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4 mmol- L™ HEHNE] 8 mmol-L™!, X~ R BEMN, A PHEEE C(VO)TRHEEHEEEREH 4 mmol
L YEEE 8 mmol L7, HEFSHEKT. Ve ERNAS TR H AL S REEARENESTMY
I EEEEMN 4 mmol- L1403 8 mmol- L™, HA A BT EMEER A TR BEEH#EAKTFUHE
A MERERHMEEKTFREE, EEFEATASHBREM.SOD M POD B SR KT 4
mmol- L™ MEE Z| 8 mmol- L™ o b, B B EK T, IS B ¥ T CAT Gk £ # K P 8 dn
Befl, M MDA & B BMK 5 B3 FH 5, o i 8 Il & 8 & &t B oR0/K 1 /9 7 85 T 38 . o7 LR UK b 8
mmol-L7 '8}, HEH A EFRENEDR Ve A BAREMBESE, BEMNHREN AR S B EEK
) MDA MBS A E M S &, RUAGEEEE 8 mmol- LA TFEEEXRMFRE EXRFEMHEN, B

R EKBEEHBRAKT
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Effects of nitrogen supply on nutritional quality and antioxidative enzyme activities of spinach. ZHANG Ying-
peng, LIN Xianyong, ZHANG Yongsong ( College of Environment and Resource, Zhejiang University,
Hangzhou 310029, China).-Chin.J. Appl . Ecol . ,2005,16(3):519~523.

A hydroponic experiment was carried out to study the effects of nitrogen (N) supply on the nutritional quality
and antioxidative enzyme activities of spinach. The results showed that when the N supply increased from 4 to 8
mmol-L™!, the biomass of spinach and its leaf vitamin C (Vc) content increased significantly, but a further in-
crease of the N supply induced an obvious decrease of Vc content. An increasing N supply increased the nitrate
content in leaves. The soluble oxalate content in leaves decreased slightly with the N supply from 4 to 8 mmol-
L™ ! N, but increased with a further increase of supplied N. Total oxalate content increased firstly, and then de-
creased with increasing N supply. SOD and POD activities increased with the N level up to 8 mmol-L™! N, but
drastically decreased with increasing N levels. CAT activity decreased when N level elevated. MDA content de-
creased firstly and then increased with increasing N levels, while free proline content decreased with increasing N
supply. All of these indicated that 8 mmol* L ™! N was an appropriate N supply level for spinach to improve its

biomass, nutritional quality, and resistance.

Key words  Spinacia oleracea, Nitrogen supply, Nitrate, Vitamin C, Oxalate, Antioxidative enzyme activi-

ties, Proline.
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SR 2K 3% R 3 3 B vt 5% B & BE ¥ 3R ( Spinacia oler-
acea), bk Hoagland B =B A EAEF R, HKFETEH 2
mmol* L™} N #E AR 24, 3% Ny (4 mmol-L 1) \N,(8 mmol-
L™ Y).N3(12 mmol* L™ ') N, (16 mmol+L ') Ns(20 mmdl*
L™ D)5 AMKY-, BH 8 K. M@ 7, BFSED
BEFH BKE4HAHFHE, BEZ 25 LHENSES, &
FEEH 8 £, Ll 8 mmol- L~ 'K FAY Hoadland B FF M L —
J)S, UAR EKFH Hoagland B FBHAITIEF, BEE—
KEFW, BFH2dA—KpHETF 5.5~6.0 Z1H, }# 7%
BRMKS, ELEEX.

B3 1 H S BURE, HOBR F A48 K v 86 F 3, 8240 K 53,
BB P IRy BEE, FFER O B & R A ST
2.2 BIRFE

EM S 2 R BakerP B EZ BGHTIE BRI 2.000 g
ek THF4E S, IIA 2 ml 6 mol-L™! HCl BFBE, 51 H
30 ml A FIEKBEA SO ml OB, N2 BEEMEHKE
15 min, R E R HTH. 5 2 XREL(5000 r-min!, &
> 10 min), UL 20 ml FEOCE S, WA BERIAH 5
ml, HE—BEMEE(>5 h L E)BEG(5000 remin~ !, B
£ 10 min), EE LM LFEBRLEBEARLOE, B E S iE
I B A B A D] pHA. 5~5.0, SRISMA 5 ml pH4. 5 &
ERMEWREE 4~7 CTAE. BOX MBS 000
min~!, B4 10 min), i EEBEEHEE CE T THAR
#KE, RS 20 ml BRI (AT RE M) M3, B
B4 (5000 remin~ !, B4 10 min) L . FH 10% 0
H;SO, BRI R ILIEHEAZ ARG, KB 2 min 5 A
KMnO, EXFHEZRL A B0 s HAEE). RIGRIEFFA
KMnO, ME&ERITHERTHER SR,

ARESERMNZR 2 l WRIGKTE HELRE L.

