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ABSTRACT Experiments were conducted to determine the effects that different methods for
the preparation of modern plant samples have on the resulting phytoliths using rice husks (Oryza
sp.). The methods that are commonly used in phytolith extraction include (1) dry ashing, (2) acid
extraction (3) a combination of both techniques. The results showed that processing methods have
an impact on the morphology of two subspecies of rice phytoliths, dry ashing producing more con-
joined cell phytoliths or multicells phytoliths than acid extraction. Using a combination of both
methods resulted in the presence of fewer conjoined cells than dry ashing alone, but more conjoined
cells than acid extraction. Alternative explanations are proposed to explain the formation of con-
joined phytolith cells. Microsc. Res. Tech. 75:1272–1276, 2012. VVC 2012 Wiley Periodicals, Inc.

INTRODUCTION

The analysis of phytoliths is an important method
for understanding the relationship between ancient
people and plants, particularly those interested in the
origin and development of agriculture (Fuller, 2009;
Irarte et al., 2010; Mbida, et al., 2006; Denham et al.,
2003; Piperno, 1988, 2006; Zhao et al., 1998). In the
analysis of ancient phytoliths, modern plant reference
material is indispensable, making it crucial to get the
truly representative reference phytoliths. Currently,
two basic methods are used to extract phytoliths from
modern plants; dry ashing and acid extraction (Parr
et al., 2001). It has been suggested that the two differ-
ent methods probably produce different results in the
ratios of isolated single cells and clusters of cells of phy-
toliths (Jenkins, 2009; Jones and Milne, 1963; Rovner,
1983). This study compares the two methods of phyto-
lith extraction using different Oryza sativa subsp., and
compares the results of each technique on the type and
condition of the recovered phytoliths.

The effect of dry and wet ashing procedures for the
extraction of phytoliths from modern plant samples
has been discussed for several decades (Jenkins, 2009;
Jones and Milne, 1963; Parr et al., 2001; Rovner, 1983).
Jones and Milne (1963) compared the results of dry
ashing and acid extraction on phytoliths from oats
(Avena sativa L.). They found that the phytolith
assemblages obtained using the dry ashing method
contained carbon and a great deal of Na, K, Ca, and
Mg. Both methods resulted in deferring the dehydra-
tion of the recovered phytoliths. The phytoliths from
the dry ashing samples consisted of ‘‘large congeries’’
while the acid extraction produced single isolated phy-
toliths. Jones and Beavers (1964) observed that the dry
ashing method could cause the fusion of phytoliths
during heating, though they do not state what temper-
atures they employed in their method of phytolith
preparation. Raeside (1970) found that dry ashing at

6008C produced a greater number of weakly silicified
phytoliths than acid digestion. The presence of Na, K,
Ca, and Mg would have acted as fluxing elements for
the silica in the phytoliths thus lowering their melting
point resulting in fusion of phytoliths into masses of
cells. Without quantitative data regarding the amounts
of these potential fluxing elements in relation to the
silica and information of the firing temperature of the
original study we cannot know how the fusion of phyto-
liths is affected by these elements.

Parr et al. (2001, 875-886) directly compared the
effect of dry ashing and acid extraction on single celled
phytoliths. Monitoring the effects of shrinkage and cur-
vature found no significant differences between the
two methods. They conclude that dry ashing ‘‘provides
clean, lucid, disarticulated and in-situ phytolith
assemblages more effectively than did the wet ashing
method.’’ Emma Jenkins (2009) showed that phytoliths
from durum wheat [T. turgidum L. subsp. durum
(Desf.) Husn.] using dry ashing produced more con-
joined cells. On the basis of her analysis, she suggested
that the generation of large multicelled phytoliths is
related to elevated rates of silica precipitation which
were believed to result from fast transpiration rates in
arid and semiarid regions.

It is important to explore how different extraction
methods affect the ratio of single cells to multicelled
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phytoliths. Although great progress has been achieved
in identifying potential formation mechanisms of mul-
ticelled phytoliths of cultigens that originated in West
Asia (Gopher, 2001), the effects of different extraction
techniques of rice (Oryza Sativa L.) phytoliths has not
been studied. In this article, the effects of different
methods for extracting phytoliths from two modern
rice subspecies’ husks will be compared. The possible
formation mechanisms and the characteristics of con-
joined phytoliths will also be discussed.

