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Abstract. Morphological and anatomical features of new cultivars with photosynthesis of 
C3 ($FWLQLGLD� NRORPLNWD� (Rupr. & Maxim.) Maxim. cv. ‘Narodnaya’) and C4 ($PDUDQWKXV�
WULFRORU L. cv. ‘Valentina’) were established by light and scanning electron microscopy, as well 
as energy-dispersive analysis. The leaf lamina of $FWLQLGLD� NRORPLNWD cv. ‘Narodnaya’ has a 
dorsoventral anatomical structure, anomocytic stomata on the abaxial epidermis and two types of 
trichomes: multicellular, uniseriate hairs and multicellular bristle-like protrusions, containing 
raphids. The needle-like raphides are located in subepidermal layers along the veins. A vascular 
system of petiole consists of two upper concentric bundles and the crescentic vascular strand. A 
starch sheat is present. Raphides (needle-shaped and rectangular) are located in phloem and 
cortical parenchyma cells, contain Ca, K, Mg, P and Si. The leaf lamina of $PDUDQWKXV�WULFRORU 
cv. ‘Valentina’ have the kranz-anatomy, dorsiventral mesophyll and contain druses. Betacyanins
are concentrated in the epidermis and mesophyll, but are not present in the bundle sheath. The
number of vascular bundles in petioles is odd-numbered and variable (from 5 to 13). Trichomes
are multicellular, uniseriate, ending in a large oval cell. Cells with betacyanins are present in the
epidermis cortex, and, rarely, the collenchyma and phloem of the petiole. Cells with betaxanthins
are absent. A starch sheat is brightly pigmented with betacyanins. The crystall sand is deposited
in the parenchyma cells of the cortex and pith of the petiole and contains Ca (mainly) and K
oxalates. Druses in the leaf lamina additionally contain Mg and P.

Key words: $FWLQLGLD�NRORPLNWD�(Rupr. & Maxim.) Maxim., $PDUDQWKXV�WULFRORU�L., leaf, mineral 
inclusions, morphology, betacyanins, light microscopy, scanning electron microscopy, energy 
dispersive analysis. 

INTRODUCTION 

An anatomical and morphological survey in plant breeding is carried out for 
identify signs of authenticity of new varieties, markers of adaptability, as well as limits 
of intraspecific variability (Lotova, 2011; Crivellaro & Schweingruber, 2015; Durnova 
et al., 2021). 

https://doi.org/10.15159/AR.22.023


342 

The accumulation of calcium oxalate crystals is a normal activity closely integrated 
with metabolism of the photosynthetic organisms. It has been suggested that crystals 
play a significant role in maintaining the ion balance of the cell, in plant protection, in 
mechanical support of tissues, in detoxification, in light harvesting and reflection 
(Franceschi & Horner, 1980; Semenova & Romanova, 2011). However, the causes of 
the crystal formation and their physiological role remain insufficiently established 
(McConn & Nakata, 2002). 

Another controversial issue is the physiological role of betalains and anthocyanins 
in the vegetative organs of plants. These substances, which have antioxidant properties, 
are thought to increase the photostability of leaves and stems, to protect against increased 
levels of UV radiation, and to defense against pathogenic fungal infection (Close & 
Beadle, 2003; Solovchenko & Merzlyak, 2008; Flexas et al., 2012). 

The life-forms of the $FWLQLGLDFHDH�Gilg & Werderm. are represented by perennial 
woody vines and shrubs with climbing shoots. These plants use C3 photosynthesis. The 
anatomical structure of the stem of $FWLQLGLD�NRORPLNWD� (Rupr. & Maxim.) Maxim is 
typical for dicotyledonous plants. Collateral vascular tissues without separate bundles 
are arranged in a ring around the core (Condon, 1992; Clearwater & Clark, 2003; Roy et 
al., 2020). There are raphides and mucilage in shoots and leaves (Ferguson, 2011). White 
and pink areas appear on the green leaves during the budding - flowering phase. The 
bleaching areas of leaves turn pink if they are in direct sunlight. The pink color of the 
leaves is associated with anthocyanins synthesis (Kolbasina et al., 2007; Wang et al., 
2015). 

