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ABSTRACT

A new competition in the production of biofuel and food has occurred in recent years, prompting the need
for developing and utilizing new plant resources. Sago palm (Metroxylon sagu Rottb.) and related spe-
cies in the genus Metroxylon, which can store a large amount of starch in the trunk and grow under severe
environmental conditions, are considered potential starch resources for not only food production but also
ethanol production. However, even sago palm, an elite species among starch-producing palms, grows
under semi-domesticated or natural conditions, creating many problems in its use. Systematic, ecologi-
cal, physiological, agronomic, and economic studies should be carried out to improve this and other simi-
lar species. In this paper, recent research progress is reviewed. Large variations in morphological
characteristics and palm size existed among folk varieties of sago palm, and the difference in pith
dry-matter yield was mainly attributable to trunk diameter and dry-matter content of the pith. Two key
parameters were closely related to the soil profile, indicating natural fertility. On the other hand, the
genetic distance of sago palms grown in the Malay Archipelago was considered to be related to geo-
graphical distribution. The genetic variation was small in the western area and large in the eastern area.
Sago palm tolerated up to 171mM (1.0%) NaCl concentration in the growth media for a comparatively
long period. The salt resistance of sago palm might be due to salt avoidance that mechanically restricts
an excess of Na distribution from the roots to leaflets. The Na influx might be disturbed by the endo-
dermal cells of the roots, even with 342mM (2.0%) NaCl concentration. Sago palm tolerated severely
low pH conditions, such as pH 3.6 in the growth media, for at least five months and maintained a low
AP’ concentration in the plant tissues. Sago palm was considered to have a high tolerance to Al with
Al-exclusion ability. Moreover, the growth of sago palm was stimulated when AICl; was added to the
growth media along with 10ppm Al.  This physiological information on the growth of sago palm and its
response to environmental stresses will be valuable for investigating concrete strategies to introduce new
plant resources to barren lands with sterile soil and improve the economy in places with low productivity.
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I.  INTRODUCTION

A new competition between biofuel production and
food production has occurred in recent years in light of
social problems, such as the exhaustion of fossil energy
and a world population that increases by 200,000 per day.
Various plants have attracted considerable attention as
reproducible resources to ensure sufficient biomass for
producing alternative energy, such as bioethanol or bio-
diesel. However, the total area of arable lands world-
wide has increased slowly in the past decade and is near
the limit. According to FAOSTAT, the world’s agricul-
tural area is almost same as it was in 1995. The produc-
tivity of major crops seems to have peaked in 2006. The
amount of cereals produced per capita reached a maxi-
mum in 1987 and has since decreased. Considering
these facts, areas of poor productivity or barren lands with
sterile soil should be utilized for producing economic
plants to ensure even larger amounts of biomass to cover
the increasing demands for both food and energy sources.
Also, the development, improvement, and utilization of
new plant resources are needed to secure sufficient
amounts as food and biofuel sources, so that production of
both will not result in competition.
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Metroxylon palms [sago palm (M. sagu Rottb.) and re-
lated species] can store a large amount of starch in their
trunks. The trunk of the sago palm, the elite species
among starch-producing palms, has a starch storage ca-
pacity of approximately 300kg (dry wt.) (Ehara 2006).
Sago palm has long been cultivated as a food similar to
bananas and taro (Barrau 1959, Takamura 1990). This
palm species is a carbohydrate resource and is one of the
oldest crops used by human beings since ancient times
(Takamura 1990). The importance of sago palm as a
staple food has not changed in some areas, such as Siberut
Island in western Sumatra, the eastern archipelago of In-
donesia; Maluku, Papua, and western Melanesia; Papua
New Guinea. Sago palm also is an important staple food
in other places in Southeast Asia and in areas inhabited by
the Melanesian people (Ehara et al. 2000). Its carbohy-
drate (starch) can be processed into various basic raw
materials for human and animal consumption, and also
provides an industrial energy source. Metroxylon palms,
especially sago palm, are considered a potential starch
resource for not only food production but also ethanol
production.

The genus Metroxylon spreads from Southeast Asia to
Micronesia and Melanesia. It is divided into two sec-
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tions: Metroxylon (Eumetroxylon) and Coelococcus
(Beccari 1918, Rauwerdink 1986). M. sagu Rottb. is the
only species in section Metroxylon (Eumetroxylon), al-
though the monophyly of this section remains uncertain.
It is distributed across Southeast Asia (Thailand, Malaysia,
Indonesia, Philippines) and northwestern Melanesia
(Papua New Guinea and the Solomon Islands). Five
species are recognized within the Coelococcus section,
representing the eastern half of the Metroxylon distribu-
tion. One species is found in Micronesia, and the other
four species are spread across Melanesia and Polynesia
from Vanuatu to Fiji and Samoa (McClatchey 1999).
Palms of the Coelococcus group also produce sago starch
that is extracted from the pith of the trunk. McClathcey
(1998) reported that people on Rotuma in Fiji consume
sago produced from M. warburugii (F. Heim) Becc. In
other areas, Metroxylon palms had been used occasionally.
For instance, M. amicarum (H. Wendl.) Becc. was used at
Moen in Micronesia until the 1940s, and M. warburgii
was used at Gaua in Vanuatu until at least the 1950s
(Ehara et al. 2003b). At Malakula in Vanuatu, M. war-
burgii 1is sometimes used as an emergency food.
Indo-Fijian people often harvest M. vitiense (H. Wendl.)
H. Wendl. ex Benth. & Hook. f. to the apical bud together
with the very young leaf sheathes and leaves, and they use
the palm-cabbage for cooking.

