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a b s t r a c t

The excessive application of manure has caused a high load of phosphorus (P) in the North China Plain.
Having an understanding of how manure application affects soil P changes and its transport between
different soil layers is crucial to reasonably apply manure P and reduce the associated loss. Based on our
28-year field experiments, the compositions and changes of P species and the risk of P loss under
excessive manure treatments were investigated, i.e., no fertilizer (CK), mineral fertilizer NPK (NPK), NPK
plus 22.5 t ha�1 yr�1 swine manure (LMNPK), and NPK plus 33.75 t ha�1 yr�1 swine manure (HMNPK).
Manure application increased the content of orthophosphate and myo-inositol hexaphosphate (myo-
IHP), especially the orthophosphate content exceeded 95%. The amount of orthophosphate in manure
and the conversion of organic P to inorganic P in soil were the main reasons for the increased soil
orthophosphate. Compared with NPK treatment, soil microbial biomass phosphorus and alkaline
phosphatase activity in LMNPK and HMNPK treatments significantly increased. Compared with NPK
treatment, a high manure application rate under HMNPK treatment could increase the abundance of
organic P-mineralization gene phoD by 60.0% and decrease the abundance of inorganic P-solubilization
gene pqqC by 45.9%. Due to the continuous additional manure application, soil P stocks significantly
increased under LMNPK and HMNPK treatments. Furthermore, part of the P has been leached to the 60
e80 cm soil layer. Segmented regression analysis indicated that CaCl2eP increased sharply when Olsen-P
was higher than 25.1 mg kg�1, however the content of Olsen-P did not exceed this value until 10 years
after consecutive excessive manure application. In order to improve soil P availability and decrease the
risk of P loss, the manure application rate should vary over time based on soil physicochemical condi-
tions, plants requirements, and P stocks from previous years.

© 2020 Elsevier Ltd. All rights reserved.
1. Introduction

Phosphorus (P) is an essential macro-element for crop produc-
tion. Although soil P stock is abundant in the North China Plain,
most of it is not available to the plants due to the strong adsorption
capacity of soil (Wang et al., 2018a). The application of P fertilizers
is the key to improve soil P availability, meet crop P demand, and
consequently ensure an acceptable crop yield (Medinski et al.,
e by Yong Sik Ok.
2018; Guo et al., 2020). The P resources in the world are limited
(Gilbert, 2009), but the abundant P in manure makes it possible to
provide sufficient P for crops. However, in parallel with the rapid
development of animal husbandry, a large amount of livestock
manure has been recycled in arable lands, leading to extremely
excessive P in agro-ecosystem (Bouwmana et al., 2012; MacDonald
et al., 2011). Excessive manure has long been applied in crop
cultivation in the North China Plainwhile ignoring its P content and
its associated environmental problems (Li et al., 2015a, 2015b; Miao
et al., 2010; Wang et al., 2018b), because manure nitrogen is always
taken into account to determine the manure application rate. The
high P input frommanure and mineral fertilizers as well as the low
P uptake by plants has caused the accumulation of more than

mailto:zhailimei@caas.cn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.envpol.2020.115304&domain=pdf
www.sciencedirect.com/science/journal/02697491
http://www.elsevier.com/locate/envpol
https://doi.org/10.1016/j.envpol.2020.115304
https://doi.org/10.1016/j.envpol.2020.115304

	How long-term excessive manure application affects soil phosphorous species and risk of phosphorous loss in fluvo-aquic soil
	1. Introduction
	2. Materials and methods
	2.1. Experimental site
	2.2. Experimental design
	2.3. Sampling and analysis
	2.3.1. Soil sample collection
	2.3.2. Chemical analysis
	2.3.3. Solution 31P NMR spectroscopy
	2.3.4. DNA extraction, quantifications of pqqC and phoD genes
	2.3.5. Microbial community analysis, sequence alignment, and screening of iPSB and oPSB

	2.4. Statistical analysis

	3. Results
	3.1. P uptake and soil P accumulation
	3.1.1. P uptake
	3.1.2. Soil P accumulation

	3.2. Soil P forms
	3.3. Biological effects of P availability
	3.4. The potential transport risk of P
	3.4.1. Distribution of P in 0–40 cm soil profile
	3.4.2. Soil P changes in 0–100 cm soil profile from 2000 to 2016
	3.4.3. Relationship between Olsen-P and CaCl2–P


	4. Discussion
	4.1. Effect of manure on soil P composition
	4.1.1. P composition in soil
	4.1.2. P biotransformation in soil

	4.2. Effect of manure on the risk of P loss
	4.2.1. The potential risk of P loss in topsoil
	4.2.2. The transport of P in soil profile


	5. Conclusion
	Credit author statement
	Declaration of competing interest
	Acknowledgments
	References


