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Abstract. Due to the different stability of organic carbon with different protection mechanisms, the
response and evolution of organic carbon components of yellow loam paddy soil to long-term fertilization
was studied. Our aim was to study the effects of organic carbon on soil fertility from two aspects:
fertilization treatment protection mechanism and tillage treatment protection mechanism. The long-term
test site is located in an agricultural science research institute in a certain province of China. The fitting
analysis found that the content of soil organic carbon and its components increased with time between
2006 and 2014 under the four fertilization protection mechanisms. Except for biochemical protection of
organic carbon, the linear increase of the remaining components of organic carbon is more obvious than
that of single fertilizer (NPK) treatment. Compared with traditional tillage treatment, the organic carbon
contents have increased by 22.9% and 21.8% respectively, and the organic carbon reserves have increased
by 21.8% and 16.7%, respectively. The carbon sequestration rates are 0.09 and 0.06 T C-hm?-a™
Unprotected free organic carbon is the largest part of organic carbon in soil, and is most sensitive to
fertilization.

Keywords: protection mechanism; organic matter, soil fertility, yellow soil, physical protection,
chemical protection, biochemical protection

Introduction

Soil organic carbon is one of the most active carbon pools in the Earth’s surface
system, and it plays the important role in regulating the physical, chemical and
biochemical processes of soil. It is not only the indicator for assessing soil fertility, but
also the important part of the global carbon cycle. Organic carbon with different
protection mechanisms has different bioavailability and fertility effects (Herencia and
Maqueda, 2016). The scientific basis for the assessment of soil carbon sequestration
potential in farmland soils in Southwest China is provided by studying the changes in
organic carbon composition of different protective mechanisms of yellow paddy soil
with long-term fertilization (Ouyang et al., 2017; Wang et al., 2016; Zhang et al., 2015).

Kang Rifeng’s analysis of long-term monitoring data of 17 national arable land in the
black soil region of Northeast China shows that after 10-26 years of evolution, the
organic matter content has increased overall, which is 33.9% higher than that before
monitoring (Kintché et al., 2015). Hu Mingfang studied the evolution of soil organic
carbon in double-crop paddy fields in Poyang Lake area under long-term fertilization
(Kunlanit et al., 2014). The results show that the carbon content increases with the
fertilization period under organic fertilizer treatment, which is consistent with Xu
Minggang’s research on the law of change of soil organic matter. The organic carbon
reserves of 0-20 cm ploughed layer estimated by GATTINGER show that the
cumulative rate of SOC (Soil organic carbon) is 0.24-0.46 tchm™ea. The evolution
characteristics of organic carbon components in grey desert soils under different
fertilization models analyzed by Li Sheng (Li et al., 2016) shows that the organic
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carbon components show the significant increase trend under the long-term application
of organic and inorganic fertilizers. In view of this, in accordance with the different
solid-state mechanisms of organic carbon, the physical-chemical joint grouping method
is proposed by the STEWART team to separate organic carbon into components of
various protection mechanisms such as physical, chemical and biochemical protection.
The role of soil micro-aggregates and minerals in the sequestration and transformation
of organic carbon is emphasized, which provides the advanced method for the research
on the changing characteristics of organic carbon and the transformation process.

At present, the research on the evolution characteristics of SOC under long-term
fertilization mainly focuses on surface soil and particulate organic carbon, and has
insufficient connection with SOC stability mechanism (Cruz Campas et al., 2017;
Manjunatha et al., 2018). The differences and evolution characteristics of SOC
components of different protection mechanisms are rarely noticed. Based on the
previous work, the evolution characteristics of different stable organic carbons in time
series are further revealed in this paper to explore their future trends.

As a sustainable agricultural technology, conservation tillage has far-reaching
implications for improving soil fertility and carbon sequestration. SOC is the core
material of soil nutrient cycling and fertility supply. The evolution law of the soil can
reflect the difference of management measures. However, due to the obvious difference
in carbon sequestration ability of different micro-aggregates in soil, the study on the
evolution law of organic carbon is very important. At present, the research on farmland
organic carbon at home and abroad mainly focuses on the protection mechanism of
different tillage treatments (Amelian et al., 2018; Hu et al., 2017). The research on the
law of soil organic carbon under the long-term tillage treatment protection mechanism
needs to be strengthened.

