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Sago Root Studies in Peat Soil of Sarawak

Nobuhiko Kasuya
Kyoto Prefectural University, Shimogamo, Kyoto 606 Japan

Abstract The sago palms (Metroxylon sagu) grow more slowly and take longer period to mature on peat
soils than on mineral soils. Based on the two field experiments at Sungai Talau Peat Research Station,
Sarawak, Malaysia, this article aimed to compare the root biomass distributions in tropical peat soils in
relation to peat thickness and shoot growth, and to provide ecological information on sago growth. In
experiment 1, sago root biomass was measured by taking soil blocks to a depth of 40 cm from the deep peat
soil and from the alluvial mineral soil. T'otal fine root biomass of sago (d < 5 mm) was larger in the alluvial
soil (11.4 t/ha) than in the deep peat soil (4.7 t/ha), which contradicts the previous data on sago. The patterns
of vertical distribution of roots in each diameter (= d) class were similar between the two soil types; the large
roots (d > 5 mm) were distributed below 10 cm in depth and more than half of them concentrated in 20-30
cm layer, whereas fine roots (d £ 2 mm) and intermediate roots (2 < d £ 5 mm) allocated more than 60% and
55%, respectively, in 0—20 cm layer. The sago root distribution was not affected by the existence of other tree
roots or large woody debris. In experiment 2, roots and shoots of one year sago palms were investigated. Both
in deep and shallow peat soils, the shoot growths of the sample palms did not much differ and the roots
extended below 1 m in depth only after about one year. Total numbers of first-order roots from the stump
were larger in the shallow peat. But the difference became small when roots growing upward were excluded.
The diameters of first-order roots were not significantly different. Collectively, total fine root biomass was
smaller in the deep peat soil where sago palms grow slowly than in the alluvial mineral soil, and the pattern
of vertical distribution of sago roots of three diameter classes (mentioned above) were similar between the
two soil types.
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Introduction

There has been little information about the
woody root distribution belowground in the tropical
peat swamp forests. The fine root biomass reported
for a variety of forest ecosystems markedly differs,
for instance from 220.5 tfha in a mangrove forest in
Thailand (Komiyama and Ogino 1984) to 5-10 t/ha
in temperate and tropical forests (Santantonio et al.
1977). Some reports indicated that less fine root bio-
mass of conifers occurred in high productivity sites
(Vogt et al.1987, Kasuya and Shimada 1996). On
peat soils the palm appears to grow more slowly
than on mineral soils (Flach and Schuiling 1989),
and the palms growing on deep peats needed longer
period to mature than those on mineral soils (Kueh
et al. 1991). Do those palms on deep peats have
more or less fine root biomass than those on mineral
soils? Based on experimental works in sago planta-
tions on peat soil of Sarawak, Malaysia, this study
aimed to compare the root biomass distributions in
tropical peat soils in relation to peat thickness and
shoot growth and to provide ecological information
on sago growth indispensable for sustainable land

use of reclaimed areas in the tropical peat land.

Materials and Methods

Study site

The samplings for sago root biomass study were
conducted in two research sites. The one was in
Sungai Talau Peat Research Station located in the
coastal area of Dalat, Sarawak, where there were
many sago plantations for the experiment on deep
peat soils (the depth of the peat was at least 1 m).

Detailed description of soils at the Station is given
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in Yamaguchi et al. (1994). The other was in a
farmer’s garden with alluvial soil in Dalat, about 1
km away from the Station. The levels of water table
at the time of measurement were —0.18 m and
—0.10 m in the deep peat and the alluvial soil, re-
spectively. Tie et al. (1991) showed that of total sago
areas in Sarawak, organic soils and alluvial soils con-
stituted 62% and 38%, respectively. Within the
group of organic soils, deep organic soils with more
than 150 cm (in depth) of organic soil materials
formed 38% of total sago areas in Sarawak, while
shallow organic soils with 50-150 cm formed 24%.

