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Contents• Water and Cells• Water potential, osmotic potential and turgor
 pressure• Water movement
 – Between cells– From soil to root xylem– From root xylem to leaf xylem– From leaf to air
 • Transpiration• Stomatal physiology• Cellular Transport• Phloem Translocation © IRVIN N. ECALNIR
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WATER AND PLANT CELLS
 © IRVIN N. ECALNIR
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WATER• Water is the most abundant and
 the best solvent known.– As solvent, it makes up the medium
 for the movement of molecules within and between cells and greatly influences the structure of proteins, nucleic acids, polysaccharides and other cell constituents.
 • Water directly participates in many essential chemical reactions.
 • It accounts for 90%-95% of the weight of soft tissues and serves several unique functions in plants
 WATER AND PLANT CELLS
 © IRVIN N. ECALNIR
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Water Properties• Partial polarity The polarity of water makes it an excellent solvent.• Hydrogen bonding Its ability to form hydrogen bond gives it thermal, cohesive and adhesive properties that are important in plant processes.• Highly stable• Displays adhesion
 – Attraction to surfaces– Capillary action
 • Displays cohesion– Attraction to other water molecules– Related to H-bonding
 WATER AND PLANT CELLS
 © IRVIN N. ECALNIR
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Water Properties• The very high heat storage
 capacity of water, under normal temperature and pressure, minimizes water temperature variations in plant cells, tissues and organs.
 • Water transmits visible light and absorbs long wave radiation more than short wave radiation. The latter is especially true in thick layers of water.
 WATER AND PLANT CELLS
 © IRVIN N. ECALNIR
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Water in Plant Life
 • Water is critical for plants functionally and structurally
 • Water relations drove plant evolution• Water relations are fundamental to plant
 growth and function• For every gram of organic matter made by the plant,
 approximately 500 g of water is absorbed by the roots, transported through the plant body and lost to the atmosphere.
 • Even slight imbalances in this flow of water can cause water deficits and severe malfunctioning of many cellular process.
 WATER AND PLANT CELLS
 © IRVIN N. ECALNIR

Page 8
                        

Water in Plant Life
 • Water makes up most of the mass of plant cells• Mature plant cell contains a large water-filled
 vacuole.• Cytoplasm – 5 to 10% water• Carrots and lettuce – 85 to 95% water• Wood – lower water content• Sapwood – 35 to 75% water• Seeds – 5 to 15% water –– Driest of plant tissues
 WATER AND PLANT CELLS
 © IRVIN N. ECALNIR
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What roles does water play in plants?
 • Medium for transport• Evaporative cooling• Hydrostatic support• Driving force for movement• Driving force for growth
 WATER AND PLANT CELLS
 © IRVIN N. ECALNIR
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Water can be classified as• growth water which is utilized in the course of
 growth processes, especially during elongation where turgor is a prerequisite;
 • metabolic water which is utilized for photosynthesis and other reactions in the cell;
 • transpiration water which is released by plants in the form of water vapour and cools the leaves;
 • transport water which, along with solutes, is transported from cell to cell for short distances and through vascular bundles for long distances; and,
 • excretion and secretion water which is released by glandular trichomes, nectarines and other organs into the atmosphere or released as part of root exudates.
 WATER AND PLANT CELLS
 © IRVIN N. ECALNIR
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WATER AND PLANT CELLS
 © IRVIN N. ECALNIR
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WATER POTENTIAL

Page 13
                        

Plants & water potential• Plants can use the
 potential energy in water to perform work.
 • Cell growth, photosynthesis, and crop productivity are all strongly influenced by water potential and its components.
