
Contents lists available at ScienceDirect

Agriculture, Ecosystems and Environment

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

Impacts of mollic epipedon thickness and overloaded sediment deposition
on corn yield in the Chinese Mollisol region

Zhizhen Fenga, Fenli Zhenga,b,⁎, Wei Hub, Guifang Lib, Ximeng Xua

a Institute of Soil and Water Conservation, State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Northwest A & F University, Yangling, Shaanxi
712100, PR China
b Institute of Soil and Water Conservation, CAS & MWR, Yangling, Shaanxi 712100, PR China

A R T I C L E I N F O

Keywords:
Mollic epipedon thickness
Overloaded sediment deposition
Corn yield
Equation fitting
Chinese Mollisol region

A B S T R A C T

Topsoil loss and overloaded sediment deposition profoundly influence soil productivity. Understanding the
changes in crop yield with the decrease of topsoil thickness and the increase of sediment deposition depth is
crucial to elucidate the effects of soil erosion and deposition on soil productivity. However, little information is
available concerning how mollic epipedon thickness and overloaded sediment deposition affect crop yield in the
Mollisol region of Northeast China. The objectives of this study were to quantify the effects of mollic epipedon
thickness and sediment deposition depth on corn (Zea mays L.) yield in the Mollisol region of Northeast China.
Simulated field experiments, including seven mollic epipedon thicknesses (0, 5, 10, 15, 20, 40 and 60 cm) and
five sediment deposition depths (0, 7.5, 15, 22.5 and 30 cm) were conducted in two independent experiments,
respectively. The results showed that corn yield reduced as mollic epipedon thickness decreased, and corn yield
reduced more sharply when mollic epipedon thickness was less than 20 cm. Compared with the control treat-
ment with 60 cm mollic epipedon, the corn yield reductions were 8.2%, 15.8%, 21.3% and 24.2%, respectively,
for the treatments with 15, 10, 5 and 0 cm mollic epipedon. Moreover, the negative impacts of overloaded
sediment deposition at the corn seeding stage on corn yield were also analysed in this study. The corn yield
significantly decreased as sediment deposition depth increased. Compared with the control treatment without
sediment deposition, the corn yield was decreased by 31.7% for the treatment with 30 cm sediment deposition
depth. Additionally, a logistic function between corn yield and mollic epipedon thickness and a linear function
between corn yield and sediment deposition depth were fitted. Cross-validation implied that the two equations
had acceptable accuracy. Therefore, prevention of soil erosion and reduction of adverse influences of overloaded
sediment deposition are cornerstones of sustainable agriculture in the Chinese Mollisol region.

1. Introduction

Soil erosion is a great concern in the most of agricultural regions
among the world due to its long-term negative effects on soil pro-
ductivity (Montgomery, 2007; Zhou et al., 2015). Accelerated soil
erosion may damage land resources, reduce soil quality, and result in
decreased crop productivity, which may lead to a series of threats to
agricultural sustainability (Wang et al., 2009; Ouyang et al., 2018).
About 15.1% of global land was suffering from human-induced de-
gradation, 83.6% of which was resulted by soil erosion and 40.4% of
eroded land degradation occurred in Asia (Lal, 2001). Northeast China,
one of four major Mollisol regions in the world, contributes approxi-
mately 18.9% to national food production and 33.1% to national total
corn production (National Bureau of Statistics of China, 2012). Mollisol
(USDA Taxonomy), which is named as black soil in China, is

characterized by the presence of mollic epipedon with high organic
matter content (Hu et al., 2017; Yan et al., 2017). However, the Mol-
lisol’s productivity and fertility have been declining during the past
several decades due to severe soil erosion and large-scale cultivation.
The statistical data (MWR et al., 2010) showed that the topsoil thick-
ness of Mollisol (mollic epipedon thickness) mainly ranged from 50 to
80 cm in the 1950s, while it only ranged from 20 to 40 cm in the 2000.
Serious soil erosion caused loss of 0.3–1.0 cm of the mollic epipedon per
year in the Mollisol regions of the world (Li et al., 2006; Fenton, 2012).
Especially, in some areas of the Chinese Mollisol region, the loessial
parent material i.e., viscous parent material, with very little organic
matter content has been exposed to the surface due to mollic epipedon
loss, which caused a great loss of soil productivity (Zhang et al., 2007a;
Xu et al., 2010). Liu and Yan (2009) reported that the loss of crop yield
caused by soil erosion occupied 14.1% of total grain production in the
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Chinese Mollisol region. Therefore, the effects of mollic epipedon
thickness reduction on soil productivity decline should be quantified in
more details in order to provide scientific basis for policy-making.

