CBSE CLASS XII BOTANY
Mineral And Nitrogen Nutrients
In Plants
One mark questions with answers
Q1. What is common between Pitcher plant, Venus fly trap and Bladderwort with respect to the mode of nutrition?
Ans1. These plants are insectivorous. Although they are autophytes, they resort to carnivory to fulfil their nitrogen requirement, as the medium in which they grow is deficient in nitrogen.
Q2. Who first formulated the complete culture medium including the microelements?
Ans2. Arnon and Hoagland (1940), gave the first complete prescription for a normal culture solution containing all the essential elements including the microelements.
Q3. Give the scientific name of the insectivorous plant which occurs in the North East States of India and is now an endangered species.
Ans3. Pitcher plant (Nepenthes khasiana).
Q4. The deficiency of which mineral element causes the Khaira disease?
Ans4. Zinc.
Two mark questions with answers
Q1. Why do most plants absorb nitrates rather than ammonia, which is the product of nitrogen fixation?
Ans1.  The product of nitrogen fixation is ammonia which is toxic to the plants. So, it is either converted to the ionic form, or to nitrates by the process of nitrification. Ammonium ions can be absorbed directly by the plants if the soil pH is more than 6 and the plant has abundant organic acids to incorporate the former. However, most plants store nitrate ions rather than ammonium ions. Begonia and Oxalis can store ammonium ions.
Q2. Describe the role of iron in the growth of plants.
Ans2. Iron is present in the plants at a concentration of  less than 1 mg/g but is classified as a macroelement because it was discovered along with the rest of the macroelements. It regulates many physiological processes :
1. Iron helps in the synthesis of chlorophyll.
2. It is a part of ferredoxin, cytochromes and iron containing proteins.
3. Iron is involved in electron transport system of respiration and photosynthesis.
4. It activates catalase and is a part of the enzymes nitrogenase and nitrite reductase.
Q3. The farmers are advised to add Azotobacter cultures to the soil before sowing maize. How does it increase the yield of maize? Name the most active nitrogen fixers in the paddy fields.
Ans3. Azotobacter is the free living nitrogen fixing bacterium. It can fix atmospheric nitrogen asymbiotically. So, Azotobacter can enrich the soil with nitrogenous compounds and hence increase the yield of maize. Cylindrospermum is a free living cyanobacterium that fixes nitrogen in maize fields, so a culture of the same would also be desirable.
Aulosira fertilissima, which is a free living nitrogen fixing cyanobacterium is the most prominent nitrogen fixer of paddy fields. The water fern Azolla pinnata is often added to the  paddy fields because it has a symbiotic association with a nitrogen fixing cyanobacterium Anabaena azollae.
Q4. What are haustoria?
Ans4. Haustoria are special knob like roots, found in parasitic plants. They are modifications of adventitious roots that develop at the site of contact between the host and the parasite. In holoparasites or total parasites (Cuscuta), the haustoria invade the xylem, as well as the phloem of the host plant and suck the water, minerals and the prepared food. In case of hemiparasites (Viscum) or partial parasites, the haustoria invade only the xylem to obtain water and minerals.
Three mark questions with answers
Q1. Differentiate between micronutrients and macronutrients.
Ans1. 
	MICRONUTRIENTS
	MACRONUTRIENTS

	1. They are present in the plants at a concentration of less than 1mg/gm of dry weight. They are six in number- B, Mn, Cu, Zn, Mo and Cl.
	1. They are present in the plants at a concentration of more than 1mg/gm of dry weight. They are ten in number- C, H, O, N, P, K, S, Mg, Ca and Fe.

	2. They do not form the structural components of the protoplasm.
	2. They form the structural components of the protoplasm.

	3. They have no osmotic role in the plant body.
	3. Some of them exert an influence on the osmotic potential.

	4. All of them are involved in the activation of enzymes.
	4. All of them are not involved in the activation of  enzymes.

	5. They become toxic even if present in slightly higher quantities than normal, in the plant body.
	5. They do not become toxic in slightly higher quantities.

