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Abstract: To clarify the influence of the sago palm (Metroxylon sagu Rottb.) on the soil through phytolith
formation, a transmitted-light microscope was used to determine the particle size, the number of conical
projection spines (CPS), the vertex angle of the CPS, the length of the bottom of the CPS, and the height of the
CPS of spheroid echinate phytoliths in spined and spineless sago palm leaflets and the soil surface from
Pangasugan, Leyte, Philippines. The sago palms were transplanted from the Dulag area in the eastern part of
Leyte in 2005, and leaflet samples were taken in 2016. The spined sago palm provided the smaller mean particle
size, larger number of CPS, larger CPS vertex angle (131.8+12.5°), larger length of the bottom of CPS, and
smaller height of CPS than those of the spineless sago palm. On the other hand, the CPS vertex angle of the
spineless sago palm was 85.1+10.9°. Two angle peaks of CPS on the spheroid echinate phytoliths from 81 to
140° with one shoulder of 111 to 120° were found in the surface layer soil samples taken in 2019. Based on the
CPS characteristics, it is concluded that the spheroid echinate phytoliths on the soil surface were transported

from both the spined and spineless sago palm in the sago palm field of Pangasugan, Leyte.
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Introduction production in Indonesia. It is deduced that the starch

Spined and spineless sago palms in the Metroxylon ~ production of sago palms is related to Si uptake and
group were described by Nishikawa et al. (1979). In  phytolith formation because phytolith assemblages in
south central Seram, Mulk, Indonesia, the  sago palms are important to pathogen tolerance and

management of the great diversity of sago palms was animal resistance and have value for a mechanical

sufficiently reported by Ellen (2006). Spined and
spineless sago palms hold the same genetic
information, although their apparent features are quite
different (Ehara et al. 1997). Yamamoto et al. (2010),
Pasolon (2015), Yamamoto et al. (2020), and
Nurulhaq et al. (2022) determined that spined and

spineless sago palms showed differences in starch

barrier to strong wind.

On the other hand, phytoliths play a role in
taxonomy (genus and species identification; wild and
cultivated species differentiation; reconstruction of
ancient floras, forests, and grass covers; and the
determination of C3/C4 grasslands) (Bremond et al.,

2004; Nawaz et al. 2019). Sago palms form phytoliths
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(opal A) (Elzea et al. 1994, Curtis et al., 2019,
Okazaki et al. 2020a), which provide historical
evidence of human activity in the southern Pacific
Ocean (Lentfer et al. 2021); however, phytolith
analysis has advantages and disadvantages for the
reconstruction of vegetation in Mediterranean
areas (Bremond et al. 2004). Piperno et al. (2019)
suggested that there was a strong relationship
between people and palms in Amazonia. Moreover,
Witteveen et al. (2022) explored how people and the
environmental context have shaped the widespread
occurrence of Amazonian palm species.

Meanwhile, Fishkis et al. (2010a, b) determined in
laboratory and field study that the transportation rates of
common reed (Phragmites australis) phytoliths applied
to Haplic Cambisols and Stagnic Luvisols were different
in the size and shape. In the field experiment, using a
fluorescent labeling technique, the transportation rate for
one year was found to be several cm from the surface for
Cambisol (loamy sand soil) and Luvisol (silty loam soil)
under an annual average precipitation of 1000 mm and
an annual average temperature of 10.1 °C, respectively
(Fishkis et al. 2010b).

Baba et al. (2020) showed the phytolith formation and
its size distribution in spineless sago palm leaflets in
Pangasugan, Leyte, Philippines. Okazaki et al. (2020a, b)
exhibited the conical projection spines (CPS) of spineless
sago palms using a transmitted-light microscope (TLM)
and scanning electron microscope (SEM). The purposes
of this study are to compare the phytolith assemblages
derived from spined and spineless sago palms
(Metroxylon sagu Rottb.) leaflets in Pangasugan, Leyte,
Philippines, and to elucidate the transportation of sago

palm phytoliths to the soil surface layer.

Materials and Methods

1. Sago palm leaflet samples

Spined and spineless sago palms, which were
originally taken and transplanted from Dulag in 2005,
were grown in Pangasugan, Leyte, Philippines (Fig. 1).

