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Abstract: [Objective] Effects of acid electrolyzed oxidizing water (AEOW) treatment on the microorganisms on the surface
and germination of maize seeds and seedling emergence were investigated. [Method] Seeds of the major varieties cultivated
in Fujian, Taixiantian No. 1 and Taixiantian No. 2, were mixed with AEOW. Microbial counts on the seed surface and in the
surface rinse, rates of infection, seed germination, and seedling emergence as well as seedling fresh weight were determined.

[ Result] AEOW significantly inhibited the microbial growth on the seed surface as indicated by the counts in the seed
surface rinses and the AEOW/maize seeds mixtures. The suspension of AEOW/seed rinse at 1 © 2 (mL/mL) ratio had a count of
0.44 cfu'mL”" in comparison to more than 10 000 cfurmL™ of CK. In the liquid after 6 h submerging the seeds in AEOW at the
ratio of 125 © 2 (mg/mL), the count was nil. On the seed infection rates, the rinse was 14.00% and the mixture liquid 7.33% in
comparison to control of 100%. The frequency of bacterial appearances on the treatment seeds was 1.33% and that of fungal,
20.00%, largely Fusarium spp. As for the safety concerns, the AEOW-treated Taixiantian No. 1 seeds increased on germination
rate by 13.33%, bud length by 0.32 cm, main radicle length by 0.73 cm, and radicle number of seeds by 0.16, while the treated
Taixiantian No. 2, by 8.66%, by 0.55 cm, by 0.42 cm, and by 0.07, respectively. The treated seeds of with a Fusarium
verticillium pre-inoculation increased on germination rate, bud length, main radicle length, and radicle number of Taixiantian
No. 1 and Taixiantian No. 2 seeds by 17.04% and 6.67%, 0.54 cm and 0.33 cm, 1.89 cm and 0.40 cm, 0.60 and 0.26,
respectively; and those with a Pseudomonas spp. pre-inoculation, by 35.34% and 28.66%, 0.85 cm and 0.30 cm, 2.30 cm and
1.70 cm, 0.76 and 0.36, respectively. The seedling emergence rates of the two treated maize varieties increased by 5.33% and
8.00%, respectively, but not significantly differed between them and control with respect to plant height and shoot fresh
weight. [Conclusion] The AEOW treatment effectively inhibited the presence and growth of microbes on maize seed surface

with a more pronounced effect on bacteria than on fungi. The treatment benefitted and was safe for germination and seedling
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emergence of the AEOW-disinfected seeds.

Key words: Maize seed; acid electrolyzed oxidizing water; microorganism; inhibitory effect; safety
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4 Fft A [m] FH & A0S Fofr sk ) Ak 32 G B A TR RICR an
F PR, BRGS0 REET 2 ST RER SR
fbsk# (mL/mL) 1: 511 : 10 FefiliR%] 0.5~6.0h )5,
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Table 1 Effects of AEOW treatment on microbial count of maize seed surface rinse

%5 colony amount (cfurmL ")

e i ] —
Varieties Time/h BRGE : RALK
MS : AEOW 1 : 1

BRI MR
MS : AEOW 1 : 2

B A
MS : AEOW 1: 5

BRI A X
MS : AEOW 1 : 10 Control

0.5 100.44+9.96 Aa 17.78£1.07 Dd 0.67£0.67 Gf 0.44£0.51 Gf —

1 73.22+ 3.08 Bb 14.89+3.24 DEd 0.224+0.19 Gf 0.00+ 0.00 Gf —
FREEH 15 Taixiantian NO.1 2 29.11% 6.71 Ce 2.00% 0.88 Gf 0.00 £0.00 Gf 0.00 £0.00 Gf —

