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Abstract

Sodium Nitroprusside (SNP), a nitric oxide (NO) donor, has been extensively investigated for its role
in enhancing plant stress tolerance and inhibiting pathogen growth. However, its efficacy in control-
ling tobacco bacterial wilt caused by Ralstonia solanacearum remains to be elucidated. This study
aimed to assess the antimicrobial activity, morphology, biofilm formation, and motility of SNP against
R. solanacearum, thereby exploring its potential mechanism in combating tobacco bacterial wilt. In
vitro experiments revealed that SNP significantly suppressed the growth and cell proliferation of R.
solanacearum, with the diameter of the inhibition zone increasing proportionally to the SNP con-
centration, achieving a maximum increase of 129.6% at 1 mmol/L. Additionally, SNP markedly in-
hibited biofilm formation and swimming motility, with reductions of up to 82.53% and 72.46%, re-
spectively. At a concentration of 1 mmol/L, SNP exhibited a pronounced repellent effect on R. sola-
nacearum and reduced the colonization of the pathogen in tobacco roots. Field trials further demon-
strated that SNP application significantly decreased the incidence and severity index of tobacco bac-
terial wilt, with a control efficacy of 57.71%. These findings suggest that SNP possesses significant
antimicrobial properties and holds promise as a potential agent for controlling tobacco bacterial
wilt caused by R. solanacearum.
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1. 5|

A 5 7K I (Ralstonia solanacearum, & FR 7 A ) J& T IR 4% 4= 4 7t (Procaryotae) ffI A8 B 1] (Pro-
teobacteria) [1]-[3], & f L B K VAL (40 B 05 Ak 2 —[1], Ref 2 MATHEY), QFRHE
i DREEM4]. ATEMEDRE S ARF EE L HIERIE A R BURAT NS AHIF[5], A
SR AN 5 ZE b (6] #EGih, REREFERE RGBT 9.5 123€7[7], X{EfE
TR A A RO A PR R R R R R ) R B E 2 — . AR, B BT IR TR AR A — B AR
o ARG T AT AL AR N [8], A XL T VAR R AN T AR, (HRIIE A
AT B8 F BRSBTS YR BLZ R AR I 72 A, IE R BB U7 RS AR AR 1) R, BB VA R [9] [10] 1%
S R A, H RO A BT VE B TR T BRI T S . TR, IRFE AL AT A SR A5
NEE[11].

TEIX—E 5N, YA 8 25 2 20 6% . Hodr, A48 54(Sodium Nitroprusside, SNP)E A
— PP R ARE A AT, AR SRR P L (R AR KR B 5 TH A9 ) H e R EI[12]-[14]. BEFEEE
B, RSN T DA A BT E AL RE o, SR RETRTTRE A R A (0 AR B R, 8 R AR X7 DR T P K
J1[15] —HEHF AR I, SNP TEREE R FE T X FE sl J5 i HoA #HAE F, JC IR RS AR S5 3K ae
JIF3 TR~ H R R [16] [17]. SR17 , 10T 75 Rl B 1 R Get FUATI R 5D, ik = 06 AR FAMLI IR AR

DRI, A 5T 5 TR I8 I 28 40 S50 VAl 07 B0 7RG BR1 RO RO, R0 JCAE SR 75 A 1 AR K THI Y
HUHIFICE MR B (R SRS J0, A B AE P07 6 B2 R ) SR S AN E R AR 3

][l
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2. MRER=E
2.1. SCIGHHE

A FE R F AN KBS EN, 5 SNP), T4 TAYAH .

BRI : T CX26 f P i db & L A P 7. #EFh: FEFWRN, B 2~3 Fi.
WE &M FIREREHIZE 28°C £2°C, HIX R HIE 80%LL E.

R R RS /K K (Ralstonia solanacearum) %I - B £+ 47

NA #5750k 4FE 39, MR 19, SRS, M%EME 109, BIE 159, MNZEME/KERZ 1000 mL.

NB }57%2E: 4FWE 39, BB 19, EAMS5g, F&RE 109, MZM/KERZE 1000 mL.

