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COMPARATIVE ANATOMICAL STUDY OF QUERCUS ROBUR L. AND QUERCUS RUBRA L. 
LEAVES STRUCTURE AND IDENTIFICATION OF DIAGNOSTIC FEATURES  

FOR STANDARDIZATION AND QUALITY CONTROL OF MEDICINAL PLANT RAW MATERIALS

Actuality. An important stage of pharmacognostic analysis of medicinal plants is the morphological and anatomical research, 
which solves the task of searching the diagnostic features for species identification, which provides guarantees when identifying the 
identity and quality of medicinal plant raw materials.
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The aim of the work was to identify the diagnostic features of Quercus robur L. and Quercus rubra L. leaves structure on the basis 
of a comparative anatomical and morphological study.

Material and methods. For anatomical studies fragments of the leaf blade 2×2 cm in size, taken from its middle part, were used. All samples 
were photographed under a light microscope (SUNNY XSM-20 6,500) using a Sigeta MCMOS 5100 5.1 MP digital camera. Anatomical 
linear measurements were made using Image J software (NIH, Wayne Rasband; http://rsbweb.nih.gov/ij/). The samples for morphometric 
measurements were at least 25 values. Statistical processing of the measurement results was carried out in the program Statistica (Data 
Analysis Software System), V.6 software; arithmetic mean (M) and standard deviation (±SD) were calculated for anatomometric indicators.

Research results. The results of the research made it possible to identify the anatomical characteristics of the leaf blade 
and petiole of Q. rubra and Q. robur, which have diagnostic value and can be used to identify medicinal raw materials of these 
species. It is shown that the following are of the greatest diagnostic significance: the nature of pubescence of leaves, midribs and 
petioles, quantitative indicators and the nature of the distribution of crystalline inclusions in different parts of leaves, features 
of the structure of the vascular system of the midrib and petiole. Most of the dimensional indicators of the anatomical structure 
of the leaf plate varied in both species and cannot be used as reliable in the identification of raw materials.

Conclusion. According to the results of the current study, it was found out that the leaves of Q. rubra and Q. robur are a promising 
objects for pharmacognostic study and introduction into official medicine. In this study, the qualitative and quantitative variability of 
the anatomical features of the structure of the leaf plate of Q. rubra compared to Q. robur and the possibility of their use for identifying 
the identity, standardization and quality control of medicinal plant raw materials were determined.

Key words: red oak, common oak, Quercus rubra, Quercus robur, leaves, anatomometric indicators, microdiagnostics of raw materials.
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ПОРІВНЯЛЬНО-АНАТОМІЧНЕ ВИВЧЕННЯ БУДОВИ ЛИСТКІВ QUERCUS ROBUR L.  
І QUERCUS RUBRA L. ТА ВИЯВЛЕННЯ ДІАГНОСТИЧНИХ ОЗНАК ДЛЯ СТАНДАРТИЗАЦІЇ 

ТА КОНТРОЛЮ ЯКОСТІ ЛІКАРСЬКОЇ РОСЛИННОЇ СИРОВИНИ

Актуальність. Важливим етапом фармакогностичного аналізу лікарських рослин є морфолого-анатомічні дослідження, 
які вирішують завдання пошуку діагностичних ознак для видової ідентифікації, що надає гарантії під час установлення 
тотожності та якості лікарської сировини.

Мета дослідження. Установлення відмітних діагностичних ознак будови листків Quercus robur L. та Quercus rubra L. на 
основі порівняльного анатомо-морфологічного дослідження.

Матеріал і методи. Об’єктами дослідження були зразки листків Q. rubra та Q. robur, зібрані у вересні 2023 р. на тери-
торії Національного ботанічного саду імені М. М. Гришка. Для анатомічних досліджень використовували фрагменти лист-
кової пластинки розміром 2×2 см, узяті з її середньої частини. Усі зразки були сфотографовані під світловим мікроскопом 
(SUNNY XSM-20 6 500) за допомогою цифрової камери Sigeta MCMOS 5100 5.1 MP. Анатомічні лінійні вимірювання проводили 
за допомогою програмного забезпечення Image J (NIH, Wayne Rasband; http://rsbweb.nih.gov/ij/). Статистична обробка резуль-
татів вимірювання проводилася у програмі Statistica (Data Analysis Software System), V.6 software; для анатомо-метричних 
показників були розраховані середнє арифметичне (M) та стандартне (±SD) відхилення.

Результати дослідження. Результати досліджень дали змогу виділити анатомічні характеристики листкової плас-
тинки і черешка Q. rubra та Q. robur, які мають діагностичну цінність і можуть бути використані для ідентифікації лікар-
ської сировини цих видів. Показано, що найбільшу діагностичну значимість мають: характер опушення листків, середніх 
жилок і черешків, кількісні показники та характер розподілу кристалічних включень у різних частинах листків, особливості 
будови провідної системи середньої жилки та черешка. Більшість розмірних показників анатомічної будови листкової плас-
тинки варіюють у обох видів і не можуть бути використані як надійні під час ідентифікації сировини.

Висновок. За результатами проведеного дослідження встановлено, що листки Q. rubra і Q. robur є перспективним об’єк-
том для фармакогностичного вивчення та впровадження в офіційну медицину. У даному дослідженні встановлено якісну 
і кількісну варібельність анатомічних ознак будови листкової пластинки Q. rubra порівняно з Q. robur та можливість їх 
використання для встановлення тотожності, проведення стандартизації і контролю якості лікарської рослинної сировини.

Ключові слова: дуб червоний, дуб звичайний, Quercus rubra, Quercus robur, листя, анатомометричні показники, мікроді-
агностика сировини.

Introduction. The genus Quercus L. belongs to one 
of the most widespread genera in the Northern Hemi-
sphere (Leiva & Díaz-Maqueda, 2016). Species of the 
genus, due to the high content of biologically active 
substances (BAS), have been used in folk and official 
medicine as plants with antioxidant, anti-inflammatory, 
antimicrobial, antitumor, hypoglycemic, hypocholes-
terolemic, antihypertensive pharmacological activities 
(Morales, 2021). Most of the pharmacological effects 
are caused by the presence and significant quantitative 
content of polyphenols, in particular, tannins, flavo-
noids, hydroxycinnamic and other phenolic acids, pro-
cyanidins, as well as to a lesser extent other secondary 
metabolites (organic acids, terpenoids, aliphatic alco-
hols, etc.) and primary metabolites (monosaccharides, 
fatty acids, amino acids), present in all parts of the plant 
(Didem Sohretoglu & Gülin Renda, 2020).

The main phenolic compounds found in the leaves 
of Quercus species (Q. glauca Thunb, Q. incana Bar-
tram, Q. ilex L., Q. mongolica Fisch. ex Ledeb., Q. sali-
cina Blume, Q. petraea, Q. robur L., Q. rubra L.) are 
phenolic acids, including hydroxycinnamic (gallic acid, 
ellagic acid, protocatechuic acid, gentisic acid, vanillic 

acid, chlorogenic acid, caffeic acid); flavonoids (rutin, 
quercetin, epicatechin, naringenin, hesperetin) (Burlacu, 
Nisca, Tanase, 2020; Konovalova et al., 2023). Aliphatic 
alcohols are represented by docosanol, tetracosanol, 
octadecanol, pentacosanol, hexacosanol and hexade-
canol (Burlacu et al., 2020). Palmitic, stearic, oleic and 
linoleic acids were identified among fatty acids of Quer-
cus species (Petrovic et al., 2004). The significant dis-
tribution of the native species Q. robur and the invasive 
North American Q. rubra in the forests and plantations 
of Europe provides available substantial reserves of their 
raw materials, and the species themselves are promising 
for comprehensive pharmacognostic research.

The official medicinal raw material of Q. robur in 
the European Pharmacopoeia (2022) and the State Phar-
macopoeia of Ukraine (2014) is its bark. The bark of  
Q. rubra is currently not used in official medicine and is 
still poorly studied for its phytochemical composition; 
however, preliminary studies confirm the potential bio-
logical effect of its phenolic components with antioxi-
dant and antimicrobial properties (Tanase et al., 2022). 
The leaves of Q. robur contain a wide range of BAS. 
In addition to tannins (Pérez et al., 2017), they contain 
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flavonoids (Basile et al., 2000; Likhanov et al., 2019), as 
well as sterols (Burlacu et al., 2020). 155 volatile sub-
stances were identified in the essential oil of Q. robur 
leaves; in particular, cadinane type sesquiterpenes, which 
exhibit antifungal and antibacterial properties (Engel, 
1993; Plainfossé et al., 2018). Studies on the chemical 
composition of the epicuticular waxes of Q. robur leaves 
showed that its dominant component is tetracosanol  
(it contains about 40% of the wax), which is a systemic 
fungicide with a strong protective effect against patho-
gens of the vegetative organs of plants (Gülz & Müller, 
1992; Gülz et al., 1994). Aliphatic alcohols of plant 
waxes can be used as emulsifiers, emollients and thick-
eners in food and personal care products; have antimicro-
bial and antitumor effects also (Volin, 2001; Hilmarsson 
et al., 2007). The leaves of Q. rubra accumulate a signif-
icant amount of tannins, the content and ratio of which 
can vary depending on climatic conditions, in particular, 
the content of condensed tannins in green leaves ranges 
from 29 to 89% of the total tannin content and 53–88% 
in fallen leaves. About 69% of hydrolyzed tannins with 
a predominant content of ellagotannins are found in the 
green leaves of Q. rubra (collected during the first week 
of September), the content of which decreases during the 
growing season to 11% (in leaves collected during the 
second week of October) (Top et al., 2017).

