

10 LECTURES

Dr. Archana Dutta
Study material for M.Sc Botany Second semester
Assistant Professor(Guest Faculty)
Dept. of Botany, MLT College, Saharsa
archana77.das@gmail.com
Mob No. - 9065558829


TRANSPORT MECHANISM IN PLANTS.



Plant Transport 

 
Introduction 

 a vascular system allows for advanced plants to have parts specialized for different 
functions 

 the vascular system also provides support and allows for exploitation of a large area 

Cellular Transport Systems 

 Membrane Permeability 
o passive transport relies on diffusion to move particles across a membrane; down 

their concentration gradient 
o active transport relies on energy consumption to move particles across a 

membrane, up their concentration gradient 
o transport proteins can bind to solute and move them through the membrane 

while selective protein channels form pores through which only specific solutes 
can pass 

 
 
 
 

 Proton Pumps 
o uses ATP to move hydrogen ions out of the cell, creating a membrane potential 

which is harnessed to do work 
 it is used to cotransport other solutes back through the membrane 
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Proton - Glucose Cotransport system 

 Water Potential Differences Drive Water Transport 
o both solute concentrations and physical pressure move water in a plant - called 

the water potential and represented by the Greek letter ψ (pronounced "sigh") 
o water moves cross a membrane from high water potential to lower water 

potential 
o a plant cell placed in a solution of higher water potential will swell and the 

expansion of the cell can do work 
o megapascals (MPa) are used to measure water potential, 1 MPa = 10 

atmospheres 
o 1 atmosphere = 1 kg pressure per square centimeter 
o while the water pressure in a car tire is about 0.2 MPa, most plant cells exist at 1 

MPa 
o the water potential of a plant = pressure potential + solute potential (ψ = ψp + ψs) 

 pressure potential = the physical pressure on a solution, may be + or - 
 turgor pressure is a positive pressure 

 solute potential (osmotic potential) is proportional to the number of 
dissolved solute particles 

 pure water has a solute potential of 0, with solutes added the 
solute potential is less than 0 
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Osmosis through a selectively permeable membrane 

 

 

o any solution at atmospheric pressure has a negative water potential, since only 
solute potential is at work (physical pressure is effectively 0) 

o water potential affect the movement of water through plant cell membranes 
 flaccid cells have a ψp = 0 
 if a flaccid cell is placed in a solution with a lower ψ, the cell will further 

plasmolyze 
 if a flaccid cell is placed in pure water (higher ψ), the cell swells against 

its cell wall 
o if ψp and ψs are equal in magnitude but opposite in sign, ψ = 0 and the cell is in 

dynamic equilibrium 
 turgid cells have a higher solute concentration than the external solution, 

which contributes to support in plants 
 flaccid plant parts cause organs such as leaves to wilt 

 
Plasmolysis/Lysis of plant cells 
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 Aquaporins 
o are specific transport proteins that allow water to passively move through 

membranes 
o they do not affect the direction of flow, only the rate of flow 
o they may be regulated (via Ca2+second messengers), research is not yet 

definitive 
 Vacuoles 

o the tonoplast regulates the passage of solutes in and out of the vacuole 
o proton pumps move protons from cytosol into vacuole 
o in some plant cells, the symplast is the shared cytosol between adjacent cells 

due to plasmodesmata 
o the apoplast also is the interconnected cell walls of adjacent plant cells 
o the vacuoles of adjacent plant cells are never interconnected 

 
Hydrated plant cells 

 

 
Plamolysis of plant cells - vacuoles have 

shrunk 
 

 Symplast and Apoplast Transport Functions 
o substances can move through membrane, wall, adjacent wall, and then next 

membrane, to get from one cytosol to the next 
o solutes can move through plasmodesmata and move from cell to cell via the 

symplast 
o solutes can move through the apoplast to move around cells 

http://commons.wikimedia.org/wiki/File%3ARhoeo_Discolor_epidermis.jpg
http://commons.wikimedia.org/wiki/File%3ARhoeo_Discolor_epidermis.jpg
http://commons.wikimedia.org/wiki/File%3ARhoeo_Discolor_epidermis.jpg
http://commons.wikimedia.org/wiki/File%3ARhoeo_Discolor_-_Plasmolysis.jpg
http://commons.wikimedia.org/wiki/File%3ARhoeo_Discolor_-_Plasmolysis.jpg
http://commons.wikimedia.org/wiki/File%3ARhoeo_Discolor_-_Plasmolysis.jpg
http://commons.wikimedia.org/wiki/File%3ARhoeo_Discolor_-_Plasmolysis.jpg
http://commons.wikimedia.org/wiki/File:Rhoeo_Discolor_epidermis.jpg
http://commons.wikimedia.org/wiki/File:Rhoeo_Discolor_-_Plasmolysis.jpg


