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Abstract In order to explore the optimal fertilization technology for the organic production of Chinese
medicinal materials, Astragalus membranaceus, a native medicinal material in Shanxi Province, was
studied in Lingqiu County, Shanxi Province. Six different treatments including fertilizer (C), organic fertilizer
(O) , organic fertilizer+mineral fertilizer (OM) , organic fertilizer+mineral fertilizer+microbial fertilizer (dip
roots during transplanting period) (OMD), organic fertilizer+mineral fertilizer+microbial fertilizer (full bloom

period) (OMD and organic fertilizer+mineral fertilizer+microbial fertilizer (spraying during the flowering
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stage) (OMS) were designed. The effects of the 6 treatments on the effects of growth and development,
yield, quality, and soil microorganisms of biennial A. membranaceus were studied. The results showed
that: The yield of OMD underground was the highest, which was 13.25% higher than that of C treatment
and 35.75% higher than that of O treatment. Compared with CK treatment, OMD treatment significantly
increased the content of Astragalus polysaccharide and total flavone by 20. 88% and 98.50%, respectively.
The effects of OMD and OMI treatment on root volume, root length and root dry matter accumulation were
significantly higher than those of C treatment. The results of high-throughput sequencing showed that OMD
treatment increased the abundance of Actinobacteria and Chloroflexi in soil. After comprehensive
consideration, it is concluded that organic fertilizer+mineral fertilizer+microbial fertilizer (dipping root during

transplanting) is the most optimal treatment method.
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Table 1 Test processing

JOEL] Ab 3R 5 =K Akt H &/ (kg/hm?)
Treatment Treatment method Fertilizer dosage

CK AN it A 0

C e 1

0] AHHLAE 32143

OM HHLUIE+ 5 P e 32 1434750

OMD A HLHE 47 W HE - Bl 2= 0 HE (% R o i AR 32 143+750+75

OMI A HUIE 44 P IE + ol A= P IC O AE I HEARD 32 143+750+75

OMS A HLHE 47 1 HE - Bl 24 W HE R AE 3918 D 32 143+750+75
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BF o o R L A OB O A /N 0 5 AR B = 600

B REIR AN 10y 3, A AL P A 3K BB 4000

o 7 e SR R U I 92 5 T — 80 Cuk 2000
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T 3575 LR W R 25 BB RS )6 AE A BE AT DNA 4
W54t PCRY™ 1A g 2, A H] Tllumina MiSeq &
e AT A Y, WY 58 R TE R = & LT
3B Chttps : //cloud. majorbio. com/) .
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2 56 50 PE % ] Microsoft Excel 2016 # 47 % 45
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FREFRE P<0.01 FRERMBE) .
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it 2 A B Y 7 i R R T CK(P<<0.05) , H
OMD #b T #8 7 & %, 8 CK 2L 3™ 2 B 35 48
47.61% (P<C0.05) 58 C b HL = i 955 13. 25 %, 3¢
O Ab 3 7= 4 W 8 T 35, 75% (P<<0. 05) , % OM
A H = R T 9.51% . OM AT C AL B[R] A 3
22 5% ,OMIFI OMS &b 2 ] 5 A b 35 22 55 (H 3 i 3
F T CK AR B (P<<0.05) . 4% 4b B 7= 4 (4 HE e o0
OMD>OM>C>0OMS>OMI>0>CK., #%if %
HH BTt A HLAE 458 Bt Ak JIE ) 7= i S5 P B AIG, (H
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CK: AR ; C:AL I ; O A HUE ; OM: A HUE + & ¥ L ; OMD
FHUAE A A8+ B A R CRE AR B AR ) s OMIT: A5 HILAE + 9 iE +
T P IE R AEIHEAR ) s OMS : A HLAE -+ 5™ JE + B A= 1 HE e Ak 48
W) o AN ) /NE B AR R AN R AL B E] 7E 0. 05 7K - 22 57 ik 3 (P<<
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CK: No fertilization; C: Chemical fertilizer; O: Organic
fertilizer; OM: Organic fertilizer+ Mineral fertilizer; OMD: Organic
fertilizer+Mineral fertilizer+Microbial fertilizer (dip roots during
transplanting period) ; OMI: Organic fertilizer+ Mineral fertilizer+
Microbial fertilizer (full bloom period) ; OMS: Organic fertilizer+
Mineral fertilizer+Microbial fertilizer (spraying during the flowering
stage). Different lower case letters indicate significant differences (P<<
0.05) between the treatments. The same below.
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Fig. 1 Effects of different fertilizer treatments on the yield of

A. membranaceus

14
121 ¢ be

10

rH/% Content
o

CK C O OM OMD OMI OMS

Qb B Treatment
2 FAREMLEMNERSESENRNE
Fig. 2 Effects of different fertilizer treatments on the content

of A. polysaccharides in A. membranaceus
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Fig. 3 Effect of different fertilizer treatments on the content

of total flavonoids in A. membranaceus
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Fig. 4 Effects of different fertilizer treatments on the content

of astragaloside IV in A. membranaceus
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Fig. 5 Effect of different fertilizer treatments on the content

of calycosin-7-glucoside in A. membranaceus



56 1

FIRAE  AURERN IS S A [l it FH Jy 0 3 B HILAE 772 (9 52 ) 91

FELEERME2ME 6 TR, HERRKRTYHRMR
M T 2 AR RS W i A, BE RS AR 90 d e
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0.59 g/t , HAR R T WA R k. BHk/565d,
OMD 4b FR 948 2 T 9 AR R8N 2. 75 g/ Bk, K
3w T Al AL FE(P<<0. 05),0,OM F1 OMI 4b 3
MR 2R T W B B 1 3 5 T CKL.C AT OMS Ab #
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AR E ST CK(P<0.05) , HEF Mk N
OMS>OMD>0>C>0MI>0M>CK., I 3k i}
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TY R RERA BEZR , OMIGHMR R T
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A KT AR R T B AR R A TR KO
UL OMD F1 OMI 4b B X #R &R T4 R A L R A &
EAEHERIEH

