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Abstract   
The vegetative morphology and leaf epidermal morphology of ten species in the family Crassulaceae 
were studied with the motive of providing information for the characterization and improvement of 
their classification. The present study was carried out to investigate the epidermal structure and 
types of stomata on the lower surfaces of the leaves in the species. The species, namely Aeonium 
decorum, Crassula capitella,   Echeveria glauca,  E. setosa,  Graptopetalum paraguayense,  Kalanchoe 
blossfeldiana,  K. daigremontiana,  K. fedtschenkoi,   K. marmorata, and Sedum album. The species 
studied have some morphological diagnostic characters unifying, such as succulent habitats, 

perennial herbs, erect stems, simple leaves, leaf type, and succulent leaf structure. The great majority 
of petiole detection of the leaf was sessile, and the mostly margin leaf were mostly entire. Types of 
stomata on the lower surfaces of the leaves in all species showed anisocytic stomata, while the leaf 
epidermis cells had straight, undulate, or rounded anticlinal walls, as well as trichomes were only 
observed in Echeveria setosa. The stomata shape was mostly elliptic, and the epidermal cell shapes 
were found to be polygonal or irregular on abaxial surfaces in the studied taxa. Thus, the above-
mentioned morphological character features are of great taxonomic significance and support the 

taxonomic description in this family.  
Keywords: Crassulaceae, Morphology, Leaf Shape, Epidermal Leaf, Stomata. 

 

Introduction  

Crassulaceae is one of the most important groups of succulents that are widely cultivated as ornamentals 

because their leaves are aggregated into colorful rosettes. Crassulaceae is a family of plants belonging to 

dicotyledons with succulent leaves and has Crassulacean Acid Metabolism (CAM) photosynthetic pathway, 
in which plants photosynthesize in the daytime and exchange gases during the cooler temperatures of the 

night [1]. It is also worldwide distributed; the family includes approximately 34-35 genera and over 1500 

species. Crassulaceae includes no crop species, but numerous species are popular in horticulture as rocky 

gardens, green roofs, and indoor plants. The species of the family Crassulaceae are of succulent habit and 

typically leaf succulent herbaceous plants with flowers that are usually pentamerous and actinomorphic.  

Moreover, it has been demonstrated that many species easily hybridize both in wild and cultivated species. 
[1-5].  

The most widely recognized classification of Crassulaceae is the Berger system based on morphological 

characters. According to this system, the Crassulaceae has six subfamilies, viz., Kalanchoideae, 

Cotyledonoideae, Sedoideae, Echeverioideae, Crassuloideae, and Sempervivoideae [6-7]. While Thorne 

(2000) recognized three subfamilies in Crassulaceae: Kalanchoideae, Crassuloideae, and Sedoideae [8]. The 

key taxonomic problems of this family concern generic and subgeneric classification of the subfamily 
Sedoideae Berger [9-10]. Jensen (1968) investigated the primary stem vasculature in 69 species of the 

Kalanchoideae, Cotyledonoideae, and Sedoideae [11].  

Although the distribution of Crassulaceae is nearly worldwide and can be found in many parts of the world, 

it is mostly in the Northern Hemisphere and southern Africa, America, Asia, Europe, the Mediterranean 

region, the Himalayas, Brazil, and Madagascar. Typically, in dry or cold areas where water may be scarce, 
although a few are aquatic, in habitats where water is scarce, as a typical northern temperate element. 

Crassulaceae taxa are highly diverse in their appearance, but they are generally characterized by their 

succulent leaves and stems. These adaptations allow them to store water in arid environments, making 

them well-suited to hot and dry climates. Furthermore, the taxa usually grow in arid to semi-arid rocky and 

mountainous environments, while they are generally absent in true desert hot, arid habitats. Crassulaceae 

plants can tolerate a wide range of environmental conditions, from hot and dry deserts to cold and snowy 
mountains [12-16]. Crassulaceae species exhibit a wide range of growth habits, from tiny creeping plants to 

subshrubs and herbs. Some species grow as epiphytes, meaning that they grow on other plants. Also, some 

of the species are capable of reproducing vegetatively, producing new plants from stem or leaf cuttings. In 

general, the succulent and often colorful nature of Crassulaceae species makes them popular ornamental 

plants in gardens and landscapes around the world. 
Crassulaceae are mainly perennial, rarely annual, or generally herbs, but there are some subshrubs and 

relatively few epiphytic that grow on the surface of plants or aquatic plants with succulent leaves. Stems are 

succulent, as may also be the underground or succulent roots, and may form rhizomes. Bulbils may form 

