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i ZE: (0] ASBTHLRRBEF ARG TEFFROLERALSES, RILRES
JRA &, &R ARG £ M K4 E H (Sreptomyces rochei) D74 & 7 & 3 #1269 54 @ 7
T3, AR A4KE B 7 6956 h0 3t &R V°%\mﬁuﬁﬁﬁ%®ﬁ%%ﬁ%3 B A 4 X 1K
HEEFAEERRAMAESHFTOEARBA. [7F] RALZLBRAEE, ME k\ﬂﬁ’?fﬁﬁwﬂl’z\
A 3240 R AL\ AR E mm“%TAAtt&%&ﬁﬁ&ﬁ@1%M&%m %
B, LHEFERREZEZHBRSEE. A 16S rRNA ﬁ.mkz/)”'ﬁf‘%i#\ U LR
KRB AR ELE MG w. [4 ﬁ“%] EEHEA 7 Riuik, T3 AAKEEAKKETER
TR A T 63.44%, HHEAAS TG 12.50%, &%@zz%’%% 32.95%, 3SR MARY
#F D74 B A ; mAELEER P Dﬂaik, D74 AAAEHARRETERASRBAE T
77.41%, & HEHEEREG 112.50%, S EEEFTRG 23.10%, HRMALT T3 AH. @LH5H
A MBI EFRIN, S BAMLE EE T3 BAA T EF KA A HAER B
(Novosphingobium). ¥ #T4F ¥ /& (Rhodanobacter) A &M A4, &% £ D74 BAAAF £
%fiﬁi%?@'iﬁ%i#&ﬁ’%/%(Bradyrhizobium) Fﬂ]’%é%%/%(Nitrosplra)%fﬁﬁéfﬁii%o [44]
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Effects of microbial agents on the active constituents and
rhizosphere bacterial community of Gynostemma pentaphyllum
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Abstract: [Objective] To alleviate the soil microecological imbalance caused by continuous
cropping and improve the quality and yield of Gynostemma pentaphyllum, we studied the effects
of Sreptomyces rochei D74 and the newly developed compound microbial agent T3 on the yield,
quality, and rhizosphere bacterial community composition of G. pentaphyllum, aiming to
determine the suitable microbial agent for this medicinal plant in continuous cropping and
rotational cropping. [Methods] The five-point sampling method was used to determine the yield
of G. pentaphyllum per unit area in the field. The content of main active constituents including
flavonoids, polysaccharides, and saponins was determined by UV-VIS spectrophotometry and
high performance liquid chromatography. The 16S rRNA gene high-throughput sequencing was
employed to reveal the rhizosphere bacterial community structure of G. pentaphyllum. [Results]
In the Z-zone of rotational cropping, the dry weight, total flavonoids, and total polysaccharides of
the T3 group increased by 63.44%, 12.50%, and 32.90%, respectively, compared with those in the
control group, and T3 outperformed D74 in improving the yield and quality. In the P-zone of
continuous cropping, the dry weight, total flavonoids, and total polysaccharides of the D74 group
increased by 77.41%, 112.50%, and 23.10%, respectively, compared with those in the control
group, and D74 outperformed T3. The differential microorganisms enriched in the T3 group
compared with the control group were beneficial microorganisms such as Novosphingobium and
Rhodanbacter, and those enriched in the D74 group were Bradyrhizobium and Nitrospira.
[Conclusion] Both T3 and D74 could optimize the microbial community structure in rhizosphere
soil and improve the micro-environment for plant growth by recruiting beneficial microorganisms
in the soil, thus increasing the content and yield of the active constituents of G. pentaphyllum.
D74 and T3 demonstrate better performance in the fields of continuous cropping and rotational
cropping, respectively.

Keywords: compound microbial agent; plant growth-promoting bacteria in the rhizosphere;
rhizosphere microbial community; Gynostemma pentaphyllum
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2 i % [Gynostemma. pentaphyllum (Thunb.)
Makino] ki 7=i FBH4 Jeg 114 2241 A BE 4% B T e
AAEY), FESTAGAERETE . i Wb, fEE
TR M. am S, FApra e X e
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BIEAIER Fa, Bl TRk, KR
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Bro BRI, BEE AR R, R A M
EHESE R R BRG], ARG AREEL RS
) R B, BOR{U™ FE S T 25 i
ST SRR, RIS 2 1 BBk 7l i
FREL @R e . AN, TELQRCHE FESRIGHIX
AT 24N T 18R B R ) s i e e (AR AE,
PP GE R RER A . A AES
My, BRI MR L RRR R, EH U6
VAN EIESES 9 3L T

Bifi £ 6 5% T 2l ol A A AR kR 1) R R
M, W ARNE R 25 it Pt L B Al 438 5T
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fil A= KM B PG RO i A AT R REAS
W EIEFIA 25 it e, A RGE IR TR 258 3%
VERRERT, DA RESE & 25 B i s e . A
I, BEXTASTR] 24 A A A AR R 2 R
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T2 A AR ST T A

