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Effects of SA and NO interaction on root growth and chlorophyll content of wheat

seedlings under Cd stress
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Abstract: Soil pollution of heavy metals is very severe in China, especially the cadmium pollution. Excessive cadmium not
only causes severe damage to the growth and development of plants, leading to disorders of their physiological functions,
reduced photosynthesis, and reduced organic matter accumulation and so on, but also greatly endangers human health. In
this research, the growth of roots and the content of chlorophyll in the seedlings of wheat ( Triticum aestivum L. cv.
Longchun 27) were analyzed after being pretreated with exogenous salicylic acid ( SA), nitric oxide ( NO) scavenger
( Carboxy-PTIO, ¢-PTIO) , NO donor sodium nitratol (SNP) , nitrate reductase (NR) inhibitor ( Tungstate) , NO synthase
inhibitor (L-NAME) and then being treated with 100 wmol/L CdCl,, to explore the mitigation mechanism of SA and NO
interaction on Cd-induced phytotoxicity. The results showed that with the prolongation of cadmium treatment time, the

content of SA decreased gradually, when the treatment time was extended to 24h, the SA content no longer changed, but
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the content of NO increased firstly (6 h and 12 h), then decreased (24 h and 48 h) in the roots of wheat seedlings. Cd
stress significantly inhibited the root growth and reduced the chlorophyll content of the leaves. However, pretreatment with
suitable SA or SNP could moderate the inhibition of Cd stress on the growth of roots and increase the content of chlorophyll
in wheat seedlings. The single pretreatment of ¢c-PTIO, L-NAME and Tungstate restrained the growth of roots significantly
and reduced the content of NO, but had little effect on the content of chlorophyll. The pretreatment of SA400+L-NAME
could alleviate the inhibition of root elongation and the reduction of chlorophyll as well as NO content in wheat seedlings
were induced by Cd stress; the pretreatment SA400+c-PTIO or SA400+Tungstate could augment the content of chlorophyll,
but there was no effect on root elongation under Cd stress. Further studies showed that Cd stress significantly weaken NR
activity, while the pretreatment of SA400 could increase the NR activity of wheat seedlings roots under Cd stress; NOS
activity was not affected by different treatments. In summary, Cd stress caused the decrease of endogenous SA content and
the first increase of NO content and then decrease of wheat seedlings; the pretreatment with exogenous SA or SNP reduced
the inhibition of root growth and the decrease of chlorophyll content by Cd stress; exogenous SA improved the tolerance of
wheat seedlings to Cd stress by affecting the production of NO, ultimately, the phytotoxic effects of Cd on wheat seedlings

were alleviated.

Key Words: Cd stress; SA; NO; wheat seedlings; root growth; chlorophyll content
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% B BN /NEE WRR K RIAE A S5 2 R A T B 2 B SA Rl AR SEAE Y XF Cd a7
PR A2 1 YT ML F2 B G LR LA 7 1 e A0 B A A S ek YR A S A R
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1 #MRERFE

1.1 fHYIA R R

“Be s 277 S/ A HIRE R RRERE, BT 0.19% 05 ALRIETE 10 min, Pk ®k 10 b, BEE &
24 h, PRI — 1 R AR — BN RN T NeEM R (BEFR A 12 h/12 hOGIR/ B ) R (2522) C )
FEHEERFE 300 wmol m™ s7') , FH 1/4 Hoagland %532 153% 3 d J5: (1) 100 wmol/L Ay AL ( CACL,) 43 5 4b ¥
0h.6h.12 h.24 h #148 h;(2)0.50.100.200.400 wmol/L F1 800 wmol/L [ SA & SNP HikbFE/NE 41 6 h
J& , FH 100 wmol/L #J CACL i 4bFE 24 h; (3) 435 FH SA (400 pwmol/L) .¢-PTIO (100 pwmol/L) ,L-NAME ( 100
pwmol/L) | Tungstate (100 wmol/L) HAHAFR/NE L1 6 h, FEREFE 24 h; ] CACL,(100 pmol/L) e Zb ¥ /NAZ &)y
B 24 h; 435 SA (400 pmol/L) .SA (400 pmol/L) +¢-PTIO (100 wmol/L) SA (400 wmol/L) +L-NAME ( 100
pmol/L) \SA (400 wmol/L) +Tungstate( 100 pmol/L) AL FE/NF 41 6 h, 1 CACl,( 100 wmol/L) it &b B
24 h, BUNE AR E M AR, BT T PR A PR A %, 8 T -80°C FAAF A FIRse s, xiddy
H 1/4 Hoagland & FRWACEL , B SLge 2/ 0E R 3 1K,
1.2 W vk
1.2.1 SA FEANE

