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NO #1 ABA *f#is &8 B S1EAZEEIESE
LR H

sREDR, mAkT, B %, LTEE, B 9

CH AN R 2 A 228, 220 7300700

B E: NI NO T ABA XS BBIANHT B #EAEH 2 i 1) E B AU, DUSAT I BRE TR 5 JTUR 3
(B “BIEAR 2 5 gh i kL, FEEAE 3 AR T R SO S e HE4h i, FFUmE a4 SNP (NO
ft42, 150 pmol - L) A1 ABA (100 pmol - L) X [ 75 45 Bl F BMAh i H B PS8 AL BREE . Fia e
ABETY RS R RS A B m . R, RHORILE PR Y T B i AR
W EALEE (SOD). WA YK (POD) Flid A AN (CAT) w&E, DLAADUAILEE (DHA) & &
(R B R JERIBR MR (AsA). FHZIR (Pro). FITEE IR [ (MDA) i, LLEARN g3
Al AsA/DHA _EJF; IR SRRPHE R A B3 K TR ORI . SME NO Fl ABA Ab#  25 £2 i B 4
i) SOD. POD M CAT ik, LA Pro MIRIWEMEE A5 i, &AL MDA &AM B3, Bk
AsA FRTFEA DHA & & FBE, 4eRF5R 0 AsA/DHA, NO X [ 24 R B I A A 3300 10 2 i 2
BEFT ABA. HFREE F R ISMNE NO F1 ABA i $2 5 B 85 4E F T BT RS . BB W
1 AsA/DHA HUAE, A0 BL IR BBUA P MDA FREFID AR BTA TR, 2R B REAE 0 BB A B 3 R e
MRS, B R BB BT 1
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Physiological and Biochemical Mechanisms of Nitric Oxide and Abscisic
Acid on Alleviation to Autotoxicity in Pepper Seedlings

ZHANG Guo-bin, YU Ji-hua', FENG Zhi, MA Yan-xia, and Lii Jian
(College of Agronomy, Gansu Agricultural University, Lanzhou 730070, China)

Abstract: The aim of the experiment was to explore the physiological and biochemical mechanisms
of nitric oxide (NO) and abscisic acid CABA) on alleviation to autotoxicity in pepper seedlings ( Capsicum
annuum L. ‘Longjiao 2’ ) . With soil and substrates extracts of 3 years continuous cropping pepper treated
pepper seedlings, then the effects of SNP (150 umol - L) and ABA (100 pmol - L™) on antioxidant
enzymes activity, antioxidant substances content, osmotic adjustment substance content, and membrane

lipid peroxidation in pepper seedlings leaves were investigated. The results showed that superoxide
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dismutase (SOD), peroxidase (POD), catalase (CAT) activities, and dehydroascorbate (DHA ) content
declined under all of soil and substrates extracts stress, while ascorbic acid (AsA), proline (Pro), soluble
protein, malondialdehyde ( MDA ) contents, relative conductivity and AsA/DHA ratio increased.
Autotoxicity on pepper of soil extracts was serious greatly than that of substrates extracts. NO and ABA
significantly increased SOD, POD and CAT activities, Pro and soluble protein contents, while reduced
MDA content and relative conductivity significantly. At the same time, AsA/DHA ratio was significantly
higher through promoting significantly to increase AsA content and decrease DHA content. Alleviate effect
to autotoxicity of NO was significantly better than that of ABA in pepper seedlings. The above results
suggested that NO and ABA effectively prevented malondialdehyde accumulation and electrolyte leakage,
mitigated lipid peroxidation, through increasing antioxidant enzymes activities, osmotic adjustment
substance content and AsA/DHA ratio in pepper seedlings under autoxicity stress.

