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Abstract: To explore the effects of rhizospheric biocontrol bacteria on growth promotion, disease prevention, and quality
of Salvia miltiorrhiza, in this study, six biocontrol bacteria(Paenibacillus polymyxa Ppld6, Bacillus velezensis Bvl-4,
Pseudomonas jessenii Pj01-9, Streptomyces syringium SY6-10, B. haynesii CYM6-3, and S. toxytricini 136) isolated from the

rhizosphere soil of S. miltiorrhiza and water(CK) were utilized for root irrigation treatments, respectively. The effects of these
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biocontrol bacteria on root growth parameters, root rot disease control, and the contents of 23 chemical components(including 5
tanshinones and 18 phenolic acids) in the roots of S. miltiorrhiza were systematically evaluated. The results demonstrated that
the field root irrigation treatment with six biocontrol bacteria had no significant growth—promoting effect on the root length, root
diameter, and the root branch number. The analysis of the fresh root weight of the plots revealed that except for isolate Pp146,
the fresh root weight of the plots treated with the other five biocontrol bacteria was significantly higher than that of CK
treatment. In terms of disease control, the six biocontrol bacteria exhibited a control efficacy of root rot ranging from 34.31% to
65.59% against root rot disease. Specifically, the incidence rate of root rot was significantly reduced by B. velezensis Bvl-4 and
B. haynesii CYM6-3, while the disease index was significantly decreased by P. polymyxra Ppld6, B. velezensis Bvl-4, P.
jessenii Pj01-9, S. syringium SY6-10, and B. haynesii CYM6-3. The results of the chemical component determination
indicated that B. wvelezensis Bvl-4 significantly promoted the contents of tanshinones(tanshinone I, tanshinone II,, and
miltirnone) and phenolic acids(protocatechualdehyde); S. roxytricini 136 significantly enhanced the accumulation of salvianolic
acid B; P. jessenii Pj01-9 significantly increased the contents of caffeic acid and salvianolic acid C; and S. syringium SY6-10
significantly enhanced the content of danshensu. In conclusion, the six biocontrol bacteria strains had demonstrated significant

effects on the prevention and control of root rot disease, yield improvement, and chemical component accumulation in Salvia

miltiorrhiza under field conditionsf, with B. velezensis Bvl-4 demonstrating the most comprehensive effects.

Keywords: Salvia miltiorrhiza; rhizospheric biocontrol bacteria; growth parameter; chemical component; incidence of

root rot; microbial agent
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Tab.1 Mass spectrometry conditions for 22 components in MRM mode

% PR 5 i 1] /min BT/ (m/2) 5 M B F T/ (m/2) b g i/ eV
Component Retention time Quantitative ion pair Qualitative ion pair Collision energy
& hER  Fumaric acid 2.13 114.7/70.6 114.7/26.6 6,12
IR Succinic acid 2.27 116.8/72.6 116.8/98.6 10,7
WHR  Malic acid 1.60 132.7/114.6 132.7/70.6 7,13
JLZSEE  Protocstechuic 3.84 136.8/107.8 136.8/91.6 21,26
WAR-D  Tartaric acid 1.51 148.8/86.7 148.8/72.6 10,14
miERE  Caffeic acid 4.01 178.8/134.8 178.8/90.7 15,17
FEEEIR  Citric acid 1.95 190.8/110.7 190.8/86.6 7,14
FI#iER  Ferulic acid 4.98 192.8/134.0 192.8/177.8 17,13
J}2# %  Danshensu 2.90 196.8/134.8 196.8/178.8 17,11
HiEFR  Rosmarnic acid 5.28 359.0/160.8 359.0/196.8 11,28
JIEER D Salvianolic acid D 4.85 417.0/174.8 417.0/196.8 28,19
FHE#R C - Salvianolic C 6.11 491.0/293.0 491.0/196.8 25,21
FHERER A Salvianolic A 5.67 493.0/295.0 493.0/184.7 15,24
LB Lithosperlic acid 5.22 493.0/294.9 493.0/184.8 11,28
SREFEBRHE  Salviaflaside 4.62 521.0/160.8 521.0/358.9 34,12
FHEYEZ E - Salvianolic acid E 5.01 717.1/320.9 717.1/519.0 36,19
FHEFR Y  Salvianolic Y 5.52 717.2/321.0 717.2/519.0 36,20
J}5HA 1 Tanshinonel 4.32 277.0/177.8 277.0/249.0 36,17
Z& S0 1  Dihudrotanshinone 3.31 279.0/261.0 279.0/233.0 16,21
FHZ5# Milerione 6.80 283.0/223.0 283.0/239.9 23,24
JFSE 2A  Tanshinone2A 6.02 295.0/276.9 295.0/249.0 20,22
f&/+Z i Cryptotanshinone 4.42 296.9/251.0 296.9/282.0 23,26
1.5 #EFEDW JH SPSS 22.0 k7 B R & 2 00, %

