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(photosynthetic active radiation; PAR) 
ETR  (Silva & Santos 2004 ) ETR

 (Yao et al. 2006)

 (photoinhibition) 

67 10

24
1 / 2,500 ha 0.06 m2 28 cm

22 cm 2006 5 6

24 2, 8, 9 2, 67, 71
10, 11, 17 1 12 2 3 IR8, 

28, 54, 64, 72, M2O2, Milyang 23, CICA 8, Koshihikari , Warisan  Lemont
Zea 

mays L. C4 Salvia 
splendens L. 30 Litchi chinensis 
Sonn.

 (Model 6400 Licor, Inc., Lincoln, NE USA) 
 (Ci) 

 (pyranometer) Eppley PSP (precision spectral pyranometer)
285-2800 nm  (quantum sensors) Li-190SA 400-700 nm
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 (optical radiation calibrator; Licor 1800-02, Licor, Inc., Lincoln, NE USA) 

 (Chlorophyll fluorometer, 
MINI-PAM, Heinz Walz, Germany)  (sensor head) 

Rohá ek (2002) qP
qN  (M-F) / (M-Fo)  (Fm-M) / (Fm-Fo) M Fm Fm' Yield
(M-F) /M= F/M= F/Fm'  (electron transfer rate; ETR) 

 (photosynthetic active radiation; PAR) 
   ETR = (Fm’-Fo / Fm)  PAR  0.5  0.84  (1)  
Fm’-Fo/Fm  (photochemical yield) PAR mol quanta m-2 s-1 0.5

2  (quanta) 0.84  (Genty et al. 1989)
 (gross rate of 

photosynthetic CO2 assimilation, AG)  (net assimilation of CO2, AN)
 (photorespiration rate, Rd)      

           AG = AN + Rd  (2)  
 (TL)

 (Laisk et al. 1974)
          Rd (TL) =Rd (TO) Q10

(0.1T L -0.1T O )   (3)  
TO He and Edward (1996) Rd

Rd (TL) =1.94  1.69 (0.1T L -2.5) 1.94 25 1.69 Q10

AN

18  (3 2 3 m3)
 (Model WMA-4, PP System, Inc., UK) 

 (HMP35C, Vaisala Inc., USA)

24

Fv’/Fm’ qP ETR ETR
 (r2) 0.81

ETR 1
700 - 1,000 mol m-2 s-1 ETR

ETR
2 C4
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1. 24

Table 1. Correlation coefficients of parameters between the chlorophyll fluorescence and the photosynthesis in 

leaves, for 24 varieties of rice in different light environments 

z **Significant at the 0.05 and 0.01 probability levels according to the analysis of two-tailed test. 

1. 24
Fig. 1. Correlation between the net photosynthetic rate (AN) and electron transport rate (ETR) of rice leaves for 
24 cultivars in field-scale. Each symbol represents the mean for one cultivar. (**Extremely significant at the 0.01 
probability level.) 

0.91 C3
0.83 0.86 1,000 mol m-2 s-1

 (carboxylation) 
 (50 mol m-2 s-1)

ETR 2 ETR
300 mol m-2 s-1 700 1,000 mol m-2 s-1

Item Fv/Fm Fo’ Fm’ Fv’/Fm ETR qp NPQ 
Gross photosynth esisrate (AG) 0.148 0.297 -0.261 -0.454*z 0.532** -0.457* 0.188 
Net Photosynthesis rate (AN) 0.156 0.312 -0.215 -0.603** 0.813** -0.645** 0.186 
Stomatal conductance -0.05 0.039 -0.095 -0.110 -0.006 -0.111 0.056 
Leaf temperature -0.119 0.037 -0.375 -0.325 -0.049 -0.337 0.300 
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2.

Table 2. Compare the net assimilation rate (AN) and electron transport rate (ETR) on leaves of three crops under 

the different photosynthetic active radiation (PAR) 

z *,**Significant at the 0.05 and 0.01 probability levels according to the analysis of two-tailed test. 

