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Abstract: Objective To select suitable microbial fertilizers for plant growth, bioactive metabolite accumulation, and soil nutrient
absorption of Astragalus mongholicus. Methods Six microbial fertilizers (T1—T6) were applied for the 4. mongholicuson in the field
with the un-applied fertilizer as the control (CK), the incidence of powdery mildew at growth stage, and the growth characteristic of roots,
content of main bioactive metabolites as well as absorption of soil nutrients at harvest stage were determined. Results Different microbial
fertilizers significantly affected growth characteristics, bioactive metabolite accumulation, and soil nutrient absorption of A.
mongholicuson. The lowest incidence of powdery mildew (22.90%) under the T5 (phosphate-solubilizing bacteria), the root yield were
improved under the T4 (Bacillus subtilis), and the contents of the polysaccharide, total flavonoids and phenolics were increased under the
T3 (Streptomyces avidinii). The total content of four flavonoids compounds (calycosin-7-O-f3-D-glucoside, ononin, calycosin, and
formononetin) reached the highest level (744.36 pg/g) under the T6 (nitrogen-fixing and phosphorus-solubilizing compound microbial
fertilizer), the total content of four saponins (astragaloside I, astragaloside II, astragaloside III, and astragaloside IV) reached the highest
level (104.62 pg/g) under the T1 (Bacillus amyloliquefaciens). The highest DPPH scavenging activity (61.00%) and FRAP value (946.10
pmol Fe(II)/L) were shown under the T4 and T6, respectively. The comprehensive appraisal value (D) showed that comprehensive quality
of A. mongholicuson could be formed under the T4 (0.74), T3 (0.64) and T6 (0.58). Planting A. mongholicuson could lead to the increase
of pH level and total salt content as well as the decrease of total potassium content in the soil, the application of microbial fertilizers
supplemented with appropriate amount chemical fertilizers could alleviate the increase of pH level and total salt content, increase the
content of soil nutrients. The T6 was conducive to the absorption of organic matter, total nitrogen and available phosphorus; the T4 was
conducive to the absorption of total potassium and alkaline nitrogen; and the T3 was conducive to the absorption of total nitrogen and
alkaline hydrolyzed nitrogen. Conclusion The application of microbial fertilizers can significantly improve the quality formation of 4.
mongholicus and the absorption of soil nutrients, with the T4 (Bacillus subtilis), T6 (Nitrogen-fixing and phosphorus-solubilizing
compound microbial fertilizer) and T3 (Streptomyces avidinii) showing the most significant improvement, these findings will provide
important references for microbial fertilizers research and application of 4. mongholicus.
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Table 1 Application amount of different microbial fertilizers
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CK / CK

T1 PR 2X 108 1000+CK

T2 SRR AR 1X108 1000+CK

T3  HEEHHW 1X108 1000+CK

T4 FEE T =2X108 1000+CK

TS  GNPUHE CEBERE) 1X108 1000+CK

T6  GNPl. GNP3, GNN4. GNRNI G&Aff. BZEH) BEH 1X108 1000+CK
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Fig.1 HPLC chromatograms for determination of flavonoids (A) and LC-MS spectra for saponins (B)
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Table 3 Determination indicators and methods for soil

physicochemical properties
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Different letters indicate a significant difference at P < 0.05 level
among different treatments, same as below.
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Fig. 2 Effects of different microbial fertilizers on powdery

mildew of A. mongholicus
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Fig.3 Effects of different microbial fertilizers on growth indicators of A. mongholicus
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Fig. 4 Effects of different microbial fertilizers on polysaccharides (A), total flavonoids (B), and total phenolics (C) in A.

mongholicus
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HETEWAE T (419.62 ng/g) F1E 55 S 2 i 76 2 W 7
TE (31714 pg/g) W TR A AR AL B T4
W PTRIE R (5.39 png/g) MEERHE (5.22
ng/g) BE R T AR IEAA R (B 5-A); 4 M3
fiRA GV e & EDL T6 feim (744.36 ng/g), Tl
(642.98 pg/g) 1 T3 (615.15 pg/g) k2. T1 4k
K H IV (103.20 pug/g). FEH I (0.82
ng/g) M EE TR (0.32 ng/g) S EEFHm T

