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Vertical distribution characteristics of soil saturated hydraulic conductivity under different
land use patterns in the Mu Us sandy land
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Abstract: Background, aim, and scope Soil saturated hydraulic conductivity (K,) is a key parameter in the
hydrological cycle of soil; however, we have very limited understanding of K, characteristics and the factors
that influence this key parameter in the Mu Us sandy land (MUSL). Quantifying the impact of changes in
land use in the Mu Us sandy land on K, will provide a key foundation for understanding the regional water
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cycle, but will also provide a scientific basis for the governance of the MUSL. Materials and methods In
this study, we determined K, and the basic physical and chemical properties of soil (i.e., organic matter,
bulk density, and soil particle composition) within the first 100 cm layer of four different land use patterns
(farmland, tree, shrub, and grassland) in the MUSL. The vertical variation of K, and the factors that influence
this key parameter were analyzed and a transfer function for estimating K, was established based on a multiple
stepwise regression model. Results The K, of farmland, tree, and shrub increased gradually with soil depth
while that of grassland remained unchanged. The K, of the four patterns of land use were moderately variable;
mean K, values were ranked as follows: grassland (1.38 mm-min ')<<tree (1.76 mm-min )< farmland
(1.82 mm-min ') <shrub (3.30 mm-min'). The correlation between K, and organic matter, bulk density, and
soil particle composition, varied across different land use patterns. A multiple stepwise regression model showed
that silt, coarse sand, bulk density, and organic matter, were key predictive factors for the K, of farmland, tree,
shrub, and grassland, in the MUSL. Discussion The vertical distribution trend for K, in farmland is known
to be predominantly influenced by cultivation, fertilization, and other factors. The general aim is to improve
the water-holding capacity of shallow soil on farmland (0—30 cm in depth) to conserve water and nutrients;
research has shown that the K| of farmland increases with soil depth. The root growth of tree and shrub in sandy
land exerts mechanical force on the soil due to biophysical processes involving rhizospheres, thus leading to a
significant change in K;. We found that shallow high-density fine roots increased the volume of soil pores and
eliminated large pores, thus resulting in a reduction in shallow K. Therefore, the K| of tree and shrub increased
with soil depth. Analysis also showed that the K, of grassland did not change significantly and exhibited the
lowest mean value when compared to other land use patterns. This finding was predominantly due to the
shallow root system of grasslands and because this land use pattern is not subject to human activities such as
cultivation and fertilization; consequently, there was no significant change in K, with depth; grassland also had
the lowest mean K,. We also established a transfer function for K, for different land use patterns in the MUSL.
However, the predictive factors for K| in different land use patterns are known to be affected by soil cultivation
methods, vegetation restoration modes, the distribution of soil moisture, and other factors, thus resulting in
key differences. Therefore, when using the transfer function to predict K in other areas, it will be necessary
to perform parameter calibration and further verification. Conclusions In the MUSL, the K| of farmland, tree,
and shrub gradually increased with soil depth; however, the K, of grassland showed no significant variation in
terms of vertical distribution. The mean K values of different land use patterns were ranked as follows: shrub>
farmland > tree > grassland; all land use patterns showed moderate levels of variability. The K| for different land
use patterns exhibited differing degrees of correlation with soil physical and chemical properties; of these, clay,
silt, sand, bulk density, and organic matter, were identified as important variables for predicting K| in farmland,
tree, shrub, and grassland, respectively. Recommendations and perspectives In this study, we used a stepwise
multiple regression model to establish a transfer function prediction model for K for different land use patterns;
this model possessed high estimation accuracy. The ability to predict K, in the MUSL is very important in terms
of the conservation of water and nutrients.

