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Effect of sand mulching on spatiotemporal variation of soil water
content during the seasonal freezing-thawing period

FENG Hui-jun', ZHAO Hao-ran', ZHENG Xiu-qing', CHEN Jun-feng', MIAO Chun-yan"?, XUE Jing'
(1. College of Water Resources Science and Engineering, Taiyuan University of Technology, Taiyuan, Shanxi 030024, China;
2. First Hydrogeology and Engineering Geological Team of Shanxi Province, Taiyuan, Shanxi 030024, China)

Abstract; The effect of sand mulching on soil water content was studied during the seasonal freezing-thawing
period. A field experiment, involving bare plot (LD), sand mulches of particle size of 0.5~1.5 mm (XS) and 1.5
~2.0 mm (CS), was set up in Taigu Water Balance Experimental Field to monitor soil water content in the soil
layer of 0~ 100 cm. The results showed that, two higher-soil-moisture areas were formed with sand mulching treat-
ments, which located at the near-surface of 20 ~ 40 cm. Soil water content on surface varied from 15.40% to
21.79% and ranged from 15.99% to 19.94% in the layer of 20~40 cm. Sand mulches had a significant effect on
storing water, and the effect decreased with increasing soil depth. Sand mulching treatments resulted in more stored
water in surface soil with value-added ranging from 8.45% to 10.94% of soil water content. Sand mulching treat-
ments resulted less water storage in the layer of 0 ~40 c¢m with value-added varying from 1.56% to 1.62%. The
differences of soil water content between the three treatments in the layer of 40~100 cm were slight, ranging from
0.09% to 0.40%. In addition, the effect of sand mulching on water storage was related to the particles size of sand.
The water storage of XS treatment in the 0~5 c¢m layer was better than that of CS treatment. Soil water content of XS
treatment in the layer of 0~5 cm was 0.57% ~2.39% higher than that of CS treatment. Sand mulching resulted in a

reduction of variations on surface soil water content, which reduced variations about 4.42%.
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Table 1  Soil properties of the study site

+ eV + 3R/ mm RS |
Soil depth Particle distribution Soil texture
/cm <0.002 0.002~0.02 0.02~2 classification
0~30 0.82 7.93 91.22 3P 1 Loamy sand
30~60 1.27 12.11 86.61 3P+ Loamy sand
60~ 80 0.88 8.57 90.55 3P 1 Loamy sand
80~ 100 0.41 4.02 95.57  HEJiP 1 Loamy sand
1.2 REHER

RIS TE BRI R M ek 7, I B T e
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Gl W B
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20 em BT IR/ IME L 33X 2 KR % B B b 2R
BT R )2, 32 A B A SR A K B N
A HESL T HRRAR, R 2 N R VR 7E 1 L it 3
FREEAE N MR 2 MR, $3010~20 em 4
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Fig.2 Soil water content of three treatment in (a) unstable freezing stage, (b) stable freezing stage, and (c) thawing stage

xR2 ARFHHERELEZETIELEEHRKE

Table 2 Average soil water content of three treatments at different depths

P RSB LA B L B
Soil depth Unstable freezing stage Stable freezing stage Thawing stage
/em LD XS s LD XS Cs LD XS cs
0~20 15.80b 18.47 a 18.54a 16.26¢ 19.62b 19.89a 15.29¢ 18.22a 16.90b
20~40 19.79a 19.25b 19.94a 16.59¢ 17.46b 17.69a 15.99b 16.43a 16.11b
40~60 17.79b 17.26¢ 18.30a 16.00b 16.41a 15.95b 14.11c 14.68a 14.30b
60~ 100 16.94 a 16.65b 16.97b 16.39a 16.56b 16.72b 15.94a 16.16a 16.16a

T 2 AR R] B BERIA T R A AN R) b3 s A B ) 22 57 (83 (P<0.05)

Note: The different letters after the value of same stage in the same line mean significant difference between treatments (P<0.05).
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Fig.3 Surface water content during the freezing-thawing period
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Table 3  Statistical analysis results of soil water content

