SAC 324 crops and pesticide chemistry and
nanotechnology
Unit 5

1.Mano fertlizers

Mano-fertilizers “MNano fertilizers are synthesized or modified fvrrmn of
traditional fertilizers, fertilizers bulk matenals or extracted from different vegetative or
reproductive pants of the plant by different chemical, physical. mechanical or biological methods
with the help of nanciechnology used to improve 2ol

2. Nano herhicides

Manoherbicides are formulated by explotting the nanotechnological potential for effectual
delivery of chemical or biological pesticides wilh the help of nanosized preparafions or
nanomaterials-based herbicide formulations

I Nano Pesticides

Nanopesticides can he defined as the plant protection products which are developed using
nancdechnology 1o enhance the efficacy and reduce the environmental load of pesticides.

4.5ced techmology

seed fechnology as the methods through which the genetic and physical characieristics
of seeds could be improved. It involves such activities as varely development, evaluation and
release, seed production, processing, storage and cerification.

5.Mano technolopy

MNanotechwology (or “oarorech™) iz manipulation of matier on an atomic, molecular, and
supramaolecular scale. ... Nanarechirology may he able 1o create many new materials and devices
with a vasl range of applicsions, such as in nanomedicine, nanoelectronics, biomatenals eneroy
production, and consumer producis,

G.Mano materials

MNanomalerials describe, in principle, materials of which o single unil small sized (in at least one
dimension} between 1 10 100 nm (he wsual definiton of nanoscale) measured in kelvin ..
Materials with siruciure at the nanoscale ofien have unique optical, elecironic, or mechanical
properties

7. Manobarcodes

Nanoharcode particles are manufactured via a semi-automated andhighly scalable process of
electroplating of inert metals such as gold,

silver, eic. into templates defining particle diameter and thus resulting nanorods from the
icmplates ore released. These nonobarcodes are used

as idenifcaton tags for muluplexed analyss of gene expression. Nanotechnoloay assisted
advancement in the field of biotechnology
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has sean improvemnent in the plant resistance (o environmenial stresses such as drowght, salinity
and diseases. Nanotechnology-based gene

sequencing 15 capable of rapid and cost effective identification and utilization of plant gene trait
PESOAITCE:

3. DNA nanocapsule

the capsule smuggles a short strand of foreign DNA into a living cell which, once released,
hijacks cell machinery to express a specific protein (used for DINA vaccines)

Sputtering
Spurtering invelves vaporizing materials from a solid surface by bombarding a target with high-
velaeity fons of an inere pay, which canses efection of atoes and clusterns

applications of the nanotechnologies examples

| Energy sinrage, production CNT storage of Hand conversion

2 Agricultural productivity Herbicide delivery
enhancenvent

3 Water treatment & remediation Manp-membranes

4 Disease diagnosis & screening Lab-on-Chip

5 Drug delivery sysiems Mano-capsules

6 Food processing & storage Coating/packaging

T Aar pollution & remediation Mano-catalyste

& Construction Durahility

9 Health monitoring Sensors

10 Veoor & pest detection/control Sensors and pestcides

MNanotechnology enables companies to manipulate the properties of the outer shell of a capsule in
order o contral the release of the subsiance o be delivered “Conimolled release’sirategies are
highly prized in medicine since they can allow drugs 1o be absorbed more slowly, at a specific
location in the body or at the say-so of an external trigger. With potential applications across the
foed chamn (in pesticides, vaccines, veterinary medicine and nuinticnally-enhanced food), these
nann- and micro-formuolations are being developed.

Slow release — the capsule releases its payload slowly over a longer perind of time (e.g., for slow
delivery of a

subsiance in the body) (Garrard er of, 2004)

Quick-release — the capsule shell breaks upon contact with a surface (e.g., when pesticide hits a
leaf)

Specific release — the shell is designed to break open when a molecular receptor binds to a
specific chemical (e.g., upon encountering a tumour or protein in the body)

Moisture release — the shell breaks down and releases contenis in the presence of water (e.g., in
sqil)

Heat-release = the shell relesses mgredients only when the environment warms above a ceriain
IEmperamne

pH release — nanocapsule breaks up only in specific acid or alkaline environment (¢ g., in the
stomach or inside a cell)
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Utrasound release - the capsule is rupiured by an external ullrasound frequency
Magmetic release — a magnetic particle in the capsule mptures the shell when exposed toa
magnetic field

DMA nanocapsule = ihe capsule smuggles a short strandof foreign DMA into a living cell
which, once released, hijecks cell machinery to express a specific protein (used for DNA
VACCINGS)

Top Down and Botiom up approaches

top-Down approaches refers to slicing or successive cutting of bulk material to get nano-sized
particles.there are two types *atirtion . milling

Top-down” staris from larger materials and structures and employs cutting or etching techniques
1o miniaturise the features until the required nano-structures are achieved. This can be compared
1o sculpting rock, where a large bBlock is sradually chipped away until the required shape and
defail iz achisved

Bottom-up refers to methods where devices 'create themselves' by self-assembly. Chomical
synlhesis 15 a good example. Bottiom-up should, broadly speaking, be able to produce devices in
parallel and much cheaper than fop-down methods, but geting control over the methods is
difficult when things become larger and bulkier than what is normally made by chemical
aynilesis

Bottom-up” starts with basic building blocks such as small molecules or even atoms and
assembles them into the reguired structure, This can be compared 0 a LEGO zel, where a
number of basic building blocks can be assembled in many different ways to produce structures
of the required size and complexity.

Coprecipitation reacticns invoelve the simulianeous occurrence of nucleation, growth,
coarsening, and‘or agglomeration processes.

Coprecipitation reactions exhibit the following characienstics:

(i} The prinducts are generally insoluble species formed under conditions of high supersaturation,
{ii] Mucleation is a key step, and o large number of small particles will be formed. (i) Secondary
processes, such as Ostwald ripening and aggregation, dramatically affect the size, morphology,
and properties of the products. (iv) The superssturation conditions necessary o induce
precipitation are wsually the resuli of a chemical reaction,

A {aq) + vR (an) AR, (s

Typical coprecipitation synthetic methods: (i) metals formed from aguecus solulions, by
reduction from nonagqueous solutions, electrochemical reduction, and decomposition of
metallorganic precursors; (ii) oxides formed from aqueous and nonagquecus solulions; (iii) metal
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chaleonides formed by reactions of molecular precursors, (iV) microwave/sonicalion-assisted
coprecipitation.

The sol-gel process

15 a wel-chemical technigoe that uses either a chemical solution (sol short for selution) or
colloidal particles (sol for nanoscale particle] to produce an integrated network (gel).

Metal alkoxides and metal chlorides are typical precursors. They undergo hydrolysis and
polycondensation reactions to form a colloid, a system composed of nanoparticles dispersed in a
solvent. The sol evolves then towards the formation of an inorganic continnoos network
containing a liquid phase (gel}.

Formation of a metal oxide involves connecting the metal centers with oxo (M-0-M) or hydroxo
(M-0H-M) bridges, therefore generating mefal-oxo or metal-hydroxo polymers in solution,

After a drying process, the liguid phase is removed from the gel, Then, a thermal reatment
(calcination) may be performed in order to favor further polycondensation and enhance
mechanical propenies

Microemulsions

Microemulsions are clear, stable, isotropic liguid mixtores of oil, water and surfactant, frequently
in combination with a cosurfactant.

The squeous phase may contain sali(s) andfor other ingredients, and the "oil” may aciually be a
complex mixture of different hydrocarbons and olefins.

The two bazic tvpes of microe mulsions are direct (oil dizpersed in water, o'w) and reversed
{water dispersed in oil, w/o).

Microwave-Assisted Synthesis

Microwaves are a form of electromagnetic energy with lrequencies in the range of 300 MHz to
300 GHz. The commaonly used frequency is 2.450G Hz

Interaciions herwesn materale and microwaves are hased on rweo speciiie mechanioms: dipole
interactions and ionic conduction. Both mechanisms require effeciive coupling hetween
components of the target material and the rapidly oscillating electrical field of the microwaves.

Dipole interactions occur with polar molecules, The polar end: of a molecule tend (o re-orientabe
themselves and oscillate in step with the oscillating electrical field of the microwaves. Heat is
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generaled by molecular collizsion and friction. Generally, the more polar a molecule, the more
effectively it will couple with the microwave field.

Microwave (MW} rapid heating has received constderable attention as a new promising method
for the one-pot synthesis of metallic nanostructures in solutions.

In this concept, advantageous application of this method has been demonsiraed by using soms
typical examples for the preparation of Ag, Au, P1, and AuPd nanostructures, Not only spherical
manopariicles, but also single crystalline polygonal plates, sheets, rods, wires, tubes, and
dendrites were prepared within a few minutes under MW heating. Morphologies and sizes of
nanostructures could be controlled by changing various experimental parameters, such as the
concentration of metallic salt and surfactant polymer, ihe chain length of the surfaciant polymer,
ihe solvent, and the reaction lemperature, In general, nanostructures with smaller sizes, namower
size distributions, and a higher degree of crystallization were obtained under MW heating than
those in conventional oil-bath heating

Sonochemical Synthesis

Uerasound irradiaion cavses aconstic cavitalion -- the formation, growth and implosive collapse
of the bubbles in @ liguid

The implosive collapse of the bubbles generates a localized hot spots of extremely high
temperature (~5000K) and pressure (~200MPa).

The sonochemical method is advantageous as it is nonhazardous, rapid in reaction rate, and
produces very small metal paricles.

Biomimetic Synthesis

Naoture is a school for material science and its associated discipline such as chemistry, biokogy,
physics or engineening. Moture fascinates scientists and engineers with numerous examples of
exceptionzlly building materials. These materials often show complex hierarchical organization
from the nanometer fo the macroscopic scale.

Learning from nature and imitating the growth and assembly processes found in nature enable
new strategies for the design of nenoarchitectures, Biomimetic or bio-inspired processes
generally occur under mild conditions such a5 room temperature, aquecus environment, and
neutral pH, and thus are benign in comparison to iradifional chemical reactions, Biclogically
inspired synthesis, hierarchical strocturing, and stimuli-responsive materials chemistry may
enable nancstruchured materials svsiems with unprecedented funciions
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Many exciting bininspired materials concepts are currently under development, such as
composite materials with nacre-like flaw tolerance, gecko-inspired reversible adhesives, and
advanced pholonic structures that mimic bulterfly wings .

Gas-Phase Synthesis
Supe reaturation achieved by vaporizing matenal into o background gas, then cooling the gas

Methods using solid precursors
*  Inert Gas Condensation
= Pulsed Laser Ablation
«  Spark Discharge Generation
= [lon Sputtering

Methods using lquid or vapar precursors
«  Chemical Vapor Synthesis
*  Spray Pyrolysis
+  Laser Pyrolyzis’ Photochemical Synthesiz
*  Thermal Flasma Synthesis
»  Flame Synthesis
+  Flame Spray Pyrolysis
»  Low-Temperature Reactive Synithesis

Vapor-Phase Synthesis

=  Same mechemism as liquid-phase reaction

«  Elevated temperatures + vacuum (low concentration of growth)

= Vapor phose mixture rendered thermodynomically unstable relotve to
formation of desired solid material

= “supersaturated vapos™

*  “chemical supersaturation”

= particles nucleate homogeneously if
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s [Degree of supersaturation is sufficient

* Reaction’ condensation kinetics permit

*  Dnce nucleation oocurs, remaining supersaturation is refieved by
condensotion, or repction of voapor-phase molecules on resulting particles,
This initiates particle growth phase.

*  Rapid quenching after nucleation prevenis particle growth by removing
source of supersamration, or slowing the kinetics.

* Coagulation rate proportional to square of number concentration (weak
dependence on particle size)

=  MNaenoparticles in gas phase always agglomernte. Loosely agglomerated
particles may be re-dizpersed. Hard {partially sintered) agglomerates
cannat be fully redisperacd.

= gize affections

= reaction and nucleation

T.Application of Nanotechnology in food systems

Oiver the past few decades, nanctechnology has increasingly been considered as 1o be attractive
technology that has revolutionized the food sector. It 15 a technology on the nanometer scale and
deals with the atoms, molecules, or the macromolecules with the zize of approximaiely 1=100
nm o create and use malenals thal have novel properties. The created nanomalenials possess one
or more exiernal dimensions, or an internal structure, on the scale from 1 to D00 nm that allowed
the chservation and manipulation of matter at the nanoscale, It is observed that these materials
have unique properties unlike their macroscale counterpans due io the high surface to volume
retio and other novel physiochemical properiies like color, solubility, strength, diffusivity,
loxicity, magnetic, optical, thermodynamic, etc. (Rai et al, 2009; Gupta et al., 2016).
Manotechnology has brought new industnial revolotion and both developed and developing
couniries are interesied in investing more in this echnology (Qureshi et al., 2002}, Therefore,
nanciechanlogy offérs a wide range of opporiunibies for the development and application of
structures, materials, or system with new properties in vanous areas like agriculture, food, and
medicine, sic,

The rsing comsumer concerns aboul food guality and health benefiis are impelling the
researchers fo find the way that can enhance food quality while disturbing least the nutritional
value of the product, The demand of nanoparticle-bazed materials has been increased in the food
industry as many of (hem coniain essential elements and alse found to be non-loxic (Roselli of
al,, 2003), They have been also found to be stable st high temperature and pressures (Sawal,
2003). Nanotechnology offers complete food solutions from food manufaciuring, processing to
packaging. Nanomaierials bring about a great difference not only in the food guality and safety
but also in health benefits that food defivers. Many organizations, researchers, and industries are
coming up with novel technigues, methods, and products that have a direct application of
nanechnology in food science (Dasgupta et al,, 2015).
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The applications of nanctechnology in food sector can be summarnized in two main groups that
are¢ food nanostructured ingredients and food nanosensing. Food nanostmuctured ingredients
encompass a wide area from food processing to food packaging, In food processing, theses
nanostructures con be used as food additives, cormiers for smart delivery of notricnts, anti-coking
agents, antimicrobizl agents, fillers for improving mechanical strength and dorability of the
packaging material, efe. whereas food nanozensing can be applied 1o achieve beiter food quality
and safety evaluation (FEzhilarasi et al., 2013). In this review, we have summarized the role of
nanndechnnlogy in food science and food microbiology and alsn discussed some negative facts
associaled with this echnology.

Manotechnolegy in Food Processing

The nanosiructured Food ingredients are being developed with the claims thal they offer
improved taste, texture, and consistency (Cientifica Report, 2006). Nanotechnology increasing
the shelf-life of different kinds of food materials and also help brought down the extent of
wastage of food due to microbial infestation (Pradhan et al,, 20015). Nowadays nanocarriers are
being ulilized as delivery systems to carry food additives in food products without disturbing
their basic morphology. Particle size may directly affect the delivery of any binactive compound
to varipus sites within the body as it was noticed that i some cell lines, only submicron
nanopariicles can be absorbed efficient]ly but not the larger size micro-particles {Ezhilarasi et al,,
203N Anadeal delivery svsiem is supposed to have ollowing properties: (i) able (o deliver the
active compound precisely at the target place (ii) ensure availability at a target time and specific
rate, and i) efficient o maintain active compounds at suitable levels for long periods of time
{in storage condition). Nanotechnology being applied in the formation of encapsulation,
cmulsions, blopolymer matnoss, simple sclutions, and association colloids offers efficient
delivery systems with all the above-mentioned qualities. Nano polymers are tryving to replace
conventional matenals in food packaging. Nanosensors can be used to prove the presence of
contaminanis, mycotoxms, and microorganisms in food (BratovEéid, 20015}

Manopariicles have befier propenies for encapselation and release efficiency than traditional
encapsnlation systems. Mancencapsulations mask odors or tastes, control interactions of active
ingredients with the food matrix, control the release of the active agents, ensure availability at a
farget lime and specific rse, and protect them from motstare, beat (Ubbink and Kruger, 20063,
chemical, or biological degradation duning processing, storage, and uiilization, and also exhibit
compatibility with other compounds in the sysiem (Weiss el al,, 2008), Moreover, these delivery
syslems possess the ability to peneirate deeply into lissues due to their smaller size and thus
allow efficient delivery of active compounds to target sites in the body [Lamprecht et al,, 2004),
Varous synthetic and natoral polymer-based encapsulating delivery systems have been
elaborated for ihe improved bicavailability and preservation of the active food componenis
(Table 1). Further, ihe importance of nanotechnology in food processing can be evaluated by
considenng iis role in the improvement of food products in terms of {1} food texture, (1) foed
appearance, (iii) food taste, (iv) nutritional value of the food. and (v) food shelf-life. Tt is & matter
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of fact thal surprizingly nanctechnology not only touches all the above-mentioned aspects bul
has also brought about significant alterations in food products providing them novel qualities.

Texture, Taste, and Appearance of Food

Manotechnology provides o range of options to improve the food quality and also helps in
enhancing food masie. Nanoencapsulation techniques have been used broadly 1o improve he
flavor rebease and retention and o deliver culinary balance (Nakagawa, 2014). Zhang et al,
(2004) wsed the panoencapsulation for the highly reactive and wnstable pland  pigment
anthocyanins which have various biclogical activities, Through, encapsulating cyanidin-3-0-
glucoside (C3(5) molecules within the inner cavity of apo recombinant soybean seed H-2 subumit
ferritin {rH-2] improved the thermal stability and photostability, Thiz design and fabrication of
multifunctional nanccarriers for bicactive molecule protection and delivery. Kulin is a comimaon
dietary flavonoid with great important pharmacological activities but due to poor solubility, its
application in the food industry is limited. The ferritin nanocages encapsulmtion enhanced the
sotubility, thermal and UV radiation stability of ferritin trapped nutin as compared to free nutin
(Yang ef al. 2015). The wse of nanvemulsions 1o deliver lipid-soleble bloactive compounds is
much popular since they can be produced using natural food ingredients using easy production
methods, and may be designed to enhance water-dispersion and bioavailabality (Ozturk et al.,
2015).

As compared 1o larger particles which generally release encapsulated compounds more slowly
and over longer time penods, nanoparticles provide promising means of improving the
bioavailability of nutracentical compounds due to their subcellular size leading 1o a higher drug
bioavailability, Many metallic oxides such as titanium dioxide and silicon dioxide (Si02) have
conventionally been wsed as color or flow agents in food items (Otaway, 2010). Si02
nancmaterials are also ope of the most used food nanomeaierials as carriers of fragrances or
flavers in food products (Dekkers et al,, 2001).

MNutritional Value

A majority of bioactive compounds such as lipids, proteins, carbohydrates, and vitamins are
sensitive 10 high acidic environment and enzyme activity of the stomach and ducdenwm.
Encapsulaticn of these bipactive compounds not only enables them o resist such adverse
conditions bur also allows them w assimilate resdily in fosd prodects, which i quite harcd o
achieve in non-capsulated form dee o low water-solubility of these hioactive compounmsds.
Nanoparticles-based tiny edible capsules with the gim to improve delivery of medicines,
vitamins or fragile micronutnents in the daily foods are being created o provide significant
health benefits (Yan and Gilbert, 2004; Koo et al., 2005). The nanocomposite, nano-
emulsification, and nanostrocturation are the different techniques which hove been applied to
encapsulaie the substances in miniature forms (o more effectively deliver nuinents like protein
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and antioxidants for precisely largeted nutritional and health benefits, Polymeric nanoparticles
are¢ found to be suitable for the encapsulation of bicactive compounds (e.g. flavonoids and
vitaminsg) (o profect and transport bicactive compounds to target functions (Langer and Peppas,
20HE Y,

Preservation or Shelf.Life

In functional foods where bioactive component ofien gets degraded and eventually led 1o
mmactivation due o the hostile environment, nanoencapsulation of these bioactive components
extends the shelf-life of food products by slowing down the degradation processes or prevents
degradation until the product is delivered at the target site. Moreover, the edible nano-coatings
on varicus food materials could provide a barrier 1o moisture and gas exchange and deliver
eolors, flavors, antioxidants, enzymes, and antb-browmng agenls and could also increase the
shelf-life of manufactured foods, even after the packaging is opened (Henton, 2006; Weiss et al.,
2006). Encapsulating functional components within the dropleiz ofien enables a slowdown of
chemical degradation processes by engineering the properties of the interfacial layer surrounding
them. For example, curcumin the most sctive and least stable biosctive component of turmernic
(Curcuma longa) showed reduced antioxidant activity and found 1o be stable to pasteurization
and at different ionic strength upon encapsulation (Sari et al_, 2015).

Manotechnology in Food Packaging

A desirahle packaging material must have gas and moisture permeability combined with strength
and biodegradability (Couch et al., 2016). Nano-based “smar” and “active™ food packagings
confer several advantages over conventional packaging methods from providing better packaging
material with improved mechanical sirength, barrer properties, anfimicrohial films (o
nancsensing for pathogen detecticn and alerting consumers to the safery stams of food
{Mihindukuhsuriga and Lim, 2014).

Applicarion of nanocomposites &5 an actiive maerial for packaging and marerial coating can also
be nzed w0 improve food packaging (Pinto et al, 2003) Many researchers wers inerestied in
stdying the antimicrobial properties of organic compounids like essential oils, organic scids, and
bacteriocins (Gadlvez et al., 2007 Schirmer et al., 2009 and their use in polvmerc matrices as
anfimicrobial packaging, However, these compounds do not fit into the many food processing
steps which require high ternperatures and pressures os they are highly sensitive 1o these physical
conditions, Using inorganic nanoparticles, a sirong antibacierial activily can be achieved in low
concentrations and more stability in extreme conditions. Therefore, in recent years, it has been =
great imerest of wsing these nanoparticles in antimicrobial food packaging. An andmicrobial
packaging 1= actually a form of active packaging which contacts with the food product ar the
headspace inside io inhibil or retard the microbial growth that may be present on fond surfaces
(Soarcs cf al, 2009, Many nanopartickes such as silver, copper, chitosan, and metal oxide
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nanoparticles like fitanium oxide or zine oxide have been reporied to have antibacierial property
(Bradley et al., 2011; Tan et al., 2013).

