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Effect of Blue Color-deficient Sunlight on the
Productivity and Cold Tolerance of Crop Plants

1. On the activity of photosynthetic and respiratory electron transport systems

Jin Jung, Jong-Bum Kim, and Bong-Ki Min

Abstract

The blue-light effect on the growth as well as on the physiological activity of some major
horticultural plants in Korea has been investigated.

The light quality used for the work was obtained from sunlight filtered by an orange-
colored polyethylene film which removed about 70% of visible light in the spectral region of
350nm~500nm. The film was developed in this laboratory especially for the work and named
BCR film meaning blue color-removing film. The light environment in the plastic house
which was built with BCR film provided plants with the blue color-deficient sunlight. Thus,
the photobiological effect of blue light could be examined conversely by comparing with
the effect of white sunlight in a conventional plastic house built with colorless polyethylene
film.

In a sense of applicability to horticulture, two remarkable effects of the blue color-defici-
ent sunlight on plant physiology were observed: First, it enhanced to a great extent the
growth activity of plants-pepper, cucumber, zucchini, tomato, and leaf lettuce-at the vegeta-
tive stage as well as at the reproductive stage, as demonstrated by their yield which were

in average 40~50% increased compared with the control (under white sunlight). Second, it
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improved significantly the cold tolerance of plants, as exhibited with their resistance to

chilling during treatment in a cold chamber maintained at a temperature which caused

chilling injury to the plants of control.

The visualized effects were reflected on the physioclogical activity of cells on organelle

level. Chloroplast isolated from the plant leaves grown under BCR film showed considérably
stronger photosynthetic activity, as judged by the increased electron transport rate of illu-
minated chloroplast, than that from leaves grown under white PE film. Mitochondria from

leaves grown under BCR film maintained normal respiration activity until temperature

decreased to a few degree(°C) lower than the temperature which caused respiratory inhibition

to mitochondria obtained from leaves of the control.
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Fig. 2. Absorption specra of polyethylene films used
for experiments to obtain BCDS and WCS
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Table 1. Effect of light treatment on the yield of various plants’

Seeding Sampling Yield Cultivated
BCDS/WCS

Date Period WCS BCDS Area

Cucumber 4.26 6. 26~8. 2 1,322( 8.6) 1,916(11. 8) 1.45 Suweon
2.19 5.13~6.24 2,655(14. 3) 4,168(24. 3) 1.57 Kwangju*

Zucchini 3.17 5.22~7.1 1,433( 4.3) 2,617( 6.4) 1.83 Suweon
2.19 4.25~5.31 3,901 7.3) 5,946(11.0) 1.52 Kwangju*

Leaf 3.17 6.2 521 685 1.32

Lettuce 2. 20 4.26 264(28.7) 386(34.0) 1.46 Kwangju*

Tomato 3.17 7.4~8.2 2,511(14.8) 2,590(14. 8) 1.02 Suweon
2.20 6.14~7.14 1, 492(10.0) 2, 864(18.0) 1.92 Kwangju*

* Data obtained by professor S.J. Jung at Jun Nam Univ.; Personal communication.
Yields are in unit of g per plant. The parenthesis are in unit of fruit numbers per plant.
All plants were transplanted 30~40 days after seeding.
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Table 2. Contents of the Photosynthetic pigments from leaves of various plants grown under BCDS and

WCS.
Plant Treatment Chlorophylla Total chlorophylls Total carotenoids
Cucumber WCS 1.171 1. 949 0. 407
BCDS 1. 448 . 2.471 0.501
BCDS/WCS 1.24 1.27 1.23
Zucchini ’ WCS 1.526 2.222 0.501
BCDS 2.028 2.882 0.611
BCDS/WCS 1.33 1.30 1.22
Leaf WCS 0.478 0.683 0.169
Lettuce BCDS 0.526 0.748 0. 200
BCDS/WCS 1.10 1.09 1.18
Tomato WCS 0. 885 1. 445 0.329
BCDS 0.969 1. 600 0.372
BCDS/WCS 1.10 1.11 1.13

Contents are mg/g of fresh leaf.

Table 3. The Hill reaction activity of chloroplast isolated from leaves of various plant grown under-
BCDS and WCS

Ferricyanide reduced

Piant Treatment
25°C 15°C 5°C

(A) (B) (A) B> A (B)
Cucumber WCS 976. 25 501 467. 66 240 210. 45 108
BCDS 1, 326.93 537 667.17 270 296, 52 120
BCDS/WCS 1.26 1.07 1.44 1.13 1.41 1.11
Zucchni WCS 1,919.81 864 1,104.33 497 551. 06 248
BCDS 2,692. 32 924 1, 556. 01 540 829.87 238
BCDS/WCS 1.40 1.08 1.42 1.09 1.51 1.16
Leaf WCSs 808.67 1,184 404. 34 592 202. 17 296
Lettuce BCDS 962.91 1, 288 514.35 638 247.46 331
BCDS/WCS 1.19 1.09 1.26 1.16 1.22 1.12
Tomato WwCS 852.31 590 427.60 296 182.02 126
BCDS 927.71 580 486. 25 304 211.13 132
BCDS/WCS 1.09 0.98 1.14 1.03 1.17 1.05

Ferricyanide reduced is presented as wmoles ferricyanide photoreduced/hr.g of fresh leaf in (A), and
umoles ferricyanide photoreduced/hr.mg chl. in (B).
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