Root biomass study of sago palm

To investigate the distribution of sago palm roots,
soil blocks were sampled at the distance of 0.4, 1.4
and 2.4 m in the deep peat and 0.3, 1.3 and 2.3 m in
the alluvial soil from the center of the sago palm
trunk, which had been estimated about eight years
old. The blocks sampled were 405— 638 cm? in area
at the ground surface and 40 cm in depth. Each
block was divided into layers 10 cm in depth, put
into plastic bags separately and brought back to the
laboratory. Air-dried roots in the soil samples were
obtained by washing the soil block over the sieve
(0.5 mm mesh) in tap water, and divided into three
diameter classes using caliper, based on the mor-
phology and branching pattern: 1) smaller than 2
mm in diameter with many laterals including fi-
brous roots; 2) 2-5 mm with thick cortical tissues
and intermediate branching; and 3) larger than 5
mm with few branching. Karizumi (1979) reported
that several Palmae species had first-, second-, and
third-order roots and their maximum diameter

ranged from 5 to 20 mm. In this study, the distinc-
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tion between live and dead roots was done by the
following criteria. The roots of light yellow to
brownish color were classified into ‘live’ and those
of gray to black color were ‘dead’. This judgment
was applied only to large (d > 5 mm) and intermedi-
ate (2 < d = 5 mm) roots since it was difficult to find
the dead fine roots (d £ 2 mm) which might be
mixed up in the surrounding peat.

Root study of young sago palm

In order to investigate the pattern of root devel-
opment of sago palm, root systems of about one year
old plants were taken from the soil columns (50 cm
X 50 cm X 40 cm) that included the trunk at the cen-
ter, after measurement of the aboveground param-
eters such as height and number of fronds. Three
sample palms were selected from the deep peat site
at the Station and from the shallow peat site in a
farmer’s garden adjacent to the Station, respec-
tively. The soil blocks were excavated by using a
chain saw and a long knife. During the excavation,
some roots growing downward were traced with
hand to examine how deep the roots extended. Both
in the deep and in the shallow peat soils, however, it
was difficult to take the root tips which lay below 1
m in depth. The root samples attached to the stump
were brought back to the laboratory and then the
number and the diameter of the first-order roots
from the stump were measured.

Results and Discussion

Root biomass study of sago palm

Fine root biomass of sago (d < 5 mm) was 4.7 t/ha
and 11.4 t/ha in the deep peat and alluvial soil, re-
spectively (Fig. 1), both of which were slightly out
of range of 5-10 t/ha in temperate and tropical forest
ecosystems (Santantonio et al. 1977). It should be
noted here that only roots in surface soil 40 cm in
depth were recovered. The shoot growth was simi-
lar in both sites; the diameter of the trunk at the
ground level was 56.1 and 54.5 cm and the palm
height was 14.2 and 12.9 m for the sago grown in
the deep peat and alluvial soil, respectively. Yama-
guchi et al. (1994) reported from the growth mea-
surement at the Station that the sago palms on deep

peat soils grew more slowly than those on shallow
peat soils and alluvial soils. In this respect, those
palms selected as a sample were rather an unusual
case, and at the stand level the sago palms on alluvial
mineral soils grow faster than on deep peat soils.
The reverse relationship between fine root biomass
and productivity was observed in some temperate
coniferous forests; smaller fine root biomass was
found in high productivity sites (Keyes and Grier
1981; Kasuya and Shimada 1996). In this sago palm
study, however, smaller fine root biomass was found
in low productivity sites. It has still been unknown
whether this inconsistency resulted from species or
site difference. Tie et al. (1987) found that sago
palms grown on infertile peats have a much denser
and extensive rooting system so that a larger volume
of soil materials is exploited. This study dealt only
with surface soil 40 cm in depth, and sampling
depth may considerably affect the results. Since
palm roots have relatively simple branching system
(Karizumi 1979), it can be speculated that even fine
root of sago might play some role in supporting the
shoot system, which suggests that fine root biomass
may increase in proportion to the shoot growth.