SA I E S TATAE Y (T vk, SR SO RO (2 3% % (HPLC) ; LA AT. Lichrom ODS (4.6 mmXx
250 mm,5 m) A EGEHE WS O - 1% BERR K W (25:75) K< 225 nm, P 1.0 mL/min, #E3R K
1.2.2  NO &l

%8 Orozco-Ca'rdenas ™ 1 Murphy > 25 )7 v 2 NO B, ¥ 0.5 g /NELNEHRAE 100 U i 8 LA
fiti (CAT) F1100 U (8 A ALY AL HE (SOD) FR#FEAL 5 min, B 25 TR ROS, ARG A 5 mL 10 pmol/L A4 A 1ML
SRR, 37°CHEE 5 min J5 , [ 1400606 B B SE 7E 401 nm AbF1 421 nm A3 B v 48 4 0218 P 6 Ak R P 3
ML2T 38 AT NO iy & &,
1.2.3  ARK AR S B E

TR BRSNS, L RO i /N2 4 AR s 4 2K B9 72 2 I/ Lichtenthaler 257 19771 B 0.5 ¢
INFEL R A f 1 95% LRI | 50 JE WA BBV, T U0 0E HR BRI 95% £ BEdE AT 1 U 5 0 , UK
£ FVEW, A IR FIE W, A 25 mL, U 5E HAE 470 nm, 663 nm, 646 nm Kb W GAE , i1 H:
Tt
1.2.4  NR 3&PERIE

P2 B8 Tian 257 BRI 2 NR BTG PE, B 0.2 ¢ ANEZLNHIAR A 2 mL $REUZE 1 (50 mmol/L Hepes-
KOH(pH 7.5) ,5%H i, 10 mmol/L MgCl, .1 mmol/L - HF AL ( DTT) .1 mmol/L 7 H 3L A il 7 ( PMSF) |
1 mmol/LAH KA 10 wmol/L BRI E K (FAD) ) , AFEE 519K ,4°C ;15000 g #5.0> 20 min, 250 pL LiE W
FA 250 L B 52 1 2% w8 (50 mmol/L Hepes-KOH (pH 7.5) .10 mmol/L MgCl, .1 mmol/L DTT.2 mmol/L
KNO, .10 wmol/ L ki AR 2204 — &R ) ,30°C S 5 min J& , F 50 wL 0.5 mol/L ZB&%¥ 150 pL 19%% i
F1150 L 0.02% N-(1-Z838) £ R R A WA 1k b, AR )5 15000 g B5.0 2 min, B IERAE 540 nm Ab
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BUE R FIEWMA S mL 100 U 1 CAT #1100 U 9 SOD, 834K 5 min, 2RJ5 1A 5 mL 10 pwmol/L A& ML EH ,
7 37°C FIEE 30 min J5 , {43066 EE B 2 7E 401 nm AbFT 421 nm AR 5E H G I8 NOS 354,
1.3 Gil==ahr

BAEIEEAT 3 RELH, ] SPSS Statistics 23.0 ,Origin 2018 il Adobe Photoshop CC 2018 Xif SZH6 4 # 4 T
Giitop b RO HAER, P<0.05 FnA g AR,

