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1.1 X5 AR

W T 20204E3 H 15 HE 1M A 7THAEH A E
VGO R B 0 B A RO M AT o 5 H O 3R
1 866.7 m, 2020 4F [% /K &t 462. 3 mm, F ¥ H I8 i %
117.1h, B HEA PR 9. 2 g/kg, &R 0.9 g/kg, W ft &
43.0 mg/kg, B R W 11. 0 mg/kg, # S A 160. 2 mg/
kg, pHME 9. 4. LR 8 €
1.2 K&t

KT8 BEALIX AT, B E 2R A IR
W RE (AL:100% 5 A2:80% 3 A3:50% ) , B Ay jiti A 77 =X
(B1: M [T W ; B2 : 485t AT ; B3« I 17 1 e+ + 4 it
HED o 11A~Ab B 4350 ok 100 % Y8 - i it (A 1B 1) |
80% 8 W ™ WE i (A2B1) . 50% IH W& o mE i
(A3B1) 1002 78 & ™M1 ms it + - 3 it AE (A1B3) |
80 %6 YA W M- ThT 1 it + + 4 it A (A2B3) .50 %0 V8 W i
7 % i+ 3 it B (A3B3) L 100% 78 W&+ 4 it e
(A1B2) .80% ¥H W + it it (A2B2) (50 % 18 W 1 1%
Jiti B (A3B2) , 148 BLAL IE jt I (CF) , 14~ ¥ 7K Xt B]
(CK), AL B 5 33k (Fi /N X it) , it 334/ IX,
BE/NX 6 m”, T R FH S A < TR 2. 5 kg/m®, 4
Ftn B 15 kg/m®. 56 1 18] 8% 31 2 Y i T Wi it L 1k 4 4
Jiti HE , 43 900 T 2020 4F 6 H 12,7 A 12 B - 1 it 4% 1
W ,20204E 8 A 12 H -3 IE 17k . CF 4343 5] T 6

H12H i RAZLMRE SR 1,8 12 H &
BB 1R, KB RGRAER N
750 kg/hm®,

20194F 3 AW M, B S R R A A
50 kg/hm*, 2020 4F 3 H 25 H# 4. KM T 7 H 28
H.8H27H . 9H26H . 10H 24 H .11 H 7 HAES& /]
DX 43 42 B 10 A B B, O b R AR E AT A A4
THLITTES
1.3 HmRERGE

B R L R, 28 H A R 2R 2 A R A
BBz %2 o R 5 K (Astragalus membranaceus
var. mongholicus) B 11 AR o T8 W HL A 22 N 17 46 7 BH
8 A A 307 30 R R % A SR 0 DA AR 3 Oy kI OB
) IE = SR A . HpH(E R 7. 83, H ML
1.075 g/L, &N & 1.036 g/, & P& 0.533 g/L,
K& & 1.186 g/L, Ni & & 7.77 pg/mL, Fe & &
15.80 pg/mL, Mg & i 312. 68

B RE .

& 31.75 pg/mL,K &
pg/mL, Co & it 35.42 pg/mL, Cu &% & 3. 65 pg/mL,
Mn & & 6. 33 pg/mL,Na % & 299. 63 pg/mL,Zn &% &
3.02 pg/mL,Ca i 46. 73 pg/mlL.
1.4 MERBRRFE
141 HEREAMAES
(1) M 7E 2 R A2 CoB R I W liot
TEVE D E AR LT R & &, AR R 1,

= E

®1 TERUEEG

Table 1 Determination conditions of trace elements

JLE B IE L/ mA MK /nm /5 /nm PR/ (Lemin 1)
Fe a2k R AT 8 248.3 0.2 0.9

Zn UESFTRIE 5 213.9 0.2 1.2

Cu Ok R AT 4 324.8 0.5 1.1

K — 4 766.5 0.5 1.2

Ca — 5 422.7 0.5 1.4

Mg PO £ 5 AT 4 285. 2 0.5 1.1

Na — 5 589.0 0.2 1.1

Mn DU LR ST 5 279.5 0.2 1.0

Co U2 SAT 6 240.7 0.2 1.0

Ni IEESPS) 8 232.0 0.2 0.9
(2) Btk 4 BOE AR AR 2 1.00 g, ol AR R OB RS, 22 W T 8 AR 4 1k i A

