A FREERIEZEA 2011,30(12):2475-2482

Journal of Agro-Environment Science

KM R FE 2 R A AR IR A X
=5 @ F Sk I o

Arakdw 12, BEA L ) AR E !
(1.9 ERM# P 5 T IEHFSE AT, BT 210008;2. FERHEBEST AR, LA 100039)

 E RS AE IR IR R B ERE REARR T ZREARA AR KL EPRFZ IR ER
B, R E 6 MMOHL Ak FEITAL IR LA R A I R R R AL TR (R R A AL I ) B R AL B G HLICHL AL
R R TR, S5REW: AYTHECEAL B E RS0/ 25% i R MBI T Ao =& REYH R o R8RS H
F5, HARRUWA AR 8 E S THALR, ZF20 58 RHIA R FEZHARENE, NO-N SHK 1 FEIB ; AL 3 AT
BR P AEFRREAR 7.7~12.0 kg hm R R WK ; Z AV ICHLECHEI AL IR , BRI FRIE/EY = it S AR WO B A SRR RA R MR
&R, B AR R R AHTR

KR AEE IR B R i AR AR AR

FESES X522  XEMRERS:A X EHRS:1672-2043(2011)12-2475-08

Nitrogen Use Efficiency and Loss from Runoff and Leaching in Wheat Season with Rice—wheat Rotation Sys—
tem Under Different Nitrogen Management Methods in Taihu Lake Region, China

YU Ying-liang"?, XUE Li-hong", YANG Lin-zhang'

(1.Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 2.Graduate University of the Chinese Academy of Sciences,
Beijing 100039, China)

Abstract: A field study was carried out focusing on utilization efficiency and loss of nitrogen from runoff and leaching in wheat season in
Tailake region. The experiment was conducted with different nitrogen management methods including different nitrogen levels and different
kind of fertilizers. Six treatments were designed: Farmer's N treatment (FN), Reduced chemical N treatment (RCN ), Site—specific nitrogen
management(SSNM ) (for paddy season only, same as RCN in wheat season ), Organic & chemical N treatment(OCN ), Control released urea
treatment(CRU) and without nitrogen treatment(NO). Results showed that under OCN treatment, the yield and above—ground nitrogen accu—
mulation wouldn't be lessened when nitrogen input was continuously reduced by 25% in wheat season, and nitrogen utilization efficiency was
significantly higher than other N treatments. Runoff was easier to occur in wheat season than rice season. N loss from runoff and leaching
mainly depend on the N rate, and nitrate was the main form of N loss in runoff and leachate. Reducing N input about 25% could lower N loss
about 25%~40% (7.0~11.0 kg hm™) compared with farmer’s N treatment. Organic combined with chemical N treatment in wheat season
could ensure a stable yield and reduce the N loss to environment, and has the potential of sustainable development.
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P [R5 A PR B A Y, ROV TS BT R
AR X A T RS A TR T A A
HEABIIE, UUBR HSR AR E LR, 12
WA R MR R RAKEE BN EZTRE , b
B, RERHESAGEPERNEERLRA
174 77 491, TiBIeRAR H B IR TR KRR S
— A, RIS R AT AR, SRR —E 2
S22 B PR T KRR AR AN AT 2R o 5L
TG BB AL R AR M TR TS YL i) R 25k —
WL, AT 3 i A R i N 5 M o, 3K 5 4R
BHRLE I, TERR S RAEH R BRI, 95
DRER-SE R LRI o

1 #MR5F*

1.1 RBawr e

RIETF 2009 4 6 HE 2010 4F 5 AEILHETL
BT X SR R SE AT (FB 4 31°317, K& 120°
06" )HEFTo A T I = £ YN AY IR AT S 38, 8
P H R 2R KSR, 2 4E T BT & 800~
1100 mm, FHSIE 13~16 °Co FEREBVEY KK
5/NERAE ; FHENFOKOKRE L, BHEERE 19 cm,
H IR R AT : pH 6.99 ALK 32.00 g-kg.
2 N288g-kg & P0.61 g kg FEf# N 187.75 mg-kg™.
PR P 37.94 mg kg™ AL K 118.33 mg-kg o