The genus $PDUDQWKXV L. differs from typical dicotyledonous plants by many 
physiological and anatomical characteristics. Amaranth is characterized by high drought, 
thermal and salt resistance thanks to C4 photosynthesis. Leaves are characterized by 
Kranz anatomy, where mesophyll cells are grouped around the cells of the bundle-
membrane in a ring-like manner. This structure contributes to a faster outflow of 
photosynthetic products compared to C3 species (Chirkova, 1999; Zhigila et al., 2014). 
Amaranth leaf mesophyll contains calcium oxalate crystals (Tooulakou et al., 2016). 
Leaves of $PDUDQWKXV�WULFRORU L. have many colors, often variegated. The purple-red 
color is associated with the presence of betacyanins in the vacuoles of cells, which are 
represented by amaranthin and isomaranthin. The presence of yellow shades is 
associated with the presence of betanin, iso-betanin (betaxanthins). The $PDUDQWKXV�
WULFRORU L. leaves also contain abundant amounts of photosynthetic and non-
photosynthetic carotenoids and chlorophylls (Cai et al., 1998, 2005; Sarker & Oba, 
2020a). $PDUDQWKXV L. species with red color of vegetative organs (A. WULFRORU L., 
A. JDQJHWLFXV L.) as a rule surpasses green-leaved species (A. GLELXV K. Krause, 
A. OLYLGXV L., A. K\SRFKRQGULDFXV L.) in terms of the antioxidant capacity, the total 
content of phenolic compounds, flavonoids, carotenoids and betalains. A high thermal 
and salt tolerance of $PDUDQWKXV�WULFRORU L. is associated with these substances (Shu et 
al., 2009; Khanam & Oba, 2013; Hoang et al., 2019; Sarker & Oba, 2019a, 2019b; 
2020d). In particular, an increase in the content of phenolic acids, ascorbic acid, rutin, 
isoquercetin, nonenzymatic antioxidants (ascorbate, carotenoids), antioxidant enzymes 
(superoxide dismutase (SOD) and AsA peroxidase (APX), etc.) under salt stress was 
found (Sarker & Oba, 2018a, 2018b, 2020c, 2020e). At the same time the leaves 
nutritional qualities in the content of protein, ash, energy, dietary fiber, minerals,  
ȕ–carotene, vitamin C and antioxidants are increases. For this reason, $PDUDQWKXV�



343 

WULFRORU L. is considered a promising vegetables crop for farmers in areas prone to 
salinization (Sarker & Oba, 2018d; Sarker et al., 2018; Sarker & Oba, 2020c). It leaves 
in raw form can be ingredients of salads, soups and sauces, enriching them with 
biologically active substances, giving them an original taste and color (White & Brown, 
2010). $PDUDQWKXV�WULFRORU L. is used as raw material for the production of food coloring 
(Gins et al., 2002). 

There is an increasing interest among breeders in non–traditional crops such as 
$PDUDQWKXV�L. (Svirskis, 2003; Sarker et al., 2020; Sarker & Oba, 2020b) and $FWLQLGLD�
NRORPLNWD� (Rupr. & Maxim.) Maxim �ýHVRQLHQơ�	�'DXEDUDV�� ������ LQ� UHFHQW� \HDUV��
Growing of $PDUDQWKXV� WULFRORU L. cultivars is commercially and economically 
profitable in the Moscow region of Russia both in field and in a greenhouse (Pivovarov 
et al., 2019). The Federal Scientific Center of Vegetable Breeding has selected the 
$PDUDQWKXV� WUicolor cv. ‘Valentina’. All vegetative and reproductive organs have a 
purple–red color of varying intensity. According to the content of amaranthin, they are 
arranged in the following order: inflorescences (2.2 mg g-1) > leaves (1.4 mg g-1) > stems 
(0.8 mg g-1) > roots (0.15 mg g-1). As the size increases, the leaf blades change color 
from red-purple to red-green. (Gins et al., 2002; Kononkov et al., 2018; Platonova et al., 
2018). 

