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Genetics and Plant Breeding, Biotechnology, Seed science and 

technology, Plant Pathology and Agricultural Microbiology. To 

accomplish the said objectives an attempt was made to present the 

subjects elucidly as per the requirements of students of agricultural 

universities. For convenience the book is furnished in various 

sections. The book deals with the fundamental facts and landmarks 

in the field of plant sciences briefing introduction of various cell 

organelles and their functions, cell division, Mendelian genetics, 

Cytogenetics, plant breeding methods, breeding of field crops, seed 

science and molecular genetics aspects. Plant pathology dealing 

with various crop diseases, their casual organisms, epidemiology, 

diagnosis and detection and management of plant diseases were 

dealt. The basics of agricultural microbiology were also covered 

briefly keeping JRF and other competitive examinations in view. 

Scientists and their contributions have been thoroughly covered in 
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examinations and we wish the students utilize this book for their 
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The cell theory was formulated by  

M.J. Schleiden and Theodor Schwann in 1838-39. 

 

Examples for unicellular organisms 

Blue Green Algae, Bacteria, Protozoa etc. 

 

A layer of plant cell wall that connects two adjacent cells 

Middle Lamella 

 

The naked cell surrounded by a plasma membrane is known as  

Protoplast 

 

Substance except nucleus surrounded by the plasma lemma is 

known as 

Cytoplasm 

 

Plant cells with more than one nucleus are called  

Coenocytes Eg: Certain Algae, Fungi, Vaucharia, Rhizopus, 

 

Animal cells with more than one nucleus are called  

Syncytia. Eg: Striated muscle cells of higher animals. 

  

In a cell, the packaging of food material is done by  

Golgibodies 

 

Middle lamella is composed of  

Ca & Mg Pectates 

 

Following cells do not have nucleus / related material.  

RBC of Human Beings   

   

Cilia are formed from 

Basal Bodies  
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The formation of nucleolus is associated with  

Secondary Constriction 

 

The following structures is not found in a prokaryotic cell  

Nuclear Envelope   

 

Bacteria are examples of  

Prokaryotic Cells 

  

The region between the nucleus and the plasma membrane is 

called the  

Cytoplasm  

 

The resolving power of an electron microscope is____ times the 

resolving power of a light microscope 

One thousand times the resolving power of a light microscope 

 

Endoplasmic reticulum originates from 

Outer Membrane of Nuclear Envelope 

 

Golgi bodies originate from 

ER Elements 

 

Lysosomes originate from  

Golgi Bodies 

 

Cellular organelles which extracts energy from carbohydrates 

and from ATP molecules 

Mitochondria 

 

Cellular organelle involved in breakdown of complex 

macromolecules, such as polysaccharides and proteins 

Lysosome 
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Mitochondrion is the site for 

Cell Respiration, Production of ATP 

 

Endoplasmic reticulum is involved in 

Synthesis of Proteins, Lipids, Glycogen, Cholesterol, Glycerides, 

Hormones, Intracellular Circulatory System 

 

Function of Golgi complex 

Secretory in Function 

   

The site of photosynthesis is 

Chloroplast 

 

Lysosomes contain enzymes (Hydrolytic digestive enzymes) 

capable of  

Digesting part of the cell 

 

Function of Lysosomes 

Digestion of food particles and microbes, autolysis of the cell 

 

Power house of cell 

Mitochondria 

 

“Universal components of all biological organisms” 

Ribosomes 

 

Ribosome‟s are synthesized and assembled in  

Nucleolus (with in nucleus) 

 

Ribosome‟s are essential for 

Protein Synthesis 

 

Packaging plants of the cell 

Golgi Bodies 
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Green pigments capable of capturing the energy of sunlight are 

located within the  

Chloroplasts  

 

The two types of cellular organelles that transform energy are  

Mitochondria and Chloroplasts 

 

The plastids that give fruits and flowers their orange and 

yellow colors are the  

Chromoplasts 

 

Intercellular junction between animal cells  

Desmosome 

 

Plant cells are connected by channels through their walls called 

Plasmodesmata 

 

Mitochondria are sites of 

Oxidative Phosphorylation 

 

Chloroplasts are sites of 

Photo Phosphorylation 

 

Among the higher plants, the longest mitotic chromosome is 

found in 

Trillium sps. Which may reach 32 μ in size 

 

Molecular formula of glucose is 

C6H12O6  

 

Glycolysis occurs in 

Cytoplasm (but outside the organelles).   
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The function of the mitochondrial cristae is   

To increase the surface area of the inner membrane 

 

The light reactions of photosynthesis take place in the  

Grana of Chloroplasts 

 

Dark reaction of photosynthesis occurs in 

Stroma of Chloropalast 

 

The term chromosome is coined by 

Waldeyer (1888) 

 

Chromosome was first described by 

Strasburger (1875) 

 

Chromosomes having secondary constrictions are called  

Satellite Chromosomes or Sat-Chromosomes 

 

The general morphology of somatic chromosome complement 

of an individual constitutes its 

Karyotype 

 

Diagrammatic representation of karyotype is called as  

Idiogram 

 

Euchromatin is 

Lightly Stained and Genetically Active 

 

Heterochromatin is 

Darkly Stained and Genetically Inactive 

 

 

Folded fiber model proposed by 

DuPraw (1965) 
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Nucleosome Solenoid Model was proposed by 

Kornberg and Thomas (1974) 

 

The chromosomes which differ from normal chromosomes in 

terms of either morphology or function are referred as 

Special chromosomes 

 

Lamp Brush Chromosomes were first observed by  

W. Flemming (1882) in oocytes of sharks  

 

Loops of Lampbrush Chromosomes are involved in  

RNA Synthesis 

 

Giant Chromosomes were discovered by 

E. G. Balbiani (1881) in Dipteran Salivary Glands 

 

Giant chromosomes are also known as 

Salivary Gland Chromosomes or Polytene Chromosomes 

 

Puffs of Giant chromosomes are the sites of  

Active RNA Synthesis. 

 

In many species some chromosomes are found in addition to 

normal somatic chromosomes. These extra chromosomes are 

called as 

Accessory Chromosomes or B-Chromosomes or Supernumerary 

Chromosomes. 

 

A chromosome in which two arms are identical with each other 

in gene content and morphology. 

Isochromosomes 

 

Chromosomes differing in morphology and number in male 

and female are called as 

Allosomes / Sex Chromosomes 
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Mitosis occurs in somatic organs like root tip, stem tip and leaf 

base etc. Hence it is also known as  

Somatic Cell Division 

 

Meiosis I is also known as  

Reductional Division 

 

Meiosis II is called as  

Equational Division 

 

The chiasma terminalisation occurs during 

Diplotene 

   

The segregation of alleles of a gene occurs during  

 Anaphase – II  

   

The chromosomal orientation present during Metaphase-II of 

meiosis 

Auto-Orientation    

 

The paired homologouschromosomes are joined by a protein 

containing frame work known as 

Synaptonemal Complex. 

 

Stage of meiosis characterized by pairing of homologous 

chromosomes (Synapsis) 

Zygotene or Zygonema 

 

Exchange of segments between nonsister chromatids of 

homologous chromosomes known as  

Crossing Over 

 

The centromeres of the bivalents are arranged on either side of 

the equatorial plate and this type of orientation is called  

Co-Orientation 
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The division of cytoplasm takes place by cell plate method in 

plants and in animals by  

Furrow Method 

 

About 0.3% of the DNA is not replicated during S phase and it 

occurs during  

Zygotene  

 

Cell division takes place between two stages of  

G2 & G1  

  

Auto-orientation of centromeres is present during  

Metaphase – II  

     

In eukaryotic cell division, the process of cytoplasmic division 

is called  

Cytokinesis  

 

DNA replication occurs in which phase of the cell cycle  

Interphase 

 

DNA synthesis takes place during 

S Phase of Interphase 

 

The maximum percent of recombination between two genes 

will be  

50 per cent 

 

Crossing over occur during  

Pachytene Stage of Prophase I. 

 

Crossing over takes place between 

Non sister chromatids of homologous chromosomes 
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The chromosomal theory of inheritance was proposed by 

Sutton and Boveri 

 

This tendency of genes to remain together in their original 

combination during inheritance is called  

Linkage 

 

The phenomenon of linkage was first reported by  

Bateson and Punnet in 1906 

 

The plants with the character combination as in the original 

parents are known as  

Parental Forms or Parental Combinations 

 

Plants possessing one character from one parent and another 

character from the second parent are known as  

Recombined types or recombinations or new combinations or 

cross-overs 

 

The theory of linkage was put forth by 

T H Morgan 

 

When there is complete absence of recombinant types can be 

due to absence of  

Crossing Over 

 

If some frequency of crossing over also occurs between the 

linked genes, it is known as  

Incomplete / Partial Linkage 

 

If all dominant alleles are present on the same chromosome or 

all recessive alleles are present on same chromosome they are 

said to be in 

Coupling Phase 
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If dominant alleles of some genes are linked with recessive 

alleles of other genes on same chromosome they are said to be 

in 

Repulsion Phase 

 

The condition where higher frequency of parental types than 

recombinants in test cross in the presence of  

Linkage 

 

When two genes are linked the segregation ratio of dihybrid 

test cross progeny deviates significantly from the ratio 

1:1:1:1  

 

Linkage can be determined from  

Test Cross Progeny Data 

 

If crossing over does not occur, all genes located on one 

chromosome are expected to be inherited together. Thus the 

maximum number of linkage groups possible in an organism is 

equal to the 

Haploid Chromosome Number 

E.g. Onion 2n = 16 n = 8 maximum linkage groups possible = 8 

Maize 2n = 20 n = 10 maximum linkage groups possible = 10 

 

Control of two or more characters by a single gene is referred 

as 

Pleiotropy  

 

Frequency of crossing over is calculated using the formula 
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The first cytological evidence in support of genetic crossing 

over on the basis of his experiments with Drosophila was 

provided by  

Curt Stern in 1931 

 

Formula for Coefficient of coincidence is 

 
 

The ratio between the observed and the expected frequencies 

of double Crossovers is called  

Coefficient of Coincidence 

 

The term interference was coined by 

 Muller 

 

The tendency of one crossing over to prevent another crossing 

over from occurring in its vicinity is called  

Positive Interference 

 

If one crossing over enhances the chance of another crossing 

over in the adjacent region. This is termed as  

Negative Interference 

 

Formula for Coefficient of interference is 

Coefficient of Interference = 1 - Coefficient of Coincidence 

 

The frequency of crossing over can never exceed  

50 % 

 

The map showing the actual physical location of gene in a 

chromosome is called 

Cytological Map  
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A line on which the relative positions of genes proportional to 

the amount of crossing over between them is represented is 

called 

Linkage Map (Crossover Map or Genetical Map) 

 

The distance in a chromosome, which permits one percent 

recombination (crossing over) between two linked genes is 

called a 

Map Unit (Centri-Morgan) 

 

Mendel presented his findings before the Natural History 

Society of Brunn in 1865 as a paper entitled 

“Experiments in Plant Hybridization” 

 

In 1900 Mendel laws were re -discovered by  

Hugo de vries, E.V. Tschermark and C.correns 

 

Mendel‟s original paper was republished in 1901 in the journal  

„Flora‟ 

 

„Father of Genetics‟ is  

Gregor Johann Mendel 

   

The father of genetics was born on   

July 20, 1822 

 

The term genetics was coined for the first time by 

 Bateson 

 

The law of segregation is also called as 

 The Law of Purity of Gametes 

 

An exception to Mendel‟s law of independent assortment is 

Linkage 
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Linkage was first reported in sweet pea in 1906 by 

Bateson & Punnet 

 

Gene which effects more than one trait is called as  

Pleiotropic Gene  

 

Man made allopolyploid cereal is  

Triticale 

 

Linkage between the dominant alleles of one gene with the 

recessive allele of another gene on the same chromosome is 

referred as  

Repulsion Phase 

 

A cross between a F1 hybrid and either of its parents in called 

as  

Back Cross 

 

A plant possessing the genotype Aa Bb CC DD will produce 

what number of different types of gametes upon selfing 

Four 

 

Paramutations and polyploidy are exceptions to  

The Law of Segregation 

 

Linkage is an exception to 

Law of Independent Assortment 

 

Incomplete dominance is an exception to the principle of 

Dominance 

 

Pleiotropism is an exception to the principle of  

Unit Characters 
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Mendel failed to confirm his results because of the formation of 

embryo from the ovule without fertilization when he worked 

with  

Hawk Weed, (Hieraceum sp.) 

 

Expression of recessive allele of the gene in the hemizygous 

state either due to sex linkage (Eg: colour blindness in human 

beings) or chromosomal aberrations (deletion in heterozygotes) 

is known as  

Pseudo-Dominance 

 

Para mutation is an exception of Mendel‟s law of  

Purity of Gametes 

 

Backcross refers to  

F1 x Any one of the parents 

 

Mendel could not get the same results as that as that of pea in 

case of hawk weed because  

Hawk Weed is Apomictic 

 

Alternate forms of a gene is known as  

Allele 
 

Examples for Multiple Alleles are 

Blood Group in Human Beings, Fur Colour / Coat Colour in 

Rabbits and Self-Incompatibility Alleles in Plants 

 

Alleles, which have two separate gene loci, but often inherit 

together due to close linkage and have very rare chance of 

crossing over are called  

Pseudo Alleles (Eg: Lozenge Eye in Drosophila) 

 

An allele which is similar in its phenotypic expression to that of 

other independently occurring allele is called 

 Isoallele 
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The ability of a gene to express itself in all the individuals, 

which carry it in the appropriate genotype is called 

Penetrance 

 

When all the individuals that carry a particular gene exhibit its 

phenotypic effect, it is known as  

Complete Penetrance 

 

When specific gene does not express their effect in all the 

individuals which carry them in appropriate genotype, it is 

known as  

Incomplete Penetrance 

 

The degree of phenotypic expression of a gene in different 

individuals is called  

Expressivity 

 

The characters that show discontinuous variation and which 

can not be measured easily are known as  

Qualitative Characters 

 

Qualitative characters are also known as  

Classical Mendelian traits 

 

Characters showing continuous variation and which can be 

measured easily are known as  

Quantitative Characters Eg: Yield, Plant Height 

 

 

Quantitative data can be subjected to statistical analysis and 

the branch of science which deals with such analysis is known 

as 

Quantitative Genetics or Biometrical Genetics 
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Genic balance mechanism of determination of sex was first 

observed and studied by 

 C.B. Bridges in 1921 

 

Formula for Sex Index is 

 
 

In drosophila individuals with sex index of 0.5 develops into  

Normal Males 

 

In drosophila individuals with sex index of 1 into  

Normal Females 

 

If the sex index in drosophila is between 0.5 and 1, the 

resulting individuals will be  

Inter Sex 

 

Some flies have sex index of >1, such flies have more 

pronounced female characteristics than normal females and 

are called  

Super Females or Meta Females 

 

Super male flies have a sex index value of  

<0.5  

 

The characters for which genes are located on sex or „X‟ or 

analogous „Z‟ Chromosomes are known as  

Sex Linked Traits (Colour Blindness and Haemophilia) 

 

Crisscross method of inheritance is characteristic of  

Sex-Linked Genes 
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In man, the genes present on Y chromosome (holandric genes) 

such as the gene causing hypertrichosis (causing excessive 

development of hairs on the pinna of ear) are transmitted 

directly from  

Father to Son 

 

Haemophilia is a  

Recessive Sex Linked Disease 

 

The autosomal genes present in both males and females, whose 

phenotypic expression is different in different sexes in such a 

way that they act as dominant in one sex and recessive in the 

other, are called 

Sex Influenced Genes Eg. Pattern Baldness in Human Beings and 

Horns in Sheep 

 

The autosomal genes, whose phenotypic expression is limited to 

one sex only, are called  

Sex Limited Genes Eg: Milk Production in Cattle, Beard 

Development in Human Beings and Plumage in Male Fowls etc. 

 

Inheritance due to genes located in cytoplasm (Plasmagenes) is 

called 

Cytoplasmic Inheritance 

 

Examples for Plastid Inheritance are 

Leaf Variegation in Mirabilis jalapa, Iojap in maize 

 

Examples for Mitochondrial Inheritance are  

Cytoplasmic Male Sterility (CMS) in Maize, Pokyness in 

Neurospora 

 

The histones (H1 H2a, H2b, H3 & H4) in chromosome 

organization are present in the molar ratio of  

1: 2: 2: 2: 2  
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The term mutation was first used by 

Hugo De Vries 

 

The artificial induction of mutations by using x-rays in 

Drosophila was demonstrated for the first time by 

H.J. Muller 

 

An increase in the rate of mutations due to x-rays in barley and 

maize was demonstrated by  

L.J. Stadler in 1928 

 

Supernumerary chromosomes are also known as  

B Chromosomes  

 

The histone octamer in nucleosome core is composed of two 

molecules each of histones.  

H2a, H2b, H3; H4  

 

Chromosome shape is determined by the 

 Position of the centromere  

 

The chromosomes which are not involved in determination of 

sex of an individual are called as  

Autosomes 

 

The colorblindness in human beings is a  

Sex Linked Character 

 

Milking ability is cattle is an example of  

Sex Limited Character 

 

Genes present in Y chromosome and transmitted from father 

to son are known as  

Holandric 
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Bald head in human beings is a  

Sex Influenced Character 

 

In human beings, the type of sex determination is  

XX-XY 

 

The type of chromosomal aberration which suppresses 

crossing over is 

Inversions 

 

The chromosomal orientation during metaphase of meiosis is 

referred as  

Co-Orientation 

 

Plants with a genomic formula 2n-1-1 are 

Double Monosomic 

 

Inverted segment of chromosome does not include centromere 

in  

Paracentric Inversions. 

 

Expression of a recessive gene in hemizygous condition is 

known as 

Pseudo Dominance 

 

Occurrence of more than two alleles at a given locus is referred 

as 

Multiple Alleles 

 

 

An example for Duplication (chromosomal aberration) 

Bar Eye in Drosophila 
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In three point test cross, the least frequency progeny is  

Double Cross Overs     

 

If the map distance between A and B genes is 5, B and C is 12 

and A and C is 7 the gene order is  

B A C   

  

Tendency of one cross over to reduce the chance of another 

cross over in its adjacent region is referred to as  

Positive Interference  

 

The map units of a linkage map are expressed in  

Morgan Units 

 

The chromatids of a homologous chromosome pair are 

considered as  

Sister Chromatids 

 

When three are no recombinants in the test cross progeny the 

linkage is said to be  

Complete Linkage  

 

The chromosome number of human being is 46. The numbers 

of linkage groups formed in males are  

23 

 

In balanced lethal system, the lethal genes are linked in  

Repulsion Phase  

 

Tendency of one cross over to enhance the chance of another 

cross over in its adjacent region is referred to as  

Negative Interference  

   

An example of a spontaneous mutant variety is  

GEB – 24 in Rice 
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Pseudo dominance is associated with  

Délétions     

 

Unwinding of DNA double helix is induced by enzyme 

Gyrase 

 

Darkly stained bead like structures of the chromosomes are 

termed as  

Chromomeres 

  

A chemical that causes deamination of DNA bases is 

Nitrous acid 

 

More than one triplet codon can code for the same amino acid. 

