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Abstract: A field experiment was conducted to evaluate the effect of nitrogen(N ) fertilizer application rates on N leaching loss from protected
vegetable soil in Tai Lake region, China. Five N treatments, including N1(no fertilizer ), N5(conventional N application rate at 1 560 kg+hm™-

a™), N2(at 40% of N5 the N rate ), N3(at 60% of the N5 N rate ), and N4(at 75% of the N5 N rate ), were applied to a tomato, lettuce and cel—
ery rotation, a typical protected vegetable cropping system in the region. It was found that the main form of the N leached was nitrate—N, and
the leaching loss increased with the N rates. The highest annual total N leaching loss at 193.6 kg*hm™ ocurred in the N5 treatment. Compared
with the N5 treatment, the N leaching loss in the N3 treatment reduced by 40%, 49% and 58%, and yield increased by 15%, 39% and 28%,

in the tomato, lettuce and celery season, respectively. The leaching loss of N peaked in the open period, from July to November when the plas—
tic cover was removed and the soil was subject to rainfall, including fallow period and early stage of lettuce. The average total N concentration
in the leachate was 51.1 mg+ L during the open period, which was 1.7 times greater than that in the covered period. The total N leaching loss
was 129.2 kg-hm™ in the open period, which accounted for 67% of the total annual loss. Our results demonstrate that the technique of reduc—

ing N fertilizer application rate can greatly minimize the environmental risk of N loss from protected vegetable field without any negative ef—
fect on vegetable yields. The fallow period should be the most critical period for controlling the total N leaching loss.
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H T, B A AME 3K AE k5 5 T RTS8 2
{EX BB 5E 2 58 R FEAR B, X AR AR PR
SR 2 R 77 DX R it SR e - S A A SR e T T
WA B R AT SRR BB SR I FE LR
FRRME SRR 1 m H IR RRRER MR Bk
] 152~347 kgN -hm?, 5 21 i3t T 7K 5 4 ELHEEAH R
Ao A i S5 R LI IR BB S 2 A AR K
HERIEA SR & BRI R, Su s BN
ARAEFEA NO:-N KRB 65.7%; £ HFEF
1853 GLEAMS %o e [ 7R 1 S 4y b Xl /N
PR ERRY], SEHAES R R W ) IAERE
W EFGREEEBCRA 7.8 Af . ([HXEHFREHK
FABEFT , WL F) s S0, e = AR e TR B L , B8
BRZ RAE RSN, DT ME DA VR S R S
AR R AL

FH T R AL T 7K A7 S5 AR K SCARFAE F) S 3 22
57, AN R 3 DX Rt S st ) R SR A AR AR R K
WA ZE R 7K P HLIX, R HOHTHE BOSiHR By L 4R
AR T3 56 AR FH SR ok , HL B S R 25 S I i)
iH,N SR AR R B R B, N s
JEER RS BRI S A, AT BB 5 | A A LTS e AU
BOATE . BB, XA PR H RSO
B KREME, (BB St e HEBOR AT A TE
28 , TS b SR H RHR A 42 R x5 . [
I, 7R S LUK ) X B S A S BIF e 52, WL ¢
S — A AF B SRR MRBEARHE , DU & B R
HE BRI AR A S IR SR BE BB AR o

1 #BE57FE

1.1 K58 % ik A4

T 2010 4£ 4 A ZE 2011 4 4 AN TR
Hi DX VL5 AE To8 T AR R A AT o 18 DX b Ak
HA I SR L Y Y, PO 2R 43 B , T B R, SRR
AR, TTFEHE 0 220 d, 4EF SRR 12~16 °C,
AR H 136 d, H MR = 50 mm A5 W A4
2~3 R, KERHIAEM A G NET . 6 Al
RMRZE, KR 8 Ay, ZEFHFEREN 1000~

1 200 mm, ARG WLIIHA [H] (2010 4F 4 H & 2011 4F 4
), &FEBNERN 1120 mm, FEEPEES XK
WA 7 A 26 HE 11 A 2 H, 199
d, 18 THMKREIE(7 A 26 HE 9 A 16 H)FE
EAKFMOA1THEINLA2H),

