A ISSN 0564-3929

Vol.52 No.4




S, + & F i

( Turang Xuebao )

¥£52% H£4H 2015 £ 7 A

H V¢
FiRr5iTiE
Eﬁﬁﬁa‘i%ﬁﬂ@%%’fh”ﬁ{tﬁi%i?&%ﬁﬁ%ﬁ% ...................................................... {Ié;{"_\‘ ( 713 )
HHERE SRR L
E3OAEVT PG A BEHD - B4 B S R 2 AR E oo BONE BB B RPES (723)
ST T 4 RV SR BRI TE e FOBE EARR XIBEE (731)
R 6 90 SR 0 R 5 O (SR oo kot A BRWIZ (747)
GRS D e L VINCE 2 e ) CliC] 7 TR g BRI bk (759)
AR5 72 T R A LS P BRI oo WICTE HIRE IR (768)
WX
STV RMLAY -+ HEF 55 = 2575 0 A8 P A B SRR oo FU BRE] (LRIE (776)
D 5 R A AT B 2 025 SRR B oo oM BAAE H B (783)
%?*%%Iﬁ”ﬁ%ﬁ@ii%7k%@ijj¢%?ﬁ .......................................... %ﬁ-?% %ﬁ%ﬁ- § Hﬂg%—’; (792)
o 5 8 K R B 27 P K MBS oo RER R OB ERIGS (802)
AR 728 Wi PR B FE - M DL T PR Ao LR B G- RS Wby TARPS (818)
RN 038 S AT DU S A BT oo B BN TAE % (828)
R TG A 40 BRI N ORI C LRI e eeeeveeeeeeeeeens %% AW BB (839)
REAF A B 7 R AR OB - eeevve e X B M. Jamal Khan  WRARESE (849)
S R R R I A O RO R SRR TR R E % (859)
/ﬁ:‘]:}_‘iﬂi%i&!ﬁ%(@ﬁ%i%{t%ﬁ$%{ggﬁﬁ% ................................................ @'%ﬁﬂ }JXZISE ( 869 )
B ARG - B R R MR ST BRI S oo X X EEES (879)
TRV SR IR E 0 LA 1/ AR RIH KAAK % B (888)
K0 A P58 025 2 9 I B 0 A R oo EEE WA A8 (902)
TRV B 0 TR BT BB e foas WMTWE WOIHS (911)
W
7 TR AU P B BB 0 0 R & O # M % A% (919)
I 575 TR X AR B LB I BB E R BT oo IR W H% (926)
AP R B P 0 R R 5 A T S RO oo fAtE WBC: RBGFE (934)
S ENTI G e T G 7 A7) S RN o3 HLAT WAL (943)
%Q—:EX’J‘ISN%UFH&j:%%*HE{J%Zﬂﬁ ....................................... fl? }/Q\ jc |§|7|_7l ﬁ h’—/j(f;ﬁf (950)

HEER: B7HEH L0 R bR (hgit i, XScEsdt)



552 445 41 + o W Vol. 52, No. 4
201547 H ACTA PEDOLOGICA SINICA July, 2015
DOI: 10.11766/trxb201411130569

ETFRERMENTIEKRSEHFE
HER exd F OB X OHF R4W oA %

PR TP L XA 250K TR [ S S s A 2kt P9 22 0 TR 3 TR ALK B PR A S T R S &

P44z 710048 )

B ' ORI REW MK IR AT, R RS PR A B IR B
5, S50 LHOKREIGCRRAE, DU s A OO 5, WESERE A R T KRR 45 7 T L
KB B AR R AL . SRR AR E K BRI ] A SE R ITIEO, RZE TRE, RHUKT
B RAT W B IR RO s ORI R Z AR KR SRS DL R R R, BEI AR IE G, by
KU)W B WS, KO WSS HR A M ZR A AR RTZ M BB, K R KR B Sh A RS s PRl A
MAMT, KSR I G 2SR E, BT A Oy AU R K SDRE - J2 TR B A 5 e s 1
RELBTRE, FIZ0~Sem THORH TRLEEERMER, 5~ 20em K E I ERK, fRKEE
Jrfenit, HUF KRR 7 AT LK SDBE L )2 G R SE A m , b R K 8Dy T K e AR T A6

R, TREZHTFRAMGEmMGA; WA T LK 3D 8"0f RIFEME LR, BWAB A L

K& R IR T H R AR AR 75, Kb

4 BA B A ROKBICR o

X7 [N A MK 8K Mssh; faglii
FEISES S152.7 X HktRIRES

AR, KBTI IR) B — 2 B N Ah E ROG I
(B8 2 — o 3K AR R K BE IR — R AR 2K,
BCH E BRAp B T 2 — o IR 2 A
B WM. k. MR OKAMESFILREIER], B
o ARGy EEM K FTEAB LR PRI B4
R, RIHK I S8 R oK s sh B, il n
KostiakovBi# | Philipfi&l | Green—Amptf RIS,
AERRE [ 2R ) LIRS KRR B2 AR 5T 1 488K
MIAE . 2R LI RERE ), AR K i R
PR EBRE A RS KN EBER, Bnt
YK SCGERHLEE . Zimmermann®s W BF5E A5 H RS
FAETT R HEK R 67 2R MR 52 it % 14 i 2 18 5002 0l
# . BarnesFlAllison 157 BT T AR AN 4 A AE1E 1
AR R S5 T 3 0 [ 6 3 0 40 A DR ey 14
s we Y iR v T i TR Doy o R B LD E B SR

