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• There will be one single paper of 70 Marks in Biology.
• Duration of the paper will be 3 hours.

Section A: (18 Marks) 
This section will contain Multiple Choice Questions and Very Short Answer(VSA) type of questions. 
There will be 10 MCQs and 8 VSA type of questions, each carrying One mark. 
Students will have to attempt all the questions. 

Section B: (16 Marks) 
This section will contain 12 Short Answer (SA-I) type of questions, each carrying Two marks. 
Students will have to attempt any 8 questions. 

Section C: (24 Marks) 
This section will contain 12 Short Answer (SA-II) type of questions, each carrying Three marks. 
Students will have to attempt any 8 questions. 

Section D: (12 Marks) 
This section will contain 5 Long Answer (LA) type of questions, each carrying Four marks. 
Students will have to attempt any 3 questions. 

Distribution of Marks According to the Type of Questions 

Type of Questions 
MCQ 1 Mark each 10 Marks 
VSA 1 Mark each 8 Marks 
SA - I 2 Marks each 16 Marks 
SA - II 3 Marks each 24 Marks 
LA 4 Marks each 12 Marks 
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an answer. 
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Q.1. Can you recall? (Textbook page no. 246) 
 What are hybrid plants? 
Ans: Plants produced by cross pollinating two different varieties are known as hybrid plants.  
 
Q.2. Which are the two basic techniques that help us to increase food production? 
Ans: Plant breeding and animal breeding are the two basic techniques that help us to increase food production. 
    
 
   
Q.3. Define plant breeding. 
Ans: The improvement or purposeful manipulation in the heredity of crops and the production of new superior 

varieties of existing crop plants is called plant breeding. 
OR 

 Plant breeding is a method of altering the genetic pattern of plants to increase their value and utility for 
human welfare. 

  
Q.4. Mention the primary aim of plant breeding. 
Ans: The primary aim of plant breeding is to obtain a new crop variety superior to existing type in all characters.  
 
Q.5. Write the objectives of plant breeding. 
Ans: The objectives of plant breeding are as follows: 
i. To increase crop yield, 
ii.  To improve quality,  
iii. To increase tolerance to environmental stresses,  
iv. To make the plants resistant to pathogens and increase tolerance to insect pest.  
 
Q.6. Enlist the different methods of plant breeding. 
Ans: Different methods of plant breeding include: 
i. Selection,  
ii. Hybridization, 
iii. Mutation breeding,  
iv. Polyploidy breeding, 
v. Molecular plant breeding,  
vi. Tissue culture, 
vii. rDNA technology. 

Enhancement of Food Production 11 

11.1  Improvement in Food Production 
11.2  Plant Breeding 
11.3  Tissue Culture 
11.4  Single Cell Protein (SCP) 
11.5  Biofortification 
11.6 Animal Husbandry 
 
 

11.7 Microbes in Human Welfare 
11.8 Role of Microbes in Industrial Production 
11.9 Microbes in Sewage Treatment 
11.10 Microbes in Energy Generation 
11.11 Role of Microbes as Biocontrol Agents  
11.12 Role of Microbes as Biofertilizers 

Contents and Concepts 

11.2  Plant Breeding 

11.1 Improvement in Food Production 
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Q.90. Find out! (Textbook page no. 259) 
 Names of some edible mushrooms and poisonous mushrooms. 
Ans: 
i. Some common examples of edible mushrooms are White button mushroom (Agaricus bisporus), Paddy 

straw mushroom (Volvariella volvacea), Oyster mushroom (Pleurotus florida). 
ii. Toad stools are non-edible or poisonous mushrooms.  

*Q.91. Many microbes are used at home during preparation of food items. Comment on such useful ones 
with examples. 

Ans:  
i. Many household preparations involve the use of microbes. e.g. idli, dhokla, jalebi, dosa, etc. 
ii. Microbes such as Leuconostoc and Streptococcus help in fermentation of batter of idli and dosa. 
iii. Microbes like Lactobacilli help in the preparation of jalebi and nan. 
iv. Milk is fermented to make curd, yoghurt and cheese using lactobacilli. 
v. Saccharomyces cerevisiae (yeast) is commonly used for making bread.  
Q.92. Explain how microbes can be used as a source of food? 
Ans: Microbes as source of food: 
i. Some microbes or their fruiting bodies are directly used as a source of food, as they are rich in vitamins and 

proteins.  
ii. The term “SCP” or “single cell protein” denotes dead and dried cells of microbes like bacteria, algae, molds 

and yeasts. 
iii. Some mushrooms and truffles are directly used as food. They belong to higher fungi.  
iv. They produce large, fleshy fruiting bodies which are edible.  
v. Fruiting bodies are sugar free, fat free but rich in proteins, vitamins, minerals and amino acids.  
vi. The food in the fruiting body is low caloried.  
Q.93. Describe the role of microbes in dairy industry. Write about the production of some of the dairy products. 
Ans:  
i. Lactic acid bacteria (LAB) like Lactobacillus are added to milk. It ferments lactose sugar of milk into lactic acid.  
ii. Lactic acid causes coagulation and partial digestion of milk protein casein.  
iii. Milk is changed into curd, yoghurt and cheese.  
iv. The starter or inoculum used in preparation of milk products actually contains millions of lactic acid bacteria 

