2010; Barrett et al., 2017; Roalson & Hall, 2017; Thulin & Roalson, 2017; Soares Neto et al., 2018, 2022). One of these is comprised of the Cleome droserifolia (Forssk.) Delile group, or C. sect. Thylacophora Franch., which is now elevated to generic level as Rorida J.F.Gmel. (Thulin & Roalson, 2017). 

Early systematic treatments revealed doubts concerning the taxonomic status of the members of the Cleome droserifolia group, in particular that of C. dolichostyla Jafri, C. fimbriata Vicary, C. noëana Boiss., and C. quinquenervia DC. Boissier (1867) placed C. droserifolia in section Siliquaria DC., and considered it to be closely related to C. noëana and C. quinquenervia based on leaf shape, stamen number and seed indumentum. It is clearly separated from its close relatives based on habit, and leaf and fruit morphology. Franchet (1887) placed these three species into Cleome sect. Thylacophora based on stamen number. Bobrov (1939) delimited the section based on their simple leaves, petal appendages, 4 stamens, and siliquiform capsules and recognized five species, C. lipskyi Popov, C. noëana, C. quinquenervia, C. rostrata Bobrov, and C. tomentella Popov. Cleome noëana was described with three varieties; C. noëana var. genuina Bornm., var. hispida Bge., and var. persepolitana Bornm. However, Parsa (1951) treated C. noëana as a variety of C. quinquenervia. Later, the taxonomic status of C. noëana was raised back to specific rank without any varieties (Hedge & Lamond, 1970; Blakelock & Townsend, 1980). In contrast, Jafri (1973) placed it into synonymy of C. fimbriata in Flora of Pakistan, and considered it to be closely related to C. dolichostyla based on the petal and fruit shapes. Since then, a number of more detailed taxonomic treatments of the group have been conducted by Chamberlain and Lamond (1996), and Thulin and Roalson (2017) where the species of section Thylacophora were elevated to generic status as Rorida. 
Thulin and Roalson (2017) reestablish Rorida based on their morphology and several molecular phylogenetic studies that resolve three species of Cleome section Thylacophora outside of Cleome and in some cases sister to the majority of Cleomaceae (Hall, 2008; Feodorova et al., 2010; Patchell et al., 2014; Barrett et al., 2017). The group was supported as sister to Polanisia Raf. (Feodorova et al., 2010) and Cleomella DC. (Roalson et al., 2015; Barrett et al., 2017). Rorida is characterized by simple leaves, dimorphic, very shortly clawed, dimorphic triangular petals where the upper are distinctly appendaged at the base and lower smaller or without the appendage, and by having four stamens (Roalson & Hall, 2017; Thulin & Roalson, 2017). Rorida comprises 12 species, which are distributed in Central Asia, the Arabian Peninsula and Somalia (Thulin & Roalson, 2017).  

In Flora Iranica (Hedge & Lamond, 1970), and subsequent editions (Saghafi-Khadem, 1998, 2000; Thulin & Roalson, 2017), the distributions of Rorida species are confined to desert and semi-desert areas of south Iran which is a center of diversity. However, there is no comprehensive overview on species delimitation of Iranian Rorida, and the systematics remain unresolved in the Flora of Iran. Moreover, in the reestablishment of Rorida (Thulin & Roalson, 2017) the taxonomic status of R. quinquenervia, and its closest relatives, R. dolichostyla and R. fimbriata were not clearly defined, and synonymized into a single species, which contradict the previous treatments where each was recognized (Hedge & Lamond, 1970; Jafri, 1973; Saghafi-Khadem, 1998). 

Species circumscriptions of Rorida need to be investigated because of the different treatments in which different species are recognized (Jaffri, 1973; Saghafi-Khadem, 1998, 2000; Thulin & Roalson, 2017) due to overlapping morphology, sympatric distributions, and insufficient specimen collections. Iran is the center of distribution for Rorida and includes all of the disputed species including some type locations, and thus it is ideal for taxon sampling and systematic studies. The present work aims to describe the most effective morphological aspects for species delimitation and their systematic importance within Iranian Rorida, and provide an updated taxonomic account of the species with geographic distributions, habitat, and conservation statuses of Rorida in Iran. 
MATERIAL AND METHODS

This study was carried out from 2020–2022 on specimens collected from natural habitats during extensive fieldwork focusing mainly on the species of Rorida in the various parts of Iran, as well as, all plant materials deposited at the following Iranian herbaria: FUMH, HANRC, HER.MIR, HUMZ, IRAN, TUH and TARI. In addition, all digitized specimens, mostly types, were viewed using virtual catalogues of the herbaria: B, BM, CA, CAS, C, E, G, HBG, JE, K, LE, L, MO, P, TASH, US, W and WAG, via JSTOR (https://plants.jstor.org/), and JACQ (https://www.jacq.org/), or as loans from the relevant herbaria. The protologues, along with other literature (Boissier, 1867; Bobrov, 1939; Hedge & Lamond, 1970; Jafri, 1973; Kamel et al., 2010; Thulin & Roalson, 2017) were also consulted to confirm type specimens and classifications of the species. 

The morphological traits that aid delimitation of the species of Rorida were studied based on relevant taxonomic literature (Boissier, 1867; Oliver, 1868; Franchet, 1887; Bobrov, 1939; Zohary, 1966; Hedge & Lamond, 1970; Jafri, 1973; Blakelock & Townsend, 1980; Saghafi-Khadem, 1998, 2000; Kamel et al., 2010; Thulin & Roalson, 2017; Roalson & Hall, 2017; Riaz et al., 2019; Roalson, 2021). The habit, shape and size of the leaves, types of indument, shape and size of flower segments, number of stamens, shape and size of fruits, and the seeds were observed and measured. Floral structures were investigated using a Nikon SMZ645 stereomicroscope with a camera attached.  

