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AAE, Y, kEF, ThHKS, kamt
1 PER R RR2E SHARZEBE, dat 100193; 2 AULFRALE)RHEARAR, dtat 100094; 3 WWARKR HAYRHEARRA A,
IWARSFm 2511005 4 dtatiP s RF i RHEARAR], Jbst 100070)

W OE: A THTEFRNEERIA NS, B TR A R SR T 2R A, T E
Fomh AR OISR S AR . ZIRRY . T EFN A 1 ~ 7 HEHEMKIRY . =303.1. 189.5 ~ 303.1,
118.5~189.5, 74.1~ 1185, 46.3~74.1, 29.0 ~46.3 fl <29.0 mg/kg; TIEEEEE 1~ 7 HEBIEIKKN: =30, 20~3.0, 1.3~
2.0.08~13,0.6~08,04~0.6 <0.4g/kg; HHEHHRE 1~ 6 LFEHIEARMKI Ny : =773, 36.6 ~77.3, 17.4~36.6. 8.2~174,
3.9~82 M1 <39g/ky, Hr, @HhFFH AP 1~ 7 FFHHEIRKIK R : =553, 32.8~55.3, 19.4~32.8, 115~19.4, 6.8~
115, 4.1~6.8 il <4.1g/kg, WHEFM AV 1 ~ 4 FEBIARMKIK N : =434, 14.6 ~43.4, 49~ 146 Fl <49 g/kg. %A
B M2 R %5 40% . i B AR i 120 thm2 B, H3ERFEFEGONN 1 ~ 7 FHEEE ARy 0, 81, 162, 243, 324, 405
i1 486 kg/hm?,

KR Foin; WAL, B3RS AEK; Feushs; LR

FESES: S641.2 XEkERERD: A

Study on Abundance-deficiency Index of Soil Nitrogen and Recommended Nitrogen Fertilizer

Application Rates for Tomato in China

MI Chunjiao?, SUN Hongren*, ZHANG Jiping?, WANG Shangbo®, ZHANG Yandi*

(1 College of Grassland Science and Technology, China Agricultural University, Beijing 100193, China; 2 Liukai Xinnong
(Beijing) Technology Co., Ltd., Beijing 100094, China; 3 Shandong Reto-Life Biotechnologies Co., Ltd., Qihe, Shandong
251100, China; 4 Beijing Zhongyan Yinong Seedling Technology Co., Ltd., Beijing 100070, China)

Abstract: In order to provide a theoretical basis for nitrogen (N) application in tomato soil testing, the abundance-deficiency
index (ADI) of soil N and the recommended N fertilizer application rate (RNFAR) for tomatoes in China were established by
using the method of integrating piecemeal experiment data and the new application formula of nutrient balance-soil fertility
difference subtraction. The results showed that ADIs of soil alkaline hydrolysis N for tomatoes in China from the 1% to 7t levels
were =303.1, 189.5-303.1, 118.5-189.5, 74.1-118.5, 46.3-74.1, 29.0-46.3 and <29.0 mg/kg, respectively; ADIs of soil total N
for tomatoes in China from the 15t to 7" levels were =3.0, 2.0-3.0, 1.3-2.0, 0.8-1.3, 0.6-0.8, 0.4-0.6 and <0.4 g/kg, respectively;
ADIs of soil organic matter (all fields) for tomatoes in China from the 1% to 6™ levels were =77.3, 36.6-77.3, 17.4-36.6,
8.2-17.4, 3.9-8.2 and <3.9 g/kg, respectively; ADIs of soil organic matter (open fields) for tomatoes in China from the 1% to 7th
levels were =55.3, 32.8-55.3, 19.4-32.8, 11.5-19.4, 6.8-11.5, 4.1-6.8 and <4.1 g/kg, respectively; ADIs of soil organic matter
(facility fields) for tomato planting in China from the 1% to 4" levels were =43.4, 14.6-43.4, 4.9-14.6 and <4.9 g/kg, respectively.
When N fertilizer use efficiency was 40% in tomato season and projected tomato yield was 120 t/hm?, RNFAR from the 1% to 7"
levels of soil N abundance-deficiency were 0, 81, 162, 243, 324, 405 and 486 kg/hm?, respectively.

