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VR B s AR BT b 1 2 B, ) Iz A AR T A
AT 0 0 ) R R R e LA R T R B 9 £
F QL RAR ) (4 i EBEREY IR, FE AR PT AEE AR b
3077 T EAT B SRAE  , Qii E R nT G A T S0 X S
O SR B B 5 . AR P B LAY
Py T A AT —LERFFEaE |, (E AR T 5 ha
ZAE I X Gy B AR ORI T 1 A PR A AN T
DR, AW 52 L SE T 8 Boh i iAo}, il 70 M it
BN T OO S R Sl B RO AT HTa e
T3 JEZSHEE N IRR LA 2GR0 o3 & BRI, BT
PE— 25 A s s R AR 5oty B T AR PR
BL, i X S BGPTSR e 2%

1 HR5HE

I AL
— % 5 Ok [Astragalus membranaceus var.
mongholicus (Bunge) P. K. Hsiao ] Fli ¥ (CEHAR 240 em |
AR ML=8 mm SEYE I E 510 o) W T NS ALk
i BH . & OB (A HLB >35% . N+P,0,+K,0>
2.5% .pHAE 6. 8 FHLFK0. 8 mS-em™) . 7 & (K50 cm
&30 cm 175 20 cm) o VAR EE T PEY I (bioactive seaweed
substances, BSS) (5} « B A5 v i 388 5 312 B 7% - Il i
2% T A4 PR < BBV BEORG  BHEIE S AR (2015) #E
T 44825 A A 7 S B M A MR A FR A
A5 W A < AR AR A B i S AR E S S
BLE A5 : pH {EL 8. 0~10. 0. A MLIT>45% | 13 35 1R >18% .
K,0=12% K 53<5% JKAEY<2%)
1.2 REigit

PRI 10 8k — 2 58t o SR AR T B i ok
TR AR A b, S B AN IR T R A AR AR
BM8tk. RAPIHZEHRX B, FXBIEHR Ko
(WO) rp B 5 paE (W) F e B2 A (W2) 34
b B, H )RR K 52 0 A 75%~80% . 60%~65% il
45%~50% , TP 2 d B FHARE L AT AR K , B ) 4K i
SRR 13005 5 ) DX 15 8 i T i 9 /K (BO) | 4§
WEE(BL,3 g- L) FliE 4 Mk B2 (B2,6 o« L) M i 1% 4
i 3L, JL O R A B A 3, Hi
IR BTG R P 0T T 58 1 B RGIR T 7 d S 4 P TS
Jiti, BERE 7 d S — UK, BRR 150 mL, 23K, fe s —Ik
WSt Je 7 d BEALSE R AR A T8 A I 5 o
1.3 MEmMBS5H*
1.3.1 "t R ASHERFEF  TH KW LA 10:00—
12:00, fii i} SPAD-502 £ Z 1l 7 A% ( H A L RE A A

1.1

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

F] ) Fl Handy PEA A7 4 8% 2% 43 #7{% (€ & Hansatech 2%
F ) 43 5 7E i 2% 25 A0 X & i (soil and plant analyzer
develotrnent, SPAD) Flli- 43 Z9¢ S8 X6+ = T
775 (maximum photochemical quantum yield, F//F ) |
CIRAS-3 M #E UG (S8 FETH 2w W 5E i 77K 7y
F) FH 3% (water utilization efficiency, WUE) . g [5] CO, ¥ &
(intercellular CO, concentration, Ci) . S fL B JF (stomatal
conductivity, Gs) ., 7% 5 4 % (transpiration rate, Tr) 1§t
A #R (net photosynthetic rate, Pn) 3G E SIS 50
1.3.2 »hyrdnidat hdasr iR e AR EGE
Uk, I HE-80 CUKFAIRAT , S 2% (R Wy 1k B 27 S B 4
SO E 32 3 T, B AT MR (soluble
sugar, SS) | Bl % M 2 H (soluble protein, SP) | fiti & 2
(proline, Pro) & 1 UL X 4t S AL it i S A U (catalase,
CAT) . E Ak Wy B A B (superoxide dismutase, SOD) |
1 E ALY (peroxidase , POD ) 16 P4

1.3.3 REBESHFEBHRATHRARRE HER
R ZE R U T Ak &b U iR B L T
JUI 52 AR 4 (root length, RL) 5 i F 8 F Ui A5 1= R
EM AL 1 em & 19 4R H (root diameter, RD) ; fii [
Expression 1100XL 45 f#§ 1 ( v [ 2% & A= 22w ) #il
WinRHIZO Pro 2007 R 2 73 Kt £ I 72 AR A4 1 (root
volume, RV) F1HE 2 [l # (root superficial area, RSA) ; F
80 “CHET Z 8 H /= i Hy 7 RPN AR R T B AR
Z 1 (root dry matter accumulate, RDMA ) .

