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Abstract: The palm family generally has characteristic phytoliths with many conical projections. Diagnostic, 

amorphous spheroid, echinate phytoliths are present in all organs of the sago palm (Metroxylon sagu Rottb.), 

which constitute approximately 8–9% of leaflet dry weight. For phytolith observation, transmitted-light (TLM) 

and scanning electron microscopy (SEM) were used at x400 and x1000 magnifications. The terminal angles and 

length of conical projections were calculated according to Heron’s formula. The mean maximum diameter of 

phytoliths and the mean number, mean terminal angle, and mean length of conical projections of M. sagu were 

13.2 μm, 26.0, 84.0°, and 0.54 μm, respectively, under TLM. Meanwhile, the phytoliths of M. sagu were 15.1 

μm of the mean maximum diameter of phytoliths, 21.6 of the mean number of conical projections, 91.4° of the 

mean terminal angle of conical projections, and 1.45 μm of the conical projection lengths under SEM. It is 

possible to utilize spheroid echinate morphology, conical projections arranged at the periphery, and terminal 

angles and lengths of conical projections as indicators of the identification of M. sagu phytoliths. 

Keywords: conical projection, echinate, light-transmitting microscope, phytolith, scanning electron microscope, 

spheroid, Heron’s formula 
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Phytoliths—mainly spheroid echinate morphotypes—

are abundantly produced in palms (Albert et al., 2009). 

Benvenuto et al. (2015) described globular phytoliths 

in 10 species of Arecaceae, four species of 

Bromeliaceae, 10 species of Cannaceae, one species of 

Marantaceae, three species of Orchidaceae, one 

species of Strelitziaceae, and one species of 

Zingiberaceae from Argentina. Metroxylon sagu Rottb. 

was not included in their Arecaceae families studied. 

Morcote-Ríos et al. (2016) surveyed phytoliths in 92 

species of Amazonian palms, representing 29 genera 

across four subfamilies. However, they did not describe 

M. sagu phytoliths because the Amazon is far from the 

Introduction 

Silicon (Si) is effective in controlling various pests 

and diseases caused by both fungi and bacteria in 

different plant species (Ma, 2004), which alleviates 

various abiotic stresses, including salt stress, metal 

toxicity, drought stress, radiation damage, nutrient 

imbalance, high temperature stress, and freezing 

stress (Mitani and Ma, 2005). Various plants form 

distinctive phytoliths by the uptake of Si from the 

soil (Ryan, 2014). Takahashi and Miyake (1976a) 

reported the silicon content in land plants. Hodson et 

al. (2005) also showed phylogenetic variation in the 

silicon composition of plants from 54 papers. 
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transplanting, hit by Typhoon Yolanda in 2013), and 

the eleventh living leaf from the palm apex was taken 

in 2016. M. sagu generally accumulates spheroid 

echinate phytolith assemblage in leaflets. For the 

observation and counting of phytolith samples, the 

leaflets were washed with distilled water to remove 

contaminants. They were air-dried and incinerated in 

an electric furnace at 500 °C for 4 hours according to a 

method modified from those of Hodson et al. (2005) 

and Benvenuto et al. (2015).  

 

2. Incinerated leaflet samples and X-ray diffraction 

Phytoliths in incinerated leaflets, dried after 

treatment with 0.01 M HCl and washing with distilled 

water three times, were evaluated as the dry weight 

percentage of leaflets. In order to show amorphous M. 

sagu phytoliths and the chemical bonding of silicon to 

other elements in phytoliths, X-ray diffraction of the 

incinerated leaflet samples was provided on an 

antireflection silicon sample holder because of its 

exclusion of external X-ray intensities when using an 

X-ray diffractometer (Rigaku, Miniflex). Copper (Cu) 

Kα radiation was used with a nickel filter. The 

scanning speed was recorded as 2° min-1, and the 

operation angle was 3° to 60° for 2θ.  

 

3. Parameter measurement of sago palm phytoliths 

After gravitational sedimentation extraction, the 

dried leaflet phytolith samples were mounted onto 

M. sagu–growing area. 

M. sagu is able to absorb and accumulate Si in all 

organs and finally form phytoliths as biogenic 

amorphous opal silica (SiO2·nH2O), which shows 

high durability (Baba et al., 2020). Fenwick et al. 

(2011) tried to discriminate between four (Areca 

catechu L., Calamus aruensis Becc., Cocos nucifera 

L., and M. sagu) palm phytoliths on Watom Island, 

Papua New Guinea, using several parameters, such as 

the maximum diameter of phytolith, perpendicular 

diameter, number of conical projections, conical 

projection length, and conical projection angle. They 

showed that there were statistically significant 

differences between the leaf phytoliths of Areca 

catechu, Calamus aruensis, Cocos nucifera, and M. 

sagu. The maximum diameter of phytolith, 

perpendicular diameter of phytolith, number of 

conical projections, and conical projection length of 

M. sagu were determined and can be used for 

discriminating between the four palms. The 

distinguishable mean conical projection length of M. 

sagu indicated was 1.1 μm (Fenwick et al., 2011). On 

Easter Island (Rapa Nui), Bowdery (2015) found M. 

sagu phytoliths in 0.97 m horizon (KA 5005-3A), 

which corresponded to a Cal age between AD 1394–

1425 and AD 1634–1672. The combination study of 

phytolith assemblage and 14C dating contributes to the 

fields of archaeology as well as vegetation and food 

science.  