The above data on the chemical composition of the 
Q. robur and Q. rubra leaves emphasize the relevance 
of an in-depth and comprehensive study of the raw 
materials of these species. An important stage of phar-
macognostic analysis of medicinal plants is the morpho-
logical and anatomical research, which solves the task 
of researching the diagnostic features for species iden-
tification, which provides guarantees in determining the 
identity and quality of medicinal raw materials.

A. Camus classified the genus Quercus s.l. mainly on 
the basis of the characteristics of leaves and fruits into 
two subgenera: Euquercus (Quercus s.s.) and Cyclo-
balanopsis, the latter combining species from South Asia 
(Nixon, 1993).

According to modern data the genus Quercus is also 
divided into 2 subgenera: Quercus (sections Lobatae, 
Protobalanus, Ponticae, Virentes, Quercus) – species 
with lobed leaves and Cerris (sections Cyclobalanopsis, 
Cerris, Ilex) – species with toothed leaves (Denk et al., 
2017; Hipp et al., 2020). The greatest species diversity 
is observed in oaks of North America and South Asia 
(Denk et al., 2017; Hipp et al., 2020). Q. robur belongs 
to section Quercus (=subg. Lepidobalanus, white Oaks), 
which includes 146 species from North and Central 
America, Mexico, Western Eurasia, East Asia, and 
North Africa (Nixon & Muller 1997; Denk et al., 2017; 

Hipp et al., 2020). Q. rubra belongs to the section Loba-
tae (=subg. Erythrobalanus, red Oaks), which unites  
124 species distributed in North, South and Central 
America, Mexico and Colombia (Jensen, 1997; Denk 
et al., 2017; Hipp et al., 2020). Both sections represent 
a New World clade comprising sections Lobatae and 
Quercus s.s. (Deng et al., 2013).

It is shown that in the genus Quercus, the most fre-
quently used macromorphological characters, in particu-
lar the morphology of acorns and leaves, do not always 
have taxonomic value, especially when identifying 
hybrids (Dupouey & Badeau, 1993; Rafii et al., 1993; 
Penas et al., 1994; Schicchi et al., 2001; Río et al., 2014). 
This is due to significant variability in the structure of 
fruits, and especially leaves, depending on environmen-
tal factors, time of collection, location on the tree, degree 
of lightning, etc. (Jensen et al., 1993; Penas et al., 1994; 
Nikolić et al., 2005). Microscopic studies of species of 
the genus Quercus were primarily related to the search 
for diagnostic characters for the taxonomy of the genus.

The technology of scanning electron microscopy 
(SEM) has opened up new opportunities for detailed 
study and use in taxonomy, in particular representatives 
of the genus Quercus, features of the ultrastructure of 
the leaf surface, namely the nature of pubescence, the 
structure of the stomatal apparatus and epicuticular wax. 
Thanks to the detailing of the structure of trichomes 
under SEM and the improvement of their classification, 
it has become possible to use features of pubescence to 
identify not only species and hybrids of Quercus, but 
also subgenera and sections (Dyal, 1936; Hardin, 1976, 
1979a; Thomson & Mohlenbrock, 1979; Jones, 1986; 
Kim et al., 1992; Penas et al., 1994; Llamas et al., 1995; 
Spellenberg & Bacon, 1996; Buck & Bidlack, 1998; Lou 
& Zhou, 2001; Ishida et al., 2003; Valencia & Delgado, 
2003; Scareli-Santos et al., 2007; Panahi et al., 2012; 
Tschan & Denk, 2012; Deng et al., 2014; Uzunova et 
al., 1997, Fortini et al., 2009). The diagnostic value of 
trichome characters for the identification of Q. robur and 
Q. rubra has also been shown in a number of publica-
tions (Hardin, 1976, 1979 a,b; Bačlċ, 1981; Penas et al., 
1994; Bussotti & Grossoni, 1997; Fortini et al., 2009).

A study on seasonal patterns in leaf ontogeny showed 
that some of the trichomes present in young leaves are 
not preserved in mature leaves (Hardin, 1979b; Kim et 
al., 1992; Penas et al., 1994). Therefore, it is considered 
important to supplement SEM with light microscopy 
(LM), which better visualizes the bases remaining after 
trichome shedding (Deng et al., 2014). It was revealed 
that the development of dense leaf pubescence, which 
is characteristic of Quercus species, is protective not 
only against UV damage, but also against high insola-
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tion (Karabourniotis et al., 1998). According to other 
data, trichomes may participate in cadmium detoxifica-
tion (Choi et al., 2001). The various characteristics of 
the stomatal apparatus as diagnostic features include the 
shape, size, density of the guard cells, as well as the fea-
tures of subsidiary cells were also used in the taxonomy 
of the genus Quercus (Bačlċ, 1981; Gellini et al., 1992; 
Ashton & Berlyn, 1994; Bussotti & Grossoni, 1997; 
Lou & Zhou, 2001; Panahi et al., 2012). With the use 
of SEM, these studies were supplemented by the iden-
tification of diagnostic features of deposits of epicutic-
ular waxes on the surface of leaves and especially on 
stomatal cells (Bussotti & Grossoni, 1997; Uzunova & 
Palamarev, 1993; Barthlott et al., 1998; Luo & Zhou, 
2001; Scareli-Santos et al., 2007; Panahi et al., 2012). 
Currently, it remains relevant to study the composition 
and degree of development of epicuticular wax in differ-
ent environmental conditions (Simões et al., 2020).

Another direction of numerous studies of the stoma-
tal apparatus of Quercus developed in connection with 
determination of the correlation between various quan-
titative and qualitative changes with lighting conditions 
(Abrams & Kubiske, 1990; Nikolic et al., 2003; Batos 
et al., 2010; Daly & Gastaldo, 2010; Kryvoruchko & 
Bessonova, 2018) or the influence of anthropogenic fac-
tors (Mitrović et al., 1997; Kryvoruchko & Bessonova, 
2017). It is revealed, for example, that there is an inverse 
relationship between the stomatal index of leaves and the 
concentration of CO2 in the environment, and the leaves 
of Q. robur, which are well preserved in sediments, can 
be an indicator of changes in the content of CO2 in the 
atmosphere during different geological epochs, in par-
ticular, its growth under the influence anthropogenic fac-
tors (Hoof et al., 2005).

A number of publications analyze the variability of 
morphological and anatomical features of the leaf struc-
ture in Q. robur (Dupouey, 1983; Borazan & Babaç, 
2003; Nikolić et al., 2005; Boratynski et al., 2008; 
Kryvoruchko & Bessonova, 2017; Martins et al., 2022; 
Fortini et al., 2009 ) and Q. rubra (Abrams & Kubiske, 
1990; Jensen et al., 1993; Ashton & Berlyn, 1994; Nagel 
et al., 1998; Kryvoruchko & Bessonova, 2017), which 
allows us to find out their adaptive mechanisms to dif-
ferent growth conditions (moisture, lighting, increased 
UV radiation, the influence of urbotechnogenic condi-
tions). Quercus representatives have a leaf structure that 
corresponds to xerophytic species (Abrams & Kubiske, 
1990). In particular, it was found out that under con-
ditions of reduced insolation and in an urbotechnog-
enogenic environment, the histological parameters of  
Q. robur and Q. rubra leaves change equally towards 
xeromorphism, that is, there is a thickening of the cuti-

cle and adaxial epiderma, an increase in the thickness of 
the palisade mesophyll and the density of stomata, and 
an increase in the palisade coefficient (Kryvoruchko & 
Bessonova, 2017, 2018).

Therefore, for the taxonomy of the genus Quercus, 
the importance of particular anatomical features of the 
structure of the leaves was shown and their variability in 
different environmental conditions was evaluated. There 
are no generalized data on clear diagnostic anatomical 
features of mature leaves of Q. rubra and Q. robur in the 
literature. Considering the fact that the leaves of both 
species are promising for use as medicinal raw mate-
rials, comprehensive comparative anatomical studies of 
these species are relevant.

The aim of the work was to identify the diagnostic 
features of the structure of Quercus robur and Quercus 
rubra leaves on the basis of a comparative anatomical 
and morphological study.

Materials and methods of the study. The samples 
of leaves of Q. rubra and Q. robur collected in Septem-
ber 2023 on the territory of the M.M. Gryshko National 
Botanical Garden of the National Academy of Sciences 
of Ukraine and were identified by O. Shcherbakova. The 
mature leaves were collected from the middle part of the 
annual growth of shoots, at a height of 2–2.5 m, under 
the same conditions of sufficient lighting. For anatomical 
studies fragments of the leaf blade 2×2 cm in size, taken 
from its middle part, were used. Samples for anatomical 
studies were fixed in 70% alcohol. The density of sto-
mata was studied using the method of replicas (prints) 
(Meidner & Mansfield, 1968; Paul et al., 2017). To study 
the adaxial and abaxial epiderma of leaves, their seg-
ments were first boiled to remove epicuticular wax, then 
macerated, keeping in a 1:1 solution (by volume) of 10% 
H2O2 and 10% glacial acetic acid, heated to 60°C for 
no less than 24 hours or until the epiderma begins to 
separate (Deng et al., 2014; Matthew, 2022). After mac-
eration, the upper and lower epiderma were separated 
with a needle and stained using a 0.1% (w/v) aqueous 
solution of safranin for 1 min, washed with 70% ethanol, 
then stained with 1% (w/v) aqueous Astra Blue solution 
for 10 min and washed with distilled water (Kraus et al., 
1998). In the epidermal samples prepared in this way, 
the shape, size of epidermal cells and stomata, the nature 
of pubescence, and its density were studied using a light 
microscope. Transverse sections of leaf blades, midribs, 
and the medial part of petioles, which were made by 
hand with a razor, were painted in the same way.Also, 
for the analysis of pubescence of leaf blades, 1×1 cm 
leaf fragments were bleached in 5% sodium hypochlo-
rite solution for better illumination (Hoof et al., 2005), 
then observed under a light microscope. All samples 
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were photographed under a light microscope (SUNNY 
XSM-20) using a Sigeta MCMOS 5100 5.1 MP digital 
camera.This study uses the classification and terminol-
ogy of trichomes and their bases according to Deng et 
al. (2014), taking into account the works of J. W. Hardin 
(1976, 1979a, b) and J.H. Jones (1986).

