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Bradyrhizobrurs Mesor! —obum. Methyloba e, Rhizobium and Stnorinzobism) ¢
based on the polyphe « taxonomic app ach Although mest Rhizobium m
nodulate more than or . host SPeCies and . <0 several different bactenal !pl::_“
wolated from a2 single gume, 1t s only B m 3 few legumes that these symbionts |
so far, been mnvestigs'ed thoroughly Among these, the 'armily Fabaceae (

anmmmne) is impo- tant both ecologically and agriculturally, since it is a major source
' wathon 1 -:‘ :
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Leguminous plants are carefully uprocted and the root system is washed in runnin i S
water to remove the acherir - soil particle- From the roots, healthy unbroken, firm an } f-
preferably pink noduk  a:- ‘elected and v ashed in water. They are immersed in 0.1 p ‘;__
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mercurr - ox e for 45 min. Nodules, surface sterilized with ““‘

~ashed rpest dy vith steriie water and dipped in 70 per cent ethanol,
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rom Jde ‘it‘ti moleciies, The desired eftects of e inoculant on plant geewih caninchds &UI sprea’ o oot extract mantol agar (YEMA). The plates are incubated up <y
N itation in legumes. brocontrol of sofl-b mdmww to 10 days.- anincu.  w at 26°C. Large ., «muny colomies of buctenia will emerge within =~
uptase, weathenng of soul | ineraks, Sl nutnits nal or hormonal «ffects ’ 5dr. - Hino ower, A 1 bacteriym a related genus may also grosw on agar plates long with

cgum o~ rxh Tos o identified based on certain biochemucal tests as given below:

A BIOFERTILIZER

Bufertilizerf - .\ misleading but widely
usually it refers to preparations of

. i

substitute for cherocal ferubization (hike rhizobial inog

lhis tc<t s designed to differentiate Rhizobiem from Agrobacterium. One per cent
cago tod dye is added to yeast extract manitol agar (YEMA . In this media, rfhazobia
-tand ©ut as white trarslucent and gliterin g cnlonies, while agrobactena were found to
\/&kn“hh Test

in this test mediua: having high pH (ubout 11.0) is used i differentiate rhizobium
fvom Agrebacteraom. Ag-obacterium will gro « 2t hagh pH leve~ while Rhnebnew fals t©

ol thw enzyime ket aclase w hereas Rhonbiuow

'&#ﬂr culture 15 destgnet as ‘mother culture’ The
slant< for 39 days depeding on the growth rate.
tubes 0 large flasis | otane g serle solid or
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- Fig. 10.1. Steps involved in the mass production of biofertilizer.

| At the end of fermentation, the broth is checked for contamination by
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core formers &) inoculation on peptone brothy if abundant growth takes place within two g
v the broth could be suspected for contamination and, finally 5) Streak the broth on .zn"‘ ﬂ“?‘“" of the suspension are prepared by further dilutions. S ana
(EM agar tor verihcation of the Rhizobium growth pattern. ¢ One nl aliquots of appropriate dilutions are evenly spread over agar mediumin

. poiuplates. e e
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3 The plates are incubated at 28°C in an incubator. After 3 days incubation, flat, ﬂ ‘:‘.;;‘.'-
ormal plate count method is used to determine thesgiaisle count at ur. soft, milky and mucoid colonies of Azotobacter develop on agar plates. S
Aroth having sgiscells higher than ] may be used. It is not fore e

e broth alter fermentation periods

24 hours, since the wasbe count of rhiz. | 1 ',_#
| Mother culture: A pure growth of any organism on a small scale is called as a mother

culture. Mother culture is always prepared in a conical flask of 500 or 1000 ml. Capacity
and then this mother culture is used for further production.

CATTT.

begin 1o decrease. Hence the broth has to be incorporated and dispersed evenly iniu .

)

m‘r‘mdlﬂy micro-organism. In this method, the medium is taken in a fermenter
and sterilized. After this pH of the medium is adjusted and mother culture s added.
In erder to get an optimum growth of the Azotobacter required temperature and oxygen
upply is s *hat concentrated broth s made. This concentrated Lrou of the

I8 then mixed with a carmier previously sterilized and bio-fertilizers is prepared.

