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ABSTRACT : Soybean seeds were treated with blue, red
and far-red lights for 0, 6, 12, and 24 hours during 24-
hour imbibition before culture for 6 days. The soybean
sprouts raised were classified by their hypocotyl lengths;
normal (>4 cm), abnormal (<4 ¢cm) and non-germination,
and their lateral roots, hypocotyl diameters and compo-
nent dry weights were measured. Red light treatment and
dark imbibition reduced the abnormal soybean sprouts
more than far-red and blue light treatments, meaning that
the former treatments produced more commercial sprouts.
The lateral roots were more formed in blue light and dark
imbibition than the other light treatments, but were com-
pletely blocked by any light treatment lasted during the
whole imbibition. Although any light quality treatment did
not influence their primary root lengths, blue light one
lengthened the hypocotyl more than the others treated
during the imbibition, and far-red light enlarged its diam-
eter. Despite this morphological change, component, total
or economic yield was not significantly different among
the light quality treatments during the imbibition.
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L ight is the ultimate source of energy for all organisms
on the earth. For plants, light supplies the energy for
photosynthesis and signals for photomorphogenesis, the
ability of light to regulate their growth and development
including their seed germination. The former is a reaction to
convert it to chemical energy like photosynthates but the lat-
ter is one to induce the responses including germination and
many morphological characters and to partition the energy
to their organs such as stem, leaves, roots, etc. Therefore,
nowadays many scientists are considering the latter reaction,
photomorphogenesis, as important as the former, photosyn-
thesis (Cosgrove, 1994; von Amim et al., 1996).

The photomorphogenesis is controlled by a plant pigment,
phytochrome consisting of two forms of phytochrome red
(Pr) and phytochrome far-red (Pfr). The two phytochromes
are interconverted by treatment of red or far-red light so that
their ratio can be controlled. The phytochrome mediates the
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responses such as germination, hook formation and elonga-
tion of hypocotyl and internode, initiation and growth of
roots and leaves, etc (Cosgrove, 1994; Wareing et al., 1981).
Because the above responses, however, are amplified by
blue light when Pfr is relatively higher than Pr (Bewley et
al., 1982; Kim et al., 1982; Mohr, 1994), artificial red or far-
red light treatment to adjust their ratio and blue light treat-
ment to amplify the phytochrome-mediated reponses are
necessary for production of good quality soybean sprouts
(Kigel et al., 1990; Kim et al., 1982; von Amim et al.,
1996).

Soybean sprouts are one of the most favorite foods for
Oriental including Korean. For the reason, a great deal of
sprouts is being raised in Korea. At least two problems
must be encountered in their culture; decay of non-germi-
nated seeds or weak sprouts and generation of lateral roots
(Kang et al., 1989). Their producers, therefore, reduce
their decay as spraying fungicides harmful to human being
or enhancing the germination rate, and treat the growth
regulators to block the appearance of lateral roots. Because
using the fungicide is now prohibited, elevating the germi-
nation rate is only a method to prevent decaying due to
lower germination. Their lateral roots usually appearing
after 5 to 6 days can be blocked as soaking the seeds into 4
ppm of benzylaminopurine (BA) solution during 24-hour
imbibition (Kang et al., 1996). However, BA is so expen-
sive that their production cost increases. An alternative
method to solve the problems must be established in near
future.

Light-mediated phytochrome as mentioned above con-
trols the germination as well as the initiation or formation of
lateral roots. It is, however, known that the ratio of Pfr to Pr
can be much affected by light color and duration, and the
phytochrome action can be interacted with growth regula-
tors like BA (Barro er al., 1989). How artificial light treat-
ment and its duration under modified imbibition of BA
solution influence seed germination, sprout growth and mor-
phology must be checked for production of good quality
soybean sprouts. This study was, therefore, done to examine
the effect of artificial light quality treated during the 24-hour
imbibition on seed germination, sprout growth and mor-
phology of soybean.
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MATERIALS AND METHODS
Test seed preparation

Test seeds of soybean (Glycine max L.) were obtained
from Kyungnam Agricultural Research and Extension Ser-
vice. After debris mixed with them were removed, small and
large seeds were eliminated by a sieve shaker. The sorted
seeds then were placed into plastic bottles held at 3°C refrig-
erator until initiating the experiments.

