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Abstract; The dry-matter accumulations and osmotic substances soluble sugar ( SS) and free amino acids ( FAA) of
Triticum aestivum L. shoots and roots, as well as water and osmotic potentials, gas exchanges and chlorophyll fluorescence
parameters of the 2 leaves numbered from top to down in response to the signals of NO at different concentrations were
determined after they were treated with SNP ( NO donor, Sodium nitroprusside, Na,Fe (CN) ) at five different
concentrations ranging from 100 wmol-L ™" to 2000 pmol-L™". The experiment was conducted under controlled conditions in
laboratory. It showed that at different concentrations NO had different effects on the growths of the shoots and roots. At low
concentrations SNP significantly increased osmotic substances of the roots at the beginning, but it had less effect on the dry-
matter accumulations of the roots. After treated with SNP at 100 wmol-L ™", the roots significantly increased their SS
amount to be transported into shoots, but after treated with SNP at more than 100 wmol-L ™", the leaves decreased their SS
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amount and dry-matters. The content of FAA was maximal in the treatment with SNP at 200 pmol-L™'. The regulating
effects of NO gradually declined with increased SNP concentrations. The dry-matter accumulation and osmotic substances of
roots decreased in the treatments with SNP ( at more than 200 wmol-L™"). The shoots were more sensitive than the roots in
response to NO signals. At low concentrations (100 wmol-L™") SNP significantly increased the P,and decreased the Gs of
the leaves so that they accumulated more dry-matter and the two osmotic substances (SS, FAA) , and increased their water
potential and osmotic potential. In addition, at low concentrations SNP maintained the PSII reaction centers open (¢P) ,
and increased the dissipation of excessive light energy (NPQ). The effects of NO on the gas exchanges and chlorophyll
fluorescence parameters were concentration dependent. Therefore, SNP significantly promoted the growth and regulatd the
physiology of wheat seedlings at 100 wmol-L~'. Hb is a NO inhibitor, and NaNO, is a by-product of SNP. The experiment
proved that NO signals the photosynthesis of wheat seedlings in SNP.

Key Words: Nitric oxide; osmotic substance; gas exchange parameter; chlorophyll fluorescence parameter; concentration-

dependent; wheat seedling

—# A (Nitric Oxide, NO) Z Y —FpIER M ER SR FENES 5. MPEAN=4 K NO
AMUBEREE R ST , B4 K IR T E08E R I8 H A FREAE . NO Sy i i fls
B EEAEMCESERAM THE 2 5RTHYNER RTNE LR, BRBEZMAER
BiAE MR RS NO BARIVER, Bk NO BRIk TS S hee, A EwEs" Y, Rk
9 NO 7EAE Y IAR BT B P RS & R 3 R BN /R, LR /M SILI R, i i R RS I &K
B8 Yk NO( < 10 pmol-L™") R4l T HMGE C WAk, B AR B-Cl KEHEABEHR -
T1%3%, 1 PSIL i) 8 F R0 4t 1 75 5 W 7K, 4 2 8 AC i % 38 A 49 o AR B WA T 4% g BEE B i |4k
ﬁ%[1,7,9~15] o

NO 7R WA AR P B A R B B8, A AN NO RS 5 TRANESHSNET,
HRXTF NO BES5TRABEFETYRNTE S TR E, K L3 NO 558 RMHLE 5 NO %
R RRERZ A RIRE, BEil, AR5 A F R E ) NO fitik SNP (RS E4k & AL41, Na,Fe(CN) ) X =
—OHAR/NE R, B TEHRIIAFEKESMNE NO [5x4 MR REBEE S  AERFBZHTYRLY
e, TYRR B EOCARE /I W m , BIs% MR NO JLALE#/NE SR KA BN R ERE , B MRS
BEITRES) , R W AL 3 DA RO R R ) 45 SR AL AR
1 #EERE
1.1 dE 5403

/N R R/ ME 22 ( Triticum aestivum L. Var. Xiaoyan 22) ,FE MR T2 3% WE/KHETE 5 min /5,
FRBEFKMEET#,25 TR 20 h 57625 CHEBMANE H#E, G EIEH SN F B TUE,
VHEHABRKEWOHB R RFEEIRE . ISR IK—K, G E 245 174 Hoagland, HHKZE 1
M 1O, ERKEH SN TEREE 20 cm x14 cm x7 cm BB SN IEF . SIEI7E ZPW-280B HE YL 75
PIFE 1/2 Hoagland BFHW K3, B/ IR (25/18 C + 2 C) iR (400 pmol-m >s™") YR (60% +5% ),
BFAANEK 7d 5, 8 H 4 Hoagland EFWIEF, M2 # 1 RKEFRK, BRXES8~10 h,