Hence the genetic code is  

Degenerate  

 

In an operon the site of transcription initiation is  

Promoter Gene  

 

Splicing refers to the removal of  

Introns  

  

DNA is a polymer of  

Nucleotides  

 

The combination of nitrogenous base and sugar without the 

phosphate group is called  

Nucleoside (Riboside and Deoxyriboside)  

 

The combination of nitrogenous base, sugar and the phosphate 

group is called as 

Nucleotide (Ribotide and Deoxyribotide) (Nucleotide = 

Nucleoside + Phosphate). 
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The molecular formula of sugar present in chemical 

composition of DNA 

C5 H1O O4  

 

The nucleotides in a nucleic acid differ only with respect to  

Nitrogen Base 

 

The pyrimidines present in DNA are 

Thymine (T) and Cytosine (C) 

 

The common purines present in nucleic acids are  

Adenine (A) and Guanine (G) 

 

In case of RNA pyrimidine base Thymine is replaced by 

Uracil (U) 

 

In DNA the ratio between the following bases is close to unity 

Adenine and Thymine 

 

Chargaff‟s equivalence rule states that 

A + G = T + C  

 

Double helix structure of DNA was given by  

Watson and Crick (1953) 

 

The two strands of a DNA molecule are oriented  

Anti-Parallel to Each Other 

 

Each polydeoxyribonucleotide strand is composed of many 

deoxyribonucleotides joined together by phosphodiester 

linkage between their 

Sugar and Phosphate Residues 
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The nitrogen bases are connected by  

Hydrogen Bonds 

 

The diameter of DNA helix is 20A
0
, while its pitch (the length 

of helix required to complete one turn) is  

34A
0
 

 

The hydrogen bonds between the DNA strands break on 

heating the DNA to high temperature (nearly 100
o
C). The 

process of separation of DNA strands is known as  

Denaturation 

 

Reunion of the separated or denatured DNA strands on cooling 

is called renaturation or annealing. The optimum temperature 

for renaturation is 20 - 25 
o
C 

 

The conclusive proof that replication of DNA is by semi 

conservative model was given by 

Matthew Meselson and Franklin Stahl in 1958 

 

The replication of lagging strand generates small 

polynucleotide fragments called  

Okazaki Fragments 

 

Single stranded RNA is the genetic material in most plant 

viruses such as   

TMV 

 

Double stranded RNA is also found to be the genetic material 

in some organisms such as 

Plant Wound and Tumour Viruses.  

 

Prokaryotic mRNA molecule codes for more than one 

polypeptide; such a mRNA is known as  

Polycistronic mRNA.  
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All eukaryotic mRNAs are coding for a single polypeptide 

specified by a single cistron. Such mRNA is known as 

Monocistronic mRNA 

 

The amino acid is attached to the 3‟ end of tRNA that contains 

_________ sequence  

ACC   

 

Clover leaf model of secondary structure of t RNA was given 

by. 

Robert Holley (1965) 

 

In some viruses, the DNA is synthesized from RNA in the 

presence of an enzyme, reverse transcriptase. This process is 

known as  

Reverse Transcription 

 

Reverse transcription was first reported by 

Temin and Baltimore in 1970 

 

The number and the sequence of bases in mRNA specifying an 

amino acid is known as a  

Codon 

 

The set of bases in tRNA which base pair with a codon of 

mRNA is known as  

Anti-Codon 

 

The set of all the codons that specify the 20 amino acids is 

termed as  

The Genetic Code 

 

A sequence of three nucleotides in mRNA code for an amino 

acid and hence the genetic code is called 

The Triplet Code 
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Three codons, UAA, UAG and UGA do not code for any amino 

acid and hence they are called  

Nonsense Codons (Also known as Stop Codons or Termination 

Codons) 

 

The codon AUG is known as  

Start Codon or Initiation Codon  

 

In most cases, several codons code for the same aminoacid 

hence 

The Code is Degenerate 

 

None of the codons code for more than one aminoacid hence 

The Code is Non – Ambiguous 

 

A sub division of gene which acts as a unit of function within a 

gene is termed as 

Cistron  

 

A sub division of gene which is the site of mutation is called as 

Muton  

 

The smallest subunit of gene capable of undergoing 

recombination or a sub unit of gene which is the site of 

recombination is called as 

Recon  

The enzyme responsible for joining of DNA fragments 

Ligase 

  

In Diplococcus pneumoniae, the colonies of virulent strains are 

enclosed in  

Polysaccharide Capsule 

     

The experiment in which it was shown that DNA is the genetic 

material in bacteriophages is the  
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Hershey-Chase Experiment  

 

The number of cytosine bases in a DNA molecule is equal to  

The Number of Guanine Bases 

 

Quantitative characters show 

Continuous Variation  

 

A human blood group with no antibodies against other groups 

is  

AB Group     

 

Pseudo dominance by a recessive allele is due to  

Deletion   

 

Genetic Interaction ratios 

Gene Action  F2 Ratio 

Duplicate dominant epistasis  15:1 

Monohybrid F2 phenotypic ratio 3:1 

Dihybrid F2 phenotypic ratio  9:3:3:1 

Dominant and recessive epistasis  13:3 

Monohybrid incomplete dominance 1:2:1 

Dominant epistasis 12:3:1 

Duplicate recessive epistasis  9:7 

Recessive epistasis 9:3:4 
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PLANT BREEDING 
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Transfer of pollen grain from the anther to the stigma of same 

flower is called as 

Autogamy 

 

If the flower does not open at all/ pollination and fertilization 

occurs in unopened flower bud. This ensures complete self-

pollination and prevents cross-pollination. The mechanism is 

referred as 

Cleistogamy (Ex: Wheat, Oats, Barley and Other Grasses) 

 

Transfer of pollen grains from the anthers of one plant to the 

stigmas of another plant is called  

Allogamy 

 

If male and female flowers are separate but present in the 

same plant the condition is called  

Monoecy (Same Inflorescence - Castor, Mango, Banana and 

Coconut; Separate Inflorescence - Maize, Grape, Rubber, Cassava, 

Cucurbits, Chestnut and Walnut) 

 

If male and female flowers are present in different plants, the 

condition is referred as 

Dioecy (Ex: Datepalm, Papaya, Hemp, Asparagus and Spinach) 

 

If pistils mature before stamens, mechanism is called as  

Protogyny (Bajra) 

 

If stamens mature before pistils, mechanism is known as 

Protandry (Maize and Sugarbeet) 

 

If the pollen from a flower of one plant falls on the stigmas of 

other flowers of the same plant, such mechanism is referred as 

Geitonogamy (Ex: Maize) 
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Genetically, geitonogamy is equal to  

Autogamy 

 

If in crops cross-pollination occurs up to an extent of 5 to 30%, 

referred to as  

Often Cross Pollinated Crops (Jowar, Cotton, Pigeonpea and 

Safflower) 

 

Bulbils are modified form of  

Flowers 

 

The condition in which seeds are formed but the embryo 

develops without the fusion of male and female gametes is 

known as 

Apomixis 

 

If the vegetative cells of the ovule develop into unreduced 

embryo sacs after meiosis and the embryo develops from egg 

cells or some other cells of such an embryo sac such a condition 

is referred as 

Apospory 

 

Development of an embryo from synergids or antipodal cells 

without meiosis and fertilization is called as 

Apogamy 

 

Introduction of semi dwarf wheat- sonara-64, lermarojo, Rice-

TN-1, IR-8, 28, 36 are examples of 

Primary Introduction 

 

Kalyana Sona, Sonalika- wheat selections from CIMMYT, 

Mexico material are examples for 

Secondary Introduction 
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NBPGR: The bureau has its head quarter at IARI, New Delhi. It 

has five sub stations for testing the introduced plant material, these 

represents various climatic zones of India. They are 

 

Simla - Temperate Zone 

Jodhpur - Arid Zone 

Kanyalumari - Tropical Zone 

Akola - Mixed climatic Zone  
(shifted from Amaravathi) 

Shillong - Collections for NE India.  

     

To keep materials in isolation to prevent the spread of diseases, 

pests etc present in them to the other materials is referred as  

Quarantine 

 

The process that leads to the adaption of a variety to new 

environment 

Acclimatization 

 

The sum total of genes or heredity material in a species is 

called as 

Germplasm 

 

The gradual loss of variability in the cultivated forms and in 

their wild relatives  

Genetic Erosion 

 

An area of diversity protected from human interference is 

referred as  

Gene Sanctuary 

 

Isolation of desirable plants from the population is called as 

Selection 
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Percentage of plants selected to be advanced to next generation 

from a population is known as 

Selection Intensity 

 

The difference between the mean of selected plants and mean 

of parental population is referred as 

Selection Differential 

 

The ratio of genotypic variance to the phenotypic or total 

variance is known as  

Heritability (It is generally expressed in percent) 

 

The ratio of genotypic variance to the total or phenotypic 

variance is also called as  

Broad Sense Heritability  

 

Formula for broad sense heritability 

H (Bs) = Vg/Vp or Vg/Vg+Ve  

 

The proportion of additive genetic variance to the total 

variance is called  

Narrow Sense Heritability 

 

Formula for narrow sense heritability is  

H (ns) = ½ D/Vp 

D - Additive Genetic Variance 

 

Improvement in the mean phenotypic value of the selected 

plants over the parental population is known as  

Genetic Advance 

 

The success of genetic advance under selection depends on  

Genetic Variability, Heritability and Selection Intensity 
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Formula for Genetic Advance is  

GA = P X K X H (bs) 

Where 

P = Phenotypic Standard Deviation of the character in the 

population. 

K = Selection Differential (2.06 when 5% of the population is 

selected) 

H (bs) = Heritability in Broad Sense. 

 

Selection method useful for purification of pure lines is 

Mass Selection 

 

Evaluation of worth of plants on the basis of the performance 

of their progenies is called as  

Progeny Test 

 

Progeny test was developed by  

Louis De Vilmorin.  

 

Progeny test is also called as 

“Vilmorin Isolation Principle or Vilmorin Principle” 

 

The progeny of a single homozygous plant of a self-pollinated 

species is referred to as 

Pureline  

 

All the phenotypic differences within a pureline are due to the  

Environment (and have no Genetic Basis) 

 

Proportion of completely homozygous plants in the population 

was given by                       

(2
m

-1/2
m

)
n  

(Where m= Number of Generations of Selfing, n = Number of 

Genes Segregating) 
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Mass and pureline selections are applied to genetically variable 

and homozygous populations of  

Self-Pollinated Crops 

 

The methods generally used for handling of segregating 

generations may be grouped into  

Pedigree Method, Bulk Method and Back Cross Method. 

 

The description of the ancestors of an individual is called  

 Pedigree 

 

Bulk method was first used by 

Nilsson-Ehle in 1908 at Svalof 

 

Bulk method is also called as 

Mass Method or Population Method of Breeding or Evolutionary 

Method of   Breeding 

 

Bulk method provides opportunity for  

Natural Selection 

 

A breeding procedure used with segregating populations of self 

pollinated spp in which plants are advanced by single seeds 

from one generation to the next is 

Single - Seed – Descent Method (Goulden) 

 

Single  Seed  Descent Method (Goulden) is a modified form of  

Bulk Method 

           

Maximum genetic variability is observed in the generation 

F2 

 

A cross between a hybrid and one of its parents is known as 

Back Cross. 
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The parent that lack one or two characters, repeatedly used in 

the back cross programme, also called  

Recurrent Parent (which is susceptible to a disease and high 

yielding variety) 

 

The parent used only once in the breeding programme, also 

called as 

Non-Recurrent Parent (which is resistant variety) 

 

The method useful for inter specific transfer of simply 

inherited characters is 

Back Cross Method 

 

Only method for Transfer of cytoplasm from one variety or 

species to another is  

Back Cross Method 

 

The method useful for production of isogenic lines 

Back Cross Method 

 

The method useful for germplasm conservation 

 Back Cross Method 

 

The variety which is produced by crossing in all possible 

combinations a number of inbred lines that will combine well 

with each other is known as 

“Synthetic Variety” 

 

Who first suggested commercial utilization of synthetic 

varieties in maize?  

Hayes and Garber in 1919 

 

Synthetic varieties are of great value in the breeding for those 

cross- pollinated crops where pollination control is 

Difficult (Ex: Forages) 
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GCA of the parental lines is tested in the production of  

Synthetics 

 

Formula for prediction of synthetics performance was given by  

Sewall Wright in 1922  

Predicting the performance of Syn2.       

Syn2 = Syn1- (Syn1-Syn0) / n 

Where  

n = Number of Parental Lines. 

Syn2 = Performance of the synthetic variety after one generation of   

random mating. 

Syn1 = Performance of the synthetic in the first generation after it 

has been synthesized from the parental lines. 

Syn0 = Average performance of the “n” parental lines. 

 

Absence of functional male gametes or it is characterized by 

non functional pollen grain while female gamete functions 

normally is called as  

Male Sterility 

 

A male sterile line may be maintained by crossing it with 

heterozygous male    fertile plants in case of  

Genetic Male Sterility (GMS) 

 

Genetic male sterility (GMS) is ordinarily governed by a single 

recessive gene „ms‟ but dominant genes „Ms‟ governing male 

sterility is also reported in 

Safflower 

 

System in which male sterility is determined by the cytoplasm 

since the cytoplasm of a zygote comes primarily from egg cell, 

the progeny of such male sterile plants always be male sterile is 

called as  

Cytoplasmic Male Sterility 
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The male sterile line „A‟ is maintained by crossing it with  

 Male Fertile Line or Maintainer Line „B‟    

      

Male sterility system which may be utilized for producing 

hybrid seed in certain ornamental species or in species where a 

vegetative part is of economic value or seeds is of no use.  

CMS 

 

A case of cytoplasmic male sterility, where   a nuclear gene for 

restoring the fertility in the male sterile line is known is  

Cytoplasmic Genetic Male Sterility 

 

Examples for cytoplasmic genetic male sterility are 

Ex: Maize, Jowar, Bajra, Sunflower, Rice and Wheat 

 

Sources of CMS in different crops 

Crop Cytoplasm 

Maize -Texas. 

Nicotiana tabaccum -N. megalosiphon 

Triticum aestivum -Aegilops caudate. 

Sorghum bicolar -Milo, Combined kafir 

Bajra -Tifton  

Rice -Wild Abortive (WA), 

     

Self incompatibility was first reported by  

Koelreuter  

 

Classification of self incompatibility was suggested by 

Lewis in 1954 

 

Failure of pollen from a flower to fertilize the same flower or 

other flowers on the same plants is known as 

Self Incompatibility 
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The system in which the incompatibility reaction of pollen is 

governed by the   genotype of the plants producing them 

Heteromorphic system 

 

Heteromorphic system Ex: In Primula the two types of flowers 

are  

“Pin &Thrum” 

 

Incompatibility mechanism in different mating types 

 

Phenotype Genotype Genotype Phenotype 

Pin X Pin “ss x ss” Incompatibility 

mating 

--- 

Pin X Thrum “ss x Ss” 1 Ss: 1 ss 1 Thrum: 1 Pin 

Thrum X Pin “Ss x ss” 1 Ss: 1 ss 1 Thrum: 1 Pin 

Thrum X Thrum “Ss x Ss” Incompatibility 

mating 

--- 

 

Incompatibility is not associated with morphological 

differences among the flowers as in 

 Homomorphic System 

 

Gametophytic system was first described by 

East and Mangelsdorf 

  

System in which incompatibility reaction of the pollen is 

determined by its own genotype and not by the genotype of the 

plant on which it is produced is called 

Gametophytic System 

 

Gametophytic system - compatibility reactions are  

Fully Incompatible S1S2 X S1S2 

Partially Incompatibility S1S2 X S2S3 

Fully Compatible  S1S2 X S3S4 
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The system in which the incompatibility reaction of the pollen 

is governed by the genotype of the plant on which it is 

produced and not by the genotype of the pollen  

Sporophytic System (First reported by Hughes and Babcock) 

 

The science that deals with the application of statistical 

procedures to the study of biological problems is  

Biometry/Biometrics 

  

Branch of genetics which deals with the inheritance of the 

quantitative traits using statistical concepts and procedures it 

is also known as  

Quantitative Genetics or Biometrical genetics 

 

The genetic variance was divided into additive, dominance and 

epistatic variance by  

Fisher in 1918 

 

Variance which is produced by the deviation due to average 

effects of alleles or genes at all segregating loci i.e., it is the 

component which arises from differences between homozygotes 

of a gene (AA and aa) is  

Additive Variance 

 

Additive variance or additive x additive variance is fixable and 

so selection is   

Effective 

 

Variance which arises due to the deviation from the additive 

scheme of gene action resulting from intra allelic interaction 

i.e. interaction between alleles of the same gene or same locus is 

called  

Dominance Variance 
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Dominance variance is due to the deviation of heterozygote Aa 

from  

Average of two homozygotes (AA and aa) 

 

Dominance variance is not fixable and selection is  

Not Effective 

 

Variance which arises due to the deviation from additive 

variance as a consequence of inter allelic interaction i.e. 

interaction between alleles of two or more different genes or 

loci is called 

Epistatic Variance 

 

Environmental variation is  

Non-Heritable and Non-Fixable 

 

The mating/crossing of two plants/lines of dissimilar genotypes 

is called  

Hybridization  

 

The chief objective of hybridization is to create 

Genetic Variation 

 

Hybridization in which parents belong to the same species i.e. 

they may be two strains, varieties or races of the same species 

is called  

Intervarietal Hybridization (Intraspecific Hybridization) 

 

Crossing the plants belongs to two species of same genus is 

called as  

Interspecific Hybridization 

 

Crossing the plants belongs to two different genera is known as 

Intergeneric Hybridization (Ex: Triticum turgidum X Secale 

cereale – Triticale) 
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The first generation (F1) from crosses between two pure lines, 

inbreds, open pollinated varieties, clones or other populations 

that are genetically dissimilar are called  

Hybrid Varieties  

 

The nearly homozygous line obtained through continuous 

inbreeding of a   cross-pollinated species is called an 

Inbred  

 

The cross between two inbreds (A X B) is   

Single Cross 

 

The cross between two single cross hybrids (A X B) X (C X D) 

is 

Double Cross 

 

Cross between a single cross and an inbred to yield the hybrid 

population (A X B) X C is  

Three Way Cross 

 

A cross between an inbred and an open pollinated variety, 

purpose is to estimate the GCA of the lines crossed with OPV is 

called  

Inbred Variety Cross/ Top Cross  

 

When a cross is made to assess the combining ability is known 

as 

Test Cross 

 

Progeny of a line produced through random pollination by a 

number of selected lines is  

Poly Cross 

  

A cross between two open pollinated varieties is called as 

Varietal/ Population Cross 
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Hybrid varieties were first commercially exploited in 

Maize 

 

Growing of single cross hybrids in Maize was suggested by  

Shull  

 

The double cross scheme proposed by  

Jones in 1918 

 

A reliable method for the prediction of double cross 

performance was provided by 

Jenkins in 1934 

 

The ability of an inbred to transfer the desirable characters to 

its hybrid progenies in combination with another inbred line is 

known as  

Combining Ability 

 

The average performance of an inbred in series of hybrid 

combinations is known as        

General Combining Ability (GCA) 

 

The deviation in performance predicted on the basis of general 

combining ability is 

Specific Combining Ability (Inbreds are crossed in all possible 

combinations and the progenies are evaluated to arrive SCA) 

 

Hybridization between unrelated strains generally leads to an 

increased vigour and fertility is called  

Heterosis or Hybrid Vigour 

 

The superiority of F1 hybrid over both of its parents in terms 

of yield or some other characters is called  

Heterosis 
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Term heterosis was first used by  

Shull in 1914 

 

Superiority of F1 is estimated over the two parents or mid 

parent is called as 

Average Heterosis  

 

If the F1 hybrid is superior to the mid parent it is regarded as 

mid parental heterosis.  