Culture

Plastic containers used for the sprout culture were opaque
and rectangular with 9.5 cm in length, 8.5 cm in width and
13 cm in depth. Many holes on their bottoms were made for
water drainage. The containers were placed in the dark
growth chamber set to 25°C constant temperature after 150
seeds treated were placed into each container. The sprouts
were cultured for 6 days. During that time, about 100 ml dis-
tilled water adjusted to 25°C was supplied to each container
every 6 hours and black fabrics were covered with a sheet of
black plastic film to minimize the effect of light given inevi-
tably during water supply.

Treatments

Two cultivars, Eunhakong and Hannamkong, were used
as test varieties. To prevent imbibition injury to water, the
seeds were soaked for 5.5 hours every 6 hours. This proce-
dure was repeated 4 times. During the final imbibition, how-
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Fig. 1. Light spectrum used for light quality treatment. Measure-
ment was done by the LI-1800 spectroradiometer (LI-COR
Co., USA).

ever, they were soaked into 4.0 ppm BA solution instead of
distilled water to block the formation of lateral roots. Treat-
ments were separated by light quality and its duration. Light
quality treatments were forced with blue, red and far-red
light using glass filters or darkness. The glass filters pro-
duced by Melles Griot Co., USA were inserted in commer-
cial halogen lamps of 5 cm in diameter. Their spectra and
intensity were shown in Fig. 1. The quality treatments were
done for 24, 12, 6 hours before culture or non. The two treat-
ment factors having 4 levels individually were completely
combined to draw their interaction effect.

Measurement

Number of germination and non-germination seeds,
length of hypocotyl and primary root, diameter of hypocotyl
hook and its middle part, number of lateral root, and dry
weight of cotyledon, hypocotyl and roots were examined or
measured after the sprouts cultured for 6 days were divided
into 4 groups on the basis of hypocotyl length and germina-
tion; longer than 7 cm (>7 cm) and 4 to 7 cm (4~7 cm) as
normals, shorter than 4 cm (<4 c¢m) as abnormals and non-
germinated seeds. Non-germinated seeds and growing
sprouts were counted for total seeds but the other characters
were measured with 20 sprouts selected from above each
category. After the selected sprouts were separated into cot-
yledons, hypocotyl and roots, they were desiccated for 2
days at 70°C to measure their dry weights.

Statistical analysis

Among the characters of soybean sprouts, lateral roots
emerged from the conjunction part of their hypocotyl and
primary root were important as well as the germination rate.
Therefore, the germination rate was first analyzed on the
basis of hypocotyl length, the treatments inducing lateral
roots were eliminated from the data analysis because any
sprout already forming them did not have the commercial
value.

RESULTS AND DISCUSSION

In the germination and hypocotyl growth measured on the
6th day after the treatments of light quality for different
durations during 24-hour imbibition, the two cultivars, cv.
Eunhakong and Hannamkong, showed the significant differ-
ence only in the ratios of hypocotyl of A class (>7 cm), or B
class (4~7 cm). Summation of A and B in each cultivar, how-
ever, was same because cv. Hannamkong had the higher ratio
in A class but vice versa in B class. Red and dark treatments
showing nearly the same ratios in all the categories resulted in
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Table 1. Effect of light quality and treatment duration during 24-hour imbibition on germination and growth of soybean sprout.”

Normal Abnormal Non-germ
Parameters A+B C+D
>7 cm (A) 4~7 cm (B) <4 cm (C) 0cm (D)
%
Cultivar
Eunhakong 53.7 27.8 11.1 7.4 81.5 18.5
Hannamkong 58.7 223 11.8 73 81.0 19.0
LSD s 2.3 2.1 ns ns ns ns
Light quality during imbibition
Red 579 25.0 10.0 72 82.8 172
Far-red 53.1 26.6 13.0 7.2 79.8 20.3
Blue 56.8 22.8 12.0 83 79.7 20.3
Dark 56.8 25.8 10.8 6.5 82.7 17.3
LSD s 32 3.0 2.0 ns 25 25
Duration of light treatment (hrs)
0 56.8 25.8 10.8 6.5 82.7 17.3
6 56.1 23.5 12.1 8.3 79.6 204
12 56.0 26.1 10.6 7.3 82.6 179
24 55.7 24.8 123 7.1 80.6 194
LSD s ns ns ns ns 2.8 2.7

" After three time of drying for 0.5 hour at 25°C following 5.5 hour water imbibition, seeds were soaked in 4.0 ppm BA solution.
*Hypocotyl length of soybean sprouts cultivated for 6 days after the above imbibition.

greater A plus B ratio than far-red and blue but reverse in C
plus D. This result was due to that far-red or blue light treat-
ment decreased the ratio of A or B classes, respectively, com-
pared to red and dark. In duration effect of light treatment
during 24-hour imbibition, darkness and 12-hour light treat-
ment at the end of the imbibition had the highest A plus B
ratio although there was no significant difference among the
duration treatments in each class (Table 1).

