2026, 66(7): 3544-3557 G =i
CSTR: 32112.14.j.,AMS.20251011 Acta Microbiologica Sinica
DOI: 10.13343/j.cnki.wsxb.20251011 http://journals.im.ac.cn/actamicrocn

Research Article Bt &

I~ RaE B E HX2 [RIE R AR M 57 & S
R

H

M, BRI, ke, xase’ TEEL wmEs MR, KE"

L PR B A B RIS, RO AT AR R Ak (B 1 E S, ) DA L A o AR
B, I T
2 UK WS EIEAR AR, )P MT

E, G RE, e, X204, TAERE, Mk 2, WES, TRHE . PR HX2 B AT MR o AR i A S ARRROCR 0], T
WA, 2026, 66(7): 3544-3557 .

WANG Xinghao, ZENG Fenghua, LONG Yanyan, LIU Hongquan, YU Yanxin, YU Jihui, XIE Ling, ZHANG Yan. Preparation of
chlamydospore wettable powder of Cladophialophora guangxiense HX2 and pot experiment evaluation of its efficacy[J]. Acta
Microbiologica Sinica, 2026, 66(7): 3544-3557.

W O E: LB ] AR EAHR BALE A B (drk septate endophyte, DSE) |- & A& & # &
(Cladophialophora guangxiense) HX2 A FF 75t %, #l &5t & FH4 R EA R F s8R HX2 B
BRFTEERA . [E] B8R E XL TRERA GBEMAR. BEA . 58H AL IMR
FARFEE R, KA BRI M T 4 FIRE(T1: 1x10° CFU/mL; T2: 1x10" CFU/mL; T3:
1x10° CFU/mL; T4: 1x10° CFU/mL)Z# & 44 F 30 min /&, &tk A k. FnFH R4
R VA Bt AL 4 B (peroxidase, POD). % & &AL B& (polyphenol oxidase, PPO). K /& & B fF 2 Ba
(phenylalanine ammonialyase, PAL). i £ 1t & B (catalase, CAT) F= A& £ 1t 45 3% 1 B (superoxide
dismutase, SOD) 5 7 b7 #p 8 % a9 Hom . [4R] LR FXELEREN, jiEfsy hFEBTR
25%, 43 K T =B% (polyethylene glycol, PEG8000)F= & /% F| nk & -60 (ST = A 1:3) & A = 8%,
B MR 3P ) SR 0 BR (ascorbic acid, VC) 0.5%—1.5%, FvA & B 2 A HAKE F 100%. 45 sbfe 7 4] &
B TR M) F B8 50F A& A 2.35x<10° CFU/g, TRIReT1 4 24.25s, &iF %A 73.8%, pH 4 5.71,
SIKEH 16.67%, 8EH 98.81%, SRIGHFINFE-CRAMAENE 7)) B RARE(GB 20287—2006). 2

WHINIRH : TP A X E SR R CEE AR R AB241484049, HERLAB25069066); | 7 A Ml AR} 2 B 32 AR Al 45 4 T
TH (R RBF2021YT065, H:k R£12026YT134, FEARFI2026YP147, H:ARI2025YP058); [ PUAEHG B A= 4 2 B 55 Sz 0y
% [ EHF 7T IR (22-035-31-23ST03)

This work was supported by the Key Research and Development Program of Guangxi Zhuang Autonomous Region (Guinongke
AB241484049, Guike AB25069066), the Special Fund for Basic Scientific Research Operations of Guangxi Academy of
Agricultural Sciences (Guinongke 2021YT065, Guinongke 2026YT134, Guinongke 2026YP147, Guinongke 2025YP058), and the
Independent Research Project of Guangxi Key Laboratory of Biology for Crop Diseases and Insect Pests (22-035-31-23ST03).
#*These authors contributed equally to this work.

