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Effects of three endophytic bacteria in the roots of Salvia miltiorrhiza on host
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Abstract: A pot experiment was conducted to study the effects of three endophytic bacteria on the growth,
physiology, and medicinal quality of Salvia miltiorrhiza. The ultimate aim of this research was to identify bacteria
suitable for the development of microbial fertilizers for S. miltiorrhiza. Three endophytic bacteria (Mesorhizobium
amorphae B546, Bacillus thuringiensis NB49, and B. thuringiensis Bt12) isolated from the roots of S. miltiorrhiza
were applied to seedlings wia root irrigation. The growth and physiological indicators were measured at different
times (7, 14, 28, 42, 56 d) after treatment, and the contents of eight active ingredients in the roots were determined

at harvest. It was found that all three endophytic bacteria significantly promoted the accumulation of S. miltiorrhiza
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biomass. After 56 days of growth, the diameter of the main root and the dry weight of the above ground and
underground parts were significantly higher (by 1.21—2.49 times) in all the treatments than in the uninoculated
control (CK) (P<C0.05). The endophytic bacterial treatments had a significant impact on the physiology of S.
miltiorrhiza, with B. thuringiensis Bt12 having the best promoting effect. After 42 days of growth, the contents of
soluble sugars, soluble proteins, total chlorophyll, zein, 6-benzylaminopurine, and auxin were 1. 36- to 2. 18-times
higher in the treatments than in CK. The three endophytic bacteria strains exerted distinct effects on the accumulation
of active components in S. miltiorrhiza. Notably, B. thuringiensis Bt12 significantly enhanced the accumulation of
total tanshinone and total salvianolic acid to levels 2. 10- and 1. 37-times that in CK, respectively. M. amorphae
B546 and B. thuringiensis NB49 promoted the accumulation of total tanshinone, to levels 1. 08- and 1. 34-times that
in CK, respectively, but inhibited the accumulation of phenolic acids, with the total phenolic acid content being
92.21% and 69.29% of that in CK, respectively. In summary, the three strains of endophytic bacteria significantly
affected the growth, physiological metabolism, and accumulation of active ingredients in S. miltiorrhiza. Among
the tested endophytic bacteria, B. thuringiensis Btl2 had the strongest promoting effect. Thus, it has potential
applications in the development of specialized microbial fertilizers for S. miltiorrhiza.

Key words: Salvia miltiorrhiza; endophytic bacteria; microbial fertilizers; promote growth; medicinal quality
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Table 2 Regression equation, correlation coefficient, and linear range of five plant hormones in S. miltiorrhiza (n=3)

J¥%5 Number  #r#EY) 5 Standard substances  [71J9 J7 2 Regression equation R* 2R Fl Linear range (pg-mL™")
1 EAREZT Y, =24714X,— 1175 0.9994 0.0596~1. 7880
2 HEEEGA, Y,=2775X,— 1197 0. 9991 0. 6760~20. 2800
3 6-"F A FLIES 6-BA Y.,=17304X,—3298 0.9994 0.1016~21. 3360
4 s 2R TAA Y,=11956X,—382 0.9995 0.1448~21. 7200
5 W& TR ABA Y. =56222X,—332 0.9995 0.0367~1.8630

PAIFHS 2 U REIR (2K 3k 7 IR ST 9 R B &3 EER S NE UPLC R ERF
BN LR SR, a5 & ﬂ?ﬁ%@lﬂ Table 3 Active ingredient determination UPLC elution

72@@ T PSR, A k2 A0 ) 2 procedure _ N
BT SRR £ T A e | v | e L | v oo
ﬁ%ﬁ:i*ﬁkwﬁﬁﬁﬂ =R T B X B S S (min)  (mLe  phase (%) | (min)  (mL- (%)
HORKRE MR E =0k T E X AP H R A E min) A g min ) A
(n:3) . 0 0.8 90 10 39 0.8 30 70
1.9 H#EAHE 10 0.8 90 10 46 0.8 20 80
¥ A Microsoft Excel 2019 1 SPSS 27. 0 X} 4% 11 0.8 80 20 47 0.8 0 100
AT GE T 53 # , A Duncan 57 52 4% 22 2 017 22 5 17 0.8 70 30 | 49 0.8 0 100
BEVERR L, KN 0.05, Origin 2024 220K 19 0.8 40 60 50 0.8 90 10
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Table 4 Regression equations, correlation coefficients, and linear range of 8 active ingredients in S. miltiorrhiza (n=3)

