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R ASDHE VT 13 C/N FIR FIRE (55%N—farmer+S+D ) AHE B =X 15 e 2 7 6L 2 MR ORI AL & 1 3Bl S A B AR s, S5 R 5R
B, 55%N—farmer+S+D B F H Ay~ B R E N 108 349 kg-hm™, PR VB EN 26.1; 5 N-farmer BIE A L , 74%N—farmer , 74%N-
farmer+S . 74%N—farmer+S+D I 55%N—farmer+S+D B R ZF IR A Z R LR AR A N, Hd 55%N-farmer+S+D R,
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Effects of Models of N Application on Greenhouse Tomato N Uptake, Utilization and Soil NO;-N Accumulation
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Abstract : Continuously excessive nitrogen(N) input in vegetable—greenhouse is one of the major problems in China, especially in Shouguang,
Shandong Province, the famous vegetable production base, which has cause the imbalance of C/N, the decrease of utilization rate of N and fall
of fruit quality. Besides, over accumulation of soil nitrate—nitrogen(NO3; —N) in protected vegetable fields will give a serious menace to the
quality of groundwater. Aiming at these problems, a field experiment was conducted to study the effects of different N levels(1 000, 740, 550
kg-hm™?) and models of applying N fertilizer(reducing chemical N fertilizer, reducing chemical N fertilizer combined to adjust soil C/N ratio,
reducing chemical N fertilizer combined to adjust soil C/N ratio and adopting drip irrigation) on tomato N uptake, N utilization and NO;-N
residual in soil. The main results were as follows: tomato yield were increased after applying N fertilizer and yield growth rate reached over
20%. The maximum production(108 349 kg-hm2) and value cost ratio(26.1) appeared in the model of 55%N—farmer+S+D. Compared with

the local farmer’s conventional model of applying N fertilizer(N—farmer ), N use efficiency and N agronomic efficiency of reducing chemical N
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fertilizer combined to adjust soil C/N ratio and adopting drip irrigation measure(74% N—farmer,74%N—farmer+S .74 %N-farmer+S+D and

55%N-farmer+S+D) were all increased, N use efficiency of 55%N—farmer+S+D was 9.56% and N agronomic efficiency was 43.67 kg kg™,
respectively, which were both significantly higher than N—farmer (P<0.05). There was no significant difference of N physiologic efficiency a—
mong the models, the maximum value was 598.06 kg-kg™ in the model of 55%N—farmer+S+D. N fruit production efficiency and N harvest in—
dex of 55%N—farmer+S+D was 493.81 kg-kg™ and 53.84%, respectively, higher than N—farmer. The research on N balance indicated that N
surplus (apparent N losses ) was more higher in N—farmer than others models, the apparent N of 55%N—-farmer+S+D was 186.24 kg+hm™
which was significantly lower than N—farmer(P<0.05). In the same soil depth, the amount of NO;-N of different models of applying N fertiliz—
er increased from the flowering stage to the full fruit stage, but decreased from the full fruit stage to last harvest. The NO;-N accumulation in
the soil layer of 0~100 cm of the models of 74 %N—farmer+S, 74%N—farmer+S+D and 55%N—farmer+S+D were lower than that of N—farmer.
The NO;-N accumulation of the model of N-farmer model was 705.24 kg+-hm™, which was higher than others models at last harvest. 74%N—
farmer+S+D model accumulated less NO;—N in the soil, which was 453.75 kg +hm™. Nitrate accumulates mostly in the soil layer of 0~40 cm
and less in deep soil layers, relative nitrate—N accumulation account for more than 50%. The results of all the above—mentioned indicated that

the model of 55%N-farmer+S+D is the feasible N management practice.

Keywords: models of applying N fertilizer; drip irrigation; accumulation of NO;-N in the soil
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Table 1 Basal physical and chemical properties of the soil studied

(0~20 ¢m)
WAEN O HEP WK/ B 58/
HHLB% mg-kg™ mg- kg™ mg-kg™ pH wS-cm™
0.81 37.8 1.9 107.8 8.8 334
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Table 2 Amounts of fertilizers in different models
st B (N)/ AL RERE (P0s)/ FLHESH (K,0)/ EHLAER(N)/ EHRE#E(P0s)/ AL (K0)/
kg-hm? kg-hm? kg+hm™ kg+-hm? kg-hm? kg-hm?
NO 0 800 885 0 0 0
N—farmer 1000 800 885 960 912 716

