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Organic residue quality has influence not only on soil organic carbon (SOC) accumulation but also on its 
composition. This study aimed to assess SOC composition in soil treated with biochemical contrasting 
organic residues for 13 years compared to 22 years treated soil using synchrotron-based FTIR 
microspectroscopy which is the technique that give high resolution to detect organic carbon composition 
in soil. Four organic residues used in this study were control (no residue addition), groundnut stover 
(high nitrogen (N), low lignin (L) and polyphenols (PP)), tamarind litter (intermediate contents of N, L and 
PP), rice straw (low N, L and PP but high cellulose (CL)) and dipterocarp leaf litter (low N, high L and 
PP). SOC composition of 13 and 22 years treated soil were found the same and different functional 
groups. The additional organic functional groups in 13 years treated soil was aromatic COO-stretching. 
In 22 years treated soil, the additional organic functional groups were -NH stretching of secondary 
amine, amide, carboxylic acid O-H stretching and aliphatic C-H stretching. The results of relationships 
between SOC composition and the biochemical composition of organic residues of 13 and 22 years 
treated soil showed the negative correlation between N content in organic residue and aromatic COO-
stretching in 13 years treated soil but positively correlated with -NH stretching of secondary amine, 
amide in 22 years treated soil. In addition, L and PP were positively correlated with carboxylic acid O-H 
stretching. Moreover, CL was positively correlated with aliphatic C-H stretching in 22 years treated soil. 
The results indicate that a shift in SOC chemical composition may be associated with organic residues 
biochemical composition and time that might continue affect soil fertility and productivity.   
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INTRODUCTION 

Soil is an important reservoir of carbon (C), as 
well as an important component of global carbon 
cycling (Zhang et al., 2017). The soil C pool is the 

largest C storage in the terrestrial ecosystem and 
the organic C pool consists of more than 90% of 
the total soil C pool (Li et al., 2017) that increasing 
soil C pool can help to enhance not only crop 
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productivity but also yield stability (Han et al., 
2016). Soil organic carbon (SOC) is a strong 
determinant of soil fertility through its positive 
effects on soil structure, soil chemical and 
biological properties which in turn 
stimulate primary production (Panakoulia et al., 
2017). SOC provides the energy essential to 
biological processes and, when considered in 
combination with its associated nutrients, can 
contribute to the resilience of soil and plant 
systems. Soil physical properties influenced by 
SOC content include soil structural form and 
stability, water retention, and thermal properties. 
SOC also contributes to defining the cation 
exchange and buffer capacities of soils (Baldock, 
2007). Therefore, application of manure and other 
organic amendments is another important SOC 
sequestration strategy (Lal, 2004). Moreover, the 
importance of applying crop residues as an 
amendment to enhance the SOC pool has long 
been recognized (Melsted, 1954; Tisdale and 
Nelson, 1966) due to plant and microbial residues 
represent the major parent material from which 
SOC is formed (Baldock, 2007), especially 
qualities of organics (i.e. lignin, C–N ratio etc.) 
which can influence the quantity of SOC 
development in soil (Manna et al., 2005). In 
addition, organic residues quality is a key factor in 
determining the turnover time of organic residues 
by microorganisms as well as carbon (C) 
stabilization in soil (Six et al., 2002; Lützow et al., 
2006). The biochemical quality of organic residues 
is mainly defined by their content of nitrogen (N), 
lignin (L) and polyphenols (PP) (Palm et al., 
2001). It was shown that high quality (N > 2.5%, L 
< 15%, PP < 4%) organic residues (e.g., 
groundnut stover, tobacco, rape) increased soil 
microbial decomposition in comparison to low 
quality organic residues (N < 2.5%, L > 15%, PP > 
4%) (e.g., dipterocarp litter, wheat straw) (Hadas 
et al., 2004; Puttaso et al., 2011). Previous study 
reported that the result of SOC composition in 
tropical sandy soil after 13 years (2008) 
application of biochemical contrasting organic 
residues using diffuse reflectance Fourier 
transform mid-infrared spectroscopy (midDRIFTS) 
was found bands representing organic functional 
groups including aliphatic C-H stretching, 
carbohydrate overtones of C-OH stretching, 
aromatic COO-stretching, C=C of aromatic 
groups, C-O of phenolic OH, C-H deformation of 
CH2 and CH3 groups, COO- antisymmetric 
stretching of some aromatic organic acids, e.g., 
malonic and/or benzoic acids, C-N of aromatic 
amide II, C-OH of aliphatic OH, aromatic C-H out 

