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Effects of returning biogas slurry to fields on the growth and quality of
Astragalus membranaceus var. mongholicus

LU Guodi, HOU lJia, YANG Fude, DU Tao
(School of Pharmacy, Gansu University of Traditional Chinese Medicine, Lanzhou 730101, Gansu, China)

Abstract: A by-product of anaerobic fermentation, biogas slurry is a high-quality organic fertilizer that can be applied to
farmland as a substitute for chemical fertilizers or in combination with chemical fertilizers to improve the yield and quality of
crop plants. In this study, the effects of biogas slurry concentration (A;: 100%, A,: 80%, As: 50%) on the growth,
physiological characteristics, yield, and quality of Astragalus membranaceus var. mongholicus were investigated by
comparing the effects of BS at different application methods (B;: spraying, B,: topdressing, B;: spraying + topdressing).
Water and fertilizer treatments were used as controls. The results revealed that all assessed indicators of the A.
membranaceus var. mongholicus plants subjected to the 11 different treatments showed differing trends, with most of the
indices showing initial increases and subsequent declines during the entire growth cycle. In response to spraying biogas
slurry alone, the 80% biogas slurry treatment was found to be the most effective, and was significantly superior to that of the

chemical fertilizer treatment (P < 0.05). Following topdressing, compared with the other 10 treatments, the 80% biogas slurry
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topdressing treatment was found to promote significant increases in the chlorophyll contents, activities of antioxidant
enzymes, and contents of osmoregulatory substances in 4. membranaceus var. mongholicus seedlings when measured during
the harvest period, as well as significant increases in the yields of the aboveground and belowground biomasses.
Furthermore, in response to the 80% biogas slurry topdressing treatment, we detected significant increases of 87.09%,
60.65%, 52.17%, and 24.21% in the contents of calycosin-7-O-B-d-glycosides, ononin, calycosin, and astragaloside IV,
respectively, compared with the fertilizer treatment (P < 0.05). The comprehensive evaluation concluded that 80% biogas
slurry topdressing was more effective. These findings indicated that the appropriate concentration and application method can
enhance the resistance of A. membranaceus var. mongholicus, promote increases in the biomass of medicinal components

and improve the quality of A. membranaceus var. mongholicus.

Keywords: biogas slurry; Astragalus membranaceus var. mongholicus; physiological index; biomass; flavonoid component;

saponin component
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Table 1 Specific scheme of the field experiments performed in this study

hb

TR 77 30(B) Method of biogas slurry application

Treatment

g1l IBAE

MY + IR AL

Spraying (B,) Topdressing (B,) Spraying + topdressing (B;)
100% (Ay) A B, AB, AB;
ik . 80% (A,) AsB, AsB, AsB;
iogas slurry concentrations
50% (Aj) AsB,; A3B, AsB;
H 7K XTI Water control CK
AL AE Conventional fertilization CF
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—RPFHRHTE, G EL 3 K.
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1.3.3

1.3.1
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o3 25 1F - {6 2 $E 46 1260 HPLC 20 #7 (I 1)
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SPEf7 3 mino I 3% 0.5 mL-min |, FEE 30 °C, #EAEE
10 pL, K630 K 260 nm. 43 B 2 H K8 KM 2
JiE B, BE PR T 0 R 5%~ 13% L&, 0~5
min; 13%~21% Zf%, 5%~10% min; 21%~37% Zfi%,
10~ 23 min; 37%~ 53% Z &, 23~ 37 min; 53%~

