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HIX
1.2 It
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S5 TR IS FE bR (17 72
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Tab.2 Main physical properties of soil particles

Rifeimm  RREKES  HEBOKE%  WAEKE KR
10 0.18 0.84 1.26 0.66
20 0.12 0.74 0.87 0.85
30 0.13 0.66 0.79 0.83

k3 LB BT Y s
Tab.3 Main mineral composition of soil particles

wars A fRAa =t /KR WA mika
4 Hi% 44 15 18 18 4 1

R4 LB EBAFTUERR ST
Tab.4 Composition and content of the main elements of soil coarse particles

JLE 0 Si Fe Al K

Na Ca H Mg Tl MEILE

/% 54.16

31.56 3.42 4.19 2.30 1.19

1.22 0.42 0.37 0.35 031 0.51
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Fig.1 Weathering rates of coarse soil particles for different

particle size treatments
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Tab.5 Effect of weathering and disintegration rates of soil particles under different particle size treatments (distilled water treatment)

" 20 RAEIA 40 RAEIA 60 {RIEH 80 IRKAFIA
posLd HifR/mm — — — s —
FH51% PR 2= SPHIE% Pt 2= SERIME% PR 2= SEYIE% PRt
AlB1 10 0.52 0.20 0.63 0.06 0.89 0.75 0.89 0.52
A2B1 20 0.39 0.54 0.44 0.20 0.73 0.75 0.85 0.74
A3B1 30 0.23 0.10 0.31 0.21 0.66 0.59 0.72 1.73

2.3 B XHIRAFR KRR

TR ER PR BT A R O A XL R B
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Fig.2 Weathering rate of coarse soil particles under different salt treatments
2.4 FEATIRIRIAXT TR BUR XL R R A 200 0, R —REAR T, Eh R BE K SE A T RELRURE XU 9 A
R HUR R TR AL B R 2 O T RN B R R IR AP BRI I, REURSORE P L BRI 2 B
RIS, IR HERUBUR AL R A iR 6 7] K, (A RRURL RIOK RGO, AT n g KUK
43



FEBLHEK 23] http:/Avww.ggpsxb.com

% 43 %
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ALFER, 4352 0.73%. 1.32%; 7E 60 YX. 80 Vi%RFLT
BAEAE G, KAGEZFRPZE AlB2. AlB4 it
H, 0 1.40%. 1.86%. MiAHFEKERAIET, K
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Tab.6 Effect of salinity + freeze-thaw dry-wet cycles on the rate of weathering and disintegration of coarse soil particles

. 20 {KAEFR 40 JAEH 60 KAEH 80 KAHFR
LhEE HifE/mm AN - 0 — 0 — — - —
Y% i A% i A% PRk F1EI% it

Al1B1 0 0.52 0.02 0.63 0.06 0.89 0.07 0.9 0.07
Al1B2 10 0.57 0.07 0.91 0.03 1.40 0.12 1.83 0.23
Al1B3 6 0.63 0.09 1.14 0.25 1.36 0.12 1.79 0.09
AlB4 10 0.73 0.15 1.32 0.05 1.35 0.07 1.86 0.11
A2B1 0 0.39 0.05 0.44 0.02 0.73 0.07 0.85 0.07
A2B2 20 3 0.42 0.13 0.60 0.06 0.79 0.08 1.18 0.30
A2B3 6 0.43 0.07 0.58 0.05 0.92 0.09 1.19 0.16
A2B4 10 0.39 0.11 0.57 0.02 0.84 0.03 1.36 0.16
A3B1 0 0.23 0.01 0.31 0.02 0.66 0.06 0.85 0.04
A3B2 20 3 0.32 0.09 0.41 0.04 0..63 0.03 1.08 0.08
A3B3 6 0.26 0.03 0.41 0.04 0.79 0.07 0.87 0.07
A3B4 10 0.38 0.03 0.46 0.11 0.87 0.01 1.05 0.15

T CPRIROR 3 HE SR KL P
MR Xy, mm)  #h5 (Xy, g/L) &R
AR REL (Xe) HRULEE (Y, %) BT IR
FHORPERTES, 25 WER 7. RAE R Shife 82
A% (r=-0.408, P<0.01) , H#ATLMIKRKR,
55 VR AT AH PR KR 35 1E A 2R (r=0.554, P<0.01).
B RIHTTRER, ARG, S0 e Bk
AR 24 R 3 H R BN N R BB P 08 kAR .
Y=0.707+0.017X5-0.034X; (R°=0.62) , (2)
AT BE B, IR SRR E X FHK
Tab.7 Correlation coefficients between grain size, salt content,

number of cycles and weathering rate
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Fig.3 Cluster analysis tree diagram of the weathering rate of
soil coarse particles under different treatments

