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Effects of endophytic bacteria on the growth and medicinal
quality of Isatis indigotica Fort.

HU Yugqin', SUN Ligiong', LI Xiaofan’, DU Yueyang®, TANG Xiaoqing'', WANG Kangcai'

1 College of Horticulture, Nanjing Agricultural University, Nanjing, Jiangsu, China

2 Suzhou Juxintang Pharmaceutical Limited Company, Changshu, Jiangsu, China

Abstract: [Objective] We isolated endophytes from the roots of Isatis indigotica Fort. and
investigated the effects of endophytes on the growth, physiology, and medicinal quality of I.
indigotica, aiming to provide a reference for microbial regulation of the cultivation and production
of this plant. [Methods] The relevant culture media were selected to analyze the plant growth-
promoting activities of the endophytes. Three endophyte strains (Bacillus sp. BC00, Bacillus sp.
BV11, and Pseudomonas sp. PA28) were selected and applied singly to /. indigotica four times.
The physiological indexes of the leaves were measured at different time points after the last
treatment, and the growth and physiological indexes and the content of active ingredients of the
roots and the leaves were measured at the harvesting stage. [Results] The photosynthetic pigment
content and nutrient-metabolizing enzyme activities of /. indigotica leaves in each treatment group
were higher than those in the control group at each time point. The three strains of endophytic
bacteria significantly promoted the growth and biomass accumulation of /. indigotica. Strain BC0OO
had the best promoting effect on the dry weight of the above-ground part, which was increased by
74.16% compared with that of the control. Strain BV11 had the most significant promoting effect
on the dry weight of the below-ground part, which was increased by 216.02% compared that of the
control. The treatments with endophytic bacteria significantly affected the content of endogenous
hormones and soluble substances. The three strains of endophytic bacteria had different effects on
the active ingredients. Compared with the control, strain BCOO increased the content of indigo and
epigoitrin by 7.83% and 5.64%, respectively, while strain BV11 slightly decreased the content of
indigo and epigoitrin. The total active biomass of each index ingredient in the strain treatments was
significantly higher than that of the control. [Conclusion] The endophytic bacterial strains BC00,
BV11, and PA28 had significant promoting effects on the growth, physiological indexes, and active
ingredients of 1. indigotica, and strain BCOO demonstrated the best comprehensive promoting
effect. The findings provide a basis for the later development of microbial fertilizers conducive to
the growth of /. indigotica.

Keywords: Isatis indigotica; endophytic bacteria; plant growth-promoting ability; growth and
physiology; active ingredients; medicinal quality
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BC00
Bacillus cereus strain RG04 (KX962162.1)
Bacillus proteolyticus strain KLH8 (PP085523.1)
100| Bacillus proteolyticus strain SH25 (OM584287.1)
Bacillus proteolyticus strain ROA204 (MZ317473.1)
Bacillus sp. (in Bacteria) strain NSAMYKJ21 (MT107059.1)
Bacillus aquimaris strain Hal004 (MT406385.1)
+ Bacillus aquimaris strain BDNA-E53 (MN636668.1)
1100] Bacilius sp. 7B-230 (KF441670.1)
28 BVII
31} Bacillus vietnamensis strain VITTJ10 (MT825592.1)
471 Bacillus viemamensis strain KJ-W6 (JQ799104.1)
Pseudomonas punonensis strain LMT03 (NR 109583.1)
Pseudomonas argentinensis strain M7C2 (JX501692.1)
100 [ Pseudomonas sp. strain CP2D3-08 (MK533988.1)
59 | Pseudomonas sp. Canl.-43 (KT580570.1)
66 | PA28
T0.050 56| pseudomonas argentinensis strain AFS086324 (OP986251.1)
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Figure 1 Phylogenetic tree of endophytic strains based on 16S rRNA gene sequence. The branch length
represents the evolutionary distance calculated by the neighbor-joining method, reflecting the degree of
differences accumulated during species evolution; The numbers at the branch nodes represent bootstrap values,

which are used to assess the credibility of the branches.
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Table 1  In vitro life-promoting activity of endophytic strains

Strain ~ Nitrogen  Potassium Inorganic phosphorus Organic phosphorus Fe* production  IAA production

fixation dissolution dissolution dissolution

BCOO  + + + +

BVI1l1 + - - -

PA28 + - + +

+FRRAPERN ;. —RR AR RO

+: Indicates a positive reaction; —: Indicates a negative reaction.

A 520, B = 0.8
oD oD
216l 2 2y
14t < 06t bod bé ¢
§ 12t 5 apa SAbr
= 1.0+ s 0.4} N d d
S 82 3 3 C c d
204l g 02t
§02f &
&= 0.0 &~ 0.0

C 504,
2
= 03
=
3
§ 0.2+
§ 0.1
2b
~ 0.0

E2 ARAEELEEFEESREMFLERRESE@N=3). A: H45Fa; B: MixRb; C: K
MR ARBERR AR N AR ;. A E/NG TR A BRA] 22 5 1. 35(P<0.05) .