*Corresponding authors. E-mail: XIE Ling, xieling20011@126.com; ZHANG Yan, yanzhiduoduo@gxaas.net

Received: 2025-12-31; Accepted: 2026-03-19; Published online: 2026-03-31



EX4TE A | BUAEISER, 2026, 66(7) 3545

BABLERE T, T2 REAERAMREE, RK. KRG, M. §F. TEHANLTRIGMm
47.39%. 31.82%. 24.64%. 89.45%. 90.97%; FEFt 5% /R 30 d &3t & #b6F A4 Ja B 2L 50.9%, B
BT RARELALE, FaRER SIS, (L] AR RS H &6 HX2 Fiaie-FT
B F T ERFAEREA RF TR, T AR eI T R R R 3.

XBEIA: FEIT; TERMNA; EhFAbA; bR

Preparation of chlamydospore wettable powder of
Cladophialophora guangxiense HX2 and pot
experiment evaluation of its efficacy

WANG Xinghao**, ZENG Fenghua'?, LONG Yanyan', LIU Hongquan?, YU Yanxin', YU Jihui',
XIE Ling"", ZHANG Yan'"

1 Key Laboratory of Green Prevention and Control on Fruits and Vegetables in South China, Ministry of Agriculture
and Rural Affairs, Guangxi Key Laboratory of Biology for Crop Diseases and Insect Pests, Plant Protection Research
Institute, Guangxi Academy of Agricultural Sciences, Nanning, Guangxi, China

2 School of Marine Sciences and Biotechnology, Guangxi Minzu University, Nanning, Guangxi, China

Abstract: [Objective] To prepare the chlamydospore wettable powder with significant control
efficacy against tomato bacterial wilt from Cladophialophora guangxiense HX2, a dark septate
endophyte (DSE). [Methods] Single-factor experiments were carried out to screen the types and
dosages of carriers, wetting agents, dispersants, and ultraviolet protectants for the wettable powder.
Pot experiments were conducted to evaluate the effects of soaking tomato seeds with four
concentrations (T1: 1x10® CFU/mL; T2: 1x107 CFU/mL; T3: 1x10° CFU/mL; T4: 1x10° CFU/mL)
for 30 min on tomato plant growth, tomato bacterial wilt, and activities of five defense enzymes—
peroxidase (POD), polyphenol oxidase (PPO), phenylalanine ammonialyase (PAL), catalase (CAT),
and superoxide dismutase (SOD). [Results] The formulation was optimized as follows: 25%
chlamydospore suspension, 8% dispersant polyethylene glycol (PEG8000) and wetting agent
Tween-60 at a mass ratio of 1:3, 0.5%-1.5% UV protectant ascorbic acid (VC), and white carbon
black as the carrier to make up the remaining proportion to 100%. The wettable powder prepared
according to this formulation had the chlamydospore content of 2.35x10* CFU/g, the wetting time
of 24.25 s, a suspension rate of 73.8%, pH 5.71, the moisture content of 16.67%, and the fineness
of 98.81%. All indicators met the requirements of the national standard GB 20287—2006
Microbial Inoculants in Agriculture. The results of pot experiments indicated that the T2 treatment
exhibited a significant plant growth-promoting effect, increasing the root length, plant height, stem
diameter, fresh weight, and dry weight by 47.39%, 31.82%, 24.64%, 89.45%, and 90.97%,
respectively, compared with the control group. On day 30 after pathogen inoculation, the control
efficacy of this treatment against tomato bacterial wilt reached 50.9%, which was significantly
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higher than that of the Trichoderma harzianum treatment. Moreover, the T2 treatment significantly
enhanced the activities of the five defense enzymes. [Conclusion] The HX2 chlamydospore
wettable powder prepared in this study has good control efficacy against tomato bacterial wilt. This
study provides a technical basis for the large-scale popularization and application of this agent.

