| T T

——

(T

rhE ISR 2025 (5)

doi: 10.11838/sfsc.1673-6257.24525
MEYMEF NG EENREHEESERARRAEE RN

XA, VW, IR, WS, Aok, B, B,
FOBTE R, BGEN
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WO IO YT A SRR IR 4 FH IR X S SO A MR R AR K RO, A S RS T
TAE B A SRR IR IS 2% . R R X AR, DISEd SR e, WUEE R e i [ X
FEREAE (MO) | Jifi & (M1: 3 g/m™) FIl (M2: 6 g/m”) | ENE, BRI [ MWK (A0) . i
FHWRE (AL: 4 /L) 1 (A2: 8 /L) | SHREINZE, Flms et i, RER H R R AR bR, 2558
B MG CE ARG R R, Sl st RO AR . ARPR A S R T . AR R RS
R T YR RE AR R . MR R AR & S A OCHR bR 3 & T 4.6% ~ 41.2%. 10.1% ~ 27.7%.
10.7% ~ 18.7%. 6.9% ~ 16.9%. 23.1% ~ 29.9%; [fibf& SR A R3S, ST EEn) Didieir AR 23
WIS R AR SEAMERA . ARPR IR E Y & BB YE . ISR S R R SR A R T 5
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Bk D B R, Sl R TN 5
WAL, AT IRIEREE, AIBAUN. B $T
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B X A RBFIESTE (2025QN08116) 5 S0 HIRIX 4
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Sl AR T2 AR PO I EE AR IR R (IMARS-11 ),
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A 9 R PO P R S8 T 14 e e R X 55y B
HROCEVEH R AR ER KB RIER, 5 I
KA BENL R A= S M S e 2%

1 #REFZE

1.1 AR

SRR P A E 487 ¢, FHMRK =
35em, FEWM=7mm); & (K50em, %
35em, F20em); WAEWER (AL, BE
POtEHA RN AR AR B2 R: BEEE
R ZEFRAF R LW=6 = 2042 /g M3 7] ) 5 1 386 R 7K ¥4
B A= B AR A A 5 T 5 SIS A R A S 5
%, FEAERR: pH=8.0 ~ 100, A HLF = 45%. i
WIR= 18%. K0 = 12%. K53 < 5%. KAEY <
2%); KH L (AL 1693 ghe, A 59.78
mg/kg, AL W 8.74 mg/kg, T AL A 140.39 me/ke ).
1.2 Rt

BRI 14 BRSEh 8 A T AR T A K 14
ARG, Flh M RE RGO
B 12 Bk, RAMRZERX AT, ERENHE
Yy R, BT RENHEAR (MO) | it R 3
g/m® (M1) F16 g/m* (M2) 3B RIKZE N
BRI IR e, DB IRTE K (A0) | i
JE4g/L(Al) 18 oL (A2) 34HEE, FLoA4-kt
M, BAAEES 3R, H, MeEYET S KH
TESNRAE, TERG N R A 1
KR SRR K I T5< 1l 1 BGR 10 d J5 AR TS
Tt AR 1 7 = A, BERE 10 d BEE— Ik, BIK
200 mL, 3£2%K, 5 —RmEiEE 20 ~ 22 d Fffl
PEBURERRHEA THE AR
1.3 W H 507k
1.3.1 R GEIEH

HERAY 10: 00—12: 00, fifi FH CIRAS-3 HI5E44Y
MRS SEL [t BEER (P,) | ZEIBHOR
(T,). FMafE Co, MR (C) . AL (G615 fliH
SPAD-502 F1 Handy PEA 4351l -2 A 2 1 SPAD
g RPN SH [ SO E w17 & (FF,)L
1.3.2 HRBR 3L i A

AEEERRERE TR LA, RITMRE
AT 7 T B RO PR R [ AN
(BC). FLE (FN). JRZR (AM)] $dt; 3R H
TR (SC) . KA (UE) | BlERSIRNE (AKP) |
i A AL U (CAT) I3 8 I 2 AR B - 498 il 30 1k
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1.3.3 WARNFEEER &