Key words: pepper; nitric oxide; abscisic acid; autotoxicity; antioxidant enzymes; antioxidant

substances; osmotic adjustment substance

BB (Capsicum annuum L.) AR ZR 50 WA RABED T, 07 SR EABAER, AR OL X
A5, kK (R E 45, 2005; Morgan & Overholt, 2005; Siddiqui, 2007) .
) F AR (2008 ) 38 L /K BF IR B0 SCER BABR R i, BRI 3 AN Rl (R 1) POD. SOD.
CAT B HMEIE s BERARAE (2009) SR FH PR BRACAS [R]3% 1 4 B 0 H 38 AT 250, RIEE
T BB R0 SR R B IRG, FRAF A SOD. POD JEPENS N, MFEEETTE, JFH
I 5 2 A A1 R P 38 6 R ) S T AR BE N K o I AR a5 e i e b e A e g AR |t v 2850 FH 1 —
AR, AR, DR AT 5 JGURH 55 5 A B IR it AR5 5 H R 8 = E R b X oK T
FURE, AR, TR > U B KR B sAS (R 75 22, R SURRES Hh BROEA R N ik, 5 U IEAE
Bt i) A, ] 2R 9 H, A A LS JBOBORCRR 35 v A% T e 8 R i A i e ) ) /L (e 5%, 2012)

NO 1 ABA |72 Z 5K K G SIS N A I R E 51465 QL) 4%, 2006; Qiao &
Fan, 2008; X#Hr &5, 2009), Z5EF/KSMNE CEEE 55, 2005; FE0HH 55, 2007). #h
B CEE A 2009). RIEMNE FEIBEE %5, 2009; sk 45, 2012) SRRl RE, Z2fRiy
BEf xR i . WA, SN NO AbBRE P S T ARAEN 71 SOD. POD. CAT. APX
FTGR BJ3EE, BLA Pro MV PEER LIS &, > T HaOn FUBRNR I 41k~ 4) MDA RS, 4i+r
TOeENRMERE, RFF T B PSIT et s, Sefiah i B K IdsIfE R (3R 45, 2012).
PEARIE, 100 pmol - L™ NO FHEARR 4 it 1 25 22 NaCl Pt 2 TR AR B 10405 5, Ssm &l i -
SOD. POD. CAT. APX ik, $&mm A 42 Pro &, KM A MDA 1 H,0, & &, 051
PAAETR . RELETE CBMRE 25, 2007); 150 mg - L ABA 5 SR BOBUN B RIS A, fiH
iR 5% % 8 MDA & 2 F I, #&5 POD M1 SOD %1%, Pro &t B W INUTIBEE 25,2009);
ABA ACFREERSHL S UV-C il F/NEPTIEILEE (CAT. SOD. POD) JEMA CO, [FALAE, B
MDA &, ) UV-C riamditt (FEEH 55, 2006).

H T SCBABR R /- i YA A I I A i, (HA HLIE TR B, IR BT F =2 EH
PLK NO Fl ABA Z%fif H B F bR, 3 S B pod P Jy T A S0 00 R WARE . A5 rh DL > b 3=
AR PR 2 57 JARIARE, SRADESE 3 AR BRI LRI TR A A B A A 1, RN
M AN NO Il ABA, M4hH B fblgiavE . PLEm & &, BB a s, UL R4
BN T-, BRFCICKAR R 5314 B FE4E T 3 BA S NO FI ABA KB 234 FH 1 S8 pL 3,



460 P S "3 40 %%

51 A Ay T 72 A B M T ROE A1 e 140 3 2 (3t PR A RN BOR S 4

QY ViR SRS DARES

L1 sy

IR B BT A B 2 57, ARG, ST, R VGALH CR A A iR AR
i Afe NO A& A 5 [Na,Fe(CN)s, U5 SNP]L5 ABA ¥l [ Sigma 2 7).

1.2 RIE4bTE

T 2011 5 6 A NI/ HIR A PR L UES: 3 AEPORE BT H G = T 3RE T (ARBLEE A 2
D302 3R AEORAEFT. AP35 wd R R A5, FEMRT . BRI 2 mm fLARIR,
FRIX 40 g DO 1L Z848/K, L 3 BHL SRR 2 TPi4R 48 h (R E N 100 - min™', 6%
25°C), Witk EERIMRE N 40 g L ARG . WAET 4 °C ukah .

