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PREFACE 

We are delighted to publish our book entitled "Recent Innovative Approaches in 

Agricultural Science Volume II". 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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Abstract: 

 Climate change, resource depletion and biodiversity loss are all threatening our agriculture. A 

new agricultural revolution is required to improve crop yield while also ensuring food quality and 

safety in a sustainable manner. Agriculture's long-term viability can be aided by nanotechnology. 

Seed nano-priming is a powerful technique that alters seed metabolism and signalling pathways, 

impacting not just germination and seedling establishment, but the whole plant life cycle. Seed 

nanopriming has been demonstrated in studies to boost plant growth and development, increase 

production, and improve the nutritional content of food. Nano-priming affects biochemical pathways 

as well as the balance of reactive oxygen species and plant growth hormones, promoting stress and 

disease resistance while reducing pesticide and fertiliser use. The current study gives an overview of 

recent developments in the sector, highlighting the challenges and opportunities for using 

nanotechnology in seed nano-priming as a contribution to sustainable agriculture practises. 

Keywords: Seed, nanopriming, seed coating, germination and nanoparticles. 

Introduction: 

 Nano priming is a novel type of seed priming that uses nanoparticles (NPs) such as zinc 

oxide, iron oxide, titanium dioxide, silver nanoparticles and other similar materials. Plants do not use 

fertilisers or nutrients that are supplied to them because they are drained away or broken down by 

light and water. Nanoparticulate material/nutrient delivery to plants ensures appropriate and targeted 

utilisation of nutrients/macro molecules at a specific spot for plant development enhancement. 

 The term ―Nanotechnology‖ was coined in 1974 by Norio Taniguchi at the University of 

Tokyo its related to ―molecular engineering‖ and this term coined by Arthur von Hippel in 1950 

thereafter predicted the feasibility of constructing nano molecular devices. Nanotechnology has the 

potential to revolutionize the agriculture and play an important role in food and crop production. 

During the past decade, a number of patents and products incorporating engineered nanoparticles 

(NPs) into agricultural practices, e.g., nano pesticides, nano fertilizers, and nano sensors, have been 

developed with the collective goal to promote the efficiency and sustainability of agricultural 

practices requiring less input and generating less waste than conventional products and approaches 

(Servin et al. 2015). Antimicrobial and personal care products, construction materials, water filtration, 

mailto:way2rsharma@gmail.com
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medical devices, and a variety of other industrial and medicinal uses all employ silver nanoparticles 

(AgNPs). Because NPs in agriculture must be cost-effective, environmentally benign, biocompatible, 

and non-toxic, the synthesis of bioengineered NPs for agricultural use must meet these criteria. In 

comparison to chemical synthesis methods, plant-based materials appear to be the ideal options for 

synthesising biocompatible NPs due to their biochemical variety of plant extract, non-toxic 

phytochemical constituents, non-pathogenicity, cheap cost and flexibility in reaction conditions. Seed 

germination and seedling emergence are critical drivers of effective stand establishment in 

commercial agriculture. Germination begins with the imbibition of water by the mature dry seed and 

ends with the extension of the embryonic axis, generally the radicle, through the seed envelope, 

resulting in root and shoot protrusion. During cereal seed germination and subsequent seedling 

development, -amylase is one of the major enzymes involved in starch breakdown. This is the only 

enzyme that catalyses the hydrolysis of 1, 4 linked glucose polymers to release fragments that can be 

further broken down by other amylolytic enzymes. It is de novo synthesised during the germination of 

cereal seeds and catalyses the hydrolysis of 1, 4 linked glucose polymers to release fragments that can 

be further broken down by other amylolytic enzymes. In the realm of carbohydrate research, the 

augmentation of amylase during seed germination is of importance to boost economic plant 

development (Servin et al. 2015). 

Seed quality 

 Seed is a key component of crop production and a way of getting agricultural innovations to 

farmers, allowing them to reap the benefits of research efforts. Seed should reach farmers in a good 

quality state since it is one of the key factors limiting crop output potential. Seed quality is 

complicated and influenced by a variety of circumstances, but four important characteristics may be 

recognised (Bishaw et al. 2007). 

1. Genetic quality refers to a variety's innate genetic potential for increased yield, better grain quality, 

and stronger biotic or abiotic stress tolerance. 

2. Physiological quality - the capacity for germination and vigour, which leads to seedling emergence 

and field crop establishment. 

3. Physical quality – devoid of other crop seeds, common, noxious, or parasitic weed seeds, 

mechanical damage, discolouration, and seed size and weight uniformity. 

4. Pest-free status – no infection or infestation with seed-borne bugs (fungi, bacteria, viruses, 

nematodes, insects, etc.). 

Seed priming 

 Seed priming is a low-cost effective hydration technique to stimulate seed germination. 

During priming, seeds go through a physiological process, i.e., controlled hydration and drying which 

results in enhanced and improved pregerminated metabolic process for rapid germination. Seed 

priming can synchronize seed germination, and increase emergence.  

 Priming permits some of the metabolic processes required for germination to take place 

without the need for germination. Seeds are immersed in various solutions with high osmotic potential 

during priming. This keeps the seeds in the lag phase by preventing them from absorbing enough 
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water for radicle protrusion (Taylor et al.1998). Seed priming is a technique for shortening the 

interval between seed sowing and seedling emergence and synchronising emergence. The osmotic 

pressure and the time the seeds are kept in touch with the membrane during seed priming are adequate 

to allow pre-germinative metabolic activities to take place within the seeds up to a point just before 

radicle emergence.  

 There are additional instructions for growing seed and establishing desiccation tolerance in 

seed. The semi-permeable membrane is most commonly given in the shape of a tube with a circular or 

polygonal cross-section that is spun with the seeds on its inner surface and the solution kept between 

its outer surface and another body to which the membrane is watertightly sealed. Seed priming has a 

key role in improving crop yields in wheat, barley, upland rice, maize, sorghum, pearl millet, and 

chickpea, with increases of 37, 40, 70, 22, 31, 56, 50, and 20.6 percent in wheat, barley, upland rice, 

maize, sorghum, pearl millet, and chickpea, respectively (Harris et al. 2005) 

 Seed priming techniques provide a number of advantages, including lowering fertiliser 

consumption, increasing crop production through synchronised seed germination, and inducing 

systemic resistance in plants, all of which are both cost-effective and environmentally beneficial 

(Dawood MG, 2018). Before planting seeds, seed treatment is performed, which entails hydrating the 

seeds sufficiently to allow metabolic processes to occur prior to germination while avoiding radicle 

emergence. Priming is a method of treating seeds with a variety of organic or inorganic compounds, 

as well as high or low temperatures (K. D. Kamithi, 2016). It comprises immersing seeds in various 

solutions for a certain period of time under regulated conditions, then drying them back to their 

normal moisture content before planting to prevent radicle formation. This improves germination and 

emergence of a variety of seed species, including seeds of crops, tiny seeded grasses, and ornamental 

species, while also reversing the negative impacts of seed degradation. Seed priming is regarded as a 

simple, highly successful, low-cost, and low-risk method. Primed seeds are more useful for a variety 

of reasons, including uniformity, early and faster appearance, germination in a wide temperature 

range, crop establishment, efficient use of water, enhancing roots to grow deeper, allowing 

germination in dormant seeds by increasing metabolic events, initiating growth of reproductive 

organs, early flowering and maturity, better competition with weeds, and combating abiotic stresses] 

and soil-borne destructive diseases (R. solani, Fusarium spp., Sclerotium rolfsii, etc.). 

Nanoparticles 

 The term ―Nanoparticles‖ is adapted from the Greek word having prefix ―nano‖ that‘s 

meaning ―dwarf.‖ The word ―nano‖ means 10-9 or one billionth part of a meter. Particles with at least 

one dimension less than 100 nm (1-100 nm) are considered as ―Nanoparticles.‖ Nanotechnology is an 

emerging technology that‘s use in various fields such as electronics, energy, remediation, automobile, 

space technology, agriculture and life sciences. Advancement in nanotechnology has improved ways 

for large-scale production of nanoparticles of physiologically important metals and encapsulate with 

fertilizer formulations for increased uptake in plant cells by slow release and minimizing nutrient loss. 

Nanoparticles have a large surface area, high sorption capacity, and controlled-release kinetics to 

specific targets, making them a "smart delivery system" (Solanki et al. 2015). 
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 Materials with at least two dimensions between 1-100 nm (Ball, 2002) [6] are known as 

nanoparticles (NPs). 'Why 100 nm and not 150 nm?' or 'Why not 1 to 1 000 nm?' is now the question. 

The reason for this is that the definition itself concentrates on the impact of a dimension on a 

particular substance. For instance, the emergence of a quantum phenomenon rather than the precise 

dimension at which this effect occurs. Nanoscience isn't simply the study of microscopic particles; it's 

also the study of how materials with small dimensions exhibit physical phenomena known as quantum 

effects, which are size-dependent and vastly different from the characteristics of bulk materials. 

Surface area, cation exchange capacity, ion adsorption, and complexation are all features that 

nanoparticle have that bulk materials do not. The surface of a nanoparticle contains a large fraction of 

the atoms, distinguishing it from bulk material (Maurice and Hochella, 2008). 

Table 1: Various Nanoparticles used in different crops and their effects 

NPs Optimum 

concentration 

Crop  Effect References 

CNTs 40 ug/ml Tomato Increased germination and 

seedling growth 

(Khodakovskaya et 

al. 2009) 

ZnO NPs 1000 mg kg-1 Groundnut enhanced germination, vigour 

index, electrical conductivity, 

catalase enzyme activity and 

reduced lipid peroxidation 

(Shyla and 

Natarajan, 2014) 

ZnO NPs 125 ppm Greengram early seedling growth and 

improved seed quality 

(Sangli et al. 2017)  

Fe NPs 25 ppm Pigeonpea significantly higher seed 

germination, speed of 

germination, seedling root length, 

seedling shoot length, seedling 

length, seedling dry weight, 

seedling fresh weight, seedling 

vigour index I, seedling vigour 

index II and lowest abnormal 

seedlings 

(Raju and Rai, 2017) 

TiO2 NPs 0.03 % Maize Increased germination percentage, 

seedling vigour, seedling length 

and seedling dry weight   

(Sani, 2012) 

Fe NPs 1.0 to 2.0 ppm Wheat Wheat Increased Seed 

germination and seedlings growth 

(Alam et al. 2015) 
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Mechanism of nanopriming 

 Seed germination is a complex process involving a number of metabolic activities that lead to 

the transition from the stored food reserve to the activation phase, where the radicle and plumule 

develop. In general, the seeds take in water in three stages (H. U. Rehman, 2011). The first step is 

known as imbibition, and it entails rapid water absorption via seed-driven pressures. There are 

modifications in this phase, including as metabolic activity and translation processes, as well as DNA 

and mitochondrial repair. The lag phase occurs when there is reduced water absorption, resulting in a 

slight rise in seed fresh weight. This phase is also known as the Activation phase since it is physically 

and metabolically very active at this time. It aids in mitochondrial maturation (ATP generation), 

protein synthesis from new mRNAs, and mobilisation of stored macromolecules into radicle 

outgrowth molecules. The germination phase is the third phase. Germination is complete at this point, 

and seedling development begins with the resumption of radicle growth and rapid water intake. The 

first and second phases of priming occur, preventing seeds from entering phase III (S. Hussain, 2016). 

Phase II lasts for a longer period of time than phase III and prevents phase III from occurring. As a 

result, the lag phase in primed seeds is minimised because phase III preparation is not necessary, as it 

has already been completed. Different benefits are imposed in seeds as a result of this, such as 

synchronisation of radicle emergence, increased development rate, and the ability to germinate a large 

number of seeds. Seeds have already completed the first two steps of germination during priming, so 

when they are sown, they have the capacity to finish the process quickly (imbibition) if they are given 

water. This cuts down on the amount of time it takes for cellular functions to take place. DNA content 

rises as nucleic acid enzymes are activated and/or synthesised, resulting in more total RNA and 

proteins. It also repairs damage to the cell membrane caused by storage and drying. 

Physiological and biochemical aspects of nanopriming 

 In tomato and several other plant species, including maize (Zea mays L.), priming has been 

demonstrated to trigger nuclear DNA synthesis in the radical tip cells (Garcia et al. 1995). 

Osmopriming has been found to stimulate cell cycle processes. Priming wild rye seeds with 30 

percent PEG for 24 hours resulted in an increase in superoxide dismutase (SOD) and peroxidase 

(POD) activity, as well as a quick rise in respiratory intensity, both of which were linked to an 

increase in germination vigour (Jie et al. 2002). By lowering the mechanical constraint of endosperm 

on developing embryos, osmopriming may also aid seed germination. Osmotic priming of tomato 

seeds boosted endo-beta mannanase activity in the endosperm cap and reduced its mechanical 

constraint on the developing embryo (Toorop et al. 1998). The activity of endo-beta-mannanase was 

shown to be strongly correlated with the reduction of mechanical constraint. In all amaranth cultivars, 

primed seeds dramatically enhanced emergence percentage, rate of emergence, root length, and seed 

vigour. Among the varieties, the Trigin cultivar performed the best. Seed priming substantially 

improved total seed protein, POD, and PPO. Protein content and POD activity were both high in the 

Almont and Plainsman cultivars. PPO activity increased by seed priming comparing to controls for 

Amont, Plainsman and Mercado cultivars, but for Trigin cultivar, no increase was detected. The 

highest increase in PPO activity was observed in Mercado cultivar 
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Fig. 1. Seed nano-priming and its potential benefits 

 

Fig. 2. Effects of seed nano-priming on seeds and plants under abiotic and biotic stresses 

 (a) Effects of seed nanopriming during the germination,  

(b) effects of seed nano-priming on ROS levelsand  

(c) potential effects under biotic and abiotic stresses 
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Conclusion: 

 Seed-nano priming is one of the techniques that may be used to improve sustainability and 

nanotechnology is a potential field for exploitation in agriculture. Once these systems can promote 

plant establishment as well as provide protection against biotic and abiotic stresses, resulting in 

improved productivity and food quality, the use of nano-based technology for seed treatment has the 

potential to move traditional agriculture based on the use of agrochemicals to a more sustainable 

agriculture. All of these elements together can lead to a system that is safer for farmers and customers 

while also reducing environmental damage caused by conventional agriculture. 

 Many difficulties, such as scale-up, seed priming conditionsand toxic effects in plants and 

other species, must be addressed in the industrial manufacture of these technological systems and their 

use in the field. However, it is apparent that the implementation of nanoparticle systems can improve 

crop management, leading in agricultural practises that are safer for farmers, consumersand the 

environment by reducing pesticide application volumes and contamination concerns. 
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Abstract: 

 Mapping is the process of creating maps, which are graphic symbolic representations of major 

features on a portion of the Earth's surface. In general, cartography and mapping. Mathematical 

function or morphism are both synonyms for mapping (mathematics). The assignment of DNA 

fragments to chromosomes is known as gene mapping. A gene is a genetic unit made up of a DNA 

sequence that resides in a specific position on a chromosome and defines a trait in an organism. 

Cloning is a term used in biotechnology to describe the process of making identical copies of DNA 

fragments, cells, or organisms. A clone is a collection of cells formed by asexual reproduction from a 

single parental cell. A marker is a signpost associated with a characteristic of interest that is inherited 

together with the trait. 

Keywords: Mapping, Gene mapping, chromosome, Cloning and marker.  

Introduction: 

Mapping 

Mapping is the process of creating maps, which are graphic symbolic representations of major 

features on a portion of the Earth's surface. In general, cartography and mapping. Mapping 

(mathematics) is a term that can refer to either a mathematical function or a Morphism. The 

assignment of DNA fragments to chromosomes is known as gene mapping. The location and 

relative distances of genes on chromosomes are determined by their linkage. 

• Map of genetics A recombination-based linear arrangement of genes or genetic markers. 

• Map of the physical environment Genes or DNA fragments are arranged in a linear order. 

Genetic maps 

Because molecular markers (particularly RFLPs and SSRs) indicate an essentially infinite number of 

alleles that can be followed in the progeny of crossings, they may beutilizedtocreate geneticmaps.  
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Physical mapping 

• The cloned DNA fragments are commonly acquired via restriction enzyme digestion QTL 

(Quantitative Trait Loci)  

• A locus or DNA segment that includes more genes coding for an agronomic or other trait 

QTL (Quantitative Trait Loci) 

• Quantitative genetic variation is caused by individual loci. 

• A region in the genome that contains characteristics that influence a quantitative trait, as 

determined by statistical association 

QTL mapping 

 A set of procedures for detecting genes controlling quantitative traits (QTL) and estimating 

their genetics effects and location 

 Localizing and determining a segment of DNA that regulate quantitative traits 

 Detecting and locating gene having an effect on a quantitative trait 

Gene cloning 

What is a gene? 

 A gene is a genetic unit that consists of a DNA sequence that resides in a certain position on a 

chromosome and defines a trait in an organism. 

What is cloning? 

 Cloning is a term used in biotechnology to describe the process of making identical copies of 

DNA fragments, cells, or organisms. A clone is a collection of cells formed by asexual 

reproduction from a single parental cell. 

What is gene cloning? 

 Cloning a gene is the procedure of generating numerous identical copies of a gene 

 Gene can be an exact replica of a natural gene 

 Gene can be a modified version of a natural gene 

 Gene cloning (DNA cloning) is the use of genetic engineering techniques to create 

precise copies (clones) of a certain gene or DNA sequence. Restriction enzymes are used 

to divide the DNA containing the target gene(s) into pieces. These segments are 

subsequently placed into cloning vectors like bacterial plasmids or bacteriophages, which 

then transport the recombinant DNA to appropriate host cells like E. coli. Complementary 

DNA can also be incorporated into the vectors, or "naked" DNA pieces can be picked up 

straight from the medium by a host bacterium (this is less efficient than vector transfer). 
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Genes 

Basic steps in gene cloning 

  Preparation of a pure DNA sample from the desired organism 

 • Restriction enzymes are used to cut the DNA molecule into pieces. 

 Analysis of DNA fragments using electrophoresis 

 

The action of a restriction enzyme, EcoRI 

Steps in cloning a gene 

 Isolating the DNA from the organism that possesses the target gene is the first step in cloning 

a gene. 

 

 Cloning restriction enzymes generate staggered cuts in certain regions in the DNA, 

resulting in fragments with cohesive ends. 

 The DNA fragments are then inserted into the plasmids and have a single stranded 

sequence of nucleotides on their ends that are capable of hybridizing with DNA 

fragmented with the same restriction enzyme. 

 

 



Bhumi Publishing, India 

12 
 

 The cloning plasmid has a single restriction site, which when cleaved by the restriction 

enzyme yields the same cohesive ends as the DNA fragments to be cloned. 

 The plasmid and DNA fragments' cohesive ends are now lined together, and the enzyme 

DNA ligase is utilized to establish Phosphodiester linkages. 

 The cells are now ready to be plated on agar media.The colony of cells containing the 

desired cloned gene can then be identified and isolated. 

Gene cloning with different vectors 

 

What is a marker? 

 Any genetic element which can be readily detected by phenotype, cytological or molecular 

techniques. 

 A marker is a signpost linked to the trait of interest and is co-inherited along with the trait. 

Marker types 

1. Morphological markers 

2. Biochemical markers protein diversity) 

3. Molecular Markers/DNA These are the conventional morphological mutant characteristics that may 

be employed in indirect selection since they are mapped and connected to a desirable or undesirable 

trait in a population. The main drawbacks of these markers include their significant reliance on 

environmental variables, undesired traits such as dwarfism or albinism, and the fact that they are time 

demanding. a labour-intensive process that necessitates a huge plant population (Stuber et al., 1999). 

2. Biochemical markers: In plant breeding, isozymes are utilised as biochemical markers. 

Biochemical indicators are more reliable than morphological markers because they are not affected by 

environmental factors. The major issue with isozymes in MAS is that most cultivars (commercial 

plant breeds) are genetically extremely similar, and while isozymes do not create a lot of 

polymorphisms, variability in the protein primary structure can still affect protein function or 

expression. 

3. Molecular markers/DNA markers: For genetic analysis and crop improvement, molecular 

markers have become indispensable tools. Because DNA-markers are phenotypically neutral and 

almost infinite in number, they have enabled scanning of the whole genome and assigning landmarks 

in high density on every chromosome in a variety of plant species, making them suitable for indirect 

selection (Narasimhulu et al., 2013). 
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 Different types of molecular markers have been developed and evolved, including, but not 

limited to, restriction fragment length polymorphism (RFLP), random amplified polymorphic DNA 

(RAPD), amplified fragment length polymorphism (AFLP), inter simple sequence repeat (ISSR), 

microsatellites or simple sequence repeat (SSR), expressed sequence tag (EST), cleaved amplified 

polymorphic sequence (CAPS), diversity arrays technology (DArT), and single nucleotide 

polymorphism (SNP) have been used in several crops (Doveri et al. 2008Each marker system has its 

own set of benefits and drawbacks, and the many aspects to consider when choosing one or more of 

these markers have been detailed (Semagn et al. 2006; Panigrahi, 2011). The following are five 

characteristics of a good molecular marker: 1) polymorphism is required, and 2) co-dominant 

inheritance is required. 3) they should be spread randomly and regularly across the genome, 4) they 

should be easy and inexpensive to detect, and 5) they should be repeatable. 

 Because of the little quantity of template required and the ease with which huge populations 

may be handled, PCR-based markers are more appealing for MAS. Because AFLP, RAPD, and 

Sequence tagged site (STS) are dominant markers, their use for distinguishing homozygous and 

heterozygous individuals in segregating progenies is limited. SSRs, or microsatellites, are the most 

extensively utilised DNA markers in key crops such as grains and legumes (Li et al. 2008). SSR and 

RFLP are both highly repeatable, co-dominant in inheritance, easy and inexpensive to use, and 

typically polymorphic. SSRs' only drawback is that they usually only provide information on a single 

locus per experiment. This problem has been overcome in many cases by multiplexing several SSR 

markers in a single reaction (Kalia et al. 2011).  

STS and SCAR (sequence characterised amplified region) are also incredibly beneficial for 

MAS since they are derived from particular DNA markers (e.g., RFLPx, RAPDs, etc.) that are 

connected to a gene or QTL (Collard and Mackill, 2008). Single nucleotide polymorphisms (SNPs), 

or single base alterations in DNA sequence, have grown in importance as a class of genetic markers in 

recent years. The number of possible SNP markers is enormous, and microarray technologies have 

been developed for scoring hundreds of SNP loci at once at a cheap cost per sample. Although the use 

of SNP markers in plants is still in its infancy, SNP markers are expected to become the marker 

system of choice in the near future, especially as the full sequences of more plant genomes will 

become available (Ganal et al. 2009). 

 Several new genomics resources and techniques, including as genome sequences, molecular 

markers, and microarrays, have been accessible in recent years, which will substantially aid in gene 

identification, mapping, and cloning. Molecular markers play a major role in rice improvement across 

the world, and their usage in rice has recently been evaluated (Benali et al., 2011; Kumar et al., 2009; 

Semagn et al., 2006). 

Marker assisted selection (MAS): Plant genetics and breeding have been irreparably altered by the 

development of DNA (or molecular) markers. While DNA markers may be used in a variety of ways 

in breeding, "marker assisted selection" appears to be the most promising for cultivar improvement. 

The use of closely connected DNA markers as a replacement for or to improve phenotypic screening 

is referred to as MAS. Plants with certain genes or quantitative trait loci (QTLs) can be identified 
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based on their genotype rather than their phenotype by identifying the allele of a DNA marker. The 

following are five major factors to consider when using DNA markers in MAS (Mohler and Singrun, 

2004). 

a-Reliability:Molecular markers should co-segregate or be closely connected to features of interest, 

with a genetic distance of less than 5 cM preferred. The use of flanking or intragenic markers will 

considerably improve the markers' phenotypic prediction accuracy. 

b- DNA quantity and quality:Some marker approaches need huge volumes of high-quality DNA, 

which might be difficult to come by in practice, adding to the procedure's expense. 

c- Technical procedure:The repeatability of molecular markers across laboratories and their 

transferability between researchers should be excellent. The technique's level of simplicity and the 

amount of time it takes are both important factors to consider. Simple and rapid procedures with high 

throughput are particularly desirable. 

d- Level of polymorphism:The marker should ideally be highly polymorphic in breeding material 

and co-dominant in segregating progenies to distinguish homozygous and heterozygous individuals.  

e- Cost: For effective screening of large populations, molecular markers should be user-friendly, 

inexpensive, and simple to use. In order for MAS to be practical, the marker assay must be cost-

effective.  

Heritable DNA sequence differences (polymorphisms)  

 Genetic markers are not the target genes but act as signs or flags, they are located close to 

gene of interest 

 Also called as "gene tags" 

 DNA markers that are tightly-linked to target loci as a substitute for or to assist phenotypic 

screening 

DNA marker illustration 

DNA Marker is a DNA sequence located close to gene of interest. It may occur within the gene itself. 

 This method is used when the trait of interest is present within the gene pool of the crop of 

interest 

 Transgenic: This method is used when the trait of interest is not present within the gene pool 

of the crop of interest. 
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MAS outcompetes genetic engineering 

 Three examples of MAS: 

 Disease resistance: In rice, 33 genes conferring resistance to bacterial blight have been 

identified, several varieties already in the hands of farmer. 

 Drought tolerance: In 2007, MAS 946-1 became the first drought tolerant aerobic rice • 

variety released in India. 

 Double trouble rice: Saltol for salinity and Subl for submergence 

 In contrast, genetic engineering - even after 25 years of global efforts-has basically only 

delivered two single-trait types of plants: herbicide-tolerant and pest-resistant. 

 

 

 

Case Study: Marker aided improvement of pusa 6B, the maintainer parent of rice 

hybrid Pusa RH10, for resistance to bacterial blight, H. Basavaraj et al. Indian J. 

Genet., 69(1): 10-16(2009). 

MAS controls bacterial leaf blight in rice 

 Bacterial blight is one of the most destructive rice diseases and can reduce yield by 71 to 80% 

based on severity of disease (Srinivasan,2005) 

 Bacterial leaf blight caused by the pathogen Xanthomonas oryzae pv oryzae (Xoo)  

 Resistance genes have been detected in landraces (eg xa2 and xa5) and in wild rice species 

(eg, xa21 in O longistaminata) (Pha and Lang, 2004). 

 So far, 33 genes conferring resistance to different Xoo races have been identified (Cheema et 

al. 2008) 

 PRH10, the world's first superfine grain aromatic rice hybrid 

 This hybrid is very popular among the farmers. However, both the parents and the hybrid 

PRH 10 are susceptible to Bacterial Blight 

 Why in B line and why not in R line? 

 Pyramiding resistant genes in the restorer lines alone is not enough as the hybrid will have 

these genes in heterozygous condition, so that the level of resistance imparted will be reduced 

 Xal3 is a recessive gene 
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On analysis with the gene specific markers, 22 plant were found to be carrying xa13 and 

xa21 genes in BC1F1 heterozygous condition (Foreground Selection) 

Marker assisted pyramiding: Pyramiding is the process of integrating numerous gene QTLs into a 

single genotype at the same time. This is achievable by traditional breeding, but it is exceedingly 

difficult or impossible to achieve in the early generations. Individual plants must be phenotypically 

screened for all qualities examined using traditional phenotypic selection. As a result, using damaging 

bioassays to evaluate plants from certain population types (e.g., F2) or for characteristics may be 

challenging. Because DNA marker tests are nondestructive and markers for several particular gene's 

QTLs may be examined using a single DNA sample without phenotyping, they may help with 

selection. Pyramiding has been used to combine numerous disease resistance genes in the most 

common way. 

To pyramid disease resistance genes with comparable phenotypic effects for which matched 

races are frequently unavailable. MAS may be the only viable option, especially when one gene 

obscures the presence of other genes (Walker et al. 2002). For example, the Barley Yellow Mosaic 

Virus (BaYMV) complex is a severe danger to European winter barley agriculture. Pyramiding 

resistance genes appears to be a smart strategy, given that the disease is caused by multiple strains of 

BaYMV and Barley Mild Mosaic Virus (BaMMV). Due of a paucity of differentiating virus strains, 

phenotypic selection is not possible. As a result, MAS has intriguing potential. Pyramiding genes 

against the BaYMV complex has been produced using appropriate techniques. When using such 

tactics in practical breeding, it's important to remember that the pyramiding must be done after each 

crossing since the pyramided resistance genes segregate in the progeny (Werner et al. 2005). 

Conclusion: 

Gene mapping will result in more commercially significant genes for cloning and 

biotechnology applications, as well as gene-assisted selection (GAS). DNA polymorphisms, also 

known as DNA markers, can be used to enhance genetics by selecting for desirable qualities like 

disease resistance. Backcross breeding techniques are increasingly relying on molecular markers to 

identify resistance genes in gene pyramiding. By altering the efficiency and precision of selection, 

marker aided selection (MAS) is intended to boost genetic responsiveness. Recent advances in DNA 
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marker technology, together with the notion of marker-assisted selection, have resulted in novel 

approaches of selecting and preserving favourable genotypes. Marker aided selection can be used to 

pyramid resistance genes in early segregating populations and during early phases of plant growth, 

with the ultimate objective of developing varieties with long-lasting or multiple disease resistance. As 

a result, the breeder may now undertake many rounds of selection in a year using MAS. 
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Introduction: 

 Nitrogen is the most important macro element for growth and nutrition of agricultural crops. 

It is categories under the category of primary macronutrient by D.I. Arnon and P.R. Stout in 1939. 

Nitrogen is categories in primary macronutrient on the basis of their relative requirement of crop 

plant. Nitrogen (N) is the universally deficient nutrient in the soil but most frequently deficient 

nutrient in non-leguminous plants, while quantities of N2 fixed by legumes can be sufficient for their 

growth and development. Because most of the soils cannot supply sufficient amounts of plant 

available N, inorganic and/or organic N sources must be applied to meet plant N requirements. The 

ultimate source of all N used by plants is N2, which constitutes 78% of the earth‘s atmosphere. 

Unfortunately, higher plants cannot metabolize N2 directly into protein. N2 must first be converted to 

plant available N by:  

• Microorganisms that live symbiotically on legume roots 

• Free-living or non-symbiotic soil microorganisms 

• Atmospheric electrical discharges forming N oxides 

• The manufacture of synthetic N fertilizers. 

Nitrogen is essential for protein production in plants, which is the direct or indirect source of 

protein for animal and human nutrition. Protein not only make up the body tissue of animals and 

humans but enzyme that control all physiological processes in life are proteins (Prasad 2003). Global 

food production, already under the credit crunch, must double by 2050 to level off hunger and in the 

next 40 years or so, the world will need to produce annually as much food as in the last 8000 years 

(FAO, 2011). This would be possible only by an adequate use of fertilize, especially the nitrogen. 

Nitrogen present in soil is mainly organic and inorganic forms. 

Organic forms of Nitrogen 

 Most of the nitrogen occurs in soil is in organic forms (90-98%), which is protect from 

different type of losses and largely unavailable to higher plant. Most of Indian soils except hilly soils 

are generally low in organic matter and total nitrogen content due to rapid decomposition rate and 

high temperatures. The value of total nitrogen content in Indian soils is vary from 0.02-0.1% (Prasad, 

2007a) and in hilly soils is 0.01-0.319% (Kanwar and Takkar, 1963; Manickam, 1965). By the 

process of nitrogen mineralization, the organic forms of nitrogen is converted in to inorganic (plant 

useable) forms (Ammonium and Nitrate) as a result of the activities of the microorganism. The 

annually soil organic nitrogen is mineralized about 1.5-3.5% only. 
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Inorganic forms of Nitrogen 

 Ammonium, nitrate, exchangeable ammonium and fixed ammonium are example of inorganic 

forms of nitrogen. Nitrate nitrogen is the dominant forms of nitrogen in the well-aerated soil and its 

amount vary from 11-36 mg/kg in alluvial soils, 3-28 mg/kg in black cotton soils, 1-29 mg/kg in red 

soils and 12-14 mg/kg in hill soils (Shukla and Singh, 1968). 

 In the anaerobic condition ammonia is the dominant forms of nitrogen and its general value is 

about 2-20 mg/kg. The value of exchangeable ammonia is varied from 10-15 mg/kg depending upon 

soil texture and clay mineral (Sen et al., 1957). In soil with considerable 2:1 clay content interlayer 

fixed ammonia typically accounts for 5-10 % of the total nitrogen in the surface soil and up to 20-40 

% of the nitrogen in the sub-soil. And 2:1 phyllosilicate are the minerals primarily responsible for 

ammonia fixation by the soils. 

 The native fixed of ammonia in Indian soil may vary from 70-798 mg/kg soil and may 

account up to one-fifth of the total soil nitrogen (Grewal and Kanwar, 1967). 

Forms of nitrogen uptake by plants 

Nitrogen is absorbed by the plant roots in two forms: nitrate form (NO3
-
) and ammonical form 

(NH4
+
). Most of the crop plants prefer nitrogen in nitrate form; but paddy and few other higher plants 

prefer nitrogen in ammonical form. Ammonical form of nitrogen is however, easily convertible into 

nitrate form. Most of the fertilizers contain nitrogen in these two available forms. Urea, however, 

contains nitrogen in amide form but this form of nitrogen is swiftly converted by soil micro-organisms 

into ammonical form and then into nitrate form. 

Based on the forms of nitrogen, nitrogenous fertilizers are classified into following four 

categories, viz.  

(1) Nitrate Fertilizers 

(2) Ammonical Fertilizers 

(3) Ammonical-Nitrate Fertilizers 

(4) Amide Fertilizers 

1. Nitrate fertilizers:  

 As the name, nitrate fertilizers indicate, these fertilizers contain nitrogen in nitrate form which 

is preferred by a majority of the plants. These fertilizers are readily soluble in water and quickly 

available to the plants. If plants need nitrogen urgently, soil use of nitrate fertilizers gives quick 

response. Use of nitrate fertilizers is not recommended for very moist and waterlogged soils because 

in these situations nitrate nitrogen is either leached down along with excess moisture or converted into 

gaseous form and lost to the atmosphere due to lack of oxygen. In both conditions, it becomes 

unavailable to the plants. In sandy soils also, there use is avoided as the sandy soils are incapable of 

retaining nutrients and even with a little moisture, nitrate is leached down. If necessary, in sandy soils 

nitrate fertilizers are applied in 2-3 split doses. There are three main nitrate fertilizers use the world 

over: 

(i) Sodium nitrate (ii) Calcium nitrate (iii) Potassium nitrate                                  
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 The use of nitrate fertilizers in our country is very limited due to their limited availability, 

high cost, difficult handling and also their harmful effect of soil. We have to import these de fertilizers 

and, so, their cost per unit nutrient (N) is very high. Secondly, when these e fertilizers are 

continuously used for a few years, they may deteriorate the physical condition of soil. Plants utilize 

nitrate portion of these fertilizers and sodium and calcium portions are left in the soil. Excessive 

buildup of sodium or calcium in the soils results in the development of alkalinity or salinity 

respectively, which is not good for the health of soil. 

2. Ammonical Fertilizers:  

 Ammonical fertilizers contain nitrogen in ammonical form. These fertilizers can be applied 

also to those crops which absorb nitrogen in nitrate form. It is because ammonical part of the 

fertilizers can be easily converted into nitrate (NO3
-
) form. As the ammonical portion of the " fertilizer 

(NH4
+
) is positively charged, it easily, gets attached with very fine clay or humus a, particles of the 

soil which are negatively charged. Ammonical fertilizers are, therefore, quite resistant to leaching. 

These fertilizers can also be applied in waterlogging conditions, because in such conditions, they do 

not so easily convert into gases. Ammonical fertilizers are especially suitable for paddy crop for a 

couple of reasons: paddy prefers nitrogen in ammonical form and ammonical form of nitrogen is not 

easily converted into gases and lost to atmosphere. Although these fertilizers are readily soluble in 

water, they are not as quickly available to plants as nitrate fertilizers. A little time is required for the 

conversion of NH4
+
 to NO3

-
, the most preferred form of nitrogen. Ammonical fertilizers are suitable 

for slow growing, long duration crops. The following ammonical fertilizers are used in our country: 

(i) Ammonium sulphate                                     20%  

(ii) Ammonium chloride                                     24-26%  

(iii) Monoammonium phosphate                          11-20% N, 20-48 P2O5 (Phosphate) 

(iv) Diammonium phosphate (DAP)                  18%N, 46%P2O5 

(v) Ammonium solution                                      20-25 % N 

3. Ammonical-nitrate fertilizers: Ammonium-nitrate fertilizers contain nitrogen in both the forms: 

ammonical and nitrate. Fertilizers of this category can be used in a wide variety of soils and cropping 

conditions. Nitrate meets the immediate demand of nitrogen and ammonical form supplies nitrogen to 

meet the growth and developmental needs of N as the plant ages. Fertilizers of this category are acidic 

in reaction. The following fertilizers of this category are marketed: 

(i) Ammonium nitrate                                          33% N 

(ii) Calcium ammonium nitrate                            26% N 

(iii) Ammonium sulphate Nitrate (ASN)              26% N 

4. Amide fertilizers: Amide group fertilizers are agronomically very significant. They are readily 

soluble in water and easily decomposed by microorganisms in the soil. In the soil, they are quickly 

changed into ammonical and then nitrate form and becomes available to the plants. The two mains 

[amide fertilizers used in our country are: i. (a) Urea (b) Calcium cyanamide. 
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S.N. Particular NH4
+
 Fertilizers NO3

- 
Fertilizers 

NH4
+
& NO3

- 

both 

Amide 

Fertilizers 

1 
Solubility in 

Water 
Soluble Soluble Soluble Soluble 

2 Hygroscopicity Not Hygroscopic Hygroscopic 
Slightly 

Hygroscopic 
Hygroscopic 

3 
Availability to 

Plant 

Less readily 

available 

Readily 

available 

Readily 

available 

Less readily 

available 

4 Leaching losses Less More Moderate Less 

5 
Method of 

application 

Basal and Top 

dressing both 

Only top 

dressing 

Basal and Top 

dressing 

Basal, Top and 

Foliar 

6 Example 

Ammonium 

sulphate, 

Ammonium 

chloride, Anhydrous 

Ammonia 

Calcium nitrate, 

Sodium nitrate, 

Nitro phosphate 

Ammonium 

nitrate, Calcium 

ammonium 

nitrate, 

Urea, Calcium 

cyanamide 

 

Anhydrous ammonia 

It is the most concentrated commercial fertilizer N source (82%N) and is usually applied to the soil by 

injection at a depth of 10-20 cm as a pressurized liquid that immediately vaporizes, and react with soil 

water to convert to NH
4+

. Anhydrous ammonia is hygroscopic and is rapidly absorbed by water. 

NH3 react rapidly with soil water and various organic and inorganic components through several 

possible reaction: 

             NH3+H2O                                     NH4
+
+ OH

-
 

              NH3+H
+    

                                     NH4
+
 

Urea

Urea was first isolated from urine by Rouelle (1773) hence the name urea. It is the first organic 

compound to be synthesized from inorganic material. Urea was first discovered by Friedrich Wohler 

(1828) during synthesize of ammonium cyanate    (NH4CNO). Urea was first produced in India at 

Sindri (Bihar) during 1959-60. Wohler demonstrated that during heating of ammonium cyanate, 

rearrangement of atoms takes place because of isomerization, resulting in the formation of urea: 

Manufacturing Process 

 Commercially, urea is manufactured by chemical reaction of liquid ammonia with pure 

carbon dioxide in a reactor under high temperature (180-200
0
C) and high pressure (200-350 atm). It is 

a two-step process. In the first step ammonia and CO2 react to form ammonium carbamate. A 

substantial fraction of ammonium carbamate dehydration to yield urea and water.  
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2NH3 + CO2                      NH4COONH2 

NH4COONH2                    NH2CONH2 + H2O 

Solidification of Urea solution 

 The urea solution (80-82%) obtained from the above-mentioned process is solidified by two 

processes: 

1. Crystallization 

2. Prilling 

Crystallization 

 The urea solution obtained from the production plant is concentrated and filtered to remove 

the solid impurities followed by further concentration to form crystal. The crystals are separated from 

mother liquor by centrifugal force. The crystals are dried to reduce the moisture content to less than 

0.3% by a stream of hot air and then packed in moisture proof bag. 

Prilling 

 The dry crystals are melted in a stream heated melted fitted at the top of the prilling tower. 

The melted urea is sprayed downward inside the tower to form prills (pellets). And then prills are 

collected, screened and bagged. 

Properties 

Parameters  

Nitrogen Content 46 %  

Colour  White 

Solubility in water Highly Soluble 

Critical relative humidity (CRH) 72 

Hygroscopicity  Moderately Hygroscopic 

Melting point 132.7 
0
C 

Nature Acidic 

Equivalent acidity 80 

Crystalline/Amorphous Crystalline 

 

Formation of biuret 

 Melting point of urea is 132.7
0
C. When urea is heated to temperature above 132.7

0
C. Biuret is 

formed by elimination of one molecule of ammonia from two molecule of urea. Smell of ammonia in 

urea indicates that formation of biuret is started. 

2NH2CONH2                                  NH2CONHCONH2 + NH3 

 Maximum permissible limit of biuret content in urea is 1.5% for soil application and 0.5% for 

foliar spray beyond which it is toxic to plant. 

Fate of urea in soil 

 The hydrolysis of urea is caused by an enzyme urease which is produced by bacteria, fungi 

and actinomycetes. During hydrolysis urea hydrolyzes to formed unstable ammonium carbonate 
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which decomposes to release ammonia and carbon dioxide. Ammonia reacts with water to formed 

ammonium hydroxide which dissociates to formed ammonium ion and hydroxyl ion. 

   NH2CONH2 + 2H2O                            (NH4)2CO3 

(NH4)2CO3 + H2O                                 2NH3+ CO2+2H2O 

                                            2NH3 + 2H2O                             2NH4OH 

2NH4OH                                  2NH4
+ 

+ 2OH
-  

 

These NH4
+
 are converted to nitrate by nitrification process.  

2NH4 + 3O2                             2NO2
-
 +2H2O+ 4H

+
 

                                                 2NO2
-
 +O2                               2NO3

-
 

These H
+
 causes acidity to the soil. 

Ammonium Sulphate   

It is the best nitrogenous fertilizer as for as physical condition is 

concerned. The main disadvantage of (NH4)2SO4 is its relatively low 

N content (21% N) classified as low analysis fertilizer. It was first 

produced in India as a by-product of the Steel industry in 1933 at 

Jamshedpur, Jharkhand. 

Manufacturing Process 

Ammonium sulphate may be prepared by two methods as fallows- 

1. Caprolactum Process 

In this process intermediate by product of synthetic fibre (Nylon polymer) industry. Ammonia is 

liberated as a by-product is treated with H2SO4 then ammonium sulphate is formed. This process is 

adopted by Gujrat state fertilizer corporation (GSFC) Vadodara, Gujrat in 1974. 

2NH3 + H2SO4                                                                           (NH4)2SO4 

2. Gypsum process 

Ground gypsum (CaSO4) is reacted with a solution of ammonium carbonate to produce ammonium 

sulphate. By filtration calcium carbonate is separated from ammonium sulphate. 

                                   (NH4)2CO3 + CaSO4                                                                  (NH4)2SO4 + CaCO3 

Properties 

Parameters  

Nutrient Content 20.5 % N & 24 % S 

Colour  White 

Solubility in water Soluble 

Critical relative humidity (CRH) 79.2 

Hygroscopicity Nearly Non-hygroscopic 

Melting Point 512
0
C 

Nature Acidic 

Equivalent acidity 107 

Crystalline/Amorphous Crystalline 
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Fate of ammonium sulphate in soil  

 When ammonium sulphate is added to soil it dissociates and produced ammonium and 

sulphate ion in soil solution. 

   (NH4)2SO4                                                    2NH4
+
 + SO4

2-
 

Released ammonium ions has several fates such as  

1. Plant uptake 

2. Immobilization 

3. Fixation 

4. Volatilization loss 

5. Nitrification 

The released sulphate ion has several fates such as 

1. Plant uptake 

2. Leaching loss 

3. Immobilization 

4. Adsorption 

Ammonium Nitrate 

Ammonium nitrate contains 34% N, out of which half portion is in 

ammonium form and anther half portion is in nitrate form. It is not 

produced in India because of its very poor physical properties. 

During storage it formed lumps or cakes and become hygroscopic. 

It became explosive when combined with oxidizable carbon (oil, 

diesel fuel, gasoline etc.). This fertilizer is not manufactured in 

India but imported on a limited scale. The following 

recommendations can be made to minimize the explosive hazards 

of this fertilizer: 

 (a) Do not store any longer than is absolutely necessary; 

(b) Keep all bags tightly sealed until ready to use; 

(c) Keep all bags indoor in a dry place; 

(d) Pile the stacks not higher than 6 bags; and 

(e) Change position of bags once a week. 

(f) If caking occurs, drop bags on a hard floor. 

 Some factories have started using conditioners such as clay and one per cent water repellent 

material like wax, grease or oil to improve the quality of fertilizer. Such granulated material are stored 

in moisture proof polythene bags. 

Manufacturing Process 

Ammonium nitrate is manufactured by the reaction of super-heated ammonia vapor and nitric acid in 

the neutralizer. 

NH3+HNO3 (aq.)                            NH4NO3 (aq.) 
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Ammonium nitrate solution is solidified by these processes 

1. Crystallization 

In this process the solution of ammonium nitrate is crystalized by evaporation (at 980F) in the 

evaporator. The crystals are separated from mother liquor by centrifugation.  Then the crystals are 

dried in the drier to reduce the moisture content to 0.1 %. The dried crystals are then cooled and 

coated with antihygroscopic materials such as Kieselguhr, CaCO3, diatomaceous earth etc. This 

product is packed proof bags.  

2. Prilling 

Ammonium nitrate solution is concentrated up to 95% with the help of evaporator this hot 

concentrated solution is spread downward in the prilling tower where flow of air is in upward 

direction. Then the drops of solution cool and solidify. The solid particle thus formed are known 

as prills. The screened prills have the moisture content up to 0.5% and dry prills are coated with 

anti-hygroscopic materials to reduce hygroscopicity and prevent caking. 

3. Granulation 

In the process the ammonium nitrate solution is granulated in granulator and then granules are 

dried. 

Properties 

Parameters  

Nitrogen content 33-34 % 

Colour  White 

Solubility in water Highly soluble 

Critical relative humidity (CRH) 59 

Hygroscopicity Highly hygroscopic 

Nature Acidic 

Equivalent acidity 60 

Crystalline/Amorphous Crystalline 

 

Fate of ammonium nitrate in soil 

 When added to soil ammonium nitrate (NH4NO3) dissociate to yield ammonium ion (NH4
+
) 

and nitrate ion (NO3
-
). 

    NH4NO3                       NH4
+
 + NO3

-
 

 Ammonium nitrate acidifies the soil if ammonia volatilization does not occur. During 

nitrification ammonium ion dissociate from ammonium nitrate release hydrogen ion (H+), and these 

hydrogen ions acidify the soil. 

 

Released ammonium ions has several fates such as  

1. Plant uptake 

2. Immobilization 

3. Fixation 
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4. Volatilization loss 

5. Nitrification 

Released nitrate ions has several fates such as  

1. Plant uptake 

2. Leaching 

3. Denitrification 

Calcium Ammonium Nitrate 

Calcium ammonium nitrate in one of the major straight N- fertilizer 

produced in India. It is also called as Lime Ammonium Nitrate or 

(Farmer's fertilizer) Kisan Khad and it contain 25% N with equal 

amount of ammonium and nitrate N. It is readily soluble in water and 

can be applied to a wide variety of crops. It is suitable for top dressing. 

Manufacturing process 

Lime stone (CaCO3) is mixed with concentrated ammonium nitrate 

solution before solidification in the ratio CaCO3:NH4NO3, 4:6.  

 CaCO3+NH4NO3                                    CaCO3.NH4NO3 

The product is granulated, dried, cooled and coated with coating materials (soapstone). 

Properties 

Parameters  

Nutrient Content 25 % N  

Colour  Grey or light brown 

Solubility in water Partly Soluble 

Hygroscopicity Not hygroscopic 

Nature Neutral 

Crystalline/Amorphous Amorphous 

 

Fate of Calcium ammonium nitrate in soil 

W hen added to soil ammonium nitrate (NH4NO3) dissociate to yield ammonium ion (NH4
+
) and 

nitrate ion (NO3
-
). 

  NH4NO3                           NH4
+
 + NO3

-
 

 Ammonium nitrate acidifies the soil if ammonia volatilization does not occur. During 

nitrification ammonium ion dissociate from ammonium nitrate release hydrogen ion (H
+
), and these 

hydrogens ion acidify the soil. The acidity produced by the ammonium nitrate (NH4NO3) is 

neutralized by another component, calcium carbonate (CaCO3), of the fertilizer. Thus, this fertilizer is 

termed neutral or non- acid forming fertilizer. 

Ammonium chloride   

Ammonium chloride is the least preferred N-fertilizer. It is also called low analysis fertilizer as it 

contains 25% N and whole amount of nitrogen is present in ammonical form. It is the most acid 

forming fertilizers with highest equivalent acidity. 
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Manufacturing process 

Ammonia reacts either with sodium chloride or with hydrochloric acid to give ammonium chloride. 

Ammonium chloride is manufactured by two processes. 

1. Solvay’s process 

It is two- step process. In the first step, ammonia reacted with carbon dioxide to form ammonium 

carbonate. 

  2NH3+CO2+H2O                           (NH4)2CO3 

And ammonium carbonate is then converted to ammonium bicarbonate. 

  (NH4)2CO3+CO2+H2O                  2NH4HCO3 

In the second step, ammonium bicarbonate reacts with NaCl solution to yield ammonium chloride 

and sodium bicarbonate. 

  NaCl+ NH4HCO3                          NH4Cl + NaHCO3 

The solution of ammonium chloride obtained by separation of sodium bicarbonates solidified by 

two ways: 

A. Crystallization process 

In this process the solution of ammonium chloride is concentrated, cooled and crystallized. 

The crystal is then dried (105
o
C) to reduce the moisture content to about 0.25%. 

B. Double salt process  

In this process the solution of ammonium chloride is treated with ammonia and cooled. 

Sodium chloride is then added. Consequently, ammonium chloride is salted out. This method 

is widely used in Japan. 

2. Direct neutralization process 

In this process ammonia is reacted with hydrochloric acid to yield ammonium chloride. 

   NH3 + HCl                   NH4Cl 

This method may be used if surplus hydrochloric acid is available. 

 

Properties 

Parameters  

Nutrient Content 25 % N  

Colour  White 

Solubility in water Soluble 

Critical relative humidity (CRH) 77.2 

Hygroscopicity Not hygroscopic 

Melting Point 325
0
C 

Nature Acidic 

Equivalent acidity 127 

Crystalline/Amorphous Crystalline 
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Fate of ammonium chloride in soil 

When added to soils ammonium chloride break apart to yield ammonium and chloride ions. 

   NH4Cl                        NH4
+
+ Cl

-
 

 They may be lost from the surface soil by the process of leaching. Chloride ions being 

negatively charged are repelled by the negatively charged soil particles and exist in the soil 

solution. 

 The chloride ions may react with alkali earth metal, such as calcium, magnesium etc. to form 

their chloride. As this chloride are water soluble, they may be washed out in drainage water. 

 The ammonium ions released from ammonium chloride are converted to nitrate ions by 

nitrification. These nitrates react with calcium to yield calcium nitrate. And it is washed out in 

drainage water. 

Sodium nitrate 

 Sodium nitrate was one of the first commercially available inorganic fertilizers. It was very 

important in plant nutrition before the discovery of ammonia synthesis by the Haber-Bosch process. 

Sodium nitrate ore is mined from surface deposit in the Atacama Desert of northern Chile, so it is 

frequently referred to Chilean nitrate or Chile Salt peter. 

Manufacturing Process 

 Sodium nitrate is produced is either by refining caliche, a natural deposit, or by synthesis.  

Refining caliche by Shanks process and Guggenheim process, sodium nitrate was produced. Sodium 

nitrate is synthesized by method as follows: 

1. Common salt and nitric acid (70%) are boiled to yield sodium nitrate. 

                        3NaCl + 4HNO3                         3NaNO3 + 2H2O + Cl2 + NOCl 

 

2. Nitrogen is reacted with hydrogen under high temperature (400-500
o
C) and pressure (200-1000 

atmospheric pressure) in presence of catalyst (Fe3O4+FeO) and promoter (Mo/Al/K) to yield 

ammonia. 

  N2 + 3H2                       2NH3 

 

Ammonia is reacted with air at high temperature (750-900
o
C) in presence of catalyst to yield 

nitrogen oxide. 

  4NH3 + 5O2                        4NO + 6H2O 

  4NO + 2O2                         4NO2 

 

Nitrogen oxide is reacted with sodium carbonate solution to yield sodium nitrate. 

                  4NO2 + O2 + 2H2O + 2Na2CO3                   4NaNO3 + 2H2O+2CO2 

 

Sodium nitrate solids are obtained by evaporation and crystallization of the reaction product. 
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Properties 

Parameters  

Nutrient Content 16 % N, 26%Na 

Colour  White 

Solubility in water Soluble 

Critical relative humidity (CRH) 77.4 

Hygroscopicity Moderately hygroscopic 

Nature Basic 

Equivalent basicity 29 

Crystalline/Amorphous Crystalline 

 

Fate of Sodium nitrate in soil 

When added to moist soil, sodium nitrate (NaNO3) dissociates to yield sodium ions and Nitrate ions. 

                             NaNO3                   Na
+
 + NO3

-
 

Released nitrate ions has several fates such as  

1. Plant uptake 

2. Leaching 

3. Denitrification 

Fates of Sodium 

 Sodium ions accumulates in the soil it is not largely absorbed by plants or lost from soil. 

Sodium is an alkali metal so it induces alkalinity in soil. Consequently, pH of the rises. Sodium ions 

increases phosphate availability and reduces leaching loss of calcium and magnesium. It possesses 

poor physical condition of soil due to dispersion of particle. 
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Compatibility of Fertilizers Mixing  

 Fertilizers which contain Ca, does not mix with superphosphate because physical condition 

may be disturbed. 

 After mixing of Superphosphate with sodium nitrate cannot kept for long time because loss of 

released nitric acid after reaction. 

 Basic Slag or calcium cyanamide cannot be mixed with ammonium sulphate or other 

ammonical fertilizers because volatilization loss of ammonia will be induced in the presence 

of active lime.  
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Abstract: 

 Managing diseases is a very important component of production for melons, cucumbers, 

squashes, pumpkins, and other cucurbit crops. The already extensive list of more than 200 cucurbit 

diseases has expanded recently to include cucurbit yellow vine disease, Alternaria leaf spot, 

Rhizopycnis root rot, bacterial blight, anthracnose, cucumber mosaic virus, squash mosaic virus, 

zucchini yellow mosaic virus and Cucurbit leaf curl virus. Additionally, diseases that have recently 

increased in importance include the vine declines, bacterial wilt, powdery mildew on watermelon, 

Phytophthora blight, diseases caused by Fusarium species, and several diseases caused by viruses, 

including Melon necrotic spot carmovirus and several members of the crinivirus genus. Management 

practices effective for various diseases include rotation, deep ploughing, fumigation, solarization, 

pathogen-free seed, treated seed, host plant resistance, fungicides, sanitation, manipulating the 

greenhouse environment, improving soil drainage, adjusting soil pH, drip irrigation, plastic mulch or 

other soil barrier, planting when soil is not too cold, controlling weeds and insects, avoiding moving 

pathogens on equipment or hands, roguing infected plants, minimizing injury during harvest, chlorine 

spray or hot water treatment after harvest, culling symptomatic fruit before storage, and providing 

proper storage conditions including refrigeration. Forecasting systems have been developed for 

diseases and insect vectors. Managing some diseases with fungicides has been challenged by 

development of resistance, which continues to be difficult to predict. Biocompatible materials such as 

bicarbonates, milk, oil, silicon, phosphate salts, plant extracts, and biological control agents are being 

developed as alternatives to conventional fungicides predominantly for powdery mildew. Some of 

these induce systemic resistance. 

Keywords: Management, cucumber, injury and control. 

Introduction: 

 Cucurbitaceous crops include an enormous and different diverse group of crops. Cucurbits 

arewarm-season crops that are developed and reaped over spring, summer and harvest time seasons. 

They comprise a significant piece of a different and nutritious eating routine all through the world, 

which are utilized as salad and cured (cucumber), cooked (all gourds and squashes), candy-coated, or 

protected (debris gourd) vegetables or as treat natural products (muskmelon and watermelon). 
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Likewise, cucurbits are utilized as fiber source and for utensil arrangements, designs, and formal and 

therapeutic purposes (McGrath 2004). 

 A wide scope of microorganisms influences the usefulness of cucurbits, which establish more 

than 200 sicknesses (Zitter et al. 1996). The disease might be brought about by parasites, microbes, 

infections, or mycoplasma like creatures. The disease might be soilborne, seedborne (conveyed by 

seed), spread by wind, or sent by bug vectors. The dampness content of the seed, stock piling period, 

winning temperature, and level of attack impact the improvement of seedborne parasites (Anjorin and 

Mohammed, 2009). The microbe might cause seed fetus removal and decay, putrefaction, decrease, or 

disposal of germination limit as well as seedling harm at later phases of plant development, bringing 

about the advancement of the illness as foundational or nearby disease (Khanzada et al. 2001). The 

infections cause weighty misfortune as far as yield and quality. The illnesses brought about by 

microbe are constrained by fungicides against contagious sicknesses, bactericide for bacterial 

infections, or bug spray in the event of infections communicated by bug vectors. The infections can be 

overseen by taking on social, organic, and substance strategies for illness the executives. Nowadays, 

customers are very wary about pesticide build-up impacts and natural development of yields is stylish. 

In addition, "anticipation is superior to fix." Using legitimate yield revolutions, safe assortments, and 

social practices, will assist with decreasing the opportunities for illness advancement in cucurbit crops 

filled in the home nursery. Generally observed infections of cucurbit crops in mortgage holder plants, 

their demonstrative elements and control measures, are laid out underneath. 

Fungal diseases 

Alternaria leaf spot or Alternaria blight (Alternaria cucumerina and Alternaria alternate) 

 The fungus, Alternaria leaf spot, happens all through the world and can taint most cucurbits. 

It is otherwise called target leaf spot or Alternaria curse, brought about by Alternaria cucumerina 

[(Ellis and Everh.) Elliot] and Alternaria substitute [(Fr.) Keisslar]. The sickness is seed-and 

soilborne. It shows up on bottle gourd, watermelon, muskmelon, cucumber, snake gourd, and 

vegetable marrow. High dampness and temperature in the scope of 15°C-32°C is very great for its 

turn of events. These spots later spread to the more youthful leaves toward the tips of the plants. Sores 

shaped on the lower leaf surface will quite often be more diffused. These spots later mix to shape 

enormous injuries, which might be in excess of 10 mm in width. These injuries show an objective like 

example of rings that is normal of most Alternaria spp. These injuries bear concentric rings that might 

cause extreme leaf drop. It causes harm by defoliating the plants and prompts decrease in organic 

product yield, size, and quality. 

 The parasite overwinters as torpid mycelium (saprophyte) in ailing and incompletely rotted 

crop flotsam and jetsam, in weeds of the cucurbit family, and conceivably in the dirt. Conidia are 

created in the spring and go about as the essential inoculum. The inoculum is conveyed by wind for 

significant distances and sprinkling water from sick plants to vulnerable tissues (Seebold 2010; Watt 

2013). The conidia can get by under warm and dry circumstances for a very long time. The time 

frame among disease and the presence of manifestations fluctuates from 3 to 12 days (Babadoost 

1989). 
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Management: Compelling administration relies on coordinating individual control estimates that 

assistance to decrease leaf spot in the underlying stages and in this manner slow pestilence 

improvement. 

1. Follow a 3-year crop turn with no cucurbitaceous yield. 

2. Use sickness free seeds. 

3. Treat seeds with Captan at 3 g/kg of seed. 

4.  Follow great sterilization practices like tidying up crop flotsam and jetsam toward the finish 

of the developing season (Seebold 2010). Annihilate volunteer cucurbit crop plants and 

weeds, which might be fit for holding onto spores of this infection (Kucharek 2000). 

5. Apply fungicides that are enrolled for controlling this illness. Splash Bavistin (0.1%) when 

the infection shows up. Miltox (0.2%) or Dithane M-45 (0.2%) can be utilized at 15 days 

stretch for viable administration (Rai et al. 2008). 

Powdery mildew (Erysiphe cichoracearum and Sphaerotheca fuliginea) 

Powdery mildew influences practically all cucurbits under field and nursery conditions. It is brought 

 about via airborne organisms Sphaerotheca fuliginea [(Schlect. ex. Fr.) Poll.] and Erysiphe 

cichoracearum (D. ex. Merfat), the last option being the ideal phase of the organisms. The illness is 

broadly circulated and damaging among cucurbits in many regions of the world and can be a 

significant creation issue causing yield misfortunes of 30%-half (El-Naggar et al. 2012). Powdery 

mildew shows up as powder like (white cushy) settlements or roundabout patches on the under 

surface of leaves. As the illness advances, the whole leaf surface is colonized by the parasite. 

Manifestations and signs can likewise create on stems and natural product. Fine mass on the leaves 

diminishes the photosynthetic rate (Queiroga et al. 2008), causing decrease in plant development, 

untimely foliage misfortune, and therefore decrease in yield. The tainted organic products don't grow 

completely; accordingly, yield and nature of organic products is impacted. The yield misfortune is 

relative to the seriousness of the sickness and the time span those plants have been tainted (Mossler 

and Nesheim 2005). On the off chance that this infection isn't controlled on schedule, side effects can 

be sufficiently serious to cause broad untimely defoliation of more established leaves and crash the 

harvest (Nunez-Palenius et al. 2012). 

Infection improvement is inclined toward by enthusiastic plant development and moderate 

temperature. The most positive circumstances for sickness advancement are 35°C temperature and 

high relative moistness of over 70% (Ali et al. 2013). Temperature and moistness should be analysed 

together since it is the water fume pressure deficiency that has the best impact on have parasite 

connections (Jarvis et al. 2002).  

Management 

1. Monitor crops near distinguish the infection from the get-go in its cycle. Summer squash 

(spring planted) is impacted prior and can be utilized as a pointer for assessment in different 

harvests. 

2. Grow safe/open minded assortments. Hereditary obstruction is utilized widely in cucumber 

and melon and has been fused into other cucurbit crops (McGrath 2011). Notwithstanding, 
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there are a few contagious races of fine build-up, and henceforth a few safe cultivars may be 

defenseless to a particular parasitic race (Zitter et al. 1996). As indicated by Konstantinidou 

Doltsinis and Schmitt (1998), the need to control fine build-up sickness is one reason for the 

expanded utilization of fungicides in cucurbits. 

3. Biological control includes the utilization of contagious spores of Ampelomyces quisqualis 

Ces., which parasitize and annihilate the fine build-up.  

4. Most of these natural oils must be applied over and again during the dynamic developing 

season to accomplish a dependable degree of control. Hence, they cost a lot higher than the 

synthetic substances. Cow's milk showered onto the leaves of nursery developed zucchini was 

viewed as viable (Bettiol 1999). White mustard oil at 1% was likewise viewed as successful 

(Stoyka et al. 2014). 

5. In addition, powdery mildew fungi can develop resistance to specific fungicides (Brown 

2002). Spray sulfur-based fungicides like Karathane (0.05%) or Hexconazole (0.1%) for 

effective control. Addition of 2.3 mM silicon to the nutrient solution (fertigation) can 

significantly delay and reduce the incidence of disease (Menzies et al. 1991).  

Downy mildew (Pseudoperonospora cubensis) 

 Downy mildew caused by Pseudoperonospora cubensis [(Berk. Abrupt.) Rostow zew] is 

airborne and the major foliar disease that contaminates a large portion of the cucurbits. It is especially 

significant in warm weather patterns or tropical climate. Side effects initially show up as light green 

regions on the upper surface of passes on those changes to dazzling yellow rakish or rectangular spots. 

The impacted foliage in the early plant advancement stage causes a decrease in photosynthetic action 

that outcomes in hindered plant development and yield decrease, particularly in cucumber (Colucci 

and Holmes 2010). At untimely defoliation may likewise bring about sun scalding of organic products 

because of direct openness to daylight. The infection advances forcefully and kills the plant rapidly 

through fast defoliation.High stickiness, haze, and weighty dew favour the sickness advancement 

(Keinath 2014). After contamination, downy mildew keeps on deteriorating much under dry weather 

patterns. As opposed to downy mildew, spores of downy mildew are dim purplish dim and show up 

just on the underside of leaves (McGrath 2006). Side effects on watermelon and melon are not 

generally so particular as on cucumber and squash and are for the most part confused with different 

disease, for example, anthracnose, target spot, Alternaria leaf spot, or sticky stem curse (Colucci and 

Holmes 2010). The manifestations of downy mildew contamination are variable in various cucurbit 

crops, for instance, the sores are rakish and are restricted by the leaf veins on cucumber and squash, 

while these are ordinarily irregularlymolded on the foliage of watermelon and melon and turn a brown 

quickly. As the infection advances, the sores extend and increase, making the field have a brown and 

weak look (Celetti and Roddy 2010). 

Management 

1. Grow safe/open minded assortments.  

2. Monitor harvests to distinguish the infection right off the bat in its cycle. 
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3. Prophylactic measures ought to be followed based on the weather conditions figure as the 

illness commonly concurs with the beginning of downpours. 

4. Early planting can likewise keep away from the sickness (Keinath 2014). 

5. Avoid abundance upward water system and apply water system during the late morning hours 

to work with fast leaf drying. 

6. Wash hands prior to moving starting with one field then onto the next, and if conceivable, 

wear clean garments. 

7. Neem oil got from Azadirachta indica is an herbal control for both downy and powdery 

mildews on cucurbits (Banken and Stark 1998) and biocontrol specialist B. subtilis is 

accessible in a wettable powder detailing that can be utilized for downy mildew control 

(Fravel 1999). Nonetheless, Keinath (2014) detailed that no natural endorsed fungicides or 

bio fungicides forestall or control cucurbit downy mildew. 

8. Broad-range contact protectant fungicides give some level of control. Apply them at 5-7day 

stretches relying upon sickness seriousness. Splash Ridomil (0.3%), Blitox (0.2%), or 

Mancozeb (0.2%). The use of Dithane M-45 (0.3%) at a 15-day span is great to control the 

infection (Rai et al. 2008). Rotate fungicide products to reduce the risk of resistance to 

fungicides. 

Anthracnose (Colletotrichum orbiculare) 

 Anthracnose caused by Colletotrichum orbiculare [(Berk and Mont.) Arx.] is both air-and 

seedborne contagious sickness that happen on most cucurbits during warm and damp seasons. The 

side effects happen on all over-the-ground portions of cucurbit plants. The underlying indications 

show up as water-doused injuries on leaves, which then, at that point, turn as yellowish roundabout 

spots and later as brown to dark. 

