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HU21, SRR R R 25%~35%"), iRt
FNOy-N. NH, N A “ =507 76 b5 h s 2
B 0 R KA OB TS 4, NOy N HEA A S5 REIE J5
JAR IR ER,  BETTE O A AL S, AR A R
AU BB oA, BURERITE R, 4 E
NARAERE . DRI, A OCREAE T Eh iEs SR AR O W
FUIGT, P b2 35 70 S S R FH R 220 R IR ks SR AR
TFRE T KRR, LR N EBERZWNER Y
BLAA, KO AE IR 1 b i B RS R A EE W T R
FRIABE S A, 3BT T NOy-N I A A A — s R
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M, Sha IR B, NH, N RE I WA 1 FH 40 A
NO;-N. BAMFEAIEEMIENER, AIESEE T
WEEM AR I AE 544k 8 NOs-N FI NH,'-N 2561
B

[ AR SCER K EFIT T 0~200 cm 2 R R E 1k
W BRI X NOy-N B %, W NH,-N Fli4
BTV D, RHEE 0~500 cm 00 IS “ = A7
(IR 2RULF R WGB!, AW A TR Bk
TolAR 1 9] A ) it 250K ~F % NO3 =N NH, =N FLE & =&
7E 0~500 cm 45 L3 ki BRI AL 0~200
em LR C SR BREPGEW, NIRRT B
RO, 48 5 DX A B AR R8> NO5-N S R 7K ) #8
TETG R LR A -

1 #RFITE

1.1 RIE X

TR X AEIE BT iEE X R A R ML R 2 B sk
vk, RIS M FAE . N 40°08 398”7 ~40°08 427",
E116°11 193"~116°11 224", b5 T HEGE X 8 g il 5 2=
TR R KRR, &34 T4, AT,
HEERZW, BRI ZEFHSE 12.5°C, FH
W 26620, LHEW211d, Z4FHEKE 628.9 mm,
Pk THZ 6~8 H, M ARFERKT 70%. BT
THEEX PGS, HEX A 38.5 km?, AHZ2 )7 N. H
TR L] - 45 T 5 S R AR T4 A, 48 0~500 em +-
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JEII O 11 R AR Y PR R R T S AR L AER 2, I N XA R MR S R L 1
F1 0~500 cm BS7HLIEYBRFE
Table 1 Physical properties of 0-500 cm deep vadose zone soils
LRV AR T 1 E ) H% ol PRURIYglBGR mREPKE WAGEKE RSk
om 0.05~2mm >0.002~0.05 mm <0.002 mm (gem?) % (g (eg") (ems™)
0~20 42.6 50.2 7.2 8.2 1.41 452 15.66 32.26 0.004396
>20~60 39.0 533 7.7 8.5 1.63 39.1 13.26 23.76 0.001771
>60~100 39.5 55.0 55 8.7 1.44 433 15.47 29.58 0.001051
>100~145 38.4 552 6.4 8.7 1.59 40.1 17.65 25.27 0.000256
>145~170 459 49.5 4.6 8.9 1.57 43.0 13.51 27.48 0.001008
>170~210 314 62.0 6.6 8.9 1.59 422 20.51 26.34 0.000203
>210~300 344 58.2 7.4 8.8
>300~330 49.4 452 54 8.7
>330~400 26.9 66.3 6.8 8.5
>400~440 14.0 75.0 11.0 8.6
>440~500 66.9 29.4 3.7 8.7
F2 0~500cm BSHLREARRENSVERE
Table 2 Background values of nitrogen content in 0-500 cm depth vadose zone soils
+ 2R E/em 0~20 >20~60 >60~100 >100~145 >145~170 >170~210 >210~300 >300~330 >330~400 >400~440 >440~5000
NO;-N/(mg-kg™) 8.43 2.82 1.88 0.88 1.10 0.60 0.52 0.10 0.25 0.35 0.30
NH4+—N/(mg~kg'l) 2.54 222 0.12 2.51 0.04 0.81 0.85 1.67 1.92 3.64 2.85
BE/(mgkgh) 1012 841 530 421 398 632 485 446 450 970 870
*3 AREEEKTE
i’?f%/cm REE: St e ) Table 3 Different nitrogen fertilizer levels
ﬁ DA |\i“i
20 ] iggj\ééi‘ s o ToHLAR/ (kghm™) -
60 H A e
100 B L K% =R5) i e
145 bt st
170 [ N 2010-06-21 187.5 375.0
N N 0.5
210 LE SN 2010-07-09 142.5
iR 2010-06-21 187.5 375.0
300 " Ny
330 o] BAkL 2010-07-09 309.8 285
100 2 ppat 2010-06-21 187.5 375.0
At N .
440 WL " 2010-07-09 619.6 427.5
500 WRREL TE: Nos< Ny AN, s 20 BRI AT 142.5. 285 il 427.5 kg/hm?, R
Bl KBRREAFLEEMTER 0T 1%°
. L o YGRS
Fig.1 Schematic diagram of vadose zone soils in study area 80 180
70 b A 70
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WI LR “ 2857, 2010 4 6 1 21 [ : Ll |, E
&, 10 H 3 HGE, 478 55 cm, FREE 25 em, ZEH e wl 1o 2
102 do WRBBE 3 AMEALAF, B Noss Ny FI N s (1L = Ll |
% 3), IR R EURE 142.5. 285 F1 427.5 kg/hm?, )
"o — . 20 + 420
N, s HK-F, 2010 4 6 3 21 HAEIEAE, 2010 4
N EE S 10 F 410
70 9 FIBHE, RRHZAKTIAE 3. MXEH 10 mX 10 M .|| 1,
ST e o s 0 0
m, /NXZ A BE 2 m A, /N X 50 em SR S PP DD O > S
y : ; S O PTG
BHE 3K, 9 AKX, BEPLXAHES]. 5N XK ’»Q\Q r&\Q:’Q\Q;\Q:Q\Q:’Q\Q q,Q\Q q}Q\Q:Q\Q \Q:Q\Q\
Ji AR, 7 H 9 HFI8 H 29 H 2 Jilli#E /K 80 mm. ]
TG HAD NIESES VE K o . o kL w
6 H21 HA 10 H 3 H5: R F AR B R AN TREZK T Ol B2 KIS il KR

