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Temporal and spatial variation of soil water — salt — heat
during freezing and thawing period and the irrigation effect
under the autumn irrigation

NI Dong-ning, LI Rui-ping, SHI Hai-bin, MIAO Qing-feng, LIANG Jian-cai
( Water conservancy and civil engineering college , Inner Mongolia Agricultural University , Hohhot , Inner Mongolia 010018, China)

Abstract: In order to study the changes in soil water — salt — heat during freezing and thawing period and evaluate
the effect of autumn irrigation in Hetao Irrigation District. The water-salt transportation under the changing temperature
and soil water — salt — heat condition before maize seeding were analyzed based on field experiment. The results show that
temperature of the soil layer during freezing and thawing period changed similarly for each period, affecting the moving of
water and salt. In the freezing period, the non-frozen area water moved to the frozen area according to the temperature
gradient, as increased by 4.02% to 18.18% by soil moisture. In the melting period, the 0 ~ 10 cm layer soil moisture
content increased 11.54% ~ 111.15% higher than freezing period. With the increase of temperature in spring season,
the salt first moved with water to the surface soil under the water potential gradient. In the freezing period, the salt below
the root layer is taken to the upper layer of soil, and the average increase rate in salt content is 11.19% ~ 50.19% . Be-
cause of the infiltration of melt water and downward transport of the salt, the subsoil showed a trendency to desalination
after soil melting, the salt content decreased on average by 15.71% ~ 44.95% in the 20 ~ 100 cm layer. Autumn irriga-
tion quota of 1 500 m®+hm ™2, is suitable for planting pattern of maize mulching and furrow irrigation. The results of this
study could be used to formulate autumn irrigation scheduling in Hetao irrigation district.

Keywords: autumn irrigation; freezing and thawing period; soil temperature; water and salt transport; maize;

Hetao irrigation district
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Fig.1 Change of soil temperature of each soil layer
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Fig.2  Change of moisture content of each soil layer
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Fig.3  Change of salt content of each soil layer
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Table 1 Moisture content of each soil layer

HZWE /em FRHERIT/ % FEFIHT/ %
Soil depth Before autumn irrigation Before seeding
0~10 12.10 13.52
0~20 13.71 19.21
0~ 40 15.47 19.53
0~60 19.26 21.07
0~ 80 22.14 23.65
0~ 100 24.95 25.35

2.4.3 FERNERBAMEES LT H T
KIEFV L, 23 H FERI NPT IEF S A
REIE W B & A 052 2R F PRI, 45 FOoK By i R
R IAXE . B 2 AT, SR D Rl fR ) L TR
T BRI UK AR R, RIS e kT
TEHAT, ERFEMETERE 0~5.5~10.10 ~ 20
em 1 )2 F AR W2 (0 KB, P =0.001 <
0.01), T3 30 ™ 5 iy AR AR R, ARk 11T 49 1) 48



55 4 1]

AR IR T 45 < BKTHE X VR R ) - S K PR 2 A A R R i B /KSR 145

11 39.519% .44 .78% .31.52% , 1 F)Z 20 ~ 80 cm &
BB A, 22 Bl (¢ K E, P =0.001 <
0.01) ZPIHRMIGAIE, T2 20 ~30 ecm b L85
RN, TR E G T )2 A BRI EZ N
FORFPF B &AL T AHXHRAL B & IR, Iz
B B2 T 3K BRI R S, B A b i) T
R IE RS HRHZ DR A ER 43 /K 8 A
TR KB R ET R RIS AR

3 SR

30 o R X 7 4 - L B K g DA S
AR AT T LB B AT AR LR
258

1) VRl 25 B BeAS R TR BE 2 00 AR A 7
A — S0 5 Vi Rl B W0 e b 2R 0 A2 AR B e K
Bifi 7 - J2 TR BE P o A A s 8 328 T sk /) 5 b 3k 1) 72
L E G B LR KR e . X 5T
PR BT R R A — 3

2) AR 5~ 100 em TE S /KX BT
A FRIHK - /N - KRB R )2
AEIRZE X 7K 3 1] b2 BIR S, X B sl [ 15 R 25 X &
KRB HE AR 0 ~ 10 em H B+ IR
MG TomEIn 75 AR, BBEACE | i iR )2 -
B FUR MBI TRR IS

3) RIS 2 - SEVRES W, BT IR RS B AN K
PHREIVER B BEE Koy s B m 322 R
M —UGR B WAL S XU AL, )2
LI AR Fa R, F£)Z 0~ 20 em + )2 EF AR
A, LSS iR R

4) FRHEH RN ER R VE B TR RIZUUT,
HEAGE LU MR 2 LU 1 3 4 SRtk 43
BB EYIR R 215 48 & b & W E .

