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ABSTRACT

The primary aim of this investigation is to update the taxonomy of the genus Paeonia
L.,1753 (Paeoniaceae) in Iraq based on morphological characteristics, anatomical features,
ecological notes, and geographic distribution using, geographic information systems (GIS).
The results showed that the genus in Iraq contains only one subspecies, P. mascula subsp.
mascula (L.) Mill.,1768 a perennial herbs less than 80 cm tall with ascending, cylindrical,
glabrous stems, showy flowers, and underground carrot-shaped tuber roots. Anatomical
analysis reveals anomocytic stomata with an elliptical or rectangular apparatus, a
hypostomatic leaf, a stomatal index of 26.2%, and a stomatal density of 51 per mm?2. A cross-
section of the leaf blade and midrib shows a bifacial leaf, and the internal leaf blade has a
single, sizable, crescent-shaped vascular bundle. The cross-sections of the stem are circular,
with many regular vascular bundles, and lack unicellular trichomes. Anticlinal wall patterns
are strong and wavy, and the leaf epidermal cell shapes are irregular. Paeonies in Iraq inhabit
only high-elevation highlands, thriving in rocky, limestone humus soils on the northern slopes
of mountains within open oak forests. Geographic distribution and GIS analysis show the
pacony plants grow are found only in two mountainous districts (Amadiya and Rowandouz).
For the first time, this investigation in has Iraq documented six more places within the first
district and two locations in the latter district. This investigation may lead to a taxonomic key
for the wild pacony plants and provide a new perspective on Iraqi peony flora.

Keywords: Amadiya District, GIS Paeonia, Gul Bizen, Paeonia anatomy, Wild peony.

INTRODUCTION
Paeonia L. (1753) is the only genus in the family Paconiaceae, order Saxifragales (Hong,
2010, 2011, 2021; APG, 2016; Dong et al., 2018; Folk et al., 2019). Peonies, or the genus
Paeonia L., are mainly found in temperate climates in southern Europe, Asia, and western
North America. There are 52 recognized taxa in this genus, comprising 36 species, 15
subspecies, and one variation, according to The Plant List Database (2021). Paeonia has a
complicated scientific categorization, with different sources recognizing different species and
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sections. The genus is divided into three primary sections by the majority of references,
including Stern (1946), Stearn and Davis (1988), Sang et al. (1997), and Hong (2010): Sect.
Moutan DC. (East Asia), Sect. Oanepia Lindley (Mexico and North America), and Sect.
Paeonia DC. (Which ranges from Spain and North Africa to Japan and China). Finally, Hong
(2021) made the latest and most widely accepted scientific classification, according to which,
the Paeonia infra-generic subdivision comprises two subgenera and seven sections, totaling
34 species. The Peony Society (2023) reports two species of Paeonia in Pacific North
America, 17 in East and Middle Asia, and 15 in Northwestern Africa, West Asia, and Europe.
On the other hand, Zhou et al. (2021) suggest a new taxonomic scheme for Paeonia L. that
consists of seven sections and two subgenera. With eleven species in the Pan-Himalaya and
fourteen in the Mediterranean, they identify these two regions as the genus's centers of species
diversity.

The taxonomic position of Paeonia L. in Iraq is unknown. The existence of Paeonia
kurdistanica Zoh. in Rowanduz District is stated before but within the Ranunculaceae family,
as was mentioned by Al-Rawi (1946). According to an analysis of the most recent scientific
papers available, plants of this genus have never been the subject of taxonomic or other
scientific investigations in Irag- the only exception being Townsend (1980), in the flora of
Iraq, which described the species P. mascula only, based on two specimens collected near
Sersang. He detailed the species' habitat, but didn’t mention any infraspecific classification of
this species. P. kurdistanica Zoh. was also retained by him as a synonym.

A perennial herb, P. mascula (L.) Miller (Sect. Corallinae; Subg. Paeonia; Gen. Paeonia;
Fam. Paconiaceae) has large, dissected, bi-ternate leaves, tomentose carpels and carrot-shaped
roots, and is commonly as "wild peony" or "male peony," (Hong, 2021). This species includes
four accepted subspecies: "P. mascula subsp. russoi (Biv:) Cdlen et HeTy., from central Spain
to western Greece; P. mascula subsp. hellenica Tzanoudakis, reported from southern Greece;
P. mascula subsp. triternata (Pallas ex DC.), reported from Romania, and P. mascula (L.)
Miller subsp. Mascula, reported from Southern Europe to the Caucasus, Northern Iraq, and
Iran. " (Cullen and Heywood, 1964; Davis and Cullen, 1965; Mouterde, 1970; Meikle, 1977,
Stearn and Davis, 1984; Davis, 1988; Ozhatay, 2000; Passalacqua and Bernardo, 2004;
Maroofi, 2005; Hong and Wang, 2006; Unli, 2010; Orhan et al, 2010; Hong,
2000,2010,20011and 2021; Korikli, 2012; Assadi, 2016; Mahdavi, 2021; The Peony Society
(2023); Fazli et al.2023). In Turkey, the term " bear rose" (Gulug, Giilhorg, Ayigiilii,
Beargulu, and Beargull) refers to all the aforementioned subspecies of P. mascula (Y1ildirimli,
1994; Karaman and Kocabas, 2001; Dogan, 2008; Fakir et al., 2009; Ugulu et al., 2009).

