Culture Development of Clean Soybean Sprout

for its Commercial Production and Higher Profit
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SUMMARY

1. Culture model reformation and development for higher profit soybean
sprout production :@ Soybean sprout should be one of the favorite foods. Its
decaying and lateral root formation during its culture were serious problems to
be overcome. Standard model for its production to control them were necessary.
The study was done to reform the patented model for overspraying method in its
production and develop the new models for both overspraying and underwatering
methods. The results were as follows.

A production model to do within the working hours of its production company
was summarized; dried soybean seeds were soaked for 5 minutes before aerated
for 40 minutes, floating seeds were removed at the beginning of 5 hour
imbibition when the remaining seeds were soaked into 2 ppm BA solution, and
then illuminated for 5 minutes with fluorescent light during 3 hour aeration
immediately before 7 day culture. The cleaning step to remove the floating seeds
could be replaced by the disinfection step, soaking the seeds into 0.1% acetic or
propionic acids for 2 minutes as proposed in the previous patent (Patent No.
382558, Korea Patent Administration), and by immersion to 60~65C hot water
for 5 minutes as proposed in the below "Establishment of technology for
preventing the soybean sprout rot incidence implemental to commercial
production”. For the friendly environmental soybean sprout product not to use the
benzyladenopurine (BA), the seeds soaked into water for 5 hours after the seed
cleaning or the disinfection could be placed and watered to the culture boxes or
machines because light treatment effect disappeared without BA. Curved type of
the sprouts preferred by its consumers was produced by five time agitation a
day upto the third day in overspraying culture method producing erect type

sprouts.

2. Establishment of technology for preventing the soybean sprout rot



incidence implemental to commercial production : Anthracnose fungus was
most pathogenic on soybean sprout, of the 5 fungi isolated from rotten sprout on
market. Other fungi and 3 bacterial strains were weakly parasitic. Sprout rot
incidence was affected by temperature conditions @ no disease developed at 32T,
severe infection at the range of 22~27C and at 17T, disease incidence was
delayed until 6th days of -cultivation. Pyroligneous acid, calcium salts and
propolis, treated either alone or in combination, proved to be somewhat effective,
but, of little practical value. Dry heat applied even at as high as 65C for 30min.
was not effective at all to eliminate C. gloeosporioides. Hot water treatment, at
elevated temperature of 55°C for 20 minutes, did eliminate the pathogen.

Based on the marginal condition allowing normal seedlot germination and
hypocotyl growth, we have optimized the wet heat treatment scheme for 5
minutes at 60C ~65C. This scheme was validated, at small to large scale
production system, that surely ruled out the possible carry over of the bacterial
contaminant from seedlots. This result should improve the shelf-life of soybean

sprout on the market.
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S gutete A A= A4
(Kang & Song, 2003; Poehlman, 1991). 2822 FLE Aabol A Huje} A3 A
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2 & e e 1996; WA 5, 1997 W R S, 1997 W els & FHAA, 1995) 0%
welste] AW 5 AL Aolth FuEe RoE YA 0@ ol FFe F
Aol wolsl 4wt pa® SAY Aelol YFAh Kang 5 (2002 AE7Hgol A
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e wa@ v v TeEu dols FFe SAAYE Fahol 5T FE 9o
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74, 53] 2x9 dA% Ao (FdE T, 199%), IE EE AvlF &5 (darg
& ML, 2000), AFF (5T &, 2004), FE (FAHE 5, 2000), 7|E4F (o] 4
5, 1999), Al2vls (3G &, 1996) & F82E9
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BA A &g Zol7] fstds dA Aue 3Fo afstet Agans Fusste
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= 4EL FHES FUET YWIA Role] A9l0] 5
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a day

»Acetic acid, propionic acid
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watering at 20-25°C
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Fig. 2. Patented model for overspraying system in soybean sprout production.
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Fig. 3. Effect of water imbibition (@) and aeration (®) time
on floating rate of soybean (cv. Pungsannamulkong)
seeds. Bars having different letters within the same
experiment are significantly different at LSD.05.
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Table 1. Comparison of seed imbibition and acetic acid treatments in composition rates
of soybean sprouts classified by the hypocotyl lengths after cultured for 6

days.*

'Pararneters Nc;rmal Abnormal  No-germ. AR CiD

Cultivars Treatments >7cm@A) 4~7emB) <4 em(©) 0 cm D)

%

Imbibition 69.8 9.6 7.6 13.1 794a°  20.6d
Funhakong i add 662 8.0 78 180  742b  258c¢
Pungsan- Imbibition 63.1 9.8 9.8 17.3 72.9b 27.1c
namulkong  Acetic acid 57.8 10.0 9.1 23.1 67.8¢c 32.2b
Junjer Tmbibition 52.2 11.1 6.9 29.8 63.3c 36.7b
MY Acetic acid 418 9.8 5.3 431  516d 484a

After seed cleaning of 5 minute imbibition into water and then 40 minute
aeration, or 2 minute imbibition into 0.1% acetic acid solution, the seeds were
soaked for 6 hours into 1 ppm BA solution, and aerated for 3 hours
immediately before 6 day culture.

¥ Hypocotyl lengths of the soybean sprouts cultured for 6 days.

¥ For comparison of 6 combined treatments of cultivars and treatments. Values
followed by the same letter are not significantly different by DMRT (P = 0.05).

A7 KRS ol &3 FAHAI acetic acidE ©o]E&F FALE Fo Aujd Fot
B9 Ay stolsa e A J=TE Table 29 2ok A<d4 v&2 7|
AF AR Adgds TAYETAA acetic acid Aol vlste] Kig EELANA A
A W) AE} FAEFTAAE FEleh 2]k glo] K acetic acid Aol w
2 A2PY A FFd e g2 S Btk shulEa v dols 23HF
S AlQstae stulSo] AW FEE Hojt % olE Aol FAUYETS
acetic acid A g oA, EAHE KiF EHA Ahdoz A} shulE =713 hook
2o ARE FAANA K mEiHE A ddAoR FoAe BIFes BATh
I

A7 KRS o8 AT acetic acidE o] &3 FTAALT T
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Table 2. Comparison of seed imbibition and acetic acid treatments in lateral root
formation, hypocotyl, root lengths and hypocotyl diameters in middle and hook

palt.*
Parameters Lateral r oot Lengths H.ypocotyl
formation diameters
Cultivars Treatments Rate  Number Hypocotyl Root Middle Hook
% no. sprout1 cm sprout1 mn sprout1
Funhak Imbibition 3.0b"  0.7bc 11.9b 5.0b 240a 1.50a
unhasons Acetic acid ~ 1.0c 03¢ 1170  54ab  240a 153a
P 1 Imbibitio 2.1bc  0.7bc 11.1c 4.9b 1.95bc 1.37bc
n

Acetic acid 6.9a 1.3a 11.6bc  59a 2.10b  1.50a
Imbibition 1.0c 0.9ab 12.9a 54ab  2.03b 1.40b
Acetic acid 0.4c 0.5bc 11.9b 4.9b 1.80c  1.30c

After seed cleaning of 5 minute imbibition into water and then 40 minute
aeration, or 2 minute imbibition into 0.1%6 acetic acid solution, the seeds were
soaked for 6 hours into 1 ppm BA solution, and aerated for 3 hours
immediately before 6 day culture.

For comparison of 6 combined treatments of cultivars and treatments. Values
followed by the same letter are not significantly different by DMRT (P = 0.05).

Junjery

g A7 ol E3 A7l AdAHTE HFAL AANME AdE F A==

2N

AES LA A4S FAAZE A7 9 o] KiEs 53 Z2AM Y acetic acid=
a
[6)

o] &3 TAAE Fo 100 kg® FUHES AN F = stHHFA 7= Aust
of I AiFES AN A= Fig. 49 2ok A 5F v At FuEe AA
< Hlugk AL g A A=

S NS KIS o] 83 A AT} acetic acidE o] &
W Zke| Aol 7t §lAth A &A= T A Aolrt gleEAGgE TALAEE

o2 o]&H acetic acid’} 4L A FEAAEA 28 = 7] wFo KIS

a
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Table 3. Comparison of seed imbibition and acetic acid treatments in fraction and
total fresh weights, economic yield of soybean sprouts.T

Parameters Fresh weights
Cultivars Treatments Cotyledon Hypocotyl Root Total
mg sot |

— Imbibition 239.8 4443 44.3 798 4ab’

unhaxong Acetic acid 2516 460.7 4877 761.0a
Imbibition 2295 403.2 34.9 667.6bc

Pungsannamulkong g 2385 4389 377 715.1b
Junie Imbibition 201.2 416.2 356 653.0cd

jery Acetic acid 187.1 390.2 30.4 607.7d

1, * Referred to the footnotes of Table 2.

Productivity (x dried seed)
N

Acetic acid Floating

Methods to reduce decaying
Fig. 4. Effect of seed imbibition and acetic acid treatments
on productivity of soybean sprouts (cv. Junjery)
cultured in the underwatering production system.
Bars having the same letter are not significantly
different at LSD.05.
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AT 2T B5CE o] 3w AdZAHR7F §AE o] 71dex] &a
22ColA a8 AFAd= a3t 2ok AFAE 3, 5, TAIFS
2 gEste] Ags & Aujgt FUES wol @ AFAHE+= Table 49} 2o A=E

Table 4. Effect of imbibition period on composition rate of soybean sprouts

classified by their hypocotyl 1ength.*
Normal Abnormal  No—germ

Parameters >7TemAY 4~7Tem® <4em(@© 0cm D AB ¢+
%
Cultivars (C)
Pungsangnamulkong 75.4 7.9 14.2 24 83.3 16.7
Sowonkong 85.0 4.3 6.8 39 82.3 10.8
Junjery 89.1 3.9 49 2.1 93.0 7.0
LSD.05 3.1 2.3 2.1 ns 34 35
Imbibition period (hrs.; P)
3 79.3 59 105 4.3 85.2 14.8
5 84.5 5.0 7.8 2.7 89.5 10.5
7 85.7 5.2 7.6 14 91.0 9.0
LSD.o5 3.1 ns 2.1 2.3 34 35
CxP Kk ns ns * ns ns

" Seeds were imbibed for the above periods into 2 ppm BA solution and then
illuminated with red light for 5 minutes of the 3 hour aeration immediately
before 6 day culture.

t Hypocotyl length of the sprouts cultivated for 6 days after the aeration.

ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.
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Table 5. Effect of imbibition period on morphological characters of soybean sprouts.T

Parameters Lateral oot formation Lengths Hypocotyl diameters
Rate Number Hypocotyl Root Middle Hook
% . sgoutl cm sprout1 mm S,prout1

Cultivars (C)

Pungsannamulkong 72.3 6.2 125 55 2.03 1.69
Sowonkong 65.6 55 12.0 54 2.30 1.77
Junjery 785 4.8 13.1 6.2 1.86 1.54
LSD.05 9.1 1.1 0.4 0.7 0.11 0.07
Imbibition period(hrs.; P)

3 86.7 6.1 12.3 5.6 2.01 1.70
5 74.5 59 12.3 5.7 2.11 1.64
7 55.2 4.6 12.6 5.8 2.07 1.66
LSD.os 9.1 1.1 ns ns ns ns
CxP ok ns ok * ns ns

Seeds were imbibed for the above periods into 2 ppm BA solution and then

illuminated with red light for 5 minutes of the 3 hour aeration, and after 6 day

culture, the sprouts having hypocotyl length of longer than 7 cm were measured.
ns, *, *x Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.