Figure 2 Photosynthetic pigment content of Isatis indigotica leaves at different times after treatment with
different endophytic bacteria (n=3). A: Chlorophyll a; B: Chlorophyll b; C: Carotenoids. Different colors indicate
different endophytic bacteria treatment groups; Different lowercase letters indicate significant differences among

treatments (P<0.05).
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2.18 f55F0 2.46 135,
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Figure 3 The dynamic trend of total chlorophyll
content of [Isatis indigotica after treatment with
different endophytic bacteria (n=3). Different colors
indicate different endophytic bacteria treatment
groups; Different lowercase letters indicate significant

differences within the group (P<0.05).
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A PR EH Y NR 6 PSR RS PR L
BCO0 X SPS i P m B Rt % k4 EItE T
F%; BVI11 Fl PA28 4L HJ5 X ACP JG M52 M 3
TRE- LIRS, 5 CK EE—EL
24 MIEREHEITEAESHEIZN
P A AT R HEE BRI (GR 2) 254k
P P,. G,. T, #1 WUE ¥ 58 3 & T X I (P<
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#(P<0.05).
Figure 4 The key enzyme activities of nutrient
metabolism in leaves of Isatis indigotica at different
times after treatment with different endophytic
bacteria (n=3). A: Sucrose phosphate synthase; B:
Nitrate reductase; C: Acid phosphatase. Different
colors indicate different endophytic bacteria treatment
groups; Different lowercase letters indicate significant
differences among treatments (P<0.05).
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2.5 MIEREMAEXEAE KISR0

A i N AR IR O A PR 3 A
FHGER3). FBAR . R EREK. £
R E A 5 Ew T X B (P<0.05); Hd, BCOO
XA 2 A AR ELAR A SRR fe e, o SR T
T 35.68% F 62.53%; BVI11 X FHK AL FERL
REAE, 77T 23.93%; PA28 XM A i
PR B, RTFT 74.55%, AR EALF A
XA ZmIF TR EESR

T 1 P AR A TR G LA g AR R R VR
WEER 4. SAPRA W B | TR
IyEEEE . PARREEE . b BT . MR E
TH PR T AR e e 3 B T R (P<
0.05), H:f1, BCOO XfHb [ &R/ | Bpkif
FHh 3550 T FH AR O R Bt , BT T
121.15%. 88.71% H1 74.16%; BV11 X} Hi F#45
BEEE . MR T FORR T E AR A 2

w2 FRIAEELEMN RIS S BN

MR E, pHliEFA T 68.67%. 216.02%.
129.35%., 141.53%. fENARAAHEL T, BVII
X AR 7 EU B 2 Ml B B 3, X S A b R B 40 )5
Wi K FHb 3843 BCOO AR TE He#e /N, HXT#A
W H A A e R R A
2.6 FAIERAEMAEXE AR MRS
ANTE N A A AR BT A A o AR AR
[F (1 5), £A4bBRZHH, BCOO A1 BV11 ZbH {74
WA TER A . AT PR R AT R TR
5 25 5 T IRZH.(P<0.05), BCO00 b3 CK 43
SHETE T 49.89%. 14.30% F1 18.94%, BVI11 4t
PHAES CK M RTF T 48.25%. 14.41% H1 60.24%.,
PA28 b B fE FA I T VA PE B (A CK T
T 23.86%, HAFEHIEM ST HITREES . 5
AFRZA TR, SRR A AT TR R AT R
T W T B 4H (P<0.05), BCOO 4bFH%E CK
SYRRTE T 37.01% F1 46.24%, BVI11 Ab3EE CK

Table 2  Effects of different endophytic bacteria treatments on photosynthetic parameters of Isatis indigotica

(mean£SD, n=15)

Treatment Photosynthetic rate  Stomatal Intercellular Transpiration rate Water use efficiency
( pmol/(m2 *s)) conductance CO, concentration (mmol/(m?**s)) (umol/mmol)
(mol/(m?+s)) (umol/(m?+s))
CK 3.298+0.007d 0.018+0.002d 354.260+2.312a 1.106+0.003d 2.981+0.011d
BCO00 5.728+0.088b 0.065+0.003b 318.403£1.079¢ 1.732+0.025b 3.308+0.058b
BVl 6.454+0.032a 0.096+0.004a 314.708+1.040d 2.022+0.068a 3.195+0.099¢
PA28 5.313+0.028¢ 0.034+0.004¢ 326.353+1.165b 1.384+0.013¢ 3.840+0.038a

ARVINE FhE R R AR ] 22 5 18 3(P<0.05).

Different lowercase letters indicate significant differences among treatments (P<0.05).