In shake sk method; a suitable medium is prepared and transferred to conical flask
of suitable capacity. These flasks are then sterilized in an autoclave at 15 Ibs pressure for
15 minutes. Each flask is noclulated with 10 ml mother culture and they are transferred
to shaker for multiplication where they are kept for 72-90 hours. This broth is mixed with
a sultable carrier previously stenlized. The biofertilizer is then, filled in plastic bags and e
stored In cool place. 7y
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L e 4 st are mon appiicable for the isolation of Azospirillum.
m——— e - N v pmn cultures of organisen from plant roots as

ol -

L e em e ek s slkowy the organism 10 develop at low partial on Aspergillus thungl.
e e e ras g b e mediugn, the Organiem grows asesveerobe | d b B. brevis, B. cereus, B. circulans, B, fimus, B. lickeny |
ﬂl-fr-*-#l‘""‘ et et Hewever 0 m nempable of fixing nitrogen. On ammonia | ma oo, b ceniricus, B mycoides, B. polymyxa, B. pumilis and B. su _&L
. selian e dndiing Gav S48 whesens en-o-malste-containing ' ‘gu are of legumes, cereals (rice and maize), mﬁ.mﬂd‘ :

,,...." o metrar Se Solisry Boe 8 55 w ] hengy e al, 1977). The advantage k R g
e S2meperiliem or smeverss containing s that a rich harvest of o' % Phosphate Solubilizing Microorganisms

by Bt S erdation PUrpases ] A coown quantity of soil or rhizosphere sample (1g) is suspended in a known volume
of serile water and serial dilution of the suspension is made n sterile water blanks. -

Cppropriate dilutions are plated on phosphate containing solid media for
mimmynm mpubhr of :ilmw pllq:ha.l The Ph!- are incubated for 4-5 dayo.
Transparent zones of clearing ar microbial colonies indicate the «xtent of
solubilization such cultures are isolated, Identified and the extent of solubilization u
determined qualitatively

Measurement of Phosphate Solublizations in Culture Medium

Selected cultures are grown in 50-100 ml aliquots of Pikovskyay’s liquid medium for
617 days at 28°C (42). In the case of fungi, the culture is hltered using Whatman No.

42 fiker m Due to pigments, the filtrate may often be coloured, in such case 1-2g of
Is added and shaken until the filtrate becomes colourless.

Wcﬂlh.lmmﬁltend through Whatman No. | paper to remove insoluble
and centrifuged at 10,000 rpm for 10-15 min. Filtration and ton may

¢ repeated until a clear solution is obtained which is finally made up to a known volume
(50-100ml).

To 10 ml aliguot of the neat filtrate, 2.5 il of Barton's reagent is added and ﬂh .
volume made up to 50 ml. After 10 min the resultant colour is read mlmhdmmm .
430 Nm mdcrw ¢
| * m:ydhnlvms r*- KH,PO, lnm.whm |

of 10ml into -1- hMmumde:r
lﬂ.u.m,uumu mmumm
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Certain parameters regarding the guality of inoculants are given below
1. Inoculant should be a carmer based one

2. Inoculant should contain a minimum of 10 cells/g of carrier with 15 days from
date of manufacture and 10" cells/g dw at the time of expury.

3. The inoculant should have maximum expiry penod of 6 months from the date
of manufacture.

4. Inoculant should not contain any contaminabon at the desired dilution

5. The pH of the moculant should be 65 o 75

6. Carrier matenal should be able to pass through 75-106 i steve and it is ncutrahized
by CaCO, and sterilized

7. Inocudant should be packed in 50-75 4 in low<density polythene bag

8. Each packet should give the following information: (¢) name of the product
(b) Crop to which it is applied (¢) Name and address of the manufacture (d) Type

of carrier (¢) Batch and code number (f) date of manufacture (g) date of expiry
(h) net quantity (1) storage instructions.