Sago palm and related species grow in swampy, allu-
vial, and peaty soils where almost no other major crops
can grow without drainage or soil improvement (Sato et al.
1979, Jong 1995). Sago palm is a highly important bio-
resource for not only sustainable agriculture but also rural
development in swampy areas of the tropics. However,
Metroxylon palms, including sago palm, are recognized as
unexploited or underexploited plants because this species
has been harvested from natural forests and/or has been
semi-cultivated with very simple maintenance. Informa-
tion on systematic, ecological, physiological, and agro-
nomic characteristics of the sago palm is still limited.
Since 1994, our sago research group has conducted field
surveys to clarify the variations in starch yield in connec-
tion with environmental influences and genetic factors.

Metroxylon palms are distributed in not only freshwater
areas but also brackish water areas near the coast.
Therefore, they are considered to be salt tolerant (Yama-
moto 1996). Flach (1977) reported that saline water
treatment up to EC 6 to 7 mmho/cm did not affect leaf
emergence in sago palm. However, few studies exist
regarding the mechanism of salt tolerance in sago palm.
It is usually very difficult to get uniform plant materials
because of the low germination percentage of sago palm
seeds and the large variation in days needed for germina-
tion (sometimes longer than one year). These factors
may be the main reasons no experimental information
exists on the ecological and physiological growth re-
sponse regarding salt tolerance in sago palm. Recently,

000000.indd 12

12

Ehara et al. (1998, 2001) developed a procedure to im-
prove and accelerate germination of sago palm seeds for
getting new planting materials. The Na' and K' concen-
trations of different plant parts under NaCl treatment were
investigated to study absorption and distribution of Na"
and K' in sago palm and related species (Ehara et al.
2006a, 2007, 2008a, 2008b).

As described above, sago palm grows in peaty soil that
generally contains highly exchangeable Al.  Aluminum,
as AI*" usually inhibits the root growth and nutrient up-
take of various plant species under acidic conditions.
However, several plant species are known to have en-
hanced growth with the application of Al (Osaki et al.
1997). Sago palm is also considered to be Al-tolerant.
Even so, there are few studies on Al-induced changes on
the growth responses of sago palm. Recently, a study to
investigate the effect of Al under low pH concentration on
the growth and aluminum distribution in the roots of sago
palm has been done (Anugoolprasert et al. 2012).

Considering the social background and specific charac-
teristics of sago palm, an efficient use of carbohydrates
from sago palm and related species is currently antici-
pated, followed by a predicted increase in the develop-
ment and utilization of land in swampy areas. The es-
tablishment of a concrete system for stable, sustainable
production is a pressing demand to enhance the further
use of sago palm. This article provides a brief review of
the research progress and feature prospects of promoting
sago palm production and utilization. Based on the re-
sults from recent researches, potency of sago palm as a
carbohydrate resource for strengthening food security is
discussed.

II. GROWTH CHARACTERISTICS AND GENETIC VARIA-

TION

A. Starch yield, yield component, and growth environment

A large variation in the starch yield of sago palm was
found. The coefficient of variance among 22 folk varie-
ties, including two to three replications taken from Suma-
tra to Maluku in Indonesia, was 56.5% (Ehara et al.
2006b). A minimum of 28 kg was obtained from spine-
less Rumbia from north Sulawesi and a maximum of 712
kg from spiny lhur at Seram. The starch yield can be
determined from the weight of the dry matter (DM) and
starch content of the pith, and a positive correlation be-
tween the two factors exists (Fig. 1). However, the par-
tial correlation coefficient was higher between the starch
yield and the weight of the dry-matter pith (0.995,
P<0.001) than it was between the starch yield and the
starch content of the pith (0.735, P<0.001). Thus, the
multiple-regression analysis between dry-matter pith yield
and related plant characteristics was conducted to inves-
tigate their effects on dry-matter pith yield.
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Table 1. Result of multiple-regression analysis (from Ehara et al. 2006b).
. Partial regression Standard par- Partial correla- Slmp le corre-
Variable . tial regression P . . lation coeffi-
coefficient . tion coefficient .
coefficient cient
Trunk length 36.457 0.430 <0.001** 0.809 0.589
DBH 20.509 0.531 <0.001** 0.869 0.627
DM content of pith 9.039 0.569 <0.001** 0.828 0.694
Constant term -1433.830 <0.001%**

Multiple correlation coefficient: 0.955, P<0.001.