K FRAE L B 100 mL BEAR A, i AR Al iR — o iR (4
D)W 20 mL, i & 24 hJ5 T i #ule B 40 4k B,

BHGH 1Y% MR E R T 50 mL %5 & &b, 1o
0.22 pm GALUEBE , 7000 2 v AR 10 FP B HLIC R &
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o R HHIRIRE 5 306 4 25 U RE A o
(3) XF HE St WA £ S e R R FEE 43 B 10
MEHITEMWWREBRRK ImL, HEBE T KEREE
x2

50 mL, #% B4R 3B A e, R TR LA MF I E o 10 Fb
TEHLIC R BITE 4% F B Fl N 2k R 4F (32 2) ¢

Table 2 Regression equation

LR ml = I 72 LB FRiEFRS/ (pgel )
Ca Y=0.001 87X+0.002 2 0.996 5 0.625.1.250.2.500, 5.000,10. 000.50. 000
Zn Y=0.073 05X—0.0019 0.9990 0.156.,0.313.0.625.1.250,2.500,5. 000
Fe Y=0.006 12X+0. 004 3 0.9954 0.156.0.625.1.250.2. 50.5. 000.,10. 000
N1 Y=0.018 77X—0.001 3 0.9979 0.156.,0.313.0.625.1.250,2. 500,5. 000
Co Y=0.008 77X—0.001 7 0.996 7 0.156.,0.313.0.625.1.250,2.500,5. 000
Mn Y=0.006 97X—0.002 6 0.9997 0.156.0.313.0.625.1.250.2.500.5. 000
Na Y=0.05194X—0.016 4 0.997 6 0.313.0.625.1. 250.2. 500.5. 000,10. 000
Cu Y=0.030 70X+0.002 1 0.999 2 0.156.0.313.0.625.1.250.2. 500
Mg Y=0.3327X+0.006 0 0.998 9 0.313.0.625.1. 250.2. 500,5. 000,10. 000
K Y=0.010 56X—0. 004 5 0.9955 0.313.0.625, 1. 250,2.500,5. 000,10. 000
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o o e MR U A A ks A & AR 1260
HPLC 4 #1 , & A Agilent ZORBAX SB—C18 (150
mmX4.6 mm,5 pum) O35 A A R 0. 2% 1 H iR
(AN (B) o BEEEVEB R P INT :50~13% B,
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iR 5 e kA

£
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b o1 B
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min, it 1 mL/min, #: {7 30 °C, #EAE = 10 pl., 54k iE
J& 30 °C, B AL E 105 °CL, 8 Mm% 2.5 L/min. il
2 R U T, PR AR 10 L, RO % 43 £
SE LR TR R
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RO EE (11 7 )£, A2B2 b #) Fe (K. Ca,
Na.Mn & &3 1 2% & T H A b 1 (BR ASB3 M K & &,
A2B1.A1B2 A2B3 4b # [ Mn # & 5 Z A 6 B 3%

SHN) L HA RS T CFAAMS1.15%.7.19% .
13.24% .100. 81% .10.65% . A2B1AbHE) Cuf &,
A2B3 A FE Y Mg & H, A1B1 &L B Zn  Co & 24 43
1 8 3 v T A 10 A4S Ab FE (P<20. 05) o {HIEASFER W
J&, CF 2 3 Ay Ni & & 3% 5 T Hofh 10 4> b 31 (P<<
0.05), HV- ¥y = VB 45 ab ¥ 13. 69 % .

2.2 AEBRLENREPERRGEARASSEMN
A

N[5 T T A 3% SR W B B AR 7 oA O A3 i
SRR (323) . Hirb, A2B2 kb BR 4 4 Ffr 885 7 2 1843
FRE, B EE T CK.CF 4B (P<<0.05) . AlIBI
Ab B B RS R A R, W R T A 10 b B
R ER T CFALEE 54. 87 % (P<<0.05) .