2 HREHH

2.1 Cd B x/NZ 4 eh IR SA F1NO 5 2 B 52

1 AT LA 1 /N AR R SA S AL BOR R Cd AbFRE B] 9 2B 2R T B, 50 B
AEPE 6 h FI 12 h B SA &= SRR T 15.8% F1 39.8% , kb BRES (6] & 24 h 1 48 h B, 73 BIFEAK T 65% Fi
63.8% , N LA H SA A& F A AN B 1] 4 2 [RD 00 W 25 22 5 i 1] 1 el DL 3, /N L R IR NO &5
T B IS [R) A9 S K S B T R BRI A B 3, S5 X BEAH EE L 100 wmol /L 1) CACL, Zb BR S | /N2 4l B AR Hp Py I
NO F & BAE 6 h Bk SRR, S0 HRAY 1.5 £, 40 FH 24 h #1148 h J5 , HAR H N I8 NO & 2 B AR T0 1R, 235
RAARG Shy T R ) 83% 11 62%
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E1 100 pmol/L j CdClL, & IE/NE L E AR E R EEEHRF SA F1 NO SENT
Fig.1 The changes of SA and NO content in roots of wheat seedlings treated with 100 pmol/L CdCl, for different time
SA; K#IR Salicylic Acid; NO; —%4L% Nitric Oxide; [ H4%5/NG FHE 278 4 A i E] 25 57 . 3% ( P<0.05)

2.2 SA FINO X Cd JHa & /N2 4y i) 2 fd A

B2 ATRLE H, Cd AR SMIESS AN [V B2 1) SA R SNP FALHR/NAZ 41, B SA 5 SNP R B2 A 34
T, /INZE Gy AR R 2 R 5 i B R BLSE T R S BRI A R 3 FLAh BRI 400 umol /L SA 1200 pumol/L SNP 15
AEFEXT Cd I A 22 R RCR IR AT, /INAZ B AR 2 38 5 it BEA K & 1 7K, 400 wmol/ L SA FiiAb # 5
H R S EEERE TXHR, 2 5 HE SA 50 SNP ¥ A T1r AR R4 25 4 B 44 B 35 AR
2.3 AL FEXS /N AR K AN R NO 75 5 52

W 1 Fros, SRIRAH L, B0 ¢-PTIO \L-NAME Tungstate 7i4b B 5 35 B AR T /N2 4l B B9 AR | T % 3L
W2 2 B g AR R, BEAh, B0 400 wmol/L SA THALFR{f/NAZ &)y i N NO % 1t B 3 T =7, I 870 ¢-PTIO |
L-NAME Tungstate T4 3R R4 5 HAR B, 5 90 R E B EHE, 78 Cd AT NS N 400 wmol/L SA il
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Fig.2 The changes of root length and chlorophyll content of wheat seedlings under 100 pmol/L CdCl,stress after being pretreated with

different concentrations of SA and SNP
Cd: 100 pmol/L S fb## Cadmium chloride; SNP; fifi%4H Sodium Nitroprusside ; [l H &/ INE A 78 45 b 3 7] 22 57 I 3 ( P<0.05)

REFEINE B AR A B, i R AT R NO A9 & 75 21 1 2 38, (B2 AR SA 95 UM 8% c-PTIO A1l
Tungstate FTH], &SN L-NAME XFAME SA 09375 S 2800 JL-F A 520, 7358, 550 400 pwmol/L SA Filkh
FHAHLE ,400 pmol/L SA FALFEfH Cd ki T /INZ 4l SR B AF AR R A H (ER SA X Cd Jiia /N 4
R RPN AE AN ¢-PTIO F1 Tungstate THALFR S 9% 86 5

£1 FEILETNEDERK (cm) BIHEE (mg/g Fw) MR NO & (umol/g Fw) HEEHL

Table 1 The changes of root length, chlorophyll and endogenous NO content in wheat seedlings under different treatments

b (SN AR R i NO &
Treatment Root length Chlorophyll content NO content
CK 5.08+0.05d 0.91+£0.07e 0.51+0.05d
SA400 4.91+0.10cd 0.89+0.02e 0.86+0.06f
¢-PTIO 4.70+0.15b 0.81+0.02de 0.34+0.02a
L-NAME 4.82+0.07be 0.90+0.06e 0.44+0.08bc
Tungstate 4.76+0.14b 0.76+0.07cd 0.43+0.03be
Cd 4.12+0.05a 0.55+0.06a 0.43+0.05be
SA400+Cd 5.07+0.04d 0.91+£0.03e 0.66+0.06e
SA400+c-PTIO+Cd 4.16+0.04a 0.68+0.10bc 0.37+0.04ab
SA400+L-NAME+Cd 5.05+0.06d 0.90+0.03e 0.61+0.04e
SA400+Tungstate+Cd 4.20+0.06a 0.64+0.07b 0.43+0.04be