Table 1 shows the result of a multiple-regression analy-
sis by using three selected parameters. The standard par-
tial regression coefficient was highest in the diameter at
breast height (DBH), followed by dry-matter content of
the pith and trunk length. In the previous report (Ehara
et al. 2000), it was shown that DBH and dry-matter con-
tent of the pith were the key parameters in estimating the
dry-matter pith yield for sago palm grown in the eastern
archipelago of Indonesia. Our current result is in partial
agreement with the previous result, although the contribu-
tion of trunk length to dry-matter pith yield was signifi-
cant in sago palms including larger number of samples
collected from a wider area.

Fig. 2 shows the relationship between DBH and
dry-matter pith yield. There was no apparent association
between morphological characters and DBH. However,
spiny types showed larger DBH and dry-matter pith yield
than spineless types. The relationship between trunk
diameter and dry-matter pith yield was almost the same as
that between DBH and DM pith yield. The relationship
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between dry-matter content of the pith and dry-matter pith
yield is also shown in Fig. 3. A rough tendency is that
the dry-matter pith yield was higher in spiny types than
spineless types having the same dry-matter pith content.
This tendency was attributed to the differences in DBH
and trunk length. A large variation in soil environment
and DBH positively correlated with pH (KCI) (Fig. 3).
However, other key parameters relating to dry-matter pith
yield did not have a distinct relationship with any soil
parameters.

The starch content of pith is one of the components of
starch yield. Previously, a positive relationship was re-
ported between starch content of the pith and stomatal
density on the abaxial side of the leaflets of sago palm
grown in the eastern archipelago of Indonesia (Ehara et al.
1995). At that time, the stomatal density on the abaxial
side of leaflets correlated positively with exchangeable Ca
in the soil. In the current analysis, the relationship be-
tween stomatal density on the abaxial side of the leaflets
and the starch content of the pith was positive (Fig. 4).
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(from Ehara et al. 2006b). A, spineless and weak black band; [, spineless and brown band,
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of pith (from Ehara et al. 2006b).

The relationship between exchangeable Ca in soil and the
stomatal density on the abaxial side of leaflets was posi-
tive in sago palm grown at geographically nearby areas,
but it was not distinct on the whole.

B. Genetic variation

As described above, the starch yield of sago palm may
be influenced by the soil environment. However, to de-
termine limiting factors of the starch yield, genetic diver-
sity of this species and similarities to local varieties
growing at different areas should be investigated (Ehara et
al. 2003a). An RAPD analysis to estimate geographical
and genetic relationships among various types of sago
palm was conducted. A total of 77 PCR products were
scored from all the primers. Out of these 77 products,
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Fig. 3. Relationship between soil pH
and DBH (from Ehara et al. 2006b).
Symbols are the same as those in Fig. 1.
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five were shared by all the populations, and 72 were po-
lymorphic among 38 populations. A dendrogram con-
structed by the UPGMA method is shown in Fig. 4.
From this dendrogram based on the RAPD data, two main
groups were found. Group A included two subgroups.
The cluster of subgroup Al consisted mainly of popula-
tions in the western area of the Malay Archipelago: nine
populations from Johor on the Malay Peninsula, eight
populations from Sumatra and the surrounding islands,
one population from West Java, and two populations from
Roe (Roe 1, 2) in southeast Sulawesi, Indonesia. Sub-
group A2 consisted of three populations from southeast
Sulawesi and two populations from Mindanao in the
Philippines. The cluster of group B consisted of 12
populations from the eastern area of the Malay Archipel-
ago, specifically, eight populations from Seram and four
populations from Ambon in the Maluku Islands (the
Moluccas) of Indonesia. Six populations from Seram
(Tuni 1, 2, 3; Molat 1, 2; Thur) formed subgroup B1 and
the other two populations from Seram (Makanaru 1, 2)
and four populations from Ambon (Makanaru 3, 4; Tuni 4,
5) formed subgroup B2. Wakar, a population from PNG,
appeared outside the two main groups in the dendrogram.
It was considered, therefore, that the genetic distance of
sago palm was related to geographical distribution.

In a previous report, six populations in subgroup B2 of
the dendogram appeared to be closely related to three
populations from southeast Sulawesi (Runggumanu 1, 2;
Rui) and two populations from Mindanao (Saksak; Lum-
bio) (Ehara et al. 2003a). In the current report, the
populations in subgroup B2 were considered to be closer
to the populations from Seram (Tuni 1, 2, 3; Molat 1, 2;
Thur in sub-group B1). From these results, the closer
relationship between geographical distribution and ge-
netic distance of sago palm in the Malay Archipelago
became apparent. However, an exception was noted in
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Fig. 4. UPGMA dendrogram based on RAPD data (from Ehara et al. 2003a).
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Roe from southeast Sulawesi. It currently cannot be
explained how Roe appeared in the cluster of subgroup
Al. Sometimes suckers (offshoots) of sago palm were
presented as gifts for the birth of a baby in southeast Su-
lawesi as a way of providing a source of future income for
the child. The distribution of sago palm could be influ-
enced by not only natural factors but also some customs
and cultural factors of inhabitants. Both natural disper-
sal and historical plant migration should be considered
when investigating the similarities of sago palm growing
at different sites.