Many countries grow actinidia species for commercial purposes (Williams et al., 
2003). The high nutritional value of actinidia fruits is formed by a complex of 
biologically active phytochemical (organic and inorganic) components, such as ascorbic 
acid, phenolic compounds, amino acids, carbohydrates, fiber and minerals (Motyleva et 
al., 2018). $FWLQLGLD�NRORPLNWD (Rupr. & Maxim.) Maxim is suitable for cultivation in 
most regions of Russia due to high winter hardiness, early ripening of fruits and a short 
growing season (Kolbasina et al., 2007). The Federal Scientific Center of Breeding, 
Agrotechnologies and Nursery has created the $FWLQLGLD�NRORPLNWD cv. ‘Narodnaya’. 

Both cultivars cv. ‘Valentina’ ($PDUDQWKXV� WULFRORU L.) and cv. ‘Narodnaya’ 
($FWLQLGLD�NRORPLNWD�(Rupr. & Maxim.) Maxim.) are successfully grown in the Central 
region of Russia. In previous years, these cultivars were used as models of C3 and C4 
plants for comparative evaluation of the leaves physiological and biochemical properties 
(Motyleva et al., 2021). Knowledge of the leaves anatomical structure, and, in particular, 
tissue localization of non-photosynthetic pigments and crystals is necessary for further 
comprehensive and objective assessment of their functional properties. Therefore, we 
investigated leaves of $PDUDQWKXV�WULFRORU cv. ‘Valentina’ and $FWLQLGLD�NRORPLNWD cv. 
‘Narodnaya’ the plants of which which differ significantly in life–forms, anatomical 
structure and physiological properties. 

 
MATERIALS AND METHODS 

 
A vegetation experiment with amaranth and actinidia plants was conducted during 

2020–2021. The plants of both species were grown in natural conditions with artificial 
protection from precipitation. The experimental site was located at an altitude of 168 m 
DERYH�VHD� OHYHO��*HRJUDSKLFDO�FRRUGLQDWHVމމ���މ�������QRUWK� ODWLWXGHމމ���މ��������� HDVW�
longitude. The climate is temperate continental. 
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Seeds of $PDUDQWKXV�WULFRORU L. cv. ‘Valentina’ were sown in boxes. The seedlings 
were transplanted one by one into plastic pots (with a diameter and height of 250 and 
175 mm, respectively). Two-year-old plants $FWLQLGLD NRORPLNWD� (Rupr. & Maxim.) 
Maxim. cv. ‘Narodnaya’ were also individually planted into plastic pots (300 and 
230 mm in diameter and height, respectively). In total, 20 pots with amaranth and 
actinidia plants were planted (Fig. 1). 

 

a)  b)  
 

Figure 1. General view of the plants of $FWLQLGLD� NRORPLNWD� (Rupr. & Maxim.) Maxim. cv. 
‘Narodnaya’ (a) and $PDUDQWKXV�WULFRORU L. cv. ‘Valentina’ (b). 

 
The pots were filled with a mixture of peat and sand (5:1) and had a drainage layer 

at the bottom. In the pots with the control samples, the substrate moisture was kept at the 
level of 45–50% for amaranth and 54–60% for actinidia. The soil moisture was 
determined using the SOIL moisture meter MC–7828 SOIL. Average environmental 
indicators of the experimental period: day/night temperatures 17.2 °C / 11.7 °C, relative 
moisture 64%, daytime length 17 h. 

The leaves of the middle part were used for all analyzes. 
Light microscopy. There were 20 plants taken for every cytological examination. 