 
Absorption of water by a root 
 

 
Apoplast and Symplast pathways 

 

 Bulk Flow 
o is caused by the movement of fluids due to pressure 
o phloem uses positive pressure to move fluids from a source (hi pressure) to a 

sink (lower pressure) 
o root xylem also moves water via positive pressure towards the surface of the soil 

only 
o shoot xylem moves water from stem to leaf via negative pressure 

 transpiration (leaf water evaporation) creates tension that pulls water 
upward 

o to reduce resistance to flow, xylem cells have no organelles and their end walls 
are thoroughly perforated 

  Absorption by the Roots 

 root hairs increase root surface area 
 the soil solution moves freely into the cell wall spaces between the cellulose fibers of the 

cell walls and on into the spaces between the cells of the root cortex 
 Alden Crafts and Theodor Broyer proposed the symplast theory of mineral uptake in the 

roots of plants; all the cells in the epidermis and cortex absorb minerals (sodium and 
potassium) from the soil solution in the apoplast, minerals are transported through the 
symplast which continues right through the endodermal layer and into the living cells 
around the xylem 

o minerals move through the root apoplast and symplast 
o the apoplast provides for rapid substance movement while the symplast allows 

for selectivity  
o most soil nutrients are taken in by active transport and once having passed 

through the endodermis they leave the symplast and move into the dead xylem 
to go up to the shoot system 
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Root hairs increase 

absorption for 
nutrient absorption 

 

 
Apoplast and symplast nutrient movement in a root 

 

 the movement of solutes into root cells decreases their water potential and water 
essentially moves into the roots following the gradient 

 a plant can take up water and minerals through the entire surface area of the plasma 
membranes of the epidermis and cortex 

 the root’s cell wall spaces and intercellular spaces form a functional unit filled with 
nonliving material called the apoplast - which is virtually continuous with the external soil 
solution 

 Mycorrhizal fungi grows around or in the root and sometimes into the root cortex 
o the plant relies on the fungus to absorb nutrients from the soil and may also rely 

on the fungus for some plant hormones 
o many trees require mycorrhizae to maintain normal growth 

 the endodermis acts as a barrier dividing the apoplast into outer and inner areas 
o each endodermis cell is shaped like a brick, and the cells form a layer like a 

cylindrical brick wall up and down the root, separating the epidermis and cortex 
from the root’s interior 

o the Casparian strip made mainly of a waxy material called suberin fills the 
spaces between the cells 

o it impregnates the cell wall and extends out until it meets the Casparian strips of 
other cells - no substances can pass through the spaces between cells 

o substances of the cortex must pass though the inner and outer walls of the 
endodermal cells and pass through their cytoplasm 

o the apoplast occupies only about 10% of the root volume but greatly increases 
the surface area of contact between the soil solution and the living root cells 

o all solutes must pass through the symplast of the endodermis 
o once inside the endodermis, the solutes and water pass into the apoplast and 

into the vessels and tracheids 
o to move the water, endodermal cells actively transport solutes into the apoplast 

of the vascular cylinder and water follows by the rules of osmosis 
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Mycorrhiza growth into a root 

 

 
Mycorrhiza on White Spruce 

roots 
 

 
Mycorrhiza on White 

Spruce roots. 

Transport in Xylem 
 
Structure of Xylem 

 a complex tissue, with many different types of cells 
 only some of these cells conduct water and solutes called sap 
 both the conducting and nonconducting cells contribute strength to plant 
 just after cell division, a primary cell wall is made (cellulose, pectin, and other 

polysaccharides) 
 after cell expansion, a secondary cell wall is made by xylem cells, consisting of 

secondary thickenings that may consist of disconnected rings or new coverings that 
completely cover the primary cell wall 

 secondary thickenings are composed of cellulose and lignin, lignin gives wood its 
properties 
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Lignin hydrogen bonds with cellulose to increase cell wall 

rigidity 
 

 
Xylem cell 

 

 xylem cells are dead once they conduct water - they disintegrate leaving strong, hollow, 
cylinders filled with sap 

 in primitive vascular plants - the conducting cells are tracheids which are long, extremely 
thin cells with slanting cell end walls 

 areas called pits in the end walls allow rapid passage of sap from cell to cell 
 the pit is not a hole but an area of thin or no secondary wall between neighboring cells 
 pits are in side walls and end walls of tracheids permitting vertical and horizontal 

movement of water 
 secondary xylem in a pine tree also has parenchyma cells that form the walls of resin 

canals 

 

