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ABSTRACT 

Leaf epidermis structure of 13 Fagonia taxa has been studied by Light microscope (LM) and 
Scanning electron microscope (SEM). Anomocytic stomata type, different trichomes features, 
cuticular ornamentation and stomatal levels are determined.  Results allow clear definition and 
identification of the taxa. Among all the studied characters, cuticle ornamentation and trichomes 
features were noticeable to characterize each taxa of Fagonia.  

The present studies recorded about 27 different trichomes,18 glandular, 8 non-glandular and one 
special structure trichome. Some taxa were free from glandular trichomes and  others were free 
from non-glandular trichome beside the taxa which have the two types of the trichomes. Three 
types of trichome ornamentation are recorded in these work; smooth, papillose and warty. The 
cuticular ornamentation recorded three types’ favulariate, straiated and wrinked. On the basis of 
observation we created a key for distinguishing Fagonia taxa.  

Key wards: Trichomes feature and cuticular ornamentation.   

        

1. INTRODUCTION  

The genus Fagonia belongs to family Zygophyllaceae 
containing about 40 species of dwarf shrubs or perennial 
herbs. In Egypt there are 18 species according to (El-Hadidi 
1966) and (Tackholm 1974), while (Boulous 2000) recorded 
15 species and 6 varieties. 

Lot of studies had been done on the Fagonia species based on 
Macro & Micro-morphological characters and phylogenetic 
studies such as these of (Ozenda and Quezel 1957), (Porter 
1963), (El-Hadidi 1966), (El-Hadidi 1972, 1974 and 1978),  
(Ahmed 1991), (Ahmed and Khafagi 1997), (Khafagi 2004), 
(Beier et.al.,  2004), (Beier 2005), (Alam 2011) and (Abdel 
Khalik and Hassan 2012). 

Trichomes occur in plants in a great variety of forms, and are 
sometimes very complex structurally. The 
micromorphological characteristics of foliar trichomes have 
played an important role in plant systematics, especially of 
particular groups at the generic and specific levels 
(Hardin1979). Such type of studies in the field has fascinated 
plant morphologists and systematists towards the diversity of 
trichome features (Yan-Ming & Ru-Wen 1993). The trichome 
types are not only useful in the identification of the two 
species, but also their corresponding parts, thus being 
important in pharmacognosy, archaeobotany, paleobotany and 
agronomy (Rao and Ramayya 1977). Cuticular characters are 
used to help determine the affinities of taxonomically difficult 
taxa (Whang et.al. 2001).  

However  studies on cuticular ornamentation, stomata and 
trichome types of the genus Fagonia are  little (Fahn and 
Shimony 1996) and (Abdel Khalik  and Hassan2012); 
although the taxonomic value of the epidermis morphology, 
stomata and trichomes is well recognized in the botanical 
reviews for some other groups of Angiosperms such as these 
of (Chmielewska and Chernetskyy, 2005); (Carpenter 2006), 
(Ahmed et al., 2009), (Shaheen et. al., 2009), (Dmitruk and  

 

Weryszko-Chmielewska 2010), (Ahmed et al., 2010) and 
(Chwil, Weryszko-Chmielewska 2011) and (Osman 2012). 

The present study depended on the cuticular ornamentation, 
types of trichomes and stomatal characters of Fagonia taxa to 
evaluate their significance as key characters for 
differentiation. 

 

 Materials and Methods 

 

The present study is based on specimens from the herbarium 
of Cairo University (CAI) and the herbarium of Botany and 
Microbiology Department, Faculty of Science (Girls Branch) 
Al-Azhar University (Table 1). 

The stomata types were determined by stripping and fixing the 
lower leaf epidermis in 70% ethanol and cleared in 1% warm 
lactic acid before examination by light microscope (Nassar 
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and El-sahhar, 1998). For the study of leaf surface (cuticular 
ornamentation, stomata and trichomes types) using scanning 
electron microscope (SEM), two leaves were mounted on 
metal stubs, coated, golden, examined and photographed by 
JEOL- SEM at the accelerating voltage of 7 and 10 Kv. The 
terminology of (Metcalfe and Chalk 1979), (Barthlott 
1981), (Stearn 1992) and (Munson 1995) was followed to 
describe the leaf surface, stomata and trichomes.  