2.2. TR

2.2.1. SNP » EHmEHER N

B & a0 Ry SHEARFICK): KEK: 7 A: 0.05 mmol/L fIREE4N; 7 B: 0.1 mmol/L iR
HaN; 7R C: 0.5 mmol/L A 4h; 55 D: 1.0 mmol/L 64 -

PRGNS . SRR A B8] 715, K Kk G B AR NA S5 32 3 It 56 &4k, A #H1 %49 55°C,
BINEFRILAF, &3 ILEFEARRN(Z9 15 mL), BERE 5% . FRAPRIR A 1.0 x 108 CFU/ML A ZH5 A%
TR IR BBV SR AR R FR LR ;. AT FLIAAE AN 90 mm NA K578 LAl 5 NEAAN 5 mm 1)
fL, SEIEE =, HImA 100 pL X7 A-D, B&— /N AMIN—R. - PIRE T 37°CEFRM T, Freil
BRANFGTRAL, 12 /N JE R A AR o 528 ORI S4B B R LA, FF T SR et P PR K/

RmIEFRE . S/ N [19] 7 IR LME L, 7EMA& 357 250 mL 25 &1 =Mt 2874 100 mL
KPNB B 7R AL A 0 B 1 mL @355 A-Do #EFR L 1.0 x 108 CFU/mL FAHH B 75 At o 7R IR B
800 pL, 7E37°C. 230 r/m REIKFEGRETR, BENG = /INSRIE R TR 25 oW B S I 7 B 42 ) & OD600 1H,
M 24 /INEF P BT R R IR A

2.2.2. SNP ¥ S E 4 R A AR

7E 96 FLEFFRAR HFREFLANN 100 pL NB #2535 7000, Hefh 10 pl o R0 77 0 5 75 A 7 7 TR TR
J7TCHEME 24h, HE 3 FLLLE[20]. L4 &5 4L 0L LE 600 nm Kb & T4l B AR 1 I8 1) T i e
[3]o DARRIAREARAR . IR B D A A A 2 ) A= P e M 7 1

2.2.3. SNP M EHEIZEEIERFm

TE T R P12 e o F AR R FH e B AR o, BRI B S IE s R S m H 8 ) i
FZ—[21]e Zr il AN IR FE A B2 1) SNP VAR FE B A B, BT 30°C. 220 r-min R IR g R 7. I
B 8 pl B 00 I 2 2 [ AP AR (SMM 157785 (NH4),S042.0g/L, MgS040.2g/L, CaCly-2H,00.01¢g/L,
FeS0,0.001g/L, Na,HPO4-12H,01.5g/L, KH,PO41.5g/L), T 30°CIEIRE; FRM I 2d Je MEL AR AE
Kttii[22], KA+ ke oK, AR EES 3K,

2.2.4. SNP ¥ B EELIER TN

ZHRBMEVE23RVEA L, DUKEE AKX IR CK 4, 71 A-D AsLied. Kl 0.3 mm (1)
P BEMEHNRA A-D 1, Rr B8 AR AR € 5K B A0 E I —ui i PV LR Ak 35 P . KB40
A 400 pL BRI 85 1.0 x 108 CFU/ML B & 2. 37°CHEF% 30 min J&, - B40%E I IFH
TRAKIERRIG, HEAE PR AR ZER.OE T, TTHE/KMEE 100 f5/5H 100 pL EERmA T &F
TTC 1) NA FEAREFRE I, F 30°C FH7% 24 h, il SidyE N4 DR 40 o BOR i 2 00 535 Al R /R
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AP SR A CIEINATD NN

2.2.5. SNP M RE EHEERER AR EEENOIN

ZREAI24171%, XF /N7 MR e Sk 3 R 5 mi R A-D, BAAER KR K AE T .
PP S B (0 T i o K TR B (R L [R) L) T B 25 DY — o RO AR AT . 3% 1 Je 3 A] B 12 h Y
JHARHGERE S, BURE = UOHATIR Ao AR 75% B 15 min f5 F JE /K78 7 v, Tl B8 00
A AL AR B AX e 7 I, 9 L T BT D SRR AR P TR BV T I3 A NA PR 74 50 %2 50°C I R
TTC i 77 A (R il B /R IR TP AR IR AL (R), #5397 12 h JE AT AN S %8, TR
o HE T R AR 1 T A R