HIRNERFAHE 8 5. EBKG HRKIE
(IET ) o
1.2 RIi&it

A% it HE (Farmer’s N, FN) . £k AE U8 & Jifi A2
(Reduced N, RCN #R¥#E I A 15 H A9 K9 X i& H
Jiti A & &5 SR 7SI A ) A HLIC HLIL i (Organic &
Chemical N, OCN) .7 % KB} (Control Released Urea,
CRU) . #i& M- 2.t i ( Site—Specific N management, SS—
NM) LK TG N(NO,0 kg-hm2) 3t 6 ~4b B, ¥4 3 &
BHE,/MXEFHR 80.4 m2(12 mx6.7 m), FEHLIX 2 HE
5, HHh OCN Ak ¥ it A & FALIE s E AL 3, A HLAE
RE 1 20%, (8T HIRA R A =M Ra IUE,
S ENE. CRU M LR £ 1E KA R =R
BRE, i BEEN 70%, &BEME . SSNM Ab 3
FASEAE R RCN AbEE, JBAEARHEM H &) SPAD {H (Soil
Plant Analysis Development ) 2B %€ , 2009 481X
A PESEFRAEAR, 153 kg hm2, % RCN ZbBEE/D 57 kg-

hm?, % FN Zb 3R E R 43.4% ; Z Z 2B R &
@] RCN 4B, %2 FN.RCN.SSNM #ZbBEFLAL AL N
FEE¥;0CN 5 CRU A3, AL 70%, FEAE L
30%. BEH AL AL FAHE , $HE 228 (K,0)90 kg
hm2, ZEHE GEAE FE A2, BEIE (P,05) FHE N 65 ke-
hm 2, VEJRRAE— IR MR o LAt S8 = A 8] 3% 1
/NETF 2000 4 11 A 1 Hl#%, 2010 4 5 A 31 HiK
#, MEAEKSET 11 APaEBRESEN,
1.3 HFmEXEETmBNE
1.3.1 FERRFE SRR SNE

7 H R A A VR R N X B R P
PR B4 5 0 BT BRE R A R
FRE AU R &,
1.3.2 TEBIREHRES 5T

RTEBRFZM T HRAR RGN, 2009 FF
ZF AR A /DX 308 e Bk B (h E R B
m BRI AT ). BIRE RN PVC MR, K4
124 40.60.80.120 cm, IKFRTFR 304, I+ AL BRI
20 cm AEIEIFTFLAEH 5 mm BB KL, HAMNH
IR o NGB EER S KNS, DARERIREZEA
B, BE I HRIRBEKEBIEERET B, a5,
FLAL ZEBEHLFR 10 om B, W SMEE VU E UK JR B
U, H BRI R A BAROR LI RE . BIR
BT FL, 07 0.8 cm ELAR MR , FE B
ZRRENE, AP EE. 81~ M FFR—HE
S EEA 4 BRARRENBIRE

FEILREDBIRNM 8 Ko FITT 2% Skalar Fish45
M E BB IR NH;-N.NO;-N 1 TN & &,
1.3.3 RFEBARES 54T

HERRUEE 22 AR RS , R4/ IN X H o 37 LR 2
m’(1 mx2 m) AIFEIX, 7ER X HEZK O Ab 35— /)M,
FIAERA X AR IR o B IR B TR J5 B B ISR 45 T X AR T
SR RIKEE, B S RRIREN, ARl
ZAEH T I T 22 Skalar FLENAN S B E He R

1 SNEREAE(kg-hm?)
Table 1 Nitrogen rate of each treatment(kg*hm™)

QbE e R HAE 2009.11.01  FEAE 2010.03.01
Treatments Total N Base N Earing N

FN 240 120 120

RCN 180 90 90

OCN 180 126(36 3k BAHLAE) 54

CRU 160 112GHRAER) 48

SSNM 180 920 90
NO 0 0 0
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HHIEN TR, 1.5 IEHIE

