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Chapter 32
Calcium Oxalate Crystals in Plant 
Communities of the Southeast  
of the Pampean Plain, Argentina

Stella Maris Altamirano, Natalia Borrelli, María Laura Benvenuto, 
Mariana Fernández Honaine, and Margarita Osterrieth

Abstract Calcium oxalate crystals (COC) are one of the most prevalent and widely 
distributed biomineralizations in plants. The aim of this work is to analyze and com-
pare the data previously reported about the presence and production of COC in 
leaves of plant species from forests, wetlands, and agroecosystems of the southeast 
of the Pampean Plain. Diaphanization, clearing of tissues with 50% sodium hypo-
chlorite, and cross sectioning of the leaves were realized. The material was mounted 
with gelatin–glycerin, and COC were identified and described with optical, polar-
ization, and scanning electron microscopes. Crystal size and density were calcu-
lated. Calcification mainly occurred in leaf mesophyll. In terrestrial species, crystals 
were closely associated with vascular bundles, while in aquatic species, they were 
associated with aerenchyma. Druses, prisms, and raphides were observed in the 
leaves of all species analyzed. Average crystal size was smaller in terrestrial species 
than aquatic ones (12 and 80 μm, respectively), but average crystal density was 
higher (246 and 23 crystals/mm2, respectively). These different patterns in COC 
production and distribution may be related to taxonomical characteristics, the types 
of cells where crystals precipitate, their function, and the differential transpiration 
rates, among other factors.

Keywords Biomineralizations · Phytoliths · Calcium oxalate crystals · Terrestrial 
and aquatic ecosystems · Forest · Agroecosystem · Pampean plain

S. M. Altamirano · N. Borrelli (*) · M. L. Benvenuto · M. F. Honaine · M. Osterrieth 
Instituto de Geología de Costas y del Cuaternario (IGCyC), FCEyN, UNMdP – CIC,  
Mar del Plata, Argentina 

Instituto de Investigaciones Marinas y Costeras (IIMyC), CONICET – UNMdP,  
Mar del Plata, Argentina
e-mail: nlborrel@mdp.edu.ar; fhonaine@mdp.edu.ar; mosterri@mdp.edu.ar

© The Author(s) 2018 
K. Endo et al. (eds.), Biomineralization, 
https://doi.org/10.1007/978-981-13-1002-7_32

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-13-1002-7_32&domain=pdf
mailto:nlborrel@mdp.edu.ar
mailto:fhonaine@mdp.edu.ar
mailto:mosterri@mdp.edu.ar
https://doi.org/10.1007/978-981-13-1002-7_32


304

32.1  Introduction

Biomineralizations in plants are called phytoliths (Coe et al. 2014), and calcium 
oxalate crystals (COC) are one of the most common (Metcalfe 1985). The calcium 
absorbed from the environment through the roots is combined with oxalate (one of 
the products of plant metabolism) to produce crystals of different morphologies 
such as prisms, styloids, raphides, druses, and crystal sand that precipitate within 
the vacuole of specific cells called idioblasts (Franceschi and Horner 1980; 
Franceschi and Nakata 2005; Bauer et al. 2011).

COCs play essential structural and physiological functions (Franceschi and 
Horner 1980; Franceschi and Nakata 2005). COCs serve as a Ca+2 sink and source, 
preventing Ca accumulation and ensuring the normal cells functions, protect against 
herbivory and chewing insects, and play structural functions (Ilarslan et al. 1997; 
Prychid and Rudall 1999; Molano-Flores 2001; Braissant et al. 2004; Franceschi 
and Nakata 2005; Korth et al. 2006; Bauer et al. 2011). They also have taxonomic 
importance since their morphology and distribution in plant tissues and organs are 
characteristic of taxa (Franceschi and Horner 1980; Franceschi and Nakata 2005; 
Lersten and Horner 2008). Moreover, once in the soil, oxalotrophic bacteria pro-
mote COC oxidation because they function as a carbon, energy, and electron source, 
influencing the carbon and calcium cycle in soils (Braissant et al. 2004; Verrecchia 
et al. 2006).

In spite of the biological, ecological and biogeochemical importance of COC in 
plants, there are few researches about the COC description and quantification in 
relation to the type of community and/or environment, especially in our country. 
The aim of this work is to analyze and compare the data previously reported about 
the presence and production of COC in leaves of plant species from forests, wet-
lands, and agroecosystems of the southeast of the Pampean Plain, Argentina.