along the stem. In general, the leaf arrangement of Crassulaceae is alternate, opposite, or rarely whorled; 

the leaf is usually simple, stipules are absent, the leaf blade is entire or slightly incised, rarely lobed or 
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imparipinnate, rarely compound pinnate or palmate, sessile or petiolate, leaves more or less flat to semi-

terete, margin entire, sometimes toothed or lobed, the leaf is usually persistent, sometimes deciduous or 

caduceus, every so often dentate or more deeply incised, glabrous or tomentose [9,1,17].  
The inflorescences are cymose, corymbiform, spiculate, racemose, paniculate, or sometimes reduced to a 

solitary flower; inflorescences are usually terminal or axillary. Flowers are usually bisexual, less commonly 

unisexual [18,19]. Flowers are often small, usually with five petals free or connate to a short to long corolla 

and arranged in clusters or cymes. They come in many colors, including orange, pink, red, yellow, or white, 

with sepals almost free or basally connate. Petals free or connate, stamens as many as petals, anthers are 

basifixed and open lengthwise. Gynoecium of three or more pistils; apocarpous to semi-apocarpous. Ovary 
is usually superior with terminal inconspicuous stigma, with carpels equal to the number of petals, usually 

free or almost so, sessile or sometimes stipitate, each forming a single locule, superior, free or almost so, 

basally with a small to conspicuous basal nectary scale, with few to many ovules [20,21,1]. 

Fruit is usually capsular with dehiscent follicles, and dry dehiscent. The seeds are small and smooth, 

generally with fleshy endosperm that is oily, scanty, or not developed; their surfaces have longitudinal ridges 
(costate) or papillate and usually brownish, fusiform, or ellipsoid; the embryo is straight [21-22]. Jafri and 

EL-Gadi (1981) recorded 17 species belonging to three genera in Libya, in addition to cultivated ornamental 

species of Kalanchoe, Bryophyllum, and Echeveria, often used as decorative plants in gardens or within the 

house [18]. Boulos (1999) recognized three genera comprising five species in Egypt [23]. Hooker (1886) 

recorded 40 taxa belonging to eight genera from the Indian subcontinent, of which two species were explored 

from Bangladeshi territory from Crassulaceae [24]. 
The classification of succulents is very difficult because the variability of most taxa is fairly large, and the 

phenomenon of succulence is often a condition for convergences. A number of taxa are used in horticulture, 

which tends to complicate their taxonomy (Uhl, 1963). The species in the Crassulaceae family grow in 

succulent forms. It's also hard to put them into groups within the Crassulaceae because many of the species 

can easily hybridize, both in the wild and in gardens, and some taxa of different species share traits with 

other taxa. The crassulaceae family was discussed by Schönland (1891) in Die Natürlichen Pflanzenfamilien 
of Engler and Prantle, giving the most definitive treatment until the revision by Berger (1930) [25-6].   

Various authors have emphasized the use of morphological characters in taxonomy [26]. ‘t Hart (1995) 

treated various taxa that were formerly classified as Sedum in 32 segregate genera, utilizing a combined 

data set from morphology and molecular [5]. The leaves are the most morphologically diverse organ in 

angiosperms which can be used as valuable taxonomic tools and differentiation between species and 
families. There is little information about the macromorphological characters of some species in this family, 

and the available data involve only a few and more common species of the family. In the present study, the 

character features of the species are investigated to provide knowledge of essential taxonomic traits that 

would be helpful in solving some problems of the taxonomy of Crassulaceae and to add a new taxonomic 

contribution to help in the knowledge of the Crassulaceae.  

  

Materials and methods 
The present study is based on 10 species of Crassulaceae that were collected and examined from different 

phytogeographical regions and some botanical gardens of Libya (Table 1). The identification of species was 

authenticated based on previous information [27-18-23]. The macromorphological characters of the whole 
plant, viz. habit, stem, leaf, and flower, were studied and described directly from fresh specimens of the 

studied species or textbooks [18-28].  For light microscopical investigation (LM), lamina epidermal strips 

were prepared from fresh leaves of the remaining 10 studied species; then they were rinsed gently with 

running water, dried, and the epidermal layer was peeled and applied with domestic adhesive uniformly on 

the lower epidermis of the leaves. The epidermal strips were prepared by mechanically stripping [29]. (The 

photomicrographs were taken using a lamina, light, a microscope, and a digital camera. The magnification 
power was expressed by (x). Examination was achieved in the laboratory, Department of Biology, Faculty of 

Education, AL-Zawia University, Al-Zawia, Libya. 

