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i E N THRNIEAERY b H -SSR G R SR SR, WL X Z B R 15 AN AL EEFT BN HRI5E X R
o GERFW AP S EAIRE SR HZER 8.32%~14.52% , (R HI U AL IR R S ZFI RN 6.34%~13.85% , (R HIZEBR A3

R SR ARN 11.34%, FF -3 | W —FhISESE Ry R , S GR R R AE BRAGIEIN , B LI RS A R B2
AR BB AP ISR I R 1 3R LU B TE R R RAE AR BR AR st 3 2 AR . MFHEMOR)E ,0~20 cm 12 "N F5F
AMLEEREREERT 20cm UTH L2 FEAPHIEEFE RS T, A L IEF IR EA 18.98%~42.5% 5% . TEIR-I HIPG

FMERGEH A 11.7%~18.9%41% . TEFRYHASKMERGES , A HEFHLIERR 16.0%H55% .
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Fate of Nitrogen Fertilizer Applied to Vegetables Cultivated in Plastic Greenhouses in Taihu and Dianchi

Watersheds, China
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Abstract: The application of large amounts of fertilizers, a conventional practice for the production of vegetable, generally lead to substantial

accumulation of soil nutrients within a relatively short period of time. Fifteen "N-labeled micro—plot field experiments were carried out to in—
vestigate the utilization and loss of chemical nitrogen fertilizer in soil-vegetable systems in Jiaxing, Zhejiang Province and Kunming, Yunnan

Province. The results showed that nitrogen use efficiency of lettuce (Lactuca sativa), celery(Apium graveolens L.) and leaf lettuce ( Lactuca
sativa) grown in the greenhouse in the same season were 8.32%~14.52%, 6.34%~13.85% and 11.34%. For the same kind of vegetables

grown in the same soil, the nitrogen fertilizer use efficiency decreased with increasing cultivation time. There was little difference in ratio of
nitrogen uptake of fertilizer and soils. After the current vegetable harvest, “N abundance and nitrogen residue of 0~20 cm soil were signifi—
cantly higher than that of deeper soil. 18.98%~24.3% of nitrogen was lost from soil-lettuce system. 11.7%~18.9% of nitrogen was lost from

soil—celery system. 16.0% of nitrogen was lost from soil-leaf lettuce system.
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MR, BEAERARYRE, SEREERA
BHEFMT 750 kg-hm™", Fh%E RUSR A i XX 5 A
R, KRR S =R R 8.31%., KIE
SIS AT L DX 4P b IR e A AL B R S )
HAMREAEE, BREIELSH RN 16.16%~
22.48% , FARALAE MR R Ky 18.4%~29.3%, FEIH
W, B F A OUE ST, R B AR P TR
REFI R 4.3%~15.1%, FERHE XA B 2B
Bt bb AR ERSE EAE A S TR ST, 15 B IR AL A
WAEFIFHE K 16.05%~31.13%,

RERPHIRIE R ZR/NR P ZE , iR i lE
KA FNERE BT NS —ENES , BEHE
SFRBIRMRI . B, BT i— A XIRA R Y
R BRI AR R AE L , T LRI A T 22 a5 R IR
I, MR 53 2 M R BRI AR R RS . A&
S AT A T TSR AR A bR S R 24 22k e AT
BT, DB B B SR X ARUIE 24 25 F 2R i 2k
R AR — AR A RS, 5 —
75 X T8 SRR SR e PRSI
SRS IRDE

1 #MR5F*®
1.1 AREXEER
WA IR R B A f Z RS A, U ZR4 B, 43

N 15.7 C, AEFETHE N 1 060~1 180 mm, VB
BESCERAOE W AT IRFT A, B b KBRS S A

BERRUAKRE L, — B A R R 37~1 800
kg-hm™ JEE N,

RIS 15 CAA, YRR
931.8 mm, - T Ky np MK RE L, B R TE
AT, H T KA, TR 70 em 24, T8RS
JRATHE , SR A B AR IRk 211~1 406 kg+hm™,

