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Abstract: In order to clarify the realities of nitrogen leakage in paddy soil in black soil area of Northeast China and to understand
nitrogen migration pattern, a district experimental was developed in typical black district based on farmland w ater balance, so as
to control the nitrogen leakage and reduce groundw ater pollution threat. The three nitrogen concentration changes in leakage
water of paddy soil under different irrigation and nitrogen level conditions were analyzed, and the total amount of nitrogen leac
hing in different treatment was calculated using the water balance equation. Results showed that the concentrations of ammont
um nitrogen, nitrate nitrogen and total nitrogen in the leaching water were positively correlated with nitrogen application «
mount. Control irrigation and wet shallow irrigation can reduce 11. 89% and 14. 15% of nitrate leakage concentration, respec
tively. Nitrogen leaching amount increased 0. 117 5 kg per hectare with each additional kilogram of nitrogen (converted into pure
nitrogen) when using normal irrigation, it was respectively 0. 035 9 kg and 0.055 7 kg for control irrigation and w et shallow ir
rigation. The nit rogen leaching loss in whole grow th period under control irrigation w as the least, average at 4. 51 kg/hm?, and it
is respectively 1/ 3 and 1/2 of that under normal irrigation and w et~ shallow irrigation. Wet shallow irrigation was more applica
ble, and the most reasonable theoretic fertilizer amount is 137.30 kg/ hm?.
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60% , oA K FEREBE 5 90% 'Y o AEFE I AR VK 1
IARR, KIS RS 718 B P M AR B 25 R 2K RN R 2
BIN, e R VB AR A T R AE !, R
ARG AR L D7, IR I Bl ORI R, B it
BNV IS TS 3, BUIK R BT 24, AR ORUE P B 11
AR T, DR AR B TR B0 T IR B LR 4 Ak
FERREL I AT P PRk i B A E KIS X

ARACHE RO = KR Xz ) R R
IR ORI Hh, L RIEE O e A Kk R
e B US4 KRS PR (0 T i, T SOk BT
P4 22, HARFE i TR B o, (H A IR A P
TS IRV T P2 A0 R B A R R 4 6%
1 ANV S Ye i) S TG I, I Y
(7K 38 2, 0 TR £ 2 7 FER 55 AR5 1R I
TR AN M X ph T 4 B A 3 Bk M 5 A% () TR
IFl, 8 B I i 1 2 S AR KU, AT E TR W i
JE7 SRt | X SR e 5 i A
FH A 580 R TR RE B2, (H G 28 = X i R E 9T
B o AWFRAE B DXTF REJE AR 7K P-4 1) /N X
IR, 2523 HEAS [R1ZK I A BE 3 IRk b B R AR AL R AE
(PR b, AR 2038 8 ok =, FF LG 204 A
A 7K HEAL B AR, LA U4 HE 3 2 1 A 2 A
R

1

1.1 AR5 R

TRIGAT HOAT TP el 44 55 5P 7k sl 2L A
WEX, kb AR 42 125°55 15, Jb 46 48°13 417, +1 )8
TR o M AR AR Y R O, Ad T AR =R
e, FEU A KRR R AU AE K B 420~ 600
mm, L PER 6 H- 8 H, K3 & 7

2~ &2,

BER KRG SR A =T 2 5o AR e oy Ay e
+, HILARTEARPE B2 1. BER AR R SR &
(& N 46% ) IR %% (% P20s 46%, & N 18%) -
IlR (& K20 50%) o
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Tab.1 General characteristics of soil

TERE ALK AR a7 HE
fem /(g k') [(g= kg!) (g kgh) /(g an?)
0~ 20 34.28 2.68 1.20 1. 15
20~ 60 26.22 2.03 0.85 1.26
1.2 Kt