The distributions of Rorida species were reviewed using previous systematic studies (Bobrov, 1939; Hedge & Lamond, 1970; Jafri, 1973; Saghafi-Khadem, 1998, 2000; Kamel et al., 2010; Thulin & Roalson, 2017), and Global Biodiversity Information Facility (https://www.gbif.org), along with personal observations. The distribution maps of the species in Iran were made from collection localities belonging to living and herbarium materials using DMAP 7.2c software (Morton, 2004). Terminology and phytogeography follow Zohary (1973) and Djamali et al. (2011).
The preliminary conservation statuses (regional) of the Iranian Rorida species were assessed using the IUCN Red List Categories and Criteria (Le Breton et al., 2019; IUCN Standards and Petitions Committee, 2022), focusing mainly on their geographic range size (Criteria B). Extent of occurrence (EOO), and Area of occupancy (AOO) were estimated via the rCAT package (species conservation assessment tool in R, ver. 4.2.3) (Moat & Bachman, 2016, 2022). 

RESULTS
Five species of Rorida are treated here for Iran, two of which are newly reported for the flora, R. droserifolia and R. tomentella, two new combinations, R. dolichostyla and R. fimbriata, and the fifth species, R. quinquenervia. We found that the following characters serve to delimit the species: habit; distribution of branches; shape, size and arrangement of leaf; number of major leaf veins; indumentum type; size and position of racemes; petal sizes; filament and style lengths; shape and size of fruit; and shape and color of seeds (see Key and Table 1 below). We revised the taxonomy of the species of Rorida in Iran and provide an identification key, comprehensive description of morphological traits, microscopic investigation of indumentum, floral structure, fruit and seed, and comments on the affinities among the species, phenology, geographical distribution and habitat, conservation statuses, illustrations (Figs 1–5), distribution maps (Figs 6–7), and a table (Table 1) of morphological characters showing ranges of delimiting features for the species.

Taxonomic treatment 

Rorida Gmel., Syst. Nat. 2(1): 260. 1791. Roridula Forssk., Fl. Aegypt.-Arab. 35. 1775, nom. illeg. (non Burm.f. ex L., Gen. Pl., ed. 6: 577 (“567”). 1764). Cleome sect. Thylacophora Franch., J. Bot. (Morot) 1: 37. 1887. TYPE: Rorida arabica Gmel., nom. illeg. (≡Roridula droserifolia Forssk., Fl. Aegypt.-Arab.: 35, LXII. 1775. ≡ Cleome droserifolia (Forssk.) Delile, Fl. Egypt.: 106. 1813. ≡ Rorida droserifolia (Forssk.) Thulin & Roalson, Syst. Bot. 42(3): 574. 2017). 

Annual or perennial herbs or subshrubs, with densely stalked-glandular and varied hairs (hispid, tomentose and villous). Leaves simple, petiolate; blade cordate-subrounded, apex subobtuse-acuminate, with (3) 5–7 prominent nerves. Inflorescences raceme, terminal or axillary, dense or loose, bracteate. Flowers bisexual, partly zygomorphic, lacking disc appendages (bulges between petals and filaments), pedicellate. Sepals 4, subequal, ovate, apex acute-subobtuse, glandular and eglandular hairy. Petals 4, yellow-whitish, usually with pinkish-purple midvein, ovate-hastate (triangular), partly oblong, apex obtuse-acute, glabrous to rarely glandular, clawed, dimorphic, upper larger than lower, upper bearing fan-shaped or scale-like appendage at base (petal appendage), lower lacking or appendage reduced in size. Stamens 4; filaments filiform, glabrous, unequal, mostly longer than petals; anthers usually yellow. Ovary ovate-elliptic, sometime oblong, with densely inflate-glandular, partly eglandular hairs or glabrous, sessile or shortly stipitate; style filiform; stigma capitate. Gynophore short or absent. Androgynophore absent. Fruit linear or ovate-oblong, acute-obtuse, densely glandular and simple hairy; peduncles erect. Seed reniform, or pyriform-ovate, usually brownish, glabrous or lanate.  

KEY TO THE SPECIES OF RORIDA IN IRAN 
1a. Fruits ovate-oblong, less than 20 mm long 
2

2a. Plants densely white villous and stalked-glandular; leaves lanate, ± rosette; fruits ovate-oblong, seeds subpyriform-roundish, light brown 
R. tomentella (Popov) Thulin & Roalson
2b. Plants densely hispid and stalked-glandular; leaves not rosette-forming; fruits mostly oblong; seeds reniform or pyriform-ovate, brown-purplish 
3

3a. Subshrubs, profusely and intricately branched; leaves orbicular, up to 15 mm long, 3-nerved; racemes short, axillary, with leafy bracts equal in size to the leaves; petals and filaments less than 5 mm long; fruits sessile
R. droserifolia (Forssk.) Thulin & Roalson

3b. Herbs, sparsely branched; leaves cordate, up to 30 mm, 5–7-nerved; racemes elongated, terminal and/or axillary, with bracts smaller than the leaves; petals and filaments more than 5 mm long; fruits stipitate 
R. quinquenervia (DC.) Thulin & Roalson
1b. Fruits linear, more than 20 mm long 
4

4a. Style 1–3 mm; fruit stipe subsessile, 0.1–0.5 mm long; seeds brown………….…………...
………………………………….R. fimbriata (Vicary) Khorasani & Naqinezhad
4b. Style 7–12 mm; fruit stipe 1–2 mm long; seeds brown-straw greenish 
……………………..R. dolichostyla (Jafri) Khorasani & Naqinezhad
1 Rorida tomentella (Popov) Thulin & Roalson, Syst. Bot. 42(3): 577. 2017. Basionym: Cleome tomentella Popov, Korovin et al. Descr. Pl. Nov. Turkestan.: 52. 1916. TYPE: Uzbekistan. Baissun, prope Katta-Kamysch, 8 Jun 1914, Popov s.n. (lectotype, designated by Thulin & Roalson [2017: 577], TASH [bc] n. 75239 image!). 
Cleome quinquenervia DC. var. mollis Boiss., Fl. Orient. 1: 415. 1867. TYPE: Iran. Inter Herat et Tebes, pr. Afselabad, Nov. 1858, Bunge s.n. (lectotype, designated by Thulin & Roalson [2017: 577], G [bc] 00330653 image!; isolectotype, K [bc] 000643925 image!, LE [bc] 00013142 image!).