 Inside the injury, little, dark fruiting designs (acervuli) are framed. Under damp 

circumstances, dark stromata with a coagulated mass of salmon pink spores might be seen on 

muskmelon, watermelon, and cucumber. Ulcers fixed with this trademark tone can never be confused 

with some other disease (Zitter 1987). The disease is fundamentally advanced under damp and sodden 

weather patterns. Seedborne anthracnose disease brings about hanging and shrinking of cotyledons, 

and injuries might show up on the stem close to the dirt line. Immense misfortunes away or shipment 

can happen on the off chance that contaminated organic products are pressed. High moistness and 

temperature of 24°C is ideal for illness increase however conidia don't develop beneath 4.4°C or 

above 30°C or under nonhumid conditions. The microorganism needs water to free the conidia from 

their tacky covering. Anthracnose generally lay out middle of the season after the plant overhang has 

created. The organism can enter leaves straightforwardly and doesn't need regular openings (e.g., 

stomates) or wounds. 

Management 

1. Grow safe/open minded assortments, which should be the initial phase in dealing with any 

plant infection and can extraordinarily lessen yield misfortunes due to anthracnose (Goldberg 

2004).  
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2. Treat seeds with Thiram or Captan at 3 g/kg seed. 

3. Monitor harvests near distinguish the illness right off the bat in its cycle, particularly on the 

youthful plants (Thompson and Jenkins 1985). 

4. Follow great sterilization practices like tidying up crop flotsam and jetsam and wild has 

toward the finish of the developing season.  

5. Carry out profound furrowing following the last gather to annihilate all contaminated cucurbit 

plants and flotsam and jetsam in the field (Palenchar et al. 2012). 

6. Spraying of Difolatan (0.2%), Dithane M-45 (0.2%), or Bavistin (0.2%) has been viewed as 

viable (Rai et al. 2008). 

7. Copper items and natural control specialist, B. subtilis strain, QST713, have likewise been 

suggested (Li 2014). Shimizu et al. (2009) announced that endophytic Streptomyces sp. 

strain, MBCu-56, has solid potential for controlling cucumber anthracnose. 

Cercospora leaf spot (Cercospora citrullina) 

 The disease is caused by soil-and airborne parasites, Cercospora citrullina (Cooke). The side 

effects can be regularly found on the foliage however may show up on petioles and stems in the event 

that the sickness is extreme and conditions are exceptionally good for improvement. Dull spots are 

seen first on the more seasoned leaves. The spots are round to unpredictable in shape with pale or 

light focuses and dim edges. As sores grow, they blend and give a cursed appearance (Schwartz and 

Gent 2007). The disease improvement is leaned toward by temperatures in the scope of 26°C-32°C 

and high moistness. The new patterns of disease and sporulation happen each 7-10 days during warm 

and moist weather patterns (Schwartz and Gent 2007). 

Management 

1. Crop turn with non-cucurbitaceous harvests ought to be followed. 

2. Avoid upward water system and water system toward the beginning of the day hours. 

3. Follow great sterilization rehearses by eliminating old infected crop buildups and 

cucurbitaceous weeds.  

4. Spray the yield with Dithane M-45 at 0.2%. 

Damping-Off of Seedlings and Fungal Root Rots (Pythium spp., Rhizoctonia spp., and Fusarium 

spp.) 

 The seed and seedlings of cucurbits are impacted by various soilborne microbes. Of these, 

damping-off and root decays brought about by a complex of organisms, in particular, Pythium, 

Rhizoctonia, and Fusarium, are generally normal. Damping-off influences the harvest previously 

(preemergence damping-off) and after the germination of the seed (postemergence damping-off). 

Preemergence contamination causes the spoiling of seed inside the seed coat. The seed might sprout 

however the extremist and cotyledon become brown and delicate and neglect to become further. The 

underlying manifestations of postemergence damping-off show up as yellow to dim brown, water-

doused injuries on the root and hypocotyl tissues. The parasitic complex can attack many plants 

species and can endure even on rotting plant material. Typically, irregular episodes are challenging to 

control. 
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Management 

1. Treat seeds with Ceresan or Thiram at 3 g/kg seed. Phosphonate seed treatment is a 

costeffective approach to safeguarding cucumber plants from Pythium damping-off (Abbasi 

and Lazarovits 2006). 

2. Ensure legitimate waste and stay away from overwatering. 

3. Drench the dirt with Bavistin (0.1%). 

4. Field sterilization ought to be guaranteed via cautiously eliminating the plant flotsam and 

jetsam and weeds after the last gather. 

5. Follow crop pivot with non-cucurbitaceous crops. 

6. Highly successful natural control of soilborne microorganisms can be accomplished uniquely 

with the joined use of natural alterations and microbial biocontrol specialists (Chang et al. 

2007; Singh et al. 2007). 

Fusarium Wilt (Fusarium spp.) 

 Fusarium wilt of cucurbits is brought about by seed-and soilborne parasites of the class 

Fusarium, that is to say, Fusarium oxysporum f. sp. niveum (EF Smith Snyder and Hansen) influences 

watermelon (Owen 1955), They cause wither and root decay. The parasites attack the underlying 

foundations of the plant and progress into the stems. Plants in beginning phases of their development 

can create damping-off because of lower stem diseases; subsequently, the seedlings regularly show 

hypocotyl decay or may overturn down at the dirt line.However, the entire plant might shrivel and 

kick the bucket inside a brief time frame under high inoculum conditions or in profoundly defenceless 

host species. Vascular searing, gummosis, and tylosis in xylem vessels happen in mature plants (Zitter 

1998). Numerous Fusarium wither microorganisms including F. oxysporum f. sp. niveum are fit for 

being seedborne, albeit the degree of the pollution shifts generally (Egel and Martyn 2013).Long-term 

survival of the pathogen in the soil and the evolution of new races make the management of Fusarium 

wilt difficult. The early symptoms appear as wilting of leaves, while the entire plant may wilt and die 

with the passage of time. The rot develops initially as water-soaked, light-coloured areas that 

progressively turn darker. The fungus is generally confined to the crown area of the plant and the 

infection starts in the cortex of the root. It causes the cortex tissue to slough off and ultimately wipe 

out all the tissues except the fibrous vascular strands. The affected plants split easily about 2-4 cm 

below the soil line. 

Management 

1. Grow safe assortments/mixtures, which is awesome and most prudent technique for control 

(Egel and Martyn 2013). 

2. Treat seeds with Benlate or Bavistin (2 g/kg seed) or with heated water at 52°C for 30 min. 

3. Drench the dirt with Captan (0.2%-0.3%) or Bavistin (0.1%). 

4. Rotate with noncucurbitaceous harvests like garlic, radish, onion, and beetroot. 

5. Soil solarization (Martyn 1986).  

6. Use other cucurbit species impervious to Fusarium wither as rootstocks for joining. The most 

widely recognized rootstocks for cucurbit crops incorporate Lagenaria siceraria and 



Recent Innovative Approaches in Agricultural Science Volume II 

    (ISBN: 978-93-91768-85-0) 

39 
 

Cucurbita moschata × Cucurbita maxima cross breeds, the two of which are profoundly 

impervious to the normal pathovars of F. oxysporum influencing cucurbits (King et al. 2008). 

7. Destroy plant flotsam and jetsam and weeds, particularly cucurbitaceous weeds, after crop 

collect. 

8. Soil amendment with B. subtilis (strain-B006 powder) (Yang et al. 2014). Utilization of anti-

infection delivering soil growths and microscopic organisms, or at least, Gliocladium spp., 

Trichoderma spp., and Pseudomonas spp. were viewed as powerful (Srinon et al. 2006). 

9. Use nonpathogenic strains of F. oxysporum that rival pathogenic structures for root 

colonization (Freeman et al. 2002). Cover harvests, for example, bristly vetch as soil 

alterations can likewise be valuable (Zhou and Everts 2004). 

Bacterial diseases 

Angular leaf spot (Pseudomonas syringae pv. lachrymans) 

 Angular leaf spot is the broadest bacterial sickness of cucurbits that causes decrease in 

organic product number, organic product yield, and quality (Pohronezny et al. 1977). This infection is 

brought about by the microorganisms Pseudomonas syringae pv. lachrymans. The sickness 

fundamentally influences cucumber; however, it might happen on melons, squashes, and pumpkins. 

At first, the side effects show up on leaves as little, water-drenched injuries that later expand. The 

state of more established sores will in general be rakish as they expand and experience veins. As the 

contamination advances, the impacted tissues frequently dry and fall, and in this manner, the leaves 

are left with torn unpredictable molded openings. The destroyed leaves have lower photosynthetic 

effectiveness, causing roundabout yield misfortunes. Under serious circumstances, the leaves become 

yellow, and sporadically, the developing tips of plants become water splashed and yellow and 

development stops.Under extremely moist circumstances and warm temperatures, white bacterial 

slime might be found on the underside of injuries, which dries to frame a slender, white hull. The 

infection is seed-and soilborne (Leben 1981). The microorganism is scattered by sprinkling 

precipitation, water system water, soil, bugs, ranch apparatuses, and field laborers. Disease happens 

through normal openings and wounds (Klossowska 1976). The utilization of safe cucumber cultivars 

is successful in lessening harm and misfortunes because of this sickness (Dessert et al. 1982). 

Management 

1. Use just disease-free seeds and avoid injury to the plants during intercultural activities. 

2. Treat seeds with mercuric chloride arrangement (1:1000) for 5-10 min. Likewise, high temp 

water treatment of seeds at 50°C ± 2°C can diminish the rate yet can't kill. 

3. Practice a 3-year or longer yield turn with noncucurbitaceous crops. 

4. Do not work in the yield when it is wet. Development in dry soil is best in diminishing 

bacterial endurance (Kritzman and Zutra 1983). 

5. Avoid upward water system as the spread of microorganisms happens by water and sprinkles. 

6. Umekawa and Watanabe (1982) announced concealment to a considerable degree by 

overseeing evening time mugginess (to 80%-90%) with dehumidifiers under safeguarded 

structures. 
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7. Chemical controls are best when incorporated with sound social control rehearses. 

Streptocycline is a successful anti-infection against bacterial plant microbes at a pace of 400 

ppm. Copper-based bactericides are regularly fundamental at a time period 7 days to decrease 

the seriousness of the sickness (Schwartz and Gent 2007). 

8. The organic control specialist pentaphage (lysate of the destructive strain of P. syringae) was 

best when applied at high relative stickiness (90%) in the first part of the day and evening at 

time frames 14 days (Korol and Bylinskii 1994). Fundamental enlistment of obstruction by 

contamination with tobacco putrefaction infection on first leaves was accounted for by (Jenns 

and Kuc 1979). 

Bacterial leaf spot (Xanthomonas campestris pv. cucurbitae) 

The infection isn't normal however can happen during persevering warm and muggy 

circumstances on various cucurbits. This disease is caused by the seed-and soilborne bacterium 

Xanthomonas campestris pv. cucurbitae (Bryan). The underlying side effects show up on seedlings as 

little earthy coloured spots on cotyledons. The sickness shows up as necrotic spots on leaves and 

trademark sores on natural products. The indications show up as little water-splashed or oily fixes on 

the underside of leaves and as endless yellow patches on the upper surface of leaves. As the illness 

cycle advances, the patches become brown, round to precise with clear focuses and a commonplace 

yellow radiance. The necrotic regions on the leaves don't fall, dissimilar to the precise leaf spot. The 

infection periodically happens on youthful stems, however youthful natural products might be 

pervaded. The presence of infection on organic products is whimsical and can be related with 

dampness content at skin development (Goldberg 2012). The infection improvement is leaned toward 

by high temperature in the scope of 25°C-30°C and high relative dampness in the scope of 90%. The 

sickness frequency increments during the vegetative development time frame. Serious infection rate 

happens because of precipitation/upward water system. Yield misfortunes might surpass half under 

damp/clammy circumstances (Babadoost 2012). 

Management 

1. The management practices are similar to the angular leaf spot except for the biological control 

as there are no reports of biological control for bacterial spot of cucurbits. 

Viral diseases 

Cucurbits are extremely touchy to viral contamination. A complex of infections can contaminate 

cucurbits, and north of thirty infections have been accounted for (Zitter et al. 1996). Most of these 

infections cause tremendous misfortunes in cucurbit creation. The significant infections are cucumber 

mosaic infection (CMV), squash mosaic infection (SqMV), watermelon mosaic infection (WMV), 

zucchini yellow mosaic infection (ZYMV), and papaya ring spot infection (PRSV) (Tobias and 

Tulipan 2002). Catalyst connected immunosorbent test is generally utilized for the identification of 

plant infections (Clark and Adams 1977). The other infections that are not extremely normal 

incorporate cucumber green mottle mosaic infection and melon necrotic spot infection. 
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Cucumber Mosaic Virus 

 CMV is likely the most generally conveyed and significant infection sickness of cucurbits 

(Ferreira and Boley 1992). It taints all cucurbit crop plants and has an exceptionally wide scope of 

regular hosts, including numerous otherno cucurbit crop plants and weeds having a place with various 

harvest families. On cucurbits, indications might happen on around multi week old plants at fiery 

development stage. The primary indications show up on youthful leaves that display mottled mosaic 

leaf example of substitute light-green and dull green patches with edges that twist descending. The 

trademark side effects are yellow hued mottling, leaf twisting, and hindered plant development 

because of shortening of stem internodes. More established leaves foster chlorotic regions, which turn 

necrotic along the edges and later cover the whole leaf (MacNab et al. 1983). 

 The stem end piece of the contaminated organic products becomes mottled with yellowish-

green and darkgreen spots, and this mottling design steadily covers the entire organic product. The 

tainted products of cucumber might have a harsh taste and make saturated pickles (Agrios 1978). In 

squash, there is messy appearance of natural products in nonyellow assortments. The contaminated 

plants normally produce not many sprinters, blossoms, and natural products. CMV is communicated 

through aphid vectors, specifically, Aphis gossypii and Myzus persicae, and furthermore through seeds 

and a few weeds has. The infection overwinters in numerous enduring weed sources particularly 

alluring to aphids in spring. Agrios (1978) has announced that the whole field of cucurbits at times 

becomes yellow because of CMV following the main gather. 

Squash mosaic virus 

 SqMV infects cultivated as well as wild or local cucurbits. In any case, it doesn't contaminate 

non cucurbitaceous harvests or weeds. The infection causes hindering, chlorotic leaf mottling, green 

vein banding, and leaf contortion of tainted seedlings. There are two strains of this infection, to be 

specific, strain 1 (more noteworthy impact on melons than squash) and strain 2 (turn around activity 

of strain 1) (Haudenshield and Palukaitis 1998). More seasoned contaminated plants foster twisted 

edges, rankling, solidifying, and gentle to serious dim green mosaic example on leaves (Dukic et al. 

2002). The infection is seedborne and spread by insects (Acalymma and Diabrotica). After taking care 

of, the scarabs infuse the infection through salivation and contaminate plants. The infection can 

likewise spread promptly through a mechanical injury. The infection is conveyed inside the seed and 

can't be killed by boiling water or compound treatment (Zitter and Banik 1984). 

Zucchini Yellow Mosaic Virus 

 All cucurbitaceous crops are susceptible to ZYMV, and it additionally taints certain non-

cucurbitaceous weeds and wild cucurbits. The disease causes rankled, twisted leaves with extreme 

mosaic side effects other than decrease in size and hindered plant development. Melon natural 

products get stained with solidifying of tissue, seed disfigurement, and outer breaks (Desbiez and 

Lecoq 1997). Pumpkin and zucchini natural products become stained and twisted because of 

bumpiness, while rockmelon organic products have unfortunate surface netting (Blua and Perring 

1989). This infection is sent by a wide scope of aphid types of which the green peach (M. persicae) 
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and melon (A. gossypii) aphids are the most significant. The cowpea aphid has been accounted for to 

send the infection more proficiently than the cotton or melon aphid (Yuan and Ullman 1996). 

Papaya Ring Spot Virus 

 PRSV biotype "W" contaminates numerous cucurbit crops yet doesn't taint noncucurbitaceous 

crops (Bateson et al. 2002). A few wild and local cucurbit species go about as disease supplies. 

Trademark mosaic side effects show up as abundant mottling, puckering, and twisting of crown 

leaves, while the indications don't happen on lower mature leaves. Leaf twisting and rankling have 

likewise been accounted for. Zucchini squash was the most defenseless to PRSV, trailed by 

watermelon and cucumber (Mansilla et al. 2013). Contaminated zucchini and pumpkin foster knotty, 

twisted natural products, while rock melon organic products might have low quality surface netting 

(Jensen 1949). 

Watermelon Mosaic Virus 

 The infection contaminates practically all cucurbit crops, basically Cucurbita pepo, C. 

maxima, and C. moschata (Greber et al. 1987), and furthermore wild cucurbits. The sick plants bear a 

normal petunia-like appearance, that is to say, the tips of plants and a multiplication of shoots around 

the crown stretch out past the overall level of the plants. The internodal length of the shoots gets 

abbreviated, bringing about swarming of leaves that become rolled, rankled, and little in size with 

gentle mosaic indications and have little impact on natural products. It creates less serious side effects 

on cucurbit leaves and natural products than PRSV, ZYMV, and SqMV (Coutts 2006). Blossoms of 

the seriously tainted plants are unusual in size, shape, and shading, bringing about mottled, deformed 

little organic products. 

Management of CMV, PRSV, SqMV, WMVand ZYMV 

 Identification is vital for the administration of the viral disease. The viral disease can be 

mistaken for some different infections or in some cases supplement inadequacy manifestations or 

physiological problems. The overall control measures are summed up as follows: 

1. Grow safe assortments: Planting safe cultivars can fill in as a viable control for viral illnesses 

(Zitter and Murphy 2009). 

2. Use infection listed seeds and seedlings. Seed treatment of C. pepo with hot air (70°C for 2 

days) or heated water (50°C for 60 min). 

3. In the beginning phases of harvest development, screen the yield cautiously and eliminate the 

plants with indications of infection. 

4. Grow taller, non-susceptible boundary harvests, for example, corn that might postpone 

introductory diseases. 

5. Remove all weeds and volunteer cucurbit crop plants inside and around cucurbit crops. 

6. Avoid establishing cucurbit crops continuously in nearness to one another. 

7. Destroy the plant garbage expeditiously once the yield is reaped. 

8. Follow long yield pivots with noncucurbitaceous crops. 

9. Use of super reflective plastic mulch stops vector aphids from landing and consequently 

restricts the spread of infection (Stapleton and Summers 2002; Barbercheck 2014). 
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10. Parasitoids can be utilized successfully to deal with the aphid vectors, for example, Aphidius 

colemani, Aphidius matricariae, Lysiphlebus fabarum, and Binodoxys angelicae (Kos et al. 

2008). 

11. To control the bug successfully, bug sprays would should be applied at normal stretches, 

prompting gigantic money related inputs and may not be financially practical. For CMV, 

shower dimethoate (0.05%), monocrotophos (0.05%), Confidor (0.03%), or Metasystox 

(0.02%) at week-by-week spans.  

Conclusions: 

 Vegetables in the cucurbit family incorporate cucumber, gourd, muskmelon (melon), 

watermelon, summer squash, winter squash, and pumpkin. The development of these harvests is being 

tested by quite a few people new sicknesses as well as prior depicted illnesses that are showing up in 

new regions. The objective of plant infection the board is to diminish the monetary harm and to keep 

up with the nature of produce. The colossal utilization of synthetics has prompted the improvement of 

obstruction that represents an issue in cucurbit infection the executives. Hence, utilization of diverse 

or coordinated illness the board (IDM) approach is vital for adapt to the issue. IDM comprises of 

exploring and the executive‘s procedures, which might incorporate, site choice, field arrangement, 

utilization of safe cultivars, modifying establishing time, ideal plant thickness, ideal water system, 

legitimate waste, mulching, ideal utilization of supplements and reasonable utilization of pesticides. 

Also, checking ecological elements (temperature, dampness, soil pH, supplements, and so forth), 

estimating infections, and laying out financial edges are essential to the administration conspire. 

These actions ought to be orchestrated appropriately to augment the advantages of every part. 

References: 

Abbasi, P.A. and G. Lazarovits. 2006. Seed treatment with phosphonate (AG3) suppresses Pythium 

damping off of cucumber seedlings. Plant Disease. 90: 459–464. 

Agrios, G.N. 1978. Plant Pathology, 2nd ed. Academic Press Inc., San Diego, CA, pp. 466–470. 

Ali, M., A. Hannan, J. Shafi, W. Ahmad, C.M. Ayyub, S. Asad, H.T. Abbas, and M.A. Sarwar. 2013. 

Nutrient supplement efficacy against powdery mildew of pumpkin (Sphaerotheca fuliginea) 

and its correlation with environmental factors. International Journal of Advanced Research. 

10(1): 17–20. 

Anjorin, S.T. and M. Mohammed. 2009. Effect of seed borne fungi on germination and seedling 

growth of water melon (Citrullus lanatus). Journal of Agriculture and Social Sciences. 5: 77–

80. 

Avagimov, V.A. and A.A. Panteleev. 1984. Control of angular spot of cucumber. Zashchita Rasteniıi. 

7: 15. 

AverYanov, A., V. Lapikova, T. Pasechnik, and C.J. Baker. 2011. Phytodynamic dyes may 

systematically reduce cucumber scab severity. In: PR Proteins and Induced Resistance against 

Pathogens and Insects, Neuchatel, Switzerland, September, 4–8, 2011, p. 60. 



Bhumi Publishing, India 

44 
 

Babadoost, M. 1989. Alternaria leaf spot or blight of cucurbits. 

http://web.aces.uiuc.edu/vista/pdf_pubs/918.pdf. University of Illinois. © The American 

Phytopathological Society. pp. 1-8. 

Babadoost, M. 2005. Phytophthora blight of cucurbits. The Plant Health Instructor. doi:10.1094/PHI-

I-2005- 0429-01. University of Illinois Extension. Department of Crop Sciences, University of 

Illinois. 

Babadoost, M. 2012. Bacterial spot of cucurbits. Report on plant disease, RPD no. 949.  

Bahar, O. and S. Burdman. 2010. Bacterial fruit blotch: A threat to the cucurbit industry. Israel 

Journal of Plant Sciences. 58: 19–31. 

Banken, J. and J. Stark. 1998. Multiple routes of pesticide exposure and the risk of pesticides to 

biological controls: A study of neem and the seven-spotted lady beetle (Coleoptera: 

Coccinellidae). Journal of Economic Entomology. 91(1): 1–6. 

Barbercheck, M.E. 2014. Biology and management of aphids in organic cucurbit production systems. 

www. extension.org/pages/60000/biology-and-management-of-aphids-in-organic-cucurbit-

production-systems. 

Bateson, M.F., R.E. Lines, P. Revill, W. Chaleeprom, C.V. Ha, A.J. Gibbs, and J.L. Dale. 2002. On 

the evolution and molecular epidemiology of the poty papaya ringspot virus. Journal of 

General Virology. 83(10): 2575–2585. 

Bettiol, W. 1999. Effectiveness of cow‘s milk against zucchini squash powdery mildew 

(Sphaerotheca fuliginea) in greenhouse conditions. Crop Protection. 18:489–492. 

Blua, M.J. and T.M. Perring. 1989. Effect of Zucchini Yellow Mosaic Virus on development and 

yield of cantaloupe (Cucumis melo). Plant Disease. 73: 317–320. 

Brown, J.K.M. 2002. Comparative genetics of avirulence and fungicide resistance in the powdery 

mildew fungi. In: Belanger, R.R., W.R. Bushnell, A.J. Dik, and T.L.W. Carver (eds.), The 

Powdery Mildews: A Comprehensive Treatise. APS Press, St. Paul, MN, pp. 56–65. 

Celetti, M. and E. Roddy. 2010. Downy mildew in cucurbits. 

http://www.omafra.gov.on.ca/english/crops/ facts/10-065.htm. 

Chang, W.T., Y.C. Chen, and C.L. Jao. 2007. Antifungal activity and enhancement of plant growth by 

Bacillus cereus grown. Journal of Plant Pathology. 93(1): 43–50. 

Clark, M.F. and A.N. Adams. 1977. Characteristics of the microplate method of enzyme linked 

immunosorbent assay for the detection of plant viruses. Journal of General Virology. 34: 475–

483. 

Colucci, S.J. and G.J. Holmes. 2010. Downy mildew of cucurbits. The Plant Health Instructor. © The 

American Phytopathological Society. pp. 1–8. 

Coutts, B. 2006. Virus Diseases of Cucurbit Crops. Department of Agriculture Australia, Farmnote 

166. Sydney, Australia. ISSN: 0726-934X. Avoid injury to the plants during intercultural 

activities. 

Davis, R.M., T.A. Turini, B.J. Aegerter, and J.J. Stapleton. 2012a. Cucurbits: Charcoal rot-

Macrophomina phaseoli. http://www.ipm.ucdavis.edu/PMG/r116101311.html. 

http://www.ipm.ucdavis.edu/PMG/r116101311.html


Recent Innovative Approaches in Agricultural Science Volume II 

    (ISBN: 978-93-91768-85-0) 

45 
 

Davis, R.M., T.A. Turini, B.J. Aegerter, and J.J. Stapleton. 2012b. Cucurbits: Vine decline (crown 

blight). http://www.ipm.ucdavis.edu/PMG/r116102411.html. 

Desbiez, C. and H. Lecoq. 1997. Zucchini yellow mosaic virus. Plant Pathology. 46: 809–829. 

Dessert, J.M., L.R. Baker, and J.F. Fobes. 1982. Inheritance of reaction to Pseudomonas lachrymans 

in pickling cucumber. Euphytica. 31: 847–55. 

Dukic, N., B. Krstic, I. Vico, N.I. Katis, C. Papavssilious, and J. Berenji. 2002. Biological and 

serological characterization of viruses on summer squash crops in Yugoslavia. Journal of 

Agricultural Science. 47: 149–160. 

Egel, D.S. and R.D. Martyn. 2010. Vegetable Diseases. Mature Watermelon Vine Decline and Similar 

Vine Decline Diseases of Cucurbits. Purdue Extension BP-65-W, Purdue Extension Education 

Store, Purdue University, USA. 

Egel, D.S. and R.D. Martyn. 2013. Fusarium wilt of watermelon and other cucurbits. The Plant Health 

Instructor. © The American Phytopathological Society. pp. 1–11. 

Ehret, D.L., C. Koch, J. Menzies, P. Sholberg, and T. Garland. 2001. Foliar sprays of clay reduce the 

severity of powdery mildew on long English cucumber and wine grapes. HortScience.36: 934–

936. 

El-Naggar, M., H. El-Deeh, and S. Ragab. 2012. Applied approach for controlling powdery mildew 

disease of cucumber under plastic houses. Pakistan Journal of Agriculture: Agricultural 

Engineering Veterinary Sciences. 28: 52–61. 

Etebarian, H.R. 2006a. Evaluation of Streptomyces strains for biological control of charcoal stem rot 

of melon caused by Macrophomina phaseolina. Plant Pathology. 5(1): 83–87. 

Etebarian, H.R. 2006b. Evaluation of Trichoderma isolates for biological control of charcoal stem rot 

in melon caused by Macrophomina phaseolina. Journal of Agricultural Science and 

Technology. Hawaii. 8: 243–250. 

Ferreira, S.A. and R.A. Boley. 1992. Crop Knowledge Master. Department of Plant Pathology, 

CTAHR. http:// www.extento.hawaii.edu/Kbase/Crop/Type/cucvir.htm. 

Fravel, D. 1999. Commercial biocontrol products for use against soilborne crop diseases. 

http://www.barc. usda.gov/psi/bpdl/bpdlprod/bioprod.html. 

Goldberg, N. 2012. Bacterial leaf spot. Extension Plant Pathology: News You Can Use. NMSU. 

aces.nmsu. edu/ces/plant_sciences/bacterial-leaf-spot-of-cucurbits.pdf.Goldberg, N.P. 2004. 

Anthracnose of cucurbits. http://aces.nmsu.edu/pubs/_h/H247.pdf. 

Greber, R.S., G.D. McLean, and M.S. Grice. 1987. Zucchini yellow mosaic virus in three States of 

Australia. Australasian Plant Pathology. 16(1): 19–21. 

Haudenshield, J.S. and P. Palukaitis. 1998. Diversity among isolates of Squash Mosaic Virus. Journal 

of General Virology. 79: 2331–2341. 

Hopkins, D.L., J.D. Cucuzza, and J.C. Watterson. 1996. Wet seed treatments for the control of 

bacterial fruit blotch of watermelon. Plant Disease. 80: 529–532. 

Jarvis, W., W.G. Gubler, and G.G. Grove. 2002. Epidemiology of powdery mildews in agricultural 

ecosystems. In: Belanger, R., W.R. Bushnell, A.J. Dik, and T.L.W. Carver (eds.), The Powdery 

http://www.ipm.ucdavis.edu/PMG/r116102411.html
http://www.extento.hawaii.edu/Kbase/Crop/Type/cucvir.htm
http://aces.nmsu.edu/pubs/_h/H247.pdf


Bhumi Publishing, India 

46 
 

Mildews: A Comprehensive Treatise. The American Phytopathological Society, St. Paul, MN, 

pp. 169–199. 

Jenns, A. and J. Kuc. 1979. Graft transmission of systemic resistance of cucumber to anthracnose 

induced by Colletotrichum lagenarium and tobacco necrosis virus. Phytopathology. 69: 753–

7563.  

Jensen, D.D. 1949. Papaya virus diseases with special reference to papaya ring spot. Phytopathology. 

39: 191–211. 

Keinath, A.P. 2014. Cucurbit downy mildew management for 2014. Clemson University Extension 

Information Leaflet, p. 90.  

Khanzada, K.A., M.A. Rajput, G.S. Shah, A.M. Lodhi, and F. Mehboob. 2001. Effect of seed dressing 

fungicides for the control of seed borne mycoflora of wheat. Asian Journal of Plant Sciences.1: 

441–444.  

King, S.R., A.R. Davis, W. Liu, and A. Levi. 2008. Grafting for disease resistance. HortScience. 

43(6): 1673–1676. 

Klossowska, E. 1976. Studies on the inheritance and selection advance regarding resistance to angular 

leaf spot of cucumber (Pseudomonas lachrymans). Genetica Polonica. 17(2): 181–190.  

Koike, S.T. 1997. First report of gummy stem blight, caused by Didymella bryoniae, on watermelon 

transplants in California. Plant Disease. 81: 1331.  

Koike, S.T., P. Gladders, and A.O. Paulus. 2006. Vegetable Diseases, A Colour Handbook. CRC 

Press/Taylor & Francis Group, Boca Raton, FL. pp. 228–229. 

Konstantinidou-Doltsinis, S. and A. Schmitt. 1998. Impact of treatment with plant extracts 

from Reynoutria sachalinensis (F Schmidt) Nakai on intensity of powdery mildew severity and 

yield in cucumber under high disease pressure. Crop Protection. 17: 649–656. 

 Korol, A.L. and A.F. Bylinskii. 1994. Pentaphage against angular leaf spot. Zashchita Rastenii ̆ 

(Moskva). 4: 16–17. 

Kos, K., Z. Tomanovic, O. Petrovic-Obradovic, Z. Laznik, M. Vidrih, and S. Trdan. 2008. Aphids 

(Aphididae) and their parasitoids in selected vegetable ecosystems in Slovenia. Acta 

Agriculturae Slovenica. 91(1): 15–22. 

 Kritzman, G. and D. Zutra, 1983. Systemic movement of Pseudomonas syringae pv. lachrymans in 

the stem, leaves, fruits and seed of cucumber. Canadian Journal of Plant Pathology. 273–278.  

Kucharek, T. 2000. Alternaria leaf spot of cucurbits. http://plantpath.ifas.ufl.edu/extension/fact-

sheets/pdfs/ pp0032.pdf.  

Latin, R.X. and D.L. Hopkins. 1995. Bacterial fruit blotch of watermelon: The hypothetical exam 

question becomes reality. Plant Disease. 79: 761–765. 

Leben, C. 1981. Survival of Pseudomonas syringae pv. lachrymans with cucumber seed. Canadian 

Journal of Plant Pathology. 3: 247–249.Li, H.N. 2014. Anthracnose of cucumber. 

www.ct.gov/caes. 

http://www.ct.gov/caes


Recent Innovative Approaches in Agricultural Science Volume II 

    (ISBN: 978-93-91768-85-0) 

47 
 

Louws, F.J., G.J. Holmes, and K.L. Ivors. 2008. Cucurbits—Phytophthora Blight. North Carolina 

State University, North Carolina. 

http://www.cals.ncsu.edu/plantpath/extension/fact_sheets/Cucurbits 

MacNab, A.A., A.F. Sherf, and J.K. Springer. 1983. Identifying Diseases of Vegetables. The 

Pennsylvania State University, Pennsylvania.  

Maloy, O.C. 2005. Plant disease management. The Plant Health Instructor. © The American 

Phytopathological Society. pp. 1–10.  

Mansilla, P.J., A.G. Moreira, A.P.O.A. Mello, J.A.M. Rezende, J.A. Ventura, V.A. Yuki, and F.J. 

Levatti. 2013. Importance of cucurbits in the epidemiology of Papaya ringspot virus type p. 

Plant Pathology. 62(3): 571–577. 

Martyn, R.D. 1986. Use of soil solarization to control Fusarium wilt of watermelon. Plant Disease. 

79: 762–766. 

Martyn, R.D. 2002. Monosporascus root rot and vine decline of melons. The Plant Health Instructor. 

© The American Phytopathological Society. pp. 1–11.  

McGrath, M.T. 2004. Diseases of cucurbits and their management. In: Naqvi, S.A.M.H. (ed.). Disease 

of Fruits and Vegetables, Vol. 1. Kluwer Academic Publishers, Dordrecht, Netherlands. pp. 

455–510.  

McGrath, M.T. 2006. Update on Managing Downy Mildew in Cucurbits. 

http://vegetablemdonline.ppath. cornell.edu/NewsArticles/Cuc_Downy.htm.  

McGrath, M.T. 2011. Powdery mildew of cucurbits. Vegetable Crops. Fact Sheet Page: 732.30. 

http://vegetablemdonline.ppath.cornell.edu/factsheets/Cucurbits_PM.html.  

Menzies, J.G., D.L. Ehret, A.D.M. Glass, T. Helmer, C. Koch, and F. Seywerd. 1991. Effects of 

soluble silicon on the parasitic fitness of Sphaerotheca fuliginea on Cucumis sativus. 

Phytopathology. 81: 84–88.  

Miller, S.A., R.C. Rowe, and R.M. Riedel. 1996. Phytophthora blight of pepper and cucurbits. 

http://ohioline. osu.edu/hyg-fact/3000/pdf/3116.pdf.  

Mossler, M.A. and O.N. Nesheim. 2005. Florida Crop/Pest Management Profile: Squash. Electronic 

Data Information Source of UF/IFAS Extension (EDIS). CIR 1265. February 3, 2005. 

http://edis.ifas.ufl.edu/. Nunez-Palenius H.G., D. Hopkins, and D.J. Cantliffe. 2012. Powdery 

mildew of cucurbits in Florida. http:// edis.ifas.ufl.edu/hs321. 

Ogorek, R., A. Lejman, W. Pusz, A. Miłuch, and P. Miodynska. 2012. Characteristics and taxonomy 

of Cladosporium fungi. Mikologia Lekarska. 19(2): 80–85. Owen, J.H. 1955. Fusarium wilt of 

cucumber. Phytopathology. 45: 435–439.  

Palenchar, J., D.D. Treadwell, L.E. Datnoff, A.J. Gevens, and G.E. Vallad. 2012. Cucumber 

anthracnose in Florida. Publication #PP266. http://edis.ifas.ufl.edu/pp266.  

Pohronezny, K., P.O. Larsen, D.A. Ematty, and J.D. Farley. 1977. Field studies of yield losses in 

pickling cucumber due to angular leafspot. Plant Disease Reporter. 61: 386–390.  

Queiroga, R., M. Puiatti, P.C.R. Fontes, and P.R. Cecon. 2008. Produtividade e qualidade de frtos de 

meloeirovariandonumero de frutos e de folhasporplanta. Horticultura Brasileira. 26: 209–215.  

http://www.cals.ncsu.edu/plantpath/extension/fact_sheets/Cucurbits
http://vegetablemdonline.ppath.cornell.edu/factsheets/Cucurbits_PM.html
http://edis.ifas.ufl.edu/pp266


Bhumi Publishing, India 

48 
 

Rai, M., S. Pandey, and S. Kumar. 2008. Cucurbit research in India: A retrospect. In: Pitrat, M. (ed.), 

Proceedings of the IXth EUCARPIA Meeting on Genetics and Breeding of Cucurbitaceae. 

INRA, Avignon, France.  

Roustaee, A., M.K. Reyhanb, and M. Jafaric. 2012. Study of interaction between salinity and charcoal 

rot diseases of melon (Macrophomina phaseolina) in Semnan and Garmsar. DESERT. 16(2): 

111–180, Article 11.  

Schaad, N., W.G. Sowell, R.W. Goth, R.R. Colwell and R.E. Webb. 1978. Pseudomonas 

pseudoalcaligenes subsp. citrulli subsp. nov. International Journal of Systematic Bacteriology. 

28: 117–125.  

Schaad, N.W., E. Postnikova and P.S. Randhawa. 2003. Emergence of Acidovorax avenae subsp. 

citrulli as a crop threatening disease of watermelon and melon. In: Iacobellis, N.S., A. Collmer, 

S.W. Hutcheson, J.W. Mansfield, C.E. Morris, J. Murillo, N.W. Schaad, D.E. Stead, G. Surico 

and M.S. Ullrich. eds. Pseudomonas syringae and related pathogens. Kluwer Academic 

Publishers, Dordrecht, The Netherlands, pp. 573–581. 

Schwartz, H.F. and D.H. Gent. 2007. Cercospora leaf spot (Cucumber, Melon, Pumpkin, Squash, and 

Zucchini). http://wiki.bugwood.org/uploads/CercosporaLeafSpot-Cucurbits.pdf.  

Seebold, K. 2010. Foliar diseases of cucurbits. 

http://www2.ca.uky.edu/agcollege/plantpathology/ext_files/PPFShtml/PPFS-VG. 

Shimizu, M., S. Yazawa, and Y. Ushijima. 2009. A promising strain of endophytic Streptomyces sp. 

for biological control of cucumber anthracnose. Journal of General Plant Pathology.75(1): 27–

36.  

Singh, A., S. Srivastava, and H.B. Singh. 2007. Effect of substrates on growth and shelf life of 

Trichoderma harzianum and its use in biocontrol of diseases. Bioresource Technology. 98: 

470–473.  

Srinon, W., K. Chuncheen, K. Jirattiwarutkul, K. Soytong, and S. Kanokmedhakul. 2006. Efficacies 

of antagonistic fungi against Fusarium wilt disease of cucumber and tomato and the assay of its 

enzyme activity. Journal of Agricultural Technology. 2(2): 191–201.  

Stapleton, J.J. and C.G. Summers. 2002. Reflective mulches for management of aphids and aphid-

borne virus diseases in late-season cantaloupe (Cucumis melo L. var. cantalupensis). Crop 

Protection. 21: 891–898.  

Stoyka, M., L. Tsvetana, V. Nikolay, and V. Georgi. 2014. Botanical products against powdery 

mildew on cucumber in greenhouses. Turkish Journal of Agricultural and Natural Sciences. 2: 

1707–1712.  

Thompson, D.C. and S.F. Jenkins. 1985. Influence of cultivar resistance, initial disease, environment, 

and fungicide concentration and timing on anthracnose development and yield loss in pickling 

cucumbers. Phytopathology. 75: 1422–1427.  

Tobias, I. and Tulipan M. 2002. Results of virological assay on cucurbits in 2001. Novenyvedelem. 

38: 23–27.  

http://www2.ca.uky.edu/agcollege/plantpathology/ext_files/PPFShtml/PPFS-VG


Recent Innovative Approaches in Agricultural Science Volume II 

    (ISBN: 978-93-91768-85-0) 

49 
 

Umekawa, M. and Y. Watanabe. 1982. Relation of temperature and humidity to the occurrence of 

angular leaf spot of cucumber grown under plastic house. Annals of the Phytopathological 

Society of Japan. 48: 301–307. 

Walcott, R.R. 2005. Bacterial fruit blotch of cucurbits. The Plant Health Instructor. © The American 

Phytopathological Society. pp.1–8. 

http://www.apsnet.org/edcenter/intropp/lesson/sprokaryotes/Pages/BacterialBlotch.aspx. 

Watson, A. and Y.T. Napier. 2009. Diseases of cucurbit vegetables. Primefact 832. 

http://www.dpi.nsw.gov.au/_data/assets/pdf_file/0003/290244/diseases-ofcucurbit- 

vegetables.pdf.  

Watt, B.A. 2013. Alternaria leaf blight of cucurbits. Pest Management Fact Sheet #5086. 

http://extension. umaine.edu/ipm/ipddl/publications/5086e.  

Webb, R.E. and R.W. Goth. 1965. A seed borne bacterium isolated from watermelon. Plant Disease 

Report.49: 818–821.  

Yang, Q.Y., K. Jia, W.N. Gena, R.J. Guo, and S.D. Li. 2014. Management of cucumber wilt disease 

by Bacillus subtilis f. sp. cucumerinum in rhizosphere. Plant Pathology Journal.13: 160–166.  

Yuan, C. and D.E. Ullman. 1996. Comparison of efficiency and propensity as measures of vector 

importance in Zucchini yellow mosaic potyvirus transmission by Aphis gossypii and A. 

craccivora. Phytopathology. 86: 698–703.  

Yuan, M. 1989. The occurrence of cucumber scab and its control. Acta Agriculture University 

Jilinensis. 11: 7–13.  

Zhou, X.G. and K.L. Everts. 2004. Suppression of Fusarium wilt of watermelon by soil amendment 

with hairy vetch. Plant Disease. 88: 1357–1365.  

Zhou, X.G. and K.L. Everts. 2008. Integrated management of gummy stem blight of watermelon by 

green manure and Melcast-scheduled fungicides. Plant Health Progress. © 2008 Plant 

Management Network. pp. 1–8.  

Zitter, T.A. 1986. Scab of cucurbits. Vegetable Crops. Fact Sheet Page 732.50. 

http://vegetablemdonline.ppath. cornell.edu/factsheets/Cucurbit_Scab.html.  

Zitter, T.A. 1987. Anthracnose of cucurbits. Vegetable Crops. Fact Sheet Page 732.60. 

http://vegetablemdonline.ppath.cornell.edu/factsheets/Cucurbit_Anthracnose.html.  

Zitter, T.A. 1998. Fusarium diseases of cucurbits. http://vegetablemdonline. 

ppath.cornell.edu/factsheets/ Cucurbits_Fusarium.html.  

Zitter, T.A. and M.T. Banik. 1984. Vegetable crops: Virus diseases of cucurbits. Fact Sheet Page: 

732.40. Vegetable MD online. Cornell University. Cornell, New York. 

http://vegetablemdonline.ppath.cornell. edu/factsheets/Viruses_Cucurbits.htm.  

Zitter, T.A. and J.F. Murphy. 2009. Cucumber mosaic. The Plant Health Instructor. © The American 

Phytopathological Society. pp. 1–10. 

http://www.apsnet.org/edcenter/intropp/lessons/viruses/Pages/Cucumbermosaic .aspx. 

Zitter, T.A., D.L. Hopkins, and C.E. Thomas. 1996. Compendium of Cucurbit Diseases. APS Press, 

St. Paul, MN. 

http://www.apsnet.org/edcenter/intropp/lesson/sprokaryotes/Pages/Bacterial
http://www.dpi.nsw.gov.au/_data/assets/pdf_file/0003/290244/diseases-ofcucurbit-
http://vegetablemdonline.ppath.cornell.edu/factsheets/Cucurbit_Anthracnose.html
http://www.apsnet.org/edcenter/intropp/lessons/viruses/Pages/Cucumbermosaic


Bhumi Publishing, India 

50 
 

CONTRACT FARMING: A PILLAR OF MODERN FARMING 

Maneesha
1
, Kuldeep Singh

2
, Devi Lal Dhakar

2
, Rohit Kumar Sharma

3,  

Abhinav Kumar Yadav
4 
and Sandeep Kumar

5 

1
Department of Agronomy, ICAR-IARI, New Delhi, 110012 

2
Department of Agronomy, SKNAU, Jobner, Jaipur, 303329 

3
Agri Business Management, AAU, Anand, Gujarat 

4
Department of Horticulture, SKNAU, Jobner, Jaipur, 303329 

5
Division of Agronomy, ICAR- NDRI, Karnal, 132 001 

*Corresponding author E-mail: kuldeeptamana4@gmail.com  

 

Abstract: 

 From many years contract farming has been existed as a means of organizing commercial 

agriculture production of both large- and small-scale farmers. Contract farming continued to expand 

because of changes in consumption habits of people, increasing number of fast-food outlets, major 

role played by supermarkets, fresh and processed products demand in the whole world. In the age of 

market expansion, there is a danger that small scale farmers will find difficulty in participating in the 

market economy. Hence, such farmers become marginalized because large farms want profitable 

operation in the market. The consequence of this is that the people started to migrate to urban areas. 

Government and other development agencies attempt to check the rate of migration of people so that 

income generation of rural people can be identified. Unfortunately, there is very little evidence that 

such attempts became a success. The most profound reason can be that there are rare backward and 

forward market linkages seen in the rural areas, it means small scale and rural farmers lack reliable 

inputs like extension advices, seeds, fertilizers, credit etc.  Contract farming, if well organized, can 

provide such linkages in which small farmers can produce in commercial manner. From investor point 

of view, contract farming can provide them guarantee source of supply in terms of both quality and 

quantity. Contracting of crops existed since ages e.g., in ancient Greece farmers used to pay specified 

portion of particular crops as a means of paying rents, debts. This system is being called hektemoroi.  

China also recorded some kind of sharecropping during first century. Thus, contract farming having 

wide and productive scope in Indian agriculture. It may be act like an agent for doubling the farmer 

income. 

Key words: Contract farming, people, agriculture and income 

Introduction: 

 Contract farming is defined as an agreement between farmers and processing/marketing firms 

for the production and supply of agricultural products at predetermined prices under forward 

agreements. In simple terms, contract farming is a partnership between a farmer and a sponsor in 

which the farmer grows a contracted crop on his land and provides agreed-upon quality produce under 

buy-back agreements. In contract farming, the sponsor is crucial in terms of supplying specific 

supplies, providing technical help, and monitoring the crops. In this contract farming game, the farmer 

is at risk of losing output, while the sponsor is at risk of losing marketing. To become a success, it 
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requires long term commitment from both the parties i.e., farmer and the sponsor. Exploitative 

arrangement by managers can lead to collapsing of any agribusiness. Contract farming is 

characterized by its ‗enormous diversity‘ (Jackson and Cheater, 1994) not only within which can it be 

carried out. Whether the goods are acquired by multinationals, smaller enterprises, government 

agencies, farmers' cooperatives, or individual entrepreneurs, contract farming is becoming an 

increasingly significant element of agribusiness. As previously said, the technique appears to have a 

lot of potential in nations where small-scale agriculture is still prevalent, because small-scale farmers 

are often unable to compete without the services offered by contract-farming organisations. It must be 

emphasised, however, that the choice to adopt contract farming must be based on business 

considerations. Because previous rural development techniques have failed, it is not a development 

model that aid donors, governments, or non-governmental organisations (NGOs) should try. Projects 

that are driven largely by political and social considerations rather than economic and technological 

reality are certain to fail. 

Table 1: The status of contract farming in India 

State Crop Company Area (ha) 

Punjab 

Tomato, chilly, basmati, 

barley, maize, groundnut and 

potato 

Nijjar Agro, United Breweries, Satnam 

Overseas, Sukhjeet Starch, Mahindra 

Shubhlabh, DD International Park, Amira 

Foods and Pepsico 

1400000 

Karnataka 

Ashwagandha dhawana, 

marigold, caprice chilli, 

celous, gherkins and 

medicinal plants 

Himalaya Health Care, Mysore SNC oil, AVT 

Natural Products, Natural Remesirs, Sami labs 

Bangalore and 20 other private companies 

134800 

Madhya 

Pradesh 

Wheat, maize, several fruits, 

vegetables, spices, pulses, 

potato, sugarcane and orange 

Cargil India Ltd, Ion Exchange Enviro Farms 

Ltd, ITC-IBD. Mahindra SSL and Garlico 

India Ltd 

1200 

Maharashtra 

Soybean, several fruits, 

spices, vegetables, cereals, 

pulses, potato, sugarcane and 

orange 

Timma Oils and Chemicals, Ion Exchange 

Enviro Farms Ltd, and Cooperative Societies 
134800 

Gujarat 
Processing of medicinal 

plants and alovera 
Reliance group 7200 

Rajasthan Exotic vegetables Raj Tech Agro 8 

West Bangal Chip quality potato Frito lay India 20 

Haryana 
Turmeric, menthe, sunflower 

and safed musli 
Hafed NA 

Source: Patra and Prasad, 2006 
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 Whether the goods are acquired by big corporations, local businesses, government agencies, 

or individual entrepreneurs, contract farming is becoming an increasingly significant element of 

agriculture. Contract farming has the potential to help small farmers build up their agribusiness by 

providing them with access to services. The contract farming system should be viewed as 

collaboration between farmers and industry. As a result, success necessitates both parties' long-term 

commitment. 

Different models of contract farming 

Broadly there are five models i.e., Centralized model, Nucleus-estate model, Multipartite model, 

Informal model and Intermediary model. 

1. Centralized model 

 It is vertically oriented model with quota allocation and tight quality control, where sponsor 

purchases the crops from farmers for processing and markets the product. It is generally used for tree 

crops (coffee, tea, cocoa etc.), poultry, dairy. Tea and vegetables for canning or freezing are examples 

of items that require a lot of preparation. Sponsors involvement in production varies from minimal 

input provision to opposite extreme. This model is generally associated with tobacco, cotton, 

sugarcane, banana and tree crops such as coffee, tea and rubber (Springfellow et al., 1996) E.g. In 

Indian context AMUL is a big example of centralized model. In Africa contracting of crops to farmers 

under this model is common. A tomato processing plant in Punjab, India, was transferred from one 

global business to another in 1997. The former firm provided seed, oversaw production and 

harvesting operations, and gave technical guidance, when necessary, but the current owner merely 

provided seeds. 

 

2. Nucleus estate model 

 It's a decentralized version of the centralized paradigm. In this case, the sponsor also controls 

a big central state in order to give some assurance of plant throughput. The British based 

Commonwealth Development Corporation (CDC) was pioneer of nucleus estate model but it no 
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longer develops such estates. It's frequently used in the context of resettlement or transmigration 

programs. It is mostly utilized for tree crops such as oil palm, as well as fresh produce for export. The 

approach focuses on a limited number of semi-commercial or emerging satellite farmers. 

 

3. Multipartite model 

 Typically, this model entails a partnership between government agencies and private 

businesses, as well as farmers. Credit provision, production management, processing, and marketing 

may all be handled by separate organizations in multipartite contract farming. Governments in several 

countries, such as Kenya, Mexico, and West Africa, have actively participated in or invested in 

contract farming via joint ventures (Little and Watts, 1994). 
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4. Informal model 

 Individual entrepreneurs or small businesses engage in modest, informal production contracts 

with farmers on a seasonal basis, such as for vegetables, watermelons, and fruits. For resale to the 

retail trade or local markets, crops normally only require minor processing or packing. Financial 

investment is generally modest with this arrangement. It is the most speculative of all contract 

farming schemes, with both the promoter and the farmers at danger of default. For example, in the 

early 1990s, the government in Sri Lanka encouraged businesses to participate in the manufacturing 

of gherkins. During contract companies provided material and agronomic inputs to over 15000 rural 

households. Production of gherkins rose greatly from nothing in late 1980s to 12,000 tonnes, valued at 

USD 7 million, in 1991.Some of the firms were not agriculturally orientated, they used the services of 

local agents to organize and manage the farmers' crops (Dunham, 1995).   

 

5. Intermediary model 

 It is the formal subcontracting of crops by companies to intermediaries (Collector, farmer 

groups, NGOs etc.). Intermediaries have their own informal arrangements with farmers. This 

disconnects the direct link between company and farmers. Loss of control over the production base, 

loss of control over the prices given to farmers, lower quality standards, and erratic output are all 

potential risks. 

 

Why we need contract farming? 

 Due to contract farming, farmers' risk is decreased by 80%. If there is a pest assault, 

production is ruined by rain, or any other reason, the firm will suffer it, not the farmers; 

in fact, they will be compensated, resulting in a 0% risk. 

 The best part of contract farming is that there is no middleman in this contract the 

farmers will get to pay at the market selling price. 
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 Contract farming was created to aid farmers by allowing them to make appropriate 

revenues from their products. 

 It's critical to put aside a certain percentage of the produce to be paid to the farmers. 

 Farmers that use Contract Farming receive seeds and the necessary equipment to 

produce the crop. 

 Farmers' expertise and production market value rise as a result of Contract Farming. 

Key pre-conditions for successful contract farming 

 There are three main pre conditions that need to be fulfilled for successful contract farming. 

These are: Profitable market, Physical and social environments and Government support 

1. Profitable market 

 For a market to become profitable, there should be profit for both sponsor and farmer, 

otherwise the market would collapse. 

A. Profit for the sponsor 

 The sponsor's investment in a particular market must be founded on the knowledge that it 

would be successful under certain conditions. Only contract farming can become a success if a market 

has the ability to be lucrative over the long term. If quality standards and delivery become unexpected 

and uneven, a provider might lose markets overnight, whether through contact farming or otherwise. 

Companies seeking high-value horticultural exports must additionally ensure that they can fulfil 

current and probable future quality standards. 

B. Profit for the farmer 

 A enterprise will inevitably fail if either the sponsors or their contracted farmers fail to deliver 

consistent and appealing financial rewards. As a result, the sponsor must be certain that engaging into 

a contract would result in better net incomes for farmers than other options. 

2. Physical and social environments  

 The success of all agribusiness ventures depends upon 

A. Physical environment 

 Any agricultural investment must meet two prerequisites in order to be successful. First, 

consider the geography, climate, soil fertility, and water availability in general. Second, the physical 

environment's adaptability for the specific plant genotype or animal for which a market exists. 

Production yields, quality, and profitability are determined by the amount to which all of these 

elements interact. 

B. Utilities and communications 

 In rural areas there should be existence of an adequate communication system that includes 

roads, transport, telephones and other telecommunication services. Electricity and water supplies are 

required for agro-processing and exporting of fresh produce. Sponsors must be guaranteed that farm 

produce can be transported smoothly and that inputs can be given to their farmers ahead of time. In 

the case of perishable products that must be processed quickly after harvest (e.g., tea, oil palm, and 

sugar) or kept in a proper climate, good road infrastructure is very crucial (e.g., cut-flowers). Sponsors 

must assess whether the challenges can be overcome or if alternative places should be chosen when 
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local transportation access is inadequate. Occasionally, farmer groups are tasked with ensuring that 

corporation carriers can reach the farmer's fields. Before any project can begin, the sponsor, farmers, 

and local government agencies must agree on who would guarantee that feeder roads are accessible 

and maintained. 

C. Land availability and tenure 

  Contract farming can involve a wide diversity of land ownership and tenure arrangements.  

D. Input availability 

 Sponsors are responsible for recommending, procuring, and distributing the majority, if not 

all, of the material inputs in contract farming. Sponsors must be confident in their ability to coordinate 

the supply of all essential supplies for the farmers as well as their own processing requirements.  

E. Social considerations 

 Traditional customs have a major effect on many rural communities. For example, the Dusan 

ethnic group in Sabah has a custom that no one is allowed to visit the deceased's fields for a certain 

amount of time after death. This is known as maganakan, and the Dusan believe that if visitors step 

into the deceased's land, all crops will perish. As a result, before beginning any undertaking, a 

manager must have a thorough awareness of the cultural views of individuals with whom they would 

be collaborating. 

3. Government support 

 If contract farming is to succeed, governments must play a key role. The function of national 

governments and local agencies may be split into two categories: (1) enabling and regulatory; and (2) 

developmental. 

A. The enabling and regulatory role 

 Contract farming is based on written or unwritten agreements between the contractual parties. 

These, in turn, must be supported by suitable legislation and a well-functioning judicial system.  

B. The development role 

 As contract farming becomes more popular, governments should consider reallocating 

development funds to promote it. For example, in India, the regional office of a government-owned 

bank organized a meeting of bankers, agribusiness executives, and the government extension service 

to explore the possibilities of creating market linkages for agricultural products in order to promote 

contract farming. As a result, a big poultry company hired 2200 farmers from 164 villages to plant 

maize and soybeans for feed. Farmers, the firm, and the banks all sign a tripartite agreement that 

provides funding to the banks (NABARD, 1999). Governments can play a major role where 

contracted farmers are organized into cooperatives or groups by carrying out initiatives to improve the 

management abilities of these organizations.  

The basic formula for a good contract 

 A perfect contract between farmers and corporations is one in which both parties are on the 

same page. Farmers learn about record-keeping, effective use of agricultural resources, and the 

proper application of fertilizers through contract farming, and they acquire experience dealing with 

customers when they learn about exporting their products. As a result, a long-term relationship may 
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be established by establishing a transparent contract between both parties; the three keywords that 

will assist them in doing so are as follows. 

 

 Quantity: - Specifying the amount of product that is to delivered by farmers 

 Quality: – The quality level of the product Farmer will produce for the corporation. 

 Price: – The fixed amount of price for the crops to be paid by the corporation. 

Model contract farming act, 2018 

 A "Model Contract Farming Act" has been prepared by the Ministry of Agriculture & 

Farmers Welfare with the goal of integrating farmers with bulk purchasers such as exporters, agro-

industries, and others for better price realisation by mitigating market and price risks for farmers and 

ensuring smooth agro raw material supply to agro-industries. Contract farming is the subject of the 

draught Model Act, which aims to establish a legislative and policy framework. Contract farming falls 

under the Concurrent List of the Constitution, so state legislatures can enact legislation based on this 

draught Model Act. In this context, we'll talk about contract farming, its issues, and where we've 

gotten so far. 

 Farmer producer organisations (FPOs) play a critical role in the promotion of Contract 

Farming and Services Contracts. They can negotiate with the sponsor on behalf of the farmers. 

Salient features of the act 

 The Act places a specific focus on safeguarding the interests of farmers, who are considered 

the weaker of the two parties to a contract. 

 Services contracts have been incorporated along the value chain, including pre-production, 

production, and post-production, in addition to contract farming. 

 At the district/block/taluka level, a "Registering and Agreement Recording Committee" or an 

"Officer" for the purpose of online sponsor registration and agreement recording is given. 

 Contracted produce will be covered by current crop and livestock insurance. 

 Contract framing to be exempt from the APMC Act. 

 No permanent construction can be built on the land or premises of farmers. 
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 The sponsor shall not have any right, title, or interest in the land. 

 Farmer Producer Organizations (FPOs) / Farmer Producer Companies (FPCs) have been 

encouraged to mobilize small and marginal farmers. 

 If the farmers agree, the FPO/FPC can be a contracting party. 

 There are no rights, title, ownership, or possession to be transferred, alienated, or vested in the 

contract farming sponsor, for example. 

 Ensuring that the contract farming producer buys the complete pre-agreed quantity of one or 

more agricultural produce, livestock, or their products. 

 The Contract Farming Facilitation Group (CFFG) was established to promote contract 

farming and offer services at the village and panchayat levels. 

 A straightforward and accessible dispute resolution process at the lowest feasible level was 

given to ensure that issues were resolved quickly. 

 It is structured as a promotional and facilitative act rather than a regulatory act. 

NABARD’s initiatives in contact farming 

 NABARD created a specific refinancing package for contract farming agreements (both 

inside and outside AEZs) with the goal of increasing commercial crop output and providing farmers 

with new selling opportunities. NABARD has conducted a number of measures in this area, including. 

 Financial Interventions 

 Special Refinance package for financing farmers for contract farming in AEZs 

 100% refinance to disbursements made by CBs, SCBs, RRBs and select SCARDBs (having 

net NPA less than 5%) 

 Term facility for repayments (3 years) 

 • Establishment of a greater financial scale for crops grown under contract farming. 

 • The refinancing programed for funding farmers for contract farming in AEZs has been 

expanded to include contract farming outside of AEZs, as well as medicinal and aromatic 

plants. 

 The Refinance programmer for contract farming under the Automatic Refinance Facility has 

been extended. 

Agricultural produce suitable for contract farming 

 Tomato pulp, organic dyes, poultry, pulpwood, mushrooms, dairy processing, edible oils, 

exotic vegetables, baby corn cultivation, basmati rice, medicinal plants, potato for chips and wafers, 

onions, mandarin oranges, durum wheat, flowers and orchids, and other agricultural produce are 

suitable for contract farming practices. 

Advantages and problems of contract farming 

Advantages for farmers 

1. Provision of inputs 

 In contract farming sponsors provide basic inputs like seed, fertilizers etc. In addition to that 

they also provide help in preparation of land, field cultivation, harvesting as well as technical 
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assistance in terms of training and extension. However, it is very difficult for small scale farmers to 

gain access to inputs outside of contract farming. 

2. Access to credit 

 Majority of smallholders find difficulty to get access to credit for production inputs. Contract 

farming allows farmers access to some form of credit. Mostly, sponsors advance credit to the farmers 

through their managers. However, farmer can also get credit by serving contract as collateral. When 

substantial investments are required by farmers like in case of tobacco barns, heavy machineries etc. 

bank generally will not advance credit without guarantees from the sponsor.  

3. Introduction of appropriate technology 

 New techniques are required to upgrade the commodities for market that demand high 

quality. Also, new techniques are needed to increase productivity as well as to meet the standards set 

by the market. Generally, small scale farmers are devoid of these new techniques or technologies as 

these need money. By contract farming, one can get access to new technologies. 

4. Skill transfer 

 Farmers learn about keeping records, efficient use of farm resources, improved methods of 

applying chemicals etc. 

5. Guaranteed and fixed pricing structures and access to reliable markets 

 The most important advantage of contract farming in respect of farmer is that farmer needs 

not to run for searching market for his produce. Generally, in contract farming, sponsors indicate in 

advance the prices to be paid in the agreement. 

Problems faced by farmers 

1. Increased risk 

2. There may be production risk for farmers like if there is less than expected yield from the 

field. Market risk can also occur if company‘s forecasts of market size or price levels are not 

accurate. 

3. Unsuitable technology and crop incompatibility 

4. Introduction of new crop by sponsor can cause disruption to the existing farming system. 

5. Manipulation of quotas and quality specifications 

6. Inefficient management  

Advantages for sponsors 

The main potential advantages for sponsors can be seen as. 

1. Political acceptability 

2. Quality consistency 

3. Production reliability and shared risk 

4. Overcoming land constraints 

5. Promotion of farm inputs 

6. Reduce input and labor costs 

7. Consistent supply of raw materials 
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Problems faced by sponsors 

1. Loss of flexibility to seek alternative supply 

2. High transaction costs from contracting with many farmers 

3. Reputational risk if things go wrong 

4. Risk of side-selling if farmers decide to break the contract and sell to others 

5. There are chances of potential misuse of inputs like seeds, pesticides and fertilizers by 

farmers 

Conclusion: 

 India is home to the majority of small and marginal farmers. They are unable to obtain some 

essential agricultural services. The reason for this might be that they are unaware of such services or 

that they are unable to use them. This problem may be solved in India through contract farming. 

Furthermore, market price fluctuations are regular, posing issues for not just farmers but also 

exporters and agro processing companies. This type of contracting provides them with a guaranteed 

price and timely exchange of farm produce. India must move away from its traditional farming 

methods. The first stage is to implement the contract farming system and scale it across the country. 

Government may also help by forming public-private partnerships and collaborating with farmers to 

form a large number of joint ventures and achieve the goal of doubling farmers' income.  
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Abstract: 

 Agriculture associated with one third of global land use and it has a significant importance in 

land use change globally. Agriculture has been sitting at the heart of some of the world‘s most 

pressing challenges for year‘s i.e., food security and nutrition, water and soil quality, biodiversity, and 

sustainable livelihoods. It is in crisis due to claims of ills, hunger, poverty, obesity, through industrial 

farming, poor quality food, environmental degradation and biodiversity loss, and excess use of 

chemical fertilizers and lack of resilience. Most recently, COVID-19 has continued to expose the 

inequalities and weaknesses within existing global supply chains, the vulnerabilities of farmers, and 

the growing numbers of people unable to afford or access healthy food. Global food system releases 

of about 25 per cent greenhouse gases emission which causes about one third of terrestrial 

acidification, responsible for major global eutrophication of surface water. If agriculture system 

continues with modern practices such as using synthetic pesticides, artificial fertilizers, fossil fuels 

and excess food waste, the carrying capacity of the planet likely to be suppressed. 

Key words: Agriculture, food, soil and practices. 

Introduction: 

 Regenerative agriculture is a farming idea that aims to rehabilitate soil and maintain it 

productive for as long as possible in order to avoid expanding to new places at the expense of forest 

logging, for example. Soil fertility is needed not just to grow crops for human use, but also to supply 

feed for cattle. This is why animals will have more food if grazing fields are more productive. Fertile 

soil is necessary not only for human happiness, but also for human existence. This is why regenerative 

agriculture, along with other resource-conserving agricultural methods (no-tilling, soil conservation, 

and organic farming), becomes a critical issue. Long-term, soil deterioration promotes food shortages 

by dramatically lowering nutritional value, biodiversity, and planting areas. Regenerative agriculture 

is good for the soil, rejuvenating and sustaining its fertility for future generations. Regenerative 

agricultural approaches attempt to reduce the negative effects of farming, such as erosion, depletion, 

insect invasions, desertification, salinization, decarburization, chemical pollution, and so on. 

Regenerative agriculture is a broad term that encompasses a variety of practises. Regenerative 
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agriculture advocates, on the other hand, employ a range of sustainable agriculture approaches in 

tandem. Recycling as much agricultural trash as feasible is one of the practices, as is adding 

composted material from outside the farm. Permaculture, agro ecology, agroforestry, restoration 

ecology, Keyline design, and holistic management are all common principles used in regenerative 

agriculture on small farms and gardens. Large farms are less concerned with philosophy and 

frequently employ "no-till" and/or "reduced till" methods. Because soils are more tolerant to adverse 

weather and house fewer pests and diseases, input needs may reduce and crop yields may increase as 

soil health improves. The majority of climate change mitigation initiatives focus on "cutting 

greenhouse gas emissions." Regenerative agriculture, or the capture of atmospheric carbon dioxide by 

growing plants that move that carbon dioxide into the soil, is nearly the only currently-working 

technology for drawing down greenhouse gases already in the atmosphere, primarily through the 

cultivation and nurturing of forests and permanent perennial pastures and grasslands. 

 Agriculture is facing major issues across the world, as governments, companies, research 

agronomists, farmers, and consumers try to strike a delicate yet dynamic balance between human 

welfare (or the "right to food"), production, profitability, and environmental sustainability. However, 

because agroecosystems, farm systems, and policy settings are so diverse, the nature of these 

difficulties can change substantially across time and geography. This reality calls into question any 

claim that a single, universally applicable issue description or particular agronomic solutions can be 

identified to relieve strains on the global food system. As a result, regenerative agriculture might play 

a role in mitigating climate change. The governmental, business, and non-profit sectors are all 

interested in regenerative agriculture. Governments at all levels, from world to local, are investigating 

the potential for regenerative agriculture to contribute to climate change initiatives. 