Each cluster included both spineless and spiny sago
palm populations. The dissimilarity between the two
populations was not as large as that within different
spineless populations or within different spiny popula-
tions. For instance, the dissimilarity between Ambtrung
2 (spineless) and Ambtrung 7 (spiny) from Johor on the
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Malay Peninsula was apparently small compared to the
other pairs of spineless or spiny populations. Conse-
quently, the presence or absence of spines on the petiole
and rachis was not considered to correspond with genetic
distance. This result supports the proposal that spiny
and spineless sago palms should be synonymous as M.
sagu (Rauwerdink 1986). Ehara et al. (1998) reported
that spine emergence was also observed in seedlings pro-
duced from seeds of spineless sago palm. Jong (1995)
reported the opposite case, with both spiny and spineless
seedlings growing from seeds of spiny sago palm. Con-
sidering these results, some types of sago palm can be
lumped as one species regardless of the presence or ab-
sence of spines in seedlings. Sago palm grown in the
eastern area of the Malay Archipelago may be arranged
genetically into four groups (B1, B2, A2, and Al in the
current report).
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Two populations having a brown band on the back of
the petiole and rachis (Sagu 1 and Sagu 2 from Siberut
near West Sumatra in Indonesia) were included in sub-
group B2. Three populations, Rui from southeast Su-
lawesi; Thur from Seram in the Maluku Islands, Indonesia;
and Wakar from PNG, showed reddish pith color and
occurred in subgroup B1, group A, and outside the two
main groups, respectively. However, neither the band-
ing pattern at the back of the petiole and rachis nor the
pith color showed a clear relationship with genetic dis-
tance in the present study.

C. Resistance against environmental stress

Growth response and ion concentrations in different
plant parts of sago palm were investigated regarding salt
resistance. Seedlings were grown, one each in a plastic
pot filled with vermiculite and Kimura B culture solution
containing (uM) 36.5 (NH4),SO4, 54.7 MgSO,, 18.3
KNO;, 36.5 Ca(NOs),, 18.2 KH,PO,, and 3.9 FeO; (Baba
and Takahashi 1958). A culture solution containing 85.5
to 342mM NaCl (corresponding to 0.5 to 2% NaCl) was
used in the NaCl treatments for about one month. Tran-
spiration rate did not decrease up to 171mM (1.0%) NaCl
concentration in the growth; therefore, it was considered
that sago palm tolerated up to 171mM for comparatively
long periods (Ehara et al. 2006a).

The Na' concentration increased in almost all the parts
and at all the leaf positions in the 342mM NacCl treatment
(Ehara et al. 2008a). In the leaflets and petioles of the

treated plants, the Na® concentrations were higher at
lower leaf positions than at higher leaf positions (Fig. 5).
The difference in the Na' concentrations in both the leaf-
lets and petiole between the control and treated plants was
larger at lower leaf positions. These tendencies were the
same as those found in the previous study (Ehara et al.
2006a). Although the K concentration decreased in the
roots during the NaCl treatment, it did not decrease in the
leaflets and petiole (Fig. 6). At some leaf positions, the
K" concentrations were higher in the treated plants than in
the control plants. The K concentration in the petiole
tended to be higher at higher leaf positions than at lower
leaf positions, especially in the treated plants, which was
same tendency exhibited in our previous finding (Ehara et
al. 2006a). In some species, plant growth is not affected
when the K' concentration is maintained under NaCl
treatment (Greenway 1962a, 1962b, Greenway et al. 1965,
Munns et al. 1983, Jeschke et al. 1985, Yeo and Flowers
1986). In the current experiment, K concentrations in
the top part did not decrease, regardless of the leaf posi-
tion. It appears that Na' absorption clearly did not de-
press K" absorption and translocation to the leaves in sago
palm, even under the 342mM NaCl treatment, and the K"
distribution in the top part tended to increase rather than
have no effect. Although new leaf emergence was de-
layed slightly with the NaCl treatment, senescence of the
lower leaf did not advance. In Metroxylon (M. warbur-
gii (Heim) Becc. of section Coelococcus in genus
Metroxylon), senescence of the lower leaf advanced with

