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AbstractAbstractAbstractAbstract    
    
Carissa macrocarpa (Eckl.) A. DC., is a woody shrub of the family Apocynaceae used in traditional 

medicine. This study aimed to investigate the seasonal variations in micromorphology, ultrastructure, and 
histochemistry of C. macrocarpa leaves using light and electron microscopy and histochemical techniques. This 

novel micromorphological analysis revealed the presence of glandular trichomes consisting of a short stalk and 
multicellular head, located on the lower surface of the leaf. The leaf was characterized as hypostomatic, 
containing stomata only on its lower surface. Nonarticulated laticifers were interspersed in the leaf cortex and 

spongy parenchyma. Transmission electron microscopy of C. macrocarpa leaf sections showed the presence of 

mitochondria, vesicles, vacuoles, and chloroplasts containing starch grains and plastoglobuli. Histochemical 
analysis revealed a variety of phytochemicals such as proteins, alkaloids, phenols, resin acids, lipids, polyphenols, 
mucilage, pectin, lignin, and cutin in C. macrocarpa leaves. The chemical compounds found in the latex of its 

laticifers likely play a vital role in herbivory prevention. Although leaves can also be used for medicinal purposes 
due to the presence of many pharmacologically active metabolites, future toxicology studies of C. macrocarpa 

leaves are recommended to ensure their safety for medicinal use. This study is the first to describe the 
ultrastructure and histochemistry of C. macrocarpa leaves. Given the knowledge gap regarding this species, the 

present research provides a foundation for the future harvest and medicinal applications of C. macrocarpa. 

    
Keywords:Keywords:Keywords:Keywords: hypostomatic; glandular trichomes; micromorphology; nonarticulated laticifers; 

phytochemical compounds 
 
 
IntroductionIntroductionIntroductionIntroduction    
    
Apocynaceae is a flowering plant family consisting of trees, herbs, shrubs and stem succulents (Li et al., 

1995). Its genus Carissa contains approximately 35 species native to tropical and subtropical regions of Africa, 
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Asia, and Oceania (Endress and Bruyns, 2000; Li et al., 1995; Sennblad and Bremer, 2002; Evans, 2009). Most 

Carissa species have been used in traditional medicine to treat various illnesses, such as headaches, chest pains, 

rheumatism, edema, gonorrhoea, syphilis, and rabies (Kaunda and Zhang, 2017). Carissa macrocarpa (Eckl.) A. 

DC. (syn. C. grandiflora (E. Mey) A. DC.) or Natal Plum is a drought tolerant plant that is native to South 

Africa. C. macrocarpa grows from Kenya to Southern Africa (Congo, Kenya, Zambia, Zimbabwe, Mozambique, 

South Africa) and thrives in tropical and subtropical regions across the world (Leeuwenberg, 2001). It is found 
among bushes, near the sea and on sand dunes; and grows up to five meters (Allam et al., 2016). It has glossy 

foliage with fragrant, white, star-shaped flowers, which bloom from spring to midsummer (Leeuwenberg, 2001, 
Kaunda and Zhang, 2017). Its red, ripe fruits which are edible have been reported to contain high levels of 
vitamin C, calcium, and magnesium (Gaber et al., 2015; Lim, 2012; Moodley et al., 2011; Moodley et al., 2012). 

Carissa macrocarpa plants are great for hedges because of their large thorns. The leaves of C. macrocarpa are 

used in traditional medicine to treat diarrhea in livestock. Its leaves are also used to treat cough and venereal 
diseases in humans (Moodley et al., 2011, Souilem et al., 2019). Its fruits have immune-boosting properties due 

to their triterpene content, and in South Africa they are believed to help prevent human immunodeficiency 
virus and hepatitis infection (Dhatwalia et al., 2021; Moodley et al., 2011).  Furthermore, phytochemical 

studies on C. macrocarpa plant parts have revealed the presence of several bioactive compounds 

(phytochemicals) that are of therapeutic value (Moodley et al., 2011; Abbas et al., 2014; Khalil et al., 2015). C. 

macrocarpa leaves contain high latex concentrations potentially due to the presence of secretory structures such 

as laticifers (Gabr et al., 2015), Secretory structures are simple or complex structures that produce secretions 

within or on the plant surface. Secretory systems are classified based on their location in the plant and the 
substance exuded (Evert, 2006; Beck, 2010; Huchelmann et al., 2017). Laticifers are internal secretory 

structures, and they can be found within xylem, phloem, cortical, and pith parenchyma tissues (Evert, 2006; 
Beck, 2010; Huchelmann et al., 2017). Furthermore, nonarticulated laticifers have been reported to be an 

ancestral trait of the family Apocynaceae (Demarco and Castro, 2008; Castelblanque et al., 2016; 

Castelblanque et al., 2017). 

Seasonal change directly influences key environmental factors such as temperature, light intensity and 
water availability. These factors play a crucial role in the structural (leaf anatomy) and functional 
(photosynthesis, phytochemical production) characteristics of plants- essential for plant survival (Chaves et al., 

2002; Larcher, 2003). Despite the ecological, horticultural, and medicinal importance of C. macrocarpa, there 

has been limited investigation into how its leaf structure and chemistry adapt to seasonal fluctuations. 
Investigating these changes can provide vital insights into the plant's physiological resilience, allowing for 
improved conservation methods, enhanced production and the possible exploitation of its bioactive chemicals 
in various industries (nutraceuticals and pharmacology) (Bohnert et al., 1995; Lambers et al., 2008). Therefore, 

this study aimed to investigate the seasonal variations in micromorphology, ultrastructure, and histochemical 
properties of C. macrocarpa leaves. The hypothesis states that seasonal variations influence the 

micromorphology, ultrastructure and histochemical composition of C. macrocarpa leaves, reflecting adaptive 

responses to environmental changes.  
 

 
Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    
 
Plant material collection  

Fresh Carissa macrocarpa (Eckl.) A. DC. leaves were harvested in summer (January 2021) and winter 

(July 2021) from the University of KwaZulu-Natal Westville campus (29.817°S 30.940°E), Durban, South 
Africa. After being identified by Dr. Ramdhani (botanist), a voucher specimen was deposited at the Bews 
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Herbarium, University of KwaZulu-Natal Pietermaritzburg campus, with accession number 92175 (voucher 
number 04). The leaves were sampled in triplicates. 

 
Stereomicroscopy 

Freshly harvested leaves were used, and adaxial and abaxial surfaces were examined. Images were 
captured with a Nikon AZ100 stereomicroscope equipped with a Nikon fiber Illuminator, using NIS-Elements 
D software (Nikon, Tokyo, Japan).  

