Transport and Distribution of
Assimilates in Plants
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<+ Transport of assimilates within the plant
<*Loading and unloading of assimilates
<+Allocation and partitioning of assimilates

<*Regulation of assimilate transport and partitioning



Pathways for Assimilate Transport

< Short-distance transport (}2iE=1=4):
» Movement within cells and between neighboring cells.
> Includes symplastic transport, apoplastic transport, and
transmembrane transport.
< Long-distance transport (IXIEE1=%):
» QOccurs mainly through the phloem.
» Moves sucrose and other assimilates from source organs to
sink organs.



Pathways for Assimilate Transport
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Pathways for Assimilate Transport

Short-Distance Transport Routes

Symplastic transport A

Apoplastic transport

Transmembrane transport -/




Pathways for Assimilate Transport

Long-distance assimilate transport occurs mainly in the

phloem (§1B5Z56).

The transport tissue is composed of

the sieve element-companion cell

complex (lFERDF-{FEE ST, SE-
CC complex).




Pathways for Assimilate Transport

Long-Distance Transport in the Phloem

v s . )
e < Sieve tube elements (& 9F):
Sieve tube v Specialized cells that conduct phloem sap.
. element . . .
o v Mature sieve elements contain little
. - cilrnpanlon
- cytoplasm and lack a nucleus.
e <+ Companion cells ({#{#):
. v Metabolically active cells closely associated
Lateral sieve . .
area with sieve elements.
0 ) v Support sieve element function and
Sieve tube . . - .
= plate participate in phloem loading and
& | unloading.




Research Methods for Assimilate Transport
1. Girdling treatment (FAZEJ4IE)
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<+ A ring of bark/phloem is removed from the stem
or branch.

<+ This blocks phloem transport while xylem water
flow may continue.

<+ Accumulation of sugars above the girdle
indicates downward assimilate transport through
phloem.

<+ Used to study source-sink relationships and

assimilate allocation.




Research Methods for Assimilate Transport

2. Tracer Methods for Assimilate Transport

I
+ Roots can be labeled with radioactive

©

o phosphate, such as 32P or 35S

® [MC-sucrose] .
EDJ,DQ »Leaves can be labeled with 4CO, to trace
. ﬁj Lk photosynthetic carbon assimilation.
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Research Methods for Assimilate Transport
3. Aphid stylet technique (IFH[O0%tX)

Use aphid stylets to collect phloem sap directly from sieve tubes.




Research Methods for Assimilate Transport

4. Phloem exudate collection

Collect sap from cut stems or petioles to analyze sugars, amino acids,

hormones, and signaling molecules.




Research Methods for Assimilate Transport

4. Biosensors

Biosensor for Real-Time Sucrose Monitoring in Plants

Needle-type, multi-enzyme, plant-insertable, real-time sucrose sensor

Real-time sucrose transport
monitoring is vital for
advancing precision agriculture

Electrochemical signal proportional to sucrose concentration
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® Glucose oxidase
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* Mutarotase

Biocathode
[Bilirubin oxidase]

Agarose gel

Performance metrics:

Sugi: Showed
light-induced stomatal
uptake of water and
sucrose for the first time

Sensitivity: ) Detection range:
N 6.22 pA mM' cm? (("’) 100 pM=60 mM

Limit of detection: ggsfeocr;f dtsl r:te :
100 pM

0.1 mM sucrose

Sensors for continuous,
real-time, in vivo sucrose
monitoring are lacking

Strawberry guava: Sensor revealed
higher sucrose transport at night

Q Operational stability: Retained 86% signal after 72 hours

The biosensor transforms plant sugar monitoring from a lab-based test to a field-ready
tool—empowering smarter irrigation, stress detection, and crop yield optimization

A Plant-Insertable Multi-Enzyme Biosensor for the Real-Time Monitoring of Stomatal Sucrose Uptake WASEDA University
Wu et al. (2025) | Biosensors and Bioelectronics | DOI: 10.1016/j.bios.2025.117674 PHEXZ



Direction and Velocity of Assimilate Transport

within a sing

< Typical trans

~

< Assimilates ([E{4=¥)) are transported mainly from source tissues (i/&
£040) to sink tissues (EELHLR).

< Transport can be bidirectional at the whole-plant level, but movement

e sieve tube is usually one-way.

nort velocity is about 100 cm h2, but it varies with:

o Plant species

o Developmental stage

o Environmental conditions

o Type of assimilate transported (surgars are faster than amino acids)

J




Direction and Velocity of Assimilate Transport

Specific mass transfer rate (LbEELEIEZEZE, SMTR) describes the amount of

assimilate transported per unit phloem cross-sectional area per unit time.