Origin (history) of regenerative agriculture 

 The adjective regenerative' has been connected with the nouns 'agricultural' and 'farming' since 

the late 1970s (Gabel, 1979), but the words Regenerative Agriculture and Regenerative Farming 

were more well known in the early 1980s after being adopted by the Rodale Institute in the United 

States. The Rodale Institute has been at the forefront of the organic agricultural movement for 

decades through its research and publications (particularly the periodical Organic Gardening and 

Farming). 

 Regenerative agriculture, according to Robert Rodale (1983), is "one that, as productivity rises, 

expands our land and soil biological production base." It has a high level of economic and 

biological stability built into it. Beyond the farm or field limits, it has little to no influence on the 

ecosystem. It creates meals that are devoid of biocides. 

 Richard Harwood, an agronomic who earned a name for himself in the worldwide agricultural 

systems research movement (Escobar et al., 2000), was Director of Rodale Research Centre when 

he released an "international overview" of Regenerative Agriculture (Escobar et al., 2000). 

(Harwood, 1983). The review goes to great lengths to place Regenerative Agriculture in the 

context of the historical evolution of various schools of organic and biodynamic farming, but it 

also highlights Rodale's claim that Regenerative Agriculture was more than organic because it 
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included changes in "macro structure" and "social relevancy," as well as a goal of increasing 

rather than decreasing productive resources (Rodale, 1983). 

 Francis et al. (1986) connects it to organic farming and 'low external input agriculture,' 

emphasizing the necessity of biological structure, progressive biological sequencing, and 

integrated farm structuring. They also link it to nitrogen fixation, nutrient cycling, integrated 

nutrient management, crop rotation, integrated pest management (IPM), and 'weed cycling,' 

among other' specific technologies and systems.' 

Points summarizing the regenerative agriculture philosophy as presented by harwood (1983: 

31). 

 Agriculture should create high-yields of extremely nutritious food that is free of biocides. 

2. By improving the depth, fertility, and physical properties of the higher soil layers, agriculture 

should increase rather than diminish soil production. 

3. Nutrient-flow systems that completely integrate soil flora and fauna into the pattern are more 

efficient and environmentally friendly, as well as providing greater crop nutrition. Such systems 

provide a fresh upward flow of nutrients in the soil profile, which reduces or eliminates negative 

environmental effects. By definition, such a process is a soil genesis process. 

4. To ensure crop stability, crop production should be based on biological interactions, rather than 

manufactured biocides. 

 

Fig. 1. Depicts the Regenerative Agriculture theory of change as articulated by Francis et al. 

(1986) 

5. Substances that damage the agricultural system's biological structure (such as today's synthetic 

fertilizers) should not be employed. 

6. In order to function biologically, regenerative agriculture need a close interaction between the 

system's management and participants, as well as the system itself. 



Bhumi Publishing, India 

64 
 

7. Integrated systems that are essentially nitrogen self-sufficient due to biological nitrogen fixation 

should be used. 

8. Agriculture animals should be fed and kept in such a way that hormone and antibiotics are not 

utilized prophylactically, resulting in antibiotics in human food. 

9. Agricultural production should result in increasing employment levels. 

10. To stop nutrient-flow loops, regenerative agriculture needs national-level planning as well as a 

high level of local and regional self-reliance. 

Recent developments (since 2010) 

 While the term has existed for decades, regenerative agriculture has increasingly showed up 

in academic research since the early to mid-2010s in the fields of environmental science, plant 

science, and ecology.  

 In 2013, Allan Savory presented a TED lecture about combating and reversing climate 

change. He also founded The Savory Institute, which teaches ranchers how to manage their 

property holistically. Land Stream was founded by Abe Collins to track ecosystem 

performance on regenerative agriculture fields. 

 In 2016, Eric Toensmeier released a book on the issue. 

 In 2019, General Mills launched an attempt to promote regenerative agriculture methods in 

their supply chain, and hired the non-profit Kiss the Ground to provide regenerative 

agriculture teaching programmers in agricultural areas that support the company. 

 However, academic and government experiments on farming sustainability have criticized the 

initiative. Gun smoke Farm, in particular, collaborated with General Mills to convert to 

regenerative agricultural techniques and serve as a learning center for others. Local experts 

are concerned that the farm is now causing more damage than good, with agronomic Ruth 

Beck claiming, "Environmental marketing got ahead of what farmers can actually achieve."  

 PepsiCo said in 2021 that by 2030, they will engage with their supplier chain farmers to 

create regenerative agricultural methods throughout their 7 million acres.  

 In 2021, Unilever announced a comprehensive plan to integrate regenerative agriculture 

across their whole supply chain. 

  The North Face, Timberland, and Vans' parent company, VF Corporation, announced 

collaboration with Terra Genesis International in 2021 to build a supply chain for their rubber 

that originates from regenerative agricultural sources. 

 Nestle announced a $1.8 billion investment in regenerative agriculture in 2021, with the goal 

of reducing emissions by 95%. 
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Fig. 2. In 2021, regenerative agriculture will be interpreted using the most widely utilized theory 

of change 

 

What is regenerative agriculture? 

 Regenerative agriculture is a farming idea that aims to rehabilitate soil and maintain it 

productive for as long as possible in order to avoid expanding to new places at the expense of forest 

logging, for example. Soil fertility is needed not just to grow crops for human use, but also to supply 

feed for cattle. This is why animals will have more food if grazing fields are more productive. Aside 

from preserving the fertility of already farmed regions, regenerative agriculture strategies include 

reclaiming land that has been abandoned due to farming operations or is no longer in use. This 

includes, for example, reforestation, peat land restoration, buffer zone fortification, ecological 

aquaculture, and so on. 

 Regenerative agriculture is a food and agricultural system conservation and restoration 

method. It focuses on boosting topsoil regeneration, increasing biodiversity, improving the water 

cycle, expanding ecosystem services, supporting bio sequestration, increasing climate change 

resistance, and strengthening agricultural soil health and vitality. 

 "At its heart, regenerative agriculture aims to improve the health of soil or recover badly damaged 

soil, which symbiotically improves the quality of water, plants, and land production," according to 

Rhodes (2017). "Regenerative agriculture enhances and sustains the health of the soil by restoring 

its carbon content, which in turn improves productivity—exactly the opposite of conventional 

agriculture," according to Project Drawdown, which estimates that regenerative annual cropping 

could reduce or sequester 14.5–22 ligations of CO2 by 2050. (Project Drawdown, 2020). 

 "Regenerative agriculture... has the potential to reverse climate change," according to Kastner 

(2016), and "we could sequester more than 100% of current annual CO2 emissions with a switch 

to widely available and inexpensive organic management practices, which we term "regenerative 

organic agriculture" (Rodale Institute, 2014). At the same time, other pundits are skeptical about 

regenerative agriculture's capacity to contribute to long-term sustainability goals (McGuire, 2018; 

Ranganathan et al., 2020). 

 Internationally, the Intergovernmental Panel on Climate Change's Special Report on "Climate 

Change and Land" identified regenerative agriculture as a "sustainable land management technique" 
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focusing on ecological services that "may be successful in developing agro-ecosystem resilience" 

(IPCC, 2019, page 389). 

Principles of regenerative agriculture 

 Environmental sustainability and human health are at the forefront of regenerative agriculture. 

It means that, in addition to generating marketable crops, each farm should contribute to 

environmental conservation. The key benefits include increased biodiversity, enhanced soil 

characteristics, and improved environmental conditions. 

Five principles of regenerative agriculture 

 A farmer practicing regenerative agriculture recognizes five main principles defined by Gabe 

Brown that imply the following: 

1. Mechanical, chemical, and physical field treatment are no longer used. This pre-industrial 

regenerative agricultural notion is echoed in this regenerative agriculture principle. 

2. Use of all-year-round cover crops to reduce erosion by avoiding bare soils. In addition, pasture and 

grazing material for poultry and cattle are provided by this regenerative farming system. 

3. Increasing biodiversity (e.g., with crop rotation, agroforestry and silvi-pasture techniques). 

4. Using livestock to help in agricultural production. 

5. Perennial crops' living roots are preserved. 

All of these ideas strive to maintain a regenerative agricultural cycle from season to season and year 

to year. However, they are not universal, and their combinations and uses are dependent on the unique 

characteristics of each farm. 

Practices in regenerative agriculture 

 Regenerative farming encompasses more than just preserving and recovering forests, adding 

organic matter, and increasing soil fertility. Regenerative agriculture has a number of environmental 

benefits, including carbon sequestration to remove emissions to the atmosphere, reduced water and 

soil pollution due to lower chemical inputs, and increased biodiversity. We can breathe cleaner air and 

reduce the greenhouse effect by preserving more trees and storing carbon in the soil. Furthermore, 

preserving biodiversity necessitates the preservation of natural environments. 

The list of regenerative agriculture practices is quite extensive: 

(1) No-Till and Pasture Cropping 

 No-till farming causes the least amount of soil disturbance, which decreases soil erosion and 

CO2 emissions. Seeding is done using specialist drillers or disc planters in this situation. When grains 

are utilised as grazing grasses, pasture cropping is an important aspect of regenerative agriculture. It 

also aids farmers in avoiding bare soils and thereby preventing erosion. 
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 Newly planted soybean plants are emerging from the residue left behind from a prior wheat 

harvest. This demonstrates no-till planting 

(2) Annual organic cropping 

 To reduce the harmful influence on environment and humanity, organic annual cropping 

recommends the use of non-chemical fertilisers and pesticides. In comparison to stronger industrial 

processes, this regenerative agricultural system is more costly, less lucrative, and labour-intensive. 

However, agro-related firms will gain greatly in the long run from regenerative agriculture initiatives 

due to a healthier people and environment. 

(3) Compost and compost tea 

 Compost is a vital component of regenerative agriculture because it supplies organic matter 

and improves soil fertility. Organic matter concentrations in the top earth layers should range from 3 

to 5% and should be integrated into the soil profile for at least six inches. Compost tea is a brewed 

drink that contains microorganisms and soluble elements that are essential for plant growth. 

(4) Bio char and terra preta 

 Bio char is a healthier alternative to natural charcoal that is created by burning forestry and 

agricultural waste. The phrase "terra preta" is a Spanish name for anthropogenic dark Indian soils in 

the Amazon basin with significant charcoal concentration. The amount of organic matter and nutrients 

in the ground is conditioned by black carbon, which is generally resistant to chemical and 

microbiological influences. This explains its capacity to sustain fertility for an extended period of 

time, which is of particular importance to regenerative agriculture practitioners. In fact, studies 

suggest that the black carbon concentration of terra preta exceeds that of the region's barren adjacent 

soils by seventy times. 

(5) Holistically managed grazing 

 As a regenerative agricultural method, holistically planned grazing advises using pastures in a 

rotating pattern akin to animals' natural behaviour. Cattle consume new grass and integrate green and 

animal excrement as they move from area to area, increasing pastureland fertility and allowing grass 

on different terrains to re-grow. 

(6) Animal integration into crop production 

 This combination improves soil fertility, aids in weed and pest management by introducing 

biological enemies to undesired species, and is helpful to cattle since regenerative agriculture is more 

similar to natural circumstances than indoor breeding. 

(7) Ecological aquaculture 

 Planting riparian buffer strips to reduce sedimentation, water run-offs, and provide shade and 

extra food for aquatic dwellers is encouraged by the eco-friendly regenerative agriculture approach to 

fisheries and aquaculture. It calls for a decrease in chemical agricultural inputs that damage water 

bodies as a result of farmland leakage. 
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(8) Perennial cropping 

 In regenerative farming, perennial crops protect the land from wind and water erosion by 

covering it and holding it in place with their deep roots, store moisture, and minimise agricultural 

expenses by reducing tilling operations and weed control treatments. 

(9) Silvopasture 

 This regenerative agriculture practise brings trees to pastures or grasses to woods with the 

goal of providing an additional benefit: trees on grazing areas give shade and windbreaks for animals 

on hot sunny days. Furthermore, its leaves provide organic matter and serves as an alternate source of 

nourishment for cattle. 

(10) Agroforestry 

 The regenerative agriculture method combines agricultural crops with trees or bushes, which 

prevent soil erosion with vigorous root systems and shield cash species from winds and heavy 

rainstorms with abundant canopies. 

(11) EOS crop monitoring 

 Fields analytics tool using high-resolution satellite pictures for locating remote issue 

locations. EOS Crop Monitoring aids in the maintenance of a healthy state of fields, including crops 

and soil, which is critical in regenerative agricultural approaches.EOS Crop Monitoring includes a 

range of vegetation indicatorsNDVI, MSAVI and NDRE to identify regions with poor vegetation or 

delayed plant development. Each of these indices is more beneficial at different stages of crop growth, 

and a low index value might indicate the presence of crop diseases and pests such as insects, harmful 

bacteria, fungus and other organisms. Furthermore, excessive irrigation or a lack of needed water 

levels has a negative impact on plant growth. 

 Weeds can be detected by high values of a vegetation index that coincides with a certain stage 

of plant growth (available on EOS Crop Monitoring). 

 Farmers may monitor vegetation covering throughout the season using satellite data-based 

vegetation index maps of a fieldand maintaining all-year-round land cover is one of the most common 

regenerative agriculture chores. Vegetation maps on EOS Crop Monitoring can show the status of the 

farmland: regions with dense vegetation, areas with poor vegetation, and places with no vegetation or 

cover (bare soils). When bare soils are discovered, regenerative agriculture requires immediate action 

to prevent erosion and enhance water-holding capacity. 

 EOS Crop Monitoring not only aids in the optimization of field treatment activities and 

processes in regenerative farming, but it also aids in the optimization of field treatment tasks and 

processes in general. It also aids in reducing the harmful effects of agricultural operations on soil and 

the environment in general. It has the potential to be a valuable tool for farmers who are devoted to 

regenerative concepts in their field operations." 

Why is regenerative farming worth implementing? 

 One of the most difficult aspects of regenerative agriculture is the lower profit margins 

compared to conventional agriculture. Nonetheless, for the sake of a long-term future, farmers 
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throughout the world are adopting the method. The following are the primary motivations for 

regenerative agriculture. 

1. Contribute to global food security. Small agricultural businesses provide food to people all around 

the world. Only 12% of worldwide agricultural areas are controlled by farms of smaller than 1 ha 

to 2 ha, which account for 84 percent of all farms. At the same time, large-scale farms account for 

only 1% of all farms yet control 65% of cropland. 

2. Reduce greenhouse gas emissions. Greenhouse gases are one of the primary causes of global 

warming, and industrial food production now accounts for around 26% of these emissions. The 

problem is addressed through regenerative agriculture. 

3. Fight against global warming. Although reducing GHG emissions alone will not enough to 

combat climate change, it can be used in conjunction with soil carbon sequestration obtained 

through regenerative farm management. 

4. Increase yields. Organic farming is greatly encouraged by regenerative agriculture. Organic farms 

are less susceptible to weather extremes and produce more crops in poor weather than regular 

agricultural operations. 

5. Deal with droughts. Organic matter helps to retain and infiltrate water by accumulating moisture 

in the soil. One of the most important regenerative agricultural approaches is to construct it. 

6. Assist local economies Local farming is promoted in regenerative agriculture and contributes to 

the development of local economies. 

7. Re-establish grasslands. Due to deterioration, 70% of grasslands are today unusable. A 

holistically managed grazing system, which is an effective regenerative agriculture technology, 

can help to improve the situation. 

8. Research the notion of indigenous farming. Farmers who are equipped with traditional knowledge 

can address pertinent regenerative agriculture concerns. 

9. Contribute to the preservation of biodiversity. Versatile species are advantageous not only to the 

farming industry, but also to environmental sustainability, which is crucial in regenerative 

agriculture. 

10. Increase the nutritional value of the product. The variety of produced crops promotes a more well-

balanced diet. 

Conclusion: 

 Maintaining soil vitality is the top concern for any agricultural operation, regardless of size, 

and it looks to be a very difficult chore nowadays, as well as a key goal of regenerative agriculture. 

Climate change has had a significant influence on farming recently, and regenerative approaches are 

struggling to reverse the trend. Floods and droughts, high temperatures and severe frosts, wildfires, 

tornadoes, storms, and hurricanes can cause significant losses to farmers. Natural disasters pose a 

severe danger to food production and agriculture, necessitating the development of adaptive measures. 

Furthermore, extreme droughts result in significant evaporation, which, in turn, results in abnormally 

high rainfall or even more severe droughts. When compared to historical meteorological data, climatic 

patterns alter, and while precipitation is just lower than normal in some locations, it is extremely high 
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in others, resulting in floods. Droughts and water logging are too much for plants to handle, and they 

perish. Because soils cannot absorb large volumes of water in a short period of time, heavy 

downpours have other negative repercussions such as erosion and water contamination. Droughts are 

combated by organic matter, which is known for its water-retention capability and ability to enhance 

soil fertility. Carbon sequestration is aided by no-till farming. 
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Abstract: 

 Solid waste has been produced since the beginning of civilization. Solid wastes were 

conveniently and unobtrusively disposed in large open land spaces, where the density of the 

population was low. However, today global urbanization has led to an increased amount of solid 

waste. The annual generation of municipal solid waste is approximately 2.01 billion tonnes. In 

developing countries, collection, segregation, transportation and disposal of solid waste are often 

unscientific and chaotic. Uncontrolled dumping of wastes has created overflowing of landfills and 

these landfills have been major repositories of urban waste. Which causes environmental impacts in 

the form of pollution to soil, groundwater and air contributing to global warming and considered 

harmful to human health. A landfill goes by the definition of ―An engineered method for depositing 

waste in specially constructed and protected cells on the land surface or in excavations into the land 

surface‖. Therefore, waste management practices such as landfill capping and development of ex-

landfills into parks have been employed to reduce adverse impacts of landfills on surrounding 

environment and human wellbeing. 

Keywords: Waste, landfills, pollution and environment. 

Introduction: 

 Waste generation is a natural product of urbanization, economic development and population 

growth. As nations and cities become more populated and prosperous, offer more products and 

services to citizens and participate in global trade and exchange, they face corresponding amounts of 

waste to manage through treatment and disposal. Waste includes e-waste, household waste, industrial, 

biomedical and radioactive wastes. 

 One of the consequences of global urbanization is an increased amount of solid waste. The 

world generates 0.74 kilogram of waste per capita per day, yet national waste generation rates 

fluctuate widely from 0.11 to 4.54 kilograms per capita per day. Waste generation volumes are 

generally correlated within come levels and urbanization rates. An estimated 2.01 billion tons of 

municipal solid waste were generated in 2016, and this number is expected to grow to 3.40 billion 

tons by 2050 under a business-as-usual (Kaza et al., 2018). In India, the total waste generated is 

estimated to be 1.45 lakh million tons per day and 531.53 Lakh million tons per annum 

(Chattopadhyay et al., 2009). 

 Safe waste disposal is one of the major environmental issues facing society today. In 2016, 

the world generated 242 million tons of plastic waste, i.e., 12 percent of all municipal solid waste. 

mailto:mail:%20ashwinichinnuhorti@gmail.com


Recent Innovative Approaches in Agricultural Science Volume II 

    (ISBN: 978-93-91768-85-0) 

73 
 

Plastic waste is choking oceans, yet consumption of plastics is only increasing. Cities and countries 

are rapidly developing without adequate systems in place to manage the changing waste composition 

of citizens. Around the world, almost 40 percent of waste is disposed of in landfills (Fig.1). About 19 

percent undergoes materials recovery through recycling and composting and 11 percent is treated 

through modern incineration and 33 percent of waste is still openly dumped(Kaza et al., 2018). 

In big cities, there is a rich collection of modern artifacts – picturesque skyscrapers, theme parks, 

eateries and gigantic malls; but somewhere in the outskirts of these big cities, there are mounds of 

trash comprising of plastic waste dumped in landfills. With staggering amount of waste generated 

daily, our landfills are running out of space and our cities are running out of landfills. The plastic 

epidemic has also hit oceans, forming a large chunk of marine debris, adversely impacting aquatic 

life. Landfills become a thread to environment and residents living in the vicinity of landfill sites. 

Therefore, there is a need for reclamation of landfills. 

 

Figure 1. Treatment and disposal of waste (Kaza et al., 2018) 

Landfills 

 Landfills goes by the definition of ―An engineered method for depositing waste in specially 

constructed and protected cells on the land surface or in excavations into the land surface‖. It has been 

the major repositories of urban wastes globally and it will continue to build so long as humans exist 

on planet – earth because it‘s one of the most economical and simplest municipal solid waste disposal 

method. In India alone, there are more than 400 landfill sites (Maheshwari et al., 2015).There is a 

clear difference between dump and landfills. A dump is an open hole in the ground where trash is 

buried and where animals often swarm. They offer no environmental protection and are not regulated 

whereas a landfill is a carefully designed and monitored structure that isolates trash from the 

surrounding environment. This isolation is accomplished with the use of bottom liner on the ground 

surface where trash will be dumped and daily covering of soil over garbage (Lamb et al., 2014). 

Problems associated with landfills 

 There are innumerable problems caused by landfills. Poor management practices of landfills 

specially in developing countries like India are the major causes of environmental pollution. The toxic 

gases emitted from landfills pose a serious threat to the environment as well as on human health. The 

areas surrounding the landfills become heavily polluted with heavy metals such as mercury, arsenic, 

cadmium and PVC, solvents, acids, lead thereby damaging local ecosystem looming local flora and 

fauna. Many insects and rodents are attracted to landfills and can spread dangerous diseases, viz., 

cholera, lung infection, dysentery, diarrhea, etc. to residents surrounding landfills. Moreover, the 
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value of property near landfills decreases and garbage buried in landfill breaks down at a very slow 

rate and will remain a problem for future generations (Lamb et al., 2014). However, the serious 

impacts to the environment are caused by: 

1) Greenhouse gas emission: Waste dumped in a landfill undergoes aerobic and anaerobic phase 

decomposition. During anaerobic phase, organic material is converted to methane and carbon dioxide 

which are major greenhouse gases. 

2) Production of leachate: Leachate is black liquid formed when water percolates through waste and 

leached organic and inorganic chemicals, heavy metals and has high potential to contaminate 

groundwater and surface water. 

Composition of landfill gases 

Landfill gases consist of methane, carbon-dioxide, nitrogen, ammonia, oxygen, hydrogen and carbon-

monoxide (Table 1.). Methane and carbon-monoxide contribute more than 90% of the landfill gases. 

These gases cause air pollution and global warming; methane may lead to explosion (Lamb et al., 

2014). 

Table 1. Composition of landfill gases (Lamb et al., 2014) 

 

 

 

 

 

 

 

 

 

Land allocated for developing landfills in different areas. 

Table 2. Land allocated for developing landfills 

Name of cities Number of sites Area allocated (ha) 

Chennai 2 466 

Coimbatore 2 292 

Surat 1 200 

Mumbai 3 140 

Hyderabad 1 121 

Ahmedabad 1 84 

Delhi 3 66 

Jabalpur 1 60 

Indore 1 49 

Bengaluru 2 41 

 

The Central Pollution Control Board allocated 2 sites of an area of 41 ha for developing 

landfills in Bengaluru in 2010-11. 

Gases % Dry volume basis 

Methane 45 – 60 

Cardon-dioxide 40 – 60 

Nitrogen 2 – 5 

Ammonia 0.1 – 1 

Oxygen 0.1 – 1 

Hydrogen 0 – 0.2 

Carbon monoxide 0 – 0.2 
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Challenges associated with solid waste management 

 Solid waste management is a universal issue affecting every single person in the world. Waste 

management is an essential urban service that requires planning, management, and coordination 

across all levels of government and stakeholders. Solid waste management services typically include 

waste collection from households and commercial establishments and haulage to a collection point or 

transfer station, transportation from a collection point or transfer station to a final treatment or 

disposal site, treatment and disposalof waste, and street cleaning and drainage management. 

Adequate waste services are more difficult to achieve in low- and middle-income countries, where 

challenges are as much a result of poor planningand service operation as a lack of funding for 

investments. Daily wastemanagement is expensive; requires institutional skills for planning, 

operationalmanagement, and oversight; and, where funding is limited, wastemanagement competes 

with other development priorities. Developingwaste management capacity and mobilizing resources 

requires strong politicalsupport (Kaza et al., 2018). Typical challenges that have repeatedly been 

identified include the following: 

 Shortage of financial resources, particularly to operate waste collection,transport, and disposal 

systems, caused by lack of revenues fromhouseholds and other waste generators or lack of 

budget and fundingin local governments. 

 Complexity of designing and managing decentralized, locally basedwaste collection, 

transport, and disposal systems while maximizingcoverage and minimizing environmental 

impacts. 

 Lack of land and resistance from local populations to development ofwaste facilities. 

 Limited institutional capacity for planning, monitoring, andenforcement. 

 Ambiguity around organizational structure and responsibility, andcoordination both within 

the same level of government and betweennational, regional, and local governments. 

 Reduction of groundwater contamination  

 Greenhouse gas emissions 

 Mitigation of odour. 

Remediation technology 

 Technology has been developed to tackle up the issues of landfills. Excessive water entering 

landfills is the primary cause for adverse environmental impacts resulting from landfill sites. Rain is 

the major source of water and this take various forms viz, evaporation, condensation, precipitation, 

runoff, seepage, etc. Minimizing entry of water into buried waste is the most effective way to avoid 

adverse environmental impacts. It can be achieved by capping technology – clay capping and 

phytocapping (Ashwath and Venkatraman, 2010). 

a) Clay capping 

 In clay capping, the landfills are capped with compacted clay. In this system, the waste dump 

is covered by earthen cover (200-300 mm), over the top of earthen cover low permeability clay (500 

mm) is placed followed by sub-soil base (200-300 mm) and topsoil/mulch (150 mm)(Figure 2.).The 

clay cap is intended to isolate underlying waste from surface water infiltration. 
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This system help maintain hydrological balance of the landfill site thereby achieving desirable 

moisture level that are necessary for waste degradation, while restricting excessive percolation of 

water into the buried waste. 

 

Figure 2. Cross section of a typical clay capping system (Ashwath and Venkatraman, 2010). 

The downside of this approach is that they are expensive to construct and have limited lifespan. 

In addition to these, the clay caps often fail to restrict entry of water into the waste due to 

cracking causing adverse environmental impacts such as leachate generation and methane 

emission 

b) Phyto capping 

 The failure of clay capping resulted interest to this technology. It is a new technique and sub-

section of phytoremediation developed to remediate landfill; a term associated with converting 

landfill into parks. Phytocapping involves placing a layer of topsoil and growing dense vegetation on 

top of a landfill (Figure 3.). The definition of phytocapping goes by ―The use of higher plants to 

minimize percolation into waste of landfill sites and stabilize and mitigate off site migration of soil or 

gaseous environmental contaminants.‖ 

 

Figure 3. Cross-section of phytocapping site showing different layers (Ashwath and 

Venkatraman, 2010). 

 The main of this technology is to minimize water entry through waste. Water infiltration 

through waste is restricted by a variety of processes. These includes canopy evaporation, i.e., when 



Recent Innovative Approaches in Agricultural Science Volume II 

    (ISBN: 978-93-91768-85-0) 

77 
 

precipitation occurs, a part of rain directly evaporates into the atmosphere without reaching the 

ground and transpiration and again when rainwater reaches the ground through stem flow and 

throughfall, the soil stored the water thereby minimizing infiltration of water; as the water does not 

percolate through waste, there will be no leachate generation and consequently water table will be free 

from contaminants (Ashwath and Venkatraman, 2010).In phytocapped landfill sites, tree contribute 

both as ‗bio pump‘ means it actively removed stored water through transpiration and soil layer 

contribute water balance by retaining water during rainfall events, and then availing this water to 

plants following rain events. When the soil depth and plant density are optimized, there will be 

balanced between rainfall input with evaporation rate thereby avoiding percolation of water into the 

buried waste. 

Benefits of Phyto capping 

 Oxidation of methane to carbon dioxide – The rootzone oxidizes methane to carbon-dioxide 

which will help in minimizing global warming. A study shows that a landfill phytocapped 

approach can reduce surface methane emission 4-5 times more than the adjacent unvegetated site 

(Ashwath and Venkatraman, 2010). 

 Revegetate the area with endemic plants species for the creation of a wildlife corridor or habitat 

for local fauna and flora and increases biodiversity. 

 The landfills are eyesore to local communities; by phytocapping it, the aesthetic qualities of 

landfill adjacent to local communities increases and help in removing toxic contaminants. 

 Prevent waste from blowing across the landscape, reduce odour, reduce fire hazards 

 Minimize infiltration of water into the waste. 

Reclamation of landfills 

 Gas from these landfills leaked into the water and created health hazards for those living 

nearby. Some landfills even exploded as a result of the presence of flammable methane. Moreover, 

urbanization has led to inadequate land and open spaces for community recreation. Thus, 

reclamation of landfill is necessary. The landfills can be reclaimed by covering the garbage and 

converting the site into parks and greenspaces (Thompson, 2008). The creation of gardens/parks 

will provide better environment, quality of life for the urban population especially for residents 

surrounding the park in terms of environment, social and economic and will provide food and 

shelter to wildlife by creating perfect habitat. 

Parks 

 A park is an area of natural, semi-natural or planted space set aside for human enjoyment 

and recreation or for the protection of wildlife or natural habitats. In layman‘s term, it is a large 

public garden, or an area of land used for recreation. 

Creating parks from landfills 

 The steps involved for turning landfills into parks are as follows: first, the land which was 

allocated for landfill was excavated and liners were placed on top of the excavated surface. Lining 

was generally accomplished using an impervious material such as high-density polyethylene, 

geosynthetic clay liners and poly vinyl chloride. When the landfill is filled with trash to the final level, 
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plastic membrane was installed to seal off the waste body from the surrounding environment. A ‗cap‘ 

of subsoil to a minimum depth of 1m was spread out over the lining materials. Finally, afforestation 

was carried out, the site was landscaped and developed into a park (Ashwath and Venkatraman, 

2010). The process from sealing the trash to afforestation was known as ‗Safe closure and post closure 

maintenance (Figure 12). 

 

Figure 4. Steps showing creating a park on landfill site 

 

 A typical cross-section of a landfill cell converting into parks is shown in Figure 4. When the 

landfill site is filled to a final level with trash, it is capped with levelling sand followed by 

geosynthetic membrane and finally subsoil. Plantation was carried out on the capped landfill. 

Potential activities in a park 

 Activities like dog walking, drone and model airplane flying, kite flying, jogging, canoeing, 

picnicking, model rocket launching, playing sports such as football, basketball, golf, etc.,  

taking a stroll were mainly indulged in parks. 

Benefits of parks/ green space 

 Parks provide beautiful green spaces and fun programs, but they do much more and the 

benefits are immense. It transforms lives and protect features. The benefits of parks are described as 

below: 

a) Environmental benefits: 

 Parks provide sustainable environmental benefits. Trees are main component of parks. The 

US Forest service calculated that over a 50 years lifetime, a tree generates $31,250 worth of oxygen, 

saves $62,000 of pollution control, recycles $37,500 worth of water and controls $31,250 worth of 

soil erosion. 

 Trees are called the ‗earths‘ lung‘. Not only do they provide oxygen for us to breathe, but they 

clean air of many pollutants harmful to humans and help in improving air quality. Another benefit 

from parks and open space is that leaf cover and vegetation have filtering capacity for air pollutants 

such as dust, soot, etc. 



Recent Innovative Approaches in Agricultural Science Volume II 

    (ISBN: 978-93-91768-85-0) 

79 
 

Urban heat island 

 Urban Heat Island (UHI) is a phenomenon that affects millions of people worldwide. It occurs 

when a city experiences much warmer temperature than nearby rural areas. It is created by excessive 

amounts of paved surfaces, buildings & population density and resulting in higher temperature of 

urban areas on average of 1-3 
o
C than its surrounding rural areas. The consequences are pollution, 

increase heat related illness and mortality. To reduce the effect, green spaces and parks should be 

developed. Trees and vegetation decrease the effect by cooling the air via shade and 

evapotranspiration (evaporation from leafy parts of plants). 

b) Public benefits 

 Human depend on nature not only for material needs (food, water, shelter), but perhaps most 

importantly for psychological, emotional and spiritual needs. Isolation from the natural world may be 

harmful to health. The importance of physical activity for health is well-known. There is linkage parks 

and varying levels and types of physical activities like cycling, walking and jogging. Wendel-Vos and 

his team in 2005 used GIS databases to objectively measure the amount of green and recreational 

space in neighborhood and there is an association between greater number of parks and sport ground 

in an area and increased level of cycling and exposure to nature and greenery makes people healthier 

and happier. Access to vegetated areas such as parks, open spaces, and playgrounds has been 

associated with better perceived general health (De Vries, 2003) reduced stress levels (Nielsen and 

Hansen, 2007), depression (Morita et al., 2007) and more walking (Li et al., 2005).  

c) Community level benefits 

 Parks are the most powerful aspect of every community. It strengthens communities' ties and 

bring diverse population together. In West Virginia, counties with greater recreation opportunities 

(e.g.: existence of parks, areas of recreational lands) have higher rate of physical activities, lower 

health care expenditure and lower obesity rate (Rosenberger et al., 2005). Certain initiative should be 

taken into consideration at the community level to live a happy and healthy life, construction of parks 

or green space is an effective way to live a happy and healthy life. 

Selection of plants suitable for landfills 

 There are several problems faced in landfill sites such as soil compaction, lack of adequate 

soil for tree survival, high soil temperature, presence of landfill gases like carbon dioxide and methane 

which are known for preventing growth and establishment of vegetative. Thus, selection of vegetation 

is vital as it will ultimately determine the establishment of a restored landfill sites. 

 The site should be planted with hardy native species, which require no irrigation once 

established, discourage soil erosion and attract wildlife. Plants which have phytoremediation property 

should be planted.Trees areBetula pendula, Ligustrum vulgare, Acer platanoides Cornus sanguinea 

and Shrubs are Cornus amomum, Rhus aromatic, Myrica pensylvanica, Salix discolour, Cornus 

racemosa and Sambucus nigra and Annuals like Chrysanthemum boreale, Aster species, Lythrum 

anceps, Dianthus chinensis, Pennisetum alopecuroides and Potentilla chinensis L. 
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Landfill transformed into parks 

 Humanity has turned earth into a giant trash pile. There are many formal and informal 

landfills globally, leaching chemicals into ground and surface water supplies and emitting methane 

gases. However, as the knowledge of managing waste improves, trash can be turned into resource. 

Many of the world‘s giant landfills are being transformed into beautiful public parks and nature 

reserves. 

1) Millennium Indraprastha park 

 It is one of the largest parks in Delhi; created over an area of 34 ha waste dump with an aim to 

give response to the needs of urban population and providing greenery to the people along the natural 

surroundings and was constructed in 2004 by Delhi Development Authority. 

The project was divided between Municipal Development Council (22acres) and DDA (60 acres). 

MDC is responsible for greenery development, DDA is for civil beautification. According to DDA, 

they had filled 2.5 ft of soil on the site to enable plantation. From the view of maintaining the plants 

and trees, they chose hardy varieties which require less water. With the concept of ecological 

approach to landscape architecture, the park is bifurcated in five gardens or green landmarks - Smriti 

Van, fragrant garden, foliage garden, bougainvillea garden and topiary garden. 

2) Stone-themed Park, Bommanahalli, Karnataka 

 The open dump of Devarachenkhanahalli in Bommanahalli was turned into stone-themed 

park. It was created over waste dump of 1.5 acre in 2017. The Government sanctioned 3.5 crore for its 

transformation. It was claimed as the first stone-themed park created over a dump in India. 

Conclusion: 

 The landfill sites which are usually considered as ―Places that are not meant for people‖ has 

great potential to bare-developed as a place with great landscape such as parks and green space for 

people, flora and fauna and can contribute to fight climate change. Marked reduction in methane 

concentration in Phyto capped site than in non-vegetated site and improve the quality of life and the 

comforts of the living environment as perceived by local communities and Ornamental plants can be 

grown over landfill sites through careful selection of tree. Landfill can be converted into parks for the 

benefits of local community. 
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Abstract: 

 Precision farming is a management concept based on intra-field variation observation and 

response. To assess and analyze variations in agricultural and horticultural production, new 

technologies such as global positioning systems (GPS), sensors, satellites or aerial imagesand 

geographical information systems (GIS) are used. Wireless sensor networks (WSN) play an important 

role in water resource management, assessing the optimal harvesting point, estimating fertilizer 

requirements, and more accurately predicting crop performance. The use of sensors and precision 

farming in floriculture aims to increase productivity, reduce production costs, and reduce farming's 

environmental impact. 

Keywords: Farming, sensors, floriculture and impact 

Introduction: 

 Precision farming is an integrated information and production-based farming system which is 

designed to increase long term and site-specific whole farm production efficiency, productivity and 

profitability while minimizing unintended impacts on wildlife and the environment. It basically means 

adding the right amount of treatment at the right time and the right location within a field. Precision 

farming calls for an efficient management of resources through location specific high-tech 

interventions which includes fertigation, protected/ greenhouse cultivation, soil and leaf nutrient-

based fertilizer management, mulching for in-situ moisture conservation, micro-propagation, high 

density planting, drip irrigation etc. Precision farming integrates environmental health, economic 

profitability and social and economic equity. 

 Precision farming involves the acquisition and processing of a large amount of data related to 

crop health. Multiple parameters are involved in plants health, including water level, temperature and 

others. This enables the farmers to know precisely what parameters are needed for healthy crop, 

where these parameters are needed and in what amount at a particular instance of time. This requires 

collecting massive information from different sources and different parts of the field such as soil 

nutrients, the presence of pests and weeds, chlorophyll content in plants and some weather conditions. 

All collected information needs to be analysed to produce agronomic recommendations. For instance, 

given the developmental stage of plants, their level of greenness (chlorophyll content) reveals the 

nutrients needed. This information is combined with the characteristics of the soil where the plant is 

located along with weather forecast. All collected information is further used to determine how much 

of a certain fertilizer should be applied to that plant on the next day. The delivery of agronomic 

information on the right time to farmer and ensuring that he/she applies these recommendations are 

key to enhancing the yields. 

mailto:savitadhillon152@gmail.com
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 The main technology of precision farming are global positioning systems, geographic 

information systems, yield monitoring devices, soil, plant and pest sensors, remote sensing and 

variable rate technologies for application of inputs.  

Need of precision horticulture farming 

• The use of newly emerged technology adoption is seen as one key to increase horticultural 

productivity in the future. 

• The increasing challenges of biotic and abiotic stresses experienced by crops, need the 

introduction and adoption of modern technology. 

• Natural resource degradation- rapid degradation of natural resources due to which there is a 

need of precision farming without harming the environment. 

• To increase yield- it permits precise & optimized use of inputs adapted to the apparent plant 

status, consequently leading to reduced costs and increase yield. 

• Production potential- productivity level of major crops are far below than expectation or their 

potential.  

 

 

Fig. 1.  Precision Floriculture 

Advantages of precision farming over conventional farming 

 For the time being, farmers are beginning to recognize the benefits of precision farming with 

IoT. Horticulturist sees incorporating technology into crop and cattle management as a way to 

improve decision-making quality, return on investment (ROI) and overall site security. 

More agricultural monitoring metrics 

 A grower will be able to continuously monitor a wide range of metrics, including rainfall 

levels, the number and type of nutrients that crops require to grow to a peak level, soil samples, 

fertiliser input and so on, thanks to digital tools. A better understanding of crop status enables farmers 

to make more informed decisions in all fields. 

Improved decision-making efficiency  

 Farmers gain long-term access to valuable real-time data when they use precision horticulture 

sensors to monitor soil moisture, crop health, and nutrition levels. A site manager will be able to 

identify patterns and predict changes, potential risks, and yields throughout the harvest and growing 

season in this manner. 
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Access to farm records 

 Using technology to manage farms improves data accessibility. Precision floriculture frees 

team members from the confines of the office. Because of cloud-based technologies, all necessary 

data is available at any time and from any device. 

Better crop protection 

 One of the causes of high crop and soil pressure is the overuse of chemicals. Farmers 

frequently overuse nitrogen to protect the site from crop-damaging insects. Aside from reducing the 

site's environmental sustainability, using chemicals is costly. One of the most significant advantages 

of implementing precision floriculture using the Internet of Things is the ability to optimise pest 

control, use chemicals only when necessary, and protect crops more efficiently. 

Climate monitoring 

 Weather stations outfitted with farming stations assist farmers in tracking and forecasting 

weather conditions in a specific area. After gathering information from the environment, connected 

devices send the data to cloud-based storage. From there, farm managers can use the information for 

climate mapping and crop selection. 

Crop monitoring 

 Crop management devices are an essential component for making the most of precision 

floriculture technology. These devices are typically used in the field to monitor water levels, crop 

health, and other biochemical and physical properties. A farmer can use crop monitoring tools to 

manage anomalies, build prediction-based models and strategies, and prevent potentially harmful 

diseases. 

Cattle monitoring 

 Sensors are even more crucial in animal management than in crop maintenance. For one 

thing, they can act as location trackers, ensuring that no livestock is lost. In addition, farm managers 

will receive real-time information on whether cows, pigs, and other farm animals are sick or hungry. 

The most common type of cattle monitoring device is connected collar tags. They cause no stress for 

the animal, all the while providing farmers with real-time insights. 

Greenhouse automation 

 Many activities and processes in the greenhouse can be fully automated by delegating 

greenhouse management to an IoT platform for precision floriculture. Controlling humidity, 

temperature, and lighting, for example, can be done automatically. Precision floriculture systems can 

even manage soil or nutrient solution administration within the greenhouse without the need for 

human intervention. 

Reduced resource waste 

 In farming, the Internet of Things reduces operating costs and production risks. You'll be able 

to build smarter distribution strategies and outline potential revenue streams if you accurately estimate 

the yield volumes that will be harvested at each field. 
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Identifying developing patterns and trends 

 A site manager will eventually be able to determine which risks or natural conditions are 

likely to repeat the following year by gathering insights on all types of crops across all fields 

throughout the entire season. Farmers will be able to predict which crops will be profitable in the 

future by analysing yield by crop type. 

Benefits of Precision farming in horticultural crops  

• Production efficiency 

• Reduced environmental impact 

• In-field quality prediction  

• Increased product quality 

• Improved sustainability  

• Provide a lower risk in the management system 

• Food safety using product traceability 

• Environment protection 

• Rural development 

Technologies for precision farming 

1. RS (Remote sensing) 

2. GPS (Global positioning systems) 

3. GIS (geographic information systems) 

4. VRT (Variable rate technologies) 

5. Yield mapping 

6. DSS (Decision support system) 

7. IoT and Computer 

1. Remote sensing 

• Remote sensing is the group of techniques than can collect field data without being in contact 

to plants, soil etc. An electromagnetic wave when falling on an object it can pass through, 

reflected or absorbed. 

• In general, we see the reflected sun light that is formed by the ultraviolet wave lengths, the 

visible light (Red, Green and Blue) and the infrared.  

• Indicate variations in the colors of the field that corresponds to changes in soil type, crop 

development, field boundaries, roads, water, etc.  

• Arial and satellite imagery can be processed to provide vegetative indices, which reflect the 

health of the plant. 
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Fig. 2. Remote Sensing 

2. Global positioning system (GPS) 

GPS is a satellite based navigational aid which provides accurate information on position, 

velocity and time of an object or a platform at any moment, anywhere in the globe. This helps 

to obtain latitude, longitude and altitude of a location on the earth. The main purpose of GPS 

is to help in navigation and positioning of remote sensing. 

It consists a satellite set of 24 satellites in the Earth orbit. It sends out radio signals that can be 

processed by a ground receiver to determine the geographic position on earth. GPS allows 

precise mapping of the farms and together with appropriate software informs the farmer about 

the status of the crop and which part of the farm requires what input such as water or fertilizer 

and/or pesticides etc. 

It can assist in floriculture in two ways 

a) In linking & integrating GIS data (soil, crop and field history) with simulation models. 

b) To support the engineering part of designing implements and GPS guided machinery for 

precision farming. 

3. Geographic information system (GIS): brain of precision farming. 

• It is software that imports, exports and processes spatially and temporally geographically 

distributed data. It is designed to efficiently capture, store, update, manipulate, analyze & 

displays all forms of the geographically referenced information. 

GIS capabilities in floriculture 

• Early season estimation of cropped area 

• Monitoring crop condition 

• Crop yield modelling  

• Cropping system /crop rotation. 

• Crop water requirement estimation. 

• Flood hazard mapping 

• Disease and Pest infection area monitoring 

• Ornamentals field drought monitoring 
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4. Variable rate technology 

 Variable rate technology (VRT): VRT describes any technology which enables producers to 

vary the rate of crop inputs.  

 VRT combines a variable-rate (VR) control system with application equipment to apply 

inputs at a precise time and location to achieve site-specific application rates of inputs. A site-

specific approach allows growers to apply products only where they are needed in a field. VR 

means that the appropriate rates of inputs can reduce input and labor costs, maximize 

productivity, and reduces the impact over-application may have on the environment. 

Examples of VR applications for agriculture include fertilizer, seeding and pesticides. 

Methods in VRT 

 VRA technology is the major target for PA. All information gathered should result in a better 

management of the formed zones.  

Variable Rate Technology is accessed by two methods 1) Map based 2) Sensor based 

 Map based, is based on historical data (previous or present year). Process control 

technologies allow information drawn from the GIS (prescription maps) to adjust fertilizer 

application, seeding rates, and pesticide selection and application rate, thus providing for the 

proper management of the inputs. 

 Sensor based, uses sensors that detect some characteristics of the crop or soil and adjust the 

application equipment.  

Both systems have advantages and disadvantages. The sensors based VRT is more acceptable by 

the farmers. Probably using a mixture of both will offer most advantages in the future.  

5. Yield mapping 

Yield mapping: The most direct method to assess the productivity of landand how it should be 

better managed.  

• It measures crop weight, impact forces by passing an array of light beams detected by sensors. 

By using processed data in mapping software, we can create a yield map.  

• The yield map can immediately provide two important pieces of information, yield 

variability, and yield production.  

• Yield variability is illustrated on a map by a change in color, where each color represents a 

range in yield. As a convention red coloris suggested to represent low yields and green color 

represents high yield. 

6. Decision support systems 

• DSS is a computer-based information system that gather and analyses the data from a variety 

of sources from a point of view of irrigation, fertilization, and pest control. 

• DSS have been carried out in the method of computer software package 

• Data/information processing is the real task of DSS. Their purpose is to smoothen the 

decision-making process for management, operations, planning, it helps farmers to solve 

complex issues related to crop production. 
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• Cloud data storage system plays important role in DSS, because large data bank help in 

improving finest decision taking capability. 

• As tools for diagnosis, risk assessment and reasoning assistance, DSS use agronomic models 

and calculations based on water, climate, energy and genetic data and take into account other 

factors such as human and economic inputs. 

• Data-driven floriculture, with the help of robotic solutions incorporating artificial intelligent 

techniques, sets the grounds for the sustainable agriculture of the future. 

 

 

 

 

 

Fig. 3. Decision support system 

7. IoT 

• The internet of things (IoT): The Internet of things is the network of physical objects 

outfitted with electronics that enable data collection and aggregation. IoT comes into play 

with the development of sensorsand farm-management software. 

 

Fig. 4. IoT and Computer 
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Computer and internet: Main source of information processing and gathering for precision 

farming. 

• In order to analyze the data collected by other components and to make it available in usable 

formats such as maps, graphs, charts or reports, computer is essential along with specific 

software support. 

• Internet has the capability to supply timely data about varying condition. 

• Computerized control systems are available which can integrate temperature, light intensity, 

relative humidity, CO2, plant moisture, nutrient requirement, and plant-protection measures 

Wireless communication technologies 

• Wireless Sensor Network (WSN) refers to a group of spatially dispersed and dedicated 

sensors for monitoring and recording the physical conditions of the environment and 

organizing to collected data at a central location. 

• WSNs can also achieve in-network sort out operations such as aggregation, event detection, 

or actuation. 

Popular Wireless Sensor Networks  

• Cellular  

• ZigBee 

• BLE  

• RFID-consist of a reader and a transponder, which have a very small radio frequency, called 

the RF tag. Radio Frequencies (400 MHZ - 1000 MHZ) 

• Wi-Fi 

 

Fig. 5. Wireless communication technologies 

Advances in precision floriculture 

1. Smart gadgets 

• Smartphone applications: Smartphone and tablet applications are becoming increasingly 

popular in precision floriculture. Smartphone come with many useful applications already 

installed, including the camera, microphone, GPSand accelerometer.  

Central 
Hub 
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• There are also applications made dedicated to various agriculture applications such as field 

mapping, tracking animals, obtaining weather and crop information, and more. They are 

easily portable, affordable, and have a high computing power. 

2. Drones in precision floriculture 

 Drones and satellite imagery: Advances in drones and satellite technology benefits precision 

farming because drones take high quality images, while satellites capture the bigger picture. 

• Light aircraft pilots can combine aerial photography with data from satellite records to 

predict future yields based on the current level of field biomass. 

• Aggregated images can create contour maps to track where water flows, determine variable-

rate seeding, and create yield maps of areas that were more or less productive. 

3. Smart irrigation & fertilization systems 

Modern technological method of implementing irrigation exercise much more efficiently is 

known as Smart irrigation. It involves the use of sensors, micro-computing and remote 

communication by farmers to control the application of water to their farm land. The internet 

is an interconnection of network enabled devices globally for the purpose of communication, 

transfer and sharing of data. 

The system architecture comprises different modules which include: Sensors, Micro-

computing chip, Internet driver, Applications and Pump. 

 Sensor module: YL-38 soil moisture sensor is a hygrometer that is usually used to 

detect the humidity of the soil. So, it is perfect to build an automatic watering system 

or to monitor the soil moisture of plants. 

 Micro-computing chip: Module Arduino is the micro computing chip employed in 

this research. An Arduino is an Open-Source electronic prototyping platform based 

on flexible easy to use hardware and software. Arduino boards are able to read inputs 

- light on a sensor, a finger on a button, or a Twitter message - and turn it into an 

output - activating a motor, turning on an LED, publishing something online. 

 Internet driver module: ESP8266 is the internet driver used in this research. The 

ESP8266 is the name of a micro controller designed by Espressif Systems. The 

ESP8266 itself is a self-contained Wi-Fi networking solution offering as a bridge 

from existing micro controller to Wi-Fi and is also capable of running self-contained 

applications. 

 Application module: For the communication between IoT devices and their servers 

an application programming interface (API) is essential. An API is a set of subroutine 

definitions, communication protocols and tools for building software.  



Bhumi Publishing, India 

90 
 

 Water pump module: The water pump is the part of the system that delivers water to 

the soil. The motor drive is used to provide power to the water pump as well as 

interfacing the pump to the Arduino. 

Fig. 6. Smart irrigation setup 

4. Mobile phone call-controlled irrigation system 

This incorporates the monitoring of the water source's level as well as the control of the motor 

and gate valves (solenoid valves) via GSM. This not only saves farmers time, but it also 

allows them to engage in other agricultural jobs, increasing their income and lowering 

transportation costs. Farmers also manage their irrigation system from a location other than 

their farm. 

Features: - 

 Farmers can easily set duration of irrigation 

 Set sensors, weather points 

 Change crop wise 

 Save the data weekly/monthly  

 Monitoring and automation 

 Reading of resources saved 

5. Robotics and machine learning 

 Advancements in crop growth modelling, progress in the use of tools to monitor and collect 

information from farms in a less labour-intensive manner, and global navigation systems give rise 

to precision floriculture, in which precise measurements at local points and data-intensive 

approaches support decision making. The need of mechanization, automation and robotics is, 

among other reasons, due to high labour cost which is a more immediate problem in industrial and 

developed countries than in developing or under-developed countries.Over the past decade, 

machine learning techniques have been deployed across precision floriculture to provide more 

accurate solutions, mainly because of the capability to handle highly complex and nonlinear 

agricultural problems. Machine learning techniques have different potential, are of different 
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complexity and computational requirements, and continually evolve. As model complexity 

increases, more data must be collected. 

 Machine learning is commonly used in conjunction with drones, robots, and internet of things 

devices. It allows for the input of data from each of these sources.  

 The computer then processes this information and sends the appropriate actions back to these 

devices. This allows for robots to deliver the perfect amount of fertilizer or for IoT devices to 

provide the perfect quantity of water directly to the soil.  

 The future of precision farming moves more toward a machine learning architecture every 

year. It has allowed for more efficient and precise farming with less human manpower. 

Generally, two moments are the most decisive and expensive for a successful crop: the culture 

starts and the harvest. In greenhouses the crop maintenance is intensive as well. Whereas for the start 

of culture different innovative technologies, such as e.g., the automatic sowing, transplanting, cutting, 

grafting, and spacing are introduced so far, the process of crop maintenance and harvest are, apart 

from some developments, as yet not fully automated. 

Precision floriculture under high value structures 

1. Ultra-Clima® greenhouse 

• This concept has provided the solution to many problems in relation to food safety and year-

round cultivation with minimal use of resources (water, power, fertilizers, CO2) and with 

higher yield. This makes the return on investment higher than for traditional greenhouses.  

• The Ultra-Clima is a revolutionary, innovative, and sustainable greenhouse concept in every 

respect. The Ultra-Clima is the ideal solution to the needs of today and tomorrow. 

• It aims increased production, maximum food safety, minimal energy and water consumption, 

minimal CO2 emissions, and a better yield. 

2. Solar fitted greenhouse 

 Solar greenhouses are the enclosures where crops, are provided proper environment under for 

plant growth and production by installing solar PV panels on greenhouses. 

• Also, all greenhouses receive necessary sunlight from the sun required for photosynthesis and 

also supplementary heat during cold months from sun. 

 The integrated power system comprises of a number of solar photovoltaic modules, an 

electrolyser bank, and polymer electrolyte membrane (PEM) fuel cell system along with power 

conditioning devices like charge controller, inverter, etc. 
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Fig. 7. Solar fitted Greenhouse 

Advantages 

• Excess energy after meeting the requirements of greenhouse during peak sunshine hours is 

supplied to an electrolyser bank to generate hydrogen gas, which is compressed and stored in 

tanks.  

• Air temperatures tend to be cooler beneath the panels throughout the day and hotter beneath 

the panels at the hour of darkness. A special advantage in the area were receiving more solar 

radiation. 

• Reduce input cost by cut off electricity charges. 24×7 availability of electricity, so we can do 

better management of crops. 

• We can sale surplus electricity units to government powerhouse to reduce the burden of 

electricity supply on govt 

3. Mini weather station for precision farming 

Highlights & benefits 

• Rugged and flexible  

• Dependable data transmission  

• Simple installation 

• High accuracy  

• Plug-and-play connection to internet and wireless networks 

• Customized options 

Data coverage 

• Air temperature  

• Relative humidity 

• Radiation 

• Wind speed 

• ET calculation (evapotranspiration) 

• Dew point calculation  
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4. Roof top rain water harvesting 

Collection of rain drops which fall on the roof of GH/ building and further storage is called roof top 

rain water harvesting. Roof water is collected into a storage tank through the different shape gutters 

and plastic pipes.  

Advantages of RRWH System  

• Stored water is normally used for irrigation in greenhouse and domestic works.  

• Roof water harvesting is essential for the water scarcity areas especially in hilly areas where 

availability of water is very low.  

• However, after purification it can be used for drinking and battery water. 

• The material required for construction is easily available on a reasonable price/cost. 

Fig. 8.  Rain water harvesting System 

5. Vertical farming 

• Vertical farming is often referred to as a system of crop production which maximizes the uses 

of resources by having a vertical design whereby plants, are cultivated by artificially stacking 

them vertically above each other.  

Advantages 

• Reduce water consumption for food production, reduce surface water run-off. 

• Turn waste into asset by recycle organic waste, purify grey water to drinking water 

• Reduce fertilizers, herbicides and pesticides and improve the environmental conditions. 

• Improve productivity, needs less space, increase in yields by repetitive cycle of crop produce. 

• Avoid crop losses due to floods, droughts, hurricane, over exposure to sun, and seasonal 

changes also reduce environmental damage. 

• Promote high-tech and green industry. 

6. Multi-layer farming 

• Multi-layer farming is the technique in which different horticultural crops are being sown at 

different layer i.e., deep, middle, top, top most layer according to their respect to roots and 

plant growing at different height. 

• This technique helps to grow simultaneously 3 to 4 different crop same time. 
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SWOT analysis of precision and protected floriculture 

Strengths 

 Government assistance (Presently, PM project started the construction of different structure of 

green house for precision and protected vegetable cultivation in different district through 

pocket, block, zone and super zone program). 

 Vegetable farming near market hubs is profitable and provides more job opportunities. 

 Less reliance on agrochemicals, which is better for the environment. 

 Improved insect, pest, and disease control, with less reliance on pesticides. 

 Proper plant growth regardless of season or climate. 

 Lower risk of natural disasters such as hailstones, wind, and rainfall. 

 Greater yield per unit time and area, with yield increases ranging from 5 to 8 times. 

 Protected farming can also be used to cultivate undulating terrains, saline, waterlogged, 

sandy, and hilly lands. 

 Suitable for water-stressed areas, it saves up to 50% more water than an open field condition. 

 Production during the offseason and efficient use of scarce resources. 

 Agriculture Ministries in various provinces have begun to promote protected cultivation of 

vegetables and cut flowers. 

 Farmers' positive attitude and enthusiasm for vegetable and flower production 

Weakness  

 Inadequate availability of expert (skilled labour) and high-quality materials used in green 

houses. 

 A one-size-fits-all approach to structure design and construction (Terai, Mid hills and High 

hills). 

 A scarcity of high-yielding and suitable varieties for protected farming, as well as poor seed 

and fertiliser quality. 

 Farmers' risk-bearing capacity is lower, and they have less knowledge of protected 

cultivation. 

 Under controlled conditions, not all crops are profitable. 

 Requires advanced technology, technical manpower, and on-going production support. 

 Traditional cultivation practises followed under protected structure. 

 Higher initial investments and maintenance cost. 

 Farmers' small land holdings and cropping system heterogeneity. 

 System of subsistence farming. 

 Gaps in technology between research, education, and extension (REE) organisations and at 

the farmer level. 

 Market infrastructure, storage, transportation, credit support, and so on are all lacking. 

 Less emphasis on precision and protected floriculture research. 

 Consistent crop injury. 
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 A lack of suitable tools and machinery. 

 Because the cost of a greenhouse structure appears to be unaffordable at first glance, farmers 

with zero risk affordability do not adopt it. 

 The majority of rural youths are uninterested in floriculture. 

Opportunity 

 Increasing off-season and year-round vegetable production to increase grower returns; and 

transitioning from subsistence to commercial vegetable production. 

 Adverse climate can be overcome through various protected production systems. 

 Production of high-quality, healthy seedlings of fruits and vegetables for transplanting in open 

fields, thereby promoting early crop production. 

 Vertical farming is possible thanks to technologies such as hydroponics, aeroponics, and the 

use of vertical beds for production. 

 Controlled environmental conditions for early raising of nurseries, off-season production of 

vegetables. 

 Adoption of protected cultivation in urban and peri-urban areas. 

 Conversions of conventional vegetable farming to organic farming. 

 Provincial capitals, densely populated areas, and tourist hotspots: year-round demand for safe 

and high-quality produce. 

 Large population of educated youth is unemployed; they can be motivated and trained in the 

field of protected cultivation.  

Threats  

 Market price fluctuations may have an impact on sustainability. 

 Inadequate or insufficient insurance coverage. 

 Difficulties in encouraging small and medium-income farmers to invest in high-tech 

greenhouses due to high initial costs. 

 Pollutants in the environment (plastics and metals). 

 Expensive operational costs (electricity and manpower). 

 Subsidies drive the entire development pattern of protected cultivation. 

 Constant monocropping 

 There is a lack of standard postharvest management practises for flower crops. 

Conclusion: 

 Precision farming has been growing for well over years in India. As the population of country 

is increasing at tremendous rate, there is a need of job and occupation security to people and this be 

easily fulfilled by adoption of precision floriculture farming. Precision farming can contribute a lot in 

growth of floriculture sector, but it is still a nascent stage in our country which needs integrated and 

sustainable efforts. Technologies like wireless sensor networks, IoT and computer software play 

animportant role in water resource management, assessing the optimal point of harvesting, estimating 

fertiliser requirements and more accurately predicting crop performance, as well as disease and pest 
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hazard. Sensors are used in precision farming technology in horticulture, which increases 

productivity, lowers production costs, and reduces farming's environmental impact. Though precision 

farming plays an important role in floriculture, it is not widely used due to the high cost of technology 

and the requirement for high-speed internet access. 
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Abstract: 

 Aonla, bael, ber, chironji, jamun, karonda, lasora, phalsa and wood apple are lesser-known 

fruit crops endemic to the Indian subcontinent, while pomegranate is native to Persian Iran. These 

fruit crops indicated that just a small portion of the state of Rajasthan is devoted to their production. 

Despite their great nutritional and therapeutic qualities, commercial cultivation of these plants is 

sparse, and they must be promoted to get commercial acceptability and orchard establishment in 

Rajasthan's dry and semi-arid zones. The most promising underused fruits with a multitude of 

nutrients are Aonla (Emblica officinalis), Bael (Aegle marmelos), Ber (Ziziphus mauritiana), 

Chironji (Buchanania lanzan), Jamun (Syzygium cumini), Karonda (Carissa carandas), Lasora 

(Cordia myxa L.) and Phalsa (Grewia subina). These fruits have potential as a food source, as well 

as nutritional and therapeutic benefits. As a result, exploitation of underused horticulture crops might 

be a solution to the socioeconomic problems of food insecurity, poverty and unemployment. If 

properly focused under nutritional care of inputs and plant protection methods, the value-added 

products of these fruits will rise to capture national and worldwide markets. These fruit crops place a 

strong emphasis on the nutritional, food and medicinal value of these minor fruits, as well as their 

impact on human health wellness through the consumption of vitamins, minerals, total sugarsand 

ascorbic acid content found in various components of these fruits by people living in arid and semi-

arid climates. 

Keywords: Nutritional, medicinal, uses, vitamins, health and benefits. 

Introduction: 

 The term ‗underutilized‘ crop has been defined in various ways in world literature, most of 

these have been given importance to features, among others, like linkages with the cultural heritage 

of the locality, multiple uses, traditional crops in localized areas, and neglected by agricultural 

research and development agencies. Since time immemorial, edible wild fruits have played a very 

vital role in supplementing the diet of the people of Indian Subcontinent. Apart from customary use 

as food, wild edible fruits. The term ‗underutilized‘ crop has been defined in various ways in world 

literature, most of these have been given importance to features, among others, like linkages with the 

cultural heritage of the locality, multiple uses, traditional crops in localized areas, and neglected by 

agricultural research and development agencies. Since time immemorial, edible wild fruits have 
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played a very vital role in supplementing the diet of the people of Indian Subcontinent. Apart from 

customary use as food, wild edible fruits. Most of the important underutilized fruits are indigenous 

and it is easily available. In India most common underutilized fruits are Aonla (Emblica officinalis), 

Bael (Aegle marmelos), Wood Apple (Feronia limonia), Jamun (Syzygium cumini), Ber (Ziziphus 

mauritiana), Karonda (Carissa carandas), Chironji (Buchanania lanzan), Tamarind (Tamarindus 

indica) etc.So, the chapter is mainly emphasizing on nutritional, medicinal and other values of these 

crops. 

Jamun  

 Jamun (Syzygium cumini skeels) is a significant well known indigenous underutilized fruit 

crop of commercial value in India, belongs to the family Myrtaceae. It is also recognized as Ram 

jamun, Indian black cherry, black plum, etc. in different parts of the country. The tree is tall, 

evergreen, generally grown for shade in most of the states in neglected areas, forest niches, marshy 

lands as staggered trees, suitable for roadside plantations. The original home of jamun is India or the 

East Indies.  

Importance of jamun fruit 

 Jamun fruits having very high nutritive value. Apart from minerals, sugars, and proteins, it is 

also a good source of iron. Jamun is considered as a medicinal plant for various conventional 

systems of medicine. It is said to be a boon for diabetic patient. It is very effective in the treatment of 

diarrhea, ulcers, inflammation, etc. It is rich in compounds containing anthocyanins, glucoside, 

ellagic acid, isoquercetin, kaempferol and myrecetin. Fruits contain various kinds of anti-oxidant 

compounds, including flavonoids, phenolics, carotenoids and vitamins, which are all considered 

beneficial to human health, for reducing the risk of degenerative diseases by reduction of oxidative 

stress, and for the prevention of macromolecular oxidation. 

Bael 

 Bael (Aegle marmelos) is a significant member of Rutaceae family and native to India. It is 

one of the most important wonder tree species, used in various indigenous systems of medicine in 

India, China, Burma and Sri Lanka. CSIR reported it as only member of the monotypic genus Aegle. 

Importance of bael fruit 

 Bael fruit contains 29.07g carbohydrates, 2.13 gm protein, 0.3g fat, 75mg ascorbic acid, 

54.5mg carotene, 1.03mg riboflavin and minerals including calcium, phosphorus, iron. This fruit is 

considered one of the richest sources of riboflavin. All parts of plant are cost-effective and have 

different medicinal values such as leaves, roots, seed, bark and fruit etc contain a large number of 

coumarins, alkaloids, sterols and essential oils, hence it possesses analgesic, anti-inflammatory, 

antipyretic, anti-microfilaria, antifungal, hypoglycemic, antidyslipidemic, immunomodulatory, 

antiproliferative, wound healing, antifertility, and insecticidal abilities. It's one of the prospective 

sources of Ayurvedic plants and been used in different ayurvedic medicines since long time for the 

treatment of specific disorders such as respiratory disorders, constipation, ulcer, diarrhoea, dysentery 

and many others. Marmelosin in fruit has therapeutically active factor of Bael fruit which is remedy of 

the stomach ailment. The fresh leaf juice of bael fruit is very useful in doses of 8 to 16 gm with honey, 
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as a mild laxative in fever and asthama. Fresh leaves and fruits are very useful as a remedy for the 

disease of beri-beri. 

Karonda 

 Karonda (Carissa carandas L.) is a short stature evergreen shrub or tree belongs to the family 

Apocynaceae. It grows naturally in Western Ghats and Himalayas at elevations of 300 - 1800 meters, 

and found cultivated in wild in India, Malaysia, South Africa. In India, it grows on a limited scale in 

Bihar, West Bengal, Maharashtra, Karnataka etc. and cultivated in Uttar Pradesh, Rajasthan and 

Gujarat states of India. It is well suited to arid climate and is grown fine at higher temperature. 

Importance of karonda fruit  

 The taste of karonda is sour and astringent but the nutritional quality is quite remarkable. 

