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Abstract:  Objective To evaluate nutrient cycling and pollutant migration in the Earth’s Critical Zone, it is essential to
understand solute transport in soils. Despite extensive studies on processes and mechanisms of solute transport, little is known
about how to characterize and regulate solute transport in soils different in soil texture and vegetation cover. This study is oriented
to investigate CI” transport parameters and their influencing factors in typical sandy and loamy soils different in vegetation cover
in the Liudaogou and Gechougou watersheds in the northern part of the Loess Plateau.  Method  Six undisturbed soil columns
(7 cm in diameter and 25 cm in height) different in texture (sandy and loamy, abbreviated as S and L, respectively) and in
vegetation cover (arbor, shrub and grass, abbreviated as AR, SH and GR, respectively) were collected by hand to keep it as intact
as possible in the Liudaogou and Gechougou watersheds located in Shenmu City, Shaanxi Province. With these columns, an
indoor experiment was carried out to determine CI™ penetration curve in each soil column and experiment data were simulated
with the convection-dispersion equation. CI™ transport parameters, including time the penetration begins (TS), time the
penetration ends (TE), average pore-water velocity (V) and hydrodynamic dispersion coefficient (D), were obtained with the aid
of the CXFIT software. Relationships between soil properties and CI” transport parameters were analyzed with Pearson’s test.

Result  Results show that TS, TE, V" and D of CI all varied with soil texture, vegetation type and soil depth in the range of
12-80 min, 75-480 min, 0.52-1.98 cmh™! and 0.75-2.55 cm*h!, respectively. TS and TE was the lowest in the 0-20 cm soil
layer and increased with increasing soil depth, while ¥ and D both exhibited a reverse pattern. Mean J and D in 0—1 m soil
profiles the same in texture varied with vegetation cover, showing a decreasing order of S-AR > S-GR > S-SH and L-AR > L-SH >
L-GR, while mean TS and TE did too, but showing opposite trends, which could be attributed to the differences caused by
different vegetation covers in root biomass distribution in 0—1 m soil profiles either sandy or loamy in texture, which in turn
affected the number of macro-pores, connectivity density and preferential flow pathway. On the other hand, mean / and D in 0-1
m soil profiles the same in vegetation cover varied with soil texture, showing orders of S-AR > L-AR; S-SH > L-SH and S-GR >
L-GR, while mean TS and TE did too, but showing reverse patterns, which could be ascribed to the difference in soil mechanical
composition that significantly affected the size and distribution of soil pores. Sandy soil was higher in number of macro-pores and
more homogeneous in pore distribution, which was conducive to formation of preferential flow in soil profiles. In contrast, loamy
soil was more complex in porosity formed of micro-pores and higher in adsorption force and capacity that inhibited CI” transport.
Soil bulk density, number of macro-pores, connectivity density, and contents of organic carbon, sand, silt and clay were all
significantly related to ¥, TS and TE, indicating that soil properties were major factors affecting Cl™ transport in soils, even
though different in soil texture and in vegetation cover.  Conclusion All the findings in this study may serve as references for
rational vegetation distribution in soils different in texture in the Loess Plateau region to reduce soil nutrient loss and improve

service functions of the ecosystem.

Key words: Cl; Penetration curve; Solute transport; Vegetation type; Soil texture
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Variation of soil bulk density, organic carbon, total phosphorus, sand and silt contents in soils with soil depth relative to soil texture and

