RN FRIERL AR 2010,29(8):1624-1632

Journal of Agro-Environment Science

INE-FEXFIEHAE AR IR IR A ZMH B RS R E
aEE, =, AZR, 2 A, 1 %3

(LI B KRR RIS, BRVE #pee 7121005 2 AR TT SRR BOE RS 3R, BEPY #iiAk 719000 ;3 MiAkTT KSR, BE
VO Ak 719000)

B ARREESE BRI T BRI S H P SRR - R AR A K A IR L A R EAL B R RN I 3h S k. 452R
I, /N~ FOK I ] LA B R R ARHAS RU(NO -N) A 3, A LA (DONDIR 2, BB R(NH -N)IRAIR, ok BRI LL 1
S B R 72.1%.,26.2%H 1.7% , EHIER NO;-N 51, DON 2 A il ZHA TR RMAIES . SHABHLIL (NP L, ZBHLAT
A UL ACHEAL R (NPM) BT 2 AR T I 2] 100 cm IRBE 12 R 75/ - F KA 1K (], NPM 40 38 NO;-N,DON Fl NH;-N K
FRUKY B L NP AR T 64.4%.42.9%F1 54.8% , 31X S HCHiA MULE IR T DR RIERE A %, SLITA HLIE S5 40T
5 BRAC A FF T DA AR R AT B K

KR NE-FOKRIBAE AL s BRI A LA

RESHES X522 SRR A XERS :1672-2043(2010)08-1624-09

Forms and Amounts of Nitrogen in Leachates Affected by Different Fertilizations after one Wheat-maize Ro-
tation

GAO Zhong—xia'?, YANG Xue—yun', ZHOU Jian— bin!, WANG Xiang', WANG Hong®

(1.College of Resources & Environment Sciences, Northwest A&F University, Yangling 712100, China; 2.Department of Consultation Service
on Environmental Science and Technology Yulin City, Yulin 719000, China; 3.Water Affairs Bureau Yulin City, Yulin 719000, China )
Abstract: Nitrogen(N) leaching from soils results in low N use efficiency and environment deterioration. Lysimeters was constructed at the
south edge of the Loess Plateau locating in the Guanzhong Plain, Shaanxi, China to evaluate the forms and amounts of nitrogen in the
leachates under fertilizations during a wheat—maize rotation between 2007 and 2008. The fertilization treatments were (1)no fertilizer as the
control, (2)in0rganic N and phosphorus(P) fertilizers (NP), and (3)NP + organic manure (NPM). Nitrogen amounts leached from the soil
during the wheat—maize rotation were greater as the NO5—N form, next as the dissolved organic nitrogen(DON ), and lowest as the NH;-N.
The ratios of NO;—N, DON and NH;-N to the total N(NO;-N, NH;-N plus DON) leached were 72.1%, 26.2% and 1.7%, respectively. These
results indicated that DON was also an important N source for potential use by plants. Furthermore, the amounts of leached NO;-N, DON and
NH:-N were significantly higher in the NP fertilization than in the non—fertilizer control. In contrast, compared to the NP treatment during the
wheat—maize growth period, the amounts of leached NO;—-N, DON and NH;-N were significantly decreased by 64.4%, 42.9% and 54.8% re—
spectively at the 100 cm soil depth in the NPM fertilization. Our results indicated that such decreased N loss from leachates as a result of the
application of inorganic fertilizer with organic manure could potentially mitigate NO;—N release to the environment and also enhance N use
efficiency by plants.
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KEEEAEC R0, FAFER K
e HEAL HEERE, YEBAEYHF ARG 30%~
40% , HAW M 1 AL -4 B IR AR R
LELFREIRA, PEIRIE , ALK HPMAEERY
B 5%~41.9%:E 3 W HE AT KE, XA R T
E KLk, AT E DL O S5 A IR 5 ok
TEXMES