2.26. BFYRER

T TRFE ARSI SNP Yo 8 5035 Ak 93 1 26 1 5200, i ik 326 268 0 5 AN [A) 3R 52 ) SNIP (0 mmol/L.
0.05 mmol/L. 0.10 mmol/L. 0.5 mmol/L. 1 mmol/L)X {HEAE R FEAT A EE, FANREEACEE 20 #RAETE, 1%
TPEESER. SRE, TEMHMRER 3~4d G R T Al I e, SR TERR I, BRRREAR T 200 m L ¥Rk N 1
x 108CFU/m L HJ BT T AL BE[25] 0 fEIRHL G 55 5 K, TR AL TR /0 A0 26« 3 1 Fi8 BORIAR X B3 3%
FUARAN [ JEE 24 7)o HOH 580 5 A B D 7 9 2R

3. LRENH
3.1. SNP X B HHREHE RN

TH NA SR, PRAL T A [FJAR B2 1) SNP S 75 A e AR I3 e, SEEQETR] g 24 /NEF(E] 1(A)). &
1 JE7R T SNP 1E 24 /NS H015 Bl B4R 15 4, AHEE T CK, 0 mmol/L. 0.05 mmol/L. 0.10 mmol/L. 0.5 mmol/L.
1 mmol/L ) SNP Kb38 407 Bl B2 73 75 48 I 32.4%. 56.7%- 93.3%. 129.6% (£ 1). fEFEIH 5256+ (5 1(B)),
AN[FIREFE SNP Kb i &5 A OD {4y 2.98. 1.92, 1.44. 0.58. 0.31, 7£ 1.0mmol/L FKSE R, 7
KA LT 58 4 kiE, RIETE. XEekdRE R, SNP B EE BB IR E KA A AR . 4K
B2kt it 7 SNP IHTE 2 /(] 1(C)). 7E 0.05. 0.1. 0.15 A1 0.2 mmol/L IR E T, SNP X3l T #kk
BRI AR, ISR B SNP WK FEER T & i s, 1 HAE 6 /AN 3R IR G, ) 25O e i

801 CK

- = N N
o (4, o (4,1
1
o

F/RKHHE S H (10gCFUg-1)

o o

0.0 7]

T T T T T T T T T
Oh 3h 6h 9h 12h  15h 18h 21h 24h

Figure 1. (A) Effects of different treatments on the inhibition zone diameter of Ralstonia solanacearum;
(B) Effects of different treatments on the quantity of Ralstonia solanacearum; (C) Line graph of the growth
curve of Ralstonia solanacearum at different concentrations of SNP

1. (A) AELEMNBEHREINEEERZZM; (B) FELEMNBHERENTI; (C) TREIKRE
SNP x SHEE KT E
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Table 1. Effects of different formulations of antimicrobial solutions on the inhibition zone diameter of Ralstonia solanacea-
rum

F 1 AEEAIERNESHENREERNEMm

0.05 mmol/L 0.1 mmol/L 0.5 mmol/L 1 mmol/L
PavY
Zes cK SNP SNP SNP SNP
HE 8 E.4% (mm) 7+0d 9.97+0.12¢ 10.97 £ 0.56 ¢ 13.53+0.21b 16.07+0.5a

3.2. SNP S EHE 4 B ER RS2

7£ 0.05. 0.1. 0.5 A1 1.0 mmol/L iRFE®, 437lAE 8 /NI 16 /NP AT 24 /i s, VPAL T SNP X7
R B A P TS e P sz el (1<) 2) o BT AL SRR (V) R PR AR W) e 8 ) 16 /NI 2 (B3, 16 3 24 /N2 [/]
TFE. XHEZH(CK, 0.0 mmol/L) A= IETE Bl S 3 v T+ SNP AL BRZH 1) 2% MK . FUART &, 0.05 A1 0.1
mmol/L f¥] SNP KbHE AR T AR, 177 0.5 A1 1.0 mmol/L [ vy i F5E A B U) 35 35 i) 1 AE B 1)
A

£ 16 /NP, 0.5 A1 1.0 mmol/L &b 7373 /b T 57.96%F1 63.67% I AEMIRIE it E 24 /N
IF, X PR A BT Rl 5 0t BRZELAF B 73 il 98 /b T 75.57%71 82.53% . IX LEELHE L B, SNP X
il o AR RS T R EL A 5 AR, LG40 o 280 SR o AR P 348 o v 38 55