Anatomical analyses were carried out on native material at different stages of 
ontogenesis without stains and fixatives. Longitudinal and cross sections of fresh matter 
were cut by hand and microtom (Microm HM 430). Sections were placed in a drop of 
water, looked and photographed through a 10ɯ or 40ɯ objective of a Zeiss (Jena, 
Germany) Axiostar plus light microscope equipped with a Digital Camera Canon Power 
Shot A640 (zoom from 4.0 to 16.0). 

Scanning Electron Microscopy. To visualize the microstructure of the adaxial and 
abaxial surfaces of the leaves, as well as to fulfill the mineral composition of the 
inclusions, an analytical scanning electron microscope (REM) JEOL JSM–6010 LA 
(JEOL Ltd, Japan) was used. The die-cuts of 5 mm × 5 mm were taken to the left and 
right of the central veins from at least 10 leaves and placed on carbon tape mounted on 
the microscope stage. The cross-sections of the leaves with a thickness of 0.5–1 mm 
were fixed perpendicular to the surface of the table. The leaves were not pre-treated, as 
microscopy was carried out under low vacuum conditions (60 Pa) and the deformation 
of the cross–sections was negligible. 
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ȿnergy dispersive analysis. The mineral composition was determined by energy 
dispersion spectrometry (EDS) along with a scanning electron microscope in accordance 
with the technique of Motyleva (2018) and Motyleva et al. (2021). EDS was used for  
qualitative and quantitative analysis of available elements in X-ray spectra obtained by 
scanning the observed image with an electron beam. X-ray microanalysis data were obtained 
in accordance with standard protocols and included an image of the microstructure of 
the sample under study, a table of data in weight and atomic percentages, spectra and 
histograms. An example of spectral data is shown on Fig. 2. Ten measurements were 
taken for each sample. The local analytical area was 3 mm and the scanning area was at 
least 12 ȝm. The mean quadratic deviation did not exceed 1.2–6.9%. 

 

  

 
Chemical Mass, % Atom, % Sigma 
C 45.47 55.81 0.04 
O 43.57 40.15 0.15 
Ca 10.96 4.04 0.13 
Total 100 100  
 

 
Figure 2. The scanned area, the spectrogram and the table of results in the EDS analysis interface. 

 
RESULTS AND DISCUSSION 

 
$FWLQLGLD�NRORPLNWD�(Rupr. & Maxim.) Maxim. cv. ‘Narodnaya’ 
The epidermis cells on both sides of the leaf lamina of $FWLQLGLD�NRORPLNWD�(Rupr. 

& Maxim.) Maxim. cv. 'Narodnaya' have the same irregular, elongated, rarely oval shape 
(Fig. 3). 

 

a)  b)  
 

Figure 3. Microstructures of the adaxial surface of $FWLQLGLD� NRORPLNWD� (Rupr. & Maxim.) 
Maxim. cv. ‘Narodnaya’ leaves under 1,000× (a) and 4,000× (b) magnification. 

 
The abaxial surface is more folded than adaxial. Anomocytic stomata are present 

only on the abaxial surface. They are located evenly at the level of the leaf surface or 
slightly buried. There are stomatal characteristics: the length from 12.07 to 16.96 µm, 
elongated shape, pronounced rings. The wax layer evenly covers the epidermis on both 
sides of the leaf lamina (Fig. 4). It has smooth or slightly bumpy structure, what is clearly 
visible at 4,000 x magnification (Figs 3–4). 

 



346 

a)  b)  
 

Figure 4. Microstructures of the abaxial surface of $FWLQLGLD� NRORPLNWD� (Rupr. & Maxim.) 
Maxim. cv. ‘Narodnaya’ leaves under 1,000× (a) and 4,000× (b) magnification. 

 
There are long, multicellular, uniseriate trichomes with an average length of  

243.4–375.8 µm on the midrib vein on both sides of the leaf lamina. In addition, rare 
uniseriate hairs consisting of 2–3 segments are located along secondary veins on the 
abaxial surface (Fig. 5). 

 

a)  b)  
 
Figure 5. Trichomes of the abaxial surfaces of $FWLQLGLD�NRORPLNWD�(Rupr. & Maxim.) Maxim. 
cv. ‘Narodnaya’ leaves under 100× (a) and 300× (b) magnification. 