SR HIAE )35 3R T IEK 3 - BT TR EEK 6 5 W RN
(ELISA ) 4o & I AR R N TR [l =2 R N e
(BR). JBi75M2 (ABA) . #iffisr3 % (CTK) . 7}
HE (GA) ., EKEK (1AA)] FH,

134 WRTYFHEmHRZHAR

R ZRAE 80 °C L 22 18 8 J5 it FH i+~ K7
EWARTY R ZE (RDMA) ;i i f 7 35 b
FRIMER R 3L 1 em AAARKL (RD) ; i
Expression 1100XL $FH§{X i £ J5 H WinRHIZO
R AT R AR R m A (RSA) FHAR R 1
(RV); MHERMERE (RL),

1.3.5 RENRLI &=

% (pAE ARSI Z ) Y TR R
ROy [EEFEH A (AIV) |, B85 o5 R A5 4 B
(C7G)] FmnyilzE
1.4 B 3Hr

i FH SPSS 24.0 ¥ 47 B R R 24 X )7 22 43 i f
Pearson FHFVESM T o

2 ER5HMH

2.1 Tl W R RN R T S B T O AR
FHI R

p e 1l UL, BCAE R ) R e R 6 52 0 v
B R e Mot A ERERA BEMEm, K
YERL AN KT P,FN G, A PR ., BEE D
B R e R A9 9 o, P, T.. G.. SPAD HIF, /F,
AR E T 14.3% ~ 22.6% . 193% ~ 41.2% .,
10.6% ~ 14.9%. 93% ~ 12.6% 1 4.6% ~ 6.9%,
C MR T 12.0% ~ 17.0%, iR Y 7 00 it
AR EAERMSE R, MO &MHT, Al MY
EPRE TP, T.. G.. SPADFIF,/F,, A2 4bFEN|
WEREART PRI G ML, AL Ab B & 35 i
P, T HF/F, IR BT G M2 R 1F T,
A1 AL PRI AR T T, M SPAD, i BH & ROV 1Y
TR A R TR AR &

2.2 TR W TR AR RN B R X 5% vy B AR B R
A= Wy e ARG PR A5 )

FH 22 2 A DL, 2B AT 7 I R 0T 52 0 B
FEAR PR 80 3 P A B 7 15 R0 4 Bh T 1 2 A
W E MR, L E ARV AU UE A CAT 3 A
M, BE R SR TR R S R, BC.
FN. AM % & flSC, UE, AKP, CAT i5% 4 4 5| $2
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xR BEYEFMTEBENFTHERMTAXEGERANZI
b 7%;“6%%% ?I?H%EEZE Hifi] CO, e fF ﬁ%LE’iB% SPAD PR
[umol/ (m*+s)] [umol/ (m’-s)] (' umol/mol ) [mol/ (m”-s)]

MO A0 5.82b 2.20b 153.0ab 0.376b 38.3b 0.776b
Al 6.99a  5.89b 2.83a 233¢  142.0b 15252 0.408a  0.377b 41.9a 38.8c 08132  0.781b
A2 4.87c 1.97b 162.5a 0.348¢ 36.3b 0.754b

M1 AO 6.43b 2.55h 143.3a 0.409 423ab 0.807b
Al 7.19 6.73a 3.04a 278 125.6b 1342h  0430a  0417a 44.5a 424h 08452  0.817a
A2 6.56b 2.76ab 133.6ab 0.412a 40.3b 0.800b

M2 A0 7.00a 2.99h 133.1a 0.423a 42.3b 0.825a
Al 7522 7.22a 3.5% 3292 12l.1a 1265h 04452 0.433a 45.4a 437a  085la  0.835a
A2 7.14a 3.29ab 125.4a 0.432a 43 4ab 0.829a

F M 24.19” 164.25" 24.63" 44.29" 60.14" 12.23
A 29.42" 19.55" 6.82° 16.817 21.13" 14.117

Mx A 7.58" 223" 1.44" 3.79° 1.94™ 0.84"

