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Abstract:  Objective  In order to explore temporal variation of stable isotopes in soil water and distribution in soil profile, and

to characterize the soil water line (SWL) in the monsoon region, this research project was launched, which was expected to be
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conducive to a better knowledge of redistribution processes of soil water. [ Method ] In this study, monitoring was carried out of
stable isotopes in ground water in the soil profile (0—130 cm), precipitation and groundwater, and relevant environmental factors
(including soil water content, soil temperature and meteorological variables), in a Cinnamomum camphora forest in Changsha
from March 2017 to February 2019, and the monitoring data were collated and analyzed to determine variation of stable isotopes
in soil water and rain water and its influencing factors. Result Stable isotopic composition of the soil water in the 0-60 cm soil
layer varied significantly with the season, and the variation lagged by a varying degree behind that in rain water. The mean
monthly maximum hydrogen stable isotope ratios (6°H) in soil water regardless of soil depth all appeared all in May, and the
mean monthly minimum one did in the period from September to December. However, no obvious seasonal variations were
observed in the soil water and ground water below 60 cm in depth. All the above findings suggest that rain water may directly
affect the soil water in the 0—60 cm soil layer and the soil water in the soil layers below and groundwater may preserve more data
of stable isotopes in rain water accumulated from preceding rainfall events. Difference of the ¢°H in soil water from the local
meteoric water line (LMWL) increased in mean /c (Line-conditioned excess) with soil depth, decreased in standard deviation and
gradually leveled off, which suggests that evaporation of soil water gradually decreases with soil depth. Significant and positive
relationships were found between /c and 6°H in soil water at all soil depths. That is to say, the higher the 6°H in soil water, the
lower the deviation degree of 5H in soil water from the LMWL, and the weaker the evaporation of soil water; and likewise the
lower the 6°H in soil water, the higher the deviation degree of 6°H in soil water from the LMWL, and the stronger the evaporation
of soil water. Correlation analyses of /c in soil water at various soil depths with accumulated atmospheric evaporation (3} E) and
accumulated atmospheric temperature (3.7,) in the preceding period shows that the latters significantly affected /c in soil water in
the 0—-60 cm soil layer, but insignificantly in soil layers below 60 cm in depth. Moreover, a certain relationship was found between
soil water content (¢) and /c in soil water. The study also shows that relatively low stable isotope ratios in soil water in all soil
layers were observed mostly during warm seasons relatively high in ) £ and ) 7,, and during the seasons evaporation enrichment
grew stronger, while /c in soil water did lower, thus making scatter points of stable isotopes in soil water deviate further from
LMWL; while relatively high stable isotope ratios in soil water in all soil layers appeared mostly during cold seasons, relatively
low in Y E and }'T,, and relatively weak evaporation enrichment and relatively high /c in soil water during the seasons made
scatter points of stable isotopes in soil water close to LMWL. Therefore, the slope of SWL was higher than that of LMWL in all
soil layers in this study area. = Conclusion  Stable isotopes contained in atmospheric precipitation are a direct factor affecting
stable isotopes in soil water. Abundance of the stable isotopes in soil water is related to atmospheric heat and humidity in the
preceding period. The cause why the slope of SWL is higher than that of LMWL in all soil layers is negatively and seasonally
related to stable isotopes in precipitation and evaporation enrichment intensity of stable isotopes in soil water.

Key words: Soil water; Precipitation; Groundwater; Stable isotope; Soil water line
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Fig. 1

P AR S5FK (P), 8K (SW) A FK (GW) sk MM L (0°H) 1yt 2E 4k

Temporal variations of selected environmental factors and hydrogen stable isotopic ratio ( 6°H ) in precipitation ( P), soil water ( SW )

and groundwater ( GW )
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Fig. 2 Temporal variations of deviations of 6°H in precipitation, soil water and groundwater from the local meteoric water line ( LMWL )
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Fig. 3 Correlations between /c and 6°H in soil water relative to soil depth ( n=54)

#1 ARRELIEKP I SEHASERZELZE QCB). RURE (CT) MTIEEKE (0 HHEXXR
Table 1 Correlations of /c in soil water with accumulated atmospheric evaporation (Y E), accumulated atmospheric temperature (Y 74 ) and soil
water content (#) in the preceding period relative to soil depth
+ R Soil depth /cm r (Ic/YE) r (Ic/YTy) r (1c/6) n

0~10 —0.70** —0.67%* 0.73** 54
10~20 —0.46** —0.47%* 0.53%* 54
20~40 —0.35%* —0.37** 0.56%* 54
40~60 —0.36** —0.37%* 0.45%** 54
60~90 —-0.04 —-0.09 0.21 54
90~130 —0.29* —0.29%* 0.41%** 54

e *FRIR P<0.05, **FR P<0.01, 15 90~130 cm H3E/KH le 55 0 KRB, B 90~100 cm IREEM) 0. FIF. Note: symbols * and

** gtands for P< 0.05 and P< 0.01, respectively. In calculating relationship between /c and 6 in soil water in the 90~ 130 cm soil layer, 6

below in the 90~ 100 cm soil layer is adopted. The same below.