Key words: Tomato; Soil testing and fertilizer recommendation; Soil nutrient; Nitrogen; Abundance-deficiency index; Fertilizer

application rate
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TR E AR Y B A 2 — . 2020 4F,
T [t PR T BUAD 110 5 hm?, PRHRIT 6 500 7 t,
SBR G HA R 22.0% 1 34. 7% T 55 R EL AR
T A RIUBUCE i IERSE AR K 2
KEE, SHEICREA SARTHEY = AT, JF1f
BN A o YA R A RS, AR
EMEY R, a3 2 SAUK R IR SRS
B, AR E KGR, e =,
3 it R IR, (L EIE R R AR, KA E
PRI R T AR, Rk, A A SO
Pyt A i X AVE A P A AR . IR R AL
e IR VA M T 250k | SR VA - A R oy
T FR BRI LR O T B AR AR A5 T B B A e
JEf ) EEFB, H, RIS F s bRk 2 +
WEFERAC ) 2 BURE 2, B BATRHEA RO
AT M) BT 2 AT S L, AR DATE tE 545 b
Iz N e E T 20 T4 80 ARACTIT A AT VEY) 1 4%
FeE R PR BER A, BT S TG KA
INFE K H S RE T X R it
B4 A2 A 2R G2 5030 (EL AT o 36 i B AH W SR AT 35
A 20 4 80 AEAY, BB EAERR IR T AR
A TR EBAE PRI SY . 21 Bk, RE
GOS8t 7 73t - S O - s s A it A
RYEHAT TIRR; WiERUIHR T NS AR &
it ISRy B bR s BRI AT TN S
SR DTG IR B B B R PR I R S
I JIGE ] 25 A8V Jo T 307 8 it 7 i - 1R 4y T Bk AR A
9T, #EH AT, & EF LSRR S FE IR bR i
JERGMNRATA AR, AOFRIFFE D | WG
AN AT, T ELAT LB AT A T B A (24 16381
YEY) 35 5% 55 F SR AR HE M NIE 2R 48 i A 90 s 2T
A Z i MR, SFEREM AT Y
W DA R AR, T 7 A i 22/ IMED A AR DGR B A
Wb, Bk, ISR E R R AL RS
WA A VR 2 0 BUA e fif Tk, gk R ExE, HhE
My K AEFNIA IS A B TR g A i e Gk
H“FRA- VA1 ) 2205 H AT ZRaik,
BIHE T 1R - 1855 43 = s bR it N R Se ik 588
Jridk, W EHLISE R EEAE, RE ST T IR E AL
M | SR CHRE . A SRS T R R
Pt At A R 40 (10260, AR S SR VR LR o F
BRI AL R G #4741
AR FEHHE bR A A 5T, 3R Fhn i £ it
RILHERS%

1 #R57EZE

1.1 REFMTEREEAEAHFES EHRER

TR 126 v kG 2R T [ O R A 7 i i A 36 Sk
RO BRI R S e B Rt Ak
Y SCHEK, IR R IR EOE . FHA Q)T EF
B R AL AR X

Rn=Yn/Yn (1)
s Ron A R SAR X 77 k5 Yo o B A B i
Y Rt A B P

FIH Excel 2016 , P81 FAR Y HE 57 T i kAU Ak
FRAR = e 5 R R SRR, 2% 01t
JE R EH RN R T R” B, R EHITE
SR R 3 o X6 TR 4 fte S04 FHURE X 7 R - 4
o i Rl A AN , APt A e 43 1) SR A
14,
1.2 KEEMEFERE

HRE oA o 220 o A2 (A
(2))[28-29 iy i A = B - 398 ) e T HE A R

Fn = An X(1-Rn)/ En (2)
A Py s A s Ao B = BB IR R
i R OB A o En AR SR R

NG 2 % i oM A R (N) B & E
2.7 kB, AR 3R 3 A e S Bk O, b
Himm & 114, 4351k 45, 60, 75, 90, 105, 120,
135, 150. 165. 180 #1 195 t/hm?2, 4> F-EL A1
7 it e R Ak AR G 7= T BRAE A i i) 1 i SR Ak B
AR, 55 19N 100%, 55k 90%, 5 3 %%
Jy 80%, +---e , R0k 0%, i E 3 N EAANL
MEBFIHR, 43510 30%., 40% Fl 50%.

