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# E: N THAPEFGNEEREESSE, B “BEOAREARE S M IR -t 22 AR, AT E
Tt H AR AR S A Y . SRR P ETR N R ACE | ~ 7 HEHEERMKIC . =303.1. 189.5 ~ 303.1.
118.5~189.5, 74.1~118.5, 463 ~74.1. 29.0 ~46.3 Al <29.0 mg/kg; TIEAAE 1 ~7 HFHIEIRKIK S : =3.0. 20~3.0, 1.3~
2.0,08~1.3,06~08,0.4~0.6F <0.4g/kg; TIHAHTE 1 ~6 FFEHIEFMEIKRN: =773, 36.6~773. 17.4~36.6, 82~17.4,
3.9~82 Ml <39 g/kg, Hrir, SRHTM AV | ~ 7 FFEHIEFRHMIRN: =553, 32.8~55.3, 194~32.8, 11.5~194, 6.8~
115, 4.1 ~68 F <4.1 gkg, WHEFM TIFAVEEE 1 ~ 4 RHFEFIEFRIKIK T : =434, 14.6 ~43.4, 4.9~ 14.6 Fl <4.9 g/kg. M4
HE SR HIZ R 40% ., Tl H AR/~ 120 thm® I, R FEGONH | ~ 7 SRtz 0. 81, 162, 243, 324, 405
1 486 kg/hm?,

KBER: Fouli; WAMEAS; HHEGRS AE; FedEh; i

PESHES: S641.2 XHERARRAD: 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 7" 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 1% 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 7™
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/th, respectively.

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

application rate
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TR TR EAME M) FEEH R Z — . 2020 4F,
I [ i PR T FHUAT 110 75 hm?, FEET 6 500 J7 t,
SERE LAY RIN 22.0% A 34.7%! . Fn A E N
T E A RIS M EE 7 RS E AR K =
KEE, SHTEICREA SERTHEY - B A B i,
KN as o YRS R D — S NS, AU
FMEY K, I axt B3 28 SRR RS S0
BTG, fHEANKS AR, hitmsise
I E i R AR, (AERER FREAL, REMAR
PRI T AP Bk, A A RO e
Pyt N X AVE Y A 7 A AR . R0 R %R
B IR VA -H ) 25080k . IR0 VA - A R Oy
MEIE FRBE A 37 05 P B AR AR 1 A5 T B i i
B EEF B Foh, RIER A FEE AR ORI+
HERERAE 2 U RE 7%, B HABHRA ROEK
WA Sk B E S AT SO0, HAs DATE A4 b
Iz B FRE T 20 4D 80 AR UA AT/ £ 5
FEorE AR PR Y, BRTE S TS WIKAS
INEE LK H AR R T IX S s
FRIEFE AR 2R GE 0, B4 X 3 ik A S HIF 5 A3 48
B, 20 titad 80 AEAY, B ARSI T I
W ih TR AR AR oY . 21 ALk, R
UV b 3 1R it 2 i - A O B A e it A
RGEMAT TR KE =T TS IR AR
SRS B bR SRR AN T T S
KU D IR B P B E PR I R S
XM 25 USVAF R T AL T e 7 i R A T Bl AR
5E. #E HAT, FREFN LSRR et
NERGEFATA AR, AUFRITRE D ¥ &G
At 4T, 1 ELAT S5 A Al A a1
VEY) - HE 35 73 F SRR PR I R S8 RIS s 20T
JRZAE | Z i A, BOFF2ZE RN TT . W1
W IR AR, T A 51 22/ IME AR DCRHIF B A
e 2D, R, TR F AR IE R G
WFSEAIAT VP 22 R R ff ok ool LR RxE, thE
My K AEFNIA IR A B R0 Eh i e ik
F TR A —Hh S 22080k 8 A2 2R ARk,
Bl TR R o F B AR PRI R G SR
Jride, T HE LA R IR, SRS T IR E AL
M | ER . CHRE . AP SRS T R s
PRAEFERLAL R GE 20 AR SRR HEY) e 0
SRRV ERA AL RGBT, # AT i
REFHAR bR A R TS, 3R E B i it
RIMEAUS%