Combined with long-term localization experiments and laboratory analysis, the
physical-chemical of SOC combined grouping method is used to determine the content
and distribution of unprotected organic carbon of free active, chemical protection and
biochemically protection between micro-aggregates, and to analyze the role of soil
micro-aggregates and mineral combinations in SOC sequestration and transformation.
The change rate of organic carbon in yellow paddy soil with fertilization time and the
effective of fertilization on improving SOC pool under different protection mechanisms
are elucidated. At the same time, the carbon input and soil carbon sequestration of
farmland under different tillage treatment mechanisms are analyzed, and the effects of
long-term farming on the carbon reserves of 0-10 cm soil layer in farmland soil are
discussed, these provide the reference for the improvement of soil fertility and the
choice of carbon sequestration technology on the Loess Plateau.

Materials and methods
The general situation of the research area

The long-term test site is located in an agricultural science research institute in a
certain province of China (106°39°52”E, 26°29°49”N). It is located in the hilly area of
central Guizhou and has the subtropical monsoon climate with the average elevation of
1071 m and the average annual temperature of 15.3 °C, the annual average sunshine
hours is about 1354 h, the relative humidity is 75.5%, the annual frost-free period is
about 270 d, and the annual precipitation is 1100-1200 mm. The test site is yellow loess
paddy soil, and the parent material is triassic limestone and sand shale weathering. It
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began in 1995. In 1994, the basic soil samples were collected. The soil properties of the
cultivated layer (0-20 cm) are: organic matter 31.15 gekg™, total nitrogen 1.76 gekg™,
total potassium 13.84 gekg?, alkali nitrogen 134.4 mgekg?, available phosphorus
21.1 mgekg™, available potassium 157.9 mgekg™, and pH 6.6.

Methods
Experimental design
(1) Fertilization treatment

A ploughing field is selected as the experimental field. Before the experiment, the
ploughing layer soil (0-20 cm) had a pH value of 8.70-9.10, and the conductivity is
0.362-0.702 dS/m, the mass fraction of organic carbon is 3.10-4.70 g/kg, the mass
fraction of total nitrogen is 250-400 mg/kg, the mass fraction of organic phosphorus is
3.0-7.0 mg/kg, and the mass fraction of available potassium is 110.23 mg/kg. According
to the needs, 5 fertilization treatments are selected from 11 treatment methods (Roy et
al., 2018): control (CK), single application of chemical fertilizer (NPK), single
application of organic fertilizer (M), low-level organic and inorganic fertilizer
application (0.5MNPK) and the high amount of organic and inorganic fertilizers
(MNPK) (Naab et al., 2015). The test uses the large-area comparison test with a plot
area of 201 m? (35.7 m * 5.6 m) without repetition. The type of the applied organic
fertiliser is: The chemical fertilizer is urea (including N 46%), superphosphate
(including P20s 16%), potassium chloride (including K>O 60%); organic fertilizer
contains C 413.8 gekg?, N 2.7 gekg?, P20s 1.3 gekg?, K20 6.0 gekg?. The NPK
treatment method is applied annually with N 165 kgehm?, P,Os 82.5 kgshm?, K0
82.5 kgehm™, the annual application of organic fertilizer in the M treatment is
61.1 tshm™2; the amount of fertilizer applied by MNPK is the amount of fertilizer applied
by M treatment plus NPK treatment. The amount of nitrogen applied by NPK treatment,
M treatment, and 0.5MNPK treatment was the same (Qiu et al., 2014). The application
amount of chemical nitrogen fertilizer is adjusted according to the nutrient content of
organic fertilizer every year, as shown in Table 1. From 2002 to 2006, due to the
destruction of the irrigation facilities at the test base, rice cultivation could not be
satisfied and corn is replanted. The rice varieties planted are as follows: Jinma Stick
(1995-1998), Nonghuhe (1999-2001), Xiangliangyou 875 (2007-2008), Yanyou United
No. 2 (2009) and Maoyou 601 (2010-2014).

