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Plant water relation 

Life supporting properties of water 

Life on Earth is totally dependent on water, and water may be essential to the existence of life 

anywhere in the universe. Even though it contains only three atoms, a molecule of water has a 

unique structure that gives the molecule extraordinary properties. Three most important 

properties of water are, 

1. Water is a highly asymmetric molecule with the O atom at one end and the two H atoms at 

the opposite end. 

2. Each of the two covalent bonds in the molecule is highly polarized. 

3. All three atoms in a water molecule are adept at forming hydrogen bonds. 

The life‐supporting attributes of water stem from these properties 

Knowledge of plant water relations is important because water is essential for both plants and 

animals. It serves as a medium for the dissolution of substances. A huge amount of water is 

taken up daily by plants and a considerable amount is lost in transpiration. The water 

requirement of different categories of plants is different. 

The movement of water, whether in living organisms or in the non-living world, is governed 

by number of processes such as, diffusion, osmosis etc. Movement of water inside the cell 

may be active or passive.  

 

Diffusion 

 

Through their random motion, molecules tend to become distributed throughout the space 

available to them. Just took an example, accordingly, if perfume molecules are kept in a 

bottle, they will become distributed throughout the bottle, but if the stopper is removed, they 

will eventually become dispersed throughout the room, even if there is no fan or other device 

to move the air. This movement of molecules or ions from a region of higher concentration to 

a region of lower concentration is called diffusion. Molecules that are moving from a region 

of higher concentration to a region of lower concentration are said to be moving along a 

diffusion gradient, while molecules going in the opposite direction are said to be moving 

against a diffusion gradient. When the molecules, through their random movement, have 

become distributed throughout the space available, they are considered to be in a state of 





 

 

equilibrium. The rate of diffusion depends on several factors, including pressure, 

temperature, and the density of the medium through which it is taking place. Except within 

the area immediately surrounding the source, unaided diffusion requires a great deal of time 

because molecules and ions are infinitesimally small. Something that is less than a millionth 

of a millimetre in diameter is going to take a long time to move just 1 millimetre, even 

though the amount of movement may be great in proportion to the size of the particle 

concerned. In gases, there is a great deal of space between the molecules and correspondingly 

less chance of the molecules bumping into each other and thus being slowed down. 

Accordingly, gas molecules occupy a space that becomes available to them relatively rapidly, 

while liquids do so more slowly, and solids are slower yet. Large molecules move much more 

slowly than small molecules. If you added a tiny drop of a dye (which has relatively large 

molecules) to one end of a bathtub of water without disturbing the water in any way, it would 

take years for the dye molecules to diffuse throughout the tub and reach a state of 

equilibrium. In nature, however, wind and water currents distribute molecules much faster 

than they ever could be distributed by diffusion alone. 

Osmosis 

 

Solvents are liquids in which substances dissolve. Although the cytoplasm of living cells is 

bounded by membranes, it is now well known that water (a solvent) moves freely from 

cell to cell. This has led scientists to believe that plasma, vacuolar, and other membranes have 

tiny holes or spaces in them, even though such holes or spaces are invisible to the instruments 

presently available. It also has led to the construction of models of such membranes. 

Membranes through which different substances diffuse at different rates are described as 

semipermeable. All plant cell membranes appear to be semipermeable. In plant cells, 

osmosis is essentially the diffusion of water through a semipermeable membrane from a 

region where the water is more concentrated to a region where it is less concentrated. 

Osmosis ceases if the concentration of water on both sides of the membrane becomes equal. 

A demonstration of osmosis can be made by tying a membrane over the mouth of a thistle 

tube that has been filled with a solution of 10% sugar in water (i.e., the solution consists of 

10% sugar and 90% water). Fluid rises in the narrow part of the tube as osmosis occurs when 

the thistle tube is immersed in water. Although the previous simple definition of osmosis 

serves our purposes, plant physiologists prefer to define and discuss osmosis more precisely 

in terms of potentials. It is possible to prevent osmosis by applying pressure. Just enough 



 

 

pressure to prevent fluid from moving as a result of osmosis is referred to as the osmotic 

pressure of the solution. In other words, osmotic pressure is the pressure required to prevent 

osmosis. The osmotic potential (represented by ψs) of a solution is a measure of the potential 

of water to move from one cell to another as influenced by solute concentration. 

Water enters a cell by osmosis until the osmotic potential is balanced by the resistance to the 

expansion of the cell wall. Water gained by osmosis may keep a cell firm, or turgid, and the 

turgor pressure that develops against the walls as a result of water entering the vacuole of 

the cell is called pressure potential (represented by ψp). The release of turgor pressure can 

be heard each time you bite into a crisp celery stick or the leaf of a young head of lettuce. 