 
Scanning electron microscopy 

Chemical fixation 
Chemical fixation was conducted as per the procedure of Naidoo et al. (2012). C. macrocarpa leaves 

(summer and winter) were manually sectioned and preserved in 2.5% glutaraldehyde for 24 h. The sections 
were rinsed in 0.1 M phosphate buffer (pH 7.2) (3 times for 5 min each), before being postfixed for 1 h in 0.5% 
osmium tetroxide. Due to the light sensitivity of osmium tetroxide, sections were placed in the dark. Thereafter, 
samples were rinsed with distilled water (3 times for 5 min each) and dehydrated with a graded ethanol series 
(30%, 50%, 75%, and 100%) and then critical point dried with a Quorum K850 Critical Point Dryer. The leaf 
sections were secured on aluminum stubs with double-sided carbon tape and sputter coated with gold in a 
Quorum Q150 RES sputter coater. Samples were examined using a Zeiss LEO 1450 scanning electron 
microscope with a working distance of 14-17 mm (5.00 kV). SmartSEM imaging software was used for image 
capturing. 

 
Freeze-fracture  
Fresh leaves were cut (5 mm2) and cooled in liquid nitrogen slush (−210 °C) as per Naidoo et al. (2009) 

method.  Afterward, sections were manually fractured with a blade and freeze-dried for 72 h using an Edward’s 
Modulyo EPTD3 freeze-drier. Freeze-dried samples were placed on aluminum stubs with carbon adhesive tape 
and sputter coated with gold in a Quorum 150 RES sputter coater. Samples were subsequently analyzed using 
a LEO 1450 (Zeiss) scanning electron microscope with Smart SEM imaging software at a working distance of 
14-17 mm (5.00 kV). 

 
Transmission electron microscopy 

For 24 h, fresh leaf sections (5 mm2) (summer and winter) were fixed in 2.5% glutaraldehyde. Sections 
were then rinsed three times in 0.1 M phosphate buffer (pH 7.2) for 5 min each time, and postfixed for 1 h 
with 0.5% osmium tetroxide. After this, samples were washed three times in 0.1 M phosphate buffer for 5 min 
each time and then dehydrated in 30%, 50%, 75%, and then 100% acetone. For 12 h, the dehydrated samples 
were infiltrated with 25%, 50%, and then 75% of a Spurr’s resin and acetone mixture. Afterward, samples were 
infiltrated with 100% resin twice for 12 h each time, followed by embedding in 100% resin using silicone molds 
and polymerization in an oven at 70 °C for 8 h. The Leica EM UC7 ultramicrotome was fitted with a glass 
knife processed with a Glass Knife Maker LKB 7801A to section the resin block samples containing the leaf 
sections. Survey sections (0.5–1 µm) were mounted on slides, stained with toluidine blue, and examined under 
a Nikon Eclipse 80i light compound microscope (Nikon, Japan) using NIS-Elements D imaging software. After 
observing the areas of interest using the survey sections, ultrathin leaf sections (100 nm) were cut and picked 
up with copper grids and stained with 2.5% uranyl acetate for 10 min at 23 °C before being rinsed with distilled 
water. Thereafter, in a closed glass Petri dish with dry sodium hydroxide (NaOH) pellets, the copper grids were 
placed on top of lead citrate droplets to prevent the build-up of moisture, which can result in precipitation of 
the stain. After staining for 10 min, the copper grids were washed with distilled water and dried on filter paper. 
A 100 kV JEOL 1010 TEM equipped with iTEM software (JEOL, Peabody, MA, USA) was used to examine 
sections and obtain images. 
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Histochemistry 

For the histochemical analysis, fresh leaves were segmented into semithin sections (80-100 µm). To 
detect the presence of chemical components, the material was manually sectioned with a blade for staining with 
mercuric bromophenol blue (Mazia et al., 1953) and Coomassie blue for proteins (Fisher, 1968), Sudan Black 

B (Demarco, 2017), and Nile Blue and Sudan III/IV for lipids or cutin (Buda et al., 2009),  -phloroglucinol for 

lignins (Demarco, 2017), acridine orange for cell viability (Gupta and De, 1983), ferric chloride for phenolics 
(Demarco, 2017), toluidine blue for polyphenols (O’Brien et al., 1964), NADI reagent for resin acids 

(Demarco, 2017), Dittmar’s reagent for alkaloids (Furr and Mahlberg, 1981), and ruthenium red for acidic 
mucilages and pectins (Demarco, 2017). The stained sections were examined and imaged using a Nikon Eclipse 
80i fitted with a Nikon DS-Fi1 camera head (Nikon, Japan) and NIS-Elements D imaging software. Three leaf 
samples were analyzed for each stain. 

 
 
ResultsResultsResultsResults    and Discussionand Discussionand Discussionand Discussion    
 
The stereomicrographs revealed that C. macrocarpa plants have simple and opposite, decussate leaves 

with an ovate to elliptical shape and an entire margin (Figure 1). The adaxial surface of the leaf is dark green 
(Figure 1B and 1D) and the abaxial leaf surface is a lighter green colour (Figure 1A and 1C). The leaves are 
thick, leathery and odourless. The leaf has a mucronate apex, an obtuse base, and pinnate reticulate venation 
(Figure 1). Additionally, C. macrocarpa leaf venation can be described as brochidodromous because the 

secondary veins do not end at the edge of the leaf. Instead, its secondary veins join, creating arches. The 
secondary veins branch into smaller tertiary veins, leading to enclosed small areolas between them (Figure 1E). 
The characteristics observed are mostly congruent with those of other studies conducted by Khalil et al. (2015), 

Alsudani and Altameme (2021), Allam et al. (2016) and Khalaf (2021). However, Khalil et al. (2015) described 

the leaf apex as acuminate.  
 