K H WPS Office 2024 {4 3E 47 %098 4b B, %

Origin 2024 HAF #7425 K o
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The different lowercase letters indicated significant differences among the treatments(P<Z0.05). The same as below

B1 £HELENASRIOEEREFNR

Fig.1 Growth promoting and yield increasing effects of biocontrol bacteria treatments on the roots of S. miltiorrhiza
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Fig.2 Control efficiency of biocontrol bacteria treatments on S. miltiorrhiza root rot
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P2 W3R WX AN [6] A= By T Ak B8 20 i AR T
R R R T M A g5 R R (8 2) , CK
P2 MR R 1 %% R 32.50% , 6 Bk A= By B Ab B
Yo7 AT AV RS S 0 A R, o TR Bk Bvl-4,
CYMG6-3 4b B 1) £+ 2 M 55 °F 35 & 9 5 43 i
13.75% #115.00% , ¥ 2 #F AL T CK(P<<0.05) ; &
AR 136 41, HoAth 5 0k A By 7 A B4 CK ) I 3

I8 T FH S AR 8 9 5 1 48 4 (P<<0.05) .

R 993 185 i B0 B3 AR 0 1 7 v R 45 R i
7R (3 2) , 6 8k A B B Ak B GEPE 2 AR T 1 B 36 S8R
9 34.31%~65.59% , Hrh  E#k Bvl-4 M1 CYM6-3
b B FE 2 A8 R BT IR AR 4 Il 65.59 % il
62.46 %0, 393K 60% Lh L, I X PFS AR E 5 K 4T
I B IRRCR

x2 EPELETASRERBAEHR

Tab.2 The control efficiency of biocontrol bacteria treatments on S. miltiorrhiza root rot %
o
a Ppl46 Bvl-4 Pj01-9 SY6-10 CYM6-3 136
Index
BRGEES &S 56.20+10.84a 65.59+10.68a 46.82+12.90a 43.69+18.77a 62.46+7.22a  34.31+9.39

Control efficiency

TE AR [RGB 3R 4% b B ) 22 53 AN J 25 (P=>0.05) .

Note: The same lowercase letters indicated that there were no significant differences among the treatments(P>>0.05).
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Fig.3 Effects of biocontrol bacteria treatments on index components of S. miltiorrhiza
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Tab.3 Contents of other components in S. miltiorrhiza treated by biocontrol bacteria ng/g

