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To investigate the factors related to the 
enhancement of dry matter production 
by supplemental blue light to red light 
using rice plants with regard to
1) photosynthetic characteristics 

at the single-leaf level and
2) growth and development 

at the whole-plant level
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Pfr/P (phytochrome photoequilibrium) was 
nearly the same (0.88-0.89), indicating that 
the action of phytochrome was negligible. 
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Measurement conditions
Atmospheric CO2 partial pressure: 36 Pa
Leaf temperature: 27°C
Leaf-to-air vapor pressure deficit: 1.1 kPa
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• Photosynthetic capacity† in C3 plants is 
highly correlated with leaf N content. 
(Evans 1989)

• Approx. 80% of leaf N localize in chloroplasts. 
(Makino & Osmond 1991)
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Determination of 
photosynthetic component contents
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photosynthetic component contents

• Rubisco … key enzyme of CO2 fixation

• Cytochrome f (Cyt f)
… one of rate-limiting factors for
photosynthetic electron transport

• Chl and light-harvesting Chl-binding 
protein of photosystem II (LHCII)
… light-harvesting pigment and protein
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Summary
(1. leaf photosynthetic characteristics)

• RB leaves had higher photosynthetic rate 
than R leaves under both saturating light 
and limited light conditions. 

• Higher photosynthetic rates in RB leaves were 
closely related to a greater leaf N content per 
unit leaf area. 

• Photosynthetic rate under actual growth 
conditions should be higher in RB leaves. 
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Growth AnalysisGrowth Analysis

RGR = NAR × LARRGR = NAR × LAR

RGR (Relative Growth Rate)RGR (Relative Growth Rate) dWdW
dtdt== •• 11

WW

NAR (Net Assimilation Rate)NAR (Net Assimilation Rate) 11
AA== ••dWdW

dtdt

LAR (Leaf Area Ratio)LAR (Leaf Area Ratio) == AA
WW

W: whole-plant dry weight
A: leaf area
t: time

W: whole-plant dry weight
A: leaf area
t: time
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Summary
(2. Whole-plant growth) 

• NAR was higher in RB plants than in R plants, 
contributing to higher RGR. 

• Increases in the amounts of photosynthetic 
components in RB plants occurred at the 
whole-plant level. 

• In Sasanishiki, higher LAR also contributed to 
higher RGR, but not in Nipponbare. 

Summary
(2. Whole-plant growth) 

• NAR was higher in RB plants than in R plants, 
contributing to higher RGR. 

• Increases in the amounts of photosynthetic 
components in RB plants occurred at the 
whole-plant level. 

• In Sasanishiki, higher LAR also contributed to 
higher RGR, but not in Nipponbare. 



By combining the results at the single-leaf level 
with those at the whole-plant level...
By combining the results at the single-leaf level 
with those at the whole-plant level...

Supplementing red light with blue light

Increase in leaf photosynthesis

Increase in NAR

Promotion of dry matter production

Supplementing red light with blue light

Increase in leaf photosynthesis

Increase in NAR

Promotion of dry matter production



Acknowledgements

Dr. Eiji GOTO
(Chiba University)

Dr. Hiroyuki ISHIDA
(Tohoku University)

Japan Society for the Promotion of Science
(Grant-in-Aid for JSPS fellows, No. 18-10930)

Acknowledgements

Dr. Eiji GOTO
(Chiba University)

Dr. Hiroyuki ISHIDA
(Tohoku University)

Japan Society for the Promotion of Science
(Grant-in-Aid for JSPS fellows, No. 18-10930)







NPR per 
unit leaf area

NPR per 
unit leaf area



NPR per 
unit leaf area

NPR per 
unit leaf area

(e.g., Makino et al. 1997a, b, Ohashi et al. 2000)(e.g., Makino et al. 1997a, b, Ohashi et al. 2000)

In response to
long-term
•low irradiance
•low temp. 
•high CO2

In response to
long-term
•low irradiance
•low temp. 
•high CO2



NPR per 
unit leaf area

NPR per 
unit leaf area

(e.g., Makino et al. 1997a, b, Ohashi et al. 2000)(e.g., Makino et al. 1997a, b, Ohashi et al. 2000)

Leaf area 
expansion
Leaf area 
expansion

In response to
long-term
•low irradiance
•low temp. 
•high CO2

In response to
long-term
•low irradiance
•low temp. 
•high CO2



NPR per 
unit leaf area

NPR per 
unit leaf area

(e.g., Makino et al. 1997a, b, Ohashi et al. 2000)(e.g., Makino et al. 1997a, b, Ohashi et al. 2000)

Leaf area 
expansion
Leaf area 
expansion

NN
NN

NN

NN
NN

NN

NN
NN

NN

NN

NN

In response to
long-term
•low irradiance
•low temp. 
•high CO2

In response to
long-term
•low irradiance
•low temp. 
•high CO2



NPR per 
unit leaf area

NPR per 
unit leaf area

NN
NN

NN

NN

NN

NN
NN

NN

NN

N investment 
in leaves

N investment 
in leaves

NN

Leaf area 
expansion
Leaf area 
expansion

NN

(e.g., Makino et al. 1997a, b, Ohashi et al. 2000)(e.g., Makino et al. 1997a, b, Ohashi et al. 2000)

In response to
long-term
•low irradiance
•low temp. 
•high CO2

In response to
long-term
•low irradiance
•low temp. 
•high CO2



RR RBRB

8080

4040

00

2020

6060

Le
af

 N
 / 

LA
[ m

m
ol

 m
-2

]
Le

af
 N

 / 
LA

[ m
m

ol
 m

-2
]

SasanishikiSasanishiki

RR RBRB

**
NipponbareNipponbare



800800

400400

00

200200

600600

8080

RBRB

4040

00

2020

6060

RR

SasanishikiSasanishiki

RBRBRR

NipponbareNipponbare
**

**

W
P 

N
[ µ

m
ol

 / 
pl

an
t ]

W
P 

N
[ µ

m
ol

 / 
pl

an
t ]

Le
af

 N
 / 

W
P 

N
[ %

 ]
Le

af
 N

 / 
W

P 
N

[ %
 ]

**

**


