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Regulatory effects of exogenous salicylic acid on rhizospheric
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Abstract: [Objective] To address the problems of rhizospheric microenvironment deterioration
and medicinal quality decline caused by continuous cropping obstacles of Fritillaria unibracteata
Hsiao et K. C. Hsia, this study explored the regulatory effects of different concentrations of
salicylic acid (SA) under continuous and non-continuous cropping patterns and clarified the
optimal SA concentration and underlying mechanism for alleviating continuous cropping obstacles,
aiming to provide a theoretical basis for optimizing cultivation techniques. [Methods] A pot
experiment was conducted with two cultivation patterns (continuous cropping and non-continuous
cropping) and six SA concentration gradients (0, 20, 50, 100, 200, and 500 pumol/L). The changes in
root exudates, soil physicochemical properties, soil enzyme activities, alkaloid content, and
microbial community structure were determined. Correlation analysis and redundancy analysis
(RDA) were performed to elucidate the regulation mechanism. [Results] SA exerted significant
concentration-specific regulatory effects on the rhizospheric microenvironment and alkaloid
biosynthesis of F. unibracteata, showcasing a significant interaction effect with cultivation patterns.
Total phenolic acids in root exudates increased under 20 pumol/L and 500 pmol/L SA treatments
(P<0.05), and organic acids reached the peak under 200 pmol/L SA treatment. The soil organic
carbon and soil organic matter in the non-continuous cropping group were significantly higher than
those in the continuous cropping group. SA at 50 umol/L optimized soil pH, increased the supply of
available phosphorus and ammonium nitrogen, and enhanced the activities of urease and acid
phosphatase. Pseudomonadota and Ascomycota were the dominant phyla in bacterial and fungal
communities, respectively. SA at 500 pmol/L enriched beneficial microorganisms such as
Streptomyces, inhibited pathogens, and specifically increased the content of peimisine and
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sipeimine. RDA results showed that SA remodeled the microbial community by regulating the
composition of root exudates, thereby mediating alkaloid biosynthesis. [Conclusion] SA at
50 umol/L SA is suitable for optimizing rhizosphere nutrient supply and enzyme activities, and that
at 500 umol/L is suitable for effectively alleviating continuous cropping obstacles and promoting
the accumulation of medicinal alkaloids. SA achieves rhizospheric ecological restoration and
medicinal quality improvement through a synergistic pathway of regulating root exudate
composition, remodeling microbial community structure, and repairing rhizospheric interaction
network. This study provides a new approach for the management of continuous cropping obstacles
for F. unibracteata.

Keywords: Fritillaria unibracteata Hsiao et K. C. Hsia; salicylic acid; continuous cropping

obstacles; rhizospheric microorganisms; alkaloid biosynthesis
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Table 1 Content of components in root exudates of Fritillaria unibracteata treated with different concentrations

of salicylic acid (SA)

Sample code Total phenolic acids/(ng/mL)

Organic acids/(pg/mL)

Amino acids/(pg/mL) Soluble sugars/(pg/mL)

CK 0.263 0+0.001 2¢ 0.145 3+0.001 3b
S1 0.455 8+0.004 7b 0.013 7+0.000 &d
S2 0.365 1+0.003 6¢ 0.089 4+0.001 6¢
S3 0.376 4+0.003 1c 0.086 2+0.001 5c
S4 0.314 1+0.002 4d 2.560 3+0.085 Oa
S5 0.603 2+0.008 2a 0.104 0+0.001 9¢

0.117 4+0.001 5c
0.198 7+0.004 2a
0.193 6+0.003 8a
0.006 6+0.000 3¢
0.076 7+0.002 1d
0.158 0+0.003 6b

0.457 3+0.002 Oc
3.201 4+0.092 0a
0.472 7+0.004 5c
0.152 6+0.003 le
0.242 1+0.003 8d
1.141 4+0.045 Ob