Average Heterosis = F1- Mid Parent/Mid Parent x 100 

 

When the heterosis is estimated over the superior or better 

parent is called  

Heterobeltiosis or Better Parent Heterosis 

Heterobeltiosis = F1- Better Parent/Better Parent x 100 

 

Superiority of F1 over the standard commercial variety is 

called  

Economic or Useful Heterosis 

Useful Heterosis =  

F1- Commercial Variety/Commercial Variety x 100 

 

Superiority of F1 over the standard commercial hybrid is 

called as 

Standard Heterosis 

Standard Heterosis = F1-Standard Hybrid/ Standard Hybrid X 100 

 

Scientist who suggested that the term heterosis should be used 

only when the hybrid is either superior or inferior to both the 

parents was  

Powar in 1944 

 

Increased vigour and size of inter specific hybrids is known as  

Luxuriance 
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Dominance hypothesis was first proposed by  

Davenport in 1908 

 

Explanation for objections to Dominance hypothesis was given 

by 

Jones 1917 

 

Over dominance hypothesis was proposed by  

 East and Shull in 1908 

 

Heterozygote Aa would be superior to both the homozygotes 

AA and aa according to  

Over Dominance Hypothesis 

 

Scientist who proposed that at each locus showing over 

dominance there are several alleles e.g. a1, a2, a3, a4 etc with 

increasingly different functions i.e., Heterozygote for more 

divergent alleles would be more heterotic than those involving 

less divergent was  

East in 1936 

 

Loss of vigour and fertility due to inbreeding is known as  

Inbreeding Depression 

 

The highest degree of inbreeding is achieved by  

Selfing 

 

The chief effect of inbreeding is  

Increase in homozygosity in the progeny 

 

East 1908 and Shull 1909 independently published the detailed 

and precise information on inbreeding in  

Maize 
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Degrees of inbreeding depression: 

A) High Inbreeding Depression: Alfalfa, Carrot,  

B) Moderate Inbreeding Depression: Maize, Jowar and Bajra. 

C) Low Inbreeding Depression: Cucurbits and Sunflower 

D) Lack of Inbreeding Depression: Wheat, Potato and Tomato    

 

The sum total of unfavourable genes is known as  

Genetic Load 

 

Cross pollinated crop species are highly heterozygous and 

heterogeneous, they show variable  

Inbreeding Depression 

 

Recurrent selection first suggested by  

Hayes and Garber in 1919 (and independently by East and Jones in 

1920) 

 

Recurrent selection may be useful in improving specific 

combining ability was suggested by  

Hull  

 

Method of improving cross pollinated population which 

involves reselection generation after generation with 

interbreeding of selects to provide for genetic recombination is 

known as  

Recurrent Selection 

 

For recurrent selection for general combining ability a tester 

may be a  

Open Pollinated Variety/ A Synthetic Variety  

 

Recurrent selection for specific combining ability was first 

proposed by 

Hull  
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Recurrent selection for specific combining ability, the tester 

used is  

An Inbred 

 

Reciprocal recurrent selection was proposed by  

Comstock, Robinson and Harvey 

 

The objective of Reciprocal recurrent selection is 

To improve two different populations at a time 

 

The group of plants produced from single plant through 

asexual reproduction is called 

Clone 

 

Individuals containing cells of two or more genotypes are 

called 

Chimeras 

 

The procedure used for selection of BEST CLONE is known as 

Clonal Selection 

 

Kufri red potato is a clonal selection from 

Darjeeling red round 

 

Kufri safed potato is a clonal selection from 

Phulwa 

 

Bombay green banana is a bud selection from  

Dwarf Cavendish. 

 

Potato variety resistant to late blight is  

Kufri jyothi 
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Frost resistant potato variety is 

Kufri sheetman 

 

An individual carrying gametic chromosome number “n” is 

called  

Haploid (Where as Monoploid- has the basic chromosome number 

„x‟) 

 

Individuals carrying chromosome number other than the 

diploid number are known as  

Heteroploids 

 

Heteroploidy that involves one or more complete genomes are 

Euploids (Chromosome number is the exact multiple of the basic 

chromosome number) 

 

If all the genomes present in a polyploid species are identical, 

they are termed as 

Autopolyploids 

                   

Autotriploids posses 

Three copies of one genome 

 

Autotetraploids have 

Four copies of one genome 

 

Polyploids containing two or more distant genomes are known 

as 

Allopolyploids 

 

Allotetraploid possess  

Two distant genomes (each two copies) 
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An allopolyploid that has two copies of each genome present in 

it and as a consequence behaves as a diploid during meiosis is 

known as  

Amphidiploid 

 

Allopolyploid containing two or more genomes which are 

identical with each other except for some minor differences are 

called 

Segmental Allopolyploids 

 

Autotriploids which are generally highly sterile such as 

Seed less Watermelons, Banana and Sugar Beet 

 

Examples for autotetraploids are 

 Rye, Grapes and Alfalfa 

 

Individual having one dominant and three recessive alleles 

(Aaaa) are termed as 

Simplex 

 

Individual having two dominant and two recessive alleles 

(AAaa) are termed as 

Duplex  

 

Individual having three dominant and one recessive allels 

(AAAa) are termed as 

Triplex 

Individual having four dominant alleles (AAAA) are termed as 

Quadraplex 

 

Individual having all the recessive alleles (aaaa) are termed as 

Nulliplex 

 

Allopolyploids have genomes from two or more species such as 

Triricale, Raphanobrassica and Some Forages. 
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The process due to which allopolyploids show diploids like 

behavior i.e. form bivalent only is known as  

Diploidization 

 

The process of bringing a wild species under human 

management is referred as  

Domestication 

 

Seed less watermelons are  

Triploids 

 

Mutation breeding most commony used in 

Vegetatively or Asexually Propagated Plants 

 

Asexually propagated crops are  

Allogamous Crops 

 

First commercial cotton hybrid released is 

H4 

 

The most commonly used male sterile system for hybrid seed 

production       

Cytoplasmic Genetic Male Sterility 

 

Results are repeatable and predictable in 

Back Cross Method 

 

In self pollinated crops, a mass selected variety is 

Homozygous but Heterogeneous Population 

 

In cross pollinated crops, mass selected variety is  

Heterozygous and Heterogeneous Population 
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Pureline variety is  

Homozygous and Homogeneous Population 

 

Multiline variety is  

Homozygous but Heterogeneous Population 

 

Clonal variety is  

Heterozygous but Homogeneous Population 

  

A hybrid variety is  

Homogeneous but Heterozygous Population 

 

Synthetic and composite varieties are 

Heterogeneous but Heterozygous Population 

 

The process that leads to the adaptation of a variety to a new 

environment is 

 Acclimatization 

 

Trips for the purpose of collection of various forms of crop 

plants and their related species are called  

Exploration 

 

The progeny of a single homozygous plant of a self -pollinated 

species is called  

A Pureline  

 

Phenotypic variance is given as sum of 

Genotypic Variance + Environment Variance 

 

Variety which is a mixture of several purelines of similar 

height, flowering and maturity is called  

Multiline Variety 
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Most practicable and successful method both in the 

gametophytic and sporophytic systems for Temporary 

Suppression of Self-Incompatibility is  

Bud Pollination 

 

Gene and genotype frequencies in a Mendelian population 

remain constant generation after generation if there is no 

selection, mutation, migration or random drift. This law is 

called  

Hardy-Weinberg Law 

 

Random drift or genetic drift is a random change in gene 

frequency due to  

Sampling Error 

 

The degree of inbreeding of an individual is expressed as  

Inbreeding Coefficient (F) 

 

Inbreeding depression is equal to 

F1-F2/ F1 x 100 

 

Number of single crosses with reciprocals is equal to 

 n (n-1) 

 

Number of single crosses without reciprocals is equal to 

n (n-1)/2 

 

Total number of three way crosses is equal to         

 n (n-1) (n- 2) / 2 

 

Total number of double cross hybrids is equal to      

 n (n-1) (n- 2) (n-3) / 8 
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Germplasm complexes: are produced by mixing seeds from 

several lines or populations of diverse  

Genetic Origin 

 

The term mutation was coined by  

Hugo De Vries in 1900  

 

The sudden heritable change other than the Mendelian 

segregation and gene recombination is 

Mutation 

 

Examples for natural mutants are 

Rice: GFB 24 – Arose as a mutant from Konamani variety  

Dee – Gee – Woo – Gen – Arose as a mutant from rice in China 

 

Examples for Induced mutants are 

Rice: Jagannath-Gamma ray induced mutant from T.141,  

Wheat: Sarbati Sonora Gamma radiation from Sonora 64,  

Castor: Aruna (NPH1) – Fast neutrons induced mutant from HC 6 

 

Most effective and the most widely used treatment for 

chromosome doubling is 

Colchicine Treatment 

 

Lines that carry one chromosome pair from a different species 

in addition to somatic chromosome complement are called  

Alien Addition Lines 

 

Lines having one chromosome pair from different species in 

place of the chromosome pair of the recipient parent  

Alien Substitution Lines 

****** 
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The book “Introduction to Plant Biotechnology” was written 

by 

Chawla, H.S. 

 

The book “Introduction to Biotechnology” written by 

Bilgrami & Pandey 

 

The book “Plant Biotechnology” written by 

Singh, B.D. 

 

The term Biotechnology was coined by 

Karl Ereky 

 

The term „Plant Tissue Culture was coined by 

Haberlandt 

 

Father of Tissue culture 

Haberlandt 

 

The term somaclonal variation was coined by 

Larkin and Scowcroft 

 

ICGEB has its two centers at 

New Delhi and Italy 

 

IIB is located at 

UK 

 

IARI, JNU, MRC, IIT, NIM/NII located in 

New Delhi 

 

CIMAP, CCMB, CDFD located in 

Hyderabad 
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First successful test tube fertilization 

Kanta 

 

First attempt of plant tissue culture 

Haberlandt 

 

First attempt to culture embryo 

Hanning 

 

First restriction endonuclease 

Smith 

 

First restriction map 

Nathans 

 

First plants from protoplasts 

Takebe et al 

 

First report of interspecific hybridization 

Carlson et al 

 

In vitro culture of root tips 

Robbins 

 

In vitro synthesis of DNA 

Kornberg et al 

 

Deciphering of genetic code and t-RNA Model 

H.G. Khorana 

 

Embryo culture technique 

Laibach 
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Pomato was done by 

Melchers et al 

 

Polymerase chain reaction 

Kary B. Mullis 

 

Genetic fingerprinting technique 

Alec Jeffreys 

 

RAPD 

Williams et al 

 

AFLP 

Vos et al 

 

Ratio of auxin: cytokinin 

Skoog & Miller 

 

Meristem culture to obtain virus-free 

Morel & Martin 

 

Production of first haploid plants 

Guha & Maheshwari 

 

Reverse transcriptase 

Temin & Baltimore 

 

Cell suspension grown in fixed volume of liquid Medium 

Batch Culture 

 

Culturing of cells (or) cell aggregates in liquid medium 

Suspension Culture 
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A tissue arising from disorganized proliferation of cells  

Callus 

 

The time interval between two successive sub cultures 

Passage Time 

 

The ability inherent property of a cell (or) tissue to give rise to 

whole plant 

Totipotency 

 

In vivo is a 

Latin word meaning In Field 

 

In vitro is a 

Latin word meaning In Glass 

Fusion of protoplast & cytoplast results in the formation of 

Cybrid 

 

A piece of tissue used to initiate tissue culture or removing 

shoots from callus 

Explant 

 

Enucleated protoplast is called 

Cytoplast 

 

A cell in which two or more nuclei of unlike genetic makeup 

are present 

Heterokaryon 

 

Cell containing foreign organelles is called as 

Heteroplast 
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The gradual acclimatization of in vitro grown plant to in vivo 

conditions is called 

Hardening 

 

Micropropagation useful for 

Rapid Multiplication 

 

Somaclonal variation useful in 

Isolation of Biochemical Mutants 

 

Production of halploids and dihaploids is done by  

Anther Culture/Pollen Culture 

 

Virus free plants can be obtained through 

Meristem Culture /Shoot Tip Culture 

 

Inter specific and inter generic hybrids can be successfully 

developed using 

Embryo Culture/Embryo Rescue Technology 

 

Test tube pollination and fertilization is followed in 

Ovule Culture 

 

Physiology of fruit development can be studied through 

Ovary Culture 

 

Triploids obtained through 

Endosperm Culture 

 

Somatic embryogenesis useful in 

Artificial Production 

 

Somatic hybridization useful in production of 

Somatic Hybrids & Cybrids 
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Conditions required for autoclaving steam sterilization  

15 psi at 121
O
C, for 15-20 minutes 

 

Vitamins, amino acids, plant extracts, hormones, growth 

regulators are thermolabile and sterilized by 

Ultra Filteration / Filter Sterilization 

 

Examples for surface sterilants are 

Mercuric Chloride, Calcium Hypochlorite & Sodium Hypochlorite  

 

The most preferred carbon energy source in plant tissue 

culture is 

Sucrose 

 

The most commonly used vitamins in plant tissue culture is 

Thiamine (vit B) 

 

Among the amino acids is most commonly used in plant tissue 

culture 

Glycine 

 

Hormone used for callus induction 

2, 4-D 

 

Agar is a polysaccharide obtained from 

Marine Sea Weeds 

 

Plant cells and tissues require optimum pH for growth and 

development in cultures is 

5.0 - 6.0 

 

The phenomenon of mature cells reverting to a meristematic 

state and forming undifferentiated callus tissue is termed as 

De Differentiation 
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The ability of component cells of the callus to differentiate into 

a whole plant or a plant organ is termed as 

Re-Differentiation 

 

In both plants and animals specialized cells perform different 

functions. This specialization is known as 

Cyto Differentiation 

 

The capacity of a plant cell to give rise to a whole plant is 

known as 

Cellular Totipotency 

 

In vitro clonal propagation is called 

Micro Propagation 

 

Meristems size is 

< 0.2 mm (or) 0.2 - 0.4 mm 

 

A prolonged exposure to a low temperature (5oC), followed by 

shoot-tip culture 

Cryotherapy 

 

Some shoots developed in vitro appear brittle glassy and water 

soaked. This is called 

Vitrification (or) Hyper Hydration 

 

Browning of medium problem overcome by 

Adsorbents like Activated Charcoal, Antioxidants like Citric Acid 

 

Male asparagus and Female papaya desirable sex multiplied 

by 

Micro Propagation 
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Variation observed among the plants regenerated from 

protoplast cultures 

Protoclonal Variation 

 

The genetic variability present among the cultured cells, plants 

derived from such cellular progeny of such plants is 

Somaclonal Variation 

 

Haploid production through anther culture is known as 

Androgenesis 

 

The most popular medium for anther culture is 

N6 Medium 

 

Nurse culture technique was given by 

Sharp et al 

 

The optimum stage has been the anthers containing pollen at 

Early to Mid Uninucleate Stage 

 

Doubled haploids derived from 

Pollen Culture 

 

Dihaploid production through bulbosum technique is 

successful in 

Barley 

 

An excellent commercial variety of tobacco which has been 

produced by anther culture is 

F-211 

 

Precocious germination and promoted embryo development 

and maturation & improves germination of somatic embryos 

with application of 

ABA 
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Orchid seed germinate only in association with 

Fungus 

 

Ovary culture successful in inducing  

Poly embryony 

 

Artificial seeds can be made easily by using 

Calcium alginate 

 

Who for the first time employed commercial enzyme 

preparation for isolation of protoplasts? 

Takebe et al 

 

The technique of hybrid production through the fusion of 

protoplast from different genetic backgrounds is known as 

Somatic Hybridization or Parasexual Hybridization 

 

Protoplast fusion by 

PEG 

 

Protoplast fusion chemical is known as 

Fusogens 

 

Isolation, introduction, expression of foreign DNA in plant is 

Plant Genetic Engineering 

 

Enzymes that degrade nucleic acids that is it hydrolysis (or) 

breaks down the poly nucleotide chain into its component 

nucleotides are 

Nucleases 

 

Enzymes cleaves DNA only within (or) near those sites, which 

have specific base sequences are known as  

Restriction Endonucleases 
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Restriction endonucleases are popularly called as  

Molecular Kinives (or) Molecular Scissors (or) Molecular Scalpels 

(or) Biological Scissors 

 

The nucleotide base sequences in the second half of a DNA 

strand is the mirror image of the sequence in its first half is 

called 

Palindrome 

 

Type II Restriction enzyme used for gene manipulation studies 

since they have  

Specific Cleavage Sites 

 

Two strands of DNA are cleaved at different locations 

generating fragments with protruding terminals called as 

Sticky or Cohesive End Style / Staggered Cuts / Pallindromes 

 

The one that converts cohesive ends of duplex DNA to blunt or 

flush ends or trimming away single – standard ends 

S1 Nuclease 

 

This enzyme is used to join the recombinant DNA fragment 

DNA Ligase 

 

This directs the synthesis of complementary nucleic acids using 

single stranded DNA as a template 

DNA Polymerase I 

 

The following catalyzes the removal of 5' phosphate groups 

from the DNA and thus modify the termini of DNA 

Alkaline Phosphatase 

 

The following is used to synthesize cDNA by using m RNA as 

template and DNA copy of an RNA molecule is produced by 

the enzyme 
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Reverse Transcriptase 

 

Reverse transcriptase generally obtained from  

AMV (Avian Myeloblatosis Virus) 

 

These are short, chemically synthesized, self complementary, 

double stranded oligo nucleotides, which contain within there 

one or more restriction end nuclease sites 

Linkers 

 

Short, chemically synthesized DNA double strands which can 

be used to link the ends of two DNA molecules that have 

different sequences at their ends 

Adaptors 

 

The cloning vehicles are called 

Vectors 

 

Self replicating double standard circular DNA molecules which 

exist in cells as extra chromosomal units in bacteria /Any 

extra-chromosomal small genome are 

Plasmids 

 

The vectors used for propagation of DNA inserts in a suitable 

host are called 

Cloning Vectors 

 

Production of the protein specified by, the DNA insert, it is 

known as 

Expression Vector 

 

Vectors most commonly used are 

E. coli 
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These are designed to replicate in cells of two different species 

Shuttle Vectors 

 

The assembly (or) collection of all the c-DNA segments in 

suitable vectors like plasmids in bacterial colonies constitutes 

c DNA Library 

 

The total genomic DNA of an organism is extracted for 

preparation of a 

Genomic Library 

 

The DNA fragmented and are then inserted into a suitable 

vector for cloning. This constitutes the 

Shot Gun Approach 

 

The technique of separation of charged molecules (usually 

DNA, RNA (or) proteins) under the influence of an electrical 

field is 

Gel Electrophoresis 

 

Transfer of DNA fragment from an electrophoresis gel to the 

nitrocellulose filter or nylon membrane by capillary action 

Southern Blotting 

 

The technique used to explore the sequence of m-RNA 

Northern Blotting 

 

The transfer of proteins from on electrophoresis gel to a 

nitrocellulose and nylon membrane by means of an electric 

force is known as 

Western Blotting 

 

Small nucleotide sequence of DNA (or) RNA 15-30 base pairs 

which is used to detect the presence of complimentary 

sequences of nucleic acid samples is known as 

Single User Licensed To koduri.raghavendra@gmail.com. Any further distribution is Illegal. Ref. www.educreation.in



P. Jalender, A. Srijan, S. Sandeep 

66 

Probe 

 

Short sequence (often of RNA) /an oligonucleotide that pairs 

with one strand of template DNA is called as 

Primer 

 

Denaturation step in PCR is usually done at 

94
0
C for 2 min  

 

Annealing step in PCR is usually done at 

40-60
0
C for 1 min  

 

Primer Extension (or) synthesis step in PCR is usually done at 

72
0
C 

 

The annealed primers are then extended (i.e. synthesis of DNA) 

with 

Taq DNA polymerase 

 

At the end of „n‟ cycles of PCR the expected copies is 

2
n 

copies 

 

Heat stable DNA polymerase such as “Taq polymerase” 

isolated from the bacterium  

Thermus aquaticus 

 

Non PCR based marker approaches are 

Eg: RFLP  

 

PCR based marker approaches 

RAPD, AFLP and SSR 

 

Example for co-dominant markers  

RFLP, SSR 
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Example for Dominant markers 

RAPD and AFLP 

 

Forensic application and paternity determination done by 

DNA Fingerprinting Technique 

 

DNA fingerprinting tests will be carried out at the 

Centre for Cell and Molecular Biology (CCMB), Hyderabad 

 

The first such test on DNA fingerprinting was used in 

June, 1989. 

