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Abstract 
 
Safflower (Carthamus tinctorius L.) is an annual plant that belongs to the Asteraceae family. It is drought resistant and 
both seeds and flowers have multiple uses in food, pharmaceutical, dermato-cosmetic and textile industries. Safflower 
can also be grown as an ornamental plant. The main objective of this study is to identify the morphological and anatomical 
differentiation of safflower hypsophylls and leaves. The study was conducted on two varieties of C. tinctorius grown in 
the Botanical Garden of the U.S.A.M.V. Bucharest. The samples were examined with Leica stereomicroscope, Leica 
optical microscope and scanning electron microscope. The results showed differences between the two varieties 
regarding the shape of the blade, the arrangement of the vein, the presence and arrangement of the secretory channels. 
This result brings new elements in the identification of bioactive compounds and for the differentiation of the varieties. 
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INTRODUCTION  
 
Oilseed crops have an important role not only 
for their nutritional value and therapeutic 
properties but also for industrial uses. 
With global demand, there is a need to develop 
varieties that have higher oil content, higher 
productivity, and are resistant to different 
challenging environments (Weselake, 2016; 
Zafar et al., 2019; Kotecka-Majchrzak et al., 
2020; Hassani et al., 2020). 
In general, most lipids are stored in the seeds of 
oil crops in the form of high-energy-density 
triacylglyceride (TAG), but there are studies that 
show their presence in important quantities in 
non-seed organs, including mesocarp, flower 
petals, pollen, stems, tubers, and seed pods, 
husks and also in the leaves (Alameldin et al., 
2017; Nikiforidis, 2019; Vanhercke et al., 2019; 
Zafar et al., 2019). 
In the leaves, TAG synthesis and oil bodies 
formation can be influenced by various stress 
factors like darkness, extreme temperature (heat, 
cold, freezing) and senescence (Weber et al., 2018; 
Nikiforidis, 2019; Vries & Ischebeck, 2020).  
Fungal infections of the leaves can also affect 
TAG content by increasing linolenoyl content. 

In senescent leaves, oil bodies have antifungal 
properties, producing the antifungal compound 
2-HOT. Thus, leaf oil cavities may have an 
intercellular role to produce lipid compounds for 
plant defence responses (Vanhercke et al., 2019; 
ENV/JM/MONO 2020). 
Nikiforidis et al. (2019) have shown that oil 
bodies are more present in senescent leaves than 
mature leaves and the genes involved in the 
biosynthesis of oleosin are not found in the 
leaves, so they suggested that the components of 
oil bodies from the seeds are different than those 
from the leaves. 
Different accumulation of lipids can lead to 
some clues that can be useful in strategies for 
increasing oil content in plant stems and leaves. 
Different extraction methods can be applied for 
the extraction of oil from vegetative tissues with 
importance in biodiesel and pharmaceutical 
industry (Vanhercke et al., 2019; Singh et al., 
2021). 
Secretory structures of oil bodies can also be 
found as secretory cavities and ducts in leaves, 
stems, roots and flower. They are important 
taxonomic characters for many plant families 
(Cury & Appezzato-da-Glória, 2009; Fernandes 
et al., 2018) 
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Asteraceae family has secretory cavities formed 
in a schizogenic way that elongate and give the 
impression of secretory channels (Bartoli et al., 
2011; Cury & Appezzato-da-Glória, 2009; 
Russin et al., 1992) 
A well-known oilseed and medicinal plant 
belonging to Asteraceae family is Chartamus 
tinctorius. 
Leaf essential oil such as methyl eugenol, α-
pinene, cinnamyl acetate, flavonoids like 
luteolin and its glucopyranosides, carotenoids, 
dehydroabietylamine, have also been found in 
the leaves, having antibacterial, antifungal, 
antiinflamatory, antioxidative, hepatoprotective 
activity (Lee 2002; Asgarpanah, 2013; Salem et 
al., 2014). The leaves can be also used in: 
vitiligo, psoriasis, pain relief according to 
Delshad et al. (2018). Safflower young leaves 
can be used as a vegetable food, and leaves and 
stems can be used as green fodder, hay or silage 
(Heuzé & Tran, 2015; Dobrin et al., 2016). 
In the growth and development stages, young 
leaves form a rosette, followed by rapid stem 
elongation, branching, then flowering, with 
alternate leaves on each side of the stem (Dajue 
& Mündel, 1996). Leaf size may vary according 
to variety and position on the plant, ranging 
between 2.5-5 cm wide and 10-15 cm long. The 
leaf can be sessile and ovate-lanceolate. In some 
varieties, upper leaves often develop spines, 
while lower on the stem are usually spineless 
(Dobrin & Marin, 2015). 
Morphological characteristics regarding the 
presence or absence of leaf spines are related to 
the fertility of the plant so the leaves of fertile 
plants have spines, and non-spiny traits are 
associated with sterile plants. Knowing safflower 
leaves botanical and morphological characteris-
tics is important in the selection and production 
of pure hybrid seeds and the faster breeding of 
elite varieties (ENV/JM/MONO 2020). 
The main objective of this study is to identify the 
botanical and morphological aspects of 
distiction of the senescent hypsophylls and 
leaves of two varieties of Carthamus tinctorius 
L., and characterisation of the secretory 
structures of oils, in order to differentiate the 
varieties and for the possible standardization 
with importance in the botany, agriculture and 
pharmaceutical industry. 
 