The spined sago palm unidentified in the Visayas area

Fig. 1. Sago palm field in Pangasugan, Leyte, Philippines
A: Spined sago palm (front row), B: spineless sago
palm (trunk formation).

was characterized by many medium spines on petiole,
the generation of few suckers, and low growth. The
spineless sago palm was found to have medium and
fine spines on petioles, moderate sucker generation,
and medium growth. The leaflet samples for phytolith
analysis were collected from the third leaf from the
bottom in 2016 (Fig. 2). The spined and spineless sago

palms were examined 11 years after transplanting.
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Fig. 2. Sago experimental field in Pangasugan, Leyte,
Philippines

2. Soil samples

Surface soil (0-16.5 cm in depth) sampled by an
auger in the Pangasugan sago palm field was taken from
the intermediate point between spined and spineless
sago palm growing sites in 2019 (Baba et al. 2021) and
air-dried in Leyte, Philippines. The air-dried soil sample

was sieved with a 2 mm mesh sieve and sent to Japan
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for analysis of the phytoliths and primary minerals.

3. Extraction of phytoliths from sago palm leaflets
and surface soil

In 2016, the leaflet samples were cut with a knife
and scissors, air-dried, dried at 70°C for 24 hours in
an oven, and heated at 500°C for 4 hours in an electric
furnace. The ash sample was washed twice with
distilled water and 0.001 mol/L HCI and collected via
decantation using distilled water. The residue was
sieved with a 0.045 mm sieve to remove large non-
incinerated materials and washed with distilled water.
Although almost all palm phytolith samples were in
the fraction of less than 0.045 mm, fractions of more
than 0.045 mm were also measured under a
microscope to be certain.

The air-dried surface soil samples (< 2 mm) were
treated with a 30% hydrogen peroxide solution to
remove organic substances. Iron oxides that cover the
phytolith surfaces were removed with a mixture
solution (an 8 : 1 volume ratio of 0.3 mol/L sodium
citrate to sodium bicarbonate) and 1 g of sodium
dithionite for 15 min at 80 to 90 °C in a hot water bath
(Baba et al. 2021). The soil samples, which were
washed with 0.001 mol/L. HCI and distilled water,
were sieved with 0.250 and 0.045 mm sieves,
respectively, and stored in plastic bottles (less than
0.045 mm and 0.045 mm to 0.250 mm fractions,
respectively) separately after air drying. Fractions of
less than 2 um were excluded using a gravitational
sedimentation method (sampling from O to 10

cm in depth after 8 hours).

4. Phytolith observation

Particles with diameters of less than 0.045
mm and those with diameters between 0.045
mm and 0.250 mm were mounted on a slide
glass using a Matsunami MGK-S embedding
agent (polystyrene). The phytoliths (ca. 100

grains) were counted under a polarized

0

transmitted-light microscope (MT5000, Meiji

Techno) at 400x magnification, and

microscopic images were taken with a Cannon EOS
Kiss X5 camera. The particle size of the CPS, CPS
number, CPS vertex angle, length of the bottom of the
CPS, and height of the CPS of spheroid echinate
phytoliths in spined and spineless sago palm leaflets
and the surface soil samples in Pangasugan were

described (Okazaki et al., 2020a).

Results
1. Spined and spineless sago palm phytoliths in
leaflets and the surface soil layer
Phytoliths in spined and spineless sago palms and the
surface soil layer from Pangasugan are shown under a
microscope (Figs. 3, 4, 5). Spheroid echinate phytoliths
in spined and spineless sago palms line up in a row along

parallel veins (Figs. 3, 4). Spined sago palms produced

0 20um

Fig. 3. Microscopic image of phytoliths in a spined
sago palm leaflet

10 pm
Fig. 4. Microscopic image of phytoliths in a spineless
sago palm leaflet
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spheroid echinate phytoliths —ranging from
less than 5 ym to >20 ym—that were slightly
smaller in diameter than those of spineless sago
palms: the mean diameters of spined and
spineless sago palm phytoliths were 9.15 and
9.99 um, respectively (Figs. 3, 4). The CPS

