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Abstract : Leaf characteristics of four genera represented by nine species belonging to the 
family Malvaceae were examined: Althaea ludwigii L., Gossypium herbaceum L., Hibiscus 
cannabinum L., H. sabdariffa L., H. rosa-sinensis L., H. tiliaceus L., Malva sylvestris L., M. 
nicaeensis All., and M. parviflora L. The results reveal differences in the shape of anticlinal 
wall cells, stomatal frequency, stomatal index, and trichome types among the species. 
Additionally, the shape of the anticlinal wall cells is straight in A. ludwigii, G. herbaceum, 
H. sabdariffa and H. tiliaceu species; sinuate in H. cannabinum and H. rosa-sinensis and 
undulate or strongly undulate in Malva species. On average epidermal cells in the upper 
epidermis of M. sylvestris were 91.25 µm long, while on average, they were 27.18 µm long 
in H. tiliaceus. The current results identified five different stomatal patterns: anomocytic 
(rununculaceous); hemiparacytic; paracytic; anisocytic (cruciferous) and diacytic. Trichomes 
on the leaves are recognized as unicellular non-glandular in M. parviflora, M. nicaeensis, and 
M. sylvestris, glandular in H. rosa-sinensis, G. herbaceum, and H. sabdariffa, and stellate 
hairs in M. nicaeensis, M. parviflora, M. sylvestris and A. ludwigii. The stomatal index varies 
between species and on the upper and lower epidermis. The highest stomatal index was 50.98 
in H. sabdariffa on the lower surface and the lowest 7.11 on the upper surface. 
Keyword: Epidermal cells, Leaf, Malvaceae, Stomata, Trichome. 

Introduction 

People use the Malvaceae family of plants for 
food, fiber, ornamentation and medical 
purposes (Chachad & Vaidya, 2016). The 
Malvaceae family, which has 244 genera and 
about 4225 species, is widespread in tropical 
and subtropical areas. The Malvaceae family 
includes herbs, shrubs, and small trees 
(Christenhusz & Byng, 2016; Silva et al., 2023; 
Nbeaa et al., 2023). There are 29 species 

belonging to 8 genera represent the Malvaceae 
in Iraq (Townsend & Guest, 1980).  

According to Chung (2002), the glandular 
trichomes of 32 species are crucial for 
identifying each species within the Malvaceae 
family. Numerous anatomical investigations 
on Malvaceae were carried out from different 
angles. Certain Malvaceae species' leaves have 
been described in terms of their epidermal 
anatomy (Celka et al., 2006). Many important 
leaf microcharacters, such as trichomes types, 
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stomatal types, and density, are present in the 
surface of leaves and epidermis and can serve 
as clues in taxonomic identification. These 
characters can identify certain taxa, while the 
stomatal frequency and index can be attributed 
to habitat variations and ecological conditions 
(Akcin & Ozbucak 2006; Al-Mousawi et al., 
2019; Obead & Jerry, 2019; Hashim et al, 
2019; Al-Garory & Al-Kaabi, 2020).  

Uzunhisarcikli & Vural (2012) studied a 
variety of characteristics in the examined 
Alcea and Althaea species that are thought to 
be taxonomically significant. Essiett and Iwok 
(2014) investigated the anatomy of the leaf 
epidermis and petiole of Hibiscus species and 
showed differences between them. Naskar 
(2016) investigated the Malvaceae family's 
anatomical characteristics and created an 
identifying key for the delimitation of genera. 
The systematic relevance of 17 species of the 
Saudi Arabian Malvaceae was demonstrated 
by Karakish et al. (2020).  Arabameri et al. 
(2020) studied trichomes in 26 species of 
Alcea. Hibiscus rosa-sinensis stomata type has 
been studied by (Rakhimov et al., 2021). Taia 
& Mahdy (2021) found that the leaf macro- and 
micro-characters are useful in separating the 
species and clarifying the evolutionary line 
within the studied species. Hemiparacytic and 
anomocytic stomata were the predominant 
types in Hibiscus syriacus (Rakhimov et al. 
2021; Zhang et al., 2024). Some studies have 
connected the stomatal density and epidermal 
growth in Alcea (Malvaceae) to the number of 
veins and adaptability to terrestrial conditions 
(Abbas, 2021; Ibrahim et al., 2023; El Kholy 
et al., 2023). 