1.2.1 p4l#E

REK T 2014 45 H- 2014 4£ 9 HiEAT. 764
b3 EH HAH &K 7 T K F8 AT /N X 56, FE A
KA IR FHKI 230 90 AN/NX (30 AN EE X, 60 ANE
I R X)) o WIS/ XA R 2 m % 10 m, &S
RGN PRI ATTH AU 1x 10 m® [F3ER 5 R
X, HARR IR 5 DA 8 33 56 /N X (1) 4 2 b it
JEEE —HF, DL IURE | Rt B sE . s X
FEVR IR J DX AR v 0. 3 m, S 9 k)
W BEAS/NX B A B HE K DRI EE K 1, 5247
Bl

AR XA 2 (k77 2 i RUK ) A2 B
56, JLUH L (G 1) 35 I E WL ( G2) R vk ik 7E Bk
(G3)3 FhfE WEALHE DL 2; % N1 2 N5 Hijiti JR %
195 kg/hm’. 180 kg/hm’. 165 kg/hm*. 150
kg/hm® 1 135 kg/hm® 3L 5 AMiEUKFE, L3t 15
AEFRIL R 3, BN IR =R ER . AT A
30 em x 10 em, BE/C 3~ 54K, 5 A 31 HiiJEAE, 6
10 H iR 7508, ZUIE AR GRS 5 50% , B i 4s
A IR — ot N, IR R IR IR IR 4 0
66. 7% F1 33 3% .
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Tab.2 Design of water depth under different irrigation
HEWE T =X (7d) S EENI(30d) HEESEWA(8d) KT ZARH(15d)  HAEEIAAE(12d)  BEHFLA(15d)  FEE(34d)
HEWBE I PR 50 mm 30 mm Omm 50 mm 50 mm 50 mm )
Gl : W
HEWE T BR 30 mm 0 mm 0mm 30 mm 30 mm 30 mm
HEWE b B 30 mm 100% 100% 100% 100% 100% .
G2 - T
THEBE N IR 10 mm 80% 60% 80% 80% 70%
HEWE I PR 60 mm 50 mm 100% 50 mm 100% 50 mm
G3 : T
THEE R IR 40 mm 30 mm 60% 30 mm 80% 30 mm

VE: % ¥R BRI S KR (X R 62%) L. Note“% ” refers to the percentage of soil saturated water content ratio.
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Tab.3 Fertilizer treatment of each cell

M HEAKT R/ (kg hm?) B 4%/ (kg hor?) GHERHI/ (kge hmr2) N 7408/ (kg hmr?) &R0 /X it fRE B8/ kg BEM T

1 N1 19 75 112.5 103. 98 0.39 G1
2 N2 180 75 112.5 97.02 0.36 Gl
3 N3 165 75 112.5 90. 06 0.33 G1
4 N4 150 75 112.5 83.1 0.30 G1
5 N5 135 75 112.5 76. 14 0.27 Gl
6 N1 19 75 112.5 103. 98 0.39 G2
7 N2 180 75 112.5 97.02 0.36 G2
§ N3 165 75 1125 90. 06 0.33 G2
9 N4 150 75 112.5 83.1 0.30 G2
10 N5 135 75 112.5 76. 14 0.27 G2
11 N1 19 75 112.5 103. 98 0.39 G3
12 N2 180 75 112.5 97.02 0.36 G3
3 N3 165 75 1125 90. 06 0.33 63
14 N4 150 75 112.5 83.1 0.30 G3
15 N5 135 75 112.5 76. 14 0.27 G3

1.2.2 MHERXESIE

(1) REWEK I E o W FEASH, #4250(1) i

SEUCHEWEK o

S= [25xcos‘1[h‘75] - 5 (5-h)7x (h- 5)] x

v x <= x50 (1)

10
b S R K & (mm) ; 0 1 FP111 BB 1 pve

S T SIS ) 2BE KA K VI B (em/ s) 5 b AR
FIEUCREBE S PN 7K T 2255 TP 3 3 P 5 (em) 5 ¢
NI RHEBE ] (s)