TE: MU B A s A—TSERAL L M x A—TLAERON . A R/ING FRHMUERAE P<5% KF W3+

R, s fCRARE. TR,

ik AP RTE P<5% Fl P<1% /KT

xR2 RBEYEFMEEBENFHERREIIEREYSEMEFEN N
e i HIH T HENH Jhk it IR it i S b Sl
( x 10°cfulg) ( x10°cfulg) ( x 10*cfulg) (mg/g) (mg/g) (mg/g) (mL/g)
MO A0 3.33b 5.74b 9.01b 13.3b 0.246h 3.50b 6.18b
Al 3.64a  345¢  643a  6.10b 10.60a  9.98b  159a 149¢  0327a  0282c 3.92a 3.74c  742a  6.94b
A2 3.37ab 6.14ab 10.32a 15.5a 0.274b 3.81a 7.22a
Ml A0 3.75b 6.70b 11.14a 14.9b 0.320b 4.05a 7.65b
Al 424a  4.02b 7452  7.17a 1123a 1138a 1752 164b  0365a 0342h 4.32a 422b  827a  8.10a
A2 407a 7.36a 11.77a 16.8a 0.340ab 4.28a 8.39a
M2 A0 3.98b 7.45a 11.44a 16.9h 0.351a 4.46a 8.39a
Al 446a 429  7.88a  7.65a 12.12a 11.90a 194a 1852 0364a 0360a 4532 4.54a 876a  8.58a
A2 443 7.61a 12.15a 19.1a 0.365a 4.63a 8.58a
F M 4545”7 27.03" 41.38" 99.10" 76.63" 33.35" 33.60"
A 17.06" 727" 5.47 22.15" 16.29” 8.40" 27.85"
Mx A 141" 0.43" 115" 0.06™ 3.33" 1.04" 3917

B 1 165% ~ 243%. 17.5% ~ 254%. 140% ~ 192%
F110.1% ~ 242%. 21.3% ~ 27.7%. 12.8% ~ 21.4%.
16.7% ~ 23.6%, Ul WATLAE Py i 70 it FH A A AR

Al I A2 Ab 3 i 25 B T BC & i M SC iE T, U
P 2 A P V0 R TR B A ) AR B - S5 ki
BTG P R4 155

PR TSR Y & GG PR R MO SRR, 2.3 AR W R A IR X 5t B AR AR AL
AT AEPRE P T ARBE LA 3 RBUEY SRR RE R
4 RS, A2 AR PR R T AM 5 & A SC, Hi e 3 n] 0L, flCAE W T R 0 5l B O AR R

AKP., CAT fifi P M1 Z&fF T, AL 4w 1
BC. FN & &M SC, UE, CAT i1, A2 4bBli %
HEE5 T BC. FN FTEURISC, CATIf#E; M2 A& PET

ABA. CTK. GA FlIAA & EH B F M m,
PRSP R & B WA B E MR wm, i E AR
AT ABA & A BE M, FEE MY
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R3 AEYEANMEERMNRETERRENRERLESENZN

b TSR A kR AN AR TR KR
(ng/g) ( pg/g) ( nglg) ( ng/g) (mg/g)
MO A0 122.6ab 251.0b 222.3h 607.3b 13.6b
Al 134.1a 123.4b 209.5¢ 258.3a 254.3a 232.1b 701.1a 652.2h 15.7a 14.1b
A2 113.6b 314.5a 219.7h 648.3ab 12.9h
M1 A0 136.6ab 240.5a 259.0b 697.8b 15.6b
Al 146.7a 136.6ab 196.2b 218.3h 281.7a 264.7a 774.3a 735.4a 17.7a 16.4a
A2 126.6b 218.3ab 253.3h 734.1ab 16.0b
M2 A0 134.0b 187.2a 265.7a 716.1b 15.7h
Al 154.9a 144.1a 155.9ab 164.1¢ 287.7a 275.6a 787 4a 752.8a 18.4a 16.7a
A2 143.3ab 149.2b 273.3a 754.8ab 16.1b
F M 6.93" 53.95" 29.72" 20.92” 17.68°
9.15" 12.017 12.92" 13.86" 20.24”
MxA 1.06™ 8.16" 0.62™ 0.12" 0.57"