 • Tomato plant regains turgor pressure – cell pushes against wall due to uptake of water
 © IRVIN N. ECALNIR

Page 14
                        

Plants & water potential
 • The combined effects of 1.) solute concentration 2.) physical pressure (cell wall)
 can be measured as Water Potential • = psi
 • is measured in megapascals (MPa)• 1 Mpa = 10 atmospheres of pressure
 © IRVIN N. ECALNIR
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Calculating Water Potential
 • = P + S
 Or
 Water = pressure + solute Potential potential potential
 © IRVIN N. ECALNIR
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Solute Potential S
 • Solute potential is also called the osmotic potential because solutes affect the direction of osmosis.
 • S of any solution at atmospheric pressure is always negative – why?
 • Answer = less free water molecules to do work
 © IRVIN N. ECALNIR
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Solute Potential S
 • Solutes bind water molecules reducing the number of free water molecules lowers waters ability to do work.
 © IRVIN N. ECALNIR
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Pressure Potential P
 • P is the physical pressure on a solution. Also known as turgor pressure.
 • P can be negative transpiration in the xylem tissue of a plant (water tension)
 • P can be positive water in living plant cells is under positive pressure (turgid)
 © IRVIN N. ECALNIR
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Standard for measuring • Pure water is the standard.
 • Pure water in an open container has a water potential of zero at one atmosphere of pressure.
 © IRVIN N. ECALNIR
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Water Potential: an artificial model• (a) addition of solutes
 on right side reduces water potential. S = -0.23
 • Water flows from “hypo” to “hyper”
 • Or from hi on left to lo on right
 © IRVIN N. ECALNIR
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Water Potential: an artificial model
 • (b) adding +0.23 pressure with plunger no net flow of water
 • (c) applying +0.30 pressure increases water potential solution now has of +0.07
 • Water moves right to left
 © IRVIN N. ECALNIR
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• (d) negative pressure or tension using plunger decreases water potential on the left.
 • Water moves from right to left
 Water Potential: an artificial model
 © IRVIN N. ECALNIR
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Water relations in plant cells
 • (b) Flaccid cell in pure water Water potential is into cell cell becomes turgid
 © IRVIN N. ECALNIR
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Water relations in plant cells
 • (a) Flaccid cell placed in hypertonic solution Water potential is out of cell plasmolysis
 © IRVIN N. ECALNIR
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Hints & reminders1. Remember water always moves from [hi] to
 [lo].2. Water moves from hypo hypertonic.3. [Solute] is related to osmotic pressure. Pressure
 is related to pressure potential.4. Pressure raises water potential.5. When working problems, use zero for pressure
 potential in animal cells & open beakers.6. 1 bar of pressure = 1 atmosphere
 © IRVIN N. ECALNIR
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WATER MOVEMENT© IRVIN N. ECALNIR
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Water Movement
 Between Cells
 • Water moves by osmosis across a semipermeable membrane. It is an energetically spontaneous process where movement form a region of high to a region of low involves no work. Instead by reducing the concentration of water.
 • Water moves from [high] to [low] concentration
 © IRVIN N. ECALNIR
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WATER TRANSPORT PROCESS
 Water can cross plant membranes by diffusion of individual water molecules through the membrane bilayer, as shown on the left, and by microscopic bulk flow of water molecules through a water- selective pore formed by integral membrane proteins such as aquaporins.
 © IRVIN N. ECALNIR
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• Water is absorbed from the soil to the root system along a gradient that exists between the absorptive of the root hairs (rhizines) and the thin layer of soil surrounding them. As a rule, cell is never higher than soil.
 Water Movement
 From Soil to Root Xylem
 © IRVIN N. ECALNIR
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• From rhizine cells, water is absorbed by neighboring cortical cells, radially crossing the root through extracellular or apoplast pathway and intracellular pathway either through symplast or transmembrane pathway
 • At the endodermis, the apoplast is blocked by the Casparian strip (suberized band of radial cells). Water has to cross the plasma membrane of the endodermal cells to reach the vascular tissues.
