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Introduction to m.icro1organisms, 

their distribution in soil an1d 
importance in agriculture 



History 
--

IRoben Hooke (,1635-1.703) Engjl ish Scientist 
,. First t 10 use the micrioscopeto observe ce·lls 
·• Coin1ed th1e term1 "cell" 
.Anton van Leeuwenhoek1tl&32tt)l723)Dutch1 scientist 
,. Invented\ compound mi1cr1oscope 

• F1irst t 10 observe living cellls 
• Blood cells and g_ro__ti~ 
Robert Brown(.ln3-1858) Soottish botainist 
• First to• observe th1e 1n u1clleu sofa eel If 1831)1 

kbJ~dm (1804-1881) and Schw.■nn(l810-1a2) 
• Developing Ce·II Theory(1838) 
Cell Theo,ry: 

1.. All organism1s are made of one(Uni1ceUular)or m1ore ceUs(Multi--ceUular). 
2. All 1ce,lls carry on liife activities. 

3.. Newcells arise,onl1yfrom otherli·vingcells. 



M ·1cra· r1.,•1ala1Y ·.. IIQ . :, I .· I •.· · 

I 

• Mi·crobiolo.gy is the sci1ence 1deals wit:h the studly of small llvlng 
a1rg■nisms (mic~abes) D1B■nisms pres,ent in soil., w■t·er ■ind 11i1r~ 

• Being too 1m■lll ta be seen wllh unaided eyes, thes1e organis1ms, a1re 
t 1e1rm 1ed as miioroorganisms .. 

• Mi·crooreaniism1s refer to viruses, bacteria,. fungi. protom■1 and some 
1111■ e 111!tc. 

• Microorpni1sm1s are recognized as 'integrall and fu1n1Ctlionally importa,nt 

1 ~ompo1n1enits of diverse habitats, rangl111 fr1om sol ta the human1[ 
surraunc1·1ngs. 

• Microbio1IOB'f· is co1ncerned with theirfa1rm1

, structure, reprodudlan, 
p,hy■la1lagy, met■lllallsm a1nd d:■.sslflmtla,n. I 

• 'This !branch .allso includes thie .study of their distribution in n1ature, thalr 
I .. -L ., - h th d th 1 • · . ..iL • ff re ■t1an1 M 1lp ·tu, e■c. D . er ... 0 1 er IVlnl org-,1sms, 'l JJlelr e .·ects on 

huma1n b1eins,s and 10n 10th.er animals and p:lants, th,el'r 1■:bllltlie1 ID make 
physica1I and 1ch■mical 1£h■nges ln1 our en,vironiment. 



---------------------~~~~----- ~ ~---=========::~:::::_:;:::__~~ 
• Micr010r1anisms are omnlpr1esent 1an1d are present in every 

sph1ere of lifej He·nce, the study of microbi 10 1lo1y i·s very 
important .. 

• Am01n1 microorgan·isms, viruses are tih1e1 smallest whil1e al1ae 
1a1ie consl:dered asl large.st microorganisms. 

• Despite catea;orlsed und,er micr00rgan1is1ms, there rare few 
micro 1bes su1ch 1as some fu 1ngl and al1ae1 t .hat hav1e vl!s'ible 

• - - ' sizes. 

• Viruses are niot considered as in,dependent living cell 1 

(incapable to e,xi1st outsi1de th11e llivin1g bodies,,.v·iruses are 
genetic material surrounded by pr1otein coat., 

• Ba1cte'fia, fun1i,, prot1ozoa an1d algae are miostly simple,. single] 
celled orga1nisms as most of th1em1 are with no complex celllular 
01'Jln;izatio:n eve1n m.Yltl~lYl.1.r microorgarni'sms d01 not lha1ve 
d'iverse ran1e of cell types. Most micro1or1anisms are, 
unlcellular In which all the llfe processes are pe1rform1ed by a 
single 1cell. 



Micr 1oorga1nlsm 

Vlrus,as 10,.01 t 'D D.25 µm Acs1lll1ullar 
....... Ip; -· 

Bacteria: 0.11 ta 1,0 µm Proka ryotic 

Funll 2µmitolm Euk1aryotic 

Algae 1 IJ.Jffl ta1 few mate rs Eu ka 1ryotic 

Protozoa 2 µm to 1000 µm1 IEukaryotic 
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: • S1tudy of' mi1c1roorga1nisms is importanit because of their 
I 
: possible ro1e in various processes like organic matter 
: d'ecomposition, ·fixation of atmospher·ic 1nitr·o,1en iin soil, 
I 
: release of nutrients fr;om soil and water to plants and 
I 
I animals[. 
I 
I ,. lln th1e llast fe1w dec·1ades, micro,biology has emerged as an 

ap1plied scienc1e for their ln1dust·rlial appl'icatlon.s on one c 
hand while 0 1n t1h1e other f 1or the,ir patho1en·1c properties 
too. 

I 
I 
J 

• Bl0trans1form1ation p01tentialit'ies of' the1 mi1c:r00rganisms 
and their enormous utilizati0 1n1 in mollecular and 
bi0t:1ech1nological research have also fetcrhed att1entii0•1n on 
wider sc:ale. 



M• b I . A I. I 11cro 1es: mport~nce 1n · gncu ture 
I ~-----------------------~ -------------------------<, Plaint P1111thology : to study1 about disease cau1sii 1ns:mi1crobes whi 1ch 

would be, he,l1pful t.01 oontrolth1es1e org.a1nlsms .. 

• 8act1erla 

✓ Bligh1t o,f Rice - ~X Qraza1e., Otrus 1canker ~-X. (q.qJJl~!l!ls~b~of 
1pota1to --Streptomyces s-cabies, Crown gall --- Agrobacie.,i1um 
'f u1m e !?:c,~eans· etc. ~ - :J.!:!. .-!II §a; " 'ill" 

• Viral Diseases 

✓ Job1a 1c,co Mosa1ic -- Tob1a 1cco MosaicVirus,.Little lea1f of prini,_al·---
Brin ia'I 1Littl1e le.afVirus et1C. 
V•!'i.Pi•••...,,""""1il 

• Fun,gus: 

✓ Rust of cerea1lls - -,~C.:~(Ql!,!eP-::~R.Q!tt rot o·f ma1ny plants~-
Fusariu1m .~.Q.L Blilh! of cerieal:s WW ·Helminthosporium .spp~ etc, 

• Nematrode 

✓ Root-kno,·t diseas@ae=-- Mel101idaavne1 snn ... W!W!I... ~ ...,~- IA. ,..,,.., 



•:• Ant■11anl1m: 

So,me mioroo1rganisms present in the soU1 @irtihrer feed up101n 1(,or 
1a1ntaH.Onistic) oth1er pathogens ror retard their gr1owth re.s1ulti1ns to 
prev·1ent t lhe infectiorn. 

❖ Bia-pesti1cides: c01mpou1nds derived! from some1 lli·vingl organriisms an1dl 
used tor manag,e insect-pests lby 1means ,of b1iological let hal effect.s,. 
These, aire, natu ral and have bio fo,gical 0 1rigin .. It refers t 10 products 
contai;niing bio-mntrol agents or sub1sta1nces (in 1c1lludins their s•enes 
orr metabollites) 1deriv@d from nattl rarl ma·terials 1(sudnr a:s, baaer1ia or 
ot her microbes, a1nima1ls and plants) used tor cont r0Ui1n

1
g p1e:s,t s .. 

•:, Genietlc engl'neerlng: B\,I coHa1n 

•:• ,Food and f ,erm1entaition1 't,echnology: Be1eir a1nd wina 
product'ion by yeast, bireadl making, processin,g of mil1k to dairy1 

products 1(Lactic a1cid bacteria)1 and the producti10n of vin1epr 
(Acetic, a ci'd ba,1cter'ia) ~ 

•:~ D1airy' Microbiology 

•:• Sall M;lc1ro1b11lolagv: 10 n1e g1ram of ,s01H havin,1 almost O'ne to ·ten 
m illH01n oif m icro1101rgan isms.,----------Blofertlllz:ers 



-
•:• Environmental microbiology: 

Study of microbi,al communities and their role in 
the environment.--------heavy metal pollution, 
soil pollution and water pollution----------
81ioremediation. 

(•Industrial Microbiology: 

Acetone, b,µtan.91 and acetic acid production 
etc. However, more recently with the advent ,of 
genetic engineering tools, cloning of 

pharmac,eutically important polypeptide genes 
e.g. insulin production (Medic.al ,Dairy, Food, 
Biotechnology) 



Different miqobial groups 
I .-,.. 

--- · - :-s 1. Bactarlll: 

• u1nicellular, rprokaryotic, cell multiplication usually by binilry fission. 
• 

1C~~n2.lii\cteri1 (Blue Green Alsa11e) i1s also a pr,okaryo1ticz2.w!~ 
• Cause diseases, natural cyclin1s- sjoil fe1rtility1 spoU food, make food ietc. 
Z. Alaae: 
• Relat1ively simple organisms. The most primitive are unic1ellular.. Others are 

a,ggfiegatians of similar cel!ls, 'With little, or no d1ifferentiation1 in structure or 
function,. 

• Some al,gae such as taree brown algae have a complex structure with cell types, 
specialized for parti1cular functions. Regar-dless of size or complexity, all algal ceHs [ 
contain chlo1rophyll and are capabl1e o,f phot 1os.yt1thesis11 Found in aquatic 
envir,onments or in dam1p s01il~ 

I . Funcl: 
• De,void of chllorophyH, usually rmulti-celllular but are not. differentiated int,o rroots,, 

stems, and leaves. They rainse in1 size and shage from single cell,ed (,microscopi,c 1 

ye,ast) ta multi-cellular 1(mushrooms)~ 
• TR.Je fungi are rcomposed of' fila1ments and masses of cells, which malke up the 

body' of the orga1ni,sm cailled myceHum. They 1repr1oduce by fission by buddi ns or by 
spor1es- moulds, mildews, yeaists and rus,ts befang to this group. 



4. P·rob>1zoa: 
• Un icellu1 la r~ eu ka1ryotic, differentiation based on ·t:he

1

irr 
mor

1
phologica

1

I, nu1tri!Jona1I 1and physiolo
1
gical characteristi11CS1 ~ Best 

knou.n, protol!oa are few that cause disea1se in hu1man beings and 
an i'ma Is. 

S. Vlruse.1: 

• They ar1e not l!r9.1ti.§.tJ. or cellu~ar orga1n1isms. Th@ry are very s,rnaH nonB 
cellular parasites or pathog1ens1 of 1plan,t 1s~ animals and1 b1acteri 1a as 
well a.s other Rf.Qt~!-

• They ca1n be v·isua1llize1d only in electro1n microscop 1
~ 

• They can be ciu ltiv,ated 1onlly in livi1ng cells. 



- Ideal tool for 1enetic en1ineerin1 

Ml1croorganisms have same cha~acteristics, wh1ich make them ideal t,ool 

tor the st1udy 1Df numerous fund■ment■II priocesses. 

✓ They can be grown in test tuibes or 'flask thu'S r1eq1ui1re less spa,ce. 

✓ Short life span: Grow· rap'idly1 and reproduce at an unu1sually high rate. 
Som1e species undiergo 100 glen 1eiratii,01ns 1in 24 hours period. In 
microbiology we can study the 1organisms in great 1detail and observe 
their life processes while they are actively metabolizing, gro¥Jing, 
reproducing, .aging an 1d dy1i1ng,. 

✓ Microorganisms !have wider range of physiof1ogicaill anld biochemical 

potentialities i.e .. some bacteria can fix atmosph1eri 1c nitrogen, while 
0 1ther species re,quire fnorganic or organic nitrogenous oompounds for 
their metabolic activity. 

✓ 'We 1can stud'V the life proce·sses in deta1il be1caus 1e 'they are actively 
metaboliizingl an1d 1by alte1ring envi'ron1ment we can alter their m1etaboli1c 
a1ctiuities and even then genietic ,pattern ,can be altered, ■II 'Wi1hout 
destroyln,g the1 G"8■nlsms. 

WW =X~-



AP'S-221 
Prokaryoti1c and Eukaryotic microbes 

and their characteristics 



IPR01KARYQillC .AJN'D EUKARYOTIC CELILS 

Wl'·th the aid of electron m'l1cro.sco
1
p,y ----- soime rcells 

e.g., i ln typical bacteria, the nuclear slubstance was not en,closed b'y 
a1 nu1cl 1ear membrane~ Whi:le, in other cel11fs !Hike typ'icalll fungj, alga1e

1 

a1n 1d pr1otozo1a the nucleus wa:s 1enclosed by a membrane. This 
di'isicovery led 'to the 1dlistinction 1of 1micr01b1es in,to two groups viz., 
priolcaryotes (incipient· 11u1cl1eus:} a.n1d eukaryotes (true n1ucleusJ'~ 

✓ Bacteri'a are pro1karyotic microorgan1isms 1(prokaryotes),. 

✓ Alga1e, f1un,s'i 1an1d prot1ozoa1 are e1uk.,aryotic !I! • 

m1croor
1
gan~sms 

(eukaryo,te·s) 

✓ Plant and ani1m,al cells ar1e ailso eu·karyotic .. 

✓ ,E1u1kary·oti 1c 1cells ar1e 1cha1ra1cterized lby t lhe presen1ce of 1multipliiicity of 
unit membran1e s,ystems, which are st.ructu1rally· and 
topographically dis tin ct fro m1 9:t9J!!a .. sq1~ me1m,bran e,. Th e,s,e 
memlbrane s1ystems ena1lble 't.h 1e segregation of different eukairyotic 
MRBl~w.!f. fu 1ncti on s i nt.o specia I iz.ed or,ga n1el I es~ 



Differ1ence between eukaryotic and prokaryatic cell 

2 .. Siz■ (r■n1•J 
raf 1Ql)ln1l1m 

31.Genetlc 
1ystam lacatlan 

41,Structura ,of 
nucl■us 

!Bacteria 

1-·2 by 14• 1tt.ruor less 

~Y-~!t;P,t chr1o·mattin body' 
or nuclear ma·terial 

•No1t bounded1 by nuo1ear 
membrane, 1ofle circular 
chrom10s,ome .. 
•Chram os,om1e· 1does 1not 
conttai1n h.!!!9q~; no1 mitotic 
d'" . . 

IVISl'On ,. 

•

1lNuclleclus. abs1ent_; fun,ctiona1lly 
related genes may be clu1s,tered11 

A.lg1ae, ·rungi, protozoa, 
p1lan1ts andl animals. 

>5 Hm_ lnwidth 
or diamet 1e1r.. 

Nudeus, m1itochondr:la, 
ch I aroplas1t'l,11 

•Bou1nded lby nu1clear 
membrane; 1morethan1 one 

ch ro m11osom e. 
•·Chro1mos1omes ha'V'e lhisto1nes~ 

~~-•:ir""li.~ 

mitotic nuclear division .. 
•N'ucleohas present .: 
functi 1anal1ly re.lat1ed genes noit 
dusiteredl~ 



6 • .PVb>111lasml~ nabJR! and 
slmcblres: 

i !I Cytoplasmic s,tireaml1ng ..,...,.,. ...... ,.,. -.-r....- ........ 

11. tj,i._~osi,s 

Absent 

Absent 

Ii I. ,Gas vacuoles ,can1 ba Present 

iv. M,~S!m•- Present 

v .. Ribosornes 705, distributed in the ..,,,,,, - ~-■ " d 

Cytoplasm 50S + 30S 

vi. Mltoohandria AIMent 

vii. Chloroplasts Absent 

vlH, Gal1l structure• Absent 

i,x·. Endopl1asmic reticulum1 Ab5ent 

Present 

Prese1nt 

Absent 

Absent 

BOS arrayed on membranes 
as in endo1plasm1C retirulum; 
70 s In mltodhondna and 
ch1omo1lsts 6tJ1S + 40,S ...... .,,,.,_,._ - liiPuAJ-¥4 ':J'Y -

Prese1nt 

!May be Present 

Present 

P'resenl 



1. Outer cell ,51nJ,nure s. 
I.@ Cvtoc,lasmic me mbranes1 

..... -rr1w-~.-.. ............ ~ 

H~ Cell wall 

ifi . . ~9£0.roqtor organeHes 

vt. Pseudopodia 

I .. Metabollc mechanisms 

GeneraH;y do not co,ntain 
st·1e rols, oon ta in pa rt of 
1fiesp1iratory and In some, 
1photosynthet1ic machinery. 

