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Introduction
The main technology that livestock farmer requirements met is electronic records,
milking, heat detection walk-over-weighing, auto-drafting, genetic improvement, feeding, barn
environment optimization, and health recording etc. The traditional livestock industry is a highly
neglected and under-utilized sector, albeit very important. Livestock provides the much-needed
natural resources that we rely on every day. So why is the process of adopting technology so
slow in this sector? Short answer, money. The economy in the livestock industry is changing
from season to season, which means they are not always profitable. With fewer investments,
fewer technologies are coming.
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Technology of Animal Production
1.Breeding and genetics
2.Computer and internet usage
3.Electronic identification
4.Milking automation
1.Breeding and genetics: Breeding animals and genetics is a branch of science that is
responsible for enhancing genetic traits, such as the production of lean animals. Animal
geneticists have identified genes that can enhance animal growth, health, and nutritional
potential. These genetic advances can increase productivity while minimizing environmental
impacts.
Impact
• Sequencing animal genomes to improve health, adaptability, and production.
• Improving animal adaptability to climate change and disease.
• Improving livestock breeds to allow greater feed efficiency and other desirable traits.
• Developing DNA-based technology to predict genetic merit for traits such as feed
efficiency.
2.Computer and internet usage: This is the first of its kind to address digital transformation in
animal science. Students prepare to work with sensor technology, large data sets, and predictive
analytics, improving the health and well-being of production animals and pets in Illinois and
throughout the world.
• Career Options
• Bioinformatics
• Biotechnology
• Computer Programming
• Data Analytics
• Digital Agriculture
• Environmental Science
• Genomic Research
• Precision Animal Agriculture
• Quantitative Genetics
• Remote Sensing
3.Electronic identification: Automatic animal identification systems read information from a
transponder affixed to individual buffalo. Additional programs are available to automatically
collect a variety of identified animal data including milk production, milking time, milk
production, activity level, and weight. This information is sent to a centralized storage facility
where it is edited, analyzed, and maintained by a computer-based record system. Record systems
will help identify animal health problems and determine reproductive status. Buffalo
identification and performance data can also be used to automatically filter animals as they enter
or leave toilets equipped with filter gates and automatic pens and control animal feed systems.
4.Milking automation: Automatic milking is the milking of dairy animals, especially dairy
cows, without human activity. Automated milking systems (AMS), also called voluntary milking
systems (VMS), were developed in the late 20th century. They have been commercially available
since the early 1990's. The core of such systems allows for complete automation of the process
2
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of milking a type of agricultural robot. Automatic milking is also called robotic milking. [1]
General systems rely on the use of computers and specialized livestock management software
and have often monitored the health status of cattle.
Basics – milking process and milking schedules: The milking process is a collection of
activities specifically dedicated to milking the animal (instead of a wide dairy farm). This
process can be divided into a number of small tasks: collecting animals before milking, moving
animals to the living room, testing and cleaning of the udder, attachment of breast milking
machines, and frequent massage after breastfeeding to release any caught milk, milking, milking
machines, animal delivery.
Storing milk production during lactation (approximately 300 days) requires consistent milking
times, usually twice a day and there is a large gap between the milking period. In fact all
activities must be planned for the milking process on the dairy farm. Such milking practices
place limits on the timely management and personal health of each farmer, as the farmer is
committed to milking morning and evening seven days a week regardless of personal health,
family obligations or community plan. This time limit extends to individual farmers and
livestock families if more workers are not readily available or economically available, and this
contributes to the decline in small-scale breastfeeding. Strategies such as daily milking and
voluntary milking (see below) have been investigated to reduce these time constraints.
Advantages of milking automation
1. Elimination of labour
2. Milking consistency
3. Increased milking frequency
4. Perceived lower stress environment
5. Herd management
Conclusion
In short, animal feed production provides one of the most sensible ways to consume a
large
portion of the great potential that agricultural residues may represent. This approach
has been part of traditional agriculture for centuries. The wealth of knowledge has accumulated
over the past 20 years reflecting the effectiveness of processes and identifying their pitfalls. The
technology involved can sometimes be overwhelming and requires planning, but it is not
accessible to rural communities. Legal action is lagging behind in practice, but due to increasing
economic pressures, significant progress can be expected in the near future.
References
A Textbook of Animal Husbandry G. C. Banerjee (eighth edition),2016.
J. Reinemann, in Handbook of Farm, dairy and food machinery engineering (third edition),2019.
Zeki Berk Department of Food Engineering and Biotechnology, Technion - Israel Institute of
Technology, Haifa, Israel
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Introduction
Livestock produces a significant amount of methane as part of normal digestive
processes. Some feed additives can prevent methane-producing microorganisms in the rumen
and thereafter reduce methane emissions. Glorious livestock - cattle, sheep, buffalo, goats, deer
and camels - have an earlier stomach (or rumen) that contains microbes called methanogen,
which can digest solid plant material and produce methane as a digestive product (enteric
fermentation). this methane is released into the air by animal belching. The amount of methane
emitted by livestock is mainly driven by the number of animals, the type of digestive system they
have and the type and amount of feed consumed. Ruminants are a major source of methane
emissions because they produce the most methane per unit of feed.
Process Mitigate The Methane Emission From Livestock: Methane is a potent greenhouse gas
(GHG) emitted as a result of enteric fermentation of feed by ruminants. Because of global
warming (GWP) twice as much as carbon dioxide, methane is considered to be one of the major
causes of global climate change.
In ruminant animals, rumen microbes such as bacteria, protozoa and fungi break down and boil
nutrients in various products such as volatile fatty acids (VFAs), small proteins, carbon dioxide
and hydrogen. Under rumer conditions, methanogenic bacteria use hydrogen and carbon dioxide
to form enteric methane, which is released by suspicious animals mainly by gut. Glittering
animals release about 3 to 11 percent of their energy in the form of methane, which not only
harms the environment but also leads to loss of energy in animals.
If the efficiency of rumen fermentation is improved by increasing the availability of energy,
protein and minerals in animals, then the loss of energy in the form of methane can be reduced
and this feed energy can be altered to improve milk production. In other words, nutrient
utilization (balance) is key to reducing enteric methane emissions and improving animal milk
production.
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Methanogenesis pathways

