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Abstract About 20 thousand ha of land are devoted to sago cultivation in Sarawak. Sixty percent of sago
palm in Sarawak is grown on peat soils, and 33% is grown on alluvial seils. Copper (Cu) deficiency has been
recognized and is thought to cause many severe disorders of plants on tropical peat soils, but it has not
appeared in sago palms, so the sago palm is expected to be a potential food and industrial export crop
utilizing the marginal land resource of deep peat soil. The abundance and distribution of Cu and zinc (Zn)
in tropical peatlands, the relationship between sago palm growth and Cu and Zn content in the sago palm,
and the evaluation of sago palm plantation as sustainable land use for tropical peat soil are discussed.
Copper and Zn concentrations distributed in seil and aquatic environments in tropical peatland were low,
ranging from nd to 25.1 lg/gCu and from 6.83 pg/L. to 32.4 pg/gZn. Despite low Cu and Zn contents in peat
soils and water, Cu and Zn deficiency did not appear in sago palm tissue, although Cu content was low in
tissue taken from sago palms growing on deep peat soil. The sago palms on deep peat soils grew more slowly
than those on shallow peat soils and alluvial soils. The preliminary input and output study of Cu and Zn
showed that Zn tended to be lost from tropical peatland under sago palm cultivation. Sago palm cultivation
without appropriate planning would not qualify for sustainable land use in tropical peatland.
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Introduction

About 20 thousand ha of land are devoted to sago
cultivation in Sarawak, and about 60% of these are
in Mukah and Dalat Districts. Sixty-two percent of
sago palm in Sarawak is grown on peat soils and
33% on alluvial soil (Tie et al. 1991). Within the peat
soil group, deep peat soils with more than 150 cm of
organic soil materials occupy about 58% of the sago
areas and shallow peat soils with 50-150 cm of soil
organic materials occupy 20.9% of the sago areas
around Oya-Dalat District (Tie et al. 1991). Peat
soils distributed in Mukah and Dalat Districts are
classified as oligotrophic or mesotrophic based on
soil nutrient contents. Major nutritional element
and minor element contents in peat soils are low
compared with other soils. Copper (Cu) and zinc
{Zn) in boreal peat soils are present in the complexes
with organic matter (Stevenson and Ardakani 1972).
The amounts of Cu and Zn available to plants were
governed by equilibria involving specifically
adsorbed forms and organically bound fraction
(Liang et al. 1991). Copper deficiency has been re-
cognized and associated with many severe disorders
of plants on tropical peat soils. It has not appeared
in sago palms, so the sago palm is expected to be a
potential food and industrial export crop utilizing
marginal land resources of deep peat soil. The sago
palm plantation on deep peat soils in Mukah was
established to produce sago starch by the Land Cus-
tody and Development Authority (LCDA); the
plantation has 7,700 ha.

The objectives of this study are to determine the
abundance and distribution of Cu and Zn in tropical

peatlands, to clarify the relationship between
growth of sago palm and Cu and Zn content in sago
palm, and to evaluate sago palm plantation as a form
of sustainable land use for tropical peat.

Materials and Methods

Study areas

The relationship between growth rate and nutri-
ent status of the sago palm was studied in Dalat,
Sarawak, Malaysia, from 1992 to 1993. To establish
the scientific background for sago estate manage-
ment, the government of Sarawak started a sago
palm study in the Sungai Talau Deep Peat Exper-
imental Station, where cultivation practices for sago
palm are tested (Schuiling et al. 1992). Sungai Talau
Peat Research Station is located in the coastal area
of Dalat, about 11 km from Dalat Town, Sarawak,
where the thornless variety of sago known as
Metroxylon sagu was planted (Fig. 1). The research
station has an area of about 225 ha, of which some
50 ha had been opened up before 1992. Mean an-
nual rainfall and mean annual temperature at Sibu,
which is 60 km from Sungai Talau Peat Research
Station, are 3194 mm and 26.3°C, respectively
(Okazaki 1992a).

