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Abstract; The surface soil hydrology is extremely important for driving the formation and evolution of vegetation patches in
water-limited ecosystems. However, the process of soil hydrology and its response to vegetation patches are unclear due to
limited tools. This study chose patchy grass Achnatherum splendens as an indicator plant to reveal the spatial-temporal
dynamics of soil water and salt, and soil water and salt responses to spatial patterns of A. splendens patches, were shown by
electrical conductivity ( ECa) images, in the study area of Qinghai Lake watershed in north-western China. The results
showed that there were significant positive correlations ( P<0.01) between ECa, and soil water and salt. ECa could be used

as a proxy for the changes of soil water and salt, because soil water and salt could explain 81% of the ECa changes based on
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the multivariate regression model. Moreover, based on the time-lapse ECa images, the increment of soil water under A.
splendens patches was higher than that of matrix zones, compared with before and after intensive rainfall, meaning A.
splendens patches acted as sink to accumulate water runoff. Analysis of temporal stability showed spatial ECa patterns were
highly consistent with the distributions of A. splendens patches, and soil water and salt content under A. splendens patches
were remarkable higher than that of matrix zones, whatever the moist conditions or seasons. This indicated that A. splendens
patches were the accumulation area for soil water and salt. Therefore, the findings of this study proved that it is a novel
method to reveal the dynamics of soil water and salt, and its responses to the spatial patterns of A. splendens patches by EMI

method, which might provide valuable insights in understating the hydrological process of patchy vegetation.
Key Words: electromagnetic induction; soil hydrological process; soil salt; vegetation patches; Qinghai Lake watershed

A S VAR B BESRAR Jo o T S L A 20 L By SRS, L3 A DX R4 oy 4 BR i i THTRR 1) 309%
VUMY SEUH P I B I P 45 ) T SR SR SR AN K S R A
HBREBI R AR R0 R 0 SRR > R SR L 3 5 AR A8 I K M 4K S
s SRR R B — A MK T B AR X TR 7 912 Rl 3 95 03 45 8 FR T A SR I fig A K Y
WSS SRS RGIIRE o R, BEHCIRAR 5 M R K SO R R BAR FSC R T, © 28 [ B )
37 AT AT S5 RS AU, A2 [ B S P I 4l 07

FHORIHET R RIS s 5 A R SRR 2 . ARZIEF0A Y RS K5 AB Z Il A —
PIIE ARG AR AR L 8 PO 5 S AB B 22 100K oy, NI A 9Kk o0 AR 28 ISR 0 55 4h,
HEh /Y 2 5 DR A I PRI R 7 2 — SR REAR SR TR o iR R 70 30 e R LK 35 B o 7
TSI AT, S B AMBUR A K Z I FIET Y BAA HATHEIEC R BB S B REAE 5
HOKSY b9y BRI 075 [0 53 AT HRK S B R o3 T B U ™ 1 120 (R0 5 B < Ak R I 1
QR BRESR 5 BRHB I K 3 B TR0 S BT LG o SR B A A2k AR 0T L3 6 AROKE S AL R K SO AR, HLR
THBARTEIESIE . B AR NIRRT R TR 51 HOK 5r B R 50 T BB R s sk = 0 fH
WA BFTAR AR BEROKOME TR TRt 38 7RSSR -+ 50K 73 B 2548 (i AR A B, o e e et
A R BREBRXT 7K 0 P e R Y S LA B AN ] 8 2 A BXE B+ K 00 sl 25 A A A XA DU BE bR
Aty 5 E IR S R T A LA FH DG 2% LA T B0 S T S 5 25 el o 0 PR e = 5 328 Ay OO T L i LA 4
F), A TR REAIT SE A AL R

FRGITFE KRB 7 T BTk (T30 TDR 3, AR M 2 3k S5 oAtk K s ] 3 A e L
BAE MR BN T4 (Electromagnetic induction, EMU) $3|AL SR RBSE , E3 i)™ L
RN P, T A 7 5 e S AR ] A3 AR PRGN st | i FLAEHE , O 22 i IRl P9 A - 1K -
IR I VP TR T L ST EMI I AR ) L3R 55 (ECa) 5 L3k Y | 13
KBS i Z A 0GR, I ECa FIAE D T R R 78 i, LT R 46 703 A8 9 2 () A ) 15 S04 i il 9 5
R FRARZ BRI EMI SR BT SRR IR , [ A i o B0 S BAR R FH e h
MRE |+ HEE BRI 265 £h 743 (AL S 2458 0y 102020 SR, FAG R 7 — SBets EMIFH 45 75 56— F - ek
J5 0 [ BF JH T3 Sk 535 3 A P e B XA BB Jes () ) B2 () WF 52+ 20 B =2, e R il Ay o f
AARIE R, B EMIBRFE R BSOS )5 5 R HOKER Sha A o TR AP BB B + K S R Y
A R