The objectives of this study are to show spheroid 

echinate phytoliths in M. sagu leaflets using TLM and 

SEM and to evaluate several variables of phytolith 

morphologies of M. sagu growing in the Philippines 

in order to clearly identify M. sagu phytoliths and to 

propose a technology for identifying M. sagu by an 

index of the terminal angle and the length of conical 

projections. 

 

Materials and Methods 

1. Sago palm and leaflet phytolith preparation 

Sago palms in Pangasugan, Leyte, Philippines (Fig. 

1) were approaching flowering stage (11 years after 
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Fig 1.  Sago palm (Metroxylon sagu Rottb.) field in 
Pangasugan, Leyte, Philippines
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Figure 2 shows a drawing of spheroid echinate and 

conical projections accompanied by Heron’s formula, 

which can calculate the angle and length of conical 

projections from three sides of a triangle. 

 

Results 

1. Content of phytoliths in sago palm leaflets 

The mean weight of incinerated M. sagu leaflet 

samples, comprised of phytoliths, a small amount of 

charcoal, and others, is 8.7 ± 3.7% of the dry leaflet 

matter (Table 1). This is comparable to the 

intermediate value of Si content (5 to 15% of leaf dry 

matter) in Gramineae phytolith, as represented by 

Kondo and Sase (1986). Takahashi and Miyake 

(1976a) found large variation of Si content in leaf 

blades, with respect to 62 species of monocotyledons 

(0.01 to 6.3%), including four species of Arecaceae 

(0.27 to 1.41%). Takahashi and Miyake (1976b) also 

showed 0.02 to 0.77% of Si content in leaf blades 

with regard to 85 dicotyledon species. Furthermore, 

Takahashi et al. (1981a, b) reported 3.42 to 11.82% of 

slides using a suitable permanent fixative (Matsunami, 

MGK-S). Phytolith parameters were observed and 

measured by TLM (Meiji Techno, MT-5000) and SEM 

(Hitachi Miniscope, TM-1000). The mean diameter of 

phytoliths and the number of conical projections were 

measured by photographs of LTM at x400 

magnification and SEM at x400 and x1000 

magnification. The length of conical projections at the 

edge portion was measured. The terminal angle of 

conical projections may regulate the number of 

diagnostic conical projections. The terminal angle of 

conical projections was calculated by the length of the 

triangle’s sides based on Heron’s formula.  

S = √s(s-a)(s-b)(s-c), S = a+b+c, 

if  a ≥ b, c  h = 2S/a, B = sin-1 h/c, C = sin-1 h/b 

if  b ≥ c, a  h = 2S/b, C = sin-1 h/a, A = sin-1 h/c 

if  c ≥ a, b  h = 2S/c, A = sin-1 h/b, B = sin-1 h/a 

A + B + C = 180, 

where S is the area of the triangle; h is the triangle’s 

height; A, B, and C are angles; and a, b, and c are the 

triangle’s sides.  
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. 2.  Drawing of spheroid echinate morphotype and angles/sides of Heron s formula

h: the height of the triangle = the length of the conical projection

a , b and c : sides

A, B and C: angles

Fig 2.  Drawing of spheroid echinate morphotype and angles/sides of Heron’s formula
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Dry weight of incinerated sample (%)

Metroxylon sagu 8.7 ± 3.7

n = 27

Table 1.  Incinerated sample weight of Metroxylon sagu leaflet
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echinates. Although this diffraction pattern is similar to 

that of quartz glass SiO2, which has its peak around 22 

degrees, it reveals the weak bias to the higher range 

region when affected by four coordination number 

ions, likewise Li. When affected by six coordination 

number ions, such as sodium, calcium, magnesium, and 

barium, a strong bias was found in the peak, providing 

a decreasing peak and/or unclear peak (Ando, 1961).  

 

3. Microscope observation 

Under TLM, the phytolith assemblage of M. sagu 

represents diagnostic spheroid echinate (Madella et 

al., 2005; Neumann et al., 2019) morphologies (Fig. 

4). According to the description of Morcote-Ríos et 

Si content in leaf blades with respect to 70 species of 

Gramineae and 0.11 to 4.68% of Si content in 

Commelinales, including Cyperales, Urticaceae, and 

Cucurbitaceae. The content of Si in M. sagu leaflets, 

therefore, corresponded to the median value of Si 

content in Gramineae. 