The application of nanoparticles is not limited to antimicrobial food packaging buot
nanocomposite and nanolaminates have been actively used in food packaging to provide a bamer
from extreme thermal and mechanical shock extending food shelf-life, In this way, the
incorporation of nanoparticles into packaging materials offers quality food with longer shelf-life.
The purpose of creating polviner composites s 1o have more mechanical and thermosiable
packing materials. Many inorganic or organic fillers are being used in order o achieve improved
polymer composites. The incorporation of nanoparticles in polymers heas allowed developing
more resist packaging material with cost effectiveness (Sorrenting et al., 2007). Use of iner
nanoscale fillers such as clay ond silicate nanoplstelets, silica (5102) nonoparticles, chiin or
chitosan into the palymer matrix renders it lighter, stronger, fire resistance, and better thermal
properties {(Duncan, 2011; Othman, 2004}, Antimicrobial nanocomposiie flms which are
prepared by impregnaiing the fillers (having at lesst one dimension in the nanometnc range or
nancparticles) in the polymers offer two-way benelin because of their strectural integrity and
harrier propenties (Rhim and Mg, 2007).

Manosensors for Pathogen Detection

MNanomaterials for use in the constroction of biosensors offers the high level of sensitivity and
other movel anrbuies. In food microbiology, nanosensors or nanobiosensors are used for the
detection of pathogens in processing plants or in fond material, quantification of available food
constituents, alerting consumers and disinbutors on the safety statos of food (Cheng el al., 20046,
Helmke and Minerick, 2006), The nancsensor works as an indicator that responds 1o changes in
environmental condiions such as humidity or tfemperature in storage rooms, mecrobial
contamination, or products degradation {Bouwmeester et al., 2009, Various nanostruciures like
thin films, nanorods, nanoparticles and nanofibers have been examined to their possible
applications in biosensors (Janrong et al., 2004}, Thin film-bazed optical immunosensors for
defection of microbial subsiances or cells have led io the rapid and highly sensitive deiaction
sysiems. [n these immunosensors, specific anlibodies, anfigens, or profein molecules are
immohilized on thin nano-films or sensor chips which emit signals on detection of target
malecules (Subramanian, 2006). A dimethylsiloxane microffmdic immunmosensor inlegrated with
specific antibody immobilized on an alumina nanoporous membrane was developed for rapid
detection of focdborne pathogens Bscherichia coli ON53T:HT and Staphylococcus aurens wilh
electrochemical impedance spectrum (Tan el al.,, 2011}, Nanotechnology can alzo assist in the
detection of pesticides (Liw et al, 2008), pathogens {Inbara] and Chen, 2015), and toxing
(Palchetti and Mascini, 2008) serving in the food guality tracking—tracing—monitoring chain.
Biogsensors bazed on carbon nanciubes also gained much atiention dee (o their rapid detection,
simplicity and cost effectiveness and have also been successfully applied for the detection of
microorganisms, loxins, and other degraded products o food and beverages (Woachay, 2007
Toxin antibodies attached to these nanotubes causes a detectable change in conductivity when

Scanned with CamScanner



bound 1o walerborne foxins and therefore are wsed 1o defect waterborne loxins (Wang et al,,
20012). Further, the use of electronic tongue or nose which is consists of the amay of nanosensors
monitor the food condition by giving signals on aroma or gases released by food items (Garcia el
al., 2006). The quartz erystal microbalonce ((HCM)-based electric nose can detect the interaction
between vanous odorants and chemicals that have been coated on the crystal surface of the
QCM. Many studies on small molecule defection have vssd quartz crvstal surfoces that have
been mndified with different functional growps or biological molecules, such as amines,
enrymes, lipids, and various polymers (Kanmrawa and Cho, 2009).

C¥VD

Chemical vapor deposition (CVIY) is a widely used method for depositing thin films of a
large vanely of matenals,

Cirowing thin layer of advanced materials on the surface of the substrate.
The process is often used in the semiconductor industry to prodece thin films.
The CVD process 1s also used to produce synthetic dismonds

I a rypical CVID process, reactant gases (precursor) ol room emperalure enler the reaciion
chamber.

The gas mixture is heated as il approaches the deposition surface

The reactant gases undergo homogeneous chemical reactions in the vapor phese before
srriking the surface forming the deposited material,

Chemical Vapor Deposition

CvD
CVD vs. PVD =

Frequenily, volatile by-producis are also prodoeced, which are removed by gas flow through
the reaction chamber
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Verzatile -~ can deposil any element or compound

High Punity — typically 99 9999 9009%,

High Density — nearly 100

Economical in production, singe many paris can be coated al the same {ime
Cnats powders

Able 1o penetrate porous bodies, blind holes eic

(nid @ line-of-sight process) — ( multidirectional deposition)

Costs internal passages with high length-to-diameter ratios

Py

Physical Vapor Deposition

Physical methods produce the stoms that deposit on the substrate
Evaporation
Sputtenng

Sometimes called vacoum deposition because (he process is usoally done in an evacuated
chamber

PV is used for menals.
Dizlectrics can be deposited using specialized cguipment
Rely on thermal energy supplied Lo the crucible or boal to evaporale alomes

Exaporated atoms iravel through the evacuated space between the source and the sample and
stick io the sample

Few, if any, chemical reactions occur due to low pressure
Can force a reaction by flowing a gas near the crucible

Surface reactions usually occur very rapidly and there is very little rearrangement of the
surface aloms afler slicking

Thickness uniformity and shadowing by surface (opography, and step coverage are

1S5S
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-~ 63% of molecules undergo a collision in 4 distance less than | and ~0.6% travel more than
5L

where d, 15 the diameter of the evaporatant and n is the concentration of pas
molecules in the chamber

1
A=
;Em!frl

PV = nRT (ldeal Gas T
0.05

Az—
F{in torr)

At sufficiently low pressure and reasonahle distances hetween soarce and wafer, evaporant
travel in stradght line to the wafer

Step coverage is close 1o zero
If the spurce is small, we can treat it as 8 point source

If the source emission 15 1sotropic, it is eosy to compuie the distribution of atoms at
the surface of the wafer

B MNonuniformity of evaporatant can occur when angular emission of evaporant is nammower

than the ideal source
— Crucible geometry
— Melt depth to melt area ratio
= Density of gas atems over the surface of the mell

B Other deposition techniques include

Sputter deposition (DC, RF, and reactive)

Bias spuitering

— Magnetron sputtering

Collimated and 1onized sputter deposition
—  Hot sputter deposition
B Sputter deposition is done in a vacuum chamber (~ 10mTomr) as follows:

=  Plasma is generated by applving an RF signal producing energetic jons.
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- Target is bombarded by these ions (usually Ar').
= lons knock the atems from the targerl.
= Sputiered aloms are transported (o the subsirate where deposilion oCcurs.

Advaniages

Wide vanety of matenials can be deposited becouse metenal 1s put into the vapor phase by a
mechanical rather than a chemical or thermal process (including alloys and insulators),

Excellent step coverage of the sharp topologies hecause of a higher chamber pressure,
causing large nomber of scalienng events a5 taresl maleral ravels iowards walers.

Film siress can be controlled 1o some degree by the chamber pressure and RF power.

Wide variety of matenals can be deposited because matenal is put into the vapor phase by a
mechanical rather than a chemical or thermal process (including alloys and insulators).

Excellent step coverage of the sharp topologies hecause of 8 higher chamber pressure,
causing large number of scattering events as target matenal travels towards walers.

Film siress can be controlled to some degree by the chamber pressure and RF power.
Disadvantages

High capiial expenses are required

Rates of deposition of sorme materials (such as 5i0k) are relatively low

Some matenals such as organic solids are easily degraded by 1onic bombardment

Civeater prohakilivy o introdoee imparines in the subsieale heesnse the former
operates under a higher pressure
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Characlerization of nanoparticles

Two of the main parameters studied in the characierization of NPs are size and shape, We can
also measure size distribution, degree of aggregation, surface charge and surface area, and 1o
some extent evaluate the surface chemistry.5 Size, size distribution and organic ligands present
on the surface of the particles may affect cther properties and possible applications of the NPs, In
addition, the crystal structure of the NPs and their chemical composition are thoroughly
investigated as a first step after nanoparticle symthesizs. Unil now, there wene no standardized
pratocols for this aim. Credible and robust measurement methods for NPs will greatly affect the
uptake of these matenals in commercial applications and allow the industry to comply with
regulation, Mevertheless, there are important challenges in the analysis of nanomaterials becanse
of the inierdisciplinary nature of the field, the absence of suitsble referonce matenols for the
calibration of analytical tools, the difficulties linked to the sample preparation for analysis and
i interpretation of the dats, In addition, there are unmei challengss in the charscterization of
NP such as the measurement of their conceniration in situ and on-line, especially in a scaled-up
production, as well as (their analysis in complex matrices. Waste and efMuent from mass
production will also need o be monitored. 5 With ile scale-up of nanoparticle manufaciure, more
reliable gquentification technique. will be required. For this reason, it is crecial to characterize the
nancmaterials prepared in several ways (o (he maximum exienl. We do nof only focus on the
characterization of the nanoparticle core, but also on the surface ligands that influence the

physical properties

Characterization Techniques of Nano materials

XRD (group: X-ray hased Crysial struciure, composition, crystalline grain size
techniques)
XAS (EXAFS, XANES) X-ray abzorplion cosfficient (element-specific) = chemical

state of species, micratomic distances, Debye=%Waller
faciors, also for non-crystalline NPs

SAXE Particle size, size distribution, growth kinetics

XI5 Electronic structure, elemental composition, oxidation
states, ligand hinding (surface-sensitive)

FTIR {group: further techniques Surface composition, ligand hinding

for structure/compaosition/main

properties)

NME (all iypes) Ligand density and arrangement, electronic core stmciune,
atomic composition, infleence of ligands on NI shape, NI*
gize

BET Surface arsa

TGA Mass and composition of stabilizers

LEIS Thickness and chemical composition of self-assembled
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Characterization Technigues of  Nano materials

UV-Vis
PL spectroscopy

DLS
NTA
DCS
ICP-M3

SIM 3, ToF-5IMS, MALDI

FEMM-MEMS, (-potential, pH,
EPM, GPC, DEC, eic.

SQUID-panos QUID (group:
magnelic nanomaterials)

ViEM
Misshauer

XhCT

Magnetic susceptibility,
magnetophoretic mobility

Superparamagnetic relaxomsiry

TEM (growp: mictoscopy
technicues)

HETEM

monolavers of NFPs

Ciptical properties, size, concentration, agglomeration state,
hints om MNP shape

Crptical properties = relation to strecture features sech os
defects, size, composilion

Hydrodynamic size, delection of agglomerales

MNP size and size distibution

NP size and size distribution

Elemental compasition, size, size disirbution, NI*
concentration

Chemical information (surface-sensitive) on functional
group, malecular orientation and conformation, surface
topography, MALIDM for NP size

Please check the relevant parts of the manuscript

Magnetization saturation, magnetizalion remanence,
blocking temperature

Similar to SOQUID through M-H plois and ZFC-FC curves

Orxidation state, symmetry, surface spins, magnetic ordering
of Fe atoms, magnetic anisotropy energy, thermal
unhlocking, distinguish between iron oxides

MNP size, size distribution, shape, crysiallographic
imperfection, surface composition, W values, moeEnetic
anisolropic constant, demagnetization feld

Site symmeiry and magnelic moments of transition metal
toms in ferro- and ferm-magnetic materials, element specific

Please check the relevant parts of the manuzcript

Core properiies, hydrodynamic size distribution, detect and
localize superparamagnetic NPs

MP size, size monodispersity, shape, aggregalion stafe,
detect and localize/quantify NPs in matrices, study growth
kimetics

All information by conventional TEM but also on ihe
crystal structure of single particles. Distinguish

monocrysialline, polyerystalling and amorphous NPs. Shady
defects
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Characterization Techniques of  Nano materials

Liguid TEM Depict NP growth in real time, siudy growth mechanism,
single particle motion, superlattice formation

Cryo-TEM Study complex growth mechanisms, aggregation pathways,
good for molecular biology and colloid chemistry to avoid
the presence of artefacts or desiroved samples

Electron diffraction Crystal structare, lattice parmmeters, study order—disorder
transformation, long-range order parameiers

STEM Combined with HAADE, EDX for morphology study,
crystal struciure, elemental composition. Study the atomic
structure of hefero-interfaces

Aberration-corrected (STEM,  Atomic structure of NP clusters, especially bimetallic ones,

TEM) a5 # Munction of composition, alloy homogeneily, phase
segregation

EELS (EEL5-STEM) Type and quantity of atoms present, chemical stae of
atoms, collective inferactions of atoms with neighbors, bulk
plasmon resonance

Electron tomography Healistic 3D particle visualization, snapshots, video,

SEM-HRSEM, T-5EM-EDX

EBSD

[uanttative informaion down o the aomic scale

Morphology, dispersion of NFs in cells and other
matrices/supports, precizion in lateral dimensions of NPs,
quick examination—¢lemental composition

Structure, cry=tal orientation and phase of materials in
SEM. Examine microstreciures, reveal texture, defects,
grain morphology, deformation

MNP size and shape in 3D mode, evaluate degree of covering
of a surface with NP morphology, dispersion of NPs in cells
and ofher matrices/supports, precision in lateral dimensions
of MFs, gquick examination-elemental composition

Standard AFM imaging together with the information of
magnetic moments of single NPs. Study magnetic NPs in
the interior of cells. Discriminaie from non-magnetic NPs

Characterization technigues ueed during nano particles synthesis

e«  UW-vis: Offers information on the size, structure, stabilization and aggregation of NPs NPs
shape and size dstermination
=  TEM: Exammnes the shape, size (10-10 m), morphology and allographic strcture of NPs
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HTEM: Examines the arrangement of the afoms and iheir local microstructures, viz, laitice
fringe, glide plane, lattice vacancies and defects,screw axes and surface atomic amangement of

crystalline NPs

SEM: Examines the morphology by direct visualization

AFM: Examines the size and form, ie. length, width and height, and other physical
properties, viz. morphology and surface lexture

DLS: Displays the particle size distnbution Surface charge FTIR: Descnbes NPs to
undersiand their funciional groups and delemmine

the emission, absorption, photeconductivity or Raman scattering of a solid.liquid or gas
XP5: Examines the mechanism of reaction that occurs an the surface of magnetic NPs
and the charactesistics of bonding of different elementsinvolved, in addition to
confirming the structure and specialion of elements present in the chemical composition
of the magnetic NPs

TOA: Approves the formation of coatings, viz, surfactanis or polymers, (o estimate (he
hinding efficiency on the surface of magnetic NPs

Zeta potential: Determines the stability and surface charge of colloidal NPs as well as the
nature of materials encapsulated inside the NPs or costed on their surface

Crystallinity XEI: [dentifies and guantifies the vanous coystalline forms or elemental
compositions of NPz Magnetic properties

Vibrating sample magnetometry: Estimates the magneti zation of magnetic NPs
Superconducting quaniurm inlerference device magnelometry: Examines the magnelic
properties of magnetic MPs

Other technigues Chromatography and related rechnigues: Separate NPs on the basis of
their affinily towards the mobile phase

EDX: Tdentifies the elemental compaosition of NPs

Ficld flow flotation: Separates different MPs based on their magnetic susceptibility
Filtration and centrifugation technigue: Fractionates the preparative size of NPs
Lazer-induced breakdown detection: Examines the concentration and size of colloids
Mass spectromelry: Examines the fluorescent labelled NPs

Small angle X-ray scattering: Performs the strectural characterization of solid and fluid
neaterials in fhe nanoineire range

K-tay fluorescence spectroscopy: Recognizes and examines the concentrations of
elements present in solid, powdered or liquid samples

Hyperspectral imaging: Identifies the type of NPs, studies the fate and transformation of
these particles in water samples and characterizes the unique surface chemistry and
functional groups added to the NM
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Riosynthesis of nanoparticles
The common method of synthesizing metallic nanoparticles is wet-chemical procedures.

A typical procedure involves growing nanoparticles in a lgueid medivm coniaining reducing
agents (eg, sodium borohydride or potassium bi tartrate or methoxy polyethylene glycol or
hiydrazine), a stabilizing agent such as sodivm dodecy] benzyl sullate or polyviny pyrmolidone o
prevent the agglomeration of metallic nanoparticles, which are added o the reaction mixiure,

Generally, the chemical methods are low-cost for high volume; however, their drowhacks
include contamination from precursor chemicals, use of wxic solvenis, and generation of
harardous by-prodocts. Need to use high temperature, pressure and enecgy

The situation is pressing (o develop high-vield, low cosi, nonlexic, and environmentally benign
procedures for synthesiz of metallic NIPs,

Therefore, the biological approach for synthesis of nanoparticles becomes significant. A vast
array of biclogical resources available in nature including plants and plant products, algae, fungi,
yeast, bacterin, and viruses could be employed for synthesiz of NPs

Both wnicelbular and multicellular organisms have been known to produce intracellolar or
exiracellular inorganic materials

Nanoparticles obtained from hingenic rontes are free from toxic contamination of by-products |
otherwise which are normally atlached to the nanoparticles duning physiochemical synthesis,
which in turm limits the biomedical applications

Eapid and eco-Irendly production methadologies and the cost-effective and nanoparticles
through biclogicel routcs are biocompotible in naturc

Nonoparticles through biogenic route does not require stabilizing agents becouse plant and
microorganism constituents themselves act as capping and stabilizing agents
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The surfaces of biclogical nanoparticles progresszively and selectively adsorb bio molecules
when they contact complex biological fluids, forming a corona that provide additional efficacy

Abundant metabolites with pharmacological activity that are hypothesized to amach to the
synihesized nanoparticles during the synthesis | providing additional benefit by enhancing the
efficacies of the nanoparticles

Reduce the number of required steps, including the aitachment of some functional groups to the
nanoparticle surface to make them biologically active, where an additional step required in
physiochemical synthesis and the time required for biosynthesizing nanoparticles is shorer than
that for physiochemical approaches

Microorganisms have the ability to accumulate and detoxify heavy metals due to varions
reductass enzymes, which are able to reduce metal salis (o metal nanopericles with a narow size
distnibution and, therefore, less polydispersity.

The anfioxidant or reducing properties in biological resources are responzible for the reduction of
metal compounds to their respective nanoparticles

Manoparticles are hiosynihesized when the microorganisms absorb target ions from their
environment and then turn converts metal ions into the element metal through enzymes
seneraled by the cell aclivities.

Thee rowle of synithesizing of nanomaterials using microorganisms are classilied inw intracellolar
and exfracellular synthesis according o the location where synibesized

The intracellular method consists of mansporting ions into the microbial cell o form
nanoparficles in the presence of enzymes, where as the exiracellular synthesis of nanopanicles
involves trapping the metal ions on the surface of the cells and reducing ions in the presence of
ENEYIMES

Compared with bacteria, fungi have higher tolerances to metals, due to high wall-binding
capability of medal salie wilh fungal biomass for the high vield production of nanopariicles
Synihesis of nanopariicles using bacteria depends on enzymes, for instance, the nitrate reductase
enzyme was found 1o be responsible for silver nanoparticle synthesis in B. licheniformis

Three possible mechanisms have been proposed to explain the mycosynthesis of metal
manopariicles: nitrale reductase action; electron shomle quinones: or both. Fungal enrymes, such
as the reductase enzymes from Penicillivm species and Fusnrium oxysporum, nitrate reductase,
and /[1-NADPH-dependent reductases, were found o have a significant role in nanoparticle
symihesis

Manoparticles are formed on the inner surface of the fungal f aciinnmyceies cell and not in
solution,

Trapping of ions on the surface of fungal/ actinomycetes cell.

lons ore reduced by enzyme (reductases) present in the cell wall or in the cytoplasmic membrane.
The cell wall of the microorganisms play a major role in the intracellular synthesis of
nanoparticles. The cell wall being negatively charged interacts electrostatically with the
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positively charged metal ions. The enzymes present within the cell wall bioreduce the metal ions
io nanoparticles, and finally the smaller sized nanoparticles get diffused of through the cell wall.

The mechanism of trapping, bioreduction and synthesiz are reported in Verticillium sp, The
fungal cell surface when it comes in conlact with metal ions interacis electrosiatically and traps
the 1ons. The enzymes present in the cell wall bioredoce the metal ions. Finally, aggregation of
particles and symihesis of nanoparticles ake place.

In Lactobacillus sp., there is an electrosiatic ineraction between the hacterial cell amd metal
clusters , lend to the formation of nanoclusters, where smaller sized nanoclusters get diffused to
the lformation of nanoclusiers

Microorganisms are capable of secreting some polymeric materials like polysaccharides which
forms complex with metal 1ons and bind extmcellulardy.

Adter culluring the mucrocrganisms for 1-2Z days in a rotating shaker under oplimum conditions
(incleding pH. 1emperaire, mediom components, e}, the caliure is cenir fuged o remove (he
biomass,

The ohtained supematant is used o synthesize nanoparticles by adding a filter-sterilized metal
salt solution

The nanoparticle synthesis is monitored by observing a change in the color of the culre
mediom; for instance, for silver nanoparticles, the color changes to deep hrown, whereas, for
wold nanoparticles, it changes from ruby red to a deep purple color.

After incubation, the reaction mixiure can be cenirifuged at different speeds o remove any
mtalivnn componems or Targe pariicles.

Finally, the nanoparticles are centrifuged at high speed or with a density gradient, washed
thoroughly in water/solvent (ethanolmethanal) and collected in the form of a botom pelled

The synthesis of nanoparticles using bacteria and actinomycetes usually imvolves the intracellular
synthesis method, in which the bocterial cell filtrate is treated with metal salt solution and kept in
a shaker in dark at ambient wemperaieee and pressure conditons

For the extracellular synthesis of nanoparticles using bacteria, the hacterial culture is centrifuged
af BO000 rpm and the supernaiant is challenged with metal salt eolution

In case of fungi , nanoparticles are intracellulady synthesized by treating the fungal mycelium
with metal salt solution and further incubation for 24 h. Dried mycelium of fungi is also used for
synthesis of Manoparticles, whers the fungal mycelium is harvested by centrifugstion and
subsequently freeze dried, and this freeze-dried mycelivm is immersed in meal salt solution and
kept on a shaker Collection of fresh and healthy leaves of Tulsi {O. sonctum), which are washed
thoroughly with double-distilled water, and cut into small pleces.

Transferring of cut pieces of leaves inio three different 250-m1. beakers containing 100 mT.
distilled water and boiled for 10 min, Afier cooling, the aqueoes leaf exiract are fillered through
ordinary filter paper, the filtrates are collected in 100-mL volumeiric flasks, and 10% broth
solutions stored in a refrigerator for further use.
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), sanciurn leaf extracts of 5 ml are transferred into 100-mL conical flasks confaining 45 ml. of
10-3 M salver nitrate soluion to reach fmal volume of 50 mi.