Several plants have been identified and categorized using anatomical features such as
stomatal type, size, distribution, epidermal cell shape, and anticlinal wall pattern (Zeng et al.,
2017). Chauhan and Daniel (2011) ranked the anatomical characteristics of leaves as the
second most important feature in taxonomic investigations, behind flowers and fruits.
According to Unlii (2010), particular anatomical features can group the ten taxa of herbaceous
peonies that grow in Turkey, but anatomical traits alone cannot distinguish them. Also,
according to Gozcii er al. (2023), "anatomical characteristics can be valuable for the
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taxonomical classification of Paeonia species in Turkey." In addition, Jia et al. (2022) clarify
that "the taxonomic significance of epidermal morphology varies depending on the genus and
plant family, with trichomes, anticlinal wall patterns, stomatal shape, and stomatal density
potentially playing important roles in the classification of wild tree peonies."

This portion of the study focused on the following aspects: a taxonomic study and survey of
Paeonia taxa in Iraq's mountainous regions; a morphological study to identify the collected
specimens of this genus- including roots, stems, leaves, flowers, fruits, and seeds; and an
anatomical study that includes stem, petiole, leaf, and stomata. The researcher will then
discuss measurements based on the collected field data and examine the ecological
characteristics and geographic distribution of the identified Paeonia taxa.

MATERIALS AND METHODS
Specimens Identification: The plant specimens were recognized based on standard
identification keys from literature such as Davis and Cullen (1965), Ozhatay (2000), and
Hong (2010, 2011, 2021).

Morphological study: Data for this study were obtained from twenty-five individual field
trips conducted in the MAM and MRO districts between March and December of 2022-2023.
Using an Olympus dissecting microscope and a PC camera digital microscope, the
morphological characteristics (approximately 42 quantitative and qualitative attributes) of all
plant parts- including roots, stems, leaves, petioles, flowers (calyx, corolla, stamens, and
pistils), fruits, and seeds- were analysed. This analysis was conducted both in the field and in
the laboratory of the Forestry Department. Linear measurements were taken using a digital
caliper (0 -150 mm). The terminology of this study is based on Guest (1966), and Lawrence
(1951).

Anatomical study: The researcher collected the required specimens during two field trips
conducted during the flowering period (late May/early June) of 2023. Ten peony plants were
sampled (with two leaves and two stems/plant) from Gara Mountain and Garok within the
MAM district.

Cuticular Structure: For light microscopy (LM) studies, a 1 cm? piece was cut from the
center of 20 leaflets using a basic scalpel. Leaf epidermal layer separation: Sections were
dehydrated in 90% ethanol for 24 to 36 hours and then stored in 70% ethanol. Each section
was then randomly selected, rinsed with distilled water, dried, and submerged in equal parts
glacial acetic acid and hydrogen peroxide. The portions were then incubated at 60 °C for 24
hours, following methods from Ellis (1979) and Devesa et al. (1992).

Staining, Mounting, and Microscopic Examination: Safranin-glycerin jelly was used to
stain the adaxial and abaxial peels of the softened leaflets. These were mounted on
microscopic slides and covered with cover slip. Using an optical microscope of the Zeiss type
operating at E40 with a 10X lens, it was prepared for examination of epidermal cells and
stomata. Dino-Captures 2.0 version 1.4.0.B, a multifunctional digital microscope, was used
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for precise measurements. This work uses terminology from Metcalfe and Chalk (1950), Esau
(1965), Radford et al. (1974), and Rudall (2020).

Epidermal cells and stomata measurements: Several anatomical features of the leaves were
measured in this study, comprising average values derived from thirty observations per
parameter. Recorded measurements included the dimensions of abaxial and adaxial epidermal
cells. Additionally, the number of epidermal cells per square millimeter (mm?) was used to
compute the epidermal cell density. Stomatal dimensions were also measured, focusing on the
size and type of the stomata, in accordance with Prabhakar (2004). Stomatal density was
resolved as the number of stomata per square millimeter (mm?). Stomatal index (%) was
calculated using the formula from Saadu er al. (2009) as: Stomatal Index% = {stomatal
density / (stomatal density + epidermal cell density)} x100.