F 2012 4 3—8 HAEHIN RN K AR 2E B s i = B TIRK . MR PN REGA (26 £ 1) C
(TR PO 2, R R R BN RN PR TE IR (5 18 em, HAR 15 em) H, BEER 4 KL, RiFRILR
ARG 301 MIEA B SERASE, BT AN TAEENEN. R 7 MR (& D,
AR BEE IR ASEA — S BAR A 1 12 Bk, 3 IR X IRUREEE IR, AATIRIEH SN
JRALHE

*1 HEsE
Table 1 Treatments of the experiment

Ab 7 FHERARWY (g- L) JEREHEMY (g-L')  SNP/ ABA/
Treatment Soil extracts Substrates extracts (umol - L) (umol - L'
%t Control 0 0 0 0
THERHEHK Soil extracts 40 0 0 0
LR AL Substrates extracts 0 40 0 0
T HERIRI + NO  Soil extracts + NO 40 0 150 0
FETRAEI + NO  Substrates extracts + NO 0 40 150 0
T HER P + ABA  Soil extracts + ABA 40 0 0 100
LR AEI + ABA  Substrates extracts + ABA 0 40 0 100

FEBMA IRV, 40 g L RARBACEIZN T, &Rk 100 mL, #FFE 3 ~ 4 d B8 1 1K,
FEVRHE 12 Y0, WAMIRERS 10 d Y83 12X 1/2 Hoagland #773, fiek 80 mL, JLPeslE 5 U (RS 1
YR HLBI R HEAT SNP A1 ABA A3, SNP FI ABA ¥k 35 24 T4 AR 56 m 07 226 HH O [R5 B9k
FE, 25 d EWHIE 2 k. B A NCE AU s B/ 26 °C/18 °C, WEE 60%, A
12 h, JEHGERE S 200 pmol - m™ - 5™ AL 50 d JFEUAN 1 56 A RETFINEE 2 ~ 5 BLIFREAT #1004 HE 4
PREGIE, TR 3 IR

1.3 MNERHRRFAZE
UL SOD. CAT. POD W& HERIMNE : FREL 0.5 g M A AWFEE, 0 5 mL pH 7.8 (RS2
MR, UKETRIFEE, AL RN B0 T, YA 850 20 min (10 000 r- min™), U EiE WA K4 H . SOD.
CAT %44 Pinheiro 25 (2004) K77V, POD Wi PEM & R A EIAENE GKER 4%, 2009).
Ui AsA. DHA 58 19M5E . FE e ECh ot FRICK R 0.5 g TN 5% o IR vy
W 2.5mL, VKEHEWIEEAISE, 1620000 x g 250 15 min, B E3S WA M o PUos g & 5005E 2 1
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Cakmak il Marschner (1992) [J57%, WEIMEN. W %lu\?%ﬁn‘@élﬂﬂ‘&mﬁs%ﬁm 100 pL F2HUE -
500 pL f#) 150 mmol - L™ B2 0P (4 5 mmol - L™ EDTA, pH 7.4). 100 pL 10 mmol - L DTT,
#HE 10 min J5MA 100 uL 0.5 mol - L' NEM. 400 pL 10% TCA. 400 pL 44%f% . 400 pL 700
mmol - L WHERE (T 70%Z. 1), 200 pL 3% FeCly, RMWIBEWE T 37 CRESIFEM 60 min, 2
JE I SE 525 nm AR IO AR o IR B R AL HTOR LR CAsAD IR, ] 200 pL H,0 48# 100 pL 10 mmol - L™
DTT F1 100 uL 0.5 mol - L™ NEM, H] AsA HIfEbruE <. B PRI (DHA) &8 Mpidh i ig
TEYS AsA SRZEME.

MDA. W& FI¥PE S Ao AR SR e SR BAR B b 2 E&théﬁ:iﬁui MDA %
&, MRYEE Eﬂﬂ’é&{wﬁ%ﬁ@& O, H ORI G-250 Y EENE I AR A e (K
&, 2009); AN HLSERMIE SRS A (20000 17772,

14 HEFIT RN

4K Microsoft Excel 2003 #4741, @it SPSS 17.0 T otk s H =R B, it
¥ F Microsoft Excel 2003 1E &,

2 HiIR 5

2.1 NO A ABA 2 IBA RS E M A inE L EsE R

M1 2 v, IR PO VR AL 3 Y R BUMR S i SOD. POD Hil CAT & 1 2 3% F %,
BRI E R E W] B T IR ORI, BN, SOD T3 7l FEAIC 50.2%F1 44.2%, POD ¥
PES S BAR 57.0%A1 53.2%, CAT 514370 PR 1K 68.6%F1 59.0%. NO Fl ABA AbFEIE 5 4Em 2 Fhik
PERALHL R it (1) SOD POD Fl CAT 5%, i, NO X} SOD. CAT % e HEE H 525 =
T ABA, NO AP/ 513 7 SOD. CAT i1 31.5% ~ 32.1%AH1 40.6% ~ 47.4%, ABA A-F23 545
SOD. CAT itk 17.3% ~ 18.7%F1 14.4% ~ 15.7%; ABA X POD i (2 k1 H 0 &5 2 & T NO,
ABA PR 8.1% ~ 8.8%, NO ALPRAEE 5.3% ~ 7.6%.