Table 6. Effect of imbibition period on fresh and dry weights of soybean Sprouts.T

Parameters Fresh weights Dry weights
Cotyledon Hypocotyl Root  Total  Cotyledon Hypocotyl Root — Total
mg sprout | mg sprout *

Cultivars (C)
Pungsangkong  291.0 514.9 425 8484 73.0 22.6 3.2 98.7
Sowonkong 3114 631.5 372 980.1 86.3 27.2 2.7 116.2

Junjery 204.2 467.9 36.2 7083 44.8 21.0 2.5 68.3
LSD.05 33.7 33.0 47 63.7 135 1.8 0.3 15.1
Imbibition period (hrs.; P)

3 254.8 501.1 40.3  796.2 65.0 22.3 3.0 90.4
5 278.1 547.0 370 862.1 66.5 24.2 2.7 93.4
7 273.7 566.2 386 8785 72.6 24.3 2.7 99.5
LSD.os ns 33.0 ns 63.7 ns 1.8 0.3 ns
CxP ns ns ok ns ns ns ns ns

" Referred to the footnotes of Table 5.

,4’7,



il

5 TAS FEFTF e o] e AAE aeration flo] AL AFE Ut AHE

1 5(1988)¢] Harel FAFERRATH Aeration Rlo] AL A=nFTE AT B¢ u
i soaking injuryE WASH7] 9% o] e wKiR LelA #EEE FEEFF F
HE FTus Aol AEH e AEFHtES ol&d TARE, Vv =2

A2 ol H8F 5 AL Aol

Moisture content

90 -

80 -

MC = 59.75 + 0.10 Hr (R? = 0.596")

'

70 -

60 -

50 [
H <—MC = 17.00 + 21.13 Hr - 2.41 Hr? (R? = 0.947*)
40 |

Moisture content (%)

30
L @-O Eunhakong
20 F V-V Pungsankong

I I T T T YT I S I S N1

0 1 1 1 1 1 1 1 1 1 1 1 1 1

0 2 4 6 8 10 12 14 16 18 20 22 24

Hours after water imbibition

Fig. 5. Water absorption of soybean seeds affected by
imbibition period.

ol
=
o
1o
o|\
N o
S
2
N
r o

15 = Ao 2 Yyt 38 BA A
A+Bie] v &2 3 5547 7 WA 5541 BAR A s 212 1129 HF
12 AAE BAR A ARG =dvh. 2y A 5587 7 HA 5547k

N

,48,



= 5 WA 5547t
BAS AT AFF stuls Aol7F 7 e oS Ao HlE&o] 12 Aoz ZAES
55717kl BAE A st A

Apol7h itk A= AH 9

iu}
k=)
)
>
By
z
X
a1
al
>,
)
-3
o8]
it
2
Ak
)
rr
P
o
Pl
Q1

s
)
=
I
ox
u |
o
u
i
o
)
off
o
=
+
o9)
ol
o
=
o
o
R
rr

Table 7. Germination and growth of soybean sprouts affected by imbibition time

to BA solution.’

Normal Abnormal No-germ.

b . A+B C+D
arameters ST em (A 4~7Ten B <4 em (C) 0 em (D)

%

Cultivars (C)

Eunhakong 26.0 179 50.4 5.7 439 56.1
Pungsankong 26.1 25.6 40.4 7.9 51.7 48.3
Sowon 445 32.7 17.2 5.6 773 22.7
Junjery 40.0 25.8 29.3 79 62.7 37.3
LSD.05 74 79 5.3 ns 4.1 4.1
BA treatment time (T)

1st 5.5 hours 32.8 27.0 31.3 89 59.8 40.2
2nd 5.5 hours 39.2 21.6 34.8 4.4 60.8 39.2
Whole 11 hours 28.4 207 36.8 7.1 56.1 43.9
LSD.05 6.4 ns 45 34 3.6 3.6
CxT ns ns ns ns ns ns

Seeds were imbibed into distilled water except the above imbibition period done

with 4.0 ppm BA solution lasted totally for 11 hours, and then illuminated 5

minutes with red light during 3 hour aeration immediately before 6 day culture.

f Soaking into the BA solution was done for the 1st 5.5 hours, the 2nd 5.5 hours
and the whole period in the Stage 1, 2, and 1+2, respectively.

: Hypocotyl length of the sprouts cultivated for 6 days after the above imbibition.

ns Nonsignificant between treatment levels or factors.

ol& g BA A YA 7|7} Al A, st st Brefe] o] B shel= 3k} hook

e AA A= TS £ARE ZAI= Table 83 2o Al FAEFT H
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Table 8. Morphological characters of soybean sprouts affected by imbibition time
to BA solution.”

Lateral Lengths,§ Hypocotyl diameters
Parameters
root Hypocotyl Root Hypocotyl Hook
no. sprout * cm sprout mn sprout -
Cultivars (C)
Eunhakong 0.0 9.2 2.7 2.32 1.62
Pungsankong 0.0 89 2.7 2.23 1.79
Sowonkong 0.0 8.8 2.7 247 191
Junjery 0.0 9.2 2.6 2.17 1.42
LSD.05 - ns ns 0.05 0.06
BA treatment time (T)
1st 5.5 hours 0.0 9.3 29 2.29 1.65
2nd 5.5 hours 0.0 94 2.9 2.22 1.67
Whole 11 hours 0.0 8.4 2.3 2.39 1.75
LSD.05 - 0.3 0.1 0.04 0.05
C x T - * ook kok ook

Seeds were imbibed into distilled water except the above imbibition period done
with 4.0 ppm BA solution lasted totally for 11 hours, and then illuminated 5
minutes with red light during 3 hour aeration immediately before 6 day culture.
Soaking into the BA solution was done for the 1st 5.5 hours, the 2nd 5.5 hours
and the whole period in the Stage 1, 2, and 1+2, respectively.

Length and diameter of >7 cm among the sprouts cultivated for 6 days after the
above imbibition.

ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.

E}HH%T% elo] Aol g tuiS A4 #EE FA BF FAFETI BA AEA
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Table 9. Fresh and dry weights of soybean sprouts affected by imbibition time to
BA solution.’

Fresh Weight§ Dry weight

Parameters

Cotyledon Hypocotyl Root  Total Cotyledon Hypocotyl Root  Total
mg sprout

Cultivars (C)
Eunhakong 321.6 508.9 373 8678 76.4 22.6 21 1011
Pungsankong 269.1 369.1 312 6694 62.6 19.2 19 83.7
Sowon 256.9 4539 330 7438 60.4 19.9 1.9 82.2
Junjery 234.1 4017 314 667.2 52.9 17.0 1.6 715
LSD.05 16.9 13.7 4.3 28.6 51 4.0 0.2 59

BA treatment time (T)

1st 5.5 hours 264.4 4309 327 728.0 62.9 18.6 1.9 83.4
2nd 55 hours  267.3 4385 3277 7385 62.1 21.2 1.8 85.1
Whole 11 hours 279.5 430.8 342 7445 64.2 19.1 1.9 85.2
LSD.05 14.6 ns ns ns ns ns ns ns

CxT ns Hk ns ns ns ns ns ns

Seeds were imbibed into distilled water except the above imbibition period done
with 4.0 ppm BA solution lasted totally for 11 hours, and then illuminated 5
minutes with red light during 3 hour aeration immediately before 6 day culture.
Soaking into the BA solution was done for the 1st 5.5 hours, the 2nd 5.5 hours
and the whole period in the Stage 1, 2, and 1+2, respectively.

Fresh and dry weights of >7 c¢cm among the sprouts cultivated for 6 days after the
above imbibition.

ns, ** Nonsignificant or significant at 0.01 probability, respectively.

A7 o= JF 713t BAE Adshs Aol AYses ¥E  doen (4
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Table 10. Cost analysis for BA treatment time during the imbibition in

production of soybean sprouts.*

BA treatment  Increment of Water untake Absorbed amount ~ Cost for BA
time moisture content D of BA treatment’
% 2 40 kg seeds’ g 40 kg seeds '~ Won 40 kg seeds
;
1st 5.5 hours 59.85 23.94 0.09576 1,927
2nd 55 hours 1.70 0.68 0.00272 55
Whole 11 hours 61.55 24.62 0.09848 1,981

' Soaking into the BA solution was done for the 1st 5.5 hours, the 2nd 5.5 hours
and the whole period in the Stage 1, 2, and 1+2, respectively.

¥ Calculated by W 503,000, selling price of BA 25 g (Source: 2002-2003 Sigma
catalog).
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Fig. 7. Effect of BA concentration on germination and growth of soybean sprouts

sorted by their hypocotyl length. The sprouts were cultivated for 6 days

after the BA treatment. The vertical bars indicate values of LSD.05.

Table

on morphological characters of soybean sprouts,.T

10. Effect of BA concentration treated at maximum water absorption stage

Parameters Lateral root formation Lengths Hypocotyl diameters
Rate  Number Hypocotyl Root  Total Middle Upper
% oo} smutl cm sprout ! mm sproutl
Cultivars (C)
Eunhakong 14.6 1.3 10.0 4.6 14.6 2.32 1.59
Pungsammamulkong ~ 14.3 05 9.3 5.3 14.6 2.04 1.41
Sowonkong 32.0 2.0 10.0 4.5 14.5 2.37 1.65
Junjery 9.7 05 11.2 4.4 15.6 1.98 1.43
LSD.05 2.7 0.1 0.2 0.2 0.4 0.05 0.09
BA concentration (ppm; B)
0 50.1 3.6 11.2 8.6 19.8 191 1.43
1 32.4 1.3 11.2 6.0 17.2 2.09 1.39
2 5.7 04 10.7 4.2 14.9 2.24 1.64
4 0.0 0.0 9.6 2.8 12.4 2.32 1.66
8 0.0 0.0 8.0 1.8 9.8 2.33 1.48
LSD.o5 3.1 0.1 0.2 0.3 0.4 0.06 0.10
CxB o stk stk stk sk sk sk

" Seeds were imbibed for 55 hours at the above BA solutions, and then aerated
for 3 hours immediately before 6 day culture.
#% Significant at 0.01 probability.
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(®) of soybean sprouts. The sprouts were cultivated
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BA Al sk W& FU=e] &4, shuls, ey AT dEFS Table 11

I g AR AAYA TS 2ok AdFolA =R, =AY, FAUET &

,56,



o= it olyd A AT Aol= X}S st Eo] AA T zko]e
1= Ao, FH A& F AAFS LdFlA JHE Eoka, 237,
FAT, FAYER Foz 7haE wbd 2P AAFS L FolA M =9,
2Tl 2 vFoldrh AA 2 7 7ol AEFE AATH AR s B
o ey A9, shis 2 e ATl SAEET Y BA AR A2 AE
o] glo] o] =AIF A& Fig. 92 23F S Ae 37 FFL 2 ppmeE BAES

Agle A9 F2 e Z7lE st AR WA Zo]
AAG Fol| zE]dts dAFALOR o] &

= = A =
A=d 25 Ade FAV 7H B et its 2939 8797 B Bl
)
2]

Table 11. Effect of BA concentration treated at maximum water absorption stage

on fresh and dry weights of soybean sprouts.*

Parameters Fresh weights Dry weights
Cotyledon Hypocotyl Root  Total — Cotyledon Hypocotyl Root Total
mg sprout | mg sprout |

Cultivars (C)
Eunhakong 3054 547.1 358 888.3 77.0 26.1 24 105.5
Pungsankong 210.6 400.3 287  639.6 51.1 174 2.1 70.5
Sowonkong 244.9 580.3 352 8604 56.4 25.4 2.3 84.0
Junjery 205.2 451.8 2717  684.7 46.7 20.7 19 69.2
LSD.gs 12.0 21.2 2.9 29.1 3.4 0.9 0.2 4.2

BA concentration (ppm; B)

0 233.8 408.0 48.2 689.9 59.5 20.0 3.2 82.8
1 231.9 507.9 30.1  769.9 56.6 22.5 2.3 81.3
2 247.3 549.7 299 826.8 573 23.4 19 82.6
4 255.8 527.7 270 8105 58.0 22.8 1.7 82.5
8 238.8 481.1 241  744.0 575 23.3 1.7 82.5
LSD.gs 134 23.7 3.3 325 ns 1.0 0.2 ns
CxB * Kk ok kK ns ns * ns

" Seeds were imbibed for 55 hours at the above BA solutions, and then aerated
for 3 hours immediately before 6 day culture.
ns, *, ** Nonsignificant, significant at 0.05 and 0.01 probabilities, respectively.
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Fig. 9. Effect of BA concentration and soybean cultivars on their component fresh

weights. The sprouts were cultivated for 6 days after the BA treatment.
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Fig. 10. Effect of BA concentration treated at lag stage after maximum water
absorption on germination and growth of soybean sprouts sorted by
their hypocotyl length. The sprouts were cultivated for 6 days after the
BA treatment. The vertical bars indicate values of LSD.05.