4 9.56+ 2.14 EFe 0.67+ 0.33 Gf 0.00 £0.00 Gf 0.00 £0.00 Gf —

6 7.67% 2.00 FGe 0.44+ 0.73 Gf 0.00% 0.00 Gf 0.00 +0.00 Gf >10000

0.5 16.11% 4.67 Aa 10.00* 5.24 Bb 1.224+0.84 DEde 0.89+ 0.51 Ede —

1 9.00+0.58 BCb 5.33% 1.20 CDc¢ 0.44+ 0.51 Ede 0.00% 0.00 Ee —
ZRME 25 Taixiantian NO.2 2 5.33% 0.67 CDc 2.33 £1.53 DEcde 0.00+ 0.00 Ee 0.00 £0.00 Ee —

4 3.44+ 1.58 DEcd 1.44+ 0.51 DEde 0.00£ 0.00 Ee 0.00 £0.00 Ee —

6 2.00% 1.00 DEde 0.00+ 0.00 Ee 0.00£ 0.00 Ee 0.00£0.00 Ee >10000

ORF KNG F B F£ 7R ZDuncan FGH E R ZEFRIGAE P<0.01FP<0.05/KFZE R E; #2~6[[. @MS: HE; AEOW: kK.

(D Data with different capital letters and lowercase letters on same column indicate significant differences at P<<0.01 and P<<0.05, respectively, according to

Duncan's new multiple range method. The same as Table 2-6. @MS: Microbial suspension; AEOW: Acid electrolyzed oxidizing water.
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RAG, BRAEK 3 Fh T A0 4 Fh b BR8] 241 45 B 31
BRI 2 fiis , R ALK AR [ AR B R, 2 4>
i Bl Rl 5 R Ak K #% (mg/mL) 125 1 2 L IR 2
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125 @ 2 He B2 R A B0 6 h, 6 S G b4 B R0
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AEFE L. 2. Ah IR TR TR . R IIER T K Ak BT
TR AR R ETE TR, R K R B3
FAE I R R, I S ROR AT
23 BRUIKA R IR ST F R F E & A0 40 B H ISR
Ead:0pA )

FE 2.2 A i B R £ 7K S [] s i) Ah 38 1) o 7 v

AR . B BRI 3 PR, A&k
WFE T 2. 4 6hJE, 4B B S 5 0 h
15.33%. 9.33%. 4.67%. 1.33%, L H I HHRY
WK 50.00% . 32.67%. 25.33% F120.00%. Rk
K A B 4 A B A TR L BB A B Y A AR
FH o DO 4 S ROR B B0 T LR, RlE A
PR ] AR, R A K I SOR B, b4
W BRI, AR B AR, LA
760 V] Ja TR LR IR I o T A B, AR 4
WL AR E R, R 2K 6h 5, Hkf
T 8 L L PR 16.00%, 11 1t 25 N7 55 45 L
f4 R BT R 4.00%. R 28R A K AL 31 il 22 L
20 T B DA T A LR TR A O, (L A 2 ) )
Z BT AR A
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Table 2 Effect of AEOW treatment on bacteria-retention rate
of maize seeds

AbEE Treatment FhFH7 1 2 Seed infection rate/%
FhFSeed: FRALIK I 1) REEHS REEHI2S
AEOW (mg):(mL)  Time/h Taixiantian NO.1 Taixiantian NO.2

1 87.001+7.00 Ab 73.33+5.03 Bb
2 63.6714.73 BCc 48.67+£4.16 Dd
125:1
4 46.00£6.00 DEd 32.00£4.00 Ee
6 32.00+7.21 EFf 14.67+4.16 GHg
1 69.33+7.57 Be 62.67£6.11 Cc
2 44.67+£4.16 DEd 34.67£7.02 Ee
125:1.5
4 43.33+£3.06 DEde  22.00%3.46 FGf
6 24.67+£7.02 FGf 10.00+2.00 Hg
1 52.00+7.21 CDd 50.00+5.29 Dd
2 34.00+9.17 EFef  28.67£3.06 EFef
125:2
4 28.67+£4.16 Ff 9.33+£2.31 Hg
6 14.00£3.46 Gg 7.33+£2.31 Hg
X} HE Control 6 100.00+0.00 Aa 100.00+0.00 Aa