ARARAFERRLE . BIEHREA 6 AF NO Atk SNP( WAL BN, Na,Fe(CN),, T [H) 4b#: CK
(Hoagland EFE¥) ,S, (100 pmol -L."'SNP) ,S, (200 wmol -L~'SNP),S, (500 pmol-L™"SNP),S,,(1000 pmol-L ™"
SNP) , S, (2000 ywmol-L™'SNP) , skt SAEH 19 SNP J5, #E 1T R Hid %, BEIEH Hb(4MmaEH) N
NO MBI, NO ZEfkpg &R NO; 177, BRI NO f 3% R (Hb) A1 SNP (9874 (NaNO, ) Bi->4bat
Y& SNP 3 i85 4 b3, CK:Hoagland; SNP;100 pmol-L™'SNP;SNP + Hb:100 wmol-L™'SNP +

hitp : //www. ecologica. cn



304 £ K5 % K 28 %

2.5%Hb; NaNO,:0.2 mmol-L™" NaNO,, NO 7Efk P& i % NO; ,100 wmol-L™" ) SNP £ % etk i, 1
wmol -L ™' NO; FyBIF=4""", A% 0.2 mmol-L ™" NaNO, i, fF4hHiKZE 3 i 1 Do, Bk s —Bfg
FREFEAR TR AR, R B R ERERR, B HEER 3 K, IBaERKANNEREEAR
¥, BREHREFR RN RIERNE,

W44 Na,Fe(CN) ;). NO 55 A 48 /K BL R 40 mmol - L' {9835 ,4 C T RBEFRG, N % T H W E
k.
1.2 MEFRE
1.2.1 AYEHNE

7e SNP 43 ET S4B 56 6 RFATAEYE NI E , ¥E R EERAH T E 2 IF, BRKMEE3 WK,
BAKVERE T, PRt E 5,110 CRES min [FT 80 CHTZEE, BMBEERERE 15K, RERITELATE
KRt o
1.2.2 FERSEMNAHEEESENIE

7e SNP 03555 2 K 9:00 ~11:30 Bk, B3 A RN, B MO EEE I ANER, A HEAE
TR b G B R = B (B BB AR R A ER Y s g,
1.2.3 W FKEME

7e SNP b3 /555 2.4.6 KIY 9:00 ~ 1130 BUHESE , B ML 3 NEE , BN EREEKEH SN L
H8 =M, B WP4 88 & /K#{X ( Decagon Devices, USA) JEM H/KE, MFTHIHS ~ 10 min,
1.2.4 MHFBEZRHNE

BB S E B Sk g FE], mBEKE S — Sk EREI T, M RBUG ST -40 CTRHR
7 8 h, Bhyk/5 A 5520 BIZEIREB B EAN(Wescor, USA) MIEBES . HHHRAKXRA ¢, = - RTic, X ,R I
PR H, B 0.008314 ;T PLRIREE, T =273 +t,t AR ;ic HPMEESH RIS B RE /KUK E (mmol-kg ™)
1.2.5 R SEZ®BSEHNE

FIFH LI-6400 &5 % &% ( LI-COR,USA) 71 Y¢5R 400 p,molom'zos'1 JBRE 25 CTRFMER M8 ts
HAE(P,, pmol-m™s™") FSILFE(G,, mmol-m™s™") , WEHTH] 3 FIFEAL TG S5 2.4 16 KK 9:00 ~
11:30, M EHEEE 4 K,
1.2.6 MRERIESEHNE

FIFH FMS2 Jik b i X5 6 {X (Hansatech, UK) WRE Fo F,,F',F' o B F 555556250, W &6t ][R <4k
ZHBH E N E, BRI R i R E 5B S R, WE R, BRI E (2
mmol-m s ") MR F,, i/ MK ERE 0.8 s, WE F,, AL G, 37T & e fkik
206, B 30 s RS 1 WIRFAKORIE F',, R ST RO RS 3 s E Fo, mCE G,
HIATIOUEE, F R F— MBS E .
1.3 Sitath