2.3 HEXMESH

Xif SR WS H0T 11 A~ Ak B 10 R G HLIC 3R B 7 FhOA R
A i HE AT Person AH G M43, 45 SR R B (£ 4) ,Fe
5 S A A AR B A
TEFR R0 E ARG, ARG R B0 51 0.572,0. 529,
0.535,0.639, Na 5L R B W E EAMHL, 5K
BENAAERFEAME, Mg 5 AER TSR
M 52 8 3 AR OC , HAH OC R 8o B —0.613,
—0.601, A, THLITR Z RIWAFEA L, Naty
Ni.CoMn B FIEMHX . Mn5Mg,Co57%n,Caly
K 3 5 5 35 A 56 .

2.4 EXRENZREH NS H (OPLS-DA) 73 #7
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Table 3 Content of active ingredients in different treatment samples of Astragalus membranaceus var. mongholicus

from harvesting period

e ERFEMAE  EESEW/ R AR/ TR AR/ TR/ BRI/ R I/
BEH/(mgeg™") (mgg™) (mgeg™") (pgeg™) (pgeg™) (pgeg™) (ngeg™")
A1B1 0.5240. 00° 0.2840.00°  1.274+0.01°  14.1840.07°  0.59+0.00"  9.48+0.09°  5.39+0. 15
A1B2 0.42+0.01' 0.2440.00°  0.97-0.00"  12.5740.03"  0.46-£0.00"  7.4440.02°  14.3140.29°
A1B3  0.3540.01¢ 0.2440.00°  0.9340.00°  12.10-0.05¢  0.49-40.00¢  5.82+0.13"  7.60+0.04'
A2B1  0.51+0.01 0.2740.04%  0.9940.03" 13.6340.29' 0.58+0.00°  7.37-40.24°  7.11+0.13¢
A2B2  0.65=+0.00° 0.3140.00"  1.1540.00°  15.4040.03"  0.66+0.00°  9.91+0.13°  8.91+0.04
A2B3  0.3340.00¢ 0.1840.00°  1.07+0.01°  8.5140.08"  0.39-+0.00°  7.30+0.01°  13.86+0.02°
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Study on the effects of biogas application on the ac-
cumulation of inorganic elements and active ingredi-
ents in Astragalus membranaceus var.mongholicus

LU Guo-di, YANG Fu-de',HOU Jia, CHEN Hui
(Gansu University of Traditional Chinese Medicine , Lanzhou 730101, China)

Abstract: [ Objective] This study investigates the effect of biogas slurry application on the accumulation of ten

inorganic elements in Astragalus membranaceus var. mongholicus during growth, and analyzes the correlation be-
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tween these inorganic elements and active ingredients. [ Method] The impact of biogas slurry concentration on the ac-
cumulation of inorganic elements and active compounds in Astragalus membranaceus var. mongholicus was examined
using three application methods: foliar spraying, soil fertilization and a combination of both. [ Result] Biogas slurry ap-
plication significantly promoted the accumulation of inorganic elements in Astragalus membranaceus var. mongholi-
cus. When biogas slurry was applied solely as foliar spray, the 80% concentration treatment notably increased the con-
tents of potassium (K) , calcium (Ca) ,magnesiusm (Mg) ,sodium (Na) and nickel (Ni), performing significantly bet-
ter than the other treatments (P<C0.05). In soil fertilization treatments, the harvest data revealed that 80 % biogas
slurry topdressing treatment resulted in significantly higher concentrations of zinc (Zn) , iron (Fe) , K, Ca, Na, and
manganese (Mn) compared to the other 10 treatments (P<Z0.05). Conventional fertilization yielded the highest Ni
content in Astragalus membranaceus var. mongholicus compared to other treatments (P<Z0. 05). Correlation analy-
sis indicated significant positive correlations between Fe and the contents of calycosin-7-O--D-glycosides, ononin, ca-
lycosin, and formononetin. Na showed a significant positive correlation with formononetin, while Mg was negatively
correlated with ononin and formononetin. Additionally, Na had a negative correlation with astragaloside 111 content.
Discriminant analysis identified Ca, Na, Mn, Fe, and Mg as the primary elements responsible for the differences be-
tween the biogas slurry and other treatments. [ Conclusions] Optimal concentrations and application methods of bio-
gas slurry can enhance the accumulation of inorganic elements in Astragalus membranaceus var. mongholicus, with
the contents of active ingredients closely linked to these inorganic elements.

Key words: biogas slurry; Astragalus membranaceus var. mongholicus; inorganic elements; active ingredients;
correlation
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