Sampling and Quality Test for Final Products in Lots

In order to supply a quality based product to the consumer; it is essential to test the
quality of the product batch wise. The BIS has recommended the sample size/ lot
depending upon the total size of the lot as given below
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h’ nAren dwrkrprrumi, and f'l'l"fl y!-l"ld Al IAter ﬁ?ﬂ?f‘t e ot growih, wal serescorwe vyac
d'l.y'.d lﬂ ‘MUIIM plnhll, H'"H ‘I"fﬂ'lll'll"?_ f]l"y mattey arurmlabiens srel ?_fﬂi‘l"* ﬁihr-{r
‘bﬂs el ﬂl., IW)) Irvm ulatiom A wheat with varvnis strawrwe o /Sorospirilium ’I‘mf"
‘ dﬂ'ﬂﬂlani INCreases over comtrods in grain yield, ranging fromn 723 1o 63 % (Caballers
o W"ldl} el ﬂ',-, ]Vf[}. Inoculationy of surdlower with A:rr:p;nli;”” nrastlense €A st
AWIH”HM HM”JF” "ﬁrt.ﬂi?ﬁly affee b clant ?'f'rfﬂl‘-, OSpecinily urvier cemulitunt s oA
ited irigatiom (Itzigaobn et al | 1995)

Solubilization df I’hmpf‘mtn by erﬂmrgdm:rru
Dsphatesalul)!’ . o rourganiamns (1700) include latgely baceris and fur g, o
mpw ’ﬂ n"d‘“ 'ﬂn’h ln“ ' J“.Huﬂl, e IFH’ ﬂllillllllli'ﬂt- II}HMr}”]'I'_ rﬂ;hrr;-c;l_ 1 3
laoslation hate and Sl osolle phosphate compounds as the sole Ohwmphate sensres
of Isclation are not erobr s ot y ass!i flate V but & Lar e portion of soluble ptemplate b released

tiomal methosds _
Conven '""H o obtain cultures of or'lnum fromn [illm roOks Bn hqumuum In exceo - of thelr own requitement. The most efficlent 17.M velong Lo geners

"ﬂ ‘i' HI'HP.; il'= M m m h Uf'lﬂllm I-O I.’WQIOP ‘t lﬂw P"“ﬂl M”"‘ ﬂﬂd I;'Wd””lf”k!l ﬂ"“ﬂl”h' 'lﬂl leria -‘lh!i A:-prrg:”u: arvl Ventetllium arvu ”*K"' f”“?,

- m 4 Pﬂfb'l 1' "'”” rl‘lrl.'llllll* “ hf‘r‘l!h ” (Erers ’5 CIre u!ﬂrr: I4 f!ﬂhu '} hf}'rn ’ " ;a

pressure armmonia 1s supplied medium, the organism grows asesaerobe , B, , .- Y% , B licheniformis, B

: ‘,'" | ' l'l “'I“‘dﬁi HMV::""M#';L' of Mﬂ‘ ﬂ"!:ﬂﬂﬂ On ammonis | ﬁlﬂﬂ-’rﬂﬂ”i, b itegenlricus, B, i oldes, B polymyxa, B pumilis and B, sublilis fromnm the
| Ml:‘ll. ihe dwblml e ;‘ ONe huu: whereas Hmm ' & J_;m.---:p‘l..em 0l lnguuma, cereals (rice and maize), arecanul p.:lm, Oal, Julte and chill

xing bacteria sich as
Doberviner and assogiates
lHahing in the rhizosphere,
' y («1-10 kg N/
it due to the ,

. ' L ’
f

A

cops could be met by the activity of associated ni
T::L;!;Fm This organism came into focus with the work
(o raedl, followed closely by reports from India. After estab
m-plrﬂh pnmmh the 'mwth d P‘lf“’. ite nei N i
ha), the increase in leld is mainly attril a Improved ._.
= plake A t Aifera e thizimphere « v e
R :hm Awrm nOW contalng seven &  brasilense, A lipoferum,
., A halopracterens, A irakense, A. dobereinerae and A, largimobile

-I' L4

i ** . 1..- .'-

: %
" |

le for the dsolation of Azospirillun

| resemisolid medium the doubling tine is 5.5 'l‘:‘iz.m Of:u[: :‘:‘tﬂ:m‘:‘nﬁ:;‘:‘:;ng [ Wolation of Phosphate Solubilizing Microorganisims
WT on :nmttm conta l'lg “ ' A Laown quﬁnuty of soil or rhlrusphrn- *mmplr (lg) 1% -"ilhpl"lllll"fl in a known volume

