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Differentiation characteristics and dynamic mechanism of synergistic
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Abstract: [Obiective] The object of the study is focusing on the characteristics and dynamic mechanism of the
same variation of surface soil water and its salt in different seasons in groundwater level depth area of the
northwest inland basin. [ Methods ] Based on data obtained from the in situ multi-factor high frequency monitoring
system in groundwater regulation field site, changing processes of topsoil moisture content, pore water electronic
conductivity (ECp), groundwater level depth and so on without the direct influence of precipitation and irrigation
infiltration were comprehensively analyzed and studied. [Results] 20 cm (shallow part)and 40 cm (deep part)
depth soil moisture content in later spring, summer and early autumn were all arranged in descending order.
However, the shallow and deep part soil ECp were all arranged in increasing order. The shallow part soil
electronic conductivity of saturated leach solution (ECe) was arranged in descending order and the deep part soil
ECe was arranged in increasing order. In later spring day variation trends of soil moisture content, ECp and ECe
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were the same in shallow part , which were different in the deep part soil. In summer day variation trends of
shallow part soil moisture content and ECe were the same and that of soil ECp was different from them. However,
day variation trends of deep part soil ECp and ECe were the same and that of soil moisture content was different
from them. In early autumn day variation trends of soil moisture content, ECp and ECe were all different in
shallow and deep part. [Conclusions] lIrrigation is the leading factor of influencing differences of surface soil
moisture content and salt among seasons. Evapotranspiration is the major factor of resulting in changes of surface
soil moisture content and salt in each season. Moreover, the higher the temperature, the more obvious the effect of
the evapotranspiration. Groundwater level depth is an important and regulatory factor of affecting topsoil moisture
content and salt. In summer when the groundwater level depth becomes bigger, topsoil salt content obviously
decreases. In the study area the critical groundwater level depth of prevention and control of farmland salinization
is between 1.6 m and 1.9 m in summer.

Key words: Arid areas; different seasons; Water and salt of topsoil; Synergy changes; Irrigation;
Evapotranspiration; Hydrogeological survey engineering; Northwest area; China

Highlights:  Differentiation characteristics of synergistic changes of surface soil water and its salt in later spring,
summer and early autumn in arid area were clarified. Dynamic mechanism of synergistic changes of surface soil
water and its salt in three seasons was revealed.
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TEFG AL BRI X, BRoKHRD . R, MR AKIRIEX R R ZE LIS R AL (B4
%, 2020; J7TNE A, 2019; Liu et al.,, 2019) . Fifi %5 PG 4k Py Bl a7 S DX Hh T /KRR IR 3R B AR IR A S8
TAEIZAGHERE, HRIZH R AKAIAET B, M 20k -E 3 SR i ] B S Y (4R (%%, 2015;
ZEWI%, 2019; Zhang et al., 2018; T4, 2016), Ut X Bk 77 3 5N ig (L FE%E, 2016). H i,
TR H X AR A FEAEAOK GRS, 2T (4oem LK. FRD Kk
PRI AN ZE S AR AE T AL IATI RAE AR N SRR 2 —, R T s U BROA B R AR FH 33 5 2h i b TR A
YK SR (BN R, 04 Cuw) UL EA EEE S

A RARH X LHOKERIZ B 5 R SR 2, FHOCHE UG A FH 3R 2 3 h o e = B2 T K AL
TR HEWE . 28 R R (£ 474, 2020; Ge et al., 2021; Liu et al., 2021; Z=fh#, 2016; 149545, 2019),
TR T K RS S oA U 7 2 DA B E Y AR K BRI TR RBEFF 2 (Yin et al., 2021; Cui et
al., 2022; Yi etal., 2014; Sun et al., 2022), £ #4053 X R A HE T A FH 2R B LB 1% B0 R /K 3h A& I
SR (K554, 2021; Sun et al., 2018), KEHFUG I T /KA S R )= LI /- S B 2 UK R
(Li et al., 2020; Yuan, 2020; Zhang et al, 2019). {H HFRFIERE N RXAFZFETRZ KRB0
2 SERRAE SHLEI R 7S5, PR TN N R KShASIE SRR RN T, FrBl R B iR & T
ZHCTOKAL 2R HEBEER R YRS DK G A, AR — PR . AW KR E K E
BHLURE (2017YFC0406103, 2017~2021 4) 7EH I A F O IR £ i -5 A FH o 3 s 2 7 i 3K 3
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PRIFLE] S A R I R, BT iR (/B0 min) ZEE (B/KE, SR, K. 1T /KAHE.
AR RIS FAIEINARSE, TFHEARZEY R E KR B PR R AR K5 SRR 7T, W EX
T ERAR H X H R KA AS R R A BRI SR

