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Abstract. To define the role of organic or inorganic fertilizers in the stability and sustainability of soil
organic carbon (SOC) and crop yield, we examined changes in SOC and crop yield, as well as their
correlation, in nine different fertilization treatments (sheep manure [M], sheep manure and urea [MN],
sheep manure and diammonium phosphate [MP], sheep manure, urea, and diammonium phosphate
[MNP], urea and diammonium phosphate [NP], urea and potassium sulfate [NK], diammonium phosphate
and potassium sulfate [PK], diammonium phosphate, urea, and potassium sulfate [NPK], no fertilizer
[CK]) from 2015 to 2018 on the Loess Plateau. The organic carbon content was higher in organic
fertilizer (M, MNP, MP, MN) than in inorganic fertilizer treatments (NP, NPK, NK, PK) and the control.
Crop yield was higher for organic than for inorganic fertilizers, whereas that of the control was always
lower than those in the fertilization treatments. The highest crop yield was obtained in MNP. Crop yield
and soil organic matter quality score correlated positively, with correlation coefficients ranging from
0.5994 to 0.7151. Our results provide a theoretical basis for organic and inorganic fertilizer application in
dry farming areas on the Loess Plateau and aid the long-term healthy development of soil in cultivated
areas.
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Introduction

Increasing the content of organic carbon in soil is not only conducive to the
development of agriculture but also plays a vital role in ecosystems globally (Blair et
al., 2006). However, the overexploitation of farmland has caused a continuous decrease
in the soil organic carbon (SOC) content and soil degradation, ultimately affecting the
development of agriculture and challenging the sustainable use of soil (Adams et al.,
2020; Akoto-Danso et al., 2019). Soil organic carbon is an important basis for soil
fertility (Beza et al., 2016) and regulates physical, chemical, and biological processes in
soil, and is a prerequisite for the sustainable utilization of land and high and stable crop
yields (Arunrat et al., 2020; Bhatt et al., 2020; Bibi et al., 2019). In addition to being
influenced by local climate and soil properties, the SOC content is determined by the
fertilization method (Bista et al., 2019; Cai et al., 2016). Fertilization has become a
common farmland management measure for improving crop yield, an important factor
affecting the conversion rate and accumulation of SOC, and the primary factor in the
evolution of soil fertility (Cenini et al., 2016; Van Groenigen et al., 2017). Fertilization
mainly affects the organic carbon content and soil dynamics by increasing the bio-yield
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of crops and the input of organic residues to the soil, as well as by affecting the number
and activity of soil microorganisms and thereby the biodegradation of organic matter
(Chen et al., 2015). The effect of fertilization on increasing SOC contents also depends
on climatic conditions (Choudhary et al., 2019; Dong et al., 2015). A variety of
fertilizers have been widely used in agricultural production to provide sufficient
nutrients for plant growth and increase aboveground biomass production (Espinoza et
al., 2017). Increased plant biomass, as an important source of SOC, increases the supply
of soil carbon sources and the amount of organic carbon in soil (Frossard et al., 2016).
Fertilizer application slowly changes the physical and chemical characteristics of the
soil, affecting microbial and root activity in the soil and indirectly the SOC reservoir
(Gao et al., 2015; Gelaw et al., 2015).

The rapid development of the fertilizer industry has decreased the dependence of
agriculture on organic fertilizers, leading to a decreased amount of organic matter in
farmland soils and an altered balance of SOC (Gwon et al., 2019). The application of
fertilizer, especially when unbalanced, has a negative effect on the SOC content, the
accumulation of SOC, as well as the content of SOC components (Han et al., 2020). The
application of organic fertilizer has the opposite effect (He et al., 2015a). Organic
fertilizer is rich in elements and organic nutrients needed for plant growth, meets the
nutrient needs of different long-term crops, improves soil structure as well as physical
and chemical properties, directly affects the level of the comprehensive soil fertility
index, and renders crop yields stable and sustainable (He et al., 2015b). Increasing the
application of organic fertilizer as a substitute for inorganic fertilizers is an effective
way to solve problems related to the application of inorganic fertilizers (Horak et al.,
2020). To this end, many studies have been carried out to elucidate changes in the SOC
content after soil fertilization and the relationship between crop yield and the SOC
content (Hwang et al., 2020). Li et al. (2015) and others found that the SOC content was
significantly increased after long-term application of organic fertilizer and a combined
application of organic and inorganic fertilizer. Liu et al. (2018) reported that long-term
application of organic fertilizer was positively linearly correlated with the total organic
carbon and nitrogen content of farmland. After entering the soil, organic fertilizer
effectively improves soil physical and chemical characteristics in the tillage layer, and
successfully regulates the content of soil nitrogen, phosphorus, and potassium,
increasing the SOC content (Igbal et al., 2019; Jalal et al., 2020). The large amount of
carbon and nitrogen sources provided by organic fertilizer increase the microbial
biomass, thus promoting root-microbial interactions (Kolbe et al., 2015).

