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Abstract: The effects of root abscisic acid ( ABA) signal on Na® transport and photosystem I
(PST) in Jerusalem artichoke ( Helianthus tuberosus) under salt stress (150 mmol - L™ NaCl)
were examined by applying ABA synthesis inhibitor sodium tungstate to roots. Sodium tungstate
inhibited ABA synthesis in roots, reduced root Na” efflux, and increased the efficiency of Na* trans-
port from roots to leaves under salt stress. Salt stress increased leaf Na® content and did not affect
leaf membrane lipid peroxidation, PSII reaction center protein and PS I maximum photochemical
efficiency (F /F, ). The inhibition on root ABA synthesis significantly increased leaf Na* accumu-

lation, aggravated leaf membrane lipid peroxidation, impaired PS Il reaction center protein,

decreased F /F
to reducing leaf Na* accumulation and preventing PS I oxidative damage by inducing root Na* efflux
and inhibiting Na® transport to the aerial part in H. tuberosus under salt stress.

and induced PS I photoinhibition. In conclusion, root ABA signal was beneficial

m
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JBETE TR ( ABA ) & — i 4y vl 37 395 455 3 ) o
SOME | BRSO BN AN A E S JT A AR
(BT R N, BRI AT ABA {55 R 8 38 i 7
T ALIT R, MR 28 B AR s oK g Uk i
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25 (Helianthus tuberosus) ¥ 24 VEZ% , o Bt
EE M) T IR E R AL 2 ARG
LR 3 HA — & i EhRE 1, AT H] TR il
PRt A . WF5E R, #h Wi n] S8
MR OGEVE R FLBR ], S A0, S = AR e A
ABA FUEIM BT ARTE A TR R
) ABA 55 2 HZ 5% Na' iz, LUK i 18 Na*
XHCEVEREEHE VERPLEE, AW 4 AR it
F ABA & U — PRI, S Afr e X 48 =E AR
Z Na'SME Na' [0 1 5 19 5% 12 R 50 KPS 1T Y52
M, $E 7~ 2 AR R ABA 15 5 B8 B T8 E 1EH,
RTEER PG 3G PR R 2 5 %

1 #R5E7EE

1.1 MEPEEFR S

W4 R ZE TP 78 R AT VD AT FLIBRHL (4h
£ 10 em, /5 13.5 cm) H, JR R RHE S, T AT
S 538, B/ R0 RN B 4 0 R 25 ¢/
18 C M 70% , Y5 A1 o~ 12 h/12 h, JE5s Sk 400
pmol - m?-s', BERFE, KA Hoagland =
FRW(pH 5.7) GelE . K —DHJE, R HK
P T h 4 4B 5 A EEAN RS
B2 A TIAL 3 AN A T3R8 AR R (CK) (RS IR M
FiUA B 5 ANEA T R 30 AR PR | A 28 R ) Ak B
{HHEATER A (150 mmol - L' NaCl) B K (2891
FRFAL B BEATE A (150 mmol - L™ NaCl) FAH

PR ERACFEAET 1 d, B ABA G LY L — PRSI ) A
FR4H (1 mmol - L") I FRUG DRFERL IR, 5 ¢
WA NaCl FHFERALB] | A K38 50 mmol - L7
BT AL PR (150 mmol - L) J5 , FEIFEeAbFE 4 d,
B R — RS, A 2 1T, FE SR IE ik
PRI O A R o B R R
FHTF 45101 L BRAR BRI 5E
1.2 JUEZGEM AR Na® B9 & & LA Na'* i | i

25 mL REFKINBIEH 0.1 ¢ THER 7 5
WA, ZW 2 h, R G ES] 50 mL IR,
TRV 25 B KA R 50 8%, FH R IR o B it
(TAS-990, Jt50) M€ Na* &4, i+ M & Na' [
W Fr 158 R = R BRI B Na™ i) /
(MAFEEXRA Na™ i)
1.3 MDA H,0,F1 ABA & & il

¥ 0.5 ¢ Brétnt i WA FHHE, - F S mL
0.1% = 5 & TR (TCA) b 5] K, B L (12000
r+min"' 10 min) B P, K 0.5 mL i 0.5
mL R B0 22w (10 mmol - L', pH 7.0) F1 1 mL
KI(1 mmol « L™)i&& , M%E 390 nm WG 1154
H,0, % s ad A0 O b 2 iR 2 2 5 T —
(MDA ) F5 i, Wi it S AL AR e