Anatomical linear measurements were made using 
Image J software (NIH, Wayne Rasband; http://rsbweb.
nih.gov/ij/). The samples for morphometric measure-
ments were at least 25 values. Statistical processing 
of the measurement results was carried out in the pro-
gram Statistica (Data Analysis Software System), V.6 
software; arithmetic mean (M) and standard deviation 
(±SD) were calculated for anatomometric indicators.

Stomatal number (SN) or stomatal density (SD) was 
determined as the average number of stomata per 1 mm2 

of the surface area of the leaf epiderma (Evans, 2002; 
Hoof et al., 2005; Xavier et al., 2015).The stomatal index 
(SI) was defined as the percentage ratio of the number of 
stomata to the total number of stomata and other epi-
dermal cells in the same area (SI) (%) = (S/S+E) × 100 
where S and E are respectively the number of stomata 
and epidermal cells per unit area (or in the field of view 
of the microscope) (Evans, 2002; Hoof et al., 2005; 
Xavier et al., 2015; Paul et al., 2017). Xeromorphism 
index (%) = Ne+Nn / 100, where Ne is the density of 
epidermal cells, pcs./mm2; Nn is the density of stomata, 
units/mm2 (Kryvoruchko & Bessonova, 2018). The pal-
isade coefficient was calculated as the ratio of the thick-
ness of the palisade mesophyll of the leaf to the total 
thickness of the leaf and was expressed as a percentage. 
A palisade index of less than 30% is considered very 
low, 30 to 40% is low, 40 to 50% is medium, 50 to 60% 
is high, and more than 60% is very high. The palisade 
index is the most informative indicator that determines 
drought resistance, the higher this indicator, the more 
xeromorphic the leaf has (Kryvoruchko & Bessonova, 
2017). For histochemical reactions, the following rea-
gents were used to detect: lipophilic compounds – Sudan 
III (Foster, 1949); phenolic compounds – ferric chloride 
2% (Johansen, 1940); lignified structures – phloroglu-
cin/HCl (Sass, 1951); starch – Lugol’s solution (Berlyn 
& Miksche, 1976).

Research results and their discussion. The leaves 
of Q. rubra and Q. robur are dorsiventral, hypostomous 
(the stomata are located only on the abaxial epiderma) 
(fig. 1: A.1, B.1; fig. 2: A.1, B.1). The upper and lower 
epiderma of the leaf is covered with a continuous layer 
of epicuticular wax, which in both species is epicutic-
ular wax structure type platelets (Muhammada et al., 
2020). Under SEM, numerous crystalloid plates with 

sharp fringed edges were noted on the upper and lower 
surfaces of the Q. robur leaf (Prasad & Gülz, 1990). On 
both the upper and lower side of the oak leaf, crystalloid 
platelets with sharp fringed edges were observed.

 

Fig 1. Anatomical structure of the leaf epiderma of: 
A. Quercus robur, B. Quercus rubra. 1. аdaxial leaf 

epiderma; 2. аbaxial leaf epiderma;
Сr – сalcium oxalate crystal; Sto – stomata. 

Trichomes: ST – stellate; sST – simplified stellate; 
sF – stipitate fasciculate; UN – uniseriate. Trichome 
bases: ВT-I – the first type, ВT-II – the second type, 

ВT-III – the third type.

Adaxial epiderma. The epidermal cells of the 
adaxial surface of the leaves of both species have 
the shape of irregular quadrangles or polygons with 
straight to curved anticlinal walls. The length and 
width (L×W) of epidermal cells are slightly larger in 
Q. rubra (50.06±9.53×26.63±4.89) than in Q. robur 
(45.19±11.07×25.07±5.12); accordingly, the density of 
epidermal cells is lower in Q. rubra (1056.23±129.94) 
compared to Q. robur (1152.96±124.92) (table 1). Epi-
dermal cells of both species have inclusions in the form 
of simple cubic crystals and druses. From the adaxial 
side, the crystal-bearing covering of large veins is clearly 
visible (fig. 2: B.2a).
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Based on known literature data an analysis of leaf 
trichomes of Q. robur and Q. rubra were conducted, the 
results are shown in table 2; and also our own research 
on the types of trichomes and their bases in mature 
leaves of Q. robur and Q. rubra was carried out (table 3).

Solitary trichomes were noted on the adaxial epiderma 
of mature leaves in Q. robur and Q. rubra; they occur very 
rarely; as non-glandular, single-celled, long, appressed. 
They are more characteristic of young leaves of both spe-
cies, in mature ones they fall off, they can rarely occur 
mainly on the main vein; more often, the upper surface of 
the leaves of both species is bare (Hardin, 1976, 1979 a,b;  

Penas et al., 1994; Nikolic et al., 2003) (table 2, 3). For 
mature leaves, uniseriate trichomes were noted only in  
Q. rubra (fig. 1: B.1); appeared scattered; thick-walled with 
destroyed upper part, 1–2 basal cells often remained at the 
base. They belong to trichomes of the glandular type (Dyal, 
1936). They were also noted for the upper epiderma of 
mainly young leaves of Q. robur (Penas et al., 1994; Fortini 
et al., 2009; Río et al., 2014) (table 2, 3). In addition to the 
considered solitary and uniseriate trichomes, for the adax-
ial epiderma of mainly young leaves of Q. robur, stellate 
trichomes are also indicated, and for Q. rubra – multiradi-
ale, fasciculate, bulbous, rosulate (table 2). 

Table 1
Anatomometric indicators of the Quercus robur and Quercus rubra leaf blade 

Parameters
Quercus robur Quercus rubra

Mean value Range limit Mean value Range limit
The thickness of the leaf plate 179.64±10.29 141.21–205.77 146.11±6.12 121.10–198.41

Cells of the adaxial 
epiderma

length, μm 45.19±11.07 22.15–69.36 50.06±9.53 23.62–71.99
width, μm 25.07±5.12 14.17–38.61 26.63±4.89 15.70–37.30
height without cuticle, μm 15.83±3.48 8.23–22.73 18.15±3.14 13.13–25.20

Cells of the abaxial 
epiderma

length, μm 37.57±16.01 11.40–80.90 26.96±7.91 11.28–50.61
width, μm 22.09±6.33 10.02–43.55 12.77±3.35 6.22–20.22
height without cuticle, μm 13.01±3.93 5.00–21.15 7.48±1.51 5.44–11.92

The thickness of the cell 
wall of the epiderma 
with the cuticle, μm

adaxial side 9.60±1.71 5.65–13.96 6.48±1.58 4.32–9.60

abaxial side 5.78±1.97 3.09–12.02 5.01±0.98 2.82–7.32

Palisade mesophyll width, μm 73.85±10.03 54.49–96.01 62.30±8.68 36.07–72.94

Cells of the upper row of 
the columnar mesophyll

length, μm 60.37±7.42 44.14–75.84 41.61±5.99 30.77–54.05
width, μm 8.11±1.68 4.45–12.73 8.37±1.71 4.40–13.56

Cells of the second row 
of columnar mesophyll

length, μm 26.18±3.31 19.53–33.84 19.85±3.92 10.95–28.00
width, μm 8.67±1.32 6.53-12.12 10.16±1.49 6.43-12.58

Spongy mesophyll
thickness, μm 70.68±11.15 46.72-105.88 56.96±5.31 28.00-68.25
length, μm 18.70±3.38 9.28–25.98 15.65±2.94 9.45–22.71
width, μm 11.23±1.94 7.28–16.08 11.70±1.97 7.16–14.78

Intercellular space length × width, μm 9.91×18.88 6.42×19.43
Columnar/spongy 1.01 1.1

Guard cells
length, μm 26.15±5.51 20.41–31.31 24.75±2.24 20.35–29.61
width, μm 10.16±1.39 6.89–12.92 10.18±1.02 6.85–12.62

The total width of the stomata, μm 19.71±2.14 13.50–23.98 22.85±1.56 19.92–26.56
Density of stomata, pcs./mm2 311,65±21.03 291–456 474.2±54.14 352–576
Number of epidermal 
cells

adaxial side, pcs./mm2 1152,9±124.92 945–1376 1056.23±129.9 890–1305
abaxial side, pcs./mm2 1906.6±217.95 1648–2336 2557.4±384.57 1876–3040

Palisade coefficient 40.82 42.6
Index of xeromorphism 22.1 30.3
Density of trichomes of the abaxial epiderma, pcs./
mm2 94±16.33 32–114 14±1.63 10–37

Basal cells of uniseriate 
trichomes

length, μm 25.07±5.14 14.46–36.01 27.34±5.23 16.42–38.65
width, μm 13.37±1.68 10.20–18.27 13.73±2.78 9.72–18.63

Stoma index, % 14.02 15.6
Note. Mean values were calculated for 25–100 observations for each quantitative trait.
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Fig 2. Anatomical structure of the leaf blade of: 
A. Quercus robur and B. Quercus rubra. 1. Cross 
sections of the leaf (а – adaxial side, b – abaxial 

side); 2. Frontal view of the leaf rib (a – adaxial side, 
b – abaxial side).Ad – adaxial side, Ab – abaxial 

side; Pp – palisade parenchyma; Sp – spongy 
parenchyma; Сr – сalcium oxalate crystal;  

