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PREFACE 

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

Research and Reviews Volume VIII". 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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Introduction: 

Crop diseases caused by pathogens pose severe pressure to the global food contribution. 

The proficient investigative tools for well-timed determination of plant diseases become 

important to the pledge of agricultural sustainability and global food security (Li Zheng et al., 

2020). The early and rapid identification of a plant pathogen is the input for suitable practices to 

be applied prior for avoiding advance spread of the disease (Prachi and Susheel Sharma, 2016). 

Traditional laboratory methodologies as well as techniques such as using various magnification 

of microscope and culture are time consuming, and require more labour with complex sample 

handling. The restrictions posed by conventional diagnostics have led to the improvement of 

techniques with improved precision and consistency. Diagnosticians have a range of methods 

that permit quicker, precise, sensitive, and accurate detection of pathogens, parting the need of 

expert. Healthy crop are essential for the safe, healthy and sustainable farming. They contribute 

to quality of food and life. A reliable diagnostics for the timely detection of plants diseases 

provide the base for controlling risks and provide food security during crop production. 

What is a plant Disease? 

Any disturbance of plant that interferes with its regular growth and development is 

known as Plant Disease. Plant disease causes major production and economic losses in 

agricultural industries worldwide.  

Detection vs. Diagnosis: 

To spot a problem is to subjectively monitor symptom caused by the problem. To 

diagnose a problem is to establish the specific pathological conditions that are causing the 

problem. In recognition of the disease causing agent it may take a week. The subsequent portion 

is important (a) apply the power of inspection (b) inquire question associated to the disease in 

sort to get rid of or identify possible cause of the problem. (c) Think about various ecological as 

well as cultural factors as result of his/ her question and observation based on which the 

mailto:ashwanipatel42@gmail.com
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diagnostician may be able to identify a disease and causative agent and able to narrow the 

problems down to several possibilities which will require further study.   

How to differentiate: 

(a) First to know what is normal- Proper plant identification and Recognize the healthy plant 

appearance. 

(b) Identification of uniqueness of the symptoms- beneath and over development of tissue or 

organs and alteration of normal appearance and necrosis or death of plants. 

(c) Sign vs. Symptoms – Disease sign are structures of plant pathogens visible on the 

infected plant e.g. Sclerotinia and white mold fungi stem rust etc. while symptoms are 

changes in plants outward show in response to a pathogen that deviate from its normal 

appearance. E.g. Chlorosis, damping off etc. 

Detection of plant pathogens 

Identify plant part affected: It is important to note down if symptom observed are 

associated with specific plant parts. For example Wilt disease is monitored and interlinked with a 

disturbance of the vascular symptoms which may be represented by browning of the vascular 

system and the roots of the plants show abnormality including knots or necrotic lesion observed 

strictly on young leaves. 

Check allocation of symptoms:  

Examine how the diseased plants are spread over the affected location. Whether they are 

dispersed uniformly across an area or localized. Is there any definite pattern of allocation? Check 

how ubiquitous is the problem, whether all plant are affected or not? Infectious problem occur 

over time and symptoms progressed overtime (Riley et al., 2002) 

Generally disease problem caused by biotic agent is observed on low percentage of plant at the 

start of disease. When problem appears in 100% of plants, it more commonly result from factors: 

Soil condition, adverse climatic factors, toxic chemical. 

Progression of symptomatic plants: 

If all the symptoms appeared at the same time and there has been no further progress of 

Symptoms, this would indicate a possible periodic event such as change in temp or improper 

chemical handling. If symptoms start in one region and slowly spread to other areas and the 

severity of symptoms changes overtime, this would be the most likely due to biotic agent. 

Check for host specifity: 

If the crisis is happening in only one plant species or they are different plant species. If 

different plant species are affected, this suggests the option of non infectious trouble which could 

be related to cultural   or environmental harms. E.g. Phytophthora and Pytium root rot can cause 

problem on many different plant species. 
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Quick detection and identification principles: 

The detection and identification of crop pathogens is crucial for improving crop yield. 

Nowadays Common pathogen assaying methods, such as polymerase chain reaction (PCR) or 

enzyme-linked immunosorbent assay (ELISA), are time-consuming and complex to analyze.  

Hence Raman spectroscopy (RS) is an analytical technique that provides insight on the 

chemical configuration of the specimen (Charles and Dmitry Kurouski, 2018). By using a hand-

held Raman spectrometer, in grouping with chemometric analyses, we can differentiate normal 

healthy and diseased maize (Zea mays) kernels, with 100% accurateness.  

Identification of plant diseases might be achieved by direct or indirect methods. Direct 

approaches usually engage analysis of plant pathogens like bacteria, oomycetes, true fungi, and 

viruses) or various biomolecular markers (e.g., nucleic acids, proteins, and carbohydrates) 

isolated from infected plant tissues. The Indirect analysis include the recognition of plant 

diseases through changes in physiological or histological index such as leaf surface temperature 

or humidity, spectroscopic features of plant tissues, morphology, growth rate . 

Diagnosis of plant problem is like a Detective investigating an Assault. All clues should 

be investigated and compilation of all the clues ultimately leads to most accurate diagnosis.  

Some of common symptoms may be formed by diverse types of troubles. Details symptoms and 

sign need to be studied during diagnostic process for proper diagnosis. Some steps have been 

followed in diagnosis of plant pathogens which includes an initial steps such as look for sign of 

Biotic causal agents such as in bacteria ooze test includes ooze coming out from cut tomato stem 

contaminated with Ralstonia solancearum, and rusty pustules and appearance on Stem rust of 

Barley, while superficial growth of fungal mycelium as Powdery mildew etc. After the initial 

steps, shift towards laboratory test which include incubation of plant materials, then further 

isolate and identify of Biotic causal agents, Thereafter, Now days In diagnostic test for 

identification of Biotic causal agent nanodiagnotic has been emerged prominent diagnosis 

methods for plant pathogenic microbes. The foremost physical or chemical properties of nano 

materials have enabled their make use of innovative and high-performance tools for numerous 

plant pathogens and other important diseases. The designed nano materials have been integrated 

into conventional laboratory molecular assays or sequencing technologies that offer outstanding 

development in sensitivity and selectivity for identification and detection of pathogens causing 

various types of diseases. 

The present chapter highlights several techniques that have revolutionized the field of 

plant diagnostics from Conventional and Nucleic acid- antibody-based molecular assays to 

Nanodiagnosticss future of plant disease diagnosis. 
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Modern Diagnosis Methods:  

It istwo types:  

The Direct Method includes - Serological Method: ELISA (Enzyme linked 

immunosorbent Assay) Immunofluorescence (IF) Flow Cytometry, Molecular Methods, 

Fluoresce cent In Situ Hybridization (FISH), Polymerase Chain reaction, DNA Arrays.  

The Indirect Methods includes Bio marker Based Methods, Gaseous metabolite profiling, 

Plant metabolite profiling, Imaging Technique and spectroscopic techniques which are presented 

in fig 1. 

Finding and recognition of plant pathogens are very essential to reduce the dispersion of 

disease and provide well-organized management strategies. DNA and Immune based techniques 

are now facilitating the essential tools for detection and diagnosis of plant pathogens. Freshly, 

amplification platforms, probe analysis, quantitative Polymerase Chain Recognition, genetic 

material bar coding and RNA-Seq-based next-generation sequencing have rationalized the 

research in plant pathogens detection and differentiation area (Sahu et al., 2021).  

The progress in the development of diagnosis from traditional to molecular had been 

changed by benefit of nanotechnology to plant pathology. The nanotechnology is now being used 

in detection of various plant pathogens in less time and high accuracy. Here in the chapter we 

will discuss some method of diagnosis from conventional to nanodiagnostic methods and also 

the combination of molecular method with naonodiagnostic methods and tools. 

 

Figure 1: Flow chart of Type of Plant disease diagnosis 
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Traditional Diagnostic Methods: 

The conventional way of identification of plant pathogenic fungi involves interpreting 

visual symptoms of disease or signs like presence of structures: mycelia, sporophore, spores and 

fructify cautions of the pathogen (Nezhad, 2014). Flow chart given below. 

 

Figure 2: The Traditional methods schematic representation 

 

The method related to fungal morphology requires extensive knowledge of classical 

taxonomy. The restrictions include that some pathogens cannot be cultivated in vitro method in 

Lab., and the lack of ability to accurately enumerate the pathogen (Goud and Termorshuizen, 

2003). 

The  conventional methods namely:  examination of dry seeds directly, and by washing, 

soaking incubation, blotter, embryo count the embryo and filter and centrifuge technique were 

habitually used for exposure of fungal pathogens which are seed borne in nature. The Example of 

the direct inspection method is presence of sclerotia in Sclerotinia sclerotiorum and Claviceps 

purpurea in crop. Incubation methods such as standard blotter paper moist in petridiesh and agar 

pouring method were most trendy and commonly used for the detection of a great sum of seed-

transmitted pathogen. Diseases and pest hit is one of the chief restrictions of farming production 

and has happen to one of the serious global concern (Strange and Scott, 2005).  

In order to diminish the extend of plant diseases and make easy the management of most 

severe infections, the progress of advanced diagnostic tools for early and precise determination 

of common plant diseases becomes vital. 

The Modern methods of detection and diagnosis are of considerable ideals because it 

includes molecular approaches with instrumentation and devices for speedy and accurate 

detection. The usual method requires lots of references and literatures for confirmation of 

pathogens. The modern methods with deployment of nanotechnology system and 

instrumentation  is a boon for researchers and pathologist to truthfully and swiftly identify the 

disease and suggest best remedy for its management. 

This chapter mainly includes the use of nano diagnostic. Fast detection technologies with 

high sensitivity and selectivity for plant pathogens are essential to prevent disease spread and 

Visual 
Diagnosis Culturing

Microscopy Identification

Traditional 
diagnostic
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minimize losses to guarantee optimal productivity and food security. The customary laboratory 

technique such as microscopy and culture are time consuming, labour rigorous and need complex 

sample handling, therefore now days the researchers are attracting towards the nanotechnology 

in detection and diagnosis. Hence various types of device and nanotechnology with its 

methodology are described below. 

Nano- diagnostics:  

To exploit technology in nano form in order to detect and plant diseases can be defined as 

nano diagnostics (Jain Kumar, 2003). In particular ways, numerous devices and systems are 

utilized for sequencing nucleotides of DNA. The make use of of nano-size devices for 

diagnosing diseases and investigating DNA sequences are becoming popular due to their flexible 

and sensitive natures. The researchers and workers are trying to create an easy kit that is 

moveable and precise for diagnosis and  so that farmers can use the transportable laboratory 

themselves to detect specific diseases and get the better information regarding the disease and its 

remedies.We can defined It as a science which uses nanotechnology for identification, diagnosis 

of diseases and its management. The pathologist strive to apply their knowledge in 

nanotechnology to allow considerate the factors diseases and evaluate eco-friendly diagnostic 

capacity. 

Nano techniques are used to monitor and understand the population genetics of pathogen, 

plant and its interactions and horizontal gene transfer. Furthermore, some nanoparticles such as 

nanosized silica-Ag in current times have been applied as antimicrobial agents. In addition, they 

can be exploited for mycotoxin detection and increasing plant resistance, forecasting.  

Nanostructure devices and tools: 

The tools like nano particles, nanosensor and quantum dots (QDs) have been known as 

necessary tools for quick detection of a particular biological marker with extreme accuracy. 

Some   of the devices are Biosensor, nanostructures, platform, QDs, nanoimaging and nanopore 

DNA sequencing technology that have the prospective to raise compassion, specificity and pace 

of the pathogen detection,with easy high-throughput analysis, and to be used for high-quality 

monitoring and crop protection (Khiyami et al., 2014). 

Microneedle patches:  

The diagnostics in agriculture are based on molecular assay such as ELISA (Sako moto et 

al., 2018), PCR (Bergeron et al., 2019), LAMP (Zhang, 2019), RPA (Lau et al., 2016). These 

dimensions have been extensively carried out for usual laboratory study of biomolecules to 

identify specific pathogens and strains. Traditional molecular diagnostic tests suffer several 

drawbacks such as complicated sample preparation, long assay time, and costly instrument, 

which limit their application and apply in the field. Nowadays micro-analytical devices such as 

skin-penetrating micro needle (MN) patches are eye-catching for health applications due to their 

high efficiency in liberation of medicine, and extraction of diagnostic analysis. Even though the 
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size of the micro needles is usually in the micron scale (5–10 mm tip diameter), the needle 

matrix can be fuelled with functional nanoparticles or designed with nanoporous arrangement to 

improve sensing and trial interaction (Paul et al., 2020). Micro needle patches have been broadly 

engaged in nanomedicine for transdermal drug delivery (van der Maaden, 2015) and subdermal 

biosensing (Miller et al., 2016) in human patients. Yet, a small number of studies are presented 

for analysis of plant diseases. Recently, they demonstrated a polymer-based microneedle patch in 

combination with real-time PCR (i.e., quantitative PCR, or qPCR) technique for quick and 

sensitive detection of P. infestans, is the causal organism of late blight of potato and tomato.  

A model for microneedle patch prepared of polyvinyl alcohol (PVA) was well equipped 

that is adequately strong to break the cell walls of plant leaf tissues to free plant or pathogenic 

DNA. This DNA extraction method is simple sufficient to reduce sample preparation time from 

several hours to less than 1 min. By this method DNA isolation is ready for amplification 

without the need for any further sample purification steps. 

Nanoparticles-based sensors:  

Freshly, a number of nanoparticles-based biosensors have been projected and 

commercialized for agricultural diagnosis. In this section, we will highlight three chief classes of 

nanobiosensors, including metal or metalloid nanoparticles, array-based nanosensors quantum 

dots. 

Metal or metalloid nanoparticles:  

The materials such as Ag, Gold, Si, and a variety of metal oxide nanoparticles form a 

common class of nanosensors that utilize recognition ligands and signal transducers to recognize 

and quantify molecular targets of interest (Wu, et al., 2013).  

These are serving as unique sensing platforms for probing connections between the 

nanoparticles and bioanalytes of specific consequence to plant diseases in vitro or in living plant. 

For example, Ag nan.orods have been repeatedly engaged as sensor substrates for the discovery 

of various plant pathogens or produced toxins using surface enhanced Raman spectroscopy 

(SERS). Gold nanoparticles functionalized with a specific single-stranded DNA to be used to 

detect as low as 15 ng of genomic DNA of R. solanacearum, a soil-borne species that could 

cause bacterial wilt of potato. Nanosensors play critical roles to detect and calculating the use of 

pesticides, fertilizers, as well as numerous other intensification parameter linked with crops, 

which make available information for precise decision making and agricultural management. 

Nanopore sequencing platform: 

It is a third-generation sequencing (TGS) technique, known as the nanopore sequencing 

platform that draw on a motor protein to convey a single-stranded DNA /RNA through  a protein 

or a solid-state pore to create nucleotide-dependent electronic current signals which enables 

superficial analysis of pathogenic polynucleotides. The major advantages is  real-time  long reads 

of sequence data,  with quick running times, scalable genome mapping, and requires  small 
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sample loadings. The most up-to-date studies using nanopore sequencing platforms have 

involved in the plant pathogen diagnosis. Chalupowicz et al. (2019) have fruitfully set up a 

standard process using a handheld sequencing system developed by Oxford Nanopore 

Technologies (named “MinION”) for analysis of different plant bacteria, viruses, fungi, and 

phytoplasma, including P. digitatum in lemon and S. lycopersicum in tomato. The total assay 

time of the technique is 2 h, and the results are analogous to conventional diagnostic procedures. 

Badial et al. (2018) verified the ability of nanopore sequencing joined with whole 

transcriptome amplification for relatively rapid detection (within 24 h) of two viral species, 

Candidatus Liberibacter asiaticus and plum pox virus, in the peach. Thereafter. Some challenges 

are remaining in the present equipment that are high per-read error rate and poor discriminatory 

ability among similar sequences, with  continuous breakthroughs in nanopore technology that 

lead to the creation of more powerful sequencing platforms. But the technology is being popular 

in sequencing and detection by using nanotechnology. 

Plant wearables:  

Plant wearable has now became a new front line of crop diagnostics and analysis, which 

relies on very ultra-thin and ultra-lightweight sensor design to attach flexible sensor devices 

directly on plant tissues such as leaves for continuous monitoring. 

Oren et al. (2017) has created a roll-to-roll fabrication technique based on graphene 

wearable sensor that can watch water evaporation from plant leaves. The sense system is based 

on changes in the electrical resistance of graphene in different relative humidity environments. 

Im et al. (2014) had reported a wearable plant drought stress sensor based on a different 

mechanism, where the variation in capacitor is printed 100 nm-think gold electrodes on a flexible 

polyimide (PI) which was recorded in real-time to supervise moisture. Lei et al. (2017) have 

demonstrated disintegrable and biocompatible pseudo-CMOS flexible circuits that can be 

attached to the rough surface of plants such as an avocado. These devices are being used in 

monitoring the physiology of crops. 

Quantum dots: 

Quantum dots (QDs) are semiconductor nanocrystal that has wonderful potentials as 

optical nanosensors. They are one of successful applications in biosensors for plant imaging and 

disease identification. The chief characteristics is  the ultra-small size which  make them ideal 

shining imaging contrast agents for rapid in-plant uptake and transport, where the luminous 

signals can be readily captured to follow their distributions in the living system. For e.g.-. 

Safarnejad et al. (2016) reported a FRET-based complex sensor for probing Citrus tristeza virus 

(CTV) for field applications where diagnostic usefulness is of high main concern. 

Array-based nanosensors:  

It is general form of the array-based sensor and it is known as the “electronic nose” (e-

nose), which integrate electronic transducers as an alternative of chemical sensors in the array. 
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The array-based is beneficial in distinguishing highly similar analytic mixtures due to its cross-

reactivity and skill to measure molecular fingerprints. On the other hand, array-based chemical 

sensors can provide optical readout, which is easier to evaluate as compared with e-nose signals. 

In addition, chemical sensor arrays are easy to fabricate, based on specific chemical interface, 

which brings better chemical specificity, extremely cost-effective, and more resistant to 

environmental hindrance such as humidity and temperature than most e nose devices. Chemical 

sensor arrays can be easily arranged by embedding various analyst-responsive dyes such as 

Lewis acid-base colorants, Brønsted acidic or basic colorants, solvatochromic or vapochromic 

dyes, and redox indicator colorants in hydrophobic nanoporous substrates such as modified silica 

sol–gels (Li et al., 2019) 

Gold nanoparticles as biosensor: 

Gold nanoparticles are outstanding marker to be used in biosensors as numerous optical 

or electrochemical .actions can be modified to identify pathogens. A number of nanoparticle-

based experiments have been performing to expand biomolecular detection with DNA- or protein 

functionalized gold nanoparticles, which are used as the target-specific probes. Fan et al. (2015) 

reported that the gold nanoparticles efficiently satisfy the fluorescence of light harvester 

polymers that will open new perspectives in the development of the optical performances of 

nano-bio-transducers for diagnostic purpose. 

Nanofabrication imaging:  

This is imaging methodology which refers to technology used to look inside or outside 

plant tissues in order to diagnose various plant pathogens. Nanotechnology offers us the chance 

to accurately tune and control the chemical and physical properties of contrast materials in order 

to overcome concerns with toxicity, useful imaging time, tissue specificity and signal strength. 

For example, An electron beam and photolithography technique were exploited to fabricate 

topographies that mimic leaf surface features as well as the internal plumbing of plants, and then 

nano-imaging technologies were used to study how bacteria and fungi invade and colonize the 

leaf. 

Conclusion:  

Crop are affected by various pathogens, So in order a reliable diagnostics for the timely 

detection of plants pests and diseases provide the basis for controlling risks and provide food 

safety during crop production. Traditional laboratory techniques such as microscopy and culture 

are time consuming, labour intensive and conventional molecular methods requires complex 

sample handling, complex analysis procedure, so therefore now days the researchers are 

attracting towards the nanotechnology in detection and diagnosis. Nanotechnology present a 

potential tools for researchers which can be involved in the detection, identification and 

monitoring of plant pathogens.  
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Abstract: 

Anola is called as immunity booster fruit due to presence of richest source of vitamin C, 

plenty amount of other nutrients. It is also rich source of fiber. It is useful in curing all abdominal 

diseases, beneficial in cholesterol and heart diseases. It is consumed in raw form and different 

processed products like chyavanaprasa, murabba, candy, jam, toffee, jellies, anola powder, 

pickles, chutney, sauce and different other products.  

Keywords: Anola, Vitamin C, Fruit, Nutrients and Antioxidants 

Introduction: 

Indian gooseberry is commonly called as aonla. It is known e\with different names in 

different parts of the country as nelli, amlaki, amali, ambola and amalakamu. It is most important 

minor fruits of Indian origin. Its botanical name is Emblica officinalis belongs to family 

Euphorbiaceae. A large number old species found in the genus and edible species in this are 

Phyllanthus acidus and Phyllanthus longiflorus. The trees are medium in height and exhibits as 

evergreen in tropical and as deciduous in sub-tropical climatic conditions. The branching habits 

of plants are phyllanthoid and producing short determinate and long indeterminate shoots. This 

crop is suitable for arid and semi-arid condition. This tree can grow well in extreme temperatures 

but young plants shall be protected from frost and hot winds. This is hardy tree can be grown in 

unutilized land or waste and marginal lands. This crop exhibits self-incompatibility. So, planting 

of more than one variety is advisable to overcome such type of problem. The spacing between 

two plants is 7 meter to 10 meter is recommended. For better performance modified central 

leader system of training is recommended in this crop. As per findings of Singh et al. (2002) the 

seed have long viability and can be stored upto 22 months in proper packaging. Now a days 

patch budding is practiced in anola. As per recommendation of Saroj et al. (2000) more than 

90% sucess is obtained in patch budding with the use of perforated polybags for raising 

rootstock.For getting optimum yield and better quality manure and fertilizer application at proper 

interval and suitable plant protection measures must follow. Fruit necrosis is anola is major 

disorder associated with boron content. In this disorder browning in mesocarp occurs resulting in 

brownish black flesh. Spraying of borax solution at 10days interval during September- October 

controls this disorder. 
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Composition: 

As per report of Singh et al. (1993) the fruits contains 89-94% pulp, 0.8 to 2% fiber, 10 to 

14% total soluble solids, 1.4 to 2.4 % acidity, 700 to 900 mg/100gm vitamin C, 2.4 to 3.1% 

pectin and 2 to 3% phenols. The detailed composition of fruits is mentioned in table number -1. 

Table 1: Composition of aonla fruits 

Moisture 81.2% 

Protein 0.5% 

Fat 0.1% 

Minerals 0.7% 

Fiber 3.4% 

Carbohydrates 14.0% 

Calorific value 59/100 g 

Calcium 0.05% 

Phosphorus 0.02% 

Iron 1.2% 

Vitamin B1 30mg/100 g 

Nicotinic acid 0.2mg/100 g 

Vitamin C 600mg/ 100g 

Source: Bajpai and Shukla, 2002. 

Nutrional value: 

The profound amount of gallic acid present in fruits has antioxidant property. Fruits are 

rich source of vitamin C. The fruits are usually astringent in taste and have had pulp. The 

consumption of fresh fruit is less as compared to processed product of it. It is extensively used 

for making pickles, candy, chyavanaprasa, amlaki rasayan, murabba, juice and preserves. The 

fair amount of vitamin C lost during processing in to different products. The ascorbic acid 

(vitamin C) and astringency in fruits are due to polyphenols or leucoanthocyanins present in it. 

The nutional value of anola mentioned below. 

Major nutrients: 

Major nutrients Value per 100g % of RDA 

Total calories 48 2.4% 

Total Fat 0.5g 0.5% 

Protein 1 g - 

Total carbohydrate 10 g 3% 

Water 86 g - 

Phenolic compounds Gallic acid 3012.5 mg NA 
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 Cabohydrates: 

Carbohydrates Value per 100 g % of RDA 

Total carbohydrates 10 g 3% 

Dietary fiber 5 g 18 % 

Sugar - - 

Starch - - 

 

Fat, Lipids and Fatty acids: 

Fat, Lipids and Fatty acids Value per 100 g % of RDA 

Total fat 0.5 g 1% 

Saturated fat Nil - 

Monounsaturated fat 0.1 g - 

Polyunsaturated fat 0.3 g - 

Cholesterol Nil - 

Trans fat Nil - 

Omega-3 fatty acids 48 mg - 

Omega-6 fatty acids 276 mg - 

 

Vitamins 

Vitamins Value per 100g % of RDA 

Vitamin A, IU 290 IU 6% 

Vitamin C 478 mg 800% 

Vitamin D - - 

Vitamin E (alphatocopherol) 0.16  +_ 0.05 mg - 

Vitamin K - - 

Thiamin - 3% 

Riboflavin - 2% 

Niacin 0.3 mg 1% 

Vitamin B6 0.1 mg 4% 

Foliate 6 mcg 1% 

Vitamin B12 - - 

Pantothenic acid 0.3 mg 3% 

Choline - - 

Betaine - - 
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Minerals: 

Minerals Value per 100 g % of RDA 

Calcium, Ca 25 mg (42+/-12 mg) 3% 

Iron, Fe 0.9 mg (0.16+/-0.04 mg) 6% 

Magnesium, Mg 10 mg (13+/-2 mg) 2% 

Phosphorus, P 21+/-5 mg 3% 

Potassium, K 198 mg (151+/-37 mg) 6% 

Sodium, Na 13+/-4 mg 0% 

Zinc, Zn 0.12 mg (0.14+/-0.08mg) 1% 

Copper, Cu 0.1 mg (0.04+/-0.03mg) 4% 

Manganese 0.1mg (0.71+/-0.06 mg) 7% 

Selenium 0.6 mcg 1% 

Chloride 25.6+/-2.3 mg - 

 

Other compounds: 

Compounds 100 grams wet weight contains 

Quercetin 2.6+/-1.6 mg 

ß- sitosterol 12.12+/-1.90 mg 

Stigmasterol 0.70+/-0.21mg 

Carotenoids 49+/-27 mg 

ß-carotene 32+/-19 mg 

 

Medicinal value: 

This fruit is rich in medicinal value for treating different types of diseases. It is widely 

used in different ayurvedic medicines. Its fruits are valued for high antioxidant activity, ant 

scorbutic, diuretic, laxative, cooling and various other properties. The fruits are used as natural 

antioxidant in food processing and neutracenticals industries. 

Dried fruits are also used for curing various types of diseases such as chronic dysentery, 

diabetes, jaundice, bronchitis, diarrhea, anemia, dyspepsia, hemorrhages and cough. It is also 

used for preparation of herbal oil and used as hair tonic, dye, shampoo, face cream and tooth 

powder. 

Leaves are also having medicinal properties such as boiled leaves extract is used for 

gargling and tender leaves are used in indigestions. A flower of anola gives laxative effect. Fresh 

roots are used in treatment of jaundice. The different plant parts, leaves and fruits are used in 
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dyeing and tanning industries. It also helps in prevent infection and cures ulcers due to its 

antibacterial and astringent properties. 

This fruit is well known as immunity booster due to it effect on immune system that’s 

why it is called as disease-preventing tonic. It is too beneficial for problems of respiratory 

systems such as tuberculosis of lungs asthma and bronchitis. Due to higher content of vitamin C 

it is also effective in controlling diabetes and reduces the eye complication in diabetes. It helps in 

proper functioning of all body organs by destroying harmful chemicals present in our body it 

maintains hearth function healthy. Diabetes patients consume anola juice with bitter gourd juice 

and people suffering from eye disorder is consuming anola juice with honey. The anola and its 

various supplements are highly beneficial for people suffering from anemia. It helps in 

absorption of iron in the body. It enhances the food absorption with in body by strengthen 

digestion and assimilation of food. It improves digestion by calming mild to moderate 

hyperacidity and different pitta-related problems. It is also used as good brain tonic by 

supporting nervous system. It is very helpful in maintain healthy urinary system and glowing 

healthy skin. It also enhances absorption of calcium thus leads to strong bones, nails, hair and 

teethes. 
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Abstract:  

 In this chapter, we investigate the root reasons of India's pervasive food insecurity. It 

has been noted that while India's percentage of malnourished people decreased by about 1.00 per 

cent throughout the 1990s, their overall population rose by roughly 18 million. As an outcome, 

India's food insecurity issue is not the result of widespread systemic dysfunction brought on by a 

lack of supply. In reality, the dilemma is more one of specific sections (namely the rural agrarian 

population and the urban informal sector) experiencing a food shortage in an environment of 

rising production. In-depth analysis reveals that the decline in rural and informal sector incomes 

as well as the failure of support-led initiatives to fight poverty (due to both policy formulation 

and implementation) are the primary causes of food insecurity in India today. The causes of the 

high population expansion in the majority of a country's regions are very well explained in this 

chapter. 

Introduction:  

By the year 2050, the United Nations predicts that there will be roughly 10 billion people 

on Earth. Given that there is less farmland per person accessible and that there are currently 

approximately 800 million people suffering from hunger, how can all these people be fed? One 

of today's most important problems is this. However, the majority of individuals who live in 

industrialized nations today have little knowledge of agriculture. They no longer care where their 

food comes from or how it is made since they have long assumed that there will always be plenty 

to eat. 

This is inaccurate, at least not everywhere in the world; farmers have really consistently 

raised the volume of their harvests over the previous few decades. Demand for food, energy, and 

money rises with population growth. Crop production is hampered by both land degradation and 

population growth. Due to overpopulation, land resources have become scarce, farmland has 

become fragmented, and ecological conditions have deteriorated due to increased emissions, soil 

erosion, deforestation, and over use of natural resources. One of the biggest challenges for 

development is providing enough food for a population that is expanding quickly. Despite the 

fact that India's economy has improved. Numerous problems have plagued India, including a 

lack of agricultural methods, hunger, chronic drought, and a shortage of available land. Due to 

the inability of the agricultural land to support the expanding population, many Indians are still 

mailto:raodhr@gmail.com
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caught in a cycle of poverty, disease, and hunger. Food shortages are made worse by rising food 

prices, unemployment, a lack of pasture for cattle, and extensive logging of natural vegetation. 

Due to the modest size of existing landholdings and the ongoing division and fragmentation of 

those holdings, further land redistribution is not predicted in the near future. When children start 

their own families, parents redistribute their land to the offspring, which affects household 

earnings and food shortages. As a result of overusing land resources, arable land per person 

decreases and land degradation rises. Contrarily, the current administration has begun to adjust 

fertilizer distribution based on soil maps so that farmers can use a customized fertilizer to reduce 

the loss of soil nutrients based on site-specific soil amendments. This kind of agricultural 

intensification is carried out using both domestically developed and foreign-imported 

technologies. The methods they employed to attain this growth, however, have run their course. 

We require innovative strategies for agriculture of the future that will boost output while 

protecting the environment. 

Population of India: 

The amount of land that is used for agriculture is only 3.00 per cent of the planet's 

surface. Only 18 per cent of that, or 0.5 per cent of the surface of the Earth, can be used for 

cultivating food crops. Whereas there are now 7 billion people on the planet. With approximately 

1.25 billion inhabitants, India is the second-most populated nation in the world (2011 census). 

In India, more than 50 per cent of people are under the age of 25, and more than 66 per cent are 

under the age of 35. With a combined population of 312 million, the two most populous states-

Uttar Pradesh and Maharashtra-have a significant edge over the USA. 

Haryana: 

By looking at the population from 2015 to 2019, it is clear that in the preceding five 

years, the population increased by 1.7 million. On average, it is seen that the population grows 

by roughly 0.35 million each year. As a result, it is anticipated that Haryana's population in 2021 

will be 29.05 million. 

Haryana has a density of 573 people per square kilometer. In terms of population growth, 

it was almost 28 per cent between 1991 and 2001, and it increased to 28.50 per cent between 

2001 and 2011. In recent years, Haryana's population has increased more than Punjab's. 

Causes of rapid population growth: 

Some of the most important causes of population growth in India are as follows:  

 Widening Gap between Birth and Death Rates: In India, the average yearly birth rate 

decreased from 42 per thousand people in 1951–1961 to 28.7 per thousand people in 

1993. Additionally, the death rate decreased from about 27 per thousand inhabitants in 

1951–1961 to 9.3 in 1993. Therefore, the expanding gap has quickly expanded our 

population because the birth rate has showed a slight dip and the mortality rate has 
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decreased very dramatically. When we multiply the number of births (17 million 

annually) by the number of abortions (10-11 million annually, including 4 million 

spontaneous and 6.7 million induced), we arrive at the startling realization that one in five 

Indian women in reproductive age in this era of family planning have an abortion. 

 Low Age at Marriage: In our nation, child marriages have been fairly prevalent. In India 

72 per cent of marriages happened before the age of 15, and 34 per cent happened before 

the age of ten, according to the 1931 census. Since that time, both men and women's 

average marital ages have been steadily rising. As a result, even if the average age of 

marriage has been rising over time, many females still get married when they are not 

physically, emotionally, socially, or temporally prepared.  

When we compare the average number of children born per woman across age groups, 

we discover that the fertility rate declines as the age group rises. If population growth is 

to be contained, it is preferable for females to marry between the ages of 21 and 23, or 

between 23 and 25, rather than between the ages of 15 and 18, or between 18 and 21. 

 High Illiteracy: Family planning is directly related to female education, and female 

education is directly related to factors such as age at marriage, women's overall status, 

fertility, infant mortality rate, and other things such as mindset of the family head who 

could be father, brother or husband. 

A person who has received an education becomes liberal, open to new ideas, and 

sensible. If both men and women are educated, they will be able to organize their families 

logically, but if one or both are illiterate, they will be more traditional, irrational, and 

religious in outlook. 

 Religious Attitude towards Family Planning: Conservative and religiously orthodox 

people are opposed to using family planning methods. Some women oppose family 

planning on the grounds that they cannot go against God's will. Compared to Hindus, 

Indian Muslims have a greater birth and fertility rate (Muslim women having fertility rate 

of 4.4 as compared to 3.3 among Hindus women). According to a 1978 survey by the 

Operations Research Group among Muslims, the majority of male and female 

respondents were aware of contemporary family planning techniques, but they were 

either unwilling to use them because of their religious beliefs or lacked clear and 

sufficient information about them. 

 Other Causes: Other factors contributing to the population growth include the joint 

family structure and young couples' lack of parental responsibility in these families, a 

shortage of recreational facilities, and incorrect or incomplete information about the risks 

associated with vasectomies, tubectomy’s, and the loop. 
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            The paradox of the population-poverty nexus is illustrated by the poor people having 

more children. Both the source and the effect of population rise are poverty. Parents are forced to 

keep their sons out of school to supplement their household income as they have to produce more 

children to meet the growing needs of their family. 

Children who are illiterate and ignorant will consequently inherit their father's 

predicament and, like him, choose to have as many sons as are necessary. 

Agricultural population: 

Over 37 per cent of the world's population in 2011 belonged to the agricultural 

population, which is defined as those who depend on agriculture, hunting, fishing, and forestry 

for a living. 

India experienced the largest rate of agricultural population growth of any nation between 

1980 and 2011 with a staggering 50 per cent increase, followed by China with a 33 per cent 

increase, and the United States with a 37 per cent decline due to extensive mechanization. Due to 

overall population expansion, the economically active agricultural populations in China and 

India increased by 33 and 50 percent, respectively, between 1980 and 2011. 

Population and food security: 

Most of the nations with the greatest number of people experiencing food insecurity also 

experience rapid population growth and high fertility rates. This makes it more difficult to 

provide for dietary demands. The population is anticipated to more than double by 2050, even if 

fertility rates fall. One in four residents in this region are undernourished, and there is the highest 

percentage of those who lack access to food. Additionally, Sub-Saharan Africa has the biggest 

proportion of people living in poverty and the lowest agricultural productivity in the entire 

world. 

Croplands and water resources, which are strained due to rising human populations, are 

necessary for food production. Cropland expansion may be necessary due to population pressure 

on the planet's limited land resources. This frequently entails overusing or destroying important 

forest resources. 

The world is growing more urban on a global scale. Despite having access to a broader 

variety of foods, urban dwellers lack farmland. The need for food, water, and energy in 

developing nations will undoubtedly rise significantly. India and many other nations around the 

world are currently going through a phase of population boom. 

Population and agricultural growth: 

 The agriculture industry today makes up 16–17 per cent of the GDP and is directly or 

indirectly responsible for 60–70 per cent of the Indian population. However, the most 

crucial query should be, "Why is the agricultural sector in India so underachiever, with 

only 16 per cent GDP and 50 per cent workforce?" 
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Gross Domestic Product (GDP): is the total of all goods and services produced in a nation 

within a specific time period, often one year. It includes: 

 Agriculture sector 

 Services sector 

 Industry and 

 Import/Export 

Since 1950, the percentage of agriculture in India's GDP has steadily decreased. It was 

once just over 52 per cent and is currently close to 16–17 per cent. In contrast, the percentages of 

the other two GDP sectors (industry and services) are currently close to 20 per cent and 55 per 

cent, respectively. India's GDP increased from 40 billion dollars in 1950 to about 900 billion 

dollars in 2015. Therefore, between 1950 and 2020, the agricultural sector grew from 20.5 billion 

to 200+ billion dollars. 

Agriculture Sector Employment as Out of over 500 million workers in India, the share of 

the total workforce is around 50 per cent. Out of the 140 million people who were working in 

1951, almost 100 million were involved in agriculture. 

It demonstrates a three-fold increase in the value added per worker in the agricultural 

sector during the previous 60 years. However, they fall short because the same ratio for goods 

and services taken together is 6.4. 

That is one of the reasons why agriculture's contribution to GDP dropped from roughly 

half to one sixth. 

Large workforce and low growth: 

India has one of the worlds's highest food spoilage rates. India lacks efficient rural 

transportation systems, cold storage, and food packaging. At the rural level, there is essentially 

no viable retail channel structure. The rate of food spoiling as a result is among the highest in the 

world. 

Largely Traditional Farming: In some areas of India, the custom of using cattle to plough 

fields is still practiced. One of the lowest per capita farmer incomes result from traditional 

farming. 

Infrastructure:  

Rural roads in India are extremely bad, which delays the timely delivery of inputs and 

outputs. Crop failures are widespread as a result of insufficient irrigation systems. Over 30 per 

cent of waste is caused in some regions by regional floods, subpar seeds, ineffective farming 

methods, and harvest rotting. 
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Small Farm Holding:  

Due to land ceiling laws and, occasionally, family disputes, the typical size of land 

holdings is quite tiny and prone to fragmentation. Such tiny holdings are frequently overstaffed, 

leading to covert unemployment and low labour productivity. 

Socio-Economic factor:  

Rural workers primarily work in agriculture. Another factor contributing to low 

productivity is illiteracy, general socioeconomic backwardness, the implementation of land 

reforms moving slowly, and inadequate or ineffective finance and marketing services for 

agricultural products. 

Disguised Unemployment:  

Chronic (masked) unemployment in the agricultural industry causes more individuals to 

be employed than is necessary. And this has significantly impacted the farm sector's per capita 

productivity. According to the figures, just 54.60 per cent of all Indian workers are presently 

employed in the agricultural sector, a decrease of 3.60 per cent from 2001. 

The number of male agricultural labourers has increased by 44 per cent since the 2001 

census, while the number of female agricultural labourers has climbed by 24.50 per cent. 

According to farming trends, since 2001, 3.20 per cent of cultivators and 14.00 per cent of 

women have given up farming. This translates to a population of over 8.6 million.  As per the 

census of 2011, total people engaged in the agriculture sector over half of them are now 

agricultural labourers, a trend observed for the first time in the past 40 years. 

Although the census was unable to identify the causes of farmers leaving the agricultural 

industry, a ministry official from the agriculture said the trend is quite alarming. There are two 

potential explanations for the country's rising agricultural labour needs and declining number of 

growers. More than half of all people working in agriculture, according to the 2011 census, are 

now agricultural labourers, a trend that has not been seen in the industry for the preceding 40 

years. The reasons why farmers have left the agricultural sector have not been revealed by the 

census, however an official from the agriculture ministry says that the trend is very disturbing. 

“If agricultural labour is increasing in the country and number of cultivators is decreasing it can 

be because of two reasons. One is that farmers are being evicted from their land and made to 

work as labourers in other people's fields it might be due to low risk bearing ability of the 

farmers. The second possibility is that individuals are attempting to participate in MGNREGA in 

order to remain in their villages and perform unskilled activities. 