Table 12. Morphological characters of soybean sprouts affected by concentration
of BA treated after maximum water absorption of its seeds.”

Lateral root formation Lengths Hypocotyl diameter
Parameters Rate  Number Hypocotyl Root  Total Middle Upper
% . sgmt1 cm sprout1 mm sprout1
Cultivars (C)
Pungsannamulkong ~ 12.7 14 10.6 4.2 14.8 2.09 1.47
Sowonkong 14.9 14 10.3 4.3 14.6 2.34 1.68
Junjery 179 0.8 115 54 16.9 1.91 1.45
LSD.os ns 0.1 0.2 0.2 0.4 0.04 0.03
BA concentration (ppm, B)
0 61.4 3.4 11.7 7.2 189 1.82 1.34
1 144 2.5 115 59 174 1.97 1.48
2 0.0 0.0 11.2 44 15.6 2.01 1.50
4 0.0 0.0 10.4 3.4 13.8 2.28 1.63
8 0.0 0.0 89 24 11.3 2.50 1.73
LSD.os 77 0.2 0.3 0.3 05 0.06 0.04
C x B skeok kst ek kst ns ook kosk

" Seeds were imbibed for 5.5 hours at the above BA solutions after imbibed into
distilled water for the first 5.5 hours of maximum water absorption stage, and
then aerated for 3 hours immediately before 6 day culture.

ns, ** Nonsignificant or significant at 0.01 probability, respectively.

,59,



&3 BA AHEglskol tg wgoZA FiRF HES FXEet 1 ppm BA ¥
ZollA Altol FAEJE=Y 1 ppme BAE A A4S MAT ATFRE AT
B HlEo] AAS HAhEH= AR ZAEATE Sy e dol, o5& jeh
AAAel= BA Asrrt S7HEFE golbdd whd, Bl gk st Zol

°f 2 ppm BA TXE Hgste|x Aol A FA=x

ppme BAE A gJstefof Aol A3 FAHHA Fethe FTH 5(1989%,

1996)2] Al Ao} Hlwste] FAe] BA §5%S A48 &2 o2 dder).
Arbee B AEAAY add shuls Aolsk wrldA EAEE I BA

“2kgo] glo] olE =AY AX Fig. 11 @, ®¢F 2t shuls dol= 5 &

T FAYE Adstars A2 7P Ao FAuETa 2dET2 AdE

= Aolzt glld Wb, shul = A2 dolef virje] AFS B

_4

T T T T T T T T T T
[ s 14
15 ) ® 1 =
£ L . - £
C ‘:;Z!;J""Q, - 138 ¢
s R Sie = £
5 10 I O i T O -
s | Fr e 3¥T 08
=
g L ‘? I t 4 >
8 5| Al T g
S W Pungsannamulkong || 41 8
z m  Sowonkong S
- & Junjery Tk 4 T
0 I I 1 1 I 1 L L L 1 0
01 2 4 8 01 2 4 38

BA concentration (ppm)

Fig. 11. Effect of BA concentration treated at lag stage after
maximum water absorption on hypocotyl length (®)
and diameter (®) of soybean sprouts. The sprouts
were cultivated for 6 days after the BA treatment.
The vertical bars indicate values of LSD.05.
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Table 13. Effect of BA concentration treated at lag stage after maximum water

absorption on fresh and dry weights of soybean sprouts.*

Fresh weights Dry weights
Parameters
Cotyledon Hypocotyl Root — Total — Cotyledon Hypocotyl Root — Total
mg sprout * mg sprout |

Cultivars (C)
Pungsankong 221.8 366.0 286 6164 53.7 184 25 74.6
Sowonkong 2274 447.2 272 7018 55.6 21.2 2.3 79.1
Junjery 172.6 368.5 280  569.1 38.2 16.7 2.5 574
LSD.os 12.2 179 ns 26.3 3.0 2.3 ns 4.4

BA concentration (ppm, B)

0 190.7 296.2 378  524.8 479 16.1 3.7 67.7
1 201.3 410.2 212 6327 484 18.8 25 69.7
2 200.9 419.2 2277 6428 48.5 19.1 2.2 69.8
4 218.1 420.9 255 6645 49.8 19.7 2.0 715
8 225.2 423.2 325 6808 51.2 20.1 2.0 73.3
LSD.05 15.7 23.1 3.9 34.0 3.8 2.9 0.2 ns
CxB ns ns ok ns ns ns ns ns

" Seeds were imbibed for 5.5 hours at the above BA solutions after imbibed into
distilled water for the first 5.5 hours of maximum water absorption stage, and
then aerated for 3 hours immediately before 6 day culture.

ns, ** Nonsignificant or significant at 0.01 probability, respectively.

,61,



3) Al Al BA FY=F A

BAE A EA &A= hormoned dFo|z T

AR Aoz o]l

FFU= F7FAlol= o9 ol &
o|50] At olfF & BAE A& AREsta vk ol2dk AAbAkel Av|Rpe] o]l
A wZeol BAS o8 %5 wWuA old 3t =2 AlSE Ao o iddr). o
ek =] dE VxAEE &8tz dA gl A duE e T
TUES 76t FH4d 3 AT A A3b= Table 149 2 Al
ol AFolA Aol BEEA epgtom, Alsto] b wokd AELS AT 0.9
AelAtt. Fa FHA Fd H AATol dedle HEe=Es s 80 ~ 109
em, B2l 36 ~ 76 cm, SHHlE AHAAL 205 ~ 247 m, HAFT AABAFTL 452.3
~ 6904 mgoll FE AT AlAFTQA AFS AN AM AFS TS A o]
g AR ERYH ART FHES FHe A7l dAHsA v & 5 vk

T -
A2 olE HIP7| BN = FeFoE EReL Jdor, IAdFFANE AT FE
o 2
= hl

o
fo 12

=

%

Table 14. Growth and morphological characters of the soybean sprouts collected

from the markets."

Commercial  Lateral Length Diameters Fresh weights
brands roots Hypocotyl Root  Hypoootyl Hook — Cotyledon Hypocotyl Root  Total
o, spot | com sprout mm sprout mg sprout |
1 0.0 91 4.2 2.18 1.64 139.0 3732 20.0 5122
2 0.9 8.0 7.6 2.08 1.40 1555 2968 315 4523
3 0.0 9.8 3.6 2.05 1.23 1614 3928 274 554.2
4 0.0 10.9 3.8 2.47 1.81 1523 5381 216 6904
5 0.1 9.2 4.4 2.16 1.40 1838 376.0 324 559.8

6 0.4 9.8 3.9 210 154 1583 3585 297 5168
Mean 0.2 9.5 4.6 217 150 1584 3892 271 5476

" Products cultured at different companies were collected and measured.

TUE At BAE 482 A st ol ofFt Fobxl ubd, #e
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Fig. 12. Ratios of hypocotyl to root length affected by BA treatment
concentrations at maximum water absorption stage (@) and its
lag stage (®), and of the commercial brands collected from the
markets (©). The sprouts were cultured for 6 days after
imbibed for 5 hours at different BA solutions.
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Table 15. Combined treatment effect of BA and light on composition rate of
soybean sprouts classified by their hypocotyl length.T

Normal Abnomal  No-germ.

Parameters STem (A 4~7em® <4em (C) 0 cm (D) AB D
%

Cultivars (C)
Pungsannamulkong 772 10.3 94 3.1 875 125
Sowonkong 83.1 5.0 5.8 1.0 93.2 6.8
Junjery 90.6 3.0 55 09 93.6 6.4
LSD.os 3.1 2.1 19 1.0 2.3 2.3
BA concentration (ppm; B)
0 83.6 79 7.1 14 915 9.1
2 87.0 4.3 6.7 1.9 91.3 8.1
LSD.os 25 1.7 ns ns ns ns
Light quality during imbibition (L)
Dark 85.0 6.0 8.2 09 91.0 9.1
Red 85.6 6.3 5.7 2.4 91.9 8.1
LSD.o5 ns ns 15 0.8 ns ns
CxB ok ns * ns * *
C x L ns ns ns K ns ns
B x L ns ns ns ns ns ns
CxBxL ns ns ns ns ns ns

" Seeds were imbibed for 5 hours into 2 ppm BA solution or distilled water, and
then illuminated with red light for 5 minutes of the 3 hour aeration or not
immediately before 6 day culture.

¥ Hypocotyl length of the sprouts cultivated for 6 days after the aeration.

ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.
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Table 16. Combined treatment effect of BA and light on morphological characters

of soybean sproutsfr

Lateral root formation Lengths Hypocotyl diameters
Parameters Rate Number Hypocotyl  Root Middle  Hook
% o sgoutl cm sprout ! mm sprout1

Cultivars (C)
Pungsannamulkong 88.6 75 12.3 6.1 1.85 1.43
Sowonkong 83.7 7.8 12.9 6.0 2.01 1.53
Junjery 83.4 6.1 12.3 7.3 1.71 1.40
LSD.o5 4.0 0.8 0.2 05 0.06 0.05
BA concentration (ppm; B)
0 99.8 9.3 129 7.1 1.71 1.28
2 70.6 5.0 12.1 5.8 2.00 1.61
LSD.o5 3.2 0.6 0.2 04 0.05 0.04
Light quality 5-hour during imbibition (L)
Dark 86.2 79 12.6 6.5 1.86 1.43
Red 84.3 6.9 12.3 6.3 1.86 1.46
LSD.os5 ns ns 0.2 ns ns ns
C x B * * Kok ns Kok ns
C x L ns ok * * ns ns
B x L ns ns ns ns ns ns
CxBxL * ns ns ok ns ns

" Seeds were imbibed for 5 hours into 2 ppm BA solution or distilled water, then
illuminated with red light for 5 minutes the different light sources for 2 hours
of the 3 hour aeration or not, and after 6 day culture, the sprouts having
hypocotyl length of longer than 7 cm were measured.

ns, *, *x Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.
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Table 17. Combined treatment effect of BA and light on fresh and dry weights

of soybean Sprouts.*

Fresh weights Dry weights
Parameters
Cotyledon Hypocotyl Root Total Cotyledon Hypocotyl Root  Total
mg sprout © mg sprout

Cultivars (C)
Pungsankong  268.7 472.3 56.9 7979 67.4 22.3 41 93.8
Sowonkong 280.7 548.8 53.0 8825 61.9 24.2 3.9 90.0

Junjery 201.1 392.7 49.3 643.1 424 185 3.2 64.1

LSD.o5 14.0 19.1 3.8 32.3 48 1.0 0.2 5.8
BA concentration (ppm; B)

0 234.2 386.7 639 684.8 59.6 19.3 46 835

2 266.1 555.9 422 864.2 54.9 24.0 28 817

LSD.o5 114 15.6 3.1 26.4 39 0.8 0.2 ns
Light quality 5-hour during imbibition (L)

Dark 243.2 476.4 514 771.0 56.8 22.4 37 829

Red 257.1 466.1 54.8 7780 57.7 21.0 37 824

LSD.0s5 114 ns 3.1 ns ns 0.8 ns ns
C xB ns * Hx * ns ns ns ns
C x L ns ns ns ns * ns * *
B x L ns HK ns KK ns ns ns ns
C xBxL ns * ek * ook ns * *
;

Seeds were imbibed for 5 hours into 2 ppm BA solution or distilled water,
then illuminated with red light for 2 hours of the 3 hour aeration or not, and
after 6 day culture, the sprouts having hypocotyl length of longer than 7 cm
were measured.

ns, *, *x Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.

t}. Aeration WA
1) 24 aeration &% AH
BA &9l HFg & A A5E AT w7 AFTA7E 7]l =EHo| Q)
= 3A%F FoF ZH7F 20, 30 B 40CE FAT F 66U UHES Auiste] AR 2
W= Fig. 13, 14, 158 2k Fu=9] Dol 3 A mX= JFS FHata
=

W& dol2 BEFsle] 1 H&S TAS RS Fig. 132 2A] geration &=3Hl& F

o

>
ol



gk zpol7F ik 2y} FAEZ e F3ld 2ozt A=, salE ZHolrt
7 cm o]/ Aw HEL AYFTAA M =" wbdH FAAA 7HE vkt
(Fig. 13).