*3 ARAEELE TFRESE KRN

Table 3  Effects of different endophytic bacteria treatments on growth traits of Isatis indigotica (mean+SD,
n=10)

Treatment  Plant height (cm) Number of blades Main root length (cm) Main root diameter (mm) Number of lateral roots
CK 9.97+0.61¢ 11.00+1.41¢ 10.9540.73¢ 9.42+0.93b 4.70+1.16a

BCO00 15.50+1.59a 17.40+1.43b 12.6540.40b 15.31£1.69a 4.80+1.99a

BVl 13.64+0.51b 18.30£1.25ab 13.57+0.36a 13.92+1.01a 5.70+2.00a

PA28 14.29+1.06b 19.20+1.69a 13.38+0.53a 15.03+2.44a 5.60+1.07a

ANR)/ING FhEFR R A B R 22 57 35 (P<0.05)

Different lowercase letters indicate significant differences among treatments (P<0.05).
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Table 4 Effects of different endophytic bacteria treatments on biomass accumulation of single plant of

Isatis indigotica (mean£SD, n=10)

Treatment Shoot fresh Root fresh Fresh Shoot dry Root dry Dry weight (g) Root-shoot
weight (g) weight (g) weight (g) weight (g) weight (g) ratio
CK 8.18+1.10¢ 12.64+1.21b 20.82+1.40c 1.78+0.23¢c 2.06+0.17d 3.85+0.25¢ 1.18+0.20d
BCO00 18.09+1.24a 21.20+1.34a 39.29+2.01a 3.10+0.20a 5.56+0.23¢c 8.66+0.32ab 1.80+0.13¢
BVI11 13.38+1.52b 21.32+1.04a 34.71+1.90b 2.31+0.26b 6.51+0.28a 8.83+0.39a 2.85+0.37a
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ANl NG RN A PR [H] 25 5 1 35(P<0.05)
Different lowercase letters indicate significant differences among treatments (P<0.05).
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Figure 5 Soluble substance content of Isatis indigotica under different endophytic bacteria treatments (n=3). A:

1. indigotica leaf; B: I. indigotica root. Different colors indicate different endophytic bacteria treatment groups;

Different lowercase letters indicate significant differences among treatments (P<0.05).
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P4 actamicro@im.ac.cn, 7% 010-64807516

FH(P<0.05); 7E£AbFE T GA SR E ST
Xt HE(P<0.05), H. BCO00 £ PA28 X} ZR &=
i AR VR (P<0.05).
2.8 FIEREMEXTEIEM RSB0
S U DN A= R Y 3 R e HL T s 1 B i
(Bl 7)o FEA AL B v e I IR ) S T 5 o
0 2 5 TR (P<0.05), H BCO00 B 4% 5
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Figure 6 Endogenous hormone content of Isatis indigotica under different endophytic bacteria treatments (n=3).
A: TAA, GA; contents in /. indigotica leaves; B: ABA, ZR contents in /. indigotica leaves; C: IAA, GA; contents

in 1. indigotica root; D: ABA, ZR contents in /. indigotica root. Different colors indicate different endophytic

bacteria treatment groups; Different lowercase letters indicate significant differences among treatments (P<0.05).
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Figure 7 Contents of active components in Isatis indigotica under different endophytic bacteria treatments (n=
3). A: I indigotica leaf;, B: I. indigotica root. Different colors indicate different endophytic bacteria treatment

groups; Different lowercase letters indicate significant differences among treatments (P<0.05).
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Figure 8 Correlation analysis of physiological indexes, growth indexes and active components of Isatis
indigotica. The color represents Pearson correlation coefficient, orange represents positive correlation, blue
represents negative correlation, and the color depth reflects the correlation intensity (see the right color ruler); *:
P<0.05, the correlation between variables was statistically significant; **: P<0.01, the correlation between
variables was statistically significant.
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K(P<0.01), RN AR ESFETEYERNE
B, ARHERS AR R AR PE R A R

T FARR S W BT T A W e (PRRR S B B )
T AR, 3 PRINA TR AL 50T FEZE A L
SR TE T 127.97%. 96.73% Fi1 105.65%, A
U, BCOO X FA i 27 A SR AU fefH:(3 5).

3 W55 #

2 A N A TR IS H 55 52 B2 QTS
K. %S, 2. PSS AHEM e 4
Sy — e B AR R N AR, 2R
2 M W OB (Bacillus). R O H OJE
(Pseudomonas). ¥ & J& (Enterobacter); TE#S
WE N AE ST T T A B X 3 Bl DA 9 iR
HATSPUEYER N AT, W0 S R v A
J& (Kocuria) . TAT 3 J& (Microbacterium) 1 J Kk
FF# & (Brachybacterium)'¥, 8K, HETE T4
WA P A TR A A R T 3% PR B B B B SR AT
¥ EE{SIE
3.1 EPEEENERNE R

MR E RS HNEENNER, HE
I AR B AR Y S AR ERE . AN,
ZRALAT I 02 Y rM T EEOC S AR SRR
A RORIE RO, AR5 P A 41 R A B
PG ARG EI G, JGAEHRE A
Frde, VA BCOO 1 PA28 (1l ISR
o TR PR A A F M, PR
Y ZFh e AR A R s AT PR A AR

R"S BHRMIEDIEMEYE

WHEENREEME, S5ZMEMSRE, W5k
A BEEY . G EEE EEER
JETHYIEAF e R FEIE R BTG 3
AP A BD24-2, B EE TD33-1 A M B
RD7-4 kb FH Xk H: ] 375 Pob A m] v Je o 2 AR
FHy RN, g R BAT i A
AR E TMB6, HaliattEA SR RE
PR ARHEIT R 3 Bk P A R R T I A T
PERE, DL AUR TR A . AT PEE R
AR, B - BV SR HE A4 25k
R, PA2S XAR MR HERCR %, (HIN
A= B FS AR RV MR IR R . 4R mT RE
SR AT R VER A IR, TER R
PEME S 2 AIAE—E R R WFFETRH, WM
o AT A R U R P,
32 EEFRNKEXEENEREER
0 Rz

