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Abstract

The study of the pedogenic process in response to natural evolution, gradual anthropogenic

shifts  and  engineering  upheavals is  of  great  significance  for  understanding,  utilizing  and

transforming nature in the future. Although scholars have considered anthropic activities to be an

important factor affecting pedogenesis, how and how much anthropic activities influence the soil-

forming process is scant. In this study, the parent materials and soils undergoing natural evolution

(NE),  tillage  perturbation  (TP)  and  engineering  perturbation  (EP)  were  selected  as  research

objects. The  genetic characteristics of  soils undergoing  NE, TP and EP are investigated mainly

from three aspects:  soil profile macromorphological  characteristics, soil physical and chemical

properties  and chemical  weathering characteristics.  The  results  indicated  that  the influence of

anthropic activities (TP and EP) on the process of pedogenesis is complicated. First, TP decreases

the thickness of topsoil, while EP increases the thickness of topsoil, and EP causes the soil have a

high profile development index.  Second, although anthropic activities can decrease soil physical

characteristics  and  soil  fertility  characteristics,  soil  physical  and  chemical  characteristics  are

improved after engineering perturbation.  Last, the chemical weathering intensity differed among

NE, TP and EP and followed the order of TP > NE > EP. Therefore, in the future, we should pay

attention to the genetic characteristics of soils dominated by anthropic activities. This will help us

to  systematically  understand  the  genesis  and  evolutionary  characteristics  of  soil  and  lay  a

foundation for further perfecting the diagnostic horizon and diagnostic characteristics of the Soil

Taxonomy and the World Reference Base.

Keywords

Natural  evolution;  Anthropic  activities;  Macromorphological  characteristics;  Chemical

weathering; Soil genetic classification.

1. Introduction

Soil, as a natural body, has its own unique patterns of genesis and development, similar to

other natural bodies. In long-term studies, parent materials, climate, topography, biology and time

are regarded as the five major factors affecting soil formation  (Jenny, 1941). Due to anthropic

pressure, anthropic activities have been gradually regarded as a sixth soil-forming factor (Dazzi &
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Monteleone,  2007;  Howard,  2017;  Leguedois  et  al.,  2016).  Generally,  humans change  soil

properties  and  pedogenetic  processes  by  land  preparation,  terrace construction,  fertilization,

irrigation and other anthropic activities, thereby speeding up the rate of soil formation (Santini et

al.,  2015; Tang et  al.,  2019; Wei et  al.,  2006).  However,  acidification,  salinization,  pollution,

compaction,  disturbance,  erosion and other problems caused by anthropic  activities  can cause

serious damage to the soil  (Kuzyakov & Zamanian, 2019; Sosa-Quintero & Goclinez-Alvarez,

2019; Tao et  al.,  2019; Vasu et  al.,  2018). Therefore,  if  we want to  utilize  effective artificial

measures to achieve the purpose of sustainable scientific utilization and protection of soil, we need

to study the impact of anthropic activities on the genesis and evolution of soil.

Pedogenesis  refers  to  the  evolution  from  the  profile  scale  to the regional  scale,  which

includes significant changes in soil under physical, chemical or biological conditions (Cornu et al.,

2009; Leguedois et al., 2016). Generally, soil formation is relatively slow and follows centuries to

billions  of  years  of natural  evolution  (Tang  et  al.,  2019;  Amundson,  2014).  This  process of

evolution tends towards the directional development of mature soil bodies to ensure their balance

with the material and energy in the environment (Targulian & Krasilnikov, 2007). However, due to

the  participation  of  anthropic  activities,  the  quasi-steady  state  of  soil  processes  has  been

fundamentally  destroyed  (Amundson  et  al.,  2015).  For  example,  anthropic  activities  mainly

narrow  the  range  of  soil  development  to  only  one  function  (e.g., crop  production  for

agropedogenesis) and attach importance to only one function, thereby leading to soil degradation

(Kuzyakov  &  Zamanian,  2019).  Although  anthropic  activities  narrow  the  range  of  soil

development to only one function, the effect of anthropic activities on soil formation cannot be

ignored in intensity and rate.

In the intensification of agriculture, a series of anthropic activities may accelerate the rate of

pedoturbation and thereby change the formation process and evolution of the soil (Howard, 2017;

Leguedois et al., 2016; Liu et al., 2015; Yu et al., 2010). The influence of anthropic activities on

pedogenesis and evolution can be summarized as follows: (1) Changes in the macromorphological

characteristics of a soil profile. Activities such as topsoil stripping and backfilling,  sloping terrace

construction and field ridge construction can strongly  disturb the soil by changing the thickness

and configuration of the soil layer  (Liu et al.,  2015; Zhong et al.,  2020). (2) Changes in soil-
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forming speed. Compared with natural evolution, anthropic activities can accelerate soil physical

weathering  and  thereby  increase  pedogenetic  capacity  (Wei  et  al.,  2006).  Tang  et  al.  (2019)

showed that farming plot reconstruction engineering  accelerates soil physical weathering while

decreasing chemical  weathering.  (3)  Changes in  the direction of  material  movement.  Periodic

artificial flooding and drainage lead to the coupled processes of oxidation - reduction and leaching

- deposition of iron during the evolution of paddy soil (Huang et al., 2015).

During the long-term relationship between humans and soil, the characteristics and behaviour

of soil have been significantly influenced and changed by anthropic activities and tools for a long

time (Amundson, 2021; Vasu et al., 2018), and anthropic activities are regarded as a combination

of factors affecting a series of processes rather than as a single factor affecting the soil-forming

process  (Ruiz  et  al.,  2020;  Zanella  et  al.,  2018).  In  fact,  the  World  Reference  Base  (WRB)

established  the  Anthrosol and  Technosol reference  soil  groups  (RSGs) and  formulated

corresponding evaluation indicators (IUSS Working Group WRB, 2015).  Scholars  have realized

that anthropic activities are an important factor affecting pedogenesis, but how and how much

anthropic activities influence the soil-forming process is scant.  With the rapid development of

agriculture,  society  and  the  economy,  farming  plot  reconstruction  engineering  is commonly

applied to farmland to diminish the obstacles of cultivated land fragmentation and scale problems

in the process of agricultural intensification. Therefore, it is necessary for us to study the influence

of farming plot reconstruction engineering on soil genetic characteristics.

