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Abstract It is generally accepted that the compositions and

properties of soil organic matter (SOM) are influenced by

many factors. In order to reveal the effects of soil texture on

characteristics and dynamics of SOM and its sub-fraction,

humic acid (HA), along two soil profiles, a yellow soil

profile and a purplish soil profile, under the same climate

and vegetation conditions were determined. Results indi-

cate that the decomposition and humification degrees of

SOM and HA of the purplish soils are higher than those of

the corresponding yellow soils indicated by A/O–A ratios of

HAs, TOCs and HA yields of bulk soil samples, neverthe-

less, the development degree of the purplish soil is lower

than that of the yellow soil. The variations of E4/E6 ratios of

HAs along the soil profiles indicate the overall molecular

sizes of HAs decreased downward along the soil profiles.

A/O–A ratios of HAs decreased downward along both the

soil profiles indicate that humification processes decrease

downward along both the soil profiles. Leaching of SOM

shows significant effects on the distribution and character-

istics of HAs in the yellow soil profile but the purplish soil

profile, which is consistent with the higher hydrophobicity

of HAs in purplish soils, shows that the distribution char-

acteristics of SOM along the soil profiles are a complex

result of the combination of soil texture and characteristics

of SOM itself. The remarkably different sand contents are

concluded tentatively as one of reasons to the different

distributions and dynamics of HAs along the soil profiles,

however, to profoundly understand the evolution and

transport of SOM along soil profiles needs more researches.

Keywords Soil profile � Soil organic matter � Humic acid �
Characteristics � Sand content

1 Introduction

Humic substance, distributed ubiquitously in water, sedi-

ment and soil, is the major component of soil organic

matter (SOM), usually occupying over 80 % of the SOM

(Conte et al. 2006; Stevenson 1994), and plays an impor-

tant role in the physical and chemical properties and fer-

tility of soil (Simpson et al. 2011). Humic acid (HA) takes

up an important fraction of soil humic substance. HA is

thought to be more distinguishable and sensitive towards

environmental changes than bulk SOM or other SOM

fractions (Arshad and Schnitzer 1989; Jien et al. 2011;

Zech et al. 1997); therefore HA has been widely used as a

proxy in studying the characteristics and evolution of SOM

(Buurman et al. 2009; Zhang et al. 2011).

The structure and composition of SOM are influenced by

many factors. The decomposition of SOM is slowed in the

cold and wet climate of the Arctic ecosystem (Dai et al. 2002;

Nadelhoffer et al. 1992) and is faster in tropic regions rather

than in temperate regions (Bayer et al. 2000; Sanchez and

Logan 1992). The aromaticity of SOM is hindered in high

rainfall areas due to the leaching of lignin fragments (Preston

1996). Quideau et al. (2001) suggested that the composition

of SOM is linked directly with forest vegetation types. Bayer

et al. (2002) found that the humification degree of HA

extracted from no-tillage soils was lower than that from

conventional tillage soils. The influences of climate and
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vegetation on properties of soil HA were evaluated by sev-

eral studies, and they concluded that climate is the primary

factor controlling the dynamics of HA (Preston 1991, 1996)

and vegetation input is a minor factor influencing the char-

acteristics of soil HA (Amalfitano et al. 1995; Krosshavn

et al. 1990). The pedogenetic factors are also important to the

structure and composition of SOM. For example, Conte et al.

(2003) found that the humic matters of andic soils contained

more carboxyl functional groups than those of non-andic

soils due to the formation of stable complexes between

humic matters and the aluminum of allophane materials;

while Marinari et al. (2010) found that dynamics of FTIR

characteristics of HAs along a vertisols soil profile and an

alfisols soil profile were quite similar. The soil texture,

including soil matrix and soil minerals, influences the sta-

bility and properties of SOM (Baldock and Skjemstad 2000;

Galantini et al. 2004; Schoening et al. 2005; Traversa et al.

2014). It has been reported that organic materials in high

sand content soils are quickly decomposed by microorgan-

isms (Galantini et al. 2004; Ladd et al. 1985; Traversa et al.

2014), and that, compared to smectite dominated soils,

SOMs of kaolinite and Fe-oxides dominated soils accumu-

late polysaccharides structures and deplete aromatic groups

(Dick et al. 2005; Wattel-Koekkoek et al. 2001). Neverthe-

less, the quantitative relationships of climate, covering plant

and pedogenetic factors to the characteristics of SOM remain

ambiguous, and further studies are much needed.

This study systematically investigated the characteristics

and distributions of SOMs and HAs along two soil profiles

from the Karst area of southwest China and tentatively

distinguished the role of soil texture on the characteristics

and evolution of SOMs.