Pegtidoalvcan tmure'ln or ~_.._._.__..___ ....... - - ~ .... 

1mu,co0eD't~e) ,as comp101nent 

SI m pie ftb:rlil 

Absent 

Wide varril!ty; particu'larly 

that 1of anaerobic enerff 
yielding re actions; some fk 
1n 1tr01e 111 1as.; some 
acwmu1ate· poly-p -
lhydr,oxy butyrate as 
reserve materiaJ. 

stemr,, p,resentdo not carry 
aut respiration and 
photosynthesis,, 

A.bsence of captidoil!Lcan. 
~-- y "r 1r..-,.-. .-_.!1%, i'tr'. _. 

M~ttffb~ll~td1 ·with 'tt.t? 
m ic-rotu bu les" 

Pre,sent ,in s.ame .. 

G1fvoo~s is i:s, the pathway·· · .. ,.,._,..,,,....,,.,,,..._,..,i;. ' 

foranaerobk: ,energy 
y.e Id ing mechanism. 
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BACTERIA: CELL STRUCTURE AND THEIR FUNCTIONS 
Shusheu Genebemalival 

Mesbro 
ytplasraia 

ta plas 

Fimbria 

Tasnwol 

KabbtoN 

Flg 3.1. Structure of bacterial cell 

STRUCTURES QUT SIDE THE CELL WALL (EXTERNAL STRUCTURES 
1. Capsule and Slime 

Many bacleria, both Gram-positive and Gram-negative, possess a gel-like layer 

outslde the envelope when growing in their natural environments. Thickness of the 

layer may vary and when this layer become sufficiently thick, distinct and tightly 

attached to the cell wal is called as capsule'. Capsule mostly made of 

polysaccharides and small quantities of sugar, alcohol and polypeptides. Capsule 

gives protection to the cell against adverse conditions or factors like heat and 

chemicals. The polysaccharides of bacterial capsule play ole in immunological 

specificity to the strains and virulence to pathogenic bacteria. 

Functions: 

protecting the bacteria from phagocytosis. 
facilitates adherence of bacteria to surfaces. 

block attachment of bacteriophages. 
may provide protecion against temporary drying by binding water molecules. 

plays a role in the formation of biofims. 

An amorphous viscid colloidal gel-like material secreted by some bacteria 

extracellularly is known as "free slime' or 'glycocalyx. Slime is the loose structure. 

Page 1 



APS-221 
Slime layer are generally composed of a single kind of proteins and sometimes 

carbohydrates are also attached with these proteins.slime layer protects the cel 
from wall degrading enzymes and bacteriophages, and it may be involved in cel 

adhesion to host surfaces. 

Flagella (Singular- fagellum 
Bacterial flagella are thread-ike appendages intricalely embedded in the cell 

envelope.They are hair like thin helical appendages orlginating from cyloplamic 

membrane and emerging through the cell wall. They are longer than the cell (2 to 70 

pm length: 0.01 to 0.05 pm iameter). Mostly present in rods and spiral bacteria and 

rarely in cocCiL. These structures are responsible for locomotion or motility in bacteria. 

The arrangement of flagella varies with different bacterial species. 

Iypes of fiagellar arrangement: 

Mohoti ckous Amphi ticksus 

Lophomch eus Peaibichous 
Fig 3.2. Different types of flagellar arrange ment in bacterla 

. Atrichous (with out flagella) : When bacterium lacks flagella e.g. Cocci, 

Corynebacterium diptherae. 

Page 2 
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Monotrichous(single polar fiagellum): Monotrichous is the type of fagellar 

arrangement in which a single polar flagellum is present on the bacterial cell 

e.g. Psedomonas aeruginosa, Vibrio cholerae. 

11. Amphitrichous (single fiagellum at both the ends): When the bacterium 

possesses single flagellum at both the ends of bacterial cell e.9. 

Aquaspirilum serpens, Spiilum minus. 

V. Lophotrichous (multiple polar flagella): When the bacterium possesses a 

tuft of flagella at one or both the ends of bacterial cell e.g. Pseudomonas 

fuorescens, Spirilla.

Perltrichous (fagella distributed over the entire cel): When the bacterium 

possesses fagella all around the cell e.g. Salmonella typhi, E.Coli 

Parts of flagellum 

ilamant 

hook 

ZZZZZ OuTer Merubiane 

Peptidogycan 
ZZZZZ 

Peaiplasmuc 4hace 
PlaiMa Membrane

Basal plat 

Flg 3.3. Different parts of bacterlal flagellum 

Flagellum has three distinct parts: 

FIlament Is the outer most structure, made up of a protein subunits called tlagellin 

arranged in several helices around a central hollow core. The flagellum is attached to 

the bacterial cell body by a complex structure consisting of a hook and a basal body. 

Page 3 
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Basal body: The basal body consists of a small central rod inserted in to system of 

rings. One pair set of rings, in Gram-positive bacteria and two pairs in Gram-negative bactera 

are present, through which the bacteria rolates either in a cockwise or in anticlockwise 

direction. This unit operates as mortar. 

Bent hook: Above the base of flament is the hook, a short curved structure between the 

extemal fiament and basal body. This part produces a propeller hke repulsion from he 

revoving flagellum. 

The growth of flagella occurs by addition of flagellin sub units at the distal end 

after being carried out through hollow core of flagellum from cytoplasm. 

Tectic movements in bacteria: Most of the motile bacteria are able to 

change their movement in response to environmental stimuli these movements are 

called as tactic movements 
I. Chemotaxis: It is the movement of bacteria toward or away from the chemical 

compounds. Movement of bacteria towards a chemical is known as 'positive 

chemotaxis' while when bacteria moves away from a chemical is known as 

negative chemotaxis'. 

I. Phototaxis: Some bacteria move toward or away from light is known as 

bacterial phototaxis. Phototrophic bacteria move toward increasing light 

Intensitles and exhibit positive photo taxis while are repelled by decreasing 

ight intensities. 

2. Pili (Singular- Pilus) or Fimbriae: 
They are straight hair ke filaments (length 0.5 to 20 um) that extend from cell 

surface, that are shorter and more in number as compared to the flagella. Pili are 

found mainly on the surface of Gram negative bacteria. They may be distributed all 

over the cell surface or in tuft at particular site. They are made up of a protein called 

pillin 

Different types of pili have different functions. 

Somatic pli: Some pili play role to enable the bacteria to stick to surface or to 

other type of cell or to each other. They do not have any function in motilty. 

Page 4 
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I. Sex pili (Epill: Some pili play special role to form a tube duing conjugation 

process in which genetic material is transferred from one cell to other. Such 

type of pill are known as sex pili (F - pili).Sex pili may be 1 to 3 on 

donor(male) cell. 

Contd- 

Page 5 



APS-221 

INTERNAL STRUCTURES OF BACTERIAL CELL 
. Cell wall: 

Cell wall composition of eubacteria is different from that of archaebacteria. The 

bacterial cell wall is a thick and rigid layer around the bacterial cell. It provides the 

shape to the bacteria and protects the cell from osmotic shock and other adverse 

environment. The main component of the cell wall, which is responsible for its 

rigidity, is a substance unique to bacteria, called peptidoglycan (murein). 

Peptidoglycan is a high molecular weight polymer whose basic subunit is made up of 

three parts: N-acetylglucosamine, N-acetylmuramic acid and a short peptide chain. 

The short peptide chain comprises the amino acids L-alanine, D-alanine, D-glutamic 
acid and either L-ysine or diaminopimelic acid (DAP).True peptidoglycan is absent in 

cell wall of archaea. Some members of archaea have pseudomurein, composed of 

different substituted polysaccharides and L-amino acids. The cell walls of 

archaebacteria are generally made up of proteins, glycoproteins or polysaccharides 
ofc. Because of this difference in cell wall chemistry Archaea are not susceptible to 

antibacterial agents like lysozymes and penicillin. Pseudomurein, found in the cell 

walls of some members of the Archaea, comprises subunits of N-acetylglucosamine 

and N-acetyl talosaminuronic acid. 

Although all bacteria (except few) have a cell wall containing peptidoglycan, 

there are two distinct structural types of bacteria. These are known as Gram-positive 

and Gram-negative bacteria. The names derive from the Gram's staining technique 

of differential staining introduced by Christian Gram in 1884 that could differentiate 

bacteria as belonging to one of two basic groups (i.e. Gram positive and Gram 

negative).Bacteria stained by Gram's staining when appear as deep violet in colour 

are known as Gram positive while when appear as red in colour are known as Gram 

negative bacteria. 

Differences between thg cell wall of Gram positlve and Gram negative bacteria: 
The cell wal of gram positive bacteria is simple consisted of a peptidoglycan 

and techoiC acid layer. Cell wal ot gram negative bacierna has wo disunct layers. 

One uniform inner layer (2 to 3 nm wide) and a thick outer layer (8-10 nm).The outer 

Page 1 
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layer is called outer membrane and peptidoglycan is present only in inner layer The 

outer membrane contains proteins, lipoproleins and lipopolysaccharides. 

In terms of cell wall structure, cell walls of Gram-positive bacteria are relatively 

simple in structure, comprising several layers of peptidoglycan connected to each 

other by cross-linkages to fom strong. rigid scaffolding. In addition, they contain 

acidic polysaccharides known as teichoic acids. 

On the other hand, cell walls of Gram-negative bacteria have a much thinner 

layer of peptidoglycan, making the wall less sturdy, however the structure is made 

more complex by the presence of a layer of lipoprotein, polysaccharides and 

phospholipids known as the outer membrane. 

|S.No. Character Gram posltlve Gram negative 
1. Thicknesss Thicker wall (20 Thinner (10-15 nm) 

25nm) 

Layers Single thick layer Two distinct layers: 

simple more a thin peptidoglycan layer (2 

|3 nm) and thicker outer 

membrane (8-10 nm) 

Less homogenous and more 

complex 

and 

homogenous 

Peptidoglycan May accounts for 30- May accounts only about 

70% of dry weight of 10% of dry weight of cell wall 
ell wall 

4. Techoic acids resent ADSent 

Polysaccharides Present Absent 

Proteins May or may not be Outer membrane is rich in 

present proteins. Absent in inner rigid 

layer 

Lipoproteins ADSen Present in outer membrane. 

May or may not be present in 

innerR layer 

Lipo ADSent Present in ouler membrane 
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polysacchandes but absent in inner layer. 

Susceptibility to 
Penicillin More susCepuole Less susceptible 

Mechanical Less susceptible More susceptible 

disintegration 
0. Treatment withProtoplast Spheroplast 

ysozyme 

11. Example Bacilus cereus, .coli, Salmonella entrica, 

StaphylococCus Pseudomonas aeruginosa 

aureus, Clostridium etc. 
botulinum etc. 

Cell wall deficient forms of bacteria: 
Bacterial cell wall could be removed by hydrolysis with lysozyme or by blocking 

peptidoglycan synthesis with an antibiotic like penicilin. These cell wall deficient 

forms of bacteria are of different types like Protoplasts, Spheroplasts and 

Mycoplasma etc. 

a) Protoplast: is a defeclive bacterial cell that had its cell wall removed and 

having the cytoplasmic membrane only to bound the cell material. This can be 

developed from Gram positive bacteria when it treated with lysozyme (which 

selectively dissolves the cell wall). in hypertonic media or culturing the 

bacteria in presence of an antibiotic� i.e. penicilin ). 

b) Spheroplast: These are defective forms of bacterial cell derived from Gram 

negative bacteria due to the treatment of EDTA (ethylene diamine tetra acetic 

acid). EDTA disrupts the outer membrane allowing access of lysozyme and 

resulting in formation of spheroplasts. Spheroplasts are osmoticaly fragle 

and still retain outer membrane and entrapped peptidoglycan. 
c) Myceplasma: These are naturally occuring bacteria without cell wall. They 

do not possess any definite shape. They are very small in size(50-300 nm in 

diameter). 

2. Cell membrane or plasma membrane: 
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Cel membrane or plasma membrane is a thin (5-10 nm) semi pemmeable 

membrane hat acts as an osmotic bamier. It lies beneath the cell wall and it is 

bounding layer of cytoplasm. Cell membrane consisted of phospholipids and 

proteins. It also contains enzymes associated with DNA biosynthesis, cell wall 

polymers, and membrane lipids. 

Functions 
to keep the contents in and it behaves as osmotic and permeability barrier 

transportof chemicals in and outside the cell as it is a semi permeable 

membrane. 

Contains enzymes required for the biosynthesis of membrane lipids and other 

macromolecules of cell wall. 

Many enzymes associated with the metabolism of nutrients and the 

production of energy is associated with the plasma membrane. 

Proteins involved in the active transport of nutrients are also to be found 

associated with the plasma membrane. 

.In photosynthetic bacteria, cell membrane has chromophores which are seat 

of photosynthesis 

Regulates the passage of biological molecules in to cytoplasm and excreton 

of waste products in to the environment. 

3. Mesosomes: 

Gram positive bacteria often having localised infoldings of the cytoplasmic 

membrane are known as mesosomes. 

Functions: 

play role in the separation of chromosomes during cell division 

storage function like golgi apparatus in eukaryotes. 

play role during sporulation. 
act as attachment points for DNA during cell division, or to play a role in 

the formation of cross-walls 

are analogous to the mitochondria of eukaryotes 
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are the principal sites of respiratory enzymes in bacteria. 

4. Bacterlal cvtoplasm: 

Bacterial cytoplasm is a colloidal suspension of a variety of organic and 

inorganic solutes in a viscous watery solution. It is a gelatinous mass containing 

nutrients, waste products, genetic material (with out membrane), ribosomes, proteins 

and reserve materia .70% of cytoplasm is water and 15 % of cytoplasm is 

protein. Bacteria lack a true cytoskeleton. 

5.Bacterial Chromosome 
The bacterial nucleus is not enclosed in a defined membranous structure. The 

nuclear material is generally cofined to the centre of the cell. It consists of single 

circular double stranded DNA molecule arranged in a super colled circular structure 

in which al the genes are linked. The chromosome is located in an irregularly 

shaped region called 'nucleoid region', but often referred to as bacterial 

chromosome. Nudear material is also known as or 'chromatin body' or 'nuclear 

equivalent'. 

6. RIlbosomes: 

Ribosomes are 70 S type (consisting of 50 S and 30 S sub-units), 

numerous, ultramicroscopic round bodies also known as ribonucleoprotein. A chain 

of ribosomes attached to the same molecule of mRNA is known as polyribosome 

(polysome). 

Ribosomes are the sites of protein synthesis. 

Plasmids: 
These are the extra chromosomal, double-stranded DNA molecules usually 

circular, that can exist and replicate independently and are present in most of the 

bacteria. They camy few genes for traits (like drug resistance, antibiotics resistance 

or the capacity to produce toxins or enzymes etc) and can be transferred from one 

cell to another during recombination. 

8. Incluslon bodies: 
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Some granular structures known as inclusion bodies may be found within the 

cytoplasm of certain bacteria. These act as reserve food materials. They are the 

sources of carbon, inorganic substances, and energy etc. 

a) Poly beta hydroxy butyrate: are the reserve materials to supply carbon and 

energy when external source become depleted. 

b) Yolutin are the polyphosphate granules and also known as or 

'metachromatic granules' because they show metachromatic effect. 

c) Sulphur: can be stored as inclusion bodies in certain photosynthetic bacteria 

like Beggiatoa and Thiothrix etc. 

d) Toxic proteins: In some of the insect pathogenic bacteria like Bacilus 

thuringensis toxic proteins are present. 