They are very rich source of iron, B vitamins and vitamin C, which is efficiently flushing out the free 

radicals and are extremely valuable for treatment of anaemia. It also contains a good amount of 

protein, carbohydrates, fat, fibre and calcium. Karonda fruits are used in many ayurvedic formulations 

due to their nutritional values. Unripe fruit serves as a good appetizer. The extract of root is used for 

chest pain and leavesare used for fever. Leaf extract can also be externally applied for treatment of 

leprosy. Two drops of plant oil are given with half cup of honey for controlling worms of minors. 

Moreover, it contains antioxidants such as flavonoids, alkaloids, tannins etc. which offer significant 

traits like analgesic, anti-inflammatory, antipyretic and cardiotonic. Traditionally karonda fruits are 

used for medicinal treatments of malaria, epilepsy, leprosy, nerve disorder, fever, relieve of pain, 

headache, and blood purifier. The major bioactive constituents, which impart medicinal value to the 

herb, are alkaloids, flavonoids, saponins and large amounts of cardiac glycosides, triterpenoids, 

phenolic compounds and tannins. Fruits have also contained carisol, β-caryophyllene, carissone, 

carissic acid, carindone, carinol, ascorbic acid, lupeol, and β-sitosterol. These chemicals are very 

effective in the treatment of scabies, intestinal worms, pruritus, biliousness and also used as 

antiscorbutic, anthelmintic. 

Ber 

 Ber (Zyiziphus mauritiana) is an evergreen, spiny small tree or shrub, native of IndoChina 

and India belongs to the family Rhamnaceae. The fruit is of variable shape as oval, oblong or round, 

and its size can be varied as 2.5 to 6.25 cm long, depending upon the variety of the plant. The flesh of 

fruit is white, crunchy and juicy with pleasant aroma. The skin is tight, thin, smooth and glossy. It is 

also known as Indian jujube, Indian plum, poor man's fruit, etc. 

Importance of ber fruit  

 Ber fruits are great source of energy and easy to digest as it is rich in carbohydrates and 

dietary fibres, which help in curing constipation and essential for boosting metabolism. These fruits 

contain minerals like iron, zinc, potassium, phosphorus and manganese, which make it super-

nutritious and combination of these minerals are required for maintaining healthy heart and regulating 

blood circulation in the body. Iron helps in preventing anaemia by increasing the haemoglobin level 

of blood. Dried fruits are a good source of calcium, phosphorous, that helps in developing and 

maintaining bone density. Fruits contain vitamin C and antioxidants which are known for reversing 
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the effects of ageing. Antioxidants fights with free radicals and prevents cell damage and effect of 

aging. The whole fruit are full with antioxidants like flavonoids, phytochemicals, saponins etc. which 

have sedative qualities that helps in treating anxiety by calming nerves. 

Lasora 

 Lasora (Cordia myxa L.) is also known as Gonda, or lehsua, belongs to the family 

Boraginaceae, that can be grown in moist and dry forests of India, except high hills and temperate 

climates. It is a medium sized, perennial tree with crooked stem. Lasora trees bears smooth, small 

cherry sized fruits in bunches from March to August. 

Importance of lasora fruit  

 Fruits provide significant nutrients required for the human health as it is probable source of 

vitamins, minerals and fiber. Other nutrients present in plants are: proteins, carbohydrates in the form 

of starch and free sugars, oils, ascorbic acid, minerals, and the antioxidant. Fruits are rich sources of 

natural antioxidants i.e., carotenoides, ascorbic acid, phenols etc. Lasora plant is considered as a 

multipurpose plant having association with nutrition, health and other diversified uses in curing some 

human ailments. Lasora tree provides food (pickle and vegetable), fuel wood and timber, thus play an 

important role in the rural economy of arid regions. Various parts of the lasora tree are used both 

internally, and externally for medicinal purpose. The tree is used traditionally in the treatment of 

fever, dyspepsia, ulcers, ringworm, headache, diseases of lungs, and spleen, etc. The bark, leaves, 

fruits, and seeds have been reported to exhibit antidiabetic, antiulcer, anti-inflammatory, diuretic, 

immune-modulator, Laxative, antidote, astringents, analgesic, expectorant, etc. activities. 

Phalsa 

 Phalsa (Grewia subinaequalis) is a large shrubby tree, reaching 15 - 16 feet, native to India 

and other parts of Southeast Asia, including Pakistan, Sri Lanka and Bangladesh. It belongs to the 

Tiliacae family, which is cultivated for its edible fruits in India and many other tropical countries. It is 

also known as Indian Sherbet Berry. The ripe Phalsa is similar to grapes as it has thin layer of dark 

purple to black, having greenish white fleshy pulp over seeds with a sweet and sour taste, found in 

branched clusters. The fruit has a very short shelf life which restrict only for local marketing. It is 

mostly cultivated in the western and the northern states of India for commercial purpose. 

Importance of phalsa fruit  

 The nutrient content of the fruit is significant with high moisture and water content. 

Consumption of this fruit fulfill the energy requirements as it is loaded with good amount of 

carbohydrates and calories in the form of simple sugars which are easily processed by the human 

body. Phalsa is a powerhouse of vitamins with ample amount of trace minerals. It contains abundant 

amount of Vitamin C. It has immense quantity of beneficial trace mineral iron, which is required for 

the synthesis of hemoglobin as needed to circulate blood between tissues and different organs of our 

body as well as helps in boosting the iron level to combat dizzines and fatigueness. The seed of phalsa 

contains 5 percent oil, which is bright yellow in colour and contains 65 % linoleic acid, and 11% 

stearic acid. Phalsa fruits work wonders in lowering down the high blood pressure to the normal range 

due to presence of benificial minerals like potassium and phosphorous. Furthermore, it also averts 
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cardiac ailments of heart attack and heart functions, arrhythmia, atherosclerosis by preventing the 

deposition of fats in the blood stream and accumulation of cholesterol in blood vessels due to 

presence of anthocyanins, antioxidants and tannin. It infuses unripened fruits with anti-inflammatory 

traits and also helpful in flushing free radicals from healthy cells. The antioxidant content is 

incredibly helpful in alleviating severe pain in bones, in stage of arthritis, osteoporosis and increase 

the movement of joints. 

Kair 

 Kair (Capparis decidua Forsk) belongs to the Capparidaceae family, and it is locally known 

as Kair, Ker, Karil Teent, Della and Neptiin. It is an indigenous, multipurpose small woody perennial 

much-branched, leafless bushy shrub widely grown without much care on farm boundaries, orans, 

gochars and wastelands tracts of arid and semi-arid regions. Its xerophytic characteristics, such as 

deep root system, scanty foliage, mucilaginous sap and tough conical spine, make it an ideal plant for 

stabilizing sand dunes and controlling soil erosion by wind during the hot desiccating summer in the 

Thar desert of western Rajasthan. However, it easily survives in desert conditions characterized by 

temperatures ranging from −8 to +48 
◦
C or more, drought, saline and poor nutrients soil ecological 

conditions. In general, kair is naturally propagated through seeds, root suckers, hardwood cuttings and 

tissue culture, but the plant survival rate is very low. Kair plants produce pink, red and white flowers 

in the axil of the spine three times a year, but the main flowering flush occurs in March–April, and 

fruit matures just before the monsoon. 

Importance of kair fruit  

 The kair fruit is used as a vegetable, pickles and condiments. Dried fruit is an important 

ingredient of a traditional vegetable of Rajasthan known as ‗Panchkutta‘. Its fruit is rich in proteins, 

carbohydrates, fiber and minerals (Ca, P and Fe). It is used in medicine for sedation, anticonvulsant 

asthma, inflammation and cough, since it contains isocodonocarpine, α- and β-amyrin, taraxasterol, 

erythrodiolalkaloids in plant organs. 

Tamarind 

 Tamarind (Tamarindus inidica) is a dicotyledonous, monotypic, long-lived, semi-evergreen 

fruit plant belonging to the family Leguminosae. It has a wide range of adaptability, and it is an ideal 

tree for avenue plantation as a roadside, backyard and agroforestry systems. It bears terminal and 

lateral drooping bisexual flowers in May–June and forms fruit as pendulous pods ten months after 

fruit set. 

Importance of tamarind 

 Tamarind fruit pulp and seeds contain tartaric acid, reducing sugar, tannin, pectin, cellulose, 

fiber, potassium, calcium phosphorous and other minerals, such as sodium, iron and zinc. The fruit 

pulp is the chief source for souring sauces, curries, chutneys, beverages, food colorants and it is 

considered a great delicacy. All its parts are valuable for food, fodder, timber, fuel, textile, nutritional 

and pharmaceutical industries, such as fluoride remover. Tamarind trees are planted as roadside 

avenue trees. 
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Chironji  

 Chironji (Buchana nialanzan) belongs to the family Anacardiaceae, which originates from the 

Indian subcontinent. It has no specific requirements in terms of soil and climate, and it is naturally 

found in the arid and semi-arid forests of Jharkhand, Chhattisgarh, Madhya Pradesh, Rajasthan, 

Gujarat and Uttar Pradesh. Chironji is a medium-sized, subdeciduous/evergreen plant with a straight 

trunk and coriaceous leaves. It is a highly heterozygous, cross-pollinated plant with a strong tendency 

to alternate bearing.  

Importance of cheronji 

 The fruit can be eaten both raw and roasted. Its kernel contains fats (59.0%), proteins (19.0–

21.6%), carbohydrates (12.1%), fiber (3.8%), phosphorus (528.0 mg), calcium (279.0 mg), iron (8.5 

mg) and vitamins. It has the potential capacity to cure various diseases, such as snakebite, dysentery, 

diarrhea, asthma, burning sensation of body, fever, ulcers, cold and Alzheimer‘s, and it has anti-

diabetic and antihyperlipidemic activity. 

Indian Gooseberry 

 Aonla (Emblica officinalis G.) The Indian gooseberry is an indigenous and important minor 

fruit. It belongs to the family Euphorbiaceae, and it is grown in diverse soil and climatic conditions of 

India.  

Importance of aonla fruit 

 The medicinal and therapeutic properties of aonla are considered as ‗amritphal‘ or a wonder 

fruit for health. The aonla fruit is 3 and 160-times richer in protein and vitamin C compared to apples, 

respectively. It is the richest source of Vitamin C (500–1800 mg/100 g) among the fruits after 

barbedos cherry, and the content in leucoanthocyanins polyphenols, pectin, iron, calcium and 

phosphorus makes its fruit largely used in Ayurvedic medicines for making Triphala and 

Chyavanprash. As a result of the intensive research carried out since the beginning of the 21st century 

and the development of 30 varieties, this fruit species is grown commercially in some areas, and it 

was proven to be a fruit crop potentially suitable also for arid ecosystems. It is hardy, productive and 

highly remunerative even when managed without much care under drought and saline areas of arid 

and semi-arid regions. The aonla fruit is highly perishable, acidic and astringent; consumers do not 

prefer them for fresh consumption, whereas aonla fruit is generally used to prepare a number of 

delicious, processed food products, such as preserve, candy, jelly, toffee, pickle, leather, squash, juice, 

RTS beverage, cider, shreds, dried powder and ayurvedic tonics, such as Chayvanprash, Triphala, 

Amrit Kalash and Amol Ki Rasayan. 

Processed product of underutilized fruits for health benefits 

 Mangosteen capsule, it contains various beneficial compounds that demonstrate impressive  

health benefits such as xanthones and other compounds that have anticancer, anti- 

inflammatory, antimicrobial, antifungal and antiseptic properties. 

 Jamun juice, blood sugar tonic is a pure herbal and ayurvedic product. 

 Litchi extract juice is a dietary supplement. It also promotes energy and mental alertness.  

 Amla Juice Rich in Vitamin C and Strengthens the body defense system.  
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 Chironji seed is beneficial in treating various health conditions such as mouth ulcers, headache, 

respiratory disorders, cough, infertility, skin rashes, and constipation.  All parts of this plant, be 

it nuts or seeds, fruits, oil, roots, kernels, or gum, are a host of many medicinal values and offer 

several health benefits. Most traditional medicine formulations have this chironji plant part.  

 Mahua Seeds may help in curing acute and chronic tonsillitis and bronchitis. The oil from seeds 

can be used in case of Rheumatism, to treat piles and to increase lactation.  

 Jackfruit Powder is neutral in taste, reduce carbohydrate and increase vegetable intake. 

Jackfruit flour has a low GI and provides high fiber, protein and antioxidants, all of which may 

promote better blood sugar control. Jackfruit flour can be used for making various healthy 

receipes for sugar patients and others. This Flour is the most convenient way to control blood 

sugar level through food without changing your eating habits.  

 Bael powder of the dried bael fruit or leaves of the plant possess anti- bacterial, carminative and 

anti-inflammatory properties and play a significant role in the treatment of diarrhea and 

dysentery, aid in digestion and prevent constipation.  

 Karonda fruits, regular consumption of karonda fruit is asserted to be beneficial for improving 

one's mental health. The presence of magnesium along with the vitamins and tryptophan help 

stimulate the production of the neurotransmitter - serotonin which works towards bettering 

overall mental well-being. • Dragon fruit powder strengthens immune system. Packed with 

flavonoids and vitamin c, The Pitaya is one of the top fruit sources of vitamin c. May Promote a 

Healthy Stomach. May Promote a Healthy Heart. Helps Manage blood sugar. may Promote 

beautiful skin. Safe for kids.  

 Fig powder are an excellent source of prebiotics, which improve overall gut health. Figs are a 

good source of both calcium and potassium. These minerals can work together to improve bone 

density, which can, in turn, prevent conditions like osteoporosis.  

 Rambutans fruits are rich in vitamin C, which is a potent antioxidant. Consuming antioxidants 

helps fight off free radicals, which are waste products in your body that can damage your cells. 

Antioxidants have been shown to reduce cellular damage and potentially reduce the risk of 

cancer in many individuals.  

 Rose apple juice contains Vitamin A and C along with other active compounds that may protect 

the person against cancer. There are various studies and research proving the effectiveness of 

rose apples for breast and prostate cancer.  

 Kokum juice, the Hydroxy Acetic Acid (HCA) in kokum juice helps lower the conversion of 

extra carbohydrates into fat. It aids weight loss by regenerating fat metabolism. Makes for a 

natural anti-ageing solution to restore youth. It promotes cell regeneration and repair. 

Consumption of Kokam juice helps in digestive issues likes flatulence, gaseous distention, 

constipation.  

 Dry ber might help in weight loss as it is rich in fiber. It helps to increase the fiscal mass and 

aids in easy passage of stools. It also increases fat removal through stools thereby reducing 
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triglyceride levels in the body. Ber improves the metabolism of the body thereby managing 

weight.  

 Lasora pickle, Regular consumption of Glueberry is known to relieve joint pain in people 

suffering from arthritis. fruits and leaves contain analgesic properties that can relieve joint pain.  

 Falsa juice is also good for sunburn victims and those who suffer from a heat stroke. It has a 

high content of vitamin C which helps in relieving asthma, bronchitis and shortness of breath. 

Falsa helps increasing energy levels, improves skin and vision and promotes a natural weight 

loss.  

 Kair juice It is a proprietary natural formulation that has anti- bacterial and antifungal 

properties that helps the scalp to be free from any infections. It is formulated with all the potent 

herbs that strengthen the hair and scalp. It prevents premature greying of hair and also aids to 

treat dandruff. 

Conclusion: 

 The tropical and subtropical tracts of India are bestowed with wide range of diversity in 

several fruits, which are growing wild/semi- wild, are unattended and underutilized. Most of these 

species have a wide adaptability as well as high degree of tolerance and hence can thrive well under 

most adverse situations. In spite of rich germplasm existing in India, for most of the underutilized 

fruits, no standard variety has been developed so far. Many of these fruits are nutritionally very rich 

and are of great medicinal value. These fruits hold promise for sustainable agriculture, particularly for 

small farmers by augmenting their income with the least risk. Our urgent task would be to 

develop/select suitable variety/genotype and to standardize production protocol and to popularize 

these fruits. 

Future thrust  

 Genetic improvement and evaluation of genetic resources for development of improved 

cultivars in underutilized fruits.  

 Assessment on impact of climatic variation on phenology, productivity and incidence of 

insect pests and diseases of underutilized fruits.  

 Evaluation of sustainable and input use efficient technologies under different agro-climatic 

conditions.  Bio-intensive and eco-friendly management of major insect-pests and diseases in 

underutilized fruits.  Production of healthy planting material in underutilized fruits.  

 Making awareness to the people about health benefits of underutilized fruit crops.  

 Effective dissemination of technology developed by aicrp in collaboration with kvks. 
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Abstract: 

 Weed is a ubiquitous species that competes with important crops for light, nutrients, space, 

and water, resulting in a deterioration of the perfect environment for crop growth. In the current 

setting, herbicide spraying appears to be the simplest and most cost-effective method of weed 

management in South Asian countries. The adverse effects of herbicides on human health and the 

environment, on the other hand, necessitate the use of a non-chemical weed control strategy. 

Herbicide dangers, crop weed associations, the key period of crop-weed competition, and various 

organic weed control approaches applied specifically to crops. According to many studies, a key 

period of crop-weed competition in maize occurs between 2 to 8weeks following crop seeding. Many 

mechanical weed control methods in crops were effective but labour expensive, whereas biological 

treatments gave the most protection against specific weed species. In conjunction with other 

measures, the cultural strategy significantly decreased the weed population in the agricultural area. It 

was discovered that by methodically implementing several non-chemical weed management 

components, we can control the weed population with a greater economic return and fulfill the 

objective of organic food production with long-term solutions. Weed control in the organic system 

focuses on management approaches that prevent weed emergence, provide the primary crop a 

competitive edge, and provide long-term solutions. To limit pesticide usage and ensure long-term 

production, a nonchemical integrated weed control strategy is advised. To limit pesticide usage and 

ensure long-term production, a nonchemical integrated weed control strategy is advised. Researchers 

may be able to apply non-chemical weed control in crops to give farmers with meaningful, 

sustainable, and ecologically acceptable solutions to the problem of weed infestation in the crop, as 

well as significant yield enhancement. 

Keywords: Sustainable, weed control and cultural methods 

Introduction: 

 Weed infestation during the growing period is a serious problem for higher production in the  

World. Weeds are undesirable plants that infest different crops and inflict a negative impact on crop 

yield by competing for water, light, space, and nutrients. Weed is a notorious competitor for the main 

crops and also harbours different insects, pestsand diseases. Weed is to be managed properly to avoid 
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economical loss in crop production. In south-Asian countries, herbicide application seemed the easiest 

and economical practice for weed control but the impact of the chemical on the environment and 

human health has long-lasting negative effects. Crop has great sensitivity towards weed infestation. 

Weed infestation during the entire crop season can decrease the crop yield by up to 10% to 80%. The 

use of various techniques for weed control is pivotal for crop cultivation. Weed management 

strategies comprise mechanical, physical, chemical, cultural, biological, and many more. The change 

of the focus from herbicide to non-chemical weed management was driven by the recent upsurge in 

environmental awareness of the public, and the problem with the side effect of the herbicides. The 

non-chemical approaches for weed management aim towards minimizing the reliance on pesticides 

and accentuate the focus on sustainable solutions (Duwadi et al., 2021) 

Weed definition 

 ―Weeds are undesirable plants which affect crop production, both quality and quantity and 

other resource utilization and income generation activities of the humans by interfering the 

cultivation/utilization of land, water and/or other resources.‖  

Jethro Tull first coined the term ‗weed‘in 1731in the book “Horse Hoeing Husbandry.” 

Why non-chemical weed management is needed? 

1. Continuous use of the same set of herbicides on the same area of land over time causes 

ecological imbalance in terms of weed shift, herbicide resistance in weeds, and pollution 

(Gnanavel and Natarajan, 2014). 

2. The use of herbicides may destroy helpful microbes that fight disease-causing pathogens. 

3. Non-chemical weed management has some good effects, such as reducing environmental 

impact, maintaining a low but steady weed population, and improving soil nutrients and water 

quality. 

Non-chemical weed management 

 ―An environmentally sound system of farming using all available knowledge and tools to 

produce crops free of economically damaging, competitive vegetation.‖ 

Non-chemical weed management four types 

A. Prevention 

B. Physical/ mechanical methods 

C. Cultural methods 

D. Biological methods 

A. Prevention 

Exclusion of a particular weed problem from the system that has not experienced that weed problem. 

Prevention can be done by 

1. Clean seeds should be used 

2. Do not use raw dung as manure. 

3. Do not shift animals or tools from weed-infested to weed-free areas. 

4. Maintain weed-free agricultural fences, roadways, and bunds. 

5. Avoid transporting dirt from weed-infested areas. 
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6. Maintaining the cleanliness of irrigation canals and canal bunds 

7. Carefully remove seedlings from nurseries to avoid weed seedlings. 

Quarantine law services are number eight. 

B. Physical method  

Physical force either manual, animal or mechanical power is used to pull out or kill weeds. 

1. Hand weeding 

2. Hand hoeing 

3. Tillage 

4. Mulching 

5. Soil Solarization 

6. Spudding 

7. Digging 

8. Sicking 

9. Dredging and Chaining 

10. Burning 

11. Flaming 

12. Moving 

13. Cheeling 

1. Hand weeding 

1. Hand weeding is defined as pulling weeds out by hand or uprooting weeds using a little 

hand tool. 

2. The quantity of hand weedings required is determined by crop growth, weed growth, and 

the crop-weed competition critical phase. 

3. For most field crops, the number of manual weedings ranges from 2-4. 

4. The time between weeding is determined by how quickly weeds develop and interfere 

with crop growth. It usually takes 15-20 days. 

 

Fig. 1. Hand weeding 

2. Hand hoeing  

1. Weeds are uprooted and eliminated from the entire surface soil due to a shallow depth, using 

hand hoes. 

2. The field is dried after manual hoeing to prevent uprooted weeds from re-establishing. 
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3. Irrigated highland crops such as finger millet, pearl millet, onion, and others use this 

technology.    

 

Fig. 2. Hand hoeing 

3. Tillage 

1. Tillage is the process of mechanically manipulating soil with tools and implements to create 

perfect conditions for seed germination, seedling establishment, and crop development. 

2. The tillage strategy affects soil moisture and temperature, which might alter weed 

germination conditions. 

3. The most effective and cost-efficient weed management strategy. 

4. Weed management can be accomplished before planting by ploughing, cultivating, and 

harrowing. 

5. Mould board plough - keeps perennial weeds at bay. 

Disc harrow and chisel plough Primary tillage operation 

Discs, cultivators and harrows Seed bed preparations 

Cultivators, discs, rod weeders, harrow and 

rotary hoes 

Post-seeding weed control 

 

Role of tillage in weed control 

1. 1. Making it easier for weed seeds to germinate, allowing them to be easily eradicated by 

mechanical means. 

2. 2. Bringing roots or stolon‘s to the surface of the earth, where they will dry out in the sun. 

3. 3. The plant's food supply is depleted as a result of repeated cultivation. Weeds are uprooted 

or suffocated by dirt. 

 

Fig. 3. Tillage 
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4. Mulching 

1. Mulches stop weed growth 

2. Reduce the germination of weed seeds 

3. By restricting the penetration of sunlight to the soil surface 

4. By releasing allelopathic chemicals 

 

Fig. 4. Mulching 

5. Soil Solarization 

1. It is also called solar soil heating.      

2. It's excellent against weeds that sprout from seeds. 

3. During the warmest part of the summer, cover the soil with translucent, extremely thin plastic 

sheets of 20-25mm polyethylene (PE) film for 2-4 weeks. 

4. Soil solarization, also known as soil sterilization or pasteurization, has been used to manage or 

eliminate soil-borne insect pests, diseases, mites, and weeds with great effectiveness. 

5. When compared to non-solarized soil, the surface soil temperature may rise by 8-12oC. 

6. A duration of 4 to 6 weeks is sufficient to give satisfactory control of weeds    

Eg: Philaris minor, Avenae and broad-leaved weeds controlled by Solarization. Whereas Melilotus 

sp. possess hard seed coat is resistant to Solarization treatment. 

 

Fig. 5. Soil Solarization 

6. Spudding   

 Hand weeding, hand hoeing added by a sharp-edged sickle. 
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7. Digging 

1. Digging can be used to manage noxious / perennial weeds in patches or on a single location. 

2. Digging is particularly effective for removing the subterranean propagation components of 

perennial weeds from the deeper layer of the soil in the case of perennial weeds. 

3. They can be removed by excavating with a crowbar or a pick axe, for example. 

4. It is not desirable for vast regions since it is expensive and labor intensive. 

7. Sickling 

1. Sickling is done by hand with a sickle to remove the top growth of weeds in order to limit 

seed formation and starve the subterranean components of the plant. 

2. These techniques can be used to manage tall grasses. 

3. Sickling is particularly effective in irrigation canals, drainage channels, and other areas 

with undulating topography. 

9. Dredging and Chaining 

1. It's used to keep aquatic weeds out of shallow ditches. 

2. Mechanical removal of aquatic plants from the mud, including their roots and rhizomes. 

3. Tractors drag a large and heavy chain across the bottom of a ditch, together with ditch 

embankments. 

4. Chain weeds may be split and gathered using nets and hooks due to rubbing action. 

 

Fig. 6. Dredging and Chaining 

10. Burning 

1. It is the most cost-effective way of removing mature undesirable vegetation from non-

cropped areas and range lands. 

2. The plant dies as a result of protoplasm coagulation. 

11. Flaming 

1. It involves the use of flame throwers to expose green weeds to temperatures as high as 

1000°C for a brief period of time in order to suppress in-row weeds. Flaming, for example, is 

employed in western nations to control weeds in crops such as cotton, onion, soybean, and fruit 

orchards. In lucerne, flame also controls Dodder. 
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Fig. 7. Burning and Flaming 

12. Mowing 

1. It is the removal of homogeneous growth from a large region down to the ground level. 

2. It's more beneficial in non-cropped regions than it is in cropped areas..  

3. Mowing improves aesthetic value of an area.  

4. Effective against erect and herbaceous weeds. 

13. Cheeling 

1. A tool called a cheel (a spade-like device with a very long handle) for raking up weeds 

and dirt. 

2. This is a common procedure in tea farms. 

C. Cultural methods 

Cultural control is usually associated with farming systems. It largely involves manipulating 

farming practices to suppress weed growth and production, while promoting the development of the 

desired plant. 

1. Sowing method and Crop cultivar 

2. Crop rotation 

3. Stale seedbed 

4. Smother crop/Competitive crop  

5. Growing of intercrops 

6. Minimum tillage  

7. Summer fallowing 

8. Flooding and drainage 

9. Time of sowing 

10. Planting time 

11. Planting density 

12. Selective crop simulation 

13. Fertilization 

14. Summer fallowing 
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1. Sowing method and crop cultivar 

1. Selection of proper sowing method is necessary to ensure crop emergence, crop stand, 

reduced weed growth and ultimately higher crop yield. 

2. Competitive cultivars can reduce weed seed production, restrict future weed infestations, 

and provide a safe, ecologically friendly, and low-cost weed management technique 

(Kumar et al., 2013). Cultivars within a crop species vary considerably in their 

competitiveness with weeds.  

3. Morphological and physiological traits of a strongly competitive crop will enable it to 

capture resources from a weed and utilize them more efficiently. 

4. Plough planting (minimal tillage) methods were shown to be particularly effective in 

controlling early weed development. 

5. In the summer, sowing crops in furrows reduces weed issues. Because irrigation water is 

first limited to the furrow solely with this manner. 

 

 

Fig. 8. Methods of sowing 

2. Crop rotation 

1. Crop rotation is the process of growing many crops in a row on the same piece of land. 

2. Mono cropping encourages weed persistence and association. 

3. Crop rotation is efficient in suppressing crop-associated and crop-bound weeds in wheat, such 

as P. minor. 

4. Crop rotation is the process of growing many crops in a row on the same piece of land. 

5. Mon cropping encourages weed persistence and connection. 

6. Crop rotation can help reduce crop-associated and crop-bound weeds like Avena fatua in 

wheat. 

7. Lucerne - grain crop rotation management Cuscuta, wheat-pea and gramme break the Avena 

in wheat, wheat-pea and gramme break the Avena in wheat, wheat-pea and gramme break the 

Avena in wheat, wheat-pea and gramme break the. 

8. The obnoxious weeds like Cyperus rotundus can be controlled effectively by including low 

land rice in crop rotation. 

Principles in crop rotation: 

1. Rotation of competitive crops and non-competitive crops. 
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2. Use of weed suppressing crops as cover crops. 

3. Under sowing cereals with fodder legumes. 

4. Use of catch crop or trap crop. 

3. Stale seedbed 

1. It occurs when one or two flushes of weeds are eradicated prior to the planting of any crop. 

2. This is accomplished by allowing the weeds to sprout after soaking a well-prepared field with 

irrigation or rain. 

3. Weeds are controlled with mechanical ways, and then the crop is sown. 

4. The crop is germinated in a weed-free environment, which is a benefit. The weed seed stock 

is so depleted. 

 

Fig.9. Stale Seedbed 

4. Smother crop/competitive crop 

1. This crop germinates very quickly and develop large canopy, capable of efficient 

photosynthesis within short period. 

2. They possess both surface and deep roots. 

3. Competitive crop smothers the ground quickly than non-competitive crop. 

 Eg- Cowpea, lucerne, berseem, millets. 

5. Growing of intercrops 

1. Intercropping suppresses weeds more effectively than solitary cropping and thus allows for the 

use of crops as weed management techniques. 

2. Many short-duration pulses, such as green gramme and soybean, efficiently smother weeds 

without reducing main crop output. 

 

Fig.10. Smother crop and intercrops 
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6. Minimum tillage 

1. While deep and frequent tillage has its advantages, it also helps to bring more dominant weed 

seeds and rhizomes to the surface. 

2. Store fresh weed seeds deep in the soil for future use. Zero tillage prevents weed seeds from 

being buried and lessens the persistence of annual weeds, but it promotes the establishment of 

perennial weeds. 

7. Summer fallowing 

1. Summer tillage, often known as off-season tillage, is one of the most successful cultural 

strategies for controlling perennial weed populations in crop cultivation. 

2. During the months of April, May, and June, farmers expose their fields to the sun in order to 

reduce weeds, roots, rhizomes, and tubers of shallow-rooted perennials such as Bermuda 

grass and nut sedge. 

8. Flooding and drainage 

1. Flooding is a weed-control strategy used in rice fields all over the world. 

2. Controls terrestrial weeds: To ensure that flooding is successful, the weeds should be buried 

for a longer length of time (i.e. for 2 weeks or more). 

3. Removes O2 from the atmosphere, killing the weed. 

4. In M.P., deep flooding of fallow land occurs during the rainy season, with the water being 

released after 2-3 months. Haveli is the native term for this technique. 

5. In rice fields, channels, canals, and ponds, drainage is utilised to manage aquatic and semi-

aquatic weeds. 

9. Time of sowing 

1. Sowing time is a nonmonetary input, but greatly affects the crop productivity (Verma and 

Singh, 2008). 

2. Seasonal weed germination peaks about the same time as crop plants. 

3. As a result, seeding a few days sooner or later than usual reduces early crop weed 

competition. 

10. Planting time 

1. Seasonal weed germination peaks about the same time as crop plants. 

2. Sowing a few days earlier or later than usual is good because it reduces early crop weed 

competition. 

3. For example, by using photo insensitive cultivars, we may alter the planting timing. 

11. Planting density: 

In the crop-weed competitive situation, by means of narrow spacing or high seed rate higher 

number of plants gains bolder canopy cover and thereby higher weeds suppression capacity. 

12. Selective crop simulation 

1. Selective simulation may be done by adding soil amendments such as gypsum or lime to the 

soil to improve crop growth conditions. 
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2. Adding FYM or synthetic soil conditioners to very light or heavy soils can help to enhance 

soil structure and sustain better air-water connections, resulting in greater crop development. 

3. Appropriate types and quantities of manures and fertilizers are applied to boost crop 

development. 

4. Selective simulation of some crops may be aided by inoculating crop seeds with appropriate 

nitrogen-fixing and phosphorus-solubilizing microbes. 

5. Legume crop and non-legume weed, for example. Foliar application of nutrients may be used 

to create selective simulation in broad row crops like as maize, sugarcane, and cotton. 

13. Fertilization 

1. Fertilizer placement and timing can be manipulated to increase the availability of nutrients to 

the crop and not the weeds. 

2.  Not only can weeds reduce the amount of N available to crops, but also growth of many 

weed species is enhanced by higher soil N levels (Rana et al., 2015). 

14. Summer fallowing 

1. Summer tillage, often known as off-season tillage, is one of the most successful cultural 

strategies for controlling perennial weed populations in crop cultivation. 

2. During the months of April, May, and June, farmers expose their fields to the sun in order to 

reduce weeds, roots, rhizomes, and tubers of shallow-rooted perennials such as Bermuda 

grass and nut sedge. 

D. Biological approach of weeds control 

 Living organisms are used in biological weed control approaches, which are described as "the 

application of an agent, a complex of agents, or biological processes to bring about weed 

suppression." The purposeful employment of natural enemies to lower the density of a specific weed 

to an acceptable level is known as biological control of weeds. The goal of biological weed 

management is not eradication, but rather a decrease of the weed population to a manageable level 

economically. In reality, for biological control to be successful in the long run, modest quantities of 

the weed host must constantly be present to ensure the natural enemy's survival. 

Types of biological control 

1. Inoculative approach 

2. Inundative approach 

3. Naturally occurring herbicides 

 Inoculative approach 

1. A small population of insect/bio-agent is introduced, with enough time for it to acclimatise, 

proliferate, and feed on weeds. 

2. This method mostly employs exotic or imported insects. 
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Name of bio-agents, source of country, year of introduction in India and their current status 

Bio-agents country/year of 

introduction and weed 

plant 

Current status/Reference 

Dactylopius 

ceylonicus 

Brazil, 1795, prickly pear It was mistakenly introduced but it readily 

established on prickly pear, Opuntia vulgaris in 

North and Central India and resulted spectacular 

suppression. Later on, introduced in South India 

during 1863-1868, where it also did excellent control 

of prickly pear (Sushilkumar, 1993; Singh, 2004). 

Dactylopius 

opuntiae 

USA via Sri Lanka via 

Australia, 1926; pricly 

pear 

Caused spectacular suppression of Opuntia stricta 

and related O. elatior (Singh, 2004). 

Zygogramma 

bicolorata 

Mexico, 1983; against 

Parthenium 

hysterophorus 

Released for control of P. hysterophorus, established 

by natural spread and by concentrated efforts by 

Directorate of Weed Research (Jabalpur), established 

well in many states of India. (Jayanth, 1982; 

Sushilkumar, 2005, 2009, 2014). 

Epinotia 

lantanae 

Mexico, unintentional 

accidental introduction in 

1919 on Lantana 

Established on Lantana camara in several places, 

partially effective (Sushilkumar, 2001; Singh, 2004). 

 

 

Fig. 11. Zygogramma bicolorata 

Inundative approach 

1. An artificially prepared living inoculum of a plant pathogen that is applied in a similar 

manner to a chemical herbicide to control or suppress the growth of weed species. 

2. Bio-herbicide is the name given to the inoculum. 

3. Using this method, mostly local fungus and bacteria are used. 
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Mycoherbicide products and potential fungi bio-agents in the world 

Product, year & 

country 

Bio-herbicide 

description 

Target weeds and diseases 

caused 

Crop were used 

and reference 

De Vine, 1981, 

USA 

Phytophthoracitrophtho

ra p.v. palmivora. Soil-

borne pathogen and can 

remain for 3-4 years in 

soil by one spray 

Morrenia odorata (Strangler 

vine), (Lethal root-rot) 

Citrus, USA; 

(Kenny, 1986) 

Collego, 1982, 

USA 

Colletotrichum 

gleosporioides f. sp. 

Aeschynomene 

Aeschynomene virginica 

(Nothern joint vetch),  

(Stem and foliage blight) 

Rice and soybean, 

USA; 

 (Bowers, 1982) 

Biomal, Canada Colletotrichum 

gleosporioides f. sp. 

Malvae 

Malva pusilla   

(Round-leaved mallow), 

(Anthracnose) 

Cotton, Canada; 

(Makowski and 

Mortenson, 1992) 

DR.BIOSEDGE Puccinia canaliculata Cyperus esculentus - 

Bipolaris Bipolaris sorghicola Sorghum helepens - 

Naturally occurring herbicides  

Allelopathy for weed control might be accomplished by either directly utilising natural allopathic 

interaction, particularly among agricultural plants, or by employing allelochemicals as a source of 

natural pesticides. 

Allelochemicals of some important crops 

Crops Allelochemicals References 

Rice Phenolic acids Rimando et al., 2001 

Wheat Hydroxamic acids Niemeyer, 1988 

Black mustard Allyl isothiocyanate Weston, 1996 

Buck wheat Fatty acids Weston, 1996 

Oat Phenolic acids and scopoletin Weston, 1996 

Sorghum Sorgoleone Netzley and Butler, 1986 

Sweet clover Isoflavonoids and Phenolics Weston, 1996 
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Conclusion: 

 Weeds can impair agricultural output and quality by competing for light, water, space, and 

nutrients, resulting in billions of dollars in worldwide crop losses each year. As a result, weed control 

has become a critical component of contemporary agriculture. At the same time, we're dealing with 

issues like weed revival, weed flora shifts, environmental risks and so on as a result of our continued 

usage of pesticides. So, in order to maintain eco-friendly relationships while keeping weeds in check, 

we should use non-chemical weed management methods such as mulching with organic residue, soil 

solarization, use of a cono-weeder, bio-herbicide, and reduced or zero tillage with residue, which 

creates an unsuitable environment for weed seed germination and growth. It is therefore suggested to 

grow crops following non-chemical method of weed management as for as practicable. 
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Abstract: 

 The new insecticides molecules introduced in crop protection are quite different in chemical 

structure over the existing groups and target alternate physiological and biochemical effect and 

diverse mode of action. In India, 279 pesticides have been registered for use against different insect-

pests, diseases and weeds, among which more than 100 are insecticides alone. In recent years, several 

new insecticide groups having new chemistries viz., neonicotinoids, diamides, oxadiazines, 

diafentiuron, thiazolidinones, tetrazines, ketoenols, phenyl pyrazoles, pyridines, flonicamid, METI 

acaricides, oxazolines and insecticides from soil microorganisms such as avermectins, milbemycins, 

spinosyns and pyrrole insecticides have been discovered and commercialized for uses in modern crop 

protection. The ability of these new groups of insecticides to be effective at low rates or doses, greater 

specificity to target pests along, high level of selectivity with low toxicity to non-target organisms and 

the environment, replaced many conventional compounds. Most of the new insecticide groups 

registered in India during the recent past are safer, highly suitable and fit well into integrated pest 

management (IPM). Insecticide-centric approaches mostly dominated which is characterized by 

continued evolution of chemicals against key insects of important crops. As the nature of pest 

pressures evolves, there will be continuing needs for new research-based tactics to pest control. 

Insecticide chemistry will play a major, if not dominant, role in these developments. However, it is 

important to maintain the diversity in chemistry of insecticides for maximizing flexibility, accuracy 

and stability in pest management. 

Keywords: Insecticide, insect, toxicity and management. 

Introduction: 

 Pesticides have now become a fundamental part of our modern agriculture and play a 

significant role in increasing crop production by reducing the incidence of pest attack. There is a great 

role of conventionally used neuroactive insecticides in managing insect pest population because these 

are broad spectrum (Hardy M.C., 2014). Repeated use of neuroactive insecticide viz. problems in 

insect pest population management like insecticides resistance, secondary pest outbreak, pest 

resurgence and residue related problems and toxic effect on human beings (Kodanram, et al., 2010). 

Replacement of conventionally used neuroactive insecticides became need of existence to manage 

insect pest population. Emphasis is laid in searching green chemistry insecticide with different mode 

of action. Newly discovered molecules are insect pest specific affect the specific biochemical sites 

present in the particular insect groups, having different properties present in other insecticides 
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(Ghanim and Ishaaya, 2016). These newly discovered insecticides have very less toxic effect on non-

target pest, natural enemy, mammals and environment due to their green chemical origin and 

minimum doses for their application. 

 Newly discovered novel insecticides have different mode of action affect development of 

insects through inhibiting chitin synthesis, juvenile hormone mimics, and ecdysone agonists. Some 

compounds developed those have toxic effect on selective insect groups through biochemical sites 

activity inhibition or enhancement like respiration (diafenthiuron) acetylcholine receptor activating 

(Neonicotinoids) or GABA receptor (Avermectins). 

Losses due to insect pests 

 Insect pests, diseases and weeds are a major problem in limiting agricultural productivity 

growth. Pest associated losses increased from an average of 7.2 % to 23.32% during the pre (early 

1960s) and post green revolution (early 2000s) period, respectively in different crops in India inspite 

of advancement in technology (Dhaliwal et. al., 2010). Insect pests are causing an average 15-20 % 

yield losses in principal food and cash crops (Chakrabarty, 2015). Emerging problems of insecticide 

resistance, resurgence and secondary pest outbreak further add to the cost. At low yields, benefits 

from pest control were not huge. However, as yields started increasing, pesticide use started becoming 

widespread. 

Insecticides and pest management 

 To protect our crops from attack of harmful insect pests and to increase the benefits of 

farmers, insecticides are being used as major control approach. Insecticides have been in use from 

very early period. Chinese people use wood ash, powder of chalk to control insect pests. In India, 

neem leaves were used. Spray of insecticides was in use as early as 200 B. C. During this period, 

compounds like coal tar or asphalt were used to control pests of grapevine. In 1000 B. C., Sulphur 

was used for fumigation purposes. In 900 A.D., arsenic Sulphide was used for controlling garden 

pests. Arsenic Sulphide was used for this purpose. In 1669, arsenic compounds were used for 

controlling pests of honey bees. Then in 1800, natural insecticides or compounds were discovered. 

Pyrethrum extracted from roots of chrysanthemum possessed insecticidal properties. In 1867, Parris 

Green compound was used to control Colorado potato beetle in U.S. In 1874, DDT was discovered 

and in 1939, its insecticidal properties were discovered by Paul H. Muller. Then came the era of 

synthetic organic pesticides during which organochlorines, organophosphates, carbamates and 

synthetic pyrethroids were discovered and used on a large scale for insect pest populations 

management. 

Need for new chemistry insecticides 

 The problem of insect infestation in newly introduced high yielding crop varieties gradually 

built up because of their susceptibility to biotic stresses. This required greater use of pesticides to 

prevent 10-30% losses to the potential productivity of different crops. The development of new active 

ingredients and with softer chemistry and better cross-spectrum activity is a continuous process to 

phase out the older group of insecticides for better efficacy, environmental safety and sustainability. 

Besides, due to requirements for improved environmental and toxicological profiles, changing 
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regulatory requirements, and a shifting spectrum of insect pests, there has been a continuous need to 

discover and develop new insecticides. Evolving agricultural practices as exemplified by the 

development and implementation of Integrated Pest Management (IPM) and Good Agricultural 

Practices (GAP)are also the drivers for alternate new insecticidal chemistries (Sparks, 2013). The new 

insecticides introduced in crop protection are quite different in chemical structure over the existing 

groups and targets alternate physiological and biochemical effect and diverse mode of action. With 

the adoption of intensive agriculture by the farmers, there has been significant increase in the pest, 

disease and weed problems, necessitating use of agro-chemicals. 

Limitations of Conventional Insecticides 

Insecticide Group Limitations 

Carbamates Toxicity to natural enemies 

Organochlorines Highly persistent, residual problem, toxicity to 

Humans 

Organophosphates Resistance, resurgence, toxicity to natural enemies 

Synthetic Pyrethroids Resistance, resurgence, secondary pest outbreak 

Classes of Insecticide Toxicity 

WHO 

Insecticidal 

class 

Toxicity 

Band color 

(Signal 

Words) 

LD50 

(Oral) 

LD50 

(Dermal) 

Warning words 

(outside the diamond) 

Ia Extremely toxicity 
Red 

(Poison) 
<5 <50 

Keep out of reach of 

children. If 

swallowed of 

poisoning occur, call 

doctor 

Ib Highly toxicity 
Red 

(Poison) 
5-50 50-200 

Keep out of reach of 

children. 

II 
Moderately 

toxicity 

Yellow 

(Poison) 
50-2000 200-2000 

Keep out of reach of 

children. 

III Slightly toxicity 
Blue 

(Danger) 
>2000 >2000 

Keep out of reach of 

children. 

U 

Unlikely to 

present 

acutehazard 

Green 

(Caution) 
>5000 >5000 --------- 

New insecticides molecules 

Neonicotinoids 

 These are synthetic analogues of nicotine developed by Bayer. Acetylcholine mimics are 

neonicotinoids and Spinosad. Thus, these are used against insect which developed resistance to 
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Organophosphate, carbamate and pyrethroids. They can be used as foliar spray, seed treatment and 

soil application. Classification of neonicotinoids  

Based on chemical nature 

1. Nitroguanidine neonicotinoids insecticides (Clothianidin, dinotefuran, imidacloprid, 

Imidaclothiz & thiamethoxam) 

2. Nitromethylene neonicotinoid insecticides (Nitenpyram & nithiazine) 

3. Pyridylmethylamine neonicotinoid insecticides (Acetamiprid, imidacloprid, nitenpyram & 

thiacloprid) 

Based on generations 

1. First generation or chlornicotinyl compounds (Imidacloprid, acetamiprid, nitenpyram, 

thiacloprid) 

2. Second generation or thionicotinyl compounds (Thiamethoxam, Clothianidin) 

3. Third generation or furanicotinyl compounds group (Dinotefuran) 

Imidacloprid 

IUPAC: [1-(6-chloro-3-pyridylmethyl)-2-nitroimidazolidin]-1- [(6-chloro-3 pyridinyl) methyl]-N-

nitro-2-imidazolidinimine 

 

 

Imidacloprid is the first insecticide of neonicotinoids group introduced by Bayer Crop 

Sciences in 1991. First commercial insecticide among neonicotinoids. It has good xylem mobility and 

used widely for seed treatment, soil and foliar application. It is effective against sucking pests due to 

its systemic action. Imidacloprid is registered in approximately 120 countries and is used on over 140 

different agricultural crops (Buffin, 2005).  

Formulations used in India are 

Imidacloprid 17.8% SL (Confider)- foliar spray at 25g a.i./ha. 

Imidacloprid 70% WG (Admire)- foliar spray 

Imidacloprid 30.5% SC (Confidor super)- foliar spray, termite control 

Imidacloprid 70% WS (Gaucho)- Seed treatment at 10g/Kg of cotton seed effective controls 

leaf hoppers and whiteflies up to 49 days after sowing. 

Acetamiprid  

IUPAC: ((E)-N1-[(6-chloro-3-pyridyl) methyl]-N2-cyano-N1-methylacetamidine) 
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Acetamiprid was introduced by M/s Nippon Soda Co. Ltd. in 1995.  It is broad spectrum, 

effective against pests of fruit trees, vegetables, tea etc. The persistence of acetamiprid in alluvial soil 

was studied at two concentration levels (1 and 10 ppm) and three moisture regimes i.e., dry, field 

capacity and submerged. Among the field capacity and submerged moisture regimes, acetamiprid 

persisted longer under the submerged conditions. The half-life values variedfrom15.7-

17.4daysunderfieldcapacityand19.2-29.8daysunder the submerged conditions. The longer persistence 

and hence slower dissipation, under air-dry conditions could be attributed to the low microbial activity 

in dry soil (Gupta and Gajbhiye, 2007). 

 Formulations are Acetamiprid 20% SP (Pride, Ennova) 

Thiamethoxam 

 

It is broad spectrum, effective against stem borer, sucking pests and used for seed and foliar 

application. It was introduced by Novartis in 1998. Thiamethoxam is a novel neonicotinoid belonging 

to sub class of thianicotinyl compounds with a unique structure and outstanding insecticidal activity. 

The 4-nitroimino-1,3,5-oxadiazinan attached to the halogenated thianicotinyl moiety in thiamethoxam 

exhibits high insecticidal activity. Formulations used in India are  

Thiamethoxam 25% WG (foliar spray) 

Thiamethoxam 70% WS and 30% FS (Seed treatment) 

Clothianidin 

IUPAC: [(E)-1-(2-chloro-1,3-thiazol-5-ymethyl)-3-methyl-2-nitroguanidine] 

 

 

Clothianidin is a novel, highly effective systemic and contact insecticide exhibiting low 

mammalian toxicity (Kando et al., 1991). Clothianidin was introduced by Takeda Chemical Industries 

and Bayer Crop Sciences jointly in 2002. It is effective against hemipteran pests such as aphids, leaf 

hoppers and plant hoppers, many coleopterans and some lepidopteran pests with a low application rate 

and has been commercialized against the same (Ohkawara et al., 2002). From the physicochemical 

properties and excellent root systemic properties and used as a foliar, seed treatment, soil drench and 

soilapplication. 

Formulations: 50 % WG (Dantop®), 600 FS (Poncho®) 

Thiacloprid 

IUPAC: [(Z)-3-(6-chloro-3-pyridylmethyl)-1,3-thiazolidin-2-ylidene cyanamide] 
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Thiacloprid is a systemic insecticide, introduced by Bayer Crop Sciences in 2000 and was 

recently introduced into India for foliar application and broad-spectrum efficacy against sucking and 

biting insects (Dhivahar and Dhandapani, 2003). It has activity not only against sucking insects such 

as aphids, whiteflies and plant hoppers but is also effective against weevils, leaf miners and Cydia 

pomonella in apple (Elbert et al., 2000). On the basis of its high insecticidal activity with a favorable 

ecological profile and safety to bees. This compound has been found to be safe towards the egg 

parasitoid Trichogramma cocoeciae Marchal (Schuld and Schmuck, 2002), bees and important 

beneficial organisms and showed no phytotoxicity to any of the crops tested even at high 

concentration (Elbert et al., 2000). 

Formulations: 480 SC (Calypso®) 

Nitenpyram  

IUPAC: (E)-N-(6-chloro-3-pyridylmethyl)-N-ethyl-N'-methyl-2 nitrovinylidenediamine 

 

Nitenpyram is a neonicotinoid insecticide and was introduced by Takeda Chemical     

Industries     Ltd.     in     1995.     Nitenpyram is     an insecticide used in agriculture and veterinary 

medicine to kill external parasites of livestock and pets. It is a neonicotinoid, a neurotoxin that blocks 

neural messages in the central nervoussystem of insects, causing rapid death. Nitenpyram does not kill 

insect eggs and does not possess long-term activity. It is usually used to kill nymph and adult fleas 

quickly on an infested animal and combined with   a   longer-term   flea   preventative like fipronil or 

lufenuron to prevent reinfestation.Formulations: 95% TC (Bestguard®) 

Ditefuran 

IUPAC: [(EZ)-(RS)-1-methyl-2-nitro-3-(tetrahydro-3-furylmethyl) Guanidine] 

 

 

Dinotefuran first time registered in Japan in 2002 under the trade name of Starkle® and 

Albarin® and developed by Mitsui chemicals and. It has a characteristic tetrahydro-3-furylmethyl 

group instead of the aromatic heterocyclic ring that was previously considered indispensable for 

insecticidal activity of neonicotinoids. Dinotefuran was discovered by research using acetylcholine as 

http://en.wikipedia.org/wiki/Insecticide
http://en.wikipedia.org/wiki/Veterinary
http://en.wikipedia.org/wiki/Veterinary
http://en.wikipedia.org/wiki/Veterinary
http://en.wikipedia.org/wiki/Livestock
http://en.wikipedia.org/wiki/Pet
http://en.wikipedia.org/wiki/Neonicotinoid
http://en.wikipedia.org/wiki/Neurotoxin
http://en.wikipedia.org/wiki/Central_nervous_system
http://en.wikipedia.org/wiki/Central_nervous_system
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the lead compound by way of a 3-methoxypropyl compound and its cyclization. Dinotefuran is water 

soluble, excellent systemic and translaminar action and use for the control of sucking and chewing 

insects infesting leafy vegetables. Furthermore, it has very low phytotoxicity so that it can be utilized 

for many kinds of crops. Its oral LD50 in rats is 2000-2804 mg kg-1 (Wakita et. al., 2005). This 

property enables dinotefuran to be applied using various methods and various formulations. 

Formulations: 20 % SG - (Starkle®, Safari®) 

Mode of action of Neonicotinoids 

 The mode of action of neonicotinoids is similar to the natural insecticide nicotine, which acts 

on the central nervous system. Neonicotinoids interact with post synaptic nicotinic acetylcholine 

receptors at the central and peripheral nervous system, resulting in excitation and paralysis, followed 

by death (Fig. 1). These compounds interact with nAChR in a structure-activity relationship, resulting 

in excitation and paralysis followed by death. Their selectivity results from a higher affinity to the 

insect nAChR than to that of vertebrates, in contrast to the original nicotine (Tomizawa et al., 1995a, 

b).  

Nerve synapse  

 

Fig 1: Mode of Action of Neonicotinoids 

Environmental impact of neonicotinoids 

 The neonicotinoid insecticides are commonly used in green houses or interiors capes (plant 

interiors capes and conservatories) to manage a wide range of plant- feeding insects such as aphids, 

whiteflies and mealybug. However, these systemic insecticides may also be harmful to natural 

enemies, including predators and parasitoids. 

Bacterial fermentation product 

 These include spinosyns (spinosad and spinetoram), avermectins (abamectin and emamectin 

benzoate) and milbemycins. Out of these, spinosad and emamectin benzoate are commonly used on 

different crops.   
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Target Insects and Other Properties of Bacterial Fermentation Products 

Insecticide 

group 

Chemical name Target insects Other properties 

Spinosyns Spinosad DBM, borers, boll 

worms, aphid, jassid, 

whitefly etc. 

Broad spectrum, contact and 

stomach poison with 

translaminar activity 

Spinetoram Tobacco caterpillar, army 

worm, semilooper, leaf 

miner etc. 

Broad spectrum with 

translaminar activity 

Avermectins Abamectin Phytophagous mites, leaf 

miners, thrips, psylla etc. 

Contact and stomach poison 

with translaminar activity. 

Emamectin 

benzoate 

Boll worms, fruit borer, 

DBM, cutworm etc. 

Contact and stomach poison. 

Harmful to honeybees 

Ivermectin Animal parasites - 

Milbemycins Milbemectin Phytophagus mites and 

leaf miner 

Contact and stomach action 

a. Spinosyns 

 The spinosyns, a novel family of insecticidal macrocyclic lactones, are active on a wide variety 

of insect pests, especially lepidopterans and dipterans. More than 20 spinosyns and more than 800 

spinosads (semi-synthetic analogues) have been isolated or synthesized, respectively (Sparks et 

al.,2001). Spinosyns are first a.i., proposed for new class of insect control products called naturalytes. 

It is derived from actinomycetes, Saccharopolyspora spinosa. The commercial product is Spinosad.  

Spinosad 

Spinosad is a mixture of two active metabolites, Spinosyn A (85%) and Spinosyn D (15%). In 

1995, because of its favourable environmental and toxicological profile, spinosad was classified by 

USEPA as a reduced risk product. It belongs to insecticidal class III. 

Formulations: 45 % SC (Tracer®) 

Mode of action: Spinosad has a novel executory action on the central nervous system of insects. The 

mode of action is similar to that of neonicotinoids but affects the different binding sites. It alters the 

function of nicotinic acetylcholine receptors and GABA-gated ion channels (Fig. 2) (Salgado, 1998). 

It results into hyperexcitation, muscle contractions, paralysis and death ofinsects. 
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                                      Fig 2: Mode of action of Spinosad 

Environmental impact: 

Spinosad exhibits wide margins of safety to many beneficial insects and related organisms. It has 

relatively low activity against predaceous beetles, sucking insects, lacewings and mites.  

Spinetoram 

It is a semi-synthetic spinosyn composed of the new spinosyns J and L and introduced by Dow 

Agro Sciences in 2005, registered by EPA in September 2007 as reduced risk insecticide. It belongs to 

insecticidal class U. Formulations: Delegate® (WG), Radiant® (SC). 

B.) Avermectins 

Avermectins were discovered in a culture of Streptomyces avermitilis in 1976 by scientists 

working at Merck and Co. These are among the most potent anthelminthic, acaricidal and insecticidal 

compounds known. Chemically these are a family of 16-membered macrocyclic lactones. Among the 

eight analogues identified, avermectin B1 (commercialized as Abamectin) is insecticidally most 

active. Abamectin is a mixture of avermectin B1a (80%) and Avermectin B1b (20%) belonging to 

insecticidal class Ib. Another commercial avermectin is Ivermectin which has been successfully used 

to control animal parasites. Abamectin shows selectivity in practice because it is rapidly absorbed by 

plant tissues and does not persist as a contact poison. It has proved effective in controlling leaf miner, 

Liriomyza trifolii in celery without damaging the parasitoid complex. The search for new avermectins 

resulted in the development of new derivatives which exhibit essentially the same mode of action, but 

differ in their biological activity. Among the new avermectins is the emamectin benzoate; it exhibits 

excellent activity against lepidopterous pests and a wide range of insect species and belongs to 

insecticidal class II. 

Formulations: Agri-Mek® 15% EC (Abamectin), Proclaim® 5% WSG (Emamectin benzoate) 

Ivomec® 1% S (Ivermectin) 

C.) Milbeymycins 

Milbemycin (Milbemectin) is the fermentation product from soil dwelling actinomycete, 

Streptomyces hygroscopicus sub sp. aureolacrimosus and use as an insecticide and acaricide. It is a 

mixture of milbemycin A3 and milbemycin A4 in the ratio 3:7. It is used for the control of citrus red 

mite, pink citrus red mite, Kanzawa spider mite and also recommended for the control of leaf miners 



Recent Innovative Approaches in Agricultural Science Volume II 

    (ISBN: 978-93-91768-85-0) 

129 
 

in citrus, tea and protected ornamentals. The structure and biological activities of these compounds 

are similar to those of avermectins. It belongs to insecticidal class II. 

Formulations: Milbeknock® (1% EC) 

Environmental impact: It doesn‘t persist in the environment and is considered to be relatively non-

toxic to non-target organisms, although some beneficial insects are susceptible (Copping and Duke, 

2007).  

Phenyl pyrazole: 

Fipronil 

 IUPAC: {5-amino-1-[2,6-dichloro-4-(trifluoromethyl) phenyl]-4-[(trifluoromethyl) sulfinyl] –1H-

pyrazole-3-carbonitrile} 

It was developed by Rhone-Poulenc Ag Company (now Bayer Crop Sciences) between 1985 

and 1987 and placed on the market in 1993. Fipronil contains a trifluoromethylsulfinyl substituent 

which is important in its outstanding performance against number of insects. It exhibits both 

herbicidal and insecticidal activities with contact, stomach and systemic action. It is highly effective 

against lepidopterous larvae, onion maggots, termites and coleopterous larvae in soil (Ellis and 

Ecknrode, 1979). It also has a broad application range and can be applied as foliar spray, seed 

treatment and via the soil. Fipronil is considered an important addition in IPM programmes. 

Mode of action: It acts on γ-aminobutyric acid (GABA), thereby blocking chloride channels (Fig. 3). 

Competitive binding has demonstrated that this compound has greater affinity to the target site in 

insects than in mammals, resulting in a high selectivity toward insects (Hainzl and Casida, 1996). 

 

Fig.3 . Mode of Action of Fipronil 

Formulations: 5% SC (Regent®) 

Environmental impact: Fipronil is a moderately hazardous pesticide, belonging to insecticidal class II 

and is moderately persistent in soil and water. Fipronil residues tend to remain in the upper 15 cm 

layer of soil and have low potential to leach to the ground water. In aquatic environments, fipronil 

residues rapidly move from water to the sediment with over 95% of the residues being found in or on 

the sediments within one week of application. It is highly toxic to bees and parasitoid Bracon hebetor. 

Three-hundred-fold increase in resistance to fipronil in DBM has been reported by Li et al (2006). 

Oxadiazines: 

Indoxacarb 

IUPAC: Methyl 7-chloro-2,5-dihydro-2-[[(methoxycarbonyl)[4-(trifluoromethoxy) phenyl] amino] 

carbonyl] indeno [1,2-e] [1,3,4] oxadiazine - 4a (3H) – carboxylate 
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Indoxacarb is a new insecticide produced by DuPont and registered in 2000. It has been 

designated by EPA as ―Reduced-risk‖ pesticide and is considered as organophosphate replacement. 

Indoxacarb possesses excellent rain fastness, photostability and effectiveness at high temperatures. It 

has been recommended to control lepidopteran pests of vegetables at a relatively low use rate and 

favourable toxicologicalprofile.FieldstudiesinthecottonbeltintheUSAfound that indoxacarb was 

effective in controlling the Heliothus complex (Helicoverpa zea and Heliothus virescens), fall 

armyworm, beet armyworm, cabbage looper, soyabean looper and tarnished plant bug (Sanchis et al., 

1999). It belongs to insecticidal class II. 

Formulations: 15.8% EC (Avaunt
®
), 14.5% SC (Indica®) 

Mode of action: This pro-insecticide is bioactivated in the insect by enzymatic (insect esterase) N-

decarbomethoxylation changing it to a more active, highly insecticidal metabolite and that acts by 

inhibiting sodium ion entry into nerve cells, resulting in the paralysis and death of target insect pests 

(Lapied et al., 2001) (Fig.4). 

 

Fig.4. Mode of Action of Indoxacarb 

Field application: Indoxacarb can play a useful role in resistance management programs. It has no 

cross-resistance with the current insecticides such as pyrethroids, organophosphates, and carbamates 

(Lapied et al., 2001). It has no appreciable effect on some important natural enemies, such as Orius 

and Phytoseiulus species (Bostanian and Akalach, 2006). Hence, it can be considered an important 

addition to insect pest management programmes. 

Field application: Indoxacarb can play a useful role in resistance management programs. It has no 

cross-resistance with the current insecticides such as pyrethroids, organophosphates, and carbamates 

(Lapied et al., 2001). It has no appreciable effect on some important natural enemies, such as Orius 

and Phytoseiulus species (Bostanian and Akalach, 2006). Hence, it can be considered an important 

addition to insect pest management programmes. 

Anthranilic diamids: 

Rynaxypyr 

IUPAC: 3-bromo-4'-chloro-1-(3-chloro-2-pyridyl)-2'-methyl 6'-(methylcarbamoyl) pyrazole -5-

carboxanilide 
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Rynaxypyr is the first insecticide from a new class of chemistry, the anthranilic diamides, 

controlling almost all the economically important insect pests. Due to its unique chemical structure 

and novel mode of action, Rynaxypyr shows excellent control of pest populations resistant to other 

insecticidal products. Rynaxypyr moves into the leaf tissue where it is protected from wash-off while 

remaining available to chewing insects feeding on either surface of the leaf. This translaminar 

activity, rainfastness, insecticidal potency and resistance to photo- degradation are the bases for the 

long-lasting crop protection under a wide range of conditions. It belongs to insecticidal class U. 

Mode of action: Rynaxypyr controls the insect-pests through a new mode of action i.e., activation of 

insect ryanodine receptors. These receptors play a critical role in muscle function. Contraction of 

muscle cells requires a regulated release of calcium from internal stores into the cell cytoplasm. 

Ryanodine receptors act as selective ion channels, modulating the release of calcium. Rynaxypyr 

binds to the receptors, causing uncontrolled release and depletion of internal calcium, preventing 

further muscle contraction. Insects treated with rynaxypyr exhibit rapid cessation of feeding, lethargy, 

regurgitation and muscle paralysis, ultimately leading to death (Fig.5) (Andaloro et al., 2010). 

Formulations: 20 % SC (Coragen®) 

Field application: Rynaxypyr is highly potent and efficacious against a wide range of economically 

important lepidopterous species. Rynaxypyr also effectively controls selected species from other 

orders such as Coleoptera, Diptera, Hemiptera and Isoptera. Rynaxypyr is particularly potent against 

neonates as they hatch from eggs (ovi-larvicidal activity). 

 

Fig.5. Mode of action of Rynaxypyr 

Environmental impact: Rynaxypyr has low impact on environment when applied according to 

recommendations. High temperature, alkaline pH and UV light enhance degradation, producing non-

toxic degradation products. The sequestration of Rynaxypyr in the soil matrix, its low water solubility 

and its non-volatility indicate low potential for movement towards surface and ground water. 

Rynaxypyr has low impact on non-target organisms such as birds, fish, mammals and earthworms. 
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Pyridine azomithines: 

Pymetrozine 

IUPAC: [(E)-4,5-dihydro-6-methyl-4(3-pyridylmethyleneamino)-1,2,4-triazin-3(2H)- one 

 

 

Mode of action: Pymetrozine is a novel pyridine azomethine insecticide and is highly specific against 

sucking insect-pests (Fuog et al., 1998). It belongs to insecticidal class U. The mode of action of 

pymetrozine in insects has not been precisely determined. But it may involve effects on 

neuroregulation or nerve-muscle interaction. Physiologically, it appears to act by preventing these 

insects from inserting their stylet into the plant tissue. It interferes with feeding behaviour, resulting in 

the complete cessation of feeding within hours of contact (Ishaaya et al., 2007). Aphids remain alive 

for 2 to 4 days before they die ofstarvation. 

Formulations: 50 % WG (Fulfill®) 

Field application: It effectively controls aphids and whitefly in vegetables, ornamentals, cotton, citrus 

and tobacco. Both juvenile and adult stages are susceptible to Pymetrozine. Pymetrozine reduces 

direct damage as well as virus transmission by aphids. 

Environmental impact: Because of its specificity for sucking insects, it is relatively non-toxic to most 

natural enemies. The compound appears to have great promise in IPM programmes due to its high 

degree of selectivity, low mammalian toxicity and safety to birds, fish and non-target arthropods. 

Pyridine carboxamide: 

Flonicamid  

IUPAC: N-cyanomethyl-4-(trifluoromethyl) nicotinamide 

 

Flonicamid is a novel insecticide developed by Ishihara Sangyo Kaisha in 2000 and use against 

sucking insect pests. It belongs to Insecticidal class II. It is a feeding depressant (antifeedant, selective 

feeding blocker. It results in the modification of feeding behaviour of sucking insect-pests leading to 

starvation and death of insects (Nauen and Bretschneider, 2002). It has systemic and translaminar 

activity and gives long term control. It exhibits excellent aphicidal activity and also shows moderate 

insecticidal activity to various other sucking insect pests such as thrips, whiteflies etc. 

Formulations: 50 % WG (Ulala®) 

Environmental impact: Flonicamid has good toxicological, environmental and ecotoxicological 

profile. It has no negative impact on beneficial insects and natural enemies and thus, can provide new 

options to integrated pest management programmes. 
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Benzoyl phenyl ureas: 

Novaluron 

IUPAC: [1-(3-chloro-4-(1,1,1-trifluoro-2-trifluoromethyoxyethoxy) phenyl)-3-(2,6 difluorobenzoyl) 

urea] 

 

Mode of action: Novaluron is an insecticide of the benzoylphenyl urea class of insect- growth 

regulators. Novaluron acts as an insecticide mainly by ingestion, but has some contact activity. It 

belongs to insecticidal class U. It is a relatively new chitin synthesis inhibitor that inhibits the chitin 

formation on larvae of various insects of order lepidoptera, coleoptera, homoptera and diptera. 