When the rooting density (g/dm?®) was examined
in relation to distance from the center of the sago
trunk, more root biomass was distributed in the al-
luvial soil with decreasing distance to the center of
the trunk, but this tendency was not obvious in the
deep peat. Though there was no replicate of soil
samples in this study, other sago root biomass mea-
surements at the Station (Jong F. S.: unpublished
data) support the present result in the alluvial soil;
comparing the 50 X 50 x 20 cm soil blocks at 50 cm
intervals from the sago trunk, it was found that the
nearer to the trunk, the more sago root biomass
there was, and that soil layer 0—40 cm in depth con-
tained 81 and 87% of sago root within soil layer 0-80
cm in depth in the 3 and 8 year old sago plantation
fields, respectively. To generalize the horizontal and
vertical distribution of sago root biomass, further
research such as sampling soil materials in various
directions of the same sago trunk should be con-
ducted.

Proportions of live sago root biomass in three di-
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chiefly because decomposition was slower for large
roots. The roots of other tree species (unidentified),
mainly intermediate- and large-classes, were often
found in surface layers, and rare below 10cm in
depth, in contrast with sago roots. These tree roots
were judged to inhibit to a negligible extent the
growth of sago roots. Large woody debris (more
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Fig. 2 Proportions of live sago roots in three
diameter classes in the deep peat soil and allu-

vial soil layers. d: diameter.

Table 1

than 10 cm in diameter) existed in some samples of
the 20-40 cm layers in the deep peat, but there was
no sign of decreases in root biomass caused by the
disturbance of these woody debris. Many sago roots
penetrated the large woody debris which were diffi-
cult to break by hand (Fig. 3), suggesting that large
woody debris did not particularly obstruct sago root
elongation.

Root study of young sago palms

Although the sample young sago palms at the two
sites did not show much difference in shoot growth
(Table 2), the palms in the shallow peat had a larger
number of the first-order roots from the stump than
those in the deep peat (80 and 57 on average, respec-
tively) (Table 3). When the roots were classified into
two types according to elongating directions, name-
ly roots growing upward and downward (Fig. 4), the
numbers of roots growing downward did not differ
between the two sites. The larger proportion of the
roots elongating upward was found in the shallow
peat. This may be due to considerable volume of
suckers and their horizontally long shape (Fig. 4).

Live and dead sago root (d > 2 mm) biomass data (g/dm’) on the deep peat and the alluvial soil

Position from the trunk

Diamorer doss  depth middle fr

(mm) fem) live % dead %  lve % dead %  live % dead %
(g/dm’) {(g/dm?) (g/dm®) (g/dm?) (g/dm?) (g/dm’)

Alluvial 0-10 287 (87) 044 (13) 130 (85) 024 (15 085 (88) 011 (12)
2<ds5  10-20 225 (82) 048 (18) 156 (75 051 (25) 119 87) 0.8 (13)
20-30 179 (92) 0.6 (8 161 (86) 026 (14) 114 (83) 023 (17)
0-40 138 (93) 011 (7) 104 (80) 025 (20) 055 (52) 051 (48)
Alluvial 0-10 0.3 (80)  0.03 (20) 002 (1000 O (0 001 (100) 0  (O)
d>5 10-20 662 (88) 093 (12) 102 (48) 108 (52)  0.17 (83)  0.04 (17)
20-30 106 (80) 273 (0) 428 (67) 211 (33) 144 (46) 168 (54)
30-40 428 (74) 153 (26) 212 (56) 169 (44) 093 (23)  3.03 (77)
Deep peat  0-10 072 (99.6) 0.003 (0.4) 098 (91) 009 (9 022 (81) 005 (19
2<ds5  10-20 062 (86) 0.0 (14) 036 (9)  0.04 (10) 155 (97) 005 (3)
20-30 027 (80) 007 (200 045 (91) 005 (9 166 (95)  0.09 (5)
30-40 017 (88) 002 (12) 033 (97 001 (3)  0.68 (89) 008 (1)
Deeppear  0-10 0 (=) 0 (—) 007 (82) 002 (18 023 (73) 008 (27
d>s 10-20 084 (72) 033 (28) 065 (78) 0.8 (22) 025 (44) 031 (56)
20-30 101 (71) 041 (29) 075 (79 020 (1) 292 (%) 019 (6)
30-40 026 (87)  0.04 (13) 022 (99) 0002 (0.9) 174 (100) 0  (0)
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Table 2 Characteristics of the young sago samples and their growing environment

