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Effect of fertilizer reduction on nitrogen utilization efficiency and fate
during overwinter long-season tomato production in greenhouse

ZHANG Huai-zhi, TANG Ji-wei, YUAN Shuo, JI Hong-jie, HUANG Shao-wen”
(Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China )

Abstract: [ Objectives ] Excessive application of fertilizers in vegetable production is quite often happened in
China. We studied the effects of reduced chemical fertilizers on the yield and nitrogen fertilizer efficiency of
tomato grown in greenhouse. We also studied the fate of applied nitrogen after harvest, so as to provide scientific
references for rational chemical fertilizer application in this region. [ Methods ] A fertilizer subtraction and a "N
labeled microplot experiment were conducted simultaneously in a greenhouse from 2017 to 2018 in Dingxing
County, Hebei Province. The tomato cultivar used is ‘Provence’, which is often grown overwinter and for about 8
months. There were four treatments in the fertilizer subtraction experiment, including: the farmers’ average
N-P,0,—K,O input of 858—-594—-1284 kg/hm*(CF); the reduced 40% fertilizer treatment (RF), with the
N-P,0.-K,0 input of 608-297-720 kg/hm’ ; the left two treatments were the above two deleted nitrogen (CFNN,
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RFNN). In the "N labeled experiment, the nitrogen in RF and CF were replaced by "N labeled urea ("NRF and
“NCF). The tomato yield and fallen leaves were collected with the ripe of fruits, and the whole plant and soil
samples (0—20, 20—40 and 40—60 cm layer) were collected after the final harvest. The N contents were
measured and fertilizer utilization efficiencies were calculated. [ Results ] In the fertilizer subtraction
experiment, the yield, total N uptake of RF treatment were significantly increased by 10.4% and 14.8%, and the
chemical N recovery rate was increased by 15.4 percentage points, compared with those of CF. In the "N labeled
experiment, the tomato yield, the total N uptake and “N uptake in "NRF treatment were increased by 12.1%,
25.3% and 13.8%, compared with those of "NCF. The difference in chemical N recovery rate was significant
between "NRF (36.4%) and "NCF (20.3%). From the "N labeled experiment, the total soil N content and N
atom% content decreased with the soil depths increased. The fertilizer N fate was in order of loss > tomato uptake >
soil residue, with detailed ratio of loss, tomato uptake and soil residue of 40.4%, 36.4% and 23.2% in the "NRF
treatment, and 59.6%, 20.6% and 19.6% in the "NCF treatment. The fertilizer N loss rate of "NRF was 19.2
percentage points lower than that of the "NCF. The fertilizer N residue in the 0—20 cm soil layer of "NRF and
“NCF accounted for 88.9% and 87.9% of the total, respectively. [ Conclusions ] On the base of applying 30 t/hm®
of organic fertilizer, reducing 40% chemical NPK nutrient input and adjusting the N—P,0,—K,O ratio could
achieve significantly higher tomato yield, decrease the nitrogen loss, keep similar nitrogen residue in the soil, and
increase chemical N use efficiency more than 15 percentage points.

Key words: greenhouse; tomato; efficient technology of chemical fertilizer reduction; '°N trace method;
subtraction method; nitrogen recovery rate of chemical fertilizer; N fate

Wil g% S PP AR IR E AR R A B h R T
PR, 2016 TR E s R B R L
R A 43 ) o5 B S SRR AN T A L S R LR (R
21.5%. 30.5% F1 62.7%", BASCEWFIRERYN, &
itk AL NE 55 43 FH &2 F- 3212 1354.5 kg/hm?, 242 [H
RAEDLIESR o B0 4.1 £, Bitiss Rt Bl
(T BACAE R SRR, 8T AR S
. NO HEBsE . IR AT . HIERLSE

S A A D it 1 2 B AR ) AR R SRR o e 25 5%
TRARRER, RNl S B2A A B A AL ES
A
1 MRSk
1.1 RIE R

KT 2017 4F 10 A & 2018 4F 6 H 7L 2

()R- 3 Rl 5 it s =i A P AT DRl v 0 k™, Wik
Wi bt S AL IR A, B 2™l 2k
R e T R R Y R ] A