of plane bending and -NH2/-NH structure in 
aliphatic primary and secondary amides (Kunlanit 
et al., 2014) that were different from the result of 
SOC composition in year 22 (2017) using Fourier 
transform infrared spectroscopy (FTIR) which 
were found bands representing organic functional 
groups including C-N stretching amine, C-OH of 
aliphatic OH, C-O stretching aliphatic ether, C-O 
stretching of polysaccharides, C-O stretching vinyl 
ether, C-C stretching, aromatic            C-H out of 
plane bending, -NH2/-NH structure in aliphatic 
primary and secondary amides and C-I stretching 
halo compound (Somboon et al., 2017). However, 
apart from midDRIFTS and FTIR are used to 
study the chemical composition of SOC, 
synchrotron-based FTIR microspectroscopy also 
applied in characterizing chemical composition of 
SOC. 

Synchrotron radiation is an infrared source of 
radiation generated by electrons travelling at 
relativistic velocities, either inside a curved path 
through a constant magnetic field (bending 
magnet radiation) or on their trajectories inside a 
variable magnetic field (Dumas et al., 2007). The 
emitted radiation spans an extremely broad 
spectral domain, extending from the X-ray to the 
very far-IR region and infrared photons are 
emitted in narrow angles (Dumas et al., 2004). 
Thus, synchrotron-based FTIR microspectroscopy 
represents an advance over conventional FTIR 
spectroscopy because it gives a higher 
signal/noise ratio at the highest spatial resolution 
(Salvadó et al., 2005), faster acquisition time and 
superior spectral quality (Dumas et al., 2004). 
Hence, the objective of this study to assess SOC 
composition in soil treated with biochemical 
contrasting organic residues for 13 years 
compared to 22 years treated soil using 
synchrotron-based FTIR microspectroscopy. 
 
MATERIALS AND METHODS 

Soil samples     
Soil samples were collected from a long-term 

field experiment at the research station of the 
Agriculture and Co-operatives of the Northeast at 
Tha Phra subdistrict, Khon Kaen province, 
Thailand (16°20′N; 102°49′E). The soil was 
classified as a Khorat sandy loam (fine loamy 
siliceous isohyperthermic Typic (Oxyaquic) 
Kandiustults (Soil Survey Staff, 2006). The 
proportions of sand, silt and clay in the topsoil (0-
15 cm depth) were 90, 5 and 5%, respectively. 
Initial topsoil chemical characteristics were: pH 
(H2O) 5.5, CEC 3.5 cmol kg-1, total C 2.1 g kg-1 
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and bulk density 1.45 g cm-3 (Vityakon et al., 
2000). The long-term field experiment was estab-
lished in 1995 with annually applied organic 
residues inputs (at the rate of 10 Mg ha-1 dry 
weight per year) to restore soil organic matter in a 
degraded tropical sandy soil and the current 
evaluations were performed at week 52 after 
organic residue application in year 13 (2008) and 
22 (2017). There were five treatments in this study 
including: 1) untreated soil (control; CT), 2) 
groundnut (Arachis hypogaea) stover (GN) with 
high N but low L and PP (N 22.8, L 67.6, PP 12.9 
and CL 178.0 g kg-1), 3) tamarind (Tamarindus 
indica) leaf and petiole litter (leaf:petiole ratio = 
7:1 on dry weight basis) (TM) with medium N, L 
and PP (N 13.6, L 87.7, PP 31.5 and CL 143.0 g 
kg-1), 4) rice (Oryza sativa) straw (RS) with low N, 
L and PP but high CL (N 4.7, L 28.7, PP 6.5 and 
CL 507.0 g kg-1) and 5) dipterocarp 
(Dipterocarpus obtusifolius) leaf litter (DP) with 
low N but high L and PP (N 5.7, L 175.5, PP 64.9 
and CL 306.0 g kg-1) (Puttaso et al., 2011). This 
experiment has been designed as the randomized 
complete block design (RCBD) with a plot size of 
4x4 m2. Weeds were controlled at approximately 
monthly intervals. Three random soil samples 
from each of three replicate plots of each 
treatment were collected at 0-15 cm depth using 
an auger. The soil samples were air dried and 
sieved up to pass 2 mm.   

