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Effects of Different Ratios of NO3-N : NH,"-N on Black Sesame Spot in
Chinese Cabbage
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Abstract: Chinese cabbage line 03B9 with high sensitivity to Black sesame spot were used as
material to investigate the effects of (NH4),SO4, NH4CI, NH4NOj;, urea, Ca(NOs), and KNO; on Black
sesame spot in Chinese cabbage. 03B9 and P8-2 with high sensitivity, C24 and P8-1 with high resistance
to Black sesame spot were selected as materials, in hydroponic culture to study the effects of different
NO;™-N: NH,"-N ratios (3:7, 5:5, 7:3) with a total nitrogen concentration of 25 mmol - L' on nitrogen
metabolism and antioxidant system. The determination indicators included activities of nitrate reductase

(NR), glutamine synthetase (GS), glutamate dehydrogenase (GDH), polyphenoloxidase (PPO),

the electric conductivity, and contents of nitrate nitrogen, ammonium nitrogen, malondialdehyde (MDA)
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and polyphenol. The results showed that ammonium nitrogen affected the occurrence of Black sesame spots
more seriously than nitrate nitrogen and different NO;-N : NH, -N ratios affected the number of Black
sesame spots. With the elevation of ammonium nitrogen ratio, the number of Black sesame spots in lines
03B9 and PS8-2 increased more seriously than that in lines C24 and P8-1. In lines 03B9 and P8-2, the
activity of PPO, electric conductivity, content of ammonium nitrogen and MDA increased, while the
activity of NR and content of phenolics decreased. In lines C24 and P8-1, the activity of GDH and content
of phenolics increased, while the activity of PPO, electric conductivity and content of MDA did not change
significantly. It was presumed that in the high sensitive lines of Chinese cabbage, the increasing of the
proportion of ammonium nitrogen influenced the activities of enzymes related to nitrogen metabolism, and
then excessive ammonium nitrogen accumulated in plants, thus caused the injury of cell membrane. When
contacted with PPO in cytoplasm phenolic compounds in vacuole were oxidized to quinone substances,
and caused browning on the surface of petiole showing symptom of Black sesame spots. This research laid
the foundation for further study on the mechanism of Black sesame spot in Chinese cabbage.

Key words: Brassica campestris L. ssp. pekinensis (Lour.) Olsson; Black sesame spot; nitrogen

K 3% [Brassica campestris L. ssp. pekinensis (Lour.) Olsson] 2 R EE 500 42 K A e -4 & - ik
IR R A ECE  ZROIRBE AT, B R ERY B LRI A, B R R
AL, AR DR BN (B 1D, HIESCHAFRA Gomasho (FAASSER T, 1991; Burt et al., 2006),
Petiole spotting (Phillips & Gersbach, 1989). Pepper spot (Studstill et al., 2007). Black speck (Brecht
etal., 1987) Fll Black fleck (Studstill etal., 2007) %, fE& ERAZWFR LN “ K AN EREN” (H

PERT FEHPEAR, I B EAZ B IX R ERZ S “Gomasho”, “Gomasho” &N “ZRRAE”, FIHA
SO E AL N« ZRRRBE R 7

TAER,  ZRRCIRBE S0 IR A AR BB ™, 52 T K SR ML TR B i, B 24 v
KA D EE RN F . HA: AR 20 Al 60 SRR = 2% 1™ EE, DR e &,
VTR 22 B AR Ak A il FH et ok v A 368 R A 1) 2 2 S PR, o B 200 42 1 T Y A a8 A il S5 A e AR
it B EILFEE R T S EUGAE B E AR LR T, 1991),