9. Endospores: 

Endospores are present in limited genera e.g. Bacilus, Clostridium, 

Sporosarcina, Desulphotomacutum and Sporolactobacillus etc. Certain bacteria

produce endospores in unfavourable conditions. They are domant forms of the cell 

that are highly resistant to extremes of temperature, pH, desiccation, radiations, 

chemicals, physical damage and other environmental factos, and germinate into 

new bacterial cells when conditions become more favourable. The spore's resistanoe 

is due to the thick coat that surounds it. 

10,Bacterial cysta: Cysts resemble to endospores in some ways, bul their structure 

and chemical composition are diferent. Cysts are thick walled and resistant to 

desiccation and radiation but not much resistant to heat in comparison to vegetative 

cell. On coming favourable conditions they germinate to give vegetative cells. 

Azotobacter and some other genera produce cysts. 
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Shape and arrangement of bacterial cell 
A typical virus about 100 nm, 10 times smaller than a typical bacterium 
(-1 um), which is at least 10 times smaller than a typical eukaryotic plant or 

animal cell (-10-100 pm). 

An object must measure about 100 um to be visible without a microscope and 
as many bacteria are smaller than this size, they are not visible with naked 

eyes. 

.Unit of measurement used in bacteriology is the micron (micrometer) 
one-thousandth of a milimeter (1m =10° um). 

On an average, the size of bacteria ranges from 0.5 to 5 um. However, they 
can be as small as 0.3 um and as large as 0.7mm. 

The limit of resolution with the unaided eye is about 200 microns, andas 
many bacteria are smaller than this size, they are not visible with naked eyes. 

Among the largest bacteria is Thiomargarita namibiensis, which is up to half a 
millimeter long and Epulopiscium fishelsoni which is 0.75 mm long. 

The smallest bacteria are members of genus Mycoplasma which are only 0.3 

m, as small as the largest vinuses. 

The size of common bacteria like Escherichia coli ranges in size from 1.1 to 

1.5 um in diameter. 

Among the largest bacteria is Thiomargarita namibiensis, which is up to half a 
millimeter long and Epulopiscium fishelsoni which is 0.75 mm long. 

The smallest bacteria are members of genus Mycoplasma which are only 0.3 
pm, as small as the largest viruses. 

The size of common bacteria like Escherichia coli ranges in size from 1.1 to 
1.5 um in diameter. 

Owing to their tiny size -

capable of surviving and even thriving in various unlikely environments 

(verical sediments in the marine environment). 

Small size of bacteria favours parasitism and the ablity to survive in areas with 
low nutrition. The high surface area-volume ratio also allows the bacteria to take up 

all the nutrients required for survival. 

Classification of bacteria 
Based on 

Shape of bacteria 
Mode or nuuuon 

eraure requirement 

A equirement 
ph requiremen 
OSmoic pressure requirement 

. 



Shape of bacteria: 
Depending on their shape., bacteriaare clasalfied inta.several groups: 

Coccus-Cocci (from kokkos meaning bemy, are spherical or oval cells. 

Baclus-Bacilli (from baculus meaning rod) are rod shaped cells. 

Vibrlo-are comma shaped curved rods and derive their name from their 

characteristics vibratory motiity. 
Spirillum-Spirilla are rigid spiral foms. 

Spirochetes (from speira meaning coil and chaite meaning hair) are flexuous 

spiral forms. 

Pleomorphic bacteria: are bacteria that do not have a specified shape. 

Actinomycetes are branching filamentous bacteria, because of a fancled 
resemblance to the radiating rays of the sun when seen in tissue lesions (from 

actis meaning ray and mykes meaning fungus). 

Mycoplasmas:are bacteria with out cell wall hence do not possess a stable 

morphology. Occur as round or oval bodies and as interlacing filaments. 

spinllum 

spiroch 

AT Hypha 
Stalk 

Bucding and appendeged bactena 



Bacterial cell.arrangement: 
Sometime Bacteria show characteristic cellular arrangement or grouping. 

Arrangement of cells is dependent on pattern of division and how cells remain 

attached after division. 

Arrangements of Cocci 

diplococ coccus Staphylococci 

8 
streptococci tetrad sarcina 

1. Arrangement of Cocci: Unicelular, spherical or elliptical shape bacteria. 

According to the plane of cellular division, cocci bacteria may be aranged 

either singly, in pairs, chains groups of four or cubes consisting eight cells, 

or may aggregate together in grape like clusters as below: 

*Monococcus: are also known as MicrocOCCUs and represented by single, 

discrete round e.g. Micrococcus flavus. 

Diplococci: When cocci cell divides ones in a particular plane and after 

division, two bacterial cells joined together as a pair of cells and remain 

attached to each other e.9. DiplococcUs pneumonia, Neisseria meningiidis, 

Neissena gonorhea, Moaxella catarthalis, EnterocoCCUs spp etc. Some of the 

cells in this arrangement might remain spherical while some might appear 

flattened, elongated, or bean-shaped. 

Tetrads (Tetracocci): 
Bacterial cocci cells are arranged in a group of four cells that remain attached 

and grow in the attachment after cell division. 

This arrangement results when the cells divide into two planes al a right 

angles to one another and consists of four round cells e.g. Micrococcus 

species, Aerococcus, Pediococcus and Tetragenococcus. 

Streptococci: 
Cocci clls divide repeatedly in one plane to form chain of cells and a 

arranged 
Streptococcus pyogenes, Streptococcus pneumonia, Streptococcus mutans. 

in ong chains 



Sarcina 
These bacterial cells form a group of eight cells. When the cells divide in a 

perpendicular plane but they form a cube like configuration consisting of eight or 
sixteen cells but they have a regular shape e.g. Sarcina lutea, Sarcina aurantiaca, 

Sarcina ventricull. 

*Staphylococci: 
Bactena that are arranged in grape-like clusters. This resuts from cell division 

in both the planes forming a structure like bunches of grapes and iregular 

configuration e.g. Staphylococcus aureus, Staphylococcus epidemidis, 

StaphylococCus aemolyticus, Staphylococcus capitis. 
2.Arrangement of bacilli: 

Baclllus /Bacili: 
Bacteria which are rod-shaped and are present as single cell or in pairs or in 

chain. These bacteria can form endospores and are facultative anaerobes 

eg. Samonella enterica, Bacilus cereus, and Salmonella choleraesuis. 

*Diplobacilli: 
After cel division, when the two rod cells do not divide and grow in an 

attached arrangement and exists in pairs e.g. Coxiella bumetii, 

Klebsiella rhinoscleromatis, Moraxella bovis. 

Streptobacilli: 
Rod shaped bacteria are amanged in single chain as a result from cell division 

e.9. Streptobacilius monifomis, Streptobacilus Levaditi, Streptobacilus felis, 
Streptobacillus hongkongensis. 

3. Arrangement of spiral bacteria:_includes bacteria that are either helical- 

shaped or curved (comma-shaped).Bacteria can range from sightly curved to 

corkscrew-like spiral. 
Vibrlo: These are the slightly curved bacteria resembling a comma shape 

e.g. Vibrio mytii, Vibrio anguilarum, Vibrio parahaemolyticus, Vibrio cholera. 

Spirochetes: are spiral bacteria having a helical shape and are flexible and 

have an axial filament which helps in motility. These filaments are essential 

distinguishing character beween spirochetes and other bacteria. These 

fiaments run throughout the length of the bacteria and thus, help in twisting 

the motion of the bacteria. e.g. Leptospira interogans, Treponema 

palidum, Borelia recurrentis. 

Pallisades: are the type of bacilli bacteria that resemble a picket fence 

structure as a result of the bent at the point of division during cell division. 
They appear similar to Chinese letters e.g.conynebacterium diphtheria that 

causes diphtheria. 

Spirilla(Helical-shapediCorkscrew form): 
These bacteria are similar in structure with spirochetes but are more rigid.Also 

have a flagellum but lack the andoflagella like in spirochetes. These ype ot 
bacteria are spiral or spring like with multiple curvature and terminal ftagella. 

e.g. Spirillum volutans, Campylobacter jejuni, Helicobacter pyloni, Spiritium

winogradsky



Coccobacill: These resemble both cocci as well as bacilli and are shorter in 
Size and thus, appear stumPy. .9. Chiamydia rachomatis, 
Haemophilus intluenza, Gardnerella vaginalis, Brucella abortus. 

4. 9thershapes andarrangements: 

APpendaged bacterla: 
produce a unique structure ike pillUs or fimbriae are called 

appendaged bacteria. 
are more vinulent than other bacteria(do not form these appendages) 

e.g. Neisseria gonortheae. 

Flamentous bacteria: 
are long, thin, and iament-shaped. They, sometimes, divide to form branches 

resembling strands of hair or spaghetti called mycelium e.g. Actinomycetes 

Pleomorphlc bacteria: 
do not have a specified shape are Included in this group and can change their 

shape, but in pure cuture, they appear to have a definite form. e.g. 

Mycoplasma pneumoniae, M. genitalium,. Corynebacterium. 
Stalked bacteria: 
possessa stalk on one end of the cell e.g. Caulobacter crescentus. 

Star-shaped bacteria: 
look like stars or are star-shaped e.g. Stella humosa. 

Box-shaped! Rectangular bacteria: 

*5ox-shaped bacteria are rectangular in shape and resemble a box e.g. 
Haloarcula marismortui 

Club-shaped rod bacterla: 

are thinner on one side than the other e.g.Corynebacterium. 

Trlengular-shaped bacteria: 
are triangular in shape e.g.Haloarcula. 

*** A **** 
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Nutritional groups of bacteria.: Chemoautotrophy Photoautotrophy 
Major cellular constituents such as carbohydrates and proteins of living cells 

belong to the group of macromolecules. The raw materials from which these 

macromolecules are synthesised are derived from the organism's environment in the 

form of nutrients. 

Nutrntion in microbes is a process by which chemical substances (nutrients) are 

acquired by the microorganisms from the environment and used in cellular activities. 

Factors affecting microblal growth: 
Temperature 

Oxygen 

pH 

Osmotic pressure 
COz 

. Light etc. 

organic nutrlants Nutrients which contain carbon and hydrogen atoms and these are 

uSually the products of living things.e.g. Methane (CH). 

carbohydrates, lipids, proteins and nucleic acids etc. 

Inorganic nutrlenta: 
Molecules that contain a combination of atoms other than carbon 

and hydrogen. e.g. Metals and their salts (magnesium sulphate, ferric 

nitrate phosphate etc.), gases (oxygen, carbon dioxide) and water etc. 

The nutrients can be broadly divided into two groups on the basis of requirement: 

Macronutrients: Nutrients required in large quantities by microorganisms for their 

growth. 
Micronutrients: Nutrients required in trace/small amounts by microorganisms for their 

growth. 

Composition of Cell Content: 
70 % water 

Proteins 



96% of cell is composed of six elements: 
Carbon 

Hydrogen 
Oxygen 
Nitrogen 
Phosphorous 
Sulfur 

Carbon(c) Is the most abundant element in all microbial cells forms the central 

component of proteins, carbohydrates, nucleic acids and lipids. Other macronutrients 

Ilke nitrogen (N), oxygen(O). hydrogen(H). sulphur(S) and phosphorus(P) are also 

constituents of biological macromolecules, while the magnesium(Mg). potassium(K), 

sodium(Na), calcium(Ca) and iron(Fe) are required in lesser quantities in their ionised 

forms to perform functions. Micronutrients are all metal ions, and frequenty serve as 

cofactors for enzymes. All microorganisms must have a supply of the above nutrients, 

but they showed great variations in the means in which they utilize these to satisfy their 

requirements. 

Carbon: 

It is the central component of the biological macromolecules and incorporated 

into biosynthetic pathways. 

derived from organic or inorganic sources (reduced CO 

Hydrogen: 
It is also a key component of macromolecules, and plays role in the 

processes of energy generation in most of the microorganisms. 
Hydrogen is also required to reduce carbon dioxide in the synthesis of 

macromolecules in autotrophic organisms. 

derived from minerals, water, organic compounds etc. 

Oxygen: 

It is important for the respiration of many microorganisms, but in its molecular 

form, it can become toxic to some microorganisms. 
obtained it for the synthesis of macromolecules from water or atmosphere. 

Nitrogen 



It is required for thee synthesis of proteins and nucleic acids, as well as for 

ATP molecules. 

Nitrogen demand also varied with range of microorganisms e.g. Na fixers to 

those that require all preformed amino acids. Between these wo extremes 
some species are also present which can assimilate nitrogen from an 

inorganic sources like nitrate, and those that ublise ammonium or urea as a 

nitrogen SOurce. 

Sulphur 

Sulphur is required for the synthesis of proteins and vitamins. 
In addition, it is also involved in cellular respiration and photosynthesis in 

Some of the organisms. 
It may be derived from sulphur containing amino acids (methionine. cysteine 

elc.), sulphates and suiphides. 

Phosphorus: 
It is taken up as inorganic phosphate, and is incorporated into nucleic acids 

and phospholipids, as well as ATP molecules. 

In addition, inorganic ions, such as potassium, sodhum, iron, magnesium, 
calcium, and chloride are required to facilitate enzymatic catalysis and to 

maintain chemical gradients across the cell membrane. 

Some bacteria are capable to synthesize all the oganic compounds needed 
from single carbon source like glucose. While the bacteria that require a medum 
with various growth factors and other components and hard to grow are known as 

fastidious microorganisms' 

Growth factors: Organic compounds that are necessary for the growthof 
microorganisms but microorganisms are unable to synthesise them because they lack the genetic and metabolic mechanisms lo synthesize them and therefore must be 

provided in their growth medium are known as growth factors' e9. amino acids, 

purines, pyrimidines and vitamins elc. 

Prototrophs vs. Auxotrophs: 

Prototrophs: A microbial strain or species capable to grow on minimal medium 

consisting a simple carbohydrates or CO2 carbon source with inorganic sources of all 

other nutrient requirements. 

Auxotrophs: A microbial strain or species requiring one or more complex organic 
nutrients (.e. amino acids, nucleotide bases, or enzymatic cofactors etc.) for their 

growth. 



Sroups of mlcroorganisms: 
A. Nutritional aroupS of bacteria: Microorganisms can be grouped according 

to how they obtain their carbon and energy. 

Based on carbon sources: 

1) Heterotrophs: 
Organisms which obtain their carbon in the form of organic molecules directly or 
indirectly from other organisms are known as heterotrophs. e.9. Fungi. 
Protozoans and most types of bacteria(Bacillus acidilacti, Acelobacter , Vibrio 
cholera etc.) 

2) Autotrophs: 
Organisms that uses CO2, an inorganic gas as its carbon source and are no 
nutritionally dependent on other living things. 

e.g. Photosynthetic bacteria ,Chemosynthetic bacteña. 

Photosynthetic bacteria:e.g. Purple sulphur bacteria (Chromatium) and Green 
Sulphur bacteria (Chlorobium). 

Chemosynthetic bacteria: Sulphur bacteria: e.g. Thiobacilus, Beggiatoa elc., 
Hydrogen bacteria: e.g. Bacillus pantotrophs, Hydrogemonas etc., Iron 
bacteria: e.g. Thiobacililus ferooxidans, Ferobacilus etc., Nitrifying bacteria: 

e.g. Nitrosomonas, Nitrococcus etc 

Based on Eneray source 
1) Phototroph8 

Phototrophs are the organisms that use light as its source of energy. 

2) Chemotrophs: 
Chemotrophs are the organisms that obtain their energy from chemica 
Compounds through redox reactions. 



Based on.electron s0urce 
Whether organisms are chemotrophs or phototrophs, they require a molecule to 

act as a electrons source (reducing power) to dive their energy generating systems. 

1) Lithotrophs: Organisms which use an inorganic electron donor such as H:0, 
H2S and ammonia etc. are known as lithotrophs. 

2) Organotrophs: Organisms which require an organic molecule as an electron 
sOurce are known as organofrophs. 