vegetation cover
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Table 1 Number, ratio in area and connectivity density of macro-pores in soil relative to texture and vegetation cover
FLEE bR AR
S-AR S-SH S-GR L-AR L-SH L-GR
Pore parameter Depth/cm
RALBREUA 0~20 28 19 24 22 18 12
Number of macropore/Pc 20~40 22 13 19 17 12 7
40~60 16 15 11 12 10 4
60~80 10 7 9 15 14 5
80~100 14 11 8 8 5 2
RALBR AL 0~20 5.7 3.9 4.9 45 3.7 2.4
Ratio in area of macroporos 20~40 4.5 2.6 3.9 3.5 2.4 1.4
40~60 33 3.1 2.2 2.4 2.0 0.8
60~80 2.4 1.4 1.8 3.1 29 1.0
80~100 2.9 2.2 1.6 1.6 1.0 0.4
T P S 0~20 5.01 3.06 3.57 2.58 1.68 0.37
Connectivity density/cm 20~40 4.32 1.73 2.12 1.39 0.88 0.12
40~60 2.18 1.62 0.88 1.00 0.21 0.09
60~80 1.04 0.77 0.27 0.71 0.27 0.13
80~100 1.39 0.93 0.37 0.32 0.09 0.06
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Fig.2 CI penetration curve ( PTC ), initial penetration time ( TS ) and entirely penetration time ( TE ) in soil relative to texture and vegetation

LA R ARRRIEAT 060 I ARAN A SRAS 1D A b
0~40 cm T ER ABZAAE YW E RXRIH A S-AR
(277.4gm?) > S-GR ( 131.6 gm?*) > S-SH
(112.6 gm™2), 1M 40 cm DL F + 2R R ALY RN
S-AR (845 gm?) > S-SH (772 gm?) > S-GR
(40.1 gm?). HEHFEMRRIRRE L2 PR R ALY
R FEM L-AR > L-SH > L-GR, 0~100 cm
HIf (L-AR, L-SH il L-GR) K Z MW

b 422.5, 3702 1 196.5 grm ™2, & LK 25 1E
FANE T 4 AL R 50 AL R 3 8 2 LA Y
Wi AN TR) Bl TR AR RMLA:, AT, R
REESH A=A 1 RALBR A 22 B ALBR 4 3
MR (£ 1), BIL CU § TS F1 TE X,

PTC WU M ZewA% (& 2). 0 LA 0~40 cm
TR R R A Y A T REARMHE X AT R
THP +3R)Z SWC B, BRI T = 28 AR AR R
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MEE o AN L BB AR LY PTC ¥ 23
B R E, RS RE AP R TR Y R
JEE R W AR
23 ARLTRMEHEEFM CIERSH
M CXTFIT & f4:%F CIf PTC #4704, T
15 2 A% 512 £ S 50 RE 0 1 Ak AR i T is B o
FARARAE . R 2 R AT - 5T AR Bl 2 7R
(S-AR. S-SH. S-GR. L-AR. L-SH #1 L-GR ) CI”
EBSE (WA LIS 2EIR SSQ (52T fl)
{EA T 0.0002~0.0063, R* ( PeiE Z50) AT 0.93~
0.99 Z[0] ). W 2 AT LIFE H, ANFEHEERT £
R VAN, X S RRBE KSR & s X AT
ZER—3 ., BRBEVKEEPIE R R 2R TR AR 2R 4 A
ANIE], AT 3 g AL R B A 25 %, B
AR ERUAR B F - SO0 e B AR B i A R B R R 1
AE (RIS RIRASH > Ak > Jodh ), R,
ANFZEBIFEIR R E KR T 2 LI . 57500k
HLA SWC MIZEARZm, BRI, ABF5E h b+ FigE+
ANFIAE DRI VAR I A e 2 — 3 £ 2 ).