A e FH 4 RS 3%, BR. CTK. GA FlIAA 7
RS T 107% ~ 168%. 140% ~ 18.7%.
12.8% ~ 154% F1163% ~ 184%, ABA SlKT
15.5% ~ 36.5%, i BGLA 9 R 3 i A F TR
NIRRT R P S . MO A&, A1 AbEEE
FRE T CTK. GA FlIAA & dF B T ABA
i, A2 RGN N R T ABA 5 i M1
T, ALALHE 5 E R 5 T CTK. GA R TAA & & JF
R T ABA S M2 SR, AL ALEE B 2
PEE T BR. GA FITAA i, A2 AbFR I E AR T
ABA Frig, U B IE B R 1 R A R F BR
CTK. GA FITAA & nydiss,
2.4 A W TR R R B R X 5 FEAR R T R
TR BRI R A 52

H 22 4 AL, o2 1 TR 700X 5 7 B RDMA
RD. RSA FIRV A W 3 M % i, ¥ 3% 2 X} RDMA
4 Fh A 2R 35 M5, AR SO
X RDMA il 4 Ff e VAR T0 o 3 v sg ., &
A= 0 B R0 e FH & B 39, RDMAL RD. RV Al
RLAY % 3 & 7 91% ~ 169%. 159% ~ 165%.
13.1% ~ 15.5% 1 6.9% ~ 10.0%, RSA (KT 7.8% ~
8.8%, UFATIAE Y B A A A TR R T4
A BRI e 2R i $E R . MO &0, Al
Ab P i 2 $E R T RDMA . RD Al RL, {H & 25 B I%
T RSA, A2 bR EFEAL T RD; ML Z&FT, Al
Ab B & 35 $E T RDMA, RD Ml RL, {H & 3 B %
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T RSA; M2 4T, A1 AR 3542 5 7 RDMA
RV MIRL, {HIEEREALT RSA, A2 Zb P EFFAE
T RSA, U6HAIE Bk B () 3 R 5 A AT RDMA
RD. RV I RL A4
2.5 IRl W R AR RV 9 R N 5y TE AR AR 2 U
S e EpA|

P 1 AT UL, A T 3R R T %o 5% 1y
MR 2 MR & 34 a5, AR
RONAR ATV &7 i MR . BE AR PR
Jiti P BB, 2 Fh 2580 e S B
‘e, ALV FCT7G FE IR T 23.1% ~ 29.9%
F125.6%, MO 208 F, Al AbFR G 32T ALV Al
C7G &ik, A2 AbHN B ERRILT C76 & i M1 4%
PR, ATABRE RS T ALV &, A2 ZbHi G
PET C76 i M2 &, Al T
ALV &, UHAIE BOVR FE () R A A1) T ATV
C7G FamMEm.
2.6 MRS F T R B 5 e 4
NINY P S g

IR R AR &, TR RElE 5
T R E ST, 50 48 AR AT
Pearson M1 CPE T, HHES I, FmEfEas
C.. ABA I RSA 775 & BE (AR OC, 5 HA 48 b5 7
FE—E MR EIEADE, ULIEATERN . MRER 46
A= RGP L IR ER S DA SR 2R
Xof 7t TR AT — R S
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R4 AEYEANESZERMNRGREERREZTYRRRENRE K0