 Water Movement
 From Soil to Root Xylem
 © IRVIN N. ECALNIR
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http://images.tutorvista.com/content/plant-water-relations/water-path-soil-into-root.jpeg© IRVIN N. ECALNIR
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http://images.tutorvista.com/content/plant-water-relations/water-path-root-hair-to-cortex-xylem-vessel.jpeg© IRVIN N. ECALNIR
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• The rate of water uptake by the root system depends on:– development of total absortive surface or rhizines;– rate of respiration of rhizines such that increased rate lowers solute
 concentration thereby negatively affecting water uptake;– osmotic potential of root hairs; it should never be higher than of soil;– temperature such that 0-10oC usually slows down uptake;– lack of oxygen which can stop absorption as well as growth of whole plant
 (optimum content of O2 is 10-12%);
 – CO2 content such that too low or too high inhibits or even stop water uptake (CO2 content of soil usually ranges from 5-15%); and,
 • Vegetative profile like the rooting layer.
 Water Movement
 From Soil to Root Xylem
 © IRVIN N. ECALNIR
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• The build-up of solutes in the xylem sap leads to an increase in xylem π resulting in the decrease in xylem . This lowering of provides the driving force for water absorption leading to a positive hydrostatic pressure, referred to as root pressure, in the xylem in response to solute accumulation. Plants that develop root frequently exhibit exhalation of liquid (guttation) from structures along margins of leaves called hydathodes. High relative humidity induces guttation especially at night in well-hydrated plants.
 Water Movement
 From Soil to Root Xylem
 © IRVIN N. ECALNIR
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• Once water (and ions) reach the central cylinder or stele (where xylem is located) of the roots a much more rapid long distance transport occurs.
 • Movement up the xylem roots to shoots through dead lignified vessels and tracheids when plants are transpiring is referred to as the transpiration stream. Water flow is by mass flow or bulk flow because liquid and dissolved or suspended substances in it move together. The water movement is caused by differences in pressure that full or push the column of liquid. The pressure gradient required to move water is less than that required to transport water through living cells. For example, a pressure gradient of about 3MPa is needed to lift water to top of a 100-meter tree.
 Water Movement
 From Root Xylem to Leaf Xylem
 © IRVIN N. ECALNIR
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• The transpiration-cohesion-adhesion theory, or simply cohesion theory of ascent of sap explains how negative pressure (or tension) gradients arise in xylem of transpiring plants and pull water column to treetops. The theory can be explained as follows.
 • Evaporation of water from cell walls into air spaces of a leaf and from the leaf into the atmosphere (transpiration) sets up a gradient of Џ not only between living cells but also along cell walls.
 • The high surface tension of water means that the walls do not dry out but remain permanently wetted so that due to cohesion (mutual attraction between water molecules) and adhesion (attraction of water to a solid phase such as cell wall),
 • Water flows along ultimately from root xylem into the leaf veins (vascular bundle) to replace taht which is lost.
 Water Movement
 From Root Xylem to Leaf Xylem
 © IRVIN N. ECALNIR
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• Water removal from leaf xylem creates negative pressure - - a pulling force that drives the transpiration stream. This tension is relayed to root cells (and soil) resulting to water uptake,
 • Despite cohesive forces, water column under tension in the xylem can be unstable such that if the pressure falls too low as when sudden jarring occurs, water will vaporize locally. This is called cavitation resulting in xylem conduits filled with water vapour. As air comes out of solution, an air bubble or embolism forms blocking water movement.
 Water Movement
 From Root Xylem to Leaf Xylem
 © IRVIN N. ECALNIR
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• Cavitation and embolism may be caused by:• Water stress associated with high rates of transpiration and
 low xylem pressure particularly in leaves and small branches;• Freezing of xylem leading to extensive formation of air
 bubble when thawing occurs; and,• Pathogens may release compounds such as oxalic acid that
 lower surface tension facilitating air seeding to pit membranes.