The goal of this study is to examine the 
anatomical traits of nine species of the 
Malvaceae family that belong to four genera, 

using leaf epidermal characteristics such as 
epidermal cells, stomata, and trichomes to 
distinguish some species in the Malvaceae 
genera. 

Materials & Methods 

Nine species of the Malvaceae family: 
Malva sylvestris L., M. nicaeensis All., M. 
parviflora L., Althaea ludwigii L., H. 
cannabinum L., H. sabdariffa L., H. rosa-
sinensis L., H. tiliaceus L, and Gossypium 
herbaceum L. have been investigated. The 
fresh leaves of these species were collected 
from various regions of Iraq between October 
2023 and January 2024; preservation was 
followed in a formalin acetic acid alcohol 
solution (F.A.A.) for 48 hours and kept them 
in 70% alcohol. The leaves were macerated in 
Jeffrey's solution to prepare the epidermis 
(chromium trioxide 10 gm and 90 ml nitric 
acid) and then put in glycerin jelly (5 ml of 
glycerin and 1 ml of Safranin stained). On the 
leaf's upper and lower surfaces, the trichome 
type and stomatal frequency in mm2 were 
observed. Used a digital camera to take photos 
of the leaves under Olympus light microscope. 
The anatomical terminologies used are taken 
from (Esau, 1965; Ramírez-Díaz, 2024). The 
following formula was used to determine the 
stomatal index in accordance with (Metcalfe & 
Chalk, 1979):  

SI= S/ E+S X 100 

where: S.I = Stomatal index; S = Stomata number 
per unit area, E = epidermal cells number. 

Statistical analysis     
Analyses of variance (ANOVA) were 

performed on the data, and all results were 
produced using the statistical program SPSS 
v17. Means have been compared at 0. 05 
probability. 
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Results & Discussion 

Epidermal cells 

The characteristics and dimensions of 
epidermal cells are compiled in Table (1) and 
Figures (1-2). In the species under study, the 
upper and lower surfaces of the leaf typically 
differ in cell shape and size.  The study showed 
that the shape of the anticlinal wall cells 
differed in the upper and lower epidermis 
among examined species. The wall of the 
upper epidermal cells was distinguished as 
straight in A. ludwigii, G. herbaceum, H. 
sabdariffa and H. tiliaceu species, sinuate in H. 
cannabinum and H. rosasinensis, and undulate 
or strongly undulate in Malva species. There 
was straight lower epidermis in G. herbaceum, 
H. sabdariffa, and H. rosa-sinensis, undulating 
lower epidermis in A. ludwigii, H. 
cannabinum, and H. tiliaceus, and strong 
undulating lower epidermis in Malva species 
(Table 1; Figure 2). Chachad & Vaidya (2016) 
showed that the upper epidermis of H. rosa-
sinensis has polygonal epidermal cells and the 
lower epidermal cells have a wavy border and 
are irregular. M. sylvestris recorded an average 
length of epidermal cells in the upper 
epidermis of 91.25 µm, while H. tiliaceus 
showed a lower average length of 27.18 µm. 
H. sabdariffa had the highest width in the 
upper epidermis at 61.87 µm, while G. 
herbaceum had the lowest width at 24.06 µm. 
In the lower epidermis, H. sabdariffa had the 
highest width at 81.66 µm, and H. tiliaceus had 
the lowest width at 18.12 µm (Table 1). Each 
species has a different number of cells on its 
adaxial and abaxial epidermis: the highest 
mean was 114x137 cells in M. parviflora and 
the lowest mean was 38 cells in H. sabdariffa. 
The upper epidermis in A. ludwigii was 33 
cells (Table 1).  

