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FEMR /0N L 28 0638 0 SRR S R G & ZE A R AR
FH . BRI, 2 A ER TR 38 X5 3X 10 AN KR F & 2
) 5 W 658 K e VA B ) 2 6 R U 38 2 7 4 ) e
Tk, SHREAE B 58 Kk B A R B a0 X 2
A B VE 2R F X & 2SR R R
/IR T 5 3 R itk B B 7 TG AH o6& .

1.2 MIEREFEERKNZE

R TE B & G F A6 RN B AN R] A K By
Br B PR B A S 0 T At L O HOAS TR AR KBy
B T R B PE 22 18]S A AE S R DG
H R B e AE T AR AE K B B £ A 3 [ A % 58
AEAE 2200, T 2 B 356 PRI 1) 2 3k &5 Bl o Al 4 1) 2E K
F 3 Ak 10 AN W 72 A 5 YR FE S R A AR 2R K B
Br RS E SR bR R AR, HH
TiFF o 248 SR 2 U T 0 A Sk % B 1 s 30 R R 2
IR ] R e R AR AR R,

FE SRR B4 A 8 A A B B kB bl 38 4 5 Ok 1S
ZRNRFMW, —J7 T, 55 60 30 2 X AR 2F o 4k e
A= BHAFAE R L (AR A8 2F T8 i BRI 22, Ty R &
W2 7E R 8 T A2 B0 A R+ e, i 52 g =A%
&M Z NG RE 7 L (45 25 50 2 R AR, o —
75 T 5 ER B8 30 38 23 7™ R R R SRR £F 4 A 5 R
PR . ZF YRR BE 2 DR BV A8 I 46 . £ 4 o
JE AL S BEAR AR R b A S W &
LT S K s D SR S R
P R v £ VR A TR [R] 58 BE G £6 | B 38 4%

104

A X RRPEAT T 14 d W3 b B 0 e B
SRR AE R A OB FRE B Rl S A LB A
AT RN R A AR AR AR . R R e T AR A b 38
XoF S JBR A B 7 A ) R ) A0 30 X R P % 4
W AR &8 T BRI RE 2 52 M 213 R A 56
o R R B A R 0 N R R 3 g A B g
T ER B 30 XTSI JRR P A K S B B W i R 43
PIRES . MBI AERRA S RSN kT %Y
A . WESE & 0 ER G By 38 A ) R BE 4 ] T WP JRR 4
[ RE R N R N ) SIE e e ok 6N ) ST OF 1151 I s
BT BE Sk — 25 52 ) ) W JRR K AR AT R 19 A B g
FEAERR AR 2 1 v 41 2 B 30 2 4 RR I B
MR R E TR, I B OB R AR R AR K
K S BHAR XS 1 58 b 4 T 0 I A L X BB A
F A0S X W RR 19 AR B AR 7R A R RS e, b Y
Wi A6 95 PO B A Sk B RT 240 FP T I R B 5
2 VBRI R B A PRYLERIE 52
2.1 #HEEMENTRAELREHZME

R B8 38 2 BRI VE Y B AR o3 A 5 R A Y OC B
WHHERZ —. 4 B py ok Bk & e, &
AP Y R RS A B IR T AR A
WA A IO R BV 30 Y i R v, AR A5 R R A Ak
FeAn &= AR R RE B i e AR fEER b e T,
FE AR P 2577 A K B3 PR L (ROS) |, 4n i 42 B
BT A MO, O T E AR (H, 0 fER A i 5
(«OHD %, 31X 88 ROS 2> X 40 ifg 1 il 460 A6 452 45 . %
R4 L B35 48] | 52 e 2 1 0T RRZ 2 19 D) g, DA T 417
HHEY AR AT . BT R 00 8 55 5 1
Al Y T —-EE iR RS,
A 35 BT Ak i AN IR B S A LR W T AR R At 2 1
ROS, 4R 40 i N 09 E AR I~ . IE AN, &
BEIHRE T DL RE T RS 1 LA R B AL S
PEEE, ¥ 0 R OF B AE ) I R B RE O 1Y B 4R
FRU, TR SEET L3 R AR 4E SRR G B i O
BT EMS 175748 5 £ B 38 1F 52 38 56 K /05 41 4
Wigt, R FW,0.025% EMS 4b 3 2 5f 4 h, 4%
Bt 100 8% 150 mmolsL ' NaCl Zb 3 12 h 7] £ F}
Il 2 25 1% ML AR FE 4 h fin 150 mmol« L' NaCl
JE A H— e m R, Li % R AR
FE Y NaCl %F 0 R 50 B C71 F1 C116 % i 2E 47 i
HLEE R BN AEER A R L SRR Y B R R AR K 2
FAPE H C116 AAERR LA I C71, 7 R R £
iR iE R BE R L Bt AR C116 /Y3 38 U8 5 4 R