800
800
800
800

74%N—farmer
74%N—farmer+S
749%N—farmer+S+D
55%N—farmer+S+D

740
740
740
555

885
885
885
885

960
960
960
960

912
912
912
912

716
716
716
716

s, AP NERARSZE(N: 1.16%;P,05:1.1%;K,0:
1.1%) , Buih K (N P05 K.0= 5%), EKRFEFF(L.S
em ZE A ), SEREAT & 35 kg /DX, HIKETE 67%,N
8N 1.01% ,P0s & & H 1.07% ,K0 5 & K
15.46%,C/N 2y 83, FEFFXTHITE/G (1.5 om 2245 )3
il 2 A H R IFS T a0 B R A HUIE—E 555G . [
) 25 AL FRAEBE R AR 3 B
=3 HEERIZR
Table 3 Irrigation recording in the field

K MR 6 WAERE/M ERKEYTHE/mm
NO W 42 63
N—farmer VAT 42 63
74%N—farmer VT 42 63
74%N—farmer+S VB 42 63
74%N—farmer+S+D  GE 12 18
55%N—farmer+S+D TR 12 18

BA/NMRIE 2.8 m, K 11 m, /NX 2 8] F ¥}
AN ] B FF (IR 50 em) , B7 1IEACBRBIAE K M2 . K
WAV P s A R P17 o
L4 HERRERNEIRIR

TEF AT IEH BRI A E 0~20 cm 20~
40 c¢m 40~60 ¢cm 60~80 cm F1 80~100 cm AL M)
ETESRES & BRI BB BUR S E 25
O, P BCEAREY T E 2R S B HEE
YR, BRIRE/NX Bk SR S AR R g6,
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S B R B E IR R RS,

AR R LA TR =B T AR R S B/
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MR R AT R AR RUR , AIRIE AR
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REFUPK (kg-hm?) = A& GEARIER+
IR THLE+EH ) -1EY R R & - T35 B Tl
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THER, FAMAEE 2.6 T kg, REMMEH 2
TG kgl

FH SAS BAHATEIR G0, SHRFEER
NEFARE ,/NEFRFRIRTE 0.05 KFRE
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it FH SRUIE S PR R R (3R 4), S AHER (N0



2626 LR R X B A R R OO B R S R R

2009 4 12 A

R4 RIBRANWEFHES
Table 4 Economic analysis of different N models

ik GV /g b e R Rkg kg Po{HAL0° TG b FEREE/ 55T
NO 84 114b — — 21.9 —
N—farmer 106 413a 26.5 22.32b 27.7 13.4
74% N—farmer 103 401ab 229 23.56b 26.9 15.5
T4%N—farmer+S 107 655a 279 31.83ab 28.0 19.0
74%N—farmer+S+D 101 058ab 20.1 22.9b 26.3 13.7
55%N—farmer+S+D 108 349a 28.8 43.67a 28.2 26.1

A, ARSI S T R/AR L™ &, 5
FRERERIRE] 209% LA |, AR, 3 B M RIERATHRA
BEITHAR =&, I N-farmer A FAL AR
&R HmE IR S , M , 74%N-farmer+S F1 55%
N—farmer+S+D X F A 7= 24 B kb N—farmer 3 7=
1.2%70 1.8% . FERERIZHT-ER Tl WA, A X
VCR {HIK T 2 B, fEHEA A =, GRR, 5
B RAL B VCR IR T 2, BLEATEARIR J5 1
T, i RN A B WAk 2R , it AU K i = 8 L ¥R
F N-farmer, ZH 55%N—farmer+S+D R4 VCR (H
J& N—farmer A0FHA 1.9 435, MAEME R 5 o
22 HBEEXWNRARFARNENZIG

5ATEARNEM AT, LR HEHET
10%( 3 5),55%N~farmer+S+D &= E AL L 25 F R
BB K 9.56% , N—farmer R 5K K 3.92% , NI 56
GERTIHEN, YRGB IS RS 0/ o o e e o 2
HANEF ARBCRI B, FEF S &R
WK : 55%N-farmer+S+D . 74%N—farmer+S+D . 74%N—-
farmer+S.74%N—farmer .N—farmer, H:H 749%N—farmer+
S+D F1 55%N—-farmer+S+D =, F AL F] HERIN T
ZEE T N-farmer B (P<0.05), N-farmer R &
48 HOGIR = 5 S8 A 748 PR A 2 , FOK T8
B XA B BRA ALK EER T E
-3, X T K 6 R TE B

AR AT AL A A ABCRE R B
# 5 ,55%N—farmer+S+D X A Z A YRR SN
598.06 kg kg™, HAMIRAE W R ACAE BRI T
N—farmer #5,(538.19 kg-kg™),

AR T AEREF AR EEZFIE,
T49%N—farmer . 74%N—farmer+S . 74%N—farmer+S+D Fl
55%N~farmer+S+D L3 T RALR 2205 70 31 e N~
farmer #H 5.6% .42.6% .2.6%F1 95.7%, FHH55%
N—farmer+S+D 2 ) BHAEAR FR K 43.67 kg kg™,

S TF N-farmer FR;(P<0.05) .