0 10 um 0 10 jum vertex angles of spined sago palm phytoliths
Fig. 5. Microscopic image of phytoliths in the surface soil layer were not sharper than those of spineless sago
A: Spheroid echinate derived fi ined
palmplef:f(])::t'ec hate Gervec Tom & Spinec sago palm phytoliths, although the numbers of CPS
B: Spheroid echinate derived from a spineless sago were similar. Spineless sago palms have lager
palm leaflet. '
spheroid echinates, sharper CPS vertex angles,
50 “' smaller lengths of the bottom of the CPS, and
40 B - ‘ taller CPS than spined sago palms (Figs. 3, 4).
® 71\ }..“ , . A
= N : Figure 5 shows two kinds of spheroid echinate
s % \ =y
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Fig. 6. Phytolith grain % in spined and spineless sago palm leaflets

and the soil surface in the sago palm field, Pangasugan, spined sago palms, spineless sago palms,

Leyte, Philippines and the surface soil layer

77 Phytoliths in sago palm leaflets from spined sago palms. ] )
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in Fig. 6. Spined sago palms had

higher percentages of smaller
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0 Spined  Spineless  Soil spineless sago palms and the surface
Fig. 7. Angles, bases, and heights of the conical projection spines in spined soil layer. The mean vertex angles of

and spineless sago palm leaflets and on the soil surface in Pangasugan,

Leyte, Philippines the CPS were 131.8 +£12.5° for the
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Fig. 8. Angle distribution of the conical projection spines in
spheroid echinates on the soil surface at Pangasugan,
Leyte, Philippines

spined sago palm, 85.1+10.9° for the spineless sago
palm, and 107.3+10.9° for the surface layer soil.
Figure 8 indicates that the angle distribution of the
CPS in the spheroid echinate showed two large peaks
at 91-100° with a shoulder at 111-120° (derived from
the spineless sago palm) and 101-110° (derived from
the spined sago palm). The mean lengths of the
bottom of the CPS were 2.0+0.3 ym for the spined
sago palm, 2.5+0.6 ym for the spineless sago palm,
and 3.3+0.6 um for the surface soil layer. The mean
height of the CPS was 0.4+0.1 ym for the spined sago
palm, 1.4+0.4 ym for the spineless sago palm, and
1.2+0.3 um for the soil sample. Two contributors of
sago palm phytoliths from the spined and spineless
sago palms to the phytoliths in the soil surface layer
might be determined by the characteristics of

phytolith distribution.

Discussion
1. Phytoliths in spined and spineless sago palm
leaflets in Pangasugan
Phytoliths are silica microfossils produced by many
plants and can be preserved in soil. Arecaceae are
known to be particularly prolific phytolith producers.
Genes encoding proteins responsible for silicon
transport control silicon accumulation, which is the
result of an efficient symplastic pathway mediated by
silicon influx and efflux transport mechanisms in the

plasma membrane of root cells (Ma et al. 2006,

Yamaji et al. 2008, Ma and Yamaji, 2015, Huisman et
al. 2018). Rice (Oryza sativa) is able to take up silicic
acid (Si(OH)4 at a pH below 9) through Low silicon
rice 1 and 2 (Lsil and Lsi2), which show high
selectivity for silicic acid. Lsil belongs to the Nodulin
26-like intrinsic proteins (NIPs) subfamily in the
aquaporin (AQP) family, while Lsi2 belongs to the
ion transporter superfamily (Ma et al., 2006, Ma et al.,
2007, Saitoh et al., 2021). However, studies of the
silicon transporter of Arecaceae are quite limited.
Bokor et al. (2019) reported on Si transporters in date
palms (Phoenix dactylifera) and found that phytoliths
in stigmata cells were present in roots, stems, and
leaves. Phytolith formation in spined and spineless
sago palm leaflets is not yet understood.

From this study, the spheroid echinate phytoliths in
spined sago palm leaflets had slightly smaller
diameters and wider angles than those in spineless
sago palm leaflets. These facts might suggest that
spheroid echinates with sharp CPS were provided to
the spineless sago palm in the processes of genetic

alterations during long-term cultivation.