 
Black locust tree trunk showing annual rings 

 

 resin is a sticky pungent fluid secreted by cells lining the canals that inhibits the growth of 
pathogens and protects injured areas from invasion 

 other living parenchyma cells called rays run out from the center of the tree that carry 
nutrients laterally to the vascular cambium, phloem, and cork cambium, or store food 

 flowering plants made an advance in their xylem - the cells digest holes in their end walls 
to form real holes, not just pits, that allows rapid passage of water 

 in primitive angiosperms the end walls are perforated, in advanced forms the end walls 
are gone and the cells form sections of “pipe” 
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 cells also became shorter and wider, increasing the diameter of the pipes from roots to 
leaves, reducing frictional drag on sap passing through the xylem 

 vessels - the hollow xylem tubes of angiosperms, vessel members or vessel elements 
are the individual dead cells of the tubes 

 some angiosperm wood is made of vessels but most of made up of other types of xylem 
cells 

 fibers - long thin cells with thick cell walls for support 
 sclerids (stone cells) - have a thick secondary cell wall, variably shaped, often branched, 

and shorter than fibers, for support 
 rays - lateral xylem cells that pass fluids laterally 
 some angiosperms also have tracheids 

 
Xylem of the vine Luffa 

 

 
Dried fruit of Luffa, 

revealing the xylem tubes. 

Root Pressure 

 root pressure can be measured by cutting off a stem at the ground, attaching a glass 
tube, and measuring the height of the water level in the tube after some time 

 root pressure is caused by active transport of solutes by root cells toward the xylem of 
the root 

 water follows the movement of the salts and builds up hydrostatic pressure 
 the endodermis prevents backwards flow (Casparian strip) and the water is forced up the 

xylem of the root 
 roots require oxygen for respiration to power the active transport, normally the water that 

moves up to the shoot system is lost as evaporation, used in photosynthesis, or enters 
the phloem tubes 

 guttation - water exudes from the tips of leaves because it cannot evaporate fast enough 
as it is pushed up by the root pressure 

 root pressure generates pressures that push water up less than a meter (has not been 
found at all in gymnosperms) 
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Guttation on an Equisetum stem 

 

 
Guttation on a strawberry leaf. 

 Transpiration Pull 

 English clergyman, Stephen Hales, showed that transpiration (evaporation of water from 
leaves) can pull sap through the xylem of a plant 

 1890’s - Henry Dixon and John Joly also argued this point and showed that water’s 
cohesion played a vital role in this phenomenon 

 the driving force of this process starts at the top of the shoot system 
 transpiration occurs, loss of water lowers water potential between the cellulose fibers of 

the cell walls, and water quickly is replaced by capillary movement of water from 
neighboring cell walls, that also pull the water from other walls until the water is replaced 
by water from a xylem veinlet 

 as water is pulled out of xylem, the cohesion of water molecules pulls on the water in the 
xylem column like pulling of a rope, all the way to root cells which replace the water by 
absorbing it from the soil 

 cavitations, vapor pockets in the xylem tubes, form when xylem tubes freeze in winter 
o cavitations are refilled by root pressure if they are low enough 
o cavitations higher on a tree effectively destroy the xylem pipeline where they are 

found 
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Evapotranspiration 

 

 
Tree water movement 

 

 
Water movement due to cohesion 

 
 
 
 
 

 
Measurement of transpiration with a 

potometer 
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 Cohesive Strength of Water 
o soil may have a low positive pressure, whereas in the stem of a plant it has a 

negative water potential 
o under rapid transpiration, the xylem is under tension or pull 
o tension in a large tree can stretch the water in the xylem that it draws the walls of 

the xylem in and measurably lowers the circumference of the tree 
o the cohesive strength of water must withstand tension increasing by one bar 

(1000 kg/cm-sec2) for every 10.2 meters in height; the walls of the xylem exert 
frictional resistance that at least doubles the pull required 

o water in the xylem snaps apart when xylem is cut 

 
Hydrogen bonding in water 

 

 
Device used to measure the tension of 
water in the xylem system of a plant. 

