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Humic substances are important indicators of soil fertility. The fluorescence properties of humic acids from black soils in Harbin,
northeast China, were investigated, after long-term fertilization using treatments with or without mineral fertilizer (NPK) and
organic manure. Excitation and emission matrices combined with parallel factor analysis were used to investigate the structure of
the humic acid. Principal component analysis was performed to select the most suitable parameters for the description of humic
acid. The dimension reduction for the original fluorescence parameters extracted two principal components. By using the two
principal component scores as a new index for clustering, it was concluded that long-term fertilization treatments in black soil
in Harbin clustered into three groups of manure + NPK and organic manure treatments, NPK treatment, and soil without any
fertilization. Manure + NPK fertilization and manure fertilization alone led to a higher degree of humification than NPK only or
the control. We conclude that long-term fertilization with organic matter with or without NPK could increase the humification
degree of these soils.

1. Introduction
Humic substances are among the most important indicators
of soil fertility, affecting the physical, chemical, and biological
characteristics of the soil [1–3]. Humic materials in soil are
considered to be the result of a physicochemical copolymerization of compounds derived from diverse sources
(e.g., proteins, lignins, and plant and microbial metabolites).
Humic substances can be separated into several components
under different pH conditions. Humic acid is defined as
the portion of humic substances which is soluble in dilute
alkali and insoluble in dilute acid. Humic acids are a natural
polymer, resulting from decomposition of organic matter;
particularly plants are natural constituents of soil. Humic
acid has complex chemical properties; the molecular weight
of this substance is around 5000 to 100000 daltons [4]. The

composition, structure, and properties of humic acid are
directly related to soil fertility and crop yield [5]. Previous
studies on long-term fertilization of black soil showed that the
combined application of organic fertilizer and chemical fertilizer was beneficial to increase the number of microorganisms
and enzyme activities in black soil, followed by the single
application of organic fertilizer. The combined application
of organic fertilizer and chemical fertilizer may lead to a
decrease in the number of nitrogen-fixing bacteria. [6, 7].
Long-term combined application of organic fertilizer and
chemical fertilizer was beneficial to the accumulation of soil
organic matter and the increase of soil humic acid content
[8, 9]. Wang et al. [10] suggested that long-term application of
organic fertilizer made the molecular structure of humic acid
simpler and increased the humic acid activity and its simple
fractions. The results of application of mineral fertilizer were
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the opposite. Long-term fertilization may influence the content and structure of humic acid. However, the relationship
between different fertilization methods and composition of
humic acid, in particular humic acid structure of black soil
under long-term fertilization, still need further research.
This study comprehensively evaluated the effect of different
fertilization methods on the structure of humic acid in black
soil of northeastern China. In this study, excitation and
emission matrix-parallel factor (EEM-PARAFAC) analysis
was employed to investigate the fluorescence properties of
humic acid. Principal component analysis (PCA) was used
to select key parameters related to the structure of humic
acid, which can transform a set of potentially correlated
variables to a set of linearly uncorrelated variables without
simultaneously losing the original variables [11, 12]. Further,
clustering analysis was used to distinguish the effects of
different fertilization methods on humic acids. This comprehensive evaluation method might be helpful in identifying the
optimum fertilization method with regard to effects on humic
acid structure and function in black soil in northeastern
China.

2. Materials and Methods
2.1. Study Site. The experimental site was located in Harbin,
Heilongjiang Province, northeastern China (45.44∘ N,
126.39∘ E). The climate in this area is temperate continental
monsoon climate with a mean annual temperature of
4.2∘ C and mean annual precipitation of 532 mm. The soil
samples were collected in the key field scientific observation
experimental station on black soil ecological environment of
the Ministry of Agriculture, Harbin, which was established
in 1979. These black soils are phaeozems according to the
WRB soil classification.
2.2. Experimental Design. This experiment included four
fertilization treatments: control treatment (CK): soil without
any fertilization; mineral NPK fertilization treatment (NPK):
soil with only NPK fertilizer; organic manure treatment
(OM): soil with only manure application; and manure +
NPK fertilization treatment (MNPK): soil with NPK fertilizer
and manure. In the NPK and MNPK treatments, soils were
supplied with 150 kg ha−1 N, 75 kg ha−1 P2 O5 , and 75
kg ha−1 K2 O. In the OM and MNPK treatments, horse
manure provided 75 kg ha−1 N (18600 kg manure ha−1 ).
The treatments were randomly arranged with three replicates;
each plot included 8 rows that were 6 m in length with
row spacing of 70 cm. The cropping system was wheatmaize-soybean rotation since 1979, with the first crop having
been soybean. Fertilizer was applied for every period of a
wheat-maize-soybean rotation and incorporated into the soil
immediately following application. Surface soil samples in the
0-20 cm layer were collected after harvest from 2003 to 2013.
2.3. Extraction and Determination of Humic Acid. The humic
acid was extracted following the method of Wu et al. [13].
Briefly, 2 g sample was mixed with solution of 0.1 M
Na4 P2 O7 ⋅10H2 O and 0.1 M NaOH at 1:10 (w:v) with shaking
for 24 h with rotational speed 200 rpm. After centrifugation