(LAB). 
Production of dairy products: 
i. Curd: Indian curd is prepared by inoculating milk with Lactobacillus acidophilus. It also checks growth of 

disease causing microbes. 
ii. Yoghurt (yogurt): It is produced by curdling milk with the help of Streptococcus thermophilus and 

Lactobacillus bulgaricus. 
iii.  Butter Milk: The acidulated liquid left after churning of butter from curd, is called butter milk. 
iv.  Cheese: 
 a. The milk is coagulated with lactic acid bacteria and the curd formed is filtered to separate whey.  
 b. The solid mass is then ripened with growth of mould that develops flavour in it. 
 c. Different varieties of cheese are known by their characteristic texture, flavor and taste which are 

developed by different specific microbes. 
 d. The ‘Roquefort and Camembert cheese’ are ripened by blue-green molds Penicillium roqueforti and P. 

camemberti respectively. 
 e. The large holes in Swiss cheese are developed due to production of a large amount of CO2 by a 

bacterium known as Propionibacterium shermanii. 

NCERT Corner 

i. Traditional drinks and foods are prepared by fermentation using microbes. 
ii. Toddy is a traditional drink of southern India. It is made by fermentation of sap from palm trees. 
iii. Microbes are also used to ferment fish, soybean (soy sauce, tempeh and natto) and bamboo-shoots, 

which are used as food. 

Production of traditional drinks and food 
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*Q.94. Milk start to coagulate when Lactic Acid Bacteria (LAB) is added to warm milk as a starter. Mention 
any two other benefits of LAB. 

Ans: Refer Q.93 (Production of dairy products: i-iv) [Any two]          
 
 
 
 
 
 
 
    
 
 
Q.95. Which products are produced during fermentation? 
Ans: During fermentation, variety of products like alcoholic beverages, organic acids, vitamins, growth 

hormones, enzymes, antibiotics, etc. are produced.  
 
 
 
 
 
      
Q.96. What is fermenter? Write the role of fermenter in industries. 
Ans:  
i. A large vessel used for growing microbes for production on an industrial scale requires called fermenters.  
ii. The main function of a fermenter is to provide a controlled environment for growth of a microorganism or a 

defined mixture of microorganisms, to obtain the desired product.  
Q.97. Explain the production of alcoholic beverages. 
Ans:  
i. Beverage is a liquid used or prepared for drinking for e.g. tea, coffee, beer, wine, which acts as stimulant. 
ii. Alcoholic beverages are the products of alcoholic fermentation of specific substrates.  
iii. Microbes especially yeast have been used from time immemorial for the production of beverages like wine, 

beer, whiskey, brandy or rum.  
iv. For this purpose, the yeast Saccharomyces cerevisiae var. ellipsoideus (commonly called Brewer’s Yeast) is 

used for fermenting malted cereals and fruit juices to produce ethanol.  
v. Among the beverages, wine and beer are produced without distillation whereas whiskey, brandy and rum are 

distilled beverages.  
vi. Tubular tower fermenter is used for large scale production of alcohols. 
vii. Several traditional drinks and foods are also made through fermentation by yeast. 
viii. A traditional drink of the coastal region, in South India, is made by fermenting the sugar sap extracted from 

palm plants and coconut palm.  
ix. The famous wine of Goa, traditionally known as ‘fenny’ is made by fermenting fleshy pedicels of cashew fruits.  
Q.98. Draw and label ‘tubular tower fermenter’ used in production of beverages. 
Ans:  
 
 
 
 
 
 
 
 
 
 
 
 

11.8 Role of Microbes in Industrial Production  

Benefits of Lactic Acid Bacteria (LAB): 
i.  Lactic acid bacteria improve nutritional value of food. 
ii.  LAB play very beneficial role in controlling infections causing microbes from our gastro-intestinal tract. 
iii.  Probiotic food mainly contains lactobacilli. 

Reading between the lines 

Products produced during fermentation are actually the secondary metabolites produced during idio phase and 
are not required by micro-organisms for their growth. The type of substrate and the type of micro-organism 
result into the production of particular secondary metabolites. 
 

Enrich Your Knowledge 
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Q.117.What is sewage? What does it contain? 
Ans:  
i. Sewage is a matter carried off in drainage.  
ii. Sewage consists of approximately 99.5% to 99.9% water and 0.1 to 0.5% inorganic and organic matter in 

suspended and soluble form. 
iii. Composition of sewage varies depending upon the type of waste discharged into water from different 

industries. e.g. textile, chemicals, pharmaceuticals, dairy, canning, brewing, meat packing, tannery, oil 
refineries and meat industries, etc. 

iv. It contains human excreta, house hold waste, dissolved organic matter and even pathogenic microbes 
(bacteria, viruses, protozoans, nematodes and fungi).  

v. It also includes discharged water from hospital waste, slaughter house waste, animal dung, etc.  
vi. Discharge from industrial waste (contains toxic dissolved organic and inorganic chemicals), tannery, 

pharmaceutical waste, etc. also add to sewage.  
Q.118.Write a short note on type of micro-organisms present in sewage.  
Ans:  
i. Sewage contains living organisms like pathogenic bacteria, viruses, fungi, nematodes, algae and protozoa.  
ii. The causative agents of dysentery, cholera, typhoid, polio and infectious hepatitis may occur in sewage. 
iii. The bacteria from the soil are also present in the sewage. 
iv. Raw sewage may contain millions of bacteria per ml. These include coliforms, fecal Streptococci, anaerobic 

spore forming bacilli and other types originating in the intestinal tract of humans.  
v. During the course of sewage decomposition, initially aerobic and facultative anaerobic organisms 

predominate which are then followed by strict anaerobic especially methanogenic bacteria that produce 
methane (CH4) and CO2.  