Synchrotron-based FTIR microspectroscopy 
Soil sample of each treatment was ball milled 

and dried overnight at 32 °C. The samples 
characterization were done by synchrotron-based 
FTIR microspectroscopy. Soil sample was 
prepared using a diamond window which is 
available to assist with sample preparation for 
transmission studies. Diamond windows have 
many advantages that exhibit a broadband 
transparency ranging from the UV to the far IR. 
Numerical simulations indicate that diamond 
windows can offer an attractive and at times the 
only alternative to beryllium windows for use on 
the third generation x-ray synchrotron radiation 
beamlines (Khounsary and Kuzay, 1992). There is 
only one minor absorption band around 5 μm with 
resulting from two-phonon absorption (maximum 
absorption coefficient: 12 cm-1). Hence, it is an 
ideal material for soil sample preparation with 
multi-wavelength spectroscopy. Spectral data 
were collected at an infrared microspectroscopy 
beamline (BL4.1 Infrared Spectroscopy and 
Imaging) at the Synchrotron Light Research 
Institute (SLRI). Spectra were acquired with a SR-

FTIR (Hyperion 2000, Bruker Optics, Ettlingen, 
Germany) coupled with an Infrared microscope 
(Hyperion 2000, Bruker) using the 36x objective 
with an MCT detector cooled with liquid nitrogen 
over the measurement range from 4000 to 800            
cm-1. The measurements were performed in 
transmission mode, using an aperture size of 
20×20 μm2 with a spectral resolution of 4 cm-1, 
with 64 scans co-added. Spectral acquisition and 
instrument control were performed using OPUS 
7.2 (Bruker Optics Ltd, Ettlingen, Germany) 
software  

Data analysis     
Statistical analysis of the result was carried 

out by two-way analysis of variance (ANOVA) with 
least significant differences (LSD) for multiple 
comparisons among treatments using SPSS,                    
a statistical program (SPSS, version 16.0).                        
The Pearson correlation analysis was also 
conducted to study relationships between FTIR 
peak areas and biochemical composition of 
organic residues. 
 
RESULTS AND DISCUSSION 

SOC composition in soil treated with 
biochemically contrasting organic residues for 
13 and 22 years   

The dominant functional groups in the FTIR 
spectra of 13 and 22 years treated soil is 
illustrated in Figure 1a and 1b, respectively and 
further described in Table 1. The similar bands 
showed in Figure 1a and 1b representing organic 
functional groups including carbohydrate 
overtones of C-OH stretching, aromatic C-H 
stretching, aromatic amine C-N stretching, 
aliphatic amine C-N stretching and aromatic C-H 
out of plane bending. The additional bands 
representing organic functional groups in 13 years 
treated soil including aromatic COO-stretching 
and that in 22 years treated soil including -NH 
stretching of secondary amine, amide, carboxylic 
acid O-H stretching and aliphatic C-H stretching. 

The changes in functional groups of SOC 
composition between 13 and 22 years treated soil 
described by the result of relationship between 
chemical composition of SOC and the biochemical 
composition of organic residues in Table 2. The 
organic residue N was positively correlated with 
aromatic COO-stretching in 13 years treated soil 
while, the organic residue N was positively 
correlated with -NH stretching of secondary 
amine, amide in 22 years treated soil. Moreover, L 
and PP were positively correlated with carboxylic 
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acid O-H stretching and CL was positively 
correlated with aliphatic C-H stretching in 22 years 

treated soil. 

 
Table: 1.SOC structure assignment of 13 and 22 years treated soil with biochemically contrasting 
organic residues 

 

13 years treated soil 22 years treated soil 

Wavenumber 
(cm-1) 

Structural assignment 
Wavenumber 

(cm-1) 
Structural assignment 

2180-2015 
Carbohydrate overtones of  

C-OH stretchinge 3500-3301 
-NH stretching of 

secondary amine, amidea 

1975-1672 Aromatic C-H stretchinga 3274-3172 
Carboxylic acid O-H 

stretchingf 

1676-1595 
Aromatic COO-
stretchingc,d,h 2991-2789 Aliphatic C-H stretchingi 

1333-1250 
Aromatic amine C-N 

stretchinga 2155-2042 
Carbohydrate overtones 

of C-OH stretchinge 

1250-1079 
Aliphatic amine C-N 

stretchinga 1975-1830 Aromatic C-H stretchinga 

901-795 
Aromatic C-H out of plane 

bendingb,g 1333-1250 
Aromatic amine C-N 

stretchinga 

  1250-1079 
Aliphatic amine C-N 

stretchinga 

  893-784 
Aromatic C-H out of plane 

bendingb,g 

 
a Aljamali (2015), b Baes and Bloom (1989), c Demyan et al. (2012), d Nault et al. (2009), e Janik et al. 