PRI, 3R R I B ST E A A 3R s Rt
2 ST B s RN B (A R, U] SR A R T PR
REMMBEIRR SR X — () R A B BT, 4
%, Ebr b BRI EA HOKCRES B LA
2 BRI AE L AU T AT,
HH 18] R 2514 T I ST AR 820 s BT L3RR
WS BB 5 20 2 T g 5 7K S - AR L0
ST, FREER A A AR S4BT G O A TR
5%; MWIEEIL T #X T IEAZME WA R ZETTE
AR I, M HMAESRE, AHEAILESR
FER R R 7 AR BB ST 2> WARTE . AN LA
KT LR, BEEANARRZENLEESR
GRK R EEREZ 08 HI, A AE P X
EARZRAREI G ME-FERBIERRPREM
BRI YE R

S, AR ) A EB b 2, DESE T BR T
K X &/ -B FKRERAVER R T AR AL 3R
H+EARE SRR EIEEBASA VLA (DON)
A (NO;-N) FeE A2 (NHI-N) 1A ki 451 , LA
SRR A B F A S AR R R R

1 #BE57FE

1.1 REe R

RIFEN, T2 L R R Bk E xR E +
HE 775 HERI 835 W 0 3t ™ B35 T T B AT, 126 i
MR TE T = i, MR 524.7 m, AEHSIR 13 °CL4E
WK B2 630 mm, #i T 7K AT HERAE 26~38 m ZJH],

RIS B IRIEET 1989 48, KN m RS 454 ,
4% 100 cm, 35 50.80.100 cm AFRIRE, K sh [FI3E
+ AR TR EBRMARE SRR L, RN A
bR, K FE S B AN, A PVCE(ER
25 2.5 cm) ILLREEBIEW . BUEHEER 08+
W2, ot E , JBEa A, Bk, EARKE
FFIRET(2007 4E 11 A )BIRMIE 15 a F4E, A
B R EHERE, HIEAE 1.30g-em?, fLPE
49.6% , T EE I, B IR TL/NE - FRBAE
il , — R
1.2 R5&i&it

R A R B 2 i it (50,80, 100 em )%
EREEEERFE, HA 50 cm # 80 cm B , 1%
%ot BB (CK) At B AR (NP) B~ A0 2 5 100 em B TRt
Bt R AE (NP) FI R B HE BC i A HLAE (NPM) B4k
., ATBRMmEERS, Bk 50 cm BRI 80 cm
Bl AL (CK)ALEELL K 100 em 5 Y it 2B
NEALFE S 2 AL, HARWEE 3 k. FUEHHEN
180 kgN-hm(JRE ) ; BEAEF & 4 144 kgP:0s+hm (i
BEERAS , 16% P,0s) ; A HLAEHE 4= 28, FI & 45 t-
hm?, RAEFBEAL G ZECNERMERT, EXFE 1A
POREFE , A HLIE AR AR ZE /N P AT — IR o 1K
I W A ISR FIREAE AL 32 0~80 cm + 2L E B HL
BB 1,

BFZEF 2007 4F 11 A FLG, % 2008 4F 10 A4
W, AZ/NE-H E RN R Z AL R R
FEF RN (B 1) HEEK 6 1k, BIRHEKEH 600
m*-hm? (FH24F 60 mm (R E ), H#EWHBDHHh
2008-01-08.,2008-04-01.,2008-05-16.2008-06-25 .,
2008-07-12 F1 2008—08-06,

1.3 BRBEHXE

TR 7] 7 S AR A RIS R b ARk R 9, oR TR
FRIHERE R ARk, RSB VBV [B] B Y s} R) A7 AE 22
5o BURRBBIERIE, e HAFIHBUE 500 mL,

®1 gRETELERELIELRER FIRNSE

Tablel Effects of fertilizations on soil total nitrogen and organic matter contents at different lysimeter depths

g XFHE(CK) ANE+BEAE(NP) RAC+BEAE+A HLIE(NPM)
Soil layer/em 45, Total nitrogen/ B PR Organic 4%, Total nitrogen/ AHLE Organic 45, Total nitrogen/ B HLIE Organic
g kg matter/g- kg™ g kg matter/g kg™ g kg matter/g- kg™
0~20 0.91 11.80 1.00 11.83 1.12 14.62
20~40 0.65 9.02 0.72 9.04 0.81 9.88
40~60 0.52 8.00 0.69 7.99 0.72 7.10
60~80 — — 0.60 7.81 0.63 7.46
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Figure 1 Rainfall during the growth season of wheat—maize rotation in 2008

