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Abstract. Amorphous silica accumulation in grasses is widely described in numerous species; however, work done in
relation to the factors affecting this accumulation in the tissues anddifferent type of cells, is still incipient.Here,we analysed a
perennial tussock grass, Cortaderia selloana (Schult. & Schult.f.) Asch. & Graebn. (Pampas grass), a native and widely
spread species fromSouthAmerica,which is also considered an invasive plant inmany regions of theworld.We analysed the
relation between silicification process, soil type and environment, and anatomical features. Silicophytolith content and
distribution in plants was analysed through calcination and staining techniques and SEM-EDAX analyses. Silicophytolith
content was higher in leaves (2.48–5.54% DW) than in culms (0.29–0.43% DW) and values were similar to other tussock
grasses. A relationship between the habit of a grass species and the potential maximum content of amorphous silica is
suggested. Plants grown in soils frommodified environments with high silica content (Anthrosol and Tecnosol) produced a
higher content of amorphous silica. In leaves, the distribution of silicified cellswas conditioned by leaf xeromorphic features.
Soil Si content and environmental conditions (radiation, disturbance) are more relevant in silicification process than
phenological factors. Within leaves, the accumulation of amorphous silica is conditioned by anatomy and transpiration.

Additional keywords: amorphous silica, biomineralisations, coastal soils, silicophytoliths, tussock grasses, xeromorphic
anatomy.
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Introduction

Grasses, along with other families such as Equisetaceae,
Cyperaceae and Arecaceae, biomineralise abundant quantities
of amorphous silica in their tissues, in forms known as
silicophytoliths (Hodson et al. 2005; Katz 2014; Exley 2015).
These deposits can be found in inter- or intracellular spaces,
as well as beneath the cuticle forming a cuticle-Si double
layer (Sangster et al. 2001; Prychid et al. 2003). They have
a taxonomic importance, especially in grasses, since some
specific morphologies can be associated to specific families
and subfamilies (e.g. Metcalfe 1960; Twiss 1992; Prychid
et al. 2003). The accumulation of amorphous silica contribute
to the anti-herbivore defence of plants (Massey and Hartley
2006; Massey et al. 2007; Reynolds et al. 2012; Cooke and
Leishman 2012; Soininen et al. 2013), prevents fungal attacks
(e.g.Ma2004), affects leaf optical properties andUV-absorbance

(Agarie et al. 1996; Schaller et al. 2013; Klan�cnik et al. 2014),
reinforces the organ structure under specific stresses (Lux et al.
2002; Schoelynck et al. 2010; Fernández Honaine et al. 2013)
and ameliorates Al toxicity by the induction of the Si-Al
co-deposition (Hodson and Evans 1995; Hodson 2016).

Many studies have dealt with the factors involved in the
ability of a species to take up silica from soils, and the relation
between uptake and total plant SiO2 content (e.g. Ma and
Takahashi 2002; Ma and Yamaji 2006). Although genetic
factors mainly determine silica accumulation in plant species,
other environmental factors also influence the silicophytolith
production such as water balance, fire, grazing pressure and
soil silicon availability, among others (Jones and Handreck
1967; Handreck and Jones 1968; de Melo et al. 2010; Cooke
and Leishman 2012; Soininen et al. 2013; Quigley andAnderson
2014; Katz et al. 2015). Particularly, work completed in relation
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to the factors that affect the accumulation of amorphous silica in
the tissues (i.e. the formation of silicophytoliths) and/or the
silicification of the different type of cells, is still incipient (e.g.
Motomura et al. 2000, 2002, 2004; Sangster et al. 2001; deMelo
et al. 2010; Fernández Honaine and Osterrieth 2012; Fernández
Honaine et al. 2013). The main results of such studies showed
that the deposition of silica in tissues (mainly leaf tissue) depends
on leaf side (adaxial or abaxial), organ age and position in
the plant and type of cell. The deposition of silica is the result
of water loss through transpiration, so those tissue sites that
have higher transpiration rates (for example, those more
exposed to solar radiation or to higher temperatures) may have
higher amounts of silica biomineralisations (Sangster et al. 2001;
Ma and Takahashi 2002). Also, since silica deposition is not
a reversible process, older organs or tissues may be more densely
silicified than younger (Motomura et al. 2000; Sangster et al.
2001; Fernández Honaine et al. 2013). However, the effects of
these factors can be overlapped and/or be more relevant at
different times (Fernández Honaine and Osterrieth 2012).

In Pampean region, where grasslands constitute the main
and dominant plant community, some research has been
conducted in relation to grass silicification, mainly from a
paleobotany and anatomical viewpoint (Zucol 1999; Gallego
and Distel 2004; Fernández Honaine et al. 2006, 2008). The
silicification process and its relation with some environmental
and phenological factors have been studied in Bothriochloa
laguroides (DC.) Herter (Fernández Honaine and Osterrieth
2012). This species is a C4 panicoid grass, native to America
and widely distributed in Pampean plains (Cabrera 1976). Soil
silica availability conditions silica accumulation inmature leaves
of B. laguroides, and silicification of some cell types is related to
ageing and type of habitat (Fernández Honaine and Osterrieth
2012). In order to advance the comparative study of silicification
processes in pampean grasses, we analysed a perennial tussock
grass.Cortaderia selloana (Schult. & Schult.f.) Asch. &Graebn.
(Pampas grass) is a native grass fromSouthAmerica, but inmany
regions of the world this grass is considered an invasive plant
(Lambrinos 2002; Domènech et al. 2005, 2006; Domènech and
Vila 2008). Although it is a cosmopolitan species, in Argentina it
is usually developed on sandy and wet soils and it is extended
on coastal sectors of the Pampean Plains, where it conforms
monoespecific communities (Cabrera 1976; Monserrat 2010).
Like the rest of the grasses,C. selloana produces silicophytoliths
in its tissues and organs, and some authors have also described
the main morphologies in mature plants (Lanning and Eleuterius
1989; Zucol 1999).

In this work, we analysed if the silicification process in leaves
and culms of C. selloana, a grass with tussock habit and high
plasticity in colonising different environments in pampean soils,
is influenced by the same factors that affect the silicification of
leaves of B. laguroides (a typical and smaller pampean grass).
Particularly, we hypothesised that: (i) the accumulation of
amorphous silica in C. selloana is higher than other pampean
grass species due to its tussock habit; (ii) the silica content in the
plant varies depending on soil type and/or soil Si content; (iii) the
amount and distribution of silicified cells along a single plant
varywith the age and position of the organ, and anatomy. In order
to test these hypotheses, the following aims were raised: to
(1) quantify the silica content (measured as silicophytoliths)

in culms and leaves of C. selloana collected from different
environments; (2) analyse the relation between soil type
and/or soil Si content and plant Si content; and (3) analyse the
distribution of silicified cells in relation to anatomy, organ age
and position. Finally, we compared the results with previous
research.