2. Spheroid echinate phytoliths transported in the soil

surface in Pangasugan

This study found that spheroid echinate phytoliths
are transported from spined and spineless sago palm
leaflets to the surface soil layer. The soil pore
percentage is approximately determined by the soil
particle size distribution—the percentages of clay, silt,
and sand. The repetitive dry and moisture conditions
and biological activities cause cracks and channels in
the soil, which can percolate water and transport
phytoliths. The diameters of cracks and channels are
diverse and regulate the transportation of phytoliths. It
is obvious that small-sized phytoliths (<5 pm and 5 to
10 pm phytoliths) also remained in the soil surface
layer as a result of adsorption and the trapping of
phytoliths on the surface of cracks and channels.
Fishkis et al. (2010a, b) investigated common reed
phytolith transport in soil at the laboratory and field

levels using Haplic Cambisols and Stagnic Luvisols in
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southern Germany. They determined that the
weighted mean transport distances of phytoliths after
one year were 3.99+1.21 cm for the Cambisol
(texture: loamy sand) and 3.86+0.56 cm for the
Luvisol (texture: silt loam), although the pore
distributions of soils were not available. Albert et al.
(2006, 2009) suggested an important loss of palm
phytoliths based on deposition in the soils of
Tanzania, which seemed to be related to the
biostratinomic and post-depositional processes and to
affect mostly larger phytoliths.

The biased preservation of the smaller spheroid
morphologies was detected, due to the transport in
soils, especially by the influence of phytolith sizes
(Fishkis et al. 2010b). On the other hand, Liu et al.
(2019) reported that phytoliths >30 um in diameter
with aspect ratios of >2 and phytoliths <20 um in
diameter with aspect ratios <2 were preferentially
transported, as compared to phytolith >25 pm in
diameter with aspect ratios of <2. They insisted that
phytolith size and aspect ratio were important for
phytolith transport in soil layers.

In the case of spheroid echinate phytoliths of sago
palms, their aspect ratios are quite similar, so their
size is much more important than their aspect ratio for
their transport in the soil. From the comparative
results of the production of phytoliths by spined and
spineless sago palm leaflets and the phytoliths in the
soil surface layer, the transport of phytoliths might
depend on both water percolation through the cracks
and channels and the adsorption of phytoliths on their
surface charge. According to the results of Nguyen et
al. (2021), the surface charge on rice phytoliths was
detected to vary from slightly positive to negative
(around -20 mmolc/kg at pH 6). The adsorption of
phytoliths on the surface of cracks and channels in soils
depends on the surface charges of both at an adsorption
site. The isoelectric point of phytoliths from larch, elm,
horsetail, ferns, and four kinds of grasses showed low
pHiep (0.9 to 2.2), which was very close to that of
quartz or amorphous silica (Fraysse et al. 2009). The

SiO- monodentate ligand on the phytolith surface is

deduced to be adsorbed through various kinds of
cations proposed from the soil.

In this study, the percentage of 10-15 pum spheroid
echinate phytoliths in the soil surface layer was less
than those in spined and spineless sago palm leaflets,
which were deduced to be percolated to the
subsurface layers with percolating water. On the other
hand, spheroid echinate phytoliths <5 pm may easily
remain on the surface of cracks and channels.
Therefore, these results did not coincide with the
results of Fishkis et al. (2010b).

The soil erosion and sedimentation rates at the foot
of Mt. Pangasugan, Leyte (coconut monocropping,
bryophyte and intact forest) were from 116 to 176
cm/year (Aureo 2018). However, there is no
information regarding soil sedimentation at the
Pangasugan experimental sago field. Aside from soil
erosion and sedimentation, Patterer et al. (2020)
looked at the phytoliths with signs of surface corrosion
and dissolution that might correspond to the alkalinity
of the environment. Although high alkalinity
conditions (Kato et al. 1976) can result in a high
degree of dissolution with fragmented and/or dissolved
phytoliths and an important amount of silica debris
(Kondo and Sase 1986), it is not strongly reflected in
the phytolith assemblages in the Pangasugan surface
soil at a pH of 6.4. It is unlikely that the difference in
the CPS vertex angle and the length of the bottom of
the CPS of spined and spineless sago palm leaflets is
caused by the dissolution at the surface soil pH in
Pangasugan (Lina et al. 2008), because the dissolution
rate of SiO2 decreases from pH 7 as the pH is lowered

(Fujimoto 1991).
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