Stomatal pattern 

        The study identified five different 
stomatal complex types: anomocytic 
(rununculaceous); hemiparacytic; paracytic; 
anisocytic (cruciferous) and diacytic (Figure 1 
and 2). The results agree with the findings of 
Mitra et al., (2015) who reported that all 
Malvaceae species had an anomocytic type. As 
well as Chachad & Vaidya (2016) observed 
that the stomata of Hibiscus species on the 
upper epidermis have anomocytic and 
anisocytic types with kidney-shaped guard 
cells. Taia et al., (2023) demonstrated that the 
common type of stomata in Malvaceae is 
anomocytic, whereas in the Alcea and Althaea, 
it is paracytic, which aligns with our findings. 

       The measurement of the stomata showed a 
clear difference in the upper and lower 
epidermis (Table 2). The highest rate of stoma 
length on the upper surface was 35.33µm in A. 
ludwigii, and the lowest rate was 20.75 µm in 
H. cannabinum. The highest rate of stomata 
width on the upper surface recorded in H. rosa-
sinensis was 29.07 µm and the lowest width 
was 11.75 µm in H. cannabinum. On the lower 
surface, the highest average stoma length was 
60.62 µm in H. tiliaceus and the lowest 
average was20.41 µm in G. herbaceum, the 
highest average stoma width was 24.58 µm in 
H. rosa-sinensis. The lowest rate was in H. 
cannabinum 12.16 µm. The largest number of 
stomata in the upper epidermis and lower 
epidermis recorded in H. cannabinum was 54 
stomata/mm2 and99 stomata/mm2 respectively. 
The lower epidermis of H. rosa-sinensis 
recorded 9 stomata/mm2, while A. ludwigii 
recorded 15 stomata/mm2 in the upper 
epidermis (Table 2). The stomatal index varies 
between species and on the upper and lower 
epidermis. It was noted that the stomatal index 
in the lower epidermis was higher than the 
upper epidermis in all species. The H. 
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sabdariffa plant had the highest stomatal index 
50.98 on the lower surface and the lowest 
37.70 on the upper surface (Table 2 and Figure 
3). The M. sylvestris had the lowest stomatal 
index 18.18 on the lower surface and the 
lowest 7.01 on the upper surface. Our findings 
concurred with those of Kumari & Kandir 
(2021), who examined the stomatal index of 
Hibiscus rosa-sinensis and discovered that it 
was on the upper surface 32.81. The variation 
in the epidermal characters besides stomatal 
density, trichome density, leaf ages, position, 

and characteristics of environmental 
conditions (Al-Taie et al., 2018). The 
variations in stomatal complex characteristics 
demonstrated ecological environment 
divergence and adaptation. Characteristic 
similarities were observed in the majority of 
other Malvaceae species (Al-Saadi et al., 2019; 
Al-Saadi et al., 2023). 

 
 

Table (1): Measurements of cells in the epidermis of Malvaceae species. 

 *The values between arches represent the meaning, and the values out of the arches represent the 
minimum and maximum values of eight replicate.

species 
Shape of anticlinal 

cells 
Epidermal cells (micrometer) 

