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Introduction
Abiotic stress refers to the non-normal environmental or edaphic factors that are
unfavorable for normal cellular homeostasis and eventually impair the growth and development
of living organisms including plants. These stresses include drought, water logging, high or low
temperature stress, soil salinity/alkalinity etc., that adversely affect the normal functioning of
plants resulting in poor productivity of agriculture crops. About 90% of cultivated lands are
experiencing one or more of the above stresses, causing the yield loss to the tune of 70% in
major food grains. IPCC projections based on crop yield models revealed that due to climate
change factors, further loss in the productivity of major crops including rice, wheat, and maize,
which may have serious consequences on food security. Green revolution witnessed the
increased yield in the late 1960s, since then, yield levels steadily decreased and adverse climate
change is anticipated to further limit the crop productivity. Hence, there is need to develop crop
varieties with enhanced resilience to climate vagaries along with enhanced yields and improved
quality. However, the conventional strategies used for crop breeding are arduous, slow and
complicated for which more-effective and time-saving breeding methods are required.
From over the past decades, a lot of information is available about different tolerance
mechanisms, information on genes, pathways for abiotic stress tolerance in plants. With the
advent of sequencing technologies, since genomic information is available for large number of
plant species, genome editing tools are offering the opportunity to edit genes with precision and
creating new opportunities for crop improvement for reliance to abiotic stress tolerance. The
genome editing mainly makes use of sequence-specific nuclease to induce a DNA double-strand
break (DSB) at a target loci. Then, it repairs DBS either through donor-dependent homologydirected repair (HDR) pathway or non-homologous end joining (NHEJ) pathway, which is error
prone and produces some kind of mutations (InDels).
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CRISPR-Cas system
CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats)–Cas (CRISPR-associated
protein) is an immunity adaptive mechanism in prokaryotes. The CRISPR-associated nuclease
Cas9 is an RNA-guided protein that employs a small RNA coming from the CRISPR sequence
in the genome to identify similar sequences in double-stranded DNA. This is the 20 nucleotide
sequences of RNA that combines with DNA, prompting local unwinding DNA and permitting
the enzyme to cleave DNA producing a clean double-strand break. This system also uses a
second RNA called tracer that makes a structure essential for Cas9 binding. The CRISPR and
tracer molecule can be connected together to generate a single guide form of the RNA. It is a
two-component system that requires single transcript with a guide sequence that can be modified
depending on the target loci that we want to change in a particular genome. When it binds to the
gRNA, Cas9 undergoes a major conformation change. Protein structure rearrangement occurs
when DNA and RNA bind together to accommodate the hybrid DNA-RNA. The DSBs created
by the CRISPR-Cas9 complex can be repaired by non-homologous end joining (NHEJ) and
homologous recombination (HEJ) (Fig 1). The homologous end joining popularly known as
Homology Dependent Repair (HDR), is very
precise without any errors. On the other
hand, NHEJ repair pathway causes two
different mutations at each chromosome:
heterozygous
mutations,
monoallelic
mutations, and two independent identical
mutations: homozygous mutations leading to
gene insertion or gene deletion (Fig 2).
Donor DNA is digested with the same
endonuclease leaving behind similar
overhangs, HEJ can be achieved, leading to
gene modification and insertion.
Fig. 1: Major Steps of CRISPR/Cas-mediated Adaptive
Immunity in Bacteria: Acquisition, Expression, and
Interference (Adopted from Paparao et al. 2020)

Essential Components of CRISPR-Cas type II toolbox
1. Cas9-CRISPR associated Protein-this enables site specific cleavage of DNA molecule
2. crRNA-CRISPR RNA, the part of this RNA functions as guiding sequence and other part of
this RNA fuse with tracRNA
3. trRNA-Trans activating crRNA- Necessary for making Cas9-RNA complex, that slice the
DNA with double strand breaks (DSB) at targeted region.
4. sgRNA- is a designed RNA, based complementary sequence of targeted region and is
essential for making cuts by the Cas9 endonuclease
5. PAM-Protospacer adjacent motif is a nucleotide sequence (‘3-8’ nucleotides) present
immediately after target sequence. PAM sequence has crucial part in Cas activity.
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Fig. 2: Genome editing with site-specific nucleases (SSNs). (Adapted and redrawn from Arora and Narula, 2017)

Table 1: Genome editing in different crops for tolerance to abiotic stresses.
Crop
Banana

Cassava
Cotton
Date palm
Papaya

Wheat and barley

Rice

Sugarcane

Abiotic Stresses

Edited genes
MaSWEET-4d, MaSWEET-1b, and
MaSWEET-4b

Cold and salt
Cold and salt
Salt, osmosis, cold, drought
Drought
Drought
Cadmium and chromium
Toxicity
Heat, cold and Drought
Heat and cold
Low temperature
Saline soil
Drought
Aluminum toxicity
Low Phosphorous
Flooding
Cu+2
Drought and chilling

MaAPS1 and MaAPL3
MeKUPs
MeMAPKKK
GhPIN1–3 and GhPIN2,
Pdpcsand Pdmt
CpDreb2
CpRap2.4a and CpRap2.4b
VRN1 at the FR1 locus and CBFs at the FR2
locus
TaHKT1;5
Dro1
NRAT1
PSTOL1 at the Pup1 locus
Sub1A, SK1 and SK2
ScAPX6
ScNsLTP
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Limitations of CRISPR- Cas
Like every other technology it also has its own advantages and few of limitations they are i.
Bigger Cas size ii. Low HDR efficiency iii. More off targets iv. Needs efficient transformation
system
Conclusion
New innovations and new strategies are indispensible to develop climate resilient cultivars,as the
conventional methods are not sufficient to meet the food demand of growing population. Among
all the genome-editing techniques, CRISPR/Cas toolbox is promising technology and gaining
importance in many folds. Presently, this technology is being employed in improving the many
plant traits. The current breeding technologies involving CRISPR-Cas toolbox is anticipated to
play a pivotal role in the future agriculture.
References
Arora L and Narula A. (2017). Gene editing and crop improvement using CRISPR-Cas9 system.
Frontiers in Plant Science. 8: 1932.
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Introduction
India is an agro based country. It ranks 2nd in agricultural products manufacturing in the
world. So, organic farming plays an important role in agro field. Organic farming system in India
is not new and is being followed from ancient time. India has many natural resources of various
organic compounds and so it is an excellent opportunity to produce sufficient quantity of organic
foods to meet the global demand. There is a bright future for organic farming to export its quality
product. It is a method of farming system which primarily aimed at cultivating the land and
raising crops in such a way, as to keep the soil alive and in good health by use of organic wastes
(crop, animal and farm wastes, aquatic wastes) and other biological materials along with
beneficial microbes (Bio fertilizers) to release nutrients to crops for increased sustainable
production in an eco- friendly pollution free environment.
FAO suggested that “Organic agriculture is a unique production management system
which promotes and enhances agro-ecosystem health, including biodiversity, biological cycles
and soil biological activity, and this is accomplished by using on-farm agronomic, biological and
mechanical methods in exclusion of all synthetic off-farm inputs”.
Organic horticulture is the science and art of growing fruits, vegetables, flowers, or
ornamental plants by following the essential principles of organic agriculture in soil building and
conservation, pest management, and heirloom variety preservation. The Latin
words hortus (garden) and cultura (culture) together form horticulture, classically defined as
the culture or growing of garden plants. Horticulture is also sometimes defined simply as
"agriculture minus the plough." Instead of the plough, horticulture makes use of human labour
and gardener's hand tools, although small machine tools like rotary tillers are common now.
Organic farming provides a real opportunity for horticultural crop production, expend the
food market worldwide (organically produced food has great demand in foreign countries; there
is major deficiency of home produced organic fruit and vegetable in certain countries like
Island), has lower cost of production and provide good price premium which may cover
reductions in yield during early phase of organic farming system. It increases the opportunity of
5
KRISHI SCIENCE – eMagazine for Agricultural Sciences
Volume:01 Issue:04 – October 2020

direct sale of produce e.g. Farmers Markets, Farm Shops etc. (People are now keen interested to
purchase organically grown food plant products even at higher price.).
Present status of organic farming in India
India is bestowed with lot of potential to produce all varieties of organic products due to
its various agro climatic regions. In several parts of the country, the inherited tradition of organic
farming is an added advantage. This holds promise for the organic producers to tap the market
which is growing steadily in the domestic and export market. As per the available statistics,
India’s rank in terms of World’s Organic Agricultural land was 9th and in terms of total number
of producers was 1st as per 2018 data (Source: FIBL & IFOAM Year Book, 2018).
The Government of India has implemented the National Programme for Organic
Production (NPOP). The national programme involves the accreditation programme for
Certification Bodies, standards for organic production, promotion of organic farming etc. The
NPOP standards for production and accreditation system have been recognized by European
Commission and Switzerland for unprocessed plant products as equivalent to their country
standards. Similarly, USDA has recognized NPOP conformity assessment procedures of
accreditation as equivalent to that of US. With these recognitions, Indian organic products duly
certified by the accredited certification bodies of India are accepted by the importing countries.
Area
As on 31st March 2018, total area under organic certification process (registered under
National Programme for Organic Production) is 3.56 million Hectare (2017-18). This includes
1.78 million ha (50%) cultivable area and another 1.78 million Hectare (50%) for wild harvest
collection. Among all the states, Madhya Pradesh has covered largest area under organic
certification followed by Rajasthan, Maharashtra and Uttar Pradesh. During 2016, Sikkim has
achieved a remarkable distinction of converting its entire cultivable land (more than 76000 ha)
under organic certification.
Production
India produced around 1.70 million MT (2017-18) of certified organic products which
includes all varieties of food products namely Oil Seeds, Sugar cane, Cereals & Millets, Cotton,
Pulses, Medicinal Plants, Tea, Fruits, Spices, Dry Fruits, Vegetables, Coffee etc. The production
is not limited to the edible sector but also produces organic cotton fibre, functional food products
etc. Among different states Madhya Pradesh is the largest producer followed by Maharashtra,
Karnataka, Uttar Pradesh and Rajasthan. In terms of commodities Oil seeds are the single largest
category followed by Sugar crops, Cereals and Millets, Fiber crops, Pulses, Medicinal, Herbal
and Aromatic plants and Spices and Condiments.
Exports
The total volume of export during 2017-18 was 4.58 lakh MT. The organic food export
realization was around INR 3453.48 crore (515.44 million USD). Organic products are exported
to USA, European Union, Canada, Switzerland, Australia, Israel, South Korea, Vietnam, New
Zealand, Japan etc. In terms of export value realization Oilseeds (47.6%) lead among the
products followed by Cereals and millets (10.4%), Plantation crop products such as Tea and
Coffee (8.96%), Dry fruits (8.88%), Spices and condiments (7.76%) and others.
6
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Organic vegetables fetch a premium price of 10%- 50% over conventional products.
Market of organic products is growing at faster rate (20%) as compared to conventional ones
(5%). This growth rate is highest in Japan, USA, Australia and EU. Export preference of organic
vegetables offers a great scope to a country like India, which has inculcated the skill of growing
organically since time immemorial.
Approaches for organic farming
1. Nature farming; 'do nothing' approach
2. Ecological agriculture; tools used are biofertilizers , botanical pesticides, bio-control
agents, stress resistant varieties, vermi-compost etc.
3. Rishi krishi;
 Angara - bhoomi sanskar, to make soil fertile.
 Amrit pani - for seed treatment.
 Aancha gavya - for vegetative and reproductive growth.
 Biodynamic farming; for micronutrient supply.