BB T A LIRS AR A
PR, AR SRR ER s AN
MR, A TR IR RS MR . A HLIE U1
AE BB KR AE ek AR B - KA
DI R]— A S5 SR B/ it ) TS0 6 5 P A D 1
AR, BT RSO AL | ek R A
PUERACEAR | Al LA 1] JEE A0 AL B B Imr A NE 9
T3 BRI BAME - FHLAS AR 70 I, T3
AL R SR . BAIEOR T A AE R AR A
FeHRZ, AEARNE Dokt 30 A5k 157 ARASE A T A Dol i 5 e
L AL A AR R A R ARG DL A fp itk — 28
F5E . AT LD HOGHER S AR T A 5, [F
IR PN 7R B2 M 2208005 P AR T 3%, T HUR i

MEIRAER HOGIRE AT, 22X BAL T RATINAR
T R B RO Hs i Bk, HbAbdb£f 39°5'39" ~
39°20'04", A4 115°30'37"~115°58'06", ik
43.2~13.4 m, J&i P IRIE KRG XA R, AT
KRR 11.7°C, RAETRTY 185 X, 4k
KE 545.8 mm, FEEPE6—9 H, FhrEZ
Ko R HGREE R 740 m®, FHEAERR 6 4,
L FTF e R £, 0—20 cm 4 pH
7.2, AHURSR 27.1 ghkg. #AR 36.6 mg/kg, i
A 125.1 mg/kg. AW 238 mg/kg . HAH 1100
mg/kg. HL5F (EC) {H 2480 uS/cm, +HEAE Sk
SR

1.2 It

1.2.1 st AUEAER At m OB EN
AT, BE AL, W5 14 N DR
PR AR R 20 F & (CF), 43biE Ay 15 R P 7E



74 SRR, S ARNBIE X F O o A FE 2 i UL A 2R e 25 1) (2 1) 1297

AR TR L ALIE N-P,0,—K,0 SZhs &
Jy 858-594-1284 kg/hm®, 3550+ 2736 kg/hm?;
2) FL BV it b B (RF), MH RLFES A 60%,
N-P,0.-K,O0 S 5] 1.00 : 0.32 : 1.32, P&
1 608-297-720 kg/hm?, AL FE5 A 1625 kg/hm?;
3) F1 4) 7€ CF Ml RF SLah L LI SA, Bk
CFNN F1 RFNN P~ ab 8, 055 2 % 2 b, &
W4 [ CF FI RF 4b¥, Hrp R Eh N R E
AR, BI"NCF. “NRF,

WK 1, K5 2 AR R LK, 1A
1.705 m*> (1.55 m x 1.1 m), 3 KER, FEHLHES], %
XN A& FIAE 2 47 8 #R &AL, 17HE 40 cm, #RER 39
emo DX HI T AN G5 B9 B e AE LA, 4k B E SE38L
152 J6 B TC AN G5 A Bk e A T3 B 3 DX T AR AL
PUSHZ I TE 0.5 m, TR 1.05 m B9, PN EAEEAE 1
KSR, IR S R R0, BRRHE 07 8
5 om; ZMA TS ERE, BRAHELR)S, K
ok 575 9= 1 i< A5

I 1. R 2 S HER IR IE SR AN, 1
EEHA P 30 thm?, LA AUIE AL ™ By RS & oA
HLIE (N-P,0.~K,0=1.52-1.74-1.63, %7K 18.5%) .
B 1 % CFNN, RFNN {EARIE ) P,O; F1 K,O 43
52K F KH,PO, fil K,SO,, %Kt H KH,PO, i /&
P,0; B G, FH K,SO, #M 78 K,0, HZ&iH 2
K,O FHE TR, CF Ab3 i FALAE ke P B = A
JE (15-15-15), &R FOKENE (14-8-20) ., HEBIKE
JIE (20-10-30) FHREFMK AL (14-8-30); RF 23
FHACIE Jy & FAEFEE AL (15-15-15), #EiH 15
(22-12-16+TE+BS) Fl# [ 2 5 (19-6-25+TE+BS),
SN RE N LA TR BEA BRA FIA ™ (N FEEN
10.0%); RF. RENN Fl "NRF &b B HEAE rh AL AL 35 53
m TR Y 20%, VEHENE AL 51k = h 40 1
TRV E R FTE 5 R AL BB it e ek,
d AR SRS & 10%; fE/EB0E 11k, fRAtiB it
BRI Tk, S ARE T 4% . CF.
CFNN FI'*NCF 4b #5 Ab 0 jite FH Ao 1) R 48 A 7 =5 158
FE, BRI SR e B 40%, B
12 9%, it FH 7 5 A A s it Ak 3 AH I+
1.2.2 Pk XA R 5 s Rl