Materials and methods
Sampling sites and environmental characteristics
The south-east sector of Pampean Plains, Argentina, has a
subhumid/humid mesothermal climate with little to no water
deficiency, according to the Thornthwaite classification of
climates (Burgos and Vidal 1951). The climate is temperate,
with mean annual precipitation of 940.6mm, mean annual
temperature of 13.8�C, with a mean of 20�C during the
hottest month (January) and a mean of 7.3�C during the
coolest month (July) (Servicio Meteorológico Nacional 2010).
This region includes geomorphological units such as: the
Ranges, the Perirange hills, the Fluvio-eolian Plain and the
Coastal Plain (Schnack et al. 1982; Osterrieth 1998; Martínez
2001; delRio et al.2012). TheRangesunit belongs to theTandilia
system and is constituted by a group of table-like hills with a flat
top. The Perirange hills are a relief of morphologically complex
hills, which were originated from processes of primary eolian
accumulation, later modified by superficial wash (Osterrieth and
Martínez 1993).The Fluvio-eolian Plain presents a very gentle
slope relief. The Coastal Plain comprises a system of beaches
and dunes and is characterised by active morphodynamics
and different soil types buried by diverse cycles of coastal
dunes and estuarine sediments (Osterrieth 1998). The main
soils developed in this study area are Argiudolls, Hapludolls,
Alfisols and Entisols (Osterrieth et al. 2014b). The dominant
vegetation type are grasslands, and some introduced trees, but in
many sectors the agricultural activities have replaced the native
communities (Cabrera 1976).

Cortaderia selloana (Schult. & Schult.f.) Asch. & Graebn.
plants were collected from different natural and anthropic
environments located on SE Pampean Plain: (1) coastal dunes
and interdunes (two sites: Querandí and Mar de Cobo sites);
(2) quartzite quarry (Batán city); and (3) fluvieolian plain
(roadside) (Fig. 1; Table 1).

Querandí site is a mining area located on the Partido of
Gral. Madariaga (37�23020.0600S, 57�5037.1300W), where sand
extraction activity is conducted.MardeCobosite is a coastal town
located in the Partido of Mar Chiquita (37�45058.2200S, 57�270

25.0400W). Both Querandí and Mar de Cobo sites are included
in the Coastal Plain geomorphological unit (Martínez 2001)
(Table 1). Quartzite quarries, Batán city (38�300S, 57�450W),
are located in the Perirange hills. They constitute anthropogenic
diggings 20m depth on average, made for quartzite extraction.
Once this activity finished, incipient soil horizons are developed,
named anthropic Regosols (sensu IUSS Grupo de Trabajo
WRB 2007), characterised by a depth that ranges between
some millimetres to more than 10 cm (Osterrieth et al. 2012).
As a consequence of the mining activities, triturated materials
are accumulated into batteries of ~5m high, where C. selloana
individuals usually grow. The Fluvieolian Plain is one of the
four geomorphological units of the SE sector of Buenos Aires
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province. The plant specimens were collected from roadside
(37�47046.300S, 57�29013.100W), where some C. selloana
populations are developed, since the rest of the landscape is
dominated by crops and pastures (Table 1).

Soil Si content
In each study site, at least three soil samples of the first 0–15 cm
were collected. Soil samples (700 g) were air-dried, saturated
with distilled water and left to stand for 24 h. Soil saturated
paste was obtained by centrifugation at 3000 rpm, filtered
and the silica (SiO2) concentration was determined through
UV-VIS spectrophotometry by means of silicomolybdate
method (APHA–AWWA–WPFC 1998).

Silicophytolith content in plants
Plants of C. selloana were selected from the four study sites on
December 2009 (quartzite quarry and Querandi site) and March
2012 (Mar de Cobo site and roadside). In each site, the culms
and leaves of 5–8 mature plants in floristic stage were sampled.
Silicophytoliths from the different organs were extracted
through a calcination technique, which destroys the organic
matter, dissolves calcium crystals and releases silicophytoliths
(Labouriau 1983). After this treatment, ashes mainly compound
by these amorphous silica biomineralisations produced along
the plant life were obtained. The content of silicophytoliths (SC)
was calculated as the percentage of dry weight (Fernández
Honaine et al. 2005):

SC ¼ silicophytolith content ð%Þ
¼ ðweight of ash obtained after calcination technique=

initial weightÞ � 100: ð1Þ
In order to analyse the variation in silicophytolith content

along a whole plant, a more detailed study was carried out. The

leaf flag and between seven or eight consecutive leaves (below
the leaf flag) from the floral culm, and leaves from basal region
were sampled in plants from two sites with different soil types
(Mar de Cobo and roadside sites). Counting the leaves from the
shoot apex downwards, the superior leaf is the first one (younger
leaf) and the inferior is the 6th–7th leaf (older leaf). These group
of leaves were subjected to calcination technique (see above),
and the total content of silicophytoliths of each leaf along the
plant and between site collection was obtained.

Silicophytolith distribution in epidermal tissues
Selected leaves were analysed for silica distribution along plant
individuals: flag leaf, culm leaves number 1, 3 and 5 (numbered
from apex to base of the culm), and basal leaf. The blades were
separated from the rest of the leaves and theywere divided in three
equidistant sections: basal, median and apical. Fragments were
cleared with acetic acid and hydrogen peroxide (1 : 1) for 48 h at
60�C, according to Motomura et al. (2000), dehydrated in an
ethanol series and then stained with phenol crystals (Fernández
Honaine andOsterrieth 2012). Phenol crystalswere dilutedwith a
minimum quantity of ethyl alcohol before staining the fragments.
Phenol crystals stained silica cells with a rose colour (Johansen
1940; Fernández Honaine and Osterrieth 2012). The stained
fragments were mounted in immersion oil and observed under
LeitzWetzlarD35780microscope (Ernest LeitzGMBHWetzlar)
at �400 magnification. From each slide (which includes 2–3
fragments of a section of a blade) silicified and not silicified
epidermal cells in 1.9–2.09mm2 were counted and the relative
frequencies of each category were calculated.

Some leaves were observed under a scanning electron
microscope (SEM) (JEOL JSM-6460 LV) at Universidad
Nacional de Mar del Plata, Argentina. Leaf samples were first
fixed for 12 h with glutaraldehyde 3% in pH 7.2–7.4 phosphate
buffer solution, followed by dehydration through an alcohol

(a)

(b)

(c)

(d)

Fig. 1. Location of collection sites (dots) and panoramic views of the environments (a–d). (a) Querandi site, (b) Mar de Cobo dunes and interdunes,
(c) Roadside, and (d) Quartzite quarry. Photographs were provided by the authors (MFH and NB).
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series (50, 70, 80, 90, 95 and 100%). Finally, they were dried in
HMDS (hexamethyldisilazane), mounted in aluminium discs
and coated with gold. The identification of silicified cells was
carried out by X-ray energy dispersive spectroscopy (EDS). The
system used was an EDAXGenesis XM4-Sys 60, equipped with
multichannel analyser EDAX mod EDAM IV, Sapphire Si (Li)
detector and super ultra-thin window of Be, and EDAX Genesis
ver. 5.11 software, (Tokyo, Japan).