Histosols at the world classification level are clas-
sified according to an FAQ and UNESCO soil clas-
sification system (FAO and UNESCO 1988), based
on the content of organic soil materials: soils having
40 cm or more of organic materials either extending
down from the surface or cumulatively within the
upper 80 cm of the soil. In this study, however, soils
having 5-150 cm of organic soil materials with non-
sulfidic clays are called shallow peat soil, whereas
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Fig. 1 Map of the study area.

soils having more than 150 cm of organic soil mate-
rials are called deep peat soil. In the Oya-Dalat area,
1,340 ha (21%) of sago-growing soils are shallow
peat soils and alluvial soils, and deep peat soils form
the main habitat for sago palm, accounting for 3,714
ha (58%) of sago-growing soils (Tie et al. 1991).

Water and soil analysis

A rainfall collector was installed in an open field
of Sungai Talau Peat Research Station. Rain water
samples were collected by funnels with 22 cm dia-
meter at 2 sites. The water samples from peatland
were collected from the edge of the ditches in
Sungai Talau Peat Research Station. Soil solution
samples from deep peat soil were taken at Sungai

Talau Peat Research Station. They were taken from
10 to 60 cm at every 10 cm depth using soil solution
extractors equipped with porous ceramic cups ap-
plying a suction of 80 kPa (Wagner 1962).

The concentrations of Cu and Zn in water
samples were determined by Atomic Absorption
Spectrophotometry (AAS) (Shimadzu A-670) after
the concentration of water samples with HNOs on a
hot plate.

The soil samples were taken at 4 sampling sites.
Deep peat soil (Dystric Histosol) samples were
taken from a cultivated field that had been fallowed
for a few years at Sungai Talau Peat Research Sta-
tion. Sampling was carried out down to 80 cm at
every 20 cm depth. Deep peat soil was also sampled
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from tropical swamp forest at Dalat. Shallow peat
soil with heavy clayey alluvium in the subsurface
horizon (Dystric Histosol) was taken from a small
farm in the western marginal area of Sungai Talau
Peat Research Station. Alluvial soil (Eutric Fluvisol)
was taken from Kp. Teh, 1 km northwest of Sungai
Talau Peat Research Station. The sampling was
done down to 80 cm at every 20 cm depth. The total
amounts of Cu and Zn in the soil samples were de-
termined by AAS after acid digestion method using
HNOs3, HCIO4 and H2SO4 (Yamazaki 1986). Five
grams of air-dried soil sample was placed in a glass
beaker. After addition of 1 ml of concentrated
H2S04, 5 ml of concentrated HNO3 and 20 ml of
concentrated HCIO4, the mixture was heated on a
hot plate at low temperature until the dense fume of
HCIO4 had subsided to dryness. The residue was
dissolved into 30 ml of 1 M HCI. The acidic solu-
tion was decanted and brought up to a final volume
of 250 m] with re-distilled water. Dissolved metals
were concentrated using a solvent extraction scheme
(Takeuchi 1986) and determined by AAS.

Sago palm tissue analysis

Copper and Zn concentrations in different parts
of the sago palms in relation to soil types were stud-
ied. Leaf and pith samples were collected from sago
palms which were approximately 8 years old, grow-
ing on alluvial soils at Kp. Teh and deep peat soils
at Sungai Talau Peat Research Station. Sim and
Ahmed (1991) reported that the middle segment
appeared to have the average nutrient concentration
of the base and tip segments and that there was no
significant difference in leaf nutrient concentrations
due to frond age, which were numbered 3, 4, and 5.
Leaf and log samples were collected referring to a
modified procedure proposed by Sim and Ahmed
(1991) (Fig. 2). The fully-opened frond which was
the youngest was counted as 1, the next as 2 and so
on. The fronds were taken from upper, middle, and
lower parts of trunk of 8 years old sago palms (Fig.
2). A frond was cut into 3 equal segments, upper,
middle, and lower, and leaflets were collected from
the 3 parts. Midribs from each segment were re-

moved. Pith samples of sago palms were also col-
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Fig. 2 Model of sampling procedure for sago palm.
Leaf and log samples were collected as follows:
Leaf Number 3, 8, 13
Log Number 2, 4, 7
Growing on deep peat soil Leaf Number 2, 7, 11

Log Number 2, 4, 9

Growing on alluvial soil

lected from 3 parts of the trunk cut off by a
chainsaw in 50 cm sections at upper, middle, and
lower levels. Each fresh sample was weighed and
rinsed with distilled water, dried overnight at 60°C,
weighed and ground to pass through a stainless
sieve with 474 um openings, and analyzed. Copper
and Zn concentrations in the extract of acid digested
plant ash were determined by AAS.

