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'F AR KA ARl B, LR S R A R B S0 =, LR T 55266109; 20U 1148 v LU AR LR 7 B L
TEVIRE 5T, DU 1111616150

P B3R5, 15 cHRI09 . HARIN0 . HRINMO . THRINAY . IE2F I3 T BFAT

CBSE . CBETE. CBE1E, CBE2E. C“EBR2T. BmEIET. FHRIT. FR2E. LB FM620F
19ANE SR e ft 4 I AHHE, NaClLha T m) € A48 X it 35 4 284847, Jratd 2 K B FINHXT R GE S AT o047, vA T b it 35 e 35 5K
RISt 45 RAY, NaCIha T %435 T 4L 3 H 404 % SODE 14 AR AN, 40 R IR % 14 AMDA&-Z 3 Ao
PE ), PV A AME T B3 A A B N AL, Bt 3 K R FINHXTE £ F45Na 3 Ak F a9 38 At LR K, T vA
AR,V 36 B b FRIEH f ¢ T R 99097 4 ¥ R R i M AeMDA S-S 3 An @ AR K, I A TR A AL B RKMG E,
B4t & 4 SODE KM R K. Bk, 19483 f 535096 th Mz 5%, £ &F 3 SAh; < HR9909°4)

o MR, R AR AT

KRR B0, A8 SR AF I FINHXTR R 5 o 2 oAt h A0 Suft

FRAAEW A T2 00 A0, EEAA 2SR A,
— /e TR (Fagopyrum esculentum), 55— & ¥
Fi(Fagopyrum tataricum). 777 X WG, 5,
5 ONAT P #8028 B0 A o 5 AR 4 [ Ja 2R
(Polygonaceae), ‘& AMUE TR+ 5, 1M1 HEA &
TR E BT DI, e EY, SR T
(AEAERP)YEEZMFRLE R+ UE, & T e
AR LA AR AR I A R ], vy afi s R O
B A B s A TR R, I B i HIRNE
7 W5 PRI 1 D) 280 (fir R 5 A 2= 1) 5820005 ARILTE
2008).

TS F e R IR ST, A
FIFRAEW TR 43 W, EhFTA 2 PR d A A= Kk
B RO E PR E 2 — (RS #552009); B
g rh Eh AR R AR B R A 32 2 K FK (Zhu
2001), #EFAOLEit, 4t F 4 842hm B itk 1 dth,
SRS H AV 2 T BT R X RO &
ek F) 2 B PRl (AT A I AR AT 1999) . TR 22—
R 3 P SR KU VE D), el R AL SO T 52 A i
EREFETT I, T SRR A REAE SR R Fh, k]
PLFE 4RI S F A B5 R, IR SR e 8. (HH
HI KB T Sh77 2 M i 5 A PR, B AT 7E SRt
FEFh, 25t A S . AL E TR A A
SEIGA L, W FINaCIE XS Fh 1R 2E 3R 4t Fr
FEEME . MDAS &, HaEEE. BaEii
1L (superoxide dismutase, SOD)¥E 4 & FtNHX 1%
DRI IA R 52, 388 3k 6 5UH b R0 B 20 #7977 126 T

#h AR R 2 BURE FE O, Y AL
AT 5T S 70 43 R FH 35153 1 F 38 PR SR ALK 4
MRS RE*®

1 SEIGMRY

U9 TR [Fagopyrum tataricum (L.) Gaertn.]
AR SIS AR, SRR R R R
2 MHRHE SRR IR

BTG TR PPk 12 DREFF R A7, 1 g L
TR TR A VRO 75 10 min, ZEMEKIRIEKS h, 15T
T A PR AR TR . xof B RN 25 o 26 43 3
NEE B ZE K A100 mmol- L NaClVAW, LA IS Fh
T PE1/391E, 26°CHEF- A B RE 77, BFR[A — I
[EE s R S8, SRS d, AR SRR,

FIAN o Bk IR AL AT, 10% NaClOW R
T ¥E6~7 min, MR /K (200 mL2: 5§ /K in3 gt
TS K BE)ITBE3IR, FFX2 min, 26°CHEFRFERG TR A2
Fh 7k, 407K FH 1/2Hoagland & 2% 5%, 455 d
B — IR, BRI, BRI E26°C/16°C,
FHXTEFE60% 70 47, ARAE T HAML¥150. 100, 150F0
200 mmol-L" NaCIAbF #5206, & B 352 % NaClf)
SRR 52 9 2 91001150 mmol- L™, BR ik 60 75
2 Ao 1 R BN B 5 SRR A R AR T AR AR A 100
mmol- L A MHE IR . 401K 2 i — O iR

ks 2017-03-25  fEE  2017-07-05
#=E EXARRISEHE4E(31371552).
*  JEI{ER (E-mail: hbyang@gqau.edu.cn).
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Table 1 The providing units and characteristics of nineteen tartary buckwheat varieties