2 ZEREHSH

2.1 HKEFEmERIRES TEREFRIERHAR

HXER

VRN EOF R & A EIEA R (M A . 2A M
L) B . S A B e it SR Ak B P ) e
it AR I SCHik AL 154 55(1986—1989 4F 2 5, 1990—
1999 4 5 5%, 2000—2009 4 32§, 2010—2022 4E
115 %)o Pk SCRkM K 25 A0 AR X EEET,
3 pH i [E K 5.3 ~ 8.9, +HERRA . AL
JF &L R Y R 42.6 ~ 297.8 mglkg . 0.5 ~ 2.7 g/kg
1 5.0 ~ 42.3 g/kg, JiAAEPEAMEREIOE D 17 ~
2 400 kg/hm?, A FRSCHER PRI IR R i . Bt
RAC TR 5 FE A A B 4 s 280 41, SR 3 1
R A S B R B G R R 280 X, H:
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g i 125 XT, B 155 X phAh, HIERUARAL. 4 fRS0Ch 192 XF . 157 XA 224 XF o [ 2 it S0
SRV BILJ 5 e 5 A B AU AL AR P e O O 0 SOk R SR AR OGS R L3R 1

*1 FRESFHRERRXEXHPSLRIRZFRIETHAREXER

Table 1 Relevant information about soil N abundance-deficiency index from tomato N fertilization experimental literatures in China

i A wRAEG ARl e Ak it LA B it R
(%) it (kg/hm?) (kg/hm?) (kg/hm?)
B 10757(29) L 5T (26) % bk (25) T (20) B e iT (A) M (3 56 69 ~ 155 348 122 ~ 184 750 17~1124

PG 3)E R Q) H I ()1 35 (2) M 52 () B (1)) 74 (1)7i]
(1) TR @A Q)@Y (2)
Bt AL EIZR5)IL T (18) AL (17) W R (15) T3 (15) - 71 101 ~ 217 179 129 ~ 230 432 60 ~ 2 400
T (B) T L ()T 51 (4) L BU(3) R IB VL (3) N 52 717 (3) R HE(3)
WL (2) T MR )k P4 (2) W L (1) 1L PE (1) = R (1)

P £ AR +3E AT AR TR A=
pH (mg/kg) (9/kg) (9/kg)
T 23 5.6~8.9  45.6~282.0 05-~27 5.0~42.1
it 33 53~89 42.6~2978 05~2.6 6.9 ~42.3

22 REEWIERSASSHENEENFZE M 127 SRS H AT (). HEAHL

B3 7572 J5 (% ) i1 S HILITR (R 5 ik 5 7 i e Ak A

Sy B AR B M R AR, LA T3 % SR G AR, 3 AN (U O R R A B B K
%, WRER PRI S AR B R RORR S, (P<0.01). Ak FEH AN A L A
gy R A RN SRS EAMBA 290 5.0 ~ 423 g/kg. 5.0 ~ 42.1 glkg Fl 7.3 ~
REBARXT R AR A 1 . BIRRES R 42.3 g/kg B, TR UL A RO A 34.7%
J5, A BIF 178 X7 FN 142 % o =4 2 57 - Enk i ~107.9%. 37.1% ~ 107.9% # 34.7% ~ 106.3%,
EURIA AR SR AU MG P R AR, 2 2.3 RESMIEREENERNET

AT RS B KT (P<0.01). 4 - HEff i 3ot -4 9 R B A kR A i
R RE S EIE 9N 42.6 ~297.8 mg/kg F1 0.5~ RS, TTEAS BB A AL FEAH XS 7= & 100%. 95%.
3.0 glkg B, SBRAEUCIRARX P RIGE S, 5.9% ~  90%. 80%. 70%. 60%. 50% JIrXf R ()55 H 36
115.7% F15.9% ~ 113.2%. 4 5FH 207 %}, 79 %} fr R M K 303.1, 239.7. 189.5. 1185, 74.1.
) . 1201
201 o) .. 120 . © .
_ 1oor _1oof _ 1007 e
< g0t < 80t < sof
H ool Tl 2t H ool 25,
= = Tere . = T 13,3960 +41.76
= L . i L N — = H ., V13 .
z O o R=0.2959 = Y - s 23;32:2?%);3'9“ & Y ) R=0.1225
wr e n=178. P<0.01 o0 =142, P<0.01 201 =207, P<0.01
00 5‘(] I.(](J 115() 2:1)0 2‘5[1 3I(J(] 0() (]l.5 ll l‘.S .2 iS _'7: 3‘.5 0(] l‘() 2.() 3.0 ti(]
IR A (me/kg) T2 E (gke) THATHUE (421K) (2/kg)
1207 1201
. (E)
100t 100t
£ gl L- < gl
o= £, e 't
560} e o60f e .,
4= LA e . = L
= 40F T+ . )F19037In(x)+23219 _% 40t . 3=9.172In(x)+55.421
' R*=0.2051 ) F=0.0696
201 1=19, P<0.01 20¢ =127, P<0.01
% 10 20 30 40 0 010 20 30 40 50
A HLET () (g/ke) AP (IR0) (2/kg)