e AT R i itk il HRFRHER HRAARR LiE§N
(of #R) (mm) (em®) (em®) (em)
MO A0 8.44h 8.93h 114.9a 10.09ab 38.2b
Al 9.32a 8.54c 9.87a 8.89h 91.8¢c 103.5a 10.69a 9.99h 42.1a 39.0b
A2 7.84b 7.88¢ 103.8b 9.18b 36.7b
M1 A0 8.75h 9.79h 103.5a 11.03ab 39.0b
Al 10.14a 9.32b 10.99a 10.30a 86.8b 95.4h 12.04a 11.30a 44.6a 41.7ab
A2 9.09h 10.11ab 95.9ab 10.84b 41.3ab
M2 A0 9.42h 9.84a 104.5a 10.87b 40.3b
Al 10.55a 9.98a 10.73a 10.36a 85.3b 94.4h 12.42a 11.54a 45.1a 42 .9a
A2 9.96ab 10.52a 93.5h 11.32ab 43.3ah
F M 76.74™ 19.90™ 16.00° 10.64° 5.44™
A 17.70™ 11.60” 27.41" 10.34™ 15.09”
Mx A 1.55" 3.13™ 0.28" 0.92" 1.41™
M: ** A **  MxA: ns M:*  A:* MxA: **
0.200 0.080
0.180} a N
a ab N
__ 0.160F b o b _b__dg-2 - ab .
S 0.140f iy -—F T B g 0060 . b __%__ﬁ__%___
~ L b -—-——" = b ———
0.120 1= = _ <
0100} 0.040}
B &
7 0.080F =
( 0.060} =
0.040f ﬂ* 0.020¢
0.020} 3
0.000 0.000
A0|A1|A2 A0|A1|A2 A0|A1|A2 A0|A1|A2 A0|A1|A2 A0|A1|A2
MO M1 M2 MO Ml
AbFR AP
Bl MEYEFNSERNEHERRAGYARS SEMZMN
0 M= TZE VIR RAREE s A- TFEEFRANEE s M x A- TAERUN ; /NE FEEARIFIRTE P <0.05 KF 1 B3E;
ok SARIFURAE P<5% Fl P<1% 7K |3, ns FRAME,
x5 WREBUASSENTYRREESNEISHRA Pearson HHXMHERE
Y P, T, ot G, SPAD F,/F, BC FN AM SC UE
AIV 0.924™ 0.948™ -0.989" 0.978" 0.943" 0.957" 0.963" 0.940™ 0.845"  0.834" 0.9417
C7G 0.822" 0.799™ -0.893" 0.886" 0.767" 0.777 0.852" 0.848™ 08117 0.661 0.835™
RDMA 0.944™ 0.973" -0.962" 0.945" 0.944" 0.971" 0.909" 0.849" 0.710" 0.837" 0.870"
Fekr AKP CAT BR ABA CTK GA IAA RD RSA RV RL
AIV 0.900" 0.878" 0.914" -0.912" 0978 0.944™ 0.943™ 0.955™ -0.741" 0.944™ 0.896™
C7G 0.784" 0.805" 0.704" -0.793" 0.816" 0.829" 0.831" 0.889" -0.613 0.808" 0.754"
RDMA 0.798" 0.766" 0.947" -0.933"  0.947" 0.900" 0.944" 0.932" -0.803"  0.945" 0.972"

T P—HOLEHUR T—&MHUR; C—HEE CO, RIE; 6—"fLFIE; SPAD—IHERFAINS S it 5 PP, — I SOG4 T 4k 5 BC—2H1 5 FN—
HA; AM—JCZR TR s SC—IREMEl; UE—IIRAGE; AKP—PERERR R ;s CAT—id S0 fL 20l s BR—INZEZR AR ABA—BL7E R s CTK—AN/r 24 3R