The  objectives  of  this  study  were  (i)  to  analyse  the  influence  of  anthropic  activities  on

pedogenesis;  (ii)  to change the  research  focus  of  soil  genetic  classification  from  naturally

synergetic  processes  to  subjectively  anthropic  activities; and  (iii)  to  study  the  soil  genetic

characteristics of engineering perturbations.

2. Materials and methods

2.1 Study area

Yingji  village  is  located in  northwestern  Chongqing,  China  (Fig.  1).  This  area  is  mainly

characterized by low-slope hilly  topography and a  subtropical  monsoon climate,  with a mean

annual  temperature  of  18.1°C.  The  average  annual  precipitation  is  1071  mm,  which  is

concentrated in May and September. The parent rocks of the study area mainly include sandstone
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and mudstone,  most  of  which are Jurassic  semiarid lacustrine sedimentary rocks. To meet the

needs of the local  government  to  improve  agricultural  production capacity  and optimize land

structure, farming plot reconstruction engineering was implemented in Yingji village. In this area,

farming plot reconstruction engineering involved topsoil stripping and backfilling,  sloping terrace

construction and field ridge construction. The design requirements of the specific engineering are

consistent with those of Tang et al. (2019).

Insert Fig. 1

2.2 Sample collection

The soil  samples were classified as Inceptisol  or  Entisols  according to  the United States

Department of Agriculture (USDA) taxonomy. To study the influence of  natural evolution (NE)

and anthropic activities (tillage perturbation (TP) and engineering perturbation (EP)) on the soil-

forming process, three types of samples were collected, and ten soil profiles were excavated for

each type of sample. The first type of sample (T1) was collected in the undisturbed zone, and this

zone was selected around the farming plot reconstruction engineering; the second type of sample

(T2)  was  collected  in  the  traditional  farming  zone,  namely, the  zone  before  farming  plot

reconstruction engineering; and the third type of  sample (T3) was collected in the farming plot

reconstruction engineering zone, namely, the zone after farming plot reconstruction engineering

(Fig. 2).  We  divided  the  soil  profile  horizon,  recorded  the  corresponding  morphological

characteristics, and collected samples at each horizon according to the Field Book for Describing

and Sampling Soils Version 3.0  (Nation Soil Survey Center et al.,  2013). Approximately 3 kg

soil/rock samples were collected according to the sequence from the parent rock (C horizon) to the

topsoil layer (A horizon). Finally,  gravel, plant roots, animal residues, and other impurities were

removed,  and  all  samples  were ground  (2  mm)  and  then  stored  in  airtight  bags  for  further

laboratory analysis.

Insert Fig. 2

2.3 Sample testing and data analysis

The bulk density (BD), soil density, pH, soil organic carbon (SOC), cation exchange capacity

(CEC),  total  nitrogen  (TN) and soil  particle  composition  (SPC) were  measured  by traditional

methods, and the porosity was calculated by using BD and soil density (Sparks et al., 1996). The
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geochemical elements (Si, Al, Fe, Ti, Mn, Ca, Mg, K, Na, and P) were measured using X-ray

fluorescence spectrometry. The combination of various elements is selected to form the judgement

indicator of rock/soil weathering. The weathering index is the basis of the quantitative evaluation

of mineral weathering intensity, which is usually designed to measure the loss of mobile elements

(e.g., K, Na, Ca, and Mg) relative to immobile elements (e.g., Ti). In this study, several weathering

indices were selected to evaluate the weathering characteristics of soils under natural evolution or

anthropic activities.

The  chemical  index  of  alteration  (CIA)  is  an  important  index  to  judge  the  chemical

weathering  intensity  of  sediments,  which  can  effectively  indicate  the  weathering  intensity  of

feldspar transformation to clay minerals in samples. Generally, the chemical weathering intensity

is divided into three phases: a CIA value of 50-65 represents a weak weathering intensity, a value

of 65-85 represents a moderate chemical weathering intensity, and a value of 85-100 represents a

strong weathering intensity (Chen et al., 2008). The CIA can be calculated with Eq. (1) (Harden,

1982):

         (1)

where all the macroelement oxides are expressed by molar fraction. CaO* represents the molar

fraction of CaO in silicate minerals and is calculated by the method of McLennan (1993).

The  weathering  leaching  coefficient  (WLC)  reflects  the  intensity  of  soil  weathering  and

leaching (Birkeland, 1999). The WLC can be calculated with Eq. (2):

                    (2)

The  plagioclase  index  of  alteration  (PIA) is  used  to  monitor  the  intensity  of  plagioclase

weathering alone (Fedo et al., 1995). The PIA can be calculated with Eq. (3):

PIA=(
Al2O3−K 2O

Al2O3+CaO
¿
+Na2O−K2O )×100    (3)

The profile development index (PDI) is used to reflect the soil-forming environment. The

selection and assignment of each description feature reference the method of Harden (1982), as

shown in Appendix A.
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All statistical analyses were performed with SPSS 19.0.  A sampling point distribution map

was drawn with ArcGIS 10.2, and other maps were created with Origin 2019.

