8IXX|(Korean J. Crop Sci.), 68(4): 371~382(2023) ISSN 0252-9777(Print)
DOI : https://doi.org/10.7740/Kjcs.2023.68.4.371 ISSN 2287-8432(Online)

Original Research Article

=X Mzl X2Vt 77l 2 SAke] Holet A=51t 0|%|

o
o

rir
0%

Zoix' . dreIM2 . AR . o|xfEt

=0

Assessment of Hot Water Treatment and Lime Sulfur Mixture on Germination and
Disinfection Efficacy of Organic Wheat Seeds
Min-Jeong Kim', One-Sung Park?, Chang-Ki Shim*', and Jae-Hyeong Lee’

ABSTRACT This study aimed to estimate optimal treatment for enhancing the germination rate and disinfections effect of
organic wheat varieties, Jokyung, Geumgang, Saegumgang, and Baekgang using hot water treatment and lime sulfur mixture.
Before disinfection, the germination rates of the seeds averaged 86.3+2.5% to 87.5+2.9%, while the infection levels caused by
fungi and bacteria were observed to be 22.5+2.9% to 38.3£2.5% and 18.8+4.8% to 23.8+2.5%, respectively. The germination rates
of four wheat varieties under hot water treatments were either the same or higher compared to untreated seeds. As the temperature
and treatment time of hot water treatment increased, the contamination levels of fungi and bacteria decreased. The optimal hot
water treatment for the seeds was observed at 55°C for 10 minutes, resulting in germination rates averaging 90.0+0.0% to
97.54£2.9%, which were either the same or higher than untreated seeds. The disinfection effectiveness against fungi and bacteria
was high, averaging 83.3~93.5% and 100%, respectively. Additionally, an investigation was conducted on the germination rates
and microbial disinfection efficacy of 0.2% and 0.4% lime-sulfur mixture with varying treatment times, 3 to10 minutes for each
wheat variety. As the treatment time elapsed, no significant differences in germination rates were observed among four wheat
varieties. However, the germination rates were higher compared to the untreated group (86.3~87.5%), and the optimal treatment
time was found to be 7 minutes or 10 minutes, resulting in an average reduction of 90.0~96.0% in contamination levels of fungi
and bacteria. Therefore, the germination rates and disinfection effects varied depending on the treatment conditions of hot water
treatment and lime-sulfur mixture applied for the disinfection of the four varieties of organic wheat seeds. However, it is
considered that treating the seeds with hot water treatment at 55°C for 10 minutes or with 0.2% or 0.4% lime-sulfur compound for
10 minutes enhances germination rates and reduces the contamination rate of fungi and bacteria compared to untreated seeds.
Thus, these environmentally friendly seed disinfection technologies are likely to be highly useful in agricultural fields.
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Table 1. Effect of hot water treatment on germination and contamination rates of Triticum aestivum L. ‘Jokyungmil’.

Treatment Average percentage of  Average percentage of contamination (%+SE)
Tm (°C) Time (min.) germination (%+SE) Fungi Bacteria
Control - 87.5+¢2.9 d * 26.3£2.5 a 18.8+4.8 a
3 95.0+7.1 ab 18.8+4.8 b 18.842.5 a
45 5 87.5+2.9 d 12.5+£2.9 cde 12.5+2.9 be
7 95.0+0.0 ab 11.3+2.5 def 10.0£0.0 cd
10 90.0+4.1 10.0+1.0 defg 10.0£0.0 cd
3 97.5+2.9 a 17.5£2.9 b 16.3£2.5 ab
48 5 97.5+2.9 a 16.3£2.5 bc 12.5+2.9 be
7 93.8+£2.5 abc 13.8£2.5 cd 8.8+2.5 cde
10 87.542.9 d 10.0+£0.0 defg 6.3£2.5 def
3 88.8+4.8 cd 12.5£2.9 cde 12.5£2.9 be
5 5 81.3+2.5 ¢ 11.3+2.5 def 8.8+2.5 def
7 90.0+£0.0 bed 8.84£2.5 efgh 7.542.9 d
10 92.5£2.9 abced 6.3+2.5 ghi 5.0£0.0 ef
3 93.8+£2.5 abc 10.0+£0.0 defg 10.0+4.1 cd
55 5 90.0+5.8 bed 7.5£2.9 fghi 6.3£2.5 def
93.842.5 abc 5.0£0.0 hi 2.5+£2.9 fg
10 90.0+0.0 bed 3.8+2.5 i 0.0£0.0 g
F-value (p) ¥
Temperature (Te) 6.981%** 25.467*** 16.844%**
Time (Ti) 10.262%** 138.175%** 50.883%**
TexTi 4.318%** 2.175%* 1.372%*