The Loess Plateau region is a typical rain-fed agricultural area. For a long time,
agricultural production was mainly focused on cultivation of food crops due to
prevalent drought conditions and low precipitation, soil erosion and degradation, as well
as wind and sand hazards. The SOC content is only approximately 1%, rarely reaching
1.5%. In the past 20 years, with the increase in the farmers’ investment in land, the
input of inorganic fertilizers has increased, neglecting the use of organic fertilizer, a
practice that has resulted in reduced soil quality. Therefore, the effect of fertilization on
crop yield and SOC in the Loess Plateau needs to be studied to develop a sustainable
agriculture, improve the quality of cultivated land, increase agricultural production and
income, and reduce greenhouse gas emissions. Several studies have been conducted to
assess the impact of the combined use of inorganic fertilizers and organic materials on
crop yield and soil nutrients. However, such research has hardly been conducted in the
Loess Plateau region. Therefore, the purpose of this study was to assess the stability and
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sustainability of increasing SOC and crop yield using long-term experiments. We show
that the use of only organic fertilizer or a combination of inorganic and organic
fertilizers increases the SOC content and ultimately increases crop yield.

Materials and methods
Study sites

The field experiment was conducted in 2015 and 2018 at a study site located in the
middle of the Loess Plateau (36°51'N, 109°18’E). The site is located 1068 m above sea
level (Fig. 1); it has a mean annual temperature of 8.8 °C and an annual precipitation
level of 500.0 mm in the last 10 years. The recorded annual precipitation was 381.2 mm
in 2015 and 492.1 mm in 2016. The recorded annual precipitation was 557.6 mm in
2017 and 536.3 mm in 2018. The precipitation during the growth period (between
March and September) was 240.5 mm in 2015, accounting for 63% of the total annual
precipitation, 417.9 mm in 2016, accounting for 79.47% of the total annual
precipitation, 443.1 mm in 2017, accounting for 79.47% of the total annual
precipitation; and 503.1 mm in 2018, accounting for 93.8% of the total annual
precipitation 2018 (Table 1). The soil type in the study site was loess soil; basic soil
physical and chemical properties were measured at the depth of 0-20 cm before
fertilization (Table 2).

Figure 1. Test field

Table 1. Precipitation in the study area from 2015 to 2018 (mm)

Year Annual precipitation Growth period precipitation
2015 381.2 mm 240.5 mm
2016 492.1 mm 417.9 mm
2017 557.6 mm 443.1 mm
2018 536.3 mm 503.1 mm
Average precipitation in the last 10 years 500.0 mm 427.2 mm
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Table 2. Basic physical and chemical properties of the soil before fertilization

Soil depth (cm) Bulk density SOM TN TP pH
20cm 1.387 8.053 0.382 0.588 8.42

SOM, soil organic matter. TN, soil total nitrogen. TP, soil total phosphorus, all in (g-kg™)

Experimental design

Organic and inorganic fertilizers were used. The nitrogen fertilizers (N) were urea
and diammonium phosphate, the phosphate fertilizer (P) was diammonium phosphate,
the potassium fertilizer (K) was potassium chloride, and the organic fertilizer (M) was
sheep manure. Organic fertilizer treatments were the following: M, MN, MP, and MNP.
Inorganic fertilizer treatments were NP, NK, PK, and NPK. In addition, a no-fertilizer
treatment was used as the control (CK). The fertilizers were spread evenly on the soil
surface before sowing. The nine fertilization practices are shown in Table 3.

Table 3. Experimental fertilization levels

Treatment Illustration
M Sheep manure (0.75 kg/m?)
MN Sheep manure (0.75 kg/m?) + Urea 0.021 kg/m?
MP Sheep manure (0.75 kg/m?) + Diammonium phosphate (0.017 kg/m?)
MNP Sheep manure (0.75 kg/m?) + Urea (0.021 kg/m?) + Diammonium phosphate (0.017 kg/m?)
NP Urea 0.021 kg/m? + Diammonium phosphate (0.017 kg/m?)
NK Urea (0.021 kg/m?) + Potassium sulfate (0.012 kg/m?)
PK Diammonium phosphate (0.017 kg/m?) + Potassium sulfate (0.012 kg/m?)
NPK Diammonium phosphate (0.017 kg/m?) + Urea (0.021 kg/m?) + Potassium sulfate (0.012 kg/m?)
CK No fertilizer

