
UlSTORY OF BIOPESTICIDES 

Before Chrul 

I. Insect diseases and their symptoms have been recongillised as far back as 2700 BC in 

China with honeybee, Ap,.~ me/1,fera and the silkworm, Bombyx mori 

2. Aristotle documented the honeybee diseases during 330 to 323 BC. 

200 A.O. to 1200 A.D 

I. Chinese were the first 10 use natural enemies 10 control insect pests. Nests of the ant 

Oecophylla smaragdina were sold near Canton in the 3rd centu.ry for use in control of 

citrus insect pests such as Tesserotoma papi/losa (Lepidoptera). 

2. Ants were used in 1200 A.D. for control of date palm pests in Yemen (south of Saudi a 

Arabia). Nests were mov,ed from surrounding hills and placed in trees. 

3. Usefulness ofladybird beetles recognized in control of aphids and scales in 1200 A.O. 

1300 A.O. to 1799 A.D. 

I. The first insect pathogen was recognized by de Reaumur in 1726. 1t was a Cordyceps 

fungus on a noctuid 

2. The mynah bird, Acridotheres tristis, was successfuHy introduced from India 10 

Mauritius (off coast of Madagascar) for control of the red locust, Nomadacris 

septemfasciata, in 1762. 

1800 A.D. to 1887 

l . 1835: Agostino Bassi published his work on white muscardine disease of the 

silkworm. 

2. First practical attempt at BC of weeds occurred in J86,3 when segments of the prickly 

pear cactus, Opuntia vulgaris, infested with the imported cochineal insect, 

Dactylopius ceylonicus, were transported from northern to southern India 

J. 1879: Russian Entomologist, Metschnikoff isolated the green muscardine fungus 

Meta"hi:ium anisopf iae from Grain Beetle, Anisoplia austriaca. 

4. Tricbogramma sp. (egg parasites) were shipped from the U.S. to Canada for control of 

lepidopterous pests in 1882. 

5. In 1883 the USDA imported Apanteles glomeratus from England for control of P. 

rapae (the imported cabbagewonn). Parasites were distributed in DC, Iowa, Nebraska, 

and Missouri. First intercontinental shipment of parasites. 

1888 to 1889: First Major ClullicaJ Biological Control (The ~ottony Cushion Scale 

Project) 
I. Cottony cushion scale, lcerya purchasi Maskell, was introduced into California by 

1887 and was threatening to destroy the citrus industry. 



2 <: V Rile) tCh1cf or the l)1v1swn of I r11omology, I JSDA> crnr,loycd Alhcrt Kochclc 

ond I) W Coqu1llc11 m research on control or the collony cu,hmn ,cole 

3 C 'n7}11,clu1et11m K'-'fJYJI' and Uot/11/w rnrtlmu/1., (lhc vcdaha hcclleJ was introduced m 

Caltfom10 frurn Au!itmha by Kocbclc m 1888 W11hm the year, the cottony cu'lh1on 

scale ceased to be a sub<ltan11al pest 

1900 10 1930 

I. In 190 I , Nt was 1solotcd frorn a diseased silkworm by Japanc!IC bioloi1st Sh1getanc 

lsh1wnta. 

2 Berlmer described Buc,lluv thurmg,e,m.r in 1911 as causative agent of bacterial 

disease of the Mediterranean Oourmoth, liphe.~t,u kuehmeflu 

3 The term "biological Control ' coined by Prof. H. S. Smith in I 919. 

4 In 1932 prickly pear brought under control in Australia. 

Chemical Era (DDT 1939 10 1962 (Silent spring) 

1. 1939: Bacillus Thuringiensis first used as a microbial insecticide by Berliner. 

2 1959: Concept of Integrated Control involving mtegration of chemical and biological 

control introduced. 

lntegrated Era: (Silent Spring- 1962 to present) 

3. 1960: Observation on effect of flowers on parasitic hymenoptera pulished 

4. 1962: Interest developed nationwide in ecology and the environment after 1962 with 

the publishing of the Rachel Carson's book "Silent Spring." 

5. 1964: publication of book "Biological Control of Insect Pests and Weeds" by Paul 

DeBach and Evert I. Schliner established biocontrol as separate discipline in 

Entomology. 

6. 1975: Hel,coverpo armigera NPV (Elcar) registered for control of bollworm and 

tobacco budwonn on cotton. 

7. 1987: Development of first transgenic plant by transferring Bt lambda-endotoxin gene 

to tobacco for control of Manduca sexta 

8. 1995: Dr. H.R. Herren awarded the World Food Prize for developing and 

implementing the world's largest Biological Control Project of Cassava mealy bug in 

Africa. 

9. 2002: Bt cotton released for commercial cultivation in India. 



CLASSJFICA TION OF BIOPESTICIDE 

Biopesticide is classi1ied into foUowing groups: 

i) Natural enemies (Predators and parasitoids) 
ii) Biorationals (Insect Growth Regulators and Semiochcmicals) 
iii) Microbial origin (Entomopathogenic fungi, bacteria, viruses etc.) iv) Botanical pesticides (Plant extracts of neem. pyrethrum, rotenone etc.) 

A. BIOPESTICIDES (Bio-Origin) 

I. NATURAL ENEMIES: 

a. Parasites and Parasitoids 

An cntonlophagous parasite is an insect living oh or inside the body of another insect, 
calJed the host, from which it gets protection and food at least during one stage of its life 
history. In a typical case, eggs are laid on or inside the body of the host. the larvae feed on the 
body content of the host., pupate either in or on the host body and emerge as an adult. The 
hosts are not killed immediately but continue to live for longer or shorter period. 

Parasites that live on the outside of the body of the host are caJJed as «to-parasiJes 
and those that enter the body are known as endo-parasiles. If a parasite is confined to a single 
species of insect it is said to be monopbacous (mono: single), if it is capable of developing 
upon a few closely related host species it is caiJed oligophagous (oligo: few) and if it can 
develop upon a number of widely different host species it is called as polypbagous (poly: 
several) parasite. Five orders namely lepidoptera ( I Family), Diptera ( 18 Families), 
Hymcnoptera (52 Families), Coleoptera (10 Families) and Strepsiptera (7 Families) are found 
to contain parasitic insects under 88 different families . 

The term 'parasitoid' is often used for a special category of parasitic insects which 
differ sufficiently from the true parasites. Their features are: 

I. During development an individual parasitoid destroys its single host. 
2. The host is usually of the same taxonomic class (insects). 
3. Parasitoids are usualJy nearly the same size as their hosts. 
4. They are parasitic as larvae only: the adults are free-living. 

5. They do not exhibit heteroecism (living on one species of host first and then another). 
6. Their action resembles that of predators more than that of true parasites in the 

population dynamic of pests. 



Most 1,11rusi1oids 11r. f d . l)eeS, 
c oun HI the orders wplera (flies) and hymenoplera (ants, 

Wasps). I lyancnoplcrnn · · · · be 
pnras,10,ds nrc most numerous and ctiverse. Paras,touls can 

classifed based on tJ · 1n~aJ 
,e,r mode of attack w,d type of host, (i.e. egg parasitoid or ... · 

parasitoid) The nnrro I . · ble 
· w 1os1 range exhibited by most parasitoid species makes them su1ta 

for classical biologicaJ control. 

The most exploited parasitoid world-over is Trichogramma. (t is an intemaJ egg parasitoid 

on scveraJ lepidoptcran (moth and butterfly) eggs. There are other egg, egg larvaJ, nyrnphal 

and pupal parasitoids of crop pests which arc given in Table. 

Tab~· Important p ·t • .1. 
· aras1 Ohu and their most significant target pests. 

Paruitoids 
~ 

A. 
Tar-2etPesu -

Eee parasitoicb (attack eJ?.g s taRe of the host and develoo) -
Trichogramma chi/onis Lepidopterous pests of different crops like Stern 

borers, fruit borers, anny worms 
T. exiguum, Trochogramnfatoidea Spodoptera litura and Spodoptera exig11a 
ormigera, lrichogrammatoidea 
bactrae, Te/enomus remus 

B. Egg- Lanai parasitoicb (attack egg stage of the host and require larval stage also for 

complete development) 

Che/onus b/ackburni Earias sp. and Pectinophora J!Ossvpiella 

Copidosoma lwehieri Phthorimaea opercule/la 

C. Larval Parasitoids (attack larval stage of the host and develop on it either internal or 

external) 
Bracon brevicornis Pectinophora J;!ossvoiella 

Eriborus lrochanteratus Helicoveroa armiJ?era 

Cotesia flavipes Chilo partel/us 

D. Nymphal Paruitoids (attack nvmoh and develoo on the even ifit attains adult stage) 

Epiricanio melano/euca Pyrilla perpusilla 

LepJomaslix dacry/opii Maconellicoccus hirsuJus 

Anaf!Vrus dac1y/opii Planococcus citri 

E. Pupal Parasitoids (attack ore-ouoa or pupal stage of the develop on it) 

Trichospi/us p11pivora Opisina arenose/la 

b. Predators 

Predator is a free living organism throughout its life, normally larger than prey, requires 

more than one prey to develop and is not very specific wtlike parasitoids. They are generalist 

11 orders of insects viz; Odonata, Dictyoptcra, Orthoptera, Demiaptera Neuroptera, 
feeders. 

Thysanoptera, Hemiptera, Diptera, Lepidoptera and Hymenoptcra have only 
Coleoptera, 

predatory fonns. 
Predators attack and feed on arthropods that are smaller and weaker than themselves. 

uroe their prey by biting or chewing or piercing and sucking mouthparts. 

predators cons . . . . . . 
are best suited for conservation because of thetr generahst feeding habits. The 

predators 



potential for using predators for augmentative biological control has not been realized. Mass 

producing predators is costly and difficult. 

Way back in 1762, the Indian mynah bird was shipped to Mauritius for the control of 

red locust, and over I 00 years of classical biological control success with the use of Rodolia 

cardinolis the impetus on mass multiplication of predators has been very limited •so far, in 

India, Cryptolaemus montrouzieri, Sc.ymnus cocc:ivora and Chrysoper/a sp. are commercially 

produced while rearing techniques for another 14 predators belonging to Coccinellidae, 

Chrysopidae and Anthocoridac are described. There are more than 4,200 species of ladybirds 

already known while only a few have been commercialized world over. 

Among in several families, out of 29 orders atleast 11 orders containing 75 families 

are known to predatory groups: 

I. Epimeroptera: May flies 

Nymph feed on any small arthropod 

2."0donata - Dragon flies 

Adult: generalized predators, usually feeding on small insects. 

3. Dictyoptera 

Nymphs and adults feeds on egg and flying soft bodied insects. 

4. Plecoptera 

Perilidae : Nymphs predatory on aquatic fauna 

S. Hemiptera 

I . Redtn1idae: Both adults and nymphs are predators on egg and larva of several 

arthropods . 

2. Nepidae : General predators 

3. Anthocoridae : Generalised 

4. Hydrocoridae : Generalised 

5. Geocoridae : Adult and nymph + s mall caterpillar 

6. Lygacidae : Nymph and adults suck sap from egg and larvae 

7. Pentatomidae : Cantheconidia feed on caterpillars. 

8. Miridae : Predator on insects and mites 

9. Miridae : Predator on insects and miltes. 

10. Pynhocoreidae : A ntilocus conqueberti on red cotton bug 

11 . Naucoridae : Specialised predator on aquatic insects 

12. Belastomatidae 

6. Thysanoptera 



I. Aelothripidae : Predator on aphid, mites and other small insects. 

7. Diptera 

I . Emphididat : AduJts - predator 

Larva - Rarely carnivores 

. 2. Mydidae 

Adults - predator on several insects 

Larva - predator on Coleopteran grubs . 
earthwonns female flies feed 3. Tabanidat: Larva - Feed on insects, crustaceans, ' 

in vertebrate blood. 

4. Bltlharictridat: Prey on small di.pterans 

5. Si.muJidat: AduJts predator 

ll dragon flies and moths 6. Ctratopoa=onidat : Adults suck hood from caterp1 · ars, 

7. Asilldae: Adult- predatators 

Larva - Either predaceous / scavengers 

8 . Dolicbopodidae : Adults - Prey on soft bodied insects 

Larva - are carnivores / scavengers 

9. Syrphidae: Larvae alJ prcdaceous on aphides and caterpillars, saw fly larvae are 

also were eaten 

10. Muscidae : Bouse flies 

Maggots are predatory on other dipterans. Adults suck blood from mammals. 

J J. Milichidae : Adults are saprophytes and also feed on rcduvids and spiders. 

12. ChJoropidae: Larva feed on root aphids 

8. Lepidoptera 

l. Epiricanidae : E. me/0110/euca on pyrilla 

2. Lycaenidae : Eg. Spalgius epius on mealybugs. 

9. Hymenoptera 

I . Sphecidae : Adults prey on arachnids, moths and also on some hymenopterans. 

2. Eumeridae : Adults are tunnel makers. They construct tubular nests in which they 

prey namely caterpillars are stored and offered for their young ones. 

3. Vespidae: Adults offer caterpillar by a young ones inside the nest (no specificity) 

10. Neuroptera 

1. Ascalapidae : Adults predatory on arthropods 

2. Hemerobiidae : Both adults and larva are predaceous on aphids 

3. Chry.sopidae: Larvae are predaceous on aphids, psyllids, coccids, insect eggs etc. 



4- Nemopteridae • Larv . . . • ae prey or Psocuis (book hce) and other small msects. 

5. Mantispidae : Larvae prey on aphids 

6- Perothidae : Larvae feed on beetle eggs - white grubs. rhinocerous beetle. 

7. Ncurorthidae : Larva prey on aquatic insects 

8. Osmelidae : Larva prey on aquatic insects. 

9. lthonidae: Larva feed on scarabaeid grubs 

I 0. Conopterijidae : Larva prey on aphids 

11 . Dilaridae : Larva hind beneath tree backs and prey on any insects. 

12. Psychopsidae: Feed on insects visiting trees by hiding beneath bark. 

13. Myrmiliontidac : Anilions *similar to dragonflies) : folded wing spotted. 

Grub : Burry itself under debri, protruding its large jaws to catch wardering ants and 

other small insects. 

J 4. Adult : Similar to dragonfly 

11. Coleoptcra 

I. Amphizoidac : Feed on aquatic insects. 

2. Dytiscidae : Adults - Camirorous, larva prey on tadpoles molluscs, small fishes and 

worms. 

3. Gyrinidae : General carnivorous insects. 

4. Hydrophilidae: Adults and larvae are phytophagous, while larvae of Hydrophilcs are 

predaceous. 

5. Histeridae: Both adults and larva prey on diptCT"an larvae 

6. Silphidae : Larva arc predaceous on caterpillars and snails 

7. Pselaphidae: Larvae carnivorous 

8. Stapbylinidae : Larvae are predatory, adults feed on decaying org. matter 

9. Drilidae : Prey on snails 

IO. Lampyridae : Prey on slugs, snails 

l l. Adults : take little / no food 

12. Cantbaridae : 

J 3. Lycidae: Larvae feed on spiders 

14. Coccindlidae: Both adults and larvae feed an small insects. 

15. Tenebrionidae : Few species like Alphidobius are preda both as larvae and adults. 

Many feeds on stored pests. 

16. Meloidae : Blister beetle : Larvae predatory on grass hopper eggs. 



berPicals) . 
. b ba'Vioural c wth or reproduction, for 

ll. BIORATIONALS (Animal Origm- e . t behaviour. gro . 
. th t affects msec . al control These chemicals 

The utilization of chein1cals a biorauon · 
. • ften referred to as es) and are considered as 

suppression of insect populanons 15 0 ones.. hortJlOD 
. als ( eg. pberoJJt h I . 

are based on naturally occuning chelJUC pecific systems, sue as mou tmg 
·caJs affect s 

safe to human or environment. These cbeJtlJ . ystem. Bioratiooal compounds are 
. ect endocnnoJogy s 

processes, metamorphosis and the ms al safety. 
. . I f environment 

named so because of their h1gh I eve O · . 
d. ·ded into three. 

These biorationals are broadly •VJ 

i) Chemicals based on Insect Growth Regulators 

ii) Chemicals based on Semiocbemicals 

i) Insect Growth Regulators . 
th and development of insects are called msect growth 

The chemicals that affects the grow 

wth uJ tors that are of interest of pest control include chitin 
regulators (IGRs). The gro reg a 

synthesis inhibitors. mouJting hormone and juvenile hormone. 

a . . Chitin synthesis inhibitors (CSls): These interfere with production of chitin, the 

structuraJ poJysaccharide found in insect cuticle and thus affect the integrity of insect 

exoskeJeton. It disrupts moulting by blocking the formation of chitin, the building 

bJock of insect exoskeleton. Without the ability to synthesize chitin. moulting is 

incompJete, resuJting in malformed insects that soon die. It suppresses egg laying and 

causes egg sterility .in treated adults through secondary hormonal activity. Eg. 

1. Diflubenzuron: Stomach and conta<..'t poison that acts by inhibiting chitin synthesis 

so it interferes with formation of cuticle. Eg. Dimilin 25WP, effective against 

insects ofLepidoptera, Coleoptera, and Diptera. 

2. Flufenoxuron: Broad spectrum insect and mite growth regulator with contact and 

stomach action. 

3. ChJorflumuron: it is used in subterranean termite baiting stab· ons. 
4· Triflumuron: Broad spectrum IGR 

5. Teflubenzuroo: it is effective against Lep1·doptera, C I 
o eoptera, Di pt era, 

Hymenoptera, AJeyrodidae and Psyllidae 

6. Novaluron: It acts main! b . . 
. . Y Y mgestion, but has shown contact activity. It does not 

have ov1c1daJ activity b t h. h 
' u a ig percentage of mortality of first instars hatching 

from eggs laid on sprayed foliag. e. 
Effective against whiteflies leafininers 

Jepidopteran and coJeopteran I , , arvae. 



7. Buprofezin· Conta d 
· ct an stomach, persistent chitin synthesis inhjbitor with 

miticidaJ acti Effi . . 
on. ecttve agamst specifically on homopteran pests like 

Jcafhoppers, planthoppers and whiteflies. 

8. Flufenoxuron· Contact and t I 'nhib' h ' · · d 

· s omac 1, 1 its c 1tm synthesis in nymphaJ m.1tes an 

lepidopteran larvae. 

b. Moulting Hormone (Ecdysone) agonisrs: It contains two hormones alpha-Ecdysone 

and beta- Ecdysone. The alpha-Ecdysone is produced by prothoracic gJand which is 

converted into bcta-ecdysonc in the peripheral tissues of the gland and is also called 

20-hydroxy ccdysone, which actually brings about moulting in insects and is the true 

moulting hormone. Synthetic analogues of ccdysones are called ecdysoids. After 

absorption into ha.emolymph, it binds the ccdysonc receptor proteins which initiates 

moulting process. The nonnal moulting process in disrupted. Larvae arc prcventeif 

from shedding of old cuticle and they will die due to dehydration and starvation. Eg. 

Tebufenozidc, Halofcnozide, Methoxyfcnozidc. 

c. Ju-veniJe Hormone (JH) mimi~: The possibility tha JH analogues may have 

potential as insect control was first recognised by Wi1Jiams ( J 965). The compounds '~/ott-J 

showing JH activity aare known as Juvc:noids. Four types of JHs (JH= 0, I, JJ, ID) are /n7X- 11-,~ 

known with their s tructuraJ variations, JH-0 is known from the eggs of Manduca sexta ~ µ a ~ / 
-h'.it~ (JI 

only. JH-1 and JH-D are from all lepidopterans and are said to be morphogenctic in cnr'~ +z, 

action i .e. to retain the Jarvaf characters. Jh-IlI present in all insect orders and are said d_u-uwp i'h 

to be gonadotropic i.e. for stimulating the ovaries to mature in the female. The mode ~ · 

of action of JH mimics are as follows: 

I . Antimorphic effect: Do not allow metamorphosis to take place thereby forcing 

larva to continue as Jarva Therefore, id the Juvenoids are provided exogenously 

the larvae will undergo as extra larval moult or moult n defective intermediate 

fonns which may suffer from a failure to successfully moult. feed or mate. 

2 . Larvicidal effect 

3. Ovicidal effect 

4. Diapause disrupting e ffect 

5. Embryogenesis inhibiting effect 

Juvenoids acts as ovicides when applied directly on eggs and indireclly on ovipositing 

females. They inhibit ecdysone synthesis by effecting prothoracic glands. J f applied to 

the last larval instar, tl1ey couJd prevent pupa from entering into diapuase. They could 



terminate pupal diapauses by activating the inactive prothoracic glands of diapausing 
pupa 
Eg. Juvabione (Femcsol- extracted from excreta of Tenebrio Sp.), Mcthoprene, 
Hydoprene. Kinoprene. 

d. Anti Juvenile Hormone or JH agonists or Precocenes: Anti Jh found in plants that 
induce reversible precocious metamorphosis and sterilization in insects by suppressing 
the function of the corpora allata gland. Precoccnes are the compounds which would 
antagonize the · JH activity and rearrange the insect development. These compounds 
induce the precocious metamorphosis of immature insects. Precocious affect insect 
diapauses, reproduction and behaviour. These compOlmds first extracted from the 
plant Ageraltlm houstonium. It contains two simple chromene compounds precoccne-1 
and II. Eg. Fcnoxycarb and Pyriproxyfen. 

ii) Semiochemicals '& meon , 
The term is derived from Greek ward ~c' meaning a mark of signal. Chemical 

messages that trigger various behavioural responses in the organisms are called 
Semiocbemicals OR Chemicals which modify behaviour in perceiving organisms at sub 
micro/nano gram levels arc known as Semiochemicals. These are employed both for intra
and inter-sepcific communication systems. The compounds, which convey information 
between members of the same species are known as pheromones and if the message is inter-

. specific, the compounds are known as allelo-chemicals. 
Pheromones: 

In 1959 Karlson and Butenandt coined the term pheromone. It is a chemical secreted 
into the external environment by an insect and that elicits a specific response in a receiving 
individual of same species. Depending upon their mode of action pheromones are divided 
into two classes: 

i) One which gives a releaser effect: an immediate and reversible behavioural change 
h the olfactory scnsillae. Sex is produced in the receiving insect. They operate throug 

nes Trail pheromones etc. are pheromones, Aggregation pheromones, Alarm pheromo · 
the examples of releaser effect pheromones . . . . · 1 ical changes is triggered off lD ii) One which gives primer effect: a cham of phys10 og 

sensillae. These regulate caste the receiving insect and operate through gustatory 
determination and reproduction in social insects. 



Use of Sex Pheromones: 

A sex pheromones released by one sex only triggers off a series of behaviour patterns 

in the other sex of the same species and thus facilitates mating. The male insects respond to 

the odorous chemical released by female. ln certain species of insects the males are known to 

produces the sex pheromone which attracts the females. 

The sex pheromones are specific in their biological activity, the male responding only 

to a specific pheromone of the female of the same species, and their reaction are directed 

towards the air currents canying the odour. The time of release of the pheromones by the 

female and response by male to them appears to be specific for each species. Effective 

distances for sex pheromones depend on the threshold concentration for male stimulation and 

release rate from the female. 

The following major sex pheromones have been isolated and identified: 

Bombycol: Silkworm, Bombyx mori 

Gyplure: Gypsy moth, Perthetria dispar 

Gossyplure: Pink bollworm. Pecinophora gossypie/la 

Cuelure: Melon fruit fly, Bactocera cucurbitae 

Litlure: Tobacco caterpillar, Spodoptera litura 

Helilure: Gram Pod Borer, Helicoverpa armigera 

Leucilure: Brinjal fruit and shoot borer, Leucinodes orbona/is 

Use of Sex pheromones in insect pest management: 

J) Monitoring of insect pests: Traps baited with synthetic sex pheromones is useful n 

estimating population and detecting early stages of pests. Four pheromones per acre 

are recommended. 

2) Mass trapping (male annihilation technique): Large numbers of pheromone baited 

taps can be used in the fields to capture male moths of newly eme.rged and reduce the 

number of males for mating. 

J) Control of pest by mating disruption: By permeating the atmosphere with higher 

concentration of the pheromone the opposite sex is rendered confused and wiable to 

locate their mates. 



