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Abstract: Peach fruit, characterized by its thin skin and soft flesh, is highly susceptible to fungal infections after

harvest. The resulting diseases, particularly soft rot,
Y% H #7:2024-12-22 significantly reduce its storage life and market value. To
BEETA  HRKE AR H (2022YFD2100601) 5 YL35 45 A 24

RREFE G H (BK20221434 ) 5 th e | 54t 05 BHE 4 Jle B¢

identify the optimal concentration and treatment time of

slightly acidic electrolyzed water (SAEW) for controlling

UUH (BE2024014) . ,
(R B BE(1999-) .40, T AR B4 BF9 . - % B postharvest soft rot in peach fruit, the causal pathogen was
-ﬁﬁ e J:’ﬁ ﬁ% (E-mail) 175 45293919@ <;q C;)m isolated, purified, and identified as the strain Rhizopus
R IS 1510 o PR -me .C
BIAES . 2 M7, (E-mail) guoshubaoxian @ 163. com; % 7%, ( E- stolonifer TF-1. Spores and mycelia of the pathogen were

mail ) robinlingjun@ 126.com treated with SAEW at different mass concentrations, and
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the inhibitory effects were assessed. The results showed that treatment with 100 mg/L SAEW for five minutes effectively re-

duced the spore germination rate of strain TF-1, inhibited mycelial growth, and induced the leakage of cellular proteins and

nucleic acids. Propidium iodide (PT) staining revealed that 93.29% of spores exhibited compromised membrane integrity,

demonstrating the significant bactericidal efficacy of SAEW. This study demonstrates that SAEW can effectively suppress the

growth of Rhizopus stolonifer, highlighting its potential as a safe, cost-effective, and efficient fungicidal agent for managing

postharvest soft rot in peach.
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GDR (5'-TCAGAGGCCTTCTTGATGG-3"), PCR
SR 30.0 wL,2xTag Master Mix 15.0 pL,
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SAEW (0 mg/L.25 mg/L.50 mg/L. 100 mg/L. 200
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7, B 3 A PATHULFAME, s 3 MEYI R
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SAEW X Bk SR o 1 B IR S8R T o - 5%
Karim %[22: E"Jﬁ/ﬁﬁmﬁ%ﬂfﬁ],ﬁﬁﬁﬁé 8 mm TG
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SAEW , T SAEW T &, FH4% Rl 30 pL A 1 mL
1X10° /™5 (14 96 2 0, 2 Al Ab B 30 min J5 LA
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Fig.1 Identification of the pathogen causing peach soft rot
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G147 PCR #7873 5138451 29 850 bp .470 bp F
1 000 bp M /B, H-#E47 BLAST Hexf, 453 EIR,
ITS J¥3) 5 H) ${ MR % ( Rhizopus stolonifer ) H)FH Ll
5% 99.64% ,GAPDH F11 RPB2 J¥ 31 43 | 5 # B i

%% ( Rhizopus stolonifer ) B AH L B 15 3] 91. 16% Fl
100. 00% ,,

R kB WL EIR, W TF-1 5 Rhizopus
stolonifer T T [f] — 43 32, voy BE [a) Y, AH B 1 3k 3
98.00% (&l 2) . ZiRIEESF Mo FAEYFEER A
HFEHIAR PR TF-1 J& T Rhizopus stolonifer.,
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KAREE (Rhizopus oryzae) strain TUR9(AM933547.1)

43
/WIRAREE (Rhizopus arrhizus) SMLF35(MG840801.1)
AR EF (Rhizopus azygosporus) CBS 357.93(NR103653.1)
ﬂﬁEEﬂfEﬂ (Rhizopus schipperae) CBS 138.95(NR077174.1)

AR JE B (Rhizopodopsis javensis) D3(MH598529.1)
Hﬂ&e(Asperglllus niger) AMGO1(PP495830.1)
TF-1
FRARE (GRIR } 7

%) (Rhizopus stolonifer) AR6(MF461025.1)

TF-1
B
84{ TR (BARES) (Rhizopus stolonifer) (RCH90069.1)

/NMEHREE (Rhizopus microsporus) ATCC 52813(XP023466656.1)

