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TE HUORH B A ) R T o A e 40 20 HVs R 55 A AR
IR, SHRFHEETFERIEAR, NOs-N IS5
ER A I R A R REAE Y], RN .
ik 2E RHEEBIRE U3 A T HE 2K R it R X AN ] 257 - 4
H NOy-N IERS HISIA, W RS i e K 26 1F B
LR L EE A 58 KR TEE IR 5 NO5 =N 3L % [ BELYiE 4 FH 5i%
TR LA R A K85 1. Zhou ZEIWE T T AN A HEWE /K
SR AR RIS R, RO R L R E
i R ) 5.7%~9.6%, T frb 3 A U I R 2 R A
16.2%~30.4%. 25 A a6 tbid 4. iDL
DT IER EERM FK RIS FERAE, R RS I ST BR
Hill 7K FERIZE), ERMERH T GELXD
KA FINOy-N FUER X o Al WL, 385y E 85 3 kL
It o5 BB, S e B A e v P R R R BELYS 4 P o i
Ah, BT NTIE 28 B R A AN i X
HAAE A FA X, o] DARRR 384 NOy™-N (A~ /K 1)
WRE. DERIRE R 2 G R IEHI e E i fr
B NIBF NOy-N iR et 14, it g+ 2 5
JEXF NOy-N BB ELIA I T 8D, BAR LA R A4 S
P 5~8 m % )2 AT LA RPH AR R FH NOs-N kA
EAJZUS, B Sz BR R R A R 0 A AR AL AR
W, HETER TS EARG M R L2 R w5
M NO5-N RS MRS IS FEHA U IRA 2

i PRTIAR,  “ AN RIS R K RS TR
TRRIRT “ FAITA” B, NOy-N HEAM /K X o
B, AScEd B LZEEARR ¢ 7 8
Tl AR A2k -5 338 i R AR A TR LRSS, TR L2
JEEEXT NOy-N 3ERILFER A, AP it AU
ISR E P AR T 7KK AR AR AR

1 MREREE

1.1 RIEHR

PRI AT D R AR A KR TR X IE, B
T A E BRKE 18, LIRS ER, MRk
R EAUN 0.09%, HP+H NOs-N FEB /N, XA
VARG FI 52 ] L2 s 2 EE 2R3 X K B R
£ JZ 3 (10~20 cm) , By FRAAFL S BUE0E 90.47%,
K i e R 2 I T NOy-N B R Rk,
PR IR G0 2 mm 6, BT EACHE AN S 3
K, 58 AT - g S A R A P R A0SR 1 FTR

1 EREERTRAIEUME R
Table 1 Physic-chemical characteristics of soils used in the soil
column experiments

AL

e ok o
B kR BRSO RESE L M o
S Initial Bulk  Electronical © Soil
Soil volumetric density/ conductivity/ value organic CfOI}tent
texture moisture (g-cm’3) (,uS-cm'l) carbon ol nitrate
o nitrogen/
content/% content/ (mgk _1)
(kg M
%+ Clay 2.42 1.48 237 8.08 40.28 443
fib1-Sand  0.64 1.51 98.5 8.65 2.56 29

1.2 IRt

KH T A EEHTE AR T EE
FEXT NOy™-N 1EJZAR G50 B Rl B i . i FEIX A7
TERCR )RR WA, BHE LB EEE
%4 10~40 em!™ . RN B ARRES T H A 1 )20 At
o, WE4MIERT TN, EEAMY Y, TEMNL, +
IR S E W E N 40 cm. G0 1 Bras, AR IEIR
WL E 4 B LEEE, AL B A C kRS LAIR LI
FEE SN 30 cm #2410 cm 5+ .20 cm #2420 cm
A, 10 cm #E4+30 em &1, D TAE 40 cm &8N F
t3E7, HMER T RE 3 AEERE. Eil 4 AR
2 R FE R EIG N EAE SR 2 R Y NOy-N i #%
BIFEIE o ARS8 BT A WL AE =08 50 cm, A ELAR
BN 10 em, EA MBI EEA 1 om ERARE,
FEAEAMEBENG b2 B R

RS F] 5 (R D M THR, B 10cm
—BIESBANFES, ESEZ AR, ok
BEFRSAG, LAR7 I3 d PR = 4. R+
FEJEE AT Z 0 E 4 22N 1 mm 1)) e LA7 1R
TR, I FRAE P g 78 S DB AT koK 28k,
TE AR TBCE KA DR MBI, aiee B 2.
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Fig.1 Schematic diagram of four groups of soil columns
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2
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~———— Leaching solution \§

a. RIS B

a. Sketch of experimental device

b. IHIE BRI &

b. Test site of leaching experiment

W L1 RR LR L2 #aFLZE. FE.

