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B HER A0 A R, 3o K BB — Ak 5 R B Y
BEBMEGEFWS NH, " -N ik 109,11
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FE55 1 NO; ~-N/NH, "-N 3 i 15 58 57, 32 J e
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1 #REFE

1.1 RXBEH#E
PR FONEH 11-8 57, AFA L&Y
A PR B4R AL, A I 1R B Bl [R] EBLAR &

10~12 em W BB B SR R A K B
Y. BRAE A Q: 11 DESER, EAH
AP W 1,
1.2 REHE
RIGT 20154 10 A &= 2016 &£ 4 AL E
BRET G X EREN LB RMWHT. R
B 3 Al L BR 3% NL P K IE e & f0 EL 451 A A
Aill, 7EE SRS N WREEHH 11 mmol « L™ 195
BT E 54 NH, " -N/NO,™-N H Bl b3, 4
Bh0: 40,2 38,4 36,6 34,10+ 30, FFH
FEMEHERBPTHEREITRENLR 2, MET
B BEILER 3 MAXERE (7 pmol « L™ HOAE N
Az, pH = 5.5~6. 1, R HES
(H#& 40 cm 5 40 em A 50 dm?) 835, A
RO, BEDLHES ) M ER 10 B, R
43K,

*1 HREREAER
Table 1 Physical and chemical properties of substrate used for experiment
WAER TR TR
pH RE SALBREE LK =< £k s . . .
Alkaline Rapidly Rapidly
(HzO  Bulk density  Bulk porosity oM Total N Total P Total K . . .
ars K 5 By Ka ke Mg ke g kgD)  /Cge ke hydrolysis N available P available K
: g cm 0 g kg g kg™ g kg™ g kg™
/(mg+ kg™ /(mg-kg™1) /(mg+kg™D)
6.52 0.59 68. 9 149. 67 4. 35 1.51 1. 03 87.21 100. 29 264. 58
%2 ERRPRELEAR
Table 2 Components of macro-elements in the nutrition solution
AbTE A N/EAN KEILE Macro-elements/ (mmol » L—1)
Treatment NH; +-N/NOz; —-N NOs;—-N NHy+-N P K Ca Mg
CK 0+40 11. 00¢100%) - 1.5 8.4 4.5 1.0
T1 21+38 10. 45(95 %) 0.55(5%) 1.5 8.4 4.5 1.0
T2 4:36 9.90(90%) 1.10€10%) 1.5 8.4 4.5 1.0
T3 6:34 9. 35(85%) 1. 65(15%) 1.5 8.4 4.5 1.0
T4 10 £ 30 8.25(75%) 2. 75(25%) 1.5 8.4 4.5 1.0
%3 EFRPHELERE
Table 3 Content of micro-elements in the nutrition solution mg e L1
MnSOy « 4H2 0 H3BOs ZnSOy + TH20 CuSOy « 5H20 (NHy)sMo7Oz4 » 4H20 NazFe-EDTA
2.13 2. 86 0. 22 0. 05 0.02 50. 00

1.3 mENE

1.3.1 HEbRERRREE

TEHR A KB GERE 20 O IHEH CEMG
40 &) FRHCERSE 70 ) ERIHCERE 120 D
Rt L IRAERRRE R F ISR AT A S W

REL N RACHAH M AE R A NO,™-N
Fi . ZJERRERD 105 "CRTF 30 min J5,75 CHt
TEEE, R W E 4R

2 NgH,
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1.3.2 5N R/ CEHS e

BRI 1R AT R R 1A Il (RO T 444
TEAREE I & , 2 REJG7E 540 nm &b 5 H % 68
FORBE D 5 E B A K (GO I 12 R
AR ENE ULl mg BEEAAE 1 h N
BALERN v REBREFRFRSSRE S
YITE 540 nm L HRSEIE RN BREE
1.3.3 AEHRALN NO;~-N S EIE