E1 RELREZRSESEMRELEEN~EEEFXH

Fig. 1 Regression relationship between soil nitrogen content and tomato relative yield without N fertilizer treatment in China

http://soils.issas.ac.cn

50



%5 KA PR - B R P B 5 951

46.3.29.0 mg/kg; LA & HEAKIKN 3.0,2.4, 2.0,
1.3, 0.8, 0.6. 0.4g/kg; TIFEA ML (EAR)E UK
Jy77.3. 532, 366, 17.4, 8.2, 3.9, 1.8 g/kg; ¥
i HLI (5 M) & =Kl 55.3.42.6,32.8,19.4 11,5,

6.8, 4.1g/kg; TIEA P E) & B R 129.1,
748, 43.4. 146, 4.9, 1.6, 0.6 g/kg. A4 = A
il AR L AAMERE F, &5 70 S Y
AN IS, 153 1 i IR R R bR (3 2).
*2 BREEMIEREFHIENR

Table 2  Abundance-deficiency indexes of soil N for tomatoes in China
AR FOPT 7 6 5 4 3 2 1

B AL AT (%) <50 50 ~ 60 60 ~ 70 70 ~ 80 80 ~ 90 90 ~ 100 (95) =100 (95)
AEM M EAEmMke) <290 29.0~463 463~741 741~1185 1185~189.5 189.5~303.1(239.7) =303.1(239.7)
eSS L7 2% (g/kg) <04 04~06 06~08  08~13 1.3~2.0 2.0~3.0(2.4) =30 (2.4)

HHUFR (LK) (g/kg) <18  18~39 3.9~82 82~174  17.4~36.6 36.6 ~ 77.3 (53.2) =>717.3 (53.2)
AL (% Hb)(g/kg) <41  41~6.8  68~115 11.5~194  19.4-~328 32.8 ~ 55.3 (42.6) =>55.3 (42.6)
APUR(LIE)(9/kg) <06 0.6~16  16~49  49-~146  146~434  43.4-~1201(74.8) =>129.1(74.8)

T il TR oM -

24 BREHFMARERREHTIEEFERE

3 FIH T R EFE AR B AR A [E AR
FFH 2R S [A) = g ) 1 S 0 Tt Ui o 4 T B b
PR 120 thm? I, SAE S ZRF %k 40%
mf, IR EERGINE 1~ 7 R R KK
0. 81, 162, 243, 324, 405, 486 kg/hm?; 4%
REF R 32 2 2 50% B, MR A= AR 0, 65,
130. 194, 259. 324. 389 kg/hm?, [t 40% Z&HEF
FHRIF BT 244 K 0, 16,32, 49, 65, 81, 97 kg/hm?;
MRNEH R FEARR] 30% I, HEA it A KK A 0,
107, 217, 324, 431, 541, 648 kg/hm?, [ 40% %
REFI % SR 255 % 0. 26, 55, 81, 107. 136,
162 kg/hm?, F At A e 5 72 Y TR R . +
R R B R PE AR, BVRUE 2 25
oy R R F PO R, R A AR TR
THERE I A 5 A AR e AR IE A G, B H bp = b
I, 7R R A

3 it

3.0 REHEMTEREFHIER

AW T I E A AR A S A
FERR X 7= 2 B ) Tl 0 A B T R R A
R FHFEIR o 1A A A AR I M ] S5 8T fff 5y A
At 53T 8 i 3 mh R A FEAR X 7= B 50% AT 95% i
B - SFE Rl R 40 oA 50 1 130 mg/kg , 15 T 15 it
T B AL BRAI XS = 70% A1 90% i 107 ) - 3R
S F 23 WA 120 F1 240 mglkg. AR 455 HE
SR, A R SR AL FAR X 7 i 50%(29.0 mg/kg) |
70%(74.1 mg/kg)Fl 90%(189.5 mg/kg) Xt i ) 43R
filEEAEA R AT LIRHERR, 177 95% F57(239.7 mg/kg)