Composition rate (%)

20 30 40

Fig. 13. Effect of cultivar (®) and aeration temperature (®)
on composition rates of soybean sprouts classified
by their hypocotyl length after germination. Pungsan
and Sowon in Fig. @ are the abbreviations of

Pungsannamulkong and Sowonkong, respectively.

AEAC M 2 FES VA= AP HE (Fig. 143 A&z #d3d
AAF (Fig. 159 FUE9 wo} 2 AAI} FAFE H3O R geration =E=HTUE=
|

=T dFE A = doew UrE‘rk}Elr. A2 vE2 SAETAA 7t

,68,



W@ A

- = Formation rate q
—= No. of lateral roots

60

-1 60

40

20

Lateral root formation (%)
Lateral root (no. sproufw)

Q)
X o
) 0
oV

o® wﬁ-\e“‘ 20 30 40
Temperature (°C)

Fig. 14. Effect of cultivar (@) and aeration temperature (®) on lateral
root formation (filled bars) and its number (hollowed bars) of
soybean sprouts. Pungsan and Sowon in Fig. @ are the
abbreviations of  Pungsannamulkong and Sowonkong,
respectively. In Fig. ®, bars having different letters indicate
significant difference at 5% level of LSD.
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Fig. 15. Effect of cultivar (®) and aeration temperature (®) on cotyledon,
hypocotyl, root and their total fresh weights of soybean sprouts.
Pungsan and Sowon in Fig. @ are the abbreviations of
Pungsannamulkong and Sowonkong, respectively. Bars having the
same letter indicate insignificant difference at 5% level of LSD.
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Table 18. Effect of aeration period after BA treatment on composition rate of
soybean sprouts classified by their hypocotyl length.+

Normal Abnormal No-—germ

Parameters STem (A 4~7Tem® <dem(©) 0 cm (D) AB D
%

Cultivar (C)

Pungsannamulkong 40.5 18.1 29.6 119 58.6 41.4
Sowonkong 77.6 10.2 10.2 2.0 87.8 12.2
Junjery 51.9 17.3 26.9 39 69.2 30.8
LSD.o5 5.0 35 2.7 2.9 3.6 3.6
Aeration period (hrs; P)

1 57.6 14.4 23.4 4.6 72.0 28.0
2 555 155 23.3 5.8 71.0 29.0
3 55.2 169 22.3 5.6 72.1 28.0
4 58.4 14.0 19.9 7.8 72.4 27.6
LSD.05 ns ns 3.2 ns ns ns
CxP * ns * ns * *

" Seeds were imbibed for 5 hours into 2 ppm BA solution and then aerated for
different periods immediately before 6 day culture.

¥ Hypocotyl length of the sprouts cultivated for 6 days after the aeration.

ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.

Table 19. Effect of aeration period after BA treatment on morphological
characters of soybean Sprouts.T

Lateral root formation Lengths Hypocotyl diameters
Parameters Rate Number Hypocotyl Root Middle Hook
% o spout ! cm sprout ! mm sprout !

Cultivar (C)

Pungsannamulkong 2.5 0.2 10.5 4.1 2.25 1.53
Sowonkong 186 2.2 11.7 5.6 2.44 1.83
Junjery 3.8 0.7 12.0 4.0 2.15 1.64
LSD.os 4.7 0.3 0.3 0.3 0.07 0.04
Aeration period (hrs; P)

1 11.0 14 11.8 5.2 2.27 1.71
2 94 1.1 11.1 4.6 2.28 1.65
3 6.8 0.8 11.3 4.2 2.28 1.64
4 59 0.8 11.3 4.2 2.29 1.67
LSD.os 3.1 04 04 0.3 ns 0.04
CxP ns * * Kok ns ns

" Referred to the footnotes of Table 18.
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Table 20. Effect of aeration period after BA treatment on fresh and dry weights
of soybean sproutsfr

Parameters Fresh weights Dry weights
Cotyledon Hypocotyl Root  Total — Cotyledon Hypocotyl Root  Total
mg sprout | mg sprout *

Cultivar (C)
Pungsankong 246.9 493.5 46.6  787.0 59.1 20.4 2.3 81.8
Sowonkong 2839 563.3 484 8926 62.3 23.1 24 817

Junjery 2272 450.2 425  720.0 53.4 176 2.0 73.0
LSD.o5 10.8 17.2 34 28.0 3.2 09 0.2 4.0
Aeration period (hrs; P)

1 267.5 526.4 521  846.0 60.0 20.9 2.5 83.4
2 2445 48R8.2 436  776.3 58.6 20.3 2.2 81.1
3 248.7 494.4 439 787.0 56.7 20.0 2.2 789
4 250.1 496.4 43.8  790.2 57.8 20.2 2.1 80.1
LSD.05 125 19.9 3.8 324 ns ns 0.2 ns
CxP ns #% ns * ns * ns ns

Seeds were imbibed for 5 hours into 2 ppm BA solution and then aerated for
different periods immediately before 6 day culture.
ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.
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Table 21. Effect of water supplying interval on composition rate of hypocotyl,
morphological characters, total fresh and dry weights of soybean sproutS.Jr

Parameters Hypocotyl rate Lateral Lengths I;%/pxxzotyl Total weights
>4t <4cn roots Hypocotyl Root Middle Upper Fresh  Dry
% o, spout ! cm sprou‘{1 mn sprout mg sprout '
Cultivars (C)
Pungsankong 87.3 12.7 1.2 10.8 4.0 224 171 843.8 84.1
Sowonkong 915 84 0.6 11.1 39 247 1.77 9186 934
Junjery 92.9 7.1 1.3 11.3 5.2 212 1.73 690.7 66.9
LSD.05 44 44 0.6 ns 0.4 0.06  0.05 427 10.7
Supplying interval (hrs; I)
2 90.5 9.5 0.7 10.2 4.0 226 171 795.1 77.0
3 89.3 10.7 0.7 115 4.5 235 1.75 8645 84.3
4 92.0 8.0 1.6 11.6 4.7 222 175 7844 81.2
LSD.05 ns ns 0.6 0.6 0.4 0.06 ns 42.7 ns
Cx 1 ns ns ns ns ns * ns ns ns

" Seeds were imbibed for 5 hours into 2 ppm BA solution, and then aerated for
3 hours immediately before 6 day culture.

f Hypocotyl length of the sprouts cultivated for 6 days after the aeration.

ns, * Nonsignificant or significant at 0.05 probability, respectively.

Table 22. Effect of water supplying period on composition rate of hypocotyl,
morphological characters, total fresh and dry weights of soybean sprouts.ar

Parameters Hypocotyl rate Lateral Lengths I;ypxmtyl Total weights
>4emt <4em roots Hypocotyl Root Middle Upper Fresh  Dry
% o, srout em sprout ! mm sprout mg sprout !
Cultivars (C)
Pungsankong 85.1 14.9 2.1 10.7 4.5 221 1.72 8395 952
Sowonkong 86.8 13.2 1.6 10.7 4.2 244  1.89 8684 92.1
Junjery 94.0 6.0 1.7 115 53 196 1.58 687.1 66.7
LSD.05 7.6 7.6 ns 0.6 0.5 0.09 0.07 39.7 6.1
Supplying period (min.; P)
25 82.2 17.8 1.1 109 3.3 210 1.68 7268 775
3.0 91.7 8.3 1.7 11.6 5.0 220 171 853.3 894
35 91.9 8.1 25 10.4 5.7 231  1.80 8149 871
LSD.05 7.6 7.6 0.7 0.6 05 0.09 0.07 39.7 6.1
Cx P ns ns ns l K ¥ ns * ns

"+ * Referred to the footnotes of Table 21.
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Table 23. Treatment effect of additives and plant extracts on morphological

characters of soybean Sprouts.ar

Lengths H/R Hypocotyl diameters
Parameters . -
Hypocotyl  Root Total ratio Middle Hook
cm sprout ! mm sprout !
Cultivars (C)
Pungsannamulkong 13.7 8.8 225 1.56 1.72 1.20
Sowonkong 14.0 8.7 22.7 1.61 1.85 1.34
Junjery 11.3 8.1 194 1.40 1.77 1.26
LSD.05 0.4 05 0.8 0.11 0.12 0.05
Additives and plant extracts (A)
Tea leaves 13.9 9.7 23.6 1.43 1.73 1.27
Hard rubber tree leaves 10.9 6.8 17.7 1.60 1.78 1.29
Corn kernel 13.6 8.7 22.3 1.56 1.78 1.29
Ocher 13.4 89 22.3 151 1.79 1.27
Chitomate 13.2 8.7 219 1.52 1.81 1.20
LSD.o5 05 0.7 1.01 0.14 ns 0.07
C x A ns * * ns ns ok

" Seeds were imbibed for 5 hours into 10% of additives and plant extracts, and then
aerated for 3 hours immediately before 6 day culture.
ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.
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Table 24. Treatment effect of additives and plant extracts on fresh and dry

weights of soybean sprouts.*

Parameters Fresh weights Dry weights
Cotyledn Hypoootyl Root  Total  Cotyledon Hypocotyl Root  Total
mg sprout mg sprout

Cultivars (C)
Pungsannamulkong  226.3 4384 669 7316 54.3 20.4 39 786

Sowonkong 2403 4602 681 7686 56.6 20.5 41 812
Junjery 206.8 3035 389 5493 47.2 14.6 40 648
LSD.05 ns 20.2 46  58.8 3.5 0.9 0.3 4.2

Additives and plant extracts (A)

Tea leaves 2235 4292 626 7153 52.5 19.6 40 76.2
Hord rubber tree leaves 214.8  353.0 525 620.3 576 16.9 35 780
Corn kernel 2192 4217 59.7 700.7 52.1 19.0 39 750
Ocher 2103 4105 59.0 679.8 49.8 179 3.3 710
Chitomate 2546 3891 56.0 699.7 514 19.1 37 742
LSD.o5 ns 26.1 6.0 76.0 45 1.2 0.4 54
C x A ns ns ns ns * * ns Kk

" Seeds were imbibed for 5 hours into 10% of additives and plant extracts, and then
aerated for 3 hours immediately before 6 day culture.
ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.
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Table 25. Treatment concentration effect of hard rubber tree leaf extracts on

morphological characters of soybean sprouts.*

Lengths H/R Hypocotyl diameters
Parameters .
Hypocotyl  Root Total ratios Middle Hook
cm sprout ! mn sprout '
Cultivars (V)
Pungsannamulkong 12.2 8.3 20.5 1.47 1.88 1.33
Sowonkong 125 8.0 20.5 1.56 1.96 1.42
Junjery 104 6.9 17.3 1.50 1.77 1.28
LSD.o5 0.4 0.6 1.0 ns 0.08 0.05
Concentrations (%; C)
0 139 94 23.7 1.48 1.81 1.30
5 11.9 8.0 195 1.49 1.83 1.33
10 9.3 5.8 15.1 1.60 1.94 1.40
LSD.05 0.4 0.6 1.1 0.10 0.08 0.05
V x C k% * kk ok ns ns

" Seeds were imbibed for 5 hours into different concentrations of hard rubber tree
leaf extracts, and then aerated for 3 hours immediately before 6 day culture.
ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.
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Table 26. Treatment concentration effect of hard rubber tree leaf extracts on

fresh and dry weights of soybean Sprouts.Jr

Fresh weights Dry weights
Parameters
Cotyledon Hypoootyl Root  Total — Cotyledon Hypocotyl  Root  Total
mg sprout ! mg sprout !