12 4 BT T 5 - R Rk AT 3R R BT T3 R

AP R R P R B R T U A R 71, LY
B 15 M S (ROS) BE A7 56k, 30 2 410 il b B 38 1) 4
R 2 5 T 1 T S AR T 2 DA R e
2.2 Ehu e 3t I AR S E R S B IR

TESR BRI BE T L W R 41 A P9 Y 12 38 S S BRI
—F L WIS SR — S L F. W Na™ |
K*H CL 4% 3 26 8 176 40 i o8 ik B8 7 . 7 Bl
Tl A0 5 i £ v PR BE 5 R B R R R
R I TR 2= T R KZE A, B
— T WA SRR A ML BT, il K R
15 I 2R X PP A ALY B, R ASCRT LA IR 75 40 P 1)
B35 -1 i LI R IR 38 % 2R A 40 i 2 R
WK+ — & AR VE T Dl 55 2k 1 ) 38 X 31X
S ZER BT . TR T PR S, T
DL AL 200 JH A ) 7K 32, 444 56 ST JRR T 6 B 25 5% Hp ok
53 B MSCRE T 4 A0 IE H G A BEAR

R0 38 8 25 5 B A ) A0 A is Y B
B B A — R A ARk L SO A0 A vk
1E 8 & FE TRE L 40 M P9 B9 AR 38T A A BE T fE s HR 1l
ZRFERRE R ES . RS BT & B e
FiRats B9 2% 10 o i R B AR I RR 40 4 4, SOD,
CAT F1 POD #9 3if 1 #B & T 8 A # 5t , MDA
(14 745 Ak g 88 /N AEORRA R T . i o R 7 R e
(A1 T 5 T 4 8 1l 9 B 45 38 /D 5 L4 R 1)
P47 Wil & 52 A8 71, McHughen™ DLW iR &
McGregor R ZM 5 3% (1) it 55 40 i &2 (STS-ID {E A
FBE, XTI R & B McGregor TE IF % + 38 #0 &5 5%
T A R AR R R PR RE T TSR . 45
RN TEER R AE 09 S 0F T L T R 40 i R 7
A0 RE B S B0 ARA T RE L 3 U I A A i sk
P B i L 7E SRR TR R R S BR A L MR
e ke, AR Ak, /i 1F & B
DLW P R VR A BE LR W 38, PEG-6000 #5141
K38, BT R AEAS R i 38 i A8 fb . 452 W
N 30 B K a0 BRI RR AR, K SR
R0 X6 6 A R R R ) ER AT SR ER
o0 B 5 A v s PR AR K AL A AL R
2.3 EhE B R B F I E R0

ER BRI 2 FT WA A E H A T . R AR
TR EAEERENSEE T W F (Na ) VA H
F(Cl O, ZEMBIHREET B YR R XX 2 5
TR BEPERR AR . KA Na© & 8 kit
AAE KRR P A5 40 P9 A9 Na© ¥ BE K 1 7t

XA = A B TP A P A AR
. FEF, BT Na® 384, 8 57 (K ) W I
AT KX W RR 4E 0 A B 0 R A TR
G REREZE, 320 Na' 845 H kg
JRUISE 1= i) Ca" B K 40 i 52 7y e i A o0 3
TR XA O A 23 0a B A B Y R T
I U R A /i I 179 S K |2
JR b b ER o> Na® e B 38 & SR SR AR ST L e
T Ca™" 1 Mg FEMR o T BT, 5 g
TR B I 0 vl o 0 V9 e e 6 S L il 3
{7 S ENN W a2\ € S K N 7 815 NN O 1 5
K& 0 e im . i AR 2R K Wl odi b, 7 ek R b
BT AR FR R b ER A KT M s s
3 ARJRRI R B8 5 115 LI

STV JBR A B R B 1 36 1 g 5 T Ak 3 PR A
SR XA NI E R YN o TR N ENE 3PN
B 48 7 FLAE TR R 3 7 b & 48 0 AR o 7 D g L kit
S ] ¥R 8 ST RR 7T & B 301 19 5 A LB LEE R
i Bl 3 TR 4 AR L B A SRR 45 19 Tt 6 el e
P 5 DR A A 3 IR 5 P R A RN AR I JRR 1) 35
PR P L A A 4 2 Tt 60 RR R A R K R L A
EEEE W PUER SRR 1 B S RRHT A R
3.1 TR EE I E B E L