Food security: 

The Food and Agriculture Organization of the UN provided the generally acknowledged 

concept of food security (FAO). When everyone, at all times, has physical, social, and economic 



Agriculture Science: Research and Review Volume VIII 

    (ISBN: 978-93-91768-63-8) 

23 
 

access to enough, safe, and nutritious food that satisfies their dietary needs and food preferences 

for an active and healthy life, that is the definition of food security. 

 

Source: Deccan Herald 

The number of persons who experience chronic hunger has climbed, from 14.60 per cent 

in 2018–20 to 16.30 per cent in 2019–21 and 22.4 crore in 2019–21, according to data from the 

most recent study. 

The problem facing India, according to Swaminathan, is to produce more and more out of 

declining per capita arable land and irrigation water resources as well as rising abiotic and biotic 

stressors, given that the country's population is predicted to exceed 1.5 billion by 2030. 

For its 1.15 billion people, India currently produces 230 million tons of cereals annually. 

The current situation in India is that in order to meet the needs of the estimated 1.8 billion people 

as well as the needs of livestock and poultry, cereal production will need to be doubled by 2050. 

The National Commission on Farmers (NCF) had expressed a similar worry in late 2006, saying 

that in order to double annual foodgrain production from the current 210 million tons to 420 

million tons within the next 10 years, it would be necessary to grow at least 160 million tons of 

rice on 40 million ha and 100 million tons of wheat on 25 million ha. 

According to estimates, more than 30 million children would have perished in the 

developing world between 1970 and 2000 without the green revolution, with more than two-

thirds of these children living in Asia alone. The nation's agriculture is currently experiencing a 

crisis. According to a national poll conducted a few years ago, 40 per cent of Indian farmers said 

they would not choose to work in agriculture.  

Strategies to increase food production: 

It seems obvious that India will continue to be mostly an agricultural nation throughout 

the majority of the twenty-first century, especially in terms of employment prospects. As a result, 

in order to influence our agricultural future, both vision and proper action are required. 

Our main agricultural assets include a sizable community of dedicated farmers, a diverse 

range of climatic and soil resources, a long coastline, plenty of sunshine throughout the year, 
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reasonable rainfall and water supplies, and a rich array of agro-biodiversity. The difficulty is 

turning these into jobs and revenue. 

Technological strategies for an evergreen revolution  

Defending the gains: The recent slowdown in productivity growth is a result of shrinking farm 

size and income as well as the depletion of natural resource base. These places require 

conservation farming, which will aid farm families in preserving and enhancing the biodiversity, 

amount and quality of water, and soil health. The Indian Council of Agricultural Research 

(ICAR) Directorate of Wheat Research (DWR) in Karnal projected that by bridging the gap 

between potential and actual yields, with technologies and varieties presently on the shelf, an 

additional amount of around 24 million tons of wheat may be produced immediately. 

Extending the gains: With the current technologies, Eastern India (eastern UP, Bihar, 

Chhattisgarh, Orissa, West Bengal, Assam, and North Eastern States) has a sizable untapped 

production reservoir. The main problem in these locations is poor water management, not a lack 

of water. With the right combination of technology, services, and governmental policy, the Indo-

Gangetic plains have the potential to become India's main breadbasket. 

Making new gains: The areas of post-harvest technology, agro-processing, and value addition to 

primary product offer the most immediate opportunity for new advancements. Agriculture's use 

of water is another issue. The overuse of groundwater is laying the groundwork for irrigation 

water supply to become a major problem. An integrated asset reform scheme that aims to give 

everyone in the village a useful asset could include land and Aquarian reforms. 

Resource full Indians: 

• India’s population is large and growing.  

• People contribute significantly to diverse areas and sectors of the economy—like 

agriculture, service industry, construction and other industries. 

• Today, India is one of the fastest growing economies in the world. 

• The economy of India is the 5th largest in the world by nominal GDP and the 3rd largest 

by purchasing power parity (PPP) with $11.32 trillion (2020 est.). 

• According to the IMF, India is the 19th largest exporter and 10th largest importer in the 

world.  

• The economy is growing around 5.0 per cent growth rate. 

• India’s low-cost, skilled labour force has been an important driver in its economic 

growth. 

• Further, our huge population of young people, a majority of whom are hardworking and 

enterprising, have made India a nation that finds respect worldwide. 
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Conclusion: 

According to a recent UN study on India's international migrant trends, 1.6 crore (16 

million) of its citizens are residing abroad, making it the country with the highest foreign-born 

population in the world. The discriminated members of society are unable to conduct high-

quality, productive work, hence more must be done to remove discrimination based on religion, 

gender, caste, and community. The effort often entails identifying areas and developing 

techniques and skills to maximize the utilization of the enormous population as human resources 

for the benefit of society. By including all of its citizens in the process of creating the country, 

the load on the economy will be reduced, and the country will advance rapidly. Last but not least, 

the government must acknowledge that its citizens are its greatest resource and give them the 

right chances to develop into priceless assets. 
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Abstract: 

Indo-gangetic plains cover the largest area for the cultivation of rice-wheat in India and 

rice cultivation act as a staple food for whole world along with South East Asia. Crop cultivation 

generates a large amount of residues along with its production and creates a problem for the 

management with having impact on soil health and soil ecosystem. Residue burning and 

improper utilization of residues develops pollution in the environment with deterioration of 

quality of air, water and other ecological resources and depletion of major and micro nutrients 

contents from soil system. Proper management of residues and its incorporation can improve soil 

quality and health aspects and can provide diversified beneficiary uses for ecological 

sustainability. Various technological interventions are associated with residue management to 

improve its optimization potential with restoration of soil quality aspects.  

Keywords: Residue, Crop, Management, Soil Health, Productivity. 

Introduction: 

Crop residue is defined as the leftover vegetative crop material on the field after a period 

of crop is harvested, pruned or processed. The removal of crop residue leads to decrease in SOM, 

lower down soil fertility and thereby decrease crop production. The straw of the most cereal crop 

contains about 35, 10 and 80% of the total N, P, and K taken up by the plant (Barnard and 

Kristoferson, 1985). In India total residue generated in a year is 516.3 million tonnes including 

Rice, Wheat, Coarse cereal, Pulse, Oilseed, Sugarcane, Cotton, Jute and Mesta (Devi et al. 

2017). 

Importance of Crop residues: 

1. Protect the soil from wind and water erosion. 

2. Reduce evaporation by acting as mulch. 

3. Carbon sequestration and nutrient recycling. 

4. Improves soil structures and water retention capacities. 
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Figure 1: Share of unutilized residues generation in India by different crops 
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Figure 2: State wise of crop residues generation in India 
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Table 1: Nutrient comparison between Rice and wheat straw (Mandal et al., 2004) 

 

 

Residue incorporation

Residue retention and 
mulching

Bailing and removing 
the straw

Crop residue burning

(not recommended)

Crop Residue management

 

Figure 3: Crop residue management methods 

Residue Burning  

Advantages                                     

1. It facilitates timely planting of the following crops. 

2. It clears the agricultural field quickly. 

3. It kills soil borne deleterious pests and pathogens. 

Disadvantages  

1. It causes serious air pollution.                                                       

2. Kills beneficial soil microorganisms and insects. 

3. Huge loss of soil organic matter. 

4. Loss of significant amount of nutrient. 
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Table 2: Loss of nutrients (%) due to crop residue burning (Mandal et al., 2004)  

Nutrients  N  P  K  S  

Loss (%)  80  25  21  4-60  

 

 

 

Figure 4: Residue burning Figure 5: Various impacts of residue burning 

                                               

Bailing and Removing Straw: 

Used for:-  

 Livestock feed. 

 Fuel. 

 Building material. 

 Livestock bedding. 

 Bedding for vegetable materials. 

 Mulching in other crops. 
 

Figure 6: Residue bailing 

Surface Retention and Mulching: 

1. It is a practice that leaves crop residues from a previous crop on the soil surface without 

any type of incorporation. 

2. It helps to protect the fertile surface soil against wind and water erosion. This method is 

prevalent in no-till or conservation tillage practices where at least 30% of soil surface is 

covered with crop residues. 
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Figure 7 and 8: Residue mulching and retention 

 

Crop Residue Incorporation:  

1. Crop residue is incorporated completely or 

partially into soil mostly by ploughing 

2. Above ground portion chopped into small 

size and can be incorporated by power-tiller. 

3. Incorporation of straw increase soil organic 

matter and soil N, P and K content as 

compared to other management options. 

 
 

Figure 9: Crop harvester 

                                                                                                                   

 

                                       

 

 

 

Figure 10: Technological interventions associated with residues 
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Figure 11: Various diversified uses of crop residues 

 

Soil Health:  

Soil health, also referred to as soil quality, 

is defined as the continued capacity of soil 

to function as a vital living ecosystem that 

sustains plants, animals, and humans. This 

definition speaks to the importance of 

managing soils so they are sustainable for 

future generations. To do this, we need to 

remember that soil contains living 

organisms that when provided the basic 

necessities of life - food, shelter, and water 

- perform functions required to produce 

food and fibre. 

 

Figure 12: Soil health parameters 

 

 

Figure 13: Indicators of soil health decline 
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Conclusion: 

In India each year there is gigantic generation of crop residues. Management of such huge 

residues is a cumbersome process. All the methods including incorporation, retention and 

mulching, bailing except burning can be used for residue management. Crop residue burning 

hampers the soil health, pollute atmosphere and has bad impact on human and animal health. 

Crop residue incorporation improved physical (BD, Water Soluble Aggregates, Porosity), 

chemical (N, P, K, OC), biological (Microbial Biomass Carbon) and enzymatic properties 

(Alkaline phosphatase, Dehydrogenase etc.) of soil. In long-term, incorporation of crop residues 

increased the productivity (grain and straw yield) and uptake of nutrients (micro and macro). 

Crop residues are potential source of nutrients so best way is its recycling. 
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Abstract: 

Animals experience stress naturally as a part of their lives. Social engagement may be 

difficult, and those in subordinate positions frequently experience chronic stress, which has a 

significant impact on both their behaviour and physiology. Additionally, it has been shown that 

stressful situations brought on by social standing may have an impact on the viability of animal 

and insect reproduction. Understanding the mechanisms that control socially induced 

reproductive processes is significant since reproduction is essential for all insects, and rank often 

controls access to reproductive opportunities. In recent years, there has been a lot of research in 

how social interactions affect an insect's stress response. Insect stress is a significant factor in the 

reduction of gonadosomatic insects. In recent years, there has been a lot of research in how social 

interactions affect an insect's stress response. Insect stress is a significant factor in the reduction 

of gonadosomatic insects. The gonadosomatic index (GSI) is a method for assessing the sexual 

maturity of insects, and changes in the GSI can be used to estimate an animal's or insect's 

capacity for reproduction. Insect growth rates, fecundity, fertility, and subsequent population 

densities are greatly influenced by temperature conditions. In order to accurately anticipate insect 

population densities in the field, which is essential to maximise pesticide application efficiency 

and increase sustainability, knowledge on the impacts of temperature can therefore be added into 

population models. Overall, research has shown compelling evidence that D. suzukii's ability to 

reproduce is influenced by temperature at the organ level. Extreme temperature environments are 

anticipated to have a significant impact on gamete production that persists in D. suzukii 

throughout adulthood.  

Keywords: GSI, Pesticide, B. mori, Stress 
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Introduction: 

Do insects experience stress? 

You won't likely be surprised by the answer: sure, they do. Without stress, an organism 

cannot exist since stress is a natural and adaptive reaction to a constantly changing environment. 

Like any living thing, insects must respond to dangers and other environmental changes. 

Imagine that whatever bothers you as a person are also likely to stress insects. 

 "They become stressed if you place them in a setting that is hot, chilly, or hungry. They 

have the exact same physiological foundations as you and I since they are live, breathing 

organisms. 

The stress response may even be passed down through generations in some circumstances. 

For instance, wingless female aphids will give birth to winged progeny that can fly to a new 

home if the population becomes too high due to, say, competition for food.Stress is a body's 

method of reacting to a challenge 

• Acute and chronic stress-causing situations are a persistent threat to all species in all 

kingdoms. 

• Stressors includes chemical (pesticides, drugs, metals, smog, abnormal oxygen 

concentration, etc.), physical (radiation, temperature-heat and cold, noise, vibration, etc.), 

and physiological (diseases, injury, aging, inflammation, etc.) that may upset functional 

homeostasis. 

Same way if insects experience stress there will be change in the gonadosomatic index. 

The survival and reproduction of many life forms, including insects, face significant 

hurdles as a result of global warming. By the end of the 21st century, the increase in the global 

mean surface temperature is predicted to be between 0.3 and 4.80 C. (IPCC 2014). The frequency 

and length of the heat waves will increase, according to the warnings. Warmer temperatures 

brought on by climate change have been demonstrated to potentially have an impact on the 

survival, generation time, fecundity, and dispersal of insect species (Bale et al., 2002) (Stange 

and Ayres, 2010). Being ectothermic species, insects are particularly prone to react swiftly to 

temperature increases (Robinet and Roques, 2010). An increase in temperature will enable the 

most of temperate insect species to expand their geographic range and improve the fitness of 

their populations (Bale et al., 2008). But since tropical insects are particularly susceptible to 

temperature change and are already living close to their ideal temperature, an increase in 

temperature is likely to have the greatest detrimental effects on them (Deutsch et al., 2008). All 

living things experience heat stress when the temperature rises above the ideal level.  
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In order to protect crops and animals from insects, weeds, and diseases, pesticides are 

frequently used in integrated agricultural methods. The aquatic ecosystem is greatly threatened 

by the widespread use of pesticides at many stages of crop production, from seed preparation to 

storage of agricultural goods. Surface run-off from the application areas transports these 

pesticides into aquatic ecosystems, where they enter the creatures through food webs and direct 

contact with the water. Because aquatic ecosystems act as the last sink for many chemicals, their 

health is being negatively impacted. According to the reports that are accessible on Indian fish, 

pesticides might cause reproductive failure or malfunction. According to reports, pesticides can 

harm gonads by cytolyzing germ cells, stopping gametogenesis, inhibiting steroidogensis, 

preventing gamete maturation, releasing gametes, and causing spawning and hatching. 

Reproductive toxicity refers to modifications in the pattern of breeding response, including 

fecundity, fertilisation rate, larval hatchability, and most importantly, larval and fry survival. 

However, because it directly affects fish productivity, it is a major area of study. 

Likewise in insects also pesticide plays a major role in affecting reproductive ability. 

There will be a decline in the Gonadosomatic index 

Gonadosomatic Index: 

• Gonadosomatic index is defined as the index used to determine the gonadal growth with 

respect to body weight. 

• It is the ratio between body weight and the weight of gonad showing the status of ovary 

in terms of maturity and denotes the phase of the reproductive cycle. 

• GSI increases with the maturation of the insects or other animals. 

Procedure: 

  The adults were killed through a freeze shock by keeping them in a refrigerator (0oC). 

Later the adult body weight was recorded, then the ovaries were dissected out using insect ringer 

solution (KCl- 0.24g, NaCl- 11.2g, CaCl2-0.27g and NaHCO3- 0.2g in 1 liter of DDW).  

  The role of insect ringer solution is to dissolve fat bodies which gives a precise view of 

the ovaries and facilitate efficient isolation of ovaries. Later the isolated ovaries were blotted dry 

using tissue paper and the ovary weight was measured along with tissue paper using digital 

weighing balance. To get the exact ovary wet weight, the weight of tissue paper before placing 

the ovary was measured and subtracted with that of the paper with isolated ovary. The GSI was 

calculated using formula as given by Paul and Keshan (2016): 

Ovary wet weight (g)  

X 100 
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Factors affecting GSI: 

Abiotic factors: 

• Heat shock  

• Cold shock 

• Desiccation 

• Starvation 

• Anoxia 

• Heavy metal ions 

• UV irradiation 

• Osmotic shock 

• Xenobiotics  

Biotic factors: 

• Predator stress 

• Microbial infection (Bacteria, Fungi, Virus) 

• Parasite toxins 

Influence of stress on GSI: 

1] Bombyx mori 

• The purpose of the current study is to examine the effects of heat stress on ovarian 

development and fecundity as well as on vitellogenin gene expression in B. mori because 

an insect's reproductive output and development time are nearly as crucial to population 

growth as individual survival. 

• Thermal stress had a significant impact on the GSI of F1 progenies in response to heat 

shock in the parental generation and reduced fecundity. 

• The gonadosomatic index, a scale used in the current investigation to measure gonadal 

development in relation to body weight, steadily decreased in the F1 adults as exposure 
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time increased. In which the dramatic reduction in GSI in B. mori was caused by an 

increase in the temperature and length of the heat shock. Kevin and Paul (2016). 

 

2] Effect of grasserie on gonadosomatic index of different commercial breeds and hybrid of 

Bombyx mori.  

• Commercial breeds and hybrid of B. mori are used to determine the Gonadosomatic 

Index (GSI) before and after grasserie infection to access the impact of growth of gonad 

in enhancement of the sericulture in broad sprectrum. 

• Grasserie infected showing less GSI. Suman et al., (2014) 

 

3] Pesticide and GSI 

The effects of sublethal dosages of the organophosphate insecticide Dichlorvos (Neon) 

(0.65 mg/l, 0.90 mg/l, and 1.17 mg/l) were examined on the gonadosomatic index of the fish 

Cyprinus carpio communis. At all concentrations, the Ganadosomatic index increased with 

increased exposure, but decreased with rising concentration. It should be emphasised that the 

GSI values decreased most at the highest measured pesticide concentrations. Fish that had been 

given dichlorvos had ovaries that were histomorphologically aberrant. Additionally, it was 

shown that the exposure duration and pesticide concentration had a direct correlation with the 

reduced GSI. The Gonadosomatic index decreased with the increase in concentration. It also 

noted that the reduction in GSI values was maximum at highest concentrations of the pesticide in 

series.  
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 The reduced GSI was found directly proportional to the pesticide concentration and duration 

of exposure. F. A. Shah et al., (2012). 

 Pesticide-Induced reproductive failure or dysfunction is evident from the available reports 

on Indian fishes 

  According to reports, pesticides can harm gonads by cytolyzing germ cells, stopping 

gametogenesis, inhibiting steroidogenesis, preventing gamete maturation, releasing gametes, 

and preventing spawning and hatching. 

 

4] GSI in Glossogobius giuris 

The GSI was calculated for the months of March through October, and these months had 

little influence. The values gradually rose between March and July for both men and women. G. 

giuris may reproduce in August and September based on the highest female GSI and the highest 

male GSI in September, respectively. The highest male GSI was in September, and the second-

highest female GSI was in August. Similar patterns were observed by Islam et al. (2012) in the 

peak GSI values for Sillaginopsis panijus from the Meghan River in the months of August and 

September. The peak season for Labeo rohita, according to Alam and Pathak (2010), is the 

month of August. 
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5] Drosophila suzukii 

 When the reproductive structures were dissected, the various temperature treatments clearly 

differed from one another. Damage to the reproductive system may account for a sharp 

decline in the average size of ovaries in females. Green and others (2019) 

 For males, the seminal vesicles lacked visible sperm, and the number of visible sperm 

clusters in the testis tubules was significantly lower than in the benign group. A molecular 

explanation for the sterility of mating couples that included a heat-stressed male is provided 

by this failure to load sperm into the seminal vesicle. 

 

6] Influence of heat stress in Spodoptera litura and Spodoptera frugiperda on GSI 

The thermal stress treatments often not resulted in the mortality of the insects and 

perform normal functions after stress, but their reproductive function may affect adversely due to 

thermal stress (Keshan et al., 2014). In our study the obtained results of gonadosomatic index 

indicating that the reduction in the ovary weight of female adults emerged from different stressed 

stages. The maximum reduction was observed in 46˚C multiple stress for 1 hour (4 days stress) 

exposure irrespective of stages. The stress in larval stage had the maximum effect on the 

gonadosomatic index compared to other stages (Fig. 13). The similar results reported in B. mori 

adults emerged from thermal stressed larva and pupa in which the decreased level of 

gonadosomatic index than control insects (Paul and Keshan, 2016). The reduced fertility in the 

D. melanogaster under mild thermal stress was reported by Hercus et al. (2003). As a result of 

thermal stress in insects delayed oocyte maturation, failed expression of proteins for the 

development of yolk and dissolving of egg chambers lead to poor ovarian development 

(Gruntenko et al., 2003). The thermal stress severely affected the development of ovary in 

Tribolium castaneum (Xu et al., 2009).    

• Reduction in the weight of the ovary and less number of egg laying. 

• Eggs layed from stressed adults, only few are hatching 

• It is affecting the reproductive fitness of insects. 
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Why to study GSI: 

• It is a tool for measuring the sexual maturity of insects. 

• Changes in the gonadosomatic index (GSI) helps to determine the reproductive ability. 

 

Conclusion: 

• Estimation of GSI of a insect is essential for evaluating the reproductive ability, life 

history and actual management of the insects. 

• For predicting the population dynamics of insects 

• GSI study will provide a reference for better understanding the reproductive potential 

which will ultimately assist our understanding of its invasion ecology. 

• GSI is very important to study in both beneficial insects and insect pests. 

• Use of Gonadosomatic index is not prevalent in insects 

• Development of stress resilient insects to overcome from effect of ovarian development 

in beneficial insects. 

• Lack of information covered on all stress oriented GSI, few stress only studied in insects. 

• Lack of research on correlation between stress and insects. 
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Abstract: 

 Diapause can refer to a variety of developmental arrests that take place at particular 

stages. Diapauses in eggs, larvae, pupae, and adults have all been widely described, however for 

the majority of species, diapause can only manifest itself during one stage of the life cycle. 

Diapause varies from simple quiescence, which is a rapid reaction to unfavourable environment, 

in that it is programmed far before the actual developmental arrest. It is necessary to use the 

broader term "dormancy" to encompass both potential outcomes for some species because the 

information provided is too sparse to allow for an effective separation between diapause and 

quiescence. Cold dormancy is seen in case of overwintering population. During the winter and 

just before pupation, the activity of a few enzymes involved in intermediate metabolism, such as 

those involved in glycolysis, the hexose monophosphate shunt, and the manufacture of polyol 

cryoprotectants, was monitored in freeze-tolerant Eurosta solidaginis larvae. Acclimatization 

and development were seen in tandem with flexible metabolic rearrangement. The biochemical 

substances in insects' bodily fluids play a role in their amazing adaptations to harsh settings. 

Trehalose, a multifunctional sugar molecule that serves as a cryoprotectant and a supercooling 

agent, can build up to large concentrations in freeze-tolerant and freeze-avoidant insects. In the 

winter, some freeze-avoiding insects have high quantities of antifreeze proteins (AFPs), which 

are known to protect organisms from freezing by lowering the freezing temperature and delaying 

the development of ice. Paradoxically, some freeze-tolerant insects like Epiblemma scudderiana 

also have AFPs. 

Keywords: Dormancy, freeze tolerance, freeze avoidance, Epiblemma scudderiana, Eurosta 

solidaginis 

Introduction: 

Cold dormancy is mainly a type of diapause where reduced metabolic activity is seen in 

the insects under cold or harsh climatic conditions. Mainly in winter this type of prolonged 
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activity is seen and it sometimes called as hibernation. Different type of enzymatic activity is 

seen during cold dormancy to prevent the insect from death. In insects, different stages of the life 

cycle are involved in case of cold dormant form like egg, larva, pupa and adult. The most tough 

stage which is resistant from environmental pressure will lead to go in cold dormancy. In case of 

a single species, only one stage would go to cold dormant position. Example- In rice, the stem 

borer, Scirpophaga incertulus will go under cold dormancy in their 6th instar or last larval stage 

in the stem of rice or in stubbles. 

Methods of cold dormancy: 

In case of go under cold dormancy, insect will choose two methods for surviving in the 

cold condition. They are mainly – 

1. Freeze tolerance 

2. Freeze avoidance 

Freeze tolerance 

Freeze tolerance in insects is ability of some insects to survive ice formation in their 

tissues. Insects that have evolved freeze-tolerance strategies manage to avoid tissue damage by 

ice forms. 

Freeze tolerant insects starts supercooling and initiate the freezing of their body fluids at 

relatively high temperatures. Some insects accomplish this through inoculative freezing, while 

others produce cryoprotectants to control the rate of ice formation. Most freeze-tolerant species 

restrict ice formation to extracellular spaces, as intracellular ice formation is usually lethal. Some 

species, however, are able to tolerate intracellular freezing also. 

Freeze tolerance is more prevalent in insects from the Southern Hemisphere than it is in 

insects from the Northern Hemisphere. 

 
 

Figure 1: Eurosta solidaginis, 

goldenrod gall fly 
Figure 2: Freeze tolerance 
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The third-instar larvae of this dipteran overwinter in ball-shaped stem galls on goldenrod 

plants, where they must endure temperatures well below the freezing point of their body fluids 

throughout several winter months. Ice nucleation limits supercooling to about -7 to -100 C in this 

species, and glycerol and sorbitol are accumulated as colligative cryoprotectants. These polyols 

provide protection against a freeze-induced concentration of cellular contents produced as the 

result of osmotic stresses created by extracellular freezing. Survival of the larvae is limited to a 

maximum of 65% of extracellular water as ice. 

Example- Eurosta solidaginis, goldenrod gall fly. 

Freeze avoidance 

Freeze-avoidant insects cannot tolerate internal ice formation, so they avoid freezing by 

depressing the temperature at which their body fluids freeze. In the supercooling process, a liquid 

cool below its freezing point without changing phase into a solid. In order for water to freeze, a 

nucleus must be present upon which an ice crystal can begin to grow. At low temperatures, 

nuclei may arise spontaneously from clusters of slow-moving water molecules. Alternatively, 

substances that facilitate the aggregation of water molecules can increase the probability that 

they will reach the critical size necessary for ice formation. If no source of nucleation is 

introduced, water can cool down to −42°C without freezing. 

  

Figure 3: Epiblemma scudderiana 

goldenrod gall moth 

Figure 4: Freeze avoidance 

 

 

The freezing process is usually initiated extracellularly in the gut, tissues, or 

haemolymph. In order to supercool to lower temperatures, freeze-avoidant insects will remove or 

inactivate ice-nucleating agents such as food particles, dust particles, and bacteria, found in the 

gut or intracellular compartments of these organisms. Removal of ice-nucleating material from 

the gut can be achieved by cessation in feeding, clearing the gut, and removing lipoprotein ice 

nucleators from the haemolymph. 
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Some insects synthesize cryoprotectants such as polyols and sugars, which reduce the 

whole-body supercooling point. Although polyols such as sorbitol, mannitol, and ethylene glycol 

can also be found, glycerol is by far the most common cryoprotectant and can be equivalent to 

~20% of the total body mass. 

Example- Epiblemma scudderiana, goldenrod gall moth.  

Different enzymes involving cold dormancy: 

 Three mitochondrial enzymes' activity were examined in larvae of two cold-tolerant 

insect species, the freeze-tolerant Eurosta solidaginis and the freeze-averse Epiblema 

scudderiana, over the course of a winter season. In comparison to mid-autumn values, the 

activities of citrate synthase (CS), glutamate dehydrogenase (GDH), and NAD-isocitrate 

dehydrogenase (NAD-IDH) were fell by 50%. By mid-April, all activities in Eurosta solidaginis 

had reached their initial levels. However, as the larvae pupated in late April, activity once more 

dropped. GDH and NAD-IDH activity in Epiblema scudderiana rose in the spring, whereas CS 

activity was largely the same from midwinter on. Mid-October larvae acclimated to 4 or 15°C 

were compared to determine the influence of temperature alone on enzyme activities. The results 

showed higher NAD-IDH activity at 15°C than at 4°C in Eurosta solidaginis (P 0.05 by the 

student's t-test), but lower GDH activity in Epiblema scudderiana at 15°C (P 0.05). By 

acclimatisation, other enzyme activity remained unaltered. Midwinter decreased activity of 

mitochondrial enzymes are consistent with these species' winter hibernation and may be caused 

by lower levels of mitochondria. Other cues besides short-term temperature acclimatisation 

appear to play a significant role in the management of these seasonal variations. 

Processes and enzymes involving fatty acid metabolism: 

Fatty acid content and enzymes of fatty acid metabolism is seen in overwintering larvae 

of two cold-hardy gall insects, the freeze-tolerant fly Eurosta solidaginis and the freeze-avoiding 

moth, Epiblema scudderiana. Both species increases the proportion of unsaturated fatty acids 

during the winter. Whereas, total lipid content does not change in Eurosta solidaginis, a decrease 

in total lipids over the winter in Epiblema scudderiana shows the use of fat reserves to maintain 

basal metabolism. 

Changes in the activities of enzymes of fat oxidation is seen during fall to winter- 

1. In Eurosta solidaginis Hydroxyacyl-CoA dehydrogenase, carnitine- palmitoyl 

transferase, and Acetoacetyl-CoA thiolase activities all are decreased during 

overwintering. 

2. In Epiblema scudderiana the activity of Hydroxyacyl-CoA dehydrogenase is constant, 

carnitine-palmitoyl transferase is decreased and Acetoacetyl- CoA thiolase increased. 
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These activities are, however, higher in the fat-oxidizing, freeze-avoiding species than in 

the freeze-tolerant larvae. Lipid content in Epiblema scudderiana increases again by early spring, 

as the fate of carbon derived from the spring clearance of the cryoprotectant glycerol pool. 

Decreasing activities of malic enzyme and ATP-citrate lyase suggests decreased potential 

for fatty acid synthesis in both species over the winter, consistent with the cessation of feeding in 

the fall. The potential for ketone body metabolism is measured as the activity of P-

hydroxybutyrate dehydrogenase, increases greatly in both species during overwintering.  

Formation of cryoprotectants and subsequent enzyme involvement: 

The activity of some enzymes of intermediary metabolism, including enzymes of 

glycolysis, the hexose monophosphate shunt, and polyol cryoprotectant synthesis, are seen in 

freeze-tolerant Eurosta solidaginis larvae over a winter season and upon entry into pupation. 

Profiles of enzyme activities related to the metabolism of the cryoprotectant glycerol 

indicated that fall biosynthesis may occur from two possible pathways: 

1. glyceraldehyde- phosphate  glyceraldehyde  glycerol 

(Using glyceraldehyde phosphatase and NADPH linked polyol dehydrogenase) 

2. dihydroxyacetone phosphate  glycerol-3- phosphate  glycerol  

(Using glycerol-3-phosphate dehydrogenase and glycerol-3-phosphatase) 

Clearance of glycerol in the spring appeared to occur by a novel route through the action 

of polyol dehydrogenase and glyceraldehyde kinase. 

Profiles of enzyme activities associated with sorbitol metabolism suggested that this 

polyol cryoprotectant is synthesized from glucose-6- phosphate through the action of glucose-6-

phosphatase and NADPH-linked polyol dehydrogenase. 

Removal of sorbitol in the spring appeared to occurs through the action of sorbitol 

dehydrogenase and hexokinase. 

Glycogen phosphorylase activation ensured the required flow of carbon into the synthesis 

of both glycerol and sorbitol. Little change was seen in the activity of glycolytic or hexose 

monophosphate shunt enzymes over the winter. 

Increased activity of the glycerophosphate shuttle in the spring, indicated by greatly 

increased glycerol-3-phosphate dehydrogenase activity, may be key to removal and oxidation of 

reducing equivalents generated from polyol cryoprotectant catabolism. 

Mitochondrial enzymes and their activity during cold dormancy: 

 Larvae of two cold-hardy insects, a freeze tolerant Eurosta solidaginis and a freeze 

avoiding Epiblema scudderiana species, the activities of three mitochondrial enzymes were seen. 

Citrate synthase (CS), glutamate dehydrogenase (GDH), and NAD-isocitrate dehydrogenase 
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(NAD-IDH) activities all are decreased by 50% over the mid-winter compared with autumn 

values. In Eurosta solidaginis all activities are returned to initial values by mid- April, but 

decreased again in late April when the larvae pupate. In Epiblema scudderiana, activities of 

GDH and NAD-IDH increased in the spring, but CS activity remained relatively unchanged from 

mid-winter on. 

Effect of temperature: 

To determine the influence of temperature alone on enzyme activities, mid- October 

larvae acclimate to -4 or 15°C were compared; it showed greater activity of NAD-IDH at 15°C 

than at --4°C in Eurosta solidaginis), but a lower activity of GDH in Epiblema scudderiana at 

15°C. Other enzyme activities were unchanged by acclimation. 

Reduced activities of mitochondrial enzymes in mid-winter are consistent with winter 

dormancy of these species, and could reflect lower mitochondrial numbers at this time. The 

regulation of these seasonal changes appears to be largely a response to cues other than short-

term temperature acclimation. 

Insect control through manipulation of cold dormancy: 

Breaking of cold dormancy in the stressful condition will lead to a promising insect 

control. Preventing cold dormancy, inducing diapause at the wrong time of year, early artificial 

diapause, breaking cold dormancy prematurely, disrupting cold hardening mechanisms, 

interfering with mechanisms of energy storage or utilization are some attractive options. 

Prevention of diapause can be achieved by- 

 Environmental manipulation 

 Physical manipulation 

 Hormonal agents 

 Chemical agents 

Environmental manipulation- 

 Installing artificial light, extending the day length for the European corn borer and the 

codling moth which prevents from going in cold dormancy. 

Physical manipulation- 

 Rearing flesh fly larvae on a shaking platform that generates 160 oscillations per minute 

reduces the incidence of cold dormancy. 
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Chemical agents- 

 In Pieris brassicae, an injection of mescaline sulphate or lysergic acid diethylamide 

(LSD) during the photosensitive period of larval development suppress the cold 

dormancy. 

 In flesh flies, pupal diapause can be prevented by injecting cholera toxin into third instar 

larvae that are nearly ready to pupate. 

Hormonal agents- 

 In Bombyx mori, diapause can be prevented by injecting anti-diapause hormone rabbit 

serum into female 

Early diapause- 

 Precocenes, chromene derivatives known to selectively destroy the corpora allata, will 

cause a non-diapausing, active feeding female Colorado potato beetle to leave the food, 

burrow into the soil and enter a diapause-like state. 

Premature dormancy breaking- 

 Some synthetic peptide or peptide mimic that could be effective in breaking diapause in 

breaking pupal diapause in members of the Heliothis/Helicoverpa complex. 

Disruption in cold hardiness and interrupts in storage mechanisms- 

 Application of juvenile hormone to a young would-be diapause flesh fly larva enters into 

diapause, but such pupae maintain unusually high metabolic rates during diapause, thus 

expending their energy reserves too quickly and break out of diapause early. 

Conclusion: 

Cold dormancy is a huge subject which is untapped for discovering the new scope of pest 

management. It is critical for insects to synchronize their periods of feeding, growth and 

reproductive activities with those times when environmental conditions are not suitable. Winter 

survival for insects relies on adaptive strategies for cold dormancy. Proper implement of the 

methods to control the insects via changing of cold dormancy disruption is needed. It will loose 

the dependency upon different chemicals measures conducting in Agro-ecosystem. 
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Abstract: 

Most of the viruses can be transmitted through insects. Some viruses can be retained up 

to few minutes to hours and some can be retained up to many hours to days. Based on the 

retention time of viruses in insect vectors transmission can be classified into three types Non-

Persistent, Semi-Persistent and Persistent. Virus needs some protein factors to retain in the Insect 

vector. In case of non-persistent transmission virus mostly gets retained on stylet unlike 

semipersistent and Persistent type of transmission. Virus gets retained in foregut mostly in case 

of semipersistent type of transmission and Haemocoel in persistent type of transmission. Two 

main strategies, the capsid and helper strategies, are identified as being involved in the intricate 

and particular interactions between hemipteran vectors and the viruses they carry. For plant 

viruses that are spread by aphids in a non-persistent way, both the strategies are present. 

Numerous studies point to the existence of similar strategies for viruses that spread in a semi-

persistent way as well. Research on the relationships between plant viruses that are transmitted 

by hemipteroid insects has made significant strides as well. These viruses spread in a persistent 

circulative or persistent-propagative form, as long as the insect is alive.  These plant viruses 

travel through the insect vector from the stomach lumen into various tissues, such as the 

haemolymph, and then into the salivary glands, where they are released into the plant host while 

the insect is eating. 

Introduction: 

There are many virus species which are infecting plants causing huge number of diseases. 

If these viruses continue to infect plant species that would be a threat to mankind. Yes! Viruses 

are infecting plant species. How they reach their respective hosts? Is there any means of 

transportation like bus, train and airplane like humans i.e., the answer is no. Then, how they 

spread? that is the biggest question that is going to be raised. Viruses are crystalline agents which 
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are being transmitted mostly through insect as a means of transportation. To get transmitted virus 

has to be interacted with its respective vector. That interaction is being led by different proteins 

that are coded by virus genome. Virus can be spread three different types of transmission (non-

persistent, semi persistent and persistent type of transmission). 

Vector transmission is a distinct stage in the virus life cycle. Viral-encoded determinants 

interact specifically with the vector (receptors), enhancing virus dissemination. Plant-infecting 

viruses must be able to migrate from one plant host to another in order to live. To do so, the vast 

majority of plant viruses employ specialised vectors to ensure their capacity to migrate from one 

plant to another, and plant viruses encode for specific proteins that help this process to assure 

their survival. Although plant-associated organisms such as fungi, nematodes, and other types of 

invertebrates act as vectors for numerous plant viruses, the bulk of plant viruses need specialised 

plant feeding insects as their primary vector(s), therefore this section focuses on insect-

transmitted plant viruses. Proteins encoded by several plant viruses have been found as uniquely 

interacting with their respective insect vectors and facilitating viral transmission, and there are 

numerous outstanding publications and reviews on these topics (Ammar et al., 2009; Hogenhout 

et al., 2008; Ng and Falk, 2006). Recent research, however, suggests that plant virus:vector 

connections are more complicated than previously thought (Blanc et al., 2014; Gutierrez et al., 

2013). Here, We will address the current level of this knowledge, as well as recent intriguing 

translational uses of fundamental understanding of virus: insect vector interactions that have 

opened up new avenues for plant virus and insect vector management. 

Insect Vector interaction in different modes of transmission 

Virus transmission occur in three different types namely non-persistent, semipersistent 

and persistent (non-propagative and propagative) Example of different virus species involved in 

transmission are mentioned in below mentioned table.  

Insect virus interaction in non-persistent transmission 

In numerous circumstances, the vector mouthparts are the locations of viral retention for viruses 

that are transmitted to plants in nonpersistent and semipersistent ways. The mandibular and 

maxillary stylets are found within the proboscis and together they form a tiny elongated needle-

like structure capable of piercing plant cell walls without causing significant harm to plant cells. 

Although diverse Hemipteran insect vectors have many similarities in their mouthparts and 

feeding behaviour, aphids are the only known vectors that spread plant viruses in a nonpersistent 

way mostly. The mouthparts' involvement in obtaining and inoculating viruses in a non-

persistent way is best described in connection to the aphid vector's sampling/feeding behaviour. 

Among virus species virus genera belong to potyvirus are efficiently transmitted through non 
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persistent type of transmission. Other than potyvirus family members, virus species belong to 

family Bromoviridae are transmitted through non-persistent type of transmission. In this type of 

transmission virus species follow two different types of strategies (capsid strategy and Helper 

component strategy). 

Sr. 

no. 

Mode Family Genus No. of 

species 

Virus 

1 Nonpersistent Bromoviridae Alfamovirus 1 Alfalfa mosaic virus 

Bromoviridae Cucumovirus 3 Cucumber mosaic virus 

Potyviridae Macluravirus 2 Maclura mosaic virus 

Potyviridae Potyvirus 91 Potato virus Y 

2 Semipersistent Caulimoviridae Caulimovirus 9 Cauliflower mosaic virus 

Closteroviridae Closterovirus 8 Beet yellows virus 

Sequiviridae Sequivirus 2 Parsnip yellow fleck virus 

Sequiviridae Waikavirus 3 Anthriscus yellows virus 

3 Circulative 

Non 

propagative 

Luteoviridae Enamovirus 1 Pea enation mosaic virus 1 

Luteoviridae Luteovirus 2 Barley yellow dwarf virus 

Luteoviridae Polerovirus 5 Potato leafroll virus 

Luteoviridae Umbravirus 7 Carrot mottle virus 

4 Circulative 

Propagative 

Rhabdoviridae Cytorhabdovirus 8 Lettuce necrotic yellows 

virus 

Rhabdoviridae Nucleorhabdovirus 7 Sonchus yellow net virus 

(Source: Ng and Perry, 2004) 

 

Capsid strategy 

CMV is a well-studied example of a virus that employs the capsid strategy for vector 

transmission and is transmitted in a nonpersistent way (Kaper et al., 1981). Here, Coat protein 

(CP) directly interacts with binding sites (receptors) in the aphid stylet in the capsid approach 

(Figure 1 and 5). 