Advances in Polymer Technology
(11,000 rpm/15 min), the supernatant was filtered through a
0.45 𝜇m millipore membrane. The separation of humic acids
was as follows: the pH of the supernatant was adjusted to 1.5
with 6 M HCl and the sample was allowed to stand for 12 h
at 4∘ C. The humic acid was then separated by centrifugation
at 11,000 rpm for 15 min to separate the supernatant from
the precipitate which was humic acid. The obtained humic
acid was washed with 0.1 M HCl deionized water several
times and then dissolved with 0.05 M NaHCO3 . The total
organic carbon (TOC) of the humic acid was analysed by
TOC analyser (N/C 2100, Jena Company of Germany). All
the analyses were carried out in triplicate and the mean value
was calculated for each case.
2.4. Fluorescence Characteristic Parameter Selection and Statistical Treatment. The fluorescence characteristics of humic
acid were measured using a Luminescence Spectrometer
LS50B (Perkin Elmer, Waltham, MA, USA). According to
Cui et al. [14], the concentration of humic acid was diluted
to identical levels of 10 mg/L to reduce the effect of varying
humic acid concentrations among the samples on contribution to fluorescence intensities and inner filter effect.
The emission wavelength over the range 250–600 nm was
collected in 2 nm increments, while the excitation wavelength
increased gradually from 200 to 550 nm in 10 nm increments.
The scan speed was 2400 nm min−1. Parallel factor analysis
(using the PARAFAC model) was carried out in MATLAB
2013a with the DOMFLuor toolbox. With reference to previous research results [15], some fluorescence characteristic
parameters were selected to assess the humification degree
of the four treatments: the fluorescence index f450/500,
representing the ratio of emission intensity at 450 nm and
500 nm at 370 nm excitation; I436/I383, representing the
ratio of fluorescence intensity at 436–383 nm; the ratio of
fluorescence intensity at 454–399 nm I454/I399 was calculated from the spectra in the synchronous-scan excitation
mode acquired; the emission band between 308 and 363 nm
is referred to as the fulvic-like region (FLR), and the emission
band between 363 and 595 nm as the humic-like region
(HLR); the humification index A4/A1 was the ratio of the last
quarter to the first quarter in the emission spectrum of 370600 nm, whereas the (C2+C3)/C1 was the ratio of PARAFAC
components, where C1 represents a protein-like substance,
C2 represents a humic-like component, and C3 a xenobiotic
component [16].
2.5. Statistical Analysis. These fluorescence characteristic
parameters were analysed using PCA and cluster analysis
with SPSS 19.0 software (IBM, USA). The humic acid dynamics and the humification degree were analysed by Origin Pro
2015. EEM-PARAFAC analysis was used to acquire detailed
information about the humic acid characterization.