B JRAL AL Rk

RLEIVA L 7 A8 ROl R Bt A H 93 d, KR 120 em, FFRIHE 4, THIF18.0 gy BT FufsIfk.
P H AR 3, A KBEST, ghsideh . VRS

e Z R R PN ARV 2 5L BT A F W8T d, #1998 om, KRR HG t, FHIE20.0 g; 7= B
BUEMR TR 3 R

“PEA€9909” AR MBI K B A0 d, #RiE 115 om, AR L, THRIE18.5 g HLF
DUk W TR SN MR

F64£9920° AR MBI K LB A8 d, #R R 108 em, FFRLAHS ta, FRIE17.9 g; #RELER
PR, ulER. VERIER.

T4 9940° PaALAR MR K A F W93 d, #R 80 om, KPR MG, FHIE20.6 g; B BUifIR
iy H AR 3R, A KBEST . ShsdEh . Pk

FE1£9943° AR MBI K B A’ d, B 115 om, FPR B, TR E19.7g; FU 5. Ak,
([Eg R A% & Z N E VA U

W2 SO T B R = AT A B WA80 d, #RiE195 om, FFRIK (A, FRIE21.8 g; B Sk
PR & E SRR . 2T &

W3 TG BT B AL 2 7 AEF W90 d, k107 om, FFRIK (B, TRIE 23.4 g; 422 ik4k, TH
WRGNER NG TR, il PR PioE. @M,

W4T SO T BRI A AT A F W83 d, MR iE196 om, KR MG, FHIE20.2 g5 FE mFE,
BT EiZ . FRRK. e R HRRE

WS SO T B R = AT AEFIA92 d, #1221 em, KPR, THIE16.8 g5 B AR, PRAL
TABL. 4hZEPat. MR IRGIE R, RETERL. PUR. L5, PLIE.
I P

T SO T B R = A AT A HA78 d, MR 109 om, PR B, ThiE17.3 g F R R
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[EEFRs [ =R AEE 85 d, #RkiE 110 om, FFRIME R, FHIE20.5 g kSt 22T
grta, PuElik. A5 %R, iR

‘R TEE AR A B A A H 88 d, #Ri102 em, AT R R, FHIF17.4 g F3. FEIR.
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‘RFR2E TEE AR A B A A B WA86 d, MR 114 om, FERIK A, TRIE19.8 g; MR s R, PR
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JLILH R TLVE FUL T OB 5= 0F 52 A= H W80 d, #RiEr108 em, KR B, THIE20.2 g; HLF HULEIR.
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“We-21° AR AN 2 A W8S d, Mk 96 om, FPRLSA(H, TRLE21.3 g; TR UlEIR.
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RNABT [ B 5%, G icDNA, %58 FF FINHX] T
%1)(GenBank & 35 ‘5 KY438929)i% 11514, 514741
W32, WL EPCRAIY (Agilent Technologes
Stratagene Mx3000p)#E 17T i} 2% % 2 = PCR, M
2 VR (SRR 201 5) TS FNHX TJ: R FA)AH of
KiLg,

2 Fokw EPCRATH 514
Table 2 The primers for real-time PCR

514 FEAI(5'—3") F i )7 Be/bp
Actin-F GCTGGATTTGCTGGAGATGATGC 196
Actin-R CTTCTCCATGTCATCCCAGTTGCT
FINHXI-F CGTTGCTAGGACGCAATGTTCCA 190
FINHXI-R ~ ACAGTCCACGTCGGATGCCTTAT
5 HaELIE

Kl AR HISPSS BT, BEAT b vHE fi 22 A1 22
S8 VE T

SMUTESES

1 NaCIfiBs 19 & Frmffi & ZF R A #2M0
Foft A P A 2 B A A A e i R A P R )
A O RT B, TR R R R 4 A DR
AR DA, DRI Al B R B B N E B LA
A BRAE AR RS B R S R A T S R IR 2RSS