H17% X £ (Mucor lusitanicus) CBS 277.49(0AD05245.1)

IR B 57 (Backusella circina) FSU941(KAI8877726.1)

15 B2 (Mucor circinelloides) 1006PhL(EPB88599.1)

/CIRAREE (Rhizopus arrhizus) (KAG0983320.1)

100|

TF-1

72

¢ £1* FCARES (Rhizopus delemar) RA99-880(XP067523096.1)

NEAREE (Rhizopus microsporus) (ORE15691.1)

{’%J T MRES (BEARES) (Rhizopus stolonifer (RCI02856.1)
BB (Mucor circinelloides) 1006PhL (EPB87906.1)
YL FEE (Mucor hiemalis) (ABM27009.1)

95 (0B (Mucor flavus) (GAA5809098.1)

S AL (Pilaira anomala) (KAI9355537.1)

A EET TS P I E N R G L EW ;B 3T GAPDH RH )7

IR R G K B C. 3T RPB2 HH ¥

PRI RGE R B

B2 REEE TF-1 Bk REEFHLH
Fig.2 Phylogenetic tree of pathogenic fungal strain TF-1

2.3 SAEW 3 HE# TF-1 B FHARFLZEMKHY
E;ul‘]

SAEW S [R) Jo o ¥R B S AN [ A 3 B ] %o 1
TF-1 il 7§ & HA B B /ER (B 3), WE 3
AL W 25 mg/L SAEW AL EE 5 min J5155% 8 h
T8 K M2 25.75% , 117 50 mg/L SAEW Ab B
5min J555 95 8 h il FHi KRB EFFME 0.4%,
100 mg/L SAEW AR 1 min. 3 min 1 5 min 5553557
8 h il F i &I R0, BEE SAEW J5T it v FE iy 3
TR A S [ P RE K 76 B % b 2 RIS, 2R B
SAEW X761 % 1) 3 4 85 2R 2 X ot i vk 3
I I] AR . % 50 mg/L SAEW 43 B 4L 38 10
s.1 min 3 min M1 5 min J5353% 24 h #9785 & K1
5 100. 00% ; i F§ 100 mg/L SAEW 4L B 1 min J&
Big% 24 h T &K FEZE 0.5%, A FE 3 min F1 5
min J535FE 24 h I FERFE A O(K 1), SAEW X
DARR TF-1 /819 RS MK 2 il 5 45 1 n 3k 2

Jii 7,100 mg/L SAEW Ab ¥ 5 min J5 1555 10 h 24
h .48 h 120 h 23 0] A 2 il i B

80.001

60.00
40.00r
20.00r
0 aa a
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T K 2(%)

SAEWET%/’R/Q(mg/L)
[J1 min; @3 min; Il 5 min

ARTF] BT iR BE SAEW JEIFE LR [6)/ING S B3R 7R AN [ A 2L fi] )
22538 W E K- (P<0.05)
B3 ERE R (SAEW) 7R [E) BT & K FE 0 R [5) &b 22 B i)
E#k TF-1 B F PR EHZIN
Fig.3 Effects of different mass concentrations and treatment
durations of slightly acidic electrolyzed water ( SAEW )

on the spore germination rate of strain TF-1
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R1 HESHEEEK(SAEW) X TF-1 FEHE B0

Table 1 Effects of slightly acidic electrolyzed water (SAEW) on spore germination of TF-1

SAEW 4t REFRSE 8 h 8 % % LEHHIE 24 b 0 % %
JRAHRE (mg/L) il (s) (%) (%)
50 0 62.88+3.79 100.00
10 44.08+0.02 100.00
60 48.04+3.85 100.00
180 18.57+0.52 100.00
300 0.40+0.40 100.00
100 0 62.88+3.79 100.00
10 1.81+1.81 2.78+0.70
60 0 0.50+0.50
180 0 0
300 0 0

B T bR e

K2 WEEHEEARK(SAEW) X TF-1 B FHH &% B0

Table 2 Effects of slightly acidic electrolyzed water (SAEW) on spore germination tube elongation in TF-1

SAEW kb2 FERKE (pm)