Of sterile water and serial dilution of the Suspension s made in sternle water blanks
r-ippfllpﬂﬁt' dilutions are plated on phosphate containing solid media for obtaining
MICEOOrganisms Cﬂpﬂblc of dissolving phosphates. The plates are incubated for 4-5 days,
Tmnﬂpnmnl ZOUNeS of Clt‘ﬂl‘illg around microbial colonies indicate the o <tent of I,Jhl mpl:.ilr
Hull.lbl"Zdﬁuu iuch cultures are i.lﬂli‘llml, Mr'nﬁﬁt't‘l and the extent of solubithzation is
determined qualitatively.

can be done by MPN method for counting Aﬁpiﬁllum f1om soils and
| i dilutions were made in mineral salt solution without malite, 0.1 ml
ton is transferred into nitrogen free mol blue medium (M 17B) oedium '

of sach gl
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Selected cultures are grown in 50-100 ml aliquots of Pikovskyay’s liquid medium for
6~17 days at 28°C (22). In the case of fungi, the culture is hitered using Whatman No.
44 fiker paper. Due to pigments, the filtrate may often be coloured, in such case 1-2g of

m, the development ot rohitepgense and-undulating: | ﬂctivated charconl is added and shaken until the filtrate becomes colourless. |
yepirillum,. The orgaiism is gram negative and Bacterial ;u.lmres are filtered through Whatman N?. ! pape:t:le remf}v.:z insoluble
'- ms are curved phosphate and centrifuged at 10,000 rpm for 10-15 min. Filtration and centrifugation may
‘ub*m LC AR | be repeated until a clear solution is obtained which is finally made up to a known volume
g o) | (50-100ml). .

To 10 ml aliquot of the neat filtrate, 2.5 ml of Barton's reagent is added and the
volume made up to 50 ml. After 10 min the resultant colour is read in a colorimeter using
430 Nm wavelength. |
B A standard curve is prepared by dissolving 0.2195g KH,PO, in water and the solution
kmdﬂ up to 1 litre. Further dilution of 10ml into m ml is made so as to give 1 ml = 2ppm.
“Aliquots of 2, 3, 4.5, 6, 8, 10, 15 and 20ml of the' 2 pm stock solution are taken in 50 ml
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Table 10.2 (1) A mixture of 10 kg soil and 200 g super phosphate i added to-trays amd wale
filled in the trays to a level of 2.6 ft.
(1) 1t is necessary to keep the pH of soil to nvtnlrﬁr‘mnm e

(fr) When the soil settles, sawdust is sprinkled and a soil based starter culture
consisting of Telypothrix, Nostoc, Anabaena is sprinkled on the water in the tray

(v) Within a week's time, a thick algal scum is formed on the surface.

() The water is allowed to dry at this stage, the dried algal flask are collected from
the trays and stored in polythene bags.

1) It is recommende.d that such an algal preparation be applied at the rate of 10kg
hectare in the ficld, one week after rice transplantation.

Multiplication of blue-green Algae in field and inoculation effect on the yield of
rice

1. Five kg materiai of the algal preparations for each cent is spread in the field and
the Hield tlooded with water to a level of 2.5 cm followed by the addition of 2 kg
ot stperphosphate.

2. lhe apphcation of phosphate promotes algal multiphcation in 2 weeks on clay
soils and in 34 weeks in sandy souls.

3. Application of pesticides may be necessary to prevent pests, snatls and mosquitoes

——3he average yield of algae ranges from 16-35 kg for each cent area of land

Avolla

Azefla is a tHoating fresh water fé@md is ubiquitous in distribution
There are six species of Azxolla

1. A carolmana 2. A. mucrophylia
3. A milotrca 4. A fliculowdes
5. A. Mexicana and 6. A. pmnata

The common species of the fern in India is A. pinmnata. The importance of Azolla as an
organic input in rice cultivation was first demonstrated in North Vietnam in 1957,

Cultivation

~ Small numer]ﬂa are prepared and .‘zolla is initially grown on them for tour weeks.