1.3.4 MRFZRBRSBEHE B MZERKEET
Ao & P BB AR FR S L SR AR TR Kt 2
73BT ELISA 1200 & (i 7% A R FRA 7)) I
N YR % 2 A K & (auxin, TAA) | 77 %5 & (gibberellin,
GA) 2 il 73 24 & (cytokinin, CTK) | it 7% R (abscisic
acid, ABA) JH152 E N g (brassinolide, BR) & & .

1.3.5 RAHZRS A IR ZERKEER T
AR & TP IO R R E L 2 (P R ARALF
23 2020 4 RR — )T O T E 2 ARy B S
I A5 2T (calycosin—7—glucoside , C7G) B4 p& H T

(astragaloside , AS) & & .

1.4 ZHELE
i SPSS 24. 0 AT 05 25 0 AT AR S E 2 #r o
2 ZER545H

2.1 BSSHFEMETEHEEMHAEGERD
=20

H 2 1R, 5 WO AL FRAR EL , W1 A1 W2 &b B 521y
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WM Ci BT T 10.4%~31. 2%, 1l F/F, . SPAD .
WUE .Gs . Tr.Pn 433l N T 6. 258%~15. 621% 8. 3%~
22.6%. 20.31%~22.22%. 5.651%. 5.47%~13.26% .
26.95%~38. 30%, B T R Whia k55 7 55 s Ent i
AR, L BT 28 T 5 s et it & 1E
FH 9855 55 A W 4

5 BOAHLL, WO 544 , B1 Ab 3L i SRR AIG 1 52 B
FEMFF Ci I B4R 5 T KR SPAD Hl Gs AN A B 1E

FHAE AR , 17 B2 Kb AV & & 42 % T WUE I Pn; W1 551
T, BUAREE RS T CiF W R T HAYEAE
T b, I B2 Kb B 2R T F/F, s W2 551, BL AR
P B T KR WUE F G 4O G S VE 45 bR, T
B2 Ab R L T Cif W 2R T BR WUE 1 Pn MY
HAOCAVERAE R, BEI B ALFRAE AR T S e #2
R RO SR S B A YRR T B2 b B
SIS T W2 50 M5t i et R e a1 .

&1 BSSHTFEREMMETRHEHEEM ARAERNRME

Table 1 Effect of BSS on photosynthesis of Mongolian milkvetch leaves under drought stress

s AT R E AR iR KRS MR COMKEECE RALREEGs  AEMEUET: oA EREPa
Treatment F/F, SPAD WUE /(pmol-mol™)  /(mol-m™+s™") /(umol-m~+s™") /(pmol-m~-s™")
W0  BO 0.851b 47. 1a 2.05h 161. 0a 0.421a 5.07b 10. 39b

Bl 0. 885a 48.9a 2.50a 141.9b 0. 436a 5.33a 13.30a
B2 0. 862b 48.9a 2.39% 156. 8a 0.432a 5. 24ab 12. 50a
Wil BO 0.812b 43.4b 1.77h 180. 4a 0.425b 4. 80b 8. 49
Bl 0. 844a 45. 6a 2. 16a 154. 2b 0.443a 5.16a 11.13a
B2 0. 789¢ 44. Tab 1.83b 173. 0a 0. 436ah 4. 86b 8. 89h
W2 B0 0. 747h 39. 4b 1.77a 193.7h 0. 406h 4. 64b 8.21b
Bl 0.787a 43.3a 2.08a 187.2b 0.427a 4.99a 10. 35a
B2 0.712¢ 35. 4¢ 1. 82a 222. 4a 0. 388¢ 4.17¢ 7.59h