5 P i) it I P 1 ml = Jy R* 3 dienid]
Number Standard substances Detection wavelength (nm) Regression equation Linear range (mg-mL ")
1 F+2 M Salvianic acid A sodium 281 Y, =6338856X,— 3710 0.9992 0.0003~0. 0509
2 4 1% 7 2 Rosmarinic acid 330 Y,=38426711X,+837 0.9997 0.0005~0. 0720
3 FHE R B Salvianolic acid B 286 Y,=3451508X,—24513 0.9996 0.0066~0. 9936
4 Z 4% }ZW 1 Dihydrotanshinone [ 244 Y,=59176600X,+ 6524 0.9994 0.0007~0. 1008
5 & #+Z il Cryptotanshinone 268 Y, =56680173X,+28410 0.9995 0. 0006~0. 0960
6 F}Z @1 I Tanshinone I 270 Y, =476643443X,—21867  0.9998 0.0008~0. 1200
7 LR B2 Carnosic acid 284 Y,=3038604X,—7162 0.9991 0.0046~0. 0958
8 P+ 1, Tanshinone I 270 Y, =138353815X,+ 64080 0.9993 0. 0006~0. 0900
2 HERS59MW
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SHRN AR X S A KA RIEER (B 1), BEEB R A IE RS AP S0 BERKE L EREEYE ET
P, 7 dfE, M. amorphae B546 \B. thuringiensis NB49 | B. thuringiensis Bt12 2 B9 F AR K & CK 43 H 34
T 7.38% .12.24% .31.99% . AP 14 dJ5,B. thuringiensis Bt12 %f P12 F MK 4L FHEH KT M. amorphae
B546 Y5 B. thuringiensis NB49; b ¥ 28 d J5 , M. amorphae B546 W42 FEVE FHE 55 ; Ab B 42 .56 d J5 , = 3 fe #3500
T EES ., WARN IS FRERREHEEE 28 d - i6 W& 58 (P<<0. 05) , HoW B, thuringiensis Bt12 {fi
BHAKIM T 11.95%, # 68 A~ CK 9 1.86 £ . 4b B 56 d J5 , M. amorphae B546 | B. thuringiensis NB49 | B.
thuringiensis Bt12 1) EAR HAR 3518 CKAY 1.21.1.32.1. 611,



534 B 4 Fll2F 3 2025 4 179
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Fig.1 The effect of endophytic bacteria on the length and diameter of the main root of S. miltiorrhiza (n=10)
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among different treatments during the same period, the same below.
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YENT, B. thuringiensis Bt12 Xf #i b K 3T %8 43 ¥4 8 35 402 2 /E J (P<<0.05) . 4B 56 d J5 , B. thuringiensis
NB49 4 My b 38 43 i A= 9 i Wl 35 0 T A b B4R fF T 4 )R CKORY 184 2. 75 4% s 3 N ¥ 4r 4 ) & B.
thuringiensis Bt12 5 HAb AL &, 6 050 CKAY 2. 52.2. 4965 . 454 sApk T (BET, X b B3040 A= 9 i AR
ZHMEHNE A B, thuringiensis NB49™>B. thuringiensis Bt12>>M. amorphae B546 ; %} 1 F 38 434 ¥ & F1 B AY 2
HEVER N B. thuringiensis Bt12>M. amorphae B546>>B. thuringiensis NB49,

2.2 AARARSATERBR TEEEGSZTH YR

WARXN S ERYRREABEZ MK 3), 4 42d)5, M. amorphae B546 5 B. thuringiensis Bt12 41
B8 SR R ME AL R b B thuringiensis Bt12 4 FACBE 42 d J5 R 30U e b 3%, M. amorphae B546 IR 2,
AR SR CKI 1. 36, 1. 094 5 i P 4 11 3 4 20 59 0 CK 9 1. 83, 1. 59 o
2.3 AHARNERSELEEETLSTHY A