IR Z 13 (0~20 cm) JFSR B T AW Hb X i
RIKFE L, E SRR 3E 3 a0 iHIONEG L, 135 pH
B % 6.09, .52 0.19 mS-cm™, HHLK 27.9 g-kg™,
4 N 1.06 g -kg™',NO; -N 35.0 mg -kg!,NH; -N 1.07
mg-kg™, AL P 199.8 mg-kg™, AL K 148.4 mg-kg™,

iR Al (Lycopersicum esculentum Mill ) A7 ¥ #y
—5,F20104E2 A 25 HIBEMEH 4 A 15 HBR
EHE,7 A 25 BYGREE, AR E (Lactuca sativa
L.) iR K 5 94, 3 HAKAE J5 KRR A, F 2010
8 H 18 HIEFMER .9 A 17 HBF e, 12 A 20
HIIRSEEE . HE 38 (Apium graveolens ) 2y PUZEPY
B, F20104FE 10 A 20 HIEFETH,2011 461 A 3
HE# e, 4 A 25 HIlR5EEE,

1.2 3G A1 K H E EH 18

RIGILBE 6 b BE, NO. X BRALER, RHEAE, N1.
(it HLAE , N fL AR R AR . N2 Fih B E
FrenE B & &5 78 160,208,256 kg-hm™?, N3: &
fhi. WE. R AR 240,312,384 kg-
hm?, N4: %0 S E TR B A & 535124 300,
390.480 kg-hm?, N5 BijEfbAE A ALHE , AR P15
XA P i S AL AL R R E , Tl B E TSk
HER &304 400,520,640 kg-hm,

RAEHE PR R, RA 1 REEAE 2 GBAE, 5
B¥% 50% 30%FN 20% K LLB e . & 4bH (N1 &
N5)P.K AEFAA HLAE F EAE R, P REFIA ALIE A 21
JEHE—YKHEA K AESRAT 1 AR 1 YGBIE, 43Rl
50% 1 50% W LBIREH . AT 201044 A 13 H
TEEEAE,6 H 4 HF16 A 24 HIBAE; B E T 2010 4E 8
A 17 BRE3EAE, 10 A 30 HA 11 A 11 HIiBHE; 73
F2011 41 A2 HifiZEE,2 H24 HfM3 A 21 H
B, BHUE(EEER 2% 528 ) BEIE(P0s & &
12% ) F4R B (KSO, &5 & 50% ) it F 843 318 70 kg
N-hm™?,120 kgP+hm™ Fl 150 kgK+hm,

IXEFHN 25 mx 7.5 m, EE 3K, FEILX4H
HEF , £ /NX Z 8] PVC AFRTT, PVC B AR E K
0.8 m, AR £ /INXAH B8] i 55253 8h » H [RI7K 234 3
K F AR RAZ GG J7 15, I8 AER AR Y K M bl
Ja i) 3~4 d Bk, Sl BT RRIL T E o BB R
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RS K HEREACH IR X B K , 4R
&85 380 mm,
1.3 HRRERTENE

Fh S ERUTEA B R U/ N 2T AR E T
72 WRUERI AR BT 2009 4F 6 H HEA KA FE/)N
X, H 5+ AR HES G o T 2 bbb KA, &
HAE 80~120 cm YE I BN, sk S tth T 7K BB HE Y
W), K WA TR R RE O 50 em, FELTURSMF T 4
SEELREBTRK, WEERER N 047 m?, & 7~
10 d BC—3OKHE , IR BURE K32 B ik s il 4t , 7]
A R PR R R AR AR . 5B B 200 mL 7K AR 8 , VB VR FH 3%
a7 Rl RN QUL IS A R e - RS =