Data analyses
Differences between silica content in different soil types were
tested by Unpaired t-test for each pair of sites separately (Zar
1984).

The total mean values of silicophytolith content from leaves
and culms of plants collected from different sites were subjected
to ANOVA tests. In order to test if there were differences among
the leaves of different age and position along an individual
plant, and collected in different sites, a two-way ANOVA test

for unbalanced data was applied, where type of leaf and site
collection were the factors.

Finally, we analysed if there were differences between the
relative frequencies of silicified and not silicified cells through
different tests (parametric and non-parametric), depending on the
hypothesis evaluated and the assumptions achieved (Zar 1984).
Differences between epidermis were evaluated through t-tests
for paired samples; and between leaf type or leaf section in
adaxial and abaxial epidermis through Kruskal–Wallis and
ANOVA tests. Lastly, we tested if there were differences in
the type of cell that became silicified between type of leaf and
leaf section, through two-way ANOVA tests (two factors: type
of leaf and leaf section).

Results

Soil Si content

Silica content (SiO2) in soil solution ranged between 473 and
2015mmol L–1, with a mean content of 1486mmol L–1. Entisolls
(Querandí and Mar de Cobo sites) were the soils with lower

Table 1. Geomorphological, pedological and botanical characteristics of the sites studied

Study site Geomor-phological unit Soils Vegetation
(Martínez 2001) Soil type

(IUSS Grupo
de Trabajo
WRB 2007)

Texture Organic
matter
(%)

Phytogeographic area
(Soriano et al. 1992)

Dominant species in the site

Querandi Coastal plain Arenosol Sandy loam (fine to
medium sands)

0.6 Flooding Pampa Poaceae (Cynodon dactylon var.
dactylon, Cortaderia selloana,
Digitaria aequiglumis var.
aequiglumis, Panicum gouinii,
among others), Asteraceae
(Baccharis spicata,Achyrocline
saturoides) and Cyperaceae
(Androtrichum trigynum,
Eleocharis bonariensis,
Schoenoplectus spp.)
(FernándezMontoni et al. 2014)

Mar de Cobo Coastal plain Arenosol Sandy (fine sands) 4.97 Flooding Pampa Poaceae (Lagurusovatus,Eleusine
tristachya, Polypogon
elongatus, Sporobolus indicus,
Eragrostis sp.), Asteraceae
(Pluchea sagittalis, Ambrosia
tenuifolia) and Apiaceae
(Hydrocotyle bonariensis)
among others

Quarzite
quarry

Perirange hills Technosol: batteries
of triturated
material (clasts
of quartz)
of 5m high

Psefites (61–73%),
Psammites
(22–33%)

0.38 Southern Pampa Poaceae (Dactylis glomerata,
Jarava plumosa), Asteraceae
(Senecio pampeanus,Baccharis
spp., Achyrocline satureioides,
Cynara cardunculus),
Cyperaceae (Schoenoplectus
californicus) and Juncaceae
(Juncus imbricatus) (Álvarez
et al. 2012)

Roadside Fluvio-eolian Plain Anthrosol: mix
of actual soil,
quaternary
sediments and
material of
construction

Silt-clay 4.03 Southern Pampa Stipa and Piptochaetium species,
mostly replaced by crops
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silica content (1378� 212mmol L–1) compared with Tecnosol
(quartzite quarry, 1496� 563mmol L–1) and Anthrosol
(roadside, 1795� 200mmol L–1). Statistically significant
differences were observed between Querandí site and
Roadside (F= –3.154, P = 0.0195) (Fig. 2).

Silicophytolith content in plants and distribution
in epidermal tissues

Silicophytolith content in culms ranged between 0.29 and 0.43%
DW, with a mean of 0.36%, and differences among sites were
insignificant (ANOVA F = 2.25, P = 0.11) (Fig. 2). Comparing
the same type of leaf (the two below the leaf flag), the leaf
values ranged between 2.48 and 5.54%, with a mean of
4.04%. There were statistically significant differences between
leaf values (ANOVAF = 15.01; P= 0.012), and they were higher
at quartzite quarry and roadside sites (Fig. 2).

The silicophytolith content of leaves of different age and
position in the plant ranged between 2.3 and 4.17% DW in
plants from Mar de Cobo site, and between 4.23 and 5.93% in
plants from Roadside site (Table 2). A two way ANOVA test
showed that there were differences between sites but not between
leaves (Table 3).

Considering all the plants and types of leaf, the total
percentage of silicified cells (silicophytoliths) ranged between

20.31 and 30.81% in adaxial epidermis and 23.73 and 31.26% in
abaxial epidermis (Table 4). Statistical tests carried out on the
data showed that there are no differences in the values between
epidermis (t= 1.71, P= 0.1, t-test for paired samples); between
leaves, considering a single epidermis (F = 0.47, P = 0.97 for
abaxial; F= 3.95, P = 0.47 for adaxial, Kruskal–Wallis test); or
between different sections along a same leaf (F= 0.39, P = 0.68
for abaxial, F= 0.02, P= 0.97 for adaxial, ANOVA tests)
(Table 4).

In abaxial epidermis, the main silicified cells are costal and
intercostal short cells, and they represent the 62.5 and 23.5% of
the total abaxial silicified cells respectively. Two-way ANOVA
tests showed that intercostal long cells are silicified in higher
proportion in basal leaves (F= 3.54, P = 0.013, for leaf factor),
whereas the rest of the cell typesdid not showdifferences between
leaf position or section (Fig. 3).

Costal short cells (bilobate morphology) represent the 82.9%
of the total adaxial silicified cells. Costal prickles (5.32%),
intercostal prickles (4.95%) and costal rectangular short cells
(4.73%)complete the typeof cells thatwere silicified.Statistically
significant differences (two way ANOVA tests, P < 0.05) were
observed in the percentages of costal prickles between leaf
position (higher in basal leaves), and in the intercostal prickles
between leaf sections (higher in apical sectors) (Fig. 3).