Pathways

Reactions

Hydrogenotrophic pathway CO2 + 4H2 → CH4 + 2H2O

Methylotrophic pathway

CH3OH + H2 → CH4 + H2O
4CH3OH → 3CH4 + CO2 + 2H2O
CH3NH2 + H2 → CH4 + NH3

CO2, carbon dioxide; H2, hydrogen; CH4, methane; H2O, water; CH3OH, methanol; CH3NH2,
methylamine.

Co-benefits to using feed additives:
There are several benefits:
•
•
•
•

•

Reduced methane composition can lead to better feed utilization, as methane extraction
shows total energy loss in the diet of about 10%.
The addition of fats and oils to the diet is a source of energy for the animal, as well as a
reduction in methane.
Opportunities to use feed additives or supplements:
Reducing methane emissions through feed additives, such as fats and oils, can reduce
methane production by about 18% and provide energy and protein to the animal. In a
herd of 600 dairy cows (producing 100kg of methane per head per year) methane
emissions can be reduced by 372 tons of carbon dioxide per year.
Reducing methane emissions is deemed ‘additional’ to normal management practices.
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Fig. A schematic presentation of the possible targets to reduce CH4 emissions from ruminants.
Conclusion
Preventing the release of CH4 in light-headed animals may be the use of vegetable and
animal oils, chemical additives such as organic acids or antibiotics (ionophores), but the high
cost and / or short-term nature of their effects may limit their use. Therefore, it may appear that
efforts should be made to select feed additives and to identify food plants that contain secondary
metabolites (tannins and saponins) that can be used to inhibit methanogenesis selectively, but
without interfering with the use of the feed. Genetic differences between animals in CH4
production should also be evaluated in current tropical animal breeding programs.In summary,
the range of technology options currently available to farmers to reduce the production of CH4 in
cattle is limited and no single option seems to offer an easy solution. However, the selection and
breeding of low-yielding CH4-producing animals, the selection and use of high-quality forage,
efficient supplement fodder, and better livestock management in veld-based programs are
options that should be considered to reduce enteric CH4 emissions per animal and each product
unit.
References
Carlos E. Lascano, Edgar Cárdenas National University of Colombia, Bogota, Colombia R. Bras.
Zootec 39 supl. spe Viçosa July 2010
Mahfuzul Islam1 and Sang-Suk Lee1. (2019). Journal of Animal Science Technology May 61(3):
122–137.
The Textbook of animal husbandry (eight edition) G.C. Banerjee 2016
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Introduction
Animal husbandry is an agricultural sector where animals are raised, reared and reared
for meat, fiber, eggs, milk and other food products. Livestock plays an important role in the
Indian economy. About 20.5 million people depend on livestock for their livelihood. Livestock
contributes 16% of the income of small farm households compared to 14% of all rural
households. Livestock provides the livelihoods of two-thirds of the rural community. It also
provides employment to approximately 8.8% of the population of India. India has many
livestock resources. The livestock sector comprises 4.11% of GDP and 25.6% of total GDP of
Agriculture. Animal husbandry refers to animal husbandry and breeding by choice. It is the
control and care of animals where the genetic and behavioral characteristics of animals are
further developed for profit. The vast majority of farmers depend on livestock for their
livelihood. Animals provide us with a variety of food products with high amounts of healthy
food. Therefore, they need a lot of care and attention. Animals are born to sell to meet the great
need for food. Dairy products from animals such as cattle, buffalo, goats, rich sources of protein.
These animals are called milking animals as they give us milk. Other species of animals that
provide nutritious food are hens, ducks, geese, etc. They provide us with eggs, which are also
rich sources of protein.
The role of livestock in the economy of farmers: Livestock plays an important role in the
economy of farmers. Farmers in India maintain a hybrid farming system i.e. a combination of
crops and livestock where the outsourcing of one business becomes the inclusion of another
business and thus the efficient operation of resources Livestock helps farmers in different ways.
Income: Livestock is the source of income for many families in India especially the poorest
resource-rich people who keep a few animal heads. Cattle and buffaloes in milk will provide a
normal profit for livestock farmers by selling milk. Animals such as sheep and goats serve as a
source of income in an emergency to meet conditions such as marriages, medical treatment of
children, education of children, housekeeping etc.
7
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Employment: A large proportion of the less educated and unskilled people in India depend on
agriculture for their livelihood. But timely agriculture can provide employment for 180 days a
year. Landless and underground people depend on livestock for their livelihood during the
agricultural sector.
Food: Livestock products such as milk, meat and eggs are an important source of animal protein
for livestock owners. Individual milk intake at approximately 375 g / day; 74 eggs / year during
the 2017-18 season.
Public safety: Animals provide social security to owners according to their social status.
Families especially landless families whose animals are better placed than those who do not. Pet
giving during weddings is very common in different parts of the country. Raising animals is part
of Indian culture. Animals are used for various religious purposes. Cattle for house heating
ceremonies; rams, buckets and sacrificial chicken during the holidays; Bulls and bulls are
worshiped during various religious ceremonies. Many owners increase attachment to their pets.
Draft: Bulls are the backbone of Indian agriculture. Farmers, especially those on the outskirts
and small ones, depend on cattle for farming, wagon and transport of inputs and outputs.
Manure: In rural areas manure is used for many purposes including petrol (dung cakes),
fertilizer (farm yard compost), and plaster material (poor man's cement).

Fig. Healthy life is life in happiness therefore, farmers should do animal husbandry along with
farming.
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Livestock provides food and non-food items to humans:
• Food
• Fibbers and skins
• Draft
• Manure and other animal products
• Weed control: Livestock is also used as a brush, weed and weed control.
• Culture: Livestock provides security for the owners and also increases their confidence
especially when they are in possession of respected animals such as bulls, dogs and cows
/ buffalo that are very productive etc.
• Pets with you
Animal husbandry has the following advantages
•
•
•
•

Animal husbandry helps to manage animals by providing proper food, shelter and
protection against diseases in pets.
It provides employment to many farmers and thus increases their standard of living.
It helps to create species that are highly productive animals. This increases the production
of various food products such as milk, eggs, meat, etc.
Includes proper disposal of animal litter and promotes a healthy environment.