A total of 40 comparative morphological and epidermal 
characters for the studied taxa were scored and coded for 
creating data matrix used for numerical analysis. The 
relationships between the studied taxa have been demonstrated 
as dendrograms (Fig.6) by using the statistical program 
PRIMER software, version 5.0. 

 

RESULTS And Discussion  

 

Microcharacters of taxonomic significance obtained from 
selected features of the leaf surfaces, using scanning electron 
microscope (SEM) are presented in (Tables 2 and 3). 

Trichomes: Table (2) and Figures (1, 2 and 3) 

The taxonomic value of trichomes in angiosperm is well 
recognized in botanical literature by (Theobald et. al., 1979); 
(Abu-Assab and Cantino 1987), (Batterman and lammers 
2004) and (Mohamed et.al., 2006).  

The studied taxa exhibit great variation of trichome types, 
about 27 different trichomes,18 glandular, 8 non-glandular 
and one with special structure. Fagonia taeckholmiana is free 
from glandular trichome, while F. arabica var. viscidissima is 
free from non-glandular trichome and has special trichome. 
However five taxa (F. glutinosa , F. latifolia, F. cretica, F. 
scabr and F. tenuifolia)  have glandular trichomes only, the 
remainder taxa  have mixed trichomes. Some of the examined 
taxa had one specific glandular trichomes as unicellular with 
long stalk and unicellular head specially for F. arabica var. 
viscidissima, unicellular stalk and spinose unicellular head for 

F. cretica, multicellular basal cell; long, broad unicellular 
stalk and multicelluler head for F.glutinosa. Long, broad 
multicellular, multiseriate stalk and long, broad unicellular 
head being present only in F. tenuifolia. The taxa of F.indica 
var. schweinfurthii has two special glandular trichome 
(multicellular basal cell; long, broad unicellular stalk and 
unicelluler head and multicellular, multiseriate basal cell; long 
unicellular stalk and swollen unicellular head). Two studied 
taxa have one non-glandular specific trichomes which are 
unicellular papillose with curved apex for F. arabica var. 
arabica and simple with long broad, acute apical cell for F. 
isotricha. The taxa of F. bruguieri have three specific 
glandular and two non-glandular trichomes which are short 
multicellular stalk and multicelluler head, long multicellular, 
multiseriate stalk and capitates multicelluler head, 
multicellular, multiseriate stalk and long spathulate head, 
unicelluler long broad clup shaped and multicellular, 
multiserate basal cell and long broad clup shaped apical cell. 
Two glandular trichomes (multicellular, multiseriate stalk and 
multicelluler head and long multicellular, multiseriate stalk 
and unicellular acute head), with one non-glandular 
(multicellular long broad and obtuse apical cell) are recorded 
only in F. mollis  var. hispida. 

  The following types of trichomes have been recorded on the 
leaves of the studied taxa: 

A-Glandular:  Figures (1and 2). 

B-Non-glandular: Figures; 3 (p-v). 

 

 

 

C-Special structure: Figures; 3 (w).  
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1-Cup-shaped trichomes. 

 

Trichome Ornamentation: Table (2)  

Three types of trichome ornamentation have been recorded in 
this study; smooth in Fagonia mollis. var. hispida and Fagonia 
isotricha, papillose appendages in Fagonia cretica and warty in 
the remainders. 

Stomatal characters : Table (3) and Figures (4 and 5). 

The type of stomata is anonocytic with four to five cells, or 
five to six cells. Stomata levelling ranged between superficial, 
at a level, semi-depressed and depressed. It is superficial only 
in F. schimperi; semidepressed in F. arabica var. viscidissima 
and F. scabra; depressed in F. arabica. var. arabica, F. indica 
var. schweinfurthii, F. glutinosa and F. tenuifolia and at a level 
in the remainder.  The shape of the stomata ranged between 
suborbiculate to elongate. Suborbiculate in five taxa and 
elongate in the remainder. 