Helper component strategy 

In helper component strategy some helper components act as bridge between CP of virus 

and insect receptors in stylet. A non-structural protein (HC-Pro-helper component proteinase) 

enhances binding by forming a reversible "molecular bridge" between potyvirus CP and aphid 
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receptors (Figure 2 and 5). Previously, it was considered that the presence of PVY was essential 

for PAMV transmission. Kassanis and Govier (1971) discovered that PAMV (Potato Aucuba 

Mosaic virus) does not need to be present in a mixed infection with PVY to be aphid transmitted. 

Aphids fed on PVY-infected plants first, then migrated to PAMV-infected plants, transmitting 

PAMV; this led to the idea that a helper component was necessary for aphid transmission. Helper 

factors are helper virus-specific gene products that are essential for the transmission of aphid-

transmitted potyviruses. 

  

Figure 1 Figure 2 

 

Insect: virus interaction in semi-persistent transmission 

Semi-persistent viruses can also be transmitted via helper protein or coat protein 

architecture. Caulimoviruses (CaMV) and Closteroviruses are the most well-known semi-

persistent viruses (beet yellows virus, CTV). The helper component of cauliflower mosaic virus 

consists of two non-capsid proteins, one of which is linked with viral particles and the other of 

which includes two binding domains that interact extensively with microtubules. 

Certain viruses can only be spread in the presence of a second virus that works as a helper virus 

in specific instances. CaMV, like other Caulimoviruses, requires a helper component (or aphid 

transmission factor) to be semipersistently transmitted by M. Persicae. The CaMV HC system 

possesses the following characteristics (Blanc et al., 2001): The aphid must receive the HC either 

during or before viral acquisition. Other caulimovirus HC can compensate for CaMV HC 

deficiencies (Markham and Hull, 1987). The CaMV HC system consists of two non-capsid 

proteins, the 18kDa ORFII product (P2 or P18) and the 15kDa ORFIII product (P3). P2 is 

detected in electron-lucent inclusion bodies (ELIBs) in infected cells, whereas P3 is discovered 

in conjunction with viral particles. P2 interacts significantly with microtubules via binding 
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domains located near the N-terminus and the C-terminus, respectively. P2, an HC-Pro (Woolston 

et al., 1987), binds to insect foregut as well as P3, a second viral non-structural protein (Leh et 

al., 1999). The P3-virus particle complex is apparently bound to P2 in the aphid when P2 

connects to the aphid mouthparts (Drucker et al., 2002). This binding must occur before the P3-

virus complex interacts with P2 in order for transmission to occur (Figure 3 and 5). 

 

 

Figure 3 Figure 4 

 

 

Figure 5 Plane 1 (Ng and Falk, 2006) Figure 5 Plane 2 (Ng and Falk, 2006) 

 

According to certain aphid transmission experiments (Chalfant and Chapman, 1962), a 

virus can be transmitted both non-persistently and semi-persistently by the same aphid species. 

This was referred to as bimodal transmission. Chalfant and Chapman (1962) originally referred 
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to this usual manner of transmission as bimodal transmission in the instance of CaMV by M. 

persicae and B. brassicae. 

LIYV immune fluorescence confocal imaging of crinivirus has revealed that virions are 

maintained in the foregut of the whitefly vector Bemisia tabaci via the CPm (Figure 4 and 5). 

Chen and colleagues argued that LIYV virions are likely to be transmitted from the whitefly 

foregut during regurgitation rather than salivation, as demonstrated with aphids and CaMV. 

A diagram depicting the concepts for nonpersistent and semipersistent viral transmission.  

Plane 1: nonpersistent transmission. Coat protein (CP) directly interacts with binding sites 

(receptors) in the aphid stylet in the capsid approach CMV is well studied example here and A 

non-structural protein (HC-Pro-helper component proteinase) enhances binding by forming a 

reversible "molecular bridge" between potyvirus CP and aphid receptors.  

Plane 2: P2, an HC-Pro binds to insect foregut as well as P3, a second viral non-structural 

protein. The P3-virus particle complex is apparently bound to P2 in the aphid when P2 connects 

to the aphid mouthparts. This binding must occur before the P3-virus complex interacts with P2 

in order for transmission to occur. 

Insect virus interaction in persistent transmission 

In persistent type of transmission virus retention time in insect is from few hours to many 

days. Persistent transmission may be circulative non-propagative (Luteovirus) or Circulative 

propagative (Tospovirus, Tenuivirus and Rhabdovirus. Process of persistent transmission has 

shown in Figure number 6. 

 

Figure 6: A diagram depicting persist viral transmission (Hogenhout et al., 2008) 
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Circulative, Non-Propagative Transmission 

In this type of transmission Viruses do not replicate in the tissues of vector, but travel via 

the insect gut, haemolymph and salivary tissue membranes to reach the salivary glands for 

transmission. Luteovirids (transcytotic dissemination pathway), geminiviruses and nanoviruses 

are vectored by insects which feed on phloem tissues mostly.  

Within Luteoviruses Virions are carried through the alimentary canal after ingestion, 

where they engage with the gut epithelial surface to aid adsorption to hindgut or midgut cells via 

receptor-mediated endocytosis. Following that, virions are transported to the hemocoel via 

exocytosis and finally pass-through salivary gland membranes for transmission via saliva 

following plant sap consumption. 

The endosymbiotic bacteria Buchneria spp.found in aphids produce the binding protein 

symbionin or GroEL, which interacts with numerous luteoviruses and other viruses. This protein, 

found in Aphid haemolymph, is a member of the molecular chaperone family, which is important 

for protein structural stabilisation. The read-through domain of the minor capsid protein, which 

is required for viral retention in the haemolymph, determines the interaction of luteoviruses with 

symbionin (van den Heuvel et al., 1999). The acquisition and transmission of luteovirids is 

extremely particular and appears to be aided at different phases of the process by the major CP 

and minor CP-read-through protein (RTP) domains. CP-RTP is necessary for Symbionin 

interaction and passage through the accessory salivary gland membranes. 

Geminiviruses appear to require CP for transmission and follow a similar circulative path 

as luteoviruses. Heat shock protein 70 (HSP70) and GroEL chaperone proteins have been linked 

to haemolymph transport and stabilisation. 

Circulative, Propagative Transmission 

Reovirus 

They are distinguished by vector insect tissue replication and systemic penetration prior 

to transmission via salivary glands. The plant reovirus rice dwarf virus (RDV) infection 

mechanism in the leafhopper Nephotettix cincticeps requires the outer CP P2 for endocytosis 

through clathrin-coated vesicles. Following this, P2-mediated RDV virions are released from 

endosomes to commence viral multiplication, assembly, and interaction with RDV-induced 

tubular structures. In plants, the RDV non-structural Pns10 protein generates cell-to-cell mobility 

related-tubules, which are also important for intracellular dissemination in the leafhopper vector. 

Virions propagate throughout the insect body, including the salivary glands, by moving via these 

tubular structures along actin-based microvilli and gut muscle tissue in the alimentary canal. 

RDV Pns10 was also shown to bind with the cytoplasmic actin of N. cincticeps but not Recilia 
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dorsalis (an inefficient leafhopper vector), suggesting that actin was necessary for both viral 

transmission and virus-vector specificity (Dietzgen, et al., 2016). 

Tospoviruses 

Tomato spotted wilt virus (TSWV) and other viruses similarly create tubules in plants for 

viral transport (Lewandowski et al., 2005). However, no tubular structures were identified 

throughout the infection process in Frankliniella occidentalis, despite the fact that this can be 

created by non-structural movement protein (NSm) (Storms et al., 1995). TSWV propagation 

and virus-vector interactions in thrips are well understood. TSWV most likely infects the salivary 

glands after collecting in the visceral muscles of the midgut and foregut, as well as the ligaments 

that link the midgut to the salivary glands after exiting the midgut epithelial cells (Moritz et al., 

2004, Nagata et al., 1999). Numerous investigations have shown that the TSWV surface 

glycoproteins Gn and Gc play an important role in thrips midgut penetration (Nagata et al., 2000, 

Resende et al., 1991, Sin et al., 2000). A soluble form of Gn protein exclusively bound to thrips 

midgut epithelial cells in vivo and inhibited TSWV binding competitively (Whitefield et al., 

2004, 2005, Garry et al., 2004, Badillo-Vargas et al., 2012, Rotenberg D et al., 2010). 

Tenuiviruses 

Planthoppers and leafhoppers transmit viruses, and their vectors spread across a variety 

of organs (Nault et al., 1989, Zheng et al., 2014). Tissue tropism varies amongst tenuiviruses. 

Invasion of the main and Accessory Salivary Glands is required for viral transmission in the 

planthopper Nilaparvata lugens. Rice stripe virus (RSV) is detected solely in the planthopper 

Laodelphax striatellus ovarioles and the principal salivary glands (Deng et al., 2013, Wu et al., 

2014). Interestingly, despite the fact that tenuiviruses lack an envelope, they appear to encode 

glycoproteins similar to tospovirus Gn and Gc proteins. Both tenuivirus glycoproteins are found 

exclusively in the endoplasmic reticulum (ER) of insect cells and are hypothesised to facilitate 

virus absorption during feeding by functioning as helper components similar to those seen in 

non-circulatory viruses. Tenuivirus non-structural protein(s) (NS) - vector propagation and 

transovarial transmission from infected mothers to offspring. 

The planthopper vector's NS4 protein is necessary for RSV propagation via visceral 

muscle tissues to the salivary glands via direct contact between NS4-induced cytoplasmic 

inclusions and RSV filamentous RNP (Ribonucleo protein) particles. In L. striatellus, RSV 

invasion of ovarioles is reliant on the host protein vitellogenin (Vg) and involves Vg interaction 

with RSV main nucleocapsid protein pc3 (huo et al., 2014). 
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Rhabdoviridae 

Aphids, planthoppers, and leafhoppers transmit monopartite cyto- and 

nucleorhabdoviruses with recognised vectors in a sustained, circulative-propagative manner. 

Hemipteran insect midgut epithelial cells are coated with muscle tissues that govern the mobility 

of the foregut and midgut and are related to nerve tissue via a network of ganglia. Plant 

rhabdoviruses can exploit these connections as an alternate route to the salivary glands if they are 

obtained via sap feeding. Plant rhabdovirus glycoprotein (G) spikes on the surface of virions are 

predicted to interact with receptors in the midgut, allowing virions to enter epithelial cells via 

endocytosis. However, little is known about plant rhabdovirus molecular interactions with their 

insect vectors, and G protein receptors remain unknown (Jackson et al., 2005, Mann et al., 

2014). 

Conclusion: 

Plant virus-related disease occurrences are expected to rise in the future, according to 

experts. More intensive farming techniques, such as growing crops all year, may encourage the 

formation of disease and vector reservoirs. Climate change may also allow some vector 

populations to expand and/or proliferate, resulting in more viral disease outbreaks in more 

temperate parts of the planet. Leafhoppers and plant hoppers, unlike aphids, are more common in 

areas with mild winters. These insects cannot live for lengthy periods of time at temperatures 

below freezing, yet numerous species can move large distances. Indeed, temperate countries in 

Europe and northern America that have seen milder winters in recent years have seen an increase 

in insect-transmitted illness in a variety of crops, ornamental flowers, and trees. Reduced 

pesticide usage linked with organic farming techniques, as well as the deployment of transgenic 

crops with resistance to lepidopterans and beetles, may indirectly result in bigger populations of 

virus-transmitting hemipteroids. Traditionally, researchers have focused on developing virus-

resistant plant types. Plant resistance to hemipteroid insects, on the other hand, may be effective 

for controlling illnesses caused by chronically transmitted viruses, with the added benefit of 

potentially decreasing pesticide use for pest and disease control. Questions about vector 

specificity and how plant viruses overcome various transmission obstacles in their vectors are 

still being researched. The functions of viral proteins, insect proteins, virus receptors, insect 

symbionts, and the haemolymph and other tissues in the transmission process, including as the 

tracheae, visceral muscles, and nerve tissues, remain unanswered. Furthermore, barriers to 

transovarial or "vertical" viral transmission in their vectors are largely understudied. With the 

development of modern molecular technologies, it is envisaged that such functions may be 
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further explored and eventually used to battle plant viruses and associated epidemics in 

economically significant crops. 
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Introduction: 

Green plants and certain other organisms convert light energy into chemical energy 

through a process called photosynthesis. Light energy is gathered and utilized during 

photosynthesis in green plants to change water, carbon dioxide, and minerals into oxygen- and 

energy-rich organic molecules. Thus, photosynthesis is only the process of turning solar energy 

(light) into chemical energy. Reduction of carbon dioxide to carbohydrates is the process at hand.  

        In addition to green plants, other creatures can also engage in photosynthesis. Several 

prokaryotes are among them, including cyanobacteria, purple bacteria, and green sulphur 

bacteria. The photosynthesis of these organisms is comparable to that of green plants. The 

numerous biological processes are then powered by the glucose created during photosynthesis. 

Oxygen is a by-product of this physio-chemical process. Plants, algae, and some bacteria use 

photosynthesis to convert sunlight, carbon dioxide (CO2), and water into food (sugars), oxygen, 

and other compounds.  

  There are two types of photosynthetic processes: 

1. Oxygenic photosynthesis and   2. Anoxygenic photosynthesis 

They both follow very similar principles, but oxygenic photosynthesis is the most 

common and is seen in plants, algae and cyanobacteria.  

Light energy is used in oxygenic photosynthesis to convert water (H2O) absorbed by 

plant roots into CO2 and generate carbohydrates. In this process, the water is "oxidised," or loses 

electrons, while the CO2 is "reduced," or gains electrons. Carbohydrates are generated along with 

oxygen. By absorbing the CO2 that is created during respiration and delivering oxygen back into 

the air, oxygenic photosynthesis acts as a counterweight to respiration. 

According to "Anoxygenic Photosynthetic Bacteria," the process normally takes place in 

bacteria like green sulphur bacteria and phototrophic purple bacteria. Anoxygenic 
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photosynthesis, however, employs electron donors that are not water and does not produce 

oxygen.  

Photosynthesis Equation 

Though both types of photosynthesis are complex, multistep affairs, the overall process 

can be neatly summarized as a chemical equation. The oxygenic photosynthesis equation is:  

6CO2 + 12H2O + Light Energy → C6H12O6 + 6O2 + 6H2O 

Here, light energy is used to mix 12 molecules of water (H2O) with six molecules of carbon 

dioxide (CO2). A single glucose molecule (C6H12O6) and six molecules each of oxygen and 

water are produced as a result. Similarly, a single generalized formula can be used to represent 

all anoxygenic photosynthesis reactions: 

CO2 + 2H2A + Light Energy → [CH2O] + 2A + H2O 

The letter A in the equation is a variable, and H2A represents the potential electron donor. For 

example, "A" may represent sulfur in the electron donor hydrogen sulfide (H2S),  

Photosynthesis in Plants 

Photosynthesis in plants mostly takes place in the leaves. Since carbon dioxide, water, 

and sunlight are required for photosynthesis, each of these elements must be acquired by or 

transferred to the leaves. Stomata, which are little pores found in plant leaves, are how carbon 

dioxide is captured. The stomata also allow for the discharge of oxygen. The roots of the plant 

absorb water, which is then transported to the leaves by vascular plant tissue systems. 

Chlorophyll, a green pigment found in the chloroplasts of plant cells, absorbs sunlight. 

Photosynthesis takes place in chloroplasts. The various structures found in chloroplasts each 

have a distinct purpose: 

 Inner and outer membranes, which act as a barrier to protect chloroplast structures. 

 Stroma, a viscous fluid found inside chloroplasts the location where carbon dioxide is 

converted to sugar. 

 Flattened membrane sac-like structures known as thylakoids the location where light 

energy is converted to chemical energy. 

 Grana, which are thickly stacked stacks of thylakoid sacs locations where light energy is 

converted to chemical energy. 

 Chlorophyll, a chloroplast-stored green pigment takes in light energy. 

 

https://www.livescience.com/45986-what-is-chemistry.html
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Factors that influence the rate of photosynthesis 

Light: It is one of the major factors affecting photosynthesis. Photosynthesis cannot occur in the 

dark and the source of light for the plants is sunlight. Three attributes of light are important for 

photosynthesis: 

Intensity: Beginning at low light levels, photosynthesis progresses until it reaches its peak during 

the hottest part of the day. Varying plants require different amounts of light. Light is typically not 

a limiting factor at high intensity because photosynthesis only utilises up to 1.5 percent of light in 

the process. No matter how much water or CO2 is available, photosynthesis cannot take place 

without light, hence in low intensity, the light turns into a limiting element.  

When the intensity is strong, the plant's temperature rises, which causes the plant to 

transpire more. As a result, the stomata close and the amount of CO2 taken in decreases. Thus, 

photosynthesis will gradually decrease until it stops altogether. As a result, too much light 

prevents photosynthesis. 

Quality Engelmann's experiments demonstrate that the chlorophyll is the most efficient at 

absorbing the red and blue portions of the light spectrum. Thus, when the plant is exposed to light 

of these wavelengths, photosynthesis is at its peak. 

Duration: The longer the plant is exposed to light, the longer the process of photosynthesis will 

continue. As long as the temperature of the plant remains balanced, photosynthesis will occur. 

 

https://www.toppr.com/guides/biology/photosynthesis-in-higher-plants/introduction-to-photosynthesis/
https://www.toppr.com/guides/science/light/sunlight-white-or-coloured/
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Carbon Dioxide Concentration: Among other gases, carbon dioxide makes up 0.3% of the 

atmosphere. Carbon dioxide from the air is absorbed by plants. However, because there is so little 

CO2 in the air, photosynthesis is constrained. Research has been done to examine how the amount 

of CO2 in the atmosphere affects the rate of photosynthesis. 

It has been observed that an increase in CO2 content causes an increase in the rate of 

photosynthesis when light and temperature are not the limiting parameters. But beyond a certain 

point, CO2 begins to build up in the plant, which slows down the process. Therefore, too much CO2 

prevents photosynthesis, particularly when it starts to accumulate. 

Temperature: Every biological and biochemical activity, it is frequently observed, operates best 

within a specific temperature range. The same is true with photosynthesis. When CO2 and light are 

not limiting variables, it has been observed that the rate of photosynthesis rises with temperature 

until it reaches the ideal level for that plant. The enzymes are killed or rendered inactive above the 

optimal levels on both sides of the normal range, which causes photosynthesis to cease. 

Water: One of the most significant elements influencing photosynthesis is thought to be water. The 

stomata start to close to prevent any water loss during transpiration when there is a decrease in 

water intake or availability. As the stomata close, the CO2 intake stops as well, which has an impact 

on photosynthesis. Water's impact on photosynthesis is therefore more indirect than direct. 

Oxygen: For photosynthesis to occur, oxygen levels must be at their highest. In C3 plants, 

photorespiration requires oxygen, and as a byproduct, CO2, which is necessary for photosynthesis, is 

produced. Additionally, the process of photosynthesis requires the energy produced during oxygen 

respiration. However, photosynthesis is inhibited when oxygen levels rise over what is ideal for 

plants. 

Minerals: For optimal rates of photosynthesis and good plant growth, a number of minerals are 

necessary. For the synthesis of amino acids, proteins, coenzymes, deoxyribonucleic acid (DNA) 

and ribonucleic acid (RNA), chlorophyll and other pigments, and other crucial plant components, 

significant amounts of nitrogen, sulphate, phosphate, iron, magnesium, calcium, and potassium 

are needed. Manganese, copper, and chloride are needed in smaller quantities for photosynthesis. 

Other trace elements are required for a variety of plant non-photosynthesis processes. 

Internal factors: Each plant species has evolved to accommodate a variety of environmental 

elements. Complex regulatory mechanisms in the plant's cells regulate the activity of enzymes 

within this usual range of circumstances (i.e., organic catalysts). These modifications keep the 

total photosynthetic process in balance and regulate it in accordance with the requirements of the 

entire plant. For a certain plant species, doubling the carbon dioxide level can result in a brief 

boost in photosynthesis that is nearly two times as fast; however, a few hours or days later, the 
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rate might return to its previous level since photosynthesis generated more sucrose than the plant 

could use. By contrast, another plant species provided with such carbon dioxide enrichment 

might be able to use more sucrose, because it had more carbon-demanding organs, and would 

continue to photosynthesize and to grow faster throughout most of its life cycle. 

Chloroplast the photosynthetic units of green plants 

The chloroplast, a type of plastid, is the area of the plant cell where photosynthesis takes 

place. Light energy is captured by the chloroplast, which converts it into chemical energy that is 

then stored as food (Carbohydrates). The process of photosynthesis depends on chloroplasts. 

Additionally, the chloroplast has its own ribosomes, RNA, and DNA. While some of the 

chloroplast proteins are produced via transcription and translation within the chloroplast itself, 

others are produced by cytoplasmic ribosomes using nuclear DNA as an encoding source before 

being imported into the chloroplast. 

Chloroplast structure 

Stacks of the internal (thylakoid) membrane vesicles are found in the stroma, a matrix 

that serves as their home. The membranes of the thylakoid vesicles hold all of the chlorophyll 

found in chloroplasts. Only the thylakoids experience the light reactions. Lamellae's intricate 

structural arrangement is crucial for proper thylakoid function, and healthy thylakoids are 

required to produce ATP. Even though the conversion of light into chemical energy occurs 

during electron transport in these units, thylakoids that have been divided into smaller units are 

no longer capable of producing ATP. The Hill reaction, which involves the transfer of electrons 

from water to NADP+, can be performed by such lamellar fragments. 

                              

The process of photosynthesis: 

The process of photosynthesis is a complicated oxidation reduction process resulting 

ultimately in an oxidation of water & reduction of CO2. 

The mechanism of photosynthesis consists of two parts: 

[A] Light Reaction (Primary Photochemical Reaction) 

[B] Dark Reaction (Path of carbon in photosynthesis) 
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The light reactions: 

Occurs in Grana to produce reducing power (NADPH+H+) and ATP through photolysis 

of water. It is faster than the dark reaction. The light reaction occurs in two photosystems (units 

of chlorophyll molecules): 

1. Photosystem I (PSI)     

2. Photosystem II (PSII) 

Numerous studies have been done on the structural and photochemical characteristics of 

the smallest particles capable of performing light reactions I and II. These particles, referred to as 

photosystem I and II, are released when neutral detergents are applied to lamellar fragments. The 

components of the photosystems have been identified with the use of subsequent harsher 

treatment (with charged detergents) and separation of the individual polypeptides with 

electrophoretic methods. A light-harvesting complex and a core complex make up each 

photosystem. Each core complex has a reaction centre that houses the photochemically 

oxidizable pigment (P700 or P680), as well as electron acceptors and donors. A further 40 to 60 

chlorophyll molecules linked to proteins are present in the core complex. The reaction centres 

are primarily excited by the pigments of the light-harvesting complex, in addition to the light that 

is absorbed by the chlorophyll molecules in the core complex. 

Photosystem II preferentially absorbs red light of 680 nm and is driven very poorly by 

far-red light, while photosystem I preferentially absorbs far-red light of wavelengths larger than 

680 nm. The red drop effect and the amplification effect are both explained by this wavelength 

dependence. Another distinction between the two photosystems is that Photosystem I creates a 

powerful reductant that can reduce NADP+ and a weak oxidant, whereas Photosystem II 

produces a very strong oxidant that can oxidise water and a weaker reductant than Photosystem I. 

The reductant produced by photosystem II re-reduces the oxidant produced by photosystem I. 

 

Photophosphorylation 

During photosynthesis, a process known as photophosphorylation produces ATP from 

ADP and inorganic phosphate. The process of photophosphorylation uses light energy from 
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photosynthesis to generate the energy needed to convert ADP to ATP, replenishing the universal 

energy unit of life. Chlorophyll and other pigment molecules absorb light during 

photophosphorylation, or the light-dependent processes. 

Types- 

1. Cyclic Photophosphorylation 

2. Non-Cyclic Photophosphorylation 

1. Cyclic Photophosphorylation 

 Only one photosystem i.e. PS-1(700) participate. 

 No photolysis of water. 

 No evolution of Oxygen. 

 Reduction of NADP+ to NADPH+ H+ does not occur. 

 Assimilatory power is only ATP. 

2. Non cyclic Photophosphorylation - (Z-Scheme) 

 Both Photosystem participate. 

 Photolysis of water occurs (at PS2). 

 ATP formation and reduction of NADP+ to NADPH + H+ takes place. 

 Assimilatory power is ATP and NADPH + H+. 

 

Difference between Cyclic & Non Cyclic Reaction 
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[B]. Dark Reaction 

The dark reaction of photosynthesis is purely enzymatic & slower than the light reaction. 

It takes place in stroma portion of chloroplast & is independent of light. Reduction of CO2 to 

Carbohydrates by using assimilatory power. There are three pathways of dark phase of CO2 

Fixation:- 

 Calvin Cyclic : C3 Cycle 

 Hatch & Slack Cycle : C4 Cycle 

 CAM Cycle. 

Calvin Cyclic: C3 Cycle 

The synthesis of intermediate sugar phosphates occurs in a cyclic process during the 

Calvin-Benson cycle, which involves the fixation, reduction, and use of carbon. Three molecules 

of carbon dioxide are used in a full cycle, which results in the production of one molecule of the 

three-carbon chemical glyceraldehyde-3-phosphate (Gal3P). Normally, the chloroplasts either 

export this three-carbon sugar phosphate or transform it internally into starch. 

The critical steps in this pathway make use of the ATP and NADPH produced during the 

light reactions, which supply the energy and reducing equivalents (i.e., electrons) needed to 

move the sequence in the direction depicted. Two molecules of NADPH and three molecules of 

ATP from the light reactions are needed for every carbon dioxide molecule that is fixed. The 

following graphic illustrates the entire response: 

 

The cycle is composed of four stages: 

 (1) Carboxylation      (2) Reduction 

 (3) Isomerization/Condensation/Dismutation  (4) Phosphorylation. 
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C3 plants Example- Wheat, Rice, Cotton, Pulses, and Tomato. 

Adaptive Value: More efficient than C4 and CAM plants under cool and moist conditions and 

under normal light because requires less machinery (fewer enzymes and no specialized 

anatomy). 

Hatch & Slack Cycle: C4 Cycle  

Kranz anatomy, a distinctive leaf anatomy found in C4 plants, is common. The Hatch-

Slack pathway, also known as C4 carbon fixation, is one of three recognised photosynthetic 

carbon fixation pathways in plants. In addition to the more typical and ancestral C3 carbon 

fixation, C4 fixation also occurs. RuBisCO, the primary carboxylating enzyme in C3 

photosynthesis, catalyses two separate processes using either CO2 (carboxylation) or oxygen 

(oxygenation) as a substrate. The inefficient process of photorespiration is created by the latter 

step, oxygenation. By concentrating CO2 around RuBisCO, C4 photosynthesis lowers 

photorespiration. C4 leaves often differentiate two partially segregated compartments known as 

mesophyll cells and bundle-sheath cells in order to make sure that RuBisCO functions in a 

situation where there is a lot of carbon dioxide and very little oxygen. The enzyme PEP 

carboxylase fixes CO2 at first in the mesophyll cells by reacting the three-carbon 

phosphoenolpyruvate (PEP) with the gas to create the four-carbon oxaloacetic acid (OAA). 

Chemically, OAA can be transmutated into aspartate or reduced to malate. As a result of these 

intermediates diffusing to the bundle sheath cells and being decarboxylated there, RuBisCO is 

surrounded by a CO2-rich environment, which inhibits photorespiration. The resultant pyruvate 

(PYR) diffuses back to the mesophyll along with about half of the phosphoglycerate (PGA) 

created by RuBisCO. To complete the reductive pentose phosphate cycle, PGA is chemically 

reduced and diffuses back to the bundle sheath (RPP). The functioning of C4 photosynthesis 

depends on this exchange of metabolites. 
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C4 plants Example : Sugarcane, Maize, Bajra, Sorghum, etc. 

Adaptive value: Photosynthesizes faster than C3 plants under high light intensity and high 

temperature and has better Water Use Efficiency because PEP Carboxylase brings in CO2 faster 

and so does not need to keep stomata open as much (less water lost by transpiration) for the same 

amount of CO2 gain for photosynthesis.  

Crassulacean acid metabolism (CAM) 

Crassulacean acid metabolism, also known as CAM photosynthesis, is a carbon 

fixation pathway that evolved in some plants as an adaptation to arid conditions that allows a 

plant to photosynthesize during the day, but only exchange gases at night. The stomata in the 

leaves of a plant that uses complete CAM close during the day to lessen evapotranspiration, but 

open at night to capture carbon dioxide (CO2) and allow it to permeate into the mesophyll cells. 

During the day, the malate is transferred to chloroplasts where it is transformed back to CO2, 

which is then used during photosynthesis. At night, the CO2 is stored as the four-carbon acid 

malic acid in vacuoles. The enzyme RuBisCO is surrounded by a concentration of pre-collected 

CO2, which improves photosynthetic efficiency. Plants in the Crassulaceae family were the ones 

that initially revealed this process of acid metabolism. Stomata open at night (when evaporation 

rates are usually lower) and are usually closed during the day The CO2 is converted to an acid 

and stored in the Vocule during the night. During the day, the acid is broken down and the CO2 is 

released to RUBISCO for photosynthesis. 

 

Example of CAM: Include many succulents such as- Cactus, Aloe, Agava, etc. 

Adaptive Value:  

Better Water Use Efficiency than C3 plants under arid conditions due to opening stomata 

at night when transpiration rates are lower (no sunlight, lower temperatures, lower wind speeds, 

https://en.wikipedia.org/wiki/Carbon_fixation
https://en.wikipedia.org/wiki/Carbon_fixation
https://en.wikipedia.org/wiki/Plant
https://en.wikipedia.org/wiki/Arid
https://en.wikipedia.org/wiki/Photosynthesis
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etc.). May CAM-idle. When conditions are extremely arid, CAM plants can just leave their 

stomata closed night and day.  

Differences in carbon fixation pathways:  

C3 
Calvin-Benson 

cycle on 

phosphoglycerate 

(PGA), a three-

carbon acid 

open during 

the day, 

closed at 

night 

not 

suppressed 

plants living 

in colder, wetter 

environments 

characterized by 

low-to-medium light 

intensities 

C4 

adds CO2 to 

phosphoenolpyruv

ate (PEP) to form 

oxaloacetate first; 

the Calvin-Benson 

cycle follows 

oxaloacetate, a 

four-carbon acid, 

which is later 

reduced to malate 

open during 

the day, 

closed at 

night 

suppressed 

plants living in 

warmer, drier 

environments 

characterized by 

high light intensity 

CAM* 

adds CO2 to 

phosphoenolpyruv

ate (PEP) to form 

oxaloacetate first; 

the Calvin-Benson 

cycle follows 

oxaloacetate, a 

four-carbon acid, 

which is later 

reduced to malate 

and stored in 

vacuoles 

open at 

night, closed 

during the 

day 

suppressed 

succulents (members 

of Crassulaceae), 

which occur in 

warmer, drier 

environments 

characterized by 

high light intensity 
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Abstract: 

A class of organic, naturally occurring chemicals known as plant hormones affect 

physiological functions at low doses. Growth, differentiation, and development are the primary 

processes impacted, while other processes, like stomatal movement, may also be impacted. 

Although the word "phytohormones" is rarely used, plant hormones have also been referred to as 

such. In this chapter we have includes general information regarding plant hormones under 

which we have the nature, occurrence and effect of the plant hormones. 

Introduction: 

A class of organic, naturally occurring chemicals known as plant hormones affect 

physiological functions at low doses. Growth, differentiation, and development are the primary 

processes impacted, while other processes, like stomatal movement, may also be impacted. 

Although the word "phytohormones" is not often used, plant hormones have also been referred 

to as such. 

Went and Thimann defined a hormone as a chemical that is conveyed from one portion 

of an organism to another in their 1937 book Phytohormones.  The idea of a hormone in 

mammals served as the basis for its initial application in plant physiology. A localised site of 

synthesis, circulatory delivery to a target tissue, and hormonal concentration-based regulation of 

the target tissue's physiological response are all involved in this. The first plant hormone 

discovered, auxin, causes a growth response some distance from the location of its synthesis, 

making it a transported chemical messenger. But this was back when we didn't fully understand 

the scope of what we now know as plant hormones. It is now evident that plant hormones do not 

meet the criteria for a hormone in the sense of a mammalian.   

As with animal hormones, plant hormone synthesis can be localised, but it can also take 

place in a variety of tissues or cells within tissues. While they might be moved and take place 

remotely, this isn't always the case. The movement of cytokinins from roots to leaves, where 

mailto:ss916199@gmail.com
mailto:bvs955rajpoot@gmail.com
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they delay senescence and sustain metabolic activity, is at one extreme, but the generation of the 

gas ethylene, which is created in the same tissue or cell, may result in alterations. Therefore, a 

plant hormone's ability to transfer is not a necessary quality.  

About 100 years ago, the word "hormone" was initially employed in medicine to refer to 

a stimulatory agent. Today, however, it is used to refer to a conveyed chemical message. In 

actuality, the word is Greek in origin and means "to stimulate" or "to set in motion." The 

description of a plant hormone given above is far closer to the Greek origin of the word than is 

the present definition of hormone employed in the context of animal physiology, therefore the 

origin of the word itself does not require the notion of transport per se.   

A special group of substances with a distinctive metabolism and set of characteristics. 

Their ability to influence physiological processes at concentrations considerably below those at 

which minerals or vitamins would affect these processes is the sole thing that unites them as 

natural substances found in plants.  

 Development of the plant hormone concept: 

Darwin first observed the phototropism of grass coleoptiles around the same period, 

which inspired him to assume the presence of a signal that was carried from the tip of the 

coleoptile to the lower bending areas. Following additional descriptions of the signal's 

movement by various researchers, went in the Netherlands was able to isolate the chemical by 

diffusion from coleoptile tips into agar blocks. When these blocks were replaced on the tips of 

decapitated coleoptiles, the decapitated coleoptiles grew more quickly and bent when placed 

asymmetrically on these tips. This proved the presence of a substance that promoted growth and. 

From Sachs' studies of morphogenic and developmental relationships between 1880 and 1893, 

the plant hormone theory is most likely derived. He hypothesised the existence of substances 

that compose the roots, flowers, and other parts of the plant, and suggested that "Morphological 

distinctions across plant organs are attributable to differences in their material composition" 

(Went and Thimann, 1937).   

  Plant hormones are also referred to as "plant growth substances," although this is a fairly 

ambiguous word that does not fully capture what these natural regulators do—growth is merely 

one of the numerous processes they regulate. The "International Plant Growth Substance 

Association" is the global organisation for the study of plant hormones (IPGSA). Although the 

word "plant growth regulator" is a little more exact, the agrichemical industry has mostly used 

this term to distinguish manufactured plant growth regulators from endogenous growth 

regulators. The coleoptile bent away from the side with the larger concentration because it was 

produced in the coleoptile tips, migrated basipetally, and was dispersed asymmetrically.  This 
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substance was originally named Wuchsstoff by Went, and later this was changed to auxin.  After 

some false identifications the material was finally identified as the simple compound 

indoleacetic acid, universally known as IAA (Wildman, 1997).  

Discovery of other hormones   

It's interesting to note that, among the initial group of plant hormones that were first 

identified, only the chemical makeup of abscisic acid was derived from higher plant tissue. The 

original identification of the remaining substances came from extracts that had hormone-like 

actions on plants, including auxin from urine and Rhizopus fungal cultures, gibberellins from 

Gibberella culture filtrates, cytokinins from autoclaved herring sperm DNA, and ethylene from 

lighting gas. 

Despite being utilised for hormone quantification, immunoassay is thought to be 

substantially less accurate because to the effects of other substances and cross reactivity. 

However, immunoassay columns can make it possible to isolate plant hormones with extreme 

precision before more thorough physico-chemical characterization. Large strides have been 

made in analysing and localising the expression of genes for hormone biosynthesis using 

sensitive techniques like PCR (polymerase chain reaction) or the expression, in transgenic 

plants, of marker genes driven by promoters of one or more steps in the biosynthetic process. 

However, the precise level and location of the hormones within the individual tissues and cells is 

still largely elusive. By evaluating the position of marker gene expression driven by promoters 

of genes known to be triggered by the presence of hormone, the location of hormone action in 

tissues and cells has also been studied (Leopold, 1980). 

 Nature, occurrence, and effects of the plant hormones 

Auxin 

Nature 

Indole-3-acetic acid (IAA) is the main auxin in most plants.  

 

It's possible that substances that behave as IAA precursors also have auxin action (e.g., 

indoleacetaldehyde). Other substances found in some plants have limited auxin action (e.g., 

phenylacetic acid). IAA can also be found in a number of conjugates, including indoleacetyl 

aspartate. There have also been reports of 4-chloro-IAA in a number of species, however it is 

unclear how much of the endogenous auxin action in plants can be attributed to 4-Cl-IAA. 

Several synthetic auxins are also utilised in industry.    
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Sites of biosynthesis  

IAA is typically produced in leaf primordia, immature leaves, and developing seeds from 

tryptophan or indole. IAA is transported from cell to cell, primarily in the procambial strands 

and vascular cambium, but also possibly in epidermal cells. The phloem is likely also involved 

in transport to the root.  

Effects  

 Vascular tissue differentiation – auxin stimulates differentiation of phloem and xylem. 

Cell enlargement – auxin stimulates cell enlargement and stem growth. Cell division – 

auxin stimulates cell division in the cambium and, in combination with cytokinin, in 

tissue culture 

 Root initiation – auxin stimulates root initiation on stem cuttings, as well as the 

development of branch roots and the differentiation of roots in tissue culture Auxin 

governs the tropistic (bending) response of shoots and roots to gravity and light. 

 The auxin supply from the apical bud inhibits the growth of lateral buds in an 

arrangement known as apical dominance. Auxin delays the senescence of leaves.  

 Fruit setting and growth – auxin induces these processes in some fruits • Assimilate 

partitioning – assimilate movement is enhanced towards an auxin source possibly 

through an effect on phloem transport. Fruit ripening – auxin delays ripening. Flowering 

– auxin promotes flowering in Bromeliads  

 Growth of flower part – auxin inhibits or promotes (via ethylene) leaf and fruit 

abscission depending on timing and) (Burg and Burg, 1966; Mulkey et al., 1982). 

Gibberellins (GAs) 

There are about 125 members of the gibberellins (GAs) family of compounds, which are 

based on the entgibberellane structure. Their structures are available online. While gibberellic 

acid (GA3), a fungus-produced substance, is the most extensively used substance, the most 

significant GA in plants is GA1, which is principally responsible for stem elongation (9). The 

growth-active GA1 is a forerunner to several other GAs.  

Sites of biosynthesis  

Young tissues of the developing seed and shoot manufacture GAs from glyceraldehyde-

3-phosphate via isopentenyl diphosphate. Their biosynthesis begins in the chloroplast and 

progresses through cytoplasmic and membrane processes. GAs is likely moved through the 

xylem and phloem (Yang et al., 2004; Yamaguchi, 2008). However, it appears that the major 

bioactive polar GA1 cannot travel very far.  
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Effects  

  GA1 stimulates both cell division and cell elongation in order to generate stem 

hyperelongation. Instead of producing tiny plants, this results in tall ones. In response to long 

days, GAs stimulate stem elongation in plants that are ready to bolt. Seed germination induction 

- GAs can trigger germination in some seedlings that ordinarily need cold (stratification) or light 

to do so. Production of various enzymes during germination - GA encourages the production of 

a lot of enzymes, especially -amylase, in cereal grains. Some fruits, like grapes, can have their 

fruit setting and growth triggered by exogenous treatments. The endogenous function is unclear. 