Herbs, annual or perennial, height 10–30 cm, green. Stems branched from base, densely white villous (or shaggy and curly hairs) and stalked-glandular. Leaves simple, mostly basal (relatively rosette), ovate to sub-orbicular, apex obtuse-acuminate, cordate-subrounded at base, lanate and glandular hairy, 5–7-nerved, ca. 25–60 × 20–50 mm; petiole thick, lanate with white hairs, longer than leaves, 10–40 mm long. Inflorescences dense, bracteate. Flowers bisexual, disc appendages absent; pedicels 2–4 mm long; sepals ovate-oblong, apex acute-subobtuse, dimorphic (two sepals longer than ones), villous and glandular hairy, ca. 2–3 × 1–1.2 mm; petals rhomboidal-ovate, hastate, apex acute, margin sub-ciliate, dimorphic (two petals longer than ones), petal appendage present, yellow, and purple in middle, ca. 3–4.5 (5) × 1–1.5 mm; shortly clawed, up to 1 mm; stamens 4; filaments glabrous, slightly longer or as long as the petals, 3–4.5 (5) mm long; anthers yellow, 1–1.3 mm long; ovary oblong-elliptic, densely inflate-glandular, 2.7–3 mm; gynophore short, 0.5 mm; androgynophore absent; style 3–4 mm long. Fruits ovate-oblong, acute, stipitate, densely villous and glandular hairy, ca. 10–20 × 3–4 mm; stipes 1–1.5 mm long; peduncles erect, 4–7 mm long. Seeds subpyriform-ovate or roundish, light brown, glabrous, ca. 0.7–0.8 mm in diam (Figs. 1A–G). 

Phenology. Flowering and fruiting from April to September.
Distribution and ecology. Southwest and Central Asia (Iran, Turkmenistan, Uzbekistan and Afghanistan [Irano-Turanian element]). Rorida tomentella is documented here for the first time from northeastern Iran (Khorasan; Kuhsorkh and Torbat-e Jam) (see Fig. 6A) in close proximity to its distribution in Afghanistan. This locality is within the expected distribution in Central Asia and is not a significant range extension (Bobrov, 1939; Thulin & Roalson, 2017; COL, 2024; GBIF, 2024; POWO, 2024). It grows on gypsum and marl hills, stony and rocky slopes, and open grounds (ca. 700–2000 m a.s.l.). 
Preliminary IUCN Red List category (regional). Rorida tomentella has an estimated EOO of 793 km2 and AOO of 20 km2 in Iran. The EOO and AOO are less than 5000 km2, and 500 km2, respectively, which classify the species as Endangered (EN) based on the IUCN criteria B (Le Breton et al., 2019; IUCN, 2022). We suggest that, due to the narrow distribution in Iran and small populations, this species could be assessed as Critically Endangered (CR) with additional data.
Taxonomic notes. Rorida tomentella is reported as a new record for the Iranian flora. It is easily distinguished from all other species of Rorida by its mostly rosette-forming leaves (vs. mostly cauline and alternate) and densely white lanate (vs. hispid and not white) (see Key and Table 1).

Additional specimens examined. IRAN. Khorasan: N Kashmar, Kuhsorkh, 8 km from Chalpu, Sargodar Ili, 1915 m, 31 July 2007, Memariani & Zangooei 39193 (FUMH); Torbat-e Jam, between Mohammad Abad and Malu, NW Zakni police station, 900 m, 30 July 2003, Zangooei 35042 (FUMH); Ibid, Khorasani 9112 (HUMZ). 
+++++++++++++++++++++Please, insert Figure 1, here +++++++++++++++++++++
2 Rorida droserifolia (Forssk.) Thulin & Roalson, Syst. Bot. 42(3): 574. 2017. Basionym: Roridula droserifolia Forssk., Fl. Aegypt.-Arab.: 35, LXII. 1775. Roridula tetrandra Vitman, Summa Pl. 2: 48. 1789 or early 1790, nom. illeg. superfl. Rorida arabica J.F.Gmel., Syst. Nat., ed. 13, 2: 260. 1791, nom. illeg. superfl. Cleome droserifolia (Forssk.) Delile, Fl. Egypt.: 106. 1813. Cleome roridula R.Br. in Salt, Voy. Abyss., Append.: 65. 1814, nom. illeg. superfl. Roridula arabica Roem. & Schult., Syst. Veg., ed. 15, 3: 13. 1818, nom. illeg. superfl. TYPE: Egypt. Sués in valle Mosbaeha versus fontem Bir, Sept. 1762, Forsskal 619 (lectotype, designated by Thulin & Roalson [2017: 574], C [bc] 10002909 image!). 
Cleome pruinosa T.Anderson, J. Proc. Linn. Soc., Bot. 5, Suppl. 1: 3. 1860. TYPE: Yemen. Aden, Dec. 1847, Hooker 85 (holotype, K [bc] 000643928 [dissected flower], K [bc] 000643929 image!).
Cleome ovalifolia Franch., J. Bot. (Morot) 1: 40. 1887. TYPE: Somalia. Sanaag, in planitie Yaffar (Ouarsanguelis), Révoil s.n. (holotype, P [bc] 06619989 image!). 
Cleome brachyadenia O.Schwartz, Mitt. Inst. Bot. Hamburg 10: 62. 1939. TYPE: Yemen. Hadramaut, Makalla, von Wissmann 950 (holotype, HBG [bc] 503420 image!]).
Cleome austroarabica D.F.Chamb. & Lamond, Edinburgh J. Bot. 51: 51. 1994. TYPE: Oman. 132 km S of Thamrait on Manston road, 21 Sep. 1984, Miller 6247 (holotype, E [bc] 00326216 image!).
Cleome austroarabica D.F.Chamb. & Lamond subsp. muscatensis D.F.Chamb. & Lamond, Edinburgh J. Bot. 51: 51. 1994. TYPE: Oman. EastHajarMts, Siyaat footof Jebel Aswad, 30 Sep. 1989, Miller & Nyberg 9569 (holotype, E [bc] 00326215 image!).

