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Application of continuous light in a plant factory system
4. Physiological changes and concept of injury induction in plant leaves under
continuous light

Naoki Hata® ?’, Masaharu Masuda?, Kenji Murakami?®’, and Akio Kobayashi">
(Course of Applied Plant Science)

Physiological changes and concept of injury induction occurring under continuous light are compre-
hensively reviewed. Continuous light usually reduces photosynthetic rate, which may relate to changes
in transpiration and leaf necrosis caused by reactive oxygen species. Other factors apart from photosyn-

thesis may also affect leaf injuries occurring under continuous light. Continuous light sometimes
increases carbohydrate and some secondary metabolite contents.
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Table 1
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Enzymatic activities and hydrogen peroxide content in the 3rd true leaf of seedlings grown under 12 h light/12 h dark or

24 h light/0 h dark photoperiod (CL) for 13 days from the cotyledonary stage (Murakami et al., 2002) %"

Enzymatic activities

H:0; content

Variet Photoperiod _
Y ’ SOD* APX" CAT® (1 mol gFW™)
Hyuga No.14 12/12 h 105+ 164 0.48+0.11 8.2+0.4 3.89+0.85
(CL tolerant) 24/ 0 h 91+ 6 0.43+0.02 8.4+1.0 4.81+0.37
Butternut 12/12 h 42+ 6 0.29+0.05 7.0+0.4 5.06+0.62
(CL intolerant) 24/ 0 h 175+ 11 0.66+0.05 8.6+0.4 8.56+0.37
2Units min' mg ' protein
® ymol ascorbic acid mg™* protein
¢ ymol H,O, mg ! protein
4Values are means + SE.
300 ~ Normal or 2000
’ slight chlorosis Eggplant O 12/12 h
_ | Normal I —0— 24/ 0h i
E Normal ~ 1600 || Pepper ~ —H— 12/12h 4
2] 2 = —[1+ 24/ 0h
@ 200 T e L i
3= o
=) a
— Normal ‘g 1200 - 1
J? ¥ Severe chlorosis 3
= Or necrosis i i
8 p; =
S 100 E 800 | -
2 g i 1
: :
O 400 i
0 1 1 1 1 1 1 | i
0 2 4 6 8
Days of continuous lighting 0
) ) o 0 2 4 6
Fig. 1 Changes in SOD activity in the 3rd true leaf of eggplants Days of treatment

under continuous light at a PPFD of 120 umol m?s™.
Seedlings were transferred to continuous light when the
3rd true leaf was newly unfolding. (Masuda et al.,
2002)

TTHLINIHIT ORI FALD L CAT i E 2>
72 (Fig. 2). —7F, =&R R RF ¥ TIEHED LWL
FHICE 2 CAT IHEDOZEENIZ LA LRD LN D572
(Table1). i\ CAT &ML b 45 ¥ ot
Wb TWD EEZ NN, =RV KRF v Dl
St D AR 212 BT D CAT OGIZOWTIEHS
M ThhoTz.

Nt F ¥ —F¥ (POD) & H,0.% H,O & Oy 125
5 EHEEC, 5RO O, THex 2B % I 5.
HEIZCELOLTFRIE MY AT LD PODEEDNE
<, HFET O F ATt SOD i & Ak POD (A
YHE 2B L 72, Barbat H5YIEERET O b~ b 158
MAETOMEKEREKELC) V7=V EElEmEbsI L
%, Moura 5™MdHE 4 % A M L AE&MT 2B W T POD
SR LT F= bRt s b 2 & 23 L
THEYH, EEXETOF 2B 5 POD G0 # Ktk
DY 7= ALEBIRL TV A D Lt

Fig. 2 Changes in CAT activity in leaves of eggplant and pep-
per seedlings grown with either 12 h light/12 h dark or 24
h light/0 h dark photoperiod treatment for six days.
Vertical bars represent the SE of the mean of three
replicate plants. Where absent, the SE bars fall within
the dimensions of the symbol. (Murage and Masuda,
1997)™
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Fig. 3 Hypothesis showing potential mechanism of CL-induced injury. Dark arrows depict previous suggested links between CL and
CL-induced injury ; light arrows show the new links proposed. (Velez-Ramirez et al., 2011) '
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Fig. 4 SOD activities and H,O, contents in eggplant and pepper
leaves newly expanded under continuous light and daily
12 h photoperiod at 120 u mol m2 s™. Vertical bars repre-
sent SE. The 3rd leaves, in which eggplants under
continuous light had already developed leaf chlorosis,
were analyzed 5 days after transferring plants at 2nd leaf
stage to each light condition. (Masuda, unpublished)
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