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Abstract. Leaf anatomy of 11 of the most common xerophytic species found in Qatar were investigated, including: Acacia ehrenbergiana, Calotropis procera, Cyperus conglomeratus, Fagonia ovalifolia, Glossonema edule, Heliotropium bacciferum, Lycium shawii, Ochradenus baccatus, Sporobolus arabicus, Tamarix rosmarinus and Ziziphus nummularia.

Under the extreme arid conditions leaf anatomy revealed the following features: most investigated species have flattened leaves, coated with a layer of cuticle and one row of epidermal cells. Guard cells are present commonly at the level of the epidermal layer or slightly depressed. Monocot species maintain bulliform cells (motor cells) which play a major role in folding and unfolding of the leaf corresponding with the changes in the environmental conditions, as in Sporobolus arabicus. Trichomes were present with different proportions in different species, as shown in Glossonema edule, Heliotropium bacciferum, Lycium shawii, Sporobolus arabicus, and Ziziphus nummularia. Calotropis procera had a high density of scales on the leaf surface. Palisade tissue is well developed, and characterized by having many layers of elongated cells, rich with chloroplasts. Intercellular spaces are limited in the palisade and spongy tissues. Spongy tissues occupy much less volume if compared with mesophytes and hydrophytes. Vascular bundles usually distributed across the width of the leaf. Vascular bundles are surrounded by a bundle sheath of parenchyma cells in the case of Sporobolus arabicus. Such bundle sheath is known to play an important role in the process of photosynthesis under extreme arid conditions. Leaves in many instances maintained strengthening tissues (fibers), especially in Sporobolus arabicus.

Introduction

Xerophytes are those plants that live in arid conditions, and have elaborate structural and physiological modifications that reduce water loss. Xerophytic annuals, which depend solely on sporadic rainfall are shallow-rooted and perennials which depend mainly on the subsoil moisture are deep-rooted [1, 2]. Desert plants show high stomatal resistance, to reduce water loss. Many desert plants have evolved specific types of photosynthetic pathways to cope with the scarcity of water, high temperature and intense solar radiation, as in C4 and CAM plants [3].

Drought resistant plants in the Arabian Peninsula are commonly found in the interior dry areas in diverse habitats, extending over Qatar, United Arab Emirates, Bahrain, Kuwait, Oman, Saudi Arabia, and Republic of Yemen [1-10].

In the Qatari peninsula drought resistant species are very common, and widespread in the inland parts of the country where water is scarce [8-10].

Materials and Methods
Leaf anatomy was conducted on 11 of the common drought resistant species found in Qatar (Table 1). Leaf transverse sections were made by razor blade and examined under a light microscope using fresh materials. 

Results 
Leaf anatomy

Leaf transverse sections were conducted on the following species: 

Acacia ehrenbergiana, Calotropis procera, Cyperus conglomeratus, Fagonia ovalifolia, Glossonema edule, Heliotropium bacciferum, Lycium shawii, Ochradenus baccatus, Sporobolus arabicus, Tamarix rosmarinus and Ziziphus nummularia (Table 1 and Figs. 1-4), and revealed the following anatomical features: 

Table 1. Common xerophytic species from Qatar

Species, Family
Vernacular name 
Arabic name 
* Leaf thickness

(mm)

Acacia ehrenbergiana Hayne

      Leguminosae
Salum
سلم
0.4

Calotropis procera (A.T.) A.T.f.

      Asclepiadaceae
Oshur
عشر
1.2

Cyperus conglomeratus Rottb.**

      Cyperaceae
Thanda, Rasha
ثندة، رشا
1.0

Fagonia ovalifolia Hadidi

      Zygophyllaceae
Shwaikah
شويكة
1.0

Glossonema edule N.E.Br.

      Asclepiadaceae
Grawah, Itr
جراوة، عتر
2.0

Heliotropium bacciferum Forssk.

      Boraginaceae
Halam, Rumram
حلم، رمرام
0.8

Lycium shawii Roem. et. Schult.

      Solanaceae
Awsaj
عوسج
0.8

Ochradenus baccatus Del.

      Resedaceae
Khuradhi
قرضي
1.0

Sporobolus arabicus Boiss.***

      Gramineae
Sukham
صخام
1.0

Tamarix rosmarinus Ledeb.

      Tamaricaeae
Tarfah, Athal
طرفة، أثل
0.4

Ziziphus nummularia (Burm. P.)

      Wight et. Arn.       Zygophyllaceae
Sidr, Knar
سدر، كنار
1.0

* Leaf thickness measured at the center of the leaf, **sedge, ***grass

Fig. 1. Transverse sections in xerophytic leaves. (A) Acacia ehrenbergiana, Leguminosae; (B) Lycium shawii, Solanaceae; (C) Tamarix rosmarinus, Tamaricaeae. Leaf thickness in sequential order: 0.4 mm, 0.8 mm and 0.4 mm.