 
Figure 1.Figure 1.Figure 1.Figure 1. Stereo micrographs showing the general morphology of C. macrocarpa leaf. (a and c) abaxial 

surface, (b and d) adaxial surface, (e) adaxial surface showing venation pattern    
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Scanning electron micrographs revealed the presence of stomata on the lower surface of the leaf (Figures 
2 and 3). The stomata were round to oval in shape and anomocytic (3 to 5 subsidiary cells surrounds the guard 
cells). Leaves were found to be hypostomatic, with stomata present only on their lower surface and absent from 
their upper surface (Figures 2 and 3). This may be a strategy to prevent excess water loss through transpiration, 
as stomata on the lower surface of leaves are less exposed to sunlight. The analysis of C. macrocarpa plants grown 

in Egypt (Allam et al., 2016) reported similar observations. Scanning electron micrographs also revealed the 

presence of glandular trichomes (peltate trichomes), which had short stalks and large multicellular heads 
(Figures 2 and 3). Peltate trichomes were mainly found on the midrib and leaf lamina. These trichomes were 
only present on the lower surface of the leaf. Glandular trichomes can manufacture, store, and release various 
phytochemicals (Fahn, 2000; Schilmiller et al., 2008). Key phytochemicals identified in trichomes include 

terpenoids, phenylpropenes, flavonoids, methyl ketones, acyl sugars, and defensive proteins (Fridman et al., 

2005; Gang et al., 2001; Gershenzon and Dudareva, 2007; Kroumova and Wagner, 2003; Shepherd et al., 2005; 

Treutter, 2006). While chemical compounds play a role in the plants’ defence mechanism, glandular trichomes 
may have other functions. These functions include protecting the plant against UV, attracting pollinators, 
regulating temperature, and reducing water loss (Ehleringer, 1984; Glas et al., 2012; Karabourniotis et al., 1995; 

Karabourniotis et al., 1998; Werker, 2000). Furthermore, phytochemicals found in glandular trichomes are 

commercially important as biological pesticides, food additives, and pharmaceuticals (Duke et al., 2000; 

Aharoni et al., 2006). There were no differences in the surface characteristics of summer and winter C. 

macrocarpa leaves (Figures 2 and 3). Other Carissa species such as C. spinarum have been reported to have 

glandular trichomes (Gabr et al., 2015).  

 

 
Figure 2.Figure 2.Figure 2.Figure 2. Scanning electron micrographs depicting the surface of C. macrocarpa leaves in summer. (a–d) 

Abaxial surface showing stomata and peltate trichomes. (e) Adaxial surface devoid of stomata and 
trichomes    
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Figure 3.Figure 3.Figure 3.Figure 3. Scanning electron micrographs showing the surface of C. macrocarpa leaves in winter. (a–d) 

Abaxial surface showing stomata and peltate trichomes. (e) Adaxial surface devoid of stomata and 
trichomes    

 
The transverse section of the C. macrocarpa leaf midrib revealed that the midrib region is depressed on 

the upper side of the leaf, white its protruding on lower side of the leaf. (Figure 4A and 4B). The upper and 
lower epidermis consists of a single layer of polygonal to square cells. The outer wall of the epidermis is full of 
cutin. A thick cuticle protects the leaf from water loss (Figures 4A, 4B, and 5). A collateral type of vascular 
bundle was observed, although there were also a few perimedullary phloem (Figure 4A and 4B). On the lower 
side of the leaf, collenchyma tissue appeared to be two to three layers thick (Figure 4A and 4B). The vascular 
bundle was surrounded by round parenchyma cells that have thin cellulose walls. Ducts resembling laticifer 
cells (with or without latex) were observed in the parenchyma cells (Figure 4A and 4B). Laticifers are thought 
to produce the white, milky fluid that is released when leaves are broken. The milky latex of C. macrocarpa is 

commonly found in many Apocynaceae species (Pickard, 2008; Kumar et al., 2011; Nazar et al., 2013; Rapini 

et al, 2003). Small vascular bundles of veinlets, also known as lateral veins, are found within the spongy tissue. 
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The upper side of the leaf consists of palisade mesophyll composed of two or three layers of columnar cells. 
These cells are densely packed. In contrast, the lower side consists of spongy mesophyll cells that are irregular 
in shape and have air spaces between them (Figure 4A and 4B). The characteristics observed in the transverse 
sections of summer and winter C. macrocarpa leaves were similar (Figure 4A and 4B) to those observed in 

previous studies (Khalil et al., 2015; Allam et al., 2016; Souilem et al., 2018; Alsudani and Altameme, 2021). 

 

 
Figure 4.Figure 4.Figure 4.Figure 4. Light micrographs showing toluidine blue staining of C. macrocarpa leaves. (a) Summer and (b) 

Winter C. macrocarpa leaves stained with toluidine blue. Abbreviations: cu: cuticle, ue: upper epidermis, 

pp: palisade parenchyma, xy: xylem, ph: phloem, svb: small vascular bundle, as: air space, pa: parenchyma, 
col: collenchyma, la: laticifer cell, le: lower epidermis 

 
The spongy parenchyma cells contain nonarticulated laticifers and druse crystals of calcium oxalate 

(Figure 5). Nonarticulated laticifers develop from a single cell and can grow to considerable lengths. Some 
Apocynaceae species in which nonarticulated laticifers have been detected are Nerium oleander, Vallaris 

solanacea, Allamanda violacea, Calotropis gigantea, Mandevilla ilustris, Mandevilla velutina, Vinca sardoa, and 

Asclepias speciosa (Lopes et al., 2009). Laticifers contain latex, which is a combination of phytochemicals such 

as carbohydrates, organic acids, and alkaloids, along with rubber particles, resins, proteins, mucilage, and 
essential oils (Souilem et al., 2018). The laticifer type found in C. macrocarpa leaves in this study is consistent 

with that described by (Souilem et al., 2018). 
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Figure 5.Figure 5.Figure 5.Figure 5. Light micrographs of lateral lamina showing laticifers stained with Sudan III/IV. Red-orange 
coloration indicating the presence of lipids and cutin. Abbreviations: up: upper epidermis, la: laticifer, ca: 
calcium oxalate, le: lower epidermis, pp: palisade parenchyma, sp: spongy parenchyma    

 
Scanning electron microscopy of freeze-fractured leaf sections revealed that nonarticulated laticifers 

were interspersed in the cortex, surrounding the vascular bundle (Figure 7A and 7B). Additionally, laticifers 
were also found in the spongy mesophyll region (Figure 7F). These laticifer distribution results are congruent 
with those of a previous study (Souilem et al., 2018). Some spongy parenchyma cells contain large calcium 

oxalate crystals (Figure 7D). Calcium oxalate crystals can be found in plant tissues or organs. They are produced 
in the vacuoles of specialized cells known as crystal idioblasts (Franceschi and Horner, 1980) (Figure 7E). The 
production of calcium oxalate crystals in plants is crucial for key functions such as the regulation of calcium in 
tissues, protection from herbivores, and metal detoxification (Franceschi and Horner, 1980). The presence and 
distribution of calcium oxalate crystals in C. macrocarpa leaves observed in this study are consistent with those 

found in previous studies Souilem et al. (2018), Alsudani and Altameme (2021), Allam et al. (2016), Khalaf 