Preparation of permanent cross sections (leaf blade, petiole, and stem): Killing and
Fixation: fresh parts of leaflets, petioles, and stems, each ranging from from 0.5 to 2 cm
length, were stored in 20 ml of FAA solution (formalin: glacial acetic acid: ethyl alcohol
5:5:90) and kept at room temperature for 20 to 24 hours, following Jay (1991).

Washing: Sample were washed twice with 70% ethanol to remove fixation residues and were
preserved at the same concentration.

Preparation and staining of cross sections: Using the modified histopathological technique
of Bancroft and Gamble (2013), I prepared and stained cross-sections of leaflets, petioles, and
stems with hematoxylin and eosin (H&E) as follows: Paraffin was removed from the sections
by immersing them in xylene three times, each for 10 minutes. The slide sections were
rehydrated by passed through a series of decreasing ethanol concentrations- absolute, 90%,
80%, and 70% - each step lasting five minutes, ending with a wash in distilled water. They
were then immersed in Gel's hematoxylin for one to three minutes, after which they were
quickly washed with distilled water to remove excess stain. The slides were rinsed under
running water until they regained their blue color after treatment with 1% acidic alcohol (1%
hydrochloric acid in 70% alcohol) for five minutes. After five minutes of staining in 0.5%
eosin, the sections were rinsed in tap water for one to five minutes to remove any remaining
stain. The sections were slowly dehydrated in increasing ethanol concentrations (50%, 70%,
80%, 90%, and absolute ethanol) for longer periods (10 minutes per step). They were then
perfused in d-limonene twice for 5 minutes per step. The sections were then mounted in
dextrin-xylene (D.P.X.) by covering the slides and drying them at room temperature. Any
remaining stain on the slides were removed using filter paper, and the sections were ready for
microscopic examination.

Ecology and geographical distribution: This study was based on information collected from
personal field trips in two mountain districts from March to December of 2022-2023, and
each location was visited two to three times. The MAM and MRO districts of the Iraqi
Kurdistan Region were visited on these field trips, along with literature such as Flora of Iraq
(Townsend, 1980). A Geographic Information System (GIS) was used to determine the plants'
distribution and frequency. The Global Positioning System (GPS) was used to measure the
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plants' altitudes and latitudes, and a Sony digital camera (16 X Megapixels, 10X zoom) was
used to take pictures of the plants in their environments.

RESULTS AND DISCUSSION
Taxonomy
Paeonia mascula subsp. mascula (L.) Mill., 1768
Synonyms: Paeonia mas Garsault; Fig. Pl. Anim. Med, t. 435 a (1764); Paeonia corallina
Retz.; Observ. Bot. 3: 34 (1783); Paeonia integra Murray; Commentat. Soc. Regiae Sci. Gott.
7: 92 (1786); Paeonia officinalis subsp. corallina (Retz.) Fiori; Fl. Italia 1: 527 (1898);
Paeonia kavachensis Azn.; Magyar Bot. Lap. 16: 7 (1918); Paeonia corallina var. orientalis J.
Thiébaut; in Bull. Soc. Bot. France 81: 114 (1934); Paeonia kurdistanica Zohary; Palestine J.
Bot. Jerusalem Ser. 2: 155 (1941); Paeonia arietina var. orientalis (J. Thiébaut) Stern in J.
Roy. Hort. Soc. 68: 127 (1943); Paeonia mascula subsp. orientalis (J. Thiébaut) D.Y. Hong;
Acta Phytotax. Sin. 38(4): 382 (2000).