Growth study of sago palm

Growth of sago palms on shallow peat soils, allu-
vial soils, and deep peat soils was measured, related
to several growth factors, and compared between
1992 and 1993 data. The total carbon and total ni-
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Table 1 Cu and Zu in soil and water sampled from Dalta Sarawak, Malaysia

25

C (mgfL) Cu (ug/L) Zn (pg/L)

Water pH mean (range) mean (range) mean (range)
Precipitation 5.75 (5.7-5.8) 1.67(0.68-2.66) 1.18 7.36 (6.83-7.88)
Water from 4.52 (4.1-5.3) 55.4 (39.7-62.9) 1.65 23.6

peatland
Soil Solution 5.27 (4.9-6.0) 42.7 (38.2-53.2) 8.21 (nd-28.7) 35.8 (16.5-77.0)

0 O
Soil pH (H;0) C (% DM) N (% DM) Cu (ug/gDM) Zn (ug/gDM)

mean (range)

mean (range)

mean (range)

mean (range)

Deep peat soil a
Shallow peat soil
Alluvial soil

Deep peat soil b

3.64 (3.48-3.88)
3.21 (2.91-3.61)
3.60 (3.48-3.83)
3.05 (2.99-3.48)

64.9 (61.2-67.3)
31.7 (4.25-53.3)
15.9 (15.2-16.9)
55.8 (53.5-58.2)

1.58 (1.28-1.97)
0.91 (0.31-1.58)
0.82 (0.81-0.84)
2.19 (1.74-2.55)

3.31 (3.06-3.61)
18.7 (10.6-25.1)
7.70 (6.90-8.97)
2.35 (2.11-2.63)

7.46 (6.25-9.16)
16.3 (9.91-32.4)
15.8 (15.4-16.6)
13.5 (7.68-19.3)

Mean values for soil samples taken from surface soil to 80 cm depth.

a: from sago palm field in Sungai Talau Peat Reseach Station.

b: from natural forest in Sungai Talau Peat Reseatch Station.

Soil pH (H,0) was measured using 1:5 of soil and water ratio.

trogen contents in soil and sago palm tissue were
determined by dry combustion method (Higashi
1986). The standard was prepared by hippuric acid,
and the contents of C and N were determined by a
CN analyzer (Yanagimoto MT500).

Results and Discussion

Distribution of Cu and Zn in tropical peatland

Table 1 shows low pH, high carbon concentra-
tion, and low concentration of nitrogen, Cu, and Zn
in water and soil samples from tropical peatland.
The concentrations of dissolved organic carbon
(DOC) in the ditch water were much higher than
those in rain water. The mean value of DOC in the
ditch water was 55.4 mgCL™!, ranging from 39.7 to
62.9 mgCL™". From the results of Hekkinen (1990),
it is evident that the DOC concentrations in the
river water from boreal peatland were high because
of decomposition of soil organic matters in peat
soils. Yonebayashi (1992) reported that most of the
copper in tropical peat soil occurred as non-extract-
able and strongly chelated forms. Organic sub-
stances andfor carbon under natural tropical low-
land forest would be lost by the process of mineral-
ization, accelerated further by drying effects due to
high temperature. This suggests that the transfor-

mation of Cu is associated with the Cu organically
bound to a more soluble form through the decom-
position of peat soils after reclamation.

Copper and Zn concentrations in water and soil
samples are also presented in Table 1. Mean copper
concentration in rain water samples was lower than
the mean zinc concentration. Copper and Zn con-
centrations in peatland water ranged from nd to 1.65
ugCuL™ and from 11.0 to 23.60 ugZnL', indicating
higher concentration levels than the values in Ma-
laysian peatland water (Okazaki 1992b).

The concentrations of Cu and Zn in soil solutions
varied from nd to 28.65 ugCuL."! and from 16.52 to
76.97 ugZnL'. Soil solutions taken from 10 cm
depth exhibited the highest concentration of Cu and
Zn, and the concentrations of Cu and Zn gradually
decrease in profile.