1201
100
80

601

RERI%

40

O Xt

2006). MEILE H, 1908 F7 A IR K 3
RIE90% /A7, NaCllie TR TR F R 2 E T
fash, BATESE . CEAWTEC. TFR2E M mFE]
TR T 30%LA b, 43 i EEXTRE TR B T 40.77%
32.51%. 39.02%%1149.35%, H i =FH 15 FiF K
TR RRNR A K Ml 15, PEAR99097, T
9940 Fll B4 25 (1) FEAK IR B2 J&@ T~ h [A) K1, 43
L R % T 11.45%. 19.36%. 10.98% 1
11.37%; ‘PiR9920°, “B5w3'5 . ‘HE25 ML
VL5 F5 B BRARAEAE10% LA A, 43 5 Lok R R B T
8.47%. 2.40%. 5.62%F18.17%, H B4E35 Fl<H
T2 MM T RERGNBLEEZES. Mg
U, R BA 3 S NI 2 S R TR K
B BE RS2 AN, T = 75 15 R R 52 Sk ia
(A LN
2 NaCIp8 319N E Fr it Fr B RIS M Y 521
R ENaCl &= A B E e M s 125, i
N SE L, SN B KBNS, it A A S
TAS T, BRI IE AR BETh AR, o I M K
FEAEY 2 £ 38 1) R ) 4 5 2R B (W vt S AP
2012). 27 I, NaC1/pia T 6499097, 7
29940 F1< PG A 9943 Iy Joit J5 375 P 14 i B 45K,
Ay A EL X HE I 0 T 32.50% . 49.12%A171.51%, ‘P4
A9943” K TS FBE K, U A I R R 45 ) B Ik
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Fig.1 Effect of NaCl stress on seeds germination rate of nineteen tartary buckwheat varieties
*: P<0.05, **: P<0.01; [&2~7[a] 1t .
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Fig.2 Effect of NaCl stress on leaf plasmalemma permeability of nineteen tartary buckwheat varieties
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o,°)b‘ qu‘ ,}!é\% %")% %b%
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Ji AN i 7 R A ek SR AP E L, XA R G
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B LR I AR SRR 1 B AR AR,
AR AT 3 R K/ (T AE552005) . B3 EIR,
NaC1Jifpif T 1945 77 5 Fi i MDA & &4 ARl 2
FERIIE TN, PE4£9909° . P A9920° Al IA #7251
IOME R, 430 BT HE IS N 1 78.26%. 150.80%
F1244.54%; ‘A4S HETE 1S A PEFE3 5 1900
g AR50, ) EE G R 0 1 22.72% . 20.15%
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Fig.3 Effect of NaCl stress on leaf MDA contents of nineteen tartary buckwheat varieties
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HaR R Y EER M EEY R, R
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R H552007), 407 W, NaClpia <& 772
L GlTIS. PEA9909, PUR99207. PHF3
SR 6-217 Iy R R R BRI, 0l Bk
MB AL 1 51.95%. 54.83%. 71.91%. 52.25%.
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PSS IS MR 2 S I A
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17.58%F116.25%; T P AC9940° Fl ¢ = 5725 I It
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SOD e fi fb 8 28 91 55 1 B Bl 5 1 804k S 3,
NI B A 1 B B e, 92 L Xof R 4 g R
IR IIRE IR, 75 24 57 240 B 3% 1 S AR~ Ay ol 8
BAER, SODIE e fE — & F2 B b 40 il v 14 S0t
DNAZE ) 4540, % B 14 5 R A bt 14 2 ) A
F(BR M T0%52004) . AnEISHT/R, NaClfihia g4k
9909”1 PG 7535 M- SODIFE 1tk P& AR IR &k, 2>
T IR A 1 37.71%4139.44%; G715, PhAR
9920’ ‘BAFESEC, EATTEC. AT 1S I LFEL

4.5¢
D Xf i

4.0t
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2.0f]
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1ESH
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51 SODYE M PRI BE AR XA/, 43 il BT i
K 712.14%. 13.83%. 15.51%. 18.41%. 9.61%HAI
10.69%; 1M PE429940°, 49735, ‘BRI S Fl'
7725 I Fy SODFE 1t 55 FEAH L o 2. 3% 72 5, 1 B
ER B 0T IX LA 75 it by a1 R 5
ML /1N o
6 NaCIfB3 19N E FFamMIRERFINHXIRIAE
=ppA ]