Note: L1 represents sand layer; L2 represents clay layer. Same as below.
A2 MERBREE

Fig.2 Device of leaching experiment
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1.3 REPBSH RN ED

SR IEESMZMXETHTE N 248
400 kg/hm?, —4F47 2 WCHEBE, UG =208 70 mm.
P T 24 b R BOK AERLA T K B AR 7 =X, B e K AR 2
it ik AR P BT AT N IR — 8, S A T
HON REZ N 285.7 mg/L. IR EK L FaE ik
VTR RS20 B NVB I 7 R0 A FH it A 8 VR 3ot 8 oK AR
NS, BN 11~12 d. i e kg 556 5
TIEAIA KA TR bR, TR R R AR E AR £
2 NOy-N T, A% NO-N fyitkiE. 25 xR
TEAAE o
1.3.1 KT HE

MIERKLBUT: 1D ¥ NaNO; (/rirél, & &
>99%) WfETEaiK (HFZE/NT 0.1 uS/em MR E
HEADAT 03 mgL) BLHINBER, NBHEHRH NOy-N
WREN 285.7 mg/L. 2) =EiR{EEHN 24 C, HY KR (Fh
EEREEAZIER, AMER 10cm) £985EKL UKk
BN 3 em) (177 IR ) A P BE RIS A
W AR T 7 5 DO IR ZE R . 3) BRI TR (IFiR
BN NBERD HZIERN 0 i, ARSI 4h 5 1d R IE
BB R URIE UL c SR v B 2k b - A2k - ST 1)
BZD | BRI NSRRI BRI 4) LI [E] &)
MR EMT: %1 KN 10min, 2~3d N 1h, 4~7d N
2h, 7dLPVEN 4 b, FRICEA - LARMIERS BT ik
JEVRHURE B (] (R PR B B W R . 0~3 d HUFER (A1 E] B
l1h, 4~7d N 2h, 7dUER4h. 5 SKIERSNE
TR NOy-N IRFEAILI, Wi it 3~4d, #
MIEH NOy-N R FasE, fHnrfs kiR .

1.3.2 Mz

WRIEEARRRIE . ) 50 mL &1 CRFEA 1 mL) Ml
RIS AAT .

NBHERPAREEET (Ch) , AU ERF Cr
WP AR R SR U8 B 4 h NOs-N (TR . kIER
HERIR (NOs) 5 CIRFEERIIE: 1D FIHME#AB S
FAL (SGT) P52 WP I T, 2) Bk A 0.22 um
BEFR LT 4 2 U I P8 N 5 mL BERERT 5, VRO & 1 (i
(ICS-2100, Dionex, ) JIE NOy 5 CIVKE.

FIERACE TIE: 1) MIERGLE R G, %
SEIREE (0~10. >10~20. >20~30 5>30~40 cm) H+
T L) AR A P R XTI 2 mm e 2D FREX
T8 10 g, HmAKETRE (HKRE A 15,
2 B ODRIUEEE_EEER. 3) 4 0.22 um BERRLAT4E R
VBRI E FEEW, RO T (ICS-2100, Dionex,
EED WEREE T NOy 5L (NOy) WE.

1.4 IB¥FRITE

NI TS R REM R LZE RN NOy-N iE
Bz, W 4 AEHERERERANSE. %
JZ NO;-N 5 NO,-N REfUE . DU Al S 58 i F2 1
TEREA

RS RI SRR ZE R AE R, RN B R
x (D 5

V=10"w? X" h (D
Kb VABBNBE, Ly r NSERBAEESE, cm; &,
N i AN TR B NSO NN IB IR AR 1L, em.