w0 0. 866a 48.3a 2.31a 153.3b 0.430a 5.2la 12. 06a

w1 0. 815h 44. 6h 1.92b 169. 2b 0.432a 4.94b 9. 50b

w2 0. 749¢ 39. 4c 1.89b 201. 1a 0.407b 4. 60c 8.72¢

W ek ok sk ek * ke sk

WxB ek ok ns * * sk *

T W0:75%~80% HIHRE7K fit s W1:60%~65% I MIHEK fk 3 W2:459%~50% HTAIG7K it 5 BO 37K 3 B1:3 g LT G BETSPEMI I B2 6 - L7 G B T 1
Vi, WFIAE TR R — 855 R RIAL BRI TE P<5% /KF b 285 3% =43 AR P<5% Fll P<1% /KF B B F R  ns ARALZE . T,
Note: WO: 75%—80% field water holding capacity. W1: 60%—65% field water holding capacity. W2: 45%-50% field water holding capacity. BO:

Water. Bl: 3 g-L'bioactive seaweed substances. B2: 6 g-L ™' bioactive seaweed substances. Different lowercase letters in the same column represent

significant difference at 0. 05 level among treatments in the same index. * and ** represent significance and extremely significance at 0. 05 and 0. 01 levels,

respectively, while ns represents no—significance. The same as following.

22 BSSHTFEMETEHARMAMTEEAIN
Al

FH 3R 2 AIAL, B 25 T 5 e AR B A N o, 5 B
iR CAT W6 PR 2 563 & 5 B ny a3, 5 wo b AR
Fo, W1 A1 W2 43 SP.SS  Pro &1 & POD . SOD 75 1473
AR T 65.96%~78. 40% .24. 32%~38. 16% .20. 7%~
22.0%.7.7%~13. 3% .8. 2%~10. 5%, 1 W] 1 5 Br i 1
BT 5 BRI B IR T W o R 3 0 DL R AR
At S PR R B, DA B T R e R S R R
e I PE I .

5 BOAH L, WO £ F , B1 I B2 &b 3144 i 25 48 v
TEN M R B S A  a H R A T
PR TO 25 7 WA T B AR B 4 = T 88
P15 4 0 R K CAT FI POD 3% P, 17 B2 Ak B0 (5 2%

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

AR T 3538 P85 9 o & 1 S CAT FTPOD 75 M s W2 2%
7, B AR HE 1 B5E I 5 W & T A —2K,
117 B2 Kb BN &) 35 B AI 198 38 98 15 ) T & 5t S POD 1
PEo UGHH B1Ab BEAEAS [R] 1 5 han A2 B BT A Ak
15 52 T BRI T g L 1T B2 AR BRI RN T W
FIW2 00 N 5t Bt R i dtisige g .
2.3 BSSWTFEMETEHERRAESHLERT
YRR RE RN

HY 2 3 0] AT, AL T WO AR B, W1 AT W2 Ab B 52y
R B RSA ¥ 00 T 16. 7%~17. 9%, 1fif RL.RD . RV,
RDMA U 43 5 f& ik T 5. 7%~8.0%. 5. 0%~16. 5% .
8.2%~25. 0% .6. 5%~28. 9% . 1jd T ipaet il T AL
FWAERKAKE DR TY R EN R, LUEE T 25
TR B
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988 ¥k F R 38 &
F2 BSSHTEMETHRHERM TN
Table 2 Effect of BSS on stress tolerance of Mongolian milkvetch leaves under drought stress
4T Treatment AP A AR Pl ISR CAT AL POD  H S L) B L
SP/(mg-g™") SS$/(mg-g™") Pro/(pg-g") /(U-gmin™")  /(U-mg'+min™") SOD/(U-g™)
WO BO 3.12b 6.67h 88. 6b 25. 6ab 17. 5a 179. 7a
B1 5.17a 8. 44a 113. 1a 27. 6a 18. 4a 175. 0a
B2 4.51a 8. 08a 107. 8a 23.7b 18. 5a 177. 1a
W1 BO 6.99b 10. 59b 132.7b 27.6b 19.3b 187. 2a
B1 9. 08a 14.47a 150. 9a 29. 5a 21.4a 201. Oa
B2 5.13¢ 7. 00c 90. 1c 25. 6¢ 17.7¢ 187. 3a
w2 BO 8. 12b 10. 37b 133.5b 23.4h 21.4b 194. 8ab
B1 9.71a 12. 26a 168. 9a 25. 6a 23.3a 206. 8a
B2 4.97¢ 6.21c 75. 3¢ 22.0b 16. 8¢ 186. Ob
WO 4.26b 7.73b 103. 2b 25. 6ab 18. 1b 177.3b
A 7.07a 10. 68a 124. 6a 27. 6a 19. Sab 191. 9a
w2 7. 60a 9.6la 125.9a 23.8b 20. 5a 195. 9a
B kok ok Hok £ sk *
WXB ks 3k k3 ns 3k ns

