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Abstract

The composition of seven neutral monosaccharides (glucose, galactose, mannose, xylose, arabinose, fucose
and rhamnose) released by acid hydrolysis with 0.5 mol L™ H,SO, was compared among four humus
fractions, including humic acids (HAs), fulvic acids (FAs), water-soluble non-humic substances (WS-NHS;
XAD-8-non-adsorbed fraction of the FA fraction) and humin, for two representative types of Japanese
soils, an Umbric Andosol (ando soil) and a Dystric Cambisol (brown forest soil). Although more than 58%
of the hexoses and pentoses in the soil were recovered in humin, 29-57% of fucose and rhamnose were
found in WS-NHS. In the principal component analysis, humin was separated from the other three fractions
because of larger proportions of glucose and xylose and smaller proportions of fucose and rhamnose. The
HAs contained a larger proportion of arabinose than the other fractions. The monosaccharide composition
of the FAs and WS-NHS was similar in each soil type. As deoxyhexoses and pentoses in soil are known to
originate mainly from microorganisms and higher plants, respectively, the contribution of microorganism-
derived saccharides to total neutral saccharides was considered to be greater in the order of WS-NHS and

FAs > HAs > humin.
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INTRODUCTION

Carbohydrates account for 5-25% of soil organic matter
(Stevenson 1994). Most of them occur in association
with humus fractions in various proportions (Lowe
1978). Cheshire et al. (1992) purified the soil polysac-
charide fraction by the removal of humic substances
(generic fulvic acids [FAs]) from the acid-soluble mate-
rials in alkali-extractable humus (FA fraction) using PVP
(cross-linked insoluble polyvinylpyrrolidone, “Polyclar”)
as their adsorbent, followed by precipitation in 75%
ethanol. The purified soil polysaccharide fraction accounted
for only 15% of the total saccharides in the soil. In
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contrast, purified humic acid (HA) and FA samples
contained saccharides without exception (Clapp and
Hayes 1999; Watanabe and Kuwatsuka 1992; Watanabe
et al. 1994). However, there are few reports on the
composition of monosaccharides in humus fractions
(Cheshire et al. 1992; Clapp and Hayes 1999; Malcolm
and McCarthy 1991; Ogner 1980).

Although all the neutral monosaccharides, including
hexoses, pentoses and deoxyhexoses, released by acid
hydrolysis of soil polysaccharides (Cheshire 1979; Lowe
1978) can be derived both from plants and microorganisms
(Cheshire 1979), their composition differs considerably
depending on the origin (Oades 1984). It is well known
that glucose, galactose and mannose are the major sac-
charides synthesized by soil microorganisms, as well as
rhamnose, fucose and ribose (Murayama 1988). Xylose
and arabinose in soil are considered to be derived mainly
from higher plants, whereas both higher plants and
soil microorganisms can be the major source of glucose
(Cheshire 1977; Murayama 1988). The ratio of
microorganism-derived saccharides to higher plant-derived
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ones has been used to estimate the effect of land-use
change on the quality of soil organic matter (Guggen-
berger et al. 1994; Zech et al. 1997).

It is considered that the monosaccharide composition
may reflect the major source of carbohydrates in humus
fractions. In the present study, the composition of mon-
osaccharides released by acid hydrolysis was compared
among four major humus fractions using two represent-
ative types of Japanese soils, an Umbric Andosol and
Dystric Cambisol.

MATERIALS AND METHODS

Soils used and preparation of humus fractions

The soils used were sampled from the A-horizon of
Inogashira ando soil (Umbric Andosol; Fujinomiya,
Shizuoka, Japan) and Dando brown forest soil (Dystric
Cambisol; Shitara, Aichi, Japan) as composites. These
two sites have frequently been used in studies of soil
organic matter as examples of two soil types widely
distributed in Japan (e.g. Kumada 1987; Watanabe et al.
1989, 1994, 2004; Yanagi et al. 2003). Chemical pro-
perties of the soils were reported by Kuwatsuka et al.
(1992). Major vegetation consisted of Miscanthus
sinensis, Sasa and Torreya nucifera at the Inogashira
site, and Quercus crispula, Tsuga sicboldii Carr. and
Fagus crenata at the Dando site. After plant residues
were removed from air-dried soil samples (<2 mm)
using tweezers as much as possible, the soil was
crushed and sieved (<250 pum) to enhance homogeneity.