 Rate of Transpiration 
o Stephen Hales estimated that weight for weight, a plant’s daily water intake is 17 

times that for a human 
o plants lose 100 to 400 molecules of water for each molecule of CO2 absorbed 
o transpiration rates vary for any particular plant and depends on stomatal density, 

cuticle thickness, leaf geometry, and environment 
o environmental factors include: availability of soil water, sunlight (heat load), low 

humidity (increased transpiration), high air temperature, wind speed 

Operation of Guard Cells 

 leaf transpiration has the added effect of regulating leaf temperature and preventing 
denaturation of enzymes 

 each stoma is surrounded by two guard cells 
 guard cell structure is peculiar - the side to the stomata has the thickest cell wall 
 guard cells open the stoma by accumulating solutes to lower their osmotic potential and 

absorb water, become turgid, and expand to a curved shape (because of their unevenly 
formed wall 

o the opening of stomata is correlated with the active transport of protons out of 
guard cells, which drives potassium into the cell through membrane channels 
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Guard cell control 

  
Tomato stoma 

 

 stomata are opened when the CO2 concentration in the guard cells is low, normally in the 
daytime; also in response to blue-light receptors in the guard cells stimulating the activity 
of the protons pumps 

 if water is lost too quickly, abscissic acid release from nearby cells triggers potassium 
release from guard cells and they collapse, closing the stoma 

 
Open and closed guard cells 

 

 
Leaf cross section 

 

Functions of Xylem and Phloem 

 arrangement of vascular tissue differs within plants and between plants 
 dye coloring in a water solution will move up a cut stem through the thick xylem cells; 

phloem cells do not become colored 
 Marcello Malpighi, Italian, performed a girdling experiment  
 girdling consists of removing bark completely around a tree 
 Malpighi found that a swelling occurred just above the torn area, the fluid that oozed was 

sweet 
 the leaves of the tree remained unaffected for months or years but eventually they and 

the whole tree died 
 Malpighi concluded the phloem transports food to the roots, which died after they had 

used up their food reserves 
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 He concluded that xylem transports water from roots to shoots, without which the leaves 
will immediately wilt 

 thus xylem moves water from root to shoot, phloem moves sugar from shoot to root 
 phloem also moves sugar to growing buds, flowers, and fruits 

 
Girdled tree trunk. 

 
Tree sap 

 

Xerophyte Adaptations 

 desert plants have small thick leaves, often with hairs 
 stomata are concentrated on the lower shaded portions of the plants 
 CAM photosynthesis is common for carbon fixation 

 
Prickly pear (Opuntia) needles 

 

 
Stachys, a genus of plant with hair-covered 

leaves. 
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Changes in the Xylem of Woody Plants 

 xylem grows and changes throughout the life of a tree 
 growth rings/annual rings - rings of xylem made in the trunk of a tree in a temperate 

climate 
 no growth rings occur in tropical trees 
 spring wood - light in color, made in spring during abundant moisture and high auxin 

(growth hormone); the xylem cells reached large size before they developed secondary 
walls and died 

 summer wood - darker in color, made during summer or scarce moisture, less auxin; the 
xylem cells do not enlarge as much and are smaller, thus there is more cellulose per 
cubic millimeter of summer wood 

 annual rings can be counted to determine age; they determine the history of a tree; can 
be used at archaeological finds to correlate climate with artifacts 

 sapwood - the last several years of xylem that conducts sap in a tree 
 heartwood - the older xylem that no longer conducts sap in a tree 
 as xylem cells cease to function, nearby parenchyma cells secrete gums, resins, and 

dark aromatic phenolic compounds into them to make them decay resistant; eventually 
even the parenchyma cells die and thus heartwood is entirely dead 

 
Tilia (basswood) stem, xylem - pink, phloem - blue 

 

 
Black locust tree trunk showing annual rings 

 

Phloem Structure 

 phloem carries sucrose from production sites to storage sites, and removed useful 
substances from dying leaves 

 in nonflowering vascular plants the phloem cells are long and narrow sieve cells 
 in angiosperms, the phloem cells are shorter and wider sieve tube members, arranged in 

long columns called sieve tubes 
 the walls of sieve cells and sieve tube members have sieve areas with many pores that 

permit solute exchange with neighboring cells 
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 sieve plates at the ends of cells with rather large pores allow more movement 
 phloem has living cytoplasm but has no nucleus or other organelles; there is an increase 

in plasmodesmata or strands of cytoplasm that pass through sieve areas and sieve 
plates 