5 BOMEL, WO SF T, BIALH B 4 7 T 50
B EEAY RLORD I RDMA, 1 B2 Ab BEAY B Z & T
RD; W1 2544 T, B1 A BEAR R IE S 4FAE K 19 i FL 2R
EAEIE S WO 548 F A — 2, it B2 Ab B G i 25 2%

W24 F Bl I B2 /bR FEFRIA| I L B E R
Vi H] B1 AL F AT A 2L 3 WO FI W1 54T 5200 i 1 AR
A EKETMTYRENHE,

®3 BSSHTFEMETRHERRAESHERTYRRRENZ N

Table 3 Effect of BSS on morphological characteristics and dry matter accumulation of Mongolian milkvetch roots under

drought stress

AbFE Treatment R RL/em HEHL RD/mm WA RV/iem®  ARZEHFE RSA/em® AR T 24 RDMA/g
WO BO 43. 1b 11.8b 14. 3a 132. 6a 13.9b
B1 46. 2a 13. 3a 14. 7a 137. 5a 15.7a
B2 44. 3ab 12.9a 14. 5a 131.2a 14. 5ab
W1 BO 41.0b 11.7b 13. 3ab 155. 3a 13.0b
B1 43.7a 13. 0a 14. 7a 160. la 14. 9a
B2 41. 6ab 11.7b 12.4b 157. 8a 13.4b
w2 BO 41. 6a 10. 5a 11. 6a 159. 2a 11. 5ab
Bl 42. 3a 11. 5a 12. 3a 157.7a 12.3a
B2 40. 6a 10. 6a 10. 8a 151. 3a 10. 5b
wo 44. 5a 12.7a 14. 5a 133.8b 14.7a
W1 42. 1b 12. lab 13.4b 157.7a 13. 8b
w2 41.2b 10. 9b 11. 6¢ 156. la 11. 4c
W kek ns ok ok ks
B 3k s * ns B
WxB ns ns ns ns ns

2.4 BSSHTEMETEHERREZNBEAZSE
pp=A

FH2 4 0] 0, MR T WO AR BE , W1 AT W2 b B 52y
B R A9 ABA F 3N T 10%~12%, 11 TAA (GA |
CTK .BR % 5 U 43 5 B A T 15. 3%~28. 4% .6%~24%
9%~23% .6. 6%~20. 3%, VLI F i TR RN

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

VR RN B, DL T 508 T i 40 il 2R ek
iR

5 BOAHLL, WO F F B A i 4 5 155
AR AR TAA  GA Fl1 BR 9 7 &, 17 B2 Ab BRAL & 3 45
BT BR&E;WIAMT Bl ALFE R F & T 1AA.
GA.CTK 1 BR & &, 11 B2 2L FRAY W 38 5 7 BR &

http://www.cnki.net



53 TR TSR O SN B RO E AR A R T 989

W2 AR, BLAM R ZRNTEHME S Atk
W1 S FA—2, M B2 Ab G 8 22 7. Ui B1 &b

AR A S R B 26 1F R Bl A e it 5l B
HRZR IR & R p R

F4 BSSHTFEMETRHERRENFEAERSENZID

Table 4 Effect of BSS on endogenous hormones content of Mongolian milkvetch roots under drought stress

