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How Water Stress
Slows Photosynthesis

The Physiological Cascade from Cellular
Reactant to Systemic Wilting




The Direct Chemical Role: A
Photolysis
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While water is a crucial direct reactant, a lack of water rarely halts photosynthesis by
simply “running out” of H,0 molecules. The true limitation is physiological.




The First Defense: Stomatal Closure e
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Water is conserved,

CO, Gas Exchange but the gateway to
occur freely. the atmosphere is
completely sealed.
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By closing stomata to survive dehydration, the plant

immediately triggers an internal starvation cascade.
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The Microscopic Cascade: Carbon Starvation
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With stomata closed, external CO, cannot enter the leaf.
The plant rapidly depletes its internal CO, concentration.

! CO, Concentration = | RuBisCO Carboxylation Rate
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The Macroscopic Cascade: Structural Wilting T‘%

Surface Area Reduction

Loss of turgor pressure causes leaves to
droop and wilt. This physical curling
drastically reduces the surface area
exposed to incoming incident light.

Metabolic Drop

Severe water stress physically damages
cellular infrastructure, leading to a
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Wilting fundamentally limits the
Light Reactions by restricting the

physical capacity of the antenna
complexes to harvest photons.




Synthesis: The Irony of Water Stress A
Indirect Limitation A Indirect Limitation B

Lack of electrons for PS | CO, starvation via closed Light starvation via wilted
photolysis. (Rarely the main stomata. (The primary surface area. (The secondary
Issue). microscopic bottleneck). macroscopic bottleneck).

The Physiological Bottleneck

Water limits photosynthesis primarily through its effect on the
plant’s structure and defenses, rather than its direct role In
chloroplast chemistry. A thirsty plant effectively shuts down its
own photosynthetic machinery to survive.
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