Q.119.With the help of suitable flowchart explain the sewage treatment. 
Ans:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
 Before waste water is made available for human use, it has to be treated properly, so as to remove organic 

matter, inorganic salts and pathogens as well. Sewage treatment process includes four basic steps as follows: 
i.  Preliminary Treatment: 
 The preliminary treatment includes Screening and Grit Chamber. 
 a.  Screening:  
 1. Sewage and waste water contains plenty of suspended, floating materials, coarse and solid particles 

along with dissolved substances.  
 2. The suspended objects are filtered and removed. This is done in screening chambers.  
 3. The sewage is passed through screens or net in the chambers. Larger suspended or floating objects are 

held back in the screening chambers.  
 4. These have to be removed before the biological treatment. 

11.9 Microbes in Sewage Treatment 

Water to recycle 

Waste 
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iii. Undissolved solids like polythene bags, sand, silt and 
small pebbles are removed. 

Organic matter in the effluent is removed. 

iv. It is a simple and less time consuming process. It is a relatively complex and time consuming process.  
Q.122.Do you know? (Textbook page no. 262) 
 The oil eating bacteria can clean up crude spills. Collect more information about these bacteria. 
Ans:  
  
 
 
      
 
 
   
Q.123.What is biogas? 
Ans: Biogas is a non-conventional and renewable source of energy and is obtained by microbial fermentation.  
Q.124.Write the chemical composition of biogas. 
Ans: Biogas is a mixture of methane CH4 (50-60%), CO2 (30-40%), H2S (0-3%) and other gases (CO, N2, H2) in traces.   
Q.125.Which type of waste materials can be used in biogas production? 
Ans: Plant wastes, animal wastes, domestic wastes, agriculture waste, municipal wastes, forestry wastes, etc. are 

commonly used for biogas production. Cattle dung is most commonly employed substrate for biogas production. 
Q.126.Answer the following questions with respect to biogas production. 
i. Identify the labels (A), (B), (C) and (D) in the following diagram representing biogas plant. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   

ii. Explain the construction of biogas plant. 
iii. Describe the process of biogas production. 
Ans:  
i. (A) Dung water (B) Gas holder  (C) Charge pit (D) Digester 
ii. Construction of biogas plant: 

 a. Most commonly used models of biogas plants are KVIC and IARI. The digester used for biogas 
production is called Biogas Plant.  

 b. A typical biogas plant using cattle dung as a raw material consists of digester and gas holder. 
 c. Digester is made up of concrete bricks and cement, or steel.  
 d. There is cylindrical gas holder or gas tank above it to collect gases.  
 e. Digester has a side opening (charge pit) into which raw material as cow dung is fed.  
 f. The digester is partly buried in the soil. 

11.10 Microbes in Energy Generation 
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iii. Process of biogas production: 
 Anaerobic digestion involves in three processes: 
 a.  Hydrolysis or solubilization:  

 1. In initial stage raw material (cattle dung) is mixed with water in equal proportion to make slurry which 
is then fed into the digester. 

 2. Here anaerobic hydrolytic bacteria (e.g. Clostridium, Pseudomonas) hydrolyse carbohydrates into 
simple sugars, proteins into amino acids and lipids into fatty acids. 

 b. Acidogenesis: In this stage, facultative anaerobic, acidogenic bacteria and obligate anaerobic organisms, 
convert simple organic material into acids like formic acid, acetic acid, H2 and CO2. 

 c.  Methanogenesis: This is last stage in which anaerobic Methanogenic bacteria like Methanobacterium, 
Methanococcus convert acetate, H2 and CO2 into Methane, CO2 and H2O and other products.  

1. 12mol CH3COOH              12CH4 + 12CO2 
             (Acetic acid)           Methane  

2. 4mol H.COOH              CH4 + 3CO2 + 2H2O 
            (Formic acid)  

3. CO2 + 4H2  CH4 + 2H2O  
 [Note: Indian Agricultural Research Institute (IARI) and Khadi and Village Industries Commission (KVIC) 

developed the technology of biogas production in India.]  
*Q.127. What is biogas? Write in brief about the production process. 

Ans: Refer Q. 123 and Q. 126 (iii)  
Q.128.Write the advantages of biogas. 
Ans: Advantages of biogas: 
i.  It is a cheap, safe and renewable source of energy.  
ii. It can be easily generated, stored and transported. 
iii.  It can be used for domestic lighting, cooking, street lighting as well as small scale industries. 
iv.  It burns with blue flame and without smoke. 
v.  It helps to improve sanitation of the surrounding. 
vi.  It is eco-friendly and does not cause pollution and imbalance of the environment.  
vii. Sludge which is left over is used as a fertilizer.    
    
Q.129.What is biocontrol or biological control? 
Ans: The natural method of eliminating and controlling insects, pests and other disease causing agents by using 

their natural, biological enemies is called biocontrol or biological control.  
Q.130.Answer the following questions about biocontrol agents. 

 i. What are biocontrol agents? 
 ii. Which microbes are considered as biocontrol agents? How do they act? 