5 2 RRAR B 00 R A IR I W AN 52 435 48 . Studstill 25 (2007) 5K FISE I 2 BRIRTE A0 &
AR IR K I AT T 48k mARIEHE S INEZW R A, THET L% SR (Dimsey &
Bairnsdale, 1997); NO5 i 7 sl i B i i e P B AIG, NO™ FR R AL R, 23t iz ¥ & 4= (Phillips
& Gersbach, 1989); y ZUIE Il AL 1) A 2 2t B2 BRODR BRE a5 i A= 1R OGS PR 22, HL 1338 pH 3 &1 (pH
8.0) ALK T 3geri il 51K -F iy, B F o KPARES S IS AE (Daly & Tomkins, 1997); W4k {4
RO 2 PR BE SO I & A, Brecht 55 (1987) (RIS UE B AELE 5 "C 4 FLLAE 0 'CHI 10 CE4AETF
RIEAIDL, IR INERAE, 5 COIRIE (10%) AEFHL1EIE I & .

T 5 T ARMEARERIFFTRE K S K 2 Z R BE RUR AT T 219, R IR 1) K
EAPERE R 22 S, RIUNEE IR, IRk th— b 5 B SRl 5 s e 8 S R BRI, IR ESE T
AR R A BB R RS Wk g 3 DR T VR A 2 5 W i2id (R R A S R AR (B
Rz %%, 2006a, 2006b, 2007). ASFEHUE b PG AR R R ESBUEEAF, EMHFEE RN
FAETT it B A N L it FH A A E ARG A R0, 3 T ZRRRBE S A % (I &,
2007 {HEZE TEAS W 520 2 BRORBE S0 I A 2R, AR AR DGR IE o AW 5T b = 22 DL s 2 R BE
R R SRS & C24. P8-1 (AR HLI ZRRIRBE AL < 50 4Y) FIEEdh &R 03B9. P8-2 (Jlufk 2
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BRIRBE L > 400 M) AIM (IR = 4, 2006b), FIHITG LREFEA, WFF0EE 0 &R0 Bt
ARG T T EBRRRISE N, K F S R B O A AL )3 — DT 2%

QY ViR SRS DARES

11 FREEESHERIRRE

PRI T 2009 4F 6—9 HAETE By RN ARHEFF S BE AT . LA 2 BROIRBE 200 5 R 03B9 K¢
R R B TAMESEE T 6 A 5 HIER, el =K. 6 A 28 HEEKE S ARt i 43 10 cm x
10 cm B FR4 . 7 F 6 HZ3 3 100 mL &0 4 25 mmol - L RSS2 MR AT (5 %R 13.86%,
FED EERES (11.86%) 1. AR [FILEE (26.42%). WRAE (21.21%) FIASEREE (35%) 1A
MRS R R E (46%) IIHAHPRIEMR , XF G /K 100 mL. 7 H 29 HFI 8 A 21 HEXR LiA4bEE. 9
H 12 HIE AR BER BER 3 FaUE I7 5 A B AR AR TN 1E R 8 2 RRORBE S, A
A PR Y 10 £

1.2 FEkGIESRSESRRE

RIET 2009 4F 7—12 AAEE B AV RBHEAD B AT o LA 2 A (R FPRs 2 I = 0 2 BRI B £
IR K 3200 &R C24. P8-1 FITE G & 03B9. P8-2 Afilb Rl (Hivh €24 1 03B9 2K MUMI ], F I
MR, A, it P8-1 FI P8-2 RAUAHIA], YRINM(Asiss, P IRAGHEESH, BREMED.
FirE2EiG, T 7 H 8 HiEF, =P AEK. 7 H 23 HHEE 5 A B4 1/2 Hoagland & 37
WECTT RTTRAA P 20 . B IRf R A BUN 28 L M EHAR, MBI 25 L, FInES 36 ML
SRL AR, REFLAE T 1 RE, R BT IE S 40 . 7 d JE HEAT AR B EG . B R Bl 25 mmol - L,
NO;-N:NH,-N 7354 3:7. 5:5 F17:3, JL3ALMHI, &2 N5F 146, HLefi. KEILERETR
VRIECTT WLER 15 Tl G #E M Fe £h 7% f:9% Hoagland and Snyder 75 AL /7 o

