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Study on Changes in Stomata and their Surrounding Cells
Using a Nondestructive Light Microscope System: Responses
to Changes in Water Absorption Through Roots
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The effects of water stress on stomatal aperture and epidermal cells of attached sunflower
leaves. were observed with a remote-control light microscope system. The relationships between
stomatal movements and changes in water potential, turgor potential and osmotic potential of

attached leaves were examined.

The leaf water deficit was caused by ice water perfusion to roots and the recovery was per-
formed by 20°C water perfusion. After the ice water perfusion the stomata immediately opened
with severe turgor loss and hollow of epidermal cells, and then it rapidly closed. The severe water
deficit (leaf water potential: —0.5 to ~1.3 MPa) produced complete closure of stomata but the
slight water deficit (—0.5 to —0.8 MPa) caused incomplete closure and immediate recovery after
20°C water perfusion. The hollow of epidermal cells indicated a time point of 0 MPa turgor

potential.

Changes in leaf water potential above —0.8 MPa during water deficit and its recovery were
regulated by turgor potential and those below —1.0 MPa were caused by osmotic potential. In
the range of —0.5 to —0.7 MPa leaf water potential and 0.4 to 0.15 MPa leaf turgor potential,
the stomatal movements were controlled by changes in turgor potential in epidermal cells as well

as that in guard cells relating to K* transport.

The results of these experiments indicate the necessity of continuous observation of individual
stomata by the microscope under the measurement of water potential, turgor potential and

osmotic potential to understand the effects of water stress on stomatal behavior.

Key words: Light microscope, Nondestructive instrumentation, Soil temperature, Stomatal

response, Water stress,
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Fig. 2. Relationships between water potential,
turgor potential and osmotic potential of
attached sunflower leaves. @ : turgor po-
tential; O: osmotic potential. Environ-
mental conditions were the same as those
in Fig. 1.
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Fig. 3. Typical responses of an intact stoma of
attached sunflower leaf to severe water
deficit. The water deficit was caused by
ice water perfusion to roots. Environ-
mental conditions were the same as those
in Fig. 1.

Fig. 4. Photomicrographs of the stoma shown in Fig. 3. (A) to (F) correspond to time points (A to F)
in Fig. 3. The arrow ( — ) in “C” indicates first hollow of subsidary cell.
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Fig. 5. Typical responses of an intact stoma of
attacled sunflower leaf to repetition of ice
water perfusion to roots and 20°C water
perfution. The slight water deficit was

caused by the ice water perfusion and the
recovery was performed by the 20°C water
perfusion. Environmental conditions were
the same as those in Fig. 1.

Fig. 6. Photomicrographs of the stoma shown in Fig. 5. (A) to (F) correspond to time points (A to F)
in Fig. 5. During the experiment, the guard and epidermal cells maintained normal turgor.
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