Local heat and moisture conditions dictate that crops are only grown once a year.
Millet was planted in 2015, and the millet cultivar was Changsheng 7. Broomcorn millet
was planted in 2016, and the broomcorn millet cultivar was BaiRuanmei. Millet was
planted in 2017, and the millet cultivar was Changsheng 7. Soybeans were planted in
2018, and the soybean variety planted was Zhonghuang 35. Each of the nine treatments
contained 4 plots, yielding a total of 36 plots. Each plot was 3.5 m long and 8.57 m
wide (plot area of 30 m?). The soil fertility and environmental conditions in all plots
were uniform. Organic fertilizer, potash fertilizer, and phosphate fertilizer were each
applied once, urea fertilizer was applied at a rate of 136 g per plot, and the remaining
500 g of nitrogen fertilizer were applied during the flowering period. The millet was
fertilized with urea on April 24", 2015, and supplementary nitrogen fertilizer was added
on July 1. The broomcorn millet was fertilized with urea on April 26", 2016, and
supplementary nitrogen fertilizer was added on July 16™. The millet was fertilized with
urea on April 27", 2017, and supplementary nitrogen fertilizer was added on July 3",
Urea fertilizer was added to soybeans on April 28", 2018, and supplementary nitrogen
fertilizer was added on July 26", The experimental design of the different fertilization
experiments is shown in Table 4.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(5):4271-4282.
http://www.aloki.hu e ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2005_42714282
© 2022, ALOKI Kift., Budapest, Hungary



Liu et al.: Organic fertilizer increases soil organic carbon and crop yield in four-year tillage and crop rotations on the Loess
Plateau, China
- 4275 -

Table 4. Experimental design of the different fertilization experiments

Experimental plots

1 2 3 4 5 6 7 8 9
MN M NPK PK NK NP CK MNP MP
10 11 12 13 14 15 16 17 18
MP MN PK NK CK NPK NK M MNP
19 20 21 22 23 24 25 26 27

MNP MP CK NK NP PK NPK MN M

28 29 30 31 32 33 34 35 36

M MNP NP CK NPK NK PK MP MN

M, organic fertilizer; MN, organic fertilizer combined with nitrogen fertilizer; MP, organic fertilizer
combined with phosphate fertilizer; MNP, organic fertilizer combined with nitrogen and phosphate
fertilizer; NP, nitrogen fertilizer combined with phosphate fertilizer; NK, nitrogen fertilizer combined
with potassium fertilizer; PK, phosphorus combined with potassium fertilizer; NPK, nitrogen combined
with phosphate and potassium fertilizer; CK, no-fertilizer control. Consecutive integers (1, 2... 27)
indicate the plot number

Soil sampling and crop harvesting

Soil sample collection method: taking each plot as a unit, the soil sampling point was
more than 1 m away from the boundary of the sample plot. Sampling points were
randomly selected with an S shape. Surface debris was then removed and soil samples
were collected. All soil samples from the same sampling point were combined and then
passed through a 2-mm sieve. Samples were stored and labelled after the relevant
sampling information had been recorded. The soil samples were transported to the
laboratory, air-dried naturally, plant roots and other impurities removed, and the SOM
content measured. SOM was analyzed using the dichromate oxidation method. The 2015
millet was harvested on October 10", The 2016 broomcorn millet was harvested on
October 4. The 2017 millet was harvested on October 12™. The 2018 soybean crop was
harvested on October 4. In 2017, SOM was measured on October 121, In 2016, SOM
was measured on October 6. In 2017, SOM was measured on October 13", In 2018,
SOM was measured on October 5. At the end of the growing season, three quadrats (1 m
x 1 m) were harvested in each plot by cutting at the soil surface level; the harvested plants
were dried in an oven (75 °C, 24 h), weighed, and the value was converted to plot yield.
The final crop yield was obtained by harvesting four replicates of each treatment.

Calculations and statistics

The productivity of the cropping system was determined using the sustainable yield
index. The sustainable yield index (SYI) developed by Singh was used for assessment
(Zhou et al., 2019):

SYI =V — Or—1/ ¥imax

where Y is the mean yield, o, is the standard deviation, and Ymax is the maximum yield
data obtained from the treatment in any year.

One-way ANOVA was used to examine the effects of fertilization treatment on SOC,
crop yield, and the sustainable yield index (SYI; P <0.05). Before the analysis, we

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(5):4271-4282.
http://www.aloki.hu e ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2005_42714282
© 2022, ALOKI Kift., Budapest, Hungary



Liu et al.: Organic fertilizer increases soil organic carbon and crop yield in four-year tillage and crop rotations on the Loess
Plateau, China
- 4276 -

performed a normality and homogeneity test of the data. Linear regression analysis was
used to show the relationship between crop yield and SOC. All statistical analyses were
performed using the software package IBM SPSS Statistics (version 26.0). The
differences between the treatments were calculated using the least significance
difference test at a 0.05 probability level. Figures were prepared using Origin 9.0.