ANRINAERMN IS A ARETENEMAFR(ES), BT 5,88 B. thuringiensis Bt12 5, HoAth 2 F 4 £ B
Xof G2 R G T A T B A AR R AR AR T B ] Y OB TS o B, thuringiensis BU2 X PF 2%
oA AR MR FEBOR B 3 (P<<0.05) , b3 14 df5 , MR a PR b K E MR LSRS08
CK /5 60.19% .57.81% .50.55% .56.85% ., ®&AK 4 #r , % 126 & 4 K& WAL #HAE A B, thuringiensis
Btl2>M. amorphae B546>>B. thuringiensis NB49,

2.4 ALNARNSEARMMDE TS ZTH A

SERIF S A B H AR R A R (K 4) o AR R 2R PO Y B | 7T L2 40 i K A gy
Z4 [ B 3E o R R A R (GA) B A R A B, 57 A GA AR ) 1A P9 00 o B2 B, DT P () 412 A AR 3R K
Ao M. amorphae B546 5 B. thuringiensis BU2 7E 4L IS X P2 GAW A W EA B &R HEN , TAF 56 df5
KB KL, 430 o CK 1. 77 1. 43 /% o B. thuringiensis Bt12 76 4b # 42 d J&5 vl B 35 2 9 P+ 5 TAA B9 & B
(P<<0.05), &4 CK Y 1. 56 f5 o 40l 43 24 R AT DL o 02 2F 240 M 53 24 oAb A A ) AR G R IR B R T R
e AR A EE R F 2 —. B. thuringiensis Bt12 0] i FH 2SI 2 ZT (6-BA B B (P<<0. 05) , 4b ¥ 42 d J5 % &
S CKAY 1.82.2.184% 5 M. amorphae B546 %t ZT \6-BA B4 1 ELA — & BUAE BERCH , 70 W T-Ab 3 28 14 d )
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Fig. 2 The effect of endophytic bacteria on the dry and fresh weight of S. miltiorrhiza (n=10)
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Fig.3 The effect of endophytic bacteria on the content of soluble sugars and soluble proteins in S. miltiorrhiza (n=3)
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x5 NEEMNASKEEBEEENEN
Table 5 Effects of endophytic bacteria on photosynthetic pigment content of S. miltiorrhiza (n=3)

fib 3 fi (8] Jt4& (0 % & & Photosynthetic pigment content (mg-g ')
Treatment Time -4 % a Chlorophyll a £g 2 b Chlorophyll b ZHH# N Carotenoids %8 % Total chlorophyll
CK 7d 0.5779-£0. 0158ab 0.3382-0. 0099ab 0. 0568+0. 0120¢ 0.9161-£0. 0060a
14d 0.4655-0. 0462b 0. 2401+0. 0303b 0. 0635-+0. 0074a 0.7056=£0. 0752b
28d 0.3029-+0. 0192¢ 0.1562=0. 0097b 0. 0453-0. 0026b 0.4591-0. 0288b
424 0.40040. 0213d 0.221040. 0107d 0.0527+0. 0033d 0.6214-0. 0319d
56 d 0.3730=0. 0158¢ 0. 226340. 0093d 0.0401=0. 0021b 0.5993-+0. 0250¢
M. amorphae B546 7d 0.4365+0. 0866¢ 0. 2489-0. 0586hc 0. 0666--0. 0180b 0.6854-0. 1418b
14d 0.6662+0. 0411a 0.347340. 0268 0.0899-0. 0270a 1.0136+0. 0675a
28d 0.4199=0. 0019a 0. 210340. 0020a 0. 0669=0. 0005a 0.6302-£0. 0031a
424 0.5882=0. 0042b 0.2953=0. 0021b 0. 0887=£0. 0006b 0.8835-0. 0063b
56.d 0.5437-0.0123a 0. 298140. 0092a 0.07110. 0046a 0.8418-0.0182a
B. thuringiensis 7d 0.4752-+0. 0508bc 0. 2418-0. 0172¢ 0.0621-0. 0058b 0.7171-£0. 0675b
NB49 14d 0. 5546=0. 0808b 0.2717+0.0157b 0.06970. 0297a 0.8263-0. 0958b
28d 0. 2949-+0. 0058¢ 0.150240. 0045b 0. 0455--0. 0016b 0.4451--0. 0092b
424 0.5013+0. 0042¢ 0. 2684=0. 0027¢ 0.07010. 0008¢ 0. 7697-0. 0069¢
56 d 0.4673-0. 0043b 0. 2468=0. 0010c 0.0507=0. 0041b 0.7141=0. 0054b
B. thuringiensis Bt12 7d 0. 6346+0. 0539a 0.3642-40.0725a 0.0699-0. 0144a 0.99880. 1086a
14d 0.7457-0.0227a 0.3789+0. 0287a 0.0956+0. 0247a 1.106740. 0575a
28d 0.3957-0. 0031b 0.2012-40. 0232a 0.0628=+0. 0047a 0.5969-0. 0263a
424 0. 6304-0. 00052 0. 3155-0. 0150a 0. 0966-0. 0038a 0.9460--0. 0152a
56 d 0.4400-0. 0372b 0.270240.0163b 0.074240. 0134a 0.7101=£0. 0209b

