Chapter 11: Transport in Plants

Internal
Logistics of

the Plant
Organism

A visual synthesis of Chapter 11. Exploring the
cellular engineering that enables water, minerals,
and synthesized food to move across vast
distances within multicellular plants.




The Geographic Dilemma of Multicellular Plants
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In complex plants, the site of resource collection (water in roots) is far from the site of resource production
L(sugars in leaves). This requires a dedicated dual-highway system to connect the distinct micro-environments.
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Vascular Bundles
Form a Dual-Highway
Transport System

Structural Layout

In younger stems, grouped
vessels form distinct
vascular bundles arranged
In a protective circle
around the central pith.
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STEM CROSS-SECTION

Phloem

The living pipeline
positioned toward
the epidermis.
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Xylem

1

The woody, central
core pipeline.
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Diagnostic Comparison:
Xylem vs. Phloem
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XYLEM PHLOEM
Cargo Transported | Water and mineral ions Sucrose and amino acids
S Strictly one-way (upwards Two-way (up and down to
Direction of Flow from roots) various sinks)
Dead cells forming a Living cells with functioning
Cellular State continuous hollow tube cytoplasm

Thin walls, sieve plates with
distinct holes, and adjacent :
dl| companion cells

Thick cellulose walls
impregnated with
waterproof lignin rings

Structural
Engineering




Root Intake Operates Through
Two Distinct Cellular Mechanisms
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root hair
cell

Structural Adaptation:

The immensely elongated shape of
the root hair cell creates a massive

cell wall

surface area, maximizing the

Osmosis

Soil water has a higher water

potential than the cell
contents. Water passively
moves down the gradient
into the root hair.

volumetric absorption of both water

water potential gradient )}

vacuole

and trace minerals from the
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surrounding soill.

nucleus
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Active Transport

Soil mineral ions exist at
very low concentrations.

The plant expends ATP
energy to actively pull
them against the
concentration gradient into
the cell.
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Xylem Vessels Are Engineered for High-Tension Water Flow
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Feature 1: The Hollow Lumen

Cells arranged end-to-end lose their
cytoplasm and die, creating a completely
unobstructed central space for rapid,
high-volume water transport.
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Feature 2: Lignification

The cellulose cell walls become fully
impregnated with heavily reinforced lignin
rings and spirals.
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Engineering Result
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Lignin makes the tubes entirely waterproof
and incredibly rigid. This allows them to carry
continuous columns of water up extremely
tall plants without collapsing inward under
immense negative pressure.




Transpit:atian Orives
the Upward Movement
of Water

I 1

Definition: Transpiration is the
continuous loss of water vapour
from the leaves, which acts as the
primary mechanical engine for all
upward fluid transport.
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Step 1: Water leaves the xylem
vessels via osmosis to supply the
surrounding mesophyll cells.

| Step 2: Water evaporates from

the damp surface of the spongy
mesophyll cells into the open

| internal air spaces.

Step 3: Water vapour diffuses out
through the open stomatal pores into
the external atmosphere.
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' Evaporation at the leaf ‘
creates a continuous physical
pull (tension) on the
unbroken, cohesive column of
water trapped in the xylem,
physically lifting water out of

‘_the soil and up the stem. J
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The Pull Mechanism '
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1. Photosynthesis

Supplies the raw
water required for
glucose production.

2. Mineral
Transport

Carries essential
dissolved mineral
lons to all tissues.

3. Structural
Turgor

Provides internal
water pressure to
keep cells turgid
and support the
plant.
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4. Thermal
Regulation

Evaporation cools
the leaf surface
against intense
solar heat.
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Four Vital Functions
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Water enters guard cells by osmosis. They become
highly turgid. Because the inner cell wall is unusually
thick, inflation forces them to curve outward (like an
inflated balloon), opening the stoma to allow
transpiration.
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epidermal epidermal
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thick inner
cell wall

Water leaves the quard cells. They become flaccid
and collapse together, sealing the stoma. This
critical adaptation prevents excessive and fatal
water loss in the dark or during severe drought.
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Four Environmental Drivers
Throttle the Transpiration Rate
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Light Intensity Temperature
Light causes stomata to open wide to absorb CO2 Heat increases the kinetic energy of water
for photosynthesis, drastically increasing the rate molecules, accelerating their evaporation from
] of water vapour loss. mesophyll cells into the air spaces. i
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| Moving air sweeps away resting water vapour E Humid air surrounding the plant reduces the | ==
from the leaf surface, maintaining a steep = diffusion gradient between the inside and outside
| concentration gradient for rapid diffusion. = of the leaf, immediately slowing down transpiration. L |
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Quantifying Flow Dynamics
with a Potometer

NS\ /%% (ff <« leafy shoot

rubber tubing , capillary tube , calibrated scale
The Mechanism ./ /
\ air bubble

A potometer measures
the rate of water uptake
by a cut shoot. In
experimental practice,
this acts as an accurate,
real-time proxy for the
rate of transpiration. «— water reservoir

P .
How it Works

1. An air bubble is introduced
Into a horizontal capillary
tube.

2. As the leafy shoot
transpires, it draws water
through the system.

3. The bubble moves along
a calibrated scale,
allowing precise
measurement of
volume displaced over
time.

4, A vertical reservoir is
used to reset the bubble
for repeat trials.
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Phloem Architecture: The Living Pipeline
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: Feature 1: Sieve Tubes & Plates: $

Formed from living cells joined end-to-end.
The cross-walls form sieve plates with distinct -
holes, allowing living cytoplasm to extend
continuously through the entire tube.
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‘Feature 2: Companion Cells —$—

Because sieve tube cells lack nuclei to
maximize internal flow space, vital companion
cells sit directly alongside them. They control
biological activities and provide the immense
energy required for active transport.
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Translocation Orives
Bidirectional Distribution
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UPWARD SINKS

Growing shoots,
developing young leaves,
flowers, and fruits
(used for building
proteins and

Definition: Translocation is the active movement of
sucrose and amino acids through the phloem tissue.

\generatmg rapid energyb 1

(A S )
THE SOURCE

Leaves
(during active
< photosynthesis)

DOWNWARD
FLOW
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DOWNWARD SINKS

Roots (where sugars
are actively converted
to insoluble starch for

long-term storage)
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DOWNWARD FLOW U UPWARD FLOW

Key Difference: Unlike the passive, upward-only
transpiration pull, translocation actively moves
materials bidirectionally to wherever the

organism requires them.
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A Master Synthesis
of Plant Logistics
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The Interlock

The entire logistics system is biologically
interdependent.

I! Water is pulled continuously upward via the
xylem transpiration stream.

In the leaves, this transported water is
combined with CO2 via photosynthesis to
manufacture glucose.

The glucose is converted to sucrose, which is
actively loaded into the bidirectional phloem
for translocation—ultimately feeding the very
roots that gathered the water in the first place.




Core Transport Mechanisms
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1. Intake 2. The Upward Engine 3. Bidirectional Distribution
Root hair cells leverage immense Evaporation at the leaf creates Living phloem tissue—supported
surface areas to draw in water via transpiration, generating a by companion cells—utilizes
osmosis (down the gradient) and physical tension that pulls an translocation to actively move
vital minerals via active transport unbroken column of water and synthesized sucrose and amino
(requiring energy). minerals upward through dead, acids from photosynthetic sources
waterproof xylem vessels. to biological sinks anywhere in the
organism.