Conclusion
Animal husbandry is an important part of Indian agriculture that supports the livelihoods
of more than two thirds of the rural population. Animals provide nutritious food products, energy
processing, dung as organic manure and petrol, skins and skins, and are a common source of
income for rural families. They are the natural capital, which can be easily replenished to
function as a lively interest-bearing bank as well as interest-bearing, and insurance to combat the
panic-strenuous income of crop failures and natural disasters.
References
Birthal PS and Jha AK. (2005). Economic losses due to various constraints in dairy production in
India. 20th Livestock Census.
Banerjee GC. (2016). The Textbook of animal husbandry (eight edition)
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Introduction
Info chemicals are the chemicals that transfer the information from one individual to
another individual, it causing behavioural and physiological changes in the receiving organisms,
as a result, natural enemies make their foraging decisions on information obtaining from
different trophic levels. Parasiticides and predators of herbivores have evolved and function
within a multitrophic context and their physiology and behaviour are influenced by elements
from other trophic levels such as their plant food (first trophic level) and its herbivore victim
(second trophic level). In order to find a host, the ecology of chemical information from the first
and second trophic levels is essential (Price et al., 1980). Info chemicals has divided into two
groups, one is pheromones, which act on members of the same species (intraspecific
interactions) and another one is allelochemicals, which act between the species (interspecific
interactions).The interaction between host plants, herbivores and their natural enemies can only
be understood when considered within a tri-trophic context . The sequence of responses from
different information sources takes the foraging animal closer to its potential victim, and
information from plants is essential for the searching process.

Fig.1: Use of info chemicals in insect’s behavior
10
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Chemical information in tri-trophic interactions: The importance of tri-trophic represents the
searching behavior of natural enemies of herbivores, predators and parasitoids chemical
information is crucial in plant volatiles-mediated searching behavior, especially over longer
distances. Herbivores, food sources, species associated with herbivore presence, and interactions
between these sources may all provide chemical information. Every other herbivore product may
potentially provide a chemical cue for its attackers. Like feces, cuticle, exuviae, secretions of
mandibular, accessory glands, pheromones, honeydew and body scales. Also, the food of the
herbivore, such as flowers, leaves and herbivore-associated organisms, such as microbes, can
give specific chemical information (Vet and Dickey, 1992).

Fig.2: Chemical defensive mechanism in insect-plant interaction
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Role of info chemical in pest management: The most effective techniques are use of info
chemicals in monitoring of pest population and suppression of pests and determination of
insect’s population helps in taking need base control measure (Sheikh et al., 2017). They can be
used as
1.
2.
3.
4.
5.
6.

Monitoring
Mating Disruption Strategy
Mass Trapping Strategy
Attractant
Repellent
Push Pull Strategy