In deep peat soils, the mean values of Cu and Zn
concentrations were 3.31 ugg™ and 7.46 ugg™', re-
spectively (Table 1). The mean concentrations of
Cu and Zn in shallow peat soils were 18.69 and
16.27 ugg™ for 0-80 cm depth, which were higher
than the mean values of deep peat soil samples.
These facts seem to show that shallow peat soils
with 022 cm of peat horizon are affected by under-
lying alluvial soil. Since the medians of Cu and Zn
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in various mineral soils in the world are 20 ugCug™
and 50 ugZng™ (Bowen 1979), mean concentrations
of Cu and Zn in deep peat soil in Dalat area are
quite low. Tropical peat soils show considerably
lower nutrient contents than peat soils in boreal
areas. Alluvial soil contained about 2.3 times higher
Cu concentrations than deep peat soils did.

Copper and zinc concentrations in sago palm
on different soil types

Copper and Zn concentrations in lamina from
sago fronds and in logs growing on alluvial and deep
peat soil are presented in Fig. 3. Copper concentra-
tions in the leaflet segments of sago palm growing
on alluvial soil tended to be higher at the lower seg-
ment than at either the upper or middle segment
except for the middle frond. Comparing the living
fronds with dead fronds, Cu concentration de-
creased with an increase in frond age. Within the

leaflet segments, higher Cu concentrations were

shown in lower segments. In contrast to the former
results, higher Cu concentrations were found in the
upper parts of the log. There were significant differ-
ences in Cu concentrations of sago paim on different
soil types. Frond and log samples collected from
sago palms growing on deep peat soil had lower Cu
concentrations than those on alluvial soil.

Zinc concentration in the leaflet segments tended
to be slightly higher at the upper segments of sago
palm growing on alluvial soil and a little higher at
the lower segments of palm growing on deep peat
soil than other segments. Zinc concentration in the
living and dead fronds showed a tendency similar to
Cu concentration except for the upper frond grow-
ing on alluvial soil.

The relation between Cu and Zn in sago palms on
the 2 different type of soils is shown in Fig. 3. There
were significant differences between the concentra-
tions of Cu and Zn in the part of the fronds and
lamina samples of fronds growing on alluvial soil.
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Fig. 3 Distribution of total copper and zinc in sago palm on alluvial soil and deep peat soil in Mukah,

Sarawak, Malaysia.
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Leaf and log samples collected from sago palms
growing on deep peat soil had lower Cu and Zn
contents (especially Cu) than in samples from sago
palms growing on alluvial soil. In the pith, Cu and
Zn concentrations tended to be higher at the upper
part of the sago log than at either the lower or
middle part. Sim and Ahmed (1991), who had stud-
ied the trace element contents in sago palm at Sg.
Talau in Mukah District, Sibu Division, Sarawak,
reported that there were no large variations in leaf
concentrations of sago palm on different soil types.
The deficiency level of Cu in plants is known to be
less than 2 pgg™, which is likely to be inadequate for
most of the plants. The deficiency of Zn in plants
also has been recognized as 10 to 20 ugg™ on a dry
matter basis (Pendias and Pendias 1984). Despite
the low Cu and Zn contents in peat soils analyzed in

[ Decp peat
Alluvial

Zn (mg) wo

200
Cu (mg)

N (% DM)

Leaf

this study, Cu and Zn deficiency in sago palm tis-
sues did not appear except in Cu content of tissues
taken from sago palms growing on deep peat soil.

Copper and zinc status of sago palm as growth
factor

Leaf and pith nutrient variations of sago palm on
different soil types are presented in Fig. 4. Fresh
leaf and log weights of sago palm growing on deep
peat soil were 1.3-1.4 times heavier than those
growing on alluvial soil. Dry pith of sago palm
growing on deep peat soil, however, was 2.8 times
lighter than that of growing on alluvial seil, indicat-
ing that the sago palm growing on deep peat soil had
high water content. There is no large difference be-
tween carbon and nitrogen status in sago leaf and
pith on the two soils. However, Cu content on a dry

Fresh welght (kg)

Dry weight(kg)
20

80
C (% DM)

Fresh welght (kg)

N (% DM)

Log

Fresh pith weight (kg)

% Dry pith weight (kg)

C (% DM)

Fig. 4 Growth factor variations in sago palm growing on different soil types.
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matter basis in both leaf and log of the sago palm
growing on deep peat soil were much lower than
those of the sago palm growing on alluvial soil. On
the other hand, Zn content did not show any large
variation in sago palms on the 2 different types of
soils, although the sago palms growing on deep peat
soil and on alluvial soil might be recognized at
slightly different growth stages. Low Cu content is
one of the reasons for the suppression of sago
growth on deep peat soil because Cu proteins are
essential for electron transfer and oxidase activity
(Parker 1981).