Table 1. Collecting data on the studied species of Crassulaceae. 
No. Species Location 

1 Aeonium decorum (Webb) Bolle. C 

2 Crassula capitella   Thunb. E 

3 Echeveria glauca (Baker) E.Morren. C 

4 E. setosa Rose & Purpus A 

5 Graptopetalum paraguayense (N.E.Br.) E. Walther. D 

6 Kalanchoe blossfeldiana Poelln. C 

7 K. daigremontiana Raym. Hamet and H. Perrier- Ann. A 

8 K. fedtschenkoi Raym. Hamet and H. Perrier- Ann. C 

9 K. marmorata Baker. F 

10 Sedum album L B 
A: Western Mountain. B: Al-Zahra. C: Botanical Garden, Biology Department, Faculty of Education, Al-Zawia University. D: Surman. E: 

Green Mountain, Libya. F: Sobratah. 
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Results and Discussion  

The Crassulaceae is morphologically diverse in terms of shapes of leaves, leaf arrangement, anticlinal wall 

shape, stomata type, and epidermal cell shape. This morphological diversity is pivotal in systematics, and 
these characteristics have been employed in many species to solve some taxonomic issues at genera or 

family levels. The morphological characters are observable and frequently used in most taxonomic studies. 

In the present study, the obtained morphological data are presented in tables (2-3) and (Plate 1) to simplify 

deducing the most diagnostic characters.  

All the species studied were perennial, erect, and succulent. The habit of the plants was sub-shrub in 
Aeonium decorum and K. daigremontiana or herbs in Crassula capitella, Echeveria glauca, Echeveria setosa, 
Graptopetalum paraguayense, K. blossfeldiana, K. fedtschenkoi, K. marmorata, and Sedum album. In the 
present study, the obtained data are in accordance with Jafri & EL-Gadi (1981), Theide & Eggli (2007), and 

Salim et. al. (2019) [18,1,30]. Thiede & Eggli (2007) stated that the plants of Crassulaceae have been 

described as subshrubs or herbs with succulent stems and leaves, and also these observations were in 

agreement with the previous work of Chernetskyy (2012) [1,18]. 

The results showed that the leaves of the studied species were simple in all the studied species, so the simple 

leaf type is a unifying character across the study, and these results were compared and agreed with Brito 
and Brito (1993), Medeiros et al. (2004) and Silva et al. (2006) [31-33]. Thiede & Eggli (2007) made a similar 

observation of the simple leaves of species in the family Crassulaceae. As well as this conclusion, in 

agreement with the work of Jain et al. (2008) and Walters (2011) [1,34,35].  

The leaf’s apex is obtuse in Kalanchoe blossfeldiana, K. marmorata, and Sedum album, or acute as in the 

other seven studied species. Akinsulire et al. (2018) used leaf apex as a classificatory character in a few 

species related to the family Combretaceae [36]. Margin is serrate in Kalanchoe daigremontiana, crenate in 

K. fedtschenkoi and K. blossfeldiana, or entire in Aeonium decorum, Crassula capitella, Echeveria glauca, E. 
setosa, Graptopetalum paraguayense, K. marmorata, and Sedum album. The leaf arrangements are alternate 

as in Sedum album, rosulate as in Aeonium decorum, Echeveria glauca, and Graptopetalum paraguayens, or 
opposite in the other six studied species. These findings were in accordance with those of Heywood (1978) 

and also with the previous work of Walters (2011), who confirmed the opposite or alternate leaf arrangement 

in members of the family Crassulaceae [35]. Besides, the present observations agreed with Olutayo and 

Arogundade (2022), who positioned all the present studied species as having opposite leaf arrangement, 

except Bryophyllum delagoense which has alternate leaf arrangement [37].   

The leaves are petiolated as in Kalanchoe blossfeldiana, K. fedtschenkoi, and K. daigremontiana, or sessile 
as in the other seven studied species. This observation was previously recognized in some members of 

Crassulaceae by Walters (2011) [35]; besides, it is in accordance with both Chen et al. (2018) and Salim et 
al. (2019) [38-30]. The lamina shape is terete as in Sedum album, ovate as in Kalanchoe blossfeldiana, 
lanceolate as in K. daigremontiana, obovate as in K. fedtschenkoi, K. marmorata, Echeveria glauca, and 

Graptopetalum paraguayense, or oblanceolate as in Echeveria setosa, Aeonium decorum, and Crassula 
capitella. These data are in accordance with those of both Walters (2011) [35]. The leaf texture was hairy, as 

in Echeveria setosa, or glabrous in the other nine studied species. Two taxa of Crassulaceae, Kalanchoe 
pinnata and K. crenata, share characteristics related to leaf morphology, including succulent, decussate, 

and glabrous leaves, crenate margins, and ovate to elliptical leaf blades [39-40]. Hutchinson & Dalziel (1952) 
used the morphological features to characterize species in the Crassulaceae [41]. 

