
Contents lists available at ScienceDirect

Soil & Tillage Research

journal homepage: www.elsevier.com/locate/still

Links between potassium of soil aggregates and pH levels in acidic soils
under long-term fertilization regimes

Liu Kai-loua,b, Han Tian-fua, Huang Jinga, Asad Shaha, Li Da-mingb, Yu Xi-chub, Huang Qing-haib,
Ye Hui-caib, Hu Hui-wenb, Hu Zhi-huab, Zhang Hui-mina,*
a Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences/National Engineering Laboratory for Improving Quality of Arable
Land, Beijing 100081, PR China
b Jiangxi Institute of Red Soil, National Engineering and Technology Research, Center for Red Soil Improvement, Scientific Observational and Experimental Station of Arable
Land Conservation in Jiangxi, Ministry of Agriculture and Rural Affairs, Nanchang 331717, PR China

A R T I C L E I N F O

Keywords:
Soil acidification of red soil
Potassium in soil aggregate
Combined organic and chemical fertilizers

A B S T R A C T

Soil pH adjusted by the application of lime can improve soil potassium (K) availability to meet crop K uptake in
acidic red soil. However, the response of aggregated K to pH changes is poorly understood. Objectives of this
study was to quantify the relationships between aggregate K content and pH levels in soil with different ferti-
lization patterns from a long-term field experiment Then, an incubation experiment of pH adjustment was
conducted over 90 days at different pH levels where HCl and Ca(OH)2 were added to nitrogen and phosphorus
fertilizers (NP); NP and K fertilizers (NPK); and NPK with manure (NPKM) soils. Our results showed that double
linear equations can fit the relationships between aggregate exchangeable K (EK) with pH levels. However, the
slopes and other parameters of fitted equations varied among different fertilization soils. Linear equations in-
dicated that increasing pH value could improve non-exchangeable K (NEK) contents of soil aggregates, especially
in NP soil with lower initial pH. However, the proportions of EK and NEK stocks in soil aggregates were sig-
nificantly changed by soil pH adjustment only in NPKM soil. Additionally, redundancy analysis and partial least
squares path mode also suggested that soil pH only affected the NEK contents in soil aggregates, although
fertilization had direct effects on the EK and NEK contents in soil aggregates. Therefore, this study demonstrated
that the aggregate K distribution of adjusting pH varied among soils with different fertilization regimes, then,
improved soil pH could maintain high EK and NEK content of soil aggregates in red soil.

1. Introduction

In general, the highest proportion of potassium (K) in soil is in
mineral form, which cannot directly supply K to crops. Moreover,
previous research suggests that the content of exchangeable K (EK) and
non-exchangeable K (NEK) can be to meet crop K uptake due to lower
water-extractable K (WEK) (Pal et al., 1999; Jalali and Zarabi, 2006).
For example, the WEK content is 5.3 mg/kg in red soil, which was
0.02% in total K (Das et al., 2019). It is therefore necessary to improve
the soil K availability through increasing EK and NEK content in soil.

Soil pH is one of the major factors affecting soil processes and
chemical, physical, and biological properties of soil (Brady and Weil,
2002). Soil pH decreases slowly from an initial pH under natural con-
ditions (Tian and Niu, 2015). In recent decades, soil acidification has
accelerated due to various anthropogenic activities, including acid de-
position and application of excessive nitrogen (N) fertilizers in China

and over the world (Guo et al., 2010; Tian and Niu, 2015). Soil acid-
ification is severe for most soil types in tropical and subtropical regions
such as red soil, because the red soil itself is acidic with pH lower than
6.0 (Lu et al., 2014; Tate, 2014; Zhao et al., 2014). Moreover, the pH
value in red soil can be rapidly decreased due to inappropriate fertili-
zation patterns through long-term fertilization experiments (Meng
et al., 2014; Cai et al., 2015; Zhu et al., 2018). Soil acidification also
results in the toxicity of aluminum and manganese to plants and defi-
ciency of nutrients such as K, thus reducing crop yields (Brennan et al.,
2004; Legesse et al., 2017). It is therefore important to alleviate soil
acidification to sustain agricultural production.

Lime application slows soil acidification and is thus a popular
technique to improve soil pH (Fageria and Baligar, 2008; Goulding,
2016). Han et al (2019) had proved that lime application could improve
K availability in red soil. However, Previous studies have shown that
the soil K availability is lower in acidic soils than other soil types

https://doi.org/10.1016/j.still.2019.104480
Received 13 May 2019; Received in revised form 4 October 2019; Accepted 18 October 2019

⁎ Corresponding author.
E-mail address: zhanghuimin@caas.cn (H.-m. Zhang).

Soil & Tillage Research 197 (2020) 104480

Available online 19 November 2019
0167-1987/ © 2019 Elsevier B.V. All rights reserved.

T

http://www.sciencedirect.com/science/journal/01671987
https://www.elsevier.com/locate/still
https://doi.org/10.1016/j.still.2019.104480
https://doi.org/10.1016/j.still.2019.104480
mailto:zhanghuimin@caas.cn
https://doi.org/10.1016/j.still.2019.104480
http://crossmark.crossref.org/dialog/?doi=10.1016/j.still.2019.104480&domain=pdf

	Links between potassium of soil aggregates and pH levels in acidic soils under long-term fertilization regimes
	Introduction
	Materials and methods
	Site description
	Experimental design
	Incubation experiment with different pH values
	Soil sample preparation
	Adjustment of different pH levels

	Aggregate fractionation
	Soil pH and K content measurements
	Statistical analysis

	Results
	Soil pH and K contents under long-term fertilization
	Soil aggregate fractions of different soil pH levels under long-term fertilization
	Aggregate EK content in different soil pH levels under long-term fertilization
	Aggregate NEK content in different soil pH levels under long-term fertilization
	The proportion of aggregate EK and NEK stocks in different soil pH levels under long-term fertilization
	Key factors driving the distribution of EK and NEK stocks in different aggregates

	Discussion
	The response of soil aggregate fractions to adjusted soil pH levels
	The relationship between soil aggregate K and soil pH levels

	Conclusion
	mk:H1_22
	Acknowledgements
	References




