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Fig. 1: Change in relative water content with time for spinach
leaves after the water-stressed treatment in the dark at 40 ®o RH
and 17 C for 9 hours. The vertical bar indicates = SE (standard
error). Relative water content represents an a erage value

calculated from 8 measurements.
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Fig. 3: Change in chlorophyll concentration (SPAD) with time
tor the spinach leaves after the water-stressed treatment for 9
hours. The vertical bar indicates = SE. SPAD represents an

average value calculated from 8 measurements.
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Fig. 2: Excitation-emission fluorescence matrices of the spinach
hours (3h). 6hours (6h), and

9 hours (9h) after the water-stressed treatment using a 3-D

leaves measured at 0 hour (Oh), 3

fluorescence spectrophotometer. The fluorescence intensity

represents an average valuc calculated from 8 measurements.
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Fig. 4: Changes in fluorescence intensities (F450, F520, F680, and F725) for spinach leaves measured at 0 hour (A), 3 hours (),

6 hours () and 9 hours (") after the water-stressed treatment.
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Fig. 5: Changes in fluorescence ratios (F450/FS20, F450/ F680, F450/725, and F680/F725) for spinach leaves measured at 0 hour
(), 3 hours (<), 6 hours () and 9 hours () after the water-stressed treatment.

29



R L I EO RS RZIE D B i~ 8

150), REEOGUCTRE R
7E f)J\‘&(f)’;u:"fE'ﬂEFT (AR 7E T
F680), # L UNEMREOESEME CRPFTE T
F725) D& HLEILTI A (Chappel le
and Williams 1987,
1992, 1993,

fﬁt/f (ztﬁﬂ:/L\
TETILFE20),

and Lichtenthaler
al. 1994,

Stober
McMurtrey et
[.Lichtenthaler al. 1996, Subhash et al.
1999, 2002). AL G, Zihw
U AR LE O ) ¥, FAS0/F68045 K U 4501725
MR LV IREOR G E AKCHELO R A Gl
HZDTHLELTAZ BB AT
7=, F450/F680 £3 L ONFI50/F725 O E(L A <5
s f/f\\_LLtFmﬁ%*i“w TEEBZONAH LV
AL BRI EAMI 2SO T, BEEOMR
HosiiTung fu,l Lot Lokl
DOEHEIE E (5] 2.0E 330nm) O FREIOITE S 72358 L
TA I EARIB ST X500, F450/1680 F5
LOVFI50 F725 12K A b b R ALERO Fi T
L. BT IO B 0, HEFEOME
TILATI KA N L AL L LR (0 Ze ) F A
1996, Schweiger 1996,
al. 1999) TIHE{LFRmTE
INFoT, BRIEE LA
HrEELLND

el

Kim et al.

\%Snm)

/g
(Philpot et al. ot al.
Matouskova et
7o RETE DS
LI ENEHETH

20
“
Z
° 15 F
w
e
S 10F
=
>
g 5 F
3
= eeE=BELTE——=
=3
0 1 1
40 60 80 100

Relative water content (%)

Fig. 6: Relationship between fluorescence ratios (F450/680 ( 2
). F450/ F725 (1), F450/F520 (<), and F680/F725 () and
relative water content for spinach leaves during the water-stressed
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Summary

Fluorescence spectrometry is a suitable method
to non-destructively and remotely obtain information
on the pigments, cell structure and physiological
functions of plant leaves. In this study, the excitation-
emission matrices of water-stressed spinach leaves in
the dark were measured by a 3-D fluorescence
spectrophotometer, and changes with time of these
matrices were analyzed. Independently of the excitation
wavelength, local maximum fluorescence intensities
were captured at 450nm, 680nm, and 725 nm (F450,
F680, and F725, respectively). F450/F680 and F450/
F725 drastically changed with decreasing relative water
content in the early stage of the water-deficit process.
F450 hardly changed during the water-stressed
treatment, which implied UV-defensible pigments were
not accumulated in the dark. On the other hand, at an
carly stage of the water-deficit process, F680 and F725
appreciably decreased, and at that time, chlorophyll
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concentration increased, which implied chlorophy!l
contents in the measurement area were increased by
the shrinkage of leaves, and fluorescence yield
accordingly decreased. In the latter stage of the water-
deficit process, F680 and F725 appreciably increased,
which implied the photosynthetic reaction process was
damaged by the extent of the water-deficit. As the
excitation wavelength was shorter, F450/F680 and
F450/F725 changed more extensively because F680
and F725 were smaller and F450 was larger. These
results showed F450/F680 and F450/F725 excited by
short-wavelength ultraviolet rays (for example,
330nm) were suitable for detecting changes of relative

water content in spinach leaves.
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