YF-value (p): *Means with significant at 5% level, ** Means with significant at 1% level, *** Means with significant at 0.1% level
*Different letters indicate significantly different at 5% level by DMRT.
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Table 2. Effect of hot water treatment on germination and contamination rates of Triticum aestivum L. ‘Geumgangmil’.

Treatment Average percentage of _ Average percentage of contamination (%+SE)
Tm (°C) Time (min.) germination (%+SE) Fungi Bacteria
Control 86.3+2.5 ¢ * 22.5£2.9 a 13.842.5 a
3 96.3+4.8 abc 18.8+4.8 b 12.5+£2.9 ab
45 5 93.842.5 bed 12.5+£2.9 def 12.5+£2.9 ab
7 97.5¢5.0 ab 11.3£2.5 efg 11.3£2.5 ab
10 91.3+2.5 d 10.0£0.0 efgh 10.0£0.0 be
3 97.5+£2.9 ab 17.5+£2.9 be 13.8£2.5 a
18 5 95.0+£0.0 abced 16.3£2.5 bed 10.0+£0.0 be
7 98.8+£2.5 ab 13.8£2.5 cde 7.542.9 cd
10 100.0+£0.0 a 11.3£2.5 efg 6.3+2.5 de
3 92.542.9 cd 11.3+£2.5 efgh 6.3+2.5 de
5 5 95.0+4.1 abced 8.8+£2.5 fghi 6.3+2.5 de
7 96.3+2.5 abc 7.542.9 ghij 5.0£0.0 def
10 97.54£2.9 ab 6.3£2.5 hij 3.8£2.9 ef
3 92.542.9 cd 10.0+£0.0 efgh 5.0£0.0 def
55 5 98.8+2.5 ab 7.5+£2.9 ghij 3.842.5 ef
7 08.8+£2.5 ab 5.0+0.0 ij 2.5+£2.9 fg
10 97.5+2.9 ab 3.8+2.5 j 0.0£0.0 g
F-value (p) ¥
Temperature (Te) 3.099%** 26.910%** 38.918%**
Time (Ti) 38.870%** 77.507%** 34.837%**
TexTi 2.389*%* 2.134%%* 3.204%**

*F-value (p): *Means with significant at 5% level, ** Means with significant at 1% level, *** Means with significant at 0.1% level

*Different letters indicate significantly different at 5% level by DMRT.
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Table 3. Effect of hot water treatment on on germination and contamination rates of Triticum aestivum L. ‘Saegeumgangmil’.