(2) BIRAKCKEE . HAMRKN X e A, A H
25 cm, K 80 em A PVC & WK 1, B JEAE 50
em IRAE (AT 7K B AR PEAE W1k i, — A 50
em PR B EASEAED W) - B ik KA
THIZK P15 e, 92 0 017 o JF & I TRT 30 em o 7EBE
PVC i IKES 20 5 em [ RE 354780 I—HEH 42
Q 5 em [F1/NFL, I B0k 2D s L3 [R) 57 B 2 7
SZo FEHURERS PEHBEE 30 em VAR LAY BEDY J5 25 7 5 8}
IS, TR E8 3B 43 1) AME A 20 em, HHE5UZE IR
+o SRAEIE )4 ML I TF 4R BERS 9 d SREE—IX,
KA RIKFE SRR AL T AR 537 BIAE 4 CUKHE HRid ¥
TRAT LA 3 BT

(3) T o R A ey ORI 5G FH 4 ok
M, RRHLBENLEEL 5 &b SR AL, 75 FIE TS 7E 2
RPE 10 cm <40 em b FH IR ] SR A5 K B 8l 1) 1 18 A
fi, B3, S T2 43 - 5 5 R R 3,

- 44 EBE5RIE

Fig. 1 Diagram of PVC plastic sampling tube

YAy 39 25 R0 5dl:

(4) HIEAEK R BT, 3K TR A
€13 0~ 20 em< 20~ 60 em K FERPHE AT 5 0 A
K, 32 2) A T K AR AL

AW = k(e dy— ¢ d) (2)
K AW 4L KR AR (mm) ; dy M ds 5
SR KRG AT AR B A E (g/ em?’); e Al e
SRR S L2 KR (%) k LR E
(mm) o

(5) A4 M= o K FERGA T H IR BEATLRAE, &
Pl =

(6) FKFEMA Ty vk ZKFE S i K Wi s v
S IR ZE Ly SO R, A U SR T 4
PG 23 6 O B vk, i 248 200 R 35+ ik
o

(7) H 55 Hre KM EXCEL 2007 F1 Origin
8 O X Hicdis AT 434 Ab s Ak B
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2.1 AW BEHRAREES RRE T
2014 455 H- 8 HESENELHE, =
VBT 20T PBIRK PeAS B BERT s 5 O >
VRIDHERES PR . = Ry 2R 1 I K
ARV R 2B Sh 4 ARG, T T 8, 170 S BARAG

2

(R, R 1 ARG e TP A, T K, BN
IR HH R A R PEE G v AL P 2, 50t 2R/ Ak B A
WSEALT 0 20~ 0 65 mg/ L 5. Ze 5751 WF9Y 4
M 5 LUK ISR I OC R R L, BRBLIN BN 2 I
DR WY (F R D ORI B R, 51 R T B4,
7 H 9 HIEURE I ) 15 A1 22 Hb 4 45 5z 30 B W (IX 3]
61. 6 mm/d) Hi i, 2T B A EIREREA LT

(a: 3 b & )

Fig.2  Changes of ammonium nitrogen concentration in leak age water under different nitrogen levels and irrigation ways

(a: normal irrigation; b: control irrigation; c: wet shallow irrigation)

AL A 5 22 s LR 4, AN [R) it 0K P TRl K
A E WS TR K PR A ZR S AR M 2 =
(p< Q01), ZEREAH N1 5 NS Zr kD
(p< 001),N1 5 N4 A7 2FMZER(p< 0.05), ¥
it SR i 4 R K S R K o ANTR]
W7 SR B K T S EOR B C W R A (p >
Q1) W3 4. AFREE KT 5 ANE HE BT 2008 T
IR SR BT B A HAEH(p> 0. 1)
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Tab.4 Repeated measures variance analysis of ammonium nitrogen
concentration in leaching water under
different N application level and irrigation methods