’?ﬂ%ﬁ? Ef';“ AREE 8 SRH 10 h ARE 24 SREF 48 h SREE 120 h
50 0 94.60+4.46 192.34+10.60a >1 000.00a >1 000.00a >1 000.00a
10 94.60+4.46 137.45+6.37b >1 000.00a >1 000.00a >1 000.00a

60 94.60+4.46 131.82+6.44bc >1 000.00a >1 000.00a >1 000.00a

180 94.60+4.46 115.64+7.81bc >1 000.00a >1 000.00a >1 000.00a

300 94.60+4.46 114.81+5.73bc 199.55+26.21b >1 000.00a >1 000.00a

600 94.60+4.46 110.21+£6.27¢ 150.36+15.03bc >1 000.00a >1 000.00a

100 0 94.60+4.46 155.27+5.08a >1 000.00a >1 000.00a >1 000.00a
10 94.60+4.46 116.60+4.14b >1 000.00a >1 000.00a >1 000.00a

60 94.60+4.46 101.48+2.98bc >1 000.00a >1 000.00a >1 000.00a

180 94.60+4.46 99.56+4.25bc 127.01+4.17b >1 000.00a >1 000.00a

300 94.60+4.46 98.49+6.19¢ 98.54+7.21c 99.48+5.60b 99.50+7.28h

600 94.60+4.46 94.66+4.66¢ 99.78+5.44¢ 94.41+5.78b 97.00+£6.07b

PR 9 - AR EDE | [F)— BT Wk BE SAEW AL B[] 51 B0l AN [/ NG 5 B3 s AR B W) 2 S35 W 2K F (P<0. 05)

2.4 SAEW 3t E# TF-1 B4 K

ME 4A FE 4B 0] I, SAEW AN [i] Joi 4 e 4 4b
XS PR TF-1 224K A W E M HAE ; SAEW
TR Hy 0 B ANFR S B35 60 h SEH TR AR K
#| 85 mm; i SAEW JFT &Rl 100 mg/LALFE 5
min B, B 22 A4 K 32 #)  3 1fil (P<0.05) , 200
mg/L SAEW 4bBE 5 min AU EEALR 5 100 mg/ LA
P S min (0 E 2R, R SAEW SR E R 100
mg/ LIt EL SR BB (. [l SAEW X 7 22 (¥ 411

TV P IR RE 22 30 v BE AR, HL 5 min A 341 [
VLR A RBOR
2.5 SAEW Xk RELHMBHEAIBHEHR
R[] B Y BE SAEW X Bk R Sz 565 s 1 B i
RORDLEN 5 Fe 3, #ERD AR TF-1 72 Ab 2 2
d J5, R4 SAEW Ab B () Bk 5 52808 R & R R
100% , X5 BE 4259 70. 00 mm, 50 mg/L SAEW
Wb 95 B ELAR W 8/, B VAR 18.94%
KT =100 mg/L SAEW AbFHJ5 | Bk 5 52 L5
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BEIE 1, B 16 R R 2 3k 100%, X W] 100 mg/L SAEW A A 7 GBS 524K 8

100

A R . .
= s L
1%'/ = 80 b
= g .
i &
& i
lin s
i
=
= dd
2 60
wn
< : e ; SAEWALH 5 55 75 5] (h)
0 25 0 100 200 0 0 mg/L; 125 mg/L; W50 mg/L; @100 mg/L; K200 mg/L
SAEW I 3K [ (mg/L)
C
100+
= D a
= 24
% by
I
ﬁg
é > S ~ \,/’
z 7T D .
m
5 60 //\ 0
A % SAEWALIH 5 15520 [H](h)
0 1 3 5 [J 0 min; (11 min; 3 min; @5 min

SAEWAbF 8] (min)

A AR TF-1 R [R) BTV SAEW A2 5 min J5 1557 36 h 48 h 60 h B 224 KRS, B AR BT ik BE SAEW b3 5 min J5 S [R] 45 57 B 18] 1 7%
SR BAR, C: HR TF-1 3] 100 mg/L SAEW AbEH 0 min 1 min.3 min.5 min J5 A [R]85 2 5 18] 7 22 28 KR 2%, D 100 mg/L SAEW 7 [] ik B it
(] J AN [ 55 75 6 ) P 9 P38 AR . R R TR] /NG S 3 7 b [ Ak B ) AS [ ok 2 i) 25 5 8 25 ( P<0. 05)