Advantages of Organic Farming
 Organic manure produces optimal condition in the soil for high yield and good quality of
crops.
 Supply the entire nutrient required by the plants.
 Improved the plant growth and physiological activities of the plant.
 Improve the physical properties of the soil.
 Reduce the need for purchased inputs.
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 Organically grown crops are beloved to provide healthier and nutritionally superior food
for man and animals.
 Organically grown crops are resistant to insect pest and diseases.
Limitations of organic farming
 Low amount of plant nutrients
 Time consuming
 Low yield of crop
 Requires Skill
 High C:N ratio of different organic residue
Conclusion
Organic farming is done to release nutrients to the crops for increased sustainable production in
an eco-friendly and pollution-free environment. It aims to produce crop with a high nutritional
value. Organic farming promotes agro-ecosystem health, soil biodiversity and provides
opportunity for export of horticultural crops. People are becoming health conscious and ready to
purchase organically grown food and plant products even at higher price.
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Introduction
Organic farming is a system which avoids or largely excludes the use of synthetic inputs
(such as fertilizers, pesticides, hormones, feed additives etc) and to the maximum extent feasible
rely upon crop rotations, crop residues, animal manures, off-farm organic waste, mineral grade
rock additives and biological system of nutrient mobilization and plant protection”
History
In 1921 the founder and pioneer of the organic movement Albert Howard and his wife
Gabrielle Howard,accomplished botanists, founded an Institute of Plant Industry to improve
traditional farming methods in India. Among other things, they brought improved implements
and improved animal husbandry methods from their scientific training; then by incorporating
aspects of Indian traditional methods, developed protocols for the rotation of crops, erosion
prevention techniques, and the systematic use of composts and manures.Stimulated by these
experiences of traditional farming, when Albert Howard returned to Britain in the early 1930s he
began to promulgate a system of organic agriculture.
The term "eco-agriculture" was coined in 1970 by Charles Walters, founder of Acres Magazine,
to describe agriculture which does not use "man-made molecules of toxic rescue chemistry",
effectively another name for organic agriculture.
Organic farmers utilize practices that
 Maintain and improve fertility, soil structure and biodiversity, and reduce erosion.
 Reduce the risks of human, animal and environmental exposure to toxic materials.
 Fine-tune farming practices to meet local production conditions and satisfy local markets.
Why is There Need for Organic Farming?
In case if the modern farming the cost of production will be very high and non-renewable
sources are been used in case of the modern farming by the modern farming there will be loss of
the porosity of the land and also the soil become infertile.
1. Organic Food Industry is Growing Fast and Guarantees High Profitability
2. Environmental Sustainability and Food Security
3. Improvement of Human Health
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Key Features of Organic Farming
As stated earlier, the fundamental features of organic farming are based on maintaining a natural
system that includes: natural livestock and crop production through submission to an organic
system plan; detailed record keeping system for all the produce from the point of production to
consumption; and use of buffer zones to prevent synthetic chemicals from accidentally
contaminating the bordering conventional farms. Detailed discussions are listed below.
Advantages of the organic farming
1. Prevent residues in the food material and also toxic mate-rial present in the food material.
2. And also prevent different types of the pollutions.
3. The foods become healthier natural and tasty.
4. Prevent residues present in the food material.
5. This type of farming should be eco-friendly should not af-fect the environment.
6. We should decrease the soil degradation.
7. No effect to the biological diversity in the system.
8. By the organic farming we should get products they could not have any chemical residues and
toxic substances.
9. Instead of using the the artificial fertilizers and the weedi-cides and insecticides in the organic
farming natural fertil-izers like bio compost and and other are been used.
10. Due to usuage of the natural fertilizers no pollution will oc-cur and no residues in the food.

Fig. Basic Organic farming methods
Conclusion
Traditional farming systems are complex interactions between the farmers and his
environment. Traditional farming systems are found to be associated with rich knowledge on all
facets of sustainable food production. The farmers maintain the local varieties for pest resistance
and other disease control. They use their indigenous knowledge to predict good and bad harvest,
10
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seasons, behavior of the crops, condition of the soil and many other factors. Organic farming is
not about only ‘farming without chemicals’ but also about the environment, agricultural
traditions, traditional seeds, animal welfare, farming communities, sensible energy use, soil and
water conservation. There is an urgent need of reinventing traditional methods of agricultural
practices for sustained agriculture production.
References
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Introduction
Coal ash is a general term used to describe the waste material which is produced after the
combustion of pulverized coal. Heat is generated when pulverized coal is burnt to generate heat,
and the residue obtained through it contains 20% bottom ash and 80% fly ash. There are two
main types of coal ash. Fly ash, the lighter, less massive waste which flies up the smoke stack
and bottom ash, the more massive, conglomerate waste which must be removed from the
furnace. A huge volume of fly ash generated from coal-based thermal power plants may create
several threats from the environmental point of view. In the last two decades, a large number of
technologies has been adapted for the complete utilization and proper disposal of fly ash. It is
estimated that about 2.2 billion tons of cement is annually produced worldwide. In 2017-18, total
fly ash generation in India was about 196.44 MTs and utilization under various sector was
137.87 MTs (67.13%), and about 59 MTs remained unutilized.
Fly ash in agriculture
Fly ash can be used as a potential nutrient supplement for degraded soils thereby solving
the solid waste disposal problem to some extent. There is a need to investigate the defilement of
heavy metals which are toxic beyond their critical levels for human health, soil organisms and to
plants. Fly ash has potential benefits, can become an important input in agriculture. In sandy
loam soil, application of 200-400 t/ha of FA results in significant increase in the moisture
holding capacity, permeability, total transferable bases, reduction in bulk density and acidity and
enhances crop production. Addition of 10% Fly Ash to Sandy Soil may increases plant available
water content by 52% (West and Mc Bride, 2005). The degree of soil pH change on FA
application is dependent on the factors like the difference between the pH of FA and soil, the
buffering capacity of soil. Fly ash addition upto 40% improves the soil porosity by 10%, texture,
water holding capacity by 15%, density, pH, bulk density etc. by using in different ratio with
soil. Fly ash addition to the clayey soil significantly reduced the WHC and bulk density. The
increase in mobility of nutrients of mixing fly ash to clayey soil was reported because of the
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increase soil porosity and soil drainage. The fly ash application increases the seed grain yield of
kharif and rabi crops during their respective season of growth. It increases the yield of cereals,
oil seeds, pulses, cotton and sugarcane by 10-15%, vegetables by about 20-25% and root
vegetables by 30-40%. It is also observed that tomato plant grown in fly ash mixture showed
luxuriant growth with bigger and greener leaves. Due to the availability of numerous
micronutrients in fly ash, it can be used as a manure in the agricultural sectors. It is also being
used as in the form of herbicides, to maintain the pH of the agriculture soil, or to maintain the
fertility of the soil. Plant growth and crop yield can be increased when fly ash is mixed with
infertile loam soils and acidic mine spoils, if fertilizers are also added.

Fig. 1: Depicting maximum yield obtained when fly ash is applied in combination with FYM.

Fig. 2: Effect of fly ash on the yield of different crops
Reclamation of Low Lying Areas:
Fly ash properties makes it a potential substitute of soil/sand and widely used for the reclamation
of low lying areas thereby saving top layer of soil. CEA report 2017 reveals that during the year
1988-99 only 4.17 MTs were used for such purposes, which increased to 11.04 MTs in the year
2016-17 by constituting 6.52% of total fly ash utilized during the aforesaid year.
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Fly ash and bottom ash may pose several severe problems for plant growth, as
 Lack of adequate nutrients (for example, nitrogen)
 High concentrations of certain elements (for example, aluminum, boron, manganese, and
selenium)
 Unfavorable textural and structural characteristics.
 High pH of soils.
Coal ashes contain heavy metals and metalloids, i.e. Arsenic, Lead, Zinc, Nickel, Copper,
Manganese, Cadmium, Chromium and selenium at trace levels (Sahu et al., 2017). These
elements can be leached out under acidic conditions and can contaminate the surrounding soils,
surface water and ground water sources. In some cases, radioactive contamination can also be
present. Such contamination of heavy metals can enter the food chain leading to genotoxic
effects to DNA. Coal ash often is considered as ‘‘non-hazardous’’. However, the effects may be
many-folds since high volumes of waste remain in the dumps for a long time.
Conclusion
At present scenario of fly ash in India assures that fly ash utilization has better scope in future. If
understood and managed properly, fly ash could prove to be a valuable resource material.
Especially if fly ash is applied in the agricultural fields its quantity and quality should be checked
to prevent the soils from becoming acidic or basic as it acts as alternative for gypsum for
reclamation of sodic soils and lime for reclamation of acidic soils for maintaining the
sustainability of soils and environment in long terms (Kumar and Singh, 2003). For better utility
of ashes extension and dissemination of should be done properly.
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Introduction
Industrial demand for medicinal plant products is expected to increase due to global
growth in the herbal field. In recent studies, the World Health Organisation (WHO, 2020) has
also emphasized the need to allow greater use of the indigenous medicine program which should
be easily accessible locally. In addition to worldwide consumption of vast amounts of medicinal
plant items under its traditional health-care activities (Carsten Smith-Hall et.al., 2012), India
plays an important position in terms of its resources and diversity. Despite possessing just 2% of
the land area, it is also endowed with 25% of the world's biodiversity of which 40% of the higher
plant species are used in its codified and traditional healthcare rituals (Sangeeta Bajpai et. al.,
2013). Therefore, it is the need of the hour to maintain the precious medicinal method by a
comprehensive set of Good Agricultural and Collection Practices (GACP) (Ben Heron &
Satyabrata Maiti, 2010), which will increase the health, effectiveness, and quality performance of
the raw materials used in the preparation of herbal medicines.
General Principles
Adulteration, the practice of substituting the original crude drug partially or fully with
other substances which is either free from or inferior in therapeutic and chemical properties or
addition of low grade or spoiled drugs or entirely different drug similar to that of the original
drug substituted with an intention of enhancement of profits is an age-old practice (Kokate et al.,
2007). Due to the ill-effects correlated with the usage of antibiotics and prescription medicines, a
tremendous change has been observed in the global medical community over the past two
decades. Regardless of the synthesis of chemically manufactured drug and their export
surcharges, growing knowledge for the utility of goods extracted from indigenous plants are also
getting high in demand (Geoffrey A Cordell & Michael D Colvard, 2012).
In regard, awareness of herbal medicine has been spread orally from generation to
generation but adulteration and replacement is a growing issue that presents severe health
problems. The sheer extent of the ignorance of the citizens and their incoherent activities, make
determining the market and availability of medicinal plants in the country a complicated affair
(B.R. Rajeswara Rao, 1999). Usually, adulteration relates specifically to the practices of a
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production chain that may potentiate or suppress the activity of herbal goods with significant
consequences to safety.