Ans:  
 i. The agents which are employed for biological control are called biocontrol agents. 

ii. Microbes like bacteria, fungi, viruses and protozoans act as biocontrol agents. They act in three ways, either 
they cause the disease to the pest or compete or kill them.  

Q.131.Give examples of microbial bio-control agents and explain their role in detail. 
Ans:  
i.  Bacillus thuringiensis 
 a. It is used to get rid of butterfly, caterpillars where dried spores of Bacillus thuringiensis are mixed with 

water and sprayed onto vulnerable plants such as Brassica and fruit trees. 
 b.  These spores are then eaten by the insect larvae.  
 c. In the gut of the larvae, the toxin (cry protein) is released and the larvae get killed eventually. 
ii.  Trichoderma  
  a. Trichoderma species are free-living fungi found in the root ecosystem (rhizosphere). 
  b. These are effective as biocontrol agents of several soil borne fungal plant pathogens. 
 c. The fungus produces substances like viridin, gliotoxin, gliovirin, etc. that inhibit the other soil borne 

pathogens attacking root, rhizomes, etc. causing rot disease.  

11.11 Role of Microbes as Biocontrol Agents
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ii. Inorganic fertilizers are synthetic where mineral salts of NPK are mixed in definite proportion and then 
dusted in the field.  

iii. Organic fertilizers are biological in origin and include Farm Yard Manure (FYM), compost and green 
manure. Use of these fertilizers increases the fertility of soil.    

Q.137. Can you recall? (Textbook page no. 246) 
 What are biofertilizers?  
Ans:  
i. Biofertilizers are mostly N2 fixing, living microorganisms which enrich the nutrient quality of soil.  
ii. They include bacteria, cyanobacteria and fungi. 
iii. Biofertilizers are commercial preparation of ready-to-use live bacterial or fungal formulations.  
iv. Their application to plant, soil or composting pits, helps to enrich the soil fertility due to their biological 

activity.   
Q.138. Explain the types of biofertilizers. 
Ans: On the basis of nature and function biofertilizers are divided into following groups: 
i.  N2 fixing Biofertilizers:  
 a. The nitrogen fixing microorganisms which convert atmospheric nitrogen into nitrogenous compounds 

like nitrites and nitrates via ammonia.  
 b. Nitrogen fixing microorganisms, also called diazotrophs, are of two types: 
 1.  Symbiotic N2 fixing microorganisms: 
  These are always associated generally with underground parts i.e. roots of higher plants. 
  For e.g. Rhizobium, Anabaena, Frankia. 
 2.  Free-living or Non- Symbiotic N2 fixing microorganisms:  
  E.g. Azotobacter, Nostoc, Clostridium, Beijerinkia, Klebsiella, etc. 
ii.  Phosphate solubilizing biofertilizers: 
 These are the bacterial species which solubilize the insoluble inorganic phosphate compound, such as rock 

phosphate.  
 For e.g. Pseudomonas striata, Bacillus polymyxa, Agrobacterium, Microccocus, Aspergillus spp., etc. 
iii.  Compost making biofertilizers: 
 a. Composting is a natural process that turns organic material into a dark rich substance called as compost 

or humus. 
 b. The composting process is dependent on microorganisms to break down organic matter into compost.  
 c. There are many types of microorganisms found in active compost such as bacteria, fungi, actinobacteria, 

protozoa and rotifers. 
iv.  Cyanobacteria as biofertilizers: 
 a. Many cyanobacteria are aquatic and terrestrial, free-living or symbiotic, aerobic, photosynthetic, N2 

fixing, heterocystous or non-heterocystous forms. e.g. Anabaena, Nostoc, Plectonema, Oscillatoria, etc. 
 b. Anabaena, Nostoc and Tolypothrix are associated with lichens while Anabaena is associated with plants 

like Azolla and Cycas. 
v. Fungal biofertilizers: 

 Mycorrhiza is a fungus. It forms symbiotic association with the underground parts like rhizomes and root of 
higher plants occurring in thick humid forests. 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Heterocyst: 
i.  Heterocyst is a large, thick walled, pale yellow coloured special cell present in some filamentous 

cyanobacteria. 
ii.  It may be intercalary or terminal in position. 
iii.  Heterocyst is the site of nitrogen fixation in many cyanobacteria. 
iv.  The nitrogenase enzyme, present in the heterocyst fixes atmospheric nitrogen which increases the soil 

fertility. 
v.  Heterocysts are impermeable to oxygen, hence maintaining a suitable environment for nitrogenase 

enzyme. 
vi.  In addition, heterocysts also release vitamin B12, auxins and other substances in the soil which induce 

growth of higher plants. 

Reading between the lines 
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Q.139.Enlist the types of biofertilizers.
Ans: Refer Q.138 
Q.140.Describe the two types of Mycorrhizae.
Ans: There are two types of Mycorrhizae viz. Ectomycorrhizae and Endomycorrhizae.
i. Ectomycorrhizae:

a. They have well developed mycelium that forms mantle on the outside of the roots.
b. This increases absorptive surface area of roots and accelerates uptake of water and nutrients (N, P, Ca

and K). Due to this the plant vigour, growth and yield increase.
c. Some hyphae of mycorrhizal fungus, penetrate into the root and forms hartig-net in the intercellular

spaces of root cortex.
ii. Endomycorrhizae:

a. They grow in between and within the cortical cells of roots.
b. Fungal hyphae penetrate the cells and form finely branched arbuscules intra-cellularly and form vesicles

mostly in the intercellular spaces of cortical cells. Hence they are called Vesiculo Arbuscular
Mycorrhizae or VAM.

c. Now a days they are described as AM fungi.
d. The plants with VAM grow luxuriantly in less irrigated lands.
e. The association of VAM with crop plants helps in conversion of less productive field into more

productive field.