B4 MEREBRK(SAEW) S E# TF-1 KFRIMERKRLE R

Fig.4 Plate inhibition test of slightly acidic electrolyzed water (SAEW) against strain TF-1

CK 0 50 100 200 250

SAEW JFHii#k & (mg/L)
CK; X} 8 (SAEW JRE WK E N 0 mg/LE AR TF-1 1 7B .
E5 AEREXREMERIERRK(SAEW) W RLE#E TF-1 BEL5 | RHRERIBARR
Fig.5 Control efficacy of different mass concentrations of slightly acidic electrolyzed water (SAEW ) against soft rot caused by strain TF-1

150

infection in peach fruit

FERESR S0 AL BEAT AN R B e B SAEW 4b BEJS 1 min Ak 92 e oK UL &, H35H) if B
FRITHERN R PR TF-1 #0720 2 d JFRIBIARCR L AEENHCAERMER(E6) .,
K6 M4, FEMHERE TF-1 i TERAI 2 d)5, 2.6 SAEW 2 EEE TF-1 BZLAKRZE. &8
N FH 100 mg/L SAEW AbFH)S 0 s BRI AR HRHE S FRHHRE
100% 40P 10 s BIIARCRIAF 92. 59% (% 4) ;4b ML TA FIE 7C 7T 0L S SAEW Jot i iR B2 119
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BTG AR TF-1 P& 22 240 i A2 i A0 2 1 o itk e et 222 I
FHia#A, 100 mg/L SAEW AbBH T& 22 21 i 2% i ik s o
R T SAEW BTt ¥ 8 0 mg/LAl 25 mg/L,
100 mg/L. SAEW &b P B 22 41 it 2 1 o Tl s 12 8 3%
E T H AL EE, A& 7B ATE 7D AT UL, 100 mg/L
SAEW AbHH 5 min, BBk TF-1 B 22 20 it A% 2 it U
5 A Bt 4 0 ik Bl i s (E, 5 R H SAEW &b
PR IR (CK) AH b 25 F 3h 4 2 3 K F- (P<0.01)
25 b SAEW 38 1 il VR TR 22 28 Jf J5 5 4, R BURL
Wy A S0 R AR T

#3 FEREREMBMEERK(SAEW) RIBEHR LHRERHN

FHERE
Table 3 Average incidence of soft rot in peach fruit after treatment

with different concentrations of slightly acidic electrolyzed

water (SAEW)

Iireri3i SFEPRREEAE PR PINERIES

(mg/L) (mm) (%) (%)

0 70.00+2.16a 100 0

50 56.74+9.56b 100 18.94
100 0+0c 0 100.00
150 0+0c 0 100.00
200 0+0c¢ 0 100.00
250 0+0c¢ 0 100.00

B AT Y A5 i 22 | [R5 5035 J5 AS TR /NS SR 38 7R A )
25 E (P<0.05)

300

SAEWLEEEEilﬂ(s)
CK X8 (SAEW AbFHFRA A 0 mg/ LEAERR TF-1 #7534 ,
BE 6 100 mg/LRIEREFLA#K (SAEW ) 4b32 5 7S B A 18] X i 4k
TF-1 3[R Bk R SR E R HIBI A 3R
Fig.6 Control efficacy of 100 mg/L slightly acidic electrolyzed
water (SAEW) against TF-1-induced peach soft rot at

different times

£4 100 mg/LigBE 1B ARk (SAEW ) RbIE A [E B B Bk R SR 3RS 7%
B EHRBE

Table 4 The average incidence of peach soft rot after treatment

with 100 mg/L slightly acidic electrolyzed water ( SAEW)

at different times

SAEW ¥ SEEPRBEEAE PR DipEEEN
JEEFIE] (s) (mm) (%) (%)
0 61.12+1.01a 100.0 0
10 4.53+4.53h 12.5 92.59
60 0Oc 0 100.00
180 0Oc 0 100.00
300 0Oc 0 100.00

