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Note: Experiment measurement was from 26th Oct., 2012 to 23ed Mar.,
2013

B 1 R &R A R 2R (5 em) BETAL
Fig.1 Changes in topsoil temperature during experiment span
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Note: 1. Sampling box 2. Scouring flume 3. Chamber for soil samples 4. Runoff bucket 5. Pedestal and bracket 6. Support for adjusting gradient 7.
Surplus water outlet 8. Storage reservoir 9. Glass pipe  10. Stopcock 11. Water-supply pipe  12. Water buffer chamber.

B2 bR AR

Fig.2 Schematic diagram of soil anti-scouribility experimental set-up (not to scale)
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Table 1 Changes in soil physical properties and root density in fallow and root pans

, P g ) )
T ﬂ;ﬂ ¢ Bulk density /(g kg™ > L mm HURARGU I BiAggregate 1% Cohesion/kPa
reatmen - R—— v N IPR—— - ; PR o
YILRIEIV VRl Brr VRl Apr YAV URALABrr  RRJS Apr WIGHMEIV  VRAEERTBrr  VRALS Apr
X CK 1.28 £0.02 a 1.25+0.03 a 1.26 £0.02 a 443422 a 43.5+29a 452+23a 2.1+40.13a 24+0.18a
R R -
1"%&@ 1.2840.02a 1.17+0.03 b 1.24 +£0.04 a 457+19a 66.8+2.1 63.7+3.2b 4.0£0.20 3.7+0.23 b
Low density b -- b
MR 50i001a  119£002b 1224003  44.6:20a T43£19c  725424c 44+019¢ 47+0.15¢
High density

¥E: IV-initial value, Bpr-before frozen-thaw, Apr-after frozen-thaw; $(di 4N H G KPP IEERUEZE . [/ —FIAR R FRER R ZE R B3 (P<0.05) . L3
FERRAT) U (1 A0 R AR T 5 50 P00 5 FF TR 3 2201245 H6 HL . 10 H27 HA20134E3 H24H . Rl

Note: Data were means of four replicates & standard deviations. Different small letters within same column indicate significant at P < 0.05. Values of soil
indicators were determined on 6™ May,2012, 27" Oct., 2012 and 24™ Mar., 2013, respectively. The same as below.
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Table 2 Changes of disintegration and root density in fallow and root pans

U iRt A AR
b ¥ Treatment Disintegration (cm’-min”) Root density /(kg-m™)
HIRIEIV PR B VRS Ar BRIV R B VRAE Arr

X FECK 1.29+0.14 a 1.03£0.07 b 1.21+£0.08 a - -

(435 B i

fefi L 1.31£0.11a 0.69 £0.04 b 0.85+0.09 b 224+032a 2.074025a
Low density

}.Ju{ﬁﬁ"}}?k 1.24£0.09 a 0.55+0.03 ¢ 0.60 £0.04 ¢ 3.08£0.24 b 3.00£0.17 b
High density
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Fig.3 Dynamics of sediment loss within the scouring time in
treatments control, low density, and high density of ryegrass
planting before and after a freeze-thaw.
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F LTI

PR 2 S 52 0 LT vE e B bl
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Note: Different letters within same treatment indicate significant at P <
0.05.

B4 KR A ARRAT G U M R
Fig.4 Soil anti-scouribility in different treatments before and
after a frozen-thaw process

#z3 TELEFRMFRAIT R REENZM
Table 3 Roots and freeze-thaw effect on sediment reduction
in different treatments

Z i FE GBS I e
Parameters Control Low density High density
Y1/% +19.41 -
Y2/% -- +6.70 +1.87
Y3/% -- -3.72 -49.39

e YR 23 AR BN X AT S M N X RR v I B (5 Ys
ARARVERUAR Fo0 T3 R R IL R <« + Rl - o HIRR IV 1Y
I o

Note: ¥, and Y; present freeze-thaw effect on sediment loss in fallow and
root pans; Y; presents combined effect of root and freeze-thaw on
sediment reduction within winter; <+’ and ‘ -’ denote increase and
decrease of sediment.
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TEARIIRRENE, T 22 VR UR RIS B A FH RE ARG R 52
TR R, FIIE N A A S A ) R
SEVER, AT A 2 R rlox - S A R e e
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K (15% 25%) 2 (A RAEAERESE Sy it 22 7B,
AWFFOR I R AT 5 3R 2 LI A . Kt
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0.05) , TIERE JINSA T IE, 1A MR ZR G I
iR LA BRI S AR R AT g e o T e
TR AL BRI g gl ARV K oy R P 2
S,