Benzoyl Phenyl Ureas are compounds with selective properties, affecting the larval stage by 

inhibiting the molting process. The reduced level of chitin in the cuticle seems to result from 

inhibition of biochemical processes leading to chitin formation. Through inhibition of chitin synthesis, 

larval insect stages are targeted with death from abnormal endocuticular deposition and abortive 

molting (Cutler and Scott-Dupree, 2007). Novaluron kills the insects over a period of few days by 

disrupting the normal growth. It has a potent insecticidal activity against several important foliage 

feeding insect pests. As such it is a powerful suppressor of lepidopteran larvae such as Spodoptera 

littoralis and Helicoverpa armigera (by ingestion) and of cotton whitefly larvae B. tabaci (bycontact). 

Formulations: 10 % EC (Rimon®), (Diamond®) 

Environmental impact: Novaluron has low toxicity to birds and mammals tested. Novaluron is of low 

toxicity to earthworms and has no adverse effects on soil microflora (Ishaaya and Horowitz, 1998). 

Technical Novaluron is less toxic to honey bees. The very low vapor pressure of Novaluron indicates 

that there is little potential for volatilization from soil or plant surfaces. Due to its very low water 

solubility, Novaluron does accumulate in fish. 

Other insecticides of this group are: Diflubenzuron, Flufenoxuron, Lufenuron and Chlorfluazuron. 

Triazapentadiene: 

Amitraz 

IUPAC: 1,5-di-(2,4-dimethylphenyl)-3-methyl-1,3,5-triazapenta-1,4-diene 

 

Amitraz is a member of formamidine pesticide family and use against ticks, mites, lice and 

other infestations on sheep, cattle and swine with good therapeutic results. However, amitraz 

poisoning is often encountered in animals and can also find its way into the human body through food 
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chain (Singh and Mandal, 2013). Increased concerns in recent years on possible health risk due to 

amitraz residues have greatly influenced the need to set up monitoring programmes to determine 

amitraz at low levels. It should be pointed out that amitraz is very labile pesticide whose degradation 

products include 2,4- dimethylaniline (2,4-DMA). Thus, analysis of amitraz should also include 

analysis of 2,4-DMA. In China, amitraz is approved for use in animal husbandry and the maximum 

residue limits in swine and sheep livers are set at 0.2 and 0.1ppm. 

Mode of action: The mechanism of action is similar to other α 2-adenoreceptors agonists as well as by 

the inhibition of the enzyme monoaminooxidase. Sedation, analgesic effects and cardiovascular 

depression similar to the 2- adenoreceptors agonists have been described in several species after 

amitraz injection. It's thought that the mode of action of amitraz also involves the interaction with the 

neuromodulator octopamine. This interaction is probably the reason for increased nervous activity of 

ticks as a response to amitraz. On cotton it is used to control bollworms, whitefly and defoliators. It is 

used worldwide for the control of the acarine such as Varroa jacobsoni. The USEPA classified 

amitraz as class III i.e., slightly toxicinsecticide. 

Formulations: 20 % EC (Mitac®), (Blatex®) 

Environmental impact: It is highly toxic to fresh water fish but slightly toxic to mammals and non-

toxic to honey bees. 

Thaidiazines 

Buprofezin 

IUPAC: (2-tert-butylimino-3-isopropyl-5-phenyl-1,3,5-thiadiazinan-4-one) 

 

Buprofezin was introduced by Nihon Nohyaku Co., Ltd in 1984. It is an insect growth 

regulator belonging to the insecticidal class U. It acts specifically on some hemipteran pests such as 

the greenhouse whitefly, Trialeurodes vaporariorum (Westwood), sweetpotato whitefly, Bemisia 

tabaci, the brown planthopper, Nilaparvata lugens Stal and the citrus scale, Aonidiella aurantii 

(Maskell).  This insect growth regulator is effective against the nymphal stages of whitefly, scales, 

mealybugsetc. 

Mode of action: Buprofezin acts by inhibiting chitin biosynthesis, suppressing oviposition of adults 

and reducing viability of eggs. It inhibits chitin biosynthesis and the subsequent cuticle deposition in 

the integument (Izawa et al., 1986). As a result of chitin deficiency, the pro-cuticle of the nymphs 

loses its elasticity and the insect is unable to complete the moulting process. 

Formulations: 44% SC (Applaud
®
) 

Environmental impact: The compound has a mild effect on natural enemies (De Cock and Degheele, 

1998) and is considered an important component in IPM programs for controlling whiteflies in 

various agricultural systems. 

 

http://en.wikipedia.org/wiki/Octopamine
http://en.wikipedia.org/wiki/Ticks
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Thio urea derivatives: 

Diafenthiuron 

IUPAC: 1-tert-butyl-3-(2,6-diisopropyl-4-phenoxyphenyl) thiourea 

 

Mode of action: Diafenthiuron is a new type of thiourea developed by Syngenta that acts specifically 

on sucking pests such as mites, whiteflies, and aphids (Ishaaya et al., 1993). It belongs to insecticidal 

class III. It is a pro-insecticide and is photochemically converted in sunlight to its carbodiimide 

derivative, which is amore powerful toxicant than diafenthiuron (Steinmann et al., 1990). The 

carbodiimide acts as an adenosine triphosphatase (ATPase) inhibitor following metabolic activation to 

the corresponding carbodiimide (Petroske and Casida, 1995). The carbodiimide metabolite inhibits 

mitochondrial respiration by selective and covalent binding to the proteolipid ATPase. Diafenthiuron 

inhibited ATPase activities in assays carried out with bulb mites Rhizoglyphus echinopus and the two-

spotted spider mite Tetranychus urticae. Biological tests revealed a decreased toxicity of 

diafenthiuron in the presence of piperonyl butoxide, indicating the importance of cytochrome P450 in 

metabolizing difenthiuron (Ruder et al., 1992). 

Formulations: 50% WP (Polo®) 

Environmental impact: Diafenthiuron has a favourable mammalian toxicity coupled with a relatively 

low toxicity to beneficial insects and predatory mites (Streibert et al., 1988). As such, it is considered 

an important addition in pest management programs in various agricultural systems for controlling the 

diversity of suckingpests. 

Quinazolines 

Fenazaquin 

IUPAC: 4-tert-butylphenethyl quinazolin-4-yl ether 

 

Mode of action: This insecticide was introduced by Dow Agro Sciences in 1993. It is a broad 

spectrum acaricide and very effective against egg stage of mites. It is a contact poison. It belongs to 

the insecticidal class II. It inhibits mitochondrial electron transport chain by binding with complex I at 

co- enzyme Q. The mitochondrial electron transport coupled with oxidative phosphorylation is an 

essential process in many organisms. The electrons of reduced cofactors such as NADH 

(nicotineamide adenine dinucleotide) are transferred via several different enzyme complexes (sites) to 

finally reduce oxygen to water producing ATP, the all- important energy source of all cells. Thus, this 
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insecticide inhibits the synthesis of ATP resulting into death of insects (Nauen and 

Bretschneider,2002). 

Formulations: 10% EC (Magister®) 

Target insects: This insecticide is effective against mites in tea and chilli. 

Environmental impact: This insecticide is relatively safe for beneficial / predatory mites such as 

Phystoseiulus spp. and Agistemus spp., which help in the reduction of mite population but toxic 

effects on Neoseiulus californicus and Cirtrhinius montrouzieri has been reported (Urbaneja et al., 

2008). 

Pyridazinones: 

Pyridaben 

IUPAC:2-tert-butyl-5-(4-tert-butylbenzylthio)-4-chloropyridazin-3(2H)-one 

 

Pyridaben introduced by Nissan Chemical Industries Ltd. and first marketed in Belgium in 

1990. It is a non-systemic insecticide as well as acaricide. It is active against all the stages of insect-

pests especially against larvae and nymphs. It results into rapid knockdown of insect-pests and has 

long residual activity. It is used for the control of acari, aleyrodidae, aphididae, cicadellidae and 

thysanoptera on field crops, fruit trees, ornamentals andvegetables. 

Mode of action: It acts as the inhibitor of mitochondrial electron transport at complex I. 

Formulations: 95% TC, 20% WP (Sanmite®, Nexter®), 10% EC 

Mammalian toxicology: Acute oral LD50 value for male rats is 1350 ppm, for female rats is 820 ppm, 

for male mice is 424 ppm and for female mice is 383 ppm. It belongs to toxicity class III. 

Environmental impact: In animals like rat, goat and hen, an orally administered dose is excreted 

mainly in the faeces. Metabolism is complex, with at least 30 degradates. After application to citrus 

and apple, pyridaben degrades gradually photochemically and is not translocated into the pulp. It 

readily degrades microbiologically in aerobic soils. 

Pyrazoles: 

Fenpyroximate 

IUPAC: tert-butyl (E)-α-(1,3-dimethyl-5-phenoxypyrazol-4-ylmethyleneamino-oxy)- p-toluate 

 

This insecticide was introduced in 1991 by Nihon Nohyaku Co., Ltd and belongs to 

insecticidal class II. It is effective against red spider mites and two spotted mites on ornamental 
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herbaceous plants, shrub and trees. This insecticide was designed primarily as non-systemic contact 

and stomach miticide, but do possess limited effectiveness on psylla, aphids, whitefly and thrips. It 

controls all stages of mites, gives fast knockdown, inhibits molting of immature stages of mites and 

has long residualactivity. 

Mode of action: Mitochondrial complex- I electron transport inhibitor 

Formulations: 5% SC (Mitigate
®
) 

Other insecticides of this class are tolfenpyrad 15 EC (Torac®) and tebufenpyrad 95% TC, 20% WP 

(Pyranica®),(Masai®) 

Environmental impact: Its oral LD50 value for male rats is 480 and for female rats is 245 mg/kg. It is 

not carcinogenic, teratogenic or mutagenic in long-term studies. It poses no adverse effect on 

honeybees at 250 ppm. It is relatively non-toxic to predacious mites. But it has little adverse effect at 

25-50 ppm on Chrysopa nipponensis, Harmonia axyridis, Ephedrus japonicus, Misumenops 

tricuspidatus, Lycosa pseudoannulata, Orius sp. and Scolothrips sp. 

Pyridalyl 

Pyridalyl is an insecticide of a novel chemical class (unclassified insecticides) 

IUPAC: 2,6-dichloro-4-( 3,3-dichloroallyloxy)phenyl 3-[5-(trifluoromethyl)-2- pyridyloxy]propyl 

ether 

 

Pyridalyl is a novel insecticide invented and developed by Sumitomo Chemical Co., Ltd. 

Pyridalyl was first registered in 2004 as an agricultural chemical in Japan and Korea, and is sold 

under the name ―Pleo®flowable‖. Sumitomo Chemical is subsequently developing the compound in 

many other countries. This novel insecticide exerts excellent control against lepidopterous and 

thysanopterous pests on cotton, vegetable and fruits. It is also effective on pests that have developed 

resistance to existing insecticides, indicating a different mode of action from any other conventional 

insecticide. Furthermore, pyridalyl is highly safe to various kinds of important beneficial arthropods, 

which makes it compliant with IPM. It belongs to insecticidal classU. 

Mode of action: Pyridalyl does not act upon the nervous system, as do organo- phosphoric pesticides 

and synthetic pyrethroids; does not inhibit insect growth, as do IGR agents; and does not inhibit the 

respiratory system. Pyridalyl possesses a certain type of toxicity for insect cells. It inhibits the cell 

growth caused by the artificial inhibition of proteins (Saito et al., 2004). 

Formulations: 10 % EC (Pleo®) 

Environmental impact: Its oral LD50 value for male rats is 480 and for female rats is 245 mg/kg. It is 

not carcinogenic, teratogenic or mutagenic in long-term studies. It poses no adverse effect on 

honeybees at 250 ppm. It is relatively non-toxic to predacious mites. But it has little adverse effect at 

25-50 ppm on C. nipponensis, H. axyridis, E. japonicus, M. tricuspidatus, L. pseudoannulata, Orius 

sp. and Scolothrips sp. 
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Thiazolidines: 

Hexythiazox 

IUPAC: (4RS,5RS)-5-(4-chlorophenyl)-N-cyclohexyl-4-methyl-2-oxo-1,3- thiazolidine-3-

carboxamide 

 

Hexythiazox was introduced by Nippon Soda Co. Ltd. and first registered in 1989. It belongs 

to insecticidal class U. Hexythiazox is a new acaricide, which has ovicidal, larvicidal and nymphicidal 

activities with long -lasting effect against many kinds of mites and is applied at any stage of plant 

growth from budding to fruiting. It is effective against eggs and larvae of mites and commonly used in 

crops like tea, apple, chilli etc. The product can also be used on okra, brinjal, pomegranate, grapes, 

citrus and ornamental crops. 

Mode of action: Its mode of action is unknown or non-specific mode of action but it is a mite 

growthinhibitor 

Formulations: 50 % WP (Hexygon®), 5.45% EC (Maiden®) 

Environmental impact: It shows low toxicity to mammals and aquatic organisms and has no adverse 

effects on beneficial insects and natural enemies. It is nontoxic to birds and bees. 

 

Diacylhydrazines: 

Methoxyfenozide 

IUPAC: N-tert-butyl-N'-(3-methoxy-o-toluoyl)-3,5-xylohydrazide 

 

Methoxyfenozide is a diacylhydrazine insecticide that acts as an insect growth regulator and belongs 

to insecticidal class U. 

Mode of action: Diacylhydrazines are MACs (molt accelerating compounds). These disrupts or 

mimics the insect moulting hormone i.e., ecdysone, which induces moulting and metamorphosis. 

Insects affected by this insecticide begin to moult (shed their skin) but are unable to complete this 

cycle. They cannot get free of their old skin and stop feeding within one to several days and 

eventually starve to death. This insecticide must be eaten to be effective. Since it can take some time 

to stop feeding, this compound should be applied before the larvae hatch. It is probably most effective 

against younglarvae. 

Formulations: 2F (Intrepid®) 
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Field application: It can be used on crops like apple, pear, berries, cole crops, leafy vegetables, 

ornamental herbaceous plants and shrubs. It is effective against leafrollers, webworms, armyworms, 

cabbageworms, diamondback mothetc. 

Environmental impact: Diacylhydrazines are safe to pollinators, mites and other beneficial insects. 

Due to their novel mode of action, the diacylhydrazines display a very favourable mammalian and 

environmental toxicity profile as well as good selectivity towards beneficial insects. These are stable 

to heat, light and water and safe to beneficial fauna (Banik,2013). 

Triazines: 

Cyromazine 

IUPAC: N-Cyclopropyl-1,3,5-triazine-2,4,6-triamine 

 

Cyromazine is a triazine insect growth regulator used as an insecticide as  well as an acaricide 

and belongs to insecticidal class U. It is a cyclopropyl derivative of melamine. It is mainly used to 

control dipteran insects. It is an effective larvicide against a number of dipteran and lepidopteran 

species (Reynolds and Blakey, 1989). Cyromazine has a good activity against many dipteran species, 

especially when it is orally administered to larvae which usually exhibit a wide range of different 

morphological abnormalities. In veterinary medicine, cyromazine is used as anectoparasiticide. 

Mode of action: Cyromazine works by affecting the nervous system of the immature larval stages of 

certain insects. Cyromazine is characterized by a rapid stiffening of the cuticle, affecting mostly 

larvae of Diptera. The cuticle becomes less extensible. Cyromazine-induced reduction in cuticle 

extensibility may be responsible for the other symptoms of poisoning and hence may be the primary 

effect of the insecticide. It has translaminar activity that quickly penetrates into leaves. It is active 

against a very narrow range of insect-pests, notably the larval stages of dipterans. The current uses of 

Cyromazine are for Liriomyza leafminers in cole crops, lettuce, peppers, spinach, celery, tomatoes 

andcucurbits. 

Formulations: 75 % WP (Trigard®) 

Environmental impact: Cyromazine is non-toxic to crustaceans, bee and birds. Because of its high 

level of specificity, cyromazine is much less toxic to natural enemies, compared with IGRs such as 

diflubenzuron, making it highly compatible with integrated pest management (IPM)programmes. 

Tetronic acid and derivatives 

Spiromesifen 

IUPAC: 2-oxo-3-(2,4,6-trimethylphenyl)-1- oxaspiro [4,4] non-3-en-4-yl 3,3- 

dimethylbutanoate 

http://en.wikipedia.org/wiki/Triazine
http://en.wikipedia.org/wiki/Insecticide
http://en.wikipedia.org/wiki/Acaricide
http://en.wikipedia.org/wiki/Acaricide
http://en.wikipedia.org/wiki/Acaricide
http://en.wikipedia.org/wiki/Cyclopropyl
http://en.wikipedia.org/wiki/Melamine
http://en.wikipedia.org/wiki/Ectoparasiticide


Bhumi Publishing, India 

140 
 

 

Spiromesifen is a novel insecticide as well as acaricide belonging to the new chemical class of 

spirocyclic phenyl-substituted tetronic acids, recently introduced by Bayer Crop Sciences. 

Spiromesifen is especially effective against whiteflies (Bemisia spp. and Trialeurodes spp.) and 

tetranychid spider mite species as Tetranychus spp. after foliar application (Nauen et al., 2002). It 

belongs to insecticidal class U. 

Mode of action: This insecticide is a lipid biosynthesis inhibitor and works by preventing the treated 

mite or whitefly from maintaining proper water balance. This results in dessication i.e. the treated 

mite or whitefly dries up and dies (Nauen and Bretschneider, 2002). Depending upon temperature, 

this occurs within 3 to 10 days after treatment. Speed of activity typically is faster on outdoor crops 

than greenhouse crops. All developmental stages of mites and whitefly are affected. As with many 

products, the activity against whitefly immatures is more rapid than against adults. 

Formulations: 24 % SC (Oberon®) 

Field application: It provides outstanding control of whiteflies. It is one of the few products that will 

provide dependable control of all known Q biotype whiteflies. The Q biotype is tolerant to or resistant 

to numerous insecticides and insect growth regulators. 

Environmental impact: Side effects of spiromesifen on Eretmocerus mundus were evaluated by 

laboratory studies and field trials in commercial green-houses under IPM programmes. The analysis 

of the data on mortality revealed that cypermethrin significantly increased the mortality of E. mundus 

adults 3 hours after application, while spiromesifen was not significantly different from the control 

(Bielza et al., 2009). Therefore, spiromesifen has to be considered as harm-less to E. mundusadults. 

Pyrroles: 

Chlorfenapyr 

 

IUPAC: 4-Bromo-2-(4-chlorophenyl)-1-ethoxymethyl-5-trifluoromethyl- 1H-pyrrole- 3-carbonitrile 

 

It is very effective insecticide and acaricide, acting both as stomach and contact poison. It exhibits 

good translaminar activity but limited systemic activity in plants. It belongs to insecticidal class II. 

Mode of action: This compound is a pro-insecticide. The biological activity depends upon its 

activation to another chemical. Oxidative removal of the N-ethoxymethyl group of chlorfenapyr with 

mixed function oxidases forms the compound CL-303268. CL-303268 uncouples oxidative 
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phosphorylation at the mitochondria, resulting in disruption of production of ATP, cellular death and 

ultimately mortality of the target pest (Nauen and Bretschneider,2002). 

Field application: It controls many species of insects and mites, including those resistant to carbamate, 

organophosphate and pyrethroid insecticides and also chitin synthesis inhibitors in cotton, vegetables, 

citrus, vines and soybean. Among the pests resistant to conventional products which are controlled by 

chlorfenapyr are Leptinotarsa decemlineata, Helicoverpa sp., Heliothus sp., Plutella xylostella, 

Spodoptera litura and Tetranychussp. 

Formulations: 10% SC (Lepido®) 

Pyridines: 

Pyriproxyfen 

IUPAC: 4-phenoxyphenyl (RS)-2-(2-pyridyloxy) propyl ether 2- [1-(4- 

phenoxyphenoxy) propan-2-yloxy] pyridine 

 

Pyriproxyfen is a pyridine-based pesticide which is found to be effective against a variety of 

arthropoda. It was introduced in the US in 1996, to protect cotton crops against whitefly. It has also 

been found useful for protecting other crops. It is also used as prevention for fleas on household pets. 

It belongs to insecticidal class U. 

Mode of action: It is a juvenile hormone analogue, preventing larvae from developing into adulthood 

and thus rendering them unable to reproduce. It causes morphological abnormalities and disrupts the 

normal development of immature stages of insects, leading to sterility or death (Miyamoto et al., 

1993). 

Formulations: 10 % EC (Admiral®), 0.5 % G (Sumilarv®) 

Cyclic ketoenoles: 

Spirotetramat 

IUPAC: cis-4(ethoxycarbonyloxy)-8-methoxy-3-(2,5-xylyl)-azaspiro [4,5] dec-3-en-2-one 

 

Spirotetramat, a novel insecticide belonging to chemical class of ketoenols is a tetramic acid 

derivative, belongs to insecticidal class III.  

Mode of action: It interferes with lipid biosynthesis, leading to the death of immature stages of the 

target insect-pest within two to ten days after application. Spirotetramat inhibits acetyl CoA 

carboxylase, a key enzyme in fatty acid biosynthesis. The active constituent is effective against a wide 

spectrum of sucking insects, including aphids, scales (soft and armoured), mealybugs, whiteflies, 

psyllids and selected thrip species (Nauen et al.,2008). 

http://en.wikipedia.org/wiki/Pyridine
http://en.wikipedia.org/wiki/Arthropod
http://en.wikipedia.org/wiki/Whitefly
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Formulations: SC (Movento®) 

Sulfoximines: 

Sulfoxaflor 

IUPAC: [methyl (oxo) {1-[6-(trifluoromethyl)-3-pyridyl] ethyl}-λ6-sulfanylidene] cyanamide 

Sulfoxaflor was developed by Dow Agro Sciences. It is a systemic insect neuro-toxin and belongs to 

Insecticidal class II. It is a new broad-spectrum; it is fast acting and has residual activity. Extensive 

testing has demonstrated no cross- resistance between sulfoxaflor and any other insecticide class (Zhu 

et al., 2011). 

Formulations: 24% SC (Transform 

Conclusion 

In the present scenario, prevention of losses due to pests is one of the best options to meet the 

challenge of world food security. It may more efficiently be done by the adoption of new and safer 

technologies of crop protection. New chemistry insecticides may exert hazardous effects on human 

and environment and thus could become double edged weapons. Therefore, active research is required 

for their evaluation, so that these   novel technologies may serve as efficient tools for future pest 

management. 
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Abstract: 

 Music is an art form whose medium is sound and silence. It produces beauty of expression, 

emotion in significant forms through the elements of rhythm, melody and harmony. A property of 

living things is that they respond to stimuli. Plants are complex multicellular organisms considered as 

sensitive as humans for initial assaying of effects and testing new therapies. Plants respond to music 

the same as humans do. Plants enjoy music, and they respond to the different types of music due to 

the changes in plant metabolism. Little work has been done in this field wherein the plants have been 

subjected to different types of sound and the effects being monitored and analyzed. 

Keywords: Music, rhythm, harmony and plant metabolism. 

Introduction: 

 Music is an art form whose medium is sound and silence. It produces beauty of expression, 

emotion in significant forms through the elements of rhythm, melody and harmony. A property of 

living things is that they respond to stimuli. Plants respond to music the same as humans do. Plants 

enjoy music, and they respond to the different types of music due to the changes in plant metabolism. 

Little work has been done in this field wherein the plants have been subjected to different types of 

sound and the effects being monitored and analyzed. 

Sound 

 Sound is a vibration that propagates as mechanical wave of pressure through medium such as 

air or other medium. Music is rhythmic sound and sound is a wave which is produced by the 

generation of vibrations which are disturbances in the atmosphere.  
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 The lowest frequency classification in the acoustic spectrum is infrasound that has a 

frequency range less than about 20 Hz. Infrasound has been applied in infrasound diagnosis and 

therapeutic infrasound. This is audible by only few organisms like elephant and whales. Ultrasound is 

defined as acoustic waves at frequencies greater than 20 kHz, which has been widely used in medical 

practice for at least 50 yr as both diagnostic and therapeutic tools. This is audible by bats and 

dolphins.  Audible sound is what human beings hear and has an approximate frequency range between 

20 Hz and 20 kHz. 

Music 

 The art of arranging sounds in time so as to produce a continuous, unified, and evocative 

composition, as through melody, harmony, rhythm, and timbre. 

Important terms 

Frequency: Number of wave cycles that occur in one second. 

Melody: Arrangement of musical tones in a linear sequence. 

Harmony: Use of simultaneous pitches that is relative highness (or) lowness of a tune. 

Tempo: Speed of particular music. 

Dynamics: Volume of music. 

Rhythm: The pattern of long and short sounds and silences in a piece of music. 

Timbre: Quality of musical notes and it distinguishes between different musical instruments. 

History of the effect of music on plants 

Sir Jagdish Chandra Bose (1902): He was one of the pioneers to study the effect of environment and 

music on plants. He also studied the Behaviour of plants in response to various stimuli. He also 

studied the response in living and nonliving organisms.  

Joel Sternheimer (1943):Developed a model tune for chalcone synthase in tomato. 

Dan Carlson: Invented the Sonic Bloom system during the year 1960. 

Dr. T. C. Singh (1962): Found that balsam plants grew at 20% more in height and 72% in biomass 

when exposed to music. He also studied theeffects of vibrations caused by Bharata-Natyam, petunias 

and marigold, flowered 2 weeks earlier than controlled plants. 

George E. Farmer (1968): Practically applied music to his corn field and found the increased yield 

of corn plants. And published his results in a book called ―Growing corn to music‖. 

Dorothy Retallack (1973): She conducted detailed research on effect of music on plants and 

published her results in her book called ―The sound of music and plants‖. From her results she 

concluded that continuous rock music could kill the plants.  

Influence of music to plant growth 

 Gene activation: Specific sound frequencies activate certain genes to increase the growth of 

plant cells. 

 Effect on stomata: Sound frequency technology stimulates leaf stomata to open; thereby the 

plant will be able to increase its uptake of spray fertilizer and dew. 
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 Effect on cell organelles: Certain frequencies create resonance in the cell organelles of living 

organisms by increasing the movement of cytoplasm within the cells which leads to the 

growth of cells. 

 Movement of protoplasm: The sounds vibrate the leaves and increase this movement which 

increases the growth of healthy plants by increasing the synthesis of food and nutrients. 

 Plant hormone: The plant hormone called gibberellic acid responds to sound and causes 

shoot elongation or seed germination.  

Different techniques and sounds that can influence plant growth 

1. Classical music influence 

 Time limit about three hours. 

 Helps to grow healthy and properly. 

 Over dose can damage the plants. 

2. Protein and Molecular Music 

 Developed by Joel Sternheimer. 

 This technique has special melodies which regulate Biosynthesis. 

 He studied and investigated the vibrational frequencies of amino acids. 

 He successfully replicated the melodies for the selected proteins (Proteodies). 

 When these melodies were played, it increases the manifestation of the corresponding 

protein and accelerated the growth of the plant. 

 As a result, there were greater yields, plants having higher nutrient levels and their 

shelf life is more. 

Genodics (Proteodies) 

• Patented by Joel Sternheimer  

• This is treatment by the way of protein music  

• Helps to prevent and treat diseases 

• Also helps in growth and development, especially in stressful conditions 

• Used since 2008, by 130 farmers- success rate is about 70 % 

• At the end of 2017, Genodics carried out more than 600 annual applications, in France and 

neighbouring countries in various fields like market gardening, arboriculture and viticulture.  

Proteodies practical applications 

1. Prevention and reduction of the effects of wood diseases 

2. Resistance to mildews in grapes 

3. Tomato growing 

4. Cucumber crops- improved yield 10-20% 

5. Zucchini growing – Mosaic virus WMV2 

6. Salad culture- Bremia, Rhizoctonia and Sclerotinia 

3.  Ultrasonic and Infrasound 

• Development of electronic oscillators  

• To experiment with ultrasonic plant growth acceleration. 
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• Sound acts as a catalyst, activating the production of plant hormones. 

4. Sonic Bloom Techniques  

• Sonic bloom is proprietary audio, organic nutrient plant growing process. 

• Developed by Dan Carlson. 

• To assist the farmers, particularly with low water availability and poor soil conditions. 

• Developed a natural organic plant food. 

Sonic bloom directions and spray schedules 

Sonic bloom caps 

• Add one sonic bloom caps to very warm water in spray bottle. 

• Play Music CD or Audio Box  

• Wait for 10 minutes 

• Shake spray bottle until Sonic Bloom Spray is foaming 

• Spray plants thoroughly 

• Allow music to play one to three hours 

• Repeat every 5-7 days 

Sonic bloom powder 

• Add one teaspoon to one gallon of water 

• Shake well till foaming 

• Expose plants to Music CD 

• Spray plants thoroughly 

• Allow music to play one to three hours 

• Repeat every 5-7 days 

Uses of sonic bloom 

• Greater yields 

• Higher nutrient uptake levels 

• Shorter growth cycles 

• Greater shelf life 

 According to the Guinness Book - the largest indoor plant on record. The Purple Passion 

(Gynura aurantiaca) was treated with the sonic bloom process. It grew to be 1,300 feet tall, and 

was alive even after 25 years. Its normal lifespan, however, is 18 months and it grows not more 

than 18-feet tall.  

 

Commercially available products of Sonic Bloom 
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Sonic Bloom starter kitSonic Bloom Home gardener kit 

 

Sonic Bloom Solar Farm kitSolar SB 1 Bloom box 

(Indoor & up to 5 Acres) (Indoor & up to 5 Acres) 

 

Solar SB 1 Bloom box Solar SB 3 Commercial Bloom box 

(Outdoor & up to 100 Acres) 
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Nutrient content of original sonic bloom 

Dan Carlson Scientific Enterprises, Inc. has patented its products in various countries like 

1. United States 

2. Australia 

3. Canada 

4. Mexico 

5. New Zealand 

6. Spain 

Sound hazards 

• Causes noise pollution for both animals and human communities especially labours on the 

open field farms and in greenhouses. 

• The sound pressure level falls inversely proportional to the distance the bigger the area, the 

lower the intensity. 

• There is a lot of confusion and contradictions about this technology in terms of frequencies 

and exposure periods. 

Precautions against sound hazards 

• Use it early in the morning between 5 to 9 a. m. 

• Remove confusion about frequencies and exposure time. 

• Foliage spray of nutrients after sound exposure gives good results. 

Similarly other scientists have conducted the experiment using different sound frequency which 

are listed below 

• Some reviews are shown here 
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Plant Optimal sound frequency 

(kHz), SPL level (dB) and 

exposure period 

Growth indexes References 

Dendranthema 

morifolium 

SF of 1 kHz, SPL of 100 dB, 

twice a day for 30 min 

The soluble protein and 

sugar in cytoplast 

Sun et al. 1999) 

Tomato, lettuce, 

spinach 

0.08-2 kHz, 100 dB, once a day 

from 7 – 10 a.m. 

Number of leaves, flowers 

and yield, quality 

Meng et al. (2012) 

Cucumber, sweet 

pepper 

0.08 to 2 kHz, 100 dB, once a 

day from 7 – 10 a.m. 

The number of flowers, 

fruits and the content of 

chlorophyll 

Fan et al. (2010) 

Zhou et al. (2010) 

Cucumber and 

cabbage 

green music for 180 min daily 

and 20 kHz continuous wave 

ultrasound at SPL of 75 dB 

The vitamin C and uptake 

of oxygen O
2
 

Qin et al. (2003) 

Edible 

mushroom, 

eggplant, 

muskmelon 

SF of 0.340-3.3 kHz, SPL of 40 

dB-80 dB 

every day 240 min from 8:30 

to11:30 a.m., and from 2:00 

to 5:00 p.m. 

The growth, yield and 

nutrient component 

Huang and Jiang 

(2011) 

Strawberry 0.08 to 2 kHz, 100 dB, once a 

day from 7 – 10 a.m 

Number of leaves, flowers 

and yield, quality 

resistance against disease 

and insects were enhanced  

Qi et al. (2010) 

Different flower 

crops 

SF of 3-5 kHz once every other 

day for 180 min 

The yield, earlier maturity, 

long shelf life 

Carlson (2013) 

Conclusion:  

 The music has a significant impact on the growth of plants. Plants enjoy music and they have 

better effect when exposed to appropriate style. This may be due to change in the vibrations caused by 

different styles of music. Hence the musical therapy can be applied in agriculture to increase the yield. 

 Sound stimulation promotes callus growth at a proper frequency and strength. 

 Sound has positive effect on the growth of the plants. 

 Plants grow faster when exposed to the music. 

 Music influences the concentration of various metabolites. 

 Vedic chants and Indian classical music enhance the growth of plants. 

 Rock music is detrimental to plant growth. 

 Ambi Subramanyam- Sindhu bhairavi classical raga promotes plant protein production. 

Future trends 

 Different plants show different responses to music in different stages of growth. So, further 

studies in the field are needed. 
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 Certain sound frequencies are found to increase and inhibit the growth of desirable and 

undesirable plants respectively. 

 The mechanism of how sound affects the cell cycle and growth of plants needs further 

research. 

 This method has to be perfected and popularized to increase the global production. 
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Abstract: 

 Apple rootstock exploration has achieved great progress in India and worldwide. In this 

review, we first summarize the rootstock capabilities like performance of rootstock, influence of 

production and productivity, graft compatibility, reaction to again diseases and insect pest and 

utilization in main apple-producing states and countries. Furthermore, we discuss the focus and 

important research areas and characteristics of different apple rootstock and genetic resources around 

the India and other countries. In this review paper covers showed all genetic resources and species of 

apple which are used in breeding through aspects: parent selection and setting of crosses, apomictic 

resource utilization. Finally, we propose an apple rootstock exploration for major growing states of 

India and worldwide and which has a large potential to provide guidance for apple rootstock 

improvement, production and utilization in different apple-producing areas. 

Keyword: Apple rootstock, capabilities, genetic resources, improvement and utilization 

Introduction: 

 Apples cultivars are a cross-pollinated and highly heterozygous plant; they do not come true 

from their seeds. Seed propagation produces more variable variety, which are helpful for producing 

new cultivars but is a major drawback for commercial cultivation. As a result, its trees are grown via 

vegetative methods. Budding or grafting the scion cultivars onto suitable rootstocks is essential thus 

rootstock is a very vital component for apple cultivation. Only vegetative propagation is used to raise 

apple trees in India. In most cases, however, rootstock material is not vegetatively propagated; 

instead, A consists of seedlings that cause significant diversity. The use of highly variable seedlings as 

rootstocks results in a lack of uniformity in tree size and cropping, which is the main cause of low 

production and poor-quality apples in India. The majority of apple orchards are located on marginal or 

sloping land, which is vulnerable to a variety of natural dangers such as hail, strong rainfall, and 

severe pre- and post-monsoon droughts. As a result, various apple-growing locations require different 

rootstocks. As a result, developing suitable rootstocks to fulfill the individual needs of a particular 

region is essential for expanding the area and stabilizing the country's apple sector. For main selection 

of apple rootstock, we need to first pay attention to the horticultural traits (grafting compatibility, re- 

productive capacity, dwarf, impacts on scion growth, etc.). In addition, we also need to consider 

environmental factors (temperature, irrigation, soil pH and fertility, etc.) and biological factors 

(viruses, bacteria, nematodes, woolly apple aphids, and other destructive animals) in the planting area 

(Warschefsky et. al. 2016). 
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Performance of Rootstocks 

 The performance of scion cultivars grated on them is influenced by the rootstock. Scionic 

compatibility, nutrient uptake, water balance, pest and disease resistance, and soil and environmental 

stress tolerance are all influenced by rootstocks. As a result, the rootstocks have a significant impact 

on the scion cultivars' output and fruit quality. Apple tree performance is also influenced by the 

rootstock used. Therefore, specific characteristics of rootstocks must be known. 

Graft Compatibility 

 The usage of rootstocks requires a compatibility relationship with the scion cultivars. The 

rootstock must be compatible with the scion cultivar and provide the grafted tree with the longest 

possible economic life. Graft incompatibility is generally referred to as inability of the stock and scion 

to bind together to form a successful graft union. Lack of compatibility between the rootstock and 

scion is the major limiting factor in propagation of fruit trees, particularly stone fruits (Zarrouk et. al., 

2006). Graft incompatibility is therefore a critical issue for breeding rootstocks of fruit trees and 

longevity of an orchard (Hossein et. al., 2008). It leads to the formation of unhealthy trees, breakage 

at the graft union and premature death of grafted plants (Zarrouk et. al., 2006). The arrival of these 

symptoms could take a number of years (Guclu and Koyuncu, 2012). Thus, to ensure a successful 

graft union the selection of a mutually compatible scion/rootstock combination is important 

(Goldschmidt, 2014). Only when the tissues of the two components are joined by dovetailing of 

individual cells is the union between the stock and scion compatible. When the stock and scion are 

joined, various factors come into play, and indications of incompatibility might arise, such as poor 

bud take and anatomical and morphological abnormalities at the graft union (Rasool et. al., 2020). In 

apple, all stock-scion combinations have not proved to be compatible. Some graft incompatibility 

combinations have proven to be profitable production units for growers. The M7 has incompatibility 

issues with several apple varieties, although it is still one of the most used rootstocks. 

 M and MM rootstocks, which were introduced in India in the early 1960s which are 

compatible with the majority of commercial cultivars (Rana and Chadha, 1986). These clonal 

rootstocks showed good bud take performance with leading commercial cultivars, and no evident 

evidence of incompatibility were found in any of the scionic pairings. Nevertheless, M9 and M2 show 

union abnormalities when used as interstocks. 

 The apple species are like Malus baccata, Docynth hookeriana, Crataegus crenulata, 

Crataegus oxycantha, Pyrus pashia, and Sorbus lanata were all studied for graft compatibility. 

Grafting success was 77 percent for Cotoneaster bacillaris, Cotoneaster multiflora, and Cotoneaster 

numularia with apple cv. Starking Delicious, Malus baccata, and Crataegus crenulata, compared to 

13-50 percent for other combinations. Except for M. baccata, none of the graft combinations grew 

well. Graft incompatibility of these wild species with apple was attributed to the low growth of graft 

combinations. The presence of a layer of dead wood near the graft union was blamed for the 

incompatibility of these combinations (Randhawa and Kishore, 1981). 
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Growth Pattern of Apple Rootstock 

 The most significant effects of rootstock on scion cultivar are tree size control and 

corresponding variations in tree morphology. The apple clonal rootstocks offer a wide variety of tree 

sizes, from dwarf (M27 and M20) to vigorous (M27 and M20) (M25). With the right rootstocks, you 

can get a very dwarf to a highly strong tree size with a particular scion cultivar. However, soil, 

climate, scion cultivar, and management techniques all influence the absolute size of a mature tree on 

a given rootstock. The vigour of scion cultivars grafted on them is affected by the rootstocks' 

potential. Four groups of apple clonal rootstocks have been identified. They come in dwarf, semi-

dwarf, strong, and extremely vigorous varieties. Rootstock vigour potential is connected to stomatal 

density in leaves which is high in vigorous rootstocks and low in dwarfing rootstocks. 

 Of the M and MM clonal rootstocks, apple trees, are more vigorous on MM clone (Sharma, 

1977) and delicious apple trees on MM106 showed significantly more volume and annual shoot 

growth than those on M7 (Sharma and Chauhan, 1990). However, among M2, M7. MM104, MIM106 

and MM110, apple cultivars showed maximum tree height trunk girth and tree volume on M2 

rootstock (Sharma et al. 1988) M13 and Merton 779 were categorized as vigorous, Crab C and L-1 (a 

seedling selection of Ribbintin Pippin as semi-vigorous, M2 and Merton 793 as semi-dwarf and M9 as 

dwarf. Of the M series of rootstocks M9 and M27 were dwarf and produced smallest trees, whereas 

trees on M25 were vigorous and attained significantly more height trunk girth and annual shoot 

growth than those on NM106 rootstock (Chandel, 1989). Among the M7. M9 and MM111 rootstocks. 

M9 rootstock induced the minimum scion growth in term of shoot length, trunk girth and shoot dry 

weight the rootstock M7 was found to be intermediate between M9 and MM111 (Singh, 2001). 

Similarly, Sharma (2002) observed that true height spread, tree volume, trunk girth and annual shoot 

extension growth were significantly affected by the rootstocks and maximum growth in terms of these 

characteristics was recorded in EMLA 106 and minimum in EMLA26. 

 Seedling rootstocks are more vigorous than clonal rootstocks, inducing more growth in scion 

cultivars Fanny and Chaubattia Princess apple cultivar when grafted on M25, MM104, MM109, 

MM111, and MM114 clonal rootstocks and Pareo and Crab apple seeding rootstocks (Joshi and Lal, 

1990) (Similarly, Golden Delicious seedlings on M. baccata clonal rootstocks grew faster than those 

on M9 and MM106 clonal rootstocks. 

Influences of Rootstock on Production and Productivity 

 The most important effects of rootstocks on scions that orchardists care about are fruit bud 

formation, fruiting precocity, fruit set, and yield. Rootstock affects both the yield tree and the yield 

efficiency. Yield contributing characteristics includes variances in tolerance to poor soils, insect 

resistance, and nutrient uptake. Fruiting precocity is usually associated with dwarfing rootstocks, 

while a prolonged juvenile phase is associated with strong rootstocks. Longer, more vigorous plants 

produce more crops over a longer period of time when rootstocks are vigorous and vigorous growing. 

Trees on dwarfing stocks, on the other hand, produce more fruit. They provide larger yields when 

planted close together, especially in the early years of bearing. The plants on dwarfing rootstocks M9 

and M20- produced higher accumulated yield he upto 10 years of age because of their early bearing. 
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By the tenth and fifteenth year, the yield is surpassed by trees on semi dwarfing rootstocks and 

vigorous rootstocks respectively. 

 In Himachal Pradesh, maximum fruit yield in Royal delicious apple was obtained on MM104 

rootstock. The MM106 rootstock was also obtained to give higher yields. Apple cvs. Royal delicious 

and Golden delicious on MM106 rootstock were observed to produce significantly higher fruit yield 

than those on M2, M7, MM104 and MM110 (Sharma et al., 1988). Similarly, Sharma and Chauhan 

(1990) reported that apple trees grafted on MM106 rootstock had significantly higher fruit set, yield 

and yield efficiency than those on M7 rootstock. However, among the EMLA series of rootstocks, 

higher fruit set, yield and yield efficiency were recorded in spur type cultivars of apple raised on 

EMLA 106 rootstock as compared to those on EMLA 26 and EMLA 7 rootstocks (Sharma, 2002). In 

Uttar Pradesh also, MM106 rootstock was found to be best among M9, M4, M26 and MM106 as it 

produced highest fruit yield in Royal Delicious apple (Sinha et al.,1981). However, Om and Pathak 

(1983a) reported that M2 rootstock induced prolific bearing in Red Delicious, Jonathan and Rymer 

apples at earlier stages and produced significantly higher yields than other rootstocks during the fifth 

and tenth years. The Merton 779 and crab rootstocks recorded maximum yields during the twentieth 

and mtwenty fifth years, and Merton 779 and M13 rootstocks produced higher yields than other 

rootstocks after 35 years. Subsequently. Upadhayay et al. (1984) obtained the highest yield in Red 

Delicious cvs. grafted on M9 rootstock, while Joshi and Lal (1990) recorded highest fruit yield in 

Fanny and Chaubattia Princess cultivars grafted on MM109 rootstock. 

Reaction to Insect Pests 

 Woolly aphid (Eriosoma lanigerum Hausm) is a major apple pest that causes significant 

losses across the country's apple-growing regions. It infests the plant's aerial and underground 

portions. It is challenging to handle with insecticides applied from the air. The use of resistant 

rootstocks can help control the root infection more successfully. Woolly Aphid is not an issue for 

Northern Spy apples. It gives scion budded on it resistance. Northern Spy's resistance characteristics 

have been used to generate a new family of apple rootstocks called as Malling Merton rootstocks. 

Merton 778, 779, 789, and 793 rootstocks were resistant to Wooly Aphid, however some resistance 

was lost through grafting. Bhardwaj and Verma (1994) investigated how certain MM clonal 

rootstocks reacted to Wooly Aphids in the lab and in the field. Woolly Aphid did not colonies 

MM102, MM103, MM109, or MM115, however a few aphid colonies were developed on MM101, 

MM104, MM106, and MM111, but did not multiply, implying that the first category of rootstocks 

was fully resistant to Woolly Aphid, while the second was very vulnerable. 

 The M21, M20, and M13 were shown to be particularly vulnerable to Woolly Aphid 

infection, while the M12, M16, M3, M4, M1, and M5 were found to be less so M21, M20, M13, M8, 

and M2 were also found to be extremely vulnerable in other studies, while M16, MM101, MM106, 

and MM114 were devoid of Woolly Aphid infestation (Thakur and Gupta, 1998) M21, Merton 779, 

and MM111. Woolly Aphid is very resistant to MM114, MM115, and Crab apple; moderately 

resistant to MM104 and MM106; susceptible to M2 and MM109; and highly vulnerable to crab C and 

common seedlings. 
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Reaction to Diseases 

 The ability of scion cultivars to resist the attack of some diseases depends upon the relative 

resistance/susceptibility of the rootstock to some extent. In apple, some rootstocks are more resistant 

than others to certain diseases. The ultimate growth of the trees is determined by relative ability of the 

rootstocks to withstand/escape disease infection. 

Collar Rot 

 Collar rot, sometimes known as crown rot, is a serious apple disease that is found throughout 

India's apple-growing regions (Gupta, 1992). It destroys the tree trunk at or just below the soil level, 

especially in heavy and poorly drained soils. The trees that have been affected gradually deteriorate 

and eventually disappear over time. When the illness affects the scion, it's called collar rot, and when 

it affects the root crown, it's called crown rot. 

 Although all commercial apple types are prone to collar rot, some rootstocks are resistant. 

M2, M4, M9, MM104, MM113, and MM114 were shown to be extremely susceptible rootstocks, 

while M2, M4, M9, MM104, MM113, and MM114 were shown to be resistant (Gupta and Mir, 1983, 

Gupta, 1994), the reaction of apple rootstocks to four Phytophthora cactorum isolates was studied. 

The most resistant rootstock was MM102. M16 was the most sensitive to all four isolates, followed by 

MM104 (Anonymous, 1988). Following that, 22 rootstocks were tested for Pythium ultimum, which 

causes collar rot. M2, M4, MM110, MM114, and MM115, as well as crab apple, were shown to be 

very resistant, but MM103 and MM104 were found to be highly vulnerable (Sharma and Gupta, 

1989). 

White root rot 

 Dematophora necatrox causes white root rot, which is the most damaging disease to apple 

trees in nurseries and orchards. It infects the underground plant portion, causing full rotting of the 

roots and, as a result, tree mortality. In Himachal Pradesh, the root-rot problem has reached epidemic 

proportions, particularly in locations with high rainfall and humidity, as well as in orchards 

established on forest grounds. Because chemical treatment of this disease is challenging, study 

examined for rootstocks that were resistant to root rot. M2, M4, M7, M9, M16, M25, and M26, as 

well as MM102, MM103, MM104, MM105, MM106, MM109, MM110, MM113, and MM114, were 

found to be vulnerable to white root rot by Bhardwaj and Verma (1994). Previously, the reactivity of 

eight clonal rootstocks to white root rot was investigated, and none of them were found to be resistant, 

while M2, M9, M13, MM106, and MM111 rootstocks were found to be more vulnerable, while M9 

and MM109 rootstocks were found to be less susceptible (Gupta and Verma, 1978). As a result, white 

root rot affects all clonal rootstocks accessible in the country, while M16, MM102, MM109, and 

MM115 show some resistance to it in natural conditions (Gupta. 1994). The information on sources of 

resistance in other Malus species has revealed that M. prunifolia var. Ringo Asami, M. floribunda and 

M. toringoides possess considerable resistance to root-rot disease. 

Powdery mildew 

 Powdery mildew, caused by Podosphaera leucotricha Salm, is a serious disease that affects 

both young and mature apple trees. Only a few cultivars are susceptible to this disease in orchards: 
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Baldwin, Cox Orange Pippin, Golden Delicious, Granny Smith, Jonathan, and Mcintosh. It's an issue 

in all apple-growing locations, but it's worst in the lower elevations of the apple-growing belt, where 

the weather stays warm and dry during the growth season. Of the 20 indigenous Malus species 

screened for resistance to powdery mildew, M. sikkimensis and M. prunifolia were resistant, whereas 

M. baccata, M spectabilis and M. baccata Giabong were highly susceptible. The M. baccata Shillong. 

M. baccata Srinagar, M. zumi, M. prunifolia var Ringo Asami and M. prunifolia were resistant to 

powdery mildew under artificial epiphytotic conditions. The resistance of M. sikkimensis to powdery 

mildew had also been reported earlier by Ram and Randhawa (1979). 

Use of rootstocks 

 In apple propagation, two types of rootstocks are also used: seedling rootstocks and clonal 

rootstocks. Seeds are used to propagate seedling rootstocks. They have a wide range of behaviour, but 

clonal rootstocks propagated by vegetative means have a uniform performance. 

1. Seedling Rootstocks 

 In India, seedling rootstocks are the most frequent and widely utilized rootstocks. However, 

there is a great diversity in type of material used for raising rootstock seedlings. Seedlings of crab 

apple are used as rootstocks in some areas, although seedlings of any commercial apple cultivar are 

utilized in others. Seeds from numerous sources are commonly used by nurserymen. Cultivar 

seedlings (Golden delicious, Yellow newton, Wealthy, Mclntosh, Granny smith, and Red gold) were 

suitable, but triploid seedlings (Gravenstein, Rhode island greening, Stayman winesap) did not 

cultivars are chosen because they have higher content of seeds, which result in greater seed 

germination and seedling growth as compared to triploid seeds. Seedling rootstocks have a wide range 

of growth, precocity, cropping, and response to biotic and environmental variables. When seedling 

rootstocks are used, the performance of the cultivars grafted on them varies. The lack of consistency 

in trees growing on seedling rootstocks can be mitigated to some extent by using apomictic seedling 

potstocks. In seedlings of apple species, percentage apomicts are produced. Seedlings of Malus 

sikkimensis, Malus hupehensis, Malus toringoides, and Malus sergentii are apomictic and can serve as 

uniform rootstock material. 

2. Clonal rootstocks 

 Asexually propagated clonal rootstocks provide possibilities for modern orcharding 

management, precocity, cropping efficiency, and resistance to some unfavourable and abiotic 

conditions. Over Europe, the United States, Canada, and other apple-growing regions of the world, the 

cultivation apple has been changed nearly exclusively to one of these clonal rootstocks. 

Malling Merton rootstocks 

 East Malling Research Station in Kent, England, began a successful initiative to assess 

rootstocks in the production of malling series clonal rootstocks. The original series, which consists of 

nine stocks, was assigned Roman numbers with the prefix M for the Malling series; additional have 

since been added, bringing the total number of stocks to 24. The latter were assigned numbers. More 

were added to the series as time went on. M25 from 1956, M26 from 1965, and M27 from 1976 

raising the total number to 27. Following this, East Malling Research Station and Kent John Innes 
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Horticultural Institute collaborated to develop the Malling series clonal. The goal in Merton, England, 

was to develop Woolly Aphid rootstocks that crossed the Norther. With some Malling rootstocks, Spy 

is a Woolly Aphid resistant cultivar. The resistant Woolly Aphid seedlings, clones were picked and 

numbered from 101 to 115 using the prefex MM from the Malling and Merton research stations. 

Large rootstock trials on the M and MM series of apple rootstocks were started in India shortly after 

their introduction in the 1960s in Mashobra and Kotkhai in Pradesh, Shalimar in Jammu and Kashmir, 

and Chaubattia in Uttaranchal. These rootstock experiments provided valuable insight into the 

performance of many clonal rootstocks under various agroclimatic situations. In various states, a 

number of promising rootstocks have been identified and recommended for commercial use. In 

Himachal Pradesh, these comprised M7, M9, M26, MM106, and MM111. 

The recommended rootstocks are: 

M2 

 This is a robust rootstock that produces a tree that is slightly larger than M7 and not quite 

seedling size. It is both precocious and fruitful. It can grow in a variety of soil types; however, it is not 

recommended for heavy soils because it tends to lean. It is resistant to collar rot and but susceptible to 

root rot. This rootstock is not as easy to spread as MM106. 

M4 

 This is a semi-vigorous tree that is slightly larger than a free but smaller than M2. It causes 

heavier and more regular production than M2, as well as sooner and heavier production than M7. 

Because the roots develop primarily on one side, it is not well-anchored. Staking is required for the 

plants on this rootstock. While it is sensitive to water logging, it is less susceptible to collar-rot. 

Mound layering is a simple way to propagate it. 

M7 

 A semi- dwarfing rootstock and it is develop a tree that is 55-65% the size of a standard 

rootstock. It may grow in a wide range of soil conditions and temperatures. It has the ability to endure 

both temporary drought and waterlogging. Suckering is an issue with this rootstock, however high 

budding and deep planting help to minimize it. Root rot is a problem, but tolerant to collar rot. 

M9 

 As dwarfing rootstock it is most widely used around the world. It is especially ideal for high-

density planting. That is why it is most commonly used in Europe. Its roots are shallow and fragile, 

and consequently the anchorage is inadequate and trees on M9 need assistance. It is unable to 

withstand flooding and drought. It is, however, resistant to collar rot. M9 is notoriously difficult to 

propagate from hardwood cuttings, though it does well in stool beds. 

M13 

 It's a robust rootstock that grows into a full-size tree that looks like apple seedlings. M13 roots 

easily, although cultivars produce a spreading shallow root system. It is more tolerant of wet soil 

conditions than other rootstocks. As a result, it's useful in shallow soils or sols with hardpan 

underlayment. In the United States, this rootstock is very useful under a dwarfing interstem. 
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M26 

 It's a hybrid between M9 and M16 that develops a dwarf tree that's somewhat bigger than 

M5 but more productive and precocious than M9. It's good for dense planting in soils where M9 

struggles. It's non-suckering, although the trunk produces bur-knots. As a result, it should be planted 

as close to the ground as possible with graft union. M26 is sensitive to fire blight and collar rot, 

however it is the Malling type that is most winter hardy commercially. Although this rootstock 

propagated hardwood cuttings efficiently, it was a poor performer in stool beds. 

MM106 

 Trees with this rootstock are very productive, well-anchored, and sucker, which is a problem 

with trees with the M7 rootstock. MM106 bears fruit early. The tree consistently produces good fruit. 

Woolly aphids and seedling blight resistance, but powdery mildew and collar susceptibility. Softwood 

and hardwood cuttings, as well as stool layering, are all easy ways to cultivate this plant. 

MM111 

 This is an early bloomer, but it produces far more fruit than apple seedling. It can grow in a 

wide range of soil types and temperatures. It is propagated stooling a highly tolerant drought resistant 

collar rot susceptible powdery mildew. 

American apple rootstocks 

 The American apple rootstocks are a diverse group of rootstocks that were introduced from 

Michigan, New York, Missouri, Kansas, and Oregon breeding and selection programmes. The open-

pollinated seedlings of Malling rootstocks, Alnarp 2, and Robusta 5 were used to produce the 

Michigan apple clone (MAC) line of apple rootstocks. MAC1, MAC9 (Mark), MAC24, and MAC39 

are the most promising in this class. MAC1 is a semi-dwarf. The trees on this rootstock are similar in 

size to those on M7, while MAC24 is semi-vigorous in vigour class of MM111. Mark (formerly 

MAC9) and MAC39 are dwarf rootstocks. Mark is the most popular, with trees that are slightly larger 

than those on M9 but similar to those on M26. Mark rootstock trees have good precocity, yield 

efficiency, and anchoring. 

 The Geneva (G) group of apple rootstocks, formerly known as the Cornell Geneva (CG) 

series, were produced in Geneva, New York, from Mclntosh, Northern spy, and Malling clone 

crosses. G11, G13, G16, G30, and G65 are promising rootstocks from the G series. In terms of size 

control, G11 is identical to M26. This rootstock produces trees that are well-anchored, productive, and 

precocious. In terms of size regulation, G16 is similar to M9, although it is more precocious. G65 is 

half the size of M9 and M27, but it's precocious and productive. It is well-anchored. G13 is a little 

smaller than M7, while G30 is about the same size as M7 but is more precocious and has better 

anchoring. These rootstocks are resistant to fire blight, with G65 being nearly fire blight-free. G65 has 

a high resistance to fire blight. G65 and G30 is also collar-rot resistance. In addition to rootstocks, 

Genèva New York Station introduced one clone, Novole (P1 286613), as a rootstock in 1982 due to 

its pine vole resistance. Fire blight, crown rot, and tomato ring spot virus resistance are also present. 

Cuttings are an easy way to propagate it. It is recommended for use with dwarfing interstocks since it 

has a robust rootstock. 
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 The C series of apple rootstocks were developed by Stark Bros Nurseries in Missouri from the 

population of open pollinated seedlings of Clark Dwarf (M8).Three selections - C6, C46 and C59 are 

promising. Of them, C6 was introduced in 1974 for use as dwarfing interstem tolerant of common 

latent viruses Tree size control is similar to that of M9, when used as interstock or rootstock, and is 

similar in susceptibility to fire blight and Wooly Aphids, but is less brittle than Mg. It is compatible 

with a wide range of cultivars, inducing very early and heavy production. 

Other new rootstocks 

 Apple rootstock breeding programmes are underway in several other countries — France, 

Germany, Belgium, Netherlands and Czechoslovakia. The principal objectives of these breeding 

programmes are: to develop apple rootstocks that are free from shortcomings of the important current 

commercial rootstocks, and also rootstocks which may be more vigorous than M27 and less vigorous 

than M26 and more suitable for high density planting. 

 French apple rootstocks, Pajam 1 (Lancep) and Pajam 2 (Capiland) are dwarfing and easier to 

propagate than M9. Trees on Pajam 1 are slightly smaller than M9 EMLA and Pajam 2, while Pajam 

2 is similar to M9 EMLA in vigour. Most of the M9 clones selected in Belgium (clone 29) and 

Germany (clone 984) are of similar vigour or slightly more vigour than M9 EMLA, while clones 

selected in Netherlands (clone 337 and 339) are slightly smaller. The yield efficiencies are almost 

similar for most of these clones. 

Indigenous Rootstock and Species 

 In the entire Himalayan region of the country, a huge number of wild and indigenous species 

are growing. The species has acquired tolerance to a variation of diseases, pests, and environmental 

hazards such as cold drought and waterlogging over time. A variety of wild and indigenous species 

were collected by the IARI Regional Horticultural Station in Shimia for study as rootstocks for 

commercial cultivars. Randhawa and Kishore (1988) identified key traits of Malus sikkimensis, M. 

baccata var. Himalaica, and six other baccata kinds that were promising in terms of vigour and graft 

compatibility. M. baccata Rohny dwarfed more than M9, although M. baccata Shillong, M. baccata 

Khrot, M. baccata Gaibong, and M. baccata Dhak dwarfed as much as M9. 
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Abstract: 

 In public health, pesticides are used to kill disease vectors such as mosquitoes, while in 

agriculture, pesticides are used to eliminate pests that harm crops. Herbicides, insecticides, 

nematicides, molluscicides, rodenticides, insect repellents, animal repellents, antimicrobials, and 

fungicides are all pesticides. Pesticides are used in Asia by more than half of the world's population. 

After China and Turkey, India is ranked 12th in the world for pesticide use and third in Asia. In India, 

however, insecticides account for the majority of total pesticide usage. Pesticide exposure is a concern 

for around 2.2 million people, the majority of whom live in underdeveloped nations. Furthermore, 

some persons, such as newborns, young children, agricultural field labourersand pesticide applicators, 

are more sensitive to pesticide toxicity than others. To understand the direct and indirect impacts of 

pesticides on the environment, it is critical to integrate research from several disciplines such as 

toxicology, environmental chemistry, population biology, community ecology, conservation biology, 

and landscape ecology. 

Keywords: Pesticides, environment, human health and status 

What is pesticide?  

 Pesticides are chemical compounds used to kill pests such as insects, rodents, fungus, and 

invasive plants (weeds). In public health, pesticides are used to kill disease vectors such as 

mosquitoes, while in agriculture, pesticides are used to eliminate pests that harm crops. Herbicides, 

insecticides, nematicides, molluscicides, rodenticides, insect repellents, animal repellents, 

antimicrobials and fungicides are all pesticides (Poudal et al., 2020). Chemical pesticides are used by 

both lay farmers and commercial producers to remove pests and weeds, as well as to eliminate 

illnesses on their farms, with the goal of improving productivity. Though pesticide usage has certain 

benefits in terms of increased output, its haphazard and excessive use has a negative influence on the 

environment and human health. The current pesticide usage scenario does not appear to be adequate; 

so-called safe pesticides are also exhibiting their negative effects in the long term, and problems such 

as bio-accumulation and bio-magnification are becoming more prevalent day by day. Almost every 
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part of the globe, as well as all living species and those yet to be born, has been influenced by so-

called pest control boons. 

 Rachel Carson's blockbuster best-selling book Silent Spring brought the pesticide issue to the 

forefront for the first time in decades (Carson, 2002). Since then, several arguments have erupted on 

the subject, with many people understanding that depending entirely on chemical control methods is 

gradually leading to a poisoned and deadly environment. In his book "one straw revolution," 

Masanobu Fukuoka has brilliantly linked spirituality and agriculture, providing principles of natural 

farming that recommend and highly emphasize avoiding introducing any foreign chemical compounds 

in any kind to the cropping system (Fukuoka, 2009). 

 Blindly exploiting chemical substances will inevitably destroy both biotic and abiotic 

components of nature; they will hurt not just the targeted creatures, but also all other non-targeted 

organisms, either directly or indirectly (Carson, 2002). Less than 0.1 percent of pesticides sprayed to 

crops reach their target pests, leaving more than 99.9% of pesticides in the environment, where they 

are certain to harm public health and beneficial biota, as well as pollute soil, water, and the ecosystem 

(Pimentel, 1995). Only 25% of pesticides produced globally are utilized in underdeveloped nations, 

yet they account for 99 percent of all deaths.  

Pesticide Groups 

 Pesticides can be classified in a variety of ways, including by the pests they manage. 

Insecticides stop insects from growing or surviving, herbicides kill plants, weeds, and grasses, 

rodenticides kill rats and other rodents, avicides kill birds, fungicides kill fungus, and nematodes are 

killed by nematodes. 

Current status & use pattern of pesticides 

 Pesticides are used in Asia by more than half of the world's population. After China and 

Turkey, India is ranked 12th in the world for pesticide use and third in Asia. In India, however, 

insecticides account for the majority of total pesticide usage. India accounts for barely 1% of 

worldwide pesticide consumption. According to FAO data, India used roughly 58160 tonnes of 

pesticide in 2018. In 2017, the pesticide application rate per hectare was only 0.31 kg per ha. Pesticide 

consumption in China, Japan, and the United States was roughly 13.07, 11.76, and 3.57 kg ha1 

respectively. In India, barely 8% of bio pesticides are used (Nayak & Solanki 2021 So, while India 

uses less pesticides per hectare of cropland, unregulated and haphazard pesticide use is to blame for 

the existence of excessive pesticide residues in both the natural and physical environments. When it 

comes to pesticide use, a closer examination reveals that we're using more pesticides and treating 

crops more frequently than ever before. According to the FAOSTAT database, global pesticide use (in 

tons of active ingredient) grew by 46% between 1996 and 2016. (2019). Pesticides function by 

harming the species they are designed to kill. Pesticides, on the other hand, do not work in the same 

manner for every species. On a worldwide scale, almost four million tons of pesticides are used each 

year, the majority of which are herbicides (56%) followed by insecticides (19%), fungicides (25%), 

and other kinds such as rodenticides and nematicides (FAO) (2018). During 2016-17, Punjab had the 
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greatest per capita pesticide use (0.74 kg), followed by Haryana (0.62 kg) and Maharashtra (0.57 kg). 

(ICAR-NAIP, 2017) (Based on data from the Ministry of Chemicals and Fertilizers.). 

Pesticide Usage Pattern 

 There are 293 pesticides registered in India (as of October 2019), and 104 pesticides are still 

being produced/used in the country despite being banned in two or more countries across the world, 

according to reports (Goi., 2021). In India, half of the pesticides used for pest control are redirected to 

cotton pest management (Mooventhan et al. 2020). In 2017, India used 0.31 kilogramme per ha of 

pesticide, compared to 19.6 kg per ha in Saint Lucia, 16.59 kg per ha in Hong Kong, 13.9 kg per ha in 

Ecuador, 13.3 kg per ha in Taiwan, and 13.07 kg per ha in China. The United States has reduced its 

consumption by 2.54 kg per hectare (Roser, 2019). According to Research and Markets, the Indian 

pesticides business was valued Rs 214 billion in 2019. With a compound annual growth rate of 8.1 

percent from 2019 to 2024, the market is expected to reach Rs. 316 billion. 2020 (TAAS). 

 The insecticide chlorpyriphos is the most extensively used pesticide. Consumption increased 

from 471 metric tonnes in 2014-15 to 1431 metric tonnes in 2019-20. Sulphur is the most commonly 

used fungicide, with 1548 MT consumed in 2014-15, rising to 3878 Mt in 2019-20. Weedicides with a 

high concentration of 2, 4-D amine salts are utilised in India (herbicide).  Its usage was 1MT in 2014-

15, but it increased to 1067 MT in 2019-20. Zinc phosphide has been the most often used rodenticide, 

with consumption ranging from 65 to 200 MT from 2014 to 2020 (GOI 2020). Pesticides are frequent 

pollutants in soil, air, and water, as well as non-targeted organisms in our urban landscape, and they 

can affect plants, animals, beneficial microbes, and insects, as well as no targeted plants, fish, birds, 

and mammals (Aktars et al. 2009). Insecticides offer effective pest control, but they come with 

hazards, such as non-selective pesticides killing non-targeted plants and animals as well as the 

targeted ones. 

Pesticide use pattern- Worldwide and India (Source: http://www.fao.org/faostat/en/#data) FAO 

(2018). 

 

51%

16%

33%

0
Insecticides

Herbicides

Fungicides and 
Bactericides



Recent Innovative Approaches in Agricultural Science Volume II 

    (ISBN: 978-93-91768-85-0) 

167 
 

 

 

 

 

Source :( Ministry of Agriculture & Farmers Welfare,) 

 Food, drinking water, surface water, breast milk, and urine all contain pesticide residues. 

Pesticides are used to manage pests, but they are also a major cause of pollution in the air, water, and 

soil, which has a severe impact on human health and the environment's living species. Pesticide 

contamination is difficult to remove after it has been introduced into an ecosystem since the pesticide 

21%

20%

8%8%7%
6%

4%

3%

3% 3%

3% 2%

8% State wise pesticide 
consumption in India

MH

UP



Bhumi Publishing, India 

168 
 

is applied to cultivated land, and the chemical features of pesticide chemicals frequently make 

breakdown delayed or impossible.  

Pesticide status of Punjab 

 The consumption of pesticides has risen considerably in India over the past decade - in 2014-

15 it was almost 50% higher than in 2009-10. That's a 50% spike in pesticide use in a span of just 5 

years.  

Malwa, the pesticide hub of Punjab 

 Punjab's Malwa area consumes approximately a quarter of all insecticides used in the state. 