Ill. MICROBIAL ORJGIN PESTICIDES 
Entomopathocenic orcani.sms . fun · v; rus. protozoa or . . . . . ·thcr of bactcna. g.a , . Biopcs1Jc1dcs formulaoons conuunmg ci .. d The microorgamsms as microbial pcsuc, cs. nematodes as pest control agent arc known 

1 1 15 don't harm man or . r. cdi on uscfu P an causing diseases in useful plants or insect-pest c ng d close to harvest . . and C8J1 be use even other animals. TI1cy don't leave undesirable reS1ducs 
I f 1 . f thogcns for the contro o p ant This is the most important factor encouragmg tbe use O pa cthods f . . . . atible with other m o pest 

feeding insects and diseases. M1crob1al control 1s also comp 
management. Some of microbial agcn!5 

have shown potential and offer an excellent 
aitcmativc to chemical pesticides. 

. . . h • ·s I represent the maJonty of 
Among the microbiaJ pesticides 81 (Bac1/lus I urmgumSI '/ 

h . di te thaJ Bt total market volume 
commerciaJ biopcsticides. The reports owcvcr m ca 
represents around 1.4% of told insecticides used and occupies less tban O.S% of total agricultural chemical market value. The following sections on bacteria, fungi, viruses. protozoa, and nematodes provide an introduction to these pathogens and their use and potcotiaJ use as microbial insecticides. Their classification and mode of action is given in Table. 

Table. Classification and mode of action of biopestiddes 

lnsccticick 

I 
I 

1 
Bacteria (Bt) 

Bae u lo"·i ruses 1 Pmtoz~ 
Fungi 

Osata"ke- - -,\ Mode of actic)"n 
Route 
Ingestion 

I I . j ngest1on 
lng~1ion 

1 ln!,.test ion 
I Penc1ration 

I feed inhibition by 10J1.in 
J Toxiu:mi:, - to11in 

Septicami.i - ~pore. 
I nfcction. mu lriplic.a lion 
lnfc.:tion, multiplication I lnfcc1ion, mu1tiplicatt0n 
Mc1abohc tox.m / ~c:mat()l.!cs l lngcslion 

i Pe nctration 
Inv asioo. multipl icition 
S •mbiotic ba...-icrium 

- 1 

[ A_c_an_ c_l_d_c ___ _ t-_'uM!__ _ __ _. _!'t" net~_!!°'!__ Im asiu11 ~ ,~-x -liu-1.-11 _-=. _ ~h c ohc rhicidc Fund 
I Penetration lnva.,.ion of mvccliuan .\1icrohi.il-- -,-D- ac- tc:ri3 I Amag,onbm I Antibiolic: ;;;,abohtes 2_!1tagoni~tic Fun2i AntaF-onism _ l~ ntibioti£. ~tabolitc, 

A. Bacteria 

Approximately one hundred species of pathogenic bacteria have been reported as 
entomopad10gens but biopesticides that have been most successful commercially, are based 
on-the spore forming bacterium, Bacillus thuringiensis. The insecticidal activity is due to crystals of insecticidal proteins produced during sporulation. These proteins are stomach 



poison and highly specific for in . 
. 

b sects. There are four members of genus Bacillus which have 

een closely cvaJuated in 1PM. 

i) Ba cillus lhuringiensis 

ii) B. sphaericus 

iii) B. popil/iae 

iv) B. morilai 

The biopcsticide formulations based on Bacillus 1huringiensis have been developed 

and are commercially available for crop pests. 

Table. Commercial Bt products for manacement of insect pests. 

I Species I ,·ariety I Trade Name I Effective a&ainst 

acilliUJ rhutingit,isis I Flotba~k j Diarno.nd backD mo . 

ar. (=vnrictv) aizur;ai ' Centari Diamond back moth. 
# - -- -

rlturin~irn.sis I Cen:in Wax moth larvae in honey 

f- _ v~ ull~,~ - ------ - ---~~umb!) 

3. 8. 1/ruri11gi~11sis fb~!imos Larvae of mosquito and 

· 1 · 1 B · hi i . n· 
,·ar. 1srac cns1s , act,~ 1 ac-. ,cs. 

- - - --1 SDkaCcC'totaJsnrnc 
4. 8 . tl,urin8il'nsis I r 

\'3r. kurstaki Biobit 
Br 
Condor 

I CutJass 
Delfin 
Oipcl . 

Larve Br 
Sok 

Lcpidopcerous larvae on 

many agriculu.ual crops. 

~M.U~~- - -L------- --- - -
Ditcrra 5. B. thuringitnsis 

var. 
sandiegottnebrio n is 

j Trident 
Mo\lador 
fQjl 

M- track 

Bect(e and wee,·ils. 

l r 6. B. 1h11rin_g_i~-n-.U-_.f ___ ,__Musabac l Fli~ - -

1 
var. thurin_.._ie_,._s_i_~_-z..--1...--=---= _ _ __....__~- , ________ _ 



Table. Bt based . b. ' 
nucro •al pesticides marketed in Ind· 

j 'f'nd _ ~ - - -- la 

I Ma~IWllr __ re~~ ----
2) B10J~rp - - I f'lu~t.dl.a9 m1tlla_ ___ Cro 

H~"~owrpa anni&e-,a---- ubb~gc 

P_.-c.·~•,.oplt..r,4 8'>J. ~pi.-/lA Cotton 

Bi~- C4na.s ~ _ 
H. a,.,..,,r-ra _ _ _...,J_ 
P. 1ouypk1Ja I Cotton I 

4 ) OeJfin WC JI :::rias fPJl. 
· an.ugt?ra 

I P. I OU)JN/la 

I £Arias spi:. 
, Spodop1r~ li°'ra 

~ - ---- P. xylostrl.a 
I J J Biopil [ ~ 4'p4iplcran 

- - ----:- - - · ~llan 
~ ~ptctunn - --· II. onni&,rro -:-------- -

C ltllfllhol« '"'-";' 
~dusolis 
r. zylu.nrla 
S.lil,ua 

Various Crops. 

Cotto_n _ ~ 

Rice 
Cabbage, 
Caufiflo-wcr 

In general bacterial pathogens can b 1·ed · · 
· e app I as sprays, dusts or baits either alone or 

integrated with parasites. predators and other pathogens, chemical insecticides as well as most 

other control procedures su~h as radiations, induced sterilization. chcrmostc:rilants, 

pheromones etc. 

B. Fungi 

There are over 500 fungi known ro be associated with insect diseases from five classes 

of fungi These are: 

i) Deuteromycetes 

ii) Zygomycetes 

iii) Oomycetes 

iv) Chytricliomycetes 

v) Trichomycetes 

The largest number of pathogenjc fungi are in the class Zygomycetes but to date the 

potentially most useful fungi have come from the Deuteromycetes. namely species of 

Beauveria, Metarhizium, Nomuraea, Vertici/lium and Hirsute/la. Fungi always infect the 

insect by penetration of the body wall. As a consequence fungi are able to infect 

phytophagous insects with sucking mouthparts which are susceptible to few other infectious 

diseases. 

The fungal spores can be applied as dusts, sprays or granules. lnspite of their potential 

as agents of insect control, use of fungi based biopesticides on commercial scale is Limited. 



This is primarily du 
c to problems of large-scale production, poor stability and lack of 

effective delivery system. s f th . . . . . 

Table. 

ome o e commercial products of pathogcruc fungi are g.1veo m 

Table. Commercial biopesticides based on pathogenic: fun&i 

C. Vinises 

. Jo"un,u., 
I I . B,au, ena bassia113 

I 2. J/irsutl!ll.a thomp:tttnl 
1 J V.-rriciJlium lrcanii 

4 . Mrrarrlti::,11.un 

__ u_l41S.oplial! 

' 

j P.;_,·topltrho,a 
,a/mfrura 

6. A,urnaria cassia,_. 

1 ('-,IJ,wtrirMm 

glol!OSp<Jroidrs 

8. f '4sarium sp. 

Tar lfaa 
Colorado potato 

beetle. citrus 
mot wttvil. 
Couon O:a 

hopper 

Coaunercia! N,me __ ~ 

Boyc;n 

CiltuS nm mite M =--.,...;_.:.,..;:;;.::;;... _____ _ 

A icJ. ~hire n,cs V cow ---, 

Spinlc big and Mct~uino 

sugar hop= ''---~---- -----. 

Milk weed vine 

weed 

Sickle b<d 
(weed) 

1 ~nrthl!ffl jnin1 

Dcvi1e: 

Cassi 

C.nll~o 

\·etch weed:.!)~-.....----------; 

Velvet leaf I Vcgo 

( Weed I 

The insect viruses belong to six main groups. They are: 

i ) Baculoviruscs 

ii) Cytoplasmic Polyhedrosis Viruses 

iii) Entomopox Viruses 

iv) Poxvirido Viruses 

v) Dcrso Viruses 

\i) Small DNA Viruses 

Only viruses from the Baculoviridae and Reoviridae have been seriously considered 

as control agents since these have a high virulence and are sufficiently different from 

vertebrate viruses to provide the necessary insurance of safety . The viruses used as control 

agents from the BacuJoviridae and Reoviridae are considered completely safe because they 

have a characteristic inclusion body which has only been observed in artluopod hosts, the 

majority of which are insects. The viruses used, tl1at have this characteristic inclusion body 

are: 

i) Nuclear Polyhedrosis Vi ruses (NPV) - Baculoviridae 



ii) GranuJosis Viruses (GV) - . . 
. . . BacuJovmdae JU) Cyt I . op asnuc polybedr . . 

os1s VIJ'Uscs (CPV) R . . Tb - eovtradae c prospects of . . · b . nucrob1al control of . aculov1ruscs seem to be v . agncuJtura) pests through the use of . cry SOOd in India Thi · . species of insect pests have be . s is evidenced by the fact that more than 30 . . . en reported to suffer . VIJUs) infections. Extensive fi Id . from either the NPV or the GV (granulosis . . e scale tcstm has b . btura, Mythimna separata S' .
1 

8 een camed out with NPV of Spodoptera · P1 o.soma obliqua . than IO viral insecticides b b . and Hehcoverpa armigera. At present more ave ecn registered in . Table. BacuJovirus . vanous Parts of the world. preparations registered 
for P~t control in various parts of the 

World. 
Trad~ Name-;;,;--T-.-1---::--:-::::------
Product n~t Species : \'~r of --Country 

I-~. "\·fad~~ C_\_Jiu pomo,, .. ,t,, 1
1 

R
1 

,,fK
87

istration ; oro .. ., Cz ... ~h.-.< lovaki~ 4 . I~ \.Jr \ . --- ------. ,..,.. v,o I~-e~~~-, . I ~lr~~~:,;;;:1;,;~-I i:; I ~~ny 

r . and V1ron H_ ! H~licv,•~p a ~PP 1973 r usA - --I 5. Gvpch<'Ck L . 
r-- • . t -.:_ma_nrna dispnr 1978 ~ USA 
~-§~.J-._~c~ V lf !!_S_ N . lt•cvn1ci I 1983 Canada 7

· V,rox - M. ScnifCr , 1984 :_l:)K 

l8. i1amesrr,n I .\f,.mcstm I 1988 fanland _______ ___ brussit..<1,· 

D. Protozoa 

More recent studies have shown that no less than 200 species of protozoa infect the 
harmful insects. The protozoa arc now considered to include seven distinct phyla, four of 
which, the Ciliophora, Sarcomastigophora, Apicomplexa and the Microspora are found as 
parasites of invertebrates. The Microspora are among the most common pathogens in insects 
under naturaJ conditions a! ld have the greatest reported range of host and tissue infectivit) 
anlong the prdtczaim phyla. 

Protozoa are generally non-specific in nature. Further. most protozoa arc difficult to 
culture on artificial media. In spite of such limitations, considerable efforts have been made 
in the past few years to develop a microsporidian. Nosema /ocustai for the long time control 
of grasshoppers. This can be produced and applied effectively and regarded as safe microbial 
control agent for use. Simi larly, another microsporidian, Vair1morplta necatrix, bas the high 

virulence, wide host range (covering as many as 30 lepidopteran pests) and commercial 

potential. 



E. Nematodes 

The main interest in nematodes 1 b . 
1 

. ias ecn concerned with those species that kill thei.r 
iosts ID a relatively short rim Th 

. e. ere are tluee families of nematodes to which this •Can be 
considered to apply, tltey are: 

ij Steinemematidae 

ii) Heterorhabditidae 

iii) Mermith.idae 

The firSt two are terrestrial nematodes that are associated with symbiotic gut bacteria 

that kill the host by septi · d th thi . . caemia an e . rd one. Memuth1ds are aquatic nematodes that kill 

their liost upon exit through th ,.: 1 Th gh . . . · e Cuuc e. ou .. Several nematodes paras1t1c on msects are 

known only a few are of p n·ca.1 · · rac use m mscct pest management. Nematodes alone or some 

times in combination with bacteria may be 111sed. Bacteria involved in this interaction belong 

generally to genus Xenorhabdus with two well-known species X Luminescens and X. 

Nematophilus. Bacteria alone cannot do any damage to the insect host, while nematodes in 

the absence of bacteria reproduce very poorly and therefore fail to cause any pathogenicity, lt 

is the mutuallistic nematodes-bacteria complex that · enhances nematodes reproduction and 

ultimately kills the insect host. 

Among nematodes, Romanomermis culcivorax is known to infect at least LO mosquito 

species naturally and over 80 species can be experimentally infected. The Rhabditial 

nematodes, Neoaplec/a11s carpocapsae bas also been successfuUy used for the control of 

certain lcpidopretan pests. Fairfax Biological Laboratories in USA have marketed the 

nematode, Romanomermis culcivorax on a commercial scale under the trade name of Skeeter. 

Doom, Seek and spear product based on Steinem ema felilae have been developed and 

introduced recently for the control of soil pests and termites. MlS Biosys have developed and 

introduced two product based on nematodes, viz., Biosafe-N biological insecticides and 

Biovector biological ins ecticides for the control of weevils, cutwonns, girdlers, white grubs, 

army worm, and a few bugs in fruit plantations. 

In India, Rhabdils sp. has been reported to be useful against Holotrichiu serrata. The 

virulence of S. feltiae to Spodop1er11 Jitura and Helicoverpa armigeru has been marked out, 

the latter being more susceptible than the fonner. This nematode has been mass cultured in 

v ivo using rice moth (Corcyra c:epha/onica) and tobacco caterpillar (S. litura). 



I 

IV. PLANT ORIGIN CHEMICALS (Botanical Pesticides) 
d roots arc 

The insecticides of plant origin extracted from seed, flower, leaves, stem an . 
. . . h ·caJs It ,s 

teoned as botanical pesticides. Plants are rich source of b1oact1ve orgamc c emt · 

estimated that there are about 2.50.000 - 5,00,000 djfferent plant species in the world today. 

Only IO per cent of these have been examined chemically indicating that there is enormous 

scope for fwther work. There are about 227 plant families which are reported to possess more 

than 2400 number of plants having pesticidal values. 

Some of the !important plant families (Table 13 .8) and plants (Table 13.9) with pcsticidal 

properties are given below: 

Table. Important Plant Families known for pestkidal values. 

S.Nn. Pinnt Famil} Number- of PlanL~ 
I. 
2. 
J . 
4. 
5. 
6. 
7. 

, K 
! 9. 

S.So. 
I 

J. 

I 

2. 

.l 

A.steraceae (sunflower family ) 70 
Aooc~·anaceae (Dogbane fami ly) 39 
Euehorbtaceae , spurge family) 63 

I Fabaceae (L!1!ume family) 57 
Mylitaceae (Eucalyotu.s family) 72 
Ranunrulaceae (Butterc:un family ) 55 
Rul:tc~e (Citrus family ) JJ 
Rosace-ae (Ro~ tar.uly) ..,-, 

• I 

MeJiacae (Neem farm ly) ":>500 

Table. Important promising plant species with pesticidal properties. 

Plant I Family 

Azadirarhta / Mcliaccac 
indica (~ecm family ) 

.A. "xc:d.w 

MPlia 
awdarach 

I 
--

f Melia.:eae 

1 Md iacc ac 

I 

- Adive materials 

Ar,adirachrin 

A-::adimcl,rin, 
Marra11 in 
Mt'liuntriol, 
Tost·ndnnin 
1-l'innamnwy/ 
MtUiano,,r 

-Part Biological 
anila acth·lty 
hie 
Seed IGR. 

ant1fecdant, 
u viposition 

I 
dctc:rc:nt. 
stcrilant 

Seed 
IGR. ~ antifccdant 

Sc:c:o 1 tGR. 
I antifc:ctlant 

oviposit.ion 
J~tcrcnt 
stcril :.int 

4 . I Meliu I -Jo - Meliantriol, Seed I . llO 

1 i·olJ.cmi - - - Nimbolidin A -
I 5. Acoms Aracc~c 0-asuronc Rhi1;0 A11tifc:c<l :mt, 

calamiis me tOlliC~nt. 

~ steri lant. . 
re lkni. 



6. 

7. 

Ag~alum Astcraccac 
, com.oiJ,$ l (S11nnoU1~r 

l'~·rcou,_, I and II llwo, JHA. l 

I 
:.nt '.furlllnl 

fami1\, ) IO"tC. , 

Plu111bago J Plumb::a-:g7:in:-::ac-::-ac:--:-'"T•~Pi;;:.:-:c.·~- m-;-ha- t-:i:-,.---Tl-Roo--, - +, ~,n~sc~ c:.-li=_i_d_al~ 

I ;;.q l:,mlca (u:a.l~uu 

r.;-- -,--:--~- r=~~m~iL·)!.-__ l I 
8. ! Artm1iJia Astc-accac I Capillin, Capill<,rirr I Lr:;if I 1nscc1icidal 7 

.abs,nrliium aid 

9. 
Al nil 

I
. C\ltcmi 

A. an~ua • do · ~, -D-,.-'!-c_e-,-OA_)_. __ _ ___ ;.;.;Lc....:..a.:..:.f:,__~-,G- R.-------1 

_ __ .., ___ -----------'-- rr._ a _tn_c....;.a;..n,....;.1 _ _ _ _ ___ _,l'""'a:;;.;.n=hfc:cdant_ 

The most promising one suitable for development as botanical pesticides are discussed 

as below: 

I. Neem (Al.lldirachta indica) 

The bioactivity of neem products has attracted the attention of scientists the world over. 

All parts of the ncem tree (leaves, frui ts, seed, kernel) possess insecticidal activity but see 

kernel is the most active (Fig.13.8). Neem bark, leaf, fruit and oil as well as extracts with 

various solvents specially ethanol have been found to exhibit activity against insect pests. Till 

today 450 - 500 species of insects have been tested with necm products and 413 of these are 

reportedly susceptible at different concentrations. There arc 55 compounds isolated from 

Necm Seed Kernel (NSK). Out of 55 compowids present in it, only three have been so far 

recognized for IPM. These are; azadiracbtin, nimbin, salonnin. There are more than 100 

commercial Neem products registered in India. 

Biological activity of Neem 

Ncem has diverse biological effects on insects . No synthetic chemical or plant origin 

material is known to occur which has such diverse, biological effects on insects as neem. 

Among the various biological effects; antifecdant and insect growth regulatory (IGR) effects 

of neem arc very important. However, its effect is limited lo the developmental stages of 

insects and adults generally remain unaffected. Under field conditions, insects escaping one 

biological effect (repelJeot) have to face other effects (antifeedant, oviposition deterrent etc.) 

If however, they cross these barriers and feed or come in contact they succumb to IGR effect. 

You may have better understanding on biological effects of neem on insects through the 

figure given beJow. 



V11,'0Ur, Fitntb. 
Flight, 
Longevity 

TuAic 

Ovipo.~ition 
Deterrent 

2. Chinaberry (Dharek) 

IOR 
Ma.ling disn,lptaon 

RepeUent 

NEEM 
Steril4nt 

Antifccdon t 

Effects of neem on insects 

Mdia azadarach commonly known as "Dharek", Chinabcrry tree, China tree, Persian 

lilac or "Pride of India" is a close relative of neem tree. It has very strong antifeedant effects 

against locusts (Schistocerca gregaria). Extracts in different solvents as well as pure 

compounds were found to exhibit phagodeterrent, oviposition deterrent, fecundity (capacity 

to produce young over) and longevity reducing, development disrupting and toxic effects. 

3. Tobacco 

Tobacco was used in insect control as early as 1763 in France, but its active ingredient 

was isolated, identified and named as "nicotine" only in 1826. Tobacco plant contains 12 

alkaloids of which nicotine. omicotine. and anabasine possess an insecticidal property. 

Among the several species of tobacco plants, Nicotwlza tahacum and N. n1Slica are employed 

for nicotine extraction; of the three alkaloids, nicotine (fom1ing 97% of the total alkaloid 

content) is more commonly used as an insecticide. Nicotine sulphate is effective against a 

wide range of pests. Its efficacy against soft bodied insects like aphids is weU known but it 

has also been found effective against whitefly. thrips and bollwonns in cotton; brown plant 

hopper and green leafhopper in rice; grubs in brinjal, potato and cauli flower. etc. Recently, 

nicotine sulphate (0.2 and 0.4% a.i.) has been found highly toxic to eggs and neonate (freshly 

emerged) larvae of Helicoverpa annigera and Spodoptera liturcl. It was also found highly 

effective against Bemisia tabaci under fi eld condition. 

le may prove very useful fo r use on fruit, vegetable and edible oil seed crops, where 

residues of pesticides are not acceptable. India manufactures around 800 tones of nicotine 

sulphate annually and exports the entire quantity to Japan and Europe. The cost nay be a 

prohibitive factor in its use in India. 

\ 



4. Pynthrum 

Pyrethrum is obtained from white fl f r 
owers o , e11ncetu11z cilzerariafolium and 

Tenacerunl cocincunz. The active ingredient of pyretbrurti are- Pyrelhrin I and 11: Cinerin I 

and U as well as Jasmine I and 11 Th1·s · · · ·d 
• 1s a contact 1nsect1c1 e affecting the nervous system. 

It has knockdown effect to the insect. Its LDso (lethal dose to kill SO% target population) for 

the housefly is 31 mg/kg wt and for the bedbug S mg/kg wt. It is reported that Kenya flower 

contains 1.3% - 3.5% pyrethrin, Japan flower contains 1%, Yugoslavia flower contains 0.7 

and Nepal tlower contains 1.4% pyrethrin. A synergist is usually added to increase toxicity. 

i.e . 0.05% pyrethrum + 1% rtinlathion + 0.02% pyrethrum + 0.05% malathion are found and 

applied @ 0.03 - 0.1 %. 

It is considered as safe insecticide and hence commonJy used in house, field, livestock 

spray and upon edible product where treabnent is needed just prior to harvest. 

5. Rotenone 

The chemical "rotenone" is found in several species of certain leguminous plants, the 

more important ones being the species of Derris (found in the Far East, contains 5.9% 

rott::none) and [hat of Loncho carpus (grows in Amazon valley of South America, contains 

8 . 1 I% roteoone ). Its action is selective killing of some insects and sparing some others. It is 

both a contact and a stomach poison, which affects respiration by the inhibition of Di 

utilization by the body cells resulting in th~ death of the insect. Its LDso against silk worm, 

Bombyx mori is 3 mg l kg wt. Only roots are employed to obtain rotenone. It is formulated as 

dust. EC and aerosol. Rotenone is effective against aphids, cattle grubs. ectoparasites (fleas.. 

lice), vegetables and ornamental plant pests. It is hannless to animals, man and plant. 



Aft«:r studying about parasites, predators and pathogens now you can comprehc:nd 

biological control agents for various crop pests as listed in Table. 

Table. Biological Control •a:mts of various crop pests 

I Crops ----
P"tsU INocODlroVISoCamcal 

_ _ _ _ _ _ _ ___ Coa1"11 ,\y,•nt.. - - -~ 

j Pul~ Poo horcr. Ht>l,mhis a.n,,vtt>ra .t. J',;}'V 

IJrlwrhi f . 

Sp<>dnpt,ra, 
Awuoo a . 

b Pai;i,;.11c, 

c . ChrHOf•-n 
J . B u 1;u1te~I 

--a :-,;pv - --
b. Trichn&ra,nma I 
c. / rlrnoMMS I 

--------:"':-:rl,--:-'---:-•~------ --......_ d & , ..,, .,.ol• I 

l Millcb i
1
1~~:_\1!~·~ a. ~ PVh, I 
-t" ' ,. ..... h , rrl' ogrtllflffllJ I 

- - - - -- ___ .__ -:---:--7""'"-7""'"----. C • .s:.l!DS:...<..._•pd _____ 7 
Vq;c:u:bl~, D i1t111U1 N.l•lr.-.:II. IIIUth a. 8 1 

(Tomat<>. CGbt...g~. h (',,;,c,,, I 

BhcnJi. etc\ i:.. Triclwg raml'1UJ j 
d Phnt miJuch . 