T P ARG TR A R b BAE 6] — 9] B A 25 M 22 5 (P<20. 05) .

Note: Different lowercase letters in the Table indicate significant differences among different treatments during the same period at 0. 05 level.

A EA B A IR F (P<<0. 05) , Hofr 430 CK 19 29. 59% .34, 44% . B. thuringiensis Bt12 41/ ABA %
EAEALFE A2 dJE WS T CKEIE R 35, BLAE 56 d =4 T 3 MM sl fE A, & & CKI52.09% .
2.5 FAAEKIBHRL A EISAFA LS

HIRBF5E WK , B, thuringiensis BU2 TEANHE 42 d J5 X5 P2 A K A BRACI A2 1 VR A B 2 o AR ¥ 43 X B.
thuringiensis BU2 4B A2 d J5 P2 WA K AEBUEARBEAT AR CHE 0 AT (K 5) . FMER S BHGRSEL WHIE
AHOC Ml oy T H 54 R a AT MM TAA & i 2 3 A OGN o T8 5 Al (GAL TAA i i
B R OG
2.6 AHANAERNLERRS IR

AS TR B 9 A B8 X 200 28 143 1 52 i R ] (I 6) o B, thuringiensis NB49 5 B. thuringiensis Bt12 7] i 3 ¢
PSSR 53 10 G 8, VA B thuringiensis B2 (AR SRR e fE, A2 1 (RIS 2 1 XS
MR 0, & & 40 % 8 CK W 2.51.2.59,1.80,1.59 % . M. amorphae B546 Xt & P} 2l B A B 3% {2 #F &R
(P<<0.05),

WA R X B IREN TS EF B E WK T7) . HP B, thuringiensis Bt12 7] g 3% 35 & MR LA & =, H
TP SR R ER SRR B LK BB R 1Y & & 4w oy CK 1Y 1.75.1.25.1. 37 1. 24 % . M. amorphae
B546 X IS E M RA BE R IEER(P<T0.05), g\ CKB 1. 11f%5. B. thuringiensis NB49 M| X} iR R W iR
R B &R HEEH (P<<0.05) , H& &y CKY 1. 1245 .
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Fig.4 The effect of endophytic bacteria on the content of five endogenous hormones in S. miltiorrhiza (n=3)
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Fig.5 Correlation analysis between physiological indexes and growth indexes of S. miltiorrhiza
*: P<<0.05.
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Fig.7 The effect of endophytic bacteria on the content of phenolic acids in the root of S. miltiorrhiza (n=3)

1.08.1.34.2. 10% . B. thuringiensis Bt12 36 n] i3 & & PF 2 Wy TR 2K W) B iy & &, FOR B IR S8 70 & 1 CK Y
1. 37 4% ,1fi M. amorphae B546 5 B. thuringiensis NB49 W £ 41 il {y iR 25 i 43 19 A Bl , A B0 R 7% & 40 91 CK A
92.21%.69.29%.

