Section 11.10

The Limiting
Factor Rule

Understanding the internal and external
variables that govern the rate of
photosynthesis.




INTERNAL FACTORS A
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The Plant’s Inherent Capacity
Internal factors dictate the baseline potential for photosynthesis.
They are determined by the plant’s genetic predisposition and
overall growth. m
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EXTERNAL FACTORS A

The Environmental Inputs T

While the plant provides the machinery, the environment provides the raw materials and operating
conditions. All four factors simultaneously interact to drive the rate of CO, fixation.

Light Temperature
 Provides the driving energy for the photochemical « Regulates the enzymatic pace of the dark reactions.
phase. « Optimum levels vary by plant habitat (tropical vs.
« Defined by quality, intensity, and duration. temperate).
Carbon Dioxide (CO,) Water (H,0)
 The primary raw material for carbon fixation.  Adirect reactant in the light reactions.
« The most common major limiting factor in natural « Maintains leaf turgor and keeps stomata open for

environments. gas exchange.
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Blackman's Law of Limiting Factors (1905)

When multiple factors interact to drive a chemical process, the overall rate is not an
average—it is dictated entirely by the weakest link.

If a chemical process is affected by more than one factor, then
its rate will be determined by the factor which is nearest to its
minimal value: it is the factor which directly affects the

process if its quantity is changed.

The Core Principle: A system can only move as fast as its slowest component.

Improving abundant factors does nothing until the primary bottleneck is resolved.
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APPLYING THE LAW A
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The Bottleneck in Action

Imagine a green leaf operating under perfect atmospheric conditions.

The Bottleneck

Optimal + Optimal ZERO
Light & CO, PHOTOSYNTHESIS
Optimal + Optimal + OPTIMAL PHOTOSYNTHESIS
Light & CO, & TEMP A INITIATED

Note: Because temperature is nearest to its minimal value, it completely overrides the perfect light and CO, conditions.



The System Dynamics Control Panel A

Status: Rarely a
limiting factor in
nature (except
dense forests).

Warning: Excessive light
causes chlorophyll
breakdown.

Photosynthesis rate

Light intensity

Saturation: Up to
0.05% boosts
fixation.

(C4 limits at

360 plL-1; C3at
450 plL-1).

Status: Frequently
limiting.

Status: C4 plants
show a much higher
rate of photosyn-
thesis at higher
temperatures
compared to C3
plants.

How the four external dials behave and limit plant productivity in the real world. TopAl
Light Intensity CO, Concentration Temperature Water Availability
(The Main Bottleneck)
Saturation: 10% Atmospheric: Mechanism: Mechanism:
of full sunlight. 0.03% - 0.04% Controls the enzymes Indirect systemic
of the dark reactions. iImpact.

Status: Water stress
forces stomata to
close, cutting off
the CO, supply.

Warning: Wilting reduces
active leaf surface area.



System Synthesis

Productivity is a constant negotiation between genetic
potential and environmental bottlenecks.

* Internal factors build the machine (leaves, chloroplasts, chlorophyll).

« External factors provide the fuel (light, CO,, water) and the operating
environment (temperature).

 Due to Blackman's Law, total photosynthetic yield can only be increased by
identifying and elevating the single most limiting factor at any given moment.

Strategic Insight: Modern agriculture (like greenhouse CO, enrichment for tomatoes and bell peppers) is
entirely based on artificially raising these bottlenecks to match the plant’s maximum genetic potential.
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