WL 2,

Fig.2 Rainfall and irrigation quantity distribution during test
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1.3 #HmEBEFRMNESZ

ST 2010 457 H 29 H (AT L 8 H 22 H (i
HEWD 9 H10 H GERID F110 H3 H (Gk)E) 4
AN FAT AR I ] 2540 2 R EE 0~500 cm 2 14,
23K 0~20. >20~60. >60~100. >100~145, >145~
170, >170~210. >210~300. >300~330. >330~400.
>400~440. >440~500 cm Jt 11 )2, RFESE Mm%
Eijkelkamp 2 m] £ 77 (14 Jr :0 B AR R R4S . NOy-N Fll
NH,-N ARH CEHERMb T (B H, 5=/ 15
i, AN RETHIE s TN AR b A2 N R E AR
AT FRAERR AR TN (I 5E (LY/T1228-1999) J5ik, H
e LR R o
2 BRE5SWH
2.1 AREERKFER 655 IE N, -N B9

AN [ 8K P 0T 1458 NO5™-N 55 43 Hi 1 52 i AL 1] 3

NO-N it &4 ¥ /(mg-kg )
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LEEE em

a. 7H29H
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c.9JJ10H

i Nosv Niv Nps /&3

Kl39dras byco drilh7 H29 H. 8 H22 H. 9 H 10
HAI 10 H 3 HANFEUKF 4% NOy™-N i 4. 7 H
8 FHti it/ #E/K 80 mm, 5 2 K HARFAR 52.5 mm, itk
KK 2 LS DR AU FIH R A1 NOS™-N [k, 227 H
29 H, 13 NOy-N K& RTE 0~100 cm 124,

Nis A BE/N X HUFE s A7 22 RALBRAE NOs™-N k¥ 21 440
cm, NO5-N 7E 210~300 cm £l 400~440 cm ¥} b1 + CFy
o 58.0%F1 75.0%) )2 /b BEL, ROk
BARRZ, KOFNOs-N ARG FiEK, 8 H4 HE%E
M 57.4 mm, 8 J] 21 H X &R 85 mm, /K43 %f NO5y-N ;=
Ak 8 H 22 H NOy-N 7£ 20~60 cm 12 I 2 A1
.8 H 29 H#E/K 80 mm 39 H 10 H N, s &b BEAE>20~
60 cm 1= FHERL. 9 10 HJG NOy-N itz 7> HA8 1k
b, R KRN I NOy-N A B NOy-N
Wb, K PR SHEM NOy-N 28/, B9 H
18 H\9 H21 HAI10 H 1 H4r 3IF%™ 50.52.5 1 30 mm,