Keep the solution under direct sunlight; gradual colour change appeared which is an indication of
silver nanopanicle formation and confirmed by UV -vis spectrophotomelric measurements

Muany chemical methods are available for symbesis of nanoparicles, which use 1oxic chemicals
g0 the need of the hour is (o wse envirommentally bemign, greensr and ecoftiendly routes.
Researchers arelooking forward for various biological entities like bacteria, fungi, higher plants,
actinomycetes and viruses for nanoparticles synthesis asthey can also reduce the salts to
corresponding nanoparticles. [Milerent

biological sources have been used for the synthesis of nanoparticles andare being used in
azricultune

Menobiosensors

Nanobiosensors can be productively used in sensing a broad array of agncoliure like in
fertilizers, herhicide, pesticide, insecticide, moisture and soil pH. Controlled use of hiosensors
can assist in sustainable apnculiure for increasing crop productivity. Precision farming, with the
aid of smart zensors, could enhance productivity as this technology ensures betier fertilization
munagement, reduced input cost and environment safety. Nonosensors based smart delivery
eyoiems could help in the efficient use of aatural resources like waler, nulcienis and
agrochemicals by precigion farming [133]. The presence of plant vimses, the level of soil
nutrienis and crop pathogens can be detected by nanosensors [ 134, 135]. A nanobiosensor

bazed on atomic Force microscopy lip Muncicnalized with the acelolaciale synthase enzyme was
detected for herbicide metsulfuronmethyl (an acetolactate synthase inhibitor) through the
acquisition of force curves [136]. Bionanosensors also makes il possible for rapid defection of
bacteria and vinses with precize quantificstion and thereby increasing the food safery for the
customer [137]. A highly sensitive organophosphorus pesticide biosensor constrocted with the
help of surface funclionalized corbon nanotubes tailored with amine groups to control the
efficient immaobilization of acetylcholinesterase onto the surface of glassy carbon electrode and
these have been successfully used for the direct analysis of vegetable samples [ 138].

An aceryl cholinesierase biosensor based on assembly of moliwall carbon nanowbes oo
liposome hioreactors was developed for detection of organophosphates pesticides [139], A
highly sensitive acetvicholinesierase biosensor modified with hollow gold nenospheres with

the detection limits 0.06 pg/dm3 for chlorpyrifos and 0.08 pgfdm3 for carbofuran

Zn-%e guantum dol immobilized oscetylcholinesterase has been used for delection of
organcphosphale pesticides using graphene-chitosan nanocomposile modified electrode,

Organophosphate pesticides have been detected with this biosensor using methyl parathion as a
madel enzyme inhibitor, with a detection hmit of 0.2 nmolfdm3 [141]. For delermination of
pesticides  methylparathion and chlorpyrifos: an  electrochemical  bicsensor  based  on
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acelvlcholinesieraze immobilized on polvaniline precipiiated on vertically assembled carbon
nanctubes and wrapped with ssDNA was

prepared. The pesticides were determined via inhibiticn of enzyme reaction acetylcholinesterase.
scetylcholine thot cowsed small changes of local pH in the surrcunding of on clectrode surfoce
and the detection limit of the biosensor for both the pesticides was found 1o be

| & 903;10=12 mol/dm3 [ [42]. Electrochemically funclionalized single walled carbon nanotubes
(SWCNTSs) based nanosensors with metal/metal oxide nanoparticles or nanotubes for gases viz.
ammonia, nitrogen oxides, hydrogen sulfide,sulfur dioxide and volatile organics have potential
application in monitoring agriculiural pollutants and assessment of impacts on lving

matter or health and in incresse of crop prodectivity [143]). Screeningof orgenophosphorus
agenis with gold nancparticles and fluorescence spectroscopy has been reporied with ligh
semaitivity [ 1.0 pmolfdm3)
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Lecture: 18 Out lines of organic chemistry —Theory of wialism —Classification of organic
compounds based on their chemical naure/siruciure with examples

AGRICULTURAL CHEMICALS

Apgluuiturgl shernicais dry g udsemicdl subsiies gl gie uzed [ d@n Dl ol
agricufture, particulary n crop preduction practices. Fertilizers, pestcides, gnowth
requiaions, amendmenls g6, belpng 10 this class
Consumplion of agnculiural chemicals increasing steadiy,  In India,
consurmplion of pesticides was 15,000 fonnes in 1265, By 1997 it reached
2.05.000 lonnes

Zone wise - zoullh zone accounis lor more than 40 per cenl of India's bolal
consumgiion due o cash crops like colion, ichacco, sugarcanes | chillles etc

Among the agrochemicals, insecticides find widest use (B0%). others are
Fungicides(10 %} , harbicides (7%} | rodenticides (1.6 %) . othars (1.4 %).

In AP Guntur district ranks first in consumption of agricultural chemicals .In & P.
pasticides use is mare on cash crops

Them are oo main classes of chemical compounds e, arganic and ingrganic
The compeunds, which are ol mineral ongin, are known &% inorganc and hese of plan
and animal origin are called arganic

ORGAMNIC CHEMISTRY

Il was assumed thal the orgamc compounds could be produced only living
ratter, for living matter was thought 10 possass "vital fofce”. This theoty 15 Enown as
theory of wvitalism or Vital farca, which = proposed by the scientist  namaly Berzelius.
&= long as this concept prevaled no effort was made 1o produce organic compounds in
the laboratony and the vital force or vitaism theony long went unchallenged.

In 1328, the German chamisi, Friedrich Wohlar haatad ammonivm cyanate
derivad from norganic subslances and obtained the aorganc compound wes. Hence,
thie theory of vitalism was disproved by Friedrich Wohler.

The urea formed in this way proved to be identical im all respects with urea
isolated from wring.

KOG+ NH. © = NHLOCH +KGI
MHOCH —HM SO NH;  {uwrea)

It had become evident thal most of the compounds formed by iving cells (plants
and amimals) contained carbon. Hence, the emphasie was shifted from ofign o
composition and organic compounds came to be considered as thase confaining
carban.

Organic chamistry is the study of the compounds of carbon. Since, all organic

compounds could be considered as derived from hydrocarbons, a8 more exact definition

would be crganic chemistry is the study of hydrecarbons and their darvatieas.
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Lecture:20 Déferences between organic and inorganic compounds  Functional groups

8RB

ASOrnerisem and Seneoisomensm

Differences between organic and inorganic compounds

ﬁ;: COrganic compounds Inerganic compounds

1 These @are formed mom  few | Formed Inom any of mone than
alements ke CH O, N, P, 5| 100 alemante knewn

| and halogens. L

2 These are of living origin These arg of minatal origin

3 Exhibit covalen bonding Exhibii igna: bonding

4 Exhibdl somenism Iscmerism is nat possible

= Have |low meltng and boiling | Hewe high mefting and  boiling
points points.

L] Highly combustikle MNon- combustible

7 Highiy voiatile MNon-wolatile

2] Low salublity in waler. Highy | Highly soluble in water bul lass
soluble in organic salvents soluble in oroanic solvwents.

a These are non conduciors of | Solutions are good conduciors of
eleciricty glectrcity

{0 Reactions ane  Sow  meguirg | Reactions are rapid, in general
catalyats desned require catalyala.

Functional groups:
An gtom or & group of aloms thal determines the progeries and reactivity af an

oegani ¢ compound is called lunctonal groups .
Some comman funclional groups ane as lolicws

1 Alcohalic -0OH
o
2 Aldehyde I
-C-H
3 Carbonyl (Ketone) -C=0
o
4 Estar |
G =0
[] Ether K
G Carboxyl
0
I
-C-0H
T Thioeiher =5
8 Amini -MH
a Amide -CIDOMNH;
0 | Imine =M-H
11 | Dxime aCsh-0
12 | N&riles -C=M
13 | Thiol or mecapion - 5H
14 | Mitro =h-

Homologous senes (Homos = the same ; legsit = to speak i.e, to hawe smilar
properies i If & number of crganic compounds with the same functional groups are
amanged in an ascanding ordar of thair molscular waights and in & systematic way | tha
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resulling senes (of the compounds) is called a Homologous series |, in which the
adjacent members diffes by a CHy group, The individual members ar caled homoogs,
Examphe

CH; OH Each member differs from adjacent
CzHs OH

Call, ol member by CHz group

C:Hy OH

General characteristics:

1. All the compounds in the ssnies contain the same elements and the functional
groups

2 Al the compoungs can be representsd by general formula

3. The molecular feemula of sach homolog differs one above and one beiow by CHa
it

4. Al the compounds in the senes can be prepared by similas methods

5. Al the compounds in the senes kawve Simaar chemecal propemes

6. There is a gradual varaton n physical propemes in increasing mocular wedght,
decreass in reaclions.

CHEMICAL BONDS

Aloms of an element Iy 10 atlain a stable configuraton sSmilar 10 that of the
neares! zeo group element, This tendency i3 responsibie for the formation of chemical
bond. A bond is kind of force or atiraction that tends 1o keep iwo aloms or ions of
radicals of moaculas m&'l'.

The principal bonds that join atoms or ons or ion radicals are

1. lonic bond: Formed by the loss or gains of slectrons betwsen two parficipating
atoms. It is & wery strong bond. So, melting and boiling points are wery high.
Beceuss of charged kons, they are waler-soluble and solutions conduct elecinicity
i.8., alectrolyzed,

2. Covalanl bond: Formed by the shanng of elctions belwean two aloms, 20 that the
gleciron pair is used by each in full comparatively weaker bond.

3. Hydrogen bond: Is formed between molecules im which hydrogen atom is attached
to an atom of an element with large electro- negativity and vary small size. Bacauss
al hydrogen bond the molecules associale hemselves and hence possess higher
boilling and melting poaint.

The hydrogen bond formed betwsen tao moleculss s called
irtermoecular hydrogen bond, Hydrogen bond is formed between different
groups af the same molécule is called mra molecutar hydrogen band

4. Coordinate covalent bond: This is a special type of covalent band in which shared
pair af elecirons (& contributed by one ol the twa bonded atcms. This was proposad
by Sidgwick .

In ammonia moleculs. nitrogen stom hes a lcne par of electrons in its valence shell.

Hydragen ian (H *) can taka teo elactrons to get stability A coordingts bond is formed
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between MNH. and H * ta form MH:Y  (ammaniem ion) in which the oan pair of

glgctions of Mis shared by boah M and H ",

The atom that contnbules the loan par for bonding is called donar and (e ong

whath shares 13 called ﬂﬂl.':&p‘l-l.'.ll' i the above -EIEI'I'IFHE. M i the donas and H * s the
gcceptor. The coordinaie bond is represanted by putting an armow [—) between the
symbols of the two stomes directing from the donar owards accepior,

ISOMERISM

Two (or) more compounds constsi of equal number of like atoms. These

compounds have the same molecuar formula but differ from each othar in physical or

chemical properties and are called isomers and the phenomenon is called isomersmyi

Greak lso= egual; meros = pars ).This 5 due to diferent modes of combination or

amangament of aloms within the molecule.

Thare ara two main types of isomarizm

Structural isomerism and
SpacE o SenEaiSomerism

Structural isomerism is divided in to 5 types, They are

1. Chain isomerism

2. Position isomerism

3. Functional isomarism

4. Metamerism

5. Tawomerism

Space or sterecisomerism s of two Ivpes wir,

1. Geomeirical Isomerism or Cis-irans isomerism

2, Optical isomerism

Structural isomerism: This is due 1o difference in the arangement o atoms

within the molecules with oul any reference to space, They are compounds that

have the same malecular formula bt diferent structural lormulae

1. Chain isomerism: Compounds have the sams molscular formula but differ
in the order in which the carbon atomns are bonded to each other
Eg. CHy — CH; — CHy — CHy  no-butane

LHy
1
CH; - CH -CHs isobutana
Z, Position isomerism: Compounds have same mo'scular fomula but differ in
tha |.J'li:liilll'.'l|"| ol & lunctonal Griup on thie carban |
Eg.

CHy = CH—- CH:— CHy 1 butene
CH;—CH = CH-CH, 2 bulens
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3, Functional isomerism: Hawve the same molecular formula but different
tunctional groups
EQ.
CH;— CH; - OH  Ethyl alcohal

CH: - O - CHy Dimethyl ether

4, Metameriam: |2 dee 1o the unegqual distribuion of camon alome on ehear
sida ol the functional group.
Eg.
CHa-CH; — O-CHz- CHx Diethyl ather

CHa -0~ CHy; — CH: — CHz  Methyl propy ether

R Tamtnmeariem: It i= 5 spaciad type of furctinnal isnmansm in which the
isamaers are in dynamic equilibrium with each other  For example ethy! aceto
acelabe is an equilibrive mixiene of 93 per cent of Reke lormn and 6 per canl o
enal fam,

0 OH
|
CHa— € - CHo CO0 CoHyg —=*CHa - Cl- CH CO0CH;
Hetolom Emal farmm

Sterecisomerism: When isomerism & caused by the difterent arrangement of

aloms of groups im0 Space, the phencmenon 5 called  Steneoiscmensm,

Compouncs Fave the same sinocharal formaka But dilfer in configuration,

1, Geomedrical isomerism: H resulis Irom a restnclion in rodaikon aboul double
bBonds of aboul sngle bonds in c/cic compaunds,

Cig- imomer: i one in which twe similar groups on the same sice af the double

bond This is less stable

Trans- isomer: s one in which two similar groups are on the opposite sida of the

doubla bond. This is mere stable

2, Qptical isomerism; The compounds have the ability to rotate plane polanzed
light in opposite directions i.e., the oplically active compound can exist in two
izormeric form .Oplical isomears hawe at least one asymmetric carbon atom
_The izpmar which rotates the light fowards right is called dextro-rotatory and
towards lell is called leava- rotalory

Example: 1. D- Gucose , L —Glucose
Example: 2.
Di-) Lactic acid Li+}Lactic acid
COOH CO0H
H — '!;Z—DH OH — !I['?- —H
CHs CH;
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* i the asymmetrc carbon atom (Chiral cenire)
Th twd are minrgs image somess of each ather, 8., enantiomers,
CLASSIFICATION OF ORGANIC COMPOUNDS
Drganic compounds ane divided nlo wo groups,
1) Aliphatic compounds
2) Aromatic compounds
1) Aliphatic compounds: These are open chamed structures. The term 1S wsed 1o

denole compounds that don’t have the special stability ol arematic compounds. All non-

cyclic organic compounds are aliphatic.
Cyclic aliphatic compounds are said to be alicyclic.
Eg. A} Alkanes (Faraffins ) saturated hydrocarbons
B) Alkenes {Clefines ,Olefing ) unesturated double bonds

C) Alkynes unsamrated having one or more fripke bonds
Alkanas akanas that hawe nra dnhle hond and akynes that hase one fripds kond can

farm homologous series

2) Aromatic compounds: These are dosed chain strectures. Compounds thal comtain
a benzene ring in their molecue o that have chemical properies similar 10 Denzens,

These arg divided o wo groups,

A} Homooyolic
B} Heterocycoic

Al Homocyclic: Al the atoms in the ring ane the same typa,
Eg. Benzene [CeHe): Cyclohexang (Cy Hizl

Im thie above compounds in thi ring, all are carbon atoms only
B) Heterocychic: If dilferent aams ane present in the ring .
in the ring C and N sioms are present
The aromatic nings are again divded inlo

I, Five (5) membered ring struciune

1. Sixi6) membered ring sinechure
I. Five (5) membared ring structure

1. Saturated
H:C CHz

H CHz

Cyclopentane
Saturated N confaining

H

Pyrrulidine

2 Unsaturaied
CH CH

I
H ux CH
CH;
Cyclopentadiens
unsaturated N containing

3 L

Fyrrule Imickaenle Pyracole
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Saturated 5 containing Unsaturated 5 containing

cC—03C
|l
CH CH
g

Thiophans
Thiophansa

Unsaturated O containing
T
CH_R 2 E_,H

Fumn
Furan s present |n insecicides ke carboluran
Pyrrole & present in chiorophyll, alkalokds ribollavin edc.,

. Six{f) mamharad ring structira

1. Saturated 2. Unsaturated
o _
|
Cryclohexamns Benzensa
Saturated N containing Unsaturated N comtaining
CH;
I:Hz Mz ﬁ K
CHz CHa ~ | N |
N =N
Piperding Pyridina Pyrimidine

Unsaturaled O contalning
]

¢ 2
Pyrain
1] When two benzene nings fused to form Maphtha'sne
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1] When benzeng rlngis Tused with YT T, then it is called indole B is [resEnt
in A& | Jasmine lowes alc

N

2) When banzana |8 luzed with pyrding, || gives guinoline

1)

Scanned with CamScanner



104
Lecture : 21 Diverse types of agrochemicas -Classfication based on their uso wih
examples. Classiiction of insecticides based on their chamical naung with examples,
Batanical msecticides —Brhe! mention about vegetable oits [Fixed ils) and essential olls

Classification of agricultural chemicals based on the purpose:

1. Inserdl e CEo Mataihion - phorate

2. Fungicides : Eg.dineh, caplan

3. Herbicidas ¢ Eq-Paragquat, Butachior

4. Acarlcides : To kil mites and ticks , Eg.Dicolol and swiphur

5. Mematcides : Eg. Nemegon. carboturan, Aldicarb

6. fococides : To kil the rodenfs and other small creatures.
Eo. Alumimum phosphide, warfarn. zinc phosphide,
Celphos tablels

7. Bactericides : To control bactaris EgOeme , Streptomycin

B. Algigidos : To dostruc! algac and athor aguatio wegotation
Eg. Prygon, Diculose

9, Molluscicides 1 To contral MOIUSCS noiudng gasiropods o Slugs

Eg.Metalcehyde

10. Antibiotics ! B Cyelohasimide, Phyooactin and Aphsinide

11, Antizeptics : Eq. Zinc oxide

12, Sex atractanis : Eq. Gyplura, Heliure

13, Chermosteriiant 1 Eg. TEPA, Aphomide, Azandine

14, Insect attractants ¢ Byl Euganal

15, Insec iepelianls | Citrenela ol |, Naphthalensg

16, Furnagants : Methyl Bromide

17, Plamt growth regulators @ 1AA, Kinetin | Gibberelic acid

18, Fertlizers : Urea , S5P, K50

19, Amendments ! Lirme, Sulphur, Gypaum

20, Soil sterilants : Boray

21, Mitrification inhiitors  : Eg. N-Sarve and A M

22, Chitn nhibitcrs ; Eg.Ciflubenzuron

24, Defeliants T rgrnawe |eaves frorm planms Eg. Gramoaxons

24, Desiccants ; : To remawe moisture from plants
Eg.-Penta Chiora Phanal
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Classification of insecticides based on chemical nature;

Inseclickdes
I 'l' 1
IHDIQEIHIE Organic
L - 1 |_J. i T ]
Arsenical fluoride
Paturaihy ccumin
Eg Sodium arsenits  eg:Sodium y - |
Houride = L
Calcium arsenite Flani Animals maneral ois
Eg: Micatene Eg fish oil EgHerosene
Rotenong whale ail Patrol
Pyrethrum
* *
Chlorinated compound Organophosphorus compounds Cerbamate
ke Eg: Carbaryl
i + ‘:’:bf:"“'““
Chlonnated Chiorinated sk
Hydcarbons Cycadienes
Eg: DOT, BHE Eg-Endosullon
Limdzne Aldrin
Dialdrin
| Dedvativas of
r ir v ' r
Frosphorous  Phosphoic Thicphesphang Cethiophasphonc Pyro
acd acid acid acid phosphanc acid
Eg: Falone  Eg: DOWVP (Dimetkod Eg: chlorpyriphes  Eg: Malathaon Eg: TEPF (Tetra
Dichlaro vimyd phosphate) Cresmatcm Phrata(Thimst) Ethyl pyrophospharnic
PhosphamidoniDenecron) Parathicn DEmethome{FRogor) acid]}

Scanned with CamScanner



107
BOTANICAL INSECTICIDES

Plant materias are imponan sources of mseclicides The woxican! may be
present in any pael of e plant and these o matenals afe collected and dried and
powdered and thal powder i3 used as nsecicice, The todcant also exiracted Irom the
pawder using some salvent and chemical compound thus oblaingd used as insecticide

Plant products which are used as inseclicides may be classified as

1. Primary texicants such as nicoling | rolenonea
2. Essential oilajstruciure resembles o menthane)such as Plne oilcltronela ol
3. Fixed olls ke Cotton seed oll and Hesm ol
4. Miscellaneous cils such as walnut shall fliour | plant gurr

Advantages of botanical insecticides.

Rezlativshy rheapar

Don't pollute the srvincnmesnt

Don'l ave any residug

Avaitablity is relalively easier

Dan'l harm the benelicial organisms,

Disadvantages or dilficulties involved in the use of botanical insecticides;

1. 1t takes fairty long time (2-5 years) to establizh a plant in 8 new environment. Somea
limes thie plant can'l be introduced a1 all,

2. Ayaiabiity of botanical inseclicides & conlined 10 & paticular season , making
impan aempulsony in ol season

3. Botanical insecticdes decompose very fast and don't have long sell life,

4. Testing of bological materials a5 bolanical inseclicides i veny Gilicull and ime
ConSUMIng process and so farn, afraction of flora and fauna has been ested,

L
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Lecture: 22 423 Matuml pyrethrum -Discovery —Sources -~Chemistry-Extraction and
properties Meerm and is products —Extraction —Mode of action of neem bE@sed products
Sdvantages and Disadvantages of nalursl bolamical ingecliciges Briel nale on
synthetic pyrelhroics

PYRETHRUM
The original homa of pyrethmum is ssid to be East or Middle East. In the 19"
century A was miroduced to ULEA, Japan, LK., Aldca and Souvlh Amanca. AL the
beginning of 207 century, Daimatia and adjoining countries became leading proguces.
in 1841, Japan became the leading producer. Howewer, &t present, the principal
producer of pyrathrum is KENYA. Other cowntries producing pyrethrum ara Conga,
Uganda, Tanzania, Ethiopia. Eqgusdor and Brazil .
In IMDIA also pyrathrum is grown to @ small extent in the
1. Hilly bets af Assam
2. Himalyan mountain rango of J & K
3. Milgiri aress of Tamil Nadu
Pyrelhrum has been used for the contral of harmiful insects for many countries,
SOURCE:
Pyrathrurm iz found o occur in the Nawers ol some plants belonging 1o larmiy
cOoOmpositae  Asteracess. MMporiant SO0UrCes &g

1. Chrysanthemum cinerarefolium

2 C. coccineum

3 Croseum

4. C.marshaili

5 C.tamrutens
Exiraction of Pyrethrum;

Pyrethrum is present in the Achenes of lower heads. The content i masdmum when
the fowars ara in full bloom stage. A this stage, the flowers are harvested by hand
picking They arg then dried at 54.4 "C and compressed. In the industies the dried and
compressed fowers are ground & a fine powder. The powder ¢ dust can be used as an
inseclicide

The ioxicant can be extracied by extracting with an crganic solvent like |sopropanc,
acetone or odor less kercsense. The solvent is repeatedly percolated through the
pawdar and the weak exdragl is eveporpied in e wacuypm sl 10 get concentratad
extract The concentrated exiract together with an emulsitier (& soid In the market for the
U=E.