Cultivars (V)
Pungsannamulkong ~ 209.0 381.6 5.8 649.3 534 18.1 35 75.0

Sowonkong 234.2 4195 537 7074 57.8 195 3.7 81.0
Junjery 197.3 291.1 40.0 528.3 54.5 149 2.9 72.3
LSD.os 15.7 215 7.8 39.3 ns 1.1 0.3 5.9
Concentrations (%; C)

0 211.3 4225 554 689.0 50.2 29.8 3.7 73.8

5 210.8 365.1 56.7 632.6 55.5 17.0 3.4 76.0
10 218.3 304.9 40.3 563.5 60.0 155 49 78.4
LSD.05 ns 215 7.4 39.3 4.9 1.1 0.3 ns
V x C ns * * ns ns ns ns ns

" Seeds were imbibed for 5 hours into different concentrations of hard rubber tree
leaf extracts, and then aerated for 3 hours immediately before 6 day culture.
ns, * Nonsignificant or significant at 0.05 probability, respectively.
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Table 27. Imbibition effect of hardy rubber tree leaf extracts on composition rate

of soybean sprouts classified by their hypocotyl 1ength.*

Normal Abnormal  No-germ

Parameters >Tem@ 4~7em B <4em(© 0 cm (D) A'B CD
%
Cultivars (C)
Pungsannamulkong 65.6 14.4 125 75 80.0 20.0
Sowonkong 72.0 14.8 9.8 3.4 86.8 13.2
Junjery 195 9.9 66.9 3.7 29.4 70.6
LSD.o5 13.2 7.3 6.0 ns 89 8.8
Culture period (days; P)
5 354 26.0 315 7.1 61.4 38.6
6 55.5 9.0 29.6 59 64.5 355
7 66.2 4.1 28.1 16 70.3 29.7
LSD.o5 13.1 7.4 6.1 ns 8.8 8.8
CxP ns w3 ns ns ns ns

Seeds were imbibed for 5 hours into 10% solution of hardy rubber tree leaf
extracts, and then aerated for 3 hours immediately before 6 day culture.
i Hypocotyl length of the sprouts cultivated for 6 days after the aeration.

ns, ** Nonsignificant or significant at 0.01 probability, respectively.
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Table 28. Imbibition effect of hardy rubber tree leaf extracts on morphological
characters of soybean sprouts.f

Lengths HR Hypocotyl diameters
Parameters Hypocotyl Root Total ratio Middle Hook

em sprout ! mn sprout !
Cultivars (C)
Pungsannamulkong 11.9 7.2 19.1 1.65 1.75 1.22
Sowonkong 11.7 6.7 184 1.75 1.91 1.36
Junjery 99 59 15.8 1.68 1.62 1.18
LSD.o5 0.6 0.6 1.0 ns 0.07 0.05
Culture period (days; P)
5 9.0 6.0 14.8 1.50 1.72 1.18
6 10.6 6.7 17.3 1.58 1.76 1.28
7 139 7.1 21.2 1.96 1.79 1.31
LSD.os 0.6 0.6 1.0 0.20 0.07 0.05
CxP sk sk sk ns sk sk

Seeds were imbibed for 5 hours into 10% solution of hardy rubber tree leaf
extracts, and then aerated for 3 hours immediately before 6 day culture.
ns, ** Nonsignificant or significant at 0.01 probability, respectively.
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Table 29. Imbibition effect of hardy rubber tree leaf extracts on fresh and dry
weights of soybean sprouts.*

Parameters Fresh weights Dry weights
Cotyledon Hypoootyl Root  Total — Cotyledon Hypocotyl  Root  Total
mg sprout mg sprout

Cultivars (C)
Pungsammanulkong  221.7 3725 66.4 660.6 58.7 16.1 3.6 784

Sowonkong 264.7 406.6 70.3 7416 60.2 17.6 40 81.8
Junjery 163.5 2575 417 4627 49.0 13.2 2.9 65.1
LSD.o5 12.3 20.4 7.0 32.7 4.4 0.9 04 51
Culture period (days; P)

5 209.7 266.3 471 5231 58.0 13.1 3.0 74.1
6 216.2 3155 542  585.9 56.6 15.1 3.4 75.1
7 224.0 454.8 771 7559 53.3 18.7 41 76.1
LSD.o5 12.3 204 7.0 32.7 4.4 0.9 04 ns
CxP o ok Kk ok Kk o Kk ok

" Seeds were imbibed for 5 hours into 10% solution of hardy rubber tree leaf

extracts, and then aerated for 3 hours immediately before 6 day culture.
=% Significant at 0.01 probability, respectively.
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Table 30. Filtering effect of hardy rubber tree leaf extracts on composition rate
of hypocotyl, morphological characters, total fresh and dry weights of
soybean sprouts.T

Hypocotyl rate Lateral Lengths Hypocotyl Total weights
Parameters Foots diameters
Sdem’ <4em Hypocotyl Root Middle Upper Fresh  Dry
% no. spout ! em sprout ! mm sprout ! mg sprout !
Cultivars (C)
Pungsankong 33.9 111 3.9 7.3 10.9 191 138 6417 804
Sowonkong 92.9 7.1 4.8 6.9 10.7 205 146 685.1 885
Junjery 34.2 65.8 2.7 5.7 9.0 177 132 4478 64.0
LSD.05 6.4 6.4 0.6 0.7 0.6 0.07 0.03 44.8 6.1
Filtering (F))
No-filtering 724 275 3.6 6.5 10.3 192 137 601.8 786
Filtering 71.6 285 4.0 6.8 10.1 1.90 1.39 581.2 766
LSD.0O5 ns ns ns ns ns ns ns ns ns
Cx P ns ns ok ns ns ns ns ns ns

" Seeds were imbibed for 5 hours into its 10% solutions and then aerated for 3
hours immediately before 6 day culture.
ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.
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Table 31. Effect of storage period of hardy rubber tree leaf extracts on
composition rate of hypocotyl, morphological characters, total fresh
and dry weights of soybean (cv. Pungsamnamulkong, Sowonkong and
Junjery) sprouts.”

H 1 Length Hypocot Total ight

Parameters ypocotyl rate 1;22:5:;1 engths diameters otal weignts

>S4t <4dem Hypocotyl Root Middle Upper Fresh  Dry
% o spout! em sprout ! mn sprout mg sprout '
Storage concentration (%, C)

10 91.2 89 4.1 10.7 7.6 1.80 131 5837 742
100 82.8 17.1 35 9.7 6.5 1.82 1.33 566.5 76.9
1L.SD.0O5 15 15 0.3 0.1 0.1 ns ns ns ns

Period (months; P)

0 90.7 9.3 4.2 10.2 6.7 1.81 132 b87.2 817
2 87.2 12.8 4.1 9.9 7.0 1.76 132 540.0 733
4 85.4 14.4 3.8 10.4 7.0 1.75 126 5773 745
6 84.7 154 44 10.3 7.4 1.92  1.39 596.0 72.7
LSD.05 2.1 2.2 04 0.2 0.2 004 0.04 27.3 4.7
Cx P ok sksk sksk ok EES sk * ns ns

" Seeds were imbibed for 5 hours into different solutions and then aerated for 3
hours immediately before 6 day culture.
ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.
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Fig. 24. Effect of fluorescent light treatment during 24 hour imbibition
and 6 day culture on lateral root formation of soybean
sprouts. Light treatments was lasted during the imbibition but
done 50 minutes a day during the culture. Bars having
different letters within the same cultivar and light treatment

during the imbibition are significantly different at LSD.05.
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Table 32. Analysis of variance using composition rates of the hypocotyl lengths
affected by the light treatments (LT) during 24 hour imbibition and 6
day culture.

Normal Abnomal No—germ
Parameters P A+B  C+D
>7em (A 4~7em@®B <4em© 0 cm (D)
Cultivars (C) % *ok ok sk * %
LT during imbibition (LI) ok ns stk ok ok ok
LT during culture (LC) * ns ns ns ns ns
C x LI Hok sk Kok sk Kok Kok
C x LC ns ns ns ns ns ns
LI x LC ns ns ns ns ns ns
Cx LI x LC ns ns ns ns ns ns

" Under darkness or fluorescent light illumination, the seeds were soaked in 4.0 ppm
BA solution for 6 hours after three times of aeration for 0.5 hour following 5.5
hour water imbibition. Fluorescent light treatments during the imbibition and the
culture were done 24 hours and 50 minutes a day, respectively.

¥ Hypocotyl length of soybean sprouts cultured for 6 days after 24 hour imbibition.

ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probability, respectively.
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Table 33. Effect of fluorescent light treatment during 24 hour imbibition on

composition rate of soybean seed germination and sprout development.*

Light Normal Abnomal  No—germ

Culti A+B C+D
HHVALS e atments >T7em A 4~7Tem® <4em(© 0 cm (D)
%

51.7 17.3 6.0 25.0 69.0 31.0

Eunhakong Fluorescent
Dark 447 21.3 20.0 14.0 66.0 34.0
Fluorescent 57.7 14.6 9.0 18.7 72.3 277

Hannamk

€ Dark 466 105 56 373 571 429
LSD.6 3.0 4.1 2.3 54 5.0 49

Under darkness or fluorescent light illumination, the seeds were soaked in 4.0
ppm BA solution for 6 hours after three times of aeration for 0.5 hour following
55 hour water imbibition. Fluorescent light treatments during the imbibition and
the culture were done 24 hours and 50 minutes a day, respectively.

Hypocotyl length of soybean sprouts cultured for 6 days after 24 hour imbibition.

Table 34. Effect of fluorescent light treatment during 24 hour imbibition on
hypocotyl length and its diameter of soybean sprout.*

. Light Lengths Hypocotyl diameters
Cult
witvars treatments Hypocotyl Root Total Middle Hook
cm sprout ! mn sprout |
Fluorescent 8.8 15 10.2 19 2.0
Funhakong 4o 9.8 26 12.4 17 18
Fluorescent 8.9 2.2 11.1 1.8 2.0
Hannamkong 1 10.8 3.9 147 17 18
LSD.05 0.5 0.1 0.5 0.1 01

Under darkness or fluorescent light illumination, the seeds were soaked in 4.0 ppm
BA solution for 6 hours after three times of aeration for 0.5 hour following 5.5
hour water imbibition. Fluorescent light treatments during the imbibition and the
culture were done 24 hours and 50 minutes a day, respectively.

Hypocotyl length (cm Sproutfl) of soybean sprouts cultured for 6 days after the 24
hour imbibition.

ns Nonsignificant or no-interaction between treatments or treatment factors.
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€3 FEAYR dABA T SR o= AGHt s Frbel o A
Rom, olelgh FagF koM Z AFS BT (Table 35). A

CRENS
EEE Y5 oG AF LAY A 4TS RAT (Table 36).

Table 35. Effect of fluorescent light treatment during 24 hour imbibition on
cotyledon, hypocotyl, root, total fresh weights and economic yield of
soybean Sproufr .

Cultivars treifn};ts Cotyledon  Hypocotyl ~ Root Total EC;)E;“C
mg sprout |
Bunhakong Fluorescent 385 411 26 822 437
Derk 340 349 33 722 383
Fluorescent 385 328 36 749 364
Hannamkong 327 306 39 672 345
LSD.05 14 2 3 27 23

" Under darkness or fluorescent light illumination, the seeds were soaked in 4.0 ppm BA
solution for 6 hours after three times of aeration for 0.5 hour following 55 hour water
imbibition. Fluorescent light treatments during the imbibition and the culture were done 24
hours and 50 minutes a day, respectively.