1.2 et

RIGIZFPAE 5 a LU AIFHAE 10 a DL BB FRAE
AERR, FEIFST X I PN BRI AR 5 a AT AR9P 1 7 16
PL(FED AN SN GRS 1~4; BB 3 NS4, S5 8~
10), FHE 10 a DA L R3Hb 8 7 (FE2% 4 M,
G5 5~T; BB 6 i, g5 11~15), A AR
FH H (RIS XS, S X T A 0.39 m?, 3T s fi7 0~20
em HEEERR LR 1. BXREAESPKEA,
2/3 MYEEAE, 173 B REREK DR A, BEIVE AR 1/3
FENE, 2/3 43 2 YABR , 5BRAESE 172 FEAEMEA ,1/2 38
it o B A IR B — IR MR AR AR At o 158 A R A °N
FRICIRE, BN B R 5.23% , BEHE i BE AR 4S , 4 AR
SHARBRER , 10 s R AR B SR SR 4 R L3R 2

PSR X, ORI R B 20 cm, #25F, PVC
T (65 cmx60 cmx100 cm) L F X Fr EERIAL B, IR
FHCIN O X DU R B 35 TF , 32 8RB R R R
U, IXIZEFE % PVC /MO BA TS IR RS
NG, TR FEHLTE 10 cm , B3 Sk ) 4% BR B
SR AU 43- 50 [BI3E, R SE Pk K/ N—BU 4 64T
K, BRI ERERSE 4 vk, BRUE  #IK 200 mm,

® 1 R ERLFMHAK(0~20 cm)
Table 1 The basic chemical properties of experiments so0il(0~20 cm )

BAL MMEER w5 pH/HO0  AlE/gkg' 2RUgke!  THAA/mg-kg! AR /mg-kg? AXMBHmg-kg' AR /mg-kg?
X 5allF 1 5.07 34.0 2.30 143 213 204 365
2 4.72 36.2 2.31 186 22.0 164 348
3 5.23 23.2 1.76 159 14.6 145 241
4 5.70 53.7 2.88 44.2 13.1 15.7 76.7
10a Pl I 5 4.53 43.9 3.09 285 71.6 213 213
6 4.38 26.8 1.67 56.7 3.87 134 109
7 5.05 20.0 1.31 43.9 3.34 171 123
BB 5allF 8 7.63 25.3 1.96 342 1.86 28.8 69.0
9 6.71 26.8 2.05 325 0.00 38.9 80.5
10 7.55 32.8 2.12 99.4 6.64 35.0 144
10a A I 11 6.19 41.0 2.61 246 8.19 110 662
12 6.59 30.8 2.24 183 39.3 38.1 165
13 6.56 30.6 2.76 155 11.7 38.9 137
14 7.03 24.7 1.60 141 5.03 143 106
15 5.00 233 1.59 297 133 114 91.2
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Table 2 The amount of nutrients in the experiment at different sites

XA FIAEAERR W5 i FIREESE] ok ] N/kg-hm?  POskg-hm?  K;O/kg-hm?
BN 5allF 1 B 2005-10-17  2005-12-26 375 225 225
2 B 2005-10-10  2005-12-26 375 225 225
3 B 2005-10-16  2006-1-10 375 225 225
4 B 2005-10-16  2005-12-28 375 225 225
10allt 5 B 2005-10-13  2006-1-9 375 225 225
6 BE 2005-10-16  2006-1-8 375 225 225
7 B 2005-10-16  2006-1-8 375 225 225
B 5allF 8 FE 2005-10-26  2006-3-10 450 150 375
9 FE 2005-10-26  2006-3-10 450 150 375
10 PhEE 2005-10-26  2006-3-10 450 150 375
10a 11 i 2005-10-26  2006-3-10 450 150 375
12 i) 2005-10-26  2006-3-10 450 150 375
13 FE 2005-10-26  2006-3-10 450 150 375
14 ZERRAESE 2005-10-26 2006-1-17 300 150 225
15 ZERRAESE 2005-10-26 2006-1-17 300 150 225