Key words: Mu Us sandy land; saturated hydraulic conductivity; vertical distribution; transfer function
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Fig. 2 Profile distribution of soil physicochemical properties in different land use patterns
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Tab. 1 Descriptive statistical characteristics of soil physicochemical properties under different land use patterns in 0— 100 cm soil layers

N A<M  Farmland TR Tree #AK  Shrub i Grassland
TR 7 ) ) 7R EL R B
. . . . FIEE BRARE CFE BRRE CPYE BRRE CFYE LBRREK
Soil physicochemical properties

Mean CvV Mean (0)% Mean CvV Mean (0)%

HHERAISKE K /(mm-min) 1.82b 0.26 1.76b 0.41 3.30a 0.33 1.38b 0.40
HHLF  Organic matter/(g-kg ) 4.69a 0.76 3.27ab 0.42 1.55bc 0.41 0.86¢ 0.33
257  Bulk density/(g-cm™) 1.45¢ 0.17 1.54bc 0.04 1.69a 0.03 1.67ab 0.04
WZEKL - Silt and clay /% 6.45b 0.70 10.90a 0.20 1.70c 0.36 3.21c 0.26
YiPAL  Fine sand/% 51.35a 0.05 42.45b 0.13 38.89bc 0.13 35.41c 0.08
HMIEPHRL  Coarse sand/% 42.19b 0.08 46.65b 0.14 59.41a 0.08 61.38a 0.04

RPAR/NG FRER R AR 222 AR LM D7 U 28 7 B3 (P<<0.05)

Different lowercase letters in the table indicate the significance of differences between different land use patterns of the same soil layer (P<<0.05).
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Tab. 2 Soil K| transfer function fitting for different land use patterns
e I Epspae {1 PRI A 2 HJiRiR % VIR REEART
Land use patterns Multiple regression analysis RMSE ME Significance level
A Farmland K,=2.417-0.092 X S¢ 0.74 0.26 0.072 P<<0.001
AR Tree K,=—2.457+0.09 X Cy 0.69 0.43 0.188 P<<0.001
WA Shrub K,=—20.501+14.097 X B, 0.47 0.86 0.751 P<<0.001
B Grassland K,=0.01+1.596 X S 0.66 0.35 0.123 P<<0.001

K RMIAIGKRE (mmemin') 5 Sou WAHLUE (g-kg') 5 By AHE (grem™) 5 Sc HBEHRL (%) 5 Cs HIEPKL (%) 5

TiiiRZE; ME JgF3iRzzs.

RMSE A1

K, is saturated hydraulic conductivity (mm-min™"); S\, is organic matter (g-kg '); By, is bulk density (g-cm™); S is silt and clay (%); Cs is

coarse sand (%); RMSE is root mean square error; ME is mean error.

AW A H . TR AR FIHE R M K ) 2 )
43 A7 B A J2 R B G B, R K R R
Bemoc e B AR, X i AR B K 9 I 1] o A
T TZHE . IR R (RSB,
2012) , ik 4 R HRJZ 4 [0, 30] om [
IKPER B GROK IR B, bR H K g+ 2
TREEBEIIT RGN o 7 M T A AR AR 28 A KX
e AENUMAE D (IR SR ) |, 1
K, 1 525 284k (Chen et al., 2021) , H&JZ
o 2 R 2 AR AE B 0 - LB AR R R BR TR
LB, SBOR)Z K RBEIL (ZFPiEds, 2022) , #
K, TCH AR, FARR T HA = b A =X K,
PIUAERAL, X EZRHTFRmRREER, A%
PGS (BHE. MRS ) B, Ah, 77
AR, K, il 4 J2 R B B i AR Ak 35 SRR I
UHbARTR], AR K AR —3 (BkiRE
S, 2012) , JRPH ] RERAR R ARG I 0] 2 F 0
3 i e AR AT

+ A BT - R RS e VR Y
BT, W R R RAOIR DL AE R
W K, EEEE Kz sh/EH (Li and Shao,
2006) o HXMESTTRVIEL R VDML, Ir
ARFHEAR M K, 5A PR A COCR, i
W) K, SAEVREIEMHEER (E3) . A5
PO B XOR RIS RO R Va3 Ak K, S5 HL