BSased oncarbon and energy source 
1) Chemoautotrophs: 

Organisms which obtain their energy as well as their carbon from inorganic 

sources; such as sulphur or nitrite etc. Depending on the oxidisable inorganic 

substrate, the chemoautotrophic bacteria are belonging to following groups. 

e.g. Nitrifying bacteria: Nitrosomonas, Nitrococcus 

Sulfur oxidizing bacteria: Thiobacillus thiooxidans, Thiobacillus thioparus 
etc. 

Hydrogen oxidizing bacteria: Alcaligenes eutrophus etc. 
Iron oxidizing bacteria: Ferobacillus fero oxidans elc. 

2) Photoautotrophs: 
Organisms which have photosynthetic pigments (chlorophyl 

bacteriochiorophyll) having ability to convert light energy into chemical energy 

through oxYgenic photOsynthesis oxygen producing.) e9. plants, algae and 

cyanobacteria or through anoxygenic pholosynithesis{ no oxygen producing). eg. 

Green S bacteria and Purple S bacteria. 

3) Chemoheterotrophs: 
Heterotrophs which obtain energy as well as carbon from the same 

organic source and are therefore temed as chemoheterotrophs. e,g. 
Pseudomonas, Bacillus etc. Majority of heterotrophs belong to this category. 

4) Photoheterotrophs: Heterotrophs which do not follow this mode of nutrition and 
are able to carry out photosynthesis and are known as photoheferotrophs. eg. 

Green non S bacteria and purple non S bacteria, some Archaea. 

B.On the basis of femperature requirement:E 



The optimal temperature, however, is variable; depending on their temperature range, 

growth of bacteria is grouped as folowS: 

1) Psychrophlles- Cold loving microorganisms and require optimum temperature 

for their growth from 0°C -15C.e.g.MicrococCus cryophitus, Polaromonas 

vacuoleta. 

2) Mesophiles- Moderate temperature loving microorganisms that require optimum 

temperature 20C-40PC for their growth. e.g. E.coli. 

3) hermophiles- Heat loving microorganisms that require optimum temperature 

55 C-80 C for their growth.e.g. Themus aquaticus, Bacilus 

stearothemophilus, Themoproteus, ett. 

4) Hyperthermophiles: Microorganisms that require optimum temperature more 

than 80°C for their growth.e.g. Pyrodictium occuttum, Pyrolobus fumani etc. 

C. On the basis of oxvgen requlrement 
Aerobes- Microorganisms that grows in the presence of molecular oxygen and 

uses it as a terminal electron acceptor in aerobic respiration. They have 

capacity to utlize oxygen and can detoxifyit. 
AnaerobeS- Microorganisms that grows in the absence of molecular oxygen 

and does not utilize oxygen. 

1) Obligate aerobes - Microorganisms that cannot grow without oxygen and must 

grow at or near the surface, where oxygen is able to dífuse. e.g. Pseudomonas 

aeruginosa, Nitrosomonas etc. 

2) Obligate anaerobes- Microorganisms lacks the enzymes to deloxify oxygen. 

Oxygen is lethal to these organisms so cannot survive in an oxygen environment. 

e.g. Clostridium botulinum etc. 



3) Facultative anaerobes -are those anaerobes that can grow with or without 

oxygen and are able to adjust their metabolism to the prevailing oxygen 

conditions also. e.g. E. Col, Staphylococcus etc. 

4) Microaerophlllc- Microorganisms which require oxygen for their growth, but are 

only able to tolerate low concentrations of (2-10 per cent) higher 

concentrations become hamful. Microaerophiles have specific oxygen 

requirements, and can only grow within a narrow range of oxygen tensions. eg. 

Campylobacterjojuni ,Azospirillum etc. 

5) Aerotolerant anaerobes -are the microorganisms that are basically anaerobic 

but can survive and grow in the presence of oxygen. e.g. Lactobacilus plantarum 

tc. 

DOn the basis of Carbon dioxldelcOalneauirement: 
All microorganisms require some carbon dioxide in their metabolism. 

1) Capnophiles- Microorganisms that require higher amounts of carbon dioxide 

(CO%) for their growth are known as capnophilic bacteria. They grow best in the 

presence of 5-10% CO2 and 15% Oz.eg. Neiseria, Brucella abortus, etc. 

E.On the basis of pH requlrement: 

1) Neutrophiles: Majority of microorganisms grow at a pH between 6 and 8. e.g. 

Most pathogenic bacteria.

2) Acldophiles: Microorganisms that grow at acid pH. eg. Lactobacilius most of 

fungi. 
3) Alkalinephiles: Microorganisms that grow at alkaine pH. e.g. Vibrio cholera. 



F. On the basis of osmotic pressure requirenmentt 
Most microorganisms exist under hypotonic or isotonic conditions. 

1) Halophiles('salt-Hoving'); Microorganisms that require a high concentration of salt 
for their growth eg.Halobacterium (9-25% NaCI solutions). Halococcus, 

Haloarcula etc. 

2) Halodurie ('salt-tolerant): Microonganisms which are able to toleratea 
concentrations ten times as high, but prefer lower concentrations. Osmotolerant 

Microorgan sms that do not require high concentration of solute but can tolerate 

it. e.g. Staphylococcus aureus etc. 

**A* 
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Growth of bacteria: Definition, Growth curve, Batch culture and Continuous 

Cuture 

Metabolism Reproduction Growth 

Growth: Bacterial growth can be defined as an orderly increase of all the chemical 

components of the cell or it refers to changes in total population rather than increase in 

size or mass of an individual organism. Change in bacterial population mainly involves 

transverse binary fission. Transverse binary fisslon is an asexual reproductive process 
and is the most common in the growth cycle of bacteria. Each cell grows to fuill size, 

replicates its genetic material and then divides into two identical daughter cells. 

Bacterial growth can be equated to cell number: In binary fission, single bacterial 

cell divides in to two cells and wo cells divide giving four and so on. Therefore the 

population increases by geometric progression (leading to an exponential increase In 

cell numbers). 

1-2-4-8-16 ----2n 

The growth rate of a bacterium is therefore measured by measuring the change in 

bacterial number per unit time. 



Generation Time: Generation time is the time required for a bacterium to give rise to wo 

daughter cells under optimum conditions. The 9eneration time for most of the 

pathogenic bacteria, such as E. coli, is about 20 minutes while it may be longer (i.e.,20 

hours) for Mycobacterium tuberculosis and longest (i.e., 20 days) for M. leprae. Bacteria 

replicate and muliply rapidly and producing millions of cells within 24 hours. However, 

the multiplication of bacteria is arrested after a few cell divisions due to exhaustion of 

nutrients and accumulation of toxic products. 

Bacterial Growth Gurve 
When a broth culture is inoculated with bacterial inoculum, the population size of the 

bacteria increases and showing a patten. Bacterial growth curve showed the four 

distinct phases: 

ap 

Fig4.1:A typical bacterial growth curve 
1. Lagphase: 

When an inoculum of bacteria is first introduced into growth medium, it will 

require a period to adapt to its new suroundings (less familiar).Therefore, the 

multiplication of bacteria does not start immediately but it takes some tme to multiply. 

The time between the inoculatlon of the media and starting of multiplication of bacteria 

is known as lag phase. 

During this phase, 

There is an increase in size of bacteria but no appreciable increase in bacterial 

cells number however the bacterial cells are metabolically active. It is the period 

of adjustment to new environment 
Duration of this phase vanes with the bacterial species, nature of culture 

medium, incubation temperature, age and general health of the cells in the 

inoculum etc. This phase may be long if the inoculum is from old or refrigerated 



Culture, medium is very different from original culture which requires new 

enzymes to synthesize. 

2. Log phase (Exponential phasel: 
This phase is followed by lag phase. When the bacteria have acclimatised to 

the new environment and synthesised the enzymes needed to utilise the avaiable 

Substrates, they are able to start division by binary fission. This phase is characterized by 

rapid exponential cell growth. In this phase bacteria mulliply at maximum rate. Growth will 

continue as long as cels have adequate nutnenis and favourable environment. 

But this exponential phase is limited by environmental factors, and as the rate of 

growth slows down, the culture enters to the next phase. 

3. Stationary phase: 

This phase is followed by log phase. In this phase, metabolizing active cells 

stop reproducing. Rate of cell growth is equal to cell deaths due to depletion of essential 

nutrients, limited availablity of water and oxygen, change in pH of the medium, and 

accumulation of toxic metabolic wastes efc. Death rate of bacteria exceeds the rate of 

replicalion of bacteria. The levelling out of the growth curve does not mean that cell 

division has ceased completely. but rather that the increase due to newly formed cels is 

cancelled out by a similar number of cell deaths. Eventually, however, as the death rate 

increases, the overall numbers fall and we enter the final phase of growth. 

4 Death (Dectine) phase: The decline phase starts due to () accumulation of toxic 

products and autolyic enzymes () exhaustion of nutrients. As these limiting factors 

intensify, cells die exponentially and the bacterial population declines due to death of 

cells and the culture is unable to replace them, the total population of viable cells falls. 

Dlauxic growth:
in this type of growth, microorganisms first utlize one carbon source then utilize 

second when first source is depleted. This type of growth resulted from inducible 

enzyme synthesis. This lype of growth curve is biphasic (ie. two phases).eg. when E 

coli grows ina medium containing glucose and lactose, it metabolises the former first 

since t is more energy efficient. Cell has a self regulatory mechanism that suppresses 

the synthesis of lactose melabolising enzymes until all the glucose has been utilized. 

this point a second lag phase is entered, while the lactose metabolising enzymes are 

synthesised. Such type of growth is known as diauxic growth. 
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Fig 4,2: Diauxic growth curve 

Batch culture: 
This is the ype of culture in which different phases of growth (described above) 

are applied. Appropriate nutrients and other conditions are provided for growth, then an 

Inocutum is added and the culture is incubated. No further nutrients are added and no 

waste products are removed, thus conditions in the culture are continually changing. 

This results in active growth being of limited duration. 

Continuous culture: 
This type of cuture is useful for industrial and research purpose. This is achieved 

by using a special device known as 'chemostar it produces a steady-state with both cell 

numbers and nutrient composition remaining constant. This is the culture whose 

populationsize is kept constant by careful control of fiow rates and nutrient 

concentrations. In this culture, nutrlent concentrations and other conditions are held 

constant, and the cells are held in a state of exponential growth. This is achleved by 

continuously adding fresh culture medium and removing equal volumes of the old so 

that bactera growth is not inhibited due to lack of nutrients or due to accumulation of 

toxic metabolites. pH can also be monitored and adjusted. 
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Fig 4.2: Continuous culture of microorganisms. TheChemostat 

Methods emploved in the measurement of microbial growth: 
1Estimatlon of total callcounts by direct microscopic method 
Total cell count: 

This denotes the total number of bacteria in the sample, irrespective of whether 

they are living or dead. This is done by counting the bactera under the microscope 

using counting chamber. 

The Petroff-Hauser counting chamber is a specialised glass slide with an etched grid of 

known area. A droplet of cell suspension is placed on top, followed by a coverslip. Since 

the depth of liquid trapped is known, the volume covering the grid can be calculated. 

The number of cells present in several random squares is counted, and an average 

value obtained. I his method is easy no special equipment is needed. 

Limitations: 

This method does not distinguish beween living and dead cells. 

The smallest bacteria are difficutt to resolve as individual cells by light 

microscopy 
2.Vlable cell count method: 

his method Is used to measure of the number of tiving cells (capableof 

mutiplying and producing a visible colony) in a sample. It is most commonly estimated 

by spreading a known volume of cell suspension onto an agar plate, and counting the 
12 



number of colonies that arise after a period of incubation. This method is based on the 

fact that each visible colony has derived from the repeated divisions of a single cell. 

Always this is not accepted therefore, viable counts are expressed in colony-forming 

units (cfu). rather than cells, per unit volume. cfu is related to viable number of bacteria. 

It is necessary to dilute the suspension before plating out, otherwise there may be the 

chances of overcrowding of colonies resulting problems in counting. To improve the 

results plates should be inoculated in replicates and the mean value should be taken. 

Viable cell counts can also be made using liquid media, by the most probable 

number(MPN) technique. In this technique, a series of test tubes having broth are 

incubated with varying dilutions of sample and the viable count is calculated from the 

number of tubes showing bacterial growth. This method is widely used in 

microbiological testing of water for presumptive coliform count in drinking water. 

3.Membrane filtration mathod: 
This method is used to enumerate the cell number of bacteria. Microbial cells 

present in a water sample are trapped on a membrane, which are then placed on an 

appropriate solid growth medium and colonies allowed to develop. This technique is 

used to concentrate the cells present at low densities ina large volume. 

4.Turbldimetric method 
This method measures the change in optical density or absorbance of the 

medium, that is, how much a beam of light is scattered by the suspended pariculate 

matter. It can be caried out very quickly by placing a sample in a spectrophotometer. 

Values of optical density can be directly related to bacte rial numbers or mass by 

reference to a standard calibration curve. This method is simple and non destructive. 

5.9ther methods: 
include wet and dry weight estimations, and the measurement or cell 

components such as total nitrogen, protein or nucleic acid etc. 

Indirect measurement is also done by measuring the chemical actvity e.9. rate of 

ATP, Oz production and CO2 production and consumption etc. 

Factors affecting mieroblal growth: 
. Temperature 
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Bacterial Genetics: Genetic Recombination-Transformation, Conjugation and 
Transduction 

 
Terminology: 

Ø Genetics: The study of the science of heredity and variation. It deals with the 
molecular structure and function of genes, gene behaviour, and patterns of 
inheritance from parent to offspring, and gene distribution, variation and change in 
populations. The term genetics was coined by William Bateson, in 1906. 

Ø Genome: The entire genetic material of an organism; in bacteria, usually confined 
to the chromosome.  

Ø Gene: Segment of DNA that carries codons specifying for a particular 
polypeptide.  

Ø Genotype:The precise genetic makeup of an organism that codes for its 
characteristics; the complete sequence of a cell's chromosome(s) and plasmids if 
present. 

Ø Phenotype:The observable characteristics of an organism or expressed 
manifestation of the genotype.  

 
Microbial Genetics: 

• Gene Expression 
• Gene Regulation 
• DNA Replication & Mutation 
• Mechanisms of Gene Transfer 

 
Gene Expression:  

· Gene expression is the process by which information from a gene is used in the 
synthesis of a functional gene product. These products are often proteins, via two 
main steps Transcription and translation, but in non-protein coding genes such as 
transfer RNA (tRNA) or small nuclear RNA (snRNA) genes, the product is a 
functional RNA. 

· In genetics, gene expression is the most fundamental level at which the genotype 
gives rise to the phenotype, i.e. observable trait. 

· The expression of a gene into a protein occurs by:  
ü Transcription: the process by which single-stranded mRNA is synthesised from a 

complementary DNA template is known as transcription. It involves three 
phases: initiation, elongation and termination.  

ü Translation: the process by which the message encoded in mRNA is converted 
into a sequence of amino acids is known as translation. 
 
            All hereditary properties are encoded in DNA therefore; the chromosomal 
DNA plays an important role in the maintenance of character from generation to 
generation. Genes at each cell division are replicated and a copy is transmitted to 
each daughter cell. Bacteria are haploid which means they have a single copy of 
each gene. 
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DNA Structure: 

· DNA is the basic component of gene, which carries the genetic information that is 
transcribed onto ribonucleic acid and then translated as the particular polypeptide. 

· Basic structure of DNA molecule was first described by Watson and Crick. The 
DNA is composed of two strands of complementary nucleotides wound together 
in the form of a double helix. 

· DNA (deoxyribonucleic acid) and RNA (ribonucleic acid) are polymers of 
nucleotides linked in a chain through phosphodiester bonds. In biological systems, 
they serve as information-carrying molecules. 

· Nucleotides (building blocks of nucleic acids) have a distinctive structure 
composed of three components covalently bound together: a 5-carbon sugar - 
ribose or deoxyribose , a nitrogen base : pyrimidine or purine , a phosphate group. 

· The combination of a base (purines and pyrimidines)and pentose sugars (ribose or 
deoxyribose) is called a nucleoside. 