TR RGNS RS 2 BIR 2544 15
FEANWT 0 AR R /NIRRT, RE AV DRI i 31 il ) 38
R (<2 mm). TERHHRPHIRSE H, W] R H KGR
A 24 1 B A, 2 KR U 2 Tl = S RE R sk
RERH ), BEAbseF b b 2R R, I tRIB
PHo 5 R4,

AR5 LA 10, 20, 30 mm (1B —RifF LR
RLAE W TN R, AR &I EGRATIKF, BRIA [FIRL
A2 ) & 75 AH B S L T ik — A, S5 S SRR AT B A
I TE, AR A BURL g A2
4 25 g

1) K ERTBRAL P A SR URORE XA 8 EE B Al ZK
ARFR I AL 26K, 10 /L R4 A0 3R ) S ok X

A RIS T HABALFR . 7F 20~60 IX{EHF 2 ], 10 mm
) - SFERFL SR XA R i 2094 P (A3 g ek

2) T SFERORE R AR BEREAR (RS K S8 s

H. 10 mm - HERUBR XL I3 A 252 30 mm ) 2 i
3) Bl URALTHRIEA RN, IR X AE
TR (R S G KR Rk, £E 40~60 YRR kTR IEIA
I, R IERUBURL I AL R B T i K. R IR AT
AEA)E, WALTE R AR AL 552 10 mm+10 g/L.
(FE# B B AL LK IR B E A Z0FR)

B3 -

[11  ZER, EEM, PR, & SREPEZ THCE T LT ITROBKL

FUA]. HEFENURL T F2 544K, 2020, 38(9): 951-958.
LI Wangcheng, DONG Yaping, LI Chen, et al. Essential element
leaching law of slate under different environmental conditions[J].
Journal of Drainage and Irrigation Machinery Engineering, 2020, 38(9):
951-958.

[21 EAR#E, 0, KRR, S RV TGE(E B4 5 R PER L
PEFRIG[I]. Z KR (A R F32R), 2021, 57(5): 659-664, 674.
WANG Chunyan, LI Xiaowei, ZHANG Wenli, et al. Changes of soil
biological and physiochemical properties in continuous cropping of
watermelon in sandy loam soil[J]. Journal of Lanzhou University
(Natural Sciences), 2021, 57(5): 659-664, 674.

[81  ZER Eb, EXE. B H AR DB R IR 13 AU ).
HEWEHE/K 244, 2019, 38(3): 83-89.

4

[5]

(6]

[71

(8]

[

[10]

[11]

[12]

[13]

[14]

[15]

LI Wangcheng, WANG Shuai, WANG Xingwang. Service life of the
gravel-sand mulch in reducing soil evaporation[J]. Journal of Irrigation
and Drainage, 2019, 38(3): 83-89.

BUIRSE, EATAE, WP, & WURER AR B I RO s 451 R
FHIE S0 IR R[], /Kt fRERR, 2018, 32(2): 104-109, 119.
YUAN Yixiao, WANG Rende, CHANG Chunping, et al. Loss
characteristics of fine particles by wind in farmland and its effect on
soil properties[J]. Journal of Soil and Water Conservation, 2018, 32(2):
104-109, 119.

ok, XU TREHLS VIR R R K O RS 72 [3]. R
JK 4R, 2015, 34(10): 102-104.

MA Bo, LIU Shengfeng. Water and fertilizer effect of ningnongke No.1
watermelon in gravel-mulched field[J]. Journal of Irrigation and
Drainage, 2015, 34(10): 102-104.

WXH, TR, BT, 2 TGN T = R A 55 10 B )
RIS T[], HEWHEK 4R, 2022, 41(6): 80-88.

AN Wenju, LI Wangcheng, ZHAO Guangxing, et al. The effects of
wetting-drying cycles on degradation of sands and gravels used for soil
mulching in Ningxia Province[J]. Journal of Irrigation and Drainage,
2022, 41(6): 80-88.

TKARE, BARE, BIRIE. VRELE AR N AR 5 LA D
HREFLN]. A J1% 5 TRESAR, 2008, 27(8): 1 688-1 694.

ZHANG lJizhou, MIAO Linchang, YANG Zhenfeng. Research on rock
degradation and deterioration mechanisms and  mechanical
characteristics under cyclic freezing-thawing[J]. Chinese Journal of
Rock Mechanics and Engineering, 2008, 27(8): 1 688-1 694.

M2, WM, 2R, & RETRIEK R ED A5
FEN] A0k TRE2A4R, 2021, 37(1): 176-187.

LIU Min’an, DONG Yaping, LI Chen, et al. Damage process of
gravel-sand under freeze-thaw-dry-wet cycle[J]. Transactions of the
Chinese Society of Agricultural Engineering, 2021, 37(1): 176-187.
EN, e, A, S RIS AR NIRRT A AR
PRI SR BT FE[D]. A1, 2012, 31(4): 361-376.