U MR 0 IR AT, R AR B R 4R S
NO; ™ -N fF U ¥, JH % 22 Wi 35 4 #7 AL CAA3)
Wit
L.3.4 HYHANRE N SENE

FHEMZ H,S0,-H, 0, &), HH4eHsh
(] BT AL 2 43 Y (Smart Chem 200)%E .
1.3.5 #HHEAK

B N BRIEE(Q =HKkSS8E THHR
() XHEHATRSE N (mg » g ') X107%;
N ZSERCO) =MHBRAHRE W N & (o) /FEkE
FRIR N & (g) X 100; N # L= /7 (g - g7) =
RELERE (o/ N 8 (2); N &gk K-
(g g D=MHLE N & (o) /Mt FF® N &
()N ZF-EHBEH (g mgH=RIL&=F
() /MaMkih EFR N & (g); N R AW msk s
(g - mg )=tk EIAEY =& (o) /FHtkib
% N &),
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1.4 EIESWF

IR R ] Origin Lab 2015 o441 &, 5%
Fi SPSS Statistics 21. 0 34 #EAT IR i BA R &K
F 2547, KA Duncan’s HiERZ LT ER D
EVEAG I (@=0. 05),

2 HBRESH

2.1 AR[E NH,*-N/NO; ™ -N Lt 3 A N
EREXEHEEERIM EI NO, -NNNESFE
=ap-A1
2.1.1 A[E NH,"-N/NO,™-N L% FZ5i A 7
B 3 I i PR DR B (VRO 375 2 ) 5% T

B 1R, EEFBF AR NO;~-N/NH, *-
N B 544 T F A FAE KB B i NR (& A
&), T AhAs A B L i B NR 5 PR S 55
Wi NO;~-N/NH, "N G A8 fh s S AR —
O ABER EF WP NH N 58N 3 b 3
s ok R A NR SRR RER . EEFRAERY. &
it NH, "-N 435 CK 2R A8 3E; 7L,
5 CK#H,T1.T2.T3. T4 4 ¥ F 50+ NR
AR T T 8.2% (P<C0.05),19. 6% (P<<
0. 05).20. 4% (P<20.05),35. 6% (P<0.05); 7
W, NO, ~-N/NH, " -N A [R] He ) 4b Bl i 7
i s NR (& PR B SE . B T1 5 CK L

W R A TR TR
Activity of NR in leaf/(NO>-N pg-g'-h' FW)

& K B

(kS BRI

Growth Florescence  Early fruit Advanced stage
stage (40 d) stage of fruit
(20 d) (70 d) (120 d)

BUHEHS ) Sampling time

AR/ TR A B 22 5 2 (P<C0. 05), ATl

Note; Values with different lowercase letters indicated statistically significant difference at P<C0. 05 level, the same below.
1 FE NO: -N/NH, "-N T&E# R R A KB B AR R B
Fig. 1 NR activity of tomato leaf under different growing stage grown under different NO; ~-N/NH, T -N ratios
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#5,T2.T3 5 T4 /bBBRyF At i NR P4
B CK AR T 23.84% (P<C0.05), 40.56%
(P<C0. 05)FN 83.36% (P<C0.05); ZE S 41, B
FWHAF NH, " -N H B F Rt A NR
TEPEFREE F IR AL B e 2 B TR, (H R A
MEZERARE.
2.1.2 BFRWPARRFE NO;~-N/NH, "N H.F%}
FEIMARARKI M 5 & 28-S B (GS) ih
pEA

B 2 RULAEFMSEFTHN R HH GS
EHRMAE LG TRMELEE ERMA
FAEKEZBHE,MEERES NH, N 8N
LB R 3G m, i e GS 36 PR 2 RS it

EERAKM, £ A GS &k 2 AR
KV, BEE E SR NH, T -N EL i i 38 i, AN TR
NO; ~-N/NH, *-N B4t 3R F A FH GS 1&
PN EES TERES, T1 A 3K GSEHS
CK M BB ELE T, T2, T3, T4 A GS
MR CK BE#R® T 42.3%.5L. 7%,
85. 826 (P<C0. 05) s WIS M, ih A v GS JGHE b &
BRI NH, TN H il i 538 o i Sk 2 18, oo
T4 4b¥ GS 7EEBR R , 3T CK, 38 T 50. 2%
(P<C0. 05) ; B R B & Ab B At - e GS T8 MEFEAR,
T1.T2. T3 5 CK 25 A B &, i NO,” N/
NH, "N Hfik 30 : 10 B9 T4 kb3t i GS & #:
BT CK 42. 8% (P<0.05) , 2R B,