R A A PR S N " 1) B S A B AT, Na'
N 358 R N A DR 2R 3R R R B 2 44 i ) ok AR
ZNa W 2 B L 3 ZE 45 ), Na 7EAR SRR AR 2R 2
Na # 3N 5 134 H ik B 30 - P g5 3, it
ERAEPIBR FiNa" [ Hhy b 3% 12 5 AR 06 Na i)
B VIR RO HTH]552008) . EI6E7R~, NaCljph
BT, PUR9920°, BYE3S. BYESS R A
6-2 1M HFeNHX 1 323 B 38 Mg LR, 40 il bexd
FE I H1 17 875.00% . 1684.62%. 690.00%
120.00%, $5 702 B4 345 38 il F /e K <
5L PEAR9940°, EAT2E . EATTAE | (EATET
5L CMETEELS . MRS, CTEFR2EC. CmF]
T AT ML TR IR A FINHX 1 R 15 &
555 BTG 0 3 22 e, 150 R 3 X I 5 i
BIFZ ML /N, TS FR2°5 7 PEAR9943° Al PhFE3
MR FINHX 3235 5 30 25 RIS, 43791 U oE HE B AR
T67.00%. 56.82%F178.57%, ¥t B Eh il R X34
T T PR 6 Na " 19 B3 58 7 W 32 BRI

w i
Ead
ek | | | [EF
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Fig.4 Effect of NaCl stress on leaf chlorophyll contents of nineteen tartary buckwheat varieties
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Fig.5 Effect of NaCl stress on leaf SOD activities of nineteen tartary buckwheat varieties
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Fig.6 Effect of NaCl stress on relative expression of FtNHXI in roots of nineteen tartary buckwheat varieties
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Na'/H 3 [ 32 85 [ 2 A= 1) 5438 1 A7 76 1) 17
5iNa . H 2 — Mg s i i H, ey
THEE LA, R AEYDIN R 0 O R T (8 SR A B
FIZ2003). e I+ O e FE R 64N NHXE: A, B
AtNHX1-6, 1X B B[RRI H A [R] i S RIA K, 78
ANF BB RIS H I AE(YokoiZ$2002) . H &7
AfLLE W, ERE R P 9940, B3,
W55 Ml 25 2R R FINHX 130K 5 3 e 55
B, A I EE xR 0 7 174.03% . 661.98%-
155.56%F1109.82%, FH B4 35 B i B 5 K

LD ‘@129909’ T, WS
WHFF2E. CPEFR2E. PEFE3IE. LS A
‘Fr6-21°ZE 5L nBFtNHXI?%i:E@ xR EZER,
M PEA9943° “BH1 25 Fl L3715 KA FN-
HXTFRR 58 W3 PR, 20 3 ELx RIS 17 94.17%.
97.27%H172.83%, 1t B £h Wil T 3X 3N 8 55 i Bl )
ZEFLHAIAE N BE 7B L R

CEE TS, EE R B3 TR
%)) H SODIE 11 FE AR MR B2 40/0N, 4 8 Joi JIEds 1t
AIMDA & & 358 g B2/, i £6 5 R FeNHX T AE
T EHE Na 5 A7 3 02 & 10 38 o 58 5 K 1< P R
9909 %)y i i1 I 3% PE FIMD A £ 5 34 0 i B 00K,
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Fig.7 Effect of NaCl stress on relative expression of FtNHXI in stem base of nineteen tartary buckwheat varieties

41 B 4 25 E B NI SOD V1 B IG I J3 8 Ko
b, 19N F7 5 Bl b < 259735 (1 36 M B0k, 2
M &, R OOK T B T3S I LT
FE. CEAEIS S WSO B2 A
9909 [y #h 1 e 72, A2 AR BUB S A, HoAhot R
BUBR SRR TR 99437, W FF25 . THFE3 T A
‘mFELE; 1S PR 99200 . TR
9940°, ‘425, ‘BE4S, B TS. HH
TS, PUFE25 R M 6-21° 94 b i Ay v 2 i
FNTE LN
IS I

R Tl 3 T B R R e A A A B U R A
K& Bt MaNE2012); WERRR, i T
JRIEE T . MDAS & . PrEAbBEE M pafot &
TR AR B S S SR A O, AT AE
SN AE i VRS e 1 AR FR AR bR (R B2 4520094,
2009b). ZEHEYILE SR IE T R R 2 2,
FETCEh 2 AF T R B (Unga 1978), ‘B335 °7F
NaC 1 e A7) R R4 i B P 2 28, i BH
T BT SR . TR 1 B R I A A
YIMDA & & P 2R Gk e M 1) B B R b, i
R G R e 5 WP DA O (B8 S T &
2004). AL, NaClfhif R 259535 4 i i
PERIMDA & &8 A0 i BE R0/, 1 B 26 oo FL s
RY R MR AE, T AR 9909 &)y o % 1 A