AbFR Treatment ERKEIAM (mg-g™")  FRER CA/(pg-g™) AN EE CTK (ng-g')  PRIEIR ABA/(pg-g)  WIZEE N BR/(pg-g™")
WO BO 23.4b 1 169b 345a 1 240a 143. 8¢
B1 26. 0a 1299a 358a 1233a 174. 8a
B2 25. lab 1 179b 357a 1222a 159. 0b
Wi BO 21.3b 1 054b 313b 1368a 134.7¢
B1 23.5a 1233a 336a 1312a 165. 3a
B2 20.2b 1 148ab 322ab 1 403a 148.2b
w2 BO 18.5b 943h 283b 1395a 124. 8b
BI1 21. 6a 1110a 304a 1 342a 145. 0a
B2 18.2b 898b 276b 1 406a 124.2b
WO 24.9a 1216a 353a 1232b 159. 2a
Wi 21.6b 1 145a 324h 1361la 149. 4ab
w2 19. 4¢ 984h 288c¢ 1381a 132.3b
W ok ok ok ok *
B kok kok koK ns sk
WxB ns ns ns ns ns

2.5 BSSHTFEMETEHERRRAVEIESE
sEA !

P & LRI, B T 5 e AR B A N EE, 5 B
MR ZR 2GR0 B i 1 S RS 1 o S BRI Y i 3, LA
W1B1 Ab B 2530 o0 e de i, C7G L AS B 75 143 5]
40.067% 0. 146% ., VLW FE 1Y T a8 A F T 24
RO A3 S BB

5 BOMEL, WO SF T, BIALH i 48 7 T 550

W x

0.09¢ B: **
a WxB: ns

KbH Treatments

rgiel iR E Ry

5]

e

B AR R C7G AS B &, 11 B2 Ab B R E 42 5 T AS
S WA T, Bl ANER 25808 4 & B 4B L 5 WO
5 N AR —B, 1 B2 AL B2 H R T R A
W2 55T, B AN I 2546 v 1 AS & &, 1 B2 A 0|
WERAC T AS &R ULRH B1 AL FRAE AN [H) T S Hhn fE
JE S BT A RO i 5 B RS 2 O A
T, B2 kb FEAE W2 SR EREAR T 25 80K 4

PO =N
P o

0.16
0.14
0.12
0.10
0.08
0.06

AS content/%

AbFE Treatments
AN [F/ING R R — T 52 30 88 A [ 1 38 1% 2 0 I it PR e 1) 2 5 8. 3% (P<0. 05) 6

Note: Different lowercase letters indicate significant differences among different application concentration of bioactive seaweed substances in the

same drought stress (P<0. 05).

El1 BSSXTFEMETRHEERRRAMNS S ENRM

Fig.1 Effect of BSS on medicinal composition content of Mongolian milkvetch roots under drought stress

2.6 THBRRREMGHMSEBENERIRER
GEPSK

AR 2 0 - R B A D 58t B RO i i

s

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

B R -, DA SO s A Ry it SO A S A B A
T, 5 & F8HR UEAT Pearson AHFEE M . 45 R R B
(FR5), 5570 ¥ EE AR 2R I R 25 38088 20 1% B3 5 Gs Al
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S ¢

CAT 7% P S M 5 25 A o B AE AR G, BB I Ao &4
BT EA B G P 32 S A AT T, RATY
R R85 Ci B B E S RAHE, 5 F/F, SPAD .

Gs.Tr.Pn.RL.RD RV .IAA GA .CTK BR ¥ &t 4 &
R B AEASG, DA e B R AR AR 2R A IR
PR SRR S A R T P T

£S5 TURRREMAYM S 5NEIBIRE Pearson X RE

Table 5 Pearson correlation coefficient of dry matter accumulation and medicinal composition with measurement indicators

F8F5 Index F/F, SPAD Gs Tr Pn WUE Ci Sp SS Pro CAT
C76G 0.599 0. 597 0. 883" 0.614 0.417 0.302 -0. 684" 0.218 0. 465 0.319 0.928"
AS 0.636 0. 689" 0.953" 0.749" 0.537 0.411 -0.734" 0.344 0.579 0.505 0.871"
RDMA 0.963"  0.936™  0.865"  0.9277  0.870"  0.785"  -0.985"  -0.184 0. 167 0. 107 0.732"

FEFR Index POD SOD RL RD RV RSA IAA GA CTK ABA BR
C76 0.135 0.078 0.385 0.724" 0. 634 0. 176 0. 497 0.724" 0.570 -0. 193 0.701"
AS 0. 366 0. 191 0. 464 0.739" 0. 654 0. 142 0. 559 0.747" 0. 605 -0. 285 0.733"
RDMA -0. 061 -0.373  0.867"  0.959"  0.9517  -0.473  0.924" 0.965"  0.954"  -0.780"  0.937"

TE Rl 00 R A PEAE 0. 05 R0, 01 ARSI B B2 FIR B . AR R AL - fE1 B0, 8 Z [ i BEIE FARI K

Note: * and ** indicate the correlation was significant and extremely significant at 0. 05 and 0. 01 level, respectively. The correlation coefficient r

between +1 and +0. 8 is highly positive and negative.