THERFE IR, MG A K 54U
TREMHKEKER (B, 2019) o sKalRSE
(2003 ) Ayl 4 m v R IEA LTS &, Al
BmtgoKksy, ABES RS K RRAHCCER,
M5k —3e55E (2019) A BB 5 FLBR L5
FIT KoL, ARG (ARG, JmAs AL A
%) K BIEMDCCR, FRUHRZE K SHE LR
AR OGO 58 22 S 1Y) L4 i PR 2 1 3 o M A7 A B
ZE5to AWK AR LR Ry KD 1, sk
4 (2019) WBFSEIX SR b+, HOARIR]
IR ER S A E B 225 &5k, AR
b 2R - S T 2 S AR s K S AL
JRZ [ AR R AR o
JUEARBIFEART . TR AR K, S5APLR
FAERE AR (P<0.05) , HAZIZIXI
RH . TEARFIREAR K, 1 FERM A T, ZIcEp
MIARBBIRBIAH . FeAR ., HEARFEH K, /T
T o BikL . HLED KL, AEMANLE, £
B0 (2021) WFRERIH A RAMHL . Foh
Fie 1K, A 100 R 7 =20 HIEALBE . A
MAEKE. B (2019) WFFRFRHE - X
T RUBE I ARl R R K A T PR 5~ 2
TIOR8 CRORL. BRI KL ) A HL
L1 IUVURSZ ) [ w117 1 2% = v (<0 1 2 R ok
BHE R MR E R BRI R
FE e P A 22 5 (RN BRFIFIARBI 4, 2008; K47
%%, 2009; Jiang and Shao, 2014 ) . MAh, A

DOI: 10.7515/JEE222052



672 HOERIRIE 24

A M A A& 5w K R R R
(Jordaetal., 2015) .

TESEny K, Mt ik ki . 2% 07, MELLSZELR
AR I 5L, 3 g K B R R, T A% 328 PR AR ) 2
SEAT DA R IARERE K B S A Rlas i, S
RAE (2021) FENL T IATPY AL RS B ARk N A T K
ML pREL, BRI Ko LR T
K, (E LA, PSS (2015) RIMAHLE. F
BEPREAR IR M A 22 2 LU B R W0 VD Hb K, () B AR
iy WEARPRE N K LR 2E R, B
SRIFFE XA, T V0 |, AHJE AT B 9T 25 R 2R
[, AU K, A% R By ah B X8k, 760 H
K, 15338 pRBCHIUIN oA M X K Bsf R 06 T S80I T
L BRI

4

(1) BSRVHARH, FTRARNREAR K, i
HZERBERINTE SIS, A RO, AN
FH R K EEAR (3.30 mm-min') >
&M (1.82 mm-min"') >7FA (1.76 mm-min ') >
Bl (1.38 mmemin') , A R T HAL A
R (P<0.05) , HIYE T8 R,

(2) el FRARFEAM K, 5A P E BE
A (P<0.05) , 5EFESEEEFEEML (P<
0.05) ; T HL K 5A MR BEFIEHLE (P<
0.05) , SAERDERH (P<0.05) ; KHEMFF
AHb K, SRR S W IEAR DG OE R (P<0.05) o

(3) FIHZICEA mIER, Hi T B E
VPHBAC T . AR, FEARFIR ;Y K, A T 5553 51)
JoRERL . MR AEAAHUR. ARPFEE R
T 5 R XV MK SCRE R K AL il
M2

BRNTHE, BERER, RATRE, SF L 2012, AS[RIBRVE R it SR
AR IR IR A B PERER ST ST (9], H1E 2
JE, 32(5): 1362—1368. [Cai L Q, Luo Z Z, Zhang R Z, et al.
2012. Effect of different tillage methods on soil water
retention and infiltration capability of rainfed field [J].
Journal of Desert Research, 32(5): 1362—1368.]

SRR, XUFRD, 25 WK, 55 . 2020 WmeREH XCASR] 4
A7 200 L e A S K R B 520 [T]. K L AR FF BT
4, 27(1): 119-125. [Cai L L, Liu Z Q, Li Y, et al. 2020.
Effect of different land use types on soil saturated hydraulic

DOI: 10.7515/JEE222052

5%

conductivity in Karst areas [J]. Research of Soil and Water
Conservation, 27(1): 119—125.]