Number of cells (mm2) 
Upper Lower 

Upper 
epidermis 

Lower 
epidermis Length Width Length width Upper 

epidermis 
Lower 

epidermis 

A. ludwigii Striaght Sinute * )32.5-25 ( 

28.75 

)-62.530 ( 

50.11 

)-57.550 ( 

53.75 

)37.5-32.5 ( 

35.01 

)45-40 ( 

44 

)40-30 ( 

33 

G. herbaceum Striaght Striaght )50-35 ( 

42.50 

)25-22.5 ( 

24.06 

-37.5)35 ( 

35.93 

)-2018.75 ( 

19.37 

)112 -100 ( 

102 

)110 -99 ( 

105 

H. cannabinum Sinute Sinute )62.5-50 ( 

55.11 

)-28.725 ( 

27.08 

)-3532.5 ( 

33.75 

)-37.530 ( 

33.75 

)95-80 ( 

88 

)100 -97 ( 

98 

H. sabdariffa Striaght Striaght )-57.552.5 ( 

55.11 

)65-62.5 ( 

64.87 

)-87.575 ( 

81.66 

87-75.1( 

81.25 

)50-36 ( 

38 

)61-59 ( 

60 

H. tiliaceus Striaght Sinute )30-25 ( 

27.18 

)35-25 ( 

30.62 

)-2016.25 ( 

18.12 

)16.25-15 ( 

15.77 

)100 -80 ( 

93 

)100 -92 ( 

97 

H. rosa-sinensis Sinute Striaght )-37.525 ( 

32.51 

) -57.545 ( 

51.87 

)-7562.5( 

70.62 

)-26.222.5 ( 

24.68 

)90-85 ( 

88 

)54-50 ( 

53 

M. nicaeensis Strongly 
undulate 

Strongly 
undulate 

)-57.550( 

53.75 

)37.5-41.25 ( 

39.06 

)-62.555 ( 

57.50 

)-36.2535 ( 

36.07 

)120 -110 ( 

117 

)90-80 ( 

88 

M. parviflora Strongly 
undulate 

Strongly 
undulate 

)-57.550 ( 

53.75 

)35-17.5 ( 

27.75 

)55-50 ( 

51.87 

)30-25 ( 

27.18 

)140 -130 ( 

137 

)110 -100 ( 

114 

M. sylvestris Strongly 
undulate 

Strongly 
undulate 

)100 -80 ( 

91.25 

)50-45 ( 

48.12 

)-72.567.5 ( 

70.62 

)-62.545 ( 

51.25 

)110 -100 ( 

106 

)101 -95 ( 

99 

L.S.D.   2.43 1.71 4.70 2.11 4.82 3.65 
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Table (2): The measurements of the leaves' stomata of the Malvaceae species. 