A2 6 AJ A1, 74%N-farmer . 74%N—farmer+S . 74%
N—farmer+S+D F1 55%N—farmer+S+D X WA= T
W5 A 7R ORI T N—farmer #250, H A 74%N-
farmer Fl174%N—farmer+S+D A E T ELE " 1
B8 24.04 kg kg, BEMET N—farmer #z(P<0.05)
55%N—farmer+S+D HR AT R LA F=HER ., AR
WIS B H e N—farmer #EIE TN 6.5%F1 6.1% , H:
At AU 2 R 3R R A PR AR MR T N—farmer £
X, AU 5 R AR 3R AR — 20, UhBH e L E R
G54V R ON RS AT E R T RE S R AR
AP RS BE B

R S5 FEREEAEATEEFABELFE
Table 5 Effects of different models of applying N fertilizer on N

utilization efficiency

REEHFT RBEREHMA

st mEAAR
NO — — —
N—farmer 3.92b 538.19a 22.32b
749%N—farmer 7.27ab 355.28a 23.56b
749%N—farmer+S 8.33ab 366.53a 31.83ab
74%N—farmer+S+D 9.46a 262.76a 22.9b
55%N—farmer+S+D 9.56a 598.06a 43.67a

&6 FREAEEATERE AR
Table 6 Effects of different models of applying N fertilizer on N

production efficiency on tomato

4 5 5

gt RETORAT SRR wisn
NO 26.98a 474.6a 51.88a
N—farmer 26.69a 463.72a 50.75a
74%N—farmer 24.04b 439.09a 50.82a
74%N—farmer+S 24.36ab 441.51a 48.10a
74%N—farmer+S+D 24.04b 414.57a 49.40a
55%N—farmer+S+D 24.18ab 493.81a 53.84a
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2.3 EREXN T IERRTENZm

iz AR R, THREF A4 F ) 0~100
em HRRE R T . HIEIHA (No) FHEES AT
DR, HRAE TP E SRR B TR ETEN
HEJG BT =R, A B = LA 2
R AR, EEEFEWBB AP S
Fo T BOESRH B ATRIBET 2~3 FAAL , BiHosk
W & WL AR R F 2SR W, fr LA 525
h AR LETNE AT AESAS &,

RTHE TEMEFYHEAMERPROART
5. IFRHEH, ARIEHER L N~farmer AR RA
R, AR R B H , Fik 38272 kg-hm?,74%
N—farmer f)ZRIHFR BAK , A 120.54 kg+hm?, K2
55%N—farmer+S+D 55 186.24 kg-hm2, B ELT
N—farmer #=(P<0.05),
2.4 HERERXN T IEHSERRNI

T EHIH S AR RS A4 T
AR (B 1), 5RRY, EARLEEFTHE
TEMESARRE BT NO AP ; 355w A
DR BIEE AR RIS N, 76 F—H 20K -F
TREE R EIRE RIS, TEMESA S BB,
AR L B T A AL B S A A B R A A B R
¥R S R RER A . X P Be R T E AR
SRR, HEARS MNEBER, TIEPHARFE
FRFETFEEFRFFEA, UL EHESARERE R
TRAG . BRI B Iy, B BRFE 2 , M N R B R
HIE, A BIE P IE R A B E, BEK T
WEZEHHEENARVBNE , S ELEMS
RERGTEI SR, Hb 74% N-farmer #5135
0~100 cm BEFHIHAR & B AH] 921.85 kg-hm?,
YR & N—farmer 2 5 ik 744.76 kg-hm2, Hifl)5,
B TR 2~3 R AT , R — o
A, U TELEEHSARREEA TR, B0~

100 cm EFHHEASEAIE L 453.75~705.24 kg+-hm?,
H i 74%N —farmer+S.74%N —farmer+S+D 1 55%N-
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Figure 1 Distribution and accumulation of NO;-N in soil profile

with different models of applying nitrogen fertilizer
at different growth stage

R BHENEEMRAOARTEE (kg-hm™)
Table 7 Nitrogen balance during the whole tomato season(kg+hm™)

X YA N N NESUERES
HigR EIHTHA ik WA FRETHA
NO 0 168.61 149.24 178.67 139.18 0

N-farmer 1000 168.61 149.24 229.89 705.24 382.72
74%N—farmer 740 168.61 149.24 235.69 701.62 120.54
74%N—farmer+S 740 168.61 149.24 244.12 493.66 320.07
74%N—farmer+S+D 740 168.61 149.24 245.82 453.75 358.18
559%N—farmer+S+D 555 168.61 149.24 22522 461.39 186.24
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Table 8 Effects of different models of applying N fertilizer on relative nitrate—N accumulation in soil profile of different growth stage(% )