FENG Zhigang, MA Qiang, LI Shipeng, et al. Leaching experiment for
the weathering of carbonate rocks by simulating different climates[J].
Carsologica Sinica, 2012, 31(4): 361-376.

LIN M L, JENG F S, TSAI L S, et al. Wetting weakening of tertiary
sandstones: Microscopic mechanism[J]. Environmental Geology, 2005,
48(2): 265-275.

wSCHE, AT, SRER, S LR KRR e M B K A
Mr[a]. A ESHE, 2023, 45(9): 125-128.

GAO Wenhao, FU Jinxia, ZHANG Baoli, et al. Analysis of weathering
rate and main influencing factors of pisha sandstone[J]. Yellow River,
2023, 45(9): 125-128.

REER, RN, Fiflst, 55 MR M MR S B8 AL Bt R
fiE B9 52 W BT 9E[3]. PG T OK S 4 (H AR AL 2R, 2021, 43(11):
151-161.

ZHAO lixia, DENG Limei, LU Chuanhao, et al. Effects of simulated
acid rain leaching on weathering and soil forming characteristics of
purple parent rock[J]. Journal of Southwest University (Natural Science
Edition), 2021, 43(11): 151-161.

FEF . BRI AT T Ve A BRI S S@ R T 4 [D]. =
PR: EPRATH RS, 2017,

YUAN Ye. Studying on crushing mechanism and permeability of
mudstone granules under wet-dry cycling[D]. Chongging: Chongging
Jiaotong University, 2017.

BER, B, EO, & g R R R T 3R A RS R A ).
Alk TR 244, 2019, 35(19): 152-159.

LI Wangcheng, ZHAO Yan, WANG Shuai, et al. Influencing factors of
element leaching of compressed gravel in Ningxia[J]. Transactions of
the Chinese Society of Agricultural Engineering, 2019, 35(19): 152-159.
FE, FER, EWNE, & T EPET R ERRAY TR S
B[], ARAefolkk 244k, 2021, 52(2): 60-69.

WANG lie, LI Wangcheng, DONG Yaping, et al. Leaching regularity of

45



WEWEHEZK 4R hitp:/www.ggpsxb.com % 43 &

mineral elements of mulched gravel in arid zone of central Ningxia[J]. Rock Art in the Golden Gate Reserve, South Africa[J]. Geomorphology,
Journal of Northeast Agricultural University, 2021, 52(2): 60-69. 2010, 118(3/4): 280-287.

[16] 4k, wiEsde, Fh, & KEERN = RO EAMRALEIRKL  [23] MOORES J E, PELLETIER J D, SMITH P H. Crack propagation by
LN L[], BUEWEAL, 2010(6): 59-63. differential insolation on desert surface clasts[J]. Geomorphology, 2008,
HUANG Jizhong, YUAN Daoxian, WAN Li, et al. A study on chemical 102(3/4): 472-481.
effect on the water-rock interaction on the weathering of stone sculpture [24] #ERP. TEIER AL EEWER TR E S WL 7T [D]. RH:
Yungang Grottoes[J]. Dunhuang Research, 2010(6): 59-63. FIH B T K 2%, 2021,

[17] H¥k, HFES. TERHERXERZETIEE 7040 K0 R DONG Waushu. Study on the deterioration mechanism of limestone
rp [ -3 5 kL, 2021(5): 1-9. under dry-wet cycle and chemical dissolution[D]. Kunming: Kunming
MA Bo, TIAN Juncang. Soil ions distribution and salinity types University of Science and Technology, 2021.
prediction of surface layer of gravel mulched region of middle of [25] FANTONG W Y, KAMTCHUENG B T, YAMAGUCHI K, et al.
Ningxia[J]. Soil and Fertilizer Sciences in China, 2021(5): 1-9. Characteristics of chemical weathering and water-rock interaction in Lake

[18] EZER], EVULK, 4E, 5. MRUKERE N R S R T Nyos Dam (Cameroon): Implications for vulnerability to failure and
+HOKEIZRE R[], FEMEHEK 243, 2020, 39(9): 7-13. re-enforcement[J]. Journal of African Earth Sciences, 2015, 101: 42-55.
TAN Junli, WANG Xina, JIN Huijuan, et al. The effects of grading and [26] &WF, ZEFEK, FHE, % A0SR T R4 A R[]
thickness of gravel mulching on water and salt movement in soil under Bl R, 2019(1): 147-150.
brackish water irrigation[J]. Journal of Irrigation and Drainage, 2020, ZHAO Yan, LI Wangcheng, WANG Xia, et al. Research progress of
39(9): 7-13. element behavior in rock weathering and soil formation[J]. Heilongjiang

[19] REEW. EEbHLIERE FOK 2 RERPT A [D]. 22/ 2 HE T Agricultural Sciences, 2019(1): 147-150.