< 30 O cK
= a 7Tl
F st T2
@ b b0 0 B T3
#H 2 C I B T4
mz 07 Nl
& & ¢
o) ©
=Z 15 7 2
NS 4 bbb
%9/ 10 ? T
W3
2
+4
=0 . . |
° I M R R
= Growth Florescence  Early fruit Advanced stage
= stage (40 d) stage of fruit
< (20 d) (70°d) (120 d)

BURERT] Sampling time

2 @ NOs -N/NH, " -N FTHEMABEKHEM R & S BtE & R EEE
Fig. 2GS activity of tomato leaf at different growing stage grown under different NO; ~-N/NH,; *-N ratios

2.1.3 EBFEWHARF NO; -N/NH, "-N HFI%F
FAn A 7 B 1 3 NOs—-N K4 N & &K
=AU

M 4 FLEH, AL KRR, 1 13
NO: " -NEHEEENGEEHE LT AREY
B T BRI S B S SR NH N 8N
ELABI B4 380, Fe it R NO, ™ N & 2= 7% #i [
EEFRAE KB SR, CK (¥ % ik L5
NO: " -NETEE¥® THEM NH, N 43
(P<C0.05), HAREE W F NH, "-N 58 Nt
i S T i A TG R s B T T ) A K, A5 A B
FAib EF NO, ™ N &RV R HE R MR
BRI, B SR NO, ™ -N/NH, N E i

382,36+ 4,34+ 6 T1.T2.T3 &bTH ¥ Z i H
FENO, -N&#E5 CKAHLERANBE (L T4
RAIEARE T CK B T T 17. 8% (P<C0.05);
FERG SR, 45 Ak BAH 8 T A R A b b
NO; -N G &2#HA ARBE TR, H CK ®&EH
H EFB NO, ~-N & AR5 5 K it A R
FeBi NH, -N #§ T1. 72,173, T4 4bBAHE F CK
SAHTET 6.2%.9. 7% (P<0.05).9. 0% (P<<
0.05),11. 8% (P<C0.05)

RAGREEW, B LR NTEY
MEFHR NH, " -N 54 N HFI B EHRXR,
EFMEB ALK SN, &40 3 A -
4 N & BB E T A KA R R R B R 3
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BB 22 5 N B ZE M R, M F CKL %
Hidh LA N S BB E SRR P NH, " -N 4
FIFH SR B e TG TR, T1 1 T4 4b
B F A L e Rs CK 27 A8, T2
AbER R F T1, T4 4b 3 (P<<0.05),{H5 CK
R AREE, T3 4HM e N SERE, BE

T CK 8.3% (P<C0.05); £ B SR, T1, T2,
T3.T4 AhHMFMH LHE NFTEZRZRA
BE EMARTF CK 495 18. 8% (P<C0.05) .
22.3% (P<C0.05),19.4% (P<C0.05).13.5%
(P<C0.05), R 5E,

%4 FE NO,~N/NH,* N FEHFRMEH LM N0, NE2 N &S
Table 4 Contents of NO; ~-N and total N of aerial part of tomato at different growing stage grown under
different NO; ~-N/NH, T-N ratios
AR WA EUESE BE

Growth stage(20 d) Florescence(40 d) Early fruit stage(70 d) Advanced stage of fruit(120 d)