Sto – stomata

On the adaxial epiderma of mature leaves of Q. rubra 
and Q. robur, the bases of trichomes were found, among 
which several types can be distinguished, differing in the 
number and size of cells, the degree of cutinization of 
their walls. The bases of type I trichomes (fig. 1: A.2, 
B.1) have weakly cutinized intercalary walls (the base 
of the trichome was transparent or translucent when 
observed in SEM); anticlinal walls may not be thickened 
or cutinized (in the form of a rim from the edges of the 
base of the trichome); the cell walls of the epidermal 
cells adjacent to the base of the trichome can also be 
cutinized. The bases of trichomes of this type were radi-
ally surrounded by unmodified or modified (differing 
in smaller size and shape) epidermal cells. Type I bases 
correspond to unicellular bases of thin-walled trichomes 
(for example, uniseriate) according to Deng et al. (2014). 
The bases of type II trichomes (fig. 1: B.1) are charac-
terized by markedly cutinized anticlinal and interclinal 
cell walls (the base is in the form of a dense, raised disc, 
does not shine through in SEM, is stained with Sudan III 
(Bačić & Miličić, 1985), safranin (Deng et al., 2014)); 
surrounded by smaller epidermal cells; correspond to 
single-cell bases of thick-walled trichomes (solitary, 
appressed laterally attached, simplified stellate, fascicu-

late) according to Deng et al. (2014). The bases of type 
III trichomes (fig. 1: B.2) were formed by collenchyma 
cells with crystalline inclusions; the base of the trichome 
was slightly above the epidermal cells (a pedestal struc-
ture) and due to cutinization had a darker color compared 
to the surrounding epidermal cells; corresponding to the 
multicellular bases of thick-walled trichomes (stellate, 
stipitate fasciculate, rosulate) (Deng et al., 2014).

In the adaxial epiderma of mature leaves of  
Q. rubra, the bases of trichomes were more abun-
dant than in Q. robur; in both species, the bases of the 
trichomes were localized mainly along the veins and in 
their corners. In Q. robur, single-cell bases of trichomes 
of type I were rarely diagnosed; in Q. rubra trichome 
bases of all three types were present, but type II bases 
were more abundant (table 3).

Abaxial epiderma. The anticlinal walls of the epider-
mal cells of the abaxial leaf varied from straight, curved 
to slightly undulating in Q. robur and from undulating, 
sinuous, and deeply sinuous in Q. rubra (Figure 1: A.2, 
B.2). The epidermal cells of the upper and lower epiderma 
in Q. robur were similar in shape. The cells of the abaxial 
epiderma of Q. rubra were irregularly shaped. Epidermal 
cells of both species were prosenchymal along the veins. 
The length and width of epidermal cells were greater in 
Q. robur (37.57±16.01×22.09±6.33) than in Q. rubra 
(26.96±7.91×12.77±3.35); accordingly, the density of 
epidermal cells is lower in Q. robur (1906.63±217.95) 
compared to Q. rubra (2557.4±384.57) (table 1). On the 
abaxial side, around the veins in both species, a crys-
tal-bearing cover was noticed (fig. 2: B.2b). Stomatal 
subsidiary cells were 5–6(7) in Q. robur, 5–7(8) – in 
Q. rubra; in Q. robur they did not differ from epider-
mal cells; in Q. rubra the anticlinal walls varied from 
straight to slightly wavy (fig. 1: A.2, B.2).

The stomata of both species were elliptical, raised 
above the surface of the epiderma, the size of the sto-
mata in Q. robur – 26.15±5.51×19.71±2.14 μm (L×W) 
and in Q. rubra – 24.75±2.24×22.85±1.56 μm; sto-
mata density in Q. robur was 311.65± 21.03/mm2, in  
Q. rubra – 474.2±54.14/mm2 (table 1). The average sto-
matal density of Q. robur determined in this study was 
311.65±21.03 (varied from 291 to 456) (table 1); literary 
information about this indicator varies quite a lot (Mitrović 
et al., 1997; Uzunova et al., 1997; Sha Valli Khan et al., 1999; 
Kryvoruchko & Bessonova, 2018; Nikolic et al., 2003; 
Batos et al., 2010; Yücedağ et al., 2019), the smallest values 
are 133.7–148.5/mm2 (Mitrović et al., 1997), the largest val-
ues are 530–791 (Nikolić et al., 2005) and 826/mm2 (Yüce-
dağ et al., 2019). The average density of Q. rubra stomata 
was 474.2±54.14 (varied from 352 to 576) (table 1), this 
indicator was slightly higher than that of Q. robur; accord-
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The most numerous trichomes of the lower epiderma 
of Q. robur and Q. rubra mature leaves are uniseriate, 
which are evenly distributed over the entire surface of 
the leaf blade and on the veins. Uniseriate trichomes in  
Q. rubra are mostly single, rarely combined into bundles of 
2 trichomes; but often combined into bundles of 2 and really 
3 in Q. robur trichomes (fig 1: A.2, B.2). The density of 
uniseriate trichomes was greater in Q. robur. Trichomes of 
this type in both species were 3–5-celled, thin-walled, with 
an enlarged basal cell; distal cells are smaller than basal 
cells. After weakening of the secretory function, the distal 
cells of uniseriate trichomes became smaller, deformed or 
broken off. The basal cell diameter was the same in both 
species (13.37±1.68 in Q. robur; 13.73±2.78 in Q. rubra) 
(table 1). Solitary trichomes are non-glandular, unicellu-
lar, and are characteristic mainly of the lower epidermis of  
Q. robur and Q. rubra young leaves (table 2); in mature 
leaves of both species occur very rarely, along the veins. In 
Q. robur the trichomes were straight; in Q. rubra – straight 
or wavy according to Hardin (1976).

 

Fig. 3. Anatomical structure of the leaf midrib and 
petiole of: A. Q. rubra, B. Quercus robur. 1. midrib; 
2. dark blue colour of amyloplasts in reaction with 

Lugol’s solution; 3. orange-red coloration of the 
cuticle in reaction with Sudan III; 4. black coloring 
of phenolic compounds of the middle vein (a) and 

petiole (b) in the reaction with iron (ІІІ) chloride; 5. 
petiole in the medial part. І. Staining Phloroglucinol/

НСl; ІІ. Staining Safranin/Astra Blue.
Ad – adaxial side, Ab – abaxial side; Ep – epiderma, 

Co – collenchyma, Pa – parenchyma, Fi – bundle-
sheath of sclerenchyma fibres, Ph – phloem,  

X – xylem, mХ – metaxylem; pX – protoxylem;  
Pc – procambium; Am – amyloplast; Tr – trichomes

Table 2 
Leaf trichome types of Quercus robur and Quercus 

rubra (according to the literature)

Autors
Types of trichomes according to Deng et al. 

(2014)
ST, sST F, sF SOL UN CA RO

Quercus robur
Dyal, 1936 0/0
Gellini et al., 
1992;
Bussotti & 
Grossoni, 
1997 

?/+ ?/+

Engel, 1993 -/+
Penas et al., 
1994 +’/+’ 0/+

Uzunova et 
al., 1997 + +

Bačlċ, 1981; 
Bačić, 
Miličić, 
1985; 

?/+

Fortini et al., 
2009 + + +/+

Nikolic et al., 
2003, 2006 +’/+’ -/+

Mehrnia et 
al., 2013 +/+ -/+ -/+

Río et al., 
2014 +/+

Jankiewicz 
et al., 2017, 
2021

+ ?/+

Quercus rubra
Dyal, 1936 ?/+ ?/+
Penas et al., 
1994 +’/+ +’/+’ +’/+ +’/+’

Hardin, 1976, 
1979 a,b 0, +’/+ 0/+ 0, +’/+ 0, +’/+ 0/+

Kryvoruchko 
& 
Bessonova, 
2017

+ +

Note. Trichome types: ST –stellate; sST –simplified stellate; 
F – fasciculate: sF –stipitate fasciculate; SOL – solitary; UN – un-
iseriate; CA – capitate; RO – rosulate. Adaxial / abaxial epiderma: 
+ – trichomes presented in both young and mature leaves; +’ – 
trichomes presented in young leaves, in mature leaves they most-
ly fall off, occur occasionally; 0 – trichomes presented in young 
leaves and in mature leaves, they fall off completely; ? 0– no in-
formation; – – trichomes are absent.

ing to literature data (Phelps, 1976; Kramer & Kozlowski, 
1979; Ashton & Berlyn, 1994; Yiotis et al. 2006; Gil et 
al., 2012; Fiorin, 2013; Kryvoruchko & Bessonova, 2017, 
2018) varies from 281/mm2 (Fiorin, 2013) to 583–695/mm2 
(Ashton & Berlyn, 1994). A higher stomatal index value in  
Q. rubra leaves compared to Q. robur is associated with a 
higher density of epidermal cells and stomata (table 1).
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Simplified stellate trichomes of Q. robur were 
located mainly along large veins and in their corners, 
occured much less often than uniseriate ones; consisted 
of 2–4(6) rays (3–4-cell hairs), which grew at the base 
at the same level; the shoulders of the rays were located 
parallel to the surface of the leaf; average shoulder length 
110.99±28.04; base of type II trichomes (fig. 1: A.2). In 
mature leaves of Q. rubra along the midvein, near and 
in the axils of the lateral veins, stellate trichomes (mul-
tiradiale according to Hardin (1979b, fig. 32) very rarely 
occur (fig. 1: B.2). They differ from simplified stellatet-
richomes by a larger number of rays (in Q. rubra – 6–8), 
which emerge from different levels (Hardin, 1976); 
trichome bases – type III (complex, according to Deng 
et al. (2014); in Q. rubra with a shoulder length of 
134.78±14.64.