3 i

3.1 FEMEXMFHEREKESRNEME

Tl R e S B AR R ) R R AR
Wit Z — . AWFE R, S AR T R R
AR B W85, £ IAE F/F, SPAD \WUE ,Gs [ Tr,
P 8 BAIG s P B ) W R 48 37, R BRAE SP LSS \Pro & i
FTPOD . SOD I P Ay 4 /51 s i ZR W A= K Az 2 i 24, 3R
TE RL.RD RV .RDMA B3/ )N s AR 2 N IR SEER 14 4316 52
FHMH, FHIAE IAA GA .CTK . BR & & 1Y B E RS
ABA i 1 5 4R L X4 05 R FE R OR T
FB S S BRIz b . BEE TR
i 2 R R 0 AR R 2043 1) i Y R S T
Jei BERAV P B, U5 I 1) 1 S Pl 384 o T 25 380
() S, 30U 5 1) PR T R 3 Jn 24 R AR A vk A
AR 4y 5 B 3BT S BRI ST A AT
I 2 T S0 mT RE R T 52 B AR AR AR,
SRR S G5 05 R a =l N S
3.2 EEYEMEHEREKESRNTME

BE PSR ST ST, R T A A A U
PEIR T LA S5 S0 AR R B K R R
T A A BB TG PE , JF W 3 BRSO b 3 i R &%
T R SCAE Y RISt S I T R0 Vi R 4R
Py 1) T T LA 0T R R AR e R R Ak
Wy 5 T i A 3 AR Ak 0 T P L 4R v H R PR R B
PN =3 I N T e RS 7 STE R 538 B A R 7 2
PG YEY IR T 5 B RO A E I RIR R AR
K TAEARDTI AR ) SR 2R IR RN 208 5y

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

(18 5 kT DAL T S A e 5% P 0 SR I T it o 5
Ao 5 I T 00 M A S8ty B AR, DA T 52
o A R F AR, U — A E N 5 TR
WA e 3 AR RS AR AR, I i AR+ 5
W3 R AR AR R BE 012 o T A R T R M e R
ST v S v B A T B 1 PR TR BT A R T 5 B
B LR RMIZG RN 5 A B TRl R e S5k
JEE BT R PR TS R 1 S S 0 B, AT
REAR T AR DU T+ S i ro e

S ity v 1) oA R B B S 0 E R AR B AT G
PEIFHr R BT, W RG-S 4 T AT A A i G P 2 e A
I TFHRER RN & AR T, RO E R RAR W
AR AN IR S R R A M TR T A R
(52 TH, e AP OE a1 P AR 3 5 X 558 7t 2™ A A 4
A A R . BRI BT SR ], B
PR A TUC AR CEYIE AR AR AR AR
i B B O B IR G E R R T RE RS
PRI & B A DL AR AE R R P AT TR et T
PR R R, 5 B R 290N o) O AR AR
Py, O A=A W A 1 R LA AR A = 1
JEORE, e R 1 1A AL R 25 3808003 9 FR R AR 1t
TR, B S ATE R 22 R R A
FAZAL

R 18, 24 TR A % B 25 308 o0 5 Y
P, B PR e , (025 A Y o e vh ™
R A A REIAG . AHIFSE WOBT Ak B3 7 it e
i, WIBT AR B 25 80l 73 35 i e, 79 L LA .
PR, R 580 o TE ™ DAY R B SR B A v, AT

http://www.cnki.net



540 TR TSR O SN B RO E AR A R T 991

DA — 25 38 i B 05 1 0y Jor e 2 A 2, AR 9 de
Jil JH S 90 B, A AR DR E it BT ) BE Al S AT RE AR

XE =)
g
4 it

TRRE A TS S A DA R R
MAERAER T REMNIREERORR, w1t
Fi B8 R 1 W) 5 AR AR TG A T R
BT RARR G ROR TR TR P E R
3 g- L7 AR AT PR W o ] AR 1 58 vty o PO A I R i o