[ SLH 2 T 0.45 pom SRR, W Hoih 2 (TDN) (5
A HLA (DON) S AR (NO; -N) Mg A & (NH; -
N)EE(FUREY HE SO IEE 4 CUAF) o X5
[EHRAE 9 ¥k, H H143 7124 :2007-11-24.,2008-01 -
15.2008-03-06.,2008-04-15,2008-05-23 ,2008—-07—
19.2008-08-11.2008-09-02 #1 2008-10-21,
14 MESITEF®

3G LR A B AR TR Ak S M aR I E
ERCRFFF REME™, W ) NO;-N NH;-N
K FH % 22 80 43 A A %2 , TDN R FH 4 P 2otk
B AR AL e, 222 DON |y TDN 5 e (NOs -
N+NH; -N) [ (65K 15 ; RMMB (%) =R R M
B x 100/ AT il FH B 5 s 22 (% ) =il AL 2R A9 &L
EME E-AH AR A & ) <100/ £ 8L e A

=N
=P,

2 ER5H5H

2.1 AERETIESEREDITEN

H1 [l 2 AT %01, 50.80.100 cm 5B 15 IR it 45 b 32
(B IR EITERT 3 WBRE R 2 Sk, XBE S
HEKA K, S R R ET | HHOKEE A B RS
AR M EA AR EES R E B IEEFES
BURERTHA FHE KRBT A 2K

MBER BFEE,50 cm A1 80 cm R JE B Iw it
CK Ab 3B U8 WM B 2437 R 155 L A1 130 L
Wi, TAERL A NP AP IR SR 45k 72 L b
153 Loy, T 0L, 5t FH AR AE 25 R AK T B IR WY
M, 100 cm Bl NP A B IEHR A B &0 38 L
H, T NPM AR FE Ak 18 L3, 136 B A5 ALAE

FEAR T BB IR SR,

MBI SHAZNE , 5 CK IEAF NP 4b
H7E 50.80.100 cm E B Ja it L & NPM 4b 3R 78
100 cm TR BB I 9 2 IR M B3I TE 2008 4F 4 7 15
H B A, 2 i FiX — B BN b F s A
KR TTH, HEAEAIR R /NEA K AEXT CK AL HHHE
B, 7ZEBVERSR; 5 NP AAEUAR[R], CK Ab3EFE 50 cm
180 cm VR EEAL B B R FE 2008 4F 5 A 23 HEUE
FFAR R Z R B Rk TR A K H BRI, 3222 Fhy T3 B
CK Ab3/NE K #as , M RIRER IR 34 NP b3, b
7R ZAE R TE; 5 CK Ab3EAR L, 7—10 H NP Ak
FHTE £ 3 50 cm A1 80 em T B I b 1415 I8 W &
BREAG, EEH TR F R A K IR, 7R BB 1E A
5,0 T HHOK T B,

22 AEIRETEERBEPAAESRRENHE
T
2.2.1 50 cm WEA LSRR ER IR

50 cm R E B it CK Fl NP AR FHB I8 NOs-
N ¥ E AR 18438 0~7.12.5.51~48.68 mg- L7, 1Yy
53R 2.53.22.25 mg-L™; DON ¥ B 9 22 18 43 51 R
0.03~2.97.0~21.08 mg L™, E#3435% 0.91 F1 5.37
mg - L7; NH; -N ¥ & /925 18 43 51 & 0.01~0.18.0.01~
0.62 mg- L, F-H943 3% 0.10,0.18 mg-L (& 3), A
D, NP b PR BN T 13 50 em REBIEWMBIE
WHAFIESERWRE,

