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Abstract 

 

Most plants accumulate inorganic inclusions called calcium oxalate crystals 

(CaOx) in both vegetative and reproductive organs. In these studies, the 

similarities and differences for the type and distribution of calcium oxalate (CaOx) 

crystals were examined in both young and mature petiole Vitis vinifera L. 

(Vitaceae). Transverse, radial, and tangential sections were obtained from 

epidermis, cortex, xylem and phloem tissue of different specimens. Crystal 

measurements of young and mature petiole were statically analyzed. Significant 

differences were determined between young and mature petiole in terms of 

distribution in the tissues and varieties of crystal. 
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1. Introduction 
 

Most plants accumulate inorganic inclusions called calcium oxalate crystals 

(CaOx) in both vegetative and reproductive organs. They represent storage forms 

of calcium that have environmentally supplied and oxalic acid that have produced 

by the plant's own metabolism [1]. This inorganic substance is produced in 

vacuole of specialized cells called idioblast although extracellular crystals have 

also been reported [2]. They are present in higher plants in addition to ferns and 

algea and are widespread in dicotyledons and monocotyledons, including both 

herbaceous and woody form [3, 4, 5]. 

Calcium oxalate crystals appear in a variety of shapes occurring as crystals of 

either in monohydrate (whewellite) form or di-(or tri-) hydrates (weddelite) form 

[6]. Most crystals can be classified as crystal sand, raphide, druse, styloid, and 

prismatic based on their morphology. Calcium oxalate crystals develop in specific 

anatomical and developmental patterns, indicating that their formation is 

controlled genetically by plants [7, 8, 9]. For this reason, crystal distribution and 

shape have been used as taxonomical characters for some of plant taxon although 

the amount of crystal may be influenced from environmental condition.  

 Calcium is essential to biological process in plant such as middle lamella 

formation and stomatal movement. İn addition calcium is used as a cofactor of 

proteins. But high concentration is toxic for plants. Some investigations indicated 

that calcium deficiency may cause organelle degradation, chromosomal anomaly 

and abnormally mitotic activity. It has been proposed that CaOx may serve as a 

regulatory of calcium concentration in plant. Several reports in support of this 

hypothesis have shown that the amount of CaOx in tissue decreased associated 

with environmental calcium reduction [7, 10]. 

Biological function of CaOx is not clearly understood. But based on crystal 

shapes and sizes, prevalence and spatial distribution, there have been a number of 

hypotheses regarding crystal function in plants. Previous research indicates that 

calcium oxalate crystals have variety of important functions, such as to calcium 

regulation [11], help prevent herbivory [12] and act metal detoxification [11]. In 

addition they may have more specific function that promote air space formation in 

some aquatic plants or protect the photosynthetic tissue from UV radiation [13]. 

Although there are many studies on various aspects of crystal chemical 

characterization and synthesis of calcium oxalate crystals in Vitis, reports to 

enlighten its possible function, temporal and spatial distribution are rare. Previous 

observations have shown in grape that raphide crystals of V. vinifera berries are 

composed of calcium oxalate monohydrate. This work also established ascorbic 

acid as the biosynthetic precursor of both oxalic and tartaric acids via two distinct 

pathways operating within the same organ [14]. According to [15], organic matrix 

associated with calcium oxalate crystals in grape are discussed in relation to 

crystal nucleation and growth. On the other hand it is suggested that the raphides 

are twinned along their length in Vitis may increase mechanical strength and they 

may have function in plant defense against herbivory [16]. 
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In this study we carried out the similarities and differences between for the type 

and distribution of calcium oxalate (CaOx) crystals in both young and mature 

petiole Vitis vinifera L. (Vitaceae). This research is valuable to obtain a more 

comprehensive understanding of calcium oxalate function in plants tissue.  

 

 

2. Materials and Methods 
 

Grape leaves materials were obtained from different specimens were collected in 

Middle Black Sea Region of Turkey.  Young and mature petioles were collected 

from native plants in May and September respectively.  For light microscopy, the 

materials were fixed in 70 % ethyl alcohol and left in 95% ethanol for one night. 

The hand-sliced sections of fixed petiole were examined. Transverse, radial, and 

tangential sections were obtained from epidermis, cortex, xylem and phloem 

tissue of different specimens. Crystals were viewed using an Olympus microscope 

(Tokyo, Japan) and images were photographed with an Olympus digital camera 

(Camedia C5060). Selected images were processed in PhotoShop 7.0 (Adobe, San 

Jose, California).  The diameters of the druses, the lengths and widths of the 

raphide and prismatic crystals measured for the analysis. Measurements of the 

crystals were taken with Image-Pro Plus, version 5.1 (Media Cybernet-ics, Silver 

Spring, MD). Fifteen crystals for each tissue and each crystal type were measured 

from randomly chosen 50 specimens. Druse, raphide and prismatic crystals 

measurements of young and mature petiole were analyzed using SPSS software 

(SPSS software version 18.0; SPSS Inc., Chicago, IL). The averages and standard 

deviations of data were calculated.  

 

 

3. Results 
 

Calcium oxalate crystals observed in grape typically form three main types of 

crystal morphologies: raphides or needle-shaped crystals that form in bundles; 

druses or multiple crystal forms of spherical conglomerates; and prismatic crystals 

consisting of regular prismatic shapes [17]. In further investigation, significant 

differences were determined between young and mature petiole in terms of 

distribution in the tissues and varieties of crystal in Vitis vinifera (Vitaceae) specie. 