· Each DNA strand has a backbone of deoxyribose (sugar) and phosphate group 
residues arranged alternately. It has a sugar– phosphate backbone substituted with 
purine and pyrimidine bases. It contains four nitrogenous bases, two purines 
(Adenine and Guanine), and two pyrimidines (Thymine and Cytosine). 

· The two complementary strands are held together by hydrogen bonds between the 
nitrogenous bases on the opposite strands. 

· The hydrogen bonding follows a specific binding manner in which hydrogen 
bonds are formed only between Guanine and Cytosine and between Adenine and 
Thymine. 

· Guanine and Cytosine form a complementary base pair and Adenine and Thymine 
form another base pair. 

· DNA molecule contains many units of adenine as thymine and of guanine as 
cytosine.  

· The ratio of adenine and thymine to guanine and cytosine is constant for each 
· species, but varies widely from one bacterial species to another. 
· During replication, the DNA molecule replicates, first by unwinding at one end to 

form a fork and then by separation of strands at the other end. Each strand then 
acts as a template for the synthesis of a complementary strand with which it then 
forms a double helix. 

RNA Structure: 
The structure of RNA is very similar to that of DNA except for two major differences: 

1) DNA having the sugar D-2-deoxyribose while RNA, D-ribose. 
2) RNA contains the nitrogenous base Uracil instead of Thymine that is present in 

DNA. 
On the basis of structure and function, the RNA can be of three types: 

· Messenger RNA (mRNA): an RNA molecule that is used for translation 
into a protein. Carries the gene sequence to be converted to protein. It acts 
as a template for protein synthesis.  

· Ribosomal RNA (rRNA): any of several RNAs which become part of the 
ribosome, and thus are involved in translating mRNA and synthesizing 
proteins. They are the most abundant RNA in the cell. 
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· Transfer RNA (tRNA): one of a class of rather small RNAs used by the 
cell to carry amino acids to the enzyme complex (the ribosome) which 
builds proteins, using an mRNA as a guide. Fairly abundant. 

Mutation:  
· The term “mutation” was coined by Hugo de Vries, which is derived from Latin 

word meaning “to change”. 
· Mutation is a random, undirected, and heritable changes in DNA of the cell. 
· It may occur spontaneously or be induced by exposure to a mutagen e.g. radiation 

or chemicals. 
· It can be caused by a change in base sequence of DNA due to addition, deletion, 

or substitution of one or more bases in the nucleotide sequence of DNA. 
· These changes may be harmful, beneficial, or have no effect (neutral) on the 

individual or cell. 
· It can involve any of the genes present in the bacterial chromosome. Mutation 

results in insertion of a different amino acid into a protein, resulting in the 
appearance of an altered phenotype. 

· Organisms selected as reference strains are called wild type, and their progeny 
with mutations are called mutants. 

  
Mutant: Strain carrying such a change is called as a mutant.  

Mutagenesis: The process of mutation is known as mutagenesis. 

Frequency of mutation: 
For a particular bacterial strain under defined growth conditions, the mutation rate for any 
specific gene is constant and is expressed as the probability of mutation per cell division.  
Spontaneous mutation occurs naturally about one in every million to one in every billion 
divisions. Mutation rates of individual genes in bacteria range from 10-2 to 10-10 per 
bacterium per division.  
Types of Mutation: 

1) Based on causal agent 
a) Spontaneous Mutation:  
· Occur naturally,not caused by exposure to known agent. 
· Mostly, spontaneous mutations occur during DNA replication. 

 
b) Induced Mutation:  
· Occurs when DNA exposed to mutagens: (chemical physical or biological).  

 
c) Conditional Mutations:  
· Sometimes a mutation may affect an organism in such a way that the mutant can 

survive only in certain environmental condition. 
a) * auxotrophs: mutants that cannot grow with minimal requirements. 
b) * prototrophs: mutants that can grow with minimal requirements. 
c)  *temperature sensitive mutant can survive at permissive temperature of 35oC but 

not at restrictive temperature of 39oC. 
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2) Based on extent of base pair changes: 

· Microlesion : affecting single base pairs (basically point mutations). 
· Macrolesion: involve addition, deletion, inversion or duplication of 

several base pairs. 
·  

3) Based on ways in which the structure of the genetic material may change: 
 

· Point mutations: The sequence of the DNA has been altered at a single position. 
Where this change consists of replacing one nucleotide by another, it is known as 
a base substitution. Base substitution in DNA sequence does cause a change in 
the activity of the end product. 
 

§ Transition : If one purine replaces other purine [Adenine (A) to Guanine (G) or 
Guanine (G) to Adenine (A)] or one pyrimidine replaces other pyrimidine 
[Thymine(T) to Cytosine (C) or Cytosine (C) to Thymine(T)] is replaced by the 
other, the substitution is known as transition. 
 

§ Transversion: If a purine is replaced by a pyrimidine or vice-versa (Adenine (A 
)or Guanine (G)  by Thymine(T) or Cytosine (C); Thymine(T)  or Cytosine (C)  
by Adenine (A ) or Guanine (G), the substitution is called a transversion.  

 
 

1. Mutation due to base substitution: 
This type of mutation occurs when one base in the nucleotide sequence is inserted in 
place of another. This occurs during replication of DNA either due to an error in the 
function of DNA polymerase or due to a mutagen that alters the hydrogen bonding of the 
base being used as a template in such a manner that the wrong base is inserted.  
 
Types of base substitution mutation:  

A. Mis-sense mutation: Mis-sense mutations are DNA mutations which lead to 
changes in the amino acid sequence (one wrong codon and one wrong amino acid) 
of the protein product. This could be caused by a single point mutation or a series 
of mutations.It may affect protein function severely, mildly, or not at all e.g. 
Sickle cell anaemia. 

B. Nonsense mutation: Mutation in which the base substitution produces a terminal 
codon that stops synthesis of protein prematurely. Entire protein function is 
destroyed during the process of nonsense mutation.e.g. A factor XI deficiency is a 
nonsense mutation changing glutamic acid to a“stop”short protein cannot function 
in clotting. 

C. Silent (neutral) mutation : Sometimes a single substitution mutation change in 
the DNA base sequence results in a new codon still coding for the same amino 
acid. Since, change in DNA sequence cause no change in the product activity, 
such mutations are called silent (neutral) mutation. 
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2. Frame-shift mutation: 
· Frameshift mutations involve the addition or deletion of one or more base pairs 

causing a shift in the “reading frame” of the gene. This causes a reading frame 
shift and all of the codons and all of the amino acids after that mutation are 
usually wrong. Since the addition of amino acids to the protein chain is 
determined by the three base codons, when the overall sequence of the gene is 
altered, the amino acid sequence may be altered as well. This type of mutation 
results in production of an inactive protein. e.g. Huntington’s Disease. 

3. Mutation due to transposons or insertion sequence: 
· Mutation that occurs when transposons (jumping genes)or insertion sequences are 

integrated into the DNA. These newly inserted pieces of DNA cause profound 
changes in the gene into which they are inserted and also causes changes in the 
adjacent genes. 

Mutagen: An agent that causes a mutation is a mutagen. It is a physical, chemical or  
biological agent that changes the genetic material, usually DNA, of an organism and thus 
increases the frequency of mutations. It may acts directly on the DNA, causing direct 
damage to the DNA, and result in replication error.  

Types of mutagens: 

1) Physical mutagens: Ionizing radiations such as X-rays, gamma rays and 
ultraviolet radiations 

· X-rays: X-rays damage DNA by: 
· producing free radicals that can attack the bases or alter them in the strand, 

thereby changing their hydrogen bonding.  
· breaking the covalent bonds that hold the ribose phosphate together. 
· Ultraviolet light: Ultraviolet radiation causes damage in DNA by : 
· cross- linking of the adjacent pyrimidine bases to form dimers. results in the 

inability of DNA to replicate properly. 
 

2) Chemical mutagens: 
· Various chemicals like nitrous acid(which alters adenine to pair with cytosine 

instead of thymine), alkylating agents, benzpyrene, acridine dyes and base 
analogs, such as 5-bromouracil cause mutation. 

3) Biological mutagens: Transposons,Viruses 
· Bacterial viruses (bacteriophage) can cause a high frequency of mutation by 

inserting their DNA into the bacterial chromosome. Mutations can occur in 
various genes as viral DNA can insert bacterial chromosome at many different 
sites. The mutations caused by these viruses may be either frame-shift mutations 
or deletions. 
 

Significance of mutation: 

· Mutation in a gene can help in identifying the function of that gene. 
· Mutations can be induced at a desired region to create a suitable mutant, 

especially to produce vaccines. 
· Spontaneous mutations can result in emergence of antibiotic resistance in 

bacteria. 
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· Mutations can result in change in phenotype such as appearance of novel 
surface antigen, alternation in physiological properties, change in colony 
morphology, nutritional requirements, biochemical reactions, growth 
characteristics, virulence and host range. 

 
Plasmids: 

· Plasmids are non essential ,extra chromosomal elements found inside a bacterium. 
· A bacterium can have no plasmids at all or have many plasmids (20-30) or 

multiple copies of a plasmid.  
· They are usually much smaller than the bacterial chromosome, varying from less 

than 5 to more than several 100 kb.  
· Plasmids are circular, double stranded DNA molecules and are capable of 

replicating independently of the bacterial chromosomes and are inherited regularly 
by the daughter cells. 

· can also be present as integrated with bacterial chromosomes, and plasmids 
integrated with host chromosome are known as episomes. 

· Plasmids are present in both Gram-positive and Gram-negative bacteria. 
 
 
 
Types of plasmids: 
1. Transmissible plasmids: can be transferred from cell to cell by a process of genetic 
transfer known as conjugation. 
2. Nontransmissible plasmids: cannot be transferred from cell to cell, because they do 
not contain the transfer genes.  
 
Type of plasmid Function 
Fertility (F)plasmids conjugation and result in the expression of sex Pilli 
Resistance (R) plasmids resistance to Antibiotics 
Col plasmids contain genes that code for bacteriocins, proteins that 

can kill other bacteria. 
Degradative plasmids enable the digestion of unusual substances, e.g. toluene 

and salicylic acid 
Virulence plasmids which turn the bacterium into a pathogen 

 
Application of plasmids: 

1. Used in genetic engineering as vectors. 
 
 
 

Genetic recombination:  

· is the regrouping of genes, in such a way that native and foreign (new) DNA 
segments that are homologous are edited and combined. Progeny from 
recombination have combinations of genes different from those that are present in 
the parents. In bacterial recombination the cells do not fuse and usually only a 
portion of the chromosome from the donor cell (male) is transferred to the 
recipient cell (female). 
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ü Homologous recombination:  
· Homologous recombination takes place between two pieces of DNA showing 

extensive homologous regions. This results in pairing up and exchange of pieces 
by the processes of breakage and reunion.  

 

 

 

ü Site Specific non-homologous (illegitimate) Recombination: 
· The non-homologous recombination takes place between two pieces of DNA 

showing little or no homology. 
· important in integration of viral genomes into bacterial chromosomes. 

Gene transfer: 

ü Vertical Gene Transfer: Transmission of genetic material from parents to 
offspring during reproduction.  

ü Horizontal Gene Transfer: Transmission of DNA from one microbe to another 
in the same generation between different species. 

            The genetic information can be transferred from one bacterium to another by three  
mechanisms: 

1) Transformation: Transfer of cell–free or ‘Naked’ DNA from one cell to another. 
2) Conjugation: DNA transfer during cell-to-cell contact, by means of conjugation 

tube. 
3) Transduction: bacterial DNA transfer by viruses (bacteriophage). 

1.Transformation: 
· Transformation is a process of the transfer of free and naked DNA itself from one 

bacterium to another. 
· This may occur either naturally or artificially (in laboratory). In nature, DNA is 

released from a bacterium by lysis, which may be taken up by recipient bacterium 
that must be competent while, in laboratory conditions, DNA may be extracted 
from one type of bacterium and introduced into genetically different bacteria. The 
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cell walls of bacteria in vitro are made more permeable for DNA uptake by using 
substances, such as calcium chloride. 

· It was the first example of genetic exchange in bacteria to have been discovered.  
· Transformation was first demonstrated in an experiment conducted by Griffith in 

1928. The presence of a capsule around some strains of pneumococci gives the 
colonies a glistening, smooth (S) appearance while pneumococci lacking capsules 
have produce rough (R) colonies. Strains of pneumococci with a capsule (type I) 
are virulent and can kill a mouse whereas strains lacking it (type II) are harmless. 
Griffith found that mice died when they were injected with a mixture of live non 
capsulated (R, type II) strains and heat killed capsulated (S, type I) strains. Neither 
of the mice died when injected separately with a live, noncapsulated 
Pneumococcus(nonvirulent) and heat-killed, capsulated Pneumococcus 
(nonvirulent), but the mice died when they were injected with a mixture of both 
these strains.Live S strains with capsule were isolated from the blood of the dead 
mice which were virulent. He demonstrated that some factor in heat-killed, 
capsulated pneumococci had transferred the material for capsule synthesis in the 
noncapsulated strains of the bacteria, making them virulent.  
 
 

Organisms injected                                                                         Results 

Living encapsulated cells, Smooth (S)                                       Mouse dies 

Living non encapsulated cells, Rough (R)                                      Mouse dies 

Heat killed encapsulated cells, Smooth (S)                                    No effect 

Heat killed encapsulated cells, Smooth (S) 
                          +                                                                                Mouse dies 

Living non encapsulated cells, Rough (R)    

Griffith’s experiment 

 

· Later, McLeod and McCarthy in 1944 demonstrated that DNA extracted from 
encapsulated, smooth pneumococci could transform nonencapsulated, rough 
pneumococci into capsulated, smooth organisms.They demonstrated the 
transforming principle of DNA. The experimental use of transformation was the 
first experiment to reveal important information about DNA and was the first 
example of genetic exchange in bacteria and also established the role of DNA as 
the hereditary material of the bacterial cell. 

· Transformation occurs naturally in many bacteria (e.g. Bacillus, Streptomyces, 
Haemophillus influenza, Neisseria and Pneumococcus) although competence 
(ability to take up exogenous DNA) is usually transient, being associated with a 
particular physiological state and requiring the expression of specific competence 
factors. While in other species of bacteria, including E. coli, a state of competence 
can be induced artificially this allows DNA uptake; and facilitated the use of E. 
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coli for molecular cloning. Competence refers to the state of being able to take up 
exogenous DNA from the environment. A cell that is proficient to take up DNA is 
described as competent. 

· Random process, any portion of the genome may be transferred. 
· Some bacteria are able to take up DNA naturally. However, these bacteria only 

take up DNA at a particular time (log phase/exponential phase) in their growth 
cycle, when they produce a specific protein called a competence factor.  

· Can occur with plasmids (laboratory) or DNA fragments (naturally)        
· Works best when donor and recipient are closely related, ie. similar DNA. 
· Bacteria can be transformed with DNA extracted from a bacterial virus rather than 

from another bacterium. This process is known as transfection. 
 

 

 
Steps involved in transformation are: 
 

1) First donor bacterium dies and is degraded. 
2) Fragment of DNA (usually about 20 genes long) from the dead donor bacterium 

binds to DNA binding proteins on the cell wall of a living recipient bacterium 
(competent). 

3) Nuclease enzymes then cut the bound DNA into fragments. 
4) One strand is destroyed and the other penetrates the recipient bacterium. 
5) Rec A protein promotes genetic exchange between a fragment of the donor's DNA 

and the recipient's DNA. 
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6) If the cell is to become transformed in a stable manner, the new DNA has to be 
replicated and inherited. 

7) Uptake of DNA by Gram positive and Gram negative bacteria differs:In Gram 
positive bacteria ,the DNA is taken up as a single stranded molecule and the 
complementary strand is made in the recipient. While,in Gram negative bacteria 
double stranded DNA is taken up. 

 
Significance:  

1) Transformation occurs in nature and it can lead to increased virulence.  
2) Transformation is widely used in recombinant DNA technology. 

 

2.Conjugation: 
· Joshua Lederberg and Edward Tatum in 1946 discovered that some bacteria can 

transfer genetic information to other bacteria through a process known as 
conjugation.  