CK: XtHH Control; SA400; 400 pmol/L K A% ik Salicylic Acid; ¢-PTIO; 100 pmol/L — A A B F Nitric oxide scavenger; L-NAME . 100
pmol/L — AL A S BEEN 5 Nitie Oxide Synthase inhibitor; Tungstate: 100 pwmol/L Til§ 2 3 JE 4 559) Nitrate Reductase inhibitor; Cd: 100
pmol/L Z4b#3 Cadmium chloride s e PE—3AS [ /NG PR e s 4% b 3 ] 25 S5 I 3 (P< 0.05)

2.4 SA X} Cd M1 F NR il NOS P (5%

E 3 AT AE 5 B HE, B AR 400 wmol/L SA FiAL R 15/ NEZ 4R P NR (035 B & T N
XTRERY 2.4 £5% MM Cd ARFR I A0 T NR B3GR % A 81% , TS INAMIE SA Ttk 34/ 3 Fh 4
VR B B M2 R, SRR BE R NOS B3d M (& 3) Rz,
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Fig.3 The changes of NR and NOS activities in the roots of wheat seedlings under Cd stress after being pretreated with SA
NR: iR % J5HE Nitrate Reductase; NOS: —% (b A & Wil Nitric Oxide Synthase ; 8] FP 4% /N5 R 36 7R 4% 40 F1UA] 22 5 . 3 (P<0.05)

3 Wit

3.1 Cd WA F/NEZERR T SA FNO S Ery ARk

SA I AFE TR RN , AUAER Y AR KR B b FE AR, i EL B A% 38 2 o8 5 45 3 AR 3 2
T A ARG 386 58 Flp e XA A 03 0 L e A @I R, SA T DL i B A T 4 T A R 4 s 5 LS A 2
IFAE ROS 43+ , DRIk DA T 52 1o Al 400 6k 0 4 Jad ik A i A2 1) S R S5 0 i g R B, Cd i 5 B i 25
SA it W E PR, X HA SR A RAR L, ASWF5E b B Cd B ob BEAS (] A S /N L AR SA i 2
BRI B (E 1) ATRe Ry H S Cd # A, b T Cd Bria gl IR ROS 40, M5 3
SA R FEIR,

NO SZW Y AR AL B 1 SR 5 70, RIS TE 2R W0 PR35 N 4R et 9 1E & 19 A B A AL %
3y, NI SRAT 06 ol 18 BRI A TR 52 86 7 7400 0 BIRSE B, 48 (AL 55 T/NEE AL TR 52 4 A Jian- 864 H1 NO
o R AR A X R K R AEAE 3 h BEISAE 6 h TR, 12 h F1 24 h B XOOFEG B B A TR
PR R X FP R NO 5 2 B RIS X T/ N2 i 32 AL i B A #2053 S R FEXT AL Bk
(R /NZZ SRR O R R BLSRIAER A  BHAR IEE TR R BRSUA BL 4, & AR R S O B B AR S R
JEE AR B B R NO &8 BIAEAR AL FE 24 h F1 36 h I S5 S5, B Fifi 265 ) 1) A I 328 7 ARG X o
W R 5 FAE AR R NO B 0] AR 5 XA 32 A 0C . A S 5638 2o P /N 22 &)y i A6 R [R) s ) Cd
AL YR NO B B 2 B, NO S 5E7E 6 h BHAH HL X R B T 1 B SRR R (I 1), BRI, ARBIFSE
16 h B NO & iy s al geXT /N2 HGHT Cd A e B R EZ /R,