12th leaf e}gggxpanded Control plants

11th leaf L < Expanding leaf
10th leaf

9th leaf

8th leaf

7th leaf

6th leaf

5th leaf

4th leaf

3rd leaf

Root

Treated plants

«—Expanding leaf

0 200 400 600 800 1000 1200 0

Na" Concentration (pmol g™

200 400 600 800 1000 1200

Na" Concentration (pumol g™

Fig. 5. Na' concentration in roots and leaflets and petiole at different leaf posi-
tions under NaCl treatment (from Ehara et al. 2008a). *: significant difference.
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Fig. 6. K’ concentration in roots, leaflets, and petioles at different leaf positions

under NaCl treatment (from Ehara et al. 2008a).

as those in Fig. 5.

the same level of NaCl treatment. Considering the cur-
rent result on leaf senescence, there is a difference in
growth response to NaCl stress between the species.
Our previous and current results in sago palm strongly
support the assumption that salt tolerance is related to the
exclusion of K* by Na' absorption in the leaf blade
(Greenway 1962a, 1962b, Munns et al. 1983, Jeschke et
al. 1985, Yeo and Flowers 1986). In the previous study,
it was supposed that K* accumulation might be associated

with osmotic adjustment in sago palm (Ehara et al. 2006a).

Yoneda et al. (2006) also suggested that K is important
for osmotic adjustment under NaCl stress. Considering
these results, K™ assumes the role of osmotic adjustment,
especially at higher leaf positions in most active leaves.
Examination of the water status of leaves under NaCl
stress should be carried out in further studies.

Two types of roots, large roots (adventitious roots) and
small roots (lateral roots), are distinguished in the root
systems of sago palm (Nitta et al. 2002), and the Na®
concentration in both types of roots was investigated.
The large root was divided into the cortex and stele. Fig.
7 shows the Na' concentration in different parts of the
roots. Na' increased with the NaCl treatment in the
small root as well as both the cortex and stele of the large
root. In the large root, the Na“ and CI' concentrations
were lower in the stele than in the cortex. The Na" con-
centration in the small root was the same as it was in the
stele of the large root, but the CI” concentration in the
small root was similar to that in the cortex of the large
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Bars and symbols are the same

root. According to Nitta et al. (2002), the adventitious
roots, whose primordia are formed just inside the epider-
mis in the stem, emerge from the stem surface and grow
downward into the soil, and the lateral roots, whose pri-
mordial are formed on the adventitious roots or on the
other lateral roots, grow not only downward and obliquely
but also right above in the soil. Both large and small
roots are reported to have the same internal structures
containing epidermis, exodermis, suberized sclerenchyma
cells, cortex, and stele, with differences only in their size
or cell numbers. The functions and roles of large and
small roots appear to be different. Large roots seem to
be a suitable structure for air conduction and transporta-
tion of nutrition and water. The internal structure of
small roots is suitable for air exchange, and the root body
is exposed in the air; however, the function of these roots
seems to be mainly for transporting air from the root to
the shoot rather than transporting nutrition or water (Nitta
etal. 2002). The former information is unclear about the
function of the small root in response to excess ions.
However, the current results suggest that the physiologi-
cal response to excess Cl’, that is, the exclusion ability of
the small root, is not the same as it is to excess Na* (Ehara
et al. 2008a).

As the result of Na distribution from the cortex to the
stele in the large root of the treated plants as revealed by
X-ray microanalysis, much more Na was detected in the
cortex than in the stele (Ehara et al. 2008a). The highest
distribution of Na was found at the inner region of the

5/21/12 11:00 AM



Japanese Studies Journal Special Issue : Regional Cooperation for Sustainable Future in Asia

cortex near the stele. In this region, the endodermis
where suberin or lignin (Casparian strip) develops also in
sago palm (Prathumyot and Ehara 2011). From only this
finding, it is difficult to discuss the information in detail,
although it is clear that the region including the endoder-
mis has a mechanism to trap some of the over-influx of
Na into the large root. This mechanism will be very
important in restricting translocation of Na' from the root
to the top parts under salt stress. Sago palm exhibits the
mechanism to maintain low Na' concentration in the leaf-
lets by storing Na" in the roots and petioles, especially at
lower leaf positions.

The growth parameters of sago palm seedlings grown at
different pH conditions (pH 5.7, 4.5, 3.6, adjusted with
1.0N HCI), one each in a Wagner pot filled with vermicu-
lite and Kimura B culture solution, were investigated.
There were no significant differences in any growth pa-
rameters among the three treatment plots (Anugoolprasert
et al. 2012a). Next, the seedlings were planted in Wag-
ner pots filled with vermiculite and Kimura B culture so-
lution and grown at pH 3.6 that included different levels
of AICI3*6H20 corresponding to 0, 10, 20, 100, and 200
ppm Al (hereafter Al-0, Al-10, Al-20, Al-100, Al-200)
(Anugoolprasert et al. 2012b). Weekly increments of
plant length, total leaf area, and dry-matter weight were
largest in Al-10, followed by Al-0, Al-20, Al-100, and
Al-200. The root system of Al-200 was apparently dif-
ferent from that of the Al-0 to Al-100 and the branched
roots were stunted, brownish, and thick. The root dry
weight was also less than the other plots. Consequently,
the critical toxic level to inhibit sago palm growth was