SPS JE A YA P42 il REWE G 0 OB, A
BT, B E Wi A e 4
SR AR AR R RHBALT f5, HoEpE
BEIR A BTG PR B TR NR B SRR
WSt 2 A O B i, 30 o 9T A R R 1Y)
o JE T A /AR, R e A AR,
TSR TAA SR A K ACP nlfEEA
PUBE K, BRI, JF B A pE Lt .
H SR EA K E TR B ME
R0 R Y 4 U A2 L P AR TR A B ZE AR TR Ak
PG, A0 5 T AR R ol 1 Rl 9 A 2 T
PEEPA ) ARBFGT R B, N A A A BT g 2 4R

Table 5 Total active biomass of single plant of Isatis indigotica (mean+SD, n=3)

Treatment Total epigoitrin (mg) Total indigo (mg) Total indirubin (mg) Total active ingredient (mg)
CK 4.532+0.041c¢ 5.158+0.100d 0.567+0.015b 10.258+0.104d
BCO00 12.922+0.108b 9.687+0.202a 0.776+0.010a 23.385+0.102a
BVl 12.944+0.169b 6.681+0.087¢ 0.556+0.007¢ 20.181+0.083¢
PA28 13.439+0.143a 7.115+0.028b 0.542+0.010d 21.096+0.164b

ARV TR AR B A 22 57 75 (P<0.05)

Different lowercase letters indicate significant differences among treatments (P<0.05).

http://journals.im.ac.cn/actamicrocn



4500

HU Yugqin et al. | Acta Microbiologica Sinica, 2025, 65(10)

o A W A K Aok R v e R A T A OC B il
SPS. NR. ACP fyifitt, Hr BC00 1 PA28 iy
PRI 2
3.3 HEYIRIENZERITE RS ERIE N

P9 A= TR AT LAGE S e A AR R R I L 4
WKL) 8 2 RIS v i R A e S A P P 4 A
TR A KB TAA REMEFERE YA K, Rk
JETREME IR R R T s GAs REME I A4 K &
B ABA FEZAEREI S A K I AL
MM ZR RRIEZR &, St E .
., ZEAATE LZR216 #3817 TAA B4 il
HE A K RE 7 R0 DL ST 2E A AT BRI A /N2
I F Y GAs MR AN 54%5% s PH2 P92 40 95
4 SR AOFT T NB49 A1 Bt12 X} H: & 2K 2 (zeatin,
DM EA —Efe#EN, X ABA A — 1]
HVE I, ABFFE Y, 3 MRINAE RN ABA &
Y OEIER, BXF TAA. GA; Fil ZR &3 RE
HAE WA H], BCOO XX W - FIAR ) TAA .
GA; fl ZR & ¥ fE dEEH , HRUR B3,
BVI1 B T BEFS W MR GA; S K ah, Hifh
PIR /e, PA28 X #A W MR 1Y TAA . GA;
I ZR & DL A TAA ¥ R UEVE R,
il A VR o P 2R TRXE S [ A 4 3R
i) 77 7 25 5 7] fE S P A oA 2 TR 2 0k 9 3 A
W P9 U5 SRR 1 B 8 T S B X R ) A B i A
TR F0 8 41261
34 EPEKSEFEMERSTEAEED
il Rz

HZ R N AR TR SRR R AR . Tl Ry
T A 25 45 T T AR L 7 FH RIS 19 8 U Bl A 4
JREDT8 HA R A Dy e Y R R AR R R 2R
e EZE A B B A
E SN RRE oo N R KB i K e o S 7oy |
B ZE 0 FF 1 IGPEB 34 Fll44 28 #94F % IGPEB
37 ERE T AN AR R L ot
KA 5525900 ARG P A s A EAR K S
. THEEE RIS IRTE 3 PRIN A T AL RS

P4 actamicro@im.ac.cn, 7% 010-64807516

R ERE, BCOO A FH K,
BVI1 WEFFARMAERK ., WAERTIHESP2H
T B PR A I, AT R D A AT R ZE TR
B AMRS3 B ¥ ALEB7B 4351 ] L & 2
P HAE K il R LA 2R A Y
FHUEBRL 0w VA0 A B N A T (dark septate
endophytes, DSE)& 5 11 58 T HAR N (R,S)-
RS RS ARBIE T 3 RIVAER RS T
FPAMEMBERE . AR(RS)-F UK . AR S v e 5
i, DL BCO00 fe i 25 T N §E K205 A mg
T XTI, Seis Ade B4 MR Mk, A
I [ B R A B I e 2 o RN W e By
S PTG IR, AN PN AR TR A RS AR I
W2 WA R (RERE AR S50
BT S IR R, AR TR AL S AR AR B
A A B ERT, R 3 RN S AR
TR S 25 S 5T