K, 2014. [27] EA, XEZ, @, & W sOE A K AR SRR Y
SONG Jianshu. Study on sandy land soil properties and moisture variation WEFEHERE[I]. Ak 243], 2016, 30(6): 1 240-1 247.
pattern[D]. Lanzhou: Lanzhou University of Technology, 2014. WANG Xiaoling, LIU Tengyun, GAO Zhu, et al. A review of rare earth

[20] ERiEHE, FEMH, MR, S JKAAIVRRLAE PR S FENT X BEAT AT XL i elements on crop growth and quality[J]. Journal of Nuclear Agricultural
fiftE ZE M AT L[] AR R, 2019, 44(12): 3 859-3 864. Sciences, 2016, 30(6): 1 240-1 247.

GUO Haigiao, CHENG Wei, SHANG Zhi, et al. Quantitative  [28] Bri&ERs, AiE%E, RAMR, 5. /KB FRA WA R 2 -4i- fom
determination of the effect of moisture and freeze/thaw cycles on coal PLRITF ). 5 7155 TREAHR, 2020, 39(1): 126-137.

gaugue decay rate in severe cold mining areas[J]. Journal of China Coal CHEN Fubang, ZUO Qingjun, WU Youyin, et al. Macro-meso-micro
Society, 2019, 44(12): 3 859-3 864. mechanisms of rich-water slate in the swelling process[J]. Chinese

[21] FEik, TR, BE, & RETRZ S FTRER AT Foo R B Journal of Rock Mechanics and Engineering, 2020, 39(1): 126-137.

i BORERUBEAD]. T X M, 2022, 45(6): 1 795-1 804, [29] ZREMS, #0R, BEHL S R TRRIER FRESCE MA T A
WANG Jie, LI Wangcheng, MU Min, et al. Mineral element release S5HHIN]. FEg R R (8 4R FHERR), 2019, 50(6): 1 392-1 402.
characteristics and release models for gray-green slate under alternating WU Guopeng, CHEN Wenwu, CUI Kai, et al. Degradation behavior
freeze-thaw and dry-wet conditions[J]. Arid Land Geography, 2022, and mechanism of slate under alternating conditions of freeze-thaw and
45(6): 1 795-1 804. wet-dry[J]. Journal of Central South University (Science and

[22] MOLL, VILES H A. Geoelectric investigations into sandstone moisture Technology), 2019, 50(6): 1 392-1 402.

regimes: Implications for rock weathering and the deterioration of San

Impact of particle size and soil salinity on weathering of mineral particles under
freeze-thaw and drying-wetting cycles
MU Min*, LI Wangcheng?%*, WANG Jie', LIU Qiaoling®, LI Yangyang®
(1. School of Civil and Hydraulic Engineering, Ningxia University, Yinchuan 750021, China; 2. Engineering Research Center of
the Ministry of Education for Efficient Utilization of Modern Agricultural Water Resources in Dry Areas, Yinchuan 750021, China;
3. State Key Laboratory of Land of Degradation and Ecological Restoration in Northwest China, Yinchuan 750021, China)

Abstract: [Objective] Freezing-thawing and drying-wetting cycles are important abiotic processes in mineral
particle weathering and their effect is modulated by many other processes. In this paper, we investigate the impact of
particle size and soil salinity on mineral particle weathering. [Method] Green slate particles were used. The
experiment consisted of three particle size treatments: 10, 20 and 30 mm, and three soil salinity treatments with salt
concentration of the soil water being 3, 6 and 10 g/L, respectively. Each treatment was subjected to randomized
freeze-thaw and drying-wetting cycles. During the experiment, we measured the weathering rate of all particles.

[Result] @ Soil salinity increased particle weathering rate, but the increase depended on soil water concentration.
In the treatments we compared, soil water concentration of 10 g/L gave the best results. For thel0 mm particles, their
weathering rate increased with soil salinity when they were subjected to 20 and 60 freeze-thaw and drying-wetting
cycles. @ The weathering rate decreased with particle size, with the weathering rate of the 10 mm particles being
two times that of the 30 mm particles. 3 The weathering rate increased with the number of freeze-thaw drying
-wetting cycles. [ Conclusion] Under the influence of freeze-thaw and drying-wetting cycles, the weathering rate of
small particles is higher than that of large particle. Soil salinity also increased the weathering rate, albeit the
increasing rate depended on soil water concentration.

Key words: soil coarse grains; freeze-thaw dry-wet cycle; weathering rate; weathering into soil
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