ANFIGRE KT le 5XTRIYE . Y Ta ¥ 217
M, Hd, 0~60 cm +3EKH e 5YE. ST\
FCRBI L 0.01 WIFRE, Z4RERY], SES
STa MK, le My, B3 KR RE A7 2 fn 251X 45k
KREKLEMBEBK; RZ, YESYTAB/N, Ic 8
K, BRI HEKERE R 2 B8 XK SRR R
/N o R BE T HITHA A SR RS R A SR R X - 4
KA Ie BIFEH

S, 0~10 cm 80K le 5YE, YT,
AR DG B AL T+ 2, BRI B X
RZ KT e WA TE; 10~60 cm #KIRE
TR e 5YE. YTAWAMCREAIE, 5 0.36~
0.47; 1 60 cm LA F B LK le 5YE. YT, H9AH
KBRS, B RSBIMFEEXT 60 cm LR +
K le R AR /N

T TR 0 REAS S WK FNZE R B AR
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b, BS5HHKY o ZRIWAAE— KRR, K,
L VIR TARRRE LK le 5AHNIREE 0 1Y
MHEKKR. ATLLESR, Bk 60~90 cm )25, &K
FE oKt e 5 0 ¥R BEIEMAX, HXRE®
i1 0.01 MfEEE . Z5AK 1 AT, SR EESKE
i TR BB K P RRSMT, WAk Z2%
BRI, SR le 8K TRV IS K
T R R AR ST R RS, IR AR

a0r

u SWO»IO o SW]0~20 4
20 B 1 SW60~‘)0 A SW‘)O»HO P

GWL: §*H=5.565"*0-1.88, r=0.90, n=57

SWigso B SWag 0
& GW

0 FLMWL: §°H=8.485"*0+17.73, r=0.98, n=278

HZER R K, K e 8/
2.4 +HEkth O'H 5 60 £ Z

KR °H 5 6"°0 ALt R ple kR,
ot e LMWL . SWL DL J M Tk 4k GWL
( Groundwater water line ) Z5A] LI3B /8 XK XK £
ARDBE A [A] B 45 2 22 04 T3 R AN (] A4 1) 7 Ak G
PRI AR H K 0'50 MBS 43 A DA KK 28
TIREULIE 4.

LMWL

£ 207
jan)
BN
40}t
SWL,_,: *H=8.820"0+12.20, r=0.98, n=54
60 SWL,g: *H=8.806"0+13.49, r=0.99, n=54
SWL,, ,; #H=8.9361%0+15.63, r=0.99, n=54
30 SWLyyq: °H=9.338%0+19.17, r=0.99, n=54
SWLy: °H=9.040"0+17.69, r=0.99, n=54
~100 SWLyy1z: 02H=8.578"0+14.30, +=0.97, n=54
-14 -12 -10 -8 -6 4 -2 0 2 4
§%%0/%o

. LMWL, GWL, SWL Fll 60 43535 KRSk . Pk 4k . K& e fa e [ i & LR, Note: LMWL, GWL, SWL

and §'°0 stands for local meteoric water line, groundwater water line, soil water line and oxygen stable isotopic ratio, respectively.

Bl 4 REZkAE 82H 5 6'%0 1ok 404 Mok 25 &

Fig. 4 Distribution of scatter points and water line equations of 6°H versus 6'°0 in different water bodies

5 X. LMWL ( 9°H=8.485'%0+17.73 ) HIAI%
MWK F LA KL GMWL ( 9°H=
80'%0+10 ) AR ARERANEMT, e T KX R IR Y
SAEFFAERY T R KRR K B0 46 IR KA
WK, AR EE HHEK BT K 0°H 5 60 i
B 3045 T LMWL B3, J+07F LMWL
T o BHEK T H 5 6"0 BYHELL 4 B R BE 1S
W4 T ELBR93 T LMWL, 6 W 8 2K R 25 387K 431
T Y I AR P 2 D T AN )RR B A 2% A

W, 2w RN RZRE & EERNE,
TR 128 S KR HOK 2R R R ZR T LMWL B
AP (B 5 e LMWL R [REE SWL B3,
K UREE SWL RN 5 F LMWL, #Z, GWL iy
RERIE(RT LMWL, X IF AN RE UL N K AR R
R TREVN AR L A8, 0T R PR A 5% X Hl
TR H AR K B R B R L LA B 40~