Subshrubs, perennial, height 10–25 cm, green. Stems profusely and intricately branches, densely hispid and stalked-glandular hairy. Leaves simple, conspicuously thick and short, orbicular-subreniform, apex obtuse-subacute, basely roundish to partly subcordate, hispid and glandular, 3-nerved, ca. 8–15 × 4–10 mm; petiole thin, hispid and glandular, 10–15 mm long. Inflorescences small, loose, axillary, with leaf-like bracts (not clearly differentiated from the leaves in size). Flowers bisexual, disc appendages absent; pedicels 5–6 mm long; sepals ovate, apex acute, dimorphic (two sepals broader than ones), glandular and eglandular hairy, ca. 2.5–3× 1.3–1.5 mm; petals oblong-hastate, apex obtuse-subacute, unequal and dimorphic, glandular, petal appendage present, lacking claw, yellow, ca. 2.6–4 × 1–2 mm; stamens 4; filaments glabrous, acute, not exceeding the petals, 1–1.5 mm long; anthers brown-yellowish, up to 2 mm long; ovary suboblong, glabrous to partly glandular, 1.5–4.5 mm; lacking gynophore and androgynophore; style 0.5–1 mm long. Fruits oblong, short, obtuse, stipitate absent, densely glandular and simple hairy, ca. 10–15 × 2–2.5 mm; peduncles erect, 2–5 mm long. Seeds reniform or pyriform-ovate, brown-purplish, glabrous, ca. 0.7–1 mm in diam (Figs. 2A-H).

Phenology. Flowering and fruiting from March to September, and in November
Distribution and ecology. West and Southwest Asia (Iran, Syria, Jordan, Lebanon, Israel, United Arab Emirates and Arabian Peninsula), and north and eastern Africa (Libya, Sudan, Egypt, Eritrea, Somalia) as part of the Irano-Turanian/Sahara-Sindian elements (Oliver, 1868; Kamel et al., 2010; Thulin & Roalson, 2017; COL, 2024; EPPO, 2024; Euro+Med, 2024; GBIF, 2024; POWO, 2024). The populations on the Arabian Peninsula are the most proximate locations to the newly documented location in south Iran that is reported here (Hormozgan; Qeshm and Hormoz islands) (Fig. 7). It grows in deserts, on stony and sandy slopes and limestone hills (ca. 10–200 m a.s.l.). 
Preliminary IUCN Red List category (regional). Rorida droserifolia has an estimated EOO of 918 km2 and AOO of 12 km2 in Iran. Considering the small EOO and AOO, it is classified as Endangered (EN) based on the IUCN criteria B (IUCN, 2022). But, collections of R. droserifolia are limited in number, thus it could be assessed as Critically Endangered (CR) with additional data.
Taxonomic notes. Rorida droserifolia is reported as new record for the Iranian flora. The species is morphologically close to R quinquenervia, but it can be readily separated by its sub-shrubby habit (vs. herbaceous), profusely branched (vs. few branches), short, orbicular to sub-reniform leaves (vs. longer, ovate to sub-orbicular), axillary, short racemes with leaf-like bracts in size (vs. terminal and/or axillary, elongated, with bracts much smaller than the leaves), oblong-hastate petals and less than 5 mm (vs. ovate-hastate and at least 5 mm), thick filaments and <5 mm long (vs. slender and >5 mm), and anthers <2 mm long (vs. 1–4 mm), style (short, 0.5–1, mm vs. long, 2–6 mm), and sessile fruit (vs. stipe 1–2 mm) (see Key and Table 1). 
Additional specimens examined. IRAN. Hormozgan: Qeshm Island, 4 km from Qeshm to Ramchah, 10 m, 7 Apr. 1999, Zaeifi & Khosravifar 5290 (HANRC); Hormoz Island, 10 Nov. 1976, Termeh & Moussavi 3936 (IRAN). EGYPT. Suez, Sept. 1762, Forsskal 1630 (C [bc] 10002908 image!); Forsskal 620 (C [bc] 10002910 image!). unclear locality, Forsskal s.n. (BM [bc] 000522362 image!, S [bc] 07-9820 image!); Delile s.n. (P [bc] 00373930 image!, G [bc] 00207173 image!); Red Sea Governorate Bir Assal, 26 Mar. 1985, Meininger 12 (WAG [bc] 1392968 image!). 
+++++++++++++++++++++Please, insert Figure 2, here +++++++++++++++++++++
3 Rorida quinquenervia (DC.) Thulin & Roalson, Syst. Bot. 42(3): 576. 2017. Basionym: Cleome quinquenervia DC., Prodr. 1: 239. 1824. TYPE: Iran. Persia (unclear locality), Oliver s.n. (holotype, P [bc] 00741872 image!).

Herbs, annual or perennial, height 10–35 cm, green. Stems branched from base, densely hispid, stalked-glandular and tomentose hairy (shortly woolly). Leaves simple, ovate to sub-orbicular, apex obtuse-acuminate, cordate-subrounded at base, hispid and glandular, 5–7-nerved, ca. 8–30 × 7–25 mm; petiole thick, hispid, tomentose and glandular, 5–40 mm long. Inflorescences dense, bracteate. Flowers bisexual, disc appendages absent; pedicels 3–10 mm long; sepals ovate, apex acute, glandular and eglandular hairy, ca. 3–5 × 1–1.5 mm; petals ovate-hastate, apex acute, dimorphic (two petals broader than ones), petal appendage present, yellow, ca. 5–7 × 2–3 mm; claws very short, 0.2–0.5 mm; stamens 4; filaments glabrous, longer than petals, 6–11 mm long; anthers long, yellow, 1–3 (–4) mm; ovary oblong-elliptic, densely inflate-glandular, 4–8 mm; short gynophore present, 0.5 mm; androgynophore absent; style 2–6 mm long. Fruits mostly oblong, or subovate-oblong, obtuse-subacute, stipitate, densely glandular and simple hairy, ca. 10–20 × 3–5 mm (rarely, fruits longer 20 mm may be seen together with shorter fruits in the same population, e.g. samples from prov. Semnan); stipes 1–1.5 (–2) mm long; peduncles erect, 5–10 mm long. Seeds reniform or pyriform-ovate, brown-purplish, glabrous, ca. 1–1.3 mm in diam (Figs. 3A–I).
Phenology. Flowering and fruiting from April to September, and in October and November
Distribution and ecology. Southwest and Central Asia (Iran, Iraq, Bahrain, Yemen, Oman, India, Afghanistan, Tajikistan, Kyrgyzstan, Turkmenistan, Uzbekistan and Kazakhstan), and eastern Africa (Irano-Turanian/Sahara-Sindian elements). It grows on sandy and gypsum hills, rocky slopes, disturbed grounds in the edge of streams and in deserts or dry lands, (ca. 670–1800 m a.s.l.) (Fig. 6B).