 

The process of transfer, integration and expression of 

transgene in the host cells is known as 

Genetic Transformation 

 

The Agrobacterium is naturally occurring gram negative soil 

bacterium with two common species 

A. tumifaciens and A. rhizogenes 

 

Natural gene engineer is 

A. tumifaciens 

 

Induction of DNA into cell by exposing them for a very brief 

period to high voltage electrical pulses to induce transient 

pores in the plasma lemma is 

Electroporation 

 

Particle bombardment / microprojectile / biolistic gene gun / 

particle acceleration method in which DNA coated with minute 

0.2-0.7 μm beads made of  

Gold (or) Tungsten 

 

The method Particle bombardment was first used by  

Klein et al in 1987 and Sanford et al 1987 
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Introduction of DNA into cells via lyposomes is known as 

Lipofection 

 

The injection of plasmid DNA into the lumen of developing 

inflorescence using hypodermic syringe is known as 

Macro Injection 

 

The first transgenic plant was produced in 1983  

Tobacco 

 

First transgenic variety to reach market 

Flavr Savr Tomato 

 

The utilization of transgenic plants as bioreactors (or) factories 

for the production of special chemical and pharmaceuticals is 

known as 

Molecular Farming 

 

Bacillus thuringenesis (Bt) produces a protein 

cry gene/cry protein 

 

The cry I proteins are insecticidal to  

Lepidopteron Insects 

 

The cry II A proteins are insecticidal to 

Lepidopteron and Dipteral  

 

The cry III B proteins are insecticidal to  

Diptera 

 

The cry III proteins are insecticidal to  

Coleopteran 
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The cry IV proteins are insecticidal to  

Diptera 

 

The cry V & VI proteins are insecticidal to 

Nematodes 

 

The Bt a lepidopteron specific gene from isolated from 

Bacillus thuringenesis sub sp kurstaki 

 

bxn gene isolated from 

Klebsoiella ozanea 

 

aroA gene isolated from bacteria 

Salmonella typhimurium 

 

Barnase, barstar genes isolated from 

B. amyloliquefaciens 

 

“Round up ready” is an example for 

Glyphosate Herbicides 

 

Enzyme polygalacturonase (PG) degrades 

Pectin 

 

Improved flavour and total soluble solids (TSS), in addition to 

the enhanced shelf-life is observed in 

Flavr Savr Tomatoes 

 

The new transgenic tomato variety is called 

Endless Summer  

 

Calgene has given its transgenic tomato that doesn‟t soften for 

2weeks, the brand name 

Mac Gregor 
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Barnase -barstar male sterility gene construct 

pTA29 - barnase + p35S-bar 

 

Introduction of bar gene cloned from bacteria, Streptomyces 

hygrosopicus into plants makes them resistant to the herbicide 

based on 

Phosphinothricin  

 

Cry 3A protein is expressed in Bt potato varieties provide 

protection against  

Colorado Potato Beetles 

 

Cry 1Ab protein is used in Bt corn hybrids provide protection 

against 

European Corn Borer 

 

Cry 1Ac protein offer protection against  

Tobacco Bud Warm and Cotton Boll Worm 

 

****** 
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Royal Commission on Agriculture 

1925 

 

Burns committee, Food Grain Policy committee & Famine 

enquiry committee 

1944 

 

Grow More Food Enquiry Committee 

1952 

 

All India coordinated maize Improvement Project 

1957 

 

National Seed Corporation (NSC)  

7
th

 Mar 1963 

 

Deccan Hybrid Makka (first) 

1961 

 

First sorghum hybrid  

1964 

 

First Bajra hybrid 

1965 

 

High yielding variety program 

1966 

 

First Agricultural Univ. in the country was started at 

Pantnagar  

 

Seed Act Bill was introduced in the parliament on 

29
th

 Dec. 1966 
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Seed Act Bill came into force throughout the country from 

2
nd

 Oct, 1969 

 

Seeds Amendment Act 

9
 th

 Sep, 1972 

 

Association of seed certification agencies (AOSCA) 

1969 

 

National Commission on Agriculture 

1976 

 

The APSSDC was established in  

1976 

 

The APSSCA was established in 

1979 

 

Seed control order 

1983 

 

International Seed Testing Association (ISTA) 

1985 

 

National seeds policy 

2001 

 

“International Union for the Protection of New varieties of 

Plants” (UPOV) 

1961 

 

Indian Patent Act 

1970 
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Convention on Biological Diversity (CBD) came into force on 

29 December, 1993 

 

General Agreement on Trade and Tariffs (GATT) 

1994 

 

World Trade Organization (WTO) 

January, 1995 

 

Protection of Plant Varieties and Farmers Rights Act 

(PPV&FR) 

2001 

 

The book Seed Technology was written by 

Agarwal R.L 

 

The book Principles of Seed Technology was written by 

Agarwal P.K. 

 

The book Role of seed technology & Definitions of Seed 

Technology was written by 

Feistritzer 

 

The book An Introduction to Seed Technology was written by 

Thompson 

 

The book Deterioration of Crop Varieties and Methods to 

prevent them was written by 

Kadam 

 

The book Techniques in Seed Science and Technology was 

written by 

Agarwal P.K. and Dadlani M. 
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The book Maintenance of nucleus seed of pre -released or newly 

released varieties & thumb rule of seed drying was written by 

Harrington 

 

The major source of contamination of the variety during seed 

production 

Mechanical Mixture 

 

Important source of contamination in sexually propagated 

crops due to introgression of genes from unrelated 

stocks/genotypes 

Natural Crossing 

 

Change in genetic composition (gene & genotype frequencies) 

Genetic Drift 

 

Periodically testing for genetic purity can be done by 

conducting 

GOT Test 

Classes of seed Tags Genetic purity (%) 

Nucleus seed No color 100 

Breeder seed  Golden yellow 99.99 

Foundation seed  White 99.99 

Certified seed  Azure blue 98 

Truthful label seed Opel green -- 

 

Improved Variety yield should be 

20-25 % Higher 

 

Seed should be stored at safe moisture levels of 

11-13% 
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When an inbred is crossed with an open pollinated variety it is 

known as an inbred variety cross (OPV x I) 

Top Cross 

 

OPV x OPV 

Varietal Cross 

 

Inbred x Inbred 

Single Cross 

 

(I x I) X (I x I) 

Double Cross 

 

(I x I) x I 

Three Way Cross 

 

Double cross scheme proposed by 

Jones 

 

The average performance of an inbred line in a series of 

crosses with other inbred lines is known 

GCA 

 

Performance based on GCA of the parents is known as 

SCA 

 

The characteristic of parents  

GCA 

 

Characteristic of crosses or hybrids 

SCA 

 

Top Cross test evaluated with GCA by 

Synthetics/OPV 
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Number of Single crosses with reciprocals 

= n (n-l) 

 

Number of single crosses without reciprocals 

= n (n-l)/2 

 

Prediction of the performance of Double Cross Hybrids 

Jenkins 

 

GMS is mostly governed by 

Single Recessive Gene „ms‟ 

 

CMS/Female/Male sterility plants 

A- Line 

 

Maintainer line 

B- Line 

 

Restorer line 

R- Line 

 

If any crop the B lines are presence in A- lines is called 

Pollen Shedders 

 

In castor bloom on stem, fruits, petioles and on lower side of 

leaves 

Double Bloom 

 

Bloom on stem, fruits, petioles and both sides of leaves 

Triple Bloom 

 

Father of hybrid rice is 

Yuan Long Ping 

 

Single User Licensed To koduri.raghavendra@gmail.com. Any further distribution is Illegal. Ref. www.educreation.in



P. Jalender, A. Srijan, S. Sandeep 

78 

First hybrid rice developed in India was 

APHR 1 & 2 

 

The chemicals which are used as potent gametocides are 

Etheral & Maleic hydrazide 

 

Hybrid seed production system commonly in practice is 

Three line System (A, B and R lines) 

 

In three line system, foundation & breeder seed Production 

done by 

AX B 

 

In three line system, certified seed/Hybrid/Farmer seed /F1Seed 

done by 

AX R 

 

Crops requiring supplementary pollination are 

Paddy and sunflower 

 

Examples for synchrony requisite crops are 

Maize, paddy and castor 

 

Removal of off types from seed production plots 

Rouging 

 

Previous sown crop plants growing along with present crop 

Volunteer plants 

 

Examples for monoceious plants 

Maize, castor, cucurbits 
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In castor daily mean temperature above 32
o
C favors 

production of 

Male 

 

Daily mean Temperature below 32
o
C favors production of 

Female/ Pistillate 

 

Seed certification is 

Voluntary but not compulsory  

 

Number of phases in which procedure of seed certification is 

completed  

6 phases 

 

The certification of seed is initially valid for a period from the 

date of testing the samples 

9 months 

 

The validity period after 9 months will be extended for 

6 months 

 

The air enters the seeds, the zone nearest to the inlet gets dried 

first with either natural air or heated air the zone is  

Dried Zone 

 

The lower edge of the drying zone at the interface with dried 

zone is 

Drying front 

 

The difference in moisture content of the air entering and 

leaving the seed is 

Stratification 

 

Single User Licensed To koduri.raghavendra@gmail.com. Any further distribution is Illegal. Ref. www.educreation.in



P. Jalender, A. Srijan, S. Sandeep 

80 

In Forced Air Drying, (Heated Air drying) drying air is heated 

to 

110
o
F 

 

The fuel used is liquid propane gas, butane gas or natural gas 

in 

Direct fired 

 

The fuel used is kerosene oil or rarely coal in 

Indirect Fired 

 

The removal of particles such as trash, stones, clods etc. larger 

than crop seed 

Pre - cleaning & Pre - conditioning 

 

This removes the hair like structures present on the seeds 

Debearder 

 

This remove husk or outer seed coat &  scratches the seed coat 

Huller & Scarifier 

 

This refers to eradication of fungal spores present within the 

seed coat or more deep seated tissues 

Seed disinfection 

 

This refers to the destruction of surface borne organisms that 

contaminated the seed surface but not infected the seed 

Seed disinfestation 

 

Examples for organo mercurials 

PMA, MEMC and EMC 

 

Examples for inorganic mercurials 

Mercurous chloride and mercuric oxide 

Single User Licensed To koduri.raghavendra@gmail.com. Any further distribution is Illegal. Ref. www.educreation.in



Plant Sciences A Treatise 

81 

Examples for organic non mercurials 

Thiram, Captan, Carbendazim and Metalaxyl 

 

Examples for disinfestants and seed protectants 

Organic non mercurials 

 

Examples for Inorganic non – mercurials 

Copper carbonate, Copper sulphate and Cuprous oxide 

 

Example of Direct treater is 

Misto-o-matic treaters 

 

The short -lived seeds, which cannot be dried to moisture 

contents below 30% without injury and are unable to tolerate 

freezing 

Recalcitrant Seeds (Orchard crops) 

 

The long-lived seeds which can be dried to moisture contents as 

low as 5% without injury and are able to tolerate freezing 

temperatures 

Orthodox Seeds (Field crops) 

 

For every 1% moisture &10
o
F temperature reduction in the 

storage life of seed 

Doubles 

 

The right on an invention to derive economic benefits for his 

invention 

Intellectual Property Rights (IPR) 

 

The right granted by a government to an inventor to exclude 

others from imitating, manufacturing, using 

Patent 
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The inventor has to describe his invention in sufficient detail so 

that a person of normal skill is able to reproduce it is called 

Disclosure 

 

A patent is valid for a specified period of time from the date of 

award in most countries this period is 

15-20 yrs 

 

IPR for Books, Audio, Video cassettes & Computer software is 

Copyright 

 

The type of system, India had evolved a PBR was 

Sui generis system 

 

For granting a patent the main requirements are 

1. Novelty 

2. Inventiveness 

3. Patentability 

4. Disclosure 

 

Seed lot/sample tag color  

Pink 

 

Separation of coloured seeds 

Electric color sorter 

 

Removal of undesirable ears of corn 

Picker belts 

 

Separation based on degree of its ability to roll 

Spiral separator 

 

Separation on deck according to density 

Gravity separator 
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Separation based on width and thickness, grading done by 

Screen separator 

 

Round seeds from rough & flat are separated by 

Inclined Draper 

 

Surface texture and stickiness of seed based separation done by 

Magnetic separator 

 

It uses the movement of air to divide seeds according to their 

terminal velocities 

Pneumatic Separator 

 

Length sizing and grading separation done by 

Vertical ribbed 

 

Castor Single bloom shows 

Bloom only on the stem 

 

SOURCES OF MALE STERILITY 

Crop Source of cytoplasm 

Rice  - Wild abortive 

Wheat - Aegilops caudata 

Maize - Texas Cytoplasm 

Sorghum - Combined kafir 

Pearlmillet - Tift 23 A (Tifton) 

Sunflower - H petiolaris, H gigantis 

Tobacco  - Microcephalan 
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SIZE OF SUBMITTED SAMPLES 

1000 g - Maize, cotton, groundnut, soybean 

500 g - Sorghum, wheat, paddy 

100 g - Bajra, jute, 

250 tubers/cuttings - Seed potato, sweet potato 

  

CROP AND OPERATIONS 

Crop Operation 

Paddy - Rope pulling/flag leaf  clipping 

Sorghum - Nicking 

Maize - Detasseling/Shelling 

Bajra - Jerking 

Cotton - Delinting/Topping   

Sunflower  - Hand rubbing/Pinching/Nipping 

Castor - Nipping 

        

NUMBER OF FIELD COUNTS WITH RESPECT TO AREA 

Area of the field in hectares Minimum counts to be taken 

Up to 2 5 

2-4 6 

4-6 7 

6-8 8 

8-10 9 

Above 10 10 
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CROP Number of Plants/ Heads Per Count 

Wide spaced crops:  

Bhendi, brinjal, Bulb 

crops. Chillies, Cole 

crops. Cotton, Cucurbits, 

Groundnut, Maize. 

Potato, Redgram, 

Tomato, root etc.crops. 

100 plants 

Medium spaced crops:  

Beans, cowpea. gram, 

leaf crops, moong, mad, 

mustard, peas, sesame, 

sunnhemp, etc. 

500 plants 

Thickly sown crops:  

Berseem, jute, lucem, 

mesta. Soybean 

1000 plants 

Bajra. paddy, wheat, 

sorghum, etc 

1000 heads 

 

******
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PLANT PATHOLOGY 
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Father of plant pathology 

Anton De Bary  

 

Father of mycology 

P.A Micheli 

 

Father of bacteriology 

Antony Von Leeuwenhoek 

 

Father of of virology 

M.W. Beijerinck 

 

The book fungi and plant diseases was written by 

B.B. Mundkur 

 

The book plant diseases was written by 

R.S. Singh 

 

The largest group of plant pathogens is found in  

Fungi  

 

The term virus was coined by 

Beijerinck 

 

Bacteria, Fungi and algae comes under the group of organisms 

Micro Flora 

 

The basic vegetative structure or thread like filaments of 

fungal thallus is known as 

Hypha. 

 

The mass hyphae constituting the fungus thallus is called as 

Mycelium  
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The conversion of entire vegetative thallus into one or more 

reproductive structures is 

Holocarpic Eg: Synchytrium 

 

Thallus differentiating into vegetative and reproductive parts 

is called 

Eucarpic  

 

Late Blight of potato is caused by 

Phytopthora infestans 

 

Bengal famine was due to which fungus 

Helminthosporium oryzae 

 

Viroids are also known as 

Mini Naked Viruses 

 

The Genetic material of different micro organisms  

Fungi (DNA),  

Bacteria, mollicutes and Fastidious Vascular Bacteria (DNA),  

Viruses (DNA or RNA, but not both), 

Viroid (ss RNA). 

 

Sexual reproduction in which female gamete is large and 

immobile and the male gamete is small and motile is called as 

Anisogamy 

 

Method of sexual reproduction in which two gametangia fuse 

and give rise to zygote, which develops into resting spore, is 

called 

Gametangial Copulation 

 

Bridge like hyphal connection characteristic of the secondary 

mcelia of many basidiomycotina fungi is termed 

Clamp connection 
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Flagellated protozoans belong to the genus, 

Phytomonas. 

 

Test used for detection of fungi is 

Blotters Test 

 

Chemical present in cell wall of oomycetes fungi is  

Cellulose 

 

The unicellular and multinucleate condition of the hyphae is 

called 

Coenocytic Conditions 

 

Spores formed by fragmentation are termed as 

Arthospores 

 

Holyfire or St. Anthonys fire  

Claviceps purpurea (Ergotism) 

 

The vector which transmits rice tungro 

Green Leaf Hopper 

 

Septa formed in association with nuclear division –  

Primary Septa 

 

Rhizomorphs are found in 

 Armillariella mellea. 

 

Examples for Meiospores  

Oospores, Zygospores, Ascospores, Basidiospores. (For Survival)  

 

Examples for Mitospores  

Sporangiospores or Zoospores, Conidia, Oidia, Spermatia, 

Microconidia, Macroconidia. (For Dispersal)  
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Spores produced through budding  

Blastospores. 

 

Spores produced through fragmentation 

Arthrospores. 

 

Thick walled spores produced by thickening of individual cells 

of mycelium 

Chlamydospores. 

 

Tinsel flagellum is a feathery structure consisting of a long 

rachis with lateral like projections called as 

Mastigonemes or Flimmers. 

 

Sex-like process in which plasmogamy, karyogamy and meiosis 

(haplodisation) takes place but not in the specified points in the 

thallus or the life cycle. 

Parasexual Cycle. 

 

Zoospores are uninucleate, biflagellate with two anteriorly or 

laterally whiplash flagella of unequal size (Heterokont) 

Plasmodiophora . 

 

Promitosis or cruciform division 

Plasmodiophora . 

 

Whiplash, posteriorly uniflagellate, Rhizoids or rhizomycelium 

found in  

Chytridiomycetes . 

 

Tinsel, anteriorly uniflagellate condition found in 

Hyphochytridiomycetes . 
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Whiplash and tinsel equal in length, lateral or anterior 

condition observed in 

Oomycetes. 

  

Meiosis is gametangial in 

Oomycetes. 

 

Endobiotic, Holocarpic, prosorus condition found in 

Synchytrium . 

 

Cell wall consists of cellulose (chitin 1% or absent), glucans 

and hydroxyproline  

Oomycetes. 

 

Sporangiophores are of indeterminate type in  

 Pythiaceae – Pythium and Phytophthora. 