1.3 R 75%E
1.3.1 Bk

BRI SUFEFTH 0~20 cm HEA 4%, gAY
UM IX A b R SRR i, THA R, T S DU
Y ERM "N £ F5 4 ZERAHE,0~20,20~
40.,40~60 cm F11 60~80 cm, + 3 AL 5 43 7 25 A 2881
48 FMCEE, W B SE E AR A5 I E 1
2R PN FE,

1.3.2 ek

(AR R RIIRE - AL E,

Q) HELFEWE : NT LA SEE T 5% =
SRR SOk [R gk ik RS AR, B IR
e,

(3)°N = FERYIIE J7 1k L R E AR 2R
WERAL k4 , FAfeE AL R SR BRI (MAT-251)
WiE™,

(4) -3 pH:K (Z: 4808k ) Tty 2.5:1, B b
1 min, B8 R B 1+ (PHS-2ST) Il &,

(5) T IERAA 2 mol - L7 KCl IR IR, 5y
ST A,

(6) H3EEEZAR :2 mol - L7 KC1 Y WIR 2 , BEBHIE
e,

1.3.3 R

(1) 3L+ ERK B IER 2% Nitrogen derived

from fertilizer, Ndff( % )

_ MR AR RMNETENE |
= ERENET AR

(2) L%+ BB RS B & Ndff(kg-hm?)=1+
R 24 B (kg hm?)xNdff(%)
G)RELFFREE(%)
4 ENdff (kg hm™)
" ANEHE B kg hm™)
(4)B 35 38 Ndff(%)

_BRBHONEFESE |0
= HERH NI T 6

(5)RAEFIFIZE(% )= g‘;ﬁi@%’iﬁ%@% *

B3 | IR (ke hin)
iR (gehm ) X100

(6)##3E Ndff(kg-hm™)

=% 3% Ndff(% )x BRI A& (kg-hm?)

(7)¥¥)3k B 132K Nitrogen derived from soil
Ndfs (kg-hm™?)=fE¥ih FEW AR (kg-hm?)-1EY)
Ndff(kg+-hm)
1.3.4 Gt hE

SCHREHEF SAS 6.12 BT I 2531

2 HBREHZM

2.1 HIR-BRRGEHUEER X

3 GUREN] MR RER A, 3 IR 37
HBRRFPIAE IR, B E P RALIE R ST HI AR 15
PRI B BRI R R S a DUT (R3S EARAL

x100
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RUBLHYH TR 10 a U EEPHEED
17 4%, —FEEWIRGE, 7 A S0 0~80 cm HIEFRE
RIGFIE R 59.1% , FiE A PRI A5 B SR R
ABE. ERPART G EMES i 5 a IT R
14 PG A AE R S 2 R RS2 P 10 a DL IR
PTG R 2.2 7%, ZERNIE 10 a DA_E BRI B3 1
B b ERA SR AE M SR AR R 11.34%, 575
FAALIER A S BH R TR & 225, PR AR RR X 9
MBS AL AT RUBR B R A i

2L 0~80 cm 38 5k B i) L0 HE R0 24 22 8% S IR
WAL AE A 4 2 AE U BN, AL AR A8 5k
(3 3)o SHTRIH, AR XN S B RGP B
5 a DU AR 37 Ak A R0 BT & A it P PR BB R =
i) 81.0% , F4# 10 a DA_b OR3P b A AL L8 mDic i Ayt
FMLIER B 57.5%, 453 B E—FWIE , A+
BRI ER 19.0%~42.5%%55% 76 B BRI Hu PE
FiiE R G, AR R AR R (B], CR 9 b P8 - 4 20 A
RAMPREERANEE A 11.7%~189% 4 5% , T
PSR AR A 16.0%R L AE R 5K .
22 UBREARTEHRN S

FXARI SN, B ENFIF A AERR £ 0~20
em HE2 N FEEFBERT 20em ITFE& T2, 120
em UTFHTENEFLBEER (£4), AL
B ARFEMEERRE "N EFEERARE, RHIAR
Jafidr, TEEEIHL 40 cm DL B2 SN FEBEE