 

2. X-ray diffraction pattern of M. sagu phytoliths 

X-ray diffraction of M. sagu phytoliths shows an 

amorphous pattern with a wider peak from 20 to 30 

degrees 2 θ for Cu Kα (Fig. 3), which corresponds to 

the result of bamboo phytolith by Klinowski et al. 

(1998). Nevertheless, the appearance of M. sagu 

phytoliths revealed graceful shapes of spheroid 
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Fig. 4. TLM images of M. sagu phytoliths
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:  top of conical projection unmeasured for conical projection length  

Fig 4.  TLM images of M. sagu phytoliths 
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Fig 3.  X-ray diffraction pattern of M. sagu phytolith
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phytoliths was 15.1 ± 2.6 μm. The mean number of 

conical projections was 21.6 ± 6.2. The mean terminal 

angle and length of conical projections were 91.4 ± 

11.3 ° and 1.45 ± 0.66 μm, respectively, under SEM. 

The mean maximum diameter determined with SEM 

tended to be larger than those determined with LTM.  

 

Discussion 

Phytoliths are formed in 

plants and take on the size and 

shape of the compartment 

where they are deposited, 

varying between types, different 

organs within a plant, and 

different plant species (Leng et 

al., 2009). It is possible to 

identify M. sagu phytoliths 

based on morphotype: size, 

shape, margins, surface texture, 

and ornamentation. M. sagu leaflets have solid 

spheroidal phytoliths with conical projections 

distributed over the entire surface. The conical 

projections of M. sagu vary in size and are simple 

individually, larger, and more closely distributed on the 

surface than those of other palms provided by Neumann 

et al. (2019). From the X-ray diffraction analysis in this 

study, M. sagu phytoliths including conical projections 

contained six coordination numbers of ions in the 

phytolith SiO2 structure. 

al. (2016), M. sagu presented acute conical 

projections symmetrically arranged at the periphery, 

15–30 peripheral projections, of which the mean 

maximum diameter is 4–20 nm, consistent with the 

reports of Fenwick et al. (2011) and Bowdery et al. 

(2015). SEM images showed much acuter conical 

projections at the periphery (Fig. 5).  

From both images of TLM and SEM, we 

determined the mean maximum diameter of 

phytoliths, number of conical projections, terminal 

angle, and length of conical projections (Table 2). The 

mean maximum diameter of M. sagu phytoliths was 

13.2 ± 1.6 μm. The mean number of conical 

projections was 26.0 ± 3.2. The mean terminal angle 

and length of conical projections were 84.0 ± 10.0° 

and 0.54 ± 0.21 μm, respectively, under TLM. 

Meanwhile, the mean maximum diameter of M. sagu 

M. Okazaki et al.

0 10 μm
Fig 5.  SEM images of M. sagu phytoliths

Table 2. Variables of Metroxylon sagu  phytoliths

Microscope Mean maximum Number of Terminal angle Length of   Mean  maximum    Number of       Terminal angle     Length of
diameter  (μm)    conical    ( ° ) conical

projection                                        projection (μm)

TLM                  13.2 ± 1.6           26.0 ± 3.2       84.0 ± 10.0          0.54 ± 0.21

SEM                  15.1 ± 2.6           21.6 ± 6.2        91.4 ± 11.3           1.45 ± 0.66 

TLM: transmitted-light microscope

SEM: scanning electron microscope

n = 10

Table 2.  Variables of Metroxylon sagu phytoliths
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Leng, M. J., G. E. AQ. Swann, M. J. Hodson, J. J. 

Tyler, S. V. Patwardhan and H. J. Sloane 2009 The 

Silica polymerization reaction occurs within the 

silica deposition vesicle, which is suggested to be 

acidic (Verieling et al., 1999) and is controlled by a 

combination of silaffin proteins and polyamines, 

although several reports of silica polymerization were 

found in diatoms (Sumper and Kröger, 2004). 

Accordingly, phytoliths occlude carbon (proteins and 

amines) in their structure (Alexandre et al., 2015). 

Incineration at 500 °C for 3 h (Morcote-Ríos et al., 

2016) has been used for the extraction of phytoliths 

from M. sagu leaflets, which provides chars from 

occluded carbon in the phytolith structure. When 

using TLM for identification, it is important to 

remember that incineration may give rise to char 

produced from occluded carbon, resulting in a darker 

center in the phytolith. On the other hand, because of 

its deeper focus, SEM can supply explicit images of 

conical projections. As a result, there was a tendency 

that the mean length of conical projections with SEM 

was longer than that with TLM. It is noted that we 

are able to use an analytical method favorable to the 

identification and measurement of phytolith 

variables.  

 

Conclusion 

Phytoliths of M. sagu are abundantly present in 

leaflets. Since phytoliths of M. sagu have 

distinguishable, diagnostic spheroid echinate 

characteristics, they can be successfully identified 

using TLM and SEM, based on the purpose of the 

research. The determination of the number, terminal 

angle, and length of conical projections is effective 

for the identification of M. sago phytoliths. 
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