In mature leaves of Q. rubra, stipitate fasciculate 
trichomes occasionally occurred only in the axils of lat-
eral veins that depart from the midvein. Trichomes of this 
type are thick-walled, with 6–8 rays; 289.24±42.44 long  
(fig. 1: B.2); trichome base – type III. In Q. robur, the 
researchers also found stipitate fasciculate trichomes 
(fig. 4.C; Jankiewicz et al., 2021). Capitate trichomes 
were very rare in the lower epiderma of mature leaves of 
Q. robur. These trichomes with a short, uniseriate stalk 
and a prominent, expanded unicellular head; belong to 
non-glandular trichomes (Hardin, 1976, 1979 a,b; Jones, 
1986; Deng, 2014). In the literature, there were also 
references to these trichomes in the leaves of Q. robur 
(Gellini et al., 1992; Bussotti & Grossoni, 1997) and  
Q. rubra (Hardin, 1976, 1979 a,b); these trichomes were 
not detected in Q. rubra. Rosulate trichomes were given 
according to the literature mainly for young leaves of 
Q. rubra, which were located singly, mostly on the veins; 
these trichomes were very few in adult leaves (Penas 
et al., 1994). Rosulate trichomes are similar to stellate 
trichomes, but have thin-walled multicellular hairs that 
merge at the base; classified as glandular (Hardin, 1976) 
or intermediate types of trichomes (combining char-
acteristics of glandular and non-glandular trichomes) 
(Jones, 1986). In the abaxial epiderma of adult leaves, 
trichomes of all three types were rarely observed in  
Q. robur and more often in Q. rubra, especially type III 
trichomes (table 3).

Anatomy of a cross section of a leaf blade. The 
material of this section was analyzed taking into account 
the information given in the literature regarding the ana-
tomical structure of the cross-section of the leaf blade of 
Q. robur (Nikolić et al., 2005; Río et al., 2014; Martins 
et al., 2022) and Q. rubra (Abrams & Kubiske, 1990; 
Ashton & Berlyn, 1994; Río et al., 2014; Jankiewicz et 
al., 2017; Kryvoruchko & Bessonova, 2017, 2018). The 

leaf blade was thicker in Q. robur (180.64±10.29 μm), 
thinner in Q. rubra (136.11±6.12 μm) (table 1). On the 
adaxial and abaxial sides, the leaves of Q. robur and  
Q. rubra were covered with cuticle, which is thicker on 
both sides in Q. robur (table 1). The thickness of the 
cuticle of the studied species is slightly higher or varies 
within the parameters given by other authors (Ashton & 
Berlyn, 1994; Uzunova et al., 1997; Nikolić et al., 2005; 
Kryvoruchko & Bessonova, 2018). In the histochemi-
cal test with Sudan III, the cuticle acquired a pink color, 
indicating the presence of lipoids (cuticular wax). In a 
transverse section of each leaf, the adaxial and abaxial 
epiderma of both species consisted of a single layer of 
cells; adaxial epiderma with greater cell thickness than 
abaxial. The thickness of cells of the adaxial epiderma 
was greater in Q. rubra (18.15±3.14 μm) than in Q. robur 
(15.83±3.48 μm); the thickness of cells of the abax-
ial epiderma, on the contrary, was greater in Q. robur 
(13.01±3.93 μm) compared to Q. rubra (7.48±1.51 μm). 
Calcium oxalate crystals were found mainly in the cells 
of the upper epiderma.

Leaves of Q. robur and Q. rubra with meso-
phyll clearly differentiated into palisade and spongy  
(fig. 2: A.1, B.1). Palisade parenchyma with one or two 
layers of cells in both species. In the two-layered pali-
sade parenchyma of both species, the layer adjacent to 
the adaxial epidermis had densely arranged prosenchy-
mal cells, without noticeable air intercellular spaces; 
cells of the next layer were shorter and with more inter-
cellular spaces.

The palisade mesophyll was located under the adax-
ial epiderma and thicker in Q. robur (73.85±10.03 μm) 
than in Q. rubra (62.30±8.68 μm). The cells adjacent 
to the epidermal cells were oblong; the ratio of length 
to width was greater in the cells of the palisade mes-
ophyll in the leaves of Q. robur (the elongation factor 
reaches 5.95–8.07 in Q. robur and 4.15–6.9 in Q. rubra), 
they were densely arranged, there was almost no space 

Table 3
Types of trichomes and their bases of mature leaves 
of Quercus robur and Quercus rubra (according to 

the results of current research)

Species Trichomes Types of 
trichome bases

sST ST sF SOL UN CA І ІІ ІІІ
Adaxial epiderma

Q. robur + + 
Q. rubra + ++ + +++ +

Abaxial epiderma
Q. robur ++ + +++ + + + +
Q. rubra + + + +++ + + ++

Note. Explanation of trichome types as in table. 2. + very rare, 
solitary trichomes; ++ scattered; +++ frequently
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between them. The cells of the inner layer of the palisade 
mesophyll were shorter (the elongation factor reached 
2.9–2.79 in Q. robur and 1.7–2.22 in Q. rubra), and are 
more loosely arranged. According to histochemical reac-
tions with iron (III) chloride, phenolic compounds were 
detected mainly in the palisade mesophyll; reaction with 
Lugol’s solution revealed the presence of starch grains in 
palisade and spongy mesophyll cells. The spongy mes-
ophyll of the Q. robur and Q. rubra leaves was formed 
by loosely placed rounded or isodiametric, cylindrical or 
irregularly shaped cells, the sizes of which were slightly 
larger in Q. robur (Table 1), arranged in 3–4 layers, 
with pronounced intercellular spaces; the cell elonga-
tion factor in Q. robur was 1.27–1.67 and in Q. rubra – 
1.31–1.53. Druses and prismatic crystals in the spongy 
mesophyll of Q. rubra leaves were more abundant than 
in Q. robur (fig.2: A.1, B.1). The ratio of the thickness 
of the palisade and spongy mesophyll in the Q. robur 
and Q. rubra leaves was about 1:1. The palisade ratio of  
Q. robur leaves was 40.82%; Q. rubra – 42.6%. The 
difference between the species may appear mainly as a 
result of a thicker layer of palisade parenchyma due to 
an additional second layer of cells (Shahbaz et al., 2015).

Anatomy of the middle vein. On the cross-sec-
tion of the leaf, the midvein of Q. robur and Q. rubra 
were rounded in outline; more convex on the abaxial 
side, conical on the adaxial side (fig. 3: A.1, B.1); aver-
age indicators (H×W) were slightly higher in Q. rubra 
(1112.22×1059.49) (table 4). The middle veins of the 
leaves were covered with one layer of epiderma with 
small cubic-oval cells, with a developed cuticle, con-
taining crystalline inclusions. Epidermal cells had larger 
average values of width in Q. rubra (13.39±4.94), and 
somewhat larger values of height in Q. robur (8.42±1.78) 
(table 4). In Q. robur, stellate trichomes were often vis-
ible on the abaxial side in the corners between the vein 
and the leaf blade (fig. 3: B.1); in Q. rubra, complex 
stellate and fasciculate trichomes rarely occured.

The central conducting bundle was surrounded by a 
shealth consisting of collenchyma and parenchyma of the 
primary cortex (fig. 3: A.1, B.1). In both species, the collen-
chyma was located under the epiderma, on the adaxial side 
with 3–4 layers of cells, on the abaxial side – 4–8; in shape, 
the cells were round, oval, square or irregular in shape; 
larger on the abaxial side. Calcium oxalate crystals occur 
in collenchyma cells. The thickness of the collenchyma 
on both sides was greater in Q. rubra, but the diameter of 
the cells and the thickness of their walls were greater in  
Q. robur. Both species had 5–8 layers of storage paren-
chyma under the collenchyma; cells were devoid of chlo-
roplasts, mostly round in shape; cell sizes were larger on 
the abaxial side, and somewhat larger in Q. rubra (table 4).

The total thickness of the primary cortex layer was 
larger on the abaxial side and reached a higher average 
value in Q. rubra (217.32±42.36), compared to Q. robur 
(135.50±40.43). Calcium oxalate crystals were scattered 
throughout the parenchyma of the primary cortex, but the 
largest number of them was localized in the cells of the 
inner layers of the parenchymal lining, which were adja-
cent to the sclerenchyma. Crystals are large, occupy most 
of the cell, mostly in the form of druses, prismatic crystals 
are rare (mainly in Q. rubra) (fig. 3: A.1). The parenchyma 
of Q. rubra is characterized by a greater number of crys-
talline inclusions. The vascular system of the middle vein 
was surrounded by a dense ring of sclerenchyma (pericy-
clic fibers), which separatds the parenchyma of the pri-
mary cortex from the phloem (fig. 3: A.1, B.1). The thick-
ness of the ring of the sclerenchyma coverage was greater 
in Q. rubra (67.77±16.58), its thickness is often the same 
on both sides; in Q. robur, the sclerenchyma lining was 
thinner (46.79±21.36) and usually more developed on the 
adaxial side; fibers were arranged in 3–8 rows, their diam-
eter and cell wall thickness did not differ significantly in 
both species. The sclerenchyma ring was almost straight 
on the adaxial side; distinctly convex on the abaxial side. 
Crystalline inclusions occasionally appear in the scleren-
chyma of both species.