2017-01-19 ===
30¢ i

+ 1 % JK % Soil water content/%

during the freezing-thawing stages

L HORTE LD XS e
Soil depth/ cmm C, Ka/% ¢, Ka/%
0 0.66 24.52 0.27  20.10 0.27  20.09
0~20 0.14  10.65 0.10  9.60 0.12 995
20~40 0.13 797 0.12  7.25 0.12  6.80
40~60 0.12 8.14 0.08  6.81 0.07  7.32

60~ 100 0.06  3.29 0.04 3.26 0.04 241

TE:C, FRE 5 BB Ka s
Note: C, means variable coefficient of sample and Ka means sample

range.
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60 em AR/K 7E KL o #b BEAE R ] LB %, R )2
AL )2 P K A AE K EAE R ) R i
B, PRI ZRF 3 FAb B 40 ~ 60 em T35 7K % Ka

KT 20~40 cm 40 5800 LD ZbBRE R, %
Al 3 Fh AL B 60 ~ 100 em 38 7K F A5 Ak WL )
40~60 cm Ab—F, WL XF L ZREY 3 FhAb BEAS [H]
TRIEAL 45 KR sh Ak, Kk B % - U 1
T 4985 K AR A R S A

3 W %

R0 (5] b 2 7 56 J2 BELAS M <0 55 T[] 179 K 4
e, BIRK IR I A A R B, (A5
R IR 3 E A X, 7 A 3 A A T ) A% K
RO T HER B A G, 2 I 1 3R A K IR
U, BREE RS R il R AT A 55 0 M A 55 X T
FAERBR B, T WD 25 36 X 1 3 1 fig /K 3
SRS AT ol B B — 2 A T A5
FAERAFCR A ; AP ALEE 0~ 40 em /KRR
T LD 4B ;40 cm DA 3 FlAbHE+ 385 KR A 22 A
Ko URAUH 50K AR T K R RA 1
BN, ARVRIKAE K3 BEVE T i AR VR X )
REEIX RS, VR &k X - HE K 43 A Wi 3 in, T8 K 4
FELIX R, V4 il b 2 7 Ak G 4 955 T 2
HEL AN K A3 (X T R AR 45 X, iS5 R S
TR 2 2T BB ST LR — B, ARG A R
R TG IR R R 25 ke W D A5 T Y
F e I A R A I A R T R AR OK
TERS AN, JC Tk 2 o 1 AR VR 45 100 - S [l R B
IEARGK AR, BRICZ AN, 2 A0 55 X 1 4%
FEEZ KA 52 made o W i BFEZ LR 3 FhAd B 55
IKFMZEARK, 4G WF T B nl DL EAS
(i) 2 7 5 JE R X ) TR 4 HE A VR 7K RN 5 7K SR 1Y)

S
4 25 ig

1) U il A 00 22 2 55 w2 ) = 395 1T K 4 o A
WEE S VIR TR 2K n B AR, K 5
LEAE DRI | I b 26 H BK A Bl IX . AR E R
ZE I BB DAL B R 5 KR 2 16.39% ~ 17.37% , ka
ERGEM B2 20.12% ~21.79% , AL BE24915.40%
~16.74% .,

2) URA A 3 o ik B - 3 R R K AE L 0 SRR
YEHTT 10 R 2 B 328 O VR 45 oK, TE R )2 3G R A
(20~40 cm) JEBUK T EE X, ANFE RGBT EL 3
AL B 20 ~ 40 em 4+ S K K ) 19.25% ~
19.94%  Fa & R EE B B2 16.59% ~ 17.69% , Fi b B



55

SRR T PE VR R BLRD XS A AR T 385 K SR 23 AR A 1 52 i) 45

BE215.99% ~ 16.43% .,

3) WP 7 36 X 3T b B K AR S IR
AR, HEAEARRCR e, 3 £ S KR LD
AT 8.45% ~ 10.94% , Bifi 5 - 438 V% B 14 Jin i 7K 3
BB . AR 0~ 40 cm A W W 84K
AR T IS KRR LD 2R3 0.86% ~2.37%
40 em LAF 3 b 43S AR 22 8N, 3
S KRN 0.09% ~0.40% . 10 )27 5 % T b
FHE KRR 5D 2R A O, RIS BN i
HhFAH KR ALY, XS AbBE 0~ 5 em fHKSOR %
fE, SRR T CS A3 0.57% ~2.39%,