Botanical description: Perennials, roots are carrot-shaped, orange, with tuberous rootstock 1 —
2.5 cm in diameter near the base of the stem (Pl.1A, B), herbaceous plants 25 — 77 cm tall
(range 49.8 cm ), with 3.0-5.0 white-purple or purplish scales at the base. One to four aerial
stems emerge from the rootstock of each plant. Stems ascending, glabrous, mostly green,
sometimes with purple spots or partially purple at the base. Scales are simple, elongated,
surrounding the stem, with parallel venation, 5.5 — 15.0 cm in length, with an average of 10.3
cm, and 1.2-2.8 cm in width, with an average of 1.84 cm, where 5.86 is the ratio of scale
length to scale width. The stem's height from base to first leaf ranges between 11 and 42 cm,
with an average of 26 cm. Its diameter ranges between 0.6 and 1.4 cm, with an average of 0.9
cm. The leaves are alternate and exstipulate. Petioles and petiolules are glabrous, and range in
length from 3.5 to 5.0 cm, with an average of 8.4 cm. Lower leaves biternate with three to five
leaflets; leaflets/leaf segments range from 9 —18, with an average of 12; rarely less (9) or more
18). Typically, upper leaflets consist of segments: terminal leaflet, glabrous, ovate, obovate or
oblong, cuneate at the base, acute at the apex, 7 — 11 cm long, and 3.0-6.5 cm broad. The
terminal leaflet length to leaflet width ratio is 1.62. Involucrate bracts ranged from one to
three, with the majority being lanceolate or ovate to oblong-ovate, glabrous, and leaf-like.
They are 3.5 to 9.0 cm long, with an average of 6.7 cm, and 1.2 to 5.5 cm wide, with an
average of 3.5 cm. The ratio of bract length to bract width is two (P1.1F). Flowers are solitary
and terminal, 6.3 — 9.4 cm in diameter with an average of 7.7 cm; the calyx is polysepalous
with 3 — 4 sepals, always 4 in decussate arrangement- 2 large and 2 small- all rounded at the
apex, green, purple, or purple at the periphery; glabrous, boat-shaped, 1-3.4 cm long with an
average of 2.4 cm, 0.6-2.5 cm wide with an average of 1.6 cm; the sepal length to width ratio
is 1.49 (H, P1.1G); the corolla is polypetalous flower with five to nine petals, each limb
without a claw, pink, red, and white with a pink tint at the base or rim, oblong, rounded, or
toothed at the tip, and measures 4.5 to 5.8 cm in length with an average of 5.1 cm and 2.8 to
4.2 cm in width with an average of 3.4 cm. The ratio of petal length to petal width is 1.49
(PL.1I, J). The anther is yellow, and has two anther-sacs, is dorsifixed, and dehisces
longitudinally, 0.5 — 1.0 cm long, with an average of 0.8 cm; the filaments are purple, filiform
shaped, and glabrous, and the stamens are arranged in whorls (P1.1J, K) and numbering
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between 285 and 330, with an average of 310 stamens arranged in whorls; Gynoecium Three
to five carpels, usually three, erect, free, and encircled at the base by a depressed fleshy disc,
are tomentose; there are no styles, and stigmas are 0.5 to 0.8 cm long with an average of 0.7
cm, purple (PL.1L, M,); superior ovary, ovoid-shaped, with ovules with marginal placentation
(biserrate), 0.8 — 2 cm long with an average of 1.4 cm, 0.5 — 1 cm wide, with an average of
0.8 cm. Fruits are very hairy upon maturity, dehiscent adaxially, ovoid-columnar or irregular,
shaped like a jester's hat (P1.1N), consisting of 2 — 5 follicles, typically 3, 2.8 — 4.1 cm long
with an average of 3.4 cm, 0.8 — 2 cm width with an average of 1.5 cm, each follicle holds 11
— 16 seeds, and the average number of seeds per fruit is 39 seeds, however only 8 — 14 of
them develop correctly in each fruit, and the percentage of seeds that are rejected varied
between 18 and 29 (approximately 67%) (PL.10, Q). A suture allows the fruits to open,
releasing seeds. Seeds are spherical to ovoid-elongated shape, were red and black when ripe,
and measure 0.7 — 1 cm long with an average of 0.8 cm and 0.5 — 0.8 cm wide with an
average of 0.6 cm. The ratio of seed length to seed width is 1.4 (PL.1Q, R, and S), (Appendix
1,2).

Paconies plants in Iraq were recognized based on identification keys from standard
literature such as Davis and Cullen (1965), Mouterde (1970), Meikle (1977), Stearn and Davis
(1984), Davis (1988), Ozhatay (2000), and notably newer ones such as Hong (2010, 2011,
2021). Additionally, depending on other evidence was considered, such as Hong's (2000)
study, which identified two herbarium specimens: No. 959, collected by R. Wheeler Haines at
an elevation of 960 m near Sarseng on May 14, 1957, and another from Turkey, Hakkari, but
collected from the distance between Amadiya and Dohuk at an elevation of 1200 m with the
number 11678 by K. H. on July 12, 1957. Both specimens were identified as P. mascula
subsp. orientalis, which was later reclassified as a synonym of P. mascula subsp. mascula.
Additionally, Hong and Wang (2006) examined two specimens that were gathered near
Sarseng (specimen No. 26370 by E. Chapman on September 26, 1933, at an altitude of 920,
and R. Wheeler Haines specimen No. 959 on May 14, 1957), which were adopted by
Townsend (1980) to describe the Iraqi pacony as a species (P. mascula). However, there are
some discrepancies between some of these references, such as Assadi's (2016) study, which
indicated that the subspecies in question had two carpels, while this study showed the
presence of between two and five carpels. The morphological characteristics of flowers, fruits,
leaflets/leaf segments, and lower leaves were of great taxonomic value for isolating and
identifying paeony plants that occur in Iraq, because most of the morphological results in this
study are consistent with the identification keys of previous research mentioned above,
especially Hong's identification key 2021. Accordingly, this morphological investigation
indicates that the Iraqi peony, described by Townsend (1980), is the subspecies P. mascula
mascula, and this subspecies has been described in detail. The study also provides a new
perspective on the peony flora of Iraq.
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Plate (1): Morphological characters in P. mascula subsp. Mascula; (A) Whole plant, (B)
Roots and vegetative buds, (C) Stem and bud scales, (D) Leaf, (E) Leaflets, (F)
Bract, (G) Floral bud, (H) Sepal, (I) Petal, (J) Flower, (K) Anthers, (L) Ovary
and Stigma, (M) Carpels, (N, O) Unmatured Fruit, (P) Unripe Seeds, (Q)
Dispersal matured fruit, (R, S) Ripened seeds.

