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Effects of exogenous nitric oxide on drought-resistance of poplar. WANG Miao!, LI Qiurong?, FU Shilei!, XIAQ
Dongmei', DONG Baili' (! Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, Chi-
na ;2 General Hospital in Nanjing Military District, Nanjing 210002, China ). -Chin . J. Appl . Ecol . ,2005, 16

(5):805~810.

This paper studied the effects of NO donor sodium nitroprusside (SNP) on the photosynthesis and active oxygen-
scavenging enzyme activities of poplar leaves under drought stress. The results showed that SNP had a remarkable
positive effect on leaf water content. When the SNP level was >500 pmol+L ™!, no significant difference in leaf
water content was found between SNP treatments. SNP could increase photosynthesis rate, photochemical effi-
ciency of PSII (F,/F,,), and ratios of F,,/F, and F,/F,, but the effects decreased with the prolongation of
drought stress. The SOD and POD activities of poplar leaves were higher in short time (1 h) drought stress than
in longer time (3 k) one. The activity of POD was increased by SNP, while that of SOD was changed little. With
increasing SNP level, the POD and SOD activities first increased and then decreased. The NO donor could retard
the accumulation of active oxygen through inducing POD and SOD activities, alleviate the effects of drought
stress on photosynthesis, and increase the drought-resistance of poplar.
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EWEBORT Y AL NOKE WAH TR
EREMKMR AT RESER, LESEDER
B ERA Y. HET, NO MR A £ E RN L&A
B B I AL R 22 AP R B 5T LU o B
BB R AME NO T R EGE TR AN F 2
IR K REMEL T FHRIFER, L&
NO X # AR Bt 7 #9306 & 16 B B, 73T NO W
AR K 5> B8 & R R FE B ALEE.

2 HE5EFE

2.1 fidbre e

BRI 7E Th A AR e K A AR et 17, bR A &
T8 BB (Populus pseudo-simonii ). 2003 £ 5 A 15 H
HETEFRED, L2004 BTE -t EFEER 10
cm- 9 15 cm, B SF &K B A E A Hoagland 16 W . YiIFHEH K
EESHHFREBIFE, BREULA S 4. 84 5 B, #1T
NO 4L 2, fiF F NO # & 4 & T 44 (sodium nitroprusside,
SNP), 5 A b B A 43514 CK(ZE4E7K) . Sy00 (SNP 200 pmol-
L™1)\Ss00(SNP 500 pmol-L™1).S000(SNP 1 000 gmol-L 1)
1 Sr000(SNP 2 000 pmol+ L™ ) AT 3 IS S d
BB LERGEHBAST-0.9~-1.2 MPa B Z - (2T
B6000)MWEFREE, HTKAMHELLE, UERERESE
FEROA PR AAE 0.1 hF 3 h BB FBETHEXRE.
2.2 MRFE
2.2.1 £EIFWE HAHFHETEKREFER).
FrK$ R E Y (RS IR ERESRATE
HESRME S HIS RIECER mEeg2nyk A
L1-6400 5t & 1E F M € (X 4+ B ZE PAR 800 pmol m~2+s™ 'Hl
0 pmolm ™2™ ' FTHIEM R LA ER KB ERNKAS
EAHREXLSPNME, B— SRR 5 A, 28
FE 10 min /5, F Hansatech M @ ZH ¥ {L(PEA) ()W &
#F BB N SR, M T (F,)  BKHKI(F,) 06
AN (PSI)EXIL e LR E(F,/F,) PSI B&EEE
(F/F)%&H.
222 EHRE BEWBLEE(SOD) 54 8l € # Gian-
nopolitis 1 Ries i 77 3113}, LU NBT (5 fL W% 2t 0 0
B) R R 50% 1E A — D EgTE 8. POD BEFEHEM &
0.5 g M #% 1:5 B9t A1 AN A 85 2 BUB (50 mmol - L™! pH
8.7 VIR B o, & 2 mmol- L ' WIEBIMEST), KB B
S%,4 CHHEE L (10 000 X g, 15 min), R EHEE S
SePhadexG-25 fR#h /5 B Tk AI#E A . L EE ® 89 POD 75 A1
P E# Hammerschmich éf}*[“]ﬁ'?ﬁfﬁﬂﬂﬂ[i&, BRI ER
PRI AR (0.25% )R EALE(0.75% ) HES, IO E &
BWE, ME 460 nm BEEH EFH.
2.2.3 WA FFEBEEERA Microsoft Excel #7484+
MREHEHSPSS B KRG T ESHBBRELREFRR
Duncan Z & H.3¢.
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3.1 FEREETIENOXNBRM TS KE
3 T