Results
Soil organic carbon

To evaluate the impact of various fertilization treatments on crop yield, we analyzed
the effects of MP, MN, PK, NP, CK, NPK, NK, and MMNP fertilization. We studied
the effects of long-term application of inorganic fertilizers (N, P), organic fertilizer, and
combined application of inorganic and organic fertilizers on SOC dynamics. The
variation trend of SOC in different treatments was similar over time. The increase in
soil SOC by organic fertilizer treatment, especially in combination with inorganic
fertilizer, was significant in comparison to that observed by inorganic fertilizer
treatment and no fertilizer application (P < 0.05).

Overall, higher SOC contents were recorded after fertilization. In 2015, the SOC
content of the M, MN, MP, MNP, NP, NK, PK, and NPK plots was greater by 80%,
78%, 85%, 94%, 18%, 13%, 9%, and 16% compared with the CK treatment,
respectively. In 2016, the SOC content of the M, MN, MP, MNP, NP, NK, PK, and
NPK plots was higher than that of the CK plots by 77%, 80%, 82%, 83%, 23%, 12%,
5%, and 22%, respectively. In 2017, the SOC content of the M, MN, MP, MNP, NP,
NK, PK, and NPK plots was greater by 74%, 90%, 91%, 93%, 17%, 8%, 4%, and 17%
compared with the CK treatment, respectively. In 2018, the SOC content of the M, MN,
MP, MNP, NP, NK, PK, and NPK plots was higher than that of the CK plots by 74%,
86%, 86%, 101%, 25%, 4%, 1%, and 22%, respectively (Fig. 2).
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Figure 2. Soil organic carbon content (mean + standard error) at different fertilization from
2015 to 2018. Note: Values in the same column and the same year followed by different letters
indicate significant differences (Duncan P < 0.05). The error bar is the standard deviation. M,

organic fertilizer; MN, organic fertilizer combined with nitrogen fertilizer; MP, organic
fertilizer combined with phosphate fertilizer; MNP, organic fertilizer combined with nitrogen
and phosphate fertilizer; NP, nitrogen fertilizer combined with phosphate fertilizer; NK,
nitrogen fertilizer combined with potassium fertilizer; PK, phosphorus combined with potassium
fertilizer; NPK, nitrogen combined with phosphate and potassium fertilizer

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(5):4271-4282.
http://www.aloki.hu e ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2005_42714282
© 2022, ALOKI Kift., Budapest, Hungary



Liu et al.: Organic fertilizer increases soil organic carbon and crop yield in four-year tillage and crop rotations on the Loess
Plateau, China
- 4277 -

Crop yield

The average yield for the period 2015-2018 was used to evaluate the long-term
effects of different fertilization practices. Organic fertilizer treatments increased crop
yield significantly more than inorganic fertilizer and no fertilizer treatments (P < 0.05).
Overall, higher crop yield was recorded after fertilization. In 2015, the crop yield of the
M, MN, MP, MNP, NP, NK, PK, and NPK plots was greater by 22%, 2%, 25%, 81%,
1%, 48%, 42%, and 42% compared with the CK treatment, respectively. In 2016, the
crop yield of the M, MN, MP, MNP, NP, NK, PK, and NPK plots was higher than that
of the CK plots by 279%, 316%, 198%, 337%, 271%, 28%, 28%, and 177%,
respectively. In 2017, the crop yield of the M, MN, MP, MNP, NP, NK, PK, and NPK
plots was greater by 266%, 317%, 121%, 320%, 295%, 177%, 101%, and 205%
compared with the CK treatment, respectively. In 2018, the crop yield of the M, MN,
MP, MNP, NP, NK, PK, and NPK plots was higher than that of the CK plots by 118%,
171%, 189%, 239%, 119%, 120%, 146%, and 165%, respectively (Fig. 3).
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Figure 3. Average yield (mean + standard error) at different fertilization treatments in 2015,
2016, 2017, and 2018. Note: Values in the same column and the same year followed by different
letters indicate significant differences (Duncan P < 0.05). The error bar is the standard
deviation. M, organic fertilizer; MN, organic fertilizer combined with nitrogen fertilizer; MP,
organic fertilizer combined with phosphate fertilizer; MNP, organic fertilizer combined with
nitrogen and phosphate fertilizer; NP, nitrogen fertilizer combined with phosphate fertilizer;
NK, nitrogen fertilizer combined with potassium fertilizer; PK, phosphorus combined with
potassium fertilizer; NPK, nitrogen combined with phosphate and potassium fertilizer; CK, no-
fertilizer control