s

Component

F}ZE2%  Tanshinones

Pp146 Bvl-4 Pj01-9 SY6-10 CYM6-3 136 CK

ZEASIEm 1 988.03+ 1242.33+ 1187.50=+ 971.504+ 908.67+ 1032.76+ 124147+
Dihydrotanshinone [ 108.65a 123.74a 103.44a 91.38a 73.16a 129.32a 115.06a
FFZ A Miltrione 113.18+ 214.34+ 112.47+ 97.07+ 102.75+ 96.00+ 126.00+
17.99b 27.36a 14.46b 19.63b 30.94b 15.33b 13.98b
FHIARZE  Salvianolic acids
&S Fumaric acid 28.104+3.85a 16.88+1.30b 22.80+3.84ab 22.87+2.6lab 13.2841.18b 14.95+1.96b 20.06+2.59ab
BEHIMR  Succinic acid 507.56+ 561.48+ 615.77+ 651.414+ 536.97+ 559.504+ 554.034+
42.00a 31.54a 65.43a 79.99a 26.81a 70.05a 48.13a
SEHER Malic acid 4774.76 4 660.53 5039.88 5019.13 5020.99 4948.61 4543.21
+214.05a +231.90a +246.24a +257.66a +120.72a +101.64a +336.31a
JRLZS S 14.55+1.06ab 19.394+1.07a 17.274+1.93ab 16.69+1.68ab 14.3441.31ab 13.2540.64b 13.4841.30b
Protocatechuic aldehyde
D10 A1 iR 107.13+ 188.62+ 170.20+ 186.06+ 191.39+ 168.38=+ 125.89+
D-Tartaric acid 14.18b 24.22a 21.17ab 26.39a 11.40a 11.56ab 10.86ab
WIHERR  Caffeic acid 75.7544.66abc 78.3944.90ab 92.05+8.41a 74.04=+6.02abc 71.4046.24abc 54.44+10.05 ¢ 67.9947.66bc
¥R Citric acid 1664.72+ 1613.124+ 1896.99+ 2187.38+ 1635.10+ 1882.26+ 1683.87=+
135.43ab 149.38b 123.88ab 206.73a 156.44ab 179.45ab 150.48ab
Pl f2  Ferulic acid 4.814+0.31a 4.62+0.26ab 4.30+0.42ab  3.664+0.19ab  3.424+0.70b  4.084+0.52ab 4.29+0.39ab
F}2 % Tanshinol 962.32+ 1090.774+ 1155.56=+ 1221.06+ 1 008.55=+ 1061.19+ 949.394+
22.34b 49.30ab 19.09ab 110.50a 27.48ab 90.62ab 60.92b
SER  Lithospermic acid 4 503.66+ 4641.52+ 5038.52+ 497540+ 4040.17+ 4 468.04+ 449642+
175.76ab 219.93ab 103.83a 433.78ab 250.64b 163.17ab 286.36ab
HIEFRE Rosmarinicacid 6 632.88+ 6624.61+ 7 403.79+ 6 864.72+ 7 010.53+ 7 653.68+ 6 707.52+
109.46a 326.92a 245.37a 554.96a 383.51a 302.22a 373.51a
R R A IR 97.94413.98a 79.98+5.21a 86.42+15.40a 90.16+8.63a 91.564+15.11a 92.70+16.15a 82.39+7.07a
Salviaflaside
PR R A 48.88+4.89ab 32.62+3.18bc 48.51+3.64ab 35.1643.98abc 22.20+3.73¢c  28.97+8.69¢ 49.89+6.32a
Salvianolic acid A
PR R C 4.0940.42ab 4.1040.35ab  4.66+0.45a 3.650.38abc 2.71£0.34 ¢  2.644+0.43¢ 3.0740.23bc
Salvianolic acid C
FHI R D 33.034+3.45a 30.814+3.50a 35.37+3.52a 39.76+7.87a 22.80+2.97a 26.09+2.45a 35.1945.29a
Salvianolic acid D
FHE R E 250.47+ 242.74+ 267.56+ 284.67+ 193.30+ 226.96+ 253.34+
Salvianolic acid E 12.77ab 16.84ab 12.90ab 43.21a 9.39b 15.20ab 22.25ab
PR R Y 1181.49+ 1141.77+ 1281.26+ 1239.224 942.98+ 1105.18=+ 1183.17+
Salvianolic acid Y 64.06ab 61.54ab 62.33a 127.20ab 40.43b 48.48ab 96.04ab

T AR FE/NG PR R OR A AL PR AR 0.05 K F-25 57 B3

Note: Different lowercase letters indicated significant differences at the 0.05 level among the treatments.
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Fig.4 Effects of biocontrol bacteria treatments on content of total tanshinone and total phenolic acids of S. miltiorrhiza
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