F1 TRRGMSESESEXAEAREFRLS

Table 1 Macroelement formulas of different NOz-N : NH,*-N ratios / (mmol - L")

NO5™-N : NH;-N

%43 Composition

3:7 5:5 7:3
Ca(NO;3),4H,0 1.25 4.00 4.0
NH,NO;, 0 2.00 45
KNO; 5.00 2.50 5.0
(NH,),S0, 8.75 5.25 1.5
K,SO4 0 1.25 0
CaSO0, 0 0 0
CaCl, 3.75 1.00 1.0
MgS0,7H,0 2.00 2.00 2.0
KH,PO, 1.00 1.00 1.0

8 H 10 HXIAN[RIAH 4L Lb 03875 77 & AL BEREARIDURE , I A BRI 09 11 S 1T 2 BRAR B R, B4
PR 12 bk AL ARG, BUE 1 ~6 W, —&o0HTle S5, HRFESREBA - 70 C
UKFEHIC AT, T 5 R B AR b

B PR 5 2 R K I LU Ay s RO JR B G P R PV A4 G K, 2006) e s 4
FORH KCl 242 5emy 3 L (L s SR WEA i (GS) S FAHTEE (2005) MIJ7VLNE
NADH-GDH 3§ P2 /8 T = 42455 (2004) 1) 5 ¥4 52 5 21 % & K H Folin-Cioealteu 74 (Tadolini et al.,
2000) J5E, LA BERER RS TIRZ M (GAE) RaRZmaiE; N (MDA) &S
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Fig. 1 Typical symptoms of Black sesame spot in Chinese cabbage
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Table 2  Effects of nitrogen forms on Black sesame spot in Chinese cabbage ‘03B9’

A Treatment IR B
The number of black sesame spots
(NH,),S0, 158.1 aA
NH,C1 157.1 aA
NH4NO; 155.7 aAB
JKZ Urea 149.3 abABC
Ca(NOs), 122.1 bcABC
KNO; 113.8 cABC
Xt (JK) Control (Water) 108.8 cC

2.2 ARELHIESR SRS Z AR 55F & £ 89220

A A NOy-N 5 NH,-N R K S8 2 ROIRDE SR B & A TS LR 4558 (& 2) R0, Bk
mh & 03B9. P8-2 HHiiih &R C24. PS-1 BT A= W ey HEL LL 2w BE i A A, TR BB BE e &
G LL B i In, X U BB R R P A R P A 2 i R
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Fig. 2 Effects of different NOs-N : NH,"-N ratios on the number of Black sesame spot in Chinese cabbage
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3 FEEHI NOs-N 5 NH, -N MHFHESE S =N ZMm 4 FEEHINOs-N 5 NH, N MHFERSERSENEM
Fig. 3 Effects of different NOs-N : NH,™-N ratios on nitrate Fig.4 Effects of different NO3-N : NH,"-N ratios on ammonium
nitrogen content in Chinese cabbage petioles nitrogen content in Chinese cabbage petioles

24 ARIILHIBERSHSAXMNMRITIRRE. SaRANBASERESEEEENE N

KEEE 4 5 RAEIRIE R (NR) 5 PE RS IR P i A LB TH g s n, 54 &
BEAS R A aA R e (B 5). Hodp i & 03B9 AbFE IR 25 50k, NO3-N:NH,-N = 3: 7 4B NR 3
Pk 279pug-ht- gt 75 7:3 kbBIh K 85.928 pg - h' - g, S EHTE K 3.08 £, KW TR
AR BRI REAN BT R NR 350k, s m R Ak, 3 ORI &
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Fig.5 Effects of different NOs-N : NH,"-N ratios on the activity of nitrate reductase in Chinese cabbage leaves
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T R