Discussion

Silicophytolith content in relation to the habit of the grass

The values of silicophytolith content in leaves (mean value
4.04% DW) and culms (0.36%) of Cortaderia selloana range
within values commonly described for plant species (0.1–10%)
(Jones and Handreck 1967; Epstein 1994; Hodson et al. 2005).
Silicophytolith contents in C. selloana represent the lower limit

Table 3. Two-way ANOVA test for unbalanced data
Factors analysed were site collection and leaf type. Significant differences are indicated: ***, P< 0.001; d.f., degrees of freedom

Factor Sum of squares d.f. Mean square F P(F)

Site collection 46.9560218 1 46.9560218 22.0439477 5.14E-05***
Leaves 3.88903404 6.96164384 0.55557629 0.26082053 0.96405586
Interaction site� leaves 11.9837928 6.95529197 1.7119704 0.80370066 0.58990594
Error 66.0333936 31 2.13010947 – –

Total 128.862242 46 – – –
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Fig. 2. Soil Si content and silicophytolith content in leaves and culms in
plants collected in Querandí site (QS), Mar de Cobo site (COBO), quartzite
quarry (QQ) and roadside (RS). Values are the mean + s.d. Within each
variable, different letters indicate a significant difference among the values
(P< 0.05).

Table 2. Mean and s.d. of silicophytolith content (% DW) of
different leaves collected along a plant, developed in Mar de Cobo

and roadside sites

Leaf Mar de Cobo site Roadside site
Mean s.d. Mean s.d.

Leaf flag 3.99 0.75 5.54 2.29
Leaf 1 2.30 0.61 5.93 1.33
Leaf 2 2.66 0.37 5.16 0.55
Leaf 3 2.76 0.17 5.22 1.14
Leaf 4 3.00 0.48 5.40 1.04
Leaf 5 3.18 0.60 5.60 1.31
Leaf 6 4.17 1.13 5.19 1.33
Basal leaf 4.14 2.44 4.23 1.10
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of the range known for other grass species in the pampean
region (Gallego et al. 2004; Fernández Honaine et al. 2008).
Also, some previous studies in C. selloana from other regions
corroborate its low content (considered as % DW) (Lanning and
Eleuterius 1989). Research carried on species of the same
subfamily showed values higher than the ones obtained here
(0.72–7.02% in leaves of Chionochloa sp, 4.8% for Phragmites
australis, 5.17% forDanthoniamontevidensis) (Marx et al. 2004;
Fernández Honaine et al. 2008; Mercader et al. 2010). However,
silicophytoliths content of C. selloana is comparable to other
tussockgrasses suchasPaspalumquadrifarium (meanof 3.98%),
Phragmites australis (4.8%) and Sorghastrum pellitum (3.91%)
(Fernández Honaine et al. 2008; Mercader et al. 2010). It may
be likely that tussock grasses or high biomass producer species
accumulate low quantities of amorphous silica (measured as
percentage of dry weight), so as to avoid an extra mass to the
organismper unit volumeof structuralmaterial (Raven1983). So,
it may be possible that the maximum total content of amorphous
silica in a plant responds to physical and structural laws of the
specific individuals; and so a relation between total biomass and
the potential content of amorphous silica in a species may exist
and may be regulated (Schoelynck et al. 2010).

Silicophytolith content in relation to soil type
and Si soil content

As it was previously reported (e.g. Jones and Handreck 1967;
Handreck and Jones 1968; Ma and Takahashi 2002), the Si-rich
soils (anthropogenic soils from disturbed sites: Anthrosol in
roadside site, and Tecnosol in quartzite quarry site) support the
plants with higher silicophytolith content in leaves. In addition to
soil characteristics, some environmental features may explain
the higher accumulation of amorphous silica in those sites. For
instance, the Quartzite quarry site represents anthropogenic
diggings of 20m depth in average and since the floor and the
vertical walls (10–20m high) are made of quartzites, the light
reflexion and the temperature inside the site are high. These
special characteristics led to a higher transpiration rate of the
plants developed there. If silica deposition on tissues is related to
transpiration process, a higher silica content in plants grown in
these areas can be expected (e.g.Ma andTakahashi 2002;Ma and
Yamaji 2006).

C. selloana is considered as an important invasive species
in diverse regions (Lambrinos 2002; Domènech et al. 2005).
In general, the invasion to a specific area is determined by
the presence of soil disturbance, which would favour the
development of this species (Domènech et al. 2006;
Domènech and Vila 2008). The invasion of species to a
specific region not only modifies the composition and structure
of the natural communities, but also has an impact on the
dynamics of different element cycles. For instance, the
introduction of certain plant species, whose silicophytolith
production is high, will affect the influx/efflux of Si/silica in
invaded environments, since they will stimulate the transport of
Si from deeper horizons and will promote Si efflux (Struyf et al.
2007; Schoelynck et al. 2014). Accordingly, the introduction
and expansion of C. selloana in new environments, affects not
only to the specific composition of the community (communities
become monoespecific), but also may affect the dynamics
and rates of influx and efflux of Si/silica on soils. In a direct
way, C. selloana may increase the silica pool in soils as its
silicophytolith production is higher in disturbed sites; whereas
in an indirect way, it may affect natural communities attributes
(specific composition), modifying the natural silicophytolith
input in these environments (Borrelli et al. 2010; Osterrieth
et al. 2014a, 2014b, 2015).

Distribution of silicified cells and plant anatomy relation

Since silica deposition is continuous along plant life, and until
now there has been no evidence of any type of dissolution
processes in tissues, it follows that older tissues/organs should
have more amorphous silica accumulated than younger ones
(Blackman 1968; Ma and Takahashi 2002; Fernández Honaine
et al. 2013). However, the results obtained here do not match
these general rule, since in a same plant of C. selloana, the total
content of silicophytoliths (calculated as % DW) or silicified
cells (calculated as percentage of silicified cells) varied more
between sampling sites than between leaf position or age. These
findings may indicate that environmental conditions and/or soil
type represent a stronger or more influential factor onC. selloana
silicification process, than the phenological stage or ageing.

Further, considering that silica accumulation occurs as a
consequence of transpiration, it is expected that more exposed
(to solar radiation) tissues or organs will have a higher content

Table 4. Percentages of silicified cells in the three leaf sections (basal, media and tip) of adaxial and abaxial epidermis
of the five leaves analysed, and total percentages of the whole leaves

Values are the mean (s.d.) (n= 4)

Type of leaf Epidermis Total leaf % Leaf section
Basal % Media % Tip %

Leaf flag Adaxial 20.31 (10.17) 17.61 (9.76) 20.63 (7.82) 22.54 (16.31)
Abaxial 31.26 (7.54) 34.83 (7.84) 30.04 (8.81) 27.76 (9.14)

Leaf 1 Adaxial 23.66 (10.12) 20.89 (6.73) 24.70 (10.77) 25.21 (13.04)
Abaxial 28.85 (9.30) 31.45 (11.40) 28.23 (8.15) 25.12 (11.87)

Leaf 3 Adaxial 26.18 (2.08) 30.36 (4.02) 30.68 (9.05) 29.25 (10.64)
Abaxial 23.73 (9.06) 25.49 (10.08) 28.89 (11.77) 27.56 (8.65)

Leaf 5 Adaxial 27.45 (0.62) 29.13 (2.61) 27.58 (1.88) 25.44 (3.17)
Abaxial 31.04 (5.30) 26.11 (8.07) 32.53 (5.80) 35.52 (7.17)