(2021) and Khalil et al. (2015). Due to the unavailability of resources, freeze-fracture analyses of C. macrocarpa 

summer leaves could not be conducted. 
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Figure 6.Figure 6.Figure 6.Figure 6. Transmission electron micrographs showing C. macrocarpa summer leaf sections. (a) Upper 
epidermis and palisade parenchyma. (b) Palisade parenchyma showing chloroplasts containing starch 
grains. (c) Spongy parenchyma showing chloroplasts containing large starch grains. (d) Spongy parenchyma 
showing mitochondria and vesicles near the cell periphery. Abbreviations: cu: cuticle, ep: epidermis, pp: 
palisade parenchyma, ch: chloroplast, V: vacuole, Nu: nucleus, sg: starch grain, mt: mitochondria, pg: 
plastoglobuli, vee: vesicle 
 

The transmission electron micrographs revealed several metabolically active organelles, such as vesicles 
and vacuoles, in C. macrocarpa leaves (Figure 6 and 8). Vesicles were found near the plasma membrane. This 

could indicate the transport of larger molecules such as polysaccharides and proteins as well as other secretory 
compounds (Evert, 2006). Mitochondria were observed toward the cell periphery (Figure 6 and 8), indicating 
that the plasma membrane may be actively transporting compounds in or out of the cell (Evert, 2006). Several 
chloroplasts, containing plastoglobuli and starch grains, could be observed in the palisade and spongy 
parenchyma of the leaf (Figure 6 and 8). Starch grains may operate as storage products, accumulating starch 
during active photosynthesis (Evert, 2006). Plastoglobuli are lipoprotein globules whose functions involve 
storing lipids, controlling plant stress responses, breaking down the thylakoid in senescing tissues, and 
facilitating the transition of chloroplasts into chromoplasts (Kessler and Vidi, 2007). Summer leaves contained 
more and larger starch grains in palisade and spongy parenchyma than winter leaves (Figure 6 and 8). This may 
be due to summer leaves receiving more sunlight for extended periods, thus increasing photosynthesis and 
starch production (Kong et al., 2016).  
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Figure 7.Figure 7.Figure 7.Figure 7. Scanning electron micrographs showing freeze-fractured C. macrocarpa leaves in winter. (a) 

Freeze-fracture of the midrib of a leaf. (b) Freeze-fracture showing the distribution of laticifers in the cortex 
of the leaf midrib. (c) Laticifer showing latex exudate from a leaf. (d) Leaf lamina showing calcium oxalate 
in spongy parenchyma. (e) Calcium oxalate in crystal idioblast. (f) Laticifer and calcium oxalate in spongy 
parenchyma. Abbreviations: ue: upper epidermis, col: collenchyma, pa: parenchyma, ph: phloem, xy: xylem, 
pp: palisade parenchyma, le: lower epidermis, sp: spongy parenchyma, la: laticifer, ca: calcium oxalate crystal 
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Figure 8.Figure 8.Figure 8.Figure 8. Transmission electron micrographs showing C. macrocarpa winter leaf sections. (a) Upper 

epidermis and palisade parenchyma. (b) Palisade parenchyma containing chloroplasts. (c) Spongy 
parenchyma showing chloroplasts containing starch grains. Abbreviations: cu: cuticle, ep: epidermis, pp: 
palisade parenchyma, ch: chloroplast, sv: small vacuole, Nu: nucleus, mt: mitochondria, pg: plastoglobuli, 
sg: starch grain, V: vacuole, as: air space 

 
The histochemical analysis revealed the presence of various important phytochemicals in C. macrocarpa 

leaves, including proteins, alkaloids, phenols, resin acids, lipids, polyphenols, mucilage, pectin, lignin, and cutin 
(Figures 9 and 10). Furthermore, for the first time in C. macrocarpa, the histochemical analysis of its leaves 

identified the presence of laticifers and latex containing proteins, alkaloids, phenols, resin acids, lipids, 
polyphenols, mucilage, pectin, lignin, and cutin (Figures 9 and 10). Mucilage is a common product of plant 
cellular metabolism. It is used in medicine for its anti-inflammatory and anti-irritant activity (Geetha et al., 

2009). Polyphenols, such as flavonoids, possess anti-inflammatory and antimicrobial properties (Hodek et al., 

2002; Killedar and More, 2010). The presence of polyphenols in C. macrocarpa leaves has led to their use in 

wound treatment. Moreover, the presence of mucilage and flavonoids in C. macrocarpa leaves (Figures 9 and 

10) may substantiate their use in traditional medicine for treating coughs and venereal diseases (National 
Research, 2008; Ibrahim et al., 1999; Alsudani and Altameme, 2021). The polymerization of phenolic 

compounds can result in the formation of glue-like substances that stick insects to the leaf surface (Yu et al., 

1992). Lignin is a cell wall polymer that is responsible for the mechanical support of plant organs. Lignin 
protects plants against infection and herbivory (Boudet, 2000; Figueiredo et al., 2008; Moura et al., 2010). 

Proteins such as proteinase inhibitors can accumulate in plant tissues after injury (Schilmiller et al., 2008). It 

inhibits the digestive proteins of insects or animals after they have consumed the plant, and interferes with their 
physiology (Schilmiller et al., 2008). A potential association between the phytochemicals of latex and defence 

mechanisms against herbivores and pathogens has been reported (Demarco and Castro, 2008; Fahn, 2002; 
Farrell et al., 1991; Hagel et al., 2008; Konno, 2011; Mahlberg et al., 1987; Pickard, 2008). Therefore, the latex 

in C. macrocarpa laticifers contains chemical compounds that can be lethal or deployed to prevent herbivory 

and pathogenesis (Hagel et al., 2008; Pickard, 2008; Konno, 2011). All the chemical compounds tested for 

were present in both summer and winter C. macrocarpa leaves (Figures 9 and 10). 
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Figure 9.Figure 9.Figure 9.Figure 9.    Histochemical observations of a transverse section of a C. macrocarpa summer leaf midrib. 