1.4 HEAE
1.4.1 MXTHE

W EHEEHNERE (N accumulation on aerial
part) : AR B0 T AU MR AR R 2 BRI = A
MRS A BN BH A AR T YRR R &

RNEFIHFFHZR(N utilization efficiency )(% )= [(ifi
R R A E-Fi R X AR AR )R & ]x
100

RN 2= (Agronomic efficiency of N) (kg kg™)
=(MER XY= B- N E XY= 8 /it a &

DON=TN —(NH;-N +NO;-N)
142 AERRBRMEE

A E K R EER R 9 SCS-CN R
TRERENAGE

0=(P-0.28)%(P+0.8S),P>0.2S
0=0,P<0.2§

S=(25,400/CN)-254

Hr.Q MERE ;PN BFEWNE ;S K H
&, HEEESEAMIE CN AR L AE (curve
number) , 32 1 HUF K R BEF IR , SBCAN Y
j‘:’ mmo

AFFARYE SCS AR LAY CN [EA BRI
S MAMRIFTRIE, B CN HIZE N 83,
RIEMBZ X LN ERNEMEEEZREE.
20094F11.12 H,2010 4F 3.4 AW &S 7111
67.217.112 mm, B HE XN AR FE &N 66.29.
165.67 mmo
1.43 REMRETE

EZFBIKESH XM ALEZB IR
0 G EEBRKE(Q)BEN 120 mm, ZEH
EMRBHEREEZSVFHARBIREE SBRK
e YIS

K Microsoft Excel 5 Sigmaplot 84X} £ 48 i
1851t il B 5 SR A SPSS H Duncan X% 588 #4722
52 E MM (P<0.05)

2 HRESH

2.1 FEMRREEFIAR

Z 7 B A R WA BT R (3R 2). NO
AP AN 961.5 kg hm2, AR =R A 28%. FN
AbFHF= BB R, RCN 5 SSNM AbFH S FN AbHs /R
HEFI & 25.0%(60 kg hm?) , =B HIERT 14.4%5
12.6%(504.3 kg*hm? 55 440.1 kg*hm?) . A[RIERF
2, OCN A= B  (HAA M Z R AR E

k2 fims, %% OCN AR BEfE e, HA
TR FER Z AR E, TE 112.9~144.6 kg'hm? Z
], & NO b FRAY 2.5~3.2 f5 . AEHEEFZEH ,0CN
AbFR B 2 F T RCN AEBE(REZE 38.1 kg hm™)

# ZF AR A OCN AbHLE %5 T HAth
PR, Wik 63.3%, RHMAIEA 1.5 5L FN.
RCN 5 SSNM Ab 3 R AR R WA R T B 22 5,
TE 38%~42%2Z 0125 8] . RAEAR 230 3R it R 3
T P A, PN 4b B8 (3 % 240 kg hm2) &K, CRU &b
FH(FEA 160 kg*hm™?)H = - MR A ST (RCN,
SSNM 5 OCN b3 )Ab3[a] 22 5 A B 2, OCN Ab ¥R
BRERRIBL R,

22 EFER
221 RMASRSHAE

2009 4F 11 A % 2010 4F 4 A, BiTHFERE X 550
mm DA b, PR 7 K. WE 1 P, FN AR BRI
WARSERERT RCN 5 SSNM 43, AFRALEE
T ,CRU B AT A ST EEMHEEIRAE 12 H 9
H, W e THAMATE(12 A 2 B), HIEEHRE T RCN
HOCN b3, BREANZZNREMARHIRES RCN