MEANH AR AL TR, T1 (0.29 pg/g). T4 (0.29 pg/g)
1 Te (0.27 pg/g) MHEEEFHFISERE ST
Sof FE AN H Al AL 38, {H T1. T4 A1 T6 2 |05 BE %
5 (E5-B); 4 MREFRUED A TR T &M
(104.62 pg/g), CK (92.65 pg/g) 1 T2 (91.88 pg/g)
RZ o
3.3.3 AR A B ARG B R AR AP AL RE
s Bl 6 IR, AR AL RS
PiERE I B BEEm. T1. T3, T4 1 T6 Ab#E
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BEZER (B 6-A); 6 MbEY, FRT55 CK L
BEZES, HAMGEY) R E ST CK, Hrb Te Abi
FRAP 1f #¢ 51[946.10 pmol Fe (II) /L], H kKA
T1[808.46 pumol Fe (I1) /L] T4[796.02 pmol Fe (ID) /L],
DL 6-B.
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Fig. 6 Effects of different microbial fertilizers on DPPH radical scavenging rate (A) and FRAP value (B) of A. mongholicus
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Table 4 Comprehensive appraisal of growth characteristics, bioactive compounds contents, and antioxidant capacity of 4.

mongholicus under different microbial fertilizer treatments

A e A AN [R) Ab 2 S I pR EUE " e ”
SEE RV CK - 7 T T4 5 Te PIME WMHEEER EEX

RER 0.76 0.00 022 0.81 1.00 0.67 0.13 0.1 438 0.06
& 0.43 000 020 044 1.00 0.56 0.50 0.45 4.02 0.05
R o = 0.10 000 0.01 048 1.00 027 0.64 036 6.01 0.08
e 0.41 000 026 078 1.00 0.78 0.59  0.55 3.66 0.05
SRSy A 0.00 0.56 033 071 0.74 1.00 0.83  0.60 3.26 0.04
EZ 0.00 037 051 1.00 040 0.75 049  0.50 3.60 0.05
SBER 0.00 078 1.00 0.88 0.94 0.58 084 0.72 2.77 0.04
ey 0.00 062 051 1.00 0.70 0.57 0.67 0.58 2.99 0.04
B 8 I R T W 0.06 0.63 0.07 054 047 0.00 1.00 0.40 5.39 0.07
TR 0.00 067 045 058 0.17 0.05 1.00 0.42 5.05 0.07
F L5 0.00 0.79 007 0.81 1.00 026 035 047 4.86 0.06
TR 0.00 061 020 042 1.00 0.14 028 038 5.14 0.07
S T 0.70 1.00 060 062 031 0.00 047  0.53 3.44 0.05
R 0.20 1.00 073 0.63 099 0.00 081  0.62 3.58 0.05
BTG I 0.34 1.00  0.05 065 0.72 0.00 0.05 0.40 5.66 0.07
R FAEIV 0.74 1.00 072 033 026 0.00 023 047 438 0.06
DPPH 0.08 074  0.00 0.64 1.00 0.67 086  0.57 3.88 0.05
FRAP 0.00 063 032 053 0.60 0.14 1.00 0.6 4.23 0.06
Di 0.21 057 031 0.64 0.74 032 0.58

HE4 7 4 6 2 1 5 3

®5 TRMEVEENLEREE. £HENDERISETHHEM (XIS, n=3)

Table 5 Effects of different microbial fertilizers on changes in soil pH , total salt content, and soil nutrients contents ( XS, n= 3)

b3 pH EHEY% AN gkg? SR (gkg?) 2W/(gke™) 2 (gkg™) BEE/ (g kg™ ERW (mg-g™) EHH /(mgg™)
CK07.47%£0.08 2.965£0.002 19.05+0.42 1.11£0.00 0.56£0.03 20.15%0.70 60.12£2.10 5.75£0.91 78.21%£2.49
CK 8.001+0.00* 4.480+0.005* 30.85+1.15%d 1704+0.02° 0.64%0.06* 17.64+0.212 97.63+3.97%  13.7440.20¢ 77.22%1.148
Tl 7.661+0.03¢ 3.625+0.002% 32.2140.88" 1.7440.00° 0.6940.07* 18.8840.332 93.91+8.85%d  12.00+0.13%  87.45+4.00
T2 7.8240.04° 3.904+0.001° 31.23+1.24d  17740.012 0.63+0.02* 18.31+0.87* 87.15+5.86>4  27.32+0.670 136.30+1.98
T3 7.74+0.019 3.259+0.002¢ 30.26+0.51¢¢  1.68+0.01° 0.68+0.01* 19.66+0.57* 84.12+4.03 22.404+0.99>  112.21+3.48°
T4 7.831+0.03%3.701£0.002% 31.574+0.91>*  1.78+0.00* 0.64+0.02* 18.01+1.23* 82.26+8.85¢ 16.024+1.92¢  103.29+3.184
T5 7.61+0.00° 3.776+0.006° 35.60+0.42° 1.774£0.012 0.69+0.03* 18.59£2.06*100.90+12.03® 17.68+1.43° 119.47+0.99"
T6 7.87+0.01° 3.787+0.003> 29.84+0.16¢ 1.5940.01¢ 0.65£0.02* 18.924+2.60*102.77+6.672 11.30£0.30¢ 93.06+1.51¢
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