Pesticide usage, along with environmental and socioeconomic variables, is thought to have resulted in 

excessive pesticide residue concentrations in the water, soil, and food chain, endangering the health of 

the local population and the ecosystem. Because of the very high number of cancer cases, which has 

climbed thrice in the previous ten years, the region has been dubbed "India's cancer capital." Pesticide 

usage has also been linked to an increase in intellectual impairment and reproductive abnormalities in 

this region, according to studies. 

Pesticides and human health 

 The most serious effects of pesticides are those on human life and health. It has been reported 

that 3 million acute poisoning cases caused by pesticides occur worldwide every year, 2 million of 

these are suicide attempts and the rest occupational or accidental poisoning cases. Despite the 

restrictions and regulations on pesticides use, India accounts for 1/3 of the total poisoning cases in the 

world. In the first major accident involving pesticides, 108 people died due to parathion poisoning in 

kerala in 1953. The world worst industrial disaster involving a chemical plant was the ‗Bhopal Gas 

Tragedy‘ at the Union Carbide Plant in Bhopal during 1984 (Srivastava and Dhaliwal). 

 The Black Plague, which struck Europe in the 14th century and killed millions of people, is 

one of the most well-known. The sicknesses were thought to be the result of God's retribution during 

the time. Many years later, scientific evidence revealed that the plague was caused by a bacterial 

illness carried by rat fleas, which devastated practically the whole continent of Europe. Bubonic 

plagues, as it is now known, is a condition that may be readily cured if correctly detected. As a result, 

eradicating rodents such as rats and fleas can lower the relative frequency of illness incidence. 

The role of DDT in environment & human health 

 DDT was developed in the 1940s and was initially used with great effect to combat malaria, 

typhus, and the other insect-borne human diseases, and for insect control in crop and livestock 

production, institutions, homes, and gardens. However, due to the chemical's rapid success as a 

pesticide and widespread usage in the United States and other countries, many insect pest species 

have developed resistance. Rachel Carson linked the general rise in US cancer rates between 1940 and 

1960 to the carcinogenic effects of DDT in her book Silent Spring. DDT and other chemicals, she 

prophesied, would cause a cancer epidemic that would wipe off "practically 100 percent" of humanity 

in a single generation. According to Carson, a race of super-insects that are immune to pesticides will 

infest crops cultivated on American farms. Desperate farmers, she predicted, would respond to these 

pests by spraying even more DDT.  As a result, the pesticide would ultimately poison the entire food 
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chain, killing bugs, worms, birds, fish, and eventually humans, Carson stated. Because it accumulates 

in fatty tissues and may travel great distances in the upper atmosphere, DDT is now designated as a 

persistent organic pollutant (POP). Because of its tenacity, it undergoes bio-magnification 

(concentration rise) as it passes up the food chain, harming plant, animal, and human health. After the 

release of Rachel Carson's book Silent Spring and widespread public outrage about DDT's effects on 

animals and humans, the US Environmental Protection Agency (EPA) banned practically all domestic 

applications of DDT in 1972. It is, nevertheless, still used in the impoverished countries to combat 

malaria (Soma Basu 2013). The discovery that pp'DDE is the DDT metabolite secreted at the greatest 

amount in human milk is in line with prior research. The average daily consumption of total DDT was 

0.062 mg/kg of body weight, which is 12 times higher than the World Health Organization's tolerable 

DDT threshold (0.005 mg/kg/day) (Zaidi et al 1989). By eliminating vector-borne illnesses, pesticides 

have enhanced human health; yet, their long-term and indiscriminate usage has resulted in major 

health consequences. According to World Health Organization, each year, about 30 lakh, cases of 

pesticide poisoning and 220,000 deaths are reported in developing countries (Lah 2011). Pesticide 

exposure is a concern for around 2.2 million people, the majority of whom live in underdeveloped 

nations (Hicks 2013). Furthermore, some persons, such as newborns, young children, agricultural 

field laborers, and pesticide applicators, are more sensitive to pesticide toxicity than others. Ingestion, 

inhalation, and skin penetration are all ways pesticides reach the human body. However, the majority 

of individuals are impacted by pesticide-contaminated food. They eventually reach human tissues or 

storage compartments after passing through many obstacles. Although human bodies contain methods 

for excreting poisons, they are sometimes retained by the circulatory system through absorption. 

When the concentration of pesticide in the body exceeds the original concentration in the 

environment, toxic consequences are triggered. Pesticides have a wide range of consequences on 

human health. They might develop in a matter of days and be of an urgent character, or they can take 

months or years to materialize, and are therefore referred to as chronic or long-term consequences.  

The human health effects of pesticide exposure 

 Acute effects  

 Skin problems  

 Respiratory problems  

 Reproduction  

 Risks of children  

 Nervous system  

 Cancers  

Acute Effects of Pesticides  

 Headache, stinging of the eyes and skin, irritation of the nose and throat, skin itching, 

emergence of the rash and blisters on the skin, dizziness, diarrhoea, stomach discomfort, nausea and 

vomiting, impaired vision, blindness, and death are all immediate results of pesticide exposure. The 

acute consequences of pesticide exposure are not severe enough to warrant medical attention. 
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Chronic Effects of Pesticides 

 Pesticides' long-term effects are often fatal, and symptoms may not appear for years. These 

are long-term side effects that harm a variety of body organs. When pesticides are exposed for lengthy 

periods of time, the following effects occur. 

 Pesticide exposure can cause a range of neurological health effects such as loss of coordination 

and memory, reduced visual ability and reduced motor signaling (Lah, 2011).  

 Long-term pesticide exposure harms the immune system and can lead to hypersensitivity, asthma, 

and allergies (Culliney et al., 1992). 

 Pesticide residues were discovered in the bloodstream of cancer patients when compared to 

healthy people. Leukemia, cancer, and lymphoma have all been linked to pesticides. 

 Pesticides that have been in the body for a long period have an effect on reproductive capacity by 

changing the amounts of male and female reproductive hormones. As a result, stillbirths, birth 

deformities, spontaneous abortions, and infertility are common. Long-term pesticide exposure can 

harm the liver, lungs, and kidneys, as well as induce blood problems (Mahmood et al, 2016). 

 Pesticide residues can be discovered in a wide range of ordinary foods and drinks, including 

cooked meals, water, wine, fruit juices, snacks, and animal feeds, to name a few. It's also worth noting 

that washing and peeling won't get rid of all the residues. The majority of the time, the concentrations 

do not exceed the safe threshold set by law. However, in the case of simultaneous exposure to two or 

more chemical compounds, which occurs in real-life situations and may have synergistic effects, these 

"safe limits" may underestimate the true health risk. Pesticide residues have also been found in human 

breast milk samples, raising concerns about prenatal exposure and infant health impacts (Stamati et al, 

2016).  

Pesticides and environmental health 

What is Environment?  

 Environment is made up of four components; weather, food, organisms and the place where 

they live (Srivastava and Saxena). Synthetic organic pesticides, which are commonly employed in 

agriculture, are generic biocides with the inherent capacity to harm all living creatures and degrade 

the quality of our environment. Although accurate comprehensive figures of pesticide harm are 

unavailable, it has been stated that every dollar spent on pesticides results in an estimated 5-10 dollars 

in damage to the environment and public health (Srivastava & Dhaliwal). Pesticides can have 

potentially harmful environmental impacts particularly when a pesticide move from intended 

application site.   These processes involve volatilization, microbial breakdown, leaching, adsorption, 

absorption, chemical breakdown, spray drift, photo-degradation breakdown and runoff of pesticides 

from land into water bodies. Three main types of pesticides pollution are water pollution, soil 

pollution and air pollution. 

 Air that we breathe, water that we drink, food that we eat and soil comprise that physical or 

abiotic avenues for polluting the environment while domesticated and wild animals constitute the 

biotic routes of environmental pollution (Srivastava and Saxena).Pesticides contaminate soil in a 

variety of ways, including intentional usage to suppress soil-dwelling pests, fallout during spraying or 
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dusting, and disposal of pesticidal containers, as well as deposition of particles transported by the air 

in the soil near industry. As a result, pesticide contamination is stored in the soil. Insecticides 

containing chlorinated hydrocarbons last longer in the soil than insecticides containing 

organophosphates or carbamates, which only last four months. Herbicides like Atrazine and Simazine 

have a 9-12 month persistence, but 2,4-D and Dalapone have a one-month persistence. The heavy 

application of pesticides in soil declines the population of beneficial soil microorganisms. 

Indiscriminate use of chemicals might increase yield for some years but after a while, it will be 

harmful to soil microorganisms. 

Water Pollution  

 Pesticides have been discovered in water in one form or another. Water is poisoned as a result 

of the purposeful application of pesticides to eliminate undesired plants, insects, and fishes, among 

other things. Water has also been discovered to be polluted with pesticides at locations far from the 

spraying site. Runoff from fields, sewage disposal, effluents from pesticide-using enterprises, dead 

and rotting plants treated with pesticides, and other sources of contamination pollute water sources. 

Insecticides were found in rainwater in the United Kingdom. Fresh rain water on the mountain top of 

Himalaya was found possessing pesticide residues. Snow from Arctic ocean was also found 

contaminated and the tap water before falling on the ground showed the presence of insecticidal 

residue. Many great rivers of the world have been found on contain large amount of insecticides 

which killed the fishes and other aquatic animals living there. 

Air pollution 

 People living in close proximity to pesticide manufacturers, even up to a 5-7-kilometer radius, 

suffer from an off-flavor, and this suffocating atmosphere leads to a variety of ailments among the 

locals. Accidental gas leakage from such plants might result in a major tragedy, such to the one that 

occurred in 1984 due to MIC leakage from Union Carbide in Bhopal. Pesticides can pollute the 

atmosphere, soil, water sources, and non-target plants when they drift or volatilize from the sprayed 

region. Contamination of the air during pesticide application may also occur, posing major health 

risks if the concentration in the air exceeds the threshold limit values. When it comes to application 

rates and timing, using bigger amounts of a pesticide during rain or irrigation makes it easier to 

measure the chemical's impact on groundwater. Correct storage and disposal of pesticide containers 

have an influence on environmental contamination when it comes to handling methods. Exposure 

requires a time and space overlap between the pollutant and the organism. Contact can take the form 

of cutaneous or oral contact, as well as inhalation, gills, and, in rare cases, injection. The absorption of 

a pesticide with a high lipid solubility and a low clearance rate in organisms can lead to 

bioaccumulation of the chemical in fatty tissue, resulting in a final concentration in the organism that 

is greater than the concentration in the environment. As the bio accumulated chemical moves through 

the food chain from lower to higher trophic levels, pesticide concentrations in higher trophic level 

animals rise. Bio magnification is the term for this phenomenon. Top predators' offspring can also be 

polluted, particularly in the case of marine animals, because they might swallow milk that is unusually 

heavy in fat and chemicals. Insecticides are the most dangerous of all pesticide groups, with 



Bhumi Publishing, India 

172 
 

fungicides and herbicides coming in second and third. Pesticides enter natural ecosystems in two 

ways, depending on how soluble they are. Pesticides that are water soluble dissolve in water and 

infiltrate ground water, streams, rivers, and lakes, harming untargeted species. Fat-soluble pesticides, 

on the other hand, enter the bodies of animals through a process known as "bioamplifi cation." They 

are absorbed by animals' fatty tissues, leading in pesticide persistence in food chains for long periods 

of time. 

Process of bioamplification 

1. A little amount of pesticide enters the bodies of animals in the food chain at a low level, such as 

grasshoppers (primary consumer). 

2. Because shrews (secondary consumers) eat a lot of grasshoppers, the pesticide content in their 

bodies will rise. 

3. When a high-level predator, such as an owl, consumes shrews and other food, the pesticide 

content in its body rises several times. 

4. As a result, the higher the trophic level, the higher the pesticide concentration, a phenomenon 

known as bio amplification. 

Threats to Biodiversity 

 Pesticide accumulation in food chains is of particular concern since it directly impacts 

predators and raptors. Pesticides, on the other hand, can lower the amount of weeds, bushes, and 

insects that higher orders feed on. Insecticide, herbicide, and fungicide spraying have also been 

related to population decreases in uncommon animal and bird species. 

Threats to Aquatic Biodiversity 

 Aquatic Biodiversity Threats: Pesticide-contaminated water is a serious hazard to aquatic life. 

It has the potential to harm aquatic vegetation, reduce dissolved oxygen levels in the water, and 

induce physiological and behavioral abnormalities in fish populations. Pesticides used on land end up 

in aquatic habitats, where they are hazardous to fish and other non-target creatures. Not only are these 

pesticides dangerous in and of themselves, but they also interact with stressors such as destructive 

algal blooms. Pesticide usage has resulted in a fall in the populations of certain fish species. Spraying 

near weedy fish nurseries lowers the amount of shelter required by juvenile fish to hide from 

predators, which limits the reproductive capacity of aquatic life forms. 

Conclusion and Future Prospects: 

 Pesticides have proven to be a godsend to farmers and people all over the world by enhancing 

agricultural productivity and bringing many indirect benefits to society. However, the dangers that 

pesticides bring to human health and the environment have prompted questions about their safety. We 

may not be able to totally remove the risks connected with pesticide usage, but we can mitigate them 

in some manner. Pesticide exposure, and hence the adverse repercussions and unwanted impacts of 

that exposure, can be reduced by a variety of approaches, including alternate cropping systems and the 

use of well-maintained spraying equipment. The development of better, safer, and environmentally 

friendly pesticide formulations (bio pesticides) might lessen the negative consequences of pesticide 

use. Pesticide dangers can be reduced if pesticides are used in suitable quantities and only when 
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required or essential. Similarly, the havoc can be reduced if a less hazardous formulation or a low 

dosage of a toxic formulation is utilized. As Paracelsus also once said ―The right dose differentiates a 

poison from a remedy‖. The majority of farmers are ignorant of pesticides' potential toxicity. They 

have no knowledge of the many types of pesticides, their poisoning levels, risks, or precautions to 

take before using such pesticides. Toxic and ecologically persistent pesticides are employed to 

eliminate pests for this reason, which can result in deliberate, unintentional, or occupational exposure. 

These substances have long-term consequences on human health. These farmers should be educated 

in order to limit their usage of harmful pesticides. Chemical pesticides may be utilized in the future in 

conjunction with natural therapies and cures, resulting in greater long-term pest and bug control 

Pesticides have also put the biological integrity of marine and aquatic ecosystems at jeopardy. To 

understand the direct and indirect impacts of pesticides on the environment, it is critical to integrate 

research from several disciplines such as toxicology, environmental chemistry, population biology, 

community ecology, conservation biology, and landscape ecology (Macneale et al. 2010).  
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Abstract: 

 Garlic thrives in a broad range of weather conditions. During the vegetative growth and bulb 

development stages, it demands a chilly and damp temperature, but warm, dry weather during 

maturity. In the Indian context, long-day type garlic development and cultivation must be fostered in 

order to compete with international leaders in output. Garlic grows best at temperatures between 13 

and 24 degrees Celsius. It thrives at elevations of 1000-1300 meters above sea level. When garlic is 

exposed to low temperatures, bulbils form in the axils of the leaves. For short-day garlic, the 

necessary day length for bulbing is 10-12 hours, whereas for long-day garlic, the crucial day length is 

13-14 hours. As a result, the purpose of this study is to bring together successes in garlic research in 

India and elsewhere, as well as their potential applications in achieving targeted productivity and 

quality in both short and long day types. 

Keywords: Garlic, weather, bulbils, short and long day. 

Introduction: 

 Garlic (Allium sativum Linn) is the second most significant bulb crop after onion and belongs 

to the Amaryllidacae family. Though it has been planted throughout India's plains and consumed by 

the majority of the population since time immemorial, it has yet to be utilised for growth in higher 

altitudes (cold dry zone). The subterranean development portion known as bulbs provides the 

economic output. The garlic bulb is a multiple or compound bulb made up of miniature bulbs or 

bulblets that are commonly referred to as cloves. Cloves are used to flavour dishes, make chutneys, 

pickles, curry powder, and tomato ketchup, among other things. Garlic is a popular spice crop that is 

used not only in cooking but also in the prevention and treatment of a variety of illnesses and 

disorders affecting human health. It also contains phosphorus, potash, calcium, magnesium, 

carbohydrates and a colourless as well as odourless water-soluble amino acid called ‗allin‘. On 

crushing the bulb clove an enzyme allinase acts upon allin and breaks down to produce allicin. The 

principal ingredient of allicin which is odoriferous diallyl-disulphide, which is the major flavouring 

component of garlic. Allicin present in aqueous extract of garlic reduces blood cholestrol 

concentration. Garlic is a rich source of sugar, protein, fat, potassium, calcium, sulphur, phosphorus, 

fibre and iodine. Per 100 g of edible portion of garlic contains 59 % moisture, 6.4 g protein, 1469 k 

cal energy, 0.5 g fats, 33.1 g carbohydrates, 1.5 g fiber, 181 mg Ca, 153 mg P, 1.7 mg Fe, 17 mg Na, 
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401 mg K, 0.08 mg riboflavin, 0.25 mg thiamine, 0.06 mg nicotinamide and 10.8 mg ascorbic 

acid.Garlic is cultivated abundantly in the districts of Chittorgarh, Baran, Jodhpur, Jhalawar, Kota, 

Bundi, Jaipur, and Sikar in Rajasthan. It is planted on around 60.0 thousand hectares in Rajasthan, 

with a total production of 300.0 thousand MT and an average yield of 5.0 MT per ha. The crop's low 

yield in India and Rajasthan may be related to improper farming and producers' lack of attention to 

nutritional management. 

Soil 

 Garlic is a high-value crop that demands rich soil, adequate drainage, friable soil (ideally with 

high organic matter content), and water should not be scarce until two weeks before harvesting. The 

crop prefers a pH of 6.5-7.5 since it is susceptible to greater acidity, and an excess supply of water 

two weeks before harvesting time impairs storage quality. Garlic is susceptible to acidic, alkaline, and 

saline soils, as well as waterlogging. For garlic crops, the electrical conductivity of a saturation extract 

(ECe) is 3.9 dS/m. The vegetative development and bulb formation are harmed by excessive humidity 

and rainfall. Plants are easily stressed by insufficient moisture and waterlogging. As a result, moisture 

in the top 30 cm of soil should be kept near to field capacity for growth to get optimal output. After 

harvesting the crop grown during the main cropping season, the land is ploughed to a fine tilth in 

September with two to three ploughings. All stubbles and weeds should be removed from the field. 

Climate 

 The seasonal and annual variations in rainfall severely impede agricultural productivity in 

general and garlic production in particular. Even though, irrigation is available in all areas, it requires 

a huge financial and capital investment. Bulb crops require a supplemental irrigation where rainfall is 

insufficient. The poor productivity and yield in India is due to the fact that the majority of the garlic 

supply originates from states that produce intermediate to short day type clones, whereas most of the 

nations with the highest output and productivity grow long day garlic at higher latitudes. In India, 

there are a few small areas in the states of HP, J&K, and Uttarakhand that have long day conditions 

suitable for long day garlic cultivation, and there is a great need for more long day garlic cultivars to 

be developed and promoted over a large area, as well as appropriate production and post-harvest 

packages. Garlic grows best at temperatures between 12 and 24 degrees Celsius and is planted in most 

countries from the equator to around 500 latitudes. Bulb development need high temperatures, 

although milder circumstances in the early stages encourage vegetative growth, and elevations 

between 500 and 2000 meters above sea level give ideal growing conditions. 

Varieties 

 Garlic varieties, Agrifound White, Yamuna Safed, Yamuna Safed 2 and Yamuna Safed 3 

have been notified by the Government of India. 

Agrifound White-The variety was created by bulk selection from a native collection in Bihar's 

Biharsharif region. The bulbs are silvery white with creamy flesh and are tiny. Cloves that are longer 

and more elongated, with 20-25 in number. Size index 12-15 cm2, diameter 3.5 to 4.5 cm. The variety 

was created by bulk selection from a native collection in Bihar's Biharsharif region. The bulbs are 
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silvery white with creamy flesh and are tiny. Cloves those are longer and more elongated, with 20-25 

in number. Size index 12-15 cm2 Diameter 3.5 to 4.5 cm. 

Yamuna Safeda-2 (G-50)The variety was first announced by the Indian government in 1996, with 

notification no.115 (E) dated 10/2/1996. It was created by mass selection from a local collection in the 

Haryana town of Karnal. 

Yamuna Safeda-3 (G-282) The variety has done exceptionally well in India's northern and central 

regions. It was created in 1990 using a bulk selection process from a local collection acquired in 

Dindigul (TN). The leaves of this variety are broader than those of other types. Bulbs are creamy 

white in colour and larger in size (5- 6cm dia). Clove diameter 1.2-1.5 cm, size index 27-29cm2. TSS 

38.42 percent, dry matter 39-43 percent, medium storer, 15-16 cloves per bulb 175-200 q/ha is the 

average yield. 

Yamuna Safeda-4 (G-323) In Zone VI, the variety has thrived. It was created in 1988 using a bulk 

selection process from a local sample collected in Jaunpur, Uttar Pradesh. broad leaf, Bulb- compact, 

creamy white colour, creamy flesh, bulb diameter 4-5 cm, size index 14-16 cm2, number of cloves 

18-23 per bulb, clove diameter 0.75-1.0 cm, clove size index 1.8-2.0 cm2, matures in 165-175 days. 

200-250 q/ha yield.  

Field prepration  

 To remove debris and soil clods, the field should be ploughed with a mould board plough and 

tilled with a cultivator 3-4 times. At the time of the last ploughing, organic manure equivalent to 75 

kg N/ha (FYM 15 t/ha, chicken manure 7.5 t/ha, or vermicompost 7.5 t/ha) should be integrated, and 

beds of adequate size should be constructed after levelling. Flat beds with a width of 1.5-2.0 m and a 

length of 4-6 m are most commonly built. Flat beds should be avoided during the kharif, or rainy 

season, to minimise water logging. Broad bed furrows (BBF) of 15 cm height and 120 cm top width 

with a 45 cm furrow are constructed for this season, and are appropriate for drip and spray watering. 

Planting  

 The edible subterranean stem of garlic is a composite bulb made up of several smaller bulbs 

called cloves. These cloves are responsible for the propagation of garlic. At the time of planting, 

cloves are carefully separated from the composite bulbs. Cloves that are small, infected, or damaged 

should be discarded. To prevent the occurrence of fungal infections during establishment, the cloves 

should be soaked in carbendazim solution (0.1 percent) soon before planting. Manually dibble the 

split cloves in an upright posture in the furrow or in a tiny hole formed with an appropriate 

instrument. Cloves should be planted 7-8 cm deep at a distance of 20 cm row and 10-12 cm plant 

spacing for a winter production. After placement of the cloves in the furrow they should be covered 

properly by the soil. 850- 900 kg cloves of garlic variety Agrifound Parvati is required for planting of 

one hectare land (40-45 kg per Kanal). Seed bulbs differs from variety and depends on bulb size, bulb 

weight, number of cloves and weight of cloves. Average mother clove size for planting should be 

more than 1.0 g and seed rate should be 500 – 950 kg/ha depending upon planting material 

availability. 
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Manure and Fertilizer 

 Fertilizer needs for garlic crops vary depending on soil fertility, soil moisture availability, 

crop type, and the purpose for which the crop is cultivated, among other factors. Efforts to increase 

garlic yields have resulted in the use of a variety of fertilizers. Varied types of fertilizers contain 

different concentrations of plant nutrients and so have different effects on the soil environment. 

Humans are attempting to increase garlic yields by heavily fertilizing the crop, but such practices 

must also protect the product's quality. Bulb crops are heavy feeders, need large amounts of N, P, and 

K in the form of inorganic, organic, or a mix of fertilizers. Sub-optimal levels of these nutrients in the 

soil adversely affect the yield, quality and storability of bulbs. 

 Adding well decomposed organic matter from animals enhances the uniform holding capacity 

of the soil and availability of essential nutrients to the plants. To take better yield of garlic bulbs, the 

soil should be made fertile enough by mixing well decomposed FYM in combination of fertilizers. In 

general, for Bihar, Chhattisgarh, Gujarat, Karnataka, and Madhya Pradesh, 40-50 MT per hectare (20 

kanal) well decomposed organic manure and 50 kg Urea, 100 kg Diammonium Phosphate (DAP), and 

100 kg Murate of Potash (MOP) per hectare should be mixed uniformly in the field with a 

Combination of two or three organic manures (FYM, Poultry manure (Ooty). For Haryana, 

Uttarkhand, and Uttar Pradesh, an application of 100:50:50:50 kg NPKS + 20 t FYM/ha is advised.  

Garlic will generally require 70-125 kg N/ha and one half of it should be applied as soon as the crop 

begins to grow; the remainder should be split into two to three applications at three-week intervals. 

Weed management 

 Controlling weeds during the early phases of development is critical for achieving a high 

commercial bulb output. Chemical weed control, combined with cultural approaches, is unavoidable 

due to labour shortages. The population of monocotyledonous weeds was shown to rise up to 60 DAT 

and then decrease in following stages. The number of dicotyledonous weeds was shown to rise as the 

crop age progressed (Singh and Singh, 1990). Their garlic density and bulb output reductions were up 

to 85%. Garlic yield losses ranged from 12 to 94.8 percent, depending on the kind of weed flora, their 

severity, and the length of crop - weed competition. 

 Shallow hoeing is usually done early in the crop cycle. One month after planting, the first 

weeding is done, and one month after that, the second weeding is done. During the winter, there is no 

need to hoe or weed. However, depending on the weed density in the field, one or two 

hoeing/weeding sessions are necessary following the winter. Close spacing and a shallow root 

structure make mechanical weed management difficult in garlic, and it can sometimes harm growing 

bulbs. The use of 0.9kg Fluchloralin/ha preplanting + 1.25kg Nitrofen/ha 15 days after transplanting 

was most efficient in reducing weed population in garlic. The best control was achieved with Goal 

(Oxyfluorfen 23.6%) at 0.75 litres/ha administered 3 weeks after transplanting or Stomp 

Pendimethalin 50 percent at 2.0 litres applied after transplanting and before watering. 

Irrigation 

 Basin or border-strip flooding, as well as furrow irrigation, are the most frequent methods of 

irrigation. In both crops, the root system is usually confined to the top 3 cm, and roots seldom 
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penetrate deeper than 15 cm. If cloves are sown in a dry field, they should be irrigated immediately 

after planting. The irrigation procedure can be repeated every 10-12 days. 3-4 irrigations are 

necessary before the soil freezes owing to excessive cold in November, depending on soil moisture 

and weather conditions in the area. Due to severe cold plants remain in dormant stage and soil is also 

frozen from Dec-Feb. Therefore, there is no need of irrigation of field during this period. After winter 

when plants show growth, a light irrigation should be given in the month of March-April depending 

upon weather and soil moisture condition. After that three-four irrigations are required at 12- 15 days 

intervals. When the crop is fully ripe, the irrigation should be turned off. In average, a kharif crop will 

require 5-8 irrigations, whereas a rabi crop would require 12-13 irrigations. When the crop reaches 

maturity, the irrigation must be turned off (10-15 days before harvest). Excess moisture during the 

mature period might induce bulb splitting and a blackening of the colour. Also, modern micro-

irrigation systems like as drip and spray irrigation save irrigation water while considerably increasing 

marketable bulb production. 

Harvesting 

 At maturity stage few plants in the field show light brownish colour of foliage and some 

lower leaves are dried-up. At this stage few bulbs can be uprooted and inspected for marketable size. 

In genera when crop is planted in September with using seed of optimum physiological age than the 

crop is ready for harvesting in last week of May to First week of June. After maturity the crop is 

harvested manually by hand digger. Generally, garlic matures in 130-180 days depending upon the 

cultivar, location and season. The plants of long day variety viz. Agrifound Parvati under long 

photoperiod conditions of high-altitude cold desert usually do not show the symptoms of dying back 

(soften, fallen and intact from the neck) at maturity stage.Early harvest produces young bulbs that 

shrivel when cured, but late harvest produces bulbs that are discolored, with partially destroyed 

wrapper leaves and exposed cloves. Garlic bulbs and tops can be cured/dried in the field for two to 

three days after harvesting to extend storage life and reduce microbial and fungal infection as well as 

water loss.After harvesting of garlic some term post-harvest management includes processes like 

curing, sorting, cleaning, grading of bulbs. Curing is the process which helps in development of skin 

colour. Since curing commences before drying is completed, these two distict processes are 

collectively called curing.  

Curing 

 Curing of bulbs is carried out for about a week in the field to dry the bulbs thoroughly. Bulbs 

are covered with their tops to avoid sun injury. After drying, the plants are tied in small bundles and 

then stored hanging on bamboo sticks or ropes. Curing is done by spreading the freshly harvested 

bulbs at the place of harvesting or any other suitable shady place. The plants should be copiously 

spreaded in such a way that the bulbs could be covered by foliage of other plants in single layer. After 

5-6 days when foliage and outer scales are dried up than the foliage should be separated leaving about 

2.5 cm neck intact with the bulb. Garlic after curing is sorted and graded before it goes into storage or 

for marketing. The thick necked, split, injured, and diseased bulbs or bulbs with hollow cloves are 
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sorted out. The main objectives of sorting and grading are to get better price in the market and 

minimize loss on account of drying and decay during storage. 

Sorting and Grading 

 After curing, garlic bulbs are graded with a grader or manually before being stored or sold. 

Bulb necks that are thick, split, wounded, or sick, as well as bulbs with hollow cloves, are separated 

away. Sorting is followed by size grading. It is critical for obtaining a higher price and minimizing 

losses due to drying and deterioration. 

Packaging 

 For home consumption, garlic bulbs are wrapped in open mesh jute bags in India. In Andhra 

Pradesh, Karnataka, and other garlic-growing regions, it is packed in bags with capacities of 90 and 

40 kg. Garlic is graded and packed in perforated 10 ply corrugated cardboard boxes for export, as per 

the garlic grading and packing requirements. The use of nylon-netted bags for packing and storing 

results in minimal storage losses. 

Storage  

 Garlic bulbs that have been thoroughly cured can be stored in regular, well-ventilated rooms. 

Garlic with dried leaves may be preserved in well-ventilated rooms by hanging it. On a commercial 

scale, however, this is not practical due to the increased space requirements. At Nasik and Karnal, 

storage without caps in nylon-netted bags yielded superior results, therefore this method has been 

recommended for storage to reduce loss. Bulbs are preserved for 6-8 months in the Jamangar area of 

Gujarat, some pockets of Indore and Mandsaur, Madhya Pradesh, and Manipuri and Etah districts of 

Uttar Pradesh. Controlled conditioned (low temperature) storage is not required since garlic holds 

well for sale under a wide range of temperatures. Cloves sprout quickly at 4.4oC, so keep them out of 

this temperature range for as long as possible. Low-temperature storage is acceptable at 0.5°C, but 

low-temperature storage is frequently accompanied by high humidity. Garlic kept at any temperature 

with a relative humidity of more than 70% develops mould and begins to decay. Garlic may be kept 

cold between 32-36 degrees Fahrenheit with 60-70 percent relative humidity. Garlic held at 1-5oC 

with 75% relative humidity lost 12.5 percent of its weight, compared to 42.4 percent at room 

temperature. In cold stores, a 30-minute UV light treatment decreases loss to 8% for a 150-day 

storage period. 

Diseases   

 On leaves, purple blotch (Alternaria porri) appears as little pale sunken lesions with purple 

centres that quickly grow. The leaves gently fall to the ground. Spraying Mancozeb at a rate of 2.5 

g/litre of water every 15 days provides effective control. 

 Stemphylium blight (Stemphylium vesicarium) manifests itself on leaves as little yellow to 

orange specks or streaks. These quickly become elongated, spindle-shaped to ovate elongate, 

distributed patches that often reach the leaf ends. 

 Leveillula taurica causes powdery mildew. Its key characteristics are distinct pale-yellow 

spots of varying sizes on the abaxial surface of the leaf, which are connected with a powdery mass. 
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Sulphur fungicides applied at a rate of 2.0 g/ litre of water at regular intervals of 15 days following the 

onset of the disease provide effective control. 
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Abstract: 

 Trichoderma fungi are green-spored soil borne ascomycetes that can be found all over the 

world. They've been explored for a variety of characteristics and applications, and they're known for 

colonising their environments as well as killing off their competitors. They release their robust 

degradative machinery for decomposition of the often-heterogeneous substrate once they've 

established themselves. Efficient biocontrol strains of the genus are being figured out as possible 

biological fungicides, and its arsenal for this purpose includes secondary metabolites with unique 

antibiotic potential.As a result, many species of Trichoderma had been well studied with respect to 

distribution, phylogeny, defence mechanisms, beneficial and deleterious interactions with hosts, 

enzyme production and secretion, sexual development, and response to environmental conditions such 

as nutrients and light are studied in great detail making Trichoderma one of the best studied fungi 

with three genomes currently available. This chapter gives an overview of the distribution, phylogeny, 

mechanism of action, various species as biocontrol agents against many plant pathogens. 

Keywords: Soilborne, fungicides, antibiotic and pathogens. 

Introduction: 

 As it has been demonstrated in various literature and scientific communications so far, 

Trichoderma spp. are recognized as an opportunistic avirulent fungal microorganism. These are 

widely used as seed treatment, seedling root dip and soil application to for management of several 

plant diseases and to enhance plant growth and yield (Harman et al., 2004). Some recent works has 

been published on the abilities of Trichodermato alleviate abiotic stresses along with specific 

mechanisms involved, abilities to control multiple plant stresses viz, osmotic, salinity, chilling, and 

heat stress.Trichodermahas the ability to overcome physiological stress such as poor seed quality 

induced by aging of seed. A common factor that negatively affects plants under these stresses is 

accumulation of toxic reactive oxygen species (ROS), and Trichoderma possess the abilities to reduce 

damages resulting from accumulation of ROS in stressed plants. Seed treatment reduces accumulation 

of lipid peroxides in seedlings under osmotic stress. Among the beneficial outcomes of Trichoderma-

plant interaction, enhancement of plant resistance to abiotic stresses has recently attracted more 

attention, as understanding the nature of this phenomenon may provide potentially useful tools to 

enhance crop production. Recently some of the Trichoderma strains have showed potential for their 

industrial use for production of several enzymes, growth hormone and some useful secondary 

metabolites. They are also now being used in genetic engineering for developing transgenics. In this 

mailto:niharikamailid@gmail.com
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chapter we will came to know about biodiversity, phylogeny, mechanism of action and their role in 

managing various phytopathogens.  

Biodiversity and phylogeny of Trichoderma 

 Trichoderma was first characterised in 1794 (Persoon, 1794), and a link to a Hypocrea 

species sexual condition was hypothesised in 1865 (Tulasne and Tulasne, 1865). It was also proposed 

that the taxonomy be simplified to just one species, Trichoderma viride. As a result, it took until 1969 

for an identifying concept to emerge (Samuels, 2006). Several new Trichoderma/ Hypocrea species 

were discovered after that, and the genus has grown to over 100 phylogenetically recognised species 

by 2006 (Druzhinina et al., 2006). It is difficult to securely remedy the faults without first examining 

the strains used. In recent years, the development of an oligonucleotide barcode (TrichOKEY) and a 

custom matching search tool (TrichoBLAST) has substantially assisted the secure detection of novel 

species (Druzhinina et al., 2005). Another useful tool for identifying newly isolated Trichoderma 

species is phenotype microarrays, which allow for the investigation of carbon usage patterns for 96 

carbon sources (Kubicek et al., 2003). 

 Nonetheless, most of this nomenclature was created before special procedures for determining 

species were discovered, and it is likely that it will become obsolete in the interim. 104 species have 

been molecularly characterised, according to the International Sub-commission on Trichoderma/ 

Hypocrea. However, a substantial number of probable Hypocrea strains as well as many more 

Trichoderma strains whose sequences have been deposited in GenBank remain unidentified and must 

be thoroughly investigated. The genus provides a wide range of pigments in colours ranging from 

bright greenish-yellow to reddish, although only a handful is colourless. Conidial pigmentation is 

similarly variable, ranging from colourless to various green tints, with a dash of grey or brown tossed 

in for good measure. Trichoderma species identification is difficult because to the obvious low degree 

of diversity in the genus's basic appearance. 

Characteristics of Trichoderma spp. 

 Trichoderma spp. is a fungus that survives in a variety of environments and is a typical 

invader of cellulose materials, therefore it can be found anywhere there is degrading plant matter, as 

well as in the rhizosphere of flora, where it can gain systemic disease resistance (Jaklitsch, 2009). The 

hunt for biomass dissolving enzymes and microbes led to the discovery of fungus in unusual places 

such as cockroaches (Yoder et al., 2008), maritime mussels, shellfish and termite guts (Sallenave-

Namont et al., 2000) (Sreerama and Veerabhadrappa, 1993). Trichoderma spp. have a branched 

conidiophore structure, as well as rapid growth and vivid green conidia (Gams and Bissett, 1998).  

 Despite an earlier suspected connection between Trichoderma and Hypocrea, the anamorph–

teleomorph relationship between Trichodermareesei and Hypocrea  jecorina was officially 

established more than a century later (Kuhls et al., 1996). It took a decade to identify a sexual cycle in 

any Trichoderma species, and a thorough examination of the species genetic evolution led to the 

emergence of Trichoderma parareesei (Druzhinina et al., 2010). The finding of a sexual cycle opens 

the door to a better understanding of sexual development in other genus members.  
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 Trichoderma spp. have always been excellent colonisers of their particular environments, as 

evidenced by their ability to create antimicrobial metabolites and enzymes, as well as their effective 

use of the available resources. They may work in a variety of contexts. In all of these situations, they 

react to their surroundings by managing their growth, conidiation, and enzyme production, which can 

be harnessed for the benefit of humans. The presence or lack of light is one of these atmospheric 

factors. Aside from the apparent impacts of light on fungal growth, reproduction, and secondary 

metabolite synthesis, scientists have discovered that light has an unexpected effect on cellulase gene 

expression (Schmoll and Kubicek, 2005). In a study of carbon source intake utilising phenotypic 

microarrays in light and darkness, the link between sensitivity to light and metabolic activity was 

confirmed. Trichoderma has active light response, heterotrimeric G-proteins, the cAMP pathway, 

sulphur metabolism, and oxidative stress signalling pathways (Friedl et al., 2008). 

 The genome sequencing of three strains that represent the most significant implementation of 

this genus has tremendously assisted Trichoderma research in recent years. The genome of T. reesei, 

the industrial workhorse, revealed that it includes only a few genes that encode cellulolytic and 

hemicellulolytic enzymes, despite its relevance in commercial cellulase production. The genomes of 

two important biocontrol species, Trichoderma atroviride and Trichoderma virens, are still being 

analysed and annotated. T. atroviride and T. virens have significantly bigger genomes than T. reesei. 

Defence mechanisms and their exploitation 

 The ability of any organism to protect its native habitat while flourishing and growing in the 

face of competition for nutrients, space, and light is critical for its colonisation of a specific 

ecosystem. Many fungi, especially those belonging to the Trichoderma genus, are professionals at 

this. Trichoderma spp. are effective mycoparasites, antagonists, and biocontrol agents due to their 

defence systems, which include both enzymatic and chemical weapons—characteristics that can be 

exploited by using Trichoderma spp. or even the metabolites secreted by pathogenic fungi as 

biological fungicides to combat diseases in plants caused by pathogenic fungi (Vinale et al., 2009). As 

a result, Trichoderma spp. play an important role in the three-way contact between the plant and 

pathogen. 

Secondary metabolites 

 Fungi have a vast chemical warfare arsenal at their disposal, in addition to enzymatic 

weapons, to survive and compete in their ecological niche (Vinale et al., 2008). Trichoderma spp. 

have been shown to contain not only potential antibiotics, but also mycotoxins and over 100 

antibiotic-active metabolites such as terpenes, metabolites generated from amino acids, and 

polypeptides, which have been recommended for use in chemotaxonomy of these species. One of the 

first secondary metabolites of Trichoderma spp. was the peptide antibiotic paracelsin (Bruckner et al., 

1984). Trichoderma was found to contain a considerable amount of peptaibols after that. The four 

trichothecene mycotoxin-producing species are not closely related to the species utilised in biocontrol, 

implying that not only does biocontrol offer no risk, but that these mycotoxins also do not play a large 

part in these fungi's defence mechanisms. Trichoderma spp., like many other fungi, have been shown 

to produce a variety of volatile organic compounds, which have recently gotten a lot of interest 
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(Stoppacher et al., 2010). Several factors, including light, pH, nutrition, hunger, and mechanical 

traumas, are known to have a role in the regulation of peptaibol synthesis in Trichoderma spp. It is 

most effective in solid cultivation and occurs during conidiation. 

Induction of host resistance 

 It is well proven that Trichoderma spp. induce gene expression in plants such as chitinase, 

glucanase, and peroxidase which help the plants to counter against pathogenic microbes (Yedidia et 

al., 2003; Hanson and Howell, 2004; Harman, 2004b). Seed biopriming with Trichoderma, increased 

the level of resistance in plants against pathogen attack (Harman, 2004). They are opportunistic 

invaders, fast growers and large spore producers. They contain cell wall degrading enzymes such as 

cellulases, chitinases, and glucanases and produce antibiotics (Vinale et al., 2008). Moreover, 

pretreatment of plants with Trichoderma spp. stimulates the induction of hypersensitive response, 

systemic acquired resistance (SAR), and induced systemic resistance (ISR) in plants (Benítez et al., 

2004; Vinale et al., 2008). It has been observed in tomato plants that when they were treated with 

Trichoderma, there was some active and induced systemic changes in the physiology of plant, which 

ultimately resulted in increased level of resistance to disease (Alfano et al., 2007). Pretreatment of 

cucumber plants with Trichodermaspp. induced a systemic response of two defence genes encoding 

phenylalanine and hydroperoxidase lyase and systemic accumulation of phytoalexins against 

Pseudomonas syringae pv. lachrymans (Yedidia et al., 2003). Several studies also showed that 

Trichoderma spp. may indirectly contribute to systemic resistance (Ahmed et al., 2000; Lo et al., 

2000). Harman et al. (2004) reported that Trichodermainduces localized or systemic resistance 

against plant disease and provide a considerable level of decline against disease. Thus, disease control 

by root-colonizing Trichoderma spp. involves a complex interaction between the host plant, the 

pathogen, the biocontrol agent and several environmental factors (Harman, 2004a; Hoitink et al., 

2006; Alfano et al., 2007). 

 Successful colonization of a given habitat by any organism is crucially dependent on its 

potential to defend its ecological niche and ability to compete with surrounding microbiota for 

nutrients, space, and light. Many bio control agents and especially those of the genus Trichoderma, 

are masters of this activity (Herrera-Estrella and Chet, 2004; Harman, 2006; Vinale et al., 2008). 

Their defence mechanisms makes the Trichoderma spp. to become efficient competitors, antagonists, 

and biocontrol agents, the characteristics that can be exploited by using Trichoderma spp. or the 

metabolites of this fungi can be used to  fight plant diseases caused by pathogenic fungi (Spiegel and 

Chet, 1998; Vinale et al., 2006; Navazio et al., 2007; Vinale et al., 2009). 

Trichoderma’s strategies for combat 

 The discovery in 1932 (Weindling, 1932) of Trichodermalignorum (later verified to be T. 

atroviride) operating as a parasite on other fungi stimulated research into Trichoderma spp. 

antagonistic capacities. Trichodermaatroviride, Trichodermaharzianum, Trichodermavirens, and 

Trichodermaasperellum are now the most important species in this research, whereas T. reesei might 

be seen as a model organism due to well-established molecular biology techniques and readily 

available recombinant strains (Seidl et al., 2006). Ascomycetes, basidiomycetes, and oomycetes are 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2886115/#CR54
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2886115/#CR49
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2886115/#CR159
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2886115/#CR146
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2886115/#CR158
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2886115/#CR98
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2886115/#CR160
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all suppressed by Trichoderma spp., and their impact on nematodes has only recently been discovered 

(Goswami et al., 2008). 

 As active measures against their hosts, Trichoderma spp. use lytic enzymes, proteolytic 

enzymes, ABC transporter membrane pumps, diffusible or volatile metabolites, and other secondary 

metabolites (Reino et al., 2008). Surprisingly, the efficacy of these procedures is not temperature 

dependent, which is critical for their application as a biocontrol agent. 

Regulatory mechanisms triggering the defense of Trichoderma 

 As signalling mechanisms triggering genes implicated in biocontrol and mycoparasitism, the 

cAMP route, heterotrimeric G-protein signalling, and mitogen-activated protein kinase (MAPK) 

cascades have all been thoroughly investigated. The MAP-kinase TVK1, which has been found in T. 

virens, is involved in the regulation of signalling processes that target output pathways that are crucial 

for effective biocontrol. When T. virens and T. asperellum interacted with plant roots, transcript levels 

of the respective genes increased (Viterbo et al., 2005).  

 Two genes have been studied in terms of biocontrol related mechanisms in Trichoderma spp.: 

the class I (adenylate cyclase inhibiting) G-alpha subunits TGA1 of T.atroviride and TgaA of T. 

virens, as well as the class III (adenylate cyclase activating) G-alpha subunits T TGA1 is involved in 

the regulation of coiling around host hyphae as constitutive GNA3 activation has been demonstrated 

to effect T. reesei mycoparasitism positively. 

Trichoderma as a protector of plant health 

 Plant symbionts Trichoderma spp. have been discovered to be opportunistic, enhancing plant 

systemic resistance (Shoresh et al., 2010). A MAPK's function is essential for the plant to perceive 

Trichoderma's signals, and MAPK signalling is also required for the fungus's full induction of 

systemic response. They travel through the soil, colonising or invading plant roots, and occupying 

new niches, which is aided by swollenin. Increased root multiplication, enhanced growth, and plant 

protection against dangerous compounds, to which Trichoderma spp. are highly resistant, result from 

this contact with plants, as well as their rhizosphere competence. As a result, by spore-treating 

suitable plants, these fungi have the ability to remediate polluted soil and water (Brotman et al., 

2008). 

Trichoderma species as Biocontrol agents  

 Trichoderma interacts with phytopathogens by different mechanisms like Competition, 

hyperparasitism and antibiosis. By this mechanism it provides protection to different diseases. List of 

different species used to control pathogens is given below. 
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Crops Trichoderma species Pathogen References 

Beans 
Trichoderma sperellum Sclerotinia sclerotium 

Calin et al. (2019) 
T. atroviridae F. graminiarum and R. solani 

Cucumber 

T.asperellum Pseudomonas syringae Shoresh et al. (2005) 

T. haumatum Phytophthora capsici Khan et al. (2004) 

Strawberry T. harzianum 

S. sclerotiorum, 
Dolatabadi et al, 

(2011); 

Hjeljord et al. (2000) 

R. solani, 

Botrytis cinerea, and  

Mucor piriformis 

Tomato T. harzianum 
Meloidogyne javanica, Sharon et al. (2001), 

Zope et al. (2019) Fusarium spp 

Potato 
T. viridae F. oxysporium, Susiana et al. (2018), 

Zope et al. (2019)  Phytophthora infestans 

Maize T. harzianum T. viride 
P. notatum, R. solani,  

Alterneria alternata 
Bhandari et al. (2013) 

Rice 
T. viridae R. solani Bhat et al. (2009) 

T. harzianum Fusarium spp. Sarojini et al. (2011) 

Ginger T. herzianum P. aphanidermatum Gupta et al. (2010) 

 

Tools for genetic manipulation of Trichoderma 

 Because of its industrial applicability, T. reesei has the most comprehensive genetic toolkit of 

the genus. Many species can be converted, and many methods have been developed, such as 

protoplasting (Gruber et al., 1990), Agrobacterium-mediated transformation and biolistic 

transformation (Lorito et al., 1993; Zeilinger, 2004). The availability of a T. reesei strain with a 

disrupted non-homologous end joining pathway has made it easier to create various mutants thanks to 

the wide range of selectable marker cassettes. The use of a blaster cassette with direct repeats for 

homologous recombination and excision of the marker gene allowed for sequential deletions despite a 

restricted number of selection markers (Hartl and Seiboth, 2005). Trichoderma has been shown to 

express antisense constructs for knockdown, and T. reesei has been shown to work with RNAi (Brody 

and Suchindra, 2009). Finally, T. reesei adaptability has been enhanced by the discovery of a 

reproductive cycle. 

Future prospects 

 In our daily lives, environmental preservation and sustainable economy are more crucial than 

ever, and one alarming report about poisoned landscapes or climate change-related tragedies follows 

another. Non-renewable energy sources including natural gas, oil, and coal account for 87 percent of 

world energy consumption today. Although biofuel production is being pushed in order to reduce 
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fossil fuel demand, the raw materials come from commodities and land that are also needed for food 

cultivation. Production of so-called second-generation biofuels from agricultural waste products 

utilising cellulases and hemicellulases, such as those produced by T. reesei, and yeast fermentation of 

the resulting oligosaccharides is another option. However, a 40-fold increase in efficiency is necessary 

for an economically viable approach.  

 Trichoderma biocontrol research is also motivated by environmental concerns. As 

opportunistic plant symbionts and effective mycoparasites, many species in this genus have the 

potential to become commercial bio-fungicides. The goal in this field of research will be to establish 

reliable screening procedures that allow for the prediction of a given isolate's biocontrol efficiency by 

determining the primary components of this process. However, the ecological impacts of widespread 

usage of a few or few fungal species in agriculture must also be investigated in order to ensure a truly 

beneficial effect for the ecosystem.  

 Apart from these important Trichoderma spp. applications, green and white biotechnology are 

becoming increasingly important for environmentally friendly enzyme and antibiotic manufacturing. 

Research into molecular physiology and regulatory systems, which is continuously revealing new and 

valuable metabolites and enzymes, as well as components that may be altered or adjusted for cost-

effective high-yield production, will also aid these commercial applications. Finally, because of the 

extensive studies on numerous physiological aspects that have been undertaken and are still being 

conducted, Trichoderma fungi are adaptable model organisms for research on both industrial 

fermentations and natural events. 
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Abstract:  

 Through the development of diagnostic tools and methodologies, nano-biosensors play an 

essential role in changing farming. In dealing with diverse food, agriculture, and environmental 

challenges, these sensors are accurate, efficient, and cost-effective. The detection of heavy metal ions, 

contaminants, microbial load, and pathogens, as well as quick temperature, traceability, and humidity 

monitoring, are some of the sensor applications in agriculture. The selective character of nanosensors 

for the target of molecules with immobilised bio receptor probes and numerous specialised 

agricultural applications is examined in this review research. Small size, compact, effective, 

distinctive, sensitive, and relatively affordable is some of the properties that make these nanosensors 

vital for the agricultural business. These sensors are installed on the plant's leaves to detect hydrogen 

peroxide signalling waves. Hydrogen peroxide (H2O2) is used by plants to communicate inside their 

leaves.  

Key words: Diagnostic, food, agriculture, nanosensors and hydrogen peroxide. 

Introduction: 

 Agriculture is proven to be the primary supplier of raw materials for the food industry, as well 

as the economic growth and development of developing countries. This industry is currently beset by 

issues like as urbanisation, poor soil, land, water, and runoff cultivation, and pesticide and fertiliser 

misapplication and management. Deficiency of macro and micro nutrients, depletion of water 

resources, population boom, differences in soil condition, industrialization, and loss of top soil are all 

variables that affect agricultural productivity. Because some macro and micronutrients are deficient in 

soil, fertilisers are employed in agriculture to replace these nutrients. Fertilizer accounts for 35–40% 

of agricultural production in developing nations, although only a few fertilisers have a direct impact 

on plant development. Furthermore, heavy metals, herbicides, insecticides, pesticides, and fertilisers 

concentrations in agricultural land are at an alarming stage (Corradini et al. 2010). All of these 

problems or challenges can be solved by a new technology known as nanobiosensors, which can be 

used to transform agriculture-based food systems to improve the quality of agricultural products while 

also boosting the national economy toward sustainable agriculture with high-quality products at lower 

costs (Srilatha, 2011). 
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Biosensors: 

 The term ―biosensor‖ was introduced by Clark and Lyos in 1962. A biosensor is a self-

contained integrated device that uses a biological recognition element to produce exact quantitative or 

semi quantitative analytical data. Biosensors combine a physical or chemical transducer with a 

biological recognition element to detect biological products. Researchers are researching on 

incorporating nanoparticles into materials used in biosensor fabrication in order to improve the 

system's sensitivity and performance. Advanced biosensors can be useful in a variety of current and 

future sensing applications (Turner, 2000). 

Nanobiosensors 

 A nanobiosensor is a modified form of a biosensor, which is 

described as a small analytical instrument or unit with a biological or 

biologically derived sensitive element and a physico-chemical 

transducer. For the detection of target analyses of interest such as 

pesticides, insecticides, herbicides, and other microbiological 

diseases, the nanobiosensor is particularly specific and selective 

(Singh, 2017).  

 Biosensor technology is helping to make use of the physical-

chemical features of nanoscale materials to give ultra-sensitivity and performance via innovative 

signal transduction methods. Nanobiosensor is an upgraded version of biosensor that uses 

nanomaterial to improve the system's sensitivity and functionality. Nanobiosensors are a high-demand 

technology in the early stages of development for simple, quick, ultrasensitive, and cost-effective 

systems that are critical not only in agriculture, food and beverage, food processing industries, food 

safety, and food security, but also in health care, environmental monitoring, and even genome 

analysis. Metal and metal oxide nanoparticles (NPs) (Au, Ag, Cu, Co, ZnO, TiO2, Fe3O4, MgO, etc.), 

magnetic NPs, CNT, graphene, dendrimers, polymeric, and QDs nanoparticles were employed in the 

construction of nanobiosensors for the detection of substances of interest. 

Use of Nanomaterials in Biosensors 

 The size and dimensions of nanomaterials can be used to classify them. Nanomaterials are 

divided into four categories: zero-dimension, one dimension, two dimensions, and three dimensions. 

1. Zero-dimensional:All three dimensions of materials exist in nanoscale in zero-dimensional 

(0D) nanomaterials, such as gold, palladium, platinum, silver, or quantum dots. NPs can have 

a diameter of 1–50 nm and be spherical in shape. Some cube and polygon forms have been 

discovered to be 0D nanomaterials. 

2. One-dimensional:One dimension of these nanomaterials is in the range of 1–100 nm, 

whereas the other two dimensions might reach macroscale. One-dimensional (1D) 

nanomaterials include nanowires, nanofibers, nanorods, and nanotubes. Some metals (Au, Ag, 

Si, and so on), metal oxides (ZnO, TiO2, CeO2, and so on), quantum dots, and other materials 

can form 1D nanostructures. 
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3. Two-dimensional: In this class of nanomaterials, two dimensions are in nanoscale and one 

dimension is in macroscale. Nano thin-films, thin-film multilayers, nanosheets, or nanowalls 

are two-dimensional (2D) nanomaterials. The area of 2D nanomaterials can be several square 

micrometres keeping thickness always in the nanoscale range. 

4. Three-dimensional: Two dimensions are nanoscale and one dimension is macroscale in this 

family of nanomaterials. Two-dimensional (2D) nanomaterials include nano thin films, thin-

film multilayers, nanosheets, and nanowalls. 2D nanomaterials can have a surface area of 

many square micrometres while maintaining a thickness in the nanoscale range. 

 

 

Constituents of Nano biosensors 

 Biologically sensitive elements (probe), transducer, and detector are the three components of 

a typical nano-biosensor. 

 

 

1. ProbeThe biologically sensitised elements (probe) include receptors, enzymes, antibodies, nucleic 

acids, molecular imprints, lectins, tissue, microorganisms, organelles, and other biologically 

derived or bio-mimic components that receive signals from the analytes (sample) of interest and 

transmit them to the transducer. And this type of nano-receptor might be crucial in the creation of 

future nanobiosensors. 
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2. TransducerA transducer serves as an interface, monitoring the physical change that happens as a 

result of the response at the bio-receptor/sensitive biological element and converting that energy 

into a detectable electrical output. Transducers can be categorised into the following groups and 

described in length depending on their mechanism of operation. (Table 1). 

3. DetectorThe detector element captures the signals from the transducer, which are then amplified 

and evaluated by the microprocessor before being converted to a user-friendly output and 

displayed/stored. 

Table 1. Transducer system and its applications  

Sl. No. Transducer system Principle  Applications  

1. Enzyme electrode Amperometric  Enzyme substrate and immunological system  

2. Conductometer  Conductance  Enzyme substrate  

3. Piezoelectric crystal Mass change  Volatile gases and vapors 

4. Thermistor  Calorimetric  Enzyme, organelle, whole cell or tissue sensors 

for substrates, Products, gases, pollutants, 

antibiotics, vitamins, etc. 

5. Optoelectronic/wave 

guide and fiber optic 

device  

Optical pH  enzyme substrates and immunological systems  

6. Ion sensitive electrode 

(ISE)  

Potentiometric  Ions in biological media, enzyme electrodes, 

enzyme immunosensors  

7. Field effect transistor 

(FET)  

Potentiometric  Ions, gases, enzyme substrates and 

immunological analytes  

 

Characterstics of an Ideal Nano-Biosensors 

 Highly specific for the analysis' purposes, i.e., a sensor must be able to discriminate 

between analyte and any 'other' material. 

 Stable under normal storage conditions. 

 Physical characteristics such as stirring, pH, and temperature should have no effect on the 

specific interaction between analytes. 

 The reaction time should be as short as possible. 

 Over the useful analytical range, the answers acquired should be accurate, precise, 

repeatable, and linear, as well as devoid of electrical noise. 

 Nanobiosensors must be small, biocompatible, nontoxic, and antigenic. 

 Should be cheap, portable and capable of being used by semi-skilled operators.  

Intrinsic Worth of Nanobiosensors over Conventional Biosensors 

 Nanobiosensors are far more sensitive and dependable than conventional biosensors; they can 

detect a single virus particle and even detect much lower concentrations of any harmful substance 

than conventional biosensors. It's possible that this effective role is due to the fact that: 
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 These ultra-sensitive sensors can identify single virus particles or even extremely low 

amounts of a potentially dangerous material. 

 Nanobiosensors are very efficient at the atomic scale. 

 Nanobiosensors have a higher surface-to-volume ratio as well. 

 Nanobiosensors are incredibly sensitive and have a very low risk of mistake, however they 

are still in the early stages of development and require additional study to find more 

applications in the field (Rai et al. 2012). 

Types of Nanobiosensors 

Mechanical Nanobiosensors 

 Nanoscale mechanical forces that exist between molecules have a vital role in determining 

biomolecular interaction and aid in the development of advanced, label-free, sensitive, and compact 

biosensors (Cheng, 2006). Microscale cantilever beams can be used to identify biomolecules since 

they interact with them and deliver all the information after deflection. The intensity of deflection of 

cantilever beams can be used to quantify and deduce the amount of analyte in solution. There are 

three techniques for converting the concerned analyte into micro mechanical bending of the 

cantilever: (a) surface stress, (b) bending due to mass loading, and (c) bending owing to temperature 

change. The mass sensitivity of all nano mechanical appliances is extraordinarily high. The mass of an 

object decreases as its size decreases. Consequently a prominent change in main mass is noticed after 

adding bounded analyte molecule (Ziegler, 2004). 

Optical Nanobiosensors 

 Optical biosensors are made up of optics that circulate a beam of light in a closed path and 

record the change in resonant frequency when the analyte binds to the resonator. The resonator can be 

classified into two types: linear and ring resonators. Optical resonators, unlike mechanical resonators, 

are based on the oscillation of light within a cavity. The majority of currently available optical 

biosensors use lasers to monitor and measure biomolecule interactions on specifically designed 

surfaces or biochips. When light interacts with metal electrons, a phenomenon known as Surface 

Plasmon Resonance (SPR) occurs. It is based on the transmission of energy carried by photons of 

light to a group. Plasmons (electrons) on a metal's surface. The need for miniature optical sensors that 

can detect tiny amounts of environmental and biological chemicals is rising. A triangular silver 

nanoparticle with amazing optical characteristics was recently discovered. and enhanced sensitivity to  

their nano environment has been developed. 
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Electronic Nanobiosensors 

 These nanobiosensors are microchip-based. Every chip has a number of sensors that can 

operate independently. Their function is to detect the target DNA and its binding, which acts as a 

bridge between two electrically separated wires on a microchip. These nanobiosensors can handle 

captured probes for targeted DNA molecules from distinct or the same organism separately (Jain, 

2005). 

Viral Nanobiosensors 

 Virus particles are biological nanoparticles in their purest form. HSV and adenovirus have 

been utilised to cause magnetic nanobeads to assemble and serve as a nanosensor for therapeutically 

relevant viruses. 

PEBBLE Nanobiosensors 

 Biologically Localized Embedding Encapsulates Probes (PEBBLE) Sensor molecules are 

enclosed in a chemically inert matrix by a micro emulsion polymerization process, resulting in 

spherical nanobiosensors with diameters ranging from 20 to 200 nanometres. Entrapped sensor 

molecules include those that detect optical change, pH, or Ca2
+
 ions, as well as those that detect 

fluorescence. These nanosensors can monitor real-time inter- and intra-cellular imaging of ions and 

molecules, while also being immune to protein interference and having high reversibility and stability 

in the face of leaching and light bleaching. They show a significant oxygen detecting capability in 

human plasma, with light scattering and autofluorescence having no effect. 

Nanoshell Biosensors 

 Nanoshell biosensors are highly effective, and they work by detecting analytes in complex 

biological media. No sample preparation is required for analyte detection; simply place gold 

nanoshells in a fast immunoassay. With the use of spectroscopy, nanoshell/antibody aggregates form 

conjugation with extinction spectra that can be evaluated in the presence of analyte. Nanoshells are 

extremely effective and can improve chemical sensitivity by a factor of 10 billion (Choudhary et al. 

2015). 

Nanowire Biosensors 

 A nanowire biosensor is a combination of two molecules that are particularly sensitive to 

external signals: single-stranded DNA (which serves as the 'detector') and a carbon nanotube (which 

serves as the ‗sensor') (serving as the transmitter). Nanowires' surface characteristics can be easily 

altered with chemical or biological molecule ligands, making them analyte-independent. This converts 

the chemical binding event on their surface into a change in nanowire conductance in a highly 

sensitive, real-time, and quantitative manner. Highly sensitive, real-time electrically based sensors for 

biological and chemical species have been created using boron-doped silicon nanowires (SiNWs). 

Ion Channel Switch Biosensor 

 The Ion Channel Switch (ICS) is based on a synthetic self-assembling membrane that works 

as a biological switch for detecting signals (particular chemical presence) by generating an electrical 

current. It provides exact and quantitative test findings in real time, reducing the time it takes to 

diagnose an emergency from hours to minutes. 
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Applications of Nanobiosensor in Agriculture 

 Nanomaterial-based biosensors now have exciting prospects in comparison to traditional 

biosensors. Nanobiosensors provide significant advantages, such as increased detection sensitivity and 

specificity, and have a wide range of applications, including environmental and bioprocess 

management, food quality control, agriculture, biodefense, and, most notably, medicinal applications. 

However, we're interested in the role of nano biosensors in agriculture and agro-products in this case. 

The detection of plant diseases, pesticides, herbicides, and soil testing has been a recent advance in 

the development of nanobiosensors. Plant pathogens are detected using nanoparticles in a diagnostic 

instrument (Singh, 2019). Some of the potential applications of nanobiosensors are listed below: 

Diagnostic Tool for Soil Quality and Disease Assessment 

 Nanosensors can be used to identify soil diseases caused by microorganisms such as bacteria, 

viruses, and fungi that live in the soil. Nanosensors detect soil disease by measuring how much 

oxygen "good and harmful bacteria" consume during their respiration in the soil. The measurement 

was accomplished by following the steps below: 

1. In the first step two sensors will be selected and saturated with ―good microbes‖ and ―bad 

microbes‖ and then drenched in soil suspension in buffer solution. 

2. In the second step both microbes will be examined for oxygen consumption and data will be 

recorded. 

3. In the third step data collected from both microbes will be compared which will depict that which 

microbe is best for the soil. 

Role of Nanobiosensors to Promote Sustainable Agriculture 

 A Nano fertilizer plays an important role in supporting the sustainable agriculture. A nano 

fertilizer is basically a product that is encapsulated within nanoparticles and provides nutrients to soil 

and crops. Encapsulated nano fertilizer can be prepared by three ways: 

1. Encapsulation of nutrients can be done in the form of nanotubes or nano-porous materials. 

2. Encapsulation can be done by coating the nutrients with a thin protective polymer film. 

3. Nutrients can be isolated and dispersed as nanoscale emulsions or as particles. 

 Nitrogen deficit is a big issue in some locations, and it is caused by leaching, long-term 

absorption of soil microorganisms, and possibly emissions. Nanofertilizers have proven to be quite 

effective in minimising nitrogen loss (Derosa et al. 2010). Carbon nanotubes have been found in 

tomato seeds, and zinc oxide nanoparticles have been found in ryegrass root tissues, according to 

current research. This suggests that using nanoscale porosity domains on the surface of agricultural 

plants, a new mechanism for nutrient release and delivery could be devised. In this instance, 

nanofertilizers are only useful if they can regulate the release of nutrients when they are needed and 

prevent the release of nutrients that are not needed and are converted to gaseous form, polluting the 

environment. Biosensors are attached to nanofertilizers for this purpose, allowing nutrients to be 

released according to demand and soil nutrient state. Fertilizers are less damaging when they are 

released in a controlled and gradual manner.Another example is of zeolites, zeolites are thought to be 

very supportive in enhancing the soil quality and crop yield. Zeolites are basically aluminum silicates 
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crystals that help in improving the soil quality, plant growth and crop yield, improves the water 

retention, infiltration and efficiency of fertilizer, retain nutrients in the soil for longer period of time 

for the plant and lessen the nutrient loss from soil. It assists the plant for proficient use of K and N 

fertilizers and fertilizer will not be wasted and even small amount of fertilizer can produce a better 

yield. A combination of Zeolite and nanobiosensor modernized the agriculture and plays a significant 

role in advancement of agriculture. Biosensor sense the deficiency of nutrient or water in the soil or 

plant and control their release that zeolite have retained. Pesticides encapsulated in nanoparticles have 

been developed, which release pesticides after a set period of time and in response to environmental 

changes. Herbicides have also been paired with nanobiosensors that are only given to plants when 

they are needed, resulting in increased agricultural yields (Lin and Xing, 2008). 

Pesticide and Herbicide Detection 

 Insecticides are the most common of all pesticides (present in water, atmosphere, soil, plants 

and food). The most widely used biosensors for determining chemicals are enzymatic sensors based 

on the inhibition of a specific enzyme. Biosensors with membrane receptors of thylakoid and 

chloroplast, photo system, and reaction centres, or complete cells such as unicellular alga and phenyl 

urease and triazines, have been designed for the detection of herbicides such as phenyl urease and 

triazines, in which primarily aerometric and optical transductors have been used, have been designed 

for the detection of herbicides such as phenyl ur.  