[ —FE R A T b L AErh CU iz B/ vV ¥ m T
+#H ( S-AR > L-AR; S-SH > L-SH; S-GR >
L-GR), XJEH TPt +0 (& 1), KAL
Bl S fLIR M B e T (R 1), o
iz 8% %2 BB T3/ o X PRFS R 48 245 1o
FEAN R T IR e B R, R R D £ b
WLV s T L. D RLEE RIEE BUM HIERE R
S8, ERE 2N TRERNERA X, X2V
Y SE IR o [R]— 5Tl - AN [R]A i 2 784 (1] B ] — A
HARUAN[R] B kb -3 8] D WAL S v iy 28 A A
I A2 E IR, D5 v 5 BE H P,
X H AR B AE R — 8 AR - B e
AUFEH ( S-AR | S-SH ., S-GR | L-AR, L-SH Al L-GR )
Pe (7S ALIE 43 91N 20.97~25.27 ., 13.70~22.98
19.24~20.85, 13.96~22.49, 5.81~25.38 1 9.70~
21.02, Pe AU 1 X% B otk 5 4 B tL B sk 9 Lo
B, 4 Pe KT 1 BF, S 8000 766 2 A5 ot 38 o 7
A (1) DT R S RO, , R A B A 1Y £ 27 0

SRR

T2 AELFEMEHELR S TIELE CIEHBSE

Table 2 Cl transport parameters in soil relative to texture and vegetation cover

- SFHFLBUK R 77 (emh ') KB SIS ER B D/ (em™ ) il e 3% Pe

Samol w/ME EBORME PR ER RS BUME BOME CFEESARE R AR S ME BOME P EHR R B R R
e Min Max 7 Mean+SD Cv Min Max 2 MeantSD  CV Min  Max Mean+SD Ccv
S-AR  1.34 1.98 1.67+0.24 0.15 1.18 1.84 1.51+0.24 0.17 2097 25.27 22.88+1.75 0.08
S-SH 0.97 1.62 1.23+0.26 0.21 1.03 1.72 1.32+0.27 0.21 13.70  22.98 18.79+3.33 0.18
S-GR 1.22 1.75 1.51+0.20 0.13 1.17 1.72 1.47+0.22 0.14 19.24  20.85 20.60+1.17 0.06
L-AR 0.52 1.54 1.04+0.36 0.35 0.75 2.06 1.68+0.53 0.40 13.96  22.49 16.38+3.52 0.22
L-SH 0.74 1.28 1.03+0.22 0.21 0.93 2.55 1.31+0.70 0.41 5.81 2538 14.59+7.44 0.51
L-GR 0.44 1.09 0.76+0.24 0.32 0.82 1.47 1.04+0.28 0.57 9.70  21.02 14.95+4.51 0.30

24 TEBARZEBSHHZMEZ

3 3 WANTR] - 5 R B 28 R b T iE B S 4K
I A A AR DGR A BT 5 5 . 3R 3 T L
Fili, BD5 V., DB EENMEE, 5 TE. TS &
e S 2 IE ARG, T RFLBRECRE BN %S V. D
EWMEFEEME, 5 TE, TS BEMEEAML, &
# 5 FIESS M ALBUR OB UM G, B EEUN, 1L
B B8 i R AL B T R T, V AE P iR R
JERREY, SWC 5 TE Al TS BB FEMX, T

FAEPRR RN, EKEBAL, WA+
Herhy i o I A R IR 2EE . SOC 5 V. D 2
W RFEIEMR, 5 TE. TS EH B ERHHLE, SOC
HHIR R KRR E Y, IR ARE
., AFFRILBEWIE. i, soc &, +
e b A HALBRES ) R AT, WA s B ad i vh 2z 3
HIBE I8/, B R R R T VR Ve F i, [R5
AAE R B I g e PO RS V. Pe AR
FIEFX, 5 TE. TS M EFERAE, WHRAl
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Table 3 Relationships between soil properties and Cl™ transport parameters
AE  LESKE A LR ) ) ) ) KL dEm e
2 A b AR A FkL
Bulk Soil water Organic Macropore  Connectivity
Total P Sand Silt Clay
density content carbon number density
SEAZEERE TE  0.787 0.221° —-0.628" 0.559 —-0.659™ 0.656"" 0.5677  —0.754" —-0.741""
WG ZEBER I TS 0.870™ 0.366 ~0.669" 0.349 -0.432" 0.429" 0.385" -0.767"" —-0.732""
FLERKRH Vo —0.956" -0.270 0.611"  -0.576 0.649"  —0.644"  -0.761" 0.773™ 0.874™
KNSR D -0.717" -0.077 0.457" —0.104 0.240 -0.217 0.225 0.370" 0.474"
il e 3% Pe 0.510 -0.213 0.111 —0.546 0.509"  -0.518" 0.536™ 0.396" 0.186