Z: M8 Lopez-Carbonell 257 iy )7k 6 0.5 g AR
TEWA PO  BEJS7E 3 mL &4 0.1% Z R 80%
FEE A3 B30 (12000 r » min™', 10 min,4 °C) B
I, FIE W 0.45 wm B VUG 2K IR kB
10 ol V8 T A 1 R0 €20 3% - 5 3 56 FH AY ( Ther-
mo , Waltham ,MA , USA) H1, (%A Hypersil C18
FE(4.6 mmx 150 mm; $i48,5.0 pwm) , i s A A&
0.1% .8 (HCO,H) 7K (A) F & 0.1% HCO,H 1
FIEE (MeOH) (B) , 17 FHBS B YEBE AR 2 min,30%
A;20 min, 100% A, 3% 44 EST R B 4,
22 SO0 W (MRM) |, 8 15 25 A1 o0 TSR BE 350
C, THSHE 10 L - min™" | S HZLHE EY N 105
V, EACREERE R 30 V, M TIFZE W EAH
G018, IR T B MS/MS Jy vkl i 8 5 B (A B
TRV IR () T Ol 3 8% e 0 A 4 B T v R
ABA, AHFFE T, MS/MS J7 vk 1 Wil 263/153 %%
AR sE  ABA, I ELBE T € AR BE bR S 2 1 1)
FrufEhZitia ABA W,
1.4 SRS BSR4 Z TSR I &

i FHTC 45 A ¢ % (6400-40LCF ) HOLA 1
FHM%E 2 5t ( Li-6400XTR , Li-Cor, Lincoln, NE, USA )
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1.5 SRR IANE Y o 25 TR 1 0 S i B3 43 A

WG Zhang 5 TR K S g BTEERT B FETR
AT WF B, IR 76 & A 400 mmol - L' M. 50
mmol + L™ HEPES-KOH ( pH 7.8) .10 mmol - L'
NaCl #12 mmol « L™" MgCL, ¥ 213, )220 1
i3 UE, JERES 0> (5000 r + min™', 10 min, 4 °C) W
FPERIURL 20 WL B2 0K B S5 & 4 R 5 i,
U 10 pg MR AR S B RIS,
KIEHNAYE 5 min J5, AT RPVIEBEREEE R FRIK , 43
B,

FHETEME AR 3 RN 8 O
(PVDF) Fo M 5% BNV ¥ £ 1 h J5, ¥ S
PS I 52 37 70 3 1 ( PsbA ) B9 — 3 ( PhytoAB, San
Francisco,CA, USA) 5 2 h, 2R )5 5 B i &4k
it IBE 1Y T9G BT ( PhytoAB, USA) 3 & 2 h, fi /]
BeyoECL Plus JIE#) ( Beyotime Biotechnology , [ 74 ) Il
RABE R, I A B CCD AR ( Tanon, i)
R A7 Ot
1.6 Na' BTl

F A AR 305 45 o B AR ( non-invasive micro-test
technique , NMT) il ;:0HR 28 1) Na" B Fi 2 el
AT, S AR MER(0.1.,0.5 A1 1 mmol + L™' NaCl) £%
IEHLH RN 1 2 RHRE R T 50 mV/decade 1Y
FLRROR T 0 K F AR [ 2 8 ) Ag/AgCl 22 )\
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S5 AR B, T 25 88 oK o gk 1 i AR (0.5
mmol + L™'NaCl) V-4 10 min , Bifi 5 K5 H2 B [ 2 75
A M G R L B B R R AR
(ZRTHT , FAR LA A A o5 V2 AR R 7 1) A T AR
DR, A A R (R 32 B R R 30 pum, 3 A 0 AR
3 Na' B I, FF 8 PR AR S JT , B R 2k
£ 1~2 min, TRWHAT , Na" FEAER AR 22 300 pm
19434 X HT 600 pum AR X AR 1k B A TG BR, A Ik

TEHEIX 2 A R AR 0 4 Wl A5
1.7 B

FIH Excel 2010 1 SPSS 16.0 #AF %8s #E 47
GEit T, R FH AR 2 7 225087 (one-way ANOVA)
M/ EZRE(LSD) KR 25 B E M (a=
0.05) ., FJH SigmaPlot 12.5 1E&,
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Fig.1 Effects of salt stress on the contents of H,0, and malon-
dialdehyde in leaves and root ABA of Helianthus tuberosus.