1. Monitoring: The successful practical application of semi chemicals is in monitoring the
presence and abundance of pest population. The surveillance system aids in the decision-making
process for pest control measures that keep pest populations below the economic threshold. It
can done with by pheromones bait traps especially the sex pheromones are effective in
monitoring the insects because of strong attractant and species-specific nature of pheromone
attraction. The use of pheromone-based monitoring method can be used to determine population
abundance and patterns, as well as the damage caused by insect pests.
2. Mating Disruption Strategy: Mating disruption is a technique by which synthetic sex
pheromones are dispensed into the pest habitat in a sufficient amount to reduce the ability of a
male to locate the female and thereby affecting the organism’s chance of reproduction. Attractant
insect pheromones, such as sex and aggregation pheromones are species-specific therefore, semi
chemicals have to be identified and can be used in insect pest control programmers. Important
successes of mating disruption include control of the codling moth, Cydiapomonella in pome
fruit, and the pink bollworm, Pectinophora gossypiella in cotton.
3. Mass Trapping Strategy: Mass trapping has been used to control a variety of insect pests,
typically in lepidoptera, coleopteran and dipteran. The concept of mass trapping includes the use
of synthetic pheromones such as sex and aggregation pheromones, food source and host
attractant in bait traps to suppression and eradication of pest population. To accomplish this,
traps must catch a large proportion of the population in given location, and lure must be more
powerful than natural sources of attraction with longer period of efficacy.
4. Attractant: Attract and kill technique includes the use of semi chemicals to lure an insect to a
source that contains a killing agent and lead to the reduction of the insect population by killing
the target insect or reducing its fitness.
5. Repellent: Repellent is a substance that inhibits or deter the insects from finding, feeding or
oviposition on the host. In pest suppression, repellent is to create an odor barrier to prevent an
arthropod from entering a space occupied by a potential host. It was reported that citronella oil,
pine oil has been found to have repellent or oviposition deterrent properties against some insects.
12
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6. Push Pull Strategy: Push-pull is a pest suppression strategy that combines the repellent and
attractant semi chemicals to manipulate the pest and their natural enemies employing the
integration of insect stimuli which makes the protected resource unpalatable and unattractive to
the pests (push component) while luring them towards a more attractive source (pull component)
and where the pests can be removed.