CEHEERT , T 2017 4£ 10 H 29 HBH, 2018
fE6 15 HUHR; X ¥R B R AR B, N i
6, EL R R A L o DX I ) DX B YRS At
MWK AR S, WAEAET; He HE
PRI — 30

1.3 #mRE
1.3.1 fEPRES 2 MR i BOREE & X
() JT A T ot SR S R P IR, R X T A
e b S SR R 4RI AR o B RS AR AR A
FREEHE, ZJS7E 100°C PREEAT 30 min, 7E65C K
BT, FRTE . KA T I0E AR A3 B 2T i
11 0.15 mm i (100 H), WRA2G, #E2H 4 7% E0
FE T RE AL, R AR R 2 U AN SRR
1.3.2 B3ERES PR, SRAIEANE, 2 0-20.
20-40. 40-60 cm 3 PMZUCRE LM, B MIXEK
SE, B—-MIXCRAR—-ENEERS . WTE,
i 0.15 mm i (100 H), MEH 2R PR ST EULN
FH
1.4 #HRMNESE

MR 2 B 2% K H,SO0,-H,0, &, HlKE
RIEE ; L ERES 2 RCRH H,SO— IR A ik
FIHA, PUCE BRI, ARSI E X 5 2
N 2 ] Delta Plus XP'5N (3£ [E THERMO
finnigan 23 w42 77) A TN E
1.5 HELARSHIES

FEH) NAff%=FE AR "N L3 08/ R N i

Sy x 100 (1)
FEMRAZR AR A (kg/hm?) = FEHA) NdffY% x
Y A & (kg/hm?) (2)
N IBCR (%) = FE Rk 0 AR AE 2 R i/
AL A > 100 A3)

ZEWE R R MR (%) = (it PN 58 X5 5 AR
- ANEAIE R X SRR A = e A= < 100 (4)

T4 2 ARk ARRICEN f) Ndff% = + 1452
N T EH A EARCON R E 58 < 100 (5)

T ZEok A UN IR AR (keg/hm?) = T1E4
EAAE R (kg/hm?) x HIEA R 2208 AFRIEN 1
Ndff% (6)

RIS B HE K ] Excel 2010 Fll SAS 8.0 FRA A &
7255107

2 HPRE

21 HBEKEEMEVESERT=E

F1ERW, {51 WA RKRERMSRE LY
AW IR BRI R > i > 2K > R
RF ZbPRIRSC MR | ZERIM-AE 9 1 2 & F CF 4k
HOARIEE 12.2%., 11.7%. 11.3% F1 11.6%, %



1298 Y8 55k 2E ) 26 &

SEL ZERI AR B R T CF AR, 430l
H22.8%. 9.9% Fll 8.5%. AHifLAEA K RFNN Fl
CFNN Ab#URSE . #) . KR A& DL SR S: . 25
AR S 25 S AN I

F2 WoR, W2 WBARKERMSHEEY
AA M R 2 RS > i > ZE > IR B
UNRF ZAbHR S MR, ZERmtAY Ry EEs T
“NCF, 75lmth 13.7% . 11.5%. 13.7% 1 11.4%.
NRF Zb3HIZE | SRS PERIAE AR ZUE M I 3 o 2

P RS NEWRETE SN N7 DR Aa) w11 AT
AW (HEA . AIUER) mlcs (K 3) kF,
SNRF AAHHART, X MAaR A& T
SNCF Ab 3, H AL FA SR S ok BB AR P A
ZHAEEER, R, £, HEARAERARLE
FUR Y 2 B TG S 2 S s TG AR T AR R i
i, PR ERRI RS MR 2K LR AE R A
P 225, HARE NRF AbH = T NCF b B,

JNAS AT B T 28 AN R X AR SRR L U

=T NCF A B, 5t 17.9%. 16.7%. 8.4% 1
13.8%.

A EL B (5 3) R, BRI L ] T
BAE, XU HERABRGRFERE T EZLA

®1 FRLEBTHEKEZRMEHZETYREMARKE (L3 1)
Table 1 Biomass and nitrogen uptake of different organs of overwinter long-season tomato under each treatment
in the fertilizer experiment 1

Qb A= Biomass (kg/hm?, DM) AR N uptake (kg/hm?)