Correlation among different parameters and SY|

Using Pearson correlation analysis (Fig. 4), we found a significant correlation
between crop yield and SOC in 2015, 2016, 2017, and 2018 (P < 0.05). The SYI value
for the for yield in organic fertilizer treatments was greater than that in the other
treatments, indicating that application of organic fertilizer increases crop yield as
compared to the other fertilization treatments (Table 5). The SYI value was the highest
in the MNP treatment, while the lowest SYI value was in the CK treatment. The SYI
values in the other organic fertilizer treatments (MP, MN, M) were similar to that of the
MNP treatment. These results indicate that organic fertilizer has the potential to
maintain a sustainable crop yield.
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Figure 4. Correlation of SOC and crop yields in 2015, 2016, 2017, and 2018. Note: Values in
the same column and the same year followed by different letters indicate significant differences
(Duncan P < 0.05). M, organic fertilizer; MN, organic fertilizer combined with nitrogen
fertilizer; MP, organic fertilizer combined with phosphate fertilizer; MNP, organic fertilizer
combined with nitrogen and phosphate fertilizer; NP, nitrogen fertilizer combined with
phosphate fertilizer; NK, nitrogen fertilizer combined with potassium fertilizer; PK, phosphorus
combined with potassium fertilizer; NPK, nitrogen combined with phosphate and potassium
fertilizer; CK, no-fertilizer control

Table 5, Sustainable yield index (SYI) values for the four years of growing influenced by
different fertilization treatments

Years MP MN PK NP CK NPK NK M MNP
SYl215 | 0.60ab | 0.62a 0.49b 0.48b 0.30c 0.50b 0.50b 0.57ab 0.69a
SYloo16 | 0.57ab | 0.61a 0.47b 0.47b 0.31c 0.48b 0.49b 0.54ab 0.67a
SYl217 | 0.58ab | 0.61a 0.46b 0.45b 0.29¢c 0.51b 0.48b 0.55ab 0.68a
SYl201s | 0.59ab | 0.60a 0.51b 0.49b 0.30c 0.48b 0.48b 0.58ab 0.70a

Values in the same column and the same year followed by different letters indicate significant
differences (Duncan P < 0.05)

Discussion

Organic fertilizers significantly increased the SOC content and crop yield compared
with non-organic fertilizers and no fertilizer application. Different fertilization models
significantly increased the SOC content. Their application increased crop growth, which
in turn increased the amount of crop residues. As crop residues are decomposed, they
are converted into organic carbon, thereby increasing the SOC content (Zhao et al.,
2019; Jalal et al., 2020). The applied inorganic fertilizers were not as effective as the
organic fertilizers in increasing the SOC content, mainly because inorganic fertilizer
application increased the activity of soil microorganisms and thus the consumption of
SOC (Zanatta et al., 2019). The total organic carbon reservoir in the soil originated from
decomposition in the soil (Yu et al., 2020; Yang et al., 2019). Consequently, SOC
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accumulation was greater than its consumption. The application of inorganic fertilizer
increased the SOC content, although the increase was lower than in the soil amended
with organic fertilizers. These results were consistent with those of other studies (Yusuf
etal., 2015).

The organic carbon content of the soil amended with organic fertilizer was greater
than that of the soil treated with inorganic fertilizers and the control. The SOC
accumulation rate in the NPK, NK, and PK treatments during the four years of crop
rotation was small because of the relatively small rate of organic carbon formation,
which is mainly due to plant residues, root residues, and root secretions. There was no
input of exogenous organic carbon. In the present study, the crop yield in the CK
treatment was significantly lower than that in the treatments with fertilizers, confirming
that fertilization affected the crop yield. The highest crop yield obtained in the MNP
treatment is attributed to N and P, which were directly supplemented to the soil, while
mineral fertilizer regulates the release intensity and rate of inorganic nutrients in the
soil. The crop thus has a continuous access to nutrients, the nutrient demands are met at
all stages of plant growth, and consequently crop yield is improved (Yan et al., 2020;
Yadav et al., 2020). Besides the application of organic fertilizers, decomposition in soil
is another process that produces organic acids, promotes soil nutrient cycling, improves
soil efficiency, and increases crop yield, which has been reported in various other
studies (Xu et al., 2015, 2020; Wild et al., 2017).

We observed a positive correlation (P < 0.05) among SOC, crop, and crop yield in all
growing seasons. The results indicated that crop yield increased with increasing SOC.
There was a significant difference in crop yield and the SYI under different long-term
fertilization protocols. The highest SYI was obtained after application of organic
fertilizer, it was lower in treatments with inorganic fertilizers, and the lowest in the
control. Mineral nutrients provided by inorganic fertilizers were immediately released
into the soil and absorbed and utilized by the crops (Wang et al., 2015, 2020); therefore,
soil fertility was short-lived and the SYI was low. Only a tiny fraction of mineral
nutrients was immediately released from organic manure, and most of the nutrients were
released slowly; the process was longer and thus could meet the nutrient demand of the
crops throughout the whole season (Villamil et al., 2015). This reduces the reliance on
chemical fertilizers, maintains the stability and sustainability of crop production, and
preserves a high SYI.