Basal leaf Adaxial 30.81 (5.04) 32.82 (6.52) 30.23 (4.68) 28.77 (7.35)
Abaxial 29.92 (8.24) 22.23 (9.37) 33.91 (11.14) 35.06 (8.18)
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40 µm 20 µm

Fig. 3. Photographs taken under scanning electron (a–e) and optical microscopes (f–g). (a) Transversal view of a leaf of Cortaderia selloana, (b) superficial
view of adaxial epidermis of the leaf, (c) superficial view of abaxial epidermis of the leaf, (d) mapping of Si of the photograph in (b), (e) mapping of Si of the
photograph in (c), (f) superficial view of silicified cells (stained with phenol) in adaxial epidermis, (g) superficial view of silicified cells (stained with phenol)
in abaxial epidermis. Arrows indicate silicified cells.
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of silicified cells (Ma and Takahashi 2002). However, since the
adaxial epidermis (most exposed tissue) of C. selloana leaves
is characterised by xeromorphic features such as sunken stomata,
crypts and hairs, no differences were observed in silicophytolith
contents between adaxial (20–30%) and abaxial (27–31%)
epidermis (Turner 1994; Dickison 2000; Hassiotou et al.
2009). These anatomic characteristics, condition and reduce
the water loss by transpiration processes, and therefore silica
accumulation is not favoured. As a consequence, leaf anatomy
controls silicification process,which ismediated by thewater loss
of tissues, as it was previously reported (e.g. Ma and Takahashi).
Finally, the content of silicified cells obtained in the present study
almost doubles the values obtained for other grasses (Motomura
et al. 2000; Fernández Honaine and Osterrieth 2012). Between
13% and 19% of total cells of the adaxial epidermis of the
leaf blades B. laguroides was silicified; instead the mean of
silicified cells in adaxial epidermis of Pleioblastus chino was
11% (Motomura et al. 2000; Fernández Honaine and Osterrieth
2012). Differences in abaxial epidermis are also greater:
only 8.4% of total cells were silicified in P. chino individuals
(Motomura et al. 2000), compared with 23.73 and 31.26% in
C. selloana. These results highlight the relevance of silicification
process in this species, and the role that this process may have for
it; and also shows the important source of silicophytoliths and
silicon that these plants represent for the ecosystems.

In grasses , there are two types of cells that became silicified:
the short cells that silicify early in the plant development and in a
regular way; and other cell types, such as bulliforms, long cells,
stomatal complexes and trichomes, whose silicification occurs
according to different factors such as phenology, transpiration
rate and solar radiation (Blackman 1968; Takeoka et al. 1983;
Motomura et al. 2000, 2002; Fernández Honaine and Osterrieth
2012; Fernández Honaine et al. 2013; Fernández Honaine
et al. 2016). In this study, the silicification of the prickles in
adaxial epidermis showed some relation with senescence or solar
radiation. Silicified prickles were more abundant in both apical
sectors of the leaves (older and more exposed sites) and in basal
leaves (more exposed to solar radiation).

In summary, the accumulation of amorphous silica in tissues
of C. selloana, measured as percentage of DW, is slightly lower
than pampean grasses in general, but is comparable to other
tussock grasses. The present study suggests some relation
between the habit of a grass species and the percentage of
silicophytolith content per gram of leaf. In tussock grasses, in
order to avoid an extra mass to the organism per unit volume of
structural material, the percentage of silicophytolith in leaves
is lower than in smaller grasses. Silicification is higher in
those plants grown on soils with high silica content and, in
this case, developed as a consequence of human activities and/
or disturbance events (Anthrosol and Tecnosol). Also, specific
environmental conditions such as a higher radiation (in quartzite
quarry) may promote the silicification process. These factors
(soil Si content and site conditions) may be more relevant to
silicification than organ age or position. However, within each
leaf, the anatomy defines the distribution of silicified cells,
especially in adaxial epidermis, where xeromorphic features
of leaf decrease water loss and prevent amorphous silica
accumulation in the cells. Finally, considering that the studied
species is a common invasive species inmany regions and usually

conforms monospecific communities, and that the invasion is
favoured by disturbance events and silica accumulation in plants
grown in disturbed soils seems to be higher, the introduction
and advance of this species in new environments could modify
not only community attributes but also the dynamics of certain
element cycles, such as Si cycle.

Acknowledgements

This work was supported by the Agencia Nacional de Promoción Científica y
Tecnológica (PICT 1583/13) and the Universidad Nacional de Mar del Plata
(EXA 643/13, EXA 741/15). The authors thank the anonymous reviewers for
comments and suggestions.

References

Agarie S, AgataW,UchidaH,Kubota F, KaufmanP (1996) Function of silica
bodies in the epidermal system of rice (Oryza sativa L.): testing the
window hypothesis. Journal of Experimental Botany 47, 655–660.
doi:10.1093/jxb/47.5.655

Álvarez MF, Fernández Honaine M, Borrelli N, Osterrieth M (2012)
Diversidad vegetal en canteras de áridos del sudeste bonaerense. In
‘Minería en áreas periurbanas. Una aproximación multidimensional’.
(Eds L del Rio, S de Marco) pp. 85–100. (Editorial de la Universidad
Tecnológica Nacional: Buenos Aires, Argentina)

APHA–AWWA–WPFC (American Public Health Association–American
Water Works Association–Water Pollution Control Federation) (1998)
‘Keys to soil taxonomy.’ (APHA: Washington, DC, USA)

Blackman E (1968) The pattern and sequence of opaline silica deposition in
rye (Secale cereale L.). Annals of Botany 32, 207–218.

Borrelli N, Alvarez MF, Osterrieth M, Marcovecchio J (2010) Silica content
in soil solution and its relation with phytolith weathering and silica
biogeochemical cycle in typical Argiudolls of the Pampean Plain,
Argentina: a preliminary study. Journal of Soils and Sediments 10,
983–994. doi:10.1007/s11368-010-0205-7

Burgos JJ, Vidal AL (1951) Los climas de la República Argentina según la
nueva clasificación de Thornwaite. Meteoros 1, 3–32.