1 #RERE

1.1 KEFMLEREZEEFESERIER

TEBUHE I PG 2R B O R 110 3 i it A X 63 Stk
PERE S IR R S A P it Ak B
Y SCHK, IR EIREE . FUHA RO EF N
B AL AR X 7 i

Rn=Yn/Yn (1)
K Ry AEREALHEAN =5 Y NEE AL B
o Ya oML B A

FIH Excel 2016, PEPEIE FUAR A HE ST T i Ak
FARXT = E S AR SR AR, 2% 0 16
B3 E B R T BT SR E T E
SN AR 3 o X6 TR ol 204 A X 7 R 3
o mr I BB A A M B, A A= ot 43 ) SRR R
11
1.2 REEWEFERE

FRE IR0 A S 220 A2 (A
()52 A 2 i g ) - 39 A 7R i A

Fx=Ax X(1-R\)/ Ex 2)
Arf: AyRIEEEAEE; A B2 H AR B
5 R MR EIA N P Ex O EIE 2 R R,

BN 28 % RO R R (N) R R E e
2.7 kgt MR i A p SE PR L, B i
HAmr i 114, 2351k 45, 60, 75, 90, 105, 120,
135, 150, 165, 180 A1 195 t/hm?, TG4~ FHLG A
T i A B X 7= T BRAE A i 2 (1) Bk AL B
X =R, 519N 100%, 62900 90%, 553 %%
g 80%, +r--e , LR 0%, wE 3 AEAAL
MEBFIFR, 435900 30%., 40% Al 50%.

2 HEREHN

21 KEEMERRES TERZFRIERHAR

HXER

VEICR EOF R & A DI R E WA . A
L) B, RSk L e e R4 B ) e
it AR 6 SCRREE 154 55(1986—1989 4E 2 5%, 1990—
1999 4= 5 f, 2000—2009 4F 32 &, 2010—2022 4F
115 55y, Friksclikeb B 25 NE5/ HIR X/ HEET
133 pH JFE Ky 5.3 ~ 8.9, TIEMMA . SAMAEHL
TR RS BRI 42.6 ~297.8 mg/kg. 0.5 ~2.7 g/kg
5.0 ~ 42.3 g/kg, JAKEMERGEE R 17 ~
2400 kg/hm®s A R SCHR P ARECEER R S, B
R B Rl A B RS 280 41, A2+
R A i S VR A B X R B R 280 X, H
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rhERHL 125 %F, P 155 %F, Ak, HIEmRA . 2 P43 R 192 X 157 SFH1 224 %F, Fe[E F it AU,

SRR B B k-5 2 ke R Ak AR X 7= ) P

B ik b 1R R F IR PRI SR AR SR B 1.

1 BEFWEAREXHEPSTIEREZFERIEFAREXER
Table 1 Relevant information about soil N abundance-deficiency index from tomato N fertilization experimental literatures in China
AR WA G TG AR AR M
(g Ht) B (kg/hm?) (kg/hm?) (kg/hm?)
B 11T (29)dL 5 (26) 7 FR(25)FTHE(20) - I IT(4) SN (3)1l 56 69 ~ 155 348 122 ~ 184 750 17~1124
PE3)FEPRQYH M Q)L (2)A 5 ()R EE (1) TG ()i
B ()T EL ()WL (D) L) (1)
Boiti ALEGDILZRRS)ILFA8)AL(17)i B (15715 (15 H 71 101 ~217 179 129 ~230 432 60 ~ 2 400
(ST E(4FT I L GBI )N Sl (3)KH(3)
WAL Q)T QB PE Q)W (D)L PE (D) =R (1)
PP 2% R 2l e T8 LEEMASE THELA S & TEAPUE S
pH (mg/kg) (g/kg) (g/kg)
22 23 56~89  45.6~282.0 0.5~2.7 5.0~42.1
it 33 53~89  42.6~297.8 0.5~2.6 6.9~423