T 4hf6h, BIREW] MRl 2R fE HE S A
JRAR A A, 2 A kb B (6] Xof o B 25 4 55 0 20 SR A
o Hod, MR HRBRIEKAEE 6 b JE, FEEEE 1S
AR R IR KRR AR B 5k 73.33%.
3.69 cm, 9.85 cm Fll 4.92 %%, b Xf M 4> B4 & T
13.33%. 0.32cm. 0.73 cm 1 0.16 5%, &L 2 S5
L Xt B 43 B HE B T 8.66%. 0.55 cm. 0.42 cm Fl
0.07 %

T A T8 5% 42 ol S0 5005 Jit 0 TR LA B R A0 0 .
Jir 2 T B SR AT R 2, S AR AN A Y A5 R R A
Fb, ZRfep 15 A mf 2 S Ak 2E R | ZEK
JR RS T 32 R AR B B I Az B ], v DL D 4
TR X b - 7 2 0 100 VR T B R, 25 Ok 1 S MK
o A B TR D T R 1K K 43 A B 4 b A
6hJi, HHZER, ZFRK . RN FIREKEY A
AN TR R R o AN E B RO DR L AL, AR G T
1 SR HRAK BT 6 h 5, HHZER, K
FRHAC B AR AR K530 R 68.37% . 3.22 cm, 9.44
cm F15.16 45, 43l FL XTI (2RO IR BT, R
BRAL K AL BE ) #2755 7 17.04%. 0.54 cm, 1.89 cm Al

®3 BRUKTEA IR E X KT B B A E S SRR A0

Table 3 Effects of AEOW treatment time on bacterial and fungal occurrence frequency on seeds

HBUIZR Frequent/%

It [
Time/h i) HH PAt i B/ B HAhH
Bacteria Fungi Fusarium Aspergillus/Penicillium Other fungi
1 1533 50.00 34.67 12.00 3.33
2 9.33 32.67 2333 8.00 1.33
4 4.67 25.33 20.00 4.00 1.33
6 1.33 20.00 16.00 3.33 0.67
R4 BRUWKTREILIEI SREEH 1 SHFHFMEREKNFIE
Table 4 Effects of AEOW treatment on seed germination and radicle growth of Taixiantian No. 1
5 I 8] HEER ZRS FIAREL TR %k
Group Time/h Germination rate/% Shoot length/cm Radicle length/cm No of primary root
4 71.33£5.03 Aa 3.65+0.64 Aa 9.71+0.63 Aa 5.271+0.24 Aa
A$EF Without inoculation 6 73.33%£7.02 Aa 3.691+0.23 Aa 9.851+0.42 Aa 4.92+0.21 ABCab

%t Control

60.00 +4.00 ABCbc

3.38+0.14 ABab

9.12+0.32 ABa

4.76x0.14 ABCbc

FLH #:F Fungus inoculation

4
6

%t Control

66.671+4.16 ABab

68.37%5.03 ABab

51.33%£7.02 Cc

2.84+0.16 Bbe

3.2240.06 ABabc

8.154+0.35 BCb

9.45+0.37 Aa

4.631+0.15 BCbc

5.16+0.15 ABa

2 $ Bacterium inoculation

4
6

*FH& Control

54.671+3.06 BCc

66.67+7.57 ABab

31.33+5.03 Dd

2.68+0.52 Be 7.560.68 CDbc 4.56£0.12 Cbe
1.52+0.08 CDd 6.131£0.73 Ed 4.44+0.25Cc
1.69+0.23 Cd 6.77%0.41 DEcd 4.69+0.27 BCbe
0.84+0.11 De 4.481+0.07 Fe 3.93+£0.32 Dd
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Table 5 Effects of AEOW treatment on seed germination and radicle growth of Taixiantian No. 2
) I ] AR FK FIEARAKE AR AL
Group Time/h Germination rate/% Shoot length/cm Radicle length/cm No of primary root
4 66.67+7.02 Aab 2.96+0.06 Aab 8.08+0.27 Aa 4.54+0.19 Aa
A BeHh Without inoculation 6 67.33£3.06 Aa 3.00£0.78 Aab 7.8410.22 Aab 4.25+0.04 ABabc