Sophistication

Inferior Quality

Authentic drug

Admixtur
e

Impairment of quality
(adulteration)

Complete Substitution
Standard adulterated drug
Spoilage & Knowledge

Fig. 1: Factors creating adulteration in authentic crude drug (Ahmed and Hasan, 2015)
Some of the factors for adulteration as demonstrated by different studies are ambiguity in
vernacular terms, lack of awareness of authentic origin, the resemblance in morphology, lack of
authentic plants, unscientific set, the high selling price of the product, aim to maximize income,
etc (Roy et al., 2013). To properly understand the sector's intricacies, it is necessary to examine
the context of these differences with adequate actions, diverse approaches, and a definitive
description.
Conclusion
This framework will surely support establishing region-specific criteria that are explicitly
geared to the farmers and collectors of this nation. Owing to over-exploitation of their natural
environment, many important medicinal plant species have become vulnerable, uncommon, or
even endangered. In many sectors, commercial processing, micropropagation, and
overproduction of some therapeutic molecules from medicinal plants have been done through
plant tissue culture (PTC) techniques; however, the introduction of GACP guidance would build
an add-on to the developing world market for better herbal goods. As our lifestyle is more reliant
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on agriculture crops so resource development with appropriate skills can offer a long-lasting
advantage to citizens and also to the climate. It's time to have them marketed internationally.

Good agricultural practices

Post-Harvest processing

Good collection practices

Fig. 2: Broader guidelines for the agricultural practices (Ben Heron & Satyabrata Maiti, 2010)
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Introduction
Stevia plant (Stevia rebaudiana) is a small perennial shrub of the Compositae family that
is native to the Paraguay, Brazil, and Argentina. Stevia is a natural sweetener and it is used as a
low-calorie sweetener. It has good source of B9 and C vitamins and minerals (Ca, Mg, Zn and
Fe). Stevia contains eight glycosides i.e., stevioside, rebaudiosides A, C, D, E, and F,
steviolbioside and dulcoside A. Stevia leaf extract also consists polyphenol components i.e.,
chlorogenic acids, a polyphenol family of esters, including hydroxycinnamic acids with quinic
acid, these compounds possesses excellent hydrophilic antioxidant activity and other therapeutic
properties (Myint et al., 2020). Stevia is available in several varieties, each differing in its
processing method and ingredients i.e., crystals, powder, powder extract, liquid, liquid
concentrate, purified stevia leaf extract and tablets. These are available in the market with
different brand names.

Stevia leaves

Stevia herbal powder

Refined stevia powder and
tablets

Stevia instead of sugar and artificial sweeteners
Stevia can act as a great substitute for sugar. Because it is low calorie sweetener, it
may helps to lower the blood sugar and cholesterol levels. Stevia (steviol glycosides) is 200-250
times sweeter than regular sugar and it is a popular choice for many people looking to lose
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weight and decrease sugar intake. Replacing sugar with stevia also reduces the Glycemic Index
(GI) of foods i.e., they lowers blood sugar levels. Whereas table sugar has a GI of 65, with 100
being the highest GI, causes the rapid increase in blood sugar level but stevia contains GI of
zero.
Sugar and its many forms, including sucrose and high fructose corn syrup (HFCS), have
been linked to inflammation, obesity, and development of chronic conditions, such as type II
diabetes and heart disease. Saccharin, acesulfame-K and aspartame induced DNA damage in
human peripheral lymphocytes. Sucralose has been well-tried through scientific experimentation
to cause a decrease in beneficial micro-organisms. Neotame causes some of the toxic effects in
human; it changes in body weight, headache, and hepatotoxicity at high dosages. Though using
small amounts of this zero-calorie sweetener may decreases sugar intake and is best to use less
sugar and fewer sugar substitutes overall.
Applications of stevia
Stevia is utilized in various food products (Sauces and pickles, ice creams and iced cakes
etc.) and also being utilized in certain pharmaceutical formulae due to possessing a nonfermenting property of stevia. So, the product can be utilized in many industries as natural
sweetener (Choudhary et al., 2014).
FSSAI has recently approved use of stevia glycoside as a non-calorific sweetener in
various food items, the dairy products, non-carbonated beverages, jellies, marmalades; ready to
eat cereals, carbonated water and soft drinks (Singh et al, 2014)..
Health benefits of stevia
Stevia has anti-fungal and anti-bacterial properties. Stevia is demonstrated to decrease the
Type II diabetes and its complications. Thus, sugars and artificial sweeteners can be replaced
with stevioside to support healthy glucoregulation (Gupta et al., 2013).
Stevioside and Stevia extract can reduce the microbial growth and the extracts of stevia
leaves and the presence of polyphenolic constituents have shown an inhibitory effect on the
initiation and promotion of tumors (Escutia et al., 2019). Decrease in blood pressure was
elucidated upon studying the effectiveness of stevioside (250 mg 3 times/ day for a period of 3
months) in human subjects suffering from moderate hypertension (Chan et al., 2001).
Regulatory status
Food and Drug Administration (USFDA) and the European Union (EU), Food Safety
Regulatory agencies like the FDA, the Scientific Committee on Food (SCF), and the European
Food Safety Authority (EFSA) recommended the acceptable daily intake of steviol glycosides as
1.8 mg per pound of body weight (4 mg per kg). Rebaudioside A, which is a stevia sweetener
isolated and purified from the leaves of the stevia plant, is a GRAS (Generally Recognized as
Safe) for use as a general-purpose sweetener in foods and beverages (FDA). The Joint Expert
Committee on Food Additives stated that stevia extracts containing 95% steviol glycosides
considered safe for human use in the range of 4 mg/kg of body weight/day. Purified stevia leaf
extract is safe for people of all ages and special populations i.e., pregnant women, lactating
mothers, and children (Stevia safety review, Global Stevia Institute). Raw stevia leaf powders
and extracts usage in food products not approved by the FDA, due to a lack of research.
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Conclusion
Stevia rebaudiana (Diterpene glycosides) can be used to sweeten various foods and
beverages without increment in calories. Apart from sweet taste, stevia provides several health
benefits and stevia can be used as a general-purpose sweetener in foods and beverages. Stevia
can be used to develop new functional foods, because of its nutritional and therapeutic
properties.
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Introduction
Lumpy skin disease (LSD) can affect animal at any stage of life in cows and buffaloes.
Young animals are more prone to this disease. The incidence of the disease is usually 10 to 20 %
and the mortality rate is 1 to 5 %. Although the virus bears a resemblance to the goat-sheep
capripoxvirus, the LSD does not infect sheep and goats. Exotic animals are more likely to be
infected than indigenous animals. Humans do not get the disease from animals.
Family: Poxviridae, Etiology: LSD Virus
Transmission
Lumpy skin disease (LSD) is a virus that is transmitted primarily by arthropods.
Mosquitoes, biting flies, culicoides midges and hard ticks act as vectors. It does not only affect
the skin, other than swollen joints and lymph nodes, the nodules can also be found in the muscle,
fat, trachea etc. These lesion could be present long after the visible ones have disappeared. The
severity of the damage can only be seen post mortem. Virus is present in cutaneous lesion,
saliva, nasal discharge, milk and semen. LSD virus can survive in desiccated crusts for up to 35
days & 18 days in air- dried hides. LSD has 2-5 weeks of incubation period. Outbreaks of LSD
occur during warm & humid climate & diminishes in the winter months. Being contagious, the
virus can be spread from infected animals to healthy animals. Therefore, infected animals need to
be kept separate from healthy animals. The transition period is usually 4 to 14 days. The virus
stays in the blood for 1 to 2 weeks after infection. It then infects other parts of the body.
Therefore, the virus is excreted from various secretions of the animal, such as tears, nasal
discharge, saliva, etc., contaminating fodder and water and infecting other animals with the
disease. Since the virus is also excreted in semen, it can also be transmitted through artificial
insemination or natural mating.
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Symptoms of the disease
1. Initially the animal shows mild fever for 2 to 3 days. This is followed by hard, round
lumps all over the animal's body. These lumps usually affect the back, abdomen, legs and
genitals area.
2. Lacrimation & nasal discharge also occurs. Mouth ulcers make it difficult for sick
animals to eat fodder.
3. Infected animals become weak due to this viral disease. Decreased milk production and
fertility is also adversely affected.
4. Emaciation and lameness, oedema of limbs, bisket & lymphadenitis. Symptoms of
pneumonia and respiratory system. Ulcers in the eyes can cause blindness.