Keywords: chlamydospores; wettable powder; tomato bacterial wilt; defense enzyme activity
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PEG8000 5t ji-60 Y i [L7E 2:1 2 1:3 X [H]
N s AT N [ET 2 TR B8 e =2 5 S A = L B
B4, 1:5)Ea (5 DI, 0 T a] 51
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Table 1

PP HX2 JEAF 6 7 0] 3 P44 391 v SRR b 7 7
W K ISR A AE 22 5% 0 DIPUIR L RR (VO)VE M 1R
PFIEF, BN 0.5%-1.5% &1 F, JEiH
W & 2 T HAROR P R b B, HE R ROR
e . HHATME, 5T CK (56.91%)2
S, R VC XHEER T L BA RIFR %
MR o
24 HX2 EiERFRLEMHH T REE N
#R

W 4 R, HX2 JEEA R RS
Tl 2.35x108 CEU/g, A2, BiERN
73.8%, JEHIBIIE S 24.25 s, pH M 5.71, 40K
98.81%, /K& 16.67%, FIWAGHIFTE (K
FRCES R B ArHE(GB 20287—2006).

Effects of different carriers on the wettable powder of HX2 chlamydospores

Type of carriers Wetting time/s Suspension rate/% Chlamydospore Adsorption capacity/
germination rate/% (g/g)

Diatomite 6.31£0.44¢ 1.52+0.29b 70.33+1.72bc 1.33+0.09b

Silica 24.97+1.16¢ 18.13+0.72a 78.71+£2.47a 2.52+0.10a

Talc powder 67.13+2.58a 2.45+0.25b 73.274+2.48ab 0.73+0.01d

Calcium carbonate 44.86+2.32b 4.69+0.42b 65.934+2.05¢cd 0.60+0.09d

Kaolin 3.3740.10e 4.74+0.96b 59.62+2.73d 1.04+0.16¢

Plant ash 12.06+1.28d 3.49+0.29b 61.48+2.79d 1.02+0.07¢

CK - - 78.56+2.48a -

Different lowercase letters indicate significant difference (P<0.05) according to Duncan’s multiple range test. The same below.

w2 HX2EIBTET R M ENR IR0 43 BT A 5if i

Table 2 Screening of wetting agents and dispersants for HX2 chlamydospore wettable powder

Type Wetting agents and dispersants for Wetting time/s  Suspension rate/% Chlamydospore germination rate/%
Wetting agent  Tween-60 30.43+0.33f 21.05+1.22¢ 71.52+2.54a
Dispersant PEG8000 35.41+0.89¢ 37.50+1.56ab 71.60+1.07a
Dispersant SLS 47.72+0.82a 37.77+0.77ab 22.934+4.61¢
Dispersant SHP 44.54+0.25b 38.18+0.29a 60.66+2.48b
Wetting agent  SP 48.86+0.06a 35.92+0.41ab 35.63+0.44d
Dispersant SPP 43.53+0.28b 36.46+1.08ab 47.61+2.64d
Wetting agent  SDS 37.89+0.14d  35.01=1.09b 49.88+1.59d
Wetting agent STPP 42.52+0.86bc  37.12+0.89ab 18.16+2.07¢
Dispersant CMC 40.22+0.44c 36.41+0.86ab 59.68+2.77bc
CK 28.91+1.40f 23.85+0.57¢ 78.56+2.90a
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Figure 1

Optimization of ratio and dosage of dispersants and wetting agents for HX2 chlamydospore wettable

powder. A, B: Determination of wetting time, suspension rate and chlamydospore germination rate for ratio

optimization of dispersants and wetting agents; C, D: Determination of wetting time, suspension rate and

chlamydospore germination rate for dosage optimization of dispersants and wetting agents.