B AT Y A5 o 22 | R B0 J5 A IRl /NG 28 3R 7R AN [R) Ak
P jH] 22 53 i35 (P<0.05)

24r A a 23 (B sk
T sk
2.0 b ab 20
. o % 1.5F *
Q 12r 8
3 Q' 10f
0.8F 3
0.4F 051
0 0
1.6 167
3 C = D sk
£ E *
iﬂ 1.2 a éﬁ 1.2
i i
Eo08F b § iz 08F .
=\ [ =) L
o 04 o 04
By B
0 0 25 50 100 0 1 3 5
SAEW it it ¢ J& (mg/L) 5 7] (min)
O e, Wb

ACARF TR E SAEW 438 5 min 542 2R (A BN &, M ERFE/NG 78 3R b 31 22 5335 8 3 K (P<0.05) ;B.D: 100 mg/L
SAEW 4B 1 min 3 min A1 5 min J5RHR 86 A B &, AR b« 380 ] — b BR A [] 5 %6 AR LE 22 538 1 37K F (P<0. 05) , s FoR[a]l—
S 3 A V) 5 X B A B 2% S kR S K (P<0.01) . XFHR :SAEW itk BE 4 0 mg/L; AbBE . SAEW B e BE 9 100 mg/L,

B 7 EEEERK (SAEW) R EBEE K TF-1 LM% E  EARtRE

Fig.7 Leakage of nucleic acids and proteins from mycelial cells of strain TF-1 treated with slightly acidic electrolyzed water ( SAEW)
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2.7 HE#k TF-1 8FH Pl B2

AHF 5T A PTXF B Bk TF-1 81 17 2 2 (&
8) , &l 8A W] L, T #k TF-1 #1F7E 0 mg/L SAEW |
Bl (BF) T Al W36+ 434, P1 i GE F LT JC 4o
PG, UL LI IR 4396 F 40 M R ¢ 3%, A 4
100 mg/L SAEW Ab AT AR TF-1 #61+, P1 @A T
HE KR AT, RHIZA A T RZ M T4

A BF ) PI

100 mg/L

MRSz 451, AAEAET . MKl 8B AT UL, KR 28 SAEW Ab
PRAYTE AR TF-1 #FG4 4354 10. 47% , 117 100 mg/L
SAEW 4 ¥ 5 min J5 I F Y AR B F iR &5 2
93.29% , 3R W] SAEW 5271~ 240 A B a5 1 fob 55 34
T, &5 PTG €0 53R (1) 38 i U8 B TR Bk TF-1 #1240
MU AZ 458, A0 N 25 e , B8 SAEW X B B TF-
1 17 HA s HIE

— k3
100 T
80
S
40+
S
201
0(CK) 100
SAEW T itk & (mg/L)

A B TF-1 871 PIYLELZE R (B3R A 80 wm) ,B: 100 mg/L SAEW AbHURTS B bk TF-1 T AU @R, B E o FoR 50 IR H 22 5

KR 82K (P<0.01)

8 E#k TF-1 JFRIBLAE (PI) &
Fig.8 Propidium iodide ( PI) staining of TF-1 spores

3 1T i

AT I S5 AT T ik 1) 20 B 5 M E AT, B
T HIRHR B ( Rhizopus stolonifer ) & Bk - 52 &
BB 0 B R, X455 Wang 50 408
A0 Li AED OGR4 R SO SR S R A
TR AR E 45 R — 2, SR g RN M L,
SAEW H AR EE | JC5k B FH LA IR B 55 1 o5, 727K
R EREDTRTT AR BB REEY
RIS 25 SR s | R M 7 TR 805 V5 VB X 7K S Bk R 5 o
FA—EIHIER, SARFFE T 100 mg/L SAEW 1Y
AFEAHFEROCRAE 22 . PAEENS I BE 18 i IR s SR 2
20 St AN LN 2B A VR 0.8 mIL/L
1% PR Tl B 28 T LU AR Bk R S O e Ak
AJEARRESE AN HIZIR ", Hedh 25 By B an DS
ZRFFT I KT T 2 M BE 32 va 2R S0 AU AL AN T BiE
77, i3 B RN (8] 58 4 LUK DA TR T P ) B
FEAM T PR 2 B AN 3 T 2R S 0 < I 1] 42 RN
sk PERIE 300 WO I (US) 454 50 mg/L
SAEW AbFRAE 55 °C R Al 58 4= 40 i H) AS AR 65 1) £ 1
Wi % B SAEW X ) A AR 25 46 1 W 2 8 (R 1 520