SfER L 5k A2, XUPEME , 45 . 2022, N ERLLARAG A I
IR AN TR AR ) S B B S R 3R (7], K - RS F
W55, 29(5): 144—148, 163. [Deng J N, Zhang J, Liu Z B,
et al. 2022. Spatial heterogeneity of soil saturated hydraulic
conductivity and its influencing factors on a larch plantation
hillslope in Liupan Mountain [J]. Research of Soil and
Water Conservation, 29(5): 144—148, 163.]

fFE, Emim, €A . 2015, # X/ H A E
LT K A I 25 B A RRAE (0], Kl T B # IR,
31(13): 128—134. [Fu Z H, Wang Y Q, An Z S. 2015.
Spatio-temporal characteristics of soil bulk density and
saturated hydraulic conductivity at small watershed scale
on Loess Plateau [J]. Transactions of the Chinese Society of
Agricultural Engineering, 31(13): 128—134.]

SR, P, A, A . 2022 VRREACEEAN RI AL P2
B A HA RIS KR BN (). £, 53(2): 324-332.
[Guo Y X, Ma B, Zeng J H, et al. 2022. Influence of freeze-
thaw alternation on saturated hydraulic conductivity of soil
covered with different biological crusts [J]. Chinese Journal
of Soil Science, 53(2): 324—332.]

FRESCHE, KRB B BOSCR, AF L 2021, Fi Ak P A U 1
TRIFN KA 23 AR SRR [J]. K L RAFFEIR  35(5):
137-143. [Kang W R, Zhang Y Y, Zhao W Z, et al. 2021.
Spatial variation characteristics of soil saturated hydraulic
conductivity in a desert-oasis ecotone [J]. Journal of Soil
and Water Conservation, 35(5): 137—143.]

Zepdd, NI, R T, AL 2022, HHE- R R - K SCRE S
WS HURIPTEIERE J]. FER: HEE, 52(11):
2105-2138. [Li Z K, Li X Y, Zhou S, et al. 2022.
A comprehensive review on coupled processes and
mechanisms of soil-vegetation-hydrology, and recent
research advances [J]. Scientia Sinica (Terrae), 65(11):
2083-2114.]

e, B, 5k 5, . 2009, TR IR B X 1
SR AN K R AL [J]. & FIR , 29(2): 636642
[Liang X F, Zhao S W, Zhang Y, et al. 2009. Effects
of vegetation rehabilitation on soil saturated hydraulic
conductivity in Ziwuling forest area [J]. Acta Ecologica
Sinica, 29(2): 636—-642.]

XA, AREH2: . 2008, B A o It 75 TE VA It 3OAS [] 3 A1)
P73 3K Iy e X 3K 23 B2 [3]. o7



XRIE, % BHRDHAIRE LA HT7 20T SR K AT i) A AR

JHAE A2 4R, 19(11): 2400—2407. [Liu C L, Shao M A.
2008. Soil hydraulic properties and their influences on
soil water content under different land uses in Liudaogou
watershed of Loess Plateau [J]. Chinese Journal of Applied
Ecology, 19(11): 2400—2407.]

XU, HRZ . 2009. B 4 i Il 2 )2 + AR ALK

MK I35 B 25 VAL SEARAE (9] 7 E K £ AR IF R,
7(1): 13—18. [Liu C L, Shao M A. 2009. Spatial variation
of saturated hydraulic conductivity and soil water of the
surface layer of a slope on the Loess Plateau [J]. Science
of Soil and Water Conservation, 7(1): 13—18.]

i, ORI, BRRAZE . 2019, 4 X3 i R AS IR A b
PR ORI E SR S A S R
51(2): 381-389. [Mao N, Huang L M, Shao M A. 2019.
Profile distribution of soil saturated hydraulic conductivity
and controlling factors under different vegetations on

slope in loess region [J]. Soils, 51(2): 381-389.]