Alsn, the concenfrated extract can be mixad undormly with an inart camer like
banonita clay, chamcoal powder, digtomaceous earth and the mixture can be used a5 8

ready towuss [ow power dust.
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The exiracted powder condaining traces of pyrethrum is some fimes used as carmer
in the dust preparaion | To increase the pyethrum activity compoends like DOT and
Fotenane e1c,, ane added,
CHEMISTRY AND STRUCTURE OF PYRETHRUM

Elucidation af the chermical nalume and strecture of natural pyrethrum was by no means
an =asy task. Three groups of scieniists worked together for decade for unfolding

raysteny ol chemisirg of pyrethiom  They ane
1. Staudinger and Ruzicka
2. La Forge and Barthal
3. Godin , Beevor and Snaray

Matural pyrethrum = composed of six (6] esters. An ester product formed by
reacton of an acid with an alcohol. The six esters are formed by reacting fo two
rarhnrylin acids and threa almbels in dfferant cembinetinns

The tweo carboxylic acids are
1. Chrysanthemum Monocarboxylic  Acid [CMA) o  Cyclopropans
monocarboeic acld or Chrysanthemic acid

i}
Hj'::x
C=CH-CH-CH-C-~-0H

Y
75

CH; CHy

2. Chrysanthemum Dicarbaxylic Acid (COA] or Cyclopropane dicarbouyic ackd or
Pyrethric acid
H.C Q
x‘{: - CH-CH-CH-C OH

CH40 — c{h \.HC /
4%
MG CHy

Thi aleohals ane

1. Pyrethrolons : OH fil:;,
. 1oH; - CH=CH - CH=CHy

1,3 Pantadine
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2. Cinerolone;
COH Ha
T CGHa -CH = CH—CH:

2- Butena

3-Fenteng

Alcohols contains

2. Cyclopantans ring
3 A ketn grouip
4. A methy! graup
5. A hydroood group
6. An aliphatic side chain

An estar is formed by the reaction betwean an onganic acd and an alcshol

General siructure of pyrethrum esters:

S.Ho. Ester 7] R
1 Pyreihin -1 CHy -CHz CH=CH .CH= CHz (1,3 pentadieng)
2 Pyrethrin-|| COOCH, do
3 iy =1 CHs “CHz CHeCH .CH 3 { 2 butene)
4 Cinarnin -l COQCH; -CH;. CH=CH .CH 3 { 2 butens)
= Jasmodin -1 GCHs -CHg. CH=CH. CHy CH 2 { 3 pentens)
] Jasmoin-|i CO0OCH, e L -

General formula of acid + algohgl  — Pyrethrum
CHa F H CHs CH. 0 Hy
= C=CH {:H{',Hr-E-DH R* t:ﬂH-EH CH J.LEI R"
R e R s
H;C{ x"q:.m o H;C/ \EH-I;

Another way of representing esters of pyrethrum is

S.MNo, Ester Acid Alcohol
1 Pyrethrin -| Chrysanihamic acid Pyrethrcione
2 Byrathrin -1 Pyrathnic acid —i1--==-~
3 Cinarin -1 Chrysanihemic acid Cineraiane
4 Cinerin=ll Pyrethiic acid Cinerakane
] Jasmalin -l GChrysamhernic acid Jasmokone
3] Jasmalin-l Pyrethric acd Jasmoiong
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Properties of pyrethrum:
% &n amber codured vistous iguid
Irgcdubeie in waler bul seluble in orgamsic SHvenis
Itis mon-voiatie, henoe non-fumigant astion,
Belng an ester, # is easlly decomposed by acid, akall of even by moistune on long
standing to produce primary constituents.

6. On prolanoed siceane, pyrethium (ooses is inseclicidal action due o degradation by
oxidation Hence: antingdants ke hydroguinolens are added 1o increase tha life.

e

6. An exposwe 0 sunighl. # |s degraded 10 nonloxic procucts in no time e, highty
phofcdegradable. This is whai restricts the use of natural pyrethrum in cut doors
agricuiure,

Insecticidal action

# Pyrethrins are more toxic than cinerns and Jasmodins .Cinerins are howewver, better
kminrk dovam ApgAnts

# The woecity of pyrethrem @n be increased by the addition of non —lokc substances

called synergistics such as piperony! butoxide, sesamin , sesamex elc,

Pyredhrum allects the Cendral Mervous System of insects,

oINS relatively sate for mammals LDS0 vake for rats |s 570 mafkg body weight (oral)
and 1880 mg Hg body weightidermal)

L

HEEM

Meem. Azadirachéa inidaca AJuss i grown [hroughoul inda, since hime
irnmsemarial | it s & very uselul plant and uSized in dWerse wWays .

The: intenest of emomologists owards the use of neem in pest mansgemsn
arse with (he discovery of Pradhan ef al (1963) whe reported ihe extraordinary anti
feeding propery of neem seed kernel against deser locust, Mow there is a global
attendion for the use of nearm kor pest control,

Althawgh, all pars of the neam tree ara baodogically active but the highest actiity
could ba saen in seed kemel, Havie st al (1967) weare firsl o report the iscation of
teriterpencid alcohol (Melantrol | from the fruits of Dharek (Mela azedarach) and
neem which inhibits 1he feeding of desert loousts.

Buttarworth and Maorgan (1968) isolated tetranotriterpinoid, azadirachtin from

neam sead kermal, which is slironger inhibilar than Malianiricd. This Iz alao prasant & ihe

leaves of neem and alsa in fruits of neem

Hendarson et al (1984) isoialed salanin from neem and was found poor feeding
datarrant
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Kraus et al (1900) isolated

A Diacetyl vilasinin 1
b} 3- desacelyl salanin  } From Meem Seed
] Mimnbandial }
di Satannin 1

Thus . Mesm owes i o atribotes due 1o e presence of azadirachtin , Melandrial,
Salannin , Nimbandiol , Diacetyl vilasinin ele., Among which azadirachiin s mona
patent .

Meem seed contains 0.2 to 0.3 % azadirachtin .Neem has diverse affect on insects such
as

Faeding detamant

Growih disrupior

Rapailant

avisposficnal determent

Insecticidal e,

I few insects Patchabiily and reproducton are impaiied Pest resurgence has
not heen in oneam eeated plots Insecls cannot develop resislance o nesm
compounds as they comain a number of Beactive principlas,

Argdirachtin. causes disorders in metmorphasis. In some insects whan neam sead
exdract mixed wih lood caused growth inhibison, mal lormaton, monality and
reduced lecundity | Meem seed exraction at 12 percend concentradion has been
lownd 26 potential anti feedant for brown plant hopper,

Meem has SYSemic activity , non phyleomc Femain active in plants up 1 25 days
Meem producis are highly degradable (pholo) resicual action of  neem can be
increased by the addition of adsorberts . IF hags no adverse effect on the
envingnment and fave no oxic residue in the hanested agro - commodities
Meem products : Nimbecdine . Neemgaurd, Neemplus , Neemrich, Cropgaund,
Meamostar, Azadt-20, Radon, Jawan, Neem mark, Mavagaurd, Margosal, nemidin

EYNTHETIC PYRETHROIDS

L

These are 4" genaration insecticides The unstable natura of pyrethrum, couplad
with the establishment ol structure of pyrethrum, Many workers stmulated their
rezearch on synthate pyrethroids. Synihetic pyreihroids are more stable than many of
the organic phosphorus compounds amd carbamate nsecicides _These are
insecticidally more acthve than cthers,

1. Synthetc pyrethroids are viscous, lypephilic liquids, insoluble in water,
2. Biodegradable,
3. Hewe |ow mammsa &n 10mciiy,
4_Don't leave any residues in biological systems and cause
less contamination to the environment.
5 Cause less contamination ta the environment.
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1. ALLETHRIN / DIVINYL PYRETHRIN —1 {DVP-1)

it was introduced with trade name pynamin .1 is also called &5 divinyl pyrethrum -1 .
Thi= was tha first synthetc pyrethroidThis was  first reporied by
LAFORGE&RSCHECHTER _ It iz a pake yellow nil sparingly soiuble in water, solubls in

argonic asheorts it hos o mors stabls cide chain tan pryathring, |8 s mars poroatent
and comMacl insecticdde effective egainst housefles. mosgultees, but less aflective
against household pests.

It is an allyl analog of pyredrhrin -

H4C ~ |
_CaCH~ Gﬂx{ﬁ"-ﬂ CHz=CH = CH;
Ha: A
:H: EHJ HI

Z-methiyl-4-0xo-3{ Z-propenyi)-2 Cyciopenmans-1-cls rans -3(2 2-dimshy wing-2,2-
dimethyl cyclopropane-1-carboxylate.
1.BIORESMETHRIN

= First synthesized at Rolhemsied Experimental slation [1966)
= CMa+5 Benzy lund 3 methanal

CH

- |
C=CH- EH—EH-C-E—EH,

u‘"a
More toxc{50 imes) than to natural pyrethrumi{house fies)
D=y = TOTY mg - B000mg / kg body waight

4. FENVALERATE /SUMICIDIN/ FEM FEN/ FENVOL
Synthesized by Sumitomao chemical company of Japan
Properties:
1. Itis & wiscous yellow ligusd , less solubla in water .More soluble in organic sohwents
2. ltis themally stable, more steble in acid medium than in alkaline medium.
3. s a contact and Stomach poeson
4. Iiia effective aganst colion boll worm, lepadoplencn larvae and used in public healh
ranagerent and animal kusbandry,
5. is a cyande containing synthelic pyrethroids

0o =N
CH H O 43
o Ty —
H:Z CHy

o-cyann-3-phamdbsnzyl-s-isnpmpyl-p-chinrophanyd acatals
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5. PERMETHRIN
Trace names AMBUSH, TALCORD, KALFIL
This was firs! reported by MICHEAL ELLIOTT.
Properties:
It s & yellowish brown liguid, highly viscous, insoluble in water, highly soluble in
organic schenis.
= Slable o hieat | more stable inoacd than in alkaline medium .
= iz a contact naacidida
* Ithas good ressdieal actity
# |t has low mammalian toxicty
¥ Itis vary effeciive against |spidopetrous lavare and used in live-stock managemseni |
Cl o
}:CH—CI:I:-EH—!II:I--D—EI-I::-
i

. e
PR "
HsC CH;y

-3 phenoxy benzyl (1) os rans -3(2, 2-dichicroviny -2, 2-dmethy -Cyslopropans-1-
ARy )
Synihelic pyrethrold containing two chiorive atoms is Pemmethrin, one chiorine atom
&5 Fervaarata.
4. DECAMETHRIN/DELTA METHRIN / DECIS
This was first infroduced by ROUSSEL UCLAF * and reported by MICHAEL
ELLIOTT
This is bromine and cyanide containing syntheic pyrethroad
Properiies:
1. Wis a colourless crystaling pawder
2. INis stable having no degradation even alier & months,
3. s nsolubde in water. Scluble in organic solvents. Non-phyteioric, proved
eifective against insacts which are resisiant io conventional pesticides.
4. iis not efiective against mites
Wi t F=ho
C=CH-CH -C o-C— ﬁ Sy
B~ R4 H e u—@
Heé By
5. CYPERMETHRIN/CYMBUSH! RIPCORD/BARRICAD

Deikiorg CMA + Cyano-3- Phenaxy benzy aleohol

EI“& IFE M

i
de/ '-..CH& @
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Lectura: 24 Synthatc arganic insecticides — Cyeclodiens —Diels- Aldar reaction -
SUUCIure | propafies

DRGAND CHLORINE INSECTICIDES

Tha argana ohiloring i i e

1. Chigrinated Hydrocarbons Eg. DOT. BHC, Mathowxy chicar. Lindane
2. Cyclodiene compounds Eg. Aldrin, Ciglgnn, Endrn, Encosutfan

i ificd imta two cotogarico

CYCLODIENE INSECTICIDES
Major characteristics:

1. Theee are polychlofnatad compaunds
2. Musi contain a1 leasi one bicyclic ring "
A Mt contain at least nre Fndomethylane hreidge CHs
4. prepared by Diels Alder Additive Reaction
5. HCCP (Hexa Chiore Cyclo Pentadiene) is the Dasic raw matenal requingd for their
gynihasis,

6. Highly parssient
7. Very elfectve conlact insecticde

Disadvantages:
1. Highhy taxic bo marmmals
2. Long persiskence in the environmeni

DIEME: An alkene that has two double bonds in its melecules,

COMNJUGATED DIENE: The compound in which the taa double bonds ane separated by

ane single bord,

Eg. 1.3 Buladiene , CH=CH - CH= CH;
DIELS ~ALDER REACTION:

A type of chemical reaction n which a conjugaled diene adds io a sulable
compound contaming one double bond (dienophile) fo give a ring compound M is
named after the Garman chamist OTTO DIELS & KURT ALDER who discovarad it
1928

ENDOSULFAM [THIODAMN
An mportant cyclodiene insecticde used wery extensvaly.
Cl Hy—
o | Sh c\

| oL, | =0

bl of

6,7.8,91010- hexa chioro —1 5,.55,9.98- hexa hydro &9 mathane-2.4.3,-benzo dioxo
Thiggn -3 oxide,
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Properties:
1. s & migture ol two Somers o and B in 41 rako
2. Technical grade & an amorphous powder,

3. Itis insoluble in water but soluble in most of non-poar organic sohents
4. Readily decomprsad by alkali o form endosulphan alcobel and inonganic suphile .

Beacion
C1  CH—0 ci
" i l v \5 cl CH,OH
| Cla ‘ =0+ NalH —s CCly + MNax20,
ci Ci CH:OH
|
5. s a somach and contac poscn
B. Itis highly ixic 1o mammats with an LDs value 40-110 mighg body weighi
7. Formutated as dust , granules elc,,
8. ia medabalized 1o sulphate in the metaboliam of insects, plants and animals.

Mode of Action of cyclodiens com pounds:
They inhib# the activity of Respiratory enzymes. This leads o disruption of axidative
phosphorylation, The symploms of poisoning in insecls ang
1. Hyper sensitivity,
2 Hyper activity
A Viglent Bums and
4 Colapse of insects finally,
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Lecture: 25 Organo phosphomns insecficides — Discovery - Advantages - Classification
—Mode of action  Sruciung , propeies and uses of Dichonos [DOYVP)

ORGAND PHOSPHORUS INSECTICIDES

Organo phosphorus compounds consiitule a varniely of Agrochermicals and as a
groug they rank first in consumption -They were discovered as toxic nerve gases by the
defence labs of Gerrmany durng || Workd war, Insecticdal properies of argano
phoaphares comgounds wera (dentilied by GERHARD SCHRADER (1837) .Theze also
act 88 Acarlcides, Mematicides, Daloliants and Desiccants . These are good swehetitute
far Micotine.

Advantages of organo phosphorus compounds:

1. Theee are requirad in very small quantity.

2. These are guickly decomposed |aaving no fowc resadues

A Theer arA vary mquackly metahalizad in varshrmtes and tendaney in ha sxrnatacd
4. These have wide insectcidal specirum,

5. Some of these ane systemic in nature

6. Some do have Nematicidal action in addition

Classilication of organo phosphorus compounds:

1. Dervatives of phosphonc acid (HaPO)
Eg. DDVRIDimethyl dichloro vingl phosphate) o Dichlorowos or Musan
Phosphomidan (Dimscron)

2. Dervatives of thicphospharic acid (H;POLS):
Eg. Methyl parathion, Parathion, Digzinon, Dursaban

3. Demvatives of dithiophosphoric acid ngP‘sz-g}:
Eg. Malathon, Phasolone(zolong), Phorate (Thimmet)

4. Dervatives of pyrophoschoric acid Eg.
Eg. TEFP (Tetra Ethyl Pyrophogphate), Pesiox -1, Sacradan

5. Dervatives ol phosphorous acid
Eg. Falane

Mode of action of organa phoephorus (0.P.) ingecticides:

Acetyl choline esterase is a key enzyme of narvous system and is responsible for
hydrohyzing acetyl choline to acelic acid and choling By doing =0, the enzyme haips
in carrying rerve impuises 1o brain, When P, insecticides are applisd the cental
phosphorus alom of O.F, inseclicides phophoryates the aclive site of acehy choling
eslerage enzyme and inhibils the enzyme aclivity As a resull acelyl chaling canngt
be hydrohzed 1o acelic acd and choling 1o carry nense impules o beain Thug OF,
insEcticoEs disnupt the nervous system In suscepible animats and insects,
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Genera’ structure of OLP, inseclicides:
Q(3)

R. |
N,
Rz d
Where Ry and Ry ara shor chain alkyl groups (CH4. CaHs) ar alkowy (CHO. CeHe Q)

af aky! thin (CH.08%, CaHg O5) groups and X is any tabile group which will be
melaboized v

O
Gz
P G
CH.O
Ethvyl Metyd Parathion
Riis Gy Hs O (Ethoxy)

Rais CHaO ([ Methoxy )

X s - oy 2

1. DERIVATIVES OF PHOSPHORIC ACID:
Most of the darivatives of phosphornc acid inzsecticides ara vinyl esters of the acid

A DDVP Dichlerovas / BMuvan

0
o e
- P—O—CHs C
CHAO
0, O, di methyl O-2 2-dichiono vinyl phosphate This was miroduced in 1955,
Properties:
1. It is 8 colouriess Bguid
2 It is medermtely volatile and doas have considembls fumigant action
3, Il is water soluble to the exient of 1 % bui highly scluble in organic sovents
4. It is stable to light and heat .However in the presence of water il gets hydrolyzed 1o
form Cimathyl phosphoric aced (DMPA). This acid acts as  a catatyst for further
degradation of DDVP That is why DDVP s formuated with 2 o0 4 %

epichicrehydiin.
i Lol
cno__ | o ero_|
P—O0—CH=C. +HOH _alkaf P— OH +CHC:CHO
CHyD A CHyD
(o 1G] Dichigarg
aceial dehyde
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5, The degradation products of DDWP ame quickly lost by further decompasition. Thus,

use of DDVP poses no resicue hazard.
6, DOVP has a vinylic double bond and responds o addlion reaclion with halagens or
hydeogen pamicutarty with bromine With bromane i reacts as foliows.

0 ] H Qi
CHaD cl CH
a \JL——D—:H.::HHJE —-}0\ u-—c:—l,— t:—cu
< “el P Br  Br
T

CHO c EH

(OO dimethyl-0-1_2 dibromao-2,2-dichlono ethyl phosphate)
Incidantally. this compound is alsc an effective insecticide and sold 85 MNaled or
Dibvroam
T. It is a contact and stomach poison - Suitabde for the control of sucking insects |, flies

anr mnemqitnes etn
A, It is moderately toxic to mammals with a L.D.s value of 80 mgkg Boedy weights of

rals
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Lecture: 26 Thiophosphaoric acid derivatives ~Thiolo and thiono isomers . Structure and
activily relationshops ol thinphospharie acid defvatives, siructune, propenies and used of
Methyl parathion.

DERIVATIVES OF THIO PHOSPHORIC ACID AMND INSECTICIDES
Repacerment of cne O (oxygen) atem by ‘3", in the phosphors ackd dervatives

produces thiophosphons acid insecticides with such meplacement, the mammalian
tozicity is decreased markeddy but the insecticidal toxicity remains unatered more of

lass.

As insecticides, ihiophosphonc acid dervatives are ol wo types

11 .Thisls izomer - 8]

RO - | [
F—SK [more 0mc i mammals than ihiona)
RO a
2] Thiong isomar—
]
RO I
P— X
RO

= Thiolo somers ame mone boxc than Thicno isomers,

# Thiono isomers can be converted to Thioke isomers (lsomerisation) by heat and by
chemical reagents or by oxidase enzymes.

¥ Corversion is caled as "PISCHEMEUKA" rearmrangameant.

Struciura, Activity Inter Relationship OF Thiophosghonc Acid Dervatives
Mozt of the insectcides of dhiophosphonc acid derivallves are mivad aatars o farmula

5 5
RO, | RO U
PG + HOWE —»
R;-l:l"-f H,.J
WWhere Ri and Rz are shor chain alky! groups and Ar 15 aromatic nucleus.
Eg.

—QAr

s
cho ||
S o

-
C:HO

Methyl Ethyl Parathion

Scanned with CamScanner



121

1, Most efMlective insecticdes are those i which both Ry and By are aliphatic radicals
and thi 1otal number ol G aloms in R, and Rz pul together does not exceed 4

Z, W bath Ry and B are methyl groups — minimarm ingectoidal activity

It Ry is mathyl and Rz is Ethyl — medium insecticidal activity
If Ry and Rz are Ethyl growps — mammum insecticidal activity

3. Baoth insecticidal activity and mammakan oucily are nefeased remarkably, f a
nitra {-NOy) growp i irtreduced in 4™ ar para position of the arematic ring.

4. Intreductlon of same nitra -MO,) group in second and third position af the arcmatic
fing decreases the insectoidal activity markadiy.

E. intreduction of another group (besdes -NO: group at 4™ position) into the aromatic
ring decreases insecticidal activity, while mammalisn toxickty decresses
considerably.

£ Intrncdisctinn nf three nr more gronps, inen the somatic ing decrarses. both
insecticidal aztivity and mammalian toxicty,

T. Walal, asecond group is 19 be ntodeced | should be intreduced anly in third
position of the aromatic fing .

B, introcduction of other groaps like cyano (-CEN | or sulfoxice (3=0) or Sullone
{0=5=0} in fourth posibon elso exhibits increased insscticidal aclivity but he
mammalian toxcity is als0 increased dangaroushy, often prohibiting their wse.