Treatment Average percentage of  Average percentage of contamination (%+SE)
Tm (°C) Time (min.) germination (%+SE) Fungi Bacteria
Control 86.3+2.5 ¢ * 26.3+7.5 ab 22.5+£5.0 a
3 96.3+4.8 ab 27.5£2.9 a 18.8£2.5 b
45 5 95.0+5.8 ab 22.5+2.9 bed 17.5+£2.9 be
7 97.5£2.9 a 21.3+2.5 cd 15.0+0.0 cd
10 97.5£2.9 a 18.842.5 de 13.8£2.5 d
3 98.8£2.5 a 23.8+4.8 abc 16.3£2.5 bed
48 5 98.8+2.5 a 16.3+2.5 ef 10.0+£0.0 ¢
7 97.5£5.0 a 13.842.5 fg 7.542.9 ef
10 95.0+4.1 ab 11.342.5 fgh 6.3+2.5 efg
3 95.0+4.1 ab 11.342.5 fgh 6.3+2.5 efg
5 5 91.3+2.5 be 8.8+2.5 ghi 6.3+2.5 efg
7 97.5+2.9 a 6.3£2.5 hij 5.0£0.0 fg
10 93.8+4.8 ab 3.842.5 ij 3.8+£2.5 fg
3 93.842.5 ab 11.342.5 fgh 5.0£0.0 fg
55 5 98.8+2.5 a 7.5£2.9 hij 3.8+£2.5 fg
7 98.8+2.5 a 5.0+0.0 ij 2.5£2.9 gh
10 96.3+2.5 ab 25429 j 0.0£0.0 h
F-value (p) ¥
Temperature (Te) 2.045%* 42.782%** 51.095%**
Time (Ti) 29.149%** 42.7755%** 78.804%**
TexTi 1.257* 2.888%* 4.042%**

*F-value (p): *Means with significant at 5% level, ** Means with significant at 1% level, *** Means with significant at 0.1% level
*Different letters indicate significantly different at 5% level by DMRT.
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%012} Akl @ o] ashH, A L9k AJ7to]
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gt ol FA 2ol s Fols 54.8~87.1%, Alat
42.1~84.2% 7FA3}9tHTable 4). 55°Co)|A] 3~1087F
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Table 4. Effect of hot water treatment on on germination and contamination rates of Triticum aestivum L. ‘Baeggangmil’.

Treatment Average percentage of  Average percentage of contamination (%+SE)
Tm (°C) Time (min.) germination (%+SE) Fungi Bacteria
Control 86.742.5 b * 38.3+2.5 a 23.8£2.5 a
3 98.8+2.5 a 30.0+4.1 b 23.8£2.5 a
5 93.842.5 a 28.8+4.8 b 22,5429 a
» 7 97.5+£5.0 a 27.5£2.9 b 20.0+£0.0 a
10 92.5+£5.0 a 21.3+2.5 de 15.0£4.1 b
3 98.842.5 a 28.8+2.9 b 13.8£2.5 b
48 5 98.842.5 a 26.3+2.5 be 13.8£2.5 b
7 98.842.5 a 22.5+2.9 cd 11.3£2.5 be
10 97.5£5.0 a 13.8+2.5 gf 6.3£2.5 d
3 97.542.9 a 17.542.9 ef 13.8£2.5 b
5 5 98.842.5 a 10.0+£0.0 gh 11.3£2.5 be
7 98.8+2.5 a 6.3£2.5 hij 7.5£2.9 cd
10 96.3+2.5 a 5.0+0.0 ij 3.8£2.5 d
3 95.0+£5.8 a 16.3+2.5 f 11.3£2.5 be
55 5 97.5+£5.0 a 7.5£2.9 hi 7.5£2.9 cd
7 96.3+4.8 a 6.3£2.5 hij 5.0+0.0 d
10 97.542.9 a 2.542.9 j 0.0+0.0 e
F-value (p) ¥
Temperature (Te) 1.639* 149.889*** 79.508***
Time (Ti) 31.097%** 247.500%** 108.814%**
TexTi 0.861* 11.417%** 5.356%**

*F-value (p): *Means with significant at 5% level, ** Means with significant at 1% level, *** Means with significant at 0.1% level
*Different letters indicate significantly different at 5% level by DMRT

2o vlaf §-22(p<0.05).2 =dch.