¥R A Microsoft excel M HATLE, i SAS Gt 84 #H4T401T 5347, i Duncan’ s FiERZLH#ITTE
I,
2 GBR54H
2.1 YHTYRAREMSERAEL

A[EIHREE SNP ALFEXY/NEH ERFBAE YRR BANEMAENEHEZR(ER D), U S ABEBURELF, I
CK 435311 39. 2% F145.9% (p <0.001) , SNP ¥ )& & TF 100 pmol-L™'j5, kW BREE FTHHE. K S,
REBH/NE BAE YR b R ERAE MR 4 B LR BRI 38.2% 1 43.5% 41, S5.S,0F Sy A BAE Yy &2 i
EEAER SR, TR 19.3% .19.4% 15. 7% Ff122.4% 21.2% 17.8% ,

AR SNP ALHF/NER AT YRR BBHFEHBER(F 1), S, S48 55| Lk CK AL 3% N
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5.8%F0118.2% ,SNP ¥ EHF 200 pmol-L™' /5, IBA T Y RN RS TS, NERE XA E SNP
AL PR e B BAFTE R B 225, S5 S10 M Sy 73 A HEXTBRER I T 20% \10% H1 15% S, 1 S, AL BRI /N2 AR e Lb (B
ZET CK, K LL S ab B iR E Hu g Ao

H LT DL, AR BE 5 SNP REHA B R ML AR 9 B AR W B, BRI AR ARG 1L, SR R T iR B ma A
B,

£1 FERE SNP LEENETHURHTVRERMSEHEL
Table1 The effects of SNP with different concentrations on seedling growth of wheat
HHRTE W ERTE BRRETE

Treibh%ent Plant dry wv.iight Shoot dry wc_eight Root dry we_ight thj/ﬁ;:llfmt
(mg-plant ™) (mg-plant ™) (mg-plant )
CK 102 +40b 85 +30b 17 +4ab 0.20 £0.06ab
st 142 +41a 124 +41a 18 +3ab 0.16 £0.05¢
s? 141 +41a 122 +40a 20 +6a 0.18 £0.07be
s’ 82 +23b 66 +19b 16 +4b 0.24 £0.05a
sto 82 +17b 67 £14b 15 +4b 0.22+£0.03a
s20 86 +15b 70 +70b 16 +3ab 0.23 £0.06a

FINBEARFRERERE 5% BEKFE Different letters within the same column indicate significant difference at 5% level

2.2 MAEBERETREHEL

AR SNP LBERG/INE M KEAFEZESR (p <0.05) , FFRBUH BB KWK AN B (18 1a) o SNP
AEFEIEE 2 K, MK EEIREARAR AN SNP By¥R B 2 FURE ¢, BE SNP ¥k BE 1 38 it 7K S BEAIR , X P e 35 e Ab 22
BRI ER R IE A S, S ALBESE 2.4 KFI%E 6 R KE 537 L CK 81 38.6% \33.5 % f119.8 % , 3%
B/ MK S AR KRR SNP ARFREHA] B SR TR SR . AIEIVREE SNP ALBRF)/NE M F B B R H 2B LRI K 21y
A AR FEAAR L (B 1a, ¢) , FHLL 100 wmol -L7'SNP(S, ) MBI RREITF , S B BRI B & = Fxt
B, BANRESE 2.4 KA 6 RAMHI LS HR#ER 6.2 % .0.5 %M1 5.6 %, SNP ¥ & T 100 pmol -L~" b3
G, BES R TG, FHILHBRKE R SNP %E T iy K4 RE0L, O B SNP 245014, K 1b KT
SNP + Hb 4038 5 SNP A-EUAE LB B FEAR T /NE 4 i 1 7K 3, NaNO, b BRI 7K S T3 FRAL 3, R e
BAH SNP HIBCR o

ANEHRE R SNP Ab3E , M R RERER S B EARIAF (B 1d), SHEERTERT T RB.9%,
W BE AT 100 wmol -L ™" fy SNP AbFHE , M-HEMR & B HRGEMEZE XTI LL T s RFIW ) SNP A HSRE M-S
B R R AR R ,200 wmol -L7'SNP SR A BRI B R, K3 BFEE SNP W& AR i kg
o KW T 100 pmol -L~'SNP BE N T H-ir B MEMI T E (p <0.05) , MR ARER ST ENEWLE
E 3¢