Preliminary IUCN Red List category (regional). Rorida quinquenervia has an estimated EOO of 908,894 km2 and AOO of 132 km2 in Iran. Based on the large EOO, it could be assessed as Least Concern (LC), but an AOO of less than 500 km2 qualifies as Endangered (EN) (IUCN, 2022). Although this species has a low AOO, R. quinquenervia is a broadly distributed species and occurs in several habitat types in Iran, thus we classify it here as Least Concern (LC).
Taxonomic notes. Rorida quinquenervia shares high morphological similarities with R. fimbriata and R. dolichostyla in their habit, leaf shape and indumentum, size and position of racemes, shape and size of the petals, and seed shape, but it differs from them based on the style 2–6 mm long (vs. 1–3 mm in R. fimbriata, and 7–12 mm in R. dolichostyla), and oblong fruit and short, 10–20 mm long (vs. elongated linear, more than 20 mm long), as well as its brown-purplish seed color (vs. brown in R. fimbriata, and brown-straw greenish in R. dolichostyla). Moreover, a significant difference in stipe length is documented between R. quinquenervia which has a short stipe 0.1–0.5 mm long (vs. 1–2 mm in R. fimbriata.
Other specimens examined. IRAN. Khorasan: E Qayen, W Petregan Deq, 673 m, 1 Sept. 2003, Joharchi 35179 (FUMH); Tabas, Naybandan, Ghalghalo Riq, Pozeh-e Chango, 1420 m, 9 June. 2004, Faghihnia 35519 (FUMH); Tabas, Oct. 1858, Bunge s.n. (K [bc] 000643927 image!). Yazd: Kuh-Rud, above Taft, 17 July 1966, Archibald 2788 (E [bc] 00448804 image!). Semnan: Sorkheh, 1333 m, 29 Sept. 2011, Zarre et al. 43744 (TUH); 20 km from Garmsar to Ghlibaft, 1250–1800 m, 26 Sept. 1994, Ghahreman & Mozaffarian 18107 (TUH); 14 km from Semnan, Momen Abad, 1200 m, 12 Oct. 1994, Termeh et al. 54245 (IRAN: five sheets); Ibid, 1220 m, 31 Oct. 1994, Termeh et al. 54242 (IRAN); Firuzkuh to Momen Abad, 7 km SE Momen Abad, 1150 m, 17 Sept. 1996, Moussavi & Tehrani 54244 (IRAN: five sheets); Momen Abad to Firuzkuh, 5 km SE Momen Abad, Kuh-e Do-baradar, 1150–1420 m, 4 Nov. 1996, Moussavi & Tehrani 54243 (IRAN); 9 km NW Momen Abad, W Gardan-e Ouk, 1220–1330 m, 13 Nov. 1993, Termeh et al. 54239 (IRAN: five sheets); Kavir protected area, about 25 km west of Shah Abbas caravanserai, 850 m, 9 Sept. 1974, Wendelbo & Foroughi 14607 (E [bc] 00448805 image!). Esfahan: Khur and Biabanak, Tashtab, ca. 25 km Khur, 3 Nov. 1974, Termeh & Moussavi 74643 (IRAN: two sheets); Ibid, Termeh & Moussavi 3965 (IRAN: three sheets); Haftuman road to Chupanan, 30km Chupanan, 1200m, 4 Aug. 2021, Tabatabaeifar (not collected). Kerman: SW Bam toward Abad-e Seiedi, 22 June 2007, Mirtadzadini 3905 (HER.MIR); Kerman, Emamipour 3906 (HER.MIR); Sirjan, Aug. 1983, Mobin 6076 (TUH); Sirjan, in desert, 27 June 1892, Bornmüller 2036 (US [bc] 2492301 image!). Hormozgan: Lavan Island, 5 May 2002, Amini Rad 38074 (IRAN), Farour Island, 21 Apr. 2001, Moussavi & Tehrani 32871 (IRAN). 
+++++++++++++++++++++Please, insert Figure 3, here +++++++++++++++++++++
4 Rorida fimbriata (Vicary) Khorasani & Naqinezhad, comb. nov. Basionym: Cleome fimbriata Vicary, J. Asiat. Soc. Beng. 16: 1158. 1848, in: Ann. Nat. Hist. Ser. 2, 1: 425. 1848. TYPE: Pakistan. lower hills in Sinde, Vicary s.n. (lectotype, designated by Jafri [1973: 29], K [bc] 000643918 image!). 
Cleome noëana Boiss., Diagn. Pl. Orient. Ser. 2, 1: 48. 1853. C. quinquenervia DC. var. noëana (Boiss.) Parsa, Fl. l’Iran 1: 914. 1951. TYPE: Iran. Kermanshah, near Karand, 1851, Noë 1126 (lectotype, designated by Thulin & Roalson [2017: 576], G [bc] 00330648 image!; isolectotypes, CAS [bc] 0033040 image!, LE [bc] 00013138 image!). 
Cleome noeana Boiss. var. hispida Regel & Schmalh., in Regel, Descr. Pl. Nov. Rar.: 12. 1882. TYPE: Uzbekistan. Kokania, Jaipan et Isphara, 18 June 1871, Fedchenko s.n. (holotype LE [bc] 00050195 image!).
Cleome noeana Boiss. var. persepolitana Bornm., Beih. Bot. Centralbl. 28: 127. 1911. TYPE: Iran. Farsistan, Schiras, ad ruinas Persepolis, 3 Nov. 1892, Bornmüller 2035 (lectotype, designated by Thulin & Roalson [2017: 576], JE [bc] 00002331 image!; isolectotypes, B [bc] 100365579 image!, K [bc] 000643921 image!, JE [bc] 00002331 image!, P [bc] 00741871 image!).
Cleome griffithiana Rech., Anz. Anz. Osterr. Akad. Wiss., Math.-Nat. 87: 296. 1950. TYPE: Afghanistan. Between Baghan and Barikab, Griffith 1428, [Herb. East India Co. no. 166] (lectotype, designated by Thulin & Roalson [2017: 576], W [bc] 0060466 image!; isolectotypes, K [bc] 000643924 image!). 