2 Materials and methods

2.1 Soil profiles

A yellow soil and a purplish soil profile were sampled from

the suburban area of Guiyang, Guizhou, China, with the

straight-line distance being \12 km. The description of

two sampling sites is briefed in Table 1. Both sampling

sites are located on hilltops and covered by a thin layer of

vegetation litter (about 3–5 cm), have the same annual

mean temperature (15.3 �C) and the same annual mean

precipitation (1129.5 mm), and their dominant covering

plants are both coniferous trees and sparse bushes. The soil

samples were collected after removing the litter covering

on soil surface, and three layers of soil, named as top-,

middle- and bottom-layer soil, were taken along with the

soil profiles. The soil samples were air dried, gently cru-

shed to pass 2 mm sieves, and visible debris of roots and

stones were picked out by hand in the laboratory and stored

in the dark for later use.

2.2 Soil properties

2.2.1 TOC and TON

The TOC and TON contents of the soil samples were

determined by an elemental analyzer (Vario ElIII, Ele-

mentar Company, Germany) following the regular proce-

dure. Briefly, the soil sample was pretreated by an overdose

HCl solution (0.5 mol/L), and the slurry stood overnight to

ensure the reaction completed, then the slurry was cen-

trifuged to remove the liquid, and the residual solid was

washed by Mill-Q water till neutral and then freeze-dried.

The residual solid was ground carefully and a certain

amount of it was wrapped in a tin capsule and then was

measured on the elemental analyzer. The measured TOC

and TON values were corrected to the initial soil weight.

2.2.2 Sand content

The sand content of soil was determined according to the

method described elsewhere (Jastrow 1996). Briefly, a cer-

tain amount (1 g) of the soil sample was soaked overnight in

the sodium hexametaphosphate solution [Na6(PO3)6, 5 g/L],

the slurry was sonicated for 1 min, and then wet sieved by a

270# sieve (\53 lm). The sand content was determined as

the ratio of the dry weight of the material retained on the

sieve to the dry weight of the initial soil.

Sand content ðwt%)

¼ dry weight of material retaining on the sieve

dry weight of the initial soil
� 100 %

Table 1 Sampling site, date

and horizon depth
Soil type Sample Location GPS coordinate Sampling time Depth (cm)

Yellow soil Y1 Baiyun District, Guiyang 26.673�N

106.684�E

2009.10.30 0–12

Y2 12–24

Y3 24–36

Purple soil P1 Wudang District, Guiyang 26.655�N

106.801�E

2011.05.14 0–25

P2 25–50

P3 50–75
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2.3 Humic acid extraction

YHAs and PHAs are HA samples extracted exhaustively

from the yellow soil and purplish soil samples, respec-

tively, according to the procedure detailed elsewhere (Ma

et al. 2015). The total dry weight of each HA sample was

weighed and applied to calculate the yield of HA (yHAs,

g/kg dry soil) for the corresponding soil sample.

2.4 HA characterizations

The ash contents of the HA samples were measured by

heating the HA samples (0.5 g) in porcelain crucibles at

750 �C in a muffle for 4 h. The material remained in the

porcelain crucible after combustion was considered as the

ash content of the HA sample. The C, H, N and O contents of

the HA samples were measured using the same elemental

analyzer and the same methods of TOC and TON measure-

ments described above. The measured C, H, N and O con-

tents were corrected and reported in the ash-free base. The

FTIR spectra of the HA samples were recorded on Bruker

VERTEX 70 FT-IR Spectrometer (Bruker Corporation,

Germany) with a scanning range of 4000–400 cm-1.

The solid-state cross-polarization magic angle-spinning
13C-NMR spectra of the HA samples were measured in the

Hefei Institutes of Physical Science, Chinese Academy of

Sciences, using a Bruker AscendTM 600WB nuclear mag-

netic resonance spectrometer (Bruker Corporation, Ger-

many). About 100 mg HA powder samples were filled in a

4-mm diameter ZrO2 rotor with a Kel-F cap, and the 13C

resonant frequency and magic angle spinning frequency

were set at 150.91 MHz and 8000 Hz, respectively. Recycle

time and contact time were 2 s and 2 ms, respectively. Each

spectrum consisted of 2400 data points and the chemical

shifts were calibrated by tetramethyl silane.

The UV–Vis spectra of the HA samples were scanned

by Cary 300 UV–V is spectrophotometer (Agilent Tech-

nologies, America) in quartz cuvettes (1 cm path length) at

200–800 nm. The HA solution was prepared by dissolving

5 mg HA solid sample in 100 mL 0.05 mol/L NaHCO3

solution. The E4/E6 ratio is the ratio of absorbance at

465 nm to that at 665 nm.

3 Results

3.1 Characteristics of soils

The properties of the soil samples are listed in Table 2.