Conclusions

Long-term fertilization can significantly improve the SOC content. The SOC content
in treatments with organic fertilizers was higher than that in treatments with inorganic
fertilizers and in the control. Application of organic fertilizer accelerated the
accumulation of SOC, nitrogen, and other nutrients as compared to the application of
inorganic fertilizer or no fertilizer application. Long-term fertilization also significantly
improved crop yield. The highest crop yield was obtained with MNP fertilization,
indicating that organic fertilizer combined with N and P fertilizer can effectively
improve crop yields by directly supplementing soil nutrients while regulating the release
of nutrients to meet the needs of the crops. The crop yield dependence on fertilizer is
thus reduced. The combination of organic and inorganic fertilizers in the soil of the dry
farming area on the Loess Plateau can promote the long-term healthy development of
soil in this cultivated area.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(5):4271-4282.
http://www.aloki.hu e ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2005_42714282
© 2022, ALOKI Kift., Budapest, Hungary



Liu et al.: Organic fertilizer increases soil organic carbon and crop yield in four-year tillage and crop rotations on the Loess
Plateau, China
- 4280 -

Funding. This research was supported by the National Science Foundation of China (42077075).

Acknowledgments. Many thanks to Yuan Gao for their technical assistance in the laboratory work. We
would like to thank Pei Ge and Ruixi Liu for providing statistics assistance.

Conflict of interests. The authors declare no conflict of interests.

REFERENCES

[1] Adams, A. M., Gillespie, A. W., Dhillon, G. S., Kar, G., Minielly, C., Koala, S., Ouattara,
B., Kimaro, A. A., Bationo, A., Schoenau, J. J. (2020): Long-term effects of integrated
soil fertility management practices on soil chemical properties in the Sahel. — Geoderma
366.

[2] Akoto-Danso, E. K., Manka’Abusi, D., Steiner, C., Werner, S., Haering, V., Nyarko, G.,
Marschner, B., Drechsel, P., Buerkert, A. (2019): Agronomic effects of biochar and
wastewater irrigation in urban crop production of Tamale, northern Ghana. — Nutr Cycl
Agroecosys 115: 231-247.

[3] Arunrat, N., Pumijumnong, N., Sereenonchai, S., Chareonwong, U. (2020): Factors
Controlling soil organic carbon sequestration of highland agricultural areas in the Mae
Chaem Basin, Northern Thailand. — Agronomy-Basel 10.

[4] Beza, S. A, Assen, M. A. (2016): Soil carbon and nitrogen changes under a long period
of sugarcane monoculture in the semi-arid East African Rift Valley, Ethiopia. — J Arid
Environ 132: 34-41.

[5] Bhatt, M. K., Raverkar, K. P., Chandra, R., Pareek, N., Labanya, R., Kumar, V., Kaushik,
S., Singh, D. K. (2020): Effect of long-term balanced and imbalanced inorganic fertilizer
and FYM application on chemical fraction of DTPA-extractable micronutrients and
yields under rice-wheat cropping system in mollisols. — Soil Use Manage 36: 261-273.

[6] Bibi, Z., Ding, W., Jilani, G., Khan, N. U., Saleem, H. (2019): Organic and mineral
fertilizers sway the nitrogen availability to plants via microbial diversity - a long-term
impact. — Pak J Bot 51: 1517-1522.

[7] Bista, P., Ghimire, R., Machado, S., Pritchett, L. (2019): Biochar effects on soil
properties and wheat biomass vary with fertility management. — Agronomy-Basel 9.

[8] Blair, N., Faulkner, R. D., Till, A. R., Crocker, G. J. (2006): Long-term management
impacts on soil C, N and physical fertility - Part 11l: Tamworth crop rotation experiment.
— Soil Till Res 91: 48-56.

[9] Cai, J., Wu, Q., Zhong, X., Hu, J., Hu, Q. (2016): Soil organic carbon and total nitrogen
in reclaimed paddy fields vary with reclamation duration in Poyang Lake region. —
Shengtaixue Zazhi 35: 2009-2013.

[10] Cenini, V. L., Fornara, D. A., McMullan, G., Ternan, N., Carolan, R., Crawley, M. J.,
Clement, J., Lavorel, S. (2016): Linkages between extracellular enzyme activities and the
carbon and nitrogen content of grassland soils. — Soil Biol Biochem 96: 198-206.

[11] Chen, L., He, Z., Du, J., Yang, J., Zhu, X. (2015): Patterns and controls of soil organic
carbon and nitrogen in alpine forests of northwestern China. — Forest Sci 61: 1033-1040.

[12] Choudhary, A., Yadav, S. R., Parewa, H. P. (2019): Effect of wool waste in combination
with farm yard manure and fertilizer on soil properties in aridisol of Bikaner, Rajasthan,
India. — J Environ Biol 40: 1067-1072.

[13] Dong, W., Zhang, X., Wang, H., Dai, X., Sun, X., Qiu, W., Yang, F. (2012): Effect of
different fertilizer application on the soil fertility of paddy soils in red soil region of
southern China. — Plos One 7.

