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PREFACE 

We are delighted to publish our book entitled "Agricultural Science: 

Research and Reviews Volume XI". This book is the compilation of esteemed articles 

of acknowledged experts in the fields of basic and applied agricultural science. 

The Indian as well as world population is ever increasing. Hence, it is 

imperative to boost up agriculture production. This problem can be turned into 

opportunity by developing skilled manpower to utilize the available resources for food 

security. Agricultural research can meet this challenge. New technologies have to be 

evolved and taken from lab to land for sustained yield. The present book on agriculture 

is to serve as a source of information covering maximum aspects, which can help 

understand the topics with eagerness to study further research. We developed this 

digital book with the goal of helping people achieve that feeling of accomplishment. 

The articles in the book have been contributed by eminent scientists, 

academicians. Our special thanks and appreciation goes to experts and research 

workers whose contributions have enriched this book. We thank our publisher Bhumi 

Publishing, India for taking pains in bringing out the book.  

Finally, we will always remain a debtor to all our well-wishers for their 

blessings, without which this book would not have come into existence.  

Editors 
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ADVANCED IN-VITRO MUTAGENESIS TECHNIQUES IN PLANT BREEDING 

Prem Sagar S P*, V C Raghavendra, Channabasava, Ashwini K and Yashaswini R 

Department of Genetics and Plant Breeding,  

College of Agriculture, Raichur, 

University of Agricultural Sciences, Raichur-584104 (Karnataka), India 

*Corresponding author E-mail: nspremsagar@gmail.com     
 

Abstract: 

Mutations may now be introduced at specific locations or sections of genes using a 

variety of different mutagenesis techniques. These in vitro mutagenesis techniques viz., random 

mutagenesis, Site-Directed mutagenesis (SDM) and insertional mutagenesis are currently 

essential to molecular biology research due to their revolutionary impact on our understanding of 

how mutations, genome editing and site-specific mutations befit out crop improvement program. 

Transcriptional regulatory elements, and noncoding RNAs operate. We include the most popular 

experimental methods for mutagenesis and their main uses in this introduction. 

Introduction:  

As we are noticing the growth of the population in a fast way across the globe, the need 

for feeding hunger and reducing malnutrition is a challenging task. Psychologically or 

unknowingly, we are breeding for traits with good aesthetic quality like uniformity rather than 

good keeping quality, which has led to a narrow genetic base in the case of crop species. In 

creating variability in such limited genetic species without hindering the desired trait or quality, 

the role of mutation is crucial. 

 A decade or two decades ago, conventional mutagenesis had the upper hand in crop 

improvement in mutation breeding. But this traditional mutagenesis has some limitations, such 

as: 

• Low frequency of desired mutations 

• Mutations occur randomly in the genome 

• Screening of large populations is demanded 

• The position of mutation is unspecified 

 To overcome these limitations, modern-day scientists took a high road and developed 

some novel mutation breeding techniques, mainly performed In vitro.   

 In vitro refers to performing a given procedure in a controlled environment outside of a 

living organism. 

 Mutagenesis is a process by which the genetic information of an organism is changed, 

resulting in a mutation.   

mailto:nspremsagar@gmail.com
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      Combinedly, in vitro mutagenesis is a process of production of random mutations in a piece 

of cloned DNA. Typically, the DNA will be reintroduced into a cell or an organism to assess the 

mutagenesis results.  

There are mainly three types of in vitro mutagenesis techniques 

1. Random Mutagenesis 

2. Site-Directed mutagenesis 

3. Insertional mutagenesis 

Random mutagenesis  

Before the era of Recombinant DNA (rDNA) technology and Polymerase chain reaction 

(PCR), scientists preferred to bombard physical and chemical mutagens like X-rays, UV rays, 

Ethyl methyl sulfonate (EMS), nitrous oxide etc., to create random mutagenesis. 

In random mutagenesis, DNA will change randomly in the genome, or mutations will occur 

randomly.  

1. Error prone PCR based method  

 

   In error prone PCR based a sloppy PCR with an error rate up to 3% used, high 

concentration of Mgcl2 and Mncl2 or unequal concentrations of nucleotides are provided to 

create random mutation. After amplification the strands are transferred to E. coli cells for 

multiplication and mutation screening. 

2. Use of physical and chemical mutagens like X-rays, UV rays, EMS, Nitrous oxide etc., for 

creation of random mutagenesis. 

Disadvantages: Random mutagenesis process is uncontrolled, mutation regions are unknown, 

number of nucleotides mutated will not be known etc. 

Site - directed mutagenesis 

It’s an improvement over random mutagenesis or rather a vast improvement over random 

mutagenesis, which has become possible because of Recombinant DNA technology and PCR. 

Michael Smith in 1978 first described site directed mutagenesis, he used primer extension 
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method for creation of mutation.’ Site – directed mutagenesis is basically a method which allows 

us to change a particular nucleotide at a specific site in our gene of interest. 

 

Example: RAHYNIV is a protein, in order to change histidine into proline to know the function 

of histidine CAT nucleotides had to be converted to CCT i.e. A to C. This change is made 

possible by Site – directed mutagenesis. 

Approaches for Site – directed mutagenesis 

1. Deletion mutagenesis  

2. Cassette mutagenesis 

3. Quick PCR based SDM 

4. Nested PCR based SDM 

5. Inverse PCR based SDM 

6. ZFNs 

7. TALENs 

8. CRISPR Cas9 

9. TILLING 

 

1. Deletion mutagenesis 

Deletion mutagenesis is a general and simple method of site 

directed mutagenesis, wherein our gene of interest present in a 

plasmid between two restriction sites is removed or cut by using 

particular restriction endonucleases.  

 After removal of targeted segment of DNA from gene of 

interest, purification is carried out to remove the debris. The cleaved 

sites are subsequently joined by using DNA ligase to create the 

mutation. 

• Deletions or point mutations can be created with deletion 

mutagenesis. 

• Least cost method 

• Less efficient method than other methods. 
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2. Cassette mutagenesis  

Cassette mutagenesis is an improved method 

over deletion mutagenesis, wherein the target DNA 

segment is replaced with an alternative sequence of 

DNA which is containing the mutation known as 

cassette. 

Procedure  

• Removal of target DNA 

• Purification of large DNA segment   

• Incorporation of alternative DNA segment 

(Cassette) 

• Transfer of plasmid to ultracompetent       E. coli 

cells for multiplication. 

• Screening for mutants by sequencing.  

Advantages and disadvantages  

• Point mutations, insertions, deletions and frameshift mutations are also possible. 

• 100% certainty of mutation 

• Requires presence of restriction sites in our gene of interest and no usage of primers.   

PCR based site – directed mutagenesis  

PCR based site – directed mutagenesis involves 

primer design, PCR amplification of DNA segments, 

template digestion etc. 

• The primer should be complementary to the gene 

of interest except at the nucleotide where mutation 

has to be created. 

• Sequence information of gene and its surroundings 

is required 

• Knowledge about gene location, PCR technique is 

prerequisite 

3. Quick change PCR based site – directed mutagenesis  

Primer and PCR requirements 

▪ Two Primers  

▪ Primer Length – 25 to 45 nucleotides 

▪ Melting temp. (Tm) – more than 78 degrees 

▪ Amplification – only 12 to 18 cycles only  
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▪ Use high fidelity polymerase (Pfu) 

▪ Use additives like DMSO and Glycerol. 

Procedure  

▪ The Plasmid containing Ds DNA is purified to remove debris. 

▪ Two primers which contain mutation at a single nucleotide are added to the mixture 

▪ PCR amplification 

▪ Annealing of mutated primers with the template strand at our gene of interest at optimum 

temperature. 

▪ Synthesis of mutated strands after PCR amplification. 

▪ Dpn1 binds to the methylated adenine which will be present in the template DNA. 

▪ Digestion of template strand by Dpn1 restriction enzyme. 

▪ Transfer of mutated DNA or Plasmid containing mutated DNA into ultracompetent E. 

coli cells. 

▪ Screen for mutants by sequencing. 

Advantages and disadvantages 

▪ Quick and efficient method for creating point mutations. 

• 100% certainty of mutation 

▪ Only two primers required 

▪ Frameshifts are not possible 

▪ More temperature for PCR  

▪ High fidelity polymerase is a necessary 

4. Nested PCR or Primer Extension method   

Primer and PCR requirements 

✓ Four primers   

• two internal mutagenic and overlapping  

• two external and nonoverlapping 

✓ Primer length- 10 to 12 nucleotides (Normal PCR)  

✓ Tm < 50o Celsius  

✓ 30 cycles of PCR (Normal PCR) 

✓ No additives are required  

Procedure  

 This method mainly consists of two PCR rounds with use of four primers. Two primers 

with mutation and overlapping nature and other two primers with no mutation and 

nonoverlapping nature were included for amplification.  
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✓ 1st round PCR amplification consists of two reaction mixtures  

✓ 1st reaction mixture consists of primer A and B, the second reaction mixture consists of C 

and D of which B and C will be mutagenic. 

✓ After 1st round AB strand and CD strand will be synthesized with mutation. 

✓ For the 2nd reaction two primers (A and D) with no mutation used for full strand synthesis 

✓ After the second PCR the overlapping genes will overlap leading to the formation of 

mutant strands 

✓ The mutated strands are transferred into ultracompetent E. coli cells 

✓ Screening of mutants by sequencing 

 

Advantages and Disadvantages 

• Deletions, insertions, frameshifts can be created 

• Normal PCR conditions  

• 100% assurance of mutation 

• Four primers are needed 

• Two rounds of PCR may lead to secondary mutations 

5. Inverse PCR based Site directed mutagenesis 

This method of site directed mutagenesis was developed by Helmsley in 1989. It is used 

to amplify regions where only the sequence of flanking DNA is known. In this method point 

mutations, insertions, deletions can be created. 

 Primer and PCR requirements  

 Two primers (One mutagenic and one non-mutagenic)The primers will be 

nonoverlapping and they anneal in opposite direction 

Procedure 

 Two primers will attach at flanking regions 
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 After PCR amplification due to because of inverse amplification linear DNA will be 

synthesized 

 One strand will be having mutation 

and other stand doesn’t. 

 Ligation of linear DNA  

 Transformation into E. coli cells and 

screening by sequencing  

Advantages and Disadvantages 

• Deletions, insertions, frameshifts can 

be created 

• Normal PCR conditions  

• 100% assurance of mutation 

• Target DNA sequence is not known 

6. Zinc Finger Nucleases (ZFNs) 

Primary structure of protein folds into secondary structure and secondary structure into 

tertiary structure (Motifs or Domains). Zn2+ ion is responsible for the stability of the domains or 

motifs. These Zn2+ ions in protein domains are known as zinc fingers. Zinc fingers present in 

transcription factors bind to DNA as they are positively charged and DNA is negatively charged. 

Zinc Fingers are naturally found and first discovered in African clawed toad (Xenopus laevis) in 

1985. FOK1 enzyme which is a type II restriction enzyme naturally found in Flavobacterium 

okeanokoites perform the activity of the nuclease. Zinc finger and FOK1 enzyme together makes 

the zinc finger nucleases, which are a class of engineered DNA binding proteins.  

Specifics and Procedure 

Zinc finger nucleases are highly specifics genomic scissors, contains mainly two 

functional domains a) DNA binding domain (Zinc fingers) and b) DNA cleaving domain (FOK1 

enzyme).  One zinc finger binds to three nucleotides and it binds to DNA in such a way that 

FOK1 enzyme should form a dimer. Dimer formation is a necessary for FOK1 enzyme cleavage 

activity. The procedure of ZFN induced mutation as follows: 

➢ Binding of Zinc Fingers to the DNA at specific sequence 

➢ Cutting of DNA by FOK1 nuclease 

➢ Break repair- Non homologous end joining (NHEJ) or by Homologous recombination  

➢ Creation of targeted mutagenesis 

➢ Transformation to ultracompetent E. coli cells  

➢ Screening of mutants by sequencing.  
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ZFN induced mutation process 

Advantages and Disadvantages  

➢ Cent percent certainty of mutation 

➢ Insertions, deletions, frameshift mutations are possible 

➢ Naturally occurring enzymes 

➢ Overlapping of zinc fingers 

➢ Costly method 

7. Transcription Activator Like Effector Nucleases – TALENs 

An alternative to ZFNs which contains two domains namely TALE (DNA binding 

domain) and nuclease (DNA cleaving domain). Transcription Activator Like Effector (TALE) 

proteins are naturally occurring proteins found in plant pathogenic bacteria Xanthomonas. The 

bacteria secrete effector proteins to increase the susceptibility of host to pathogen and these 

effector proteins are capable of binding and activating the expression of target genes by 

mimicking eukaryotic transcription factors. 

The nuclease activity is carried out by the same enzyme as in ZFNs i.e., FOK1 restriction 

enzyme which cuts double strand DNA.  

▪ TALEs + Fok1 = TALENs 

▪ Two domains  

                DNA binding protein (TALE) – binds to only one nucleotide in DNA, each domain in 

TALE protein consists of 34 amino acids, all domains contain similar amino acids except 12th 

and 13th amino acid. 12th and 13th amino acids will be different in each domain which are 

responsible for the specificity of the domains to a particular nucleotide, they are known as repeat 

variable domains. 
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TALE protein and domain specificity 

Procedure: 

✓ TALE binding proteins fuse with Fok1 like ZFNs at specific sites 

✓ FOK1 functions as a dimer – to cleave the DNA  

✓ 30-40 bases of specificity can be achieved through TALENs  

✓ Cutting of double stranded DNA by FOK1 enzyme  

✓ Non homologous end joining (NHEJ) of DNA 

✓ Transformation of DNA to ultracompetent E. coli cells  

✓ Screening of mutants by sequencing. 

Advantages and Disadvantages  

➢ Cent percent certainty of mutation 

➢ Insertions, deletions, frameshift mutations are possible 

➢ Naturally occurring enzymes 

➢ No overlapping of TALEs 

➢ Costly method 

8. Clustered regularly interspaced short palindromic repeats – CRISPR  

The modern tool which led to a revolution in genome editing in recent past can be used to 

induce mutations at specific sites. It is an immune system present in microbes like bacteria, 

archaea etc (Mawphlang and Kharshiing 2017). 
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 Jennifer Doudna and Emmanuelle Charpentier Nobel prize in 2020 for this genome 

editing technology. 

CRISPR system contains  

• Short interspaced repeat sequences having palindromic sequences,  

• Spacer DNA,  

• Cas genes etc. 

How it works in bacteria? 

When bacteriophage injects its DNA  

1) Without immune system  

a)  Phage DNA Hijacks the cell 

b) Embeds in the genome of bacteria 

c) Multiplication of bacteriophages  

d) Eventually destruction of the cell 

2) With immune system  

a) Bacterial spacer DNA synthesizes crispr RNA 

b) Cas genes produces cas9 and trace RNA  

c) Trace RNA and crispr RNA together forms the 

guide RNA  

d) Guide RNA searches for the similar sequence to 

that in phage DNA 

e) If the complementary sequence is found then guide RNA binds to phage DNA  

f) After binding cas9 nuclease cuts the viral DNA to protect bacterial cell 

 

CRISPR system and its components 
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How CRISPR used in inducing mutations 

 Choosing the target site in DNA  

 Synthesizing guide RNA complementary to target DNA 

 Insert gRNA - suitable vector  

 gRNA looks for the specific sequence in Target DNA 

 Cutting of Target DNA by Cas9 

 Ligation of cut DNA by DNA ligase – mutation 

 Transformation of mutated DNA into ultracompetent E. coli cells  

 Screening of mutants by sequencing  

Methodology: 

  

  

 

9. Targeting induced local lesions in genome - TILLING 

TILLING is a reverse genetic approach which combines high density point mutations and 

conventional chemical mutagens. 

Procedure: 

1.  Creation of mutated populations 

 Chemical mutagenesis of plant seeds 

 Development of M1 and M2 generations  
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 DNA extraction from individual M2 plants 

 Creation of DNA pools of 5–9 M2 plants 

 Setting up an M3 seed bank  

2.  Detection of mutations in a targeted DNA sequence  

 Polymerase chain reaction (PCR) amplification of the targeted DNA segment using 

pooled DNA as a template 

 Detection of mutations using different procedures, e.g. cleavage by specific 

endonuclease, denaturing high-performance liquid chromatography (DHPLC) or high-

throughput sequencing (Kurowska et al., 2011) 

 Identification of the individual M2 plant bearing the mutations 

 Sequencing the target DNA segment to confirm the mutation and to ascertain the type of 

nucleotide change  

3. Analysis of the mutant phenotype  

A mutated population becomes a TILLING platform when the DNA samples and seeds 

collected from a large M2 population are archived and put into databases. Usually, platforms of 

3,000–5,000 M2 individuals are created, although larger populations that include 10,000 plants 

have also been reported. Almost all TILLING populations were developed using chemical 

mutagens, among them, the alkylating agent (EMS) was most often applied. The great mutagenic 

potential of chemical agents has been proven by the high density of mutations reported for 

established TILLING populations (Kurowska et al., 2011). 
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10. Insertional mutagenesis  

Insertional mutagenesis is an important genetic tool for gene mutations using T-DNA, 

activator/dissociation (Ac/Ds) insertions, and transposons (Ram et al.,2019). Insertional 

mutagenesis has been broadly employed to create mutant libraries.  

There are mainly two approaches for inducing mutations using insertional mutagenesis: 

1) Transposons mediated insertional mutagenesis 

2) T DNA mediated insertional mutagenesis 

Transposons mediated insertional mutagenesis 

The transposable elements (Ac/Ds) were first discovered in maize by Barbara McClintock 

in 1948. These transposable elements are reengineered to use as mutagenic tools. Transposons 

mediated insertional mutagenesis consists of a) one element system and b) two element system. 

a) One element system: contains an autonomous transposon (Ac) that encodes its own 

transposase which is used as a mutagen. This system is rarely used in mutagenesis 

process. 

b) Two element system: contains Ac transposon which is immobilized and Ds element 

which moves from one place to another place in DNA with the help of transposase 

enzyme produced by Ac element, which can be used as mutagen. Two element system is 

predominantly used in inducing mutations. 

Example: 

 

Cross between plant containing Ac element with plant containing Ds element 

Methodology 

✓ Vector containing Ac element transferred to one parent using Agrobacterium. 

✓ Vector containing Ds element transferred to another parent using Agrobacterium. 
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✓ Two parents with Ac and Ds elements are crossed to get hybrid as shown in above 

diagram. 

✓ In the hybrid Ds element will express and disrupts genes using transposase enzyme 

produced by Ac element. 

✓ Mutations caused by Ds elements can be identified by loss of functions of genes. 

T DNA mediated insertional mutagenesis 

Agrobacterium-mediated delivery of transgenes has transformed T-DNA into versatile 

tool for genome-wide mutagenesis in plants. In T-DNA insertional mutagenesis approach, the T-

DNA is delivered into the plant cells by co-culturing the cells with Agrobacterium tumefaciens 

culture. These T- DNAs can be used as gene tags. 

Procedure  

➢ T – DNAs with known sequence are engineered and transformed to plant cells. 

➢ T- DNA regions in vectors can be modified with synthetic promoters in order to 

upregulate or downregulate gene activity. 

➢ Mutations can be identified by loss of functions and they can be used to identify gene 

location. 

Applications of In vitro mutagenesis in crop improvement 

✓ In vitro mutagenesis can be Used to generate mutations that may produce rationally 

designed protein that has improved or special properties (i.e., Protein engineering). 

✓ To know the gene function (as a tool in functional genomics) 

✓ To create novel variants 

✓ Breeding for resistance, biotic and abiotic stress, quality (oil, pigments, sugar etc.) 

✓ Gene regulation  

✓ Creation of high throughout put mutant libraries 
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List of site - directed mutagenesis work done in different crops using modern tools like ZFNs, 

TALENs and CRISPR technologies are presented below: 
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Anti-Nutritional factors reduction and Nutritional factors improvement in some crops 

using advanced tools. 

Decrease of cassava cyanide in cassava and gluten in wheat using CRISPR 
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Conclusion: 

The use of in vitro culture techniques in mutation breeding can be integrated in to plant 

improvement programs to derive advantages and increased efficiency in induction of genetic 

variation. In addition to their use in generating novel varieties for crops, the use of targeted 

mutations has valuable resource in understanding genetic, physiological and biochemical basis 

for trait improvement. Awareness about these advanced tools of mutagenesis will let researchers 

to carry out sustained research in crop improvement. 
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Abstract: 

The morpho-physiological adaption of the upper portion of ruminants' stomachs sets 

them apart from other animals. They are able to produce high-quality nutrients for themselves, 

such as microbial protein and volatile fatty acids, by converting roughages, poor-quality proteins, 

and even non-protein nitrogen (NPN), into this specialty. The N enters the rumen in modest 

amounts through the diet and saliva via the rumen lining, whether in the protein molecular or 

non-protein forms. Proteins of varying molecular weights and tertiary structures, peptides, amino 

acids, amides, ammonia salts, nitrates, nitrites, ammonia, and urea are among the nitrogenous 

complexes from the food. 

Keywords: Microbial protein, protein digestion, rumen metabolism, rumen degradable protein 

and nitrogenous compounds. 

Introduction: 

Nitrogen (N), which can be found in both real protein and non-protein, is considered 

dietary protein for ruminants. Within the rumento create microbial protein, ruminal bacteria use 

the actual protein's degradation into amino acids (AA) and ammonia. More than 80% of the 

rumen's microbial protein is digested in the small intestine, making up 50–80% of all the 

absorbable protein (Tas et al., 1981; Storm et al., 1983).  

Microbial protein synthesis: 

Many nutrients and metabolic processes are needed by the different types of bacteria, 

protozoa, and fungi that make up the ecosystem. (Bach et al., 2005). They all produce the ATP 

molecules necessary to maintain their homeostasis and ensure their growth by fermenting the 
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feed components (polysaccharides, carbohydrates and proteins).This process comprises the 

synthesis of monomers (such as the synthesis de novo of amino acids) and their polymerization 

(such as the elongation of the polypeptide chains) (Nolan and Dobos, 2005). 

According to Nolan and Dobos (2005), rumen bacteria can synthesize the 10 amino acids 

required by mammals for their tissues both from scratch and by meeting most of their other 

requirements (Ruiz and Ayala, 1987). Ammonia and simple carbonated skeletons created during 

feed decomposition are used to synthesize these amino acids. As a result, ruminants can survive 

and produce only moderate amounts of food when their primary source of nitrogen is NPN (urea 

and ammonia) (Virtanen, 1966). Ammonia is the central intermediary in Nitrogen degradation 

and assimilation in the rumen. According to the nitrogen source and the postprandial period, the 

levels of ammonia in the rumen range from 0 to 130 mg of N/100 Ml. According to Nolan and 

Dobos (2005), after the animals eat fresh pastures, the concentration of this compound may be 

greater than these numbers.When energy availability does not constrain the rumen ecology, the 

ideal concentration for microbial protein synthesis is between 5.6 and 10.0 mg of NH3/100 mL 

of rumen fluid (Van Soest, 1994). When sufficient energy quantities are available, the ability to 

use ammonia allows the rumen microorganisms to recycle vast volumes of urea from the 

animal's intermediate metabolism as a source of nitrogen for the production of microbial 

protein.Other nitrogenous compounds, such as purine metabolites and mucoproteins, may also be 

recycled through the rumen or saliva lining. This ruminant evolutionary adaptation effectively 

lowers the minimum N needed and lengthens the time that undernourished animals can survive 

(Nolan and Dobos, 2005). The excess ammonia is absorbed via the tract's lining when the 

ammonia level is high because of the proteins' significant breakdown. Later, it is turned into urea 

in the liver to reduce the circulation of this complex by the organism because it is toxic to the 

animal. The urea produced may be recycled to the rumen to be used by part of the microbes or it 

is excreted in the urine of the animal with the consequent N loss (Ørskov 1992; Bach et al., 

2005; Nolan and Dobos, 2005). 

The ruminants' response to the ineffective usage of the proteins in the rumen to avoid the 

toxicity of the ammonia molecules and use the N released thereafter led to this mechanism, 

which is known as the urea cycle. Therefore, its integration into the microbial protein is made 

possible by the rumen's energy availability. Energy is needed for the liver's creation of the urea 

molecules., thus, It is a costly procedure that has an adverse effect on animal productivity since 

some of the energy used for maintenance, beef production, or milk production must be diverted 

to address the problem caused by an exBy increasing the particle size of the fibrous fraction in 

diets with large amounts of energetic concentrates of ammonia in the blood. Additionally, the 

rumen bacteria may directly absorb peptides and amino acids from the food (Wallace et al., 
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1999). The rumen's decreased free amino acid concentration shows that they are quickly used 

readily, although the rise in the first hours after the feeding suggests that the proteolysis occursat 

a higher rate than the use of amino acids. Around 30 % of the N from the diet degraded in the 

rumen is incorporated into the microbial protein in the form of peptides and amino acids (Ruiz 

and Ayala, 1987).  

 

Figure 1: Digestion and metabolism of nitrogenous compounds in the rumen 

(McDonald et al., 2011) 

Factors affecting the production of microbial protein in the rumen: 

1. Carbohydrates 

Carbohydrates are important for carbon Skelton in microbial protein synthesis. Among 

the elements influencing microbial protein production in the diet are the sources of carbohydrates 

and proteins, the levels of voluntary consumption, the frequency of feedings and the ratio of 

fodder to concentrate (Febel and Fekete, 1996). Also, there is the synchronization of the rumen 

functions, the fodder quality (Dewhurst et al., 2000), the rumen recycling of the microbes 

(Ørskov, 1992) and the antinutritional factors of the plants (McSweeney et al., 2001 and Min et 



Bhumi Publishing, India 

22 
 
 

al., 2003). The energy released in the rumen during the fermentation of carbohydrates to organic 

acids is the most significant factor restricting microbial protein synthesis in the rumen (Febel and 

Fekete, 1996).  

The sources of carbohydrates are classified into two groups: those rich in non-structural 

carbohydrates (sugars, starches), and those rich in structural carbohydrates (pectins, cellulose, 

hemicellulose) (Patton, 1994). The characteristics of the source of carbohydrates affect the rate 

of microbial synthesis. The lower rates of microbial growth are produced when using cellulose as 

the only energy source, but the degradation of the structural carbohydrates depends also on the 

amounts of lignin in the feed (Hespell, 1988). By consuming moderate amounts of easily 

fermentable carbohydrates, the production of a microbial protein can occasionally be boosted 

(Dewhurst et al., 2000) because there is an increase in the availability of substrates and the 

growth rate of the bacteria associated with the liquid phase of the digestion.  

2. Particle size 

By making the fibrous fraction's particle size larger in meals high in energy concentrates, 

the rumen conditions are improved by enhancing the rumination and salivation processes, which 

results in a rise in the efficiency of microbial production. Likewise, there is an increment in the 

enhancement of organic matter digestibility (Yang et al., 2002; Yang and Beauchemin, 2005). 

3. Starch in diet 

The ruminant microorganisms may be impacted by starch in ruminants' diets in a number 

of ways, and it might be difficult to predict what will happen in the end. Starches may have a 

detrimental effect on the microbial production in the rumen because of their fermentation, which 

changes the pH of the rumen, causes fiber breakdown, boosts energy losses in the 

microorganisms, and reduces the synthesis of amino acids from scratch (Russell and Wallace, 

1997). Not all energy sources have the same effect on microbial protein synthesis. The soluble 

sugars (saccharose, lactose, and fructose) have been shown to stimulate microbial protein 

production in the rumen even more than when supplementations of cereals high in starch are 

used (Chamberlain et al., 1993). Cone et al. (1989) proved that the starches of oat and barley are 

degraded from 2 to 2.8 times faster than those of corn; thus, the energy available for the 

microbial synthesis and the negative effect of these sources on the rumen conditions of 

fermentation varied considerably between one source and the other. 

4. Nitrogen Sulphur Ratio 

The average estimate for the sulfur to the nitrogen content of microbial protein is 0.07, 

according to the estimates. The UK Agricultural Research Council has recommended that the 

requirement for rumen-degradable sulfurshould be calculated by multiplying the rumen-

degradable nitrogen requirement by 0.07 (i.e., equivalent to an N: S ratio of 14:1). 
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The fate of microbial protein 

The main proteolytic organisms are Prevotellaruminicola, Peptostreptococci species and 

the protozoa. The ammonia produced, together with some small peptides and free amino acids, is 

utilized by the rumen organisms to synthesize microbial proteins. Some of the microbial protein 

is broken down in the rumen and its nitrogen is recycled (i.e., taken up by microorganisms). 

When the organisms are carried through to the abomasum and small intestine, their cell proteins 

are digested and absorbed. An important feature of the formation of microbial protein is that 

bacteria are capable of synthesizing indispensable as well as dispensable amino acids, thus 

rendering their host independent of the dietary supplies of the former. The amount of dietary 

protein that is converted to ammonia in the rumen, as well as the opposite-the amount of dietary 

protein that avoids rumen conversion and is subsequently digested in the small intestine. The 

amount of dietary protein that is converted to ammonia in the rumen, as well as the opposite-the 

amount of dietary protein that avoids rumen conversion and is subsequently digested in the small 

intestine. At this point, it is sufficient to emphasize that with most diets, the greater part (and 

sometimes all) of the protein, reaching the ruminant’s small intestine will be a microbial protein 

of reasonably constant composition. The lesser part will be ungraded food protein, which will 

vary in amino acid composition according to the nature of the diet. The amount of nitrogen 

returned to the rumen as urea from the blood may be more than that absorbed from the rumen as 

ammonia if the diet is inadequately protein-rich and the rumen liquor's ammonia concentration is 

low.The amount of protein reaching the intestines may be higher than that in the diet due to the 

conversion of this net gain in "recycled" nitrogen to microbial protein. In this way, the ruminant 

is able to conserve nitrogen by returning to the rumen area that would otherwise be excreted in 

the urine.  

Although digestion is primarily the breakdown of complex molecules into simpler 

substances, a key feature of the digestive processes in ruminants is the production of microbial 

cells and hence the synthesis of microbial protein. If this synthesis is for any reason inefficient, 

food protein will be wasted and the host animal will subsequently be presented with a mixture of 

digestible nutrients that is unbalanced with respect to protein. In practice, the rumen 

microorganisms synthesize protein in proportion to the quantities of nutrients that they ferment. 

With most feeds, each kilogram of organic matter digested in the rumen yields approximately 

200 g of microbial protein.  

Some rapidly fermented foods, such as immature forages rich in soluble carbohydrates, 

yield more microbial protein (up to 260 g/kg organic matter digested). Conversely, foods that 
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contain relatively high proportions of digestible nutrients that are not fermented in the rumen 

give a lower yield of microbial protein (about 130 g/kg organic matter digested).  

 

Figure 2: Schematic picture of rumen metabolism of rumen degradable crude protein 

(RDP) (Jardstedt, 2019) 

 

Figure 3: A schematic representation of dietary crude protein metabolism in ruminants 

(Karlsson, 2010) 



Agriculture Science: Research and Review Volume XI 

    (ISBN: 978-93-91768-96-6) 

 
25 

 
 

Utilization of non-protein nitrogen compounds by the ruminant Dietary protein is not the 

only contributor to the ammonia pool in the rumen. As much as 30 percent of the nitrogen in 

ruminant foods may be in the form of simple organic compounds such as amino acids, amides 

and amines or of inorganic compounds such as nitrates. Most of these are readily degraded in the 

rumen, their nitrogen entering the ammonia pool.In practice, it is possible to capitalize on the 

ability of rumen microorganisms to convert non-protein nitrogenous compounds to protein, by 

adding such compounds to the diet. The substance most commonly employed is urea, but various 

derivatives of urea, and even ammonium salts, may also be used. The rumen ammonia content is 

therefore likely to significantly increase as urea enters the rumen and is quickly hydrolyzed to 

ammonia by bacterial urease. 

For this ammonia to be efficiently incorporatedinto microbial protein, two conditions 

must be met. First, the initial ammonia concentration must be below the optimum; second, the 

microorganisms must have a readily available source of energy for protein synthesis. Feeding 

practices intended to meet these conditions include mixing urea with other foods (to prolong the 

period over which it is ingested and deaminated). Such foods should be low in rumen-degradable 

protein and high in readily fermentable carbohydrates. It is important to avoid accidental 

overconsumption of urea since the subsequent rapid absorption of ammonia from the rumen can 

overtax the ability of the liver to reconvert it to urea, hence causing the ammonia concentration 

of peripheral blood to reach toxic levels. Animal feed containing urea derivatives has been 

utilized in an effort to delay the discharge of ammonia.Although biuret is less quickly digested 

than urea, it takes rumen microbes several weeks to get used to itBiuret, isobutylidenediurea 

(IBDU), and urea-starch combinations, however, have not consistently outperformed urea on its 

own.Uric acid is another nitrogenous non-protein substance that the ruminant and rumen bacteria 

may both use. This is highly concentrated in poultry excrement. This is present in high 

concentrations in poultry excreta, and these are sometimes dried for inclusion in diets for 

ruminants, although in some countries the use of excreta as food is restricted or prohibited.  

Importance of the microbial protein on ruminant nutrition: 

In dairy cows, rumen microbial protein provides all of the AAs needed for milk protein 

synthesis (Virtanen, 1966). Increasing the microbial protein production in the rumen is crucial 

for the improvement of animal performance because of the high digestibility and favorable AA 

composition of microbial protein. Moreover, increasing the microbial protein yield is the most 

effective strategy to reduce the protein feed waste in livestock, since the dietary protein that 

exceeds the requirement of ruminal microorganisms is degraded to ammonia in the rumen, 

metabolized to urea in the liver, and lost in the urine. 
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The amino acids produced by rumen microbes are available for the host animal in the 

small intestine when the microbial protein flows with the digested material toward the lower 

parts of the gastrointestinal tract (Nolan and Dobos, 2005).  

The metabolizable protein of the rumen microbes has a stable composition, similar to the 

non-degradable protein of the pastures and a variable amino acid profile, but generally adequate 

(Storm and Ørskov, 1983). The net digestibility of the amino acids in the small intestine is 

around 85 %, with the exception of diaminopimelic acid, which has a very low digestibility. The 

animal in around 80 % of (Storm et al., 1983) uses the absorbed microbial amino acids.  

The rumen microorganisms appear to provide a source of protein for upkeep, gradual 

development, and early pregnancy, but not for fast growth, the final pregnancy of the start of 

lactation (Ruiz and Ayala, 1987).However, Stern et al. (1994) reported the importance of 

maximizing the efficiency of microbial synthesis to support high levels of milk production. In 

tropical productive systems, where roughages are the basis of the diet, microbial protein may 

supply 100 % of the protein available for the ruminant (Ørskov, 1992). The knowledge on the 

amount of microbial protein synthesized in these systems will permit to make a more efficient 

use of the pastures and forages as basic feed for the ruminants in this region, as well as of the 

supplements (foliage from shrubs and trees, harvest wastes, multi-nutrient blocks, and 

concentrates, etc). Thus, it has a favorable impact on the cattle industry's economic and 

environmental competitiveness (Posada et al., 2005). 

Conclusion:  

The rumen microbes are able of incorporating their amino acids and peptides into the diet 

and of using ammonia to synthesize de novo their amino acids such as the ten amino acids 

essential for the tissues of the mammals. , The synthesis of microbial protein depends upon 

different factors such as the sources of carbohydrates and proteins, the degree of voluntary 

ingestion and the coordination of rumen activities and the antinutrients of the plants consumed. 

The microbial protein has a relevant role in ruminants fed diets with high-fiber content and low 

level of N. It is sometimes the only protein source for the animal.  
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Abstract: 

The idea of sustainable agriculture has sparked interest in indigenous technical 

knowledge (ITK) in the context of Indian agriculture. These ITKs were produced and are being 

enhanced through informal experimentation. ITKs are therefore built on experiences, have 

typically been tested over millennia, and have the finest flexibility to the surrounding ecology. 

These are integrated into and dynamically contribute to the people's cultural life. They are also 

sustainable, eco-friendly, and holistic. ITK is the knowledge that people of a particular 

community have accumulated over time and are still developing. It is built on experiences, 

frequently put to the trial over an extended period of time, adapted to local environment and 

culture, dynamic and changing, and focuses on reducing risks instead of increasing profits. The 

ITK covers a wide range of topics, including fishery and fish preservation, ethical foods, 

homestead management, soil, water, and farming implements, as well as post-harvest 

preservation and management, agro-forestry, biodiversity conservation, as well as exploitation. 