 • Recovery from embolism can be by increase root pressure, partly closure of stomata, reduction in transpiration rate and formation of new xylem tissues
 Water Movement
 From Root Xylem to Leaf Xylem
 © IRVIN N. ECALNIR
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• When water has evaporated from the cell surface to the intercellular air spaces, further water movement out of the leaf primarily occurs through diffusion. The waxy cuticle covering the leaf surface, however, serves as a very effective barrier to water movement.
 • The gradient of water potential or water vapour between the leaf intercellular spaces and the external atmosphere is the driving force for transpiration. Air inside leaves in usually 100% relative humidity (RH) whereas RH of the atmosphere rarely exceeds 90% and in temperate climates, it is around 30-70%.
 • Leaves, when exposed to the sun, tend to heat up above the temperature of the surrounding air. This tends to increase џ (becomes less negative), making ∆џ between leaf and atmosphere more steep. Temperature affects ∆џ fluctuations but ∆RH is the primary factor that determines magnitude of water vapour gradient.
 Water Movement
 From Leaf to Air
 © IRVIN N. ECALNIR
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http://images.tutorvista.com/content/plant-water-relations/water-movement--path-in-plants.jpeg© IRVIN N. ECALNIR
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TRANSPIRATION© IRVIN N. ECALNIR
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PLANT TRANSPIRATION
 • Water evaporation from plants, chiefly through the leaves (transpiration), provides most of the energy for water movement among terrestrial plants.
 • It sets up ∆ . • Leaf transpiration is either – stomatal (water is released via stomata on leaf epidermis) or – cuticular (water is released through cutinized plant surfaces - -
 cracks, small openings, pores and ectodesmata in cuticle of leaves, stems and branches).
 • Plants that have secondary growth (like the dicots) can also have – lenticular transpiration (release of water through the openings
 (lenticels) in the periderm layer of the stem or roots.)
 © IRVIN N. ECALNIR
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• Transpiration is important to plant life because:– it ensures continuous supply and movement of
 water, thus maintaining turgor and nutrient flow.– It controls the degree of saturation of cells with
 water; and,– It cools the leaf, as the high heat of vaporization of
 water utilizes 70% of the absorbed energy of leaves (rapid transpiration, however, can dehydrate tissues).
 PLANT TRANSPIRATION
 © IRVIN N. ECALNIR
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• Water transport velocity differs among plants. The high velocity transport occurs in trees. Examples of the transport rates in vessels of tobacco is 100 cm h-1 in sycamore it is 240 cm h-1, in oak it is as much as 4500 cm h-1.
 • Transpiration is also regulated by stomatal resistance and boundary layer resistance. These are two important resistances of water diffusion from leaves. The boundary layer is a thin film of still air hugging the surface of the leaf and its resistance to water vapour diffusion, determined primarily by wind speed, is proportional to its thickness. Stomatal resistance, the reciprocal value of stomatal conductance, is the barrier attributed to the closing of stomata.
 PLANT TRANSPIRATION
 © IRVIN N. ECALNIR
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STOMATAL PHYSIOLOGY
 http://www.psmicrographs.co.uk/_assets/uploads/lavender-leaf-stomata-80200158-l.jpg
 © IRVIN N. ECALNIR
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• Stomatal control serves to maximize photosynthesis while minimizing transpiration. The transpiration ratio, moles of water transpired over moles of CO2 fixed, is a measure of the effectiveness of stomata in minimizing water loss.