K1 5 (Achnatherum splendens ) & 4Z 53 A FEL KRl 524 5 DCEAT 98 S 57 S 3k 655 O o A R
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S ARARA 5 NI SRR , T WP 1 3 IX 0 R s e R AL 5 A A BRI RE T R A I IR,
TR K IR TR RE I AR K R R R A R AL S B 0 IR, SRR R I A A B P
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PR S R R D, X B B AR -5 i 2K S AR A P 5 28 B T 0 S, At m] O R e e I AR S BRI
250 R AR AR

1 #MR57FE

1.1 W XA

BIFSE XA T 75 96 W U SR 52 5 B = A 3~ 7 Ml X A9 2 3% R 50 (37°14/52.7" N, 100°14'8.5" E) | ¥ff
KLy 3200 m, IZH XCEREGS IR IR 2E K AR/ R B T m R OB AU . JERIEE 0 Z AR TORV T, i AR
SRR -0.6 C, - FBIRE R Y 370.3 mm, H FEEPHEERKE(5—9 ), E P E K E R 607.4
mm' T RERE R VE 4R — R 2—3 2, 8B — 2 N R R B R RN A R BRS040 BT 3 (Stipa
krylovii) \VK¥E ( Agropyron cristatum) -5 ( Leymus chinensis) 53K ( Poa malaca) S5 5 )2 56 =2 N —
BBARIR R 24 B WV 8 (Artemisia frigida) B /RZESIEEAE ( Heteropappus altaicus) ), AT A R
PR 6 2 30 1505 DX IURR O A6 4G R | A 456 1 R R DA R A AR R J2 T 5 B A B A AL, e R e 2
[ A AR SR 2 o X SR M LR IX (R 1) o SRR 240 1—20 , 76 7% W BB Ah il — 5 bb 35 i X Ml 341, 777 it
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Fig.2 Daily rainfall of A. splendens steppe in 2013 and 2014

22 ECa 5H3KEERER

TG T RMAB TR K FhorRIRAHDC R E, S5548 0 8 5 - HEK 43 1A 56 ¢
ZWE (P<0.01) , H A B A R B TR X ; ECa 5 33 vt 2 P 8 3 A 6 56 &R (P<0.01) ,{H
FEJR XA R BOR TR B, XK ROk UL, ECa 5 + 3K/ (AR B2 LR X ECa 5+
SEER T RAHOC R B R . BRI, K5y 1350 5 ECa ZIAEAE W A E R

R1 ECa 5XEXSG BSHREXREY

Table 1 Partial correlation coefficient between ECa and soil water and salinity

H A fRAH5E Z2EL Partial correlation coefficient

Types ECa/SW (¥E1|FI % : SA [ST) ECa/SA(FEHIF 2 : SW .ST)
I HEBEHL Patches 0.779 ** (N=138) 0.542** (N=138)
FEFFIX. Matrix 0.561** (N=48) 0.577** (N=48)
JFA Al 0.718** (N=186) 0.755** (N=186)

% RIRAE 0.01 KF EAHSCIEE  ECa; LIEFRNVLAL TR SW . 1K SA, L3R4y ST, L IR E

A7 DL 3K 3 (SW) A HHEER 43 (SA) i A8 8, ECa g F 7% B W) A 22 o2 Pk [l A A 38 3 3+t 29 T b
WEALER 22 5 K 4 Fh o B 5C R R A v i 8 9 2 B/ S o (L JIT 7™ A PR TR RN I, ST 28 2 [l )
PRI .