X} Control 58.67+3.06 ABabc

2.4710.19 Aab

7.4240.14 ABabc

4.18+0.27 ABabed

4 54.67+5.03 ABc 3.0610.11 Aa 7.3340.25 ABbed 4.07+0.32 ABbed
H £ Fungus inoculation 6 58.00+6.00 ABabc 2.76+0.20 Aab 7.49+0.52 ABabc 3.9740.14 ABed
it i Control 51.33+4.16 Bc 2.431+0.44 Ab 7.0940.52 ABed 3.7740.31 Bd
4 56.67+7.02 ABbc 1.45+0.07 Be 6.631+0.58 Bd 4.42+0.25 Aab
Y #: R Bacterium inoculation 6 61.331+7.57 ABabc 1.43+0.03 Be 6.78+0.26 Bed 4.45+0.25 Aab
%t Control 32.67+4.16 Cd 1.12£0.10 Be 5.0810.43 Ce 4.0940.18 ABbed

0.60 5%, MMiZefHt 2 S A4S T 6.67%. 0.33 cm,
0.40 cm 1 0.26 55, TEFEFNG A o 4 v, 2 fef
1 SRR KB T 6 h 5, il ZER | 2FK
F AR K BE R MR AR B4 R 56.67%. 1.69 em,
6.78 cm H14.69 4%, 45l ELHAHR A% B (B 52
W, KARIKAAEEE ) $25 35.34%. 0.85cm. 2.30cm
076 4, T FEEETH 25t 2 BIIR B T 28.66%.
0.30 cm. 1.70 cm F10.36 2%, 7ENZF4 05 25 7k i
FMEAKT . R R R ALK Ab B B K AT 4~6 h, Xt
P 7 H ZERVE R %4, RN RE B AR E T R 707 &
A, e R A K XF 32 Fp 2 B i B D b B
6], DATR Al K 6T B T 240 TR 2 i o LB ZE R T AT

2.5 BRAL/KACIEST R KA F U EMERE KO0

M 6 TIAL, (XA 1 5 MR AL 2 5 HAp
FH5MmAL KL (mgmL) 125 : 2 Ll AL #E 6 h )5,
2 AN il TR ) R 56.00% 1 62.67%, B
FRFE 23 94 6.12 em 1 6.99 em,  Hb | 35 & & 43 5]
1 0.60 g Fl 0.66 g, 545 &t B AH N 25 1 X BEORE L
2N SRRIE TR | MR b b E A R
TC b FE 2200, (E B R0 0] ek B T 5.33%
F18.00%, A [FIFREE b2 v T 0y bk A S d
o F R ALK Ab BT KR R RO AR AR K
4, REW AR SRR, REERMAER.

6 BEIKALERRT R K H B FIEMR E AR
Table 6 Effects of AEOW on seedling emergence and plant growth of maize

st A ikl R M B2 i
Varieties Group Seedling emergence rate/% Seedling height/cm Fresh weight/g
/K AEOW 56.00%£2.00 Aa 6.121+0.57 Aa 0.60+0.01 Aa
Z&fif 15 Taixiantian NO.1
X} Control 50.67£3.06 Aa 6.02+0.69 Aa 0.560.04 Aa
i /K AEOW 62.67£5.03 Aa 6.9910.95 Aa 0.66+0.12 Aa
ZREEFT25 Taixiantian NO.2
XA Control 54.67+1.15 Aa 6.511+0.77 Aa 0.6110.03 Aa

ik ki

AP HIAE R, HLBE R BT K R 3 i B AR T i

M2 oKkt — Fh B A AL B 2 (ORP),
& pH{E, &R EEIE VR 6 PR AR R 1K,
JE AR il Bl AR, Hh R A R R VE T PLER, REAR
M Z o B, $OA R — RO . 4, 0
BBV BRI B R o ASHIESORE KRBT
R HEY R . TOKM T 5 IRAAK 70 5% A
[ L IR A5, R SRR A /K A BT 6 5K il 3 T