 

MATERIALS AND METHODS  
 
The safflower varieties used in the study were: a 
spineless variety (Zanzibar) with a high content 
in linoleic acid (Dobrin & Marin, 2015) and a 
variety with spines (S2). The experiment was 
carried out in the Botanical Garden of the 
U.A.S.V.M. Bucharest.  The morphological and 
anatomical characterisation of safflower 
hypsophylls and leaves was performed in the 
Research Center for Studies of Food Quality and 
Agricultural Products, U.A.S.V.M. Bucharest. 
The hypsophylls and leaf samples were 
harvested in September. The samples were 
rehydrated and stored in 70% ethanol (Talbot & 
White, 2013) before being analysed with a Leica 
S8 APO stereomicroscope, optic microscope 
Leica DM 1000 LED and with the Scanning 
Electron Microscope (SEM) FEI Inspect S50. 
 
RESULTS AND DISCUSSIONS  
 
Hypsophylls anatomy and morphology  
The presence of hypsophylls was observed in 
both varieties. For the anatomy and morphology 
characterisation the hypsophylls were examined 
using stereo-microscope, optic microscope and 
SEM. 

 

 
Figure 1. Stereo microscope images of hypsophylls of  

C. tinctorius var. Zanzibar and S2 
 

A 
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Zanzibar variety has hypsophylls lamina ovate 
to obovate shape, with round apex, slightly 
narrowed to the base, cross-venulate; the 
margins are whole, with a smooth margin, the 
blade is smooth and shiny, without spines 
(Figure 1 A). 
The hypsophylls from variety with spines (S2) 
have lanceolate lamina shape, with acuminate 
apex; cross-venulate, slightly denticulate, with 
mate blade and few spines (Figure 1B). 

 

 

 
Figure 2. Hypsophylls surface from C. tinctorius var. 

Zanzibar (A) and S2 (B) examined with SEM 
 
We found open and closed stomata on 
senescence hypsophylls surfaces of both 
safflower varieties, on low vacuum SEM, at 500 
μm (Figure 2 A and B). 
In the Figure 3 and 4 it can be seen that the 
structures identified do not have the regular 
shape of secretory channels, but are spaces that 
develop in the mesophyll that accompany the 
secondary or tertiary conducting vessels. Also, 
it can be seen that the colour of the Zanzibar 
variety`s structures are orange to red (Figure 3), 
and of S2 variety are yellow (Figure 4). 
The presence of oil cells in Asteraceae has been 
identified in the foliar structure also by 
Rikisahedew & Naidoo (2018). 

 

 
Figure 3. Hypsophylls from C. tinctorius var. Zanzibar-

middle area 10x, scale bar =10 μm (A), hypsophyll detail 
20x, scale bar =5 μm (B) 

 

 

 
Figure 4. Hypsophylls from C. tinctorius var. S2 -middle 
area 10x, scale bar =10 μm (A), hypsophyll detail 40x, 

scale bar =2 μm (B) 
 
Leaves anatomy and morphology 
Leaves anatomy and morphology were 
examined with stereo-microscope, optic 
microscope and SEM. 
 

A 
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Figure 5. C. tinctorius var. Zanzibar leaf apex (A) and 

detail of leaf (B) -stereo microscope images 
 
In the Figure 5 A and B it can be seen that 
Zanzibar variety`s leaves, like hypsophylls, has 
elliptic-cuneate shape, and are cross-venulate; 
the margins are entire, with a smooth margin, 
smooth and shiny blade, without spines, like 
hypsophylls. 
The leaves from variety with spines have 
lanceolate lamina shape, with acuminate apex, 
and cross-venulate, slightly denticulate, mate 
blade, with spines, like hypsophylls (Figure 6 A 
and B). 
 

 

 
Figure 6. C. tinctorius var.S2 leaf apex (A) and detail of 

leaf (B) -stereo microscope images 
 
On low vacuum SEM at 300 µm and 500 µm 
images of the senescence leaves surfaces, open 
and closed stomata (Figure 7 A and B) were 

found on both safflower varieties, like in 
hypsophylls. 
 

 

 
Figure 7. Leave surface from C. tinctorius var. Zanzibar 

(A) and S2 (B) examined with SEM 
 
It can be seen that in the leaf, the colour of the 
Zanzibar variety`s structures (Figure 8 A and B), 
is similar with that of S2 variety (Figure 9 A and 
B).  

 

 
Figure 8. Leaf lamina from C. tinctorius var. Zanzibar-
middle area 10x, scale bar =10 μm (A), leaf lamina base 

detail 10x, scale bar =10 μm (B) 
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In figures 8 and 9 it can be noticed that the 
structures identified in the leaves do not have the 
regular shape of secretory channels, but are 
spaces that develop in the mesophyll that 
accompany the secondary or tertiary conducting 
vessels, like in hypsophylls (Figure 3 and 4). 
 

 

 
Figure 9. Leaf lamina from C. tinctorius var. S2 -middle 
area 10x, scale bar =10 μm (A), middle area 20x, scale 

bar =5 μm (B) 
 
CONCLUSIONS  
 
The originality of the paper presented, in terms 
of anatomical descriptions, is that it comes and 
confirms the following observation: plants in the 
Asteraceae family have secretory cavities 
formed in a schizogenic way that elongate and 
give the impression of secretory channels. 
The description of these cavities should not be 
based only on cross sections (according to 
Lestern & Curtis, 1989). 
In the presented images it can be seen that these 
structures do not have the regular shape of 
secretory channels, but are spaces that develop 
in the mesophyll that accompany the secondary 
or tertiary conducting vessels. 
There are differences between the two varieties 
of Carthamus tictorius L. regarding the shape of 
hypsophylls and leaves blade, the arrangement 
of the vein, the presence, arrangement and 
irregular shape of the secretory cavities. 

Macro and microscopic identification of the 
morphological and anatomical characteristics of 
safflower senescence hypsophylls and leaves 
brings new elements for the differentiation of 
varieties, for the possible standardization and in 
the identification of bioactive compounds, with 
importance in the botany, agriculture and 
pharmaceutical industry. 
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