[Jck
1 0.05mmol/LSNP| a
2.5 | o.10mmoliLSNP -
[ 0.50mmol/LSNP a
™ 1.00mmo/LSNP ol
2.0
b
E 15
S
a c
O
1.0 A d
e
0.5 1
0.0 " m
8h 16h 24h

f1E (h)
Figure 2. Effects of SNP treatment on the biofilm of Ralstonia solanacearum at different times
B 2. TEIEHET SNP AL XT &+ B & AR A0 S0

3.3. SNP M EHBEZE IR

AL, HAWEEEZER, KE—BN 05~15 um, @A 1-3 RETE, XLHEET
HAE A Bl [ A FR 3 b (032 5 5 N BN[26]. 76 2d J5, Al {93 AG 1 7R 2 A R R iz sh B AR (M 3),
H 22 2 A HZESR N SNP I, HAS I3 B2 ® K, 4 21.17 mm, [fifE 0.05mmol/L. 0.10 mmol/L. 0.5
mmol/L. 1 mmol/LSNP ¥:57:5EH, 23 E A5 3/ 19.84%. 25.22%. 60.46%. 72.46%, 455K SNP
A A T A B 1 Bl S R L AR KN
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Table 2. Effects of different formulations of bacteriostatic solutions on the motility of Ralstonia solanacearum
2. AR AIEE SHEEHEERNZN

0.05 mmol/L 0.Immol/L 0.5mmol/L 1 mmol/L
454
e cK SNP SNP SNP SNP
ZE3E A% (mm) 21.17+058a 16.97 £0.24 b 15.83+0.54 b 8.37+0.29¢ 5.83+0.77d

Ommol/L 0.05mmol/L 0.1lmmol/L 0.5mmol/L Immol/L

Figure 3. Visual representation of the effects of different formulations of bacteriostatic solutions on the motility of
Ralstonia solanacearum

E 3. TEEHFMERN EHEEIMERENE

3.4. SNP T E BRI

4 IR T SRR B (A S A (SNPY X 5 Al B AL PRI 2 . R 3 B Pl LLE H, BiliE SNP
WREEREI, AR AR KSR PR E AL, AR T SNP X5 A B L0 PR M 4 FH o

TEAERIN SNP [FI0 BEZH(CK) A, 0 1 1 B FE A 21 1601.33 + 122,55 CFU x 10%/ml, B V& 73 A BN %
£, ULHALECINHIFI IS R R AR % 4K . %510 0.05 mmol/L SNP (41 A) 5, H /b % 284.67
+25.77 CFU x 10%/ml, BT REZH I8/ 0 4 82.2%, (EATS4ERF BSR4 A0, B IR FE Y] SNP X 75 A 17
FRA A PSS, P2 3 —E M. 7F 0.1 mmol/L ¥k (ZH BY T, kB i1 i & 8 2> & 103.67 +
12.55 CFU x 10%ml, #6424 93.5%, I H B0 2 FMmIBUR, e B R, X ¥ii 0.1
mmol/L 7] RE& SNP X 5 Aili B Ak 1 7= A 2 s (R BRI (B IR B2 . B SNP R FEE— P4 & 22 0.5 mmol/L
(4 C), BE KA NIEE 11.67+2.49 CFU x 102/ml, HBoxt AL/ 2 99.3%, FH Ak B Mt — D B 3%
], 2R B SNP IR FEE (139 X 75 Al A R4 4 FH 8T 39 98 . T /E 1 mmol/L (1 =33k B2 SNP (4H D) %44 T,
WEF— P> 2 4.33 + 2.36 CFU x 102/ml, 5% HEZHAHLLIRD 149 99.7%, LT W82 35 4G B e
W%, REUELIE LT 52 A Wamh], SNP X 75 A 5 22 30 H AR 52 A 0 ) R

FHUETT L, BEE SNP WREEMIHGIN, TR B &AL TR ES, 75 1 mmol/L WREE T i#afhik )L F 564
B0l . X R SNP X T B 1kt ELAT 0 3 1R VR B AR P ) 2R