(2) Tillage treatment

The trial began in 1999 and the crop planted in the plot is rice. There are 4 treatments
and 3 repetitions (Zhang et al., 2016). RT: When the rice is harvested, leave 10 cm, the
straw and rice ears are taken away, and the soil is ploughed 20 cm after harvesting, and
then simmered; NT: When the rice is harvested, leave 30 cm, and the remaining straw is
threshed and left in the ground; SM: When the rice is harvested, leave 30 cm, and the
remaining straw will be left in the ground after threshing. The soil will be separated by
60 cm and ploughed 30-35 cm after harvesting. CT: When rice is harvested, it leaves
10 cm, and the straw and rice ears are taken away. After harvesting, the soil is ploughed
by 20 cm. Carry out the second ploughing, fertilize, simmer, and sow before planting.
The fertilization amount of each treatment is N 150 kgehm™2, P,Os 105 kgehm, and
K20 45 kgshm™,
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Table 1. Annual amount of pure nutrient treatment in each treatment

Stable manure N P20s K20
Handle
(tshm?) (kgehm?) (kgehm™) (kgehm™?)

CK 0 0 0 0
NPK 0 165 82.5 82.5
0.5MNPK 30.6 165 81 224.6
M 61.1 165 79.4 366.6
MNPK 61.1 330 161.9 449.1

Collection of samples

Soil samples of 0-20 cm of ploughed soil in each district are collected in October
2014. The zones are equally divided into 3 plots (67 m?), and each plot is uniformly
distributed to collect 5 points to form the mixed sample, and 3 soil samples are collected
from each plot. After removing the animal and plant residues, mix them. After the soil
sample is air-dried, pass through the sieve with the pore size of 2 mm and set aside. The
same method is used to collect soil samples for 2006, 2008, 2010 and 2012. They are air
dried and sealed in the ziplock bag.

SOC grouping and measuring method

By referring to STEWART and other methods, SOC is divided into four carbon
pools, which are free active organic carbon, physically protected organic carbon,
chemically protected organic carbon and biochemically protected organic carbon (Wang
et al., 2014). The specific operation steps are as follows.

The first step is to group the micro-aggregates: air dried soil samples over the 2 mm
sieve are placed in the microaggregate separator and 30 glass beads having the diameter
of 4 mm are added. After the separator is operated for 20 min, the component remaining
on the 250 um sieve is coarse particulate organic matter, and the free colloidal particles
could pass through the 53 pm sieve. They are then centrifuged at 900 r/min and
3200 r/min for 7 min and 15 min, respectively, and d-Silt and d-C lay are obtained,
respectively.

The second step is density grouping: the microaggregate fraction obtained in the first
step is floated by 1.70 gecm™ of sodium iodide, and the float is fine particulate organic
matter. The recombinant part is dispersed in 5 geL! six sodium polyphosphate solution
for 18 h, passed through the 53 um sieve, and left on the sieve as physical protective
organic matter. The particles smaller than 53 um are then separated by centrifugation to
obtain p-Silt and p-Clay.

The third step is the acid hydrolysis process: all the particles and cosmid fractions are
refluxed for 16 h in 6 moleL* HCI at 95 °C less than 25 mL. The acid hydrolysis
solution is filtered off, and the residue is the biochemical protective organic component
(NH-Silt and NH-C lay). The acidolysis moiety is the difference between the full
component and the non-acidolytic component, namely the chemically protected organic
component (H-Silt and H-Clay).

The elemental analyzer (Lehman, EA3000) is used to determine the carbon content.
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Calculation method
(1) Organic carbon reserve and micro-aggregate organic carbon reserve:

M_,=SOC x BD x H x10* (Eq.1)

soil

where M_, is the SOC reserve of 0-10 cm layer (t C+hm™®); BD is the soil bulk density
of 0-10 cm (gecm™); H is the thickness of the soil layer, 10 cm;

M/=C, x SOC, x BDx H x10™ (Eq.2)

where M/ is organic carbon reserves of i-level micro-aggregates (t C*hm?); C, is the
relative mass fraction of the i-th micro-aggregates; SOC, is the organic carbon content

of the i-level micro-aggregates (gekg™).
(2) The amount of straw carbon returned to the field and the amount of roots carbon
returned to the field:

Yo = Yoran X 0 (Eq.3)

straw grain

where Y, is straw yield (tthm-2); Y

grain ratio, taken 1.1.

is measured grain yield (tthm-2); p is is straw

grain

Input —C,,,,, = Input =Y., XCqan (Eq.4)

straw traw

where Input—C,., is the amount of straw carbon returned to the field Input-Y,,, is

The amount of straw returned to the field. No-tillage and deep pine treatment are 100%
of the yield, less tillage tradition and two sorghums is only 15% of the yield, and C

is the carbon content of the straw, which is 40%.

straw

straw

Yroot = (Ystraw +Ygrain ) xax ﬂ (EqS)

where « is the ratio of root to shoot, which is the ratio obtained after root exudates, and
which is 0.6; £ is the rate of returning to the roots, and the rate of returning the roots of

0-10 cm soil layer is 70%.

Input -C,,, = Input -Y, ., xC, (Eq.6)

root

where C__ is the carbon content of the roots, which is 40%.

root

Data analyses

Data collation and mapping are performed using Excel 2016, and statistical analysis
is performed using SPSS 24.0. All soil measurements are expressed as the average of 3
measurements. The least significant difference method (LSD) is used to test for
differences between different fertilization treatments (P < 0.05) (Wentzel et al., 2015).

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(5):10491-10507.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1705_1049110507
© 2019, ALOKI Kft., Budapest, Hungary



Liu: Effects of different fertilisation technologies and cultivation technology on soil organic carbon content
- 10496 -

The average annual rate of change is expressed by the slope of the equation. The linear
function is used to fit the relationship between the total organic matter and its
components in the soil and the times of fertilization, and to test the significance of the
equation.

Experiment analyses

From 2006 to 2014, the changes of soil organic carbon in the original yellow soil
paddy soil are shown in Figure 1. Under the condition of long-term fertilizer, the
changes of soil organic carbon components in yellow soil paddy soil are shown in
Figure 2. According to the statistical results of Figure 2, the ratio of soil organic carbon
to total organic carbon under long-term fertilizer conditions (5-year average) is given, as
shown in Figure 3. Figure 4 shows the increasing trend of total soil organic carbon
content under long-term fertilizer conditions.

40 r
NPK — ———— 0.5MNPK CK

35 -

30

SOC content (gkg™)

11 13 15 17 19
Years of fertilization (a)

Figure 1. Changes of soil organic carbon in yellow soil paddy soil from 2006 to 2014

It can be seen from Figurel that the total organic matter content of the soil with 19
organic fertilizer is significantly higher than that of single fertilizer treatment and no
fertilizer treatment, and the total organic matter is increased by 15-39%, and the
increase of constant organic-inorganic application is the highest. Fitting analysis find
that between 2006 and 2014, the SOC content of the four fertilization treatments
increased with time, and the increasing trend of organic fertilizer treatment is more
obvious than that of single fertilizer application. The annual average rate of increase of
total organic matter content treated with organic fertilizer is 1.5-1.6 times and 3.5-3.7
times that of non-fertilizer and single-fertilizer treatment, respectively. This indicates
that long-term application of organic fertilizer can significantly increase soil organic
carbon content. In order to further verify this result, the annual growth rate of the total
amount of organic carbon and its components in the paddy soil of yellow soil was
calculated, as shown in Table 2.

It can be known from the results in Table 2 that long-term application of organic
fertilizer does increase the soil organic carbon content and can effectively increase rice
yield.
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Table 2. Annual growth rate of total organic carbon and its components in yellow soil paddy
soil from 2006 to 2014 under long-term fertilization

Treatment CK NPK M 0.5MNPK MNPK
soC 0.17 0.39 0.62 0.59** 0.61*
Unprotected C -0.02 0.25 0.38 0.33** 0.47
Physically protected C 0.02 0.02 0.08** 0.07** 0.09*
Chemically protected C 0.01 0.00 0.10* 0.07 0.17*
Biochemically protected C 0.12 0.13* 0.15 0.12* 0.09