MATERIALS AND METHODS

Samples source: Oryza sativa L. subsp. indica Kato
from modern cultivate fields in Zhejiang Province; and
Oryza sativa L. subsp. japonica Kato from the Agricul-
tural Research Institute of Anhui Province.

Laboratory method: For the O. indica specimen from
Zhejiang Province: Initially 0.6 g of rice husks was pre-
pared for phytolith analysis. The rice husks were
washed three times in distilled water and dried in a
cupboard at 308C. The husks were then taken through
the preparation processes outlined in Table 1. Our
methodology followed that described by Piperno
(2006:97-98). Another 0.3 g rice sample of husk was
analyzed to examine the effects of oxidants on both
methods. This study was done by using the processes
outlined using steps 1-5 (Table 1) of the dry ashing and
then 3-9 of the acid extraction. The O. japonica speci-
mens were prepared using the same laboratory proce-
dures O. indica sample described previously.

After the extraction, 0.15 mg of phytoliths from each
extraction were mounted and recorded on a microscope
slide. The slides were counted using a Nikon ECLIPSE
LV100 POL microscope at 500X. Double peaked glume
cells characterize the morphology of modern rice husk
phytoliths. Phytoliths were counted according to the

number of identifiable double peaked glume cells in
each conjoined form using the broad counting catego-
ries: single cell, 2-5, 6-10, 11-20, >20.

RESULTS AND DISCUSSION
Results

The results of the application of the three methods
used to produce rice phytoliths are presented in Table 2
and in Figure 1. For O. indica acid extraction produced
96.976% of single cells with double peaked glume, much
more than was produced using the dry ashing method
at 53.862%. Only 3.024 percent multi-celled phytoliths
were observed using the acid extraction method. When
the phytoliths from the rice husk sample were extracted
using the combined dry ashing and acid extraction
methods, the ratio of multicelled phytolith and single
cells fell between the samples that were extracted using
only a single technique. Using the combined method for
phytolith production resulted in recovery of 80.223%
conjoined phytoliths.

The application of the three phytolith preparation
techniques using O. japonica produced similar
results using the dry ashing and acid extraction
techniques that were observed in the O. indica
sample. Phytoliths extracted from the O. japonica
sample using both the dry ashing and acid extrac-
tion methods also produced percentages of conjoined
phytoliths that fell between either of the techniques
when used alone. Although these two subspecies of
rice produced slightly different results, this study
reached following conclusions:

1. The dry ashing method of phytolith extraction pro-
duced more conjoined cells.

2. The acid extraction method produced more single
cell phytoliths than conjoined cells.

TABLE 1. Methods used for the recovery of rice phytolithis

Dry ashing Acid extraction

1. Weigh 0.3 g rice husk in the balance 1. Weigh 0.3 g rice husk in the balance
2. Put the sample in an empty crucible 2. Put the sample in a 50-ml beaker
3. Ash the sample in muffle furnace for 12 h at 5508C 3. Add 20 ml concentrated nitric acid and warm bath for more than 12 h
4. Transfer ashed samples into centrifuge tube 4. Transfer into a 30 ml centrifuge tube
5. Add HCl 10% (up to 6 ml) and shake tube 5. Add distilled water (up to 30 ml)
6. Wait for 5 min 6. Centrifuge 10 min at 2000 rpm
7. Level the sample with distilled water (up to 10 ml),

tighten lid and shake tubes
7. Discard supernatant; repeat three times

8. Centrifuge 8 min at 3000 rpm 8. Air-dry the sample
9. Discard supernatant, repeat three times 9. Weigh the sample and record
10. Air-dry the sample
11. Weigh the sample and record