The nurseries are covered with plastic sheeting’s when temperature is low. The fields are

prepared for rice cultivation and flooded with water followed by seeding with Azolla at

the rate of 7.5t/ha. After 5-10 days, the water in the field is drained off and the Azolls
| mat is ploughed into soil by using a tractor.

"y Azolla meets the nitrogen requirement of rice to the extent of 50%.Work done at the
b Central Rice Research Institute; Cuttack (Singh, 1977) has revealed the following strategy
or Azolla cultivation: '

- (i) Standing water of 5-10cm deep

" rate of -8 kg P,0,/ha are esser

(if) Azolla nurseries in small plots (50-
wind erosion.

:l the application of superphosphate at the
ial for rapid growth of Azolla

w) are preferable to large plots to avoid

‘I—
.-
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(i5) Azolla inoculum at the rate ot 0.1 to 0.4 kg per sq m is desirable for the r oid
multiplication of the ferr hnurw‘n.l}lprmhl:ﬁa\of&-wt/hagmm-n. rin
21 day's :

(o) A pH of 8.0 s ideal and acidw. soils (below pH 4.6) are not suitable unless \ime
is used to correct pH.

'se of carbofuran at 1-2kg/h. prevents thenpld spread of insect parasites nd

the consequent destruction of Azolla nurseries. | _

(vif) Harvested Azolla accumulated as heaps decomposes rapidly in 7-10 days.

(viii) The composition of Azolla is approximately 94% water, 1% of P, K, Ca, Mn nd
Fe and 5% N.

(ix) It 1s necessary to

_plantings.

The limitations are the use of Azolls in areas where water is not available or in areas
where establishment is difficult due to other factors such as adverse temperature ind
pests. Transportations of Azolla from distant parts are risky since it is quickly perish.ble

d : ‘g P

plan a series of Azolla nurseries several weeks ahead of rice

. .

v > i

Two methods of Azolla application have been recommended in India: as a groon

manure either by incorpo into fields prior to rice planting or secondly by «ual
| VAM Famg: Inocuiation Technology
S VAM fungal inoculation technology is principally limited by the lack - -roa.. * n.

L
% . i

sbivlegy. All infecting " achus=c “the) =
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Soid Based Inoculum

i
wta.nce f_nf' years to comv Although the biological control through introduced
mmgonﬁtlc microorgamsms h. s been studied for the past 65 years, the progress in this
; dn'eclwn has been slow. How: ver, continued interest has been shown bv scientists all
‘ over the world during the last 20 years due to the necessity of finding out the natural
control of plant diseases which may not leave toxic residues in the soil water and plant
!
1
?

ecosystems.
Bacterna as Biocontrol Agents
Thefollowing bacteria have heen reported to be antagonistic to several plant pathogenic

. orgarisms. Agrobacterium, Alculigens, Arthorabacter, Bacillus. Azotobacicz, Pseudomonas
w %i Streptomyces and Xanthomonas. However, very few of the above listed bacterial
was iive under controlled vreen house conditions.

. Characteristics of an Ideal Biocontrol Agent
An ideal biological control organism should have the following charactenstics:

(@) Ability to survive for a- extended period inmbesesasre-or plant roofs in an active
form. '

(b) Ability to produce in. ibitory substance for killing the pathogen directly or
. lt |’ . .

(c) Multiplication should be made by simple and inexpensive method in the
laboratory.

(d) Amenable to efficient ar. { cheap process of packaging dserbution and appbcaoon

{£) Should be active unde: NWUWE condity s,
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e Pyoluteornin

e Pyrrolnitrin, lipopeptides and hvﬁm cylrﬂ-

<

Pscpdomonas fuorescens encOmpas INMON, NONE ‘
that colonize soil, water and lmﬂanhteawm&sbmmmlb. g
~a soluble, greerush Jorescent pirment, particular »r conditions of low iron hity.
?ﬁmcbhgnmmaupthrmm&atm:ﬂnm,nmmwm

E‘ﬁm d0~ P ‘hm has sy ﬂm Al TN vell In T ral

mmbdﬂmdm
Peat based product can be applied to soil at the rate of 2.5kg/ha after mixing
uuqﬂ:ﬁ'ﬁ)nﬂ.mhﬂmm
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Trichoderma