*, ** respectively, indicated that the fitted linear equation reached a significant level (P < 0.05) and a
very significant level (P < 0.01)

It can be seen from Figure 2 that compared with no fertilizer application and single
application of chemical fertilizer, the application of organic fertilizer significantly
increased the soil free activity, physical protection and chemical protection organic
carbon content (P < 0.05), and the increase amount is 18-61%, 30-44% and 27-56%.
Among them, the increase of the organic-inorganic fertilization with the constant is the
highest. In general, it can be seen that long-term non-fertilization and single-fertilizer
treatment cannot maintain the turnover of the organic carbon pool, which is more
detrimental to the accumulation of SOC components.
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Figure 2. Changes of soil organic carbon fractions in yellow soil paddy soil during 2006 to
2014 under long-term fertilization
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Figure 3. The proportion of soil organic carbon to total organic carbon (average value of 5
years) under long-term fertilization
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It can be seen that the difference in the ratio of organic carbon between the NPK
treatment and the CK treatment is not obvious. In contrast, the ratio of organic fertilizer
treatment is higher, and the ratio of the other two organic carbons is lower.

It can be seen from Figure 4 that except for CK treatment, the SOC content and the
fertilization time in other cases show the very significant linear positive correlation (P <
0.01). The SOC content under CK treatment increased by 3.7% compared with that in
2006; the annual growth rate of SOC content under chemical fertilizer treatment is
23.9% and 20.6%.

The annual growth rate of SOC content under organic fertilizer treatment is higher,
ranging from 20.6 to 21.3%. This indicates that long-term application of organic
fertilizer can significantly increase the SOC content.
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Figure 4. Growth trend of soil organic carbon content in yellow soil paddy field from 2006 to
2014 under long-term fertilization (n=15)

It can be seen from Table 3 that the effects of different fertilization treatments on soil
carbon-N ratio are not significant. This indicates that the conversion relationship of soil
carbon-N under various management measures tends to be stable with the change of
fertilization years. It can be seen from the experiment that the soil carbon-N ratio of
each fertilization treatment in 2006 is significantly higher than that of other years,
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indicating that land use patterns and farmland management changes can quickly affect
the soil carbon-N ratio and quickly reach a new equilibrium. The general study suggests
that the carbon-N ratio of dry-land is lower than that of paddy fields, but this study is
different, and the reasons for further research are needed.

Table 3. Soil carbon and nitrogen ratio in paddy fields under long-term fertilization (g/kg™)

Tirogenratio | O | M | N | wek osmek | mnek AR G
1995 year 11.7a 11.7a 11.8a 11.9a 11.1b 9.6¢ 11.3 0.9
1996 year 14.7a 10.5d 11.4c 10.8cd 11.4c 12.2b 11.8 15
2006 year 12.0d 18.2a 12.0d 15.2b 13.3¢ 15.4b 14.3 2.4
2008 year 11.8b 11.7b 10.1c 13.3a 10.5¢ 12.6ab | 11.7 1.2
2010 year 10.5b 12.5a 9.3c 12.5a 11.0b 12.0a 11.3 1.3
2012 year 13.0a 12.6b 11.8cd 12.0c 11.5d 11.8cd | 121 0.6
2014 year 12.3a 12.1a 12.6a 12.6a 11.9a 12.1a 12.3 0.3

Average value 12.3 12.8 11.3 12.6 115 12.2

Standard deviation 13 25 1.2 14 0.9 1.7

According to the analysis of Figure 5, there is no significant difference in soil bulk
density of 0-10 cm layer in different long-term cultivation.
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Figure 5. Effects of long-term tillage on soil organic carbon content, capacity and organic
carbon storage

It can be seen from Figures 6 and 7 that the carbon sequestration and carbon
sequestration rate can be used as characteristic parameters for the evolution of organic
carbon.

i

v
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AN o
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Figure 6. Carbon fixation in long term different tillage treatment
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Figure 7. Carbon fixation rate of long term different tillage treatment
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This study showed that under 15 years of conservation tillage, the soil organic carbon
content of no-tillage and deep pine treatment with straw mulching as the main feature
showed the upward trend.