%, Some times, the replacement of aromabic fng by heterocyciic Ang also produces
wery efleclive insechicades like dursaiban and diazingn,

10, Most of the compounds with the following formisla ane systematic inseclicides,

5
R:Q |L
H: O —CH;—CH:— & K3

-

R:0

Methyl Parathion /Metacid (Folidol-80

s
ﬂﬂzﬂd
= - ~__Swo,

CHyO

Chemical nams: 0,0 — dimethyl O-4-niroghany thiophosphate
Proparties:
1. Itis & white crystalfine substance.
2. lis water sclubility is only 55 mg /|, highty soluble in organic sohanis.
I is quickly fydrolyzed in alkaing medium 0 produce 4- mitrophenal (yeliow
colowred) &5 an impariant product o determine the punty of methyl parathion.
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4. Cwidzing agents and oxidase enzymes cwidase the P=5 groups to P=0 foming
ey parkaxene which is more oxic than methyl parathion

8 o}
cHaa, || CH:O. |J_
e el -l (S L
CH40 CH40

5. Reducing agents reduce the nitng growp [NO;] ta [ MH; jgroup making he compound

non-oxc.
3 3
CHsO l CHzD |L_
Srop ko Tim
CiHa CH:

6. Methyl parathion i an elective alkylating agent and alkytates a number of
biochemical subslances such ag amines and thiourea Most of the compound is 1081
by methyiation belom i reaches the enzyme acetyl choling esierase. This explaing
the low mnammakian oxicity of methy) paratkbon,

¥. Itis relativaly =afe compound for mammas

B. Formutated as EC and dusis
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Lectura:2T Dithiophosphoric acid derivatives — structura, properties and uses of
Phcrate and Malathion

CITHIGFHOSPHORIC ACID INSECTICIDES

Im  the ocharnge #fram Thiophoophades e dihiophoophorio ocid  doreative
insecticides, the toxicity of the compounds decreases. bul chemical stabdity ol the
COMmpounds iNCrEESES.

1. Malathion / Carbophos
5
CHa0 u
—5 —CH— COOCH:
CHO ™ CHe COOCH.

Chemical name: O, O dmeathyl —5-1, 2 dicarbosthoxy eihyl cihlophosphale

Froperties:
1. Codouriass liguid
2. Almost water Solubde, bud soluble in maost of onganic sohems,
3. Iis moderaiely volatile and does have lumigant action
4. Itis kycrolyzed in both acidic and alkaling medium but in different direction
B Ininsects it s oxidized by oxdases (o lorm the maone laxes malaoxon
In ackd medum, the products are dimethyl thiophosphonc acid and diethyl
mercapts succinic acd.
8
CHsO
i P—0OH + CHa — COOC:H:

CHO ™ HSCH— COOC:Hs

In alkatna medum, the products are dimethy! dithio —pheosphoric acid and diethyl

furmeraie.
g
CHA0 | |
H‘“‘-P— ~EMa + CH— CO0CHy
CHiO ™ Eh- CODCH;

But in vertebrates, it s detoxilied by loss of ethy! groups o form malathion acid which s

nan teuie, thal's wihy it g sale for manmmalisng.

6. Matalhson s moderately persistent Le., 20 days

7. s & general punpose conlact Insecticide

8. Itis one of the safest insecticides L 0050 walue is 500-1500 mg Mk body waight its
use thus permitted in #ve-stock management. public health. house hold and storage.
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2. Phorate [Thimet)
3
CHO L
TP — 5 CHz5 -CzH;
CzHs0
Chemical Mame: O, O- disthyl —5- {athy thio matwd) ditiophosphate.
Properties:
1. lis rransparent ol
2. Almpst wabsr nsoluble but solubde In arganlc solvents,
3. Itis slighily volatie and does have an unpleasant odow
4. In alkaline medium, i is rapidly hydrolyzed (o form the respective acid and alcohaol,
5 Phorate is oxidized to its sulphowde and sulphons. Both are more foxic and mora
persistent than phorate .The reaction takes n dry soils and explains the melatively
inng ifa of phnrata in sadls

5 5 3!
CHO ” CiH:O || ||
TSP —5.CH: 5 -CaHe (0] SP-§—CHy ~S—CaHe
CaH O O
)]
8 3!
CoHO || Il
Pe§— CHz—5— CaHs
CaHO b

6. Phorate is a very eflective systemic nsecticide . Very sultable for the contral of
chewing and sucking insect pests. |t is wsed also as a nematicida
7. Itis sxtremigly toxic for mammals LD s 1.1 to 2.3 mg kg,

8. Phomie is loemulated mainly as granules (10 G}
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Lecture; 28 Carbamate inseclicides —Chemisiry, discovery and mode of action,
stucture properies and uzes of Carbofuran

CARBAMATE INSECTICIDES

In prodection and conswmpdion, this rank - |, apart from the insacticides, this act
as fungicides, herbicdes and acancdes [Eg Carbaryl, Garbofuran, Aldicart et
Carbamates are the dervatives of carbamic acd, may be considered as
molecule of urea in which an amine (MH:} group is replaced by a OH group (or) a
molacule of carbonic acid m which OH group is replacad by 8 NHz group
GOy HiD ——= H Q04 O
OH —H— OH

o
Hzl — £ __oH Carbamic acid
Carbarmates are n fac esters ol carbamic acod Cambamie acd can be esterifud by
either aliphatic or arematic aleohel larming alkyl e aryl carbamales.

Further, one or two H afoms of the MNH; growp may be replacad by aliphatic or
arymatic radicals i.e., M-alkyl or M- and carbamales.

In general, M-alkyl aryl carbamatss are good insactcides
General strocture of Carbamate:

‘Where R is aky radcal like CH, ,

0 CiH:. CiH; ete.,
Ho Il
MN-C-OH Ar- is aromatic  redical ke  pheny,
|.'|_-"""‘r Mapnthyl eic..

M-alkyl aryl carbamate
Carbofuran [Furadon
s wery glfective systemis insecticide and very suitable as a 0l insecticide It 15
as0 used as nemalicde,

ChH,
00 “CH,
OG- NH—CH,

Chemical name; (2, 2-dimethyl 2,3-dhydro benzoluranyl- T-M-methy carbamats)
Properties:

1. s & white crystaliing Substance,
2. Poody water soluble, Bul soluble In arganic salvents.
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3. Some what stable in neutral and sighily acidic medium, but readily decomposed in
alkaling pH, when the ester bond 5 readily degraded 10 produce 1he alcchal (2,2
dimethyl 2, 3 dibydro Benzoluranciang mathyl smine

: ; CH, hydrolysis @EH#EH#W +Na, 00,

1:::: NH —CH,

Itis thus not compatble with alkaline agricutiural materials like, imea ar
Bordeaux mixiura. Hence, it =hould not be mxed with agrcukural
chemicals of alkaling nature
d [Carhnhiran is highly treic for mammals | D& walie inr Rais =5 & mg &g hady
waright
5. Itis formulated as granules (3G),
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Lecture; 29 Fungicdes -Definillon —Systemic and non —systemic —Classilication of
fungicides based on chemical nature with examples —structure and propedies and
uses of copped axy chigrde and Zineh

FUNGICIDES

Fungicide = a chamical substanse that has the abiit to kil fungs and i this an
antifungal substance. Some fungicidss act on the “sudacs” near the site of application
and thase fungicdes are called non-gystemie ungcdas,

A sysiemic fungiclde Is a fengl ioxic comgound which when apgied 1o any pan o
the plant is absorbed by plant fissues and 18 transiocated either upward or downward or
bath and exen towcky in the fungi directly or indirectly through its metabodiie at a =48
away from its application .

Classification of fungicides
I Bes=ed on the chemical natura
1.2ulphur containing fungioidas :
Al Inorganic: EQ Lime sulphut, powedened sulphuf
B]. Crganic: Eg. Zineb, Maneb, Thiram and Vapam
2. Copper conlaining fungicides
Eg Bordeaws mixiune [Ca (OH) 2 + CuS0y)
Eg Burgundy miiure [CuS0g) + Naxlly
Eg. Cheshnut compound [{WHs 3200:-+CuS0y]

3. Mercury containing fungicides:
Al lnarganic: Bg.  Hg O (Mercurous ehilonde or Calamsal)

Hyg Clal Mercuric chionde)
B} .COnganic: PR (Phanyl Mercuric Acetate)

EMC (Ethyl Mercunc Chiaride)
4, Quanones : Chioranil ; Dichlons
5. Heterocychic nirogenous compounds | Captan . Caplalol, Folpet
6. Benzimidazoles: Eg. Cartendazim, Thiocbendazote, Banomy
7. Owanthins: Eg.Carboxin ; Owycarboxin
8. Morpholnes: Tridemorph ; Dodemomph )
4. Thiophanates: .

These are denvatives of thio aliphanic acid [HzN- C-NH COCH]

Eqg. Topsin and Topsin -M
10, Organophosphos fungicides: Kitazing  Hinosan

11. Pyrimidines - Ethimal. Dimethrimal; Triarimal
12. Miscellaneous  : PCHB(Penta Chicro Mitnobenzens)

13 Anlibictics. Streptomycn, Cyclohammide, Chioronet, Trohany] acetats
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i. ZINEB
Chamscal Mama: Zins alhylense bis dithiocarbamate
5
] Il
INHz — G—5H

?II‘ M ::!4:: e &
Structura:  CHNH-C-5—

=4

Thig iz a widely used 'S’ conlaining fungicice

Properties:

= s a white crysialling subsiance decomposes before melling poind which 15 usually
bstwiren 140 and 160 "C

IS insgiuble nowater a3 well as organic solvents, bul highly sodulbie in pyniding.

* Fneb contalnng 74 % mossiure, under undasourable conditions, may decompose
with the evolution of explosive C5; . So it should be stored Inwell wenillaied place at
low temperature.

5
\
CH: —NH —C — 5 CHz— NH;
\\Z‘n*H;D—p C]H;—HHE + IS+ Enl
CH,—NH—C — 5~

el

= Zneb brakes down in the plams, within 10-16 days of #s application, resuling n the
foamation of walakile prodiects like ZnS0y, which is used &8 & source of micrenulBent
Znc.

# lts LDy value is 2000 to 5000 mg Mg or 2-5 grams per kg body waight,

2. COPFER OXY CHLORIDE! BLITOXFYTOLAN
{1 is the most widely used copper based lungcice}
Copper oxy chionde: Cu (OH]z, Cuw Cl;
Properties;
1. IS @ gresen coloungd powder indaluble i water
2. Itis mixture of cupric hwdroxide and cupric chioride
3. It is marketed in the ioom of Wettable Powder containing BE % COC which is
equivalent to 50 % copper,
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Lecture: 30 Siruciure, properies and wses of Carbendazim, Caplan, Carboxin and
tridemarph

3. CAPTAN

| 3 8CCI
».:/N J
b

M-Tn chicre methyl thio tetra hydro phthalamide
SC Cls =#hio phosogene group responsble for fungicida!l action of the compound.
This = & widely used, bmad spectrum protactve fungicide and used as seed
drazear and also for seed disirfaction. It is a hatarocyclic nitrogenows compound
Proportics:

1. e & white chystaling SUbstandce, almos) odouress

2. It s msolble In water (hghlly) and mosi sclulble in organic sovents

3. Capion is hydrolyzed particulany in alkaling medium. That's why it should not be
revimened with Bgriculural chemicals af alkaline nature

i
o

4. LD.go value iz 2000 mg kg of 9 grams per kg body waight |
4, CARBENDAZIN | MEC

0 Ell
b : LL;\\
N SC CL, NaOH - cfm-:ﬂmfmg

H
|
|I N\‘E—E—WH;
'

"1.\\-

Chemical name: 2 methy! benzimidazole Carbamate
It i= a potant broad spectrum, systemic fungicide against powdeny milkdew and =oil
bomg fungi, but ineflectve against phycomycales

Properties:

# |iis a whilish grey powder with a faint scid odour

* Itis insoluble in water, slightly soluble in organic sokents bui highly scluble in
acatic acid,

= Carbendazim is stable even at 50 "C for a period of two years. But in akaline
medum il decompases rapdly
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= The fungi toxicity of Carbendacim is cleardy dug to benzimidazole nugleus. #
exens &s wxicity by inhibiting fungal DNA synihesis or Cell division of nuciear
division The interlerence with DNA synihesis & probably due o structural
sirnilanty with purine bases namely Guaning and Adenineg
= I L0O.50 Value & 6400 ma /g body weight
c—mT—>

5. CARBOXIN WITAVAX
[ﬂ Hy
5 b

Chemical name: 2.3 dihydro & methyd § phanyl carbonmd 1.4, oxathin

c

It iz r wary sifartiva systamin himpicide Against hasidinmyrates which inclides
rust, smiat and bunis of cereals |1 s also used as seed dresser 1 is the most wicely
used member of axathin gicup, The other imporant member of (he group (8 it sulphan
analeg e, that |5 exycarboxin (Plantavax),

Properties:
# |tis a white crystalline substance with two orystaline forms One fomm is medtad
between 91,500 92 50 "C and another is melted between 98 and 100 °C
= s nsaluble in water and highly souble in ingrganic solvens,
= s oxidized in soils plantz and water 1o the cormaspoanding sulphaxide
P On lpng standing in waler Caboxin is convened o corespanding caboxyiic acdd

'I:Ha a FHE
H:0
¢ —MT—>— COOH +
5 L

= Inmest susceptible fung it inhibils the activity of succinate dehydrogenase
F lts LDUS0 value is 3,200 mg'kg body waight

6. TRIDEMORPHI CALIXIN

CH Hy

{CHzhz CHy H  Morphoine

Cheamical name: 2. § dimethy! 4 tidacy! 1,4 mophalina
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It is an efieclive systemic, gradicant fungicide mainly against mildews and ensures

long lasting protection, Replacement of ti decyl group a1t 4% position by a cygic
dodecy! group results in the formation of dodemorph, the cther imponant member of this
group

1.
pr.
3.

Properties:
Itis faint yellowish liguid
s imrmiscible wih water, bul misclle with organie sohsenls
itz lairly stable compound becausa of the absence ol very reactive luncional
groups in its struciurss It does nod degrade even for beo years under nommal storage
It has considerable fish toxicity aso
It eflects the parmeability of fungal cell membranes resulting in the leakaps of
callulsr material
Itz L0050 value is 1250 mg /g body waight.
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Lecture: 31 Herbicides —Class#ication of harbicides based on chemical nature wih
examples Seleclivity of herbicides brel nton mode of acton of hemicces (Respiration
Jmitochondrial aciily photosynthesis | proten and nuclale acd matabollsm

HERBICIDES
I. Classification of herbicides based on chemical nature
1. Aliphatics : Dalapon , Acrolein , TCA (Tri Chioro Acefic Acid ),
Ayl Blcohaol
2. Amides and acetamides @ Alachlor, Butachior , Propand , Diphenamid
3. Arsenicals | MAA] Methane Amsenic Acd ),
DSMA | Disodium Methy Arsenale |
A. Phanyl acatates and Benzoice | Dicamba, 2,36 trchlorobanzeic acld
5. Carbarmates - Propham . Swap. Barbam
6. Phencts : Penta chioro pheno! (PCF) . Dinoseb
7. Bipyndilliume: Parsquat | Diguat
B. Trazines : Atrazine Simazine and Propazine
O, Tnazoles : Amitrale, Amitrole - T
10. Diphenyl ethars @ Mirclen | Oxyllsoden
11. Thiocarbamates - Benthiocark |, Triallata
12 Substituted urea: Manuron  Dusron | M etaxunon
13. Dindtroanilines ; Triflurain, fluchloraln
14_Mitrlles . Bromaxymil , Dichiobeanil
15, Pyridazinones: Pyrazon, Cypyrazon
16, Urac|s ; Bromaci, Terbacil
17.Phenoxy acds ; 2.4-0, 2,45-T
18, Miscellaneous - Ficloram, Ghphosale

14, Ingrganic herbicides: Borax, Sodium chlorata
Armimaoniem sulamate.
Mercurows chionde, Famus sulphats .
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Selectivity of herbicides

Selectivity refers o the ability of a herbicide 10 kil 8 targen pant ina mied plam
papuation,

Activity refers 1o the ablity of a herbicide 1o control 8 weed, Selectivity of a
herbicide play an important roke in developing the chermical weed contnal,

Selectivity is achievad physically, chemically, mechanically, eanvironmentally and
miEtanalicaly.

Each herbicide has (ke own physical and chemical propenies like water solubilily,
absorplive lorce, vapour pressure and polarity which contribute 1o the selectivity of the
harbacida.

Before exerting toxicity to a target plant the chemical should be absorbed and
trensloccated For example. hydrophilic herbicides because of high surface temsion of
water maleculas, tend to form lange sphencal droplets which don't readily wet the waxy
rudicts nf the laaf sifars This rasuiks in pnnr and mpopse watting of tha fnlinga and as
a consequence, the hericide activity reduced. In case of ipophiiic hebicides they enler
the waxy culicle bafer than the hydrophilic ones but transiocalion wihin the plants s
wery siow in the water continuum. This in tum plays & crucial role in conlerring salectivily
and actvily. & wery important facior of the selectivty of the herbecide s he plan
morphology and anstomy. Thues, thin cuticle parmits greater absonption ol herbicide
compared to thick cuticle. Similarty plants with larger size and greater number stometa
absorb higher amount of herbicides and make the plants mare susceplible

The mast imporiant factor governing the seleclivity of herbicides s diferential
mgtaalism of @ chamical in ants, in oleant plans | he chemical is inactivated in one
oF eore paihvadyes In certain plant species | deloxilication of the hedbicide takes place al
a rate siower Ban that of accemulation resuling in the pant mortaily . while in oihers i
is ruch faster . enabling the plants 1o be olerant, Several speces of lBgumincus plants
are resisiant io the phenoxy butync acid herbicides because they lack B-oxidases 1o
comvart imawo to the active phenoxy acd denvativas. Therefore 2.4, DB is a selective
past smergence harkicids in legumes |,

Mode of action of herbicides

Most of the herbicsdes acl by inhibitian of ocne or more of the following

biochemical processes
|. Respiration and Mitochondrial Activities.

Il. Phaloaynithesis

lIl. Protean and Muckeic acd meiabolism

Y. Synthesis of hydrolytic enzymes
I. Respiration and mitochondrial activities: Mitochondna are cellular organelies
raspansible for the cddation of respiratory fuals and conservation of anergy emanating
thereal in the fogm of ATP, The process thas involves eth synthesis of ATP liom ADP
and transport of alectrons from the substrate to the molecular cgygen.
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Herbicides inhibit these processes by uncoupling the reaction of ATP formation
of insErference with election Iranspon and energy transier, Uncoupiens usually act on
the membranes of mitichandna whene phosphondation akes place,

Dalapon and Propanil are important herbicides of this category. Dalapon is
reporied to impair glucose metabaolism by intedenng giycolysis and Kerb's cycle in
susceplible plants. Propanil milederes with the cxidation ol malate and suecinale n
Kerks cyele and aleo with eleciron transgon and ATP generation in milochondria,

li.photosynthesis: The events of photosynthesis can be divided inlo two phases
#A. Light phase:

The phase in which light enargy is conserved resulting in the formation of NADPH
and ATP. Light phase inwolves the Hill reaction, the usual photocsynihstic electran
trenspenit systam and tn phntesystam like P S | and P S 1| which diffar in tha distinetive
optimum wavelength and the ratio of Chiorophyll & to Chiorophyll b, The: phatosymihetic
glection transport chain has three segments, & shor segment from H20 o PS-, a
central chain from P.3-11 1o P.5.) and the a segment from P3-1 o NADP+

The reaction invohing the evolution of oxygen fom H:O0  and simutaneous
reduction ol fe eleciion accepior as depicted in the folowing eguation |3 called he
Hill reaction

Light
H ) 4 = AHx+ MOy
Where A is the Hill reagent . In photesynthetic systems |, the ewerdeal Hill
reagent is NADP+ . Thus
Lighl
NADP® +H:D — MNADPH+H +3%0;
The: transter of electrons from HzO 10 NADP® is howewver not direct and involves a
nurmber of intermedianes and both P51 and P51,

B, Dark phasa:
The phase in which GOy is reduced by NADPH and ATP,

A large number of herbicides inhibil photosynthesis principally by inhibiting or

blacking or enacting

a} The Hill reacticn and the production of oxygen fram HD in P51 Ex Ureas, Uracils,
Mitriles and Ophenyl ethars.

b} The fransfer or transport of electron in PLS-11 Eg. Minles and Ursas

c) Removal of elecirons from the electron transport chain from Ferredosn in PUS
ag. Bypyridiliniums,

d} The non-cyclic phoopobpryation of ATP synthesis Eg, Ureas | Triazines | Uacis,
Mitrilas
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lii, Protein and nucleic acid metabolism: The varnous steps of profein synthesis are i)
Arming @acid activation i) chain initation i) chain elonganon iv) lerminatan

Hericides like barbam , 3 carbamate Inhibils profein synthesis |, the degree of
inhibdion s related 10 the susceplibility of the species o the herbickde C.0UAA (M N-
diallyl -2-chlo acetamide ) inhibits the incorporation of exogene amincacids in protein
chain elongation .

Mucleic acds mhibiton (Both DWA and BMA) s corsiderad 1o be the primsany
mechanizm of dindbroaniling herbicides like tilluatin and echiorain, whie diphanamid
inhitds RMA synthesis

iw.Inhibition of the syntheis of hydrolytic enzymes:

During seed germinaton, enzymes are aclivated, synthesized and stored
inzoluble foods degraced, soluble foods translocated, nutients mobilized and synthetic
reactinn relatad tn groadh take placa at A taster paca Cne nf the majre metskhnbic
processes (hat nesds take place duning this lime at a faster e is the prodedion of
hydralylic enzymes such as amylases, proleases lipases phosphatases eslerases
e, some of these hydrolases ane under the contral of the gibberaling Aleurone layers
of thi careal grain are the seats of production of these enzymes Duning Imbibition of
the =eads embryc supples the heomone gibberllic acids 10 the aleurona which then
induces the synthesis of podyribosomes . and nucleic acsds An effect of the herbicides
on any one or mode o these events would lead o the other ewenls as well |
consequently ellecding e eventual gemination o the seed,

A nurmber of pre- emengence herbicides paniculary amides and thiocarbamates
exert action by Inhibiion of one or more these avents,
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LECTURE-32 Streciure, ::urﬂpenlf:s and uses of 2.4 D, Avazing  Butachios GI)‘N‘IU&-N&
and Benthiocarb

(1) 2, 4-D { 2, 4 - Dichlorophenoxy acetic acid )

It is & most important mamber of the phenoxy acid family and is used for the
contial af bread kavad dicotyledoncus weads.

Il is & whie crysigline subsiance, inscluble in waler but soiuble in organic
sohvenis lika ethanol and acetone. Technical product emits 8 charactensac smell of 2.4
dichloropheno presant as an mpurity .