T BERRAL R B O A MR FH M 4%
Eﬁ@%’f’[ﬁ—?ﬁ?’i%@“%, éﬁﬂi#& H2504—H202 (é% )
B 3hE A4 (BUCHI 399 )il 5E ; # A & K 1 mol - L™
KCl R, BRI AL BT T E ;
BHER A 0.5 mol - L™ ) NaHCO; B2 -4HEPL L
PE ;. BEERRA 1.0 mol- L7 9 NH,0Ac 42—k
Ja 53 Y B I 2 5 pH fE I 2 7K £tk 2.5:1, A pH
TH(pH 211 B E ; B F R W K Ltk 5:1, R H
DDS-320 & S E
14 KK BEENITE

BHEFH Excel 2007 .SPSS 13.0 2885343 br k(434
T8eit5r M. ARSEITEST

vy V%10
o(F)=FE 0

K o (R R DT MR B & kg -hm ™50
ARG TEYR TR, mg- L5V BB
PR, L; S SRR MR, n?50 BTSN ] B R
B, d; 107 K mg BB ke 192K 107 ks m?

B hm® R B
2 HRSH

2.1 RRIFHEE T RAME
2.1.1 PRPEWH NOs-N Wk F s 28k

A RSB R AL BT A9 NOs-N ¥ I sh A28k
T 1, FEAEKEN4H 10 HBRZ6H 13 H,
FIEMEIE ) NO;-N ¥R ELE 31.6 ~54.4 mg L' 22
&), B/ B T RSS2 7 A 20 HEMRKERSE
Ee NO;-N ¥R EEZR 10.8 mg-L', FAWHFEEEN,
WRPEME H NO;-N W PR EF, 2 8 A 19 HIBEWR
M NO;-N W E AR H e, B 95.5mg- L7, 11 H2 H
M, P NOs-N WREFF IR TR, 12 A 15 HE
BEGRSE , e NOs-N MR EEAK, y 122 mg- L7,
H5EMEMEERMGER S NOs-NIREML, 3%
ZEPR BRIV B A KA, 7E 11.0~29.2 mg- L7 22
6], 334 20.4 mg L™,
2.1.2 ARAEKFEMGERISEERZER

= 1 RH, Wi &F A4 K ZEH NHI-N F
BIVR BEFE 0.06~0.10 mg- L™, X 7K A5 YL g ma i, —
EZFAEYEMN HE TR, R R NOs -
Nk ERIAFMERR, BEERZ, FrERl.
FEAEWMPEW F NO;-N F ¥k FEiA %) 39.2 mg-L7,
32 NO;-N ¥k B F3{CH 20.4 mg- L7, XfF—
JAAEARFBT AR NOs-N SFI59 B, LMK IR B8 s , 76
51.2~95.5 mg- L Ju E N, F3°8 70.7 mg-L7; G4,
IR BRM G TN SEX R B B 8 = T HA AR K 2,
SRRFEM HE JTRZEM 1.7.2.5.3.3 %,

{ERF B A2, TR SRR PRI , BRf ie 1E
BRI AR A, ERRI AL T ,NO;-N TN

120, R
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o 100f

g

@;ﬂg 80t

E 60k

£

I 40

B

2 }\E\i—i
> o PP B P
e Y Y e Y Na N N N N N N N
N\ N\ N N N Q> \Q Q \Q N N N Q>

2 5 5 5 5 PSS 5 2 0 5

R H #/4E-H-H

1 REIRERE T#ER D NO-N 3TN
Figure 1 Dynamic changes of NO;—N under the farmer habitual N usage
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WA B & B, 0 95.5.101.4 mg-L7,
I, B ZE R R R EAAE T BB RO 3R 1 R it b 1
HE NO;-N MR A EZ R,
2.1.3 ARAEKFEMEEER

Tt S A [F) A 4 2 R e S S I v AR AR
2, MF 2 AT, NHI-N #R&A & TN kR
0.04%~0.29% , NH; -N e R AR, 7T L Z B AT
NO;-N Wyt EIEARF A KZ & TN Wyt E 1) 89.0%~
98.9% , & Bt SEH A VEHE I ) FETLA , HARBOR
B EARKEARNSR . BB BT SRAERKEEW
B398 316,220.91 mm, B4 K BHK S BRI N
BEZESRNB>ERES RS, MR AR SR
MR EE—, FRERERAZLRY NO;-N
R BRI, K 14.3 kg-hm; T 55 B A KTt