Herbs, annual or perennial, height 20–50 cm, green. Stems abundantly branched (along stem or from base), densely hispid and stalked-glandular hairy. Leaves simple, ovate to suborbicular, apex obtuse-acuminate, cordate-subrounded at base, hispid and glandular, (3) 5–7-nerved, ca. 10–35 × 10–30 mm; petiole thick, hispid and glandular, 10–35 mm long. Inflorescences dense, bracteate. Flowers bisexual, disc appendages absent; pedicels 5–8 mm long; sepals ovate, apex acute, glandular and eglandular hairy, ca. 4–5 (6) × 1–1.5 mm; petals rhomboidal-ovate, hastate, apex acute, dimorphic (two petals broader than ones), petal appendage present, yellow, ca. 5–6 × 1–3.5 mm; claws very short, 0.5 mm; stamens 4; filaments glabrous, longer than petals, 6–8 mm long; anthers long, yellow, 2.5–4 mm; ovary ovate-elliptic, densely inflate-glandular, 4–5 mm; gynophore short, 0.5 mm; androgynophore absent; style 1–3 mm long. Fruits linear, acute, stipitate, densely hispid and glandular hairy, elongated, ca. 25–35 × 3–4 mm; stipes 0.1–0.5 mm long; peduncles erect, 8–10 mm long. Seeds reniform or pyriform-ovate, brown, glabrous, up to 1 mm in diam (Figs. 4A-J).
Phenology. Flowering and fruiting from March to September, and in October.
Distribution and ecology. Southwest and Central Asia (Iran, Iraq, Saudi Arabia, Bahrain, Yemen, United Arab Emirates, Oman, Pakistan, India, Afghanistan, Tajikistan, Kyrgyzstan, Turkmenistan, Uzbekistan and Kazakhstan [Irano-Turanian/Sahara-Sindian elements]). It grows on rocky slopes, and stony or sandy ground at the base of cliffs (ca. 0–1900 m a.s.l.) (Fig. 6C).

Preliminary IUCN Red List category (regional). Rorida fimbriata has an estimated EOO of 331,859 km2 and AOO of 100 km2 in Iran. Considering the EOO (more than 20,000 km2), the species qualifies as Least Concern (LC) but with an AOO of less than 500 km2, the narrow distribution in Iran, and scarcity of collections it is assessed as Endangered (EN). 
Taxonomic notes. Rorida fimbriata is characterized by having the short style (1–3 mm long), elongated linear fruit (more than 20 mm long), short stipe (0.1–0.5 mm long), as well as the brown colored seed. This species morphologically resembles R. quinquenervia, but they are easily separated by the aforementioned characters. 
Additional specimens examined. IRAN. Kermanshah: Sahneh to Sonqor, near Kerand, 1900 m, 4 Aug. 2008, Mirtadzadini 3901 (HER.MIR); Karand, 1 June 1851 and 1852, Noë 15 (P [bc] 00741873 image!, WAG [bc] 0003960 image!); Ibid, June 1851, Noë 98 (P [bc] 00741874 image!). Ilam: Ilam to Mehran, Ban-Roushan village, 900 m, 9 Oct. 1994, Jamzad et al. 75591 (TARI); Ilam to Saleh Abad, Ban-Roushan village, 850 m, 9 Oct. 2008, Zaeifi 2184 (TARI). Hormozgan: Bandar-e Khamir, Abegarm, 5 Mar. 1965, Soltani 3937 (IRAN: two sheets); Bandar Bandar Abbas, Minab, Sad, 26 Apr. 1977, Riedl & Ershad 3938 (IRAN); Bandar-e Lengeh, 300 m, 2 Mar. 1971, Iranshahr & Termeh 3935 (IRAN: five sheets); Khalij-e Fars, 20 km E Khormuj, 70 m, 5 Oct. 1974, Bokhari et al. 14811 (E [bc] 00443843 image!). Khuzestan: Behbahan, 20 km to Behbahan, Alamdar village, Tonok khoshk, 8 Sept. 2023, Taherzadeh Mosavian (not collected). 
+++++++++++++++++++++Please, insert Figure 4, here +++++++++++++++++++++
5 Rorida dolichostyla (Jafri) Khorasani & Naqinezhad, comb. nov. Basionym: Cleome dolichostyla Jafri, Kew Bull. 12: 174: 1957. TYPE: Iran. Khuzestan, Masjed Soleyman, 23 Sept. 1949, Lee 66 (holotype, K [bc] 000643922 image!, K [bc] 000643923 image! [notes & dissections]). 