CA—REE R ; INA—E K Z; RD—RHL; RSA—RF WA ; RV—ARMEE; RL—R K AIV—8 EF 1 C76—T

PSR R MRRE r 76 0.8 ~ 1 NREZIEMISE, 15 -1 ~ -0.8 AR TR,

S

prres
oy

gy

St A 40T ; RDMA—AR R
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3 it

XA e 2 BRI, MR AR S
AR S as: &MU EES Sos IO e kNI A7 152 10
B S PT EA EE P, NTR AR bk L 2R R
sy EWRE RN, e RS S
TEHGIERR . RT3t R 4
B, BRSNS BE T, ABIE RN, HE M
AW T R R BN, SR R B AR
T HRBR a4 B i R P . AR R Y U
Wi AR | B B S
[y g, ALt M CO, WRHE . AR 2R TS R
FIHR 2R Fe AU B A, BEII M i )
A A RS B M AOLATER . ALK L
B L BB . BT T s R
A ORI SR AT B, Ry L B R
2 CHIPER, BAPREE ., PUSMER . RS
Tt 250 2 5, XPAER B B . RS A B
TR RIAIOR, SR BRI 2R . 2
W, BRI ELIR TN bR R N A L R [ R %
UIRE ', ME R REOL B BRI A B, XA
W A K R 7 A T D R VR 20, T
B FIR AT 5 3 AR A S AT R N T
SElH PEAR PR L RS . RERERE . AL A
BTG E, AT G T B B e VR, 44y
T A BB ICHLER -7, e T AR BRI 3R
G, A A S AR TR 2 X TR W 5 R e
FEE M Y, IE TR AN ER KT, RN
CIEASE=E=27/0510) 8 . 8o B ekt R |
M, SRR R TR BOG A E PR 2 4 K
KRG R, ik, X 5EES D )R R
5%, BRI P fE R T LIRS B AR AL

EHORSE BT BERR I, B KA T2 LI
R 7 = B4 A R AL BRS 7 i OK b 1 15
RV A I R T A . BRI R
AL R S I A 3 s
WFoT M, SRR K AT P I A (22 AR
2. FYFRIRE, AR, R
R B T A T T 4 B R B AR AR T T
S DEST R, U R S SR I 2 A R
F1 T G O 0 B 2 MG R S 7 ik B TR AR 4
Feor Wi, (HBE R A3, Bk P R
FE b7 S A B S AR i, ARBESE R, B
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TR SRR it MR B B B, Sty B B G A AE
F L RPR 0 R & MR . AR RN
VRSB R 8 R IEA R e
B s RS, U 5 R COo B, R R
I 8 TR e FIAR 28 2 T AR B S B AIC 38 1)
REFA G PR AT R R A VR B A R T Wi 2
J&, WG TETEKE-EAAN R EKRRAERSE
KR RIEERE T, B2 EIE R AT
A3 TR HE— A T AR R XK R i
e TR DL EERAR R ERK R E X"
LU YRS REEREHZ S, R
T —ENHERSE, FE A MOCEEHSRE
A A A R
VAT AR, S8 Bt e SR
HRPR A Y o PG . AR RN RS
DL AR ZE MR AR — e, 52
WM FOCEER . MRS AR — R
M e 58 TR e 2 WA 7 e R 2RO o 1 L
NS BRI B GG VR Il ) AR A P ik
[FEI A BCAEAR R AR R, B TR RN T
AR R, WO R, B AT A
i RN BRI A AR 0 5 AL T 2 A
BV g AR R S R R
rfE SR TR R AL, B MEESRLR
ISR DA B A e asd R b (R i U, AT [ 42
SR T PRGBS ,
SREIEYIARIR, 245 A Ry a3 i
RN AT B, (HE AR B A R P R 2 SRR
Oy S R ARME R A E) O AESE F W] M2A1
AEE R R ARAL B, M2A1 AEFE R RS ER AT
PR R A S A, (BB 5
4G BETE S B MIA2 ZbBRAK 0.52%., 75 4h % PR,
MIAL ZEFE TR R TR R . P HAER
S, T 4] e W i A0 0 B M2AT AR BRARR 3.9%
3.1% F13.6%, TEHZENEHASR LB, Walih
MIAL A B BHEAC B, HAE G AR o v, wf
iE— LGSR i AR BE S GRS, (58 i
FETEPRIE 25 %00 o0 7 e i JE R AT BB R S i

4 Z5ig

TCEE T 70 R o 38 T B TR ) T T 4 e 5
HEEH DA, (RS BICR AR R AR K
KE, PEEE S A 2 RO i

S
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DUt FH 6 g/m® AR 40 11 700 B 45 W it 4 o/ )V 35
PR AR, BERY, FHEERAR TYRR RN

10.55 o/ #k . BEEHH &80 0.159%

55t B

AP A 5N 0.055%

S5 3k :

[1]

[2]

[10]

[11]

[12]

[13]

[14]

ERAME G 2 hREANRIEAEZ M (M. Jea: b
RGBT R, 2020.