ML AE R L KR 5 PR Ttk B AH 56 il 32 X
DB SEE hok, XL H W KB BN B
T PR AR B DL KA S S 2 A R
EL 28 A AR DG L IR 7 5 R8T B 5 8 1 s 1l
B HKT 2 EE ) K253 5E 5 3K
CAn A 2 R A BUAH Se JE R &8 Do) Az 40T 0
Aib - ER BB 38 T A SRR &y B R R ) v R SRR A
KEHE AW LuGLPI-13, i if $h 5 38 i &
WK Luglpl-13 JBH W R 5, Mt — B H R
Luglpl-13 & BT RE LA KW R 1 £5 86 14 43 F HL
TR T HSIRE . 258 A Y5 B ik xd
Wk MAPK % 5 & 66 38 19 3¢ R R J1 0F
5%, NIEJjR FE PR 4 e J i i 20 4~ MAPK A,
HoAg 5 A~ 36 R 19 2% 3k 32 21 3h 5 W 38 19 D 3 52
ML) R B Y W R RN B s i R S B T s M
S LD BB A Hoh Nat /K 3 508 8 1 SE
(NHX)FEE K iz RN (HKD) )8 T X
BERL ) SR RS TR s E AT
PIKs 2 219 Na ™ HE H 40 o5 X R A6 20 it b, A
T RN A0 J PN A Nat v B, 0342 56 Ak 1o 38 149 155

105



b= s SR A & S 12 #3

ol SR e 2 0 SRR AP B 3 R G R
ik HRGR B 22 95 2 S R 7 R st G 18 1
PIIAESRIS RNA 52420, XBEE 2 H 2k
i RT-PCR F LMoY T 3L NHX 78 3 4>
S YRR 5 R AR R 38 R SRR B, a5 IR,
FER N0 B9 Z5 08 R L 3 A £F 4 W R 5 FP A NHX
TR R R R,
3.2 THMEHERAFERAR

B SR R A R AL AR I 4 2 S A R
AR B S R AT it SRR T R e ML AL T
AT B . e S 2E ST AT DUR 7R 7R R A b 18
T R PR 2R 8 1 AR A, R BT A T R e AH
CBE AR 45 I &4 . B 1 2 2= e T LASE 8
M) 7 B 360 1) 2 55 3R GA B 1 I ifF — 2 4l R
JRRTRS R B 7 43 F ML AT AR A 2 0 5 0 AT
L3 B SRR E B bl 3 T 3 P 1 AR Ak TR
R U 4 58 114 18 3% RIS 7 BRI . Yu 70 A CKLAS,
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JBR it A LE R AW 30 R B R A A B 2R R ORI
VT £6 B A b B AL TR A . B AR BN X 8 A
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Research Progress on Salt and Alkali Tolerance of Flax

YAO Dandan' , SONG Xixia', JIANG Weidong' , SUN Zhongyi’ , KANG Qinghua'

(1. Institute of Industrial Crop, Heilongjiang Academy of Agricultural Sciences, Harbin 150086, China; 2. Institute
of Biotechnology, Heilongjiang Academy of Agricultural Sciences, Harbin 150023, China)

Abstract : Soil salinization seriously threatens agricultural production. Flax, as an important economic crop., its
salt-tolerant and alkali-tolerant characteristics have attracted much attention. This research aims to comprehensively
review the research progress of flax’s tolerance to salt and alkali, providing a theoretical basis for improving the
adaptability of flax in saline-alkali soil and promoting the development and utilization of saline-alkali land. By
consulting relevant domestic and foreign literature, a comprehensive analysis was conducted on aspects such as
the characteristic performance, mechanism research, germplasm resource screening, breeding progress of flax’ s
tolerance to salt and alkali, and practical application in planting in saline-alkali land. The response mechanism
of flax to salt-alkali stress and the ways to enhance its salt and alkali tolerance were deeply discussed. Some
flax varieties can grow in mild to moderate saline-alkali environments, but the growth rate slows down compared
to normal soil conditions. With the increase of salinity and alkalinity, indicators such as plant height, branch
number, and biomass of flax decrease significantly. Under salt-alkali stress. the expression levels of genes
related to flax’s salt and alkali tolerance change significantly. Different varieties of flax have significant
Currently, several flax varieties with strong salt and alkali tolerance

differences in salt and alkali tolerance.

have been identified, and these varieties have greater potential in planting in saline-alkali land. Some progress

The

mechanism of flax's salt and alkali tolerance is not yet fully clear, breeding techniques need to be further

has been made in the research of flax’s salt and alkali tolerance, but it still faces many challenges.

improved, and environmental factors have a great influence on flax’s salt and alkali tolerance. In the future, it
is necessary to conduct in-depth research on the salt and alkali tolerance mechanism, innovate breeding
techniques, strengthen multidisciplinary cooperation, increase the promotion and application of salt and alkali-
tolerant flax varieties, to achieve efficient planting of flax in saline-alkali land and the sustainable development
and utilization of saline-alkali land, and contribute to the sustainable development of agriculture.

Keywords: flax; salt tolerance; physiological mechanism; molecular mechanism; research progress
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