change in P, N, K, Ca2+, and MgZJr concentrations with
the Al treatments was moderate. The AI’* concentration
tended to be lower in the leaflets at higher leaf position
and the stele of the adventitious roots, while it tended to
be higher in the cortex of adventitious roots (values
ranged from 190 - 950 mg Kg™' DM in all the plant parts,
even at Al-200). According to Chenery (1948), the
thousands of plant species are classified as
Al-accumulators (> 1,000 mg Kg' DM) or Al-excluders
(< 1,000 mg Kg"' DM), according to the Al concentra-
tions in the plant tissues. Considering the result of AI*"
concentration in this study, sago palm is considered to
have Al-exclusion ability under acidic conditions.

[II. POTENCY OF SAGO PALM

In review, the starch yield of sago palm may be af-
fected by the growth environment, such as soil fertility in
areas geographically near to where sago palm grows ge-
netically. The genetic distance of sago palm populations
growing in the Malay Archipelago is closely related to
geographical distribution, and the presence or absence of
spines on the petiole and rachis does not correspond with
genetic distance. On the other hand, sago palm can grow
under comparatively severe environmental conditions,
such as coastal areas or acidic soil. This palm species is
very useful to turn areas of poor productivity or barren
lands with sterile soil into productive lands and can en-
sure even larger amounts of biomass to cover the increase
in demand for both food resources and an energy source.

A high-level meeting on food security was held in Ma-
drid. As a result, the conclusions of the 1996 World

considered to be around 200 ppm Al in the media. The Food Summit were reaffirmed, as were the objectives
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Fig. 7. Na' concentration in different parts of the roots under
NaCl treatment (from Ehata et al. 2008a). Vertical lines indicate
the standard deviation (n=3). Different letters indicate significant
differences in various parts within the treated plants at a 0.05
probability level, according to the Tukey-Kramer test. Asterisks
indicate a significant difference in each part between the control
and treated plants at a 0.05 probability level, according to the
T-test.
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confirmed by the World Food Summit five years later.
Those objectives were to achieve food security for all
through an ongoing effort to eradicate hunger in all coun-
tries, with an immediate view to reduce by half the num-
ber of undernourished people by no later than 2015 while
maintaining their commitment to achieve the Millennium
Development Goals (MDGs). The declaration of the
high-level conference on World Food Security focused on
the challenges of climate change and bioenergy and con-
vened in Rome in June 2008. Participants indicated the
urgent need to identify financing gaps and additional re-
sources for existing anti-famine mechanisms, including
food and nutrition assistance and social protection pro-
grams, and for supporting small-scale agriculture. They
indicated the need to coordinate utilization of these re-
sources.  Moreover, they agreed that consultations
should be open to the full range of stakeholders involved
in agriculture, food security, and nutrition, including
farming organizations, civil society organizations,
women’s organizations, the private sector, developing
country governments, and both regional and international
organizations.

Participants at the meeting on food security stated that
our agronomic aims for sustainable agriculture and rural
development are pressing needs and include the chal-
lenges of climate change and bioenergy. Sago palm is a
perennial plant; therefore, the effect of climate change on
its growth is considered lower compared with annual
crops. Using chemical analysis, the starch content of
sago palm pith is about 77% (Ehara et al. 2006b). When
the starch is extracted by the traditional method, however,
it is about 48%, and the percentage of the extracted resi-
due was 55.7% on a dry-weight basis (Yamamoto et al.
2007). To utilize the extracted pith residue, Sasaki et al.
(2002) and Ohmi et al. (2004) have tried to make a plastic
seat. The remaining starch in the extracted pith residue,
which includes both starch and cellulose, can be con-
verted into ethanol. At the present time, efficient extrac-
tion of the starch from the pith is difficult. However, if
we use the starch extracted according to the simple, con-
ventional way and utilize the extracted pith residue for
producing biofuel, the utilization efficiency of sago palm
as a regional resource is increased. Flach (1997) esti-
mated the growth area of sago palm to be about 2.5 mil-
lion hectares worldwide. Moreover, sago palm can grow
in saline or acidic soil. The amount of peaty soil is es-
timated at 29 million hectares in Indonesia, Malaysia, and
Thailand. It is expected that the recent research on the
progress in the sago palm’s growth response to environ-
mental stresses can contribute for developing concrete
strategies to introduce new plant resources into barren
areas with sterile or poorly producing soil for use in bio-
mass production.

000000.indd 19

19

REFERENCES

Anugoolprasert, O., Kinoshita, S., Naito, H., Shimizu
M. & Ehara H. (2012a). Effect of low pH on the growth,
physiological characteristics and nutrient absorption of
sago palm in a hydroponic system. Plant Prod. Sci.,
Vol.15, 125-131 (in press).