Treatment g g gy & Root 2% Stem it Leaf RS Fruit & Root 2% Stem I Leaf
CF 7456 £85b 433£55b 4162 +32b 4345+£51b 161+£7.1b 6.4+04a 779+ 1.8b 132+4.0b
CFNN 5598+ 54 ¢ 336+ 11c 2982 £ 34 ¢ 3331+£91¢ 98 +3.8¢ 3.6£0.1b 469+ 1.1c 88+0.8¢
RF 8364+ 115a 484 +1.8a 4632 +40 a 4847 +43 a 198+19a 6.7+04a 85.6+15a 144+05a
RFNN  5732+69c¢ 346+ 12 ¢ 3032+42c¢ 3418+ 90 ¢ 100+ 0.6 ¢ 3.7£02b 453+ 1.6¢c 90+43¢c

H (Note) : [FFEHRG AR LR BLR 22 71K 5% B3 KF Values followed by different letters in a column are significantly different
among treatments at the 5% level.

%2 NRERRBPAAREULSKEEMSRETYRENARKE
Table 2 Biomass and nitrogen uptake of different organs of overwinter long-season tomato grown
in greenhouse in °N trace experiment

AbFR ¥ Biomass (kg/hm2 DM) ZW R N uptake (kg/hm?)

Treatment S5 Fruit #R Root 2% Stem M Leaf S5 Fruit #R Root 2% Stem M Leaf
5NCF 7674 £ 208 b 472+9.6b 4258 £38b 4656 £80 b 165+53b 6.6+£02a 77.8+2.2b 148 +£6.4b
ISNRF 8552+ 113 a 526+ 84 a 4841 £33 a 5185+ 72a 193+£29a 7.0+£0.1a 91.7+39a 160£58a

¥ (Note) : [FFVEHRG AN RIS RN BLE 22 71k 5% B3 /KF Values followed by different letters in a column are significantly different
among treatments at the 5% level.

*3 AXREBEKESRNEHE PR RAIIRULL 5]

Table 3 Nitrogen uptake from fertilizer and other source in organs of overwinter long-season tomato in greenhouse

B N uptake (ke/hm?) L5 Proportion (%)

N Source Treatment

S5 Fruit R Root Z£ Stem I Leaf  Aij} Total 32 Fruit 4R Root Z£ Stem I Leaf  &iif Total
1A NCF 732+2.1b 2.8+00b 340+1.8b 663+1.3b176.3+3.6b 443+£56b 423+5.6b 43.8+56b 45.0+56b 444+0.7b
Fertilizer

ISNRF 91.9+22a 34+0.1a 469+1.8a 789+3.1a2221.0+33a 47.6+56a 482+5.6a 512+56a 492+56a 489+03a

He SNCF
Other

920+4.1b 38+02a 43.7+0.6a 81.4+£56a2209+58a 557+56a 57.7+5.6a 562+5.6a 55.0+56a 55.6+0.7a

NRF  101.0+0.7a 3.6+0.0a 448+2.1a 81.3+3.0a230.6+2.6a 524+56b 51.8+56b 488+56b 50.8+5.6b 51.1+03b

# (Note) : [RFVEIEGASE T RR A BRIE 22 5335 5% .3 7K F Values followed by different letters in a column are significantly different
among treatments at the 5% level.
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Table 4 Yield, total nitrogen uptake and chemical nitrogen recovery rate of overwinter long-season tomato
in greenhouse by subtraction method experiment

e FohE R HE PRIEZFI % ARFIHASR 2 4

Treatment Yield Total N uptake Chemical N recovery rate ~ Percentage point increase

reatmen

(kg/hm?) (kg/hm?) (%) in N recovery rate

CF 140770 + 3227 b 3775+23b 164+1.0b

CFNN 108834 + 1074 ¢ 236.9+53¢

RF 154909 + 2182 a 4335+34a 31.8+1.1a 154+0.7

RFNN 112951 +2383 ¢ 2399+58¢

H (Note) : [FFVEIEE AR F R BRE 22 5755 5% B /KFE Values followed by different letters in a column are significantly

different among treatments at the 5% level.

5 NREZERBRPAXBREULEKESTMTE. "N BRKESHEIFAE

Table 5 Yield, total >N uptake and chemical nitrogen recovery rate of overwinter long-season tomato

in greenhouse by "°N trace method

e e 1SN IR PLNERFI A AR R E
Treatment Yield Total N uptake Chemical N recovery rate Percentage point increase
reatmen
(kg/hm?) (kg/hm?) (%) in N recovery rate
ISNCF 144002 +2622 b 176.3+£3.6b 203+04b
ISNRF 161911 £2677 a 221.0+33a 364+0.5a 16.1 £0.7