· Conjugation is a process of transfer of DNA from a living donor bacterium to the 
recipient bacterium during the mating of two bacterial cells.  

· In conjugation, direct contact between the donor and recipient bacteria leads to 
formation of a cytoplasmic bridge between them and transfer of part or all of the 
donor genome to the recipient. 

·  Conjugation takes place between two closely related species and occurs mostly in 
Gram negative bacteria but can also occurs in Gram-positive bacteria. 

· Conjugation involves the transfer of plasmids from donor bacterium to recipient 
bacterium. Plasmid transfer in Gram-negative bacteria occurs only between strains 
of the same species or closely related species.  

· Some plasmids are designated as F factor (F plasmid, fertility factor or sex factor) 
because they carry genes that mediate their own transfer. The F factor can 
replicate autonomously in the cell. These genes code for the production of the sex 
pilus and enzymes necessary for conjugation.  

· Cells possessing F plasmids are F+ (male) and act as donors. Those cells lacking 
this plasmid are F- (female) and act as recipient.  

· All those plasmids, which confer on their host cells to act as donors in conjugation 
are called transfer factor. 

· Each Gram negative F+ bacterium has 1 to 3 sex pili that bind to a specific outer 
membrane protein on recipient bacteria to initiate mating.  

· The sex pilus then retracts, bringing the two bacteria in contact and the two cells 
become bound together at a point of direct envelope-to-envelope contact 

· In Gram-positive bacteria sticky surface molecules are produced which bring the 
two bacteria into contact. Gram-positive donor bacteria produce adhesins that 
cause them to aggregate with recipient cells, but sex pili are not involved. 

· Conjugation is mostly demonstrated amongst members of the Enterobacteriaceae 
and other Gram-negative bacteria (such as Vibrios and Pseudomonads). 

· Several genera of Gram-positive bacteria (Streptomyces species, lactic 
streptococci) also possess conjugation systems. Gram positive donor bacteria 
produce adhesions that cause them to aggregate with recipient cells, but sex pili 
are not involved. In some Streptococcus spp., recipient bacteria produce 
extracellular sex pheromones that facilitate conjugation. 
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F+ conjugation: 

· This results in the transfer of an F+ plasmid (coding only for a sex pilus) but not 
chromosomal DNA from a donor bacterium( male) to a recipient bacterium 
(female).  

· This is followed by an enzymatic cleavage of the F factor DNA  and two strands 
of the plasmid separate .In which One strand enters the recipient bacterium 
progressing in the 5' to 3' direction through the conjugation bridge while other 
strand remains in the donor.  

· The complementary strands are synthesized in both donor and recipient cells.  
· The synthesis of the complementary strand to form a double-stranded F-factor 

plasmid in both the donor and recipient cells completes the process of conjugation. 
· The recipient cell then becomes F+male that is capable to make sex pilus and 

transmitting to other F-cells. 
· During conjugation, no cytoplasm or cell material except DNA passes from donor 

to recipient. The mating pairs can be separated by shear forces and conjugation 
can be interrupted. Consequently, the mating pairs remain associated for only a 
short time. After conjugation, the cells break apart. Following successful 
conjugation the recipient becomes F+ and the donor remains F+. 
This involves the transfer of plasmid DNA, although with some organisms 
chromosomal transfer can also occur. As with other modes of gene transfer in 
bacteria. Conjugation with an Hfr cell results in transfer of chromosomal genes. 
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High-frequency recombination (Hfr):  

· Plasmids may integrate into the bacterial chromosome by a recombination event 
depending upon the extent of DNA homology between the two.  

· After integration, both plasmid and chromosome will replicate as a single unit. A 
· Plasmid that is capable of integrating into the chromosome is called an episome. If 

the F plasmid is integrated into the chromosome it is called an Hfr cell (they are 
able to transfer chromosomal genes to recipient cells with high frequency). 

· After integration, both chromosome and plasmid can be conjugally transferred to a 
recipient cell.  

· The DNA is nicked at the origin of transfer and is replicated. One DNA strand 
begins to passes through a cytoplasmic bridge to the F- cell, where its 
complementary strand is synthesized. Along with the portion of integrated 
plasmid, the chromosome is also transmitted to the F- cell. The bacterial 
connection usually breaks before the transfer of the entire chromosome is 
completed so the remainder of the F+ plasmid rarely enters the recipient. Usually 
only a part of the Hfr chromosome as well as the plasmid is transferred during 
conjugation and the recipient cell does not receive complete F factor. After 
conjugation the Hfr cell remains Hfr but the F- cell does not become F+ and 
continues to remain F-.However the transferred chromosome fragment recombines 
with the chromosome of F- cell thereby transferring some new property to the 
recipient cell. 
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· The integration of episome into the chromosome is not stable and the episomes are 
known to revert back to free state. While doing so, the episomes sometimes carry 
fragments of chromosomal genes along with it. Such an F factor that incorporates 

· Some chromosomal genes is called F prime (F') factor. When such a F' cell mates 
with F- recipient cell, it not only transfers the F factor but also the host genes that 
it carried with it. This process of transfer of chromosomal genes along with F 
factor is known is sexduction. 

 

 

Significance:  

· Among the Gram negative bacteria this is the major way that bacterial genes are 
transferred.  

· Enables the transmission of plasmids from one strain to another.  
· Since conjugation is not necessarily confined to members of the same species, this 

provides a route for genetic information to flow across wide taxonomic boundaries 
3. Transduction: 

· Discovered by Norton Zinder and Joshua Lederberg in 1952. 
· Bacteriophage is viruse that parasitize bacteria and use their machinery for their 

own replication.  
· Transfer of a portion of DNA from one bacterium to another mediated by a 

bacteriophage is known as transduction. 
· During the process of replication of virus within the host bacterial cell, a piece of 

bacterial DNA or plasmid is erroneously packaged into the bacteriophage capsid. 
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Thus newer progeny of phages may contain fragments of host chromosome along 
with their own DNA or entirely host chromosome. 

· When such phage infects another bacterium, the bacterial chromosome in the 
phage also gets transferred to the new bacterium. This fragment may undergo 
recombination with the host chromosome and confer new property to the 
bacterium. 

· Life cycle of bacteriophage may either by lytic or lysogenic.  
1) Lytic cycle: the parasitized bacterial cell is killed with the release of mature 

phages 
2) Lysogenic cycle: phage DNA gets integrates into the bacterial chromosome as 

prophage within the recipient bacterial cell.  
 

 

  
Steps involved in the process of transduction:  

· Lytic bacteriophage adsorbs to a susceptible bacterium. 
· Bacteriophage genome enters the bacterium.  
· Phage DNA directs the bacterium's metabolic machinery to manufacture 

bacteriophage components and enzymes. 
· Occasionally during maturation, a fragment of donor bacterium's chromosome or 

a plasmid instead of a phage genome incorporated in a bacteriophage capsid 
erroneously. 

· Bacteriophages are released with the lysis of bacterium. 
· Then bacteriophage carrying the donor bacterium's DNA adsorbs to another 

recipient bacterium and a new cycle of infection starts. 
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· Bacteriophage inserts the donor bacterium's DNA it is carrying into the recipient 
bacterium. 

· The donor bacterium's DNA is exchanged by recombination for some of the 
recipient's DNA. 

· In case of temperate phages that undergo lysogenic cycle, the phage DNA gets 
incorporated into the bacterium chromosome.This is known as a prophage and it 
behaves as if it were a part of bacterial chromosome. This process is known as 
lysogenic conversion and the bacteria are called lysogenic bacteria. The genes 
present in the phage DNA also get expressed in the bacterium. 

· Prophage sometimes disassociates itself from the host chromosome during 
multiplication of lysogenic bacteria, and in doing so; it sometimes carries along 
with itself fragments of bacterial chromosome. The separated prophage then 
initiates lytic cycle and the subsequent phage progeny may have a piece of 
chromosomal DNA. When such phage infects another bacterium, newer 
characteristics coded by that chromosomal gene are conferred. 

 
Two types of transduction: 
 
1.Generalized transduction: can transfer any bacterial gene to the recipient. This 
process may occur with phages (lytic phages) that degrade their host DNA into pieces the 
size of viral genomes. If these pieces are erroneously packaged into phage particles, they 
can be delivered to another bacterium in the next phage infection cycle. Each part of the 
bacterial genome has approximately the same probability of being transferred from donor 
to recipient bacteria. 
Generalized transduction may be complete or abortive: 
■ Complete transduction: is characterized by production of stable recombinants that 
inherit donor genes and retain the ability to express them. 
■ Abortive transduction: refers to the transient expression of one or more donor genes 
without formation of recombinant progeny.  
e.g. Phages P22 of Salmonella typhimurium and P1 and µ of E. coli carry out generalized 
transduction. 
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2. Specialized (or restricted) transduction: In restricted transduction only those 
chromosomal genes that lie adjacent to the prophage are transmitted. The lambda 
phage that infects E.coli always transfers gal+ gene (responsible for galactose 
fermentation). 
 

 
 
 
 

-----------------------X------------------ 



Role of microbes in soil fertility and 
crop production:

Carbon ,Nitrogen, Phosphorus and 
Sulphur cycle



Nitrogen cycle

• Nitrogen occurs in several "oxidation states. These forms vary
greatly not only in their characteristics from the proteins to
gaseous ammonia but also in the way they behave.

• Different forms of nitrogen are present in environment, mainly
because it readily shifts from one form to another

Different forms of nitrogen:

• Organic forms of nitrogen found in compounds such as amino
acids, proteins and more resistant nitrogen compounds like
humus or in the intermediate products of organic matter
decomposition etc.

• Inorganic forms of nitrogen include ammonium (NH4
+), ammonia

(NH3), nitrate (NO3
-), and nitrite (NO2

-) etc. Inorganic forms of
nitrogen are usually the "available" forms that plants and
microorganisms can utilize.



• Inorganic forms of nitrogen (like NO3
-, NH4

+, and N2 etc.) can be
converted to organic nitrogen by plants and microorganisms
while, organic nitrogen can be converted back to inorganic forms
as the organic compounds decompose.

• Nitrogen can also shift between the inorganic forms (e.g. NH3 to
NH4

+ or NO3
- to N2).These changes occur as nature attempts to

establish equilibrium among the different forms as the
environmental conditions change.

• Nitrogen in the soil interacts with the atmosphere, soil particles,
soil solution, microorganisms, and plants. If a source of nitrogen is
added to soil or environmental conditions (such as temperature
and moisture) changed, it will disturb the equilibrium and
resulting in nitrogen transformations.

• Since, environmental conditions are constantly changing, these
transformations are constantly occurring. This continual
movement of nitrogen from one form to another is known as
the "nitrogen cycle."The nitrogen cycle both affects and is
affected by living organisms.



• Nitrogen cycling is a relationship involving gains,
losses and transformations of N among pools in the
soil.

✓Gains/addition: Chemical fertilizers, Organic
residues, FYM, Compost, Acid Rain, Electrical
discharge,Fixation etc.

✓ Transformations: Mineralization, Ammonification,
Nitrification, Immobilization, Ammonium fixation etc.

✓ Losses: Denitrification, Volatalization, Leaching and
Crop removal etc.



Nitrogen cycle



Nitrogen cycle consists of the following processes:

1. Nitrogen fixation:

Conversion of free atmospheric nitrogen into the
biologically acceptable form or nitrogenous compounds
is known as nitrogen fixation.

Types:

a) Physico-chemical nitrogen fixation

b) Industrial/chemical fixation of nitrogen

c) Biological nitrogen fixation



a) Physico-chemical nitrogen fixation: Atmospheric nitrogen
combines with oxygen during lightning or electrical discharges
in the clouds and produces nitrogen oxides. The nitrogen
oxides get dissolved in rain water and reaching on earth.
During various types of combustion, some of the nitrogenous
compounds are formed which are washed down along with
rain water.

b) Industrial/chemical fixation : At high pressure and
temperature, nitrogen and hydrogen gases react to form
ammonia. In these process large amounts of energy is used to
“fix” the N2 gas into ammonium.

c) Biological nitrogen fixation: This is the assimilation of
elemental nitrogen (N2) by prokaryotes and this ability
possessed by only a few bacteria and certain blue-green algae.
In the process of biological nitrogen fixation (symbiotic,
asymbiotic and associative) nitrogen is converted to
ammonium, then to amino acids, and finally to cell protein; on
death of the cell this reenters the cycle and is subject to
ammonification. Example: Rhizobium-legume symbiosis,
Azotobacter and Azospirillum etc.



2.Nitrogen mineralization: Conversion of organic form of nitrogen to the
inorganic nitrogen is known as nitrogen mineralization. As a
consequence of mineralization NH4

+ and NO3
- are generated and organic

nitrogen disappears.
Process of mineralization includes:
a) Ammonification: It is the process of mineralization in which proteins,

nucleic acids and other organic compounds are degraded by micro
organisms with the eventual liberation of ammonia. This process is
known as ammonification. Part of the liberated ammonia is assimilated
by the micro organism themselves. The first step in ammonification
process is the hydrolysis of proteins, nucleic acids and other organic
nitrogenous compounds into amino acids. The amino compounds are
then deaminated to yield ammonia. Ammonification usually occurs
under aerobic conditions while under anaerobic conditions protein
decomposition leads to conversion of ammonia into amines and
related compounds. The anaerobic decomposition of protein called as
‘putrefaction’. These amines are subsequently oxidized in the
presence of O2 to release ammonia. Break down of nitrogenous
compounds is brought about by the activity of a multitude of microbial
species. Variety of bacteria, actinomycetes and fungi can bring about
proteolysis and the amino acids produced are utilized for the growth of
these organisms.



b) Nitrification: The biological oxidation of ammonium (in soil) to
nitrites and the subsequent oxidation of nitrites to nitrates is
known as nitrification.

Nitrification occurs in two steps:
i. NH4

+ + 1½ O2 → NO2
- + H2O + 2H+ + 66 kcal mediated by

Nitrosomonas
ii. NO2

- + ½ O2 → NO3
- + 18 kcal mediated by Nitrobacter

• This change is brought about by chemoautotrophic aerobic
bacteria of the genera Nitrosomonas, and other are
Nitrosolobus, Nitrosococus, Nitrosospira Nitrosocystis and
Nitrosogloea etc.

• These bacteria are capable to synthesize all their enzyme
requirements from inorganic salts. Nitrosomonas obtain its
energy by the oxidation of NH4

+ to NO2
- and Nitrobacter by

oxidation of NO2
- to NO3

-. Microorganisms involved in the process
of nitrification are known as nitrifiers. Among the nitrifiers
Nitrosomonas and Nitrobacter, are most important in soils. Some
heterotrophs are also involved in nitrification like Streptomyces,
Nocardia etc.



3. Nitrogen immobilization: Process of conversion of
inorganic form of nitrogen to organic nitrogen, as
microorganisms incorporate N into their cell structures
or soil humus during the decomposition process. The
carbon-to-nitrogen (C: N) ratio is often used as an
indication of whether mineralization or immobilization
will occur.

• The C: N ratio is the total concentration of C divided by
the total concentration of N in the material.

✓When C: N ratio is greater than 30:1, then
immobilization is highly likely to occur.

✓When the C:N ratio is below 20:1, N mineralization is
likely to occur.

✓When the C:N ratio is between 20-30:1, both
mineralization and immobilization may occur but they
will generally balance.



4. Denitrification: The conversion of nitrate and nitrite
into molecular N2 or nitrous oxide through microbial
processes is known as denitrification. Denitrification is
carried out by numerous species of bacteria, which
normally use O2 as hydrogen acceptor (aerobically) and,
also have the ability to use nitrates and nitrites in place
of oxygen (anaerobically).The anaerobic conversion of
nitrate into molecular nitrogen is known as nitrate
respiration. Microorganisms involved in the process of
denitrification are known as denitrifiers. Bacteria which
bring about denitrification are Pseudomonas,
Achromobacter, Bacillus and Micrococcus etc. Out of
these Pseudomonas and Achromobacter are the
predominant ones in soil.



