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Diagnosis of Photosynthetic Functions of Grafted Tomato Seedlings

with Chlorophyll Fluorescence Measurement Techniques
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Abstract

The chlorophyll fluorescence measurement technique can be used for evaluating photo-
synthetic functions of plants without actually sampling the plants. In this study, we applied
two types of chlorophyll fluorescence measurement techniques: pulse amplitude modulation
(PAM) chlorophyll fluorescence measurement (MINI-PAM) and chlorophyll fluorescence
imaging (CF Imager), to evaluate the health of grafted tomato seedlings. We monitored
changes in F,/F, of séedlings incubated under different light conditions: Light-treated (10
h/14 h [light/dark]) and Dark-treated (continuous dark), for 10 days. Dark-treated seedlings
showed slight wilting on day 10. Total chlorophyll content of Dark-treated leaves slightly
decreased during the 10-day treatment, but Light-treated and Dark-treated leaves did not
differ significantly. F,/F,, measured with MINI-PAM was almost constant for 10 days in Light-
treated leaves, although F,/F,, in Dark-treated leaves significantly decreased. Similar results
were obtained with CF Imager. Absolute values of F/F, measured with MINI-PAM were
significantly higher than corresponding F,/F, values measured with CF Imager throughout
the experiment. This result was probably due to CF Imager underestimating F /F,, because
the imager’s saturation pulse light intensity was not strong enough to saturate the plant’s
photosynthetic electron transport reaction. And the decrease in F,/F,, of Dark-treated leaves
was larger with CF Imager (60%) than with MINI-PAM (6%). Part of this difference could
be attributed to changes in leaf angles caused by wilting. The results suggest that F,/F,
imaging does not provide accurate F,/F, values but has greater sensitivity than MINI-PAM
F,/F, measurement for detecting subtle changes in health of grafted tomato seedlings.
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Fig. 1  Two square (10 cm x 10 cm) areas defined as

Center and Edge on a 128-seedlings tray were
imaged.
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Fig.2  Schematic diagram of chlorophyll fluorescence
imaging system for tomato seedlings. Blue
LED panels provide modulated measuring light

and saturation light pulse.
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Fig. 3  Changes in the visual appearance of Light and
Dark treatments. Digital color images were

captured with a digital still camera.
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Fig. 4  Changes in projected leaf area of Light and
Dark treatments. The projected leaf area was
calculated by measuring the number of green
pixels of the digital color image shown in Fig.
2.
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Fig. 5 Changes in leaf total chlorophyll content of Light

(Light-Center and -Edge) and Dark (Dark-Center
and -Edge) treatments. Bar indicates S. D. of the
mean (# = 6).
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Fig.6  Changes in Fo/Fn measured with MINI-PAM of

Light (Light-Center and -Edge) and Dark (Dark-
Center and -Edge) treatments. Bar indicates S.D.
of the mean (n = 20).
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Changes in F./Fn image of tomato seedlings
in the areas of Light-Center and -Edge and
Dark-Center and -Edge. Gray bar indicates the
value of Fv/Fi.
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Fig. 8 Changes in Fy/Fun, measured with chlorophyll

fluorescence imaging system, of Light (Light-
Center and -Edge) and Dark (Dark-Center and
-Edge) treatments. The values are the mean
values of Fv/Fn images shown in Fig. 6.
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