THE UPTAKE OF WATER: 

ABSORPTION 

The uptake of water by the roots is mainly done by the root hairs which are extensions of epidermal cells in the piliferous region of the root. Here the epidermis is freely permeable to water (but selectively permeable to inorganic ions). The root hairs serve to increase the surface area and are adapted for absorption by; 

Lacking a cuticle (hence making them freely permeable) making water to be absorbed directly into the root.

Being slender and flexible to penetrate between the soil particles and absorb water from the soil spaces

Having a lower water potential than the soil solution. This is because they have a cell sap in which are sugar and other metabolites. The resulting water potential gradient favours osmosis the main means of water absorption. 

The absorption of water by the root hair cells in turn leads to an increase in their water 
potential relative to adjacent cells which results in the osmotic movement of water to 
neighbouring cells which have a lower water potential. 

Movement of water and dissolved salts across the root: 

This takes place via three different routes:- 

i ) The Symplast: i.e. from cytoplasm to cytoplasm through the plasmodesmata. The term 
symplast is used to refer to the continuous large fluid compartment consisting of the cytoplasm of adjacent cells and the plasmodesmata connecting them with no intervening cell surface membranes. Water enters the symplast by osmosis. 

i i ) The Apoplast: i.e. from cell wall to cell wall. The cellulose fibres which make up these cell walls leave many spaces between them which are filled with water just as are the 
iruerce llular spaces. Since these are freely permeable water moves across them by diffusion. It is this continuous fluid system in the cell walls that is known as the apoplast. 
iii) The vacuolar pathway: i.e. from vacuole to vacuole. Since water is one of the components of the vacuole sap. 

The most used route for water movement across the root is the apoplast because it offers 
relatively least resistance to water flow for it does not need to go through any impeding membranes. Compare this with the vacuolar in route where- to pass from cell to cell the 
water must move by osmosis through the tonoplast, and through the cell membranes and cell walls. This certainly offers great resistance and slows down its movement. 


Water moves along a water potential gradient by either of the above three routes from the piliferous layer to the epiblem, cortex, endodermis, pericycle and finally the xylem, 

At the endodermis due to the presence of the casparian strip water is forced to move only along the symplast. 

The role of the endodermis and its casparian strip in water uptake and transport stems from 
the fact that: 

(i) The endodermis secretes salts actively into the vascular tissues and the low water potential thus created there forces water to enter by osmosis. 

(ii) The casprian strip prevents the outward leakage of salts from the vascular tissues hence maintaining this status quo of a low water potential.

Movement of water within the xylem (up the plant)

Three theories have been suggested to explain the movement of water through the xylem 
in the stem up the plant. These are: 

1. The capillarity theory

Capillarity is the rise of liquids in narrow tubes and depends among other things on the adhension of water molecules to the walls of the tubes. As a result of this water tends to rise highest in the narrowest tubes because they present the largest relative surface area of wall in contact with adhering water molecules. Now since the xylem vessels are also tubes of very fine bore water adheres to the vessel walls and since they are stacked end to end they form long capillary tubes from roots to leaves. 

Consequently water will rise up the xylem from the root by capillarity. However this process must be playing a minor role in the upward movement of water in a plant for even in the finest vessels it would only rise about 1metre which is not far enough to reach the leaves of even a small tree. Therefore other mechanisms must be involved. 
2. The Root pressure theory
This has been suggested as a result of the common observation that water tends to 
exude from a cut stem indicating that some pressure in the root is actually pushing it 
up. 

The origins of root pressure are in the endodermis where the active transfer of ions 
from the cortex into the xylem occurs which are sub- sequently prevented from leaking 
out by the casparian strip and result in a water potential gradient forcing water into the 
xylem 'via the symplast of the endodermal cells which results in a hydrostatic pressure 
which can only be relieved by water moving up the xylem.

Root pressure is an active process and is confirmed by the facts that:- 

i) It occurs only in living plants 

ii) It is affected by the same factors affecting respiration in cells like oxygen supply, temperature, carbohydrate supply and the presence of respiratory poisons like cyanide. 

Like capillarity, root pressure is not sufficient on its own to push water to leaves at the top of tall trees. 

3. The transpiration - cohesion theory: 

This theory suggests that water is not pushed up the stem but pulled up as a result of tensions (negative pressure) created in the leaves due to the loss of water in them by evaporation in the process of transpiration.

Thus the cells of the leaf mesophyll in order to replace the lost water exert a pull by which they draw water from the xylem vessels known as the transpiration pull. The resulting movement of water in the xylem in continuous column is called the transpiration stream and this is possible because water molecules being polar, i.e. have a property of attracting one another (cohesion) and other molecules as well like the walls of the vessels (adhesion). For this reason great tension can be maintained in the xylem without the columns of water breaking. By combination of the three forces transpiration, cohesion and tension the water column can be pulled to the top of the tallest trees. 

The diameter of most tall trees has been found to decrease during periods of maximum transpiration e.g. around mid day. This is explained by the fact that columns of water molecules now draw this by the tension exerted by the transpiration pull still continue to adhere to the xylem vessel walls and pull them inwards. However the theory does not explain why it is not possible to block the xylem vessels with air bubbles e.g. when branches on a tree breaks off. 

Diagram illustrating the routes taken by water across the root. (FA page 184 fig 12.5 B&C)