 P-protein passes through the cytoplasm both within cells and between cells 
 companion cells (parenchyma) that are found next to sieve tube members and are 

believed to control them (they both formed by the unequal division of the same cell) 
 phloem of woody plants contains ray parenchyma that are extensions of the xylem rays, 

to conduct material laterally and store food 
 phloem also has nonliving phloem fibers with secondary cell walls for strengthening 

phloem 

 
Phloem structure 

 
 

Companion cell (narrow) controls the sieve tube 
elements (phloem) cells contiguous with them 

 

Transport in Phloem 

 sap moves through phloem through a process called translocation 
 if a phloem sieve is damaged, plugs of protein and polysaccharide rapidly seal the wound 

like blood clotting; this makes phloem transport difficult to study 
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 radiography is used to study solute flow, either with a Geiger counter or by pressing plant 
parts flat on a photographic film 

 tiny aphids are used to study phloem transport, they have a mouthpart consisting of a 
long tube which they insert into a single sieve tube member; by anesthetizing an aphid 
with CO2 and removing it from its mouth, a researcher can trace the flow of solutes 
through the phloem from one point to another 

 dyes can also be used to trace solute movement  
 phloem solutes pass though at speeds of 30 to 200 cm per hour, and direction of flow 

may reverse at times, neighboring cells may conduct in opposite directions at the same 
time 

 several hypotheses have been proposed for these phenomena 
 most widely accepted: mass flow/pressure flow hypothesis, suggested by Ernst Munch in 

1926 
o if two chambers were connected by a tube, one chamber having a sucrose 

solution and the other plain water; if the two chambers were immerse in pure 
water, water would move into the sucrose chamber and push fluid through the 
tube towards plain water; flow would continue until both solutions had the same 
concentrations 

o in a living plant, some areas are sucrose sources (in making sugar through 
photosynthesis or hydrolyzing it from starch) and other areas are sucrose sinks 
(polymerizing it or respiring it) 

 sources include leaves (photosynthesis) but can be roots (hydrolyis from 
starch) 

 sinks include fruits, tubers, bulbs, etc... 
o the water bath represents the xylem, water leaves xylem and enters phloem by 

osmosis 
o sugar enters phloem conducting cells in the smallest leaf veins, which are 

surrounded by companion cells or transfer cells that actively transport the sugar 
up to concentrations of 10 to 25% (the source); transfer cells remove the sugar in 
roots, fruits, or flowers (the sink) 

o sucrose is actually cotransported through the leaf mesophyll membranes and 
into the phloem cells using the proton pump at the source 

o at the sink, a variety of methods are used to lower the sucrose concentration 
o due to pressure differences between source and sink, sap moves through the 

phloem 
 the transport of sugar out of the leaf determines crop yield, which is generally beans, 

peas, seeds, etc. - the sink of the plant phloem system 



 
A = high pressure area in the leaf phloem; B = 

low pressure area in the root phloem 
 

 
A = high pressure area in the leaf phloem; B = low 

pressure area in the root phloem 
 

Distribution of Substances 

 water and solutes taken up through xylem may be removed in any part of the plant 
 some water moving up through the xylem is used in photosynthesis, some moves to the 

phloem, and the bulk is lost to the atmosphere 
 some of the minerals make their way to the phloem; phloem removes nitrogen, 

phosphorus, and potassium compounds from dying leaves 
 minerals of xylem are often found circulating in phloem, and in the spring xylem has a 

dilute sugar concentration as sap rises through the tree 
 plants have a slow circulation pattern of water and solutes, xylem to phloem, to xylem... 
 xylem transports amino sugars upwards as sugar is combined with ammonium in roots 
 phloem transports hormones 



 
Whole plant magnesium transport, from soil to leaf and back. 

 
Practical Applications 

 foliar feeding - feeding a plant with a nutrient solution of fertilizer directly sprayed on 
leaves 

 systemic pesticides are applied to soil and absorbed by roots which via xylem transport it 
to all plant parts and kills sucking and burrowing insects 

 topical pesticides kill leaf chewers or fungi, but is generally not absorbed 
 roots of separate plants can grow together and merge, sharing xylem and phloem 

pathways 
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