The lateral roots important in the commercial cultivation
of soybean sprouts were more formed in Eunhakong than in
Hannamkong. Blue light and dark treatments in Eunhakong
but only dark treatment in Hananmkong stimulated the for-
mation of lateral roots. 24-hour illumination in Eunhakong
but all the light treatments in Hannamkong regardless of the
duration completely blocked the formation of lateral roots.
In two cultivars, therefore, lateral roots were not formed
only in full illumination during 24-hour imbibition (Fig. 2),
implying that the light treatment during the imbibition could
somewhat alleviate their formation.

Only 24-hour light treatment not forming the lateral roots
was analyzed to compare the hypocotyl length and diameter.
Eunhakong had shorter hypocotyl and primary root length
but thicker hypocotyl diameter than Hannamkong in gen-
eral. Light quality treatment highly influenced only the growth
of hypocotyl. Compared to red and far-red lights, blue light
lengthened the mean hypocotyl length and aftermath the
mean total length adding the primary root length to it. Far-

;
é

05
0.4
0.3
0.2
01
0.0
05 [
04
03
0.2
0.1
0.0

| T T T TS T |

TTTTITTTTTTT

L. 11 & 5 1 111

TrrrrrvrirrrT

Lateral root (no. seedling™)
L

L L LA L L
) I Y O T I
TT T T T ITT T

T
o
o
o
T
o
o
o

(]
(V]

N R T T N O T N I 1

P
-
w
o

0 6 12 24

Light quality Light duration (hrs)

Fig. 2. Effect of light quality (left-sided) and light treatment
duration (right-sided) on number of lateral roots of soybean
sprout. A on the tops and B on the bottoms indicate cv.
Eunhakong and Hannamkong, respectively. Letters on the
left-side of X axis indicate R, red; FR, far-red; B, blue light
and D, dark. Bars having same letter within the 4-paired
treatments were not significantly different from LSD 5.

red light, however, induced thicker diameter in all hooks and
hypocotyls (Table 2). The light quality treated during 24-
hour imbibition did not changed the growth of soybean
sprouts but modified their morphological characters such as
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Table 2. Effect of light treatment lasted during 24-hour imbibition on length of hypocotyl and root and hypocotyl diameters of soybean

sprout.’
Length Diameter
Parameters Hypocotyl Root Total Hypocotyl Hook
>7*  4~7 Mean >7 4~7 Mean >7 4~7 Mean >7 4~7 Mean >7 4~7 Mean
cm sprout™ 1103 (11T L —
Cultivar (C) '
Eunhakong 1.3 60 96 1.9 13 17 131 73 113 20 23 21 20 19 20
Hannamkong 11.5 58 104 30 16 27 144 74 132 1.8 18 1.8 20 19 19
LSDgs ns 01 03 02 01 02 04 ns 04 01 01 01 ns ns  0.05
Light quality during 24-hour imbibition (L.)
Red 11.0 57 96 23 15 21 133 72 117 19 20 19 19 18 19
Fared 104 62 93 25 1.3 22 129 75 114 20 21 20 20 21 20
Blue 123 60 11.0 25 15 23 149 75 133 19 20 19 19 17 19
LSD s 04 02 03 ns ns ns 0.6 ns 0.5 0.09 ns 0.09 01 01 007
C X L Kk *sk k33 ns 3k ns sk Hk dsk ek * L33 ns ns *

fAfter three time of drying for 0.5 hour at 25°C following 5.5 hour water imbibition, seeds were soaked in 4.0 ppm BA solution.

*Hypocotyl length (cm) of soybean sprouts cultivated for 6 days after the above imbibition.

Table 3. Effect of light quality lasted during 24-hour imbibition on component and total dry weights of soybean sprout.