2 7T X ML 5 A KU

2.1 X

AT 5 O A 2 N IR Eh 2, EREKEAE 150 mm, WEKAEIE /N T 1.5 m. AT
FPENAR DR, DR ORI Loy, SCRFRAK B RE L7 m A, RITEKARE L
Bk K E . X RARAEA NN, P8, ZENIRIBSE, AAEY) DA S 3h 2840 FORAIE
SN, AR AZERE NG, He B 12.01 ms/em CHIERANRBOR - S%R) (FLELE, 2004).

TG AT T A, T S T O S R A L D B G ) X E W R A A, M AR AR N38°0672.4" .
E103°20'1.0", HbAbFEiR RARGEIN S5 A& HRE T, 20 thad 70 SR Ao iA gL . SR F%/KE 123.6 mm,
R KR 2063.5 mm, 7 HABRNFE N R, 1 HASIREAK CUE ®EE, 2022) . RIGHE L KA IR AT
1.0~1.6 m (& 1), Hu#-P3H, FEREAH T /K R B A B SR RE X, 7K LR 7.63~13.24 g/L, IRZAK
JEKA 1 E<1.0 g/L.

2.2 #iEFKIR

RIGHE AL T 2019 EWIEERL, % 2021 4F 10 H —H 86T, HEMAm & 2 k& 1 fos, G
BT ULWRAR B RER “OKAL-KE” BEEEEE R4 SRR 2 BRI RGN Ko FREEBFIH R4, &
B RKBLRIRAKREX . KA PP UK REIX 55 6 ANX, AR YCRIF 5 HH B a5 i /KA T 7 7K HE X R 7K Ar
BRI, Horp R BRI % RS Re S S 2 X 2 SOK AL ], I DI R G Re g Sealonr K. BT
Hu TR K 2 R A )

AW FEBE . MR OKAL. IARRIE KR AR H S R iR G I R G R A (R
Do Syt B o uEffa e, SR JEOIR e S 7K 28 51548 I DU PR A U B0 S R P R 0 R 1)
PR =S A SR (5TE) WM S /KRBT TRIE. TifE e CROUR/KEMEE) 2Rt
TR B E B AR, R T — B[R]y - AR (R (Liu et al., 2022), AFFRHTER
ZEVRE AT IS 70 RN [RIR BE LA AT A PR RN 338 rpoRH R P A B A 5 1) 36 20 A VA i 1) - 1
TR #h7r DAE IR LK 8 09 BE R/ IME S I R ) /2 15 52 31 #h 73 ol 3 B8 I} 2 (Shin et al., 2022; Lim
etal.,, 2017), FLEG/K HL S R 5 FLER/K 2h 09k B 2 5635 IE AR O¢ (FK—7 %%, 2022), HIEMAEIE S % (ECe)
& I B AR IR EKCIRES NI H A, T I e b B B AR, AR T g 4 H
BRAZ Ak bRide B A LIS K LS R R R 3 36 T FE X AR 3R 2 T34 5 1.4 glem?®, #5150 2.65
glem®, 5TE Wiil%# % FH Hilhorst £%! (Hilhorst, 2000) #: IE/5%15 1% ECp 1 ECe.
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I BOE S NTRAR (5 HWD. BAR (8 AW FIMY) (9 A¥D. HEBA KPR Z 3K B8 LUKIEA
BWE N, EYDTHIG 570 e JRURS: () B B o AR I VAR R AR By GBS 5 d A 4D HEALIX
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Fig.3 Main meteorological elements changes in crop growth period of 2020 in test site
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Fig.5 Daily and circadian changes of moisture content, ECp and ECe of topsoil in the period of summer