 STOMATAL PHYSIOLOGY
 © IRVIN N. ECALNIR
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http://images.tutorvista.com/content/plant-water-relations/stomatal-movement--dicot-plants.jpeg
 STOMATAL MOVEMENT IN DICOT PLANTS
 © IRVIN N. ECALNIR

Page 48
                        

http://images.tutorvista.com/content/plant-water-relations/stomatal-movement--monocot-plants.jpeg
 STOMATAL MOVEMENT IN MONOCOT PLANTS
 © IRVIN N. ECALNIR
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http://images.tutorvista.com/content/plant-water-relations/active-potassium-theory-day-light.gif
 http://images.kish.in/2011/03/stomata2.jpg
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http://images.tutorvista.com/content/plant-water-relations/active-potassium-theory-night.gif
 http://www.sciencephoto.com/image/30307/large/B7450463-Closed_stoma,_SEM-SPL.jpg
 © IRVIN N. ECALNIR
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http://images.tutorvista.com/content/plant-water-relations/stomata-number-on-leaves.gif© IRVIN N. ECALNIR
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Some ecological factors simultaneous affecting not only movement of stomata but
 also transpiration itself are as follows:
 • Light. Stomates close faster when exposed to darkness. The minimum light level for opening in most plants is about 1/1000 to 1/30 of full sunlight. High irradiance can widen apertures. Blue light is 10 times more effective than red light in causing stomatal opening.
 © IRVIN N. ECALNIR
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Some ecological factors simultaneous affecting not only movement of stomata but
 also transpiration itself are as follows:
 • Temperature. This is defendent on solar radiation. Transpiration does not change if there is constant RH and radiant flux. The rate, however, tends to decrease from 20o to 40oC.
 • Air humidity. This is defendent on photosynthetic photon flux (PPF). The effect of air humidity on stomata is higher at low than at high PPF.
 © IRVIN N. ECALNIR
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Some ecological factors simultaneous affecting not only movement of stomata but
 also transpiration itself are as follows:
 • Wind. The effect of increasing wind speed can cause the closure of stomata resulting in decrease in conductivity and water loss. Gentle breezes through removal of the boundary layer can partially open stomata while strong wind can close stomata as a result of epidermal cell desiccation.
 © IRVIN N. ECALNIR
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Some ecological factors simultaneous affecting not only movement of stomata but
 also transpiration itself are as follows:
 • Oxygen. Lack of oxygen causes stomatal closure. Other gaseous substances osf strong oxidative effects like superoxide and ozone can also cause closing of stomata.
 • Carbon dioxide. Decrease in [CO2] causes stomatal opening but this can be override by water stress.
 © IRVIN N. ECALNIR
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Some ecological factors simultaneous affecting not only movement of stomata but
 also transpiration itself are as follows:
 • Mineral nutrients. The presence of K, N and P stimulates the opening of stomata. This elements affect osmotic/solute potential which in turn affect the turgor of guard cells.
 • Hormones. By affecting the permeability of membranes, abscisic acid closes guard cells while gibberellic acid and cytokinin have the opposite effect.
 © IRVIN N. ECALNIR
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Some ecological factors simultaneous affecting not only movement of stomata but
 also transpiration itself are as follows:
 • Shape of tree crown. Under calm weather, tall and pyramidal crowns have higher transpiration rates than spherical crowns.
 © IRVIN N. ECALNIR
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CELLULAR TRANSPORT
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CELLULAR TRANSPORT
 • Transport, translocation, movement, influx/efflux, uptake/intake, extrusion, entry
 • transport is specially used to mean movements between different compartments in a biological system.
 • It can occur between the outside and inside of the plant, – between different points within the plant, or between cell
 an extracellular environment. – It is at cellular level, however, where high order events of
 transport occur.
 © IRVIN N. ECALNIR
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CELLULAR TRANSPORT
 • Passive transport is a sponeous process occurring without the cell doing any work; movement is down the chemical or physical gradients like in diffusion.
 • Active transport requires some direct input of cellular energy and is non-spontaneous; movement is up the electrochemical gradient wherein proton pump plays a significant role.
 © IRVIN N. ECALNIR
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© IRVIN N. ECALNIR
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CELLULAR TRANSPORT
 • Cell membranes and membrane potential specifically controls transport between cell.
 • Electrogenic proton transport is a major determinant of the membrane potential.
 • Membrane or transport proteins enhance the movement of substances across them.