Anugoolprasert, O., Kinoshita, S., Prathumyot, W.,
Chutimanukul, P., Chakhatrakan, S. & Ehara, H. (2012b).
Growth and physiological response of sago palm against
aluminum stress in acidic conditions. In: Suharsono. S. ey
al. (eds.), Proceedings of the 7" Asian Crop Science As-
sociation Conference. Bogor: Bogor Agricultural Univer-
sity (in press).

Baba, I. &Takahashi, Y. (1958). Solution Culture. In:
Togari, Y. (ed.), Sakumotsu Shiken Ho (pp. 327-343).
Tokyo: Nogyo Gijutsu Kyokai.

Barrau, J. (1959). The sago palm and other food plants
of marsh dwellers in the South Pacific Islands. Econ. Bot.,
Vol.13, 151-159.

Beccari, O. (1918). Asiatic palms-Lepidocaryae. Ann.
Roy. Bot. Gard. (Calcutta), Vol.12, 156-195.

Chenery, E. M. (1948). Aluminium in the plant world. I.
General Survey in Dicoyledons. Kew Bull., Vol.2,
173-183.

Ehara, H. (2006). Geographical distribution and speci-
fication of Metroxylon palms. Jpn. J. Trop. Agr., Vol .50,
229-233.

Ehara, H., Komada, C. & Morita O. (1998). Germina-
tion characteristics of sago palm seeds and spine emer-
gence in seedlings produced from spineless palm seeds.
Principes, Vol.42,212-217.

Ehara, H., Kosaka, S., Shimura, N., Matoyama, D.,
Morita, O., Naito, H., Mizota, C., Susanto, S., Bintoro, M.
H. & Yamamoto, Y. (2003a). Relationship between geo-
graphical distribution and genetic distance of sago Palms
in the Malay Archipelago. Sago Palm, Vol.11, 8-13.

Ehara, H., Matsui, M., & Naito, H. (2006a). Avoidance
mechanism of salt stress in sago palm (Metroxylon sagu
Rottb.). Jpn.J. Trop. Agr., Vol.50,36-41.

Ehara, H., Mizota, C., Susanto, S. , Hirose, S. &
Matsuno, T. (1995). Sago palm production in eastern is-
lands of Indonesia: Variations in starch yield and soil en-
vironment. Jpn. J. Trop. Agr., Vol.39(ext 2), 45-46.

Ehara, H., O. Morita, O., Komada, C. & Goto M.
(2001). Effect of physical treatment and presence of the
pericarp and sarcotesta on seed germination in sago palm
(Metroxylon sagu Rottb.). Seed Sci. & Technol., Vol .29,
83-90.

5/21/12 11:00 AM



Japanese Studies Journal Special Issue : Regional Cooperation for Sustainable Future in Asia

Ehara, H., Naito, H., Mizota, C., & Ala, P. (2003b).
Distribution, growth environment and utilization of
Metroxylon palms in Vanuatu. Sago Palm, Vol.10, 64-72.

Ehara, H., Naito, H. & Mizota, C. (2006b). Environ-
mental factors limiting sago production and genetic varia-
tion in Metroxylon sagu Rottb. In: Karafir, Y. P., F. S.
Jong, and V. E. Fere (eds.), Sago palm development and
utilization, The 8th International Sago Symposium
(pp-93-103). Manokwari: Universitas Negeri Papua Press.

Ehara, H., Shibata, H., Naito, H., Mishima, T. & Ala P.
(2007). Na* and K* concentrations in different plant parts
and physiological features of Metroxylon warburgii Becc.
under salt stress. Jpn. J. Trop. Agr., Vol.51, 160-168.

Ehara, H., Shibata, H., Prathumyoto, W., Naito, H. &
Miyake, H. (2008a). Absorption and distribution of Na®,
CI" and some other ions and physiological features of sago
palm under salt stress. Trop. Agr. & Devlop., Vol.52,
7-16.

Ehara, H., Shibata, H., Prathumyot, W., Naito, H.,
Mishimal, T., Tuiwawa, M., Naikatini, A. & Rounds, I.
(2008b). Absorption and distribution of Na* and some
ions in seedlings of Metroxylon vitiense H. Wendl. ex
Benth. & Hook. f. under salt stress. Trop. Agr. & Devel-
op., Vol.52,17-26.

Ehara, H., Susanto, S., Mizota, C., Hirose, S. &
Matsuno, T. (2000). Sago palm (Metroxylon sagu,
Arecaceae) production in the eastern archipelago of In-
donesia: Variation in morphological characteristics and
pith dry-matter yield. Econ. Bot., Vol.54, 197-206.

Flach, M. (1977). Yield potential of the sago palm and
its realization. In: K. Tan (ed.), Sago '76: The Equatorial
Swamp as a Natural Resource (pp.157-177). Kuala Lum-
pur: 1st Int. Sago Symposium.

Flach, M. (1997). Sago palm. Metroxylon sagu Rottb.
(pp-1-76). Rome: International Plant Genetic Resources
Institute.