TR YR SRR IX ), A ZERE R RET
R AL 2 4, BRI ] ) ) 0K [l i 2
BCHE T LU of 18 TR FE 4K 28 R FZE B I L%
M K 4 TR 37 2B AR Ak T ST T R 2 R S
Wi EZE AR R SR R A K AR R
SEEEME 5 BT AB NG R LUK [
ZADRMEENZ O — R YIRS
S K 2 L K A B E
FTF A DRSS TR R JE T 4G, 6F TR [ M IX DL R
W -EHEEA, ABFRBARESE . AB IR
R [ 5 35 K U4 R o AT B2 Sk . TR
Wi [T A8 R 3K 2y 76 A 2 Fp I 2, foildn 0
WO Y M s U MR
Pl A I [ 3 28 5 R 3R 98 T K 7338 78 LA S 72
PR BFSE A AR 2 . F Sy s U1 b 543 7 s Ji v 4

* HE AR FRETATHE (41330858) . WEAAARRELTH (41271290) . EHZK B #0028
(2011BAD31BO1) . BEPUELE TRAIISE R H (2013JK0847 ) :[F %% B

T IRAEE , E-mail: lipeng74@163.com

EF RIS BT (1990—) , L, PR XA, SLoid, EENFR LR SESBE M. E-mail:

jinyurong2008@126.com
Wk FAUT: 2014-11-13; WBME SR A 1. 2015-03-03

http: //pedologica. issas. ac. cn



4 1] MR A BT AR E AL R 1Y 1 5K 73128 SRR Ak 793

DE

i IX [ K AN LK R R HEAT T RS, AT T
) TR S [ 8 8 e [ 8 A8 AR ML L R K 3 i B 6
o A N TIRF ST ORAT I 3R A R
A B a5 R R RRAE . AP ScF45 L i s xi e
SPGB K . sk . SRk S AR
E A ERE 0T, DFST T % X Rk — L ik —
RIKI AL Z o BRSSP RIR SO 0 R I X
F1 ¥4 7K 04 Fft - 3t ) P 280 B K A 04 I 26
PEAT TINSE AT, BFE T % X IR 2 L K R [
FRRAE S K B S B

B AN AR R T RS AR AT Rk Y iE
3y, (HREFAN AL 2, MELIRH, BTS2
BFSE AR TT bk, o R4 U FE S N HEAT TR
PIETABIRE, B T BOK QAR £ 281k
oL PMBEAEAE 120 e b £ . o W R R
BT T S NER B ABIRE, BIRT 13k
K55 K A8 AR R i AR o R[] K R R R o
RS AL I, (HR, AN T3 X KI5 3

5 SRR O R AR AR TEATIAE DB RIAR S
KM= NIRRT 0%, DL b i DR B 4 b S i
TG, WK UBERBUK AL . H T KFME T
B ETHRR D SR A s, UK E s L
SRR R AL RRIE , SRS 8 b S X 13K
1412 7 AR I BLIE A0

1 MRSk

1.1 il Ig

M O E [ P sy s Ay -, AL
H R TR L E R 4y, WERL. A T HEBRIR R AR
M, 3R FEL T A2 mmbf, FAF13 gem”
(Bedt gl + 58 ) BhSem 255+, &
W23 e £ HES . 20, 35, 50, 65, 80 cmkb A
P Spectrum Watchdog 20007F £& 1 LK 43 i)
1, T HERIHA & KB N3.68%, +HEKAW A RN R
fE} 8D=-56.30%0, 8'°0=-7.02%o0.

Rl EHETNMAK

Table 1 Mechanical composition of the yellow loamy soilin the experiment ( mm, % )

UKL/ 2F Particle size

fractionaiton

2~1 1~0.5

0.5~0.25

0.25~0.1 0.1 ~0.05 0.05 ~ 0.002 <0.002

2 Content (%) 0 0.06 0.33

5.95 26.40 66.96 0.31
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Fig. 1 Sketch of the experimental apparatus
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Fig. 2 Temporal variation of volumetric content of soil water as affected by source of the recharge
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Fig. 3 Temporal variation of 8 D in the soil water with soil depth under rainfall infiltration
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Table 2  Statistical characteristics of 8D in the soil water with soil depth under rainfall infiltration
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1R K Soil layer (em)

e/ ME

Minimum ( %o )

o
Average (%o )

Coefficient of variation ( % )