AIHE o
Sk

[ 1] WK, S5, 2852, X5 . HHOK XA w2k KA
PRI I SE AL ). HERHE K 2241, 2020, 39(S1): 1-6

(2] TEAEsh, 2008, PRI, XIS SR T P2 A MHE X AL
ARSI L) ] AR, 2023, 52(5): 17-23

[3 ] Z0edlh, XUSHE, KR, B, W, BX5°F, Allen X, HUEE T
SR T RS I 9 S R 2R R IR R A PR A S I 114
[T]. PEete i, 2022, 42(5) : 803-810

(4] 2=, BEoeme, skE, L, Sl . ASTa) 0 2 A 3P0 1 3 )
TR A R L) ] LT, 2023(7) : 111-118

[5] R, thigrse, L, X, BEER, THREA . T 550Xl
SN VMR Do a fE R a5 SOE R RS2 [T ] i okt
VEpElE, 2022, 44(3): 570-580

[6] Bts, WA, TMERE, RZFESC, WhIR, 30, e . T80
AR LG BT (A= P AL L) ] v [ S 86 0 R Ak, 2023,
29(13): 180-187

[ 7] HEZEMEG 2 A N RIEHIEZ M 2020 48 i —#K[M]. b
Ao PEEZRH L, 2020

[8] LiBZ, Zhang Q Q, Chen Y H, Su Y L, Sun S Y, Chen G L.
Different crop rotation systems change the rhizosphere bacterial
community structure of Astragalus membranaceus (Fisch) Bge. var.
mongholicus (Bge.) Hsiao[J]. Applied Soil Ecology, 2021, 166:
104003

(9] FESCoa, ML, FEARMY, JAAE . o2 3 FE it VAN 7 s i B 90 0
)], AP EBCN 257, 2020, 37(5): 620-628

[10] Wang X M, Wang Y L, Huang D M, Shi S H, Pei C X, Wu Y C,
Shen Z R, Wang F, Wang Z X. Astragaloside 1V regulates the
ferroptosis signaling pathway via the Nrf2/SLC7A11/GPX4 axis to
inhibit PM2.5-mediated lung injury in mice [J]. International
Immunopharmacology, 2022, 112: 109186

[11] TsaiCC, WuHH, Chang C P, Lin C H, Yang H H. Calycosin-7-
0-B-D-glucoside reduces myocardial injury in heat stroke rats[J].
Journal of the Formosan Medical Association, 2018, 118(3): 730-
738

[12] ZEMe . FhERLEE 5 R sttt s b BN 52ty 20 0 AR KO F g™ it

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[24]

[26]

[27]

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

RS [D ] RERIES . SRR, 2020

SRBL. AR AR R B B A RUN S P R W i R R R 52
WALD]. KA. AR, 2021

TR, EAEME , RIS, ZRHCE, Wk S T U
N T b A0 e AR A B [T ], el Rz 4, 2022, 45(4)
32-36

DN, BRC TR, LT, S, Bk, Jig, X
- A AR A P A TR (). D AR AR
2020, 52(8): 145-151

Asadi M, Rasouli F, Amini T, Hassanpouraghdam M B, Souri S,
Skrovankova S, Mlcek J, Ercisli S. Improvement of photosynthetic
pigment characteristics, mineral content, and antioxidant activity of
lettuce (Lactuca sativa L.) by arbuscular mycorrhizal fungus and
seaweed extract foliar application[ J ]. Agronomy, 2022, 12(8): 1943
SKHE, ERPLL, EAE, BN, 2R A5 RV R N A
JEAS S B A SO L (], FhREEE, 2018, 36(10) : 34-35,
40

P, B, B, BRSCHE, TR IR S0 b R e
S e FEHLBRARFE [T ). M98 37 5 R4l , 2021, 27(7) -
1185-1197

PR SC, JRSCR, UM, SRS, SRR, ARTRGE , L. i
W it T 5 i B X TR T 5 30 A R AL [ ). A VR
2, 2021, 42(5): 1348-1354

N7, R R Y AR A SR B (ML U mARHE W
Jkt, 2016

T, L, Heflis, wugth, HOTAL, Tk, £J), |2
P A A 25 ALY R AR AR R S B LRI [0 ], A 2y
&k, 2020, 45(9): 2009-2016