Biochemical reactions may be summarized as:

2NO-
3 +10 H → N2 + 4H2O+ 2OH-

(or)

2NO-
2 +6 H → N2 +2H2O +2OH-

(or)

N2O + 2H → N2 + H2O

Many soil bacteria like Thiobacillus denitrificans are known
to oxidize sulphur chemoautotrophically and also reduce
nitrate to nitrogen.

Biochemical reaction may be summarized as:

5S + 6 KNO3 + 2 H2O → 3N2 + K2SO4 + 4KHSO4

(or)

5 K2S2O3 + 8 KNO3 + H2O → 4N2 + 9 K2SO4 + H2SO4



General pathway of denitrification:

Nitrate is first reduced to nitrite, which is then
transformed to nitrous oxide(NO).The nitrous oxide is
then converted to N2 with N2O as an intermediate.

1 2 3 4

2 HNO3 → 2HNO2 → 2 NO → N2O → N2

Enzymes involved in the process of denitrification are:

1. Nitrate reductase, 2. Nitrite reductase,3. Nitric oxide
reductase, 4. Nitrous oxide reductase



5. Leaching: Nitrate form of nitrogen is highly soluble in
water and is also lost from soil through leaching.

• It is one of the nitrogen loss extended to 20 to 50 % of
the fertilizer nitrogen supplied to cultivated soils.

• Leaching is a more serious problem in highly permeable
sandy soils than in clayey soils.

• The magnitude of nitrate loss through leaching depends
on the amount and intensity of the rainfall or irrigation
water and the amount of nitrate present in the soil.

Nitrate loss through leaching is of concern for two
important reasons:

✓Nitrate below the root zone is no longer available for
plant use.

✓ Excess nitrogen leaching may result in the deterioration
of drinking water sources and wildlife habitat.



6. Ammonia volatilization: Many commercial
nitrogenous fertilizers such as urea or ammonical
fertilizers, if not applied properly then a significant
amount of nitrogen can be lost through the process
of volatilization.

• Under alkaline pH conditions (pH > 7), a percentage
of the ammonium (NH4

+)can be converted to
ammonia gas (NH3) and escape to the atmosphere.

• In addition to high soil pH, low buffering capacity,
soil temperature, excessive soil moisture and strong
winds will contribute to such loss. Extent of nitrogen
loss as ammonia often estimated as 5 to 20 % of
applied fertilizer N.



7. Ammonium Fixation: When soils are rich in 2:1 type clay
minerals ammonium get fixed and become unavailable to
plants.

8. Nitrogen uptake by plant: Inorganic form of nitrogen like
nitrates, nitrites and ammonium is absorbed by the green
plants and converted into nitrogenous organic compounds
(proteins, enzymes, chlorophylls, nucleic acids, etc.).

• Crop N uptake varies widely, depending on crop type,
growing conditions (moisture and temperature), and
management practices etc.

• Assimilation of ammonium and nitrate, and their
conversion to protein by plants completes the nitrogen
cycle. Animals derive their nitrogen requirement from the
plant proteins.

------X--------



Phosphorus cycle

• Phosphorus is found in soil, plants, and in
microorganisms in a number of organic and inorganic
compounds.

• Phosphorus is only second to nitrogen as an inorganic
nutrient required by both plants and micro organisms.
It has major physiological role in the accumulation and
release of energy during cellular metabolism.

• Phosphorus is a component of nucleic acid, found in
the biomolecules like DNA, RNA, ATP, NADP and
phospholipid molecules of living organisms.

• This element may be added to soil in the chemical
fertilizers, leaf litters, plant residues or animal remains
etc. It occupies a critical position in plant growth and
biology of soil.



Phosphorus cycle

*m: mineralization,i: immobilization



• Both inorganic and organic phosphates occur in soil .
• Inorganic forms are compounds of Ca-P, Fe-P and Al-P.
• Organic phosphorus containing compounds are derived

from plants and microorganisms and are composed of
nucleic acids, phospholipids, and phytin.

• Organic matter derived from dead and decaying plant
debris is rich in organic sources of phosphorus.

• The deficiency of phosphorus may occur in crop plants
growing in soils containing adequate phosphates .This
may be partly due to the fact that plants are able to
absorb phosphorus only in an available form. Soil
phosphates are rendered available either by plant roots
or soil microorganisms through secretion of organic
acids. Therefore, phosphates dissolving soil micro
organisms play some part in correcting phosphorus
deficiency of crop plants .



Effect of PH on P-fixation/solubilization



• They may also release soluble inorganic
phosphate (H2PO4) into soil through
decomposition of phosphate-rich organic
compounds .On the other hand ,certain
microorganisms ,through assimilation ,may
immobilize available phosphates in their
cellular material.Such immobilization
processes in soil may also contribute to
phosphorus deficiency of crop plants.



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.



Transformations of phosphorus carried out by 
microorganisms:

1. Altering the solubility of inorganic compounds of
phosphorus.

2. Mineralization of organic compounds with the
release of inorganic phosphate.

3. Converting the inorganic, available anion into cell
components, an immobilization process (analogous
to that occurring with nitrogen)

4. Bringing about an oxidation or reduction of
inorganic phosphorus compounds.

Particularly, important to phosphorus cycle in nature
are the microbial mineralization and immobilization
reactions.



1. Solubilization of inorganic phosphorus:

• Solubilization of phosphates by plant roots and
microorganisms is dependent on soil pH.

• In neutral and alkaline soils, phosphorus is
precipitated as Ca-P while, in acid soils in the form of
Fe-P or Al-P compounds which are insoluble in
nature.

• Insoluble inorganic compounds of phosphorus are
largely unavailable to plants, but certain
microorganisms (e.g. Pseudomonas,Mycobacterium,
Micrococcus Bacillus Flavobacterium, Penicillium,
Sclerotium, Fusarium and Aspergillus etc.) can bring
the phosphate into solution.



• Microorganisms and plant roots readily dissolve
Ca-P phosphates and render them easily available
to plants in neutral to alkaline soils. On the
contrary, in acid soils ferric or aluminium
phosphates formed which are not so easily
amenable to solubilization by plant roots or by
soil microorganisms.

• Phosphate solubilizing microorganisms are
known to reduce the pH of the substrate by
secretion of a number of organic acids (e.g.
formic, acetic, propionic, lactic, glycolic, fumaric
and succinic acids etc.). Insoluble phosphates are
solubilized by the production of organic acids.



• Some of these acids(hydroxy acids) may form
chelates with cations such as Ca and Fe and such
chelation results in effective solubilization of
phosphates.

• Sometimes inorganic acids like nitric and
sulphuric acid are also responsible for
solubilization. The organic and inorganic acids
convert Ca3(PO4)2 to di and monobasic
phosphates and enhanced the availability of
phosphorus to plants.

• In USSR, that commercial production under the
name of phosphotbacterin containing bacterial
cells of Bacillus megatherium was used first time.



2. Mineralization of organic phosphorus:

• Organic form of phosphorus is the larger reservoir of P in
soil but that fraction can not be utilized by plants. With
the action of bacteria, fungi and actinomycetes, the bound
element present in remains of the vegetation and in soil
organic matter is made available to succeeding
generations of plants.

• It is a process of conversion of organic forms of
phosphorus into inorganic available forms of P.
Mineralization of phosphorus is favoured by warm
temperature, with the thermophilic range being more
favourable than mesophilic range. Shift of soil pH from
acidity to neutrality increases phosphate release. If the
quantity of substrate (i.e. presence of organic P) is more
then mineralization will also be more.



• Mineralization is mediated by the enzymes known as
phosphatases. These enzymes cleave phosphorus
from more frequently encountered organic
substrates. Phosphatases acting on phospholipids
and hydrolyzing nucleic acids have diesters as their
substrates.

• Enzyme phytase liberates phosphates from phytic
acid or its Ca-Mg salt, phytin with the accumulation
of Inositol. Microorganisms like Bacillus,
Pseudomonas, Aspergillus, Penicillium and Rhizopus
can synthesize this enzyme. Mycorrhiza is also able
to mineralize the organic forms of phosphorus and
increases phosphorus uptake by the plants.



3. Immobilization:

• Process of assimilation of phosphorus into microbial
nucleic acids, phospholipids or other protoplasmic
substances leads to the accumulation of non utilizable
forms of the phosphorus is known as immobilization.

• Phosphorus accounts for 0.5-1.0% of fungus mycelium
and 1.0 to 3.0% of the dry weight of the bacteria and
actinomycetes.

• Processes of immobilization and mineralization are
decided by C:P ratio.

• Mineralization will be the net effect when C:P ratio of
the crop remains is less than 200:1 while,
immobilization predominates during the initial stages
of decomposition when C:P ratio of added organic
matter is greater than 300:1.



4. Oxidation reduction reactions:
• Phosphorus like nitrogen, may exist in a number of

oxidation states ranging from the -3 of phosphine (PH3)
to the oxidized state,+5,of orthophosphate.

Biological oxidation of reduced phosphorus compounds:
When phosphite is added to soil then, phosphite (HPO3

- -)
is oxidized to phosphate through microbial action.
Number of hetertrophic bacteria, fungi and
actinomycetes utilize phosphite as sole P source and
oxidize phosphite to organic P compounds.
Hypophosphites (HPO2

- -) can also be oxidized to
phosphate by heterotrophs:

HPO3
- - → HPO4

- -

HPO2
- - → HPO4

- -



Reverse process (i.e. reductive pathway) :
Phosphate is reduced to phosphite and hypophosphite:

2H            2H
H3PO4→ H3PO3 → H3PO2

(+5)                         (+3) (+1)

Clostridium butyricum and E. coli form phosphite and
hypophosphite from orthophosphate.

The process is biochemically analogue to the process of
denitirification or to the bacterial conversion of sulphate
to sulphide. However by contrast with sulphate
reduction a process in which the final product is the
most reduced state of sulphur(H2S),no evidence exists
that the ultimate product of phosphate reduction is
phosphine. Only little information is available about this
process.



Mechanisms of Phosphorus solubilization(Summary)

--------------------------X----------------------------



Sulphur Cycle
• Besides nitrogen and carbon which are important

constituents of plants, microorganisms are also known to
influence the availability of sulphur in soil for absorption by
plants.

• Microorganims plays an important role in the mobilization
of sulphur in soil and affects plant nutrition. Sulphur present
in its various organic and inorganic forms is readily
metabolized in soil.

• Major reserve of this element in soil is the organic fraction
and which is only unlocked through biological
decomposition.

• Atmosphere also contains considerable amount of sulphur
from burning of coal, operations of factories and even from
microbiological action.

• The dominance of one or another transformation is
governed to a large extent by the environmental conditions
that affect the composition and activity of the microflora.



Sulphur cycle

A: Mineralization, B:Immobilization, C:Sulphur oxidation, D:Sulphate reduction



• Sulphur enters in the soil in the form of plant residues,
animal wastes, chemical fertilizers, and rain water etc.

• The element is also found as sulphide in primary
minerals.

• The inorganic component of soil sulphur is in the form of
sulphate and constitutes only a minor portion (<1/10) of
the total sulphur content of soils. The bulk of soil sulphur
is in the organic form (usually ½ to ¾) which is
metabolized by soil microorganisms to make it available in
an inorganic state for plant nutrition.

• Sulphur is bound in organic state in proteins of vegetables
and animal origin and in the protoplasm of
microorganisms, in the form of sulphur containing amino
acids (cystine and methionine) and B-vitamins etc.



• The soil organic fraction contains two groups of
characterized components, ester sulphates and amino acids.

✓ Ester sulphates are organic sulphates bearing C-O-S linkages
and such molecules accounting for 20-65% of the total S.
Compounds of this class include choline sulphate, aromatic
compounds (e.g. tyrosine-O-sulphate) and sulphate
containing polysaccharides.

✓ Amino acids which are largely bound in to proteins or other
polymers are represented by cystine or cysteine and
methionine. About 5 to 35 % of S is present in this form.

• The identity of a fourth to half of the organic sulphur in
humus remains unknown.

• Sulphates dominate the inorganic fraction when aeration is
adequate, but sulphide, elemental sulphur, thio sulphates
and tetra thionate have been found in small amounts.



Various transformations of sulphur in the biosphere can 
be summed up as a cycle involving: 

➢Decomposition of organic sulphur compounds in to
subunits which are in turn converted in to inorganic
compounds through a process of mineralization.

➢Assimilation of sulphur into the protoplasm of
microorganisms, a process referred to as
immobilization.

➢Oxidation of inorganic ions and sulphur compounds
(i.e.sulphides, thiosulphate, polythionates, and
elemental sulphur), and

➢Reduction of sulphate and other anions to sulphide.



1. Mineralization:
Sulphur is taken up by plant root system largely as SO4

- -

ions although several amino acids may be assimilated with
out prior degradation. Atmospheric SO2 supplies some of
the element as well. Since crops and other vegetation
require SO4

- - for their growth therefore mineralization of
organic sulphur plays an important role in plant nutrition.
Upon the addition of plant and animal residues in to soils
the sulphur present in these, is mineralized. The process of
conversion of organically bound sulphur to the inorganic
state is known as mineralization and is meditated by
microorganisms. A portion of the inorganic sulphur is
utilized by the microflora for cell synthesis and remainder is
escapes to the atmosphere in the form of
oxides.Aerobically the terminal inorganic product is
sulphates while, in the absence of oxygen, certain
microorganisms produce hydrogen sulphide from organic
sulphur especially in waterlogged soils.



2. Immobilization: is the process of conversion
of inorganic sulphur in to organic state.

The critical C:S ratio in carbonaceous
materials above which immobilization is
dominant to mineralization in the range of
200 to 400:1 or equivalent to 0.1 to 0.2 %S.



3. Inorganic sulphur Oxidation:
• Inorganic S compounds that are transformed biologically having

various oxidation states from -2 of sulphide to +6 of sulphate.
• All the reactions in soils are not enzymatic but the chemical

conversion rate is slow as compared to biological.
• Soil microorganisms (autotrophs or heterotrophs) are capable

of oxidizing inorganic S compounds. Bacteria capable of
oxidizing inorganic sulphur compounds could be either aerobic
or anaerobic. Their morphology varies from non-filamentous
(Thiobacillus) to filamentous forms (Baggiatoa, Thiothix and
Thioplaca). Several heterotrophic bacteria (Arthrobacter,
Bacillus, Flavobacterium and Pseudomonas etc), fungi
(Aspergillus, Penicillium, Microsporum) and actinomycetes
(Streptomyces) have also been reported to be sulphur
oxidizer.Bacteria using such molecules for energy are chiefly
members of the genus Thiobacillus. This genus having other
species (Thiobacillus thiooxidans, Thiobacillus thioparus,
Thiobacillus novellus, Thiobacillus denitrificans and Thiobacillus
ferrooxidans) also.



• Thiobacillus deserves special mention as it produces sulpuric acid when
elemental sulphur is added to soil with the result that the pH of soil
may fall as low as 2.0 after prolonged incubation with the bacterium.

• The possible role of Thiobacillius in controlling plant diseases in sulphur
amended soils has been demonstrated with regard to potato scab
caused by Streptomyces scabies and the rot of sweet potatoes caused
by Streptomyces ipomoea. Under acidic soil conditions (below pH 5.0),
inoculation of soil with thiobacilli after addition of S effectively
minimizes losses due to these pathogens.

• The application of sulphur coupled with thiobacilli inoculation has also
the potentiality of rendering alkali soils fit for cultivation of crops. The
formation of H2SO4 in soil following additions of elemental S augments
nutrient mobilization by increasing the level of soluble phosphate,
potassium, calcium, manganese, aluminium and magnesium. In fact,
manganese deficiency in soils can be corrected by sulphur applications.

• Thiobacilli can also be used in the manufacture of ‘Biosuper’ a form of
organic fertilizer in Australia. In biosuper, a mixture of rock phosphate
and sulphur is inoculated with Thiobacillus thiooxidans. The H2SO4
produced in the mixture dissolves the phosphate and thereby
enhances phosphorus nutrition of plants.