Fig. 1: Lumpy Skin Disease in cows

Fig. 2: Brick-Like Structure Typical of
Poxviridae Viruses

Diagnosis
Skin ulcers are diagnosed by collecting scabs, blood and testing them in a laboratory. It is
diagnosed by PCR in the laboratory of National Institute of High Security Animal Diseases at
Bhopal.
Treatment
1. In case of lumpy skin disease, there is no sure cure and vaccine is currently not available
in India. However, antibiotics need to be given as the animal is more susceptible to other
bacterial diseases due to reduced immunity to the infected animal.
2. In addition, antipyretic drugs, vitamins A and E, as well as ointments for skin ulcers
should be used.
3. Anti- inflammatory & anti- histaminic should be given to the animals. Provide soft and
green fodder to the animal as well as abundant water.
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4. Wash mouth ulcers with 2% potassium permanganate solution and apply Boro-glycerine
in the mouth. Use liver stimulants and metabolic boosters for faster recovery.
Vaccination
1. In all the villages within a radius of 5 km from the affected area, cows and buffaloes of 4
months of age should be vaccinated by veterinarians with Goat Fox vaccine 1 ml per
animal in a sub-cutaneous manner.
2. Animals that are already infected should not be vaccinated.
3. If symptoms of the disease are found in the animal, the farmer should immediately report
it to the nearest government hospital and seek appropriate treatment from a veterinary
doctor.
Control Measures
1. In times of disease outbreaks, animals and humans in infected areas should avoid entering
healthy areas. The number of visitors to the barn should be limited. Sale of cows and
buffaloes in the affected area, cattle market etc. Should be closed.
2. In case of death of animals, the carcass should be disposed of in a pit at least 8 feet deep
in a scientific manner. PPE kits should be used when treating infected or suspected
animals or collecting disease samples. Wash your hands and disinfect all materials after
inspection.
3. The affected area should be cleaned. The premises should be disinfected by spraying of
sterile solution. For this 1% formalin or 2 to 3% sodium hypochlorite should be used.
Conclusion
Infected animals should be culled immediately and kept separate so that healthy animals
do not become infected. As the disease spread by external insects, non-sick animals should be
sprayed with the required pesticides to reduce the incidence of mosquitoes, flies, ticks etc. in the
barn. Keep the cowshed clean. Care should be taken not to accumulate water in the barn. Provide
proper drainage facilities. Vaccinate the animals at early age of life.
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Introduction
Endophytes are basically microorganisms (mostly fungi and bacteria) colonizing the plant
tissues at some point of their life time. De Bary introduced the term “endophyte” for the
organisms benefitting within the plant tissues. These microbes capture the plant
asymptomatically and live within the host. Since ages endophytes are found to be associated with
the plants from the emergence of first evolved plant. This mechanism of colonization is found to
be transferred either through vertical or by horizontal mode.
Need to explore endophytic fungi
Endophytes are highly functional with respect to plant activities such as building abiotic stress
tolerance and disease resistance, enhancing the uptake of nutrients, inactivating the virulence of
pathogens, reducing the effect of competitive species and enhances the plant growth and
development. Hence direct benefits are driven through phyto-stimulation and bio-fertilization
and indirectly by suppressing pest/disease, phyto-remediation and stress tolerance. Apart from
these, they cut down the use of chemical pesticides and fertilizers which reduces the cultivation
costs. Exploiting their secondary metabolites produced a new era in the field of food, chemical,
medical and industrial units.
Classification
Class 1: Class 1 endophytes include symbiotic and free living species of fungi associated with
grasses and sedges. They are derived phylogenetically from hypocreales family. These microbes
play a great role in herbivore deterrence. Association of class 1 endophytes with plant tissues
enhances host resistance to insect feeding. This is due to the secretion of fungal metabolite
peramine that imparts protection from herbivores, insects and other parasite feeding. It was also
proved the presence of anti-nematode activity. C‐endophytes are found to possess many indole
derivatives, diacetamide and a sesquiterpene that shut down the growth of other microbes on
plant. Further they assist in evading drought through root development. Extensive root system
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enable plant to acquire adequate moisture, absorption of soil phosphorus and nutrients. Thus
combating water stress and metal contamination.

Endophytic
Fungi

Non
clavicipitaceous

Clavicipitaceous

Class 1

Class 2

Class 3

Class 4

Fig 1: Classification of Fungal endophytes
Based on evolutionary origin, endophytes are classified under two categories: clavicipitaceous
endophytes (C‐endophytes) and non-clavicipitaceous endophytes (NC‐endophytes). Former one
infect grasses and later one on non-vascular plants, ferns and conifers. NC‐endophytes have
diversified fungi represented under three further groups.
Table 1: Criteria for classifying fungal endophytes
Clavicipitaceous

Non-clavicipitaceous

Criteria
Class 1

Class 2

Class 3

Class 4

Shoot and
rhizome
Extensive

Shoot, root and
rhizome
Extensive

Shoot

Root

Limited

Extensive

Low

Low

High

Unknown

Host range

Narrow

Broad

Broad

Broad

Transmission

Vertical and
Horizontal

Vertical and
Horizontal

Horizontal

Horizontal

Tissues colonized
In planta
colonization
In planta
biodiversity
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Class 2: This class includes majority of the ascomycota fungi with few basidiomycota fungi
also. Class 2 NC‐endophytes vary from other class of NC endophytes as they infect roots, stems
and leaves resulting in substantial infections. They are sparse in rhizosphere and are transmitted
through seed coat and rhizomes. Such microbes when grown along with plant helps to tolerate
even high temperatures up to 65 °C. However, symbiotic association of class 2 with plants can
also withstand high level water salinity. These microbes fall under the category of actinorhizal
and rhizobial symbiosis. Plants sequester such microbes under low oxygen to prevent degrading
of nitrogenase enzyme. Thus nitrogen gets fixed and transported to root nodules.
Protection against fungal pathogens through secondary metabolites are also reflected in such
endophytes. Upon the exposure to pathogens, these microbes induce host defense mechanisms by
producing signaling molecules such as abscisic acid (ABA), osmolytes and the generation of
reactive oxygen species (ROS).
Class 3: Class 3 endophytes are also NC endophytes varying in their occurrence i.e., on above
ground parts, localized infections and horizontal transmission. Since they infect above ground
parts, they are largely found in fruits, flowers and inner bark. Generally they are named as
„endolichenic‟ fungi as they occur within lichens. Members include largely basidiomycota group
viz. agaricomycotina, pucciniomycotina, and ustilaginomycotina.
Plants infected with such microbes exhibited no change in growth and development. However,
endophytes invading inner bark is found to impart resistance against dutch elm disease. Notably,
class 3 endophytes also demonstrated negative impact on host growth. Under severe drought
plants tend to loose water rapidly than normal with endophyte association. Mainly, invaded host
are likely to be preferred by several herbivores and insects.
Class 4: Terrestrial plant roots are identified to possess brown to black colored fungi along with
mycorrhizal fungi referred as „dark septate endophytes‟ (DSE) and are classified under class 4
endophytes. They are highly associated with plant roots and are highly specific in nature.
Members are primarily ascomycetous fungi.
Studies suggested they role in ecophysiology of plants. These microbes are multi-functional with
their activities not only on plant growth and nutritional acquisition but in deterring pathogens by
lowering carbon levels in rhizosphere. They produce secondary metabolites with high melanin
levels that are toxic to herbivores. However, impact of class 4 endophytes are still unknown due
to their diverse associations.
Conclusion
Endophytes are diversified species which on grouping fall under 4 classes based on
specificity, mode of transmission, host range and colonization. However, many of them are yet to
be characterized. Studies have revealed the importance of endophytes on plant evolution and
community structure. In addition, they form a rich source of secondary metabolites possessing
medical and pharmaceutical importance. Complete exploration of these compounds can pave a
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progressive step in terms of agriculture. Identifying, collecting and utilizing the specific class of
endophytes ensure a lot of opportunities in research field which have great impact on economic
and environmental aspects.
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Introduction
Biological control is the action of parasites, predators, or pathogens in maintaining
another organism's population density at a lower average than would occur in their absence (De
Bach, 1964). It is characterised by the significant use of natural enemies either introduced or
manipulated to control insect pests (Smith, 1919).

Fig.1: Life cycle of Entomopathogenic fungi
Fig.2: Insect virus life cycle
(Source: Jim McNeil, Department of Entomology, Penn State University)
Principles of applied biological control
1. Introduction or Classical biological control: The control of a pest species by
introduced natural enemies. Eg. Introduction of Spogossia bezziana (Tachinidae: Diptera)
from Sri Lanka to control Coconut black headed caterpillar, Opisina arenosella
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Fig. 3: Parasitization of wasp associated with Polydnavirus
(Source: Michel Cusson and Marlene Laforge, ESC Blog, Canadian Entomology)
2. Augmentation of natural enemies: Actions taken to increase the populations or
beneficial effects of natural enemies. Inundation control is defined as the use of living
organisms to control pests when control is achieved exclusively by released organisms
themselves. Eg. Release of Trichogramma japonicum to reduce rice stem borer.
Inoculation control is defined as the intentional release of living organisms as a
biological control agent with the expectation that it will multiply and control the pests for
an extended period, but not permanently (Eilenberg et al., 2001). Eg. Periodic release of
parasitoid Encarsia formosa to control greenhouse whitefly, Trialeurodes vaporariorum
3. Conservation of natural enemies: The pre-mediated actions purposely taken to protect
and maintain populations of natural enemies. Eg. Early sowing of sunflower favours
build-up of important predators like chrysopa and coccinellids.
Categorization of biological control
1. Complete: When the intervention with biocontrol methods is alone necessary to check
the pest population, insecticide treatment becomes rare extent. Eg. Icerya purchasi
2. Substantial: When the use of biocontrol method is primary and other forms of
management are necessary to achieve economic returns. Eg. Menochilus sexmaculata in
groundnut ecosystem on Aphis craccivora.
3. Partial: When the use of biological control method does not give adequate economic
control, it has to be integrated with other methods especially insecticides in areas where
intensive cultivation is adopted. Eg. Management of bollworm Complex with
Trichogramma sp.
Attributes of effective natural enemies
1. Searching capacity: It depends on its behaviour mechanism and ability to find its host.
When the latter is scarce. This is probably more important than a high fecundity in
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natural enemy. It depends on its power of locomotion, power of survival and power of
perception.
2. Host Specificity: An imp consideration of a beneficial species is host specificity in its
feeding rather than polyphagy. Some successes have resulted from the introduction of
host specific entomophagous species. A high degree of host specificity indicates good
biophysical adaptation to the host. However, polyphagous species also may have certain
advantages.
3. Synchronization with the Host Development: The natural enemy should also multiply
with the increasing population of the host.
4. Higher fecundity: This is very imp especially in variable environment. Thus, several
generations of the natural enemy can be produced to the generation of its host and the
natural enemy can overtake its host quickly whenever host begins to increase in numbers.
5. Ability to out Number the Host: The natural enemy should be able to outnumber the
host. This is possible when it has short life cycle and should occupy all the host in habited
niches and to survive well. It should produce more females than males. The enemy
should be well adapted to a broad range of climatic conditions.
6. Freedom from hyperparasites: The parasite should be as far as possible free from hyper
parasites and from other pathogenic micro-organisms.
7. Adaptability: These attributes to be highly desirable because these determine enemy’s
effectiveness because they influences its ability to discover or utilize the host. These
characteristics mean that the natural enemy is well adapted biologically physiologically
& ecologically to the host.
8. Dispersal: The natural enemy should have high dispersal power. It must disperse quickly
to kill the host population whenever it is present.
9. Genetic Adaptability: This includes its fitness to survive in their new home, when the
natural enemy is colonized. Population genetics & the effects of environment as the
genetic structure of population are complex structure that are imperfectly understood.
10. Mass Culturing: One practical consideration is that the entomophagous species should
make good culture in the insectary. This facilitates the breeding of material for
colonization distribution & thus makes the control of pest easier.
11. Free from Super Parasitism: The female parasite should be able to distinguish between
healthy and parasitized hosts and should avoid laying eggs in the later.
Advantages
1. Permanent & self-sustaining
2. No residues & eco-friendly
3. No resistant strain developed
4. Non target organism do not destroyed
5. No out breaks of secondary pests
6. Economical valuable
7. Easy approach to pest’s niche
8. Dispersal
9. Utility of some types of BC agents as biotic insecticides
10. General inability of pests to develop resistance to BC agents
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Disadvantages
1. Non suitable for annual crops
2. Possible through organization
3. No immediate relief
4. Lack of awareness and time consuming
5. The pest population will continue to exist as a host of its natural enemies
Conclusion
Biological control provides a sustainable and environmentally friendly alternative to the
growing use of pesticides, particularly when integrated with the use of resistant plant varieties
and cultural controls as a part of integrated pest management.
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Introduction
Canopy Management is the manipulation of the tree canopies to optimise the production of
quality fruits. The components of canopy management are tree training and pruning, affects the
quantity of sunlight intercepted by trees, as tree shape determines the presentation of leaf area to
incoming radiation.