Trichoderma viride is a filarentous soil fungus known to be an effective biocontrol
agent of a range of important ..irbome and soil borne pathogens. Trichoderm. SPP Is the

most widely studied biocontro! agents (BCAs) against plant pathogens. It was obseryed
that they could excrete extracellular compound, which was named gliotoxin. Many

antibiotics and extracellular enzymes were isolated and characterized later and their
biocontrol mechanisms has nov became clear.

l'_'jl_F Wy P

Mix 30g molasses and & g brewers yeast in the ratio of 1:1 in water. Distribute &) ml
m each conical flask. Autoc/ave the medium at 12°C for 30 min. inoculate 8mm mycelhal
disc of Trichoderma in the medium. Incubate for 10 days at room temperature. This inoculum
is used for n’u!trphratwn n the ‘crmenter. Prepare 50 litre of molasses + yeast medium:;

and sterilize for 30 min in the fermenter. Transfer aseptically one litre of Trichoderma
ﬁendy ZrowT in flasks. Incubate for IU days Assess the *-npul.attm of Spores using a

haemocytor cter. (A popuiation of 10" spores/ml is required),

Preparanen of Formulation

Mix 500 m! of rungal biomass of Trichoderma grown in fermenter along with one kg
tals powder, Air-dry and add carboxymethyl cellulose (CMC') as a sticker at 5g ' kg of the
product. The fmal product is stured in polythene bags.

Draw samples from the prodiict and estimate the population of Trichaderma as follows
Lake one gram of product and make it up to 10 ml with sterile water and shake well
(1:10). Make serial dilutions and transfer one ml of the desired suspension to sterilized
petripiates. Add 15 ml of melted and cooled Trichoderma selective medium in the same
petriplate. Rotate the plates gently and allow solidifying. Incubate at room temperature
5-7 days. Observe for the development of colonies. Count the number of -olonies
and calculate the colony forming units present in lgram of product (minimum 2 x 10

cfu/per g).
Seed Tmﬁ with Antagonistic
Talc based Trichoderma tormulation 1s used as seed treatment agent for the («ntrol of

root rot discases of pulses, o1l seeds, cotton ete, This product can be treated with the seeds
as dry seed treatment at the rate of 4g/% ;. The treated seeds can be sown immediately

M“ found to colonize the rhizosphere region ind protect the crop agains:
root rot pathogen.

Testing Efficiency of Antagonist in Seed
Prepare suspension of test pathogen \ Licraphoming phaseo
and mix with melted and cooled PDA

¢ petridishes and!

Distribute | 5 mi of the meduun in ster (e low i1t 20 soliday | raneds
the treated seeds to the center of the med: . Iincubate at roc  ‘emperature foc o day~

(1 i stertie dastibiend W
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198 AN INTRODUCTION. TO INDUSTRIAL MICROBIOLOGY

‘esistance in pests, Biopesticides also known, as Biological pesticides are pesticide? flﬂi\’ed
¢-om natural materials as animals, plants, bacteria, and certain minerals. Biopesticides are

1e5s toxic and also reduce the pollution problems caused by conventional pesticides.

Microbial pesticides consist of a microorganism (e.g., a bacterium, fungus, virus or
protozoan) as the active ingredient. For example the Biopesticides based on Bacillus
sipuringiensis, Nuclear polyhedrosis virus etc.

The f:rystals are aggregates of a large protein (about 130-140 kDa), which is actuallv
) pmtmu!} and must be activated before it has any effect. The crystal protein is hig}d;'
insoluble in normal conditions. So it is entirely safe to humans, hiéher animals and most
Insects.