Biosensors used in Detection of Pesticides 

Analyte Type of interaction Recognition Biocatalyzer Transduction system 

Simazina Biocatalytic Peroxidase Potentiometric 

Isoproturon Biocatalytic Antibody encapsulate Immunosensors 

immunoreaction 

Parathion Biocatalytic Parathion hydrolase Amperometric 

Paraxon Biocatalytic Alkaline phosphatase Optical 

Carbaril Biocatalytic Acetylcholinesterase Amperometric 

Biosensors used in Detection of Herbicides 

Analyte Type of 

interaction 

Recognition 

Biocatalyzer 

Transduction system 

2,4-Dichlorofenoxiacetic Immunoanalysis Acetylcholinesterase Amperometric 

Diuron, Paraquat Biocatalytic Cyanobacteria Bioluminescence 
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Mycotoxins detection 

 Nanobiosensors offer quick detection of mycotoxins in trace amounts. Mycotoxins are a 

concern to human health that affects crops, feed, and food items, especially during wet seasons, 

resulting in significant worldwide economic losses. Nanobiosensors can be used to monitor food 

quality and safety, such as detecting mycotoxins originating from food. QDs, nanoparticles 

(metal/metal oxide, polymer), nanowires, nanotubes or nanorods, and graphene are examples of 

nanostructured materials that can be functionalized and immobilised by biomolecules such as 

antibodies, enzymes, DNA/RNA aptamers, and receptors to detect food toxicants, adulterants, and 

pathogens. Mycotoxins are fungi/mold-derived toxic compounds, i.e. natural pollutants found in foods 

and animal feed products that are hepatotoxic, nephrotoxic, carcinogenic, and mutagenic, and include 

aflatoxins, ochratoxin, and zearalenone, among others. Due to these concerns, there is a pressing need 

to identify or monitor contaminated foods and animal feeds using a sophisticated technology known 

as a nanobiosensor, an analytic instrument. 

Environmental Monitoring 

 Many microbial biosensors have been developed through biological engineering. The arsenic 

biosensor is one such example. Researchers can identify contaminants in samples by utilising the Ars 

operon with bacteria to detect arsenic. 

Analyte Recognition 

Biocomponent 

Transduction system Matrix 

Nickel ions Bacillus sphaericus 

strain MTCC 5100 

Electrochemical Electrochemical Industrial 

effluents and foods 

Zinc, copper, 

cadmium, nickel, lead, 

iron and aluminum 

Chlorella vulgaris 

strain CCAP211/12 

Electrochemical Urban waters 

Mercury and lead  ions DNA Optical Water 

Cadmium, copper and 

lead 

Sol-gel- 

immobilized urease 

Electrochemical Synthetic effluents 

Mercury, cadmium 

and arsenic 

Urease enzyme Electrochemical Standard solutions  

 

 

Nanobiosensors for food safety and security 

 Analysis of food products by using biosensor is becoming a very essential factor in food 

industry. Some of its applications are given below; 

Analysis of vitamins: CM5 sensor chips are used for the immobilization of vitamin and the SPR 

(surface plasmon resonance) biosensor identify the interactions of these vitamins with a particular 

binding protein. 

Detection of antibiotics: Some banned antibiotics have been detected in honey, due to that reason 

biosensors are now in frequent use. Biosensors can identify the presence of a particular antibiotic, 

efficiently and in a short period of time. 
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Detection of food spoilage: Amperometric biosensor based on immobilization of enzyme diamine 

oxidase, detect the amount of histamine in tiger prawn. In the same way potentiometric biosensor 

utilize 23 CO selective electrodes for detection of iso-citrate that leads to detection of spoilage. 

Detection of microbial contamination: Contamination due to microbes can be detected by Immuno 

biosensors. These biosensors use the immobilized monoclone antibodies onto indium tin oxide (ITO) 

electrodes. It can easily detect the presence of Escherichia coli. 

Detection of DNA and Protein 

 Many nanosensors, such as optical biosensors/ss DNA-CNTs probes, are available to 

recognise specific DNA oligonucleotides. Immobilization of ssDNA probes, which are utilised to 

discriminate between distinct DNA sequences, is achieved using a multi-walled nanotube/zinc 

oxide/chitosan composite film. 

Detection of Bioavailable Heavy Metal in Polluted Soil 

 Depending on their concentration, heavy metal(loid)s plays a key role in regulating 

physiological and developmental aspects in living organisms. Heavy metal(loid)s has accumulated in 

environmental systems as a result of rapid industrial development, posing a threat to human health 

and the earth's ecosystem. Bacteria and fungus have been utilised as biosensors to detect individual 

chemicals or the general status of the environment (Acha et al., 2010). Microorganisms have genetic 

components that let them recognise environmental stressors. Arsenic is detected using nanosensors 

based on DNA aptamers (III). Because silver ions (Ag
+
) have a strong affinity for cytosine-rich DNA, 

DNA-nanosensors for visual detection of Ag+ in river and tap water samples have been developed. 

Similarly, a DNA nanosensor based on Kelvin Probe Force Microscopy is used to detect Ag+ in 

drinking water. The affinity of the thiamine-rich oligonucleotide for Hg
2+

, which hinders DNA 

elongation, is exploited in the detection method to detect mercury (Hg
2+

). Toxic heavy metal 

contaminants such as lead and copper are regularly found in natural water. Quantum dot-labeled 

DNAzymes nanosensors are frequently used to detect these heavy metals.  

Future Perspectives: 

 By enhancing screening procedures, nanotechnology has the potential to have a significant 

influence on energy, the economy, and the environment. New possibilities for incorporating 

nanotechnologies into nanobiosensors should be investigated, while keeping in mind any possible 

risks to the environment or human health. We think that nanotechnology will alter agriculture by 

focusing research and development toward the aim of achieving sustainable agriculture, with targeted 

efforts by governments and academia in generating such enabled agro-products. Due to its technical 

difficulties, biosensor creation for a job is still time-consuming and expensive, but the inclusion of 

nanomaterials has proven to be a huge boon for this technology, owing to its user-friendly and result-

oriented experimental assistance. 
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Abstract: 

 RNA interference (RNAi) is a biological mechanism which leads to post transcriptional gene 

silencing (PTGS) trigger by double stranded RNA (dsRNA) molecules (siRNA and miRNA) to 

prevent the expression of specific genes. RNAi mechanism has the potential in identification and 

functional assessment of thousands of genes within any genome that is responsible for crop 

improvement. This promising approach also imparts its effective and efficient role to knock down the 

expression of any particular gene through short interfering RNA moleculesin any target cell and 

moreover to assess the changes that occur in signaling pathways (Rosa et al., 2018).The dsRNA 

(either transcribed from cellular genes or infecting pathogens, or artificially introduced into the cells) 

is processed by a specialized ribonuclease (RNase) 111-like enzyme named Dicer in the cytoplasm 

into a smaller dsRNA molecule known as the short interfering RNA (siRNA), interacts with and 

activates the RNA-induced silencing complex (RISC). The argonaute(AGO) component of the RISC 

cleaves the passenger strand (sense strand) of siRNA while the guide strand (antisense strand) 

guidesthe RISC to its target mRNA for cleavage by AGO and causes specific gene silencing (Mitter et 

al., 2017). Micro RNA (miRNA) is transcribed in the nucleus mainly by the RNA polymerase 11 

which generates hairpin structures called primary miRNA (pri-miRNA). Pri-miRNA is cleaved by 

Dicer to produce a precursor miRNA (Pre-miRNA) which is transported into the cytoplasm through 

the exportin-5 to form the mature miRNA by the RNase 111 enzyme Dicer (Escobar and Dandekar, 

2003). The passenger strand of miRNA is typically degraded, the guide strand of miRNA is bound by 

argonaute (Ago) protein to generate the RISC complex and then guide the RISC to their target 

mRNA. This results in the translational inhibition and mRNA degradation thereby decreasing the 

level of target protein (Alsharafi et al., 2015).RNAi-induced gene silencing emerged as an effective 

tool to engineer pathogen resistant plants. This approach proved to be effective to create resistance 

against some diseases of economic importance caused by bacteria, fungi and viruses (Younis et al., 

2014). This RNAi approach has opened new avenues in the development of eco-friendly techniques 

for plant improvement as specific genes are suppressed which cause stress and expression of novel 

genes for disease resistance.  

Keywords:  RNA interference (RNAi), Post Transcriptional Gene Silencing (PTGS), RNA induced 

Silencing Complex (RISC), dsRNA 

Introduction of RNA silencing: 

 Independently of one another, investigations on diverse organisms, labeled variously as PTGS 

in plants, RNAi in animals, quelling in fungi, and virus-induced gene silencing, have converged on a 
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universal paradigm of gene regulation. The critical common components of the paradigm are that (i) 

the inducer is the dsRNA, (ii) the target RNA is degraded in a homology dependent fashion, and, as 

we will see later, (iii) the degradative machinery requires a set of proteins which are similar in 

structure and function across most organisms. In most of these processes, certain invariant features are 

observed, including the formation of small interfering RNA (siRNA) and the organism- specific 

systemic transmission of silencing from its site of initiation. 

Discovery of RNAi  

 Recovery in tobacco plants infected with tobacco ringspot virus.  

• The gradual decline in the development of ringspot symptoms on the upper leaves until 

finally the top leaves appear perfectly normal.  

• We now know that the virus causing the initial symptoms had activated viral RNA silencing 

that inhibited spread of the infection into the upper leaves, and caused them to be specifically 

immune to tobacco ringspot virus secondary infection.  

 Fire and Mello were awarded the 2006 Nobel Prize in Physiology or Medicine for reporting a 

potent gene silencing effect after injecting double stranded RNA into Caenorhabditis elegans. 

What is RNAi? 

 RNA interference (RNAi) is a mechanism that inhibits gene expression at the stage of 

translation.  

 RNAi is a biological process in which RNA molecules inhibit gene expression, typically by 

causing the destruction of specific mRNA molecules. 

Components in RNA Interference 

       siRNA (Short interfering RNA)  

       miRNA (Micro RNA)  

       shRNA (Short hair pin RNA)  

Enzymes  

      Dicer: produces 21-24 nt cleavages that initiate RNAi  

      Encoded by non-protein coding genome  

      RISC: RNA induced Silencing Complex, which cleaves mRNA  

siRNA (Short interfering RNA) 

 Also known as ―short interfering RNA‘s‖ or ―silencing RNA‘s‖ 

 Small interfering RNAs that have an integral role in the phenomenon of RNA interference 

(RNAi), a form of post-transcriptional gene silencing. 

  RNAi: 21-25 nt fragments, which bind to the complementary portion of the target mRNA 

and tag it for degradation. 

  A single base pair difference between the siRNA template and the target mRNA is enough to 

block the process. 

 Each strand of siRNA has  

 a. 5‘-phosphate termial  

              b. 3‘-hydroxyl terminal  
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              c. At 3‘ end-2(or) 3-nucleotide overhangs 

 miRNA (Micro RNA)  

• miRNAs are non-coding RNAs.  

• Found only in eukaryotic cells. 

• Small in size with an average length of 19-25 nucleotides. 

• Transcribed by RNA polymerase II from independent genes or introns of protein-coding 

genes. 

• Gene-regulatory roles in both plants and animals. 

• The first miRNA was discovered in C. elegans in the year 1993. 

 

 

Fig. 1. Structure of miRNA strand 

 

Table 1. Comparison of general properties between siRNA and miRNA 

 siRNA miRNA  

Prior to Dicer  Processing Double-stranded RNA that 

contains 30 to over 100 nucleotides 

Precursor miRNA (pre-miRNA) that contains 

70–100 nucleotides with interspersed 

mismatches and hairpin structure 

Structure 21–25 nucleotides RNA duplex with 2 

nucleotides overhang at 3‘ 

19–25 nucleotides RNA duplex with 2 

nucleotides 3‘overhang 

Configuration Double stranded  Single stranded 

Complementary  Fully complementary to mRNA  Partially complementary to mRNA, typically 

targeting the 3‘ untranslated region of mRNA  

mRNA  One target  Multiple (could be over 100 at the same time)  

 

DICER 

• Dicer is the key enzyme initiating the RNA-silencing process.  

• It is a dsRNA specific Ribonuclease III-like endonuclease. 

•  It cleaves the target dsRNAs into fragments of 21-24 nts, leaving 3‘ hydroxyl and 5‘ 

phosphate ends, and 2 nt 3‘ overhangs at the terminal of the duplex. 

•  Specifically it binds to the dsRNA and it will cleave the RNA from  middle. 

•  Involved in initiation of RNAi and Digests dsRNA‘s into uniformly sized small RNA‘s 

(sRNA‘s). 

 



Bhumi Publishing, India 

208 
 

RISC 

• RISC is a large (~500-kDa) RNA-multiprotein complex.  

•  Argonaute protein is the key player which triggers mRNA degradation. 

            E.g., Unwinding of double-stranded siRNA (Helicase). 

                   Ribonuclease component cleaves mRNA (Nuclease).  

                   Cleaved mRNA is degraded by cellular exonucleases. 

Small interference RNA(siRNA) Pathway 

siRNAs can be generated from dsRNAs derived from viral replication and/or gene expression of 

1.RNA viruses 

2.DNA viruses, 

3.dsRNAs synthesized by plant endogenous RNA-dependent RNA polymerases 

4.single-stranded RNAs that form extensive secondary structures in plant cells. 

 

MicroRNA (miRNA) Pathway 

 

 

Fig. 2. Pathway of miRNA 

 

Experimental RNAi approaches for plant pathogens  

a)  Targeting Pathogen-Derived RNAs in Plant Hosts 

• RNAi is used to target specific mRNAs and confer resistance to crown gall disease. 

• Pathogenic strains of Agrobacterium tumefaciens harbor a large plasmid called the tumor-

inducing or Ti plasmid, which contains genes necessary for disease development.  

• The disease develops when A. tumefaciens invades plant roots via wounds. 

• The wounds release signaling molecules such as acetosyringone that act to stimulate the A. 

tumefaciens to transfer the T-DNA region from the Ti plasmid into the plant cell and integrate 

with the chromosomal DNA.  

• Thus, the wounded cells are transformed and T- DNA genes, including oncogenes (iaaM and 

ipt) are transcribed.  

• RNAi was used to target these two oncogene mRNAs to interfere with tumorigenesis. 
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Fig. 3. Targeting Pathogen-Derived RNAs in Plant Host 

 

Targeting Host Susceptibility Factors 

• Host proteins that are essential for successful host-pathogen interactions in plants are often 

called susceptibility factors. 

• If a susceptibility factor is known for a given pathogen, then RNAi could be used to target its 

mRNA, possibly as a strategy to confer resistance. 

• The cap-binding complex, also called eukaryotic translation initiation factor eIF 4F, is 

configured by the cap-binding protein eIF4E and the scaffolding protein eIF4G and is critical 

for host mRNA translation. 

• Other proteins complex with the 5‘mRNA cap structure, leading to ribosome binding and 

translation initiation. 

• RNAi could be used to silence a susceptibility factor. 

Table 2. Examples of RNAi-based resistance in Viruses, Viroid, Fungal and Bacterial pathogen 

in commercially approved plants  

Target 

organism  

Disease RNAi- or 

RNA-based 

approach  

Target 

sequence  

Experimental 

plants  

References 

CVYV, MNSV, 

MWMV, and 

ZYMV 

Different virus 

diseases 

Transgenic 

plant (hairpin-

loop structure) 

Cm-eIF4E 

mRNA 

Cucumis melo 

(muskmelon) 

Rodriguez et 

al.   (2012) 

TYMV and 

TuMV  

Turnip yellow 

mosaic and 

Turnip mosaic 

Transgenic 

plants 

(amiRNAs) 

P69 and HC-Pro 

coding 

sequences of 

TYMV and 

TuMV, 

respectively 

A. thaliana 

Nicotiana 

benthamiana  

Niu Q-W et 

al. (2006) 

TYLCV Tomato 

yellow leaf 

curl 

Transgenic 

plants 

(hairpin-loop 

structure) 

 

C1 (Rep) coding 

sequence 

Solanum 

lycopersicum 

(tomato) 

Fuentes et 

al. (2016) 
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PSTVd  Potato spindle 

tuber 

Transient leaf 

assays 

(amiRNAs) 

PSTVd positive 

and negative 

strands 

N. 

benthamiana  

Carbonell et 

al. (2017) 

Blumeria 

graminis  

Powdery 

mildew of 

barley and  

wheat  

HIGS using 

intron hairpin 

RNA 

 

Antisense 

RNA 

Glucanosyl 

transferase 

genes  

Avra10 (effector 

gene) mRNA 

Hordeum 

vulgare 

(barley)  

Triticum 

aestivum 

(wheat) 

Nowara et 

al. (2010) 

Uromyces 

appendiculatus  

Common bean 

rust 

VIGS using 

BPMV  

Four candidate 

effector mRNAs 

Phaseolus 

vulgaris 

(common 

bean) 

Cooper et 

al.  

(2017) 

Sclerotinia 

sclerotiorum  

Sclerotinia 

stem rot 

VIGS using 

BPMV  

Soybean 

respiratory burst 

oxidase 

homologs group 

VI (GmRBOH-

VI) 

Glycine max 

(soybean)  

Ranjan et al. 

(2018) 

Agrobacterium 

tumefaciens  

Crown gall  Transgenic 

plants 

(hairpin-loop 

structure)  

iaaM and ipt 

oncogene 

mRNAs 

Arabidopsis 

thaliana, 

Lycopersicon 

esculentum 

(Tomato)  

Nowara et 

al. (2010) 

Xanthomonas 

citri subsp. citri 

Citrus canker  Not RNAi but 

CRISPR 

genome 

editing  

CrLOBI 

promoter 

Citrus sinensis Cooper et 

al.  

(2017) 

 

 Conclusions: 

• RNA interference is a potential tool for effective management of plant pathogens. 

• RNAi offers great possibilities to grasp the complexity of cell biology and to manipulate their 

mechanistic pathways.  

• High specificity to target an organism. 

• These techniques are even used in various fields.  
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Abstract: 

 At present pollution is a common factor which responsible not only for various health issues 

but also pollution may affect the whole environment. Due to urbanization all industries are major 

sources of pollution but in agricultural sector pollution generates from the agricultural practices and 

they generate environmental problems like burning of fossil fuels generates air pollutants, generation 

of solid wastes, pollution from fertilizers, soil pollution etc. Now this time not only to know about the 

only types and sources of pollution but it is also necessary to control the problems. 

Keywords: Pollution, problems, agriculture and environment. 

Pollution:  

 Now a day‘s pollution is a common term which means the contamination of the environment 

with harmful wastes or pollutants arising mainly from human activities. These activities release 

certain materials which produce pollution in the atmosphere water and soil. In simple words, 

environmental pollution may be defined as direct or indirect changes as a result of human activities, 

which adversely affect the overall environment. 

Pollutant:  

 Pollutant means any substance or species produced either by a natural source or by human 

activity, which produces adverse effect on the environment is called pollutant. Example - Gaseous 

pollutant, chemical pollutant etc. 

The environmental pollution may be caused by 

1. Chemical agents (gaseous, pesticides, particulates) 

2. Physical agents (heat, noise, radiation) or 

3 Biological agents (micro-organisms) 

 Pollution in the environment may be classified into various types. But in agriculture sector 

related pollutions are: 

1. Air pollution 

2. Water pollution 

3. Marine pollution 

4. Soil pollution 

Air pollution 

 A physical, chemical or biological agent modifies the natural characteristics of the 

atmosphere is an unwanted way, is called air pollution. 

 

mailto:ranjeetasoni@gmail.com
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Classification of pollutants 

(1) On the basis of existence 

(A) Quantitative: Those substances, which are generally present in nature but do 

not behave as pollutant until their concentration reaches beyond a threshold 

value in the environment example CO2, NOx etc. 

(B)  Qualitative: Those substances which do not present in nature normally by 

they are introduced through various human activities and then behave as 

pollutant in any quantity. Example Fungicides, insecticides, CFCs, DDT etc. 

(2) On the basis of disposal 

(A) Biodegradable: Those substances which are easily degradable in the 

environment. Example - Sewage. 

(B) Non-biodegradable: Those substances which are not easily degradable in the 

environment. Example - DDT, Plastic. 

(3) On the basis of origin: 

(A) Primary pollutant: Pollutants which are emitted directly from the source 

and do not change into any other form example - CO, SOX, NOX, H2S, 

Hydrocarbons etc. 

(B) Secondary pollutant: Pollutants which are formed in the atmosphere by 

chemical interaction among primary pollutants. Example - PAN, Smog, 

Ozone, Aldehydes, Ketones etc. 

PAN formation 

Oxides of Nitrogen 
In presence of

U.V. rays
  PAN (Peroxy Acetyl Nitrate) 

             (Secondary Pollutant) 

(4) On the basis of state of matter 

(A) Gaseouspollutant: CO, CO2, NOx, SOx, CH4 etc. 

(B) Particulate pollutant: Dust, Smoke, fum ash, fly ash, mist etc. 

(5) On the basis of chemical composition 

(A) Organic pollutant: Hydrocarbons, aldehydes, ketones etc. 

(B) Inorganic pollutant: CO, CO2, NOX, COX and O3 etc. 

Composition of air: The composition of air is ready with various gases in the atmosphere with 

different concentration these are:  

Nitrogen - 78.08% 

Oxygen - 20.95% 

Argon - 0.93% 

Carbon dioxide - 0.038% 

Water vapor - about 1% 

Other gases - trace amount 
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Structure of atmosphere: The structure of atmosphere is consisting with the different layers of the 

atmosphere these are:  

(1) Troposphere: Troposphere is the lowest layer of the atmosphere. It begins at the surface and 

extends to between 7 km. at the pole and 17 km. at the equator. The troposphere has a great 

deal of vertical mixing because of solar heating at the surface. 

(2) Stratosphere: The stratosphere extends from the troposphere 7 to 17 km. range to about 50 

km. temperature increases with height. The stratosphere contains the O3 layer. It is mainly 

located in the lower portion of the stratosphere about 15 to 35 km. 

(3) Mesosphere: The mesosphere extends from about 50 km. the range of 80 to 85 km. 

temperature decreasing with height.  

(4) Thermosphere: Thermosphere exists from 80-85 km. to 640 km. temperature increase with 

height. 

(5) Ionosphere:The region of the atmosphere that is ionised by solar radiation is known as the 

ionosphere. It is the magnetosphere's inner edge and plays a vital role in atmospheric 

electricity. It is practical because, among other things, it affects radio transmission to far-

flung parts of the globe. It is responsible for auroras and is found in the thermosphere. 

(6) Exosphere:Free-moving particles that may move into and out of the magnetosphere or solar 

wind make up the exosphere, which ranges in size from 500-1000 km to 10,000 km. 

Air quality standards have been categorized on two levels 

(1) Primary standards: Primary standards are required to be set at the levels that will 

protect public health. They must protect the most sensitive individual elder persons 

and those already suffering from cardiovascular and respiratory diseases. 

(2) Secondary standards: Secondary standards are mainly established to protect public 

welfare example animals, crops, structures, building materials, fabrics etc. 

Table 1. Air pollutants and their sources 

Pollutants Major sources 

CO Incomplete combustion of carbonaceous matter in automobile engines and defective 

furnaces, incomplete combustion of agriculture and slash matter, volcanic eruptions, 

forest fires. 

SO2 Combustion of sulphur – bearing fuels such as coal and oil, volcanic eruptions. 

NO, NO2 Combustion of fuel, interaction of N2 and O2 of the atmosphere at high temp. 

H2S Biological decay of organic matter, oil refineries. 

CFC Industrial units manufacturing refrigerants, firefighting agents, their use as solvents. 

Hydrocarbons Combustion of fuel in automobiles, refineries, anaerobic bacterial decomposition of 

org matter, natural gas. 

Particulates Volcanic eruptions, fly ash, smelting and mining operations, smoke from incomplete 

combustion, dust from crushers and grinders. 

CO2 Combustion of fossil fuels bacterial decay of plants/animals. 

Lead Used with fuel for anti-knocking process. 
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Sources of air pollution: We can classify the various sources of air pollution in mainly two 

categories: 

 (1) Natural sources 

 Dust 

 Micro-organism (Algae, bacteria, fungi, viruses etc.)  

 Pollen grains of various plants 

 Methane from marshy areas 

 Radan gas from radioactive decay within the earth‘s crust 

 Smoke and CO from forest fires. 

 Volcanic activity (Sulphur, Chlorine and Ash particulate) 

 Decay and Decomposition from dead bodies. 

(2) Man-made sources: 

(i) Combustion of fossil fuel 

  (a) Petroleum (Diesel, fuel oils and gasoline) 

  (b) Coal (CO2, NOX, SO2) 

  (c) Natural Gas – CH4 

(ii) Transportation (Land, Air and Water) 

(iii) Industries 

(iv) Wood fuel 

(v) By power plants: (a) Fossil power plant (b) Nuclear power plant 

(vi) Agricultural activities 

(vii) Residential or Indoor air pollution 

Acid rain 

 Due to industrialization and the automobile exhaust SOX and NOX are present in the air in 

large quantities. When they react with the moisture to form sulfuric and nitric acids, they make such 

rain as acid rain (acidity below PH 5.6 level) 

(A) In the gas phase sulfur dioxide is oxidized by reaction with hydroxyl radical 

   SO2 + OH                  HOS2 

  This is followed by 

   HOSO2 + O2HO2 + SO3                  SO3(g) + H2O(l)H2SO4(l) 

In the presence of water, SO3 (sulfur trioxide) is converted rapidly to sulfuric acid : 

  

(B) 2NO + O22NO2                   2NO2 + H2O   

                   HNO3       +      HNO2                                             SO2 + H2OH2SO3 (Sulphurous acid) 

 (Nitric acid)   (Nitrous acid)               

2 3 3 2
(Ozone)

SO O SO O   , 3 2 2 4
Sulphuric acid

SO H O H SO   

2 22NO O 2NO  , 2 2 3 2
Nitrous acidNitric acid

2NO H O HNO HNO    
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Causes of acid rain: All sources which are released oxides of Sulphur and Nitrogen, are responsible 

for acid rain. 

Effects 

(1) Effects of plant growth and many allergic diseases in plants. 

(2) Acidic water destroys the trees. 

(3) Acidic water affects the reproduction of various sensitive animal species. 

(4) Effects on building (e.g., Taj Mahal) and Monuments. 

(5) Water body becomes acidic so killed many fishes in water body. 

(6) It also corrodes houses, statues, bridges, fences railings and water pipes. 

(7) Many bacteria and blue green algae are killed due to the acidification, disrupting the 

ecological balance. 

(8) Effects on human being like – 

(a) Creates neurological diseases and can cause complication in nervous system, 

respiratory system and digestive system etc. 

(b) Acid rain effects on human skin. It creates skin allergies. 

Ozone layer depletion 

 In atmosphere, only 25 km. area is covered by ozone layer. This layer is very important for 

life, because it absorbs most of the harmful ultraviolet radiations coming from the Sun but when 

chlorine and bromine atoms come into contact with ozone in the atmosphere, they destroy the ozone 

molecules and this process as ozone depletion. 

Ozone depletion can be explained by following catalytic reaction: 

   
Sunlingt

3 2X O XO O    

 and  2XO O X O    

 Net reaction  3 2O O 2O   

 here,  X = Free radical like Cl, Br, F, H, OH, NO etc. 

  CFC are a major source of O3 destroying chlorine 

 Example CF2Cl2 or CFC – 12 

  2 2 2CF Cl CF Cl Cl   

  3 2Cl O ClO O     

2ClO O Cl O    

3 2O O 2O   

The above photolysis reaction explains the conversion ozone into oxygen or ozone depletion. 

Effects: 

(1) U.V. radiation inhibits photosynthesis in plants which ultimately affect the whole 

food chain and ecosystem. 

(2) Crop productivity get significantly reduces. 

(3) Destruction of aquatic ecosystem by reducing fish productivity. 
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(4) It is one of the major cause of skin cancer. 

(5) It causes eye-cataract. 

(6) Damages the immune system which reduces the disease resistance nature. 

(7) Elevated level of UV radiation damage nucleic acid (DNA and RNA) in the living 

organisms. 

Control: 

(1) Stop the use of CFCs. 

(2) Conventions for O3 depletion 

(a) Vienna convention (1985) 

(b) Montreal protocol (1987) 

(c) Landon Amendment (1990) 

 

Green house effect 

 Greenhouse is basically a glass chamber made for growing delicate plants at polar areas. In 

green house effect higher temperature inside in green house comparison to outside. The glass cover of 

greenhouse allows penetrating short wave radiation inside the glass but preventing the passage of long 

wave radiation outside the glass chamber. This makes the interior of greenhouse warmer competitive 

to outside. 

Green house gases: The atmospheric gases which are permeable to short wave solar radiation like 

U.V. or visible, but are strongly absorber of long wave radiations (IR) emitted from the surface of 

earth and do not allow their escape from the atmosphere are known as greenhouse gases. These 

include CO2, CH4 and N2O, O3 and H2O vapors. 

Contribution of gases 

CO2-60% (Burning of fossil fuel, respiration, deforestation etc.) 

CH4-20% (Bacterial decomposition, marshes, rice fields, sewage treatment plant etc.) 

CFCs -14% (Aerosols propellants, refrigerants, fire extinguisher etc.) 

N2O -6% (Agriculture, biomass burning and industries etc.) 

O3 and H2O vapors - Minor contribution. 

 Greenhouse gases have like glass covering to greenhouse. When solar radiations in the form 

of sunlight enter into the earth‘s atmosphere and passes through the blanket of greenhouse gases, 

these gases selectively absorb certain radiations. 

 Solar energy in the form of visible sunlight passes through the earth. 

 Some of this incoming energy converts into heat and warm the earth‘s air and land. 

 Remaining solar radiations become long wave length radiation or infrared radiation (or 

less energy) and they are re-emitted into the atmosphere and the earth‘s surface. 

 Certain greenhouse gases do not allow the passage of these radiations outside the 

atmosphere but they entrap some of these IR radiations and reflect them back to earth 

surface leading to increase in temperature. Finally, this warming is known as greenhouse 

effect which leads to global warming. 
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Effects: 

(1) Ozone depletion 

(2) Sea level increasing 

(3) Effect on species distribution 

(4) Food production 

(5) Increases the acidity of oceans and decreases the marine productivity 

(6) Effect on weather and climate 

 The average temperature of earth is 15ºC. In case of absence of greenhouse gases in 

atmosphere, the temperature of earth surface would drop sharply to about – 20ºC. 

 Every year CO2 concentration is increasing of a rate of 0.75 ppm and the temperature is 

raising at a rate of 0.05ºC per year. 

Control measures 

1. Removal of CO2 – Balanced by carbon – cycle. 

2. Control fossil fuel burning. 

3. Use of non-conventional energy resources – Solar, wind, tidal etc. 

4. Substitute of CFC‘s. 

5. Avoid water lagging – for CH4 gas 

 International initiative for mitigation global problems – Various kinds of international 

conference were held like - 

Montreal protocol (1987) – Phase out the production and consumption of ozone depleting substances 

(ODS) 

Rio-earth Summit (Brazil) – 1992 -Reducing green house gas emission. 

Kyoto protocol (Japan) – 1997 -Also related with greenhouse emission of gases. 

Measures to check air pollution 

(1) Proper planning and zone divisions. 

(2) By making of green belt in industries and in highly polluted area. 

(3) Use of tall stacks in industries. 

(4) Adopt source correction methods. 

(a) Changes in raw material 

(b) Changes in mechanism 

(c) Changes in equipments 

(d) Controlling equipments 

Control of gaseous pollutants: 

(1) Combustion: Harmful gaseous pollutants convert or oxidized into less harmful compounds 

through combustion eg. CO and benzene convert CO2, H2O, SO2, etc. 

(2) Absorption: Gaseous pollutants move towards liquid phase and get dissolved. E.g. – Sodium 

sulphate ammonium sulphate, Calcium sulphate for SO2, water and aqueous nitric acid for 

NOX. 
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(3) Adsorption: Iron oxide for H2S, silica gel for NOX, solvent activated carbon for organic 

vapours. 

(4) Condensation: In condensation, we can recover by product. The method of condensation is 

generally used for controlling gaseous pollutants in air example – Burning of coal produces 

steam as a by-product and this Steam can use to generate electricity. 

(5) Biofiltration: In this process the organic compounds, hydro carbons etc. are removed or 

oxidized with the help of compost or soil biofilters use micro-organisms to remove air 

pollutants. The air flows through a packed bed column and the pollutants transfer into a thin 

biofilm on the surface of the packing material. Micro-organisms (bacteria and fungi) are 

immobilized in the biofilm, degrade the pollutants. 

Control of particulate pollutants 

(1) Gravitational setting chamber: The setup chamber is the most basic piece of solid particulate 

gathering equipment. It can be built out of bricks or concrete. It comprises of a horizontally placed 

chamber with an intake on one end and an outflow on the other, frequently on the ground. The carrier 

gas is designed to travel at modest speeds. Solid particles with a higher density than the surrounding 

gas settle on the chamber's bottom under the effect of gravity, where they are evacuated via hoppers. 

 

Fig. 1. Gravitational settling chamber 

(2) Cyclone: The cyclone's activity is determined by centrifugal force. A cyclone collector is a device 

with no moving elements that converts the velocity of an intake gas stream into a confined vortex 

from which centrifugal forces tend to deflect suspended particles to the cyclone body's wall. A 

vertically arranged cylinder with an inverted cone connected to its base makes up the. At the 

cylinder's input point, the particulate-laden gas stream enters tangentially. The purified gas exit pipe is 

a central cylindrical aperture at the top. A storage hopper collects the dust grains at the bottom. 

 

Fig. 2. Cyclone 
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(3) Fabric filters or bag house filter: Filtration is one of the most dependable, efficient, and cost-

effective ways for removing particulate matter from gases. Fabric filters are the most frequent form of 

filter used for filtering. Fabric filters, often known as cloth filters, are tubular filters. A bag house, also 

known as a bag filter, is made up of a series of vertical bags with a diameter of 120-400 mm and a 

length of 2-10 meters. They're hung from a manifold with open ends. The dust is collected in the 

hopper at the bottom of the container. The gas entering the input pipe collides with a baffle plate, 

causing the bigger particles to fall into a hopper owing to gravity. 

 

Fig.3. Bag House Filer 

4. Electrostatic precipitators: Electrostatic Precipitators (ESP) are particulate collection devices that 

utilize electrical energy directly to assist in the removal of the fine dusts from all kinds of waste gases 

with very high efficiency. Particles as small as a tenth of a micron can be removed. The principle on 

which this equipment operates is that, when a gas containing aerosols is passed between two 

electrodes that are electrically insulated from each other and between which there is a considerable 

difference in electric potential, aerosol particles precipitate on low potential electrode. 

They are various types of electrostatic precipitators. They are mainly used for industrial purposes. 

They can also be used for air cleaning in public buildings, theatres, railway cars, etc. 

 

Fig.4. Electrostatic precipitator 
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5. Scrubbers or wet collectors: These are devices which utilize a fluid to assist in the removal of 

particulates from the carrier gas stream. Generally, water is used as the scrubbing liquid. Various 

types of scrubbers are using in the industries according to the requirement. Fig. show the functioning 

of spray tower scrubber.  

In industrial applications, it is necessary to force the stack gases to be cleaned by contact with the 

liquid which is going to do the scrubbing. This requires a lot of energy. As, such, Scrubbers are 

basically ‗Cheap‘ to install but ‗expensive‘ to operate. 

 

Fig. 5. Spray-tower Scrubber 

Water pollution 

Water quality: The term water quality encompasses a whole range of characteristics concerned with 

the physical and chemical properties of material dissolved or suspended in water including gases, 

organic materials, heavy metals, pesticides, acidity levels, temperature, turbidity and pathogens 

present. 

Availability of water 

Ocean - 97.6% 

Ice sheet and Glaciers - 1.9% 

Ground water - 0.5% 

River, lake, Inland water - 0.002% 

Soil moisture - 0.01% 

Atmosphere - 0.0001% 

 ―Mixing of any undesirable, gaseous, liquid, or solid substance in water is known as water 

pollution‖. 

A water pollutant can be defined as a ―physical, chemical or biological factor, causing aesthetic or 

detrimental effects on aquatic life and on those who consume water‖. 

 Water can be called polluted water ―when it changes its quality or composition either 

naturally or as a result of human activities, which would constitute a health hazard or becoming less 

suitable for drinking, domestic, agricultural, industrial, recreational, wildlife and other uses. 
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Characteristics or quality of polluted water 

1. Bad taste of drinking water. 

2. Offensive odor. 

3. Unchecked growth of aquatic weeds in water bodies. 

4. Spreading of oil and grease on water surface. 

5. Decrease in number of fishes in fresh and sea water. 

6. Turbidity increase. 

7. High Temperature. 

8. Dissolved solid increases. 

9. Changes in acidity and alkalinity or PH 

10. Dissolved oxygen decreases. 

Major water pollutants 

1. Sewage and other oxygen-demanding wastes. 

2. Infectious or disease-causing agents. 

3. Plant nutrients (fertilizers) 

4. Synthetic organic chemicals. 

5. Inorganic minerals and chemical compounds. 

6. Suspended solids or sediments. 

7. Radioactive substances. 

8. Thermal discharges. 

9. Oil 

10. Industrial wastes. 

Sources of water pollution - We can classify the various sources of water pollution in mainly two 

categories: 

1. Natural sources 

 Pollutants from landslides, plant material, humus, animal, waste, eutrophication etc. These 

sources deteriorate of natural environment which influence the chemical characteristics but will also 

affect colour, odour and biological properties of water. 

2. Man-made source 

(A) On the basis of sources: 

 Domestic effluents (kitchen wastes, bathing, detergents, oil, food processing etc. 

 Sewage (domestic including human excreta, detergents) 

 Industrial effluents (sugar, distilleries, leather etc. industries – Toxic metal and chemicals) 

 Agricultural effluents (fertilizers pesticides, fungicides etc.) 

 Radioactive waste (Np, Ur, Cs, Ru etc.) 

 By oil spills (breakdowns on derricks, accidental spew age) 

 By heat discharge/thermal pollutant 
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(B) On the basis of pollutant: 

 Organic pollutants – Detergents, oil, insecticide, pesticides 

 Inorganic pollutants – Mercury (Minamata disease), Lead, Cadmium (Itai-itai), Fluoride 

(Fluorosis) arsenic (Liver cirrhosis) 

 Sediments – Toxic metals 

 Radioactive material 

 Thermal pollutants 

Physical, chemical and biological impurities of water 

1. Physical Impurities: Include turbidity, taste, colour and odour, temperature. 

2. Chemical Impurities: Chemical impurities are due to carbonates and bicarbonates of 

Ca and Mg, sulphates and chlorides of calcium and magnium, Carbonates – 

bicarbonates of sodium, nitrates, chlorides and fluorides of sodium, iron oxide and 

manganese. They will create, hardness and alkalinity, had taste and odour problems. 

3. Bacteriological Impurities: Due to pathogenic bacteria, bacteriological, impurities 

arise in water. Their presence is noted if E-Coli bacteria are present. 

Effects of Water Pollution 

1. Water pollution overall deteriorates the quality of water. 

2. Depletion of oxygen or Biological Oxygen Demand (BOD) increases. 

3. Degraded water quality like – Changes in taste, colour, odour, PH, turbidity etc. 

4. Increase total dissolve solids including metal ions also which cause corrosion and 

makes water poisonous and sunfit for drinking. 

 Fl - Flurosis 

 Hg  - Minamata (Japan) is a nemological syndrome (pyrilisis, coma) 

 NO3
-
 - Methamoglobinemia (Related with blood disorders) 

 Blude body disease (Congenital heart defects skin colour change due to deoxy 

generated blood) 

 Cd - Itai, itai etc. (Japan) (Softening of bones and kidney failure and gives pains 

in joints and spine).  

5. Disturb the aquatic ecosystem 

6. Create lots of diseases like water borne diseases – 

(a) Cholera, Typhoid, diarrhea etc. (Bacterial) 

(b) Hepatitis, jaundice etc. (Viral) 

(c) Amoebiosis, stomach and intestinal infaction etc. (Protozoan) 

(d) Tape worm, ring worm (parasitic) 

Another disease like – skin diseases, eye infaction etc. 

7. Causes Eutrophication 

8.  Spreading Infectious disease: Water borne diseases like typhoid, hepatitis, diarrhea etc., 

Flourosis disease – Through excess Fluoride, Methemaglobonemia (Blue body disease) 

excess – Nitrite, Mercury-Minamata disease, Cadicum-Itai-Itai, Arsenic-Livercirosis diseases. 
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Effects on Plants 

 Due to pollution in water vegetation of an area, is either damaged or some species are 

permanently missing from that area. 

 Water becomes, alkaline due to mixing of domestic waste water and detergents etc. in 

which many aquatic plant cannot survive. 

 There is an overabundance of nitrates, phosphates, and other nutrients in agricultural 

effluents, which promotes the growth of aquatic plants such as blue green algae 

(eutrophication) in a water body, and all other flora dies as a result of this algae's spread. 

Effects on human beings 

 By drinking polluted water, much damage is caused to human body. The diseases spread by 

polluted water are known as water borne diseases for e.g. 

Chlorea, typhoid, diarrhea etc - Bacterial disease. 

Hepatitis, jaundice etc. - Viral disease 

Amoebiosis, stomach and intestinal infaction etc. - Protozoa caused disease 

Tape worm, ring worm - Water caused diseased (Parasitic disease) 

 Due to contact with polluted water – Skin diseases, eye infections and other sec. infections 

take place. 

When there is an excessive amount of the chemical fluoride in the water. The condition is called as 

floor sis because it involves bone deformation, standing, and tooth weakening. 

 Mercury, arsenic, lead, and cadmium, among other metal ions, render the water toxic and 

unsafe for drinking. 

 DDT, for example, is a persistent pesticide that enters the food chain via water. They build up 

in the body's fatty tissues and have an impact on the neurological system. 

 The presence of very fine suspended particles or colloidal substances causes water to become 

turbid. Such water is inappropriate for human consumption as well as industrial usage. 

 Industrial wastes containing iron, free chlorine, phenol manganese detergents, oils, 

hydrocarbons and decomposition products changes the taste and odour of water. 

Control of the water pollution 

1. Different types of domestic and solid waste should not be added in water sources. 

2. Toxic pesticides should not be utilized in more quantities in the fields. 

3. Polluted water and excretory wastes should firstly treat and then flowed into water sources. 

4. Dead bodies should be cremated and should not be thrown into river. 

5. Pollution control technologies should be used in industrial units. 

6. Public should be aware about the waste water pollution through films and newspapers. 

7. Sewerage facilities should be maintained in cities and metro cities. 

8. Organic fertilizers are used in place of chemical fertilizer. 

9. Waste Water Treatment: After contamination of water, we can remove impurity from water 

by using various types of treatment.  

1. Pri. Treatment -Physical treatment 
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2. Sec. Treatment -Biological treatment 

3. Tert. Treatment -Chemical treatment/advance and treatment 

Always pri. Treatment is necessary 

 

Waste water treatment: 

Primary treatment - Primary treatment is a initial treatment. 

 In primary treatment we can separate the floating material like dead animal, branches, paper, 

wood etc. and also the heavy settable inorganic solids. 

Floating material 

Inorganic solids 

Oil and greases 

It reduced BOD by 15-30%. 

(A) Screening 

 In screening process, electrical screens are used. 

(B) Sedimentation 

 Sedimentation is used for grit removal, particulate matter removal from water by gravitational 

force. 

(C) Flotation 

 Floatation method separates solid or liquid particles from liquid phase. Floatation are two 

types- 

(i) Dispersed air floatation 

(ii) Dissolved air floatation 

(D) Filtration 

 Filter bed can be used for filtration. Filter bed composed of granular material. Filtration is 

required for supplemental removal of suspended solids and remove chemically precipitated 

phosphates. 

Secondary Treatment: Secondary treatment is called biological treatment. 

Secondary treatment refers to the natural biodegradation of the organic matter by aerobic bacteria. 

(A) Activated sludge treatment process 

 The activated sludge process is a type of waste water treatment process for treating sewage or 

industrial waste waters using aeration and a biological composted of bacteria and protozoa. 

 O2 added for decomposition in aeration tank. 

Micro organic added for decomposition of org. matter if lesser in no. in sludge. 

In settling tank sludge and water separate and after separate sludge is recycled  



Bhumi Publishing, India 

226 
 

 

Fig. 6. Activated sludge treatment process 

(B) Tricking filter 

 Trickling filter is a device where waste water can be treat by help of microorganisms. In this 

device  

 The contact bed was filled with ww from the top and the ww are allowed to contact the media 

for a short time. The bed was then drained and allowed to rest before the cycle was repeated. A typical 

cycle require12 hr (6 for operation and 6 for resting). 

 The modern trickling filter consists of a bed of highly permeable media to with µ-org. are 

attached and through with waste water percolated or trickled. 

 Filter media usually consist of rock, plastic media. A more recent innovation have been 

built in square and other shapes. Rock filter beds are now usually circular. 

 The organic material present in ww is degraded by a population of µ-org. attached to the 

filter media. 

 

Fig. 7. Trickling filter 

Treatment of sludge: For treatment of sludge various step can be follow: 

 (1) Concentration:  

 

(2) Digestion 
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(3) Conditioning 

 

(4) Dewatering 

 

(5) Oxidation: After the complete treatment of sludge, it can be disposed.  

Advanced waste water treatment 

(1) Removal of suspended solids  

 After removal of chemical treatment organic impurities from water chemical treatment 

removes various suspended & dissolve impurities. 

Removal of suspended solid can be done by two processes. 

(A) Micro straining – Use of rotator drum filter. 

 (B) Coagulation – Where the particles are aggregated into larger particles. Chemical utilized 

either Al
+3

 or Fe
+3

 salt. Through alum (K2SO4.Al(SO4) we can also separate the pollutants. 

(2) Removal of dissolved solid 

 (A) Adsorption on activated carbon 

 (B) Solvent extraction: Solvent extraction is a technique for separating chemicals or metal 

complexes based on their solubilities in two immiscible liquids, often water and an organic solvent. 

For each solute, a specific solvent is utilized, and the solute dissolves in that solvent and may be 

extracted from the solution. 

 If Solvent -Organic  Solute -Organic 

  Solvent -Inorganic  Solute -Inorganic 

 Example - Benzene is used to separate phenol. 

(C) Ion-exchange: Ion exchange is a unit process. In which ions of given species are displaced from 

an insoluble exchange material by ions of different species in solution. Through this process recovery 

of metal and removal of hardness. 

In ion exchange, two process are following 

(1) Demineralization and (2) Regeneration 

(1) Demineralization: Removal of Na and Ca ion from H2O using 

 ―Synthetic cationic exchange resin‖ 

  RH + Na
+

 RNa + H
+
 

  RNa2 + Ca
+2

 RCa + 2Na
+
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(2) Regeneration: Regeneration of exhausted resin 

 RNa + HCl RH + NaCl 

 RCa + 2NaCl RNa2 + CaCl2 

(D) Reverse Osmosis 

 Osmosis is the process of spontaneous flow of water through a semi permeable membrane 

from a dilute to a concentrated solution. The diffusion of water takes place on account of hydrostatic 

pressure known as osmotic pressure, which drives water molecules in search of equilibrium. 

 Reverse osmosis is an advanced water purification technology. It uses a special, semi-

permeable membrane which removes impurities as small as 0.0001 micron in size. Best membranes 

are cast from cellulose acetate, magnishiumperchlorate, nylon, methylaceylate or amide polymers. 

 R.O. removes, toxins, bacteria, virus, suspended solids, dissolved chemicals, radioactive 

waste etc. It makes salty water drinkable prevents possibility of kidney stones, indigestion, gastric, 

bacterial disease etc. by removing harmful contaminants in water. Enhances taste by removing 

undesirable salts. Reduces turbidity, coloration in water and removes unpleasant odour. Makes hard 

water, soft and sweet to taste purifies water naturally without the use of any chemical. 

 A very high-quality feed is required for efficient operation of a reverse osmosis unit. Pre-

treatment of a secondary efficient without filtration and with adsorption is usually necessary. 

 

Fig. 8. Reverse osmosis 

(E) Removal of phosphorous 

 Phosphorous is one of the most important nutrients in the eutrophication of lakes and natural 

waterways. Its presence wreaks havoc on water quality.  

10% of the phosphorous that is insoluble is normally removed by primary settling 

Almost all the phosphorous present after primary settling is soluble. 

Phosphorous present in waste water in 3 forms. 

(a) Ortho-phosphorous (Removed by adding Al
+3

 and Fe
+3

 salt after secondary 

treatment). 

(b) Poly- phosphorous (Conversion by adding alum, ferric and aluminum chloride etc. 

(c) Organic- phosphorous (Less easily remove) 
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Under certain ideal condition the µ-organic in the activated sludge are able to remove on excess 

amount of p-over that required for growth. 

(F) Removal of nitrogen 

Nitrogen exists in many forms like ammonia, nitrate (NO3) and nitrite (NO2). Nitrogen in drinking 

water can pose health risk to people. We can remove nitrogen from water by various methods. 

 N2 in waste water can exist in 4 forms 

(a) Organic N – Metabolize in secondary treatment 

(b) NH3 – Removal by air stripping 

(c) Nitrite (NO2
-
) – By nitrosomoans bacteria and nitrobacter bacteria) 

(d) Nitrate (NO3
-
) – Through nitrification 

In nitrification NH3 is converted by bacteria into nitrate ion. 

3 2 3NH NO NO    

            Nitrosomanas   Nitrobacter 

NO2
-
 and NO3

-
 can be removed from the system by the process of denitrification. 

Nitrification process has been applying to the treatment of a variety of industrial waste (organic acid, 

domestic waste, pharmaceuticals and organic chemical waste etc.) 

(G) Chemical oxidation 

 Chemical oxidation is to oxidize organic pollutants to less dangerous or harmless substances. 

It involves various oxidants like -  

 (Removal of NH3) Chlorine is used for oxidation 

 (Reduce the conce. of residual organics) Cl2 and O3 can be used 

 (Reduce the bacteria and viral content of waste water) chlorine gas 

 (Removal of colour) (using O3) 

Marine pollution 

 The contamination or presence of contaminants in oceans and seas is referred to as marine 

pollution. The term'marine' is derived from the Latin word for'sea,' and is linked to words 

like'mariner.' In today's world, ocean pollution is becoming more and more of an issue.Anything that 

contaminates the sea is considered marine pollution. Chemicals, microscopic plastic beads in 

exfoliate, and hazardous bio-matter are all examples of common marine contaminants (such as 

sewage). However, if heavy traffic surrounding the ocean causes noise, it might be classified as 

pollution if it harms marine life.The amount of pollution produced by saltwater varies depending on 

the setting and the purpose for which it is used. For example, typical saltwater contains certain minute 

particles of plants or sand, and while the sea is considered the home of marine species, these particles 

are not regarded pollutantsbut dangerous substances are clearly defined as pollutants. However, if 

someone wanted to cook in this brine, they may consider the sand and plants to be contaminating our 

cooking water. 
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Causes/sources of marine pollution 

1. Toxic chemicals in water 

 Chemical discharge from industries can put marine life in grave risk. Chemicals in the 

atmosphere (for example, owing to the emission of industrial wastes through plant chimneys) that 

dissolve into the water, as well as industrial waste discharged into the sea, can drastically damage our 

seas. 

2. Oil spillages 

 This is generally an unintentional kind of industrial dumping, in which oil ship breaches cause 

massive amounts of oil to spill into the ocean. Accidental oil spills have the potential to wreak havoc 

on marine life. 

3. Small particles 

 Exfoliating lotions containing tiny plastic beads and other little particles that we throw down 

the drain without thinking pollute the ocean. 

4. Plastic, Litter, and human waste 

 Plastic bags, aluminium cans, rubbish, and other human waste are major polluters of the 

waters across the world. A massive 'island' of rubbish the size of Texas was recently discovered in the 

Pacific Ocean, highlighting the problem's broad scope. 

5. Sewage 

 Sewage pollutes the seas' pristine, clean water whether or not it is cleaned with hazardous 

chemicals. Another sort of industrial dumping is this. Sometimes sewage is not poured directly into 

the sea, but rather into rivers, where it is carried into the sea by untreated river water. 

6. The shipping industry 

 Gases (which dissolve in the sea), chemicals and sewage from container ships are major 

pollutants. 

7. Dissolved greenhouse gases 

 Greenhouse gases from human fossil fuel consumption are making the sea more acidic. 

Effects of marine pollution 

1. Oxygen depletion 

 Although seawater has enough of dissolved oxygen, decaying sewage and other biomatter in 

seas can cause 'hypoxia,' or oxygen loss. This makes it difficult for oxygen-dependent marine life, 

such as plants, fish, and mammals, to live in the oceans. 

2. Higher acidity 

 Toxic substances contribute to the acidification of our seas. Again, this renders them toxic to 

aquatic life, causing harm to fish, marine animals, marine plants, and corals. 

3. Choking marine life 

 Fish, turtles, and other marine creatures are increasingly finding little particles of plastic and 

other garbage in their stomachs. These rubbish fragments strangle marine creatures and obstruct their 

digestion, frequently resulting in death. 

 



Recent Innovative Approaches in Agricultural Science Volume II 

    (ISBN: 978-93-91768-85-0) 

231 
 

4. Spoiling birds’ feathers 

 Oil spills cover marine birds' feathers, robbing them of the natural oils that make their 

feathers waterproof and allow them to regulate their body temperatures. As a result, marine birds 

might overheat or get too cold, and their feathers become wet, making it difficult for them to keep 

afloat. When their feathers become coated with oil, they will find it difficult to fly. 

5. Blocking out the sunlight 

 Pollutants like oil and trash can hinder sunlight from reaching marine plants, which rely on it 

for photosynthesis. 

6. Dangers to human health 

 Human swimmers and water sports lovers can become endangered by swimming in a polluted 

sea. 

Control measures/ solutions for marine pollution 

1. Be careful with our chemicals 

 Excessive human meddling in the natural environment has resulted in both climate change 

and marine pollution. We may lessen our influence on the seas by using eco-friendly home cleansers 

and taking steps to reduce the emissions we put into the air (for example, by taking public 

transportation instead of driving). 

Furthermore, rigorous site monitoring will limit the number of oil spills by preventing or stopping any 

chemical or oil leaks at all times. 

2. Don’t flush or rinse away harmful particles 

 We can prevent these particles from reaching our seas by not flushing plastics down the toilet 

and not pouring oils and exfoliating beads down the faucet. Replace exfoliants with natural materials 

such as seeds, honey, or sand, and recycle all plastics! 

3. Campaign 

 Lobbying, writing letters, spreading the word on social media, and campaigning may all help 

politicians and industrial owners make more environmentally responsible decisions. One of the most 

important steps that can be performed here is to encourage shipping businesses to utilise safe and 

ecologically sustainable boats. 

4. Volunteer at an oil spill site 

 Volunteers are constantly needed at oil spill locations to help preserve marine birds' lives by 

cleaning the oil out of their feathers and caring for them until they are able to fly, swim, and dive 

under water again. Intervention is always required as soon as possible to guarantee that these birds' 

health is not jeopardized. 

5. Volunteer at a beach clean-upor organize one yourself 

 Get together with the rest of the community to clean up the rubbish left behind by 

inconsiderate picnickers, boat workers, and others at your local beach. Joining together as a 

community to care for the natural environment is a fantastic way to remind everyone how closely we 

are linked to and reliant on it. Collaboration with others keeps us motivated and reminds us that we 

are not alone in our efforts to protect the environment. 



Bhumi Publishing, India 

232 
 

6. Ensuring no debris is released into the ocean 

 Recycling our plastics and other recyclable, and disposing of our waste responsibly is key 

here. 

7. Stop the nuclear waste disposal in marine water 

Soil pollution 

 The soil is one component of the Earth that we seldom see due to the growth of concrete 

structures and roadways. It goes by various names, including dirt, mud, and ground. It is, nonetheless, 

quite vital to us. The plants that provide us with food grow on soil, and keeping it healthy is critical to 

maintaining a beautiful environment. Pollution affects soil, just as it does all other forms of nature. 

Soil contamination is a widespread occurrence these days, and it is caused by the presence of man-

made components. 

 The presence of man-made trash is the primary source of contamination in the soil. The waste 

created by nature, such as dead plants, animal corpses, and rotting fruits and vegetables, only adds to 

the soil's fertility. Our waste products, on the other hand, are full of chemicals that aren't present in 

nature and cause soil contamination. 

Main causes of soil pollution 

1. Industrial activity 

 In the last century, industrial activity has been the most significant contribution to the 

problem, especially as the quantity of mining and manufacturing has expanded. The majority of 

companies rely on mineral extraction from the ground. The by-products are polluted, whether they be 

iron ore or coal, and they are not disposed of in a safe manner. As a result, industrial waste stays in 

the soil surface for a long period, rendering it unfit for human consumption. 

2. Agricultural activities 

 Since technology has given us with sophisticated insecticides and fertilizers, chemical use has 

skyrocketed. They're chock-full of compounds that don't occur naturally and can't be broken down by 

it. As a result, when they mix with water, they seep into the ground and gradually deplete the soil's 

fertility. Other chemicals alter the soil's makeup and make it more susceptible to eroding by water and 

air. Many of these pesticides are absorbed by plants, and as they disintegrate, they pollute the soil 

since they become part of the land. 

3. Waste disposal 

 Finally, how we dispose of our garbage is becoming an increasing source of worry. While 

industrial waste will undoubtedly pollute the environment, there is another way in which we 

contribute to pollution. Every person excretes a certain quantity of waste in the form of urine and 

faeces. 

 While majority of it is disposed of through the sewer system, a significant proportion is 

deposited directly into landfills in the form of diapers. Even the sewage system comes to an end at the 

landfill, where biological waste pollutes the soil and water. This is due to the fact that our bodies are 

full of poisons and chemicals, which are now seeping into the soil and polluting it. 
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4. Accidental oil spills 

 During the storage and transportation of chemicals, oil spills might occur. This may be found 

at nearly every gas station. The chemical in the fuel degrades the quality of the soil, making it unfit 

for agriculture. These contaminants can infiltrate groundwater through the soil and render it unfit to 

drink. 

5. Acid rain 

 When contaminants in the air combine with rain and fall back to the earth, acid rain occurs. 

Polluted water has the potential to dissolve key nutrients in soil and alter the structure of the soil. 

6. Biomedical waste 

 Pumping of Biomedical waste contaminate soil. 

7. Dead bodies of animals 

 Dead bodies of animals pollute not only air but also pollute soil. 

Effects of Soil Pollution 

1. Effect on health of humans 

 Given that soil is the source of our ability to survive, its pollution has far-reaching 

implications for our health. Plants and crops growing in dirty soil absorb much of the pollutants and 

pass it on to humans. This may account for the abrupt increase in minor and fatal ailments. 

 Long-term contact to such soil can alter the body's genetic make-up, resulting in congenital 

disorders and chronic health problems that are difficult to treat. In fact, it has the potential to sicken 

cattle to a significant degree and cause food poisoning over time. If plants are unable to grow in 

polluted soil, it might result in widespread hunger. 

2. Effect on Growth of Plants 

The extensive pollution of the soil has an impact on the ecological equilibrium of any system. 

When the chemistry of the soil changes dramatically in a short period of time, most plants are unable 

to adapt. The fungi and bacteria in the soil that hold it together start to deteriorate, causing soil erosion 

as a result. 

 The fertility of the soil gradually declines, rendering it unfit for agriculture and preventing 

any indigenous vegetation from surviving. Large swaths of land have become contaminated, posing a 

health risk. Unlike deserts, where native flora thrives, such terrain is unsuitable for most types of life. 

3. Decreased soil fertility 

 Toxic substances in the soil can reduce soil fertility, resulting in a reduction in soil 

production. The polluted soil is then utilised to grow low-quality fruits and vegetables that may 

contain a dangerous chemical that causes major health issues in those who consume them. 

4. Toxic dust 

 The release of hazardous and foul gases from landfills pollutes the environment and has a 

negative impact on certain people's health. Other people are inconvenienced by the foul odour. 

5. Changes in soil structure 

 The demise of numerous soil organisms (such as earthworms) can cause changes in soil 

structure. Apart from that, it may push other predators to travel in quest of food to other locations. 



Bhumi Publishing, India 

234 
 

 A variety of solutions have been proposed to reduce the existing level of pollution. Such 

efforts to clean up the environment need a significant investment of time and resources. Regulations 

for the disposal of hazardous waste have been imposed on industries, with the goal of reducing the 

amount of polluted land. Organic farming, which avoids the use of chemical pesticides and fertilizers, 

is encouraged. Plants that can remove contaminants from the soil are urged to be used. However, the 

road ahead is quite long and the prevention of soil pollution will take many more years. 

6. Contamination of ground water 

 (1) Afforestation 

 (2) Land filling 

 (3) Composting and Vermicomposting 

 (4) Incineration 

 (5) Stop often burning/open dumping 

 (6) Proper disposal of biomedical waste 

 Due to the presence of heat pollutant in the surrounding environment and in water reservoir is 

called thermal pollution. Due to thermal pollution the aquatic life deteriorates their biocycle. 

Conclusion: 

 Following a review of many forms and causes of pollution, as well as their control strategies, 

we came to the conclusion that treatment methods are the final resort for overcoming or reducing 

pollution problems. If we eliminate pollutants at their sources of generation, we will be able to reduce 

pollution, and if pollutants are created in smaller quantities, we will be able to readily reduce pollution 

after generation. Public awareness is critical in this regard since we may limit the generation of 

various pollutants by raising public knowledge. When the general people is aware of the function of 

pollutants and their consequences for human life and the environment, they may work to reduce 

pollution levels. 
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Abstract  

 The Makhana (Euryale feroxsalisb.) is a high-value aquatic cash crop which is also known as 

Fox Nut.Currently, it is rapidly growingas a super food globally because of its rich medicinalvalues 

and mineral contents. Makhana was originally thought to be a resilient crop due to the lack of insect-

pest and disease occurrences in the traditional subsistence system of farming.With growing 

commercial interest in its farming and intensive research efforts aimed at improving yield and quality, 

many weeds, insect-pests, diseases, and other health issues related to inadequate or imbalanced plant 

nutrition have been discovered to cause yield losses ranging from 20-25 present to total crop failure. 

Commercial makhana farming requires a thorough understanding of the many biotic and abiotic 

stressors that jeopardise plant health. The purpose of this paper is to provide an overview of the most 

prevalent insect pests, illnesses, and other plant health challenges found in makhana cultivation.The 

purpose of this paper is to provide an overview of the most prevalent insect pests, illnesses, and other 

plant health challenges found in makhana cultivation. The main insects attacking the makhana plant 

are aphids (R. nymphaeae), case worm (E. crisonalis)and root borer (D. delesserti), while the most 

severe disease is Alter aria tenuis leaf blight. Because makhana is cultivated in an aquatic 

environment, excessive use of chemical pesticides should be avoided until the economic 

consequences are too great. Plant nutrition is critical for optimum health and vitality, as well as the 

ability to endure different abiotic and biotic challenges, such as insect pests and diseases. 

Keywords: Plant nutrition, abiotic stressors, illnesses and pesticides. 

Introduction: 

 Makhana's scientific name is Euryale ferox, and it belongs to the Nympheaceae family, with 

the chromosome number 2n=2x=58. Makhana seed has a sweet and sour flavour. Because of its 

medicinal and mineral composition, it is quickly becoming a super food across the world (Song et al., 

2011; Ho et al., 2012; Wu et al., 2013; Ahmed et al., 2015a&b; Jha et al., 2018; Kumar et al., 

2020a&b). Fox nut, Gorgon nut, and Euryale seed are all names for Makhana. Makhana is a high-

value aquatic cash crop that is mostly produced in eastern India (Kumar et al., 2011; Khadatkar et al., 

2020). Bihar, West Bengal, Assam, Manipur, Tripura, Madhya Pradesh, and a few more Indian states 

are the leading producers. Darbhanga, Madhubani, Samastipur, Saharsa, Supaul, Purnia, Kisanganj 

and Katihar are among the eight to ten districts in north Bihar where it is commercially grown (Jha et 

al., 1991a&b; Kumar et al., 2020a). Northern Bihar accounts for over 80% of worldwide makhana 

production and is rightfully known as the global hub of commercial makhana farming (Kumar et al., 

2020a&b). It is cultivated in China, Japan, South Korea, Bangladesh, Russia, and a few more nations 

in addition to India. Makhana's demand has increased internationally as a result of its strong 
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nutritional and therapeutic benefits. Makhana pop is also known as 'White Gold,' while makhana seed 

is known as 'Black Diamond,' due to its commercial, medical, and nutritional importance.‘ 

Cultural, medicinal and economic significance 

 Makhana has the most cultural, medical, and economic value of all the crops, which is why it 

is renowned all over the world. Makhana is known as "God's Food" since it is used as a sacrifice to 

the god. Because to its high protein and carbohydrate content, it's also known as "Fasting Food." It is 

usual for a new bride's parents to send Makhana to the grooms as a marriage ceremony in the Mithila 

area of Bihar. Makhana's spermatogenic and aphrodisiac characteristics have long been utilised to 

cure male infertility (Jha et al., 2018), making it a culturally important crop. It is an important part of 

many ethnic customs in Mithila and other parts of India (Jha et al., 2018). In terms of health benefits, 

Makhana is regarded better than dry fruits such as almonds, walnuts, and many others. It's an 

excellent source of calories, protein, carbs, fibre, magnesium, potassium, phosphorus, and 

micronutrients like iron and zinc, in addition to providing health benefits. Makhana is strong in 

dietary fibre and low in calories, making it a good choice for weight loss. It's good for those with heart 

disease, high blood pressure, diabetes, and obesity since it's low in salt and cholesterol and high in 

magnesium. Many necessary amino acids and anti-aging bio-molecules, such as antioxidants, are 

found in it. Makhana has a lower glycemic index than other high-carbohydrate meals like rice and 

bread. 

 Every year, hundreds of crores of Makhana are exchanged inside India. India exports 

Makhana to over 30 countries, with the United States and the United Arab Emirates being the top two 

importers of Indian Makhana (APEDA, 2020). In the next three years, makhana exports are expected 

to increase by up to 40%. Makhana market size is expected to grow by USD 72.5 million globally by 

2023. Makhana cultivation, harvesting, popping, and associated activities are the primary source of 

income for approximately five lakh households in north Bihar. A farmer may earn Rs. 80,000 to Rs. 

200,000 from one hectare of makhana cultivation if it is grown correctly. Makhana processing and 

value addition can assist farmers supplement their income (Kumar, 2020; Kumar et al., 2020) 

Nutritional value 

 Makhana seed includes 12.8 percent moisture, 9.7 percent protein, 0.1 percent fat, 76.9% 

carbs, 0.5 percent mineral content, and 1.45 percent iron in its edible section. The seeds are used to 

cure stomach-aches, arthritic discomfort, diabetes, spleen illness, and gonorrhoea.  

Phenological characters 

 Flowering and fruits begin in May after two months of transplanting and continue through 

October/November. The fruits take around 40-45 days to completely ripen after blossoming. After 

that, the fruits begin to ripen, and the pinkish-coated seeds float on the water's surface. They settle 

toward the bottom of the field after 2-3 days (Kumar et al., 2011). Because fruit flowering, fruiting, 

and rupturing are highly unsynchronized in nature, a practical decision must be made before 

harvesting as to how much time to allow for fruiting and rupturing to avoid significant yield loss and 

to accommodate the crop/s to follow in the cropping sequence on the same field. A crop transplanted 

in March can be harvested in earlyAugust, although fruiting may continue up to November,if left 
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unharvested. Makhana seeds are collected from thefloor of the field using a local; device called 

‗Gaanja‘. According to the scientific cultivation, farmers canget a seed yield of up to 3.0 t/ha from an 

improved variety. 