(B A AE G, LA B SO B, R R R
o R B R D, PP Al B ORG24 T
15 ZREERT2 SR TR SRRk (mL/mL) 1 : 2
F 9 e Bl 5 Rk K 4% (mg/mL) 125 : 2 HL IR &
6 h 1% 4b A RT3 55 4 A 4T BT ACSR <

o T S 4 POy T e e W SR TG A AR T
fift 7K Y o AT 4R R B R 2R AR K R, R R A
RS TYFME, R4 Fat . Liu %
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37 %

T R A K 5l T I s oK 2 A G, 4 8 G y- 0
TR SR, BT R R L, R A H K
YL X K R A 2 e A KA AR AR, 5 i Ak ) R
MILE, RERSMARK . 25K R e 0, 10 0 Wk f e 2
YLK A b T X B0 2 6 A KA TR I . AR SR 4
RRW], SRR ALK R AL E KA T 4 h A6 h,
XA T R R 2 A, SR IRAN L, REE
PR AT R R RRR A K, R ALK
HALER KRN T 6 h, MR F A, A R
BT R, R R A K, B

F TS 7 A A B 9 A T A 1 A
ST BRI, TR A B A T 8 S % R A
KRR T ZE BRI, ARSI 4 8 1 oK
S D e D L A (M AE R AT ) R K2R R
TN B (S SA AT B ) 20 ) HEAT Z2 BT 1 S5 A Ze
BT 2 5 F KRR TN T AL, R g R,
TS HE R A 2 5 I 1 B S M A T L 2E RIRAR 9
MK, TR R ALK I A B3 AP 4 h Rl 6 b, REW]
R TR O, B 2 (R MR AR A
K, LIk A BERD T 6 h BORCRIET 4 ho EHm
A 7K Kb 358 T i 3 5 40 7 T oK A AN U T I 1 A
K, DT U 20 5 Ji 1 X b S 2 R A AR B B TR B
Wi, FET FRBRA RN, R KR A
TR T 6 h AT b T A 0 S I T b
PR ATATHY, EZERS IR I 40 R, R AL A
R MRS, DR LK R R
A B 5 B S 5 R 0 A B AL, AR
MR P, AT .

B R TN RS R L 2 B 2 P K
TR T, AR MRS, KRN 3 i #E
HREMEY, GIRME ., HES, KPR
FUB PR R B, DR, A T R A
0B I % T K A EE R R kK A B
T, R ALK Al P T U6 DR o 2 T
JEL PR SR A, NP RD T 2R R AR, R
Rl AL 3 3 A B0 AR e VR LA AR . (iR L
IR A FIAE, S ELF Ak M B R R A
S, 54 °C FEH 14 d SF T 2 b IR AL A i e
TR, pHETEDY, 7E% . BHE . REOCH A
SUFF, AR A 7-10d°. FHIk, MTEEE AT
TRAFRRAIL K, A S rFi R B BT . 5 ML
KA BT B Fh TS A B L R IR A R
B, R A 7K b B 68 ol 7 #5485 £ 200 0 900 3 28 0 S £
TR, TERR K X T e 4 i 1 2K S B 4 b T b
B ], LR Al K 4 T4 b 40 B A T 6 2R

ARG, A0 PR A A T v o D 40 1 5 1 e ) o 42 3
A RE A A B AR o ASBESE AR AT O HAl AR
Yy b5 DB B R R AL BRAR IS TR AR A
7 el v S i L T e A ) KB A L BEL R b A
FRREE I, oA 2 it ok A
RS % .
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