AN, LR B E AR B S AR LA A
Wi 10281 PR Al Hh TR R K 23 R A A1
&R, X PR EAE a2 51
ST A AR g b R AE TR ST T
TE R —FhgiAs 2 4L,  HA AR B 3 G0k 1
o BEFUNSE I, WIS AEE ) R
YR AT 3 25 4B BA Si0,, CaO
LIV A o 4 ) VAR SRR VAN 9 A e e D BT
T0%2E A7, AFLBRIE K 50% K LA b o X Rl
WA RS AL sy S B 4 R eV, HIRAR
RS PER, P, YRR AR, ok
8] FLBRAK B Jl 22 B S UKAR AN, 515 4 4k
. BEAE IR R, BRI R T i Ak
T R AUBR, 3 - 38 (0 P BT 98 5 RN Pt ioh i
T FARPON, PRIk, S T2 R R R b
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4 #Z B

1) Z=AT PR R AL AR U R B T, BRI
TIREITE B VRANET G R E DI E . IR
BRI RS A 3 AP Y R IA RIS T2
ZE5r (P<0.05) , TIEFNER NG TR, v
REGURRBLATAILE, 76 3 ANAEEH 5130 T 20.6%-
18.8%F1 7.3%.

2) WRREHGESS T 3 ANCBRR S,

R T 3BT Gy, B4 T wpoel A& Ve Vb i O
Ko WRELATVR VU K B R AEAE PRI AT 3 min,
MRRLG E 2V R B T )G o 5 R mlrAH
EE, YRR X CK P R B0k 4 B3 TR,
T S S e AL 4 B8 B A B LD FDN 55 5 b B HD 43
WRBET 0.9%F1 1.2%.

3) MR ARLEVR Rl FE Ry b RN B s, {HIERL
N2 IR AR K . S RBRETAH LG, R k2350 3 0
AEE CK A1 LD IRV IR TN 19.41%F1 6.70%,
{EXF AR BE HD 5204/ o R b RIAR 2 3[R/ H7E LD
A HD AbEE E 43 5k b T IR UR O 3.72% Al
49.39%.

(& % x WK

[1] SR SRR e ) 2 S LRI T 0], o K

545, 2003, 10(4): 17—19.
Jing Guocheng. Study on types of freeze-thaw erosion
and its characteristics[J]. Soil and Water Conservation,
China, 2003, 10(4): 17—19. (in Chinese with English
abstract)

[2] VaRW], SIRE. dREMR AT U], b K AR

B, 2003, 4(1): 50—55.
Fan Haoming, Cai Qiangguo. Review of research
progress in freeze-thaw erosion[J]. Science of Soil and
Water Conservation, 2003, 4(1): 50—55. (in Chinese
with English abstract)

[3] Henry H A L. Soil freeze-thaw cycle experiments: Trends,
methodological weaknesse and suggested
improvements[J]. Soil Biology and Biochemistry, 2007,
39(5): 977—986.

[4] EEWE, SLMEVL, MR PE. EREMET R L SRR

AR FA R R AR (1], AR
%, 2007, 18(10): 2361—2366.
Wang Lianfeng, Cai Yanjiang, Xie Hongtu. Relationship
of soil physcal and microbial properties with nitrous
oxide emission under effects of freezing-thawing
cycles[J]. Chinese Journal of Applied Ecology, 2007,
18(10): 2361 —2366. (in Chinese with English abstract)

[5] EREZK. B ka3 7 AR IE b fE

PEAGI]. K ARFREAR, 2004, 24(6): 1—5.
Wang Suiji. Characteristics of freeze and thaw
weathering and its contribution to sediment yield in
middle yellow River Basin[J]. Bulletin of Soil and Water
Conservation, 2004, 24(6): 1 —5. (in Chinese with
English abstract)

(6]  SI[E M. B8 A i o B b g e o ik B AL B AR E[T].
AKAEDRFRAAR, 1998, 12(1): 93—96.