Water erosion and tillage may affect soil redistribution, which in-
fluences topsoil thickness and further affects soil productivity
(Christensen and McElyea, 1988; Larney et al., 2003). Up to date, three
main methods were used to study the erosion influences on soil pro-
ductivity, i.e., transects method, comparative plot method, and artifi-
cial topsoil removal method (also referred as desurfacing), among
which the artificial topsoil removal method was widely accepted (Gao
et al., 2015). The transect method involving crop yield comparison
along transects was not widely used because it may have included the
effects of other processes that are related to topography (Bakker et al.,
2004). Bakker et al. (2004) indicated that the comparative plot method
should be considered realistic after they studied crop yield reduction
per 10 cm of topsoil loss using different methods. However, the com-
parative plot method is difficult to find similar characteristics and dif-
ferent historical erosion plots in a watershed (Gao et al., 2015). Many
studies have investigated the relationship between topsoil thickness and
soil productivity by artificial topsoil removal method. Oyedele and Aina
(2006) used the soil classified as Ustoxic Dystropepts (USDA Tax-
onomy) to identify the responses of corn yield to erosion, and noted that
corn yield decreased with a decrease in topsoil thickness, their results
showed an average of 55% loss of crop yield occurred after removal of
only 5 cm topsoil. The relationship between crop yield and topsoil re-
moval was studied in cropland with Dark Brown Chernozemic sandy
clay loams (Typic Haploborolls) by Larney et al. (2000), and the results
showed that removal of 20 cm topsoil reduced crop yields by 53%.
Izaurralde et al. (1998) conducted the experiment on Typic Cryoboroll
and Typic Cryoboralf, and also revealed that decreasing in topsoil
thickness markedly reduced crop yield. Wang et al. (2009) evaluated
the effects of mollic epipedon thickness on crop yield in the Chinese
Mollisol region, and demonstrated that the crop yield decreased ex-
ponentially with an increase in soil erosion, the average crop yield re-
ductions per 10 cm of topsoil loss were 14.9% and 17.1%, respectively,
for the fertilized and unfertilized treatments. However, the artificial
topsoil removal method may exaggerate the negative effects of topsoil
thickness on soil productivity due to the abrupt disappearance of topsoil
in the initial several years (Bakker et al., 2004). Currently, there is
limited information on quantifying the effects of topsoil thickness on
crop yield in the Chinese Mollisol region, and above-mentioned
methods and studies provided precious values in finding an effective
approach to address how corn yield responses to mollic epipedon
thickness in this region.

Sediments, as well as soil nutrients, are detached and transported
from the soil surface at the upper slope position to the lower slope
position or low-lying land along hillslope due to soil erosion (Walling,
1988). Consequently, the sediment deposition usually resulted in nu-
trients enrichment in the deposition area, which may lead to higher
crop yield in the deposition area than that in the erosion area (Oyedele
and Aina, 1998; Morgan, 2005; Soon and Malhi, 2005). Oyedele and
Aina (1998) confirmed that 17% reductions in corn yield occurred in
the severely eroded areas compared with those in the deposition areas.
However, in the Chinese Mollisol region, a survey of corn yield in dif-
ferent areas of our study watershed in the 2013 indicated that, crop
yield at the foot slope and the low-lying land was lower than that at the
upper and middle slope. When extreme runoff with high sediment
concentration occurred, overloaded sediments would deposit at the foot
slope and bury crops, which could reduce the crop yield in the de-
position area. Jiang et al. (2015) reported that a total of 2.59×109 kg
of corn yields loss occurred due to flood disaster in the 2013 in 13
administrative regions of Heilongjiang Province, China, in which ex-
treme rainfall occurred. Waterlogging imposes low oxygen stress on
plants and leads to reduced plant growth and development, thus it re-
mains a significant constraint to crop production, especially in areas
with high rainfall and/or poor drainage (Bailey Serres and Voesenek,

2010; Zhang et al., 2016). Nevertheless, current researches regarding
the effects of overloaded sediment deposition caused by extreme rain-
fall on crop yield are still lacking. Thus, it is important to evaluate the
adverse impacts of overloaded sediment deposition on crop yield.

The objectives of this study were: (1) to ascertain the effects of
mollic epipedon thickness on corn yield; (2) to evaluate the negative
effects of overloaded sediment deposition on corn yield; (3) to establish
and validate equations between corn yield and mollic epipedon thick-
ness as well as sediment deposition depth in the Mollisol region of
Northeast China. This study was conducted by two independent ex-
periments: (1) to study the impacts of mollic epipedon thickness on
corn yield, and the experimental method was to remove in-situ soil
profiles from field to experimental plots in order to better simulate field
situation and control conditions; (2) to investigate the negative effects
of overloaded sediment deposition on corn yield at the corn seeding
stage which is sensitive to corn growth, by artificial simulated sediment
deposition.

2. Materials and methods

2.1. Study area

The Binzhouhe watershed with 375 km2 area located at Bin County,
Heilongjiang Province was selected in this study, and its geographical
location is 127°25′60.0″–127°31′60.0“E and 45°43′0”–45°51′0″N
(Fig. 1). This watershed has a temperate continental monsoon climate,
which is warm and rainy during summer while cold and arid during
winter. The mean annual temperature is 3.9 °C, and the frost-free period
is approximately 148 d. The mean annual precipitation is 548.5 mm, of
which 80% is concentrated from June to September. The black soil in
this watershed is classified as Hapli–Udic Isohumosols in the Chinese
Soil Taxonomy (CST), Mollisols (Agriboroll group) in the USDA Soil
Taxonomy, or Haplic Phaeozems in the FAO-UNESCO system (NSSO,
1998; Chen et al., 2004; Gao et al., 2015). Its typical soil profile is
A–B–C. The A horizon is the surface layer, which often refers to the
topsoil or mollic epipedon, containing much more organic matter to
give the soil a darker color than that of the lower horizons. The B
horizon is commonly referred as subsoil, and it has a concentration of
clay or minerals that are dark gray or brownish due to materials that

Fig. 1. Location of the Binzhouhe watershed and distribution of investigation points.
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