2.5 HX2 EiEERFRLEMMTIXNEMRE
pN:opEA

FRHE 15 d J5 X 2 AR AR 25 04 K Ag hn 17
Gt dr, SEREVIRRIRE HX2 JEHE AT ]
TR R ) A BB X 7 i R AR A AN TR R 1 A
fEH . M2 s AT, T2 (1x10" CFU/mML) Y 4=
ROR BB, TR thm . 22 B
T 5l 8 CK ¥ T 47.39%. 31.82%.
24.64%. 89.45%. 90.97%, H 5 X227 %
H(# 2),

2.6 HX2 BiEERFREMMFIXEMS
HmpE AR ER

W3 RfHn, 2 FE R 15 d #1030 d B
AN TRV HX2 JEE 45 96 7 ] 1 3 590 Ak B 1 95
1516 BT CK. o T2 Ak B % 995 55 45 4K
43 51 R 0.49 F10.16, Bl 405 5 A 28.67% FhI
50.90%, TERERVER 15 d BF, T2 BismsAk+
T4 (43.31%) Fl1 T5 (38.85%); 1H 3% i 30 d
J& B i A B B Y, 5 B AR 3 G Y
#(1# 4).
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®3  HX2EIEET RLE MR IMRIP I HE

Table 3  Screening of UV protectants for HX2 chlamydospore wettable powder

UV protectant Concentration/% Chlamydospore germination rate/%
Dextrin 0.5 72.2342.64abc
1.0 67.43£1.17def
1.5 72.90+1.93ab
2.0 64.93+2.26ef
Sodium alginate 0.5 66.45+0.56ef
1.0 72.32+1.00abc
1.5 71.41+0.75abcd
2.0 73.28+1.63ab
Xanthan gum 0.5 67.70+1.78def
1.0 68.93+2.59%bcde
1.5 64.39+1.76f
2.0 65.94+1.91ef
Mineral-sourced sodium fulvate 0.5 64.59+0.92ef
1.0 72.74+0.49ab
1.5 72.79+0.91ab
2.0 68.20+1.23cdef
Ascorbic acid 0.5 74.43+£2.55a
1.0 75.74+1.95a
1.5 75.10+0.82a
2.0 72.99+0.12ab
CK - 56.91+0.43¢g

4 HX2EIERT ALE MR SR E IR ARl
Table 4 Determination of quality indicators for HX2

chlamydospore wettable powder

Index National Measuring

standard value

Viable spore count/(CFU/g) >2x10%  2.35x10°
Contaminating microorganism rate/% <20% 0
Suspension rate/% =70 73.80+1.24
Wetting time/s <180 24.25+1.23
pH range 5.5-8.5 5.71+£0.07
Fineness/% =80 98.81+0.07
Water content/% <35 16.67+0.44

2.7  EHRtERBA RS E N E

TR HX2 JE 1 76 2 75 BRI 7 Al AT
BB RS, M T 5 FhBifE g (PAL. PPO.
POD. CAT #I SOD)7E #2 F s Il J5 2% 1. 7.
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Table 5 Growth-promoting effects of different treatments on tomato plants

Treatment Root length/cm Plant height/cm Stem diameter/cm  Fresh weight/g Dry weight/g
CK 8.82+1.39d 11.88+0.39¢ 2.11+0.11b 11.28+0.25¢ 1.44+0.10¢
Tl 12.01£0.86b 16.57+0.51a 2.37+0.15ab 18.34+1.45b 1.97+0.38b
1x10° CFU/mL
T2 13.20+1.07a 15.66+0.55b 2.63+0.03a 21.37+1.24a 2.75+0.20a
1x10” CFU/mL
T3 13.30+1.36a 15.68+0.98b 2.58+0.05a 18.83+0.64b 2.71£0.32a
1x10° CFU/mL
T4 10.91+0.37¢ 11.17+0.75¢ 2.16+0.10b 9.73+0.99d 1.49+0.25¢
1x10° CFU/mL
A
1.0 -
115 days post pathogen inoculation
0.8 130 days post pathogen inoculation
O a
. [
2 0.6 | cd cd cd
o de g
204H |a
A ab
cd de
0.2 46_‘ de
0.0

E2 AELEEMS dEEKRRTS

Figure 2 Growth status of tomato plants under

different treatments after 15 days.