22 KEEMIERZSESRELEENTE

EPEpE

Ryt KB B i PRIEAE A B, DA Rl a4 2k oy 2
%, DA 50 1 ) P g 5 R A 8 B O
T TR I A AR A PR S S A
VLY 200 s C Sy (3 I8 W5 T N [0 67
Je 5 43 IR 178 XA 142 Sl %50 8 57 4 e n i
RO i 5 B bk A AR X = B R, 2
A ENE 5 FE R I B 7K (P<0.01) 24 3 hul fit
ARG EEE R 42.6 ~ 297.8 mg/kg 1 0.5 ~
3.0 g/kg W, BREALBAX = RIERS BN 5.9% ~

FH 207 %79 %A1 127 X} Bl S 7 58 HLTT (4
M) B P (5 ) A R HEA DL G ) & B 5
TR A B X = R I U AR, 3 A el AR iR E
R K (P<0.01), M4 R Hb AR 1 AT HL
TS RS20 h 5.0 ~42.3 g/kg, 5.0 ~42.1 g/kg il
7.3 ~42.3 g/kg I, FAERAALBAEXT > 5 S51 N
34.7% ~107.9%. 37.1% ~107.9% F1 34.7% ~ 106.3%.
23 REEMITEREFHRIERNEL

g B IR O N it AU A AR X 5 g [
H5 R, AR AL FEARXT = i 100% ., 95% .
90%. 80%. 70%. 60%. 50% FIFX} I fY 25 1 1 38 B

115.7% H15.9% ~ 113.2%. BIREHEIRG, 720k A E KON 303.1, 239.7, 189.5, 118.5, 74.1,
120 . 120 1201
(A) . * : (C) °* o0
100 -3 100+ 100}
?_\G/ 80 5 80+ § 80+
Ed I £
ool ZF ol E PLTS
= e 3021718 = DR & T 133961 +41.76
40+ . - —21. 40+ . e ) ) : 40+ :'.. = -7 .
& - R=0.2959 % & TRTONT &= R=0.1225
207 n=178, P<0.01 20t i 142, P<0.01 20} n=207, P<0.01
0050 100 150 200 250 300 00705 10 15 20 25 30 35 070 20 30 40 30
TSR A (mg/kg) TIELE (ko) TIEATHUR (2245) (/ke)
1201 1201
100t 100}
< g < g
b ! L&
5 60f 3 . £60f
4 * o L - o
Z o40p T 0 WS 01913723219 = 4ot Lt 3=9.172In(x)+55.421
R*=0.2051 R*=0.0696
201 n=79, P<0.01 20 n=127, P<0.01
%10 20 30 40 50 0010 20 30 40 30
L HEATHUR (5 3h) (2/ke) L HEATHLUR () (2/ke)
1 HELERZSESEMHRALEAMEM@EXE
Fig. 1 Regression relationship between soil nitrogen content and tomato relative yield without N fertilizer treatment in China
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46.3.29.0 mg/kg; HIEEEHFEMKK N 3.0.2.4.2.0,
1.3, 0.8, 0.6, 0.4 glkg; TIEAPLF(GM)EREMKIK
773, 532, 36.6, 17.4, 82, 3.9, 1.8 gkg; 11
AL (78 ) & BRI R 55.3.42.6.32.8.19.4 . 11.5,

6.8, 4.1 g/kg; TIEA LT & KKK 129.1,
748, 434, 14.6. 49, 1.6, 0.6 g/kg. MR E AT
Ui o B 2O R 1 A SMERICE SR, 55 S T Y
HMERE G, 15 2030 E F i AR F IR (R 2).