Fig.3: Push-pull strategy in Napier grass-Maize-Disodium cropping system
Conclusion
For the creation of biological control strategies, it is crucial to have a wide
understanding of the various levels of interaction that occur between plants, herbivores and their
natural enemies. This not only has a positive impact on pest control, but it also promotes the
abundance and efficacy of the entomophilous insect guild in the natural environment. The use of
info chemicals in biological control and integrated pest management strategies holds great
promise for manipulating entomophilous insects and improving their efficiency in cropping
systems. Therefore, sufficient data on crop wise study on tribrachic interactions is needed.
References
Price PW, Bouton CE, Gross P, Thompson JN and Weis AE. (1980). Interactions among three
trophic levels: influence of plants on interactions between insect herbivores and natural
enemies. Annual Review Ecology and Systematics 11: 41-65.
Sheikh AA, Khursheed I, Ahmad MJ, Ahad I, Tali FA and Nabi SU. (2017). Role of info
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Vet LEM and Dicke M. (1992). Ecology of info chemical use by natural enemies in a tritrophic
context. Annual Review of Entomology 37:141-72.
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Introduction
One of the key points of yield-limiting factor is plant infections caused by various
parasitic and non-parasitic agents. In the management of plant disease, nanotechnology has
essential practices in different ways; the most commonly known is the application of
nanoparticles on seeds and soil to protect from pathogens in plants. In soil and plants,
nanoparticles may verify the growth of pathogens. Because physiochemical studies of nanoforms
differ greatly from their macro forms, it is conceivable to investigate the impact of NPs on
pathogens and microorganisms and to use this revolutionary technology toward infectious
pathogens in the management of plant pathogens. Silver particle is used for disinfection of
various microbes about 650 and is not toxic to humans and is environmentally healthy since it
regulates the metabolism process within the microbes (Morones et al. 2005). Silver has a strong
antimicrobial activity in both ion and nanoparticle forms; thus, it is used in the sanitization of
water, in the control of plant diseases caused by biotic and abiotic agents and for the sterilization
of such medical instruments (Aziz et al. 2015). Continuous and unregulated application of
pesticides and fungicides has caused resistance to pests and plant diseases, resulting in severe
results. The use of nano-size silver particles as antimicrobial material has become more popular
as technological advancement has made their processing more economical.
Effect of Silver Nano-Particles
Silver can influence different microorganisms and their biological processes and one of the
potential applications of silver NPs is significant in the management of plant diseases, as silver
plays several inhibitory modes against microorganisms and also inhibits protein expression. The
generation of silver ions is responsible for the highly reactive forms of silver nanoparticles, while
metallic silver particles are comparatively unreactive (Morones et al. 2005). Effectively
important for the infiltration of microbial cell disease, nanoparticles imply that lower
concentrations of nano sized silver particles will be adequate for microbial regulation. Jo et al.
(2009) reported that, within 1 h at low concentrations, AgNO3 induced a major inhibition of
colony development of Bipolaris sorokiniana and Magnaporthe grisea. Using silver
14
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compounds, various levels of inhibition against Bipolaris sorokiniana and Magnaporthe grisea
pathogen were demonstrated. As concentrations of silver compounds increased, colony
formation decreased (EC50 for B. sorokiniana = 2.2 ppm and EC50 for M. grisea = 0.9 ppm).
The effect of silver nanoparticles against the growth of Raffaelea sp. was reported by Kim et al.