32.2  Materials and Methods

32.2.1  Study Sites

The southeast of Buenos Aires province (38°12′ S, 57°48′ W) belongs to the geo-
morphological unit known as “Perinange aeolian hills,” which comprises a relief of 
morphologically complex hills, with relative heights of up to 30 m and concave–
convex profiles with intermediate straight patches and slopes between 6% and 8% 
(Osterrieth et al. 1998) (Fig. 32.1). The hills originated from processes of primary 
aeolian accumulation, modified later by superficial wash (Osterrieth and Martínez 
1993). In this region, the climate is mesothermic and subhumid, with little or no 
water deficiency, including an annual precipitation of 809 mm (Burgos and Vidal 
1951). Los Padres Basin (37° 55′ 14.47″ and 38° 1′ 50.56″ S, 57° 52′ 21.96″ and 
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57° 43′ 0.95″ W) is also located in the southeast of the Pampean region. Los Padres 
wetland is a shallow permanent lake (maximum depth 2.4 m) with an area of 216 ha 
bounded by the Tandilia Range, a block mountain system (Cionchi et al. 1982). The 
main processes that produced the wetland were tectonic events and wind erosion 
(Cionchi et al. 1982). The waterbody receives input from rainwater and groundwa-
ter and constitutes open systems recharge–discharge (Cionchi et al. 1982).

Grasslands were the pristine vegetation predominant in the study area across the 
Quaternary (Cabrera 1976). Approximately 150 years ago, because of the intense 
agricultural and horticultural activity in the Pampean Plain, these native plant com-
munities had been replaced by crops, where the soybean is one of the most repre-
sentative (Aizen et  al. 2009). Also, at about 50 years ago, a process of artificial 
forestation with the aim of creating recreation areas generated the introduction of 
forest species like Eucalyptus sp., Pinus sp., Cupressus sp., and Acacia sp., among 
others.

Fig. 32.1 (a) Location of the study area. (b) Topographic profile of the study sites (Line A–B in a)
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32.2.2  Sample Units

Terrestrial and aquatic vegetation was collected from these environments:

 (a) Forest mainly composed of Acacia melanoxylon R.  Brown (Fabaceae: 
Mimosoideae) and Eucalyptus globulus Labill (Myrtaceae), both associated 
with Celtis ehrenbergiana (Klotzsch) Liebm. (Celtidaceae), a native species.

 (b) Agroecosystem with soybean (Glycine max L., Fabaceae: Faboideae) crop.
 (c) Los Padres wetland with these dominant aquatic species: Alternanthera philoxe-

roides (Mart.) Griseb. (Amaranthaceae), Ludwigia peploides (Kunth) 
P.H. Raven (Onagraceae), Polygonum hydropiperoides Michx. (Polygonaceae), 
Rumex crispus L. (Polygonaceae), Hydrocotyle bonariensis Lam. (Apiaceae), 
Typha latifolia L. (Typhaceae).

32.2.3   Description and Quantification of Calcium Oxalate 
Crystals

For each species, leaves from at least two plants at flowering or fruiting stage were 
sampled, washed with distilled water, and cleaned with an ultrasound bath (Test- 
Lab, TBC 10 model) in order to remove any adhered material. Afterward, tissue 
clarification (Dizeo de Strittmater 1973) and cross-sectioning were applied. The 
material was mounted with gelatine–glycerine, and calcium oxalate crystals were 
identified and described with a petrographic (Olimpus BX 51P) and optical micro-
scope (Leitz Wetzlar D35780) at 400× magnification. Photographs were taken with 
a Kodak EasyShare CX7530 digital camera.

Average crystals size was calculated from the measuring of about 10–90 crystals 
per species, depending on the COC production of the species. Crystal density (n° 
crystals/mm2) was determined within an area of 0.196 mm2 in the clarified leaf sam-
ples. Between five and ten areas per leaf were analyzed according to the size of the 
leaves.