3. Results

3.1 Soil profile macromorphological characteristics

Soil  morphology descriptions are  presented in  the supplementary data  (Appendix B) and

Table 1,  and soil  thickness,  structure and textures are  mainly mentioned here.  In  T1, the soil

profile (S1-S10) mainly involved A-B-C and A-C patterns. The thickness of the soil layer ranged

from 18 to 59 cm, among which the average topsoil (A horizon) thickness was 22.20 cm, and its

coefficient of variation (CV) was 21.85%. The soil structure mainly includes granular and angular

blocky, and the soil texture mainly includes loamy clay and clay. In T2, the soil profile (P1-P10)

patterns were simple, and most of them were A-B-C and A-C patterns. The thickness of the soil

layer ranged from 15 to 55 cm, and the average A horizon thickness was 21.20 cm, with a CV of

26.65%. The soil structure is mainly granular and angular blocky, and the soil  texture mainly

includes sandy loam and clay loam. In T3, most of the ten profiles (P'1-P'10) mainly involved A-

B-C patterns. The thickness of the soil layer ranged from 30 to 60 cm, and the average A horizon

thickness  was 24.2 cm, with a CV of 15.56%. The soil structure is mainly granular and angular

blocky, and the soil texture mainly  includes clay loam. This indicates that anthropic activities

mainly change the thicknesses and soil texture of the soil layer. Based on this, the PDI is used to

characterize the macromorphological characteristics of the soil profile and shows the order of T3 >

T1> T2 (Fig. 3). This shows that engineering perturbation makes the soil have a high profile

development degree.

Insert Table 1

Insert Fig. 3

3.2 Soil physical and chemical characteristics

Soil physical properties (bulk density, porosity and soil particle composition) are important

indicators reflecting soil permeability and nutrient supply capability. From the A to B horizon, the

BD ranges from 1.34 to 1.58 g cm-3, from 1.26 to 1.47 g cm-3,  and from 1.38 to 1.59 g cm-3; the

porosity ranges from 45.53% to 38.35%, from 49.99% to 42.80%,  and  from 43.84% to 37.77%

(Table 1). This indicates that the increase in soil depth leads to an increase in BD and a decrease in
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porosity. For topsoil (A horizon), compared with NE, TP decreased BD, clay and silt content and

increased soil porosity and sand content; EP reduced clay and silt  content and increased sand

content.  However,  anthropic  activities  (TP and EP)  can effectively improve the  uniformity of

topsoil particles. For sand, the CVs of T2 and T3 are 14.66% and 27.79% lower than those of T1.

For silt, the CVs of T2 and T3 are 0.66% and 24.14% lower than those of T1. For clay, the CV of

T3 is 9.15% lower than that of T1.

Soil chemical properties are important indicators reflecting soil fertility. From A to C horizon,

the SOC content affected by NE, TP and EP decreased from 9.21, 7.04 and 8.68 to 4.62 g/kg, 1.78

g/kg and 1.56 g/kg; the TN content affected by NE, TP and EP decreased from 1.04, 0.76 and 0.85

to 0.63 g/kg, 0.45 g/kg and 0.47 g/kg; the CEC affected by NE, TP and EP decreased from 27.69,

23.93 and 27.20 to 24.28 g/kg, 19.87 g/kg and 19.66 g/kg; the pH affected by NE, TP and EP

increased from 7.17, 5.47 and 5.83 to 7.28, 6.45 and 6.71 (Fig. 4). Furthermore, there are also

differences in the effects of natural evolution and anthropic activities on the chemical properties of

topsoil. The SOC of T1 is 23.45% and 5.75% higher than that of T2 and T3; the TN of T1 is

26.92% and 18.27% higher than that of T2 and T3; the pH of T1 is higher than that of T2 and T3;

the CEC of T1 was 13.58% and 1.77% higher than that of T2 and T3 (Fig. 4). This shows that

anthropic  activities  reduced  the  soil  fertility  level,  but  after  engineering  perturbation,  the  soil

fertility level was improved. Meanwhile, anthropic activities can decrease the CV of chemical

properties, and the CV of SOC followed the order of T2 (36.31%) > T1 (16.40%) > T3 (9.33%);

the CV of TN followed the order of T1 (66.35%) > T2 (28.95%) > T3 (12.94%); the CV of pH

followed the order of T1 > T2 > T3. The CV of CEC followed the order of T1 (25.21%) > T2

(16.72%) > T3 (5.22%) (Fig. 4).

Insert Fig. 4

3.3 Geochemical weathering characteristics

The geochemical compositions of T1, T2 and T3 are listed in Table 2. From this table, it can

be seen that SiO2, Al2O3 and Fe2O3 are the most abundant geochemical elements in the soil profile.

Compared with  the  geochemical composition of the upper continental crust (UCC)  (Harden &

Taylor, 1983), the Si, Al and Ti contents are relatively stable, with high Fe and Mn contents and

low Ca, Na and K contents (Fig. 5). From the deviation degree between the curves of the soil and
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the UCC, it can be seen that the loss of K and Ca is relatively strong in T2 and T3, while the loss

of Na is relatively strong in T1.

Insert Table 2

Insert Fig. 5

The CIA followed the order of T2 (65.78-68.64) > T1 (64.81-67.97) > T3 (63.49-66.12); the

PIA followed the order of T2 (70.75-74.80) > T1 (70.08-74.44) > T3 (67.78-71.55) (Table 2). The

greater  the  PIA value  is,  the  higher  the  weathering  degree  of  plagioclase.  This  indicates  that

compared  with  NE,  TP  accelerated  the  weathering  of  plagioclase,  while  EP  reduced  the

weathering.  T2 is  at  the  stage  of  moderate  chemical  weathering,  while  T1 and  T3 are  at  the

transition stage from weak weathering intensity to moderate chemical weathering. However, to

amend the CIA value, Nesbitt and Young (1984) proposed the A-CN-K ternary diagram, which not

only reflects the trend of chemical weathering but also reflects the change in mineral composition

during  the  process  of  chemical  weathering.  Fig. 6  shows that  the  chemical  weathering  trend

parallels the CN–A boundary, which  reflects that plagioclase is weakly resistant to weathering,

resulting in rapid leaching of Ca and Na, while potassium feldspar, which is rich in K, is relatively

stable. The mineral composition is mainly dominated by illite and montmorillonite and has not

reached the level of kaolinite  dominance.  Additionally, the WLC is  also an effective index to

reflect soil chemical weathering intensity. We analysed the correlations of the CIA, PIA and WLC

and found that there was a significant positive correlation between CIA and PIA (r= 0.992**, P <