I L5 — 12 NOy-N 5 NO,-N B2 & H (2)
2R e

R =0.lcdh, 2)

Xt R A%+ R I NOy-N 5 NO,-N £F1&, kg/hm?;
c NI A 1Z 142 3 F NOy-N 5 NO,-N % &, mg/kg;
d NZtEHIEEER, gem’s h  NZTEEE, cm.

ZWE LR NOy-N IR M, NS BA A
2, B TEEKPNT EESESERD, BikKd
T b 43 KA T K I8 JFR S, S SR IR
SR/ o I R AR E AT S & A NOs™-N it A\ i
M, FBRE P vER I I A 5 R B R A 5 4
A HE N SBEACAE BT FE NOs N . AT A R
R

0=3x'10"CY, (3)

S=31,10°MC, 4

1=107VC, (5

1=10"dnr’h,C, (6)

L=1+1 7

W=I+L-0-S (8

At O Fil I IR T A H I H H NOs-N &, g3 C A

B i AN TE] B NIRRT NOy =N 3R FE, mg/L; V, N i MM
F] B PRI, L+ S itkiEik e 45 3 5 LA N NOs-N
RPE, g MONE jALELRNE, ¢ C, R
JE5 j AT E I NOy-N i RS &, mekgs [ A
RIS FEH AN NOy-N B8, g VR R
MRMNBE, Ly C, NI NEW NOy-N K EZ
(285.7 mg/L); [ NEAFENFE—FP L3 NOy-N A el &,
g; Hl FRWHEFHNOTN AKE, g5 [ £nfit
EHHINOT-N AR, g5 h, NEFEHIEF LR ERE,
cm;  C, NRIGH L NOy-N A& & (R 1D, mgke;
LRI AN NOy-N AR, g WNRIHLE, g.

B AL BRI S8 115K Excel 2016 F1 SPSS 22.0 #f4,
FH B /N 35 1 22 v AN R AR B R ) 22 S v,
Origin #AHE

2GRS0

2.1 EEHBEBRSRBVNSETHHEHE

Kl 3a 4 H A RIEBE B IRE 5 NIBET T C R .
GRS A S EHRE R, AL By C BRI
IERS RN L S AR TR 43508 11, 10 A1 3 min; K 3a H
TR EE R Hh 2R BE I R AR (L RRAE PT 50, 7E AL By C
PRI RIARD L 53 A2 AT, IR BE R RO,
BRI E 5 NB T IEL L R WiEEE
R AT K NFE L2 G B H kN, IR IS BRI
NS EBETEERR, D DHEBEEHEE SN
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BN R ., XEERKRAEREETLE
I E BRI 32 BN 43 R R,
WA 53R IR E 5 SRS KR BR
WhEERER, FEDEEERGNSKESEZER
Rk, ifEEgan LEfizgEg R, #1+2
HA B R S5 E SKEEE KR+ ERE,
UL fEREEmp LEHAF L EE, HEBERRER
ks, XH5UEMTREGR -5, A, B. C 1D
T 5E R E B R BT R 2 0 60 248, 530 Al
715 min, HAEVEIESFEE LA HKETE (T, min) 5
HEEEE (E, cm) 2 EEFLMEMR (T=2247E-173.5,
R=0.99, P<0.01) , UiHIZ: 125 v i B o 1B i
i), &+ EERE/NM R, SR BRI,

Kl 3b MitkigiRkEe i A 4 At BERABESANE
FHEC R, B 3b iTa, 4 HEHERABEERD
# (P<0.05), HPFEZ;+ZERSE NN SiEgEhs
WEARHZ A, EWTFER (A B, O HHEKEM
BRI NBEHA SARL A, SR T T R A A
MG, EANRBWE LG, X1 HHEERASBE, 441
THZRBABE (V, L) BEABNE (T, h) E&T&E
A, 24 HAEFENBRE (D) 25%0KF 0.3, 0.7, 1.0,
1.7 h i), REINBE SIS R T L& X R V=aT+b
KFARPY, Rk 2 fin.

R sit]

[ Soil column type

PSR IRY
Migration depth of wetting front/cm

. \d
E 530 }nin ) 715 min

‘60min 248 min
0 100 200 300 400 500 600 700
A& (] Infiltration time/min

a. HEIE IR E
a. Wetting front migration depth

2 20 Rz esit]
.‘%‘ 18k Soil column type
8 A
S 16f *B
g "
'é 14 + . vD
£ 2t i R

§ 10+ " .‘.