I (Note) : [FFVEIEG AR F R /R AL BRE] 22 5755 5% B3 /KFE Values followed by different letters in a column are significantly

different among treatments at the 5% level.
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*6 MEKEFMUAETRLELELAR N BTFENE
Table 6 Total soil nitrogen content and atom% "N excess in different soil depths after harvest
of overwinter long-season tomato

ISN JF 7 1438 Atom% N excess

FJRREE (cm) + 3 4% Soil total N (g/kg)
Soil depth ISNCF ISNRF ISNCF ISNRF
0—20 0.94+0.09a 0.92+0.07a 7.07+231a 6.11+0.87a
20—40 0.31+0.02b 0.35+0.00b 1.76+032b 1.55+033b
40—60 0.28+0.03b 0.31+0.03b 128+034b 0.50+0.12b

* (Note) : [FFEHRGAFFFERRAR L EMZERFIK 5% 83 /KT- Values followed by different letters in a column are significantly

different among soil layers at the 5% level.
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Table 7 Fate of *N-labelled chemical fertilizer during overwinter long-season tomato production in greenhouse

+ 35k B i Residue in soil

Ak B VN3 Wi Pk
Treatment Input Uptake 0—20 cm 2040 cm 40—60 cm 0—60 cm Loss

ISNCF 858 1763+3.6b  148.1+389a  122+13a 83+3.0a  1685+305a 5132+328a

SNRF 608 221.0+33a  1258+17.0a  122+23a 34+07a  1414+148a  2455+17.5b

# (Note) : [RFVEIEGASE T RR A BRIE 22 5335 5% .3 7K F Values followed by different letters in a column are significantly different

among treatments at the 5% level.
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Fefl, e T AR S B AE AR IE 3R 43 6 L], i
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WD, BOE R AR R LB E O R
Byt 4 M % 1l 5 Ml DX R BIF 5 T 8 58 % - 45 B A A
WA P AR R A 25 SRR, b X H ORI E A
KA A . B B9 4 A i
1) 1.44. 3.28 F1 1.57 £, SEbasEr=r, fAEFR4K
AN S5EY 757 5 RHEIEAICHL, Bitss S A
Wit AN S AR SR A A S kD, R
SR T ZBE R A L e

ZEWIE . N RERETT RS SRR, FOLEE
T A& A E T i A A it 444 A AR A 2 A A SR
REEH WU B A B 15 M E A L, X 5T
ANHISN IRERIEIFR R R R RS A 5 1]
ANGFCOR SN R EREEFR R, B K AU A
F I 250 kg/hm? BEARE] 185 kg/hm?, B it
26%, B RZEREN, ARFAHEEAT
117 NAE SR FERSCEFRR RN IR BRI IR 3R
B, EARKGEEmA A 240 kg/hm?® FELE] 180
kg/hm?, BV 25%, 25 14F. 55 2 SRR R A RS
FIHEE T 288 N E AL 355 N E . KT
BERALBE R, RN 7S B R SE A I 5 T 22
W, n] P 22 980 T 5 A A it 4 A% R A A 2R
FHARALBE A B PR

ARWFFEIAFE , Bt bk 2 T I Uit 184 R AR A
X (BB A 608 kg/hm?), TN ik F K
40.4%, KT8 HUE ALY 59.6%, B AL AR AT
AR AP e . 22 B A e i P e s
s S AR IR (FLIE & H & 500 kg/hm?)
SN 2k %y 8.2%, Milkha ZECHF 5 %0, AUHE
£ 120, 150 kg/hm? B, /NEWERIA 5%~27% (1)
SN Pk ; Wang SECIFR R, ERARARHE
THOLR, N HR B 11.2%~22.2%, Ding
Gty R, A B IR R A M &
225~250, 450~480 kg/hm? I f 35 2 43 51 K
6.6%~31.1%. 11.9%~37.4%; AHBFFN ik R
L, XATRE S A RS . HRERE . -
HERFEREAUR 0-60 cm 2545 56, AR AL
EFRAZRVPHEMIS T EA R, BRWE &S
WA FFE— 2 2R AMI . AR LW, &E
FRREAE 0—20 cm 3, X 5@ Zhong 452!
FERH ERBFFEE SRR, B st A 7 LO0FA

R RAE 3D 2R IR

4 ZhE

FENE A HLIE 30 vhm? (3ERG [, ¥ HOBTE %8
AR AETR AR P H At A AR S 57 B D 40%
FEVE AR L, Al R 10% DL, fRARA
FIFHARSE S 15.4~16.1 ME S, AEBRFRREL
40.4%~59.6%, TR LLHIHEA N,
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