There are three blocks in the structure of the vascu-
lar system (fig. 3: A.1, B.1). Adaxial and abaxial blocks 
consist of primary conducting tissues; the central one – 
from the secondary ones. The adaxial vascular block is 
convex, consists of phloem layers (adjacent to the scler-
enchyma ring), and in the middle is the procambium, 
then the primary xylem, which has differentiated metax-
ylem and protoxylem (fig.3: A.1). The central and abax-
ial blocks of conducting tissues consist of protoxylem, 
differentiated metaxylem, cambial/procambial cells, 
and phloem. The abaxial block of conducting tissues is 
arched and separated from the central block by 5–8 lay-
ers of storage parenchyma with crystalline inclusions. 
Between the adaxial and central blocks of conductive 
tissues in Q. rubra there are 3–5 layers of storage paren-
chyma; in Q. robur, the xylems of the central and adaxial 
sides are in contact.

The average thickness of the phloem layers of  
Q. robur (50.16±14.56) and Q. rubra (50.89±9.18) 
did not differ significantly; also, the phloem thick-
ness of both species was almost the same in the adax-
ial and abaxial vascular blocks and somewhat thinner 
in the central one. The average xylem thickness in 
Q. rubra (124.21±27.24) was greater than in Q. robur 
(88.55±18.61); the average vessel diameter is also 
somewhat larger in Q. rubra (29.89±6.32), compared 
to Q. robur (23.06±6.25). In terms of size, the paren-
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Table 4 
Anatomometric indicators of the Quercus robur and Quercus rubra middle vein and medial part of petiole

Parameters Middle vein Petiole
Q. robur Q. rubra Q. robur Q. rubra

Diameter of cross 
sections

height, μm 849.19±44.38
765.02–1137.1

1112.22±82.07
955.99–1483.84

1143.02±195.39
874.72–2187.93

1392.07±155.61
1056.21–1855.32

width, μm 863.18±59.10
781.36–1210.4

1059.49±98.17
968.17–1384.57

1238.28±148.87
713.82–1898.15

1281.17±115.28
997.89–1757.70

Epidermal cells
width, μm 8.97±2.21

2.22–15.22
13.39±4.94
7.54–21.75

11.08±2.18
8.57–19.05

14.68±3.80
8.52–23.74

height without 
cuticle, μm

8.42±1.78
5.89–11.55

5.81–1.01
4.50–7.33

10.88±1.58
8.48–14.34

8.63±1.97
5.92–13.27

The thickness of the outer cell wall of 
the epiderma with the cuticle, μm

8.25±1.19
4.82–11.37

6.00±1.51
4.29–9.43

8.52±2.04
4.62–11.62

7.85±1.78
4.05–10.97

The thickness of the 
primary cortex layer, 
μm

from the 
adaxial side

117.36±23.77
69.04–212.74

165.54±26.77
81.29–249.25

174.20±51.15
106.89–310.97

173.97±39.37
88.87–278.74

from the 
abaxial side

135.50±40.43
82.39–235.83

217.32±42.36
118.68–297.66

198.21±76.73
172.64–341.98

204.47±40.40
114.73–313.02

The thickness of the 
cortex collenchyma 
layer, μm

from the 
adaxial side

44.90±8.73
29.37–60.53

68.17±19.58
36.01–103.36

100.51±31.89
81.28–178.73

74.23±19.68
46.01–113.96

from the 
abaxial side

37.34±9.86
24.38–52.22

48.07±10.56
31.05–77.50

97.90±19.92
72.47–170.80

50.07±10.56
31.05–79.50

Collenchyma cell wall thickness, μm 3.43±0.85
1.52–5.68

2.05±0.49
1.29–2.78

3,5±0.42
2.16–6.48

3.06±0.74
1.61–4.26

Diameter of 
collenchyma cells, μm

from the 
adaxial side

18.41±6.31
8.09–29.98

11.46±2.729
7.29–16.32

20.95±7.47
9.80–37.17

13.94±2.90
9.29–20.63

from the 
abaxial side

19.37±6.40
7.76-34.65

17.88±4.44
9.03-26.47

26.82±7.09
13.47-45.16

22.53±5.00
12.81-32.88

Diameter of 
parenchyma cells, μm

from the 
adaxial side

15.29±5.93
8.49–17.26

17.44±3.69
8.87–28.81

16.27±2.17
6.18–18.57

16.28±3.54
7.32–29.47

from the 
abaxial side

25.27±7.88
10.10–46.57

38.50±8.63
11.63–81.19

30.95–9.53
12.83–61.69

31.51±9.40
10.44–65.48

The thickness of the sclerenchyma 
shealth, μm

46.79±21.36
30.14–102.67

67.77±16.58
30.17–119.27

56.52±23.11
32.39–112.97

98.97±19.94
39.30–122.03

Diameter of sclerenchymal fibers, μm 13.87±5.02
3.74–26.53

13.26±±4.56
5.75–27.52

16.80±5.23
7.13–36.90

16.50±7.60
3.70–38.97

The thickness of the walls of 
sclerenchyma shealth, μm

2.11±0.49
0.85–3.22

2.81±0.80
0.88–4.19

3.57±0.57
1.71–5.74

3.58±0.79
1.84–6.55

Phloem thickness, μm 50.16±14.56
30.76-84.65

50.89±9.18
32.23–78.47

61.96±14.71
30.46–91.40

60.07±19.42
24.56–107.86

Xylem thickness, μm 88.55±18.61
53.76–109.19

124.21±27.24
74.52–204.45

124.38±28.02
71.11–201.42

126.09±30.24
75.21–205.15

Vessel diameter, μm 23.06±6.25
10.77–35.00

29.89±6.32
10.21–50.10

24.55±6.58
7.54–36.22

31.72±7.61
17.55–56.23

Diameter of core parenchymal cells, μm 15.83±5.74
4.59–31.37

19.49±9.43
7.12–39.50

17.27±6.44
5.10–45.89

20.12±7.79
8.79–46.78

Diameter of crystals in the parenchyma 
of the primary cortex, μm

18.78±6.09
8.57–32.00

23.71±8.78
10.79–44.27

26.48±7.97
9.49–45.94

28.58±8.11
10.11–46.63

Diameter of crystals in the pith, μm 14.68±3.80
8.37–21.01

17.08±6.73
5.69–33.50

15.33±3.24
10.38–27.37

17.28±4.14
7.77–36.83

Note. Mean values were calculated for 25–100 observations for each quantitative trait

chymal cells of the pith and their crystalline inclu-
sions were somewhat larger in Q. rubra (table 4).

After the histochemical reaction with phloroglucin/
HCl, collenchyma of the primary cortex, sclerenchyma 
and xylem acquired a crimson-red color, indicating 
their lignification (fig 3: A.1(I), B.1(I)). Histochemi-

cal reaction with Sudan III gave an orange-red color 
of the cuticle of the epiderma (presence of cuticular 
wax) (fig. 3: A.3). Using Lugol’s solution, amyloplasts 
were detected in the parenchyma of the primary 
cortex and the conducting system (Figure 3: A.2).  
The reaction with iron (III) chloride showed the high-
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est concentration of phenolic compounds in the mid-
dle vein in the phloem parenchyma (fig. 3: A.4a).

Petiolar anatomy. In a cross-section, the medial 
(middle) part of the Q. rubra petioles was rounded, con-
vex on the adaxial and abaxial sides, without ribs; peti-
ole of Q. robur is rounded in outline and slightly com-
pressed from adaxial to abaxial sides; on the adaxial side, 
straight or slightly convex, also here the ribs became 
visible in the view of small rounded-triangular protru-
sions; from the abaxial side, the petiole was rounded 
(fig. 3: A.5, B.5). The average values of petiole height 
were slightly larger than width (1392.07×1281.17) in  
Q. rubra; and on the contrary, petioles were larger in 
width (1143.02×1238.28) in Q. robur (table 4; fig. 3: A.5, 
B.5). The epiderma of petioles is single-layered, consists 
of cubic-oval cells and was covered with a thick cuticle. 
The average values of epidermal cell width were greater 
in Q. rubra (14.68±3.80), and they were greater in height 
in Q. robur (10.88±1.58) (table 4). Solitary and fascicu-
late trichomes were observed on petioles of both species, 
mainly on the adaxial side in the upper surface groove.

The primary cortex was under the epiderma, its 
thickness was almost the same in the two species; it was 
more developed on the abaxial side. The outer layer of 
the bark was represented by collenchyma, mainly with 
round-oval or square cells. Collenchyma may include 
5 to 12 rows of cells in Q. rubra and 4 to 8 rows in  
Q. robur; it reaches its greatest thickness in the ribs, on 
the abaxial and adaxial sides. In the petioles of Q. robur, 
especially on the adaxial side, the thickness of the col-
lenchyma layer, the size of the cells, and the thickness of 
their membranes are greater than those of Q. rubra. The 
parenchyma of the primary cortex is located between the 
collenchyma and the mechanical shealth of the vascular 
system, had more cell layers in Q. rubra – 8–15 than 
in Q. robur – 6–12. Cells of rounded, oval or irregu-
lar shape, in size in both species are almost the same; 
the largest cells were concentrated on the abaxial side 
near the shealth of the mechanical tissue. Scattered cal-
cium oxalate crystals were visualized in the tissues of 
the primary cortex, they reach the highest concentration 
in the inner layers of the parenchyma around the ring 
of the mechanical shealth of the conducting system, and 
are also accumulated in the parenchyma on the adaxial 
side (Fig. 3: A.5, B.5). A significant number of crystal-
line inclusions were present in petiole sections of both 
species; their average diameter was larger in Q. rubra 
(28.58±8.11) than in Q. robur (26.48±7.97) (table 4).