69% £, 33~ 43 min; 69%~ 100% £ fi§, 43~ 45
min. “F4F 3 min, 3% 1 mL-min ', £33 30 'C, #FFf
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Figure1 Typical chromatograms of triterpenoid saponins and flavonoids in the roots of
Astragalus membranaceus var. mongholicus
w2 THROSEKMERE
Table 2 Linearity correlations of seven analytes
D% LI 244 R Kl R (LOD) SE EIR(LOQ)
Constituent Regression equation r Linear range/pg Limit of detection/pg Limit of quantification/pg
CG Y=1730.9X+41.727 0.9996 0.00585~5.85000 0.00195 0.005 85
CA Y=4156X—15.458 1.0000 0.00405~2.70000 0.00135 0.00405
ON Y=3165.6X+4.0707 0.9999 0.00625~3.75000 0.00270 0.00625
FOR Y=5991.2X—-0.1464 1.0000 0.00400~0.60000 0.00200 0.00400
AS-IV Y=1.5997X+ 1.8243 0.9995 0.510~51.000 0.255 0.510
AS-TI Y=1.4223X+1.5932 0.9996 0.175~7.000 0.140 0.175
AS-TI Y=1.6311X+1.8055 0.9995 0.420~21.000 0.315 0.420

CG, WML : CA, BEFEM: ON, TW{ti: FOR, THWfEER: AS-IV, HEHH: AS-M, WEBEN; AS-TI, #EHl: FHE.
CG, calycosin-7-O-B-d-glucoside; CA, calycosin; ON, ononin, FOR, formononetin; AS-1IV, astragaloside IV; AS-1Il, astragaloside Ill; AS-1I,

astragaloside II . This is applicable for the following figures and tables as well.
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A7 1A B BERE (04 14 44 84 12 h) I RE E PESE a6 & 7 Fh
JA3 (RN RS [ AT S By o 3 488 B B HERE 1K 7 b 2y

£ B A b AE i 25 (RSD) 18 25/ T 2.87%; £ 1. 44
8. 12 h Py H & & RSD {H 4 /N T 2.88%; 7 Ff i 5
FR) T A 5] L R TE 96.47%~ 99.52%, RSD {H ¥ /N T
1.29%, 3 B BT FACHE A %5 B LA, W0 o 3 5 1
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Figure 2 Comparison of the aboveground biomass in different treatment samples of

Astragalus membranaceus var. mongholicus during different periods of growth
ABjv AByv ABsv A;Byv A;Bs. A3Bi. A3B,. A3B;. CF. CK H4HEESHER 1; AF/NG FRER IR R — R FE I 8] A [F] 40 21 i) 22 5 2

% (P<0.05); FHEF.

The code name details of A|B;, A|B,, A|B;, A,B,, A;B3, A3By, A3B,, A3B3, CF, CK reter to Table 1. Different lowercase letters for the same sampling
dates indicate significant differences among different treatments at the 0.05 level. This is applicable for the following figures as well.
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Figure 3 Comparison of the belowground biomass in different treatment samples of Astragalus membranaceus
var. mongholicus during different periods of growth
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Figure 4 Comparison of the chlorophyll contents in different treatment samples of Astragalus membranaceus

var. mongholicus during different periods of growth

Chlb). $t & b B i5 1% (SOD. CAT. APX). B3 I 11
P15 (Pro. SS) & & J A,B, &b FE ¥ SP & &8, 7
A T CF 403 30.98% 53.89%. 36.45%- 15.49%.
61.18%- 129.99%- 9.37%- 44.48%. 51.92% (P < 0.05).

BARE, BZAHAEE 27 (10 H 24 H), A)B, &b
FE ) Chla. Chla + Chlb i . POD. CAT ¥ £ PL %
A,B; ALER ) SS EE 73 B35 = T CF ALRE 10.53%.

10.28%- 9.99%. 562.98%. 21.84% (P < 0.05). A,B,
AbFE ¥ SOD ¥ PE . Pro & & DL J¢ A3B; &b FE ) Chlb,
SP & E.APXEMEY R #E & T CF. CKA# (P <
0.05). REL L A,B, 4 # % fi%, & #F K T CF 4 £
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Figure 6 Comparison of four osmoregulatory substances in the different treatment samples of

Astragalus membranaceus var. mongholicus during different periods of growth

NSRS T R TR

BT AF R (7 A 28 H), CG. AS-IV. AS-
I & &3 DL 80% VA i Ab 22 (A,Bs) B i, AS-TT & &
PL 50% A AL B (A3Bs) 7, Hod 80% A i Ak B
(A,B;) ] CG. AS-IV. AS-TT & &, 50% ¥ ¥ Ak B
(A3Bs) 17 AS-TT & 2 73 7l 2 3 & Y CF &b 22 19.15%.