0.01), a significant negative correlation between CIA and WLC (r= -0.807**,  P  < 0.01) and  a

significant  negative  correlation  between  PIA and  WLC (r=  -0.796**,  P  <  0.01)  (Fig.  7).  In

summary, the chemical weathering intensity of the tested soil is weak. The CIA and PIA yield

similar results that reflect the intensity of soil chemical weathering with the order of T2 > T1 > T3.

Insert Fig. 6

Insert Fig. 7

4. Discussion

4.1 Anthropic activities change the degree and direction of soil development

Anthropic activities, as a key factor of soil mixing, mainly alter pedogenesis by indirectly

influencing five soil-forming factors, among which tillage is the most common anthropic activity
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affecting  pedogenesis  (Schaetzl  & Anderson,  2005).  However,  with  the  rapid  development  of

agriculture,  traditional  farming  modes have  been  unable  to  meet  the  current  development  of

agriculture, society and the economy, and farming plot reconstruction engineering may become an

important measure to promote the rapid development of agriculture today (Moravcova et al., 2017;

Yu et al., 2010). Therefore, it is very important for us to explore the influence of natural evolution

and anthropic activities on pedogenesis and the differences in soil genetic characteristics under the

influence of two kinds of anthropic activities (TP and EP). Generally, weathering indices are also

used to evaluate the degree of  soil development,  and the higher the weathering degree is, the

higher the  degree of  soil development  (Heidari & Raheb, 2020). Aaron et al. (2020)  showed a

highly significant positive linear trend between the soil development indices and chemical index

of alteration (CIA) at CIA values greater than 53%. However, in this study, compared with T1, T2

had a lower profile development degree, while T3 had a higher profile development degree (Fig.

3). The chemical weathering intensity of T1, T2 and T3 followed the order of T2 > T1 > T3 (Table

2). This finding indicates that the chemical weathering intensity is opposite to the degree of soil

development. On the one hand, anthropic activities enhance soil development while  decreasing

soil chemical weathering intensity. On the other hand, anthropic activities promote soil chemical

weathering  while  weakening soil  development.  These differences  may  be  attributed  to  the

influence of soil erosion. The soil in the study area is characterized by a shallow soil horizon, high

rock  fragment content,  low soil  organic  matter  content  and poor water  stability  of  aggregates

(Zhang et al., 2008; Zhong et al., 2019). Before farming plot reconstruction engineering, the soil

genetic characteristics of the study area were mainly influenced by tillage perturbation. Although

tillage  can  accelerate  soil-forming speed  (Wei  et  al.,  2006),  the  high  degree  of  land  use  and

unreasonable  farming  methods make  the  current  soil-forming  speed  unable  to  meet  the

requirements of agricultural production (Pretty et al., 2018). The unique topographical conditions

of hilly mountainous regions are likely to cause the risk of soil erosion under the conditions of

high-intensity rainfall (Teng et al., 2019). Soil erosion causes a series of problems, such as shallow

soil  horizons, poor soil structure and low clay  contents, and  weakens  the degree of soil profile

development  (Su  et  al.,  2010;  Winstone  et  al.,  2019).  Moreover,  with  increasing  soil  erosion

intensity, the soil may undergo intense chemical weathering (Poreba & Prokop, 2011; Song et al.,
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2019). However, the core of farming plot reconstruction engineering is to reduce the slope of the

original sloping farmland by terracing the sloping field and stripping and backfilling the topsoil,

which can effectively control soil erosion and improve soil physical and chemical properties (Tang

et al., 2019; Zuo et al., 2020). In engineering construction, to ensure the thickness of cultivated

soil (50 cm) after engineering, it is necessary to excavate and backfill earthwork (Liu et al., 2015).

In the process of excavating and backfilling earthwork, the thickness of the soil horizon of the fill

earthwork area  more easily meets  the design requirement of 50 cm than that of the excavation

earthwork area and has better physical and chemical properties. In contrast, if the thickness of the

soil horizon of the excavation earthwork area cannot meet the design requirement of 50 cm, it is

necessary to excavate and transport the parent material to accelerate the rapid weathering of the

parent  material.  Strong  engineering  perturbations cause  rock  fragments  to  be  brought  into

cultivated soil, which increases the rock  fragment content in the soil and shows corresponding

weak  chemical  weathering  characteristics.  Therefore,  farming  plot  reconstruction  engineering

strongly affects the soil-forming process; on the one hand, they enhance soil development, and on

the other hand, the soil after engineering reconstruction contains a large amount of rock fragments,

which changes the direction of soil development.

4.2  Changing the  research focus  of  soil  classification  from natural  processes  to  anthropic

activities

To understand, utilize and transform nature, people have long studied and classified natural

bodies in their environment. As far as soil is concerned, with the development of soil science,

mastering the theoretical basis and methods of soil classification is essential for us to understand

various soil classification systems and to then develop and perfect soil classification systems. At

present, many countries  worldwide  have carried out relevant research on soil classification. The

most  representative  systems are  the  Soil  Taxonomy (ST)  and  World  Reference  Base  (WRB)

systems  (Soil  Survey  Staff,  2020;  IUSS  Working  Group  WRB,  2015).  The  WRB  not  only

incorporates  some  concepts  and  terms  of  soil  genetic  classification  but  is  also  based  on  the

diagnostic  layer and diagnostic characteristics of  the ST and highlights its  own characteristics

(Deckers et al., 2003). With the deepening of human understanding of soil classification and the

increasingly serious influence of anthropic activities (cultivation, irrigation, fertilization, addition
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of exogenous substances and engineering perturbation, etc.) on the soil-forming process, the WRB

has  established  two  RSGs:  Anthrosols  and  Technosols  (IUSS  Working  Group  WRB,  2015).