%2 NO 1 ABA 3 B H{ER THM4 &/ SOD. POD 1 CAT jEHHIFIA
Table 2 Effects of NO and ABA on SOD, POD, CAT activity in leaves of pepper seedlings under autotoxicity stress

Ak 3 SOD/ POD/ CAT/

Treatment (U-g'FW) (U-min" - g FW) (U-min” - g" FW)
X1 Control 150.00+7.14 a 48.89+0.69 a 80.44+2.52a
TR Soil extracts 74.76 + 3.60 £ 21.01+0.67f 2526+1.55f
JLR PSR Substrates extracts 83.67+2.15¢ 23.01+0.88¢ 3295+ 1.88¢
T3 + NO  Soil extracts + NO 12291 £1.63 ¢ 27.77+1.26d 66.59+£2.25b
FEFR M + NO  Substrates extracts + NO 130.81 £4.25b 29.78 +0.51 ¢ 72.17+2.10b
TR + ABA  Soil extracts + ABA 102.84 +2.56 d 31.11+0.51 ¢ 4236+1.92d
R + ABA  Substrates extracts + ABA 109.57 £4.08 d 36.23+0.83b 54.67+295¢

e BN 3 IREL M SMER, AR EERRTE 0.05 K EERES . TR
Note: The column means the average of the parameters in each line, and the error bars show the standard error of three replicates. Bars
superscripted with different letters are significantly different at P < 0.05 as determined by LSD method. The same below.

2.2 NO F1 ABA SRR EM RS LT 2 2R

- HERIIE FUR SR AL FE AL S B AN T I IR R B PUR R (AsA) S EEEF S (K 3), &
Z NS B TR 228.9%F1 168.4%. NO Fil ABA i #4255 2 P2 3R A F R B4 T i 1) AsA &
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i, NO MEREAE I W2 T ABA, NO A H3 5l 42 51 360.5%H11 421.1%, ABA AL 73545 271.1%
1 315.8%.

TR U SRR AL B ) S BUB A R A BUA LR (DHA) &8 W N (R 3),
2 SRS IR 20.8%F1 23.5%. NO Fl ABA 3% B4 2 Fiis Sl 4 1R Bk 4l 1 )19 DHA 45
i, NO WMEHEHEH B3 5T ABA, NO AbEE3 i FEAIK 42.2%F11 46.8%, ABA Ab#53 ) FEAK 29.8%
M 26.7%.

AsA i THE R DHA £ F B30 ASA/DHA B3 1THCGE 3D, B2 345l Tt 8.59 #15.01
i NO X AsA/DHA LUAH TR 34w T ABA, NO KEHESH5ITH 6.14 il 9.72 £, ABA AbFi5)
WITH R 6.96 F1 7.75 1%

# 3 NO 1 ABA WEHEMH THMLEHH AsA. DHA £E# AsA/DHA KIFIE
Table 3 Effects of NO and ABA on AsA, DHA content and AsA/DHA in leaves of pepper seedlings under autotoxicity stress

e

%f’tment (A:rii)l ~g'FW) ?:rlrﬁ)/l g FW) AsA /DHA
XL Control 0.38+0.07 f 1.88+0.14 a 020 ¢
THER P Soil extracts 1.25+0.12¢ 149+0.10b 0.84d
LR Substrates extracts 1.02+0.12¢ 144+0.12b 0.71d
+HEE4 + NO  Soil extracts + NO 1.75+0.26 b 1.09+0.11d 1.61b
FEFRAEH + NO  Substrates extracts + NO 1.98+0.11a 1.00+£0.17 ¢ 1.98a

