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Effects of alginate oligosaccharides on growth and physiological

characteristics of flax cultivar Yiya 4 under drought stress

LI Shanda', YADIKAER Shouhereti*, LIU Lijun'”
(1 College of Plant Science and Technology, Huazhong Agricultural University, Wuhan, Hubei 430070, China;
2 Yili Prefecture Institute of Agricultural Sciences, Yining, Xinjiang 835000, China)

Abstract; This study aimed to investigate the effects of exogenous alginate oligosaccharides ( AOS) on the growth and physiological and
biochemical traits of Yiya 4, the main flax( Linum usitatissimum L. ) cultivar in Xinjiang under drought stress, so as to provide a basis
for drought-resistant cultivation of flax. A pot experiment was conducted with four treatments: normal water supply ( CK), drought
stress (DS) , normal water supply + AOS (EGh) , and drought stress + AOS (DSh). The AOS concentration at 15 mg-L™" was foliarly
applied at the squaring stages and rapid growth stages of flax. The results show that AOS significantly alleviates the detrimental effects
of drought. Compared with the DS group, plant height in the DSh group increases by 9. 77% ~ 18. 85% at each growth stage, total root
length at the rapid growth stage increases by 143.19% , and mature biomass recovers to 87.99% of the CK group. At the squaring
stage, malondialdehyde ( MDA ) content in the DSh group decreases by 20.88% compared with the DS group; at the rapid growth
stage, superoxide dismutase (SOD) and peroxidase (POD) activities increases by 11.32% and 26.59% , respectively. AOS effectively
maintains cell membrane stability and mitigates oxidative damage by increasing relative water content (RWC) , decreasing water satura-

tion deficit (WSD) and relative electrolyte leakage (REL) , reducing the contents of superoxide anion radical (0, -), hydrogen per-
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oxide (H,0,) and malondialdehyde (MDA), as well as significantly enhancing SOD and POD activities. Meanwhile, AOS promotes

the accumulation of soluble sugar (SS), soluble protein (SP) and free proline ( Pro) to optimize osmotic adjustment; at the squaring

stage, these three indexes in the DSh group increase by 36.48% , 30.72% and 69. 07% , respectively, compared with the DS group.

In addition, AOS significantly increases photosynthetic pigment content, protects photosynthetic apparatus and improves photosynthetic

efficiency. This study confirms that exogenous AOS can effectively enhance the drought resistance of Yiya 4 flax by improving root

development, maintaining cell membrane stability, strengthening antioxidant defense, optimizing osmotic adjustment and sustaining

efficient photosynthesis. These findings provide a scientific basis for developing drought-resistant cultivation techniques for flax and help

achieve stable yield and income growth of flax in Xinjiang.

Key words: Xinjiang;flax;alginate oligosaccharide ; drought stress ;physiological and biochemical response ;yield

Wk ( Linum usitatissimum L. ) & V. J5R B E #K &
— AR EARAEY) e N2 f LR R S A B B R
Bz — , A 3K 2 A4 1 okl | 2F 4E St AE
Y, BB ELTSAESME " WRHE &
F oW RRERTE N 1Y -3 NG 5 R | 2R L 1
LY AW R MY R E S 2R A YIS R,
T3z BT DR A B Tl s ) B £
2 ) PR AL AR 588 B G 38 M BT JE P v 4 AR 25 200
Fe s b RL 45 p O g 2 0 FR I R B b
K iz, EEAAI RIS T8 BT 5 Mm%k
A AP PR I T PR BT AR R AR TR AR
B At it R B, T S AR T A5 ARk
DAV 3-SRl RSB L SN N D= €5
By o7 b A AR R pe B i R PR S BT AL
il A AT 5T, BT A 0 9 4 R I RR 7 Ml 2 B Y
EI20 0 [ R

TR A BR O AR R B e R Y B B )T Y IR
AYIIE Z — T 20 AF 3R [ A2 5 AR
VEY B R R L 9% T Frim R T AL T Rk T
PO, PSR, T 50 2 5 BOR R =
Rk AR 4 i AR W 5 T [ W] I 25 52 ) IR A= BB
A, S BCRR T R B B AR T ek D, TR R AR
BAFEOT R TR, fEAEMAELZEm, VRET 5
e e R SRS A ORI W
S i A R BRI O, A0 R E R R
LR LR 23 38 i AR R R | ) R AT
R P AR AE S AT B E T O SR PU R
PR P DLV B ROS' ™ | mg 45 % - 1w &L L ek B bt
PR AT T RE RS

) P 5 A (alginate oligosaccharides, AOS)4E N
TRE A T B K AR AR W T PR o, R A ) T 30 O R
s o Y BRI A0S BAER T
LS KRG N MG B RS0 A 2 AR
Yy vb B IE S5 T A AL R AR AR PP G O 4R
FACTE G R BB E WY R AR LR RE