However,  at  present,  there  are no  Anthrosol  orders  in  ST.  Therefore,  the  WRB  has  made

outstanding  contributions  to  unified  soil  classification  worldwide.  At  present,  in  the  WRB,

Anthrosols mainly include Hydragric Anthrosols, Irragric Anthrosols, Hortic Anthrosols, Plaggic

Anthrosols,  Pretic  Anthrosols  and  Terric  Anthrosols  (IUSS  Working  Group  WRB,  2015).

According to the diagnostic layer and diagnostic characteristics of the WRB, the soils do not meet

the standard of Anthrosols after farming plot reconstruction engineering. At the same time, in the

WRB, two diagnostic materials are defined for Technosols:  artefacts and technic hard material

(IUSS Working Group WRB, 2015). Artefacts are mainly substances created or greatly changed by

human  beings  or  brought  from depth  to  the  surface,  where  they  are  not  affected  by  surface

processes,  while  technic  hard  materials are  consolidated  materials  derived  from an  industrial

process  (Schad, 2018). In this study, the engineering perturbation process only involves topsoil

stripping and backfilling and parent  material excavation and transport, which indicates that the

soils  do  not  meet  the  Technosol  standards  after  farming  plot  reconstruction  engineering.  The

results  in  the  present  paper  are  basically  the  same  as  those  in Schad  (2018),  and  human-

transported  natural  soil  does  not  belong  to  Technosols.  Therefore,  although  the  WRB  has

established the RSGs of Anthrosols  and Technosols,  the soil  after  farming plot  reconstruction

engineering is neither an Anthrosol nor a Technosol. This shows that scholars have performed

limited research on anthropogenic soils, especially soil, after engineering reconstruction. In the

future, we should focus on the soil disturbed by subjectively anthropic activities and gradually

shift the research focus of soil classification from naturally synergetic processes to subjectively

anthropic activities. Moreover, this study can provide a new idea for the continuous improvement

of soil classification systems in the future.

5. Conclusion

This  study  proves  that  the  influence  of  anthropic  activities  (tillage  perturbation  and

engineering perturbation) on soil-forming characteristics is complex. On the one hand, engineering

perturbations enhance soil development while  decreasing the soil chemical weathering intensity.

On the other hand, tillage perturbation promotes soil chemical weathering while  weakening soil
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development. Although anthropic activities can reduce the bulk density, clay content, silt content,

soil organic carbon, total nitrogen, pH and cation exchange capacity, soil physical and chemical

characteristics  are  improved  with  highly variable  coefficients after  engineering  perturbation.

Anthropic  activities  have  greatly  affected  the  formation  and  evolution  of  soil,  especially  the

impact  of  farming  plot  reconstruction  engineering  on  pedogenesis.  This  influence  not  only

changes the configuration of  the  soil profile (soil profile patterns from A-C to A-B-C)  but also

increases  the  soil  layer  thickness.  The  ownership  of  engineering  disturbed  soil  in  the  Soil

Taxonomy and World Reference Base cannot be found only according to diagnostic layer and

diagnostic  characteristics.  Therefore,  to  adapt  to  the  development  of  current  agricultural

intensification, we should change the research focus of soil genetic classification from naturally

synergetic processes to subjectively anthropic activities.

Acknowledgements

This work was supported by the Fundamental Research Funds for the National Natural Science

Foundation  of  China  (No.  42077007)  and  the  Fundamental  Research  Funds  for  the  National

Natural Science Foundation of China (No. 41977002).

Conflict of Interest Statement

The authors declare no competing interests

References
Amundson, R. (2014). Soil Formation. Treatise on Geochemistry (Second Edition), 152 (1), 1-

26. doi:10.1080/00150199408017641
Amundson,  R.  (2021).  Factors  of  soil  formation  in  the  21st  century.  Geoderma,  391.

doi:10.1016/j.geoderma.2021.114960
Amundson, R., Heimsath, A., Owen, J., Yoo, K., & Dietrich, W. E. (2015). Hillslope soils and

vegetation. Geomorphology, 234, 122-132. doi: 10.1016/j.geomorph.2014.12.031
Birkeland, P. W. (1999). Soils and Geomorphology. Oxford University Press: New York.
Chen,  Y.,  Li,  X.,  Han,  Z.,  Yang,  S.,  Wang,  Y.,  & Yang,  D.  (2008).  Chemical  weathering

intensity  and element  migration features of  the Xiashu loess profile  in  Zhenjiang,
Jiangsu  Province.  Journal  of  Geographical  Sciences,  18  (3),  341-352.
doi:10.1007/s11442-008-0341-9

Cornu, S., Montagne, D., & Vasconcelos, P. M. (2009). Dating constituent formation in soils to
determine  rates  of  soil  processes:  A  review.  Geoderma,  153  (3-4),  293-303.
doi:10.1016/j.geoderma.2009.08.006

Dazzi,  C.,  &  Monteleone,  S.  (2007).  Anthropogenic  processes  in  the  evolution  of  a  soil
chronosequence  on  marly-limestone  substrata  in  an  Italian  Mediterranean

13

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374

25
26



environment. Geoderma, 141 (3-4), 201-209. doi:10.1016/j.geoderma.2007.05.016
Deckers,  J.,  Driessen,  P.,  Nachtergaele,  F.  O.,  Spaargaren,  O.,  &  Berding,  F.  (2003).

Anticipated developments of the world reference base for soil resources: CRC Press:
Boca Raton, FL, USA.