Male flower initiation in dioecious flowers  

Cytokinins (CKs) 

Nature  

Adenine derivatives known as CKs have the capacity to stimulate cell proliferation in 

tissue culture (in the presence of auxin). Zeatin is the most prevalent cytokinin base in plants. 

Ribosides and ribotides are additional forms of cytokinins (Yamada et al., 2001). Adenine is 

biochemically modified during CK production. It appears in growing seeds and root tips. The 

xylem transports CK from the roots to the shoots.  

 

Effects  

Exogenous injections of CKs stimulate cell division in tissue culture when auxin is 

present. The crown gall tumours on plants also experience this endogenously. The fact that CKs 

are found in tissues with cells that are actively dividing (such as fruits and shoot tips) suggests 

that CKs may naturally serve this purpose in plants. Shoot initiation is encouraged by 

morphogenesis in tissue culture and crown gall CKs. CKs cause bud development in moss. 

Growth of lateral buds can free lateral buds from apical dominance through CK treatments or a 

rise in CK levels in transgenic plants with genes for improved CK production expansion of the 

leaf (Letham, 1971), which is the primary result of cell growth. 
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Given that the quantity of CKs reaching the shoot will reflect the size of the root system, 

this is likely the process by which the total leaf area is altered to account for the degree of root 

growth. However, this has not been seen in transgenic plants that have genes for enhanced CK 

production. This may be because these systems typically lack regulation. CKs postpone the 

ageing of leaves! Some species' stomatal openness may be improved by CKs.  

Application of CK enhances the growth of chloroplasts by causing an accumulation of 

chlorophyll and encouraging the transformation of etioplasts into chloroplasts (Parthier, 2004).  

Ethylene 

Nature  

The hormone that causes fruit to ripen, ethylene (C2H4), is produced from methionine in 

numerous tissues in response to stress. It does not appear to be necessary for healthy adult 

vegetative growth, as demonstrated by the proper growth of transgenic plants that lack ethylene. 

However, they lack the stem thickening and apical hook responses to ethylene, which prevents 

them from penetrating the soil as seedlings. They are also susceptible to illnesses because they 

lack the ethylene-induced disease defence responses (Yang and Hoffman, 1984; Zapata et al., 

2004). The only hydrocarbon with such a strong impact on plants is this one.  

 

 Sites of synthesis  

Most tissues respond to stress by producing ethylene. It is specifically produced in tissues 

going through senescence or ripening. 

Ethylene diffuses from its site of synthesis since it is a gas. However, 1-

aminocyclopropane-1-carboxylic acid (ACC), a vital intermediary in its formation, can be 

transferred and may be responsible for the effects of ethylene away from the primary stimulus.  

 Effects  

The whole range of ethylene's effects is covered in. The so-called "triple response" is 

when dark-grown seedlings show a reduction in stem elongation, a thickening of the stem, and a 

change to lateral development, as may happen when a stone encounters the soil keeping the 

apical hook in place in seedlings.  

Various defence mechanisms are triggered in response to damage or illness, awakened 

from sleep, growth and differentiation of shoots and roots, haphazard root formation, Fruit and 

leaf abscission, some plants' induction of flowers, Dioecious flower female induction, flower 

opening, flower and leaf senescence and Fruit maturing. 
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Abscisic acid (ABA) 

Nature  

It has a terrible name. The initial term offered was "abscisin II" since it was believed to 

be able to regulate cotton boll abscission. Another group gave it the term "dormin" almost 

simultaneously because of its alleged involvement in bud dormancy. The name "abscisic acid" 

was created through compromise (Addicott et al., 1968). Although we are stuck with this 

moniker, it currently seems to play a minimal function in either bud dormancy or abscission 

(which is controlled by ethylene).  Because of its early connections to abscission and dormancy, 

ABA has come to be viewed as an inhibitor.  

While exogenous applications can slow down plant growth, ABA appears to function 

more as a promoter than an inhibitor, as seen in the enhancement of storage protein synthesis in 

seeds, and a more accepting perspective on its overall function in plant development is 

necessary. The control of stomatal closure is one of the key roles.  

 

 Sites of synthesis  

In mature leaves and roots, ABA is produced from glyceraldehyde-3-phosphate by 

isopentenyl diphosphate and carotenoids, especially in response to water stress. Additionally, 

seeds contain a lot of ABA, which can either be produced on-site or imported from the leaves. 

Both leaves and roots in the xylem and phloem export ABA. There is some proof that 

ABA may go from the shoots in the xylem to the roots in the phloem. 

 Effects  

Stomatal closure is caused by ABA concentrations rising as a result of a water deficit. 

ABA slows the growth of shoots (but has less effect on, or may promote, root growth). This can 

be a reaction to water stress. In seeds, ABA stimulates storage protein production. Gibberellin's 

impact on the production of -amylase in germination of wheat grains is countered by ABA.  

ABA has an impact on how seeds induce and maintain several features of dormancy. 

'True dormancy' or 'rest,' which is dormancy that must be disrupted by low temperature or light, 

does not, however, appear to be the determining factor in this. Increased ABA after injury 

triggers gene transcription, especially for proteinase inhibitors, suggesting that it may be 

implicated in defence against insect attack. 
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Polyamines  

A class of aliphatic amines is known as polyamines. Putrescine, spermidine, and 

spermine are the primary constituents. The amino acids arginine or ornithine are decarboxylated 

to produce them(16). Decarboxylation of S-adenosylmethionine, which is also on the pathway 

for the production of ethylene, is required for the conversion of the diamine putrescine into the 

triamine spermidine and the quaternary amine spermine (4). The amounts and effects of ethylene 

and the polyamines consequently interact in a complicated manner. 

 

The following reasons support the labelling of polyamines as hormones: 

 They can regulate growth and development at micromolar concentrations and are present 

in all cells.  

 Development is impacted in plants with genetically changed polyamine content. (For 

instance, only callus growth occurs in tissue cultures of carrot or Vigna when the 

polyamine level is low; when the polyamine level is high, embryoid formation takes place. 

Anthers rather than ovaries are formed in tobacco plants that overproduce spermidine.) 

 Contrary to nutrients like vitamins or amino acids, hormone substances are more often 

associated with such developmental control. 

 Polyamines appear to be crucial for plant growth, notably cell division and typical 

morphologies, and have a wide range of effects on plants. As with the other hormones, it is 

currently impossible to compile an easy-to-read list of their effects.  It appears that 

polyamines are present in all cells rather than having a specific site of synthesis.  

Traumatic Acid 

Traumatic acid is a wound hormone. Injured cells secrete this hormone. It induces the 

neighbouring uninjured cells to become meristematic and divide till the injured part is healed. 

This hormone is effective in inducing cell division. Chemically traumatic acid is an open chain 

dicarboxylic acid with a single double bond. 

 

                                          COOH - CH = CH - (CH₂)8 – COOH 
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Morphactins 

Morphactins are a group of plant hormones discovered by Merck in 1970. They are 

inhibiting hormones. Morphactins are derivatives of fluorene-9-carboxylic acid. Morphactins 

inhibit mitosis in apical meristems and they reduce apical dominance in the main shoot so that 

the formation of branches is promoted. 

Brassino steroids 

A group of more than 60 steroidal substances known as brassinosteroids is represented 

by the brassinolide chemical, which was initially identified from Brassica pollen (Yang et al., 

2014). Although at first, they were thought to be a little peculiar, they are probably present in all 

plants. They play a part in the endogenous regulation of these processes and have impacts on 

growth and development at extremely low concentrations.  

   

 

  Effects  

Cell Division, possibly through enhancing transcription of the cyclinD3 gene, which 

controls a cell cycle stage. When a cell elongates, BRs encourage the transcription of genes that 

produce xyloglucanases and expansion and encourage loosening of the cell wall. This causes the 

stem to lengthen. Vascular differentiation BRs are required for fertility; BR mutants exhibit 

lower fertility and, perhaps as a result of the lower fertility, delayed senescence, prevention of 

root development and growth epinasty and ethylene biosynthesis stimulation.  
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Abstract: 

Agricultural crops were frequently affected by many biotic and abiotic factors leading to 

poor yield, more cost of cultivation and economic losses.  Recent world, many new technologies 

were introducing to increase the productivity by reducing the pest and diseases in the crops 

which lost cost. Mi-RNA is a sophisticated adapted by breeders. The development of 

environmentally stress-resistant, high-yielding crops to feed the world's rising population is a 

monumental task. MicroRNA (miRNA)-based genetic engineering of plants is one of the 

possible solutions to this challenge. MicroRNAs are tiny single-stranded non-coding RNA 

molecules found in plants, animals, and certain viruses. miRNAs are a kind of short non-coding 

RNA that controls gene expression by cleavage or translational inhibition by targeting mRNA 

during or after translation. MiRNA-mediated regulation is engaged in a variety of biological 

processes, including growth and developmental control, agricultural features such as biomass 

yield and grain quality regulation, biotic and abiotic stress responses, and so on. Reports suggest 

that miRNAs may hold the key to engineering abiotic stress tolerance in agricultural plants as 

possible targets for genetic modification. Changes in the expression of miRNAs involved in plant 

growth and development have been seen in various plant species exposed to abiotic stressors 

such as drought, salt and severe temperatures, nutrient deficiency and heavy metals. MiRNA-

based technology offers a promising strategy for developing innovative crop plant protection and 

enhancement tactics. 

Introduction: 

Agriculture is the only a key player, which can feed the whole world. Recent days, 

agricultural crops were affected with biotic and abiotic factors such as pest, diseases, nematodes, 

salinity, drought, cold stress, high temperature metal toxicity and nutritional deficiencies. 

Management of these the factors with agronomically, biocontrol and chemicals will be leads to 
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cost expensive and development of pathotypes and biotypes with in the species. Management of 

viral diseases will be merely successful with the use of biological and chemicals means because 

of unable to culture the virus particles in artificial medium. Exploitation of Micro-RNA will 

shows economical and sustainable pathway to counter the biotic factors like fungal, bacterial and 

viral diseases in the plants and abiotic factors like salinity, drought, cold stress, high temperature 

metal toxicity and nutritional deficiencies. 

During evolution, plants developed variable mechanisms to overcome the diseases like 

RNA silencing, immune receptor signaling, defense through hormones, degradation of proteins 

and metabolism regulation (Calil and Fontes, 2016). RNA silencing is a key method utilized by 

the plants immunity against the many pathogens. RNA silencing is regulated by small RNAs 

(sRNAs), it is central system for gene regulation which is evolutionarily conserved region 

present in the multi-celled eukaryotes (Eamens et al., 2008; Pumplin and Voinnet, 2013). 

Basically small RNAs were classified majorly into two groups microRNAs (miRNAs) and small 

interfering RNAs (siRNAs). Plant adapted three types basic pathways of RNA silencing, the 

siRNA-directed RNA degradation pathway, and the siRNA-directed DNA methylation (RdDM) 

pathway and miRNA pathway. Plants have several miRNAs, which are believed to play a 

significant role in post-transcriptional regulation via base-pairing with complementary mRNA 

targets, especially transcription factors (TFs) (Li and Zhang, 2016). 

MicroRNAs (abbreviated miRNA) is a small single-stranded non-coding RNA molecule 

(containing about 22 nucleotides) found in plants, animals and some viruses. Found in simple 

bryophytes to advance angiosperms (Xu et al., 2019) which target mRNA and suppress 

expression either by direct cleavage or translational repression. The Ambros and Ruvkun groups 

discovered the first microRNA (miRNA), lin-4, in Caenorhabditis elegans (Lee et al., 1993). The 

majority of miRNAs are transcribed from DNA sequences into primary miRNAs (pri-miRNAs), 

which are then processed into precursor miRNAs (pre-miRNAs) and mature miRNAs (Figure 1). 

To decrease expression, miRNAs bind to the 3′ UTR of target mRNAs. Under some situations, 

miRNAs have been found to stimulate gene expression. (Voinnet, 2009; Axtell, 2013). MiRNAs 

play roles in plant growth and development, signal transduction, protein degradation, and stress 

response (Bologna and Voinnet, 2014). The miR156 is the first reported miRNA in plants. It is 

essential for plant growth and functions as a signalling molecule for on-time blooming. It also 

helps to keep plants in their juvenile form for a relatively longer amount of time. Rice plants 

overexpressing MiR156 have lower cold tolerance (Cui et al., 2015). 

Whereas, small interfering RNAs (siRNAs) were also same size requires dicer proteins 

cleavage and derived from dsRNA that can be endogenously produced or derived from 
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transgenes, introduces RNAs and viruses (Bartel, 2004). siRNAs confers only generalized 

resistance against viruses (Wang et al., 2012; Pumplin and Voinnet, 2013). When miRNA targets 

are negative regulators of stress, overexpression of miRNA and the generation of transgenic 

plants aid in superior character development. So, by producing a large number of mature 

miRNAs, the expression of negative regulatory genes is inhibited during stress, finally making 

the plants stress resistant. Many successful transgenic plants are currently produced using these 

strategies (Zhang et al., 2013). MiRNAs are involved in numerous biological processes, 

including development and growth, genome integrity maintenance, signal transduction, hormone 

signalling pathways, hormone homeostasis, innate immunity, and response to various 

environmental abiotic and biotic stimuli (Navarro et al., 2006) 

miRNA- mediated regulation is involved in various biological processes 

 Growth and developmental regulation,   

 Biomass yield 

 Grain quality regulation 

 Biotic and abiotic stress adaptations 

 Extracellular miRNAs have been widely reported as potential biomarkers for a variety of 

diseases and they also serve as signaling  

 Aberrant expression of miRNAs related with many human diseases. 

The technologies include gain/loss of expression in constitutive, tissue-specific manner of 

miRNA or targets, artificial target mimic technology, artificial miRNA, RNA interference etc. 

Biogenesis of mature miRNA and technologies use to alter miRNA target genes module 

expression (Mandal et al., 2021) 

 Biosynthesis of miRNA from MIR gene  

 RNA interference of Pri or Pre–miRNA  

 TM- Target Mimic technology 

 STTM- Short Tandem Target Mimic technology  

 Spongy miRNA technology  

 AMO- Anti-microRNA Oligonucleotides  

 Modification of target gene by CRISPR/Cas9 technology Overexpression of cleavage 

resistance target genes 

 Overexpression of miRNA gene 
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        Figure 1: mi- RNA (Inoue and Inazawal, 2021) 

 

Biogenesis of miRNAs 

MiRNA biogenesis begins with the post- or co-transcriptional processing of RNA 

polymerase II/III transcripts. Approximately half of all presently discovered miRNAs are 

intragenic, transcribed mostly from introns and a few exons of protein-coding genes, whereas the 

remainder are intergenic, produced independently of a host gene and controlled by their own 

promoters. MiRNAs are sometimes transcribed as a single lengthy transcript termed a cluster, 

which may have comparable seed regions and is referred to as a family. MiRNA biogenesis is 

divided into canonical and non-canonical pathways. 

The Canonical Pathway of miRNA Biogenesis 

This is the most important pathway in biogenesis. The microprocessor complex, which 

consists of an RNA binding protein DiGeorge Syndrome Critical Region 8 (DGCR8) and a 

ribonuclease III enzyme, Drosha, transcribes pre-miRNAs from their genes. (Denli et al., 2004). 
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DGCR8 recognizes an N6-methyladenylated GGAC and other motifs within the primiRNA 

(Alarcon et al., 2015). Drosha cleaves the pri-miRNA duplex at the base of the characteristic 

hairpin structure of pri-miRNA. Once produced, pre-miRNAs are exported to the cytoplasm via 

an exportin 5 (XPO5)/RanGTP complex. The terminal loop is then removed by the RNase III 

endonuclease Dicer, resulting in a mature miRNA duplex (Figure 2) (Denli et al., 2004). 

Non-canonical pathways. 

These pathways make use of various protein combinations from the canonical route, 

namely Drosha, Dicer, exportin 5, and AGO2. Non-canonical miRNA biogenesis may be divided 

into two categories: Drosha/DGCR8-independent and Dicer-independent.. Mirtrons and 7-

methylguanosine (m7G)-capped pre-miRNA were Dicer-dependent pathways. Drosha generates 

dicer-independent miRNAs from endogenous short hairpin RNA (shRNA) transcripts. Dicer-

independent miRNAs are processed by Drosha from endogenous short hairpin RNA (shRNA) 

transcripts (Figure 2) (Yang et al., 2010). 

MicroRNA-Mediated Gene Silencing through miRISC 

The guide strand and AGO make up the miRNA-induced silencing complex (miRISC). 

MiRISC's target specificity is owing to its interaction with complementary regions on target 

mRNA known as miRNA response elements (MREs). AGO2 endonuclease activity is induced 

by a completely complementary miRNA:MRE interaction, which directs mRNA cleavage. The 

bulk of miRNA:MRE interactions in animal cells are not entirely.  Most MREs have at least one 

central mismatch to their guide miRNA, which inhibits AGO2 endonuclease activity. The 

recruitment of the GW182 protein family by miRISC begins the formation of a silencing miRISC 

complex. Poly(A)-deadenylase complexes PAN2-PAN3 and CCR4-NOT are examples of 

effector proteins. PAN2/3 initiates and the CCR4-NOT complex completes target mRNA 

poly(A)-deadenylation. The interaction of GW182 tryptophan (W)-repeats with poly(A)-binding 

protein C (PABPC) enhances effective deadenylation. Decapping occurs with the help of 

decapping protein 2 (DCP2) and related proteins, and is followed by 5′3′ destruction by 

exoribonuclease 1 (XRN1) (Jo et al., 2015). 

Translational inhibition 

MiRNAs inhibit translation at the initiation step. PABP displacement mediated by 

GW182. Recruitment of the translational repressors through GW182. Dissociation of eukaryotic 

initiation factor-4A (eIF4A) from the cap-binding complex eIF4F. 
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Figure 2: MicroRNA biogenesis and mechanism of action (Hayder et al. 2018) 

 

1. Mi-RNAs role in biotic stress management 

a. miRNA-mediated viral resistance: 

       When TuMV infected Brassica, miR1885 was induced, further downregulating its targets i.e. 

proteins of the disease resistance class TIR-NBS-LRR (He et al., 2008). Monocot-specific 

miR444 and miR528 are essential for rice stripe virus (RSV) infection in rice plants. RNA-

dependent RNA polymerase 1 (RDR1) of antiviral pathways is transcriptionally repressed by the 

MADS box proteins MADS23, MADS27, and MADS5, which are the targets of miR444 in these 

pathways. Furthermore, rice is more tolerant to RSV when miR444 is overexpressed (Wang et 

al., 2016). According to (Du et al., 2011), miR166 played a divergent regulatory role in the 

aspect of viral defence, suppressing in dicots and promoting viral resistance in monocots. In a 

recent study, it was discovered that overexpressing or downregulating the miR156 target, SPL9, 

expressed innate immunity by controlling ROS production and salicylic acid (SA) signalling in 

Arabidopsiss (Yin et al., 2019b). Wheat dwarf virus (WDV) resistance is increased in transgenic 

barley lines that carry a polycistronic amiRNA precursor construct (VirusBuster171) that 

expresses three amiRNAs simultaneously under the control of a constitutive promoter (Kis et al., 

2016) 
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b. miRNA-mediated bacterial resistance 

During the infection of Pseudomonas syringae and Xanthomonas axonopodis, miRNAs 

like miR160, miR167 and miR390, miR393 and miR-846 were upregulated which suppressed 

their F-box auxin receptors targets TIR1, AFB2, and AFB3 which in turn suppressed auxin 

signalling and increased disease resistance in plants. STTM of miR482/2118 in tomato also 

showed resistance against bacteria and oomycete (Canto-Pastor et al., 2019). Loss-of-function of 

ath-miR164c in Arabidopsis exhibited resistance to bacterial pathogens (Gupta et al., 2020). 

During bacterial infection, miR398 and miR825 showed downregulation. MiR398 specifically 

targets CSD1 and CSD2, two Cu/Zn superoxide dismutases that exhibit bacterial resistance in 

Arabidopsis (Jagadeeswaran et al., 2009). Transgenic plants that expressed miR825 and 

miR825* less frequently showed increased resistance by upregulating its targets, ubiquitin-

protein ligases and toll-like receptors. leucine-rich repeat (LRR) type resistance (R) genes and 

nucleotide binding site (NBS)-interleukin-like receptor (TIR) genes, respectively (Niu et al., 

2016). In Solanum lycopersicum, miR842 and miR2118 control the downregulation of the NBS-

LRR disease resistance genes. When bacteria and fungi were infected, Nicotiana's transient 

expression of those miRNAs demonstrated downregulation of miRNAs with high concentrations 

of NBS-LRR disease resistance genes (Shivaprasad et al., 2012).  

c. miRNA-mediated fungal resistance 

Osa-miR159, Osa-miR160, Osa-miR162a, Osa-miR166k, Osa-miR166h, OsamiR398b, 

and Osa-miR7695 had proved to respond as positive regulators of defences against the fungus 

Magnaporthe oryzae caused rice blast disease (Li et al., 2020). Loss-of-function of ath-miR164c 

in Arabidopsis exhibited resistance to bacterial pathogens (Gupta et al., 2020). When 

Arabidopsis was infected by both necrotrophic (Plectosphaerella cucumerina) and 

hemibiotrophic (Fusarium oxysporum, Colletotrichum higginsianum) pathogens, the PAMP 

triggered immunity (PTI) was negatively regulated by miR396, miR773, and miR858 (Soto-

Suarez et al., 2017). Magnaporthe oryzae resistance in rice plants was increased by 

overexpressing target mimicry of miR396 to block its target Growth Regulating Factor (GRF) 

(Chandran et al., 2018). MIM858 (miR858) target mimic interference results in increased 

resistance that is also linked to ethylene-mediated defensive line (Camargo-Ramirez et al., 

2018). Additionally, it has been discovered that miR160 levels comparable to those of wild type 

plants may be required for increasing local defence responses in potato during Phytophthora 

infestans infection (Natarajan et al., 2018). MiR477 and miR164 in cotton plants directly cleaved 

their targets GhCBP60A and GhNAC10, respectively, and helped the plants resist Verticillium 

dahlia infection (Hu et al., 2020). Infection with Verticillium dahliae (a vascular fungal pathogen 
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responsible for devastating wilt diseases in many crops) cotton plants increase production of 

microRNA 166 (miR166) and miR159. Found two V. dahliae genes encoding a Ca2+ dependent 

cysteine protease (Clp-1) and an isotrichodermin C-15 hydroxylase (HiC-15), and targeted by 

miR166 and miR159, respectively. V. dahliae strains expressing either Clp-1 or HiC-15 rendered 

resistant to the respective miRNA exhibited drastically enhanced virulence in cotton plants 

(Zhang et al., 2016). miRNA negatively regulates resistance to Glomerella leaf spot by 

suppressing expression of an NBS gene in apple (Zhang et al., 2019).  

d. miRNA-mediated nematode resistance 

The discovery of differential miRNA expression in plants during nematode infection may 

help with better crop development (Medina et al., 2017). When the cyst nematode Heterodera 

schachtii infected Arabidopsis, the expression of miR161, miR164, miR167a, miR172c, 

miR396c, miR396c,b, and miR398a decreased (Hewezi et al., 2008). MiR858 constitutive 

overexpression and downregulation of its target MYB83 resulted in decreased susceptibility to 

H. schachtii parasitism in Arabidopsis (Piya et al., 2017). According to (Pan et al. 2019), the 

inverse expression pattern of the miRNA-target pairs miR159-MYB, miR319-TCP4, and 

miR167-ARF8 revealed miRNA-mediated gene regulation in cotton roots to root nematode 

Meloidogyne incognita. Through altered methylation patterns, overexpression of gma-miR5032 

and gma-miR5770b increases cotton's tolerance to infection by Heterodera glycines (Rambani et 

al., 2020). 

e. miRNA-mediated insect resistance 

Every year, insect pests cause a significant agronomic loss in crop fields. Plant miRNAs 

play a significant role in signalling pathways that promote immunity and defence against insects. 

According to (Mao et al., 2017) jasmonate is a crucial regulator of plant insect defence. Aphis 

gossypii attack resistance in melon is significantly influenced by a number of miRNAs and their 

specific targets via the auxin signalling pathway (Sattar et al., 2016). Cotton plants that 

overexpressed the miR166b gene developed resistance to Silverleaf whitefly (Wamiq and Khan, 

2018). Due to the overexpression of its target mimetic (MIM396) and increased flavonoid 

content, downregulating the rice miR396 gene resulted in brown plant hopper resistance (Dai et 

al., 2019). Insect growth and development were disrupted by using synthetic miRNA to replace 

the Arabidopsis miR164b/miR164b* sequences with Helicoverpa armigera's HaAce1-

amiR1/HaAce1-amiR1* sequences in tobacco (Saini et al., 2018). Using tomato to express the 

amiR-HaEcR (Helicoverpa armigera's ecdysone receptor gene) and amiR-Ace1 (Myzus 

persicae's acetylcholinesterase 1 gene) lowered target gene transcripts and impacted the overall 

development of the insect (Yogindran and Rajam, 2020). Artificial miRNAs targeted the white 
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fly orcokinin (Orc) gene, acetylcholinesterase (AChE), and the sex lethal (Sxl) protein in 

Arabidopsis, which was shown to lower the infection rate in tobacco (Zubair et al., 2020). The 

control of either basal defences or focused resistance to BPH has been linked to many known 

miRNAs and 183 additional unique BPH-responsive miRNAs (Wu et al., 2017). 

2. MiRNA-mediated against abiotic stresses 

In response to abiotic stimuli including salt, drought, temperature, heavy metal toxicity, 

etc., miRNAs play a significant role. Using miRNA or its target alteration, we have explored 

genetically modified crops with improved tolerance to several abiotic stressors. 

a. MiRNA-mediated resistance to drought stress and salt tolerance 

In distinct plant species, miR169 contributes differently. Interesting, greater resistance 

has been seen in tomato overexpression (Zhang et al., 2011). In Arabidopsis, overexpression of 

the gma-miR394a gene lowered the production of the F-box protein, while overexpression of the 

miR172 gene showed reduced water loss from the plant and favourably influenced the ability of 

plants to withstand drought stress (Ni et al., 2012; Han et al., 2013). According to (Zhao et al. 

2007), drought in rice causes miR169g and miR393 to be considerably greater and rapidly 

stimulated, respectively. Osa-miR393 overexpression increased salt tolerance, indicating their 

regulatory function in Arabidopsis' ability to tolerate salinity (Gao et al., 2011). In the radish 

plant (Raphanus sativus), (Sun et al. 2015) identified 49 known and 22 novel salt stress-

responsive miRNAs. Interestingly, the target prediction analysis revealed the involvement of the 

target genes in signalling and ionhomeostasis regulation in addition to modulating the reduced 

plant growth under salt stress. When exposed to drought, soybean cultivars exhibited aberrant 

miRNA expression, with sensitive cultivars upregulating miR166-5p, miR169-3p, miR1513c, 

miR397ab, and miRseq13 while their tolerant counter parts downregulated (Kulcheski et al., 

2011). 

b. miRNA-mediated resistance to cold and heat stresses 

Daily temperature fluctuations are typical occurrence that has negative effects on crop 

yield. To deal with these circumstances, plants have a reprogrammable mechanism, and miRNAs 

are key players in this system. The creation of transgenic plants using miRNA-related 

technologies may result in the development of more tolerable crops that will aid in their survival 

through temperature extremes. Two members of the miR319 family, miR319a and miR319b, are 

conserved miRNAs. In rice with some developmental delay, overexpression of miR319a and 

miR319b demonstrated improved cold tolerance (4 °C) following chilling acclimation (12 °C). 

Transgenic Citrus with miR396b overexpression from Poncirus trifoliate increased cold 

tolerance by lowering ethylene synthesis and boosting polyamine formation, which improved 



Agriculture Science: Research and Review Volume VIII 

    (ISBN: 978-93-91768-63-8) 

93 
 

ROS scavenging (Zhang et al., 2016). Overexpression of Osa-miR393a or downregulation of its 

targets (TIR1/AFB) in switchgrass improved cold tolerance via cold responsive gene expression 

and boosted biomass output (Liu et al., 2017). MiR535 has been shown to suppress cold 

tolerance via altering the CBF-mediated cold signalling pathway by targeting SPL family 

proteins (Sun et al., 2020). Positive regulation of miR397 and miR394 in the cold signalling 

pathway resulted in increased tolerance to chilling and freezing stresses in Arabidopsis (Dong 

and Pei, 2014). 

c. miRNA- mediated resistance to nutrients deficiencies 

Under low Pi conditions, miR399 was shown to be upregulated, and the expression of its 

target gene PHO2 was decreased, resulting in an increase in the amount of PHOSPHATE 

TRANSPORTER 1 (PHT1), which enhanced Pi accession and translocation in Arabidopsis and 

rice (Aung et al., 2006; Bari et al., 2006). During N-homeostasis, NF-YA protein expression 

increases owing to decreased miR169a expression and regulates the plant response to the rise of 

nitrate uptake systems via nitrate transporter genes (Zhao et al., 2011). They found that the 

apparent involvement of redox signalling in induced-expression of miR395 in S-deficient 

Arabidopsis seedlings was due to the use of glutathione (Jagadeeswaran et al., 2014). miR1508, 

miR1515, miR1510/2110, and miR1532 were identified as Mn-responsive, with targets 

anticipated to include calcium-dependent protein kinase, heat shock proteins, nucleotide-binding 

site leucine rich repeat resistance like proteins, and receptor kinase protein (Valdes-Lopez et al., 

2010). Mn, Fe, and Zn are other minerals that are essential for plant growth and development. Fe 

and Zn are cofactors for several essential metabolic enzymes (Forieri et al., 2013), and their 

bioavailability is heavily dependent on their absorption, transport, and allocation. Transgenic rice 

with miR268 overexpression had higher levels of hydrogen peroxide, malondialdehyde, and Cd 

in the leaves, which hindered seedling development when compared to wild-type plants under Cd 

stress. According to the findings, miR268 works as a negative regulator of rice tolerance to Cd 

stress (Ding et al., 2017). Transgenic soybean with isopentyl transferase (IPT) overexpression 

shown higher Cd tolerance. Furthermore, IPT was discovered to be a target of miR1535b and 

one of the major enzymes in cytokinin production (Merewitz et al., 2011).  In recent years, 

(Chen et al. 2012) revealed changed expression of 23 miRNAs in M. truncatula seedlings treated 

to Al-stress using high-throughput genome sequencing. 

Conclusion: 

MiRNA-mediated genetic modification would be a viable method for developing superior 

traits. Because miRNA-mediated gene regulation happens through several genes and attributes 

like as yield, biomass, immune response, and so on are also regulated by multiple genes, 



Bhumi Publishing, India 

94 
 

transferring such technologies from laboratories to the field is undoubtedly a difficult 

undertaking. Some miRNAs have been discovered to be plant specific, and research into such 

miRNAs is critical for crop development and evolution. Artificial miRNAs are employed to 

silence a specific gene; however an adequate amount of mature artificial miRNAs is critical for 

effective suppression. However, the impacts of miRNA-mediated modification, such as miRNA 

overexpression or fake miRNAs, are restricted owing to the synthesis of a particular kind of 

efficient single-stranded RNA with temporal or spatial control. Studies showed the importance of 

miRNA-mediated regulatory mechanisms in integrating defense-related responses to fungal, 

bacterial, and viral pathogens, as well as insect herbivore responses, with growth and 

development-related responses. MicroRNA regulation mechanisms play direct roles in host plant 

immunity by either directly inhibiting target genes with either negative or positive effects, or 

indirectly triggering signalling pathways with various classes of phytohormones and other small 

molecules like ROS. However, failure and inefficiency of amiRNA-mediated gene silencing 

have been documented in some cases, most likely due to a lack of thorough understanding of 

miRNA processing operations involving biochemical enzymes and miRNA recruitment 

machinery. As a result, knowing the whole processes of miRNA synthesis, from transcription 

start through target gene breakage or translational suppression, is crucial. Furthermore, 

elucidating the molecular processes underpinning plant-virus interactions with regard to miRNAs 

would allow us to more completely acquire the advantages of the miRNA-mediated gene 

silencing mechanism. Future research should focus not only on understanding how viruses hijack 

the host miRNA-mediated gene silencing machinery, but also on creating quick and systemic 

amiRNA delivery mechanisms to integrate amiRNAs into the plant genome. Since the first report 

of plant miRNAs in the early 2000s, there has been a significant increase in plant miRNA 

research. 

Growing data confirms that these small chemicals serve critical roles in plant growth, 

development, and responsiveness to environmental stimuli. High throughput sequencing 

technologies have aided researchers in profiling genome-wide miRNA expression under severe 

abiotic stressors. Various computational methods and public web-resources have been 

established to aid in the discovery, expression profiling, and target prediction of stress-

responsive miRNAs, as well as their archival. Technological advancements have occurred to 

allow for the effective and rapid identification of multiple-miRNA targets, including degradome 

sequencing. Using high-throughput sequencing technology, researchers might identify novel 

miRNAs involved with defensive systems against pests and illnesses. This method entails 

identifying differentially expressed miRNAs under stress using miRNA-Seq, followed by in 
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silico analysis and degradome sequencing to determine miRNA targets. Once the specific roles 

of the miRNAs and target genes are identified, they may be engineered using genome-editing 

technology. Mutagenesis of target genes at specific sites inhibits miRNA cleavage, allowing the 

production of transgenic plants with disease and pest resistance. Aside from functional analysis, 

miRNAs are often preserved in nature, resulting in low sequence diversity. miRNAs are 

powerful gene regulators, and that they not only help control mRNA stability and translation but 

are also involved in transcription. Our understanding of when and how miRNAs can exert 

regulatory effects on transcription is limited. Investigations based on miRNA-mediated processes 

in plant-pathogen interactions have considerable implications in devising new strategies for 

disease control and ultimately improve crop productivity. High-throughput sequencing has 

enabled the researchers to uncover the role of plant miRNAs during pathogen invasion. miRNA 

can be very useful as biomarkers for disease resistance characteristics during breeding programs. 

References: 

Alarcon CR, Lee H, Goodarzi H, Halberg N, and Tavazoie SF. (2015). N6 methyladenosine 

marks primary microRNAs for processing. Nature. 519, 482–5. 

Aung, K., Lin, S.-I., Wu, C.-C., Huang, Y.-T., Su, C.-L., Chiou, T.-J., (2006). pho2, a phosphate 

overaccumulator, is caused by a nonsense mutation in a microRNA399 target gene. Plant 

Physiol. 141 (3), 1000–1011 

Axtell, M. J. (2013). Classification and comparison of small RNAs from plants. Annu. Rev. Plant 

Biol. 64, 137–159. 

Bari, R., Datt Pant, B., Stitt, M., Scheible, W.R., (2006). PHO2, microRNA399, and PHR1 

define a phosphate-signaling pathway in plants. Plant Physiol. 141 (3), 988–999. 

Bartel, D. P. (2004). MicroRNAs: genomics, biogenesis, mechanism, and function. Cell 116, 

281–297. 

Bologna, N. G., and Voinnet, O. (2014). The diversity, biogenesis, and activitiesof endogenous 

silencing small RNAs in Arabidopsis. Annu. Rev. Plant Biol. 65, 473–503. 

Calil, I. P., and Fontes, E. P. (2016). Plant immunity against viruses: antiviral immune receptors 

in focus. Ann. Bot. 119, 711–723. 

Camargo-Ramirez, R., Val-Torregrosa, B., San Segundo, B., 2018. MiR858-mediated regulation 

of flavonoid-specific MYB transcription factor genes controls resistance to pathogen 

infection in arabidopsis. Plant Cell Physiol. 59 (1), 190–204. 

Canto-Pastor, A., Santos, B. A., Valli, A. A., Summers, W., Schornack, S., & Baulcombe, D. C. 

(2019). Enhanced resistance to bacterial and oomycete pathogens by short tandem target 



Bhumi Publishing, India 

96 
 

mimic RNAs in tomato. Proceedings of the National Academy of Sciences, 116(7), 2755-

2760. 

Chandran, V., Wang, H., Gao, F., Cao, X. L., Chen, Y. P., Li, G. B., & Wang, W. M. (2019). 

miR396-OsGRFs module balances growth and rice blast disease-resistance. Frontiers in 

Plant Science, 9, 

Chen, L., Wang, T., Zhao, M., Tian, Q., and Zhang, W. H. (2012). Identification of aluminum-

responsive microRNAs in Medicago truncatula by genome-wide high-throughput 

sequencing. Planta. 235, 375–386. 

Cui, N., Sun, X., Sun, M., Jia, B., Duanmu, H., Lv, D., et al. (2015). Overexpression of 

OsmiR156k leads to reduced tolerance to cold stress in rice (Oryza Sativa). Mol. Breed. 35, 

214. 

Dai, Z., Tan, J., Zhou, C., Yang, X., Yang, F., Zhang, S., Sun, S., Miao, X., Shi, Z., 2019. The 

OsmiR396–Os GRF 8–OsF3H-flavonoid pathway mediates resistance to the brown 

planthopper in rice (Oryza sativa). Plant Biotechnol. J. 17 (8), 1657–1669. 

Denli AM, Tops BB, Plasterk RH, Ketting RF, Hannon GJ. (2004). Processing of primary 

microRNAs by the Microprocessor complex. Nature. 432, 231–5. 

Ding, Y., Wang, Y., Jiang, Z., Wang, F., Jiang, Q., Sun, J., Chen, Z., and Zhu, C., (2017). 

MicroRNA268 overexpression affects rice seedling growth under cadmium stress. J Agric 

Food Chem, 65 (29), 5860–5867. 

Dong, C.-H., Pei, H., (2014). Over-expression of miR397 improves plant tolerance to cold stress 

in Arabidopsis thaliana. J Plant Biol. 57 (4), 209–217 

Eamens, A., Wang, M. B., Smith, N. A., and Waterhouse, P. M. (2008). RNA silencing in plants: 

yesterday, today, and tomorrow. Plant Physiol. 147, 456–468. 

Forieri, I., Wirtz, M., and Hell, R. (2013). Toward new perspectives on the interaction of iron 

and sulfur metabolism in plants. Front. Plant Sci. 4:357 

Gao, P., Bai, X., Yang, L., Lv, D., Pan, X., Li, Y., et al. (2011). osa-MIR393: a salinity and 

alkaline stress-related microRNA gene. Mol. Biol. Rep. 38, 237–242 

Gupta, A., Patil, M., Qamar, A., & Senthil-Kumar, M. (2020). ath-miR164c influences plant 

responses to the combined stress of drought and bacterial infection by regulating proline 

metabolism. Environmental and Experimental Botany, 172, 103998. 

Han, Y., Zhang, X., Wang, Y and Ming, F., (2013). The suppression of WRKY44 by 

GIGANTEAmiR172 pathway is involved in drought response of Arabidopsis thaliana. 

PLoS One. 8 (11), e73541. 

Hayder H, O’Brien J, Nadeem U and Peng C. (2018) MicroRNAs: crucial regulators of placental 

development. Reproduction.155, R259–71. 



Agriculture Science: Research and Review Volume VIII 

    (ISBN: 978-93-91768-63-8) 

97 
 

He, X.-F., Fang, Y.-Y., Feng, L., Guo, H.-S., 2008. Characterization of conserved and novel 

microRNAs and their targets, including a TuMV-induced TIR–NBS–LRR class R 

genederived novel miRNA in Brassica. FEBS Lett. 582 (16), 2445–2452 

Hewezi, T., Piya, S., Qi, M., Balasubramaniam, M., Rice, J.H., Baum, T.J., 2016. Arabidopsis 

miR827 mediates post-transcriptional gene silencing of its ubiquitin E3 ligase target gene 

in the syncytium of the cyst nematode Heterodera schachtii to enhance susceptibility. Plant 

J. 88 (2), 179–192 

Hu, G., Hao, M., Wang, L., Liu, J., Zhang, Z., Tang, Y., Peng, Q., Yang, Z., Wu, J., 2020. The 

Cotton miR477-CBP60A Module Participates in Plant Defense Against Verticillium 

dahlia. Mol. Plant. Microbe Interact. 33 (4), 624–636. 

Inoue, J., & Inazawa, J. (2021). Cancer-associated miRNAs and their therapeutic 

potential. Journal of Human Genetics, 66(9), 937-945. 

Jagadeeswaran, G., Li, Y. F., & Sunkar, R. (2014). Redox signaling mediates the expression of a 

sulfate‐deprivation‐inducible micro RNA 395 in A rabidopsis. The Plant Journal, 77(1), 

85-96. 