FAEH) NO;-N MBI RERH, 137 78.9 kg-hm?,
TR EA KRS, R KK E FEERMER
BE R B A E JrAE RS TN R S &5455 4
AW BRI 19.0%.44.8% .8.1%, HTHEZES
VA VR B G P, PR PR BA SR PP AR B SR AR, RIS
REFRER, EBMEREN, SBRKEMNEAR
WK, KFBARERN & 493 mm, TN S &L %] 54.6
kg-hm? {H15 K,
2.1.4 HEHIHE TN W &

H2 3 AIAT, ke & AR R, L TN ik
W ORISR B B w T, B
HAWRVEWE TN VREE K 27.8~101.4 mg-L?, 3% 51.1
mg- L7, Tz M A TN SF-393& Bk 30.0 mg- L, 3511
TN ¥R AR SR 1.7 1%, St 4E s 2

R 1 KRIBEEETARERERERARE

Table 1 Concentration of N and P leaching in different growth period under the farmer habitual N usage

e /mg - L F#1(2010.04.15—07.25)  4KIH#1(2010.07.26—09.16) 5 (2010.09.17—12.20) 7+3%(2011.01.03—04.25)
NOs-N SEE 39.2+17.0b 70.7£21.4a 23.8+9.4c 20.4+5.2¢
KA 54.4+5.4b 95.5+2.3a 34.2+1.8¢ 29.2+2.3cd
=/ME 10.8+0.8a 11.0+0.4a 10.9+1.4a 11.0+£3.7a
NH:-N SEE 0.06+0.01b 0.10£0.01a 0.06+0.03b 0.09+0.05a
KA 0.14+0.06b 0.28+0.03a 0.12+0.03b 0.26+0.06a
=/ME 0 0 0 0
TN SEE 39.6x17.1b 73.3£22.5a 29.7+3.6b 22.4+3.4c
BARME 55.0£5.2b 101.4+3.3a 35.4+1.9¢ 31.9+3.2¢
/ME 11.0+0.4¢ 54.9+2.0a 24.0+1.6b 11.7£2.5¢

TR TR N5 AE T BRI A KIHRARETE P<0.05 KFETEREE

R2 RERIBEAETARERKFRMKEE
Table 2 Amounts of N and P leached from different growth period under the farmer conventional N usage

¢ N NO:-N NH:-N WORRABY R
L WPiR/kg-hm® PR /kg-hm® 5 TNWHBE/%  #EE/Ag-hm™ 5 TN #UE/% mm mm
ZFE#1(2010.04.15—07.25) 36.8+2.3¢ 36.4+2.4¢ 98.9 0.04+0.01b 0.11 114+6¢ 210
RIAHA(2010.07.26—09.16)  54.6+1.5b 48.6+1.6b 89.0 0.02+0.01b 0.04 327+10b 493
51 (2010.09.17—12.20) 86.6+3.5a 78.9+6.5a 91.1 0.25+0.03a 0.29 405+8a 326
732(2011.01.03—04.25) 15.6+£2.1d 14.3+1.5d 91.7 0.02+0.01b 0.13 89x12d 91
1 RIFIAR TR N5 LB AR R ARG R SRR IR TTE P<0.05 KF FEREE
®3 REJBEAE TR TN #XE
Table 3 Concentration of TN leaching under the farmer habitual N usage
. TN % /mg- L™ WRUERAARY W/ TN Wk i/
FHE  BKE R/ME mm mm kg*hm™
1&HI1(2010.07.26—11.02) 51.1+£25.5 1014433  27.8+2.0 647 718 129.2
FHI1(2010.04.15—07.25,2010.11.03—2011.04.25)  30.0£14.9  55.0+5.2 11.0+0.4 289 402 64.4
4:4F.(2010.04.15—2011.04.25) 37.3£21.0 101.4+£3.3 11.0+0.4 935 1120 193.6
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HIWBER AT R 935 mm, A BB EI e R R
647 mm, 7 EFEWBEIRAARTRRT 69.2% ; & 1 e TR =
A 718 mm, 4 4F [ R A 64.1% ; B TN #k
SMERES 129.2 kg-hm™, 3l 2 ARGk B 1Y
66.7% . FaMiEAMGE R AR TR A GE B o Bk B S5
B 2.2 f5F0 2 £
22 AEHEREXEESE M E KR
2.2.1 HEAEX AWK BEFEY = &R0