 • Movement (also between compartments) is highly selective as transport proteins are specific to the kind of substance they transport. Such transport proteins are generally called channel and carrier proteins .
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CELLULAR TRANSPORT• Carriers and channels act as membrane pores through which
 molecules pass. Channel proteins have hole (or gates which can open or close) through which ions pass down electrochemical gradient by simple diffusion.
 • Carrier proteins, on the other hand, bind the transported molecule on one side of the membrane and release it on the other side by facilitated diffusion. Both types of diffusion are passive uptake. Carrier-mediated transport that requires energy to move solutes against chemical or electrochemical gradient is referred to as active transport and the specific carrier involved is known as pump. A very important pump, which is a general feature of plant cell membranes that may affect the transport of many different minerals simultaneously, is the proton (H+) pump or H+-ATPase.© IRVIN N. ECALNIR
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CELLULAR TRANSPORT
 • All cells have an electrical (positive or negative charges) potential across the plasma membrane. Because of the differential permeability of membranes to molecules and ions, differences of both concentration and charges an electrochemical potential. The following explains how membrane electrochemical potential can move ions inside or outside by passive or active transport.
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CELLULAR TRANSPORT
 • Whenever an ion moves into and out of a cell unbalanced by a membrane. Such transport is called electrogenic and is common in living cells. It requires energy supplied by hydrolysis of ATP.
 • Proton export is primarily an active transport because protons are extruded from the cell electrogenically, that is, H+ ions are pumped across the plasmalemma from ATP hydrolysis by the h+ pump. The gradient of electric charge H+ ion plus its concentration together make up the proton moyive force, alternatively called electrochemical gradient for protons (∆μH+).
 © IRVIN N. ECALNIR
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© IRVIN N. ECALNIR
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CELLULAR TRANSPORT
 • Cation uptake, facilitated by carriers or channels, is driven by electrical gradient because of the greater positive charges outside than inside. Thus cation absorption into plant cells is termed uniport through facilitated diffusion. Similarly anions moving out of cells due to greater negative charges inside is anion uniport.
 © IRVIN N. ECALNIR
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Model for Mineral Transport
 • The cells pump the hydrogen ions (protons) out by the ATP pump. This creates an ionic gradient (less positive ions inside and more positive ions outside the cell). The potassium ions (also positive) are now able to enter the cell along the concentration gradient.http://www.tutorvista.com/content/
 biology/biology-ii/transportation/minerals-transport.php
 © IRVIN N. ECALNIR
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CELLULAR TRANSPORT
 • The re-entry of protons (via a carrier) into the cell is allowed only if they can simultaneously combine with anion and help transport it to the cell. This constransport mechanism is termed as symport. Sugars and amino acids are transposrted to the cell also by this mechanism via specific transporters (different transporters for different anions also exist). Such is active transport driven by ∆μH+.
 • Passive H+ absorption can also be used to transport cation simultaneously out of cells, an example of counter transport or antiport or H+/ cation exchange driven by potential difference.
 © IRVIN N. ECALNIR
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PHLOEM TRANSLOCATION© IRVIN N. ECALNIR
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PHLOEM TRANSLOCATION
 • Phloem is a complex permanent tissue, which is specialized for the conduction of food and other organic substances.
 Phloem
 xylem
 © IRVIN N. ECALNIR
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Phloem Structure– The main components of phloem are • sieve tube elements• companion cells.
 PHLOEM TRANSLOCATION
 © IRVIN N. ECALNIR
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Phloem transport requiresspecialized, living cells• Cells called “sieve tube
 elements” join to form a continuous tube
 • Sieve tube elements lack some structures and organelles - no nuclei, vacuole, Golgi, ribosomes, or microtubules
 • Pores in sieve plate between sieve tube elements are open channels for transport
 PHLOEM TRANSLOCATION
 © IRVIN N. ECALNIR
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• Each sieve tube element is associated with one or more companion cells.