MBRBE P AFRESRERREN IS ELE,
CK AbFEBUEW H NO;-N FI DON (¥ BEYZERT 5 1K
BB AR 22, 31 2008 4F 7 H 19 H 5 6 IRHL
Rk , BEfE 2 PGS NHI-N AUk B 7E3 1)
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Figure 2 Dynamics of leachates at different lysimeter depths during one wheat—maize rotation

BEFEE. NP AHEBIER H NO;-N F1 DON
WeBEIAE 2008 4F 1 A 15 HEE 2 YKHURE H Bk 0,
WG RS, 2 7 A 19 5 6 IEUE NO;-N i
W BLEE 2 YRk s, NH;-N ROWEEFERT 3 YREL
FEARAL 22, 46 2008 4F 4 A 15 HEE 4 (KRB B
=, P e 2R
2.2.2 80 cm WEALARKEN IR

80 cm YR B CK F1 NP A BB B HNO; -
N ¥ B B9AS IE 435K 0.21~3.82.0~21.13 mg- L7, -3y
435k 1.28.9.60 mg -L7; DON ¥k B 9 25 i 43 51 &
0.03~3.69.0~16.90 mg-L", FE-3143 514 0.66.4.67 mg-
L™ NHi-N ¥ B8 08 4354 0~0.20,0~0.47 mg-L™,
S48 0.08.,0.15 mg- L& 4), 7] 0L, NP 4h 3
EHINT BB P AFRESARNWRE,

CK ZbHEBUE W H NO;-N FI DON ¥R B ¥ 7E R

5 KRBT 2%, 32008 4E7 A 19 HEE 6
WHURE A B , Bl 5 2 RS S NHI-N VR E 7R
BT A2 REGEE . NP A8 H NO;-N 1 DON
HOMR B TE 2008 4F 1 A 15 H S 2 YRIBURE H BEik
g, IR RS, = 7 A 19 HEE 6 IREUREH Bl —
A I H U s NHG-N ¥R BEERT 3 IR EURE AR 1L
% ,7E 2008 4F 4 H 15 HEE 4 KEUEAZR S, M5
SIS
2.2.3 100 cm RESTEAEWRE 152

100 em R BRI NP A FEH NPM AbHB 8
i NO;—N ¥R B IS I8 43 5124 0~10.87.0~7.66 mg- L™,
X450 R 5.01.2.28 mg- L™ DON ¥k B ) AR 18 43 5]
7 0~4.11,0~3.22 mg-L, FEH45351% 1.94.1.06 mg-
L7 NHi-N ¥ B 1928 184351 % 0~0.32,0~0.28 mg- L7,
S50 504 0.12,0.09 mg-L(ES), AW, NPM gb3
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Figure 3 Dynamics of NO;—N,NH;—N and DON in leachates of the 50 ¢m lysimeter during one wheat—maize rotation

5 NP AbFEAH L, BAB KT 100 cm REB RS
ERPARESRENEE,

NP 4b B35 U - NO;-N 1 DON A ¥k JF #97E
2008 4F 1 A 15 HEE 2 YRBURE H BRIk H e, 5 2 %
fkash, 2= 8 A 11 HES 7 REUFEH ISR 2 Ytk g,
BEJG R RS, NHi-N (MK EE7ERT 3 BURE 1L
SE2%, 7E 2008 4F 4 A 15 HEE 4 KEHETH B/
NPM 4335 8%+ NO;-N il NH:-N A9k & ¥ 7
2008 4 3 H 6 HEH 3 YHURE H BEIk 1% ; DON (194
JEFE 2008 4F 1 H 15 HES 2 YREUREH BU H 0
2.3 FRESRHERRRAETIRAR

HR 2 1[5, /IE-FRAERBINARRE SR
Hh NO;-N fIkIE 258, 1.17~22.12 kg-hm?, F-Hh
7.15 kg-hm?, {5k BA B LLBIH 66.4%~80.7% ,F