0.2%2} 0.4% M3|Q&EH| 2|7t Y E5Y
OME A=S30l 0lXl= S
G771 AR7A 21 0.2%%} 0.4% 4] 3]-5-351A 2]
(3,5, 7, 1080l w2 4590 9 FH3(=4Y, 34, AF
ul7buye Ezpo] drobg b u| A E(HZol, Al
) 2)s g3Fe ZAFSHTEIY, 0.2%2} 0.4% A
e AIZEe} Aol weh W FF It & Aol
glou, Mo F=(F (p)<0.05)2F A7 AIZKF
(p)<0.001)0] Z}2} = AFBIHF (p)<0.05)0] Wol-&3}
Aol @A FFolet Al U Fao] foFoR o
o =L ﬁgi LEF TH(Tables 5-8).
0.2%2} 0.4% A3 GFTA A2 Frollr] 23L&
ol&-o 1087 AEslae ) zkzh 100%2} 92.542.9% =
e Aol vlsh #92(P<0.05) L2 #2 o2 e
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Ch(Table 5). E3F 0.2%2} 0.4% A3 FTA S 1087 A
2ot ol FFolet Al FAEol 0%z A2 FolA
7P f(P<0.05)3HA HaA7]= AL eyt uet
J, 2AY 229 A 02% F= 0.4% 43333A S
1027 A2l 45 100% H3olef At 2¥9=s ¥
A tK(Table 5)

0.2%2} 0.4% H2|2eA|l Aelx2d FolA a7de] &
OFEL 0.2% A3]S3AE 10527 225HE2S 100+£0.0%

2 FIH(P<0.05) 22 714 %A vebgtth(Table 6). E3H
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Table S. Effect of 0.2% and 0.4% lime sulfur mixture on on germination and contamination rates of four wheat (Triticum
aestivum L.) variety, Jokyungmil.

Contents of Lime Sulfur . . Average percentage of _ Average percentage of contamination (%+SE)
. Treatment time (min.) s - -
Mixture germination (%=SE) Fungi Bacteria
Control - 87.5£2.9 ¢ ¥ 26.3+£2.5 a 18.8+4.8 a
3 96.3+2.5 ab 12.5¢5.0 b 16.3£2.5 b
5 93.8+£2.5 ab 8.8+2.5 be 3.842.5 cd
0.20%
7 90.0+£5.8 a 2.542.9 cd 1.3+0.7 ef
10 100.0+£0.0 a 0.0£0.0 e 0.0+0.0 f
3 95.0+0.0 a 12.5+2.9 be 13.8£2.5 ¢
5 92.5+5.0 b 7.542.9 cd 7.542.9 cd
0.40%
7 91.3£2.5 a 2.5£2.9 de 0.0+£0.0 def
10 92.5+2.9 a 0.0£0.0 e 0.0£0.0 f
F-value (p) ¥
Concentration (Co) 13.776%** 0.625%* 0.086*
Time (Ti) 18.153%*%* 860.000%** 81.771%**
CoxTi 3.214%* 0.625* 1.371*

YF-value (p): *Means with significant at 5% level, ** Means with significant at 1% level, *** Means with significant at 0.1% level
*Different letters indicate significantly different at at 5% level by DMRT.

Table 6. Effect of 0.2% and 0.4% lime sulfur mixture on on germination and contamination rates of four wheat (7riticum
aestivum L.) variety, ‘Geumgangmil’.

Contents of Lime Sulfur . . Average percentage of  Average percentage of contamination (%+SE)
. Treatment time (min.) - - -
Mixture germination (%+SE) Fungi Bacteria
Control - 86.3£2.5 d 22.542.9 a 13.842.5 a
3 97.5+£2.9 ab 11.3+4.8 bc 12.2+2.5 a
5 92.542.9 ¢ 10.0+£0.0 bc 5.0£0.0 ¢
0.20%
7 97.5+£2.9 ab 7.5£2.9 cd 1.3£2.5 d
10 100.0+0.0 a 0.0+£0.0 e 0.0£0.0 d
3 93.842.5 bc 12.5£2.9 b 8.8+4.8 b
5 95.0+4.1 be 7.542.9 cd 6.3£2.5 be
0.40%
7 96.3+2.5 abc 3.8£2.5 de 0.0£0.0 d
10 96.3+2.5 abc 0.0£0.0 e 0.0£0.0 d
F-value (p) y
Concentration (Co) 2.143%* 2.027%* 4.154%*
Time (Ti) 24.,1209%** 69.608%** 61.327%**
CoxTi 1.929% 1.014* 4.442%*