ZEA TR, NAETRAL AR B NR TS
HEA, #F— Lt R T IAA A K,
PEEAHCRME Y A K . B TAA 1]
BB AN AT, HARMR P AR R
WA KRB A A Y R B T AL, &
B TAA & RIFRINBI R R IE . A AL D
il ABA & B, THFESALASKRIT, [RIA 42
ZR A, ISR R R, JEmiiEse s
MR ERET . HEESITER,
ABA Fim g B4 G EIEAM . AU
ABA AbPRAA W BRI s ) 7 2B K
FANES o3y N RBU S 8Lc) | [10) S E Al

4 i
AT WS AR 11 43 0 4 2 0

(Bacillus  sp. BCO00.  Bacillus sp. BVIIL,
Pseudomonas sp. PA28) WA RIFRATEM: . E
AT Ak i A A W 0 A B A s e AR G, IR
HE— DA FE AR S PR & AR, Hh A
Bacillus sp. BCOO AR &R e f . ABFSE MG
IR A 25 T RS 08 10 A= P R IE 2 5 1 B AL



BN 4 | AR, 2025, 65(10)

4501

fitt o J& 82 AT AE > 1 2 R T E 3 4 AR 41 T
PAERA A A S U RIALE],  [R) I R] JF
JriX 3 A A= i A2 G Ak SR R FH R R AR 5
AT

1E# Tk = A

BFRID : REE AT IT . BEisE . B b
MIESCIRE 5 ANFTBR: IR 4 5 MR 1 A
EHEWL: RALEOR SRR AR B BhAER R
P JHBEE : RBUEG . R ISR e = ;
TR il Sikg e SCH A

1E& A 25 ¢ RATE 7 A

VR P I ANTFAEAT AR T B8 23 52 W AR SCPr 4l
HTAERME MAT M s AR

S5 3R

(1] {4, B, AR, &R, BRI, i, BB A

e [ B W R 42 Je SHDIR R A i 53 A 77 v B I [0,
[ 3 S AL, 2022(4): 259-266.
TONG QQ, ZHU Y, CUI DL, ZHAO Y, CHEN YK,
WANG ZY, XIONG YC. The development status of
microbial fertilizer in China and its application in
vegetable planting[J]. Soil and Fertilizer Sciences in
China, 2022(4): 259-266 (in Chinese).

[2] Al . 6T B A& (F 2020 AFE AL AR F B3 K47 30 )
S ) ANCE 2020 A A 25l I Z 0 K AT 3 7 ) 3 A
[EB/OL]. (2015-02-17) [2023-08-18]. http://www.moa.
gov. cn/nybgb/2015/san/201711/t20171129_5923401. htmi
vk_sa=1024320u.

[3] ¥F=23, BHE, TLLIH, BRALE, TIF, JTIBH, 5K/,
fRPHERT, BEBRIT . P25 2R R0l 5 LR R B L
GAP [ ZR[I]. H EBLR 2Y, 2018, 20(10): 1179-1188.
GUO LP, LU CG, WANG HY, KANG CZ, WANG 8,
WAN XF, ZHANG XB, HE YL, HUANG LQ.
Relationship between ecological agriculture of Chinese
material medica and several modern agriculture and
GAP[J]. Modern Chinese Medicine, 2018, 20(10):
1179-1188 (in Chinese).

[4] D, AW, WA, S8, s R A IR

RS IUR B HAE 2R Rk i i I 0], h I R
AEAL, 2024(11): 222-230.
LUO Y, ZHOU M, MAN BY, CHAI SX, HE YW. Status
quo of microbial fertilizer in China and application in
Chinese medicinal herb cultivation[J]. Soil and Fertilizer
Sciences in China, 2024(11): 222-230 (in Chinese).

[5] MUEREH, M A, TLLRH, BRaH, T AR, FIE, etk
A, PV, SRaHE, 822 8 B R AT I 24 IR it 5
T A A RIRL ) K2 5 R R 0], b I b 2

2024, 49(4): 912-923.

LAI KY, XIAO JC, WANG HY, QIU JZ, WAN XF, YAN
BB, KANG CZ, SUN K, ZHANG Y, GUO LP.
Mechanism and application prospects of microbial
fertilizers in regulating quality formation of medicinal
plants[J]. China Journal of Chinese Materia Medica,
2024, 49(4): 912-923 (in Chinese).

(6] ThH, ZEMEmL, PNFIBE, B, VP &R, ok, JHIRTE, T
A Z BRSPS A A B A AR B2 L B s
WR[T]. FOb AR, 2025, 34(4): 175-188
MA Z, L1 XF, SUN LQ, HUANG Z, XU L, LU T, TANG
XQ, WANG KC. Effects of three endophytic bacteria in
the roots of Salvia miltiorrhiza on host growth and
medicinal quality[J]. Acta Prataculturaec Sinica, 2025,
34(4): 175-188 (in Chinese).

(7] ERIZ 5125 . hAe A RILANE 25 i —EE[S]. Jbat:
rh i BE 2GR L, 2020: 22-23, 214-215.

[8] A5 HER), R, shEBUE, BhHRAR, PROCES, Ak, A

JH . BOEARBIETEBERE)]. BUCAL R, 2023(14): 41-45.