*2 BESFMIRERFRIER

Table 2 Abundance-deficiency indexes of soil N for tomatoes in China

AR F g 7 6 5 4 3 2 1
B A AL AR X T 5 (%) <50 50 ~ 60 60 ~ 70 70 ~ 80 80 ~ 90 90 ~ 100 (95) =100 (95)
REM B A (mg/ke) <29.0 29.0~463 463~741 741~1185 118.5~189.5 189.5~303.1(239.7) =303.1(239.7)
KARTR 2% (g/kg) <04  04~06  06~08  08~13 1.3~2.0 2.0 ~3.0 (2.4) >3.0 (2.4)
AHLB(2H)(g/ke) <18  1.8~3.9  3.9~82 82~174 17.4~36.6 36.6 ~ 77.3 (53.2) =713 (53.2)
HHFT(FEH)(gkeg) <41  41~68  68~115 115~194  19.4~328 32.8 ~55.3 (42.6) =553 (42.6)
AP (g/keg)  <0.6 0.6~1.6 1.6~49 4.9 ~14.6 14.6 ~43.4 43.4~129.1 (74.8) =129.1 (74.8)

T TR SRR

24 BEHFEMABFEFREINLIEEFERE

£ 3 FIH TR EFR AR B AR A [F AR
FIF T AR 6 ) e i X T B b
FEECN 120 thm® MG, HAUE SR RN 40%
W, HIEE R YN 1 ~ 7 P R R
0. 81, 162, 243, 324, 405, 486 kg/hm?; 4%
AEFI 2 = 5] 50% B, HEFMB AR 0. 65,
130, 194, 259, 324, 389 kg/hm’, I 40% ZEJEF]
FHFD AR EK 0,16, 32,49, 65, 81, 97 kg/hm?;
MEAEF R IEACE] 30% B, 72 AR RN 0.
107, 217, 324, 431, 541, 648 kg/hm®, H 40% %
REFIFH IR 282 0. 26, 55, 81, 107, 136,
162 kg/hm®, FififEEtE A S AL LR AR, +
AR F YO REME AR, BVEAE S Z=FH H
Ry IR R F RGO R, R A A T
BRI R R 5 H AR 2Rk IE ARG, B H FR = ik
Ik, Rt A BRI

3 Tt

3.0 ZKEEMIEREEHRIER

ARFs S T REF M AR T RS AL
BLY EDCWaas = o 1SN GV o o 2 I ES 5 e =
FFFFEAR . BAS R R0 E AU R T R
AU 5% M T i B R A A X PR 50% AT 95% X
A - EmR AR A S 0 B 50 AT 130 me/kg, 1L T
TR AL BRI XS = 4 70% F 90% X 107 ) -3 e
il B S RS9I 120 F 240 mg/kg, ASHIFSE4SEH 5 H %
B, 4 F ih A BEA X = B 50%(29.0 mg/kg) .
70%(74.1 mg/kg)Fl 90%(189.5 mg/kg)X i ) 1 IF b
ARSI AR T FIRERR, T 95% $545(239.7 mg/kg)