3. Results and Discussion
3.1. The Structural Characteristics of Humic Acid. The
PARAFAC model is based on split-half analysis and residual analysis. Three fluorescent components under different
treatments were identified by the PARAFAC model. As shown
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Figure 1: Fluorescence components C1, C2, and C3 after different fertilization treatments (CK=control, NPK= NPK fertilizer, OM=organic
manure, and MNPK=manure + NPK fertilizer) identified by PARAFAC.

in Figure 1, component C1 exhibited a fluorescence peak
at an excitation/emission wavelength pair of 270 nm/440490 nm. Component C2 was composed of two excitation
maxima at 280-320 nm and 380-410 nm, both with the emission maximum at 460-500 nm. Previous studies suggested
that the component is related to large molecular-sized and
hydrophobic compounds [17, 18]. Component C3 had excitation/emission ranges of 235, 290, and 450 nm/530 nm. From
C1 to C3, the structure of the component became more and
more complex. Although the fluorescence signal composition
of humic acid under different treatments was similar, the

fluorescence intensities of the various components changed
with different treatments.
The maximum fluorescence intensity (Fmax) of each
PARAFAC component was used to track the behaviors of the
different fluorophore groups in humic acid (Figure 2). The
Fmax values of components C1 and C2 in the OM, NPK,
and MNPK treatments were significantly higher than those in
CK, suggesting that fertilization could improve the formation
of components C1 and C2. Regarding component C1, the
Fmax value of NPK showed the maximum in all treatments,
while regarding component C2, there were no significant
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Table 1: Correlation matrix between parameters of different fluorescence characteristics.

f450/500
I436 /I383
I454 /I399
FLR
HLR
A4 /A1
(C2+C3)/C1

f450/500

I436 /I383

I454 /I399

FLR

HLR

A4 /A1

(C2+C3)/C1

1

-.252
1

-.722∗∗
.712∗∗
1

.782∗∗
-.629∗∗
-.896∗∗
1

-.782∗∗
.629∗∗
.896∗∗
-1.000∗∗
1

-.725∗∗
.427∗
.775∗∗
-.815∗∗
.815∗∗
1

-.683∗∗
.746∗∗
.910∗∗
-.925∗∗
.925∗∗
.781∗∗
1

∗ and ∗∗ indicate significant differences at P < 0.05 and P < 0.01, respectively.

600

Table 2: Characteristic values and variance contributions from the
principal component analysis.
Component

400
Fmax

1
2

Total
5.59
0.83

Initial characteristic values
Variance (%)
Cumulative (%)
79.9
79.9
11.8
91.7

200

0

1

2

3

Component
CK
MNPK

NPK
OM

Figure 2: Maximum fluorescence intensity (Fmax) values of
PARAFAC components C1, C2, and C3 under different fertilization treatments (CK=control, NPK= NPK fertilizer, OM=organic
manure, and MNPK=manure + NPK).

differences in Fmax between MNPK, NPK, and OM. As for
component C3, the Fmax value of MNPK was slightly higher
than that of CK, while the Fmax values of the other two
treatments were slightly lower than that of CK.
3.2. Selection of Fluorescence Parameters. A number of
parameters described in the Materials and Methods section,
i.e., f450/500, I436 /I383 , I454 /I399 , FLR, HLR, A4 /A1 , and
(C2+C3)/C1, were used to further describe the structural
properties of humic acid. These parameters may reflect the
changes in for example aromaticity of humic acid and its
molecular weight. The correlations among the characteristics
of the fluorescence spectra, including significance levels, are
shown in Table 1. Although there were significant positive or
negative correlations between these parameters, the information would be likely to overlap if we use these indicators for
analysis directly. The methods of PCA and cluster analysis can
avoid these limitations and were used to select key parameters
in relation to the structure of humic acid.
The core of PCA is to extract and reduce the dimensions
of data and to transform complex multiple indicators into a

few comprehensive indicators. The indicators can maximally
retain the original data information. Normalisation in PCA
eliminated the impact of the differences in orders of magnitude between the fluorescence characteristic parameters
and thus made the results more balanced. Two principal
components were obtained, covering 79.9% and 11.8% of the
variance, respectively (Table 2); these two components thus
contained most of the original index information.
I436 /I383 , I454 /I399 , FLR, HLR, A4 /A1 , and (C2+C3)/C1
were the main factors related positively to the first principal
component. These factors reflected the forward process of
humification; the greater the values of the indices were,
the higher the degree of humification was. FLR and f450/500
were the main factors related negatively to the first principal
component. I436 /I383 and f450 /500 were related positively to
the second principal component. The eigenvector of each
characteristic parameter (Table 3) represented the degree of
importance of the original index. The eigenvector value can
also be used to calculate the comprehensive evaluation value
of principal components.
The score values of the four treatments in each principal
component (Figure 3) showed that the CK treatment had
the lowest scores, which were negative in both principal
components. The other three fertilization treatments showed
different rankings in the first and second principal components, although all were positive: the NPK and OM
treatments were higher in the first component but lower
in the second component, while the opposite was the case
for the MNPK treatment. The comprehensive score in the
MNPK treatment was the highest, which indicated that the
MNPK treatment had the greatest overall impact on the soil
(Figure 3).
3.3. Clustering Analysis of Diﬀerent Fertilization Treatments.
Clustering analysis was used to classify the four treatment
groups according to humification degree. The scores of the
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Table 3: Contributions of characteristic fluorescence parameters to eigenvectors of the first two principal components.
Characteristic parameter