The aperture shape is either elliptic, round or ovate. Round 
only in F. taeckholmiana, ovate in F. arabica var. viscidissima 
and F. bruguieri and elliptic in the remainder. The width of 
stomatal aperture range from narrow to wide. Stomatal rim is 
flate in F. tenuifolia and raised in the remainder. Peristomatal 
rim present in two sides in F. indica var. schweinfurthii and F. 
cretica, while present around the stomata in F. taeckholmiana, 
F. latifolia and F.isotricha and absent in the remainder. 

Cuticular and wax ornamentation: Table (3) and Figures 
(4 and 5). 

The cuticular ornamentation favulariate is considered as the 
basic type, but it is straiated in three taxa, while wrinkled in F. 
tenuifolia only. The following cuticular patterns on the adaxial 
surface of the leaf are recorded. 

A. Favulariate 

Favulariate covered with smooth glossy wax. eg. Fagonia 
arabica var. arabica 

Favulariate covered with finely warty wax. eg. Fagonia 
schimperi 

Favulariate  smooth plane. eg. Fagonia mollis var. hispida 

Favulariate plane covered with finely warty wax. eg. Fagonia 
indica var. schweinfurthii   

B- Striate 

Slightly striated. eg. Fagonia taeckholmiana.  

Irregularly striated. eg. Fagonia isotricha. 

C. Wrinkled 

7. Wrinkled with warty-crustose wax particles. eg. Fagonia 
tenuifolia  

 

THE KEY: The studied characters were used in the 
construction of an indented key to the assorted taxa.  

 

A- Cuticular ornamentation wrinkled and stomatal rim flat 
………….…... Fagonia tenuifolia  

AA- Cuticular ornamentation striated or favulariate and 
stomatal rim raised 

       B- Cuticular ornamentation striated 

C- Glandular trichomes absent, stomata suborbiculate and 
stomatal aperture round 
………………………………………………..…………..…. 
F. taeckholmiana 

CC- Glandular trichomes present, stomata elongate  and 
stomatal aperture elliptic. 

D- Glandular with Long, broad multicellular, multiseriate 
stalk and long, broad unicellular head present and trichome 
ornamentation 
warty…………………………………………………………. 
F. latifolia.  

DD- Simple with long broad, acute apical cell present and  
trichome ornamentation smooth 
…………………………………..….. F. isotricha  

BB- Cuticular ornamentation favulariate or favulariate plane  

E- Cuticular ornamentation favulariate plane 

F-Peristomatal rim present  

G- Glandular with multicellular basal cell, long broad 
unicellular stalk and multicellular head present, trichome 
ornamentation warty, Stomata depressed and stomatal aperture 
wide ............................................................... F. indica. var. 
schweinfurthii 

GG- Trichome above absent, trichome ornamentation 
papillose, stomata at alevel and stomatal aperture 
narrow………………...……… F. cretica 

FF- Peristomatal rim absent 

H- Non glandular trichomes present, trichome ornamentation 
smooth and stomata at a level………………………...…….. 
F. mollis var. hispida 

HH- Non glandular trichomes absent, trichome ornamentation 
warty and stomatal level depressed 
…................................................ F. glutinosa 

EE- Cuticular ornamentation favulariate 

I-Stomata ovate 

J- Special trichome present and stomata 
semidepresed………………….….….…. F. arabica var. 
viscidissima 

JJ- Special trichome absent and stomata at a level……... 
…...F. bruguieri 

II-Stomata elliptic 

K- Non glandular trichomes present and stomata outline 
suborbiculate 

L- Unicellular papillose with curved apex trichome present 
and stomata depressed…………………….F.  arabica var. 
arabica 

LL-Trichome above absent and stomata 
superficial………………………….……………. F. schimperi 

KK- Non glandular trichomes absent and stomata outline 
elongate……………………………………………..……… F.  
scabra  

Numerical analysis: Table (4 and 5) 

 

