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Abstract: [ Objective] The impacts on soil saturated hydraulic conductivity that occur because of differences
in root and soil properties between combinations of grasses and shrubs having different root configurations
were studied, and an empirical equation for estimating soil saturated hydraulic conductivity was established by
comprehensively considering root and soil properties in order to provide a theoretical reference for the
establishment of hydrological models appropriate for conditions following vegetation restoration on the Loess
Plateau. [ Methods ] Plots of grass-shrub mixtures having different root system configurations were used:

Agropyron cristatum and Caragana korshinskii, and Artemisia gmelinii and Caragana korshinskii.
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Saturated hydraulic conductivity was measured by the double-ring knife method. [ Results] The influence of
sample grass-shrub mixture type and soil depth on soil saturated hydraulic conductivity was significant, and
their factor contribution rates on soil saturated hydraulic conductivity were 26 % and 52% , respectively. The
soil saturated hydraulic conductivity of the tap-root grass Artemisia gmelinii and Caragana korshinskii
mixture was greater than that of the fibrous root grass Agropyron cristatum and Caragana korshinskii
mixture. Soil saturated hydraulic conductivity of different plots declined with increasing soil depth. Root
length density, soil aggregates, and soil bulk density better simulated soil saturated hydraulic conductivity,
with a fitting accuracy (R?) reaching 0.86. [ Conclusion | The combination of a taproot grass and a shrub had
a higher saturated hydraulic conductivity than observed for the combination of fibrous root grasses and

shrubs. Root length density, soil aggregates, and soil bulk density were the main factors affecting saturated

hydraulic conductivity.
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Table 2 Analysis of significance and contribution rate of each

factor to soil saturated hydraulic conductivity
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5% 2B, IR IR 5 e 25 0 1) Faoe PR 2% 1)
& BEE KT 0.25 mm + 3 A BAR S BN, +
HELE R AR E M S R W v i L HCHR ST K 19 1 A e 0 R 2
ANV 1A, — 52 B ] LA AR AR - 19 308 7 st i R 7 52
F18y JRURRS 3 1T il A2 il A 398 K AT R Ak o v, A 4
TR0 T K 3 B B A SRR A
i AE S B3 B 4 HE AL BUIR B0 L AR R L RS
5 AL BUR B R SR SE O R T - AL BRAE N
KA T B FE AR R s, RS OK B 1T
FE ARG, 3K AT B I Bl 5 2 T ) ARG - AR R ok R R
IR L B s B SR DT A B AL AR Ry - A
BRI R A5 W I, B A O 1 L R 8% A aE K 1A
RARMIE K, 32 =+ e K 7% 5 658 ) Fas i ke e
P DT[] 22 2 1 S A AR R J K R XA B R
IR T K E 5B ML R E MR,
WL AE A ZE A7 S5 B0 G LN 4 FF 385 6 b 199 1 R 5 7K
R 05 AT S XS LI oK RO L T BB SR BN AT A XS
JUIMAJ AT A i) AR 5 B2 LR T 0,25 mm MR 1K

BB TAT ARG LN UK B R M 10 AR T AT AR
R LT oK A i BT 2K

TEA [FVRE 3 3 AR A K R BE A )2 R
B0, 18 2 LA R AR 1 i L 3 5 SR LR AT R R K
R N | A E 3 N DS & T LTI O & 1
R AR A AR AR A DL R LR IR
B2 B ARG AR A T A R B i A A
XX T RE S A O B S TR A - SR Y A A 3R
IR AEAE 23 T A TR AR A 2 T R, XR R
AR R B T — i B BRI AR T L 3T fE MRS 2 R A
R T AR B2 T )2 TR B R R 2 B e I
1 JB PR T AR R AN SRS T A R 1 B R
A1 M O AR T O HOE A SR R o B
A LT SRR 2 — R AR A8 Al B e
SR TFNAT AL Bl J2 % 2 1) 180 4 A o B i B A
FB IR T A AR R SR R
B R AR B I RC R, M
THEAE LI E AR R IR K S RE



16 K R E

%43

T AR JEE | P SR B A DL B R R R
TN FAEARR . 2 S B 2 TR B0 39 i 3 L nT g
SR K R B A R TR L 1A 0 T 2 B o AR
A

H T AR A S R AR I E R SR 2R O, It
i 3ok 2B H— SR T A ) 1Y - AR 2R S Ok gk Ay
BEflE 2R # W T B AR 3 TR,
ABIFFE B T AR 8 B L AT SR A DL B - S A J el L A 28
57 RE B — B AR AR B R SR, Oy R R L
R BEA B o 3 Ul WA A 52 1 38 T RUBE b, X
TR A R K R AT B MR R S BN
JELO TR R 7 R TR A 1 B AS BF 5T 45 3
14 22 56 07 #2038 Ik 5 2 — P Bk

4 5w

FEA I, 22 [ 3 J7 22 43 3R W1 L B b 28 0 A
- E X T AR R SR B R B
Xof - S R T K R A B ST ERRAR IRl 26 %0.52 %,
B R AT 5 A A LR G R 0+ B
KRS TR R A KE 57588 JLIER SR
Hb o R AR R T A AR A % B D R b R T Y A R A
MR E S R S ACRE L 28 )7 FE, Bl 5
KB R Al ik 2 0.86, BT AN J& 4 e 7wl & AR
F MBS R AT K R HE T Y 2 50 T B A AT HE L U
ARE R BE T 16.22%~30.30%.