Jo MH, Shin S, Jung SR, Kim E, Song JJ, and Hohng S. (2015). Human Argonaute 2 Has diverse 

reaction pathways on Target RNAs. Mol Cell. 59:117–24. 

Kis A, Tholt G, Ivanics M, Várallyay E, Jenes B, and Havelda Z. (2016). Polycistronic artificial 

miRNA-mediated resistance to wheat dwarf virus in barley is highly efficient at low 

temperature. Mol Plant Pathol.17, 427–437. 

Kulcheski, F. R., Oliveira, L. F., Molina, L. G., Almerao, M. P., Rodrigues, F. A., Marcolino, J., 

(2011). Identification of novel soybean microRNAs involved in abiotic and biotic stresses. 

BMC Genomic. 12:307. 

Lee, R. C., Feinbaum, R. L., and Ambros, V. (1993). The C. elegans heterochronic gene lin-4 

encodes small RNAs with antisense complementarity to lin-14. Cell. 75, 843–854. 

Li XP, Ma XC, Wang H, Zhu Y, Liu XX, Li TT, (2020). Osa-miR162a fine-tunes rice resistance 

to Magnaporthe oryzae and yield. Rice. 13(1):38. 

Li, Y., Zhang, Y., Shi, D., Liu, X., Qin, J., Ge, Q., (2013). Spatial-temporal analysis of zinc 

homeostasis reveals the response mechanisms to acute zinc deficiency in Sorghum bicolor. 

New Phytol. 200, 1102–1115. 

Li, Y., Zhao, S.L., Li, J.L., Hu, X.H., Wang, H., Cao, X.L., Xu, Y.J., Zhao, Z.X., Xiao, Z.Y., 

Yang, N., Fan, J., Huang, F., Wang, W.M., (2017). Osa-miR169 negatively regulates rice 

immunity against the blast fungus Magnaporthe oryzae. Front Plant Sci. 8, 2. 

Mandal, K., Boro, P., & Chattopadhyay, S. (2021). Micro-RNA based gene regulation: A 

potential way for crop improvements. Plant Gene, 27, 100312. 



Bhumi Publishing, India 

98 
 

Mao, Y.B., Liu, Y.Q., Chen, D.Y., Chen, F.Y., Fang, X., Hong, G.J., Wang, L.J., Wang, J.W., 

Chen, X.Y., (2017). Jasmonate response decay and defense metabolite accumulation 

contributes to age-regulated dynamics of plant insect resistance. Nat. comm. 8 (1), 1–13. 

Medina, C., da Rocha, M., Magliano, M., Ratpopoulo, A., Revel, B., Marteu, N., Magnone, V., 

Lebrigand, K., Cabrera, J., Barcala, M., Silva, A.C., Millar, A., Escobar, C., Abad, P., 

Favery, B., Jaubert-Possamai, S., (2017). Characterization of microRNAs from 

Arabidopsis galls highlights a role for miR159 in the plant response to the root-knot 

nematode Meloidogyne incognita. New Phytol. 216 (3), 882–896. 

Merewitz, E.B., Gianfagna, T., Huang, B., (2011). Photosynthesis, water use, and root viability 

under water stress as affected by expression of SAG12-ipt controlling cytokinin synthesis 

in Agrostis stolonifera. J. Exp. Bot. 62 (1), 383–395. 

Natarajan, B., Kalsi, H.S., Godbole, P., Malankar, N., Thiagarayaselvam, A., Siddappa, S., 

Thulasiram, H.V., Chakrabarti, S.K., Banerjee, A.K., (2018). MiRNA160 is associated 

with local defense and systemic acquired resistance against Phytophthora infestans 

infection in potato. J. Exp. Bot. 69 (8), 2023–2036. 

Navarro, L., Dunoyer, P., Jay, F., Arnold, B., Dharmasiri, N., Estelle, M., et al. (2006). A plant 

miRNA contributes to antibacterial resistance by repressing auxin signaling. Science. 312, 

436–439. 

Ni, Z., Hu, Z., Jiang, Q., and Zhang, H., (2012). Overexpression of gma-MIR394a confers 

tolerance to drought in transgenic Arabidopsis thaliana. Biochem Biophys Res Commun. 

427 (2), 330–335 

Pan, X., Nichols, R.L., Li, C., Zhang, B., (2019). MicroRNA-target gene responses to root knot 

nematode (Meloidogyne incognita) infection in cotton (Gossypium hirsutum L.). 

Genomics. 111 (3), 383–390. 

Piya, S., Kihm, C., Rice, J.H., Baum, T.J., Hewezi, T., 2017. Cooperative Regulatory Functions 

of miR858 and MYB83 during Cyst Nematode Parasitism. Plant Physiol. 174 (3), 1897–

1912. 

Pumplin, N., and Voinnet, O. (2013). RNA silencing suppression by plant pathogens: defence, 

counter-defence and counter-counter-defence. Nat. Rev. Microbiol. 11, 745–760. 

Rambani, A., Hu, Y., Piya, S., Long, M., Rice, J.H., Pantalone, V., Hewezi, T., 2020. 

Identification of differentially methylated miRNA genes during compatible and 

incompatible interactions between soybean and soybean cyst nematode. Molecular Plant-

Microbe Interactions (ja). 

Saini, R.P., Raman, V., Dhandapani, G., Malhotra, E.V., Sreevathsa, R., Kumar, P.A., Sharma, 

T.R., Pattanayak, D., 2018. Silencing of HaAce1 gene by host-delivered artificial 



Agriculture Science: Research and Review Volume VIII 

    (ISBN: 978-93-91768-63-8) 

99 
 

microRNA disrupts growth and development of Helicoverpa armigera. PLoS One. 13 (3), 

e0194150. 

Sattar, S., Addo-Quaye, C., Thompson, G.A., (2016). miRNA-mediated auxin signalling 

repression during Vat-mediated aphid resistance in Cucumis melo. Plant Cell Environ. 39 

(6), 1216–1227. 

Shivaprasad, P.V., Chen, H.M., Patel, K., Bond, D.M., Santos, B.A., Baulcombe, D.C., (2012). 

A microRNA superfamily regulates nucleotide binding site-leucine-rich repeats and other 

mRNAs. Plant Cell, 24 (3), 859–874. 

Soto-Suarez, M., Baldrich, P., Weigel, D., Rubio-Somoza, I., & San Segundo, B. (2017). The 

Arabidopsis miR396 mediates pathogen-associated molecular pattern-triggered immune 

responses against fungal pathogens. Scientific reports, 7(1), 1-14. 

Sun, M., Shen, Y., Yang, J., Cai, X., Li, H., Zhu, Y., Jia, B., Sun, X., 2020. miR535 negatively 

regulates cold tolerance in rice. Mol. Breed. 40 (1), 1–12. 

Sun, X., Xu, L., Wang, Y., Yu, R., Zhu, X., Luo, X., et al. (2015). Identification of novel and 

salt-responsive miRNAs to explore miRNA-mediated regulatory network of salt stress 

response in radish (Raphanus sativus L.). BMC Genomics. 16:197. 

Valdes-Lopez, O., Yang, S. S., Aparicio-Fabre, R., Graham, P. H., Reyes, J. L., Vance, C. P., 

(2010). MicroRNA expression profile in common bean (Phaseolus vulgaris) under nutrient 

deficiency stresses and manganese toxicity. New Phytol. 187, 805–818. 

Vasudevan S, Steitz JA. (2007). AU-rich-element-mediated upregulation of translation by FXR1 

and Argonaute 2. Cell. 128:1105–18 

Voinnet, O. (2009). Origin, biogenesis, and activity of plant microRNAs. Cell, 136, 669–687 

Wamiq, G., Khan, J.A., (2018). Overexpression of ghr-miR166b generates resistance against 

Bemisia tabaci infestation in Gossypium hirsutum plants. Planta, 247 (5), 1175–1189. 

Wang, M. B., Masuta, C., Smith, N. A., and Shimura, H. (2012). RNA silencing and plant viral 

diseases. Mol. Plant Microbe Interact. 25, 1275–1285. 

Wu, Y., Lv, W., Hu, L., Rao, W., Zeng, Y., Zhu, L., & He, G. (2017). Identification and analysis 

of brown planthopper-responsive microRNAs in resistant and susceptible rice 

plants. Scientific reports, 7(1), 1-15. 

Xu, J., Hou, Q.M., Khare, T., Verma, S.K., Kumar, V., (2019). Exploring miRNAs for 

developing climate-resilient crops: A perspective review. Sci. Total Environ. 653, 91–104 

Yang JS, Maurin T, Robine N, Rasmussen KD, Jeffrey KL, and Chandwani R, (2010). 

Conserved vertebrate mir-451 provides a platform for Dicer-independent, Ago2-mediated 

microRNA biogenesis. Proc Natl Acad Sci. 107, 15163–8 



Bhumi Publishing, India 

100 
 

Yin, H., Hong, G., Li, L., Zhang, X., Kong, Y., Sun, Z., Li, J., Chen, J., He, Y., (2019). 

miR156/SPL9 Regulates Reactive Oxygen Species Accumulation and Immune Response 

in Arabidopsis thaliana. Phytopathology 109 (4), 632–642. 

Yogindran, S., & Rajam, M. V. (2021). Host-derived artificial miRNA-mediated silencing of 

ecdysone receptor gene provides enhanced resistance to Helicoverpa armigera in tomato. 

Genomics, 113(1), 736-747. 

Yu, X., Hou, Y., Chen, W., Wang, S., Wang, P., & Qu, S. (2017). Malus hupehensis miR168 

targets to ARGONAUTE1 and contributes to the resistance against Botryosphaeria 

dothidea infection by altering defense responses. Plant and Cell Physiology, 58(9), 1541-

1557. 

Zhang, L.W., Song, J.B., Shu, X.X., Zhang, Y., Yang, Z.M., (2013). miR395 is involved in 

detoxification of cadmium in Brassica napus. J. Hazard. Mater. 250, 204–211. 

Zhang, T., Zhao, Y. L., Zhao, J. H., Wang, S., Jin, Y., Chen, Z. Q., & Guo, H. S. (2016). Cotton 

plants export microRNAs to inhibit virulence gene expression in a fungal pathogen. Nature 

plants, 2(10), 1-6. 

Zhang, X., Wang, W., Wang, M., Zhang, H.Y., and Liu, J.H., (2016). The miR396b of Poncirus 

trifoliata Functions in Cold Tolerance by Regulating ACC Oxidase Gene Expression and 

Modulating Ethylene-Polyamine Homeostasis. Plant Cell Physiol. 57 (9), 1865–1878. 

Zhang, X., Zou, Z., Gong, P., Zhang, J., Ziaf, K., Li, H., Xiao, F., and Ye, Z., (2011). 

Overexpression of microRNA169 confers enhanced drought tolerance to tomato. 

Biotechnol. Lett. 33 (2), 403–409. 

Zhang, Y., Zhang, Q., Hao, L., Wang, S., Wang, S., Zhang, W., & Li, T. (2019). A novel 

miRNA negatively regulates resistance to Glomerella leaf spot by suppressing expression 

of an NBS gene in apple. Horticulture research, 6. 

Zhao, B., Liang, R., Ge, L., Li, W., Xiao, H., Lin, H., et al. (2007). Identification of drought-

induced microRNAs in rice. Biochem. Biophys. Res. Commun. 354, 585–590. 

Zhao, M., Ding, H., Zhu, J.K., Zhang, F., Li, W.X., (2011). Involvement of miR169 in the 

nitrogen-starvation responses in Arabidopsis. New Phytol. 190 (4), 906–915. 

Zubair, M., Khan, M.Z., Rauf, I., Raza, A., Shah, A.H., Hassan, I., Amin, I., Mansoor, S., 2020. 

Artificial micro RNA (amiRNA)-mediated resistance against whitefly (Bemisia tabaci) 

targeting three genes. Crop Protect. 137, 105308. 

 

 

 

 



Agriculture Science: Research and Review Volume VIII 

    (ISBN: 978-93-91768-63-8) 

101 
 

IMPACT OF TRADITIONAL FOLK MEDIA IN EDUCATING  

RURAL COMMUNITY 

Arulmanikandan B and Shubham* 

Department of Extension Education,  

CCS Haryana Agricultural University, Hisar – 125 004 

*Corresponding author E-mail: shubham21334@gmail.com  

 

Abstract: 

The media has always been a powerful tool for communication. The media's influence is 

felt today on a global scale. Traditional media, sometimes known as "folk media," are still 

successful in today's society in addition to the technical media like TV, radio, and the internet. 

According to the World Bank's collection of development indicators, which was produced from 

officially recognized sources, India's rural population (as a percentage of the total population) 

was estimated to be 65.07 percent in 2020. According to a 2017–18 UNESCO assessment, 35 

percent of the world's population is illiterate, making India the country with the greatest 

proportion of adult illiterates worldwide (287 million). Folk media are the natural media that 

support rural peoples' beliefs, traditions, beliefs, ethics, attitudes, and social structure without 

exploiting them. They are intricately related to social activities and grassroots culture that 

developed in response to the demands of various castes, societies, and ethnic and linguistic 

groupings. Traditional media is beneficial in modifying harmful social and reproductive health 

activities in rural India. Traditional folk melodies, proverbs, storytelling, dancing, theatre, poetry 

recitals, and arts and crafts are just a few of the diverse, widely used forms of communication 

found in rural India. The message is more effective when delivered to individuals in their 

traditional ways because people find it simpler to understand and, as a whole, embrace it far 

more readily. As a result, the folk media draws in rural residents, and its effects are far more 

profound for them. This is an effort to define the function of traditional folk media in rural 

communities' communication-based education about rural development. 

Keywords: Folk media, Rural development, Tradition, Rural community 

Introduction: 

An effective communication tool has always been the media. There is no place on earth 

today where the media hasn't had an impact. Exploring deeply the impact that media plays in the 

dissemination of information indicates that traditional kinds of media, or "folk media," are still 

successful today in addition to technical media like TV, radio, and the internet. The phrase 

"people's performances" is used to describe "Traditional Folk Media." Folk Media disseminates 

information through culture and performing art. 

mailto:shubham21334@gmail.com
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It can also be described as a “cultural symbol of the people” (Sha and Mishra, 2015). 

Traditionally societies have been using various forms of folk media like dramas, skits, music, 

dances, ballads, puppets, etc for moral, religious, socio-political messages and entertainment. 

According to veteran folk media scholar Balwant Garghi, “Folk media represents the people in 

their natural habitat, with all their contradictions and multifarious activities.” It can be called a 

glimpse of their style of speech, music, dance, dress, and wisdom. Folk media thus satisfies 

people's intrinsic demand for enjoyment and self-expression. Traditional folk media is an 

important tool for bringing about social transformation and rural development.  

Every region has its folk-art form that is immensely popular and relevant in that area. It 

embodies the traditions, cultures, and customs of traditional people which are transmitted from 

one generation to another within the community by words or visually or from memory to 

memory (Meena and Singh, 2010). The simplicity and ease of the strategies make traditional 

media more effective in rural areas. Traditional media has a better ability to evoke emotions and 

change attitudes in the illiterate masses. This is because they are more relatable to the average 

person in rural areas and reflect the cultural mindset there (Saxena, 1993). 

Everywhere in the world now places more focus on local technology. They are readily 

accepted, efficient, consistent with traditions and customs, economically viable, practically 

practicable, and provide long-lasting advantages. In the end, they are able to bring about the 

social reforms they want. This indicates that using local media for communication is extremely 

useful for rural development (Chapke and Bagat, 2002). 

The different types of traditional folk media and their examples, the need for using 

traditional folk media and its importance in rural development, as well as some case studies as 

evidence of its efficacy in the role of communicating to the rural community, are thus to be 

covered in detail in this chapter. 

Forms of traditional folk media: 

There are four different forms of folk media. They are: 

1) Oral tradition  

2) Material culture 

3) Social folk customs 

4) Performing arts 

Oral tradition: It refers to those forms of traditional expression which are verbally Spoken, sung, 

and voiced. 

Various forms of oral tradition: 

 Storytelling 

 Songs 

 Poetry 
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 Ballads 

 Rhymes 

 Proverbs 

 Elaborate epics 

Material culture: It refers to skills, recipes, and formulae displayed in rural arts & crafts which 

include traditional motifs, architectural design, clothes, farming, fishing & tools, and machinery. 

It played a vital role in communicating ideas and culture from one generation to another. 

Social folk customs: It refers to marriage, and death, festivals, fairs, ritual, ceremonial 

gatherings, market occasions, and rural meets. It created the gatherings of people and pay the 

way for exchanging their ideas and emotions among themselves. 

Performing arts: It refers to traditional music, dance, drama, and street theatre and those dances 

vary from one place to another. Every state has its form of dance, dress, accessories, symbols, 

and motifs. 

Examples of traditional folk media in India 

Several popular art forms dominate pan India are discussed as follows: 

1. Folk songs 

The different states have their unique traditional folk songs and they are as follows: 

• Alha (Bihar and UP) 

• Baul (West Bengal) 

• Bihu (Assam) 

• Gurba (Gujarat) 

Raganis (Haryana) – The folk songs of Haryana are called “Raganis”, which caters to the need 

of all sections of our society with primarily agricultural and other backgrounds. It can be 

performed at occasions like weddings, births, festivals, and at the time of harvest. It is mainly 

used to express their emotions. 

2. Fairs and festivals  

They created a platform to meet and exchange views among people. Examples are as follows: 

• Social rituals and ceremonies, 

• Ganapati Utsav 

• Rathayatra, Dusshera 

• Ram Navami 

Surajkund Mela – It is the biggest craft mela in Haryana, which is rich in the showcase of 

regional and international crafts and traditions in one place. Moreover, they set up an 

environment that displayed the traditions of the rural craft and the traditional rural ambiance of a 

typical village. It includes the concept of a “Theme state” under which every year any state of the 
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nation showcases its unique culture and heritage through various art forms and handicrafts and 

they can also perform their folk dances and arts. 

3. Folk dances 

Folk dances can vary from one place to another and the different dances of different states are 

listed below: 

• Bhangra (Punjab) 

• Chhau (East India) 

• Bihu (Assam) 

• Lavani (Maharashtra) 

• Karakattam (Tamil Nadu) 

Saang/Swang dance-folk theatre – a popular folk theatre in Haryana. It is described as 

dance cum folk theatre. Because these religious stories and other folk tales are enacted with loud 

long dialogues and songs and centered around the music. It can be performed in open-air theatre 

with natural settings during the past. 

4. Puppetry 

Puppetry is one of the popular forms of traditional media which exists in rural areas of 

India. It is of four different types. They are:  

• Sutradharika (String puppet) 

• Putalnautch (Rod puppet) 

• Chhaya Putil (Shadow puppet) 

• Glove puppets 

Shadow puppetry and string puppetry are popular forms. 

5. Traditional drama / Folk theatre 

We can create our messages and communicate without using any form of mass media. 

We can create our media. For example, in street theatre, social or political messages are 

presented before the public with a performance by a group of performers. You do not need any 

special piece of equipment, unlike television or radio.  

Examples of folk drama and folk theatre: 

• Yakshagana (Karnataka) 

• Jatra (W.B.) 

• Burra Katha (A.P.) 

• Ram Leela (U.P.) 

• Nautanki (North India) 

• Bhavai (Gujarat) 

• Therukothu (Tamil Nadu) 
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Reasons behind the need for folk media: 

India's rural population (% of the total population) was reported at 65.07 % in 2020, 

according to the World Bank collection of development indicators, compiled from officially 

recognized sources (Anonymous, 2022) 

As per the UNESCO report of 2017-18, 35% of the world’s illiterate population resides in India 

(Anonymous, 2021) i.e., India has the highest population of illiterate adults in the world (287 

million). 

Percentage distribution of rural persons: (Ages 15 years & above) 

 31.5% - illiterate  

 20.9% - literates up to primary 

 17.2% - upper primary/middle, 

 24.9% - secondary and higher secondary 

 5.7% - graduates & above. 

Thus, the majority of the rural persons are illiterate, there is a need for traditional folk 

media as an inevitable indigenous tool. 

Modern mass media are flourishing nowadays, but not performing the expected role from 

them due to several reasons: (Pahad Anjali, 2000) 

ꭙ more illiteracy percentage 

ꭙ lack of electricity  

ꭙ high technicality 

ꭙ costly equipment 

ꭙ Lack of transporting facilities 

Due to the above-mentioned reasons, it is highly possible of modern mass media could be 

seen as too glamourous, impersonal, and unreliable to their rural community. 

So, traditional media have a remarkable impact on rural society because of their acceptable 

idioms, functional significance, and entertainment component (Intodia and Uppadhyay, 1991). 

Characteristics of folk media: 

 Easy to comprehend 

 Local language & Local Talent 

 Accepted by society 

 Immediate rapport 

 Personal  

 Prompt feedback 

 Entertainment element 
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Folk media’s significance in the development of the rural community: 

Being an ancient form of art, the folk media is very close to the hearts of the people. Its 

performances are uniformly popular, irrespective of any community's educational, social, and 

financial standing. Its understanding is direct and at a personal level. Folk media were primarily 

used for entertainment, social communication, and persuasive communication. 

The evidence from the study of Nisha Bhargava and Lailash Khanna (1972) showed that 

folk songs were passed on to other generations by word of mouth and were shaped by the singers 

to suit the changing environment and so they were a mean source of acquisition of knowledge 

about the life of the rural people and for understanding their social behaviour pattern. 

The study findings from Anjali Pahad (2000) pointed out that the deployment of traditional or 

folk media for certain development programmes like family planning education etc. has proved 

as a better and more advantageous participatory approach for rural development. 

According to Dinampo (1991), in his study “Utilization of indigenous communication 

media for agriculture and natural resources technology” reported that respondents found them 

interesting and effective and the farmers said that the presentation informed through this media 

finally changed their attitude.  

Folk media is now acting as a vital tool for conveying the development messages among the 

community through live performances and also in the form of integration with electronic media. 

Various interventions of traditional folk media: 

1) Disaster Risk Reduction 

2) Health, Nutrition, Water Hygiene, and Sanitation 

3) Child Protection 

4) Education 

5) Women Empowerment 

6) Communicating Modern Themes 

Disaster Risk Reduction: 

 With the help of street play, people can be motivated to form SHGs through which the 

Grain banks can be established to help vulnerable families during disasters at the 

community level. 

 Mock drills on first-aid in the local language can be organized. 

 Wall writing on WASH issues 

 Awareness through various campaigns like puppet shows, and street plays. 

Health, Nutrition, Water Hygiene, and Sanitation: 

 Community Health Services awareness campaigns can be organized through traditional 

media. 
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 Puppet shows and street plays can be organized to impart knowledge on different 

components of maternal and child health. 

 Aware of the different government schemes for the pregnant woman and the newborn 

child and immunization etc.  

 Not only women and girls but the male community can also discuss some issues broadly 

with the help of various traditional media.   

Child Protection: 

 Awareness among communities about child protection issues like child rights, child 

abuse, girl child abortion, child marriage, child labor, and child trafficking issues can be 

done easily through various traditional media.  

Education: 

 Children Siksha Jankari mela can be conducted to sensitize community members on 

various government schemes in which the information related to educational schemes. 

 Street Theatre performances can be organized to create awareness of the Right to 

Education and learning without fear in the community 

Women Empowerment: 

 Street plays and folk theatre performances provide women awareness about debit and 

credit facilities for them through various banks and free them from any exploitation by 

the local money lender.  

 They enhanced the leadership skills among women.  

 It can also impart awareness in women’s communities about violence against women and 

the Protection of women from Domestic Violence Act 2005 and its provisions can be 

highlighted. 

Communicating modern themes: 

 Folk media are having the capacity to absorb any modern message, and reflect it in terms 

that are easily understood by the village masses.  

 It can handle vital contemporary themes like the green revolution, scientific 

temperament, eradication of illiteracy, and superstition. 

 The rural drama, has come across modern messages, without, in any way hurting the 

community's traditional culture.  

Case studies show about traditional folk media: 

1. Traditional folk media: A potentially effective communication tool in rural areas 

(Chapke and Rekha, 2006)) 

Objectives: 

 To study the nature, theme, and extent of use of traditional folk media 

 To find out the interest and opinion of viewers of traditional folk media 
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Major findings: 

It is clear that the majority of the respondents (522 people) first prefer the social 

development theme of traditional media which includes agriculture and is followed by patriotic 

songs. 

The majority of the respondent’s (129 people) perceptions about the purpose served by 

the show were a good impact on the message realized. 

Conclusion: 

The potential of traditional folk media can be utilized wisely and systematically for 

agricultural as well as rural development.  

They can serve society as an indigenous tool of interpersonal, inter-group, and inter-

village communication for ages. 

2. Folk Media for Agricultural Extension: A study of Yakshagana – A South Indian 

Folk Theatre (Padmanabha and Kumar, 2020) 

Objective: 

 To using identify major milestones in Yakshagana for agricultural extension.  

Yakshagana played a significant role in disseminating the objectives of Grow More Food 

and other schemes of agricultural development of the government in coastal Karnataka in the 

1950s and 1960s.  

Nellura Gella, Japani Krishi Vijaya, Rashtra Vijaya, Krishi Vijaya, Krishi Mahime, etc. 

were some of the Yakshagana prasangas composed with the central theme of agricultural 

development.  

Major findings:  

Yakshagana has made maximum use of its flexibility and responded to contemporary 

issues. Yakshagana prasangas can create a congenial environment, an important prerequisite for 

an extension. 

3. WHITHER TRADITIONAL ENTERTAINMENT MEDIA? (Dayal and Singh, 

2010) 

Objectives: 

 To judge the public opinion about the folk form of Haryana. 

 To check the effect of electronic media over traditional media.  

Hypothesis: 

 Traditional folk media is getting weak due to the glamour of electronic media. 

 Traditional entertainment media is declining in the present scenario. 

Major findings: 

Traditional entertainment media is being forgotten by the people of Haryana. Saang is 

disappearing from the land of Haryana. 
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Ragini is also on its verge in Haryana. 

People prefer watching electronic media over traditional media.  

4. Socio-economic and personal characteristics of the farmers of Assam using 

traditional folk media for agriculture (Gogoi et al., 2022) 

Findings from this study reveal that: 

1. With the use of mass media, the usage of folk media increases. 

2. This may be because farmers get good scope for their folk performances and can telecast 

their folk culture across the country. 

Conclusion: 

Are traditional folk media really made an impact? 

The answer is likely to be Yes because, 

There is evidence that it is highly preferable by the people of any community for educating on 

any social development themes including agriculture, and also it is capable of flexible and 

creating a congenial environment in the rural community.   

The answer is likely to be No because, 

There is evidence that it is being forgotten by the community and they always tend to 

choose electronic mass media over traditional folk media nowadays. 

So, for effective transfer of technology, extension education purpose, and also human 

resource development is possible through blending the traditional folk media with electronic 

media. 

Due to their adaptability and popularity, traditional art forms have endured for millennia 

and will continue to do so. In rural India, they might serve as the media for development and 

social transformation. 
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Abstract: 

The most difficult problem of our day is climate change, which makes severe weather 

conditions like droughts, floods, and storms more frequent. Farming practices that increase farm 

productivity and profitability, help farmers adapt to adverse effects of climate change, and 

mitigate those consequences are referred to as "climate-smart agriculture." Examples of such 

activities include cutting greenhouse gas emissions or sequestering carbon in the soil. Climate 

change, which increases the frequency of extreme weather occurrences like droughts, floods, and 

storms, is the most challenging problem of the current time. Climate-smart agriculture refers to 

agricultural strategies that boost farm output and profitability, assist farmers in adapting to the 

negative consequences of climate change, and lessen those effects. Growing cover crops in 

between plantings of cash crops can help the soil absorb CO2. Many farming techniques and 

technologies, such as minimal tillage, different crop establishment methods, fertiliser and 

irrigation management, and residue management, can boost crop yields while lowering 

greenhouse gas (GHG) emissions from agricultural activities. For agriculture to be really 

sustainable, social, economic, and environmental sustainability must all work together. 

Enhancing soil health and better water management increase yields and reduce input costs, such 

as fertiliser and water. Farming to feed the globe and retain farmers in their jobs is essential for a 

climate-smart future. Climate resilience agriculture helps to increase food security by avoiding 

global food waste and the risk to natural resources.  

Keywords: Climate change, productivity, cover crops, globe, resilience, security 

Introduction: 

Climate-smart agriculture (CSA), an integrative method of managing landscapes that 

encompasses crops, livestock, forests, and fisheries, seeks to solve the interrelated problems of 

food security and the speeding up of climate change. Three objectives are simultaneously 

pursued by the CSA: increased production, enhanced resilience, and reduced emissions (The 

World Bank, 2021). The most difficult problem of present time is climate change, which makes 

extreme weather events like droughts, floods, and storms more frequent. 570 million farms 

globally are now threatened by climate change (Niyogi, 2016). Climate change is severely 
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changing how farmers make a living. Smallholder farmers have difficult problems all around the 

world because of erratic weather conditions, shorter seasons, droughts, overly high temperatures, 

greater vulnerability to pests, and crop diseases, especially in the tropics where people are more 

dependent on natural resources. In order to adapt to and be prepared for consequences, farmers 

may use climate-smart agriculture practises to preserve—and potentially especially improve—

their way of living (Rain forest alliance, 2021). Climate-smart agriculture pertains to agricultural 

methods that increase farm productivity and income, support farmers in adjusting to adverse 

consequences of climate change, and lessen those effects. Examples of such methods include 

lowering emissions of greenhouse gases or sequestering carbon in the soil. One illustration of a 

locally used climate-smart technique is conservation agriculture, which attempts to protect soil 

moisture, save crop leftovers for soil fertility, disturbing the soil as minimally as feasible, and 

diversify through rotation or intercropping (Chikulo, 2019). 

Why climate resilient agriculture? 

According to the UN Food and Agriculture Organization (FAO), increasing global 

agricultural production by 60% is necessary to feed the whole planet. There are a lot of 

challenges with food security because so many of the resources required for long-term food 

security have already reached saturation. Agriculture production has already been significantly 

impacted by climate change on a global and local scale. In the decades ahead, climate hazards to 

agriculture, cattle, and fisheries are predicted to rise, especially in low-income nations where the 

ability to adapt is already more limited. Impacts on agriculture pose a danger to both food 

security and the vital role that agriculture plays in rural communities and overall development. 

When emissions resulting from changes in land use are included, the agricultural sector accounts 

for around one-fourth of all greenhouse gas emissions globally (CCAFS and UNFAO, 2014). 

Climate smart agriculture strategies address the critical issues of agricultural productivity 

while also being crucial to resiliency building and combating climate change. Existing 

agricultural productivity must be increased in order for feeding growing world population. 

Gaining better soil health and managing water more effectively boost yields and lower the cost 

of inputs like fertiliser and water. Farming to feed the globe and retain farmers in their jobs is 

essential for a climate-smart future (Rowe, 2019). 

Climate dangers are expected to increase, and there are still about 1 billion hungry people 

in the globe. Climate smart agriculture (CSA) is becoming more popular as a strategy that can 

address both adaptation and mitigation issues (Pinto and Cenacchi, 2020). 

22-46% of the world's methane emissions are caused by agricultural operations like rice 

cultivation, livestock raising, and biomass burning. The largest source of methane emissions is 

paddy fields, which are responsible for 15-20% of all emissions produced globally as a direct 

result of human activity. These figures also highlight the urgent need for developing climate-
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conscious substitutes and alternatives for current farming practises that increase GHG emissions 

(Financial Express, 2022).  

In order to improve food production in the face of changing environmental conditions, 

such as unpredictable weather, increased Co2 levels, increasing temperatures, and sea level rise, 

agriculture needs to be reoriented away from existing practises and toward more sustainable and 

environmentally friendly ones. Scientists are currently increasingly interested in climate-smart or 

resilient agriculture (CSA). In the face of shifting climatic circumstances, climate resilient 

agriculture lowers the risk to natural resources and helps in boosting food security (CCAFS, 

2013). 

Climate resilient agriculture approaches 

Due to India's expanding population and shifting food habits, there is a high need for 

land. Farmers are struggling to keep up as crop yields level off, soil degradation worsens, water 

is scarcer, biodiversity is decreasing, and natural disasters happen more frequently. Additionally, 

about 14% of India's total greenhouse gas emissions are attributable to agriculture. Climate-smart 

agriculture (CSA) may restructure agri-food systems in a way that is responsive, mitigates the 

effects of climate change, and produces food and energy in a sustainable way. Farmers in India 

are gradually becoming aware of the advantages of CSA. A CSA is an integrated system for 

managing forests, livestock, fisheries, and agriculture (IBEF, 2022). 

In order to assist farmers in more sustainably producing food while reducing greenhouse 

gas emissions and boosting resilience to climate change, CCAFS Climate-Smart Villages (CSVs) 

have effectively integrated global knowledge with local action. In CSVs, farmers and researchers 

test and put into effect a variety of climate-smart agricultural techniques, technology, and 

services that can be combined to make the most of a situation that is becoming more and more 

challenging. Farmers in Haryana have adopted climate-smart techniques including alternate 

soaking and drying of rice and laser-leveling of land, which have reduced water use, improved 

soil health, and brought financial incentives. Inputs from scientists, input dealers, and farmers are 

included in agro-advisories that farmers receive on their mobile phones, enabling them to make 

decisions quickly (CCAFS, 2015). 

By creating biologically-integrated agroecosystems that rely more on the internal cycling 

of nutrients and energy, it is often feasible to establish a sustainable economic production system 

with minimal potentially harmful interventions. For instance, farmers looking for a higher level 

of environmental sustainability would be able to use less hazardous pesticides by employing 

natural methods to manage insect populations. We can preserve a high degree of genetic variety 

and boost the genetic resources available for breeding disease and pest resistance by keeping as 

many agricultural types and animal breeds as is practical (Brodt et al., 2011). 
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Approximately 11% of U.S. greenhouse gas emissions, primarily nitrous oxide and 

methane, are attributable to agriculture. A variety of "climate-smart" farming techniques could 

lessen that effect while also helping to sequester carbon dioxide produced by other sectors of the 

economy. For instance, among other advantages, growing cover crops in between plantings of 

cash crops can help the soil absorb CO2 (Frueh, 2022).  

With a Climate Smart Villages strategy in key Agri Business areas, ITC’s Climate Smart 

Villages Programme, currently operating in 1600 villages across 14 states, is intended to help 

them meet the difficulties. At demonstration plots and farmer field schools in villages, farmers 

participating in the programme receive information and practical training on climate smart 

farming techniques and practices, such as water-saving irrigation machines, organic fertilisers 

and pesticides, technological advances suitable for small plots, etc. Consequently, farming 

communities learn how to better manage and preserve soil and water resources, boost crop 

yields, and reduce cultivation expenses, all of which help to enhance household incomes and 

decrease the probability of crop failure. As a result, farming becomes less risky and a more 

sustainable form of livelihood both now and in the future. In 8,000 villages spread across 17 

States, over 2.54 lakh farmers, over 8.8 lakh acres, and 21 major crops were covered by ITC’s 

Climate Smart Agriculture programme in 2020-21. By 2030, the programme is expected to have 

more than 3 million acres covered (ITC, 2021). 

The objectives of climate smart farming can supposedly be achieved using a variety of 

tactics, according to experts. Energy-efficient food systems, for instance, need the utilisation of 

the all sources of renewable energy for farming, such as windmills, solar panels, pyrolysis units, 

and water pumps driven by bioenergy. In order to prevent higher temperatures that are harmful to 

grain growth, farmers can plant wheat very fast following paddy or cotton utilising resource-

conserving technologies (RCTs), such as zero tillage (Hussain, 2022). 

In a pilot project in Telangana's rain-fed districts, researchers from the International 

Crops Research Institute for the Semi-Arid Tropics (ICRISAT) advocated climate-smart villages 

(CSV) as a means of ensuring resilient agriculture output in the face of climate change 

(Kurmanath, 2022). 

A number of farming technologies and practices, such as minimum tillage, various crop 

establishing techniques, fertiliser and irrigation management, and residue management, may 

improve the yield while reducing greenhouse gas (GHG) emissions from agricultural activities 

(Sapkota et al., 2015). Similar to this, farmers can mitigate the consequences of climatic 

variability and change by adopting better seeds, rainwater harvesting, ICT-based agroadvisories, 

and crop/livestock insurances (Mittal, 2012). 

 

 



Agriculture Science: Research and Review Volume VIII 

    (ISBN: 978-93-91768-63-8) 

115 
 

Conclusion: 

For agriculture to be really sustainable, social, economic and environmental sustainability 

must all work together? For instance, in order to survive, poor farmers are frequently compelled 

to exploit natural resources like soil fertility, even when doing so may eventually harm their 

ability to make a living in the long run. Societies may only encourage more sustainable farming 

systems by developing policies that integrate social, environmental, and economic concerns 

(Brodt et al., 2011). Governments need to consider putting into place insurance programmes with 

low transaction costs and moral hazard potential. Governments may also provide input subsidies, 

guaranteed and subsidised funding, and other short-term solutions where learning-by-doing is 

necessary. These programmes should encourage the use of ecologically sustainable and 

financially sensible techniques (Zilberman, 2018). 

References: 

Brodt, S., Six, J., Feenstra, G., Ingels, C. & Campbell, D. (2011). Sustainable 

Agriculture. Nature Education Knowledge 3(10):1. 

CCAFS and UNFAO. (2014). Questions & Answers: Knowledge on Climate-Smart 

Agriculture. United Nations Food and Agriculture Organisation (UNFAO), Rome. 

CCAFS, (2013). Big Facts on Climate Change, Agriculture and Food Security. Copenhagen, 

Denmark: CGIAR Research Program on Climate Change, Agriculture and Food Security 

(CCAFS).  

CCAFS, (2015). Scaling up climate-smart villages in India, 

https://ccafs.cgiar.org/outcomes/scaling-climate-smart-villages-india. 

Chikulo, S., (2019). Climate-smart agriculture: A winning strategy for farming families in El 

Niño seasons, https://www.cimmyt.org/news/climate-smart-agriculture-a-winning-strategy-

for-farming-families-in-el-nino-seasons/. 

Financial Express, (2022). Green Harvest: Towards climate-smart farming, 

https://www.financialexpress.com/opinion/green-harvest-towards-climate-smart-

farming/2587970/. 

IBEF, (2022). India’s Smart Agriculture Strategies, https://www.ibef.org/blogs/india-s-smart-

agriculture-strategies. 

Frueh, S., (2022). Growing the Impacts of Climate-Smart Agriculture, 

https://www.nationalacademies.org/news/2022/07/growing-the-impacts-of-climate-smart-

agriculture. 

Hussain, Z., Explained: How Does Climate Smart Agriculture Help Adapt to and Mitigate 

Climate Change, https://www.indiatimes.com/explainers/news/how-does-climate-smart-

agriculture-help-adapt-to-and-mitigate-climate-change-567982.html.  

https://cgspace.cgiar.org/bitstream/handle/10568/42432/About%20CSA_Q%26A.pdf?sequence=1
https://cgspace.cgiar.org/bitstream/handle/10568/42432/About%20CSA_Q%26A.pdf?sequence=1
https://ccafs.cgiar.org/outcomes/scaling-climate-smart-villages-india
https://www.nationalacademies.org/news/2022/07/growing-the-impacts-of-climate-smart-agriculture
https://www.nationalacademies.org/news/2022/07/growing-the-impacts-of-climate-smart-agriculture
https://www.indiatimes.com/explainers/news/how-does-climate-smart-agriculture-help-adapt-to-and-mitigate-climate-change-567982.html
https://www.indiatimes.com/explainers/news/how-does-climate-smart-agriculture-help-adapt-to-and-mitigate-climate-change-567982.html


Bhumi Publishing, India 

116 
 

ITC, (2021). ITC: Climate Smart Agriculture, https://www.itcportal.com/itc-stories/itc-climate-

smart-agriculture.aspx. 

Kurmanath, K.V., (2022). ICRISAT comes up with economical-climate-smart farming proposal, 

https://www.thehindubusinessline.com/economy/agri-business/shielding-farmers-from-

climate-change-not-a-costly-proposition-finds-icrisat-project/article65750357.ece. 

Niyogi, D.G., (2016). Climate-smart agriculture: an answer to climate change, 

https://www.downtoearth.org.in/coverage/natural-disasters/climate-smart-agriculture-

54437. 