All characters from epidermal structure of 13 taxa of Fagonia 
used were for numerical analysis by using the method of 
clustering as a tool in the identification of the studied taxa and 
in taxonomic relationships among Fagonia taxa. 
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The results of clustering particularly analysed by the 
agglomeration of Schedule measure distance,  using average 
linkage between groups (Fig.6) showed that taxa were 
grouped into two major clusters, the first one (I) consisted of 
five taxa; Fagonia isotricha, Fagonia latifolia, Fagonia 
tenuifolia, Fagonia mollis var. hispida  and Fagonia cretica; 
while the second cluster (II) comprises the remainder. The 
second cluster divided into two groups: group “G1” 
incorporated three taxa; Fagonia taeckholmiana, Fagonia 
arabica var. viscidissima, and Fagonia bruguieri.  The group 
“G2” incorporated the remainder five taxa; Fagonia glutinosa, 
Fagonia indica var. schweinfurthii, Fagonia schimperi, 
Fagonia scabra and Fagonia arabica var. arabica 

 

 

 

Fig.6: Dendrogram showing the interrelationships between 
13 taxa of Fagonia based on 40 characters of morphological 
and epidermal features by using PRIMER Program. 

 

REFERENCE 

 

Abdel Khalik, K. and Hassan, N. M. S. (2012). Seed and 
trichome morphology of the Egyptian Fagonia 
(Zygophyllaceae) with emphasis on their systematic 
implications.  Nordic Journal of Botany 30: 116–126.  

Abu-Assab, M. S. and Cantino, P. D. (1987). Phylogenetic 
implications of leaf anatomy in subtribe Melittidinae 
(Labiatae) and related taxa. J. Arnold Arbor. 68: 1–34. 

Ahmad, K.; Khan, M.A.; Ahmad, M.; Shaheen, N.and 
Nazir, A.( 2010). Taxonomic diversity in epidermal cells of 
some sub-tropical plant species. Int. J. Agric. Biol. 12: 115–
118. 

Ahmed , K. A.(1991). Petiolar vasculature in Fagonia species 
and its taxonomic affinities. Proc. Egypt, Acad. Sci. 41:209-
218. 

Ahmed, K. A. and Khafagi,  A.  A. F. (1997). Numerical 
analysis of comparative data on leaf morphological and 

anatomical characters of Fagonia. Jouran of the Faculty of 
Education. No. 22: 277-286. 

 Ahmed, K.; Khan, M. A.; Ahmad, M.; Zafar, M. and 
Arshad, M. (2009). Taxonomic diversity of stomata in dicot 
flora of district tank (N.W.F.P.) in Pakistan.  Afr. J. 
Biotechnol. 8(6): 1052-1055. 

Alam, E. A. (2011). Morphological, phytochemical and 
biological screening on three Egyptian species of Fagoni. 
Academia Arena. 3(1)18- 27. 

Barthlott, W. (1981). Epidermal and seed surface characters 
of plants: Systematic applicability and some evolutionary 
aspects. Nord J. Bot. (1): 345-355. 

Batterman, M. R. W. and lammers, T. G. (2004). Branched 
foliar trichomes of Lobeliodeae (Campanulaceae) and the 
infrageneric classification of centropogon. Sys. Bot. 29 (2): 
448-458. 

Beier, B. A. (2005). A revision of the desert shrub Fagonia 
(Zygophyllaceae). Syst. Biodivers. 3: 221 – 263. 

Beier, B. A.; Nylander, J. A. A.; Chase, M.W. and Thulin, 
M. (2004). Phylogenetic relationships and biogeography of 
the desert plant genus Fagonia (Zygophyllaceae), inferred by 
parsimony and Bayesian model averaging. – Mol. 

Boulos, L. (2000). Flora of Egypt. Vol.2: 153 -187. Al Hadara 
Publ. Cairo, Egypt. 

Carpenter, K. J. (2006). Specialized structures in the leaf 
epidermis of basal angiosperms: morphology, distribution and 
homology.  American Journal of Botany 93(5): 665–681.  