TiH df Mean Square F P
NG v 4 0.916 4.853 0.003
A ) g 77 5 2 0.078 0.415 0.661

ANl AT < AEEB T 8 0. 003 0.014 1.003
O LT 2T B K 1R SRR P E
(Q 75 mg/ L) KRB REBE(0. 69 mg/ L) Rl il
BE(O. 68 mg/ L), Tt BHHERE /K B2 I, HHRIZK 2 B &
WK, ARE K53 1) R ik, WG I T B K S A
R0 2, AH LA 75 47 ) E R mT LA 92> 18 U 7K
BREIKRE 10. 31% , BI%HERE T LLIgD 8. 69% o
2.2 AGW BIEHFKAEFORETAL
IKFEAAEE I, ASFIKARAL BEAAT T8 BT /K
PINOs™ -N WJE) AR 3. AL, TR i

VE, HeAs B8 A0 e AN A L, (L I RS U %
HAREASEIRIE RIF L. X8 HT 2B 5
RORL S & VAN SIS SR, T T 4, XK
SIS BRI, 5 T R RV rat AT, s T
KGR 1) T IEA, T AR 200 0Ky m N is s
T, WENEBHZ 50 em A2 AT RS A RS 2 2w v
%o HHA R — AR a3 IR A 10 d
J HR IR Ve, B S s R R, 2 AE 7T H9 Hi T
SEFEK PRI 8 RN i I — AN IR, o
BEW S KRR N 972 B, KA #, AR
ErE KR TR T TR, WA Q 5 mg/ L LA,

FAL W Ty 22 Wos ILER S, AN TRt 0K - [l 7K
AT B HSEIREAWEE xR
(p<Q01), ZEMLAH N1 S N5 Z 75
(p<QO01), N1 55 N4efFREMZER(p< 005), Ui
A it 206 S 4 R VBT KA SR AT o AN [FJE
W7 20 8 T K i A E R B 5 (p >
Q 1)(KS5). AFEMEKT5 A [FREB 7 20 2
KA RRERA R ENZTEM (p> 0 1).
5 NT ZKFEATEE, N2 N3 N4NS5 i JIE AL 7 b il A
FIKE2> ) F B 12 30% ~ 20 36% - 21. 78% ~
34. 52% 29 91% ~ 44 54% K139 54% ~ 54 61% .
PEERE °T LA A B I K P A B 11 89%,
TRUEHEBE T LA 14 15% .
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(a: s b: s )

Fig.3 Changes of ammonium nitrogen concentration in leakage water under different fertilizer levels and irrigation ways

(a: normal irrigation; b: control irrigation; c: wet shallow irrigation)
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Tab.5 Repeated measures variance analysis of nitrite nitrogen
concentration in leaching water under different

N application level and irrigation methods

S| df Mean Square F P
AR R KT 4 0.916 4.853 0.003
AN TR 7 =X 2 0.078 0.415 0.661

AR ST x A REBE T 8 0.014 1.003

2.3 W LEHRKE RRE T
AR5 54, 1236 K A e £ A

0. 003

4

B E T a5 EE TR W 4. Rk E IR
Je A B S B T, 10 d Rk B K AE, 2 R R
%, FEZK TGy Bk 0 b 1 % W ol B 384 1 3892 s AR
&, A/NE BT i JE BRI S TR, Bk R
7E2 22 mg/ L AR . A= S B iRAKT S AR
P IFZ A O, - HEME 7 SRAE MR 3~ 5d A2
A7 VR FEIR B B A, BRI )5 KM 4 1~
6 6 mg/ L, 35 LL 44l A L AN VR VB L K o s ) R
ATLA YD 33 K BRI JE 5 08% , 1T v YibE ik D)
BN 5 72%

(a: s b: s )

Fig.4 Changes of total nitrogen concentration in leakage water under different nitrogen levels and irrigation ways

(a: normal irrigation; b: control irrigation; c: wet shallow irrigation)

AL 5 22 Wos LR 6, AN [R) it 0K - 1]k
A A E I TR K T BRI R 2 5 (p
<001), ZEEIKAAE NI E NS ZRMHEWREE)p
<0 O01),N1 5N4HBEEZESR(p< 0.05), B
TR fie 2 = VBN KR B FEK P AR HEE Ty
AABIRAK T R AR BT R ZE LW (p> 0. 1) W&
60 AN [AiE UK S5 A )9 kT Ao 2 s K B A
WA ENZHAF- (p> 0 1),