Humic and fulvic acid fractions were extracted accord-
ing to the NAGOYA method (Kuwatsuka et al. 1992)
with 0.1 mol L™ NaOH at 25°C under N,. The extracted
residue was washed with a 30 g L™' NaCl solution,
followed by distilled water, and freeze-dried (humin).
The FA fraction was separated from HAs by acidification
of the extract and then fractionated using Amberlite
XAD-8 (Rohm and Haas, Philadelphia, USA) into
adsorbed and non-adsorbed fractions. Because the
humic and non-humic substances in the FA fraction are
known to be distributed in the XAD-8-adsorbed and
non-adsorbed fractions, respectively (Stevenson 1994;
Watanabe et al. 1994), these two fractions were desig-
nated as FAs and water-soluble non-humic substances
(WS-NHS) in the present study. The FAs and WS-NHS
were desalted using Sephadex G-10, transformed into
H*-form by passing through a column packed with
Dowex HCR-W, and freeze-dried (Kuwatsuka et al.
1992; Watanabe et al. 1994). In contrast, the HA frac-
tion was analyzed for monosaccharide contents with-
out purification. The C content in the samples was
determined using a NC analyzer MT-500 (Yanaco,
Kyoto, Japan) or a CHN analyzer 2400 (Perkin-Elmer,
Wellesley, MA, USA).

Acid hydrolysis and determination of neutral
monosaccharides

Two grams of soil or 3—4 g of humin were heated with
80 mL of 0.5 mol L™ H,SO, for 8 h in boiling water
(Forsyth 1950). The HAs (300 mg) were heated with
80 mL of 0.5 mol L™ H,SO, for 2 h in boiling water
(Tsutsuki and Kuwatsuka 1979). The WS-NHS (16 mg)
and FAs (140 mg) were heated with 50 mL of 0.5 mol L™
H,SO, for 2 h in boiling water. Each hydrolysate was
filtered and neutralized with a saturated Ba(OH), solution.
Any barium sulfate formed was removed by centrifugation.
The hydrolysate was then mixed with 1 mL of 2.00
ug mL™ myo-inositol and reacted with 80 mg NaBH,
for 5h at room temperature. Excess NaBH, was
degraded by the addition of acetic acid, and the
sampled solution was dried up at 50°C using a rotary
evaporator. After boric acid and acetic acid were
removed by repeated drying up with methanol, mon-
osaccharides in the sample were acetylated by heating
at 60°C with 7.5 mL acetic anhydride and 0.5 mL of
concentrated H,SO, for 30 min. The acetylated mon-
osaccharides were extracted with 50 mL dichloromethane
three times in a separation funnel. The extract was
washed with a 50 g L™! NaHCO; solution, dried up
after treatment with Na,SO, for removing water, re-
dissolved in dichloromethane, and subjected to gas
chromatography (GC).

A gas chromatograph, Type 063 (Hitachi, Toyko,
Japan), equipped with a flame ionization detector and
a glass column (length 200 mm; inner diameter 3 mm)
packed with 3% ECNNS-M/Gas chrom Q (100-120
mesh) was used. The contents of monosaccharides were
determined using myo-inositol as an internal standard.
Column temperature was raised from 140 to 146°C at
a rate of 1°C min™!, then to 182°C at a rate of 3°C min..
The amount of ribose, a trace component of saccharides
in humus fractions (Clapp and Hayes 1999; Ogner 1980),
was not determined in the present study.

Statistical analysis

The significance of the difference in the proportion of a
monosaccharide among the four humus fractions and of
that in the recovery in a humus fraction among seven
monosaccharides were subjected to two-factor ANOVA.
Principal component analysis was conducted using the
software SRISTAT for Excel 97 (Social Survey Research
Information, Tokyo, Japan).

RESULTS AND DISCUSSION

The sum of seven neutral monosaccharides yielded from the
two soil types was 57.9 and 79.0 mg C g™ soil C (Table 1).
Glucose and mannose were the major saccharides in
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Table 1 Yield of neutral monosaccharides from soil (mg C g C™') and their composition (%)

Soil Glucose Galactose Mannose Xylose Arabinose Fucose Rhamnose Total
Inogashira 21.9 14.7 18.7 9.2 6.1 4.1 4.3 79.0
(26.7)1 (18.0) (22.8) (13.5) (8.9) (4.9) (5.2)
Dando 18.7 7.0 14.2 5.3 5.4 2.3 5.0 57.9
(31.2) (11.6) (23.7) (10.5) (10.8) (3.9) (8.3)
*Values in parentheses denote molar percentages in total monosaccharides.
Table 2 Recovery of monosaccharides in four humus fractions (%)"
Fraction Soil Glucose Galactose Mannose Xylose Arabinose Fucose Rhamnose  Total
Humic acids ~ Inogashira 9.0 8.0 6.4 10.2 13.0 12.1 15.0 9.1
Dando 1.3 3.7 2.0 2.6 5.4 8.5 8.8 3.1
Fulvic acids*  Inogashira 2.2 3.5 3.1 3.3 2.8 5.7 7.6 3.3
Dando 2.2 4.3 2.2 3.5 3.1 6.2 5.5 3.1
WS-NHS$ Inogashira 12.7 23.7 18.7 18.7 11.8 521 48.6 20.5
Dando 14.2 22.0 12.0 22.8 12.1 37.4 28.5 17.2
Humin Inogashira 74.1 49.7 49.0 69.4 67.2 25.3 29.5 57.9
Dando 82.0 62.5 60.1 78.2 80.7 61.7 48.8 70.3

Yield of each monosaccharide from soil was taken as 100%. *XAD-8-adsorbed fraction of the fulvic acid fraction. SWater-soluble non-humic
substances (WS-NHS; XAD-8-non-adsorbed fraction of the fulvic acid fraction).