100 pmol-L~'SNP 4bFRHT ,/NEMF R R AIVEMIE S B BE W T RAE, S, AbFRAY /N2 v T VA M b
HEVE WIRIERT 35.6% (p <0.05) . 34 SNP ¥R HIF] 2000 wmol - L™ i, M- HT W Mok & B LSS IR T
W 51.3% (B RA [ Uk BE B SNP Ab B G /N2 1R R AT VSRR & B BB i i A, b S b B4R T
30.5% (p <0.05) (& le) . SNP ¥R T 100 wmol -L™"j5 , AbFHR RG] VM0 & B 50 IR HLAR A AR
JE B, BB 100 pmol - L™"f SNP {235 T A ¥/ P4 R Mol B 38 , B0 A BB B8 8 TR &R

&l 1b RAEffE H B £E SNP & B 2L b AT 5 ik, 3t 4 ME 4B, CK: Hoagland; SNP: 100
wmol-L. ™" SNP;SNP + Hb; 100pmol -L ™" SNP + 2.5% Hb;NaNO, ;0. 2mmol -L ™" NaNO,, AbHJ555 2 R E
TKE,
2.3 Wi P GHIZELL

&l 2a 8,100 ~2000 pmol-L~" SNP W FE Y, /NE I A 1 P, BEE SNP WK MO N2 T s, 408
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ﬁﬁ%ﬁ ,Sdﬂlﬂm Pnﬁ%%ﬂ: Sloﬂl Szoﬁtﬂ(P <0. 05) ,ﬁﬁ
Sloﬂl Szoﬁtﬂﬁ%ﬁﬂ:Xﬂ‘ﬁﬁ(P <0. 05) o SJUZ}EE% 2,
4 16 ForRI A B 7.9% .0.8% F113.6% ,[& S,
ANFRIEEE 2.4 R FI LT RIEE 5. 3% F13.0% Z 5,
HEWE R SNP L85 P EMET X R, #l30 S,
N Sy H G P, BE TR (p <0.05), H S,y
REFR LY S o AL T T R IR BE Ko

AR EE SNP 435 /NEM f GIRBER B EF (p
>0.05) (BREE 4 RIY Sy /LB E = T3 LUSH) , bl
AHEEERK G2 BE EA#E(p <0.05) (B 2b),
S UG EE 2 RANEE 6 K, Mt h G4 Bl Xt R F 8w
T2.1% f121.0% ,% 4 RIGTF I, SNP A0HF5E 2
K, fEE SNP ¥R EHEIN G, T B, S, S5 Si0 A Sy ALH
JEM R G453 B W st IR 7. 5% .32. 6% .27. 8% FI
40.1%,

2.4 M MSERIOCHRFERNEL

S ALHUSEE 2.4 RS 6 K qP 43 Hexd B3 T
0.1%.5.2% 15.2% (& 2¢) , BB SNP St/
MR qP AR R (p >0.05), LBEH2 RP, 4
SNP ¥ % #83 100 pmol - L' J5, M i qP BT %
WHJEEE 4 KA 6 RE oP HIRA T, BERAZE
TRIEE 2 R qP,

A[EHR B SNP X§/NE - NPQ W mafF7E &
EZ7(p<0.05), HBZEMT CK A3, 7R3 (5
2 X),NPQ FEE LW FEI M BB L AE T B
B, WHFE 4 RAE 6 K, AWK E LR 2L IELF
HREBWE TG LA, BE 4 X% 6 XA
WAL NPQ AR, 5 oP BB EE—3, H
LS, FREMIEE R/,

3 itig

RV E NO RIVE MBI EAAIXT O, FEHES T
(ROS) B VS BRVEF, T HAE B A S AR E KN FE
=, NMEARPYER; mEE NO 5 0, MEMAEHA
BREMSEEHRAEF(OONO™ ), FE& Rk Fi
JETE A R E A 1 i LA B2 (HOONO) |, ¥ A=
YIRS T RS Shee, Ba i,

&l 1b 1 3 25138, NO By#p 5% Hb b3 )5,
SNP #W N /NAE K ZRIE-B BB ) S AR B n B PR AE
FRIEZR, [RIHE SNP B 7= ) NaNO, 4 35 /NE i 1Y
K .P, Tl qP JLF LIRA AL, B A LAHEN SNP &
N Z NO EEYE,
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Fig. 1 The effects of SNP treatment with different concentrations on
wheat leaf water potential (a,b), osmotic potential (c), free amino

acid (d) and soluble sugar (e) content
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PRSI DEY
Photochemical quenching parameters