= L] ..

= 8 et

O i ) A‘AAA

E\:t 4r '.o'.‘.. AA‘AAA MAA

2 2 # i A4 v

BR L L

100 150 200 250 300
&1 [ Infiltration time/min
b. EMANEE
b. Cumulative infiltration capacity
B3 RBEHEHEE. BRASESASNEG LA
Fig.3 Relationships between the migration depth of wetting front,
cumulative infiltration capacity and infiltration time

x2 EBNBSESNSHEMZKERYILE
Table 2 Linear regression results between cumulative infiltration
capacity and infiltration time

R S WE R P1H
Thickness of . ERER . Coefficient of P value
Linear regression L

clay layer/cm determination
10 ¥=0.0607+1.057 0.99 P<0.01
20 V=0.0447+1.018 0.99 P<0.01
30 V=0.0247+0.885 0.99 P<0.01
40 V=0.0167+0.764 0.98 P<0.01

W VRARERNBE, Ly TRHNBEE, h
Note: V'is cumulative infiltration capacity, L; 7 is infiltration time, h.
2.2 HIERNO-N 5 CI iR E R IL4HE

Kl 4 8 4 HAEMMIERF NOs-N Hil CIIKRERIAE
B[] (P AR AL REAE . B da WAL, ZEASAULHH ) N IB kR 2%
7, A B. CHI D LHAERKIFHER 1.5, 4.5, 9.5
F13.5 h FAERIET, WIAEMRIER T NOs-N ¥R EE 4 Hil N
1227, 1437, 1910 12352 mg/L, HILHHMIER NOs-N
WEE AR, - 2 B3 KM 3G oK, Hig KT NB s
NOy-N ¥R (285.7 mg/L) » iX FEZ & T3 -4 NO;-N
ARG ER S (443 mgke) , Bt ZREEBRKEHEAN
NO5-N Bk, 1M NOy-N 5 3 ki1 ¥70 f i,
RO LR B B A 55, R IE AR Ak o) e A
KBERHATIER P, ik, EANBEBRANBIFRAFE
AR AR, R NOy-N AW ia i - B NB TR
FERRATAE R IEW, &% 4 4RI IER T NOy-N K
FEREE R LRI Ig oK. BAN LW E A
NO;-N, {HFH NOy-N AR EFEHL (2.9 mgkg) , B
X TR LG HRIE NOs-N WK EE AR 2 ma i /N o B AE Ik
JERIS T, LIRS FRARE RS, BE
AR NOs-N 5E4ikiE, PIHIER -+ NOy-N iR E &R
WO T NIBTEBIKREE (285.7 mg/L) o fEENMIERE
o, 4 2R IRIETR NOS-N IR FE R BEI [A] 2 3R LR 1[4
Ry 4 20 AR MRIER H NOS-N ¥R B2 BITE 94 17.5.
21.5 f133 h 2 Ja ik B0 , 16 2IF20E N NOs-N IR BEAE
43N 289.5. 297.8 289.0 Al 287.5 mg/L, B o MkIETR
5 NBHW NOy-N KA.

HT CrEARENSEKM, HAE LRy Y0
AN, AR SF S, BB AN CT
ER] i AT AR R S CLIAR B AR A R A S 1 B - 438 e g
THRER I . CUHR B BERT 7] AR AL REAE 5 NOy-N AHALL
(B 4b) , 4 HAAMIER T CUREESMTE 6.5, 12.5.
20.5 F131.5 h Z JEiEEIF80E, 1A 2IF2E R 1 CIREE 737
N5.0. 5.1, 63, 6.4 mg/L, Fi/FIRE~ET S mg/L it
(EMMIERIELE A o 4 H AN Clak BIFR 8 WS B 75 i
(B 4148 NOy-N H 4, ViR LEX NOs-N g
B AT R BHAEVE o s 4 SRR NOy-N i& Bl fa e
WP PTG I TR T X b, R IR E B 2 B R g,
WRUEH H NOy-N ik BIFZE W W AT e i ) 284, JRHY
FLEEERME] 40 cm B, WIERH NOy-N AR E
WP RR I (a2 KT & LZEEA 10~30 ecm [+
F (P<0.05) . HEEH, LN E L ZEREEIAE] 40 cm
fF, X NOy-N L # BRI R FH BN B3
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N5 (] Infiltration time/h
a. NO5-N iR RIS 42 £k
a. Change in NO5™-N concentration with infiltration time
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b. CIVRBERE B I (M) 3E 11
b. Change in CI concentration with infiltration time
B 4 #RIERF NOy-N Fu CITRE AL 18] T AL
Fig.4 Changes of NO;-N and CI concentration in leachate with
infiltration time

