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Mitigative effects of exogenous nitric oxide on Pb>* stress in maize seedlings
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Abstract: The pot experiment was conducted to investigate the effects of exogenous nitric oxide (NO) on the growth
and physiological characteristics of maize ( Zea mays) seedlings under Ph** stress. The results demonstrated that, after
treated with 1.0 mmol+L~! Pb**, the growth of maize seedlings was inhibited, the accumulation of soluble protein and
soluble sugar was slowed down, the activity of antioxidant enzymes and chlorophyll content were declined, while the MDA
content and membrane permeability were increased. When 0.1 mmol*L.™' SNP was supplied, the inhibition effect of
Ph** to the growth of seedlings was significantly relieved, the activity of superoxide dismutase (SOD), peroxidase
(POD) and catalase (CAT) was increased, the content of chlorophyll and proline (Pro) was increased, the accumulation
of soluble sugar and soluble protein was promoted, and the MDA content and membrane permeability were declined.
Therefore, exogenous NO has a significantly alleviatory effect on the growth of Ph?* stressed maize seedlings, and may
enhance the Pb** resistance of maize seedlings.
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1.1 MEHEFES5E

TR0 — B “HR B 9587 FE KA T, 0.1% 1Y
NaClO JH# 10 min J5 9% 3 ~ 4 K, LAZEIB/KIZFl 12
h JEHEFI AT 2 JZURARA EAR R 15 om 5 FRIIL
HOIEACHZR IR KRR, BT 25°C 5 R4 IS R 2
24 h, SRJGIHFATOCIE A B 12 h, B0 2 d T4k
—RUEAR, FFERG MK —M )G, wEUE K —20
IR BRI AL 2 rh WA B SR, AR AR A 8 Hk,
2 d FI 174 ¥ Hoaglands & 75 DEE , R4l
Kttt 3 ~4 it LUG S KA — 80 4h i 6T
GAISER A

NO fHEARAE 44 ( Sodium nitropprusside , SNP, [lANE]
fHiE Merck 23 A)) , JGHC A 100 mmol « L™ REVR , 17
FEF 4°C, FH B e b B0 9T 75 VR B AT AR B Pb?*
HEA RS FRES (3Pb(NO5 ), 8H,0, 2044k ) o

BRI B e &5 Ph** (0.0.25.0.5.1.0.1.5
mmol - L' 2.0 mmol - L™ ") ¥k B )% , F| Hoagland &
FRUL + PH2HARFEFORANTH 5557 10 d JEARSEL A
S AR KR T 1.0 mmol« L™y Ph2* A v i
SRIGTEVE Y 1.0 mmol - L™ 'Ph2* JlRE ik BE o A &
%1 SNP(0,0.05.0.1.,0.5 mmol - L~ "F11.0 mmol+ L~ 1) ¥
FERREE AT Hoagland B FRIEALPE, K5 5% 10 d J5 [RIFE
HRAE A E AR AR e R B 0.1 mmol - L™ 'Y
SNP F F it — 248 . K SNP 43 7= 41 % NO &b,
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-L-'Pb 1.0 ;Amol'L_l NaNO, 1 Hoagland W, LA
Pb + NaNO, /R, GRAbH S K, Ab 3 7 d J5 984T
BRI AE .
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R SR RE 0.5 ¢ FoRIH A 5 mL
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2.1 AREIREE PbhAMEXS K 4h # 4K B 22010
AN[EIAE (0.25 ~ 2.0 mmol+ L™ 1) Pb 43 K 4))

WG, Hobk e - T S SR T Y R TR
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BF, R b TR M BT I M R e E A T TR
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Table 1 Effects of different contents of Ph** on growth of maize seedlings(mean + SE)

Ph*+ e JE 73] W T S T W T Ho b S T W ETE
Contents of Ph** Height Root fresh weight Root dry weight Shoot fresh weight Shoot dry weight
/mmol - L~! /cm /(g+plant~1) /(g plant~1) /(g plant~1) /(g plant~1)
CK 17.933 £0.581a 1.237£0.085a 0.116 +0.001a 2.418 £0.146a 0.245+0.010a
0.25 16.533 +0.233b 0.948 = 0.060b 0.105 = 0.004b 2.208 +0.028ab 0.242 £ 0.003a
0.5 14.767 +0.219¢ 0.885+0.042b 0.104 +0.003b 2.178 +0.002ab 0.241 £ 0.002a
1.0 8.500 +0.802d 0.388+0.113¢ 0.041£0.001c 2.077 £0.032b 0.220 +0.003b
1.5 6.400 = 0.208e 0.291 +£0.038cd 0.039 £ 0.004¢ 1.945 +0.068b 0.217 £ 0.005b
2.0 5.500 +0.058e 0.093 +£0.014d 0.023 +0.003d 1.601 £0.155¢ 0.214 +0.003b

I AN FRARAF AL B AE 0.05 K E2FEE, T,

Note: Different small letters show a significant difference at 0.05 probability level among the treatments. The same below.

