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An investigation on the possibility of use of chlorophyll fluorescence
to study the stomatal behaviour in plants under drought stress
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Abstract

Stomata play a key role in the control of plant water relations
and photosynthesis. A rapid non-destructive method to study the
stomatal behaviour in aerial parts of plants is important for researchers
in plant sciences and agricultural fields. Stomata close in response to
drought stress. Stomatal closure causes lower availability of CO, inside
the leaf and thus a decrease in the rate of carboxylation. Thus,
a measurement of relative quantum yied for electron transport by
photosystem II (Dpgyy) under a non-photorespiratory condition may be
used to detect the closure of stomata. In this research we aimed to
study the relationship between ®pgy; and stomatal closing behaviour in
Tradescantia virginiana under water stress and rehydration using a
chlorophyll fluorescence imaging system. Results showed that in
leaves from well-watered plants and in an atmosphere of 2% O, and
normal CO,, ®pg;; was high (0.69) before excision, but 2 h dessication
after excision ®pg; decreased significantly (0.33), and with the
transition to high CO, ®pg; almost completely recovered to the value
of the control images (0.66). Moreover, ®pg; increased significantly
from 0.27 to 0.64 during rehydration of the dessicated leaves. Direct
measurement of stomatal aperture in control and dessicated plants
(7 and 1 pm, respectively) confirmed the high correlation between
Opgyr under low O, concentration and stomatal closure as well as the
effectiveness of chlorophyll fluorescence imaging system in the study
of stomatal behaviour. Therefore, this new non-destructive method
could be used to study stomatal closing behaviour and patchiness in

different parts of a leaf.
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Fig. 1. Images of ®pgy in Tradescantia virginiana leaves for control (without desiccation) under low O, concentration (2%) plus normal
CO, concentration (0.035%) (A), after 2hr of desiccation under low O, concentration plus normal CO, concentration (D) and after 2hr of
desiccation under low O, concentration plus high CO, concentration (5%) (G). The tips of the leaves were located outside the cuvette in
normal air. B, E, H show the frequency distribution histograms of ®pgy; of the basal parts of leaves (inside the cuvette) corresponding to
the images of A, D and G, respectively. Moreover, C, F and I show the frequency distribution histograms of ®pgy; of the tips leaves
(outside the cuvette) corresponding to the images of A, D and G, respectively. Average values of @pgy; + standard deviation are indicated
above the histograms. Colour scale of ®pgyy is shown below the images.
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Fig. 2. Mean comparisons of ®pg;; (A) and stomatal aperture (B) in Tradescantia virginiana leaves for control (without
desiccation) under low O, concentration (2%) plus normal CO, concentration (0.035%), after 2hr of desiccation under low O,

concentration plus normal CO, concentration and after 2hr of desiccation under low O, concentration plus high CO,
concentration (5%). Panel (C) shows the relationships between ®pg;; and stomatal aperture for control and 2hr of desiccation.
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Fig. 3. Images of ®pgyy in Tradescantia virginiana leaves for control (without desiccation) (A), after 3hr of desiccation (C) and
after 3hr of desiccation plus lhr of rehydration (E) under low O, concentration (2%) plus normal CO, concentration (0.035%).
B, D and F show the frequency distribution histograms of ®pgy of the leaves corresponding to the images of A, C and E,
respectively. Average values of ®pg; + standard deviation are indicated above the histograms. Colour scale of ®pgpy is shown
below the images.
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