B 10, FEHKE SNP AEMEHH &
KEREREFMW(P<0.01), BRHFHEKE
B & SNP ¥ B A 52 BT 3 00 . SNP R AL B S 43 51
B BAERT 9.64%, 18.22%. 18.07% F
28.88% . % SNP ¥ E ¥ I E 500 pmol-L~V5, &4k
B S KEZRTALETRE(E ).
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Fig.1 Effect of SNP on water status of leaves under different treatments.
CK:SNP 0 gmol+ L™ Sz00: SNP 200 pmol* L™ 15 Ss00: SNP 500mol -
L71;S,000: SNP 1 000 pmol-L ™" ;Syp00: SNP 2 000 pmol-L ™!, Bars=
SE(n=6). T The same below.

1 REA, B8R (1 h)PEG TRAE R
T, R E SNP Lyt oK s T xR
M, P SNPIREM B AH F KBHABEE. ER
KEE (3 h)PEG TRLAHET, e i K BETF R
R4, IFHE SNP AL B AR BN FKE T RN
VEER /(P <0.05). M7 PEG T 24 AT, B
KRR SNP ¥ BE (9 3 KT B K, Sz00+ Ss00+ S1000 7
S000 7 Bl b R B 4L BE K 3.6%.5.7%  14.3% F0
28.6%. 1 PEG T 243 etE 3 h B, N4 5 o X¢
MARST 71.4%. 62.93%, 18.2%. 26.7% Fl
20.0%.
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5 ¥ #%.—8EMERERENER 807

L X WA R R EE RS, TTRT SNP
BRLERE, HRHFBEREHRSETHRAEY. &t
— RS, A E] MR BE SNP 4b TR 4 (A R R Y AT
FEREEF(P<0.01), CK. S0 Sspob BA Z [B]
RARBE, M58 SNP ¥ EE(100.2 000 pmol-L™1)3
R R . 5xBAME, £ SNP 200,500.1 000
2 000 pmol L™ 4 BT, BEAUH X 1 4 A2

REMLT 4.06% .11.28% .27.99%F1 33.41%.
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Fig.2 Effect of SNP on electrolyte leakage of leaves under different
treatments.

3.3 SMENO FEREMETMNHMH A EERTY
F& R W

3.3. 1M ETIEEESR BE3EERVB
Wt AT A & B kA, R SNP Ik B B T F
BB ETRELE 1 LT, S-Sl S0t BH
A F T B H R 18.92% .36.03% F1 57.65% .
FELALEILE, UaslMERS 16.19%.
24.64 %0 36.62% . Y B K4 Byl F, @ o ]
FHENBREMSRXESEHNEERY. B
RRM & W 0] B 0 BT 2 M8 00 5 |l
SNP #5340 Bk B A3 i 48 & (P<0.01), X8
T VA YRR A0 3 IR B R K BB A B R AR R
3.3.2 MM AIBHEASRE HE3ZWR,E
Ko MERET, BRH FTBEERE LAY,
HANESNPHERITAS. EFTRE4E1 b
J&, Sso0~ Stooo 1 Spoe0 ZEEEH L XT HEH 4+ 7 2 &
38.64%.57.38% 1 110.22%; TREAE 3 h EU 4
|42 28.18% .41.82% F1 100 % . 1% B K 43 B8
T, BRAL T BEEEENHRENSRER 56K
MBEFAT. R REAMNES R BEEESNEIE
T 28R BT F1 SNP 555 40 3 3R B A% 3 b B
BRE(P<0.01). XRHAFEE QK INEHR
XFIK 43 Fip 38 f 3E RE ¥ B RY, 7K 4 B 3 A1 NO 44K
SNP AR BB A EHEEMNTTHRERG SR
ERAME R,

(=]

N
n

TR
FW)  Soluble sugar (mg * g'FW)
5 = = v
(¥ (=] w (=]
ar
=

g
=3

2500

8

2000 |

—
w
(=]
(=]

ARG R
g
[=]

Soluble protein (mg

w

[=]

[=]
T

(=]

CK Ss Sio Samo
4 # Treatment

B3 NO ik SNP 30 A BRI BEER S B E T
Fig.3 Effect of SNP on soluble sugar and soluble protein of leaves under
different treatments.
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HER THEES . #T Duncan 4747, A RE 4L B
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B4 1 h T, P, {HFE SNP 3k B A K FH G BE,
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BARMEEER, SikE SNP MK H it &1E
A BT 52 M8 R BE 38N, SNP 48 H B B FE K.
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Fig.4 Effect of SNP on net photosynthetic rate of leaves under different
treatments.