F40em IFEE, HAEP M AE 0~20cm £)Z °N
FERBERT 20~40 cm /2, G5ERA R Hh 11
0~20cm +E"NFHEEBEEHT 20cm UTEHLEZE,
M20ecm PIFELE N EFLEEER,

5 M EREA L FRE B 7SR
B, —FEEEA 135 ,0~20 cm £ ELER
RAREEET 20 cm UT &+ ZELSILERH
B, R S a IR+ 32 ,0~20 em +EILARASE
HE b 0~80 cm T ELIER IR E BN 66%, FitE
10 a DA {390+ 38 ,0~20 em +EIE AR B & 4
0~80 cm +JZLIEAEIR B &Y 70%, 7ERAH 8 MM
W, YFEFFWEE,0~20 cm + 2R AGRE
& i 0~80 cm fLABE G FR B B 48%~58% , 45PRA:
WK G ,0~20 em + ZAMAE R B & 7 0~80 cm 1k
RERBR B B 1Y) 52%.

2.3 LB R AT EESE L = | R Ao SR

BRI A R VR TR A 3R AR
BERER(E6), BT MBS L, HEH L
RRAETH 42.6%~51.3%% B LA, H AT
Bk 7 48.7%~57.4% , FhFE AEBR X 55 B R AL IR A A 1
RGN EE,; AMEFEMEEENFTRRT, R
FAFFEE R 3 F S 3 ER AR
AN, Bl R R AR A R A 38 i, 55 IR ) AR A
R B EREL,

BRI s, G et SR e ) A RS R - 3

®3 R EE-BRRAGPULERER
Table 3 The fate of N fertilizer in soil-vegetable system

s MR AR A 0-80 em LRAH B
Woliikg-hm®  FIHE/%  REE/Ag-hm? THERER/ HiKkEkehm® HIRE/%
-S4 5allF 4 107be 14.5a 249ab 66.5a 71.2ab 19.0ab
10a kL 3 75.2¢ 8.32be 184b 49.2a 159a 42.5a
EH 5allF 3 199a 13.9ab 335a 74.5a 52.7ab 11.7b
10a A 3 131b 6.34c 334a 74.7a 85.4ab 18.9ab
2 75.3¢ 11.3abe 218b 72.7a 47.9ab 16.0ab
[ — s A RREER ARy 25 BE, 5%, T,
R4 AELE "N FE(%)
Table 4 N abundance in different soil depths
- E/om #2%(n=T) B (n=8)
5allF(n=4) 10allE(n=3) 1y 5all F(n=3) 10allk(n=3) 10allk(n=2) EHy
0~20 0.653a 0.622a 0.639a 0.781a 0.762a 0.742a 0.761a
20~40 0.444b 0.414b 0.429b 0.625b 0.580b 0.491b 0.565b
40~60 0.438b 0.409b 0.423b 0.467¢ 0.518bc 0.462b 0.482¢
60~80 0.410b 0.396b 0.403b 0.405¢ 0.431c 0.421b 0.419¢
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£5 HRPARERUERZEE (kg-hm™?)
Table 5 Residual ®N amount in different soil depths at two sites(kg*hm™)

S+ E/em FX(n=1) BB (n=8)

S5all F(n=4) 10allE(n=3) Sy 5allF(n=3) 10allk(n=3) 10aldk(n=2) 34

0~80 249 184 222 335 378 218 314
0~20 164a 130a 150a 194a 180a 114a 167a
20~40 46.3b 26.0b 37.6b 98.1b 105b 64.2b 90.4b
40~60 25.6b 19.2b 22.9b 31.9¢ 74.8bc 21.3¢ 41.1¢c
60~80 13.1b 9.17b 11.4b 11.4c 18.8¢ 19.0¢ 15.7¢

6 Rkt b ARUR AR A g Fn L e A EE 1
Table 6 Ratios of N uptake from fertilizer and soil to total vegetable N uptake
Elisie  FMEGR  FoRhemible REANOn  RARKGE%  RARKHAkghn®  FALHR% FA LR