Introduction: 

For more than 5,000 years, India has been fostering a traditional civilization. India's 

historical documents, sages' teachings, and countless proverbs and sayings provide a rich source 

of concepts, ideas, and practises that are intended to address the framework for establishing 

harmonic relationships between people, animals, as well as the natural world. The majority of the 

literature relies on indigenous technical knowledge (ITK) practices, which have grown and been 

standardised over many decades of training and experimentation. The introduction of the 

paradigm of sustainable farming in the Indian agricultural context in the late 1980s has sparked 

interest in ITK, which includes the use of natural ingredients to address issues associated to 

agriculture and related activities. Indian farmers have developed the skills necessary to raise food 

and thrive in challenging locations over the course of generations, where ITK's great tradition is 

intertwined into the farming techniques they deploy. If this rich legacy of ITK is kept inside, it 
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would be nearly hard to enhance the standard of living for Indians who, for the most part, rely on 

agricultural production methods. 

Indigenous technical knowledge is a word used to describe special, conventional, local 

knowledge that exists within and has been created around certain situations affecting women and 

men who are indigenous to a specific geographic region (Gremier, 1998). ITK is therefore the 

knowledge and expertise that has been transferred from one generation to the next within a 

community or group. All of the definitions have significant similarities and are not 

fundamentally incompatible with one another. According to Warren (1991) and Flavier (1995), 

indigenous knowledge (IK) is local knowledge that is specific to a particular culture or 

civilization. IK is in opposition to the global knowledge system produced by academic 

institutions, research organisations, and for businesses. It serves as the foundation for local 

decision-making in rural communities' agriculture, health care, food preparation, education, and 

a variety of other activities (Warren, 1991). Indigenous Knowledge serves as a society's 

information hub and aids in decision-making and communication. Indigenous information 

systems are dynamic and constantly transformed by both internal experimentation and 

innovation as well as interactions with outside system. (Flavier et al., 1995). 

The terminology "Indigenous Technical Knowledge" is frequently disguised with the 

idea that it connected to upcoming events and the innovations developed by farmers to address 

certain issues. Concepts that are interrelated include: 

• Indigenous knowledge (IK): The individuals' understanding on both of their social and 

temporal space is known as IK. It is a term that encompasses knowledge from any identifiable 

community, not just that of indigenous peoples. 

• The Indigenous Knowledge System (IKS): It describes a conceptual framework for ideas and 

perceptions of nature and culture. The environmental, ecological, sociological, economical, 

and ideological surroundings are thus included, together with their definitions, 

categorizations, and concepts. The cognitive and the empirical levels both have a role in IKS 

dynamics. IKS are evident in organizations, artefacts, and technology on an empirical level. 

• Indigenous Technical Knowledge (ITK): It is particularly focused on the practical use of local 

people's ideas in various agricultural and related operations. 

• Belief: Changes in animal, insect, and plant behaviours that predict upcoming events without 

a scientific basis yet could still occur. 

• Innovation: It is the invention of procedures outside the scope of ITK that are grounded in 

science and make use of resources already in the area to address particular issues. 

Main features: 

 The World Bank (1998) outlined the key features of ITK, which are- 
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1. It is local. It has its roots in a specific community and is embedded in larger cultural 

traditions; it represents a collection of experiences created by residents of certain 

communities. It could be difficult to distinguish between the technical and non-technical, the 

rational and irrational. As a result, there is a chance that spreading indigenous knowledge 

could displace it. 

2. Tacit knowledge that is difficult to codify. 

3. Verbal, imitational, and demonstrative transmission, it might lose some of its qualities if it is 

codified. 

4. Information gained through experience instead of theoretically. Indigenous knowledge is 

continually reinforced by experience, trial and error, and the harsh laboratory of local 

communities' survival. 

5. Acquired by repetition, which serves as a major trait of traditions even though new 

information is introduced. Indigenous information is retained and reinforced with the help of 

repetition. Learning by repetitions, which is a distinguishing quality of tradition although 

when new information is introduced. 

6. Despite frequently being seen by outside observers as being rather static, it is always 

changing, being made as well as replicated, identified as well as erased.  

Importance of ITK: 

The accessibility of physical and financial capital is critical for sustainable growth in the 

expanding global knowledge economy, but so is a nation's capacity to create and mobilise 

knowledge capital (World Bank, 1998). Indigenous knowledge is the fundamental part of any 

nation's knowledge infrastructure. It includes all of the knowledge, expertise, and understanding 

that individuals have and use to sustain or advance their style of living. 

Indigenous people have contributed significantly to human knowledge, such as in the 

fields of medicine and veterinary science thanks to their profound perception of their 

surroundings. Indigenous knowledge is continuously generated, adjusted to contexts that are 

gradually changing, transmitted from generation to generation, and intricately entwined with 

cultural beliefs. Indigenous knowledge serves as the poor's main source of social wealth, their 

main resource to spend in the battle for survival, the production of food, the provision of shelter, 

or the acquisition of self-control. Due to the worlds drastically altering environmental 

circumstances and quickening financial, political, and cultural developments, many indigenous 

knowledge systems are currently in danger of extinction. Methodologies disappear since they can 

no longer be applied to new problems or as they adjust too rapidly. Nevertheless, many traditions 

only cease to exist as a result of the introduction of foreign technologies or development 

paradigms that offer quick wins or fixes to issues but are unable to sustain them. The tragedy of 
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indigenous knowledge's approaching extinction is most apparent to those who have cultivated it 

and gain from that as well. But when skills, technology, artefacts, problem-solving techniques, 

and expertise are lost, the implications might also be disastrous for others. 

 The rural poor incorporate indigenous knowledge into their daily lives; their ability to 

survive depends almost exclusively on a limited range of abilities and expertise. Indigenous 

knowledge is therefore especially important for the following segments and tactics in the 

developing procedure:  

✓ Crop husbandry  

✓ Animal husbandry and diverse veterinary practises 

✓ Utilization and regulation of abundant natural resources  

✓ Primary health care (PHC), preventive medicine and psychosocial care  

✓ Borrowing and savings 

✓ Community development  

✓ Eradication of poverty 

The development methodology still does not completely integrate indigenous 

knowledge. According to conventional perception, technological transfers from places that are 

seen as being more sophisticated are always essential for development processes. This has 

frequently resulted in disregarding the possibilities of local traditions and expertise. 

Sources of indigenous knowledge 

1. The best sources of ITK are farmers and community people, especially the elderly. 

Moreover, as ITK is not fairly dispersed among communities, it is crucial to identify the 

correct people to access the relevant sources so that data can accurately reflect ITK in the 

location. For instance, might infer that locals have little knowledge of gardening. 

2. Folklore, song, poetry, and theatre can all reveal a lot about a culture's values, traditions, and 

histories. These should be noted down because they are commonly passed orally through 

generations. 

3. Even though words of mouth are the primary method of transmission, there are still certain 

traditional systems of community keeping. These are available in a variety of forms, such as 

handwritings, sculptures, drawings, and others. 

4. ITK can be found through individuals dealing with communities, such as extensionists. 

Additional resources include the principal of the nearby school, representatives of the credit 

cooperative society, participants in the village milk cooperative, male and female labourers, 

and the gram Panchayat Sarpanch. 

5. Databases, movies, images, museums, exhibits, and published and unpublished documents 

are the examples of secondary sources.  
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Role of ITK in Indian agriculture: 

1 ITK in rain water management: 

1.1 Traditional tillage techniques for preserving in-situ moisture 

The key techniques for in-situ moisture conservation employed by farmers prior to 

planting kharif season crops are: (i) effective early shower capture, deep tillage deep ploughing 

is used in the summer on Maharashtra's dark soils; (ii) shallow tillage with a blade harrow during 

the pre-monsoon period in red soils of Andhra Pradesh for fracturing uneven terrain and 

capturing subsequent rainfall (iii) fallowing for short-period in Anantapur and Bangalore during 

the early rainy season to preserve the early rains; (iv) furrowing during castor and sorghum 

seeding operations on Ranga Reddy's red soils in Andhra Pradesh; (vi) cross-plowing in standing 

castor crops; (vii) frequent shallow interculture operations for groundnut (Arachis hypogaea) in 

Anantapur and for castor and (vi) tie ridging as a component of a maize and pigeonpea (Subba 

Reddy and Singh, 2001). 

1.2 Using rolu method for check the amount of rain-water: 

Rolu method (7.4 inches depth, 9 inches diameter hole on a 3 feet x3 feet x1.5 feet 

granite stone block) is helpful in determining the amount of rainfall required for sowing. When 

the rolu is filled with rainwater, seeds are sowed in the field. This technique assists farmers for 

predicting the amount of rainfall required for seeding. In alfisols, this approach is used to 

cultivate dryland crops such as sorghum, castor, and others. 

1.3 Approach to managing rainwater in a hilly region with an apple orchard: 

Many settlements in the Himalayan region collect rainwater by building little "ponds" 

that can contain water. There are between 30 and 40 of these ponds, depending on the valleys 

and the communities. Each pond is 9 metres long, 9 metres broad, and 0.9 metres deep. The 

water is used for irrigation as well as animal drinking water. 

1.4 Summer tillage to preserve moisture 

Farmers plough during the off season from February to March (before the onset of the 

monsoon) with baliram ploughs up to 20 to 30 cm deep and 20 to 30 cm wide. This method aids 

in the conservation of soil moisture, the reduction of soil loss, and the reduction of pest and weed 

populations (Anonymous, 2000b). 

1.5 Using Ad-Bandh to collect rainwater 

This is a rainwater gathering technique used in Gujarat's arable black soils. The runoff 

water flows as a sheet over slopes ranging from 1.0 to 2.0%. It is gathered in the lower reaches 

using a bund with a spill channel. The depth of flooding varies from a few centimetres to 1.0 to 

2.0 m. Cropping is introduced as the water recedes. Sorghum, pearl millet, short pulses, cotton, 
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sunflower, mustard, chickpea, and wheat are the first crops that are often planted during a 

recession (Singh and Khan, 1999). 

1.6 Using groundnut shell to keep moisture  

Remaining groundnut shells are equally disseminated and absorbed into the soil at a rate 

of 2 to 3 tonnes per hectare while preparing it for crops. This strategy is mainly used by large 

farmers. Depending on the availability of shell, a section of the land surface is covered in the 

first year, and the remainder in the years that follow. Orchards also employ this technique to 

minimize evaporation losses (Anonymous, 1999a). 

1.7 Intercropping groundnut and maize to save rainwater 

Farmers frequently sow two rows of maize following four rows of groundnuts. Following 

the harvest of the maize, furrows are dug to collect rainwater. It is scattered among the four 

groundnut lines immediately adjacent. Farmers thought that using this method would also make 

collecting groundnuts simpler (Lakshmana, 2000). 

2. ITK in soil fertility management 

2.1 Clay and silt are used to enhance the texture and structure of the soil 

To change the soil's texture and structure, inorganic materials like clay, silt, and soils are 

utilised (Karthikeyan and Chandra Kandan, 1996). 

2.2 Improving soil fertility with animal bones 

In the valley region of the plants, there are animal bones buried. The addition of 

phosphorus from the animal bones increases soil fertility (Verma, 1998). 

2.3 Goat dung is used to increase millet yield 

Both the productivity and quality of millet are enhanced by goat dung. In addition to 

increasing soil fertility, the addition of goat dung also improves the physical characteristics of 

the soil, such as its structure and water-holding ability (Verma, 1998). 

2.4 Farmyard manure gathering and use 

The main reason farmers in this area keep animals is to supply manure. It is gathered 

either inside or outside the house from cow shelters. In lower places, the dung is placed outside 

the home in a heap, whereas in higher areas, it is placed directly in dumps in the fields and 

covered with a thin layer of earth to prevent wind from dispersing it. Manure and compost are 

carried to the fields in a bamboo container by both people and animals. Farmers in the area use 

between 125 and 250 q/acre of manure on average. Goat and sheep manure are not as popular for 

farmyard use as cow dung because they contain toxic amounts of N (3%), P (1%) and K (2%) 

that cause crops to burn when applied in big quantities (Verma, 1998). 

2.5 Vermicompost preparation 

 Many communities in Karnataka practise the creation of vermicompost. A 

straightforward method of creating vermicompost entails building a mud tank and allowing farm 
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waste to decay and be consumed by earthworms. Cow dung is used by farmers to combat the red 

ant infestation. The floor and walls of the tank are coated with cow manure that has been blended 

with turmeric and neem cake. Neem cake is not necessary for the effectiveness of this strategy to 

prevent ant attacks; any other bitter substance will work just as well (Dasanakoppa, 1999). 

2.6 Use of pongamia as green manure 

The leaves of the pongamia tree, which grows along rivers, on highways, and in forests, 

are collected by farmers in Karnataka. Before replanting, these leaf materials are added to the 

wet paddy fields. During the puddling process, the leaves are thoroughly combined and 

decompose in two to three days (Lakshmana, 2000). 

2.7 Utilization of weeds as green manure 

Farmers let a weed called "kherbi" to thrive in their fields because they believe it will 

help the main crop. This weed was formerly buried in the soil to serve as manure for the main 

crop. Eventually, several farmers realised that it draws moisture from the base layer of soil to 

maintain moisture in the top soil layers (Jivanbhai, 1993). 

3. ITK in pest & disease management 

3.1 Termite control using Calotropis extract 

The plant material for akada (Calotropis giguntia) is steeped in water for at least 24 hours 

before being filtered. Termite-infested soil is treated with this liquid. By putting pieces of wood 

in various locations throughout the field, effectiveness is assessed. It works if wood is protected 

from termite infestation for a week. 25 to 35 percent of the farmers in the area utilise it 

(Balusinh, 1992). 

3.2 Marigold intercropping to reduce nematodes in turmeric 

Nematode pests decrease when marigold (Tagetes erecta) is cultivated with turmeric 

(Curcuma longa) as a companion crop (Vivekanandan, 1999). 

3.3 Control of rats by smoking dried peppers 

Rats are suffocated to death and killed when rat burrows are smoked with rice husk and 

dry chilies. This approach is economical (Anonymous, 1999b). 

3.4 Utilizing Kochilla seed extract to prevent fruit borers in tomato, brinjal, and okra 

Traditional methods are used to create indigenous pesticides from Kochilla seed extracts. 

When tomato pieces treated with an indigenous insecticide for 60 minutes or more were given to 

borers, the tomato fruit-borer (Helicoverpa armigera) could be managed within 48 hours (Mishra 

et al., 2002). 

3.5 Eradication of kharia disease of paddy 

Pigs are forced to traverse fields in order to control kharia disease. On a specific day, early in the 

morning, sada bahar plants are planted in the fields. On the field, salt is occasionally sprinkled. 

These techniques' effectiveness is still up in the air (Maurya, 1993). 
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3.6 Spraying neem oil to reduce early stem-borers in rice 

Spray three times with neem oil at 0.2% after the bug first appears, or one month after 

transplanting. Azadirachtin and meliatriol are two of the active components (limonoids) that are 

known to have pest-repelling properties. (Das et al., 1999) 

3.7 Use of karala bark extract for blast reduction in paddy 

To prevent blast disease, 2 to 3 kg of karala bark are pulverised in water and sprayed into 

paddy fields (Anonymous, 1999b). 

4. ITK in horticultural crops 

4.1 Techniques for improving fruit and vegetable productivity 

Some of the practises include: (a) placing opium at the basal node to reduce fruit drop in 

cucurbits; (b) putting a peg at the base of the cucurbit plant to increase yield; (c) transplanting 

cucurbits after sowing seeds on polythene seeds; (d) collecting the seeds from the middle of ripe 

papaya along; (e) cutting of the growing portion of the cucurbitaceous stem after retaining the 

first fruit to increase yield (Dash et al., 2002). 

4.2 Control of fruit drop in mango 

The method of dripping mustard oil into a small depression on top of the thickest mango 

branch stops the development of abscisic layers, which in turn inhibits fruit drop (Anonymous, 

1999b). 

4.3 Using neem kernel extract to increase brinjal yields 

Before planting, seedlings are given an overnight soak in neem kernel extract to enhance 

brinjal yields. Additionally, farmers spread neem kernel powder in paddy as a preventative 

measure and once more 35 days after planting. Additionally, the powder is utilised as a top 

dressing for tomato and brinjal (@ 40 kg/acre). These formulations outperform similar neem 

cake treatments (Thevar, 1994). 

4.4 Utilising cow dung to protect grapes from stem girdler 

Applying fresh cow manure to the affected areas will help minimise stem girdler damage 

in grapes. This stops additional damage (Selvamani, 1998). 

4.5 Application of ash increases the productivity of bulb crops including garlic, ginger, 

turmeric, and other ones 

Fuelwood ash comprises potassium (K), which increases the output of crops like garlic, 

ginger, turmeric, and other bulbous crops. Consequently, crops made from bulbs like turmeric. 

As a result, fuelwood ash is frequently used in hilly places, notably in kitchen gardens (Chander 

and Mukherjee, 1994). 

4.6 Control of falling of premature nuts of coconut 

To mitigate this problem, a 1-1.5-foot-deep trench is excavated 4 feet away from the tree. 

There are 5 kg of weight in the trench. Neem leaves and 25 kg of green leaf manure are covered 
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in soil. For three months, this has received consistent watering. As a result, the falling of 

sensitive and immature fruits stops, and the size of the nuts grows. applying lime on the trunk up 

to six feet from the base of the tree (Santheshivara, 2000). 

5. ITK in check soil and water erosion 

5.1 Practice of preventing gully erosion 

A three-tiered method is used to manage gully erosion, with the first check being a 

vegetative (Ipomea sp.) barrier across the gully. Bamboo structures and loose boulders are used 

to complete the second and third tiers (Verma, 1998). 

5.2 Tough soils can be softer using ash 

By adding ash made from cow dung, sheep or goat manure, fuelwood, etc., the top layers 

of hard soils are made softer. The soil's fertility level is also enhanced (Verma, 1998). 

5.3 Plant-based barriers to prevent sheet erosion 

Fibrous-rooted shrubs and grasses are planted as hedges to reduce runoff, lessen the force 

of water erosion, and induce its load of valuable soil to be deposited behind the hedge rows. As a 

result, sheet erosion is prevented where hedges have been planted at the right vertical intervals 

and the runoff runs gently down the slope. Spurs of loose stones reduce the stream flow's 

capacity to erode the foothills (Verma, 1998). 

6. ITK in crops and cropping systems 

6.1 Fallowing in the kharif season to ensure a Rabi crop 

Farmers leave their field fallow during the rainy season in areas with black soil and little 

rainfall since growing profitable crops there involves a significant degree of risk. In addition to 

preserving moisture for rabi crops, this approach helps to evenly distribute labour requirements, 

draught power, increase native fertility, and effectively manage weeds (Subba Reddy and Singh, 

2001). 

6.2 Assessment of a seed's viability 

Farmers place seeds inside cucumber leaf petioles and seal the cut end to test the 

germination of the crop. The seeds inside the petiole start to sprout approximately 36 to 48 hours 

(Anonymous, 2000a). 

6.3 Soaking the paddy to separate the chaff from the seed 

Paddy seeds get soaked when the chaff floats on the water's surface. The seeds are 

removed from the water, placed in a gunny bag, and the mouth of the bag is covered with paddy 

straw to allow for unrestricted airflow inside. This is held overnight to be disseminated the 

following morning in the nursery fields (Karthikeyan and Chandra Kandan, 1996). 
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6.4 Protection of plants and improved wheat germination with hot water 

Hot water is kept in a broad container with an open neck that is intended to be left 

unattended. Before planting, the seeds are soaked for a bit in the morning. This ensures that the 

seeds sprout quickly and protects the crop from pest damage (Anonymous, 1991). 

6.5 Cultural standards for reducing risk 

Farmers in southern Telangana, conduct delayed sowing of castor in Arudra Karthi and 

sow sorghum at the start of the monsoon season (first fortnight of July). These procedures aid in 

reducing the likelihood of ear head and shot bugs in sorghum. When farmers plant their crops 

towards the beginning of the monsoon, they enjoy robust crop growth and good sorghum yields. 

In Arudra Karthi, farmers choose to plant castor to lessen the prevalence of red-haired 

caterpillars and semiloopers. Farmers in Andhra Pradesh and Maharashtra cultivate the same 

crop in confined blocks (Subba Reddy and Singh, 2001). 

6.6 Potato crop planting on wet area 

Potatoes planted during the kharif season along the slope yield more than those planted 

across the slope (Parasar, 1994). 

7. Role of ITK in tillage practices 

7.1 Groundnuts are ploughed in the summer 

Farmers promptly plough their groundnut fields after harvesting the monsoon crop and 

leave the furrows exposed until the start of the following monsoon season. They contend that the 

groundnuts planted in the same furrows the following season will benefit from the fine dirt and 

dust generated on the furrows by the wind over the summer (Lakshmana, 2000). 

7.2 Standing pearl millet is only shallowly ploughed 

Farmers in Rajasthan deep plough standing pearl millet 45 days after planting to get rid 

of surplus plants and enhance tillering. Similar practises are used in Tamil Nadu to grow finger 

millet in rain fed environments (Subba Reddy and Singh, 2001). 

7.3 Ploughing in standing corn to improve stand establishment 

In order to suppress weeds, the interspaced standing corn fields in the Mandi region of 

Himachal Pradesh are ploughed when they reach a height of 15 to 30 cm. By loosening the soil, 

ploughing increases the root system of the maize crop and improves aeration and water 

infiltration. Additionally, it aids in reducing densely cultivated corn. In the course of this 

operation, the farmers also engage in gap filling. Local farmers refer to the entire procedure as 

"halod." (Verma, 1998). 

7.4. Mix sand and seeds for level plant supports 

Farmers in southern Andhra Pradesh typically combine sand with small seeded crops 

such as sesamum and tobacco (50:50) while sowing to achieve uniform plant stands in alluvial 

soils (Subba Reddy and Singh, 2001). 
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8. Crop wise ITK 

8.1 Rice: 

a) In several locations around the paddy fields, 'T'-shaped bamboo stakes are placed to 

allow birds to sit on them and feed on the adults and larvae of insect pests. 

b) To prevent insect infestation during preservation, mix the rice grains with the leaves of 

pongam (Pongamia pinnata), notchi (Vitex negundo), or neem (Azadirachta indica). 

c) Soaking rice grains in diluted bio gas slurry for 24 h boosts seedlings' tolerance to pests 

and diseases infestations. 

d) In order to facilitate panicle production in rice, Cycas circinalis flowers are put on sticks 

in rice fields at a rate of 4 kg per acre. Its offensive smell keeps ear head bugs away. 

e) One day after transplanting, 30 kg of tamarind seeds are spread across an acre of rice 

fields to increase crop growth and productivity. 

8.2 Maize:  

a) To improve sprouting and prevent shoot borer, maize seeds are immersed in warm water 

for 3-6 hours before being shade-dried. 

b) The metallic sound produced by chewing a piece of maize shows that they are at their 

ideal dryness. 

c) If maize cobs' sheaths are left on, they can be kept in storage for longer than three 

months. 

d) On stone slabs, dried corn stalks are piled up and covered with rice straw. This can be 

used as cow fodder and kept in storage for more than a year.  

8.3 Black gram: 

a) Castor oil is applied to the black gram to improve its storing power.  

b) In order to separate the grains from the harvested black gram pods stretched out in the 

thrashing yard, bullocks pulling a big stone roller are permitted to tramp over the crops. 

c) The splitting of the grain, when a wooden plank is moved while pressing on the drying 

grain, denotes optimum drying. 

d) Black gram seeds that have been split in half will avoid weevil infestation while being 

stored. 

8.4 Banana: 

a) Bunches of unripe bananas are placed inside a container, which also contains incense 

sticks. The bunches will ripen within just 12 hours if the vessel's cover is closed. 

b) To control leaf spot diseases, diluted tobacco leaf extract is sprinkled on banana crops. 

c) To cultivate bananas, suckers that are a half-foot long and 2½ kg in weight are utilized. 
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d) In order to avoid rhizome rot, banana suckers are temporarily submerged in 1 litre of 

neem oil diluted in 100 liters of water before being planted. 

e) To prevent fruit rot in bananas during preservation, fruit stalks are immersed in 10% tulsi 

(Ocimum canum) leaf extract or 1% neem oil solution and kept in a cool, dry place. 

f) Growing bananas after marigold production results in less nematode attacks. 

8.5 Mango: 

a) In order to boost fruit yield and pollination, sunflower is grown between mango trees. 

b) Using a mixture of turmeric powder (250g) and mustard oil (1kg) improves flowering. 

c) Neem oil is applied on the hoppers to suppress them. 

d) To encourage early ripening of mango fruits, they are laid on a layer of "Aavaram" 

(Cassia auriculata) plant branches on the floor and then covered with its branches. 

8.6 Tomato: 

a) To prevent pests and disease and to lessen flower shedding, a mixture of Aloe Vera, 

Ocimum tenuiflorum, and Aristolochia bracteolate is made and sprayed over tomato 

crops. 

b) To prevent damping off in nurseries, 20 ml of Bougainvillea glabra leaf extract is 

combined with 1 lit of water, and tomato seeds are immersed for six hours.  

c) Spraying water with Chula ash and cow dung to lessen flower shedding of tomato. 

d) Planting border crops like garlic or onions alongside tomato fields to protect them from 

fruit borer attacks. 

e) To combat fruit borer, approximately 1 ½ kg of asafoetida per acre is knotted in a cloth 

and stored in the irrigation channel. 

8.7 Brinjal: 

a) To stop fruit on brinjal plants from spoiling, brinjal plants are sprayed with a mixture 

comprised of one liter of water and eight smashed Aloe Vera leaves. 

b) To combat fruit borers, Chrysanthemum coronaries are produced as a border crop in 

brinjal. 

c) Planting castor as a border crop in fields of brinjal to serve as an insect trap crop. 

d) To prevent aphids, ash and turmeric powder are combined in equal parts and sprayed. 

e) Dusting with lime powder to get rid of mealy bugs. 

f) Applying neem cake extracts on brinjal to get rid of the spotted beetle (Epilachna 

octopunctata) and mites. 

Conclusion: 

Indigenous Technical Knowledge (ITK) emphasises the efficient use of eco-friendly 

materials and is socially acceptable, economically accessible, sustainable, and minimal risk. The 

concept of local knowledge systems integrating traditional knowledge, culture, and artefacts with 
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contemporary knowledge, views, and instruments is not a new addition. Farmers have valid 

justifications for rejecting new technologies. They actually have a wealth of knowledge that 

enables them to handle their own difficulties without seeking assistance from technical 

consultants who are unfamiliar with the local environment. Indigenous knowledge is essential to 

detect location-specific remedies to difficulties relying on the farm family's land, its 

microclimate, accessibility to land, inputs, and labour at various periods of the year. A large 

portion of this knowledge is based on thorough inspections and experiences from the rural 

family, the parents, friends, and co-workers rather than on formal research. Since every 

technology offers benefits and drawbacks, it is essential to carefully evaluate the I.T.K 

technologies that are now available before advising farmers to adopt them. Both traditional 

knowledge and scientific knowledge support this. It can be required to improve or change 

contemporary technologies. 
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Introduction: 

The family Brassicaceae includes 338 genera, and 3709 species consists of crops, weeds, 

and decorative vegetation (Warwick et al., 2006; Love et al., 2005). In Brassicaceae family, 

remains an enormous diversity of economically important crops forms, the main source of edible 

and non-edible oil, vegetable, forage, and fodder, condiments. In the genus Brassica of family 

Brassicaceae, rapeseed-mustard crops play tremendous role in human and animal diet. Crushed 

to yield oil (vegetable oil for cooking) and residual protein-rich meal is commonly used for 

animal feed. Oilseed Brassica crops in India consist of conventionally grown native species, 

namely three ecotypes of Brassica (2n = 20; AA), i.e., Toria (Brassica rapa L. var. Toria), 

Brown Sarson (B. rapa L. var. Brown Sarson), Yellow Sarson (B. rapa L. var. Yellow Sarson), 

Indian mustard [B. juncea (L.) Czern & Coss. ]; 2n = 36; AABB), black mustard (B. nigra; 2n = 

16; BB) and Taramira (Eruca sativa/vesicaria; 2n = 22), which have been cultivated since about 

3, 500 BC besides non-traditional genus including Gobhi Sarson (B. napus; AACC) and 

Ethiopian mustard or Karan Rai (B. carinata; BBCC) (Kumar et al., 2015). Among these, Indian 

mustard (B. juncea) occupying nearly 80% acreage under Oilseed Brassica crops in India. 

Brassicas and other closely related crucifers are cultivated under extensive cropping system in 

the country and be principally grown as a winter (Rabi) season crop on preserved soil moisture 

from the preceding wet season with low input management. 

 Next to the US, China, and Brazil, India has the fourth-largest economy in the world. In 

2016–17, India accounted for 14% of the world's imports of vegetable oil and 10% of those of 

edible oils, with a total market value of roughly Rs 600 billion (US$ 13.4 billion). Oilseeds 

account for 13% of the gross cropped area, 3% of the nation's GDP, and 10% of the value of all 

agricultural products in the framework of the national agricultural system. Soybean, groundnut, 

and oilseed brassica were the principal oilseed crops in India, accounting for around 80% of the 

country's production. In India, rapeseed-mustard production alone accounted for 24.2% of all 

oilseed production, with an average productivity of 1181 kg/ha in 2016–17.  Brassica juncea, B. 
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rapa, B. napus, and B. carinata are commonly grown in different agro- climatic situations 

varying from north-eastern/north-western hills to down south under irrigated/rainfed, timely/late 

sown and sole/mixed cropping in India. Indian mustard (B. juncea) alone covered about 80% of 

the total area under rapeseed-mustard crops. 

 Inter-varietal hybridization in brassicas is required to expand the genetic basis of 

germplasm because the current productivity level is mostly reached through varieties created 

through pure line selection from local germplasm. In order to decrease the import of edible oil, 

the genotypes' shorter maturation times gave this crop more room to spread out in 

unconventional locations. Numerous biotic and abiotic stressors are mostly to blame for the large 

difference between the potential yield and the yield actually realized at the farmer's land. 

Therefore, instead of expanding the area, more effort should be put into increasing production 

both per unit of area and per unit of time. In light of the yield reservoir that can be exploited, 

production may be raised vertically. About 19.9% of the yield was reduced by biotic stressors, 

while disease-related yield drop was just at different growth stages. 

 Among 30 diseases recognized to distress rapeseed mustard crops, about 18 are studied as 

economically important in diverse condition all over the world (Saharan et al., 2016). 

Understanding the causal agents, their ecology, and their hostility toward the vulnerable stage is 

essential to recovering from such losses. The emergence of new infections is changing the 

disease scenario. Existing infections are negatively impacted by climate change in terms of their 

biology, behavior, and epidemiology, which distresses the production. 

 Diseases like black spot (Alternaria brassicae (Berk.) Sacc. and A. bras- sicicola 

(Schwein.) Wiltshire), white rust (WR) (Albugo candida (Pers. Ex Lev.) Kuntze), downy mildew 

(Hyaloperonospora brassicae (Gaum) Goker), powdery mildew (Erysiphe cruciferarum Opiz ex 

L. Junell), Sclerotinia rot (SR) (Sclerotinia sclerotiorum (Lib.) de Bary) and club root (Plasmodi- 

ophora brassicae Woronin) are of the major significance due to their world- wide dissemination 

and severe yield losses. 

 Recently, there are some other new pathogens has been reported respon- sible for minor 

disease so far namely stem blight (Nigrospora oryzae (Berk. & Broome) Petch), root rot 

(Sclerotium rolfsii Sacc.), bacterial stalk rot (Erwinia carotovora (Jones) Bergey) (Kolte, 1985; 

Meena et al., 2014 Saharan et al., 2016). 

 The plant diseases result in significant damage on both a material and financial level. The 

physical losses result from the reduction in output brought on by the occurrence of sickness. 

Reduced production and lower produce value as a result of decreased quality are both 

responsible for the financial loss. There are various methods for calculating the financial losses 

brought on by plant diseases. Making economically viable mitigation efforts, such as disease 
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management programmes over wide areas, requires a proper ranking of plant diseases according 

to the severity of the economic loss. Calculating the economic loss is not a goal in and of itself.  

It demonstrates how to prioritise addressing production restrictions brought on by diseases and 

indicates the potential rewards from putting mitigation techniques into action. Although the loss 

resulting from pests and certain other abiotic pressures is far less than the loss resulting from 

diseases, we still need to create appropriate mitigation techniques to stop the loss from diseases 

in rapeseed-mustard because it is a significant production restriction. 

Major foliar diseases of rapeseed- mustard diseases 

Fungal diseases 

Alternaria blight 

 Alternaria is a ubiquitous fungal genus which includes saprobic, endophytic, and 

pathogenic species. Species of Alternaria are recognized as dangerous plant diseases that cause 

severe output losses in a variety of crops. (Saharan et al., 2016). More than 4, 000 Alternaria-

host relationship as shown by the genus ranking of tenth among approximately 2000 fungal 

genera in the USDA Fungal Host Index. Due to the serious negative impacts on health that of 

Alternaria on plants and their surroundings, an accurate and speedy detection of Alternaria 

species may be of immense significance to scientists, mycologists, and the public alike 

(Woudenberg et al., 2013). The widespread and destructive diseases of Brassicaceae crops 

worldwide are those incited by four Alternaria species viz., A. brassicae (Berk.) Sacc. ; A. 

brassicicola (Schwein.) Wiltsh. ; A. raphani Groves and Skolko, and A. alternata (Fr.) Keissl. 

However, A. brassicae is the most frequent and virulent on rapeseed-mustard. 

Distribution and scope of damage 

 There are reports of the illness in every region where oilseed brassica crops are produced, 

and there are no known cultivars that are resistant to the pathogen (Meena et al., 2010). The 

range of yield losses reported for Indian mustard, Brown Sarson, and Yellow Sarson is 35–45%, 

25–45%, and 17–48%, respectively. In addition, the disease substantially impairs the seed's 

capacity to germinate, its size, colour, and oil content, which ranges from 1 to 10% in infected 

seeds (Saharan et al., 2016). 

Symptoms 

 After 45 days of sowing, which was determined to be the critical stage for disease 

initiation, the disease starts to appear on leaves. It progresses from lower leaves with pinhead-

sized light brown to black round spots, reaching its peak on leaves after 75 days of sowing 

(Meena et al., 2004). Later, these dots grow larger and transform into round, black spots. These 

lesions or patches develop the distinctive concentric rings. Around the spots, a zone of yellow 
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hallow might form. These spots on leaves coalesce to cause leaf blight and ultimately leads to 

defoliation. On the stem and dark brown, round to linear lesions also form. Later stages typically 

result in elongated, pointed lesions on the stem. A pod infection causes the development of tiny, 

discolored, and shrivelled seeds. 

Survival of pathogen 

 By growing mycelium, conidia, chlamydospores, and microsclerotia on sick plant detritus 

in soil or as mycelium and conidia on weed hosts, the pathogen survives. Few plants were 

originally infected by the leaves, which then served as sites for additional infections. The 

pathogen lives and reproduces in soil and associated crucifers and weed hosts in an appropriate 

agro-ecosystem through infected seeds, diseased plant waste, and pathogen spores. (Chupp and 

Sherf, 1960; Verma and Saharan, 1994; Meena et al., 2016). 

  

Figure 1: Disease cycle Figure 2: Conidia of Alternaria Brassicae 

 

Favorable weather conditions 

 A maximum daily temperature of 18–27°C, a minimum daily temperature of 8–12°C, a 

daily mean temperature of >10°C, a morning relative humidity (RH) of >92%, an afternoon 

relative humidity (RH) of >40%, and a mean RH of >70% in the previous week are all positively 

correlated with the severity of the Alternaria blight disease on leaves. A maximum daily 

temperature of 20–30°C, a daily mean temperature of >14°C, a morning RH of >90%, a daily 

mean RH of >70%, more than 9 hours of sunshine, and more than 10 hours of leaf wetness are 

all favorable conditions for disease severity (Chattopadhya et al., 2005). 

Management 

 Use of clean, wholesome, healthy, and treated seed of recommended varieties, extensive 

crop rotation (3–4 years), sanitation, weed control, shallow (2 cm depth) planting at optional 

times, balanced fertilization, proper plant density (45 x 30 cm), proper drainage in the field, 

management of plant debris, use of tolerant/resistant cultivars, application of 

chemicals/bioagents at the right time with adequate foliage coverage, and education of farmers 

about the importance of appropriate practices have been advocated to control Alternaria blight of 
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Brassica crops (Verma and Saharan, 1994; Kolte, 1985; Saharan and Chand, 1988; Peruch and 

Michereff, 2007; Saharan et al., 2016). 