O msmaR aNaE  RENAR  ANGE  WENAE  ANAR  MENAE  AN&E

NO3z ~-N content N content NOz ~-N content N content NO3 ~-N content N content NO3;—-N content N content
/(pg gD /(mg+g™1) /(pgr gD /(mg+ g™ /(pg gD /(mg e+ g1 /(pgr gy /(mgeg™D
CK 214.7248.81a 15.80F1.58a 294.174£10.92a 29.7842.97a 424.18431.91a 31.08%1.49bc 415.99£26, 90a 21.52E2.04b
T1 204.63£10, 72ab 15.32£1.58a 289.22+18, 23ab 31.3242.93a 411.4849.33a  30.64%1.13c  390. 2915, 02ab 25.56F£1.11a
T2 195.2447.70bc  15.81+1.42a 278.75+5,96ab  30.21+3.62a 393.83+20.80a 33.01+1.37ab 375.71+6.71b  26.32+0.79%
T3 194.4947.53bc  16.12+0.90a 272.71413.37ab 30.50+1.45a 385.77+19.82a 33.6440.38a 378.70+12,34h 25.69+1.72a
T4 186.1342.98¢c  14.87+1.45a 256.25433. 44bc 29.01+2.20a 348.88+3.22b 30.46+1.26c  366.92+19.06b 24.42+0.93a

T BRI AR (2=3) , [RFUARF/ NG PRk n Ab #R] 22 5+ 1. 25 (P<C0. 05), T d.,

Note; Values are means==SD(n=>3) , values with different letters indicated statistically significant difference at P<C0. 05 level. The same below.

2.2 EBEFBPFARE NO;~-N/NH,*-N bk G 3¢ &
MTYRE.ENSERENZRRENENE
2.2.1 R NO;”-N/NH,"-N B &5 T4
BE K N R SR

H R 5 AL AXTF CK, ARk T W i &
B E R NH, " -N B ) 38 i FE A%, 5
NH, "-N /K- P 5AKH T1 43 5% NH, T-N K-
B T4 b3, 43 38 CK 425 T 7. 3% K FEAK
T 8. 4% (P<0.05) ; MiXt F CK, &t . ZERR
TR BEE SR P A F NO;~-N/NH, "Nt

B AR AR — B, TR E B FE W NH, -
N ELABI R3S 0, ABL MR 25 2% B T 9 5 & & i R IR
B TYRE, A T1 BB ERTT CK
16.6%(P<<0.05), HEA#HE CK 2R MR E
FETIABEMEZTYWERES T CK 8.9%
(P<<0.05), T2 b5 CK itk R AR, T3,
T4 4b B 1 35 28 T 9 I & 43 ) 1 CK BEAIR
16. 2% (P<C0.05) 5 11.9% (P<C0.05), T1 At
HEMRTHHEES CK TR EER, T2, T3,
T4 kb 38 4% 9 e CK K 21.4% (P <C0.05).

%5 AE NO,” -N/NH. "N TEHFHRER NESE
Table 5 Dry mass and total N contents of tomato grown different NO3 ~-N/NH; T -N ratios
M Leaf 2£ Stem # Root SR Fruit R Whole plant
FyinE T mE T mE BRI FyinE
43 8 £N&# - £N&# - 2NAHR - ANAH -
Dry matter Dry matter Dry matter Dry matter Dry matter
Treatment N content N content N content N content
content /( 1 ) content /( 1 ) content /( 1 ) content /( 1 ) content
mg* g mg* g mge g mg-* g
/(g B~ /(g D) /(g B /(g B /(g B
CK 59.9045.55b  23.19%1.20c 27.80F2.34ab 16.33F0.27a 6.8610.60a 19.74%1.44a 83.15+9.49ab 20.2210.24a 177.71%8.18a
Tl 69.83+2.47a 23.55FE1.00c 30.28+2.16a 15.16F0.40a 7.007%0.74a 19.03%0.20a 83.59+9.88ab 19, 45+0. 49ab 190. 6918. 47a
T2 58.9242.72b 25.52E0.29b 27.9142.98ab 15.7340.5%9a 5.3940.75b  18.8740.14a 86.13+7.74ab 19.0510.22b 178.3549. 75a
T3 57.8343.39b 26.6941.41ab 23.31£1.89¢  15.53+0.34a 5.2920.60b 19.10£0.20a 90.91+8.83a 19.37£0.62b 177.33%12,70a
T4 57.8944.87b 27.4240.14a 24.5040.79bc 15.27+1.68a 5.3440.54b 18.00%1.91a 75.02+3.72b 18.8310.46b 162. 7545, 30b
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22. 9% (P<C0.05),22.1% (P<C0.05), T1,T2
MHMFEMRETYEES CKERARE, T3
Ak 3 ) 2R At R S T o R A P R A B o,
CK & 9.3% (P>>0.05), T4 4bBH (¥ 5 3L F 4 i
B5 CK AR T 9. 7% (P<0.05), B 2K F
T3 4bBE(P<C0.05),