X 5allF BE 4 51.3a 54.5ab 48.7¢c 52.6¢
10a ik BE 3 42.6ab 31.2¢ 57.4bc 44.0c

B 5allF [ifa 3 31.4bc 62.3a 68.6ab 136a
10a ik [is 3 28.5¢ 78.1a 102b

ZERRAE SR 2 44.4ab 34.0bc 55.6bc 41.3¢

R L BITEAR R AR FROR S | 22558 B3, A
AOREIE R , FRAE 5 a DUT fRIPH 3 B VU IR Ag 1k
HERFI 3R R B 3 = TR 10 a LU B AR 3t 1Y
FriR R R X FEERRAESR S, A 10 a KLESRY
Mo, IR B R AR DA S0%LL Bk A LA
AR A PRAY 3 |, SRk S R SOAEDRE SRR A5
B35 TP OBCAE R UG B B, Wi S R L A
BERT PR SRR A E B

3 itig

R AIEMSEH AR FEETE R,
W Ht A 35 9452504, Halitligil S WFFTIESE,
Mt A =M 400 kg-hm? 3 F 1 000 kg-hm? B}, + 5
F1%) 244 25 1) i 2R AR 50% , BRIHE 20 KA & 7t A B R
MR R, BEE M A R A3, B E AR R Y
ZH R B GESE . AR, R R
AERR A, R — M AH R P2 A R Bk SR LA
R ZF 5 2 A . B AU 2 58 B RUIE 24 2]
FRBREERA—, H eI R0, 5 e EAE
Mo i) R Ky 18.8%~27.8% , B 7= SERSE | TE TR IR
TYIFNMX AT REL AL BERARER, 45
FIRZR 37.5%, MABFFR AT 7 A S ALRIF HE
BB ECYER HERN 8.3%~14.5%, B BALT LA
B R . X—J5 S B EUKE A O AT
FEO P IR R R, GRS AL IR R, S Ak
REZ A M 2R WA, 53— 5, 30 AT BB f FABER

XBUKAN R L , REE SRS R RN LE
Ko MR 6 s ALERI H P T AR AE R M 2=
RH 6.34%~13.9%,2 1 NP b aEER A AL AR A
MFEFIHER 11.34%, T FEIHFEONE IR —
A RS PRAP T BB R A TR 5T, PE AR B A 24
ZHHER 4.30%~15.1% , SRR ER B —E

AARIS P, KIAFEIR 7 A SO FE b FR 8 1 r
fii I 0~80 cm +3E-FE R G PR M BB R R
11.7%~42.5% ., Jackson ZE"SiA y , RHE F BRIt B 3
H) T LS R P RS AWK o Insaf FUBFR R
B, BRSRAPA XH TOK PSR S B B S T A+
WA REHEPIRFGTIESE , KRR s
KPRESEREERTKE, HEPREREERS
iR BN K 37 K2 TR F EEPY N TER R
RELFEF, HIErh SR B K E URAZEN EHTTHL
R, BEHVEKE S-SR RGP R R M
VEAR . HH T LAY R B AR b PR it AU )
B ST E MR T K, MEEER 450 kg-
hm™ B}, GRS 41.7 kg hm >, ABF5E X da
TOKOIE R, BRI K IR BN, R B4
AR EEIBIRMIE IR A KIS,

4 ZEig

(DR —FpREES AR H AR T, BEE B SRR
HOFPAE AR BR A5G I, B SEALHE R A ZF I R &
o AFFEEBR AR b X5 B U s Bk A
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(2)F XA S AL, B EOR R R E A PR 14
0~20cm HE N FEFEEZEHT 20em U TH£LZE
SN ZEEE R RR S A, TR 40 em DL B+
BN EEFRZEEF 40em LTFHENEE, HE
it 18 0~20 cm +)Z "N £F B ER®F 20~40 cm
T2 PN R,

(3)[Al— g for AN [FIFIAE A FR O 7 R S F A 2
g RS RMPIREZRARE ., S5
E—ZRWUE, A L EPOEAA 19.0%~42.5%
%o TERPMRIPHIT T FER G S, A T3 LAE
BB 11.7%~18.9%45% ,

B E 3k
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