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Background

The Earth’s critical zone
(C2) is the intersection area
for matter migration and
energy exchange in the
pedosphere, atmosphere,
hydrosphere, biosphere,
and lithosphere in

terrestrial ecosystems

Organisms
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Background

Water cycle processes are the core and link of matter cycle in the
CZ, Investigating water cycle process in the CZ can contribute to
the understanding of the interaction and effect between vegetation

and water cycle processes
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Background

The Loess Plateau is
located in the continental
monsoon region, and two-
thirds of this region
belongs to arid or semiarid
areas. Investigaiting the
water cycle processes
could promote the
reasonable use of limited
water and soil resources in

the Loess Plateau.
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Background

The soil physical properties are important to understand and describe
the water cycle processes in the CZ and were important input

parameters for hydrological models.
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Background

Loess thickness (m)
Ml 1-5
Bl 6-25

The Loess Plateau is B 26 - 50
B s51-75

famous for its deep C176-100
1101 -125

loess deposits (average B 126 - 150
B 151 - 200
50-200 m). The

Bl 201 - 350

—

calculated mean loess
thickness is 105.7 m
(Zhu et al. 2018). R

Figure. 1 Map of loess thickness distribution across the region
(Zhu et al. 2018).



Background

Previous studies have determined the spatial distributions of soil physical
properties and the relationships between them and related factors mainly in
shallow layers (0-5m). However, details are lacking about the soil physical

properties for the deep profile on the Loess Plateau.




Materials and methods

» Instruments: Drilling machine

> Borehole: 15 cm

» Sampling sites: Yangling, Changwu, Fuxian, Ansai, Shenmu

Legend

® Sampling sites
— Yellow river
— Precipitation isoline
d [IThe Loess Plateau

T T T T N T T A (b)




Materials and methods

Table 1 General information on five sampling sites

Sites Iatietud longitude altitude Depth groungwater Soil type Rainfall
Yangling 34°17'  108°04' 525 104.5 73.6 Lou soil 660
Changwu 35°14'  107°41’ 1226 204.5 84.5 Heilu soil 580

Fuxian ~ 36°7  109°16¢' 1277  189.5 93.9 H“a;‘gi:“ia” 550
Am'sai  36°51' 109°18' 1281 1615 147.2 Huangmian 505

soil
Shenmu  38°47"  110°21" 1246 56.5 54.3 Fengsha soil 440




Materials and methods

Sampling sites  Depth (m) Number
» Time: 3 years Yangling 104 96
- Changwu 205 205
» Soll indexes: 17 :
Fuxian 190 190
» Data: 11968 Ansai 161 159

Shenmu 56 54
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Results

Vertical Variations of soil water content for the deep profile
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Results

» Soll hydraulic properties : the soil water retention curve (SWRC)
and the soil saturated hydraulic conductivity (Ks)

> Important variables to describe the migration of water in the
soil
(8s — Br)

9(h) = or + 1
1 + lahP)=(7)

(Van Genuchten, 1980)




Results

Vertical Variations and influencing factors of soil hydraulic properties
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Results

Table 1 State-space analysis of soil hydraulic properties using soil basic properties

State-space Model R?
(Ks); = 0.760* (Ks);, , + 0.229* (Clay)i , +w; 0.875
(0s); = 0.697* (6s); ; + 0.321* (BD), , +Ww, 0.897
()i = 0.736* ()i — 1 + 0.135* (BD)i — 1 + 2.099* 0.965
(Sand); ,+ wi '
(n); = 0.711* (n),_, + 0.289* (Sand), , + 0.008* (Clay), 0.987
1t W .
Stepwise Multiple Linear Regression
Ks = 8.296 — 6.53*BD — 0.055*Clay 0.318
0s = 0.753 — 0.214*BD + 0.002*Sand 0.560
a =-0.165 — 1.648*BD + 0.021*Sand 0.375
n=7.158 — 4.808*BD + 0.098*Sand 0.292

» The soil physical
properties (bulk
density, sand content,
and clay content)
could account for
most of the total
variation in SHP

» State-space
modeling described
the spatial
relationship between
SHP and soil
physical properties
much better

Qiao et al., 2018a, Catena



Results

Vertical Variations and influencing factors of bulk density

L BD (g cm™)
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Qiao et al., 2018b, Catena



Results

» Soll hydraulic properties: Obtaining direct measurements is
time consuming and expensive

» Pedotransfer functions: Estimating soil parameters based on
readily measured soil properties
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Results

Development of pedotransfer functions for soil hydraulic properties

Table 1 New pedotransfer fuctions for SHP

» The bulk density and sand

parameters Regression equations R?2

-1.523 + 1.685*BD1 + 0.0004*Sand +

Ks 0.561

0.996*InBD
a 0.012 + 0.0002*Sand — 0.007*BD 0.474
5.507 + 6.966*Clay! - 7.272*BD? +
n 0.526
0.186*SOC1- 4.399*BD-!

-0.779 - 0.608*BD?2 + 0.016*InSand +

0s 0.519

1.712*BD - 0.000027*Sand?

content were important input
variables for predicting Ks, a,
and 0s

» The bulk density, clay content,
and soil organic carbon were
Important input variables for n

Qiao et al., 2018, Hydrological Processes



Results

Development of pedotransfer functions for soil bulk density

Table 1 R?, RMSE, and ME for the models developed using MLR and ANN models

Model Input variables R? RMSE ME
M1 Depth + Clay 0347  0.080  -0.018 > Th e p erform ance Of MLR
M2 Depth + Sand + Clay 0.350 0.080 -0.010 . .
M3 Depth + Silt + Clay 0347 0082  -0.021 was simi Iar to that Of the
M4 Depth + Sand + Silt + Clay 0.344  0.082  -0.018 ANN method
M5  Depth+sand+Silt+Clay+soc  oa4s oot —oois  » 1Nhe Soil depth and clay were
AL Depth + Clay 0345 0081  -0.023 also important input variables
A2 Depth + Sand + Clay 0347 0079  -0.021 fOI‘ th e BD pre d I Cti on
A3 Depth + Silt + Clay 0.352 0.082 -0.020
A4 Depth + Sand + Silt + Clay 0.349 0.082 -0.020

A5 Depth + Sand + Silt + Clay + SOC ~ 0.346 0.081 -0.019

Qiao et al., 2018, Journal of Soils and Sediments



Results

The mass of loess In the Loess Plateau of China

Loess thickness (m)
m1-5
Bl 6-25
I 26 - 50
B 51-75
[176-100
[1101-125
B 126 - 150
B 151 - 200
I 201 - 350

The mass of loess (t)

. 585

The total loess mass is approximately 5.45*1013 t

Zhu et al. 2019, Science Bulletin



Results

Five  Long-time  position
stations to measure the

variation of soil water content




Summarys

» Obtaining the important hydraulic parameters, which
are important to study the water movement for the
deep profile on the Loess Plateau

» Developing the pedotransfer functions of soil physical

properties, which could improve the work efficiency

for our study
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