R2 ARLMETESF~E ARRESARAFAE

Table 2 Yield, N accumulation and apparent use efficiency of each treatment in wheat season

i [ i EAR AR FUERIF F % RUERERR
Treatments Yield/kg*hm™ Aerial N accumulation/kg*hm™ N apparent use efficiency/% Agronomic efficiency of N applied/kg kg™

FN 3 495.7a 144.6ab 41.7b 10.56¢

RCN 2 991.4b 120.5b 42.2b 11.28b

SSNM 3 055.6b 112.9b 38.0b 11.63b

OCN 3 119.6ab 158.6a 63.3a 11.99b

CRU 3 034.2b 108.0b 39.7b 12.95a
NO 961.5¢ 44.6¢ — —

AR FRFRR B 25 82 (P<0.05), FH.
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Figure 1 N concentrations and loss amounts of runoff in wheat season (A Treatments of different nitrogen levels, B Treatments of different

fertilizer types, lines denote TN concentrations, and bars denote amounts of N loss )

AEFETCE KT, BR CRU AbBEAM iR &40 3 11 A
BRRMABRKRE BN EFZRRABRKEMN 51.8%~
67.6%. ESR 2010 4F 3.4 A AIE BARREK  HEEH
R PR S BEEAL, AR BB,

222 BRIMABKIEEE LH)

TaNEAL PR ZR M AR B RETE 16.46~27.50
kg hm2 Z[H, MHAEER 9%~12%(F 2), HH,
SSNM Ab PR AR, FN b ¥ i . FAEMAL T, OCN
AbFR AR T A e W = T4ifL AR RON b3, @ 1k
HEALBE(FN  RCN.SSNM AbFH ) , Jai/ it 10 B A (k2>
TRBRBME R, BHK LLFIE BT R, B FN 4

401 11.46 11.80 712
i 11.40
o B p750a N8 10 g
£ 2 3o 9.14 R 2
3 B B E
& S 2sp 20.53b 18.87be EE
B 2 k| [17.70bc 16.46c 6 X 2
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Figure 2 Amounts and ratios of N loss from runoff in wheat season

(bars denote amounts of N loss from runoff, and lines denote the

ratio of N runoff loss to N fertilizer)

FHAY 11.46% 3] SSNM ALFEAY 9.14%

mkE 3 iR, EFRRMREEZNFTERES R
NO;-N, 5 60% LA b Bk CRU AbFEA) , ZbFH[EIA R
ADAERPUR LFIAHE ,NH; -N S RAETF 6% ,NO;-N
R LBV FEITE 60%~70% , DON 7E 30%7 4 o CRU
A3 NO;-N TEAEIRK R 15 84.8%, 1 DON Jr i H
BIAXTBAR . IR S AR B AR O, A fr
HE—H5E o
23 £FER
2.3.1 £ AMBRBCEHAR S &L

mk 4 Pin , ZEBIRBAZ LG EEAWFE
TR AETERE R 4.74~0.59 mg 1, BIRRA MK
2 It R0 B 38 77 BA 3840 : FNSRCN>SSNM>NO
AR HE R R A 382 8] 95 RV VR B B A B A AR AR Ak
RIH—E R ZES, FENEH (2000 4 11 A % 2010 4F
1 H)RCN BRI A S ER T OCN 5 CRU 43 ,{H
R, LA 4 A4, BT CRU AbBEMAERLE 18 B
R, KB IR A R P BRI 1.08 mg L7,
232 AREEBRBECEHAR S &N

&l 3 fis A& A R BB IRl A R N
TR BERASEESERRE FEZEA RN
M, HH 20~40 cm 55 60~80 cm HREEAbHL ] 22 R4
R . 20~40 cm R, @ LB BB IRIRA S
IR NO b 2.8~4.4 £, SSNM AL HHAR R E B R
BREGES N TERES . ARAEEFZA IR,
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Table 3 Amounts(kg*hm™) and ratios(%) of N from runoff in different forms of wheat season
AERE FN RCN SSNM OCN CRU NO