The yield of HA (yHA) represented the amount (g) of

HA extracted from 1 kg of the bulk soil, and HAC/TOC

was the percentage of the ratio of organic carbon in HA

fraction to the corresponding bulk soil. Obviously, the

TOC, yHA and HAC/TOC ratios of the three soil sam-

ples from the yellow soil profile were remarkably higher

than the corresponding ones from the purplish soil pro-

file. The yHA values of both series of soil samples fell

in a range of 0.04–7.90 g/kg, which is lower than those

reported in the literature (2.3–15.7 g/kg) (Spaccini et al.

2006), and the HAC/TOC ratios (2.00 %–20.94 %) were

also lower than other reports (about 20 %) (Grasset and

Amblès 1998; Grasset and Ambles 1998; Schulten and

Schnitzer 1997), except Y1 whose HAC/TOC ratio was

20.94.

The TOC contents and yHAs decreased downward along

the soil profiles at both sites, and this may be due to the

lower organic material input of deeper soil layers (Lawr-

ence et al. 2015; Qu et al. 2009; Wu et al. 2011). The C/N

ratios decreased downward along the two soil profiles,

which is in line with other studies, indicating a relative

enrichment of organic N in the SOM of deeper layers (Dick

et al. 2005; Rumpel and Kogel-Knabner 2011). The sand

contents decreased from 2.97 % to 0.71 % and from

46.20 % to 9.08 % downward along the yellow soil profile

and the purplish soil profile, respectively, and this may be

due to the translocation of clay particles from the top-layer

to the deeper layers in the soil profile or the higher

weathering intensity of the top-layer soil. The HAC/TOC

ratios decrease downward along the both soil profiles,

which are in line with the observation of the prior study

(Alvarez-Arteaga et al. 2012), suggesting the preservation

and formation of HA are lower in deeper soil layer.

However, the HAC/TOC ratios decreased significantly

(from 20.94 % to 3.02 %) along the yellow soil profile but

slightly (from 3.25 % to 2.00 %) along the purplish soil

profile.

Table 2 Soil organic carbon

(TOC) and nitrogen (TON), C/N

ratio, soil sand contents (wt%),

extraction yields (g�kg-1 of

soil), and the percentage of the

ratio of organic carbon in HA

fraction to the corresponding

bulk soil (HAC/TOC) of the soil

profiles

Soil sample TOC TON C/N Yield (yHAs) HAC/TOC Sand content

Y1 2.01 0.16 12.88 7.90 20.94 2.97

Y2 0.81 0.09 8.8 1.00 6.29 0.92

Y3 0.50 0.08 5.89 0.30 3.02 0.71

P1 0.16 0.01 16.00 0.10 3.25 46.20

P2 0.11 0.02 5.5 0.04 2.00 44.34

P3 0.11 0.03 3.29 0.06 2.99 9.08
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3.2 Elemental compositions of HAs

The elemental compositions of YHAs and PHAs are listed

in Table 3. In general, the carbon contents of YHAs

(50.28 %–53.28 %) were much lower than those of PHAs

(52.01 %–55.00 %), which suggest that the condensation

or aromatic degrees of YHAs are lower than those of

PHAs. The C/N ratio of Y1HA was higher than that of

P1HA, however, the C/N ratios of Y2HA and Y3HA were

much lower than those of corresponding P2HA and P3HA.

The changes of elemental compositions along the soil

profiles are different between the two sites. The C contents

of YHAs decrease from 53.28 % in the top-layer to

50.28 % in the bottom-layer of the yellow soil profile,

while the C contents of PHAs increase from the top-layer

(52.01 %) to the deeper-layer (about 55.00 %). The N

contents of YHAs increase from 4.18 % to 5.93 % down-

ward along the yellow soil profile, while they decrease

from 5.03 % to 4.72 % downward along the purplish soil

profile. The C/N ratios of HAs decreased downward along

the yellow soil profile (from 14.86 to 9.89), and increased

along the purplish soil profile (from 12.06 to 13.53). The

changes of C/N ratios along the yellow soil profile were

consistent with prior reports (Abakumov et al. 2010). The

C/O and C/H ratios of the yellow soil HAs changed slightly

along the soil profile (1.93–1.95 and 0.80–0.82, respec-

tively), while the C/O and C/H ratio of the purplish soil

HAs increased sharply downward along the soil profile

(from 1.91 to 2.04 and from 0.75 to 0.97, respectively).