Chmielewska, E. W. and Chernetskyy,M. (2005). Structure 
of trichomes from the surface of leaves of some species of 
Kalanchoe adans.  Actabiologica cracoviensia series Botanica. 
47(2): 15–22.  

Chwil, M. and Weryszko-Chmielewska,E. (2011). 
Comparison of features of the epidermis and the size of the 
floral nectar in four species of the genus Cotoneaster Med. 
Actaagrobotanica, Vol. 64 (4): 47–58. 

Dmitruk, M. and Weryszko-Chmielewska,E. (2010). 
Morphological differentiation and distribution on Non-
glandular and glandular trichomes on Dracocephalum 
moldavicum L. shoots. Actaagrobtanica. 63 (1): 11–22. 

El Hadidi, N. M. (1972). Th e family Zygophyllaceae in 
Egypt.  Bot. Not. 125: 523 – 534. 

El Hadidi, N. M. (1974). Weitere Beobachtungen an der 
Gattung Fagonia . – Mitt. Bot. Staatssamml. M ü nchen 11: 
387. 

El Hadidi, N. M. (1978). Zygophyllaceae. – Webbia 33: 45 – 
101. 

El-Hadidi, N. M. (1966). The genus Fagonia L. in Egypt. 
Candollea 21 (1):13-54. 

Fahn, A. and Shimony, C. (1996). Glandular trichomes of 
Fagonia L. (Zygophyllaceae) Species: Structure, Development 
and Secreted Materials. Annals of Botany (77): 25-34. 

Hardin, J.W. (1979). Patterns of variation in foliar trichomes 
of eastern north American Quercus. American J. Bot., 6: 576–
585 

Khafagi,  A.  A. F. (2004).  The taxonomic significance of 
micro-and macro-morphological characters of spiny stipules in 
Fagonia species. J. Facu. Educ. No. 29: 167-177. 



Proc. 7th Int. Con. Biol. Sci. (Bot.), 20 – 33 (2012) 24

Metcalfe, C. R. and Chalk, L. (1950). Dicotyledons (leaves, 
stem, and wood) in relation to taxonomy with notes on 
economic uses, Vol. II. Oxford, at the Clarendon Press, 702, 
703, 786. 

Metcalfe, C. R. and Chalk, L. (1979). Anatomy of the 
dicotyledons (1): 55, Clarenedon Press, Oxford. 

 Mohamed, A. H.; Khafagi, A. A. F. and Gabr, D. G. 
(2006). Taxonomic significance of leaf characters in some 
species of Apiaceae. Agric. Sci., Ain Shams Univ., Cairo 51 
(2).321-334.  

Munson, R. H. (1995). The Scanning Electron Microscope 
and Cultivar Identification. Baileya 22 (4): 154-161. 

Nassar, M. A.; El-Sahhar, K. F. (1998). Botanical 
preparation and Microscopy (Microtechnique), Academic 
Bookshop, Dokki, Giza, Egypt. 219 pp (In Arabic). 

Osman, A.K. (2012). Trichome micromorphology of 
Egyptian Ballota (Lamiaceae) with emphasis on its systematic 
implication. Pak. J. Bot., 44(1): 33-46. 

Ozenda, P. and Quezel, P. (1957). Les Zygophyllacees de I 
Afrique du Nord et du Sahara, Trav. Inst. Rech. Sah. 14:23-64.  
Phylogenet. Evol. 33: 91 – 108. 

Porter, D. M . (1963). The taxonomy and distribution of the 
Zygophyllaceae of Baja California, Mexico. Contr. Gray 
Herb. Harv. Univ. 192:99-125. 

Rao, S.R.S. and Ramayya, N. (1977). Structure distribution 
and taxonomic importance of trichomes in the Indian species 
of Malvastrum. Phytomorphol., 27: 40–44. 

Shaheen, N.; Ajab, M.;Hayat, M.Q. and Yasmin, G. 
(2009). Diversity of Foliar trichomes and their systematic 
relevance in the genus Hibiscus (Malvaceae). Int. J. Agric. 
Biol., 11: 279–284. 