Site ww/ﬁuu le Wm% :wmm .MM_. IAQ _.m_..mwr t e W.MVM_WW o8 er M“.M ﬁ_MM“m“mﬂnn nEWMMM sS ..WM Mv.”.m
e (year) (dead) (m) (m) depth (m)
Deep 1 1 1.9 4 (0) 1 -0.1 >1 >0.7
peat 2 1 2.3 4 (0) 1 -0.15 >1 > 1.1
3 1 2.2 5(2) 0 -0.1 >1 >0.9
Shallo 1 1 1.4 5(1) 0 -03 0.4 > (.55
peat 2 1 1.8 7(1) 0 -0.35 0.35 > 1.05
3 1 1.4 5(0) 1 -0.2 0.2 > 1.1

Table 3 Number of the first-order roots origi-
nating from the stump distinguished by elon-

gating directions

Elongating Deep peat Shallow peat

direction ', 1 No.2 No.3 No.1 No.2 No.3
downward 42 50 38 36 70 35
upward 14 14 12 31 37 32
total 56 64 50 67 107 67

Fig.3 Sago roots (light yellow color) penetrat-

ing the large woody debris (black-colored ob-
ject in the middle).

The mean diameters of the first-order roots (upward
plus downward) were 5.1+ 0.58 and 5.8+ 0.62 mm
in the deep and shallow peat, respectively (Fig. 5),
with maximum diameter of 10 mm for downward
elongated roots. In both sites, the average diameter
of roots growing downward was larger than those
upward by more than 40%. To sum up, total num-

Fig. 4 Roots of 1 year old sago in the shallow

peat soil (sample no. 3). Fronds were already
severed.

ber of young sago palm roots in the shallow peat
were larger than those in the deep peat, but the
number of roots elongating downward and diameter
of the first-order roots were not significantly differ-
ent. These young sago roots extended so deeply
(well below the water table at the time of measure-

ment) that the maximum root could not taken of the
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Fig. 5 Frequency distribution of the first-or-
der sago roots classified by diameter in the
deep and shallow peat soils. Roots growing

upward and downward are shown separately.

sago palms one year and a few month old. Ray and
Schweizer (1994) reported that in some coniferous
plantation twenty years after planting, the maxi-
mum depths of fine roots were as small as 0.20-0.28
m (less than the water table) in deep blanket peat in
Scotland. Thus the present observation is contrast-
ing in that sago roots could grow well below the
level of water table at the time of measurement
(= 0.35 to — 0.10 m from the surface, see Table 1),
only a few roots appeared on the soil profile 50 cm
distant from the center of sago stem, and in that
young sago palms extended their roots vertically
rather than horizontally.

Conclusions

The preliminary experiments showed that in the
sago palm plantation, total sago root biomass was
larger in the alluvial soil than in the deep peat soil.
The nearer to the center of the trunk, the more roots
existed in the alluvial soil, though this tendency was
not obvious in the deep peat soil. The pattern of
vertical distribution of sago roots differed among
the three root diameter classes, but were similar be-
tween the two soil types. Existence of either large
woody debris or roots of other tree species did not
seem to influence sago root biomass distribution.
Young sago palms (about one year after planting)
extended their roots at least below 1 m in depth.

Total number of the first-order roots from the
stump was larger in the shallow peat soil than in the
deep peat soil. As far as roots growing downward
was concerned, the numbers were not different be-

tween the two soil types.
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