With organic and inorganic bases 2, 4 -D forms stable sais JIn fact 2.4-D
formulatad in the form of metal or amine salts

QCHCO0H QCHCOOH
= cl - '\] cl
3= -]
24-D Calcium salt

2 4-0 reacts with the aleohols to lorm estens which are mare effeclive than ils salls

OCHLGOH ?EH:’D’CIUH
= T o
C__ [|C+ ROH — [:_;/j + H; 0
e o
24-D estar

2, 40 is formulated in the lorm of its esters also. Practical use is now being
made of ethyl, isopropyl, butyl, heplyl and octyl and isocrotyl esters of 2, 4-D for its
comamenzial use.

L.Dsz value of 2.4-D for experimantal anima's is in the renge of 375 o 1000 mg

Jkg body weight {ora’ ) i is thus 8 compound of medium toxgity o mammals
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2. ATRAZINE
Itis selective pre —emergence hemicide for the conmrol of grass and broad leaved
weeds in maize, sorghum, sugarcane, pne apple and orchards and also as a non-
seleciive herbicide along the railway racks,
cl

jﬁ’:‘m o S

M
NH—EH

i\.«’ﬁ TH, "
H CaHs Triazine ring

136

Chemical nama:

A\

Atraring is ?-chinm- 4 — (sthgdaminn) -A -{sopropyaminn) —5- triazine
1. Hisa white crystalline substance Il is almost insaluble in water
2. when boiled with NaOH | the chionne at 2™ position is spit of f resulting in the
formation of 2- hydrosyl - 4- (ethyl aming } 8- [ Bopropyl amino) - S thazine
which does not have any haficida poperias |

= OH
- "-\-\_\_\_‘_\_ T
L P i J 58
C:H:H P MH—EHfmts.. CiHzHN NH-CH.
N CH

{:H: N 3
3. hisa highly persistent hesticide
4, R is very sale compound lor mammals and L.D.50 value for rats s 3000 mg kg

body weight,
4, BENTHIOCARB/EENDIOCARB/THIOBENCARE
0
F
LS |
N-C-RS

it balongs to thiccarbamates groups and denvaiives of thiocarbamic acid,

CaHx

Q
I
C 5 C
- e

Chemical name:  5-{4-chlomobenzyl) M, M- disthyl thiocarbamata.
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Benthiocarh is wvery popular for the contrel of broad d leaf and aquatc weeds in
ricd |,
I iz @ white crystalline substance . The low waber solubility compets is use gilher
in suspension or emulsions, |1 is moderaely persistent in soll In tree solution | & rapidly

hydralysed under alkaling medium 0 produce 4- chionobenzyl mercaplan and diethyl
aming among others.

c
i —
Cl CHS—C—N + HpO—*Cl % Lot CHa5H
+C0A{CoHg)NH H‘“‘E:Hﬁ

Itis moderate’y wolatile and its entry to the underground shoot tissues of the plant

mainly through vapowr phass s LD.S0 walue for expermental animals is betwean

2200 to 3100 mg fkg body weight.
BUTACHLOR

Belongs to amides’ acetamides! andides

acetanilide
C:Hy CH;QCHs
Nx”

CaHs & COCHCI

Chernical name: N-(butoxy methy } -2-chloio- 2 | B - diethyl acetanilide

1. Bulachior |5 used exians/valy In India in the form of granules In rice as a post
emangence herticide
2. Butachior resemiles alachior ansther promiging heddsicide of this group, which

haz -CHOCH; instead of -CHa0CH,
3. It is a white crystalling substance, it is nsaoluble in water but soluble n aromatic

salvents |,
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4, Amide linkage is very prone to cleavage and in acdc medivm | i is broken to
produce the crrespanding carboxylic acid and the aliphatic chioride ,

CaHs CHAOCH, CaHs  COOH
O St ST i, S A
CoHs COCHSCI CoHs  CH:DCHg

Further dagmﬂlm

Qﬁw,

5. Crop species resistant 1o Butachior, the compound is presumably detoxified by
this pathway, Qther detolication pathways 100 GPerae simultanecusly.

B. Butachlor is practically non-toxic for mammals, LD.S0 Value for expenmental
animats s maore than 5,500 matkg body wesght

GLYPHOSATE

GH—H—::H;.—NH—L:HE—;FHL OH

M-Phosphomothyl glycine

Properties ;

= The hesbicidal activy of glyphosale was discovened in 1971 and infrocuced as
an mopropy ammonium salt by Monsanio,

F Ghphosate i3 a broad specirum selective post emergence herbicide used lor
effective control of rhizamatous and deep rooted perennial waeds.

F The susceplible ptanls are show growih inhibition with n 4-7 days ol application
fallewed by general loliar chlarcsis and necrosls. |

# Extensively used in planietion crop such as tea colffes rubbsr | ol palm atc.,
orchard crops |, vine yvads | ping apple sugarcane and in pon-cropped areas such
a5 banks of irngation channels derange ditches, rad sdes and indusiial and
recreatian.

TrETEEITESERIERATE
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CHEMISTRY OF FRUITS AND VEGETABLES

Generally, the fruits and vegetables are made up of the following
constifuenis. H:0, CHO, fat and lipids, proteins, Amino acids, vitamins,
minerals, viz.,P, K, Ca, Mg, Fe, organic acids, pectins, pectic enzymes,
tannins. pigments. odorous compounds.
Waler

It is the major constituent i.e. 75-95% in fresh fruits and vegetable. It
is also present in leaves, stalk (or) stem and ranges from 70-80%. As the
planis attain maturity, the water content gets reduced. The moisture
conlent varies al the stage of crop growth, variety of crop, irrigation
schedule and harvesting time.
CHO

They are sugars (or) polyhydroxy aldehyde (or) ketones. Fruits will
have generally monosaccharide. The pentoses will be more in apple, gnava,
lime, grapes.
Disaccharide in non-redocing sugars such as sucrose, lactose and maltose
Triasccharide - Ramnose
Polysaccharide — Starch.

The sweetness of the fruit is decided by the type and quantity of
sugars present in the fruoit. If varies for e.g.
Sucrose - 100%
Gluecose - T15%
Fruciose -173%
Maltose - T2%
Lactose - 16%

Total sugars in riped fruits (in %)

acanned with CamScanner



Apple 6-17 Guava 3-10
Banana 11-12 Grapes 2-19
Mango 14 Pineapples ¥-1%
Orange 4-12 Lime and lemon 1-14
Papaya 9 Tomato 2-4
Reducing and non-reducing sugars in fruits (%)

Fruit Reducing non-reducing

Apple 6-11 1-7

Mango 3-5 7-8

Papaya 7 =1

Orange 3-6 2.5

Lime 1-3 =<1

Types of sugars in fruits (%)

Fruits Glucose Fructose Sucrose
Apple 1.6 6.1 1.6
Banana 58 7.0 -
Grapes 8.0 8.0 -
Orange 2.4 2.4 5.0
Lime <1 <l <l
Pineapple 2.3 14 5.0
Tomato 1.6 1.2 -
Pomegranate 55 6.1 -
Classilication of CHO: Sugars

Monosaccharide - e.g. Glucose and Fructose. In some cases il is equal,

glucose is > fruciose and in some cases fructose is > Glucose. Sometimes

arabinose will also be higher.

Disaccharides —e.g. Sucrose — more in sugarcane

Sugar derivatives contain the sugar acids and the polyhydroxy alcohols.
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Sugar acids:

i. Saccharic acid

if. Muocic acid

iii. Gelacturonic acid
iv. Gluconic acid

v. Glucoronic acid

Polvhvdroxy alcohol
i. Borbitol

ii. Glycerol.
I1. Structural CHO

It contains many polysaccharides such as the galacton and Arabinon.
They are the polysaccharides (i.e. homo and hetero) are the cellulose,

hemicellulose and the gumes. Arabinose, xylon.

IIl. Pectic substances are groups of compounds comprising pectin,
protopectin and pectic acid.
IV. Protopectin
Organic acids are the important constituents responsihble for the taste
and Mavour of the fruits.
Different types are:
I. Aliphatic volatile acids.
i. Formic acid
ii. Acetic acid
iti. Butyric acid
I1. Aliphatic mono carboxylic acids
i. Alcoholic acids
Glycolic acid
Lactic acid
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Glyceric acid
2. Aldehydric acid
Grlyoxalic acid
3. Ketonic acid
Pynuric acid
Oxaloacetic acid
I11. Aliphatic dicarboxylic acid

1. Oxalic acid — present in banana
2. Succinic acid — all fruits

3. Maleic acid - apple, grapes

4. Fumaric acid — green apples

3. Tartaric acid - Tamarind, grapes
iv. Tricarboxylic acid

Clitric acid

Isocitric acid

Cisaconitic acid
¥. Aromatic acid

Benzoic acid

Salicylic acid

Coumaric acid

Quinic acid

Skimic acid
V. Amino acids:
All the lruits : Glutanic acid, Aspartic acid
Apple : Aspartic, glutamic, f alanine
Banana : Aspartic, glutamic, hystidine
Tomate  : Glutamic, Tryptophan
V1. Protein content in different fruits (%)
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Generally it is very low in fruits. It varies with species of crop,
season, cultural practices followed by the influence of environmental
lactors.

Appled.2 Mango <1
Banana 1.1  Pineapple <1
Grapes 1.3

Tomato 1.2
Guava | %]

Avocado 2.1

Dates 2.2

VII. Enzymes

Role: It helps in ripening

Pectinase <» act on pectin and covert them inio methyl alcohol and poly
galacturonic acid.

Cellulase = act on cellulose and convert them into methyl alcohol and
simple proteins. This reaction is responsible for softening while ripening.
Amylases < act on starch, maltose and convert then into simple sugars
Phosphorylases < act on starch and maltose and convert them into
phosphorylated sugars.

Invertase = Inversion of sugar

Lipases <* act on fats.

Peroxidases = Involves in the oxidation and reduction

Phenolases < Acts on phenolic compounds
Proteases =<* act on proteins.

VIII. Fruit lipid

Fruit lipid contains very high amount of fal. e.g. Butter Froit -
Avocado -» 60% fat. Besides this, soybean contains 16%, potato 5%,
Lipids geis converted to proiein as oligoproieins.
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I’X. Volatile compounds

Characteristic odour of any fruils is duoe (o the volatile compounds..
They will less than 100 ppm in concentration hut they are esters, alcohols,
aldehydes and ketones. Presence of these compounds will give
characteristic smell.
Apple - Ethyl 2 methyl butyrate
Grapes — Methvl anthranilate
Banana — Amyl acelale and isopentyl acetale
Grape fruit - Terpenes
Lemon — Hydrocarbon containing isoprene
Orange — limonine
X. Fruil phenolic compounids

These are responsible for colour, flavour and tasie. These phenolic
compounds give both desirable and undesirable qualities. The fruit
phenolic compounds include flavonoids and the cinnamic acids. The major
flavonoids are the anthocyanins, the lewcoanthocyanins, the favonols,
flavones. The presence of these phenolic compounds in fruits gives an
astringent taste.
X1. Fruit pigment

Pigments give colour such as carotenoids, chlorophylls, anthocyanin
and anthoxanthin. The yellow, orange and red colour of the mango,
papaya, tfomato, carrot, peach, apricot and red pepper is mainly due to the

presence of carotencids, Carolenoids contain hydroxy groups called as
Xanthophylls. This is the specific colour of yellow maize, papaya, mandarin

orange. Carotenoids are water insoluble bui some are fal soluble.
Flavonoids are widely distributed in plants and are water solublr and they
consist anthocyanin which gives red, blue, purple colour to the fruiis.

Anthoxanthins are responsible for yellow colouration.
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XII. Vitamin

Yellow coloured fruiis generally contain vitamin A. e.g. Papaya,
Mango. Yitamin C- Citrus Iruils and high in west Indian cherries. GGuava -
200 mg/100 g, Banana — 10-30 mg/100 g, Melon fruits - 23-35 mg/100 g,
Orange — 50 mg, Apple - 2-10 mg, Tomato — 25 mg, West Indian cherry -
500 — 1000 mg/100 g.

Besides A and C some fruit contains B-carotein < the precursor of

vilamin A. Some fruit contains Nicotinic acid. folic acid and thiamine.
Mango — Yitamin A-tolal soluble solids — 20-26%5.

Pulp ratio — 60%, reducing sugars — 9.8%, Non. Reducing sugars -7.4%
Carotenoids — 1675-11,536 mg/100 g

Among mangoes, Alfonso contains more carotenoids.

Vitamin A — 10-36%, Acidity — 0.15 - 29%

Different stages of maturity

Juvenile stage — up to 21 days - only cellulose materials are present.
Adolescent stage — 21-49 days — development of aroma takes place and
CHO content gets increased.

Climactaric stage — Climataric fruits, respiration takes place even after the
harvest. e.g. Mango, Papaya, Banana.

Non-climataric — Respiration will be less after harvest. eg. Apple, grapes,
Date.

Climataric stage — 49-77 days. In this the sucrose content gets accumulated.
Finally the Senescence siage — more than 77 days decrease in glucose and

sucrose conlent.
Banana

Total soluble salts— 17-21%, total sugars - 16-15%, acidity - 0.1-
0.2%
Stages:
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Inflorescence stage — up to 130 days, young inflorescence contains N
up to 80% and important amino acids are alanine and arginine. After 130
days the amino acids content gets reduced. 75% of soluble N is Aspergin,
glutamin, hystidine. Dry matter production takes palace in B0-100 days
period. Dry matter will be around 25%. Starch gets accumulated after
100™ day. Hvdrolysis of starch is faking place up to 130 days and afier that
gets converted to glucose, fructose and sucrose. Generally the acidity gets
reduced as the fruits get ripened, Insoluble peciin geis decreased after 100
days. Then the soluble pectin gets decreased. As the fruil gels ripened,
chlorophyll gets disappeared and the yellow pigment dominales,

Apple : TSS -> 16-17%, glucose 1.7%, Fructose —6.1%, Sucrose - 3.6%
Among amino acids dominant ones are Aspargin, Aspartic acid, Glulamic
acids and B-alanine. Protein content is very low 0.2%. Important organic
acids present are maleic acid, however the green apple contains more of
fumaric acid. Sugars - more glucose and fructose are present.
PAPAYA :

Solo variety — More of vitamin A. More cheap and more nutritions. It
is poor man's apple.
Immature papaya fruit will have more of milky latex which has papain
very much used in pharmaceutical industries and also wsed by hotels for
making meat softer. It is also used in tanning industry — juice, pulp. It has
contain Fe-17 mg/100 g, Ca — 0.5/100 g, carofein 666 mg/100 g, vitamin 57
mg/100g.
Papaya seed conlains one toxic principle called carpin. It contains some
aromatic compounds such as Ethyl buiyraie and ethyl acetate, methyl

butyrate and methyl acetate.
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Guava
It contains more moisture 76-88%, acidity (L2-0.6% CHO - 8.1
=14.53%e, Vilamin C 38-300 mg/10 g, carotein - in unriped froit =130
mg/100g in case of riped fruit — 480 mg/100 g. Fat content — 0.2%, fruit
fiber — 0.7%, volatile compounds — butyl and ethyl alcohols and Protein
0.6-2%
In premature stage — contain more fructose and glucose upto 5% and later
stages it gets reduced to 0.2%.
Grapes
Grape is a non-climataric fruit that is why harvesting is done when

the berries are folly riped.

Paneer, musket, seedless, Thomson, Anab E sahi
CHO = glucose and fructose ranges 200 g/1 of Juice.
In unriped froit the glocose content is less than 8.5%. Il contains the
pentoses (Arabinose and xylose). The organic acid present in grapes is
maleic acid which influences the taste and favour. Induostrial wse of
grapes:- used in wine industry, juice industry, dried grapes.
Anthocyanin and Tannins are responsible for specific colour such as red
vine and white vine. The compounds which give aroma for grapes and
wines are Terpenes and Terpenols. The berry of the fruit contains more of
(ree terpenols and bound state of terpenols.
Following are the signs for ripening of fruit :

1. Formation of the waxy layer on the skin of berries
2. They become soft

3. Slight change in colour and browning of clusier stem
4. Berries are easily detached from the stem on pulling.
5. Seeds are loosely atiached with the pulp and also become brown in

colour.
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. On taste berries are sweet.
7. Junice of herries becomes thick and the refractometer reading shows 18-
2.
8. Grapes are harvested by cutting.
9. Yield of grapes varies much due to variety, system of training or
pruning, climatic condition, soil type, age of wines and also the culiural
practices. A well maintained grape vine is productive for number of years.
Citrus: vitamin C
i. It is non-climataric especially the sweel oranges fail (o ripen aflter they
are harvested. When the fruoits approach maturity, the skin colour changes
from dark to light green then to yellowish. However, the colour change is
not reliable criteria; the ripening is decided with TSS, acidity content, TSS-
acidity ratio, TSS-acidity ratio is important factor. It gives an idea aboul
the quality of juice and flavour. Fruiis should be harvesied before they
attain over maturity. Sugar content: (L9 - 3.4%.

The yield varies with the climatic conditions, soil types, varieties and
age of plant, pests and diseases, management practices.
Amino acid: Aspartic - glutamic.
Sapola

Cricket ball, PKM, Co
It’s climataric fruit which will ripe even after the harvest. The maturity of
sapota is judged by following points.
1. The fruit changes to dull orange (or) potaio colour.

Z. On scratching the fruit it shows a yellow streak but it will be green il the

froit is not matured.
3. The skin becomes smooth, free from brown scales.
4. The content of the milky latex is reduced then it becomes watery.
5. Spine like stigma, at the tip of the fruit drops off, when it atfains

maturity.
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. Harvesting is done by twisting the fruit.

7. Up to 30 years gives yield 2000-3000 fruits from a ripened tree.

#. Quality and yield is decided by climate, soil type, cullural practices, age
and variety.

Pomegranate

It is mon climataric. 1i starts bearing fruiis from gl vear and
cultivated upto 30 years.

Pomegranate fruit development and maturity shows the CO:
evolulion from the fruil bas been low and non climataric peak (or)
measurable ethylene was detected during the maturities. The pomegranate
fruit is ready for harvest in 5-7 months. Matured fruits will be yellowish in
colour and turns pink and finally red in colour. On tapping it gives a
metallic sound, and then it is Fully ripened. Yield goes up to 30 years.

CHEMISTRY OF VEGETABLES
Importance of vegetables
i. They play a major role in human nutrition. They acis as a substitute for
nutrients
ii. They are important for nentralizing acidity during digestion. They also
serve as roughage in human nutrition and thus help in proper digestion
iii, Important source of minerals like Ca, P, Fe, Mg
iv. Important source of vitamins A and C
¥. The green and vellow vegetables like carroi, turnip, beans contains
appreciable gquantifies of vitamin A. Dried seeds of beans and peas and

legumes contain proteins. Besides vitamin C, the vegetables also have the
thiamine, niacin and folic acid. The tomatoes and potatoes contains fairly

high amount of vitamin C. The faciors that affect the composition of
vegetables
i. Genetic variations

ii. Fertilizer and mature application
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ifi. Soil condition
iv. Climate

v. Cnltaral

vi. Stage of maturity

vii. Changes that takes place during processing

viiii. Changes thai takes place during storage

Daily requirement of vegetables for human consumption: 300 g/day person

Crude fiber content:

Caulillower

Chillies and Capsicum

Potato and eucumber

Bhendi

CHO:

Tomato
Carrot
Cauliflower
Brinjal
Cucumber
Radish
Reducing sugars:
Tomato
Potato

Brinjal

Onion
Cauliflower
Crude protein:
Peas

Brinjal

Tomato

0.74-1.74
17.0 - 18%
0.2 - 0L.67%
7.0 - 18%

3-5%
3-T%
1-4%
5-6%
2-3%
1-2%

1-4%
0.2-2.1%
0.6-2.0%
2-3%
2.2-4%

6-8%
0.6-2.2%
0.8-2.7%
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Cauliflower 1.6-2.9%
Radish 0.73-1.3%

Ascorbic acid content (mg/100g):

Peas 30-104
Cauliflower 48-98
Bhendi 9-16
Tomato 25-100
Omion 6-10

B - carotene (mg/100g):

Carrot 0.4-8.5
Cucumber 9.25
Tomato 1.25-1.61
Acidity:

Tomato 0.5-1.6%
Pungency:

Brinjal — (zlycoalkaloid is pungent material - 0.5-5 mg/100 g
Chillies — Capsaicin is pungent material - 0.15-0.95%

Onion - Allyldisulphide 13-62 mg/100g

Colouring matter:

Anthocyanin pigment — Brinjal — Violet colour — 0.07-0.75 in/100 g
Oleoresin — in chillies — 30 — 112 ju /100 g

Capxanthin, Zea cryptoxanthin, p - carotene

Tomato —lycopene red colour 2-5 mg/100 g
Starch in potato 6-10%

Peas 3-12%

Sweet potato — pectic substances  4-T%
Alcohol insoluble solids:

Potato 15-17%
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Phenolic compounds:

Potato 16-24 mg/100g
(mnion 1-3

Brinjal 44-138

Carrot 44-86

Change of colour in fruits is due to

Polyphenol oxidase which is responsible for the change of colour to
brown (or) discoloration of the harvested fruits.

In brinjal 2-46 unils of protein of Polyphenol oxidase is present In
chillies 210-2430 of protein very high.

Ash content:
Carrot 0.22-0.81%
Brinjal 0.38-0.6%

Brinjal : Solanum melongena

It is a good source Ca, P, Fe, Vit B. It consists of 14-19% protein with
very high biological values and digestibility coefficient. However, proteins
are very low in lysine, Tryplophan, methionine and soleusine.

Sugars present in brinjal are glucose, fructose and suocrose. It
containg vitamin C ranging from 4-12 mg/100 g. It goes as high as 24
mg/l0 g. The pigment of brinjal is anthocyanin — otherwise called as
nasunin. It also contains the other pigment, lycoxanthin. The bitter
principles present in leaves of brinjal are solasodins which is an alkaloid.
The edible portion of fruit coniains 11% of pectin. It also contains some

phenolic compounds such as chlorogenic and neochlorogenic acid.
Enzymes present are polyphenolases which are capable of oxidizing

anthocyanin pigment and others are capable of oxidizing chlorogenic acid
present in brinjal.

Potato — Solanum tuberosuni
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Starch content is as high as 65-30% on dry weight basis. Important
sugars present are glucose, fructose and sucrose. The non-starch material
polysaccharide ol the tuber includes cellulose, hemicellulose and pectic
substances — 1.8-3.3% on dry weight basis. Pectic substances contain
anhydrogalacturonic acid. It also contains polysaccharides like Ramnose,
xylose and galaciose. The pectic substance includes cold water soluble and
hot water soluble and ammonium citrate and ammoninm oxalate soluble
fractions.