, --

1 t'rulcs 
~l :ingo 
Ci ll\.l• 

I 8 3ll.111 l 

I ·"Phkb 

- -- - - -----
Hrliurlti.s 

H :i_i r y C'..l Lc!rplll u.r 

1 a. Chruop,u 
b Bo(:iru~ ls . _ _ 

1 :i.~...:p \T - - -

b 8 1 
c. rnt:hu&r"'"'"4 

, d C lt0 ·,np n 

c. Bco nicah 
:"J..-cm ,,ii crnul_-ion 
a. _-..; f' \ ' 

I b Bl 

c. Bounicah ----------~ 
I 

Hopper. We~ . Buuc:rfly. :a. Par.isitci. 

Le2trruner. Aph,id~. b r~'<ialon 

M ealybug, c . N.i.nt proctucu 

d Bt 

G u.i\a. _ __ 
1 

__ __ _ 

Mam: Hc'!iorhi.s 
_ _ ~ fuag~athogc~ --\ 

a. ~PV 

b Dt I 
c. Tn r lwgr amma 

d Chr')SO[/'Q 

e. Plant roduc~ 

r\phlth :i. C110sopll 
b V11 l'fici/iJ ,-, 

c. OOWlii.:ah 

Cotton ao11~ omu a ::--;r v 
C ul~ l•nn., b TrfrlmR ' ""11,w 
Whirc-n y C B-ounicsh 

Aph~ 
I 

d Chrpopu 

i""' 
Thrip) - --- --7 Oruwn f'l:&nl Hopper . \ft«n a. "1tnd\ 

l,.Nf H opper, Ycl lO"'-' S tem , h I .;1cty h,rJ,. 

1 Oom-. L~f foldcr. v.all I c. Spidc~ 

m 1di;c. F.nr head Bui I ti Pun1.,11oilh 
c. p ~1nr , 

I r 8 1 
l g Fune~l l~oeeru 

h Plant product, 

---

\ 



ENTOMOPATHOGENIC FUNGI

Introduction 
itl 
ma Fungi pathogenic to insects are known as entomopathogenic fungi.The order 

Entomophthorales (Zygomycotina) includes about 200 species that are pathogenic to insects and 
op 

mites. These entomopathogens are notable for the epizootics they induce in populations of many 

insects, principally Homoptera, Lepidoptera, Orthoptera and Diptera. Beauveria bassiana, 

Lecanicilliumlecani, Metarhiziumanisopliae and sariafumosorosea are common species
worldwide and capable of infect species from Lepidoptera, Hemiptera, Coleoptera and Diptera.

Mode of action ofentomopathogenic fungi 
Entomopathogenic fungi infest the host insects

A 
through integument. In infestation from integument 

which is one of the most common infestation methods, Germination of conidia 

Appressorium formation 
Peneuabe 

fungi grows hyphae to penetrate epicuticle and 

progresses into hypodermis to achieve the 

infestation. Anamorphic fungi like B. bassiana and M. Miceliaum formation 
Contact insect s cuticle Death of the insect 

anisopliae primarily propagates as blastospores rather 
a Or conidia 

Free intectve condia

than hyphal development and these blastospores 

invade the vital organs by dispersing across the insect 

body via circulation of hemolymph within body cavity 

and eventually result in death of insect by clogging the circulatory system.

Tdentification characters of entomopathogenic fungi 

The colony of Metarhizium anisopliae appears white when young, but as the 

conidia mature, the colour turns to dark green. The conidiophores are branched, 

and the initial conidium is produced at the distal end of the conidiophores. A 

chain of conidia is formed on each conidiophore with the youngest conidium

being adjacent to the conidiophore. The mass of spore chains becomes so dense 

and coheres with each other to produce prismatic masses of columns of spore 

chains. 



COOny of eavera hassanu grows as a white mould. It produces many dry, 

poWdery conidia in distinctive white spore balls. 'ach spore ball is composed of a cluster of 

Condiogenous cells. The conidiogenous cells of B. hussiana are short and ovoid, and terminate 

na artow apical extension called a rachis. The rachis clongates after cach conidiumIs 

produced, resulting in a long zig-zag extension 

STEPS OF MASS PRODUCTION OF ENTOMOPATHOGENIC FUNGI 

ror mass production of entomopathogenic fungi we need fungus culture and suitable media for 

growth. Fungus culture can be directly isolated either from infected insect or from soil. We can 

also procure the culture from culture collection bank.

() ISOLATiON OF FUNGUS 

Isolation from cadavers: 
ldentify dead insect in the field on the basis of growth of fungus on the 

body of insect. Collect the infected larvae and bring it to laboratory for 

isolation 

1. Surface sterilization of dead insect by 2 % Sodium hypochloride 
for 3 min. 

2. Rinse in sterile distilled water

3. Dry using sterile filter paper
4. Insect cadaver is cut into small sized pieces 
S. Place on PDA medium (preparation of PDA medium given in later section of media 

preparation) 

6. Incubate at 27-28 °C 

7. Identification and purification of fungus is done. 

8. Subculturing for mass production. 

Isolation from soil: 
i. Soil dilution plating

Place 10 g of soil into 90 ml of sterile water.

Homogenized the sample to release propagules from soil. 

After homogenization aliquots of 100-200 ul are spread on to an appropriate medium. 



Sample may be spread on to the agar medium11 once the homogenate is spread on the agar medium, cultures arc 

appropriate temp (20-25° C) for 3-7 days. ii. Insect bating:

Soil samples are placed in containers. 
The soil is moistened 
Larvae are added to the soil and incubated for 

approximately 14 days 
In general 5-15 larvae are used 

Cadavers are collected at intervals and 

processed for internal fungi

Non soil dwelling insects (Galleria mellonella) are most preferred host for insect baiting method

Freparation of media: Potato Dextrose Media is prepared for isolation and 

multiplication of fungi. The composition is as follows

Potato: 200 g, Dextrose: 20 g and Agar: 20 g, Distilled water: 1L 

Method to prepare media:

. To prepare potato infusion, boil 200 g sliced, unpeeled potatoes in 1 liter distilled water 

for 30 min. 

2 Filter through cheesecloth. 

3 Mix with Dextrose, Agar and Water and boil to dissolve. 

4. Autoclave 15 min at 121°C. 

5. Dispense20-25 ml portions into sterile 15x 100 mm petri dishes.

This media is used to inoculate the fungus culture.

(I) Preparation of solid substrate media for mass multiplication: 

1. Broken maize grains/sorghum/rice grains are used as the substrate. Pre-soak the grains in 

water for 30 minutes. Gently stir the grains and remove the floating debris. 

2 Remove excess water and wrap the grains in wet muslin cloth for 15 minutes. A solution

of antibiotic cloramphenicol (0.02%) at 160ml for lkg is added and mixed with grain. 

3. Place the grain in autoclave for autoclaving at 120°C for 20 minutes. After sterilization, 

the autoclaved bags are left to cool down at room temperature. 



(IU) Inoculation of solid substrate: 
1. Inoculate the bags by adding 5ml of mycelia solution. Fill the bags with clean air and seal 

the opening end tightly
Shake the bags vigorously to homogeneously mix the mycelia with grain. Place the 

inoculated bags inside the tray and incubate at 28°C for 30-40 days. 
(IV)Harvesting of pure spores:
1. Harvest the bags 30- 40 days after inoculation. 

Open the bags and add water containing 0.0002% tween 80 solutions, then thoroughly shake to detach spores from the grain. 
3. Pour the spore solution into a spore separation machine to separate the solid substrate. Collect the spores using a manifold vacuum filtration machine.()Drying and grinding dried spores:
1. Dry the wet spores by placing in refrigerator at 10°C for about 9-12 hours and then transfer into a circulating air chamber at 28°C for another 1 hour. 

Ground the dry spores to powder using grinding machine. The number of spores for one gram of dry spore is estimated by adding 0. 1g spores into 10ml of distilled water and 0.02% tween 80. 
Shake the mixture vigorously using vortex shaker, dilute it 10 times and then spores can be counted using a heamocytometer. Field release

Mix 1 kg of Metarhizium powder with 50 kg of FYM for 1l acre Moisten, cover with polythene bag for 15 days Turn FYM and moisten 3-4 times. 
Ready to use after 15 days For spray: 

2.5 kg Metarhizium powder in 800-10001itres of water Repeat the spray at 10 days interval if required Larvae will be killed within 7-8 days of application under field condition Commercially available products

Metarhizium anisolpiae BIOblast,BIO 1020 Beauveria bassiana Myco- Jaal 

ecanicilluium lecani Vertilac



ENTOMOPATHOGENIC NEMATODES 

Introduction 

Nematodes are simple roundworms These are colourless, unsegmented and lacking

appendages Nematodes pathogenic to insects are known as Entomopathogenic Nematodes 

(EPNs) They possess an optimal balance of biological control attributes. The families or 

Hcterorhahditulac and Steimernematidae are obligate parasites of insects and are the most

mportant species of EPNs, which are uscd as biological control agents of economically 

important inscct pests. These nematodes possess a symbiotic association with pathogenic 

bactena trom the Xenorhabdus and Photorhahdus genera, associated with Stemernema and 

Heterorhabditis respectively 

Lifecycle of EPNs 

The life cycle of EPNs is characterized by an egg Infective Juvenile (U) 
intection 

stage, four juvenile stages, and an adult stage. Only 

the third juvenile stage is the infective juvenile that 

is free-living in the soil, non-feeding, encased in a 

double cuticle with closed mouth and anus and 

capable of surviving for several weeks in the soil, Emergence Aduft
eg9 

before infecting a new host individual. Therefore, 
Development

the only stage used in biological control is the third 23 geneiations 

instar infective juvenile. Infective juveniles (Js), 

enter the host insect through its natural openings (oral cavity, anus and spiracles) or in some 

cases through the cuticle

Mode of action 

Infective juveniles (1Js), considered the only free 
living stage of EPNs, enter the host insect through 

its natural apertures (oral cavity, anus and spiracles) 
Us search for and intect a 

or in some cases through the cuticle. After 
new host, then release 
bacteria into the host 

penetrating the insect's hemocoel, IJs release their 

symbiotic bacteria, which are the primary agents Js emerge from 
diepleted cadaver

All esources used 
Lls develop Development and 

reproduction ensue 
responsible for host death and also provide the 



s with nutrition and defense against secondary invaders. The nematodes complete their 

IJs/ml)ont 

Insideit 

evetopment and live for two or three generations inside their host. When food is depleted, iJs 

Cxit from host cadaver searching for new hosts.

MASS PRODUCTION OF ENTOMOPATHOGENIC NEMATODES 

STEP 1: Isolation or collection of nematodes from soil 

he standard method for collecting EPNs from soil involves the use of trap insects like 

aleria melonella. These insects can be reared or may be obtained from commercial 

baiting companies. This technique is simple and inexpensive. 

Take 250-500 cm3 of moist soil in a container and add 5-10 larvae of the greater wax 

moth on the soil surface of each sample and cover it. 

2Invert the containers and place at 22-24°C (cooler temperature in temperate and a warmer

one in tropical). 

3. Remove dead larvae from the soil every 3-4 days. 
4 Rinse cadavers in sterile water and place them from each sample separately on filter

paper in a petri dish (60x15mm). 

5. After 2-3 days in petri dish, place dead larvae with signs of 
infection by EPNs on a modified White trap or Whitehead 
and Hemming tray for collecting IJs. White traps consist of 
a dish or tray on which the cadavers rest surrounded by 
water, which is contained by a large arena. 

6 Emergence of IJs varies according to the nematode group: for steinernematids, 8-10 days 
after infection and for heterorhabditis, 14-15 days after infection. As IJs emerge they 
migrate to the surrounding water trap where they are harvested. 

PROCEDURE 

Inoculation of host 

Dilute the EPNs suspension consisting IJs with known quantity of distilled water for 
making the suspension of 200 1Js per ml. Place last instar larvae of G. mellonella on whatman 
filter paper in glass petriplates and then evenly distribute Iml of nematode suspension (200 



1US/ mi) on tilter paper (ie. 20 1Uslarvac) Cover it and seal by parafilm tapc and kecP** 
inside incubator. 

Trapping

idce the nematode infected larvae on modified white trap White (1927) made by placing a 

inge layer of whatman filter paper on the concave side of watch glass in glass petridishes 
MOIsten the filter paper with distilled water. Place the infected Galleria larvac on the filter paper 

er the cdge of the watch glass with a little quantity of distilled water and cover it 

Harvesting and Storage

Aer9-10 days of infection, Infective juveniles start emerging out from the infected larvae.

Transfer the harvested lJs to a beaker for setting of IUs and decant the supernatant suspension 

Repeat this process 4-5 times till a clear nematode suspension is obtained Store the nematode

suspension in tissue culture flask at 10-15°C for 2 to 3 weeks.

Quantification of nematodes 

Draw the nematode infective juveniles into a suspension of distilled water. Whenever 

required, the suspension is allowed to stand for some time till the nematodes settle at the bottom,

the supernatant is decanted. Draw 3 samples of 1.0 ml each from the total concentrate suspension 

into a nematode counting dish, to count the number of nematodes under stereo zoom binocular 

microscope. From the mean number of nematodes per 1.0 ml sample, the total number of 

required nematodes in the concentrate suspension is computed on the basis of serial dilution 

method (Woodring et al., 1988).

Application of EPNs 

For small plot applications, hand-held equipment (e.g., water cans) or back-pack sprayers may be 

appropriate. When nematodes are applied to larger plots, a suitable spraying apparatus such as a 

boom sprayer should be considered. 

EPNs usually must be applied to soil at minimum rates of 2.5 x 10° 1Js/ha (=25/cm*) or higher.

Commercially available formulation of Entomopathogenic nematodes 



Nematode species Product formulation 

Steinernema carpocapsae ORTHO biosafe. 
bio vector. X GNAT 

S feltiae Magnet. Nemasys 

S.riobrave Vector MG 
Bio vector

Heterorhabditis Otinem 

bacteriophora 
H.megidis Nemasys

S. carpocapsae Green commandos 
Soil commandos 



ENTOMOPATHOGENIC VIRUS 

Introduction

Entomopathogenie viruses are obligate intracellular

parasites having either DNA or RNA encapsulated into 

a protein coat known as capsid to form 

the virions or nucleocapsids. These viruses have proved to be 
Pin very effective in managing populations of certain pests such 

as Lepidoptera and Hymenoptera. 

Baculovirnidae family members are the most virulent on 

different orders of insect pests Lepidoptera, Diptcra,
Hymenoptera, Orthoptera, Isoptera and Neuroptera. Currently, Baculoviridae is divided into two 

genera: Nucleopolyhedrovirus (NPV) and Granmulovirus (GV) 

Mode of action NPV infectionof an insect host 
rop* 

MID&UT
Atal p Entomopathogenic viruses need to be ingested by the insect

host and therefore are ideal for controlling pests that have hion of 
Pdhe 

HIND6UT 
FOREGUT 

chewing mouthparts. Several lepidopteran pests are 

importat hosts of baculoviruses including Daytim at potyheda reienxing rie 

bekdbn of peritrophk membrun 

(NPV) and granuloviruses bedded virions

nucleopolyhedroviruses 

(GV) These related viruses have different types of 

inclusion bodies in which the virus particles (virions) are 

embedded Virus particles invade the nucleus of the 

midgut, fat body or other tissue cells, compromising the 

integrity of the tissues and liquefying the cadavers. Before

death, infected larvae climb higher in the plant ocanopy,

which aids in the dissemination of virus particles from the 

cadavers to the lower parts of the canopy. This behavior 

aids in the spread of the virus to cause infection in healthy

larvae. Viruses are very host specific and can cause 



Signiticant reduction of host populations. Examples of some commercially available viruses

include Helicoverpazea single-enveloped nuclcopolyhcdrovirus (HzSNVP), Spodoptera 

exgma multi-enveloped nucleopolyhedrovirus (SeMNPV), and (ydiapomonella granulovirus 

(CpGV) 

MASS PRODUCTION OF NPV 

MOst commercial available insect viruses are Nucleo Polyhedrosis Virus (NPV). It is host 

Specitie tor Spodoptera litura and Helicoverpa armigera. NPV is a stomach poison and is 

etfective when it is ingested by the larvae. Viruses are obligate pathogens which require iving
insect hosts for survival and replication. Therefore for mass production of virus pathogen Iiving
host (insects) are required.

Steps in mass production of Entomopathogenic virus: 

Step 1 Isolation 

lsolation of viruses from the host in which they have grown is an essential step for furtherproduction. Dead infected larvae are collected from the field, and are kept in a container of waterfor 3-5 days for putrification. The putrified larvae are crushed, filtered and centrifuged to prepare a viral suspension.

Step 2 Host rearing methods 

The third instar larvae of the pests such as H. 

armigera or S. litura are collected from field or reared 
in the laboratory either on artificial diet or on 

chickpea seeds.

The rearing of H. armigera and S. litura is same except H. armigera is reared in individual vial to avoid cannibalism.

Step3 NPV Production procedures 

1. Pre starve HOST larvae for 24 hours before inoculation of virus.
2. A virus suspension is prepared of Ixl0° OB/ml in 0.01% Teepol.



3 The Virus is applied on to the 

semisynthetie diet (casein, groundnut 

-oil, salt mixture and vitamin mixture) in 

glass vials just enough to cover the n'e ted taterptlars (aterpWlw prowbreN Rs AW Fty br 

surface and not to drench the diet in it. 

4 5-7 days old larvae are released singly Mtthent fred 
en byhan 
|Ariresinto the glass vials after virus var, 

inoculation and plugged with cotton and 

-incubated at a constant temperature of 

25°C in a laboratory incubator. After 7 
VIvio* days, the larvae are observed for the 

|Sty.k ces 
4stehuit

development of virus

5. After infection, larvae hang themselves upside down in tubes. These infected larvae are 

collected in a beaker containing water for 3-4 days for putrification.
6. The putrified larvae are crushed with the help of mixer cum grinder by adding some 

water. 

This solution is filtered with the help of muslin cloth and more water is added, if 7. 

required. 
8. The filtered extract solution is centrifuged (30,000 RPM) to separate the polyhedral of 

NPV from the solution. The polyhedral is separated from the water and is ready to use. 

Application 

Spraying of NPV is done using high volume knap-sack sprayer during evening hours to 

improving the effectiveness of the NPV. 100 ml of NPV can be diluted in 200-400 1. of 

water when using high volumesprayer
Its efficacy can be improved by adding crude sugar 0.5% groundnut oil cake 1%, 
chickpea flour 1%. 

Spray should be done as soon as newly hatched larvae are observed or 3-5 days after a 

trap catch of 5 moth/pheromone trap.

In field UV radiation affect the efficacy of virus so always spray at evening hours

Commercially available formulation of virus: Elcar, Biokill, Gemstar



Biopesticides Based on Bacteria 
 

Species/strain Type Target 

Bacillus popilliae Insecticide Popilla japonica  

B. thuringiensis var. aizawai Insecticide Galleria melonella 

B. thuringiensis var. israeliensis Insecticide Dipteran larvae 

B. thuringiensis var. kurstaki Insecticide Lepidopteran larvae 

B. thuringiensis var. xentari Insecticide Lepidopteran larvae 

B. thuringiensis var. San Diego  Insecticide Coleopteran larvae 

B. thuringiensis var. tenebrionis Insecticide Coleopteran larvae 

B. thuringiensis EG2348  Insecticide Lymantria dispar 

B. thuringiensis EG2371  Insecticide Lepidopteran larvae 

B. thuringiensis EG2424  Insecticide Coleopteran larvae 

Burkholderia cepacia Fungicide Soil-borne fungi, nematodes 

Pseudomonas fluorescens Fungicide Soil-borne fungi 

P. syringae ESC-10, ESC-11 Fungicide Post-harvest fungi 

P. chlororaphis Fungicide Soil-borne fungi 

P. aureofaciens Tx-1 Fungicide Antracnose, soil-borne 

Bacillus subtilis Fungicide Soil-borne fungi 

B. subtilis FZB24 Fungicide Soil-borne 

B. subtilis GB03  Fungicide Soil-borne and wilt 

B. subtilis GB07 Fungicide Soil-borne fungi 

Streptomyces griseoviridis K61 Fungicide Various fungi 

S. lydicus Fungicide Soil-borne 

Agrobacterium radiobacter K84, K1026 Bactericide Crown gall A. tumefaciens 

Ralstonia solanacearum nonpathogenic Bactericide Pathogenic R. solanacearum 

Pseudomonas fluorescens A506  Bactericide Frost damage, fire blight (E. amylovora) 

Bacillus firmus Nematicide Nematodes 

Pseudomonas syringae pv. Tagetis Herbicide Cirsium arvense 

Xanthomonas campestris pv. poae Herbicide Poa annua 

 



Biopesticides Based on Fungi 
 

Species/strain Type Target 

Beauveria bassiana Insecticide White fly 

Verticillium lecanii Insecticide White fly 

Paecilomyces fumosoroseus Insecticide White fly 

Metarrhizium anisopliae Insecticide Black beetle 

Lagenidium giganteum Insecticide Mosquitoes 

Trichoderma polysporum, T. harzianum Fungicide Soil-borne fungi 

T. harzianum KRL-AG2  Fungicide Soil-borne fungi 

T. harzianum Fungicide Foliar fungi 

T. harzianum, T. viride Fungicide Various 

T. viride Fungicide Various 

T. lignorum Fungicide Vascular wilt 

Trichoderma spp Fungicide Soil-borne 

Ampelomyces quisqualis M-10  Fungicide Powdered mildew 

Talaromyces flavus V117b Fungicide Soil-borne fungi 

Gliocladium virens GL-21 Fungicide Soil-borne fungi 

G. Catenulatum Fungicide Soil-borne fungi 

Fusarium oxysporum nonpathogenic Fungicide Pathogenic Fusarium 

Pythium oligandrum Fungicide Phytium ultimum 

Phlebiopsis gigantea Fungicide Heterobasidium 

Coniothyrium minitans Fungicide Sclerotinia sclerotiorum 

Candida oleophila I-182 Fungicide Post-harvest rot 

Myrothecium verrucaria Nematicide Nematodes 

Paecilomyces lilacinus Nematicide Nematodes 

Phytophthora palmivora MWV Herbicide Morrenia odorata 

Colletotrichum gloeosporioides Herbicide Cuscuta and various 

C. gloeosporioides f. sp. malvae Herbicide Malva pulsilla 

C. G. f.sp. aeschynomene Herbicide Curty indigo 

C. Coccodes Herbicide Abutilon theophrasti 

C. Ttuncatum Herbicide Sesbania exalta 

Alternaria cassia Herbicide Senna obtusifolia 



 

Biopesticides Based on Viruses 

 
Species/strain Type Target 

Granulosis virus  Insecticide Byctiscus betulae, codling moth 

Pine sawfly NPV Insecticide Diprion similis 

Heliothis NPV Insecticide Helicoverpa zeae 

Gypsy moth NPV Insecticide Lymantria dispar 

Tussok moth NPV Insecticide Orgyia pseudotsugata 

Mamestria brassicae NPV Insecticide Heliothis 

Spodoptera exigua virus Insecticide Spodoptera exigua 

Bacteriophage of P. tolaasii Fungicide Bacterial rot of mushroom 

 



Bioagents Registered in India for Plant Disease Management 

Antagonist/Botanical Crop Disease Dose 

Azadirachtin 0.030% (300 ppm) Okra PM 2-2.5 L/ha Foliar 

Ampelomyces quisqualis 2.0% WP Okra PM 2.5kg/ha Foliar 

Bacillus subtilis 1.15% AS Grape PM 2 ml/L Foliar 

Bacillus subtilis 2.0% AS 

 

Rice BLB 10 ml/L seedling dip 

2.5kg/ha Foliar 

Bacillus subtilis 1.50% L.F Banana Sigatoka 5 L/ha Foliar 

Pseudomonas fluorescens 0.5% WP  

 

Rice 

Vegetables 

BLB, Blast, BS 

Soil borne 
10 gm/kg seed 

2.5 kg/ha soil 

1kg/ha Foliar 

Pseudomonas fluorescens 1.0% WP 

 

Vegetables Wilt Root rot 20 gm/kg of seeds  

5 kg/ha enriched 

FYM @ 5tons/ha  

Pseudomonas fluorescens 1.5% WP Rice BLB, Blast, BS 5 gm/kg seed 

2.5 kg/ha soil 

Pseudomonas fluorescens 1.75% WP 

 

Wheat Loose Smut 05 g/kg seed 

2.5kg/ha Foliar spray 

Pseudomonas fluorescens 1.5% AS 

 

G N  Leaf Spot 10 ml/kg seed 

0.2% foliar spray  

Pseudomonas fluorescens 1.5% LF 

 

Rice Blast 4.5 ml/kg seed 

6 L/ha foliar sporay 

Pseudomonas fluorescens 2.0% AS 

 

Rice BLB 10ml/L Seedling dip 

& Foliar spray 

Trichoderma harzianum 0.50% WS Cardamom Capsule rot  100 gm/plant 

Trichoderma harzianum 2.0%WP Maize  Root Rot 20 gm/kgseed 

Trichoderma harzianum 2.0% AS Many Soil borne 30 ml/L Seedling dip 

Trichoderma reesei 3.0% WP Banana Panam Wilt 18 kg a.i./ha 

250 ml/plant 

Trichoderma viride 0.5% WP Many Soil borne 10 g/kg seed 

Trichoderma viride 1.0% WP Many Soil borne 4 -6 gm/kg seed 

Trichoderma viride 1.5% WP 

 

Many Soil borne  20gm/kg of seeds  

 50 gm/sq.m  

 5 kg/ha enriched 

FYM @ 5 tons/ha 

Trichoderma viride 5.0% LF 
 

Rice Brown spot  
500 liter/ha Foliar 

Spray Pea  
Powdery 

mildew  

Trichoderma viride 1.0% AS Many Soil borne 4-6 ml/kg Seed 

Trichoderma viride 1.5% LF 

 

Many Soil borne 5 ml/kg seed 

5 ml/lit seedling dip 

Trichoderma viride 5.0% SC Many Soil borne 2 ml/kg seed 

 



Bioagents Registered in India for Management of  

Root-knot nematodes (Meloidogyne incognita) in Vegatables 

Antagonist Dose 

Pseudomonas fluorescens 1.0% WP 

(Strain No. IIHR-PF-2, Accession No. 