Pinto, A.D., Cenacchi, N., (2020). Study suggests that climate smart agriculture can boost yields, 

reduce hunger and emissions globally, https://www.ifpri.org/blog/study-suggests-climate-

smart-agriculture-can-boost-yields-reduce-hunger-and-emissions-globally. 

Rain forest alliance, (2021). What is Climate Smart Agriculture? https://www.rainforest-

alliance.org/insights/what-is-climate-smart-agriculture/. 

Rowe, A., (2019). Climate Smart Agriculture: What Is It and Why Is It Important? 

https://ucanr.edu/blogs/blogcore/postdetail.cfm?postnum=30004. 

Sapkota TB, Jat ML, Aryal JP, Jat RK, Khatri‐Chhetri, (2015). A. Climate change adaptation, 

greenhouse gas mitigation and economic profitability of conservation agriculture: Some 

examples from cereal systems of Indo‐Gangetic Plains. Journal of Integrative Agriculture, 

14(8):1524‐1533. 

Mittal S., (2012). Modern ICT for Agricultural Development and Risk Management in 

Smallholder Agriculture in India. CIMMYT. Socio‐Economics Working Paper 3. Mexico, 

D.F.: CIMMYT. 

The World Bank, (2021). Climate Smart Agriculture, 

https://www.worldbank.org/en/topic/climate-smart-agriculture. 

Zilberman, D. (2018). Conclusion and Policy Implications to “Climate Smart Agriculture: 

Building Resilience to Climate Change”. In: Lipper, L., McCarthy, N., Zilberman, D., 

Asfaw, S., Branca, G. (eds) Climate Smart Agriculture . Natural Resource Management 

and Policy, vol 52. Springer, Cham. https://doi.org/10.1007/978-3-319-61194-5_25. 

 

 

 

 

 

 

 

 

https://www.itcportal.com/itc-stories/itc-climate-smart-agriculture.aspx
https://www.itcportal.com/itc-stories/itc-climate-smart-agriculture.aspx
https://www.downtoearth.org.in/coverage/natural-disasters/climate-smart-agriculture-54437
https://www.downtoearth.org.in/coverage/natural-disasters/climate-smart-agriculture-54437
https://ucanr.edu/blogs/blogcore/postdetail.cfm?postnum=30004


Agriculture Science: Research and Review Volume VIII 

    (ISBN: 978-93-91768-63-8) 

117 
 

INDIA’S AGRO - BASED ENTREPRENEURSHIP: SCOPE AND LIMITATIONS 

Suruchi* and Pooja 

Department of Agriculture,  

Chandigarh School of Business, CGC Jhanjeri (Mohali)-140307 

*Corresponding author E-mail: suruchi.j1562@cgc.ac.in  

 

Abstract:  

Agriculture and entrepreneurship are strongly intertwined. The global population is 

impacted by the agriculture sector. Agricultural business owners will always be in demand. 

Agriculture education, research, and dissemination should be based on the principles of 

innovation, inspiration, and illumination in India, the youngest nation in the world, where more 

than 65 percent of the population is under 35 and more than 50 percent is under 25. This will 

help us to guide the entire society. Even if they have the resources required to break into the 

commoditized part of the industry, those looking to make a living through agriculture can take 

advantage of the growing trend for locally produced goods, which offers appealing start-up 

chances.Although land prices can be difficult, the low requirement for high-tech equipment in 

this type of operation frequently makes it possible for qualified and experienced people to enter 

this industry, run their own businesses, and create their own marketing strategies. The kids in our 

country should be given current skills training in order to prevent them from vying for jobs and 

disqualifying others, which is another significant difficulty. In order to offer solutions, this study 

focuses on agricultural development techniques and challenges that must be solved.The 

commercial environment is constantly evolving in the twenty-first century. Many smart young 

people with original ideas and a desire to work have been drawn to agriculture entrepreneurship 

as a result of the growth of high-tech business models and the introduction of new technology. 

These business owners and start-ups can create beneficial connections throughout the 

agricultural value chain, accelerating and streamlining the delivery of goods, services, and 

technologies to both farmers and consumers. Plans like Skill Development, Start-up India, 

Mudra Yojana, and Raftaar are prioritized in order to support this new endeavor. 

Keywords: Agriculture, entrepreneurship, skills, innovation. 

Introduction: 

An entrepreneur is crucial to a nation's economic development. Through innovation, he 

gathers and utilizes natural and human resources, creating a lot of jobs for the populace or 

stabilizing the economy. Many educated adolescents with fresh ideas and a desire to work have 

been drawn to high-tech business models in recent years, which have elevated agriculture from 

its traditional state and introduced new forms of technologies. These business owners and start-

ups can help protect vulnerable connections in the agricultural value chain and speed up the 
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effective delivery of goods, services, and technologies to farmers and consumers. Entrepreneurial 

decisions and initiatives have a broad impact on society and the economy of a country. They 

have an impact on the industrial, agricultural, and technological sectors as well as on trade both 

domestically and internationally. In an economy, there are many different types of development, 

including economic development, social development, infrastructure development, and human 

development. In the process of economic development, an entrepreneur performs his or her 

function as a catalytic agent. The importance of being an entrepreneur has increased recently 

every day. In order to encourage more individuals to become entrepreneurs, the Government of 

India and its partner organizations have developed a number of promotional and development 

programs for entrepreneurship, marketing, and export growth. Thus, an entrepreneur makes 

every effort to promote economic growth, the creation of jobs, social stability, the earning of 

foreign exchange, the promotion of exports and the replacement of imports, the development of 

special economic zones, the earning of foreign exchange, and regional development, all of which 

can quicken the process of balancing and maintaining economic stability. According to Joseph 

A. Schumpeter. "A nation's rate of innovation, which in turn depends on the distribution of 

entrepreneurial talent in the population, determines its rate of economic advancement." 

The businessperson is always prepared to seize any beneficial possibilities.He or she 

spots chances, seizes them, and launches new services in the international market. Because 

creativity is a precondition for innovation and may be cultivated in anyone where there is a 

concern for perfection, we can say that an innovator is a creative person. The entrepreneur's 

resource mobilization efforts enable the nation's resources to be used more effectively, which 

accelerates economic growth. 

Agriculture workers are gradually coming to the realization that they cannot completely 

rely on the government. The need for self-determination exists. Furthermore, conventional 

farming practices and an excessive reliance on traditional crops won't be sufficient in light of the 

evolving global agricultural environment brought on by the WTO round of discussions. There 

are many chances to promote entrepreneurship in agriculture and associated businesses. There is 

a lot of potential for agricultural output in agriculture, dairy farming, beekeeping, mushroom 

farming, fisheries, and other related areas. 

Additionally, Farmers should search for associated cottage industries like those 

producing tomato sauce, squash, jam, and jaggery. The whole human population of the planet is 

impacted by the global industry of agriculture. Agricultural businesses will undoubtedly always 

be needed. 

      India is the youngest nation in the world, with more than 65 percent of the population 

under 35 and more than 50 percent of the population under 25. This presents a significant 

challenge for the youth, who must be trained in modern skills so that they do not simply seek out 



Agriculture Science: Research and Review Volume VIII 

    (ISBN: 978-93-91768-63-8) 

119 
 

jobs but rather create new ones. Today, there is a lot of talk about entrepreneurship and skill 

development, and youths are encouraged to start their own businesses through programs like 

Skill Development, Start-up India, Mudra Yojana, and Raftaar.Since we live in the twenty-first 

century, changes in the market's appearance occur daily. Here are a few prospective fields for 

agriculture entrepreneurship: 

Business with honey: 

A box costs roughly 4,000 rupees, so if you take five of them, the initial phase will cost 

you 20,000 rupees. You can begin with five colonies (five boxes). They can occasionally be 

separated to grow their population. A year can be used to prepare 20,000 thousand boxes if 

partitioning is done correctly. The Department of Horticulture provides 40 to 50 percent of the 

money under the National Agricultural Development Scheme. Farmers receive instruction in this 

area as well. Additionally, the farmers are not required to increase their economic outlay. 

Cultivating mushrooms: 

There are several opportunities for selling and producing mushrooms. Due to its great 

nutritional content, which includes protein, carbs, mineral salts, and vitamins, mushrooms are 

utilized in our country as both food and medicine. To encourage the growing of mushrooms, 

agricultural universities and other educational institutions hold training sessions for farmers 

throughout the year. 

Food processing: 

The term "food processing industry" describes processes and additions to main 

agricultural goods. For instance, the industry of food processing includes the processing of dairy 

goods, milk, fruits, vegetables, packaged foods, and beverages. The food processing business in 

India plays a significant role in western nations in terms of creating jobs, raising farmer incomes, 

satisfying consumer demand quickly, and supplying the nation's food needs. This area is being 

considered as a prospective industry because it would not only assist the agricultural sector 

flourish but will also be good for nutrition. 

Micro irrigation system 

There are enormous prospects because micro-irrigation system manufacturing and trading 

are also feasible on a small scale. 

Agro-eco excursion 

Agro-eco tourism can be boosted by the creation of aesthetic gardens, woodland areas, 

and agri-expos. 

Marketing and production of organic fertilizer 

Production and commercialization of biofertilizers can be done relatively simply and for 

little money. 
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Plant production for medicine 

People have a great entrepreneurial opportunity with the growing of therapeutic plants. 

The growing popularity of natural treatments and their development by pharmaceutical firms are 

the causes of this. They will require raw resources in the form of pharmaceutical plant products 

for this. These producers are able to fill this need. 

Spices and herbs 

Herbs and plant components can be used to enhance food flavor or for medical purposes. 

Your potential consumers can employ the fragrant qualities of herbs in perfumes, food, and 

medicine. Being an herb farmer enables you to provide doctors from other fields, including those 

who practice pharmaceutical, cosmetic, and even herbal medicine, with raw materials (your 

herbs). 

Internet extension 

The use of ICTs for agricultural and rural extension is known as "cyber extension." The 

use of the internet is seldom noticeable in rural areas. A breakthrough in the agriculture sector's 

development may result from workers, institutions, and farmers working together at the fastest 

possible rate. Agriculture to enable farmers to use the information for a better economy, cyber 

extensions can be created to transfer the science of scientific agriculture to them. 

Dairy goods 

India is now the world's greatest milk producer thanks to the Amul model's effective 

implementation, which comprises activities for milk production and its processing for retail sale. 

Both the public and private sectors of this industry offer employment opportunities. Through 

Anand Milk Union Ltd., Dr. Kurien demonstrated how millions of unorganized milk woman 

associations may become prosperous businesses. Dairy may generate a lot of cash if it is handled 

more professionally, with excellent local branding and true quality assurance. 

Unit of farm equipment 

Customized farm machinery equipment is desperately needed. Traditional farming tools, 

for instance, cannot be used on the hills due to the topography. Here, we require compact, 

lightweight, and reliable farm machinery and equipment. New graduates in agricultural 

engineering may develop such units. 

Both the domestic and export markets benefit greatly from the fishing industry. 

Entrepreneurial initiatives can be quite beneficial in this direction. 

Floristry marketing 

The future of India's economy is in floriculture. If efforts continue, the level of 

development in the area will be unprecedented. Marketing for floriculture presents a plethora of 

chances for business development. The choices are endless; they include flower stores, wholesale 

trading, electronic retailing, and so forth. 
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Entrepreneurial endeavors in floriculture have frequently produced astounding outcomes. 

The Ferns N' Petals are one illustration of this. Ferns N' Petals began as a little flower shop in 

New Delhi's Greater Kailash neighborhood. It developed into the first branded internet chain of 

corporate and wedding flower decorators because of its entrepreneurial efforts and successful 

branding strategy. 

Organic food chain production 

In India, the food processing sector is already generating significant revenue. The market 

is ready for organic food. The biggest winners will be the pioneers. To put it simply, organic 

Production of essential food 

The production of staple foods is one of the most lucrative forms of agriculture. Because 

they are frequently consumed, crops including rice, potatoes, wheat, and corn are considered 

staple foods. In agriculture.You can meet the demands of your community by producing big or 

moderate amounts of staple foods area. The truth is that many people enjoy these meals around 

the world, and you can additionally export to other nations. 

Farming of greens 

We consume a lot of vegetables in our regular diet. Due to their high nutritional value 

and the significance of making healthy meals, vegetables are used in soups, salads, sauces, and 

sandwiches. Vegetable farming doesn't need a lot of money because you may start a plantation in 

your backyard and sell your produce to neighbors. 

Numerous curriculum programs at the university and college level now include 

entrepreneurship as a subject to help students develop their entrepreneurial abilities because they 

recognize the importance of entrepreneurs for economic growth and development. 

Issues entrepreneurs face 

Entrepreneurs envision an innovative idea and develop it into a business strategy. They 

then acquire resources like land, labor, and capital and produce goods and services with the 

assistance and support of outside sources, which can have an impact on the success of 

innovation. The economic environment is uncertain, according to Schumpeter, and 

entrepreneurship is essential in this sense because growth is an unsatisfying process that results 

in self-determination. The entrepreneur frequently mobilizes capital sources to preserve control 

over the factors of production. Schumpeter was right when he said that entrepreneurs require 

credit because it promotes economic expansion, which leads to the production of new goods. 

Business selection:  

To choose a business, a marketer must first determine whether the customer will enjoy 

his product or service, how much demand there will be, what the cost will be, and whether it will 

be profitable or not. It is given as a probability report or project report and is known as a 

probability study. On the basis of this, the most lucrative company is chosen. 
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Choosing the type of business to launch:  

The entrepreneur has the option of a sole proprietorship, partnership, joint capital 

company, etc. for this, from which it might be challenging to select the best business structure. If 

a company structure is best for large enterprises, a sole proprietorship or partnership will be more 

appropriate for small businesses. 

The entrepreneur has always had trouble arranging financing. Without money, no firm 

can get off the ground. The business owner requires money to purchase land, buildings, 

machinery, equipment, and other long-term assets. Money is also necessary for a business's 

ongoing costs. 

The entrepreneur must secure financing from sources after assessing the amount of 

capital needed different sources. Many financial institutions, including IFCI and others, are 

supplying the first capital or money from venture capital for successful entrepreneurship. 

Choosing a site:  

The entrepreneur faces a challenge while choosing a location for the company unit. It is 

dependent on a variety of fundamentals, including the availability of raw materials, 

transportation options, access to electricity and water, and proximity to the market. 

Unit size:  

A number of factors, including technical, financial, and marketing issues, have an impact 

on the size of the company. Entrepreneurs can begin their operations on a wide scale whenever 

they believe they can successfully sell the goods and services they are offering in the market and 

raise enough money. 

Entrepreneurs typically have the option of beginning their activity on a modest scale and 

progressively expanding it. 

Tools for agriculture and machines:  

Prior to beginning any new project, choosing the right tools, equipment, and techniques 

can be a tricky task. This is impacted by a variety of variables, such as product choice, resource 

availability, and manufacturing process design. However, production ought to come first. It's 

critical to take into account the accessibility of repair and maintenance services, additional 

funding, and post-sale support. 

Appropriate Manpower:  

If a company is huge, it must locate qualified individuals who are suited for a variety of 

jobs. He needs to find the best person for each job and inspire them to work for the company. It 

is not simple. It takes a lot of endurance and inspiration. In this approach, the business owner 

must come up with numerous options before starting a new venture. By making the right choices 

and arrangements, success is assured. 
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In an economy, there are many different types of development, including economic 

development, social development, infrastructure development, and human development. We can 

state that an entrepreneur plays his or her part as a catalyst in the process of economic 

development given that, in the modern era, the entrepreneur's role has grown steadily through 

time. 
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Introduction: 

Natural resources, specifically soils, are under significant demand due to the current 

exponential increase in the global population. Soil is the backbone of societal structure, which 

sustains plant development, provides an ecology for macro and microorganisms, flow of water 

and nutrients, and regulates floodplains (Dabney et al., 2001). Soil quietly holds a considerable 

amount of influence in the world. Agriculture must take into account the physical, hydraulic and 

thermal properties of the soil since they can increase agricultural productivity and environmental 

sustainability also affect various soil processes essential to crop production. Soil-hydraulic 

properties play a key role to determine the quality of the soil and its surrounding environment, as 

well as the soil's capability to maintain the ecosystem. The soil's hydraulic properties, which also 

govern water retention, water flow, and the fate of minerals, chemicals, and contaminants in the 

soil, have an effect on how easily plants can absorb water, crop yields, and nature conservation. 

The hydraulic properties of the soil are helpful in predicting the soil moisture correlation, water 

movement and storage, irrigation and drainage, nutrient leaching, runoff and 

rainfall management, crop improvement planning, evaluating the soils' potential for productivity 

as well as hydraulic and climatic models. In a deeper context, knowing how soil and water 

interact is vital for assessing and forecasting how soil affects water quantity and quality as well 

as how water affects soil quantity and quality (Lin, 2012). By influencing soil microclimate, Soil 

thermal properties have a notable impact on the regulation of heat storage and conduction across 

soil profiles. Also has effects on the temperature and heat flux in soils as a function of time and 

depth (Liu et al., 2018). Soil thermal parameters such as thermal-conductivity, specific heat 

capacity, and thermal-diffusivity have various applications in agriculture, meteorology, and 

industry (Côté and Konrad, 2005).  

Soil organic carbon, bulk density, water content, and temperature affect the thermal 

parameters very highly. They play crucial role in the distribution of temperature (Noborio et al., 

1996) and flow of moisture that results from partitioning surface energy, which in turn creates 

the microclimate in the soil and near-ground environment necessary for plant growth (Heilman et 

al., 1996) and grape quality. The properties such as the infiltration-rate, hydraulic-conductivity, 
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water-retention, and available water-capacity, are significantly influenced by a number of 

inherent soil conditions, including the soil's texture, structure, bulk density, porosity, surface and 

subsurface crusting, organic matter, and interactions between these properties. Additionally, soil-

crop management aspects like tillage, modified surface layout, vegetation type, and farming 

techniques have a significant impact on the soil-hydraulic and thermal properties (Indoria et al., 

2020). Various studies have examined how soil hydraulic properties affect the plant growth, with 

different levels of effect depending on climate condition and management techniques (Gijsman 

et al., 2003). According to Kribaa et al., (2001), different farming methods used in a semiarid 

region led to a huge variance in wheat production because of changing hydraulic properties. 

Hydraulic attributes control how much water the soil can absorb, hold, and release such as water 

infiltration and retention (Blanco et al., 2018). The factors which affect the soil's thermal and 

hydraulic properties, which are important for enhancing crop production, have been highlighted 

in this chapter. 

Soil hydraulic properties:  

Advance understanding and knowledge of the hydraulic properties of soil can have a big 

impact on crop production and environmental sustainability. Due to the great regional and 

seasonal heterogeneity of soil hydraulic properties allowed for quick responses to changes and 

disturbances outside the system (Ma et al., 2016). Also understanding the hydraulic properties of 

the soil helps to investigate and simulate water-infiltration, water movement and storage, plant-

water interactions, and pollution transport pathways in the vadose zone. Soil hydraulic properties 

are closely related to among soil properties. The dispersion of water and energy fluxes at the land 

surface is essential for effective soil and water management in irrigated agriculture (Noborio et 

al., 1996), for calculating the energy balance at the soil surface. 

Some important soil hydraulic properties which is related to crop production are given 

below:  

1. Saturated hydraulic conductivity:  

In between 19th century, Henry Darcy established the concept of saturated-hydraulic 

conductivity (Darcy, 1856). In many applications of unsaturated flow and transport including 

pore-size distribution models, Ks act as a scaling factor in addition to controlling the rate of flow 

of water under a hydraulic gradient as determined by the Darcy equation for saturated conditions 

(Zhang and Schaap, 2019). Understanding water movement in soils can be accomplished by 

making use of the relationship between hydraulic conductivity and other soil parameters. To 

estimate the saturated and unsaturated hydraulic conductivity of soils, a number of physical and 

chemical characteristics of the soil are often used, such as bulk density, organic matter content, 

porosity, and pore-size distribution (Wösten et al., 2001). The soil's saturated hydraulic 

conductivity has a substantial impact on the infiltration rate and is strongly related to infiltration. 
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The water must be carried away from the surface of the soil once it has infiltrated in between the 

soil's surface and soil.  

2. Infiltration rate: 

Water infiltrates the soil surface through infiltration. The amount of water per unit area 

per unit time that permeates into the soil is termed as infiltration rate. Various parameters of soil 

can be determined by the infiltration rate. Infiltration plays a major role in the design and 

analysis of both surface irrigation systems and beneath groundwater recharge systems (Kumar 

and Sihag, 2019). The hydrological process known as infiltration explains how water moves 

through or penetrates the soil from surface sources like rainfall, irrigation, etc. In order to 

accurately calculate subsurface recharge and surface runoff, reliable measurements of soil 

infiltration are necessary. This helps both storm water management and groundwater recharge. 

The infiltration rate strongly depends on various factors, such as the type of soil, its density, its 

texture, its moisture content, etc., (Angelaki et al., 2013). Different aspects, including tillage and 

vegetative cover, surface-roughness, soil-porosity and density, levels of organic carbon, 

aggregate size and stability, and soil water content, also have an effects on the soil water 

infiltration.  

3. Soil water retention: 

The capacity of the soil to retain water in ecosystems determines the health of the soil, 

which has a big impact on soil management. Water retention may be impacted by changes in soil 

carbon matter resulting from both climate change and changes in management techniques. Soil 

organic matter concentration and composition have an impact on both soil structure and 

adsorption capabilities. Therefore, it is crucial to know and quantify how organic matter affects 

soil water retention. Indoria et al. (2017b) found a connection between clay content and water 

retention in several soil types. Additionally, they stated that soils with high clay contents showed 

greater water retention at both tension levels (at 20.33 bar and 215 bar). According to Kadu et al. 

(2003) vertisols can keep enough water, but there isn't a substantial relationship between the 

capacity for water and cotton crop growth because of the subsoil's poor internal drainage. 

4. Available water capacity:  

The ability of soil to retain water is a decisive factor in the terrestrial biosphere's water 

and energy balances. It is essential for crop production and regulates the rate of evapo-

transpiration. It is widely acknowledged that enhancing the amount of organic matter in soil can 

increase its capacity to hold water. However, it is still disputed and may be exaggerated how 

much more water will be available to plants as there is an increase in organic matter (Minasny 

and McBratney, 2018). Increasing soil water-holding capacity by adding organic matter (OM) 

has been proposed as a way to protect yields from variable weather in the future. 
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Soil hydraulic 

properties 

Description Application Ref. 

Saturated 

hydraulic 

conductivity 

Quantitative measure of a saturated 

soil’s ability to transmit water when 

subjected to a hydraulic gradient. It 

can be thought of as the ease with 

which pores of a saturated soil 

permit water movement      

Rate of water flow, 

pathways of water 

movement partitioning 

precipitation and irrigation 

water into surface runoff, 

drainage  

Blanco, 

2017 

Infiltration rate which specifies the knowledge of 

movement or penetration of water 

into the soil from surface sources 

such as precipitation, irrigation, etc. 

role in designing and 

evaluating surface 

irrigation systems and 

subsurface groundwater 

recharge system 

Kumar 

and Sihag, 

2019 

Soil water 

retention 

The capacity of the soil to retain 

water 

Determine the availability 

of soil water for plant 

growth 

Kirkham, 

2014 

Available 

water capacity 

amount of water that can be stored in 

a soil profile and be available for 

growing crops 

Selection of crop and 

cropping system, fertilizer 

application 

Williams 

et al., 

2016 

Thermal properties:  

Solid-particles, water, and air are three main phases that comprise soil. The impressive 

thermal properties basically depend on the relative proportions of each constituent even though 

each has a unique set of thermal properties. Conduction transfers heat through solid particles, 

water in pores, or adsorbed on particles, and air spaces in the soil through conduction.In dry soil, 

heat is transported through pores and solid particles by conduction whereas, in wet soil, heat is 

also produced by moisture movement caused by temperature differences. The following three 

significant soil thermal parameters must be taken into account when discussing soil heat flow:  

Soil thermal 

properties 

Description Application References 

Volumetric 

specific heat 

capacity 

which defines the soil's 

ability to store heat 

consistency of soil mass 

compressibility, particle sizes 

and consistency  

Wiereng et 

al., 1969 

Thermal 

conductivity 

which describes the soil’s 

ability to transmit heat 

surface energy balance, energy 

exploitation and transportation 

development 

He et al., 

2020 

Thermal 

diffusivity 

describes the "rate of 

transmission of temperature 

change" within the soil 

 for modeling coupled heat and 

water transfer in soils and 

ground energy budgets, and for 

predicting soil temperature in 

land  

Xie et al., 

2018 
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1. Volumetric specific heat capacity:  

The amount of heat required to raise the temperature by 1℃ per unit mass of soil is 

known as a soil's specific heat capacity. Heat capacity will rise with the increase of water 

content. Several factors affect a soil's ability to retain heat. These components can be separated 

into two groups: those that are innate to the soil itself and those that can be handled or controlled 

to some extent.The soil's organic component and mineralogical composition are two examples of 

those components or attributes that are inherent to the soil (Wiereng et al., 1969). Water content 

and soil density are two externally accessible factors that affect soil heat capacity.  Bulk 

density, soil organic C content and volumetric water content all have an beneficial impaction soil 

heat capacity (Lu et al., 2014). 

2. Thermal conductivity:  

The heat transfer rate via conduction is determined by multiplying the temperature 

gradient by the coefficient known as thermal conductivity. This rate is stated in units of heat 

energy crossing unit area in unit time. The effective thermal conductivity of soil determines how 

well it can move heat up a temperature    gradient (λeff , W m-1oC-1). Among the many variables 

(such as soil water content/degree of saturation, bulk density/porosity, soil texture, pore 

structure, mineralogy, temperature, solute concentration, organic matter, or other cementing 

agents) that affect soil thermal conductivity (Wang et al., 2019), water content has been shown to 

be essential in determining the magnitude of  λeff  (He et al., 2020). Sinderlar et al., (2019) 

observed that on the comparison of thermal conductivity to bulk-density and soil organic C, 

thermal conductivity was more significantly co-related with soil water content. Consequently, 

Crop Cover had no impact on the thermal properties, although removing the corn residue might 

make the soil less efficient in transferring heat than if it were left alone.  

3. Thermal diffusivity:   

Thermal diffusivity of soil is expressed as the ratio of thermal conductivity to volumetric 

specific heat-capacity, which takes into consideration the soil's capability for both heat transport 

and temperature change when heat is applied or withdrawn. The higher the soil's thermal 

diffusivity is, the lesser the temperature fluctuations at the soil surface and the thicker the 

soil/ground layer is where temporal and daily temperature fluctuations are observed 

(Arkhangelskaya et al., 2018). D as a function of sampling depth and vegetative treatment across 

soil water pressures. The D result is compared to 33kPa at saturation and subsequently fell when 

the soil water pressure dropped to 300kPa. Similar results were found by Usowicz et al., (2009), 

who detected higher D at pressures lower than saturation and 33 kPa.  

How Soil hydraulic and thermal properties affect the crop production:   

Soils play a critical role in the soil plant environment system by giving roots access to 

water, nutrients, and physical support for plant growth. Because they have an impact on the 
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entire soil water balance, soil hydraulic characteristics have a substantial impact on crop growth 

and the development of dry matter (Hupet et al., 2004). The SWAP model's (soil water, air, 

plants) results showed that under dry climate conditions as compared to wet conditions, soil 

hydraulic parameters such saturated hydraulic conductivity and water retention were more 

responsive to simulated actual transpiration and yield. According to Kribaa et al. (2001), 

different farming techniques used in a semiarid region resulted in a large variability in wheat 

yield due to changing hydraulic properties.The results of a simulation study conducted by Ma et 

al., (2009) under various water and nitrogen management practices in a variety of crops, 

including wheat, maize, barley, soybean,  peanut showed that the soil water balance was affected 

more by saturated hydraulic conductivity than by soil water retention properties, whereas the 

simulated crop growth was affected by both saturated hydraulic conductivity and water retention 

properties. They came to the conclusion that saturation hydraulic conductivity and water 

retention properties influenced how plants responded to water. They also noted that saturated soil 

hydraulic conductivity had a far greater impact on water drainage and runoff than water retention 

properties. The improvement in soil hydraulic properties really does have a major impact on the 

amount of crop yield increase carried on by effective irrigation management and water 

conservation (Indoria et al., 2017a). 

The soil is essential for the survival of plant life since it supplies water, nutrients, and 

mechanical support. Heat is primarily stored within the soil. The temperature of the soil serves as 

a catalyst for a variety of biological processes. The porosity, moisture content, and availability of 

plant nutrients that are necessary for plant growth are all influenced by the soil's temperature 

(Onwuka and Mang, 2018). An increase in soil temperature stimulates root growth because it 

enhances the metabolic activity of plant root and promotes the development of lateral roots 

(Repo et al., 2004). Low soil temperature reduces the concentration of nutrients in tissue, which 

in turn reduces root growth (Lahti et al., 2002). There are three potential ways that green roofs 

may alter a roof's thermal qualities: The substrate acts as an additional layer of insulation, the 

plant canopy casts shadows on the roof surface and evapo-transpiration. The results of Eksi Mert 

et al. (2017) showed that how the depth of plant and type of plant affect heat flux and 

temperature distribution in Michigan over the course of a year. Herbaceous plants offered more 

thermal protection because of their deeper growth medium and the canopy's capacity to generate 

shelter. The substrate's ability to operate as an insulator will be improved by air pockets in it 

(Saadatiau et al., 2013). Thermal conductivity is expected to rise when substrates compact with 

age, which will reduce the insulating properties of the substrate. 

Soil-crop management and land-use factors: 

The management of soil-crops, including vegetation cover, land use, management 

practices, and precipitation, has a big impact on the soil hydraulic properties. Other soil 
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hydraulic properties may change as a result of different soil management methods that change 

the bulk density, soil water content, porosity, hydraulic conductivity and infiltration rate (Zhou et 

al., 2008). Crop cultivation techniques especially densely packed vegetation may protect soil 

from compaction and erosion, improving its hydraulic properties. The roughness of the soil 

layers may increase the hydraulic properties during land preparation processes. By diminishing 

compaction on the soil surface, vegetation-covered soil surfaces increase infiltration and other 

related hydraulic properties. Tillage importantly affects the temporal and geographical variability 

in soil properties in agricultural lands. A negative effect was observed by Indoria et al., 

(2016) on the soil hydraulic properties caused by tillage activities that are performed when the 

soil moisture was not at its optimum value. Depending on the climate, past cropping practises, 

and soil management, soil hydraulic conductivity under no-till or minimum tillage would be 

higher (Buczko et al., 2006), lower  or not significantly different (Indoria et al., 2017a) from 

conventional tillage. Several studies have examined the impact of tillage on water infiltration 

into the soil (Indoria et al., 2017b). After tillage, saturated hydraulic conductivity typically rises, 

but eventually drops due to soil consolidation and settlement (Indoria et al., 2017a). According 

to Coquet et al., (2005), plowing (particularly when using a moldboard plow) might temporarily 

boost soil hydraulic conductivity by creating multiple macropores. Although it has been shown 

that tillage enhanced soil porosity, the number of micropores greatly increased and the number of 

macropores barely increased. According to Zimmermann and Elsenbeer's (2008) 

studies, water infiltration and hydraulic conductivity were found to increase from grazing to 

forest land uses. According to Wahren et al., (2009) the hydraulic conductivity and field ability 

of forest areas were 2–4 times higher than those of cultivated lands. According to Zhou et al., 

(2008) the initial water content of the soil was a significant factor in the temporal variability of 

soil hydraulic conductivity. In comparison to other land uses, the forest had stronger soil 

hydraulic conductivity, which was related to the soils' higher organic matter content (i.e., 

macropores and structural integrity), lower bulk density, and minimal anthropogenic disturbance. 

Various land management techniques, including crop rotation and mechanical soil manipulation, 

among several others have a direct effect on agricultural productivity and soil health. Recent 

studies (Haruna et al. 2018) have studied that tillage increases bulk density over time while 

decreasing macroporosity, saturated hydraulic conductivity, and volumetric water content. This 

demonstrates non tillage management can enhance soil quality metrics and overall soil health 

over period (Nunes et al., 2018). The soil's thermal factors influenced seed germination, the 

availability of water, and microbial activity. By measuring soil thermal conductivity, volumetric 

heat capacity, and thermal diffusivity, soil thermal property can be evaluated. These thermal 

properties, which are controlled by a range of land management techniques, determine the soil's 

ability to withstand significant temperature changes. These attributes also govern the efficient 
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transfer of heat (and can minimise or increase temperature change across soil depth). For 

illustration, Abu-Hamdeh (2000) observed that in clay loam and loamy soils, chisel and rotary 

tillage significantly reduced in comparison to non-tillage management. Furthermore, Dec  (2006) 

observed that when compared to conventional tillage (30 cm of depth using a moldboard plough) 

with conservation tillage, there was a  dramatically increased in θ, and as a result, specific heat 

capacity and thermal conductivity was increased. Because of the increased climate variability 

worldwide, soil thermal properties may have a big influence on crop productivity. To enhance 

the health and quality of the soil, it is necessary to understand how Conventional  and non-

tillage management practices affect the thermal properties of the soil.It is well known that heat 

transmission and moisture migration are highly coupled processes that produce temperature and 

water content distributions or gradients over space and time. 

Conclusion:  

It had been concluded that the thermal and hydraulic properties of the soil significantly 

affect crop productivity. These properties can also improve by adopting appropriate adaptation 

measures such as: (i) conservation-agriculture, (ii) soil amendments, (iii) crop rotation and 

mechanical soil manipulation, (iv) integrated nutrient management, (v) organic matter addition, 

and (vi) improved plant types with higher root to shoot ratio and higher water use efficiency.  
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Introduction:  

Globally, there are over 14,000 different species of mushrooms; however, among 

these, approximately 2000 species are edible mushrooms, and as a consequence, about 200 

species of mushrooms have been commercially produced for therapeutic formulations and 

human consumption (Garofalo et al., 2017; Mleczek et al., 2018). In addition, edible mushrooms 

have gained a high level of popularity as staple foods due to their textural, flavor, medicinal, and 

tonic properties. It is composed of vital phytochemicals (phenols, flavonoids, terpenes, 

terpenoids, steroids) as well as nutritional compositions that are high in protein, fiber, minerals 

(phosphorus, iron, potassium, magnesium, barium, aluminum, manganese, copper, zinc, boron, 

nickel, and chromium), and vitamins (B1, B2, B12, C, D, and E) (Maurya, 2019; Chelladurai et 

al., 2021). In recent years, mushrooms have gained significant recognition for their nutritional, 

pharmaceutical, bioremediation, and biodegradation abilities (Chaturvedi et al., 2018). In 

addition to this, mushrooms have over 100 medicinal properties as they are useful as 

antibacterials, antifungals, antiparasitic, antivirals, anticancer, antioxidants, antidiabetics, 

antiallergic, anticholesterolemic, immunomodulating, cardiovascular, hepatoprotective, and 

detoxifying agents (Mattila et al., 2000; Valverde et al., 2015). Mushrooms are low in calories 

but rich in proteins, fibers, minerals, vitamin B12, folic acid and it contains about 90 percent 

moisture. Mushrooms have high amounts of amino acids lysine and tryptophan, which are 

usually absent in cereals. It is an ideal food for patients suffering from diabetes and obesity. The 

mushrooms are reputed to promote health and longevity, boost the immune system, and reduce 

the risk of cardiovascular disease, hipercholesterol, stress, insomnia, asthma, allergies, diabetes 

and cancer (Subbiah and Balan 2015).  

Among the edible mushrooms Calocybe indica is rich in protein, lipid, fiber, 

carbohydrate and vitamin and contains an abundant amount of essential amino acid and low fat 

product. Among its many nutrients are thiamine, riboflavin, nicotinic acid, pyridoxine, biotin, 

and ascorbic acid. These qualities make it suitable for food supplement in diet and also used in 

the form of medicines to alleviate various human disorders and diseases. In recent years 

increasing global demand for this mushroom, people are showing great interest in the cultivation 
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of mushrooms because from this they can get good revenue. In spite of this very few people are 

involved in the cultivation of mushrooms due to low productivity by using traditional methods. 

Currently, there are several modern methods by which the production of mushrooms can be 

increased. Thus keeping in view the tremendous demands and applications of C. indica, this 

chapter summarizes different aspects, and available information, and reflects on the current 

status of research on this mushroom.  

Origin, morphological and physiological features  

Calocybe indica is a saprophytic fungus indigenous to grasslands. It is sometimes 

associated with the roots of plants like Cocos nucifera, Borassus flabellifer, Tamarindus indica, 

and Peltophorum ferrugineum through ectomycorrhizal association. It is one such variety that 

can be grown in hot and humid tropical climates (30°-38°C), with commercial production 

techniques that are well established. In 1998, Tamil Nadu Agricultural University in Coimbatore, 

India introduced the first ever variety of milky mushroom Calocybe indica P&C var. APK2. The 

commercial production of this mushroom variety has become increasingly popular in India over 

the past decade, which has improved rural livelihoods. Calocybe indica P&C, commonly 

referred to as "Dhuth Chatta" (meaning "Milky white mushroom" in Hindi), was discovered in 

the wild for the first time. The mushrooms have been collected and distributed to local markets 

in West Bengal (Eastern India) for decades. Consumers are drawn to the milky white color and 

robust nature of the mushroom. Normally, milky mushrooms are found in fields of humus-rich 

soil or by the sides of roads in the tropics and subtropics of India, particularly in Tamil Nadu 

(Southern India) and Rajasthan (at the western edge of India). They normally grow between May  

and August, after an extended dry season that has been followed by sufficient rainfall. The 

physiological and cultural requirements of C.indica, including pH, temperature, the ratio of 

carbon and nitrogen source (C: N), light, and substrate requirements, have been studied. Due to 

its morphological similarity to Agaricus bisporus (button mushroom), it is quite popular in 

Indian states and is slowly becoming popular in other countries (China, Malaysia, and 

Singapore). There are many reasons why small-scale mushroom growers prefer this tropical 

mushroom as it is well suited to warm humid climates at 30°-38°C with 80-85% humidity. 

Unlike other mushrooms, it can be stored at room temperature without refrigeration for a longer 

period of time for up to 7 days without turning brown or black discoloration over time. Lesser 

contamination due to competitor molds and insects during crop production under controlled 

conditions, the cost of production is comparatively low, and the infrastructure needed to grow 

this mushroom is very affordable, so industrial production is feasible and the crop cycle is short, 

and the biological efficiency can reach 140%, which implies 140kg fruiting bodies per 100kg dry 

substrate. Several commercial cultivation methods have been developed since the 1990s 

(Sabaratnam et al., 2013; Subbiah and Balan, 2015).  
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Nutritional profile  

Calocybe indica is comparable in nutritional value to other mushrooms. In addition to 

providing a lot of digestible protein, milk mushrooms are also low in fat. They primarily contain 

unsaturated fatty acids, which pose fewer health risks than saturated fatty acids found in animal 

fats. In terms of dry weight, mature fruiting bodies of C. indica contain the highest protein 

content (17.2%), whereas Krishnamoorthy et al. (2000) reported 32.2% protein it is also reported 

that it has a higher protein content than both button mushrooms and oyster mushrooms, soluble 

sugars (4%), starch (2.9%), and ash (7.43%); however, young pin heads have the lowest levels of 

protein (15%), fat (4%), crude fiber (3.4%), and carbohydrate (64.26%). Among the amino acids 

found in fruiting bodies, glycine accounts for 10.8 grams per 100 grams of protein. Other amino 

acids include alanine, glutamine, glutamic acid, glutamate, glycine hydroxyl proline, histidine, 

lysine, threonine, tyrosine, valine, arginine, and proline. As an added benefit, it contains all the 

mineral salts the body needs, including potassium, sodium, phosphorus, iron, magnesium, 

calcium, and trace elements (Cu, Fe, Mn, and Zn). Having a high fiber content and alkaline ash, 

it is ideal for those suffering from hyperacidity and constipation. A number of age-related 

processes have been reported to be treated with mushrooms (Subbiah and Balan, 2015). The 

mushroom's proximate constituents, including antioxidants, is greatly influenced by the substrate 

used and supplements exploited for cultivation, according to Saranya et al. (2011). On a dry 

weight basis, Ragul (2013) found that chitosan content ranging from 2.5% to 2.9% in C. indica 

sporophores. The beta-glycans present in dietary fibers of mushrooms is reported to have a 

stimulatory effect on the immune system with anti-mutagenic, anticancer, and antitumor 

activities (Satish et al., 2017).  