2.2 AREIRESMNE NO 3T Pb B TEXRLDEHEK
=apA!

EXFREA G, 1.0 mmol+ L=" Pb AbFE{H £ K41

PR Mo L AFEEE M LT M R EEE AL T E Yy

BETFHE(P<0.05), /3 FHET 63.91%,

85.88% .61.00% .35.38% F119.00% (% 2), 5 1.0

mmol + L™ Pb JPp 38 Zb BEAH Eb, % i 0.05 ~ 1.0

mmol - L™ 'SNP ¥ i EOK 4 i 7€ Pb i A9 &=
KA, IR RS SNP Ak BT E K &) 1 AR Wy
R A 22 5, HorP LSNP 0.1 mmol - L '4b 3
SRR PR b B EEE b T R R S A
TTEMEEST Ph ML, SRR T 5.84% .
41.92% 23.53% .3.07% 1 2.98% ., 4 SNP ¥R J¥ i
F 0.1 mmol- L™ Y5 , ALY TR R TR

F2 AREKESNE NO X Pb BB T EXK 4 8 &£ KHISNE CFH%L + SE)

Table 2 Effect of exogenous nitric oxide on growth of maize seedlings under Pb stress (mean + SE)

b3 M T fif 5 T b I A Mo T8

’ Height Root fresh weight Root dry weight Shoot fresh weight Shoot dry weight

Treatment _1 _1 -1 -1

/em /(geplant™1) /(g plant™") /(g+plant™") /(g plant™")

CK 20.969 +0.418a 0.942+0.102a 0.100 £ 0.002a 3.516 +0.086a 0.322+0.005a

1.0 mmol-L=! PR** 7.567 +0.145he 0.133+0.001d 0.039 £ 0.001c 2.272 +0.069¢ 0.293 +0.006¢
! 2+

1.0 mmol . pr * 7.333+0.067c 0.184 +0.014c 0.041+0.001c 2.307+0.043c 0.282+0.006d
0.01 mmol-L~'SNP
o7 -1 2+

1.0 mmol- L= Pb™" + 7.467 +0.145¢ 0.215+0.030c 0.045 £ 0.004be 2.312:£0.045h 0.286+0.005d
0.05 mmol - L.~ "SNP
o7 -1 2+

1.0 mmol "_le * 8.067 +0.145h 0.229 +0.030b 0.051 +0.004b 2.344 +0.143h 0.302+0.016b
0.1 mmol* L~ "SNP
T - IpR2+

10 mmol L_l”’ * 7.267 +0.033c 0.150+0.011d 0.038 +0.005¢ 2.329 +0.063h 0.293 +0.015¢
0.5 mmol - L.” "SNP
T - lpR2+

10 mmol L_l”“ * 6.667 +0.067d 0.119+0.004d 0.037 +0.001c 2.170 £ 0.116¢ 0.282+0.010d
1.0 mmol L~ 'SNP

2.3 SMENOXY PhEME TEXRSBHMMRIRENE  HILEMRY,

#n MDA 22N

1.0 mmol - L™"Pb 3l il K 4l i it )1 #) 240 g
JRORSE I I, 5 BT E, 3 T 60. 87%
( 1A) 1 0.1 mmol-L~'SNP Frph b B, K 4l i
PRI J5 6 35 1 S 2 AR T 6 BR, R R T 28.54%
Pb + SNP Zb 3L 2 BRI T i 1 A 20 o i 1k, 5
Bl Ph A AR L, R T 38.62% . NaNO, + SNP Ak

Pb JiE T E KL 5 MDA 5 5 B 5
(P<0.05), tbx B3 n T 46.08% (Kl 1 B);0.1
mmol+ L™ "SNP Zb ¥~ F K& Hi 1) MDA % it 5 %
EZREAEZE(P>0.05); Pb + SNP 4b 34 N i 2 FEAIK
T Pb JPriE T E KM A MDA B% &, Pb + NaNO,
SE R TCG AR
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Fig.1 Effect of exogenous nitric oxide on membrane permeability and MDA content in maize seedlings under Pb stress (mean + SE)
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Table 3  Effect of exogenous nitric oxide on chlorophyll content in

leaves of maize seedlings under Pb stress (mgeg™!+FW)

b MR a i MEEbSE MEXa+b SR
Chlorophyll Chlorophyll Chlorophyll
Treatments
a content b content (a+b) content
CK 1.28+0.07a 0.45+0.02a 1.84+£0.03a
Pb 0.37+0.02¢ 0.15+0.01b 0.56+0.02¢
SNP 1.27+0.04a 0.44 +0.00a 1.79£0.00a
Pb + SNP 1.0+£0.03b 0.40+0.04a 1.52+0.07b
Pb + NaNO, 0.45+0.04c 0.23+0.01b 0.73+0.04c
KT N 7
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