Botanical name – Ziziphus mauritiana
Family – Rhamnaceae
Chromosome no. – 2n = 48
Origin – India
Other names – Poor man’s fruit , King of arid fruits , Chinese Fig , Chinese Date , Poor
man’s apple
Growth curve – Double sigmoid growth curve

Landscape Information of Ber
1. Growth rate – Moderate
2. Tree shape – Round , oval
3. Canopy – Spreading
4. Canopy Symmetry – Irregular
5. Canopy Density – Open
6. Height at maturity – 5 to 8 metres
7. Spread at maturity – 3 to 5 metres
8. Canopy Texture – Fine
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Growth
•

Under natural condition, ber has a bushy and spreading growth habit often with long
straggly branches and weak crotches.

•

Ber fruits appear axillary on current season growth.

•

Stone Fruits (plum, peach, cherry, ber ) produce fruit on two year old wood. Buds grow
in late summer, after the harvest, rather than in early spring. Pruning older wood (e.g. 7
years and older) renews a tree’s fruit production capacity - as wood ages, it becomes too
twisted and vascular for good reproductive growth.

•

The fruit growth in terms of length and diameter shows three distinct phases and follows
a pattern of “Double sigmoid" curve.

Fig. Different growth habits in Ber
Flowering and Fruiting in Ber
•
•
•
•
•
•
•
•
•
•
•

The flowering in ber takes place mostly on current season's growth.
New growth starts in the first fortnight of June in north India while flowering starts in
first week of September and continues till middle of November.
However, majority of the fruit set occurs In the month of October.
In spite of profuse flowering, fruit set in ber is very low under open pollination.
Ber flowers are hermaphrodite.
Sylleptic branching pattern is observed in Ber .
Pleoanthic in flowering habit.
Flower colour – Greenish to yellow.
25 to 32 degree celsius temperature range is considered congenial for fruit set.
Fruit set percentage – 3 to 15 %. (5% in Ilaichi to 14.9% in Aliganj in arid conditions of
Rajasthan).
The ber fruit reaches to ripe stage in about 180 days after fruit setting.
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•

Spray of growth regulator such as GA3 and NAA at 10-15 ppm and proper training and
pruning is reported to enhance fruit setting.

Fig. Different stages from flowering to fruit set

Fig. Ber flowers

Training in Ber
•
•
•
•

A strong, open and upright frame is required to be achieved by training to obtain higher
yield of good quality fruits.
This is done in the initial 2-3 years after transplanting of the plants in the field or after
budding in situ.
Ber has a character to produce branches usually starting from sixth or ninth node from the
base and subsequently at regular intervals of three internodes (Reddy and Chadha, 1993).
It is observed that during spring or summer season of the following year, shoots emerges
from the basal buds of these second arise and grow vigorously, but the second arise
themselves either dry out or remain insignificant in growth and vigour (Pareek, 2001).

Pruning In Ber
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•
•

•

Annual pruning is necessary in ber to maintain the plants in productive state and to
produce the quality fruits.
In Jujube, flowers/fruits are borne on young shoots of current season’s growth (Singh et
al., 1970) and remains confined to its first and second order sylleptic branches i.e. The
secondary and tertiary branches.
About 98% of fruits produced on any pruned branches are born on vigorous shoots, and
only 2% on other shoots (Kurian, 1985).

Fig. Pruning in Ber
Time of Pruning in Ber
•

In subtropical regions, the most appropriate time for pruning is during hot and dry
summer when plants shed off their leaves and enter in dormancy (Nijjar, 1972; Singh
and Sandhu, 1984) but it should be done before the onset of new growth.

•

In tropical region with mild winter and rainfall during December-January and early onset
of summer rainfall (e.g. Tamil Nadu, southern India), pruning can be carried out at any
ime from January to April with a possibility of regulating fruit maturity at desired time
(Pareek and Vishal Nath, 1996).

Effect of Training and Pruning on Flowering, Fruiting, Yield and Quality
•

Srinivas and Haribabu (1997) reported that time of pruning had significant influence on
various parameters of flowering and fruiting.

•

The time of pruning in general has profound effect on bud sprouting, flower initiation,
fruit setting, yield and quality of fruits.

•

Devi and Babu (1993) observed early bud sprouting when trees were pruned on 14th
April which resulted in production of tallest plant with maximum number of branches per
tree.

•

Khan and Hossain (1992) recorded significantly more fruits/tree using severe pruning
(2971) than with medium pruning (2848) or no pruning (1980).
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•

The severe pruning decreased the number of flowers per cyme (Dhaliwal and Sandhu,
1984; Nanthakumar, 1991), while fruit set increased with increasing pruning severity
and fruit retention increased with decreasing severity (Yadav and Godara, 1992; Syamal
and Rajput, 1989) .

Conclusion
•
•
•
•

It is clearly evident that Canopy management is an essential operation in Indian jujube to
get higher yield of quality fruits.
In the beginning, pruning is done to develop proper tree architecture capable of bearing
heavy load of fruits without impairing fruit quality..
While pruning time has an important bearing on onset of flowering, it also decides the
fruit set, final fruit retention and fruit maturity time.
Pruning intensity or severity also affect flowering, fruiting, physical and chemical fruit
quality parameters and ultimately the yield.
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Introduction
Entomological Warfare (EW) is a type of Biological Warfare (BW) that uses insects as
war weapons, tools of terrorism and creating nuisance from ancient period to modern period.
Minimum 12 insect orders have been used as biological weapon, which are classified into three
categories based on damages viz., direct and indirect. In the first category, insect toxins were
weaponized, particularly in Hymenoptera to inflict pain to assailants and second category
involves use of insect as pests of agricultural crops which cause severe economic damage. In the
third, disease transmitting insect vectors like Anopheles mosquitoes (transmitting malaria), etc.
were used. Insect borne pathogens of humans, livestock and agricultural crops constituted more
risk in bioterrorism. In the 14th century, Asia Minor plague transmitted through fleas (Black
Death) was one of the earliest events of using insect as biological weapons during World War II
(Chaudhry et al., 2017). This paper clearly discusses the ways in which insects have been used as
biological warfare.
Ancient and modern history
Ancient people know about using insects as weapons to attack and to protect themselves
from enemies, where hornet was used to dislodge entrenched enemies. In Persian practice,
dipteran flies were used to torture prisoner, by forcing the flies to cause diarrhoea until the
enemies succumbed to myiasis and septic. In Rome, emperor was assault to assailant by crafting
earthenware vessels loaded with toxic derived arthropods. In twelfth century, Hungary defended
their city against an Austrian force by dropping beehives on the enemies. Bees were part of city
defences from sixteenth century to eighteenth century, when the people built an impenetrable
barrier of beehives to resist the enemies (Mayor, 2003). Ottoman Empire declared war in 1801
onwards to French and Europe, when the campaign reached target places before, the soldiers
contracted bubonic plague, yellow and typhus fever by flea, mosquito and lice. In the 1800s,
Indians used ants to inflict slow and painful death to enemies. Victims had honey smeared on
their eyes and lips or had their mouths held open with skewers before being staked over ant hills.
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World War
The French were the first to weaponize insects, including mass rearing and release
systems for the pest, Colorado potato beetle (Leptinotarsa decemlineata) that had been
accidentally introduced into Europe in the course of food shipments during World War I. In the
early 1930s, medical doctors, microbiologists and military officers convinced the Japanese war
Ministry that other nations were developing biological weapons (BW) and thereby gained
support for their research on bioterrorism. During Cold War an array of pathogens and vectors
including mosquitoes infected with yellow fever, malaria and dengue; flies carrying dysentery,
cholera, and anthrax; fleas harboring plague, ticks infected with tularemia and relapsing fever
were developed. In Korean War; North Korea officially alleged (1952) to the United Nations
(U.S. military) had been systematically spread large amount of bacteria-carrying insects by
aircraft in order to disseminate dangerous diseases. The ISC (International Scientific
Commission) recognized evidence of the use of 14 insects (ants, beetles, crickets, fleas, flies,
grasshoppers, lice, springtails, and stonef1ies) and different arthropods infected with at least
eight pathogens on 33 separate occasions (Table 1.).
Table 1: Insects and their associated disease considered for use as weapons against
and crops (Riedel, 2004; Lockwood, 2012)
Insect
Human body louse or ticks