According to Chelladurai et al. (2014), C. indica was analyzed for its proximate 

constituents, in vivo cultivation technology, and spectrum analysis. Where Moisture, crude 

protein, carbohydrate, dietary fiber, total lipids, ash, ether extract, pH, nitrogen and carbon 

copper, manganese, zinc, iron, calcium, phosphorous, potassium and sodium content in 

mushrooms were analyzed. Fourier transform infrared spectroscopy (FT-IR) spectrum of the 

milky mushroom indicated the presence of OH, COOH and NO2 functional groups, ultra-violet 

(UV) absorption pattern indicated the presence of aromatic compounds. Overall it can be stated 

that the type of substrates and supplements used for mushroom cultivation greatly influenced the 

proximate composition including antioxidants (Satish et al., 2017). It contains a high proportion 

of unsaturated fatty acids primarily linoleic acid with no cholesterol. C. indica is also a 

significant source of vitamins and minerals, especially those of the B complex group. Among B 

complex vitamins, mushrooms are especially rich in thiamine (B1), riboflavin (B2), niacin (B3), 

biotin (B7), nicotinic acid, Folic acid and vitamin B12 (cobalamins), vitamin C (ascorbic acid) 

and minerals like potassium, phosphorus, magnesium, sodium, calcium, zinc, manganese, arsenic 
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and iron in significant quantities. The levels of α-tocopherol (Vit. E) was reported to be higher in 

C. indica (Suganya and Suriyavathana, 2012; Krishnakumari et al., 2013; Maity et al., 2013).  

Bioactive and volatile compounds  

The bioactive compounds present in Calocybe indica usually include fatty acids, phytols, 

polysaccharides, amino acids, and protein-polysaccharide complexes. It is found that this species 

also contains antioxidants, prevents metastasis, and inhibits cancer cells. Several experiments 

were carried out and demonstrated that C. indica has various characteristics like antidiabetic, 

anticarcinogenic, hepatoprotective, antioxidant, antimicrobial, proliferation, apoptosis, 

UV radiation-induced inflammation, migration, and hypersensitive activities. Through this 

researchers identified and documented the chemical composition with both secondary 

metabolites and biological activities. To reduce oxidative damage, methanolic extracts of the 

caps of C. indica at a concentration of 1mg/ml showed a total antioxidant activity of 45.31 +/- 

2.16 M, and those from the stipe’s were 25.78 +/- 1.22 M. This proves that at the same 

concentration the caps of C. indica have more antioxidant potential than that of stipe’s. It was 

concluded following several findings that phillotoxin and anatoxin were completely absent from 

the toxicological screening (Shashikant et al., 2022).  

In C. indica, a complete of twenty compounds is known. 1-octen-3-ol(58.3%) and n-

octanol (17.9%) of the entire volatile fractions are 2 of the most abundant compounds in C. 

indica sporophores. The volatile flavor components of dehydrated C. indica are usually analyzed 

by capillary rate. It has been reported that the 1-octen-3-ol,n-octanol and 3-octanone were 

present in lower quantities as compared to compounds like n-hexanal, 2,4-decadienol, 2,4- 

nonadienol, 2-octen-1-ol,1-hexanol, decanol and t-linalool in the dehydrated mushroom samples. 

The reason for reduced concentrations of alcohols and aldehydes within the dehydrated samples 

is attributed to air-drying method at 40–45 °C (Satish et al., 2017; Subbiah and Balan 2015). 

According to Rathore et al. (2018) C. indica is rich in antioxidants, making it one of the best 

choices for the development of nutraceutical products. Govindan et al. (2016) using animal 

models, found that the crude polysaccharide of C. indica was significantly helpful in the 

improvement of antioxidant capacity and lipid peroxidation products.  

Medicinal and pharmaceutical importance of Calocybe indica 

There has been an increase in interest in indigenous mushrooms in recent years due to 

their potential applications in the fields of medicine, pharmaceuticals, food, and nutraceuticals 

(Bains et al., 2021). The high levels of fiber and alkaline ash in C. indica make it ideal for 

individuals suffering from hyperacidity and constipation (Maurya, 2019). Furthermore, it is also 

used in dietary supplements and pharmaceutical compounds due to the presence of phenolic and 

polyphenolic compounds, terpenes, polyketides, syringic acid, steroids, sterols, ergosterol, p 
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coumaric acid, flavonoids, and caffeic acid (Krishnakumari et al., 2013; Das et al., 2021). 

Polyphenols and flavonoids offer protection from oxidative damage from ROS and free radicals.  

This activity thus prevents the onset of diseases and other conditions such as aging, 

neurodegenerative disorders, carcinogenesis, cardiovascular diseases, obesity, and diabetes (Roy 

and Prasad, 2016) .Studies have shown that C. indica lowers total cholesterol, triglycerides, and 

lipoproteins in blood reducing the chances of cardiovascular disorders, hypercholesterolemia, 

atherosclerosis, and artery-related disorders (Selvi et al., 2007; Amit and Pushpa, 2014).  

Selvi et al. (2007) reported that the non-enzymatic antioxidants including Vitamin A, 

ascorbic acid, α-tocopherol, and reduced glutathione, which scavenge a wide variety of free 

radicals, were present in large amounts in fresh fruiting bodies compared to their dehydrated 

form. Antioxidants may offer resistance against oxidative stress by scavenging the free radicals, 

and inhibiting lipid peroxidation, which is corroborated by Krishnakumari et al. (2013) where it 

is reported the antioxidant activity of C. indica in streptozotocin-induced rats indicated 

significantly reduced the production of free radicals and increased antioxidant activity. 

According to Chatterjee et al. (2011), ethanolic extracts of C. indica protect against chronic 

hepatotoxicity induced by CCl4 by restoring liver antioxidant levels in mice. A variety of 

extracts of milky mushrooms have been found to exhibit diverse bioactivities. In another study 

by Selvi et al. (2011) the ethanolic extract of C. indica showed potent lipid peroxidation 

inhibition as well as the highest antioxidant activity when determined by DPPH and FRAPS 

assays. Chatterjee et al. (2011) reported the hepatoprotective effect of C. indica that indicated a 

significant reduction in the hepatic antioxidant status such as superoxide dismutase, catalase, and 

reduced glutathione levels. Histopathological studies also confirmed the hepatoprotective effect 

of ethanolic extract of C. indica. Mirunalini et al. (2012) found that C. indica ethanolic extract 

exhibited potent antioxidant activity when compared with Gallic acid as a standard antioxidant. 

Giri et al. (2012) reported the antimicrobial activity of methanolic extract C. indica against three 

gram-positive and three gram-negative bacteria. It was noticed that C. indica showed activity 

against only Pseudomonas aeruginosa. This justifies the theorem of one drug multiple targets, in 

which extracts of different forms using ethanol, petroleum ether, etc. contribute to versatile 

beneficial activities (Ghosh and Acharya, 2022).  

C. indica has shown antidiabetic activity by controlling the blood glucose level, serum 

insulin level, and glycosylation reaction of hemoglobin (Paramasivam and Shanmugasundaram, 

2013). C. indica contains the maximum amount of Vitamin A which is necessary for clear vision 

in dim light (Selvi et al., 2011; Sharma et al., 2013). It ia also reported that C. indica had anti-

tumor properties against T24 urinary bladder cancer cell lines when tested using MTT assay and 

DNA fragmentation. The vitamin E found in C. indica reduces the risk of prostate, colon, and 

carotenoids have been reported to reduce the chances of breast cancers (Lewis et al., 2003).  
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Applications as potential functional food  

Currently, there is a huge demand across the world for functional foods containing 

natural ingredients over synthetic ones. These foods can be found as nutritional supplements, 

pharmafoods, phytochemicals, and mycochemicals (Ghosh and Acharya, 2022). A variety of 

mushroom products are available, including meals, dietary supplements, nutraceutical products, 

and medicines, known as “mushroom pharmaceuticals (Reis et al., 2017). According to different 

studies, the information regarding the health benefits and mechanisms of mushroom 

supplementation has stimulated an interest in the food nutrition area. This has also resulted in the 

formulation of a more balanced diet pattern for all human beings. This will bring new insight 

into the prevention and even the possible cure for major diseases such as cancer, cardiovascular 

disease, and neurological disorders (Ma et al., 2018). Using C. indica as a supplement could be 

feasible due to its ability to accumulate nutrients and minerals from the substrate it grows on, 

mostly agro-industrial waste, where supplementing the substrates for optimum growth can be 

achieved using a variety of renewable and less-expensive materials that can also enrich the 

nutritional components of the mushroom, which could also reduce the overall production cost, 

improve its quality and be used as a functional food or a supplement (Khalkho et al., 2021).  

The powder of C. indica was tested as supplementation on human volunteers with 

existing ailments who were hypercholesterolemic, hyperglycemic, and hypertensive by Anju and 

Ukkuru (2016) using Various standardized regular Indian food recipes of dosa, chutneys, 

chapati, also incorporating the powder into curd, black tea, etc., ensuring adequate intake of the 

mushroom supplement. Three months after the intervention, measurements of cholesterol, blood 

sugar, and blood pressure levels showed significant reductions to normal levels in the diabetic, 

hypertensive, and hypercholesterolemic volunteers. In a similar study, by Rathore et al. (2019), 

cookies were incorporated with C. indica powder and it was revealed to contain high levels of 

dietary fiber, proteins that are of higher quality, β-glucan, and antioxidants including phenols, 

polyphenols, and flavonoids. In addition, mushroom powder changed the physicochemical and 

textural properties of bakery products, and the volume of cakes also increased with mushroom 

powder. In conclusion, C.indica powder has potential as an emerging ingredient that can be 

incorporated into bakery recipes to enhance its nutritional and nutraceutical properties (Salehi, 

2019).  

Many recipes use C. indica, in soups, stir-fries, toppings for pizzas, curries, etc., that are 

regularly consumed. To determine the response and preference of a particular variety of 

mushroom, Mahantesh et al. (2014) conducted a study on a group of individuals who were said 

to consume three food items prepared using five different varieties i.e. oyster, shiitake, button, 

paddy straw, and milky mushrooms incorporated into recipes of pickled salads, mushroom 

curries, and other recipes. Where it is stated that milky mushroom was preferred by very few 
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respondents as their first preference (Mahantesh et al., 2014). Since mushrooms are rarely 

consumed raw, they are instead cooked or processed into a variety of dishes. C. indica was 

studied to determine the effect of cooking methods on its antioxidant activity by Arora and Singh 

(2014) using various cooking techniques like stir-frying in oils, microwaving, and boiling in a 

systematic study. According to the results, C. indica has significantly reduced its DPPH radical 

scavenging ability during the microwave, and boiling processes; however, stir-frying increased 

both activity and phenolic content (970.03 mg gallic acid equivalent/L of extract), and thus stir 

frying is thought to enhance the beneficial properties of C.indica. Considering all the studies, it 

can be concluded that milky mushrooms could be incorporated into food items as an additional 

nutrition component and a functional food product. In this way, a balanced and healthy lifestyle 

could be achieved with fewer expenses and in an effective manner (Ghosh and Acharya, 2022).  

Future prospects:  

Agriculture is predicted to be a precision-information and protocol-driven industry by 

2050. It will be necessary rather than a luxury to completely recycle nutrients, water, and agro-

waste. Due to the world's growing population and decreasing arable land per capita, alongside 

climate change, rapid urbanization, industrialization, and the growing demand for convenient 

and high quality foods, secondary agriculture and novel crops, such as mushrooms and 

functional foods, are becoming more critical. Mushroom cultivation contributes to sustainable 

agriculture by diversifying the farming system. Waste from agriculture, industry, forests, and 

households can be bioconverted into nutritious food like mushrooms is a unique way to exploit 

microbial technology leading to the commercial production of edible mushrooms. According to 

current estimates, there are 14,000 different varieties of mushrooms. Among these, 31 genera are 

considered to be the best edible mushrooms. It is estimated that among them only 200 are 

experimentally grown, and 100 are cultivated economically, while approximately 60 are 

commercially relevant, and ~10 are being produced at an industrial scale to date. Mushrooms are 

abundant in quality protein, minerals, and various novel compounds of medicinal value. This 

makes mushroom cultivation an environmentally friendly process that recycles agricultural waste 

into an easily digestible protein source that enriches the human diet. After mushroom cultivation, 

the substrate can be composted and applied to the soil as an amendment to increase soil health or 

could also be used as livestock feed. Cultivation of mushrooms using low-production 

technologies that are labor intensive can provide ample employment potential to augment the 

income of the rural population and also develop sustainable means of living as a whole. Where 

milky mushrooms aside from being very low in calories, offer multiple health-promoting effects 

as having a wide range of bioactive, they are also very low in calories and have a high protein 

content which is relished as a source of food due to their pleasant aroma, taste, and fleshy nature. 

The extensive literature survey on the prospects and potential of C. indica, reveals that it has a 
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diverse pharmacological spectrum due to its wide range of chemical entities. C.indica has the 

capacity to convert huge lignocellulosic biomass waste into human food. Consuming milky 

mushrooms can contribute to a more balanced diet among people in developing countries. This 

addition can also aid in the eradication of malnourishment among individuals of diverse age 

groups.  
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Abstract:  

 Human cupidity has resulted in the forest and the green cover getting replaced by 

townships and industries which is a major reason behind the pollution. The unprecedented 

increase in urbanization, industrialization, intensive agricultural system has contributed toward 

the generation of toxic pollutants like heavy metals, organic contaminants etc. in the land and 

poses great threat to the soil health, water, human health and environment. Natural degradation 

of these compounds is not fully possible as these compounds are highly tolerant to natural 

mechanisms. The concentration of the pollutant increases as it is utilized throughout the food 

web and thus ultimately gets accumulated in the tissue of living organisms that will be proven 

more dangerous in coming years. Phytoremediation is a type of bioremediation which is one of 

the viable technologies for removing pollutants from contaminated soil and water. It is divided 

into different types depending upon the type of mechanism involved in the pollutant removal 

process like phytoextraction, phytoaccumulation, phytodegradation, phytovolatilization, 

phytostabalization and rhizofilteration. Different plants can be used for the phytoremediation of 

the polluted lands.  It is a green technology which could be used for the reclamation of polluted 

lands in a sustainable way. 

Keywords: Green technology, Plants, Pollution, Remediation 

Introduction: 

Global pollution levels and the poisoning of natural resources, particularly groundwater, 

land, and surface water, have significantly increased over the last few decades. Earth provides 

enough to satisfy every man’s needs, but not every man’s greed. The unprecedented increase in 

urbanization, industrialization, intensive agricultural system has contributed toward the 

generation of toxic pollutants which is causing pollution. Rapid industrialisation, increased rate 

of waste production, intensive agriculture, mining and industrial waste have contributed towards 

the release of toxic pollutants like heavy metals and organic contaminants in the land which pose 

a great threat to the soil, water and human health as well as environment (Yadav et al., 2018). 

Pollution affects the food we eat, the water we drink, the air we breathe, and the health of our 

ecosystems. There are various types of pollution like air, water, visual, noise pollution, etc. but 
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are interrelated to each other. Usually, people talk about water and air pollution all the time but 

land pollution is causing big impact on the environment as it is continuously polluted and 

vulnerable.  It is often cannot be visually perceived or directly assessed, making it a hidden 

danger.  

The land is said to be polluted when the soil’s original natural composition is disturbed, 

due to the addition of foreign elements, to such an extent that it can no longer sustain the 

ecosystem that depended on it. Cleaning up the contaminated lands is a costly initiative. 

Phytoremediation is the technology of removing, destroying, or sequester dangerous chemicals 

from soil, water, and air by means of plants, such as trees and grasses. To remediate a range of 

pollutants, it is being researched or utilised commercially.   

Types of pollutants: 

There are different types of pollutants which are polluting the land which includes: 

 Petroleum hyrdrocarbons: Contamination of soil from petroleum hydrocarbons is 

usually brought by crude oil and natural gas. Crude oil is present in lands nearby an oil 

well or pipelines. For natural gas, contamination typically occurs on urban pipeline 

system leaks. 

 Agrochemicals: Agrochemicals or agricultural chemicals are products used in 

agriculture, and mostly encompass pesticides, insecticides, herbicides, nematicides, and 

fungicides. 

 Polycyclic compounds: Polycyclic aromatic hydrocarbons or Polynuclear aromatic 

hydrocarbons (PAH) are carcinogenic micropollutant chemicals that are produced during 

the incomplete burning of organic substances, garbage, or fuels. It may also come from 

forest fires, volcanic eruptions, and industrial-scale burning of fossil fuels.   

 Solvents: Solvents such as halogenated non-polar aromatics, aliphatics, heterocyclics, 

and other polar organic compounds. Chlorinated solvents such as trichloroethylene, 

trichloroethane, methyl chloride, and tetrachloroethylene are four of the widely used 

solvents.  

 Asbestos: Soil pollution often comes from poor demolition practices and disposal 

management of asbestos cement sheets, fragments and fibres, thermal pipes, and other 

debris. Exposure to high concentrations of asbestos leads to lung scarring, lung cancer, 

and mesothelioma. 

 Heavy metals: Heavy metal pollution in soils is often found in industrial areas, mining 

sites, milling plants, as well as metal, paint, and petrochemical plants. Heavy metals are 

strongly persistent in the environment. Due to their widespread occurrence, heavy metals 

are considered hazard soil contaminants as they possess chronic and acute toxicity.  
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Phytoremediation: 

Mankind has been rapidly introducing countless dangerous substances into the 

environment since the beginning of the industrial revolution. These dangerous pollutants, which 

pose substantial dangers to human health, are made up of various organic substances and heavy 

metals.  

There are numerous techniques and procedures for preventing, eliminating, and 

correcting the harmful effects of pollutants released into the environment, but their use for these 

purposes has either been implemented ineffectively or not at all, a situation that is likely getting 

worse due to claims of a lack of robust regulatory bodies (Etim, 2012). Contaminated land can be 

remediated by various methods like physical, chemical and biological methods. Many 

technologies have emerged to remediate this land pollution but these methods have 

disadvantages like they are cost intensive, temporary invasion of the problem, destabilizes 

natural ecosystem, risks of secondary contamination, etc. So, turning toward more sustainable 

and eco-friendly technologies, scientists have developed methods of “Phytoremediation”, a 

remediation method that uses plant based approach of remediation.and it is a suitable alternative.  

In phytoremediation, plants are used to purify contaminated groundwater, soil, and 

wastewater. The term "phytoremediation" refers to a process used to remediate, remove, 

immobilise, or alter environmental toxins, such as heavy metals, organic compounds, and other 

components in natural resources, using green plants, including grasses, ferns, and woody species. 

It can be applied to both organic and inorganic pollutants present in the soil or water and is 

powered by solar energy that ultimately makes it cost effective and eco-friendly than any other 

method of detoxification. In order to remove pollutants from a contaminated site, or to make it 

possible for the immobilisation (binding) or destruction (decontamination) of the contaminants 

there, phytoremediation approach requires cultivating plants there for a certain amount of time 

and desirable growth stage. The resulting plants are then later collected, processed, and safely 

disposed of. 

The topic encourages the following areas but is not limited to: 

 The mechanisms behind phytoremediation of polluted locations 

 Defence mechanisms in plants 

 Phytoremediation of soils contaminated with organic and inorganic pollutants using 

plants growing in natural conditions. 

 A comparison of the phytoremediation properties of various native plant species thriving 

in their natural habitat.  

 Innovative phytoremediation techniques to improve overall effectiveness. 
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Mechanisms of phytoremediation: 

Phytoremediation is a fast and continuously developing field of technology that makes 

use of particular plants to decontaminate the environment of dangerous toxins with the goal of 

improving the quality of the environment. Mechanisms of the phytoremediation are varied 

widely. This variation depends on the properties and the chemical nature of the pollutants (if it is 

subject to degradation in the soil or in the plant or it is volatile or inert) and the characteristics of 

plant.  

There are a number of phytoremediation strategies that are applicable for the remediation 

of heavy metal-contaminated soils, including- 

1. Phytoextraction: Phytoextraction is the uptake, accumulation, and concentration of 

pollutants from the contaminated environment by the roots of plant. The pollutants are 

then accumulated into the plant biomass (i.e. shoots and leaves). This took place mainly 

in the uptake of heavy metals such as Cd, Ni, Cu, Zn, Pb, etc. In this process, rhizosphere 

part of the plant roots function to absorb the contaminants along with other nutrients and 

water. The contaminant is not detoxified but stored in the part of plant such as shoots and 

leaves. This method is mostly employed for wastes consisting of metals.In the root zone; 

phytochemical complexation reduces the fraction of the bioavailable organic pollutants. 

Transport protein inhibition, located on the root membrane, prevents organic pollutants 

from entering the plant. For the process of phytoextraction, plant with good tolerance to 

high concentrations of heavy metals, high growth rate, and hyperaccumulators plants are 

used. Chelating agent can play a vital role to get metal bioavailable, for instance, lead can 

be made much more bioavailable by the addition of chelating agents to soils. Example 

includes the availability of uranium and radio-cesium 137 can be improved by use of 

citric acid and ammonium nitrate, as chelating agents. 

2. Phytodegradation: In this process, specific plant species is used for a particular 

contaminant on the basis of the degradation capability of plant species. In this process, 

plants actually metabolise and deteriorate contaminants within plant tissues. It is called as 

phytotransformation, which is the breakdown of organic contaminants with the help of 

plants.The metabolism of pollutants within plant tissues is known as phytodegradation. 

Enzymes like oxygenase and dehalogenase are produced by plants. These enzymes help 

catalyze the degradation process. Organic pollutants are degraded, mineralized, or 

metabolized inside plant cells via specific enzymes. These enzymes are laccases 

(degradation of anilines), dehalogenases (degradation of chlorinated solvents and 

pesticides), and nitro-reductases (degradation of nitro-aromatic compounds). The plant 

tissue metabolism of these recalcitrant compounds and contaminants cannot be broken 

down to basic molecules. Thus, the term phytotransformation is representing the change 
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that took place in the chemical structure of pollutants without complete breakdown of 

their compound structure.  

3. Phytostabilization: The process in which certain plant species are used to immobilise the 

contaminants in the soil and groundwater is termed as phytostabilisation. In this process, 

chemical compounds secreted by the plant immobilise contaminants, rather than degrade 

them. This takes place through absorption and accumulation in plant tissues, adsorption 

onto roots, or precipitation within the root zone prohibiting their migration in soil, as well 

as their transportation by erosion and deforestation. Inorganic or organic contaminants 

are incorporated into humus or into the lignin of the cell wall of roots. By the direct 

action of root exudates, metals are precipitated as insoluble forms; subsequently metals 

are trapped in the soil matrix. The main aim is to avoid the mobilization of the pollutants 

and to limit their presence insoluble form as well as to avoid their diffusion in the soil. 

The pollutants are rendered insoluble, immobile, and less toxic through accumulation and 

adsorption by the roots. Thus, they precipitate or exudates within the soil adjacent to the 

roots and root zone. 

4. Phytovolatilization: In this process plants uptake water containing organic contaminants 

and free the contaminants into the air through their leaves as volatile components. The 

uptake and elimination of a contaminant by a plant, with release of the contaminant or a 

modified form of the contaminant to the atmosphere from the plant during transpiration is 

termed as phytovolatilization. It takes place when growing trees and other plants uptake 

water along with the contaminants present in water. These contaminants pass through the 

plants to the leaves and vapour out into the atmosphere at comparatively low 

concentrations. Plants also play a major role in physically stabilizing the soil with the 

help of their root system. This also aids for preventing erosion, protecting the soil 

surface, and decreasing the impact of rain. Also, plant roots deliver nutrients that help to 

enhance the growth of microbes to convert it to a rich microbial community in the 

rhizosphere. The complex interactions between soil type, plant species, and root zone 

location affect the presence of bacterial community and its composition in the 

rhizosphere region. Certain elements such as Hg, Se, As, and can be absorbed by the 

roots, converted into nontoxic forms, and finally released into the atmosphere air as a 

result of phytotransformation. In this respect, the contaminants are uptaken and/or 

absorbed by the plant roots and translocated to the leaves to be volatilized through plant 

stomata (i.e., they are the sites for gaseous exchange as the plant transpiration). These 

sites are used for the containment of volatile organic compounds. 

5. Phytostimulation: Phytostimulation is also called rhizospheric biodegradation and is 

based on the secretion by plants in root exudates which support the growth and metabolic 
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activities of diverse fungal and bacterial communities in the rhizosphere capable of 

degrading varied pollutants. The secreted enzymes can transform the chemicals in the 

rhizosphere; therefore, the plants do not need to take up the pollutants for detoxification. 

Plants are able to increase the abundance of soil microflora in the rhizosphere by 1–4 

orders of magnitude compared to the surrounding bulk soil and these microflora show 

greater range of metabolic capabilities than the microbes in the surrounding loose soil.  

6. Rhizofilteration: It uses hydroponic systems to clean streams of water. Rhizofiltration is 

the process through which pollutants adhere to or precipitate on plant roots, or are 

absorbed and sequestered in the roots. Contaminants that are found in solution form 

encloses the root zone by formation of wetland for cleaning up contaminated wastewater. 

Rhizofiltration is almost identical to phyto-accumulation, but the plants used for this 

purpose are grown in greenhouses with their roots in water not in soil. This system can be 

implied for ex situ groundwater treatment. Groundwater is drawed to the surface to 

irrigate these plants and at that time period these plants arrest contaminants in different 

part of plants. Typically, sand combined with perlite or vermiculite is used as the 

artificial soil media in hydroponic systems. As the roots become soaked with 

contaminants, they are harvested and disposed of. Rhizofiltration of plants is also the 

process where mass of plant roots could filter groundwater to remove toxic substances 

and contaminants. 

Table 1: List of plant species involved in different phytoremediation processes (Misra and 

Misra, 2019) 

Processes Contaminants Plants used 
Accumulation 

part 

Phytoextraction 

Inorganic components like 

radionuclides and metals (Cr, Cu, 

Ni, Zn, Cd and Ag etc.)  

Brassica, 

sunflower 
Shoots 

Phytostabilization 
Heavy metals (As, Cd, Cr, Cu, Pb 

and Zn etc.) 

Sunflower, 

Chenopodium 
Roots 

Phytodegradation 

Organic contaminants like 

aromatic, aliphatic and petroleum 

hydrocarbons, chlorinated 

solvents and pesticides etc. 

Alfa-alfa, 

Brassica, 

Typha 

In plant tissues 

Phytovolatilization Organic/inorganic contaminants  
Poplar, 

Scirpus 

Release to the 

atmosphere 

Rhizofiltration 
Inorganic pollutants like metals 

and radionuclides  

Water 

hyacinth, 

Lemna 

Rhizosphere 
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Detoxification mechanism in plants: 

Detoxification is a key prerequisite for the implementation of phytoremediation. 

Avoidance and tolerance are typically the two defence mechanisms used by plants to combat the 

toxicity of heavy metals. Plants are able to keep the cellular concentrations of heavy metals 

below the toxicity threshold levels thanks to these two systems (Yan et al., 2020). 

Avoidance: The ability of plants to limit heavy metal uptake and prevent their transport into 

plant tissues through root cells is referred to as an avoidance strategy. Through a variety of 

mechanisms, including metal ion precipitation, metal sorption, and root sorption, it functions as 

the first line of defence at the extracellular level. In the rhizosphere, a range of root exudates, 

including organic acids and amino acids, function as a heavy metal ligand to create stable heavy 

metal complexes. Some root exudates have the ability to alter the pH of the rhizosphere, which 

causes heavy metals to precipitate and become less bioavailable and poisonous. Exclusion walls 

between the root system and the shoot system are created through a metal exclusion mechanism 

to prevent the uptake and root-to-shoot transfer, thereby protecting aerial portions from 

hazardous heavy metals.  

Arbuscular mycorrhizas can also act as an exclusion barrier for heavy metal uptake by 

absorbing, adsorbing, or chelating heavy metals in the rhizosphere and limiting their access into 

the root. Another method of avoiding heavy metals is to embed them in the cell walls of plants. 

Pectins found in cell walls are made up of carboxylic groups of negatively charged 

polygalacturonic acids that are capable of binding heavy metals. In order to prevent the entry of 

free heavy metal ions into the cells, the cell wall functions as a cation exchanger. 

Tolerate: The plants develop a tolerance strategy to deal with the toxicity of accumulating metal 

ions once the heavy metal ions enter the cytoplasm. By using different processes, such as the 

inactivation, chelation, and compartmentalization of heavy metal ions, it serves as the second 

line of defence at the intracellular level.  

 Plants must detoxify excess heavy metal ions as they build up inside the cytosol in order 

to lessen their damaging effects. This is mostly accomplished through chelation, which is the 

complexation of ligands with heavy metal ions. The concentrations of free metal ions are brought 

down to modest amounts through chelation. The cytoplasm contains numerous chemical and 

inorganic ligands that facilitate heavy metal chelation. Organic acids, amino acids, 

phytochelatins (PCs), metallothioneins (MTs), and cell wall proteins/pectins/polyphenols are 

among the organic molecules implicated in heavy metal ion chelation. As a result of complexing 

and lowering their bioavailability to plants, organic acids found inside of cells stop heavy metals 

from remaining as free ions in the cytoplasm. Following chelation, the complexes of ligands with 

heavy metals are actively transported out of the cytosol and into inactive spaces, such as the 

vacuole, where they are stored inactively. By removing toxic heavy metal ions from sensitive 



Agriculture Science: Research and Review Volume VIII 

    (ISBN: 978-93-91768-63-8) 

153 
 

cell regions where cell division and respiration take place, sequestration and vacuolar 

compartmentalization effectively protect against the harmful effects of heavy metals. This 

reduces interactions between heavy metal ions and cellular metabolic processes and prevents 

damage to cell functions. 

Criteria for selection of plants  

 Phytoremediation using native plants can serve a dual purpose of site remediation and 

ecological restoration. Different plant species can be used for the phytoremediation of polluted 

lands. Some of the examples include poplar, Leucaena for chlorinated compounds; rye, willow 

for total petroleum hydrocarbons (TPHs) compounds and hyperaccumulators like Pteris vittata, 

Sedum alfredii, water hyacinth, water lettuce, etc. for heavy metals detoxification. Usually, the 

criteria for selection of plants for phytoremediation technology include: 

 Ability to extract or degrade the contaminants 

 Adaption to local climate 

 Faster growth rate  

 High biomass production 

 Deep root system 

 Compatibility with soil condition 

 Ease of planting and maintenance  

Hyperaccumulators:  

 The term "hyperaccumulator" refers to plant species that may accumulate metal ions at 

levels 100 times greater than non-accumulator plants. They have specific character that they can 

accumulate extremely high levels (10 ppm Hg; 100 ppm Cd; 1,000 ppm of Co, Cr, Cu, and Pb; 

and 10,000 ppm Ni and Zn) of metal in their shoot (Pandey et al., 2016).  

Most of the heavy metals (HMs), and metals/metalloids are released into the nature either 

by natural phenomenon or anthropogenic activities. The adaptive intrinsic regulatory systems of 

metal-hyperaccumulating plants allow them to sequester or hyperaccumulate excess levels of 

HMs into their above-ground tissues as opposed to storing them in their roots. They have 

remarkable skills to successfully carry out normal physiological processes without presenting 

any evident stress signs unlike metal non-hyperaccumulators. The ability to swiftly translocate 

heavy metals from root to shoot and constitutive over expression of metal transporters are two 

factors that contribute to hyperaccumulators' exceptional capacity to accumulate excess metals. 

In metal hyperaccumulating plants, several metal ligands also play important roles. These metal 

hyperaccumulating plants can be utilised to clean up soil at metal-contaminated places. 
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Table 2: Hyperaccumulator species in the global database (Reeves et al., 2017) 

Element Families Genera Species Global records with highest 

concentrations reported 

Arsenic (As)  1  2  5  Pteris vittata (2.3%)  

Cadmium (Cd)  6  7  7  Arabidopsis halleri (0.36%)  

Copper (Cu)  20  43  53  Aeolanthus biformifolius (1.4%)  

Cobalt (Co)  18  34  42  Haumaniastrum robertii (1%)  

Manganese (Mn)  16  24  42  Virotia neurophylla (5.5%)  

Nickel (Ni)  52  130  532  Berkheya coddii (7.6%)  

Lead (Pb)  6  8  8  Noccaea rotondifolia (0.8%)  

Selenium (Se)  7  15  41  Astragalus bisulcatus (1.5%)  

Zinc (Zn)  9  12  20  Noccaea caerulescens (5.4%)  

 

Phytoremediation for reclamation of pollutant lands: 

A serious environmental risk is arising due to the presence of pesticide residues in water 

and soil. Romeh (2015) in his study concluded that Glycine max and Plantago major were the 

most suitable plant species for phytoremediation of azoxystrobin-contaminated soil.  Heavy 

metals, in the environment, form an important polluting group. In a study, Kumari et al. (2016) 

assessed the native plants for the phytoremediation of the heavy metals and found that Typha 

latifolia accumulated the maximum content as compared to other four species, viz. Azolla 

pinnata, Ceratopteris thallicteroides, Hydrilla verticillata, and Marsilea minuta.  

It was also observed that some species were hyper-accumulator of a particular metal, 

however it tolerated the other metals. Industries are responsible for massive discharges like dyes, 

oils, etc. into the local nearby water bodies. Chandansive et al. (2018) studied the enzyme 

activities in roots of Tagetes patula and Aster amellus watered with normal water and textile 

wastewater and concluded that there was significant increase in the enzymes responsible for dye 

degradation (Lignin peroxidase, laccase, azo-reductase and tyrosinase) which indicates its 

possible role in textile wastewater cleaning. Another study was conducted by Fatima et al. 

(2018) and they showed that more seed germination, root, and shoot length of wheat (Triticum 

aestivum L.) was observed in the soil treated with the plants (Leptochloa fusca and Brachiaria 

mutica) and endophytes in combination than in the soil treated with plants or bacteria 

individually.  

Landfill leachate contaminates the groundwater as well as soil. Heavy loads of landfill 

leachate is responsible for high pollution with high values of BOD (Biological oxygen demand), 

COD (Chemical oxygen demand), chlorides and sodium which can be remediated using Typha 

angustifolia (Bhagwat et al., 2018). Total petroleum hydrocarbons (TPHs) are one of the most 
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hazardous chemical pollutants in the environment and Deebika et al. (2021) reported that the 

addition of biochar @ 50g and compost @ 200g with plant species enhanced the removal of 

TPHs from the soil. 

Technology options for disposal of contaminated biomass: 

The main disposal options for the contaminated biomass harvested during a 

phytoremediation include (Ghosh and Maiti, 2020):  

 Ashing: In a muffle furnace at 350–65oC, with the heating rate of 18oCmin-1 for 2h. 

 Compaction: Pelletization of the biomass under pressure, leading to a leachate that needs 

to be disposed. 

 Composting: Soluble heavy metals are often composted to reduce the volume. 

 Direct disposal: Disposing in the soil followed by some chemical treatments such as 

acids and alkali. 

 Incineration: Combustion of organic substances contained in waste materials at high 

temperature. 

 Leaching: Toxic metals can be obtained by treating the compacted biomass with several 

solvents and then allowing moving through a medium. 

 Liquid Extraction: Biomass treated at high temperatures under high pressures in the 

presence of a reducing atmosphere. 

 Pyrolysis: A pyrolysis unit at temperature 350–650oC 

Advantages of phytoremediation: 

 It can be used in In-situ and ex-situ conditions 

 It is applicable for variety of compounds  

 Cost-effective technology 

 Easy to maintain and implement 

 Reuse and recover of valuable metals by the phytomining process 

 Less risk of contamination spread as in other methods 

 Environmental friendly  

 Suited for remediation of large areas  

Challenges: 

 Slow plant growth and low dry matter production 

 Longer process time for effective remediation 

 Risky for grazing animals 

 Plant growth can be effected by harsh climatic conditions 

Approaches to enhance phytoremediation: 

 Use of hyperaccumulator plants 
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 Conventional breeding and genetic engineering 

 Use of synthetic phytochelatins  

 Addition of amendments like biochar, compost, etc. 

 Augmentation of endophytes to enhance the process 

Conclusions: 

Phytoremediation, which offers a number of advantages for cleaning up the environment 

when compared to conventional ways of pollutant degradation from the environment, is arguably 

the most recent technology. This technology is frequently used on the contaminated soil and 

water since it is more affordable and environmentally friendly than conventional cleanup 

methods. In this technology, plants reduce, degrade, breakdown, and remove pollutants from soil 

and waste water and transfer them into their biomass. Phytoremediation is an eco-friendly 

approach that could be a successful mitigation measure to revegetate heavy metal-polluted soil in 

a cost-effective way. 

Future thrust: 

In addition to educating the public about the fundamentals of phytoremediation, a well-

structured regulatory framework and cost optimization criteria are necessary for the 

development, management, and implementation of phytoremediation on a large scale to ensure 

that it is carried out in accordance with performance standards as- 

 Little information is available on the field performance of transgenic plants. 

  Lack of understanding in the phytoremediation of soil contaminated with multiple 

pollutants. 

  Assessment of the minimum risk by using the main products of the plants used for 

phytoremediation. 

  More data is still needed to quantify the underlying economics as a support for public 

acceptance. 
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Abstract: 

Vibrio spp. are bacteria that can cause the disease vibriosis. These microbes are a natural 

component of the microbiota found in maritime settings, wild shrimp, and shrimp raised in 

captivity. Vibrio infections are becoming a significant barrier to shrimp aquaculture productivity 

and trade. They seem to be responsible for a number of illnesses, up to 100% mortality rates, and 

global crop losses. Epizootics also regularly occur in grow-out ponds, while Vibrio-related 

infections are more common in hatcheries. Several studies are going on how to control this 

disease in shrimp farms including prevention measures like use of probiotics and 

immunostimulants. 

Introduction: 

One of the main illnesses that affect the aquaculture of shellfish and finfish is vibriosis. 

Vibriosis is a bacterial deadly disease in cultivated shrimp all over the world (Lavilla-Pitogo et 

al., 1998; Chen et al., 2000). Vibrio species are abundantly present in cultural environments 

around the globe. Vibrio-related diseases often happen in hatcheries, although pond-raised 

shrimp species also frequently experience epizootics (Annam, 2015). Gram-negative bacteria 

from the Vibrionaceae family are the cause behind vibriosis. Bacterial penetration of host 

barriers or the rapid accumulation of bacteria that are already tolerated at lower concentrations in 

shrimp blood are two possible causes of outbreaks (Sizemore and Davis, 1985). Pathogens 

attempting to enter the foregut and hindgut of crustaceans encounter an effective physical barrier 

in the form of the exoskeleton. Vibrio spp., on the other hand, are among the chitinoclastic 

bacteria linked to shell sickness (Cook and Lofton, 1973) and they can enter through pore or 

wound openings in the exoskeleton (Alday-Sanz et al., 2002; Annam, 2015). Although the gills 

have a thin exoskeleton that makes them appear vulnerable to bacterial penetration (Taylor and 

Taylor, 1992), the setobranchs clean the surfaces of the gills (Bauer, 1998). Since the midgut 

lacks an exoskeleton and is made up of the digestive gland and the midgut trunk, which is 

frequently referred to as the intestine (Lovett and Felder, 1990; Annam, 2015), it appears to be a 

likely location for pathogens carried in water, food, and sediment to penetrate (Ruby et al., 1980; 
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Jayabalan et al., 1982). Numerous Vibrio species of bacteria, such as V. harveyi, V. vulnificus, V. 

parahaemolyticus, V. alginolyticus, and V. penaeicida, are responsible for causing vibriosis 

(Brock and Lightner, 1990; Ishimaru et al., 1995; Annam, 2015). There have been sporadic 

accounts of vibriosis brought on by V. fluvialis and other undefined Vibrio species (Lightner, 

1996; Annam, 2015). 