NO,-NJii & 43 5 /(mgkg™)
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LEEE em

b. 8742211
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Fig.3 Effect of N-fertilizer level on NO;-N content in soil profile
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NOy-N FRES A K, 10 7 3 H14HEh NOy-N 1
M RRRE S A5 9 H 10 HAHL. NOy-N 5+
BT [ A, ME LR IR B, BEOK o E RS
W, MiEEMZ, NOy-N 7E-1-35 b (K ikis 28
%, T KWAARKIIL NOy-N, 1ff H NO5-N 7E7R )2 5t
U g oy kAR SO APE R, #8597 NOy-N BUUR TE X
2k, LI NOy-N & 8 bl a0 .

B FKAE AR NOy-N I IR B =24 0~145 cm,
KALBRAAE I HL T NOy-N REWRA 42 440 cm. iR =4 1/2
5 I 220 B No.s ASFLRTE BAE 2 ACEE N, 7 NOy-N )
AARAAIL, 8 H 22 HZHT, Ny AEMEH K Nos
K, 9 H10 HZJE, 2 FiibEE 3 NOy-N s R
Ty . AREEKE FEEK - HILEEES .
2.2 FEERKFENESTHIE NN B9

AR it KT 8 NH, N S s WK 4.
Kl4dra, byeo drilh7 H29 H. 8 H22 HL 9 H 10
HA 10 A 3 HARMAE/K P 13 NH, N g% 7 H

LR /em

NH,-NJJi#4 $/(mg kg ™)
0 2 4 6 8§ 10 12 14
50 |
100 L
150 |
200 -
g
L
= 250
E 300 f
350 f
400 —=Nos
Nl
450 N,
500 *
a. 7H29H
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1
H
N0.5
Nl
Nl.5

c.9H10H

L 2E S /em

29 HZ BIfHafe . BEKFIFERTAE NH, -N R AR R,
Ny s A F %8 22 , 75 0~ 145 em 12 itk E R L Ny 5
ANy AEFER. 8 H 4 HA 8 J 21 H BRIk fE 1 4
NH,-N 7=E3is), 8 H 22 H 0~145 cm + )2 Ny 4bHE
NH, N JF & 3 B2 e kb, No s FITN AR BEAE 60~100 cm
TEEB. 8 H 22 ZJ5, BEMAEKRIMEEH S
NH, N A /ME 5, #ER% NH, N SR -5 5805 319
REAE K0 E R Rk I NH, N k2>, 9 H 10 HAI 10 A 3
H 39 1m) it 20 B A /N e NH, =N #E 210~300 AT 400~
440 cm AP EE L CHPRLA 0l i 58.2%F1 75.0%) 1)z &
BIZ, 4F 300~330 Al 440~500 cm W0 JFiE+ (ki)
AT 49.0%H1 66.9%) )= TR EE, IR T
ki EL, fLEK, KR NH-N %% R, NH, -N
B 5 lAE 330~500 cm )2 E5 S B i . KT
A), RS, NH N 58 e bk 2,
B AR FRAT NHy N I K NH, N R A 235 Rk S5 A
I, NH, -N i 3 B0 Rl B KA & I s .

NH,-NJJi &5 #/(mg kg ™)
0 2 4 6 8§ 10 12 14
N0.5
Nl
Nl.S
b. 83221
NH,-NJF &4 $/(mg-ke™)
0 2 4 6 8§ 10 12 14
——N
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Nl.5

d. 10A3H

B4 RR#RAKT L NN K& 234055
Fig.4 Effect of N-fertilizer level on NH,'-N content in soil profile
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NH, "N FISE I 3508 0~145 cm, 7£ 145~330
em A5, 330 cm LN NH,-N JFii 0 308 ib T E 21y
HUMH NH, N [I358M7. Nos KA N, 42 NH, N (174510
FAAHRL, 8 J1 22 HZHi Ny AR KL Nos K, 2
J&i 2 FlAb B3 NH, N )5 o Bt .