Fedo, C. M., Nesbitt,  H.  W., & Young, G. M. (1995).  Unraveling the effects of potassium
metasomatism  in  sedimentary  rocks  and  paleosols,  with  implications  for
paleoweathering  conditions  and  provenance.  Geology,  23  (10),  921-924.  doi:
10.1130/0091-7613(1995)023<0921:UTEOPM>2.3.CO;2

Harden,  J.  W.  (1982).  A  quantitative  index  of  soil  development  from  field  descriptions:
Examples  from a  chronosequence  in  central  California.  Geoderma,  28  (1),  1-28.
doi:10.1016/0016-7061(82)90037-4

Harden, J. W., & Taylor, E. M. (1983). A quantitative comparison of Soil Development in four
climatic  regimes.  Quaternary  Research,  20  (3),  342-359.  doi:10.1016/0033-
5894(83)90017-0

Heidari, A., & Raheb, A. (2020). Geochemical indices of soil development on basalt rocks in
arid to sub-humid climosequence of Central Iran. Journal of Mountain Science, 17 (7),
1652-1669. doi:10.1007/s11629-019-5862-4

Howard, J. (2017). Anthropogenic Soils. Springer International Publishing AG.
Huang, L. M., Thompson, A., Zhang, G. L., Chen, L. M., Han, G. Z., & Gong, Z. T. (2015). The

use of chronosequences in studies of paddy soil evolution: A review. Geoderma, 237,
199-210. doi:10.1016/j.geoderma.2014.09.007

IUSS Working Group WRB, (2015). World Reference Base for Soil Resources 2014, update
2015 international soil classification system for naming soils and creating legends for
soil maps. In: World Soil Resources Reports No. 106. FAO, Rome.

Jenny,  H.  (1941).  Factors  of  soil  formation:  a  system  of  quantitative  pedology.  Dover
Publications, Inc.

Koop, A. N., Hirmas, D. R., Sullivan, P. L., & Mohammed, A. K. (2020). A generalizable index
of soil development. Geoderma, 360. doi:10.1016/j.geoderma.2019.113898

Kuzyakov,  Y.,  &  Zamanian,  K.  (2019).  Reviews  and  syntheses:  Agropedogenesis  -
humankind  as  the  sixth  soil-forming  factor  and  attractors  of  agricultural  soil
degradation. Biogeosciences, 16 (24), 4783-4803. doi:10.5194/bg-16-4783-2019

Leguedois, S., Sere, G., Auclerc, A., Cortet, J., Huot, H., Ouvrard, S., & Morel, J. L. (2016).
Modelling  pedogenesis  of  Technosols.  Geoderma,  262,  199-212.
doi:10.1016/j.geoderma.2015.08.008

Liu, J., Wei, C. F., Luo, Y. J., & Du, J. (2015). Soil geochemistry changes induced by a foreign
soil  reconstruction project  in  Three Gorges  Reservoir  region of  China.  Journal  of
Mountain Science, 12 (6). doi: 10.1007/s11629-014-3285-9

McLennan, S.M., (1993). Weathering and Global Denudation.  Journal of Geology,  101 (2),
295-303. doi: 10.1086/648222

Moravcova,  J.,  Koupilova,  M.,  Pavlicek,  T.,  Zemek,  F.,  Kvitek,  T.,  &  Pecenka,  J.  (2017).
Analysis  of  land  consolidation  projects  and  their  impact  on  land  use  change,
landscape structure, and agricultural land resource protection: case studies of Pilsen-
South and Pilsen-North (Czech Republic). Landscape and Ecological Engineering, 13
(1), 1-13. doi:10.1007/s11355-015-0286-y

Nation Soil  Survey Center,  Natural  Resources Conservation Service, U. S. Department of
Agricultre,  2013.  Field  Book for  Describing and Sampling Soils,  Version 3.0,  Spi.
ed.Government Printing Office, Lincoln, Nebraska, USA.

Nesbitt, H.W., & Young, G.M., (1984). Prediction of some weathering trends of plutonic and
volcanic rocks based on thermodynamic and kinetic considerations.  Geochimica Et
Cosmochimica Acta, 48 (7), 1523-1534. doi: 10.1016/0016-7037(84)90408-3

Poreba, G. J., & Prokop, P. (2011). Estimation of soil erosion on cultivated fields on the hilly

14

375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425

27
28



Meghalaya  Plateau,  North-East  India.  Geochronometria,  38  (1),  77-84.
doi:10.2478/s13386-011-0008-7

Pretty, J.,  Benton, T. G., Bharucha, Z. P.,  Dicks, L. V., Flora, C. B.,  Godfray, H. C. J., &
Wratten, S. (2018). Global assessment of agricultural system redesign for sustainable
intensification. Nature Sustainability, 1 (8), 441-446. doi:10.1038/s41893-018-0114-0

Ruiz, F., Sartor, L. R., de Souza Junior, V. S., Barros dos Santos, J. C., & Ferreira, T. O.
(2020). Fast pedogenesis of tropical Technosols developed from dolomitic limestone
mine spoils (SE-Brazil). Geoderma, 374. doi:10.1016/j.geoderma.2020.114439

Santini,  T.  C.,  Fey,  M. V.,  & Gilkes,  R.  J.  (2015).  Experimental  Simulation of  Long Term
Weathering  in  Alkaline  Bauxite  Residue  Tailings.  Metals,  5  (3),  1241-1261.
doi:10.3390/MET5031241

Schad, P. (2018). Technosols in the World Reference Base for Soil Resources - history and
definitions.  Soil  Science  and  Plant  Nutrition,  64  (2),  138-144.
doi:10.1080/00380768.2018.1432973

Schaetzl,  R.  J.,  &  Anderson,  S.  (2005).  Soils:  Genesis  and  Geomorphology.  Cambridge
University Press: New York, USA.