Identification key to the subspecies of Paeonia mascula in Iraq
1. Flowers red or pink, leaves mostly glabrous, leaflets/leaf segments of lower leaves (8) 9 -

18 (19), follicles 3 -4 cm 1ONG. ....ovviviniieiiii e subsp. mascula

- Flowers mostly white, leaves always hispid, Leaflets/leaf segments of lower leaves 9 - 11 in
number, follicles 4 - 7 CM 10N, .......ouitie e 2

2. Leaves nearly always hispid, scarcely glabrous below ........................... subsp. russoi

- Leaves mostly glabrous, sparsely hispid below ..o, 3
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3. Leaflets/leaf segments of lower leaves 7 - 11 in number, terminal leaflets 12 -15 x 6 -9 cm,

follicles 4 -6 CM ...o.eveviniiiii ... SUDSD. bodurii
- Leaflets/leaf segments of lower leaves (9 -) 11 - 14 (-21) in number, terminal leaflets 9 - 13
x4.5-7.5cm, follicles 5-7cmlong.........ccocoeviiiiiiiiiiiiiii subsp. hellenica

Anatomical Descriptions

1. Anticlinal Wall Pattern and Cell Shape in the Leaf Epidermis

Anticlinal wall pattern of the epidermal cells on the adaxial and abaxial surfaces of P.
mascula subsp. mascula is of a strong, wavy type, and the epidermal cells on both adaxial and
abaxial surfaces had an irregular form. The results showed that the subsp. mascula leaves
under study differed in the size of the epidermal cells on the adaxial and abaxial surfaces. In
addition, the epidermal cells on the adaxial surfaces were larger than those on the abaxial;
their respective sizes are 43.20 x 64.60 um and 39.37 x 55.72 um (P1.2 B, C, D).

The adaxial surface ranged from 108 to 152 cells / mm?, while the abaxial surface ranged
from 112 to 158 cells / mm?. Within the taxon under investigation, there was no discernible
difference in the number of epidermal cells / mm? between the two surfaces.

2. Anatomy of the leaflet blade and midrib

Bifacial mesophyll (palisade parenchyma layer on the upper surface and spongy
parenchyma layer on the lower surface) was present in the leaves of the subspecies under
study. Leaf blade thickness varied from 123 to 167 pm. One or two layers was of tightly
packed palisade parenchyma cells with many chloroplasts, averaging 56 pumin thickness,
formed the mesophyll. This was succeeded by spongy parenchyma, averaging 78 pum in
thickness and containing 4-6 layers (sometimes 3) of loosely arranged spongy cells. In most
of the leaves studied, there were few air-lacunae between these cells (Pl. 2B). Blade angle
varied from 120 to 140 among the wild peony leaves under study (Pl. 2A). A thin cuticle
layer, about 1 um thick, covered both the upper and lower epidermis. The upper and lower
epidermis were nearly identical, except that the upper epidermal cells were larger than the
lower ones (PL. 2A, B). One layer of cells with square, elongated, or rectangular shapes makes
up the basic top epidermis; these cells were thick and varied in size, with the upper epidermis
having an average thickness of 15.30 um. Every leaf had a single, sizable, crescent-shaped
vascular bundle in the middle of the leaf. The xylem, located on the underside of the leaflet
blade, formed part of the midrib vascular bundle, with the phloem situated within the vascular
bundle tissue, extending towards the upper surface of the leaflet blade (P1. 2A). These results
are consistent with research by Unlii (2010) and Gozcii et al. (2023), except for the absence of
unicellular trichomes are not especially visible in leaves of P. mascula subsp. mascula.