60 cm RE SWL M =T LMWL 4, FHAERE
SWL # kT LMWL,

R K2 KA AT, 8K EEE R R 4L
JLAZ K I LR W . RPN 7, 225 2
FIRG R I W R R sZ e, ASCA I — o 5 B 1 B K
A S BRI IANG A TR . RIS, R AR R B AE
RRFERE LR WM AE = N kg &P, weas
LMWL, #Ffi5%m SWL F AR AEEE . AR 48 1
KB RER R R (1), SRR 585K
HXF P<8 mm 1 H FE/K R WA &, T2 o nilih A
THBR T 0~8 mm i [l /MK S ( DLFRE &k FoR
R KB BIE ) JF§ LMWL poy BRI | R S AEAKL 5,
SR TRE S,

WE S Fis, BEE k3G, LMWL, BEPR
I 2 R R e ARtk s, A¥RTFEm
LMWL fIRPRFEH . 24 k=7.5 mm B}, LMWL /4
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57 %

TR, K 8.68, HHETF 0~90 cm % +JZ SWL
B WET 0~130 cm )2 SWL IR 8.84;
LMWL s BU#EEAR EL S LMWL B80T 0.87, 14
FULHH, S RBR/NEKF TR LMWLy RPR

PHGE SWL (ARE, (HERFKFHFEA R TH SWL
RERE LMWL RARMIEE . Beakh, AR
LMWL S5 AR[FZEEE SWL AYRER S AL EATHI
AR PERE Y IR R AR, KR ) B — PR

9.0r 124 1400
—eo—#1 % Slope - x- #l Intercept A n
88 {22 {300
A o, =3
- 8.68 £
g g
;’_ 8.61 205_,2 4200 =
ke
84} 418 1100
8.2 1 1 1 1 1 16 O

4

2
FA 7K {Eik Precipitation threshold/mm

K5 RER/NEIKEEAE G LMWL (RN . BIE LSS n

Fig. 5 Slope, intercept and number of samples of LMWL, after excluding small rainfall events

3 3 ®

3.1 BEKELEKBERAMEHAKAILLE
W, UR T K 0 25 & K M R R R
K E AR SR, BT XA [ B e R ]
17 F - B E AR K R R ARG, X AE R
35 DX VR P s A X PO A R, R ST AR
SCIRERA Ry, 7= A i SR S5 AR5 IX AR A A
KA R B AE A 21 AR A A O 5 R PO Ry
AR BTN K KRR E R R S K
2T R K AR R BB AR T o A SO T B[] i
SERULINECYE A, UK E LR AR ZE (4
H =9 7)) ke R REMBEKENS, BIREYY
BEKBREE 17.4 mm-d™, FE/KH 6°H MK & B
YIE H-52.39%0, 1&T 0~130 cm +3E/KEaE [F L
FHFHIME (-51.35%0 ), FIHKIR AT £F (10
H—WAE 3 ) BHAT X E 4 R E R AL 2 K
7S K, WA TR SR B 6.5 mmed ',
ok 0°H A K A $4 (8 R —23.24%0, B IH
KIREARTESY, M PR T R K
itk FEoKFRRGE R F 5 0~130 cm 14K
R NBE R G e A E: S RN & - O L & ] £ & 194
20.7 mmed o RV R AR B R AN G AR K Y

22.3%, {HFFEKE M BREKER 41.6%. LA, X)
TR, FEK 0 25325 32 Bl R 7K 2 9 3 in 2 %
R BB I, A KA /N K T 4 K
Iy ANA R TTIR K, BRAK R B IR BE L BHT IH KR
AR, HRZS 80T UL ]+ KA E W)
2R (1) - S4B 3 B K A TRl A 2R A D 171
3.2 KgAKk (LMWL ) 5+8k% (SWL)