Soil Survey Staff, (2014). Keys to Soil Taxonomy, Twelfth edition. United States Department
of Agriculture and Natural Resources Conservation Service, Washington, D.C, USA.

Song, C., Ji, H., Beckford, H. O., Chang, C., & Wang, S. (2019). Assessment of chemical
weathering and physical  erosion along a hillslope,  southwest China.  Catena, 182.
doi:10.1016/j.catena.2019.104133

Sosa-Quintero,  J.,  &  Goclinez-Alvarez,  H.  (2019).  Human activities  in  a  tropical  Mexican
desert: Impact of rainfed agriculture and firewood extraction on vegetation and soil.
Land Degradation & Development, 30(5), 494-503. doi:10.1002/ldr.3235

Sparks, D. L., Page, A. L., Helmke, P. A., Loeppert, R. H., Soltanpour, P. N., Tabatabai, M.
A., & Sumner, M. E. (1996). Methods of soil analysis. Part 3 - chemical methods. In.

Su, Z.-A., Zhang, J.-H., & Nie, X.-J. (2010). Effect of Soil Erosion on Soil Properties and Crop
Yields  on  Slopes  in  the  Sichuan  Basin,  China.  Pedosphere,  20  (6),  736-746.
doi:10.1016/s1002-0160(10)60064-1

Tang, J., Han, Z., Zhong, S., Ci, E., & Wei, C. (2019). Changes in the profile characteristics of
cultivated  soils  obtained  from reconstructed  farming  plots  undergoing  agricultural
intensification  in  a  hilly  mountainous  region  in  southwest  China  with  regard  to
anthropogenic pedogenesis. Catena, 180, 132-145. doi:10.1016/j.catena.2019.04.020

Tao, L., Li, F. b., Liu, C. S., Feng, X. h., Gu, L. L., Wang, B. R., & Xu, M. G. (2019). Mitigation
of soil acidification through changes in soil mineralogy due to long-term fertilization in
southern China. Catena, 174, 227-234. doi:10.1016/j.catena.2018.11.023

Targulian, V. O., & Krasilnikov, P. V. (2007). Soil  system and pedogenic processes: Self-
organization, time scales, and environmental significance.  Catena, 71  (3), 373-381.
doi:10.1016/j.catena.2007.03.007

Teng, M., Huang, C., Wang, P., Zeng, L., Zhou, Z., Xiao, W., & Liu, C. (2019). Impacts of
forest restoration on soil erosion in the Three Gorges Reservoir area, China. Science
of the Total Environment, 697. doi:10.1016/j.scitotenv.2019.134164

Vasu, D., Tiwary, P., Chandran, P., Singh, S. K., Ray, S. K., Butte, P., & Parhad, V. (2018). A
conceptual model of natural land degradation based on regressive pedogenesis in
semiarid tropical environments. Land Degradation & Development, 29 (8), 2554-2567.
doi:10.1002/ldr.3000

Wei, C., Ni, J., Gao, M., Xie, D., & Hasegawa, S. (2006). Anthropic pedogenesis of purple
rock  fragments  in  Sichuan  Basin,  China.  Catena,  68  (1),  51-58.
doi:10.1016/j.catena.2006.04.022

Winstone, B. C., Heck, R. J., Munkholm, L. J., & Deen, B. (2019). Characterization of soil
aggregate structure by virtual erosion of X-ray CT imagery. Soil & Tillage Research,

15

426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476

29
30



185, 70-76. doi:10.1016/j.still.2018.09.001
Yu,  G.,  Feng,  J.,  Che,  Y.,  Lin,  X.,  Hu,  L.,  &  Yang,  S.  (2010).  The  identification  and

assessment of  ecological  risks for land consolidation based on the anticipation of
ecosystem stabilization: A case study in Hubei Province, China. Land Use Policy, 27
(2), 293-303. 

Zanella,  A.,  Schad,  P.,  Galbraith,  J.,  &  Ponge,  J.-F.  (2018).  Humusica  2,  Article  14:
Anthropogenic soils and humus systems, comparing classification systems.  Applied
Soil Ecology, 122, 200-203. doi:10.1016/j.apsoil.2017.07.006

Zhang, Z., Wei, C., Xie, D., Gao, M., & Zeng, X. (2008). Effects of land use patterns on soil
aggregate stability in Sichuan Basin, China. Particuology, 6 (3), 157-166. doi:10.1016/
j.partic.2008.03.001

Zhong, S., Han, Z., Duo, J., Ci, E., Ni, J., Xie, D., & Wei, C. (2019). Relationships between the
lithology of purple rocks and the pedogenesis of purple soils in the Sichuan Basin,
China. Scientific Reports, 9. doi:10.1038/s41598-019-49687-9

Zhong, S., Liu, W., Ni, C., Yang, Q., Ni, J., & Wei, C. (2020). Runoff harvesting engineering
and its  effects  on soil  nitrogen and phosphorus conservation in  the Sichuan Hilly
Basin  of  China.  Agriculture  Ecosystems  &  Environment,  301.
doi:10.1016/j.agee.2020.107022

Zuo, F.-L., Li, X.-Y., Yang, X.-F., Wang, Y., Ma, Y.-J., Huang, Y.-H., & Wei, C.-F. (2020). Soil
particle-size  distribution  and  aggregate  stability  of  new  reconstructed  purple  soil
affected by soil erosion in overland flow. Journal of Soils and Sediments, 20 (1), 272-
283. doi:10.1007/s11368-019-02408-1

16

477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499

31
32



Table 1 Physical properties of soil profiles in different pedogenic processes.