Q.141.Write the benefits of Mycorrhiza.
Ans: Following are the benefits of Mycorrhiza:
i. Selective absorption of P, Zn, Cu, Ca, N, Mn, Br and Fe.
ii. Enhance water uptake.
iii. Induce growth by secreting hormones.
iv. Offer protection to host plant from other microbes, by secreting antibiotics.

Q.142.Use your brain power! (Textbook page no. 267)
Why are healthy root nodules pink in colour? 

Ans: Due to the presence of leghaemoglobin, healthy root nodules are pink in colour.  
Q.143.
i. Write information about following biofertilizers.

a. Rhizobium b. Azotobacter c. Azospirillum d. Anabaena
ii. Describe the aquatic fern which can be used as biofertilizers.
Ans:
i. Biofertilizers:

a. Rhizobium:
1. Rhizobia are rod shaped, motile, aerobic, gram negative, non-spore forming, nitrogen-fixing bacteria

containing Nod genes and Nif genes.
2. They form symbiotic association with roots of leguminous plants.

Now a days, mycorrhizae are classified into 8 different types viz. Ectomycorrhizae, Endomycorrhizae, 
Ectendomycorrhizae, Orchidaceous mycorrhizae, Ericoid mycorrhizae, Arbutoid mycorrhizae, Monotrapoid 
mycorrhizae and Ophioglossoid mycorrhizae. 

Enrich Your Knowledge 

NCERT Corner

Mycorrhiza as biofertilizers 

i. Mycorrhiza is a symbiotic association between fungus and plants. Such associations are formed by
many members of the genus Glomus.

ii. The fungal symbiont absorbs phosphorus from soil and transports it to other parts of the plant.
iii. Benefits of symbiotic association to plants:

a. Resistance to root-borne pathogens. b. Tolerance to salinity and drought.
c. Plant growth and development.
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*Q.150.Collect information about 
 (A) Different types of worms/organisms used in sericulture 
 (B) How is silk obtained and isolated 
 (C) Types of silk 
 (D) Job potential of sericulture 
 [Note: Students are expected perform this activity on their own.] 
 
 
  
Q.151.Identify the microbial product by the given description.    

 Description Microbial product 
1. Dead and dried cell of microbes consumed as protein rich dietary 

supplement 
 

2. Produced by fermentation of barley by  S. cerevisiae  
3. Fermentation of gram flour by  Lactobacilli present in buttermilk   
4. Enzyme used for dissolving blood clot   

Ans: 1 – SCP, 2 – Beer, 3 − Dhokla, 4 − Streptokinase   
Q.152.Given below are the reactions taking place in a biogas plant. Identify the missing links in the reaction 

(x, y and z).  

 Polymers →'x' Monomers →Acidogenic
bacteria Organic acids →'y' CH4 + ‘z’ + H2S+Other gases 

Ans: x − Anaerobic bacteria,  y − Methanogenic bacteria, z − CO2  
Q.153.A farmer living in a village is constantly troubled by the insanitary conditions of his cattle farm. The 

village is faced by a shortage of fuel for cooking as the Government has recently imposed a ban on 
felling trees for firewood. An environmentalist suggested a solution for this problem, elaborating on its 
benefits. What do you think did the environmentalist speak about? 

 Ans: Refer Q.126.  
Q.154. A cattle farm owner in South India wants to improve his cattle herd size within a short time span. 

However, natural methods of animal breeding have not yet proven to be successful for him. Which 
non-surgical technology can he employ in order to increase the chances of hybrid production? Explain 
the process in detail. 

Ans: Refer Q.40  
Q.155.Egg laying breeds of chicken kept in close confinement have a tendency of cannibalism and feather 

pecking. This leads to injuries and even increased mortalities causing huge losses to poultry farmers. 
Which measure can be adopted for management of these layer hens? 

Ans: Debeaking (partial removal of beak) is used in the management of layer hens to reduce chances of 
cannibalism and feather pecking.  

Q.156.A crop farmer who grows cabbages and gourds is looking out for a new avenue of income while also 
finding an alternative to increase productivity of crops in his farm. What can ensure that both his 
objectives are fulfilled simultaneously? 

Ans: The farmer can employ the age-old practice of bee keeping. This would enable him to obtain valuable 
products of apiculture like beeswax, honey, bees venom, royal jelly. It also would improve crop pollination 
and increase productivity of crops in his farm. 

 
 
 
 
 

 
 
 
 

Apply Your Knowledge 

Practical / Project 

Quick Review 

Selection and selfing of 
superior recombinants 

Collection  
of variability 

Evaluation and 
selection of parents 

Cross hybridization  
among selected parents 

Testing, release and 
commercialization of new cultivars 

Five Steps in Plant Breeding 
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Schematic representation indicating the callus culture and suspension culture. 