 

Zoospores differentiation takes place in the vesicle; 

Paragynous antheridium; homothallic; plerotic oospores 

Pythium . 

 

Zoospores differentiation in sporangia; Amphigynous 

antheridium; aplerotic oospores 

Phytophthora. 

  

Conidia produced in chains in basipetal manner; Isthmus or 

disjunctor cells; produce knob like haustoria 

Albugo- White Rust. 

 

Sporangiophore determinate; periplasm is conspicuous 

(aplerotic) 

Peronosporaceae (Downy Mildew Fungi). 
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Branching pattern of sporangiophore 

1. Sclerospora and Peronosclerospora (stout with upright 

branches),  

2. Peronospora and Pseudoperonospora (dichotomously branched 

with sterigmata curved and pointed with acute angles),  

3. Bremia (dichotomously branched with cup shaped sterigmata 

called apophysis), and Plasmopara (branched at right angles). 

 

In Peronospora and Peronosclerospora, sporangia germinate 

directly by 

Germ tube 

 

Aplanospores are (asexual spores),  

Zygospore (sexual spore) 

Fungus shot gun: Pilobolus 

 

Few spored sporangia are known as 

Sporangiola. 

 

Cylindrical sporangia with few sporagiophores are known as  

Merosporangium. 

 

Heterothallism is favoured by sexual hormones called  

Gammons. 

 

Ascomycotina also known as  

Sac Fungi 

 

Asexual fruiting bodies:  

1. Pycnidium (Phoma, Phomopsis, Macrophomina, Diplodia, 

Botryodiplodia, Septoria),  

2. Acervulus (Colletotrichum, Gloeosporium, Pestalotia)  

3. Synnema (Graphium),  

4. Sporodochium (Fusarium and Myrothecium) 
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Asexual stage is also referred as 

Anamorph or Imperfect State 

 

Sexual stage is also referred as  

Teleomorph or Perfect State.  

 

Perfect stage in the sub-division, Ascomycotina is known as  

Ascigerous Stage 

 

Dikaryotic phase is restricted to in Ascomycotina. 

Ascogenous Hyphae 

 

In Ascomycotina, sex organs are referred as  

Antheridia (male) and Ascogonia (female sex organs) 

 

During ascus development, karyogamy occurs in  

Ascus Mother Cell 

 

Naked asci or no ascocarp –  

Taphrina 

 

Short, hair like threads that line the internal wall of the 

ostiolar canal of a Perithecium are called as  

Periphyses 

 

Classes of Ascomycotina:  

1. Hemiascomycetes (No Ascocarp),  

2. Plectomycetes (Cleistothecium),  

3. Pyrenomycetes (Perithecium, except in Erysiphales, 

Erysiphaceae),  

4. Discomycetes (Apothecium),  

5. Loculoascomycetes (Ascostroma) and  

6. Laboulbeniomycetes (Ascocarp similar to Perithecium or 

Pseudothecium). 
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Mycelium is scanty or lacking in 

Yeasts (Endomycetales, Saccharomycetaceae).  

 

In Taphrina asci develop from  

Binucleate Ascogenous Cells 

 

Teleomorphs of  

1. Aspergillus (Eurotium, Sartorya and Emericella) and  

2. Penicillium (Talaromyces and Eupenicillium or Carpenteles) 

 

In Aspergillus, the hyphal cell which branches to give rise to 

conidiophore is called the 

Foot cell 

 

The conidial apparatus of genus Penicillium is technically 

referred as  

Penicillus because it looks like a small brush or broom 

 

Ascospores are single celled, shaped like pulley wheels in  

Eurotium (Spore cysts also seen) 

 

The first generation branches (primary branches) in the 

conidiophore of Penicillium are called 

Rami (Sl. Ramus) on which whorls of second generation branches 

called metulae (Sl. Metula) are produced 

 

In powdery mildew fungi, mycelium is endophytic in  

Leveillula and semi-endophytic in Phyllactinia  

 

Conidial stage is Oidiopsis in  

Leveillula  

 

Conidia are rhomboidal in shape in  

Phyllactinia (Ovulariopsis) 
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Clamp connections indicate  

Dikaryotic Mycelium.  

 

Tertiary mycelium forms a part of 

Fruiting body or Basidiocarp 

 

Barrel shaped structure surrounded by a membrane 

(parenthosome).  

Dolipore Septum 

 

Dolipore septum does not allow  

Movement of nuclei from one cell to other 

 

In a basidium, karyogamy occurs in  

Probasidium and the meiosis in meta-basidium 

 

Immature basidia which do not produce the basidiospores and 

gives support to fertile basidia. 

Basidioles 

 

The structures which are easily distinguishable from basidia 

being larger and protruding beyond other hymenial layers – 

they keep apart the basidia. 

Cystidia 

 

Majority of basidiomycetes bear their basidia in basidiocarps 

except rusts and smuts which do not form any 

Basidiocarps 

 

In case of rusts, the host on which telial stage is produced is 

treated as 

Primary Host or 1
0
host 

 

Give examples for the following  

Rust genera: Puccnia, Uromyces, Hemileia, Melampsora  
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Bicelled stalked teleutospores - Puccinia 

Teleutospores single celled with papillum at the apex - 

Uromyces 

Reniform uredospores and turnip shaped teliospores - Hemileia 

Teleutospores are laterally united into layers or crusts -

Melampsora 

Ustilaginales- Smuts (Ustilaginaceae) and bunts (Tilletiaceae) 

 

Mycelium in smuts is intercellular except in Ustilago maydis, 

which is Intracellular 

 

Basidiospores of smuts are termed as  

Sporidia 

 

Teliospores are separate, sori dusty at maturity, without false 

membrane Ustilago 

 

Teliospores separate, enclosed in false membrane   

Sphacelotheca 

 

Teliospores cling to one another forming permanent spore 

balls  

Tolyposporium 

 

Bunt genera: Teliospores in balls, sori dusty, spore balls lined 

by sterile cells  

Urocystis 

 

Teliospores produced at the tip of aseptate promycelium, 

produce H shaped structures 

Bunts 

 

Teliospores sessile (no sterigmata), produced laterally on 

promycelium  

Smuts 
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In bunt diseases, typical stinking fish like smell is produced 

due to  

Trimethyl Amine  

 

Karnal bunt of wheat (Neovossia indica) is reported by 

Mitra (1931) 

 

Spores which are discharged violently by water drop method 

(ballistospores) or not forcibly discharged (statismospores). 

Basidiospores 

 

The fungi that degrade all components of wood including 

lignin  

White rot fungi Ex: Polyporus, Fomes 

 

Brown rot fungi degrade mostly cellulose and hemicelluloses, 

but not  

Lignin Ex: Ganoderma 

 

In Fomes, the fruiting body is a hard structure and is referred 

as  

Conk / Artists Conk 

 

Fruiting body in Ganoderma is leathery and referred as  

Bracket 

 

 Deuteromycotina members are commonly referred as  

Imperfect Fungi and technically, Fungi Imperfecti.  

 

Viruses with ds RNA genome 

Eg: Reo virus and Phyto reo virus (Wound Tumor Virus) 

 

Viruses with ss DNA genome 

Ex: Gemini virus group (Maize streak virus, Banana bunchy top 

virus, Bean golden mosaic) 
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Viruses with ds DNA genome  

Ex: Cauliflower mosaic virus (Caulimo virus), Rice tungro 

bacilliform virus. 

 

The genetic material (DNA) of bacteria is situated in a 

specialized region known as necleoid. The extra chromosomal 

DNA is known as  

Plasmid 

 

Gr +ve bacterial genera  

Streptomyces, Corynebacterium, Clavibacter, Curtobacterium and 

Nocardia 

 

Peritrichous flagella and facultative anaerobic condition  

found in 

Erwinia 

 

Single polar flagellum, produces water insoluble yellow 

pigment on agar medium is observed in  

Xanthomonas 

 

1-many polar flagella, produces water soluble fluorescent 

pigment is found in 

Pseudomonas 

 

Sub-polar or sparsely peritrichous flagella, soil or root 

inhabitant 

Agrobacterium 

 

V shaped bacterium 

Corynebacterium or Clavibacter; 

 

L-form bacteria 

Agrobacterium, Erwinia 
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Ooze testis donefor detecting  

Bacterium 

 

Mollicutes (Mycoplasma, Phytoplasma and Spiroplasma) are  

Gram Positive. 

 

Mollicutes are resistant to  

Penicillin. 

 

Mollicutes are susceptible to  

Tetracyclines. 

 

Spiroplasmas belong to the division 

Tenericutes. 

 

Spiroplasmas are helical only in the 

Host. 

 

Mycoplasmas and spiroplasmas, but not phytoplasmas, are 

cultivable on  

Artificial Media. 

 

Phloem inhabiting fastidious bacteria posses 

Undulating or Rippled Cellwall. 

 

Non-infectious plant diseases due to abiotic causes such as 

adverse soil and environmental conditions are termed 

Disorders 

 

The ability of the pathogen to cause disease is called 

Pathogenicity   
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The chain of events that lead to development of disease in the 

host is known as 

Pathogenesis 

 

The pathogen or its parts or products seen on a host plant is 

called a  

sign 

 

The external or internal reactions or alterations of a plant as a 

result of a disease is called as  

Symptom 

 

The parasites which attack living tissues in the same way as 

biotrophs but will continue to grow and reproduce after the 

tissue is dead called as  

Facultative Saprophytes 

 

A parasite that kills the host tissues in advance of penetration 

and then lives saprophytically on it is known as a  

Necrotroph. Ex: Sclerotium rolfsii 

 

The part of the pathogen which on contact with susceptible 

host plant causes infection is known as 

 Inoculum 

 

The energy for growth of a parasite, available for infection of a 

host, at the surface of the host organ to be infected is called  

Inoculum Potential 

 

The period of time (or time lapse) between penetration of a 

host by a pathogen and the first appearance of symptoms on 

the host is called  

Incubation Period 
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The action of set of environments, prior to penetration and 

infection, which makes the plant vulnerable to attack by the 

pathogen, is known as  

Predisposition 

 

Excessive sensitivity of plant tissues to certain pathogens is 

called  

Hypersensitivity 

 

A disease usually occurs widely but periodically in a 

destructive form is referred as  

Epidemic 

 

A disease that occurs in a moderate to severe form and is 

confined to a particular country or district is called endemic 

disease Ex: Onion smut,  

Black Wart of Potato 

 

A disease that occurs at very irregular intervals and locations 

and in relatively fewer instances is called as  

Sporadic Disease Ex: Udbatta Disease of Rice 

 

The first link in infection chain is  

Survival 

 

Primary infection initiates the disease and the secondary 

infection  

Spreads the Disease 

 

Wild hosts of same families that facilitates growth and 

multiplication of pathogen during off-season are known as  

Collateral Hosts 
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Wild hosts of other families that are important for the 

completion of life cycle of heteroecious rust fungi are called 

Alternate Hosts 

 

Those organisms which survive indefinitely in the soil as 

saprophytes in the absence of the host plant are called  

Soil Inhabitants Ex: Species of Pythium, Rhizoctonia and 

Sclerotium 

 

The parasites that survive in the soil in close association with 

host roots are called  

Root Inhabitants Ex: Species of Fusarium, Verticillium 

Phymatotrichum  

 

Those organisms which colonize the dead substrates in the root 

region and continue to live like that for a longer period which 

are more tolerant to soil antagonism are known as 

Rhizosphere Colonizers Ex: Cladosporium fulvum 

 

Externally seed borne systemic disease 

Ex: Grain Smut of Sorghum (Sphacelotheca sorghi) 

 

Internally seed borne disease 

Ex: Loose Smut of Wheat (Ustilago nuda tritici) 

 

Bacterium carried by the beetle  

Xanthomonas stewartii 

 

Tobacco ringspot is associated with the nematode  

Xiphinema americana 

 

The second link in infection chain is  

The dispersal or Dissemination of plant pathogens 
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Autonomous or direct or active dispersal of plant pathogens 

takes place through  

Soil, seed and planting material during normal agronomic 

operations. Ex: Armillariella mellea, Ophiobolous graminis 

 

Passive dispersal of plant pathogens happens through  

Animate (Insects, fungi, Nematodes, human beings) and inanimate 

(wind and water) agents 

 

Citrus canker bacterium, Xanthomonas axonopodis pv. citri  is 

transmitted through  

Leaf miner (Phyllocnistis citrella) 

 

Leaf curl viruses are transmitted by 

Whitefly, Bamesia tabaci 

 

Rice tungro virus is transmitted by 

Leaf hoppers, Nephotettix virescens & N. nigropictus 

 

Mycoplasmal diseases are mostly transmitted by  

Leaf Hoppers. Ex: Sesamum phyllody (Orosious albicinctus) and 

little leaf of brinjal (Hishimonas phycitis) 

 

The bacterium which causes yellow ear rot of wheat 

(Corynebacterium tritici or Clavibacter tritici) is disseminated by 

Ear cockle nematode, Anguina tritici. If these two diseases appear 

together, a complex disease called tundu of wheat occurs.  

 

Nematode transmitted polyhedral viruses (NEPO) are 

transmitted by  

Xiphenema and Longidorus Ex: Tobacco ringspot virus, Tomato 

ringspot virus 
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Nematode transmitted tubular (NETU) viruses are transmitted 

by  

Trichodorus and Paratrichodorous. Ex; Pea early browning virus, 

Tobacco rattle virus  

 

Grape fan leaf virus is transmitted by  

Xiphenema americana 

 

The phanerogamic parasite that transmit the viruses by acting 

as a bridge between the diseased and healthy plants is  

Cuscuta or Dodder 

 

The term anemochory for wind dispersal and hydrochory for 

water dispersal of plant pathogens were given by 

Gaumann 

 

Spores adapted for short distance dissemination  

Sporangia of downy mildew fungi, conidia of powdery mildew 

fungi and basidiospores of rust fungi 

 

Spores adapted for long distance dispersal  

Uredospores of rust fungi, Chlamydospores of smut fungi and 

conidia of Alternaria, Helminthosporium and Pyricularia  

 

Cysts of the nematode Heterodera major, which causes molya 

disease of wheat and barley, are carried by  

Dust storms from Rajasthan to Haryana 

 

Rain splash dispersal is the most efficient method of dispersal 

for  

Bacterial Plant Pathogens 
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The fungi, Colletotrichum falcatum (red rot of sugaecane), 

Fusarium, Ganoderma, Macrophomina, Pythium, Phytophthora, 

Sclerotium, etc., are transmitted through  

Rain or Irrigation Water 

 

The third link in the infection chain after survival and 

dispersal of inoculums  

Infection Process 

 

Inoculum potential is a function of  

Inoculum Density and their Capacity.  

 

The only group of plant pathogens that employ force for direct 

penetration of the host 

Active Invaders: Fungi and Nematodes 

 

Examples for Passive invaders: 

Phyto-Pathogenic Bacteria and Viruses 

 

In Armillariella mellea, the fungus hyphae form the  

Rhizomorphs (Aggregation of hyphae into rope like strands)  

 

In Rhizoctonia solani, the fungus on coming in contact with 

root surface, first forms infection cushions and appressoria 

and from these multiple infections takes place by means of  

Infection Pegs. 

 

Wax layer cannot be digested by the plant pathogens; however, 

most of the fungi and parasitic higher plants penetrate wax 

layers by means of  

Mechanical Force 

 

Pectic substances are polysaccharides consisting mostly of  

D-galactouronic acid units with α-1,4-glycosidic bonds. 
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Pectin methyl esterases breaks ester bonds and removes methyl 

groups from pectin leading to the formation of  

Pectic Acid And Methanol 

 

Polygalacturonases breaks the linkage between 

Two Galacturonan Units 

 

Cellulose is a polysaccharide, made of chains of 

β-D-glucopyranose units 

 

The citrus variety, szinkum, is resistant to citrus canker 

disease due to the presence of a  

Cuticular Ridge projecting over the stomata 

 

The wheat variety (Cultivar, Hope) is resistant to  

Puccinia graminis f.sp. tritici  

 

Cork layers are produced in Potato tubers infected by  

Rhizoctonia 

 

Prunus domestica leaves attacked by  

Coccomyces pruniphorae 

 

A gap formed between infected and healthy cells of a leaf 

surrounding the locus of infection due to the disintegration of 

the middle lamella of parenchymatous tissue is known as  

Abscission Layer 

 

The overgrowths of the protoplast of adjacent living 

parenchymatous cells, which protrude into xylem vessels 

through pits  

Tyloses Ex: Wilt causing fungi such as Fusarium and Verticillium 
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The extreme degree of susceptibility in which rapid death of 

cells occurs in the vicinity of the invading pathogen is known as  

Hypersensitivity.  

 

The term hypersensitivity was first used by 

 Stakman (1915) in wheat infected by rust fungus, Puccinia 

graminis.  

 

Hypersensitivity is initiated by the recognition of specific 

pathogen-produced signal molecules, known as  

Elicitors 

 

Antibodies, encoded by animal genes, but produced in and by 

the plant, are called  

Plantibodies 

 

Reducing, inactivating, eliminating or destroying inoculum at 

the source, either from a region or from an individual plant in 

which it is already established is called  

Eradication 

 

Preventing the inoculum from entering or establishing in the 

field or area where it does not exist is known as  

Exclusion 

 

In India, plant quarantine rules and regulations were issued 

under  

Destructive Insects and Pests Act (DIPA) in 1914 

 

Diseases under domestic quarantine in India:  

Banana Bract Mosaic, Bunchy Top of Banana and Wart of Potato 

 

A legal restriction on the movement of agricultural 

commodities for the purpose of exclusion, prevention or 
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delaying the spread of the plant pests and diseases in 

uninfected areas is known as 

Plant Quarantine  

 

Diseases introduced into India from other countries 

Late blight of potato & Downy mildew of grapes  - Europe 

Coffee rust & Bunchy top of banana - Srilanka 

Bacterial leaf blight of rice - Phillippines 

 

Removal of diseased plants or their affected organs from field, 

which prevent the dissemination of plant pathogens  

Rouging  

 

In USA, 3 million trees were cut down and burnt to eradicate  

Citrus Canker Bacterium  

 

Barbery eradication programme was undertaken in France 

and USA to reduce the severity of 

Black Stem Rust of Wheat 

 

Eradication of Thalictrum species in USA was undertaken to 

manage 

Leaf Rust of Wheat caused by Puccinia recondita 

 

Application of lime (2500 Kg/ha) reduces the club root of 

cabbage by  

Increasing Soil pH to 8.5 

 

Application of Sulphur (900 Kg/ha) to soil brings the soil pH to 

5.2 and reduces the incidence of  

Common Scab of Potato (Streptomyces scabies). 