Growth study in the field

The state of trunk-formation can be judged by
counting the number of leaves and lengths and
widths of leaflets. Starch contents of trunks can be
assessed by the girth and height (Flach and
Schuiling 1991). Growth of sago palms on shallow
peat soils and deep peat soils at Sungai Talau Peat
Research Station were determined by comparing
stem height and diameter at the sago palm ground
level between 1992 and 1993 (Fig. 5). The sago
palms on shallow peat soil are growing more rapidly
than those on deep peat soils. Figure 5 suggests that
the trunks of sago palm on deep peat soil grow in
height for 7 or 8 vears, after which it begins to
thicken to store the starch. On the other hand, the

1200

sago palms growing on shallow peat soil have al-
ready thickened by the age of 6 or 7. It is speculated
that the sago palms on shallow peat soils accumulate
starch at an earlier growth stage than those on deep
peat soils. The low Cu status of sago palms growing
on deep peat soil was caused by high content of
strongly-bound Cu (Yonebayashi et al. 1991), which
was not usually available to sago palms. The low
mean values of Cu and Zn concentrations and Cu
and Zn forms in deep peat soils are important
growth factors which suppress the vegetative
growth of the sago palm.

Sustainable land use for tropical peat soil
Sago palm plantation as a means of sustainable
land use for tropical peat soil was evaluated from the
viewpoint of Cu and Zn concentrations and Cu and
Zn forms distributed in the sago palm environment.
Copper concentration increased and Zn concentra-
tion decreased after reclamation of deep peat soil, as
was shown by comparing natural forest soil (deep
peat soil b) with sago palm field (deep peat soil a) in
Sungai Talau Peat Research Station (Table 1).
Trace elements associated with organic matters
tended to be lost through mineralization of tropical
peat soil. Assuming the inputs of Cu and Zn derived
from 3000 mm/yr of precipitation multiplied by
1.18 pgCufL and 7.36 pugZn(L of the precipitation

1000
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Height (cm)
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200

years
(Deep peat soll)

Fig. 5 Comparison of stem height and diameter at ground level of sago palms between 1992 and 1993.
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¢ Diameter 1993
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concentrations, and the outputs of Cu and Zn calcu-
lated from 1,400 mm/yr (Scott 1985) of the net pre-
cipitation multiplied by 1.65 ugCu/L and 23.6
ugZnfL of the ditch water from peatland plus har-
vesting amounts of 2.95 gCu/hafyr and 37.8 gZn/ha/
yr in 10 years’ sago palm, the balance indicates the
accumulation of 9.37 gCufhafyr and the loss of
146.5 gZn/ha/yr from deep peat soil. Tie et al.
(1991) reported that sago palm can be grown suc-
cessfully on peat soils (including deep peat soils).
However, from these results, sago palm cultivation
without any management planning is unsuitable as
sustainable land use for tropical peat soil, High and
continuous sago palm production requires either re-
turning the refuse of starch extraction to the field or
fertilizer application (Flach and Schuiling 1991), as
well as maintaining a high water table to mitigate
the decomposition of tropical peat soil as base man-
agement of sago palm.

Conclusions

Copper and Zn concentrations (especially Cu)
were low in soil and aquatic environments in trop-
ical peat lands. The sago palms on deep peat soils
grew more slowly than those on shallow peat soils or
on alluvial soils. The preliminary input and output
study of Cu and Zn showed that Cu tended to accu-
mulate and Zn tended to be lost from a tropical
peatland area under sago palm cultivation. Cultiva-
tion without appropriate plannings will not assure

sustainable land use in tropical peat land.
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