Hypocotyl length (cm sprout ') of soybean sprouts cultured for 6 days after the 24 hour
imbibition.

Table 36. Effect of fluorescent light treatment during 24 hour imbibition on
cotyledon, hypocotyl, root, total dry weights and economic yield of
soybean SproutTA

. Light Economic
Cultivars treatments Cotyledon  Hypocotyl Root Total vield
mg sprout |
Fluorescent 66.4 22.0 2.3 90.7 24.3
Eunhakong
Dark 60.4 19.2 35 83.2 22.8
Fluorescent 67.8 17.2 3.1 88.1 20.3
Hannamkong
Dark 58.6 15.6 4.2 78.3 19.8
LSD.05 3.0 1.3 0.3 2.6 14
t¥

Referred to the footnotes of Table 35.
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Fig. 25. Spectrum of light sources used in the experiments.

Measurement was done with spectroradiometer
(LI-1800, LI-COR)
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Table 37. Effect of storage period of hardy rubber tree leaf extracts on
composition rate of hypocotyl, morphological characters, total fresh
and dry weights of soybean Spl’OUtS.*

Hypocotyl

Parameters Hypocotyl rate Lateral Lengths P Total weights
>4cemt <4cn roots Hypocotyl  Root Middle Upper Fresh Dry
% no. spot ! em sprout | mm sprout | mg sprout
Cultivars (C)
Pungsankong 719 281 2.4 10.6 9.3 1.78 141 34 752
Sowonkong 93.1 6.9 45 10.6 8.6 1.98 147 33 769
Junjery 834 166 4.1 12.7 84 176 1.22 29 669
LSD.05 2.8 2.8 04 0.2 0.3 0.05 0.04 0.3 5.0
Light sources (L)
Fluorescentl (Osram) 81.1 189 3.1 10.9 84 1.89 1.40 3.3 76.0
Fluorescent?2 (FLA0D) 81.2  18.8 3.2 11.3 88 1.83 135 31 721
Fluorescent3 (Philips) 84.9  15.1 4.8 12.0 9.3 1.79 134 35 733
Incandescent 81.8 182 29 10.8 84 1.89 1.27 25 714
Dark 8.0 150 4.2 11.5 9.1 1.80 148 35 723
LSD.05 3.6 3.6 0.6 0.3 04 0.07  0.05 ns ns
Cx P ns ns ok sk % % ok ns ns

Seeds were imbibed for 5 hours into 2 ppm BA solution and then illuminated
with the different light sources for 2 hours of the 3 hour aeration immediately
before 6 day culture.

¥ Hypocotyl length of the sprouts cultivated for 6 days after the aeration.

ns, ** Nonsignificant or significant at 0.01 probability, respectively.
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Table 38. Effect of different light sources on composition rate of hypocotyl,
morphological characters, total fresh and dry weights of soybean sprouts.T

Parameters Hypocotyl rate Lateral Lengths ?a:::j;l Total weights
>4cemt <4cen roots Hypocotyl  Root Middle Upper Fresh Dry
% no. sgoutl cm Sprout1 mm sprout ! mg sprout !
Cultivars (C)
Pungsankong 68.0 32.0 2.6 11.2 9.9 1.75  1.30 966.9 76.2
Sowonkong 90.1 9.9 55 119 9.2 1.90 156 681.9 79.8
Junjery 836 164 55 13.2 9.7 1.80 1.30 614.8 68.6
LSD.05 3.2 3.2 04 04 0.3 0.05 0.04 322 41
Light sources (L)
Fluorescentl (Osram) 799  20.1 49 119 10.1 1.93 150 6187 76.2
Fluorescent2 (F14A0D) 799  20.1 4.7 124 9.9 1.89  1.27 648.3 759
Incandescent 80.6 194 4.5 12.6 9.7 1.66 1.63 6171 759
Red LED 826 174 45 12.1 9.3 1.77 133 6132 75.0
Blue LED 799 201 39 115 9.2 1.81 1.20 6086 714
LSD.05 ns ns 0.6 05 0.4 0.06 0.06 ns ns
Cx P * % sk ns ns ksk kok ns ns

" Seeds were imbibed for 5 hours into 2 ppm BA solution and then illuminated with
the different light sources for 2 hours of the 3 hour aeration before 6 day culture.

¥ Hypocotyl length of the sprouts cultivated for 6 days after the aeration.

ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.
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Table 39. Effect of light treatment period on composition rate of hypocotyl,
morphological characters, total fresh and dry weights of soybean (cv.
Pungsannamulkong, Sowonkong and Junjery) sprouts,.T

Hypocotyl rate Lateral Lengths mm Total weights
Parameters diameters
>d4emt <4cem roots Hypocotyl  Root Middle Upper Fresh Dry
% no. spot ! em sprout | mm sprout | mg sprout '
Light sources (L)
Fluorescent (FLAOD) 788 21.2 7.6 139 104 1.85 1.36 689.8 74.1
Red LED 787 213 6.4 137 100 181 1.37 6759 73.3
LSD.05 ns ns 0.4 ns 0.2 002 ns ns  ns
Light treatment period (min.; P)
5 765 235 7.2 141 104 1.80 1.32 709.7 771
30 80.3 197 6.3 13.8 10.1 1.88 1.38 680.8 71.6
60 794 205 7.0 135 100 182 134 668.8 745
120 788 21.2 7.6 137 102 1.82 141 672.2 715
LSD.05 2.5 2.5 0.6 0.2 0.3 0.03 0.02 2715 33
Cx P ns ns ok ns ok ok ok ns ns

" Seeds were imbibed for 5 hours into 2 ppm BA solution and then illuminated
with the different light sources for 2 hours of the 3 hour aeration immediately
before 6 day culture.

Hypocotyl length of the sprouts cultivated for 6 days after the aeration.
ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.
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Table 40. Effect of light intensity on composition rate of hypocotyl, morphological
characters, total fresh and dry weights of soybean Sprouts.*

Hypocotyl .
Parameters Hypocotyl rate Lateral Lengths derreters Total weights
Sd4emt <4cm roots Hypocotyl  Root Middle Upper Fresh Dry
% no. spot ! em sprout | mm sprout | mg sprout
Cultivars (C)
Pungsannamulkong 61.1 389 3.9 10.6 9.7 193 145 5749 76.6
Sowonkong 90.6 94 7.3 11.8 9.3 2.00 147 694.4 76.0
Junjery 81.2 188 39 125 9.0 1.87 118 6416 66.3
LSD.05 3.1 3.1 0.8 04 ns 0.06 0.10 105 34
Light intensity (umol; I)
0 739 261 5.0 115 94 193 135 630.3 70.0
7 787 213 5.1 115 9.2 191 134 6315 728
150 80.2 198 49 12.0 94 1.96 141 649.3 76.2
LSD.05 3.1 3.1 ns 04 ns ns ns 105 34
Cx P ns ns Kok ok ns ok ok BT ns

" Seeds were imbibed for 5 hours into 2 ppm BA solution and then illuminated
for 5 minutes of the 3 hour aeration, and after 6 day culture.
Hypocotyl length of the sprouts cultivated for 6 days after the aeration.

ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.
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Photo. 2. The automatic conveyor system combined light treatment and drying,

and the modified system using fluorescent light.
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Table 41. Light treatment effect with light treatment equipments on composition
rate of hypocotyl, morphological characters, total fresh and dry
weights of soybean sprouts.*

Hypocotyl rate Lateral Lengths mw1 Total weights
Parameters diameters
>4em® <4em roots Hypocotyl  Root Middle Upper Fresh Dry
% o, spout ! em sprout ' mm sprout * mg sprout *
Cultivars (C)
Pungsannamulkong 89.8  10.2 6.3 12.7 6.5 218 1716 781.2 83.1
Sowonkong 93.2 6.8 3.6 12.3 6.0 256 2.09 9304 954
Junjery 286 614 2.3 9.7 5.0 220 178 613.2 710
LSD.05 3.8 3.8 1.2 04 04 012 0.06 40.7 56
Light treatment (L)
Fluorescent 739 261 3.7 11.7 59 231 186 7852 835
Red 738 262 4.4 114 57 232 189 7646 828
LSD.05 ns ns ns ns ns ns ns ns ns
Cx L ns ns * * ox ns ns ns ns

" Seeds were imbibed for 5 hours into 2 ppm BA solution, and then illuminated with
red or fluorescent light for 5 minutes of the 3 hour aeration before 6 day culture.

¥ Hypocotyl length of the sprouts cultivated for 6 days after the aeration.

ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.
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Table 42. Effect of BA treatment under different culture system on composition
rate of hypocotyl, morphological characters, total fresh and dry
weights of soybean sprouts.

Lateral Lengths Hypocotyl diamreters Total weights
Parameters
roots Hypocotyl  Root Middle Upper Fresh Dry

no. spout cm sprout mm sprout mg sprout |
Culturing method (C)
Overspraying 7.7 13.1 114 1.82 1.43 633.8 63.5
Underwatering 3.2 9.7 8.2 1.92 1.37 518.9 63.3
1LSD.05 1.2 0.4 0.7 0.06 ns 31.3 ns
BA concentration (ppm; B)
0 9.2 12.8 12.3 1.63 1.18 501.9 62.2
2 1.7 11.0 8.3 2.11 1.62 650.7 64.6
LSD.05 1.2 09 1.7 0.06 0.06 31.3 ns
C x L * * ns ns Hx ns ns

" Seeds were imbibed for 5 hours into 2 ppm BA solution, and then illuminated with
red or fluorescent light for 5 minutes of the 3 hour aeration before 6 day culture.

¥ Hypocotyl length of the sprouts cultivated for 6 days after the aeration.

ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.
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Table 43. Effect of water supplying method and BA treatment on colour and
cutting resistance of soybean (cv. Junjery) Sprouts.f

Hypocotyls Roots Cutting
Parameters ¥ :
L a b L a b resistance
1o, sprout! g sprout *

Culturing method (C)
Overspraying  37.03 -0.72 8.90 47.41 1.09 1213 b 2393.56
Underwatering ~ 40.42 -0.14 11.78 44.20 1.11 11.56 1902.99

LSD.os 2.75 ns 1.15 1.64 ns ns 262.97

BA concentration (ppm; B)

0 36.06 -0.31 9.54 4514 0.79 11.23 2150.04

2 41.39 -055 11.14 46.46 1.40 12.46 2146.52

LSD.os 2.75 ns 1.15 ns ns 1.12 ns
CxB ns ns ns *3% ns ns ns

" Seeds were imbibed for 5 hours into different BA concentration, and then
illuminated with red light for 5 minutes of the 3 hour aeration before culturing.
L, brightness; a, + red ~ - green; b, + yellow ~ - blue.

ns, *, *x Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.
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Table 44. Effect of BA treatment under different culture system on composition
rate of hypocotyl, morphological characters, total fresh and dry
weights of soybean sprouts.*

Lateral Lengths Hypocotyl diameters Total weights
Parameters
roots Hypocotyl Root Middle Upper Fresh Dry
0. S 1 em sprout | mm sprout | mg sprout

Culturing method (C)

Overspraying 7.2 14.3 12.1 1.88 1.41 652.7 64.3
Underwatering 1.9 9.0 8.0 2.05 1.38 531.3 65.0
LSD.05 0.7 0.2 0.3 0.05 ns 20.1 ns
BA concentration (ppm; B)

0 75 12.0 12.1 1.78 1.23 533.9 65.8
2 1.6 11.3 8.0 2.14 1.56 650.1 63.7
LSD.05 0.7 0.2 0.3 0.05 0.07 20.1 ns
Light treatment (L)

Dark 55 12.0 10.7 2.05 1.39 607.6 65.9
Fluorescent 3.6 11.3 9.4 1.87 1.40 576.3 63.4
LSD.05 0.7 0.2 0.3 0.05 ns 20.1 ns
C x B koK koK ns *ok *ok ok ok
C xL ns w3k ok * ns ns ns
B x L skok skok Kk ok ok Kk skok
CxBxL ns ns Hk ok ns Hk ns
N

Seeds were imbibed for 5 hours into 2 ppm BA solution, and then illuminated with
red or fluorescent light for 5 minutes of the 3 hour aeration before 6 day culture.