Nforms st b BikE b BikE b BikE b BikE b BikE =1
NH:-N 0.64a 23 0.68a 3.8 0.73a 4.5 0.51a 25 0.51a 2.7 0.26b 54
NO;-N 17.9a 64.9 12.2ab 69.0 10.2b 62.0 13.7a 66.7 16.0b 84.8 3.18¢ 66.0

DON 9.02a 32.8 4.82b 272 5.52b 33.6 6.34b 30.9 2.37¢ 12.6 1.38¢ 28.6

TN 27.5a 17.7bc 16.5¢ 20.5b 18.9be 4.82d

F 4 EFLFEAANERARESE
Table 4 Concentrations of TN in leach—water of different months in

wheat season(mg-L™")

SAE AR Concentration of TN/mg* L™

SRR 11 H 12A 1A 3H 4
FN 4.74a 3.94a 2.77a 1.39a 0.85b
RCN 3.63b 3.28a 2.08b 1.18ab 0.72b
SSNM 3.42b 2.63b 1.52b 0.96b 0.59b
OCN 2.60c 2.67b 1.95b 1.19ab 0.68b
CRU 2.50¢ 2.94h 2.03b 1.18ab 1.08a
NO 1.61d 1.67¢ 1.28b 0.79b 0.59b

20~40 cm ¥RE OCN 5 CRU ZbFH43 % RCN F&(E T
24.5%%5 17.1%,0CN AL IRTE 60~80 cm WE B E T
Haabs,
2.3.3 BIRABKIEA S HH]

k5 fi, BRI NO;-N BT b HLFil7E

B N R
Concentrations of N in leach-water/mg°L™
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FZEBHM KB 1.2~2.8 kg hm> Z[{],
HEAE R A 1.0%~1.2%, M HEZRAEE  BRAER
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Figure 3 Concentration of TN in leach—water of different depths in wheat season

(A Treatments of different nitrogen levels, B Treatments of different fertilizer types)
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#5 EEERAAAHSEEREE (kg hm>) SHH1(%)
Table 5 Volumes(kg*hm™) and ratios(%) of N leakage in different forms of wheat season
AEA FN RCN SSNM OCN CRU NO
ki B BKE bl SR B SRR B mAE el SRR H)
NH:-N 0.29a 10.8 0.36a 16.7 0.35a 19.5 0.25b 12.4 0.16b 9.2 0.22b 18.7
NO;-N 1.55a 56.5 1.22a 56.2 1.24a 67.7 1.10a 54.8 1.11a 63.8 0.53b 44.6
DON 0.89a 32.7 0.59b 27.1 0.23¢ 12.8 0.66b 32.8 0.47b 27.0 0.44b 36.7
TN 2.74a 2.17b 1.82b 2.01b 1.74b 1.19¢
‘o y To lﬂlﬂa , FJ%S‘EJE‘EF%*Tiétﬁ‘éﬁﬁ%ﬁ%ﬁéﬁf
S o AR EBREREARKELE 5~10 kg hm ™2, E 2R
£ g 3027 AL ]y B3R EBRRRARMAHEL A,
2 E s 217b | eop 2.01b ’ § 4 FEM R EFRM AL, YRENRERF -
2 2 20} PR e mEFmm e, B R AP R R
£ Lt MR E AR, R KA
E 2 PR RTHR R N MRV R R R A 0
05 '2’2 X 0, [ R R S HERTIR A B IE R0, &