Cabrera AL (1976) ‘Regiones fitogeográficas argentinas. Enciclopedia
Argentina de Agricultura y Jardinería.’ (Acme SACI: Buenos Aires,
Argentina)

Cooke J, Leishman MR (2012) Tradeoffs between foliar silicon and carbon-
based defences: evidence fromvegetation communities of contrasting soil
types. Oikos 121, 2052–2060. doi:10.1111/j.1600-0706.2012.20057.x

de Melo SP, Monteiro FA, De Bona FD (2010) Silicon distribution and
accumulation in shoot tissue of the tropical forage grass Brachiaria
brizantha. Plant and Soil 336, 241–249.
doi:10.1007/s11104-010-0472-5

Del Rio JL, Bo J, Lopez de Armentia A (2012) La minería de rocas de
aplicación en el periurbano de la ciudad de Mar del Plata: la construcción
de un nuevo relieve. In ‘Minería en áreas periurbanas. Una aproximación
multidimensional’. (Eds L del Rio L, S deMarco) pp. 43-60. (Editorial de
la Universidad Tecnológica Nacional: Buenos Aires, Argentina

Dickison WC (2000) ‘Integrative plant anatomy.’ (Academic press: New
York)

Domènech R, Vila M (2008) Cortaderia selloana seed germination under
different ecological conditions. Acta Oecologica 33, 93–96.
doi:10.1016/j.actao.2007.09.004

Domènech R, Vila M, Pino J, Gesti J (2005) Historical land-use legacy and
Cortaderia selloana invasion in theMediterranean region.GlobalChange
Biology 11, 1054–1064. doi:10.1111/j.1365-2486.2005.00965.x

Domènech R, Vilà M, Gesti J, Serrasolses I (2006) Neighbourhood
association of Cortaderia selloana invasion, soil properties and plant
community structure in Mediterranean coastal grasslands. Acta
Oecologica 29, 171–177. doi:10.1016/j.actao.2005.09.004

8 Australian Journal of Botany M. Fernández Honaine et al.

dx.doi.org/10.1093/jxb/47.5.655
dx.doi.org/10.1007/s11368-010-0205-7
dx.doi.org/10.1111/j.1600-0706.2012.20057.x
dx.doi.org/10.1007/s11104-010-0472-5
dx.doi.org/10.1016/j.actao.2007.09.004
dx.doi.org/10.1111/j.1365-2486.2005.00965.x
dx.doi.org/10.1016/j.actao.2005.09.004


Epstein E (1994) The anomaly of silicon in plant biology. Proceedings of
the National Academy of Sciences of the United States of America 91,
11–17. doi:10.1073/pnas.91.1.11

Exley C (2015) A possible mechanism of biological silicification in plants.
Frontiers in Plant Science 6, 853. doi:10.3389/fpls.2015.00853

Fernández Honaine M, Osterrieth M (2012) Silicification of the adaxial
epidermis of leaves of a panicoid grass in relation to leaf position and
section and environmental conditions. Plant Biology 14, 596–604.
doi:10.1111/j.1438-8677.2011.00530.x

Fernández Honaine M, Zucol A, Osterrieth M (2005) Biomineralizaciones
de sílice en Celtis tala Planchon (Celtidaceae). Boletín de la Sociedad
Argentina de Botánica 40, 229–239.

Fernández Honaine M, Zucol A, Osterrieth M (2006) Phytolith assemblage
and systematic association in grassland species of the SE Pampean
Plains, Argentina. Annals of Botany 98, 1155–1165.
doi:10.1093/aob/mcl207

Fernández Honaine M, Bernava Laborde V, Zucol A (2008) Contenido de
sílice en gramíneas del pastizal nativo del sudeste bonaerense. In
‘Interdisciplinary nuances in phytoliths and other microfossil studies’.
(Eds MA Korstanje, MP Babot) pp. 57–63.(BAR International Series:
Oxford)

FernándezHonaineM,Borrelli N,OsterriethM, del RíoL (2013)Amorphous
silica biomineralizations in sedges: their relation with senescence and
silica availability. Boletín de la Sociedad Argentina de Botánica 48,
247–259.

Fernández Honaine M, Benvenuto ML, Borrelli NL, Osterrieth M (2016)
Early silicification of leaves and roots of seedlings of a panicoid grass
grown under different conditions: anatomical relation and structural role.
Plant Biology doi:10.1111/plb.12488

Fernández Montoni MV, Fernández Honaine M, del Río L (2014) An
assessment of spontaneous vegetation recovery in aggregate quarries in
coastal sand dunes in Buenos Aires province, Argentina. Environmental
Management 54, 180–193. doi:10.1007/s00267-014-0275-1

Gallego L, Distel RA (2004) Phytolith assemblages in grasses native to
Central Argentina. Annals of Botany 94, 865–874.
doi:10.1093/aob/mch214

Gallego L, Distel RA, Camina R, Rodriguez Iglesias RM (2004) Soil
phytoliths as evidence for species replacement in grazed rangelands of
Central Argentina. Ecography 27, 725–732.
doi:10.1111/j.0906-7590.2005.03964.x

Handreck KA, Jones LHP (1968) Studies of silica in the oat plant IV. Silica
content of plant parts in relation to stage of growth, supply of silica, and
transpiration. Plant and Soil 29, 449–459. doi:10.1007/BF01348976

Hassiotou F, Evans JR, LudwigM,Veneklaas EJ (2009) Stomatal crypts may
facilitate diffusion ofCO2 to adaxialmesophyll cells in thick sclerophylls.
Plant, Cell & Environment 32, 1596–1611.
doi:10.1111/j.1365-3040.2009.02024.x

Hodson MJ (2016) The development of phytoliths in plants and its influence
on their chemistry and isotopic composition. Implications for
palaeoecology and archaeology. Journal of Archaeological Science 68,
62–69. doi:10.1016/j.jas.2015.09.002

Hodson MJ, Evans DE (1995) Aluminium/silicon interactions in higher
plants. Journal of Experimental Botany 46, 161–171.
doi:10.1093/jxb/46.2.161

HodsonMJ, White PJ, Mead A, Broadley MR (2005) Phylogenetic variation
in the silicon composition of plants. Annals of Botany 96, 1027–1046.
doi:10.1093/aob/mci255

IUSS Grupo de Trabajo WRB (2007) Base Referencial Mundial del Recurso
Suelo. Primera actualización 2007. Informes Sobre Recursos Mundiales
de Suelos No. 103. FAO, Roma.

Johansen DA (1940) ‘Plant microtechnique.’ (Mc Graw-Hill: New York)
JonesLHP,HandreckKA(1967)Silica in soils, plants, and animals.Advances

in Agronomy 19, 107–149. doi:10.1016/S0065-2113(08)60734-8

Katz O (2014) Beyond grasses: the potential benefits of studying silicon
accumulation in non-grass species. Frontiers in Plant Science 5, 376.
doi:10.3389/fpls.2014.00376

Katz O, Lev-Yadun S, Bar P (2015) Plant silicon and phytolith contents as
affected by water availability and herbivory: integrating laboratory
experimentation and natural habitat studies. Silicon
doi:10.1007/s12633-015-9310-y

Klan�cnik K, Vogel-Mikuš K, Gaberšcik A (2014) Silicified structures affect
leaf optical properties in grasses and sedge. Journal of Photochemistry
and Photobiology. B, Biology 130, 1–10.
doi:10.1016/j.jphotobiol.2013.10.011

Labouriau LG (1983) Phytolith work in Brazil: a mini review. Phytolitharien
Newsletter 2, 6–10.