Herbs, annual or perennial, height 15–55 cm, green. Stems branched from base or occasionally unbranched (or simple), densely hispid and stalked-glandular hairy. Leaves simple, ovate to sub-orbicular, apex obtuse-acuminate, cordate-subrounded at base, hispid and glandular, (3) 5–7-nerved, ca. 5–35 × 5–25 mm; petiole thick, hispid and glandular, 3–30 mm long. Inflorescences dense, bracteate. Flowers bisexual, disc appendages absent; pedicels 5–15 mm long; sepals ovate, apex acute, glandular and eglandular hairy, ca. 4–6 × 1–2 mm; petals rhomboidal-ovate, hastate, apex acute, dimorphic (two petals broader than ones), petal appendage present, yellow, and basely purple, ca. 6–8 × 1–3.5 mm; claws very short, 0.4–0.5 mm; stamens 4; filaments glabrous, longer than petals, 7–14 mm long; anthers long, yellow, 2.5–4 mm; ovary ovate-elliptic, densely inflate-glandular, 5–7 mm; gynophore short, 0.5 mm; androgynophore absent; style elongated, 7–12 mm. Fruits linear, acute, stipitate, densely hispid and glandular hairy, elongated, ca. 20–35 × 2–4 mm; stipes 1–2 mm long; peduncles erect, 10–15 (16) mm long. Seeds reniform or pyriform-ovate, brown-straw, and yellowish green in unripe seeds, glabrous, ca. 0.5–0.7 mm in diam (Figs. 5A-F). 
Phenology. Flowering and fruiting from April to November, and in October and February. 
Distribution and ecology. Southwest and Central Asia (Iran, United Arab Emirates, Pakistan and Afghanistan [Irano-Turanian/Sahara-Sindian elements]). It grows on rocky and gravelly slopes, river floodplains, and roadsides in sandy and gravelly soils (ca. 1–1100 m a.s.l.) (Fig. 6D).
Preliminary IUCN Red List category (regional). Rorida dolichostyla has an estimated EOO of 701,643 km2 and AOO of 164 km2 in Iran. The EOO qualifies as Least Concern category (LC), while the AOO qualifies as Endangered category (EN). The conservation status of this species can be assessed as Endangered with regard to the limited number of collections and small AOO.
Taxonomic notes. Rorida dolichostyla is most similar to R. fimbriata. However, it can be separated by the length of the style 7–12 mm long (vs. 1–3 mm) and fruit stipe 1–2 mm long (vs. 0.1–0.5 mm), and the brown-straw colored seed (vs. brown). 
Additional specimens examined. IRAN. Khorasan: Nehbandan, Khorshidi 3882 (IRAN). Kerman: Arzuiyeh, Vakil Abad, 10 Oct. 2002, Mirtadzadini 3909 (HER.MIR); Sirjan, between Khajushahr and Arzuiyeh, 12 Oct. 2002, Mirtadzadini 3910 (HER.MIR). Khuzestan: 10 km Ramhormoz to Haftgel, 121 m, 19 May 2013, Mirtadzadini 3908 (HER.MIR); Gotvand, 29 Sept. 1959, Pabot 3884 (IRAN); Baghe Malek to Ramhormoz, 300–800 m, 30 May 1973, Iranshahr & Moussavi 3883 (IRAN). Hormozgan: Rudan, Kahno-Bala, riversides and roadsides, 228 m, 13 May 2021, Khorasani & Rajani 9113 (HUMZ); Hormoz Island, 10 m, 16 Feb. 2022, Khorasani 9134 (HUMZ); NE Kish Island, Morvarid market, 5 m, 16 Aug. 2006, Joharchi 38431 (FUMH); Farur Island, 10 m, 25 May 1999, Zaeifi & Khosravifar 5658 (HANRC); Lavan Island, 5 m, 1 June 1999, Zaeifi & Dastanbuseh 5580 (HANRC); Bandar-e Khamir, Abegarm, 29 m, 20 June 1995, Zaeifi & Fadaei 424 (HANRC); Hormoz Island, 10 m, 15 June 1996, Barkam 1969 (HANRC); Bandar Abbas, 42 km from Minab to Senderk, 160 m, 2 May 1982, mountainy area, Mozaffarian & Banihashemi 39161 (HANRC); 40 N Bandar Abbas, Sarchahan village, 750 m, Najafi 5984 (HANRC); Ibid, 700 m, 17 July 1997, Najafi & Asadpour 3071 (HANRC); Gavbandi, near Airport, 20 m, 18 July 1995, Zaeifi & Bahmanzadeh 575 (HANRC); 20 km E Bandar-e Khamir, 20 m, 19 Nov. 1995, Zaeifi et al. 1327 (HANRC); Bandar Abbas, 58 km from N toward Sirjan, on stony ground, 330 m, 8 Apr. 1975, Wendelbo & Foroughi 15685 (E [bc] 0443785 image!). 
+++++++++++++++++++++Please, insert Figure 5, here +++++++++++++++++++++
+++++++++++++++++Please, insert Table 1 here, and then Figures 6 and 7+++++++++++++++++++
DISCUSSION 
Our study presents a comprehensive treatment of the Iranian species of Rorida which exhibit high similarity petal shape (oblong/ovate-hastate, dimorphic, with scale-like appendage), stamen number (4), and in leaf type (simple, and cordate-subrounded). However, they can be distinguished by the following characters; habit, indumentum type, leaf size and morphology, floral structure and size of petals, fruit shape and size, and seed color (see the identification key and Table 1). Moreover, anatomical and micro-morphological data (unpublished) provides additional evidence that supports our current recognition of five species in the flora of Iran; R. tomentella, R. droserifolia, R. quinquenervia, R. fimbriata, and R. dolichostyla.
Two new combinations in Rorida, R. dolichostyla and R. fimbriata 
Thulin and Roalson (2017) acknowledged that the synonymy of Cleome dolichostyla, C. fimbriata, and C. noëana under Rorida quinquenervia results in a highly variable species, notably in the style length, and fruit shape and size. Our morphological examinations shows that these species can be distinguished from each other using the preceding characters, and also the stipe length and seed color (see Key, Table 1 and Figs 1–5). Our findings are consistent with earlier systematic studies (Hedge & Lamond, 1970; Jafri, 1973; Saghafi-Khadem, 2000) indicating significant differences between the aforementioned species based on style length and fruit morphology. Additionally, there is limited molecular phylogenetic data (Feodorova et al., 2010; Patchell et al., 2014; Barrett et al., 2017) that provide some evidence that show the separation of R. quinquenervia from R. fimbriata, but less clear on the molecular separation of C. droserifolia. Based on our morphological comparisons, we treat these as distinct species and not as synonyms of R. quinquenervia.
We report new floristic occurrences of Rorida tomentella and R. droserifolia for Iran