The N content varies from 1.2-2.0% on dry weight basis of the total
N, halfl is present on the form of protein and the N consist free amino acids,
oxides, and nitrogenous bases. The important protein of potato is globulin,
then this globulin consists two fractions of protein namely tuberin and
another is globulin I1. The tuberin constitules 76% of the total protein and
elobulin II is 1.4% only. The other proieins such as albumin, glutenin and
prolamine amounts about 4%, 5% and 1.8% respectively.

The biological value of potato protein is 68% and this protein has low
amount of § containing amino acids but however they are rich in lysine.
The enzymes present in potato are Phosphorylases and o and [} amylases,
phosphatases. The vitamins present in potato are vitamin A and vitamin ¢
in larger amounts but in smaller amounts it also contains riboflavin,
thiamine and nicotinic acid. Fat content is very low 0.1% on fresh weight
basis organic acids preseni are citric and maleic acid. Among the phenolic
compounds the chlorogenic acid and also the tyrosine are common

substances present in potato. Tannins, quinones are present in potato skin
and they give the particular colour to the potato skin. e.g..Kuprijothi -

variety. Important alkaleid in potato is solanine =¥ Steroidal Glycoalkaloid.
It contains so0 many [ractionsg, [ and r solanine and also o, p and r
choconine. But all these alkaloids get last duoring boiling. Volatile
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compounds present in potato are amyl alcohol, it also includes, HIS,
acetaldehyde, methanol, acetone, ethanol, dim ethyl Sulphides.

Bhendi:

These bhendi fruits are very rich in pectin and mucilage compounds.
The fruits are rich in Ca and Fe. It also contains a flavancid compound.
Fruits are rich in vitamin A. C and also contains thiamine and riboflavin to
some extent also niacin. The seed cake contains large quantity of protein
and vsed as animal feed. Bhendi Nower contains [lavanol pigments are
Goss pectin and Quercetin. IEs rich in fiber content.
Tomato

It is an important vegetable grown in Tamil Nadu, Andhra Pradesh,
Karnataka. PKM. is important variety. Colors are due to presence of
lycopene. It also contains alkaloid < Tomatine. It will be 130-150 mg/100 g.

Tomato is commonly called as poor mans apple

It contains H,(0 24%
Protein 1%
Fiher 0.6%
Fat 0.3%
CHO 4%

It has minerals viz., Na-3mg, Mg- 11 mg, Cu - 0.1 mg, Cl - 51 mg
K-268mg .S - 11 mg, Mn - 0.19mg, Ca - 11 mg, Fe — 0.6 mg,

P-27 mg
Vilamins:
Vilamin A 1100 (IU)
Vitamin B 0.2 mg
Vitamin C 23 mg
Vitamin E 0.27 mg
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Micotinic acid

0.6 mg

It also contains biotin, maleic acid, citric acid, oxalic acid, sngar
content = 185 = 4.27%, Acidily - 4.2-10.2 mg/ 1M} ml. Ascorbic acid Z1-21.5

mg/100 g. It is also a chief source (or) alternative source for citrus fruits in

case of vitamin C. It is commonly used as salad vegetable. Tomato Soup,

Ketchup, pickles eic.

Cole crops:

Crops grown in hillv areas and needs cool temperature

Cabbage — Brassica oleracea var. capitata
Chemical compounds: for 100 g of fresh cabbage
92.1 g/100 g of fresh cabbage.

Water

Protein

Total fat

Total CHO

Fiber

Vitamin A

Vilamin B, and B2

Vitamin B6

Vilamin C

Minerals P
Ca
K
Na

Caulillower:

l4g
g
57¢
15g
701U
0.04 mg
0.11 mg
46 mg
28 mg
46 mg
227 mg
30 mg

Composition / 100 g of cauliflower

Water 91.75 g
Energy 31 cal
Protein 24g
Ca 22 mg

Vitamin A
Ascorbic acid

Thiamine

Riboflavin

40 1U

70 mg
0.2 mg
0.1 mg
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Niacin 0.57 mg
Cauliflower was cot into pieces and dried and stored and used in ofT
SEASOTIS.

Radish:

Nuiritive value / 100 g of modified roois

Moisture 94.4% Fiber 08g Fe 04mg
Protein 0.7 ¢ CHO 348 ¢ Na 33me
Fal hlg Ca S0 mg K 138 mg
Minerals 06 g P 2l mg

Vitamin A 511U Orxalic acid 9 mg

Riboflavin 0.02 mg Calories 17 units

Vitamin C 15 mg

Radish leaves: chemical composition
Water §9.1% Fat 10.6% Fe 0.8mg Ca 031%
Protein 3.9% P 0.06% CHO 4.1% Vitamin A 81 IU

Riboflavin 2.7 mg Vitamin B 21 mg Vitamin E 11 mg
Nictoinic acid 2.4 mg
Moringa:

Oil extracted from dried moringa seeds will have high lubrication
value. Besides the leaf protein it also contains many amino acids. Amino
acids are expressed in terms of mg/100 g of N.

Chemical compounds of Moringa (composition/100 g)

Fardculars Drrumstick LEAYVES
Moisture (%) 87 76
Protein (g) 2.5 7.6
Fat (g) 0.1 0.7
CHO (g) 3.7 12.5
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Energy K. cal 26 92
Ca + Mg (mg) 30 440
P (mg) 100 70
Fe (mg) 53 T
Carotene (mg) 110 6780
Thiamine (mg) 0.05 0.06
Riboflavin (mg) 0.07 0.05
Mincin {mg) 0.2 (1%
Amino acids:

Arginine ] Leusine 9.3
Hystidine 2.1 Isolensing 6.3

Glycine 4.3 Valine 7.1
Tryptophan 1.9 Phenylalanine 6.4
Methionine 2 Threonine 4.9

Uses: Both druomstick and leaves are used for cooking

Seed oil:

More valuable As lubricant = Watches, Aero plane parts and

aromatic industries

Seed: Sedimentation/ coagulating agent. Puorification of water (Pollution)

Seed contains following compounds

Moisture

Oxide protein

Fatty acid

NFE

Fiber

Mineral matter
Vitamins in vegetables

4
38.4
34.7%
16.4%
3.5%
3.2%

Scanned with CamScanner



Vegetable | Vitamin A | Thiamine | Riboflavin Nicotinic | Vitamin

(T} acid C

Brinjal _ 124 0.4 0.2 0.04 12

Tomato 320 0.07 0.1 0.4 il

Radish _ 5 0.06 0.0z 0.5 15

Bhendi 44 0.07 0.1 0.6 31

Beans 221 0.08 0.06 0.3 11

Cobbage, 20 01.0.5 H01-01 04_10 | 1.124

cauliflower and |

carrol

Turnip (greens) | 9540 trace trace Trace 130

Minerals in vegetables
P-0.307%, K=1-4%, S-04%, Ca-05-2%, Mg-0.1-0.5%,
Fe, Mn, Cu, Zn — 50-50{) ppm

SPICES AND CONDIMENTS

Commonly used are ginger, turmeric, cardamom, coriander, chillies,
pepper, clove, nutmeg, cinnamon, vanilla, cumin seeds.

Pungency is given by alkaloids such as S- compounds called
allyltrisulphide — It is present in Onion, Garlic contains — Allyl sulphide
Ginger

It is a modified underground stem. It is commonly used as a spicy
material. It contains stain volatile oils, pungent compounds, proteins,
cellulose, starch, sugars, minerals and resin compounds.

Starch content varies from 40-60%s in a rhizome on dry weight basis.
It contains non-volatile pungent oil called as gingerol and this gingerol is
obtained by the solvent extraction.

This gingerol is composed of a series of homologous compounds and
these are all the condensation products called as gingerone which contains
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the straight chain aldehydes. In ginger the aroma and flavour are
determined by the presence of volatile oils. The main volatile compound is
sesquiterpene hydrocarbon. It also  conlains the monolerpene
hydrocarbons. It also contains the oxygenated monoterpenes. The
particular odour of ginger is due to these hydrocarbons. It also contains
gingiberene which is commonly present in turmeric.

Colouring pigment in turmeric is curcomin.

Desmethoxy curcumin 24%
Bixethoxy curcumin 15%
Coriander

It acts as flavour, increasing taste, a medicinal value material; dried
and ripe seed of coriander contains most steam wvolatile oils, protein
cellulose, pentasons, tannins, calcium oxalate and also other mineral.

Fiber 23-36%, CHO 20", Fatty oils  16-28%,

Prolein 11-17%.

Among the fatty acids, the saponifiable fractions of fatiy acids
amounts for 90%, among this, the important acid is oxtadecinoic acid.

The major constituent of spicy oil is coriandrel. It is an optically
active form of monoterpene alcohol which is called as linalal.

Pepper

Pepper berries contains the steam wvolatile oil, fixed faity oils,
alkaloids, resins, proteins, cellulose, pentasons, starch and the minerals.

Maximum oil content of dried pepper is 3.8%, this value will be

always more for the black pepper than white pepper. The pungent of black
pepper is due to alkaloid called as “Piperin™. Piperin content ranges from

4-10%0.
The fatty oil presence varies from 2-9%, piperin contains almosi
95% of total pungent alkaloid present in the pepper. The aroma and the

flavour are due to stem volatile oil which comprises more of monoterpene
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hydrocarbons. The pepper contains spicy oil called deoresin. The oleoresin
is nothing bui a spicy oil containing aromatic and pigmenis. If contains
natural antioxidant which enhances the Keeping gquality.
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Composition of pepper: oleoresin Volatile oil content — 15-25 mif/100g,
Refractive index at 20°C — 1.45790 — 148%).
T'he total N content is around 55%, in the form of piperin.

Uses

It reduces fat accomulation in blood veins.

Chillies

It’s used as both vegetable and spices. The chilli fruits contain fixed

fattv oil. steam volatile oils. pigments. the pungent principles. resins.

proteins, cellulose, pentasons, and the minerals. Chilli fruils contains

significant amount of quantity of vitamins B, C, E and A < Caroiene,

when it is present is fresh vegetable. Vitamin C — 340 mg/100 g is Tairly
high. Pungency is due to “Capsaicin”. The Colouring maitter of ripened
fruit are due to the presence of “Capsanthin® Then the Zeasanthin,

elutenin, cryposanthin, o and f-carcoiene, the dry chillies also confains
xanthophylls, the fixed oil in the chilli fruit varies from 9-20%. Then it will
have low volatile oil content which ranges 1-2%.

Comp of spices and condiments (%)

Name Oleoresin | Vol. Active principle (%)
acid

Pepper 10-12 19-35 | Piperin 40-60

Chillies 12-16 - Capsaicin 1-4

Ginger 15-7 25-38 | Gingerol 20-30

Turmeric 6-7 18-25 | Curcumin 30-47

Cardamom - 4-5 -

Cinnamon - - Cinnamic aldehyde

Clove - 70-90 | Engerol

Cumin - 2.5-45 | Cumaldehyde

Fenugreek - 0.2 Trigonelline, Choline
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Coriander - 0.5-2.0 | Coriandrinol

Vanilla - 1.2-25 | Vanillin

Omion - - Allyl disulphide

Garlic - - Allylsulphide, Allyl trisulphide

Narcotics and Beverages

MNareotics = Substances that produces drowsiness

Crop — Tobacco
i. Chrwing type

ii. Flue red Virginia tobacco.
Plant parts =<* leaves, stems and roots

Alkaloids present in Nicotline are Nicotine, Nor-Nicotine, Anabasin.
smoking qualities of Virginia tobacco regimes, following contents

Nicotine
Sugar

K

Cl

3-4%
0.25-0.29%

The smoking qualities are also assessed by the following ratio of contents

ratio of total N
ratio of Soluble N
ratio of total ash

ratio of water soluble ash

Beverages

2 types

i. Used for chewing: eg. Betel vine, Areca not, Cocoa

Z. Used for drinks: e.g. Tea, Coffee
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Betel vine
OUxygenated compounds in betel vine

1. Methyl chevicol 1.81%
2. Terphenol 0.76%
3. Cincole 0.68%
4. Anethole 0.63%

Betel vine < the pleasant aromatic flavour is due to the presence of
Terpene compounds. Oil content in leaves varies from 0.11 — .15, phenol

content in leal — 2.5-8.4%.

Arecanut

Alkaloids : 1. Arecoline (0.12-0.14%)
2. Arecaidine
3. Arecolidine
4. Guvacine

Cocoa

It has highest fat content: 56-58%. Il also contains free [atly acids

<1%s and some chocolate flavour.
Coffee
Colour — due to presence of chlorogenic acid. Alkaloids < CafTeine,

Trigonelline.

Ingredients Green coffee Roasted coffee
Moisture 10-12 .
CHU 10 LX)
Reducing sugar -
Sucrose 7 -
Pectin 2 -
Hemicellulose 15 13
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Fiber 20 22
Oils 13 15
Protein 1.2 1.2-1.3
Ash 4 4
Chlorogenic acid 7 45
Trigonelline 1 1
Caffeine 1 1.2

Colour of coffes comotimoz changes to bluich graen and thic is due te
the presence of oxidative product of chlorogenic acid. The aroma of coffee
is due to the presence of sulphur compounds and also due to pyrazines.

Tea

The tender leaves are used. There are two types of tea, green dust
and green powder. The major constituent of tea is
Thiamine = Tt is glutamyl ethyl amyl.

Tea also contains caffeine 2 2.5-4.5%, Tannins - 2.4%

Amine acid - 2.1%. Amadora < Combination of amino acids and
sugars in green leaves. Taste of tea Mavour is due to presence of catechins.
There are 3 different types of catechins

i L. epicatechins

ii. L. gallo catechins

iii. Gallyl esters of L. epicatechins.

Flavour of tea is due to presence of pyrazine, furones, pyrroles, 2, 4 hepia
dianol.

Composition of different paris of tea planis

1. Bud 4.9% pectin
2. 1" leaf 6% pectin
3. 2™ leaf 4.7% pectin

4. Stalk of plant 7% pectic acid
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Nutritional composition

Zinc 22-63 ppm
Cu Z2-15 ppm
Fe 40-180 ppm
Pb 1 ppm
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ESSENTIAL OILS
These are complex mixtures of the adorons and the steam wvolatile
compounds deposited by the plant in the sub cuticular spaces ol glandular
hairs and also in the cell organelles.
These essential oils are present mainly in spices and medicinal plants.
Compounds of essential oils are Monoterpene and Sesquiterpene
It also contains mixtures of aldehyde, ketones, esters, phenyl terpenes, and

camphor and benzene derivatives.
Essential oils are classified as alcohol groups, = e.g. geraniol.

Aldehyde e.g. citrol.
Ethers e.g. Anethole
Hydrocarbons  e.g. pinine
Ketones e.g. Piperilene
Phenols e.g. Eugenol.
Advantage

Presence of Essential oils enhances hygienic conditions. It will not allow
rancidity. Free from bacteria, and other catalytic enzymes. It do not impart
colour to the product and free from tannins. It is stable.
Uses:
Mainly used in the preparation of cosmetics for giving fragrance.

Examples for essential oils
1. Rose oil Geraniol 68-81%

Citronellol 26-35%

Z. Jasmine ofl
Esters of benzyl acetate 32.74%
Linalol 30-45%
Methyl anthranilate 0.4-3.5%
Indole anthranilate 1.7-2. 7%
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Geranium ol :

il L15%
Geraniol  56.7% unsaturated terpenols
(CroHiz04)
Lemon grass oil :
0il 0.28-0.5%

Citrol 85-95% (FypH0)

Palmrosa oil :
Free geraniol 0%
Combined geraniol 15%

Export: Geranium, Lemon grass, Palmrosa oil.

Patchouli oil

il 1.3%
Citronella oil
Eucalyptus oil Hilly region
Cinchona oil Nilgiris

Medicinal and aromatic planis:
Pharmaceutically and economically important
L. Solanum sp:
Solasodine and solanine 2%  (prevents diarrhoea)
2. Cassia ahsns —
Chaksine iodine
3. Vinca rosea
Leal alkaloid:  Vinblastine
Vinceristine
Koot alkaleid:  Ajmalicine
Serpentine
Pyrethrum: Chrysanthemum sp.
Flower contains: Pyrethrin I, Pyrethrin 11 and Pyrethrolone
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All are being used as insecticide and biopesticides
Chimona ledge Riana : Quinine — Antimalarial.

Datura innoxia Hyercyaning
Aloe barbadensis Aloin compound
Artemesia annua Artemisinin, Santonin

Daisuorea delloides Tuber
Daiscorea floribunda  Diogenin, codinine
Digitalis lanata Acetvl oligonin
Crlycyrhiza glabra (zly cirrhizin
Papaver somniferum  Codinine, morphine - drug called opium = Large,
number of alkaloids have been isolated such as norprotein, narceine,
papaverine etc.
Rauvolfia serpentine Serpentine, Rescinamone, A jamline
Onion and garlic also posses medicinal properties they contain
lackrymatory factors responsible for tears in eyes.
Allyldisulphide — onion
Allyl sulphide - garlic

Scanned with CamScanner



CHEMISTRY OF FORAGE CROPS

Chemical compounds and nutritional properties of forage crops

Legume Forages, cereal Forages, Tree Forages, (rrasses
Legume Forages: Lucerne, Berseem, Cowpea
Cereal Forages: Sorghum, Maize, Combu, Rice, Ragi, wheat
Grasses: Guinea grasses cumbu Napier, Buffalo grasses, Dinanath,
Kolukattai, Hariyali.
Tree Forages: Agathi, Desmanthus. Subabul, Velimasal
Compasition of forage crops:

Moisture - green Fodder - 70-75%, Dry fodder = 1/10™ of its weight,
CHO = Nitrogen free extract < Soluble portions of CHO also contains
some organic acids, very easily digestible materials, it also has crude fiber,
mainly present as cellulose, hemicellulose and lignin (35-75% < Digestible
capacity).
Forage protein — 80-90% forms crude protein
Generally, Grass protein is inferior in quality wise to that of legume
protein. Forage contains 3-25% crude protein.
CO0.2 fodder grass contains crude protein 8.92%, Crude fat 1.76%, Total
ash 14.0%, Ca 0.59%, P 0.29%, Mg 0.38%, K 1.86%.
Fats < Energy source and mainly used for maintaining health of animals.
Minerals = Depend upon fertility status of soil in which it is grown. Mainly
Ca, Mg, K were required in larger quantity whereas micronutrients such as
B, Cu, Fe, Mn, Zinc, Mo, Na, Co, Cl also needed in comparatively lesser

amount. Almost all the lorage crops contain all these elements.
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Growth factors
Enzymes, hormones, vitamin B — complex C, E and K are present in
Forage crops and vary in amount.
Toxic substances
Oestrogens, coumarins, saponins, Alkaloids, cyanogenitic glycosides,
nitrates, oxalic acids, selenium, mimosine
Mutritional factors
Factors that determine qualitv aspects of forage crops.
True Digestible Nutrition (TDN)
Diigestible Portion of crude fiber
Protein Digestible Nutrition (PDN) = ——-------- --
Crude fiber x 2.25

Digestible CHO + Digestible ether extract x 2.25

Nutritive ratio (NR) = wes or
Digestible crude protein
DC +DE x 2.25
NR = -
DCP

Metabolic energy = Heat in the food - Heat last through urine and other

materials.

(%) digestible crude protein + (%) digestible true protein
Protein quality = ---- -- --
2.25

Biological value of proteins <» It is the amount of nitrogen in dietand

amount of N in excreta of an aduolt animal are measured and the
percentage of N retained by the animal from the quantity of N absorbed
from the diet.
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Nutrition content for forage crop
Cuombu Napier hybrid grass

Digestibility - 50%
Ca - 0.8%

Fe - 250 ppm
Mn - 150 ppm
Cu - 15 ppm

General composition of green Forage
Sorghum, Cumbu, maize, Ragi, Varagn and Other green grasses.
Crude protein - 5.2-10.6%

Crude Fiber —28-37 %
Ca - 0.9%
P -0.5%

MNutritional content in the straw
Crude protein - 2-8%

P - 0.5%
Ca - 0.9%
Crude fiber goes as high as 60%

Nutritional Content in (Silage < preservations of green Forages and some

additives such as molasses are added to increase it’s nutritive value).
Crude protein - 3-§%

Crude fiber - 24-44%
Ca - 0.4%
| g = 0.5%

Nutritional content of leguminous Forage crops

Cowpea, Lucerne, Berseem

Dry matter 11-20%
Moisture 80%
Crude proiein 12-24%
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Cellulose 21-33%
Non digestive proiein  37-57%

Hemicellulose T-21%

Lignin 4-10%

Silica 1-2% (Induces more resistance in plants)
Ash 10-13%

Soluble CHO 60-85%

Crude fiber 35-75%

Toxic principles
Oestrogens

These are phenolic compounds which causes infertility in animals.
Coumarins = These are phenolic compounds mainly present in legumes,
ils presence causes reduction in palatability of forage corps. It causes
bleeding in animals, causes anticoagulation.
Saponins = they occurs mainly as glycosides when these undergo
hydrolysis, they releases sapogenins. Commonly present in Lucerne and
Jowar. Its presence canses excess salivation. Causes vomiting, diarrhoea,
damages liver and kidney systems.
Alkaloids < Alkaloid content exceeds 0.5 mg/kg then it will become toxic to
animals.
Typtomine in grasses = grazing animals in let loose cases
Perololine — grazing animals
Pyrolizidine = Seen in all livestocks
Cyanogenic glucosides — HCN

Secondary metabolites which release the cyanides, nitrites,
isothiocyanates =» Mainly present in young sorghum and ratoon sorghum
erop. HCN react with haemoglobin in blood to form methanoglobulin
which causes reduction in ; content.So O, content intake is affected
causing death.
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Alkaloids affect liver, kidneys and lungs.

Nilrate nitrogen will become more toxic in the animal stomach (Kumen) is
reduced to mitrite which also interfere with the O2 intake in the blood. It
will never become toxic when they exceed 0.3-4% but it creates the
accumulators of nitrates,

On hydrolysis of this cyanogenic glycosides they yield to molecules of
glvcosides. and one each of benzaldehvde and hvdrocvanic acid. This
hydrocyanic acids gives problems for animals. Hydrocyanic acid present in
sorghum is Dhurrin.

Oxalic acid < Calcium oxalate, Na oxalate, K oxalates will interfere with
Ca metabolism. When Ca metabolism gets affected, this oxalate gets
accumulated in the Kidney and also affects brain tissues. Above 3% of
concentration it will become toxic io animals. Generally the oxalates are
present in grasses.