FU ZY, FENG ZP, HAN YC, YAO ZL, CHEN WX,

YANG SL, WU XZ. Research progress on Radix isatidis[J].

Modern Agricultural Science and Technology, 2023(14):

41-45 (in Chinese).

BT, TP, WAUA, B R, PO, BRI, 5L, 5

XUR . A AR AL 2 B 5 B AR AR (D). Hh R 25 2%

i, 2022, 57(6): 428-452.

NIE LX, WANG XP, HUANG LY, QIAN XY, LI X,

KANG S, DAI Z, MA SC. Construction of information

bank of chemical components in isatidis Radix[J].

Chinese Pharmaceutical Journal, 2022, 57(6): 428-452

(in Chinese).

[10] 544K, sK3C, RRILEm, Phamdl, % R & . REFMHILE

o3 K 245 BRAE RIBIEGE R RE 7). 25 PEA, 2022, 19(16):

1019-1022.

YUAN MM, ZHANG W, XIONG XL, ZHONG RJ, WU

LF. Advances in study of chemical constituents and

pharmacological effects of isatidis folium[J]. Drug

Evaluation, 2022, 19(16): 1019-1022 (in Chinese).

o AR B AR e S AR B BRI FE 0], Al IF R

5344, 2023(7): 170-171.

[12] & &, %, WA, 2408, MwiE, oS L, 154
. R ELARIR A B A6 A 229 TR 9 777 8 K HG B X
. YR, 2017, 57(5): 710-723
ZHAO LF, XU YJ, CHANG JL, LI QF, YANG JY, OU
QF, YANG MR. Screening endophytic bacteria from
soybean root nodules to inhibit Fusarium oxysporum f.
sp. vasinfectum[J]. Acta Microbiologica Sinica, 2017,
57(5): 710-723 (in Chinese).

[13] F5E, BEpRoL, sk, fa]/NHe, Jupbpk, widde . FA 5N E

AN A58 SR FI S RE (D], A BAGHE R, 2018, 34(3):

163-169.

WANG X, XUE LG, ZHANG XH, HE XY, FAN TT,

SHANG H. Isolation, screening and identification of

endophytic  bacteria  from  Isatis  indigotica[J].

Biotechnology Bulletin, 2018, 34(3): 163-169 (in

Chinese).

FEVPIR « RIR MG T3, ] - Z2 52 ks, HHLAR B2 W - &

55 30 . M DN AR AR T 2 R RS T R0 A R

FE [J]. AR, 2021, 48(2): 392-406.

—
O
[

—
—
—_

—

[14

—

http://journals.im.ac.cn/actamicrocn



4502

HU Yugqin et al. | Acta Microbiologica Sinica, 2025, 65(10)

Gaoshaer-Kayierhali, Raziye-Memettursun, Zulfiya-
Yunus. Endophytic bacteria from Euphorbia humifusa:
diversity, antagonism and growth-promoting activities[J].
Microbiology China, 2021, 48(2): 392-406 (in Chinese).

[15] SREZLHE, Tk, M A, TR, . 5P R i K02
ARG S SR AR AIEAR D). AR A, 2020,
40(4): 60-65.

WU HY, YU M, FENG J, WANG ZX, FENG M.
Screening, identification and culture  condition
optimization of potassium-soluble bacteria K02 in soil[J].
Journal of Microbiology, 2020, 40(4): 60-65 (in Chinese).

[16] i, JH¥E, XU, 2, I £I8, RER . FRARPRE

A TR AR S T 0 B A2 AR AR AT SE[D). Bk 2441, 2021,
30(1): 59-71.
MAN J, TANG B, DENG B, LI JH, HE YJ, ZHANG JL.
Isolation, screening and beneficial effects of plant growth-
promoting rhizobacteria (PGPR) in the rhizosphere of
Leymus chinensis[J]. Acta Prataculturae Sinica, 2021,
30(1): 59-71 (in Chinese).

(17] 457, BHGIR, 25008, ShoSa, w2 0E, Dot . kRl

TN AR AR 73 B 4 E S RESAIELT]. KRR oE
5%, 2023, 35(2): 191-199.
XIANG YQ, LIAO HL, LI N, ZHONG FR, PENG MY,
MA YT. Isolation, identification and functional
verification of bacteria from seeds of Coptis chinensis[J].
Natural Product Research and Development, 2023, 35(2):
191-199 (in Chinese).

(18] FRAHE, XIME, Sk, F[E3C, Jriete, 8. LA MRPR™

TAA TR 149 126 %2 72 SR R SE D). i R e 4 2
2, 2016, 38(1): 104-110.
ZHANG DY, LIU Y, WU Y, WANG GW, WAN BB,
JIANG Y. Isolation and identification of IAA-producing
strains from peanut rhizosphere and its promoting effects
on peanut growth[J]. Chinese Journal of Oil Crop
Sciences, 2016, 38(1): 104-110 (in Chinese).

[19] 2=, PRIRDK, TR, SRIT, 5K 55, SRR . M fe

RN T AP 5 s e e S AR P ol A e v 4 9
PRI, WEEYEaR, 2023, 63(6): 2401-2414.
LI YX, CHEN HB, WANG YQ, ZHANG H, ZHANG Y,
HAN YH. Effects of arsenic-tolerant growth-promoting
bacteria on arsenic uptake and rhizosphere microbial
community of hyperaccumulator Pteris vittata[J]. Acta
Microbiologica Sinica, 2023, 63(6): 2401-2414 (in
Chinese).