Colour change was indicative of a positive stain. (a) Unstained section showing the presence of calcium 
oxalate crystals. (b) Proteins-stained blue using bromophenol blue. (c) Proteins-stained blue using 
Coomassie. (d) Alkaloids-stained orange/brown using Dittmar’s reagent. (e) Phenols stained brown/black 
using ferric trichloride. (f) Resin acids stained red using the NADI reagent. (g) Lipids stained blue/black 
using Sudan Black (h) Polyphenols stained green/blue using toluidine blue. (i) Mucilage and pectin-stained 
pink/red using ruthenium red. (j) Lignin aldehydes stained red using phloroglucinol. Arrows refer to 
laticifer.    
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Figure 10.Figure 10.Figure 10.Figure 10. Histochemical observations of a transverse section of a C. macrocarpa winter leaf midrib. Colour 

change was indicative of a positive stain. (a) Unstained section showing the presence of calcium oxalate 
crystals. (b) Proteins-stained blue using bromophenol blue. (c) Proteins-stained blue using Coomassie. (d) 
Alkaloids-stained orange/brown using Dittmar’s reagent. (e) Phenols stained brown/black using ferric 
trichloride. (f) Resin acids stained red using the NADI reagent. (g) Lipids stained blue/black using Sudan 
Black (h) Polyphenols stained green/blue using toluidine blue. (i) Mucilage and pectin-stained pink/red 
using ruthenium red. (j) Lignin aldehydes stained red using phloroglucinol. Arrows refer to laticifer. 
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ConclusionsConclusionsConclusionsConclusions    
 
Scanning electron microscopy revealed the presence of peltate trichomes and stomata only on the lower 

surface of the C. macrocarpa leaf. Nonarticulated laticifers were interspersed in the cortex and spongy 

parenchyma, surrounding the vascular bundles of the studied leaves. Calcium oxalate crystals were found in leaf 
tissues. Transmission electron microscopy revealed the presence of mitochondria, vesicles, vacuoles, and 
chloroplasts containing starch grains and plastoglobuli in C. macrocarpa leaf cells. This was the first 

histochemical study to report the presence of pharmacologically relevant phytochemicals (secondary 
metabolites) in C. macrocarpa leaves. Considering the chemical nature of the latex found in laticifers, it may 

serve as a defence mechanism against herbivory. Thus, in vivo toxicology testing of C. macrocarpa leaves is 

recommended to ensure the safety of the plant for medicinal use. There were little to no differences in the 
surface morphology and histochemistry of summer and winter leaves of C. macrocarpa. Regarding leaf 

histochemistry, both seasons seem suitable for the harvesting of this plant for medicinal use. However, 
transmission electron microscopy revealed that summer leaves contained more and larger starch grains, which 
may be due to increased exposure to sunlight leading to increased photosynthesis. C. macrocarpa has the ability 

to thrive in many habitats and has an efficient bio-metabolic system that allows it to tolerate environmental 
stresses. These factors can be considered in the future for the harvest and medicinal applications of C. 

macrocarpa. 

 
 

Authors’ ContributionsAuthors’ ContributionsAuthors’ ContributionsAuthors’ Contributions 
 
Conceptualization, R.R and Y.N.; methodology R.R and Y.N.; software, R.R.; validation, Y.H.D., T.A. 

and N.M.D.; formal analysis, R.R and Y.N.; investigation, R.R and Y.N.; resources, Y.N. and Y.H.D.; data 
curation, R.R. and Y.N.; writing—original draft preparation, R.R and Y.N.; writing—review and editing, Y.N., 
Y.H.D., T.A. and N.M.D.; visualization, T.A. and N.M.D.; supervision, Y.N. and Y.H.D.; project 
administration, Y.N.; funding acquisition, Y.H.D. All authors have read and approved the final manuscript.  
 
 

Ethical approvalEthical approvalEthical approvalEthical approval (for researches involving animals or humans) 
 
Not applicable. 
 
 
AcknowledgementsAcknowledgementsAcknowledgementsAcknowledgements    
 
We would like to acknowledge the staff at the Microscopy and Microanalysis Unit at the University of 

KwaZulu-Natal and the National Research Foundation, South Africa for their support. The authors 
acknowledge Researchers Supporting Project number (RSP-2025R375), King Saud University, Riyadh, Saudi 
Arabia.  
 
 

Conflict of InterestsConflict of InterestsConflict of InterestsConflict of Interests    
 
The authors declare that there are no conflicts of interest related to this article. 
 
 



Ramasar R et al. (2025). Not Bot Horti Agrobo 53(1):13869 

 

15 

 

 

 

 

 

 

ReferencesReferencesReferencesReferences    
    

Abbas M, Rasool N, Riaz M, Zubair M, Abbas M, Noor-Ul-Haq, Hayat N (2014). GC-MS profiling, antioxidant, and 

antimicrobial studies of various parts of Carissa grandiflora. Bulgarian Chemical Communications 46:831-839. 

Agrawal AA, Konno K (2009). Latex: A model for understanding mechanisms, ecology, and evolution of plant defense 
against herbivory. Annual Review of Ecology, Evolution and Systematics 40:311-331. 

http://dx.doi.org/10.1146/annurev.ecolsys.110308.120307  

Aharoni A, Jongsma MA, Kim TY, Ri MB, Giri AP, Verstappen FW, Bouwmeester HJ (2006). Metabolic engineering of 

terpenoid biosynthesis in plants. Phytochemistry Review 5:49-58. http://dx.doi.org/10.1007/s11101-005-3747-

3  

Allam KM, Abd El-Kader AM, Mostafa MA, Fouad MA (2016). Botanical studies of the leaf, stem and root of Carissa 

macrocarpa, (Apocynaceae), cultivated in Egypt. Journal of Pharmacognosy and Phytochemistry 5:106. 

Alsudani AAAZ, Altameme, HJM (2021). A taxonomical study of Carissa macrocarpa (Eckl.) A. Dc (Apocynaceae) in 

Iraq. Review of International Geographical Education Online 11:1328-1341. 
Angiosperm Phylogeny Group (2009). An update of the angiosperm phylogeny group classification for the orders and 

families of flowering plants: APG III. Botanical Journal of the Linnean Society 161:105-121. 
https://doi.org/10.1111/j.1095-8339.2009.00996.x  

Beck CB (2010). An introduction to plant structure and development: plant anatomy for the twenty-first century. 
Cambridge University Press. 