 

Rice 
e.g. Jaya

Ratna 
Padma 
 

Wheat 
e.g. Sonalika

Kalyan Sona 

Sugarcane 
e.g. CO. 421

CO. 419 
CO. 453 

Millets 
Hybrid Maize (Ganga 3) 

Jowar CO.12 
Bajra (Niphad) 

High yielding hybrid crop varieties 

Organogenesis Explant 
culture 

Callus formation 
and its culture 

Formation of cell 
or suspension culture 

Methodology of Tissue Culture 

Callus 
(callus culture) 

Single cell or grouped cells 
(suspension culture) 

Explant 

Culture 
explants 

Culture 
explants 

Regeneration 

Shoot regeneration Somatic embryo 

Root 
regeneration Germination 

Plantlet 
Hardening 

Establishment in the field 

Production of  
secondary metabolites 

Micropropagation Production of  
disease free plants 

Somatic 
hybridization 

Applications of Plant Tissue Culture 

In-breeding Out-crossing Cross-breeding Inter-specific 
hybridisation 

Animal breeding 

Artificial 
Insemination 

MOET 

Animal husbandry 

Lac culture 
(Tachardia lacca) 

Poultry 
(chicken, duck, 

turkey, geese, fowls) 

Dairy 
(cattle, sheep, goat) 

Apiculture 
(Honey bees) 

Fisheries 
(Fishes) 

Sericulture 
(Silk worm) Sam
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11.2 Plant Breeding  

1. What is plant breeding?
Ans: Refer Q.3

2. Define mutation breeding.
Ans: Refer Q.18

3. Name the disease resistant varieties of crop.
Ans: Refer Q.17

4. Name any one crop and its hybrid insect
resistant variety.

Ans: Refer Q.19 

5. Give two examples each:
i. High yielding varieties of rice
ii. Semi-dwarf varieties of wheat

Ans: i. Refer Q.14 
ii. Refer Q.14

6. Draw a flowchart representing the various steps
involved in Hybridization technique.

Ans: Refer Q.11  
7. What is ‘green revolution’? Give any two

examples each of the improved varieties of
wheat and rice.                                      [Mar 20]

Ans: Refer Q.12 and 14 

11.3 Tissue Culture 

8. What are the advantages of micropropagation?
Ans: Refer Q.28 (iv)

9. Enlist the applications of tissue culture.
Ans: Refer Q.29

10. Define ‘tissue culture’. Describe the
methodology of tissue culture.

Ans: Refer Q.20 and Q.27 

11. What are the ingredients of nutrient media used
for plant tissue culture?

Ans: Refer Q.23 

12. i. Name the medium commonly used for plant
tissue culture. 

ii. Enlist major nutrients for in vitro
propagation of explants in tissue culture.

Ans: i. Refer Q.23 (ii) 
ii. Refer Q.23 (i)

11.4 Single Cell Protein (SCP)

13. Name two microbes that can be used for the
production of SCP on a large scale.

Ans: Refer Q.31 (v) 

14. Give advantages of single cell protein (SCP).
Ans: Refer Q.31(vi)

15. Which microbial cultures are generally grown as
a good source of SCP? Enlist the advantages of
large scale production of microbial biomass
over traditional methods of producing proteins
for food or feed.

Ans: Refer Q.31  
11.5 Biofortification 

16. Explain what is meant by Biofortification.
Ans: Refer Q.32

11.6 Animal Husbandry 

17. Name the viral diseases in poultry animals.
Ans: Refer Q.54(i)

18. What is interspecific hybridization?
Ans: Refer Q.38 (ii-c-1)

19. Mention any two products of apiculture.
Ans: Refer Q.55

20. Define Apiculture.
Ans: Refer Q.55 

Exercise 

Bacterial 
e.g. Rhizobium

Azotobacter 
Azospirillum 

Fungal 
e.g. Mycorrhizae 

(Ecto and Endomycorrhizae) 

Cyanobacterial 
e.g. Nostoc

Aulosira 
Anabaena 
Tolypothrix 

Biofertilizers 

Pathogenic fungi as mycoherbicide 
e.g. Phytophthora palmivora

Alternaria crassa 
Fusarium sp. 

Bacterial pathogens as herbicide 
e.g. Pseudomonas sp.

Xanthomonas sp. 
Agrobacterium sp. 

Microbial herbicides/weedicides 
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54. Describe biogas production based on
i. Microbes used
ii. Chemical composition
iii. Detailed stages of production

Ans: i. Refer Q.126 (iii) 
ii. Refer Q.124
iii. Refer Q.126

11.11 Role of Microbes as Biocontrol Agents 

55. What is meant by biocontrol?
Ans: Refer Q.129 
56. Give ‘two’ examples of microbial pesticides

with their hosts.
Ans:  Refer Q.133 (Any two examples)  
11.12 Role of Microbes as Biofertilizers 

57. Give two examples of free-living nitrogen fixing
bacteria.

Ans:  Refer Q.143 (i-b,c)  
58. Name the aquatic fern commonly used in paddy

field as a biofertilizer.
Ans: Refer Q.143 (ii)  
59. Explain the two types of mycorrhizae as a

biofertilizer.
Ans: Refer Q.140  
60. What are the advantages of biofertilizers?
Ans: Refer Q.145
    

1. Crop improvement is also termed as
(A) evolution
(B) mutation breeding
(C) plant breeding
(D) crop rotation

2. The traditional method of plant breeding is
(A) hybridization
(B) mutation breeding
(C) genetic engineering
(D) tissue culture

3. Germplasm includes
(A) only improved varieties of crop.
(B) all cultivated varieties and wild relatives

of a particular crop.
(C) all hybridized varieties only.
(D) only mutant varieties of a crop.