[20] DWERR, 25750, FEF5UT, SRR . AN [RIIE B0 AR 1 40
HERAYREIA]. AT P Z, 2010(6): 209-210.

SHI JL, LI JP, DU XH, JIANG YL. Effects of different
substrate on Isatis indigotica Fort. seedling growth[J].
Northern Horticulture, 2010(6): 209-210 (in Chinese).

[21] 22 AR ISR B AR [M]. 2 . Jbat:
I SFHCR AL, 2006,

WANG XK. Principles and Techniques of Plant
Physiological Biochemical Experiment[M]. 2nd edition.
Beijing: Higher Education Press, 2006 (in Chinese).

[22] SEASHREE, FNATB, ZERML, 2 30, JRIGET, EREA . 4 b
HE B A AR B0 P W AR 4 5 AR B S R [J]. e s ARl K
2R, 2024, 47(5): 854-863.

BAO TT, SUN LQ, LI XF, LI YF, TANG XQ, WANG
KC. Effects of four plant growth-promoting rhizobacteria

P4 actamicro@im.ac.cn, 7% 010-64807516

on growth and physiology of Isatis indigotica[J]. Journal
of Nanjing Agricultural University, 2024, 47(5): 854-863
(in Chinese).

[23] sk R, AR, 22/ . MY AR B SR R (M]. 4

Ji. AEsT: AR A, 2009.

ZHANG ZL, QU WIJ, LI XF. Experimental Guidance of

Plant Physiology[M]. 4th edition. Beijing: Higher

Education Press, 2009 (in Chinese).

e R IR AE A B SRR T M. JE AT S AT R

#t, 2006.

GAO JF. Experimental Guidance for Plant Physiology[M].

Beijing: Higher Education Press, 2006 (in Chinese).

AT, EW, BRI, sk, B R, BB . 28

B SR R A S B R Ry B R ], AR 2 A AR

2018, 37(8): 2331-2338.

GUAN JL, WANG G, CHEN X, ZHANG MR, MIAO

YJ, TANG XQ. Effects of nitrogen nutrition on the

growth and active components of Isatis indigotica Fort.

seedlings[J]. Chinese Journal of Ecology, 2018, 37(8):

2331-2338 (in Chinese).

LIU T, LIAO QH, YU FQ, ZI SH, TIAN SH, FAN LY.

Plant growth-promoting activities of bacterial endophytes

isolated from the medicinal plant Pairs Polyphylla var.

Yunnanensis[J]. World Journal of Microbiology and

Biotechnology, 2021, 38(1): 15.

[27] ZHAO AS, DING XC, HUANG MC, CHENG YI.
Bioprospecting  plant-growth-promoting  endophytic
bacteria isolated from moso bamboo (Phyllostachys
edulis) shoots[J]. Forests, 2023, 14(10): 2061.

[28] ZAHRA ST, TARIQ M, ABDULLAH M, ZAFAR M,

YASMEEN T, SHAHID MS, ZAKI HEM, ALI A.

Probing the potential of salinity-tolerant endophytic

bacteria to improve the growth of mungbean [Vigna

radiata (L.) Wilczek][J]. Frontiers in Microbiology, 2023,

14: 1149004.

MR, R A . B KRR ] I MR AR R B 5 0

By e BEC R[], BRI ITARL R, 2007(2): 9-12.

CHEN Y, ZHAO HW. Accumulation regularity of soluble

sugar in gains of spring maize and its relation with starch

content[J]. Heilongjiang Agricultural Sciences, 2007(2):

9-12 (in Chinese).

VPRR, kM, B, XSO, 3RS A, M E L. H

B AR A i R M S U O 3 B 8 e b AR

KAEIIHT[I]. PR R E2AARH SRR R), 2011, 33(10):

31-36.

XU S, WANG YM, ZHAO YT, ZHAO WT, ZHANG QT,

FU YF. Changes in soluble sugar and starch contents in

sweet potato storage roots of during plant growth and the

relationship between them[J]. Journal of Southwest

University (Natural Science), 2011, 33(10): 31-36 (in

Chinese).

[31] ZHU N, MENG TT, LI SW, YU CQ, TANG D, WANG
YG, LENG FF, MA JZ. Improved growth and metabolite
accumulation in Codonopsis pilosula (Franch.) Nannf. by
inoculation with the endophytic Geobacillu sp. RHBA19
and Pseudomonas fluorescens RHBA17[J]. Journal of
Plant Physiology, 2022, 274: 153718.

[32] HASHEM A, ABD ALLAH EF, ALQARAWI AA, AL-
HUQAIL AA, WIRTH S, EGAMBERDIEVA D. The

[24

—

[25

—_

[26

—_

[29

[

[30

[



BT 4 | BUEEAR, 2025, 65(10)

4503

—

interaction between arbuscular mycorrhizal fungi and
endophytic bacteria enhances plant growth of Acacia
gerrardii under salt stress[J]. Frontiers in Microbiology,
2016, 7: 1089.