 
Multicellular bristle - like protrusions above a thin vascular bundle are also rarely 

found there. There are raphids inside these protrusions (Fig. 6). 
 

a)  b)  
 
Figure 6. Multicellular bristle - like protrusions of the adaxial surface of $FWLQLGLD� NRORPLNWD�
(Rupr. & Maxim.) Maxim. cv. ‘Narodnaya’ leaves. 
 

The leaf blade on the cross sections has a dorsoventral structure. However, the cells 
of the palisade tissue are tortuous and do not have a clear prismatic shape (Fig. 7, a). 

����ȝP 
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The cross sections show that raphides are deposited in the mesophyll under the 
epidermis of both sides of the leaf lamina (Fig. 7, b). The plan shows that the raphides 
are laid mainly along the veins (Fig. 7, c). 

 

a)  b)  c)  
 
Figure 7. Leaf lamina cross sections (a, b) and a plan of the raphids deposition on the abaxial 
side (c) of leaves of $FWLQLGLD�NRORPLNWD�(Rupr. & Maxim.) Maxim. cv. ‘Narodnaya’.  

 
Reddish areas may appear on the green leaf under unfavourable conditions. The 

synthesis of anthocyanins is noted in the epidermis and is often accompanied by 
trichomes red pigmentation (Fig. 8, a). Anthocyanin cells are also found in the palisade 
layer (Fig. 8, b). 

 

a)  b)  
 

Figure 8. Plan of the adaxial surface (a) and cross section (b) of $FWLQLGLD�NRORPLNWD�(Rupr. & 
Maxim.) Maxim. cv. ‘Narodnaya’ leaves containing anthocyanins. 

 
The leaf petiole is oval and grooved in cross section (Fig. 9, a). The vascular system 

of petiole consists of three parts: two upper concentric bundles with an inner xylem and 
the crescentic vascular strand. In the middle vein of the leaf, separate bundles break off 
from the crescent (Fig. 9, b). 

 

a)  b)  
 

Figure 9. Cross section of the petiole (a) and the midvein (b) of $FWLQLGLD�NRORPLNWD�(Rupr. & 
Maxim.) Maxim. cv. ‘Narodnaya’ leaves. 
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The phloem of vascular strand contains raphides. From the outside, the phloem is 
covered by the single-row starch sheat (endodermis). The cortical parenchyma is 
collenchymatous. 

Raphides are packed together lengthwise in ideoblast cells of cortical parenchyma. 
Two types of crystals have been found. The first type is represented by needle-shaped 
crystals with a length of 20–25 µm and a width of 0.4–0.6 µm. The second type is in the 
form of a rectangular prism with a width of 5.6–6.5 µm (Fig. 10). 

 

a)  b)  
 

Figure 10. Mineral inclusions on the cross section of the petiole of $FWLQLGLD�NRORPLNWD�(Rupr. & 
Maxim.) Maxim. cv. ‘Narodnaya’ leaves: needle-shaped crystals (a) and idioblasts (raphides) 
with needle-shaped crystals (on the left) and rectangular crystals (on the right) (b). 

 
In general, the presented data on the leaf morphological anatomical structure of cv. 