BIFWH AR NO;~-N/NH, "N 6% %
it e N SRR E, MEHE NH, "-N o)
g5 N B, e N S 23 E A8
T A S CK 28 A B E, T2. T3, T4 431
R4 N & &3 CK 8 n T 10. 1% (P<
0.05),15. 1% (P<C0. 05),18. 3% (P<0.05), &
FRWPARE NO,~-N/NH, "N il b B X z£ 5
Wi NFEEZMALE. X TFRILENT
BB TR NO;~-N/NH, TN H 4k E]
EZRABE, M T2.T3.T4 4B B EFMLF CK
(P<<0.05),
2.2.2 EFEWPAR NO;~-N/NH, " -N Lhpilxt
FAPR AR E N R S = PR 2R A 5 e

R6FERRI,BEHFEP AR NO;,”-N/
NH, *-N HBiab B 2 8] ¢ F i ik N3 R e

ERAEE M S, T T4 3K N ER
EARRT T CK, 4338 A0 T 18. 4% (P<C0. 05)
1 14. 3% (P<C0. 05) ; FE /R HZEHB, T3 b #E N £
R B AR T CK(P<C0.05), FIET 20.3%;
EFRAMBI, T4 408 N ZR & 2 &/ T CK
(P<C0.05), #%F T CK, #Ji NH, "-N f# T2,
T3. T4 539 TFFET 24.9%.25.4%.29. 0% (P<<
0.05) ; FER LAY, T1. T2 5 T3 4B A LB &
5, T1.T25 T3 ib# 5 CK itk 2R R B
%, T4 AHLE FEE T CK 16. 0% (P<<0.05), 7E
N RSB HHE, T3 5 CK 5L N & 4B 4505
S 46.68%05 45.92% , ¥/ F T1.T2. T4 4b3E;
RSy i NH, TN £ 4085 F CKI N &K
B, P NH,"-N il s i T4 A H &
CK 7.7 NES &G M N Z9 R KERKR
L4, CK B N R4 ELH R THE AR, 313
1 T3 b3 N R RK K. XRH,. A
ERWPEEM M NH, N 3B ik N g
WEAE BV, {22 NH, T-N 58— & L],
N R &t H 1 TR,

=6 AENO;  -N/NH, "N TEHEERE NERBERES TR
Table 6 Uptake and distribution of N in different organs of tomato grown under

different NO3; ~-N/NH;T-N ratios

it £ oS Rz ik
Leaf Stem Root Fruit Whole plant
Ab3
e, NEWME  NFAMRE  NERKE  NEARE  NRRKE NESER  NERKE NI NG
N uptake Distribution N uptake Distribution N uptake Distribution N uptake Distribution N uptake

/g BED rate/ % /(g B rate/ % /(g HRD rate/ % /(g B rate/ % /(g BETD
CK 1. 3940. 13b 37.96 0.45+0. 04a 12.42 0.14+0.0la 3.70 1. 6840. 19a 45,92 3.66+0. 17ab
Tl 1. 6440. 06a 42. 63 0. 46+0.03a 11.91 0.13+0.0la 3.46 1. 6340. 19ab 42,00 3.86+0.17a
T2 1. 5040. 07ab 40, 84 0. 44+0. 05a 11. 93 0.10+0.01h 2.77 1. 6440. 15ab 44, 47 3.68+0. 20ab
T3 1. 5440. 09ab 41.01 0. 36+0.03h 9. 62 0.10+0.01h 2.70 1. 76+0. 17a 46. 68 3.77+0. 26ab
T4 1. 5940. 13a 45, 69 0.37+0.01b 10. 79 0.10+0.01h 2.78 1. 4140. 07b 40,74 3.47+0. 14b