[14] Espinoza, Y., Lozano, Z., Malpica, L. (2017): Effect of the tillage system on the structure
and fractions of carbon and nitrogen in the soil and its impact on the development of
corn. — Rev Fac Agron Luz 34: 448-476.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(5):4271-4282.
http://www.aloki.hu e ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2005_42714282
© 2022, ALOKI Kift., Budapest, Hungary



[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Liu et al.: Organic fertilizer increases soil organic carbon and crop yield in four-year tillage and crop rotations on the Loess

Plateau, China
- 4281 -

Frossard, E., Buchmann, N., Biinemann, E. K., Kiba, D. I., Lompo, F., Oberson, A.,
Tamburini, F., Traore, O. Y. A. (2016): Soil properties and not inputs control carbon :
nitrogen : phosphorus ratios in cropped soils in the long term. — Soil 2: 83-99.

Gao, W., Yang, J., Ren, S., Liu, H. (2015): The trend of soil organic carbon, total
nitrogen, and wheat and maize productivity under different long-term fertilizations in the
upland fluvo-aquic soil of North China. — Nutr Cycl Agroecosys 103: 255.

Gelaw, A. M., Singh, B. R, Lal, R. (2015): Organic carbon and nitrogen associated with
soil aggregates and particle sizes under different land uses in Tigray, Northern Ethiopia. —
Land Degrad Dev 26: 690-700.

Gwon, H. S., Khan, M. I, Yoon, Y. E., Lee, Y. B., Kim, P. J., Hwang, H. Y. (2019):
Unexpected higher decomposition of soil organic matter during cold fallow season in
temperate rice paddy. — Soil Till Res 192: 250-257.

Han, X., Hu, C., Chen, Y., Qiao, Y., Liu, D., Fan, J., Li, S., Zhang, Z. (2020): Crop yield
stability and sustainability in a rice-wheat cropping system based on 34-year field
experiment. — Eur J Agron 113.

He, H., Yang, X., Wang, D., Sun, Y., Yin, C,, Li, T., Li, Y., Zhou, G., Zhang, L., Liu, Q.
(2015a): Ecological stoichiometric characteristics of soil carbon, nitrogen and phosphorus
of Sibiraea angustata shrub in eastern Qinghai-Tibetan Plateau. — Chinese Journal of
Applied and Environmental Biology 21: 1128-1135.

He, Y. T., Zhang, W. J., Xu, M. G., Tong, X. G., Sun, F. X., Wang, J. Z., Huang, S. M.,
Zhu, P., He, X. H. (2015b): Long-term combined chemical and manure fertilizations
increase soil organic carbon and total nitrogen in aggregate fractions at three typical
cropland soils in China. — Sci Total Environ 532: 635-644.

Horak, J., Simansky, V., Aydin, E. (2020): Benefits of biochar and its combination with
nitrogen fertilization for soil quality and grain yields of barley, wheat and corn. — J
Elementol 25: 443-458.

Hwang, H. Y., Cuello, J., Kim, S. Y., Lee, J. G., Kim, P. J. (2020): Green manure
application accelerates soil organic carbon stock loss under plastic film mulching. — Nutr
Cycl Agroecosys 116: 257-2609.

Igbal, A., He, L., Khan, A., Wei, S., Akhtar, K., Ali, ., Ullah, S., Munsif, F., Zhao, Q.,
Jiang, L. (2019): Organic manure coupled with inorganic fertilizer: an approach for the
sustainable production of rice by improving soil properties and nitrogen use efficiency. —
Agronomy-Basel 9.

Jalal, F., Arif, M., Akhtar, K., Khan, A., Naz, M., Said, F., Zaheer, S., Hussain, S.,
Imtiaz, M., Khan, M. A, et al. (2020): Biochar integration with legume crops in summer
gape synergizes nitrogen use efficiency and enhance maize yield. — Agronomy-Basel 10.
Kolbe, S. E., Townsend-Small, A., Miller, A. 1., Culley, T. M., Cameron, G. N. (2015):
Effect of Lonicera maackii on soil carbon and nitrogen in southwestern Ohio forests. —
Invas Plant Sci Mana 8: 375-384.

Li, S., Su, J., Liu, W, Lang, X., Huang, X., Jia, C., Tong, Q., Tang, H. (2015): Changes
in Soil organic carbon and nitrogen stocks in Pinus kesiya var. langbiannesis plantation. —
Forest Research 28: 810-817.

Liu, C., Nie, Y., Zhang, Y., Tang, J., Siddique, K. H. M. (2018): Introduction of a
leguminous shrub to a rubber plantation changed the soil carbon and nitrogen fractions
and ameliorated soil environments. — Sci Rep-Uk 8.

Van Groenigen, J. W., Van Kessel, C., Hungate, B. A., Oenema, O., Powlson, D. S., Van
Groenigen, K. J. (2017): Response to the letter to the editor regarding our viewpoint
“Sequestering soil organic carbon: a nitrogen dilemma”. — Environ Sci Technol 51:
11503-11504.

