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Osmosis – The Diffusion of Water

Suppose you walk into a crowded room with a group of friends.  If each of you is free to go your own way, before long you will spread out into the crowd and lose track of each other.  This process also happens in liquids, only at the molecular level.  Because molecules in a liquid do not have fixed positions, a group of molecules that are close together in one instant will not be together for long.  The random movement of molecules is called diffusion.  It is the process by which substances spread through a liquid or gas.  In diffusion, molecules naturally spread from areas of high concentration to areas of low concentration. If a strong sugar solution and a weak sugar solution are placed in direct contact, water molecules diffuse in one direction, and sugar molecules diffuse in the other direction until all molecules are evenly distributed throughout.  

What happens if a membrane such as that found in a cell is placed between two solutions?  In which direction will the water molecules move?  The diffusion of water across a semipermeable membrane is called osmosis. A semipermeable membrane allows some material to pass through it but not others.  Water molecules pass easily through most biological membranes.  If two solutions are separated by a semipermeable membrane that allows only water to diffuse across it, water flows to the side of the membrane where the water concentration is lower. The water continues to diffuse until it is in equal concentration on both sides of the membrane.  In the diagram below, there is movement of water into the salt solution.  Because of the lower concentration of water in the salt solution on the right, water diffuses across the membrane until equilibrium is achieved.

Osmosis
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Osmosis has important consequences for both plant and animals cells.  It is important to know how osmosis affects cells.  Most cells are subject to osmosis because they are surrounded by water solutions.  In an isotonic solution, the concentration of dissolved substances (such as salt or sugar) in the solution outside the cell is the same as the concentration of dissolved substances inside the cell. The concentration of water in the outside solution is also the same as the concentration of water inside the cell.  Cells in an isotonic solution do not experience osmosis and they retain their normal shape.  Most solutions, including the immunizations your doctor gives, are isotonic so that cells are not damaged by the loss or gain of water.

In a hypotonic solution, the concentration of dissolved substances (such as salt or sugar) is lower in the solution outside the cell than inside the cell.  Therefore, there is more water outside the cell than inside.  Cells in a hypotonic solution, experience osmosis that causes water to move through the plasma membrane into the cell.  The diffusion of water into a cell increases the pressure in the cell.  As the pressure increases inside animal cells, the plasma membrane swells.  If the solution is extremely hypotonic, such as distilled water, the plasma membrane of the animal cell may not be able to withstand the pressure and may burst.  Because plant cells contain a rigid cell wall that supports the cell, they do not burst in a hypotonic solution.  As the pressure, called turgor pressure, increases inside the cell, the plasma membrane is pressed against the cell wall.  Instead of bursting, the plant cell becomes more firm.  Grocers use this reaction to keep produce looking fresh by misting fruits and vegetables with water.

Water can also move out of a cell by osmosis.  In a hypertonic solution, the concentration of dissolved substances outside the cell is higher than the concentration inside the cell.  There is more water inside the cell than outside.  Cells in a hypertonic solution experience osmosis that causes water to flow out of the cell.  Animal cells in a hypertonic solution shrivel because of decreased pressure in the cells.  This explains why you should not salt meat before cooking.  The salt forms a hypertonic solution on the meat’s surface.  Water inside the meat cells diffuses out, leaving the cooked meat dry and tough.

Plant cells in a hypertonic environment lose water mainly from the central vacuole. A plant cell in a hypertonic solution will lose so much water that, as it shrinks, its plasma membrane and cytoplasm will pull away from the more rigid cell wall.  This phenomenon is called plasmolysis.  Loss of water in a plant cell results in a drop in turgor pressure and explains why plants wilt.  Wilted plants have lower turgor pressure; they do not have enough water for their cell membranes to press against the cell wall interiors.

Word Origin – Greek words

isos meaning equal

hypo meaning under

hyper meaning over
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Road Salt Impacts on the Environment

Vegetation

The adverse effects of salt on roadside vegetation have been known for some time.  Incidents of vegetation injury were first reported in Minnesota during the 1950’s, when trees along city boulevards started to show signs of salt-related decline (French 1959).  At about this time the New Hampshire Highway Department reported the death and removal of nearly 14,000 trees along 3,7000 miles of salt treated highways (Sucoff 1975).  More recently, damage to trees and other roadside vegetation has been investigated in the Adirondack region in New York and the Lake Tahoe basin of California and Nevada.

Whereas most of these investigations have been site specific, they have helped reveal the general mechanisms of salt injury to vegetation.  Roadside trees and other vegetation are injured by salt primarily through two mechanisms:  (a) increased salt concentrations in soil and soil water, which can result in salt absorption through roots, and (b) salt accumulation on foliage and branches due to splash and spray.  Vegetation that has been injured by salt exhibits clear symptoms including leaf scorch, later summer coloration, early fall leaf loss, reduced shoot growth, and dying twigs and branches.  Injury due to salt is generally first seen by lack of growth, followed by specific injuries to foliage and limbs, and is in some cases, followed by plant death.

Concentrations of either sodium or chloride can be harmful to vegetation.  Salt tolerance levels vary by species of plants and in relation to other environmental stresses and conditions.  Factors such as temperature, light, humidity, wind, soil texture, precipitation, plants size, amount of salt exposure and water availability contribute to the amount of salt injury.  In general, chloride is thought to be more harmful to vegetation than sodium.  When absorbed through the roots, chloride tends to accumulate in plant tissues over a long period of time, causing osmotic stress that can lead to dehydration injury typical of a drought.  

Salt particles can also be deposited on foliage and twigs of plants due to splash and spray from traffic and wind.  Broad trees and shrubs with high surface areas are especially susceptible to damage from salt splash and spray.  Damage increases with the amount of salt applied and with traffic volume and speed.  It is more common, however, for plant damage to occur from dehydration through absorption than from splash and spray.

The slope of a roadside is a key factor in determining whether salt reaches vegetation, either by splash and spray or by root absorption.  One study showed that the zone of salt exposure ranged from 17 feet from the pavement edge for flat surfaces to 53 feet for steep downhill slopes.  Other studies showed that airborne salt can travel as fat as 300 feet from the roadway in heavy traffic conditions and as much as 500 feet under high wind conditions.

The sensitivity of various groups of vegetation are summarized below.

Trees

Trees that are most sensitive to salt are broad-leaved species such as linden, black walnut, and sugar and red maples.  Salt-resistant trees include oak, birch, and Scotch pine.  In general, densely wooded areas located downhill and within 40-60 feet of heavily traveled, salt-treated highways are candidates for salt-related damage.

Shrubs, Ground Covers, and Grasses

Excessive salt exposure can also cause drought-like symptoms in some shrubs and ground covers because of osmotic stress and water imbalance.  Hibiscus shrubs have low tolerance of salt.  Rosemary and plum have high tolerance of salt.  Turf grasses, in general can withstand and survive considerable salt exposure.  Grasses tend to be much more tolerant than trees and shrubs.  

Measures to Prevent Vegetation Damage

Concerns about salt injury to roadside vegetation have led to a number of recommendations for minimizing road salt’s effects, including the following:

· Using salt-tolerant grasses near pavements

· Place sensitive woody plants as far from roadways as possible

· Use salt-tolerant plants in plantings near roads that are essential for erosion control, noise, or glare control

· Avoid planting sites near heavy runoff areas, such as slopes
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Highway Salt Storage Shed