Liu Guobin. Study on soil anti— scouribility and its
mechanism[J]. Journal of Soil and Water Conservation,
1998, 12(1): 93—96. (in Chinese with English abstract)

(71 E#H, REKEF, LM, & EREE DS - EA 1L
B P S A T s T U RE D). K1 R L, 2011,
33(2): 442—452.

Wang Jiaoyue, Song Changchun, Wang Xianwei, et al.
Progress in the study of effect of freeze-thaw progresses



517 3 B

SR

A e DR RO SR BT ST DG B 5 (1 111

(8]

[11]

[12]

[13]

(14]

[15]

[16]

[17]

(18]

on organic carbon pool and microorganisms in soils[J].
Journal of Glaciology and Geocryology, 2011, 33(2): 442
—452. (in Chinese with English abstract)

Zheng Xiuqing, Van Liew M W, Flerchinger G N.
Experimental study of infiltration into a bean stubble
field during seasonal freeze-thaw period[J]. Soil Science,
2001, 166(1): 3—10.

Kirkby M J. Modeling water erosion processes. In:
Kirkby, M J, Morgan, R P C (Eds.), Soil Erosion[M].
Wiley, Chichester. Great Britain, 1980, pp: 183 —196.

De Baets S, Poesen J, Knapen A, et al. Impact of root
architecture on the erosion-reducing potential of roots
during concentrated flow[J]. Earth Surface Process and
Landforms, 2007, 32(9): 1323 —1345.

AR RE. B  ve J DXARLARE R 3RS T K R R 5
[7]. 3244, 1960, 8(2): 110—120

Zhu Xianmo. Effect of vegetation factor on soil and water
loss in the Loess Plateau[J]. Acta Pedologica Sinica, 1960,
8(2): 110—120.

S PEK R A SRS Z RGO R E RN
&[] P EDK L LREE, 2008, 12(2): 3—6.

E Jingping. A summary report on soil and water loss,
and ecological safety[J]. Soil and Water Conservation,
China, 2008, 12(2): 3—6. (in Chinese with English
abstract)

JAIER, EEEN PR E MR L R
HEHT D). ZE&SAIR, 2006, 26(10): 3271—3275.
Zhou  Zhengchao, Shangguan  Zhouping.  Soil
anti-scouribility during vegetation succession of Ziwuling
secondary forest[J]. Acta Ecologica Sinica, 2006, 26(10):
3271—3275.

Yoder R E. A direct method of aggregate analysis of soils
and study of the physical nature of soil erosion losses[J].
Society Agronomy. American, 1936, 28: 337—351.
Schuppener. Laboratory method for direct shear tests.
Recommendation of the ISSMGE for geotechnical
testing[M]. Beuth Verlag GmbH. Gemany. 1999: 87—92.
Wk, AETte, JEXRE, S B R
FAAHSGE R N R OETE[]. K LR FFIER, 1995,
15(3): 20—27.

Jiang Dingsheng, Li Xinhua, Fan Xingke, et al. Research
on the law of soil disintegration rate change and it’s
effect factors on the Loess Plateau[J]. Bulletin of Soil and
Water Conservation, 1995, 15(3): 20—27.

Burylo M, Hudek C, Rey F. Soil reinforcement by the
roots of six dominant species on eroded mountainous
marly slopes (Southern Alps, France)[J]. Catena, 2011,
84(1/2): 70—78.

A, XUE M, VEWIRE, 4. bR IX B
PrIh vk BB PETR[T]. Aol TR, 2013,
29(10): 153—159.