R4 R, —F=FEWFAM B ERTSRERKSE
) NO;-N.TN R S 2RI N5S>NA>N3>N2>N1>
NO, S5 AHEAEXT BE(NO)ALFEAH Eb , A HLAL A7t A (N1
AR ENT NO;-N 1 TN Ak B, il S B T
AR TS RIBEIN T 77.4% .78.2% .96.1%(NO; =N ) I
44.0% .81.7% .55.7% (TN), 54 B M 18 A 43
(N5, BEE iR R AU, BRIk B &%
i, F 2 N4 N3 N2 Zh 3 TN R Bg 5 Ak T
25.9% .40.4%F1 59.6% ; BEZF T 25.7% .49.2% .
71.2%; 3P0 T 36.5 % 57.4 F180.4%, BEEA,
JER AR, — 4 = e Y &R 8™ ,
BAFIEERE =, A L N3 A3 =3 R0 B

R4 BAERNARERKFEAMNKDENEN~EHRIT
Table 4 Effect of NO;—N /TN / TP in different growth period under

different N rate
K AEFR P EE/t-hm® NO;—N/kg+hm™ TN/kg-hm™
& NO 41.7+3.7cd 2.5+0.1d 3.9+0.1d
(2010.04.15—07.25) N1 59.4+7.1¢c 4.310.1d 5.7+0.9d
N2  77.2+3.2b 13.7+0.5¢ 14.8+0.5¢
N3 82.1+2.9a 21.0£0.3bc  21.9+0.6bc
N4  75.3x8.2b 26.2+1.3b 27.3+1.3b
N5  71.3+7.1bc 36.4+2.4a 36.8+2.3a
BEZE NO 39.2+4.4d 5.3+ 0.5¢ 13.2+ 0.9¢
(2010.09.17—12.20) N1 49.8+4.9¢ 9.4+0.5¢ 24.0+0.8e
N2  68.7+4.8b 20.6+1.6d 49.9+3.9d
N3 84.9+2.9a 35.3+0.8¢ 88.1+ 0.6¢
N4 75.5+2.1b 58.8+5.9b 64.3+6.0b
N5  61.1+1.2bc 78.9+6.5a 86.6+3.5a
FRE NO 38.9+2.0f 0.4+0.1e 0.8+0.2¢
(2011.01.03—04.25) N1 55.6+2.1e 0.7+0.3¢ 1.3+0.3e
N2 90.7+1.8cd 2.5+0.6d 3.1+0.6d
N3  111.4+1.7a 5.7+2.4c¢ 6.7+2.4c
N4  103.4+2.7b 9.1+1.6b 9.9+3.7b
N5 87.2+1.5d 14.3+1.5a 15.6+2.1a

1 FAFIA R FER AR A R RACA 8 R — £ KA Y &
BIE P<O.05 KFETFEREE, RS,

5 N5 fbBEAHEL, Al B E TR A 15.1%
39.0%1 27.8%, iXZH T YR AL &, X3 &
BN ATE T PR, VEDS 2 R 5RO A i
W= &, RMAFFEYAR, BB~ TR, [
Wi SR TIR TR , X5 BIUE SR ST 45 R — B
2.2.2 Jti R RN S A R AR B B AR

55 T A [ A K T R SR 4 4F TN
MR EE, HRPEIEH, AYUIELIE(NT)TN #Y
W BN 13.4 kg-hm?, i AZEM 13.1%, TN 1
Wk 25 R AERHE F EAATEIEA K A RIER AR
BN, TN Bk BRE BE 1N, 45 AP ) iR 3 8
Z5(P<0.05) , REIFUEHT TN WK ERR, X7
193.6 kg hm™ ZEIRI LA B (N2~N5) P, FRUALAE
ORI TN MR R SR E N 3.0%~10.7%, &K
R A (NS) A3 T >k B R MALAE A A TN kR
BRI, 4 166.6 kg-hm™, WEEH K & kG A E K
10.7%, T N3 4b3EF /) TN #R 2N SRS ER
6.1%,5 N5 ML, RBEIR R T 4—F,