ITCC- B0034) 

Treat the seed with Pseudomonas fluorescens 

1.0% WP @ 20 gm/kg of seeds & treat the nursery 

beds with the Pseudomonas fluorescens 1.0% WP 

@ 50 gm/sq.m and apply Pseudomonas 

fluorescens 1.0% WP (@ 5 kg/ha enriched FYM* 

@ 5 tons/ha to the soil before transplanting. 

Trichoderma harzianum 1.0% WP 

(Strain No. IIHR-TH-2 Accessions No. 

ITCC 6888) 

Treat the seeds with Trichoderma harzianum 1.0% 

WP @ 20 gm/kg of seeds & nursery beds with the 

Trichoderma harzianum 1.0% WP @ 50 gm/sq.m 

and also apply Trichoderma harzianum 1.0% WP 

(@ 5 kg/ha enriched FYM* @ 5 tons/ha to the soil 

before transplanting. 

Trichoderma harzianum 1.5% WP 

(Strain No. IIHR-TV-5 Accessions No. 

ITCC 6889) 

Treat the seed with Trichoderma harzianum 1.5% 

WP @ 20 gm/kg of seeds & treat the nursery beds 

with the Trichoderma harzianum 1.5% WP @ 

50gm/sq.m and also apply Trichoderma 

harzianum 1.5% WP @ 5kg/ha enriched FYM* @ 

5 tons/ha to the soil before transplanting. 

Trichoderma viride 1.5% WP (Strain No. 

IIHR-TV-5 Accessions No. ITCC 6889) 

Treat the seeds with Trichoderma viride l.5% WP 

@ 20 gm/kg of seeds & nursery beds with the 

Trichoderma viride l.5 % WP @ 50 gm/sq.m. and 

also apply Trichoderma viride 1.5% WP (@ 5 

kg/ha enriched FYM* @ 5 tons/ha to the soil 

before transplanting. 

Verticillium chlamydosporium 1.0% WP, 

(2x106 CFU/gm min) Strain – IIHR-VC-

3 Accession No – 

ITCC-6898 

Treat the seeds with Verticillium 

chlamydosporium 1.0% WP @ 20 gm/kg of seeds 

& nursery beds with the Verticillium 

chlamydosporium 1.0% WP @ 50 gm/sq.m and 

also apply Verticillium chlamydosporium 1.0% 

WP @ 5 kg/ha enriched FYM* @ 5 tons/ha to the 

soil before transplanting. 

Paecilomyces lilacinus 01.15% WP 03.0 kgwith 5qFYM/ha 

 



Biopesticides for Plant Disease Management 

Biopesticide has been defined as a form of pesticide based on micro-organisms or natural 

products. They include naturally occurring substances that control pests (biochemical pesticides), 

microorganisms that control pests (microbial pesticides), and pesticidal substances produced by 

plants containing added genetic material (plant-incorporated protectants). They are obtained 

from plants and microorganisms like bacteria, fungi, nematodes etc.   

Biopesticides can be classified into following classes 

Microbial pesticides/ Biocontrol:  Biopesticides produced by microorganisms, including certain 

fungi, bacteria and viruses. Microbial pesticides control a large variety of pests and pathogens 

however; each type of microbial pesticide targets a specific species or small group of species. 

This is commonly known as Biological control and such microorganisms as biological control 

agents. 

Biochemical pesticides/ Botanicals: These are substances naturally occurring in the 

environment that control pests. This may include botanical extractions and other plant products 

that are active against plant pathogens and other pests. 

Plant-Incorporated Protectants (PIPs): These pesticides are produced from plants as a result 

of another genetically incorporated material added to that plant called as GM crops. 

Biopesticides from microbial origin/ biological control and plant origin are commonly 

applied for plant disease management. 

Biological Control 

  Biological control can be defined as “The practice in which or the process whereby the 

undesirable effects of an organism are reduced through the agency of another organism that is 

not a host plant, the pest or pathogen or man.” (Garrett, 1965) 

  “Reduction of inoculum density or disease producing activities of a pathogen or parasite 

in its active or dormant state, by one or more organisms, accomplished naturally or through 

manipulation of the environment, host or antagonist or by mass introduction of one or more 

antagonist.” (Baker and Cook, 1974) 

 

 

 



Three broad strategies for achieving biological control: 

1. Regulation of pest population at or below economic threshold. This is the only accepted 

strategy for many insect pests, plant parasitic nematodes, rodents and weeds. 

2. Exclusionary system of defense, such as rhizosphere or phyllosphere microflora colonizing 

infection courts and giving protection. eg. A. radiobacter- K84 colonizes infection court and 

excludes A. tumifaciens causing crown gall or protection from post-harvest damage of fruits by 

fruit rot pathogens by treating with non-pathogenic antifungal bacteria instead of fungicides. 

3. Systems of self-defense through resistance to disease and pests achieved genetically. It may 

be enhanced by cultural practices, induced by inoculation of plants with avirulent or mild strains 

of the pathogen or by expression of genes for biological control mechanisms transgenic plants. 

 

Elements which may contribute in biocontrol mechanism  

1.  Reduction of Inoculum Density 

Inoculum density can be reduced by destroying propagules or by preventing their formation. eg. 

Crop rotation adds chemically different plant residues to soil. It may also starve the pathogen due 

to absence of host and/or weakens it to the extent that it is more rapidly destroyed by 

antagonistic microflora.  

2. Suppression of Germination and Growth of Pathogen 

This form of biological control has two aspects: (a) reduction or prevention of germination (soil 

fungistasis) and (b) slowing down of growth of germlings due to starvation, antibiotics, 

bacteriocin, mycoviruses, etc. 

3. Displacing the Pathogen from Host Residues 

This approach applies to those pathogens that depend for survival on occupancy of the host 

remains (crop debris) during absence of host. The pathogens use the residues both as shelter and 

as a food base. This gives them the advantage of pioneer colonization. The system of residue 

possession by root pathogens is passive, active or both. Pythium spp., that attack succulent roots 

exemplify passive possession. Utilization of the substrate is slow-and the pathogen persistently 

defends the substrate against saprophytes.  

4. Protection of an Infection Court 

This approach aims at encouraging the soil microflora in or on the infection court, which slow or 

prevent infection by the particular pathogen. Such protection mainly includes conditions, where 

weak pathogen or non-pathogenic organism takes possession of the sites of infection.  

5. Stimulation of resistance response of the host 



This includes cross protection provided by a weak avirulent or hypovirulent, strain of the same 

pathogen or by another pathogen. eg. Tomato variety resistant to F. oxysporum f. sp. lycopersici, 

if inoculated with that pathogen, becomes resistant to Verticillium dahhiae. Take-all of wheat 

(Gaeumannomyces graminis var. tritici) is reduced if the roots are precolonized by Phialophora 

radicicolia. 

Virulent strain: Capable of causing a severe disease, strongly pathogenic.  

Virulence: The degree of pathogenicity of a given pathogen. 

Avirulent strain: Not capable of causing a severe disease. 

Hypovirulence: Reduced virulence of a pathogen strain as a result of the presence of 

transmissible double-stranded RNA. 

 

Methods of biological control 

Management of on-farm cycles; biological interactions 

Crop rotations 

Suppressive soils 

Indigenous natural enemies of pests  

General resistance maximized by cultural practices 

One time or occasional inoculations 

Biological control agents 

Specific disease resistance genes in crops 

Green manure; organic amendments 

Regular external inputs 

Seed, including as multiline and mixtures 

Microbial bioagents, applied to planting material, soil or above-ground plant parts 

 

NATURAL BIOLOGICAL CONTROL: SUPPRESSIVE SOILS  

Soils may be classified as conducive and suppressive in respect to development of soil-

borne diseases. There are many soil-borne diseases that appear in severe form in certain soils; 

such soils are called conducive soils. But, the same diseases develop much less and cause milder 

effect on their host in other soils; such soils are referred to as suppressive soils. In suppressive 



soils either the pathogen cannot establish them, or they become established but fail to cause 

disease, or they become established and initiate disease but diminish in severity with 

monoculturing of the crop.  

Various kinds of antagonistic microorganisms do occur in suppressive soils; the most 

common pathogen and disease suppression appears caused by fungi (e.g. Trichoderma, 

Sporidesmum, Pencillium) or by bacteria Pseudomonas, Bacillus, and Streptomyces. Such 

antagonists, through direct parasitizing of the pathogen, through competition for nutrients, or 

through the toxic/inhibitory chemicals they produce, do not allow the pathogen to reach high 

enough population to cause severe disease.  

Thus, suppressive soil is an “umbrella” wherein fungistasis, competitiveness for survival, 

and variety of interactions between pathogen and the host exist.  

Suppressiveness in Conducive Soil - A conducive soil may develop suppressiveness in the 

following manner.  

1. When suppressive soil is added to conducive soil, the amount of disease is reduced in the 

latter due to introduction of microorganisms antagonistic to the pathogen. eg. a conducive 

soil amended with suppressive soil rich of a strain of Streptomyces species resulted in patato 

tubers significantly free from potato scab disease. It so happened because a strain of 

Streptomyces species was antagonistic to Streptomyces scabies, the causal agent of potato 

scab disease.  

2. Continuous cultivation of the same crop (monoculturing) in a conducive soil, after some 

years of severe disease, eventually leads to suppressiveness against such disease. This 

happens due to increased populations of antagonists to the pathogen. eg. monoculturing of 

wheat or cucumber, after some years, results in reduction of take-all disease of wheat 

(Gaeumannomyces graminis) and of damping off of cucumber (Rhizoctonia sp.), 

respectively.  

3. Some sort of suppressiveness develops in a conducive soil after crop rotation of appropriate 

crops for sufficient duration. The reason behind this is that the crops in rotation do not 

provide appropriate host to the pathogen as well as they provide sufficient time for 

biological destruction of pathogen inoculums by antagonists residing in the soil. 

 



MODE OF ACTION OF BIOLOGICAL CONTROL AGENTS (BCAs) 

 Biological control agents (BCAs) reduce disease of the target crop usually by one or 

more of the following mode of action: antagonism, hypovirulence, and the induction of host 

resistance and growth promotion.  

A. Antagonism 

  Antagonism is a phenomenon in which the activity of an organism (antagonist) 

inhibits/limits or harms the activity of other participants of an ecological association of a 

particular habitat.  

   In biological control, antagonism is the central dogma which occurs routinely in 

nature. Antagonism is a “Type of symbiosis (living together of who unlike organisms) in which 

one organism is harmed by the other either by the later being parasitic or predatory on former, 

or through competition for food in short supply, or through secretion of certain toxic 

substances.”  

The antagonistic action can be broadly divided into three categories  

(i) Direct “parasitism” or “predation” of other organism over pathogenic ones (exploitation)  

(ii) Active demand of nutrient over supply, a situation which results primarily from quicker 

and greater utilization of available  nutrients by saprophytic microorganisms with the 

result that pathogens face lyses or suppression due to starvation (competition) and  

(iii) Suppression of pathogenic organisms due to secretion of toxic or inhibitory compounds 

by other microorganisms (antibiosis). 

Mechanisms of Antagonism 

1. Exploitation/Mycoparasitism 

Exploitation is an antagonistic condition wherein an organism directly harms another 

organism to get benefit out of the harm done to the organism. Literary, mycoparasite (myco-

 +  parasite) means a fungus or other microorganism that is parasitic on another fungus and the 

phenomenon is called mycoparasitism. 

This phenomenon is operated through parasitism and predation; the two terms basically 

being same in their effect but differing in their mode of operation. A parasite develops some sort 

of etiological relationship with its host and the latter is exploited slowly, whereas a predator 

physically eliminates its prey (host) by direct feeding on it without establishing any etiological 

relationship.  

 Most of plant diseases are due to fungi, and large number of fungi parasitizing fungi is 

known. Parasitism of pathogenic fungi by other fungi is generally termed as 

mycoparasitism. Almost all taxonomic groups of fungi are found to be involved in this 

phenomenon and often species within the same genus (e.g. Pythium) interact as host and parasite. 

https://en.wiktionary.org/wiki/myco-
https://en.wiktionary.org/wiki/parasite
https://en.wiktionary.org/wiki/fungus
https://en.wiktionary.org/wiki/parasitic


Trichoderma sp., mainly T. harzianum, is one of the most common mycoparsitic fungi 

and one of the common examples of mycoparasitism in reference to biological control of 

diseases. It has been found to parasitize mycelia of Rhizoctonia and Sclerotium. Several yeasts, 

for instance, Pichia guilliermondii, also parasitize and inhibit the growth of Botrytis, Penicillium, 

and other plant pathogenic fungi. 

  

Hyphae of Trichoderma either grow along the host hyphae or coil around it 

2. Competition  

An ability to compete successfully with a pathogen is as important property of biological 

control organisms. Often, successful competition occurs at the infection court, preventing the 

ingress of the pathogen, although in some instances, and ability of the biocontrol agent to limit 

reproduction of the pathogen can also be important. The fungus, Idriella bolleyi, controls take-all 

of wheat, caused by Gaeumannomyces graminis f. sp. Tritici, by competition for both nutrients 

and infection sites. It does this by exploiting senescing cortical cells of the plant, which occur 

naturally early in its growth, and rapidly producing spores. These are carried down the root by 

water and continue its colonization.  

Iron has an exceedingly low solubility in water and is therefore often limiting for both 

plants and microorganisms. Both plants and microorganisms capture iron by the production of 

iron-binding compounds known as siderophores. Many pathogens require iron as an essential 

mineral nutrient for growth, and in some cases iron is required for virulence. Hence, production 

of a siderophore by a biological control agent eg. Pseudomonas fluorescens may reduce the 

growth of a pathogen or its ability to attack the host.  

Siderophores are low molecular weight compounds, which possess a high affinity for 

iron and aid transport into cells. These chemicals efficiently act as scavengers of iron and 

may thus mop up all of the available supply of iron in the adjacent environment. 

3. Antibiosis 

Antibiosis is that antagonistic condition in which there is suppression of pathogenic 

micro organisms due to secretion of toxic or inhibitiry compounds (antibiotics) by other 

microorganisms.  



Such compounds range from hydrogen cyanide (HCN) to enzymes and the 

microorganisms involved are often species of Trichoderma and Gliocladium among fungi, and 

Bacillus and Pseudomonas among bacteria. Bacteria are the microbial BCAs that are known to 

produce most diverse range of antimicrobial compounds. Bacillus subtilis effectively controls 

Rhizoctonia slolani in many crops by producing bacilysin and fengymycin. Bacilysin inhibits 

yeasts and bacteria and fengymycin inhibits filamentous fungi. Strains of Pseudomonas produce 

several toxic inhibitory compounds including phenazine- 1 caboxylic acid, phenazine-1 

carboxamide, anthranilic acid, diacetyl phloroglucinol, pyoluteorin, pyrrolnitrin, and 

viscosinamide.  

B. Hypovirulence  

Hypovirulence is the phenomenon of reduced virulence of a pathogen strain than normal 

ones developed as a result of its infection by double-standed RNA (dsRNA). When a 

hypovirulent strain was co-inoculated with highly virulent strain of a fungus, the latter became 

hypovirulent normally by hyphal contact (anastomosis). Some transmissible factor moved from 

the hypovirulent strain into the more aggrassive one. The agent (s) responsible was shown to be 

cytoplasmic and was subsequently identified as double-standred RNA (ds RNA) molecules.  

 The phenemenon of hypovirulence is well-established in a number of fungal pathogens. 

Cryphonectria parasitica and Ceratocystis ulmi, the pathogens of chestnut blight and dutch elm 

desease, respectively, both harbour dsRNA because different-sized dsRNAs have been isolated 

from hypovirulent strains of these fungi.  

C. Induced Resistance 

Disease suppression through the induction of resistance in host is an alternative, and quite 

different, mode of action of biological control agents. It has been found during recent years that 

rhizosphere bacteria (rhizobacteria) applied to seeds or roots induce systemic resistance response 

expressed against pathogens infecting aerial tissues. eg. when Pseudomonas fluorescens was 

applied to roots of carnation and the stems were inoculated one week later with Fusarium 

oxysporum f. sp. Dianthi, the vascular wilt causing fungus, the incidence of disease was reduced 

as a result of increase in resistance of the host. Similarly, the resistance was induced to leaf 

pathogens such as Colletotrichum orbiculare and Pseudomonas syringae in cucumber and 

bacterial blight (Pseudomonas syringae pv. Phaseolicola) in bean, with the inoculation of 

biological control agents.  

 The induction of resistance, as appeared, was presumably due to the production of a 

signal molecule(s) by the colonizing biocontrol agent, which activates systemic aquired 

resistance (SAR) pathway resulting in release of pathogeneses-related (PR) proteins. More recent 

evidences suggest that different biocontrol bacteria may operate through different pathways 

distinct from the above mentioned typical systemic acquired resistance response. When a 

bioactive strain of Pseudomonas fluorescens was applied to the roots of Arabidopsis plants, 



resistance to both a vascular wilt fungus and a foliar bacterial pathogen was subsequently 

increased, but there was no accumulation of pathogenesis related (PR) proteins or salicylic acid 

in disease reaction. 

D. Growth Promotion 

 Biocontrol agents are reported to induce the growth of various crops. These responses 

may be due to  

(a)  suppression of deleterious root flora including those not causing obvious disease,  

(b)  production of growth stimulating factors (hormones or growth factors) and  

(c) increased nutrient uptake through solubilization and sequestration of nutrients and/or 

enhanced root growth. Enhanced root development is also helpful in tolerating the biotic and 

abiotic stresses by the plants. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Model depicting mode of action of Trichoderma spp. against pathogen and plant growth 

promotion 



Trichoderma: Potent biological control agent ( mycoparasite) for management of plant 

diseases 

 

                Among fungal bioagents, Trichoderma is very promising candidates for the 

biological control of plant pathogenic fungi especially the soil born. It is a free-living fungus 

which is common in soil and root ecosystems. It is highly interactive in root, soil and foliar 

environments. It reduces growth, survival or infections caused by pathogens by different 

mechanisms like competition, antibiosis, mycoparasitism, hyphal interactions, and enzyme 

secretion. This is also known for secreting secondary metabolites in the environment which 

affects on wide spectrum of various fungal groups, especially pathogenic fungi. Reports by 

various workers showed that Trichoderma spp. is a powerful antagonist of parasitic soil fungi 

of Pythium, Phytophthora, Sclerotinia, Sclerotium, Rhizoctonia, Fusarium, Verticillium, 

Gaeumannomyces etc. 

General Characteristics 

        Colonies, at first transparent on media such as cornmeal dextrose agar (CMD) or white 

on richer media such as potato dextrose agar (PDA). Mycelium typically not obvious on 

CMD, conidia typically forming within one week in compact or loose tufts in shades of green 

or yellow or less frequently white. Yellow pigment may be secreted into the agar, especially 

on PDA. A characteristic sweet or 'coconut' odor is produced by some species. 

      Conidiophores are highly branched and thus difficult to define or measure, loosely or 

compactly tufted, often formed in distinct concentric rings or borne along the scant aerial 

hyphae. Main branches of the conidiophores produce lateral side branches that may be paired 

or not, the longest branches distant from the tip and often phialides arising directly from the 

main axis near the tip. The branches may be with the secondary branches often paired and 

longest secondary branches being closest to the main axis. All primary and secondary 

branches arise at or near 90° with respect to the main axis. The 

typical Trichoderma conidiophores with paired branches assume a pyramidal aspect. 

       Phialides are typically enlarged in the middle but may be cylindrical or nearly 

 



subglobose. Phialides may be held in whorls, at an angle of 90° with respect to other 

members of the whorl. Phialides may be densely clustered on wide main axis (e.g. T. 

polysporum, T. hamatum) or they may be solitary (e.g. T. longibrachiatum). 

Conidia typically appear dry but in some species they may be held in drops of clear green or 

yellow liquid (e.g. T. virens, T. flavofuscum). Conidia of most species are ellipsoidal, 3-5 x 

2-4 µm. Conidia are typically smooth but tuberculate to finely warted conidia are known in a 

few species. 

Synanamorphs are formed by some species that also have typical Trichoderma pustules. 

Synanamorphs are recognized by their solitary conidiophores that are verticillately branched 

and that bear conidia in a drop of clear green liquid at the tip of each phialide. 

       Chlamydospores may be produced by all species, Chlamydospores are typically 

unicellular subglobose and terminate short hyphae; they may also be formed within hyphal 

cells. Chlamydospores of some species are multicellular (e.g. T. stromaticum). 

        Teleomorphs of Trichoderma are species of the ascomycete genus Hypocrea Fr. These 

are characterized by the formation of fleshy, stromata in shades of light or dark brown, 

yellow or orange. Typically the stroma is discoidal to pulvinate and limited in extent but 

stromata of some species are effused, sometimes covering extensive areas. Stromata of some 

species (Podostroma) are clavate or turbinate. Perithecia are completely immersed. 

Ascospores are bicellular but disarticulate at the septum early in development into 16 part-

ascospores so that the ascus appears to contain 16 ascospores. Ascospores are hyaline or 

green and typically spinulose. More than 200 species of Hypocrea have been described but 

only few have been grown in pure culture and fewer have been redescribed in modern terms. 

Benefits of Trichoderma 

1. Disease Management: Trichoderma is a potent biocontrol agent and used extensively 

for soil born diseases. It has been used successfully against pathogenic fungi belonging 

to various genera, viz. Fusarium, Phytopthara, Scelerotia etc. 

2. Plant Growth Promoter: Trichoderma strains solubilize phosphates and 

micronutrients. The application of Trichoderma strains with plants increases the number 

of deep roots, thereby increasing the plant's ability to resist drought. 

 



3. Biochemical Elicitors of Disease: Trichoderma strains are known to induce resistance 

in plants. Three classes of compounds that are produced by Trichoderma and induce 

resistance in plants are now known. These compounds induce ethylene production, 

hypersensitive responses and other defense related reactions in plant cultivars. 

4. Transgenic Plants: Introduction of endochitinase gene from Trichoderma into plants 

such as tobacco and potato plants has increased their resistance to fungal growth. 