Ommol/L 0.05mmol/L 0.1lmmol/L 0.5mmol/L Immol/L

Figure 4. Plate diagram showing the chemotaxis of Ralstonia solanacearum to different formulations of bacteriostatic
solutions

4. AEECHINE RN B EA LR TARE
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Table 3. Effects of different formulations of bacteriostatic solutions on the chemotaxis of Ralstonia solanacearum
% 3. AR AIE R FHESEL N

0.05 mmol/L 0.1 mmol/L 0.5 mmol/L 1 mmol/L
SNP SNP SNP SNP

P (CFU x 10?ml)  1601.33 +12255a  284.67+25.77b 103.67 +12.55¢ 11.67+249c  4.33+236¢C

il CK

3.5. SNP SRR F B AR ER I EE BRI

ARSI AR BN, {EHEW 24 h B, AFEEERHE 440 mmol/L. 0.05 mmol/L. 0.10 mmol/L. 0.5
mmol/L. 1 mmol/L) &b 2 [ #8255 A4 B & (0 ] 5) 43 714 10.17 x 105 CFU/mI. 7.87 x 10° CFU/mI. 4.53 x
10* CFU/ml. 1.63 x 10* CFU/mI A1 1.17 x 10° CFU/mI (L% 4), ARACFRFE S 2 MBS 2R, Hh,
I L mmol/L RSN RO foR 35, AREL T X IRAE, JLTE 24 h )05 75 Al 8 7 R AR 30 e B ) B0
K% 88.5000. AT UEHH, VARG B FE 0k 325 00 o 5 A 7 0 AR BRI R R R AR, 1 75t B 0T
HH 1R B0 6

Table 4. Effects of different formulations of bacteriostatic solutions on the colonization of bacteria in tobacco roots
= 4. AEEAFINE R HEERBEERE N

0.05 mmol/L 0.1 mmol/L 0.5 mmol/L 1 mmol/L
VAY,
ZEt CK SNP SNP SNP SNP
B &= (CFU/mI) 10.17 x 10° 3.87 x 10° 453 x 104 1.63 x 10* 1.17 x 103

0.05mmol/L 0.1mmol/L 0.5mmol/L

Figure 5. Visual representation of the colonization of Ralstonia solanacearum in tobacco roots by different formulations
of bacteriostatic solutions
E 5. AEEAIE G SR EEREEAENENE

3.6. ARBRER

Table 5. Effects of different formulations of bacteriostatic solutions on the disease index of tobacco

= 5. NEEC A HE R B E R T B R0

i  RIE(%) 465 A7 24(%)
Disease incidence (%) Disease index Control efficacy (%)
CK 95.00+5.00 a 7.57+0.08a
0.05 mmol/L 85.00 +4.08 b 548+0.02b 2753+031la
0.10 mmol/L 83.33+236b 423+0.08¢c 44.05+1.12b
0.50 mmol/L 73.33+4.71c 343+0.37d 54.63+4.90c
1.00 mmol/L 71.67+236¢C 3.20+0.11d 57.71+1.43c

PSR AL A AN [ EE SNP X IR B T AR 3 PR A ) BOR PR B R A P00 5 A 2 3R (1) A
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FEFH(DI) I T SNP AFEL . 62 SNP ¥ EE M 0.05 mmol/L 341 %) 1.00 mmol/L, 75 3 & 4= 3 (1) . 85.00%
BT R 71.67%, RFEFRE(DIM 5.48 BEZE 3.20. [EE SNP W RGN, FHIRURIZHTIMR. BT 4
A, it SNP BENS A ROR/D TR B R AR F ()R E R AL (DY),  HARXTBIRETIA 57.71% (L% 5).