Villamil, M. B., Nafziger, E. D. (2015): Corn residue, tillage, and nitrogen rate effects on
soil carbon and nutrient stocks in Illinois. — Geoderma 253: 61-66.

Wang, X., Zhou, W., Liang, G., Song, D., Zhang, X. (2015): Characteristics of maize
biochar with different pyrolysis temperatures and its effects on organic carbon, nitrogen

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(5):4271-4282.
http://www.aloki.hu e ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2005_42714282
© 2022, ALOKI Kift., Budapest, Hungary



[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Liu et al.: Organic fertilizer increases soil organic carbon and crop yield in four-year tillage and crop rotations on the Loess

Plateau, China
- 4282 -

and enzymatic activities after addition to fluvo-aquic soil. — Sci Total Environ 538: 137-
144,

Wang, K., Li, F., Dong, Y. (2020): Methane emission related to enzyme activities and
organic carbon fractions in paddy soil of South China under different irrigation and
nitrogen management. — J Soil Sci Plant Nut 20: 1397-1410.

Wild, B., Alaei, S., Bengtson, P., Bode, S., Boeckx, P., Schnecker, J., Mayerhofer, W.,
Rutting, T. (2017): Short-term carbon input increases microbial nitrogen demand, but not
microbial nitrogen mining, in a set of boreal forest soils. — Biogeochemistry 136: 261-
278.

Xu, X., Hui, D., King, A. W., Song, X., Thornton, P. E., Zhang, L. (2015): Convergence
of microbial assimilations of soil carbon, nitrogen, phosphorus, and sulfur in terrestrial
ecosystems. — Sci Rep-Uk 5.

Xu, H., Liu, K., Zhang, W., Rui, Y., Zhang, J., Wu, L., Colinet, G., Huang, Q., Chen, X.,
Xu, M. (2020): Long-term fertilization and intensive cropping enhance carbon and
nitrogen accumulated in soil clay-sized particles of red soil in South China. — J Soil
Sediment 20: 1824-1833.

Yadav, S. S., Guzman, J. G., Meena, R. S, Lal, R., Yadav, G. S. (2020): Long term crop
management effects on soil organic carbon, structure, and water retention in a cropland
soil in central Ohio, USA. — J Plant Nutr Soil Sc 183: 200-207.

Yan, W., Jiang, W., Han, X., Hua, W., Yang, J., Luo, P. (2020): Simulating and
predicting crop yield and soil fertility under climate change with fertilizer management in
Northeast China based on the decision support system for agrotechnology transfer model.
— Sustainability-Basel 12.

Yang, B., Ma, Y., Zhang, C., Jia, Y., Li, B., Zheng, X. (2019): Cleaner production
technologies increased economic benefits and greenhouse gas intensity in an eco-rice
system in China. — Sustainability-Basel 11.

Yu, Q., Hu, X., Mg, J,, Ye, J., Sun, W., Wang, Q., Lin, H. (2020): Effects of long-term
organic material applications on soil carbon and nitrogen fractions in paddy fields. — Soil
Till Res 196.

Yusuf, H. M., Treydte, A. C., Sauerborn, J. (2015): Managing semi-arid rangelands for
carbon storage: grazing and woody encroachment effects on soil carbon and nitrogen. —
Plos One 10.

Zanatta, J. A., Beber Vieira, F. C., Briedis, C., Dieckow, J., Bayer, C. (2019): Carbon
indices to assess quality of management systems in a Subtropical Acrisol. — Sci Agr 76:
501-508.

Zhang, Q., Laanbroek, H. J. (2018): The effects of condensed tannins derived from
senescing Rhizophora mangle leaves on carbon, nitrogen and phosphorus mineralization
in a Distichlis spicata salt marsh soil. — Plant Soil 433: 37-53.

Zhang, Z., Zhang, X., Mahamood, M., Zhang, S., Huang, S., Liang, W. (2016): Effect of
long-term combined application of organic and inorganic fertilizers on soil nematode
communities within aggregates. — Sci Rep-Uk 6.

Zhao, H., Song, J., Zhao, G., Xiang, Y., Liu, Y. (2019): Novel semi-IPN nanocomposites
with functions of both nutrient slow-release and water retention. 2. Effects on soil fertility
and tomato quality. — J Agr Food Chem 67: 7598-7608.

Zhou, X., Lu, Y., Liao, Y., Zhu, Q., Cheng, H., Nie, X., Cao, W., Nie, J. (2019):
Substitution of chemical fertilizer by Chinese milk vetch improves the sustainability of
yield and accumulation of soil organic carbon in a double-rice cropping system. — J Integr
Agr 18: 2381-2392.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(5):4271-4282.
http://www.aloki.hu e ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2005_42714282
© 2022, ALOKI Kift., Budapest, Hungary