3.3 FTIR–ATR spectroscopy of HAs

The FTIR spectra of YHAs and PHAs were shown in

Fig. 1. It has been known that the adsorption bands around

1040 cm-1 may be attributed to the C–O asymmetric

stretch vibrations of carbohydrates (Giovanela et al. 2010;

Kalbitz et al. 1999; Peschel and Wildt 1988; Stevenson and

Goh 1971). The intensities of adsorption bands around

1040 cm-1 of HAs increased visibly downward along the

yellow soil profile but changed slightly along purplish soil

profile, suggesting the carbohydrate components of YHAs

increased downward along the yellow soil profile, while

changed slightly along the purplish soil profile. The

adsorption bands at 2920 and 2850 cm-1 are usually

attributed to C–H stretch vibrations of methyl or methylene

components. The intensities of adsorption bands around

2850 and 2920 cm-1 of YHAs were remarkably lower than

those of PHAs, suggesting the contents of methyl or

methylene components in YHAs were lower than those in

PHAs, which is in line with the investigation by Galantini

et al. (2004), in which they found finer textured soil was

less aliphatic. The intensities of adsorption bands around

2850 and 2920 cm-1 of HAs decreased gradually along the

yellow soil profile, and also showed an obviously drop in

P3HA than those in P1HA and P2HA, suggesting the

amount of methyl components or methylene components in

HAs were decreased downward along the two soil profiles,

which is in line with the study on the Rutigliano soil profile

(Traversa et al. 2014). It has been suggested that the methyl

or methylene components increase, while carbohydrates

decrease as the decomposition degree of SOM increase

(Baldock et al. 1997; Dai et al. 2002); the changes of the

two components along the soil profiles may suggest that the

decomposition degrees of HA in the bottom-layers of the

two soil profiles are lower than those of the top-layers.

The adsorption bands at 1710 cm-1 were generally

attributed to C=O stretch vibrations of various groups, such

as carboxyl acids, carboxylates, esters, ketones, and

amides. The intensities of adsorption bands around

1710 cm-1 of HAs decreased slightly downward along the

yellow soil profile but increased visibly downward along

the purplish soil profile, suggesting the C=O functional

groups of HAs decreased slightly downward along the

yellow soil profile but increased visibly downward along

the purplish soil profile. The decreased intensities of bands

around 1710 cm-1 downward along the purplish soil pro-

file were in line with the study on the Vauda di Nole soil

profile (Traversa et al. 2014).

The adsorption bands around 1545 cm-1 are usually

attributed to C=N and C=C stretch vibrations in amide and

pyrrole materials. The intensities of adsorption bands at

1545 cm-1 of HAs increased gradually downward along

yellow soil profile, suggesting amide groups of the HAs

increased downward along the yellow soil profile, and this

Table 3 Elemental

compositions (wt%), atomic

ratios, ash contents (wt%), and

E4/E6 ratios of HA

Elemental composition (ash-free) Atomic ratio Ash E4/E6

C N O H C/N C/O C/H

Y1HA 53.28 4.18 36.70 5.61 14.86 1.93 0.80 2.00 5.63

Y2HA 50.92 5.30 34.80 5.20 11.20 1.95 0.82 0.89 9.45

Y3HA 50.28 5.93 34.50 5.24 9.89 1.94 0.81 1.77 11.53

P1HA 52.01 5.03 36.18 5.83 12.06 1.91 0.75 0.47 8.55

P2HA 55.00 4.85 34.45 5.19 13.22 2.13 0.89 1.28 8.89

P3HA 54.76 4.72 35.76 4.76 13.53 2.04 0.97 0.70 10.02
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was in line with prior studies (Marinari et al. 2010; Tra-

versa et al. 2011, 2014). The intensities of adsorption bands

at 1545 cm-1 of HAs decreased downward along the

purplish soil profile, and this may be due to the fact that the

HAs of the purplish soil decomposed highly by microor-

ganisms. The trends of amide groups along soil profiles

were similar to the N contents of HAs.

3.4 CPMAS 13C-NMR spectroscopy of HAs

The CPMAS-13C-NMR is a powerful tool for the charac-

terization of soil HAs. Although the resonance peaks

attributed to different carbon components overlap slightly,

the integrated areas of carbon regions can be used for the

qualitative comparison of component contents in HAs

extracted from similar samples (Dick et al. 2005; Quideau

et al. 2001; Schnitzer and Levesque 1979; Skjemstad et al.

1994).

The 13C-NMR spectra of HAs extracted from two soil

profiles are shown in Fig. 2 and the relative proportion of

different carbon components for HAs are listed in Table 4.

In general, the main peaks of all HAs were around 30 ppm,

which are consistent with other studies (Gonzalezvila and

Lentz 1976; Hatcher et al. 1980). For YHAs, the most

pronounced carbon components of YHAs were O-alkyl-C

components (29.67 %–38.00 %), and the second most

abundant components were alkyl-C components (24.72 %–

29.19 %), and this carbon distribution was same to another

study (Fabbri et al. 1998). In contrary to the yellow soil, the

relative contents of O-alkyl-C components (27.65 %–

30.39 %) were lower than the alkyl-C components

(24.95 %–31.97 %) in PHAs, which is in line with the

findings of Yang et al. (2011). As mentioned before, alkyl-

C accumulates and O-alkyl-C consumes during the

decomposition of SOM, so the A/O–A ratio was considered

to be a suitable index for estimating the decomposition

degree of HAs (Baldock et al. 1997; Dai et al. 2002). The

A/O–A ratios of PHAs were higher than those of the cor-

responding YHAs, implying that the decomposition

degrees of PHAs are higher than those of the corresponding

YHAs, and this was consistent with the better aeration

condition in the purplish soil profile, which favors the

degradation reactions of HA. However, A/O–A ratios

showed decreasing trends along both profiles, which may

mean that the decomposition levels of HA in the lower

layers are higher than those in the upper layers of the two

soil profiles, however the E4/E6 data have showed that the

molecular sizes of HAs decrease unanimously along two

soil profiles. Therefore, the A/O–A ratio as an index of the

decomposition degree of SOM should be applied with

caution and restriction.