‘Narodnaya’ consistent with the diagnostic characteristics of the $FWLQLGLD� NRORPLNWD�
(Rupr. & Maxim.) Maxim. (Ferguson, 2011, Motyleva et al., 2017). Of all the wide 
diversity of trichomes described for $FWLQLGLDFHDH�Gilg & Werderm (Watson & Dallwitz, 
1992) we observed two types: multicellular, uniseriate hairs and multicellular bristle-
like protrusions, containing raphids. The presented description of tissue composition of 
the petiole cv. ‘Narodnaya’ generally coincided with that of $FWLQLGLD�NRORPLNWD�stem 
(Roy et al., 2020). Therefore, the presence of a starch sheat in the petioles of cv. 
‘Narodnaya’ is quite logically, since, according to Ferguson (2011), the presence of 
identical layer in the stem of $FWLQLGLD�NRORPLNWD is a species trait. We believe that the 
presence of a starch sheat contributes to the high frost resistance of shoots of the 
$FWLQLGLD�NRORPLNWD compared to other $FWLQLGLD�Lindl. species (Kolbasina et al., 2007). 
We have noted the appearance of anthocyanin staining of adaxial epidermis cells, 
trichomes and palisade mesophyll cells in connection with adaptive responses of plants 
to stress. This pigmentation is not associated with variegated foliage, which is noted 
during the flowering period (Wang et al., 2015) and may have other chemical profile 
(Kovinich et al., 2014, 2015). 

 
$PDUDQWKXV�WULFRORU�L. cv. ‘Valentina’ 
The adaxial surface of leaves of $PDUDQWKXV� WULFRORU� L. cv. ‘Valentina’ has 

chaotically arranged segmented trichomes 80–100 µm long and small stomata 
(8.51 µm). The shape of epidermal cells is irregularly polygonal (Fig. 11). 
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Figure 11. Microstructures of the adaxial surface of $PDUDQWKXV� WULFRORU� L. cv. ‘Valentina’ 
leaves under 150×, 220× and 3,500× magnification. 
 

The abaxial surface of leaves of cv. ‘Valentina’ has small stomata (12.31 µm). 
Shape of epidermal cells is irregularly polygonal, too (Fig. 12, a, b). Some epidermal 
cells contain betacyanins predominantly adjacent to the stomata. Cells of abaxial 
epidermis are most intensively stained than adaxial one (Fig. 12, c). 

 

a)  b)  c)  
 
Figure 12. Microstructures of the adaxial surface of $PDUDQWKXV� WULFRORU� L. cv. ‘Valentina’ 
leaves under SEM, 100× (a) and 2,700× (b) magnification, and by light microscopy (c). 
 

Leaf lamina on the cross-sections demonstrate the Kranz-type leaf anatomy 
inherent in C4 plants. All vascular bundles surrounded by a layer of bundles heath cells 
with centripetally arranged chloroplasts. In addition, there are single-row layers of 
mesophyll cells under the adaxial and abaxial epidermis. The leaf lamina is characterized 
by dorsoventral structure, since the adaxial mesophyll cells have a palisade structure and 
the abaxial one are spongy. Part of the mesophyll cells on both sides of the leaf lamina 
contain betacyanins. Their presence in the cells vacuoles does not exclude the existence 
of chloroplasts in the cytoplasm. There are no betacyanins in the bundles heath cells. 
(Fig. 13). 

 

a)  b)  
 

Figure 13. Cross sections of $PDUDQWKXV� WULFRORU� L. cv. ‘Valentina’ leaves under light 
microscopy (a). Kranz-structure: vascular bundles surrounded by a layer of bundle sheath cells. 
SEM, 900× magnification (b). 
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Large druses up to 40 microns in diameter are located between the vascular bundles 
(Fig. 14, a, c). The druse is an aggregate mass of small crystals (Fig.14, c). The SEM 
image of a cross section of the leaf shows regularly arranged druses. The average 
distance between the druses is 243.3 µm. 

 

a)  b)  c)  
 
Figure 14. $PDUDQWKXV� WULFRORU�L. cv. ‘Valentina’ leaves: the plan of druses deposition under 
light microscopy (a), the cross sections and the druse under SEM, 130× and 900× magnification 
(b, c). 

