Circadian Regulation of Stomatal Conductance in
Albino and Green Redwoods and Other Gymnosperms
1Mo,

Jennifer, 1Simonin, Kevin, 1Parker, V. Thomas, 2 Geary, Michelle

1. Biology Department, San Francisco State University, San Francisco, CA; 2. Biology Department, West Valley College, Saratoga, CA

Background

Materials and Methods
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Plants have closable pores (stomata) that open during
the day and take in carbon dioxide for photosynthesis.
Water vapor is simultaneously lost in a process called
transpiration. Surprisingly, many plants also transpire at
night when photosynthesis is not possible. One
explanation is that predawn transpiration is part of a
circadian rhythm that enables a plant to anticipate
daylight and photosynthesize more effectively. While
correlations between circadian regulation of stomatal
conductance (flow rate of gas exchange, gs) and
photosynthetic efficiency have been demonstrated in
angiosperms, gymnosperms have not been investigated.

Field measurements of stomatal conductance, transpiration, water potential, and VPD of green and albino redwood shoots were taken at the San Francisco
Botanical Garden. Greenhouse measurements were made on 40 redwood, douglas-fir, and ponderosa pine seedlings at the SFSU experimental greenhouse. The
seedlings were entrained to 13 hour days, with lights on between 6 am and 7pm. A shade reduced ambient daylight. Stomatal conductance and transpiration
measurements were conducted hourly between 7pm and 12 am, 4:30 am and 7:30 am, and 10am and 1pm for two consecutive days at a time. On the second
night, grow lights were kept on to maintain 24 hour light conditions. Stomatal conductance and transpiration were measured with a Li-1600 steady state
porometer, water potential was measured using a SoilMoisture pressure bomb. VPD curves were generated using a Walz GFS-3000 system. Area of leaves was
evaluated using Image-J.

Daily patterns of stomatal conductance are evident for all
three species in the greenhouse experiments. As expected,
conductance rises in the morning, peaks around noon, and
drops off at night. However, all three species reached
their lowest levels of conductance at or shortly before
dawn (6am). In contrast, angiosperms begin to open their
stomata several hours before daylight (Resco de Dios
2013, 2016). The lack of predawn stomatal conductance
suggests that gymnosperms are not able to anticipate
daylight, but does not obviate the presence of a circadian
clock. Measurements made under 24 hour light show a
weaker version of the same pattern, but further analysis is
needed to determine whether the pattern is internally
regulated or affected by changes in temperature and
humidity within the greenhouse’s set parameters.

Preliminary Results
Greenhouse Experiments on Douglas-firs, Ponderosa
Pines, and Redwoods

Field Experiments on Albino & Green Redwoods
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In this project, nighttime water use was measured in
the green and albino sprouts of Sequoia sempervirens,
and in two other gymnosperm species found in
California (Pinus ponderosa, Pseudotsuga menziesii).
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The field experiments done on the albino and green
redwood sprouts are inconclusive. If gymnosperms do not
anticipate light, it is likely differences in stomatal
conduction between albino and green sprouts are due to
other anatomical and physiological characteristics.
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Primary research questions:
• Is stomatal conductance in gymnosperms under
circadian regulation? Is there evidence for predawn
(anticipatory) stomatal conductance?
• What happens to nighttime water use when
photosynthetic ability is removed, as with albino
redwood shoots?
• How is physiology affected when photosynthesis is
removed from a system?
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Future Directions
While stomatal conductance may not be under circadian regulation in gymnosperms, measurements of overnight
water use suggest that gymnosperms continue to transpire long past nightfall, with a slight but intriguing rise around
midnight. Relatively little is known about how gymnosperms use water at night. Because water is one of the most
important physiological limitations plants face, understanding what controls water use in these plants is essential to
predicting how they will respond to climate change – and how global hydrology will shift in response to changes in
plant transpiration.
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