5) AWFFEH, 1 500 m®+ hm ~ 2HIRKIERE K 250
AT AR IE b X ORI HE A5 T B 3G A4
P A T ) 38 55, e KRR B Bk 8] T 997K 1)
SR 5 (VBT X R M RIAR Y S5 3 T 208 TN RK R HE /K
FE BB AE SRV K B [B], AR IE K A9 H i R 4 i AR
K K EE A

6) AR FRKIEFE KX H L Dy kb fE
R IB RS Z NI FE B R A TR B B, B FE T
RAMESE ; RIS , T A58 X R oK AL 8, TE 5 I
HORIFFE H B N %% FE s KA AR A X R i £ 3K
Ry M, DL B Gy e AR K =, 5 8L
B, A m A el R A VR SR HE LS K , AR UEAR
MbAE P IR R T o

2 % X #:

[1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Zhang D F, Wang S J. Mechanism of freeze — thaw action in the pro-
cess of soil salinization in northeast Chinal J]. Environmental Geology,
2001,41(1,2):96-100.
R, SRR, AL, S AR AN AR S KR R A
AEBFFELI] . AR T AR, 2007,23(4) : 70-73.
SRS, AR KRG 3, 45 3R 20 PR BL AR AR i 25 X
e K R BB L (FE30) [J] . ARlk TR 2441, 2002, 18(5) :
67-72.
Wang L P, Akae Takeo. Analysis of ground freezing process by un-
frozen water content obtained from TDR date in Hetao Irrigation District
of China[J]. Jpn Soc Soil Phys,2004,98:11-19.
FONEL,E T, BRI R HOKEGE S LAY SRR AT
(3.4l TRE2E41,1993,9(3) : 28-33.
ZERiF- . 5 il K P ER i B MU B SHAW BERIBTLLET 52
[D]. WFRIERE : A5 ARl K2, 2007
LiR P, Shi H B, G.N. Flerchinger, et al. Simulation of freezing and
thawing soils in inner mongolia Hetao Irrigation District, China[J].
Geoderma,2012,173-174:28-33.
TR R, FRET A R AR R T 3 oK 3RS B LA A Y
[J]. M PR E %, 2005, 24(4) :46-55.
B, AR AR RBL AR T Lok SIS A LR
(7] K LR KRR ,2005,25(6) : 14-18.
SLIRIA, WAL (A, 5 BKBEACIE T 20 VR L o
BT AL TR, 2012,28(6) : 77-81.
Wiggert DC, Andersland OB, Davies SH. Movement of liquid con-
taminants in partially saturated frozen granular soils[ J]. Cold Regions
Science and Technology, 1997,25(2) : 111-117.
AR, AT TS, G RIRRAS I R TP K A A AR Y
RIS KR4, 1999, (6) :6-10.
W, WA BT, 4F R KRR AR T A K
AR WAL LT ] v %R 1, 1998,20(1) - 51-54.
AR, R, ARVLNISR 45 2B PR LK B A T
I BP WIS ()] ARk T4, 2007,23(11) £ 125-128.
FiAe, fEALge, T 6, 4 B0 ks 0K IR
F RN PR T] A0l R4, 2013,29(8) 1 125-134.
B AR XU B 8, 45 R I RO B SR AR 4
BT BGE AR DRI (] T 5 Xl WF 5T, 2008, 26 (2) - 98-
101.

AR A B SO, 0 . R X T R Bl 1T A AR 19 R i
[I] AR R 224 ( B SRR =) ,2007,38 (2) :196-202.
TR, TERRIR, 2200, % AR T RS R E ok )
HOGAVE R AL AL B v RS [T MR Y24 312, 2012, 38
(2):352-359.

TR, EUER, TTACRE . KR TR Bl T % 25 R A K
()] R4, 2008, 14(4) :40,52.

AL, TR, R, 4 38 A K R K H 2 A B
R )] . R AEE R, 2007,13(1) :70-73.

HF  BRA MR, 55 W MR U E 2 38R 5 1
SRR R PE A IR T 5 [ 1] R HE K 2741, 2009, 28 (3) : 65-
63.

Bk, BRIk SR, AR B AR L A AR T IR R S R A
HKEREBAA 1], TR XHF5T,2013,30(4) :623-627.