Fig. 2. Transverse sections in xerophytic leaves. (A) Heliotropium bacciferum, Boraginaceae; (B) Ochradenus baccatus, Resedaceae; (C) Ziziphus nummularia, Zygophyllaceae. Leaf thickness in sequential order: 0.8 mm, 1.0 mm and 1.0 mm.

Fig. 3. Transverse sections in xerophytic leaves. (A) Calotropis procera, Asclepiadaceae; (B) Fagonia ovalifolia, Zygophyllaceae; (C) Glossonema edule, Asclepiadaceae. Leaf thickness in sequential order: 1.2 mm, 1.0 mm and 2.0 mm.

Fig. 4. Transverse sections in xerophytic leaves. (A) Cyperus conglomeratus, Cyperaceae; (B) Phoenix dactylifera, Palmae; (C) Sporobolus arabicus, Gramineae. Leaf thickness in sequential order: 1.0 mm and 0.4 mm and 1.0 mm.
Leaf forms: Leaves were commonly flat, with few exception like curving of leaf margins toward the center of the plant as in the grasses Cyperus conglomeratus and Sporobolus arabicus, or succulent needle-like as in Ochradenus baccatus.

Cuticle: All investigated leaves were coated with cuticle of various thicknesses.

Epidermis: All examined species have one row of epidermal cells. Guard cells are present along the level of the epidermal cells or slightly sunken in the mesophyll. 

Trichomes: Trichomes were present in many species with varied proportions. Hairs were common in Glossonema edule, Lycium shawii, Ziziphus nummularia and Heliotropium bacciferum, and tiny scales were densely present in Calotropis procera.
Palisade tissue: Most species have many layers of elongated palisade cells, rich with chloroplasts, and occupy large proportion of the mesophyll volume. Intercellular spaces were quite narrow in such tissue. 

Spongy tissue: Spongy tissue is generally absent, but when present it occupies a relatively less area compared to the palisade tissue, and have narrow intercellular spaces. 

Vascular Bundle: Dicot and monocot leaves usually have many vascular bundles, lined up across the width of leaves. In the cases of the grasses such as Sporobolus arabicus vascular bundles are surrounded by bundle sheaths of parenchyma cells. Such bundle sheaths are known to play an important role in the process of photosynthesis of the C4 plants, which live under extreme arid conditions.

Strengthening tissue (Sclerenchyma): Strengthening tissue like fibers were abundant in Cyperus conglomeratus leaves.
Bulliform cells (motor cells): Such type of cells were common in Sporobolus arabicus, and used in folding and unfolding of the leaf corresponding with the changes in the environment.

Ecological and Morphological Remarks

Drought resistant species are mostly found on sandy and sandy-rocky soils in Qatar [8-10]. The following features characterize these species: 

Acacia ehrenbergiana: Thorny trees, widespread in Qatar, and live on fresh water, in water catchment areas. Leaves are pinnately compound, leaflets are flat and tiny.

Calotropis procera: A shrub, live on fresh water in sandy rocky habitats. The plant can withstand the harsh desert environment while maintaining broad flat leaves with very large surface area. 

Cyperus conglomeratus: A common sedge species, found on sandy mounds and sand dunes, close to sea shores, and live on brackish and fresh waters, and characterized by having profuse long roots. Leaves are having linear form and crescent-shaped in a cross section. 

Fagonia ovalifolia: Small thorny perennial plants, commonly found in disturbed habitats, live on fresh and brackish waters. Leaves are small, flattened. 

Glossonema edule: Small herbaceous annual plants, found in disturbed habitats, live on fresh water. It has flattened fleshy leaves, with dense hairs.

Heliotropium bacciferum: Dwarf shrubs, common in sandy-rocky habitats, close to the sea shores, live on fresh and brackish waters. Leaves are flat to wavy and covered with dense hairs.

Lycium shawii: A bushy plant, common in sandy rocky habitats, lives on fresh water, in water catchment areas. Leaves are small, flattened or oval in a cross section.

Ochradenus baccatus: A bushy plant, occasionally seen on disturbed habitats. It lives on fresh water. Leaves are fleshy, needle-like. Stems are greenish in color, and help the leaves in conducting photosynthesis especially when leaves are weakened and shriveled under severe drought environments.

Sporobolus arabicus: A grass, commonly found in disturbed moist habitats, lives on fresh and brackish waters. Leaves are linear in form.
Tamarix rosmarinus: A shrub, commonly found in wet, lowland areas, and having tiny leaves. Twigs are mostly green.