2.3 LENO;-N 5 N0, -N 2FR 5 f4FiE

B (2) IHEAHMERS ARG 4 H e — 1
JZH NOs-N 5 NO,-N ERE (8 3) o XfHilaar 4%
NO;-N FEARI, MIERKE LN & LB~ E
NO;-N R, W HEIE R m 7 748%~1 447%,
B BRI S T 20%~77%, X FE PR NFS K
B NOy-N R FIANB &L EH NOy-N 1 2 E .
[F—AEN, 42 RE R IEIE NOy™-N 5 R,
FLEF NOy-N RHEATHLE, S X NOy-N
TR EREM, EART NOs-N 8, M55
T ZH NOy-N B E & T 12, XA+t
H NOy-N BB A e TS B 45 AR 4 20 F 4
NO;-N S2HUEE ([Al— 14N 0~40 cm 1) NOy-N HH
B2 R C B4, D 4. B M. A 4, H
FEEREE N30 ecm 14 (C) [ NOy-N 2L EIE K
TFHEHLZEEE N4 em A (D) o F—HEADE
ML EFEAKMEEARAKER, 4 NOy-Nis# 2w gi+
ESHeT, TR EE K E SR AR, R
b o = TR e TR 17 =S = ol = 1 1 £
NO;-N i&#%, i i NOy-N 7ERD 3+ 2 FH A 31 R 1
. Hd A, BRI C 2HEHBHELERHKE LE NOy-N
SR RIRCR, M D AN LHEE, RER
NO5;-N RFUEEIH K. & HAEE L E T NOy-N R E

BEGRFESE TR, X Sk iE A I A2 o DA R0 45
J& FER LR IR IR O, Tk B A T IR AL
VEFBOMIEIRE), 3ERCF 289 NOy-N B &R

NO,-N 5 NO5-N 1 ZRR AR A A AV A
Z5bE. MAERIN: FiL)E T NO,-N B &
Fbt 2 B C LA 10~20 cm & HE4, HAh
KEF L NO-N ERES T TE, BHLERM
NO,-N R EZ F IR . BT TSR NOy-N F— &
W PR R T, IR 1 NOy-N 23l K sk AT
TR, 23 F R RIERER, NO,-N 5 NOy-N 2
HEAMSED LESHE L ERMERREE. i, B3
2 A ROA R AEACE FTE BRI X IR, A )2 S
F NOs-N & oy PR AL T F 75244, JERR
FHHAAFAEE = I NO,y -N B . 2 R RN : NO,-N
BEERRN: ¢ BME. B A M. DE-FE, DL
(40 cm Fi /) B NO,-N RFUEHr/h (8.14 kg/hm?) o
A, AL B A1 C LAERPEE L ST NO,-N 5 NOy-N
RBEDAARHEAE, FHHAAR T2 NOy-N [ Z & H
IEARME . TIBE WA A AT 2 ik p,
It NO,-N BRSNS HEE N fifg <22, Bf
WEFFRM, A RS F 32 22 DA IR fh o 322,
RISWAER 3L 2 2, 5 1 2% NOy-N Juid 5 ik
NO,-N, %52 ¥ NO,-N AL Ny, 2 25 RN AR T BA
IESEALRE & . BEE NOy-N NiB, HHLEY: LZ5 18
BRI S AN FTiE ke, MERZES R AR N R
TEACAE R EE 1 PP HERJE 5, 28 2 2P NOy-N it Ji &
I R R/ JE A PR B T e AIEAT &Rk T LI NO,-N
B, BB EERUNMI R AR S RN, H
NO5;-N X} NO,-N [1Jid i B A &G bl fE A, i Ak
NO,-N & J5 [ B 52 B0 7E Ik R 3 L2
40 em [ HAEA UK S ERK, NOy-N IR B kbR X}
NO,-N I8 J5 S B7 [ 4/ FH 229885, NOy -N i 5 A F
5, G EERE N NOy-N B EH/NI,