3.5 TEMETINE NOXHRHFHKIEZEH
A

F /F, EREMEEZE TR FIEERENY—
AR EH HE S AUES, A NO ik
SNPkR{f F, ZBEmM, HEEFRF T B AT
(F)E, AT S SRR (F,) # Y
B H A SNP 1 000 pmol« L™ W Bk, SNP %5
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R i BN BE SNP B (9 38 I T 38 . ) n7E X B
e, F,/F, BT 20 2 6 6 T K 8 B R
TIfE 21T SNP500 b E S5 TREL#E4A F,/F, H
Hoxt BB B . LA VE A B S0 Im fl LA B R G ER
AR N(F,=F, - F,) MR FFE. F,/F, M
F,/F, EATERMFXERAK I FEMGERER
K PSIIEER . AR E SNP AL =i tH 4 &
ZTRLEE, WA T # Chla XIS H F, 5%
HARE, B F F, 5XRAEEGE BEREMR, 4R
F,/F,fF,/F, WWEEHES ESEER KN
J& SNP 1 000 pmol- L™ E MR Z F 28 HE
W.ETR2LEEBKSP, SNP 500 pmol - L7153 F 8
FrEtE ke F,/F, M F,/F, MRERS &KX (A
5). XKBATEMET, R+ F,/F,.F,/F,
F,/F, E¥ L TGS X5 T 2 M8 v e
B 866 1B A A M S B4 . T NO ik
SNP 500 pmol- L7141 1 000 pmol- L™ ! T 24 1 h
# F,/F, F,/F, M F,/F, 535487 18.23%.
23.43% M1 4.41%, DL 5 & 40 ¥ B [B] B9 ZE 4, SNP
AbPE # % Chla %X .2 ¥ F,/F,.F,/F, M F,/F,

B A XS AT SR AL R K.
601
Ohthh

40F
20F y
0.0 - . .
6.0 [
50F
40}k

S

ke
201
1.0F wt
0.0 . L
09
038}

L 08+ .

k: ':‘"
07} 1
071
0.0 :

K S S S

300 1600
& 3 Treatment

5 NO {4k SNP M MHEREH S MKW
Fig.5 Effect of SNP on chlorophyll flucrescence parameter of leaves un-
der different treatments.

3.6 T EMETAME NO XM K SOD # POD

TE Ve R

g1 B 6 7] WL, NO 4 #5#4 i Ji SOD #1 POD & /1
HAE B ERW(P<0.01), F¥E SNP ¥ & /38 bn,
SOD 1 POD B§iEtE 2 T B % . #f —# Duncan 4
R, REWE SNP M HMH F POD BEEER
ERERSER(P<0.01), Y%K EXE 1000
pmol+ L5, POD & ¥kt 8L T Re. X E B NO #4%
SNP BB R E R M ik I E BriE & POD B
HIIEYE. ¥ PEG R4 1 h 5, NO fit{& SNP *f
FEBEAHHH R PODRAEEEYH, BET
BRI E K E 3 h, NO {4k SNP 34z #
POD BN m . £/ R SNP IR ARG T,
B POD iEHERE T R et B E KT8 B TR #l
SNP500 T2 428 1 h 1 3 h 43 5 tb %F B8 4 B 1%
55.59%F1 73.42%, SNP2000 T3 4¥ 1 h f1 3 h
43 Bl EL 3 BB 2 K 57.87 % 11 62.71% . £ NO fitfx
SNP B EART REBELET POD M EHY
B (E 6).
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Fig.6 Effects of NO on the SOD and POD activities in populus leaves,

B 6 45REMH, RETREE T HKMH H SOD
MAEAR . PEG TRALE 1 h @K H - SOD 1&
HEF, T 2L EAELG h) S SOD
EHETRE(P<0.01). 2 NO fit4k SNP ¥ 5, B4
TELETH SOD EHEHHAERG. HF 200,
500.1 000 1 2 000 pmol L™ SNP {# FRE4E 1 h
R SOD i i& £ 4 7148 & 20.60% .33.18% .
37.78% %1 31.94% . 55 — 77 M, 200,500, 1 000 #I
2 000 pmol* L' SNP . {if X4 B 46 49 85 # H i SOD
TEYERE RS . fEAHR SNP KL E P, TR 1 h
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R R ORI W AR, M TE3IMM
Bt ) SOD #E HE NI BRE R, R 5 K i | AL
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4 it i