Rorida tomentella was previously included as C. quinquenervia var. mollis in the Flora Iranica (Hedge & Lamond, 1970) based on specimens collected by Bunge between Tabas, Iran and Herat, Afghanistan (Boissier, 1867). However, the author of the Flora Iranica suggested that the unusual lanate leaves observed in the specimens might be attributed to late collection (November 1858). Cleome quinquenervia var. mollis was later recognized as a synonym for R. tomentella, and Thulin and Roalson (2017) showed a single location in Iran that was based on Bunge’s specimens. However, after thorough exploration of all herbaria housing Bunge's specimens (G, K, and LE), it was discovered that the exact locality of the species along the route from Tabas, Iran, to Herat, Afghanistan, had not been documented. Nonetheless, the country of origin recorded for these specimens in all herbaria is Afghanistan. Our studies now document the occurrence of R. tomentella as part of the Iranian flora. Thulin and Roalson (2017) considered a specimen of C. rostrata, that they observed only as an illustration in the Flora of Iran (Saghafi-Khadem, 1998, 2000), to be a form of R. quinquenervia. Here, we show that the collection of C. rostrata cited by Thulin and Roalson (2017) is actually R. tomentella. This species is distinguished from other Rorida by having the basal leaves (rosette-forming) and densely lanate and white villous indumentum compared to other species which have mostly cauline and alternate leaves and hispid indumentum (Bobrov, 1939; Thulin & Roalson, 2017). 

During our studies specimens belonging to Rorida droserifolia were identified from Iran. These specimens have been misidentified as Cleome quinquenervia and C. noëana in Iranian herbaria. Rorida droserifolia is differentiated by its habit, distribution of branches, shape and size of leaves, size and position of racemes, presence of leaf-like bracts, shape and size of petals, filaments, and fruits (see Key and Table 1 [Boissier, 1867; Oliver, 1868; Franchet, 1887; Zohary, 1966; Kamel et al., 2010; Thulin & Roalson, 2017]). In addition, it differs from R. quinquenervia by the above-mentioned traits and by the lengths of style, anther, and fruit stipe, which is in line with the recent results of Thulin & Roalson (2017). Both species, R. droserifolia and R. quinquenervia are separated from R. fimbriata (syn. C. noëana) and R. dolichostyla by shape and size of fruit, and seed color (Table 1), though only the fruit shape was considered valuable (Boissier, 1867; Franchet, 1887).
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Figure 1. Photographs of Rorida tomentella (Popov) Thulin & Roalson. — A & B. Herbarium samples showing habit and basal leaves (FUMH35042!, FUMH39193!). —C. Lectotype of the name R. tomentella (TASH n. 75239!, https://www.gbif.org/occurrence/3889492130). —D. Isolectotype of the name Cleome quinquenervia var. mollis (K000643925!, https://www.gbif.org/occurrence/912510531). —E. Stem and leaf surface, lanate and glandular hairy. —F. Microscopic slide of floral structure. —G. Seeds and a partial hairy cover of fruit. Scale bars = 2 mm. 
Figure 2. Photographs of Rorida droserifolia (Forssk.) Thulin & Roalson. — A. Herbarium image of our new record (HANRC5290!). —B. Lectotype of the name R. droserifolia (C10002909!, https://plants.jstor.org/stable/10.5555/al.ap.specimen.c10002909). —C & D. Scanned images of habit (P00373930!, WAG1392968!). —E. Stem and intricately branches with hispid and glandular surface. —F. Leaves with 3-prominent nerves. —G. Microscopic slide of floral structure. —H. Fruit and seed. Scale bars = 2 mm. 

Figure 3. Photographs of Rorida quinquenervia (DC.) Thulin & Roalson. — A & C. Habitus in the field. —B & D. Fruits small oblong and subobtuse. —E. Stem surface, densely hispid, stalked-glandular and tomentose hairy. —F. Leaf surface, hairy and 7-nerved. —G. Microscopic slide of floral structure. —H. Seeds and a partial hairy cover of fruit. —I. Holotype (P00741872!, https://www.gbif.org/occurrence/438193521). Abbreviations: Se = sepal, Pt = petal, Sa = scale-like appendage, Fi = filament, Ov = ovary. Scale bars = 2 mm. Photos: C, D by S.M. Tabatabaeifar.

Figure 4. Photographs of Rorida fimbriata (Vicary) Khorasani & Naqinezhad. — A & B. Habitus in the field. —C. Lectotype of the name R. fimbriata (K000643918!, https://www.gbif.org/occurrence/912510532). —D. Lectotype of the name C. noëana (G00330648!, http://www.ville-ge.ch/musinfo/bd/cjb/chg/adetail.php?id=434490). —E. Leaves ovate to suborbicular. —F. Fruits linear and acute. —G. Stem and branch surface. —H. Leaf surface. —I. Microscopic slide of floral structure. —J. Seeds and a partial hairy cover of fruit. Scale bars = 2 mm. Photos: B, F by S.A. Taherzadeh Mosavian.

Figure 5. Photographs of Rorida dolichostyla (Jafri) Khorasani & Naqinezhad. — A. Habitus in the field. —B. Leaves and flowers, showing elongated style. —C. Holotype (K000643922!, https://www.gbif.org/occurrence/912510552). —D. Stem and branch surface. —E. Microscopic slide of floral structure. —F. Seeds and a partial hairy cover of fruit. Abbreviations: To = petal triangular in outline, Sa = scale-like appendage. Scale bars = 2 mm. Photo: B by H. Rajani.

Figure 6. Distribution map of Rorida species in Iran. —A. R. tomentella (Popov) Thulin & Roalson. —B. R. quinquenervia (DC.) Thulin & Roalson. —C. R. fimbriata (Vicary) Khorasani & Naqinezhad. —D. R. dolichostyla (Jafri) Khorasani & Naqinezhad.

Figure 7. Global distribution map of Rorida droserifolia (Forssk.) Thulin & Roalson (with some modification after Thulin & Roalson, 2017) regarding mainly on its position in south Iran (showing red triangle).
Table 1. Morphological comparisons among members of Iranian Rorida.
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