CK: REH BTN HABEFTER 8 A AR Plants without tungstate
sodium pretreatment were not subjected to NaCl stress; T, : Z285FREH AL
HEAVEATER PR E (Y HEAR Plants were pretreated with tungstate sodium
but not subjected to NaCl stress; T, : K ZASFR AN TR AL BRAH AT £ 38
(150 mmol - L NaCl) YA ¥k Plants were exposed to 150 mmol - L
NaCl without tungstate sodium pretreatment ; Ty ; Z2HEERENTRALFE H 1T
R0 (150 mmol - L™ NaCl) AYHEAR Plants were pretreated with tung-
state sodium and then subjected to 150 mmol - L™! NaCl. AR[Rl/NEG £
FRAbPEH] 22 53 1 35 (P<0.05) Different small letters meant significant

difference among treatments at 0.05 level. T[] The same below.
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Fig.2 Effects of salt stress on photosynthesis of leaves of Helianthus tuberosus.
P, : B H % Photosynthetic rate; F /F, : PST KL 2E50 % Maximal photochemical efficiency of PST ; C,: Mfi[A] CO, ¥k JE Intercellular CO,
concentration; @ ey : PS T SZFRYEAE 2 30% Actual photochemical efficiency of PSTI ; g S LS Stomatal conductance; NPQ: | RIS Y TS

Non-photochemical quenching coefficient.

7 MDA #l H,0, & 80 i 2 (HAR R ABA & it
FoXT B R B 5 N 47.8% , #hWhE 4 d J5, iR H,0,
i i E N 69.2% , it i MDA 5K 358 Ak, 4
FREATIAL FEAS B 52 45 -E - MDA (H, 0, & & L)
KARZ ABA i, TEERMMAT , 2R IR A0 TR AL B A
PRIR AR ABA & EWAT LI, B R TR AR RN
AFEAE KR, R A 4 d S5, 40 R G T AL A R
- H MDA FT H, O, £ 2 5% B 43 01 8 25 3 1
30.2% 1 148.2% , WG £ 155 T A 28 755 12 i T b 2
HEE

2.2 ERIHMAXT A SRS MR R DO
SR PS TR H o 88 11 32 BE 1A 52 i)

HIPE 2 FTLAE I $hba ~ ik F/F R 25
R HSXTRRA L, R P, C Dy (g, B R
fiX, it NPQ B 38N, ESPRENAS B 15 I 45 = i
R F/F, P, .C.®y g M NPQ, hia T, 44
TRENTRAL BEAE AR I F F/F AR 34.7% , BB T

m

REWMRNTAL T, i 4 d J5, 28R
HARERR C WA THm, 22 5 R B 8 W EKF, 48
FRENTIALE ) REAR T R P, C, @y 8. B HFRAIK,
NPQ & 50, A AR B K TR B R A Ak 34

ERJA R S W 4G E I - PsbA B, &8
FRENTIAL B IE PsbA EJELEER A 2 d J57A T
A FEERIRE 4 d JEURAC I (E3) .

CK T, T, T,
| - b

44
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Fig.3 Changes in reaction center protein (PsbA) abundance of
PSIl in the leaves of Helianthus tuberosus on the second and

fourth days after salt stress.
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Fig.4 Effects of salt stress on root Na* flux in meristematic zone (a) and elongation zone (b) of Helianthus tuberosus.

5 SR EAEERIE0 4 d 54391553 14.1 F115.3
[ A TRAN T AL B bR Na™ FhE R B R T R4

2.3 MO ERAR Na" B i a2k
HiPE 4 185 AT LR Y 3R bhia 2 d Js, S % R

O RAR AR X X, Na " ShHERE 0, il SRR EA AL
il 4 d )5 RE A XA X Na" SMIERESEINGE 2.4 ERWRE T 250 FIR o Na™ & B2 10

=4
7

BEAr A 3] 61.5 Fl 50.2 1%, RN A B RE 5
Na* AR, Ehi0 2 d J5, 2985 R 4l 7 Ab AR Rk 40
A XA K X Na ™ 2 HE & 53 00 8 35 59 6.5 /1176

800-2d

= [m[m}
SH0HE0

600 -

'S

=)

(=)
T

»n

[=3

=
T

(=
T

AFRNa A i
= 1
S8
(=21

Root Na' average flux (pmol-m™s™)
>
S
(=]

=<}

1=

(=]
T

X

Elongation zone

SHEX
Meristematic zone

Bl 5 R0 4G AR AR AR XA X Na'™ S 247 370 34 £
Al

Fig.5 Effects of salt stress on root Na™ average flux in meris-
tematic zone and elongation zone of Helianthus tuberosus.
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Fig.6 Effects of salt stress on Na* content in leaves and roots of

Helianthus tuberosus.
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Fig.7 Effects of salt stress on the Na" translocation factor in the

roots to leaves of Helianthus tuberosus.
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