TABLE 2. Results of the different methods used to recover phytoliths

No. of conjoined cells

Percent of forms in each conjoined category

Dry ashing Dry ashing 1 acid extraction Acid extraction

Oryza sativa L. subsp.
indica Kato

Single cell 53.862 80.223 96.976
2–5 39.024 16.503 2.827
6–10 5.691 2.554 0.197

11–20 1.423 0.720 0
>20 0 0 0

Oryza sativa L. subsp.
japonica Kato

Single cell 47.281 57.063 93.137
2–5 48.387 37.220 5.331
6–10 2.031 3.475 0.803

11–20 2.031 1.682 0.730
>20 0.276 0.560 0
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3. In the sample of phytoliths obtained using the dry
ashing method and then using concentrated nitric
acid, the ratio of the multicell phytoliths fell
between the ratios of dry ashing and acid extraction
techniques.

DISCUSSION

It is clear that different extraction methods result in
different amounts of conjoined and single celled phyto-
liths from the two rice subspecies. As the result of this
study several questions should be discussed: (1) What
is the formation mechanism of conjoined cells (2) What
materials combined the cells and (3) Can cells be sepa-
rated by chemical reagents or other methods.

In our experiments, the two kinds of rice used in this
experiment were grown under similar conditions using
irrigation-based agriculture. Figure 2 shows the sur-
face of rice lemma by scanning electronic microscope

with the double peaked glume cells arranged regularly
in horizontal and vertical rows. The image of rice husk
phytoliths (Fig. 3) shows that the base of double peaked
glume cells is the locations where the cells are joined.
In the sample of phytoliths extracted using a combina-
tion of the two methods, some multicelled phytoliths
breakdown and the ratio of single cells increased sug-
gesting that the use of a strong oxidant may have sepa-
rated the conjoined cells. Based on the current study
the amount of conjoined cells is more likely the result
of differences in the methods used to prepare the phy-
tolith samples than to the growing conditions of the
rice. One explanation for the presence of increased sin-
gle cells is that during acid extraction the oxidation of
the organic matter weakens and dissolves the material
that joined the cells. The centrifuging process forces
the phytoliths apart resulting in the mechanical break-
down of conjoined forms. Alternatively, as proposed by
Jones and Milne (1963), dry ashing may cause the

Fig. 1. Comparison of results of the three different phytolith extraction methods. The left is O. indica
and the right is O. japonica. D is for dry ashing, A is for acid extraction. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]

Fig. 2. The natural surface structure of rice lemma by scanning electronic microscope.
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silica to dehydrate resulting in the fusion of individual
phytolith cells. It is also possible that the presence of
fluxing agents such as Na, K, Ca, and Mg lower the
melting point of the silica in the phytolith cells. The
temperature reached during the heating step of the dry
ashing process is sufficient to fuse the cells together.
The material that combines single cells should be
examined through future research.

As we can find double peaked glume cells in archaeo-
logical samples, and we know that high temperature
may result in the formation of conjoined cells. Rice phy-
toliths recovered from archaeological sites may have
become conjoined through cultural or natural proc-
esses. Further research regarding how phytoliths may
have been joined in antiquity from those joined during
sample preparation is required. Further experimenta-

tion is also required to explore the mechanisms that
govern the formation of multicelled phytoliths.

CONCLUSION

A comparison was made of two standard laboratory
techniques for phytolith extraction using modern
Oryza sativa L. subsp. indica Kato and modern Oryza
sativa L. subsp. japonica Kato. Dry ashing produced
more conjoined phytolith cells while acid extraction
results in a larger percentage of single cells. The per-
centage of single to conjoined phytoliths that were pro-
duced using a combination of the two techniques fell
between either of the techniques when used alone.
These results demonstrate that both dry ashing and
acid extraction techniques affect the presence and

Fig. 3. Images of Oryza sativa L. subsp. indica Kato phytoliths
produced using the three processing methods: (A) and (B) are
from dry ashing, (C) and (D) are from acid extraction, (E) and
(F) are produced by both methods. (C) and (D) are single cells,

(A) and (E) are 2-5 type, (B) is 6-10 type, (F) is ranked in 10-20
type. (F) is viewed at 203, others are viewed at 503. [Color
figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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number of conjoined forms of Oryza sativa L. two
subspecies.
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