Xelenine <*In Ray little quantity of 4 ppm causes toxicity to animals.
Commonly present in Lucerne. Leads to abnormal growth of muscle, in
animals. Its toxicity is detoxified in the presence of sulphur compounds.
Mimosine < It is an amino acid present in tree fodder such as Lucerne.
When leaf is fed alone in more amount causes 50% toxicity. FProblem
canses due to its presence is less of hairs, canses excessive salivation,

stunted growth, leads to formation of goiter.
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Post — harvest changes in Horticultural and Agricultural produces
There are 2 different types of reactions are taking place.

1. Constructive L. Destruclive

Synthesis takes place Degradation takes place
Maintenance of mitochondria Destruction of chloroplast
Formation of carotenoid Breakdown of chlorophyll

Anthocyanin - colour

Inter conversion of sugars Stand hvdrolysis

Synthesis of starch = Glucose, fructose and sucrose

TCA cycle Destruction of acid

Formation of Aavour and Oxadation of substrate

Volatile compounds - Taste

Formation of amino acids Solubilization of pectins

Building blocks of protein

Formation of ethylene pathway Ethylene induces cell wall softening
Takes place generally before harvest takes place after harvest

Post harvest — General changes
% Muoisture loss
= Weight loss
< Lesser enzymatic activity
% Catabolism — destruction — things gets lost
<+ Alterations in proximate and uliimate constituenis

% Changes in nutritive values
% Changes in texture, taste, lavour, aroma

% Changes in pH value

<+ Changes in consumer acceptability
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Moisture

Moisture content should be loss 10-15% when the seeds are stored
after harvesl, there will be accumulation of metabolites such as ammonium,
HCN, essential oil and degradation of acetones.
Loss of amino acid

Decrease in quality, above 40% of harvested producis in world is lost
through post harvest deteriorates. Tomato, banana, Mango etc. Many of
the chemical changes with occur to induce changes in flavour, taste.
texture, odour, afler harvest. It will nol be in the case ol grains. So the
grins can be stored. In grains moisture content will always be less and also
in preserved fruits cereals, seed legumes are stored for a long time when
the moisture to at optimum level. Bul there will be changes taking place al
the time of germination. Because these grains are biological products,
that’s why they germinate and respire. Accumulation of metabolites leads
to dormancy in seeds. Dormancy is an crop factor and once when the
dormancy te broken, seed will germinate because of decomposition of the
seed. Low viability the vigor of seeds is due to the prodoction of volatile
compounds such as methanol. With glucose metabolism, we can manipulate
the seed deterioration quality.
Post harvest changes in Horticultural crops

3 important processes taking place
I. Transpiration
2. Respiration
3. Ethylene production

Transpiration

It leads to loss of water, 65-95% loss. There’s loss in moisture which
leads to shrinking, withering of tissues of the plant paris that leads to loss
in weight.
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Respiration

Broadly classified as climateric and non climateric froits. Climatric
fruits respire more in non-climatric fruits -> less respiration. cli. fruits <
Ex. Mango, Papaya, Apple, tomato, banana. Non - climatric fruits < Ex.
orange, Grapes, pomegranate (Fruits are allowed fo ripe in tree itself).

Respiration is the enzvmatic oxidation of sugars leads to the
production of CO2Z, HIO and Energy that leads to calabolic activities,

Because of this response aroma, taste and lowering of the self - life. In non
— climatrie fruits, keeping quality will be more.
Ethylene production

Ethylene production leads (or) induced changes in permeability of
the mitochondria in the membranes. It will enhance more ATP movement
through its permeability. The respiration activity also increased due to
production of ethylene compounds.
Three different stages — controlled by enzymatic activities
L. Unriped stage 2. Riped stage 3. Over ripening stage

The ripening is highly influenced by pectin ecompounds.
Pectin <* protopectin unripe —protopectin Pectin Ripe — pectin =~ Pectic
Proteins

RENA High Low Low
Svnthesis
Ethylene synthesis Low High High

During ripening of fruits starch is converted into glucose, lruciose,
sucrose. Because of transpiration and respiration, the moisture content gets

altered, loss in wi, nltimate change in proximate and ultimate compounds,
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reduction in ascorbic acid content total soluble solids gets increased and
acidity gets decreased, sweetness gets increased.

CHO + 0y =2 C0O: + HyO + energy

In the case of immature plants parts there's more TCA cycle
aclivities whereas the case of matured plants parts more of hexose
monophosphaie pathways is increased. Citric acid, tartaric acid in grapes
gets changed to lactic acid and CO2 and biodegration of fruit juice leads to
formation of soluble sugars. It gives to lactic acid and converied to acefic
acid — citric acid succinic acid.

Lactic acetic citric — succinic acid.

Starch converted to ethanol and acetyl COA.
Glucose = Succinate 2 Fumerate = Acrylase = Ethylene + C0;

Because of transpiration and respn there will be some alternately in
the Mavour, aroma, tasie and enzymatic activities. Besides over ripening
leads to decrease of nutritive values and finally the consumer acceptability.

Changes due to enzymatic activity especially due to Hydrolases enzymes

1. Carbohydrates = act on CHO, starch and sugar fractions
2. Pectinases — Pectic compounds - mainly involved in ripening of froits.
3. Proteases 0 Amino acids.
4. Chlorophyllases enzymes chlorophyll — colour changes
Chlorophyll + H,O chlorophyllases phytol + chlorophytol phytol is
due phote chemical oxidations whereas the chlorophyll is due to storage

and senescence (process ol being old).

Degradation of green colour. Because of degradation leads io change of
carofenoids and carotenoids becomes unstable and converted {o
anthocyanin doe to influence of light and O; and gives red colour due to
Iycopene in anthocyanin.
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Softening of tissues and textural changes
Its due (o enrymes called ethyvlene methyl esterase, polygalacto

uronase, profopectinases.

Flavour production < If once produced the acidity pets decreased and
sweelness gets increased. Tannins, phenols, favonoids gets increased

because of flavored products.

Changes in CHO
Starch hydrolysis takes place leading to simple sugars. Such as

glucose, fructose and sucrose.

Changes in lipids
Becaunse of rancidity of fats, the lipid changes.
Protein synthesis
Becanse of profein synthesis, highly influenced by proteases,
proteolytic enzymes. Duoe to this linoleic acid gets decrease and palmitic,
linolenic acid gets decreased.
Vitamins
Vitamins content geis decreased; org. acid content also get decrease
quality gels decreased.
Changes in pH
It can be preventeid.
L. By keeping the produce in refrigerators (or) cold condition.
Z. Lowering (); decrease and increase C0; content in siorage
3. By using 2, 4- dinitrophenol
4. By using ethylene inhibitors
5. By using sugar inhibitors such as benzimidozole.
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6. Spraying of 0.5% CaCl..
7. Staring in perforated polythene hags
#. Use of antioxidants (Tocopherol)
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POST HARVYEST CHANGES IN SUGARCANE

MNon-reducing sugar become reducing sugar by inversion. Harvesting
at right time reduces the sugar loss. There should not he any delay in

harvesting once it attains maturity.

After harvesi, it should be immediately transported for the factory

for crushing. The iuice also should not be kept unused. Age of sugarcane
10-12 months and the juice is processed immediately.

Changes
L. Conversion of sucrose to glucose and fructose - inversion (Invertase

acted upon this).

2. Sucrose should be retained for maximum output

3. Reduction in sugar output varies 5% - 150% if the canes are not crushed
within 4 day after harvest.

Depending upon situation the reduction even goes as high as upto 50%.

If the harvest is delayed after 9 days of its maturity, loss of sugar will be
37%.

Sugar recovery also reduced by 11% (for opt. and % days)

In the case of sugarcane juice, besides inversion, microbial degradation
leads to more acidity of juice and more viscosity will be there and the sugar
crysial formation is effected and Minally the quality geis deteriorated.

Enzymes involved are acid invertase and neutral invertase which are
involved in inversion processes. In the case of early maturing cane varieties
the sugar geis accumulated it attains matority and there will be sudden {or)
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till drastic reduction because of the soluble active invertase enzymes

therefore sugar recovery geis reduced.

The sucrose gets translocated and gets accumulated in the sheath of
cane will become index for identifying the maturity stage. If il is not
harvested at right time, the change of pH also influences the recovery of
sugar etc, it should be prevented.

If you want to avoid sugar loss

Harvest al right time

immediate transport

Crushing at right time

Should be immediately bundled and kept under shade {or} should be
sprayed with water do increase the humidity and chemicals such as sodium
meta silicate 20-30 moles [ | of water.

Topping of sugarcane based on net sugar recovery.

Red rof (or) sett rot of sugarcane will immediately spread il not harvested
at right time.

Green and dry leal ratio also influences the sucrose content reducing
sugars will be low at early growing stage but towards the end of growth
stage the sucrose content will gel increase and attains peak (or) maximum
at right maturity stage and after that the sucrose content geis reduced il
not harvested at right time.

There will be decrease in N, P and ash content and increased in K, Ca
content with increase in sucrose conient at maturity stage.

Post harvest changes in oil seed crops
i. Ground nut, 2. Castor, 3. Sunflower 4. Gingelly, 5. Mustard
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The case of oil seed the synthesis of lipids starts at the early mid stage
of the seed development. Most of the accumulated starch is the storage
protein and the lipids.

In case of groundnut, the crude fat and crude protein content gets
increase with the decrease in free fatty acids and free amino acids at the
time of maturity. The sugars and the starch content also the activity of

hvdrolvtic enzvmes gets decreased at the time of germination of oil seeds.
Al the time of germination, the favorable environment with waler and

temperature the seed started germinating and at the time of germination
the starch content rapidly gets mobilized and the endosperm becomes
completely liguelied. The cell walls of are get dissolved. The cytoplasm and
protein deposits also get dissolved in those things are made available for the
germinating seed and growing seedling. The elongation of radical and

plumule are made.

Chemistry of pesticides
Pesticides
Delinition
The comprehensive term “pesticides™ relates to compounds used for
the control of pests of all descriptions including plant and those directly

hazardous to the healith of man and animals.

The term pesticide also embraces compounds lor the control of
rodents, slugs, snails and household and stored product pests.

Pesticides

These are chemicals designed to combat the attack of various pests
on agriculivral and horticultural crops.
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They fall into three major classes
Insecticides
Fungicides
Weedicides (weed killers)
A pesticide is described as a chemical {or) biclogical ageni that
eliminates {or( dissuades the pest life for the benefit of man.

The pesticides are generally classified inlo various groups based on
pest organism against which the compounds are wsed, their chemical

nature, mode of action and mode of entry.

1. Insecticides

Compounds vsed to contrel varions insects / pesis attacking field
crops, farm animals, stored produocts and human being eg. Endosulfan,
Malathion, Carbaryl, carbofuran and synthetic pyrethroids.

2. Rodenticide

The chemicals that are exclusively used to control varions rals e.g.
zinc phosphide, warfarin, thallium sulphate, alpha-naphthol Thoreau and
bromaodialone.

3. Acaricides

These are chemicals used to control mites feeding on various crops
and animals. Some insecticides are found to kill the mites that are said to

have acaricidal activity. The term acaricide is applicable to agenis capable
of killing the eggs of mites also e.g. Dicofol, tetradifon, chlorofenzon,
chlorophenoltuon, azinphos (methyl), binapacryl and sulphur.
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4. Avicides

These are chemicals wsed to repel birds like quails, baya, house
sparrow, crows, parakeets and pigeons which often become pests of held
and orchard crops. eg. TMTD (Tetra methyl thinram disulfide),
Anthraguinone. Most of the insecticides are highly toxic to birds.

5. Molluscicides

These are chemicals used to kill the snails and slugs in agriculture
amnd public health service. Eg. Melaldehyde, Nitrosamide, copper sulphate,

pentachlorophenoate and Trifenmorph.

6. Nematicides
These are chemicals nsed exclusively for the control of nematodes,

They are classified as fumigant and non - fumigant nematicides.

The fumigant groups of compounds are injected into the soil mainly
as per plan application eg. D.D. (Dichloropropane Dichloropropene),
DBCP (Nemagon} (dibromochloropropane), ethylenedibromide.

The non fumigent nematicides are suitable for post planting
treatment eg. aldicarb, fensultothion, carbofuran mocap, phorate,
thioxazim, disullfoton and ¥c 13.

Some organophorous insecticides like parathion, Malathion
phosphamidon, diazinon, Dimethoate also possess nematicidal properties.

Oxamyl is a nematicide which can be sprayed to control foliar nematodes.

7. Fungicides

The term fangicide means any agent capable of killing fangi.
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Chemicals which inhibit, inactivate (or) desiroy the ability of fungi to
grow and reproduce are referred as fungicides. Fungicides are exclusively

used to control plant diseases caused by fungi.

Eg. Copper oxychloride, bordeaun  mixiure, sulphur,
dithiocarbamates like manoczeb, thiram, zineb and propineb, pthalamides

like captan. captatol and folpet. organophosphorous compounds like
edipheriphos and systemics like carbendazim.

8. Bactericides
These are exclusively used to control the diseases caunses by plani

pathogenic bacteria. E.g. Streptomycin sulphate and aurecomyein.

9. Herbicides

These chemicals are used to control the weeds and undesirable plants
in crop and plantations. These are again classified as pre-emergence and
post  emergence herbicides, eg. 2, 4-D0 butachlor, benthiocarb,

pendimethalin, atrazine, fluchloralin, anilophos and paraquat.

10. Chemosterilants
Chemicals which deprive insect species of their ability to reproduce

are known as chemosterilants,

Such chemicals when administrated orally 1o the insect (or) by
contaci with them produce irreversible sierility without affecting their
mating behavior.

They are classified into a. alkylating agents.
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b. Antimrysboliyrd ¢, Miscellaneous eg. Tepa, Amithopterin. hempa and
hemel. However, they are seldom used in practice due to their hazardous
nature.

Pheromones = chemicals with attract the insect and secreted by external

entries by an animal (or) insect and produce the specific response in a
recelving individual on the particular species mainly for mating synthetic

hormones are available for attracting the opposite sex.

Repellants
Chemicals which cause imsects to move away from the source are
referred as repellants.

Pesticide — Classification

Insecticides Fungicides Herbicides
L. Drganochlorine 1. Control of diseases 1. Selective
2. Organao phosphorus 2. Seed disinfectants 2 Non-selective

3. Carbonates
4. Synthetic pyrethroids

Herhicides are also classified hased on methods of nse and their effect
on plant as follows.
a. Contact herbicides

b. Systematic herbicides
. Herbicides acting on root system of plants (or) germination seeds.

Fungicides

Suphur compounds Copper compounids Mercurial compounds
Others
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1. Inorganic 1. Inorganic L. Quinones

2. Org 2. Organic 2. Organotin
3. Antibiotics
4. Heterocyclic N compounds
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Insecticides

Inorganic

1. Arsenic trioxide

2. Arsenic pent oxide
3. Arsenate's

4. Fluorine insecticides

Matural organic |
1. Micotline

Z. Nol - nicotine
3. Anabasine

4. Pyrethrum

5. Rotenone

B. Allethrin

Insecticides are classified based on
1. Mode of entry
2. Mode of action

3. Chemiecal nature

1. Mode of entry
a. stomach poison
b. Contact poison

c. Fumigant
d. Systematic poison

a. Stomach poison

insecticides

Organic

MNatural org Synthetic

org. insecticides

Svnthetic organ I

1. Organo chlorine compounds

L. Organo phosphorus compounds
3. Carbamates
4. Synthetic pyrethroids

5. Miscellaneous

The insecticide applied on the leaves and other part of the plant when
infested act in the digestive sysitem of the insect and bring about the kill.
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These chemicals penetrate the intestinal membrane and caunse
deranged metabolism. The stomach poison should be palatable for the pest
species and be able so bring about the Kill guickly.

Most chlorinated hydrocarbons and organo phosphorus compounds

act as siomach poison.

A bacterial toxin of Bacillus thurngiensis belongs to this group.

b. Contact poison
The toxicant which brings about the death of the pest species.

By means of contact with the wan monolayer and getting adsorbed
on the surface of the cuficle of the body, and also peneiraies into the body
through the valnerable sites viz., membranes, bases ol sefae and tracheal

system on its body is said to be a contact poison.

All snitable insecticides like chlorinated hydrocarbons, many
organophosphates, carbamates and synthetic pyrethroids act as contact

insecticides.

c. Fumigant

Most of the fumigants are respiratory poisons and act in gaseouns
phase. All lands of insects can be controlled irrespective ol their leeding
habits. Eg. Hydrogen cyanide, aluminium phosphide, EDB and insecticides
like DDVP, lindane phorate have goi [umigant action. Fumiganis enter
through the spiracles.

D. Systemic poisons
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These chemicals when applied to plant (or) soil are absorbed by
foliage {(orl) roots are translocated through vascular system into the plant
and any insecl particularly thal sucking form feeding will getl poisoned and
killed and such forms are called as systematic insecticides. Eg. Methyl
elemeton, belimethoate, phosphamidon, phorate, carbofuran and aldicarb.

2. Mode of action

a. Physical poisons

b. Protoplasmic poisons
c. Respiratory poison

i. Nerve paison.

a. Physical poison

Toxicani which brings about the kill insecis by exerting a physical
effect is a physical poison. Heavy oils, tar oil etc caose the insects
particularly scale insects to die of asphyxiation i.e. exclusion of air.

Inert dusts effect a loss of body mwisture by lacerating the epicuticle
due to their abrasiveness as in aluminum oxide (or) absorh moisture from

the body due to their hygroscopic nature as in charcoal.

b. Frotoplasmic poison

A toxicant responsible for precipitation of proiein especially
destruction of cellular protoplasm of midgul epithelium is said to be a
protoplasmic poison.

e.g. Heavy meials like Hg, Cu, Fatly acid, Formaldehyde, ethylene

oxide, flwrine and arsene compounds.
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c. Respiratory poison
A chemical which hlocks cellular respirations as with the fumigants
hydrogen cyanide, eartron monoxide etc. is said to be a respiratory poison.

They inhibit the enzyme activity.

. Nerve poison
A chemical associated with its solubility in tissue lipid and functions

actively by interfering with nervous svstem like inhibiting acetvl choline
eslerase, altering impulse transmission and causing death is called as nerve

poison.
e.g. Organophosphate, carbomate, Organochlorine (DDT, Lindane),
botanicals like pyrethrum, Nicoline, synthetic pyrethroids etc.

3. Chemical nature
a. Inorganics
b. Organics
i. Hydrocarbon oils
il. Animal origin
iii. (drganic compounds of plant origin

iv. Synthetic org. compounds

1. Ditritrophenol
2. Organothiccyanates

3. Chlorinated hydrocarbons
4. Organophosphorous compounds

5. Carbonates

6. Synthetic pyrethroids

7. Microbial toxicant

8. Nuclear polyhedrosis viruses (NPV)
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a. Inorganics

Comprise compounds of mineral origin and elemental sulphur. These
are chemicals nsed during prewar periods.

eg. Arsenic compounds (Lead arsenate, calcium arsenate), Fluorine
compounds (Sodium fluoride, sodium fAuwoaluminate, sodium Musilicate),
sulphur, lime, barium carbonate, thallium sulphate and zinc phasphosole.

However except sulphur and zinc phosphide others are not in use.

b. Organics
1. Hydro carbon oils

Mineral oils - petroleum oils - coal tar oils fussil fuels. Geosole oil,
anthracene, oil in its natural stage ilsell will become toxic to plants and
used as solvents, diluents.

2. Animal origin

Qils from animal beings Ex.: Marine annelids.

Lumbrianerias heteropoda, lumbrianaris braviciara are found to
possess insecticidal properties. Insecticide derived from LH and LB are

called Nereistoxin. Common name for animal origin P is cartap.

3. Plant origin
Toxicanis derived from plants and used for conirol of insects. Eg.

Pyrethrum, rolenone, derris, Nicoline ryania, Acorus, Neem.

4. Synthetic org. compounds
Yery commonly and frequently used inseclicides to control pests. It

has broad subgroups in it (refer front page).
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a. These dinitrophenols are derivatives of 4, 6-dinitro 2 alkyl phenols of
these salt and esters are used as insecticides. They act as stomach and
contact poison also affect the ovicidal effect of egps. The commonly used
dinitrophenals DNOC-Dinitro organic compounds, Dinocap-acaricide
(mites),

BINAPACRYL - commonly called morocide. It is not systemic acaricide

and controls the spider mites very effectively.

B. Organothiocyanates —* These are org compounds possessing iso
thiocyanates. They are known to possess inseclicidal property very guick
knock down effect. The group common one is lord — controls aphids, thrips,
red spider mites. Contact insecticide - thanite.

C. Chlorinated hydro carbons = (Other wise called Organochlorineg)
They are potent nerve poisons which will have very quick known
down effects and very high residual toxicity. It undergoes slow degradation.

Chlorinated hydrocarbons Organophosphorus
DDT

BHC
Chlordane, Aldrin, Dieldrin, Hepta chlor, Toxaphene, Endrin, Endosulfin.

These are phyioioxins to some of concurbitaceae planis which are

highly susceptible. They are very very toxic to lishes.
d. Organophesphorus (OF)

Commonly acts as nerve poison, inhibit choline esterase poisoning

due to OF compounds generally canses chloinergic symptoms. In insects it
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causes the hyperactivity. Tremors consulsion (fits), paralysis. All these
things finally leads to death.

Dichlorons,  phosphamidon,  Monocrotophes,  Dicrotophos,
chlorofenvinphos, methyl parathion, fenthion, fentrothion, chloropyriphos,
methyl demeton, quinolphos, malation, phasalone, phorate, profenphos.

Carbamates
These carbamates are the esters of carbamic acid, these mainly acts

as nerve poison chemicals. il inhibits chloiesterase which inturn causes cc

medicated synaptic transmission. Through nerves.

Eg. Carbaryl
Carbofuran
Aldicarp
Oxamyl
Methamyl

synthetic pyrethroids
These will have very good knock down effects and relatively less toxic
to higher org. (or) animals over nsage of insecticides is SP develops

resistance in insecis.

eg. Cypermethrin
Decamethrin

Permethrin
Ethofen pox (trebon)
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Microbial toxicants
Racillus thuringiensis Bacterial toxins, act as stomach poison, causing
death, causes gul infection, very elfective against lepidopleron insects.

Nuclear polyhedrosis viruses (NPV)

Larva infected by virus is made to mingle with other larva and afier
the death of this entire larva they are washed in water and sprayed on

CONS.
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