(2009). Both fungal hyphae and conidial germination were significantly inhibited. Healthy
fungal hyphae grown on MA plates were sprayed with 10 ppm of AT solution to visualize the
microscopic influence of silver nanoparticles on the growth of fungal hyphae and then observed
under an electron microscope. Hyphal tip damage, where new conidia form and detached conidia
have been simultaneously detected. Colletotrichum gloeosporioides, which is responsible for
anthracnose in a large variety of fruits, was tested for the antifungal behavior of the silver nanoparticles. The dose-dependent mycelium growth of Colletotrichum gloeosporioides was
significantly reduced by silver nano-particles (Aguilar et al., 2011). Lamsal et al. (2011)
discovered that different concentrations of Silver nano-particles (10, 30, 50, and 100 ppm)
against Colletotrichum infected pepper. In the case of treatment with 50 ppm silver nanoparticles in field trials and 100 ppm silver nano-particles in vitro, the strongest antifungal
properties were found. Kim et al., (2012) applied various forms of silver nano-particles (AgNPs)
at concentrations of 10, 25, 50, and 100 ppm concentration toward different plant disease causing
posed on various hosts. They reported that with 100 ppm of AgNPs, WA-CV-WB13R types of
AgNPs showed optimum inhibition of most fungi on PDA. Elamawi et al. (2013) sprayed three
times (3 hours before inoculation, 1 and 5 days after artificial inoculation with spore suspension)
silver nano-particles at concentrations of 0, 25, 50, 100 and 200 ppm on rice seedling
(Magnaporthe grisea) leaves and observed substantial decreases in colony formation. To
measure the antagonistic ability of AgNPs conidial concentration of 2,4 and 10 μg/ml, Mishra et
al. (2014) performed cavity slide experiments against Bipolaris sorokiniana triggering spot
blotch disease in wheat. The concentrations of 2, 4 and 10 μg/ml of bsAgNPs were reported to
constitute complete inhibition of conidial germination, while conidial germination was reported
in the absence of bsAgNPs. In the seeds of soybeans. They also indicated that colony formation
has been decreased as the concentration of silver nano-particles increases. With a concentration
of 180 μg ml-1, 90% inhibition was observed, while 270 and 540 μg ml-1 showed a 100%
reduction in radial development of fungal mycelia.

Fig: Use of AgNPs for management of Various Diseases
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Conclusion
The notion of nanotechnology depends on the fact that particles smaller than 100 nm (a
nanometer is one billionth of a meter) give the material new resistance to pests and insects,
where 1 nm is known as one billionth of a meter, within the compositional characteristics and
behaviors. For the people worldwide, agriculture is the most important economic field. One of
the most important problems facing plant development is known to be plant diseases.
Nanotechnology also has a field of use in agriculture as a valuable science in the management of
plant diseases to exploit the efficacy of components. In all ways, ionic and nanoparticle, various
types of nanoparticles have a strong antimicrobial effect; therefore, they are used.
Widely used for various purposes, especially as control agents for plant diseases.
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Introduction
Bacterial effectors are the proteins which were secreted by pathogenic bacteria into the cells
of their host, using secretory systems usually with type 3 (TTSS/T3SS), type 4 (TFSS/T4SS) or a
type 6 (T6SS). After penetrating the cell wall, pathogens come in contact with host plasma
membrane, where they encounter extracellular surface receptors that recognize pathogenassociated molecular patterns. The well-known microbe-associated molecular patterns (MAMP)
are detected by plants include bacterial flagellins, lipopolysaccharides or elongation factor-Tu,
fungal chitin, or heptaglucosides. Pseudomonas syringae effectors, AvrPto, AvrRpt2, and
AvrRpm1 inhibit defense responses elicited by MAMP.
•