B, BT, R, SF BRI Pas
HURIBETEREfE (1], "PRE2y, 2024, 55 (10): 3549-3557.
Zhou Y Q, Zhang X, Zhao Z L, et al. Effects of Astragalus
membranaceus on energy metabolism and expression of CNTF
protein in skeletal muscle of exercise—induced fatigue Rats [ J ].
Agricultural Biotechnology, 2023, 12 (6): 19-24, 29.

Li N, Zhang Y, Han M M, et al. Self-adjuvant Astragalus
polysaccharide—based nanovaccines for enhanced tumor
immunotherapy: a novel delivery system candidate for tumor
vaccines. Science China [ J ]. Science China Life Sciences,
2023, 67 (4): 680-697.

AR, WwEL, WEEE, 55 FICSRE PRI A T
DL RS /IS BURZ IR B2 R DG IR 2 38 R I 3 4Lk 4
PRAYSENE [T ], MR R i, 2023, 44 (12): 1485-
1489.

Liu WZ, Zhang L., Yu M M. Potential mechanism of Astragalus
polysaccharide increasing chemosensitivity of cervical cancer HeLa
cells to carboplatin by modulating the PI3K/Akt signaling pathway
[J]. European Journal of Gynaecological Oncology, 2023, 44
(6): 4-11.

XITERE, WA, BIRE, 45 NS HDGE 2G4 5200 i
BT A Mo s Ak [T ). R ARSI, 2016, 27
(3): 838-844.

Wi, MR, ZUr, & AJHREYREF GB20287—2006
[s].

XA, XIET, F¥, S BUEEWE RN SOR TR K&
Ay A KA ()], AR R4 ( HARBRAR)
2024, 55 (2): 162-168.

TR, P, TR, A AR TR RS AR S
TRIIBIA S [1]. Bl By, 2024, 61 (2):
448-454.

LIS, B, HORAh, AR BUEMRE AR A R S
W Gizttsgm ()], TRRLRE, 2024, 52 (2): 168-
174.

FIRATE, BSRER, 5E, AR BB IEITR HO/T 5050—
2016 [S].

TR, W, WAL, AF TR A AGH R R
KEFIE 7. PUEALBE R GRS [J]. BRI,
2023, 37 (11): 2297-2304.

e, HIEEEN, MR, AR SRR ML IE R B
KL e LB i BFoE (0], FhrRHE, 2018,

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

S

36 (10): 97-100.

REWTIY, RormE, T, 5. FEUER 20078 W48 Xf K35
PR B R BURE T RCR ST [T ). P E SR
2024 (2): 89-96.

DuRH, YanY H, WangL, etal. Effects of seed dressing with
microbial inoculum on nutrient composition and biological yield of
silage corn [ J . Agricultural Biotechnology, 2023, 12 (5):
52-54, 58.

KEE, KSF, m, S A HLICHUAL A 5 R0 R 2
bel 48 . LS B A s sEeE [T ] o E R S AR,
2024 (1): 129-140.

I, ZEM, e, A RO IE P IR K R
FEEAIEE [T ] R, 2020, 37 (12): 1898-1906.
Fomn, AR, REL, S ORI E AR
PRI SRR [T ], ESR S
BlEd, 2021, 27 (9): 1656-1664.

W, PRI, RIKHE, S BRI R R
AT ()], AR, 2024, 40 (9): 60-65.
TRIEEE, XEBOMR, SCRKiR, 45, TRIRBHFHILLE T 2p A S
PRI SN [) ], P2, 2020, 45 (20):
4846-4852.

FEHR, 2R, EE, S TR E ST EEAY
i AR PR A RO rsg e [T ). PEdE R,
2015, 35 (9): 1868-1874.

XA, 250, G, L BUEMTRERREORE AR
B AR BRRRE RN i SN [0 ] BT AR SRR, 2023,
34 (11): 3039-3044.