2 market share of 3% in future out It is solubilised in reducing conditions of high pH (above 9.5) these conditions are

Total bi ticide sales were estimated to occupy ' . : . >
of wh?cli 101“(?:;'5& bacterial based. Bacillus thmirrgiensgisanirﬁecticidalbncteﬁum marketed :Iomm:ir;!z] faounf in the midgut of Lepidopteran larvae and so it is a highly specific
worldwide for the control of many important plant pests. It occurs naturally in soil and _ t}::n | | e _ o
on plants. Tt represents about 1% of the total agrochemical market across the world. Once i been‘ Solqbll.lsed in the insect gut, the protoxin is cleaved by a gut protease

to produce an active toxin of about 60 kD termed as delta-endotoxin. It binds to the mid

The commerdial by products are powders containing mixtures of dried spores an
leaves or other environment where the insect larvae

in crystals. v are applied to
toX! ’ ey PP ical enginee red into several crop plﬂhtﬂ-

gut epithelial cells, creating pores in the cell membranes and leading to the equilibrium
of jons. The osmotic equilibrium of cell is disturbed and the cell swell and burst The
- protein toxin damages the gut lining leading to the gut paralysis. Affected insect stop
' feedi;tg (and die from the combined effects of starvation and tissue damage).

n 1902 from a disease silk larvae and The gut pH is lowered by equilibrium with blood pH. This lower pH enables the

ologist who isolated the bacterium
it as Bacillus thuringiensis after provn'rce of Thuringia, Germany.
1t was used commercially as biopesticide in USA in 1960.

delf:f‘.'l'iﬁl spores to germinate, and the bacterium can then invade the host causing letha!
seplicenua.

3 o g aime St S R Approaches '
= Most of the strains of Bt have the same basic toxic structure, but they differ in insect p g o i s
| = host range, because of different degrees of binding affinity to the toxin receptors in the In* a single Bt strain the different plasmids can encode ditferent toxin genes. The
'é‘ Y - plasmuds can be ex:chang?d between Bt strains by a communication like process, so there
e Bacillus thuringiensis types and host range a:‘:ﬂ a pob:m:hally wide variety of strains with different combinations of cry toxins and they
et e var tenebrionis—Colorado potato beetle and elm leaf beetle larvae. 4150 U tra '5P°5°‘ | ns. _ _
e var Kurstaki—Caterpillars. . vildlm thaplbquei:;ﬁ increase the variety of toxins produced naturally by Bt strains and
| = i | ¥ . o | | provide or commercial companies to create genetically engi ed strai :
4 . uito, black and f'l.lﬂglll! gﬂit larvae. _ _ | ¥ V engineered strains with
& var Isr_aelmffs—qu . :E'd s et o v ally the dishond novel toxin combinations e.g.. Raven ® for enhanced control of colarado potato beetle as
® var Atmw:—wax_moﬂl larvae b By 3 well as for caterpillars that attack Solanaceae Ccrop.
back molar caterpillar. ' This Bt strains contains two different bectle ac tHive cry Il proteins (binding affinity for
st Toxins and their Classification midgut cell mmbrangs of Colorado beetie) a- well as two caterpillar active cry | proteins
and these approach is often termed as gene pyramiding is designed to delay the

. s "al . tm (u l)
—"B thuringiensis strains produce two types of toxin. The n.ain typc. are the cry (uysta . | . .
B. thuringiensis P development of resistance in target pests as rcsistance has to be develop simultaneously

: : - genes ard on which different types of Bt are ‘ :
:—i;xm:s, enc-[;)ied by mgeﬁcﬁﬂ(' & ! toxins, which ean sugment the erytoxins; to different toxins since r-esi'stance can develop quite rapidly when one type of toxin is
ihance the effectiveness of insect control. '"::’dd’“*““’u:i :ﬁz within 1 or.2 years when the mosquito active Bt strains when
- bemr- IR 4 s> e lariti ountries. asis ol resistance seems to be complex, involvis
The toxins are _MM’“ the diffe several factors. But one encourage finding is that at least in some insects. tie receptor f:ff
_ f the g . Bt toxin is an essential gut enzyme, aminopeptidase-N, and so onl change in the receptor
* cause a loss of binding to the toxin which could be detrimental to the insect potentially
reducer the fitness, of the resistant insects '

‘ 1974) in which Organism is llowl)' bubbled as 4 steam of air lhr- ugh a cul -
3 O ture sodution
t 15 em depth (Ignoffo and Anderson, 1979
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® B tormulations mav be deactivation by In m.‘ be effective

o throey Javs

® Kan or cverhead arregular can also reduce effectivencss by washing
folage
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¢ Diamond back moth, & major wmwdﬂq~ww