32.3  Results and Discussion

COC were mainly located in parenchyma tissue and randomly distributed in the 
mesophyll (Fig.  32.2a, f–j). Moreover, in terrestrial species (A. melanoxylon, E. 
globulus, C. ehrenbergiana, G. max, H. bonariensis), COC were associated to vas-
cular bundles (Fig. 32.2a–e), whereas in some aquatic species (T. latifolia, R. cris-
pus) COC were also distributed in the cells around the air spaces of aerenchyma 
tissue (Fig. 32.2k) (Graciotto Silva-Brambilla and Moscheta 2001; Jáuregui-Zúñiga 
et al. 2003; Cervantes-Martínez et al. 2005; Torres Boeger et al. 2007; Borrelli et al. 
2009, 2011, 2016). These COC distribution patterns could be related with their 
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Fig. 32.2 Calcium oxalate crystals in leaves of the terrestrial and aquatic species analyzed. Druses 
in the mesophyll and prisms associated to vascular bundles in E. globulus (a). Prisms associated 
with vascular bundles in E. globulus (b), A. melanoxylon (c), and G. max (d–e). Druses and raph-
ides in the mesophyll of L. peploides (f–g). Druses in the mesophyll of P. hydropiperoides (h–i) 
and R. crispus (j). Druses in the aerenchyma of R. crispus (k). Raphides in T. latifolia (l). vb: 
vascular bundles. Arrows: COC. Scale bars: 10 μm (a–e, g, i), 100 μm (f, h, j–k)
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different functions. The sequestration of Ca+2 in the COCs lets the normal function-
ing of chlorenchyma cells and could be also involved in the diffraction of light 
improving the photosynthesis process (Franceschi and Nakata 2005; Horner 2012). 
Moreover, the presence of COCs closely associated with vascular bundles in ter-
restrial species could be explained by their higher transpiration rate. As Ca+2 is dis-
tributed along the entire plant via xylem, it is possible that the precipitation of 
biomineralizations in these areas prevents the mobilization of calcium excess 
through cells (Prychid and Rudall 1999; Franceschi and Nakata 2005; Lersten and 
Horner 2008; Gilliham et al. 2011). On the other hand, the differential COC distri-
bution in leaf tissues between terrestrial and aquatic species could be explained by 
the reduced xylem system and the important aerenchyma tissue characteristic of 
aquatic plants (Fahn 1990). In addition to the structural function of COCs in the 
aerenchyma (Kuo-Huang et al. 1994; Prychid and Rudall 1999), the presence of 
calcium could increase cell wall plasticity around air spaces (Kausch and Horner 
1983).

As it was previously reported, there are differences about COC morphologies 
between species (Franceschi and Horner 1980; Franceschi and Nakata 2005;  
Lersten and Horner 2008). Terrestrial species produced druses (E. globulus,  
C. ehrenbergiana, H. bonariensis) and prisms (E. globulus, A. melanoxylon,  
G. max) (Fig.  32.2a–e, Table  32.1) (O’Connell et  al. 1983; Ilarslan et  al. 1997; 
Borrelli et  al. 2009, 2016; He et  al. 2012, 2013), while aquatic plants produced 
druses (R. crispus, P. hydropiperoides, L. peploides, A. philoxeroides) and raphides 
(T. latifolia, L. peploides) (Fig. 32.2f–l, Table 32.1) (Kausch and Horner 1983; Kuo-
Huang et  al. 1994; Prychid and Rudall 1999; Graciotto Silva-Brambilla and 
Moscheta 2001; Lytle 2003; Duarte and Debur 2004; Borrelli et al. 2011). This dif-
ferential production of morphologies is related to taxonomical characteristics, the 
types of cells where crystals precipitate and their function (Franceschi and Nakata 
2005; Borchert 1984).

Table 32.1 Size and density of COC in the analyzed species

Plant species
Average COC size (μm)

Average COC density (N° 
crystals/mm2)

Druses Prisms Raphides Druses Prisms Raphides

Terrestrial 
vegetation

Acacia melanoxylon 12 283
Eucalyptus globulus 15 120
Celtis 
ehrenbergiana

9 243

Glycine max 14 340
Hydrocotyle 
bonariensis

9 247

Aquatic 
vegetation

Ludwigia peploides 45 210 32 7
Polygonum 
hydropiperoides

58 38

Rumex crispus 37 14
Typha latifolia 76 20
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Differences were also observed in relation with crystals size and density 
(Table 32.1). Generally, in terrestrial species, average crystal size was smaller than 
aquatic species (12 and 80 μm, respectively), but average crystal density was higher 
(246 and 23 crystals/mm2, respectively) (Table 32.1). This trend could be related 
with the differential transpiration rates between aquatic and terrestrial species, 
among others.

In summary, calcium is an important macronutrient necessary for the normal 
development of plants. COC production let the different species to regulate Ca+2 
concentration in cells along with many other physiological and structural functions 
that enhance the normal cell functioning. Differences in terrestrial and aquatic envi-
ronments influence the COC production and distribution among leaf tissues.
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