WAL 7, 20N, A, BRI, BRI, TR . AN AR
TR A AL e 1 TR SE 1 JRE (D). TEIR AR B2, 2024,
52(9): 35-41.

YANG LJ, LT SG, CAO Q, HUANG YW, CHEN Q,
WANG JP. Research progress on growth promoting
mechanism and application of plant endogenous
bacteria[J]. Jiangsu Agricultural Sciences, 2024, 52(9):
35-41 (in Chinese).

WANG JF, ZHANG YQ, LI Y, WANG XM, NAN WB,
HU YF, ZHANG H, ZHAO CZ, WANG F, LI P, SHI HY,
BI YR. Endophytic microbes Bacillus sp. LZR216-
regulated root development is dependent on polar auxin
transport in Arabidopsis seedlings[J]. Plant Cell Reports,
2015, 34(6): 1075-1087.

AFZAL A, BAHADER S, UL HASSAN T, NAZ I, DIN
AU. Rock phosphate solubilization by plant growth-
promoting Bacillus velezensis and its impact on wheat
growth and yield[J]. Geomicrobiology Journal, 2023,
40(2): 131-142.

AROCA R, RUIZ-LOZANO JM, ZAMARRENO AM,
PAZ JA, GARCIA-MINA M, POZO MJ, LOPEZ-RAEZ
JA. Arbuscular mycorrhizal symbiosis influences
strigolactone production under salinity and alleviates salt
stress in lettuce plants[J]. Journal of Plant Physiology,
2013, 170(1): 47-55.

GOLINSKA P, WYPIJ M, AGARKAR G, RATHOD D,
DAHM H, RAI M. Endophytic actinobacteria of
medicinal plants: diversity and bioactivity[J]. Antonie
Van Leeuwenhoek, 2015, 108(2): 267-289.

CUI JL, GUO TT, CHAO JB, WANG ML, WANG JH.
Potential of the endophytic fungus Phialocephala fortinii
Rac56 found in Rhodiola plants to produce salidroside
and p-tyrosol[J]. Molecules, 2016, 21(4): 502.

W IGEE, TR, SC—n9, SR, TAKEE . AW N AR
PR AENE KA A A IETEHE R [J/OL). 7™ B8, 2024
1-8.(2024-07-29). https:/link cnki.net/doi/10.16720/j.cnki.
tcyj.2024.134.

PAN XX, ZHANG LL, GUAN YM, ZHANG Y, WANG

—

—_

QX. Research progress on diversity and growth
promoting effects of plant growth promoting
endophytes[J/OL]. Special Wild Economic Animal and
Plant Research, 2024: 1-8. (2024-07-29). https://link.cnki.
net/doi/10.16720/j.cnki.tcyj.2024.134 (in Chinese).
JABBOROVA D, DAVRANOV K, JABBAROV Z,
ENAKIEV Y, ABDRAKHMANOV T, DATTA R,
SINGH S, JAHAN MS, ERCISLI S, SINGH N. Impact
of growth-promoting endophytic bacteria on ginger plant
growth[J]. Indian Journal of Microbiology, 2024: 1-10.
PRI, PR, SUAG 8 . R P A Al 40 2 S A A 0
PE[I]. A 2522035, 2019, 38(12): 3680-3688.

YANG HR, CHEN PX, DAI CC. Isolation and plant-
growth-promoting ability of endophytic bacteria in
Atractylodes macrocephala Koidz[J]. Chinese Journal of
Ecology, 2019, 38(12): 3680-3688 (in Chinese).

ZHOU JY, SUN K, CHEN F, YUAN J, LI X, DAI CC.
Endophytic  Pseudomonas induces metabolic flux
changes that enhance medicinal sesquiterpenoid
accumulation in Atractylodes lanceal[J]. Plant Physiology
and Biochemistry, 2018, 130: 473-481.

LI WY, YAO JJ, HE C, REN YF, ZHAO LL, HE XL. The
synergy of dark septate endophytes and organic residue
on Isatis indigotica growth and active ingredients
accumulation under drought stress[J]. Industrial Crops
and Products, 2023, 203: 117147.

W, XU, JiphfiE, A8 SCR: . < 2R T R TR
Jo e A Ay <dE " AL R R (0], b 2 2R A, 2010,
35(7): 928-931.

YANG M, LIU ZY, SU ZT, ZOU WQ. Study on
mechanism of precursors transforming into indigo and
indirubin in blue-Genera plants[J]. China Journal of
Chinese Materia Medica, 2010, 35(7): 928-931 (in
Chinese).

JEl A, dr s T, A, ARE, BRAEDS R [R)Ab TR
Wi HT T TAA FEE F 2L 0B S G R L or5E ).
X AT, 2007, 25(5): 160-164.

ZHOU XK, YU JN, WANG J, YANG GS, CHEN YN.
Analysis of content and synthesis position of IAA and
indirubin in Isatis indigotica Fort. seedlings with
different treatments[J]. Agricultural Research in the Arid
Areas, 2007, 25(5): 160-164 (in Chinese).

http://journals.im.ac.cn/actamicrocn