4, g5ig

AW RGP T A5 E49(Sodium Nitroprusside, SNP)X 8 5 75 k i (Ralstonia solanacearum) i ##i1/FE FH ,
W T HARAEINaHIRITE ). Wil — KPR, BFE-PEINE . SRR, EVIRIERNR. 2835)
PR EAE DL YIRS i B B A BRI A%, Axtii 20 1 SNP AEAN IR0 T Rl AT (150 o SEEIG 45 SR
W], SNP 7E SR EE N E R A B SIER, IF HaXPhms) (i 2R RO . Bk S, £
Immol/L ¥#KJEZ R, SNP XS HANBE A ARV TR I8 s A I S 254 W A A . Beéh,
SNP i 52 2 Jk /b 1 AL BEAEMH AR B ) e B, A RIS BT b9 1) AT R A 15 i

i BRI, E N AAERSN SIS T RS T RAFIIIIBEROR,  IEAE BB S B 1 AR SR H
HE J0. BRI, A ERVE N — RS ) EOR B AR KR, B BOR T AR AT A A T AT
AR R PR St 1 i R A B AR -

5. ¥1ig
5.1. SNP X & EHPHIVE A BOHLHIERTT

AWFFCRIEE SRR, SNP (RIS T W Z M AR AR, FE AL K. a8t
AL T T A T WS AR AR O T R EUm TR L B, REPE e AR R 1 1
SEFHRE I AN 25 . SNP X A=W 5 410 ) W R B0 3 502 7 A T (1 240 R A 4 g e 52 i L5 5 e S LR OR S
Blo UEAL, SNP X Aili e e 2 AR f 4 1 30 o] e i S i 4 i B 5 s A AR A, NI IR 2
R )58 FE A T

HARCHWIFLR I SNP m LU SR Y BT [ 16] [17], H X8 Ji B 1 B30 1 46 FH 1 AS 56 4 B
o BATRIBTFCE XEZR T SNP LEAN IR BT X 75 46k T A9 LA A 3R, X O — 2B SNP X
T S T AR A LA R AL 1 Sk
5.2. SNP RHEMIR IS BEERL

B 10T R K LA A TS, SNP AR AR A TR B BB AEAS ORTE . AEASHT ST, SNP
ANBUA R 7 R, R AR TR R RO R AR I SR, IX R ] SNP AMUBEE AR T
T R 5 3 W] RS I 18 S AR ) B T BE 7R IR B s AL A B O 1 - SN E IS 1 R A0 O SR ALl R 4
fe B E R R BN, 27T TR T AN R 52 770 Ak, SNP AR & A A=W ia sl i 1
735 JETTRERCN B BT SRS UR TR T .

5.3. SNP SREERHHIS R

AWFFURIL, SNP R HOR 2 BEARPE, JEHAE 1 mmol/L i BN RILH e 3 (Al 1 o Bl
A SNP IR FZROIG N, FO RS M A SE AR . SR, WL M, R e A A B i R
THT S MAATS 75 B3t — 2B IR T o AR A A AT AR R AN [FIVR L SNP XS AN [FIAE A R 520, 0 A L B 72
L DR FLAELEIBITIR A AR 22 4
5.4. WRMBIRIESHFRL

JEABE Ty SNP LEF R B i o BN 3R 1400 (s i, (B4 — L2 )RR, E5E, AT
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T BRSNS A, ARORISEAE B KA ) FH 180156 HH 38 IE SNP [IRICR,, il DRI AR S Bz
AR EEATRIAT PR HKk, RS SNP fE S AR B0 Ao (i A E A, (H L BAR AR I 75 25t —
MIRNE T AR TAE AT OB 3 R FRIE M AR5 Tk, 30 4Ros SNP X7 il g ) B A4
VERIBLH, HEsh AR B a R I -

LR LR, AW TSR EANE O E AR RV A RN R 4 T YD BRSNS SERE SR
SEBRR AR 1A O E AR SCRF . ARORBGWE TN R AR T D04 SNP B T35, ST AR bR A i)
ROR, IFaiaHAAEYBa T, RREEEVINE R, CLSEIE T Z R .

E&UH

A [ 0 A A R RHR EE KB T H [110202101059(XJ-08), 110202201040(XJ-11)]; A6 I A =] R
Fe 35 H (027Y2021-001)

B
[ w3, AN, RS, . ANESY R ST AR K R BEOR P RIS R D] KL% R, 2012, 14(2):
115-124.

[2] XU, W58, T REFEERTE AR 2R &S — 4 N B ML) mYEEE, 2019, 32(6): 12-17.

[31 Yu,J, Wang, F., Shen, Y., Yu, F., Qiu, L., Zhang, L., et al. (2022) Inhibitory Effect of Ficin on Candida Albicans
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