T HER R + ABA  Soil extracts + ABA 142+0.12d 1.32+0.16 ¢ 1.08 ¢
LR + ABA  Substrates extracts + ABA 1.58 £0.11 be 1.38+0.10 ¢ 1.15¢

2.3 NO F1 ABA I ERHLNEM F S EAB YRS =N

% 4 Al 40, L3EREE R PR AL B XS S SRR A T A Bl 2R & B R T e, R R A
P TR0 R KT IR R, 2 A IR, IR S & A T 203.2%F1 162.0%. NO Fil ABA
B 2 PR PEMACEE R B4 A I EIR S =, NO e EH 23 5T ABA, NO Ab#E
S 431.8%41 599.1%, ABA ALFE/» I3 E 236.9%F1 281.3%.

R4 NOMABA MASEATHREYEHN FHESR. TREESM MDA FEURAN B IENM
Table 4 Effects of NO and ABA on proline, soluble proten, MDA content and relative conductivity

in leaves of pepper seedlings under autotoxicity stress

Qb IWEM/ (ng- g FW)  ANEPEE A/ (mg- g FW) MDA/ A LT 5%
Treatment Proline Soluble protein (mmol - g FW) Relative conductivity
XtHE  Control 6.66+0.73 f 537029 f 1.71+£0.02 g 21.77+0.13 g
TR 20.20+0.74 d 8.88+0.31d 8.23+0.03a 49.19+1.10a
Soil extracts

KRR 1746 £ 137 ¢ 838+027¢ 627+0.10b 47.26+0.99 b
Substrates extracts

THER IR + NO 3543+1.02b 1243+030a 2.97+0.03 ¢ 2641+132¢
Soil extracts + NO

FEORAEH +NO 46.58+2.24 a 1247+031a 225+0.10f 2478 +1.54 f
Substrates extracts + NO

THERHE + ABA 22.44+0.83d 10.79+0.33 b 3.72+0.07 ¢ 3155+ 1.75¢
Soil extracts + ABA

HEZ IR + ABA 2540+ 1.88 ¢ 1029 +0.32 ¢ 3.55+0.07 cd 3046+ 1.19 cd

Substrates extracts + ABA
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TR TR PR AL B YY) S ORI R S R TR (R 4D, IR AL
TR R TR R, RN, nIE R B E il T R 65.6% A1 56.2%. NO Fil ABA
WEETEE 2 MRRPEBACEE R A I A T R A S s, NO MERHMER 23 S T ABA, NO
ALY TR 131.7%F0 132.4%, ABA A5 75 101.0%F1 91.7%.

2.4 NO 0 ABA S 3B RSN e b IR RS & L R E 1E R R0

M1 4 vl A, R ORI AL ) R BUHR S i v MDA S it m,  RIER AL
TR0 R K TR TR, B2, MDA & &40 TF i 381.7%A1 267.1%. NO Al ABA
25 AR 2 PP PR AL FE R A AD TH A Y MDA &, NO AR BRI 3% KT ABA AFE, NO 4t
T3 ) PG 307.8%A11 235.6%, ABA KBRS HIIBEAK 264.0%F1 159.4%.

BRI R SRV A R YY) T OB B AN FL T R T (R 4D, IR AR P TR
W R T RO, R, A HL S 200 A 125.9%F0 117.1%. NO Al ABA {23 F#1IK 2
PR PEIBAR BN BB A Wk (A H %, NO ARHE R 2 T ABA 4B, NO A3y A1 B
104.6%51 103.3%, ABA AbFE4» 551 A 81.0%F1 77.2%.

3 e

ARIE AR, EAE 3 AEBORIN LRI OB S A BB A 1, ORI SOD.
POD. CATifVE FF%, AsA &riftH, DHA & FF¢, AsA / DHA JFw, [ARF, flafm vk
HEASEMEIC 23 MDA BRAHAR TSN, U] TR FUR SR AL 31 5 BOBR Fr B AL
TEHERNSIE T S AR, SRR, R A FE R . X5 HES% (2008)
T ok 7K B SIS BARAR 2R 43 W ) b BRI ST 4 e — 3, iS5 ek A (2009) 18 b 3% AF - 48 b 23 5
W45 A5, HAb PR S ECBM 5 1) SOD. POD Wi MEs b, AT fig i el i A A 33 ) gk
FEARNTF TS AR50 & I R SE O BRI B 83 4E SR TS ORI, T e R T i
AN SLBREER, BONEAY, AR TALED) a8 W (Oleszek & Jurzysta, 1987; Yu & Matsui,
1996; FNEISE %%, 2011) 5 [FW), HSERGEFMAEDG 225, SEBHUR RV R4, B
FEAE AR, AR T AR T 1 =4, i3G5 T A W B (Fischer etal., 1994) , {HJ&
B, AT A