700 mol m-2 s-1

67 10
0.1 mol CO2 / mol PAR 600-700 mol m-2 s-1

3

2006 5
6 126 67 10

4

10 2
12 400 mol m-2 s-1 67 10

 (1,000 ppm) 
400 ppm 0.77 0.88 5 CO2

C3
CO2 O2 CO2

 (Von Caemmerer & Farquhar 1981)

Zea mays (0.91**) z Salvia splendens (0.83**) Litchi chinensis (0.86**) PAR  
( mol m-2s-1)

AN ETR  AN ETR AN ETR 
100 4.1±0.8 27.0±4.4 3.5±0.3 23.9±1.9 3.2±0.3 33.4±3.6 
200 7.7±0.7 45.0±13.0 6.3±0.4 52.2±5.6 5.8±0.5 49.5±6.7 
300 8.6±0.8 59.6±11.1 7.3±0.6 71.5±13.5 6.7±0.7 80.5±15.4 
400 9.6±1.3 71.2±14.3 10.3±0.9 94.0±10.6 10.8±0.7 104.0±10.6 
500 12.0±1.2 80.3±14.0 11.4±0.6 114.0±21.8 12.1±0.8 122.0±18.9 
600 13.9±1.1 109.6±18.2 12.7±0.5 138.7±20.4 12.6±0.6 143.6±16.5 
700 15.9±1.0 113.0±20.1 13.4±0.8 155.2±21.8 14.1±0.9 151.2±20.2 
800 19.7±1.0 136.7±22.5 14.8±0.8 164.8±25.9 14.6±1.1 166.3±21.8 
900 19.8±0.9 156.6±19.5 13.9±0.4 175.1±24.6 13.4±0.9 168.9±19.8 
1000 20.1±1.1 156.8±13.8 13.1±0.7 182.1±29.7 11.1±0.8 162.8±22.2 
1100 19.5±1.4 107.9±13.7 10.6±0.6 177.2±21.3 10.3±0.7 163.8±18.4 
1200 20.0±1.0 102.1±12.4 8.6±0.9 162.6±11.5 9.1±0.6 155.6±22.3 
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RuBP (ribulose 1,5-bisphosphate) 
CO2 CO2 O2 Rubisco (ribulose 1,5-bisphosphate carboxylase) 

24
1

ETR 0.81 He & Edwards (1996) 
0.94

 (Fryer et al. 1998)
ETR

ETR 1
10

30
Earl and Tollenaar (1998) 

ETR
2 C4

0.91 C3
ETR

2.
Fig. 2. Time course of net photosynthetic rate (AN, triangles) and electron transport rate (ETR, circles) of rice 
leaves at different light intensity levels. Bar indicate the treatment of light intensity. 
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3.
Fig. 3. Change of the quantum yield of rice leaves at different photosynthetic active radiation conditions. 
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4.
Fig. 4. Diurnal changes of leaf temperature, light intensity, leaf net photosynthetic rate and electron transport rate 
(ETR) of rice leaves on Calendar day 126, 2006. 
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5.
Fig. 5. Changes of net photosynthetic rate and electron transport rate of rice leaves at two different CO2

concentrations.  

ATP (adenosine 
triphosphate)

Kirschbaum et al. (1998) 
Rubisco 5-10 30-60 2

ETR 
700 mol m-2 s-1 2

67 10 3
600-700 mol m-2 s-1 1200 mol m-2 s-1

ETR 4
ETR

 (Ott et al. 1999) PSII
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xanthophyll pH zeaxanthin
 (Jiang et al. 2006)  (reactive 

oxygen species)  (Lu et al. 2003)
CO2 CO2

CO2

O2 CO2 C3
C4 CO2 CO2

 (Schulte et
al. 2003) ETR 1

CO2 O2 Rubisco
5 cytochrome  (Azcón-Bieto 

et al. 1994)

 (Beer 
& Bjork 2000)

 (remote sensing) 
 (Freedman et al. 2002)
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Use of Chlorophyll Fluorescence for Estimating Leaf 
Photosynthesis of Crops1

Ming-Hwi Yao2,4, Shou-Hung Chen2 and Kung-Shy Chi 3

Abstract
Yao, M. H., S. H. Chen, and K. S. Chi. 2007. Use of chlorophyll fluorescence for estimating leaf 
photosynthesis of crops. J. Taiwan Agric. Res. 56:224-236. 

Chlorophyll fluorescence has been used to probe the fate of excitation energy within the 
photosynthetic apparatus and provide insight into the mechanism and regulation of photosynthesis in
vivo. However, no rapid, non-invasive measurement data of chlorophyll fluorescence from the field 
environment on rice plants was available.  In this study, was investigated the change of chlorophyll 
fluorescence and gas exchange of rice leaves in the field, including the relationship between in various 
parameters, diurnal change in field and influenced by elevated CO2 concentration.  The results 
showed the rate of net assimilation of CO2 of rice leaves can be accurately estimated from the 
measurements of electron transport rate (ETR) using chlorophyll fluorescence techniques.  As 
compared to common methods measuring the photosynthesis rate based on CO2 consumption, the 
approach monitoring chlorophyll fluorescence verified in this study is a useful tool to screen crops 
with potential productivity and stress tolerance. 

Key words : Crop, Photosynthesis, Chlorophyll fluorescence, Electron transport chain. 
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