R 5 FEBREX SEHKHRM
Table 5 Effect of TN leaching under different nitrogen fertilizer

phgm MABER  TNWRERE/ RWAIEERIE MIIEE S
#A/kg-hm?  kg-hm? TN KB /kg - hm? REESH/%

NO 0 13.6+0.8f - -

N1 102 27.021.4e 13.4+1.5d 13.1+1.8a
N2 624 45.8+4.3d 18.8+2.5d 3.021.0¢
N3 936 84.4+9.6¢ 57.429.2¢ 6.1x2.3b
N4 1170 144229.1b  117.2+7.3b 10.0+4.5ab
N5 1 560 193.6x145a  166.6x14.2a 10.7+3.8a

3 iFig

3.1 KX hEsest 575 HEmMRH L8

N A R R R B R s R AR E
AP REAS, R X - AR R P, &
FRRMBEREN 11.75 kg -hm™, FEZRHRBER K BRI
i R A 0.3%, ZZFM LR KR SR E
5%, Wt T 2R AL T/NETN , MG
R, FEAIRIRAAIE T , 07 A X AR B ~F 152t
RE T Bt — A 4F TN PR N 193.6 kg-hm?,
EAEMBERIR SRR 21.4% , T & T [Fl—HL
XFE-ZRERMKRE . SH-ZRIERRMGEE
WS AN R A9, A 3t DX 5t S st — A A Tt e e =
BRAETEE T, SRR R R AR B A AT,
B TN HUEA B 2F MR ER 66.7%, TiAZEH
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VEMBAR , & FEEHT 40 em MR BER RS AR B
3R 20.4 mg- L7, R SRR 14.3 kg-hm™ T 4
SEWRK R 8.1%,

EA MR R, NO;-N Wyt B 5 N 26 H#&
AR R, 148 N R BB AR, NOs-N Hyikyk XU
AR, BR—BA AR, B A R Bt 5 A
BEIFMX AEAZ, MREAK X5 KEE
YIAH LL , 7 JE S TR 58 B B K, 3 B - SR Ak R 4l
HINEE, KX - Rk R AR R
550 kgN+-hm2-a™,Shi et al™% -5 A 5 b X 5 fit 2 i —
= BEY BRI AIEE] 900~1 300 kgN - hm™2, i 7E
KRB RMT , FEHEA RS 1770 kgN -hm2(F
PLERA 210 kg-hm?), 2FFHAIEHRAR 3 5. &
HE RS B A S B3 NO;-N 5% 57 2 s s,
PR T NO;-N Aok KU

A A EAERE R , AMEARE A B P8, MR
AR S VE R EAEFI R 2R, T R A A A
IR ER , IR XUt B =2 AR Bl T3 ] %) g
XKFERE MBS R A, FEIE &R 20%~30%
FIEBLT  RBTEBI R E MR B8/ 19.4%~25.9%, H.
X KAEF= B B AR T, 7R R BHER
AbFE(NS)_E3g/D 40%FREREA , rI 5t | 5 B AU
AT RIBETE 15.1% .39.0%F1 27.8% , [RIET 4358/ TN
Wk 40.4% .49.2%F1 57.5%, SFEHAHL , JL I8 A
FaXs F s S M R R R R AR
3.2 KiHh X H et gk sk b

WAL FPF TR RZH T KA NOs-N
W FEFERT E] 43 A b St e (LSRG AR A i AE & ) A
W (L FERET B B )RR, ks
PR 25 R N T ORI X R b B SE , B K
B & AR T BB R AE ER EL Ik L 10%~10.2% AR iE
PREVMREER] 40 cm LT 2. ERRERHET,F
A TN Rk iR R A 9.1%~9.3%, B T 5%
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