__W _
SMTR= m—v x C

W: Mass of the transported assimilate (usually in grams of dry matter).

S: Cross-sectional area of the phloem (typically cm?).

t: Time period over which translocation is measured (typically hours).

v: The speed of mass flow. High pressure gradients increase velocity, significantly boosting SMTR.

C: The amount of solute (sugar) per unit volume. Denser sap carries more mass at the same speed.



Parameter

SMTR (g cm™2 h1)
Velocity (cm h™?)

Conc. (% Sucrose)

> Giant pumpkins (Cucurbitaceae) exhibit some

of the highest recorded SMTR values in nature.

Peak System (e.g.

Slow System (e.g. Willow)  Active System (e.g. Maize)

Pumpkin)
~2.0 ~10.0 ~13.0+
30 - 50 80 - 120 150 - 200
15% - 20% 18% - 25% 20% - 30%
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<*Loading and unloading of assimilates
<+Allocation and partitioning of assimilates

<*Regulation of assimilate transport and partitioning



Phloem Loading of Assimilates

< Phloem loading (¥5Z&B3<Z,) is the movement of assimilates from
mesophyll cells into the sieve element—companion cell complex.

<» Main transported sugar: sucrose (JEFHE).

Mesophyll cell

/ Cell walls (apoplast) Companion Sieve-tube
(transfer) cell element

. Plasma membrane

Plasmodesmata

Key

Apoplast |
Bundle- Phloem
Symplast Mesophyll cell sheathcell parenchyma cell



Phloem Loading of Assimilates

< Symplastic pathway: Sucrose moves cell-to-cell through plasmodesmata (

fEIE)EZ).

“+ Apoplastic pathway : an active, energy-dependent process

Sieve-tube Companion Sugar-producing
element cell cell

Plasmodesma

(a) Symplastic phloem loading

Sieve-tube = Companion Apoplast Sugar-producing
element cell cell

/ Sleve'.'be element, v pe 5 -'..
sugar fransporter Q !

JH*, sugar ootransport /
- J‘ ‘
: H* ATPase 1 - - ‘

(b) Partly apoplastic phloem loading



Polymer-Trapping Model

The polymer-trapping model (BR&4IaEZRY) is for symplastic phloem loading

WPREE VYR T

Bundlesheath cell ~ Intermediary cell Sieve element

Sucrose enters intermediary cells (FR[EJ4HE) through plasmodesmata. Sucrose is

converted into larger sugars, such as raffinose (f2F#g) and stachyose (7K7%E).



Apoplastic loading Mechanism

Saum®

R

Sucrose

» H*-ATPase
» sucrose-proton symporter

1. H*-ATPase pumps protons out of
the cell.

2. Sucrose-proton symporters (FEEfE-

RFREEIEER, SUT/SUC) use

proton gradient to import sucrose




Phloem Unloading at Sink Tissues

Phloem unloading moves assimilates from the SE-CC complex into sink cells.

(a) Apoplasmic pathway (b) Symplasmic pathway

+ or — apoplasmic barrier
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®

Assimilates move through plasmodesmata

Sucrose exits the phloem into the apoplast.



Pressure Flow Hypothesis

The pressure flow hypothesis ([E7JifialZEi%) explains long-distance

transport in the phloem.

-
<» Proposed by Ernst MUnch in 1930.

< Assimilates, mainly sucrose, move through sieve tubes by mass flow.
< Flow Is driven by a pressure gradient between:

v' Source tissues, where sucrose is loaded.

v" Sink tissues, where sucrose is unloaded.

<+ Water enters the phloem at the source and exits at the sink, generating
bulk flow.

-

)
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Testing the Miinch hypothesis of long
distance phloem transport in plants

Michael Knoblauch™, Jan Knoblauch'?, Daniel L Mullendore’, Jessica A Savage®?,
Benjamin A Babst*!, Sierra D Beecher', Adam C Dodgen’, Kaare H Jensen®,
N Michele Holbrook?
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<+Allocation and partitioning of assimilates

<*Regulation of assimilate transport and partitioning
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Allocation and Partitioning of Assimilates

< Assimilate allocation (E{t4#IBE) refers to how fixed carbon is
distributed among plant organs.

< Assimilate partitioning ([E{t453Ec) refers to the distribution of
transported assimilates among different sinks.