0 FN RCN SSNM OCN CRU NO
B4 EFERFERRERBEESLH
(HERERERREE, TEEAERIRKLLG)
Figure 4 Amounts and ratios of N leakage in wheat season (bars
denote amounts of N leakage, and lines denote the potential
maximal ratios of N fertilize )
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3.1 AEREEEEANZEREYEKEROZNE
e B R B AT A MEE R, KRR E B
R DR R ' B K. AR B R AR E
REMAEYELFYGE , 5RWA R RIELFH
REEE , AT REE LN BIEMF e, 7
R ET , BEEAE AR 20%~40% , %7K
=Bl BEF WD, (HESRERAUS , HiE K
R EERPABEBE TR, BIRTE 129%~15%
Z [a], mECAA VLR (OCN) B F= B H R R A B K
FRE A BT . [RIRT, Bt MLAE AL PR R
RS FRH A G =RR Y B & S T HARL
B W] WLAE 2478 HLAE AR A TT LA = & R R R R
R, IR PR ™, CRU A H AR RERK
%, THE B IR BT HANC AL, 7T g2
FZAE B RIER AR (R 2), AR NFEER
WS,
32 FRREEEEXMNEFERSEROZE
R E N INE A PRI, T AT A
JEZ  fEHEHEK g B T T, HK O FEsb R

Az [ 7K IR S e RS A et ) LA B B AR A L, DR E
TEREEPFREMNGRE , H IR B AL 3R
FERICGEVER . AR, 2000 11 HAZ 12 AZ
WRETT=ARR, BRI E R R IR Bl , bl
R T DB S T T R (1R 1) , SRS B S AR L
REFEEMAERARRESIAEZZRRIRNEREN
60% LA I, X FEE M TRIE/NEE KIS, BiF
ERELEPRARSERR, BRIREKE, BEERHR
RMAREBRKR, AAERAZEZRERR M4
(N

FZEAF TS, (U H 1 HE KA B
KM TATINERIBIRR . Fit, ZFBRNE4K
BTN A R A SR, RN K IR, £S5
BT BIEA B, —RAENT , FEERER
Wi, BIRBRARFYSEREEINTFEE BE
ZEAFE P 60~80 cm A BIRBA ST EE T 40~
60 cm FIBREEIIS: o X — IS F- 22 ¢l FH T 2 /K A4 (R 8K
HEBE, FEEH IR A TRACKRE, Rk,
KA AW SRR IR T8, Z 2 {UHERKE A &
HARENH TERS, FKRMEREE T T3 RENE,
WERT 60~80 cm ALBIRBA & EREH MR LA

MEEKFREMERSBRBEARSTEULA
EMREMFEREK, 5 FN ABEME, B FIEH
 25%(RCN F1 OCN 403 )F1 33.3%(CRU 4b3) , &
RAESBESEWME BT 25%~36%(F 2), B
AR & RSABRETREM 202~36%(Kl4), 5Hi
AR 45 R fpiee 8, SSNM 4bBEAE 2= 5 RCN AbFE
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Tt R AR , {H R R 2t RUK 5% (e RON b3/
57kg'hm?), HEZRHEEBRAMAREBERKT
RCN 4b¥, i tr] I, RE et e R 2l +
BRENBTEMESNRRSBI. AFEACEF
JAbFEE], CRU AbBE F TR R, 7632 Z [ AT
HEFRTRERNBNES T RCN 5 OCN 403, B A
RWENIEERREALGIENE 10d 26, HHS
R AREYEE TS, 12 A6 R 5 B
BTNk, 7ERR AR % AL A AR 5k (2010 4F 3 A
F 4 AW & FHAM R, Fit, & PSR
WO RERRSBIRER N 2R, [T AR5
TSR T RERRE

4 L5t

(1) 24704 T , A HLTCHLE M8 & AL FE (OCN)
RETERZ EHRFELIA 25% M 1R B TR FEE i 7= i
H5EMEFMAZE,

(2)ZBRN S B IRAIRBIRTFREK KA ET
[ FREK B, Bk B F B2 AR, ZFR
TR S BHEIE R 10%4 0, BE 5 SRR
%A . BRMBABIE T NO;-N B FE
4. EZHiE R 240 kg hm? FEKE] 180 kg hm?2,
RISFHE T 7.7~12.0 kg hm2,

(3)ZEHHIHLBCHER AL (OCN) BEBIRIE
e =B 5 A E WU, HFREA R RA R TR, ik
ML IX 2 2 1 B AT s O R B
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