%3 NOy-N5NO,-N B2
Table 3 Accumulation of NO5;-N and NO,-N

e LRI MEENOYN - WA

Soil coumn Eﬁi Thickness Nitrate ' NO, -N
type Soil type of layer mtrogeg/ Nitrous mtl[(z)gen/

h +/em (kg-hm™) (kg'hm™)

L1 10 48.26+0.97 1.87+1.39

A L1 10 37.28+10.48 3.56+0.11

L1 10 68.06+10.58 2.77£1.47

L2 10 79.20+7.58 3.68+1.44

L1 10 51.39+4.16 4.78+0.48

B L1 10 63.44+8.04 0.00

L2 10 80.22+2.94 5.87+0.12

L2 10 78.97+7.59 3.30+2.07

L1 10 60.2348.71 2.56+1.70

c L2 10 112.87+15.48 5.65+0.14

L2 10 105.06+27.60 7.13+3.74

L2 10 79.61+4.16 6.25+1.91

L2 10 116.00+22.17 3.08+1.70

D L2 10 84.47+5.65 1.74+0.21

L2 10 80.74+10.22 1.68+0.12

L2 10 78.64+11.21 1.59+0.29
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2.4 FHTXEEEX NO,-N TR

EE R E TR (R 3 ~: @) ) iHE 44
TAHE NOy-N B &, JREd A HAF R At i, X
3 4 2H4+H NOy-N BRI B Atk EbE 3+ 2 B EAR
RHIFFAE (B 5) o Wi Sa fis: “E T EEEZEAN
T 20 cm B, NOy-N £flEZEREZE (P<0.05) ; HES
ATAD, AR NOs-N B E 5 mitbi (K 5b) HFaEs
+EEEM NS A, ¢ 1 GBoem B TE) 5D+
FE (40 cm B 12D 1 NOy-N BRI EWKRKHZERAE
Z (P>0.05) , HD T (40 ecm L2 WL ER
K[ €0.15+0.05) g], BEmTHLZEEERN 10~30 cm
IEAE (P<0.05) o i HER, —HHZ&HT NOs-N
FE LRSI P i ia B e B A A N &b R R R 3
N, 52 21 %6 2 B AE A s ma ok, oA R T
NO;-N [, i NOy-N 7 358 P {5 B e )
A HNE TR LEREREERS (R D, &
MR LEEEBR, AR EEEOL, KIE
R A R JE IR AT, R R T O A F )k
6L, R AR A NOy-N RBUE 4552 318 + 2 b Ui
AE R, TIXFILRIE 40 cm & HELHANER
SR, ERERMEEES 10~30 cm & LEN L ZR
B (P<0.05) , MImHiH] 40 cm 2125 AL AE
Wi B O 2, 2B U 40 em B E X T NOS-N iE
(2 REL PN AR

035 030
b

0.30 b 025

025 A 020

Zo020f @

b
z a a
J0.15 dmsa
s “0.10
0.10 :
0.05 0.05
0
40 "0 40

10 20 30 20 30
LR  BLRRL
Thickness of clay layer/cm Thickness of clay layer/cm

a.NOy-N Bfif b. NOs-N L&
a. Accumulation of NO;-N b. Denitrification of NO;-N

HE: AF/NG FRFORCERZR BE (P<0.05) .
Note: Different lowercase letters in the same kind amount indicate significant
difference (P<0.05).

BS5 FEfALEZRELENOT-NRRELRMLESH
Fig.5 Distribution of NO3™-N accumulation and denitrification in
soil columns with different thicknesses of clay layer
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A R LR R EEXS NOy =N IE# HYFEHH - 13 3 LA N 4518

D JERE A N B R B IR RS
LR FHAT AW 730N 2 BB, BB 1 B BRI i
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BB HBEEBRESMAERNBEMNEN B T4
PHEXR.