WEMdk mERNEE R CERsRXBRMISRH
KGBRE MR GEN _ERRMRcENE AR
(MDA) & & . i | 1L 4 b 1L 8§ (SOD) 7+ | ik 2 B
(CAT) Bt £ 1k % K8 (POD) i& ¥ 2 % Stk 1), 2 5% A 5
REHRZB LR NBT LA ¥ETRE(—MEERA(U)
HY TSR 3 ml R BBET 50% MH SR HEM
Bl HEKPHEEHK ve BEEHERA RN

B 1 4, HEXRE M 4 mmol L™ M%E] 8
mmol-L ™1, 3R Ay 8L E = AR B 3 I, e A
37.1%; TBEBMEEKE, EXFBREEFH

. sl L, EAR KB R T, 8 mmol-L™HEFER
FERMBGEE N Bt K

FAERCHREMEREFRERERLK
W3 AEERR. B3R 1A, AERAAEX i
Ve EREZELW. YR KFEMNA 4 mmol- L7148
=% 8 mmol LB, M5l Ve SR EEW N, Bl
Ja Ve SRR /KFHE ST TR, B7E 12,16
M 20 mmol' LM HBEEEFER. HH HAWEER
HERBEHAKFHESTOHEMEL, BERK
B R T (12,16 A1 20 mmol-L™1), R iE &
REREEER.

HELIETED, BEEKEH 4 mmol- L1
%] 8 mmol L™}, MIASEMERMA THE, #—
FHREEFKTE, TESERSREEWMM, 12,
16 7120 mmol L™ MBS REER T 48
mmol- L™ b BE . BLRR S Bl A UK A R BT oG
DEABRGEA MR, YEREREN 12 mmol-
L et B S B EBE S, B8 9.4 g kg L FW,
8 mmol" L™ ALE I N 15.8% .
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Fig.1 Influence of nitrogen levels on MDA content in leaves of spinach.

Table 1 Effect of nitrogen levels on Vc, nitrate and oxalate content in leaves of spinach

AT S 1 BAERC Wit B B Oxelate(g-kg ' FW)

Nitrogen levels Fresh weight Vitamin C Nitrate TS 5 OB

(mmol+L™1) (g*plant™ 1) (mg+kg™' FW) (mg-kg™' FW) Soluble oxalate Total oxalate
4 5.4+0.2¢ 891+ 64.0b 131.6 £9.6¢ 6.4%0.32b 7.710.14b
8 6.8+0.3ab 1168+ 90.0a 288.0+6.3b 6.1+0.36b 8.220.6%
12 6.810.2b 742+ 47.0c 448.0£39.4a 7.8+0.26a 9.410.26a
16 7.4+0.1ab 668 + 40.0¢ 490.0+27.4a 7.7£0.83a 8.6+0.76ab
20 7.8+0.2a 663+ 29 .0c 490.0+35.1a 8.010.67a 8.5%+0.42ab

» ARIFEZ Rk 5% 8% KF Different letters in each line means significant at 5% level.
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Fig. 2 Effect of nitrogen level on SOD, POD and CAT activities in leaves
of spinach.

3.2 BEEUKFEXFESEM RS A AL REEM SOD
CFedighA )

MDA RHEYTEME ML B P I8 RS &k
ERIEI =8, RS R% ARG REER T LR
BE.E14RRY, S RIKEH 4 mmol- L™ U3
8 mmol-L ™!, MDA #) & BB A BRI ; B4R K
F, MDA &R EF EF, 2 E B E S EK A48
BATHREAEBY.

B2 AW, "AKFM 4 mmol- L™ 1 INZI 8
mmol-L™ !0}, SOD M iE R FRE, REHERK
THIRE TR CAT B A KT A S TR
TRy ST POD 75 vE N B B KA 4 mmol-
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Fig.3 Effect of nitrogen level on proline content in leaves of spinach.

L™ N%E 8 mmol- L™ 1E 3 I, 4R J5 BE {iE A K T-42

=R E R

3.3 RREEKF-XTE M 57 S R %
HE 3 W, RGN EREREER

IKFEy 4R e T 3, A=K F B 4 mmol- L~ HEnE]

8 mmol-L™'Af, IFEI M E M S B AHE, B4

SRR, HARNE ¥ EF.