< 46 EBT5FE
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Tab.6 Repeated measures variance analysis of total nitrogen
concentration in leaching water under different

N application level and irrigation methods

TiH df M ean Square F P
NG Y S 4 6.351 3.904 0.005
AN TR FEWE /7 20 2 0. 858 0.528 0.591

ANFEEAKFEx AFEFEB T 8 0. 100 0.062 1.002
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2.4 REKAEL G RAEME It H5HT

TEHIRR 382 K0 148 1 A T R ] 2 (2) 36
TR:

P+ I= ET+ D+ OUT AW (2)
A PR L& WA B (mm) ;1 4 F )
WHEBLKEE (mm) s ET /KRR W 328 R
VED 75 AE /K B (mm) ; D A/KFEEF A
HIZBIKE(mm); OUT K/KFEAH I iR 4%

WATHEK B mm) ; AW g ZKFRE P A5 35 6K &
2%, Z WA T, D WENIE S (mm) .
TR ATV B Tk (3% 7), v] AR
KRS A W H Y5 B W0 2 1 et
FARTEHEBE 72 94 4 75 mn/ dv1. 66 mm/d F1 2 86
mm/ do G KFEAAE B TN A B 5500 5% L, Ji
A IRZBHRK T TN 5 HIREE, 456 H 1
Bl ISR 2R B A R LK 8.
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Tab.7 Water balance of paddy system under different treatments in whole growth period
KA mm K3t/ mm
A K (kg * hm2) HEMET 5 LA K AR mm
FEMOKE BEKE HoKE AEdt BRKE
Gl 885.3 506. 0 0 551.0 775. 4 64.9
N1 G2 227.9 506. 0 51.9 473.0 150. 3 58.7
G3 543. 1 506. 0 0 516.0 480 53.1
Gl 693.6 506. 0 0 551.0 583.7 64.9
N2 G2 209.3 506. 0 13. 4 473.0 170.2 58.7
G3 407. 1 506. 0 0 516.0 344 53.1
Gl 650. 8 506. 0 0 551.0 540.9 64.9
N3 G2 235.3 506. 0 34.7 473.0 174.9 58.7
G3 437.0 506. 0 0 516.0 373.9 53.1
Gl 740. 3 506. 0 0 551.0 630. 4 64.9
N4 G2 260. 0 506. 0 0 473.0 234.3 58.7
G3 369.0 506. 0 0 516.0 305.9 53.1
Gl 621.0 506. 0 0 551.0 511.1 64.9
N5 G2 386.6 506. 0 27.8 473.0 333.1 58.7
G3 478. 8 506. 0 86.5 516.0 329.2 53.1
8
Tab.8 Nitrogen leaching loss under different treatments in whole growth period
e 4 B 25 43 BT I 53 BETT I A SR FRE I = w Rt L';‘EEHE'E&( fiaHh
/(kg* hm2) /(kg* hm?2) /(kg* hm2) /(kg* hm2) 450 Ll %)
NI1G1 3.35%0. 14 9.8510.26 4.69%0.19 17. 89 17.20
N2G1 2.37%0.09 8.09%0.23 3.96%0.16 14. 41 14. 86
N3G1 2.17%0.07 7.45%0.25 3.92%0.14 13. 54 15.03
N4G1 1.88%£0. 05 6.33%0.30 3.40%0.15 11.61 13.97
N5G1 1.92%0. 08 5.93%0.22 2.64%0.10 10. 48 13.77
N1G2 1.06£0. 04 3.09%0. 12 1.57%0.05 5.72 5.50
N2G2 0.92%0. 03 2.67%0. 10 1.31%0.03 4.90 5.05
N3G2 0.74%£0. 022 2.41%0.09 1.37£0.03 4.52 5.02
N4G2 0.64%0.01 2.09%0. 07 1.0910.04 3.82 4.59
N5G2 0.61%0.02 1.80%0. 07 1. 16£0.02 3.57 4.69
N1G3 1.70£0. 05 5.7910.23 3.07£0.10 10. 56 10. 15
N2G3 1.54%£0. 06 5.04%0.21 2.60%0.09 9.18 9.46
N3G3 1.42%0. 04 5.21%0.24 2.52%0.05 9.14 10. 15
N4G3 1.22%£0.05 4.6610.17 2.00%0.07 7.88 9.48
N5G3 1.12%0.05 4.07%0.18 1.851£0.03 7.03 9.23
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A ZKFE ATy BERT 5 FlA ) R 2B e
HEK, CFHN2EEFMRITARZKRES &1
55% o VR T 2CAH [R) I, b g0 /K - R FE 2Rk
IREAFED 25 5o HRERE 772X R A A8
1 kg Wi U (& 2 R) B R MR Q1175
kg, 25 ) VEE Tk 13 Y E B U 430l A @ 0359 kg A
Q 0557 kg, Wt A AH 7] Tl 20 5 Ao VAt VMR AR 47 ) E Bk
AT 5ok D SRR R o it A KT A ) B, =
TSSO FH A Ak ST A A RN KRR 0 L (R AR )
FHREEANR], B WK AR 3 2= 7, A
[l Ak B, 2 SBIE LK R4 AR R ok B s,
P44 4 51 kgl hm®, FURH IREBERIZ) 173, ¥R
FEBLIY 12 2244