Colorado potato beetle
(Lepinotarsa decemlineata)
Fleas (Xenopsylla cheopis)
House flies (Musca
domestica)
Fleas (Xenopsylla cheopis)
Human body louse
(Pediculus humanus
corporis)
Mosquitos (Aedes
aegyptus)
Blow fly (Musca vicina)
Mosquito (Anopheles
gambiae)

Disease/crops
damage

Name/country of war

Typhus (Rickettsia
World War I
prowazekii)

humans

Country
affected
Serbia
(2,00,000
people died)

Potato

World War II (French
entomological warfare)
Cold war-United States
of America (USA)

Plague (Yersinia
pestis)
Cholera (Vibrio
cholerae)

World War II (Japanese
entomological warfare)

Plague (Yersinia
pestis)

American
Japanese entomological
and
warfare (Unit 731)
Philippine

Typhus (Rickettsia World War II (Soviet
prowazekii)
biological warfare)
Yellow fever
(Arbovirus)
Anthrax (Bacillus
anthracis)
Malaria
(Plasmodium

United States of
America (USA)

Europe
East
Germany
China
(4,40,000
people died)

Germany
Soviet Union

38
KRISHI SCIENCE – eMagazine for Agricultural Sciences
Volume:01 Issue:04 – October 2020

falciparum and P.
vivax)
Typhoid
House fly (Muscina
(Salmonella typhi)
stabulans)
and plant
pathogens
Cholera (Vibrio
(Hylemya sp.)
cholerae) and
dysentery
Paratyphoid
Bottle fly (Lucilia sericata), (Salmonella
(Helomyza modesta)
paratyphoid
bacteria)
Midge (Orthocladius sp.)
Typhoid
(Salmonella typhi)
Mosquito (Culex pipiens
var. pallens, Aedes
Neurotropic virus
koreicus, Trichocera
maculipennis
bubonic plague
Human flea (Pulex irritans)
(Yersinisa pestis)
Giant honey bee, (Apis
Stinging to
dorsata)
humans
Sugarcane leafhopper
Sugarcane - Fiji
(Perkinsiella saccharicida) disease (virus)
Plant hopper (Tagosodes
Rice hoja blanca
orizicolus)
virus
Brown citrus aphid,
Transmit Tristeza
(Toxoptera citricida )
virus in citrus
Citrus leafminer,
Citrus
(Phyllocnistis citrella)
Coffee berry borer
Coffee
(Hypothenemus hampei)
Panicle rice mite,
Rice
(Steneotarsonemus spinki)
Honey bee tracheal
Honey bee
mite (Acarapis woodi)
Honey bee mite (Varroa
Honey bee
jacobsoni)
Cucrbitaceous and
Thrips (Thrips palmi)
Solanaceous crops
Mosquitos (Aedes
Yellow fever
aegyptus)
(Arbovirus)

United States (Korean North Korea
War)

United States (Vietnam
War)

Vietnam

United States (U.S.Cuban Conflict)

Cuba

British (World War II)

India
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Conclusion
Before twentieth century, the association between insects and diseases were exploited and
vectors with pathogens were mass produced as weapon. Now days there are many ways to
protect from intruding insects through the application of insecticides, vaccines and other legal
measures and thus insects were no longer considered as direct weapons. However, socio-political
changes have brought insects back to threat and to torture people. Hence, people should be aware
of from indirect assailants.
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Introduction
Plants are used in both structured (Ayurveda, Unani) & unorganized (folk, tribal,
native) ways as therapeutic agents ever since time. In both the developed and developing
countries, the demand for medicinal plants is increasing. The World Health Organization (WHO)
estimated that up to 80% of people still depend mainly on traditional remedies. Medicinal plant
science is one of the leading research areas worldwide.
Some of these medicines are believed to inspire good health and sustain organic
resistance against infection by restoring body balance and conditioning the body tissues. Among
the vast library of important medicinal plants, Tinospora cordifolia (wild) is a deciduous
climbing shrub which belongs to the family Menispermaceae. The plant family
Menispermeaceae contain about 70 genus & 450 species that are found in tropical regions. It is
established throughout the India & also in parts
of Sri Lanka, Bangladesh and China.
A summary of morphological features
of the Tinospora cordifolia can be labelled as
flowers are unisexual, axillary, leaflet branches
2–9 cm long and greenish-yellow in color,
male flowers are clustered, the female is
usually solitary. Their fruits are single-seeded,
the winter fruits and the summer flowers. The
root is thread-like, aerial, often constantly
extending the touch of the ground. And aerial roots are characterized by tetra to the primary
structure of the pent arch. T. cordifolia (synonym: Tinospora sinensis) is also known as
Guduchi/Amrita in India and in English: Tinospora /Indian Tinospora, Hindi: Giloya, Sanskrit:
Amritha, and Sinhala: Rasakinda.
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Botanical Classification
Kingdom
Subkingdom
Division

Plantae
Tracheobionta
Magnoliophyta

Class
Subclass

Magnoliopsida
Ranunculidae

Order
Family

Ranunuculales
Menispermaceae

Genus

Tinospora

Species

cordifolia

Phytoactive compounds of Tinospora cordifolia: Tinospora cordifolia signify different classes
of phytoactive compounds such as steroids, alkaloids, glycosides, diterpenoid lactones,
sesquiterpenoid, aliphatic compounds, Miscellaneous compound and polysaccharides.
Class
Alkaloids

Chemical constituents
Berberine, Magnoflorine,
CholinePalmatin,
Tembetarine,

Steroids

20 δ -Hydroxyecdysone,
δsitosterol, β –sitosterol

Glycosides

Tinocordiside,
Tinocordifolioside,
18norclerodane glucoside
Furanolactone, Tinosporon

Diterpenoid
lactones
Sesquiterpenoid
Aliphatic
compounds

Tinocordifolin
Heptacosanol, Octacosanol

Miscellaneous
compound:

3(α,4-di
hydroxyl-3methoxybenzyl)-4-(4Compounds hydroxyl-3methoxy-benzyl)tetrahydrofuran, Giloinin

Activity
Anti-viral
infections
Neurological,
Immunomodulatory
antidiabetes, Anticancer
Inhibits TNFα, IL-1 β, IL-6
and COX2. inflammatory
arthritis, IgA neuropathy
Treats
neurological
disorders
like
ALS,
Parkinson’s, Dementia
Vasorelaxant
Induce
apoptosis in leukaemia by
activating caspase-3and bax
Antiseptic
Protection
against
6hydroxydopamine induced
parkinsonism’s in rats
Protease inhibitors for HIV
and drug resistant HIV

Plant part
Stem
&
Root

Shoot

Stem

Whole plant

Stem
Whole plant

Whole plant
& Root

42
KRISHI SCIENCE – eMagazine for Agricultural Sciences
Volume:01 Issue:04 – October 2020

Medicinal applications
In India, Tinospora cordifolia is widely used in conventional ayurvedic medicine because
of its biological activities like anti- inflammatory, immunomodulatory, anti-oxidant, antidiabetic, anti-periodic, anti-spasmodic, anti-neoplastic activities, anti-stress, anti-leprotic, antimalarial, hepato-protective, anti-allergic and anti-arthritic activity and several other medicinal
properties. Tinospora cordifolia usage in numerous ailments fevers, asthma, diabetes, dyspepsia,
jaundice, urinary problems, skin diseases and chronic diarrhoea and dysentery. It also plays a
crucial role in the treatment of heart diseases, leprosy, helminthiasis and rheumatoid arthritis.
 The root and stem of T. cardifolia as an antidote to snake bite and scorpion sting.
 The stem of this plant regulates the blood sugar level due to the existence of alkaloids.
 The stem is bitter, stomachic, stimulates bile secretions, diuretic, allays thirst, enriches
the blood and cures jaundice.
 It is used in treatment of jaundice as it lowers body heat.
 The T. cordifolia stem aqueous extract shows radio -protective activity.
 Giloy (T. cardifolia) juice which is a mixture of giloy herb and tulsi leaves is used against
monkey malaria.
 When giloy is taken with ghee on empty stomach in the morning, helps to cure all types
of skin diseases including, acute & chronic dermatitis, prickly heat, sunburn, pruritus
associated with urticaria, all forms of cosmetic allergy, ringworm, psoriasis, leucoderma
and leprosy.
 Giloy for urinary infections: Giloy is used to cure all type urinary infections such as
uricouria, ketonuria, glycouria, haematuria, albuminuria, dysuria, crystaluria, burning
micturition in cystitis, urethritis and particularly in diabetes mellitus.
 Giloy has a bacteriostatic effect on cornebacterium tuberculosis and E. coli thus helpful
in gastro-intestinal disorders like dyspepsia, acid dyspepsia, gastritis, oesophagi
flatulence, thirst, chronic diarrhoea, chronic dysentery, liver disorders, jaundice, biliary
disorders, gastric and duodenal ulcer or in any gastro-intestinal colic.
 It accelerates the proliferation of stem cells and increases in total white blood cells and
bone-marrow cells thus enhance antibody-producing cells and phagocytic activities.
Giloy extract proved useful in reducing the chemotoxicity induced by free radical
forming chemicals.
 The aqueous, alcoholic, acetone and petroleum ether extracts of the stem of Tinospora
cordifolia have shown anti-stress activity and Pyrrolidine isolated from the ethylacetate
extract of T. cordifolia showed central nervous system depressant and hypoglycemic
activity.
 The whole plant of T. cardifolia used in scabies in swine, diarrhoea, urinary diseases,
syphilis, skin diseases, bronchitis, to promote longevity, increase body’s resistance and
stimulate the immune system.
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Note: There are no serious side-effects of consuming Giloy since it is a natural and safe
herbal remedy. However, in some cases - the use of Giloy can cause constipation and lower
blood sugar levels. So, if you are diabetic and have been consuming Giloy on a long-term
basis, monitor your blood sugar levels regularly. Also, avoid Giloy if you are pregnant or
breastfeeding.
Conclusion
This article emphasis on the botanical description and medicinal importance of the plant
Tinospora cordifolia. The plant, for its vast bio-diversity and traditional medicinal importance, it
provides a new sight of challenging research for the scientists to isolate pharmacologically active
and therapeutic components from the plant to treat several dreadful diseases.
References
Pandey M, Surendra K, Vyas MK, Sharma R. (2012). Tinospora cordifolia: A climbing shrub
in health care management. International Journal of Pharmaceutical and Biosciences
3(4): 612-628.
Devprakash, Srinivasan KK, Subbaraju T, Gurav S and Singh S. (2011). Tinospora cordifolia: A
Review on its Ethnobotany, Phytochemical and Pharmacological Profile. Asian Journal
of Biochemical and Pharmaceutical Research 4(1): 291-302.