Selected transgenic lines are highly tolerant to foliar pathogens such as Alternaria 

alternata, A. solani, and Botrytis cirerea as well as to the soil-borne 

pathogen, Rhizectonia spp. 

5. Bioremediation: Trichoderma strains play an important role in the bioremediation of 

soil that are contaminated with pesticides and herbicides. They have the ability to 

degrade a wide range of insecticides: organochlorines, organophosphates and 

carbonates. 

Biocontrol mechanisms of Trichoderma 

       Trichoderma may suppress the growth of the pathogen population in the 

rhizosphere through competition and thus reduce disease development.  It produces 

antibiotics and toxins such as trichothecin and a sesquiterpine, Trichodermin, which 

have a direct effect on other organisms. The antagonist (Trichoderma) hyphae either 

grow along the host hyphae or coil around it and secrete different lytic enzymes such as 

chitinase, glucanase and pectinase that are involved in the process of mycoparasitism. 

Examples of such interactions are T. harzianum acting against Fusarium oxyporum, F. 

roseum, F. solani, Phytophthara colocaciae and Sclerotium rolfsii. In addition, 

Trichoderma Enhances yield along with quality of produce. Boost germination rate. 

Increase in shoot & Root length Solubilizing various insoluble forms of Phosphates 

Augment Nitrogen fixing. Promote healthy growth in early stages of crop. Increase Dry 

matter Production substantially. Provide natural long term immunity to crops and soil. 

Method of application 

1. Seed treatment: Mix 6 - 10 g of Trichoderma powder per Kg of seed before sowing. 

2. Nursery treatment: Apply 10 - 25 g of Trichoderma powder per 100 m2 of nursery 



bed. Application of neem cake and FYM before treatment increases the efficacy. 

3. Cutting and seedling root dip: Mix 10g of Trichoderma powder along with 100g of 

well rotten FYM per liter of water and dip the cuttings and seedlings for 10 minutes 

before planting. 

4. Soil treatment: Apply 5 Kg of Trichoderma powder per hector into the soil for green 

manuring.  Or Mix 1kg of Trichoderma formulation in 100 kg of farmyard manure. 

Sprinkle the heap with water intermittently. Turn the mixture in every 3-4 days interval 

and then broadcast in the field. 

5. Plant Treatment: Drench the soil near stem region with 10g Trichoderma powder 

mixed in a liter of water 

 

Commercial Formulations of Trichoderma available in India 

 Antagon, Biocon, Bioderma, Biogourd, Bioshield, Bioveer,  Defense SF, Ecoderma, Ecofit, 

Funginil,  Mycoharz, Sanjeevani,  Suraj,  Trichodermiside,  Trichogold, Tricho-X 

Precautions  

 Don't use chemical fungicide after application of Trichoderma for 4-5 days. 

 Don't use Trichoderma in dry soil. Moisture is a essential factor for its growth and 

survivability. 

 Don't put the treated seeds in direct sun rays. 

 Don't keep the treated FYM for longer duration. 

 

 



 

 

Different uses of Trichoderma 

 



Mass Production Technology of  Trichoderma  and Pseudomonas 

 

Bioprotectants provide unique opportunities for crop protection. Because they grow and 

proliferate, they can colonize and protect newly formed plant parts to which they were not 

initially applied. A bioprotectant applied as seed bioprotectant or in soil can grown on the 

planted seed, transfer to the emerging root, and if rhizosphere competent, colonize and protect 

the entire subterranean plant portions. The composition and concentration of substrates are 

important in improving the performance of the antagonist.  

 After the isolation and through laboratory evaluation of the efficacy of the biocontrol 

agents both for its growth and biocontrol further large scale multiplication is required for large 

scale application and adoption. Mostly the mass multiplication includes submerged or deep-tank 

fermentation, semi-solid fermentation and solid fermentation techniques for bacterial and fungal 

biocontrol agents. The carrier for the formulation may be inert (Talc, gypsum, vermiculite, 

alginate and diatomaceous earth), nutrient (rye grass seed, molasses-yeast and wheat bran) or 

combination of both (wheat bran-saw dust). 

Trichoderma under solid state fermentation (Talc based formulation) 

Materials required- Barnyard millet (jhangora)/sorghum/wheat straw/wheat bran/wheat 

bran saw dust/sand and sorghum medium/tapioca rind/coffee husk/sand corn meal medium/rice 

bran/vegetable wastes, 250 ml Erlenmayer flasks, inoculation needle, Trichoderma culture, talc 

powder, CMC, sieves, grinder, polypropylene bags. 

Method- Barnyard millet (jhangora) grains are used to prepare pure powder of Trichoderma.  

1) Wash and soak the grains in water for 12 h and then filled in 250 ml Erlenmeyer flasks 

(@ 100g/ flask) or in half kg polypropylene bags (150 g grains/bag). 

2) Plug the flasks and bags with non absorbent cotton plug (with the help of neck).  

3) Autoclave at 20 lbs psi. for 20 min.  

4) After cooling to room temperature, inoculate the flasks or bags with 4-6 discs of 

actively growing culture of Trichoderma harzianum. 

5) Incubate the bags at 28°C for 10-12 days and shake at regular intervals. 

6) The colonized grains turn green with sporulation. 



7) After 12 days, the colonized grains are emptied into plastic trays and dried under shade 

for 4-5 days. 

8) The dried colonized grains are then ground with the help of Willey Mill or normal 

grinder to get a powder.  

9) This powder is then sieved through a normal coarse (50 mesh size) and fine (80 mesh 

size) sieves, simultaneously to obtain a very fine pure powder. 

10) This pure powder is then mixed with talc powder in a ratio of 10 g pure powder + 1kg 

talc powder (commercial grade) to get the commercial formulation. 

11) 1.0 % Carboxy Methyl Cellulose (CMC) is also added as a sticker. 

Trichoderma under liquid state fermentation 

Materials required- Czapek Dox broth/ V8 broth/ Richards broth/ PD broth/ molasses 

brewer’s yeast medium/ molasses-soy medium/ jeggery medium. 

Method- Molasses brewer’s yeast medium good for liquid fermentation  

1) Prepare Molasses brewer’s yeast medium (molasses-30g, yeast powder-5g, distilled 

water-1L) by mixing the ingredients of respective medium in conical flasks/glass bottles 

and autoclave them. 

2) After cooling those at room temperature inoculate with mycelia and spore discs from 

mother culture. 

3) Inoculate the flasks at room temperature either as stationary culture or on a rotary shaker 

at 150-180 rpm for 3-5 days. 

4) Keep at stationary stage for 1-2 days and obtain the mycelia mat and spores to make the 

formulation after drying or directly mixing it with talc powder. 

  



Mass Multiplication of Pseudomonas  

Bacteria require specific liquid media like Oat meal broth for Bacillus thuringiensis and 

KB broth medium for fluorescent Pseudomonas. Most of the bacteria multiplied in liquid media 

when incubated on shaker incubator at 28-30 °C at 200rpm. 

Materials required-Kings B broth, 250 ml Erlenmayer flasks, inoculation loop, 

Pseudomonas fluorescens culture, Talc powder, CMC, sieves & grinder. 

For Pseudomonas fluorescens liquid fermentation is used. 

1) The King’s B broth is used for mass multiplication. 

2) Take 100 ml KB broth in 250 ml flasks. 

3) Plug the flask with non absorbent cotton and autoclave at 20 lbs for 20 min. 

4) After cooling to room temperature, inoculate the flasks or bags with 1ml of pure culture 

of Pseudomonas fluorescens with the help of 1 ml sterilized pipette. 

5) Incubate the bags at 28°C for 6-8 days in incubator shaker at 120 rpm. 

6) The cultures in the flask turn fluorescent green. 

7) After 8 days, the broth with pure culture is emptied into plastic trays and kneaded with 

talcum powder in the ratio of 1:2 (1 l broth + 2 kg talcum powder) to make pure powder. 

8) Transfer pure powder into plastic trays as wet kneaded clumps and dry under shade for 

8-10 days. 

9) The dried clumps are then ground with the help of Willey Mill or normal grinder to get 

a powder.  

10) This powder is then sieved through a normal coarse (50 mesh size) and fine (80 mesh 

size) sieves, simultaneously to obtain a very fine pure powder. 

11) This pure powder is then mixed with talcum powder in a ratio of 200 g pure powder + 

800g Talc powder (commercial grade) to get the commercial formulation. 

12) 10% Carboxy Methyl Cellulose (CMC) is also added as a sticker. 

Improved method for mass multiplication of bioagents (at farmer’s level) 

 Colonization of FYM, poultry manure, press mud by Trichoderma and/or Pseudomonas 

at farmers level. Such compost acts both as biofertilizer & biopesticide. Content of water soluble 

humic matter, Phosphorus and micronutrients is higher in colonized compost than non-colonized. 



1) 1kg of bioagent’s formulation mixed with about 100 kg of FYM.      

2) It can be prepared in pits (with variable dimensions as per convenience and use) filled 

with animal dung and other waste material available on farm / Mixture can also be spread 

as approx. 6-10 inch layer under shade. 

3) Covered with polythene sheet/ sugarcane leaves or rice straw. 

4) Incubated for 2 to 3 weeks at 25-32ºC at the farmer’s place. 

5) Water sprayed regularly to maintain moisture. 

6) FYM gets decomposed within four months.  

This colonized FYM is ready for use as it contains very high population of bioagents. At 

40% moisture content and 320C temperature, cow dung supports excellent growth of 

Pseudomonas fluorescens. 

Enrichment of Composts: Improved methods of composting 

Before use, vermicompost / FYM is supplemented with bioagents @ 1kg/q. This 

increases the nutritive value of the compost and provides opportunity to the bioagent to grow 

faster on the compost so that it can compete well with plant pathogens in the soil. Further, it 

facilitates rapid spread of bioagents in the soil. Addition of Pseudomonas fluorescens during 

vermicomposting enhances population of earthworm. Trichoderma may be added after 

preparation of vermicompost as it may colonize earthworm cocoon and inhibits their 

germination. 

Commercial Formulations of Pseudomonas fluorescens available in India 

Ayush, Biomonas, Bio shield, Krishi Bio Vikalp, Monas, Power All, Prabhapseudo, Pseudocon, 

Rahat, Sudo Cyll, Sumona, Tag Monas  



Methods of Applications of Bio-control Agents for plant disease management 

 

Bioagents could be used in the following ways:  

Seed treatment: Treat bigger seeds treated at the rate of 8-10 g per kg seed, while small seeds at 

the rate of 6-8 g per kg seed.  

Seed dressing: This is the most common method of seed treatment.  

The seed is dressed with either a dry formulation or wet treated with a slurry or liquid 

formulation.  

Low cost earthen pots can be used for mixing BCAs with seed or seed can be spread on a 

polythene sheet and required quantity of BCAs can be sprinkled on seed lot and mixed 

mechanically. 

Seed coating: A special binder is used with a formulation to enhance adherence to the seed. 

Coating requires advanced treatment technology. 

Seed pelleting: The most sophisticated Seed Treatment Technology, resulting in changing 

physical shape of a seed. To enhance pelletibility and handling. Pelleting requires specialized 

application machinery and techniques and is the most expensive application. 

 Rhizome treatment 

Dip the rhizomes in solution of bioagent (@ 8-10 gram/ liter water) for 30 minutes. 

Dry in shade and then plant in the field. 

Seedling treatment:  Before transplanting dip the roots of seedlings in solution of bioagents @ 

8-10 g/ liter for about 30 minutes.  

Foliar spray 

1) Make a paste by adding 10 g in 15 ml water and then add the paste to 1.0 litre of water. 

2) Mix properly before spraying on the plant parts.  

3) Spray @ 8-10 g/ liter on standing crop at 10-12 days intervals  

 Soil Application 

Soil Drenching: This method is followed for controlling damping off, root rots, or any kind 

of infections at the ground level. 



1) Apply certain quantity of BCA suspension with a sprinkler per unit area so that the fungicide in 

general reaches a depth of a least10-15 cm.  

2) Soil drenching @ 8-10 g/ liter in soil in the nurseries from time to time. 

Seed biopriming- Improved method for seed treatment with biocontrol agents: A seed 

biopriming method was developed for the application of Trichoderma and Pseudomonas. This 

method enhances efficacy of biocontrol agents against root and seed borne diseases. It has been 

found useful in a number of crops like rice, wheat, pulses, vegetables, soybean etc. Due to 

multiplication and colonization of seed surface by bioagents the Faster and uniform germination 

is obtained. 

Procedure 

1. Pre-soak the seeds in water for 12 hours. 

2. Mix the formulated BCAs with pre-soaked seeds at the rate of 10g/kg.  

3. Then place them on plastic sheet as a heap.  

4. Cover them with moist sacks and incubate under moist conditions for 24 to 48 h before sowing. 

5. Use untreated seeds as control. 

6. Bioagents adhered to the seed grows on the seed surface under moist condition to form a 

protective layer all around the seed coat. 

7. Sow the seeds in the soil. 

8. Observations on seed germination, root and shoot length should be recorded and compared with 

check.  

Enrichment of vermicompost 

Addition of Pseudomonas fluorescens during vermicomposting enhances population of 

earthworm. Pseudomonas fluorescens also multiplies very well. 

Note: Trichoderma may be added after preparation of vermicompost as it may colonize 

earthworm cocoon and inhibits their germination. 

Safe use of microbial pesticides  

 It includes assessment and management of any risks or potential risks that may be 

identi ed.  

 Accurate identification of the released strain, distinguish it from the native species into 

the microbial community and track its population dynamics over time.  



 The fate and behaviour of released strain in the natural environment (soil, spermosphere, 

rhizosphere, rhizoplane, phyllosphere-flowers, leaves, fruits and in harvested fruit) have 

to be studied.  

 Organisms known or suspected to cause unacceptable adverse effects are usually 

eliminated at the initial stages of research or may be tested further if its unintended 

adverse effects can be reasonably managed. 

 Safety to workers should be assured at all stages of the research and development process 

by good hygienic and laboratory practices.  

 Toxicological studies in mammals are performed to guarantee safety to consumers and 

handlers of the microbial pesticides, especially if cases of clinical opportunistic infections 

are reported or if certain secondary metabolites of concern are produced.  

Most microbial pesticide strains meet all bio-safety rules. However, in a few cases, there are 

uncertainties regarding the potential risk, because in some species of BCAs opportunistic human 

pathogen strains have been reported. 



Quality control of biological control agents 

Commercialization of bio-pesticides is a multi-step process involving a wide range of 

activities. Once a biocontrol agent is identified with potential for commercialization, it enters the 

next phase towards mass production and commercialization, i.e. development phase. 

Biocontrol agents giving good protection against plant pathogens must have following 

characteristics 

1. The agents must be able to control the parasite by arresting its development, rendering it 

vulnerable to other members of the soil micro flora or destroying it outright. 

2. The agent must be able to establish itself at a sufficient density at the appropriate location to 

give effective control. eg. the agent must be able to grow in the rhizosphere environment , 

must be rhizosphere competent. 

The quality control aspects of a biocontrol agent involves tests for efficacy, safety, 

specificity, and test for genetic stability, potential for mass production, formulation, stability and 

shelf-life, delivery system, compatibility with other pesticides and plant protection equipments 

and the economic analysis. 

 The most critical stage in developing a bio-pesticide is the mass production and formulation of 

the biocontrol agent, because it represents a living system which must stand with appropriate 

colony forming units (CFU) during the process of development and remain sufficiently viable in 

the final product for effective management of diseases. A final formulation for its commercial 

success must have the following characteristics 

1) Should have increased shelf life 

2) Should be easy to handle 

3) Should not be phytotoxic to the crop plant 

4) Should tolerate adverse environmental conditions (be stable over a range of -5 to 35°C) 

5) Should be cost-effective and should give reliable control of plant disease 

6) Should dissolve well in water 

7) Carriers must be economical and readily available for formulation development 

8) Should be compatible with other agrochemicals 

 



Following criteria must be considered for good quality formulation for effective biological 

control of plant pathogens. 

1. While formulating a bio-pesticide, the adjuvant should not be toxic to biocontrol agent.  

2. The physical manipulation done during formulation should have no adverse effect on the 

viability of the organism. 

3. a food base may be required to be added which helps in initial establishment of some of the 

biocontrol agents; should have the CFU of at least 2x10
6
/g or ml 

4. The shelf-life of at least six months and survival in the field during the entire cropping season 

or at least at susceptible stage of the plant even under adverse conditions is required.  

5. In order to satisfy the commercial requirements, a bio-pesticide should have, viable market 

size, high performance with persistence of effect, safety and stability, indigenous and 

saprophytic, low cost of production, easy to produce, easy to apply and compatible with 

conventional technology as well chemical pesticides. 

Standards for Trichoderma formulations 

• Colony Forming Units (CFUs) of Trichoderma spp should be a minimum of 2x10
6 

CFU 

per ml or gm on selective medium. 

• Pathogenic contaminants should not be present.  

• Other microbial contaminants should not exceed 1x10
4
   count ml/gm. 

• Maximum moisture content should not be more than 8% for dry formulation of fungi. 

Biological organisms registered in India for managementof plant diseases 

� Ampelomyces quisqualis  

� Beauveria bassiana  

� Pseudomonas fluorescens  

� Trichoderma harzianum  

� Trichoderma  viride  

� Aspergillus niger  

Constraints to Commercialization of biological control agents  

� Lack of right screening protocol 

� Lack of sufficient knowledge on the microbial ecology 

� Optimization of fermentation technology and mass production  

� Inconsistent performance and poor shelf life. 



� Lack of patent protection 

� Awareness, training and education shortfalls 

� Lack of multi disciplinary approach 

� Technology constraints 

Strategies to promote commercialization of biological agents 

� Popularization of biocontrol agents by Motivating the growers through Publicity,  Field 

demonstrations,  Farmers days,  Bio village adoption and Conducting periodical trainings 

for commercial producers and farmers to increase / improve the supply.  

� Development of industrial linkages through technical support to entrepreneurs on quality 

control and registration,  Regular monitoring, Research support to standardize the dosage, 

storage, and delivery systems and Positive policy support from government 



 

  



Safety and Risk Issues of Biological control 

  

 Four potential adverse effects are identified as safety issues (hazards) associated with the 

use of microorganisms for the biological control of plant pests and diseases 

1. Displacement of non-target microorganisms,  

2. Allergenicity to humans and other animals 

3. Toxigenicity (antibiotics & other active metabolites)  to non-target organisms, and  

4. Pathogenicity to non-target organisms  

  These four safety issues represent the unintended adverse effects on non-target 

organisms whether the microorganism is indigenous or non-indigenous, naturally occurring or 

modified by classical genetic or recombinant DNA (rDNA) techniques. Any risks would depend 

on many factors, including the biology of the recipient organism, nature of the trait transferred, 

and the environment.  

Competitive Displacement 

 Microorganisms introduced for biological control purposes potentially could preempt or 

displace non-target microorganisms through competition for sites or nutrients. If displaced non-

target saprophyte is widespread in nature, with ability to colonize other substrates, could be 

inconsequential to the ecology of the non-target microorganism 

Allergenicity 

 Only a very small proportion of fungal species produce spores that cause allergies or 

allergic reactions (Latge and Paris, 1991). Potentially, a biocontrol microorganism released into 

the air could cause allergies or elicit allergic reactions in humans. Workers in production 

facilities exposed repeatedly to high concentration of spores of fungi such as Beauveria or 

Metarhizium spp. may develop hypersensitive reactions, although such reactions are not known 

for people living in application areas. Allergenicity is therefore a potential safety concern as a 

result of direct exposure by workers at the production center or at the application site but is not 

likely to be a public health issue. Exposure to allergenic particles of all types is common in 

agriculture, and allergies will not be a new problem because of the use of microbial biocontrol 

agents, but should be addressed as a safety issue during development and application.  

Toxigenicity 



 The antibiotics produced by microorganisms introduced into soil or other habitats or with 

the planting material for biological control potentially could be toxic to non-target 

microorganisms naturally present in these habitats. While the potential exists, there are no known 

or documented examples of such non-target effects, possibly because of the minute quantities of 

these compounds required for biocontrol activity and/or because of the small-scale use of such 

biocontrol.  

Some plant-associated microorganisms applied to seeds can cause injury to the germinating seed, 

expressed as stand failure or stunted plants. These injuries are caused by the toxic effects of 

metabolites produced by the microorganism during germination of the seed. There are no known 

examples of documented effects to animals or people that might eat microbially treated plant 

parts 

 Pathogenicity 

 Microbial biocontrol agents used for pathogens or potential pathogens could also be 

pathogenic to non-target organisms. An unwanted pathogenic effect would include: a 

microorganism applied for biological control of an arthropod, nematode, or weed that also 

affected beneficial arthropods, beneficial nematodes, vertebrates, crop plants or native plants; and 

a microorganism applied to plants to induce disease resistance, if this also caused disease in other 

plants either alone or through synergy with another pathogen in the inoculated plants. 

        The ability of a microbial biocontrol agent to infect hosts other than the targeted pest is 

undoubtedly the most important and potentially controversial issue relative to the use of 

microbial pathogens as biological control agents.  

 Some species of microorganisms with potential for use as biological control agents can 

also be opportunistic pathogens of humans. These species, such as Aspergillus ochraceus are 

generally well known and are therefore usually not considered for use as biological control 

agents.  

Risk associated with genetic stability 

Agrobacterium tumefaciens strains gained resistance to agrocin 84 through spontaneous 

mutations. In bacterial BCAs uptake of genes (encode for toxin) through natural transformation 

from other organism could lead to detrimental affect the host range. Agrobacterium tumefaciens 

transfer genetic material via transformation process in fungi such as Metarhizium anisopliae, 



Beauveria bassiana, Paecilomyces fumosoroseus, Verticillium albo-atrum could lead to toxic 

metabolite production or shifting of detrimental host range. 

Effect of Biocontrol agents on Non-Target Organisms  

T. harzianum, strain Th2 is reported to cause Green mold disease (strain specific disease) in 

Mushroom (Agaricus bisporus).                                                                                                              



Botanicals in Plant Disease Management  

 

Plant protection measures in modern agriculture are heavily dependent on synthetic 

pesticides and indiscriminate use of most of these pesticides created hazards to environment and 

human being as well. Increased agricultural productivity and increased damage due to diseases 

and pests have an intimate relationship and the losses are increasing by one or another means. 

Over the time farmers have been fighting to save their crop from the onslaught of diseases and 

pests. Injudicious use of pesticides to solve pest problems causing a number of problems like 

residues in soil, ground water and harvested produce, intoxication of farmers and development of 

pesticide resistance. Reports on negative effects of synthetic pesticides and environmental risks 

resulting from their indiscriminate application, have renewed interest towards botanical 

pesticides as ecochemical approach in pest and disease management. Attention has been paid 

towards exploitation of higher plant products as novel chemotherapeutants for plant protection. 

Botanical pesticides are now gaining popularity and some plant products are being used globally 

as green pesticides. 

Botanicals as biopesticides 

Some plant contains components that are toxic to pathogens. These components when 

extracted from the plant and applied on infested crops are called botanical pesticides or 

botanicals. A botanical pesticide is a type of biopesticide formulation made up of crude plant 

extracts or purified compounds of plant species for managing pests and diseases in an 

agroecosystem. More than 6000 plant species have been screened and more than 2500 plant 

species belonging to 235 families have been reported to possess biological activity against 

various categories of pests and diseases which ooffer environment friendly alternatives to the use 

of synthetic chemical pesticides for suppressing plant diseases. These may be the sustainable 

solutions in agriculture to reduce crop losses, eco-friendly, easily biodegradable and to be fitted 

in integrated pest management and organic farming. 

Plant extracts were used as biopesticides from way back as described in Vrkshayurveda, 

traditional Indian plant science. There is a vast body of literature which encompasses various 

areas such as collection, selection and storage of seeds, germination, sowing, various techniques 

of plant propagation, grafting, nursing and irrigation, testing and classification and selection of 

soil, manuring, pest and disease management/preventive and promotive care to build up disease 

resistance and to cultivate healthy plants, nomenclature, taxonomy, description and classification 

of plants to suit varied purposes, favourable and unfavourable meteorological conditions for 

various operations related to cultivation and use of plants as indicators of weather, water, 

minerals, etc. A series of publications brought out in recent years provides an overview of varied 

aspects of Vrkshayurveda, including pest control and disease management. 