Chemical management 

 Iprodione, procymidone, and fludioxonil have demonstrated resistance to isolates of A. 

brassicicola, which may compromise their efficacy in managing the disease in the field (Huang 

and Levy, 1995; Iacomi- Vasilescu et al., 2004). For the management of Alternaria blight, foliar 

applications of mancozeb @ 0.25% after 40 and 60 days sowing are found to be reasonably 

effective. If necessary, apply fungicides to the crop 2-3 times with a 15-day gap (Meena et al., 

2013). Incorporation of all plant disease management approaches viz., cultural, chemical, 

biological, nutritional manipulation, host resistance, biotechno- logical, and genetic engineering 

together with other pest management is the best strategy to deal with Alternaria blight disease of 

rapeseed-mustard (Verma and Saharan, 1994; Kolte, 2005; Saharan et al., 2016). 

White rust (WR) or White blister 

 WR, white blister or white blister rust (liberate white powder or form galls) and stag 

heads (abnormality of inflorescence) are the familiar names of the disease caused by Albugo spp. 

associated with more than 400 species of plants worldwide. The genus Albugo is a broadly 

scattered obligate fungus, having over 50 species infecting about 400 host plants belonging 31 

families of 12 orders in Dicotyledoneae, and 1 family in Monocotyledoneae crops and common 

weeds (Biga, 1955; Choi and Priest, 1995; Walker and Priest, 2007). Albugo candida (Pers. Ex 

Lev.) Kuntze is recognized which is infecting oilseed Brassicas and crucifer vegetables. 

Distribution and extent of damage 

 In all areas of the world where oilseed brassicas are cultivated, the WR disease is 

pervasive and destructive. WR's leaf and flower stages can reduce rapeseed-mustard yields by 

23-55%, depending on the host genotype, planting date, plant population, nutrition, and 

environmental factors (Saharan and Verma, 1992; Saharan et al., 2014). Despite each percentage 

of disease severity and stag head formation causing a drop in seed production of roughly 82 

kg/ha and 22 kg/ha, respectively, the disease is to blame for up to 47% of the reduction in seed 

output (Kolte, 1985; Meena et al., 2002). 

Symptoms 

 Typically, disease symptoms start out on the lower leaves of the infected plants and then 

gradually extend to the stem, inflowering, and siliqua. On the abaxial surface of the leaves, 

elevated pustules that range in colour from shiny white to creamy yellow appear, while the 

adaxial surface of the leaves turns tan yellow. The initial symptom, however, differs depending 

on the cultivar planted. Both leaf surfaces may contain white pustules in a favourable 
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environment. These pustules initially remain smooth but subsequently rupture to yield a white to 

creamy coloured mass of sporangia. These white pustules can appear on the stem, inflorescence, 

and siliquae in more severe cases. The pathogen induces abnormalities in the stem and floral 

components, such as swelling and distortion. The main cause of decreased seed yield is distorted 

heads, also known as stagheads, which are caused by the distortion of floral parts as a result of 

tissue hyperplasia and/or hypertrophy. Under rainfed conditions, mixed WR and downy mildew 

infection seldom occurs, although it is frequently seen in areas with a chilly, moist climate. 

Survival of pathogen 

 The principal route of infection for the pathogen is the oospores found in contaminated 

agricultural debris, soil, and seed. The majority of the growth season allows for oospore 

germination, which then produces zoospores that infect lower leaves (Saharan and Verma, 1992; 

Saharan et al., 2005). Formation of sporangia and zoospores, which initially create certain loci of 

infection on isolated plants or on the borders of mustard fields and then further spread in the 

entire field, is how secondary spread is accomplished. 

 

Figure 3: Life cycle of White rust on Brassica 

Favorable weather conditions 

 WR disease severity on leaves is preferred by >40% afternoon (minimum) RH, > 97% 

morning (maximum) RH and 16–24°C maximum daily temperature. Staghead formation is 

influenced by 20–29°C maximum daily temperature and further aided by >12°C minimum daily 
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temperature and >97% morning (maximum) RH (Chattopadhyay et al., 2011). About 117 

races/pathotypes of A. candida have been reported so far, although their status still needs 

confirmation on a set of internationally accepted host differentials/isogenic lines (Saharan, 

2010). However, the several genotypes of Brassica species demonstrate high degree of resistance 

from various countries, but very few have been exploited to develop resistant cultivars (Saharan 

and Verma, 1992; Saharan, 2010). 

Management 

 There isn't a single technology or strategy that can effectively treat WR illness in the 

field while also being affordable and safe for the environment. Consequently, it is necessary to 

combine all management techniques, including host resistance, chemical, biological, and cultural 

approaches (Saharan and Verma, 1992; Mukerji et al., 1999; Saharan and Mehta, 2002). 

• Burning diseased trash and crop rotation with non-host resistant crops both reduce 

inoculum buildup. 

• Crop development is enhanced by using recommended fertilisers in a balanced dosage. 

The crop becomes more susceptible to pathogen assault when too much nitrogen is 

applied, and a timely crop planting (10–25 October) is likely to limit disease incidence. 

• Eliminating weeds, rouging, eliminating affected plants, especially stagheads, and 

avoiding over-irrigating may all help to lower the disease's occurrence. 

• Mancozeb 0.25% foliar spray used at the onset of symptoms reduces WR. If necessary, 

spray the crop 2-3 times with a 15-day gap. The disease can be be managed with a foliar 

spray of metalaxyl 64% and mancozeb 8% @ 0.25% applied when symptoms first 

appear. However, a number of fungicides, including chlorothalonil, benomyl, and 

captafol (Gupta and Sharma, 1978), (Verma and Petrie, 1979) combination of metalaxyl 

35 ES 6 ml/kg seed treatment + 0.2 g/l spray of mixture of metalaxyl + mancozeb at 50, 

65 DAS (Parui and Bandopadhyay, 1973; Verma and Petrie, 1979; Berkenkamp, 1980; 

Fan et al., 1983; Meena et al., 2003) are able to manage the disease. 

 However, certain resistance genotypes have recently been identified, such as [(B. 

juncea: PWR-9541, RLM-198, JMMWR 941-1-2, EC-399299, EC-399301, EC-399300, EC-

399296, BIO YSR, DRMR2019, DRMR-2035) (B. rapa: PT-303, Tobin) (B. carinata: NRCDR-

515 (Kolte, 1985; Pal et al., 1999; Mukherjee et al., 2001). 

Downy mildew disease 

Distribution and extent of damage 

 The illness is caused by Hyaloperonospora brassicae (Gaum) Goker and is found 

throughout the world's rapeseed and mustard growing regions. The downy mildew can reduce 
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seed output by as much as 58%. Mixed WR and downy mildew disease infections have been 

linked to losses in seed production that range from 37 to 47%. 

Symptoms 

 Small creamy to light purple brown lesions that grow on the bottom surface of the 

lower leaves are the first signs of the illness on seedlings. On the top surface of the leaves, water-

soaked yellow spots can be seen. Eventually, the foliage dries out and simply tears off. The 

Albugo infection causes stagheads and stems to develop a downy mildew growth of fungus. 

Under moist and chilly conditions, a mixed infection of WR and downy mildew may cause 

deformation of the stem and flower components (Meena et al., 2014). 

Favorable weather conditions 

 The disease development is favored by wet (> 90% RH) and cool (10–20°C temperature) 

weather. 

Survival of pathogen 

 The pathogen survives through oospores in infected crop residue, soil, and also as 

contaminant of seed. The oospores serve as primary source of inoc- ulum and infect 

cotyledonary leaves and primary leaves. The secondary spread of the infection is through 

sporangia or zoospores. 

 

Figure 4: Life cycle of Downy mildew on Brassica 

Management 

• Crop rotation with non-host crops, burning of diseased debris, helps in reducing inoculum 
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buildup. 

• Crop development is enhanced by using the recommended fertilisers in a balanced dose. 

The crop is more vulnerable when nitrogen levels are greater. 

•  A timely seeded crop (10–25 October) is probably less likely to contract diseases. 

•  Weed control, roguing, host destruction, avoidance of over-irrigation, etc. can all lessen 

the severity of the disease. 

• Mancozeb 0.25% foliar spray applied at the onset of symptoms can lower WR. If 

necessary, spray the crop 2-3 times at a 15-day interval. At the time of the first symptoms, 

a foliar spray of a metalaxyl 64% and mancozeb 8% @ 0.2% mixture has also been 

demonstrated to be beneficial in reducing disease. 

Powdery mildew 

 Powdery mildew disease is incited by Erysiphe cruciferarum Opiz. ex. Junell usually 

appears at maturity stage and escapes infection, hence considered as less damaging in mustard, 

except during epidemic outbreak in late sown mustard crop. 

Distribution and extent of damage 

 Recently, the illness has spread over India's rapeseed and mustard plantations. About 17.4 

to 25.0% of seed yield is lost as a result of powdery mildew, and the oil content is also reduced 

by 6.7%. It appears the loss is related to the severity of the disease, which varies significantly 

depending on the occurrence at growth stage, given the variation in disease severity during the 

period. 

Symptoms 

 On all of the host's above-ground components, including the leaves, stem, and pods, 

dirty, white floury spots develop. As the illness spreads, the host's entire body is covered in white 

floury patches, and the plants appear to be covered in a fine white powder. The pods remain 

undersized and yield a modest number of small-size shrivelled seeds when they are severely 

infected during the siliqua development stage. On leaves, stems, and pods at maturity, tiny, 

circular, black, spherical, and dispersed cleistothecia form. 

 

Figure 5: Typical symptoms of powdery mildew in Rapeseed - Mustard crop 
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Favorable weather conditions 

 The vulnerability of plants' growth stages coincides with warm (highest temperature: 24-

30°C; minimum temperature: > 5°C; > 9.1 h of sunlight) and lower (morning: 90%; afternoon: 

24-50%) temperatures. This is the result of late seeding. RH levels and little to no precipitation 

are favourable meteorological conditions for the development of illness. 

Survival of pathogen 

 The pathogen survives through cleistothecia (fruiting body of fungus) in diseased plant 

debris in soil and serves as source of primary inoculums. When environment becomes favorable, 

the ascospores formed in the cleistothecia are released which initiate infection on lower leaves. 

Secondary infection occurs through the conidia produced abundantly on these infected leaves. 

Management 

 Crop development is enhanced by using suggested fertilisers in a balanced amount. The 

crop is more vulnerable when nitrogen levels are greater. A approach for managing disease 

appears to be the selection of optimum planting dates. Brassica has a range of resistance levels, 

yet it doesn't seem to be immune. When a disease becomes severe, it is challenging to control it 

with wettable sulphur fungicides or by simply dusting sulphur on plants. After the onset of the 

first symptoms, Sulfex or Karathane at 0.1% or 0.2% sprayed three times at 10-day intervals also 

effectively controls the condition (Singh and Solanki, 1974). 

Phytoplasmal disease 

Phyllody 

Causal organism: Phytoplasma. 

Distribution and extent of damage 

 The disease is common in Brassica rapa ssp. Toria and B. rapa ssp. Yellow Sarson 

growing states of the country. It may cause up to 70–90% yield losses in susceptible B. rapa ssp. 

Toria cultivars, if the disease occurs at early growth stage of the plant. 

Symptoms 

 Only during the blossoming stage can the disease be seen, and it is characterised by the 

transformation of floral components into leafy structures. The stamens turn green and become 

indehiscent, while the corolla turns saploid and green. Silquae don't form in the raceme's 

impacted regions. Early infection causes plants to remain small and generate many branches, 

giving them a bushy appearance. 

Favorable weather conditions 

 Prolong dry and warm weather is favorable for disease development through insect 

vector. 
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Figure 6: Typical symptoms of Phyllody in Rapeseed - Mustard plants 

 

Management 

• Toria sown around mid of September is likely to escape infection. 

• Rouging and destruction of phyllody affected plants helps to reduce further spread of 

disease. 

• Spray twice with Rogor or Metasystox @ 0.1% at an interval of 15 days starting from the 

initiation of symptoms to control the insect vector. 
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Abstract:  

Climate change is caused by both natural events and anthropogenic impact from the 

burning of fossil fuels, deforestation and forest degradation. It has had great impact on different 

types of plant production around the world. Understanding plant change and its response to 

climate can provide fundamental information for environmental resource management. This 

chapter discussed the vulnerability of plants to climate change. Specifically, it offers insight into 

climate change and its cause, vulnerability analysis, climate change impact on plants, and the 

application of remote sensing for the assessment of plant vulnerability to climate change. 

Keywords: Climate, crop, NDVI, vegetation, rainfall, temperature 

Introduction:  

Climate change is an unavoidable global challenge with long-term consequences for the 

sustainable development. Sustainable Development Goal 13 (SDG 13) recognizes that the 

adverse impacts of climate change undermines the ability of all countries to achieve sustainable 

development and the need to “take urgent action” to combat climate change and its impacts. A 

warming climactic system will likely impact the accessibility to basic needs like freshwater, food 

security, and energy, while efforts to redress climate change, both through adaptation and 

mitigation, will similarly inform and shape the global development agenda (Boko et al., 2007).  

Climate change is among the most prevalent threats to people and biodiversity in recent 

time. Without action, it will probably lead to the extinction of numerous species, destroy some of 

the world's most valuable ecosystems, and devastate human livelihoods. Of course, it has given 

rise to the temporal and spatial atrophy of plants in diverse ecosystems (Dar et al., 2019). 

Because climate change has significant effects on plants, exploring the impacts of climate change 

on plants has become a hot topic of current global change research (Wu et al., 2015). It is 

reported that climate change, including changes in temperature and precipitation regimes, can 

have significant effects on vegetation and crop phenology. Therefore, this chapter treats the 

vulnerability of plants to climate change. 
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Climate change and its cause: 

Climate Change refers to the state of the climate that can be identified by changes in the 

variability of its properties persisting over extended periods (IPCC, 2007). Multiple independent 

instrumental datasets show that the climate system is warming. The fourth report of the IPCC 

pointed out that during the past 100 years (1906–2005), the global mean surface temperature had 

increased by 0.74 °C (Tian, et al., 2013). Data in the IPCC record shows that the 2011–2020 

decade warmed to an average 1.09 °C [0.95–1.20 °C] compared to the pre-industrial baseline 

(1850–1900). Since 1950, the number of cold days and nights has decreased, and the number of 

warm days and nights has increased. The effects of climate change include rise in temperature 

and extreme weather conditions, impact on water systems, and changes in the ecosystem and its 

functions. Nowadays, there is a rising trend in the occurrence of extreme hydrological events like 

floods and droughts due to climate change (Eum and Simonovic, 2012). 

Change in climate or greenhouse gas effect includes temperature fluctuations and 

changes in precipitation duration, intensity, and frequency (IPCC, 2012). Generally, the Earth is 

surrounded by an atmosphere containing gases that regulate temperature. Many greenhouse gases 

(see table 1) occur naturally such as water vapour (H3O), carbon dioxide (CO2), methane (CH4), 

Ozone (O3) and nitrous oxide. Others such as hydrofluorocarbons (HFCs) and perfluorocarbons 

(PFCs) result exclusively from human industrial processes. The increase in emissions of these 

gases due to human activities has led to climate change around the world (Safeeq and Fares, 

2012; Diabat et al., 2013). In other words, climate change is occasioned by anthropogenic 

greenhouse gas (GHG) emissions, which primarily derive from the burning of fossil fuels and 

land-use change such as deforestation and various agricultural and industrial practices (Blessing, 

2011). All the aforementioned GHGs are responsible for greenhouse effect, but water vapour and 

CO2 contribute more of this effect. In the direct contribution of these gases, CO2 contributes 55 

%, methane 15 %, CFCs 7 %, CFC (11 and 12) 17 %, and N2O 6 %.  

Table 1: Gases that contribute to the greenhouse effect 

Gases Description 

Water vapor (H2O) The most abundant greenhouse gas, but importantly, it acts as a 

feedback to the climate. Water vapor increases as the Earth's 

atmosphere warms, but so does the possibility of clouds and 

precipitation, making these some of the most important feedback 

mechanisms to the greenhouse effect. 

Carbon dioxide 

(CO2). 

A minor but very important component of the atmosphere, carbon 

dioxide is released through natural processes such as respiration and 

volcano eruptions and through human activities such as deforestation, 
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land use changes, and burning fossil fuels. Humans have increased 

atmospheric CO2 concentration by 48% since the Industrial Revolution 

began. This is the most important long-lived "forcing" of climate 

change. 

Methane (CH4) A hydrocarbon gas produced both through natural sources and human 

activities, including the decomposition of wastes in landfills, 

agriculture, and especially rice cultivation, as well as ruminant 

digestion and manure management associated with domestic livestock. 

On a molecule-for- molecule basis, methane is a far more active 

greenhouse gas than carbon dioxide, but also one which is much less 

abundant in the atmosphere. 

Nitrous Oxide (N2O) A small inorganic chemical molecule that is colourless and 

nonflammable with a slight sweet odor 

Chlorofluorocarbons 

(CFCs). 

Synthetic compounds entirely of industrial origin used in a number of 

applications, but now largely regulated in production and release to the 

atmosphere by international agreement for their ability to contribute to 

destruction of the ozone layer. They are also greenhouse gases. 

 

Effect of Climate Change on plant: 

The natural and agricultural ecosystems, including freshwater and coastal resources, are 

highly susceptible to the effects of climate change. Of course, climate change has significant 

impacts on vegetation growth, composition, and functions (Peng et al., 2013). Global forests are 

already under great pressures arising from increasing populations and growing economic wealth 

leading to greater demand for forest resources. Climate change is worsening this situation 

through direct impacts on forest growth and development, and through greater demands on 

forests by populations adjusting to climate change. 

Higher atmospheric CO2 levels can have both positive and negative effects on crop yields. 

Some laboratory experiments suggest that elevated CO2 levels can increase plant growth. 

However, other factors, such as changing temperatures, ozone, water and nutrient constraints, 

may more than counteract any potential increase in yield. If optimal temperature ranges for some 

crops are exceeded, earlier possible gains in yield may be reduced or reversed altogether. Also, 

climate extremes, such as droughts, floods and extreme temperatures, can lead to crop losses and 

threaten the livelihoods of agricultural producers and the food security. Depending on the crop 

and ecosystem, weeds, pests, and fungi can also thrive under warmer temperatures, wetter 

climates, and increased CO2 levels. Although rising CO2 can stimulate plant growth, research has 
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shown that it can also reduce the nutritional value of most food crops by reducing the 

concentrations of protein and essential minerals in most plant species. Furthermore, climate change 

can cause new patterns of pests and diseases to emerge, affecting plants, animals and humans, and 

posing new risks for food security, food safety and human health.  

Due to climatic fluctuations and complicated physiological responses of plants to growth 

environments, the effects of climate change on vegetation are usually distinct in different seasons 

(Shen et al., 2019). The key climate parameters to look when considering vulnerability of plants 

to climate change include temperature, rainfall, extreme weather events. Increased temperature 

could lead to increased overall aridity which could exacerbate drought potential over the long 

term, thus causing habitat loss and contributing to decline and death in some tree species. It can 

also cause heat stress and decreased productivity of forests, which will contribute to decreased 

fodder for livestock; reduced availability of non-timber forest products such as fruit and 

medicines; and reduced quantity and accessibility of fuel wood. Equally, it accelerates the cycle 

of desertification, impacting food and fodder availability. Temperature induced drought, which 

could increase the frequency of forest fires and reduce the ability of soil microbes to breakdown 

organic matter, delaying soil fertility recovery.  

Increased rainfall is associated with potential increases in pests, and increased incidence 

of flooding. Flooding contributes to increased erosion of soils and increase the frequency of 

landslides. It also contributes to destruction and dead off of many tree species that are intolerant 

to water logging. Flooding exacerbate the impacts of land clearing activities associated with 

infrastructure development. It weakens the root systems of trees and increases the rate of wind 

throw in forest. Increased flooding can be expected following periods of intense rain in areas 

with poor infiltration rates, potentially causing water logging and a decline in non-adapted forest 

species. Furthermore, lowered rainfall can lead to increased drought/aridity/water stress in open 

forests. This will contribute to an overall decline in forest cover and herbaceous understory 

productivity, thus affecting forest products, including livestock fodder and non-timber forest 

products (NTFPs) for human consumption and use.  

Extreme weather events such as windstorms in both closed and open forest systems cause 

uprooting of trees, loss of flowers and thus fruit in certain tree species, and loss of commercial 

value and revenue from plantations. By and large, climate is the primary determinant of 

agricultural productivity in most regions. Thus, long-term changes in temperature and rainfall 

decrease net revenues from agricultural production with corresponding negative effects on food 

security (Deresa et al., 2010; Alemayehu and Bewket; 2017). Of course, temperature and rainfall 

patterns also impact the availability of water for agricultural activities, including irrigation (Döll, 
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2002). Also, the frequency and severity of extreme events like droughts, floods, and windstorms 

affect the productions of crop (Masika, 2002). 

A study published in 2012 observed Amazonian plants and the effect that climate change 

and deforestation had on the vegetation and organisms found in the forest (Feeley, 2012). The 

study found that if these living organisms were unable to adapt to the rising temperatures and 

loss of habitat, there would be a significant decrease in the biodiversity of the Amazon rainforest 

(Guimberteau, 2017). If the Amazon experiences a loss of biodiversity, this will worsen the 

effects of climate change and deforestation as many of the plants will be gone, unable to take in 

carbon dioxide which is necessary to reduce the effects of global warming (Feeley, 2012). When 

a climate changes, this causes the shift in a species’ geographic range in order to maintain the 

climatic conditions (temperature, humidity) it is accustomed to. Ecological zones will shift by 

approximately 160 km per 1 degree Celsius (Thuiller, 2007). A reduction in the area of any 

habitat, but particularly inforest habitat along with climatic change, enables species invasion and 

the possibility of biotic homogenization as stronger invasive species can take over weaker 

species in a fragile ecosystem (Thuiller, 2007). Humans will also be impacted by the loss of 

biodiversity as food, energy, and other ‘ecosystem goods and services’ patterns are disrupted. 

Vulnerability assessment: 

Vulnerability defines the extent to which climate change may damage or harm a system; 

it depends not only on a system’s sensitivity but also on its ability to adapt to new climatic 

conditions (Watson et al., 1996). Sensitivity, in this context, is ‘the degree to which a system will 

respond to a change in climatic conditions. From this perspective, the definition of vulnerability 

must be contingent on estimates of the potential climate change and adaptive responses. 

Vulnerability is a function of the character, magnitude, and rate of climate change and variation 

to which a system is exposed, its sensitivity, and its adaptive capacity’ (IPCC, 2007). 

Plant sensitivity and adaptability to each climatic factor is different, resulting in the 

spatial heterogeneity of plant vulnerability being the response of the different plant types to 

climate change. Generally, the plant type reflects spatial differences in temperature and moisture, 

leading to spatial heterogeneity of plant vulnerability. The interaction between the plant and the 

climate system is extremely complex. Temperature and precipitation have a significant impact on 

the ecosystem; therefore, a reasonable combination of water and heat affects plant activity 

positively. Furthermore, the effects of non-climatic factors, such as land use, have become 

increasingly important in ecosystem vulnerability. From the perspective of the human-

environment relationship, the difference between the effects of climate change and non-climatic 

factors on ecosystems could be crucial in vulnerability studies (Li et al., 2016). 
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The assessment of vulnerability is the end point of a sequence of analyses beginning with 

projections of future emissions trends, moving on to the development of climate scenarios, then 

to biophysical impact studies and the identification of adaptive options. At the final stage, any 

residual consequences define levels of vulnerability; that is, the level of vulnerability is 

determined by the adverse consequences that remain after the process of adaptation has taken 

place and, as such, it provides a convenient means of summarizing the net impact of the climate 

problem (Adger and Kelly, 2000).  

Vulnerability and adaptive capacity are useful integrative concepts for evaluation of the 

potential effects of climate change, but they are also complex concepts that cannot be directly 

measured or observed. Therefore, we identify proxy variables for use in modeling or observation. 

Desirable proxies are variables that summarize or otherwise simplify relevant information; make 

visible or perceptible phenomena of interest; and quantify, measure, and communicate relevant 

information.  

Appropriate data for climate change vulnerability analysis may be assessed through 

meteorological tool or remote sensing. Monthly temperature and precipitation data can be 

collected from meteorological stations for certain period. This information is generally extended 

to other locations that lack meteorological devices through spatial interpolations such as simple 

regression, spline, and geostatistics, etc. It is appropriate to collect the data after eliminating the 

meteorological stations with missing data. Using daily rainfall records obtained from 

meteorological stations, it is possible to obtain the mean monthly, seasonal and annual rainfall 

records. Also, the Precipitation Periodicity Index (PPI) can be employed to determine the 

magnitude of zonal rainfall variability (see Equation [1]).  

PPI = (A/Y - B/Y) 100 %    …………………………………..... [1] 

Where PP = Precipitation Periodicity; A = the highest monthly rainfall; B = the lowest monthly 

rainfall; Y = the total annual rainfall. 

Measured data from in-situ devices are extremely dependable and accurate at a local 

scale for climate studies, but the situation is not the same for regional or global studies. This is 

because in-situ measurement lack representative measurements from certain areas of the Earth as 

stations are sparse and unevenly distributed. Thus, satellite remote sensing has become a 

predominant tool as it provides a consistent way for large-scale estimation with more details. 

Remote Sensing technology can be used to facilitate observations across larger extents of 

the study area. One of the most effective remote sensing methods for measuring changes in 

vegetation cover is using the Normalized Differential Vegetation Index (NDVI). It is based on 

the relationship between the near infra-red band and the red Band of the satellite data. NDVI is 

an important indicator for identifying vegetation cover and it is commonly used for identifying 
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the relationship between climate change and various crops (Mumtaz et al., 2020; Tariq et al., 

2022). Also, NDVI could serve as baseline method for other studies such as deforestation, 

desertification, hydrological dynamics, Landuse and Landcover dynamics. 

Conclusion: 

This chapter presents the vulnerability of plant to climate change. The impact of climate 

change on plant has become increasingly prominent over the past decades. Understanding plant 

change and its response to climate can provide fundamental information for environmental 

resource management. Simple adaptation strategies, such as change in planting dates and 

varieties could help in reducing impacts of climate change to some extent. Additional strategies 

for increasing our adaptive capacity include development of adverse climate-tolerant genotypes 

and land-use systems, providing value-added climatic risk management services to farmers, and 

improved land-use policies and risk management though early warning system and crop-weather 

insurance.  
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Abstract: 

A reduction in global food grain production is majorly a result of the biotic stresses 

caused by diseases and pests which are well-known to cause devastating damage. It is therefore 

needs meticulous monitoring and genuine technology capsules to save the crops from devastation 

from these pests. Drones are semi-automatic devices that are continuously shifting toward fully 

automatic devices which have enormous potential for agricultural planning and pest 

management. The drone mediated technologies in pest management demonstrate great scope and 

promising alternative to conventional pest management approaches, should be positively 

promoted in Indian agricultural research and technology development, and encouraged widely 

for the effective utilization as a part of integrated pest management practices. 

Keywords: Drone, IPM, Pest control, Precision management 

Introduction: 

IPM has been used for a very long time as a sustainable pest management method. 

Although different sources define IPM in various ways, before models largely concentrated on 

the ecological, and to some extent on the components of pest control that are evolutionary 

(Peterson et al., 2018). IPM is a sustainable, science-based, decision-making process that 

combines biological, cultural, physical and chemical tools to identify, manage and reduce risk 

from pests and pest management tools and strategies in a way that minimizes overall economic, 

health and environmental risks. 

Arthropod pest outbreaks are unpredictable and may not occur everywhere in fields. 

Effective pest control requires early outbreak identification and treatment application because it 

enables management decisions to be made before pests are well-established and crop losses start 

to mount. Pest monitoring takes time, and it may be complicated by a lack of trustworthy or 

affordable sample methods. Therefore, we believe that improving crop monitoring practises is a 

significant research problem connected to increased sustainability of pest control in modern 

agriculture. Plants respond physiologically to biotic stress, such as herbivory by pest arthropods, 

by changing how their leaves reflect light. Since such changes may be seen by advanced imaging 
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technology, non-invasive crop monitoring strategies. Additionally, novel methods of treatment 

precision application are required. Both sensing and actuation technologies can be mounted on 

equipment moving through fields (e.g., irrigation equipment), on (un) manned driving vehicles, 

and on small drones. Both sensing and actuation technologies for improved crop monitoring 

advanced imaging solutions and precision treatment applications can be mounted on the drone 

(Lost Filho et al., 2019). Acquired and processed canopy data obtained with sensing drones 

could potentially be transmitted as a digital map to guide a second type of drone, actuation 

drones, to deliver solutions to the identified pest hotspots, such as precision release of natural 

enemies and precision-sprays of pesticides. Hence, drone assisted precision insect pest 

management is a novel technological approach in the 21st century agriculture and operated as 

multi-disciplinary research collaboration between agronomists, entomologists, software 

programmers, and engineers. 

What is drone? 

Drones are flying, motorised machines. Drone is short hand for "dynamic remotely 

operated navigational equipment." may fly on its own or be remotely controlled, and it has the 

option of being disposable or repairable. Aircraft that don't have a human pilot also known as 

DRONE (Unmanned aerial vehicle). An unmanned aerial vehicle, or UAV, is a flying object that 

can follow a predetermined path using GPS coordinates and an autopilot. The gadget also 

features standard radio controls, but in the event of a malfunction or dangerous circumstance, it 

may also be operated manually. However, the phrase is most frequently used to describe model 

planes and helicopters with both fixed and rotary wings. Occasionally, the term "UAV" is used 

to refer to the entire system, including ground stations and video systems. 

 

Basic principle - How do drone work? 

The 4 propellers of a drone or quad copter are fixed and vertically orientated. Each 

propeller has a variable and independent speed which allows a full range of movements. The 

core components of a drone are as follows: 

Chassis: the drone's structure, to which all of its parts are fastened. The chassis design is a 
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compromise between strength (particularly with added weights like cameras attached) and 

greater weight, which will need longer propellers and more powerful engines to lift. 

Propellers: The amount of weight the drone can carry mostly influences its maximum flight and 

handling speeds. A longer propeller can provide more lift at a lower rpm, but it takes longer to 

accelerate or decelerate. Shorter propellers are more efficient because they can change speed 

more quickly. Despite being manoeuvrable, they need a faster rotating speed to provide the same 

amount of power as longer one’s blades. This results in excessive motor strain and shortens the 

life of the motor. A pitch that is more forceful will allow for faster movement but less effective 

hovering. 

Motors: 1 per propeller, drone motors are rated in ―kV‖ units which equates to the number of 

revolutions per minute it can achieve when a voltage of 1 volt is supplied to the motor with no 

load. A faster motor spin will give more flight power, but requires more power from the battery 

resulting in a decreased flight time. 

Electronic Speed Controller (ESC): Provides a controlled current to each motor to produce the 

correct spin speed and direction. 

Flight Controller: The on-board computer which interprets incoming signals sent from the pilot 

and sends corresponding inputs to the ESC to control the quad copter. 

Radio Receiver: Receives the control signals from the pilot. 

Battery: Generally, lithium polymer batteries are used due to high power density and ability to 

recharge. 

 

Flying mechanism of drone? 

A drone is controlled manually with a handheld radio control transmitter which manually 

controls the propellers. Sticks on the controller allow movements in different directions and trim 
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buttons allow the trim to be adjusted to balance the drone. Screens can also be used to receive 

live video footage from the on-board camera and to display sensor data. 

Further to this, on-board sensors can provide helpful settings such as: 

1. Auto altitude where the drone will move at a fixed altitude, and; 

2. GPS hold, where the drone will remain at a fixed GPS position. 

Modern flight controllers can employ software to indicate GPS waypoints that the drone 

will fly to and land or advance to a specific height. Drones can also be flown independently. 

Mechanism of pesticides distribution by using drones 

With the use of unmanned aerial vehicles, pesticides are applied to plants by combining 

the effects of the jet of liquid sprayed with the stream of air produced by the rotors. This air 

stream must be powerful enough to allow the drone to move and hover at a specified height over 

the plants. The jet of liquid being sprayed can change form in response to a powerful stream of 

air originating from the rotating drone rotors. Research into how the air stream produced by 

drone rotors affects the liquid's distribution on the slot table suggests that there may be a chance 

of an enhanced concentration of liquid under the centre slot (Berner and Chojnacki, 2017). 

Sensors used in UAV: 

1. Still image cameras 

2. Video 

3. Multispectral - Identify nutrient deficiencies, pest damage, fertilizer needs and water 

quality. 

4. Hyperspectral - Used to analyse plant nutrients, plant diseases, water quality, and 

mineral and surface chemical composition. 

5. Lidar - Using lasers this sensor produces elevation data that can create 3D models of 

your farm. 

6. Thermal - Track the surface temperature of land and plants. 

These sensors work together to provide a 3D GPS precise representation of your area and 

data that the human eye is unable to detect, much less track over time. You may hear phrases like 

"Normalized Difference Red Edge" and "Normalized Difference Vegetation Index" (NDRE). 

NDVI is essentially a gauge for the health of a plant based on how it reflects light at particular 

frequencies. Healthy Large volumes of near-infrared light (NIR) are reflected by plants, whereas 

sick plants absorb more NIR. 

Objectives of drones in pest management 

▪ UAV performance and deployment for agricultural spraying. 
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▪ The development and assessment of a sprayer mounted to a drone for the spraying of 

pesticides on crops. 

▪ To determine the spraying systems using different Nozzle types and varied sprinkler 

speeds. 

▪ The difficulties and future of UAV pesticide application technology. 

▪ To evaluate Droplet deposition at different altitudes of drones on various crops. 

Different categories of UAV used in crop spraying 

1. Fixed and Flying wing 

2. Vertical take -off and landing 

3. Micro UAVs 

4. Helicopters 

5. Quad copters 

Distinguish features of Rotary & Fixed wing drones 

Rotary wing Fixed wing 

Vertical take-off landings   Hand / catapult launched 

Ability to hover for long period Limited Hovering ability 

Limited flight time i.e., Low endurance (20-30 

Minutes 

Limited flight time i.e., Low endurance (20-30 

Minutes 

Requires more maintenance Requires less maintenance 

Relatively inexpensive More expensive 

Use of Drones for Pest management 

Usually, aerial spraying is performed with the help of manned helicopters. Multiple 

limitations in terrestrial ecosystems are addressed by aerial spraying. No routes are necessary for 

them. Spraying may cover a vast area on a single trip. There are drawbacks to aerial spraying. 

The necessity for the manned aircraft to be flown at extremely high altitudes results in a large 

increase in the distance between the aircraft and the crop. Spray drifts from pesticides applied 

from these heights cause environmental pollution since they are unable to target the insect on the 

crop. 

UAVs are being researched as a safe and highly precise option for spraying pesticides 

based on this assumption. The downwash effect of unmanned aerial vehicles (UAVs), which do 

not have pilots on board, helps focus the spray on the canopies of plantations or crops. 

Downwash, as used in aeronautics, is the process of rerouting air that has been deflected due to 

the motion of an aerodynamic air foil, wing, or rotor during the lifting process. Additionally, it is 

predicted that using UAVs would make aerial spraying five times faster than using conventional 

techniques (Yang et al., 2018). 
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Drones may control insects in two ways:  

➢ Pest hotspots can be located by employing drone mounted sensors and reflectance-based 

crop monitoring. These are referred to as "Sensing drones" in all caps. 

➢ Deploying drones to apply agricultural pesticides and natural enemies precisely. These 

are commonly termed as "actuation drones." (Filho et al., 2019). 

 

a) Sensing drones: - used for detection of pest hotspots. 

b) Actuation drones: - used for precision distribution of solutions (insecticide). 

Sensing drones for reflectance-based agricultural health monitoring 

❑ RGB, Multispectral, Hyper spectral sensors (optical sensors) used to identify the stress. 

❑ Sensing drones first identify the spectral signatures of healthy plants in canopy. 

❑ Crop health is evaluated using reflectance measurements at various wavelengths. 

❑ Data are transformed into Vegetation Index maps using the programme (Maslekar et al., 

2018). 

Remote sensing using drones 

Drone-based remote sensing technologies offer several advantages that make them 

attractive. Sensing drones may be able to cover wider regions than handheld, ground-based 

equipment. Specific biotic pressures, including insect pest infestations, cause physiological plant 

responses that alter the plant's capacity for photosynthesis, which alters the spectrum range of the 

leaf reflectance. A drone can have an RGB (red, green, and blue) sensor, a multispectral sensor 

with between three and twelve wide spectral bands, or a hyperspectral sensor with hundreds of 

small spectrum bands for aerial remote sensing. It is significant to highlight that when using 

remote sensing, plant stress caused by insect pests rather than actual pests are detected by 
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patterns of canopy reflectance. In order to prove the presence of a particular insect problem, field 

observations are still required. 