3.2 AP SA B SNP FlALFXT Cd Wl T /INAZ G P AR A B it 25 % 1 152 )

KRR R, YA S R REE W T (BUR s+ R 55550755 /DB 38 3 SR 7 0 22
Yy I sk A MR R B AR BB 3 X 8 VK AR R T 320 . — R MR AN SA FAR B AT DL Cd JBhan X) 3
AR AT AR e HAR ZE A AR K2 S A , AN SA o i R 8T Cd Wl B ERG i 094 K 3 T
A SRR AL, ARSI TP ANR AR — 2 MR B (1 SA W E R IE TN AR B AR K IRl AR
R ER(E 2) , HA Ll 400 wmol/L SA TANMRR AT, 7T WAME AN SA REFEAN/ N it A Cd iy
B EE R, UL Cd E T SA XN BA MR ER  BEX A R E 5 H & BB A,

VBTG , A 8 3 SRBE R, SRS I A o T A R R AR R R AU B 5T
B, Bk PhE T AME A NO 75550 BB 2 (2 2F FoR B it R0 & T, IR G ARG FL AR 3
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0 NS 25 M3 I 1 i 5 A A P s A, 38 B BE 1Y) SNP AT DAt 2 G Cd a8 S 300 R AR A e
T2 28 B AR AR , (EJE 5 SNP e B ok g W) 2 A A FRAS S 38110 AR S 8 tho 45 S0 AR R 0 285 5 4 P —
JEWRFERY SNP FALH/INAZ 4, Cd e T HARA S-S 28 5 it W 25 e (81 2) , HiA L 200 pmol/L SNP i
Ab PRI R A, 2o v v R D g R R AN O 8, 156 — 2 R B A MU SNP BERS ZZ A Cd e Xof A 4 A 4 B 4 il
YEM .
3.3 Cd AT SA 5 NO TARMIZUNM

NETE R, SA FI NO X HAEMS S THYNF LA R, Fan Ji 2577 BF5E iR, SN SA v S
PRI o NO K™ A, T IEZE M 32 TR R NO D)2 foff ok i 48 22 38 R s 55 , SA LB i NO AH B
VEFI MRS A GAFLAYSCH > bah  ZERRIEAS A0 & A R AE AR B4 77 A DA A AR e 2505 T SA
NO A & BHMBER Y AL H A Cd Wl PR EWAFAEEM AR, ARBF7E &, SN SA Wik
PHAT 5 25 SR R Cd W 3 B /N 22 4 B AR A I8 B 4 23R B R AIR AR DL, T X AR 2 A A 208 e-PTIO 5%
Tungstate T , H/NEGHAR T NO &2 A8 b 5 AR (2 1), XS8R ULl . 78 Cd JBhE T, SA #1
NO fEAEE —EMAHEAERT, H SA XF Cd Wi N /N2 4l i X Al FH T B2 R 2 T NO & Al

YR NO A& N 3G B 5 AR A & 42, NR 1 NOS J2& W R e Y B2 Sk TR, NO #9-8 ml ELA iy R4~
BEHEAL , Z RS 45 AR A E) R A AR 26 AR 5 25 DR R (R s i 0 /NZERE AL e i i P NO 2 P
NR S =AY i 595 S =5 NO & it #2 7, NOS Al fig R 5 B R EA/EASY . mihia T, 4h
VRSN SA $E 7 T/KREHR AR NR TG R NR 25T SA % S AR R NO A& L, AHFFT (15 £ AH
LA S A5 R SN N SA A 3H/INAZ A LA B AR v NR 36 1 b 25 7, 10 NOS TG PEAZ 52 (151 3) , & W]
SN SA ST Cd A F/ANE AR NO 59724, HONO -4 UK T NR 3842 X Rt il LA E— 45 1%
Tungstate ZLFE T NO & & AL LT E (K 1) .

4 #ig

Cd Bl S HU/N A AR NI SA & BEREAR, T NO &5 5 5E TH i J5 R A SR SA = SNP Fiikk B AT LA 2%
Cd BB X /N2 Ay B A A A P T 38 T 4 2% A 25 Bk AR SA S E A NO 87 A2 T3 g /N2 40y i
XF Cd WA T 52 1 B2 G2 T Cd R/ N gl AR AT A
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