B EE 82

R PSOF 0], 72 +HOK R E R R K
EHEVEF W2, s A R Y B X SWL [ RbR
3k 5 LMWL BRI . SR, 7 #H 2= KUXCY
— BN R AR R R 25 SRS B SWL kR
8 LMWL i 5 o fk /MBS A Ry a3k 2 iy 1 4 K
Lok A AT K ;S5 AU A A Bk 7 s A
K B 5 SRAE K R 7 A T 78 Kk
YEFES TREK . AR kI, JRE KDL E SWL
FERFRIE, B SWL fIERERE T LMWL
XL WIREH, iz G SRR E R i 2y
ARk DA K 3K B R 3R 25 & B VR F I 2
A X o AR AR LHOK T e 5 o°H #1474
WHEMIEMEER, HHOKP O H AL, e #o)h,
+HEK S H B LMWL BB Rz, T4
K O°H M, le #OK, HHEKH O°H i LMWL
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MIRRBERR /N . A2 KRR R 38 22 10 AR AR 52
K PR R R R LK [e WAFAEZE A PR AR
fbo DIAFIREE 136K i o*H A9 80k B4 5 Fa
SERE R A X (/NT 6°H R0 e
EHIX (KFET SH Mg ), Foit 580 1
K E [F) 57 22 ARRARL DX R e (B XX I Y fe . Y E Ry Ty
R X8 A SAH B B SWL ;. AR 4f 38Kk v 1e HYE.
STABIRAR, 0~10cm, 10~20 cm LA 20 cm PAF
F 25X R AT 30 d. 60 d. 90 d IS E. Y Ta,
SGita R 2,

Bk 60~90 cm #b, TR T KR E [F A &R %
EHIXEPFYE FISFHY T, R TEEX, JFEF
¥ ole YNTREAEIX . Z85 0L, & 182 M

XA KRR E R R LR 28U T YE MY Ty 8
KEIBEZ, T IR 2 7 09 28 & & S A o
SWL R LB B RN, RZIRR. 3K
FE M EFT2RNEREW, £/- 4 1
O*H-0"0 MIHUA I, 7 T4 F MRS 0 T4
EAREOSE IR E LMWL, [R5 8 R
SWL AR KT LMWL B8R, 3 H, KL
o HOK M B R e R R R R AR AR
J¥ SWL ¥ LMWL 450, % S8 SWL 1k
FE AR )/NF LMWL, {HJE7E 40~60 cm Fl 60~
90 cm VREE SWL 1, JEH KRR (Bt 9.0) &
UKL Fus B3, BT SWL By LMWL
(17.73) A KAY1E DL o

x2 FRRELFKBERMRREXMSERK le. TE YT, B TFHEURMBREA SWL

Table 2 Mean values of Ic, YE and YT, and corresponding SWL in regions high or low in stable isotope ratio in soil water relative to soil

TR O°H 4 Aii le W F-24{E YE BERME XTh BFIE
Soil depth /em  Distribution of 6°H /%o Mean Ic /%o Mean ) £ /mm Mean )T, /C SWL
<-50.88 (n=27) -9.08 120.2 771.4 "H=7.060"%0-5.57, r=0.94
oo =-50.88 (n=27) -4.74 68.4 428.8 0*H=7.540"%0+6.96, r=0.95
<-59.92 (n=27) ~7.41 225.0 1481 "H=7.466"%0-0.26, r=0.97
10720 =-59.92 (n=27) —4.20 146.4 909.4 *H=7.916"0+9.04, r=0.97
<-57.33 (n=27) -6.10 312.7 2078 0*H=7.726"%0+4.02, r=0.94
20740 =-57.33 (n=27) -3.59 238.9 1471 6°H=8.406'0+12.53, =0.96
<-53.09 (n=27) -5.23 289.3 1879 §*H=8.465'°0+11.69, r=0.96
40700 =-53.09 (n=27) -3.19 262.4 1670 *H=9.596'%0+20.96, r=0.96
<-49.92 (n=27) —4.24 268.9 1699 *H=8.046'°0+9.19, r=0.97
60790 =-49.92 (n=27) -2.39 282.7 1 850 *H=9.046'*0+17.92, r=0.96
<-50.22 (n=27) -3.68 287.4 1858 *H=7.660"0+6.68, r=0.94
010 =-50.22 (n=27) 2.72 264.2 1691 *H=8.536'%0+14.29, r=0.92
33 THKEERGEMERENS 4 5w

H i F % 88 F B il 53 + B8 K o 295 AR
Ak o T 43 A A e D A AR K AR R DL K
FEREK L R K R ML TR K A K AR IR R Rk, T
FRERMZREN T EEAHBMmE . FEIT
J& 4= e K RS TRl 57 2 AR AL R AE B AFF 98 TAE AR
PSR - R K - KA B e s 7, B
AT A K 43 ) A U8 LA B 48 7 AN Ta) RUBE 1) 7K
(L FuR

TER YD 3l DXL R R s v, b K AR E ] o7
R F AL A R TR B B I e s O TR S . %
FEOK B AR, 0~60 om +3E/K 5 R KRR & W2
RINZA ML, (AAAE AR AT 5 60 cm
DA SR A M T K AR R 42 3R 1Y) 2= 40 A2 A AN B
W, MR T AT R KRR E R R AR
Bo MEBRERZ, LHOKT e BFHEER, br
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