	6. They play no role in turgor movements.
	6. Potassium plays a role in turgor movements.


Q2. Write a brief note on hydroponics.
Ans2. Hydroponics (Bengal culture) : The term hydroponics was coined by Geriche. It is defined as the soil less culture of plants in an artificial liquid solution containing the appropriate amounts of essential nutrients. This technique is also being exploited commercially. Metal or concrete tanks covered by wire gauze are used to grow plants. The nutrient solution is changed periodically and an adequate mechanism is provided for aeration and circulation of nutrients. Chelating agents like EDTA are added in order to prevent the precipitation of nutrients. The technique is useful in the following ways :
a. The exact nutrient requirements of the plants can be catered to, to obtain consistently better yields.
b. It is particularly useful in controlling soil borne pathogens, and weeds.
c. The pH can be constantly monitored.
d. Out of season crops can be grown profitably by providing them with adequate conditions.
This technique has a particular advantage in the regions with water scarcity, as it results in conservation of water.
Q3. Explain why it took so long for the scientists to discover the role of micronutrients in plants?
Ans3. Culture experiments were first started by Home in 1750, but the complete prescription of the normal culture solution containing all the essential elements including the microelements was given as late as 1940 by Arnon and Hoagland. The reason for the delay in the discovery of the microelements and their essentiality in plant nutrition, is the extremely minute quantity in which they are required. Microelements are present in the plants at a concentration of 1mg/gm of dry matter and are required by the plants in similarly minute amounts. The microelements are present as contaminants in the water, glassware, salts and sand used in culture experiments, which is enough to provide for the requirement of the plants. However, with time, the importance of using distilled water, sterilized sand, chemically pure salts and extremely pure glassware was realized, and consequently the essentiality of microelements was discovered.
Q4. How has the technique of liquid culture experiments helped us in augmenting our knowledge of mineral requirement in plants?
Ans4. Plants are grown in a solution having all the essential elements which is called a normal solution. A second plant of the same species is grown in another container in which the nutrient solution is lacking in a particular element. The effect of deficiency of this mineral is observed on the plant growth. In this manner, the effects of all essential elements on plant growth and development are studied. With the help of solution culture, we can study :
a. Whether an element is essential for the plant or not.
b. What is the exact role of the element in the structure and physiology of the plant.
c. What are the visible symptoms of the deficiency of the element.
d. Whether an element is antagonistic or synergistic to another element.
e. What is the role of a functional element in the metabolism of a plant.
f. What are the toxic effects caused by the excess of an element. 
Five mark questions with answers
Q1. Explain the phenomenon of Nitrogen fixation by symbiotic Rhizobia in the root nodules of leguminous plants.
Ans1. Mechanism of nitrogen fixation : Rhizobia are motile bacteria that occur in the soil but cannot fix nitrogen in the free living state. They inhabit the root nodules of legumes and occur in the latter as non motile and irregular bacteroids. The cells of the root nodules in which the  Rhizobia live, are large and tetraploid. The bacteroids occur in groups surrounded by the host membrane. The pigment leghaemoglobin occurs between the bacteroids and imparts a pinkish colour to the nodules. Leghaemoglobin acts as an oxygen scavenger, as the enzyme nitrogenase is rendered nonfunctional in the presence of oxygen.
The requirements for nitrogen fixation are :
a. The enzyme nitrogenase, which is an oxygen sensitive enzyme that contains iron and molybdenum.
b. Energy (ATP).
c. Reducing power (NADPH, FMNH2).
d. Compounds for trapping ammonia.
The iron and molybdenum components of the enzyme nitrogenase help to trap molecular nitrogen and weaken the bonds between the two nitrogen atoms. As a result it becomes easier for the reducing power to break them. Nitrogen is first converted to dimide (N2H2), then to hydrazine (N2H4) and finally to ammonia (NH3) by the addition of hydrogen. The latter is toxic and is immediately incorporated into the organic acids with the help of reducing powers to form amino acids.
Q2. Explain the mechanism of mineral absorption by plants.
Ans2. Absorption of Minerals : The minerals are absorbed from the soil in the form of ions in a very dilute solution. The most active regions of root involved in mineral absorption are the zones of root elongation and root hair. The mineral absorption takes place by two main methods, active and passive.
Passive Mineral Absorption : It takes place without any energy expenditure and may be along or against the concentration gradient of the mineral ion. The following mechanisms operate :
a. Diffusion : It takes place passively along the concentration gradient/electrochemical gradient/diffusion pressure gradient.
Passive diffusion. The diffusing substance either passes through the pores present in the cell membrane or through the matrix of the same.
Facilitated diffusion. In this, permeases which are stereospecific proteins present in the membrane transfer mineral ions across the same.
b. Mass flow : (Hylmno and Kramer) The ions are swept along with the rapid absorption of water during high rates of transpiration.
c. Donnan equilibrium : Fixed ions in the cell to which the membranes are not permeable are taken into account in this mechanism. So ions which are oppositely charged to the fixed ions move inwards along the electrochemical gradient. Equal number of free cations and anions will move inwards till the product of cations and anions inside the cell is the same as their product outside the cell.
d. Ion exchange : The root cells are rich in certain ions such as H+, OH-, HCO3-. These ions are exchanged for the required mineral ions with the soil.
Ion exchange can take place through :
Carbonic acid exchange : The soil solution is involved. The carbon dioxide expired out by the root cells combines with the water in the soil to form carbonic acid which in turn ionizes into hydrogen ions and bicarbonate ions which are exchanged with mineral ions in the soil.
Contact exchange : The oscillation volumes of the ions adsorbed over the root surface and the clay micelles overlap and exchange takes place.
Active mineral absorption : Metabolic energy (ATP) from respiration is required for this process. It takes place against the concentration gradient of the mineral ions. Active absorption takes place through the following methods :
a. Carriers : Specific organic molecules (proteins) present in the membrane transfer ions across the same with the help of energy obtained from the hydrolysis of ATP.
b. Pinosomes : Membrane invaginations get filled up with the soil solution containing the mineral ions, are pinched  off into the cytoplasm and ultimately release the contents in the latter.
c. Ion channels : Single ion channels in the membrane have been discovered by Neher and Sakmann.
Other suggested methods are lecithin cycle (Bennet and Clark) and cytochrome pumps (Lundegardh).