The changes of O-alkyl-C contents in HAs along soil

profiles may depend on the soil types. Some previous

investigators observed increases of O-alkyl-C components

downward along the soil profiles (Gressel et al. 1996;

Preston et al. 1994; Ussiri and Johnson 2003), while some

others observed a significant decrease (Kogelknabner et al.

1991) or slight decrease (Preston et al. 1994). This study

found that O-Alkyl C contents of YHAs increased from

29.67 % to 38.00 % and O-Alkyl C contents of PHAs

decreased from 30.39 % to 27.65 % downward along the

two soil profiles (Table 4). The changes of the aromatic-C

contents of HAs along the soil profiles depended on the soil

types. The aromatic-C contents of HAs decreased down-

ward along the yellow soil profile but increased downward

along the purplish soil profile.

The ratio of Ho/Hi was introduced to indicate the

hydrophobicity of HA (Spaccini et al. 2006). Ho/Hi ratios

of YHAs were smaller than those of the corresponding

PHAs, suggesting that the hydrophobicity of YHAs was

2920 2850 1710 1625 1545 1445 1385 1227 10403003

010002000300040005000

Y1HA

Y2HA

Y3HA

P1HA

P2HA

P3HA

3300

Wavenumber(cm )-1

Fig. 1 The FTIR spectra of

HAs extracted from yellow and

purplish soil profiles
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lower than that of PHAs. Ho/Hi ratios decreased downward

along both soil profiles, however, the intensities of

decrease were different. Ho/Hi ratios decreased signifi-

cantly along yellow soil (from 1.07 to 0.79) and decreased

slightly along purplish soil (from 1.09 to 1.00).

3.5 UV–Vis spectroscopy of HAs

The characteristics of HAs could also be obtained through

their UV–Vis spectra. The UV–Vis spectra of HAs

extracted from yellow and purplish soil profiles are shown

in Fig. 3. In line with other studies (Baes and Bloom 1990;

Chin et al. 1994; Giovanela et al. 2010; Korshin et al.

1997), the absorbance values decreased in intensity con-

sistently from 200 to 800 nm. The ‘‘shoulder’’ peaks were

observed at around 270–280 nm in all of the spectra. This

may be due to the overlap of a large number of chro-

mophores present in the humic cores (Fooken and

Liebezeit 2000; Giovanela et al. 2010; Peuravuori and

Pihlaja 1997). The absorbance intensities of PHAs in the

UV region (200–400) were higher than those of YHAs, and

this may suggest the aromatic degrees of PHAs were higher

than those of the YHAs (Senesi et al. 1996).

The E4/E6 ratios of HAs were obtained by the absor-

bance ratios at wavelengths of 465 and 665 nm. The pre-

vious investigators concluded that the ranges of E4/E6 ratio

of HA extracted from the top-layer of soil profiles was

3.8–5.8 (Kukkonen 1992) and 5.44–5.7 (Chen et al. 1977).

Our results showed the range was from 5.63 to 11.53

(Table 3), which was much higher than the previous

reports. The E4/E6 ratio of Y1HAs was lower than that of

P1HA, and this may be a result of the lower sand content of

Y1 compared to that of P1. Prior investigators also found

that the E4/E6 ratio was greater in HA extracted from

coarser textured soil (Galantini et al. 2004; Traversa et al.

2014). The E4/E6 ratios of HAs extracted from the two soils

04080120160200240280

102225

Y1HA

Y2HA

Y3HA

P1HA

P2HA

P3HA

173 128 72 55 31 24

ppm

Fig. 2 CPMAS 13C-NMR

spectra of HAs extracted from

yellow and purplish soil profiles

Table 4 Chemical shift of

CPMAS 13C-NMR spectra,

relative proportion of different

carbon types and relative

proportion ratios for the HAs

extracted from yellow and

purple soils

0–45 45–110 110–140 140–160 160–185 185–230 A/O–Aa Ho/Hib

Alkyl C O-alkyl C Aromatic C Phenolic C Carboxyl C Carbonyl C

Y1HA 29.19 29.67 16.15 6.27 13.07 5.65 0.98 1.07

Y2HA 26.27 34.43 15.30 5.69 13.61 4.69 0.76 0.90

Y3HA 24.72 38.00 14.36 5.19 13.31 4.42 0.65 0.79

P1HA 31.97 30.39 14.79 5.31 13.01 4.53 1.05 1.09

P2HA 31.78 29.76 15.56 4.79 13.75 4.37 1.07 1.09

P3HA 24.95 27.65 20.11 5.05 16.44 5.80 0.90 1.00

A/O–Aa = alkyl C/O–alkyl C = (0–45)/(45–110)