3.3 AMEMI R A E RS B L IR K h B T L HHE

HEN 9 A4, SIEWE TR, KiEN5~28C, F14CEL, REFEHREALTR, RIEWEKFEAN
- 2R I 6a T A HAZ N B3R 2 3 B /K AT 13.95%~16.04%, 20 cm R & T3 & /KR KT 40 cm
REE; ZMYBCS /KR H bRk 2/ EE K, BRI AR E&/KRNTR A (K 6b). M 6c AT FE H %
BB JZ 4% ECp 4 8.67~16.94 ms/cm, 40 cm ¥ 3% ECp KT 20 cm #FE; 20. 40cm V% 1-3% ECp
H R84 2/NE R S, BRI 2R AIRER F R S, iR/ (B 6d). MK 6e & Hixk B



#2114 ECe v 2.93~4.86 ms/cm, 40 cm V& 11 ECe KT 20 cm ¥ ; F )2 +1% ECe HFr 5B/ A1k
WikgkasE (B 6f). 2 Al E S, 20 cm F140 cm IRE K HIE 57K 3, ECp Ml ECe H BRAZAVARE B A
Z=5E, BRI, NIRRT

16.5 1
4 S 160t~
5 0 g _
Q N
£15.5 - o 15.04 —40cmjR fZ40cm depth
2 ——20cm E J# 20cm depth &
1‘5) — ——40cm % & 40cm depth 'E 14.5 1
‘s 145 2 14.0 PV
M 14_0.WWWW‘W 93 13.5 . . : : .
= « 2 8 2 g2 3 =2
4 . . a S 4 I - S
135 o < ) o o~ %) o o n S‘. 2 g ) L
(o)} (=)} 1 (o)} 1
=N =N
R $iDate/(3/H) I 14 Time/ ( /H 150D
(a) LIEERAFEDBREN (b) hIEEKFEBRAEN
(a) Soil moisture content daily changes (b) Soil moisture content circadian changes
18 1

18 -
16 1™ _ AN\ NV N
16'WMMMNMWWM 914 4

m)

2
2z G .
] 4 2 g ——20cm £ £ 20cm depth
e} -4 : S - St e
E ——20cm ¥ 20 depth 85121 ——40cmig & 40em depth
° 712 ——40cm 75 Ji 40 depth K =10 A
5 & 1l S ——
E E10 1 025 84
8= /\/\/\W ®8 6
2 81 ° T o © elx % + o
. 6 @ @ 4 % = &
® LT3 e ¢ & % o o s L e L e
& o o & o & & 3 < =
[ ¥ Date/ ( A/I1) i [aITime/ ¢ H/H B:43)
(¢) 3 ECp HFrZE1L (d) +1 ECp B Ak
(c) Soil ECp daily changes (d) Soil pore water ECp circadian chan
6 -
3 AN A A Y L A =
—_ A E 5 .
_ B4 S5 ° P e NNV T WA
& = - g
s @ S ——40cm % & 40cm depth
B - ¥ 5
3 22 ——20cm % £ 20cm depth o 3 3+ -
.9 =]
oF 3 1 - ——40cm % fF 40cm depth # g
# 5 S 2 T T T T )
3 < = 2 o b 2
. : . . . : , S o = 5 S
9§ ® % . w o o e & =2 I = 5
N o IoN o o o o T o) i w g © o
& X a o
H W Date/ ¢ A/H) I (81 Time/(H/H W:43)
(e) L4 ECe HFrAAL (f) L4 ECe B
(e) Soil ECe daily changes (f) Soil ECe circadian changes

Kl 6 FKAI R JZE LG /K3, ECp Ml ECe Abr 5 BN (A MM D

Fig.6 Daily and circadian changes of moisture content, ECp and ECe of topsoil in the period of early autumn
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BB, KZE 40 cm IR I ECp KT 20 cm IR E, HEfaE.