•
•

Bacterial effectors of Xanthomonas campestris suppress the plant defense responses to the
bacterial MAMP lipopolysaccharide. Xanthomonas campestris TIIISS deficient bacteria have
no effect on MAMP perception.
Bacterial effectors also activate plant transcription.
AvrBs3, AvrXa10 and AvrXa7 members of the Xanthomonas AvrBs3 effector family contain
a C-terminal nuclear localization signal (NLS) and an acidic transcriptional activation
domain (ADD) alters transcription during infection.

Alfano and Collmer (2003) reported that many effectors could act as molecular double agents
that betray the pathogens to plant defences in some interactions and suppress host defenses in
others. Eg: in Pseudomonas syringae effector AvrPtoB acts as a double agent. It suppress
programmed cell death in tomato plants lacking the Pto resistance gene. However, AvrPtoB
possesses an N-terminal domain that can elicit the HR in these otherwise susceptible tomato
plants and a C- terminal domain that is required to suppress the HR triggered by the N-terminal
domain.Therefore, many effectors may be double agents, but whether they act as elictors or
suppressors will depend on the complement of R proteins in the host, on the complement of
effectors in the bacterium, but most likely also on quantitative factors associated with the timing
and level of delivery relative to other effectors.
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Table: Bacterial effectors and their function
Effector

Organism

Biochemical
function

Phenotype

AvrRpt2

Pseudomonas syringe

Protease

Cleaves RIN4, interferes with
r-gene-mediated defence,
inhibits basal defence and
manipulates JA pathway

AvrB

Pseudomonas syringe

-

RIN4 phosphorylation,
manipulates JA pathway

AvrRpm1

Pseudomonas syringe

-

RIN4 phosphorylation, inhibits
basal defence

HopPtoD2

Pseudomonas syringe

Protein phosphatase

Suppresses programmed cell
death and PR expression

AvrPphB

Pseudomonas syringe

Protease

Cleaves PBS1, manipulates JA
pathway

AvrPtoB

Pseudomonas syringe

E3 ligase, ubiquitin
conjugating enzyme

-

XopD

X. campestris

Cysteine protease

-

AvrXv4

X. campestris

Cysteine protease

-

AvrBsT

X. campestris

Cysteine protease

-

Fig. Mechanism of interaction between bacterial effectors and host plant cell
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Conclusion
The bacterial pathogens have ability to deliver the effectors such that they colonize their
hosts successfully. Effectors are excellent cellular compounds that can be isolated to dissect
diverse biological processes and points of vulnerability in plant immune signaling. So, further
knowledge in the effector biology will reveal different strategies employed by the pathogen
effectors which can be used in controlling of plant disease.
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Introduction
Since their discovery a century ago, man has been aware of bacteriophages' biocontrol
ability. Bacteriophages have different applications such as phage therapy, phage display, phage
typing, phage cloning etc. The use of bacteriophage for the management of plant bacterial
diseases is a contentious term with a limited history, making it a rare procedure, especially in the
agricultural sector. One benefit of phage biocontrol, like other biological control systems, is that
it reduces the use of chemical agents against pathogens. This eliminates issues related to
deforestation, habitat destruction, and residue pesticides on crops. However, in the present
decade there has been a renewed interest and several successful researches to the better
understanding of the phage biology and ecology by using modern techniques to control the plant
bacterial disease. Furthermore, bacteriophages may be a viable alternative to current problems
such as the proliferation and re-emergence of pathogenic bacteria, the growth of multidrugresistant bacteria, and environmental threats caused by excessive chemical use, among others.
Nevertheless, over recent decades, the use of phage biocontrol to restrict the growth of plantbased bacterial pathogens has been explored with increasing enthusiasm. Certain bacteriophages
of Ralstonia solanacearum, Xanthomonas oryzae pv. oryzae, X. axonopodis pv punicae, X.
campestris pv. campestris have already been isolated and some of their physical and
physiological properties have been characterized. This presentation will give an overview on the
bacteriophages and their potential to utilize them in the field of agriculture to control plant
bacterial disease.
Life cycles of bacteriophages: A phage binds to a bacterium and inserts its genetic material into
the cell during infection. Following that, phages typically go through one of two life cycles.
Lytic cycle: The phage infects a bacterium, uses it to produce more phages, and eventually
destroys the cell by causing it to erupt (lyse).
Lysogenic cycle: The phage infects a bacterium and incorporates its DNA into the chromosome
of the bacterium, causing the phage DNA (now known as a prophage) to be copied and carried
on alongside the cell's own DNA.
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Phage Biocontrol:
Biocontrol of Pectobacterium carotovorum subsp. carotovorum using bacteriophage
•