84.14%. 63.41%. 41.83% (¥ 3).
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Table 3 The contents of flavonoids and astragalus saponins in the different treatment samples of
Astragalus mongholicus during different periods of growth
UM CERRM  BERKEW  RETE O CWER  EREE RREED RERET
Sampling period/ . o HERET Cca/ CA/ AS-l\[l/ ON/, FOR/ AS- ]]11/ AS- ]11/
(MM-DD) (mg-g ) (mg-g ) (mg-g ) (ngg ) (ngg ) (ngg ) (ngg )

AB, 0.93 £0.00a 0.33+0.00a  0.85+0.02c  2229+0.20a 2.37+0.04a 6.36+0.10e  4.97+0.01j
AB, 0.73 £ 0.00g 0.26+0.00d 0.88+0.01b  15.68+0.61fg 0.93+0.03e 7.05+0.10d  6.62+0.03h

AB; 0.92+0.00ab  0.31+£0.00b 0.87+0.0lc  20.54+£030b 2.18+0.03b 7.65+020c  5.74+0.091
A,B, 0.83+0.01d 024£0.00e  098+0.00a  14.61+£0.20g 1.05£0.03cd  6.27+0.10ef 7.74=0.12f
A,B, 0.76£0.01le 0.27+0.00d  090+0.0lbc 17.95+0.5lcd 0.99+0.04de  8.89+0.20b 12.23+0.23¢
06-27 A,Bs 0.88 £0.00c 0.33+0.00a  1.01+£0.01a  20.91+0.22b  1.09+0.02¢ 7.89+0.10c  3.76 £ 0.09k
A3B, 0.72+0.01fg  020+£0.00g  0.72+0.00e  1539+0.20fg 0.96+0.02de 14.71+0.00a  10.24 +0.02¢
A3B, 0.76 £0.00ef  0.27+0.00d 0.87+0.00bc 16.89+0.21de  0.84 +0.03f 7.88+0.10c  16.41+0.07a
A;3B; 0.74+0.0lefg  023+£0.00f 0.68+0.01f 16.06+£0.2lef 0.94+0.03¢ 591£0.10g  7.04+0.06g
CF 0.90+£0.00bc  029+£0.00c 0.94+0.01b  1835+£025¢ 0.96+0.02de  5.32+0.00h 11.22+0.50d
CK 0.73 +£0.00g 0.17+0.00h  0.82+0.01d  12.15+0.22h  0.59+0.03g 5.96+0.10fg 12.89+0.22b
AB, 0.32+0.00ef  0.14+£0.00e  0.58+0.01g 7.62+021f  1.22+0.01e 423+0.12i  6.69+0.03¢
AB, 0.31+0.00fg  0.15+£0.00d  0.95+0.01c 8.82+0.2le  1.52+0.02d 7.85£0.10e  5.71£0.04g
AB; 0.34 +0.00e 0.15+0.00d  0.60+0.02g 8.36+0.23ef 1.08+0.03f 582+0.10g  8.43+0.06c

AB, 0.49 + 0.00b 0.23+0.00b 1.43+0.01b  12.71+022b  1.58+0.02bc  10.84+0.10b  3.61+0.05j