3. Stomata Complex

According to the results, stomata only appeared on the abaxial epidermis of the wild
peony's leaves, which were all hypostomatic (P1. 2 B, C). Kidney-shaped guard cells encircled
the elliptic stomata (P1.2 C). Also, the abaxial surface of the taxon under study bears a single
stoma: anomocytic or irregular-celled type. On the adaxial surface, it lacks stomata (PL. 2 B, C,
D). Within the genus Paeonia, the examined taxon's stomata varied in size from about 17 - 22
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x 20 - 27um. According to Saadu et al. (2009), the stomata index is 26.2%, and the stomatal
density varies between 32 and 69 stomata per square millimeter. The hypostomatic leaves are
with anomocytic stomata (a common form for the Ranunculaceae family) and corroborate
earlier studies by Unlii (2010), Jia et al. (2022), Watson and Dallwitz (1992), and Avita and
Inamdar (1980).

4. Leaf petiole anatomy

The petiole's transverse section, semicircular and concave on the leaf's adaxial surface,
reveals that the epidermis had a thin layer of cuticle consisted of a single layer of tiny, square
to oblong cells measuring 9—13 pm in thickness. Beneath the epidermis, two layers of angular
chlorenchyma cells supported the leaflet (P1.2 E). In the cross sections of the leaf petiole, the
largest vascular bundle, resembling kidneys or beans, was centrally situated, and seven to nine
vascular bundles of various sizes were arranged laterally, decreasing in size.

The investigation results decrease laterally; this result agrees with Unlii (2010) study on P.
mascula subsp. mascula, but the number and shapes of vascular bundles in this study differ
from those in the research by Gozcii et al. (2023). This discrepancy may be because the latter
did not identify the P. mascula subspecies, suggesting it may belong to a different subspecies
than the one examined here.

5. Stem anatomy

A cuticle is the outermost layer, characterized by its thin and striated texture, measuring
approximately 1 um in thickness. Below the cuticle lies the epidermis, which consists of
tightly packed cells that serve as the primary protective barrier for the stem. Directly beneath
the epidermis is the cortex, a continuous layer of square to somewhat elongated cells,
arranged in several (7—10) rows of chlorenchyma cells, some of which contain starch grains.
The vascular cylinder, represented by the phloem and xylem, with the vascular cambium
positioned between them, froms a continuous ring. Finally, large parenchymal cells comprise
the pith, particularly in the center. These cells' thin walls and interstitial spaces expand toward
the center. The stems eventually appear semi-hollow (PL. 2 F).

Most of the results from this study's stem cross-section conflict with previous findings on
P. mascula, such as Unlii (2010) and Gozcii et al. (2023) which discovered that the stem
cross-section comprises seven or nine vascular bundles, along with trichomes, and resembles
a bear's head. In contrast, the current study reveals that the stem cross-sections are round,
devoid of trichomes, and contain several regularly arranged vascular bundles.

The results of this study differed from those of the aforementioned studies for several
reasons. One explanation for the disparate findings could be that this study used different
methodologies and techniques of examinations. Second, the varying ages of the plants may
be a factor, as the plant developmental stage influences stem cross-section morphology. Third,
this study conducted in a unique environment compared to others; external factors like soil
composition, climate, and other environmental pressures may have caused differences in plant
architecture. A final explanation is that the samples considered in this study may be from a
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new ecotype or subspecies of P. mascula, which would explain the discrepancies by
exhibiting unique anatomical characteristics not observed in previous studies.

Plate 2):Anatomy characteristics of P. mascula subsp. mascula under a light microscope
(LM); (A) Leaflet midrib vein, (B) Leaflet blade, (C) Lower epidermis of the
leaflet, (D) Upper epidermis of the leaflet, (E) Leaf petiole, (F) Stem.

Ecology and geographical distribution
1. Ecology

The field survey that the members of the Paeonia L. are growing in the northwest of Iraq's
Kurdistan Region, between longitudes 43°1420.80.0 " E to 44° 9'41.82.0 " E and latitudes
36°55'7.71.0 "N to 37°15"23.91.0 "N Map 1. Researchers also discovered taxonomic ranks of
the genus the northern aspects of mountain environments, particularly in the districts of
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Amadiya (MAM) and Rowandouz (MRO), which served as the focal point for the genus's
spread in Iraq, as depicted in (Map 1) and the research specified that Paeonia L. species are
present only in Iraq's highlands, which had a Mediterranean-like environment, with high
elevations ranging from 1000 and 1700 meters above sea level and an average annual rainfall
0f 900 to 1100 mm.