2.3 FEERKEMEBSHIIEILARENE

AR it K 6] 3 i U5 23 B s L K S . 1
59t a. by e dlA7 H29H. 8 H22 H. 9 H 10
HA 10 H 3 HAFEEAK RS mEs 8. 7 H 9
H it A J #E /KRN B R A 7 H 29 H 3R TN £5>60~100
em R 8 H 22 H Ny s AFEAE 400~440 cm Fp b4 1
Chrbi iy 75.0%) L EHA B R, 7E 500 cm AL T =
SYBAERATN, ULRH 8 H 4 A1 8 H 21 H 1B 5 5k
WA 500 cm, 9 A 10 H2J5, TN JE 0 2UR k) .
HRKAETMIE, RELE 145 cm KM A, BE
WA ZRE R AL 0~145 cm +)2, B A8 R

BN RS H/(mgkeg™)
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RAEAEYIER T AR B4 3 7 Pl e . 24k stk
SAECEEVER, LSRR AWM. LR,
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SRR BN, HELHMEE] 500 cm K. 5
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Fig.5 Effect of N-fertilizer level on TN content in soil profile
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3 FEMERKEX 0~200 cn T EHRZERINEHSIH

AKX 0~200 ecm 3 NOy-N 2815 1)
MR 4 s, BEOKBORE, 28 N s>N>Ngs,
MREMZ, RREBK, N, »AFHE 21.84 kg/hm®, i
HABPIA I BEAS L 2 kg/hm®e 7 29 & 10 H 3 H, 3 Fb
AEEE NOs-N {53 ) AR BN Ak, 5 7 H 29
HARL, WOk EH UK S : N s>N>Nys, A Z, NOy-N
PR o AR R 7K o (bR RS A1
NO5-N $i 2R ) = EL [

R4 FEBERKER 0~200 cm TiEH NO,-N EFRE R8I0

Table 4 Effect of N-fertilizer level on soil NO5™-N accumulation
in 0-200 cm depth

kg~hm'2
Qb ER B3 SRR
2010-07-29 2010-08-22 2010-09-10 2010-10-03
Nos 8.95 3.09 1.26 1.07 -7.88
N; 11.89 6.37 2.28 1.93 -9.96
Nis 42.05 37.67 27.27 21.84 -20.21

AR EXE 0~200 em 38 NH, N 2R (1)
N 5 R, EEKBORE, RBUE: N>Nos>N s,
TEAHZEANKEIE 0.1 kg/hm® e 5 K AR 75 1 1) AN ]t 207K
NH,'-N 75 L3 SR sE AR, 57 529 HAHE, 1L
ARJFHRA: Ny s>Nos>Ny, sl 2 1) Ny s APV R 2
i% 5.4 kg/hm®, Hofth 2 AMEFR RN T 1.5 kg/hm?, 11
XF Ny UK NH, N IR, $ik b RN
WRISC. 7K o3 AR R 28 35 R NH -N B 2K 1 32 B PR
x5 ATERHERKFER 0~200 cm LEH NH,'-N RIR2RIF M
Table 5 Effect of N-fertilizer level on soil NH,-N accumulation

in 0-200 cm depth

kg-hm™
b AL R
2010-07-29 2010-08-22 2010-09-10 2010-10-03
Nos 3.97 2.40 2.18 2.48 -1.49
N; 3.41 1.74 2.63 2.54 -0.87
Nis 7.84 3.20 2.69 2.44 -5.40

ANJA] it B K% 0~200 em 358 TN ZURUE [F) 520
Wk 6 fix, BEKEGRGE, BRE: N SN>Nys, fE
FEMZ, TN EREBOC. 356 A F &K TN
g ZREAAER, 57 H 29 HAHMW, BEk)EH
Jim: N>Nos>Nps, MEERZN N SURERD, 4
MUK Ny R B, ATRERE TN A 2 A F#E B4l

R 6 AEMRAER 0~200cm +IEH TN 2R E BN

Table 6 Effect of N-fertilizer level on soil TN accumulation in
0-200 cm depth

kg~hm'2
yosail Skl SRE
2010-07-29 2010-08-22 2010-09-10 2010-10-03
Nos 1568.15  1153.06 126097 87529  -692.86
Ny 176122 111961  1507.29 902.00  -859.23
Nis 1492.26 1433.05 1489.34 1077.50  -414.76