e 0.01 MKFE EASEMERRE . TTE 0.05 KT LAY 2 . “means significant correlation at the level of 0.01. ‘means

significant correlation at the level of 0.05.

BhORL SR 5 AR AR B . R HEUR 4 R T
SEFUHCRGL , WKL B, b R FLBR AR
Z, WA TIRRAESe e, % 5tia B L R o
FHRC, OB AR I 227 A B 2 RO 40 /ML AR
URHCIR B R, BRI BUE AR P s AR

3 3 ®

B v S S R Y g K o XU S8 A Y AR S
Jia 55 X, AT IX A [A] 4 T R B 2 A S
J B A% 1o A X TR A B 1 3R S SHEAT F5R 06 P RN TS
YIRS A RS o AR SO PR AL AR IE 15/
W5 /NS R BT (R B AR L) R B
RKRIF (Fr, W, W) LR TTE B R 32
S R R HEATOESE, DU R A5 DX 46 2 G R
IR AR ALK YE . IS5 IR R, [l — b+
AR CI BB AEAR . 7+ A
FHBE IR 0~40 cm + )2 CIT &Y TS FIl TE FH
}7 S-AR < S-GR < S-SH, 40 cm DA FEIM N S-AR <
S-SH < S-GR, T & - A [ A 4 28 A b i51) T A ]
BECl” 1Y TS Ml TE ¥# MK L-AR <L-SH < L-GR.,
AR CU BB v BT EFERN S-AR
(1.67 emh' ) > S-GR ( 1.51 cmh') > S-SH
(1.23 em-h™"), WS EAEHAR I, v 3l 34 3
K L-AR(1.04 cm'h™ )> L-SH( 1.03 cm'h™ )> L-GR
(0.76 em-h™ ). PRIEEVKSEPIFE R [FI JA R PIAR
S ATANTE], DT B A LS R AL BR D B A 22 5
s PRI R, R R B A 4 L B B R
FTEARMM > FEAMML > FHh, FFAE I A

TEEReK AR E ML B REY RS, Wit
B VK, TS FI TE fcfd, PTC AYIEAHE 17 27 f
B, XEARLEERAM -8 WA, RFEAEHRR
THEABRIAAEZERD, ALK S AB
RN R TIERER . R, REKEIRN
JE TR, FROTFUKS GRS R . AR
b AR 0~40 cm TR RAEY EERMN S-AR
(2774 gm?) > S-GR ( 131.6 gm?>) > S-SH
(112.6 gm™?), M 40 cm LA N+ 2R R 4Pt LN
S-AR (84.5 gm?) > S-SH (772 gm?) > S-GR
(40.1 gm?). HEHREHRRVRRE + 2 AR R ALY
I FEI N L-AR > L-SH > L-GR, 0~100 cm #[f]
WERBAEYREFRM N L-AR (4225 gm?) > L-SH
(3702 gm™>) >L-GR (196.5 gm™>), HTIr. #.
3 40 N w111 o N I -
FLBRBCR MALBR G m S A B, Wik,
W+ R+ R R ST RE . ClU B B AL T A 58
B, FIRGEIREN, ASEAE AR SR
PR - 9 v 3R 43 B R TS A B R BUAS [H]
M o X B 2 SRS L e ol a5 i - LBy
A FVE SE T 6 A8 T TS R 3R A BT R, AN R AE 2
RN SR TR A RTE]), H IR RS JE
BHEARALAHE, 1A P A B AN MRS 5743
LI AU -