When we soak carrot sticks, celery, or lettuce in pure water to make them crisp, we are 

merely assisting the plant in bringing about an increase in the turgor of the cells. The water 

potential (represented by ψw) of a plant cell is essentially its osmotic potential and pressure 

potential combined (ψw = ψs + ψp). If we have two adjacent cells of different water potentials, 

water will move from the cell having the higher water potential to the cell having the lower 

water potential. Osmosis is the primary means by which water enters plants from their 

surrounding environment. In land plants, water from the soil enters the cell walls and 

intercellular spaces of the epidermis and the root hairs and travels along the walls until it 

reaches the endodermis. Here it crosses the differentially permeable membranes and 

cytoplasm of the endodermal cells on its way to the xylem. Water flows from 

the xylem to the leaves, evaporates within the leaf air spaces, and diffuses out (transpires) 

through the stomata into the atmosphere. The movement of water takes place because 

there is a water potential gradient from relatively high soil water potential to successively 

lower water potentials in roots, stems, leaves, and the atmosphere. 

Plasmolysis 

If you place turgid carrot and celery sticks in a 10% solution of salt in water, they soon lose 

their rigidity and become limp enough to curl around your finger. The water potential inside 

the carrot cells is greater than the water potential outside, and so diffusion of water out of the 

cells into the salt solution takes place. If you were to examine such cells with a microscope, 

you would see that the vacuoles, which are largely water, had disappeared and that the 

cytoplasm was clumped in the middle of the cell, having shrunken away from the 

walls. Such cells are said to be plasmolyzed. This loss of water through osmosis, which is 

accompanied by the shrinkage of protoplasm away from the cell wall, is called plasmolysis. 



 

 

If plasmolyzed cells are placed in fresh water before permanent damage is done, water re-

enters the cell by osmosis, and the cells become turgid once more. 

Imbibition 

 

Osmosis is not the only force involved in the absorption of water by plants. Colloidal 

materials (i.e., materials that contain a permanent suspension of fine particles) and large 

molecules, such as cellulose and starch, usually develop electrical charges when they are wet. 

The charged colloids and molecules attract water molecules, which adhere to the internal 

surfaces of the materials. Because water molecules are polar, they can become both highly 

adhesive to large organic molecules such as cellulose and cohesive with one another. Polar 

molecules have slightly different electrical charges at each end due to their asymmetry. This 

process, known as imbibition, results in the swelling of tissues, whether they are alive or 

dead, often to several times their original volume. Imbibition is the initial step in the 

germination of seeds. 

The physical forces developed during germination can be tremendous, even to the point of 

causing a seed to split a rock weighing several tons. It has been found, for example, that a 

pressure of 42.2 kilograms per square centimetre (600 pounds per square inch) is needed to 

break the seed coat of a fresh walnut from within and that water being imbibed by a 

cocklebur seed develops a force of up to 1,000 times that of normal atmospheric pressure. 

Yet, when water and oxygen reach walnut and cocklebur seeds, they germinate readily, as do 

seeds that fall into the crevices of rocks or have boulders roll over on them. The huge stone 

blocks used in the construction of the pyramids of Egypt are believed to have been quarried 

by hammering rounded wooden stakes into holes made in the face of the stone and then 

soaking the stakes with water. As the stakes swelled, the force created by imbibition split the 

rocks. 

Guttation 

 

The need for a flow of water through the plant even when transpiration has stopped is 

probably the reason for the phenomenon of guttation, i.e., the excretion of drops of liquid 

water. Droplets of water are generally exuded when the relative humidity of the air is very 

high, e.g., in northern Europe mainly at night and also in tropical, humid rain forests. The 

droplets are frequently mistaken for dew. They are excreted at particular sites, the 

hydathodes, on the plant, mainly on leaves, or through glandular hairs (trichome hydathodes), 



 

 

e.g., in lady’s mantle (Alchemilla), Fuchsia, and nasturtium (Tropaeolum), or the leaf tips of 

many grasses. Colocasia nymphaeifolia (Araceae), from tropical rain forests, may produce up 

to 100 ml of liquid water as drops in a single night from one of its very large leaves. In 

addition, lower plants, particularly fungi, exhibit guttation; e.g., the dry rot fungus Serpula 

(Merulius) lacrymans gets its name ‘‘weeping’’ from this. The driving force for the excretion 

of water in guttation of passive hydathodes, e.g., in grass leaves, is root pressure. Hydathodes 

are sites through which the contents of the xylem can pass to the outside under the pressure in 

the vessels, often bypassing breaks in water columns. This type of guttation ceases if the 

hydathodes are separated from the roots. Active hydathodes (probably most epithelial 

hydathodes, e.g., Tropaeolum and Saxifraga, and all trichome hydathodes, e.g., Cicer and 

Phaseolus are water-excreting glands that function independently of root pressure. The 

mechanism by which water is excreted in this process has not yet been explained in detail. It 

is considered that osmotically active substances are actively excreted with the water 

following passively. Active hydathodes are thus functionally related to salt and nectar glands. 

Guttation does not produce pure water, but produces a dilute aqueous solution of inorganic 

and organic substances. 

 