Taking the year of 2006-2014 as the influencing factor, the changes of soil organic
carbon content in yellow soil paddy field were analyzed under the condition of no
fertilizer and long-term fertilizer, respectively. In order to fully verify the effectiveness
of the proposed method, the variance of the change of organic carbon content is
calculated and counted, and the results are shown in Figure 8.
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Figure 8. Variance of soil organic carbon content

Figure 8 shows that the variance of the change of organic carbon content is small
under the condition of no fertilizer, and the influence of different years on the change of
organic carbon content is small. Under the condition of long-term fertilizer, the variance
of organic carbon content is larger, and the influence of different years on the change of
organic carbon content is greater.

In order to further verify the effectiveness of the proposed method, the research
accuracy of this method is compared with that of the traditional method, and the results
are shown in Table 4.

Table 4. Comparison of research accuracy

Number of experiments/times Paper method (%) Traditional method (%)
5 89 76
10 88 75
15 90 74
20 92 72
15 93 80

The analysis Table 4 shows that the research accuracy of this method is obviously
higher than that of the traditional method, which shows that the research method has
some advantages.
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Discussion
Effect of NPK on soil organic matter composition

This study shows that in all treatments, the free active organic carbon belonging to
high-activity organic carbon accounts for the relatively high proportion. It consists of
unprotected coarse-grained organic carbon and fine-grained organic carbon, and is often
used as one of the indicators of organic carbon change. Biochemically protected organic
carbon and chemically protected organic carbon belong to the category of inert mineral-
bound organic carbon (Song et al., 2015), which has strong stability. No change in
chemically protected organic carbon indicates that long-term application of chemical
fertilizer is not conducive to the accumulation of chemically protected organic carbon.
The reason is that chemically protected organic carbon is mainly composed of humus,
and the input of organic matter by NPK fertilizer is not enough to make up for its
mineralization loss. During the period of 2006-2014, there was no significant change in
physical protection of organic carbon under NPK treatment, indicating that it is less
affected by chemical fertilizers.

Effect of single application of organic fertilizer on soil organic matter components

In this study, compared with single application of chemical fertilizer, the SOC and
organic carbon content of each component were significantly increased with the
fertilization period, which fully indicated its positive effect on increasing SOC reserves.
The reason is that the application of organic fertilizer can not only increase crop yield,
but also increase the direct input of carbon. This PANDEY et al study also shows that
long-term application of organic fertilizer can increase the content of high-activity
organic carbon and mineral-bound organic carbon in soil (Madejon et al., 2016). This
PANDEY et al study also showed that long-term application of organic fertilizer can
increase the content of high-activity organic carbon and mineral-bound organic carbon
in soil. In this study, the proportion of mineral-bound organic carbon in the treatment
with single application of organic fertilizer decreased slightly. The reason may be that
the amount of soil fungi is increased in this case, so that the clay particles are converted
into micro-aggregate particles. It increases the amount of animal and plant residues and
secretions in the free active organic carbon. Yan Xiaogang et al. shows that the
proportion of physical protection organic carbon in fluvo-aquic soil is 5.0-8.9%, which
is mainly due to the physical protection of micro-aggregates, it reduces the
decomposition of SOC by microorganisms and thus the effect of sequestering organic
carbon.

Effect of NPK combined with organic fertilizer on organic matter components

The SOC content and annual variation of the MNPK treatment in this study are
higher than 0.SMNPK treatment, which is consistent with most studies (Madejon et al.,
2016). The SOC content mainly depends on the balance between the input and
degradation of organic carbon, that is, the combination of constant organic fertilizer and
chemical fertilizer. On the one hand, chemical fertilizer can increase microbial activity
and increase crop root exudates.