MDA & AR IR B 35K, Ui B 3 ia T I R 4t
ZER KI5 %

2R R G EAE R EEZY R, R R
Bt oA Re 1M E 2R AR . SODREIEFR4H AN
A R 2E, A AR 2 — AN B (K alir
FilPoljakoff-Mayber 1981); SOD 2 4 ffd P1 [ {5
P, R T S A P B DA O (B R
2006). ASCH, NaClihie T 259535 4 SODYE
PERRARA B3, R¥F T B IS PR 20 N B B
FEIIRE S5 T TEAR9909° &)y 1 43 2= 4 B FISOD
T T 35 S BRI, U0RH C PE R 9909 &)y B Xt R ia
BB

FEPITE R L 32 B Na (R AN HERT X BE 1k, 31X
S L2 E A0 e TR G £ A R 75 BIE 52 (Apse 5 1999;
ZhangfMIBlumwald 2001). 7F[F%EEFHEHEE T,
FEAE 5 AR AN 3 AR M AR o RIBNHXTHE A 5 35 g
P E A MR B R 3 M (Li%52008) . FRABLAY 45 5 th fE
A IT NHXT SR R K R A 3R 00 HE SR (Ohta %%
2002). FrLA, Na'/H' i ) #% 12 8 0 A 20 i 3
VS B BAE ), Na'i@ i Na'/H W [0 55 18 70 0E
AR B Eh A A A SR A AR A ) 2 BRI (B
#2010), il N Na /H W6 558 & E s T A
IR AT RER 1A S 7 Na'/H 1 [ 35 5 (1 & i 45
o A, NaCl i T B8535 4l i AR A 25
BEFRFINHX TP 232 5 9 IR FE de ok, 1t B #h i i
B S 5 9 BT 35 Na /H W [l 352 B A R, BRI
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R 05 A0 25 5 30 57 2 T B E Na Bl Az (1 4 R 4%
2011), Ehhia T B335 4 32 BHENa FR AL FN-

HXIZIE R RER N, AR TR #h
iz %, £k .
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Effect of NaCl stress on physiological characteristics and FtNHXI expression

of nineteen tartary buckwheat varieties

LU Qi-Huan', LI Fa-Liang’, ZHANG Tao', YU Yan-Chong', YANG De-Cui', GAO Ting', HOU Xiao-Min', DONG Chun-Hai',
YANG Hong-Bing"’

'Key Laboratory of Plant Biotechnology in Universities of Shandong, College of Life Sciences, Qingdao Agricultural University,

Qingdao, Shandong 266109, China; °Research Station of Alpine Crop, Department of Agriculture and Science, Liangshan, Sich-
uan 616150, China

Abstract: The nineteen tartary buckwheat varieties including ‘Jingiao No.2’, ‘Diku No.1’, ‘Xinong 9909°, ‘Xi-
nong 9920°, ‘Xinong 9940°, ‘Xinong 9943°, ‘Qianku No.2’, ‘Qianku No.3’, ‘Qianku No.4’, ‘Qianku No.5’,
‘Qianku No.7’, ‘Shaoku No.1’, ‘Shaoku No.2’, ‘Xiqiao No.2’, ‘Xiqiao No.3, ‘Yungiao No.1’, “Yunqiao No.2’,
‘Jiujiang tartary buckwheat’ and ‘Yu 6-21° were used as the experimental materials. Though determining the
physiological indexes of salt tolerance and analyzing the expressions of salt tolerance gene FtNHX/ under NaCl
stress to select the salt tolerant and salt sensitive tartary buckwheat variety. The results showed that the seeds
germination rate and seedlings SOD activity of ‘Qianku No.3” were decreased slightly under NaCl stress, and
the seedlings plasmalemma permeability and MDA content were increased slightly. These indicated that the
physiological characteristics of ‘Qianku No.3” were smoothly changeding under salt stress, and the expression
of FtNHX]I in the main Na" exclusion localization increased obviously, which could effectively prevent the salt
transport to shoot. While the seedlings plasmalemma permeability and MDA content of ‘Xinong 9909’ were in-
creased greatly, indicating the membrane system was harmed greatly under salt stress, and the seedlings chloro-
phyll content and SOD activity were decreased significantly. Therefore, ‘Qianku No.3” was the most salt toler-
ant one among the nineteen tartary buckwheat varieties, which was a salt-tolerant variety, while ‘Xinong 9909’
was a salt-sensitive variety.

Key words: tartary buckwheat (Fagopyrum tataricum); salt stress; physiological characteristics; relative ex-
pression of FtNHXI; salt tolerant variety; salt sensitive variety
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