0~5 -63.77 ~71.69 -68.24 4.38
5~20 -68.55 -72.98 ~70.96 1.90
20-35 -50.43 6111 ~56.65 7.39
35~50 -56.30 -60.56 -57.21 2.45
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Fig. 4 Temporal variation of 8D in the soil water with soil depth under groundwater recharge
%3 HWTKIBEARTAE LR IEKIDIIGRITHFE
Table 3 Statistical characteristicsof 8 D in the soil water with soil depth under water recharge by groundwater
. HRAE /M S
+ 32 K Soil layer (em ) Coefficient of variation
Maximum ( %o ) Minimum ( %o ) Average ( %o )
(%)
0~5 -25.24 -56.30 -49.69 22.17
5~20 -52.06 -62.97 -56.68 5.44
20 ~ 35 -55.81 -73.81 -64.40 11.66
35~50 -56.30 -25.24 -66.86 8.61
50 ~ 65 -67.35 -74.19 -71.24 2.84
65 ~ 80 -69.30 -73.86 -70.70 2.13
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Fig. 5 Relationship between hydrogen and oxygen isotopes in the soil water
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RESEARCH ON SOIL WATER MOVEMENT BASED ON STABLE ISOTOPES

JinYurong Lu Kexin Li PengT Wang Qi Zhang Tiegang Liu Ying
( State Key Laboratory Base of Eco-Hydraulic Engineering in Arid Area, Northwest Key Laboratory of Water Resource and

Environment Ecology, Ministry of Education. Xi’an University of Technology, Xi’an 710048, China )

Abstract Soil moisture, affected jointly by rainfall and groundwater, plays an important role in
terrestrial water recycling. Hydrogen and oxygen isotopes can be used as tracers to study water movement
and migration in the soil. Stable isotope compositions of soil water can be used to reveal information about a
number of hydrological processes in soil, including infiltration, evaporation, transpiration and percolation,
which is difficult to obtain by other techniques. The Loess Plateau in northern Shaanxi with loessal soil as
its dominant type of soil, is arid in climate and scarce in water resource. Anumber of studies documenting
tracer movement in the soil column except for using loessal soil to study soil water movement under differential
recharge based on hydrogen and oxygen isotopes. Researches on soil water movement and migration in loessal
soil may help understand characteristics of soil water movement, guide local agricultural production and
improve water utilization efficiency in the Loess Plateau.

A simulation experiment using soil columns was carried out in the State Key Laboratory of Northwest
Arid Area Experimental Ecology and Hydraulic Engineering, Xi’an University of Technology. With the aid
of isotope technology, exploration was done of temporal variation of soil water movement in loessal soil,
temporal variation of distribution of isotope in soil water in the soil profile and relationship between oxygen
and hydrogen isotopes in the soil water as affected by rainfall or groundwater, in an attempt to elaborate
characteristes of soil water movement in loessal soil relative to source of the recharge. During the experiment
distributions of soil water content and hydrogen isotope in the soil profile were monitored 1, 3, 5, 10, 15,
20 and 30 days after the end of the recharge and relationship between oxygen and hydrogen isotopes in the soil
water was fitted with a linear model.

Results show that (1) being recharged with water from either source, rainfall or groundwater, the soil
water increased in volumetric content as the time going on and leveled off in the end and that movement of the
soil water obviously lagged behind. (2) Hydrogen isotope in the soil water was affected by source of recharge
water, exchanging and mixing of the waters and evaporation of the water in the soil, and with the time going
on, the effect of source of the recharge water gradually weakened, while the effects of exchanging and mixing
of the waters and evaporation of the water in the soil gradually stood out. Eventually the soil water reached
its dynamic balance. (3) When being recharged by rainwater or groundwater, soil water moved in a piston-
driven way. With rainfall infiltrating into the soil, 8D in the soil water first decreased, and then increased
with increasing soil depth and eventually leveled off. The soil water in the surface 0 ~ 5cm soil layer was
enriched in heavy isotope as a result of evaporation and the soil water in the 5 ~ 20cm soil layer stayed for the
longest time, indicating that the soil layer is the highest in water retaining capacity. When being recharged by
groundwater, the soil water decreased in 8D with soil depth. The water in the upper soil layer was enriched in
heavy isotope as a result of evaporation, and the water in the deep layer impoverished in isotope by recharge
from groundwater. (4 ) Under either recharge modes, 8D and 80 in the soil water displayed a nice linear

relationship. [sotope fractionation effect of soil water evaporation was greater when soil water was recharged by
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rainfall than by groundwater. Soil water recharged by groundwater tended to stay longer in the soil. Obviously,
rainfall, groundwater and soil water evaporation all have some impacts on soil moisture. The variation of soil
water isotopes with a certain regularity. So adoption of underground irrigation in the Loess Plateau region is
conducive to preservation of soil water for agricultural production.

Key words Rainfall infiltration; Groundwater recharge; Soil water movement; Stable isotope
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