A A IR AR R A, SR AR OK B B
T HE J7 A 0K a3 W MR AR AR I RR PR
AR IR G732

T BRI AT T 3R AR T P R AIL A
R d >, BT AN BB T SRR BT 5 Y F 52 AR
XA BR W BB SN R R R B O B — | T
T GEAN IR T, %) B A ) 0 3R SR I oo R
AOS TEMEJFRAT 5 ] 75 7 0149 17 ] B A AL A i o 1
B, 767 55 RR RS A ERBE R RS L, R,
A 5T 38 o R R FT A0S XF 5 i T IR
A AR B AR ) R 2R A T S e
Az AL, oA S JRRATC 5 R B B AR F A 4R R e A
By 3 0 58 0 SRR AR 7 A

1 HESR®

1.1 ##

T2 50 T FH ST JRR fis o kg P I 4 5 (G b DX I JRR
FR A ORI TR IR BN A BT i
6 BT JH 48 95 S5 M ( RY-A0S90 #5143 1 4 400 ~
1 500 Da, & =90.0%,DP3-7 ¥ & & =80.0%) ,
P U R A R R
1.2 FHik

AL R FH 4k T 2024 4 12 A—2025 4
6 H 7148 s A Al KA W Bl 2 1 R 2
B 38 W A (30°27751. 117N, 114°15'56. 02"E ) JF
/& ,2024 4F 12 A 8 HERN, PP (AR 22 emx [
£ 26 cmxfm 25 cm) B 7 kg FiRE A (R A A
Ji =5 VAR ) o T 4 32 R K AR
Fox ek ML 2k E 50 KB HUE, pH
AT 5.5~6.5 20 ,FEA 12 ¢ EHIE(N-P,0, -
K,0 J 15-15-15) 1 0.6 ¢ £ R, H 8] f K #57K
= 84.58%,

TE IO 5 T 18 SRR 1, B 2 G RR 100 R, B
it J5 78 43 DK, TR IR R B B SRR BT
A 1R, R AEE 30 bR, IR E— B A R



55 1

RN GF A B  T R0 T 4 5 RR AR IS % A TR Y R 643

48 L, BCE 4 AL IR TE R K 4+ Wi i K (CK) T
FHrE + St 3 7K (DS) (IEH 7K 43 + W8 AOS(EGh) |
T2l + Wi AOS(DSh) , FRA~AbHE 12 NHE

AR Ak, EAE KSR E (23
2)C 1B 60% , G FE W] 16 h/8 h( G/ R ) 1Y
TR E AT T R A TR R EE A A0S X R
4 v A KR B WS ) A VAL 2R SRR ) B AR
MR M T R R T 6 MR AR, B
FE AOS 8 B R B 15 mg- L7,

R R A P SRR A R A PR AR R (i 2
15 em) FFAR 457K 1E B 7K 43 BR 52 QR 47 7K 43 Ry H [] 45
IKIE Y 70% +5% , T 5 W 38 348 58 Ry 1 (0] 45 7K & 19
35%+5% , K NIk 5 1k 5 109 1 D 0 ) 8 4= UK )
FEk A #E i 14 d 5, R iR SE AT i T WG, 7E SRR Y
P A K IR I o i, R 2 d i 1 Ik,
RSB 5 Wk, BRI ARSI 3 K
W5 e ZMIRIT IR T B i I 5 AR BRAS bR, 2R KR
S IE P AR 55 VPG AOS X T R E TR
WRRAE KRB 520
1.2.1 REEKRERUE

A3 5T RR S 85 d (B A K )
J5 96 d(BLEF ) , A 4b PR BE AL BE B 7 BRI RR AE
PR, DU E PR M bR AT, R AE K B
b BB ML 35 B 3 BRI RRAE PR, K B R AR R
XA MEEED TR R, #H Espon Expression
11000XL #5 # {3000 4 H: AR 2R 0 AR B AR B 36
T AR AR AR R 7E R B A A BB AL 3 B
7R RAE AR E AR T AKE AYreE R
PR PR RCEL R AR R B DL S TR, D
TP 1) Bk (em) o F 220K 20 B2 RO 8 25 ik &4
FAERKAWBEE;2) M e/ THE(g) . HEF X
SEFR B |- T S L 105 °C AT 30 min, 80 C 4T
BEE BT E3) TEKE (ecm)  HZKZ E
JU 2 DP9 B0 A8 7 T 358 08 58 — A~ 3 B 1] 1
FEEG ;4) AW i (g) WK S R BRAR S, 80 C 4T
ZIHE PR T E;S5) A & (g)  BOR 55 R
BTG (K& &N 12%) , 25 B3 997 R I 2% I ) AR
H56) PR REL () R R E 2R T E A 1
— IR EL T ) BRI A () R R
ZETER A3 A 1 2R RL B 8) TRLEE (g) M B> Ak
PR AFRTR 2D, BEHLE 1 000 HFR 8, 454> 4b 3 HL
3WEE
1.2.2 RXEBRUE

PR OB A= BT SRR 0.1 g, LA

2 mL BDET A 2 mL 95% £, #EG I3 1 E 58
0 A, R WO B bR A AE 665 nm 649 nm Al
470 nm P T MEWCIH . ALK,

Ca (mg+g ™' FW)= (13.95xA 6. 88%A,, ) XV/
(1 000xm) ,

Cb (mg-g™' FW)= (24.96xA,,~7.32%A ) XV/
(1 000xm) ,

Cx-c(mg-g' FW)= (1 000xA,,,—2.05%Ca-
114. 8xCb) xV/(245%x1 000xm) ,

C(mg-g' FW)= (Ca+Cbh)/(1 000xm).