<+ Source tissues produce and export assimilates.

< Sink tissues import and use or store assimilates.

<+ Source-sink relationships determine plant growth, yield formation,

and harvest index.



Allocation and Partitioning of Assimilates

Assimilate allocation

7 Young leaves /
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| & Fruits / Seeds

' Storage organ
(tuber / storage root)

Fixed carbon
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Assimilate partitioning
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d Root /
storage organ
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Young growing
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L )

v
Different sinks



Sources, Sinks, and Flow

< Source (j[f): organ that produces and exports assimilates, usually mature
leaves.

< Sink (Fg): organ that imports and consumes or stores assimilates, such as
roots, young leaves, fruits, seeds, and storage organs.

< Flow (jfit): transport pathway connecting sources and sinks through the

phloem (}5Z50).

< Source-sink unit (i[#-EE&(i): a functional system formed by sources,

sinks, and the transport pathway between them.



Source-sink unit

Transpiration é S 6 16ad
ource cells loa
pulls water up . ¢ :
e Sieve Source sucrose into companion
tube - cell cells. The sucrose
Companion

enters phloem sieve
tubes, reducing water
potential...

cell

...S0 water is taken up\
from the xylem by
osmosis, raising the
pressure potential in
the sieve tube.

Internal pressure
differences drive the
phloem sap along the
sieve tube to sink cells.)

HO

il

[? ...and water moves back

sink cells, increasing the
water potential in the
sieve tube...

53 Sucrose is unloaded into
into the xylem by osmosis}




Features of Assimilate Partitioning

< Assimilates are preferentially supplied to strong growth
centers. (LM ERPC

< Nearby sinks often receive assimilates first. Fiit{iz, [EiEEE

< Leaves and sinks can show functional supply relationships. IjgE

It ZIRFEEIRRR S

< Assimilates and nutrients can be redistributed and reused. [E{¥

PHEFREZNBRESBHA




Assimilate Partitioning and Yield Formation

<+ Yield depends on three major factors:
> Source strength (i/f5&): ability to produce assimilates.
> Sink strength (J&5®): ability to import, use, and store assimilates.
> Transport capacity (1=k5ge/]): efficiency of phloem connection

between source and sink.
< Yield may be limited by source capacity, sink capacity, or
coordination between source and sink.
<+ High yield requires balanced source production, sink demand, and

transport efficiency.



Source-Limited, Sink-Limited, and Coordinated Yield

< Source-limited type (iFPR#HIBY): yield is limited by insufficient
photosynthetic supply.
< Sink-limited type (FEBRFIBY): yield is limited by weak storage or

reproductive sink capacity.

< Source-sink coordinated type ((FEER{ERY): yield is improved

when source supply and sink demand are well matched.



Source-Limited, Sink-Limited, and Coordinated Yield

Set stage Filling stage
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. ‘ Inhibition of Pn e

................... {
) a Source-sink

Insufficient C supply ~ Weak B ordinatics )

(Adverse environment) sink potential (iatlowlevei)'> 4 ~

Crop management should aim to increase both assimilate production and

sink utilization.



Content

<*Regulation of assimilate transport and partitioning



Regulation of Assimilate Partitioning

<+ Metabolic regulation:
» Changes in sucrose concentration within cells regulate assimilate
movement.
» Sugar metabolism affects source export and sink utilization.
< Plant hormones regulate assimilate partitioning by affecting:
» Sink growth
> Leaf senescence
» Storage organ development

» Fruit and seed filling



Regulation of Assimilate Partitioning

<+ Temperature:
 Affects transport rate and direction.
« Phloem transport is often most active around 20-30°C.
< Light:
« Promotes photosynthesis and increases assimilate supply.
« Also enhances source activity and phloem loading.
% Water status:
« Drought reduces phloem transport and accelerates senescence.
« Water availability affects pressure-driven mass flow.
<+ Mineral nutrients:
 Nitrogen, phosphorus, potassium, and boron influence assimilate production,

transport, and sink development.
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Homework Assignments

Topic: Tuber/root enlargement in potato, sweet potato, or sugar beet

Your task:

< Identify the main source (J&), sink (&), and transport pathway.

< Explain what limits yield: source strength, sink strength, or transport capacity.

< Discuss one regulator: sugar metabolism, hormones, temperature, light, water, or mineral
nutrients.

<+ Propose one management strategy to improve assimilate allocation.

Challenge:

Design a simple experiment to test your explanation. Include treatment, control, and

predicted result.
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