A,B, 031+0.00fg  0.13+£0.00e  0.96+0.01c  11.31£0.53¢c  1.60+0.02b 8.80£0.00c  4.59+0.04i
07-28 A)Bs 0.56 £ 0.00a 023+0.00b  1.51+0.00a  12.66+0.20b  1.60+0.02b  11.39+0.10a  8.14+0.03d
A;B, 0.40 £ 0.00d 0.18+0.00c  0.79+0.00f  10.14+0.22d  1.72+0.03a 8.58+0.10cd 5.94+0.07f
A3B, 0.30+0.00g 0.13£0.00e  0.88+0.00d 9.82+022d 1.52+0.0lcd 11.06+0.11a  8.47+0.06c
A3B; 0.42 +0.00c 0.18+0.00c  0.79+0.01f  10.56+0.24cd 1.74+0.03a 8.51£0.10d 13.02+0.04a
CF 0.47+0.01b 0.23+0.00ab 0.82+0.0le  12.78+0.27b  1.72+0.03a 6.97+0.10f  9.18 = 0.06b
CK 0.47+0.01b 0.24+0.00a  0.77+0.01f  13.69+0.00a  1.22+0.02¢ 517+0.10h  4.81£0.08h
AB, 0.46+0.01a 0.27+0.00a  1.07+0.02b  1429+0.33a  2.02+0.0lc  17.57+£0.30a  5.47+0.04k
AB, 0.40+0.00cd  0.21+£0.00b  0.86+0.01gh 11.23+£0.00b  2.01£0.02c  16.42+0.30b 18.81+0.11a
AB; 0.26 = 0.00f 0.13£0.00e  0.92+0.0lef  7.14+0.11g 1.04+0.0le 12.26+0.2le 10.02+0.03e
A,B, 0.30+0.0le 0.17+0.00d  0.96+0.00d 8.65+0.23f  1.99+0.05c 13.06+0.10d  8.67=0.07f
A)B, 0.45+0.02ab  021+£0.00b  0.84 +0.00h 9.10+0.02¢  2.66+0.016a 8.01+0.10g 12.43+0.22d
08-27 A,Bs 0.42+0.02bc  0.22+0.01b  1.35+0.02a 9.27+0.10de  2.71+0.19a  1591+0.00c  7.61+0.03h
A;B, 0.37+0.01d 0.19+0.00c  0.90+0.01f 9.94+£020c  1.71+0.02d 830+0.10g  6.13+£0.03j
A;B, 0.33 £0.00e 0.14+£0.00e  0.96+0.00de  6.79+0.00g 1.77+0.04cd  6.16+0.10h  8.31+0.08g
A3B; 0.33 £0.00e 0.22+0.00b  0.94+0.00de 10.84+0.00b  2.01+0.02c  15.73+0.10c  12.93 +0.06¢
CF 0.33+0.0le 0.18+0.00d  0.89+0.00fg  850+0.00f 1.85+0.02cd 11.86+0.00e 13.49+0.09b