 Phloem transport requiresspecialized, living cells
 PHLOEM TRANSLOCATION
 © IRVIN N. ECALNIR
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• Companion cells:– Transport products of
 photosynthesis from cells in leaves to sieve tube elements through plasmodesmata
 – Synthesize the various proteins used in the phloem
 – Contain many, many mitochondria for cellular respiration to provide the cellular energy required for active transport
 Phloem transport requiresspecialized, living cells
 PHLOEM TRANSLOCATION
 © IRVIN N. ECALNIR
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Sieve plate pore
 Cell wall betweensieve elements
 Companion cell
 PHLOEM TRANSLOCATION
 © IRVIN N. ECALNIR
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PHLOEM TRANSLOCATION
 © IRVIN N. ECALNIR
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Exactly what is transported in
 phloem?
 PHLOEM TRANSLOCATION
 © IRVIN N. ECALNIR
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The phloem is the vascular system for moving (translocating)
 sugars produced in photosynthesis and othersubstances throughout the plant.
 PHLOEM TRANSLOCATION
 Exactly what is transported in phloem?
 © IRVIN N. ECALNIR

Page 80
                        

• Carbohydrates transported in phloem are all nonreducing sugars.
 • Reducing sugars, such as glucose are too chemically reactive to be transported in the phloem
 • The most common transported sugar is sucrose. – A disaccharide made up from
 glucose & fructose
 Sugars in the phloemPHLOEM TRANSLOCATION
 © IRVIN N. ECALNIR
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The mechanism of phloem transport
 The Pressure-Flow Model
 PHLOEM TRANSLOCATION
 © IRVIN N. ECALNIR
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Phloem transports sugars from a “source” to a “sink”
 • Source: –Any exporting region that produces sugars above
 and beyond that of its own needs• Sink: –Any area that does not produce enough sugar to
 meets its own needs
 PHLOEM TRANSLOCATION
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In source tissue…
 sugars are moved from photosynthetic cells and actively loaded (uses ATP energy) into companion cells and sieve tube elements.
 PHLOEM TRANSLOCATION
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Phloem loading uses a
 proton/sucrose co-transport
 protein.
 PHLOEM TRANSLOCATION
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PHLOEM TRANSLOCATION
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The Pressure -Flow Model
 • Phloem loading leads to a buildup of sugars (the phloem cells become hypertonic)
 • In response, water enters sieve elements from xylem via osmosis
 • Thus phloem turgor pressure increases
 PHLOEM TRANSLOCATION
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The Pressure -Flow Model
 • In sink tissue…– Phloem unloading leads to
 lower sugar concentration (the phloem cells become hypotonic)
 – Water leaves the phloem and enters sink sieve elements and xylem (via osmosis)
 – Thus phloem turgor pressure decreases
 PHLOEM TRANSLOCATION
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Fig. 10.10
 Phloem solution moves along a gradient of pressure generated by a solute concentration difference between source and sink ends of the pathway
 Note:High [solute] = lower solute potential
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Summary• Materials translocated in phloem:– Translocated solutes are mainly carbohydrates– Sucrose is the most common translocated sugar– Phloem also contains:• Amino acids, proteins, inorganic ions, and plant hormones
 • Rate of translocation:–Movement in the phloem is rapid, well in excess of rates
 of diffusion• Average velocity is 1 meter per hour
 PHLOEM TRANSLOCATION
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Summary• Pathway of translocation:– Sugars and other organic materials are conducted
 throughout the plant in the phloem by means of sieve tube elements• Sieve tube elements display a variety of structural
 adaptations that make the well suited for transport
 –Materials are translocated in the phloem from sources (usually mature leaves) to sinks (roots, immature leaves)
 PHLOEM TRANSLOCATION
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Summary• + turgor pressure close stomata, turgid cell
 (swollen)• - turgor pressure open stomata transpiration
 PHLOEM TRANSLOCATION
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