Ho/Hib = hydrophobic C/hydrophilic C = [(0–45) ? (110–160)]/[(45–110) ? (160–230)]
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obviously increased downward along the soil profile; this

trend contrasted prior investigations (Traversa et al. 2011;

Gondar et al. 2005), which observed that E4/E6 ratios

decreased downward along the soil profiles. The E4/E6

ratios were 8.55, 8.89 and 10.02 for P1HA, P2HA and

P3HA, respectively. The E4/E6 ratios of P1HA and P2HA

were close and significantly different from that of P3HA;

this variation pattern is very similar to that of the sand

contents in the purplish soil profile, suggesting that the

sand contents affected the E4/E6 ratios and other charac-

teristics related to the E4/E6 ratios, such as decomposition

degree and condensation degree.

4 Discussion

The two soil profiles were sampled from one small geo-

graphic area with similar vegetation covers, however,

while the climate conditions and the fresh organic residue

inputs of the soil sites were similar, the compositions and

dynamics of extracted HAs were found to be notably dif-

ferent along the two soil profiles. The different character-

istics and dynamics of SOMs along the two soil profiles

should be a result of the different textures of the soils. In

terms of soil classification, these two soils are quite dif-

ferent. The yellow soil belongs to Ferralsol, a type of

weathered soil with a yellow or red color from the accu-

mulation of metal oxides, particularly iron and aluminum

oxides; the purplish soil belongs to Cambisol, a type of soil

with incipient soil formation and weak differentiation of

soil horizons. The properties of a soil are influenced largely

by its texture. In general, the mineral components of soil

include sand, silt and clay, and their relative proportions

determine the texture of a soil. Sand is the largest and the

most stable mineral components of soil, and its content

usually determines the volume of soil pores, influences the

activity of organisms, and affects the characteristics of

SOM (Hassink et al. 1993). The sand contents of the yel-

low soil and purplish soil samples were remarkably dif-

ferent and their variation trends along the two profiles were

also different (Table 2), showing negative correlations to

TOCs and positive correlations to humification degree of

HAs along the soil profiles, indicating that the sand content

might be an important factor for the controlling charac-

teristics and distribution of SOM in the two soil profiles.

4.1 Sand content effects on characteristics of HAs

of the two soils

The purplish soil samples have higher sand contents than

the corresponding yellow soil samples, which might be the

reason for the purplish soil sample having the much lower

TOC content compared to the corresponding yellow soil

sample. It has been suggested that the SOMs are decom-

posed quickly by microorganisms in high sand content soils

(Galantini et al. 2004; Ladd et al. 1985; Traversa et al.

2014). The sand contents along the purplish soil profile

were in the range of 9.08 wt%–46.20 wt%, which were

significantly higher than those along the yellow soil profile

(0.71 wt%–2.97 wt%) (Table 2). The high sand content

might result in better aeration and water permeability

conditions along the purplish soil profile, leading to the fast

decomposition of SOM, and reducing the accumulation of

SOM in soils.

The influences of sand content on SOM were also

expressed in the detailed investigation of characteristics

and distributions of HA along the soil profiles. As men-

tioned above, the two sites were covered by similar vege-

tation litters, which mean similar inputs of organic matter

to the soil profiles. The oxidative decomposition of vege-

tation litters was considered to be divided into three suc-

cessive stages: firstly, the losing of carbohydrates,

including cellulose, hemicellulose and protein; subse-

quently, the decomposing of lignin; and finally, the losing

of highly recalcitrant alkyl-C including long chain fatty

acids, lipids and waxes (Baldock et al. 1997). Accordingly,

the alkyl-C contents of HA will increase relatively and

O-alkyl-C contents of HA will decrease relatively as the

decomposition processes of HA proceed. The results of

FTIR-ATR and CPMAS 13C-NMR showed that methyl,

methylene (or alkyl-C) components were higher and car-

bohydrate (or O-alkyl-C) components were lower in PHAs

than in corresponding YHAs, and we concluded that the

1 5.

2 0.

2 5.

Y1HA

Y2HA
Y3HA

0

0 5.

1 0.

1 5.

2 0.

2 5.

200 300 400 500 600 700 800

P1HA

P2HA
P3HA

Wavelength(nm)

A
bs
(a
.u
.)

270

Fig. 3 UV–Vis spectra of HAs extracted from yellow and purplish

soil profiles
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decomposition degrees of PHAs were higher than those of

YHAs, especially, in the top layers of the two soil profiles.