Throughout the field observations, only one subspecies- (P. mascula subsp. mascula) of the
genus Paeonia -was recorded in Iraq and called by local people in the Kurdistan Region as
Goat Rose (GUL BIZEN). This subspecies grows in populations on northern aspects of
mountains, slopes, among rocks, shady cliffs, rocky and limestone soils, and in open areas of
oak forests, and associated with Various tree and shrub species including: Quercus aegilops
L.,1753, Quercus infectoria Oliv.,1862, Quercus libani Oliv.1862, Pyrus syriaca Boiss.,1846,
Prunus macrocarpa C. A. Mey.,1831, Rubus sanctus Schre.,1837, Rhus coriaria L.,1753,
Acer monspessulanum L.1753, Paliurus spina- Christi Miller.,1768, Crataegus azarolus
L.,1753, Rosa dumalis subsp. boissier (Crepin) Nilssoni, 1984, Rosa canina var. dumetorum
(Thuill.) Desv, 1815, and some herbaceous plants, such as Fritillaria imperials L., 1753 (P1.3).

This study confirmed occasional similarities and differences in the preference of plants for
different soil types, where rocky and limestone humus soils were found to support the richest
number of plants (P1.3). These acidic and low salinity soils characterize the mountainous
region's soil, as they are rich in organic matter. The wide variation in environmental
conditions within the mountainous areas helps meet the conservation needs of different plants
of the genus Paeonia. Additionally, the high stomatal index observed in the anatomical study
suggested that Iraqi pacony plants could perform photosynthesis more effectively and were
frequently found in environments with sufficient moisture. According to this study, the
mountain districts of MAM and MRO are confirmed habitats for P. mascula subsp. mascula.

2. Geographical Distribution

Defining the geographic distribution of the species can distinguish them and taxa below any
genus. Altitude had a taxonomic role in determining the presence or absence of species, and
geographic distribution of the species had a substantial impact on their physical traits.
According to the current study, nine previously undocumented areas in Iraq were identified as
habitats for wild peonies. Two of these sites are located on Gara Mountain: above Ashawa
village and Garok, across from the Sarsang sub-district. The second location, which was
situated at 1000 meters above sea level at latitudes 37° 1'37.30.0 " N and longitudes
43°20'46.69.0 "E, hosts a small population of only seven plants, while the first location,
located between latitudes 37° 0'19.77.0 "N and longitudes 43°19'22.06.0 " E at elevations
ranging from 1450 to 1520 m, contains three populations of 10 to 14 plants each. Also, in
Barwari Bala, Hirore village, there were two populations of nine plants each along the Turkish
border, found at latitudes 37°15'23.91.0" N and 43°14'20.80.0"E, longitudes at an elevation of
1250m, and a population of roughly twelve plants, at latitudes 36°55'3.23"N and longitudes
43°25'49.40.0"E, at an elevation of 1200m, in Kani Maze village. Also, in Shkafta village
(Kure Sher Mountain), close to the Chemanke sub-district, there was a population of roughly
13 plants in latitudes 36°55'7.71.0 "N and 43°27'55.85.0 "E, with longitudes at an elevation of
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1100 m. Above Harika village (Heft Tabeq Mountain), there were 14 plants at latitudes 37°
1'32.88.0" N and 43°40'45.66.0 "E, with longitudes at an elevation of 1000 m. Above Merge
village (Matin Mountain), there was a population of 21 plants at latitudes 37° 4'21.62.0 " N
and 43°41'36.68.0 "E, longitudes at an elevation of 1400m within the MAM district and also
within the MRO district in Hasne village near the Barzan sub-district, where a population of
approximately 17 plants was recorded at latitudes 36°57'15.07.0 "N and 44° 2'24.26.0 "E,
longitudes at an elevation of 1250m, and, finally, in Lere village near Sherwan Mazin sub-
district, where a population of 15 plants was recorded at latitudes 36°59'38.85.0 "N and 44°
9'41.82.0 "E, longitudes at an elevation of 1300m, as illustrated in Maps 1, 2. For the first
time in Iraq, all the study's locations were considered new local records within the MAM and
MRO districts, except for the Garok (across from the Sarsang sub-district) in the MAM
district, which was previously reported by Townsend (1980) in Flora of Iraq.

3. Habitats: The study's habitats included oak forests, bushes on hills and meadows, rocky
limestone slopes, northern sides, and elevations between 1000 and 1550 meters.

Regarding the distribution of wild peonies in Iraq's geographical districts, the current study
verified that they originate only in two districts (MAM and MRO), with the first district
serving as the best hub for their spread, and the second district was documented for the first
time in Iraq. Furthermore, the second location, Gara Mountain (above Ashawa), had the most
plants (42), whereas the first location, Garok (opposite Sersang), had the fewest plants (7).
Analysis of environmental data and GIS-based occurrence values (Map 2) showed that Iraqi
wild peonies were better suited to higher elevations (over 1400 meters) than lower ones
(under 1000 meters) across all study sites. Therefore, the previously listed location (Garok) is
unsuitable for this species' growth and reproduction in Iraq. This suggests that lower
temperatures and higher humidity are optimal for their growth. The geographic range of wild
peonies in Iraq is generally restricted several factors, including their unique ecological needs,
isolation from other areas, climate change, competition from other species, and possible
reproductive constraints. The conservation of these plant communities requires an
understanding of and efforts to preserve their special ecosystems.
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Map (2): The value of the occurrence of P. mascula subsp. mascula for each location in
Iraq.

