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Hot water treatment that is the most appropriate seed disinfection method for organic vegetable farming
was evaluated in this study. Among the leafy vegetable seeds lettuce that was the most sensitive to hot water
was suitable to treat at 45°C for 25 min, while Chinese cabbage and radish seeds were optimally treated at
50°C for 25 min. The treatments resulted in similar or higher seed germination rate than non-treated seeds
and promoted plant growth. In addition, fungi such as Alternaria, Aspergillus, Penicillium, or Mucor grown
on the seeds were suppressed over 90% and the bacterial growth on lettuce seeds reduced 98.5% by the
treatment. Among the fruit vegetable seeds pumpkin that was vulnerable to hot water was suitable to treat
at 50°C for 15 min, while cucumber and hot pepper seeds revealed optimum treatment at S0°C for 25 min as
chinese cabbage and radish. The treatment also showed similar or higher seed germination rate and growth
than non-treated seeds. Furthermore, fungi such as Rhizopus, Aspergillus, Penicillium or Mucor grown on
the seeds reduced from 72.0% to 95.4%. The bacterial growth on cucumber and red pepper seeds was sup-
pressed from 65.5% to 86.0% by the treatment. Results indicated that the hot water treatment is practical
for disinfection of organic vegetable seeds and the optimum temperature and soaking time varied among the

seeds.
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Table 1. Effects of hot water treatment on seed germination and
growth of leafy vegetables

Treatment On water agar
Seed Temp. Time  Germination Root length

‘O (min) (%) (mm)

40 15 97.4 515

20 100 55.6

25 100 54.9

30 100 575

45 15 100 513

20 974 539

Lettuce 25 100 48.6
30 100 49.8

50 15 974 34.8

20 100 24.9

25 744 11.9

30 66.7 6.4

Control - 100 471

40 15 100 449

20 100 409

25 100 37.8

30 974 454

45 15 100 41.2

. 20 100 457
Chinese 25 100 434
cabbage 30 100 46.7
50 15 94.7 37.8

20 100 414

25 100 37.8

30 974 34.1

Control - 94.9 33.8

40 15 100 12.9

20 100 16.6

25 94.9 15.6

30 974 132

45 15 96.2 15.0

20 96.2 12.5

30 100 12.8

50 15 100 12.9

20 94.9 13.2

25 94.9 13.2

30 92.3 11.8

Control - 89.7 104
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TEES 747 84.6%2F 5.1%JOF 45°C 258 27 of|A]
= A8 AR gokon AladEE Y289 85.3%
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158 oA e= 47 26.7%% 1.3%F SHoFH tH(Table
4). Rhizopus V& E2; ZFE3o]ol Hlg] 283X
9 1738 Aog yeht 55°C 308 Aglols sHF 2x4
o] AEEL 6.7%% YERT.

e}, Q0] ExR= 50°C 25% AgolA] Dols-o- 9739,
2 Ayl ggroy Bmajalare B3l 434 mmeo] ¥
3 62.1 mmE HA A 21E A THTable 3). 732 @
O1ZA12] Rhizopus, Penicillium, Mucor 2 M+t ZTEEL
2}z 4.0%, 28%, 74.7% 2 93%A oLt B A Fol A=
FHEo|7F M5 HEHA| FdoeH MIEAEES 1.3%E
WA &3 86%33tHTable 4). 1% FAHE 45°CSF 50°C
Aol e ol B go] A3 AR A E%
o} 55ColM e AAlEE AEE B 35 T4
A= e'Ae] 2702 50°C 252 dopg ) Helaly
L FAEel 533%2F 2.3 mmel B8k 80%%F 11.4 mm
2 HASA S71= S tH(Table 3). RhizopusSt Penicillium
o] A F:2F HHES 2H} 26.7%9F 5.3%5.24 50°C
255 A Sk AEES 47 53%% 1.3%E HolbA
THTable 4).