Stearn, W. T. (1992). Botanical Latin. 4th Edition. 489-491, 
Timber Press, Portland, Oregon.  

Täckholm, V. (1974). Students' flora of Egypt. 2nd ed.  Cairo 
Univ. Publication, Corporative Printing Co., Beirut. 

Theobald, W.L.; Krahulik, J.L. and Rollins, R.C. (1979). 
Trichome Description and         Classification In C.R. 
Metcalfe and L. Chalk (eds.), Anatomy of Dicotyledons,    
Dicotyledons, 2nd  edition, Vol. 1, Clarendon Press, Oxford, p. 
40-53.  

Whang, S. S.; Pak,Jae. H.; Hill,R. S. and Kin, K. (2008). 
Cuticular micromorphology of leaves of Pinus (Pinaceae) 

from Mexico and central America. Bot. J. Linn. Soci. Vol. 
135,4. 349-373. 

Yan-Ming, F. and F. Ru-Wen, (1993). Variation and 
evolution of leaf trichomes in Chinese Hamamelidaceae. Acta 
Phytotaxon. Sin., 31: 147–152 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Dalia G. Gabr., Study of the leaf epidermis in some Egyptian taxa of Fagonia L. by SEM. 

 

 

25 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

 
W= Warty                          S= Smooth                     P=Papillose  
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Figure 1 (a-h):Glandular trichomes 

 
 

a- Fagonia arabica var. arabica 
b- F. arabica var. viscidissima 

c- F. cretica 
d- F. indica var. schweinfurthii 

 

e- F. mollis var. hispida 
f&g- F. glutinosa 

h- F.  bruguieri 

Figure 1 (a-h):Glandular trichomes 
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 Figure 2 (i-o).:Glandular trichome 

 
 
 

i- F.  bruguieri  
J and k- F. indica var. schweinfurthii 

l- F. glutinosa 
m, n and o- F. mollis var. hispida 
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Figure 3 (p-v).:Non glandular trichome; (w): special trichome. 

 

 
 

p,q and v- Fagonia arabica var. arabica 
r-  F. indica var. schweinfurthii 

 

s- F.  isotricha 
t- F. mollis var. hispida 

 

u-  F.  bruguieri 
w -  F. arabica var. viscidissima 
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 Figure 4 (a-d): cuticular ornamentation and stomatal features. 

 
 
 

a- Fagonia arabica var. arabica 
b- F.  schimperi 

c- F. mollis var. hispida 
d- F. indica var. schweinfurthii 
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Figure 5 (e-g): cuticular ornamentation and stomatal features. 
a- F.  tenuifolia  
b- F.  taeckholmiana 
c- F.  isotricha  
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  الملخص العربى 

 
نبات الشويكة (الفاجونيا) المصرية بإستخدام دراسة سطح الورقة في بعض وحدات 

  الميكروسكوب الإلكتروني الماسح
  

 عزة أحمد فهمي خفاجي –آمال حسن محمد  - داليا جودة جبر 
 .مدينة نصر، القاهرة -جامعة الأزهر (فرع البنات)- كلية العلوم - و الميكروبيولوجى قسم النبات

  
سطح الورقة وزخرفة الكيوتين وانواع الشعيرات و الثغور لثلاثة عشر وحدة تناول هذا البحث دراسة الخصائص التركيبية ل

تصنيفية تابعة لجنس الفاجونيا المصرية باستخدام المجهر الضوئي و المجهر الألكتروني الماسح بهدف التوصل الي طريقة 

  دقيقة للفصل بينها.

من قبل  وأظهرت أنواع الشعيرات وخلايا البشرة و الثغور وزخارف السطح العديد من سمات البشرة المهمة والتي لم تسجل 
ح هي: بهذا الجنس. وسجلت الوحدات شعيرات غدية ولاغدية وشعيرة ذات تركيب خاص بجانب ثلاث طرز من زخارف السط

اح اصطناعى للفصل بين هذه الوحدات التصنيفية.مجعد ومخطط ونقري. وقد أمكن التوصل الى بناء مفت  