J, W RBRER % . IRA IR K2 R A
R B OV R TN 40K 1 25 A

4 2 it

1D AR AT IHEZ 0« =587 iR
MU mAR, SRk, EEE, =27 £ 1%
R R, RN EE O Kk A
FRE MBS S N ARy e =R RS
bt KA K, 9 A 10 HA10 A 3 Hifm « =
RO BRI N, B BRI, 76 0~200 cm
T2, NOy-N FES A R E: Ny >N >Ngs, i
Z, BRBUEBL, NH-N BB &E: N>Nos>Ns, HED
AZE 0.1 kg/hm?, WG ARFREEUK T T “ =87 A8k,

2R [F] it K5 NO5 =N R S H VAR S E 24 0~145
em, KALBAFAERIHL T NOs-N BEMIE S 440 cm; X
NH,-N 5% R E E 54 0~145 cm, >145~330 cm 45
#igh, 330 cm LR NH,-N U2 B8 A0 32 2 15 5l
NH, -N f52mi; hE S mRE E 24 0~145 cm,
145 cm REELL R BEURE 2 HUR LN, H O Sk
# 500 cm ¥R o

3) I FH AN [ AUKCT =R ks R
R, {ERRL G . FLBR/N KA HE IS IR b 1 1
TR =R HEB whaEE. LK. K%
5N FOE L R =87 BASRMKS MR T
Zo

4) NosHEESE N 1 1/2 £, ARTEEAKTE L
Krem B, B EKAET G AN g
NO3-N JiE - 8t 73 B, Nos it 04 BE W] 4G 25082
NO;-N 7E T3 bk i, FRAK T3 NH,-N Fl
TR A0 AR ZE MR KR B 98 A ¥ G XU B
7N, Nos FiZUAHE b b A 1 1w R 220K Ny SRR,
LG, AL X BRI R KB R Al NOy-N A 5 itk
ALK, AR IR St U0 . FE ) - 3K FL B
FEAESE 2 INE NO5-N [ R Z 0 TR, o H
T 7K 2 o

(& £ x #
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Effects of different chemical nitrogenous fertilizer application rates on soil
nitrogen leaching and accumulation in deep vadose zone

Shang Fangze'!, Yang Peiling'*, Li Yunkai', Ren Shumei?, Liu Peibin?, He Guoping?
(1.College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China;
2.Beijing Institute of China, Beijing 100048, China)

Abstract: In order to study the soil nitrogen migration under different application rates of chemical nitrogenous fertilizer
in deep vadose zone, during the course of summer maize growing, 3 chemical N fertilizer levels (142.5, 285 and 427.5
kg/hmz) were set up, the NO5 -N, NH, -N and total nitrogen migration and accumulation in the first 500 cm depth of soil
for each treatment were studied. The results showed that impacts of chemical N application rates on NO5™-N, NH, -N
and total nitrogen were dramatic, the leaching and accumulation of soil NO;-N, NH,-N and total nitrogen increased
with increasing chemical N application rate, but decreased with the growth of summer maize. Soil NO;-N and total
nitrogen accumulation increased with the increase of chemical N application rate in 0-200 cm soil, while the soil NH; -N
accumulation were found to be in the following descending order: the 285 kg/hm® N application rate> the 142.5 kg/hm’
N application rate> the 427.5 kg/hm2 N application rate, but the difference was no more than 0.1 kg/hmz. After harvest
the soil nitrogen accumulation decreased. The influences of different N application rates on soil NO5-N, NH, -N and
total nitrogen changes were mainly in 0-145 cm depth. The soil nitrogen was inclined to accumulate in powder sandy
loam and leach into water in sandy loam. The 142.5 kg/hm® N application rate can effectively reduce the NO5-N
leaching, and reduce NH,'-N and total nitrogen content in soil, thus make the risk of groundwater pollution minimum.
The groundwater in Beijing is deep, which is not polluted easily by NO;-N leaching. However, large quantity of
chemical N application in long-term and the presence of soil macropores can accelerate the leaching and migration of
NO5™-N in the soils, thus posing a threat to groundwater quality in the Beijing area.

Key words: soils, leaching, nitrogen, accumulation, NO3-N, NH, -N