Using a drone to take aerial pictures 

Farmers can use drone technology to get a bird's-eye view of their fields and use that 

information to instantly make important management choices. Drones can take pictures of 

farmland while utilising spectral camera technology and these pictures can be used to analyse the 

presence of insect pests. Drone photographs are sent to a cloud data centre where spectrum 

analysis software is used to determine the extent of pest damage (Demin Gao et al., 2020). High-

definition cameras mounted to drones enable the establishment of a real-time video surveillance 

system for pests, which boosts operational effectiveness. 

 

Insect pest sampling using drones 

It is possible to sufficiently construct and use a drone-attachable device for trapping 

flying insects as position-fixed traps or freely moveable traps for insect pests sampling. A drone 

is attached to a double-charged dipolar electric field screen (DD-screen), which creates an 

electric field between them to create an attracting force to capture flying insects and is powerful 

enough to keep the captured insects from leaving the trap (Takikawa et al. 2020). The South 

Korean-developed rotary-wing unmanned aerial drone with two remote-controlled insect nets, 

which only permits airborne sampling at predetermined heights, was effectively used for the 

sampling of insect pests in the rice ecosystem. 
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For use in precision insect pest management 

In remote sensing, energy released or reflected by various objects is detected, either in the 

ultraviolet (UV) light, visible light, and infrared light are examples of electromagnetic energy be 

used to identify plant stress before visible changes to the human eye. The basic concept behind 

crop remote sensing is that healthy plants absorb more and reflect less, whereas stressed plants 

reflect more and absorb less at various wave lengths. 

The following sensors are used and mounted on drones to monitor the crop health  

 Multispectral sensor: - two spotted mites in cotton determined by using this sensor. 

Huang et al. (2018). 

 Hyperspectral sensors. 

 Near Infrared sensors. 

 Red, Green and Blue (RGB) sensor: Rhynchophorus ferrugineus infected palm trees 

(Psirofonia et al., 2017). 

Actuation drones in crop spraying 

An actuation drones could help controls the pests at hotspots of the farm field through 

variable rate of application of insecticides. These drones are among the most popular for pest 

management; hence they are often heavier than 25 kg. In several parts of the world, new drone 

types equipped with crop dusters and/or spraying equipment are now being developed for 

commercial use. Precision pesticide application combined with precision monitoring may result 

in fewer pesticide applications overall, resulting in less resistance developing and less pesticide 

use, while also increasing the presence of natural enemies on the farm. 

Crop spraying by using drones 

The droplet deposition and control effectiveness of 20% acetamiprid WP, 240g/l 

Spirodiclofen SC, and 5% avermectin EC against aphids and spider mites in cotton were reported 

by Lou et al. (2018). According to the findings, drone spraying had a 63.7% and a 61.3% control 

impact on cotton aphids and spider mites, respectively. In addition, droplet deposition indicates 

additionally, droplet deposition results while the drone was 2m above the crop canopy are good. 
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Using drones to tackle the desert locust outbreak 

✓ Complementary approach in Locust control. 

✓ Drones can target small swarms 

✓ Drones are specially fitted with Ultra Low volume sprayers along with spectral cameras. 

✓  Enables mapping and precision spraying. 

✓ Determine the extent of desert locust eradications from spraying operations. 

✓ Two types of drones are available one with fixed wing and the other with rotary wing used 

for survey and management of desert locust. 

✓  However, a challenge is to find more accurately a small green patch of vegetation in the 

desert that may possibly contain locust infestations. 

 

Actuation drones in precision application of natural enemies used in biological control of 

insect pests 

An environmentally friendly substitute for the use of pesticides is biological control. It is 

the use of one organism's population to reduce the number of another, undesired, organism. A 

few examples of biological control organisms include parasitoids, predators, nematodes, fungi, 

bacteria, and viruses that cause harm to insects. Commercially available options come in a wide 

range. For augmentative biological management, which depends on the widespread deployment 

of natural enemies for prompt pest control, drones may be a beneficial tool (Van Lenteren et al. 

2018). They might the natural enemies where they are required, which may boost their 

effectiveness. Efficacy of biocontrol agents and decreased costs of distribution. 

They also disperse the natural enemies specifically where they are required, which would 

improve the effectiveness of the biocontrol agent and lower the cost of distribution. In the same 

way that drones may apply pesticides, it is possible to apply these bio control agents. Predatory 

mite Phytoseiulus persimilis, an important natural enemy of two-spotted spider mite is available 

in bottles mixed with the mineral substrate vermiculite and the recommended way of dispersal is 

by sprinkling contents into individual plants (Koppert, 2017). 
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Trichogramma spp. is widely practiced against European corn borer, a major pest of 

sweet corn and sugarcane borer (Biobest, 2019). However, additional study is necessary to 

determine more precisely these conditions. For any further study, they would recommend using 

the drone release method instead of the Tricho-cards one: the release is much faster and shows 

the same efficacy for the block where it worked. Besides, to reduce the pest population, sterile 

insects and mating disruptors are released by using drones (FlyH2 Aerospace, 2018). 

Benefits of drone-based aerial biocontrol include 

1. The ability to kill pests even when they‘re hiding where chemicals can‘t reach 

2. More efficient distribution than traditional application techniques 
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Drone release of sterile insects 

The introduction of sterile insects represents a potential new application for drones in 

pest management. Through irradiation, the sterile insect technique (SIT) develops completely or 

partly sterile insects. Because there are either no progeny or sterile offspring after mating with 

wild insects, pest populations are decreased. SIT is an important IPM tool since it is species-

specific, ecologically safe, and compatible with other management techniques like biological 

control (Simmons et al., 2010).  

Codling moth [Cydia pomonella L. (Lepidoptera: Tortricidae)] is a major problem in 

apple orchards (Malus domestica Borkh.) (Judd and Gardiner, 2005), and pilot programs to 

release sterile insects with drones have been successful in controlling codling moth populations 

in New Zealand, Canada, and the United States (DuPont, 2018; Seymour, 2018; Timewell, 

2018). 

Furthermore, pilot programs for control of pink bollworm in cotton, and Mexican fruit fly 

in citrus, with drone-released sterile insects proved effective for control of these pests in the 

USA. Drone release of the sterile insects may be cheaper and faster than ground release, hence 

drone releases may make SIT more widely acceptable pest management option. With drone-

released sterile insects, Mexican fruit flies [Anastrephaludens Loew (Diptera: Tephritidae)] in 

citrus were successfully controlled in the United States. 

Mating disruption by using drones 

Drones are potentially be used to deliver mating disruptors like SPLAT (specialist 

pheromone & lure application technology) in commercial fields. Mating disruption relies on the 

release of pheromones, which interferes with mate finding (Millerand Gut, 2015), while attract-

and-kill involves an attractant and a killing agent (Gregg et al., 2018). 

Advantages of drones 

❑ Reduce the risk of pesticide to operator. 

❑ Useful in spot spraying or precision application over large areas. 

❑ Drones provide stressed and healthy images of crops. 

❑ Reduce the amount of formulation during spraying. 

❑ Drones are portable, foldable and accessible to inaccessible areas. 

❑ Drones change the flight velocity flexibly to reduce drift hazard. 

Limitations of drones 

❑ Environmental contamination & expensive vehicle cost. 

❑ Flight endurance and Payload constraints. 

❑ Small volume of the liquid tanks. 

❑ Short flying time. 
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❑ Concerned about drift hazard. 

❑ Flight drones are covered by aviation law. 

Conclusion: 

IPM programme are using drones more and more frequently. Drones equipped with 

remote sensing technology (sensors) are used to track insect outbreaks, map crop performance 

variations, and monitor crop health. Different drones (actuators) could be used during insect 

outbreaks to quickly deliver treatments like pesticides and natural enemies precisely and 

accurately. It is therefore clear that drone technology is essential to precise pest management. 
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Abstract:  

 The aim of the chapter is to help the farmers for their betterment and obtain greater profit 

by having direct farmer to supplier and farmer to farmer communications. Agriculture is very 

much essential for the maintenance of our life. But regrettably it is largely unorganized, the 

assured quality seeds which is critical for attaining high crop yields are out of reach due to high 

prices. Government programs proposed for the benefit of farming do not reach small farmers. 

Inadequate storage facility in the rural areas compel the farmers to sell their products 

immediately after harvesting at the prevailing market price which is bound to be low. 

Exploitation by the middlemen is one of the reasons for not getting the best price for the product 

of the agriculture. This chapter aims to create awareness, boost business communication and 

transparency in the system by having direct farmer to supplier and farmer to farmer 

communication. Also it does notify the farmer via SMS regarding any advertisement or offer 

published by the govt. or dealer. 

Introduction:  

 The Web Based Agriculture Business Development System provides its users and 

researches to get online information about, the crop, statistical details and new tendencies. The 

trends of the crops act so that these will be pretty important to the users who access these via the 

Internet. The main features of the information system includes information retrieval facilities for 

users from anywhere in the form of obtaining statistical information about fertilizer, research 

institutes and researches, land availability, diseases, suitable soil concentration for the 

corresponding crops, statistical information about exports and etc. In addition this provides 

individual information about Intercrops related to main crops.  

 Information and Communication Technology (ICT) in agriculture is an emerging field 

focusing on the enhancement of agricultural and rural development in India. ICT is affecting all 

spheres of life. Due to the advancement in technologies, high-speed reliable computers are 

available with huge storage capacities at an affordable cost. Database and data warehousing 

technologies can be used to store and retrieve large amount of information and also can be 

coupled with Mobile & Internet Technologies to deliver information instantaneously to the 
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community. Development in ICTs has enabled the maintenance of huge and variety of 

information (text, image, voice and video) repositories with negligible downtime that can be 

quickly extracted by millions of users concurrently. Data mining technology is being used to 

extract useful knowledge from huge databases. Now the research challenge, here, is to identify 

the areas in agriculture where progress in ICT could be used to improve the performance of 

farmers and farming technologies, and build efficient ICT-based model / system that improves 

the living standards of farming communities. 

 In recent years, with the continuous development of the economy, A Web tools to help 

farmers ensure greater profitability through direct farmer to supplier and farmer to farmer 

communication. This service boosts business communication and brings transparency in the 

system. This innovative site allows for good farmer, retailer and supplier communication. It 

allows farmers to login and communicate to respective dealers. When dealers publish an 

advertisement or offer, the respective farmers get notified via SMS message. The farmers may 

also submit their grievances and complaints to respective dealers or authorities using their farmer 

login on a separate complaints page and authorities will get access to that page regularly using 

their login id and passwords. Current model can cover only single village to planning to expand 

it and deploy for multiple villages. This work provides following features: 

• Separate login areas with appropriated functionality for farmers, administrators and dealers/ 

retailers. 

• A separate page where only farmers can post complaints and only assigned administrators 

can read and edit this page. 

• Pages where dealers and retailers may post their ads and notifications. 

• Farmers are notified of these notifications via sms whenever new ads are published. 

• An effective GUI so that rural people may easily use the service. 

• Can be over for multiple villages to communicate and deal with each other. 

 Developed countries are using Management Information System to assist deferent task 

for their end users or clients. Other than that developing countries have to provide Information 

for their peoples who interested in Economy. For that we need Information System to cater them 

for various ways. This agricultural system assists deferent users as Planters, Importers Exporters 

Prospective suppliers, and Researchers having an agricultural based economy does not have an 

information system of this nature. 

Research objectives 

Knowledge Management comprises of a range of strategies and practices used in an 

organization to identify, create, represent, distribute, and enable adoption of insights and 
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experiences. Such insights and experiences comprise knowledge, either embodied in individuals 

or embedded in organizational processes or practice.  The aim of the Work is to help the farmers 

for their betterment and obtain greater profit by having direct farmer to supplier and farmer to 

farmer communications. Agriculture is very much essential for the maintenance of our life. But 

regrettably it is largely unorganized, the assured quality seeds which is critical for attaining high 

crop yields are out of reach due to high prices. Government   agriculture communication   

programs proposed for the benefit of farming do not reach small farmers. Inadequate storage 

facility in the rural areas compel the farmers to sell their products immediately after harvesting at 

the prevailing market price which is bound to be low. Exploitation by the middlemen is one of 

the reasons for not getting the best price for the product of the agriculture. This Work aims to 

create awareness, boost agriculture business communication and transparency in the system by 

having direct farmer to supplier and farmer to farmer communication. Also it does notify the 

farmer via SMS regarding any advertisement or offer published by the govt. or dealer. 

System analysis 

Existing system 

The existing system of agriculture is very unpleasant and nasty. The unawareness about 

the quality of the seed enforce the farmer to buy low price seeds which leads to low productivity 

and these products are sold to the middlemen for a low price which results in a great loss for the 

farmer. In the existing system buying and selling a product is done manually. Price of the 

product is fixed by the middlemen. All the details of the product to be sold or purchased are 

maintained manually.  Buyers not able to get the complete information about the product. 

There is no computerized approach to help the farmers to sell their products. Presently, 

the farmer moves to nearest market place to hand over his/her product to some particular agent   

the agent requests the farmer to visit the market after some specific time to collect the money 

earned out of the product sold. That agent sells the same product to some other agent or dealer at 

an excessive cost. By this every agent tries to cuts his/her commission out of that. The farmer 

cannot be aware of transaction and the amount at which their product was sold. 

There is no facility present for the farmers to know the market rates at different markets 

where they can sell their products for achieving earnings of higher profits. Utmost times, farmers 

are unaware of the compensations and schemes provided by government. Regardless of all the 

chances knocking the doors the farmers find it hard to cut benefit out of those. So he/she doesn’t 

get the maximum profit in the current system. 

Proposed system 

Proposed Web Hosting Agriculture Communication System is very much constructive 

and pleasing. In this system farmer can directly communicate with retailers and suppliers without 
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taking help of any third parties. Also they get information regarding the offers and advertisement 

published by government officials or any other dealers which eradicate the exploitation of 

middlemen. Farmers may also submit their grievances and complaints which will be taken care 

by reporting authorities. 

The proposed system buyers or sellers can directly register in the site and sell/buy the 

product otherwise they can contact with a seller directly. Buyers can open the site and register 

with it and sell their products online. Web Hosting Agriculture Communication system is builds 

a website which will help suppliers and former’s to sell their products in different cities online. 

The normal users who want to view the market information and schemes can view the 

website without login details. Farmers who want to perform marketing must have the login 

username and password the agent who will function the selling of farmer’s product will be 

checked by the marketing committee for their marketing license and after approval, they will be 

granted with ID and password. During approval, Farmer needs to provide his/her bank account 

number, names of product he/she farms, his/her personal details, etc. This data could be used for 

various other reasons of marketing. 

 Developing a user friendly agricultural Information System for the worldwide web which 

fulfill the Agriculture Interested People’s requirements. 

• Targets: Mainly Sri Lankan crop such as coconut, rice, tea, rubber etc. 

• Provide all the information for the Research Institutes, Buyers, Planters and Suppliers. 

• Database updating can be done by authenticated users in the admin  thought Internet 

• Most of the reference information for the cultivators and decision making 

• Level people in Agricultural Field Ex. Latest fertilizers , Special chemicals. 

 The Data analysis is a procedure for recording you're comprehension of a present 

framework issue and can be utilized to recognize regions of progress. It permits impart/affirm 

you're understand with different frameworks experts and additionally with clients management. 

It permits adding to a model of a framework, underlining the stream and handling of information 

inside of a framework. The fundamental charting instrument utilized as a part of data analysis is 

the data flow diagram. The reasons for data analysis are related to the basic functions of the 

analysis phase:  

• Assemble data gathered in a meaningful way.  

• Show how the current system works.  

• Provide easily accessible reference material.  

• Set forth the current system as a basic for future comparisons with the new system.  
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Architecture diagram 

 

 

 Dataflow diagram 

 
 

System flow diagram 

System Flow diagram for Farmer Getting Information & Government Scheme 

 

Proposed techniques 

Knowledge Management comprises of a range of strategies and practices used in an 

organization to identify, create, represent, distribute, and enable adoption of insights and 

experiences. Such insights and experiences comprise knowledge, either embodied in individuals 

or embedded in organizational processes or practice.  
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The aim of the project is to help the farmers for their betterment and obtain greater profit 

by having direct farmer to supplier and farmer to farmer communications. Agriculture is very 

much essential for the maintenance of our life. But regrettably it is largely unorganized, the 

assured quality seeds which is critical for attaining high crop yields are out of reach due to high 

prices. Government   agriculture communication   programs proposed for the benefit of farming 

do not reach small farmers. Inadequate storage facility in the rural areas compel the farmers to 

sell their products immediately after harvesting at the prevailing market price which is bound to 

be low. Exploitation by the middlemen is one of the reasons for not getting the best price for the 

product of the agriculture. 

This project aims to create awareness, boost agriculture business communication and 

transparency in the system by having direct farmer to supplier and farmer to farmer 

communication. Also it does notify the farmer via SMS regarding any advertisement or offer 

published by the govt. or dealer. 

 This easily accessible conducive and supportive project is developed using PHP and 

SQL. 

Features 

• Can publish advertisements 

• Farmer/dealer gets notifications on cell phones 

• Can post complaints about dealers/farmers 

• Simple user interface so that rural people can use it  

Modules 

  A Web based project to help farmers ensure greater profitability through direct farmer to 

supplier and farmer to farmer communication. This service boosts business communication and 

brings transparency in the system. This innovative site allows for good farmer, retailer and 

supplier communication. It allows farmers to login and communicate to respective dealers. When 

dealers publish an advertisement or offer, the respective farmers get notified via SMS message. 

The farmers may also submit their grievances and complaints to respective dealers or authorities 

using their farmer login on a separate complaints page and authorities will get access to that page 

regularly using their login id and passwords. 

Admin: 

 Admin is responsible to view all the complaints posted by farmers and take necessary 

action. Admin can also post various farming tips for the farmers. Administrator is also a very 

important user of the system specifically for the management of system. Administrator is the 

super user of the web portal. The entire user interface in the admin panel is developed in the 
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Prime Faces. The component of Prime Faces used is “Icon view”. Administrator has the 

following functionalities at the web portal. 

Agricultural advisories 

Agricultural advisories in Pakistan carry out research pertaining seeds and production 

technologies. Agricultural advisories in India do not have a mechanism to share their research 

with farmers. Advisories module in the web portal is same as the seed seller’s (Supplier) module. 

So advisories can also share information on the web portal which is saved in the database. 

Farmer:  

Farmer can view all the advertisement posted by suppliers. If farmer is ready to accept all 

the terms and conditions given by supplier, he can sell his product to supplier. Even farmer can 

post his complaints regarding any issue related to product, supplier, sells etc. which will be 

handled by reporting authorities. Also farmer can view the status of his complaints. Again farmer 

can view various tips posted by admin which are very much advantageous and useful for 

farming. 

Farmers are the core users and the focal point of the system. The whole system is being 

developed for the information sharing to the farmers. Only registered farmers will be able to get 

agricultural updates  

Farmers are also facilitated in registration by the web portal. Someone questions why 

registration through web portal is there? Answer is that there is chance that we can collect data 

from large number of farmers themselves and register them manually instead of using SMS 

registration method. Farmer is asked some specific information at the time of registration which 

is helpful for sending the updates to farmers later. 

Supplier:  

Once supplier is registered he can log in to the portal by using his credentials. Supplier 

can post advertisement by specify the name of the crop he required, further this add is send to the 

respective farmers via SMS. If any farmer is ready to sell that particular crop supplier can see the 

details of it in his crop received section. 

Seed Seller Registration Module 

Web portal contains a registration module where seed sellers/agricultural product sellers 

can register themselves by entering some specific information. Information will be saved in the 

database. 

Seed Seller Login Module 

Seed seller can log on to the system by entering the credentials asked at the registration 

time. Credentials are username and password. 
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Seed Seller Information Feeding Module 

Main theme to bring seed sellers to web portal is information acquiring. Seed sellers can 

add the information about their seeds. Information entered by the sellers is stored in the 

database.  Initially seller can add information of only three crops; cotton, corn and rice but in 

future it will be extended to maximum crops.  Seed information is further categorized.   

Automated broadcasting 

Administrator can set up the time for the periodic broadcast of a SMS. And location for 

sending the SMS selected from the list of options. SMS can be sent to all the districts or a 

specific district. To implement this feature Prime Faces Poll component is used which provides 

the functionality to call an event again and again after specified interval. 
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Conclusion: 

This work is an initial step to show that the creation this kind of information system is 

feasible. This project will be helpful for farmers to know more about market information used for 

user different details and different officer different message   provide to farmers, will act as 

unique interface of schemes and compensation. Through this they will be always in touch of new 

technique and trends of farming. Agricultural Communication systems different city used for 

problem solving to help for officer’s and services is likely to intensify in the foreseeable future. 

Overall this system is faster, secure and comfortable. Web Hosting Agriculture Communication 

System become operational, as planters, importers, exporters and researchers will have access to 

up-to-date information 
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Introduction:  

 Functional and nutraceutical foods are preferred and consumed by health-conscious 

people. Milk and milk products are considered complete foods, containing most of the nutrients 

required for a healthy life. The nutrient content and its proportion in the milk can be modified by 

either incorporating required functional ingredients directly into fluid milk/dairy products or 

modifying the feed formulation of lactating animals to get the desired milk composition. The 

modification of feed formulation not only results in the secretion of milk of the desired 

composition but also reduces the chances of the incidence of certain diseases in lactating 

animals. There are many ways to modify or enrich milk and milk products, including changing 

the fat or fatty acid profile and lactose content, humanizing cow's milk, removing β-lactoglobulin 

from milk, adding human therapeutic proteins to milk, reducing milk allergies, adding melatonin 

to milk, and many other types of modified or enriched milk that is readily available for various 

uses. Milk is a natural complete food that provides fat, protein, essential vitamins and minerals, 

and also a good source of calcium, which is essential for the prevention of bone disorders such as 

osteoporosis. The current social and eating behavior scenario is changing; milk should be of 

special value to compete with other dairy products and energy drinks. To compete with other 

products, milk has to be designed in such a way that it increases its properties according to the 

needs of the changing scenario.Designing milk entails producing milk with specified qualities, 

such as enhancing immunity, using lactose, and alleviating diarrhoea. Important characteristics 

of "engineered" milk include low fat, increased protein, decreased lactose, altered amino acid 

and fatty acid profiles, and absence of b-lactoglobulin. 

Applications of designer milk 

 The applicability of designer milk can be classified into two categories, i.e. in diet and 

human health measures as well as in processing and technological developments. Designer milk 

has uses in food and human health because it improves the amount of unsaturated fatty acids 
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(USFA) in milk fat, decreases lactose content, which is beneficial for lactose intolerant persons, 

and eliminates β-lactoglobulin from milk. However, its use in processing and technological 

advancements includes changing casein's primary structure to enhance milk's technological 

capabilities, producing high-protein milk, hastening the curd clotting process for cheesemaking, 

increasing yield and/or more protein recovery, milk containing nutraceuticals and replacing 

infant formula, among other things. 

Utilizing technology to develop designer milk 

Protein modifications 

 Genetic engineering makes it possible for transgenic cows to release increased quantities 

of β-(8-20%) and k-caseins (twofold). The most prevalent milk protein, β-casein, is responsible 

for binding calcium phosphate and regulating milk calcium levels. Higher levels of k-casein in 

milk are associated with smaller micelles, enhanced heat stability and enhanced cheesemaking 

qualities. Comparing non-transgenic control cows to transgenic animals developed by Brophy's 

group, the total milk protein and total milk casein rose by 13–20% and 17–35%, respectively. 

This has a good effect on cheese production, as well as the casein and milk protein concentrate 

companies.Acid casein is used in paper coatings, cosmetics, button manufacturing, paints, and 

textile fabrics, whereas edible casein is utilized in vitamin pills, quick beverages and newborn 

formulae. Caseins, especially the β-, αs 1-, and αs 2-caseins, are extremely susceptible to 

plasmin, a serine protease that is naturally present in milk along with plasminogen. Milk is only 

partially proteolyzed due to plasmin activity. This has the double drawback of reducing the curd 

production in cheese and causing organoleptic flaws and the gelation of ultrahigh-temperature-

treated milk. Milk supplemented with particular inhibitors of plasmin or plasminogenactivators 

would consequently be advantageous for the processing sector. 

Fat modifications 

 For optimal human health, milk fat should include 82% monosaturated fatty acids 

(MUFA). Changing the feeding procedures for dairy cows and using genetic treatments are two 

ways to manipulate the composition of milk fat, even if it may not be feasible to obtain this 

"ideal" milk fat composition. 

Lowering the milk's saturated fat content 

 Ashes et al. observed that a rapid increase in the degree of unsaturation of blood lipids, 

tissue fat, and milk fat is produced by providing unsaturated fats in an encapsulated or protected 

form. The feeding of highly unsaturated oils (such as soybean oil) decreased milk fat while 

increasing the ratio of USFA to SFA in milk. Research conducted at the University of Alberta 

indicated that feeding encapsulated canola oil (to protect it from biohydrogenation by the rumen 

bacteria) results in a higher concentration of linoleic (18:2) and linolenic (18:3) acids than 

feeding unprotected oil seeds. Due to the lower melting point of milk fat containing USFA, the 
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spreadability of butter produced from such milk is much enhanced. Australian research including 

the feeding of a particular combination of canola and soybean meal in its protected state led to 

the doubling of butter's spreadability. When removed from the refrigerator at 5 ᵒC, the butter was 

virtually as spreadable as margarine without losing its distinctive flavour. At the University of 

California, Davis, researchers are concentrating on the desaturase gene to make milk with lower 

amounts of SFA. The existence of SFA and USFA ratio variations across breeds and individual 

animals is the subject of ongoing research. 

Elevating levels of milk fat's conjugated linoleic acid 

 Conjugated linoleic acid (CLA) is a byproduct of the biohydrogenation of linoleic acid 

that occurs in the rumen and is abundant in dairy products. Linoleic acid-rich diets result in a 

doubling of CLA concentrations in milk fat. Incorporating CLA and soy oil into the feed of cows 

boosted CLA levels while simultaneously lowering SFA in milk fat. In addition, grass-fed milk 

has five times more CLA than grain-fed milk. According to reports, CLAs suppress carcinogens, 

proliferation, leukaemia, colon, prostate, ovarian, and breast cancers. They are the only natural 

fatty acids recognized by the National Academy of Sciences of the United States as being 

effective anti-tumour activities at concentrations as low as 0.25–1.0% of total fat. Other 

favourable health effects of CLA validated by animal biomedical studies include anti-

atherogenic, changed nutrition partitioning and lipid metabolism, anti-diabetic action (type II 

diabetes), immunological enhancement, and bone mineralization augmentation. 

Strategies to enhance the CLA in milk 

i. Microbialmanipulation 

ii. Pasturegrasses especially lush green with young leaves 

iii. Oil-rich richfeed ingredient 

iv. Fish oil andanimal body fat 

v. On monensinfeeding 

vi. Higherintake of PUFA and fibre 

vii. Forage toconcentrate ratio 

viii. Maturity offorage 

Enhancing CLA by dietary manipulation 

 The feed which contains unsaturated fatty acids (linoleic and linolenic acid) exerts a 

positive effect on the CLA content of milk fat. Cattle grazing on pasture had higher CLA content 

in milk than those fed in barns with hay and silage. When the dietary supply of PUFA is high and 

partial biohydrogenation takes place, CLA can escape the rumen and become available for 

absorption in the lower digestive tract providing a source of CLA to the mammary gland. 

Feeding linoleic acid (C-18:2)-rich oils, such as soybean, cotton seed, linseed, and sunflower oil, 

has also been shown to help increase the CLA content of milk. The intake of raw cracked 



Bhumi Publishing, India 

92 
 
 

soybean did not increase the level of CLA in the milk of cattle, but roasted cracked soybean or 

soybean oil increased the CLA content of milk. A mustard oil-based diet (2% of mustard oil) not 

only enhances the CLA content of milk but also increases the milk fat and quantity. 

Effect of herbal feed additives toincrease CLA content of milk 

 Supplementation of Cumin cyminum extract in the diet was indicated by a 20% increase 

in the CLA content of goat milk. The Chrysanthemum coronarium plant is also reported to 

enhance the CLA per cent of milk. Terminalia chebula (0.59 and 1.79% of DM) in the diet of 

kids increases CLA content in their muscles along with the enhanced activity of the delta-9 

desaturase enzyme, the main enzyme involved in the endogenous synthesis of CLA in tissues. 

Omega fatty acid augmentation 

 According to scientific studies, the amount of PUFA in contemporary diets (almost 30% 

of calories) is far too high. Our PUFA consumption is advised to be no more than 4% of total 

calories, with about equal amounts of 2% ω-3 linolenic acid and 2% ω-6 linoleic acid. Milk 

from cows raised on pasture has the optimal balance of vital fatty acids (EFAs). Adding grains 

or other supplements to the diet in place of grass raises the ratio of ω-6 to ω-3 fatty acids. A diet 

that contains an excessive amount of ω-6 can lead to an imbalance that disrupts the production 

of prostaglandins, which increases the risk of blood clots, inflammation, high blood pressure, 

digestive tract irritation, weakened immune function, sterility, cell proliferation, cancer, and 

weight gain. Conversely, a ω-3 deficit is linked to asthma, heart problems, and cognitive 

disabilities. A decreased risk of cancer, cardiovascular disease, autoimmune diseases, allergies, 

obesity, diabetes, dementia, and various mental problems has been linked to eating about equal 

quantities of these two fats. 

Increase in omega fatty acid by dietarymanipulation 

 Diets enriched with ῳ-3 fatty acids reduce the incidence of cardiovascular, osteoarthritis 

and rheumatoid arthritis disease. The recommended level of omega fatty acid for men ranges 

from 0.5 to 2 gm/day. Milk from pasture-fed cows contains omega fatty acid at 16.5mg/gm fat. 

A cow fed on linseed cake, rape seed cake, and alfalfa hay produces milk with a 60–100% 

higher concentration of omega fatty acid. Cows-fed grasses and legumes have higher levels of 

omega fatty acids. Omegatek is a fat supplement designed to increase the bio-availability of 

omega fatty acids in milk, in which ῳ-3 and ῳ-6 enriched oil are encapsulated by protein. 330 

gm/kg of Omegatek fat, out of which 264 gm/kg is rumen undegradable, providing energy and 

essential fatty acids like linoleic acid, linolenic acid, DHA and EPA. 

Reducing milk's fat content as an alternative to modifying its fat composition 

 The genetic composition of an animal may be altered to allow it to produce milk with 2% 

fat, resulting in a 22% decrease in the cost of feed per kilogram of milk. Targeting enzymes that 

affect fat formation is essential for altering fat composition. Reduced levels of the enzyme 
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Acetyl CoA carboxylase, which governs the rate of fat synthesis in the mammary gland, would 

result in a significant decrease in the fat content of milk and a decrease in the amount of energy 

needed by the animal to make milk. 

Enhancing Docosahexaenoic acid (DHA) and Eicosapentenoic acid (EPA) content in milk 

 DHA helps in the development of the brain. It is found in the grey matter of the brain and 

frontal lobe, DHA deficiency in early life causes learning disabilities, aggressive hostility, and 

poor vision. The recommended level of DHA and eicosapentanoic acid (EPA) is 0.65 gm/day. 

Increased dietary EPA and DHA concentrations increase their concentration in milk, but the 

transfer of this acid from diet to milk is very low. In general, adding fish oil, marine or algae to 

the diet increased the yield of EPA and DHA in the fatty acid fraction of milk.  

Increasing Selenium in milk by dietary modification 

 Selenium is a part of glutathione peroxidase that helps to maintain cell integrity and 

prevent oxidation of unsaturated fatty acids. Plant-based foods include solely selenomethionine, 

but animal-based foods contain both selenomethionine and seleno-cystine. The most widely 

traded Se supplement is Se-enriched yeast, which contains 3000 mg/kg Se. Supplementation of 

feed with inorganic selenite, selenate or organic selenium-enriched yeast increases the Se 

content in milk. 

Enhancing vitamin D in milk 

 Vitamin D is essential for calcium absorption and is involved in the mineralization 

process required for bone growth. Recent research suggests that vitamin D may help prevent 

prostate, breast, and colorectal cancer. The recommended Vit-D requirement is 600 IU/day for 

the age group 1–70 years. The normal Vit D concentration in milk is 15–40 IU/l. Milk Vit-D 

concentration is affected by fodder supplementation and sunlight. There is a positive relationship 

between increasing oral vitamin D supplementation and milk concentration. Direct oral 

supplementation of cow doses from 4000 IU/day to 40000 IU/day Vit-D resulted in an increase 

of vitamin D in milk other than the cow supplemented with fodder and intravenous and 

intramuscular application of Vit-D. The milk concentration of vitamin D is highest in early 

lactation (0–14 days) compared to the later lactation period. 

Enhancing chromium in milk 

 Cr is the part of Glucose tolerancefactor  and helps to improve the immunityof humansand  

reduces stress.Chromium concentration inmilk   ranges from 1-4  µg/ 100  ml,whilethe 

recommended level of Cr for men is 25-35 µg/day.In cattle Average dailyintake of chromium is 

62-85 µg/day   out  ofwhich 63  % of chromium is excreted in urine and about 3.6  % is secreted in 

the milk.Chromium concentration in the blood serum of cattle ranges from   9  to 92  µg/l,itdepends 

upon the chromium concentration in the feed.Supplemental chromium increases milk production 

by about 12.3%. Supplementation with 0.25 to 0.5 mg Cr/kg DM had no impact on the 
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chromium levels in milk. Chromium is physiologically active as a component of the oligopeptide 

chromoduline, which enhances the impact of insulin by enabling its binding to cell surface 

receptors. 

Modifications in lactose 

 Lactose, the milk sugar, cannot be carried directly into the bloodstream, although glucose 

and galactose, which arise from lactose's enzymatic breakdown, may. Early in infancy, the 

hydrolyzing enzyme lactase or β-galactosidase (β-gal) levels fall in the majority of humans to the 

point of near absence in maturity. When persons with lactose intolerance consume milk or milk 

products, lactose stays undigested and malabsorbed in the stomach, causing water retention 

owing to its osmotic impact. Combined with the bacterial generation of high amounts of carbon 

dioxide, this water retention causes intestinal pain and dehydration. As milk is the most essential 

component of the human diet, lactose intolerance prevents many individuals from consuming 

this key nutritional source. In addition, lactose intolerance may be linked to osteoporosis in old 

age, a growing concern among the elderly, given that milk provides a significant portion of the 

calcium necessary for sustaining bone health. Dietary adjustments, such as avoiding dairy 

products, or the use of β-gal-replacement (pre-harvest) or hydrolyzed low-lactose (post-harvest) 

products help mitigate the effects of lactose intolerance. Each of these treatment techniques 

requires dietary supplements and varies in effectiveness. Not only do such initiatives have 

economic costs, but they also fall short of meeting the world's nutritional requirements. 

Pre-harvest methods of lactose reduction 

 α-lactalbumin (αLA) is one of the most essential milk proteins, found in the milk of 

almost all mammals. It alters the substrate specificity of β-1, 4-UDP-galactosyltransferase (UDP-

gal) by interacting with it, hence facilitating the production of lactose. The pre-harvest 

techniques for lowering lactose entail either the elimination of α-LA and gene "knock-out" 

techniques or the introduction of lactase enzyme into milk through mammary gland-specific 

expression. Although these effective methods give useful tools for addressing milk physiology, 

they reduce the total sugar content of milk, resulting in milk with a high viscosity. According to 

studies conducted on mice, the decrease of lactose by α-LA deletion is improper because it 

impairs milk volume management. The milk of these mice was very viscous, heavy in protein 

(88%) and fat (60%), lacked α-LA and lactose, and had no α-LA. The elimination of the UDP-

gal gene in mice by Karatzas and Turner generated lactose-free milk with a high viscosity. 

Post-harvest approaches to lactose reduction 

 It is possible to produce low-lactose milk by overexpressing β-gal in milk. However, the 

monosaccharide created inside the formed milk raises the osmotic pressure within the alveolar 

lumen, pulling more water and causing additional dilution of other milk components, thereby 

providing an in vivo strategy for low-lactose milk synthesis. They created transgenic mice that 
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produced a physiologically active β-gal in their milk in a selective manner. Despite very modest 

levels of β-gal expression, the lactose concentration in the milk of these transgenic mice was at 

least half. In addition, the transgenic expression did not affect the milk protein levels, helping to 

maintain a balanced food supply, as seen by the same development curves observed in animals 

raised on transgenic or control milk. Transgenic low-lactose milk production may provide a more 

balanced approach to lactose intolerance management than post-harvest or lactose replacement 

products. Producing transgenic cattle with this transgene is also theoretically viable. Similar or 

perhaps improved levels of expression may certainly be attained. 