Jeong et.al., 2013 showed the efficacy of bacteriophage against Pectobacterium
carotovorum subsp. carotovorum that causes soft rot and stem rot diseases in several
crops, including Chinese cabbage, potato, and tomato.
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They assessed the ability of PP1 to lyse host bacteria.
Bacteriophage against Xanthomonas oryzae pv. oryzae
• Chan et. al., 2014 isolated the 34 phages from floodwater in paddy fields
• The isolated phages tested against BLB when they treated with skim milk.
• In the skim milk only treated plot, the incidence of BLB on rice plants was about 39.1%.
(Fig. 3). The use of PM and PMh in skim milk lowered the prevalence of BLB to 19.2%
and 18.1 percent, respectively. Tecloftalam WP treatments had 87.0 percent control
effectiveness, which was higher than PM or PMh treatments.
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Developing a bacteriophage cocktail for biocontrol of potato bacterial wilt
• Wei et. al (2017) isolated and mixed different bacteriophage and studied efficacy against
Bacterial wilt of potato.
• Phage cocktail was very effective in preventing potato bacterial wilt by 80% and cocktail
could kill 98% of live bacteria in sterilized soil at one week after spraying.
Development of Protective Formulations of bacteriophage

•

•
•
•
•

In terms of protective formulations, Balogh evaluated a number of potential carriers and
identified three suspensions consisting mainly of milk, sugar, and flour which
significantly increased phage longevity under both greenhouse and field conditions
(1): 0.5% pregelatinized corn flour + 0.5% sucrose.
(2) 0.5% CasecreteNH-400 (a relatively water-soluble casein polymer) + 0.5 %sucrose +
0.25% pregelatinized corn flour.
(3) 0.75% powdered skim milk + 0.5% sucrose.
These formulations function by alleviating the effect of light irradiation and provided
rain-fastness.
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Table: Typical production of phage biopesticide

What are the advantages of phage?
1. Auto ‘dosing’
Phages are self-replicating, self-sustaining, and self-limiting. They can reproduce as long
as the host bacterium is present in the environment, but they degrade rapidly without it.
2. Minimal disruption to micro biota
Phages are target specific and do not affect naturally occurring beneficial bacteria. Since
phages are prokaryotic viruses, they are totally innocuous to eukaryotes.
3. Narrower potential for inducing resistance
Since phages have such a limited host selection, resistance develops in a small
population. Furthermore, some phages use specialized receptors in bacteria (EPS, LPS, flagella,
pilli, and so on) that are needed for survival in infected hosts.
4. Lack of cross-resistance with antibiotics
Antibiotic resistance mechanisms are entirely different from the mechanisms used by
phages to infect bacteria.
Conclusion
•
•

Bacteriophage is potential tool to manage phyto-bacterial diseases and it can phase out
use of copper fungicides and antibiotics which are being used against these diseases.
Use of bacteriophage will not allow to create resistance for their frequent use
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•
•

Bacteriophages are nontoxic to eukaryotes; and are specific to certain bacterial species or
strains without damaging other, possibly not harm to beneficial indigenous flora.
Being a biological entity it can keep the environment safe and clean.
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