YF-value (p): *Means with significant at 5% level, ** Means with significant at 1% level, *** Means with significant at 0.1% level
*Different letters indicate significantly different at at 5% level by DMRT.

ol 0% MSRTTAL 1080 ALHAE 1005 0% Ao FoAA A FOAP005)02 A e
0% §OIAP0.05 22 A% A UESIT(Table 7). ek obd, A B4l 49 0.2% EE 0.4% 431
020 04% MIRTUAL 22 10809 A FRAZ 082 AU D5 100% Folot A
Ao u B A BHole Alge] ePEE 27 EE WE 4 Yrk(Table 7).
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Table 7. Effect of 0.2% and 0.4% lime sulfur mixture on on germination and contamination rates of four wheat (Triticum

aestivum L.) variety, ‘Saegeumgangmil’.

Contents of Lime Sulfur Treatment time (min.)

Average percentage of

Average percentage of contamination (%+SE)

Mixture germination (%+SE) Fungi Bacteria
Control - 86.3£2.5 ¢ 26.3£7.5 a 22,5450 a
3 97.5+£2.9 ab 13.8+2.5 a 16.3£2.5 b
5 96.3+4.8 ab 10.0+0.0 be 5.0+0.0 cde
0.20%
7 98.8£2.5 a 7.542.9 cd 1.3£2.5 ef
10 98.8+2.5 a 0.0+0.0 e 0.0+0.0 f
3 98.8+2.5 a 11.3+4.8 be 8.8+4.8 ¢
5 93.8+2.5 b 7.542.9 cd 6.3+2.5 def
0.40%
7 98.8£2.5 a 3.8+2.5 de 3.7+£0.0 def
10 98.8+2.5 a 0.0£0.0 e 0.0£0.0 f
F-value (p) ¥
Concentration (Co) 0.077* 2.341%* 0.574*
28.000*** 44.030%*** 670.85%**
0.462* 0.238%* 3.128%*

YF-value (p): *Means with significant at 5% level, ** Means with significant at 1% level, *** Means with significant at 0.1% level
*Different letters indicate significantly different at at 5% level by DMRT.

Table 8. Effect of 0.2% and 0.4% lime sulfur mixture on on germination and contamination rates of four wheat (Triticum

aestivum L.) variety, ‘Baeggangmil’.

f Li If i i
Contents of Lime Sulfur oot time (min.)

Average percentage of

Average percentage of contamination (%+SE)

Mixture germination (%=SE) Fungi Bacteria
Control - 86.7£2.5 ¢ 38.8+2.5 a 23.8+2.5 a
3 96.3+4.8 ab 17.5429 b 13.842.5 b
5 98.8+2.5 a 8.8+2.5 ¢ 8.8+2.5 cd
0.20%
7 97.5+5.0 ab 6.3£2.5 cd 5.0£0.0 e
10 98.5+2.5 a 0.0+0.0 f 0.0+0.0 f
3 92.5£29 b 15.0£0.0 b 11.3£2.5 be
93.8+2.5 ab 7.5€29 ¢ 6.3£2.5 de
0.40%
96.3+4.8 ab 3.842.5 de 0.0+£0.0 e
10 97.5+2.9 ab 0.0+0.0 f 0.0+0.0 f
F-value (p)
Concentration (Co) 4.263%* 4.154%* 3.571%*
15.132%%* 336.635%** 152.000%**
0.711* 0.404* 0.714*

YF-value (p): *Means with significant at 5% level, ** Means with significant at 1% level, *** Means with significant at 0.1% level