Humanization of cow’s milk 

 It is stated that a mother's breast milk is the pinnacle of infant nutrition. However, for a 

variety of reasons, many newborns are given formulas derived from cow's milk. By adding 

substances that mimic human milk to bovine milk, the composition of these formulae might be 

vastly enhanced to meet the demands of infants. 

Lactoferrin (LF) 

 The iron-binding protein has antibacterial capabilities and may mediate certain 

inflammatory effects and regulate several immune system components. Human milk contains 

around 1 g/l, whereas human colostrum contains approximately 7 g/l. As the amount of LF in 

cow's milk is around one-tenth that in human milk, this has piqued the interest of those 

responsible for developing human milk replacement formulations. Pharming, NV (Leiden, The 

Netherlands) created the first transgenic bull and a line of transgenic cows that generate a variety 

of proteins, including human LF, in the late 1980s (HLF). Human milk contains 0.04 grammes 

per litre of lysozyme (LZ). Enzymes have antimicrobial properties. At amounts of 0.78 g/l, 

human lysozyme (hLZ) has been generated in the milk of transgenic mice. On the processing 

front, the presence of LZ in milk reduces the clotting time of rennet and increases the gel 

strength of the clot. A double-transgenic cow that co-expresses hLF and hLZ in milk may also 

decrease the frequency of intramammary infection or mastitis. Another potential use of 

transgenic technology is the production of human lipase, which is triggered by bile salt in bovine 

milk. This lipase might be added to baby formulae to improve the digestion of lipids, particularly 

in preterm newborns with low b-gal activity. Johnson et al. determined, based on research 

involving African-Americans between the ages of 12 and 40, that the reason for milk intolerance 

in as many as one-third of the participants reporting symptoms after consuming modest 

quantities of milk was not its lactose content. 

β-lactoglobulin elimination in milk 

 In children, cow milk allergenicity is often induced by the presence of β-Ig, which is 

lacking in human milk. The elimination of this protein from cow's milk by knocking out the β-Ig 

gene is unlikely to have any negative consequences on an either cow or human formula, and it 
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may solve many of the most significant allergy issues connected with cow's milk. Moreover, 

since milk protein allergenicity studies reveal that all dietary proteins are potential allergens and 

that allergenic structures are widely dispersed across the protein molecule, milk is a useful model 

for discovering allergenic structures in food. In creating techniques for the identification and 

evaluation of possible allergenicity in new foods, many of the technical approaches utilized in 

the evaluation of milk protein allergenicity may be adopted. 

Human therapeutic protein-infused milk 

 The development of high-value, low-volume therapeutic proteins in domestic animal 

milk has attracted the attention of the industrial sector. Several human proteins have previously 

been successfully expressed in this setting. More than 60 therapeutic proteins, including plasma 

proteins, monoclonal antibodies, and vaccines, are produced by GTC Biotherapeutics using both 

goats and cows. Recombinant human antithrombin III, a blood anticoagulant protein, is one 

product that is nearing the end of testing. It is made in goat milk. GTC is also engaged in a study 

to create a goat milk-based malaria vaccine. It is known that eight goats can generate enough 

vaccines to immunize 20 million people and that a litre of goat milk may contain up to 9 g of the 

transgenic protein. Thus, the price of manufacturing a transgenic protein in goat milk maybe 3 to 

30 times lower than the price of employing mammalian cell culture now in use. To address 

pancreatic insufficiency in processing dietary lipids, PPL Therapeutics (Edinburgh, UK, and 

Blacksburg, VA) is experimenting with rabbits and lambs to manufacture a-1-antitrypsin, 

fibrinogen, and lipase. The milk of transgenic cows, lambs, or goats has also been used to 

produce goods like insulin and growth hormone. Additionally, milk from transgenic animals may 

include proteins such as blood clotting factors required by human haemophiliacs. 

Lowering milk allergy rates 

 In a study of Americans and Africans (aged 12 to 40), one-third of consumers did not 

have milk intolerance due to the lactose level in milk. The majority of milk allergies in children 

to cow's milk are caused by the β-Ig protein, which is lacking in human milk. Therefore, it is 

believed that removing this protein by deleting the β-Ig gene from cows would have a negative 

impact on cows and may solve the milk allergy issues related to cow milk. 

Melatonin-containing milk 

 Milk-containing melatonin is an effective treatment for sleep problems such as insomnia. 

Melatonin is a powerful antioxidant that functions as a terminal antioxidant and is now used in 

the prevention of several lifestyle-related illnesses. Three to four times more melatonin is 

produced in milk that is produced before dawn than in milk that is collected throughout the day. 

The sources of melatonin include both animals and plants. The release of melatonin varies across 

people according to age, gender, season, and the presence of specific disorders. The amount of 

melatonin declines as a person ages, however, its production is greater in elderly women than in 
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senior males. The concentration of melatonin fluctuates with the seasons. According to reports, 

the content of melatonin is greater in winter than in summer. In the same manner as conjugated 

linoleic acid, the content of melatonin changes with milk type. 

Conclusion 

 Despite being a biological product, milk may be tailored to a person's requirements in this 

era of personalized goods. Designing milk with multiple purposes and utilities is easily possible 

with intervention at various phases of manufacture. Designer milk has a bright future with the 

growing interest in functional meals and nutraceuticals. However, additional studies and field 

applications are still needed to give designer milk its real dimension. The study in this area has 

started, but further studies on these topics as well as human trials are needed to substantiate the 

claims or validate the advantages of designer milk. The human body is unable to produce several 

important components (such as carotene and phytosterol), but they may be readily fortified and 

supplied via designer milk. 
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Introduction: 

 Coconut (Cocos nucifera L.) is a widely cultivated perennial crop belonging to the family 

of arecaceae. It is one of the world's most beneficial trees and is frequently referred to as the 

"tree of life." It serves as the foundation for Hindu ceremonies involving marriage and worship. 

The exact origin of coconut is still uncertain, researchers assumes that the palm tree may have 

come from the western pacific region and from there it was presumably spread by people 

eastward and westward. Every component of the coconut palm is valuable in some way and so it 

is called as "Kalpavriksha". The leaves are used for multiple purposes such as making hats, 

carpets, brooms and other items. The blooms are used to make vinegar and alcohol. For craft 

purposes, coconut shells are used as plant pots. Husks are used as a natural cleaner and for 

manufacturing rope.  Roots of coconut palm has proved to be potential in curing fever, heart 

burns, urinary tract infections etc. The overall production of coconut in 2020 was 20,309 million 

nuts in area of 2173 thousand hectares with productivity of 9346 nuts/ha. Kerala stands first in 

production (6,980.30 million nuts) followed by Tamil Nadu (5,373.21 million nuts) and 

Karnataka (CDB, 2022).                  

Coconut inflorescence 

 A "spadix," which is borne individually in the axil of each leaf, is the collective name for 

the double sheath or spathe that encloses the coconut inflorescence. The palm is monoecious, 

which means that both male and female flowers are present in its inflorescence. In comparison to 

female flowers, male flowers are more abundant. The male flowers are carried on the top of 

spikelet that are connected to a primary axis or peduncle. The male flowers are the first to open, 

beginning at the top of each spikelet and proceeding towards the base. Male flowers abscise one 

day after opening, after which the pollen is discharged from each blossom. However, the male 

phase only lasts for about 20 days in most palms, but this can change depending on the season 

and variety. A female flower's receptivity lasts for one to three days. The number of female 

flowers per fruiting branch varies from 0 to 100; 20 to 30 being quite common. After the spathe 

has opened, the female phase may start soon or later and last for 3-5 days in tall palms and 8-15 
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days in dwarfs. The length of the male and female phases varies according to the climate, and in 

tall kinds, they typically do not overlap, making self-pollination infrequent. The overlapping of 

the male and female phases and between spadices frequently occurs in some dwarfs, especially 

the Malayan Dwarf, and encourages selfing. These dwarfs are therefore fairly homozygous.  

Button shedding 

  The opening of the spathe, which contains a number of female flowers that might all 

develop into nuts, starts the visual cycle of development of a cluster of coconuts. The female 

flowers start to open up after three weeks. Some of them are pollinated to produce nuts, while the 

others fall off. This is called as button shedding. An average coconut bunch that starts off with 

16 female flowers or prospective nuts loses 23.8% of them during the first two months, 40.1% 

during the second two months, and 1.9% during the third two months of growth. After that, 

minimal nut losses from shedding occur (Abeywardena and Mathes, 1971). 

 The main fixed elements affecting production in a coconut plantation are the genetic 

potential and the soil-climatic environment. However, crops within the same plantation do differ 

significantly from pick to pick. Such crop fluctuations are a result of the cumulative impact of 

weather-oriented seasonal variations in the crop constituents, such as the quantity of bunches, the 

proportion of female flowers to male flowers, the rate of pollination, button shedding, and 

immature nut fall (Abeywardena and Mathes, 1971). The primary elements in determining the 

coconut palm's final output are the shedding of button nuts and immature nut fall. Fungus or pest 

infestation, nutritional deficiency, improper pollination and environmental conditions are some 

potential causes of nut shedding (Peiris et al., 1995). 

Conditions for button shedding       

 Numerous factors including pathological conditions, insect pest attacks, nutritional 

deficiencies, variations in soil and climate, problems with pollination and fertilisation, structural 

flaws in the flower, abortion of embryos, the palm's limited ability to bear fruit, unfavourable 

conditions like moisture deficiency, lack of aeration, and waterlogging, among others, contribute 

to button shedding. Rajapakse et al. (1995) reported that 38% of immature nut fall was due to 

physiological reasons during the first two months of fruit setting. Immature nutfall of about 17% 

was due to fungal infections and 5 % of nuts dropped due to insect pest attacks. Buttons shed 

during the wettest seasons of the year as well as when there was a moisture deficiency. Nuts are 

more likely to shed after an unusually long dry spell and more specifically, after the start of the 

first rains. Deficiency of water and nutrients in sandy soils often results in poor nut setting and 

severe nut shedding (Subramanian et al., 2006). Hebbar et al. (2020) reported that the high 

temperature caused the poor pollination resulting in poor nut set in West Coast Tall (WCT) 
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palms. Nainanayake et al. (2008) reported that the microclimatic conditions during flower 

opening has a direct impact on nut setting and eventually yield. Macro and micronutrients are 

also essential for the nut set. 

Physiological approaches for management of button shedding 

 The physiological model of fruit abscission was explained by Patharkar and Walker 

(2017). Development of abscission zone occurs in first phase. In phase 2, Activation of  

abscission signaling loop and all the indicated proteins occurs. Enlargement of  cells in 

abscission zone and changes in cytosol pH to alkaline occurs. Auxin negatively regulates 

abscission by suppressing the hormones ethylene, Jasmonic acid. Separation of cells occur in 

phase 3 by the enzymes such as polygalacturonases (PGs), pectin methyltransferases (PMEs), 

and expansins (EXPs). In phase 4, abscission zone scar is sealed with a protective layer and the 

pH of the abscission zone cells returns to neutral. 

 The fruit drop before harvest can be reduced by the exogenous application of growth 

regulators, increasing the overall number of fruits produced per plant. Most cross-pollinated fruit 

crops benefit from the exogenous application of auxin and gibberellins to prevent early fruit 

abscission by partially replacing the endogenous production of those substances (Bons and Kaur, 

2019). Carlos et al.(1966) reported that the GA spray at 450ppm at two weeks after stigmatic 

receptivity showed the highest reduction of fruit abscission and increased fruit size.Young fruit 

abscission generally decreased as GA concentrations rose up to 450 ppm. Pradhan (2003) 

reported that spraying the mixture of 2, 4-D (30 ppm) and coconut water resulted in effective 

reduction of button shedding in both summer and rainy seasons. 2, 4-D showed more efficacy in 

minimizing button shedding. Further, the efficacy was higher when sprayed along with coconut 

water. When bunches were sprayed with 2,4-D and coconut water mixture, leaf nitrogen content 

was minimum which might be due to better usage of nitrogen for the female flower 

development. C: N ratio was higher after two months of bunch opening in 2, 4-D and coconut 

water mixture sprayed palms.  

 Mathew et al. (2019) reported that boron which is an essential micronutrient that helps in 

meristematic tissues multiplication, protein metabolism, maintenance of water relation, tissue 

respiration, pectin synthesis, translocation of sugars, pollen tube growth, development of 

flowers, fruits and fruiting process. Nutritional deficiencies can be managed by the application of 

500 g of borax in 2 split doses along with recommended dose of fertilizer (Rajagopal ,2001). 

Nath et al. (2012) reported that the increased graded doses of nitrogen up to 500 g (50% N 

substituted by vermicompost) improved the nut yield and copra content. The increasing levels of 

phosphorus and potash i.e., highest level of P at 500 g and K at 2000 g per palm per year 

improved the nut yield per palm per year. Under high level of K, the yield was increased as 
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result of the high uptake and accumulation of K in the leaf tissues which consecutively increased 

the photosynthetic efficiency resulting in greater synthesis, accumulation and translocation of 

carbohydrates. Root feeding of coconut tonic at 200ml/palm twice a year at six months interval 

increase chlorophyll content,photosynthetic efficiency of leaves, decrease button shedding and 

increase the number, size of nuts. It also imparts tolerance to pests,diseases and environmental 

stresses. 

Conclusion: 

              In coconut, considerable loss in yield had been observed to result from the phenomenon 

of shedding of buttons. It varied from 55 to 95 per cent depending on conditions prevailing, and 

on the variety of the coconut. Application/spraying of proper combination of plant growth 

regulators and nutrient solutions in the correct stage of inflorescence, button shedding can be 

reduced. 
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Abstract: 

 Common scab is a tuber disease caused by bacteria which cannot be seen bythe naked 

eye. The bacteria cause hard, corky, raised, small and wet brownspots to develop on the skin of 

the tuber. These are first noticed at thebeginning of tuber formation and can be seen at the time 

of harvest. Thedisease can cause softening inside the tuber. As the disease develops, thespots 

come together to make a large scab. Pathogenic Streptomyces species, which produce the 

phytotoxin thaxtomin, are responsible for the sickness.The disease can survive in infected tubers 

until the next season in thesame field. It becomes severe when potatoes are grown in less acidic 

soil. Thisdisease is more common on injured tubers. Warm and dry soil conditions within2-3 

weeks of tuber formation are favourable for the development of thedisease. The disease spreads 

from one place to another by irrigation water, rain, wind, diseased tubers and farm tools. The 

disease can also survive onweeds in the potato field.Root and tuber vegetables are susceptible to 

infection by Streptomycesspecies as soon as the root or tuber forms, but, because this disease 

only affects root and tubers, the symptoms are not usually noted until harvest. The disease occurs 

worldwide wherever potatoes are grown. Common scab does not usually affect total yields, but 

significantly lessens the marketability of both tablestock and processing varieties. You can 

recognise pathogenic strains of the bacterium by looking for the txtAB operon, which produces 

thaxtomin.Knowledge of Common Scab has expanded considerably over recent years, enabling 

improved detection of the causal pathogens and increased understanding of mechanisms of 

pathogenicity, and providing potential methods of modulating pathogen response for disease 

resistance.  Management practices to control the disease vary and include crop rotation, tolerant 

varieties, monitoring soil pH, avoiding low soil moisture at tuber initiation, and application of 

soil- and/or seed applied pesticides. 

Keywords: Scab, Epidemiology, Disease cycle, Management 

Introduction: 

 Potato common scab (CS) is caused by the saprophytic, filamentous, gram-positive, soil-

borne bacterium Streptomyces scabies and other pathogenic Streptomyces species (Hao et al., 

2009). S. scabies enters young tubers directly through the epidermis as well as through wounds 
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and pores (lenticels) in stems. Symptoms of this disease comprises of scab-like surface, elevated, 

and/or pitted lesions on the tuber which can significantly reduce a potato farmer's commercial 

production. This plant disease is found wherever these vegetables are grown. In root and tuber 

vegetables, common scab signs can range from surface rusting to deep holes. Although this 

disease typically has little effect on yields, it can significantly lower the quality of the produced 

vegetables and render them unfit for sale. Streptomyces species can infect root and tuber 

vegetables as soon as the root or tuber grows, because this disease exclusively affects root and 

tubers, the symptoms are typically not noticed until after harvest. 

 The degree and quantity of scab on tuber lots are taken into account while setting the 

standards for potato grades and state seed certification. When the removal of tissue affected by 

pitted scab results in a loss of more than 10% of the potato's overall weight or when scab affects 

an aggregate area of more than one inch, potato tubers are deemed significantly injured (2.5 cm). 

The tuber is deemed to have substantial damage for surface scab when the overall surface area is 

higher than 25%. It is important to note that only a handful of the several hundred bacterial 

species in the genus Streptomyces may infect developing potato tubers and other subterranean 

plant structures like the tap roots of radish, parsnip, carrot, and beet (Stevenson et al., 2001).This 

aspect may be crucial for managing the disease the pathogen produces as well as our general 

understanding of the pathogen and its impact on host plants when taking into account the soil 

microbial community. 

Systematic position 

Kingdome: Monera 

Phylum: Actinobacteria 

Class: Actinobacteria 

Order: Actinomycetales 

Family: Streptomycetaceae 

Genus: Streptomyces 

Species: S. scabies 

Isolation 

 S. scabies can be isolated from infected potato tissue by first surface sterilizing the tuber 

with a dilute bleach solution.  Tissue should be selected from the edge of the necrotic areas (may 

be a light yellow or straw color).  A small amount of tissue is homogenized with sterile distilled 

water and the resulting suspension streaked onto water agar.  (NPPC (nystatin, polymyxin, 

penicillium, cycloheximide) water agar, which contains antibiotics, can be used if bacterial or 

fungal contaminants are present (see Schaad et al., 2001).  Check the plates after a few days for a 
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smooth firm mycelium which later develops aerial hyphae.  The hyphae will begin to fragment 

into spores giving the culture a powdery appearance.  

Conditions conducive to disease 

 Given the existence of favourable conditions such a pH greater than 5.2, temperatures of 

20–22 °C, and a soil moisture level below field capacity during early tuberization, streptomyces 

species that are pathogenic to potatoes may potentially produce lesions on the tubers of sensitive 

genotypes (Archuleta and Easton, 1981). Water develops a microfilm around the developing 

tuber to limit infection, Streptomyces scabies will generally cause disease in soils with less than 

65–70% soil moisture (Gudmestad, 2008). Growers can use a management strategy to keep soil 

moisture in the 80-85% range from the time tuber initiation occurs until tubers are 25 to 38 mm 

in diameter (Powelson and Rowe, 2008). Environmental factors may also have an impact on the 

sorts of lesions (shallow, raised, or pitted) that are seen (Goyer et al., 1996). Lesion type has, 

however, also been linked to pathogen species and/or the existence of one or more virulence 

factors (Boucheck-Mechiche et al., 2000b). The tuber sphere microbial community may contain 

multiple species and/or strains of Streptomyces, making it challenging to identify close 

relationships between these variables.Environmental factors that are conducive to CS caused by 

S. scabies include low soil moisture during tuber initiation, daytime temperatures above 70 °F, 

and a soil pH range of 5.5 to 7.5. Applying sulphur, acid-forming fertilisers, and gypsum before 

or during planting lowers the pH of the soil to 5.0 to 5.2, which aids in the suppression of CS 

brought on by S. scabies (Powelson and Rowe 2008). 

 Furthermore, in fields with a history of common scab or in fields planted to highly 

susceptible potato cultivars with the potential to harbour seed-introduced inoculum, producers 

are urged to closely monitor and manage soil moisture to field capacity during early tuberization. 

Thaxtomin: A pathogenicity factor 

 Pathogenic Streptomyces species synthesize the phytotoxin thaxtomin, which elicits scab 

symptoms and is the primary pathogenicity determinant in common scab-causing species 

(Lawrence et al., 1990). Thaxtomin inhibits the manufacture of cellulose even though it has an 

unidentified target. Plant-derived substances, such as cellobiose, which is created when cellulose 

is partially hydrolyzed, and suberin, which is found on the surface of potato tubers, stimulate the 

creation of taxtomin (Lerat et al., 2009). According to a study by Kinkel et al. (1998), there is a 

direct association between the manifestation of symptoms and the synthesis of thaxtomin A in 

culture, with each 1 g/mL rise in thaxtomin A corresponding to an 11% increase in the infected 

surface area of potato tubers. 
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Disease cycle of Streptomyces scabies 

 Thaxter was the first to identify Oospora scabie as the causative agent of CS in North 

America (Thaxter, 1891). The bacterium Streptomyces scabies has a filamentous shape, which 

gives it the appearance of a fungus. The hyphae in the mycelium are thin (about 1 m in 

diameter), branching, and have few to no cross walls.In mature spiral chains with 20 or more 

spores, cylindrical spores (0.5 by 0.9–1.0 m) are generated (Lambert and Loria, 1989a). The apex 

of the hyphae releases spores.The bacterium lives on seeds, in soil, and in soil water and is 

transported by spores.Arthropods and nematodes can transport the spores since they have a 

hydrophobic property (Loria et al., 2006) The spores germinate and enter plant tissues through 

wounds, larval feeding sites, stomata, and lenticels (Agrios, 2005) It is believed that S. scabies 

and other pathogenic Streptomyces species penetrate tubers through juvenile lenticels, likely 

because these lenticels have not yet developed a layer of protective suberin. (Locci, 1994). Cell 

wall penetration and proliferation have been proven by Loria et al. (2003). Streptomyces scabies 

has branced mycelium. Its spore-producing hyphae develop into corkscrew-like spiral chains 

with cross walls that eventually constrict and break off into individual spores. As spores mature, 

they develop a gray or melanized pigmentation. When a spore comes into contact with a suitable 

host, it will germinate and the infection process begins. S. scabies prefers temperatures between 

68 and 72 degrees F to infect potato tubers, however it can infect tubers in the soil at any 

temperature between 50 and 88 degrees F. Infection usually begins at the onset of tuberization. 

The pathogen primarily invades lenticels but will take advantage of any open wound on the 

surface of the potato tuber. Following penetration, the infection can spread through as many as 

three peridermal cell layers before killing the cells. The bacterium then feeds saprophytically on 

these cells. Additionally, the pathogen secretes a substance that encourages rapacious cell 

division in the healthy cells surrounding the lesion. This causes the tuber to produce several 

layers of cork (suberized) cells that isolate the bacterium and the surrounding tuber cells. As the 

tuber cells above this suberized layer die, the pathogen feeds on them. The infection spreads and 

thrives in the extra dead cells as the suberized layers are expelled and shed off. Throughout the 

growing season, this growth cycle may repeat multiple times, expanding the lesion. Lesion size 

will also vary depending on when infection occurs. Generally, the earlier a tuber becomes 

infected, the larger the lesion. Environmental variables, cultivar susceptibility, and the 

complexity of the soil microbial population, including Streptomycetes spp., appear to have an 

impact on the sorts of lesions that occur and the extent to which a tuber is covered with lesions. 

profiles of virulence factors (Boucheck-Mechiche et al., 2000b) 
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The disease cycle of the common scab pathogen, Streptomyces scabies 

Symptoms 

 Common potato scab symptoms vary widely and appear on the potato tuber's surface. 

Multiple cork-like lesions, including surface, elevated, and pitted lesions, are produced by the 

disease. Sometimes surface lesions are also referred to as russeting, particularly on round whites, 

because the general appearance resembles the skin of a russet-type tuber. Pitted lesions range in 

depth, but typically go down 1/8 inch. It is believed that a combination of host resistance, the 

pathogen strain's aggressiveness, the time of infection, and environmental factors affect the sort 

of lesion that develops on a tuber. 

 Scab symptoms are usually first noticed late in the growing season or at harvest. Tubers 

are susceptible to infection as soon as they are formed. Lesions start out as small brownish spots, 

which enlarge into water-soaked circular lesions within a few weeks of infection. Scab is most 

severe when tubers grow in warm, dry soil with a pH of over 5.2. Soils with a pH of 5.2 or lower 

significantly inhibit common scab. However tubers growing in acidic soil may get lesions that 

look like scabs. These could be caused by acid scab, a condition that resembles normal scab and 

is brought on by the pathogen S. acidiscabies. The pathogen that causes acid scab can thrive in 

soils with a pH as low as 4.0. It can be challenging to distinguish between acid scab and ordinary 

scab since the lesions brought on by S. acidiscabies resemble those brought on by S. scabies. 
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A tuber infected with common scab. 

Corklike lesions form on the surface of the 

tuber 

A tuber infected with common scab. The 

disease may form raised corklike lesions on 

the surface of the tuber (arrows) 

 

Along with surface and raised corklike lesions, common scab may form pitted lesions, 

which may be 3 to 4 mm deep 

 

Management of common scab 

 Scab cannot be effectively controlled by a single intervention, but it can be managed 

utilising an integrated strategy that incorporates host resistance and cultural control techniques. 

Chemical control techniques have had mixed results. 

Cultural control 

 The severity of the scab disease is known to be influenced by a number of variables, 

including crop rotation, soil type and amendments, soil moisture, and soil acidity. Common scab 

infections are significantly affected by soil moisture during tuberization. Since the early 1920s, 

irrigation has been utilised to treat this condition. Infection can be prevented in the two to six 

weeks following tuberization by keeping soil moisture levels close to field capacity. The most 

practicable approach may not necessarily be irrigation, particularly in soils with poor water-

holding capacity. Furthermore, excessive irrigation may make other disease issues, such Pythium 

leak and pink rot, even worst. 
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 Common scab can also be substantially less severe in acidic soils with a pH below 5.2. In 

order to prevent common scab, potatoes are frequently planted in soils with a pH of 5.0 to 5.2. 

Soil amendments – including manure, lime and cover crops – have produced inconsistent results 

for the control of scab. Since Streptomyces spp. are typically involved in the breakdown of 

organic matter, their presence is suggested to encourage them. Therefore, it is preferable to stay 

away from soils with light textures and those that have a lot of organic content, if at all feasible. 

Crop rotation is crucial for the management of common scab because it lowers inoculum levels 

in potato crops. S. scabies, however, can exist for many years without potatoes due to its capacity 

to infect other plants and live saprophytically. Numerous fleshy root vegetables, including beets, 

carrot, radish, and turnips, have been implicated. Following potato crops appear to be less prone 

to disease when small grains or alfalfa are rotated in. 

Host resistance 

 Through field screening programmes, cultivars with varying degrees of resistance to 

common scab have been found, despite the fact that the mechanism underlying this resistance is 

not fully known. The best and simplest strategy to prevent common scab is to plant resistant 

varieties. However, resistant types are not immune and can catch the disease under the right 

circumstances and at high soil inoculum concentrations. 

Biological control 

 Antibiotic-producing Streptomyces strains antagonistic to potatoscab pathogens (Wilson, 

1994) andbiofumigation (Gouws & Wehner, 2004), offers an environmentally acceptable 

meansof controlling common scab. It is important to realise that these methods can only 

beeffective when applied as part of an integrated disease management system 

Chemical Control 

 Chemical and antimicrobial compounds have been used to control common scab with 

varying degrees of success. Plant damage often results from chemical treatments like 3, 5-

dichlorophenoxyacetic acid (3, 5-D, Telone). Although a few antibacterial substances have 

shown promise, none are approved for usage in the US. Despite some success in testing, studies 

have shown that utilising the chemical pentachloronitrobenzene (PCNB), commonly known as 

Blocker (Amvac), at higher doses (20lb/A) can result in a reduction in tuber size or yield. 

Conclusions: 

 Growers, researchers, breeders, and industry have long been concerned about potato 

common scab. The causes of the condition have been the subject of several investigations 

(Streptomyces sp.). Despite the fact that these studies have made a considerable contribution to 
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our understanding of the disease, there are still a number of research options that could 

ultimately help producers succeed. 

 Evaluation of the germplasm and population progeny is also crucial for identifying and 

enhancing resistance in growers' existing cultivars. Programs that evaluate management 

strategies are crucial for disseminating knowledge that aids growers in managing the 

disease.Traditional control strategies such as irrigation and reduced soil pH are not sufficient and 

often fail. Optimizing environmental conditions for reduction of CS can also lead to favorable 

conditions for other diseases. The most desirable control method would be disease-resistant 

potato cultivars. However, no currently available commercial potato cultivar has been shown to 

be completely resistant to CS. 

 The context of experimental design to assess management practises and germplasm 

would also benefit from further studies that clarify population structure at crucial time points and 

change over time of pathogenic Streptomyces species, level of influence from the larger 

microbial community, and distribution.  

 For potato growers and other stakeholders in the sector, these scientific research would 

ultimately influence the steps toward success in reducing the prevalence and severity of this 

disease. 

References: 

Agrios, G.N. (2005). Plant pathology. 4th ed. London: Academic 

Archuleta, J.G., and G.D. Easton. (1981). The cause of deep-pitted scab of potatoes. American 

Potato Journal. 58: 385–392 

Boucheck-Mechiche, K., C. Pasco, D. Andrivon, and B. Jouan. (2000b). Differences in host 

range, pathogenicity to potato cultivars and response to soil temperature among 

Streptomyces species causing common and netted scab in France. Plant Pathology 49: 3–

10. 

Gudmestad, N. (2008). Potato health from sprouting to harvest. In Potato health management, ed. 

D. Johnson, 2nd ed., 67–77. St. Paul: APS Press. 

Goyer, C., B. Otrysko, and C. Beaulieu. (1996). Taxonomic studies on Streptomycetes causing 

potato common scab: a review. Canadian Journal of Plant Pathology 18: 107–113 

Gouws, R. & Wehner, F. C. (2004). Biofumigation as alternative control measurefor common 

scab on seed potatoes in South Africa. Agroindustria 3: 5-8. 

Hao, J., Q. Meng, J. Yin, and W. Kirk. (2009). Characterization of newStreptomyces strain, 

SD3024, that causes potato common scab.Plant Disease 93: 1329–1334. 

https://en.wikipedia.org/wiki/Common_scab 

https://www.canr.msu.edu/resources/potato_diseases_common_scab_of_potato_e2990 

https://en.wikipedia.org/wiki/Common_scab
https://www.canr.msu.edu/resources/potato_diseases_common_scab_of_potato_e2990


Agriculture Science: Research and Review Volume XI 

    (ISBN: 978-93-91768-96-6) 

 
113 

 
 

Kinkel, L., J. Bowers, K. Shimizu, N.-E. EC, and J. Schottel. (1998). Quantative relationships 

among thaxtomin a production, potato scab severity, and fatty acid composition in 

Streptomyces. Canadian Journal of Microbiology 44: 768–776 

Lambert, D., and R. Loria. (1989a). Streptomyces scabies SP-Nov, nomrev. International Journal 

of Systematic and Evolutionary Microbiology 39: 387–392. 

Lawrence, C.H., M.C. Clark, and R.R. King. (1990). Induction of common scab symptoms in 

aseptically cultured potato tubers by the vivotoxin, thaxtomin. Phytopathology 80: 606–

608. 

Lerat, S., A. Simao-Beaulieu, and C. Beaulieu. (2009). Genetic and physiological determinants 

of Streptomyces scabies pathogenicity. Molecular Plant Pathology 10: 579–585 

Locci, R. 1994. Actinomycetes as a plant pathogen. European Journal of Plant Pathology 100: 

179–200. 

Loria, R., J. Kers, and M. Joshi. (2006). Evolution of plant pathogenicity in Streptomyces. 

Annual Review of Phytopathology 44: 469–487. 

Potato health management, ed. D. Johnson, 2nd ed., 183–195. St.Paul, MN: APS Press. 

Powelson, M., and R. Rowe. (2008). Managing diseases caused by seedborne and soilborne 

fungi and fungus-like pathogens.InPotato health management, ed. D. Johnson, 2nd ed., 

183–195. St.Paul, MN: APS Press 

Schaad, N.W., Jones, J.B., and Chun, W. (2001). Laboratory guide for identification of plant 

pathogenic bacteria. APS Press, St. Paul. Third edition, pp: 236-249. 

Stevenson, W.R., R. Loria, G.D. Franc, and D.P. Weingartner. (2001). Compendium of potato 

diseases. 2nd ed. St. Paul: The AmericanPhytopathological Society 

Thaxter, R. (1891). The potato Bscab Connecticut AgriculturalExperiment Station Annual 

Report, pp. 81–95. 

Wilson, C. R. (1994). Biological control. Page 28 In: Integrated control of common scab: A 

compilation of working documents by C. Wilson, D. Fulton & B. Pemberton. 

 

 

 

 

 



Bhumi Publishing, India 

114 
 
 

CONSERVATION AGRICULTURE BASED CROP DIVERSIFICATION OPTIONS 

FOR SUSTAINABLE CROP PRODUCTION 

Radheshyam*1, Naveen Malik1, Sandeep Gawdiya1 and Pooja Nain2 

1ICAR-Indian Agricultural Research Institute, New Delhi 

2Govind Ballabh Pant University of Agriculture and Technology, Pantnagar Uttarakhand 

*Corresponding author E-mail: radheshyamsihag01@gmail.com  

 

Abstract: 

 Future food and nutrition demand for growing population has to be met mainly through 

increasing yield per unit area and time with lesser use of external inputs or efficient/judicious use 

of available resources while protecting the environment (Gathala et al., 2013). In this context, 

conservation agriculture (CA)-based sustainable intensification intervention with crop 

diversification (within rice based & beyond the rice like; maize/soybean/wheat/cotton based 

system), CA-based precision inputs (nutrients & water) management bundling innovative 

agronomic practices like; climate smart agriculture practices are important component for overall 

development to ensuring food & nutrition security, enhancing productivity and production 

efficiency, improve environmental quality and preserve natural resources. Maize planted on no-

till bed recorded highest grain yield (8.2–73.4%), 11% lower water use and 16% higher water 

use efficiency across the years compared to conventional till flat in maize-wheat system under 

different tillage establishment (Jat et al., 2013). Diversified cotton-wheat system with CA under 

permanent broad bed with residue (PBB+R) found to increase yield (wheat equivalent yield), net 

returns and system water productivity by 26, 36 and 48 percent (∼12.6 kg wheat equivalent/ha-

mm) higher than farmers practices in the IGPs (Das et al., 2014). Precision nutrient management 

in conservation agriculture found to enhance yield, input use efficiency (Sapkota et al., 2014) 

Conservation agriculture based sustainable intensification development in north-west India with 

precision input management enhancing productivity and profitability, ensuring food & 

nutritional security while protecting environment. Conservation agriculture based sustainable 

intensification provides opportunities to transition towards sustainability and developing 

resilience to changing climatic for addresses the problems of the system. 

Introduction: 

 Agriculture remains central to the economy of South Asian nations providing livelihood 

to the majority of their population. Over past few decades, though agriculture in the region have 

made spectacular progress for food self-sufficiency through significant increase in crop yields 

but, to meet the expected demand, production still requires an increase by another 60-70% by 

2050. Moreover, South Asia is not only most populous but also a highly vulnerable regions of 
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the world facing challenges of natural resource degradation with projected serious implications 

of climate change on the future food security. It is a paradox that although the region enjoys high 

economic growth, at the same time suffers from extreme poverty, undernourishment, and the 

deterioration of its natural resources. Rice-wheat is the largest cropping system in India & south 

Asia (10.5 M ha & 13.5 M ha; respectively) played most important role at the time of green 

revolution for food security. Region has high economic growth, same time suffers from 

deterioration of its natural resources in ‘The Green Revolution Corridors’ (north-west IGP), 

Severely constrained due to indiscriminate use of natural resources; low soil organic carbon, 

removal/burning of crop residues, mining of soil nutrients, fertility fatigue and poor quality 

ground water in intensively monotonous cultivated area of rice-wheat system in South Asia is a 

common phenomenon (Kakraliya et al., 2018). This adds to the challenge of making farming 

system more and more resilient to climatic risks in the north-west IGP. Further, changing land 

uses, urbanization and increasing pollution could affect the predominant cereal systems (for 

example rice-wheat) niche directly and indirectly through their impacts on climate change 

variables (Lal, 2016) especially in the north-west India. For example water table in western IGP 

being depleted at 13 to 17 km3 yr-1 (Rodell et al., 2009) due to over-pumping for rice will also 

have serious impacts on regional agro-ecosystem and rice production (Yadvinder-Singh, 2014). 