Sample
types

Profile horizon Depth
(cm)

BD
(g·cm-3)

Porosity 
(%)

SPC (%)

2-0.02 mm 0.02-0.002
mm

<0.002 mm

T1 A horizon (mean±SD) (n=10) 22.20±4.85 1.34±0.12 45.53±4.65 35.65±15.43 29.77±12.10 34.58±10.14

B horizon (mean±SD) (n=5) 20.20±8.61 1.58±0.14 38.35±5.33 34.82±16.75 30.32±10.48 34.86±13.98

C horizon (mean±SD) (n=10) — — — 36.43±15.85 30.54±11.36 33.03±9.81

T2 A horizon (mean±SD) (n=10) 21.20±5.65 1.26±0.13 49.99±5.05 58.95±16.84 23.11±9.24 17.94±8.07

B horizon (mean±SD) (n=3) 26.00±12.17 1.47±0.06 42.80±2.63 60.13±19.17 28.16±15.11 11.71±4.52

C horizon (mean±SD) (n=10) — — — 76.83±16.42 14.41±10.23 8.76±6.62

T3 A horizon(mean±SD) (n=10) 23.20±3.36 1.38±0.12 43.84±4.60 50.48±7.82 27.21±4.49 22.41±4.52

B horizon(mean±SD) (n=8) 32.00±15.00 1.59±0.09 37.77±3.71 60.87±3.50 23.76±2.23 15.37±2.05

C horizon(mean±SD) (n=10) — — — 74.91±13.02 14.32±7.84 10.77±6.23

Note: T1, T2 and T3 represent the soils undergoing natural evolution (NE), tillage perturbation

(TP) and engineering perturbation (EP); BD= bulk density; SPC= soil particle composition.   
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Table 2 Geochemical compositions and weathering index under different pedogenic processes.

Sample
types 　

Horizon
　

SiO2

(%)
Al2O3

(%) 　
Fe2O3

 (%) 　
CaO
(%) 　

MgO
(%) 　

Na2O
(%) 　

MnO
(%) 　

K2O
(%) 　

P2O5

(%) 　
TiO2

(%) 　
CIA

　
WLC

　
PIA

T1 A(n=10) 70.09±6.71 14.09±2.23 5.38±1.30 3.27±3.47 1.88±0.7
5

1.30±0.5
6

0.07±0.04 2.64±0.74 0.13±0.05 0.66±0.13 67.35±8.1
3

0.83±0.2
0

73.28±9.54

B(n=5) 67.70±5.31 15.12±0.78 6.24±0.55 3.62±3.71 1.98±0.5
1

1.44±0.8
4

0.09±0.04 2.86±0.72 0.14±0.05 0.74±0.11 67.97±9.9
0

0.82±0.2
2

74.44±12.53

C(n=10) 70.42±7.32 14.20±2.62 5.18±1.53 3.17±3.00 1.84±0.7
6

1.58±0.6
2

0.08±0.03 2.70±0.68 0.12±0.05 0.66±0.16 64.81±6.9
9

0.87±0.2
0

70.08±9.42

T2 A(n=10) 65.55±2.73 14.74±0.34 4.96±0.87 1.11±0.26 2.23±0.4
3

1.61±0.4
2

0.10±0.03 2.42±0.24 0.16±0.06 0.65±0.12 68.35±3.2
5

0.85±0.0
7

74.22±4.20

B(n=3) 66.50±1.90 15.06±0.78 4.72±1.13 1.06±0.13 2.54±0.4
0

1.53±0.4
8

0.08±0.03 2.53±0.22 0.10±0.06 0.65±0.07 68.64±2.5
5

0.89±0.0
4

74.80±3.33

C(n=10) 65.10±2.45 15.07±0.56 5.44±1.09 1.18±0.22 2.46±0.3
3

1.99±0.2
1

0.10±0.03 2.53±0.29 0.13±0.04 0.64±0.11 65.78±1.8
3

0.93±0.0
8

70.75±2.49

T3 A(n=10) 63.78±1.24 15.00±0.40 5.69±0.45 1.16±0.09 1.73±0.1
8

1.90±0.3
2

0.09±0.02 2.64±0.23 0.17±0.05 0.72±0.03 66.12±1.6
4

0.80±0.0
6

71.55±2.18

B(n=8) 63.61±1.23 15.16±0.37 5.92±0.52 1.14±0.15 1.98±0.0
6

2.23±0.2
3

0.10±0.02 2.63±0.17 0.14±0.03 0.72±0.03 64.77±0.8
2

0.87±0.0
2

69.53±1.16

　
C(n=10)

　
64.44±1.64

　
15.25±0.28

　
5.39±0.87

　
1.20±0.15

　
2.12±0.2
2 　

2.42±0.3
6 　

0.13±0.05
　

2.67±0.18
　

0.11±0.02
　

0.66±0.12
　

63.49±1.6
2 　

0.93±0.0
7 　

67.78±2.37

Note: T1, T2 and T3 represent the soils undergoing natural evolution (NE), tillage perturbation (TP) and engineering perturbation (EP); CIA= chemical index of

alteration; WLC= weathering leaching coefficient; PIA= plagioclase index of alteration.
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Figure caption

Fig. 1 Study area.

Fig. 2 Soil profiles in different pedogenic processes.

Fig. 3 PDI distribution characteristics of profiles in different pedogenic processes. PDI= profile

development index; T1, T2 and T3 represent the soils undergoing natural evolution (NE), tillage

perturbation (TP) and engineering perturbation (EP).

Fig. 4 The change in chemical properties for soil horizons in different pedogenic processes. SOC=

soil organic carbon; TN= total nitrogen; CEC= cation exchange capacity.

Fig. 5 Patterns of UCC-normalized geochemical  elements in soil profiles undergoing different

pedogenic processes.

Fig. 6 A-CN-K ternary diagram of soil profiles undergoing different pedogenic processes. CIA=

chemical index of alteration.

Fig. 7 Distribution and correlation of the chemical weathering index of soil profiles undergoing

different  pedogenic processes. CIA= chemical  index of  alteration; WLC= weathering leaching

coefficient; PIA= plagioclase index of alteration.
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