4 W it

EHH N K FRRIEFEDIER KM=
RIERMXEET. B, IAHFERERES 10
mmol- L™ 'FHEY £ K 4R B, K EH gk
HREZHPDBARENRRRER FABERE
B, B E A B KM 4 mmol- L7125 %] 8 mmol -
L L ERMEDRIERN, B —SEEHEK
P rRARAFRERS (R D). AR BREWE
Bl Sanchez &P R A F AL HIIEEX TR LB
TR, BERRIKEE T 8 mmol- L VFHHER
ARG . db v L, AEEZK P R K H %
Ma>KE, 8 mmol- L™V R E B LA KF, B 8
mmol- L™ 11 7= 05 B F R 23 I B 8 TR

HERE, ABBERF 90% L LM Ve EHKE
MER. B, Ve RFZEZEYHWEEE R LK
HBIRZ ) N M EXEY Ve S RUERES R
HRGE, B R R R —F 8, EEBREE (Lactuca
sativa ) PRKTFE Ve SR BIEMA XD, s
(Brassica campestris )[9] M %E[ZSJ FHIAT Ve &
BRERMUPAKFEAME. FIABREREH, G448
UK FRER EREMN H Ve &8, 8 mmol-L™!
WEH Ve S RE S, S RSHRAKRELSH
VeEREETRE(GR ). BN, #5488 K
FITFREHER Ve o VX5

RBERR Y, ER R & BB L
RUKFHRETR . Hit, 5% N AR 2R EE
REAWMBRIER BRI BN ETF N E$
KRR AR B R B B e &, Wt
ERBENEWB AR, RN ERE ALY
PrRNELD ERME—FMEZNRE#RE T, £HY
BEARSBUTBEN FEREREEERSER
FEV BRRY, RN FRR AN EBITA
B R B W R B T Y A B R . B P Y X
BEEREREMRA S CaERYE, ERS S B He
STHAEHRF=ERMER, SR AKHF
B MRS ERA N ESE R RN
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IR S TH R B8 i i R g aE i 2R 2K, 5
A Ca.Fe-Mg fl Cu &7 R T EMELZiE, “EH S
SRS R MSEES MAERES Ca4H
SEURBSE A ML A WA, R AEEAT
BAAER, IR ERN A PRI,
NE#REYHEZEENERSENERR R,
Aloni FRIMBIRERTH, EHEKTFHIES,
TR ( Capsicum annuum )HEBR S BN, &
AAELEALEER O F. HEIRBAEREH,
R ANERS BT RRAREEHTIHME.
Ahmed % #1 & 31, £ B K F 3 % 7 ( Tetragonia
tetragonioides )M ER S BEHEHEME MR, &k
BERRUN, FEALEN, HHTESERSE
EESTRAMERRKYF, £ 8 mmol-L™ B[
SERTEREK MERSBNHBHEAKFHRS
EREEASREHMARMKAEE . LT, N 4t
MAKFHERECENERSEMESHBEHZEHR
ma, S AR RK A E—E B E LAE
EXRENNERSTENES.

HYE N FFIER SOD.CAT #1 POD &AL
B, M EME AN EE IR P HEREDEAL
B EEE, RS EN AR TR RS,
hEI AN R ISR irE . B, R & LB IS vE A
MDA S B ¥ BIEATIRED B IR EEME L L
M. B LR, ERENSAKFTHEAT
SEATHHE AR R, REEREN=EEE
BHERR, NTERRE A EIEA . BEIRLH
EH TEAAHEFAME R, M4& A SOD,
CAT 1 POD 3 R /E i, BEGE B B R R EB KM
K, WMt A EMEE. SHERKFH 4
mmol- L™ '3 1M%] 8 mmol L ™16, SOD 1 POD Mi&
HEEE, ATIEER MDA ML B R mak4EiR
EHAKTH, B FEHEMLIEBER, v# SOD
1 POD {&E¥E TR, ATi/~4 MDA MRAE(E 2). M
CAT BN ERRKFHESTE E TRE(HE
2). I THEYEPET SOD.CAT.POD FHi & L8
fh, R EHENREAENEER KT O E
fER . B, ik B B A IERM R T
8%, WERAMNSEMET, e ms
AT R R AL W i — 2 A

KEMHRRR, FiFLHREME (T R85
ERENEIREERNZ ELRABES)
xUET, Akt ERB
%[5.7.13-—15,17.24,31] X REY R RS E N —

A FE MR N, FEREHERTHR.N PR
Y. B A EFRM U LEY HEEREASE
B3] Sanchez & PI R KM, EHBLKHYT, X
THEEMFHFHREMER, MERALMGT, XK
MM TFHREREREE TR EFR
4T, ki E R BN AEEERATEN N TR
EYUHBRENENHE, MER N, HER
FREEES THEARMEGENREUERENY
EEARB 2 A RBERRY, FEH S
HARSEREMRKIFMESWEFEmME
3), MTEAMAKFEHERSBEEREFEHRX
(r=0.9915""). HULTT I, B3Emt rHERS &
AT AR A e N ROR 5L, B B AT 1R B FE Dk g
N & 3RRO B —Fr 817 .

gL, FH-RKFH 8 mmol- L7186, FF
ALUEBRSHENERM Ve S RBULKBRKHHR
HMER SR, 8E M SOD.POD 1 CAT /ETEFE
KEHEEHERM MDA S 8. BHlt, R RE & E
T, R EN 8 mmol- LB, EFRIFREEXMN
FRVEFREMTINE S, REXREKEERM M
RIKF.
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