 

Optimum spacing of 8‟X8‟ instead of 7‟X7‟ reduces  

Sigatoka Disease of Banana 
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Hydro/thermal soil heating of moist soil with polyethylene 

sheets as soil mulch during summer months for 4-6 weeks is 

known as  

Soil Solarization 

 

Sugarcane setts are treated with hot water at 52
0
C for 30 

minutes for controlling sett borne diseases of sugarcane like  

Whip Smut, Grassy Shoot and Red Rot of Sugarcane 

 

Reduction of inoculum density or disease producing activity of 

a pathogen or a parasite in its active or dormant state by one 

or more organisms (except human beings) is known as  

Biological Control 

 

Extracellular, low molecular weight (500-1000 daltons) iron 

transport agents produced by species of Pseudomonas are 

designated as 

Siderophores 

 

Organic compounds of low molecular weight produced by 

microbes which at low concentrations are deleterious to the 

growth or metabolic activities of other micro-organisms are 

called  

Antibiotics 

 

Bacteriocins produced by Agrobacterium radiobacter are 

known as  

Agrocins  

 

Agrocins are inhibitory to  

Agrobacterium tumefaciens, The Crown Gall Bacterium 

 

Direct parasitism or lysis and death of the pathogen by another 

micro-organism when the pathogen is in parasitic phase is 

known as  
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Hyperparasitism 

 

Any agent (chemical) that kills the fungus 

Fungicide 

 

Some chemicals which do not kill fungi, but simply inhibit the 

fungus growth temporarily 

Fungistat 

 

The chemical which inhibits spore production without 

affecting vegetative growth of the fungus 

Antisporulant 

 

The chemicals which are effective only when used before 

infection 

Protectants  

 

Chemicals which eradicate the dormant or active pathogen 

from the host  

Eradicants Ex: Lime sulphur, Dodine 

 

The agents that inhibit the development of a disease syndrome 

in a plant when applied after infection by a pathogen 

Therapeutants 

 

When resistance is evenly spread against all races (strains) of a 

pathogen,  

Horizontal (Uniform) 

 

When resistance affected against some races of the pathogen 

but not against others.  

Vertical (Differential) 

 

Partial emergence or non emergence of panicle in rice coupled 

with chocolate brown chaffy grains is due to 
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Sheath Rot 

 

Mottling of testa and wrinkling of the seeds of groundnut is a 

diagnostic symptom of 

Stem Rot Disease 

 

Alternate host of puccinia pennisetii is 

Brinjal 

 

In tobacco enations on leaves is a characteristic symptom of 

Leaf Curl Disease 

 

In karnal bunt of wheat the fishy odour is due to 

Trimethyl Amine 

 

In tobacco black lesion on stem and splet opened stem exhibits 

disintegration of pith into black disc like plates 

Black Shank 

 

In sunflower mottled leaves with erect ear heads is due to 

Downy Mildew 

 

In sugar cane leaves show yellow midrib with green leaf lamina 

and plants often produce adventitious roots 

Wilt of Sugar Cane 

 

Black velvety spots on the seeds with black spot on endosperm 

in rice  

Brown Spot of Rice 

 

Orabanche is a parasite associated with 

Tobacco 
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Bean common mosaic virus (BcMV) is transmitted though  

Seeds    

 

Which of the disease is non parasitic in mango?  

Sooty Mould  

 

 

Vein flecking in citrus leaves is a characteristic symptom of 

Tristeza   

 

Leaves and fruits are clustered in this disease of sapota  

Flat Limb  

 

In this disease of potato, symptoms are masked  

Mild Mosaic   

 

In onion, red scaled cultivars are generally resistant to  

Smudge 

 

One of the following citrus diseases occurs in symbiotic 

association with insects. 

Felt    

  

In the disease of papaya the leaves look inverted cup like  

 Leaf Curl  

 

The virus responsible for spotted wilt of Tomato also survives 

on this host  

Chilly  

 

In citrus secretion of gum from the crotches of branches is a 

characteristic symptom of 

Diplodia Gummosis 
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Potato leaf streak drop symptoms are due to  

 PV-Y              

 

A guava disease of unripe fruit is  

Canker 

 

Inflorescence transformed in to a compact mass of sterile 

flowers in mango is due to  

Malformation  

 

Appearance of green steaks on petioles and side lamina in 

Banana is the symptom of  

Bunchy top  

 

A viral disease which is internally seed borne 

Bean Common Mosaic  

 

Sub cuticular dark green to black stroma in concentric circles 

on the bulbs of onion are associated with  

Smudge  

 

Water soaked slightly raised black spots on fruits of 

pomegranate is due to  

Bacterial Leaf Spot   

 

The potato disease which is a physiological disorder 

Black Heart   

 

A coconut disease effectively checked by isolation of diseased 

plants by making trenches 

Root rot and Wilt   

 

Closed season is suggested to prevent one of the following 

diseases of Bhendi 

Yellow Vein Mosaic   
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The banana disease which characteristically shows atrophy 

Bunchy Top   

 

 

The disease of guava transmitted by Tea mosquito, Helopeltis 

antonii is  

Canker 

 

One of the following diseases of potato is caused by composite 

virus 

Rugose   

 

A papaya disease that can be eliminated by providing well 

drained conditions 

Foot Rot 

 

Citrus leaf miner is associated with this disease 

Canker 

 

Cross protection can be used for the management of this 

disease in citrus 

Tristeza   

 

Which one of this disease is of post harvest importance on 

mango?  

Anthracnose 

  

Production of lopsided fruits in citrus is the characteristic 

symptom of                    

Greening    

 

One of the following diseases is post harvest importance in 

apple  

Blue mold    
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A coconut disease where the nuts get atrophied is  

Tatipaka   

 

The disease that produce “V” shaped chlorotic spots in 

cabbage is  

Black Rot   

 

Blossom blight or stalk rot of gerbera is caused by this fungus 

Phytophthora palmivora    

 

Shot hole symptoms on grape leaves appear due to  

Anthracnose  

 

A post harvest disease of onion in which affected scales appear 

slimy yellow with vinegar like odour is 

Sour Skin  

 

Vein clearing symptom is characteristic of the disease 

 Bhendi Yellow Vein Mosaic 

 

The formation of necrotic spots with concentric rings at the 

calyx end of tomato fruits is the symptom of  

Early Blight 

 

A potato disease which is severe under slightly acidic to neutral 

conditions is  

Wart     

 

Double ring method of irrigation in citrus orchard is practiced 

to prevent this disease 

Phytophthora Gummosis  

 

 

Little leaf of brinjal is transmitted by  
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Jassids   

 

A mango disease produced by a non-parasitic fungus  

Sooty Mold    

 

A papaya disease of post-harvest importance  

Anthracnose   

 

Selection of high budded plants in citrus is an important 

preventive measure for control of  

Gummosis 

 

In potato target board like symptoms are seen on leaves 

infected with   

Early Blight  

 

Lesions on tomato fruits are raised with brown centers and 

surrounded by opaque white halo gicing scabby appearance to 

the fruit is    

Bacterial Canker  

 

The nature of parasitism of Cassytha filiformis is   

Complete Stem Parasite  

   

Formation of blisters on a leaf is a symptom of this disease in 

cucurbits   

Mosaic   

 

An example of seed borne disease of bean   

Anthracnose  

          

Formation of irregular water soaked spots with a pale yellow 

border on chilli fruits is a symptom of   

Bacterial Leaf Spot  

 

Single User Licensed To koduri.raghavendra@gmail.com. Any further distribution is Illegal. Ref. www.educreation.in



Plant Sciences A Treatise 

117 

The fungicide recommended for root feeding of coconut for the 

control of root rot and wilt disease is  

Tridemorph  

 

The author of the text book entitled “Diseases of ornamental 

plants in India” is   

Sohi H.S   

 

The biocontrol agent used in the management of rose crown 

gall disease is   

Agrobacterium radiobacter   

 

An example of disease caused by fastidious vascular bacteria is   

 Citrus Greening 

 

In citrus, the formation of lopsided fruits with curved 

columella is a characteristic symptom of    

Greening 

 

The red rust is caused by  

Cephaleurus virescens (Binomial) 

 

Birds eye spots on tomato fruits with brownish centers and 

whitish halos is characteristic of the disease   

Bacterial Fruit Canker 

 

The disease of Chilli, in which the necrosis of tender twigs 

occurs from the tip downwards, is  

Die-Back And Fruit Rot 

 

Sprays of Naphthalene acetic acid during first week of October 

is recommended to manage  

Malformation Disease in Mango 

 

Single User Licensed To koduri.raghavendra@gmail.com. Any further distribution is Illegal. Ref. www.educreation.in



P. Jalender, A. Srijan, S. Sandeep 

118 

In pea, small out growths develop on the lower surface of 

leaves which is characteristic symptom of  

Pea Enation Mosaic Disease 

 

The disease of citrus caused by fastidious phloem inhabiting 

bacterium is  

Greening 

 

A disease of coconut in which leaves bend abnormally is 

Tatipaka 

 

In general, the onion cultivars having red scales are resistant to  

Smudge 

 

The optimum seed rate recommended for the control of 

damping off in Chilli is 650 g/ Cent 

 

A disease of citrus occurs in association of scale insects is 

 Felt Disease 

 

A potato disease which is severe under alkaline conditions is  

Common Scab 

 

A diseases of Brinjal, in which the flowers are malformed is  

Little Leaf of Brinjal 

 

The leaf lamina is reduced, malformed and are often modified 

into tendril like structures in  

Mosaic Disease of Papaya 

 

The production of sooty angular sports on the lower surface of 

Bhendi leaves is due to  

Cercospora Leaf Spot Disease 
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The disease of citrus caused by obligate gram negative 

bacterium is  

Greening 

 

A disease of papaya favoured by ill drained conditions is 

 Foot rot 

 

Potato black heart is due to 

Unfavourable oxygen relations 

 

In coconut, root feeding technique with fungicides is used for 

the control of  

Ganoderma Root Rot and Wilt disease. 

 

The disease of papaya   in which leaves transformed in to 

inverted cup like structures is 

Leaf Curl 

 

Tomato blossom end rot is due to  

Calcium Deficiency  

 

In Hilly areas lime is recommended to increase the P
H 

of soils 

for the control of  

Club Root of Cabbage 

 

Erwinia caratovora enters host though  

Wounds 

 

An example of indicator plant to tristeza virus is 

Kagzi Lime or Mexican Lime 

 

Colacasia esculenta acts as a symptom less carrier for 

Bunchy Top Disease of Banana   
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The vector responsible for citrus tristeza is  

Toxoptera citricida (Give binomial) 

 

The disease of Chilli in which the necrosis of tender twigs 

occurs from tip downwards is  

Die-Back  

 

A disease of coconut in which leaves bend abnormally is 

Tatipaka 

 

Red scaled onions are resistant to  

Smudge Disease 

 

The fungicide that is most commonly used for post-harvest 

treatment of fruits is 

Benomyl 

 

The severe mosaic of potato is also called 

Leaf Drop Streak 

 

Presence of black stroma on the scales of rhizomes in turmeric 

is a characteristic symptom of  

Leaf Blotch Disease 

 

Bacterial canker of tomato can be controlled by extraction of 

seed through Fermentation  

 

The insect that aggravates canker in citrus is  

Phyllocnistis citrella (leaf miner) 

 

Club root of crucifers caused by Plasmodiophora brassicae can 

be controlled by 

Alkaline pH of soil 
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The optimum temperature for the attack of foot rot of papaya 

caused by Pythium aphanidermatum is 

36
0
C (usually >20

0
C) 

 

A guava disease of uncertain etiology   

Wilt 

 

Conidial stage of Elsinoe fawcetti  

Sphaceloma fawcetti 

 

A disease of apple first described by T.J.  Burrill  

Fire Blight of Apple 

 

A cabbage disease which is high in acidic and ill drained 

conditions   

Club Root of Cabbage 

 

An algal disease of mango is  

Red Rust 

 

A coconut disease which is severe in light soils under drought 

conditions Ganoderma Root Rot and Wilt 

 

A non parasitic disease of mango  

Sooty Mold 

 

Banana varieties highly susceptible to Panana wilt   

Gros Michel, Amrutapani 

 

A disease of coconut where in cavities are formed on stem  

Stem Bleeding 

 

A systemic fungicide used for seed treatment against downy 

mildew of crucifers   
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Metalaxyl 

 

Transformation of floral parts into compact mass of sterile 

structure in mango is caused by 

Fusarium moniliforme var subglutinans 

 

What are the two phases of the disease caused by 

Colletotrichum capsici in chilli –?  

Die-Back and Fruit Rot 

 

In which disease of grapevine do the leaves show shot hole like 

symptoms  

Anthracnose 

 

Example for demicyclic / opsis type of rust – 

Jasmine Rust (Uromyces hobsonii) 

 

A disease of potato that is more problematic during storage 

and transit is 

Erwinia Soft Rot 

 

The disease which is responsible for complete eradication of 

citrus in  

Florida - Canker 

 

Disease which was discovered in haryana 

Karnal Bunt 

 

Fungicide which is used for smut 

Vitavax 

 

Most serious disease in sugar cane is 

Red rot 
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Fern leaf diseases of potato is due to 

Deficiency of Zn 

 

Aflatoxins in ground are produced by 

Aspergillus flavus 

 

Khaira disease of rice is due to deficiency of  

Zinc 

 

Root parasite of bajra is 

Striga 

 

Black tip of mango is due to deficiency of 

Boron 

 

Rust fungi completing their life cycle on one host are called as 

Autoecious 

 

****** 
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DISEASES OF FIELD 

CROPS 
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DISEASES OF RICE  

Rice blast - Pyricularia oryzae 

Rice brown spot  - Helminthosporium oryzae 

Narrow brown leaf 

spot of rice 

- Cercospora oryzae 

Rice sheath blight - Rhizoctonia solani 

False smut of rice - Ustilaginoidea virens 

Stem rot of rice - Sclerotium oryzae 

Sheath rot of rice - Sarocladium oryzae 

Bacterial leaf blight - Xanthomonas oryzae pv. oryzae 

Bacterial leaf streak - Xanthomonas campestris p.v. oryzicola 

Tungro disease  - Rice Tungro Bacilliform Virus (RTBV)  

- Rice Tungro Spherical Virus (RTSV). 

    

DISEASES OF  SORGHUM 

Ergot or sugary disease - Sphacelia sorghi 

Anthracnose or red leaf spot -Colletotrichum graminicola 

Rust -Puccinia purpurea 

Leaf blight or leaf stripe -Exserohilum turcicum 

or 

Trichometasphaeria turcica 

Grain smut/Kernel smut  -Sphacelotheca sorghi 

Downy Mildew or Leaf shredding -Peronosclerospora sorghi 

   

DISEASES OF MAIZE 

Turcicum Leaf blight -Helminthosporium turcicum 

Cephalosporium wilt  - Cephalosporium acremonium/ 

 Cephalosporium maydis 

Charcoal rot - Macrophomina phaseolina 

Banded leaf and sheath 

blight 

- Rhizoctonia solani 
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DISEASES OF BAJRA 

Downy mildew or Green ear -Sclerospora graminicola 

Rust -Puccinia penniseti 

Ergot or Sugary disease -Claviceps fusiformis  

or 

C. microcephala 

Smut -Tolyposporium penicillariae 

   

DISEASES OF RAGI / FINGER MILLET 

Blast -Pyricularia grisea 

Smut -Melanopsichium eleusinis 

Mosaic -Sugarcane mosaic virus 

      

DISEASES OF WHEAT 

Black or stem rust -Puccinia graminis tritici 

Leaf, brown or orange rust -Puccinia recondit 

Yellow or stripe rust -Puccinia striformis 

Loose smut -Ustilago nuda tritici 

Karnal bunt -Neovossia indica  

Leaf blight -Alternaria triticina 

Tundu disease or yellow slime 

disease 

-Anguina tritici (Nematode) +  

Corynebacterium tritici or  

Clavibacter tritici 

    

DISEASES OF COTTON 

Bacterial blight or  

Angular leaf spot or  

Black arm 

-Xanthomonas campestris pv.  

malvacearum 

Fusarium wilt -Fusarium oxysporum f.sp. vasinfectum 

Verticillium wilt -Verticillium dahliae 

Root rot -Rhizoctonia bataticola 
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Grey or Areolate 

mildew 

-Ramularia areola 

Anthracnose -Colletotrichum capsici 

Alternaria leaf spot -Alternaria macrospora 

Cercospora Leaf 

spot 

-Cercospora gossypina 

Helminthosporium 

Leaf spot 

-Helminthosporium gossypii 

Rust -Phakopsora gossypii 

    

DISEASES OF SUGARCANE 

Red rot -Colletotrichum falcatum 

Whip Smut -Ustilago scitaminea 

Wilt -Cephalosporium sacchari 

Ring spot -Leptosphaeria sacchari 

Grassy shoot -Phytoplasma 

Mosaic -Sugarcane Mosaic Virus 

Ratoon stunting -Clavibacter xyli pv. xyli  

(Xylem limited fastidious bacteria) 

Rust -P. melanocephala, P. kuehnii 

     

DISEASES OF TOBACCO 

Black shank -Phytophthora parasitica var. nicotianae 

Damping off -Pythium aphanidermatum 

Frog eye spot -Cercospora nicotianae 

Brown spot -Alternaria alternate 

Mosaic -Tobacco Mosaic Virus (TMV) or 

Nicotiana virus I 

Leaf curl -Tobacco leaf curl virus or  

Nicotiana Virus 10 (Ruga tabaci) 
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DISEASES OF GROUND NUT 

Tikka Leaf Spots 

Early leaf spot  

- Cercospora arachidicola  

Late leaf spot - Phaeoisariopsis personata  

Rust - Puccinia arachidis 

Pepper leaf spot or leaf scorch - Leptosphaerulina crassiasca 

Stem rot - Sclerotium rolfsii 

Bud necrosis or Peanut spotted 

Wilt or groundnut ring mosaic 

-Tomato spotted wilt virus  

(TSWV-Tospovirus) 

Peanut Stem necrosis disease -Tobacco streak virus 

(Ilarvirus) 

Kalahasti malady -Tylenchorhynchus 

brevilineatus 

    

DISEASES OF GINGELLY 

Alternaria leaf spot -Alternaria sesami 

Powdery mildew -Leveillula taurica or   

Erysiphe cichoracearum 

Phyllody -Phytoplasma 

Root rot or stem rot 

or  

charcoal rot 

-Macrophomina phaseolina 

Bacterial leaf spot -Pseudomonas sasami or  

Ralstonia syringae pv. Sesame 

 

DISEASES OF CASTOR 

Wilt -Fusarium oxysporum f.sp. ricini 

Root rot/Charcoal rot -Macrophomina phaseolina 

Grey mold/Grey rot/ 

Blossom blight   

-Botrytis ricini  

Bacterial leaf spot  -Xanthomonas campestris pv. ricini 
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Seedling blight -Phytophthora parasitica 

Rust -Melampsora ricini 

    

DISEASES OF SUNFLOWER 

Leaf blight -Alternaria helianthi 

Rust -Puccinia helianthi 

Powdery mildew -Erysiphe cichoracearum 

Head rot -Rhizopus sp. (Mostly R. arrhizus) 

Sclerotial wilt/Collar rot -Sclerotium rolfsii 

Downy mildew -Plasmopara halstedii 

Mosaic  -Virus 

Sunflower necrosis virus 

(SND)  

-Tobacco streak virus 

          

DISEASES OF SAFFLOWER 

Leaf blight - Alternaria carthami 

Wilt - Fusarium oxysporum f.sp. carthami 

Rust - Puccinia carthami 

Mosaic - Cucumber mosaic virus (CMV) 

     

DISEASES OF MUSTARD 

White rust - Albugo candida or A. cruciferarum 

Downy mildew - Peronospora parasitica 

Powdery mildew - Erysiphe cruciferarum 

Alternaria leaf spot - Alternaria brassicae and A. brassicola 

    

DISEASES OF RED GRAM 

Phytophthora blight / 

Stem blight 

-Phytophthora drechsleri f. sp. cajani 

Wilt -Fusarium oxysporum f. sp. udum 
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Sterility Mosaic -Sterility mosaic virus 

Bacterial leaf spot and 

stem canker 

-Xanthomonas campestris pv. cajani 

 

DISEASES OF BENGAL GRAM 

Wilt -Fusarium oxysporum f.sp. 