AKAEA A WIRE BB Ak Ok i S (P A
FRAE ) 1 EAE AT DA 2R e i 2035 R 2K s PR AH X 7K

5

SPOC AT AT AR [ 4 A F dhE E Y % LEfE L
HR R T 9 99 ANE 4 A, VR EE ISP 44
527 ANE G R, T LA R LR e A R
R 1 A 7 2
2.5 KRAGEHEAERENT

SR 5 T i (B 0 AN 2 T PR
IR A= &, e 7EIE Bk =5 25 R R, A
B I SR DU 5t S 1A 7 S PR K (e A
Bl 5. i (B 23 A Al A, 75 R /N X 2 4
KRG = e R Bk K e R 1 BB 9, BT
PREIR S PTG RS R s
FIR I WEBE 45 8 F 20 904 132 36 kg/hm®. 128. 13
kg/hm® 1 13730 kg/hm®, %F N A 7 & 2 51 A
5934. 18 kg/hm®. 5 722 02 kg/ hm* Hl 6 245. 77
kg/hm2 o

Fig. 5 Relationship between grain yield, nitrogen leaching loss and N application rate under different irrigation

9
Tab.9 Functions of grain yield, nitrogen leaching loss and N application rate
e 7 5 7 R FIB W R R
iR E Y= - 0.214x2+ 56.739x + 2173.306 R2= 0. 957 Y= 3.096¢0 M8%  R2= 0, 958
5 e R Y= - 0.213x 2+ 54. 608x + 2221. 978 R>= 0. 920 Y= 1.171e* @8 R2= 0, 981
I Y = - 0.184x2+ 50. 573x+ 2770.738 R2= 0.970 Y= 3.04900 W6x  R2= 0, 933

(1) WF X BT 7K A 0 B A EURILR U ik
JE) Gt R EAH GG R AR HER 77 XS e
KA = TG 03 S ), AN R K1 5 AN R
W7 ANB IR = G0K B B E AT AR .

(2) 5 FE W T 2T BFA BRI 1 kg M A &=
(Hr & A R) BRI I 0 1175 kg, 550 #E
RN VAE BRI 4331 ok @ 0359 kg AT 0. 0557 kg, 5
THRRE S PT AT Ak A 2 R

(3) A BB Py w45 AT B A B Y
128 13~ 137 30 kg/hm’, % S f 7= 45 722 02~

c 48+ EBE5RIE

6 245. 77 kg/hm”, QT AE ARAIE 7 5 (9 [7) 175 B4 74
TR IR SR Uk B R R KN A LA it 1) T
A

(4) ZKFE R JE G000 WS g 25 2 1 K T i it 5
VR oy —E N R, AR 20 BB .
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