3R N TR S P 2R 0 A AR R B B35 R R R (P<<0.05) , M. amorphae B546 . B. thuringiensis
NB49. B. thuringiensis Bt12 41 43 5 % CK #4 fin 7 0.33.1.03.2.29 % (& 9) . M. amorphae B546 5 B.
thuringiensis BU12 X i R R M A WA YW B R A R EMRIEEM, 5 CKE M T 0.14,. 1. 14 f%5 . B.
thuringiensis NB49 X} Wy [ 38 18 73 1) A W) AL R g 5 T CK L EA 835 (P>0.05) .
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Fig. 8 The effect of endophytic bacteria on the content of total phenolic acids and total tanshinone in S. miltiorrhiza (n=3)
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AR DS3T3, KBS S B T HE CKEIN T 16.22% . A3 B 25098 K& B, 32 R AR 9 AR 40 48 55 1
(Rhizophagus intraradices) n] L4 % A2 i FF S AR K MR B AR R T8 BLE o RWCAE & 33 Fh 1A
NS33.NS6.L.G3 fLY1 ¥ fig B & 12 485 2B (Tripterygium wilfordit) AR 09 £ K Hoh I #k NS6 5 LY1 P
g VR ABAE N EE BEMEARARYMERE . ARV 3N A T LR E RS K )
B CTEEMRER, X SEAM R R EAR B ELM28d)E EECA AR, T KIEAR R, T
Zx A W) i R R AR TR R S I TAA K G B, 3R WY PN A TR AT ok 22 A iR AR B R VR R B P SR
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16 FEAEY 5 W A TR AR AR O E 32 55— A S PR S R 45 O Gl A ) 2 AR R R microRNA
(miRNA) % Z i (5 538 i L [ 08 7, B s R 22k Horh MY S e — AR B3R A SC R i g ST AR
J v B O HEAE T AR NS S T AR T S — N R T B DA O A B e A AR
Paecilomyces formosus LWL /] LL3d o FEAR N I ABA 34 S 8 H & 2ok & K8 (Oryza sativa) X5 22 5 1
Jolp 301 A TS A2 AR Y S Aratjo 45 & BUMG B ZEAAT I PRBS-1( Bacillus subtilis PRBS-1) % K 5. ( Glycine max ) AR
PEAR A P A 5 R B TAA B & A O o ARG R ZEFAT IR BS-2 (B, subtilis BS-2) &R0l fiE #E TAA GA,.
ZR A5 R B A i 40 i R A KR ABA WA R DR R Capsicum annuum) B AER S ARG Bow
M. amorphae B546 \B. thuringiensis NB49 5 B. thuringiensis Bt12 43 B £ & Fh 14 .7 14 d J5 ] B &2 3 ABA )
B L, 7 Al B D0 2 0 o B TE R e,k R AR T R S A AT A, R B AT R
A T Y Fh 2 R BE AR (R X ABA & B WA R, B, thuringiensis NB49 #: 0 14 d J5 , GAL & & B & & T CK,
M IAA ZT (6-BA & 5 W 2 F K T CK, R B A 16 T DR T8 [ R & i s e A AR K. TAA S
i i 73 24 R (cytokinin, CTK) M % 5500 ALY &K & TAA W] U2 AR A K IR 28 i & & i CTK ) Af
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Ming 55" & BN A= BB Trichoderma atroviride D16 (/) Z ¥4 43 J& T 52 {2 2 PF 2 BARAR A K ) E 2 IR 2
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R R (H—E R A ME BRI A W, X5 LI MRS R —3 . B. thuringiensis NB49 Xt P+ 2
B 2K 3% R A AT B B9 VE R M. amorphae B546 1T g 25 30 ) 2k 12 A R AR R A0 A AR, S BUE B
iR ) o e AR L 3K 5 Yan A5V B AT 45 R — 2, HE N 0T BB SR M. amorphae B546 5 B, thuringiensis NB49 %t F}
193 1R 5 ) Jo LA 3 i VR

4 it
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