ciceri 

Rust -Uromyces ciceris-arietini 

Ascochyta blight -Ascochyta rabiei 

Stem and Root rot or dry root rot -Rhizoctonia bataticola 

     

DISEASES OF BLACK GRAM AND GREEN GRAM  

Powdery mildew -Erysiphe polygoni 

Rust -Uromyces phaseoli typical 

Cercospora leaf spot -Cercospora canescens 

Corynespora leaf spot -Corynespora cassicola 

Angular black spot -Protomycopsis phaseoli or P. patelii 

Dry root rot -Rhizoctonia bataticola 

Bacterial leaf spot -Xanthomonas phaseoli 

Yellow mosaic -Mungbean yellow mosaic virus 

Leaf crinkle -Leaf crinkle virus 

          

DISEASES OF SOYBEAN 

Rust -Phakopsora pachyrhizi 

Soybean mosaic -Soybean mosaic virus 

Bacterial pustule -Xanthomonas axonopodis pv. glycines 

         

DISEASES OF COWPEA 

Cowpea mosaic -Cowpea yellow mosaic virus 
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DISEASES OF HORTICULTURAL CROPS 

 

DISEASES OF CITRUS 

Phytophthora Gummosis  -Phytophthora nicotianae var. 

parasitica, P. palmivora, citrophthora, 

P.hibernalis, P.syringae, P. cactorum 

Diplodia Gummosis  -Diplodia natalensis 

Dry root rot  -Fungal complex (Fusarium sp., 

Diplodia., etc) 

Scab  -Elsinoe fawcetti 

Canker -Xanthomonas axonopodis pv. citri 

Tristeza - Citrus tristeza virus 

Greening - Candidatus Liberibacter asiaticus 

Felt  -Septobasidium pseudopedicillatum 

    

DISEASES OF MANGO 

Powdery mildew - Oidium mangiferae 

Anthracnose -Colletotrichum gloeosporioides 

Mango Malformation -Fusarium moliliforme var. 

subglutinans 

Bacterial leaf spot - Pseudomonas mangiferae- 

indicae 

Sooty mould -Capnodium ramosum 

Red rust - Cephaleuros virescens (algae) 

    

DISEASES OF BER 

Powdery mildew - Oidium erysiphoides f.sp. Zizyphi 

    

DISEASES OF GUAVA 

Wilt -Fusaium oxysporum f.sp. psidii, F. solani, 

Macrophomina phaseolina, Cephalosporium sp., 

Gliocladium roseum and Verticillium alboarum. 
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DISEASES OF SAPOTA 

Phavophleospora leaf spot - Phavophleospora indica 

Pestalotiopsis leaf spot - Pestalotiopsis versicolor 

Flat limb - Botryodiplodia theobromae 

   

DISEASES OF PAPAYA 

Powdery 

mildew 

- Oidium caricae 

Foot rot - Pythium aphanidermatum 

Mosaic - Papaya mosaic virus or Papaya ringspot virus 

Leaf curl  - Tobacco leaf curl virus or  Nicotiana virus 10 

Anthracnose - Colletotrichum papayae 

    

DISEASES OF BANANA 

Yellow Sigatoka leaf spot  - Mycosphaerella musicola  

Panama wilt - Fusarium oxysporum f.sp. 

cubense 

Moko disease / Bacterial wilt -Ralstonia solanacearum 

Erwinia rhizome rot -Erwinia caratovora sub.sp. 

caratovora or 

Erwiniachrysanthemi 

Bunchy top / Curly top / cabbage 

top /strangles disease 

-Bunchy top virus or Banana 

virus - 1 or Musa virus - 1 

Banana Mosaic / Infectious 

chlorosis / Heart rot 

- Cucumber mosaic virus 

Banana bract mosaic -Banana bract mosaic virus 

(BBMV) 

 

DISEASES OF POMEGRANATE 

Cercospora leaf spot - Cercospora punicae 

Anthracnose - Colletotrichum gloeosporioides 
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Bacterial leaf spot - Xanthomonas axonopodis pv. Punicae 

     

DISEASES OF GRAPE 

Powdery mildew -Uncinula necator (I.S: Oidium tuckeri) 

Downy mildew - Plasmopara viticola 

Anthracnose / Birds eye 

disease 

- Elsinoe ampelina 

Alternaria leaf spot - Alternaria vitis 

Bacterial leaf spot -Pseudomonas viticola 

Rust - Phakopsora vitis 

     

DISEASES OF APPLE 

Scab  - Venturia inaequalis 

Powdery mildew - Podosphaera leucotricha 

Crown gall - Agrobacterium tumefaciens 

     

DISEASES OF CHILLI 

Damping off  - Pythium aphanidermatum, P. 

debaryanum, P. ultimum, Fusarium and 

Rhizoctonia 

Die-back and fruit rot - Colletotrichum capsici 

Choanephora blight / 

Wet Rot 

- Choanephora cucurbitarum 

Mosaic complex - Chilli mosaic virus, Potato Virus Y, 

Cucumber Mosaic Virus (CMV), 

Tobacco Mosaic Virus (TMV) and 

Tomato spotted wilt virus 

Powdery mildew - Leveillula taurica 

Cercospora leaf spot - Cercospora capsici 

Bacterial leaf spot - Xanthomoas campestris pv. vesicatoria 
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DISEASES OF BRINJAL 

Little leaf  - Phytoplasma 

Bacterial wilt  - Ralstonia solanacearum 

Phomopsis fruit rot or blight - Phomopsis vexans  

         

DISEASES OF BHENDI 

Yellow vein mosaic - Bhendi Yellow vein mosaic virus or 

bhendi vein clearing virus 

Cercospora leaf spot - Cercospora malayensis, C. abelmoschi 

Powdery mildew - Erysiphe cichoracearum 

      

DISEASES OF POTATO 

Late blight - Phytophthora infestans 

Common scab - Streptomyces scabies 

Wart  - Synchytrium endobioticum 

Black leg (Soft rot) - Erwinia caratovora subsp. 

caratovora 

Brown rot - Ralstonia solanacearum 

Mild mosaic/Interveinal mosaic  - (Potato virus X) PV X 

Severe mosaic  - Potato virus Y (PV Y) 

Leaf roll - Potato leaf roll virus 

Potato spindle tuber - Viroid 

    

DISEASES OF TOMATO 

Early blight - Alternaria solani 

Stemphylium leaf spot  - Stemphylium lycopersici 

Septoria leaf spot  - Septoria lycopersici 

Tomato spotted wilt - Tomato Spotted Wilt Virus (TSWV) 

Tomato Mosaic - Tomato mosaic virus 

Bacterial fruit canker - Clavibacter michiganense subsp. 

michiganense 
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Root knot nematode  -Meloidogyne sp. 

      

DISEASES OF CRUCIFERS 

Club root of crucifers or 

Finger and toe disease  

- Plasmodiophora brassicae 

Downy Mildew  - Peronospora parasitica 

Powdery mildew - Erysiphe polygoni 

Alternaria leaf spot - Alternaria brassicola, A.brassicae, 

A.raphani 

Black rot  - Xanthomonas campestris 

pv.campestris 

White rust  - Albugo candida  

   

DISEASES OF CUCURBITS 

Downy mildew  - Pseudoperonospora cubensis 

Powdery mildew  - Erysiphe cichoracearum,  

Sphaerotheca fuligena 

Cucumber Mosaic  - Cucumber mosaic virus 

Cercospora leaf spot  - citrullina, C. melonis, C. lagenarium 

   

DISEASES OF BETELVINE 

Wilt - (Phytophthora, Sclerotium  

and Fusarium) 

Anthracnose/  

Leaf spot/ Marginal blight 

- Colletotrichum capsici 

         

DISEASES OF ONION 

Purple blotch – Alternaria porri 

Smudge  – Colletotrichum circinans 

Smut  – Urocystis cepulae 
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DISEASES OF BEANS 

Anthracnose - Colletotrichum lindemuthianum 

Rust  

On Beans  - Uromyces phaseoli typica 

On cowpea and others - U. phaseoli vignae 

On dry bean  - Uromyces appendiculatus 

Yellow mosaic - Bean Yellow Mosaic Virus, 

Mungbean yellow virus or 

Phaseolus virus-2 

Common bean mosaic virus/ 

Green mosaic 

- Bean common mosaic virus  

     

DISEASES OF COCONUT 

Ganoderma basal stem rot  - Ganoderma lucidum, G. 

applanatum 

Bud rot - Phytophthora palmivora 

Stem bleeding - Ceratocystis paradoxa 

Tatipaka disease  - Phytoplasma 

Grey blight  - Pestalotiopsis palmarum 

     

DISEASES OF OILPALM 

Bunch rot - Marasmius palmivora 

Spear rot - Phytoplasma disease 

Curvularia leaf spot - Curvularia lunata, C. geniculata 

    

DISEASES OF TEA 

Blister blight of tea - Exobasidium vexans 
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DISEASES OF COFFEE 

Coffee rust/Oriental leaf disease - Hemileia vastatrix 

  

 

DISEASES OF TURMERIC 

Rhizome rot  - Pythium aphanidermatum,  

P. graminicolum 

Leaf spot - Colletotrichum capsici 

Leaf blotch - Taphrina maculans 

  

DISEASES OF ZINGER 

Rhizome rot/soft rot  - Pythium sp. 

Leaf spot  - Phyllosticta zingiberi 

   

DISEASES OF MULBERRY 

Powdery mildew - Phyllactinia guttata,  

P. corylea,  

P. suffulata 

   

DISEASES OF ROSE 

Powdery mildew  - Sphaerotheca pannosa var. rosae 

Black spot  - Diplocarpan rosae  

Die-back  - Diplodia rosarum 

   

DISEASES OF JASMINE 

Rust  - Uromyces hobsonii 

Cercospora leaf spot - Cercospora jasminicola 
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DISEASES OF CHRYSANTHEMUM 

Blot Chrysanthemum stunt -

Viroid ch  

- Septoria chrysanthemella 

Fusarium wilt  - Fusarium oxysporum f.sp. 

chrysanthemi 

 

DISEASES OF CROSSANDRA 

Wilt - Fusarium solani 

       

****** 
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In animals the proteins which induce antibodies are known as 

Antigens 

 

In foods the minimum water activity required for the growth 

of bacteria is  

0.88 

 

In lac operon the RNA polymerase binds to  

Promoter 

 

The basic unit of viral capsid is known as  

Capsomere 

 

Endo flagella are observed as locomotory structures in  

Spirocheates 

 

In B type of bacteriophages the nucleic acid is 

Double Stranded DNA 

 

The rigidity of bacterial cell wall is dueto 

Peptidoglycan 

 

Attenuated cultures were developed by 

Louis Pasteur 

 

Replica plating method is employed for isolation and selection 

of  

Nutritional Mutants 

 

A recombinant strain of Escherichia coli is used for production 

of  

Human Insulin 
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Bacteria that essentially require oxygen for their growth are 

known as  

Obligate Aerobic 

 

Energy currency of a cell 

Mitochondria 

 

Enzyme present in egg white is  

Lysozyme 

 

Hybridoma method is used for production of  

Monoclonal Antibodies 

 

When the culture exhibits synchronous growth the bacterial 

population increases in 

Stepwise Manner 

 

Operon concept was given by 

Jacob and Monod 

 

Replica plating technique was given by 

Joshua Lederberg 

 

Predominant microbial group in fertile soil 

Bacteria 

 

Important components of biogas are 

CO2 and CH4 

 

Conversionof proteins into inorganic –N is known as 

Mineralisation 

 

The ratio between time and number of generations is called as 

Generation Time 
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Prions are 

Infectious Proteinaceous Particles 

 

Microflora associated with leaves is known as  

Phyllosphere Microflora 

 

Extra chromosomal structures in bacteria are  

Plasmids 

 

Bacterial chromosome contains 

Double Stranded DNA 

 

Prophage is formed by some bacteriophages during 

Lysogenic Cycle 

 

ATP stands for 

Adenosine Tri Phosphate 

 

Bacteria with Ti plasmid 

Agrobacterium tumefaciens 

 

Bacteria with rod shaped cells in chains 

Streptobacillus 

 

Biological nitrogen fixation in legumes is carried by 

Rhizobium 

 

Sterols are absent in cytoplasmic membrane of  

Prokaryotes 

 

The genetic material in Viroids is  

Single Stranded RNA 
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Blanching is the suitable method for preservation of  

Vegetables 

 

Chemical composition of Agar Agar is 

Polysaccharide 

 

Endospores in bacteria are formed during 

Stationary Phase 

 

Bacteria that essentially require low concentration of oxygen 

for their optimal growth are called as 

Micro Aerophiles 

 

In A type of phages the genetic material is 

Double Stranded DNA 

 

Entire contenets of fermentation are harvested at the end of 

fermentation period in 

Batch Fermentation 

 

In water analysis the enrich medium is 

Lactose Broth 

 

In G type phages the genetic material is 

Double Stranded RNA 

 

In cell wall of gram positive bacteria  

Techoic acid is present 

 

Conversion of nitrate into atmospheric nitrogen is known as 

Denitrification 

 

Resistant forms of bacteria for different chemical agents are  

Endospores 
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Complete and non functional protein may be produced when a 

cell undergoes 

Frame Shift Mutations 

 

Sulphur oxidizing bacterium 

Thiobacillus 

 

Nitrifying bacterium 

Nitrosomonas 

 

Budding bacteria 

Rhodopseudomonas 

 

Phosphate solubiliser 

Bacillus megaterium 

 

Alchol producing microbe is 

Sacchoromyces 

 

Methano bacterium is involved in 

Biogas Production 

 

Metarrhizium is an 

Fungal Bioinsecticide 

 

Clostridium is an 

Anaerobic Endospore Former 

 

Nucleic acid present in C type phages is 

Double Stranded DNA 

 

Spores enclosed in a sac are called as 

Sporangiospores 
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Antigen induces the production of  

Antibodies 

 

Bacteria which require additional nutrients for their growth in 

the medium are called as 

Auxotrophs 

 

Microflora asscociated withroots are called as 

Rhizoflora 

 

Bacterial cells start dividing at the end of 

Lag Phase 

 

Pour plate method developed by r 

Robert Koch 

 

Example for symbiotic nitrogen fixer 

Rhizobium 

 

Antibiotics:- 

Penicillin  - Penicillium sp  – G + ve; cellwall synthesis 

Tetracycline -S. Aureofacines – G + ve, G-ve; Protein 

synthesis 

Bacitracin - Bacillus subtilis – G + ve, cell wall synthesis 

Chloramphenicol - S. venezuelae G + ve; G-ve, Protein synthesis 

Cycloheximide - S. venezuelae protein synthesis, Eukaryote 

Nystain  - S. nouresii  Eukaryote membrane 

Erythromycin - S. nouresii – fungi – Prokaryote 

Erythromyci   G + ve, G-ve, Protein synthesis 

Neomycin  - S. fradiae  G + ve, G-ve, protein synthesis 

 

****** 
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Scientific contributions of eminent scientists 

Allard and Bradshaw    -  G x E interaction 

Recurrent Selection for SCA   -  Hull 

Recurrent Selection for GCA   -  Jenkins 

Dominance hypothesis   -  Davenport 

Gene for gene hypothesis   -  Flor 

Pureline concept    -  Johannsen 

Backcross method    -  Harlan and Pope 

Double cross scheme    -  Jones 

Cytoplasmic Genetic Male sterility  -  Jones and Davis 

Ear to row method    -  Hopkins 

Colchicine     -  Blackslee and Nebel 

Single Seed Descent Method   -  Goulden 

Self incompatibility    -  Lewis 

Vertifolia effect    -  Van Der Plank 

Centres of diversity,  

Law of homologus series   -  Vavilov 

Grater initial capital hypothesis  -  Ashby 

Progeny test     -  Vilmorin 

First artificial hybrid    -  Thomas Fairchild 

Triticale     -  Rimpau 

Mutation     -  Hugo de Vries 

Sprophytic System of  

Self incompatibility    -  Hughes and Babcock 

Bulk method     -  Nilsson & Ehle 

Raphano brassica    -  Karpenchenko 

Single User Licensed To koduri.raghavendra@gmail.com. Any further distribution is Illegal. Ref. www.educreation.in



Plant Sciences A Treatise 

147 

Heterosis     -  Shull 

Male sterility     -  Jones and Davis 

Father of hybrid rice    -  Yuan Long Ping 

Self incompatibility classification  -  Lewis 

Mechanism of insect resistance  -  Painter 

Modified bulk method   -  Atkins 

Components of genetic variance  -  Fischer 

Male sterility in maize   -  Rhoades 

Microcentre     -  Harlan 

Chemical mutagen    -  Aurbach 

Multiline concept   -  Jenson 

Green revolution in India   -  M.S. Swaminathan 

Semidwarf rice varieties at IRRI -  T.T. Chang 

Forage breeder    -  G.W. Burton 

Forage breeder    -  T.J. Jenkin 

Soyabean breeder    -  E.E. Hartwig 
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Indian Plant Breeders 

T.S. Venkatraman      - An eminent sugarcane breeder, he 

transferred thick stem and high sugar 

contents from tropical noble cane to 

North Indian Canes. This process is 

known as noblization of sugarcane. 

B.P. Pal                   - An eminent Wheat breeder, 

developed superior disease resistant 

N.P. varieties of wheat. 

M.S. Swaminathan    - Responsible for green revolution in 

India, developed high yielding 

varieties of Wheat and Rice 

Pushkarnath   -  Famous potato breeder 

N.G.P. Rao   -  An eminent sorghum breeder 

K. Ramaiah  -  A renowned rice breeder 

Ram Dhan Singh  -  Famous wheat breeder 

D.S. Athwal  -  Famous pearlmillet breeder 

Bosisen   -  An eminent maize breeder 

Dharampal Singh  -  An eminent oil-seed breeder 

C.T. Patel                   -  Famous cotton breeder who 

developed world‟s first cotton hybrid 

in 1970 

V. Santhanam   -  Famous cotton breeder 
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History of Plant Breeding in India 

1871 - The Government of India created the Department of 

Agriculture 

1905 - The Imperial Agricultural Research Institute was establish 

in Pusa, Bihar 

1934 - The buildings of the institute damaged in earthquake 

1936 - Shifted to New Delhi 

1946 - Name was changed Indian Agricultural Research Institute 

1901-05 Agricultural Colleges were established at Kanpur, Pune, 

Sabour, Llyalpur, Coimbatore 

1929 - Imperial council of Agricultural Research was established 

1946 - Name was change to Indian Council Agricultural Research 

1921 - Indian Central Cotton Committee was established – 

Notable researches on breeding and cultivation of cotton. 

Eg: 70 improved varieties of cotton 

1956 - Project for intensification of regional research on cotton, 

oilseeds and millets (PIRRCOM) was initiated to intensify 

research on these crops – located at 17 different centres 

through out the country 

1957 - All India Coordinated maize improvement project was 

started with objective of exploiting heterosis 

1961 - The first hybrid maize varieties released by the project-

ICAR initiated coordinated projects for improvement of the 

other crops 

1960 - First Agricultural University established at Pantnagar, 

Nainital, U.P. 
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Important contribution in Biotechnology 

1902  - Haberlandt  - First attempt of plant tissue culture (Father   

of Plant Tissue culture) 

1904 - Hannig - First attempt to culture embryo of selected 

crucifers 

1922  - Knudson - Asymbiotic germination of orchid seeds in 

vitro 

1922  - Robbins - In vitro culture of root tips 

1925  - Laibach- Use of embryo culture technique in interspecific 

crosses of linseed ( linum) 

1934 - Gautheret - In vitro culture of the cambial tissue of a few 

trees and shrubs, although failed to sustain cell division. 