44
KRISHI SCIENCE – eMagazine for Agricultural Sciences
Volume:01 Issue:04 – October 2020

https://krishiscience.in/

Singh et al., 2020 KS-1566
Popular article

KNOW YOUR FIELD SOIL MOISTURE STATUS BY USING
SMART EQUIPMENT- TENSIOMETER
Kuldeep Singh*, Rakesh Kumar, Maneesha1 and Devendra Kumar Meena2
1
ICAR-National Dairy Research Institute, Karnal- 132001, Harayana, India
2
College of Agriculture, Kumher- 321201, Bharatpur, Rajasthan, India
*Corresponding author: kuldeeptamana4@gmail.com
Received: Sep 03, 2020; Accepted: Oct 26, 2020

Introduction
Tensiometer is equipment used for irrigation scheduling. It provides a direct measure of
tenacity (tension) with water is held by soil. Tensiometer also called as “Irrometer”. Tensiometer
estimates the soil-water matric potential that includes both adsorption and capillary effects of the
soil. The tensiometer consists of a sealed water-filled plastic tube with a ceramic cup at one end
and a negative pressure gauge at the other end. It has a porous material in contact with the soil,
through which water can move. Water is drawn out of the porous medium in a dry soil and from
the soil into the medium in a wet soil.

Fig. 1: Tensiometer Source: (Smajstrla et al., 1984)
Working principle of Tensiometer
When a sealed water-filled tube is placed in contact with the soil through a permeable
and saturated porous material, water (inside the tube) comes into equilibrium with the soil
solution (it is at the same pressure potential as the water held in the soil matrix). Hence, the soilwater matric potential is equivalent to the vacuum or suction created inside the tube.
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Installation of Tensiometer
Install of two Tensiometer first at 30 cm depth and second at 60 cm depth below the
ground surface near root zone of crops. Slow Tensiometer can normally be pushed gently
straight into the soil to the required depth. Second Tensiometer at 60 cm can be installed using a
screw auger. Depth of the hole should be about ¼ to 1 inch less than the actually depth for the
pours tip. Pour ¼ cup of water into the hole to moisten the soil at the bottom. Insert the
tensiometer and gently pushed it down to the desired depth, usually 1/5 effective root zone depth.
To insure good contact between the soil and porous tip, push gently the tip into the undisturbed
soil just below the depth created by the probe. After the probe has been installed, the soil and
porous tip usually reach equilibrium within 24 hours and the instrument the ready to use. The
correct depth can be marked on the auger to insure the correct depth of installation.

Fig. 2: Installed tensiometer
Optimum time to take reading
Tensiometer readings should be taken early in the morning (around 8:30 AM) to avoid
any fluctuations caused by heating up of the Tensiometer and water inside. If the Tensiometer
has been installed after overnight soaking, reading can be taken 30 minutes after installation.
Meaning of the Tensiometer reading
The vacuum gauge readings show the relative suction energy of the soil. A high reading
on the gauge is caused by a dry soil which has a high suction. Tensiometer gauges have a scale
of reading from 0 to 100 centi-bars (cb). A Tensiometer can operate effectively within a range of
0 to 85 cb. Meaning of the tensiometer reading given in table 1 and 2.
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Table 1: Meaning of Tensiometer reading
S. No

Reading (cb)

Meaning

1

0-5

Saturated soil.

2

10

Field capacity.

3

10-25

Ideal soil-water condition for crop

4

25-85

Decreased availability of water to plant

5

85-100

Soil being very dry

Table 2: Meaning of Tensiometer reading (Sandy soil)
S. No

Tensiometer reading (cb)

Moisture content (%)

1

0

18

2

10

13

3

30

5

4

50

3

5

70

2

6

80

less than 1

Optimum reading of Tensiometer for irrigation
Reading from the 30 cm deep Tensiometer are used to indicate when irrigation is necessary for
crop in different soil (Table 3).
Table 3: Irrigation scheduling for different soils based on Tensiometer readings
S. No

Type of soil

1

Clay and clay loam

Irrigation schedule when
tensiometer reads at
50 cb

2

Fine sand texture soil

30-40 cb

3

Coarse sand texture soil

20-30 cb

Advantages
1. Direct reading.
2. Same location and depth is observed with time, giving consistency.
3. Good for irrigation scheduling of sensitive crops, which require frequent irrigations.
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4. Minimum skills required for maintenance.
5. Not affected by soil salinity, because salts can move freely in and out across the porous
ceramic cup.
6. Inexpensive than other instruments.
7. Continuous reading possible.
8. Well suited for high frequency sampling.
Drawbacks
Limited soil suction range (less than 1 bar)
Relatively slow response time
Requires intimate contact with soil around ceramic cup
Especially in swelling or coarse soils, the ceramic cup require reinstallation
Conclusion
Tensiometer are useful instruments for irrigation scheduling under field conditions, that
measure soil moisture indirectly as metric suction and indicate optimum time of irrigation in
field condition. However, its installation and maintenance cost is also low as compared to other
tools. Tensiometer gives correct indices of soil moisture for scheduling of irrigation under field
condition within short period and continuously that are easy to hand by farmers for taking
decision about scheduling of irrigation.
Reference
Pitts DJ, Obreza TA and Smajstrla (1996). A vacuum chamber for testing tensiometers.
Technical paper presented at the Florida Section ASAE annual meeting, May, 1996. Cocoa
Beach, FL.
Smajstrla AG, Harrison DS and Duran (1984). Tensiometers for soil moisture measurement and
irrigation scheduling. Ext. Circ. 487. Fla. Coop. Ext. Svc., University of Flordia,
Gainesville.
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Introduction
Mungbean [Vigna radiata (L.) Wilczek] is one of the most prominent pulse crops after
chickpea and pigeon pea, and cultivated different parts of world like East Asia, Southeast Asia
and Indian subcontinent (Nair et al., 2012).The mungbeanis kharif crop and alternatively known
as greengram, and mung, belong to Fabaceae (Leguminosae) family.Mungbean seeds rich source
of protein, fiber and iron, in daily dietary of humans including marginal people (AVRDC,
2012). Greengram sprouts and pods contain high level of important vitamins and minerals
(Keatingeet al., 2011).Total pulses production 2018-19 (23.40 million tonnes). In India
mungbeananthracnosewas first reported from Jorhat of Assam state in 1951. Mungbean crop
faces various biotic and abiotic stresses in whole life cycle and these stresses caused significant
reduction in crop yields in India (Kaur et al., 2011). Among biotic stresses, fungal diseases like
Cercospora leaf spot, Powdery mildew, Anthracnose, Macrophomina blight and web blight are
major foliar diseases of greengram responsible for reducing yield up 40 to 60 % in different
continents (Shen et al., 2010; Joshi et al., 2006; Ryley et al., 2010; Alamet al.,
1985).However,Anthracnose of mungbean very destructive disease and caused yield losses
ranging from 24-67 per cent depending upon the stage of infection (Deeksha and Tripathi, 2002).
Even disease may reach upto 18.2 to 86.57% severity which reported from northern Karnataka
(Laxman, 2006).
Symptoms
Anthracnose is a serious seed borne fungal disease of mungbean caused by Colletotrichum
lendimuthianum. The disease appears on all aerial part and at any stage of plant growth. Spots
appeared first on the lower surface of leaf later on they appeared on leaf petiole, stem and also on
pods. Circular, black, sunken spots with dark center and bright red orange margins on leaves and
pods. In severe infections, the affected parts wither off. Seedlings get blighted due to infection
soon after seed germinate.
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Fig.A: Symptoms of Anthracnose

Causal organism: Colletotrichum lendimuthianum, Sexual stage: Glomerella lendimuthianum
Host range
The host range of pathogen infects a wide range of plants species commonly in Leguminosae
family. The pathogen infects various economically important crops likePhaseolus vulgaris, P.
lunatus, P. multiflorus, Dolichos lablab, D. biflorus, Viciafaba, Canavaliaensiformis, Vigna
unguiculata, Vigna radiateand Vigna mungo.
Pathogen Characteristics
The disease appears on fungus mycelium is septate, hyaline and branched. Conidia are produced
in acervuli, rise from the stroma beneath the epidermis and later rupture to become erumpent. A
few dark coloured, septate setae are seen in the acervulus. The conidiophores are hyaline and
short and bear oblong or cylindrical, hyaline, thin walled, single celled conidia with oil globules.
The perfect stage of the fungus produces perithecia with limited number of asci, which contain
typically 8 ascosporeswhich are one or two celled with a central oil globule.

