CBSE CLASS XII BOTANY
Absorption And Movement Of Water In Plants
One mark questions with answers 
Q1. Write about the hormonal regulation of stomatal movement.
Ans1. Abscissic acid (ABA) causes the closure of stomata whereas cytokinins bring about the opening of the same. 

Q2. How does the addition of solute affect the water potential?
Ans2. Chemical potential of pure water is taken to be zero. With the addition of solutes, the water potential of a solution decreases, i.e., becomes more negative.
Q3. Name the apparatus used to  measure the rate of transpiration.
Ans3. Potometer.
Q4. State the condition, when the water potential or D.P.D. of the cell sap will be zero.
Ans4. When the cell is fully turgid and is separated from water (pure solvent) as an external fluid by its semipermeable membrane, its D.P.D. or water potential will be zero.
Two mark questions with answers 
Q1. How will one differentiate between the dew drops and the drops of guttated water on the leaf surfaces?
Ans1. Guttation drops can be mistaken for dew drops as both are encountered early in the morning.However, they can be distinguished as follows :
Dew drops do not usually fall on cloudy nights, occur randomly all over the leaf surface and do not leave behind a white crust on evaporation.
Guttation drops are encountered on cloudy nights, occur only on the leaf margins or tips where hydathodes are present and leave behind a white crust on evaporation as they contain a large number of organic and inorganic substances. 

Q2. Classify stomata on the basis of their periodicity in opening and closing.
Ans2. On the basis of their periodicity, the stomata are of the following types :
a. Cereal type : They open during the day for a few hours, e.g. Barley.
b. Alphalpha or Leucerne type : They are open throughout the day, closing only at night, e.g. Brassica.
c. Potato type : They are open throughout day and night, and close only for a few hours at the time of water stress, e.g. Cucurbits.
d. Equisetum type : The stomata are always open, e.g. emergent hydrophytes.
Q3. How does the rise in temperature and wind velocity affect rate of  transpiration?
Ans3. Effect of Temperature : The rate of transpiration increases with an  increase in temperature. The rate of transpiration gets doubled with about every 10oC rise in temperature (Q10= 2).
Effect of Wind velocity : The rate of transpiration increases with the increase in  the wind velocity, but in case of high wind velocity (storms) the rate of transpiration decreases due to partial closure of stomata due to mechanical effect. High speed winds also lower the temperature of the leaf surface, thereby reducing the rate of transpiration.
Three mark questions with answers 
Q1. Explain hygroscopic and capillary water. Out of these, which one is available to the plants and which one is not. Also state the reason.
Ans1. Hygroscopic water : This water is present in the form of a thin film around each soil particle. Hygroscopic water is never available to the plants. Due to tight bonding the water potential of this water is very low. Hence it is not available to the plant.
Capillary water : This water is retained in the pores present between the soil particles.
75% of capillary water is readily available to the plants, i.e. that which is present in pores with a diameter of 20 m.  In fact, it is the only water which is absorbed by the plant through root hairs. Water present in pores of diameter less than 0.2 m is not accessible to the plants. Water present in pores larger than 50m is subjected to percolation due to the force of gravitation.
Q2. Differentiate between imbibition and osmosis.
Ans2. 
	Imbibition
	Osmosis

	1. It involves the adsorption of a liquid by a solid substance which has affinity for the former.
	1. It involves the movement of the solvent from its area of higher chemical potential to lower chemical potential.

	2. It involves colloidal solids.
	2. It involves true solutions.

	3. Heat of wetting is generated during the process.
	3. Heat is not generated during the process.

	4. Imbibition pressure developed may be up to the order of 1000 atm.
	4. Osmotic pressure developed in the solution is lower (upto 100 atm).

	5. It does not require a semipermeable membrane.
	5. Movement of solvent takes place across a semipermeable membrane.

	6. It does not depend upon the numerical strength of the solid particle.
	6. It has direct relation with the numerical strength of the dissolved solute.