Eigenvector of the first
principal component

Eigenvector of the second
principal component

-0.80
0.70
0.95
-0.98
0.98
0.86
0.96

0.50
0.69
0.09
0.05
-0.05
-0.25
0.15

f450/500
I436 /I383
I454 /I399
FLR
HLR
A4 /A1
(C2+C3)/C1

Score of the Principal Component

6
4

3.24
2.27

2

1.21

1.47
0.66

0.49

0
−2
−4
−6

-4.38

-4.94

Component 2

Component 1
CK

MNPK

NPK

OM

Figure 3: Scores of the first two principal components for different treatments. CK=control, NPK= NPK fertilizer, OM=organic
manure, and MNPK=manure + NPK.

first two principal components were used as new indicators to separate the four fertilization treatments. The four
treatments were divided into three groups (Figure 4(a)):
(i) MNPK and OM; (ii) NPK and (iii) CK based on the
changes in humification. During the fertilization process, the
humification indices of A4/A1, (C2+C3)/C1, f450/f500, FLR,
HLR, I436/I383, and I454/I399 changed significantly (Figures
4(b)–4(h)). Of these, f450/f500 and FLR showed a negative
relationship with the humification degree, while the others
were positive. Thus, the humification degree increased in all
treatments, but there were differences between them. For
A4/A1, the humification degree increased by 13.4%, 29.6%,
18.9%, and 32.7% for the treatments CK, MNPK, NPK, and
OM, respectively; i.e., the humification degree in MNPK and
OM was higher than in CK and NPK. The other humification
indices exhibited similar trends, except for (C2+C3)/C1, for
which CK was almost equal to OM. Overall, the humification
degree in MNPK and OM was higher than in CK and NPK.
Combining this result with Figure 4(a), we can divide the
treatments into three groups based on their humification
degree: MNPK and OM > NPK > CK. The MNPK and OM
treatments thus had the highest humification degree, which

was classified as the first level. The second level was the NPK
treatment and the third level was the CK treatment, which
had the lowest humification compared with the other three
fertilization treatments.
EEM-PARAFAC was conducted to detect the structural
characteristics of humic acid under the different treatments
[2]. The results shown in Figure 2 showed that treatment with
MNPK, NPK, and OM significantly increased the content of
C1 and C2 compared with CK, which means that the content
of large molecular-sized and hydrophobic compounds in soil
increased.
The fluorescence characteristic parameters which were
selected showed some correlations. This study reduced the
dimensions and analysed two principal components of the
fluorescence signals using PCA. The cumulative contribution
was 91.5% without losing the original information. These two
principal components could be related to the differences in
humification. The humification indices of I436/I383 , I454/I399 ,
HLR, (C2+C3)/C1, and A4 /A1 were the main factors influencing the first principal component positively, while f450/500
and FLR were the main factors influencing it negatively. The
former can be considered as positive indicators and the latter
as negative indicators for soil fertility. The change of the first
principal component positively reflected the process of soil
humification and was closely related to the structure of the
soil sample. The more complex the structure of humic acids,
the higher the humification degree [19].
The four treatments could be divided into three groups
using clustering analysis based on the values of different
humification indices: MNPK and OM were the first group;
NPK was the second group; and CK was the third group.
Humification indices indicated that the humification degree
was highest after MNPK or OM fertilization. There were two
treatments in the first level, of which MNPK fertilization
led to a higher humification degree than OM fertilization.
The results suggest that MNPK fertilization can solve problems of nutrient deficiency caused by OM alone or of soil
acidification and compaction caused by chemical fertilization
alone, so it is more effective in improving soil quality and soil
fertility [20–22].
In farmland ecosystem, agricultural film, sewage, and
atmospheric deposition are the main sources of microplastics
in soil [23]. Microplastics in soil can adsorb organic pollutants and heavy metals in soil, but their decomposition
will also pose a threat to the ecological environment [24].
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Figure 4: Clustering tree of the scores of the two principal components for all the field treatments (a) and the changes in humification indices
((b)–(h); see text for details). CK=control, NPK= NPK fertilizer, OM=organic manure, and MNPK=manure + NPK.
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Microplastic residues in soil caused by agricultural plastic
film could significantly reduce the expression of carbon and
nitrogen cycling genes in soil, decrease soil carbon and
nitrogen content, and reduce soil fertility and crop yield
[25, 26]. Some studies have shown that the improvement
of soil fertility can reduce the pollution of microplastics
on soil and inhibit its migration in soil [27]. In this study,
fertilization changed the fluorescence characteristics of soil
humic acid and increased the humification degree. The
increase of humus content and humification degree could
increase the adsorption capacity of microplastics to heavy
metals and reduce environmental pollution [28].