Li Qiang, Liu Guobin, Xu Mingxiang, et al. Soil anti—
scouribility and its related physical properties on
abandoned land in the Hilly Loess Plateau[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2013, 29(10):
153—159. (in Chinese with English abstract)

[19]

[20]

[21]

[26]

[27]

[28]

M EhE, TR, AEE. ANE A 7 AR
POk 3 A AR A RFAE B I 5w IR 2R (0], K DR KR
%, 2010, 24(4): 64—68

Yang Yumei, Zheng Zicheng, Li Tingxuan. Soil anti—
scouribility dynamic variation characteristics and its
influencing factors under different land use types[J].
Journal of Soil and Water Conservation, 2010, 24(4): 64
—68. (in Chinese with English abstract)

WEZE, BUMEAE, AT M. 0 PR XA o R AR R [T Bt
RNV TE]. KL AREFAIR, 2010, 24(6): 42—45.
Chen Yun, Zhu Yajun, He Binghui. Effect of root system
of Bermuda Grass (Cynodondactylon (L.) Pers.) on slope
reinforcement and soil erosion resistance in Three Gorges

Reservoir Region[J]. Journal of Soil and Water
Conservation, 2010, 24(6): 42—45. (in Chinese with
English abstract)

Mrezeoim, 7K, BRREL, 4. JuiETHUTA IR E
T AR R ST RS )], AR TR AR
2012, 28(5): 108—113.

Chen Angiang, Zhang Dan, Xiong Donghong, et al.
Effects of mechanical properties of surface soil on soil
anti-scourability in  Yuanmou dry-hot valley[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2012, 28(5):
108 —113. (in Chinese with English abstract)

gk, KRR, XIEITG. RIS M X 2Rl
PHVRIAR ). i 4E, 2006, 24(3): 306—311.
Zhang Yongguang, Liu Baoyuan. Ephemeral gully
erosion during the spring freeze-thawing period in black
soil rolling-hill regions of northeast China[J]. Journal of
Moutain Science, 2006, 24(3): 306—311. (in Chinese
with English abstract)

ERE, TR, WRMm, & RIEREHEES
IR IRIHT LI, vkIIEL, 2011, 33(4): 914
—921.

Wang Enliang, Jie Yuxin, Chang Junde, et al. Loading
test of reinforcement-soil complex suffered freeze-thaw
cycling[J]. Journal of Glaciology and Geocryology, 2011,
33(4): 914—921. (in Chinese with English abstract)

Ran Qihua, Shi Zhinan, Fu Xudong, et al. Impact of
rainfall movement on soil crust development[J].
International Journal of Sediment Research, 2012, 27:
439—450.

SR, JAE. B I K R Mk g A ).
TR S KRR, 1996, 2(1): 40—45.
Wu Pute, Zhou Peihua. Research on the sheet flow
Eroion of loess surface[J]. Jornal of Soil Erosion and Soil
Coservation, 1996, 2(1): 40—45.

Formanek G E, MeCool D K, Papendick R I. Freeze-thaw
and connsolidation effeets on strength of a wet silt
loam[J]. Transactions of the ASAE, 1984, 27(6): 1749—
1752.

Sirgrun H K, Lillian O. The influence of freeze-thaw
cycles and soil moisture on aggregate stability of three
soils in Norway[J]. Catena, 2006, 67(3): 175—182.

Chen Siyang, Ouyang Wei, Hao Fanghua, et al.
Combined impacts of freeze-thaw processes on paddy



112 ANV TR 23 2013 4F

land and dry land in Northeast China[J]. Science of Total 53AE%, 2009, 23(6): 48—53.

Environment, 2013, 457(1): 24—33. Fan Haoming, Zhang Ruifang, Zhou Lili, et al. Impact of
[29] KEBE, H—=E. WigH EE -5 L IE ST EM. climate change on freeze-thaw function and freeze-thaw

Rl AL, 1991: 273—279. erosion in black soil region of northeast China[J]. Journal

Zhu Xianmo, Zhu Yizhi. An introduction to soil and of Arid Land Resources and Environment, 2009, 23(6):

environment in Chinese Loess Plateau[M]. Science Press, 48—53. (in Chinese with English abstract)

1991: 273—279. [31] Lawrence W G. Soil freeze-thaw-induced changes to a
[30] SSEMI, BRERSS, FWREE, 25 RS Rbm simulated rill potential impacts on soil erosion[J].