Lamina epidermal characters: The features of the epidermal stomatal type were similar among the abaxial 

leaf surfaces within the studied species. The leaf types of species studied were homostomatic, which means 

stomata were present on the abaxial surface of all study species, but trichomes were present just on E. 

setosa while absent in the other nine studied species. This finding was compatible with the work of Salim 
et. al. (2019) [30]. 

 In all presently studied species, the stomata types are anisocytic with three to eight subsidiary epidermal 
cells that are arranged in mono- to polycyclic. This was agreed with the work of Anjoo & Kumar (2010) [40]. 

Also, this observation was previously recognized in some members of Crassulaceae by Duarte & Zaneti 

(2002) [47], besides, it was agreed with the results approved by Woo-Gyn & Min-Wung (1985) [42]. 

Chernetskyy (2012) recorded the anisocytic stomata in all the 35 studied  Kalanchoe species [43]. Moreover, 

Chernetskyy and Weryszko-Chmielewska (2008) reported that the stomata are anisocytic, enclosed by three 
subsidiary epidermal cells of various volumes, one of which is considerably smaller than the others [44]. 

While Korn (1972) reported that stomata in some species of Crassulaceae were anisocytic with six subsidiary 

epidermal cells [45].  

In the present study, the stomata shape was ovate as in Echeveria glauca, K. daigremontiana, and Kalanchoe 

blossfeldiana, or elliptic in the other seven studied species. Epidermal cell shape on the abaxial surface 

showed a polygonal appearance as in Aeonium decorum, Graptopetalum paraguayense, Kalanchoe 
daigremontiana, K. marmorata, and Sedum album, or an irregular one in the five other studied species. This 

distinction was agreed with the work of Kluge & Ting (1978) [46]. Besides, Woo-Gyn & Min-Wung (1985) 

suggested that the epidermal cell shape in some species of Crassulaceae was nearly always polygonal [42].  
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Table 2. Macromorphological characters of the studied species of Crassulaceae. 

Character 
Species 

Duration Habit 
Stem Leaf 

Strength Texture Arrangement Petiole detection Shape Margin Apex Composition Texture 

Aeonium decorum Perennial Sub-shrub Erect 
Glabrou

s 
Rosulate Sessile Oblanceolate Entire Acute Simple Glabrous 

Crassula capitella ⁄⁄ Herb ⁄⁄ ⁄⁄ Opposite ⁄⁄ ⁄⁄ ⁄⁄ ⁄⁄ ⁄⁄ ⁄⁄ 

Echeveria glauca ⁄⁄ ⁄⁄ ⁄⁄ ⁄⁄ Rosulate ⁄⁄ Obovate ⁄⁄ ⁄⁄ ⁄⁄ ⁄⁄ 

E. setosa ⁄⁄ ⁄⁄ ⁄⁄ Hairy Opposite ⁄⁄ Oblanceolate ⁄⁄ ⁄⁄ ⁄⁄ Hairy 

Graptopetalum 
paraguayense  

⁄⁄ ⁄⁄ ⁄⁄ 
Glabrou

s 
Rosulate ⁄⁄ Obovate ⁄⁄ ⁄⁄ ⁄⁄ Glabrous 

Kalanchoe 
blossfeldiana 

⁄⁄ ⁄⁄ ⁄⁄ ⁄⁄ Opposite petiolate Ovate Crenate Obtuse ⁄⁄ ⁄⁄ 

K. daigremontiana ⁄⁄ Sub-shrub ⁄⁄ ⁄⁄ ⁄⁄ ⁄⁄ Lanceolate Serrate Acute ⁄⁄ ⁄⁄ 

K. fedtschenkoi ⁄⁄ Herb ⁄⁄ ⁄⁄ ⁄⁄ ⁄⁄ Obovate Crenate ⁄⁄ ⁄⁄ ⁄⁄ 

K. marmorata   ⁄⁄ ⁄⁄ ⁄⁄ ⁄⁄ ⁄⁄ Sessile ⁄⁄ Entire Obtuse ⁄⁄ ⁄⁄ 

Sedum album ⁄⁄ ⁄⁄ ⁄⁄ ⁄⁄ Alternate ⁄⁄ Terete ⁄⁄ ⁄⁄ ⁄⁄ ⁄⁄ 

 