¥ Hypocotyl length of the sprouts cultivated for 6 days after the aeration.

ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.
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Table 45. Effect of water supplying method, BA and light treatments on colour
and cutting resistance of 5-day old soybean (cv. Junjery) Sprouts.+

H 1 i
Parameters . ypocotyls Roots Cgttlng
L a b L a b resistance
no. sprout - g sprout *

Culturing method (C)
Overspraying 38.49 -0.74 9.12 35.23 0.55 10.78 2018.47

Underwatering 39.35 -0.27 11.33 43.12 0.64 10.23 2172.30
LSD.os ns ns 1.26 ns ns ns ns

BA concentration (ppm; B)

0 36.45 057 951 43.15 0.36  10.03 2167.53
2 4138 -045 1094 4512 0.83 1099 2023.24
LSD.os 2.02 ns 1.26 ns ns 0.79 ns

Light treatment (L)

Dark 39.11 -058 10.11 42.58 0.09 9.17 2042.49
Fluorescent 38.72 -043 10.34 45.80 1.10 11.85 2148.28
LSD.os ns ns ns ns 0.56 0.79 ns
CxB ns ns ns ns ns ns ns
C x L * ns ns ns ns ns ok
B x L ns ns ns ns ns ns ns
CxBxL ns ns ns ns ns * ns
;

Seeds were imbibed for 5 hours into 2 ppm BA solution, and then illuminated with
red or fluorescent light for 5 minutes of the 3 hour aeration before 6 day culture.

t L, brightness; a, + red ~ — green; b, + yellow ~ - blue.

ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.
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Table 46. Effect of culturing method on lateral root formation, hypocotyl and root
lengths, hypocotyl and hook diameters of soybean (cv. Junjery) sprouts.*

Lengths Hypocotyl diameters
Parameters Lateral roots -
Hypocotyl  Root Total Middle Hook
no sprout * em sprout ! mn sprout
Overspraying 2.0 12.9 79 20.8 1.90 1.57
Underwatering 5.6 11.8 95 21.3 2.09 1.78
LSD.05 1.0 0.4 1.1 ns 0.08 0.08

" Seeds were imhibed for 5 hours into 2 ppm BA solution, and then illuminated
with fluorescent light for 5 minutes of the 3 hour aeration before 6 day culture.
ns Nonsignificant between treatment levels.
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soybean (cv. Junjery) sprouts.
; A

Fig. 287}
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fu

Parameters
Seeds were imbibed for 5 hours into 2 ppm BA solution, and then illuminated

with fluorescent light for 5 minutes of the 3 hour aeration before 6 day culture.

ns Nonsignificant between treatment levels.
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Fig. 28. Temperature affected by different watering methods in

culturing soybean sprouts.

Table 48. Effect of different culturing methods on colour and cutting resistance

of soybean (cv. Junjery) splrouts.ar

Hypocotyls Roots Cutting
Parameters F ;
L a b L a b resistance
g sprout !

Overspraying 44.43 0.86 17.89 47.03 2.45 16.32 2164.04
Underwatering  47.24 -0.23 13.62 40.63 0.32 10.07 2113.18
LSD.05 ns ns ns ns ns ns ns

" Seeds were imbibed for 5 hours into 2 ppm BA solution, and then illuminated
with fluorescent light for 5 minutes of the 3 hour aeration before 6 day culture.
L, brightness; a, + red ~ — green; b, + yellow ~ - blue.

ns Nonsignificant between treatment levels.
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Table 49. Agitation effect of plastic culture box in the overspraying method on
lateral root formation, hypocotyl and root lengths, hypocotyl and hook
diameters of soybean (cv. Junjery) sprouts.’

Agitation Lateral roots Lengths H/R - Ld
Hypocotyl Root  Total — ratio Middle Hook
no. day no sprout | cm sprout | mn sprout *
0 1.1 10.3 5.8 16.1 1.78 2.13 1.62
3 1.0 95 6.3 15.8 151 2.17 1.66
5 0.9 9.0 6.8 15.8 1.32 2.20 1.76
LSD.05 ns 0.7 0.8 ns 0.16 ns 0.10

" After seeds were imbibed for 5 hours into 2 ppm BA solution, and then aerated
for 3 hours before 6 day culture, plastic culture boxes were agitated for 3 days.
ns Nonsignificant between treatment levels.

3 agitations/day 5 agitations/day

Photo. 3. Agitation effect of plastic culture
box in the overspraying method on
shape of soybean sprouts.
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Table 50. Agitation effect of plastic culture box in the overspraying method on fresh
. . . +
and dry weights of components in soybean (cv. Junjery) sprouts.

Agitation Fresh weights Dry weights
Cotyledon Hypocotyl Root — Total  Cotyledon Hypocotyl Root — Total
no. day*1 mg sprout mg sprout
0 207.2 429.0 44.2 680.4 415 189 2.7 63.0
3 205.6 440.2 444 690.2 40.0 22.1 2.5 64.6
5 207.8 433.3 444 685.5 41.0 20.0 2.7 63.7
LSD.o5 ns ns ns ns ns ns ns ns

" After seeds were imbibed for 5 hours into 2 ppm BA solution, and then aerated
for 3 hours before 6 day culture, plastic culture boxes were agitated for 3 days.
ns Nonsignificant between treatment levels.
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Table 51. Agitation period effect of plastic culture box in the overspraying
method on lateral root formation, hypocotyl and root lengths,
hypocotyl and hook diameters of soybean (cv. Junjery) sprouts.+

Agitation Lengths H/R Hypocotyl diameters
. Lateral roots . .
period Hypocotyl  Root Total  ratio Middle  Hook
days no sprout | em sprout ! mn sprout
1 2.1 11.3 6.0 17.3 1.88 2.01 1.71
2 15 10.8 6.9 17.7 1.56 2.12 1.72
3 0.8 104 7.3 177 1.42 2.19 1.76
LSD.o5 0.8 0.6 1.3 ns 0.15 ns ns

" After seeds were imbibed for 5 hours into 2 ppm BA solution, and then aerated for 3
hours before 6 day culture, plastic culture boxes were agitated 5 times per day during
above agitation period.

ns Nonsignificant between treatment levels.
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Table 52. Agitation period effect of plastic culture box in the overspraying
method on fresh and dry weights of components in soybean (cv.
Junjery) sprouts.”

Agitation Fresh weights Dry weights
period  Cotyledon Hypocotyl Root  Total  Cotyledon Hypocotyl Root  Total
days mg sprout | mg sprout |
1 210.6 422.7 38.3 671.6 42.8 194 2.4 64.5
2 215.8 439.1 37.8 692.7 43.1 19.8 2.3 65.3
3 210.8 435.7 34.1 680.6 41.8 20.6 2.1 64.5
LSD.0o5 ns ns ns ns ns ns ns ns

" After seeds were imbibed for 5 hours into 2 ppm BA solution, and then aerated for 3
hours before 6 day culture, plastic culture boxes were agitated 5 times per day during
above agitation period.

ns Nonsignificant between treatment levels.
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Table 53. Pressing effect of plastic culture box in the overspraying method on
lateral root formation, hypocotyl and root lengths, hypocotyl and hook

diameters of soybean (cv. Junjery) sprouts.ar

Lengths H/R Hypocotyl diameters
Parameters Lateral roots .

Hypocotyl  Root  Total Ratio Middle Hook

no. sprout em sprout mn sprout
No pressing 3.7 11.8 7.8 19.6 1.42 1.98 1.71
Alternation (Upper) 0.7 11.7 59 17.6 1.98 2.17 1.73
Alternation (Bottom) 0.7 11.6 6.0 17.6 1.93 2.16 1.66
Continuous pressing 0.2 10.6 7.7 18.3 1.38 2.23 1.64

LSD.o5 0.7 0.4 0.5 08 041 0.07 ns

" After seeds were imbibed for 5 hours into 2 ppm BA solution, and then aerated for 3
hours before 6 day culture, the pressing treatments were done with plastic culture
boxes with growing sprouts.

ns Nonsignificant between treatment levels.
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Table 54. Pressing effect of plastic culture box in the overspraying method on

fresh and dry weights of soybean (cv. Junjery) sprout cornponents.dr

Parameters Fresh weights Dry weights
Cotyledon Hypocotyl Root Total Cotyledon Hypocotyl Root Total
mg sprout | mg sprout
No pressing 197.0 390.9 446 6324 39.8 18.7 29 614

Alternation (Upper)  196.2 454.1 34.3 684.6 39.2 20.5 26 623
Alternation (Bottom) 199.5 4199 332 6526 40.5 19.3 27 625
Continuous pressing  193.8 468.0 399 701.7 39.9 20.7 2.2 629
LSD.o5 ns 25.2 95 372 ns ns 04 ns

" After seeds were imbibed for 5 hours into 2 ppm BA solution, and then aerated for 3
hours before 6 day culture, the pressing treatments were done with plastic culture
boxes with growing sprouts.

ns Nonsignificant between treatment levels.
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Table 55. Pressing period effect of soybean (cv. Junjery) sprouts grown by the
underwatering method on their lateral root formation, hypocotyl and
root lengths, hypocotyl and hook diameters.”

Lengths H/R  Hypocotyl diameters
Parameters — Lateral roots T RO Total Ratio Middle  Hook
no. sprout em sprout mn sprout
No pressing 3.1 84 75 159 112 1.90 1.18
Pressing after 4th days 1.8 8.2 75 157  1.09 2.10 1.23
Continuous pressing 15 8.0 7.8 158 1.03 2.13 1.17
LSD.0o5 0.9 0.3 ns ns ns 0.18 ns

" After seeds were imbibed for 5 hours into 2 ppm BA solution, and then aerated for 3
hours before 6 day culture, the pressing treatments were done with 10 kg stainless
sinker over growing sprouts.

ns Nonsignificant between treatment levels.

After 4th days Continuous pressing

Photo. 4. Pressing effect on shape of soybean (cv.

Junjery) sprouts grown by the
underwatering method.
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Fresh weights
Cotyledon Hypocotyl Root Total

182.7

184.4

178.3
ns

underwatering method on fresh and dry weights of their components.

Parameters
hours before 6 day culture, the pressing treatments were done with 10 kg stainless

sinker over growing sprouts.

After seeds were imbibed for 5 hours into 2 ppm BA solution, and then aerated for 3
ns Nonsignificant between treatment levels.

Table 56. Pressing period effect of soybean (cv. Junjery) sprouts grown by the

Pressing after 4th days

Continuous pressing

No pressing
LSD.»s
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o

o
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m 23 2 1%
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7} RoQite] B - A

A% 9 Al ARF FAF FHE sampledl 4 Fel® wAAAT 27
FFE BY AT A% @l 53} AT 3F 5 F 8FL AUW ol E
Fobgel W@ Hega AAA Sl ds) A,

Table 1. Fungal and bacterial isolates associated with soybean sprout rot and

pathogenicity.
Isolate(number) Local Pathogenicity
Fusarium reticulatum (3) (Jinju) +
Fusarium sp. (3) (Gyeongju, Pohang, Cheongju) +

Colletotrichum

glocosporivides (10) (Jinju, Gyeongju, Iksan, Pohang, Cheongyang) ++
Phoma sp. (4) (Jinju Iksan) +
Geotrichum sp. (4) (Jinju Iksan Gyeongju) -
Microccocus luteus (1) (Jinju) +
Enterobacter cloacae (1)  (Jinju) +
Pseudomonas putida (1)  (Jinju) +

a, —, avirulent; +, weakly pathogenic; ++, highly pathogenic.
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Symptom Macroconidia
Plate 1. Symptom of Fusarium rot.
2) Phoma ol <Jst F-3l 57
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" Pycnidia

Symptom Pycnidium

Plate 2. Symptom of Phoma rot.
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Conidia

Setae

Symptom

Plate 3. Soybean sprout rot caused by Colletotrichum gloeosporioides.
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Sowonkong Junjery Pungsannamulkong

Plate 4. Physiological spot on cotyledon.