HAABEGE B0 REEY i PDA 2 8 & ik
¥RIY SAEW X} JK 85 18 ( Botrytis cinerea ) Fii ) ik 25
( Stemphylium solani) H.7& 18 ¥ Wi & (520, 45 R i
71N SAEW X 13X 1 7if L T £ 1 14 17 5 A0 1 S 410 )
TEF, WE 100 mg/L SAEW X ¥ # L BRI 17 A 7 2%
AR5 K 34.97% F1 46.18% , fH & FI fE SAEW
Qb e B AT, AN 3 B Ay BT I 410 0 4 5 4R i
I 1] s SAEW X 5 25 T 1 A5l 78 AV 5 T 22 A AT 41 il
BOR, 5 AR 45 RAMAF . Gao 5V HF 5T K B,
SAEW ] DLTE 7 d PR 37 2R 3R T A ol ) ke 3
KA AP 5 R . Xuan 555 B 098 25 R 20, 40
BANMIIR 25 B SAEW A7 R0 43 LA % e AL Tt
U= AT, S B T . Liu %5
FEERRW , & SAEW b 35 JiF W A FC LG TR ( She-
wanella putrefaciens ) FJE A ) % BR & ( Staphylococcus
saprophytic) W) MBAM 8 BT & DNA 7 & & 2 34,
R AF BT A B, 7R R SAEW 5453 Ab B
JE WA FL EC B ( Shewanella putrefaciens ) B 14 21 ffd %
B VERE , PTYR A 5 AN B, A5
T 3 A ] o Bk B 9 SAEW AL B % #E 100 mg/L
SAEW ] 58 il ) BOR B 40 18 kR 22 A4 K
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PR SR B A, JF i 25 VR DL TR ) 4 i e %
P, RIS AR EACR

SAEW 1y %2 4 A5 5501 47 U400 T 710 e 8 A 28001
AR PTG, HSASE A AR , HAE HIHLEE R A i
FERRAT o PRI B A5 S et 7 A B T 2 A Y
A IR A FIPLH A B 58 K 3, SEAW Tl 3
IRZF L0 oA BB 45 K B A1 J2 45 ) 36 B % RO, il
RO RIS R I, SAEW ARSI 18 PR A R (1) 240 it i
RS M RESS AL SRR T 1 DA S B TR 3R ik ™ A
HAYER . AWFEHE— L PG IR 50k T
SAEW X ) A% A 25 161 1 40 i B 1) i 3K 4 1, 100
mg/L SAEW AbBE 5 min J5 A9 YL AR B F IR E 2
93. 29% , 2 W 4 i e 75 1 W 2

4 25

25 55 5 DA RBCBR I Ak SR S rh A B ) R AR
TF-1 J& T # & #3 B ( Rhizopus stolonifer) , SAEW X}
IR TE R A S TR 22 A A A FH 2 B B s | 100
mg/L SAEW ZLFE 1 min 3 min 5 min ¥ 7] 58 430
FIRR TF-1 (A8 % AL PR 5 min A A R0 ) HE B
KM, 100 mg/L SAEW ZLB 5 min B Fk TF-1
WA K522, H 100 mg/1. SAEW AbEE 5
min J5 12 PR K R 22 4 M A% i it e 2 5 8 1 o it O 2
55Xt WA AH 22 S iAW B B K 7 PT Qe (o R g
PR, XUELE R L] SAEW AT B R B 1K 40 it 5 5
HVE | FEUE N BN, T K& B BOR EAE
TEHG E B 6 2T, 100 mg/L SAEW 4L F] 5 min,
AT 3B A PRI AR B 5 | R BRSSO G . BN
— T (o FR LRI 2R TR R, B Ok £ o A A A A
e 2k HICA2#5R B Nk T 6, W Rk 5
I T B 4 TEREB B A
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