*Different letters indicate significantly different at at 5% level by DMRT

0.2%2F 0.4% A3|F3Al A2z FolA WL A= 1023 A2 wf Tokgo] 97.542.9%= A2 £

WolgL 02% MIARFUA L B9 5B E- 10
g uj, 7+7} 98.8+2.5%9} 98.5+2.5% 2 A 2] o] A]
H(P<0.05) 0.2 714 %A LERTh E3 0.4% A3

= a7

B7l A A 9-0]A(P<0.05) 0.8 7} =9Fth(Table 8). E3F 0.2%%}

g 04% HBgRIAE 242

% 1087ke] Aejshele o W

9% 0 FAY BYolet ARl LAEL 47 (%2 X F

T 6
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A 7WF G0
o 2740 A
ol A4 100 ols A S 1 o
tH(Table 8).

1ol ulE o] F<doll 4‘1{} eI :—J T e AH7HsTE
S E2ZHN 7 E 7HA L Y thHwang, 2012; Gamage et
al., 2023).

S SN £l 0L Slg AL sy 24
el AR BN AR % 9w, S8 JRoIAe
7% 227 2 u|AZABIE I Tiletia setariae) =
LAwo] glom A=A o2 FAE AMSSHH T setariae
ol ofh i Eol 70-80%0] o] 4 glox] ol <la)
7| Aol AR ek 2 4 Gk Aag
v} Qlti(Leonard & Williams, 2011).

Agroscopel= S2o| A 8 T2 e AT 93 3]
o 58z AL, 190U ol FE §71% FA
Qs g3 ek Aol A7 AN 715 o8z
o] A8-2 Aot Ao b a3 a4z W FA9

10% mjyto] H]H 75 7] 9 (Stinkin smut disease)o]] 7%
o] QA P FAF ko] ashA| g Aow g
5} th(Bénziger ef al., 2023).

HedustdolA 2ed SAaE7|sS ot o
of| AR Aro B QEbx x| W} _IT7]L.—_04;<]_xH§ a3t
FAAET|&o] APAF o R ALEJNHKim ef al., 2022a;
2022b).

LA H-L kst A5 Yo oA = Alternaria spp.
Y Phoma spp.9} 22 AEH YA AH4E 77} 80~95%
ol Aoz HUatATHNega er al., 2003). H 7|tieEe
ez SRHAAR S o] &3 2587 A Kim et
al. (2008)T} Park ef al. (2003)2 28 2= =HA| G130
N SE7} Bees wA E3b7b BTy Waskl

ESE Binziger er al. (2022)°f 9J3tH Z-E 78U
nuda)ol @ HE A FHY ¥ FAR Holgo] aEo
WA E(Microdochin spp)3 LEAA M AT L %
7]% Zyzy A2t A3} Microdochin spp. A 2o A 5-2j0]

AEEIL e ggter} 1eo] 718 ANe
“q1 A7 AU, nuda)oll el &= anrh -5k

U F7 %ro}%ﬂ pyEse AN

55°C o] zmo}% o Felst Aze des
A(P<0.05)C.= FraAlzien A2 AIZKP<0.001)0] %5
ZAP<0.05) 8T} T £ ABTATL Y A0 ekt
on A Sxe} 7ol A5 WEAe) Wole 2.
o) 2% o] §OHP<005)OR JHFE FE A0
deitos olsig Anse oE H% AT HAD
A% dehielch

Winter et al. (1994)x= Wi} B ZxjoA YHelt:=
Ustilago muda®l 2|3t 722718 WA Q8] 24
Ae)et 20% AHYAZE @ 29| thekgh 2ol A <t
AE AyE ¥ Aoz Hugt v Qloh

So et al. (2017) ¥ 7|the{HS MTHHORE 453
nA B AN AT ARG SA 75
A FEGFTALS GRS 1, 2% ol4] FEaT
Ag Aee A9 W o] aEEIE Eotor} v
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B ATOME 459 BEF 250 4715
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