PP, RS, RAEE, FLLM, k3G, £JF, B2, T
e, TEHSNG, JA R, BUIRE . 25 RT3 N PR A 1 SR e JE
2GS T]. TP 2GA4GE, 2020, 45(9): 1969-1974
Liu J, Zhang X J, Sheng J H. Integrative analysis of the transcriptome
and metabolome reveals the mechanism of saline—alkali stress tolerance
in Astragalus membranaceus (Fisch) Bge. var. mongholicus (Bge.)
Hsiaol J]. Food Quality and Safety, 2022, 6: 1-13

Liu H, Zhang Y H, Yin H, Wang W X, Zhao X M, Du Y G.
Alginate oligosaccharides enhanced Triticum aestivum L. tolerance
to drought stress[ J|. Plant Physiology and Biochemistry, 2013, 62:
33-40

BES, BEN, Birte, WM, R, MR R
G £ DX 52 7ty 3 AT 000 ™ 4 R S [ ). AR AT
2022, 36(8): 1664-1675

T, TRHEAS, B, BT, XU L SRS XA R BT A
AR KON psg e (). B LA A, 2022,
42(6): 1022-1029

PP, B0, R, oL, B, BigA, B, Bk
2, VE2 . TR K S HEo B A R R 3 AR R RIS B 35
AL ] AP A LA, 2023, 59(2) : 421-431

XUAS, SRMEAS, A, BTERT, BUICH . LA 2R 20 ) Eh il 5¢
R AR A IR S 2 P R R B s (). P AR A
4%, 2021, 41(6): 1012-1018

http://www.cnki.net



Journal of Nuclear Agricultural Sciences

2024,38(5) :0985~0992

992

Effects of Bioactive Seaweed Substances on the Photosynthesis,
Growth, and Quality of Mongolian Milkvetch under Drought Stress

LIU Jie' GUO Jiahua' ZHAO Peng' WANG Yonglong' FAN Bobo®

GENG Zhigang® DUAN Tianfeng" "
('Baotou Teachers’ College , Baotou, Inner Mongolia 014030;
*Agricultural College, Inner Mongolia Agricultural University, Hohhot, Inner Mongolia 010019
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Abstract: To examine the effects of bioactive seaweed substances on the photosynthesis, growth, and quality
of Astragalus membranaceus var. mongholicus (Bunge) P. K. Hsiao (Mongolian milkvetch) under drought
stress, a two-factor split pot experiment was carried out. The main factor in the experiment was the degree of
drought stress (standard water supply WO, moderate drought stress W1, and severe drought stress W2, with
field water holding rates being 75 to 80%, 60 to 65%, and 45 to 50%, respectively). The secondary factor
used in the experiment was the application concentration of bioactive seaweed substances (water BO, moderate
concentration B1: 3 g+ L', and higher concentration B2: 6 g-L."'). Mongolian milkvetch’s photosynthesis , stress
tolerance, morphological characteristics, endogenous hormones, and medicinal composition content were
assessed. The study results showed that, with the aggravation of drought stress, photosynthesis in Mongolian
milkvetch leaves decreased and the plant’ s stress resistance improved while blocking root growth,
accumulation of dry matter quality, and secretion of endogenous hormones. A tendency of first increasing and
then decreasing was also observed in the content of root medicinal composition. Under various levels of
drought stress, moderate concentrations of bioactive seaweed substances promoted photosynthesis and stress
tolerance in Mongolian milkvetch leaves as well as root growth while improving the content of endogenous
hormones and medicinal composition. In contrast, higher concentrations of bioactive seaweed substances
exhibited inhibitory effects under severe drought stress. To sum up, a moderate concentration of bioactive
seaweed substances promoted the growth of Mongolian milkvetch under drought stress, with an increase in the
content of its medicinal composition. Of them, the highest content of calycosin-7-glucoside and astragaloside
in the W1B1 treatment was 0. 067% and 0. 146%, respectively. This study offers a theoretical foundation for
the growth of Mongolian milkvetch in the ‘daodi’ product region, which is drought tolerant, with significance
in promoting its production practice.

Keywords: bioactive seaweed substances, drought stress, Mongolian milkvetch, growth and development,

medicinal composition
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