ECa=3.440xSW+0.220xSA-43.301 ( P<0.01 ,R*=0.810) (5)

WCHE A AR ALY T 25 /N TR IR AR A | e R R B K, U B et S A A A LA R v ) T S o
R*=0.810, UtBH + 3K /3 55 0 v i B ECa 2161 81%

2.3 ECa ZS [R5 Aks )R

K3 451 T 2013—2014 4FE K2R ECa 25 W) 4341 [, B €5 FH 21 -8 -2%- W5 3R 7R ECa {HIZ TG K, 3R 2 91
T ECa A3 BB/ G HE . AR K ZE90, W 2013 4 5 H 20 H,ECa K X R 41 (#) 4, ECa -
BIEA 19.78 mS/m, HPAE 14 RE P R/ME, #FAAERKZ(6—9 H),ECa EIW R WIHE (%) 281k, ECa
A A EE | B/ IME A RAE B B3 K (3R 2) . AR ECa H 1) &KL 5 3L PR AP7 ( Antecedent
Precipitation during the previous 7 day: Ml {7 KAYKER &) 45 2, 41 2013 4E 5 H 20 H#J AP7 2 6.3 mm,
ECa {EHAK, 51 6 A 10 HEF AP7 @ik 44.2 mm,ECa 434 EIWA AR S% (85 ) . Bl 8 A 19—23 H S FFm = 1F
5,8 H 21.22 24 A% APT7 4351553 67.4 90 96 mm, ECa 434 R S I AEH B &8k, b 8 24 HIY
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ECa “FHH /MBS RAE R B AE 14 YD S5 () e e 1, B /IMELCH 17.64 mS/m #2385 A 20 H 13414,
9 A5 HAY AP7 B4R HA 20.8 mm, {H K 32 255 5 B 5514 (9 5200, ECa 53 AT 15 8 F 24 HAHLLZE FAR/IN

Fa4mT8H21.2224 H9HS HAS H9 HK ECa (4, WM /R T WG ECa 7345 F Sh A48
b, BER 1 R (8 A 21 H ) FEXHEIK ECa {HFEA bR T RIHT, {H 7453 5 V4 e il 22w, B0 X 2 21 60 Ui B
ECa I EEA K (<10 mS/m) , FEFH 2 K, FEIX ECa 73 A7 22 H L T W28 4k, R/ i X 4t &
M3 K, HEX ECa 53 ZERIFEA R (W) ,ECa HIRFIE K, 2014 4 ECa 73 8] 53471 B 28 Ak i el FE A
A IR,

2013-05-20 2013-06-10 2013-07-05 2013-07-20

1

2013-08-09 2013-08-22

2014-04-29 2014-05-28 2014-06-28

ECa/(mS/m)

B 0—10 [ 30—35 [ 70—80
B 10—15 N 35—40 [ 80—90
[0 15—20 W 40—50 [l 90—110
[ 120—25 W 50—60 [ 110—130
[ 25—30 [ 60—70

3 2013—2014 £ ECa =18 537 B ( Z LI FR LRI
Fig.3 Kriged ECa maps from 2013 to 2014, with polygons representing the ‘meta’ A. splendens patches

T30 A 25 SAE AT LR I AL P, A R T3, BEWIZ R B89 ECa fELIRE TR XU
B, BN TR IR ECa HIGZ/NTHEA KB EIH, N ECa #iXT 2257 B (8 5) Al LUE B, KK
BRI DX I R Al 10 DR, T R B R R A X IR ECa {ELAR R TP 32 fEL, TT SRR 5] i 34 11
ECa 53045 X BURLL A BB 0, ECa HIRZ/NTFHME, I, ECa 1E25 1] ERBURFRE R 2 BB G, H R
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FRER I ATAR SRS ECa A 22 5 R A AR IF IR R R

F2 ECa ZESHESGITHIE
Table 2 Statistical description of ECa measurements at 14 days from 2013 to 2014

i1l Statistics 20/05/13 10/06/13 5/07/13 20/07/13 9/08/13 21/08/13 22/08/13
AP7(mm) 6.3 442 10.41 26.16 11.94 67.4 90

Fe/IME Minimum/ ( mS/m) 2.82 5.81 3.84 4.60 4.49 6.75 12.67
e KAE Maximum/ (mS/m) 72.95 95.19 88.07 91.34 77.02 88.87 100.97
SEHE Average/ (mS/m) 19.78 34.00 28.71 30.78 23.67 33.51 40.75
Pr#E2E Standard error/ (mS/m) 10.39 16.15 14.62 16.11 12.30 15.08 16.06
ik 24/08/13 5/09/13 29/04/14 28/05/14 28/06/14 31/07/14 5/09/14

AP7/mm 96.7 20.8 0 0.25 42.42 0 30.48
fe/IME Minimum/ ( mS/m) 17.64 14.34 8.29 8.07 11.64 8.82 15.31
i KAH Maximum/ (mS/m) 124.22 119.54 99.76 93.61 119.14 104.55 117.73
SEYE Average/ (mS/m) 49.96 45.00 33.21 26.16 44.62 39.71 48.42
Fr#E2E Standard error/ (mS/m) 20.02 19.18 16.60 13.85 20.67 18.87 19.93