& 8 AREMERENX AR L RESEEY RRERNRE(%)

5y
R ARRE NO N—farmer 74%N—farmer  74%N—farmer+S  T4%N—farmer+S+D  55%N—farmer+S+D
] 0~40 4370 50.19 59.01 48.89 64.68 57.24
40-100 56.30 49.81 40.99 5111 35.32 4276
B 0~40 3691 56.52 56.00 58.71 56.71 50.38
40~100 63.00 43.48 44.00 4129 4329 49.62
Rebm 0-40 59.07 51.68 58.33 5291 4715 60.37
40~100 4093 4832 41.67 47.00 52.85 39.63

farmer+S+D 2, HIEH AR S & B E KT N-farmer
= (P<0.05),

M 8 A 0L, F/ATE 3 MAFEFT I, LA
RZE ZTE 0~40 cm + 2, IS AN RIRELH
50% , iIX R 53 RIS S BRI T BEBAE PR Rl
FIH o MIAERAR RABERIR B K ER 43 X I (40~100
em) A E—FRHESAZR, ARETEPH R
TSR EORUE R 7K P AR R ERSE 0 , DA T 6 ¢
X K R RRER 15 4L o X — &5 Rt b — 2P U B
PO HE Rt B R AR - R R ER R 2R Wi b R 7K
TG F R

3 itig

X FE B R AR R AR RPN, A% A
Gralas , B Ry 2 B A8 A A 77 2 e DL 1Y ) AL, il LA
N 2 I A B SR BRI, RT3 i 7=
AT ARIEEREN i HRNCEHA —E
A3 T=VER, Hid B AR R B B & S
&, M 74%N—farmer+S Fll 55%N-farmer+S+D R,
Ht N—farmer #3CH 7= B4 R E T 1.2%F0 1.8%, 31X
R R IEARC SN TREMARE, MEAR
SEEFRMATE, BSEEFADE T
Xof A [F) BALE AR K, 55%N—farmer+S+D =iy 7™
& e, B M B , IR B A R B T o

PR AL Y A AR ) FEAE TE S
W HEA IR R . AFRERIS, LR
R, FEE BT 2R3, ZAE R 4 2=
R B AR, B U TR R AL B A XS 2
W= TR RAGGEAL I, B R BB /D, Ak &g
TR, it EE R T8 H AT HE = /AR R 2R b
NO;-N )R o # B AR S5 e 2R R 2 fe) + b AR
FRY, GEMEE T R B AR AR BIERE
B, WHELHEFENMERERSE PABERREN, A

RERE e A, T HE BB T K AR SRR R R 2R . A
B RWER T HRMHRER, DARREEXT
R 4 F] FH 2R T 10%, 7] 0 24 iR g 324k
PR AR AR R E LR, R B IE RS &
PAY T3 C/N AU T HE R e AR S RUE R I 28 8y
R TFRRIEHES, JUHSE 55%N-farmer+S+D AIEE AL
BHARAESL, BERE T AR HZE(P<0.05),

HEIS 34 e 2 ) AR 3 2 B A7 T R i HE B X VE 4
G RN Sk, BRI A R EE R RER R
BROETHERZ — AR, 55%N—farmer+
S+D WM RNERZRFN 43.67 kg-kg!, BE =T
N-farmer #3{ (P<0.05) , UL AL E 8 45%455 61
5 3 C/N HAER IR T BB R AR E T B
IRENEACHER H Y. X —EE R — 2R T Rt
BN KA G ST 5 B RE HEA T LU SR 45 R AT
7SRRI 2 KBRS N R SE R . 55%
N—farmer+S+D B R, E B A F] I 25 T N-farmer,
oAt U =X ) A A B FRCR AR K T N—farmer,
ERNEEFARE, RRETBEREYILMEIRT,
Wi AR R A R R T YA P33R BRI F N—farmer
B X Ry RA I ARE M TR AR ER
AHBRAG TR ERER S ERAERELE
BT N-farmer B8, 55%N—farmer+S+D =T
RABORAE B , UL B AR B R R £ b
SRR, WA AR B AE 2R > Xk
AT LAV RS AR s B8 be i U AR Bk, Ik
AR B MM ET &, # RN B2, 25
TR 3 45 o

MRAESE, BRI r-RCERA, L5k B a i
DR EIRERE — DN EE R . R 2 E AR EK
0~90 cm +{AH5R B RS RILT 45 kg hm™M, AA
RIEEREH, BMBGEE 0~100 cm + 2 H5RE K
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