160 olE - Al - 8T - §AY - A

Table 2. Effects of hot water treatment on suppression of fungal and bacterial growth on leafy vegetable seeds

Seed Treatment Infection rate (%)
Temp. (°C) Time (min) Alternaria Aspergillus Penicillium Mucor Bacteria

40 15 5.1 7.7 0 0 93
20 7.7 7.7 0 0 6.7
25 103 0 0 0 53
30 5.1 0 0 0 4.0
45 15 0 0 0 0 2.7
20 0 0 0 0 2.7
Lettuce 25 0 0 0 0 1.3
30 0 0 0 0 2.7
50 15 0 0 0 0 2.7
20 0 0 0 0 1.3
25 0 0 0 0 1.3

30 0 0 0 0 0
Control - 84.6 5.1 0 0 85.3
40 15 0 0 97.4 0 14.7
20 0 0 100 0 8.0
25 0 2.6 89.7 0 93
30 0 0 97.4 0 10.7
45 15 0 0 94.9 0 10.7
. 20 0 0 94.9 0 9.3
Chinese 25 0 0 97.4 0 8.0
cabbage 30 0 0 79.5 0 40
50 15 0 0 7.7 0 53
20 0 10.3 7.7 0 4.0
25 0 0 0 0 4.0
30 0 2.6 0 0 4.0
Control - 0 0 100 0 62.7
40 15 23.1 0 0 66.7 14.7
20 30.8 0 0 64.1 13.3
25 333 0 0 61.5 6.7
30 17.9 0 0 69.2 53
45 i 15 12.8 0 0 56.4 10.7
20 12.8 0 0 61.5 8.0
Radish 25 12.8 0 0 154 8.0
30 0 0 0 28.2 6.7
50 15 0 0 0 15.6 8.0
20 0 0 0 10.3 53
25 0 0 0 10.3 53
30 0 0 0 2.6 2.7
Control - 89.7 0 0 66.7 24.0
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Table 3. Effects of hot water treatment on seed germination and
growth of fruit vegetables

Treatment On water agar

Seed Temp. Time  Germination Root length

O (min) (%) (mm)

45 15 98.7 62.2

20 100 61.5

25 973 61.8

30 973 61.6

50 15 96.0 61.2

20 973 61.6

Cucumber 25 97.3 62.1

30 98.7 61.7

55 15 98.7 57.2

20 98.7 473

25 96.0 46.2

30 96.0 434

Control - 97.3 51.8

45 15 853 11.7

20 78.7 12.0

25 84.0 12.2

30 82.7 11.6

50 15 84.0 11.1

20 74.7 12.2

Hot pepper 25 80.0 114

30 72.0 12.3

55 15 573 10.5

20 573 10.3

25 46.7 9.1

30 49.3 8.9

Control - 533 23

45 15 493 40.6

20 293 44.5

25 36.0 48.7

30 333 36.0

50 15 427 40.1

20 427 40.2

30 20.0 219

55 15 29.3 238

20 14.7 19.5

25 17.3 15.7

30 17.3 11.1

Control - 36.0 40.8
Ve AL ohA R WY Fo MURe FRHoE
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M FARE BYTs APEATIAY B8A4E A 5
e AHewsh AALE APsks RO Ak BA
M2 A0 0 gt F4LEAZ 9o g
= AOFHAUEFNaCIO)H e shetorF2 4 %

B EAAE G 161
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Mlller@r Ivey (2005)7F Alrst 2 2837 =714

I3 47°C 3032, - 50°C 15%, "5 50°C 254, 275 51°C
30%o19th SR, & AF Ao it A1 &
A zAe AR FA 45C 25f, sut F2} 50°C 15%
A Wi F, A 3 20] 5o FAF 50°C 250l AT
s Fxke 28R 278 Miller9} Iveye] A+ZA3%
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3 fAle AR @ 5 A Aol

Nega 5(2003)2 BAHAHol 93t G, v, A7
2], &, FF(lamb's lettuce)®] FAHE W<
Alternaria spp., Phoma spp., Septoria spp., Peronospora
valerianellae R Xanthomonas spp.2l &% &35 FAISH
A3 50°C 20~30% A7 AT AAATIA L

AA o] WS g dAl st shith
Nega 52 ©ol& FA| TR Alternaria spp. ﬁ?ﬂli

H= 95% oldelde™ Phoma spp.d] WA E A= 8

95% eEolzhal ik & AlddM e FAjE] A5 F
A} B F219] Alternaria spp. HEES 47 84.6%9
89.7%% 21} A5 FA} 45°C 2583} F FA} 50°C 25%
] $-o= Alternaria spp.7F A3 AEFA] ol 100%
AR EAE EArh(Table 2). #AF FA 7dd =%
o| % Aspergillus, Penicillium, Mucor $-& 53X 2]
& 96% ol AAEUL 8k Fxpl| 7FHE RhizopusS)
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Table 4. Effects of hot water treatment on suppression of fungal and bacterial growth on fruit vegetable seeds