Varieties 

 Swarna Vaidehi' is the suggested variety for cultivation in the Mithila area of Bihar. It was 

created by the Research Centre for Makhana (RCM), Darbhanga, Bihar. Another cultivar present in 

the region is Sabour Makhana-1 (Kumar et al., 2020a). 

Cultivation of makhana 

 Makhana was traditionally planted solely in ponds and perennial water sources, especially by 

fisherman people in north Bihar (Kumar et al., 2011). Productivity and the area under makhana 

cultivation must both be expanded to meet the fast expanding worldwide demand and to realise the 

economic potential of makhana farming. The number of ponds and natural water bodies is rapidly 

dwindling due to changing environmental conditions, and makhana agriculture under field conditions, 

similar to rice, has just recently begun to increase the area under makhana cultivation. The key 

advantages are improved makhana seed harvesting efficiency, which leads to increased field 

production, and the possibility of include makhana as a component crop in cropping sequences 

popular in north Bihar and other eastern Indian states. Makhana production and productivity can be 

significantly improved when grown in the field, particularly in areas with sufficient water availability 

during the growing season, and when combined with improved makhana farming in traditional pond 

systems, can help meet the rising demand of a large population from all over the world for makhana 

from eastern India and other parts of the country with suitable edapho-climatic conditions for 

makhana farming (Kumar et al., 2020a) 

Nursery raising practices 

 For makhana farming in ponds, a nursery is not necessary, but for field cultivation, a nursery 

area of 500 m2 is required to raise nursery for transplantation in a one-hectare area. In the months of 

December/January, twenty kg of excellent quality makhana seeds are disseminated in a well-prepared 

nursery (enhanced with organic manure and fertilisers) while keeping a suitable level of water. By 

March, seedlings are ready to be transplanted. In the months of March/April, young makhana plants 

should be carefully plucked from the nursery to minimise root damage and replanted in a well-

prepared field. A spacing of 1.25 m exists between lines and plants. Makhana does not get any foreign 

fertilising for pond cultivation. Because of the breakdown of the residual plant biomass after makhana 

harvesting, pond makhana cultivation is self-sustaining in terms of nutrient delivery. However, in 

order for makhana to develop in the field, nutrition is applied externally to the plant. Because more 

than one crop is cultivated in a field in intensive farming, more nutrients are required. 

Weed management 

 Weeds are undesirable plants that grow organically alongside the primary crop. Weed grows 

at the early phases of makhana development, when there is still a lot of space between the plants. 

Manual weeding is necessary once in the nursery and once after transplanting for the first 30-40 days. 
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Makhana leaves cover the whole water surface after that, needing no more weed management 

operations (Kumar et al., 2011; Kumar et al., 2020a). 

Plant protection: the key to successful makhana farming 

 Plant protection is still a crucial driver of optimal makhana output and farm profitability 

throughout the makhana growing process. Makhana was originally thought to be a resilient crop, since 

few insect pests and diseases were identified, resulting in significant output losses. However, as 

makhana farming has become more commercialised and significant research efforts have been aimed 

toward boosting makhana production, several weeds, insect-pests, and illnesses have been discovered 

to cause yield losses ranging from 20% to 100% of total crop failure. A healthy makhana crop grows 

beside a badly infected crop in an adjacent chaur at RCM's Darbhanga research farm. According to 

Nath et al. (2018b), aphid (Rhopalosiphum nymphaeae L.), case worms (Elophila depunctalis W. & 

E. crisonalis W.) and rib borer (Chironomous sp.) caused yield losses of 17.04 to 23.66 percent in the 

Makhana crop. The severity of the infestations may exacerbate the losses. As a result, understanding 

the many biotic and abiotic factors that threaten plant health is vital for commercial makhana farming 

success.  

Disease, insect and pest management in makhana 

1. Aphid (R. nymphaeae L.) 

 It's a key bug that infests the makhana crop, especially during the early stages of development 

(Mishra et al., 2003; Kumar et al., 2011; Nath et al., 2018a-c). The aphids are brownish to lustrous 

reddish-brown to dark olive in colour, with wingless forms about 1.6-2.6 mm in length. They live in a 

variety of aquatic plant groups, including Nymphaeaceae (Martin, 1983). Parthenogenetically, an 

adult female produces 2-6 young every day for up to 10-12 days. It passes through four nymphal 

instars before reaching adulthood. Within 2 to 15 hours of emergence, the newly emerging adult 

begins reproducing. Saraswati et al. were the first to notice an aphid infestation on Makhana (1990). 

This insect's activity peaks in February and March, then rapidly falls and vanishes in April (Nath et 

al., 2018a-c). Aphid infection is aided by cloudy conditions. The sap is sucked off the top surface of 

the leaves by both the nymph and the adult. When there is a severe infestation, the damaged parts of 

the leaves become yellow/rust red, degrade quickly, and agricultural yield suffers. 

2. Case worms (E. depunctalis G. and E. crisonalis W.) 

 Case worms are one of the most common pests in Makhana, causing extensive damage and a 

considerable drop in productivity. The case worms (E. depunctalis G. &E. crisonalis W.) emerge on 

makhana in February, according to reports by Mishra et al., (2003); Kumar et al., (2011); and Nath et 

al., (2018a-c). Following that, the months of July and August saw a decrease in population. The 

immature larvae eat by scraping the leaf surface in the centre or near the edge. The larva forms an 

oval casing out of the cut-out piece of the leaf and stays inside it while moving about on the leaves. 

3. Leaf midge or rib borer (Chironomous spp.) 

 Rib borer (Chironomous spp.) can occur at any time throughout the crop's growth cycle and 

feed on the makhana crop until it is harvested. Its larvae are found in lower numbers in the early 

stages, but exhibit growing tendencies as time passes until harvest. The larvae are found in ribs that 
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have grown under the leaf surface. The larvae migrate quickly through the aerenchymatous cavities of 

the leaf ribs, causing fast destruction. Affected leaves become yellow, degrade quickly, and have an 

impact on agricultural output. Aside from the three major insect pests mentioned above, Nath et al. 

classified several insect pests as minor pests (2018a-c). 

4. Sucking bug (Plea litruata F.) 

 Sucking bugs are known to occur in fragile makhana seedlings and exhibit growing trends 

over the next two to three months, until April, when their number begins to drop. The population of 

the insect is minimal, and it may be found on Makhana leaves, tender shoots, and roots. Both the 

nymph and the adult sucke the cell sap from the underside of the crop's fragile leaves, shoots, and 

roots. 

5. Gastropods 

 Gastropods have recently been seen in large quantities in several farmers' fields and at 

research farms. Throughout the crop growing season, several kinds of Mollusks, which feed on the 

leaves and inflict severe crop damage, can be detected. This is one of Makhana's most devastating 

pests, wreaking havoc on the crop (Kumar, 2020). On fibrous roots and leaves, they deposit their 

eggs. The adults cling to the undersides of the leaves, shoots, and fibrous roots. It feeds on the host 

plant's plant tissue, causing rapid disintegration in the damaged plants. 

6. Singhara beetle (Galerucella birmanica) 

 The Singhara beetle wreaks havoc on makhana crops, especially in the initial half of their 

growth cycle. The insect population decreases in the second half of the crop's development and finally 

vanishes. The leaves, as well as the petiole and integument of the Makhana fruit, are damaged by 

grubs and adults. Adults of this insect are said to be more destructive than grubs. 

Integrated pest management (IPM) 

 Because makhana is an aquatic crop, chemical pesticides should be avoided unless the 

consequences are economically unsustainable (Kumar et al., 2020a). For pest management in 

makhana, organic pesticides should be favoured over chemical pesticides. For organic pest 

management, apply neem cake (@ 25 kg/ha) during soil preparation or neem oil spray (0.3 percent) 

on standing crops (Kumar et al., 2011). If chemical pesticides are required, treatment with 

imidacloprid 70WS or thiomethoxam 25WG @ 5 gm/kg seed and root dip treatment @ 5 gm/Lt of 

water for half an hour, followed by three foliar sprays of NSKE @ 5%, has been shown to be effective 

(Nath et al., 2004). Inmanagement of the insect pests andimprovement of crop yield in makhana. 

The most common diseases in makhana 

1. Leaf blight 

 Alternaria tenuis causes leaf blight. It's makhana's most dangerous fungus illness (Dwivedi et 

al., 1995; Haidar and Nath, 1987). Alternaria leaf blight symptoms include leaf spots and blighting on 

the top surface of the leaves. Leaf spots range in colour from light tan to brown, with a concentric ring 

or target pattern and a yellow halo. Blighting and premature defoliation occur in makhana when leaf 

spotting increases (Haider and Mahto, 2003). Leaf blight may be prevented in makhana by removing 

diseased leaves and properly disposing of them. In ponds, where there are no fish, foliarsprays with 
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copper oxychloride or dithane M-45 @ 0.3% twiceor thrice at fortnightly interval have been found 

very effectiveto check the disease (Kumar et al., 2011). However, utmostcaution must be exercised in 

using chemicals for diseasecontrol as the makhana crop grows in aquatic environment. 

2. Leaf spot 

 Leaf spot disease affects makhana leaves in two different ways. One creates random spotting 

and dark areas on the surface of the leaves, which ultimately increase or merge together and may be 

reddish to greyish brown; the other begins at the leaf's outer margins, causing it to become brown and 

disintegrate. Both are harmful, although they are typically not significant issues. Their frequency 

fluctuates greatly from year to year, depending on the weather conditions. On weakly sick plants, 

removing spotty leaves works. Infected falling leaves should be discarded to reduce the risk of illness 

in the next season. If chemical control is needed, mostfungal leaf spots can be controlled with sprays 

of fungicidescontaining chlorothalonil, Saaf (Carbendazim + Mancozeb)@ 0.2%. Application should 

be done when symptoms firstappear and repeated at fortnightly interval as required(Mishra et al., 

2003; Kumar et al., 2011). It is advisable notto use chemicals unless economical losses are 

unavoidable,as applied chemicals will affect the water and fishes presentin the pond. 

3. Root rot 

 Phytophthora species are thought to be the cause of root rot disease (Mishra et al., 2003; 

Kumar et al., 2011). Plants that were once healthy are now withering and yellowing. The roots are 

dark brown or black in colour, and they grow mushy and rotting over time. The roots are readily 

stripped away by the outer layer of cells, leaving just the core strand of water conducting tissue. 

Because there is no known cure for the illness, it is critical to remove and kill any afflicted plants. The 

pond should then be carefully cleaned and sanitised using a sodium hypochlorite solution or a muslin 

bag packed with copper sulphate crystals before being rinsed off with new water. Once clear water 

has been runback in, new plants can be safely introduced. All fish must beremoved before any such 

treatment begins, and not returneduntil the pool has been emptied, swilled out and refilled withfresh 

water. 

4. Botrytis gray mold 

 The fungus Botrytis species causes this illness, which is quite common. Botrytis is pervasive 

and opportunistic, infecting only plants that are physiologically compromised. On seeds and 

seedlings, Botrytis grey mould is frequent. It starts off as a white growth on the plant, but it quickly 

darkens to a grey hue. Wind or water can cause smoky-gray "dusty" spores to develop and spread. 

Gray mold-infected buds or small leaves may obstruct growth and photosynthesis. Pathogen 

populations can be reduced and plant vigour can be increased to reduce harm. Sanitation is an 

important initial step, but it is not enough to manage the disease. It is effective to remove dead or 

dying tissue from plants and the soil surface. Seeds should be soaked in a 1:10 mix of hydrogen 

peroxide and water. Fresh solution should be added every day until the seed has swelled and is ready 

to split its skin and extend branches and roots. Patience is required because this is a lengthy procedure 

(Mishra et al., 2003; Kumar et al., 2011). 
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5. Development of tumors 

 A smut fungus known as Doassansiopsis euryaleae may cause severe damage to the crop's 

leaves and other sections, such as the petiole, pedicel, and so on. The infection normally spreads from 

the leaf lamina to the petiole and from the pedicel to the flower's basal region, producing significant 

form distortion due to hypertrophy. The hypertrophy is minor at first, but it rises in size with time. 

Infection of the flower's base, especially the ovary, drastically lowers the amount of viable seeds and 

has a negative impact on plant yield (Verma et al., 2003). It can sometimes harm fruits, causing fruit 

galls. For this illness, no confirmed control measures have been documented. Other diseases like 

chlorosis, nutrient deficiencies and poor growth of plants is normally due to inadequate and 

imbalanced fertilization, CO2 or lighting conditions. These can lead to other problems like bacterial 

rot and other diseases because of the poor plant health. 

Integrated nutrient management (INM) for plant health 

 Plant protection techniques outlined in earlier sections help to protect plants to some extent, 

but plants also have their own defence mechanisms to combat insect pests and illnesses. The 

magnitude of natural pesticides generated by plants can be appreciated in light of the findings of 

intriguing research by Ames et al. (1990), which revealed that 99.99 percent (by weight) of pesticides 

in the American diet were compounds created by plants to defend themselves. Plants must also be 

healthy and vigorous in order to better protect themselves against various abiotic and biotic pressures 

such as insect pests and illnesses. Here's where plant nourishment comes in. A well-fed plant retains 

high health and is better able to tolerate the advent of insect pests and illnesses. 100:60:40 kg N: P: K 

per hectare is the recommended fertiliser dosage for makhana field agriculture (Kumar et al., 2011a; 

Singh et al., 2020). The importance of organic matter in makhana cultivation cannot be overstated. 

Farmyard manure or other organic sources of nutrients should be supplied to makhana growing soils 

in suitable amounts. Because micronutrients like zinc and boron are deficient in eastern and north-

eastern Indian soils, which are critical for crop production in the region (Kumar et al., 2016; 

Longkumer et al., 2017), plants should be given these micronutrients to stay healthy. The good 

benefits of secondary nutrient (Mg) application and micronutrient fertilisation (Zn, B, Cu) on plant 

health, growth, yield, and quality of makhana in north Bihar have been substantiated by the primary 

author's recent experimental findings. CuSO4 (0.1%) foliar spray has been proven to be very effective 

in increasing makhana plant growth and vigour. Copper sulphate spray causes larger and bolder seeds 

to develop, as well as a reduction in insect and disease rates in makhana crops.A farmer can receive as 

much as 3.0-3.5 tonnes of makhana seed per hectare if proper and timely steps are done to prevent 

insect pests and illnesses that arise in the makhana crop. Because makhana is an aquatic crop, 

chemical pesticides should be avoided unless the consequences are economically unsustainable. For 

pest management in makhana, organic pesticides should be favoured over chemical pesticides. 

Organic pest control can be achieved by using a neem oil cake during field preparation or a neem oil 

spray on a standing crop. Furthermore, adequate and balanced plant nutrition should be provided to 

the growing crop in order to maintain its health and vigour, which will reduce the crop's susceptibility 

to many insect pests and diseases. To better understand and manage the plant health challenges of this 
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important aquatic crop with tremendous future potential, more research on insect-pest and disease 

dynamics in makhana is needed. 
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Abstract: 

 In India, lack of knowledge exists in the field of innovation regarding the effectiveness of 

research and innovations. Recent innovative approaches in horticulture should be incorporated under 

the farming system of these crops to enhance the economy of a nation. Approaches such as 

biofortification, application of nano fertilizers, precision farming and partial rootzone drying irrigation 

in horticultural crops has been proved to be the most effective techniques. 

Keywords: Knowledge, innovation, biofortification,nano fertilizers and precision farming. 

Introduction: 

 Horticulture is the major contributor to the economic development in Agriculture. The 

Government‘s practices to boost the development of the horticulture sector have encouraged the 

diversity of research and extension innovation programs. Finite knowledge exists on the effectiveness 

of research and innovations in the country, particularly from the view of innovation systems 

perspective. So, this chapter will highlight recent innovative approaches in horticulture. 

Biofortification 

 Biofortification is the process of adding nutritional value to the crop. It refers to enriching the 

nutrient status of crops to mitigate the negative economic and health consequences of vitamins and 

mineral deficiencies in humans. 

Need of biofortification 

 According to data supplied to the World Health Organization (WHO) by the Government of 

India, 62% of all preschool-aged children are vitamin A deficient. Deficiencies in iron (Fe), zinc (Zn), 

and selenium (Se) are critical public health concerns as well as significant soil limits to agricultural 

productivity, especially in poor nations. Vitamin A insufficiency is a growing public health issue in 

many developing nations, affecting children and women of reproductive age. It is estimated that more 

than six million children die each year as a result of vitamin A deficiency. 

Methods of biofortification 

 There are three methods of biofortification in horticultural crops 

Agronomic biofortification 

 It may be defined as the application of fertilizers to enrich micronutrients in edible parts. The 

success rate of agronomic biofortification is directly proportional to the mobility of mineral element 

in the soil and plant. Zinc (Zn), iodine (I), selenium (Se), titanium (Ti), iron (Fe), and silicon are the 

most commonly employed micronutrients for agronomic bio fortification (Si). The use of inorganic Se 
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fertilisers resulted in a tenfold rise in Se concentrations. In China and Thailand, however, the use of 

inorganic I and Zn had an influence on plant enrichment at a national level. Due to the conversion of 

Fe+3 into Fe, which is inaccessible to plant roots, Fe has a poor mobility in soil. Synthetic metal 

chelators such as EDTA- Fe- and Zn-chelates were developed due to a lack of phyto availability, since 

they have been shown to be efficient in raising mineral concentration in edible sections of vegetable 

and fruit tissues. Application of micro nutrients by foliar spray offers a quick and easy method of 

fortification of micro nutrients in plants. There are many reports that indicate that the mycorrhizal 

associations enrich Fe, Se and Zn concentrations in plants along with increase in the uptake 

efficiency. 

Selective breeding 

 This is the conventional method of breeding in which crops having naturally occurring high 

nutritious value are crossed with high-yielding varieties. The development of F1 hybrids is then 

evaluated by researchers to check whether the improved levels of nutrients can be used by the 

consumers and how these levels are affected by processing, storage and cooking. In order to improve 

the availability of micronutrients in crops by conventional breeding, sufficient genetic diversity in 

concentrations of -carotene and other functional carotenoids, iron, zinc, and other minerals is required. 

Genetic engineering 

 Genetic engineering is practiced when there is no or low variation among the genotypes of the 

desired characters in a species, or the selected crop is not suitable for selective breeding (due to lack 

of sexuality e.g., banana). Genetic engineering can be an alternate method of enhancing the 

availability of micro nutrients in the edible plant parts. Breeders are encouraged to use genetic 

modification to incorporate desired genes into novel cultivars by increasing their value. It provides 

unique opportunities to improve food quality and health benefits. In vegetable crops, genetic 

engineering is used to enhance traits such as flavor, nutritional status, bitterness, slow ripening, 

seedless fruit, increased sweetness, and anti-nutritional factors. Golden rice, for example, was one of 

the first bio fortified crops, with the edible section of the grain designed to create beta-carotene or 

provitamin A. Since then, similar accomplishments have been achieved with other horticultural crops, 

resulting in a wide range of carotenoid-rich meals as well as crops fortified with additional 

micronutrients like vitamin E and folate. 

Nano fertilizers for sustainable crop production 

 Conventional and inorganic fertilisers have increased food production since the green 

revolution, yet intensive agriculture has resulted in soil deterioration and pesticide contamination of 

food. Conventional fertilisers have a low or poor efficiency, with only approximately 20% or less of 

the applied fertiliser being utilised by the crop plant, with the remainder being mineralized or leached 

to groundwater and rivers, resulting in expense, eutrophication, and human health hazards. 

Horticultural crops are gross nutrient feeders, which necessitates good nutrient management practises 

for proper growth and production. Nano fertilisers, on the other hand, appear promising because 

nanoparticles have unique properties due to their physicochemical properties at the nanoscale, as well 
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as increased fruit productivity, quality, and shelf life due to their positive effects on anatomical, 

morphological, physiological, physicochemical, and molecular traits. 

Macronutrient nano fertilizers 

 Macronutrients such as nitrogen (N), phosphorus (P), potassium (K), magnesium (Mg), 

sulphur (S), and calcium (Ca) are combined with nanomaterials to provide the plants with an optimal 

amount of nutrients while lowering cultivation costs. Nitrogen is a critical component that is in short 

supply in virtually all agricultural soils. The quick volatilization and leaching of urea, a commercial 

nitrogenous fertilizer, is a problem. The Sri Lankan Institute of Nanotechnology have prepared a 

sophisticated nitrogen nano fertilizer with the help of coated urea hydroxyapatite nanoparticles which 

is slow-release nitrogenous fertilizer and has better chemical compatibility with the phosphorus 

sources. Phosphorus is also an essential plant nutrient element having issues of low nutrient uptake 

efficiency. Due to increased phosphorus levels in water, there are global environmental issues of 

eutrophication. Nanotechnology is a great option which can produce the phosphorus fertilizers along 

high phosphorus uptake efficiency. Biosafe nano fertilizer is the first phosphatic nano fertilizers with 

a particle size of 60–120 nm which is a prime source of phosphorus. A no. of researchers has reported 

the beneficial effects of the macro-nano fertilizers on the vegetative growth, pollination, fruit yield 

and quality of fruit crops. 

Micronutrient nano fertilizers 

 Micronutrients are trace elements and are needed in lesser quantity (< 100 ppm). Zinc (Zn) is 

one of the most important trace elements that is required for growth and development of plants. Zn 

nanoparticles can be easily transported into plants. With the application of nanoparticles such as oxide 

of Fe have been extensively used for different catalytic processes. Nano chelates of boron and zinc, 

when applied to fruit crops, resulted in high yield and improved quality. Similarly, the application of 

nano iron chelates results in ameliorating the leaf are, chlorophyll content, ascorbic acid and total 

phenol contents. 

Nano-biofertilizers 

 Bio fertilizers are a low-cost, renewable source of plant nutrients that can be used to 

supplement chemical fertilizers. A nano-biofertilizer is made up of plant-growth-promoting 

rhizobacteria and silver nanomaterial coatings (Au). Some crops' growth and development have been 

aided by interactions between nanoparticles and bio fertilizers. 

Nano coatings and packaging materials 

 Nanocoating of 5 nm size thin material helps in reducing loss of moisture content in fruits and 

vegetables along with reduction in gaseous exchange which led to improved shelf life. Nano-

packaging materials such as chitosan (nano-silica) and nano-TiO2–LDPE (titanium dioxide–low-

density polyethylene) have the ability to maintain physiological and physicochemical characteristics 

when compared to conventional packing materials because they inhibit pathogen, mycelia growth, 

mitochondrial reactive oxygen species, matrix metalloproteinase, and adenosine triphosphate (ATP) 

content. As a result, nanotechnology is a significant tool in postharvest technology for managing 



Recent Innovative Approaches in Agricultural Science Volume II 

    (ISBN: 978-93-91768-85-0) 

247 
 

postharvest infections as well as improving packing appearance through the simplicity of tagging and 

labeling (nano biosensors). 

Precision farming for horticulture 

 The father of precision farming is Professor Pierre C. Robert. Precision farming is more than 

simply a new technology injection; it is an information revolution enabled by new technologies that 

result in a higher level, more precise arm management system. It seeks to apply the appropriate 

quantity of treatment at the appropriate time and position within a field. Precision farming uses 

cutting-edge technology such as remote sensing, and in a country like India, where the majority of 

farmers have land holdings of only 1-2 acres, it was difficult to use aerial remote sensing to obtain 

detailed information about natural resources, particularly soil and other similar details. 

Global positioning system (GPS): locate the exact position of field information, such as soil type, 

pest occurrence, weed invasion, water holes, boundaries and obstructions. Application: Surveying and 

Mapping. 

Geographic information system: A geographic information system (GIS) is a type of computerised 

map. Provide details on the geography of the field, soil types, surface and subsurface drainage, soil 

tests, irrigation, chemical application rates, and crop production. 

Remote sensing:It has been used in soil mapping, terrain analysis, crop stress, yield mapping and 

estimation of soil organic matter. 

Yield Monitoring: Yield monitors are attached to conveyors to measure yield and moisture content. 

Variable-rate technology: Precisely control the rate of application of crop inputs and tillage  

Partial rootzone drying irrigation 

 In times of water constraint, deficit irrigation is recognised as one of the finest options for 

crop output. Water shortages will cause changes in a plant's gas exchange properties, notably the 

stomata, resulting in a reduction in the plant's evaporative requirement. If this effect of water stress 

(deficient) could be produced without affecting crop production, it would clearly be advantageous. 

Entire irrigation is planned to satisfy the crop's full evapotranspiration needs, resulting in maximum 

production. Full irrigation is now regarded a luxury water consumption that may be lowered with little 

or no impact on economic yield. Partial root-zone drying irrigation (PRD) are the water-saving 

irrigation methods that cut down irrigation amounts of full irrigation to crops. 

The Concept of PRD 

 The practise of using irrigation to alternately wet and dry two spatially explicit parts of the 

plant root system is known as partial rootzone drying. It produces moist and dry zones in the root zone 

at the same time. Irrigation is applied to one side of the plant row while the other is allowed to dry 

out, allowing just one side of the plant row to be wet at any one moment. After a certain amount of 

time, the irrigations are switched to the dry side, and the cycle of changing the wet and dry sides is 

repeated for the specified time periods. 

 Chemical signals released by the roots in the dry zone lower stomatal aperture in the plant 

leaf in this form of wetting drying pattern. At the same time, the thoroughly hydrated roots ensure that 

the plant's aerial portions have adequate water. The frequency of re-wetting under PRD should be 
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evaluated by detecting completion of soil water extraction from the drying side. In practise, this may 

be determined by measuring sap flow or estimating plant water usage based on evaporative conditions 

or soil moisture depletion. To create a balance between vegetative and reproductive development, 

PRD harnesses the biochemical reactions of plants to water stress.  

Crop physiology under PRD 

 Under water stress, the crop's physiology alters somewhat, which has an impact on the crop's 

metabolism. Variations in abscises acid production, photosynthesis, and stomatal conductance are the 

major causes of this shift.  

Photosynthesis and stomatal conductance 

 This method is based on two major assumptions. The first is that fully irrigated plants have 

widely open stomata, therefore a slight constriction of the stomatal aperture can significantly reduce 

water loss while having little effect on photosynthesis. The alternative hypothesis is that plant roots on 

the drying side of the root zone might respond to drying by delivering a signal to shoots, which can 

then shut their stomata to conserve water. It is feasible to distinguish the biochemical and physical 

impacts of decreasing water availability using these types of mixing signals. In addition to decreased 

stomatal conductance, shoot extension is also impeded, resulting in a higher yield-to-biomass ratio. 

Water is lost as transpiration and carbon dioxide is absorbed for photosynthesis through stomata. 

Therefore, any variation in stomata opening affects stomatal conductance and photosynthesis rate. 

Reduced stomatal conductance in early stages of water stress inhibits transpiration rate more than it 

reduces the intercellular carbon dioxide concentration that is the driving factor for photosynthesis. 

Abscisic acid production 

 When faced with a water scarcity, the plant's first line of defence is to shut its stomata to 

retain moisture. Abscisic acid is one of the most common chemicals that causes this reaction. This 

acid is generated in the drying roots and transferred to the leaves in the transpiration stream when soil 

water supply decreases. Abscises acid, which is derived from drying roots, is thought to be 

responsible for the plant's physiological changes as well as the inhibition of plant hormones called 

cytokines, which affect stomata aperture and lateral shoot development. Stomata respond by 

narrowing their aperture, limiting water loss. WUE improves as a result of partial stomatal closure.  

Conclusion: 

 It may be inferred that the use of new technologies in horticulture crops, such as 

biofortification, nano fertiliser application, precision farming, and partial rootzone drying irrigation, 

may result in increased production and improved nutrient content. 

 

 

 

 

 

 

 



Recent Innovative Approaches in Agricultural Science Volume II 

    (ISBN: 978-93-91768-85-0) 

249 
 

AGRICULTURAL FINANCE IN INDIA 

Lal Chand Yadav*, Anju Yadav, Sarla Meena and Akash Vilas Mhaskey 

Department of Agricultural Economics and Management,  

RCA, MPUAT, Udaipur, Rajasthan-313 001 

*
Corresponding author E-mail: lcdhansil152@gmail.com  

 

Abstract: 

 Due to the introduction of capital-intensive agricultural technology, farm finance has become 

a significant input. Farmers need capital to improve the productivity of their diverse farm resources. 

Low and unpredictable returns characterize Indian agriculture in general. Provision of external 

funding to farmers is required in order to break the vicious cycle of poor returns, low savings, low 

investment, and low returns. Rural credit organizations, both structured and disorganized, provide 

finance for both development and consumption. Due to disparities in banking systems followed by 

bankers, socioeconomic situations of borrowersand infrastructural facilities and institutional 

assistance supplied to borrowers, these organizations faced several hurdles in providing credit to both 

bankers and borrowers.As a result, all of these factors have an impact on agricultural profits. As a 

result, capital challenges may be better understood if one understands the theoretical foundations of 

India's agricultural credit system, the constraints experienced by lenders and borrowers and the 

governments' efforts to solve the problems involved in India's agricultural credit system. 

Keywords: Agricultural finance, credit,capital and borrowers 

Introduction: 

 Credit is essential for agricultural development and also for the development of the economy 

as a whole. The agricultural finance is required for the following reasons: 

(i) The scope for extensive agriculture in India is limited. Therefore, increase in agricultural 

production is possible only by intensification and diversification of farming. Intensive agriculture 

needs huge capital. 

(ii) Extreme inequalities exist in the distribution of operational holdings and operational area. The 

purchasing power of small and marginal farmers is limited to their subsistence farming. Hence, 

they have to depend on the external financial assistance to use the costlier (modern) inputs.  

(iii) Farmers economic condition is subject to frequent onslaught of flood, drought, famine etc. 

Therefore, either the continuance of cultivation of crops or making improvements on the farms 

depends on the nature and availability of finance.  

iv) In recent years, more area is brought under irrigation which in turn would increase the use of 

inputs like fertilizer and plant protection chemicals. In order to accomplish this, external finance 

is needed.  

(v) In order to sustain the development of agro-based industries, there should be a substantial increase 

in the supply of raw materials needed for such industries. Therefore, for the development of farm 

sector, a constant flow of credit is essential and it would enhance overall growth of the economy.  
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(vi) In agriculture, fixed capital is locked up in permanent investments like land, well, buildings, etc. 

Moreover, it takes a long time to get returns from farm. Hence, farmers need finance to continue 

their farm operations.  

(vii) The weaker sections of the farming community should be motivated to participate in 

development programs by giving financial assistance to acquire productive assets.  

(viii) Small and marginal farmers are trapped in the vicious cycle of poverty i.e., low returns → low 

saving → low investment → low return. To break this cycle, credit has to be injected in 

agricultural sector.  

Agricultural credit-meaning, definition, need and classification 

Meaning and definition:  

 Credit is obtaining control over the use of money at the present time in exchange for a 

promise to repay it at some future time. Credit is also defined as a device for facilitating the temporary 

transfer of purchasing power from those who have surpluses of it to those who are in need of it. Thus, 

credit involves a temporary transfer of wealth. Agricultural Credit is the amount of investment funds 

made available for agricultural production from resources outside the farm sector. Agricultural 

Finance is considered as separate field of study dealing with lending and borrowing by organizations 

and farmers.  

 Farm Finance is a branch of agricultural economics which deals with the provision and 

management of services of financial resources related to the individual farm units. Farm finance can 

also be defined as the amount of funds obtained from off-farm sources for use on the farm, repayable 

in future with an interest agreed to either explicitly or implicitly. At macro level, farm finance may be 

defined as the study of impact of finance (extended to the farmers by the intermediaries) on 

agricultural sector and also on the economy as a whole. At micro level, farm finance may be defined 

as the study of these intermediaries who extend finance to the farming sector and obtain their loan 

able funds from financial markets. Thus, farm finance should have the following features: 1. finance 

should be extended to farmers for farm activities; 2. Finance should stimulate tie productivities of 

farm resources resulting in higher economic returns for the investment; 3. Finance should promote 

economic development of farm households; and 4. Finance should be provided by an external agency 

for strengthening the backward and forward linkages with country's economic development. 

Classification of Agricultural credit 

 Agricultural credit can be classified based on purpose, time (repayment period), and security, 

generation of surplus funds, creditor and number of activities for which credit is provided.  

(i) Purpose: Based on the purpose for which loan is granted, agricultural credit is categorized into: (a) 

Development credit or Investment Credit: This is provided for acquiring durable assets or for 

improving the existing assets. Under this, credit is extended for: - purchase of land and land 

reclamation. - Purchase of farm machineries and implements - development of irrigation facilities - 

construction of farm structures - development of plantation and orchards- development of dairy, 

poultry, sheep/goat, fisheries, sericulture, etc. (b) Production credit: is given for crop, production: 

Here, the loan amount is used for purchasing inputs and for paying wages. (c) Marketing credit: It is 
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essential to carry out the marketing functions and to get higher prices for the produce. (d) 

Consumption credit: It is the credit required by the farmer to meet his family expenses. 

(ii) Repayment Period: Based on the period for which the borrower require credit, it is divided into: 

(a) Short-Term Credit: It is given to farmers for periods ranging from 6 to 18 months and is primarily 

meant to meet cultivation expenses viz., purchase of seed, fertilizer, pesticides and payment of wages 

to laborers. It serves as the working capital to operate the farm efficiently and is expected to be repaid 

at the time of harvesting / marketing of crops. It. should be repaid in one installment. (b) Medium-

Term Credit: Repayment is for the period of 2 to 5 years, It is for the purchase of pump-sets, farm 

machineries and implements, bullocks, dairy animals and to carry out minor improvement in the farm. 

It can be repaid either in half yearly or annual installments. (c) Long-Term Credit: It is advanced for 

periods more than 5 years and extends even unto twenty-five years against mortgage of immovable 

property for undertaking development works viz., sinking wells, purchase of tractor, and rnaking 

permanent improvements in the farm. It has to be repaid in half-yearly or annual installments.  

(iii) Security: Credit is provided to farmers based on the security offered by them. (a) Farm Mortgage 

Credit: It is secured against mortgage of land. (b) Collateral Credit or Chattel Credit: It is given 

against the security of livestock, crop or warehouse receipt. (c) Personal Credit: It is given based on 

the character and repaying capacity of the person and not on any tangible assets. In general, LT credit 

is usually advanced against security of land while MT and ST loans are sanctioned against personal 

and. collateral security.  

(iv) Generation of surplus funds: Based on generation of surplus funds, credit can be classified as 

self-liquidating and non-self -liquidating credit. (a) self-liquidating credit: In this case, loan amount 

gets absorbed in the production processing one year or production period and the additional income 

generated is sufficient to repay the entire loan amount. (b) non-self-liquidating credit: Here the 

resources acquired with the borrowed funds are not consumed in the production process during the 

project period. The investment is spread over a period of several years. The additional income 

generated in one year is not sufficient to repay the entire loan amount and hence the repayment is 

spread over to number of years.  

(v) Creditor or lender wise credit: Credit can be classified from the point of view of creditor. (a) 

Non - Institutional Agencies: They include money lenders, traders, commission agents, friends and 

relatives. This kind of loan is generally exploitative. (b) Institutional Agencies: They include co-

operative‘s, commercial bank and regional rural bank.  

(vi) Number of activities served: Based on the number of activities for which amount the loan can be 

used; credit can be categorized into single purpose loan and composite loan. 

Conclusion: 

 Agriculture's financial inputs are just as significant as the other agricultural inputs. A farmer 

can only buy and employ technical inputs if he has money (funds). However, his personal funds are 

usually insufficient, and he need outside financing or credit. Until 1935, professional money lenders 

were agriculture's only source of finance. They used to charge exorbitant interest rates and follow 

strict procedures when granting and reclaiming debts. As a result, farmers were significantly in debt, 
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and many of them continued to do so. Agricultural credit received a boost with the passage of the 

Reserve Bank of India Act 1934, District Central Co-operative Banks Act, and Land Development 

Banks Act, and agricultural credit improved. A powerful alternative agency came into being. Large 

scale credit became available with reasonable rates of interest at easy terms, both in terms of granting 

loans and recovery of them. Despite the fact that co-operative banks began funding agriculture in the 

1930s, the true push came after independence, when appropriate legislation and policies were enacted. 

Following that, by creating branches in rural regions and attracting deposits, bank credit to agriculture 

achieved amazing development. Co-operative banks were the principal institutional entities providing 

funding to farmers until 14 major commercial banks were nationalised in 1969. Following 

nationalisation, these banks were required to offer financing to agriculture as a priority sector. 
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Abstract: 

 Climate change is causing more frequent severe occurrences, such as rising temperatures, 

drought, and soil salinization, as well as invading arthropod pests and illnesses, all of which have a 

detrimental influence on vegetable output. Plants' responses to environmental stressors are influenced 

by their developmental stage as well as the length and degree of the stress. Crop plants are constantly 

subjected to a variety of abiotic and biotic stresses, resulting in stunted growth and development, as 

well as a reduction in production and crop quality. Abiotic stressors such as drought, salt, and heat, as 

well as biotic stressors such as fungal infections and insects, are examples of such stress factors. The 

greatest approach for minimising losses due to biotic and abiotic challenges is to develop resistant or 

tolerant cultivars. 

Keywords: Abiotic stress, resistance, heat stress, cold stress, drought and salinity  

Introduction: 

 Stress in plants refers to any unfavorable or external conditions that adversely affect plant 

metabolism, growth, development or productivity of plants. Stresses trigger a wide range of plant 

responses like altered gene expression, cellular metabolism, changes in growth rates, crop yields, etc. 

A plant stress usually reflects some sudden changes in environmental condition. Plant stress can be 

divided into two primary categories namely abiotic and biotic stress. Biotic stress in plants is caused 

by living organisms, especially viruses, bacteria, fungi, nematodes, insects, arachnids and weeds. The 

agents causing biotic stress directly deprive their host of its nutrients can lead to death of plants. Biotic 

stress can become major because of pre- and postharvest losses. Abiotic stress is defined as the 

negative impact of non-living factors on the living plants in a specific environment. Usually, abiotic 

stress is unavoidable and we can only go for its management. Abiotic stresses such as drought (water 

stress), excessive watering (water logging), extreme temperatures (cold, frost and heat), salinity and 

mineral toxicity negatively impact growth, development, yield and seed quality of crop and other 

plants. 

Breeding for resistance to abiotic stress 

 The impact and characteristics of an abiotic stress may vary considerably depending upon the 

region and sometimes may be location specific. Severity of the impacts of a stress depends largely on 

the exposure timing of stress and on the stage of a crop growth at which the stress has occurred. The 

occurrence of some stresses is unpredictable, e.g., drought, flood etc. As per the crop season also, the 

degree of occurrence may vary. Once the stresses occur, some of it can be reduced to some extent by 

adopting appropriate management practices (drought and salinity) while some other are impossible to 

manage (temperature stress). One abiotic factor may increase or decrease the impact of another stress 
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(moisture stress in a saline soil would further enhance the salinity stress). The ability to tolerate a 

given stress varies as per the crop, variety and growth stages at which the stress occurs. When the crop 

encounters the stress at reproductive stage, the economic loss is much higher as compared to all other 

stages of crop growth. Also, the effects of one stress may interfere with another (salinity stress have 

some features of drought stress, so that strains developed for salinity resistance have shown enhanced 

drought tolerance too). 

Breeding for drought resistance 

 The term ‗drought‘ denotes a period without appreciable precipitation, during which the water 

content of the soil is reduced to such an extent that plants suffer from water deficiency. Effects of 

drought are as follows: decrease in cellular growth and synthesis of cell wall components cause the 

cells to become smaller in size, nitrogen fixation and its reduction are decreased by decreasing the 

activity of certain enzymes, increase in abscisic acid level ultimately closes down the stomatal 

apparatus to the minimum, hence, transpiration declines, protochlorophyll formation is inhibited and 

photosynthetic process declines, levels of proline increases, respiration and translocation of assimilates 

decreases; loss of water leads to increase in the activity of hydrolytic enzymes, followed by 

destruction of RNA and disruption of protein, wilting in mature leaves is associated with carbohydrate 

depletion due to mobilization export, followed by leaf senescence. 

Drought resistance 

 Drought resistance may be defined as the mechanism(s) causing reduction in loss of yield in a 

moisture stress condition relative to the maximum yield in a constraint-free or optimal environment for 

the crop. The various mechanisms by which the yield loss can be minimized are grouped into the three 

categories i.e., drought escape, dehydration avoidance and dehydration tolerance. 

Drought escape 

 Drought escape describes the situation where a drought susceptible cultivar performs well in a 

drought environment just by avoiding the drought period. For late season drought stress, early maturity 

is an important attribute of drought escape. 

Dehydration avoidance 

 It is the ability of a plant ―to retain a relatively higher level of hydration under different water 

stress conditions‖.  

Dehydration tolerance 

 Significantly lower levels of changes are induced in a genotype as compared to others, when 

all of them are exposed to same intensity of dehydration.  

Sources of drought resistance 

 Drought resistance may be available in cultivated varieties, land races, wild relatives and 

transgenes etc. 

Breeding methods and approaches for drought resistance 

The various approaches used are 

i. Adaptation to a specific environment: Cultivars are developed specifically for adaptation to 

moisture deficit environments and selection and evaluation are carried out under moisture 
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stress conditions. But the variety developed through this method may not be able to grow and 

take advantage of normal rainfall in favorable conditions. 

ii. Adaptation to a variable environment: This approach attempts to combine drought 

resistance with high yield potential. The stability of selected lines for yield is evaluated under 

both stress and non- stress conditions. The selection is based mainly on yield and its 

components. 

Critical stages of drought stress and its impact on vegetable crops [Bahadur et al. (2011)] 

Vegetables Critical period for watering Impact of water stress 

 

Tomato 

Early flowering, fruit set and 

enlargement 

Flower shedding, lack of fertilization, reduced fruit size, 

fruit splitting, puffiness and development of blossom end 

rot (BER), poor seed viability 

Brinjal Flowering 

development 

and Fruit Reduces yield with poor colour development in fruits, 

poor seed viability 

Chilli and 

Capsicum 

Flowering and fruit set Shedding of flowers and young fruits, reduced dry matter 

production and nutrient uptake, poor seed viability 

Potato Tuberization 

enlargement 

And Tuber Poor tuber growth internal brown spot, and yield, 

splitting, 

 

Okra 

Flowering and pod 

development 

Considerable yield loss, development of fibres, high 

infestation of mites, poor seed viability 

Cauliflower, 

cabbage 

and broccoli 

Head/curd formation and 

enlargement 

Tip burning and splitting of head in cabbage; browning 

and buttoning in cauliflower 

Carrot, radish 

and Turnip 

Root enlargement Distorted, rough and poor growth of roots, strong and 

pungent odour in carrot, accumulation of harmful nitrates 

in roots 

Onion Bulb formation and 

enlargement 

Splitting and doubling of bulb, poor storage life 

 

Cucumber 

Flowering as well as fruit 

development 

Deformed and non-viable pollen grains, bitterness and 

deformity in fruits, poor seed viability 

 

Melons 

Flowering and evenly 

Throughout fruit 

development 

Poor fruit quality in muskmelon due to decrease in TSS, 

reducing sugar and ascorbic acid, increase nitrate content 

in watermelon fruit, poor seed viability 

Summer squash Bud development and 

flowering 

Deformed and non-viable pollen grains, misshapen fruits 

Leafy 

vegetables 

Throughout growth and 

development of plant 

Toughness of leaves, poor foliage growth, accumulation 

of nitrates 
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Asparagus 

Spear production and 

fern  (foliage) 

Development 

Reduce spear quality through reduced spear size and 

increased fibre content, 

leading to tougher, lower grade spears 

Lettuce Consistently throughout 

development 

Toughness of leaves, poor plant growth, tip burning 

Vegetable pea Flowering and pod filling Reduction in root nodulation and plant growth, poor pod 

filling, poor seed viability 

Lima bean Pollination and pod 

development 

Leaf color takes on a slight grayish cast, blossom drop, 

poor seed viability 

Snap bean Flowering and pod 

enlargement 

Blossoms drop with inadequate moisture levels and pods 

fail to fill, poor seed viability 

Sweet potato Root enlargement Reduced root enlargement with poor yield, growth crack 

 

Drought tolerant species and genotypes of vegetables 

Vegetables Drought tolerant genotypes/species 

 

 

Tomato 

S. habrochaites (EC- 520061), S. pennellii (IIHR 14-1, IIHR 146-2, IIHR 383, IIHR 

553, IIHR 555, K-14, EC-130042, EC-104395, Sel- 28), S. pimpinellifolium (PI-

205009, EC- 65992, Pan American), S. esculentum var. cerasiforme, S. hirsutum, S. 

cheesmanii, S. chilense, 

S. habrochaites, S. sitiens Arka Vikas, RF- 4A, L. pennellii (LA0716), 

L. chilense (LA1958, LA1959, LA1972), S. sitiens (LA1974, LA2876, LA2877, 

LA2878, LA2885), S. pimpinellifolium (LA1579) 

 

Brinjal 

S. macrocarpon, S. gilo S. macrosperma, S. integrifolium, Bundelkhand Deshi S. 

sodomaeum (syn. S. linneanum), SM- 1, SM- 19, SM- 30, Violette Round, Supreme 

Chilli C. chinense, C. baccatum var. pendulum, C. eximium, Arka Lohit, IIHR-Sel.-132 

 

Potato 

S. acaule, S. demissum and S. stenotomum, Alpha, Bintje 

S. ajanhuiri, S. curtilobum, S. xjuzepczukii Kufri Sheetman 

Solanum chacoense, Kufri Sindhuri 

Okra A. caillei, A. rugosus, A. tuberosus 

Onion Allium fistulosum, A. munzii, Arka Kalyan, MST 42, MST 46 

French bean P. acutifolius 

Water melon Citrullus colocynthis (L.) Schrad. 

Cucumber INGR-98018 (AHC-13) 

Winter 

Squash 

Cucurbita maxima 
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Cucumis Spp. 

Cucumis melo var. momordica VRSM- 58, INGR-98015 (AHS-10), INGR-98016 

(AHS-82), CU 159, CU 196, Cucumis pubescens, INGR-98013 (AHK-119), 

Cucumis melo var. callosus, AHK-200, SKY/DR/RS-101, Cucumis melo var. chat, 

Arya, Cucumis melo, SC- 15 

Cassava CE-54, CE-534, CI-260, CI-308, CI-848, 129, 7, 16, TP White, 

Narukku-3, Ci-4, Ci-60, Ci-17, Ci-80 

Sweet potato VLS6, IGSP 10, IGSP 14, Sree Bhadra 

 

Breeding for heat resistance: Heat stress occurs when the temperature is higher than the optimal 

temperature of plants causing adverse effects. 

 Heat stress resistance may be defined as the ability of some genotypes to perform better as compared 

to others when they are exposed to the same level of heat stress. The various mechanisms of heat 

resistance may be grouped into two categories i.e., heat avoidance and heat tolerance. 

Heat avoidance: The genotype ability to dissipate the radiation energy and there by avoid a rise in 

plant temperature to a stress level is called heat avoidance. The primary mechanism of energy 

dissipation is Transpiration. The link between dehydration and heat avoidance is known as 

transpirational cooling, so that under conditions of high solar radiation and water stress the effects of 

heat avoidance become inseparable from those of dehydration avoidance.  

Heat tolerance: Ability of some genotypes to perform better than others when their internal 

temperatures are comparable and in the realm of heat stress is called heat tolerance. Heat tolerance is 

largely associated with cellular and subcellular components and its expression is highly dependent on 

heat hardening or heat acclimation. Heat tolerance may involve  components lik membrane stability, 

reduced heat sensitivity of photosystem II, photosynthate translocation, stem-reserve mobilization and 

Osmoregulation. However, all the tolerant components are ultimately integrated into growth under 

heat stress and recovery after heat stress. 

Genetics of heat tolerance: Genetic variation in heat tolerance is known for germination, growth 

during heat stress, growth recovery after heat stress, photosynthesis, photosynthate translocation, 

flowering and fruit/seed set and stability of cellular membranes. The heat tolerance is controlled 

polygenically. The oligogenic control relates to number of pods/plant under heat stress in snap bean. 

Additive effects were more important than dominance effects, while in some others, e.g., seed set 

under heat stress in tomato, dominance effects were predominant. Recurrent selection for yield under 

high temperature was carried out for one cycle in potato. This resulted in a 27% yield improvement, 

15% increase in tuberization and enhanced survival by 3%. 

Sources of heat tolerance: Sources of heat tolerance are available within the breeding germplasm.  
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Genetic control of characteristics involved in heat tolerance in crops: 

Characteristics Crop Genetic control Remarks 

 

Tuber yield 

 

Potato 

 

- 

Recurrent selection (1 cycle) 

enhance yield by 27% 

Percent of fruit set Tomato Polygenic; additive gene 

action 

Moderate heritability 

Flowers per plant Tomato Polygenic; high heritability High flower number due to 

recessive genes 

Seed set Tomato Polygenic; dominance 

effects more important 

Epistasis also involved 

Stigma exertion Tomato Polygenic; partially 

dominant genes 

High heritability 

Number of pods per plant Snap 

bean 

1 or 2 dominant genes Epistasis present 

Thermo-stability of 

cellular membranes 

Rajma Polygenic; additive 

effects predominant 

Epistasis in some crosses, 

heritability approximately 60% 

 

Different selection criteria for heat tolerance: 

Characteristic Measured as Usefulness as selection criterion 

Germination Percent germination under heat 

stress 

Useful when crop faces heat stress at 

germination 

Growth during heat 

stress 

Yield, biomass Almost always used selection criterion 

Membrane stability 

 

Solute leakage as measured by 

conductivity test 

Reasonable correlation (r = 0.7) with yield 

under heat stress or with drought 

resistance 

Photosynthesis 

sensitivity 

 

Chlorophyll content at 685nm Becoming increasingly important, 

difficult to assay and especially, interpret 

Recovery after heat 

stress 

Yield, biomass Used when relevant for the target 

environment 

Sensitivity of 

reproductive phase 

 

Flower/pod/fruit/seed 

production, pollen fertility 

Useful selection criterion, accounted for 

in selection based on yield under heat 

stress 

 

Breeding for cold resistance: Crop productivity is limited by low temperatures. When temperatures 

remain above freezing, i.e., >0 oC it is called chilling, while freezing describes temperatures below 

freezing, i.e., <0 
o
C. 
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Chilling stress: Chilling sensitive plants are typically tropical plants. Chilling stress may be described 

i.e. at the plant level and at the subcellular level. 

Chilling stress at plant level: Chilling stress can be measured in terms of seed germination, growth, 

fruit set, yield, pollen fertility and fruit quality. It results in reduced germination, poor seedling 

establishment, stunted growth, wilting, chlorosis, necrosis, poor fruit set, pollen sterility, etc. During 

germination low temperature reduces germination and seedling growth and enhances the soil 

pathogens attack. During onset of seedlings photosynthesis, following germination is the most 

sensitive stage to chilling stress. At low temperature root growth declines, this reduces the capacity of 

water and mineral uptake. It leads to production of deformed flowers and fruits and failure of seed and 

fruit set. It induces pollen sterility and is the main cause of low fruit set in tomato and sorghum. 

Chilling stress at subcellular level: Chilling affects membrane stability, chlorophyll synthesis, 

photosynthesis, respiration and may generate toxicity due to H2O2, at subcellular level. The primary 

effect of chilling stress is membrane damage. Proteins may undergo conformational changes, but these 

changes are most likely of limited relevance in chilling stress. Net photosynthesis decreases at low 

temperature. Chilling stress interferes with chlorophyll synthesis and chloroplast function. Chlorophyll 

synthesis is inhibited, producing symptoms of chlorophyll deficiency especially under high radiation 

condition. Low temperature may lead to an accumulation of photosynthates in chloroplasts by 

interfering with the export of assimilates which may inhibit photosynthesis at higher temperatures than 

those at which photosynthesis would actually be inhibited.  

Chilling tolerance: Chilling tolerance is the ability of some genotypes to survive/perform better under 

chilling stress as compared to other genotypes. It is the consequence of chill hardening, i.e., an earlier 

exposure to a near chilling temperature for a specified period, as a result of which chilling tolerance of 

the concerned plants increases. 

Components of measurement of chilling tolerance in plants, which is associated with chill 

hardening 

Component Consequences/Remarks 

Membrane lipid 

unsaturation 

Reduction in temperature at which phase transition occurs; reduction in 

membrane disruption; measured as electrolyte leakage 

Photosynthesis Partly related to chilling tolerance of specific enzymes; measured as variable 

chlorophyll fluorescence 

Chlorophyll 

accumulation 

Chlorophyll accumulation prevented by arrested development of thylakoid 

membranes or due to imbalance within the porphyrin pathway 

Germination Considerable genetic variation exists 

Fruit/seed set Flower position within cluster may affect response 

Pollen fertility Associated with higher proline content of pollen 

 

Genetics of chilling tolerance: Inheritance of several traits involved in chilling tolerance has been 

studied in tomato, cucumber, etc. Electrolyte leakage following chilling, and germination, seedling 
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vigour, floret sterility and plant growth under chilling stress are all under polygenic control. 

Electrolyte leakage after chilling stress was reported to reflect the growth under low temperature. In 

tomato and cucumber, heritability estimates for germination were high. 

Sources of chilling tolerance: Genetic variation is present in well-adapted breeding populations of 

some crops, germplasm, cold tolerant mutants and cold tolerant somaclonal variants. For example: 

superior seedling growth at 0 
o
C was introgressed into tomato from high altitude strains of 

Lycopersicon hirsutum. Finally, transgenes specific for cold tolerance may be expressed in crop plants 

using genetic engineering. 

Breeding for salinity resistance: The excess accumulation of soluble salts in the root zone resulting 

in detrimental effects on plant growth and development. This condition is more prominent in salt 

affected soils. 

Effects of salinity stress: Plants growing in saline conditions are subject to three types of stress i.e., 

water stress generated by the osmoticum, mineral toxicity stress caused by the salts and disturbances 

in mineral nutrition of the plants. Salinity resistance may arise from osmotic effects of salinity or 

resistance to water stress and toxic effects of salinity or resistance to salinity-induced ion toxicity. 

Groups of saline soils in relation to their effects on growth of most crops  

Salinity Class Conductivity (dSm
-1

) Effects on Crop Plants 

Non-saline 0-2 Negligible 

Slightly Saline 2-4 Yields of sensitive crops may be restricted 

Moderately Saline 4-8 Yields of many crops restricted 

Strongly Saline 8-16 Only tolerant crops yield satisfactorily 

Very Strongly Saline >16 Only very tolerant crop yields satisfactorily 

Some important crops differing in their tolerance to salinity 

Category Crops 

Sensitive Bean (Rajma), Carrot, Okra, Onion 

Moderately 

Sensitive 

Cabbage, Cowpea, Cucumber, Pepper, Potato, Radish, Sweet potato, 

Tomato 

Moderately Tolerant Broccoli, Sorghum 

Tolerant Sugarbeet 

 

Resistance to salinity-induced water stress: To salinity stress Osmoregulation is a common 

response. This allows maintenance of turgor and avoids leaf desiccation and other consequences of 

turgor loss. This is the major mechanism of countering osmotic effects of salinity. Osmoregulation 

may be achieved by sugars (in tomato), various organic acids, glycine-betaine (sugarbeet), myoinositol 

(tomato), proline (pea) and K
+
 ions (sorghum). 
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Resistance to salinity-induced ion toxicity: Ion toxicity avoidance involves a mechanism, which 

maintains a low non-toxic level of salts in the cytoplasm. This may be achieved in one of following 

two ways: 

i. Ion exclusion: When some species/genotype take up smaller quantities of the injurious ions, 

e.g., Na
+
 and Cl

-
, so that the concentration of these ions in their tissues is much lower than 

those of other species/genotypes, it is known as ion or salt exclusion. 

ii. Cellular compartmentation and/or salt excretion: Salt tolerance may be defined as a 

differential effect on various life processes of the same tissue concentration of salt in different 

genotypes of a species. There is considerable evidence that genotypes differ in tolerance to the 

same amount of salt in their tissues. 

Sources of salinity resistance: Salinity resistance may be available in Cultivated varieties, germplasm 

collections, related species, somaclones and transgenes. 

Breeding approaches for salinity resistance: The various approaches for development of salinity 

resistant cultivars are as selection, hybridization, inter- specific hybridization, cell selection and 

genetic engineering etc. 

Resistant/tolerant varieties of vegetable crops to different abiotic stresses 

Vegetables Varieties Source Remarks 

Tomato Pusa Sheetal IARI, New Delhi Fruit set under low temperature (8 
o
C) 

 Pusa Sadabahar IARI, New Delhi Tolerate wide range of temperature (8
o
-

30 
o
C) 

 Pusa Hybrid-1 IARI, New Delhi Set fruits up to a temperature of 28 
o
C 

during night 

 Arka Vikas IIHR, Bangalore Tolerant to moisture stress 

 Hissar Arun HAU, Hissar Set fruit at low temperature 

Brinjal Punjb Chamkila PAU, Ludhiana Good for summer and autumn crop 

 Pusa Purple 

Cluster 

IARI, New Delhi Suitable for summer and autumn crop 

 Punjab Barsati PAU, Ludhiana Most suitable for rainy season 

 Krishna (F1 

hybrid) 

MPKV, Rahuri, 

Maharashtra 

Resistant to lodging Potential to set 

fruit in adverse 

climatic condition 

Chilli G-3 Agriculture Research 

Station, Lam, Guntur 

Can be grown in irrigated and 

unirrigated conditions 

 Andhra Jyoti 

(G-5) 

Agriculture Research 

Station, Lam, Guntur 

Suitable for irrigated and unirrigated 

conditions 

 Arka Lohit IIHR, Bangalore Tolerant to moisture stress 

 Agnirekha MPKV, Rahuri, 

Maharashtra 

Suitable for summer season 
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 Phule Sai MPKV, Rahuri, 

Maharashtra 

High yield potential under rainfed 

condition 

 Phule Jyoti MPKV, Rahuri, 

Maharashtra 

Resistant to lodging 

 Jwalamukhi KAU, Kerala Tolerant to partial shade 

 Aparna (CA-

1068) 

APAU (Lam) Tolerant to salinity 

Capsicum Arka Mohini IIHR, Bangalore Suitable for both season cultivation 

 Arka Gaurav IIHR, Bangalore Suitable for both season cultivation 

 Arka Basant IIHR, Bangalore Suitable for both season cultivation 

Okra Kiran KAU, Kerala Suited for early rainfed crop 

 Salkeerthi KAU, Kerala Suited for early rainfed crop 

 Aruna KAU, Kerala Suited for early rainfed crop 

Garlic HG-6 CCSHAU, Hissar Tolerant against soil salinity 

Potato Up-to-date  Adapted to a wide range of 

environmental conditions 

  

Kufri Kuber 

 

CPRI, Kufri, Shimla 

Yields fairly well under long days, but 

tuberises better under short day 

conditions 

 Kufri Kundan CPRI, Kufri, Shimla Prefers long day conditions, heavy and 

wet soils 

 Kufri Navtal CPRI, Kufri, Shimla Tolerant to frost 

  

Kufri Surya 

 

CPRI, Kufri, Shimla 

Heat tolerant and can be grown in areas 

having night temperature above 20 oC 

 Kufri Sheetman CPRI, Kufri, Shimla Highly resistant to frost 

 Kufri Anand CPRI, Kufri, Shimla Frost hardiness 

 Kufri Arun CPRI, Kufri, Shimla Tolerant to frost 

 Kufri Sadabahar CPRI, Kufri, Shimla Tolerant to frost 

Cauliflower Dania 

Kalimpong 

 Less sensitive to fluctuation of 

environment 

 Garima Golden Seeds Tolerant to heat 

Cabbage Pusa Agethi IARI, New Delhi Tropical type, produces seeds under 

subtropical conditions 

 Bajrang (F1 

hybrid) 

Bejo Sheetal Seeds Pvt. 

Ltd., Jalna 

Tolerant to high temperature (up to 36 

oC) 

 Quisto Bejo Sheetal Seeds Pvt. 

Ltd., Jalna 

Ability to stand over severe hot 

conditions 
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Sprouting 

Broccoli 

Palam Samridhi Palampur, HP Recommended for sub-tropical 

conditions 

 Pusa Broccoli 

KTS-1 

IARI, New Delhi Resistant to mild frost and snowfall 

 

Cucumber 

 

Sheetal 

Konkan Krishi 

Vidyapeeth, Dapoli, 

Maharashtra 

Performs well under high rain fall in 

kharif season 

 

Muskmelon 

 

Hissar Madhur 

 

HAU, Hissar 

Due to earliness this variety shows less 

incidence of downy mildew 

 Pusa Sharbati IARI, New Delhi Suitable for river bed cultivation 

 

Watermelon 

 

Sugar Baby 

Introduction from USA 

at IARI, New Delhi 

 

Resistant to drought 

Pumpkin CO-2 TNAU, Coimbatore Moderately resistant to drought 

 Azad Pumpkin-

1 

CSAUAT, Kanpur Suitable for both summer and rainy 

seasons 

 Pusa Hybrid- 

1(F1 hybrid) 

IARI, New Delhi Suitable for both summer and rainy 

seasons 

Bittergourd BBG-4 OUAT, Bhubaneswar Performs well throughout year 

Ridgegourd Hisar Kalitori HAU, Hissar Suitable for rainfed areas 

Sponge gourd Pusa Sneha IARI, New Delhi Withstand high temperature during 

summer season 

 Pusa Chikni IARI, New Delhi Suitable for both spring summer and 

rainy season 

Pointed gourd Rajendra 

Parwal-II 

Bihar Agriculture 

University, Sabour 

Suitable for both diara and up land 

cultivations 

 Swarna Alaukik CHES, Ranchi Tolerant to moisture stress 

Pea VL Agethi 

Matar-7 

VPKAS, Almora Escapes from powdery mildew disease 

due to extra early 

 Vivek-6 VPKAS, Almora Tolerant to cold and moisture stress 

Cowpea Arka Garima IIHR, Bangalore Tolerant to heat and drought 

 Narendra 

Lobia1 

NDUAT, Narendra 

Nagar, Faizabad 

Photo-insensitive variety 

French Bean Jampa Introduction from 

Mexico 

Tolerant to slightly higher temperature 

 Phule Surekha MPKV, Rahuri, 

Maharashtra 

Photo-thermo-insensitive variety 

Dolichos 

Bean 

Arka Jay IIHR, Bangalore Tolerant to low moisture stress Photo-

insensitive bush type 

 Arka Vijay IIHR, Bangalore Tolerant to low moisture stress Photo-
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insensitive bush type 

 Pusa Sem-2 IARI, New Delhi Withstand frost 

 Pusa Sem-3 IARI, New Delhi Tolerant to frost 

Radish Pusa Reshmi IARI, New Delhi Tolerant to slightly higher temperature 

Beet root Lalima (F1) Golden Seeds Good tolerance to drought 

Spinach Pusa Harit IARI Regional Station, 

Katrain 

Low chilling requirement Tolerate 

alkaline soils 

Curry Leaf DWD 1 

(Suwasini) 

UAS, Dharwad Highly sensitive to low temperature 

 DWD 2 UAS, Dharwad Slightly sensitive to low temperature 

 

Breeding Approaches to Overcome Abiotic Stress in Vegetable Crops: 

i. Synthesis of compatible solutes: The cellular response of salt tolerant organisms to both 

long- and short-term salinity stress includes the synthesis and accumulation of a class of 

osmoprotective compounds known as compatible solutes. These relatively small, organic 

osmolytes include amino acids and derivatives, polyols and sugars, methylamines etc.  

ii. Antioxidant protection: An important aspect of salinity stress in plants is the stress- induced 

production of reactive oxygen species (ROS) including superoxide radicals (O 
-
), hydrogen 

peroxide (H2O2) and hydroxyl radicals (OH). ROS are a product of altered chloroplast and 

mitochondria metabolism during stress. These ROS cause oxidative damage to different 

cellular components including membrane lipids, protein and nucleic acids. The alleviation of 

this oxidative damage could provide enhanced plant resistance to salt stress.  

iii. Salt tolerance in transgenic plants: Salt tolerance in transgenic experiments has been mostly 

carried out using limited number of seedlings/ mature plants in laboratory experiments.  

iv. R-gene-mediated resistance defense pathways: R-gene mediated resistance is named 

systematic acquired resistance (SAR). SAR occurs in tissues that are distant from the initial 

stressed site and is characterized by an increase in the expression of several genes encoding 

pathogenesis-related (PR) proteins. The expression of PR proteins can be regulated by a 

variety of stresses including wounding, chemical elicitors, hormones, and UV-light.  

v. Classical methods: The classical approach uses the genetic variation already available and 

also uses sexual cycle to recombine DNA through independent assortment of chromosomes 

and through crossing-over. Induced mutations are also now a part of classical breeding 

approaches. In any of these approaches emphasis is on the selection of individual plants and 

their progenies.  

vi. Selection: The natural selection in heterogeneous populations of crop plants should increase 

the frequency of genes for temperature extremes. The natural selection would not only be 

useful for temperature stress but for other stresses also, if population have been grown at 

locations where the probability of a stress near the critical level is high. The artificial selection 

involves sorting out and propagating individual plants/ genotypes from mixed/segregating 
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populations. For selection to be effective there must be genetic variation which can be 

identified and distinguished from environmental variations 

vii. Interspecific hybridization: If the genes for stress tolerance are not available in cultivated 

types, these can be transferred from the wild relatives/species which are the rich source of 

stress tolerant genes. The commercial cultivars could be improved by the transfer of genes for 

abiotic stresses from their wild relatives and their co-specific subspecies e.g., salt tolerance 

from Lycopersicon cheesmani to L. esculentum. Tepary bean is most commonly suggested 

source of drought tolerance, although other Phaseolus species merit consideration also. From 

interspecific hybridization between Pisum sativum and P. fulvum, developed two promising 

lines with heat and drought tolerance. 

viii. Transgenic: The genetic engineering is one of the components of biotechnology which allows 

genes that carry instructions for a particular feature to be isolated and moved from one 

organism to another, resulting in a genetically modified organism or a transgenic plant which 

can be defined as the organisms with a gene or gene construct of interest that has been 

introduced by DNA recombinant techniques. 

Conclusion: 

 One of the most effective ways to reduce abiotic stress losses is to develop resistant or tolerant 

cultivars. Those measures that can be employed to acquire the best crop stand and economic returns 

from adverse circumstances should be used. Plant breeders must extend their genetic base by including 

wild relatives, landraces, and exotic germplasm of crops into their hybridization programmes, as these 

include genes that confer resilience to abiotic stressors. Modern plant breeding approaches such as 

transgenic approach, somaclonal variety, and Marker Assisted breeding offer a lot of potential for 

breeding crops that can withstand abiotic challenges in the future. 
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