species 

Stomata dimension (micrometer) Stomata frequency 

Stomata /mm2 
Stomata index rate 

Upper Lower 

Length width Length width Upper 
epidermis 

Lower 
epidermis 

Upper 
epidermis 

Lower 
epidermis 

A. ludwigii 
* )34.75-36 ( 

35.33 

)21.25-22.5 ( 

21.66 

)30-33.75 ( 

32.66 

)22.5-21.25 ( 

21.85 

)10-8 ( 

9 

)16-14 ( 

15 
16.98 31.25 

G. herbaceum 
)23.75-25 ( 

24.58 

)16.25-17.5 ( 

17.08 

)20-20.5 ( 

20.41 

)18.75-16.25 ( 

17.80 

)22-20 ( 

21 

)45-42 ( 

44 
17.07 29.53 

H. cannabinum 
)20-21.25 ( 

20.75 

)11.25-12.5 ( 

11.75 

)22.25-23.7 ( 

22.83 

)13.75-12.5 ( 

12.16 

)55-52 ( 

54 

)101 -90 ( 

99 
37.58 50.25 

H. sabdariffa 
)23.75-25 ( 

24.11 

)20-20.75 ( 

20.04 

)23.7-25 ( 

24.68 

)22.5-21.25 ( 

21.66 

)25-19 ( 

23 

)54-50 ( 

52 
37.70 50.98 

H. tiliaceus 
)22.5-23.75 ( 

22.91 

)17.5-18.75 ( 

17.90 

)20-21.25 ( 

20.62 

)17.5-16.25 ( 

16.87 

)10-8 ( 

9 

)95-80 ( 

84 
8.82 46.40 

H. rosa-sinensis 
)27.5-30 ( 

29.16 

)26.25-30 ( 

29.07 

)32.5-35.2 ( 

34.06 

)25.1-23.75 ( 

24.58 

)5-3 ( 

4 

)19-17 ( 

18 
4.343 25.35 

M. nicaeensis 
)22.5-25 ( 

24.06 

)17.25-18.75 ( 

17.70 

)21.25-22.5 ( 

22.08 

)17.5-15.75 ( 

16.45 

)55-50 ( 

53 

)62-58 ( 

63 
31.17 41.72 

M. parviflora 
)18.04-23.75 ( 

22.81 

)16.25-17.5 ( 

15.31 

)22.5-23 ( 

22.58 

)17.5-16.25 ( 

16.99 

)55-45 ( 

47 

)56-54 ( 

55 
31.75 32.54 

M. sylvestris 
)21.2-22.5 ( 

21.66 

)12.5-13.7 ( 

12.81 

)23.7-28.7 ( 

25.82 

)20-18.7 ( 

19.68 

)9-7 ( 

8 

)24-22 ( 

22 
7.01 18.18 

L.S.D. 1.92 3.66 2.45 1.38 2.77 3.92 1.32 3.11 

*The values between arches represent the meaning, and the values out of the arches 
represent the minimum and maximum values of eight replicate.  
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Fig. (1): Surface view of leaf epidermis in light microscope on upper surface (scale 25 
um) 1: Althaea ludwigii 2: Gossypium herbaceum3: H. cannabinum 4: H. sabdariffa    
5: H. tiliaceus 6: H. rosa-sinensis7: M. nicaeensis 8: M. sylvestris 9: M.  Parviflora 
 

 
Fig. (2): Lower surface of the leaf epidermis under a light microscope (scale: 25 um). 

1: Althaea ludwigii    2: Gossypium herbaceum    3: H. cannabinum    4: H. sabdariffa    
5: H. tiliaceus    6: H. rosa-sinensis   7: M. nicaeensis   8: M. sylvestris   9: M. parviflora.
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Fig. (3) : Variations in stomatal index in epidermis for Malvaceae  species 

 

Fig. (4): Trichomes type in light microscope on upper and Lower surface 

1-M. parviflora     2- H. rosa-sinensis    3- H. sabdariffa     4- G. herbaceum 
5-6: M. nicaeensis    7-9: M. sylvestris    10- M. parviflora      11-12: Althaea ludwigii 
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Trichomes 

The current study showed that the 
trichomes on the leaves of M. nicaeensis, M. 
parviflora, and M. sylvestris plants are single-
celled and not glandular, while they are 
glandular on H. rosa-sinensis, G. herbaceum, 
and H. sabdariffa plants and have stellate hairs 
on M. parviflora, M. nicaeensis, A. Ludwig and 
M. sylvestris (Figure 4). This was agreed with 
(Munir et al., 2011; Essiett & Iwok, 2014; Taia 
et al., 2023). The results aligned with the 
findings of Taia et al. (2023); Silva et al. 
(2023); Al-Hawshabi (2024) and Wannan 
(2024), identifying one type of trichome on 
both the abaxial and adaxial surfaces, or two or 
three types on both leaf surfaces, and 
identifying stellate hairs and multicellular 
uniseriate points on the surface of Malvaceae 
species. Many researchers reported that 
species of Malvaceae contains not glandular or 
glandular hairs (Silva et al., 2023). 
Additionally, stellate trichomes are present in the 
family (Metcalfe & Chalk, 1979; Rakhimov et al., 
2021). In some plant species, leaf trichomes have 
been demonstrated to decrease insect herbivory 
(Abdullah et al.,2025; Silva et al., 2023). 