Bohnert HJ, Nelson DE, Jensen RG. (1995). Adaptations to environmental stresses. The Plant Cell 7(7):1099-1111. 

https://doi.org/10.1105/tpc.7.7.1099  

Boudet AM (2000). Lignins and lignification: selected issues. Plant Physiology and Biochemistry 38:81-96. 

http://dx.doi.org/10.1016/S0981-9428(00)00166-2  

Buda, GJ, Isaacson T, Matas AJ, Paolillo DJ, Rose JK (2009). Three‐dimensional imaging of plant cuticle architecture 

using confocal scanning laser microscopy. Plant Journal 60:378-385. http://dx.doi.org/10.1111/j.1365-

313X.2009.03960.x  

Castelblanque L, Balaguer B, Martí C, Rodríguez JJ, Orozco M, Vera P (2017). Multiple facets of laticifer cells. Plant 

Signaling & Behavior 12:e1300743. http://dx.doi.org/10.1080/15592324.2017.1300743  

Castelblanque L, Balaguer B, Martí C, Rodríguez JJ, Orozco M, Vera P (2016). Novel insights into the organization of 
laticifer cells: a cell comprising a unified whole system. Plant Physiology 172:1032-1044. 

http://dx.doi.org/10.1104/pp.16.00954  

Chaves MM, Pereira JS, Maroco J, Rodrigues ML, Ricardo CP, Osório ML, Pinheiro C. (2002). How plants cope with 
water stress in the field: Photosynthesis and growth. Annals of Botany 89(7):907-916. 

https://doi.org/10.1093/aob/mcf105  

Cutler DF, Botha CEJ, Stevenson DW (2008). Plant anatomy: An applied approach. Blackwell, pp 989. 
Demarco D (2017). Histochemical analysis of plant secretory structures. In: Histochemistry of single molecules. Humana 

Press, New York, NY, pp 313-330. 
Demarco D, Castro MDM (2008). Articulated anastomosing laticifers in species of Asclepiadeae (Asclepiadoideae, 

Apocynaceae) and their ecological significance. Brazilian Journal of Botany 31:701-713. 
https://doi.org/10.1590/S0100-84042008000400015  

Dhatwalia J, Kumari A, Verma R, Upadhyay N, Guleria I, Lal S, Amarowicz R (2021). Phytochemistry, pharmacology, 

and nutraceutical profile of Carissa species: An updated review. Molecules 26:7010. 

http://dx.doi.org/10.3390/molecules26227010  

Duke SO, Canel C, Rimando AM, Telle MR, Duke MV, Paul RN (2000). Current and potential exploitation of plant 

glandular trichome productivity. Advances in Botanical Research 31:121-151. http://dx.doi.org/10.1016/S0065-

2296(00)31008-4  

Ehleringer J (1984). Ecology and ecophysiology of leaf pubescence in North American desert plants. Biology and chemistry 
of plant trichomes. In: Rodriguez E, Healey PL, Mehta I (Eds). Biology and Chemistry of Plant Trichomes. pp 
113-132. 



Ramasar R et al. (2025). Not Bot Horti Agrobo 53(1):13869 

 

16 

 

 

 

 

 

 

El-Taher AM, Gendy AENGE, Alkahtani J, Elshamy AI, Abd-ElGawad AM (2020). Taxonomic implication of integrated 
chemical, morphological, and anatomical attributes of leaves of eight Apocynaceae taxa. Diversity 12:334. 

http://dx.doi.org/10.3390/d12090334 

Endress ME, Bruyns PV (2000). A revised classification of the Apocynaceae sl.  The Botanical Reviews 66:1-56. 
http://dx.doi.org/10.1007/BF02857781  

Esau K (1965). Plant anatomy. Plant Anatomy. 2nd Edition. 
Evans WC (2009). Trease and evans' pharmacognosy E-book. Elsevier Health Sciences. 
Evert RF (2006). Esau's plant anatomy: meristems, cells, and tissues of the plant body: Their structure, function, and 

development. John Wiley & Sons. 
Fahn A (2000). Structure and function of secretory cells. Advances in Botanical Research 31:37-75. 

http://dx.doi.org/10.1016/S0065-2296(00)31006-0  

Fahn A (2002). Functions and location of secretory tissues in plants and their possible evolutionary trends. Israel Journal 

of Plant Science 50:59-64. http://dx.doi.org/10.1560/LJUT-M857-TCB6-3FX5 

Fahn A, (1979). Secretory tissues in plants. Academic Press Inc. London, England. 
Farrell BD, Dussourd DE, Mitter C (1991). Escalation of plant defense: Do latex and resin canals spur plant 

diversification? The American Naturalist 138:881-900. http://dx.doi.org/10.1086/285258 

Figueiredo AC, Barroso JG, Pedro LG, Scheffer JJ (2008). Factors affecting secondary metabolite production in plants: 
volatile components and essential oils. Flavours and Fragrances Journal 23:213-226. 

http://dx.doi.org/10.1002/ffj.1875 

Fisher DB (1968). Protein staining of ribboned epon sections for light microscopy. Histochemie 16:92-96. 
https://doi.org/10.1007/bf00306214  

Franceschi VR, Horner HT (1980). Calcium oxalate crystals in plants. Botanical Reviews 46:361-427. 

http://dx.doi.org/10.1007/BF02860532  

Fridman E, Wang J, Iijima Y, Froehlich JE, Gang DR, Ohlrogge J, Pichersky E, (2005). Metabolic, genomic, and 

biochemical analyses of glandular trichomes from the wild tomato species Lycopersicon hirsutum identify a key 

enzyme in the biosynthesis of methylketones. The Plant Cell 17:1252-1267. 
https://doi.org/10.1105/tpc.104.029736  

Furr M, Mahlberg PG (1981). Histochemical analyses of laticifers and glandular trichomes in Cannabis sativa. Journal of 

Natural Products 44:153-159. http://dx.doi.org/10.1021/np50014a002  

Gabr DG, Khafagi AA, Mohamed AH, Mohamed FS., (2015). The significance of leaf morphological characters in the 
identification of some species of Apocynaceae and Asclepiadaceae. Journal of American Science 11:61-70. 

Gang DR, Wang J, Dudareva N, Nam KH, Simon JE, Lewinsohn E, Pichersky E (2001). An investigation of the storage 
and biosynthesis of phenylpropenes in sweet basil. Plant Physiology 125:539-555. 

http://dx.doi.org/10.1104/pp.125.2.539  

Geetha B, Gowda KP, Kulkarni GT, Badami S (2009). Microwave assisted fast extraction of mucilages and pectins. Indian 
Journal of Pharmaceutical Education and Research 43:260-265. 

Gershenzon J, Dudareva N (2007). The function of terpene natural products in the natural world. Nature Chemical 

Biology 3:408-414. http://dx.doi.org/10.1038/nchembio.2007.5  

Glas JJ, Schimmel BC, Alba JM, Escobar-Bravo R, Schuurink RC, Kant MR (2012). Plant glandular trichomes as targets 

for breeding or engineering of resistance to herbivores. International Journal of Molecular Sciences 13:17077-

17103. http://dx.doi.org/10.3390/ijms131217077  

Gupta HS, De DN. (1983). Uptake and accumulation of acridine orange by plant cells. Proceedings of the Indian National 
Science Academy 49:653-660.    