Under such scenario, the classical conventional tillage based, organic/biomass recycling 

devoid & a predominantly rice-wheat monotonous crop rotation mediated farming is neither 

economical nor sustainable. Given the scenario of no scope for horizontal expansion of farming, 

the future food and nutrition demand of growing population has to be met mainly through 

increasing yield per unit area with lesser external inputs (labor, water and energy) while 

protecting the environment (Gathala et al., 2013) Precision nutrient management in conservation 

agriculture found to enhance yield, WUE and economic profitability (Jat et al., 2014). Therefore, 

to sustainably increase the more nutritious food production while conserving precious natural 

resources, we need a multi-pronged strategy that includes (i) bridging management yield gaps 

through innovative agronomic management, (ii) diversifying the resource intensive & less 

efficient crops/cropping systems with resource use efficient production system and (iii) 

transitioning from a commodity centric technology to infusion of market inclusive system based 

management paradigm. In this context, conservation agriculture (CA) based sustainable 

intensification is increasingly being considered as “an important component of the overall rural 

development strategy for ensuring food & nutrition security, poverty alleviation, health for all,  

enhancing productivity, improve environmental quality and preserve natural resources”. 

Conservation agriculture adopted over 180 M ha area have paid dividends across the globe for 
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sustainable intensification through arresting land degradation, save on water, cost, labour, energy 

etc. while reducing environmental footprints.  

Challenges and opportunities of the system: 

Challenges Opportunities 

➢ Food & nutritional Insecurity ➢ Food & Nutritional Security 

➢ Natural Resources degrading 

➢ (land, water, energy) 

➢ Resources Conservation Technologies 

(RCTs) like; CA 

➢ Crop Residues burning  

➢ (Pollution, Soil health) 

➢ CA-Machinaries (Super SMS Fitted 

Combine and Happy seeder) 

➢ Mitigation & adaptation to climate Change 

➢ (Irregular & Extreme Weather) 

➢ Resilience to climate risk 

➢ (Climate Smart Agriculture) 

➢ No scope of Horizontal expending 

(Produce/more Input/land) 

➢ Produce more/less Input use/land/Time 

➢ (Precision input management) 

➢ Crop based management ➢ System based “Innovative Agronomic 

management” 

➢ Resource intensive & less efficient 

crops/cropping systems 

➢ Resource use efficient production system  

➢ commodity centric technology  ➢ Infusion of market inclusive system 

based management paradigm.  

Government policies for promote crop diversification: 

➢ Residues Management project: Rs 1153 Caror (demonstration, awareness activity 

(school, college), kissan mela, training, wall printing/slogan, print media, machinery 

(happy seeder), adoption of villages (2/KVK). 

➢ Crop Diversification: Govt. of Haryana targets 50000 ha diversifying  rice-wheat 

cropping system with maize, arhar dal (pigeon pea) and soybean  

➢ “MERA JAL MERI VIRASAT”: free seed, Rs 2000 incentive, farmer share of insurance, 

assured procurement 
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Exmerimental results:  

 Das et al. (2018) reported that in CA-based maize-wheat cropping system, maize yields 

due to permanent broad bed with residue and permanent narrow bed with residue were 28 and 

15% higher than that in CT plots (Table 1). Das et al. (2014) found that 51% increase cotton 

yield in CA under cotton-wheat system. Sepat et al. (2015) reported that 5.4 & 2.5% increases 

the yield of Pigeon pea & Wheat under Pigeonpea–wheat system. Jat et al. (2014) found that the 

1.3 Mg/ha/year of system yield increase under Rice-wheat system of 7 year under CA practices. 

Therefore, Conservation tillage, the most important aspect of CA is thought to take care of the 

soil health, plant growth and environment. Conservation tillage has beneficial effects on crop 

root growth, water and nutrient use efficiencies and ultimately the agronomic yield (Das et al. 

2018). 

Table 1: Crop productivity in conservation agriculture (CA) and conventional tillage (CT) 

treatments 

Conservation/ zero 

tillage 

Study 

duration 

(Years) 

Cropping System 

Increase in crop 

productivity over 

CT (%) 

Reference 

Permanent broad 

bed with residue 
3 

Cotton (Cotton-

wheat) 
51.0 

Das et al. 

(2014) 

Permanent broad 

bed with residue 
3 

Maize (Maize-

wheat) 
28.0 

Das et al. 

(2018) 

Zero-till flat bed 4 

Pigeon pea  & 

Wheat (Pigeon pea 

–wheat) 

5.4 & 2.5 
Sepat et al. 

(2015) 

ZT DSR – ZTW+R 7 Rice-wheat 1.3 Mg/ha/year 
Jat et al. 

(2014) 

 

 There was a significant (p < 0.05) effect of tillage practices on maize yield. Maize on 

NTB (no-tiil bed) showed significant increases of 8.2% in yield compared to CTF (conventional 

till flat). NTF produced significantly higher maize yield than CTF, maize yield was significantly 

higher under NTB than in NTF (no-till flat). Irrigation water productivity (WPI) of maize varied 

significantly across treatments. WPI in maize was significantly higher with NTB and NTF than 

in CTF. In wheat, significantly higher WPI for wheat was recorded for NTB and NTF systems 

than for CTF, The WPI was significantly higher for NTB and NTF than CTF system. 
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Table 2: Yield and irrigation water productivity in maize-wheat system under CA and CT 

Irrigation water productivity (kg grain ha-mm−1) 

Tillage practices  

and residue 

 management 

Irrigation Water productivity               

 (kg grain/ha-mm) 
Grain Yield (t/ha) 

Maize Wheat System Maize Wheat System 

CTF 12.90b 11.35c 11.94c 3.78b 5.45a 9.23b 

NTF 13.93b 12.77b 13.21b 3.65b 5.62a 9.27b 

NTB 21.24a 15.16a 17.27a 4.12a 5.55a 9.67a 

 

Nutrients management under CA focus on (Singh et al., 2014) 

Current Systems/practices Future Systems/Practices 

❖ Repeated tillage ❖ No-till/Drastically reduced till 

❖ Residue burning/removal ❖ Residue retention  

❖ Monotonous cropping ❖ Diversified cropping 

❖ Crop based management-lacking 

system approach 

❖ System based management 

❖ Ex-situ organic recycling ❖ In-situ organic recycling 

❖ Sole cropping ❖ Intercropping/relay cropping 

❖ Ad-hoc recommendation ❖ Site/location/situation specific 

recommendations 

❖ Does not involve soil moisture regime ❖ Nutrient x water interactions 

 

Integrated nutrient management as 4th principle of CA:  (Lal, 2016) 

Precision nutrients management under CA: the basic principles of precision nutrient 

management are: 

❖ An approach for “feeding” crops with nutrients as when needed.  

❖ It advocates: optimal use of existing indigenous nutrient sources (e.g. crop residue, 

manure) 

❖ PNM in CA is of 4R’s of nutrient management (Right time, Right source, Right method 

and Right rate) 

Precision nutrients management tools: the basic tools that can be affordable by farmers are:  

➢ Green seeker 
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➢ Nutrient expert 

➢ Urea calculator 

➢ SPAD meter 

➢ Leaf colour char 

 

  

 Sapkota et al., 2014. Found that the effect of different precision nutrients management 

approaches over farmers fertilizers practices on partial factor productivity (PFP) of phosphorous 

as well as potassium under CT and NT. The PFP (Kg/P2O5) were significantly increased under 

using precision application tools like Nutrient expert, Green seeker with two or three split 

application under no-till practices over the state recommendation and farmer fertilizer practices 

under CT as well as NT. Moreover, the precision nutrients management approaches have 

potential to improve efficiency of fertilizers nutrients may cut-down the dose as well as losses of 

nutrients which may reduce the environmental footprints.   

Benefits of CA based Sustainable intensification: 

 As mentioned earlier, there has been positive results from Conservation Agriculture 

based Sustainable Intensification. In past 20 years from our own farm-trials, we have found: 

(Gathala et al., 2019) 

➢ 5%- 10% increase in production from crop diversification  
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➢ 8%- 17% of irrigation water saved  

➢ 26%- 42% labor saved  

➢ 46%- 62% fuel consumption/ energy saved  

➢ 16%- 56% increase in farmers’ income  

➢ 11%- 16% reduction in CO2 emission 

Conclusion: 

 Conservation agriculture based sustainable intensification system approach solution to 

provide the window of opportunity to transitioning towards sustainability. Intensifications of 

conventional cereal rotations (RW) through CA-based management with diversified systems 

(MW–mungbean) were proved to be a better alternative to the conventional RW system with 

respect to productivity, profitability, use efficiency and nutritional security.CA based precision 

inputs management enhancing productivity, profitability and resources (water & nutrients) use 

efficiency and save natural resources. Climate smart agriculture practices with CA significantly 

proved for develop resilience to climatic risk through mitigating/adapting the effect of climate 

change. 
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Abstract: 

 Orchids are nature's gift of flowering plants distributed throughout the world. They 

exhibit incredible range of diversity in size, shape and color of their flowers. Orchidaceae is 

regarded as a largest family among monocotyledons, few studies have been done regarding their 

medicinal properties. Though orchids are grown primarily as ornamentals, many of them are 

used as herbal medicines, food, and other have cultural value by different cultures and tribes in 

different parts of the world. Their potential horticulture and medicinal value is appreciated the 

worldwide. Phytochemically some orchids have been reported to contain alkaloids, triterpenoids, 

flavonoids and stilbenoids. These orchids have been a source of medicines and have played 

crucial role for human health with a potential in treating various ailments and diseases. It is 

estimated that 95% of the medicinal plants used in Indian herbal industry today are collected 

from wild. Medicinal plants are globally valuable sources of herbal products, and they are 

disappearing at a high speed. For medicinal orchid plants with limited abundance, slow growth 

and destructive harvesting generally results in resource exhaustion and even species extinction. 

With the increase in population, rapid expansion of area under food and commercial crops, 

deforestation, extension of urban areas, establishment of industries in rural areas, etc., there is 

considerable depletion of plant genetic resources wealth, including orchids, many of them being 

in the process of extinction day by day. Each challenge impacts human and orchid survival 

differently but the role of all ecosystem components to survival and sustainability of populations 

cannot be overlooked. It might not take much to disrupt or exploit an ecosystem but it can 

equally be possible, given time, to recover a sustainable balance. Therefore, the sustainable use 

of these medicinal orchids should be considered, and good harvesting practices must be 

formulated. There is need to encourage multiplication and cultivation of these orchids. There are 

many paths towards achieving sustainability, plant tissue culture being one of them. 

Conservation initiatives have been developed through plant tissue culture techniques. It is a 

practice used to propagate plants under sterile conditions, often to produce clones of a plant. 

Different techniques in plant tissue culture may offer certain advantages over traditional methods 

of propagation. This chapter attempts to summarize the use of Plant tissue culture to conserve 

these orchids of medicinal significance. 

Key words: Orchids, herbal medicines, plant tissue culture, conservation 
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Introduction: 

 Nature has presented mankind with a wonderful gift in the form of plants. Among them 

Orchids are the group of flowering plants belonging to the family Orchidaceae, distributed in all 

parts of the world except in extremely cold region of the Arctic, hot deserts and aquatic and 

marine ecosystems. These orchids are one of the largest plant family among monocotyledons 

(Chase et al., 2015), comprising 25000-35000 species (Dressler, 1993; Hossain, 2011) and are 

commonly traded for a verity of purposes including as ornamental plants, medicinal products and 

food. Primarily the orchids are cultivated for beautiful flowers. They are widely known for their 

economic importance but less for medicinal value. Origin of the orchids on the planet earth 

probably dates back to120 million years ago. From records it seems that history of orchids 

started in China. The first reference on orchid can be traced back to 2800 before Christ, when 

Chinese Emperor Sheng Nung advised on the medicinal property of Dendrobium species. 

Orchids might have been used for its aphrodisiac property, it was mentioned in some of the 

oldest pharmacopoeias in India (Puri, 1970). In the western world the first reference to orchids 

was by Theophrastus, considered by many as the father of Botany. In his study “Inquiry into 

plants” around 300 BC, he coined the term “Orchis” to describe the terrestrial species of orchids. 

He used the term to describe the root structure of these plants which resembled testicles. Orchis 

is a Greek word meaning testicles. It was believed that flowers of these plants mimicked animals 

as they grew on the spots where an animal has spilled its semen (Schweinfurth, 1959). From this, 

the belief came that orchids enhance virility and potency when consumed. The people of ancient 

India were also well aware of the medicinal properties of orchids. The medicinal values of a 

Vandaceous taxon and of some other taxa including Eulophia dabia Hochr., Flickingeria nodosa 

Seidenf. And Malaxis rheedii Sw. are discussed in “Charaka Samhita”- a classic ancient Indian 

medicinal volume written by Charaka in Sanskrit. This is the first record of Indian orchids and 

their uses in Ayurvedic medicine. 

 However in the present scenario the natural populations of orchids having geographically 

distribution the world are depleting alarmingly to low levels due to less germination frequency, 

slow growth rate in nature, lack of suitable pollinators and various anthropogenic pressures 

including habitat destruction, climate change, collection of orchids, grazing, over exploitation for 

medicinal and horticultural uses are the major factors affecting survival and propagation of 

orchids in the wild ( Pant, 2013; Barman and Devadas, 2013). Now many of the orchids became 

rare in their natural habitats. At present all the orchid species are listed in the Red Data Book of 

the International Union of Conservation of Nature and Natural Resources (IUCN). Also the 

family orchidaceae on the whole is now included in the Appendix-II of the Convention on 

International Trade in Endangered Species of wild Fauna and Flora (CITES) (Senthilkumar, 

2001). 
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 Naturally orchids reproduce vegetatively by producing division of rhizome, off shoots, 

keikis, bulbs, back bulbs etc. but this natural way of propagation is generally very slow, so the 

rate of production of young plants is time consuming. But they also reproduce sexually by seeds. 

Orchid seeds are microscopic and are produced profusely (2-3 millions per capsule), but are non 

endospermic and contain almost no nutrients. In nature, for germination and early developmental 

stages they must be symbiotic with highly specialized fungi, consequently <5% of the seeds 

germinate in the wild habitats (Kumaria and Tondon, 2001). Now an effective strategy becomes 

essential to conserve and multiply these orchid species. Thus plant tissue culture technique is a 

potential alternative method for mass scale propagation and conservation of Rare, Endangered 

and Threatened (RET) orchids. All orchids are herbaceous plants in life forms classified into four 

categories in natural habitats, 1.Terrestrial orchids, 2.Epiphytic orchids, 3.Lithophytic orchids 

and 4.Saprophytic orchids. 

Importance of orchids in traditional medicine 

 In India many orchids are employed for a variety of therapeutic use in different systems 

of traditional medicines like Ayurveda, Siddha and Unani. Many of these orchids are used to 

cure a variety of diseases and disorders like stomachache, diarrhea, rheumatism, vermicide, 

blood purifier, purgative, emetic, bronchitis, astringent, aphrodisiac, expectorant etc. In many 

states of India the local and tribal people use these medicinal orchids as ayurvedic and unani 

treatment of many diseases (Roy et al., 2007). In ayurvedic system of medicine a group of eight 

drugs known as “Ashtavarga” is employed in the preparation of a number of rejuvenating 

formulations and tonics. This Ashtavarga is important ingredient of various classical ayurvedic 

formulations like “Chavanprash” (Dhyani et al., 2010). Out of eight constituents of Ashtavarga 

four have been reported to be orchids (Table 1). 

Table 1: Medicinal plants used in Ashtavarga (Singh and Duggal, 2009) 

Sl. No. Botanical name Ayurvedic name Family Part used 

1.  Habenaria intermedia Ridhi Orchidaceae Root 

2. Habenaria edgeworthii Vridhi Orchidaceae Root 

3. Malaxis acuminate Rishbhaka Orchidaceae Pseudobulbs 

4. Malaxis muscifera Jivaka Orchidaceae Bulbs 

5. Roscoea procera Kakoli Zingiberaceae Roots 

6. Fritillaria royeli Kshira kakoli Liliaceae Root 

7. Polygonum cirrifolium Mahameda Polygonaceae Rhizome 

8. Polygonum verticilliatum Meda Polygonaceae Rhizome   

 

 Orchids are used in traditional medicine systems around the world from subsistence to 

commercial levels of exploitation. In many countries like China, India, some parts of Europe, 

America, Australia and Africa orchids have been used as traditional drugs for a very long time 
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(Bulpitt, 2005). The ethno-medicinal values of several orchids were also discussed in “Charaka 

Samhita” a classical Indian medical system written by Charaka in Sanskrit a thousand years ago. 

Scientists traced the importance of orchids in medicinal system. Chinese were the first to 

cultivate and describe orchids (Jalal et al., 2008) and they were the first to describe orchids for 

medicinal use (Bulpitt, 2005). Various orchid genera are used in traditional medicine belongs to 

Acampe, Aerides, Agrostophyllum, Anoctochilis, Bletilla, Calanthe, Cirrhopetallum, Coelogyne, 

Cymbidium, Cypripedium, Dendrobium, Epipactis, Eulophia, Eria, Gastrodia, Habenaria, 

Ipsea, Liparis, Luisia, Melaxis, Nervilia, Pholidota, Satyrium, Vanda, Vanilla and Zeuxine 

(Handa, 1985; Pant, 2013; Singh and Duggal, 2009). Recently some more orchid species have 

been reported to have medicinal properties (Paul et al., 2017; Hinsley et al., 2018). 

 In India studies on orchids are mainly focused on their documentation but there is a lack 

of phytochemical and pharmacological studies on medicinal orchids. Besides their high 

ornamental values and expensive price they command in the international floriculture market. 

Orchids are of considerable importance in medicine as they have high content of alkaloids, 

anthocyanins, glycosides, phenols, triterpenoids, tannins, flavonoids, stilbenoids and other useful 

phytochemicals (Besra et al., 2011). Limited information on medicinal values of orchids 

regarding their therapeutic properties in different parts of the world is available and specifically 

corresponded to particular regions. Compilation of such information is very important to provide 

the reference for the drug development of many problematic diseases. India is the richest habitat 

of orchids comprise of about 2500 species in167 genera. Indian system of traditional medicine 

has also long history of orchid use. In Indian system some orchids like Anoectochilus species, 

Cymbidium species, Cypripedium parviflora, Dendrobium species, Eulophia campestris, 

Gastrodia elata, Orchis latifolia, Vanilla planifolia  etc. have drawn the attention of scientific 

community because of their medicinal properties (Singh and Duggal, 2009; Bhattacharya et al., 

2015, Paul et al., 2017; Shao et al., 2014). In Charaka samhita many medicinal values of orchids 

have been mentioned namely, Eulophia dabia, Flickingeria nodosa, Malaxis rheedii etc. this is 

the first record of Indian orchids and their uses in ayurvedic medicine. In India orchids are 

employed for a variety of theraeutic uses in different systems of traditional medicine (Table 2). 

 The medicinal value of Vanda has a long history of use by the native population for its 

anti-inflammatory properties (Kumar et al., 2005; Behera, 2008). It has anti-proliferative effects 

against various types of cancers including Choriocarcinoma, Stomach cancer and Lung cancer 

(Ho and Chen, 2003). Some orchid species have been in use as an antidote for scorpion bite, 

snake bite and insect bites. Tuber paste of Habenaria fusifera, Habenaria plantaginea and 

Habenaria roxburghii are used for various bites by tribals (Jalal et al., 2008; Behera et al., 

2013). Paste obtained from leaf of Acampe praemorsa, Lusia zeylanica and aerial roots of 

Cymbidium aloifolium are used to treat bone fractures (Behera, 2008). 
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Table 2: Therapeutic uses of some orchids 

Sl. 

No. 

Species Habit Part used Therapeutic uses with References 

1. 

 

 

2 

 

3. 

 

 

 

4. 

 

 

5. 

 

 

 

6. 

 

7. 

 

 

 

8. 

 

9. 

 

 

10. 

 

 

11. 

 

 

 

12. 

 

Acampe carinata 

(Griff.) Panigrahi 

 

Acampe papillosa 

Lindl. 

Acampe praemorsa 

(Roxb.) Blatt and Mc 

cann. 

 

Aerides crispum 

Lindl. 

 

Aerides multiflorum  

Roxb. 

 

 

Aerides odoratum 

Lour. 

Arundina 

graminifolia (D.Don) 

Hochr. 

 

Bulbophyllum 

carniflorum Rchb. 

Bulbophyllum 

leopardinum (Wall.) 

Lindl. Ex Wall. 

Bulbophyllum 

neilgherrense Wight 

 

Calanthe  triplicata 

(Willem) Ames 

 

 

Calanthe plantaginea 

Lindl. 

Epi. 

 

 

Epi. 

 

Epi. 

 

 

 

Epi. 

 

 

Epi. 

 

 

 

Epi. 

 

Terre. 

 

 

 

Epi. 

 

Epi. 

 

 

Epi. 

 

 

Terre. 

 

 

 

Terre. 

 

Root 

 

 

Root 

 

Root 

 

 

 

Whole plant 

 

 

Leaves, Bulbs, 

Roots 

 

 

Leaves 

 

Rhizome, 

Roots 

 

 

Pseudobulbs 

 

Leaves, 

Pseudobulbs 

 

Leaves, Bulbs 

 

 

Roots, 

Pseudobulbs 

 

 

Rhizome 

 

In rheumatism and uterine diseases. 

Root paste is used in Scorpion and 

Snake bites (Dash et al., 2008). 

In rheumatism 

 

In rheumatism and bone fracture, 

crushed roots used as tonic (Dash et 

al., 2008; Deorani and Sharma, 

2007). 

Powered and boiled plants with neem 

oil used to treat earache (De et al., 

2015). 

Leaf paste used to cure wounds and 

earache. Bulbs and roots possess 

antibacterial properties (Baral and 

Kurmi, 2006; Subedi et al., 2013). 

In joint pain and tuberculosis (Dash et 

al., 2008). 

Antibacterial, root decoction in 

controlling diabetes, tumor and 

hepatitis (Hossain, 2011; Kumar, 

2002). 

Induce abortion (Dash et al., 2008). 

 

Fresh pulp/juice used in burns (Joshi 

et al., 2009). 

 

Leaves and Bulbs paste mixed with 

cow’s milk orally administered for 

leucoderma (Rajendran et al., 1997). 

Diarrhea and tooth cavities, 

pseudobulbs used in the treatment of 

gastrointestinal disorders (Yonzone et 

al., 2012; Jalal et al., 2010). 

Dry powder with milk taken as tonic 

(Subedi, 2011). 
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13. 

 

 

 

14. 

 

 

15. 

 

 

 

16. 

 

17. 

 

 

18. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

19. 

 

 

 

 

20. 

 

Coelogyne 

corymbosa Lindl. 

 

 

Coelogyne cristata 

Lindl. 

 

Coelogyne flaccid 

Lindl. 

 

 

Coelogyne ovalis 

Lindl. 

Coelogyne punctulata 

Lindl. 

 

Cymbidium 

aloifolium (L.) Sw. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cymbidium elegans 

Lindl. 

 

 

 

Cymbidium 

ensifolium (L.) Sw. 

Epi. 

 

 

 

Epi. 

 

 

Epi. 

 

 

 

Epi. 

 

Epi. 

 

 

Epi. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Epi. 

 

 

 

 

Lytho./   

Terre. 

Pseudobulbs 

 

 

 

Pseudobulbs 

 

 

Pseudobulbs 

 

 

 

Pseudobulbs 

 

Pseudobulbs 

 

 

Whole plant 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Whole plant 

 

 

 

 

Rhizome 

 

Juice heals wounds and burns, paste 

applied on forehead relieves headache 

(Behera et al., 2013; Jalal et 

al.,2010). 

Juice applied on gums and burns for 

sores (Behera et al., 2013; Jalal et al., 

2010). 

Paste is applied to forehead to cure 

headache and fever, juice is taken for 

indigestion (Baral and Kurmi, 2006; 

Subedi, 2011; Joshi et al., 2009). 

Aphrodisiac (Baral and Kurmi, 2009; 

Subedi, 2011). 

Used in burn injury and wounds 

(Yonzone et al., 2012; Jalal et al., 

2010). 

Rhizome is purgative, also used in 

bone fracture; rhizome powder is 

consumed as tonic. Root paste used in 

rheumatism and nervous disorders. 

Seed powder used to healing wounds. 

Leaf used in boils and fever. 

Concentrated root decoction is used 

against cough and cold. Whole plant 

is used against burns and sores 

(Ramesh et al., 2012; Yonzone et al., 

2012; Baral and Kurmi, 2006; 

Subedi, 2012; Jalal et al.,2010; Medhi 

and Chakrabarti, 2009; Behera et al., 

2013; Nongdam and Chongtham, 

2011; Joshi et al., 2009)  

Fresh juice is coagulating, used to 

treat deep wounds to stop bleeding. 

Also in nervous disorders (Baral and 

Kurmi 2005; Toeh, 2016; Subedi, 

2011; Joshi et al., 2009). 

Decoction can be used for the 

treatment of gonorrhea, decoction of 
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21. 

 

 

 

 

 

22. 

 

23. 

 

24. 

 

 

25. 

 

 

 

26. 

 

 

 

27. 

 

28. 

 

 

29. 

 

 

 

30. 

 

 

 

 

 

 

 

 

Cymbidium 

giganteum Wall.ex 

Lindl. 

 

 

 

Cymbidium 

longifolium D.Don 

Cymbidium 

macrorhizon Lindl. 

Cypripedium elegans 

Reichenb.f. 

 

Dactylorhiza 

hatagirea (D.Don) 

Soo 

 

Dactylorhiza 

incarnate (L.) Soo 

 

 

Dendrobium alpestre 

Royle 

Dendrobium 

amoenum Wall.ex 

Lindl. 

Dendrobium 

crepidatum Lindl. 

and Paxton 

 

Dendrobium 

densiflorum Lindl.  

 

 

 

 

 

 

 

Epi. 

 

 

 

 

 

Epi. 

 

Terre. 

 

Terre. 

 

 

Terre. 

 

 

 

Terre. 

 

 

 

Epi. 

 

Epi. 

 

 

Epi. 

 

 

 

Epi. 

 

 

 

 

 

 

 

 

Whole plant 

 

 

 

 

 

Pseudobulbs 

 

Rhizome 

 

Roots 

 

 

Tubers 

 

 

 

Tubers 

 

 

 

Bulbs 

 

Pseudobulbs 

 

 

Pseudobulbs, 

Stem 

 

 

Pseudobulbs, 

leaves, Stem 

 

 

 

 

 

the flower can be used to control eye 

sores (Nongdom, 2014). 

Fresh leaf juice used for blood 

clotting, pseudobulbs and root 

powder used as tonic and eaten 

during diarrhea (Baral and Kurmi, 

2006; Subedi, 2011; Jalal et al., 2010: 

medhi and Chakrabarti, 2009). 

Salep and emetic. 

 

Decoction used as diaphoretic and in 

treatment of boils (Duggal, 1972). 

Nervine tonic in hysteria, spasm, 

madness, epilepsyand rheumatism 

(Subedi, 2011). 

As a tonic, in wound healing, control 

bleeding and burns (Baral and 

Kurmi,2006; Subedi, 2011; Joshi et 

al., 2009). 

Aphrodisiac, emollient, cure 

dysentery, diarrhea, fever, cough, 

wounds, cuts, burns, fractures and 

general weakness (De et al., 2016). 

Treating pimples, boils and skin 

problems (Behera et al., 2012). 

Paste is applied to burnt skin and 

dislocated bones (Subedi, 2011; Joshi 

et al., 2009). 

Pseudobulb paste used in fracture and 

dislocated bone, stem as a tonic, in 

arthritis (Pant, 2013; San and Myint, 

2009). 

Pulp used in boils and pimples, stem 

used in tonic, arthritis and 

rheumatism, leaf paste used fractured 

bones, sprains and inflammations 

(San and Myint, 2007; pant, 2013; 

Dakpa, 2007; Manandhar, 2002). 
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31. 

 

 

32. 

 

 

 

 

33. 

 

 

 

 

34. 

 

 

 

 

 

35. 

 

36. 

 

 

 

37. 

 

38. 

 

 

 

 

 

 

39. 

 

40. 

 

Dendrobium 

candidum Wall. Ex 

Lindl. 

Dendrobium 

chrysotoxum Lindl. 

 

 

 

Dendrobium 

chrysanthum Wall ex 

Lindl. 

 

 

Dendrobium 

fimbriatum Hook. 

 

 

 

 

Dendrobium 

herbaceum Lindl. 

Dendrobium 

longicornu Lindl. 

 

 

Dendrobium 

moschatum Lindl. 

Dendrobium nobile 

Lindl. 

 

 

 

 

 

Dendrobium ovatum 

(Willd.) Kranzl. 

Dendrobium 

transparens Wall. 

Epi. 

 

 

Epi. 

 

 

 

 

Epi. 

 

 

 

 

Epi. 

 

 

 

 

 

Epi. 

 

Epi. 

 

 

 

Epi. 

 

Epi. 

 

 

 

 

 

 

Epi. 

 

Epi. 

 

Leaves 

 

 

Leaves, 

Stem, 

Flower 

 

 

Leaves, 

Stem 

 

 

 

Whole plant 

 

 

 

 

 

Leaves 

 

Whole plant 

 

 

 

Pseudobulbs 

 

Whole plant 

 

 

 

 

 

 

Whole plant 

 

Pseudobulbs 

 

Aqueous extract of leaves used in the 

treatment of diabetics (Nongdam P, 

2014). 

Leaf extract used as tonic, antipyretic 

and anti inflammatory activities, stem 

and flower extract used as tonic 

(Nongdam P, 2014; San and Myint, 

2007). 

Leaves are dried and ground used as 

antipyretic and mild skin diseases, 

stem as a tonic to nourish stomach 

enhance immune system (Nongdam 

P, 2014). 

Used in nervous debility, liver upset, 

pseudobulbs as aphrodisiac, fever and 

as tonic, leaf in fractured bones 

(Nongdam, 2014; Ramesh et al., 

2012; Medhi and Chakrabarti, 2009; 

San and Myint, 2009). 

Paste used in infected wounds. 

 

Plant juice used to relieve fever, 

boiled roots used to feed live stock 

suffering from cough (Baral and 

kurmi, 2006; Subedi, 2011). 

Paste is used to treat dislocated bones 

(Pant, 2013). 

Stem tonic useful in dryness of 

tongue, treating wounds and nervous 

disorders, seeds applied on cut 

wounds for quick healing (Yonzone 

et al., 2012; Panda and Mandal, 2013; 

Jalal et al.,2012; Medhi and 

Chakrabarti, 2009). 

Stomachache and bile secretions. 

 

Paste used in treating factured and 

dislocated bones (Joshi et al., 2009). 
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41. 

 

 

 

42. 

 

 

43. 

 

 

 

 

44. 

 

 

45. 

 

46. 

 

 

 

47. 

 

 

49. 

 

50. 

 

 

51. 

 

 

52. 

 

 

53. 

 

54. 

 

Eria bambusifolia 

Lindl. 

 

 

Eria spicata (D.Don) 

Hand. Mazz. 

 

Eulophia 

epidendraea (Koen.) 

Schltr. 

 

 

Eulophia nuda Lindl. 

 

 

Flickingeria nodosa 

(Dalz.) Seiden f. 

Geodorum 

densiflorum (Lam.) 

Schltr. 

 

Goodyera 

schlechtendaliana 

Rchb.f. 

Habenaria crinifera 

Lindl. 

Habenaria 

edgeworthii Hook.f. 

ex Collett. 

Habenaria 

intermedia D.Don 

 

Habenaria 

longicorniculata 

Graham 

Habenaria marginata 

Colebr. 

Habenaria 

plantaginea Lindl. 

Epi. 

 

 

 

Epi. 

 

 

Terre. 

 

 

 

 

Terre. 

 

 

Epi. 

 

Terre. 

 

 

 

Terre. 

 

 

Terre. 

 

Terre. 

 

 

Terre. 

 

 

Terre. 

 

 

Terre. 

 

Terre. 

 

Whole Plant 

 

 

 

Stem 

 

 

Rhizome 

 

 

 

 

Tubers 

 

 

Bulbs 

 

Roots 

 

 

 

Whole Plant 

 

 

Whole Plant 

 

Leaves, 

Roots 

 

Roots, 

Tubers 

 

Tubers 

 

 

Tubers 

 

Tubers 

 

Whole plant powder mixed with 

Aegle marmelos fruits used to cure 

hyper acidity and stomach disorder 

(Nongdam, 2014). 

Stem paste is used to cure headache 

and orally taken to cure stomach 

disorders (Nongdam, 2014). 

Rhizome paste mixed with castor oil 

applied on boils and applied on breast 

of feeding mothers to control pain 

due to milk clotting (Rajendran et al., 

1997). 

Treatment in bronchitis and tumors, 

paste used to cure boils and abscesses 

(Nongdam, 2014; Subedi, 2011). 

As tonic, general debility (Singh and 

Duggal, 2009). 

Root paste admistered orally to 

regularize menstrual cycle, paste can 

be applied on wounds and insect bites 

(Hossain, 2011; Das et al., 2008). 

Boiled in water to get aqueous extract 

used as tonic for curing (Du et al., 

2002). 

Used to cure headache.  

 

Ingredient of Chavanprash, cooling, 

spermopiotic and treating blood 

diseases (Chauhan, 1999). 

Ingredient of Chavanprash, refrigent, 

aphrodisiac rejuvenating properties 

(De et al., 2016). 

To cure leucoderma. 

 

 

For treatment of malignant ulcer and 

flatulence (Pant and Raskoti, 2013). 

Tubers ground with black pepper and 

garlic orally admistered for chest pain 
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55. 

 

 

56. 

 

 

57. 

 

 

58. 

 

59. 

 

 

60. 

 

 

 

61. 

 

62. 

 

64. 

 

 

 

65. 

 

 

 

66. 

 

 

 

 

 

 

 

Habenaria 

roxburghii Niclson 

 

Liparis nervosa 

(Thunb) Lindl. 

 

Luisia zeylanica 

Lindl. 

 

Malaxis acuminate 

D.Don 

Malaxis muscifera 

(Lindl.) Kuntze 

 

Nervilia aragoana 

Gaudich 

 

 

Oberonia caulescens 

Lindl. 

Pholidota articulata 

Lindl. 

Pholidota imbricata 

(Roxb.) Lindl. 

 

 

Pholidota pallida 

Lindl. 

 

 

Rhynchostylis retusa 

(L.) Blume 

 

 

 

 

 

 

Terre. 

 

 

Terre. 

 

 

Epi. 

 

 

Terre. 

 

Terre. 

 

 

Terre. 

 

 

 

Epi. 

 

Epi. 

 

Epi. 

 

 

 

Epi. 

 

 

 

Epi. 

 

 

 

 

 

 

 

Tubers 

 

 

Tubers 

 

 

Leaves 

 

 

Pseudobulbs 

 

Bulbs 

 

 

Whole Plant 

 

 

 

Whole Plant 

 

Whole Plant 

 

Bulbs, 

Pseudobulbs 

 

 

Roots 

Pseudobulbs 

 

 

Whole Plant 

 

 

 

 

 

and stomach pain (Rajendran et al., 

1997). 

Tuber extract mixed with sugar taken 

orally for cooling effect (Rajendran  

et al., 1997). 

Used to treat stomachache malignant 

ulcers (Baral and Kurmi, 2006; 

Subedi, 2011). 

Juice used in chronic wounds, boils 

and burns (Subedi, 2011; Joshi et al., 

2009). 

Ingredient of Chavanprash. 

 

Ingredient of Chavanprash, used in 

seminal weakness, dysentery, as a 

tonic (Joshi et al., 2009). 

Used in Ayurvedic drugs, in 

uropathy, haemoptysis, cough 

asthama, vomiting, diarrhea and 

mental disorders (Subedi, 2011). 

Treating Liver ailments (Subedi, 

2011). 

Used to treat dislocated bones (Jalal 

et al., 2009; Baral and Kurmi, 2006). 

Juice used as tonic, in abdominal 

pain, rheumatic pain and nasal pains 

(Baral and Kurmi, 2006; Subedi, 

2011; Joshi and Joshi, 2000) 

Paste is applied for finger abscess, to 

relieve nasal pain, powder is induced 

sleep (Subedi, 2011; Joshi et al., 

2009; Rajendran et al., 1997). 

Paste of leaves and roots used in 

rheumatism, leaf juice used in 

constipation, gastritis, acidity. Root 

juice used in cuts and wounds. Root 

decoction used in menstrual pain, 

arthritis, cuts, wounds. Dry flowers 
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67. 