 
The petiole is fluted and winged from the middle. On the cross-section the 

circumference of the petiole on the adaxial side breaks by a deep groove covered with 
trichomes (Fig. 15, a). Under the epidermis of the petiole is a two- or three-row 
collenchyma. The collenchyma covers the cortical parenchyma and is interrupted in the 
area of small furrows where stomata are located. The vascular bundles are scattered in a 
semicircle around the pith. Outside, they are surrounded by a single-row endodermis 
brightly pigmented with betacyanins. In addition to the endodermis, cells with 
betacyanins are found in cortical parenchyma and in the epidermis. They are scattered 
randomly and condense in areas under the furrows in the cortical parenchyma. 
Occasionally, the presence of pink pigments in the cells of collenchyma and phloem was 
noted. The number of vascular bundles at the base of petioles is odd-numbered and 
variable. We observed from 5 to 13. The petiole passes into the midrib, gradually 
decreasing in diameter. At the same time, the number of vascular bundles decreases 
sequentially from the petiole base to the distal tip of the midvein. Collenchyma and 
endodermis are also gradually disappearing (Fig. 15, b). 

 

a)  b)  
 

Figure 15. Cross sections of petiole (a) and midvein (b) of $PDUDQWKXV�WULFRORU�L. cv. ‘Valentina’ 
leaves (light microscopy). 
 

Trichomes are multicellular, uniseriate, ending in a large oval cell in the distal tip 
and becoming multiseriate at the base. The hairs often contain betacyanins (Fig. 16). 
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According to the results of a morphological and anatomical study, we were found 
that the leaves of $PDUDQWKXV�WULFRORU�L. cv. ‘Valentina’ have a typical for ɋ2 kranz-
type of leaf anatomy. We have clarified the leaves anatomical characteristics of 
$PDUDQWKXV�WULFRORU�L. made on other samples by Arya et al. (2017), El–Ghamery et al. 
(2017), Hussain et al. (2018). Our data on the dorsoventral structure of the leaf lamina 
are coincides with description of Tsutsumi et al. (2017). We have established the 
variability of the number of vascular bundles at the base of petioles. Similar data were 
obtained on successive sections of other amaranth species (Timonin, 1984, 2011). 

 

a)  b)  
 
Figure 16. Trihomes of $PDUDQWKXV�WULFRORU�L. cv. ‘Valentina’ leaves under light microscopy (a) 
and SEM (b), 650× magnification. 
 

The cortical and pith parenchyma contain idioblasts with crystal sand (Fig. 17). 
 

a)  b)  
 
Figure 17. The crystal sand in idioblast among parenchyma cortical cells of the petiole on the 
cross–section of $PDUDQWKXV�WULFRORU�L. cv. ‘Valentina’ leaves. 

 
For the first time betacyanins localization in leves of $PDUDQWKXV�WULFRORU�L. has 

been described. In the leaf lamina they are concentrated in the epidermis and in the 
mesophyll subepidermal cells. And in the leaf petiole, they are present mainly in 
endodermis, cortical parenchyma and epidermis. Such betacyanins localization 
significantly and positively affects the adaptive properties of plants according to the data 
presented in the introduction. 

Visual appearance of plants and anatomical sections of leaves demonstrate that cv. 
‘Valentina’ does not contain betaxanthins. We came to this conclusion due to the fact 
that we did not observe cells with yellow or orange vacuoles. The results of chemical 
analysis confirm the data of microscopic studies (Gins et al., 2002; Kononkov et al., 
2018; Platonova et al., 2018). 

The chemical composition of crystals was studied by the EDS method. According 
to the results of the analysis, it was found that Ca is the main element of all mineral 
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inclusions in the leaves of both actinidia and amaranth. The highest concentration of Ca 
in druses and crystal sand have the leaves of amaranth (38.59 and 26.33 mass %, 
respectively). Druses from the leaf lamina also contain Mg, P and K. Crystall sand from 
petiole is a typical oxalate, consisting of Ca and K. Actinidia leaf crystals contain Mg, 
P, Ca, K and Si. Large rectangular crystals contain more Si (3.5 times), Mg (2 times), 
Ca and K (1.4 times) compared to needle-shaped crystals. But needle-shaped crystals 
contain P 1.8 times more than rectangular ones. (Table 1). 