Hagel JM, Yeung EC, Facchini PJ (2008). Got milk? The secret life of laticifers. Trends in Plant Sciences 13:631-639. 

http://dx.doi.org/10.1016/j.tplants.2008.09.005  

Hodek P, Trefil P, Stiborová M (2002). Flavonoids-potent and versatile biologically active compounds interacting with 

cytochromes P450. Chemico-Biological Interactions 139:1-21. http://dx.doi.org/10.1016/S0009-

2797(01)00285-X 

Huchelmann A, Boutry M, Hachez C (2017). Plant glandular trichomes: natural cell factories of high biotechnological 

interest. Plant Physiology 175:6-22. http://dx.doi.org/10.1104/pp.17.00727  



Ramasar R et al. (2025). Not Bot Horti Agrobo 53(1):13869 

 

17 

 

 

 

 

 

 

Ibrahim H, Abdurahman EM, Shok M, Ilyas N, Bolaji R (1999). Preliminary phytochemical and antimicrobial studies of 

the leaves of Carissa edulis Vahl. In: Standardization and utilization of herbal medicines: Challenges of the 21st 

century. Proceedings of 1st International Workshop on Herbal Medicinal Products, Department of 
Pharmacognosy, University of Ibadan, Ibadan, Nigeria, 22-24 November, pp 217-222.  

Johnson DA (1940). Plant microtechniques. McGraw-Hill Book Co., Inc., New York. 
Karabourniotis G, Kofidis G, Fasseas C, Liakoura V, Drossopoulos I (1998). Polyphenol deposition in leaf hairs of Olea 

europaea (Oleaceae) and Quercus ilex (Fagaceae). American Journal of Botany 5:1007-1012. 

Karabourniotis G, Kotsabassidis D, Manetas Y (1995). Trichome density and its protective potential against ultraviolet-
B radiation damage during leaf development. Canadian Journal of Botany 73:376-383. 

http://dx.doi.org/10.1139/b95-039  

Kaunda JS, Zhang YJ (2017). The Genus Carissa: An ethnopharmacological, phytochemical and pharmacological review. 

Natural Products and Bioprospecting 7:181-199. http://dx.doi.org/10.1007/s13659-017-0123-0 

Kessler, F., Vidi, PA. (2007). Plastoglobule lipid bodies: their functions in chloroplasts and their potential for applications. 
In: Fiechter A, Sautter C (Eds). Green Gene Technology. Advances in Biochemical Engineering/Biotechnology, 

vol 107. Springer, Berlin, Heidelberg. https://doi.org/10.1007/10_2007_054 

Khalaf FK (2021). Anatomical study of the Carissa macrocarpa (Apocynaceae family) in Iraq. Journal of Physics: 

Conference Series 1879:022055. 

Khalil HE, Aljeshi YM, Saleh FA (2015). Authentication of Carissa macrocarpa cultivated in Saudi Arabia: botanical, 

phytochemical and genetic study. Journal of Pharmaceutical Science and Research 7:497. 

Killedar SG, More HN (2010). Estimation of tannins in different parts of Memecylon umbellatum Burm. Journal of 

Pharmacy Research 3:554-556. 
Kong D X, Li YQ, Wang ML, Bai M, Zou R, Tang H, Wu H (2016). Effects of light intensity on leaf photosynthetic 

characteristics, chloroplast structure, and alkaloid content of Mahonia bodinieri (Gagnep.) Laferr. Acta 

Physiologia Plantarum 38:120. http://dx.doi.org/10.1007/s11738-016-2147-1  

Konno K (2011). Plant latex and other exudates as plant defense systems: roles of various defense chemicals and proteins 

contained therein. Phytochemistry 72:1510-1530. http://dx.doi.org/10.1016/j.phytochem.2011.02.016  

Kroumova AB, Wagner GJ (2003). Different elongation pathways in the biosynthesis of acyl groups of trichome exudate 

sugar esters from various solanaceous plants. Planta 216:1013-1021. http://dx.doi.org/10.1007/s00425-002-

0954-7  

Kumar G, Karthik L, Rao KVB (2011). A review on pharmacological and phytochemical profile of Calotropis gigantea 

Linn. Pharmacology Online 1:1-8. 

Lambers H, Chapin III FS, Pons TL (2008). Plant Physiological Ecology. Springer Cham. https://doi.org/10.1007/978-3-

030-29639-1 

Larcher W. (2003). Physiological Plant Ecology: Ecophysiology and Stress Physiology of Functional Groups. Springer, 
Heidelberg, Germany. 

Leeuwenberg AJM (2001). Series of revisions of Apocynaceae XLIX: Carissa L./by Leeuwenberg AJM, van Dilst FJH.  

Wageningen University papers Backhuys Publishers, Leiden, The Netherlands. 
Li B, Leeuwenberg AJM, Middleton DJ (1995). Apocynaceae. Flora of China 16:144-188. 
Lim TK. (2012). Edible medicinal and non-medicinal plants. Springer, Dordrecht, The Netherlands, Vol. 1, pp 285- 292.  
Lopes KLB, Thadeo M, Azevedo AA, Soares AA, Meira RMSA. (2009). Articulated laticifers in the vegetative organs of 

Mandevilla atroviolacea (Apocynaceae, Apocynoideae). Botany 87(2):202-209. https://doi.org/10.1139/B08-

126     

Mahlberg PG (1993). Laticifers: An historical perspective. Botanical Reviews 59(1):1-23. 

http://dx.doi.org/10.1007/BF02856611  

Mahlberg PG, Davis DG, Galitz DS, Manners GD (1987). Laticifers and the classification of Euphorbia: the 

chemotaxonomy of Euphorbia esula L. Botanical Journal of the Linnean Society 94:165-180. 

http://dx.doi.org/10.1111/j.1095-8339.1987.tb01044.x  

Mazia D, Brewer PA, Alfert M (1953). The cytochemical staining and measurement of protein with mercuric bromphenol 

blue. Biology Bulletin 104:57-67. http://dx.doi.org/10.2307/1538691  

Metcalfe CR (1967). Distribution of latex in the plant kingdom. Economic Botany 21:115-127. 



Ramasar R et al. (2025). Not Bot Horti Agrobo 53(1):13869 

 

18 

 

 

 

 

 

 

Moodley R (2012). Phytochemical and analytical studies on two indigenous medicinal plants found in KwaZulu-Natal: 

Carissa macrocarpa and Harpephyllum caffrum. PhD dissertation, University of KwazuluNatak, South Africa. 