NO ZHR ) AL —F E W AR s ml =4, g —FrE MG T, AR
RS H X ROS AR A O, FFW LA RIE 5T (Delledonne etal., 1998; Garcia-Mata &
Lamattina, 2001; BrifgtE %, 2011). #MJE NO nJ$¢ 5 NaCl rid F#HeZm J SOD. POD. CAT Fl
APX 3EPE, PE(K MDA & & AUTBLEYE, IR NaCl it #E22 gh fimfis A 45, 2010,
SNP Ak 2R FARAGHE 18 JE HEAE 2 5 MDA Rl H,O, &5, ANFFEEE B3 s CAT, POD, SOD, APX
TETEA Pro &8, BN T AsA/DHA Fil GSH/GSSG HufE; A NO 3 i g JEALAE 2 A3 BT 1 1)
L TE, BRI AR, WIS IE R, REmR BT (R 5E, 20100, SME NO
AL 5 T POD Al CAT G 1 T i R AR 2GR R AT ik 7K 0 J oS 3200 SR ik o 1143 47
&, BRI R (51 25, 20110, ARG, NO WEH S 2 RS A BB Lh
I SOD. POD. CAT ¥, LA AsA. MZBRAI & A&, $em TiERR B mEERi RS
BiifaIfE S, PR MDA & BRI BOEYE, B0 NO XF A 2 /EH e HA W B0 i/ . ANE
NO $& 5 B #8AE A N BMORY B g, 2R T AR AL NO 05 Bk [ AH SCg AT 1R v 1 28 Ak
B, NO W] LLEE T CAT. APX FIGH {5 3% ¢ S0k Il 45 5 1. 21 240 A i XS A0 3 e LA A A2 A
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AL 2T 38R IR, Sk BRIl 25 BE I NS MR 2 SRR A — RYIBTIE A 3 Y (Wang et al., 2004),
SOD. POD. CAT itEI$EmE, FEAK T FEUBIRL L0, H0, %5 ROS KA1 (Beligni &
Lamattina, 1999; Belignietal., 2002). [Flff, NO {2z @ IEE A S =0T, 400R1E
FWRE AL, AR T AN AR B YE, AN T A AR, SRR T BLEYEMIE R, BiibE s
T, ULEH MG NO X4 Ml A R AP IRME SRR ER, v LAk 4t B R S (0455 (Zhu, 2002).

ABA TENME 5 FAEFEE ., B3, TSN —BI— Nt F il EZ/EH (Popoval et al.,
1996; Leeetal., 1997; Wuetal, 1997). fGiEMHERIFESY, ABA AL e R0z BN
SOD MBI F MDA AR 8, A BAA) i IR & = KIE N G H 2 55, 2008);
P (2011 7E ABA i SHRIRPTIEE AT AR ZIM R 45 R . ABA RPEREE IR & UV-C il
R /NEPUEALEF (CAT. SOD. POD) HPER CO, RMEAET, FEIK MDA &4, Bt UV-C
HERPUE (EEHE S, 20060, HUIN LR 1) 6 5t S FLAA AL I JRUTR 2 1) LUAB AR AR A0 i B R B iy e 35
HE R/ A (Horemans et al., 2000; Potters et al., 2002), ZhMpaf# h UK TR AsA & =K,
DHA )& &= W m, AsA/DHA WLUAERRAK, AHOCACUNE APX Al MDHAR ()35 RS SR
i 6 SRR IG5 2 M S, RIATEI PR TE 2D K H T AsA &, AsA/DHA LUEFI 2L A
REFEEER S . AT, ABA BRW{EEE A 2/EH T BMA)H )+ SOD. POD. CAT ¥#tk, LA
MR AsA FIRTHEPERE & 2 R IRI I, FRE MDA BUR R4 BB YR N, JE4ER R skt
AsA/DHA 7K, W4 e B v i v
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