Greenway, H. (1962a). Plant response to saline sub-
strates. I. Growth and ion uptake of several varieties of
Hordeum vulgare during and after sodium chloride treat-
ment. Aust. J. Biolog. Sci. Vol.15, 16-38.

Greenway, H. (1962b). Plant response to saline sub-
strates. II. Chloride, sodium, and potassium uptake and
translocation in young plants of Hordeum vulgare during
and after a short sodium chloride treatment. Aust. J.
Biolog. Sci., Vol.15,39-57.

Greenway, H., Gunn, A., Pitman, M. & Thomas, D. A.
(1965). Plant response to saline substrates. VI. Chloride,
sodium, and potassium uptake and distribution within the
plant during ontogenesis of Hordeum vulgare. Aust. J.

000000.indd 20

20

Biolog. Sci., Vol.18, 525-540.

Jeschke, W. D., Atkins, C. A. & Pate, J. S. (1985). lon
circulation via phloem and xylem between root and shoot
of nodulated white Lupin. J. Plant Physiol., Vol.117,
319-330.

Jong, F. S. (1995). Research for the development of
sago palm (Metroxylon sagu Rottb.) cultivation in Sara-
wak, Malaysia. Wageningen: Wageningen Agricultural
University.

McClatchey, W. C. (1998). A new species of
Metroxylon (Arecaceae) from Western Samoa. Novon,
Vol .8, 252-258.

McClatchey, W. C. (1999). Phylogenetic analysis of
morphological characteristics of Metroxylon section
Coelococcus (Palmae) and resulting implications for
studies of other Calamoideae Genera. Memoirs of the New
York Botanical Garden, Vol.83: 285-306.

Munns, R., Greenway, H. & Kirst, G. (1983).
Halotolerant eukaryotes. In: Lange, O. L. et al. eds.)
Physiological Plant Ecology III, Encyclopaedia of Plant
Physiology, Vol. 12C (pp.59-135). Berlin: Springer-
Verlag.

Nitta, Y., Goto, Y., Kakuda, K., Ehara, H., Ando, H.,
Yoshida, T., Yamamoto, Y., Matsuda, T., Jong, F.S. &
Hassan, A. H. (2002). Morphological and anatomical ob-
servation of adventitious and lateral roots of sago palms.
Plant Prod. Sci., Vol.5: 139-145.

Ohmi, M., Inomata, H., Sasaki, S., Tominaga, H. &
Fukuda, K. 2004. Lauroylation of sago residue at normal
temperature and characteristics of plastic sheets prepared
from lauroylated sago residue. Sago Palm, Vol.11, 1-7.

Osaki, M., Watanabe, T. & Tadano, T. (1997. Benefi-
cial effect of aluminum on growth of plants adapted to
low pH soils. Soil Sci. Plant Nutri. Nol.43,551-563.

Prathumyot, W. & Ehara, H. (2010). Identification of
Casparian strip in roots of Metroxylon sagu, a
salt-resistant palm. Trop. Agr. & Develop, Vol. 54,91-97.

Rauwerdink, J. B. (1986). An essay on Metroxylon, the
sago palm. Principes, Vol.30, 165-180.

Rudall, P. (1992). Anatomy of flowering plants: An in-
troduction to structure and development (pp.1-110).
Cambridge : Cambridge University Press.

Sasaki, S., Ohmi, M., Tominaga, H. & Fukuda, K.
(2002). Degradability of the plastic sheet prepared from
esterificated sago residue. Sago Palm, Vol.10, 16-24.

Sato, T., Yamaguchi, T. & Takamura, T. (1979). Cul-
tivation, harvsting and processing of sago palm. Jap. J.
Trop.Agr.Vol.23,130-136.

5/21/12 11:00 AM



Japanese Studies Journal Special Issue : Regional Cooperation for Sustainable Future in Asia

Takamura, T. (1990). Present research activities and the
problems on sago palm. Jap. J. Trop. Agr. Vol.34, 51-58.

Yeo, A. R. & Flowers, T. J. (1983). Varietal differ-
ences in the toxicity of sodium ions in rice leaves. Physiol.
Plant. Vol .59, 189-195.

Yamamoto, Y. (1996). Botanical characteristics of sago
palm. Iden, Vol. 50, 48-53.

Yamamoto, Y., Omori, K., Nitta, Y., Miyazaki, A.,
Jong, F. S. & Weston, T. (2007). Efficiency of starch ex-
traction from the pith of sago palm: a case study of the
traditional method in Tebing Tinggi island, Riau, Indone-
sia. Sago Palm, Vol.15,9-15.

Yoneta, R., Okazaki, M. & Yano, Y. (2006). Response
of sago palm (Metroxylon sagu Rottb.) to NaCl stress.
Sago Palm, Vol.14, 10-19.

21

000000.indd - 21 5/21/12 11:00 AM