 

Table 3. Lamina epidermal characters of the abaxial surfaces of the studied taxa by using light microscope 

Character 
Species 

Leaf 
surface 

Epidermal cell 
shape 

Anticlinal wall 
Shape 

Stomata 
Trichomes Leaf type 

Type Shape 

Aeonium decorum Abaxial Polygonal Straight Anisocytic Elliptic Absent Homostomatic 

Crassula capitella ⁄⁄ Irregular Slightly undulate ⁄⁄ ⁄⁄ ⁄⁄ ⁄⁄ 

Echeveria glauca ⁄⁄ ⁄⁄ Rounded ⁄⁄ Ovate ⁄⁄ ⁄⁄ 

E.  setosa ⁄⁄ ⁄⁄ Strongly undulate ⁄⁄ Elliptic Non-glandular ⁄⁄ 

Graptopetalum 
paraguayense 

⁄⁄ Polygonal Rounded ⁄⁄ ⁄⁄ Absent ⁄⁄ 

Kalanchoe blossfeldiana ⁄⁄ Irregular ⁄⁄ ⁄⁄ Ovate ⁄⁄ ⁄⁄ 

K. daigremontiana ⁄⁄ Polygonal Straight ⁄⁄ ⁄⁄ ⁄⁄ ⁄⁄ 

K. fedtschenkoi ⁄⁄ Irregular Strongly undulate ⁄⁄ Elliptic ⁄⁄ ⁄⁄ 

K. marmorata ⁄⁄ Polygonal Straight ⁄⁄ ⁄⁄ ⁄⁄ ⁄⁄ 

Sedum album. ⁄⁄ ⁄⁄ ⁄⁄ ⁄⁄ ⁄⁄ ⁄⁄ ⁄⁄ 
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The abaxial anticlinal wall was slightly undulate as in Crassula capitella, strongly undulate as in E.  setosa 
and K. fedtschenkoi, rounded as in Echeveria glauca, Kalanchoe blossfeldiana, and Graptopetalum 

paraguayense, or straight as in the rest of the four studied species (Table 3 & Figure1). This state has also 

been reported for other species in Crassulaceae by Woo-Gyn & Min-Wung (1985) and Thiede & Eggli (2007) 

[42,1]. The morphological characters are employed in various aspects of plant taxonomy; therefore, this 

study clearly is useful for the identification of species and has taxonomic significance for the species of 
Crassulaceae. On the other hand, the diagnostic unifying characteristics are useful for the classification and 

identification of the species studied. The ten studied species have unified features in the morphological 

characters, such as perennial succulent, erect plants, simple leaf type, homostomatic leaf type, and stomata 

type. Finally, it is proposed to consider these results for future studies in this family and using as many 

samples and taxonomic tools as possible for the taxonomy of Crassulaceae.  
 

 
Figure 1. Major aspects of lamina epidermal characteristics (Light microscopy); A. Anisocytic stomata with 

straight anticlinal wall; B. Anisocytic stomata with slightly undulate anticlinal wall; C. Anisocytic stomata with rounded 
anticlinal wall; D. Anisocytic stomata with strongly undulate anticlinal wall and eglandular, unicellular and unbranched 

trichomes;  E. Anisocytic stomata with rounded anticlinal wall; F. Anisocytic stomata with rounded anticlinal wall; G. 
Anisocytic stomata with straight anticlinal wall; H. Anisocytic stomata with strongly undulate anticlinal wall; I. 

Anisocytic stomata with straight anticlinal wall.; j. Anisocytic stomata with straight anticlinal wall. 

 
 

 

 

https://doi.org/10.54361/ajmas.258107


Alqalam Journal of Medical and Applied Sciences. 2025;8(2):637-645 

https://doi.org/10.54361/ajmas.258214 

 

 

Copyright Author (s) 2025. Distributed under Creative Commons CC-BY 4.0 
Received: 28-02-2025 - Accepted: 09-04-2025 - Published: 16-04-2025     654 

References 
1. Thiede J, Eggli U. Crassulaceae. In: Kubitzki K, editor. Flowering plants · Eudicots. Berlin: Springer; 2007. p. 