JE YR B A R AT bR, O R SR AR
o#kiAk, PEG8000 5iift-60 1E A e fE 4 HiGH Al
TR, % 13 RS . SN 8% W43
fEbRE AL, HEHTEIE R T 2 63.33%, iR
() 46 56 28 11.07 s, JEEIE A7 i & %38 81.49%.
X5 H R B Z LA R RS A OG, HE
F AU AL RE Ay b 78 T B LA B 5 6 5
Wk /D 0T A, A RE R T AR A 43 HOPE RER
43R PEGS000 5 ¥ 145551 i i -60 (1) b W] 4 H
AT BB 1T TR, DR R AR ) = gk g
PETHHER R AE T, WL TR A EEAL
FRPER2L, BRAl, SR AR bR O e 4 R R

CK T1 T2 T3 T4 T5

Treatment
B
[ 15 days post pathogen inoculation
60 - [___]30 days post pathogen inoculation
a
Jd
Sap M
é c c c
5 sopdrh L [ ol
=
2 90l
S 20 d
10 -
0
T1 T2 T3 T4 T5
Treatment

E3 AR IEXE S HBAIIAHR
Figure 3  Control effects of different treatments on
tomato bacterial wilt. A: Disease index; B: Control

efficacy.

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



3554 WANG Xinghao et al. | Acta Microbiologica Sinica, 2026, 66(7)
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Figure 4 Growth status of tomatoes 30 days after 4 2.5%x10° CFU/g, THMRHIE]R 58's, &7 S|
pathogen inoculation. 78%. A BF 5T LLEHE L T3 25%. 4y B

0.5%—1.5% PLINIMLER (VO) Rl i JEIE /L FHi &% PEG8000 FIEIEH I E-60 (it ol 1:3).8 i
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Figure 5 Changes in five defense enzymes of tomato plants at different time periods after pathogen inoculation.

A: Phenylalnine ammonialyase; B: Polyphenol oxidase; C: Peroxidase; D: Catalase; E: SOD.
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AR FF 100% AT ifil % 09 HX2 JE3E 7 ] i i
7], TSk 2.35%10% CFU/g, BIFRN
73.8%, IR K 24.25 s, 5 FARPIE AL,
AT 5 il £ 10 R R ) A TR R NG J Y
WAL, ELVE R e () B S 4 e, AT S 35 4 T LT
IRHIREE ) . XTRE S E MR . T Bl
RS K

AWK DSE AR S HX2 JEHEfF
il & R TR R . SRR, i TR
7£ T2 (1x10" CFU/mL)AN T fE i & 2 0k & in A=
K, HRK ., they, 22/, BfFE . TESNR
CK T 47.39%. 31.82%. 24.64%. 89.45%.
90.97%. TEFATE AL BIIG I, T2 AbFEHEFp
i 15 d A1 30 d S5 BAss il 28.67% #1.50.90%,
L E AL TR AL FE T4 (1x10° CFU/mL), HJi
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PR R )3, 7T RE-5 R H 18 7F AR
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AIYERR R TP RIAAATE IR M e o, Bl e e b
i, HAP R, AT B HX2
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IR T A TS HR 2L, BRGE 76.7%, Hizkk
PR AR KUY X5 S AT — 2K,
HBRAFEZES, TR THRIEE S HX2
BRA R 7 SRR EERF TS, SRS, —
HYFRI B E B, A I A 0 A
ARENG G A =50 FR, ERAE 1T, A
T T R A AR N, v T HA B A
e Mt R. solanacearum fR NMERE RS,
o LR v VAR B T AR B R O SRR, T
JBE A2 YO R HE o SERT kB, HE RO
(Streptomyces sp.) TOR3209 LA 1x107 CFU/mL ¥
JE 0ot e it A 28 B R R B i . Bing %Y
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2 PR ARG T AR AR R . DA B RS R
HX2 WA RIS AR T .

P A= B 1 A B T ) A i L

Jir R A A RS S AT ) R SE i1 (induced systemic
resistance, ISR) P K422, AR 5810 i I 5
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