2) WIERIE I AR MIE NOy-N 5 CIIKRFEREAE
B [ 1) A8 ACAREAE S B T AN [R) JE B T 8 - R X TS 2 1
BHIFEF . A By C A1 D LAE#MIER NOs-N 5 CIik
5N ] 2 IRV AR IR DOA BIRS 8 IIRFE, 4 41
FEMRIEIR NOy-N ¥R BEIL BA2 € MBS ] 20 5008 94 17.5.
21.5 F1 33 h. FHAAEA KRS L2 EE 2L MK
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Effect of the thickness of clay layer in the layered vadose zone on nitrate
nitrogen migration

L2* \Wei Shoucai®, Liu Bingxia’, Liu Binbin', Hu Chunsheng’

Tian Luyao®?, Wang Shigin
(1. Center for Agricultural Resources Research, Institute of Genetic and Developmental Biology, Chinese Academy of Sciences/Key
Laboratory of Agricultural Water Resource, Chinese Academy of Sciences/ Hebei Key Laboratory of Water-saving Agriculture, Shijiazhuang
050022, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Shandong Key Laboratory of Eco-Environmental

Science for the Yellow River Delta, Binzhou University, Binzhou 256600, China)

Abstract: The clay layer in the vadose zone with layered structure in soils has an important effect on blocking the pollutants
which will enter into the groundwater. At present, there is insufficient knowledge about the effects of the thickness of the clay
layer on the migration process of nitrate nitrogen (NO;-N). Nitrate nitrogen is more prone to leaching through the ‘up thick
and down thin’ ( the up layer of soil with larger particles and the down layer of soil with smaller particles) vadose zone with
layered structure, which can cause a higher risk of nitrate nitrogen pollution to groundwater. In this study, we set up four
groups soil columns with 40 cm height, the types of four groups soil columns included “up sand and down clay” and full filling
with clay. The ratio of thickness (between sand and clay layer) was 3:1, 1:1, and 1:3, and the last type soil column had 40 cm
clay. The content of the study in the leaching experiment under the condition of stable water head and stable concentration of
nitrate nitrogen with infiltration, which included infiltration process of nitrate nitrogen solution, the characteristics of
accumulation and denitrification of nitrate nitrogen in soil columns. In order to clarify the effects of the clay layer thickness on
the migration process of nitrate nitrogen in the layered vadose zone, the soil columns with different thickness of clay layer. The
results showed that the infiltration process of solution could be divided into two stages, namely, the relationship between the
cumulative infiltration capacity with the wetting front transport depth and the infiltration time gradually changed from
nonlinear to linear when the wetting front crossing the sand-clay layer interface. Meanwhile, the cumulative infiltration
capacity decreased significantly with the increasing in the thickness of clay layer in the soil columns (P<0.05). When the
thickness of the clay layer in the soil column reached 40 cm, the effect of blocking on the nitrate leaching of nitrogen was
significantly stronger than other soil column which was with the clay layer of 10-30 cm. During the leaching experiment, a
water retention layer was formed at the interface of the sand-clay layer, which made the cumulative values of nitrate nitrogen
and nitrite nitrogen in the clay layer at the interface were both large, while the accumulation of nitrate nitrogen and nitrous
nitrogen decreased with the increasing of depth in clay layer in the same soil column. When the difference of thickness in clay
layer was not less than 20 cm during different soil columns, the accumulation of nitrate nitrogen in the soil column was
significantly different (P<0.05). The soil column which thickness of clay layer was 40 cm had the largest amount of nitrate
nitrogen used in denitrification [(0.15+0.05) g] was significantly higher than the soil column with 10-30 cm in the thickness of
clay layer (P<0.05), which indicated that when the thickness of clay layer reached a certain degree (such as 40 cm), it not only
blocked nitrate nitrogen, but also affected the amount of denitrification. Occurrence had a significant impact which could play
an important role in preventing the leaching of nitrate nitrogen into groundwater. This study can provide a reference for the
management of farmland fertilization and groundwater protection under soil with layered vadose zone conditions.

Keywords: soils; nitrogen; water infiltration; layered vadose zone; thickness of clay layer; nitrate nitrogen migration; soil
column experiment
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