4)3 Ffhoh P 39 5 K FRAZ [T B TR &
SEPR RS M A HE A VR il B AR W A K,
TP IR R T A b 36 - 8 5K R AR L, D Ak
P+ 8 K AR IR AL LD AR 4.42%

2 % 3 W

[1] LiR, Shi H, Flerchinger G N, et al. Simulation of freezing and
thawing soils in Inner Mongolia Hetao Irrigation District, China
[J]. Geoderma, 2012, 173-174.28-33.

[2] e, B, KB KA M. JUa: Bl
#t, 2010.1-378.

[3] #pehse, &ET. SR MB IR XRE )], Jbaimol k
2FEAR 1994 ,16( 1) :95-101.

[4] Mahdavi S M, Neyshabouri M R, Fujimaki H. Coupled heat and
moisture transfer and evaporation in mulched soils[ J]. CATENA,
2017, 151.34-48.

[5] Singh C B, Singh S, Arora V K, et al. Residue mulch effects on
potato productivity and irrigation and nitrogen economy in a sub-
tropical environment [ J ]. Potato Research, 2015, 58 (3):
245-260.

[6] Yin W, Feng F, Zhao C, et al. Integrated double mulching prac-
tices optimizes soil temperature and improves soil water utilization

in arid environments[ J |. International Journal of Biometeorology ,

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

2016, 60(9) :1423-1437.

AR, PRIE - kTR, BB - RORVL, SF. BT T EAR
PV Rl = 3K 43 2k 43 AR AR AR [ T ]. 1 5+ DX Al B 5
2017,35(4) :124-128.
PR, LR, ZEF, . B EROE MAER ERET
WKAER B =g [ J]. Rk TR 44, 2017, 33(1) .
148-154.

BREDE, sk, 34, & FORFFFEE N 22 H - e e Fn
TR RAR[T]. Al TR, 2005, 21(10) :171-173.
TRE, XU, KB, 4. FEFFE a5 )5 B X R fly) + iR
BERYRZM [ )], RIFHET R4, 2012, 43(6) :741-744.
BT, WRZERE, TR, . ZE 15 MUkl B 2 1R
JE Je 1 SRR R IR 5 [ )] EBRHE A2 4, 2009, 28
(3) :65-68.

FIEVRRR, RFIHE , AR, 55, ZE S X R A /N AN T 2
SRR A [ 1], K R REERFSE, 2015, 22(6):
134-137.

B R, AT, V. b a6 X 2T I R R
MARFSE[ )], RJEH TR 2244, 2006, 37(3) :358-360.
Bk, MES, R, 5. RO TOGE1E - TH i 2™ &
IRERE AR RO [ )], ARk T4, 2016, 32(20) :
129-136.

B AR, o, AF PHAL R X R b 1 K Ak
WPZE A ARARIEL )] Aolk TRE2E4R,2015,31(17) : 144-151.
Yao B, Li G, Wang F. Effects of winter irrigation and soil surface
mulching during freezing-thawing period on soil water-heat-salt for
cotton fields in south Xinjiang[ J]. Transactions of the Chinese
Society of Agricultural Engineering, 2016, 32(7) :114-120.
Xing S, Zheng X, Chen J. Experimental study on effect of corn
residue management on soil water content during freezing-thawing
period[ J ]. Transactions of the Chinese Society of Agricultural
Engineering, 2012, 28(2) :90-94.

PRZESE , AT, ZAEMR, 4. ORRIDIRE FH 8 2 B X ) i
AR ZE AR B SE R [ )], Aol TR =41, 2013, 29(20)
102-110.

¥, 24k 55 , 2R, 45, RFFR 60 21 PEVRBYT 398K
IMFIERYRZIA [T ], AL HLIREER , 2015, 46(6) :141-146.