CK 0.39+0.0lcd 020£0.0lc 1.01+0.01c 9.57+0.12cd  2.29+0.02b 1044 +0.13f  7.09 +0.061
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Table 3 (Continued)
RUOW . EESAM  EEREW  RETE  ERET  CWEE O RREEI KEEF
Sampling period/ Treatment R REH 1CG/ CA/ﬁ1 AS'N{ ON/ 1 FORﬁ/1 AS- "]1/ AS- ]11/
(MM-DD) (mg-g ) (mg-g ) (mg-g ) (ngg ) (ngg ) (ngg ) (ngg )
AB, 043+£0.01d  0.25+0.0lc 1.05£0.01d  13.29£0.20de 129+0.06bc  8.45+0.11d  7.66 +0.09d
AB, 042+£0.00d  025+0.00cd 1.00+0.0le 12.84+0.00e  1.45+0.03b 629+0.11g  4.12+0.06i
AB; 0.37£0.00e 0.22+0.00de  0.88+0.01f  10.70+0.23f  1.03+0.03d 8.29+0.13d  4.65+0.04h
A,B, 0.38+£0.00e  0.25+0.00c 128+£0.01a 12.85+£0.10e  1.40+0.02b 9.03+0.00c  6.78 +0.09
A,B, 0.48+0.0lc  0.29+0.00b 1.11£0.00c  1621£030b  131£0.04bc 10.69+0.00a  4.75+0.12h
09-26 A,B; 0.49+0.0lc  0.22+0.00e 1.00£0.0le  11.62+£0.10f  0.94+0.02d 723+0.10e  9.07+0.08¢c
A3B, 0.32+4£0.01f  0.18+0.01f 0.77 +0.02g 947+041g 135+0.08bc  6.59+0.10f  5.13+0.04g
AsB, 039+£0.0le  024+00lcd 1.00£0.0le 12.73+0.1le 1.46+0.11b 8.22+0.10d 10.92 +0.04b
AsB; 0.51+0.01b 0.26£0.01c 1.19+0.03b  14.30£0.00cd 1.44 +0.06b 9.62+0.22b 13.66 +0.04a
CF 0.60+£0.01a 0.36+0.01a 0.89+0.01f 17.65+0.10a  1.21 £0.05¢ 724+0.11e 590+ 0.13f
CK 048+0.0lc  0.26+0.01c 0.76 £0.00g  1445+0.11c  1.73+0.06a 6.49+0.13fg  4.36+0.09i
AB, 0.40£0.01de  027+0.00cd 1.18+£0.02a 14.26+030c  0.61+£0.00a 12.20+£0.61a  9.67+0.09d
AB, 044+£0.02c  027+0.05de  0.98+0.00cd 12.49+0.7le  0.46+0.00f 721+0.12f  535+0.00i
AB; 041+£0.00d  027+0.04cd 0.83+0.0le 14.09+0.14cd 0.59+0.01b 7.35+0.00ef  7.68 + 0.06f
A,B, 0.41+0.01de  0.26 + 0.00f 1.05+0.00b  13.96+£0.32cd 0.56+0.0lcd  9.56£0.10b 12.39£0.06a
AB, 0.58 £0.00a 0.35+0.00a 1.18+£0.04a  18.54+£02la 0.58+0.0lbc  7.91+0.10de 7.16+0.07g
10-24 A,B; 0.50+£0.00b  0.28+0.00c 0.86+0.02¢  14.14+0.00cd 0.55+0.01d 5.75+0.00g 11.21+0.03b
AsB, 0.38£0.00ef 0.26+0.00ef 0.86+0.02¢e 13.31+0.10d  0.49+0.0le 8.10+0.10d 10.28 +£0.00c
A3B, 044+0.0lc  027+0.00cde 1.03+£0.01bc 13.76+0.20cd  0.56£0.00cd ~ 8.31£0.10cd 9.83 +0.00d
A3B; 0.46+0.00c  0.32+0.01b 1.154£0.0la  16.55+£0.10b  0.59 +0.00b 8.47+0.10cd 5.88 +0.06h
CF 0.31+0.00g 0.23+0.00g 0.95+0.01d  11.54£0.00f  0.44+£0.00g 8.69£0.10c  8.70£0.05¢
CK 0.38+0.00f  0.23+0.00g 1.01£0.0lcd  12.33£0.10ef  0.44+0.00fg  7.35+0.00ef  4.32+0.09j
M) FOR. AS-TI & & ¥ 7 ) & % & i CF AR 2 Kb
87.09%- 60.65%- 52.17%- 24.21%-. 38.63%-. 40.39%. .
3 Wig

[ & EHEBAFEE AT Q0H 24 H),
100% 7 ¥ W5« 80% v ¥ B B F& 50% ¥ ¥ Fic i &b
FE 2R G 48 bn A T AH B V8 Ak FE G AR E it 5 =X
(# 3).