2.3 EFHHARE NO;~-N/NH,"-N bk i %42 #i
FFEX N EZR BRI

HR 7 85105, BFRE A RF NO;, N/
NH, *-N Epi 5t 2 i B 57 35 i S i A B .
BN, FEE E SR P NH TN 5 R
A HBIRER S, T1. T2 AR’ S

CK 2R R 53,82 NH, "N /K AR —E Hpl
B F N AR P 2 T K. 4, b3 T AN
T2 FAER AR = BAEXT T CK 27 R B3, 4
B T3 4 CK 5 9. 3% (P<C0. 05) , 43 T4 AH L
CK NIRRT 9. 8% (P<C0.05), H B & {%F T3 4b
B (P<C0. 05),
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Table 7 Yield and N utilization efficiency of tomato grown under different NO; ~-N/NH, T-N ratios
b PRI E FE AR N &R H N RHBERAEE N R N RAEYTSHE
Treatment Weight per fruit Yield per plant Partial productivity Harvest index Biomass efficiency index Yield efficiency index
/g /g /(gg /g gD /(g e+ mg 1) /(g mg™1)
CK 147.13414, 92a 1139.00£129, 98ab  246. 54128. 13ab 0. 48+0. 05a 0. 324£0. 03ab 0.53+0.01a
T1 167. 50432, 94a 1145.11£135,41ab  247. 86£29. 31ab 0. 43+0. 03ab 0.314£0.02b 0.53+0.01a
T2 178. 91421, 99a 1179. 89106, 0lab  255. 3922. 95ab 0.46+0.02b 0. 332£0.01ab 0.53+0.01a
T3 172. 20%26. 59a 1 245. 28120, 95a 269. 54+26. 18a 0.48+0.0la 0. 34+0.0la 0.52+0.0la
T4 145. 2147. 06a 1 027. 70£50. 95h 222.45+11.03b 0. 42+0.02b 0. 30+0. 02h 0.51+0.01h

FEMF N RN KT, B R B P AR
NO;~-N/NH, " -N @i N Zmd: 7= J1 i m 5
X PR e B TR I e B — 3, BV AL T1. T2
5 CK R KRB, A T3 1 N ERE - ik
{E,% CK i 23.15 g » ¢ "(P<C0.05), H B & H T
AbFE T4(P<<0.05),

N ZWRIE S —E B E LT N R0
AEEME, Ab3E T1.T4 W& N BWRHE S CK
I B2 A T2 5 T3 #5513 CK K
10. 4%F0 12. 5% (P<C0. 05)

N Z = A e S e ik st AR mg
NEFRKRBHMEF =R, EAFNO;, -N/
NH, "N HfiabsErf, T3 b3 N 2= 2 30H 8
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Effects of NO; -N/NH,"-N Ratio on Enzyme Activity in
Nitrogen Assimilation and Nitrogen Efficiency of
Tomato Cultivated in Organic Substrate

GONG Huarui, LUO Hongyi, QI Yanyan, PANG Xiaoyan
(College of Resources and Environment, Shandong Agricultural University, Tai’an, Shandong 271000)

Abstract; In the present research, winter-crossing greenhouse tomato was taken as experimental plants
by pot containing substrate,the effects of different NH, "-N/NO; " -N ratios related to N assimilation
and uptake, efficiency of tomato were studied. By the equivalent N supply, compared to CK(0% NH, " -
N),at T1(5% NH,"-N),T2(10% NH, "-N),T3(15% NH,"-N),T4(20% NH,"-N) the NR activity
and NO; -N contents of tomato plants decreased with the increased proportion of NH,*-N within
total N, the GS activity of tomato increased with the increased proportion of NH,"-N in nutrient
solution. The enzyme activity responsible for N assimilation was regulated effectively by moderately
increased proportion of NH,"-N, and the absorption and efficiency of N by tomato plants was
promoted as well. When the NH, " -N proportion raised at T4, the field and N efficiency decreased
significantly,and at T3 NH,"-N proportion, the field and N efficiency were better than the other
treatments. Thus, based on the experimental results,it was suggested that the NH, T-N proportion of
treatment T3 would be the optimal one.

Keywords: tomato; substrate cultivation; NO; -N; NH, T-N; N assimilation; N efficiency