Table 3 Composition of monosaccharides in humus fractions (%)

Fraction Soil Glucose Galactose Mannose Xylose Arabinose Fucose Rhamnose
Humic acids Inogashira 26.2 15.6 15.9 14.9 12.6 6.5 8.4
Dando 12.4 13.4 14.7 8.4 18.1 10.3 22.8
Fulvic acids' Inogashira 18.1 18.8 21.4 13.6 7.6 8.6 12.0
Dando 22.4 16.1 16.6 12.0 10.6 7.6 14.6
WS-NHS* Inogashira 16.5 20.7 20.7 12.2 5.1 12.5 12.2
Dando 25.5 14.7 16.3 13.8 7.6 8.5 13.7
Humin Inogashira 34.1 15.4 19.3 16.1 10.3 2.2 2.6
Dando 36.3 10.3 20.2 11.6 12.3 3.4 5.8

TXAD-8-adsorbed fraction of the fulvic acid fraction. *Water-soluble non-humic substances (WS-NHS; XAD-8-non-adsorbed fraction of the fulvic

acid fraction).

both soil types, as were numerous other soils (Cheshire
1979; Murayama 1980). Table 2 shows the recovery of
each monosaccharide in the four humus fractions.
After fractionation, 57.9-70.3% of the total mono-
saccharides in soil were recovered in humin, followed
by 17.2-20.5% in WS-NHS, 3.1-9.1% in HAs and 3.1-
3.3% in FAs. The recovery of fucose and rhamnose in
WS-NHS (28.5-52.1%) was higher than that of the
other saccharides, suggesting higher solubility of the
microorganism-derived saccharides in alkaline and
acid solutions than that of plant-derived ones. Rhamnose
was also recovered in the HAs and FAs in a larger
proportion than that of hexoses and pentoses
(P <0.05).

Table 3 shows the molar composition of neutral
monosaccharides in the four humus fractions. Glucose
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accounted for the largest proportion, 34.1-36.3%, in
total monosaccharides in humin. In the other three
fractions, the proportion of glucose was largest in one
soil, and that of mannose and/or galactose was largest
in another soil. The proportions of fucose and rhamnose
tended to be smaller for humin than for the other frac-
tions, which was also expressed by their remote positions
on the X-axis in the principal component analysis (Fig. 1).
These results suggested that the contribution of micro-
organism-derived saccharides was relatively smaller in
humin. In Fig. 1, the characteristic vector of glucose was
similar to that of xylose, which may indicate that plant-
derived glucose was the major glucose in the humus
fractions.

The proportion of arabinose was larger for HAs
than for the other three humus fractions (P < 0.05).
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Figure 1 Principal component analysis of the monosaccharide
composition in humus fractions. DN, Dando soil; IG,
Inogashira soil. *XAD-8-adsorbed fraction of the fulvic acid
fraction. **Water-soluble non-humic substances (WS-NHS;
XAD-8-non-adsorbed fraction of the fulvic acid fraction).

The larger proportion of arabinose was, however, not
observed for the HAs prepared from the same soils
using a method recommended by the International Humic
Substances Society (IHSS; Watanabe ef al. 2004). As the
degree of humification was higher and the carbohydrate
C content was lower in the HAs prepared using the
NAGOYA method than in those prepared using the
IHSS method (Kuwatsuka et al. 1992; Watanabe et al.
1994), it is likely that arabinose is more stably associated
with HAs.

The monosaccharide composition of FAs was similar
to that of WS-NHS in the same soil compared with that
of the same fraction in the other soil (Table 3; Fig. 1).
The proportion of the sum of two pentoses for the
THSS FAs (Watanabe et al. 2004) was in the range of
32.1-42.4%, whereas 21.2-22.6% was recorded in the
present samples. The monosaccharide composition of
the FAs prepared using the IHSS method in the two
soil types was closer to each other. These observations
suggest the presence of a stronger interaction of plant-
derived saccharides with more hydrophobic FAs because
the repetition of the XAD-8 treatment with smaller
volumes of resin in the THSS method may result in the
loss of more hydrophilic FA molecules. Although this
assumption does not conflict with the above assumption
for HAs, confirmation is required because of the
differences in the analytical methods used for the
monosaccharides by Watanabe ez al. (2004) and in
the present study.

In conclusion, the contribution of microorganism-
derived saccharides to total neutral saccharides was
considered to be larger in the order of WS-NHS and

FAs > HAs > humin, mainly because of two deoxyhexoses
in the Dando soil and both deoxyhexoses and hexoses in
the Inogashira soil. Arabinose was another key saccharide
that characterized the monosaccharide composition of
the humus fractions.
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