(2007), f Segneanu et al. (2012), g Senesi et al. (2003), h Smidt and Meissl (2007), i Tinti et al. (2015) 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure: 1. Average FTIR spectra of soil treated with biochemically contrasting organic residues 
after 13 years (a) and 22 years (b) (CT: control, DP: dipterocarp, GN: groundnut stover, RS: rice 
straw, TM: tamarind) 

 (b) (a) 
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Table: 2.Correlation (Pearson correlation coefficient (r)) between FTIR peak areas and organic residue quality 

Significance levels: ** (p< 0.01), * (p< 0.05), ns (p> 0.05) 

 
 

Soil treated with 
organic residues 

(year) 

Wavenumber 
(cm-1) 

Structural assignment 
Initial biochemical composition of  organic residues 

Nitrogen Lignin Polyphenols Cellulose 

13 years treated soil 

2180-2015 Carbohydrate overtones of  C-OH stretching 0.127 -0.706** -0.767** -0.518* 

1975-1672 Aromatic C-H stretching 0.161 -0.666** -0.771** 0.213 

1676-1595 Aromatic COO- stretching 0.003 0.848** 0.910** 0.015 

1333-1250 Aromatic amine C-N stretching -0.191 0.909** 0.948** 0.198 

1250-1079 Aliphatic amine C-N stretching -0.539* 0.241 0.359 0.604* 

901-795 Aromatic C-H out of plane bending -0.253 0.828** 0.876** 0.560* 

22 years treated soil 

3500-3301 -NH stretching of secondary amine, amide -0.850** -0.328 0.090 -0.003 

3274-3172 Carboxylic acid O-H stretching -0.228 0.862** 0.893** 0.232 

2991-2789 Aliphatic C-H stretching -0.420 0.456 0.485 0.836** 

2155-2042 Carbohydrate overtones of C-OH stretching 0.580* -0.404 -0.569* 0.054 

1975-1830 Aromatic C-H stretching 0.029 0.625* 0.583* 0.893** 

1333-1250 Aromatic amine C-N stretching -0.291 -0.360 -0.356 0.821** 

1250-1079 Aliphatic amine C-N stretching 0.633* 0.128 0.475 0.426 

893-784 Aromatic C-H out of plane bending -0.900** -0.156 -0.280 -0.159 
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 Our results indicated that the biochemical 
composition of organic residues have an influence 
on the changes in functional groups of SOC at a 
different period. In addition, it may be affected by 
transformations of soil organic matter (SOM) such 
as decomposition and mineralization (Margenot et 
al., 2015), soil microbial community composition, 
the amounts of microorganisms, and the nature 
and magnitude of the decomposition process 
operating in soil entail changes in functional 
groups (Baldock et al., 1992). Besides, the 
changes of soil properties were strongly 
associated with the changes in functional groups 
including SOC, N, phosphorus (P) and potassium 
(K) contents, soil pH, electrical conductivity (EC), 
bulk density and microbial activities (Wang et al., 
2017; Guo et al., 2016). Likewise, Margenot et al. 
(2015), who also found SOC content had 
correlations with functional groups that show SOC 
had positive and strongest correlations with bands 
representing aliphatic C-H and negative 
correlations with bands representing other 
functional groups such as aromatic C=C (1650 
cm-1) and C-H (920, 840 cm-1), phenol and 
carboxylic acid C-O (1270 cm-1), polysaccharide  
C-O (1110, 1080 cm-1), and amine N-H and 
hydroxyl O-H (3400 cm-1). Additionally, soil 
microbes are an important control on SOC 
turnover and accumulation (Schimel and 
Schaeffer, 2012; Allison et al., 2010; Fontaine and 
Barot, 2005). Moreover, Kallenbach et al., (2016) 
demonstrated that SOC accumulation and 
composition can be strongly influenced by 
microbial communities in soil. Similarly, Hsu et al. 
(2018) reported that the differences in microbial-
driven processing and SOC losses can lead to 
different SOC compositions. Furthermore, Guo et 
al., (2016) point out that changes in SOC 
chemical composition are associated  with SOC 
decomposition rates that was influenced by soil 
moisture, temperature and precipitation (Liu et al., 
2012; Baumann et al., 2009). 
 