24 EROOH

PEHUA 7 B — iR M8 5 18 0 BoR (GR 4),
AB, Wb FR B LR G 45 57 B, N 2.80, H IR A3Bs Ak
H, 1375 2.39; CK &b #4575 I, Fo Ry CF AL 2.
gh LR, 80% VB IE AL BL 50% v W Wi + JB T ]
BT NAERKARENR S, HEFMRT CF

3 BREAMEEEREYMENE M

VAN [ it FH 5 30 52 o 8 B AR KT R AR T
W AN [, AR KT 25 B W b S i ix — 45 1. AR
FE 45 JL R, it o 5 ) VR VR (80%) WG k3B
FIE $5) T 2 3k B B R 25 1 2R K, O TE U B B8 AR
B A, EL R AR T A I it e Ak L 2R
) FE U B T 9 5 Rt 2 WY, o RV T
i T HE B RS AE K, R M R A LI VR A
LA, RE ot it 58 22 vl ) s R oAt 52 0,
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Table 4 Principal component and composite scores

b B3 Principal component é}iﬁf‘ﬁ

Treatment 1 2 3 comporlzent
AB, —0.11 —0.11 -1.49 -0.29
AB, —1.82 1.40 0.01 —0.87
A B; —2.19 0.92 0.40 -1.16
A,B, —0.66 0.90 -0.32 -0.27
A,B, 3.45 2.59 —0.10 2.80
A,B; 1.19 -0.09 2.22 1.04
A;B, —0.99 —0.68 1.01 —0.66
AsB, 1.76 —1.68 —1.01 0.64
A;B; 4.18 -1.35 -0.17 2.39
CF —2.21 -1.89 0.56 -1.78
CK -2.63 —-0.01 -1.11 -1.85

(EE//L U@ B S brv S s ) TR i SN N
HHERR RN R RAK, 8RR o
R, JEEAR AR, Ak, WAE NIEE I Th
R ] U= PR i ) PR SRR A, RT3 0 48 A A LA
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I 5 B I A I - 58 B A A R — B IR IR . {H R
56 o 50% 7 VTG B8 AR 5 R AR K BT e AR
1 25 AN £, T G il 280 SR AT, AR T 80% VB 1B
B &E 5L, B VA R — P AR, TEAE AN A AR K
B Bt T S B A AR IE B E 3R, 4 Re BE A i AR A
A, N R, X5 R 7 Ak R 6 D 45 SR A
*ﬁlm]o
32 BREAMREEREEEFHEI

56T B RO VBN AR T AR e .. 59
A BEAR b, v R AR 25 2 5 T SOD. CAT. POD
Al APX B35 ¥ (P < 0.05), X 5 A0 1 7 # w0 7t 45 3
M—5" ABER B BIESH 8 H), 80% 1B
1B B 4b B R 25 42 5 T SOD. POD. CAT Hi% 1, 1
APX IEMEEAL, T 9 H APX IGMIE B i E . WA
I il 5ot ) ) 9k Y 3R B A TR ) R, IR TR
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e U LR A S SR AR v R I 3
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W ARG FHEKEKYH 8 H), M CK. CF
b B, 80% V8 VR IC i Ab B R A b B 2 B0 T Pro.
SS. SP & & (P <0.05), H: CAT. POD. SOD. APX
()35 M B A B AR . 5 3 18 0 (P < 0.05). U EH &
B PRV it PSS S XRT ol i 95 0 T T A R ) AR
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33 BREANEHEAREERAIMS 2N

S AN R S R4 1 R B o P I T P 4R R
53 K R R A I e IEAH BL, BT VA TR AL EE A
R 2B WM T R 2 A SR SRR 4 o I 2 R
. HH 80% vHWIE AEALEE ) CG. CAL ON & &
PA J CAT. POD Fll APX iif M i CG 72 3 i (1)
A2 T, U0 R ] R SR A
A RO R, S INAE 4 (1) ROS /KF, i & 7= AR 1
ROS £ Hll WO W) 4 525 i 25 Ak & 40 DL R X 844 1
i, X5 Lyu 255 BwE 7 g5 R A B

SELHE R ML HR AR AN B IR 3 B4 5 A A A i
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AEAA B, 50% V3 T it 80% V8 VB AE AT 100% 78
M G Ak 3 2H 57 o 1 s 2 1 5 R AR AS-IVIY
S, H CAT. APX iGN, 2H LA ek
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