¥4 72.1%; DON kA &75 1R A 0.52~5.17 kg+hm?,
N 2.29 kg-hm?, (G SRR HLBITE 18.7%~
32.6% , V-3 26.2% ; NH: -N Rk 828 B 7E 0.04~
0.13 kg-hm=, 34 0.09 kg-hm2, & Wk 4 2 09 1
BIFE 0.5%~3.0% ,FEH K 1.7% . A FIHEEBTRIBAE
WK 3 MIESARHMBEERIA B NO;-N>
DON> NH;-N,

5 CK A FEAH I, R4S NP LB A 5B R4 T
H 50 cm F1 80 cm R A MBI S 2 (F 2),/HH
FHOIM T B IR AFIEAR MM (B 3,8 4), A
3N T AHRN R EE A NOs—N & DON FIif¥AE =, 100
cm REB IR NP 5 NPM Fi L3RR L , 38 565 HLAE
MU ZEREAL T B U8 WY B &, T HL{#F NO;-N.DON
A NH:-N F¥RE A Bk, 5 NP AbFEAH e, NPM 4k
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Figure 4 Dynamics of NO;—N,NH;{—N and DON in leachates of the 80 cm deep lysimeter during one wheat—maize rotation

FENO;-N,DON I NH:-N ) Z2FHE B DI T
64.4% .42.9%F1 54.8%,

RUMBERIERAROMEE SAEHENE 4
B, A R A A R MIE & 5 A E LA
EMBEZZHAEHENE 8. NE2TTUE
W, BEE B IR IR 3G N , /NEE - oK IRt AE A B
R MRS Z NG 2 B S PRI
3 iFig
3.1 DON £ H T IER = ilkia g 1E A R s

XF DON EAEBRFEAR KB FHER, EIF
MM RGTF R T AOBESE o Perakis 20 9% 5y
FXRZNETRAIFRARFIR 13 X 100 20 H A
R K, A 80%M T MR A NS RMTER

P2, Van IS DON 3 % & B 45 7% AR
EF ARG RE LA ) EE R RS N E NS
A H 3R R A DON 20 B 5% i /0 LR TE . A%
WhoE BB, ZE R E L /NE - FREVEIR R T DON ik
BREHA S RRME R 1/4, UL NO;-N 5b
DON BAT] ZMM AR MK A 3. FAEFE>RH
A H 483017 N S AR & IR, (L AE b 38
AWk TE A2 NOs-N>DON>NH; -N, 5 F 45t
MbA R R AR R BRIESMBIIA L, AR5 R
FH +- 4% DON ¥ & i A R WA S 2 A L AR, 3
Eibfth 3 S A B REA A L,

— AR, VEUAR R EEAATE 100 cm FWE Y
TENT, ARZE LEKKREERXBZZTHRZA
WK o ASBHFEH, 100 em FB TR NP F1 NPM b3
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Figure 5 Dynamics of NO;—N,NH;—N and DON in leachates of the 100 cm deep lysimeter during one wheat—maize rotation

BB DON Fy¥E B fe = AT 3k 4.36 mg- L', DON ik
B ATET R, Wi Sk e T4k
NO;-N, [FlH$ DON A #2 Hik S B SR A5 Yy
VIR MR A T K I, 4 H 1385 DON [k
Yo T 7K TR TE R M E AR ST
32 MintEPRERBNER

NP 4b#E CK AbFEAH L, B 38 0 T 13 50 cm
#1180 cm YRt NO;-N.DON #1 NH;-N fi EFH v
& 1 NPM AbES NP AFEAH L, BB RS T 135
100 cm AL NO5;-N.DON F1 NH;-N [ 2 5%
Bo VLB Bl b2 R B A R WA R T BE Ak
SRR A PLIEECHE, BB T P R E A
%, X5 TSR M 2= 2R T 45 R —
T RE S AR RIS T L MRoK R RE )

AR, NMERNE, I EFEHAVIERSEAEAES N1
R FE MR AR, A PR AL 2 IR R R AR

Gy i SR PR SR 4B I A A Y T ISR K
FREELEOLPIMEEL. SRRV AR
150 kg-hm™ B}, 03 AR WIS I8 B 7E 2.77%~
3.70%2 ], EKEEZRTE 0.98%~2.26% 22 F .,
T, AREEH 50 cm BT 80 cm BIRHM AR T
IR IR FE Rk R 20w 5 , X P R 5 A 1
BRA IE SRR E RN R AR 26,
33 BREPARESESENIITELEREE