Seed Treatment Infection rate (%)
° Temp. (°C) Time (min) Rhizopus Aspergillus ~ Penicillium Mucor Bacteria
45 15 1.3 0 12.0 0 1.3
20 2.7 0 20.0 0 4.0
25 4.0 0 24.0 0 1.3
30 0 0 18.7 0 2.7
50 15 1.3 1.3 4.0 0 0
20 0 1.3 0 0 0
Cucumber 25 0 0 0 0 1.3
30 0 0 0 0 2.7
55 15 0 0 0 0 0
20 0 0 0 0 0
25 0 0 0 0 0
30 0 0 0 0 0
Control - 4.0 0 28.0 74.7 9.3
45 15 14.7 0 0 0 48.0
20 53 0 53 0 573
25 10.7 0 27 0 48.0
30 14.7 0 1.3 0 44.0
50 15 6.7 0 0 0 38.7
20 13 - 0 1.3 0 44.0
Hot 25 53 0 13 0 26.7
pepper 30 2.7 0 0 0 24.0
55 15 0 0 0 0 333
20 0 0 0 0 40.0
25 1.3 0 0 0 44.0
30 0 0 0 0 29.3
Control - 26.7 0 53 0 77.3
45 15 54.7 4.0 0 0 0
20 36.0 0 0 0 0
25 373 1.3 0 0 0
30 28.0 1.3 0 0 0
50 15 26.7 1.3 0 0 0
20 30.7 1.3 0 0 0
Pumpkin 25 46.7 0 0 0 0
30 6.7 13 0 0 0
55 15 8.0 0 0 0 0
20 4.0 1.3 0 0 0
25 9.3 27 0 0 0
30 6.7 1.3 0 0 0
Control - 97.3 40.0 0 0 0

Aol 50°C 158 SHAXE 70.6% AAZAES et
A

Wtk g2 Al A ER 50°C 258 A=
AHoZ gre 655% AAITAE 2Y
HA 279 LEIAE Yol § 1 *3* & ZAA

71e A3E W=t 2 ol ER1e] Z2o)H (priming)
el FAbel Q9= UF f8l mAE] AAH] w
T Ao FE5 Sk B Al ME 24 SA4ER
A Agxddx LEAAE & i) FAEL B
AL &4 SREEA Wols} Ao tha Z}

Y A% HATKTable 1, 3, 5). 53], A9 E]
EFE A5 FApe) dopg2 50°C 25% H@E BAg
o vl 50% ol wobR o g sH Thtel
ek & AAE B 9 LF FAY 2FIAE B
& AASAE oA dotet R GE 2Als
3 rdEe] AAHORE Aojd Alow Avtdn
o Aol Axe oz §71EA ARl 9
F71 DA 77154 A §71%H AR
7hll frejdt AR E Zlew Zd
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Table S. Effects of optimum hot water treatment on emergence
and growth of vegetable seeds in a greenhouse

Growth
Seed Hot water treat- Emergence -
ment (%) Height Fresh wt.
(cm) (&
45°C for 25 min  96.0 6779 045
Lettuce (ol 84.0 58 033
Chinese 50°C for 25 min 92.0 54 0.50
cabbage  Control 88.0 55 0.49
. 50°C for25min ~ 96.0 120" 093™
Radish (ol 880 108 078
50°C for 25 min ~ 98.7 75.8 0.53
Cucumber ol 98.7 75.4 0.49
50°C for25min  50.7 99" 049
Red pepper 1 irol 50.7 92 035
. 50°Cfor15min  20.0 13.0™ 320"
Pumpkin ol 12.0 8.1 121

? t-test: *=p<0.05, **=p<0.01, ***=p<0.001.

o (o]
4 =
& A7e f7E Aadaty as5uwles s A%
g 2R AY S st skt GAF = Fol
B3 RIS AF ke A 28HA 24L 45°C
250l oM HiFe} I FAh 50°C 258l vk 2
A& ol5 T ol AR Fxe|9 v|ssi
RV S5, Alternaria, Aspergillus, Penicillium, Mucor 5
o] FALA FHOlE 90% ol T2 100% A EHIL

o A3 Aol 7Hdw Al A EHE 98.5%Y @

] .3 5 AF A Folle ko] 7P 2
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Penicillium, Mucor 52 9JA|1 &2 72%-954%A 3 7Y
Aate] AAE-S 65.5%~86.0%3ATH ¥ A1) Aaa =
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