Kf:Ca HMGEE a TH;CO AMFEERED F
HiCr-c HEWE NRTE;C HEMRRTE;
Ages Aguo A g 5358 665 nm 649 nm 470 nm P K
TR A ; V o AR BOR AR R (mL) 5 m B BT
(g
1.2.3 HEaKENE

TEPE A KO | 90T I 8T oM ) B R
(FW) , ZJE 0 R BT 4ok 2 3 B 2 0 R, B
S FH W /K AR W 3R T 7K 43, B o AR B (SW) |, B
JE ¥ B T LA T 105 °C 227 30 min, 80 C 4L T
ZEHE FREM ) THEDW) , HHHEAKXIT .

HH A & K& (%)= (FW=-DW)/(SW-DW) x
100% ,

MR IK MRS (%)= (SW-FW)/(SW-DW) x
100%
1.2.4 M HBRFRRAIIMNERUE

PR AR AT PRI 0.5 g W R & 1
T 10 mL B0 4k 8 h JF 48841, i
F AL DDS-12DW ( MR A A IR A A, )
D78 W i BT 98 3 R M (R, , R KR 1 h, W% KIS 7
A) 0N E S B TS S RE (R) AT .

HL i AR AT AMB 2R (% ) = R, /Rx100%
1.2.5 SEHEBERSECEATYREE.
AL BT 1 E

PO U R M R T R O M A AL
Py A Bl G A Bl T A E Y S R A A N
[N SRy S )/ N s VU W K0 E
T H A AT A o i e A A
BRI F & (AKAO00OM , b 5t & 74 TRHE A IR
UNEIDIN <=0 S e S WS o R m v o @ T R
P (TO1121, AL U R A H R FRAF) HAE
B (TP) Ml Z 87 & (A045-2, 1 5T i il A= 9 T L F
GEIT) AT E . A AR PR E I E 3 IR,



644 AT K2 (HSRBE 20

i 44 4

1.2.6 HEFEHWH

12056 B PE S FH Microsoft Excel 2019 % A2f 4 3§ |
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Table 1 Effects of AOS on the effect of drought
stress on plant height of flax at different growth stages
AT/ cm
vt o b3 —
PR3 A= K LA Y
CK 54.90a 77.67a 76.61a
A2 DS 43. 00c 61.70b 58. 68¢
445 DSh 50. 83b 67.73ab 69. 74b
EGh 55. 80a 73.27a 78. 54a

T [ B 6] /N S B AR A ) 4 34 TR) 22 7 1 3 (P<
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HR2Q 43 A DX 240 4 224 T A K DX 40 i S fify, | T

TR & 1< B I AR AR &

AR R A R R IR RIS
B A K (4 )

EGh DSh

1 AOS WMFEMETRELEKE NEHILRK
KER M
Figure 1 Effects of AOS on growth performance of flax
at the rapid growth stage and squaring stage under
drought stress
2 ACSHTEMETIERREERKPARAESHIZM
Table 2 Effects of AOS on root morphology of flax at the

rapid growth stage under drought stress

BosRes Rak Rampg e BE
i 2 EokmR R
it} /4 /em  /(Aeem’h) ) 5
/cm /cm
CK 1 576.00b 645.86b 2.6la 98.36b 2.13a
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45 DSh 2 277.00a 730.53ab 3.12a 98.62b 2.08a
EGh 2 898.00a 887.21a 3.46a 131.40a 2.75a

B [l NG B4R R AN [F] 4 B R) 22 55 &8 3% (P<
0.05) .,

ERIZES)

Ve
4 g :Li\

EGh 2¢m DSh 2¢m
B2 FTEMETAOSBEIRREEKBRAAHE
Figure 2 Root system scanning images of flax at the
rapid growth stage sprayed with AOS under drought stress
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Table 3 Effects of AOS on biomass of flax at different

growth stages under drought stress
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Figure 3 Effects of AOS on photosynthetic pigment contents in flax at different growth stages under drought stress
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Figure 4 Effects of AOS on RWC, WSD, and REL in flax at different growth stages under drought stress
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Figure 5 Effects of AOS on O, -, H,0,, and MDA in flax at different growth stages under drought stress
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Figure 6 Effects of AOS on SS, SP and Pro contents in flax at different growth stages under drought stress
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Figure 7 Effects of AOS on superoxide dismutase and peroxidase activities in leaves of flax at different

growth stages under drought stress
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