B T Rk 2 B AR T S RS R A R
My, 398 o b Xt s S i A LAt LA . [
— AR T I L AR R EE 2 C ) TS Ml
TE ¥ Fab ki (L-AR > S-AR; L-SH > S-SH;
L-GR > S-GR), Mi#b+#EHp CI 2B v &+
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¥+ (S-AR > L-AR; S-SH > L-SH; S-GR >
L-GR ). X/ZH T - MR S T AL 5
ARG . A AR BT 5], DR BORL DA o 32
KALBE Z B AL A i 2 VE T, A B TR L fe it
Vs S is B ok B8 v A2 B TR /NG BN, 0046 28 i3
FI [ RN 52 B 40 B ) 50 o A, 48 b vty e AT 2R
AT - 1) W R P R 4 48 P 3 45 ) 1) A/ INFLL B o
g Y 32 A fL AR 2 BRI Bz 75 , PRI - AR 3l 1
BRI VAR, i TS Al TE #5516 LLAEBURIGY &
W, CU FEZRRLE B3 Y i 47 1+ b is B ol e fIK
TR RS AR £ o X PSHS I 24 v 5 it
WFFE AN B b s A B, IR R i +
PR REBER S TE L, A T0 L hRRESE
RIS S, XfFE—ERE LR TR+ R IR R
B o B B 24 A0 R0 57 03 4o R i) OR300 A5
kiR, W LIRS KT, RE
Gy A 5 B[] P I ) 1 S A% 28 M T /K sl b 2 A% i i
R JAFERAR, I H e B 350 R 5 kK A AE s
HEJS RN A v . PR, ZERD BT 3 1 Bk G
AL, AERHED G Z U, AN B R A A
Blo XA [F] A BT AAR B R AR (S-AR. S-SH.,
S-GR. L-AR. L-SH Hll L-GR ) I i1z % S5 H + 4
TR TR A TAROC B, S5 R i)
PR (BD, RALBRE, @M%, SWC, SOC,
WORZHRL ) 5 CI %24 (V. D. TERMTS) &
T, ZERI RS AR T A R R PO R R 45
R LTS R L AB R ST 08T, 4553 3RM
ABHRESAHIRSEZIEMEXCR, SAREEMN
MR, RNGREC s R g, H+
BEFL BT YK P g . 1A PRI T R R
e KRN TR TUs R R, 25RERY], BN
THEEKES SR NVIGFERNLR .

g LTk, ) — Jt 3 (R B 2 A b A
WA ZR 504 5 M B0 22 BAE RS2 i s A8
T [l — 2R ARURE AN W) b A R M s B R Bl
FER T LIEA G G R BT, TR B D
K XU A2 A DA ] - o R 4 S AR 18 B is
FE o i R L5 ) PR 2R M SRz XA B B i AR
P, A s R B A 8 - DG SR 106 PR RS Y
Wix % n A HEAEH .

4 % ik

[ — B AR R R B R T C B HRS
FEBEIERIE], 3O TP+ R 4 v AS ] 2R A
PRSI A S EHREA R EES, g
M 38 R AL BRI S Se s AR . R — A s A
ARG 3 Cl BBAHFUEA BEES, X
& T AU B LB Ak A, b AR
LB 2 LB A i se ey, A B PR it Je i,
496 = e 40 UKL H AT 3R A4 0) B LA I o FH A
T A/ NFLBR Al i i &2 22 fLAR S BHAS CU i %, b
4h, BD., KALBREC. @ PESE . SOC FEUk: 41 A%
(HbRL, MrRifgiki i) 35 e B85 (v,
TS Al TE) BEAHIG, FRAH e PR T 2 5
ANFE L FRABEPERT CU BB IE., Wik, fE8
v D DX R AT A R AR A A R N T A R
AN o b - 39 R AR A PEA SR S B, A AR SR
Sy KR, RIS RGE RS VIne .
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