WE 6 BT %, AS [ AE R} Ak B 16 25 i 1 4 i Y
ERT B IR RN = I a o Bk SN
WL AERK MR, BRI 90 d BB &
W, FE AR 90 d J5 , 250 T4 B B T B 1
T A 7 W ) MR A RS B AR K O AR
RS B M R A . FE RS Rk 65 d U I it G AR
WAL, (45 OMS Ab 35 25 nf 4y i B 82 300 14 i, ¢
F2A% 90 dJi I & 5 (0 OMD 4b B 78 £ A% i #EAR | (i 15
B 90 d B i Z5 T 9 o B B A A DR AR R L 75
5 125 d B A 25 T o AR SR ek B0 R (E 5 O 4b
PR ek 7 2E T A RS . PR
A HLAE B I8 R0 A A 0 R 64 B R LA o
B B A K BE SRS s bR A A K R
I, HE R H F A A A
2.4 A[EBEFY AL IE 3T B EE R K AR KT ARG

R A FEURIAR 2 52 ) 2 16 7™ o M AF R L 4
K2R, A R AR A 38 56T 3 P AR A R SR K 19 F 52 45
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2 AEAEMLEBEEAABHBENERRZTYR
RER G
Table 2 Effect of different fertilizer treatments on the root

dry matter accumulation of A. membranaceus at different

transplanting stages g/tk
RE T W R
Jh T Root dry matter accumulation
Treatment
30d 65d 90 d 125d 180d
CK 0.71b 1.8lc¢ 2.52c¢ 4.23c¢ 9.20d
C 0.65bc 1.87c¢ 4.03a 5.83ab 14.20bc
O 0.59¢ 2.37b 3.56b 6.44a 13.42¢
OM 0.74b 2.50b 2.66c¢ 5.02bc 15.05abc

OMD 0.99a 2.75a 3.84ab 6.47a 15.82ab
OMI 0.66bc 2.35b 3.46b 5.53ab 16.38a

OMS 0.66bc 1.86c 3.49b 6.51a 14.28bc

TE A AL B B RS LR 1. ARG F AR A [ 4
HR)7E 0. 05 K122 5 i 3 (P<C0. 05), T .
Note: The meanings of different processing letters are shown in
Table 1. Different lower case letters indicate significant
differences (P<<0. 05) between the treatments. The same

below.
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Fig. 6 Effect of different fertilizer treatments on the stem

and leaf dry matter accumulation of A. membranaceus
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O Al OM 4b $H 1 42 1 B8 2 = T OMIL.OMS . C K&
CK &b 3 (P<C0.05) , OMI 4b B (i AR /K FH 2 %5 T
OMS Al C Ab# (P<20. 05),0MS .C 5 CK 4b B (1) 4R
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Table 4 Effect of different fertilizer treatments on root
volume of A. membranaceus at different transplanting stages

CI‘H3

Qb ¥ HAAF Root volume

Treatment 304  65( 90d 125d 180d

CK 4.58¢c 6.60cd 10.43cd 10.83d 26.13e
C 1.78e 6.58d 10.13d 11.43d 33.75cd
O 7.93a 10.03b 11.29cd 20.50ab 31.98d
OM 3.25d 9.88b 11.40c 15.08c 40.50a
OMD 5.83b 11.63a 17.58a 20.50ab 41.50a
OMI 4.43c 7.60c 12.88b 17.58bc 38.88 ab

OMS 2.98d 6.78d 11.00cd 21.75a 35.95b

x5 AREMLGEEREBRAGERRKHZN
Table 5 Effect of different fertilizer treatments on root length
of A. membranaceus at different transplanting stages

cm

b 7 K Root length

Treatment 30 g 65d 90d  125d  180d

CK 19.33d 20.18e 26.60d 62.23f 28.35¢

C 20.93d 23.90d 34.90c 68.03e 35.60a
(0] 28.15bc 30.73 ab 37.50bc 72.38 c¢d 34.85a
OM 30.90a 31.48a 36.38bc 75.05bc 36.85a
OMD  29.60ab 30.05abc 41.68a 82.15a 35.50a
OMI 27.50c 28.75bc 38.73b 76.45ab 30.93b

OMS 28.15bc 28.40c 35.15c¢ 71.58d 31.75b

RF A B 225 . BARJS 180 d BIk I, 4% it
JIE Aab 1 AR AR B 88 B T CK(P<C0. 05) , R 14
LI # K 4 o OMD>>O0M >O0MI>O0MS>( >
O>CK. OM #l OMD 4t B ) AR /& FL 8 % & F
OMS.C.O fil CK 4L #1 (P<<0. 05) , OMI fl OMS kb
AR R & = T C MO EEL(P<<0.05) . HiIt
Al UL TR B RS A KR, OM # OMD 4b B 7R
B A ) O AR AR R 1 K A S R, e R
i 2% B A A 5 7 C Ak B AR 4 AN 28 K R 0 AR A R 35 A
T AR KT o

B AR K Bl AR AR B B S 0N Y
BB FR 90 d 5 1 o B, TR B AR A ) L 43
AT 32 B R A O B AR KR L9 H 3 H R
W AR ) B AR B K T ELIBCR BLES 19 T IS IR
A o TR R AN [ IR A BT 8 AR
K 1 5% e 55 6 AR A4 R 9 52 i AH L, OM AT OMD 4k
AL F 52 B KF, C Ab B AL F AR B K F (R 5) .
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