FER. BE MU=, 40 om W 3 ECe Bkiik, 20 cm ¥ 115 ECe ki, &
7% 40 cm {RJE 3 ECe HERRALIMIRE R, HARMMYIBOFE, ERMEZN B 20 cm K% 13 ECe
SNBSS, ByiBfaE, HENBRZE L ECe BRI, HRMIMMIN B FE

i EYMAT A, 20 om IR LIESUKER . ECp Al ECe £ =ANETTHE B H br i [ 2L RFIE N :
KEH DAY, BETHESKERN ECe LA MIF, My —H BB ALAMFE. 40 cm
&35 /K ECp Fll ECe 7E =AM BL1 H B FARRFE N : R = H B @B AME, EF+
1 ECp fll ECe AL asA A, Ky =FH B EaA I AHIA.

4 ANRZETIR R T HOK P A2 E) 7722 1L

HBEARM (4 AKZE 5 A) BUEILREXREWL T, [l 5~26C, HI 15CEL, REL
HEAEBUR BN, [F I T KA HA A 1.9 m 24 (B 7), 1R /K DO SR B gk A 6 2 3k Kk &,
ARG B UK B (£ 1200 m*hm?) FIE S5 BOR fe B nssm (18 3), RE I HKE
RERETE — BE R N JERFTE RO, B B BRI BRI IR FE RN %M BAEWIAL T 2h i, 2880k DR 7%
RONTE, BEFEKEKR, B 20 om EESKFANT 40 com iR E . THALR XA D BEE K E (B RIS
2021; FEHA[REE, 2008), 20 cm RJE IR RS A KIEIE S NBIER T 20 em {2 % 3% ECp fl ECe ¥ 2
INE A B, (E/K BB/ ITR BRI, 40 om SR FE 30K 2 28 K50, 145 ECp 2/hEts K, 3% ECe
ERERE,

HANEZE, [REE, (EAT AR, ks, mhEERES, RELIEANKELR, FE
FEH T KEEAERR, MR /KSRRECR (B 8), /KRB /KT IsH MR R, MREXES 10 X
I LA B T A KA A AT (B 9), TRTE 40-60 om [A] S /K AFEAAHLE, Hb R /K@ SR B 4K [ %
23S K AR, WS 2 d A1 10 d 1S XN RIGREE 385 /KRR nT B IR EE 40 em DL &K%
FIEIA 8.17%/ 47, 60 cm VA & /K BB/ ) 5.98%, 22 1338 7K R (1 I B AR 156 B 5245 B 40K Tt s
AT 40 cm IRFELL T, FESRD /K 4 NMEAEAE K 5 s 00 T, RIRFLRRUK R A2k 4e, 20, 40 cm IR FE
138 ECp HFr¥ R K@%, M RE RIEEKBRFFEREE, RELIEASRKEHERE, £
To B &R A N LR, 20 40 em IR 3% ECe SR N, B BEMANR S, R KIEIE
BNBEATREZSRS T8, H—HHEFEEYRERE S, 1EY NS 5 ZABURE 70%00 E, 1E9) GED
30~40 cm R FEMR RBKIE ZE KT 10~20 cm PREE, I 40 om PR FE S 7K 2 B A L3 ECp Al ECe {HIYK
T 20 cm RE; 20 cm IRJE ECe 2/MERFAG, 2 SR IERE A SR RIEESE AKIEIE NS R 45 . BRI
%%, 2021; HEHEENSE, 2008), MF A RSIRFIRZE LRABCR B TR,  ftk B R &K IR K TR,
ECp #l ECe 1 & FI R IGK A (8] PRI