RSN K AN NG ZABR AR (GDH) yGHErEm (B 7) /B9 i & 03B9 il P8-2
£ NOy-N: NH,'-N LB sEmis )y, J6 2522 5. PUi il &= C24 Al P8-1 AR AR M LU B4 iy, GDH
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FFMRES, Biikad 28 E R R AR R AR
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Fig. 6 Effects of different NOs-N : NH,4*-N ratios on the Fig. 7 Effects of different NOs-N : NH,*-N ratios on glutamate
activity of GS in Chinese cabbage petioles dehydrogenase activity in Chinese cabbage petioles

25 ARELLHEERESRSEAXTHRESEII MDA & 28950
BRI R NOS-N:NH, N 4 3:7 5 7:3 iR %, HWEHETIHRNR (K 8). Fik
il R A LS RS2 A LA S M /N, 1 PSB85 ) T B R, R T AN .
MDA JE R EA AL P24, 0T DA 7 4 i ok 480 A0 R 5 OB A0 %o 00 358 4 F I Y 5 55 (.
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FZ[E A, 1996). o dh AR MDA SR m T Hum s R, Hmti B S P2 7 B2 (8 9.
AR B EEOGS I i 28 AR LS 45 A AT B, B IR RS S LB T, AR SRR A B S
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Fig. 8 Effects of different NO3-N : NH,"-N ratios on electrical Fig. 9 Effects of different NOs-N : NH,*-N ratios on MDA
conductivity in Chinese cabbage petioles content in Chinese cabbage petioles
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Magnar (1976) BF9EEM], FINAEMMMIESR AR, KBS Z SR 2K NH,
FRIAFAE I AR o FCJ PR AT g NHL, R [ AL PR AIC T A IR $h 0 R s M 5 il 2, el 2
FEAEANTHD T EoAAR P T2 3R 1 AL AE T {5 Mingel I Kirkby (1982) Ak NH, ] T A i J g £
Wk AR A S B A A FE il A B[R] A T R rp 2 LA BRI A A, IRIE
B AE R R AL E SRR E RN, B ME SRR NS . AFiaiR Y
Mngel 1 Kirkby (1982) &5 RARML, BEEFREP IS LLRRAG, MARANESE S B TR, HRIE
JEUBEI PR REAR,  ITAELIR AR AR A 505 R B2 A o LE S LD

AR i S M (GDH) Wl A7 /£ TAEYAR A o T R 1L B85 T GDH 3% PE8 5%, H#EN GDH
W RETEZEMR NH, R3S 5 05 A — € MAER] GRIEAERTIBE, 20010, K 3 ZBORBE R UR U
i RS AT RO MR, ATREZ UM M R BRI GDH W& M TSR FLaE S, Bk
T 2 AR B R AR I AR

ARG 25 RARY, BRI R REAL T i R MDA &8 T e EAEREKEIIFTRY], HE
PIAE BT PrE B E R RE R, A0 A SR S P AT R T A A e PR AU R . il TS RS
BN FR SA  S A A T 5 3 e MR AR Zedi g, AT 72 MDA, Bt BART LLIE i I & A5 ) MDA
(R R AT R ) 52 B85 ) 1 3 CRIEE, 200600 AT MDA ARG R 5 J8 2 BRIRBE SR 2E
a2, 1l A0 MR 2 29305 5 ZRRARTRE o IR A AT Ko

Piv R Z WS RV, RO U dh AR 2 WS R T 1RO b AR A e B AL B
NANRIEIE BIRIR, W REAEGE A ISR S A ) 2 IR A M Ak, SRR A
JRRER Y, AR AL .

gi LPTd, AR 45 SRR WIS FRR P RS R LLBIE N, Semi R B AU A G BERIRE T, A
FEARIA NS R BAUR, PRI R e 20055, LG N A 9 5t 5 40 Mo 1 2 Iy A
WA, YR ST S A SR 5 S AR A, AE AR TR B 22 PRI R e Dy 7 S i
KA RRARBE S 1A FER A S A v W 3 DU Rl AREE HHE sk > wUIE B, SUIEH]
EUBREA A S B R A 350 kg AE; WG RHDILAERE & MBI DR O W38 G Al %
BENE, WSS R, WS .
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