WEFEARBE, T b 2 6 R i S A )
AT 3 kg B — 1l 500 R0 A5 0], A B — it FH

LRI Actl2 T R R P2 B AL
B, SEIMPFS MK 2 R A B, fig!
FREFISMRE R . BRI A 21
PRI, IR SR T BRI
FHPL, S I ROR S RS PLT B RIA B2F
TR A5G W NS AL B AR 224, REME (1%
AR R E . IR E . 2R AT R A A
DA A PR T, R B R RS R R
TREC ARG A R A AR R, R
T8 00 B — BRI B TR R B B X PRt L AR
7R A AR M R, A S
FRIR 22 e D REAS [] HHAT B3 [+ 4 P A9 o A 52 TG
ik, e BimBCRr Bk, TERPRA A5
g B, AU RN, iR
7R S 52 TR R ) (o P ZBCR ¥ 32 3 - s A
it FAEAEBR | A ZHENE S 1 2 N R A
DORE BRI T RE M AR B D, RS i
AP R A, B — R M AR 5 T ) P — 26
TR B BTl i MR B A B T, R ER
B35 14 A A 7 %o T R ) B 1 AR E A T IR
Wi, LB A A AR R AT, RERA
HBRIFE

ABETE LGB I T Xt 4, DLPR S B
AR 2R B A e AE IR D74 BRI AL
LR P Z R e A w =B T3 A5 N
BUXER, T 2 RREGI SR AR . 255K
I A DA AR B A T B A R OS2, VA
XS 2 W A A 1 S A A A PR 5 Y ok R A
ML P Z B 2k (4 5 M & D74 T 7
5 T3 5 B0 B R R PR AR A Hfe

1 HE5xZ

1.1 E#E
T3 Z45WAHE 10 FRANEHRL, 59 8 i#
T A 2 FT i (Bacillus proteolyticus) GS15. 4F
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L3 ZE FAF 4 (Bacillus tequilensis) GS18. Dl 3E
7 2F AT 4 (Bacillus velezensis) GS19. B
FI4F 1% (Bacillus zanthoxyli) GS20. 484545 B
i 2E 0 FT 18 (Neobacillus drentensis) GS75. Bl G
3 HL T G B (Priestia aryabhattai) GS88. 4
PN A= 3 B4 PG 7 (Priestia endophytica) GS89 .
Pseudomonas GS%4 |
Pseudarthrobacter defluvi GR156 . JCAE SR b &
G T4 (Serratia ficaria) GR166. XSGR #k MY
A4 T bR el 2% Ml A PR ) A 5
1) 288 I AR B b AR oA A T b 4 B O T s 1S
., HoreE k. EEMH LB, R2A 5
FEIE B AR E] 174 BRANGE, SRS 3820 0
BRI [ . R AT . 74 K & (indole-3-
acetic acid, IAA)., FPEREUAR . 7= 1-Z IR N bE-1-
#2 MR (1-aminocyclopropane-1-carboxylate, ACC)
WA BERE ST, THEfSE] 14 MR 2 Rie e
THURE 1 o S RE AR, P8 e PO IRp 1
LioRUES k7 Pl ORI CI S O S 7 = 3 w4
10 PRANG BTG R A H 5. T3 BAKE
S 10 ARG A B AE LL BRI AL, 15 TR
$h 1.0x10" CFU/mL; T3 [ AR 7 2 A K
T AR, A4 10 B %) K IS LL 53
SIHBWEAEEAR -, AR TS AT, 15 AL
“h 1.2x10° CFU/g.

nicosul furonedens

F1 AHRERITAR

1) FC 5 75 T (Streptomyces rochei) D74
VUL A PRRE HE 2% B2 U5 PR 2 Bt il 2E 1y % st
R, ZarotR R, Rk E A A
VA A B 12 D74 A K A T 7 Fh
BRPG I ZE A ) TR BR S ml g it Hod (R T
FIETEECR 1.5%10° CFU/g, WARTERITE Ak
1.2x10" CFU/mL. M5 %01 i 7 ) B pf [l
Al A7 FRAA FHR AL
1.2 KHERE

Wl Rt g RSB R R 2 ik
M, P IXCORPRTE A L R R Bk R 25k A
BN H](109°46'21"E, 32°36'17"N)—Abi%EAE 3 4F
HAFAE AR B i e B s P b, L 3 L
A i R (20.81+032) gkg, & A T K
(1.33£0.01) g/kg, =Ml 7(0.77£0.02) g/kg,
SN (20.18+0.07) g/kg; Z X NBETUAS 2
T LT X HE 4 (108953137, 32°43'48"N)
— Qb AR AR AT 2 B AR L, - A ML
&N (17.124035) gkg, A G & N
(0.95+0.03) g/kg, 2= R(1.37+0.01) g/kg,
S5 AN (19.5140.31) g/kg. W HiL s A
B AR, BE 2 AN X H I R
XA R RIAR 8 5 T SR e A R . e ik
T 1 R, BAAHEES 4 A~RX, A
/NX 1.5 mx20 m.