W ]

ERUFRREZR
Non-photochemical quenching parameters(NPQ)

Qb PR %L Treatment days (d) Qb PR %L Treatment days (d)

B2 AFEE SNP LB /MENALEEE(P,) SILRE(G,) SR KR (¢P) MR K RE(NPQ) HR
Fig. 2 Effects of SNP with different concentrations on photosynthetic rate (P, ) , stomatal conductance (G,) , photochemical quenching (¢P) and

non-photochemical quenching ( NPQ) of wheat leaves

N‘éé 12 - ﬁé’ 1.00 |- ]

\é/é: o é;‘j 095 - BZ % % ?
% E 6| 52 % / % %
ﬁi’% i‘i’s % / / /
jufg N -ﬁé 090— % % %
& 0 | ! §0.85 é é % é

KbFE Treatment KbFE Treatment

El3 100 wmol-L~' SNP X/ K ¥bE (P, ) MG ER KR (oP) W
Fig. 3 The effects of 100 wmol-L~'SNP on the photosynthetic rate (P,) and photochemical quenching (gP) of wheat leaves

FIARIAER Hb 35 NO il 7, NaNO, 2 SNP 1 BI™¥7 . b TIERA SNP iR/ MRS BOLS W BTRE NO, AR R T 4 T4k
¥  Experiment proved that Hb is NO inhibitor, and NaNO, is by-product of SNP. In order to prove that the substance of SNP signaling photosynthesis

of wheat seedling, the study set up 4 treatments

CK: Hoagland; SNP: 100pumol-L~! SNP; SNP + Hb: 100pmol-L "SNP + 2.5% Hb; NaNO, : 0.2 mmol-L "' NaNO,

AREWGIRR A FWEE SNP AL /NEAE TYRRB(R D) KRR M AHBERTES (B 1)
RANRKREREMRIEM . EWHKDFMET, MIKER SNP 4SRN BER T SHEYHB MR
KB ER T YR —AE A R QBR8] , U4 AR S A /NE BB R T RE S , e 24
HAEK(p <0.05) ™, REMARMMBRZSMFE S RBURAIIAL, NO XHR R E I R —E W
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Vi B0 , (B AR FE T AR R U B TR T VA MM (T 1, ) 2598 9 VA1 W0 R e B OB S S i 1 B B o
TR TR R R E NO (55 5 R M R LG AR , B BB A WA NS SRR s R
YRR IR R B IR T — RV AL, H i S B R R & B A TR AR
ZMMLEB BT, B, T/ RSB AT YRR IR SRR TR RS, TS B
FREAE AR R .S TS EIIE R IR F. SR NO XX 5638 7 Y15 i 50 40 L K NO
TERE AP T B 1 T B — 2B

1R FEH) NO I T A ANKS BRTYRN G ], —EBE L hlBES THHEARIBT TR
MR, T/ Bk & BRI X e ae AU IR 4L BE . ERASKMT 6—ERE L
R IR 0 O A FE PR LUBRINEAT , SALEO X RR T HLBRE A A T HEAT BBk Rl k. B BLAR Y B9 SNP
(100 pmol-L™") Xf/NSE M H- P, G, By LA 25 T[R4 7= 400 W7 ¥ 0 o 38 , {3 9k 3 #8100 pumol - L' i,
I} B P REZ SNP AbFRYE 3 INTH T, W BB S R B B2 TR, RmHEHE B 5 NO (100 ~ 2000
wmol -L~" SNP) 4bHHJG oP HY3ENA NPQ R FFE (& 2 ¢, d) YiHA T — e e A R B WIS 1L 4E PSIL T 4432
%, ISR X YGRE TR R B8 73458 , — SRR 34N T PSIT R @R B G AEF Ttk T 1558
I ER , 4 PSIT SR FFLOAL T FFHORAS , R RS TS Ikt iR RErORERLRE S . T VR SNP AbBRfH /N3
i F- PSTT AN 1) PSIT 52 57 A 0 B IR S S B, ik 3 v 2l F R R B X SRT AR AL 45 3
AREHRE 7 Tty TAEAI RSN A K SR 22 T3, 7P A AL I R B 1 Ttk — R
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