X EL E A B AR RS X, MR KHERR — B 4EREE 1.6 m A4 (K 8), )5 5~12d, 20. 40cm JRfE
14 ECp Al ECe il CHXTHESS 5d B ZED BIAWIE A (K10, 10, B -8OKERERMIRERE R, &£
2 RS E R AR, BSCRF BRI CRERZ L, B RZ HOKMZRUR, M KRS



RZETHEEKE . WIZX NS 2d F1 10 d AFRIRE S KRABWATEH (R 2), 20 em RE & KEREF
ik 6.60%, 40-60 cm VR LEFEMRIR/NA 3.35%, HE— Ui SCRFBA/K T T 21X 40 om IRFELLIR, M
J& 10 d EIERIHEKADARE 1, (A R K AR ZE SRS K EE, NEEEENBRE (7H1H
Ao H 1 H) X FAEREX A FRE LRSS S E R TE S (E12), WX 40 ecm RE LI
TS IR B T 0~10 g/kg, 40 cm PRFELL T RS SR EI N T 0~8 g/kg; FEUREIX 0~15 cm R LI
TR T 0~5 glkg, TR 15~40 cm RS IR EIEIN T 0~6 g/kg. ZE BT ULER ML R KA R B 45
T2 R E BRI R, MR KRR 1.6 m BEKE] 1.9 m, SERFEAIK TR HERIE R, HR
KRR LA K SR B R, R R ZE iR 2= ] R PS40 em DR LIRS

HEANKTE, BEBRL R, K2 DIEE/KCREMN TRERME TR/, [RS8 S EY 2 G &
AN, FKETIEABOR RN, BEEELE T KRR EE 1.6 m A4 (8 13), HTFKEE RS
KA R R IR E A K &, RIR IR KAR . ECp M1 ECe M R EIRE, A/ ERLK
P (B REFE, 2021; HEHENNEE, 2008), FZIE CRRAIE 20 om ) S/KFR 2/MEREK:, ECp /Mg f#
fiko %7 40 om IR FE 1% ECp 1 ECe K THRME T, —Ji2H THMMERZIT FBRER,
7 T AR RRWURZ K ZEBUR 25 R

H # Date/ ¢ H/H)

o wn n D o wn
P Pt o s — o
[} [§9] B N =] o
1.7 - - -
= 1.8 1
=
g 1.9 -‘I\.MF‘\’VVM N SV
% B e o
2.0
2.1

7 FAM T KHR H bR (G6)
Fig.7 Groundwater depth daily changes in spring

R 2HEJA 2 KA 10 RAFIGRE LSRR RARNE A%

Table 2 Soil moisture content and variable quantity in different depths after 2 and 10 days after irrigation  Unit:%

N RIEIX R X
W2k HE10R e #E2RK ERIOK  BHE
20 28.32 21.32 -7.00 29.50 22.90 -6.60
40 30.91 21.57 -9.34 30.99 27.02 -3.96
60 31.34 25.36 -5.98 31.30 28.59 -2.71
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Fig.8 Groundwater depth daily changes in summer under regulation  Fig.9 Total water potential distribution in vadose zone profile
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Fig.10 Topsoil ECp rangeability in un-regulable zone Fig.11 Topsoil ECp rangeability in un-regulable zone
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=
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i #% [X Regulatory zone 3
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'
W
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£h 4> A2 {k & Salt changing

-10 A
A 3 W5 I A 3K J% Soil monitoring depth/cm
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Fig.12 Soil salt changing content in different depths Fig.13 Groundwater depth daily changes in early autumn