Lambrinos JG (2002) The variable invasive success of Cortaderia species
in a complex landscape. Ecology 83, 518–529.
doi:10.1890/0012-9658(2002)083[0518:TVISOC]2.0.CO;2

Lanning FC, Eleuterius LN (1989) Silica deposition in some C3 and C4

species of grasses, sedges and composites in the USA. Annals of Botany
63, 395–410.

Lux A, Luxova M, Hattori T, Inanaga S, Sugimoto Y (2002) Silicification in
sorghum (Sorghum bicolor) cultivars with different drought tolerance.
Physiologia Plantarum 115, 87–92.
doi:10.1034/j.1399-3054.2002.1150110.x

Ma JF (2004) Role of silicon in enhancing the resistance of plants to biotic
and abiotic stresses. Soil Science and Plant Nutrition 50, 11–18.
doi:10.1080/00380768.2004.10408447

Ma JF, Takahashi E (2002) ‘Soil, fertilizer, and plant silicon research in
Japan.’ (Elsevier: Amsterdam)

Ma JF, Yamaji N (2006) Silicon uptake and accumulation in higher plants.
Trends in Plant Science 11, 392–397. doi:10.1016/j.tplants.2006.06.007

Martínez G (2001) ‘Geomorfología y Geología del Cenozoico superior
de las cuencas de los arroyos Los Cueros y Seco, vertiente nororiental
de las Sierras Septentrionales, provincia de Buenos Aires.’ PhD thesis.
Universidad Nacional del Sur, Argentina.

Marx R, Lee DE, Lloyd KM, Lee WE (2004) Phytolith morphology and
biogenic silica concentrations and abundance in leaves of Chionochloa
(Danthonieae) and Festuca (Poeae) in New Zealand. New Zealand
Journal of Botany 42, 677–691. doi:10.1080/0028825X.2004.9512919

Massey FP, Hartley SE (2006) Experimental demonstration of the
antihervibore effects of silica in grasses: impacts on foliage digestively
and vole growth rates.Proceedings. Biological Sciences 273, 2299–2304.
doi:10.1098/rspb.2006.3586

Massey FP, Ennos AR, Hartley SE (2007) Herbivore specific induction
of silica-based plant defences. Oecologia 152, 677–683.
doi:10.1007/s00442-007-0703-5

Mercader J, Astudillo F, BarkworthM, Bennett T, Esselmont C, Kinyanjui R,
Grossman DL, Simpson S, Walde D (2010) Poaceae phytoliths from
the Niassa Rift, Mozambique. Journal of Archaeological Science 37,
1953–1967. doi:10.1016/j.jas.2010.03.001

Metcalfe CR (1960) ‘Anatomy of monocotyledons I. Gramineae.’ (Claredon
Press: Oxford)

Monserrat AL (2010) Evaluación del estado de conservación de dunas
costeras: dos escalas de análisis de la costa pampeana. PhD thesis.
Facultad de Ciencias Exactas y Naturales Universidad de Buenos
Aires). Available at http://digital.bl.fcen.uba.ar/Download/Tesis/Tesis_
4715_Monserrat.pdf [Verified 18 July 2016].

Motomura H, Fujii T, Suzuki M (2000) Distribution of silicified cells in
the leaf blades of Pleioblastus chino (Franchet et Savatier) Makino
(Bambusoideae). Annals of Botany 85, 751–757.
doi:10.1006/anbo.2000.1124

Motomura H, Mita N, Suzuki M (2002) Silica accumulation in long-lived
leaves of Sasa veitchii (Carriere) Rehder (Poaceae: Bambusoideae).
Annals of Botany 90, 149–152. doi:10.1093/aob/mcf148

Silicification of Cortaderia selloana Australian Journal of Botany 9

dx.doi.org/10.1073/pnas.91.1.11
dx.doi.org/10.3389/fpls.2015.00853
dx.doi.org/10.1111/j.1438-8677.2011.00530.x
dx.doi.org/10.1093/aob/mcl207
dx.doi.org/10.1111/plb.12488
dx.doi.org/10.1007/s00267-014-0275-1
dx.doi.org/10.1093/aob/mch214
dx.doi.org/10.1111/j.0906-7590.2005.03964.x
dx.doi.org/10.1007/BF01348976
dx.doi.org/10.1111/j.1365-3040.2009.02024.x
dx.doi.org/10.1016/j.jas.2015.09.002
dx.doi.org/10.1093/jxb/46.2.161
dx.doi.org/10.1093/aob/mci255
dx.doi.org/10.1016/S0065-2113(08)60734-8
dx.doi.org/10.3389/fpls.2014.00376
dx.doi.org/10.1007/s12633-015-9310-y
dx.doi.org/10.1016/j.jphotobiol.2013.10.011
dx.doi.org/10.1890/0012-9658(2002)083[0518:TVISOC]2.0.CO;2
dx.doi.org/10.1890/0012-9658(2002)083[0518:TVISOC]2.0.CO;2
dx.doi.org/10.1034/j.1399-3054.2002.1150110.x
dx.doi.org/10.1080/00380768.2004.10408447
dx.doi.org/10.1016/j.tplants.2006.06.007
dx.doi.org/10.1080/0028825X.2004.9512919
dx.doi.org/10.1098/rspb.2006.3586
dx.doi.org/10.1007/s00442-007-0703-5
dx.doi.org/10.1016/j.jas.2010.03.001
http://digital.bl.fcen.uba.ar/Download/Tesis/Tesis_4715_Monserrat.pdf
http://digital.bl.fcen.uba.ar/Download/Tesis/Tesis_4715_Monserrat.pdf
dx.doi.org/10.1006/anbo.2000.1124
dx.doi.org/10.1093/aob/mcf148


Motomura H, Fujii T, Suzuki M (2004) Silica deposition in relation to
ageing of leaf tissues in Sasa veitchii (Carriere) Rehder (Poaceae:
Bambusoideae).AnnalsofBotany93, 235–248. doi:10.1093/aob/mch034

OsterriethM(1998)Paleosols and their relation to sea level changesduring the
late quaternary in Mar Chiquita, Buenos Aires, Argentina. Quaternary
International 51–52, 43–44. doi:10.1016/S1040-6182(98)90209-9

Osterrieth M,Martínez G (1993) Paleosols on late cainozoic sequences in the
northeastern side of tandilia range, Buenos Aires, Argentina.Quaternary
International 17, 57–65. doi:10.1016/1040-6182(93)90081-P

Osterrieth M, Álvarez MF, Fernández Honaine M, Borrelli N (2012)
Evolución pedológica en canteras ortocuarcíticas del área periurbana
de Mar del Plata. In ‘Minería en áreas periurbanas. Una aproximación
multidimensional’. (Eds L del Rio L, S deMarco) pp. 63–81. (Editorial de
la Universidad Tecnológica Nacional: Buenos Aires, Argentina)