Values are presented as mean+standard deviation (SD), n=4 (four biological replicates). Different lowercase letters within the same

column indicate significant differences at P<0.05. The same below.
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Table 2 Physicochemical factors of rhizosphere soil of Fritillaria unibracteata under different experimental

treatments

Sample code  pH AP/(g/kg) NH,"-N/(g/kg) SOC/(g/kg) SOM/(g/kg)

cC 8.16+0.12ab 1.21+0.06b 5.06+0.18d 12.67+1.14a 21.84+1.97a

CL 8.08+0.09bc 1.10+0.04de 4.99+0.09d 8.72+0.79¢cd 15.03+1.36¢d
SC1 8.01+0.08de 1.13+0.05¢d 16.99+0.27a 11.18+1.20bc 19.28+2.07bc
SC2 7.85+0.10f 1.30+0.03a 0.86+0.36g 8.92+0.90cd 15.38+1.55¢cd
SC3 8.04+0.07cd 1.14+0.06cd 6.40+0.27b 7.74+0.60ef 13.34+1.03ef
SC4 8.01+0.11de 1.22+0.04b 5.67+0.27¢ 8.31+1.00de 14.32+1.72de
SCs 8.20+0.06a 1.18+0.07bc 6.34+0.18b 11.63+1.10b 20.05+1.90b

SL1 8.00+0.09de 1.09+0.02de 1.95+0.36f 8.48+0.80de 14.63+1.38de
SL2 7.84+0.12f 1.24+0.08ab 3.23+0.18e¢ 5.98+0.70h 10.31£1.21h

SL3 7.93+0.05ef 1.17+0.03cd 2.26+0.27f 7.08+0.50fg 12.21+0.86fg
SL4 8.18+0.13a 1.10+0.05de 4.81+0.27d 6.41+1.30g 11.05+2.24¢

SL5 8.00+0.04de 1.06+0.04e 0.37+0.09h 8.27+0.85de 14.26+1.47de

Values are presented as meantstandard deviation, n=3 (three pots as biological replicates, mixed sampling per pot). Different

lowercase letters within the same column indicate significant differences at P<0.05. The same below.
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Table 3 Enzyme activities of rhizosphere soil of Fritillaria unibracteata under different experimental treatments

Sample code S-UE/(U/g) S-ACP/(U/g)

S-CAT/(U/g) S-SC/(Ulg)

CcC 311 5.77+343.13¢ 13 848.31+1 453.01b 1.1240.12i 103.14+£11.34ef
CL 235 9.44+260.53¢g 581 0.86+610.14gh 3.90+0.43de 114.80+12.63de
SC1 256 1.83+123.56ef 972 0.97+812.56¢cd 3.12+0.18fg 75.67+£6.12f
SC2 400 1.83+245.67a 16 237.83£1 347.29a 4.91+0.35bc 255.90+22.34a
SC3 245 4.08+145.67fg 830 8.99+701.23ef 2.89+0.22¢g 150.92+13.78¢
SC4 360 8.87+287.34b 874 3.45+743.21de 3.59+0.28ef 156.19+14.23¢
SC5 361 5.21+£198.76b 100 46.82+897.34bc 3.59+0.31ef 212.63£18.90b
SL1 365 9.58+312.45b 678 8.39+589.12fg 4.13+0.29cd 132.86+11.45¢cd
SL2 285 6.55+134.23de 591 9.48+512.34¢gh 1.09+0.071 255.90+23.12a
SL3 300 0.42+156.78cd 776 5.92+654.78ef 1.48+0.11h 225.05+19.87b
SL4 365 3.24+221.89b 570 2.25+487.89hi 6.47+0.52a 146.78+12.34c
SL5 269 8.10+£189.12ef 483 3.33+421.67i 4.05+0.33cd 150.17+13.45¢

T4 TREISSBAETRERENSGHZEIEERSSE

Table 4 Content of alkaloid components in bulbs of Fritillaria unibracteata under different experimental

treatments
Sample Peimisine/(mg/g) Sipeimine glycoside/(mg/g)  Sipeimine/(mg/g) Peiminine/(mg/g)  Peimine/(mg/g)
code
CcC 0.065 0+0.009 8e 0.016 8+0.002 5¢g 0.032 2+0.004 8e 0.063 4+0.009 5f  0.035 9+0.005 4a
CL 0.067 5+0.010 1e 0.046 2+0.006 9d 0.043 0+0.006 5d - 0.017 3+£0.002 6¢d
SC1 0.082 5+0.008 6¢ 0.038 0+0.005 6e 0.032 2+0.004 8b 0.099 4+0.0123e  0.020 6+0.003 8b
SC2 0.123 94+0.009 7a 0.083 0+0.006 7a 0.043 0+0.006 Se 0.170 7+0.009 1b  0.015 0+0.002 2d
SC3 0.077 5+0.009 4d 0.023 7+0.002 4f 0.076 6+0.004 8f 0.111 7£0.008 5d  0.015 3+0.003 0d
SC4 0.094 7+0.011 2¢ 0.037 5+0.004 3e 0.033 4+0.004 2¢ 0.149 0+£0.011 7¢ ~ 0.015 8+0.002 4d
SCs 0.122 4+0.012 Oa 0.063 5+0.005 2b 0.029 0+0.004 3e 0.183 7£0.010 2a  0.019 9+0.004 1bc
SL1 0.061 9+0.008 9¢ 0.022 3+0.002 1f 0.035 7+0.005 4a - 0.015 3+0.002 3d
SL2 0.076 9+0.010 5d 0.051 5£0.004 1c 0.037 4+0.004 6¢ 0.031 6+0.004 7g  0.019 3+0.002 9bc
SL3 0.137 1+0.011 9a 0.023 4+0.003 3f 0.122 4+0.005 9a - 0.016 4+0.003 2cd
SL4 0.107 3+0.008 3b 0.041 0+0.002 8d 0.058 8+0.005 1a - 0.019 1+0.002 7bc
SL5 0.127 0+0.010 8a 0.050 2+0.003 9¢ 0.118 5+0.006 2a - 0.019 1+0.003 Sbc