B b bR . i VOV SR Ak AU TG i 5
T, S5 R LA AL BT P i 50% i
95% %] Ioj 1) - A A S R4 0.45 Fi 1.25 g/kg,
PN 52 A3k U IX 52 it 75 73 it R0 Ak BHRLAF X 77 4t 50%
90% F1 95% XifIf () -4 A S 5000 0.09, 2.35
M1 3.54 g/kg. AWFGREER S Z AT, 4 EF ALt
FRAFX = 50% Xt Y 3 EFEFR(0.4 g/kg) W
TS S USRI HE bR, 105 M S5 R 8 AR
BRI 5 4 T Ah A BRAR T 7= i 90% X i Y
TIHEEREIEFRQ2.0 gke) 5N IUR X FE PR
H—5G A EFBE AL FEARX A 95% Y 14
RIGHR(2.4 g/kg)lE = T 521 HRELAEAR, BRIK T
Sk URIX FE bR . HEAR ARSI,
S A Sk U DX A2t 75 3t e LA AR G 77 i 50%
90% F1 95% X1 Y T A BT & 550 h 2.5, 52
76 gkg, HARMFTEERATH, 4 EF AL
FHXT =8 50%(1.8 g/kg) . 90%(36.6 g/kg) Fl 95%
(53.2 g/kg)XF I Y A HLBTHE AR IS AIR T 52 1 4
s 4 M A M IT 4 RS H2 R, B Ak 3
FHXF =0 50% Y -3 HLTHE bR (4.1 g/kg)BH 5 e 3L
T, 17 90%(32.8 g/kg)Fll 95%(42.6 g/kg)FabniA i H H:
1% AR MPFREE RS Z A, SERE AR XS
PR 50% XY HIEA HLETTERR(0.6 g/kg) BTN
SR FR, {H 90%(43.4 g/kg)Fl 95%(74.8 g/kg)ihx
AR T NSt P b, XN e T 8 B it
AT, B TAMRFEAL K bl 1
J7LBFRIRREE A, B ST A R SR EK R N
FRUOT R ez YRR R A AR
WFFE 4 IR B IAT , DR A b M 2 4 [ 3 o
R E FEHIE PRI RS B T EE
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*3 HRESEMEARBHRFENTRABIEFTHAET
A FE R T IBRHEFFER 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

Hbr  AALHZE AR F G

(j’;i) AIFE%) 7 6 5 4 3 2 1
45 50 =146 122 97 73 49 24 0
40 =182 152 122 91 o6l 30 0

30 =243 203 162 122 81 40 O

60 50 =194 162 130 97 65 32 0
40 =243 203 162 122 81 41 O

30 =324 271 215 162 109 53 0

75 50 =243 203 162 122 81 41 O
40 =304 253 203 152 101 51 O

30 =405 338 269 203 136 67 0

90 50 =292 243 194 146 97 49 0
40 =365 304 243 182 122 61 O

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 0
40 =486 405 324 243 162 81 O

30 =648 541 431 324 217 107 O

135 50 =437 365 292 219 146 73 0
40 =547 456 365 273 182 91 0

30 =729 609 485 365 244 120 0

150 50 =486 405 324 243 162 81 0
40 =608 506 405 304 203 101 O

30 =810 676 539 405 271 134 O

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 0
40 =729 608 486 365 243 122 O

30 =972 812 646 486 326 160 O

195 50 =632 527 421 316 211 105 O
40 =790 658 527 395 263 132 0

30 =1053 879 700 527 353 174 0

32 REEMEEREAE

AR T A ] H A5 dit S R /UIE 24 2= )
FHARTR 454 F= BRG0) 38 0038 FbfE AU (R 3). 9KAm
Bl X H AR 50 ~ 200 t/hm? (19488 b IX 1% it
TR HELEIE AL 0 ~ 500 kg/hm®, 4 %00
MBFFHHEN 40%0F, AR5 + R R F BB
1 ~ 5 SR IHEFEE AU (0 ~ 527 kg/hm?®) 5 H 434800

AT 5 K 2 nm it AEATE 52 SCHRET X H ARy~ 0.1 ~
230 thm” (Y R EHEFER A 17 ~ 2 400 kg/hm®, A&
W FE A5 A f5 = 18 B AU (1 053 kg/hm?) 4 T4
] o p AT O, AT ST A5 A 2 A it R e 4
BRAIEE,

4 £t

MRS BRI HE R 40% . FiHRZ 2R
120 thm? i, +HER R FHGANE 1 ~ 7 R
REMIKN 0, 81, 162, 243 324, 405, 486 kg/hm?,
T i AU AR O A AU X = R R
LMEARDE, 53 H AR PR IEA G . AWFTE
T A E R AR RS 0 T AN H AR
RS R UL 25 2R RS TR B R Rl &R 6]
M T A A R, AT O TR A it AR
PR
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