 Some common plant species having pesticidal properties against plant pathogens are 

neem (Azadirachta indica, A. Juss), garlic (Allium sativum, Linn. eucalyptus (Eucalyptus 

globulus, Labill. turmeric (Curcuma Longa, Linn., tobacco (Nicotiana tabacum, Linn., ginger 

(Zingiber officinale, Rosc. used as plant extracts, nettle oil (Urtica spp.), thyme oil (Thymus 



vulgaris, Linn.), eucalyptus oil Eucalyptus globulus, Labill. rue oil (Ruta graveolens, Linn.), 

lemon grass oil (Cymbopogon flexuosus (Steud.) Wats. tea tree oil (Melaleuca alternifolia) used 

as essential oils and  Aloe vera (Tourn. Ex Linn.) as gel and latex. 

 Antimicrobial Secondary Metabolites in Plant Extracts 

Plants contain thousands of constituents and are valuable sources of new and biologically 

active molecules possessing antimicrobial property. Pesticidal compounds of plant origin are 

effective against pests and diseases, mostly through diverse modes of action. Plants have ability 

to synthesize aromatic secondary metabolites, like alkaloids, coumarins, flavonoides, flavonols, 

phenols, phenolic acids, terpenoids, quinones, tannins, lectins and polypeptides. Flavonoides and 

isoflavonoides, saponins, steroides, tannins, phenolic and phenolic acids and coumarins and 

pyrones are the broad chemical groups of these compounds. These groups of compounds show 

antimicrobial effect and serve as plant defence mechanisms against pathogenic microorganisms. 

The mode of action of these groups is as followes: 

Class  Mechanism  

Phenolics Membrane disruption, substrate Deprivation 

Phenolic acids Bind to adhesins, complex with cell wall, inactivate enzymes 

Terpenoids, essential oils Membrane disruption 

Alkaloids Intercalate into cell wall 

Tannins Bind to proteins, enzyme inhibition, substrate deprivation 

Flavonoids Bind to adhesins, complex with cell wall, Inactivate enzymes 

Coumarins Interaction with eucaryotic DNA 

Lectins and polypeptides Form disulfide bridges 

Various solvents like water, ethanol, methanol, chloroform, dichloro-methanol, ether and 

acetone are commonly used solvents depending upon the components present in the plant to be 

extracted. Solvents diffuse into the solid plant tissues and solubilize compounds of similar 

polarity. Quality of plant extract depends on plant material, choice of solvents and the extraction 

methods. 

Botanicals Having Pesticidal Properties against Plant Pathogens 

Botanical pesticides would be explored as a potential for disease management and 

increase the crop productivity. Various products in different form inhibit various plant diseases. 

Plant Species Plant parts/ Rate of 

application/ Method of 

application 

Pathogen controlled 

Azadirecta indica  Leaf extract(1:5) Fusarium on Mulberry 

Fruit rot of cucurbits 

 Leaf extract (2:5) Alternaria spp. 

 Leaf extract  10%, Rice blast 

 Oil ( 4lt. oil + 1000lt. 

water + 1 kg detergent) 

 

 Cake 5% Soil borne diseases of ginger 



YMV of Urd 

 NSKE 2% YMV of Urd 

 NSKE 5% Blast, brown spot, sheath rot of rice 

Aloe vera Leaf extract (1:10) Onion diseases 

Allium sativum, Allium cepa Leaf extract(1:10) Xanthomonas campestris p.v. citri 

 Bulb extract 10% Puccinia helienthi 

Aegel marmols  Leaf extract (1 :8) Fusarium oxysporum f. sp. udum 

Amaranthus virdis Leaf extract 10% Puccinia helienthi 

Bougain vellea Leaf extract 10% Mosaic of Finger & Barnyard millet 

Catharanthus roseum  Leaf extract 5% Mosaic of Finger & Barnyard millet 

Calotropis Leaf extract (1:5) Fusarium spp. on Mulberry 

F. oxysporum f. sp. zingiberi 

 Leaf extract  (1:10) Onion diseases 

Cassia auriculata Leaf extract  (1:10) Onion diseases 

Canabis Leaf extract(3:1) 

Seed dip for 48 hrs 

Hill bunt of wheat and barley 

Dhatura Leaf extract 5% F. oxysporum f. sp. zingiberi 

Eucalyptus Leaf extract 5% ( seed 

treatment) 

F. oxysporum f. sp. udum 

Lantana camera Leaf extract(1:10) X. campestis p.v. citri 

Melia azedarach Leaf extract 10% P. helianthi 

Oxalis latifolia Leaf extract(3:1) 

Seed dip for 48 hours 

Hill bunt of wheat & barley 

Pongamia pinnota Leaf extract(1:5) Fusarium on mulberry 

Polyalthia longifolia  Leaf extract(1:10) X. campestris p.v. citri 

P. helianthi  

Prospis chilensis, P. juliflora Leaf extract(1:10) Rice blast, Moasic of Finger & 

barnyard millet 

Turmeric (10:1) Seed treatment @ 

1g/kg seed  

Seed borne fungi of rice 

Walnut Leaf extract(3:1)  

Seed dip for 48 hours 

Stripe disease of barley 

Zizyphus jujuba Leaf extract 10% Rice blast 

 

Commercial formulations available in market 

Phyton downy mildew, quick wilt, blights, root rot, soft rot damping off etc., caused by the 

Oomycetous fungi 

Indica 2% EC INDICA a Botanical Pesticide based on extract of Deris indica (Pongamia 

glabra / Karanj). INDICA has Karanjin as active ingredient and is formulated as 2% 

Emulsiable Concentrate (20,000 ppm).  



Advent PK – 40 Grape Downy Mildew, Potato Late Blight, Chillies/Capsicum/Tomato 

Damping off and Fruit Rot, Ginger Rhizome Rot, Black Pepper Quick Wilt, Ornamentals 

Root Rot, Tobacco Damping Off. 

Biosmart – Blast, downy mildew, blight, leaf spot, leaf curl 

GREEN PLUS is a newly developed concentrated nutritive antimicrobial plant tonic. It contains 

essential nutrients such as N,PK, micronutrients like B, Zn, Mn,Mo 

Botanicals would be having wide scope for commercial exploitation for the management 

of plant diseases. Further studies on the identification and characterization of toxic principles 

would be useful in developing commercial biofungicides. Due to certain limitations like 

unavailability of standardized extraction methods, rapid degradation, accessibility of most of the 

in vitro efficacy studies, less effectivity as compare to the synthetic pesticides, phytotoxicity and 

less availability of formulations limit the use of plant species as biopesticides for plant disease 

management and the usefulness of plant species cannot be overemphasized without standardized 

methods to obtain comparable and reproducible results. 

The use of botanicals might be considered as safe, cheep and easily applied method for 

managing plant pathogens considering the avoidance of environmental pollution and the side 

effect of pesticide application. It would be valuable to standardize methods of extraction and 

testing of antimicrobial efficacy so that the exploration for new biologically active plant products 

could be more systematic. The inhibitory effects of most of the botanicals studied in vitro should 

be subjected in vivo testing to assess the effectiveness in managing the incidence of plant 

diseases. 
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Microbes in Human Welfare

• Microbes are present everywhere even under extreme

conditions, where no other life-form could exist.

• They are diverse and include viruses, bacteria, protozoa, fungi,

viroids, prions and other microscopic animals.

• They may be pathogenic but have an important role to play in

human welfare.

• Microbes can be easily grown in laboratories or at industrial

scale for research and production of various useful products.

• Microbes are useful to human and the environment in many

ways.



Household Products
• Curd- The bacteria Lactobacillus produces lactic acid that parti

ally coagulates the milk protein. It also increases vitamin B12 c

ontent. These bacteria are also present in the gut and check th

e growth of other microbes

• Fermented dough to make South Indian delicacies, e.g. Idli an

d dosa. The dough is fermented due to CO2 production by bact

eria

• Bread production by using the yeast Saccharomyces cerevisia

e

• Microbes are used to ferment soybeans, fish and bamboo-sho

ots to prepare delicacies

• Different kinds of cheese having different taste and texture are 

prepared using specific microorganisms.



Industrial Products
• For industrial-scale production, microorganisms are

grown in fermenters. Many alcoholic beverages,

antibiotics and chemicals are produced for commercial

purposes.



Fermented Beverages & Antibiotics and Vaccines

• Saccharomyces cerevisiae (Brewer’s yeast) has been used since 

ancient times for the production of alcoholic beverages from malted 

cereals and fruit juices.

• Depending on the raw material and fermentation process used, 

various kinds of beverages are produced, e.g. without distillation-

wine and beer and with distillation- whisky, rum and brandy.

• The first antibiotic produced was Penicillin. It was discovered from 

the fungus Penicillium notatum by Alexander Fleming. 

• Howard Florey and Ernest Chain extracted and produced the 

antibiotic. It was used during World War II to treat American soldiers. 

Florey, Chain and Fleming received the Nobel prize for their work in 

1945.



Some examples of Antibiotics
Name of the antibi

otic

Source Diseases used for

Bacitracin Bacillus subtilis Syphilis, Lymphonema or Retic

ulosis

Streptomycin Streptomyces griseus Meningitis, Pneumonia, Tuber

culosis and Local Infection

Chloromycetin Streptomyces venezuelae Typhoid

Erythromycin Streptomyces erythreus Typhoid, Whooping cough and 

Diphtheria

Gentamicin Micromonospora purpureae Effective against Gram (+) bact

eria

Tetracycline Streptomyces aureofaciens Acne, urinary and intestinal tra

ct infections, conjunctivitis



Biocontrol of pest and diseases
• Chemical pesticides and insecticides kill both harmful and useful 

organisms. By understanding natural predation and interacting webs, an 

appropriate method of biocontrol can be developed.

• Dragonflies and ladybugs help in controlling mosquitoes and aphids.

• Bacillus thuringiensis is used to control caterpillars and insect larvae. 

Some plants have been genetically modified and the gene coding for the 

toxin has been introduced in the plant genome. E.g. Bt-cotton is 

resistant to pests.

• Trichoderma (a fungus) is used to biocontrol various plant pathogens. 

The fungus is commonly present in the roots.

• Baculoviruses of the genus Nucleopolyhedrovirus are excellent 

biocontrol agents. They attack arthropods but are harmful to plants and 

other animals such as birds, fish and mammals.



Sewage Treatment and Bio-gas production

• It is important to treat waste-water before disposal because it contains 

organic matter and pathogenic bacteria. Microbes (heterotrophic), which 

are present naturally in the sewage water are used.

• Primary treatment: In the first step, filtration and sedimentation is 

performed to remove floating debris and grit

• Secondary treatment: It is also called biological treatment. Growth of 

aerobic microbes is facilitated into large aeration tanks by 

mechanically agitating the effluent and pumping in the air into it. This 

decreases the biochemical oxygen demand (BOD).

• BIO-GAS (also known Gobar gas) is produced from the dung of the 

cattle and is used in villages for various purposes. Methanogens, e.g. 

methanobacterium are present in the anaerobic sludge and produce 

biogas in sewage treatment also. These bacteria are also present in the 

rumen of cattle and help in the digestion of cellulose.



Biofertilizers
• Excessive use of chemical fertilizers is linked to pollution and harmful 

effects. Use of microorganisms as biofertilizers is highly recommended.

• Fungi, bacteria and cyanobacteria are the main sources of biofertilizers.

• Rhizobium is present in the root nodules of leguminous plants. It fixes 

atmospheric nitrogen. Growing leguminous plants alternatively helps in 

increasing the nitrogen content of the soil.

• Azotobacter and Azospirillum are free-living nitrogen-fixing bacteria present 

in the soil.

• Fungal association in mycorrhiza also enriches the nutrient content of the 

soil. Fungi of the genus Glomus absorbs phosphorus for the plant.

• These symbiotic associations not only benefit by enriching the nutrient 

content but also provide disease resistance and tolerance to drought and 

salinity.



BIOFERTILIZERS

✓ Live preparations of microorganisms, alone or in 

combination, which increase crop productivity by 

way of helping in biological nitrogen fixation, sol

ublization of insoluble plant nutrients, stimulating 

plant growth or decomposition of plant residues

✓ The term microbial inoculant (culture) is appropri

ate and generally used after the name of microrg

anisms they contain eg.  Rhizobium inoculant, A

zotobacter Inoculant  



Importance of Biofertilizer

• Potential source of nutrients

• Cheap

• Environment friendy

• Required in less amount

• Easy in handling and application

• Give long term benefit



Biofertilizers

Nitrogen fixing Phosphate mobilizing

Symbiotic Nonsymbiotic Phosphate

Solubilizer

Phosphate

Absorber

Rhizobium Azospirillum

Azolla Azotobacter Bacillus Mycorrhi
za

Acetobacter Pseudomonas Ecoto

BGA Aspergillus Endo

Penicillium
VAM



Rhizobium Inoculant

✓Rhizobium forms root nodules in legumes

✓Biofertilizer for pulse crops, groundnut and soybean

✓Rhizobium – legume association could fix 40-200 kg 

N/ha/season.

✓Different crops fix different amount of N depending on 

the Crop, Soil and Environmental conditions. 



Amount of N2 fixed by some pulses

Crop Botanical name N2 fixed (Kg N/ ha)

Chickpea Cicer arietinum 3-141

Lentil Lens culinaris 10-192

Pea Pisum sativum 17-244

Faba bean Vicia faba 53-330

Pigeon pea Cajanus cajan 7-235

Green gram Vigna radiata 9-112

Black gram V. mungo 21-140

Cowpea V. unguiculata 9-201

Source : Peoples et al. (1995) 



Response of pulses (yield, Kg ha-1) to Rhizobiu

m inoculation at farmers field
Crop No. 

of tri

als
Uninoculated  Inoculated 

% Increa

se 

Pigeonpea 
27 716 845 17.9

Moong 38 547 647 18.3

Urd 18 646 753 16.5

Lentil 18 1046 1163 11.1

Chickpea 59 1161 1241 6.9



Azotobacter and Azospirillum in

oculants

➢Biofertilizers for cereals, vegetables and oil 

seed crops

➢Can provide 20-30 kg N/ ha/year 

➢Also secrete phytoharmones, vitamins and 

anti-fungal compounds in rhizosphere 

➢Inoculation can increase yields from 2 to 5

0%. 



Response (% increase ) of Azotobacter and Azos

pirillum in field and vegetable crops

Crop Azotobacter Azospirillum

Wheat 10-30 16-39

Rice 1-43 3-17

Maize 9-50 8-53

Sorghum 8-38 2-27

Bajra 8 11

Barley - 0-6

Carrot 16 -

Cabbage 26-45 -

Brinjal 1-42 -

Tomato 2-24 -

cotton 7-27 -

Source: Pareek and Chandra, 1995



BGA inoculant

❑Biofertilizer for low land rice

❑Can fix 20-30 kg N/ha/season

❑Application of 10 kg soil based BGA culture in ric

e can increase the yield up to 10 % under optim

um conditions. 

❑Grazers and green algae create problem in their 

establishment 



Performance of BGA on farmers field

Treatment

Rice grain yield (kg/ha)

Vellore
(Av. of 1
1 trials)

Trichy
(Av. of 8 

trials)

Cuddalore
(Av. of 11 

trials)

N60P25K25 4235 4557 3789

N60P25K25+ BGA 4455 4735 3884

N75P27.6K27.6 4400 4485 3953

N75P27.6K27.6+BGA 4556 5117 4156

Source: Marwaha, (1995) 



Azolla
▪ Azolla, a fresh water fern, is biofertilizer for rice

▪ The fern harbours a N fixing BGA 

▪ Can grow  in shallow water to produce large biomass

▪ Each kg Azolla can fix 1.9 to 2.5 kg N in one month 

▪ Azolla contain about 5.0 %. N on dry weight basis 

▪ Can be used in rice crop by two ways: 

Green manure or as Dual crop

▪ One crop of Azolla of 25-30 days gives benefit equiv
alent to 30-40 kg N/ha

▪ The limitation in Azolla use is scarcity of water and h
igh temperature in north India



PSB or PSM inoculant
✓ Some bacteria( Pseudomonas and Bacillus )and fungi    (Pe

nicillium and Asprergillus ) can solublize insoluble P in soil to 

make it available for plants

✓ The mechanisms of solublization appears to be either acid pr

oduction or chelation of metal and release of phosphorus.

✓ Some PSM also produce of plant growth harmones like I.A.A

, G.A. etc. 

✓ Can be used in all crops

✓ May provide 15-20 kg P/ha/season. 

✓ Their inoculation can increase the yield of crops by 10-20 %



Effect of PSB on crop yield

Crop

No. of  t

rials

% increase on inoculation

With P With Rock ph

osphate

Rice 7 10-20 5-15

Wheat 8 7-42 5-50

Gram 3 10-30 15-25

Lentil 2 - 13-15

Potato 2 30-50 -

Source: Marwaha, (1995) 



Factors affecting Biofertilizer response

• Host crop and genotype

• Inoculant quality

• Crop management

• Soil factors like available N, moisture, pH, 

temperature etc.

• Environmental conditions



Constraints in biofertilizer adoption

Production and Distribution level

• Unavailability of good strains

• Unavailability of good carrier

• Poor storage facility



Constraints in biofertilizer adoption

Storage and Distribution level
• Low incentive to dealer

• Poor storage facility 

• No sale net work

• Less expiry period

• No buy back Guarantee by manufacturer

s



Constraints in biofertilizer adoption

Field level

• Poor awareness among farmers

• Unavailability in the market

• Poor quality product available

• Farmers do not no handling and use

• Specificity with crops

• No spectacular response
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BNF ?
•

•

Biological nitrogen fixation means the conversion of
atmospheric nitrogen into useful nitrogen compounds by
bacteria and algae. The bacteria present in the root
nodules of leguminous plants like Rhizobium as well as
some blue green algae help in the fixation of
atmospheric nitrogen
 
Biological nitrogen fixation (BNF) is the term used for a
process in which nitrogen gas (N2) from the atmosphere is
incorporated into the tissue of certain plants. Only a select
group of plants is able to obtain N this way, with the help of
soil microorganisms.



Nitrogen fixing bacteria

•

•

•

An atmosphere around us contains nearly 78%
nitrogen that is in free form and is not utilized by
the plants.
Plants take up nitrogen in the form of ammonia
or nitrate.
Conversion of N2 into ammonia by the action of
enzyme nitrogenase, and thence into proteins, is
achieved by microorganisms in the process
called nitrogen fixation (or dinitrogen fixation).



Types of N2 fixation

•

1.
2.
3.

All the nitrogen-fixing organisms are
prokaryotes. There are different groups of
nitrogen fixing microorganisms (diazotrophs)
present in the nature.

These are broadly divided into three categories,
viz.,
 Symbiotic microorganism
 Asymbiotic or free living
 Associative Symbiosis
 





Some examples of nitrogen fixing bacteria
belonging to different categories



Ecology of nitrogen-fixing bacteria



Conversion of dinitrogen gas (N2) to ammonia (NH3)
 
Availability of fixed N often factor most limiting to
plant growth
 
N-fixation ability limited to few bacteria, either as
free-living organisms or in symbiosis with higher
plants
 
First attempt to increase forest growth through N-
fixation in Lithuania, 1894 (lupines in Scots pine)

Biological Nitrogen Fixation



N2 + 8 flavodoxin- + 8H+ + 16 MgATP2- + 18 H2O

+ 2OH- + 8 flavodoxin + 16 MgADP- + 16H2PO4
- + H2

nitrogenase

Biological nitrogen fixation:

2NH4
+

•

•

Rare, extremely energy consuming conversion
because of stability of triply bonded N2
Produces fixed N which can be directly
assimilated into N containing biomolecules



N-fixation requires energy input:

•

•

•

•

 Reduction reaction, e- must be added (sensitive to O2)
 

 
 Requires ~35 kJ of energy per mol of N fixed (theoretically)
 

 
 Actual cost: ~15-30g CH per g of NH3 produced
 

 
 Assimilation of NH3 into organic form takes 3.1-3.6 g CH

 



Enzymology of N fixation

•

•

•
•

Only occurs in certain prokaryotes
Rhizobia fix nitrogen in symbiotic association
with leguminous plants
Rhizobia fix N for the plant and plant provides
Rhizobia with carbon substrates
All nitrogen fixing systems appear to be identical
They require nitrogenase, a reductant (reduced
ferredoxin), ATP, O-free conditions and
regulatory controls (ADP inhibits and NH4

+

inhibits expression of nif genes



Biological nitrogen fixation is the reduction of

atmospheric nitrogen gas (N2) to ammonium ions (NH4
+)

by the oxygen-sensitive enzyme, nitrogenase.  Reducing
power is provided by NAPH/ferredoxin, via an Fe/Mocentre.

Even within the bacteria, only certain free-living
bacteria (Klebsiella, Azospirillum, Azotobacter),
blue-green bacteria (Anabaena) and a few symbiotic
Rhizobial species are known nitrogen-fixers.

Plant genomes lack any genes encoding this enzyme,
which occurs only in prokaryotes (bacteria).

Another nitrogen-fixing association exists between
an Actinomycete (Frankia spp.) and alder (Alnus spp.)



The enzyme nitrogenase catalyses the conversion of
atmospheric, gaseous dinitrogen (N2) and dihydrogen (H2)

to ammonia (NH3), as shown in the chemical equation below:
 

                                  N2 + 3 H2   2 NH3
 

The above reaction seems simple enough and the
atmosphere is 78% N2, so why is this enzyme so important?

The incredibly strong (triple) bond in N2 makes this
reaction very difficult to carry out efficiently.
 
In fact, nitrogenase consumes ~16 moles of ATP for
every molecule of N2 it reduces to NH3, which makes it
one of the most energy-expensive processes known
in Nature.
 



Nitrogenase

•

•

•

 
Each molecule of enzyme contains 2
Mo, 32 Fe, 30 equivalents of acid-labile
sulfide (FeS clusters, etc)
Four 4Fe-4S clusters plus two FeMoCo,
an iron-molybdenum cofactor
Nitrogenase is slow - 12 e- pairs per
second, i.e., only three molecules of N2
per second



Fe - S - Mo electron transfer cofactor
in nitrogenase

S

Fe

Mo

homocitrate





Nitrogenase Complex

•

•
•
•
•

Two protein components: nitrogenase reductase
and nitrogenase

Nitrogenase reductase is a 60 kD homodimer
with a single 4Fe-4S cluster
Very oxygen-sensitive
Binds MgATP
4ATP required per pair of electrons transferred
Reduction of N2 to 2NH3 + H2 requires 4 pairs of
electrons, so 16 ATP are consumed per N2



Why should nitrogenase need
ATP???

•

•

•

N2 reduction to ammonia is
thermodynamically favorable
However, the activation barrier for
breaking the N-N triple bond is
enormous
16 ATP provide the needed activation
energy



Mechanism of biological nitrogen
fixation



                                                               GDH
NH4 + 2-oxoglutarate + NADPH + H+            glutamate + NADP+     (1)
 
                                               GS
   NH4 + glutamate + ATP           glutamine + ADP + Pi                (2)
 
                                                                     GOGAT
Glutamine + 2-oxoglutarate + NADPH + H+                 2 Glutamate + NADP+

 
 
 
GDH = glutamate  dehydrogenase
GS = glutamine synthetase
GOGAT= glutamine 2-oxoglutarate amidotransferase

ASSIMILATION OF BIOLOGICALLY FIXED  NITROGEN



Three Types of N-fixers

Cyanobacteria: Autotrophic N-fixers, protect nitrogenase with
specialized heterocyst cells.
 
Heterotorophic bacteria:  Free-living or associative with
rhizosphere. Use energy from decomposing organic matter to fix
N, protect nitrogenase by rapidly converting O2 to CO2 through
respiration.
 
Symbiotic bacteria:  Plants form nodules to house bacteria and
provide C as energy source (Rhizobium/Bradyrhizobium for
legumes, Frankia for non-legumes). Nodules contain a form of
hemoglobin which binds O2, protecting nitrogenase enzyme.



If a way could be found to mimic nitrogenase catalysis
(a reaction conducted at 0.78 atmospheres N2 pressure

and ambient temperatures), huge amounts of energy
(and money) could be saved in industrial ammonia production.

If a way could be found to
transfer the capacity to form N-fixing symbioses

from a typical legume host
to an important non-host crop species such as corn or wheat,

far less fertilizer
would be needed to be produced and applied

in order to sustain crop yields

The Dreams…..