83–118. https://doi.org/10.1007/978-3-540-32219-1_12 
2. Uhl C. The Crassulaceae and cytotaxonomy. Cact Succ J (US). 1956; 48:225–229. 
3. Uhl C. The chromosomes of the Sempervivoideae (Crassulaceae). Am J Bot. 1961; 48:114–

123. https://doi.org/10.1002/j.1537-2197.1961.tb11612.x 
4. Uhl C. Chromosomes and phylogeny of the Crassulaceae. Cact Succ J (US). 1963; 35:3–7. 
5. Hart H. Intrafamilial and generic classification of the Crassulaceae. In: Evolution and systematics of the 

Crassulaceae. Leiden: Backhuys; 1995. p. 151–158. 
6. Berger A. Crassulaceae. In: Engler A, Prantl K, editors. Die Natürlichen Pflanzenfamilien. Vol. 18a. Leipzig: 

Wilhelm Engelmann; 1930. p. 352–483. 
7. Stojanović GS, Jovanović SC, Zlatković BK. Distribution and taxonomic significance of secondary metabolites 

occurring in the methanol extracts of the stonecrops (Sedum L., Crassulaceae) from the Central Balkan 
Peninsula. Nat Prod Commun. 2015;10(6):941–944. https://doi.org/10.1177/1934578X1501000637 

8. Thorne RF. The classification and geography of the flowering plants: Dicotyledons of the class angiospermae. Bot 

Rev. 2000;66(4):441–647. 
9. Van Ham RCH. Phylogenetic relationships in the Crassulaceae inferred from chloroplast DNA variation. 

In: Evolution and systematics of the Crassulaceae. Leiden: Backhuys; 1995. p. 16–30. 
10. Mayuzumi S, Ohba H. The phylogenetic position of Eastern Asian Sedoideae (Crassulaceae) as inferred from 

chloroplast and nuclear DNA sequences. Syst Bot. 2004;29(3):587–
598. http://www.jstor.org/stable/25063994 

11. Jensen LCW. Primary stem vascular patterns in three subfamilies of the Crassulaceae. Am J 
Bot. 1968;55(5):553–563. https://doi.org/10.1002/j.1537-2197.1968.tb07411.x 

12. Sponberg SA. The genera of Crassulaceae in the southeastern United States. J Arnold Arbor. 1978; 59:198–
248. https://doi.org/10.5962/bhl.part.22772 

13. Mort ME, Soltis DE, Soltis PS, et al. Phylogenetics and evolution of the Macaronesian clade of Crassulaceae 
inferred from nuclear and chloroplast sequence data. Syst Bot. 2002;27(2):271–
288. http://www.jstor.org/stable/3093871 

14. Gontcharova SB, Gontcharov AA. Molecular phylogeny and systematics of flowering plants of the family 
Crassulaceae DC. Mol Biol. 2009;43(5):794–803. https://doi.org/10.1134/S0026893309050112 

15. Mort ME, O’Leary TR, Carrillo-Reyes P, et al. Phylogeny and evolution of Crassulaceae: Past, present, and 
future. Biodivers Ecol. 2010;3:69–86. 

16. Mort ME, Mori SA. Crassulaceae. In: Smith N, Mori SA, Henderson A, et al., editors. Flowering plants of the 
Neotropics. Princeton: Princeton University Press; 2004. p. 118–120. 

17. Christenhusz MJM, Fay MF, Chase MW. Saxifragales. In: Plants of the world: An illustrated encyclopedia of 
vascular plants. Chicago: University of Chicago Press; 2017. p. 231–
244. https://doi.org/10.7208/chicago/9780226536705.001.0001 

18. Jafri SMH, El-Gadi A. Flora of Libya. Vol. 87. Tripoli: Al-Fateh University; 1981. p. 1–28. 
19. Watson L, Dallwitz MJ. The families of flowering plants: Descriptions, illustrations, identification, and 

information retrieval. 1992. 
20. Ebel F, Hagen A, Kümmel F. Beobachtungen zur Wuchsrhythmik und „Knospenbildung“ einiger  Greenovia- 

und  Aeonium-Arten (Crassulaceae). Flora. 1991;185(3):187–200. https://doi.org/10.1016/S0367-

2530(17)30469-3                                                                                                                                                           
21. Hart H. Diversity within Mediterranean Crassulaceae. Lagascalia. 1997; 19(1–2):93–

100. https://dialnet.unirioja.es/descarga/articulo/224451.pdf 
22. Van Ham RC, ’t Hart H. Phylogenetic relationships in the Crassulaceae inferred from chloroplast DNA 

restriction-site variation. Am J Bot. 1998;85(1):123–134. 
23. Boulos L. Flora of Egypt. Cairo: Al-Hadara Publishing; 1999. p. 238–242. 
24. Hooker JD. The flora of British India. Vol. 2. London: L. Reeve & Co.; 1886. p. 414–416. 