4. An improved insect resistant variety “Pusa
Gaurav” is variety of
(A) Brassica (B) Flat bean
(C) Cowpea (D) Bhindi

5. Jaya, Padma, Ratna are better-yielding, semi-
dwarf varieties of
(A) wheat (B) jowar
(C) sugarcane (D) rice

6. The ability of a plant cell by virtue of which it
can generate whole plant under suitable 
conditions is called 
(A) micropropagation
(B) totipotency
(C) somatic hybridization
(D) organogenesis

7. Dead and dried cell mass of microbes having
nutritive value is also known as
(A) BGA (blue-green algae)
(B) SCP (single cell protein)
(C) STP (sewage treatment plant)
(D) VAM (vesicular arbuscular mycorrhizae)

8. Outcrossing helps to remove the
(A) inbreeding depression
(B) multiple alleles
(C) dominant alleles
(D) outbreeding suppression

*9. MOET technique is used for
(A) production of hybrids
(B) inbreeding
(C) outbreeding
(D) outcrossing

*10. Mule is the outcome of
(A) inbreeding
(B) artificial insemination
(C) interspecific hybridization
(D) outbreeding

11. Indian breed of cow is
(A) Jersey (B) Gir
(C) Holstein (D) Brown Swiss

12. _______ is an exotic breed of cow.
(A) Sahiwal (B) Gir
(C) Sindhi (D) Jersey

13. Murrah is a breed of
(A) buffalo (B) cow
(C) goat (D) sheep

14. Pullorum is a _______ disease.
(A) viral (B) bacterial
(C) fungal (D) parasitic

15. Domestication of silk worm is called
(A) sericulture (B) pisciculture
(C) apiculture (D) horticulture

16. Which stage in the life cycle of silk moth
secretes silk?
(A) Caterpillar (B) Egg
(C) Pupa (D) Adult

17. Shellac is _______ form of lac.
(A) natural (B) contaminated
(C) pure (D) artificial
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*18. Microorganisms also help in production of food
like 
(A) bread
(B) alcoholic beverages
(C) vegetables
(D) pulses

*19. Antibiotic Chloromycetin is obtained from
(A) Streptomyces erythreus
(B) Penicillium chrysogenum
(C) Streptomyces venezuelae
(D) Streptomyces griseus

*20. Most commonly used substrate for industrial
production of beer is 
(A) barley
(B) wheat
(C) corn
(D) sugarcane molasses

*21. Ethanol is commercially produced through a
particular species of 
(A) Aspergillus (B) Saccharomyces
(C) Clostridium (D) Trichoderma

22. The micro-organism used in the production of
acetic acid is
(A) Aspergillus niger
(B) Rhizopus arrhizus
(C) Neurospora gossypii
(D) Acetobacter aceti

*23. Removal of large pieces of floating debris, oily
substances, etc. during sewage treatment is 
called  
(A) primary treatment
(B) secondary treatment
(C) final treatment
(D) amplification

24. Which of the following is not an advantage of
biogas?
(A) It burns with blue flame without smoke.
(B) It helps to improve sanitation of the

surrounding.
(C) It is highly expensive.
(D) It can be used for domestic lighting.

*25. Which one of the following is free living
bacterial biofertilizer? 
(A) Azotobacter
(B) Rhizobium
(C) Nostoc
(D) Bacillus thuringiensis

26. One of the free-living anaerobic nitrogen-fixer 
is _______. 
(A) Azotobacter (B) Beijerinckia
(C) Rhodospirillum  (D)  Rhizobium

1. (C) 2. (A) 3. (B) 4. (A)
5. (D) 6. (B) 7. (B) 8. (A)
9. (A) 10. (C)  11. (B) 12. (D)
13. (A) 14. (B) 15. (A) 16. (A)
17. (C) 18. (A) 19. (C) 20. (A)
21. (B) 22. (D) 23. (A) 24. (C)
25. (A) 26. (C)

[Note: 18. Here, alcoholic beverages are considered 
as industrial product] 

26. Azotobacter: Free-living, aerobic bacteria
Beijerinckia: Free-living, aerobic bacteria
Rhizobium: Symbiotic, aerobic bacteria
Rhodospirillum: It is free-living, but can live in
anaerobic as well as aerobic conditions.
Thus, amongst the given options most
appropriate answer is (C) Rhodospirillum]

1. Select the INCORRECT statement.
[NEET (UG) 2019] 

(A) Inbreeding selects harmful recessive
genes that reduce fertility and
productivity.

(B) Inbreeding helps in accumulation of
superior genes and elimination of
undesirable genes.

(C) Inbreeding increases homozygosity.
(D) Inbreeding is essential to evolve pure

lines in any animal.