FRULHE . 2019. B g S OC Bl TR F1 A7 - S 0y B Joe S A%

1B BREITSE [D]. A%« PEALRAMBIECRY: . [Qiao J B.
2019. Study on soil physical properties and transfer
function of deep profile in key zone of Loess Plateau [D].
Yangling: Northwest A&F University.]

BOAT , BEAAE | SRUET, 55 . 2015, FPTT U AT AN TR 1 b

i

FIFZE R AN G KA (T, KL ARFFEAR , 35(1): 79-84.
[Ruan X Z, Cheng J H, Zhang H J, et al. 2015. Saturated
hydraulic conductivity of different land use types in
Simian Mountain of Chongqing City [J]. Bulletin of Soil
and Water Conservation, 35(1): 79—84.]

i, XUEEAE , BEAIES , 45 . 2015, BHRIDVD - A A
Hb DX R A A AT KR Y T AL B R B ST (0], £
4R, 52(1): 68—=76. [Sun L, Liu T X, Duan L M, et al.
2015. Prediction of saturated hydraulic conductivity of
surface soil in sand-dune-and-meadow interlaced region
of Horqin with pedo-transfer functions method [J]. Acta

Pedologica Sinica, 52(1): 68—76.]

VBB, HRIT 22 . 2021, B 55 U0 M N TR i Bk 9 2L

ARG CO, il B R AE (1], WS BB A W4
27(2): 380—-388. [Sun S C, Shao M A. 2021. CO, flux
characteristics of an artificial Amygdalus pedunculata Pall.
shrubland ecosystem in Mu Us Desert, China [J]. Chinese
Journal of Applied and Environmental Biology, 27(2):
380-388.]

B.g

A, BARET, FIER] . 2015, ARG X 4 A 2T 6]
IR TR AR K RBE S BRI S [0 K L AR FF
Wy, 22(3): 28—32, 39. [Qin M, Zhai L X, Zhou Z C, et al.
2015. Influence of land use types on soil saturated hydraulic
conductivity and water retention in northern Guangxi [J].

Research of Soil and Water Conservation, 22(3): 28—32, 39.]

FE, BRI, ORI, A5 . 2021 TR ASHAN R A

BT

7]

P73 Lt A K 5o A B HSE i I 3 (0] K £
PRIFFIR |, 35(3): 150—155. [Wang Z W, Shao M A, Huang
LM, et al. 2021. Distribution and influencing factors of soil
saturated hydraulic conductivity under different land use
patterns in eastern Qinghai Province [J]. Journal of Soil and
Water Conservation, 35(3): 150—155.]

5, 0RIEE , TR, 4. 2013, DGR 3 RiE iR
B4 L S RORL M KK 3 A SRR (1], £ R, 3321):
7013-7022. [Xia J B, Zhang S'Y, Wang R R, et al. 2013.
Water ecology and fractal characteristics of soil particle size
distribution of three typical vegetations in Shell Island [J].
Acta Ecologica Sinica, 33(21): 7013-7022.]

AR, HEOE, ARASL. 20200 HPH AL 4 kg IX 4 4
TR AT K Y 25 ) 3 A RRAE K S R [J]. K £ 4R
fF# IR, 34(6): 178 —184. [Yang Z, Huang X, She D L.
2020. Spatial distribution characteristics and influencing
factors of soil saturated hydraulic conductivity in loess
hilly region of northwestern Shanxi [J] Journal of Soil and
Water Conservation, 34(6): 178 —184.]

WRORER , skl 2, XUBTF L 45 . 2012, BHRIDHL XA R 28R

Ta

U0 T AR AN K AR AE AT (0], TR X WS
£, 26(4): 123-126. [Yao S X, Zhang T H, Liu X P, et al.
2012. Feature of soil saturated hydraulic conductivity in
various lands of Horqin Sandy Land [J]. Journal of Arid
Land Resources and Environment, 26(4): 123-126.]