25. Schönland S. Crassulaceae. In: Engler A, Prantl K, editors. Die Natürlichen Pflanzenfamilien. 1st ed. Vol. 3. 
Leipzig: Engelmann; 1891. p. 23–38. 

26. Adedeji O, Illoh HC. Vegetative and floral morphological studies of some species of Hibiscus Linn. in Nigeria. Ife 
J Sci. 2005; 7 (1): 1–13.  https://doi.org/10.4314/ijs.v7i1.32149 

27. Bailey LH. Manual of cultivated plants. New York: Macmillan; 1949. p. 455–469. 
28. Heywood VH. Flowering plants of the world. London: Oxford University Press; 1978. p. 145. 
29. Johansen DA. Plant microtechnique. New York: McGraw-Hill; 1940. 
30. Salim MA, Shiha MA, Eltelet SA, et al. Phenetic analysis on some taxa of Crassulaceae DC. based on 

morphological and molecular criteria. Egypt J Exp Biol (Bot). 2019;15(2):176–196. 
31. Brito ARM, Brito AAS. Forty years of Brazilian medicinal plant research. J Ethnopharmacol. 1993; 39:53–

67. https://doi.org/10.1016/0378-8741(93)90050-F 
32. Medeiros MFT, Fonseca VS, Andreata RHP. Plantas medicinais e seus usos pelos sitiantes da Reserva Rio das 

Pedras, Magaratiba, RJ, Brasil. Acta Bot Bras. 2004;18(2):391–399. https://doi.org/10.1590/S0102-
33062004000200019 

33. Silva MS, Antoniolli AR, Batista JS, Mota CN. Plantas medicinais usadas nos distúrbios do trato gastrintestinal 
no povoado Colônia Treze, Lagarto, SE, Brasil. Acta Bot Bras. 2006;20(4):815–
829. https://doi.org/10.1590/S0102-33062006000400007 

34. Jain VC, Shah DP, Patel NM. Microscopical and preliminary phytochemical studies on leaves of Bryophyllum 
calycinum Salisb. J Pharm Res. 2008;1(2):230–232. 

https://doi.org/10.54361/ajmas.258107
https://doi.org/10.1007/978-3-540-32219-1_12
https://doi.org/10.1002/j.1537-2197.1961.tb11612.x
https://doi.org/10.1177/1934578X1501000637
http://www.jstor.org/stable/25063994
https://doi.org/10.1002/j.1537-2197.1968.tb07411.x
https://doi.org/10.5962/bhl.part.22772
http://www.jstor.org/stable/3093871
https://doi.org/10.1134/S0026893309050112
https://doi.org/10.7208/chicago/9780226536705.001.0001
https://doi.org/10.1016/S0367-2530(17)30469-3
https://doi.org/10.1016/S0367-2530(17)30469-3
https://dialnet.unirioja.es/descarga/articulo/224451.pdf
https://doi.org/10.4314/ijs.v7i1.32149
https://doi.org/10.1016/0378-8741(93)90050-F
https://doi.org/10.1590/S0102-33062004000200019
https://doi.org/10.1590/S0102-33062004000200019
https://doi.org/10.1590/S0102-33062006000400007


Alqalam Journal of Medical and Applied Sciences. 2025;8(2):637-645 

https://doi.org/10.54361/ajmas.258214 

 

 

Copyright Author (s) 2025. Distributed under Creative Commons CC-BY 4.0 
Received: 28-02-2025 - Accepted: 09-04-2025 - Published: 16-04-2025     655 

35. Walters M. Crassulaceae. In: Naturalised and invasive succulents of southern Africa. ABC Taxa; 2011. p. 232–
259. 

36. Akinsulire OP, Oladipo OT, Illoh HC, Mudasiru OM. Vegetative and reproductive morphological study of some 

species in the family Combretaceae in Nigeria. Ife J Sci. 2018;20(2):371–
389. https://doi.org/10.4314/ijs.v20i2.18 

37. Olutayo TM, Arogundade OO. Vegetative morphological study of selected species of genera Kalanchoe Adans 
and Bryophyllum Salisb. (Subfamily Kalanchoideae) from South western Nigeria. Trop Plant Res. 2022;9(3): 
103–110. https://doi.org/10.22271/tpr.2022.v9.i3.016 

38. Chen LMJ, Lua HK, Yeo RSW, et al. Additions to the flora of Singapore—new and overlooked records of 
naturalized plant species. Nat Singap. 2018;11:63–75. https://doi.org/10.26492/gbs70(1).2018-09 

39. Hyakutake S, Grotta AS. Contribuição para o estudo morfológico e anatômico de Kalanchoe 
brasiliensis Cambressèdes – Crassulaceae. Rev Farm Bioquim Univ São Paulo. 1972;10: 217–237. 

