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A fundamental study on the production of high-quality transplants by utilizing
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This study investigated effects of physical environmental factors including light
and humidity on photosynthetic performance and resistances to biotic and abiotic stresses for determining
optimum conditions for the transplant production. The acclimation to illumination with higher red to
far-red ratio (R:FR) than natural light or to low-humidity condition improves the stress resistance, but
inhibits the leaf expansion and subsequent quantitative growth during the acclimation. The photosynthetic
performance of high-R:FR-acclimatized leaves was similar to that of sun leaves. The improved resistance
probably results from defense against higher light intensity in high-R:FR-acclimatized plants and against
excess water loss in low-humidity-acclimated plants. The inhibition of leaf expansion is probably due to
changes in allocation of biomass. These results imply that there would be trade-offs between the
quantitative growth and plant qualities in the transplant production.



@
R/FR

Cucumis sativus L.

1
LED
R/FR 10 R/FR
1.2 R/FR
R/FR
PPFD
300 pmol m?2 g1 16 h d! 28
50 % 1
CO2 100 400 pmol
mol’l
LI-6400 Li-COR
PPFD 2000 pmol m2 g1
28 50%
CO2
COs2
1

@

R/FR

R/FR

R/FR
R/FR
26~28 60%
PPFD350 pmol m? s™ 12 h d*
LI-6400-40  Li-COR Inc.
Fv/Fm
Qa qL
q)PSII NPQ
Fv/Fm PPFD1800 pmol m? s
40
45
3
©))
R/FR
LED
R/FR 10 R/FR 1.2
R/FR
28 50% PPFD350 pumol m™
5! 16hd"
25 50% PPFD200 pmol m™ s’
16hd’
LMA
7
©)
32kPa 19kPa 0.4
kPa 1
28  PPFD300 pmol m™ s™ 16 hd'
10 mm
LI-6400
LI-COR 1
CO,
CO, 50 800 umol

mol! CO,



chax
J
1.9
kPa 30
©)
28
0.4kPa 19kPa 3.0 kPa
2
300 pmol m™?s™ 16hd' CO,

400 pmol mol™

10 mm
1 2 20 mmx20 mm
1
1
28 99 16 h
d’ 2
16
LMA
@
R/FR =10
R/FR =1.2
R/FR
CO,
R/FR
R/FR
R/FR
R/FR
R/FR
C02 COZ

R/FR

R/FR
R/FR
R/FR
R/FR
R/FR
R/FR
R/FR
R/FR
1.33
1.19
R/FR
R/FR
R/FR
@
Fv/Fm
R/FR
PPFD 1800 pmol m™ s 40
R/FR
R/FR
R/FR qL R/FR
R/FR
Qa R/FR
Qa
R/FR R/FR
(DPSII
Fv/Fm NPQ R/FR
Qa
R/FR
R/FR
R/FR
R/FR



(€)
R/FR
R/FR
R/FR
R/FR
LMA
R/FR
R/FR
R/FR
R/FR
C))
CO, 400 pmol mol!
0.4 kPa 3.2 kPa
1.9 kPa 0.36
0.43
0.4 kPa
3.2 kPa 1.9
kPa 2.85 2.40
3.2 kPa
1.9 kPa 0.4 kPa
3.2 kPa 1.9
kPa 0.4 kPa
3.2 kPa
1.9 kPa
C02 chax
J
CO,
CO,
0.4 kPa
3.2 kPa 1.9 kPa
-1.1 -1.0 MPa

3.2 kPa

0.4 kPa

50%
3.2 kPa
0.4 kPa
kPa
-1.38 MPa

-1.13 MPa

0.4 kPa

®

1.4

LMA 2

LMA

1.9 kPa

3.2 kPa

3.2
0.4 kPa
3.2 kPa

3.2 kPa

0.4
3.0kPa

0.4 kPa
3.0 kPa
1.2 2

LMA



Shibuya, T., Itagaki, K., Wang, Y., Endo, R.
2015. Grafting transiently  suppresses
development of powdery mildew colonies,
probably through a quantitative change in
water relations of the host cucumber scions
during graft healing. Sci. Hortric. In press.

Shibuya T., Endo, R., Yuba, T., Kitaya, Y.
2014. The photosynthetic parameters of
cucumber as affected by irradiances with
different  red:far-red ratios. Biologia
Plantarum 59 (1): 198-200.

Itagaki, K., Shibuya, T., Tojo, M., Endo, R.,
Kitaya, Y., 2014. Atmospheric moisture
influences on conidia development in
Podosphaera xanthii  through host-plant
morphological responses. European Journal
of Plant Pathology 138 (1): 113-121.