The structure of the vascular system of petioles in the 
medial part of Q. rubra differed in the complete fusion 
of vascular bundles in the adaxial and abaxial blocks 
and complete or partial fusion in the central blocks; in 
Q. robur bundles the adaxial and abaxial blocks merged 

completely or partially, the central block of secondary 
vascular bundles was visualized (fig. 3: A.5, B.5). The 
xylem of the central block of the vascular bundles of 
Q.rubra was clearly separated by parenchymal tissue 
from the xylem of the adaxial block, the vascular bun-
dles of the central and adaxial blocks were in contact 
in Q. robur (fig. 3: A.5, B.5). The shealth of scleren-
chymal fibers around vascular system was thicker in  
Q. rubra – 98.97±19.94 (in Q. robur (56.52±23.11) 
(table 4). The shealth consists of 6–10 dense layers of 
sclerenchyma fibers, which in cross-section are round, 
oval, triangular, rhombic or irregular in shape. The diam-
eter and thickness of the cell wall of fibers of both types 
were almost the same. The average values of the phloem 
layer thickness did not differ significantly in Q. rubra 
(60.07±19.42) and Q. robur (61.96±14.71). Phloem ele-
ments are with thin walls; in shape from rounded, oval, 
triangular, rhombic to irregular. The average thickness 
of the xylem in Q. rubra (126.09±30.24) was slightly 
greater than in Q. robur (124.38±28.02); the average 
vessel diameter was also larger in Q. rubra (31.72±7.61), 
compared to Q. robur (24.55±6.58) (table 4). The aver-
age values of the diameters of the pith parenchymal 
cells were slightly larger in Q. rubra (20.12±7.79), 
and they also contained larger crystalline inclusions 
(17.28±4.14) (Table 4).

In the histochemical reaction with phloroglucin/HCl, 
collenchyma of the primary cortex, sclerenchyma, and 
xylem acquired crimson-red color in all cross-sections 
of petioles of both species, indicating their lignification. 
Cuticles of the epiderma in all cross-sections of petioles 
of both species acquired an orange-red color (cuticu-
lar wax) in the histochemical reaction with Sudan III. 
According to the histochemical reaction with iron (III) 
chloride, the highest concentration of phenolic com-
pounds was identified in the xylem and phloem paren-
chyma of the petiole (fig. 3: A.4b). Amyloplasts were 
detected by reaction with Lugol’s solution in the paren-
chyma of the primary cortex, especially in the inner lay-
ers adjacent to the shealth of mechanical tissues, cells of 
the parenchyma of the pith and pith rays.

The leaves of Q. rubra and Q. robur are a promis-
ing object for pharmacognostic study and introduction 
into official medicine. In this study, it was important 
to identify the qualitative and quantitative variability 
of the anatomical features of the leaf blade structure 
of Q. rubra in comparison with Q. robur and to evalu-
ate the possibility of their use for determination of the 
identity, standardization and quality control of medic-
inal plant raw materials. Anatomical features of the 
structure of leaves, such as: type of pubescence, con-
tour of the cell wall of the epiderma, shape and den-
sity of stomata, structure of secondary cells, presence 
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of adaxial collenchyma, etc. are the most informative 
for identification of taxa (Zhou et al., 1995).

The epidermal cells of the adaxial surface of the 
leaves of both species had a similar shape of quad-
rangles or polygons with straight or curved anticlinal 
walls. The cells of the abaxial epidermis of Q. rubra 
varied in the character of the anticlinal walls from 
straight, curved to weakly undulating in Q. robur 
and from undulating, sinuous, and deeply sinuous in 
Q. rubra. The sizes of adaxial epidermal cells were 
slightly larger in Q. rubra, which correlates with their 
lower density. Abaxial epidermal cells awee larger 
and less dense in Q. robur. The abaxial epidermal 
layer was thicker in Q. robur; the adaxial – thicker 
in Q. rubra. The cuticular layer was more developed 
in Q. robur leaves; on the adaxial side of the leaves 
of both species, the cuticle was somewhat thicker. 
The thickness of the cuticle of Quercus species varies 
depending on the habitat conditions, in particular, it 
decreases under conditions of lack of light (Baham-
onde et al., 2018; Kryvoruchko & Bessonova, 2018), 
or increases in leaves collected from trees of polluted 
habitats (Kryvoruchko & Bessonova, 2017).

A general pattern of pubescence in mature leaves 
of Q. robur and Q. rubra, as in other Quercus spe-
cies (Hardin, 1979a), is a greater density of it and a 
greater variety of trichomes on the abaxial side com-
pared to the adaxial side. Trichomes are important 
for species identification in genus Quercus; particu-
lar types of trichomes are characteristic of subgenera 
and sections. Q. robur is a representative of section 
Quercus (= subg. Lepidobalanus, white oaks) for 
which species the stellate trichomes are diagnostic 
(Hardin, 1979a; Jones, 1986); the presence of simpli-
fied stellate trichomes according to Deng et al. (2014) 
on the adaxial side in mature leaves was confirmed 
by the results of this study in Q. robur. For section 
Lobatae (= subg. Erythrobalanus, red oaks), to which  
Q. rubra belongs, the appressed laterally attached 
unicellular, multiradiate and rosulate trichomes (Har-
din, 1979a; Jones, 1986) are diagnostic. Among the 
mentioned types of trichomes based on literature 
data and mostly for young leaves of Q. rubra, mul-
tiradiate (Hardin, 1976, 1979 a,b) and rosette rosu-
late (Penas et al., 1994) trichomes are cited. In this 
study, only multiradiate (stellate according to Deng 
et al. (2014) trichomes very rarely along the midvein 
and in the axils of the lateral veins were observed in 
mature leaves of Q. rubra. Common to mature leaves 
of both species are solitary trichomes, rarely found 
on both sides of the leaf blade; trichomes of this type 
are common in species of the genus Quercus (Kim et 
al., 1992).

Also, in the mature leaves of Q. robur and  
Q. rubra, on the abaxial side, among the preserved 
trichomes, uniseriate glandular ones were identified, 
which absolutely prevail among the trichomes of 
other types. Trichomes of this type are the most basic 
glandular trichomes of Fagaceae Dumort. representa-
tives and are typical in all sections of the genus Quer-
cus (Jones, 1986), they are of the same type in struc-
ture, therefore the use of features of their structure in 
systematics is not appropriate, unlike non-glandular 
trichomes, which are characterized by a significant 
diversity of structure (Thomson, Mohlenbrock, 1979; 
Hardin, 1979a,b; Jones, 1986; Valencia, Delgado, 
2003; Río et al., 2014). Examination of uniseriate 
trichomes of Q. robur under SEM showed that the 
basal cell is densely covered with plates of epicuticu-
lar wax (Engel, 1993, fig. 1; Jankiewicz et al., 2017, 
fig. 1d). The essential oil is capable of dissolving 
epicuticular wax crystalloids after release from glan-
dular trichomes (Engel, 1993). Because of the thick 
walls and layering of wax, the basal cells of uniseri-
ate trichomes are well preserved even in old leaves of  
Q. rubra and Q. robur. Both species also have stip-
itate fasciculate trichomes (Jankiewicz et al., 2021; 
Penas et al., 1994; Kryvoruchko & Bessonova, 2017; 
Hardin, 1976, 1979 a,b), which we occasionally noted 
in mature leaves of Q. rubra in the axils of the lat-
eral veins, and they were also found on petioles of 
both species; capitate trichomes (Gellini et al., 1992; 
Bussotti & Grossoni, 1997; Uzunova et al., 1997; 
Hardin, 1976, 1979 a,b) were rarely noted by us only 
for Q. robur. Stipitate fasciculate, solitary and capi-
tate trichomes are particularly unstable, so the iden-
tification of certain types of trichome bases indicates 
their existence in young leaves (Hardin, 1976; Jones, 
1986; Kim et al., 1992; Buck & Bidlack, 1998; Pan-
ahi, 2012; Deng et al., 2014). The bases of trichomes 
of I–III types were found on both sides of leaf blade 
in Q. rubra. The rather high density of the bases of 
Q. rubra trichomes indicates little persistence of 
the trichomes, most of which fall off when the leaf 
matures. Trichomes of Q. robur were more resistant 
to falling; trichome bases were rare in this species.

Thus, reliable diagnostic features of mature leaves 
pubescence of Q. robur, by which they can be distin-
guished from leaves of Q. rubra, are scattered sim-
plified stellate trichomes mainly on the adaxial side 
of the leaf; solitary and capitate trichomes are very 
rare; mature leaves of Q. rubra are characterized by 
a lower density of uniseriate trichomes, the presence 
of trichome bases of I–III types on both sides of the 
leaf; fasciculate and stellate trichomes are also rarely 
found. As other Quercus species, the studied two spe-
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cies have dorsoventral and hypostomatous leaves with 
anomocytic stomata that are slightly raised above the 
epidermal surface (Río et al., 2014). 

For the ultrastructure of the Q. robur stomata, which 
was studied in detail under SEM, it was determinated 
that the outer walls of the guard cells are surrounded 
by thickening of the outer wall guard cells, which, like 
the entire leaf epiderma, are covered with continuous 
wax layer, on which numerous crystalloids of epicutic-
ular wax in the form of fringed plates are superimposed 
(Bacic, 1981, fig. 2; Prasad & Gülz, 1990, fig. 1, А-D; 
Engel, 1993, fig. 1; Russotti & Grossoni, 1997 , Uzu-
nova et al., 1997, fig. 2; fig. 3; Fortini et al., 2009, fig. 3,a;  
Río et al., 2014, fig. 2,j; Jankiewicz et al., 2017, fig. 1). 
Stomata of Q. rubra were also examined under a SEM 
in connection with the study of the model of water loss 
in expanding leaves (Turner & Heichel, 1977, fig. 5; 
Kane et al., 2020, fig. 5,7); visually, they differ from 
the stomata of Q. robur by less development of epicu-
ticular wax plates.