 

 

 

 

 

 

68. 

 

 

69. 

 

 

 

 

70. 

 

 

 

71. 

 

 

72. 

 

 

 

 

Satyrium nepalense 

D.Don 

 

 

 

 

 

Thunia alba (Lindl.) 

Rchb.f.  

 

Vanda spathulata 

(L.) Spreng 

 

 

 

Vanda tesellata 

(Roxb.) Hook ex G. 

Don 

 

Vanda testacea 

(Lindl.) Rchb.f.  

 

Zeuxine longilabris 

(Lindl.) Benth. Ex 

Hook.F. 

 

 

 

Terre. 

 

 

 

 

 

 

Epi. 

 

 

Epi. 

 

 

 

 

Epi. 

 

 

 

Epi. 

 

 

Terre. 

 

 

 

Tubers 

 

 

 

 

 

 

Whole Plant 

 

 

Flowers, 

Leaves, Roots 

 

 

 

Root, 

Leaves 

 

 

Leaves 

 

 

Whole Plant 

 

used as emetic (Baral and Kurmi, 

2006; Subedi et al., 2013; Panda and 

Mandal, 2013; Joshi and Joshi, 2006). 

Used in diarrhea, dysentery, malaria, 

tubers as aphrodisiac, growth 

supplements for children, juice used 

for cuts and wounds (Baral and 

Kurmi, 2006; Subedi et al., 2013; 

Medhi and Chakrabarti, 2009; Joshi 

and Joshi, 2006). 

Paste applied to treat dislocated bones 

(Baral and Kurmi, 2006; Subedi, 

2011; Manandhar 2002). 

Powdered flowers used in treatment 

of consumption, asthma, mania, 

diarrhea and skin diseases (Khory N., 

1982; Medhi and Chakrabarthi, 

2009). 

Leaf and root paste use to treat bone 

fracture, leaf juice used to cure 

infected ears (Rajendran et al., 1997; 

Subedi, 2011). 

Used as antiviral and anticancer 

agent, used to cure earache (Subedi, 

2011; Joshi et al., 2009). 

Entire plant ground, orally admistered 

for whooping cough (Rajendran et 

al., 1997). 

 

 

                   Dendrobium aqueum                                               Luisia  zeylanica 
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                    Aerides crispum                                               Dendrobium ovatum 

 

                Acampe praemorsa                                                  Rhynchostylis retusa 

Figure 1: Medicinally important orchids 

 

 Utility of orchids for medicine in China can be traced back to 3000 years ago. Amongst 

the various genus of the family, Dendrobes deserve special mentioning. The Chinese 

pharmacopoeia “Sang Nueng Pen Tsao Ching” illustrated the significant role played by the 

Dendrobes as a source of tonic, analgesic, astringent, wound healing and anti-inflammatory 

compounds dating back to 200 BC (Singh and Tiwari, 2007). In traditional Chinese medicine 

(TCM), Herba Dendrobi describes the amalgamation of the stems of various species of 

Dendrobiums. The most predominately used orchids in TCM are various Dendrobium species 

(D. catenatum, D. chrysanthum, D. chrysotoxum, D. fimbriatum, D. loddigesii, D. moniliforme, 

D. nobile, D. officinale etc.) used to make the drug Shihu. In addition tubers of Gastrodia elata, 

rhizomes of Bletilla striata, stems and rhizomes of Anoectochilus species, the corms of 

Cremastra appendiculata and Pleione bulbocodioides are all used (Toeh, 2016; Leon and Lin, 

2017). The genus Anoectochilus is popularly known as Jewel orchid is called as king of 

medicine in China and Taiwan because of the beautiful foliage and medicinal properties. It is 

having wide range of biological compounds including an alkaloid called kinsenoside that is used 

to treat diabetic, hyperliposis and breast cancer (Du et al., 2001; Shyur et al., 2004; Zhang et al., 

2007). The extreme importance and utilization of these orchids in TCM is because of the 
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presence of bioactive compounds (coumarins, kinsenoside, scoparone, dendrobine, moscatilin 

etc.) of potential clinical significance in certain species of orchids (Wang et al., 2014; Paudel et 

al., 2015; Battacharya et al., 2015). 

 Nepal Ayurvedic trade has been reported to involve 94 orchid species including 

Crepidium acuminatum, Habenaria intermedia, Herminium edgeworthii, Malaxis muscifera etc. 

are used medicinally (Acharya and Rokaya, 2010; Subedi et al., 2013; Pant, 2013). Tubers of 

Bulbophyllum neilgherrense are used to improve good health. Pseudobulb extract of Malaxis 

acuminata is used in tonic preparations, roots of Acampe papilliosa is used to treat rheumatism, 

tubers of Eulophia nuda is useful for tuberculosis and bronchitis and Dendrobium crepidatum 

pseudobulb paste is used in fracture and dislocated bones. Other Asian countries such as 

Indonesia, Malaysia, Taiwan, Singapore, Vietnam, Shrilanka, Thailand, Myanmar etc. have been 

using orchids in traditional medicines (Kumar et al., 2000; Hernandez et al., 2005; Luo et al., 

2007). Similarly medicinal orchids are also traded much more widely around the world 

including to Europe as various traditional medicines and health supplements (Brinkmann, 2014). 

The Europeans believed that orchids were a symbol of sex. During the medieval periods the 

orchids were used for a variety of ailments. The use of several orchid taxa in medical practice 

includes Dactylorhiza majalis, Dactylorhiza foliosa, Himantoglossum hircinum, Ophrys apifera, 

O. muscifera, O. fuciflora, O. sphegodes, Orchis simian, O. mascula. and Cypripedium 

pubscens roots contain volatile oil, resins, tannins, starch and other components useful in all 

cases of nervous irritability, hysteria, spasms, fits, madness and delirium. 

 In America roots of Arethusa bulbosa are still used in folk medicine to relieve toothache. 

The hot exudates obtained during roasting of Bulbophyllum vaginatum fruit is used for earache. 

Goodyera pubescens rhizome has been used for curing dog bite. Aplectrum hyemale, the 

rootstocks and corms are used as a paste for boils. The roots of Bromheadia finlaysoniana are 

boiled and resulting liquid is used to relieve body pains. The leaves of Vanda hookeriana used 

for curing joint pains and Cymbidium giganteum help in clotting the blood. Several species of 

orchids are valued as febrifuge in treating malaria includes Acriopsis javanica, Corymborchis 

longifera and Tropidia curculigoides. The stems of Lissochilus dilectus are used in scabies and 

skin lesions. The pseudobulbs of Epidendrum bifidum have been used to expel tape worms and 

other intestinal parasites. The whole plant of Oberonia anceps and the leaves of Hetaeria 

oblique are used to cure boil (Handa, 1985). In Africa the Zulus use an infusion of Habenaria 

foliosa and Ansellia humilis as an emetic and the flowers of Habenaria conopsea are used in 

dysentery. Several species of Eulophia are used to prevent miscarriage and cure barrenness. The 

roots of Ansella gigantean as a cough remedy for children. Other several orchids for therapeutic 

purposes such as Bulbophyllum maximum, Cyrtorchis arcuata, Eulophia flaccid, E. cucullata 

and Galeola foliate are used in the treatment of hysteria, fever, impotency, rheumatism and to 

increase the energy of muscular systems since 15th century. Several species of Dendrobiums are 

fed to milk cattle for enhancing milk yield (Singh and Duggal, 2009). 
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Propagation and conservation of medicinal orchids through in vitro techniques 

 Plants can be regenerated and mass propagated through in vitro culture. By this technique 

many important and endangered plants have been successfully regenerated. Micropropagation of 

plants through in vitro methods has become a significant and informative technique to reproduce 

and propagate. Medicinal and commercial orchids are predominately produced by tissue culture 

and this technique is used routinely in most of the countries for mass scale production of orchid 

plants. Different plant tissues such as shoot tips, apical buds, stem segments, pseudobulbs, root 

tips, immature seeds, inflorescence stalks, protocorm like bodies (PLBs) etc. have been widely 

used as explants to obtain regenerative plantlets in several orchids. Transverse thin cell layers of 

plant tissues such as shoots, stem nodes and PLBs have been successfully used as explants for 

plant regeneration in a few orchids as well as other species. All these in vitro culture systems 

were proved to be more efficient than other conventional methods and give more total output of 

plantlets. 

In vitro asymbiotic embryo/seed culture 

 Orchids can be regenerated and mass propagated in vitro through seed germination. The 

seeds of orchidaceae are most interesting and having unique characters. The small powdery like 

seeds in the capsules are microscopic and produced in very large numbers, having different 

colors with diverse shapes. These seeds lack functioning endosperm and undifferentiated 

embryo. For germination in nature orchid seeds require highly specialized fungal association, 

which is called as symbiotic germination. Even though in this combination the rate of seed 

germination is very poor that is 2-5% (Vij, 2002). This symbiotic germination takes long time 

for seed germination and if any disturbance in the habitat or physical environment destroys the 

whole population (pant, 2013). Many medicinal and endangered orchids have been successfully 

regenerated in vitro. For the conservation of the germplasm and commercial cultivation of elite 

plants many investigators optimized the method for mass propagation through embryo/seed 

culture. Many of them were collected the orchids from their natural habitats and maintained in 

the orchidarium/green houses. During the flowering time the flowers are hand pollinated to get 

sufficient numbers of capsules. Some others directly collect the capsules from their natural 

habitats for in vitro studies and mass propagation. Both mature and immature capsules are used 

for propagation. But capsule maturity plays an important role to decide the correct time, capsule 

collection which affects germination and it differs from orchid species to species (Deb and 

Pongener, 2013).  Several group of factors such as seed age, culture medium composition, 

environmental conditions and genotype, influence the rate of asymbiotic in vitro seed 

germination. The composition of the culture media is a significant factor that affects asymbiotic 

seed germination, mineral nutrients, carbohydrates, vitamins, amino acids, growth hormones and 

organic additives are necessary for in vitro asymbiotic embryo/seed germination, development 

and protocorm formation. 
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 So far the germination of mature/immature seeds/embryos of quite good number of 

species and hybrids belonging to Acampe, Aerides, Arundina, Anoectochilus, bulbophyllum, 

Calanthe, Coelogyne, Cymbidium, Dactylorhiza, Dendrobiums, Eria, Eulophia, Geodorum, 

Habenaria, Luisia, Malaxis, Oncidium, Phalaenopsis, Rhynchostylis,Thunia, Vanda, Zeuxine 

etc. has been assessed. Green pods for successful germination of seeds have been used by 

several investigators. Surface sterilized capsules are cut open aseptically and mature/immature 

seeds/embryos are scooped out of the capsule and inoculate on to the various nutrient media.  

The first visible sign of germination is the swelling of embryos followed by their turning green 

emergence out of the bursted seed coats. This is called the spherule stage which subsequently 

develops into protocorm stage and later the plantlet or seedling stage. 

Culture media and ingredients 

 Media play a crucial role on the growth and development of orchids. Basal media used 

for in vitro culture contains macronutrients, micronutrients, sucrose, vitamins, amino acids, 

growth regulators, complex additives and other organic compounds. Absorption of nutrients is 

influenced by the concentration and pH of the media. In practice several chemically defined 

media and their modifications are used successfully, most common are Knudson C (1946), Vacin 

and Went (1949), Burgeff  N3f (1936), Curtis and Nichol (1948), Murashige and Skoog (1962), 

Raghavan and Torrey (1964), Nitsch (1969), Mitra et al. (1976), Ichihashi (1979) and some 

workers have also made use of other media like Hypomax, Phytomax, Lindemann, White’s, 

Dogashima, Wood plant medium etc. however these media provides essential nutrients like 

vitamins, amino acids and minerals  for growth and development. A partial list of the media and 

the ingredients used for successful germination and growth of different orchid species are 

presented in Table 3. Germination of seeds and further development of seedlings on media 

depends on several factors like amount and balance of inorganic and organic nutrients in the 

media, source of Nitrogen, source and amount of carbohydrates, growth regulators, growth 

adjuncts or complex additives, pH of the media, gelling agent used in media. Environmental 

factors such as light, temperature and relative humidity during incubation period, these all factors 

influence asymbiotic germination and seedling development of orchids. 

 Some media are designed for specific genera, while others for a broad spectrum. Plant 

growth regulators such as auxins, cytokinins and gibberellins are added in the media to enhance 

the seed germination in many orchids (table 3). A large number of complex additives such as 

coconut water, cane juice, banana homogenate, tomato juice, potato extract, casein hydrolysate, 

salep, honey, peptone, tryptone, yeast extract, beef extract etc. have been used in different media 

to show their effect on orchid seed germination and further development by many investigators. 
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Table 3:  In vitro mass propagation of orchids through embryo/seed culture 

Sl 

No. 

Plant name Nutrient 

media 

Explant 

used 

Results References 

1 

 

2 

 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 

10 

 

 

11 

 

12 

 

 

13 

 

14 

 

15 

 

 

 

Acampe papillosa 

Lindl. 

Acampe praemorsa 

(Roxb.) Blatt. & 

McCann 

Aerides ringens Fisher 

 

Bulbophyllum 

lilacinum Ridl. 

Chloraea crispa 

Lindl. 

Coelogyne nervosa 

A.Rich 

Cymbidium aloifolium 

(L) Sw. 

Cymbidium bicolor 

Lindl. 

Cymbidium eburneum 

Lindl. 

Dendrobium 

aggregatum Roxb. 

Dendrobium 

chrysanthum Wall ex 

Lindl. 

Dendrobium 

fimbriatum Hook. 

 

Dendrobium 

hookerianum Lindl. 

Dendrobium 

lasianthera J.J.Sm. 

Gastrochilus 

matsuran (Makino) 

Schltr. 

 

Mitra et al + 

CW (15%) 

MS + CW 

(15%) 

 

KC + 2.21 µM  

BAP 

Phytomax 

 

Van Waes + 

0.1 mg BAP 

MS + CW 

(30%) 

Phytomax/MS 

 

Lindermann 

 

Mitra 

 

MS + 1.0 mg 

NAA + 1.0 mg  

BAP 

MS 

 

MS + 0.5 mg 

BAP + 0.5 mg 

NAA 

MS 

 

VW + 2.0 g 

Peptone 

Half MS + 

CW (5%) + 

1.0 µM NAA 

 

Seeds 

 

Immature 

embryos 

 

Seeds 

 

Seeds 

 

Seeds 

 

Seeds 

 

Seeds 

 

Immature 

seeds 

Seeds 

 

Seeds 

 

 

Mature 

seeds 

 

Immature 

seeds 

Seeds 

 

Seeds 

 

Seeds 

 

 

 

Protocorms 

 

Protocorms 

 

 

Protocorms 

 

Protocorms 

 

Embryonic 

callus 

Protocorms 

 

Protocorms 

 

Protocorms 

 

Protocorms 

 

Protocorms 

 

 

Protocorms 

 

 

Protocorms 

 

Protocorms 

 

Protocorms 

 

Protocorms 

 

 

 

Hossein, et al., 2013 

 

Mary Suja and 

Williams, 2016 

 

Ashok N. Pyati, 

2019 

Hoque and Al-

Forkan, 2015 

Quiroz, K. et al., 

2017 

Abraham, et al., 

2012 

Hoque and Al-

Forkan, 2015 

Mahendra et al., 

2013 

Gogoi, et al., 2012 

 

Hossain, et al., 2013 

 

 

Hajong, et al., 2010 

 

 

Parmar and Caharya, 

2016 

Paul, et al., 2012 

 

Utami, et al., 2017 

 

Kang, et al., 2020 
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16 

 

17 

 

 

18 

 

 

 

 

19 

 

20 

 

Malaxis acuminata 

D.Don. 

Paphiopedilum 

insigne (Wall. Ex 

Lindl.) Pfitzer 

Thunia marshalliana 

Rchb.f. 

 

 

 

Vanda belvola Blume 

 

Vanda tastacea 

(Lindl.) Rchb.f. 

MS + 4.0 µM 

NAA 

Modified 

Burgeff 

 

Sugarcane 

bagasse + 3% 

sucrose + 6.0 

µM NAA + 

3.0 µM BA 

KC + 10% 

Tomato juice 

Half MS 

Immature 

seeds 

Immature 

seeds 

 

Immature 

embryo 

 

 

 

Seeds 

 

Seeds 

Protocorms 

 

Protocorms 

 

 

Protocorms 

 

 

 

 

Protocorms 

 

Protocorms 

Arenmangla and 

Deb, 2012 

Diengdoh, et al. 

2017 

 

Pongener and Deb, 

2019 

 

 

 

David, et al., 2015 

 

Sebastinraj et al., 

2014 

 

Mass propagation through different explants 

 Orchids are the first horticultural plants cloned by tissue methods on commercial scale. In 

fact commercial application of Plant Tissue Culture has its beginning with the micropropagation 

of orchids throughout the world. The technique of mericloning orchids was successfully 

demonstrated for the first time by G. Morel in the year 1960. Since then several investigators 

have successfully utilized them for mass multiplication of a number of desired clones. Several 

workers have used Plant Tissue Culture techniques not only for commercial mass multiplication 

but also save the orchid species from extinction. Micropropagation techniques are also 

instrumental for the production of disease free plants on the large scale. Large scale 

multiplication of commercially and medicinally important orchids through mericloning is now 

routinely used worldwide. Nutritional regimes in vitro and physiological age of the donor tissues 

greatly influence the regenerative potential of explants and morphogenetic changes involved in 

the regeneration ultimately leading to the development of plantlets. Available literature suggest 

that many economically important orchids regenerate through PLB or callus formation was 

repeated to be greatly influenced by the orchid species, type of explants used and nutritional 

regime in the culture medium. It is now established that modification of the media by 

supplementing with growth regulators and growth adjuncts can lead to faster regeneration. 

Meristem or shoot tip, leaf, leaf segment, roots, inflorescence, floral parts, pseudobulbs, stem or 

nodal segments etc were used successfully by different investigators (Table 4). Regeneration can 

follow different pathways in orchids depending on the nutritional regime in the culture media 

and also varies from species to species. Regeneration in orchids through tissue culture can be 

either through direct differentiation of protocorm like bodies (PLBs) from cultured explants and 

their subsequent development into plantlets or through indirect differentiation of PLBs from 



Agriculture Science: Research and Review Volume XI 

    (ISBN: 978-93-91768-96-6) 

 
139 

 
 

explants tissues through an intermediary callus phase. It was recorded to be PLB mediated or 

callus mediated in many orchid species. Regeneration through multiple shoot formation somatic 

embryogenesis was also recorded in many species. Several researchers have developed 

procedures for successful regeneration of large number of orchid species using different explants 

(Table 4). 

Table 4:  In vitro mass propagation of orchids through different explants 

Sl. 

No. 

Names Nutrient media Explants Results References 

1 

 

2 

 

 

3 

 

 

4 

 

 

5 

 

 

6 

 

 

7 

 

 

8 

 

 

9 

 

 

10 

 

 

Aerides 

odorata Lour. 

Anoectochilus 

elatus Lindl. 

 

Arundina 

graminifolia 

(D.Don) Hochr. 

Brasilidium 

forbesii Hook. 

 

Coelogyne 

flaccida Lindl. 

 

Cymbidium 

aloifolium (L.) 

Sw. 

Cymbidium 

aloifolium (L.) 

Sw. 

Cymbidium 

finlaysonianum 

Lindl. 

Cymbidum 

giganteum Wall 

ex Lindl. 

Dendrobium 

aquem Lindl. 

 

Half MS + 2.0mg 

NAA 

Mitra + 1.0 mg TDZ 

+ 0.5mg NAA 

 

Half MS + 6.97 µM 

Kinetin 

 

Wood plant medium 

+ 2.0 µM BA 

 

MS + 5.37 µM NAA 

 

 

MS + 6.0 µM NAA 

+ 9.0 µM BA 

 

PM + 1.0 mg BAP + 

1.0mg NAA 

 

MS + 1.5 mg BAP 

 

 

MS + 4.44 µM BAP 

 

 

Half MS + 1.5 mg 

2iP + 0.5 mg BA 

 

Leaf 

 

Node, 

Internodes, 

Leaf 

Stem 

 

 

Thin cell 

layers of 

protocorms 

Pseudobulbs 

 

 

Leaf 

 

 

Pseudostem 

segments 

 

Pseudobulb 

segments 

 

In vitro 

seedlings 

 

Stem 

transverse 

cell layers 

Embryonic 

callus 

Callus 

 

 

PLBs 

 

 

PLBs 

 

 

Multiple 

shoots 

 

Multiple 

shoots 

 

Shoot 

buds/PLBs 

 

Multiple 

shoot buds 

 

PLBs 

 

 

Somatic 

embryos 

 

Sunitibaladevi, 

et al., 2013. 

Ahamed Sherif 

et al., 2016. 

 

Martin, 2007. 

 

 

Gomes, et al., 

2015. 

 

Kaur and 

Bhutani, 2013. 

 

Deb and 

Pongener, 

2012 

Hossain and 

Sharma, 2019. 

 

Shahinul Islam 

et al., 2015. 

 

Ghosh, et al., 

2014. 

 

Parthibhan, et 

al., 2018. 
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11 

 

 

12 

 

 

13 

 

 

14 

 

 

15  

 

 

16 

 

 

17 

 

 

18 

 

 

19 

 

20 

 

 

21 

 

 

22 

 

 

23 

 

Dendrobium 

barbatulum 

Lindl. 

Dendrobium 

candidum Wall 

ex Lindl. 

Dendrobium 

chrysanthum 

Wall ex Lindl. 

Dendrobium  

chrysotoxum 

Lindl. 

Dendrobium 

fimbriatum 

Hook. 

Dendrobium 

longicornu 

Lindl. 

Dendrobium 

lituiflorum 

Lindl. 

Dendrobium 

nobile Lindl. 

 

Dendrobium 

Red Bull 

Dendrobium 

transparens 

Wall. 

Dendrobium 

thyrsiflorum 

Rchb.f.ex 

Andre  

Malaxis 

acuminata 

D.Don 

Thunia 

Half MS + 3.23 µM 

BAP 

 

MS + 1.2 mg NAA + 

1.2 mg BA 

 

MS + 5.0 µM 

TDZ/BAP 

 

Liquid MS + 5.37 

µM NAA 

 

MS + 17.76 µM 

BAP + 17.76 µM 

NAA 

MS + 30 µM NAA + 

30 µM 2, 4-D. 

 

MS + 0.5 mg 2, 4-D. 

 

 

MS + 1.0 mg Meta-

topolin + 0.8 mg 

Putrescine 

MS + 1.0mg NAA + 

3.0 mg BAP 

Half MS + 2.0 mg 

BAP 

 

MS + 2.0 mg TDZ + 

0.5 mg NAA 

 

MS + 3.0 µM NAA 

+ 3.0 µM BA 

 

MS + 4.4 µM BAP 

 

PLBs 

 

 

Stem node 

transverse 

layers 

Stem nodes 

 

 

Nodal 

segments 

 

Nodal 

segments 

 

Axillary 

buds 

 

Axillary 

buds 

 

Stem nodes 

 

 

Shoot tips 

 

Axillary 

buds 

 

Nodes 

 

 

Nodal 

Segments 

 

Pseudonodes 

 

Callus 

 

 

Shoots 

 

 

Shoot buds 

 

 

PLBs 

 

 

Shoots 

 

 

Shoots and 

PLBs 

 

PLBs 

 

 

Shoots 

 

 

Multiple 

shoots 

Callus 

 

 

PLBs 

 

 

Shoot buds 

 

 

Shoot buds 

 

Pyati A. N., 

2020. 

 

Zhao Peng, et 

al., 2007. 

 

Hajong, et al., 

2013. 

 

Saranjeet 

Kour, 2017. 

 

Paul, et al., 

2017. 

 

Dohling, et al., 

2012. 

 

Das, et al., 

2008. 

 

Bhattacharya, 

et al., 2016 

 

Mamun, et al., 

2018 

Sunitibala and 

Kishore, 2009. 

 

Bhattacharya,  

et al., 2015. 

 

Arenmongla 

and Deb, 2012. 

 

Singh, et al., 

2014. 
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24 

 

25 

marshalliana 

Rcbh.f. 

Vanda coerulea 

Griff. Ex Lindl. 

Vanilla 

planifolia 

Andr. 

 

Modified VW + 1.0 

mg BA 

MS + 1.0 mg BAP + 

0.5 mg IBA+ 2.0 mg 

Tryptone/Peptone 

 

Shoot tips 

 

Nodal 

segments 

 

Adventitious 

shoots 

PLBs 

 

Jitso Pakul, et 

al., 2013 

Jose and Babu, 

2018. 

 

 
 

A B C 

 
  

D E F 

Figure 2: In vitro propagation of medicinally important orchids 

A. Formation of protocorms from seeds of Acampe praemorsa in MS medium with 15% 

Coconut water after 9 weeks of culture. 

B. Differentiation of protocorms of Aerides crispum in half MS supplemented with 16.15 

µM BAP after 14 weeks of culture. 

C. Development of protocorms of Dendrobium ovatum in KC medium after 8 weeks of 

culture 

D. In vitro grown plantlets of Luisia zeylanica in MS supplemented with 6.97 µM 

Kinetin from shoot tips after 20 weeks of culture. 

E. Well grown plantlets of Dendrobium crepidatum in half MS supplemented with NAA 

(0.5 µM) + TDZ (2.27 µM) after 18 weeks of culture. 

F. Development of shoots from the Stem nodal segment of Dendrobium ovatum in Half 

MS supplemented with 5.38 µM NAA + 16.15 µM BAP after 16 weeks of culture. 

 

Conclusion: 

 Orchids are horticulturally, floriculturally and medicinally important plants and are more 

demanding in the national and international markets. Now days the population of orchids is 
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declining in their natural habitats due to various factors. Many orchid species have ethno-

medicinal properties for use of human welfare. Hence the plant tissue culture methods like 

asymbiotic seed germination and different explants culture are very useful in conserving RET 

species. Subsequently it will be necessary to develop micropropagation protocols for in vitro 

mass production of orchid plants. These protocols may facilitate conservation of these potential 

orchids from extinction in the natural populations. 
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Introduction:  

 Pomegranate is one of the important fruit crop in India and is being cultivated in arid and 

semiarid regions.  Pomegranate (Punica granatum L., Punicaceae) follows the Latin name of the 

fruit Malum granatum, which means ‘‘grainy apple.’’ Pomegranate is loaded with tannins, 

anthocyanins, polyphenols and antioxidant vitamins, A, E and C, all of them have a positive 

health effect on the body. Around 45 species of insect-pests cause damage in pomegranate plant. 

Totally 91 insects, 6 mites and 1 snail pest feeding on pomegranate crop in India. Pomegranate 

pests severely harm blooms, fruits, twigs, and leaves by dehydrating, biting, and boring them, 

which reduces fruit quality and decreases yield. The misapplication of insecticides has also 

resulted in an outbreak of secondary pests such as pomegranate whiteflies (Siphoninus phillyreae 

Haliday), spiralling whiteflies (Aleurodicus dispersus Russell), mealy bugs (Pseudococcu 

slilacinus Cockerell), thrips (Rhipiphoro thripscruentatus Hood, Scirtothrips dorsalis Hood 

(Aceriagranati and Massal, Oligonychus punicae). 
 

World Scenario Indian Scenario 

Countries/States Mediterranean region, Spain, Iran 

India, Turkey, S.E Asia, 

Afghanistan, Tropical Africa, USA  

Maharashtra, Karnataka, 

Gujarat, Andhra Pradesh, Tamil 

Nadu  

Area (‘000 ha)  -  282  

Production(‘000 tons)  -  3216.00  

Productivity (Tons/ha)  -  11.40  

Pests of national significance:  

1. Anar butterfly: Deudorix (Virachola) Isocrates Fabricus (Lepidoptera: Lycanidae) 

2. Stem borer: Coelosterna spinator Febricius (Coleoptera: Cerambycidae)  

3. Whitefly: Siphorinus phillyreae Haliday (Hemiptera: Aleyrodidae) 

4. Shot hole borer: Xyleborus perforans Wollastan (Coleoptera: Scolytidae) 

5. Thrips: or Rhiphiphoro thrips cruentatus Hood or Scirtothrips dorsalis Hood 

(Thysanoptera: Thripidae) 
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6. Fruit borers: Conogethes punctiferalis, (Lepidoptera: Pyralidae) 

Pests of regional significance: 

1. Mealy bugs: Ferrisia virgata Cockerell (Homoptera: Coccidae) 

2. Fruit borer: Spodoptera litura (Lepidoptera: Noctuidae) 

3. Pomegranate aphid: Aphis punica Passerini (Homoptera: Aphididae) 

4. Fruit sucking moth: Eudocima spp. (Lepidoptera: Noctuidae) 

1. Anar butterfly: Deudorix (Virachola) isocrates (Lycanidae, Lepidoptera) 

Distribution: All over India. 

Host range: Aonla, apple, ber, citrus, guava, litchi, peach, mulberry, pear, sapota, tamarind. 

Bionomics: 

• Eggs: Laid singly on tender leaves, stalks and flower buds. 

• Larvae - Dark brown, short and stout, covered with short hairs, larval period lasts for 18-

47 days. 

• Pupation: occurs on the stem that is carrying the fruit or inside the injured fruit. An 

average pupal phase lasts 7–34 days. The entire cycle of life is completed in one to two 

months. 

• Adult - Adults are glossy bluish in the case of male and brownish violet in the case of 

female with a conspicuous orange V shaped patch on the forewings.  

• Favourable conditions: 

• It predominates especially during the "mrig" bahar. 

• Fruit damage is visible between 30 and 50 days old. 

Symptoms of damage: 

• Caterpillar bores into young fruits 

• Feeds on internal contents (pulp and seeds) 

• The striking symptom is the odious smell and excreta of caterpillars coming out of the 

entry holes ultimately leading to fruit rot. 

• Fruit rotting and dropping 

Management: 

1. Clip off calyx immediately after pollination followed by two applications of neem oil @ 

3 %.  

2.  Before maturity, bag the fruits with butter paper.  

3. At flowering stage, spray NSKE 5% or neem formulations 2 ml/1.  

4. Spray malathion 50 EC 0.1% or methomyl 40 SP @ 1.0 ml/l or Azadirachtin 1500 ppm 

@ 3.0 ml/l at 15 days intervals from initiation of blooming up to the harvesting subjected 

to the presence of this insect.  
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2. Stem borer: Coelosterna spinator and Zeuzera sp. (Coleoptera, Cerambycidae).  

Bionomics: 

• Egg: 20-40 eggs are laid in young stems under the bark.  

• Grub: The mature larva is about 2 inches long. The larva feeds on the soft tissues near 

the oviposition cavity after it has hatched before boring into the stem and roots. The 

larval stage lasts for around 10 months. 

• Pupal: Papal period lasts for 16-18 days.  

• Adult: Light grey elytra with a lot of black spots that range in size from a pinhead to tiny 

specks and are 30 to 35 mm long, with a pale yellowish-brown body. By chewing a 

circular hole through the bark, the beetle emerges. Beetles only have one generation 

every year and live for 45 to 60 days. 

Symptoms of damage 

• Holes made by grubs are seen on bark of main stems and feed on sapwood.  

• Adults take food by biting on the branches' green bark. 

• The grubs of stem borer bore into the cambium then girdle the stem or branch causing 

death of the tree 

• Usually, excreta and dry powdered material is seen near the base of plants. 

Management:  

• Treat the holes by injecting with fenvalerate 5ml/L or dichlorvos 10 ml /L and seal holes 

with clay.  

• Spray quinalphos (0.05%) or chlorpyrifos (0.05%). 

• Biocontrol by using predators like Damsel bugs, braconid wasp, elm leaf beetle, spiders, 

tachinid flies, big eyed bugs (Geocoris sp.),  

3. Whitefly: Siphoninus phillyreae ( Aleyrodidae, Hemiptera) 

Identification of pest  

• Eggs: Eggs are laid in a round on the ventral side of leaves. 

• Nymph: Along the body's sides, there are short wax rods that resemble glass. 

• Adult: White powdery, active during early morning time. 

Symptoms of damage 

• Nymphs and adults suck the leaf sap. 

• Honey dew - sooty mould fungus developed. 

• Yellowing of leaves. 

• Dropping of affected leaves. 

Management 

• Installation of yellow sticky traps 
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• Spray neem oil 3% or NSKE 5% 

• Release of predators viz., Coccinellid predator, Cryptolaemus montrouzieri and lace wing 

fly, Mallada astur  

• Release of parasitoids viz., Encarsiahaitierrsis and E.guadeloupae 

4. Shot Hole Borer: Xyleborus perforans (Wollastan) (Scolytidae, Coleoptera) 

Favourable condition: They survive in temperatures ranging from -26 to 15°C. The beetles 

typically fly at or below 15 feet, with the maximum flight activity occurring in the late afternoon 

or early evening. 

Bionomics: Each female will lay up to 50 eggs along the walls of the tunnel, from which the 

newly hatched larvae will excavate new mines at right angles from the central tunnel. The larvae 

continue to feed and widen their tunnels for 6-8 weeks, when they construct pupal cells at the 

end of the tunnels. The adult of second generation, start to appear in the middle of August, and 

the larvae of this generation overwinter until finishing their development in the late winter or 

early spring. 

Marks of identification:  

• Eggs: are oval or round, shiny and iridescent white. 

• Larvae: larvae are white and they have no leg, and 4mm long. 

• Adult: is about 2-3 mm long, black to reddish-brown, and cigar shaped. They have a 

short, stubbed head capsule, with chewing mouthparts. Male adults do not fly.Two 

generations per year. 

Damage symptoms: 

• Adult females bore into the basal part of the stem and roots.  

• Causes Small shot holes on roots, main trunk, wilting and finally leads to death of the tree 

Management:  

• Parasitoids: Trichogramma, Tetrastichus spp., Telenomus spp., Chelonusblackburni, Ca

rcelia spp. Campoletischlorideae, Bracon spp. 

• Predators: Chrysoperla sp. rove beetles, spiders, parasitic wasp, coccinellids, robber fly, 

dragonfly, praying mantis, fire ants, pentatomid bug (Eocanthecona fucellata), earwigs, 

ground beetles, common mynah, king crow. 

5. Thrips: Scirtothrips dorsalis Hood or Rhiphiphoro thrips cruentatus Hood 

(Thysanoptera, Thripidae) 

Favourable condition: The incidence of thrips is mainly occurs from July to October with the 

highest incidence in September.  

Bionomics:  

• Egg: Dirty white bean-shaped  

• Nymphs: Newly emerged nymphs are reddish and become yellowish brown as they grow  
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• Adults:  

Rhiphiphorothrips cruentatus- These tiny, thin, soft-bodied insects are 1.4 mm long, 

blackish brown with yellowish wings, and have extensively fringed wings. 

Scirtothrips dorsalis - Always prefer feeding on new growth of plants. This species is 

pale yellowish in colour and seen with two black stripes on the body. S. dorsalis, remain 

associated during all the three bahars of the pomegranate. Nymphs and adults lacerate 

and suck the contents of buds, flowers, leaves and fruits. 

Damage symptoms: 

• Leaf tips turn brown and get curled due to the feeding on the underside of the leaves by 

rasping the surface and sucking the oozing cell-sap leading to drying and shedding of 

flowers. 

• Scrapping on fruits leads to scab formation, reducing market value. 

Management:  

• Parasitoids: Ceranisus menes 

• Predators: Hover fly, praying mantis, predatory thrips, minute pirate bug, damsel bug, 

lace wing, coccinellid, spider etc. 

• Use of blue sticky traps @ 1trap / 10 plants. 

• In severe conditions, spray methyl oxydemeton 0.05% and repeat after fruit set. 

6. Fruit borers: Conogethes punctiferalis, (Lepidoptera, Pyralidae) 

Identification:  

• Larva: Pale greenish with pink tinge and fine hairs with dark head and prothoracic 

shield. 

• Adult: Yellowish moth with black spots on the wing and body 

Damage symptoms: 

• Caterpillar bores into young fruits 

• Feeds on internal contents (pulp and seeds) 

• Dry up and fall off in without ripening 

Management:  

• Collect and destroy damaged fruits 

• Follow proper weeding because weed plants act as alternate hosts 

• to monitor the activity of adults, use light trap @ 1/ ha 

• Insecticides: Two sprays of Malathion 50 EC 0.1% or Dimethoate 30 EC 0.06%, , one at 

flower formation and next at fruit setting. 