Shibuya, T., Endo, R., Hayashi, N., Kitaya, Y.
2012. High-light-like photosynthetic
responses of Cucumis sativus leaves
acclimated to fluorescent illumination with a
high red:far-red ratio: interaction between
light quality and quantity. Photosynthetica.
50 (4): 623-629.

Kanou, K., Shibuya, T., Endo, R., Kitaya, Y.
Water-use efficiency of cucumber transplants
acclimatized to different vapor-pressure
deficits. GreenSys 2015 -International
Symposium on New Technologies and
Management for Greenhouse-. 2015 7

19 7 23 Evora (Portugal)
Itagaki, K., Shibuya, T., Tojo, M., Endo, R.,
Kitaya, Y. Powdery mildew resistance in
cucumber seedlings is reduced under lower
CO2 concentration than the atmospheric
level.  GreenSys 2015  -International
Symposium on New Technologies and
Management for Greenhouse-. 2015 7

19 7 23 Evora (Portugal)
Shibuya, T., Hirai, N., Ueyama, S., Itagaki,
K., Sakamoto, Y. Pest-specific effects of
atmospheric moisture on plant-herbivore
interactions through the responses of host

cucumber plants. GreenSys 2015
-International ~ Symposium  on  New
Technologies and  Management  for
Greenhouse-. 2015 7 19 7 23

Evora (Portugal)
_ CO,
2015 2015
317
2015 2015 3 17
2015
2015 3 17
2014 2014 11 29
I-Site
_ R/FR
2014 9 28
2014 2014 9 10
2014 2014 9 10

Itagaki, K., Shibuya, T., Tojo, M., Endo, R.,
Kitaya, Y. Illumination with high
red-to-far-red ratio improves powdery
mildew resistance in cucumber seedlings.
The 29th  International  Horticultural
Congress. 2014 8 20 Brisbane
(Australia).

Shibuya, T., Endo, R., Yuba, T., Kitaya, T.
[lumination with a high red:far-red ratio
improves photosynthetic performance as a
result of stomatal and non-stomatal factors.
The 29th  International  Horticultural
Congress. 2014 8 19 Brisbane
(Australia).

Itagaki, K., Wang, Y., Shibuya, T. Powdery




mildew resistance of cucumber scion is
improved by morphological responses
during acclimatization phase. 1st ISHS
International Symposium on Vegetable
Grafting. 2014 3 18  Wuhan (China).

2013 12 6

2013 2013 11 30
I-Site

Shibuya, T., Itagaki, K., Tojo, M., Endo, R.
Powdery mildew resistance in cucumber
transplants grown under different light and
atmospheric conditions. The 19th
Australasian Plant Pathology Conference.
2013 11 27 Auckland (New
Zealand).

Itagaki, K., Shibuya, T., Tojo, M., Endo, R.,
Kitaya, Y. Atmospheric moisture influences
on conidia development in cucurbit powdery
mildew  fungus  through  host-plant
morphological ~ responses.  The  19th
Australasian Plant Pathology Conference.
2013 11 27 Auckland (New

Zealand).
/
2013 2013 9
3
2013 2013
9 3
2013 2013 3 27
2012 12 1

@ Endo, R., Shibuya, T, Kitaya, Y. Cucumber

seedlings grown under high red-to-far-red
illumination shows enhanced resistance to

strong light stress. 7™ International
Symposium on Light in Horticultural
Systems. 2012 10 16 Wageningen

(Netherlands).
Shibuya, T., Komuro, J., Hirai, N., Sakamoto,
Y., Endo, R., Kitaya, Y. Fluorescent

¢y

@

illumination with high red-to-far-red ratio
reduces attractiveness of cucumber seedlings
to sweetpotato whitefly through changes in
leaf morphological characteristics.  7th
International Symposium on Light in
Horticultural Systems. 2012 10 15
Wageningen (Netherlands).

Itagaki, K., Shibuya, T., Tojo, M., Endo, R.,
Kitaya, Y. Fluorescent illumination with high
red-to-far-red ratio and high vapor pressured
deficit improves powdery mildew resistance
in cucumber seedlings. 7th International

Symposium on Light in Horticultural
Systems. 2012 10 15 Wageningen
(Netherlands).
R/FR
2012 2012 9 7
R/FR
2012 2012 9 4

Shibuya T. Eco-physiology of transplant
production. In “Plant factory: An indoor
farming system for efficient production of
quality crops” Ed. by Kozai, T., Niu G. and
Takagaki, M. Elsevier. in press.

NEWS2014 vVol. 3 2015 3

SHIBUYA Toshio

TOJO Motoaki

HIRAI Norio

ENDO Ryosuke