Osterrieth M, Borrelli N, Alvarez MF, Fernández Honaine M (2014a)
Silicophytoliths and silicon biogeochemical cycle in the Pampean
Plain, Argentina. In ‘Synthesis of some phytolith studies in South
America (Brazil and Argentina)’. (Eds H Gomes Coe, M Osterrieth)
pp. 243–262. (Nova Science Publishers Inc.: New York)

OsterriethM,FernándezHonaineM,BorrelliN,AlvarezMF (2014b)Chapter
10. Silicophytoliths in representative soils of the southeast Pampean
Plains, Argentina. In ‘Synthesis of some phytolith studies in South
America (Brazil and Argentina)’. (Eds H Gomes Coe, M Osterrieth)
pp. 215–241. (Nova Science Publishers Inc.: New York)

Osterrieth M, Borrelli N, Alvarez MF, Fernández Honaine M (2015) Silica
biogeochemical cycle in temperate ecosystems of the Pampean Plain,
Argentina. Journal of South American Earth Sciences 63, 172–179.
doi:10.1016/j.jsames.2015.07.011

Prychid CJ, Rudall PJ, Gregory M (2003) Systematics and biology of silica
bodies in monocotyledons. Botanical Review 69, 377–440.
doi:10.1663/0006-8101(2004)069[0377:SABOSB]2.0.CO;2

Quigley KM, Anderson TM (2014) Leaf silica concentration in Serengeti
grasses increases with watering but not clipping: insights from a common
garden study and literature review. Frontiers in Plant Science 5, 568.
doi:10.3389/fpls.2014.00568

Raven JA (1983) The transport and function of silicon in plants. Biological
Reviews of the Cambridge Philosophical Society 58, 179–207.
doi:10.1111/j.1469-185X.1983.tb00385.x

Reynolds J, LambinX,MasseyFP,ReidingerS, Sherratt JA,SmithMJ,White
A, Hartley SE (2012) Delayed induced silica defences in grasses
and their potential for destabilising herbivore population dynamics.
Oecologia 170, 445–456. doi:10.1007/s00442-012-2326-8

SangsterAG,HodsonMJ,TubbHJ (2001) Silicon deposition in higher plants.
In ‘Silicon in agriculture’. (Eds LE Datnoff, GH Snyder, GHKorndörfer)
pp. 85–113. (Elsevier: Amsterdam)

Schaller J, Brackhage C, Bäucker E, Dudel EG (2013) UV-screening of
grasses by plant silica layer? Journal of Bio-Science 38, 1–4.

Schnack EJ, Fasano JL, Isla FI (1982) The evolution ofMar Chiquita Lagoon,
Province of BuenosAires, Argentina. In ‘Holocene sea-levelfluctuations:
magnitudes and causes’. (Ed. DJ Colquhom) pp. 143–155. (IGCP61:
University of South Carolina, Washington, DC, USA)

Schoelynck J, Bal K, Back H, Okruszko T, Meire P, Struyf E (2010) Silica
uptake in aquatic and wetland macrophytes: a strategic choice between
silica, lignin and cellulose? New Phytologist 186, 385–391.
doi:10.1111/j.1469-8137.2009.03176.x

Schoelynck J, Müller F, Vandevenne F, Bal K, Barão L, Smis A, Opdekamp
W, Meire P, Struyf E (2014) Silicon–vegetation interaction in multiple
ecosystems: a review. Journal of Vegetation Science 25, 301–313.
doi:10.1111/jvs.12055

Servicio Meteorológico Nacional (2010) ‘Estadísticas climatológicas
1991–2000.’ (SMN: Serie B-N 38. Buenos Aires, Argentina)

Soininen EM, Brathen KA, Herranz Jusdado JG, Reidinger S, Hartley SE
(2013)More thanherbivory: levels of silica-baseddefences ingrassesvary
with plant species, genotype and location. Oikos 122, 30–41.
doi:10.1111/j.1600-0706.2012.20689.x

Soriano A, León RJC, Sala OE, Lavado RS, Deregibus VA, Cauhépé MA,
ScagliaOA,VelázquezCA,Lemcoff JH (1992)Río de la Plata grasslands.
In ‘Natural grasslands: introduction and western hemisphere, ecosystems
of the world 8A’. (Ed. RT Coupland) pp. 367–407. (Elsevier: NewYork)

Struyf E, Van Damme S, Gribsholt B, Bal K, Beauchard O, Middelburg JJ,
Meire P (2007) Phragmites australis and silica cycling in tidal wetlands.
Aquatic Botany 87, 134–140. doi:10.1016/j.aquabot.2007.05.002

Takeoka Y, Matsumura O, Kaufman PB (1983) Studies of silicification of
epidermal tissues of grasses as investigated by soft X-ray image analysis.
I. On the method to detect and calculate frequency of silica bodies on
bulliform cells. Nihon Sakumotsu Gakkai Kiji 52, 544–550.
doi:10.1626/jcs.52.544

Turner IM (1994) Sclerophylly: primarily protective? Functional Ecology
8, 669–675. doi:10.2307/2390225

Twiss PC 1992. Predicted world distribution of C3 and C4 grass phytoliths.
In ‘Phytolith systematics’. (Eds G Rapp, SC Mulholland) pp. 113–128.
(Plenum Press: New York)

Zar JH (1984) ‘Biostatistical analysis.’ (Prentice-Hall: Englewood Cliffs,
NJ, USA)

Zucol AF (1999) Fitolitos de las Poaceae argentinas: IV. Asociación fitolítica
de Cortaderia selloana (Danthonieae: Arundinoideae), de la provincia
de Entre Ríos. Natura Neotropicalis 30, 25–33.

Handling Editor: Jeremy Midgley

10 Australian Journal of Botany M. Fernández Honaine et al.

www.publish.csiro.au/journals/ajb

dx.doi.org/10.1093/aob/mch034
dx.doi.org/10.1016/S1040-6182(98)90209-9
dx.doi.org/10.1016/1040-6182(93)90081-P
dx.doi.org/10.1016/j.jsames.2015.07.011
dx.doi.org/10.1663/0006-8101(2004)069[0377:SABOSB]2.0.CO;2
dx.doi.org/10.1663/0006-8101(2004)069[0377:SABOSB]2.0.CO;2
dx.doi.org/10.3389/fpls.2014.00568
dx.doi.org/10.1111/j.1469-185X.1983.tb00385.x
dx.doi.org/10.1007/s00442-012-2326-8
dx.doi.org/10.1111/j.1469-8137.2009.03176.x
dx.doi.org/10.1111/jvs.12055
dx.doi.org/10.1111/j.1600-0706.2012.20689.x
dx.doi.org/10.1016/j.aquabot.2007.05.002
dx.doi.org/10.1626/jcs.52.544
dx.doi.org/10.2307/2390225