4. Conclusions
This study reduced the dimensions of six fluorescence indicators and extracted two main components using PCA. These
reflected about 91.7% of the original information. EEMPARAFAC results showed that treatment with MNPK, NPK,
and OM significantly increased content of large molecularsized and hydrophobic compounds in soil. Cluster analysis
showed that the four treatments were divided into three
levels: the first level was MNPK and OM, the second was
NPK, and the third was CK. Fluorescence analysis and cluster
analysis showed that MNPK and OM treatments increased
the humification degree of soil humus and soil fertility
and enhanced the regulation of soil on the migration and
adsorption properties of microplastics. In summary, the OM
or MNPK fertilization is more suitable for black soil in
northeast China.
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J. Talvitie, A. Mikola, O. Setälä, M. Heinonen, and A. Koistinen,
“How well is microlitter purified from wastewater? – A detailed
study on the stepwise removal of microlitter in a tertiary level
wastewater treatment plant,” Water Research, vol. 109, pp. 164–
172, 2017.
H. Qian, M. Zhang, G. Liu et al., “Effects of soil residual plastic
film on soil microbial community structure and fertility,” Water
Air & Soil Pollution, vol. 229, no. 8, article 261, 2018.
Z. G. Wang, Y. M. You, W. H. Xu et al., “Dimethyl phthalate
altered the microbial metabolic pathways in a Mollisol,” European Journal of Soil Science, vol. 69, no. 3, pp. 439–449, 2018.
Y. G. Zhu, D. Zhu, T. Xu et al., “Effects of plastic pollution on soil
ecosystem: progress and consideration,” Journal of Agricultural
Environmental Sciences, vol. 38, no. 1, pp. 1–6, 2019 (Chinese).
J. W. Pang, Study on the Carrier Mechanism of Microplastics to
Typical Pollutants [Master thesis], Anhui University of Technology, 2018 (Chinese).

Nanomaterial

Nanomaterials
Journal of

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com
www.hindawi.com

Volume 2018
2013

Journal of

Applied Chemistry
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

International Journal of

Scientifica
Hindawi
www.hindawi.com

Polymer Science
Volume 2018

Advances in

Volume 2018

Advances in

Chemistry
Hindawi
www.hindawi.com

Hindawi
www.hindawi.com

Physical Chemistry
Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Submit your manuscripts at
www.hindawi.com
International Journal of

Analytical Chemistry

Advances in
Condensed Matter Physics

Hindawi
www.hindawi.com

Hindawi
www.hindawi.com

Volume 2018

Journal of

International Journal of

Chemistry
Hindawi
www.hindawi.com

Biomaterials
Volume 2018

High Energy Physics
Volume 2018

Materials

Corrosion

Volume 2018

Hindawi
www.hindawi.com

Hindawi
www.hindawi.com

Volume 2018

BioMed
Research International

Journal of

International Journal of
Hindawi
www.hindawi.com

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Engineering
Journal of

Advances in

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Advances in

Journal of

Nanotechnology
Hindawi
www.hindawi.com

Volume 2018

Advances in

Tribology

Hindawi
www.hindawi.com

Volume 2018

Materials Science and Engineering
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