It was also supported by the E4/E6 ratios of HAs from the

two soil profiles, as the E4/E6 ratios were 8.55 and 5.63 for

P1HA and Y1HA, respectively, implying that the molec-

ular size of P1HA was smaller than that of Y1HA.

Since the development degrees of yellow soils were

higher than those of purplish soils, the ages of YHAs may

be older than PHAs; however, the expectation contrasted to

the results of study. The contradiction may partly be due to

the fast decomposition of organic matters in the purplish

soil profile caused by the well aeration of high sand content

of purplish soil profile.

4.2 Sand contents effects on HA dynamics along two

soil profiles

Leaching has been suggested as a general way for SOM

transportion along the soil profile (Kogelknabner et al.

1988). The characteristics and distribution of HA along the

yellow soil profile were influenced by leaching, e.g. the

hydrophobicity, indicated by the Ho/Hi ratio, of YHA

decreased gradually along the soil profile; the non-polar

alkyl-C components decreased gradually along the soil

profile; O-alkyl-C measured by 13C-NMR and carbohy-

drates measured by FTIR-ATR, and the relatively polar

components increased gradually along the soil profile.

The sand contents are much higher along purplish soil

profile than those corresponding along the yellow soil

profile, so the water permeability and aeration conditions of

the purplish soil profile are better and the effects of

leaching on the characteristics and distribution of SOM

along the purplish soil profile should be more remarkable.

Figure 1 shows a remarkable increase of C=O content

along the purplish soil profile but non-significant change

along the yellow soil profile; this could be an evidence of

strong leaching effects on the dynamics of HA along the

purplish soil profile, since C=O contents, especially car-

boxyl groups, are polar functional groups which tend to

transport with soil water and accumulate at the lower part

of the soil column. However, the hydrophobicity of PHAs

and components of O-alkyl-C and carbohydrate in PHAs

didn’t show significant changes along the purplish soil

profile. This might be a result of the high decomposition of

PHAs in the sandy purplish soil. The aeration condition in

the sandy purplish soil profile favors the growing of

microorganisms, which prefer the utilization and decom-

position of carbohydrates which led to the PHAs depletion

of carbohydrates (polar) and affected the transformation of

HAs along the soil profile.

The characteristics of P3HA were significantly different

from corresponding those of P1HA and P2HA, for

instance, UV–Vis spectra (Fig. 3) of P1HA and P2HA are

quite similar but obviously different from that of P3HA, the

carbon distributions, measured by 13C-NMR (Table 4), of

P1HA and P2HA are similar and significantly different

from that of P3HA. The sand contents along the purplish

soil profile showed a similar trend, and the sand contents of

P1 and P2 were at the same level and were obviously

higher than that of P3 (Table 2). The highly consistent

variations of sand contents and characteristics of PHAs

along the purplish soil profile suggested that the sand

content may play an important role in controlling the

characteristics and dynamics of PHAs along the purplish

soil profile.

The decomposition and humification degrees are often

discussed in studying the properties and dynamics of SOM

along soil profiles. The SOM formed in the superficial layer

of soil were found to be more stable than those formed in

deeper-layers, due to the high activity of microorganisms in

superficial layer (Alvarez-Arteaga et al. 2012; Orlov 1998).

Similarly, we found that the decomposition and humifica-

tion degrees of HA in the top-layer were higher than those

in the deeper-layers of the studied soils. Many indexes

could be used to calculate the decomposition and humifi-

cation degrees of HAs. Firstly, the E4/E6 ratio was used to

indicate the humification degrees of HAs (Brunetti et al.

2012; Chen et al. 1977; Giovanela et al. 2010; Stevenson

1994). The E4/E6 ratios of HAs increased consistently

downward along the two soil profiles, indicating that the

humification degrees of HA decreased downward along the

soil profiles at both soil sites. Secondly, prior studies had

found that Alkyl-C contents increase and O-alkyl-C con-

tents decrease as the decomposition degree of SOM

increase (Baldock et al. 1997; Dai et al. 2002); the higher

the decomposition degree of SOMs, the larger the A/O–A

ratio. The A/O–A ratio could be regarded as a sensitive

index of the decomposition degree of SOM. In this study,

the A/O–A ratios of HAs showed a decreasing trend

downward along the soil profiles, also suggesting the

decreasing trend of the decomposition degree of HAs

downward along the two soil profiles.