Ziziphus nummularia: Large thorny trees, widespread in depressions throughout Qatar. They live on fresh water, well known by their edible fruits, thorns, and small round flattened leaves.

Discussion

The extreme environmental conditions of the high temperature and solar radiation, and scarcity of water place an immense pressure on desert plants. Through time and natural selection plants were adapted morphologically and anatomically to such stresses. Leaf anatomy of the xerophytic plants is characterized by various adaptive strategies to cope with such conditions: small ratio of the external surface area to the internal surface area of the leaf [11, 12]; reduction in the size of the leaf [13]; water-storing tissues are well developed [14, 15]; water-storage cells in the leaf consists of large vacuoles [16]; the lack of nitrogen compounds and/or water in the soil often results in the appearance of xeromorphic features such as the formation of thick cuticle [16]; intense illumination apparently results in the increased development of palisade tissues [17]; increased development of palisade tissues probably results in an increase of photosynthesis [16]; water transport towards the epidermis is much higher through the palisade tissue than through the spongy parenchyma [18]; plants growing under the sun form thicker cuticles than those living in shaded places [19]; epicuticular wax and resin may play a role in insulation and light reflectance [20]. Hairs and scales are often seen on leaves of the xerophytic plants [12, 21-24]. Pubescence plays a role in deterring predators in xerophytes [20,25]. Sunken stomata covered with trichomes can be seen in xerophytes as in Nerium oleander [16], which is an exotic species in Qatar. Sclerenchyma tissue is well developed in many xerophytic species. Dead trichomes  protect the plant from excessive transpiration in xerophytes [16]. Involution of leaves is recorded in monocot xerophytic leaves. This feature is brought about by the action of bulliform cells found in the epidermis. Panicum turgidum and Lasiurus scindicus (= L. hirsutus) clearly show such characters [12]. The same is true with Sporobolus arabicus. A good number of the desert grasses are C4 plants, which are known for their high efficiency in water use, photosynthesis, and dry matter production [26, 27]. Sporobolus arabicus belongs to such type of plants. Roots vary from shallow in annuals, deep in woody perennials, or rhizomatous in the cases of many sedges and grasses.

In the fleshy leaves of Ochradenus baccatus and Heliotropium bacciferum tissues that store water and mucilaginous substances are prominent at the interior parts, surrounded by compact palisade tissues rich with dark-green chloroplasts. The water-storage cells are usually large and often thin-walled. Frequently the walls are reinforced in a manner that prevents collapse when turger pressure reduces. Such orientation of water storage tissue surrounded by chloroplast rich tissue is very common among desert halophytic leaves [28].
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الظروف البيئية وتشريح أوراق النباتات الجفافية في قطر
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(قدّم للنشر في 25/3/1422هـ؛ وقُبل للنشر في 28/3/1423هـ)

ملخص البحث . تم في هذا البحث دراسة تشريح أوراق 11 نوعا و ذلك من اجل معرفة تأثير ظروف الجفاف والحرارة الشديدة على النباتات الصحراوية الواسعة الانتشار في دولة قطر، وهي:

Acacia ehrenbergiana, Calotropis procera, Cyperus conglomeratus, Fagonia ovalifolia, Glossonema edule, Heliotropium bacciferum, Lycium shawii, Ochradenus baccatus, Sporobolus arabicus, Tamarix rosmarinus and Ziziphus nummularia.
وأوضحت الدراسة أن أغلب الأوراق تبدو صغيرة الحجم، مسطحة، مغطاة بطبقة شمعية، والبشرة مكونة من طبقة واحدة، والخلايا الحارسة عادة بمستوى سطح البشرة أو منخفضة قليلا. العديد من أوراق نباتات الفلقة الواحدة لها خلايا حركية تعمل على التفاف وانبساط الورقة مع تغير الظروف البيئية، كما هو الحال في Sporobolus arabicus . وبعض النباتات لها شعيرات على سطوح أوراقها، وبكميات متفاوتة، أمثال: 

Glossonema edule, Heliotropium bacciferum, Lycium shawii, Sporobolus arabicus, and Ziziphus nummularia.  وأوراق  Calotropis procera  مغطاة بمادة شمعية مفككة. وفي معظم النباتات يكون النسيج العمادي واسع ومكوّن من طبقات غنية بالبلاستيدات الخضراء، والنسيج الإسفنجي إما معدوم أو ضيق، والفراغات البينية بين خلاياه ضيقة جدا. والحزم الوعائية عديدة، وأحيانا تحاط بغلاف خاص كما في العديد من النباتات النجيلية. ولهذا الغلاف دورا مهما في عملية البناء الضوئي. وقد تحتوي الأوراق على نسيج سكلرنشيمي (الياف)، كما هي الحال في النبات  Sporobolus arabicus .
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