Fig. B: Conidia of Anthracnose

Fig. C: Setae of Anthracnose
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Pre disposing factors
 Cool-wet weather.
 The temperature range for infection is 13-26ºC
 High relative humidity (>90%).
Disease cycle
The fungus survives from one crop season to the next on infected seeds and crop residue. When
infected seed germinate, lesion appearing on the cotyledons serve as the source of secondary
inoculum. The spore is almost entirely water-borne. Primary leaves and the hypocotyl are foci of
secondary infection. Spattering rains associated with wind currents are the main source for the
local dissemination of the pathogen. The fungus infects several pulses host.
Management








Early sowing i.e. immediately after onset of monsoon.
Maintain proper drainage in the field
Sowing disease-resistant variety.
Use certified disease-free seed.
Use of Crop rotation with wheat or corn.
Seed treatment-Hot water (52˚ C for11minutes) or Trichoderma viride 4 g/kg of seed.
Spray of Copper Oxychloride 4 g /l at 10 to 15 days intervals.
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Introduction
Insecticide resistance has been a major factor influencing insect control and pest
management for more than half a century. The first paper documenting insecticide resistance was
published 100 years ago and involved lime sulfur and the San Jose scale. Since late 1940s, the
number of cases of insecticide resistance and the number of species and compounds involved has
been continually increasing. Insecticide resistance is the development of an ability by a strain of
insect to tolerate doses of toxicants which would prove lethal to the majority of individuals in the
normal population of the same species. Insects possess a strategic weapon which place them at a
definite advantage in the chemical warfare between pest and man. Under insecticidal pressure,
certain insect strains are able to develop resistance within few generations. Also, resistance may
encompass other insecticides to which the pest has never been exposed. Therefore, the
understanding of resistance and its mechanism is of paramount importance. Experts estimated
that there are over 500 species of insects and mites known to be resistant against at least one
class of pesticide (Panini et al., 2016).
Development of insecticide resistance
Development of resistance depends upon a variety of genetic, biochemical and ecological
factors such as generation time, fecundity rate, dispersal ability or fitness costs together with the
frequency, the dosage or the persistence of insecticide applications (Liu, 2015). The presence of
different genotypes in a population can confer a selective advantage to some individuals and
result in survival after insecticide exposure. As a result of continued insecticide application, the
proportion of resistant insects increases compared to that of susceptible and the population
becomes increasingly difficult to control (Fig. 1).
Resistance in insects
1. Pre-adaptive resistance mechanism:
The development of resistance in insects is simply not a process of insect adapting or
habituating itself to the insecticides during its life time as pre adaptations explains the genetic
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variations present in the population. The genetic resistance is chromosomally determined as
nature of genes is single or multiple, dominant or recessive and their frequency are important
considerations. Thus, the pre adaptations are gene alleles.

Fig. 1: Development of resistance in insects

In house fly, the resistance to DDT is due to recessive gene Kdr (Knockdown resistance)
located on chromosome-3. This gene is responsible for nerve insensitivity found in certain DDT
resistant strains.
2. Post adaptive resistance mechanism
It includes physiological and behavioral aspects.
A. Physiological aspects
i. Lipoid content: The insect strains contain higher lipoid content are comparatively resistant
than normal ones. The lipoid pick up the insecticides particularly organochlorines and deposit
them in different tissues. Brown (1971) reported that the lipoid content was higher in the
resistant flies particularly in their ganglia and tarsi. Increased lipoid was also reported in the
adults of DDT resistant strains of Anopheles atroparvus.
ii. Detoxification of insecticides to non-toxic metabolites: The DDT resistant strain have the
ability to detoxify DDT to the nontoxic metabolite, DDE by a process of ‘dehydrochlorination’
catalyzed by the enzyme ‘DDTase’ in the presence of glutathione.
B. Behavioral aspects
It refers to the ways and means where by the insect strains have come to avoid taking the
lethal dose. It may be defined as the ability of insect through protective habits or behavior ton
avoid lethal contact with a toxicant. Spotted root fly, Euxestanotata have developed an
avoidance of residual deposits of malathion and parathion.
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Mechanisms of insecticide resistance

Fig. 2: Different modes of resistance development in insects

1. Altered target-site resistance
It is one of the important mechanism encountered in the resistant insects where, the structure
of the insecticide target is modified so that insecticide cannot bind to the target site.
•
•
•
•

AchE insensitivity: Resistance to OP and Carbamates
Sodium channel insensitivity: Resistance to DDT and Pyrethroids
GABA receptor (Cl-channel) insensitivity: Resistance to cyclodiens, fipronil and
avermectins.
nAchR insensitivity: Resistance to nicotine, neonicotinoids and spinosad

2. Behavioural resistance
Resistant insects may detect or recognize a danger and avoid the toxin by changing their
normal activity.This mechanism of resistance has been reported for several classes of
insecticides, including organochlorines, organophosphates, carbamates and pyrethroids. In case
of Anopheles mosquito, SS (Susceptible) lives and bites inside home, but RR (Resistant) remains
outdoor and flies into house to bite because DDT was applied to interior walls.
3. Penetration resistance
Resistant insects may absorb the toxin more slowly than susceptible insects. It occurs
when the insect’s outer cuticle develops barriers. Cuticle contains more protein and lipid that
traps the insecticide in the cuticle. Increased sclerotization protects pests from a wide range of
contact insecticides. It is often present along with other forms of resistance as it alone givesslight
resistance.
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4. Metabolic resistance
The normal enzymatic metabolism of insect is modified to increase insecticide
detoxification or prevent activation of insecticides. Resistant insects may detoxify or destroy the
toxin faster than susceptible insects or quickly rid their bodies of the toxic molecules. Resistant
strains may possess higher levels or more efficient forms of these enzymes. Insects use their
internal enzyme systems to break down insecticides. It includes esterase’s, Glutathione-Stransferases (GST), Cytochrome P450 mono-oxygenase’s (Cyt-P450), reductases and hydrolases
where they play an essential role in phase-I reactions and render the molecules more polar in
phase-II reactions.
Conclusion
The development of insecticide resistance by the insect pest is a major concern to their
management throughout the world.Many insecticides do in fact accomplish the intended task of
controlling pest population. However, their detrimental health and environmental effects make
them an inadequate long-term solution.Efforts should be made to improve the diagnosis
ofinsecticide resistance allowing a reliable, fast and cost-effective tool for insecticide resistance
management.
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Introduction
Pimenta dioica (Linn.) Merill. Family: Myrtaceae, well known for its matured but unripe
berries called Pimento, has been used as an important spice since times immemorial, for its
culinary as well as medicinal qualities. Allspice takes its name from its unique flavour profile
which smells like a combination of spices, especially cinnamon, cloves and nutmeg. Allspice is
also known as Jamaican pepper, the only spice that is grown exclusively in the Western
Hemisphere till the end of 20th century.
Evergreen tree of P.dioca produces the “allspice” berries is indigenous to the rainforests
of South and Central America found in natural forest. The most important component isolated
from allspice with strong antioxidant activity is eugenol which composes of 60–90 per cent of
total essential oil extracted from berries. Because of its eugenol content, allspice has attributes
similar to clove. It has digestive and carminative properties. Most of the chemical extractions of
P. dioica have been reported for its leaves and berries. To date, the most common ingredients
tested are polyphenols, lignins and terpenoids.
Seeding progenies of P. dioca collected from Kerala (COHSPD-1 to COHSPD-8) were
planted under natural shade of forest trees during 2015 at college of Horticulture Sirsi.
Status of growth and flowering behaviour under hilly zone
Pimento dioca is dioecious tree and variation in sex form of trees is also reported.
Flowers are structurally hermaphrodite, but functionally male or female. They are aromatic and
8-10 mm in diameter. Flowers have four rounded petals about 3-4 mm long, which are
deciduous. Pimento tree often exhibits unpredictable biological behaviour during its life-span.
The time and extent of flowering is affected by local conditions and climate (Parthasarathy et al.,
2008).
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Fig. Allspice genotype COHSPD- 7: Tree growth at 6th year of planting
Usually “allspice” takes 5 to 6 years for flowering under good management.
Parthasarathy et al. (2008) reported that trees grown from seed takes 5 to 6 for flowering and
take 18–20 years before becoming full bearing stage. Whereas Rodriguez (1969) reported that
full bearing is achieved between 25–35 years of growth.
In Jamaica and Bermuda blossom begin to open during June month. There is no certainty
that flowering trees will produce fruits since the pimento tree often times exhibits unpredictable
biological behaviour during its life-span. From a biological point of view, the only thing that is
most certain about the tree is that both fertile and infertile trees exist, but with the significance of
the barren trees still in dispute. Even under favourable climatic conditions the fertile tree will
flower profusely, but yet produce a disappointing crop.
It is reported that in the botanical gardens of Brisbane in Australia, Sri Lanka and in
Singapore, the tree flowers profusely but never seems to produce berries, while in Madras in
India, it is understood that it seldom flowers and never bears. On the contrary in the present
study, P. dioca genotype COHSPD-6 and COHSPD-7 started bearing continuously from 3rd year
to 6th year with satisfactory crop during 2020-21 (6th year).
At College of Horticulture, Sirsi, Uttara Kannada, attention was drawn on two
precautious trees (out of 8 trees) which started flowering during 3rd year of planting under natural
shade of forest trees (2017-18). Sirsi is situated at an altitude of 616 m above mean sea level
comes under hilly zone (zone 9) of agro climatic zones of Karnataka receiving average annual
rainfall of 2500 mm starting from June to September. The soil of study area is of lateritic origin
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with acidic to neutral pH. In sirsi condition flowering was observed during March to April month
and matures in 40 to 60 days after flowering. Ripened seeds of COHSPD-7 were also observed
for germination.

Fig. Pimento dioca genotype COHSPD-7: Tree at flowering stage (April 2020)

Fig. Pimento dioca genotype COHSPD-7: Tree at fruiting stage (May-2020)
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Table 1: Growth and yield performance of P. dioca during 6th year age (2020-2021)
Sl.
No

Plant
number

Basal
girth
(mm)

Plant
height
(cm)

Canopy
Branches
spread (cm)
N-S E-W

1

COHSPD-1

28.43

324

130

141

11

Fresh
berry
yield
(kg/tree)
-

Age
at
bearing

2
3
4

COHSPD-2
COHSPD-3
COHSPD-4

36.73
33.28
46.17

374
255
381

204
221
272

143
227
219

14
14
19

2.9

5

COHSPD-5

34.38

372

155

170

24

-

6

COHSPD-6

51.85

299

146

181

23

3.8

3rd year after
planting (2017-18)

7

COHSPD-7

56.53

288

253

310

27

4.2

3rd year after
planting (2017-18)

8

COHSPD-8

32.80

277

109

130

11

-

Pre bearing stage
Pre bearing stage
Pre bearing stage
4th year after
planting (2018-19)
Pre bearing stage
Pre bearing stage

Pre bearing stage

Observation on Seed germination
Seeds were extracted from ripe fruits immediately after collection by soaking in water
overnight and clearing of pulp/ mucilage by rubbing in a hand. The seeds were sown in portrays.
It is observed that seeds germinate in 15 days and continue upto 40 to 45 days.

Berries

Seeds
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first

Conclusion
In the present study “allspice” genotype COHSPD-7 grown under natural shade started
economical yield (4.2 kg fresh berry/tree) during 6th year of age (3rd year of bearing), indicating
its potentiality for commercial cultivation under hilly zone of Karnataka. Hence can be
concluded that hilly zone condition is the ideal condition having potentiality for introduction of
allspice for commercial cultivation under natural shade.
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