40. Anjoo K, Kumar SA. Microscopical and preliminary phytochemical studies on aerial part (leaves and stem) of 
Bryophyllum pinnatum Kurz. Phcog J 2010; 2:254-259. https://doi.org/10.1016/S0975-3575(10)80113-0 

41. Hutchinson J, Dalziel JM. Flora of West Tropical Africa. 2nd ed. London: Crown Agents; 1952. p. 113–116. 
42. Woo-Gyu J, Min-Wung S. Epidermal structure and stomatal types in some species of Korean 

Crassulaceae. Korean J Bot. 1985;28(2):105–118. 

43. Chernetskyy M. The role of morpho-anatomical traits of the leaves in the taxonomy of Kalanchoideae Berg. 
subfamily (Crassulaceae DC.). Mod Phytomorphol. 2012; 1:15–18. https://doi.org/10.5281/zenodo.162711 

44. Chernetskyy M, Weryszko-Chmielewska E. Structure of Kalanchoe pumila Bak. leaves (Crassulaceae DC.). Acta 
Agrobot. 2008;61(1):11–24. https://doi.org/10.5586/aa.2008.029 

45. Korn RW. Arrangement of stomata on the leaves of Pelargonium zonale and Sedum stabblii. Ann Bot. 1972; 
36:325–333. 

46. Kluge M, Ting IP. Crassulacean acid metabolism: Analysis of an ecological adaptation. Berlin: Springer; 
1978. https://doi.org/10.1007/978-3-642-67038-1 

47. Duarte MR, Zaneti CC. Morfoanatomia de folhas de bálsamo: Sedum dendroideum Moc. et Sessé ex DC, 
Crassulaceae. Rev Lecta. 2002;20(2):153–160. 

 
 

 المستخلص

لةةلا  اصر ة     فةت ا اص سة  فحصص عض  اص لة   واوام م  تمت درا لة   اصورة  صض فةال  فمورحوصوجا  ع سةاو اصت دف عه  (Crassulaceae) صا اصة ا

لة   فواوام اصعلور  ل   سة  صلتص ب ي عها  اص  فةهاته ج وج  ت ةال اصدرا صةاته  فسسةت ت لة  توحير مضلوم ا صتو سةتلا  صوفرا  ي  اص  ج الأاوام  ةالاص

 Graptopetalum paraguayense ،Kalanchoeف Aeonium decorum ،Crassula capitella ،Echeveria glauca ،E. setosa ةي الأاوامف

blossfeldiana ،K. daigremontiana ،K. fedtschenkoi ،K. marmorata  فSedum album سةة     عض  اصج  ر ة    ا اصفةةتالأاوام المدرف

فة ر   اصط اض المورحوصوجا  الموحد ، معل  لة   المضر   ،اصض سةا     ،الأ  فة  اص سةاط ، المهت فة ر  ج  ،الأفرا  اص  ات ك فةد اوم اصورة  فعها  اصورة  اصض

سة ، فك ات  فةل اصل ص ا  اصضرر  م  الأفرا  ج ص سة  ي اصل صب   اصورة ح ح  ا سةتلا  صوفرا  ي عاا الأاوام فج مل سةط  اص وظه ا واوام اصعلور  ل  الأ

 ، كر  صوحرت اصلةضيراا ح   هصهامُتروجٌ  وفمُ ،لورة  مسةت ارٌ اصسةط  اصسةتلي صلا   لخ الجدر اص ط    ، عاهر  ك ات anisocytic م  اصهوم  ثلورًا

وف غير مهترر   ل   ) د د  اصزفا  ( أ ي اصل صب، ففُجد و  وشةة   لالا   اص لة   مُعةلضٌ وةلاجاك   شةةل اصعلور فج Echeveria  setosaي ا  ا 

سةةتلا   سةةط  اص لةةةلا  الماكور صلورة  الأ سةةر ا اص سةة ج فع صت صي، حل  اص صةةه ف المدرف صةة   ي الأ فةةهاتا  ك ير ، فتد ا اصو و لال ذاا وةرا  ت

 .اصتفهاتي  ال اصض ئل 
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