7. Mealy bugs: Ferrisia virgata Cockerell (Homoptera, Coccidae) 

Favourable condition: Moist and warm conditions are favourable 
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Bionomics: 

• The female laid eggs in cluster which lay under the body in a loose ovisac of waxy fibres. 

• Fecundity of this pest ranged from 109 to 185/ generation. 

• The oviposition period lasted 20-29 days. 

• The incubation period lasted about 3-4 hours. 

• Female and male nymphs molted 3 and 4 times, respectively, and the development period 

varied from 26-47 and 31-57 days, respectively. 

• Longevity of the adult female was 36-53 days and for the male, 1-3 days. 

Damage symptoms: 

• Nymphs and adults suck sap from the leaves and tender shoots causing curling symptoms 

similar to that of a virus.  

• A heavy black sooty mould may develop on the honeydew like droplets secreted by 

mealy bugs. 

• The infestation may lead to fruit drop.  

Management:  

• Predators: Menochilus sexmaculatus, Rodoliafumida, Cryptolaemus montrozieri 

• Pasting a grease band of 5cm width on the main stem prevents the crawlers from reaching 

the bunch. 

• Dichlorvos (0.02%) or Malathion (0. 2%) with fish oil rosin soap. 

8. Pomegranate aphid: Aphis punicae, Passerini (Homoptera, Aphididae) 

Identification:  

• Eggs: Eggs hatch after one or two days. Young aphids, called nymphs. 

• Nymph: Slightly elongated and oval shaped, reddish brown with six segmented antennae 

• Adult: commonly seen on the upper surfaces of mature leaves, little golden green, 

concentrated along the mid rib.  

Damage symptoms: 

• Nymphs and adults both suck the juice or sap from leaves, shoots and fruits 

• Yellowing of leaves 

• Wilting of terminal shoots 

Management:  

• Predators: Parasitic wasp, Chrysoperla sp., Coccinelids, predatory mite & Hover fly. 

• Use yellow sticky trap 

• Dimethoate 25 EC or methyl demeton 30EC at 2ml/lit  

9. Bark-eating Caterpillar : Inderbelatel raonis (Lepidoptera, Cossidae) 

 



Agriculture Science: Research and Review Volume XI 

    (ISBN: 978-93-91768-96-6) 

 
155 

 
 

Identification:  

Moths are white with pairs of small black dots on thorax, numerous small black spots and streaks 

on fore wings and few black spots on posterior edges of hind wings. 

Damage symptoms: 

• Holes or zigzag tunnels are bored by the caterpillar on the tree trunk and it feeds inside 

the bark. 

• Around the affected portion wood dust and excreta pellets can be found hanging in the 

form of a web. 

• Beneath fresh webbing, brownish larvae can be seen. 

• Severe infestation may damage the whole stem/plant and lessen production. 

Management:  

• Maintain clean orchards by avoiding overcrowding of trees. 

• Clean the webs around the affected portion and inject kerosene oil into the holes and seal 

with mud. 

• Inject larval holes with quinalphos @ 0.01% or fenvalerate @ 0.05%. 

• Spray with carbaryl @ 0.04% or dichlorovos @ 0.08% on the stem or on affected part.  

B. Pineapple (Ananas comosus, Bromeliaceae) 

Introduction: It is a tropical plant with edible multiple fruit consisting of coalesced berries, and 

the most economically significant plant. Mealy bugs are the most important insect pest of 

pineapple in many countries while other pests may reach threshold levels in certain favourable 

condition and cause serious crop damage 

 World Scenario  Indian Scenario  Bihar Scenario 

Countries/States/ 

Districts  

India, Thailand, 

Phillipines, Brazil, 

China, Nigeria, 

Mexico, Indonesia, 

Colombia, USA  

Assam, Bihar, West 

Bengal, Karnataka, 

Meghalaya, Manipur, 

Arunachal Pradesh, 

Kerela  

Kishanganj, 

Purnia, Katihar, 

Bhagalpur  

Area (‘000 ha)  909.84 106.00 3.90 

Production(‘000 tons)  19412.91 1808.00 113.76 

Productivity (Tons/ha)  40.3 17.0 28.9 

 

1. Pineapple Mealy Bug: Dysmicoccus brevipes (Hemiptera, Pseudococcidae) 

Identification: 

• Nymph: Body is extensively covered with hairs. Complete dispersal of the bugs, hence 

they are called crawlers. Larvae only feed as a first instar and in the early part of the 

second instar. 
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• Adult: Adult females have soft, convex, pinkish body. Also their body is surrounded by 

17 pairs of wax filaments. Adult males are having a distinguishable number of eight 

antennal segments. There may be as many as 15 generations. Total life span 95 days. 

They are Ovoviviparous. They appear as cottony, small, oval, soft-bodied sucking 

insects.  

Damage symptoms: 

• Nymphs and adults suck the sap :yellowing and wilting of leaves 

• Secretes honeydew → attracts ants → sooty mould→ Inhibition of photosynthesis → 

rotting of fruit→ white, waxy coating on fruit.  

• Stunted growth of the plant 

• Vector of pine apple wilt disease 

Management:  

• Resistant varieties like Red Spanish and queen 

• Remove basal brownish leaves of cured planting 

• Dip the basal portion of the planting material in malathion 0.2 

• Parasitoids: 1. Anagyrus ananatis, 2.Anagyrus kamali 

• Predators: 1. Ants, 2. Laddy bird beetle, 3. Dragonfly, 4. Dicyphushesperus,  

2. Rhinoceros beetle: Oryctes rhinoceros (Coleoptera , Scarabaeidae) 

Identification:  

• Egg: 140 oval creamy white eggs in manuring pits or decaying organic matter at 5-15 cm 

depth. 

• Grub - Sluggish, white, ‘C’ shaped with pale brown head. 

• Pupa: Grubs pupate in earthern cells at a depth of 0.3 to 1 m. 

• Adult- Stout brownish black with a horn projecting from the head. Horn is short in 

female. 

Damage symptoms: 

• Wilting of the plant due to adult boring at the base of the stem. 

Management:  

• Collect and destroy the various biostages in the manure pits 

• Iron hooking – kill adults from base of the stem 

• Set up light trap 1/ha or rhinolure vane trap for attract adults 

• Soak castor cake 1 kg in 5 lit of water in small mud pots keep them in pine apple garden 

• Incorporate Metarhizium anisopillae, Baculovirus of oryctes was controlled 

• Conserve predators like reduviid bug ( Platymeris laevicollis) 

3. Scale Insects: Diaspisbro meliae (Hemiptera, Coccoideae) 

Identification: 

• Eggs: Eggs laid underside the scale covering or in a cottony material 
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• Larva: Tiny six-legged crawlers begin to feed. Each scale is subsequently covered with a 

scale-like coating made of waxy filaments and faeces. 

• Adults: The male scale passes through a tiny, winged stage. Females are wingless and 

usually remain in one place after inserting their mouthparts into plant tissues. 

Damage symptoms:  

• Rust colored spots  

• The fluid that acts as a shield conceals the insect. 

• During periods of large populations, a plant tissue that has totally encrusted with insects. 

Management:  

• Predators: Telsimia nitida, Chilocoris infernalis, Rhyzobius lophanthae, Pharoscymnus 

flexibilis.  

• Parasitoids: Encarsia perniciosi, Encarsia citrinus, Aphytis chrysomphali etc. 

4. Pineapple Thrips: Holopothrips ananasi Costa Lima (Thysanoptera, Phlaeothripidae). 

Identification:  

• Egg: A pest In order to make an incision in plant tissue and lay eggs, females has a saw-

like mechanism. Eggs are oval, white, and about 0.02 cm long. They are laid singly just 

beneath the epidermis of succulent leaf, flower, stem, or bulb tissue. As development 

progresses, these tissues take on an orange colour. Hatch I In 4–10 days. 

• Larva: There are two larval stages damaging. Larval period is completed in about 9-10 

days. 

• Pupa: Pupation in ground. 

• Adult: Body colour of adult ranges from pale yellow to dark brown; wings are unbanded 

and dirty grey. Males are wingless. Females produce only female offspring without 

copulation.  

Damage symptoms: 

• Silvery-flecked leaf surface caused by sucking plant sap, which, in extreme cases, turns 

brown and obstructs photosynthesis. 

• Small black dots on the foliage, which are insect excrement, odor. 

Management: 

• Biological control through Coccinelllids and predatory mites. 

5. Pineapple fruit borer: Strymon megarus Godart (Lepidoptera, Lycaenidae) 

Identification:  

• Egg: white circular, slightly flat. 

• Larva: Caterpillar completes its life cycle inside of the fruit. Burrowing and feeding 

activities produce visible damage in the form of frass production and a sticky, gummy 

exudate. 
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• Pupa: Caterpillar go to the base of the peduncle changing into a pupa 12 mm long and 5 

mm wide with a brown colour and a few dark spots and emerges 7 to 10 days later as a 

butterfly. 

• Adult: The moth has a greyish upper wing surface and a cream color with a wingspan of 

28 mm to 35 mm. The adult can be found during the day or night, flying in a rapid and 

haphazard fashion. 

Damage symptoms: 

• The fruit borer caterpillar open cavity in the pulp in fruit, producing an “gummosis” 

appearance. 

Management:  

• Predators: Reduviid bug, Mirid bug (Dicyphush esperus), praying mantis, big eyed bugs 

(Geocorissp) rove beetle, spider, robber fly, red ants, lacewings etc. 

6. Pineapple fruit fly: Melanoloma canopilosum Hendel, M. viatrix Hendel (Diptera, 

Richardiidae) 

Identification: 

• Eggs: The white colored eggs and are tapered at the ends with a length of about 1.2 mm 

and looks in colonies. 

• Larva: Maggots are plant feeders, and also feeds on non-living materials. Maggots 

produce cavities within the fruit which coalesce and are called “spot with galleries” 

fermentation of the fruit. The maggots develop are yellowish white, vermiform and 

devoid of legs. 

• Pupa: 11 segmented pupa, cylindrical shaped with red brownish color. 

• Adults: Fly adult have shiny wings with metallic blue or greenish color on the body 

surface and legs. 

Damage symptoms: 

• Adult insect punctures the fruit skin with its sharp and long ovipositor. 

• Bacterial infestation occurs and fruit skin is breached and fruit starts to decay. 

• The larvae feed on the decaying fruit tissue, and on the yeasts and bacteria that multiply 

in it.  

Management:  

• Fermented fruits must be exposed to sun for death of larvae. 

• Traps containing fermented fruit covered with an inverted funnel. 

• Bagging and netting of fruits 
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7. Pineapple red mite: Dolichotetranychus floridanus (Banks) (Trombidiformes, 

Tetranychidae)  

Damage Symptoms:  

• Large brownish lesions occurs and lead to necrosis and death of  

• Plants that are attacked in the initial phases remain small and fruit production is either 

curtailed. 

8. Pineapple weevil: Diastethus bromeliarum Champion (Coleoptera: Curculionidae)  

Damage Symptoms:  

• The browning of leaves followed by decomposition of basal parts of central shoot.  

• Makes Tunnels in the plant. 

9. White grubs: Phyllophaga spp. (Coleoptera: Scarabaeidae) 

Damage Symptoms:  

• Damage roots, cause spongy appearance, and folding as carpet.  

10. Fig beetle: Cotinismutabilis (Gory and Percheron) (Coleoptera: Scarabaeidae)  

Damage Symptoms: The different parts of plants such as pollen, petalsand nectar, fruit and grub 

damage roots. 

11. Bud moth: Opogonas acchari (Bojer) (Lepidoptera: Tineidae)  

Damage Symptoms:  

• Wilting of leaves caused through damaging of xylem tissues. 

• The overall growth of plant slowed, and ultimately the whole plant died. 

• The effect is increased by secondary infections with fungal pathogens and plant parasites. 

• When insect bore into the peel of the fruit causing exudation of secondary metabolites, like 

gum. 
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Introduction: 

       Cucurbits are members of the Cucurbitaceae family, which has 825 species and 118 

genera.In most of the world, cucurbits like cucumbers, melons, watermelons, squash, gourds, 

andpumpkins are frequently farmed. From sowing to harvest, a number of insect pests 

attackthese crops. Although there are a large variety of cucurbits most have a few very 

importantpests in common such as cucumber beetles, squash bugs, mites and aphids. Despite the 

widerange of cucurbits, the most of them are susceptible to a few highly serious pests 

includingcucumber beetles, squash bugs, mites, and aphids. Certain pests are more specialized, 

such asthe squash vine borer, which mostly targets pumpkins and squash but infrequently 

targetswatermelons, cucumbers. The secret to any effective pest management programme is to 

create a routine scouting schedule to gather data on insect pest numbers and evaluate 

whetherpesticide applications are necessary. The availability of novel control technologies 

hasincreased significantly in recent years, making management of insect pests in cucurbits 

acontinual task for growers. In comparison to the earlier, broad-spectrum compounds, the 

newinsecticides typically function against a smaller variety of pest species. As a result, it is 

essential to correctly identify the pest that needs to be controlled and assess its damage potential. 

Important pests of cucurbits: 

1. Cucurbit fruit fly 

2. Red pumpkin beetles 

3. Epilachna beetle/Hadda beetle 

4. Serpentine leaf miner 

5. Pumpkin leaf caterpillar 

6. Aphids 

1. Cucurbit fruit fly- Bactrocera curcubitabe (Diptera: Tephritidae) 

 It is one of the important pests on gourds like bittergourd, snakegourd, melons, coccinia 

etc., throughout the country. 
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Biology: 

• Egg: The female fly lays its eggs on soft fruits. 12 cylindrical eggs are placed in a cavity 

created by a sharp ovipositor in the evening, and a viscous substance that exudes covers, 

cements, and waterproofs the cavity. In 14–54 days, the female will lay 58–95 eggs. 1 to 

9 days are the egg period. 

• Maggot: The dirty white colored maggots are legless and acephalous, Sucking wriggling 

creatures with a thicker back end and a pointed other end. Summer larval periods last 13 

days, while winter ones last roughly three weeks. Mature maggots emerge from the 

ground, jump to a suitable location, enter the soil, and pupate. 

• Pupa: Pupa is barrel shaped. Pupal period is 69 days. 

• Adult: Adult flies emerge from pupa during morning hours and mate at dusk. Adults are 

reddish brown with lemon yellow markings on thorax with spotted wings. It is active 

throughout the year. Adults hibernate during winter and they become active in hot 

weather. Adult lasts for 14 days. 

Life cycle: 

 

 

Life Cycle Damage Symptoms 

 

Damage symptoms: 

• The damaging stage is maggots only by feeding near ripen fruits, riddling them and 

polluting pulp. 

• Maggots bore into the fruit and feed on pulp forming lesions. 

• Fruits decay due to secondary bacterial infection. 

• Damage is more serious in melons. Fruits at early stage also are attacked. Such fruits do 

not develop. Infestation results in premature drop of fruits. 

• Decay of fruits due to secondary bacterial infection. 

• The damage is more in monsoon season. 
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Management: 

• Collect infested and fallen fruits and bum in deep pits. 

• In endemic areas, change the sowing dates because of the fact that the fly population is 

lowest in hot dry weather and highest during the monsoon season. 

• Expose the pupa by deep ploughing and turning over soil after harvest. 

• apply carbaryl 0.15% or malathion 0.1% on congregating  and use ribbed gourd as trap 

crop. 

2. Pumpkin Beetle, Aulacophora foveicollis, A. cincta, A. intermedia (Galerucidae; 

Coleoptera) 

Adult flies on the undersurface of leaves. These insects infest cucurbits crops like snake 

gourd, melons and pumpkin etc. 

Life cycle: 

• Egg: Each female may lay between 150 and 300 brownish, elongate eggs in the soil, 

either singly or in clusters of 8 or 9 close to the base of plants. Eggs last about 5-8 days. 

• Grub: Grubs are creamy white with darker oval shield at back. Grub lasts for 13-25 days. 

• Pupa:  an earthen cocoon serves as the site of the Pupation. Pupal phase lasts 7–17 days. 

• Adult: Raphido palpafoveicollis has reddish brown elytra; A. intermedia has blue black 

forewing; and A. cincta has grey elytra with black margin. 

• Total life cycle takes 26-27 days. There are 5 to 8 generations/year. 

Life cycle: 

 

Nature and symptoms of damage: 

• Beetles are more destructive. 

• They bite holes on leaves and also feed on flowers. 

• Beetles injure the foliage, flowers and cotyledons by biting holes into them. 

• Early sown cucurbits are severely damaged necessitating resowing. 

• Beetle damage results in numerous of holes on leaves. 

• Grubs just after hatching, feed on root parts of plant beneath soil surface. 

• Grubs bore into vines, feed on fruits that come in contact with the soil. 
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Management: 

• Ensure clean cultivation 

• Adopt early sowing and cultivate less susceptible varieties 

• Collection and destruction of adult beetles 

• Spray malathion 50 EC 1 ml/l or dimethoate 30 EC 1 ml/l or methyl demeton 25 EC 1 

ml/l or fenthion 100 EC 1 ml/l or cyantraniliprole 10.26 OD @1.8ml/l or Azadirachtin 

0.03% 

• Do not use carbaryl, DDT, lindane 1.3% dust, copper fungicides and sulphur dusts as 

they are phytotoxic to cucurbitaceous plants. 

3. Epilachna beetle /Hadda beetle - Epilachna vigintioctopunctata, E. dodecastigma 

(Coccinellidae; Coleoptera) 

 Spotted beetles are distributed from East Asia to South Asia and Australia. Hadda beetle 

is a polyphagous and feed upon cucurbits, potato, and beans as well as eggplant. These beetles 

are considered to be one of the most severe groups of pests damaging eggplant.  

Life history or Biology: 

• Egg: The females lay eggs mostly on the lower leaf surfaces. Each female lays about 

100-400 eggs. The egg is spindle-shaped and yellowish in color. Eggs are laid in clusters 

of 10-40. The egg period varies from two to five days. 

• Grub: The grub is creamy white or yellowish in color with black spiny hairs on the body. 

The grub of this pest lasts 2-5 weeks, according to temperature variation. Grubs pupate 

on the leaves and stem. 

• Pupa: The pupa is dark in color but resembles the grub, although it sometimes is 

yellowish in color. The pupa bears spiny hairs on the posterior, but not the anterior, part 

of the body. The pupal period is one to two weeks. 

• Adult: The Adult of Epilachninae contains phytophagous ladybird beetles because most 

other ladybird spp. are predators. These brownish or orange- colored, hemispherical 

beetles are larger than other ladybird species. E. vigintiopunctata (in Latin, viginti means 

20 and octo means 8) has 28 black spots on the forewing (elytra). E. dodecastigma 

(dodecam means 12 in Greek) has 12 black spots on the elytra. However, beetles with 14, 

16, 18, 20, 22, 24 or 26 spots have been observed under field conditions, due to mating 

between females of E. dodecastigma and males of E. vigintioctopunctata. 

Damage symptoms: 

 The grub and adult have chewing mouthparts. Hence, they scrape the chlorophyll from 

the epidermal layers of the leaves. The feeding results in a typical ladder-like window. The 

windows will dry and drop off, leaving holes in the leaves. In severe infestations, several 
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windows coalesce together and lead to skeletonization i.e. the formation of a papery structure on 

the leaf. 

Life Cycle: 

 

Management: 

• Collection and destruction of eggs, grubs and adults. 

• Spray malathion 50 EC 1 ml/l or dimethoate 30 EC 1 ml/l or methyl demeton 25 EC 1 

ml/l or fenthion 100 EC 1 ml/l or cyantraniliprole 10.26 OD @1.8ml/l or Azadirachtin 

0.03%. 

4. Serpentine leaf miner - Liriomyza trifolii (Agromyzidae; Diptera) 

Biology: 

• Egg: Eggs are minute in size and orange yellow in colour. The egg hatches in 4 days. 

• Larva: Apodous maggot feeds on chlorophyll mining in between epidermal layers. Full 

grown maggot measures 3 mm. Larval duration is about 7 days. 

• Pupa: Pupation is in soil. Some pupae are found in leaves. Pupation takes place inside a 

thin loose mesh of silken cocoon. Pupal period is about 7 days. 

• Adult: It is a pale yellowish fly, measuring 1.5 mm in length. The female fly punctures 

upper surface of leaf to lay eggs singly. Total life cycle takes 3 weeks. 

Life cycle: 
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Damage symptoms: 

• Leaves with serpentine mines 

• Drying dropping of leaves in severe cases 

Mining on leaves: 

 

Management: 

• Spray cyantraniliprole 10.26 OD 1.8ml/l or Azadirachtin 0.03%. 

• Collect and destroy mined leaves 

• Spray NSKE 5% 

5. Pumpkin Caterpillar, Diaphania indica (Pyraustidae; Lepidoptera) 

Biology: 

• Egg - Eggs lay singly or in groups on lower surface of leaves. 

• Larva - Bright green with a pair of white mid dorsal lines 

• Pupa - Pupation takes place inside a cocoon among the leaves. 

• Adult whitish wings with broad and dark marginal patches. 

• Female with tuft of orange coloured hairs at anal end. 

Life cycle: 
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Damage symptoms: 

• Larva binds the leaves together and feeds upon them.  

• Ovaries and young developing fruits are also damaged.  

• Affected flowers do not bear fruits and infested fruits become unfit for consumption. 

 

Management: 

•  Collection and destruction of early stage caterpillars along with infested leaves. 

• Spray malathion 50 EC 1 ml/l or dimethoate 30 EC 1 ml/l or methyl demeton 25 EC 1 

ml/l or fenthion 100 EC 1 ml/l or cyantraniliprole 10.26 OD @1.8ml/l or Azadirachtin 

0.03% 

•  Encourage activity of parasitoids like Apanteles spp. 

Note: 

 Do not use carbaryl, lindane 1.3% dust, copper fungicides and sulphur dusts as they are 

phytotoxic cucurbitaceous plants. 

6. Aphid, Aphis gossypii, A. malvae (Aphididae: Hemiptera) 

       This is a cosmopolitan pest and highly polyphagous. Aphis gosspii  prefers to feed on cotton,  

okra and solanaceous plants.  The infestation of Aphids increased during the cool and dry season. 

Biology or Life cycle: 

• Egg - Bead like laid in rows within the leaf sheath. 

• Larva - Pinkish brown with dark head. 

• Adult - Unlike many insects, most aphids do not lay eggs. They usually reproduce 

through parthenogenesis (development of embryo without mating with males) and are 

viviparous (give birth to nymphs directly rather than eggs).  Color of adult insect is 

highly changeable and it varies from pale green to greenish brown. Both apterous and 

winged forms found. Winged forms are produced predominantly under high population 

density conditions, inferior host plant quality, etc. The wingless forms are more common. 

They possess a pair of black-colored cornicles on the dorsal side of the abdomen. Aphids 

mostly are found in groups. Each female produces about 20 nymphs a day, which become 

adults in a week. 
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Life cycle: 

 

Damage symptoms: 

• Greenish-brown aphid infests different cucurbits.  

• A. malvae infests bitter gourd.  

• Both nymphs and adults are found on tender twigs, shoots and ventral leaf surface and 

suck the sap from tissues.  

• Affected parts turn yellow, curled, wrinkled, deformed in shape, dry and die away.  

• Sooty mould also develops on the honey dew exuded by the aphids. 

Management: 

• Clip-off and destroy the affected shoots and twigs along with crowded pest population.  

• Spray dimethoate 0.05% or cyantraniliprole 10.26 OD @1.8ml/l or Azadirachtin 0.03%. 
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Abstract:  

The pest causes severe damage to stored food grains, though effective synthetic 

pesticides have a number of drawbacks including high cost, non-biodegradability and adverse 

effects on humans and the environment prompting farmers to seek out a more powerful and 

economically feasible alternative. There are several recent advances were developed for stored 

grain pest management which may involves the use of Indigenous techniques like using of 

different methods are Sun drying, Ash, Red Soil Coating, Plastering of storage bins with clay and 

cow dung, Common salt, Turmeric powder, salt and chilli powder, neem leaves and neem oil and 

Ginger rhizome. Other methods for controlling insect pest is done by using different techniques 

such as by use of Nanotechnology, Insect Pheromones, Insect Growth Regulators (IGRs), 

ionization Control and Microbial Control. To minimizes the application of synthetic insecticides 

in stored grains pest management and exhibit their effect on insects through their several 

characteristics such as their toxic effect, repellency, fumigant, growth inhibitor, suppression of 

reproductive behavior, chemosterilants, antifeedant or feeding deterrent and reduction fertility. 

These recent methods may provide a solution to the problems associated with health risks, 

availability, costs and resistance of synthetic pesticide and used for stored grain pest 

management.  

Keywords: Role of indigenous; Recent techniques; Stored grain pest management 

Introduction:  

Human beings have three essential needs such as food, water and shelter. With a global 

population growth rate of 1.5 percent delivering food grains to the people is the most pressing 

challenge. However, incorrect storage leads to significant grain loss. Grain losses due to storage 

are 10 to 20 percent of total production and caused by insufficient storage capacity, insect and 
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pest infestations and other factors. The environmental factors may involve temperature, moisture 

content of grains, pH and humidity etc. The biological factors such as insects, pests, 

microorganisms and rodents may cause qualitative and quantitative losses during storage. So, 

there are various recent advances in stored grains insect and pest management were developed. 

Major primary stored grain pests include rice weevil (Sitophilus oryzae), granary weevil 

(Sitophilus granaries), lesser grain borer (Rhyzopertha dominica), Khapra beetle (Trogoderma 

granarium) and the pulse beetle (Callosobruchus chinensis). There are also many secondary 

pests that cause to stored grain such as rusty grain beetle, saw toothed grain beetle and mites. 

Losses due to stored grain pests  

According to current estimates, insect pests cause a 25 percent loss in rice and maize, a 

5% loss in wheat and a 15% loss part of pulses in India. More than 20,000 species of field and 

storage pests are responsible for the destruction of almost one-third of the world food production 

worth more than $100 billion per year. India being a tropical country suffers around 20-30 

percent damage to stored grains and grain products due to insect pests which is only around 5-

10percent in the temperate zone. Food grain production in India was reported to be 250 million 

tons in the year 2010-2011, in which nearly 20-25percent food grains are damaged by stored 

grain insect pests. According to a World Bank research, 12-16 million tonnes of food grains are 

lost owing to storage pests, which could feed one-third of the world population if prevented. 

Therefore, there is a need to develop effective, economical and environmentally sustainable 

methods for control and management of stored grain pest (Rajashekar et al., 2010; Sharon et al., 

2014) 

Some important storage pest  

Common name Scientific name  Family  Order  

Rice weevil Sitophilus oryzae Curculionidae  Coleopteran  

Lesser grain borer Rhyzopertha dominica Bostrichidae  Coleopteran 

Pulse beetle Callosobruchus chinensis Bruchidae  Coleopteran 

Anguinomous grain moth Sitotraga cerealella Gelechidae  Lepidoptera  

Potato tuber moth Pthoremea opercula Gelechidae Lepidoptera 

Sweet potato weevil Cylas formiculas Apionidae  Coleopteran 

Red flour beetle Tribolium castaneum Tenebrionidae  Coleopteran 

Indian meal moth Plodia interpunctella  Phycitidae  Lepidoptera 

Rice moth Corcyra cephalonica  Galleridae  Lepidoptera 

Khapra beetle  Trogoderma granarium  Dermestidae  Coleopteran 
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Indigenous techniques for pest storage pests 

 The important traditional storage practices followed by the farmers were as reported by 

Prakash et al. (2016) 

➢ Sun drying of grains 

Sun drying is the common traditional practice followed by the farmers before grains and 

pulses storage. Sun drying destroys existing insect pests and their different stages and it 

helps to reduce spoilage and also enhance the dormancy period of grains. Optimum grain 

moisture (10-12%) is necessary for proper storage of food grains/seeds. 

➢ Use of Ash 

Seeds are filled in earthen pots to its 3/4 volume and rest 1/4 volumes filled by wood or 

cow dung ash. Where Ash contains silica that interferes with insect feeding and Ash dust 

reduces the RH of storage condition and also dries the seed surface. 

➢ Red Soil Coating Method 

Red soil and water are mixed to form a paste in a container. Seeds are transferred into this 

pot and mixed well so that the soil completely adheres to the seeds. Seeds are dried under 

shade. Seeds are transferred into a gunny bag and tied tightly and stored in dark shade. As 

the red soil covers the grains and seeds the insect could not able to feed, lay eggs as it 

acts as a barrier. Soil absorbs left out moisture in the seeds and grains and avoids 

spoilage. 

➢ Plastering of storage bins with clay and cow dung 

Storage bins made of bamboo will be plastered with clay and cow dung which prevents 

insect attack from outside. Soil absorbs left out moisture in the seeds and grains and 

avoids spoilage. Soil and cow dung paste acts as a barrier between seeds, grains and 

insects. Cow dung acts as a repellent for storage insect pests. 

➢ Storage of pulses with common salt 

Common table salt at about 200 grams of salt was mixed manually in one kg of pulse was 

followed to store pulses for a period of 6-8 months. Salt has an abrasive action on the 

skin of insects thereby preventing their movement inside the storage containers and as a 

result their growth in the storage containers/bins/boxes is inhibited. 

➢ Turmeric application method 

Turmeric powder is another good alternative method to prevent the grains from insects 

and pests. Grains and seeds are mixed with turmeric powder before storing them in 

containers or jute bags. This treatment provides protection for up to 6-8 months and is 

equally safe for consumption. 
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➢ Use of salt and chilli powder 

250 grams common salt and 250 grams dry chilli powder are mixed with 20 kg seeds and 

filled it into a plastic bag or bin. The pungent nature of chilli shows repellent effect on 

insects and salt has a hygroscopic and insecticidal property. 

➢ Use of Neem leaves and neem oil: 

Neem leaves are collected from the trees and dried in shade and mixed with seeds/grains 

and stored in gunny bags or bins. The active ingredient azadiractin, found in neem leaves, 

acts as an insect repellent and insect feeding inhibitor and sterilant, antifungal and 

nontoxic qualities. 

➢ Use of Ginger rhizome 

 30 grams of Ginger rhizome powder is mixed with 1 kg of pulse. Presence of alkaloids, 

anthocyanins, flavonoids, tannins in ginger makes ginger to act as antifeedant and repellent 

against pests. 

Use of Nanotechnology for stored grain pest management 

Consumer awareness of the health hazard from residual toxicity and insect resistance to 

the pesticides has led the researchers to look for alternative approaches. From these alternatives 

the inert dusts such as clay, rock phosphate, sand, ashes, diatomaceous earth as well as synthetic 

silica have been used as insecticides in modern storages. Insects normally used a range of lipids 

on their cuticle to protect the water barrier on their body and avoid death due to dehydration. A 

mechanism used by the nanoparticles that becomes absorbed into the cuticle lipids by 

physisorption thus causing insect death exclusively by physical ways (Barik et al., 2008). 

Nanoemulsions are type emulsions in which size of particle is uniform and extremely small 

ranges from 20-200 nm. Nanopesticides are the modern way to control insect pests and also 

decreasing the negative effects of synthetic insecticides on the environment. PVA (polyvinyl 

alcohol) is a water-soluble polymer derived from petroleum that has distinctive qualities such 

transparency, gloss, anti-electrostatic properties, chemical resistance and toughness. Because of 

its water solubility, reactivity and fast biodegradability, it can be used in agricultural and water 

treatment applications (Kitherian, 2017; Wakeil et al., 2017) 

Ionizing radiation  

This is an environmental friendly control of stored grain insects effective in store houses. 

Seeds are treated with both and radiation to control stored grain insects. However, radiation is 

generated by Cobalt 60 while radiation is generated electrically. Strong ionizing radiation (@ a 

dose of 0.6 k Gy) bring about sterilization in stored grain insects and low of ionizing radiation 

damage insects by producing highly reactive free radicals or ions. Irradiation done in closed 

chamber can effectively kill all life stages of insects and nutritional value of food grains remains 

unaffected. Colorized light and sound also control stored grain insect. Light is used to catch 
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flying insects by mass killing. All the stages of S. granaries will be killed 1MHz sound exposure 

for 5 minutes. Ozone for (O3) is allotropic oxygen when is also used to sterilize and kill insects 

in food commodities. It is generated by is atmospheric oxygen and is used for fumigation of 

stores. It is exceedingly unstable and soon degrades to molecular oxygen. To manage stored 

grain pests, ozonation is being studied as a possible alternative to traditional treatments (Kells et 

al., 2001; Banks and Field, 1995). 

Control by using insect pheromones 

  Pheromones applying male specific or female specific pheromone substances for 

behavioral control of insects. These are used for surveillance and detection of an infestation in 

stored grains. Pheromones are used in minute quantities in traps which can be placed in 

warehouses at a considerable distance. The traps treated with pheromones caught significantly 

more number of target insects than untreated traps. Pheromones control depends on the efficacy 

of traps in capturing the attracted populations and suppression methods used. The presence of 

stored grain insects in grain bins can be detected using these traps. In ware houses, pheromones 

are also employed to catch grain moths. The pheromones are also identified and utilised to trap 

Tribolium spp., Sitophilus spp., Stegobium paniceum (Drugstore beetle) and Lasioderma 

serricorne (Cigarette beetle). Besides this, for more effective manipulation and suppression of 

stored product insect pheromones are used with entomopathogens. It is more feasible method in 

which pheromone - baited or light-baited device is used with an open reservoir containing a 

pathogen such as Bacillus thuringiensis. It helps to distribute a pathogen among stored-product 

insects (Tanaka and Takeda, 1993). 

Control by using insect growth regulators  

(IGRs) Besides using of synthetic pesticides, insect hormones and their analogues (IGRs) 

are used to control insects. These insect growth hormones have been demonstrated to be more 

effective against a variety of stored-product moths and beetles when administered in a closed 

setting. IGRs induce reproduction problems in insects by disrupting oviposition behaviour. The 

two IGRs like methoprene and hydropene are applied to prevent pupae in Tribolium castaneum 

and Tribolium confusum. Methoprene also inhibit Oryzaephilus surinamensis at 1 mg/kg seeds 

while hydrophene shows complete inhibition of adult progeny in Sitophilis granarius at a dose of 

10-20 mg/kg seeds. However, for more effective control IGRs could be added to attractant 

impregnated baits insteated of directely to food (Williams and Amos, 1974; Loshiavo, 1976). 

Microbial Control Microbial control which uses microbial insecticides in the form of spores and 

toxins, is one of the most effective synthetic pesticide alternatives. It is safe and target specific 

toxins. Bt toxins, produced by Bacillus thuringiensis, are the most efficient strains against stored 

grain insects. Aside from that, a variety of entomopathogens are employed to control stored grain 

pest. For more effective control, certain botanicals are also mixed with B. thuringensis. It 



Agriculture Science: Research and Review Volume XI 

    (ISBN: 978-93-91768-96-6) 

 
173 

 
 

demonstrates a considerable increase in pathogen killing ability and causes massive mortality in 

stored garin insects (Lacey, 2001) 

Biological control  

To control the population level of stored grain insects, various biological treatments are 

employed. Controlling stored grain insects has become an accepted method. Insect populations 

are controlled by using various living creatures or their products. However, numerous 

parasitoids, predators, diseases and other living organisms are used in natural situations to 

suppress the population of stored grain insects. Hymenoptera parasitoids are most typically 

utilized to minimize infestation and damage caused by stored grain insects. Insect pathogens on 

the other hand are used as biological control agents. Parasitoids are insects that rely on other 

parasites to keep stored grain insects at a low population level. Bracon hebetor and Venturia 

canescens are two parasitoids found in preserved products that are employed to control E. 

cautella numbers. Another parasitoid that successfully control dermestids is Laeluis pedatus. 

However, a problem was noted that Anthrenus flaviceps (furniture Carpet beetle) possesses a 

supra - anal organ that serves as a defense mechanism against this parasitoid (Lacey, 2001; 

Ghimire and Phillips, 2007) 

Conclusion:  

Stored grain damage by insects is a serious issue as it may cause more economic losses 

and damage the quality of food grains. There are many number of stored grain insect pests in 

farmer’s storage houses and public ware houses that causes damage to food grains due to un-

controlled environmental conditions and lack of knowledge about ware housing technology used. 

However, for suppression of multiplying these insect pests above discussed recent advances are 

used. These are highly specific and more appropriate for the stored grain pest management. 

Indigenous techniques have organic compounds possess insecticidal properties and used as 

botanicals in stored grain pest management. Followed by many other methods are ecofriendly to 

insect kill and they likely to be adopted for use in the near future due to their biodegradable 

nature, systematic after application, ability to alter the behavior of target pests and favorable 

safety profile. So, it is recommended for effective and efficient against many insect pests. 
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