Bt var b urstak: omans

Nochear peovhudroms virus s rod sheped 20-50um broed and 200-400
are erchomed . rwo protemaceous membranes, which together

constitute e |=vyhwdral body There could be one or more (up to 107 vira. Narticles

o polyhedron . polybedron is usslly hexagonal, but other shapes . a8 ta:r Shwdron

and wregula: dwpes sie sl repored

with the virus
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Agricultural fields, ponds, lakes are mvaded by many unwanted plants The
unwanted plants are weeds. They compete with the main crop lor space, water,
light and nutrients and thus prevent the growth of the main crops

Destruction of weeds using biological agents is called bulogi sl  ontrol of weeds The
blological agenty that destroy weeds are called bioherbicides [he buoherbicides inchude
“MM“WN@M*“?W cause diwrases in weeds
The preparation containing spores of such fungs is ofter ~alled mucroval herbrade or




Ntochnts o \ywen atmma
e mvortwrtaosde can MRy o e target wewds and apread qt In ad hinex
Sy porsst i e killed wends kv & long e I the foom of mww e

Thense mvoudwrbasies arv mtrodmond herre and there in the for weed conirol
T swthod 5 calind swvulation o Introhaction ¢ g Pacome chondrilme and Co e

o ——

e Wl weeds and gt destroyed. So 2 known volume of »
“ﬂ#“ﬂh#“hw
arewt perset for the forth comueng seasons ©.g . Phvtopthors petminore

b L

1 Cocospors wadmend 15 pathogense to water hyacnth, Eichhorma crassipes. Thereforr
ponds and lakes to control overgrowth of water hyacint’ @
the USA, it » svailable in the name ABGSOM.

1 The spore » of Phytopthora pelmivors is sprayed on milkweea . ‘ne
prete) in Gitrus orchards to control the weed. It is available in (i«

on sickle weed Cassia obtu. @ among

g ) the weed. It is available in V¢ qamg TASST

holding capecity (lor wet carriers) and siustabie v 2 many Sacter 2l swces and stramns
as possable
Manufacturing OQuabite

The moculant 9 .« easlly manufactured and mived casmly # Sould allow for
the addition of v e o < an easdy adjustable tH and be made f 3 reasonably
prced raw - wa ek we supply
Farm Hor camy e ™.

A go -\ mocubhs  allows for ease of handling provides rapad and controlied release
of b < otiw wil and can be applied with standard agrotechnucal machinen

Ex v ome 7 Characteristics and Sfm:r Uuailrties

2oy culant should be nontoxic, blodegradable and norpolluting and should
roaarr oo environmental risks such as the dispersal of ceils w0 the atmosphere or 10 the
grour | water The inoculant should have sufficient shelf Lite

~aturally, no single carner can have aill these qualites, but a good one should have
is manyv as Pdk. A ‘Iaprr-mucuhnf' such as the one described above 15 not practically

Types of Exsting Carriers for Inoculants

Carriers can be divided into four basic categones:

(1) Soils: peat, coal, clays, and inorganic sot!

(1) Plant waste materials: composts, farmyard manure. soybean meal sovbean and
peanut o, wheat bran, 'pﬁ."ﬁ-mm:l' (a by-pn duct from the sugar
agricultural waste material, spent mushroom compost and plant debns

(i) Inert malerials: vermiculite, perlite, ground rock phosphate, calcum sulfate,

Polyacrylamide gels and alginate.

incdustry

AULATION (iv) Plain lyophilized microbial cultures and oil-dned bactena.
TR R

% .. Sl . o ss i s T RN s e i Mpfepuam‘mhmbembdmtoaamdumermusedaslheyare.
R wﬂw& P wwp@* Bt b R o To produce an inoculant, the target mucroorganism can de ntroduced mto a sterile or non-
W N L vegld o e, P -'im F P Srtates WY sterile carner.

Inoculants come in four basic dispersal forms:
Powders

This form is used as a seed coating before planting. The smaller the particie size, the
better the inoculant will adhere to the seeds. Standard sizes vary from 0.075 to 0.25 mm,
'ﬂhMNWImdismmmmg/ha.Mmhmsmﬂw
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