Phosphatic biofertilizers: 
Mechanisms of phosphate 

solubilization and phosphate 
mobilization



Phosphorus
• After N,P is the major plant growth limiting

nutrient despite being abundant in soils in both
inorganic and organic forms.

• It makes up about 0.2% of a plant’s dry weight.

• However, many soils throughout the world are
P-deficient because the free phosphorus
concentration (the form available to plants)
even in fertile soils is generally not higher than
10 μM even at pH 6.5 where it is most soluble
(Arnon, 1953).



Phosphorus cycle



Different forms of phosphorus and its dynamics in soil



P in the soil
• Solution’s P-pool (immediately available) but

the amount is very small in comparison to the
total P in soils.

• In soil, the active P-pool is phosphorus that
can be released into solution but is generally
small in comparison to its fixed form.

• P forms the 0.12% of the earth Crust. Amount
of P present in the soil is 0.05%, out of this
only 0.1% is available for the plants (Scheffer
and Schachtshabel, 1988).



• On an average, most mineral nutrients in soil
solution are present in millimolar amounts, however,
phosphorus is present only in micromolar or lesser
quantities (Ozanne, 1980).

• Low levels of P are due to high reactivity of soluble P
with Calcium (Ca), iron (Fe) or aluminum (Al) that
lead to P precipitation.

• Inorganic P in acidic soils is associated with Al and
Fe compounds (Sharpley et al.,1984) whereas
calcium phosphates are the predominant form of
inorganic phosphates in calcareous soils.



Effect of PH on P-fixation/solubilization



• Organic P make a large fraction(as much as 50%)of
soluble P, in soils with high organic matter content
(Barber, 1984).

• Phytate, a hexaphosphate salt of inositol, is the major
form of P in organic matter contributing between 50
and 80% of the total organic P (Alexander, 1977).

• Although micro-organisms are known to produce
phytases, that can hydrolyze phytate, phytate tends to
accumulate in virgin soils because it is rendered insoluble
as a result of forming complex molecules with Fe, Al and
Ca (Alexander,1977).

• Phospholipids and nucleic acids form a pool of labile P
in soil that is easily available to most of the organisms
(Molla and Chowdary, 1984).



➢To circumvent the problem of P deficiency,
chemical fertilizers are added to the soils. The
production of chemical phosphatic fertilizers is
a highly energy intensive process requiring
energy.

➢The situation is further compounded by the
fact that almost 75–90% of added P fertilizer is
precipitated by Fe, Al and Ca complexes
present in the soils (Stevenson, 1986; Vig and
Dev, 1984).



The use of excess conventional P fertilizers
✓To improve agricultural productivity,
✓To meet increasing global food demand
Causes
➢Surface and ground water pollution,
➢Waterway eutrophication,
➢Soil fertility depletion, and
➢Accumulation of toxic elements like high conc. of Se,

As in the soil.
• It is therefore of great interest to investigate

management strategies that are capable of improving
phosphorus fertilization efficiency, increase crop yields
and reduce environmental pollution caused by
phosphorus loss from the soil.



Schematic representation of the importance of 
microorganisms to P availability in soil

Microorganisms and their interactions in soil play a critical role in mediating 
the distribution of P between the available pool in soil solution and the total 

soil P through solubilization and mineralization reactions, and through 
immobilization of P into microbial biomass and/or formation of sparingly 

available forms of inorganic and organic soil P.



Phosphate solubilizing/mobilizing biofertilizers

➢ Group of beneficial bacteria/fungi capable of hydrolyzing organic and
inorganic phosphorus from insoluble compounds e.g.Pseudomonas, Bacillus,
Aspergillus and Penicillium are among the most powerful.

➢ Quite a number of soil microorganisms are capable of

solubilizing/mineralizing insoluble soil phosphate to release soluble P and

making it available to plants.

➢ These microorganisms improve the growth and yield of a wide variety of

crops.

➢ Thus, inoculating seeds/crops/soil with Phosphate Solubilizing

Microorganisms (PSM) is a promising strategy to improve world food

productionwithout causing any environmental hazard.

➢ Despite their great significance in soil fertility improvement, PSMs have yet to

replace conventional chemical fertilizers in commercial agriculture.

1. Phosphate solubilizers

2. Phosphate mobilizers



1. Phosphate solubilizing biofertilizers
• improving P acquisition efficiency of plants
• help to absorb the phosphorus from a wider area by

developing an extended network around the root system .
• promote plant growth via generating phytohormones,such as

auxins, gibberellins, cytokinins, or polyamides.
• promote plant growth indirectly by increasing the accessibility

of other trace elements such as siderophore .
• also facilitate plant growth by promoting the efficiency of

nitrogen fixation .
• PSMs also protect plants by avoiding phytopathogens,typically

owing to the production of antibiotics,hydrogen cyanate
(HCN), and antifungal metabolites.



PSMs
Phosphate solubilizing bacteria



PSMS
A large number of microbial organisms including bacteria,fungi,

actinomycetes, and algae exhibit P solubilization and
mineralization ability.

• PSB: Bacillus circulans, Bacillus megaterium, Bacillus polymyxa, B.
subtilis,Bacillus pulvifaciens ,Bacillus coagulans, Bacillus circulans
Pseudomonas canescens, Pseudomonas putida, Pseudomonas
calcis, Pseudomonas fluorescens, Pseudomonas striata, Pantoea
agglomerans, Rhizobium meliloti, Rhizobium leguminosarum,
Mesorhizobium mediterraneum , Agrobacterium spp.,Azotobacter
, Burkholderia, Enterobacter, Erwinia, Kushneria, Paenibacillus,
Ralstonia, ,Rhodococcus, Serratia, Bradyrhizobium, Salmonella,
Sinomonas, and Thiobacillus etc.



PSFs: 
Aspergillus niger, Aspergillus clavatus, Aspergillus
awamori, Aspergillus candidus , Aspergillus fumigatues,
Aspergillus flavus , Aspergillus foetidus, Aspergillus terreus,
Aspergillus tubingensis, Aspergillus sydawi, viride,
Achrothcium, Alternaria, Arthrobotrys, Aspergillus,
Penicillium bilaii, Penicillium citrinum, Penicillium
digitatum, Penicillium oxalicum, Penicillium
simplicissimum,Arthrobotrys oligospora,Trichoderma
Cephalosporium, Cladosporium, Curvularia,
Cunninghamella, Chaetomium, Fusarium, Glomus,
Helminthosporium, Micromonospora, Mortierella,
Myrothecium, Oidiodendron, Paecilomyces, Penicillium,
Phoma, Pichia fermentans, Populospora, Pythium,
Rhizoctonia, Rhizopus, Saccharomyces,
Schizosaccharomyces, Schwanniomyces, Sclerotium, Torula,
Trichoderma, and Yarrowia. etc.



Actinomycetes: 

Acinetobacter rhizosphaerae,  Actinomyces, 
Micromonospora, Streptomyces albus, S. 
Cyaneus, Streptoverticillium album

Cyanobacteria: Calothrix braunii



2.Phosphate mobilizing biofertilizer(mycorrhiza)  

• A symbiotic generally mutualistic association between
a fungus and the roots of a vascular plant.

• The fungus colonizes the host plant's roots, either
intracellularly or extracellularly.

• This association provides the fungus with access to
carbohydrates.In return, the plant gains the benefits of
the mycelium's higher absorptive capacity for water
and minerals.

• Plant roots alone may be incapable of taking up
phosphate ions from soils with a basic pH.

• The mycelium of the mycorrhizal fungus can make
them available to the plants they colonize.



• Phosphate mobilizing or phosphorus solubilizing
Biofertilizers / microorganisms (bacteria, fungi,
mycorrhiza etc.) converts insoluble soil phosphate
into soluble forms.

• Under optimum conditions they can solubilize /
mobilize about 30-50 kg P2O5/ha due to which crop
yield may increase by 10 to 20%.

• Mycorrhiza or VA-mycorrhiza (VAM fungi) when used
as biofertilizers enhance uptake of P, Zn, S and water,
leading to uniform crop growth and increased yield
and also enhance resistance to root diseases and
improve hardiness of transplant stock.

• They liberate growth promoting substances and
vitamins and help to maintain soil fertility.





Mode of action of PSB



BENEFITS OF PSMs









Vesicular arbuscular mycorrhizae: Rhizophagus
irregularis MUCL 43194,Glomus fasciculatum,
Entrophospora colombiana.

Actinomycetes:Streptomyces werraensis,
Streptomyces ambifaria,Streptomyces
fulvissimus, Microbacterium lacusdiani.

Cyanobacteria:Anabaena variabilis, Westiellopsis
prolifica,Calothrix braunii, Nostoc sp.,
Scytonema sp.



P dynamics in soil depends on

• Dissolution and precipitation,

• Sorption and desorption, and

• Inter conversion between organic and
inorganic forms of phosphorus .

Mineralization, solubilization, and
immobilization are the predominant ways
of dissemination of phosphorus in soil by
PSMs, which are influenced by available
inorganic minerals in the soil.



Schematic presentation of phosphate solubilization by PSMS



Mechanisms of P Solubilization by PSMs

Gerretsen (1948) first showed that pure cultures of
soil bacteria could increase the P nutrition of
plants through increased solubility of Ca-
phosphates with a decrease of soil pH.

1.Inorganic phosphate solubilization

2.Organic Phosphate Solubilization

1. Inorganic phosphate solubilization:

Inorganic phosphates like Fe–P, Al–P, and Ca–P in the 
soil are solubilized in the following ways as below:



a. Production of organic acids

Organic acids like citric acid, gluconic acid,
oxalic acid, and tartaric acid exuded by
PSMs solubilize inorganic phosphates by

(a)Chelation of cations bound to phosphate

(b)Reducing pH

(c)Complexation with metal ions bound to
phosphates

(d)Challenging P for adsorption site



• Organic acids are low molecular weight compounds that chelate
the P-bound cations through their hydroxyl and carboxyl groups
and lower the rhizospheric pH through the gaseous exchange
(O2/CO2) and proton-bicarbonate balance, thereby releasing the
bound phosphorus.

➢ The organic acids are produced in the periplasmic space by the
direct oxidation pathway . Organic acids (such as acetic, lactic,
oxalic, tartaric, succinic, citric, gluconic, ketogluconic,
glycolic,carboxylic etc.) secreted by PSMs can either directly
dissolve the mineral phosphate as a result of anion exchange of
PO4

2− by acid anion(main function).
➢ lowering of pH by biotic production of proton/bicarbonate release

gaseous exchange , chelation of cations and by competing with
phosphorous for the adsorption sites in the soil (Nahas, 1996).

➢ Acidification of the microbial cell surroundings releases P from
apatite by proton substitution / excretion of H+ (accompanying
greater absorption of cations than anions) or release of Ca2+

(Goldstein, 1994; Illmer and Schinner 1995; Villegas and Fortin,
2002).



➢Production of CO2(production of carboic acid
increases P availability)

✓Ca3(PO4)2+CO2+H2O→2CaHPO4+CaCO3

✓Ca3(PO4)2+2CO2+2H2O→2Ca(H2PO4)2+2CaCO3

➢H2S (produced by fermentative microorganisms
from S containing amino acids or by anaerobic
sulphate respiring bacteria.H2S reduces ferric
phosphate to ferric sulphide.



Diversity of organic acids produced by PSMs



Organic acids produced by PSMs



• Fermentation, respiration of organic carbon
compounds, or direct oxidation are key metabolic
pathways for organic acid production by PSMs that
result in acidification in the vicinity of microbes,
liberating phosphates from complexes by
substitution of protons for cations like Fe+3 and Al+3

(Goldstein 1994), or by the exchange of phosphate
(PO4

2−) by acidic anions.

• 2-Ketogluconic acid and gluconic acid are major
acids excreted by PSMs.

• In several mechanisms are adopted by PSMs for the
dissolution of phosphorus, although the dominant
one was found to be the acidification of the
surroundings by the production of organic acids.



• The excretion of organic acids is accompanied by a drop
in pH that results in the acidification of the microbial cells
and the surroundings, hence, P ions are released by
substitution of for Ca2+(Goldstein, 1994).

• H+ release is associated with cation assimilation. For
example, assimilation of NH4

+ together with H+ excretion
brings about P solubilisation .

• Release of H+ to the outer surface in exchange for cation
uptake or with the help of H+ translocation ATPase.

• The assimilation of NH4
+ within microbial cells is

accompanied by the release of protons and this results in
the solubilization of phosphorus without the production of
any organic acids .

• Gram-negative bacteria solubilize mineral phosphate by
direct oxidation of glucose to gluconic acid.
Pyrroloquinoline quinone (PQQ) acts as a redox cofactor
in glucose dehydrogenases (GDH) resulting in phosphate
solubilisation.



b. Inorganic acid and H2S production

• Mineral phosphate solubilization by microorganisms
(Nitrobacter and Thiobacillus spp.)are the production of
inorganic acids (such as sulphuric, nitric, and carbonic
acids) and the production of chelating substances.

• Effectiveness of the inorganic acids and the chelating
substances in the release of phosphorus in soil is less
than that of the organic acids.

• Acidophilic and sulfur-oxidizing bacteria produce H2S as
a metabolic by product of microbial decomposition of
organic matter, sulfate reduction, and other biochemical
reactions, which reacts with ferric phosphate and forms
ferrous sulfate, releasing the bound phosphorus
(Florentino et al. 2016).



• Mycorrhizal fungi effectively extend plant
roots, aiding crop phosphorus nutrition by
increasing the volume of soil from which
phosphate may be absorbed .

• Another mechanism of microbial phosphate
solubilization is the liberation of enzymes or
enzymolysis, the mechanism of P
solubilization by PSM in a medium containing
lecithin where the increase in acidity is
caused by enzymes that act on lecithin and
produce choline.



C. Proton Release from NH4
+ Assimilation/Respiration)

• Proton extrusion is an alternative mode of P
dissolution in soil by microorganisms (Parks et al.
1990).

• NH4
+present in soil is assimilated by PSMs for

synthesis of amino acids. Inside the microbial cell,
NH4

+ is converted to NH3 and the excess proton H+ is
released into the cytoplasm of the microbial cell. This
acidifies the medium surrounding the microbial cell,
which aids in dissolution of insoluble phosphates
(Gaind 2016). Proton excretion lowers the soil pH
and is dependent on the nitrogen source used.

• P dissolved was high when NH4
+ was used as a

nitrogen source, compared to NO3
−.



d. Indirect mechanism

• Rhizospheric microbes assimilate a large amount
of phosphorus indirectly from the soil, dissolving
insoluble phosphorus (Halvorson et al. 1990).

• Microbial cell lysis during stress conditions
releases P in to the soil, which is taken up by
plants and other soil organisms (Butterly et al.
2009).



e. Direct oxidation pathway
• In the direct oxidation pathway, glucose is converted to

gluconic acid by glucose dehydrogenase and further oxidized to
2-ketogluconicacid by gluconate dehydrogenase.

• These acids act as chelators of minerals like Ca2+ and Fe2+ from
their phosphate-bound form (Krishnaraj and Goldstein2001).
Insoluble P dissolution by Burkholderia cepacia DA23.

• This mode of phosphorus dissolution is predominant in gram-
negative bacteria, where dominant organic acids like gluconic
acid are produced via alternate pathways for glucose oxidation
and diffuse through bacterial periplasm into the surroundings
(Krishnaraj and Dahale 2014).

• Pseudomonas aeruginosa KR270346 also solubilizes phosphorus
by secreting gluconic acid by direct oxidation pathway as the
dominant acid for phosphorus solubilization (Linu et al. 2019).



f. Exopolysaccharide (EPS) production
• Exopolysaccharides are homo or heteropolymers of

carbohydrates with an organic or inorganic component that is
exuded by microorganisms outside their cell wall in response to
stress or biofilm formation.

• EPS forms complexes with metal ions present in soil
(Al3+>Cu2+>Zn2+>Fe3+>Mg2+>K+) and this mechanism can be a
means of P solubilization.

• PSB strains i.e. Enterobacter sp. (EnHy-401), Azotobacter sp.
(AzHy- 510), Arthrobacter sp. (ArHy-505), and Enterobacter sp.
(EnHy-402) were responsible for of tricalcium phosphate
dissolution.



g. Siderophore production
• Siderophores are low molecular weight high-affinity iron

chelating compounds that are excreted by microorganisms and
plants in response to iron stress in the environment.

• Currently, more than 500 siderophores are known that are
produced by both plants and microbes (Sharma et al. 2013).

• PSMs also release siderophores which chelate iron from Fe–P
complexes in the soil (Collavino et al. 2010).

• Under alkaline conditions, several phosphate solubilizers like
Bacillus megaterium, Bacillus subtilis, Rhizobium radiobacter,
and Pantoea allii produced siderophores in the range of 80 to
140 μmol L− 1,which encouraged the survival of organisms under
stress environment and also improved phosphorus solubilization,
fungi Beauveria brongniartii secreted siderophores.



2. Organic phosphate solubilization

The dissolution of organic phosphates occurs via 
the mineralization process through the action of 
enzymes (Kumar and Shastri 2017).

(a) Non-specific acid phosphatases (NSAPs)

(b) Phytases

(c) Phosphonatases/C–P lyases



a. Non-Specific Acid Phosphatases (NSAPs)

• NSAPs are also known as phospho mono esterases
and are of two types: acid and alkaline
phosphatases that are secreted by PSMs (Nannipieri
et al. 2011). These enzymes are categorized based
on pH optima. Acid phosphatases prevail in acidic
soil and Alkaline phosphatases in alkaline to neutral
soil. Dephosphorylation of phospho esters or
phospho anhydride bonds of organic compounds is
catalyzed by phosphatases.

• Both acid and alkaline phosphatases are excreted
by microorganisms which have greater affinity to
organic phosphatases in soil.



b. Phytases

Phytases catalyze the removal of phosphorus from the phytate
compound (abundant organic phosphorus in soil), which is the
dominant source of inositol and stored phosphorus in seeds and
pollen (Sharma et al. 2013).

The potential of plants to obtain phosphorus from
phytate is very limited.

When Arabidopsis plant was genetically transformed with 
the phy A gene from Aspergillus niger, phosphorus 
nutrition and growth improved in the transformed 
plant (Richardson 2001). 

Aspergillus niger produced maximum phytase and 
phosphatase and solubilized phosphorus.

Pseudomonas corrugata SP77 and Serratia liquefaciens



c. Phosphonatases/Carbon–Phosphorus (C–P) Lyases

These enzymes catalyzes the cleavage of the C–P
bond of organophosphates, improving the
phosphorus availability to plants (Rodriguez et al.
2006).

Organic phosphorus solubilization through lyases, as
their activity is low because of the low availability
of their substrates in the soil (Selvapandiyan and
Bhatnagar 1994).

CP lyases’ activity is reported in many phosphate
solubilizing bacteria like Bacillus,
Pseudomonas,Enterobacter, Acinetobacter,
Rhizobium, and Burkholderia (Teng et al. 2019a;
Vazquez et al. 2000) and in endophytic fungi like
Aspergillus, Penicillium, Piriformospora, and
Curvularia (Mehta et al. 2019).



Molecular Aspects of Phosphate Solubilization 
by PSMs

• Genetic studies on phosphate solubilization are
sparse and reveal that only a few genes control the
action of phosphate dissolution.

• These genes include pyrroloquinoline quinine genes
(pqq A, B, C, D, E, F) that code for PQQ—a small,
redox-active molecule and a cofactor for glucose
dehydrogenase that catalyzes the conversion of
glucose to gluconic acid which is the principal
organic acid produced by PSMs for dissolution of
phosphorus (Kumar and Shastri 2017).

• These genes can be isolated and cloned to other soil
microorganisms for enhancing their phosphorus-
solubilizing ability.



• For instance,rhizobium can be transformed by pqq
genes that can improve their nitrogen-fixing as well
as phosphate-solubilizing capability.

• Mineral phosphate solubilizing genes (mps) were
also isolated from Erwinia herbicola that codes for
gluconic acid production and dissolves mineral
phosphorus in E. coli HB101.

• Pyrroloquinoline quinine (pqq) and glucose
dehydrogenase (gcd) are the representative genes
for phosphorus solubilization in microorganisms.



Mechanisms of Phosphorus solubilization(Summary)



Factors Influencing Microbial Phosphate Solubilization

• Nutritional richness of the soil.
• Physiological and growth status of the organism.
• PSM from soils from environmental extremes such as saline alkaline

soils, soil with a high level of nutrient deficiency, or soil from
extreme temperature environments have the tendency to solubilize
more phosphate than PSM from soils from more moderate
conditions .

• Interactions with other microorganisms in the soil.
• Extent of vegetation,
• Ecological conditions
• Climatic zone
• Soil types
• Plant types
• Agronomic practices
• Land use systems
• and the soil’s physicochemical properties such as organic matter 

and soil pH .



• P is solubilized faster in warm humid climates and slower in
cool dry climates.

• A well-aerated soil will more readily permit rapid
phosphorus solubilisation compared to a saturated wet soil.

• Adding small amounts of inorganic phosphorus to the
rhizosphere could drive phytic acid mineralization by
bacteria and there by improve plant phosphorus nutrition.

• Lime and compost, used as a soil improver, also had positive
effects on phosphate solubilizers.

• PSMs population richness and diversity, were more abundant
and diverse following crop rotation.

• Soil rich in organic matter favor microbial growth and
therefore favors microbial phosphorus solubilisation.

• Soil pH values between 6 and 7.5 are best for P-availability,
kinds of metabolite produced and its rate of release (Zhu et
al., 2011).



Potash supplying bio-fertilizers:
Mechanisms of K solubilization



• After nitrogen (N) and phosphorus (P), potassi
um (K) is the most important plant nutrient th
at has a key role in the growth, metabolism an
d development of plants.

• In addition to increasing plant resistance to di
seases, pests, and abiotic stresses, K is requir
ed to activate over 80 different enzymes resp
onsible for plant and animal processes. e.g. su
ch as energy metabolism, starch synthesis, nitr
ate reduction, photosynthesis, and sugar degr
adation.



• K is the seventh most abundant element in Eart
h’s crust.

• Total K content in soils ranges between 0.04 an
d 3% K. Indian soils varies from 0.5 to 3.0%.

• Only 1 to 2% of this element is available to plant
s (Sparks and Huang, 1985).

• Rest are bound with other minerals and theref
ore are unavailable to plants.

• Depending on soil type 90 to 98% of soil K is mi
neral K and most of this K is unavailable for pla
nt uptake (Sparks and Huang, 1985).



• Minerals containing K are feldspar (orthoclase
and microcline) and mica (biotite and muscov
ite).

• The non-exchangeable K makes up approxima
tely 1 to 10 % of soil K and is trapped betwee
n the layers or sheets of certain kinds of clay
minerals (Sparks, 1987).

• Solution K is the form of K that directly and re
adily is taken up by plants and microbes in soi
l.



• In addition, this form is most subject to leaching
in soils. The concentration of soil solution K vari
es from

2 to 5 mg l–1 for normal agricultural soils (Spark
s and Huang, 1985).

• The major amounts of K in the soil is present as
a fixed form (non-available to plant indirectly)
due to imbalanced fertilizer utilization, great inc
rease of crop yield (depleting soil solution K), an
d the depletion of K in the soil system. As a resul
t, K deficiency has been reported in most of the
crop plants (Meena et al., 2014; Xiao et al., 201
7).



Forms of K in soil

K is present in several forms in the soil:

➢Mineral K

➢Non-exchangeable K

➢Exchangeable K and

➢Solution K



Interrelations with various forms of K
(Sparks and Haung,1985)



How K availability is affected ???



K fixation



• Since cost of K-fertilizers is increasing every yea
r and also use of these fertilizers has harmful
effects on the environment, it is necessary to fi
nd an alternative indigenous source of K and m
aintain K level in soils for sustainable crop prod
uction.

• Microbial soil community is able to influence s
oil fertility through soil processes viz. decompo
sition, mineralization, and storage / release of
nutrients (Parmar and Sindhu, 2013).



• Wide range of saprophytic bacteria, fungal str
ains and actinomycetes, could solubilize the i
nsoluble K from soils by various mechanisms.

KSMs



• Among these microorganisms, K solubilizing b
acteria (KSB) have attracted the attention.

• KSB are effective in releasing K from inorganic
and insoluble pools of total soil K through sol
ubilization.

• Inoculation with KSB produced beneficial effec
t on growth of different crops.

