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Abstract: This study aimed to investigate the effects of the root exudates from Cyperus rotundus, a common weed in
Guizhou tabacco fields, on the tobacco bacterial wilt pathogen Ralstonia solanacearum strain AS-1 and the biocontrol
agent Bacillus velezensis strain JXF-16. Non-targeted metabolomics (LC-MS) was employed to identify the chemical
composition of C. rotundus root exudates and to explore the effects of specific bioactive constituents on the two bacte-
rial strains. Turbidimetric assays were used to measure the impact of the active compounds on bacterial growth, crystal
violet staining was applied to quantify biofilm formation, and semi-solid plate culture assays were conducted to assess
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bacterial motility. Additionally, pot experiments were performed to evaluate the efficacy of the exogenous active com-
pounds in controlling bacterial wilt. Results revealed that a total of 21 types of chemical compounds and 3176 active
substances were detected by LC-MS. At the concentration of 50 pmol/L, myristic acid, 4-ethyloctanoic acid, ligustrazine
and betaine significantly promoted the growth, biofilm formation and motility of R. solanacearum. However, at higher
concentrations, the compounds exhibited inhibitory effects on bacterial growth and biofilm formation. Tetrame-
thylpyrazine (50 umol/L) and betaine (100 pumol/L) significantly enhanced the growth, biofilm formation and motility of
B. velezensis. Conversely, lauric acid and 2-dodecylbenzenesulfonic acid at concentrations above 50 umol/L signifi-
cantly inhibited the growth, biofilm formation, and motility of both R. solanacearum and B. velezensis. Pot experiments
demonstrated that lauric acid and 2-dodecylbenzenesulfonic acid at 150 umol/L and 200 pmol/L effectively controlled
bacterial wilt, with the relative control efficacies surpassing those of chemical pesticides and biocontrol agents. Notably,
2-dodecylbenzenesulfonic acid at 200 pmol/L achieved a control efficacy of 80.28%. The results would provide impor-
tant theoretical insights into the role of C. rotundus root exudates within the tobacco field ecosystem and lay an applied

foundation for developing novel bioactive compound-based strategies to control tobacco bacterial wilt.

Keywords: Cyperus rotundus; Ralstonia solanacearum; root exudates; tabacco; growth; biofilm; motility activity

DOI: 10.3969/j.issn.1000-2561.2025.12.018

A B A 2 B AT R IR ( Ralstonia
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IREVEE A1 . AR (B 4 1 LA B 07 FH B A 452 D ) 28
i, mEAMER., NEER., 4-25Fm .
2- T TR EOREER . N E R FIEI S 6 FhE MY
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Xif B TR 28 2 W 1 45 Ik ST BE AR IHE AT PCA
T, SR 1 PR, 5 MR R E A R
ARZ I EE R, AN 2ERK, TimBEA,

LC-MS #ilgh 5L, Sms 21 Kks
Y3176 R (1K 2) , Hodp & & H A4
Yy e (22.27% ), HORAHLER (13.43% ) .
MK 3 A, BETFRMEAESER. EE
SORAT, BAE TSR

A 3 ) B TR AR A I A AT oM, LU
LAk IRE T . IREAEREYE | N A
MR, A VLR M A R (lauric

acid) . WEFEMR (myristic acid) | 4-£FEFTR
( 4-ethyloctanoic acid ) . 2- 1 — ¢ 2 K fifi fiR
( 2-dodecylbenzenesulfonic acid ) LA S A= W82 (1
JIE B (ligustrazine ) | HEHK ( betaine ) JF S5
ZERESE (R 1), RIEIX 6 B TRt 7 Aifi 1 A DL
JE b ZF AT B 2

Group
100 - o A
*B
s o7 Cr3
N Cr2 o
o ol el QC03 _QCO1
< Crd = = Crl Qco2
£
EU
-100 -
1 1 1 1
-25 0 25 50

PCI (31.14%)

BA SRR VAR, FAEMEAARSERR, A hillE
Fedh (Cr) , BOWBEEREM (QC) .
Each point in the figure represents a sample, and the samples of the
same group are represented by the same color, A is the determina-
tion sample (Cr), and B is the quality control sample (QC).

B1 MEHFRSREHERP PCA SHE

Fig. 1 PCA analysis diagram of determination sample
and quality control sample

M Tannins: 4 (0.27%)
M Tryptamines, cholines, pi

2 REWEFNER

Fig.2 Metabolite class composition
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M Amino acids and derivatives: 330 (22.27%)
Others: 207 (13.97%)

M Organic acids: 199 (13.43%)

W Benzene and substituted derivatives: 160 (10.80%)
Lipids: 76 (5.13%)

W Flavonoids: 70 (4.72%)
Alkaloids: 65 (4.39%)

M Phenolic acids: 64 (4.32%)

M Terpenoids: 60 (4.05%)
GP: 49 (3.31%)

W Heterocyclic compounds: 46 (3.10%)

M Nucleotides and derivatives: 45 (3.04%)

W Lignans and coumarins: 32 (2.16%)

M Alcohol and amines: 24 (1.62%)

W GL: 20 (1.35%)

W Steroids: 9 (0.61%)
FA: 8 (0.54%)

M Quinones: 8 (0.54%)

W SL: 5 (0.34%)

1(0.07%

Tab. 1  Active substances in root exudates of
C. rotundus for experiment
N R B I 1] AEXF AT & R
2B 24 e . .