Relationships of FTIR peak areas with the 
biochemical composition of organic residues                             

The results showed that all the biochemical 
composition of organic residues (i.e. N, L, PP and 
CL) were correlated with FTIR peak areas of 13 
and 22 years treated soil (Table 2). In 13 years 
treated soil, organic residue N was negatively 
correlated with aliphatic amine C-N stretching, 
whereas L and PP were positively correlated with 
aromatic COO- stretching, aromatic amine C-N 
stretching and aromatic C-H out of plane bending 
and negatively correlated with carbohydrate 

overtones of C-OH stretching and aromatic C-H 
stretching. Beside, CL was both positively 
correlated with aliphatic amine C-N stretching and 
aromatic C-H out of plane bending and negatively 
correlated with carbohydrate overtones of C-OH 
stretching. Conversely, the result of 22 years 
treated soil showed that organic residue N was 
both positively correlated with -NH stretching of 
secondary amine, amide, carbohydrate overtones 
of C-OH stretching and aliphatic amine C-N 
stretching and negatively correlated with aromatic 
C-H out of plane bending, whereas L and PP were 
positively correlated with carboxylic acid O-H 
stretching and aromatic C-H stretching. PP 
showed a negative correlation with carbohydrate 
overtones of C-OH stretching. Moreover, CL was 
positively correlated with aliphatic C-H stretching, 
aromatic C-H stretching and aromatic amine C-N 
stretching. The changes in relationships of SOC 
composition with the biochemical composition of 
organic residues between 13 and 22 years treated 
soil probably caused by biochemical quality of 
organic residues is a determinant of SOC 
composition that is closely linked to distinct 
microbial decomposition (Kunlanit et al., 2014). 
This study found that organic residue N was 
negatively correlated with aliphatic amine C-N 
stretching in 13 years treated soil, while positive 
correlation in 22 years treated soil. It was possible 
that nitrogenous compounds (e.g., proteins, 
peptides) in organic residues were degraded to 
form labile components, such as amino acids. The 
production of these newly transformed 
components was reflected in aliphatic C-H 
stretching. Consequently, contribution to the 
formation of aliphatic C-H stretching was from 
microbial synthesis of carbohydrates as 
stimulated by labile N rich components 
(Stevenson, 1982; Kunlanit et al., 2014). Besides, 
the different relationships of L and PP with 
aromatic C-H stretching in 13 and 22 years 
treated soil may be attributed to reduced 
production of lignin degrading enzymes by white-
rot fungi due to increasing available N levels, 
which may result in relative accumulation of 
aromatic C derived from the lignin, and 
biochemical protection by binding N to the 
aromatic C rings, leading to the formation of more 
recalcitrant composites (Li et al., 2015) and 
according to (Filley et al., 2006) who reported 
fungi convert the methoxyl functionalities on lignin 
to hydroxyls and produce aromatic. 
 
CONCLUSION 

The SOC composition in 13 and 22 years 
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treated soil both showed the same and different 
functional groups. The 22 years treated soil 
indicated more amount of functional groups than 
13 years treated soil. It could be attributed to the 
process of decomposition and mineralization of 
SOC, the changes of soil properties (SOC, N, P 
and K contents, soil pH, EC, bulk density, soil 
moisture, microbial activities and microbial 
communities), weather (temperature and 
precipitation) and the biochemical composition of 
organic residues itself (i.e. N, L, PP and CL) that 
contributed to the results of relationship between 
chemical composition of SOC and the biochemical 
composition of organic residues. The different 
relationship between SOC composition and 
organic residue N, L, PP and CL in 13 and 22 
years treated soil possibly reflected in the 
changes of chemical composition in soil. These 
findings indicated that the changes in SOC 
chemical composition may be associated with 
organic residues biochemical composition and 
time of applying the biochemical contrasting 
organic residues. 
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