Conclusion 

The present study observed some species 
recognized taxonomically from another 
species studied, such as the wall of the upper 
and lower epidermal cells were undulate - 
strongly undulate in Malva species compared 
with other species, it was straight or sinuate. 
Also found different types of trichomes: 
unicellular non-glandular, glandular, and 
stellate hairs in the leaf epidermis of nine 
species belonging to the Malvaceae family. 
While the study found All species of Malva have 
stellate hair. This study also examined 
stomatal complexes such as anomocytic 
(ranunculaceous), hemiparacytic, paracytic, 

anisocytic (cruciferous), and diacytic, with 
(Ramírez-Díaz et al., 2024; Taia et al., 2023) 
reporting comparable results. But the study 
showed that M. sylvestris has lower values than 
the stomata index rate, while H. sabdariffa has 
higher values. So, this work is a significant 
contribution as an aid in the identification of 
the species with the help of anatomical studies. 
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عائلة ال�عض الأنواع التي تنتمي إلى في  شعیرات ال وراق و لأ ل ىوالسفل  العل�ا تین بین ال�شر  ةمقارن دراسة 

 Malvaceae الخ�از�ة
   2السعدي عبد الع�اس مالك سحر 1صادق صب�ح �ر�م

 ، العراقم�سان، جامعة العلوم، �ل�ة  علوم الح�اةقسم 1
 قسم علوم الح�اة، �ل�ة العلوم، جامعة ال�صرة، العراق2

فحص    المستخلص:  أجناس    صفاتتم  أر�عة  الى  أوراق  أنواع  تعود    .Althaea ludwigii Lالخ�از�ة:    العائلة   من تسعة 
 .H و .H. rosa-sinensis L  و  .H. sabdariffa L و  .Hibiscus cannabinum Lو .Gossypium herbaceum Lو

tiliaceus L.  وMalva sylvestris L.   و  M. nicaeensis All    وM. parviflora L.  بین  اختلافات    وجود  النتائج عن  أظهرت
لل�شرة الاعت�اد�ة  شكل خلا�ا    فقد بدا  الثغور وأنواع الشعیرات.  دلیلوتكرار الثغور و   الخلا�ا الاعت�اد�ة لل�شرةفي شكل  الأنواع تمثلت  

 H. cannabinum  النوعین  ؛ ومتموجًا فيH. tiliaceuو  H. sabdariffaو  G. herbaceumو  A. ludwigiiنواع  الأفي    مستق�مًا
ما�كرومیتر    91.25العل�ا    ال�شرةطول خلا�ا    معدل. بلغ  Malva  الجنس  ، ومتموجًا أو شدید التموج في أنواعH. rosa-sinensisو

  حددت النتائج خمسة أنماط مختلفة للثغور وقد    .H. tiliaceus  النوع  فيما�كرومیتر    27.18  بینما بلغ    ، M. sylvestris  في النوع
. أما diacyticو  hemiparacyticو  anomocytic (rununculaceous)    و  paracyticو  anisocytic (cruciferous)  وهي

تمیزت  الشعیرات   غد�ة  فقد  غیر  الخل�ة  وحیدة  أنها   .Mو  M. parviflora  الأنواعفي    unicellular non-glandularعلى 
nicaeensis  وM. sylvestris    وغد�ةglandular    الأنواع    في  H. rosa-sinensis  و  G. herbaceum  وH. Sabdariffa 

 ي الثغر   الدلیل ختلف  أ.  A. ludwigiiو  M. sylvestrisو  M. parvifloraو  M. nicaeensis  الأنواعفي    stellateنجم�ة    اتر ی وشع
 دلیل على السطح السفلي، وأدنى    H. sabdariffa  النوع  في  50.98ثغور  لل  دلیلبلغ أعلى    ى اذوالسفل  �االعل  تینبین الأنواع في ال�شر 

 على السطح العلوي. 7.11ثغور لل

 .، العائلة الخ�از�ة الشعیرات  ال�شرة، خلا�ا  الثغور، الاوراق،  الكلمات المفتاح�ة: 

https://bmcplantbiol.biomedcentral.com/articles/10.1186/s12870-024-05778-y
https://bmcplantbiol.biomedcentral.com/articles/10.1186/s12870-024-05778-y