. Retention Comparative  Order of relative
Chemical name time/min content content
JIE 2.5156 3183 000.672 17
IR 5 R 7.6414 216 508.526 218
e 3t 2.5760 200 125.970 238
AR 7.2063 193 835.784 248
4-L TR 6.8081 128 379.596 364
2= e R 8.3142 68 760.116 672

TR
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Fig. 3 ITC plots of root secretions in positive (A) and negative (B) ion modes
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EANEHFAFEEKNZ MEHEMIKTFRATEEKNOZ N
BFAMET, fEEEFE 12 h 1 24 h J5 I E &6 HAREFRILZNMT, 537 12h F 24 h 5500

PEYIT XN AS-1 Fl IXF-16 A K s2m 25 L0, W& AS-1 WK, 450KV, #H5F 12 h,
Wi# 12h )5, 5 CKAHM, 50 pmol/L P 2 5EMR . 50 umol/L H H:R Fl 4- 2 FEFFRXT AS-1 BHEK T
4-2 E TR . NS HEERNT AS-1 pAE KRR BERW, RUAGEIERAIH, (HRE R E TS
FERMEM, ARKESHIEM 9.30%. 5.83%. PR BT AS-1 By A 3477 A o 2 il 4 FHC I
5.70%. 5.53%. WEJE R 100 pmol/L B}, 5 CK A 5A) o HiFRE 24 h, WEDy 50 pmol/L H, Bf 2-
A ET S0 B o B AR VR, Akt T T RN WA IR A, AR . A
15.90%. T3 Jy 150 pmol/L 1 200 umol/L i, TSEIR . 4-CHEETR . ) SRRSO AS-1 A=
B G R AS-1 A ik ey RIJCRSAENT; WRIETY 100 pmol/L i, HAERR
5 9030% ([ 4A) o HiFEE 24h, 50umol/L  4-CLHEERR. BHSEHINT AS-1 B RATIC 3 o,
TR, 4-ZHFm ., IS, s MR, 2- T TR oREmR . ISR 2Rk
R HEVE R, AR ET S, Ay WHRITER WS 150 pmol/L 1 200 pumol/L i,
BRI AS-1 KM R g pw AT EYPOYAE AS-1 iR (1 SB) .

([ 4B) . WE 5C FIE SD firs, $53% 12 h, 50 pmol/L

W% 1205, 5 CK AR, {450 umol/L @3 /!5 150 pmol/L FIISEH AE S IXF-16 2L K

B JXF-16 4K BB ER, AR 5 CKAML, AREHIEI 13.24%H 7.00%;
7.10% (EI4C) . ¥i%E 24 h, 5 CKAAK, Ak TENFF 24 hiF, {50 pmol/L it fi 3 5L . {2
FATE 50 pmol/L It IXF-16 (4 K B s eabsi:  EFEA, HEREE I CKHEN 10.90% , HARTH 1%
H, AR 7.70%, [BHERET 50 pmol/L i MIBFESSUREE T A IXF-16 B/ K

HIFH R BB, 78 200 pmol/L BHIIHIRE 2.4 RESWYIE LW FEX B # =Nk
ik 97.20%; 100 pmol/L P GERR , 4-Z 3L RINE  FHRTEEVER KNI

PR LS 150 pmol/L ¥k BE FAX 4- 2 1R AT 2 A S YL I AR R B, TR
R EAEIAEM; 200 pmol/L N EERR . JIIE 6A FIIE 6B iR, Kigk 12 h, BRIKE N 150 pmol/L
B BRI IXF-16 A RKHE—@E 2 EM (B 1200 umol/L Y 2-F ke BEAR RS R X} AS-1 2EH)
4D) . Hr AR R T 50 pmol/L B XS 2 NRMRAE  BERIE R —EMEIER, AR R
KERIBZMRIER, 0 2-+ ZH R RRTE 4 4R N R B — & R b A 0 B 5 .
AN X 2 A A T A DRI SR AT B He e ) 5 R AL T R o AR A 0
2 5 NS WA, BEBN 122.57%, BR324 h i, BR
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A, B represents the growth of R. solanacearum after 12 h and 24 h of cultivation, respectively; C, D represents the growth of
B. velezensis after 12 h and 24 h of cultivation, respectively. Different lowercase letters indicate significant difference (P<0.05).
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Fig. 4 Effects of active substances in root exudates on growth of strains under nutrient medium conditions

100 pmol/L SRt JC it Z 52w 4b, HAR i P9
7 534 AS-1 AW

i 6C F1E 6D Fizw, 5 CK ML, 3555 12,
24 h, 100 pmol/L FSEHIIRX; IXF-16 A=) i
U B E R HEAER, g 19.03% Fi
4.03%; }id% 24 h, 50 pmol/L JI|*% B H i 4 3
YERT, YHBE K 100 umol/L LA FIF, FrA G PEY)
¥ B 2 A I I RN, o, 200 pmol/L 2-
T R R 9 10 1 2K 5 K 85.60% 6
2.5 IREDWHYIEMEY RIS HEN RS
FRTERIZEINEN

SR FH Y T R S Al B 77 25 D 5 45 0 1 4 Jo k)
AS-1 Fl JXF-16 izghifthiszm ., 250K, 6

P VW) B FE 4 VR B2 R e e i AS-1 Fl JXF-16
s gmtE (B 7) o Wl 50 umol/L B, 5
CK #HLIE, 6 FhiG Y By B e i AS-1 iz 3
P, B EAEERR 16.08%~46.36%; MWK AT
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Fig. 5 Effects of active substances of root exudates on growth of strains under the condition of basic medium
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Fig. 6 Effects of active substances in root exudates on biofilm formation of strains
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Fig. 7 Effects of active substances in root exudates on the motility of R. solanacearum (A) and B. velezensis (B)
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