Table 1 Design scheme of field test
Treatment Organic fertilizer Biofertilizer Base fertilizer Biofertilizer (liquid)
(8 (solid) (g) @)
P (Pingli County) Control group (PC) 40.0 0.0 NPKS fertilizer Water 0.5
T3 treatment (PT) 40.0 2.0 0.5
D74 treatment (PD) 40.0 0.7 0.5
Z (Wuli Town) Control group (ZC) 40.0 0.0 Sheep manure fertilizer Water 0.5
T3 treatment (ZT)  40.0 2.0 (1000.0 kg/666.67 m*) 5
D74 treatment (ZD) 40.0 0.7 0.5

The solid biofertilizer and organic fertilizer are evenly mixed and applied to each hole. The application amount in the table represents
the amount of each hole. The amount of liquid biofertilizer applied in the table is the total amount of the four plots per time.
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Z X Ab IR T 28R 40 o R it 7 7
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NEREEY, FF00 T4 10, 20, 40 KR7E PT
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1.3 HEYHEFRNE R T HRE

TES B A EREER 12 SR, oA e
WAL THERSAE K], SRS UYL, bR
RS HE BB 1 m? AR, IS 4 P s B
AR, 80 CHt T RIEH G TEH,
KA S kg MR, B ARBT SRR, E L
R SR BB, SRS

KSR WA O, S BROSCHR[13]
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Poil g Ll B W, s A o H B AQ-CI18
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ISE A g

TERS/INXF T R A RE N L B R WiAT R,
PR HARER, WEARPR A 135 DNA $2EL,
1.4 1I3E DNA BV & FNFER S
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(MP Biomedicals 2% F] ) #& B¢ 1 3 i 4= ¥ &
DNA, FMEEATRE 0.5 g, HMBEETittr
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CTAAT-3)XT4HTE 16S rRNA K[H ) V3-V4 [X
HATY Y, IRTEAC IR AR BOE R Ry A R 2
A SERLYYE Y o A QUME 2 (version
QIIME 2-202202)# -+ ) DADA2 B k] 7%
Mg MR AT e 2 B 4 3 £ 17 41 2% 5 (amplicon
sequence variants, ASVs)LAMAFIESR, 1 ASV
#MEFH QIIME feature-classifier ffi{f3&F Silva
138.1 #(HE)% (https://www.arb-silva.de/)JE1 T4 Fir
HR . KA Chaol #5401 Shannon F8ERIEA
R o ZFEVE, TUZEYIREDS 4 2 ok HH 2
F Bray-Curtis #2519 32 A2 FR 4347 (principal co-
ordinates analysis, PCoA)¥FAli, STAMP 771K
YOE 2 AP TER A AR R R E S
ERMERITVERN ttest, P {H/NT 0.05),
LA A i RN 24 50R G 2Z () 4 A DG 3 1) 2
JR K56 (Mantel test) A TPEAL

2 ZERE54

2.1 EFIMNEREAYNSERTENE

L v F ORI E A R 1
7N, PN D74 BE RS 20 0w E B e
R T 112.50% (K 1A), B2SEEE T
23.10% (Bl 1B), 5% FHECRE T3 i
BRI Z XN T3 B o (6 R 22 0 5 s i
T 32.95% (& 1B), RS EES T 12.50%
(K 1A). BHRY B RAMER, EXxF2H
WY A S R—MAEYR, MAS. UESH
=R AR B A R N BT A B
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Ja, P XK Z KMGMEE S BT R B R
FEEER BB 1C), B FRATT 4 D it o £ 7] ]
RE SRR 5 B AT A DR BREE I, i
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Content of main pharmacodynamic components in leaves of Gypenostemma pentaphyllum. A: Total

flavonoid content. B: Total polysaccharide content. C: Total saponin content. Different letters of a, b, ¢
represent significant differences between different treatments in the same area. P refers to the planting area of
Pingli County, Ankang City; Z refers to the planting area of Wuli Town, Ankang City.
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Figure 2 Dry weight (A) and fresh weight (B) of aerial part of Gypenostemma pentaphyllum per square meter.
Different letters of a, b, and c represent significant differences between different treatments in the same area. P
refers to the planting area of Pingli County, Ankang City; Z refers to the planting area of Wuli Town, Ankang
City.
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Shannon index. C: PCoA analysis. D: Community composition on phylum level.
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Figure 4 Differential microorganism analysis between

different treatment groups. A: differential microbes

between PC and PT, B: differential microbes between PC and PD, C: differential microbes between ZC and
ZT, D: differential microbes between ZC and ZD. *: P<0.05; **: P<0.01.
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Figure 5 Correlation analysis among the content of
rhizosphere microorganisms.
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