L, BU/NME, TR . 2018, 3 F XORF] + 2401 Tk R
23 VAL S G2 R R [J]. LR 5 49(5): 1073-1079.
[YuD X, Jia X X, Huang L M. 2018. Spatial variation and
influencing factors of saturated hydraulic conductivity in
different soil layers of the loess area [J]. Chinese Journal

of Soil Science, 49(5): 1073—1079.]

skdidE R BRI, 4 2003, YDl A PR S +

BOK 22N R D). P EAS A #, 11(1):
74-77. [Zhang D H, Zhai M P, Jia L M, et al. 2003.

Relationship between organic matter content in sandy soil

DOI: 10.7515/JEE222052



674 H BRI 4R

and hydrodynamic parameters [J]. Chinese Journal of
Eco-Agriculture, 11(1): 74-77.]

KA T, BEAE, SO . 2F . 2013, VU TR LA DT
AN R SR R N R (1] K LR IF IR,
33(6): 57—61. [Zhang J Y, Cheng J H, Lii X H, et al. 2013.
Influence factors of actors of soil saturated hydraulic
conductivity in different landuse type in western Shanxi
Province [J]. Bulletin of Soil and Water Conservation,
33(6): 57-61.]

WK 7, R, fH . 2009. TR LK A R gk 5
Xof LSRN G AR R [T, A=K L AR FF R, T(5):
100—-104. [Zhang Y, Zhao S W, Hua J. 2009. Effects of
grassland vegetation restoration on soil saturated hydraulic
conductivity in mountain area of southern Ningxia [J].
Science of Soil and Water Conservation, 7(5): 100—104.]

ak—FE, HET L I, 55 2019, ACER IR E T K E R
J# M RURR TS L SEALFN G K A5 (). 285791, 39(18):
6681-6689. [Zhang Y X, Shi C Q, Yang H, et al. 2019.
Saturated hydraulic conductivity of soils of typical forests
of the south coast of Guanting Reservoir in Yongding
River watershed [J]. Acta Ecologica Sinica, 39(18):
6681—-6689.]

TSR, 2R, W™ , 45 . 2015, PHLSLX RRDHL -0k
IR ZS AT (3], Al TR L 31(17): 144151,
[Zhao W J, Li X P, Fan Y W, et al. 2015. Spatial-temporal
stability distribution characteristics of soil moisture in
gravel-sand mulched field in northwestern arid area [J].

Transactions of the Chinese Society of Agricultural Engi-

DOI: 10.7515/JEE222052

5%

neering, 31(17): 144—151.]

Chandrasoma J M, Udawatta R P, Anderson S H, et al.
2016. Soil hydraulic properties as influenced by prairie
restoration [J]. Geoderma, 283: 48—56.

Chen J Z, Wu Z L, Zhao T M, et al. 2021. Rotation crop root
performance and its effect on soil hydraulic properties in a
clayey Utisol [J]. Soil and Tillage Research, 213: 105136.
DOI: 10.1016/j.sti11.2021.105136.

Jiang Y L, Shao M A. 2014. Effects of soil structural properties
on saturated hydraulic conductivity under different land-
use types [J]. Soil Research, 52(4): 340. DOI: 10.1071/
SR12309.

Jorda H, Bechtold M, Jarvis N, et al. 2015. Using boosted
regression trees to explore key factors controlling saturated
and near-saturated hydraulic conductivity [J]. European
Journal of Soil Science, 66(4): 744—-756.

Li Y'Y, Shao M A. 2006. Change of soil physical properties
under long-term natural vegetation restoration in the Loess
Plateau of China [J]. Journal of Arid Environments, 64(1):
77-96.

Zhang Y'Y, Zhao W Z, Li X B, et al. 2021. Contribution of soil
macropores to water infiltration across different land use
types in a desert-oasis ecoregion [J]. Land Degradation &
Development, 32(4): 1751-1760.

Zhao H L, Guo Y R, Zhou R L, et al. 2011. The effects of
plantation development on biological soil crust and topsoil
properties in a desert in northern China [J]. Geoderma,

160(3/4): 367—372.