AP7 FIRAT 7 KM & B H, Antecedent Precipitation during previous 7 days

08-21—08-09 - 08-22—08-09

ECal(mS/m)

M -5
M 5o

1 0—10

[ ] 10—15
B 15—20
B 2025
2530
B 3035
B 35—40
I 4050
B 50—60
B 6070
B 70—80

0 20 m

4 201348 A21.2224 X9 A5 HE8 A9 H ECa ZEE(Z NI FRE K FHE)
Fig.4 ECa maps (21, 22, 24 August and 5 September ) subtracted from 9 August, with polygons representing the ‘ meta’ A.

splendens patches

2.4 HHEMER
XGRS o X 2 IR B AR B (36 3) , B R B BB 22 - SRR B A O, By b DR
AEXS A, & R B b K 2 AR A SRR B E m FRBEX, £/ (-5 mm) ' (-20 mm) K
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(=60 mm) K3k FELEIIMG, 5 4h, B R +
SR EAT BB B RFLBRARAE , HFLBREE (17.69% ) B 3%
BT LR IX LB (1.049%) . 8o 3 0 5 Bk 2 B
BRI = R ROR, AR R B R TR X,
I, AR BRI R B B TS R e KL
JE BT AL Gk R 2 1 TR X W T I 7k 43
PR 5 T A 88 | JF L 72 A 27 B AR X T 5 [X
B/ R R I U] 22 B AR 78 (P %

6 4 T 20132014 4EFEAE K ZR LR X 50 0
BOEEHE 0—80 om - HEK 4T G ER 4 A R, FE BB 1Y
AR FIEIRIX 2 8.89%—48.2% TSRt s
1Y, 1012013 4F 8 3 9, 5% BOREH R L HOK 4 3 . e
TR (P<0.05) , MBEAMEEN G, B2 mg2es BT EmE e
MEAEgE/N, 8 A 22 H59 A 5 H, B R R + 3K 5 :8:;{:60-25 E 8?3:8;2 = igg:{gg
SV ALK, T A% B BT A e 4
FHRFTX (P<0.01) , BILRIX Y 2.6—5.7 15,2013 4B Bl 5 2013—2014 £ ECa #831= RE (LY R H K B )

R I 5 4 B e (0, B T g - Bk Fig.5 The average relative difference of ECa maps from 2013 to
ST ELAM BSR4 4 30—40 165185 mS/ 2014, with polygons representing the ‘ meta’ A. splendens patches
m X[, 7 2014 4F B0 T AR (O B0, FERR X 1 48k 49

SEHEIE /N (20—A40 mS/m) K H% B BEHe 384k 43 0 S6 U6 /IN 5 00 (140—165 mS/m) . %4k |-, +4EEh 4%
(AL AR,

F3 FEAEERRIMERRX TEERRER AL
Table 3 Particle size composition (USDA ), porosity of surface soil (0—0.2 m) , unsaturated hydraulic conductivity (mm/h) with 5, 20 and

60 mm suction, runoff coefficient (R_) for A. splendens patches and matrix patches

SRORIGY &S

ey AP Z
. . ﬁhrﬂﬁi . Unsaturated hydraulic B i A
pyid) Particle size composition/ % .. . Runoff
conductivity/ (mm/h) Porosity/ % .
. ‘ \ coefficient/ %
AL Clay Bk silt AL Sand K(5) K(20) K(60)
I EHER Patch 4.08+0.60 57.78+1.05 38.14+.044 18.42+1.42a 10.37+1.48a 6.16£0.92a 17.69+5.02a 1.34+0.19b
A BRI (n=15) (n=15) (n=25) (n=25) (n=25) (n=15) (n=14)
SR Mati 6.69+2.01 56.06+1.06 37.25+£3.04  13.04+0.36bA  7.86x1.07a 2.65+0.58h 1.04+0.27h 3.30+0.54a
P e (n=15) (n=15) (n=15) (n=25) (n=25) (n=25) (n=15) (n=14)

FIIAFNGFRFIRTE 0.05 B 5K REER

3 e
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Fig.6 Soil water storage for A. splendens patches and matrix patches from 2013 to 2014
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Fig.7 Soil salinity for A. splendens patches and matrix patches from 2013 to 2014
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