Q3. Why is transpiration considered as a necessary evil?
Ans3. Curtis (1926) : called transpiration as a necessary evil. Besides unnecessary wastage of energy, transpiration is harmful to the plants in other aspects also, as :
(1) Very often when the rate of transpiration is high and the soil is deficient in water, an internal water deficit is created in the plants resulting in wilting, which may affect various metabolic processes. This leads to reduced growth and decreased yield.
(2) Many xerophytes have to develop structural modifications and adaptations to check transpiration.
(3) Deciduous trees have to shed their leaves during the dry season to check the loss of water.
In spite of various disadvantages the plant cannot avoid transpiration due to their peculiar internal structure particularly those of leaves. Their internal structure although basically meant for gaseous exchange for respiration, photosynthesis etc. is such that it cannot check the evaporation of water. Transpiration is necessary because :
1. It aids the absorption of minerals and waters which are very necessary for the normal growth and development. 
2. It aids in the development of mechanical tissues and a better root system.
3. It protects the plants from heat injury, as it has a cooling effect.
Q4. What is water potential? Briefly discuss the various components of water potential.
Ans4. Water potential is the chemical potential of water. Chemical potential is the amount of free energy per gram molecular weight of a substance. The water potential is represented by the Greek letter Psi () and is measured in bars. The water potential of pure water is zero.
The water potential() is the sum of solute potential, pressure potential and matric potential (in case of an imbibant).
Matric potential : The matric potential is the component of water potential which is influenced by the presence of a hydrophilic matrix that acts as an imbibant. In case of normal plant cells and tissues, the matric potential is not significant and contributes very little to water potential but it is very significant in case of seeds.
Solute potential : It is the lowering of chemical potential of pure water due to the addition of solute particles in it.
Pressure potential : Pressure potential refers to the turgor pressure exerted by water in the vacuole. Pressure potential is usually positive while solute and matric potentials are negative.
w=m+(-s+p.

Five mark questions with answers 
Q1. Discuss the role of potassium ions (K+) in the opening and closing of stomata.
Ans1. Malate or K+ ion pump theory : According to this theory of mechanism of stomatal movement propounded by Levitt (1974), it is the movement of K+ into and out of the guard cells which is responsible for the opening and closing of stomata. It is the most accepted theory.
Due to CO2 fixation and active uptake of H+ by the chloroplast ( During day time in most plants), the pH of guard cells rises. This causes the hydrolysis of starch into organic acids, especially Phosphoenol Pyruvate (PEP). PEP combines with CO2 to form malic acid which dissociates into malate ions and H+ ions. The H+ ions are exchanged for K+ ions from the epidermal cells. K+ ions combine with malate and enter the vacuole of the guard cell, exerting an osmotic potential. This causes endosmosis and opening of stomatal pore. During closure, H+ ions diffuse out of chloroplasts and CO2 concentration rises (during night time in most plants) causing a lowering of pH. The latter causes the formation of malic acid from malate and H+. So, further synthesis of malic acid stops. Malic acid causes leakage of ions, and leads to the passing out of K+ ions out of the guard cells by the reversal of H+/K+ exchange pump. This causes exosmosis and closure of stomatal pore.
Cytokinins and cAMP are required for stomatal opening whereas Abscissic acid causes stomatal closure.
Q2. Explain the most accepted theory of Ascent of sap.
Ans2. Cohesion tension theory (cohesion and transpiration pull theory) : This theory was proposed by Dixon and Joly (1894). It is the most widely accepted theory regarding the ascent of sap. There are three basic elements of this theory. These are adhesion and cohesion of water continuous water column and transpiration pull.
(a) Cohesive forces or tensile strength : Adhesion force is due to the formation of hydrogen bonds between water molecules and cell walls of the tracheary elements.
Cohesion is the attraction force between water molecules. Owing to the cohesive forces between water molecules, the water column can bear a tension of 100 atmospheres or more.
(b) Continuous water column : A continuous unbroken column  of water exists from the roots to the leaves within the tracheary elements which are connected with each other through unthickened areas on their walls, called pits.
(c) Transpiration pull : During transpiration water is lost in the form of vapours from the leaf mesophyll cells through stomata. The air present outside is comparatively dry so has a lower water potential. Hence water vapours diffuse from higher water potential i.e. from leaf mesophyll cells to lower water potential  i.e. to the atmosphere. This loss of water from mesophyll cells lowers down their osmotic potential (upto -30 bars). Now these mesophyll cells draw water from the deeper tissues of the leaf, which recover this water from the xylem of the leaf (vein). Xylem cells draw this water from the xylem of the stem and the latter makes this recovery from the xylem of the root. In this manner during transpiration,water is lost continuously from the surface of the leaf, and is drawn along the xylem of the stem and the root which is in direct contact with soil water. This creates a pull which is known as transpiration pull.
Due to this transpiration pull, a negative pressure or tension is generated in the xylem, which is transmitted down to the root. The tension decreases the water potential and favours uptake of water from the root. The magnitude of cohesive force is very high (350 atm) therefore, the continuous water column in the xylem cannot be broken easily by the force of gravity.
Cohesion tension theory is the only theory which explains the movement of water upto 400 feet in height.