On the other hand, organic fertilizer directly provides organic substances and
promotes the increase of SOC. The study also shows that MNPK treatment improves
the content of organic carbon in each component better than 0.5MNPK treatment, which
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Is consistent with the results of Zhang Jingye and Liang Shuming (Bahr et al., 2015).
Yan Xiaogang’s research shows that the content of free-particle organic carbon
increased significantly under MNPK treatment, and there are differences in the
proportion of organic carbon in each component under the same management measures
and different fertilizer application rates. 0.5MNPK and MNPK still show the largest
proportion of free active organic carbon. Compared with M treatment, their proportion
of free active organic carbon is low. Because the long-term cooperation between NPK
and organic fertilizers makes the non-protected active organic carbon form the stable
Humin, it provides biochemical protection for organic carbon; it may also be that
microbial metabolism promotes the accumulation of clay organic carbon.

Evolution characteristics of SOC in yellow soil paddy field under long-term
fertilization

In this study, the SOC content shows the downward trend from 1995 to 2006. From
2006 to 2014, the SOC content under various conditions shows the very significant
linear increase trend. This is due to changes in the farming system. Due to lack of water,
the test site is changed to dry land during 2002-2006 and rice is replanted in 2007. The
high permeability of dry land is conducive to the activity of soil microbes, resulting in
the consumption of soil organic matter. The flooding and anoxic conditions of paddy
fields inhibit their activities, which in turn is conducive to the accumulation of organic
matter; on the other hand, paddy field conditions can effectively protect SOC. Other
studies have also shown that the SOC content of paddy fields under the same conditions
is significantly higher than that of dry land (Liu and Zhou, 2017).

Effect of long-term fertilization on carbon-N ratio in paddy yellow soil

Soil carbon-N ratio can reflect the coupling relationship between soil carbon and
nitrogen, and is the important indicator for evaluating soil quality. The difference in soil
carbon-N ratio between the fertilization treatments is not significant at around 12.3.
This is consistent with the results of Luo Kun’s research that the effect of fertilization
measures on carbon-N ratio is not significant (Wander and Aref 2015). The soil carbon-
nitrogen ratio is mainly related to the degree of soil organic matter. The carbon-nitrogen
ratio of fresh organic matter tends to be higher, and the carbon-nitrogen ratio decreases
with the increase of humification degree. Therefore, while increasing nitrogen input, the
return level of carbon and nitrogen should be also paid attention. Vigorously promote
the application of organic fertilizer and straw returning to maintain the stable increase in
soil carbon-N ratio.

Carbon sequestration effect of conservation tillage

On the contrary, the less tillage treatment without straw returning decreased by
10.7%, which indicates that the conservation tillage of straw returning could increase
soil organic carbon, while the no-tillage with reduced tillage frequency and intensity did
not significantly improve organic carbon. Wang Chengji’s research also shows that the
organic carbon of conservation tillage with no increase in straw returning to the field is
very small, and the no-tillage based on tillage management has great uncertainty on the
accumulation of SOC in farmland.
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Conclusions

The results of this study indicate that the soil organic matter content of yellow loam
paddy soil is still at low level, which has the large carbon sequestration potential and
capacity. Free active organic carbon is the largest part of SOC. The combination of
organic and inorganic fertilizers also significantly increased the unprotected free
activity, physical protection and chemically protected organic carbon content of the soil,
and the highest increase is achieved under the condition of constant organic-inorganic
application. The effect of single application of chemical fertilizer on the increase of
SOC content and total nitrogen content is relatively small. The alone application of
organic fertilizer or organic and inorganic fertilizer could significantly increase the SOC
content and total nitrogen content. When applying organic fertilizer, the application of
nitrogen fertilizer is more conducive to soil carbon sequestration. When applying
nitrogen fertilizer, it is more beneficial to soil nitrogen conservation and maintain
proper carbon-N ratio and carbon-N coupling relationship. Therefore, the constant
combination of organic and inorganic fertilizers is the most effective mode to increase
soil organic carbon storage.

The organic carbon reserves of no-tillage and deep pine cover treatment is
significantly higher than that of less tillage and traditional tillage, and the soil carbon
sequestration increased significantly with the increase of cumulative carbon input. To
maintain the stability of SOC reserves, the minimum of 2.4 t Chm carbon is required
each year. Through long-term conservation tillage, the organic carbon storage of the soil
and micro-aggregate in the high loess slope area is improved, which is the farmland
management measure that is conducive to the increase of carbon in the soil.
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