B T bR o T34 2 COVRRR AR ik S L F 9
FW, S TR B A A AL AR X P 5 50% Al
95%%f 7 1) 1 4 A & 1 73l 0.45 Fi 1.25 glkg,

PR 5 oty A S U DX 3 it 7 7T s LA B X 7 1 50%
90% i1 95% X i i)+ 84 A & 14 i 0.09, 2.35
1 3.54 glkg. ABFFELEER S Z AT, 4 EF b
FHARXT =5t 50% I A+ 3E4 F AR 45 (0.4 g/kg)HH G
NS ALk LR XHR B , TS5 9 5E T LR B e AR
BIR BT 5 4 TR 3 00 5 SRk AR G 7 HE 90% o 7 Y
T ARIEFR(2.0 g/kg)5 NS Ak LR X FEFRIE
H—8 A B R AL BEAR T R 95% (Y g4
RIGVR (2.4 glkg)w = TN 5 AR L8 4R, IR TN
STk LR X HE bR o R IR SE R W],
St A0 S JU i DX 5 it 7 it e R Ak A X 7 i 5006

90% £ 95% X b iy T HEAHLET & &3l 2.5, 52
76 glkg. FRABFFESEAATHL, 4R H AL
A X = i 50%(1.8 g/kg) . 90%(36.6 g/kg) Al 95%
(53.2 g/kg) %t I Y+ EAT BB AR BT RS T N 52k 48
b s 2 EE AR A 4 R 5 22 AR, SR B
HIXT 7= 50% F) + A HLTHEAR (4.1 o/kg) W i Ho I
#5117 9096(32.8 g/kg) Fl 95%(42.6 g/kg)F&Hm A i e H:
1% ; AT AT 25 5 5 A, U4 A X
7 50% X Y AT HLBTFE 47 (0.6 g/kg) BAR TN
ST HE bR, {H 909%(43.4 g/kg)Fl 95%(74.8 glkg)i§hr
IURAR T NS HE A, X% T 2388 & ikt
T MAm BT 8. B TAMRAEAL G K . Mo
7L BFEIREZE A, HAFRE SR 5 R EDKREE N
FORUO H RIS e g YRR RS A )
5T 285 R TR ALY , PR A B P AR A 1% 4 B 3 mh 1=
R R F IR TR 45 B T 5
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®3 REEMETRBHFREEMAREERISFTFAET
BN FRRR A LI AHEE I E 2 (kg/hm?)
Table 3 Recommended N fertilizer application rates for soils in
different N abundance-deficiency levels under different target tomato
yields and utilization rates of N fertilizer in tomato season in China

Atr  AEYZE eSS ]

7R R (%) 6 5 4 3 2

[N

(t/hm?)
45 50 >146 122 97 73 49 24 0
40 >182 152 122 91 61 30 O
30 =243 203 162 122 81 40 O
60 50 >194 162 130 97 65 32 0
40 =243 203 162 122 81 41 0
30 =324 271 215 162 109 53 0
75 50 >243 203 162 122 81 41 0
40 >304 253 203 152 101 51 O
30 >405 338 269 203 136 67 O
90 50 =202 243 194 146 97 49 0
40 >365 304 243 182 122 61 0
30 >486 406 323 243 163 80 O
105 50 >340 284 227 170 113 57 0
40 =425 354 284 213 142 71 0
30 >567 473 377 284 190 94 0
120 50 >389 324 259 194 130 65 O
40 >486 405 324 243 162 81 0
30 >648 541 431 324 217 107 0O
135 50 >437 365 292 219 146 73 0
40 >547 456 365 273 182 91 0
30 >729 609 485 365 244 120 0O
150 50 >486 405 324 243 162 81 0
40 >608 506 405 304 203 101 O
30 =810 676 539 405 271 134 0
165 50 >535 446 356 267 178 89 0
40 >668 557 446 334 223 111 0
30 >891 744 593 446 298 147 0
180 50 >583 486 389 292 194 97 0O
40 =729 608 486 365 243 122 0
30 =972 812 646 486 326 160 O
195 50 =632 527 421 316 211 105 0
40 >790 658 527 395 263 132 0O
30 >1053 879 700 527 353 174 O
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