M EBANAZATR)Z HHOK AR R 2 A m A Y, BEBLRENS 4 KR R RS KR AR
JZELSy, RFMRE LHOREFHRZRNET R R, KN BOE s 1582 S8 KE TR
HZFPIRIE 12~16%, RKIZ IR SR M THRRME T IEE 7~8.5 ms/lem. ZEHUKAEHI T RIZ L
BOKULRATEABUR RIS, TE/KRER, TR, 22 3K Eh21 ) A0 1 B %
HER, ERXAKUPERERM, AP SUREIEMRKR, MARFWREZR L SERZ L% ECp
XA EL (B 13), RURSREZE T ECp ZIEMKKAR, ThE 1C, FAR, HEMRKYIRZ -1

|= -

ECp #4354 0.0011. 0.0197 ms/cm 1 0.0129 ms/cm, HZE< iRk, #2111 ECp WilER K, EHK
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ZRBORBENHERNKIIER T, KEXRZELIE ECp KTHS, Bl THESHEM G IOKEFER T 158t
177 kR, MAKVIEY BRI REMEIEAT, VBV ZE ROIRAR AR . B 2R 28U B &
FIE G KR ENE B K THERMKY), TER LS /KRB TP E 2 m T HEEEIRKKE
FEBL S TEZRBUR BE IR 38 260 N T S /KRR S T RO A S H FKAIR R R E LIRS 2
AL R 2R, WFFE XM R K ARR N 1.6 m 38 K H) 1.9 m, SCRF BRI RIS A, AT 853 D/ R K [
RZE LK% E, EEFEEFT A MRE 40 cm RE LR LIRS HhE . BgiKkE®R (20 cm
REELAN) 3 B — 2 BTSN, ERKEVREKER, BN ELE, HAeE —efefE L
KEEFLFESKE, G Lo EL, FFRETFKEDEEZEBER LN, BERELFKHRD
Ak R 52 HE MR RN ZE ORI S, 2R i ORI E I BeE — e R MR 2 TR Eh, ERE
TR R AR AR HOR T, S AR X A K AR B AR ZE AT R AR AN v 200, (H LA R vk
(20 cm FRIZDAY), SEMAFEEEN .

-
i
P
=]

 fis . ) e ) 11.0
= % A I Bt Later spring period g5 5 Z5 I Bt Summer period B FK#I I Bt Early autumn period
50 _E — E 1054
9 =@ Y A A A A s 2 =%
E g 7.0 4 AR Y108 Sl M :_:, E 8.0 g g 10.0 4 =
g5 5= 33 o By @b of
o 3 = 275 T , BT 9.5
#3565 Gl a0 " ¥ S
I]JF':’). :\:‘270 j’p; 9.0 4
£ 3 .2 B 5
8 = 6.5 S 8.5+
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10 15 20 25 30 35 0 5 10 15 20 25 30
= i Temperature/ °C 4, Temperature/°C S Temperature/°C
H14 fRZ%AiE5%E L4 ECp x %
Fig.14 Relationship between topsoil ECp and temperature in different seasons
+ A
5 én j4=

(1) TECHEBANBE KNS BEE W BN, FENmER. BZERKY), 20em GEHD F1 40cm QR
B IRE IS KRR N, AR RS 3 ECp Mook R,  FREF IR ECe Mok, WL
32 ECe I HCRER ) .

(2) HFAREMIEE/KZE, ECp Ml ECe H PRI R/ NEF, IR EIKEE, ECp 1 ECe 4371
RN, B MIREE Y, BRI KER ECe HFRAR L R/, LI ECp B A%, I#
b A5 KR R aHs, LI ECp Rl ECe #5238 K3 . BKWIRIBFIVRIB I L3557k % . ECp il ECe
H R385 ) 3G R /N FIRR E

(3) WAL MR Z K ME W ENN S E, HAEH T MR Z L8 8 KR ANk
WRZE LIy BRI RRE LK ML Z R EER R, HAER T LIS /KEEK,
+IE ECp MGK, HiREIBkE, HAE 52088 BB

(4) Hh R A7 HEER /N R R 3R 2 139K SR AR A 1) S B A T R (R 2, 48 K T 7K 3% T 3 K S 5
BRI IR, PR T /K R 2 RIE AR SRS & B 0 DO R KA R M 1.6 m 39K % 1.9 m,
KE LB EH B, IR I E I SR RE N, %X 2 2R H B BB Im SR K
AR T 1.6 m A1 1.9 m 8],
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