4.1 F 28 T/NE NO TR A & KEEH

NO R—FIEFFERM 4T, M EABERE
TomAFREERPIER. EEHYERAEEEBL—
SR A LB (NOS) i B 1 [ B8 (NR) 4L &
B0 NO W2 5 AR i A kg gl el
SNP B—FEEM NO H4K, 0.5 mmol- L™ SNP
BEF= 4 2.0 pmol- L7184 NOU EF R & T, NO
BB 7R 7K 4 B 38 B9 TR 3% 7. Bray SRR RE, 4
W% T2 il e I, NO b B MYt T 8
it 52 /138 . Carlos %61 B SNP f Btk it H #E4T T
LhFR S5 RE R, ST R A AR, NO A E YT 2
TEME M EEIBEEE 15% . FFR R, SME NO
MEEHEHEREH TR EERE 1~3). 0
FE7K 2 b B B 8 T3 B4 (B 2), 5 Carlos &1°!
B3 NO i b /N FREH R & KBNS R~
HXRHFAKSHET NOWHEHBESHAR
XA, mMSILE S, B EERER ARG
HakE.
4.2 T EHETINE NO MH AR SN EaEH
b2

BERT R EN KM —FEEN
WY AR TR EENEER
TR, FERPBENER. BB
BYEEN TR AN AN AH EEME
BRI ERRER SR EFREF R3],

TRLE 3 b, AFKE SNP L E T R

HERBRIAARFRREN A&, ZHMENO B
HEREHHTAFEBRETYRAESN, REHEY
RREH AV ESRAF TEZERGENEE
Pl Z — R RA B EEARIKR Y] gl X
REHEROSSPEREN, SR EaEXN£Y
Ko FEBINMER, 5IRIEM S AL, EH R
BETR, BRI TRE, Srm) Baimi
T, SNP X ## t  RERR A X BAE R W A B B, T
M AtEYAEEHBEMRPER. ERHINE
SNP XM i P, RAER#ER (H 4), KB
SNP LB ip#e P, SHBHAZAEZRAE
%, HBtH TR, 200 pmol- L™ 500 pmol- L™ 4
SNP 4 EABL Wi P, (5, T SNP ik E B

it 1 000 pmol* L™'BY, i P, BAR T B RBH NO
HAREHER, Sy taERRA—~SHFNE
A X—-ZREALEL RN RE a KGR~
HEINE. AR B, HE T 2 Ml i R,
F,/F,.F,/F, M F,/F, WELEFH(E S), AR A
HERENEVEREFRBER PSHIEEENT
B&, AN T 0 6 BB DA 6 B sk B O X8
B DR S R TR R BRI, TR AR
KA R A RS R, EER G TFKG M
HE CO, HER K L3R, ot H R B 0% BB AL
F=4 ATP Ml NADPH 2 Fr 5, S W[ E Kt
BHiRE. & S WTLIEH, NO itk SNP & F,
RHEW NEERET F, H, HEAIERAEEN
RN F, B LA BT 0. SNP XF 4 A gy % w2
R FE SNP 3 B 09 3% Iu i 3 . &858 SNP L #E gyt
¥ 28t | i, F,/F, F,/F, 1 F,/F, W&
ETHEY, FWEKSHET, NORE PSII £
B TR M BE, XTI T PSI HERERTE,
A AEHELAZd BN ARG EREERE
A XX FARR®BEKSHE, F,/F,.F,/F, MF,/
F,, EWIk SNP IR BRI K EREMR HEEAR
FHE— B,

4.3 T R8T INE NO X4 w0t H B3 BEIE 1
(R W ‘

T REHE T, B BEE tER AL H Y & B B
R B R E ARG R R ) BRI A
S B  ALBRRT JLF BRI Bh R &
U] AR RF, JLE B B IR A
£ SNP o3 T 28 #R R A I AR (B 6).
BERE (1 h)KS 8T, B SOD EHEH &,
BRKBFHE (3 h)BY, SOD [EE B E THES T H
#.S0D R—HiESE, TRYNIES, HHKS
HEFGRHE O, WER, ES SOD & .
I NO fittk SNP 25, SOD E4EH & &, AT
VI AK S B R A B ERER. X 568
s 24l py B g2k B AH — 3. 7E SNP &3 F, POD 1%
TEAR KA A R BB (1 h.3 h) 3 T R4 .
[FrF, B SOD ¥4k O, 7 =4 H H,0, B £, i i
B% H,0, B = E 8 POD JE¥E R EBTE (1 h) K4
Fiyie B TR, NO X POD #EtE I EMR E1EA
He6). BN ENEREHEHBERNGH
RE D 7E7K S BivaE W03 £ B K, T @8 3 SMIE NO itk
SNP W RERfRK A B G EERAP . X £
RUATNOSEMAREKLE SRS HE F- LB
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