2. Which of the following is a commercial blood
cholesterol lowering agent? [NEET (UG) 2019]
(A) Streptokinase (B) Lipases
(C) Cyclosporin A (D) Statin

3. Match the following organisms with the
products they produce:

Column I Column II 
i. Lactobacillus p. Cheese 
ii. Saccharomyces 

cerevisiae 
q. Curd 

iii. Aspergillus niger r. Citric Acid 
iv. Acetobacter aceti s. Bread 

t. Acetic Acid 

[NEET (UG) 2019] 
Select the correct option. 
(A) i – r, ii – s, iii – t, iv – p
(B) i – q, ii – p, iii – r, iv – t
(C) i – q, ii – s, iii – t, iv – r
(D) i – q, ii – s, iii – r, iv – t

Competitive Corner 
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4. Which of the following can be used as a
biocontrol agent in the treatment of plant
disease?                               [NEET (UG) 2019]
(A) Anabaena (B) Lactobacillus
(C) Trichoderma (D) Chlorella

5. Which of the following statements about
methanogens is NOT correct?

[NEET Odisha 2019] 
(A) They produce methane gas
(B) They can be used to produce biogas
(C) They are found in the rumen of cattle and

their excreta
(D) They grow aerobically and breakdown

cellulose-rich food
6. Among the following pairs of microbes, which

pair has both the microbes that can be used as
biofertilizers?                    [NEET Odisha 2019]
(A) Aspergillus and Cyanobacteria
(B) Aspergillus and Rhizopus
(C) Rhizobium and Rhizopus
(D) Cyanobacteria and Rhizobium

7. Select the INCORRECT statement regarding
inbreeding.                        [NEET Odisha 2019]
(A) Inbreeding depression cannot be

overcome by out-crossing.
(B) Inbreeding helps in elimination of

deleterious alleles from the population.
(C) Inbreeding is necessary to evolve a pure

line in any animal.
(D) Continued inbreeding reduces fertility and

leads to inbreeding depression.
8. One of the basic elements considered in green

revolution is _______.       [MHT CET 2019]
(A) Optimum use of fertilizers
(B) Cultivation of single crop in the same

farm land
(C) Use of traditional varieties
(D) Maximum use of fertilizers

9. In tissue culture differentiation of callus into
different organs is called _______.

[MHT CET 2019] 
(A) embryogenesis
(B) micropropagation
(C) totipotency
(D) morphogenesis

10. Mushrooms are rich source of _______.
[MHT CET 2019] 

(A) Proteins, vitamins, minerals and amino
acids

(B) High fats
(C) High cholestrol
(D) High Carbohydrates

11. The antibiotic chloromycetin is prepared from
_______.       [MHT CET 2019]
(A) Penicillium chrysogenum
(B) Streptomyces erythreus
(C) Streptomyces griseus
(D) Streptomyces venezuelae

12. Match the following columns and select the
correct option.                [NEET (UG) P-I 2020] 

Column I Column II 
(a) Clostridium 

butylicum 
(i) Cyclosporin-A 

(b) Trichoderma 
polysporum 

(ii) Butyric Acid 

(c) Monascus 
purpureus 

(iii) Citric Acid 

(d) Aspergillus niger (iv) Blood cholesterol 
lowering agent 

(a) (b) (c) (d)
(A) (ii) (i) (iv)  (iii)
(B) (i) (ii) (iv)  (iii)
(C) (iv) (iii) (ii)  (i)
(D) (iii) (iv) (ii)  (i)

 
 

Q.1. Select and write the correct answer: [04] 
i. Brown rust of wheat is caused by

(A) viruses (B) bacteria (C) fungi (D) aphids
ii. The components of biogas are

(A) CH4, SO2, H2 (B) CO2, C2H5OH (C) CH4, CO2, H2 (D) C2H6, O2, H2

iii. ‘Bombyx mori’ feeds on
(A) mulberry fruits (B) mulberry leaves (C) ber leaves (D) castor leaves

iv. Murashige and Skoog’s medium is commonly used for
(A) bacterial cultures.
(B) raising plants through micropropagation.
(C) culture of Spirulina.
(D) isolation of fungal strains.

Time: 1 Hour 30 Min    Total Marks: 25 TOPIC TEST
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Q.2. Answer the following       [03] 
i. State any two examples of microbial pesticides used in organic farming. 
 
ii. Name two Asiatic breeds of poultry. 
 
iii. Who is considered as the ‘Father of green revolution’?  
        
 
 
 
    
Q.3.  Describe the process of development of new crop varieties by the use of mutagens.  
Q.4.  Explain the construction of biogas.  
Q.5.  Define ‘fishery’ and state the types / divisions of fisheries.  
Q.6. State any two advantages of SCP.                                        
Q.7. Write a short note on poultry diseases.   
Q.8. Draw neat and labelled diagram of steps involved in plant tissue culture. 
        
 
 
 
 
  
Q.9. Describe MOET technology used in animal breeding.  
Q.10.  Describe the production of alcoholic beverages.  
Q.11. i. What is ‘poultry’? 
 ii. State the requirements of poultry farm management. 
         
           
 
  
 
  
Q.12. What is biofortification? State its objectives and briefly explain the methods for the development of 

biofortified crops with the help of one example each.     
Q.13. Explain the classification of biofertilizers on the basis of their nature and functions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SECTION B 

Attempt any Four                                                                                             [08] 

SECTION C 

Attempt any Two                                                                                                                                                [06] 

SECTION D 

Attempt any One                                                                                                                                                [04] 

 

Download the answers of the Topic Test by 
scanning the given Q.R. Code. 
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