1934 - White - Successful culture of tomato roots 

1939 -Gautheret, Nobecourt and White - Successful 

establishment of continuously growing callus cultures 

1940 - Gautheret - In vitro culture of cambial tissues of Ulmus to 

study adventitious shoot formation 

1941- Van Overbeek - Use of coconut milk containing a cell 

division factor for the first time to culture Datura embryos 

1941 - Braun - In vitro culture of crown gal tissues 

1944 - Skoog - In vitro adventitious shoot formation in tobacco 

1946 - Ball - Raising of whole plants of Lupinus and Tropaeolum 

by shoot tip culture 

1950- Ball - Regeneration of organs from callus tissue of Sequoia 

sempervirens 
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1952 - Morel and Martin – Use of meristem culture to obtain 

virus-free Dahlias 

1952 - Morel and Martin - First application of micrografting 

1953 -Tulecke -Production of haploid callus of the gymnosperm 

Ginkgo biloba from pollen 

1954 - Muir et al - First plant regenerated from a single cell 

1955 - Miller et al - Discovery of kinetin, a cell division hormone 

1956 - Kornberg et al - In vitro synthesis of DNA 

1957 - Skoog and Miller - Discovery of the regulation of organ 

formation by changing the ratio of auxin : cytokinin 

1958 Maheshwari and Rangaswamy- Regeneration of somatic 

embryos in vitro from the nucellus of Citrus ovules 

1959 - Reinert and Steward - Regeneration of embryos from 

callus clumps and cell suspensions of carrot (Daucus 

carota ) 

1959 - Gautheret - Publication of first handbook on “Plant Tissue 

Culture” 

1960 – Kanta - First successful test tube fertilization in papaver 

rhoeas 

1960 - E. Cocking - Enzymatic degradation of cell walls to obtain 

large number of protoplasts 

1960 - Bergmann - Filtration of cell suspensions and isolation of 

single cells by plating 

1962 - Murashiqe and Skoog - Development of Murashige and 

Skoog nutrition medium 
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1964 - Guha and Maheshwari - Production of first haploid plants 

from pollen grains of Datura (Anther culture) 

1968 - H.G. Khorana - Awarded Nobel prize for deciphering of 

genetic code .H.G. Khorana et al. Deduced the structure 

of a gene for yeast alanyl tRNA 

1968 - Meselson and Yuan - Coined the term “Restriction 

endonuclease” to describe a class of enzymes involved in 

cleaving DNA 

1970 - Carlson - Selection of biochemical mutants in vitro by the 

use of tissue culture derived variation 

1970 - Power et al. - First achievement of protoplast fusion 

1970 H. Temin and D.Baltimore - Discovered the presence of 

reverse transcriptase (a RNA directed DNA polymerase 

which has the ability to synthesize cDNA using mRNA as a 

template) 

1970 - Smith - Discovery of first restriction endonuclease from 

Haemophillus influenzae Rd. It was later purified and 

named Hind 11 

1971 - Nathans - Preparation of first restriction map using Hind II 

enzyme to cut circular DNA or SV 40 into 11 specific 

fragments 

1971 - Takebe et al - Regeneration of first plants from protoplasts 

1972 - Carlson et al - First report of interspecific hybridization 

through protoplast fusion in two species of Nicotiana 

1972 - Berg et al, - First recombinant DNA molecule produced 

using restriction enzymes 
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1974 – Reinhard - Biotransformation in plant tissue cultures 

1974 - Zaenen et al.; Larebeke et al - Discovered the fact that the 

Ti plasmid was the tumor inducing principle of 

Agrobacterium 

1976 - Seibert - Shoot initiation from cryo-preserved shoot apices 

of carnation 

1976 - Power et al.- Inter -specific hybridization by protoplast 

fusion or Petunia hydrida and P. parodii 

1977 - Maxam and Gilbert - A method of gene sequencing based 

on degradation of DNA chain 

1977 - Sharp and Roberts - Discovery of split genes 

1978 - Melchers et al - Somatic hybridization of tomato and 

potato resulting in pomato 

1979 - Marton et al - Co-cultivation procedure developed for 

transformation of plant protoplasts with Agrobacterium 

1980 - Alfermann et al - Use of immobilized whole cells for 

biotransformation of digitoxin into digoxin 

1980 - Eli Lilly and Co - Commercial production of human 

insulin through genetic engineering in bacterial cells 

1981 - Larkin and Scowcroft - Introduction of the term 

somaclonal variation 

1982 - Krens et al - Incorporation of naked DNA by protoplast 

resulting in the transformation wit h isolated DNA 

1982 - Zimmermann - Fusion of protoplasts using electric stimuli 

1983 - Kary B. Mullis - Conceived the idea of Polymerase chain 

reaction (PCR), a chemical DNA amplification process 
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1983 - Pelletier et al- Intergeneric cytoplasmic hybridization in 

Raddish and Grape 

1984 - De Block et al, Horsch et al. - Transformation of tobacco 

with Agrobacterium; transgenic plants developed 

1984 - Alec Jeffreys - Development of the genetic fingerprinting 

technique for identifying individuals by analyzing 

polymorphism at DNA sequence level 

1986 - Powell-Abel et al. - TMV virus-resistant tobacco and 

tomato transgenic plants developed using cDNA of coat 

protein gene of TMV 

1987 - Sanford et al; Klein et al - Development of biolistic gene 

transfer method for plant transformation 

1987 - Barton et al - Isolation of Bt gene for bacterium (Bacillus 

thuringiensis) 

1990 - Formal launch of the Human Genome Project 

1990 - Williams et al; Welsh and McClelland -Development of 

the Random Amplified Polymorphic DNA (RAPD) 

technique 

1991 - Fodor - Development of DNA microarray system using 

light directed chemical synthesis system 

1995 - Fleischmann et al - Reporting by the institute for Genomic 

Research of the complete DNA sequence of Haemophilus 

influenzae 

1995 - Vos et al - Development of DNA fingerprinting by 

Amplified Fragment Length Polymorphism (AFLP) 

technique 
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1997 - Blattner et al - Sequencing of E. coli genome 

1998 - C. elegans sequencing consortium - Sequencing of the 

genome of a multicullular organism (Caenorhabditis 

elegans) 

2001 - Human Genome Project Consortium and Venter et al. - 

sequencing of human genome successfully completed 

 

 

Developments in Cytology, Genetics and Cytogenetics 

 

1590 - Z. Janssen and H. Janssen - Produced the first operational 

microscope. 

1665 - R. Hooke - Introduced the term “cell” and described cork 

cells. 

1668 - F. Redi - Disproved the theory of spontaneous generation 

of maggots. 

1672 - Malphigi - Classified the tissues. 

1674 - A.van Leeuwenhoek - Improved lens system of 

microscope by grinding. 

1682 - N. Crew - Described bladders and pores in wood and pith. 

1694 - J.R. Camerarius - Conducted early experiments on 

pollination and reported the existence of sex in plants. 

1700 - R. Linnaeus - Classified the biological organisms. 

1761 - J.C. Kolreuter - Hybridized various species of tobacco and 

concluded that each parent contributed equally to the 

characteristics of the progeny. 

1779 - C.F Wolff - Founder of embryology. 
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1809 - J.B. Lamarck - Coined the word “biology” and stressed the 

importance of cell in living organisms. He put forth the 

theory of inheritance of acquired characters. 

1824 - Dutrochet - Showed that all plants and animals are 

composed of cells. 

1825 - F.V. Raspail - Developed the frozen-section technique and 

used iodine for detection of starch. 

1835 - H. von Mohli - Emphasized the importance of protoplasm 

and described cell division. 

1837 - R. Brown - Discovered the nucleus in cells of flowering 

plants. 

1838 - M.J. Schleiden and T. Schwann - Formulated the cell 

theory in plants and animals. 

1840 - J.E. Purkinj - Gave the term “protoplasm”. 

1845 - A. Donne - Used photomicroscopy for the first time. 

1846 - K. Nageli - Showed that plant cells arise from the division 

of preexisting cells. 

1846 - G.B. Amici - Showed that egg in the ovary is stimulated to 

develop into an embryo by the entrance of pollen tube. 

1858 R. Virchow Showed that animal cells arise from the division 

of preexisting cells. 

1859 - C. Darwin - Put forth the theory of natural selection. 

1862 - Kolliker - Used the term “cytoplasm”for the living material 

surrounding the nucleus. 

1865 - G. Mendel - Developed the fundamental principles of 

heredity. 
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1870 - W. His - Invented the microtome. 

1871 - F. Meischer - Isolated nucleic acids from pus cells. 

1873 - H. Fol - Described spindle and astral rays. 

1875 - O. Hertwig - Studied reproduction in sea urchins and 

concluded that fertilization involves the union of sperm and 

egg nucleus. 

1875 - E. Strasburger - Discovered cell division in plants and 

gave the terms “cytoplasm” and “nucleoplasm”. 

1879 - W. Flemming - Introduced the term “chromatin”. 

1879 - H. Fol - Showed that only one sperm enters the egg during 

Fertilization. 

1881 - E.G. Balbiani - Discovered giant chromosomes in salivary 

glands of Drosophila. 

1882 - W. Flemming - Coined the term “mitosis”. 

1883 - W. Rouse - Proposed that chromosomes contain genes 

which are the units of heredity. 

1885 - A.F.W. Schimper - Introduced the term “plastids”. 

1888 - Th. Boveri - Coined the term “centrosomes”. 

1888 - W. Waldeyer - Coined the term “chromosomes”. 

1892 - O. Hertwig - Proposed the protoplasm theory of 

inheritance. 

1892 - J. Ruckert - Described lamp brush chromosomes in 

oocytes of shark. 

1892 - W.Weisman - Stated that chromosomes are the most 

important part of the nucleus. 

1892 - Th. Boveri - Described meiosis in Ascaris. 
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1898 - C. Golgi - Described the golgi apparatus in nerve cells. 

1898 - C. Benda - Discovered mitochondria in spermatozoa and 

other cells. 

1899 - S. Altman - Introduced the term “ nucleic acid ”. 

1900 - C.E. Correns, H. de Vries and E. Tschermak - Re-

discovered Mendel‟s laws of inheritance. 

1901 - E. Strasburger - Introduced the term “ plasmodesmata ”. 

1902 - C.E. McClung - Identified sex chromosomes in bugs. 

1902 - H. de Vries - coined the term “mutation”. 

1902 - W.S. Sutton Th. Boveri - proposed the chromosome theory 

of heredity and identified chromosomes as carriers of 

genetic material. 

1903 - W. Waldeyer - Proved centromeres are the chromosomal 

regions with which the spindle fibres become associated 

during mitosis 

1905 - L.Cuenot - Discovered lethal genes affecting coat colour in 

mice. 

1905 - J.B. Farmer and J.E. Moore - Coined the term “meiosis”. 

1906 - W. Bateson - Coined the term “Genetics”and proposed the 

concept of allele. 

1906 - W. Bateson and R.C. Punnet - Discovered genetic linkage 

in sweet pea. 

1906 - W.L. Johannsen - Coined the terms “gene”, “genotype” 

and “phenotype”. 

1909 - W. Bateson - Coined the term “epitasis”. 
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1909 - C. Correns - Reported cytoplasmic inheritance in Mirabilis 

jalapa. 

1909 - F.A. Janssens - Indicated that chiasmata are produced by 

exchanges between non-sister chromatids of homologous 

chromosomes. 

1910 - T.H. Morgan - Studied crossing over and recombination in 

Drosophila and coined the term “crossing over”. 

1910 - H. Nilsson-Ehle - Proposed the multiple factor hypothesis. 

1911 - A.H. Sturtevant - Constructed the first linkage map in 

Drosophila. 

1912 - Vejdovsky - Coined the term “chromonema”. 

1915 - T.H. Morgan - Correlated genetic studies with cytological 

studies. He put forth the theory of linkage and studied sex 

linked inheritance in Drosophila melanogaster. 

1917 - C.E. Allen - Discovered sex determination in plants. 

1921- F.G. Banting C.H. Best - Isolated insulin. 

1922 - C.B. Bridges - Put forth the genic balance theory of sex 

determination. 

1923 - C.B. Bridges - Discovered duplications, deletions and 

translocations in chromosomes. 

1923 – Crew - Reported complete reversal of sex in hens. 

1924 - A.F. Blakeslee and J. Belling - Studied trisomics in Jimson 

weed (Datura stromonium). 

1924 - R. Feulgen - Described a test to confirm the presence of 

DNA. 

1926 - A.H. Sturtevant - Discovered inversions in chromosomes. 
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1927 - G.K. Karpechenko - Synthesized Raphano brassica. 

1927 - H.J. Muller - Induced mutations in Drosophila 

melanogaster by X-rays 

1928 - L.J. Stadler - Induced mutations in maize and barley by X-

rays. 

1928 - F. Griffith - Conducted experiments on transformations in 

Diplococcus pneumonia. 

1931 - C. Stern - Gave cytological proof for crossing over in 

Drosophila. 

1931 - H. Creighton and B. McClintock - Gave cytological proof 

for crossing over in maize. 

1932 - M. Knoll and E. Ruska - Developed the electron 

microscope. 

1933 - M. Rhodes - Reported cytoplasmic male sterility in corn. 

1935 - F. Zernicke - Developed the phase contrast microscope. 

1935 - R.B. Goldschmidt - Coined the term “phenocopy”. 

1939 - R.A. Steinberg - Induced mutations in Aspergillus sp. with 

chemicals. 

1944 - O.T. Avery, C.M. MacLeod and M. McCarty - Explained 

the significance of DNA and proved that it is the genetic 

material. 

1946 - C. Auerbach and J.M. Robson - Induced mutations in 

Drosophila melanogaster using chemicals. 

1946 - E.S. McFadden, E.R. Sears and H. Kihara - Synthesized 

Triticum spelta in the laboratory. 

1948 - K.R. Porter - Described the endoplasmic reticulum. 
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1950 - B. McClintock - Discovered jumping genes in maize. 

1951 - A. Muntzing - Synthesized Triticale. 

1952 - A.D. Hershey and M.J. Chase - Provided experimental 

proof of DNA as genetic material. 

1953 - Robinson and Brown - Observed ribosomes in plant cells. 

1953 - J.D. Watson, F.H.C. Crick and M.H.F. Wilkins - 

Proposed the double helix model for DNA molecule. 

1954 - E.R. Sears - Produced monosomic series of “Chinese 

Spring” variety of wheat. 

1955 - S. Benzer - Described the fine structure of gene–Cistron, 

Recon and Muton. 

1955 - C. DeDuve - Coined the term “lysosomes”. 

1955 - G.E. Palade - Observed ribosomes in animal cells. 

1955 - L. Pauling - Studied the relationship between the structure 

of the DNA molecule and protein synthesis. 

1958 - G.W. Beadle, E.L. Tatum and J. Lederberg - Put forth 

the one gene – one enzyme hypothesis. 

1958 - F.H.C. Crick - Explained the central dogma of molecular 

biology. 

1958 - M.S. Meselson and F.W. Stahl - Proved experimentally 

that DNA replicates by semiconservative mechanism. 

1959 - A. Kornberg and S. Ochoa - Synthesized the DNA 

molecule in vitro. 

1961 - A.E. Jacob and J. Monod - Explained the genetic 

regulatory mechanism in protein synthesis – Operon 

concept. 
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1968 - N.W. Nirenberg, H.G. Khorana and H. Holley - 

Deciphered the genetic code and polynucleotide synthesis. 

1968 - Woodcock and Fernandez Isolated DNA from 

chloroplasts. 

1974 - Clande, G.E. Palade and C. DeDuve - Re-discovered a 

number of cell organelles by electron microscope. 

1975 - R. Dulbecco, H. Temin and D. Baltimore - Discovered 

the mechanism of reverse transcription – Teminism. 

1975 - N. Borlaug - Responsible for development of dwarf wheat 

and green revolution. 

1978 - D. Nathans, H.O. Smith and W. Arber - Isolated 

restriction enzymes. 

1985 – Potrykus - Used electroporation technique for direct gene 

transfer in plants. 

1986 – Helentzaris - Developed the RFLP map in maize and 

tomato. 

1986 - Ow - Transferred and studied the expression of gene for 

enzyme lucifersase (causes fire flies to glow) in tobacco 

cells. 

1987- Fischoff - Developed insect resistant transgenic tomato 

plants with Bt gene. 

1987 - K.B. Mullis - Developed polymerase chain reaction 

technique. 

1988 – Ouozzo - Developed transgenic tobacco with CMV coat 

protein. 
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1991 – Oeller - Developed transgenic tomato with an antisense 

gene. 

1992 – Vasil - Developed herbicide resistant transgenic wheat. 

1993 - Sharp Roberts - Proposed the split gene concept. 

1993 – Smith - Studied site directed mutagenesis. 

1994 - Gilman and Rodbell - Studied G proteins and their role in 

turning external signals into action within cells. 

1995 - Lewis, Volard and Wieschaus - Studied the role of genes 

in organ differentiation. 

1997 - I. Wilmut Cloned sheep - Dolly. 

1997 - Prusiner - Studied prions - Mad cow disease. 

1998 - Delta & Pine Co -Developed the terminator gene 

technology. 

1998 - Monsanto Co - Developed bollguard variety of cotton. 

1998 - T. Wakayama and R. Yanagimachi - Created the first 

cloned mice. 

2000 - Roslin Institute - Created the first cloned pigs. 

2001- Advanced Cell Technology - Birth of first cloned Asian ox 

called “Gaur”. 

2002 - Natl. Institute of Agronomic Research, France - Created 

the first cloned rabbit 

2002 - Texas A & M Univ. U.S.A. - Created the first cloned cat 

called “Cc 
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International Institutes of crop Improvement: 

 

CGIAR : Consultative Group for International Agricultural 

Research.  Was established in 1971 by the joint 

efforts of Food and Agricultural Organisation world 

baulk and United Nations Development 

Programme. 

CIAT : Centro International de Agriculture Tropical 

(International Centre for Tropical Agriculture), 

Palmira, columbia. 

CIMMYT : Centro International de Majoramiento de Maizy 

Trigo (International Centre for Maize and Wheat 

Improvement) el Baton, Mexico.  

CIP : Centro International de Papa (International Centre 

for Potato), Lima, Peru, 

IBPGR : International Board for Plant Genetics Resources 

Rome, Italy. 

ICARDA : International centre for Agricultural Research in 

Dry Areas, Alleppo, Syria. 

ICGES : International Centre for Genetic Engineering and 

Biotechnology Triesta, Italy and New Delhi, India. 

ICRISAT : International Centre for Research in Semi-Arid 

Tropies, Patancherru, Hyderabad, India. 

IFRI : International Food Policy Research Institute, 

Washington, USA. 

IIAS : International Institute for Applied System Analysis, 

Luxemburg, Vienna. 

IITA : International Institute of  Tropical Agriculture, 

Ibadan Nigeria. 

INSFFER : International Network on Soil Fertility and 

Fertilizer Evaluation on Rice, New Delhi, India. 
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ILRAD : International  Livestock Research Institute, Nairobi, 

Kenya. 

ILCA : International Livestock Centre for  Africa, Addis 

Ababa. 

IRRI : International Rice Research Institute, Los Bonas, 

Philippines. 

ISNAR : International Service for national Agricultural 

Research. The Hague, Netherlands. 

WARDA : West African Rice Development Association, 

Monrovia, Liberia. 
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