[ 2 % x & ]

[1] Gu Chaojun, Mu Xingmin. Gao Pen, et al. Influence of
vegetation restoration on soil physical properties in the
Loess Plateaus China[J]. Journal of Soils and Sedi-
ments, 2019,19(2):716-728.

[2] Wu Wenjie, Chen Guangjie. Meng Tingfang. et al.

Effect of different vegetation restoration on soil proper-

ties in the Semi-arid Loess Plateau of China [J]. Catena,

2023,220:106630.

[3] Dou Yanxing, Yang Yang, An Shaoshan, et al. Effects of
different vegetation restoration measures on soil aggregate
stability and erodibility on the Loess Plateau, China [J].
Catena, 2020,185:104294.

[4] Qiu Dexun, Xu Ruirui, Wu Changxue, et al. Vegetation
restoration improves soil hydrological properties by regula-
ting soil physicochemical properties in the Loess Plateau,
China [J]. Journal of Hydrology, 2022,609:127730.

(5] 85 AW, Db g, 500 35 S5 VR Rl 5k 18 8 2R W 45 1 B 5 0
A A S K R S [T, A4 A 2E . 2022, 42 (1)
348-358.

[6] Wang Hao, Zhang Guanghui, Li Ningning, et al. Variation

7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

in soil erodibility under five typical land uses in a small
watershed on the Loess Plateaus China [J]. Catena,
2019,174.24-35.
FYUWT WA B, S BT R 5 AR SR BUAR R
SERRRAE XS BB M [T . b K AR R
2020,18(5):1-8.

Zhu Pingzong, Zhang Guanghui, Zhang Baojun. Soil
saturated hydraulic conductivity of typical revegetated
plants on steep gully slopes of Chinese Loess Plateau
[JJ. Geoderma, 2022,412:115717.
2R 2, ] IR L 3R 25 [ 9 RS AE A R R R AE
Fexb 4838 3 e R 2 ma [T ). A4 45 % . 2013, 33 (5)
1535-1544.

Li Tongchuan, Shao Mingan, Jia Yuhua, et al. Using

the X-ray computed tomography method to predict the

saturated hydraulic conductivity of the upper root zone
in the Loess Plateau in China [J]. Soil Science Society
of America Journal, 2018,82(5):1085-1092.

FEZE N E M JE A B B VA AR DX I B K

SN IR EAB MWL) ] A RBP4, 2003, 18

(5):529-535.

W or i TR S0, 2R A2 Fh R HE W AR R N A

AU o B R R [0 K B AR 4527 41, 2018, 32(6)

112-117,

Hao Haoxin, Qin Jiahui, Sun Zhaoxiang, et al. Erosion-

reducing effects of plant roots during concentrated flow

under contrasting textured soils [J]. Catena, 2021,

203:105378.

Li Qiang, Liu Guobin, Zhang Zheng. et al. Relative

contribution of root physical enlacing and biochemistri-

cal exudates to soil erosion resistance in the loess soil

[J]. Catena, 2017,153:61-65.

SR, B BRI AL B b R S o T bt v P Y

WEFE LT TR AR TR 2441 . 1993, 7(3) ( 1-10.

Lu Jia, Zheng Fenli, Li Guifang, et al. The effects of

raindrop impact and runoff detachment on hillslope soil

erosion and soil aggregate loss in the mollisol region of

Northeast China [J]. Soil & Tillage Research, 2016,

161:79-85.

Y R I oG 1 I = 77 e B G 4 /= O e w0

SRR )] A, 2009,29(2) :636-642.

XU E 2% B TT, 5 U, 45, =k X AR bK A 1 Ok L BR 4

IE Bt 4 A K R A S M L) ] A 455 41, 2016, 36 (1)

3189-3196.

Mok 48, it BT i SOME , 55 [7] 1R] A58 B2 TR B LU RR AR AR

THEB ERET]OK £ RFFTST.2019,26 (1) :113-117.

ZEi X E M VR BIRE L SF BT L B IXCPR S 1 S i b

P KR 5 B A S5 (T AR I TR 2 4L 2013, 29 (10D

153-159.

(F#% 43 T



5 43

G145 PU R DG K AL ol D AR 18 S CR B A A 1 a0 A 43

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

(19]

[20]

[21]

[22]

[23]

mental Science and Pollution Research, 2017,24(30):
23953-23965.

[ RN = S ST O 1 R A I DO R YN S TIRE S
BE - S T ) 52w ) ). JE AR R 27 27 4l 2022,
44(6) :74-84.