VLA SR R A R B AP RLT].  7LB 0 Geomorphology, 2000, 32(1/2): 147160.

Effect of seasonal freeze-thaw on soil anti-scouribility and its related
physical property in hilly Loess Plateau

Li Qiang®, Liu Guobin *#*, Xu Mingxiang®?, Sun Hui®, Zhang Zheng?, Gao Ligian*

(1. State Key Laboratory of Soil Erosion and Dry Land Farming on the Loess Plateau, Institute of Soil and Water Conservation,
Chinese Academy of Sciences and Ministry of Water Resources, Yangling 712100, China; 2. Institute of Soil and Water
Conservation, Northwest A & F University, Yangling 712100, China; 3. Ansai Field Experiment Station of the Chinese Academy of
Sciences, Ansai 717400, China)

Abstract: Seasonal freeze-thaw plays a significant role in soil properties as well as the management of soil and
water resources in northern latitudes. Soil erodibility primarily relies on soil anti-scouribility (AS) in the
concentrated flow erosion zones of the Loess Plateau. An understanding of the characteristics of freeze-thaw soil
is essential for erosion essence in the seasonal freeze-thaw area. The primary goal of this study was to evaluate the
differences in soil AS and its related freeze-thaw-induced soil physical properties, as well as root density before
and after a cycle of freeze-thaw.

For this purpose, a simulated scouring experiment was conducted on a loam soil with sand content 23.0%,
silt content 65.2% and clay content 11.8%. Three treatments considered were: 1) fallow (CK), 2) low density (LD)
and 3) high density (HD) of ryegrass. Each treatment had four replicates. Rectangular, undisturbed soil samples
(20 cm x 10 cm x 10 cm) were installed in the fallow and root pans and were fitted with a hydrological flume (2
m % 0.10 m). The flume contained an opening at its lower base equal to the size of metal sampling box, so that the
soil surface of soil sample was at the same level as the flume surface. The space between the sample box and the
flume edge was sealed with painter’ mastic to prevent edge effect. The slope of the flume bottom could be varied.
Clear tap water flow was applied at 4.0 L/min rate discharge on a washing flume slope of 15° for 15 min. During
the 15 minutes of each experiment, samples of runoff and detached soil were collected every 1 min in the first 3
min and every 2 min subsequently using 10 L buckets for determining sedimentation. Soil physical properties
determined were soil bulk density (g/cm®), water—stable aggregate content (%), cohesion C, and disintegration rate
(cm3/min). Root biomass was obtained by the harvest method and dried in an oven. The first samples were taken
on October 26, 2012, and last ones were taken on March 23, 2013. The results indicated that no significant
changes were found in soil bulk density, water-stable aggregate content, and root density after a cycle of
freeze-thaw compared with those before freeze-thaw. Comparatively, soil cohesion decreased slightly, whereas
soil disintegration rate increased by 20.6%, 18.8%, and 7.3% in treatments CK, LD, and HD respectively as
compared with those before freeze-thaw. In addition, freeze-thaw delayed the occurrence of main sediment
production, reducing soil AS, as well as increasing both the rate of sediment loss in the middle scouring time and
the total sediment yield. Among the treatments, compared with those before freeze-thaw, the freeze-thaw
increased sediment by 19.41% and 6.70% in treatments CK and LD, but there was little effect in HD. The
combined effect of root biomass and freeze-thaw in sediment reduction was 3.72% and 49.39% in the LD and HD
treatments, respectively. The findings may provide a supplement for understanding the erosion mechanisms and
provide guidance for management strategies dealing with seasonal freeze-thaw areas.
Key words: soils, erosion, physical properties, seasonal freeze-thaw, root, soil anti-scouribility, hilly Loess
Plateau
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