The stomata of both species are almost the same 
size. The abaxial epidermis of Q. rubra leaves is 
characterized by a greater density of stomata. Aver-
age stomatal densities of Q. robur and Q. rubra are in 
the range established for other plant species growing 
in arid habitats (133–537/mm2, according to Yiotis 
et al., 2006; Gil et al., 2012). The stomatal density 
values of Q. robur and Q. rubra determined in this 
study were within the limits of the indicators indi-
cated in the literature; the ranges of stomatal density 
variation in both species overlapped. Various environ-
mental factors (e.g., water availability, light intensity, 
photoperiod) can influence epidermal cell stretch and 
thus affect stomatal density (Hoof et al., 2005). That 
is probably why, when identifing the dependence of 
Quercus stomata density on leaf illumination, the 
results of different researchers may be contradictory 
(Abrams &Kubiske, 1990; Batos et al., 2010). For 
example, an increase in stomatal density in Q. robur 
and Q. rubra was shown when growing under bet-
ter lighting conditions (Abrams & Kubiske, 1990; 
Kryvoruchko & Bessonova, 2018); according to other 
data, this indicator increases in Q. robur and other 
species under conditions of shadow growth (Bruschi 
et al., 2003; Batos et al., 2010); or under different 
light conditions, populations of Q. rubra trees did not 
differ statistically significantly for traits of stomatal 
density or stomatal index (Daly & Gastaldo, 2010).

The structure of the cross-sections of the Q. robur 
and Q. rubra leaves is of the same type, the differences 
were indicated in the greater length and at the same 
time in the smaller width of the cells of the palisade 
parenchyma in the leaves of Q. robur. The palisade 

parenchyma of Q. robur and Q. rubra can have from 
one to two, rarely three layers of cells, depending on 
the conditions of growth, in particular, lighting or pol-
lution of the environment (Ashton & Berlyn, 1994; 
Nagel et al., 1998; Río et al., 2014; Kryvoruchko & 
Bessonova, 2017). Increasing the layers of the pal-
isade parenchyma to two or three provides better 
photosynthetic light utilization efficiency, especially 
in species in which trichomes or a wax layer reduce 
radiation absorption (Rotondi et al., 2003).

In both species, the thickness of the columnar 
parenchyma was almost the same as the thickness of the 
spongy parenchyma (the ratio is approximately 1:1).  
This ratio of columnar and spongy mesophyll thick-
ness was also noted for other species of the oak genus 
(Shahbaz et al., 2015). The palisade coefficient, which 
characterizes resistance to drought and the degree of 
xeromorphism of the structure (Kryvoruchko & Bes-
sonova, 2017), in the leaves of the studied species 
was approximately the same and laid within 40 to 
50%, which corresponds to its average value.

Drusen and prismatic crystals are more abundant in the 
spongy mesophyll of Q. rubra leaves. Compared to other 
oak species, crystalline inclusions in the spongy mesophyll 
of Q. robur leaves occur less often (Río et al., 2014), and 
are mainly represented by druses. The presence of starch 
and tannins was confirmed in the mesophyll (mainly pal-
isade) of leaves of both species. Ergastic substances in 
plant tissues, mainly tannins and calcium oxalates, play 
an important role in the control of cellular ion and osmotic 
balance, which is crucial in the adaptive resistance of plants 
to water stress (Franceschi & Horner, 1980; Rotondi et al., 
2003). Crystalline inclusions of calcium salts ensure the 
balance of cellular ions (sodium and/or potassium), protec-
tion of plants from being eaten by animals, stiffness and 
support functions of tissues, detoxification of oxalic acid 
or aluminum and/or heavy metals, absorption and reflec-
tion of light, etc. (Franceschi & Horner, 1980; Franceschi 
& Nakata, 2005; He et al., 2012). The presence or absence 
of crystals, their type and their chemical composition can 
be used as taxonomic features (Meric, 2009).

Phenolic compounds are secondary metabolites 
responsible for adaptation and resistance to aggres-
sive environmental factors. They participate not only 
in plant defense mechanisms against fungal patho-
gens, but also against herbivorous insects (Lattanzio 
et al., 2006, 2009). The cuticular layer, as well as phe-
nolic compounds that are concentrated in vacuoles, in 
the walls of epidermal cells, especially in the meso-
phyll of the plant, perform the function of absorbing 
UV radiation and prevent photodamage of the more 
sensitive tissues of the mesophyll inside the leaf (Day 
et al., 1993; Rotondi et al., 2003).
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The average leaf blade thickness determined in 
this study was slightly larger in Q. robur. The values 
of the thickness of the leaves of both species over-
lap, which is also shown in the literature (Abrams 
& Kubiske, 1990; Valladares et al., 2002; Río et al., 
2014; Sevillano et al., 2016). The thickness of the 
leaf blade can be an indicator of the light use strat-
egy of plants (Sevillano et al., 2016). The thickness 
of leaves in individuals of the same species decreases 
with increasing shading, which has been experimen-
tally confirmed, in particular for Q. robur (Valladares 
et al., 2002; Sevillano et al., 2016) and Q. rubra 
(Abrams & Kubiske, 1990).

The midribs of Q. rubra and Q. robur have the same 
anatomical structure, which is similar to other oak spe-
cies (Río et al., 2014; Shahbaz et al., 2015). The mid-
dle vein is covered with a single-layered epiderma with 
a pronounced cuticle layer; the primary cortex contains 
collenchyma and more developed storage parenchyma, 
the vascular system is surrounded by a dense ring of 
mechanical tissues; the vascular system consists of pri-
mary vascular tissues that are localized in the peripheral 
adaxial and abaxial blocks (bundles), and secondary ones 
that form the central block (bundle). The differences in the 
anatomical structure of Q. rubra from Q. robur were the 
greater development of parenchyma and collenchyma of 
the primary cortex, sclerenchyma shealth; a larger num-
ber of secondary conducting bundles in the central unit; 
the presence of the pith parenchyma between the xylems 
of the central and adaxial blocks; a greater number of 
crystalline inclusions in the primary cortex and paren-
chyma of the vascular bundle. Amyloplasts were found 
in the parenchyma of the primary cortex and the vascular 
system. Phenolic compounds in the midrib in both species 
were concentrated mainly in the phloem.

Features of the petiole anatomical structure in plants, 
in particular species of the genus Quercus, have species 
uniqueness, therefore they are widely used as diagnos-
tic feature in determining species affiliation (González-
Rodríguez & Oyama, 2005; Río et al., 2014; Shahbaz 
et al., 2015; Fortini et al., 2015). In pharmacognostic 
studies, the analysis of the features of petiolar anatomy 
becomes a convenient tool for determining the identity 
of species and standardization of medicinal plant raw 
materials. According to the results of the study of ana-
tomical sections of petioles of Q. rubra and Q. robur in 
the medial part, diagnostically significant features that 
can be used for species identification were identified.

Conclusions
The main differences in the cross-sections of the 

medial part of the Q. rubra petioles were the com-
plete fusion of the vascular bundles in the adax-
ial and abaxial blocks; by a clear separation of the 

well-developed xylem of the central block from the 
xylem of the adaxial block by the pith parenchyma. 
Also, the cross-sections of the medial part of the  
Q. rubra petioles differed in their rounded shape, the 
absence of lateral ribs on the adaxial side, and the 
uniform thickness of the layer of the primary cortex 
on all sides of the petiole; the average dimensions of 
cross-sections reached greater values, and the associ-
ated dimensions of sclerenchyma, xylem, cortex and 
pith parenchyma were larger. The anatomical struc-
ture of the medial section of the Q. rubra petiole of is 
similar to the structure of the middle vein; in Q. robur 
it differed by partial fusion of bundles in adaxial and 
abaxial blocks and isolation of bundles in the central 
block of vascular tissues. Petioles of both species, in 
contrast to the middle veins, had larger diameters, 
did not have a conical projection of the primary cor-
tex on the adaxial side; had a greater thickness of 
the mechanical tissues of collenchyma and scleren-
chyma, as well as a greater number and larger sizes 
of crystalline inclusions; dimensional indicators of 
vascular tissues did not differ significantly between 
species and in different parts of anatomical sections 
of petioles and midrib. In the epiderma of petioles of 
both species, solitary and fasciculate trichomes were 
noted; in contrast to the midvein, which, in addition 
to fasciculate trichomes, included simplified stel-
late (in Q. robur) and stellate (Q. rubra) trichomes. 
According to histochemical reactions, the presence 
of wax-like substances, lignified tissues, tannins and 
starch in petioles of both species was confirmed. If in 
the middle vein tannins were mainly concentrated in 
the phloem, then in the petioles the largest number of 
them would be noted in the parenchyma of the vascu-
lar bundles. For comparison, in the cork of Q. robur, 
polyphenols are mainly accumulated in the cell walls 
of the tracheas, as well as in the cells of the ray paren-
chyma (Masson et al., 1994; Likhanov et al., 2019).

Therefore, the results of the research made it 
possible to identify the anatomical characteris-
tics of the leaf blade and petiole of Q. rubra and 
Q. robur, which have diagnostic value and can be 
used to identify medicinal raw materials of these 
species. It is shown that the following are of the 
greatest diagnostic significance: the nature of 
pubescence of leaves, midribs and petioles, quanti-
tative indicators and the nature of the distribution 
of crystalline inclusions in different parts of leaves, 
features of the structure of the vascular system of 
the midrib and petiole. Most of the dimensional 
indicators of the anatomical structure of the leaf 
plate varied in both species and cannot be used as 
reliable in the identification of raw materials.
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