Aromatic component contents also could be used to

indicate the decomposition and humification degrees of

HA. As mentioned earlier, the decomposition and humifi-

cation degrees of HAs decrease downward along the two

soil profiles. The variation patterns of the aromatic-C

contents of HAs along the two soil profiles are completely

different: aromatic-C contents of HAs decreased along the

yellow soil profile but increased along the purplish soil

profile (Table 4). As discussed above, the decomposition

and humification degrees of HAs along the two soil profiles

decrease; consequently, the inconformity of the variation

patterns of the aromatic-C contents along the two soil

profiles indicated a uniform decrease of the decomposition

and humification degrees along the soil profiles, which may
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be related to the differences of decomposition degrees of

the two soils. There should be a disctinction of the

decomposition stages of the SOMs when discussing the

accumulation or depletion of the aromatic-C components

as decomposition and humification processes. The aro-

matic-C components of HAs are considered to be derived

from lignin (Oades 1995). The aromatic-C components

accumulated as decompositions of carbohydrate, cellulose

and hemicellulose are proceeding (Baldock et al.

1992, 1997; Bracewell and Robertson 1987; Hempfling

et al. 1987; Zech et al. 1992), therefore in general, the

decrease of aromatic-C component contents are suggested

to be an evidence of the decrease of decomposition and

humification degrees. However, as the decomposition

proceeds, the aromatic-C components were also decom-

posed and the alkyl-C components were gradually accu-

mulated (Baldock et al. 1992). This case may occur when

the easier decomposed materials, such as carbohydrate,

cellulose and hemicellulose, were excessively decomposed.

The high sand of purplish soil led to the fast decomposition

of HAs. The HA yield values along the purplish soil profile

are lower than those of the corresponding yellow soil

profile, and the O-alkyl-C contents of PHAs were lower

than corresponding layers of YHAs, except P1HA, which is

slightly higher than that of Y1HA. As a result, the aro-

matic-C of HAs may be decomposed in the purplish soil,

leading the aromatic-C content to decrease during the

decomposition and humification process; therefore the

increase of aromatic-C contents downward along the pur-

plish soil profile may also indicate the decrease of the

decomposition and humification degrees. In this way, the

different patterns of the aromatic-C contents of HAs along

the two soil profiles may result from the different decom-

position and humification degrees of the two soil HAs,

which were ultimately caused by the different sand

contents.

On the basis of the above discussions, we believed that

the different levels and distributions of sand contents along

the two soil profiles influence the decomposition and

humification of soil HAs and therefore lead to the different

characteristics and distributions of HAs in the two soil

sites. Nevertheless, other factors cannot be ruled out, for

instance, characteristics of Fe and Al minerals, differences

of soil microflora, etc. Fe and Al minerals may affect the

quantity of SOM by stabilizing SOM through sorption,

entrapment and complexation processes (Guggenberger

and Haider 2002) and affecting the quality of SOM by

differential sorption or complexation of SOM components

(Dick et al. 1999, 2005; Parfitt et al. 1999; Wattel-Koek-

koek et al. 2001); the activity intensity and the major types

of microflora in the soil are also important influential fac-

tors of the characteristics and distributions of SOM, all of

which need careful further study.

5 Conclusions

Soil texture plays a significant role in the evolution of SOM

along the soil profile. Although the yellow soil profile and

the purplish soil profile in this study were adjacent and

covered by similar vegetation covers, their SOM compo-

nents showed quite different characteristics and distribu-

tion patterns along the soil profiles: SOMs in the purplish

soils showed higher decomposition and humification levels

compared to those of the yellow soil, SOM contents were

significantly lower in the purplish soils than in the corre-

sponding yellow soils, and the variations of SOM charac-

teristics and contents were diminished along the purplish

soil profiles compared to along the yellow soil profile. The

different characteristics and distribution patterns of SOMs

along the two soil profiles were attributed, mainly, to the

different sand contents of the two soils and were further

reinforced by the characteristics of SOM itself.
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Knabnerc I, Simões ML, Martin-Neto L (2005) Characteristics

of soil organic matter of different Brazilian ferralsols under

native vegetation as a function of soil depth. Geoderma

124:319–333. doi:10.1016/j.geoderma.2004.05.008

Fabbri D, Mongardi M, Montanari L, Galletti GC, Chiavari G, Scotti

R (1998) Comparison between CP/MAS 13C-NMR and pyrol-

ysis-GC/MS in the structural characterization of humins and

humic acids of soil and sediments. Fresenius J Anal Chem

362:299–306. doi:10.1007/s002160051078

Fooken U, Liebezeit G (2000) Distinction of marine and terrestrial

origin of humic acids in North Sea surface sediments by

absorption spectroscopy. Mar Geol 164:173–181. doi:10.1016/

s0025-3227(99)00133-4

Galantini JA, Senesi N, Brunetti G, Rosell R (2004) Influence of

texture on organic matter distribution and quality and nitrogen

and sulphur status in semiarid Pampean grassland soils of

Argentina. Geoderma 123:143–152. doi:10.1016/j.geoderma.

2004.02.008

Giovanela M, Crespo JS, Antunes M, Adametti DS, Fernandes AN,

Barison A, Silva CWP, Régis Guégan, Mikael Motelica-Heino
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