B AL/ - FORAE KRB UER H NHi-N
VR BE RN, 3% 5 52 1 - SR AL VE R SR 2, w4k =
A NH;-N R NOs-N, DL K& NHI-N 5
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Table 2 Accumulative leaching amount and ratio of NO;—N,NH;—N and DON at different lysimeter depths during one wheat—maize rotation

NO;-N NH:-N DON
ER iSRS - - RIS IR
BWBRE o ol leaching  WORE  GEZUNE MR SMANE R SREWE ApwemN  Net N
Depth of hing  f& 0] Total ~Leaching & Hfi Total ~Leaching & Hif3i] Total i j
Ivsi Pt ) Treatment losses/ Leaching &t o cactung B o acng = o leaching leaching
ysimeter/cm kg-hm? losses/ leaching losses/ leaching losses/ leaching ratio/% ratio/%
kg-hm™ losses/% kg-hm™ losses/% kg-hm™ losses/%
50 CK 7.32 5.31+2.32 72.6 0.12+0.01 1.6 1.89+0.13 25.9 - -
NP 2741 22.12+£3.80 80.7 0.12+0.04 0.5 5.17+1.70 18.7 7.6 5.6
80 CK 2.80 1.99+0.63 70.9 0.08+0.01 3.0 0.73+0.23 26.1 - -
NP 13.11 8.71+£2.77 66.4 0.13+0.02 1.0 4.27+3.28 32.6 3.6 2.7
100 NP 4.81 3.59+0.22 74.5 0.07+0.01 1.5 1.15+0.02 24.0 1.3 -
NPM 1.73 1.17+0.21 67.7 0.04+0.00 2.4 0.52+0.39 29.9 0.5 -0.9

Bl A AR B 26 o MR RITR BE 35 T 1t 05 U8 W P
NO;-N 71 DON ¥ E M sh A4 E , CK 4L FETE 50 cm
1 80 cm RE BRI BB P X HIFIE AR AR MK
R BITE 7 A, X 5B B K S8, 13
BHLARHAEF IR, W HERERS T, E
YRR RS , Iz K B R ER R A K. NP
AbFETE 50 cm i 80 em R E B IR S I8 W NO;-N
1 DON Mk e A 1 AMT A, XFES
/NZE R S E) AL 7 A Al P 2R AR PR R DL R AE R 3743
AR 558 2% o BRI, 38 M4 i AU F & , AT LA
MR NO;-N 1 DON f93k¥E . 7E 100 om R
NP Zb ¥ e h B S NO;-N 1 DON [k ik 5
3R 50 cm #1 80 em REEMHHIE A A, AT REFE S
B R b TR B RS 0 5 | S i IR VE A 2%

NPM #b3H7E 100 cm B RIS IER H NOs -
N HIHR B Bl B 3 A, X EE i F/NEF AT
HHEA HUE, S S IR A T 7 R BIRRTE , Iz
AT R R T, HEEA LA Ve R,
TAVEYIR S RE J1 AT 355 , S B 3 NOs-N R,
REME . DON MREREHAEL A, XFEE
/NZE R s it P RS FI A HLIE A 2 o AT AR [RIpt AR AL
P M AR M RIERS

it

AR AT, /NE - RAEAE A Nk B
IR AR Z DL NOs-N 23, DON ¥k, NH; -
N B flf, Ho5WE A B30 5k 72.1%
26.2%F 1.7%; Hjtifb2ERER SRR ME,
flf HE A HLIE BCHE i T4 T R RK AR AE
REJT, IR T L AR B/ E-FKEE
E R 4F FE 59 4 NPM 4b 3 NO;-N.DON F1 NH;-N [

4

Z M7 B L NP 4b 34y 5 B AR 64.4% (42.9% FI
54.8%,

&30k
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