- indicates that the component is not detected in the sample or its content is below the limit of quantification (LOQ). Values are

presented as mean+SD, n=3.
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Figure 1 Rarefaction curves of bacterial (A) and fungal (B) communities in rhizosphere soil of Fritillaria

unibracteata under different experimental treatments.
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Figure 2 Alpha diversity of rhizospheric bacteria (A) and fungi (B) communities of Fritillaria unibracteata
under different treatments. a: Shannon index; b: Simpson index; c: Richness index; d: Chaol index; e: ACE
index; f: Observed species (Obs) index; g: Pielou evenness index; h: Goods coverage index. Significant
differences: *P<0.05.

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



3568 YANG Wenxi et al. | Acta Microbiologica Sinica, 2026, 66(7)
A B
1.8}
025 16k
1.4}
3 S
= 0.20 =
= 212}
-} =)
] =
2 2
2015 2
o . o
2 | 2
0.8}
. ]
0.10 | ‘ ’ 0.6
04}

CC CL SC1SC2SC3SC4SCS5SL1SL2SL3SL4SL5
Group

CC CL SCl SC2 SC3 SC4 SC5 SLl SL2 SL3 SL4 SLS
Group

B3 AELETRERNSREAEA)SERBEZHPS DT

Figure 3 Beta diversity analysis of bacterial (A) and fungal (B) communities in the rhizosphere of Fritillaria

unibracteata under different experimental treatments.
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Figure 4 Changes in relative abundance of bacterial communities in rhizosphere soil of Fritillaria unibracteata

at phylum (A) and genus (B) levels under different experimental treatments.
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Figure 5 Differences in key taxa of bacterial (A) and fungal (B) communities in the rhizosphere of Fritillaria

unibracteata under different experimental treatments. Significant differences: *P<0.05.
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Figure 6 Relative abundance of functional bacterial taxa in the rhizosphere of Fritillaria unibracteata under

different experimental treatments.
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Figure 7 Changes in relative abundance of fungal communities in rhizosphere soil of Fritillaria unibracteata at

phylum (A) and genus (B) levels under different experimental treatments.
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Figure 8 Correlation between dominant microbial genera, soil environmental factors and alkaloid components
in Fritillaria unibracteata bulbs in the non-continuous cropping group (A) and continuous cropping group (B).
Significant differences: *P<0.05, **P<0.01.

P4 actamicro@im.ac.cn, & 010-64807516



WA 4 | B, 2026, 66(7) 3575
A B CC
50r SC1 SL5_A
SC2
SC2
100 - ® SC3
. ® SC3
sL2 e SC4
o 5. ®SC4
oD Sl c Imperialineglycoside ® SC5
SC4 G = ° SC5 e 50 [ ‘sL2 // CL
S sose CL S
°© lo\ ritillarine o SLI
3] e SL1 el
— ~ 0r o SL2
— i . ®SL2 —
:\T “sc5_b S BLS. b SL3 N SL3
5 5 oSL4
g oSL4 2 s0f S STs
A =50t C3_b e SLS
C4_c —100 [ SC4_A :
. —150 [ sc4_B
100k . , . MIEE : : : : o
60 40 —20 0 20 -150  -100  -50 0 50

RDALI (13.75%)

RDAI (24.12%)

B9 TRIMEET. SBELVEERT SRRAEA). BEEB)FEEMIEX MY

Figure 9 Correlation of soil environmental factors and bulb alkaloid components with the community structure

of bacteria (A) and fungi (B) in the rhizosphere of Fritillaria unibracteata.
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