 
Table 1. Chemical composition of mineral inclusions of actinidia and amaranth leaves, mass % 

Elements 

Type of mineral inclusions in leaves of: 
$PDUDQWKXV�WULFRORU�L.  
cv. ‘Valentina’ 

$FWLQLGLD NRORPLNWD (Rupr. & Maxim.) 
Maxim. cv. ‘Narodnaya’ 

Druses Crystal sand Needle-shaped crystal Rectangular crystal 
C 29.61 ± 1.11 28.24 ± 0.87 39.30 ± 1.31 36.23 ± 1.21 
O 30.91 ± 0.98 42.65 ± 1.15 45.92 ± 1.43 44.12 ± 1.34 
Mg 0.25 ± 0.01 – 0.02 ± 0.005 0.04 ± 0.01 
P 0.48 ± 0.04 – 0.11 ± 0.008 0.06 ± 0.01 
Ca 38.59 ± 1.14 26.33 ± 1.02 13.67 ± 0.21 18.74 ± 0.22 
K 0.16 ± 0.02 2.72 ± 0.04 0.81 ± 0.04 1.12 ± 0.04 
Si – – 0.02 ± 0.008 0.07 ± 0.01 
Notes: – element not detected. 

 
Current studies have shown that Ca2+ is a key element in signaling pathways and is 

mobilized in stressful situations. And the ability to accumulate this element increases the 
survival and adaptability of cultivars to adverse environmental factors. (Sanders et al., 
2002; Reddy & Reddy, 2004; White, 2004). 

 
CONCLUSIONS 

 
So, we have established the features of the anatomical structure of the leaves of C3 

and C4 plants on the example of $FWLQLGLD�NRORPLNWD�(Rupr. & Maxim.) Maxim. (cv. 
‘Narodnaya’) and $PDUDQWKXV� WULFRORU�L. (cv. ‘Valentina’), respectively. The noted 
features of the leaf petiole tissues in both varieties generally coincide with anatomical 
characteristics of the stem and leaf petiole of these species according to other authors, 
and, therefore, are species-specific. 

It has been shown that amaranth leaves contain trichomes of one type, but actinidia 
has two types. Betalains / anthocyanins can accumulate in the leaves trichomes of both 
species. 

The endodermis in the leaf petioles is clearly expressed due to the presence of 
amyloplasts (in actinidia and amaranth) and betacyanins (in amaranth). The presence of 
amyloplasts indicates a high adaptability of cultivars, since these inclusions in the 
endodermis cells are responsible for storing glucose by polymerization and starch 
reutilization, and also play the role of statolites - georeceptor structures (Fleurat-Lessard, 
1981). 

Betalains in the leaves of the cv. ‘Valentina’ ($PDUDQWKXV� WULFRORU� L.) are 
represented only by betacyanins. Betaxanthins are absent. Betacyanins in leaf blades are 
deposited in the epidermal and subepidermal layers, but are not present in the bundle 
sheath. We assume that the established feature of betacyanins localization is due to the 
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fact that the cells of the bundle sheath and mesophyll differentially express many genes 
(Bowman et al., 2013). Betacyanins accumulate in the parenchyma and collenchyma 
cells of leaf petioles. The abundance of betacyanin cells in cortex under stomata can 
affect transpiration and gas exchange. 

It was found that mineral inclusions in the amaranth petioles are present in the form 
of crystal sand, and are connected into the mineral aggregates - druses in the leaf lamina. 
The crystall sand contains oxalates of Ca (mainly) and K. There are Mg and P 
additionally present in the mineral composition of druses. 

It should be noted, that cells with raphides in actinidia leaves are mainly located 
close to or inside the vascular bundles. Raphides with needle-shaped crystals are 
deposited in the subepidermal layers of the mesophyll along the vascular bundles in leaf 
lamina and are located in the phloem of petioles. Raphides with needle-shaped and 
rectangular crystals having an identical elements composition are also deposited in the 
cortex of leaf petioles. Raphides contain Ca, K, Mg and P, just like amaranth druses, but 
differ in the presence of Si. 
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