CaOx morphology and distribution in tissues are shown in Table 1. Druse crystal 

density was higher than the other crystal types in both petiole (Figure 3 and 7). No 

prismatic crystals were found in young petiole, while they were present in some 

parts of mature petiole (approximately 9.5 crystals per mm2). On the other hand 

Druse crystals and raphide in mature petiole is much more intense than those in 

young petiole.  
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Figure 1-8. The transverse and tangential sections of young and mature petioles in 

Vitis vinifera. (Bar: 50μm) 1-4: mature petiole, 5-8: young petiole, (dr: druse 

crystal; rf: raphide crystal). 

 

 

 

Using T-test, the diameters of the druses, the lengths and widths of the raphide 

crystals were compared between young and mature petiole (Table 2). Statistical 

analysis of the crystals indicated that there was no significant difference between 

both samples in terms of raphide heights and druse diameters, while the width of 

raphide clusters were quite different (Figure 9) (raphide width → t:2.132, 

df:27.726, P<0.05 raphide height→ t:0.404, df:23.655, P=690 druse diameter→ 

t:1.784, df:27.844, P=0.085).  

 

 

 

 



Calcium oxalate crystal (CaOx) composition                             5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Calcium oxalate crystal measurement of druse diameter (shown in 

empty bar), raphide width (shown in striated bar) and raphide length (shown in 

pointy bar) of young and mature petiole. 

 

Table 1. Crystals intensity and distribution at different tissue in both petiole 

Young petiole Mature petiole 

 Druse Raphide Prismatic Druse Raphide Prismatic 

Epidermis - - - - - - 

Cortex + + - ++ ++ + 

Phloem + - - +++ + + 

Xylem - - - + - - 

Pit + + - + ++ - 

 

Table 2. Anatomical measurement of raphide, druse and prismatic crystals in both petiole 

 Young petiole Mature petiole 

 Druse Raphide Prismatic Druse Raphide Prismatic 

Amount of 

crystals per 

mm2 

53,75 25 - 140 41,25 9,5 

Length/diamet

er width 

(mean±se) 

13.33±6.0

9 

65.33±13.

65 
- 

17.167±5.

65 
68±21.59 - 
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Tissue distributions of these crystals were observed under light microscopy. Druse 

crystal was rich around vasculary bundles, especially phloem tissue and the 

diameters of these crystals were measured as 13.333 ± 6.0994 μm diameter 

(Figure 7) in young petiole. They were as clusters or single crystal in cell (Figure 

8). Raphides were observed in cortex and pith cells were 31.333 ± 5.1640 width 

μm and 65.333 ± 13.6561μm length in young petiole. But they more abundant in 

mature petiole tissue (Figure 4). In addition, the lengths of these prismatic crystals 

were rarely determined in cortex and phloem of mature petiole (Figure 2). 

Compared with samples of mature petiole, the crystal densities of all types were 

less in young samples (Figure 6). Furthermore, a comparison between the tissues 

demonstrated that crystals were found more intense in phloem and cortex (Figure 

3 and 5). No crystals were found in epidermis of the petiole. Druse crystals were 

densely present near the vasculary tissue, while raphide bundles dispersed in 

parenchymatic tissue (Figure 1). However, prismatic crystal was not observed in 

any tissue of young petiole samples (Table 2). 

 

4. Discussion 
 

Previous studies have reported that CaOx crystals in plant tissues show various 

functions, In this species, the fact that druse crystal have amorphous shape and the 

observation that druse crystals are the most common were compatible with the 

hypothesis that druse crystal had a main function protecting plant tissue against 

attacks by herbivores, which there are many articles that support this function. 

Distribution of calcium oxalate crystal types between tissues at young and mature 

leaves petiole of Vitis vinifera show significant differences. In our study, it was 

determined that the crystal density at mature leaves was considerably higher than 

the young leaves. Furthermore, mature petiole contains the prismatic crystals, 

while no crystals are found at young petiole. Thus, they may act as a storage form 

of excess Ca, which is compatible with many studies. 

Druse crystals are more common in both petioles than the other crystal types. 

They are mainly common at cells near to the vasculary component. Thus the 

excess calcium may carry with vasculary system and storage in parenchymatic 

cells so that they act as a protecting factor against collapse. Our results confirm 

the findings of Franceschi and Horner [3] with recpect to giving strength to the 

tissues. According to Okoli and Green [18], the crystals polymerize in relation to 

the some organic matter such as starch particles. Druse crystals especially localize 

in the tissues around the phloem are support the hypothesis of Okoli and Green 

[18]. The fact that significant difference is observed in terms of raphide bundles 

width between young and mature petiole, while crystals length are not different at 

statistical analysis suggest that raphide accumulation increases in crystal idioblast. 

Probably, as the development progresses, the new raphides join to the bundle.  

In summary, we report the similarities and differences between the type and 

distribution of calcium oxalate (CaOx) crystals in both young and mature petiole 

Vitis vinifera L. (Vitaceae). These results are important in studying possible 

function of calcium oxalate crystals in plant to design experiments. 
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