D FUE AWeEd oe g4y BagE
FFUEE YRS ozt gglom, Au 39 Fo FuEd e w
Aol Ape gauel # F AH vhehts] Alzbshe] 4dmelE LEW WA W

BRI Apol= Fgleke] 27CsF 22T A2l rolM= e o] Astditt. 32T
Aol M= A o]l i, 17T = ukdo] 3 T velot A uj
64 Fol= AgH shujsol el WHH A (Fig. 1).
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Fig. 1. Effect of temperature on sprout rot incidence.
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Table 2. Inhibitory effect of plant crude extracts, pyroligneous acid and propolis

on anthracnose disease incidence.

Inhibition of Seed

Scientific name Clean zone L L Remarks
spore germination germination
Allium . . .
+++ + Germination Fungistasis
scorodoplasm
Phellodendron . .
- - Germination
amurense
Acorus gramineus e+ + None “
Dictamus albus e+ + None “
Pyroligneous acid o e None “
) Delayed “
Propolis +++ + o
germination

Table 3. Effect of seed soaking in Pyroligneous acid on sporut rot incidence.

Time (min.) Concentration No. of necrotic spot Incidence (%)
3 10 x 2.4 88.0
5 10 x 1.0 15.0
30 10 x 0 0
60 10 x = -

a, Soybean seeds were not germinated.

dudgda ZrEes 268 FRsbA wi A Gl AAHE FAste] &
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2 A FRER AAEARE AR A 25u)ek 50M) FIolA e oA &t
7b AR ESAT ol AAE LA, 1008 F ol A= dobrp of3h Alds o el v
2 UAAT (Table 4).

A

Table 4. Effect of Propolis on soybean sprout rot incidence by seed soaking

Delayed
Concentration Time (min.) . N ?ye . Incidence (%)
germination period
25 x 5 2 day 0
50 x 5 1 day 0
100 x 5 weakly 15

2A3 = dsAEA de B JAAEA 2kl Calcium chloride, calcium
propionate A &l stH C. gloeosporioidestt C. acutatum® A EA} Tolo= F¢S
A A e, olyk A Al B AAAFHALL, o5l oF A} FoiH oA
a7 Aok A3 BRaxEdn (Biggs, 1990). ¢ Ahn & (2003)
polyaminefol &3 Ao EA¥z drol 9 BEAy] FAFE 2 calmodulin
FAAEEE oA 3 Aol 1 mM calcium chlorid * 2ol ¢3te] 243 FJEHE AS

A
ey WA Ca 32 SARLALNE Ades] ojHe A

o

2 des

e

HEx Ay 2XM3] Exdy TREgs 2R 24z 40 € 57%9 A
= d Ack Hzold 248 =
F AelAE Fugel Aot A% Aol AFt Fugel Agel 2A NAF A
[e)

FEENeH, ZrEYL AYFolMs Fuee Aolrt e os =
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Table 5. Effect of PA, Pro and Calcium salts on germination and sprout growth

and sprout incidence.

o 0 No. of Incidence
Treatment Germination Root (cm) .

hypocotyl (cm) necrotic_spot (%)

Nontreatment - 13.2 59 7.0 100
PA (10x), 5 min. - 14.1 9.2 1.1 51.3
PA (10x), 30 min, - 148 73 0.01 20

Ca(OH); 5 hrs - 112 9.2 3.7 100
Pro (100x), 5 hrs + 99 99 0.4 150

PA (10x), 5 min.

+ Ca(OH)» 5 hrs 154 8.1 0.01 4.0
PA(10x), 5 min. 10.3 79 0.01 57

+Pro (100x), 5 hrs

a +; slightly delayed, —; normal.
PA; Pyroligneous acid, Pro; Propolis.

T FAEAE s gAR Al P A WHe 5
wit AA asss Agellan, Hxde] 533 HA LS T F 23] HA
o= Ax AN A adrt E=dn 28y = A4

o1
of HEerlt FAYs] nek $5% PAZAE

2) @Azl we A g
7h) el e Hedte] WA

Eoq,c_—t— fo}b} 65C, 307k Helstel = 50% o4 AEdte] At art 43l
Skt olell mlgto] FAA Y (55TlA 20 o]l ofdte] WAteo] AbEsH
7&@’—‘19— AdAZEGE FIA FUE TAADY AA9 Ao ¥4 o =
E4Y AoE ddHETh
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Table 6. Effect of dry heat treatment on survival of C. gloeosporioides.

Temperature Treatment (min.) K"
(C) 5 10 15 20 25 30
55 106" 103 108 101 98 92 107
60 96 81 76 72 60 65
65 93 72 65 64 57 55
a, No. of colonies recovered; b, untreated control.
Table 7. Effect of hot water treatment on survival of C. gloeosporioides.
Temperature Treatment period (min.) CK
(C) 5 10 15 20 25 30
55 21° 16 13 0 0 0 103
60 0 0 0 0 0 0
65 0 0 0 0 0 0

a, Refer to the footnote of Table 6 for details.

W) A7 FuUE g vAE 9%
dA el o FFAe] ol B FujFHe] Aol wA= PdF ARE 2
AL A FFAE SFEA vlE el e Wide] A eR ok Al
1%%?49} TEAY RFNA FFAL] wol 9 shujEe] Al dFS WA
o7 Yeiged AddAgo] o3 ~EfAE 65ColA 2583 308, 60T A
30% x%ﬂ‘ﬂEi FAol 2 stulS 71 o] YElEI (Table 8), s¥€ = ddA e
BT} v @o 2x9h A7Fel 55TAA 158 5 60T E 108 3

.ﬁ

rlr

FHE 65T =
Se-H FAbTol % shullS 7] | o] yEE T (Table 9). o= 23t Tv= @AW
o] Aol w3 AEFE Aetshd, AdAdAe == 65T 3023 Aol =
Aol 50%7F AEsksE #rt oyt Fabdol B shulS 719 T 9= A
71wl &AR WAl adrh AA A FAdvh FEA YL A9 ddAHEY o

S 2ok A A ztel]l FAbdol Bostul S 71 A SAIRE T AP A zke] 55Tl
Al 208 5-E], gAY o]l ApEEGoBR (Table 7), FF4E A2A g Ant
s
<]

2
FaA e (60, 5)ste] BAHE WAlshs Aol ¥ P WRoR AuE Y
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AT Fof FAEolgo] wE AFAANAL I FUHEAFHEE =AM A3 A
Ex2 (45~65T, 202)Ae 4-F EAHUE oA &2 A Ao|7b yA AN
FEA8 (45~65TC, 5%)¢ 4-F 65T, bEFEH FUE TALorEH} YFAES

Hlasto] A FALG ol dASA Wolzltk= AS FAsA (Table 10).

¢

Table 8. Influence of dry heat treatment on soybean seedlot on germinability and

sprout growth during cultivation.

Temperature Poor germination Deformed sprout
() 5mn* 10 15 20 25 30 5 10 15 20 25 30
CK’ _ _ _ _ _ _ _ _ _ _ _ _
55 - - - - - - - - - - - -
60 - - - - - + - - - - - +
65 - - - - + + - - - - + +

a, Time period in minutes for heat treatment.
* Untreated control; —, none; +, apparent.

Table 9. Influence of wet heat treatment on soybean seedlot on germinability and

sprout growth during cultivation.

Temperature Poor germination Deformed sprout
() S5mn® 10 15 20 25 30 5 10 15 20 25 30
C::[{’< — — — — — — — — — — — —
55 - - + + + + - - + + + +
60 - + + + + + - + + + + +
65 + + + + + + - + + + + +

" Refer to the footnote of Table 8 for details.
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Table 10. Effect of different light sources and duration on the proportion of

hypocotyl and morphological characters of soybean sprouts.

Parameters Marketable  Unmarketable  No-germ. I?%ﬁgor?t Length H/R
> 4 cm <4 cn (B) 0 cm (O Number Hypocotyl Root Total ratio
% no. sprout * em sprout -

Cultivars (C)

Sowonkong 145.1 2.4 2.6 3.6 49 37 86 135
Pungsankong  130.5 16.9 2.6 3.6 4.7 37 84 125
Junjery 130.5 16.5 2.9 3.5 4.8 37 85 131
LSD.05 0.6 0.5 ns ns ns ns ns 0.08
Disinfection method (D)

Dry Heat 145.0 2.3 2.7 3.9 4.9 38 87 129
Wet Heat 125.7 215 2.8 3.3 4.7 36 83 131
LSD.05 0.5 0.4 ns 0.2 ns 01 03 ns
Temperature (C, T)

0 1454 2.6 2.0 3.9 53 38 9.0 142
45 1452 2.3 2.5 3.9 5.0 38 88 132
55 145.1 2.3 2.6 3.8 49 37 85 133
60 144.7 2.7 2.6 3.8 4.6 38 84 122
65 96.4 49.8 3.8 2.5 4.3 35 78 121
LSD.05 0.8 0.7 0.8 2.0 0.4 01 05 01
CxP *ok Aok ns ns * *ok * *
C x T sksk sk * Kk Kok Kk ®k k%
P x T EES ok ns * * k% kk ok
CxPxT EES ok ns ns ns ok * *

" Seeds were imbibed for 5 hours into 2 ppm BA solution and then aerated for
different periods immediately before 6 day culture.
ns, *, ** Nonsignificant or significant at 0.05 and 0.01 probabilities, respectively.

o) F3 #E Al AbE a9
Fu= FISAAA ZeE Al ATS 60T 656TAA A - FEA T
Ay 25 AbEskt (Table 11). o= & Akl A - 59 Agdaart 2 Al
Fol wAs= Alyte] o3 FAE AL F = B S AR JdEY
AN TS FuE Tl Ut REAE Eol= B s Aot



Table 11. Heat susceptibility of bacterial isolates associated with soybean sprout rot.

60°C 65°C Untreatment
Isolate - 5 c
Dry Wet Dry Wet control
Microccocus luteus 0 0 0 0 120.2+4.8
Enterobacter cloacae 0 0 0 0 76.8+6.2
Pseudomonas putida 0 0 0 0 82.6+8.4

a, Dry heat, treated for 30 min. at corresponding temperature settings in drying oven.
b, Wet heat, treated for 5 min. in hot water adjusted to corresponding temperature.
¢, No. of colonies form recovered from untreated control sample.

. Ao o] A8

FEAE WHORE 60T, 66ColA 5% AE s @AY Ao ol
TolaL Aol Aol R oshulS v]9d e TR il wheEbd gt At
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Aot AR e Ag Theds dotrgity o A AgtR AAF 29 (Table
12)3% AA FuE A FAED (Table 13) o4 60ColA 53F FEEA T A
gTolMs Fue gAEel dEuA St AEdo® 60T 583 LA
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Table 12. Effect of hot water treatment on soybean seedlot against sprout rot

incidence under small-scale production system.

Temperature No. of

H tyl (cm) Root
() necrotic spots YPOCOLYE el oot (cm)
CK" 56.2+£5.24 7.2810.72 7.8+0.53
60 0 12.62+0.46 11.4+0.58

* Untreated control.
Heat treatment was done for 5 min. at corresponding temperatures.
Disease incidence was inspected for each soybean sprout in 7 days cultivation.
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Table 13. Effect of hot water treatment on soybean seedlot against sprout rot

incidence under standardized production system.

Temperature No. of
) i Hypocotyl (cm) Root (cm)
(C) necrotic spots
CK 43.446.3 7.5+0.3 1.3£0.1
60 0 13.6£0.2 2.4+0.1

* Untreated control.
Refer to the footnote of Table 11. for details.
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