Cotyledon Hypocotyl Root Total Economic yield
Parameters
>7*  4~7 Mean >7 4~7 Mean >7 4~7 Mean >7 4~7 Mean >7 4~7 Mean
mg sprout"1
Cultivar (C)
Eunhakong  58.1 63.6 59.8 250 232 245 1.8 1.7 1.7 849 884 86.0 26.8 248 262
Hannamkong 59.3 624 59.7 232 135 215 2.2 1.7 21 847 776 833 254 152 236
LSD g5 ns ns ns 1.3 1.7 1.2 ns ns ns ns 5.3 ns ns 1.7 1.3
Light quality during 24-hour imbibition (L)
Red 59.7 629 60.7 23.5 188 224 2.2 1.8 21 854 834 853 257 205 246
Fared 59.8 609 602 245 182 23.1 1.8 14 1.7 86.0 80.6 850 263 196 248
Blue 575 654 59.0 242 176 23.0 1.9 1.7 1.8 83.5 847 839 260 194 248
Dark (control) 57.9 627 59.1 243 188 234 20 18 20 842 832 845 263 205 253
LSD s ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns
CxL ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns

*After three time of drying for 0.5 hour at 25°C following 5.5 hour water imbibition, seeds were soaked in 4.0 ppm BA solution.
*Hypocotyl length (cm) of soybean sprouts cultivated for 6 days after the above imbibition.

hypocotyl length and diameter, lateral root formation
because all light qualities had the same component, total
weights and economic yield (Table 3).

In conclusion, light qualities and illumination period
done during seed imbibition for soybean sprout culture
affected seed germination, sprout growth and morphol-
ogy. Light treatments forced during 24-hour imbibition,
however, did not induced any lateral roots but showed
nearly the same growth and morphological characteris-
tics.

REFERENCES

Barro, E,, P. de 1a Haba, J.M. Maldonado, and A.G. Fontes. 1989.
Effect of light quality on growth, contents of carbohydrates,
protein and pigments, and nitrate reductase activity in soybean
plants. J. Plant Physiol. 134 : 586-591.

Bewley, J.D. and M. Black. 1982. The release from dormancy. p.
126-198. In 1.D. Bewley and M. Black (ed.). Physiology and
biochemistry of seeds in relation to germination (Vol. 2).
Springer-Verlag, Berlin, Heidelberg, Germany.

Cosgrove, D.J. 1994. Photomodulation of growth. p. 631-658. In



296 KOREAN J. CROP SCI, VOL.,, 47(4), 2002

R.E. Kendrick and G.H.M. Kronenberg (ed.). Photomorpho-
genesis in plants. Kluwer Academic Pub., 101 Philip Drive,
Norwell, MA 02061, USA.

Kang, CK., D.W. Yun, Y.K. Kim, and H.T. Choe. 1996. Determi-
nation of minimum concentration and dipping time for inhibi-
tion of lateral root and growth stimulation in soybean sprouts as
influenced by benzyladenine. J. Korean Soc. Hort. Sci. 37(6) :
773-776.

Kang, CK., K.H. Lee, and Y.S. Park. 1989. Effect of plant growth
regulator treatments on growth and lateral root formation in
soybean sprouts. Korean J. Weed Sci. 9(2) : 97-102.

Kigel, J. and D.J. Cosgrove. 1990. Photoinhibition of stem elonga-
tion by blue and red light: effects on hydraulic and cell wall
properties. Plant Physiol. 95 : 1049-1056.

Kim, K.S., S.D. Kim, J.K. Kim, J.N. Kim, and K.J. Kim. 1982.
Effect of blue light on the major components of soybean-
sprouts. Korean J. Food Nutrition. 11(4) : 7-12.

Mohr, H. 1994. Photomodulation of growth. p. 353-373. In R.E.
Kendrick and G.H.M. Kronenberg (ed.). Photomorphogenesis
in plants. Kluwer Academic Pub., 101 Philip Drive, Norwell,
MA 02061, USA.

Wareing, PF. and LD.J. Phillips. 1981. Photomorphogenesis. p.
203-216. In R.F. Wareing and 1.D.J. Phillips (ed.). Growth and
differentiation in plants (3rd ed.). Pergamon Press Inc., Max-
well House, Fairview Park, Elmsford. NY 10523, USA.

von Arnim, A. and X.W. Deng. 1996. Light control of seedling
development. Ann. Rev. Plant Physiol. Plant Mol. Biol. 47 :
215-243.