T, WU, Bife, SE SRR G R R
P (1], AL FREER 22240, 2022, 41 (12) 0 2817-2823.
ERF, BK, EHIE, 4R WEEE IR A AT R SRR B
JRAE K BARBR ISR S2m [T ], padbfol 74, 2023, 32
(6): 899-909.

KR, Dimn, EER, SF oy -Fe203 KBRS A
B IR AT B R AR B B i D R LA [0 ). A
PSR SIEkE, 2021, 27 (3): 520-530.

Liu H, Zhang Y H, Yin H, et al. Alginate oligosaccharides
enhanced Triticum aestivum 1. . tolerance to drought stress [ J ].
Plant Physiology and Biochemistry, 2013, 62: 33-40.

TR, TLLM, Refeik, 5. A Ma 2 YR e
R 2w LU (1], R 2523, 2020, 45 (9):
2009-2016.

WM, HR =z, BIEE, % 2GS RS0 ) 5
W& BB 2B CEEREE” [ ], PR 2Rk, 2020, 45
(9): 1969-1974.

WAz, BUVF, Wi, S5 U BC GO P 0
JH 7= SR AR R [T ], AR,
2023, 50 (8): 52-65.

T, aREEAS, e, A SRR RIF BT 22 A K
A7 i B HARUR S (1], PR A, 2022, 42
(6): 1022-1029.

— 199 —




| T T —— (. [ |

rhE SRR 2025 (5)

Effects of microbial agent and alginic acid on photosynthesis, and root growth of Astragalus membranaceus

LIU Jie', FAN Bo-bo', FENG Xiao-juan', ZHAO Peng', WANG Yong-long', ZHAO Yan-ling', LUO Yan-jie', LU
Ling'", WANG Meng"
Inner Mongolia 014030; 2. Key Laboratory of Seaweed Fertilizers, Ministry of Agriculture and Rural Affairs, Qingdao
Shandong 266400 )

Abstract: The effects of microbial agent application amount and alginic acid application concentration on the photosynthesis

, GENG Zhi-gang” (1. School of Ecology and Environment, Baotou Teachers’ College, Baotou

and root growth of Astragalus membranaceus were explored to provide theoretical reference for the ecological planting of
Astragalus membranaceus with reasonable fertilization. A two-factor split zone pot experiment was adopted, and Astragalus
membranaceus seedlings were used as materials. The application amount of microbial agent (M0: 0 g/m*, M1: 3 g/m’
and M2: 6 g/m”) was the main factor, and the application concentration of alginic acid ( AO: water control, Al: 4 ofL
and A2: 8 g/L.) was the secondary factor, and the relevant indicators of Astragalus membranaceus leaves, rhizosphere
soil, and roots were measured. The results showed that with the increase of microbial agent application amount, the
photosynthesis of leaves, microbial content and enzyme activity in rhizosphere soil, endogenous hormone content in roots,
roots dry matter accumulation and agronomic traits, and the medicinal components content in the roots were increased
by 4.6% to 41.2%, 10.1% to 27.7%, 10.7% to 18.7%, 6.9% to 16.9% and 23.1% to 29.9%, respectively. With the
increase of alginic acid application concentration, the above indicators of Astragalus membranaceus showed a trend of first
increasing and then decreasing. The improvement of photosynthesis, rhizosphere soil microbial content and enzyme activity,
endogenous hormone content, and agronomic traits was conducive to the improvement of yield and quality. Microbial agent
and alginic acid of appropriate concentration could enhance the photosynthesis of Astragalus membranaceus leaves, increase
the microbial content and enzyme activity in the rhizosphere soil, promote root growth and development, and improve the
yield and quality of Astragalus membranaceus. M2A1 treatment ( microbial agent application amount of 6 g/m”, alginic acid
application concentration of 4 g/L. ) had the best effect. Under this treatment, the roots dry matter accumulation was 10.55
g/plant, the astragaloside IV content was 0.159%, and calycosin-7-glucoside content was 0.055%. This could provide
theoretical reference for ecological planting of Astragalus membranaceus with rational fertilization in large fields.

Key words: microbial agent; alginic acid; Astragalus membranaceus; photosynthesis; growth and development; medicinal

composition
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