Moodley R, Chenia, H, Jonnalagadda SB, Koorbanally N (2011). Antibacterial and anti-adhesion activity of the 

pentacyclic triterpenoids isolated from the leaves and edible fruits of Carissa macrocarpa. Journal of Medicinal 

Plants Research 5:4851-4858. 
Moodley R, Koorbanally, N, Jonnalagadda SB (2012). Elemental composition and fatty acid profile of the edible fruits of 

Amatungula (Carissa macrocarpa) and impact of soil quality on chemical characteristics. Analytica Chimica Acta 

730:33-41. http://dx.doi.org/10.1016/j.aca.2011.11.066  

Moura JCMS, Bonine CAV, de Oliveira Fernandes Viana J, Dornelas, MC, Mazzafera P (2010). Abiotic and biotic stresses 
and changes in the lignin content and composition in plants. Journal of Integrative Biology 52:360-376. 

http://dx.doi.org/10.1111/j.1744-7909.2010.00892.x  

Naidoo G, Kaliamoorthy S, Naidoo Y. (2009). The secretory apparatus of Xerophyta viscosa (Velloziaceae): Epidermis 

anatomy and chemical composition of the secretory product. Flora: Morphology, Distribution, Functional 
Ecology of Plants 204: 561-568.  

Naidoo Y, Karim T, Heneidak S, Sadashiva CT, Naidoo G. (2012). Glandular trichomes of Ceratotheca triloba 

(Pedaliaceae): Morphology, histochemistry and ultrastructure. Planta 236:1215-1226.  

National Research Council, (2008). Lost crops of Africa: Vol. III fruits. Washington, DC: National Academies Press 

3:262-269. 
Nazar N, Goyder DJ, Clarkson JJ, Mahmood T, Chase MW (2013). The taxonomy and systematics of Apocynaceae: 

Where we stand in 2012. Botanical Journal of the Linnean Society 171:482-490. 

http://dx.doi.org/10.1111/boj.12005  

O'Brien T, Feder N, McCully, ME (1964). Polychromatic staining of plant cell walls by toluidine blue. Protoplasma 
59:368-373. 

Pickard WF (2008). Laticifers and secretory ducts: Two other tube systems in plants. New Phytologist 177:877-888. 

http://dx.doi.org/10.1111/j.1469-8137.2007.02323.x  

Rapini A, Chase MW, Goyder DJ, Griffiths J (2003). Asclepiadeae classification: Evaluating the phylogenetic 
relationships of New World Asclepiadoideae (Apocynaceae). Taxon 52:33-50. 

http://dx.doi.org/10.2307/3647300  

Salunke RJ, Ghate VS (2013). Comparative pharmacognosy of medicinally important species of genus Carissa. 

International Journal and Pharmacy Life Science 4:2890-2904. 
Schilmiller AL, Last RL, Pichersky, E (2008). Harnessing plant trichome biochemistry for the production of useful 

compounds. Plant Journal 54:702-711. http://dx.doi.org/10.1111/j.1365-313X.2008.03432.x  

Sennblad B, Bremer B (2002). Classification of Apocynaceae s.1. according to a new approach combining Linnaean and 

phylogenetic taxonomy. Systematic Biology 51:389-409. http://dx.doi.org/10.1080/10635150290069869  

Shepherd RW, Bass WT, Houtz RL, Wagner GJ (2005). Phylloplanins of tobacco are defensive proteins deployed on 
aerial surfaces by short glandular trichomes. The Plant Cell 17:1851-1861. 

http://dx.doi.org/10.1105/tpc.105.031559  

Souilem F, Dias MI, Barros L, Calhelha RC, Alves MJ, Harzallah-Skhiri F, Ferreira IC (2019). Phenolic profile and 

bioactive properties of Carissa macrocarpa (Eckl.) A. DC.: An in vitro comparative study between leaves, stems, 

and flowers. Molecules 24:1696. https://doi.org/10.3390/molecules24091696  

Souilem F, El Ayeb A, Djlassi B, Ayari O, Chiboub W, Arbi F., Harzallah‐Skhiri F (2018). Chemical composition and 

activity of essential oils of Carissa macrocarpa (Eckl.) A. DC. cultivated in Tunisia and its anatomical features. 

Chemistry and Biodiversity 15:e1800188. https://doi.org/10.1002/cbdv.201800188  

Treutter D (2006). Significance of flavonoids in plant resistance: A review. Environmental Chemistry Letters 4:147-157. 

http://dx.doi.org/10.1007/s10311-006-0068-8  

Upton R,Graff, A, Jolliffe, G, Länge R, R,Williamson, E. (Eds.). (2016). American herbal pharmacopoeia: Botanical 
pharmacognosy-microscopic characterization of botanical medicines. CRC Press, Boca Raton, FL, USA. 

Wadhwa J, Nair A, Kumria R (2013). Potential of plant mucilages in pharmaceuticals and therapy. Current Drug Delivery 

10:198-207. http://dx.doi.org/10.2174/1567201811310020006  

Werker E (2000). Trichome diversity and development. Advances in Botany Research 31:1-35. 

http://dx.doi.org/10.1016/S0065-2296(00)31005-9 



Ramasar R et al. (2025). Not Bot Horti Agrobo 53(1):13869 

 

19 

 

 

 

 

 

 

White F (1983). The vegetation of Africa. Paris, UNESCO Press, pp 356.  

Yu H, Kowalski SP, Steffens JC (1992). Comparison of polyphenol oxidase expression in glandular trichomes of Solanum 

and Lycopersicon species. Plant Physiology 100:1885-1890. http://dx.doi.org/10.1104/pp.100.4.1885  

 
 
 
 
 

 

The journal offers free, immediate, and unrestricted access to peer-reviewed research and scholarly work. Users are 
allowed to read, download, copy, distribute, print, search, or link to the full texts of the articles, or use them for any 
other lawful purpose, without asking prior permission from the publisher or the author. 

 

License License License License ---- Articles published in Notulae Botanicae Horti Agrobotanici ClujNotulae Botanicae Horti Agrobotanici ClujNotulae Botanicae Horti Agrobotanici ClujNotulae Botanicae Horti Agrobotanici Cluj----NapocaNapocaNapocaNapoca are Open-Access, 

distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) License. 
© Articles by the authors; Licensee UASVM and SHST, Cluj-Napoca, Romania. The journal allows the author(s) to 
hold the copyright/to retain publishing rights without restriction. 

 
Notes:Notes:Notes:Notes:    
 Material disclaimer: The authors are fully responsible for their work and they hold sole responsibility for the articles published 

in the journal.  
 Maps and affiliations: The publisher stay neutral with regard to jurisdictional claims in published maps and institutional 

affiliations. 
 Responsibilities: The editors, editorial board and publisher do not assume any responsibility for the article’s contents and for 

the authors’ views expressed in their contributions. The statements and opinions published represent the views of the authors 
or persons to whom they are credited. Publication of research information does not constitute a recommendation or 
endorsement of products involved. 

 
 