• Thus, identification of efficient bacterial strain
s capable of solubilizing K minerals can quickl
y conserve our existing resources and avoid e
nvironmental pollution hazards caused by he
avy application of K-fertilizers.



Mechanisms in solubilizing K
• Currently there is little information available on the me

chanisms by which KSB can solubilize K-bearing minerals
and release K for improving the growth of plant.

• Microorganisms contribute to the release of K+ from K b
earing minerals by several mechanisms:



Mechanisms of K solubilization by KSMs(Summ
ary)



Direct and indirect mechanisms  to solubilise K and plant growth 
promotion by KSMs on Aleksandrov medium



Mechanisms of K mineral solubilization: 1.Product
ion of organic and inorganic acids: Various organ
ic acids such as oxalic acid, tartaric acids, gluconi
c acid, 2-ketogluconic acid, citric acid, malic acid
, succinic acid, lactic acid, propionic acid, glycolic
acid, malonic acid, fumaric acid, etc. have been r
eported in KSB, which are effective in releasing K
from K-bearing minerals .



Organic acids produced by KSMs to solubilize  insoluble K to soluble K

Organism Acid produced References

Penicillium frequentans, Cladospori
um

Oxalic, Citric, Gluconic Acid
s 

Argelis et al. (1993)

Paenibacillus mucilaginosus Tartaric, Citric, Oxalic Liu et al. (2012) and Hu et al. (20
06)

Aspergillus niger, Penicillium sp. Citric, Glycolic, Sucinnic Sperberg (1958)

B. megaterium, Pseudomonas sp., B
. subtilis

Lactic, Malic, Oxalic, Lactic Taha et al. (1969

B. megaterium, E. freundii Citric, Gluconic Taha et al. (1969)

Arthrobacter sp., Bacillus sp., B. fir
mus

Lactic, Citric Bajpai and Sundara (1971)

Aspergillus fumigatus, A.candidus Oxalic, Tartaric, Citric, Banik and Dey (1982)

Pseudomonas aeruginosa Acetate,Citrate, Oxalate Sheng et al. (2003) and Badar et 
al. (2006)

Pseudomonas spp. Tartaric, Citric Krishnamurthy (1989)

B. mucilaginosus Oxalate, Citrate Sheng and He (2006)



• Type of the organic acid produced by KSB may b
e different.

• Among the different organic acids involved in the
solubilization of insoluble K, tartric acid, citric ac
id, succinic acid, α-ketogluconic acid, and oxalic
acid are the most prominent acids released by K
SB. In addition to decreasing soil pH, organic aci
ds produced by KSB can release K ions from the
mineral K by chelating (complex formation) Si4+,
Al3+, Fe2+, and Ca2+ ions associated with K minera
ls.



• Microbial decomposition of organic materials also produ
ces ammonia and hydrogen sulfide that can be oxidized
in the soil to form the strong acids such as nitric acid (H
NO3) and sulfuric acid (H2SO4).

• KSB weathered phlogopite via aluminum chelation and
acidic dissolution of the crystal network.

• B. altitudinis accelerate weathering of potash feldspar,
change mineral surface morphology, and induce the for
mation of new mineral complex. This strain dissolved p
otash feldspar and significantly released more Si, Al, and
Fe elements by producing organic acids.



➢Lowering the pH: Released H+ can directly diss
olve the mineral. Production of protons (acido
lysis mechanism in the surrounding area of mi
croorganismsis) able to convert the insoluble K
(mica, muscovite, and biotite feldspar) to solu
ble forms of K, easily.

➢Chelation of the cations bound to K.

➢Hydrogen ions displace K+, Mg2+, Ca2+, and Mn
2+ from the cation-exchange complex in a soil.



• Effective K solubilizers among the soil bacteria
l communities are B. mucilaginosus, B.edaphi
cus and B. circulanscan.

• KSB are usually present in all soils and have be
en isolated from rhizosphere soil, non-rhizosp
here soil, paddy soil and saline soil.



• Potash chemical fertilizers usage can be reduced
by using Frateuria aurantia, a new bacterial spec
ies as a bio-inoculants. These new bacteria belon
ging to the family Pseudomonadaceae have the
extra ability to mobilize K in almost all types of so
ils especially low K content soils and soils of pH 5
–11, and they survive in a temperature of up to 4
20C. This potash-mobilizing biofertilizers can be a
pplied in combination with Rhizobium, Azospirillu
m, Azotobacter, Acetobacter, PSM, etc.



How KSMs help in soil sustainability for a system d
evelopment



Methods of KSM Applications

• KSB inoculants used as a seed treatment are c
heap and common and the easiest means of i
noculation.

• Seedling treatment.

• Soil application. 



Factors affecting KSM inoculants

• Indigenous microbes of soil contest for nutrition and moisture
with applied microbial inoculants and frequently do not confess
their productive establishment in the soil with the inoculated p
opulation.

• Poor or inefficient organic matter and moisture status in the in
oculated field might limit the growth and multiplication of KSMs
.

• Population declines during the off season but may increase aft
er planting of crop. 

• Using proper inoculation technique, survival of K-solubilizing mi
croorganisms is enhanced. 

• KSMs live in a microbial culture so they require careful handling
, storage and transportation facility.

---------



• Commercialization of microbial inoculants as biofertilizers

started in late seventies in India and currently are being

manufactured on a large scale.

• Mass production of inoculants started with Rhizobium, but now a

days various types of inoculants (phosphate solubilizing

bacteria, potash mobilizers, zinc solubilizers and consortia of

biofertilizers) are commercially produced and utilized for

nutrient mobilization and plant growth promotion in India.

• Most of the manufacturers of biofertilizers in India continue to

adopt the age-old practice for the preparation of Inoculants.

Technologies for carrier-based inoculants are not commonly

adopted by all the Inoculant industries.Introduction of technology

like use of sterile liquid inoculants with high microbial load

for longer shelf life have contributed to solve the issues

related to increasing shelf life, contamination free products

and tolerance to high temperature.



• Rhizobium was the first microbial inoculant:
introduced as biofertilizer during early seventies with
the introduction of soybean into the country.

• Azotobacter and Azospirillum : added to the list in
mid- nineties.

• Phosphate solubilising biofertilizer (PSB) was
introduced in late nineties.

• During the same period, few more inoculants were
added such as Acetobacter (or Gluconacetobacter),
Potash mobilizer (Frateuria aurantia and Bacillus
sp.), Zinc solubilizers and lately consortia of
microorganism comprising a mixture of
Azotobacter, Azospirillum, PSB and Pseudomonas
fluorescens.



Production technology
Carrier based bacterial biofertilizer production 

technology  used   during late seventies till late nineties.

Majority of the production units is still using the same 

technology of manual mixing of broth with lignite or 

charcoal as carrier material.

1.Strain selection

2.Sterilization

3.Growth and Fermentation

4.Mass production of biofertilizers involves three 

stages.

A. Mass culturing of microorganisms in fermentor

B. Processing of carrier material

C. Mixing of broth culture with the carrier and packing



1.Strain selection

I. Isolation of microbes from soils/roots.

II. Screening of microbes for plant
growth(laboratory).

III. Screening of microbes in green houses/Pot trials.

IV. Screening of microbes under field conditions
(crop/soil).

V. Refinement of inoculum.

VI. Environmental impact test and substantiation of
microbes.

VII. Production



Biofertilizer testing



Characteristics  of  efficient microbial strain

Should  

❑ be efficient and competitive

❑ be broad spectrum 

❑ has ability to survive under diverse soil and environmental conditions

❑ has capacity to withstand extreme soil and weather conditions

❑ has better host infection ability

❑ be resistant to bacteriophage 

❑ be nitrate tolerant 

❑ be able to survive in broth and carrier 

❑ has longer shelf life in carrier material

❑ be able to survive on seed coat

❑ be tolerant to pesticides, fertilizers and other agro chemicals 

❑ has ability to migrate in soil  

❑ has genetic stability 



Testing of strain effectiveness 

• N2 –fixing/P solublizing capacity : by ARA, total

N/available P.

• Nodulation test:by Number, dry weight and

colour of nodules.

• Production of vitamins, growth promoting

substance etc.

• Response in pot trials.



Mother culture storage and maintenance

Needed for maximal storage period and minimal 

variation(mutation) and contamination 

• Freezed drying with additives (viz. sucrose, glucose, peptone 

dextran or mixture of these) 

• Slant culture with paraffin cover 

• Drying on porcelain beads with desiccant (silica gel) in a screw-

cap bottle 

• Lyophilized culture

MOTHER CULTURE BE STORED AT LOW TEMPERATURE  



Medium used for different microorganisms

• Yeast Extract Mannitol medium for Rhizobium

• Jensen medium for Azotobacter

• Okon’s medium/N-free malate medium for Azospirillum

• Pikovaskaya’s medium for Phosphate solubilizers



Mass culturing

1. Batch culture 

➢ Cheap for small scale industry 

➢ 60-120 flasks of 750 mL capacity with 400 mL medium 

2. Fermentor culture

➢ 50-80 L capacity fermentor

➢ Sterilize with broth in autoclave  

➢ Air flow rate 5 L/h 

➢ Temperature 26-30°C

Broth should contain 108 –109 cells/mLz

A. Mass culturing of Microorganisms in Fermentor



Preparation of broth culture

➢ Old culture examined microscopically.Check the contamination by

Gram’s staining.

➢ Scrap the bacterial growth with inoculating needle and transferred in to

3-6 mL sterile water.

➢ Resulting bacterial suspension is transferred in to 250 mL flasks having

about 100 mL of sterilized broth and are incubated at 28-300C on a

rotary shaker for 2-7 days.

➢ Prepare appropriate broth in 50 mL flasks and inoculate the mother

culture in to the flasks.

➢ Grow the culture under shaking conditions at 30±20C until maximum cell

population of 1010 to 1011 cfu/mL is reached.

➢ Under optimum conditions this population level could be attained within

4 to 5 days for Rhizobium; 5 to 7 days for Azospirillum; 2 to 3 days for

Phosphobacteria and 6-7 days for Azotobacter & Gluconacetobacter.

➢ The culture obtained in the flask is called starter culture.



• For large scale production of inoculant, inoculum from starter
culture is transferred to large flasks/seed tank fermentor.

• Bacterial biofertilizers are normally mass cultured in
fermentors.

Fermentor: is the vessel which maintains the controlled
environmental conditions for the growth of microorganisms
and provides access for inoculation, sampling, aeration and
cleaning.

• made of stainless steel to withstand high pressure and also to
resist corrosion. High quality fermentor will have smooth
surface inside without cracks and crevices.

• capable of being operated aseptically for a number of days.

• The power consumption should be as low as possible.

• The vessel should be designed to require minimal use of
labour for operation.



Sterilization of growth medium in the Fermentor

• Prepare required quantity of growth medium and adjust
to the required pH.

• Pour the medium into the fermentor vessel after closing
the sampling valve and keep the air outlet valve open.

• Bring the growth medium to boiling under maximum heat
by using steam generator.

• Close the air outlet valve and allow the pressure to build
up inside the vessel.

• Maintain a pressure of 15 lbs / inch2 at 121°C for 20
minutes

• Switch off the fermentor and cool the medium by
circulating cool water.



Mass culturing in Fermentor
• Spray the inoculation port with alcohol and flame thoroughly.
• Allow the port to cool, inoculate the media in the fermentor vessel

with the log phase culture grown in 5 litre flask.
• Usually 1 -2 % inoculum is sufficient, however inoculation is done up

to 5% depending on the growth of the culture in the larger flasks.
• Turn on the air pump, open the air outlet valve.
• Regulate the air flow to 3-10 lit of air per hour per litre of the

medium. The sterile air provides aeration as well as agitation for the
growth of culture.

• Draw samples and analyze for growth, periodically if necessary.
• Once the culture reaches full growth turn off the air supply and

harvest the broth with the population load of 109 cells mL-1 after
incubation period through the sampling port.

• There should not be any fungal or any other bacterial contamination
at 10-6dilution level

• It is not advisable to store the broth after fermentation for periods
longer than 24 hours. Even at 4oC number of viable cells begins to
decrease.



B. Processing of carrier material

The use of ideal carrier material is necessary in the

production of good quality biofertilizer.

•Moist solid medium viz. peat charcoal,peat

soil,compost/FYM, pressmud,lignite,vermiculite, coirdust,

polymers and soil mixture can be used as carrier materials.

• The neutralized peat soil/lignite are found to be better

carrier materials for biofertilizer production.

•The growth of bacterial cells when mixed with any of these

carriers is known as carrier based inoculants.



Characteristics of an Ideal carrier

• cheap and easily available/ locally available

• Easy to process with friability ,sufficiently ground (72-100 mesh)
and dry

• high water holding capacity (more than 50%)

• has normal or easily adjustable pH(6.5-7.0) with good pH buffering
capacity

• microbial growth supportive and with the capacity of adhesion to

seed

•Free of lump forming materials

•Easy to sterilize by autoclaving or gamma irradiation

• amenable to nutrient supplements sterilizable

• no heat of wetting

• biodegradable

• near aseptic

• non toxic and non polluting

• manageable in mixing, curing and packing.



C.Preparation & Sterilization of carrier material

• Powder the carrier material (peat or lignite) to a fine
powder so as to pass through 212µ IS sieve.

• Neutralize the pH of the carrier material with the help of
calcium carbonate (1:10 ratio) , since the peat soil / lignite
are acidic in nature ( pH of 4 - 5).

• Sterilize the neutralized carrier material in an autoclave to
eliminate the contaminants.

• For large scale production gamma irradiation and sun
drying method is followed.

• Sterilization of carrier material is essential to carry high 
number of microbial inoculants for longer period.

• Gamma irradiation: sterilizationin polybags at 50kGy-------
No change in physical and chemical properties of material.

• Autoclaving: in Poly propylene bags at 1210C for 60 
minutes



Mixing (Blending) of broth culture with carrier

•Add the bacterial culture (109 cells/mL) drawn from the

fermentor to the neutralized and sterilized carrier material

to the moisture content of 35 to 45% on wet basis or at 1/3

of the W.H.C.of carrier.

•The carrier and broth can be mixed either manually by

hand (by wearing sterile gloves) in trays or in bulk by

mechanically .

•Blending is done by thorough mixing of broth culture

with sterilized carriers or in such a way that the finished

product retains 40% moisture.

Mixing: Manual or mechanical mixing of broth with

carrier



Mixing, Curing  and Packing 

•After mixing, blended carrier is kept for curing for 2 -3 days at

room temperature (curing can be done by spreading the inoculant

on a clean floor/polythene sheet/by keeping in open shallow tubs/

trays with polythene covering for 2 -3 days at room temperature

before packaging).

•After curing, dispense 200 g inoculant in each packet either

manually or by using automatic dispenser in polypropylene (low

density) bags & thickness of the bag should be around 50 – 75

micron.

•Bags are sealed by an electric sealer leaving two third vacant

space to give proper aeration to the inoculant.

•Curing improves the cell count to 109 to 1010cells /g.

Curing: Time required to dissipate heat of wetting



Labelling required following informations

✓ Name of the culture 

✓ Crop for which intended

✓ Net quantity 

✓ Number of bacteria/g of product or packet

✓ Expiry date

✓ Directions for storage and use

✓ Precautions

✓ Certification marks if any

✓ Batch or code number

✓ Price

✓ Name and address of manufacturer

✓ Date of manufacture

✓



Incubation and storage

Aging: Time require for multiplication of inoculants in carrier (1week

at 28°C).

Packets of inoculants must be incubated for a week in the room at

280C-300C so that the bacteria multiplies and attains the required

count.

Packets may be stored in a cold room(40C -150C)

Store at cool and dry place away from direct heat in lots in plastic

crates or polythene / gunny bags.. Inoculants can be stored for six

months or longer at 20°C temperature but loss their effectiveness with

in few hours at 400C or at higher temperature.

In rural areas: Keep biofertilizer packets in earthen pots up to neck

by putting the same in a pit in shaded area and this pit may be filled

by sand around the pot which should remain saturated with fresh

water. Cover the mouth of the pot with lid/cloth.



Product specifications

• There should be more than 108 cells / g of
inoculant at the time of preparation and107

cells/ g on dry weight basis before expiry date.

• It should not have any contaminant at 10-5

dilution



II. Mass production of liquid biofertilizers

• All the bacterial biofertilizers except Rhizobium are 
produced in liquid formulations also in three steps 
process.

1. Preparation of starter culture and seed culture
• Prepare the starter culture from the mother culture

in the respective growth medium as given for
carried based inoculants.

2. Mass culturing in fermentor
• Do the mass culturing similar to carried based

inoculants in the fermentor.
• Harvest the broth once the population reaches the 

cell load of 10 10 cell per mL broth.



Liquid Formulations

• Liquid formulations use liquid materials as carrier(viz. water, oil
or some solvents in the form of suspension, concentrates or
emulsions).

• Popular liquid inoculant formulations contain particular
organism’s broth 10-40%, suspender ingredient 1-3%, dispersant
1-5%, surfactant 3-8% and carrier liquid (oil and/or water) 35-
65% by weight.

• Viscosity is adjusted at equal to the setting rate of the particles,
can achieved by the use of colloidal clays, polysaccharide gums,
starch, cellulose or synthetic polymers.

• Fill the harvested culture in the sterile plastic container of one
liter or 500 mL capacity.

• Add Glycerol @ of one mL per liter broth to arrest the metabolic
activities of the cell so as to avoid bursting of the container under
storage.

• Seal the mouth with sterile caps and store under room
temperature.

liquid inoculants are coming up but the technology is still
immature and not available in public domain



Mass scale production of bacterial 
Biofertilizers



General procedure for the production of carrier based 

inoculants

• Selection of appropriate strain

• Testing the effectiveness of the strain

• Storage and maintenance of the strain

• Revival of the strain in broth

• Prepare the starter culture in small size flasks

• Prepare the seed culture in large size flasks or in seed tank

fermentor

• Inoculate the seed culture into the fermentor @ 1-3 % and

multiply the culture in fermentor for large scale production

with the respective growth medium to the population level of

109 cells/mL broth



• Mixing ,Curing, aging and packing :Mix the broth 

with prepared carrier material (neutralized and 

should pass through 212 micron IS sieve) to 40-50% 

moisture level.Pack it with low density printed poly 

bags (50-75 micron)

• Quality control 

• The final product should contain the population load 

of 108 cells/g product at preparation

• Labelling



Methods of application

• Biofertilizers are prepared as both carried based and 
liquid inoculants.

• Liquid formulation of biofertilizers is suitable for drip 
fertigation wherever crop is grown under precision 
farming.

1. Method of application of carrier based bacterial 
biofertilizers

• Bacterial biofertilizers are applied as carrier based 
inoculants.

• Peat or lignite is used as carrier material. 



Carrier based bacterial inoculants are applied by the
following methods.

1. Seed treatment or seed inoculation
2. Seedling root dip and
3. Field application
• Seed treatment
• Mix one kg of the inoculant with approximately one

liter of rice gruel to make slurry. Treat the seeds
required for one hectare with the slurry so as to

• have a uniform coating of the inoculant over the
seeds and then shade dry for 30 minutes. The shade
dried seeds should be sown within 24 hours. For
small seeds 600 g/ha can be used for seed
treatment. For horticulture crops also it is
recommended as 600 g/ha.



Seedling root dip
• This method is used for transplanted crops.

Mix one kg of the inoculant in 200 liters of
water. Dip the root portion of the seedlings
required for one hectare in the mixture for
15- 20 minutes before transplanting. For
horticulture crops, it is recommended as 800
g/ha seedlings.

Field application
• Mix two kg of the inoculant with 25 kg of

dried, powdered farm yard manure and then
broadcast in one hectare of the main field
just before transplanting



Recommendation of biofertilizers
Rhizobium
• It is recommended for all legumes as seed treatment.
Azospirillum / Azotobacter
• Recommended for all crops, other than legumes. For transplanted crops apply 

Azospirillum / Azotobacter by seed treatment, seedling root dip and soil 
application methods. 

For direct sown crops apply Azospirillum / Azotobacter through seed treatment and 
soil application methods.

Phosphobacteria
• Recommended for all crops. Apply phosphobacteria by seed treatment,
• seedling root dip and soil application methods as that of Azospirillum/Azotobacter.
Gluconacetobacter diazotrophicus
• It is recommended for sugarcane. For sett treatment it can be used @ 2kg/ha setts

and soil application @ 2kg/ha at 30,60 and 90 days of planting.
Azophos
• It is a combined formulation of Azospirillum and Phosphobacteria. Apply
• this formulation as Azospirillum / Phophobacteria with the same dosage.



Points to remember
• Bacterial inoculants should not be mixed with insecticide,

fungicide,herbicide and fertilizers.
• Seed treatment with bacterial inoculant is to be done at the last when

seeds are treated with other fungicides.
• Biofertilizer treated seeds should be sown immediately.
• Biofertilizer treated seeds should be dried under shade only.
II. Methods of application of liquid biofertilizers
• Liquid biofertilizers can also be applied by the above three methods.
• Seed treatment : 50 mL/acre seeds
• Seedling root dip : 150 mL/acre seedlings
• Soil application : 200 mL/acre
• Other than these methods, it can also be recommended for biofertigation

and also by foliar sprays.
Biofertigation: All the bacterial inoculants are recommended through drip

fertigation. It is recommended at the rate of 200 mL/acre.
Foliar application: PPFM alone is specifically recommended through this

method @ 200 ml/acre twice in vegetative and flowering stages.



• III. Method of inoculation of AM fungal 
inoculant

• Nursery application - 100 g inoculum is 
sufficient for one meter square. The

• inoculants should be applied at 2-3 cm below 
the soil at the time of sowing. The

• seeds/cutting should be sown / planted above 
the AM inoculum.



For polythene bag raised seedlings (Forest trees,
Coffee & Tea)

• About 10 g of inoculum is sufficient for each plant
raised in poly bags. Mix 10 kg of inoculum with
1000 kg of potting mixture and pack the potting
mixture in polythene bags before sowing.

For out planting
• Twenty grams of AM inoculum is required per

seedling. Apply inoculum at the time of planting.
For existing trees
• Fifty to one hundred gram of AM inoculum is

required for inoculating one tree. Apply inoculum
near the root surface at the time of fertilizer
application.



IV. Method of inoculation of BGA in rice field
• Blue green algae may be applied as soil based inoculum

to the rice field following the method described below.
• Powder the soil based algal flakes very well.
• Mix it with 10 kg soil or sand (10 kg powdered algal

flakes with 10 kg soil /sand).
• BGA is to be inoculated on 7-10 days after rice

transplanting.
• Water level at 3-4” is to be maintained at the time of

BGA inoculation and then for a month so as to have
maximum BGA development

• A week after BGA inoculation, algal growth can be seen
and algal mat will float on the water after 2-3 weeks.
The algal mat colour will be green or brown or
yellowish green.



IV. Method of inoculation of Azolla to rice crop

• The Azolla biofertilizer may be applied in two
ways for the wetland paddy.

• In the first method, fresh Azolla biomass is
inoculated in the paddy field before
transplanting and incorporated as green
manure. This method requires huge quantity
of fresh Azolla. In the other method, Azolla
may be inoculated after transplanting rice and
grown as dual culture with rice and
incorporated subsequently.



A. Azolla biomass incorporation as green 
manure for rice crop

• Collect the fresh Azolla biomass from the
Azolla nursery plot.

• Prepare the wetland well and maintain water
just enough for easy incorporation.

• Apply fresh Azolla biomass (15 t ha-1) to the
main field and incorporate the Azolla by using
implements or tractor.



B. Azolla inoculation as dual crop for rice
• Select a transplanted rice field.
• Collect fresh Azolla inoculum from Azolla nursery.
• Broadcast the fresh Azolla in the transplanted rice field

on 7th day after planting (500 kg / ha).
• Maintain water level at 5-7.5cm.
• Note the growth of Azolla mat four weeks after

transplanting and incorporate the Azolla biomass by
using implements or tractor or during inter-cultivation
practices.

• A second bloom of Azolla will develop 8 weeks after
transplanting which may be incorporated again. By the
two incorporations, 20 - 25 tonnes of Azolla can be
incorporated in one hectare rice field.


	2. Competition  
	3. Antibiosis 
	D. Growth Promotion 


	1) Apply certain quantity of BCA suspension with a sprinkler per unit area so that the fungicide in general reaches a depth of a least10-15 cm.  
	2) Soil drenching @ 8-10 g/ liter in soil in the nurseries from time to time. 