KR e R R AR IR SR L A5 S v N S A B S
FEPE I AT [T ] K AR FRE A . 2009, 29(4) :191-195.
Rivera D, Mejias V., Jauregui B, et al. Spreading top-
soil encourages ecological restoration on embankments:
Soil fertility, microbial activity and vegetation cover
[J]. PLoS One, 2014,9(7) :e101413.

JUTEE L B R BOKEE L SF L 0 TR 8 OR [ ME E
FE U3 - SR Oy S 0 O A R AR (L AV U B
J5 53045, 2020,29(9) : 2005-2015.

FIRTC, B W B AR A5 28 B S0 T 4 3 A o O
TR [T 1400 T AR 244 . 2022.38(10) :85-92.
RSB R =, 8 WY, 55 74 5 i 98 b XA [R) i 3 2R
S RA T HEIE T AT K LR, 2021,
41(4):158-165.

T TR L8 2 AR IR T A Y B R R IT AN B
B Je SRR [ ) B2 4 . 2010, 7(1) - 34-42.

Li R, Kan S, Zhu M, et al. Effect of different vegetation
restoration types on fundamental parameters, structural
characteristics and the soil quality index of artificial soil
[J]. Soil and Tillage Research, 2018,184:11-23.

SKREEU , E MG 2 AT I 2R A B X L S U R
i R L) ] K 2R 3524 42, 2021, 35(2) 1 265-270.

B R, ERER L R/ANU], S A 30 O AR St
I 07 SR RETE R AR S A A T LT ] Bl A 4, 2015, 24
(9):10-18.

SRR R, E 4 2, AR VL R A AR H A 3 S A
Sl K m B OS] £, 2019, 51(2)
257-262.

TR X SCER A AR, AR [ A A ORI
SR g 23 A 3 A R AE LT DK £ AR 35 B 5. 2019, 26
(1):86-91,105.

Fw L, E Ty E AU A B R AR kS

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

TR RLT]K R AR 244 . 2015.29(2) :69-75.
AR, T, Tk 5 R Bk I T 8 A TR T B
FRAE B9S2 R L) ] R HE K 2741, 2013,32(5) : 47-50,58.
AR AL, A A A R RN B R K AN AR A
v - e RIS B T3 Wk T[] A A 24 4L 2020, 40 (4)
1331-1341.

XN VP . 3E, % 200 KR A i B ke bk S A
W T 2o e R T 7 5 PR LT DL 7K R R 4508 41, 2021,
41(1):190-196.

Wi AR AR T S E 2 e, A5 FE M DO [ 5B A 2
TR G RFIE A 5T L] ] b~ 42, 2016, 24(1) . 210-213.
Bi A 1T, 22 XK 45 v 0 Rr B AL R BT [R) 3 1 A ) A
KEBLE SRR MLT] AL ¥R, 2022, 42
(19) :8050-8060.

W W EW IV E L 55 T AHP-EWM 34 Bk 7
T b A X TE 48R B 30 SRR 92 B LT 1L R lk R 2o
#,2022,57(6):70-78,87.

Wit 55 A TR WU A TR B I K 8 v
i B 4 2 G B R IR A T L ] R VIR B B 4R
2022,39(5):112-118.

Hu Xudong, Gao Jiazhen, Zhou mingtao, et al. Evalu-
ating the success of engineering disturbed slope eco-
restoration in the alpine region, Southeast Qinghai-
Tibet Plateau, China [J]. Ll #b B} 22 22 i (35 SCRRD
2021,18(11):2820-2832.

FrBR R BRER AT DA 7] 26 B A A i T AR A W) 2 RE
X PR DR e g [T A A A=, 2022, 33(3)
742-748.

Wu Wenjuan. Zhou Guangsheng. Xu Zhenzhu. Driving
mechanisms of climate-plant-soil patterns on the struc-
ture and function of different grasslands along environ-
mental gradients in Tibetan and Inner Mongolian Plat-
eaus in China []J]. Journal of Cleaner Production,
2022,339:130696.

Tra Bk R, BT SR F R A A Bl O B
PR IAR DU AN 33 R PR AT 5 (T ] K R K3l 4. 2012, 32
(1):144-149,155.

(21]

[22]

(L35 16 W)

Fan Ying, Miguez M G, Jobbag Y, et al., et al.
Hydrologic regulation of plant rooting depth [J].
Proceedings of the National Academy of Sciences of
the United States of America.,2017,114(40):10572-
10577.

XX A J TE 5 95 7 A MR X A 4 AT SR AR R
P LS5 [ L) ] K - PR 24, 2020, 34 (3)
267-27.

(23]

[24]

Zhou Shuang. Lin Junjie, Wang Peng. et al. Resistant
soil organic carbon is more vulnerable to priming by
root exudate fractions than relatively active soil organic
carbon [J]. Plant and Soil, 2022:1-12.

Wang Hao, Zhang Guanghui, Li Ningning. et al. Soil
erodibility influenced by natural restoration time of
abandoned farmland on the Loess Plateau of China

[J]. Geoderma, 2018,325:18-27.