Vibrio diseases 

Bacterial septicemia 

This is one of the severe bacterial diseases that affects shrimps and causes them to 

become lethargic, swim abnormally, have their chromatophores grow and then the pleopods' 

colour changes to a reddish hue that is visible in the abdominal musculature. Chronic cases show 

melanized black blisters on the carapace and abdomen as well as flared up and eroding gill 

covers. The disease caused by Vibrio anguillarium, Vibrio alginolyticus and Vibrio 

parahaemolyticus is diagnosed based on signs like its swimming patterns and Food Consumption 

Ratio and it is then confirmed by analysing the isolated pathogen from muscle or haemolymph 

sample using conventional histopathology and microbiological methods (Chellapandian et al., 

2021). By preserving good water quality and lowering the organic load through improved water 

exchange, bacterial septicemia can be avoided. Giving antibiotics and a high protein diet can 

avoid this. Repeated water changes may also assist to reduce the density of disease-causing 

microorganisms (Chen et al., 2015). 

Necrosis 

Inflammation in the cells investigates the proteins that are released from tissues and cells, 

which has an impact on how the animals' colour change to seem milky white. This condition may 

be brought on by a number of unfavourable environmental factors, including water quality, 

organic load, starvation, and animal waste (Chellapandian et al., 2021). In chronic cases, 

melanization of the antennae, setae, appendages and muscle can be seen. Necrosis is typically 

brought on by Vibrio spp., Aeromonas spp., Pseudomonas spp., and Flavobacterium spp. It can 

be identified by swimming patterns and white patches in the cephalothorax. It can be avoided by 

feeding nutrient-rich feed and performing frequent water changes. Applying 5-10 ppm fermented 

rice cake prevents necrosis by inducing moulting (Chandrakala and Priya, 2017). 

Shell disease 

Aeromonas spp. and Flavobacterium spp. are the main pathogens responsible for the 

disease in shrimps, which manifested as brown to black patches on the body surface and 

appendages. These pathogens do this by having chitinolytic activity. Significant signs include 

hunched posture and brown to black blotches on the exoskeleton, which in severe cases can 

result in necrosis (Alavandi et al., 2004). By lowering the organic load in the water, changing the 

water often, and giving the shrimp nutritional supplements, brown spot illness can be avoided. 
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Disease development 

Shrimp, like all other living things, have unique physiological processes for growth and 

development that are significantly influenced by the environment in which they are living. Any 

disruption in an organism's physiological balance might result in an abnormal condition, which is 

what is known as a disease. However, according to many experts, there are three components 

that interact with one another to cause disease. These elements include the disease-causing 

bacterium, the environment, and the host (shrimp). As a result, sickness can be seen as a 

reflection of intricate interactions between the environment, pathogens, and hosts. The key factor 

causing illness is a decrease in the host's immunity. Shrimp health will be harmed by many 

things, but the most significant predisposing factors responsible for diseases in shrimp culture are 

shown in Fig. 1. 

 

Figure 1: Factors related to diseases in shrimp aquaculture 

 

These will show clear changes in the physical or chemical components, but the biological 

components will be more complex. Micro ecology can be used to explain this. This makes 

reference to the interplay of biological elements and illustrates how typical bacteria and their 

surroundings interact. Host Similar to other crustaceans, shrimp hosts have an exoskeleton 

covering their bodies, which is periodically changed during moulting. The moulting process 

makes the shrimp more energy-hungry and leaves them more vulnerable to disease-causing 

organisms or cannibalism. Additionally, the shrimp's size, nutritional state, and immune response 
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affect how resistant it is to disease-causing substances. Burrowing at the pond bottom is one 

behavioural trait that reveals the shrimp condition that is present in the pond. 

Environment 

In aquaculture, the word "environment" covers to the water, soil, and numerous living 

things in the pond. In addition to shrimp, the living organisms also comprise pathogenic 

organisms and other aquatic flora and fauna. Numerous physico-chemical factors, including pH, 

dissolved oxygen, temperature, light, and others, have a significant impact on the survival and 

growth of organisms. Any aberrant change in these parameters will negatively damage shrimp in 

the cultivation system. For instance, stressful situations like high ammonia levels, low dissolved 

oxygen levels, etc. may be detrimental to shrimp life. Pathogen There could be a variety of 

harmful organisms in the aquaculture system. They might be a component of the pond's or 

rearing water's native flora and fauna. Numerous disease-causing shrimp organisms have been 

identified. These organisms themselves might not even result in any disease conditions. 

Nevertheless, when present in high numbers, they may easily enter the wounded tissues, settle in, 

and proliferate, which can lead to disease and then death. However, the prevailing culture 

conditions, such as the availability of a food supply, dissolved oxygen, temperature, pH, etc., 

have a significant impact on the quantitative level of pathogen. 

Prevention and treatment of vibriosis 

Various preventive and control measures for vibriosis in shrimps are given in Fig. 2. 

 

Figure 2: Disease control methods in shrimp aquaculture 

Probiotics 

Many shrimp growers add preparations of living bacteria cells known as "probiotics" to 

their cultivation ponds under the idea that they will improve water quality or prevent illnesses. 

Probiotics

Phage Therapy
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interference

Immunostimu
lants

Tolerines

Quorum 
sensing control 

of bacterial 
virulence



Bhumi Publishing, India 

162 
 

Positive outcomes from well-conducted laboratory studies may occasionally be used to assist a 

sales campaign, but there are very few, if any, field experiments on commercial farms that are 

carried out satisfactorily (Chellapandian et al., 2021). 

Immunostimulant 

It is actually a separate problem because the efficiency of immunostimulants does not 

depend on the presence of living cells. They may consist of raw materials such as fully 

decomposed dead microorganisms (such as yeast or bacteria), by-products derived from partially 

purified plants and microorganisms. 

Quorum sensing control of bacterial virulence 

 The relatively small number of probiotic cells that are frequently added to a shrimp pond 

in comparison to the total amount of resident bacteria is one of the problems for people who 

support probiotics, particularly for improving water quality. Here, cells that only make up 0.01 

percent of the total bacterial population control the water's quality because when it comes to the 

issue of disease, it might not just be a straight forward matter of population percentage. It has 

long been known that tiny amounts of natural chemical messengers are used by microbes to 

interact with one another. These messages can occasionally prevent the bacterial infection from 

causing disease without really curing the infection. Quorum sensing can be used in aquaculture 

to prevent bacterial diseases like vibriosis. 

Phage therapy 

The use of naturally occurring bacterial viruses, or "bacteriophages," to manage bacterial 

populations is a fascinating area of research. In Russia, where the procedure has advanced to a 

high level of sophistication, drinking a solution containing a combination of suitable 

bacteriophages is a frequent therapy for human gastrointestinal disorders including 

salmanellosis. The technology has not yet been widely used in aquaculture and is just recently 

being adopted in Western nations. 

Tolerines 

Researchers have looked at two main categories of tolerines in shrimp. The original kind, 

still marketed by Charoen Pokphand Co. Ltd. (CP) under the trade name SEMBVAC, was 

created in Thailand in the middle of the 1990s. Whole WSSV particles that have been inactivated 

make up SEMBVAC and other products that are similar. The shrimp develop a fairly long-

lasting tolerance to WSSV after consuming these goods, making them less ill once they become 

infected. Field experience has shown that the protection is not absolute and that environmental 

factors have the ability to override it. The other varieties of tolerine are supplied either by 

injection or by combining with shrimp meal and consist of single or mixed protein subunits of 

viral particles. 
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RNA interference 

Another cutting-edge method, RNA interference, has just been tested in the lab to shield 

shrimp from viral infections. Making short, double-stranded RNA fragments that closely 

resemble the sequences of viral genes is the process. Disease prevention occurs when they are 

injected into shrimp or exposed to shrimp cells in culture. 

Conclusion: 

The development of engineering and biotechnology will determine how diseases are 

managed in aquaculture in the future. The development of quick but extremely sensitive and 

specific diagnostic capabilities for farmers who will be a part of the national, regional and global 

disease control networks via the internet will be essential for future success in establishing stable 

and sustainable production of all aquaculture species. 
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Abstract:  

Genome editing is a cutting-edge biotechnological approach for manipulating the 

genomes of living organisms comprehensively and completely. CRISPR (clustered regularly 

interspaced short palindromic repeats) can be effectively directed to nearly any genomic site 

using a short guide RNA to induce a desired mutation that is derived from the microbial adaptive 

immune response and Cas9 is a RNA-guided endonuclease. To promote therapeutic and 

agricultural advancements, RNA-guided Cas enzymes have been used as tools to change the 

genomes of in-vitro grown animal cells and plant cells. Targeted gene regulation, epigenetic 

modulation, chromatin manipulation, and live-cell chromatin imaging are some of the 

applications of CRISPR technology beyond just genome editing.  The present chapter will focus 

on the applications and advantages of CRISPR by knocking down specific genes to improve 

agronomical traits in plants. 

Keywords: CRISPR; Knockdown; Agriculture; Crop trait improvement. 

Introduction: 

Genome editing involves altering intracellular DNA in a sequence-specific manner. 

Genome editing with Cas9, a component of the Clustered Regularly Interspaced Short 

Palindromic Repeats (CRISPR) system, is one technique to accomplish targeted mutagenesis. 

The approach is based on the 20-base guide RNA's specificity, which binds to corresponding 

DNA bases at the target spot. Changing the sequence of the guide RNA is a simple way to 

modify the sequence of CRISPR targets (Vyas and Bernstein, 2019; Bolotin et al., 2005). 

According to the structure of the effector nuclease genes, the CRISPR-Cas system is partitioned 

into two functional classes. The type I, III, and IV CRISPR systems belong to the class 1 

CRISPR system, which is defined by multisubunit effector nuclease complexes (Mohanraju, 

2016). The class 2 CRISPR systems has only one effector protein, such as Cas9, and is divided 

mailto:saravananmohan.bu@gmail.com
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into type II, V, and VI14 based on the variables required for pre-crRNA processing and the 

diversity of the effector protein's domains (Koonin, 2017). The operon organization is used to 

classify the CRISPR system, with a focus on the class 2 system (Moon et al., 2019). The most 

convenient, efficient, and reliable approach to genetic manipulation is CRISPR/Cas9-based gene 

editing. A Cas9 endonuclease and a guide RNA (gRNA) are the two crucial molecules. Non-

Homologous End Joining (NHEJ) and Homology-directed repair (HDR), enables precise genome 

editing through insertions, deletions, sequence replacements, and nucleotide substitutions and is 

used in gene targeting technologies (Atkins and Voytas, 2020). 

Advantages of CRISPR 

 CRISPR/Cas9 is a microbial adaptive immune defence system that has inherent 

advantages in engineering and disabling pathogen genomes to treat infectious diseases. 

 CRISPR/Cas has emerged as a significant agronomic tool. This system has enabled to 

enhance the yield, quality, disease resistance, and herbicide resistance in crops.  

 CRISPR/Cas has recently been used in several innovative breeding procedures that target 

reproduction-related genes (Zhu  and Gao, 2020). 

 CRISPR can be used to analyse the various genetic and epigenetic variables that play a 

role in carcinogenesis and cancer.  

Researchers have employed CRISPR systems to establish cell lines and animal models of 

various types of cancer by silencing or knocking in oncogenes and tumour suppressor genes in 

vitro, ex vivo, or in vivo using HDR or Non-Homologous End Joining (NHEJ) mediated knock-

ins or knock-down (Bibikova, 2002). Due to CRISPR's ability to generate specific modifications 

in the genome, one of the most obvious application cases for the technology is the treatment of 

diseases caused by genetic abnormalities. Cystic fibrosis is caused by a mutation in the CFTR 

gene (cystic fibrosis transmembrane conductance regulator) (Loureiro and da Silva, 2019). 

Through improved mutation of the Cas-9 protein, CRISPR/Cas-9 can be utilized to intentionally 

regulate (activate or repress) a gene's target. By fusing a marker such as Green Fluorescent 

Proteins (GFP) with the dCas-9 enzyme, CRISPR/Cas-9 can also be used to visualize and 

localize where the gene of interest is particularly situated inside the cell (sub-cellular 

localization) (Anton, 2018; Mengstie and Wondimu, 2021). 

CRISPR-Cas9, an RNA-guided genome editing tool, has several advantages over protein-

guided counterparts and RNA interference (RNAi) techniques. In cell lines or animal models, it 

has demonstrated therapeutic potential for infectious diseases, monogenic diseases, and cancer. 

With the rapid advancement of CRISPR-Cas9 technology, we can still hope that it will 

revolutionize gene therapy research and become a convenient and versatile tool for human gene 

therapy practice in the future (Xiao et al., 2015). 
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Mechanism of CRISPR 

One advantage of using the CRISPR/Cas system for genome engineering is that Cas9 can 

be easily programmed to make a DNA double-strand break (DSB) in the genome.  Following the 

initial cut, the next steps in the process involve repairing chromosomal DSBs. It is important to 

understand that cells have two major repair pathways -Non-Homologous End Joining (NHEJ) 

and Homology Directed Repair (HDR) which is represented in (Fig.1). 

Non-Homologous End Joining (NHEJ) 

NHEJ is the most commonly used mechanism for Double strand DNA break (DSB) 

repair because it works throughout the cell cycle and does not require a homologous 

chromosome (Loureiro and da Silva, 2019). The NHEJ’s mechanism can be divided into discrete 

and sequential phases which are described below, 

(i) At the DNA double strand break, the NHEJ complex recognizes the DNA end and 

assembles and stabilizes itself. 

(ii) End stability is improved by bridging the DNA ends. 

(iii) DNA end processing and 

(iv) DNA ligation (Davis and  Chen, 2013). 

NHEJ induces a high rate of insertion and deletion mutations at the DSB site, which 

might result in gene knockout (Wang et al., 2016). The NHEJ pathway is further separated into 

two types: classical and alternative. However, because NHEJ is prone to errors, the end product 

of this pathway in many cases contains extra or missing DNA a sequence, resulting in a non-

functional coding sequence (Hug et al., 2016). NHEJ relies on Ku to thread onto DNA termini, 

increasing the affinity of the NHEJ enzymatic components, which include a nuclease, a ligase, 

and two polymerases (Mateos et al., 2017). Surprisingly, each of these enzymatic components is 

distinct in its ability to work on a wide range of incompatible DNA ends, combined with 

flexibility in loading order, resulting in multiple possible junctional consequences from a single 

DSB. The DNA end configurations can be ligated directly. If these ends are incompatible, they 

can be processed until ligated configurations are achieved, which are usually stabilized by no 

more than 4 bp of terminal micro-homology. Because DNA ends processing results in the 

addition or loss of nucleotides, original DNA sequences are rarely restored after NHEJ 

(Pannunzio, 2018; Tang, 2019). 

Homology-directed repair (HDR) 

The second DSB repair pathway is HDR (Arnoult et al., 2017). The genome can be 

precisely edited by introducing specific genomic alterations, such as base substitutions, sequence 

insertions, and deletions, using HDR of these DSBs. Homologous donor templates provided in 

the form of single-stranded oligo deoxynucleotides(ssODNs) or double-stranded DNA (dsDNA) 

donors trigger HDR in genome editing operations (Gallagher and Haber, 2018; Nambiar et al., 
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2019). The use of a sequence from a sister chromatid or homologous chromosome improves 

DNA repair accuracy dramatically, and this is the foundation of HDR (Devkota, 2018). HDR 

necessitates a DNA template containing the sequence to be supplied to the cell, as well as Cas9 

and gRNA, with both ends of the template homologous to the DSB's terminal region. The PAM 

sequence should be absent from the repair template to avoid Cas9 joining and eventual cleavage 

of the inserted sequence. It is primarily active during the cell cycle's late S and G2 phases. HDR 

requires a high number of donor (exogenous) DNA templates containing a sequence of interest in 

CRISPR-gene editing. By inserting a donor DNA template with sequence homology at the 

expected DSB site, HDR performs the precise gene insertion or replacement (Liu, 2019; 

Mengstie and Wondimu, 2021). 

The strategy for fixing a DSB is not chosen at random; the results of genome editing will 

be influenced by the repair mechanism chosen. When compared to NHEJ, HDR is a less 

prevalent type of DSB repair, but when used properly for targeted genome editing, it can have a 

big impact (Rothkamm et al., 2006). In undivided cells, which include most cells in vivo, the 

HDR pathway's availability is limited. As a result, HDR-mediated genome editing approaches 

are restricted to in vivo use (Tang et al., 2019; Nami et al., 2018). 

Vectors used in CRISPR 

The CRISPR/Cas9 system was successfully tested in plant cells (Cong et al., 2019; Jinek 

et al., 2013; Mali et al., 2013), after its efficacious transfer in human cells, however, the editing 

effectiveness in these situations is relatively low.Cas9 vector systems were developed for 

effective genome deletion, disruption of cis-regulatory, gene knockout, and suppression of viral 

infections in plants. In general, vectors act as a carrier vehicle in generating heritable mutations 

in plants. Cas9MDC32/ G10 Cas9 MDC123 with soybean codon optimized Cas9 regulated by 

35S and G10 promoter improved the expression of cas9 and helps in facilitating targeted 

mutagenesis in legumes such as Glycine max and Medicago truncatula. The author also reported 

that soybean codon optimized platform with modified cas9 enzyme creates double stranded 

breaks in target loci of transformed hairy root cells and mutated target genes of somatic cells of 

legume crops (Michno et al., 2015). Another report revealed that around 46 target sites with 85% 

mutation were observed using pCAMBIA1300 vector in monocot(rice) and dicot (Arabidopsis 

thaliana) plants (Ma et al., 2015). Later when a pDIRECT_22C vector with Csy4-P2A fused 

with Arabidopsis codon optimized Cas 9 deleted 6 genes by expressing 12 gRNAs from a single 

transcript and further the mutations enhanced to 2.5fold by incorporating Trex2 endonuclease 

into the vector (Cermák et al., 2017). pGEL031 (Cas9 protein regulated with maize Ubi 

promoter) and pGEL029 (Cas9 protein regulated with maize Ubi promoter g RNA without 

Promoter) vectors showed more robust genome editing efficiency in rice compared to the 

conventional mixed dual promoter system (Tang et al., 2018). Even highest editing efficiency in 
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plants was achieved by the addition of 13 introns into the Cas9 sequence in pAGM51547; 

pAGM55273 increased the editing frequency in Arabidopsis thaliana (Grützner et al., 2020). 

Despite being simpler to create and more effective in deleting specific genes, CRISPR vectors 

have the fundamental disadvantage of having unexpected effects on plant genomes. The vectors 

employed in plants using CRISPR technique is summarized in Table 1. 

Applications of CRISPR  

Crop trait improvement using CRISPR 

Plants supply food, feed, fuel, and other consumable resources to humans, and hence 

make an important contribution to civilization. The world's population is predicted to reach 9.6 

billion people by 2050, resulting in a 100–110% increase in global crop consumption (Ji et al., 

2015). Crop improvement advancements are urgently needed to maintain agricultural output and 

accelerate sustainable farming practices. Climate changes significantly reduced farmlands, and 

water resources.  

 Crop improvement approaches employed in modern farming include classical breeding 

and transgenic-based breeding approaches which are summarized in (Fig. 2). Agricultural trait 

enhancement has indeed been targeted for improved production, better biotic and abiotic 

resistance, and enhanced nutritional properties. Breeding strategies have been frequently 

employed to choose desirable characteristics within cross-bred species to achieve these goals. In 

addition to naturally occurring mutations, experimentally generating mutations by chemical or 

radioactive irradiation has tremendously widened the range of desired features in plants. 

Unfortunately, traditional approaches are typically time-consuming and laborious, and the 

frequency and unpredictability of substantial modifications that result in the development of 

interesting characteristics impede the overall development of new commercial varieties (Pacher 

and Puchta, 2017; Ku and Ha, 2020). Genetically manipulated (GM) crop types featuring 

desirable features have been generated since 1996 by inserting genes or genetic components with 

established functionality. Furthermore, there remain demonstrated issues regarding the health 

and environmental safety of GM crops established through the insertion of exogenous genes, 

mandating a significant amount of time and resources to comply with rigorous and extensive 

testing (Prado et al., 2014). So far, the CRISPR/Cas9 gene editing technology is already used in 

over 20 different crops (Ricroch et al., 2017; Jaganathan et al., 2018) for a wide range of features 

such as yield, quality, biotic and abiotic stress management. Several of the peer-reviewed papers 

have been designated as real evidence research since they illustrate the use of the CRISPR/Cas9 

platform to knock out specific genes associated with abiotic or biotic stress tolerance processes. 

Pathogenic bacteria cause biotic stress, which poses serious hurdles in the establishment of 

disease-resistant plants, accounting for more than 42% of potential yield loss and 15% of 

reduction in global food productivity (Oerke, 2006). 
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 The primary elements that influence crop quality and yield include biotic (bacterial, 

fungal, viral, etc.) and abiotic (drought, salinity, light, temperature, etc.) stresses (Rao and Wang, 

2021). According to Ashraf et al. (2012), pathogenic organisms create biotic stress, which results 

in the loss of over 42% of potential production and a 15% decrease in global food production. As 

a consequence, stress-resistant crops must always be developed to meet universal nutritional 

requirements (Kaur et al., 2020). 

Abiotic stress tolerance  

Abiotic stress has a negative impact on plant life and performance. Heritable traits are 

typically important in influencing exposure to risk factors response, which restricts breeding 

applications to improve abiotic stress tolerance in crops. Physiological studies as well as 

molecular mechanisms have found many genes related with salinity, cold, drought, and heat 

stress adaptability (Bressan et al., 2009). 

CRISPR has already been shown to be helpful in building plant stress resistance in crops. 

DuPont Pioneer's used CRISPR/Cas9 to generate a drought-resistant maize cultivar. Researchers 

mutated the ARGOS8 gene, which resulted in higher maize yields during dry conditions (Shi et 

al., 2017). The double-stranded RNA binding protein 2 (Drb2a and Drb2b) genes were recently 

targeted with CRISPR/Cas9 to improve salt and drought tolerance in soybean (Curtin et al. 

2018). Regarding abiotic stresses, researchers used CRISPR technology to develop a variety of 

abiotic-resistant crops. By employing CRISPR/Cas9 to knock out three OsPYL1, OsPYL4, and 

OsPYL6 (abscisic acid receptor gene family) genes, rice has acquired high-temperature tolerance, 

enhanced grain output, and reduced pre-harvest germination (Miao et al., 2018) Crop plant 

toxicity is increased by heavy metal contamination of agricultural soil (radioactive cesium, 

cadmium, and arsenic) (Rao and Wang, 2021). 

Biotic stress tolerance  

Pre- and post-harvest mortality of multiple agricultural productions are frequently caused 

by biotic stress. Genetic engineering has already made effort in implementing food crops that are 

tolerant to biotic agents. Rice blast (fungal disease) tolerance was generated by knocking out the 

OsERF922 gene (Wang et al., 2016; Miao et al., 2018) and interruption of the OsSWEET13 

promoter enabled bacterial blight (cause organism Xanthomonas oryzae pv. oryzae) resistance in 

rice (Zhou et al., 2015). Knocking down six TaMLO loci in wheat employing CRISPR/Cas9 

boosts tolerance to powdery mildew (fungal disease) (Wang et al., 2014), while knocking out 

MLO in tomato has found similar results towards powdery mildew (Nekrasov et al., 2017). 

CRISPR/Cas9 has also been used to develop tungro virus disease resistance (eif4g) in rice, 

cotton leaf curl virus disease resistance, and potyvirus resistance (eif4e) in cucumber (Macovei et 

al., 2018). 
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Nutritional quality improvement 

The CRISPR/Cas9 method can make long-lasting as well as genetic inheritance changes 

without endangering existing traits (Arora  and Narula, 2017). Considerable research on the topic 

of metabolic engineering, whereby plant cells are addressed for the synthesis of certain 

molecules, seems to be another implementation of CRISPR/Cas9. In just one generation, 

homozygous changed transgene-free plants are formed, as well as reliable transfer to following 

generations (Feng et al., 2014; Pan et al., 2016). Population expansion drives up the demand for 

high-value food crops (Zhou et al., 2015). 

CRISPR/Cas9 technology has increased agricultural value and food quality by improving 

crop nutritional status. Mutating polyphenol oxidase (PPO) genetic traits to produce acrylamide-

free potatoes (Halterman et al., 2016), non-browning apples (Nishitani et al., 2016), mushrooms 

(Waltz, 2016) and low phytic acid in maize (Liang et al., 2014) are manipulated through the 

CRISPR/Cas9. Citrus fruits have restricted genetic potential due to their slow growth, pollen 

intolerance, polyembryony, and poor parthenocarpy. Cas9 and CsPDS gene specific sgRNA 

were delivered throughout sweet orange using Xcc (Xanthomonas citri subsp. citri)-facilitated 

Agroinfiltration. Several examples of the application of CRISPR-Cas9 technology in plants are 

summarized in the Table.2. 

Future prospective: 

Numerous studies to date has shown significant contributions of genome editing systems 

to improve crop traits, since the CRISPR/Cas9 system directly edits target gene loci or develops 

multifunctional tools. Compared to other techniques such as TALENS and ZFNs, CRISPR/Cas9 

is still limited to certain crops. Researchers now have the chance to employ this technology 

extensively and create CRISPR-based crop trait improvements such as to enhance yield, 

nutritional value, and disease resistance. Future research should concentrate on addressing the 

problem of off-target effects in order to further enhance this method in various fields. Truncated 

sgRNA in gRNA modification provides a straightforward method to limit off-target effects, and 

ribonucleoprotein (RNP)-based delivery is usually appropriate to achieve the increased on-target 

activity. Researchers are currently utilising CRISPR to create microorganisms that improve soil 

nutrition and alter gas emissions and absorption so that some cultures emit less methane or 

absorb more CO2. CRISPR is also being used in fundamental science to create libraries of plant 

mutations that may be valuable in the future.
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Table 1: Knock Down vectors using CRISPR in plants 

S. 

No 

CRISPR/ 

Cas9 

Size  

(Kb) 

Bacterial 

Selection  

Replicatio

n origin 

Agro E. 

coli 

Plant 

selection 

gene  

Remarks  

 

Advantages  Limitations  Applications  Reference  

1 pRGEB31 15 Kanamycin pVS1, 

ColE1 

Hygromyci

n 

Cas9 regulated 

under CaMV35; 

gRNA under 

OsU6 

Not integrating in to 

the genome, 

Transient expression, 

Transgene free 

genome edited plants 

 

Significant 

improvement in the 

frequency of editing  

Limited to 

Biolistic and 

protoplast 

transformation  

 

 

 

 

Floral dip 

method  

Trait 

improvement 

(Improved seed 

weight and fruit 

hexsose content 

in tomato)  

PAP1 and FT is 

beneficial for 

the plants for 

long life cycle  

Xie and  

Yang 

(2013);  Ha 

et al (2020);  

Liu et al 

(2019) 

2 pGreen 

vector 

based  

p HSN 

401  

12.7 Kanamycin pSA, pUC Hygromyci

n /Bar  

Cas9 regulated 

under CaMV35; 

gRNA under 

AtU6 

Relative small size, 

used for transient Cas9 

and g RNA expression 

in protoplast to test 

effectiveness of target 

site, 

Stable and transient 

expression , 

High efficiency 

generation of multiple 

gene mutations 

Require an 

additional helper 

plasmid to 

provide 

replication 

protein  

Maize 

protoplast,  

maize  and 

Arabidopsis 

transgenic lines 

to exhibit high 

efficiency 

mutations   

Xing et al 

(2014) 

3 pRGEB32 15.8 Kanamycin pVS1,ColE

1 

Hygromyci

n 

Cas9 regulated 

under maize Ubi 

promoter 

Not integrating in to 

the genome, Genome 

edited plants produced 

Non transgenic plants 

Transient expression 

Delivery method 

and plasmid 

vector capacity  

production of g 

RNA  is 

challenging  

Rice protoplast  Xie et al 

(2015) 
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4 pFASTR 

series 

(p KIR) 

14  Chloromph

enicol 

pVS1,ColE

1 

Basta  Three 

promotors(Camv3

5s, 

WOX2,RPS5A) 

to drive Cas9;  

gRNA under 

AtU6 

Strong inducible 

heritable mutations 

were transmitted to 

next generation 

Difficult to 

compare 

mutation 

efficiency as 

these vectors 

produce non 

mosaic plants  

Arabidopsis 

thaliana  

Tsutsui and 

Higashiyama 

(2017). 

5 pFGC-

pco Cas9 

13.3 Kanamycin pVS1,ColE

1 

Basta Plant codon 

optimized Cas9 

under a hybrid 

35SPPDK 

promoter 

Not integrating in to 

the genome, Genome 

edited plants produced 

Non transgenic plants 

Transient expression 

Limited to 

Biolistic and 

protoplast 

transformation 

Low mutation 

frequency  

Optimal 

targeting and 

mutagenesis in 

plant cells as in 

human cells  

Considerable 

DNA deletion 

and insertion 

but rare single 

nucleotide 

substitutions in 

Nicotiana 

bentanium 

Li et al 

(2013) 

6 Tobacco 

rattle 

virus 

vector 

2-

3kb 

   Pevb promoter  No off target activity, 

Plant functional 

genomics and targeted 

improvements of crop 

traits 

Overcome the 

regulatory hurdles that 

impede the 

commercialization of 

engineered plants. 

Feasibility of 

recovering 

plants carrying 

targeted 

modification is 

low  

Modification in 

Nicotiana 

bentanium 

genome  

Zahir et al 

(2015) 

7 Gemini 

virus   

   Hygromyci

n 

Arabidopsis 

codon optimized 

cas 9; gRNA 

driven by double 

Camv35s 

promoter and 

Arabidopsis u6 

promoter 

Reduction of targeted 

mutation in 

transformed calli with 

Gemini virus  

No proper 

integration in to 

the genome  

Potato, tomato, 

citrus resulted 

in targeted 

mutation and 

functional 

genomics  

Nekrasov et 

al (2013);  

Brooks et al 

(2014);  Lor 

et al (2014);  

Jia et al 

(2014) 
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8 P 

CAMBIA 

-BSCTV 

to  

p 

HSN401  

2.9  Pvs1, A4 

origin of 

replication 

Hygromyci

n 

Cas 9 driven by 

2×35S promoter; 

g RNA  under 

ATU6 

Generated indel 

mutations in BSCTV 

genome  

Stable transgenic 

expression 

Possibility to identify 

efficient anti-virus in 

recognizing sites in 

viral genome  

SgRNA indeed 

inhibited Bsctv 

replication and 

efficiency was 

correlated with 

cas9 expression 

level 

Gemini virus 

resistant 

transgenic 

plants of 

Arabidopsis and 

Nicotiana 

bentanium  

 

Cermák et al 

(2017) 

9 BeYDV 

(Bean 

yellow 

dwarf 

virus 

) 

 Kanamycin   Kanamycin  

Cas 9 driven 

by35S promoter; 

g RNA  under 

ATU6 

Vector overcome the 

efficiency barrier  

Genome-modified 

plants without the need 

for stable integration 

of transgenes 

Lack of 

correlation 

between 

frequencies of 

NHEJ-induced 

mutagenesis and 

Gene targeting  

Tomato plants 

modified by 

gene editing to 

improve trait  

Cermák et al 

(2017) 

 

Table 2: Crop trait improvements using CRISPR/Cas 9 technology 

S. 

No. 

Name of the crop Gene/Target Trait improvement References 

Biotic stress tolerance  

1 Oryza sativa 

 

 

OsERF922 

(ethylene responsive factor) 

Blast Resistance Pan et al. (2016) 

2 Cucumis sativus eIF4E 

(eukaryotic translation 

initiation factor 4E) 

Cucumber vein yellowing virus (CVYV); 

Zucchini yellow mosaic virus (ZYMV); (PRSV-

W) 

Vyas (2019) 

3 Arabidopsis thaliana eIF(iso)4E Turnip mosaic virus (TuMV) resistance Waltz E (2016) 

4 Oryza sativa  (IR24) OsSWEET13 Bacterial blight disease resistance Pannunzio et al. (2018) 

5 Triticum aestivum TaMLO-A1; TaMLO-B1; 

TaMLOD1 

Powdery mildew resistance Prado et al. (2014) 
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6 Vitis vinifera VvWRKY52 Resistance to Botrytis cinerea Wang et al. (2016) 

7 Malus domestica DIPM-1; DIPM-2; DIPM-4 Fire blight diseases resistance Wang et al. (2016) 

Abiotic stress tolerance 

8 Solanum lycopersicum 

L. 

SlMAPK3 Drought tolerance Wang et a. (2017) 

9 Arabidopsis thaliana MIR169a Drought tolerance Wang et al. (2018) 

10 Oryza sativa 

 

OsMPK2; OsDEP1 Yield under stress Wang et al. (2014) 

11 Oryza sativa 

 

OsPDS; OsMPK2; 

OsBADH2 

Involved in various abiotic stress tolerance Xiao-Jie et al. (2015) 

12 Arabidopsis thaliana OST2 (OPEN STOMATA 

2); (AHA1) 

Increased stomatal closure in response to abscisic 

acid (ABA), 

Xie et al. (2015) 

13 Zea maize ARGOS8 High yield at drought conditions Nishitani et al. (2016) 

14 Glycine max L. Drb2a and Drb2b salt and drought tolerance Odipio et al. (2017) 

 Arabidopsis thaliana UGT79B2; UGT79B3 Susceptibility to cold, salt, and drought stresses Xie and Yang (2013) 

Nutritional quality improvement 

15 Zea maize ZmIPK1A; ZmIPK; 

ZmMRP4 

Phytic acid synthesis Tsutsui and 

Higashiyama(2017) 

16 Triticum aestivum TaVIT2 Iron content Xing et al. (2014) 

17 Glycine max L. GmPDS11; GmPDS18 Carotenoid biosynthesis Zahir et al.(2015) 

18 Solanum lycopersicum 

L. 

Rin Fruit ripening Zhang et al. (2016) 

19 Manihot esculenta MePDS Carotenoid biosynthesis Zhou et al. (2015) 

20 Zea maize ZmIPK1A; ZmIPK; 

ZmMRP4 

Phytic acid synthesis Zhou et al. (2015) 

21 Camelina sativa FAD2 

Fatty acid desaturase 2 

Reduced levels of polyunsaturated fatty 

acids 

Zhu and Gao (2020) 
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Rothkamm K, Krüger I, Thompson LH, Löbrich M (2003). Pathways of DNA Double-Strand 

Break Repair during the Mammalian Cell Cycle. Mol Cell Biol 23: 5706–571, 

https://doi.org/10.1128/MCB.23.16.5706-5715.2003 

Shi J, Gao H, Wang H (2017). ARGOS8 variants generated by CRISPR-Cas9 improve maize 

grain yield under field drought stress conditions. Plant Biotechnol J 15:207–216. 

https://doi.org/10.1111/pbi.12603 

Tang X-D, Gao F, Liu M-J, Fan Q-L, Chen D-K, Ma W-T (2019). Methods for Enhancing 

Clustered Regularly Interspaced Short Palindromic Repeats/Cas9-Mediated Homology-

Directed Repair Efficiency. Front Genet. doi: 10.3389/fgene.2019.00551 

Tang X-D, Gao F, Liu M-J, Fan Q-L, Chen D-K, Ma W-T (2019). Methods for Enhancing 

Clustered Regularly Interspaced Short Palindromic Repeats/Cas9-Mediated Homology-

Directed Repair Efficiency. Front Genet. doi: 10.3389/fgene.2019.00551 

Tang, X.; Ren, Q.; Yang, L.; Bao, Y.; Zhong, Z.; He, Y.; Liu, S.; Qi, C.; Liu, B.; Wang, Y. 

(2018). Single transcript unit CRISPR 2.0 systems for robust Cas9 and Cas12a mediated 

plant genome editing. Plant Biotechnol. J, 17, 1431–1445,  

https://doi.org/10.1111/pbi.13068  

Tsutsui, H., & Higashiyama, T. (2017).. pKAMA-ITACHI vectors for highly efficient 

CRISPR/Cas9-mediated gene knockout in Arabidopsis thaliana. Plant and Cell 

Physiology, 58(1)., 46-56. 

Vyas VK, Bernstein DA (2019). An Introduction to CRISPR-Mediated Genome Editing in 

Fungi. J Microbiol Biol Educ. doi: 10.1128/jmbe.v20i3.1809 

Waltz E (2016). Gene-edited CRISPR mushroom escapes US regulation. Nature 532:293–293. 

https://doi.org/10.1038/nature.2016.19754 

Wang F, Wang C, Liu P, et al., (2016). Enhanced Rice Blast Resistance by CRISPR/Cas9-

Targeted Mutagenesis of the ERF Transcription Factor Gene OsERF922. PLoS One 

11:e0154027. https://doi.org/10.1371/journal.pone.0154027 

Wang H, La Russa M, Qi LS (2016). CRISPR/Cas9 in Genome Editing and Beyond. Annu Rev 

Biochem 85: 227–264, doi: 10.1146/annurev-biochem-060815-014607 

Wang L, Chen L, Li R, et al., 2017). Reduced Drought Tolerance by CRISPR/Cas9-Mediated 

SlMAPK3 Mutagenesis in Tomato Plants. J Agric Food Chem 65:8674–8682. 

https://doi.org/10.1038/nature.2016.19754


Bhumi Publishing, India 

184 
 

https://doi.org/10.1021/acs.jafc.7b02745 

Wang X, Tu M, Wang D, et al., (2018). CRISPR/Cas9-mediated efficient targeted mutagenesis 

in grape in the first generation. Plant Biotechnol J 16:844–855. 

https://doi.org/10.1111/pbi.12832 

Wang Y, Cheng X, Shan Q, et al., (2014). Simultaneous editing of three homoeoalleles in 

hexaploid bread wheat confers heritable resistance to powdery mildew. Nat Biotechnol 

32:947–951. https://doi.org/10.1038/nbt.2969 

Xiao-Jie L, Hui-Ying X, Zun-Ping K, Jin-Lian C, Li-Juan J (2015). CRISPR-Cas9: a new and 

promising player in gene therapy. J Med Genet 52: 289–296 

Xie, K.; Minkenberg, B.; Yang, Y.(2015). Boosting CRISPR/Cas9 multiplex editing capability 

with the endogenous tRNA-processing system. Proc. Natl. Acad. Sci. USA 112, 3570–

3575, https://doi.org/10.1073/pnas.1420294112. 

Xie, K.; Yang, Y.(2013). RNA-Guided Genome Editing in Plants Using a CRISPR–Cas System. 

Mol. Plant  6, 1975–1983, https://doi.org/10.1093/mp/sst119 

Xing, H.-L.; Dong, L.; Wang, Z.-P.; Zhang, H.-Y.; Han, C.-Y.; Liu, B.; Wang, X.-C.; Chen, Q.-J 

(2014).  A CRISPR/Cas9 toolkit for multiplex genome editing in plants. BMC Plant Biol. 

14, 1–12, https://doi.org/10.1186/s12870-014-0327-y 

Zahir Ali, Aala Abul-faraj, Marek Piatek & Magdy M Mahfouz (2015). Activity and specificity 

of TRV-mediated gene editing in plants, Plant Signaling & Behavior, 10:10, e1044191, 

DOI: 10.1080/15592324.2015.1044191 

Zhang Z, Mao Y, Ha S, et al., (2016). A multiplex CRISPR/Cas9 platform for fast and efficient 

editing of multiple genes in Arabidopsis. Plant Cell Rep 35:1519–1533. 

https://doi.org/10.1007/s00299-015-1900-z 

Zhou J, Peng Z, Long J, et al., (2015). Gene targeting by the TAL effector PthXo2 reveals 

cryptic resistance gene for bacterial blight of rice. Plant J 82:632–643. 

https://doi.org/10.1111/tpj.12838 

Zhou J, Peng Z, Long J, et al., (2015). Gene targeting by the TAL effector PthXo2 reveals 

cryptic resistance gene for bacterial blight of rice. Plant J 82:632–643. 

https://doi.org/10.1111/tpj.12838 

Zhu H, Li C, Gao C (2020). Applications of CRISPR–Cas in agriculture and plant 

biotechnology. Nat Rev Mol Cell Biol 21: 661–677, https://doi.org/10.1038/s41580-020-

00288-9 

 

 

 

https://doi.org/10.1021/acs.jafc.7b02745
https://doi.org/10.1111/pbi.12832
https://doi.org/10.1073/pnas.1420294112
https://doi.org/10.1093/mp/sst119
https://doi.org/10.1007/s00299-015-1900-z


 

 

 

 

 