CONCLUSIONS

The above observation concludes that, apart from traditional morphological information
recorded in the Flora of Iraq, no detailed taxonomic study of the genus Paeonia exists in in
the country. This gap in knowledge prompted us to conduct this study to update the taxonomic
status of the genus in Iraq. A combination of morphological and anatomical characteristics,
environmental information, and geographical distribution played an important role in
identifying and isolating taxonomic units. The morphological characteristics of flowers, fruits,
and leaflets/lower leaf parts were of great taxonomic value for isolating P. mascula
infraspecific, found in Iraq. Anatomical characteristics confirmed that the leaf was bifacial,
hypostomatic, had anomocytic stomata, and the cross-section of the stem was round, without
glandular trichomes, and contained many regular vascular bundles. A field survey showed that
the plants of the genus gerw in oak forests, meadows, and hills, and on limestone rocky slopes
on the north-facing aspects, at altitudes ranging from 1000-1550 m. The species was adapted
to low temperatures and high humidity, and is primarily found in the Amadiya and Rawanduz
districts within the mountainous districts. For the first time, GIS was used to calculate plant
density separately and document the species in several new locations in Iraq. Also, the study
provided a new perspective on the peony flora of Iraq.
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Appendix (1): Morphological qualitative characters of P. mascula subsp. mascula

Taxonomic units
Characters P. mascula subsp. mascula
Plant habit Perennial herb
Growth habit Ascending
Root shape Tuberous, carrot-shaped
Terminal leaflet shape Ovate to obovate or oblong
Terminal leaflet apex shape Acute
Terminal leaflet base shape Cuneate or rounded-cuneate
Bract shape Lanceolate or ovate to oblong-ovate
Flower color Pink or red
Sepal shape Boat-shaped
Sepal apex shape Rounded
Sepal color Green, purple
Petal shape Obovate
Petal apex shape Rounded or teethed
Fruit shape jester's hat-shaped
Seed shape Spherical to ovoid, elongated
Seed color Black

Appendix (2): Morphological quantitative characters of P. mascula subsp. Mascula.

Taxonomic units
Characters P. mascula subsp. mascula
Plant tall (cm) 25.0-77.0 (49.8)*
Number of scales 3.0-504)
Bud scales length(cm) 5.5-15.0(10.3)
Bud scales width(cm) 1.2-2.8(1.8)
Ratio of scale length/scale width 5.86
Stem length(cm) 11.0-42.0 (26)
Stem diameter(cm) 0.6 —1.4(0.9)
Lower leaf length(cm) 18.0 — 36.0 (25.6)
Number of leaflets per lower leaf 3.0-5.0
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Number of leaflets and segments per lower leaf 9.0-18(12)
Terminal leaflet length (cm) 6.5-11(8.3)
Terminal leaflet width (cm) 3.0-6.5(5.2)

Terminal leaflet length/leaflet with ratio 1.6
Petiole length of lower leaf (cm) 3.5-15.0(8.4)
Number of bracts 1.0-3.0
Bract length (cm) 3.5-93(6.7)
Bract width (cm) 1.2-55(3.5)
Length/bract width ratio 2.0
Flower diameter (cm) 63-94(7.7)
Number of sepals per flower 3.0-4.03.7
Sepal length/sepal width ratio 1.49
Sepal length (cm) 1.0-34(2.4)
Sepal width (cm) 0.6 —2.5(1.6)
Number of petals per flower 5.0-9.0(7.8)
Petal length (cm) 45-58(.1)
Petal width (cm) 28-4234
Petal length/petal width ratio 1.49
Number of stamens 285 -330(310)
Another length (cm) 0.5-1.0(0.8)
Filament length (cm) 0.8-1.7(1.2)
Number of carpels 20-5.003)
Stigma length (cm) 0.5-0.8(0.7)
Ovary length(cm) 0.8-2(1.4)
Ovary width (cm) 0.5-1.0(0.8)
Follicle length (cm) 2.8-4.134)
Follicle width (cm) 0.8-2(1.5)
Number of seeds per fruit 26 —44 (38)
Number of seeds per carpal 11-16(13)
Number of mature seeds per fruit 8-14(10)
Number of aborted seeds per fruit 18 —29 (28)
Seed length (cm) 0.7-1.0(0.8)
Seed width (cm) 0.5-0.8(0.6)
Seed length/seed width ratio 1.4

* Each value represents an average of 30 reads.
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