Transformations catalyzed by Thiobacilli are:

By Thiobacillus thiooxidsans and Thiobacillus novellus:
Na2 S2 O3 + 2O2+H2O               2NaHSO4

By Thiobacillus thioparus:
5Na2 S2 O3 + 4O2+H2O                 5Na2SO4+H2SO4+4S
Na2S4O6+Na2CO3+ 1/2O2 2Na2SO4 +2S+ CO2

By Thiobacillus thiooxidans:
S+1 ½ O2+H2O                       H2SO4

Thiobacillus denitrificans:
5S + 6KNO3 + 2H2O                           K2SO4+4KHSO4+3N2



Proposed pathways for oxidation of inorganic S 
by thiobacilli



4. Reduction of inorganic Sulphur compounds:
When soils become deficient in O2 as by flooding

the sulphide level increases to relatively high
concentrations. Formation of sulphide by sulphates
reduction in nature is enhanced by increasing water
levels, addition of organic materials and rising
temperatures. The process requires low oxidation
reduction potentials which are characteristic of
anaerobic conditions and is usually limited to a range
of pH (6 or above). This transformation is retarded by
the aeration and nitrate amendments.Predominant
microorganisms involved in the reduction of sulphate
are bacteria of the genus Desulfovibrio.Desulfovibrio
desulfuricans the most ubiquitous species in nature
and are non spore forming obligate anaerobes that
produce H2S from sulphate at a rapid rate.



• Other species of Deslfovibrio are also active in
inorganic sulphate reduction but the exact pathway
is not yet clearly understood.Less common group of
sulphate reducers is Desulfotomaculum.
Desulfovibrio and Desulfutomaculum use sulphates
and other forms of inorganic sulphur but not
atmosphere oxygen or organic sulphur compounds
as electron acceptors for growth. The electron
donors or energy sources for the reaction include a
number of carbohydrates, organic acids and
alcohols. Sulphate reducing bacteria i.e., those
bacteria which reduce inorganic sulphate into
hydrogen sulphide may diminish the availability of
sulphur for plant nutrition and thus influence
agricultural production. Bacillus,Pseudomonas and
Saccharomyces liberate H2S from sulphates.



Three hypothetical pathways for the metabolism sulphite are:

a) a direct reduction to yield sulphide with no free sulphur products
being formed.

b) An initial formation of thiosulphate which is then cleaved to yield
sulphide and regenerate some sulphite.

c) An initial production of trithionate which is subsequently
converted to mixture of thiosulphate and sulphite.



• Microorganisms that reduce the availability of sulphate have a
profound influence on soil fertility because they diminish the supply
of S to agricultural crops.

• Sulphate reducing bacteria have a great economic influence also.
Low concentrations of the product of their metabolism are quite
toxic to rice, citrus and other crops and trees under flooded or
waterlogged or poor drainage conditions, phytotoxicity may cause
significant economic losses. Free H2S causes roots injury but ferrous
iron that precipitates the sulphide as FeS reduces or prevent the
toxicity.H2S produced by Desulfovibrio may also cause the death of
nematodes and fungi present in waterlogged regions.

• These anaerobes may also assume prominence in saline soils of the
arid zones but when these soils become flooded as they
occasionally do, the sulphate that is reduced by the bacteria results
in the production of equivalent quantity of carbonates. The
carbonates in turn precipitate calcium as CaCO3 thereby reducing
soil salinity. S reducing bacteria also participate in the formation of
sulphur deposits.

-------------x-----------



Rhizosphere and its management



Rhizosphere

Rhizo = Rhiza = root

Sphere = field or area of influence  under the   root

• The term ‘Rhizosphere’ was introduced in 1904 by 

Hiltner to the region of the soil which is subject to the 

influence of plant roots.

• This region is influence by root exudates.

• Variable region where the root production stimulate 

microbial population and activity.



Rhizosphere 

Comprised of different zones:

❑ Endorhizosphere: 

• zone where invasion and colonization of root cortical cells by soil 
microorganisms occurs.

• multi-layered microenvironment, which includes a mucoid layer on 
the root surface, the epidermal layer of the root tissue including the 
root hairs and the cortical cells.

❑ Rhizosplane: Zone of attachment of microorganisms to plant root 
surface (external surface). is the root surface where soil particles and 
microbes adhere. It consists of epidermis, cortex and mucilaginous 
polysaccharide layer.

❑ Ectorhizosphere: outer rhizosphere, that consists of soil 
immediately adjacent to the root.

However, microbial colonization across the soil–root inter face 
is often difficult to distinguish and ,therefore, It is more reasonable 
to consider it as continuum.



Non Rhizosphere

•Zone  of the soil that are not under the influence of 

plant roots.

•It has less microbial activity.



Rhizosphere

Outer rhizosphere

500-5000 µm

Inner rhizosphere

10-500 µm

Rhizoplane

0-10 µm

Root

But defined ‘phases’ may not be helpful because of 

gradients (no sharp boundaries)



Rhizosphere zone



Rhizosphere     vs Non-rhizosphere

In the Rhizosphere:

• Greater number of bacteria, fungi and

actinomycetes etc. are present in the rhizosphere

soil than in non-rhizosphere soil.

• Greater microbiological activity in rhizosphere.

• More enhanced microbial growth.

• More soluble carbon and nutrients.



Microbial diversity in rhizosphere

• Ability to grow on both roots and residue make the

Pseudomonas to dominate in soils among the others.

Other genera of bacteria i.e., Agrobacterium,

Alcaligenes,

Arthrobacter,Azotobacter,Bacillus,Clostridium,Flavobact

erium,Mycobacterium,Cellulomonas,Micrococcus,

Rhizobium and Serratia etc. are either abundant or sparse

in the rhizosphere.

• General influence of microbes varied from beneficial to 

deleterious to near neutral in rhizosphere.



Microorganisms present in the rhizosphere: 

rhizobacteria

• Beneficial :

✓PGPR(Plant Growth Promoting Rhizobacteria)

✓NPR(Nodulation Promoting Rhizobacteria)

✓EPR(Emergence Promoting Rhizobacteria)

✓PHPR(Plant Health Promoting Rhizobacteria) 

✓YIB(Yield Increasing Bacteria)

• Deleterious:

✓DRB(Deleterious Rhizobacteria)

✓DRMO(Deleterious Rhizosphere Microorganisms)



Root exudates

• The plant roots released number of low and high molecular
weight organic substances which are easily available to
organisms.

• Most important contribution of plant is the excretion of root
exudates and sloughed off tissues as source of energy and
nutrients.

• Root exudates directly or indirectly influence the quality and
quantity of microorganisms in the root region.

• The substances exuded by plants roots include amino acids,
sugars, organic acids, vitamins, nucleotides and growth
factors, enzymes many other unidentified substances etc.

• Soil microflora is activated by growing plants and the
nutrient cycling is more rapid in the rhizosphere than in the
non- rhizosphere.



Root exudates: Substrates in rhizosphere

❑ Exudates: Low molecular weight compounds (Sugars, Amino 
acids ,Organic acids  and Vitamins etc.) that leak from the intact 
cells.

❑ Secretions: Compounds that are actively released from the root 
cells.

❑ Plant mucilage: released from various root parts.

▪ By golgi bodies of the root cap cells

▪ Hydrolyates of the primary cell wall between the root cap and 
epidermis.

▪ Secretions from epidermal cells and root hairs with primary walls 
and compounds resulting from the microbial degradation and 
modification of dead epidermal cells.

❑ Mucigel: Gelatinous material on the root surface composed of 
plant mucilage, bacterial cells, metabolic products, colloidal 
organic and mineral materials.

❑ Lysate: Material released through the lysis of older epidermal 
cells.



❑ Plant species and  age

❑ Soil properties

❑ Nutritional status of the plant

❑ Temperature

❑ Light intensity and duration

❑ Presence of microorganisms etc.

Extent of carbon loss from the roots – Rhizodeposition

• Plays a significant role in the rhizosphere effect.

• Not all compounds are released at one stage of plant growth and

development but during the complete cycle from seed emergence to

senescence.

Nature and amounts of substances exuded are 

dependent on



• Provides energy for microbes.

• Attract greater number of microorganisms.

• Keep the soil around the root moist.

• Change the chemical properties of the soil around the

root.

• Defend the rhizosphere and root against pathogenic

microorganism.

• Inhibit the growth of competing plant species.

• Serve as chemo attractants for rhizospheric bacteria e.g.

attraction of Azospirillum by Benzoate.

• Flavonoids released by roots are important signals to

microbes that form nodules and later reduce fee nitrogen.

Importance of Root Exudates



Rhizosphere effect indicates the overall influence of plant 

roots  on soil microorganisms. 

Factors affecting  the rhizosphere effect are:

•Plant species 

•Plant age 

•Soil type

•Soil moisture

•Soil pH 

•Soil temperature

•Cultural and environmental conditions etc.

Rhizosphere Effect 



R:S ratio
•Katzenelson (1965) suggested rhizosphere : non-

rhizosphere ratio of the population to find out the degree of

influence of plant roots on soil microorganisms.

•It is defined as the ratio of microbial numbers per unit

weight of rhizosphere soil (R) to the numbers in a unit

weight of the adjacent non- rhizosphere soil (S).

•Greater rhizosphere effect is seen with bacteria (R:S values

ranging from 10 to 20 or sometimes more) than with

actinomycetes or fungi.

•Only negligible changes are noted with regard to protozoa

and algae.



Role of rhizospheric microorganisms 

Direct effects

➢ Biological Nitrogen Fixation

➢ Nitrification and Denitrification

➢ Solubilization of inorganic Phosphorus, 

Phosphorus uptake

➢ Organic matter transformations

➢ Mineralization and immobilization of 

nutrients

➢ Improve the availability of Potassium

➢ Oxidation-reduction of Sulfur 

➢ Promotion of  plant growth 

➢ Transformation of other elements

➢ Production of soil enzymes etc.

Indirect effects  
I

➢ Degradation of toxic compounds

➢ Change  in morphology of roots

➢ Provide defense against plant 

pathogens

➢ Provide resistance against abiotic 

stresses etc.



▪ Removing hydrogen sulfide, which is toxic to the plant roots.

▪ Increasing solubilization of mineral nutrients needed by the plant

for growth.

▪ Synthesizing vitamins, amino acids, auxins gibberellins and

certain growth promoting substances etc. that stimulate plant

growth.

▪ Antagonizing potential plant pathogens through competition with

pathogens for essential nutrients and the through the production of

antibiotics and HCN.

▪ Production of soil enzymes e.g. Hydrolases , Lyases, Cellulases,

Dehydrogenases, Ureases ,Phosphatases and Sulfatases etc.

▪ Production of metal chelating compounds.

Beneficial effects of rhizospheric microorganisms on plant



Associative and Antagonistic activities in the rhizosphere

• Dependence of one microorganisms on another for extracellular

products like amino acids and growth promoting factors, etc.

known as an associative effect. e.g. Gibberellins and gibberellin

like substances are known to be produced by bacteria (Azotobacter,

Arthrobacter, Pseudomonas and Agrobacterium )commonly

present in the rhizosphere.

• Microorganisms also influence root hair development, mucilage

secretion and lateral root development of several plants.

• Increased germination due to Azotobacter inoculation may be due

to production of growth promoting substances.

• Secretion of antibiotics by microorganisms and resultant

biological inhibition of growth of other susceptible

microorganisms.



• Soil fungistasis: inability of non-dormant spores, sclerotia or

propagules to germinate even under most favourable conditions of

pH, temperature and moisture in soil.The fungistasis could be

released or undone by the rhizosphere effect of plants which

creates a congenial environment for spore germination. The

fungistasis of the sclerotia of Scelerotium cepivorum is released

by certain volatile stimulators associated with roots of Allium.

• Volatile compound alkyl sulphides produced when alkyl cysteine

sulphoxides coming from roots of Alliumbroken down by soil

bacteria, the germ tube is less susceptible to soil fungistasis

although its further development may be modified.

• Root exudates containing toxic substances such glycosides and

hydrocyanic acid may inhibit the growth of pathogens e.g.

exudation of hydrocyanic acid by the flax variety Bison

resistant to Fusarium.



Plant growth promoting rhizobacteria(PGPR)

• Rhizobacteria having the ability to colonize the
rhizosphere very aggressively and improve the
plant growth e.g. Pseudomonas spp.

• Fluorescent pseudomonads improve the plant 
growth by colonizing the root region aggressively 
and create the hindrance in the establishment of 
deleterious rhizosphere microorganisms(DRM) on 
roots, especially those which produce growth 
inhibiting cyanide. 

• Fluorescent pseudomonads suppress major plant 
pathogens like take-all, a root disease of wheat 
caused by Gaeumannomyces graminis.



Possible mechanisms for beneficial effects of PGPRs are:

• Competition for substrate and niche exclusion: Fluorescent

pseudomonads ‘mop up’ nutrients in the rhizosphere because of their

versatility in growth and nutrient absorption. The points of emergence

of lateral roots are favourite spots for DRBs and PGPRs appear to

compete for these spots very effectively.

• Production of siderophores : Siderophores are low molecular

weight, high affinity iron chelators that transport iron into bacterial

cells. Fluorescent pseudomonads produce siderophores which

specifically recognize and sequester the limited supply of iron in the

rhizosphere and thereby reduce the availability of this trace element

for the growth of the pathogen.

• Production of antibiotics : Role of Agrocin-84 produced by

Agrobacterium radiobacter in controlling the crown-gall symptoms

of plants caused by Agrobacterium tumefaciciens.

Phenazin type antibiotic produced by Pseudomonas fluorescence to

control the take-all disease of wheat. However, more than one

mechanism may operate for mediating a biological control.



Siderophore production in the rhizosphere 

• Many microorganisms respond to a depletion in the 

availability of iron (Fe) in soil by producing 

extracellular, low molecular weight iron transporting 

agents known as  siderophores. These siderophores 

selectively complex with Fe and supply the element 

to the living cell.



Manipulation of rhizosphere

Through 

• Plant management (selection of plant species, 
change in cropping pattern, intercropping etc.), 

• Soil management (addition of organic manure etc.),

• Microbial management (selection of biotic 
community), and 

• System approach where plant, soil and microbes can 
be improved simultaneously. 

Therefore, rhizospheric management can help us 
to improve soil health and plant productivity. 



Alteration of rhizosphere microflora

There are different ways:

✓ Soil amendments

✓ Foliar application of nutrients

✓ Artificial inoculation of seed or soil with preparations having live 

microorganisms, especially bacteria (bacterization). 

❖ Translocation of photosynthates from leaves to roots is a well

known phenomenon occurring as part of normal metabolic activity

of plants. Therefore, it is logical that if materials artificially

applied to leaves get into leaf tissue, translocation may not pose

any difficulty problems.

❖ Foliar sprays of urea are known to alter the number and nature of

microorganisms in the rhizosphere.

❖ Foliar sprays of antibiotics, growth regulators ,pesticides and

inorganic nutrients etc. may serve as a tool in biological control of

root diseases.



❖Microbial seed inoculants  of Azotobacter, Beijerinkia, 

Rhizobium or phosphate solubilizing microorganisms may help 

in the establishment of beneficial microorganisms in the 

rhizosphere in the vicinity of growing roots.

❖ Counts of Azotobacter in wheat rhizosphere increased upon 

artificial seed inoculation indicating the efficiency of 

bacterization as a means of altering and improving the 

rhizosphere microflora. 

__________X_________



Phyllosphere and its management



Phyllosphere

• The leaf surface is termed as ‘phylloplane’ .

• The zone on leaves inhabited by the microorganisms is known as

‘phyllosphere’and the inhabitants are known as epiphytes.

• J. Ruinen coined (1961) the term ‘Phyllosphere’ from her

observations on Indonesian forest vegetation where thick

microbial epiphytic associations exist on leaves.

• Dominant microorganisms on the leaf surfaces in the forest

vegetation in Indonesia : nitrogen-fixing bacteria e.g.

Beijerinckia and Azotobacter.In general, apart from nitrogen-

fixing bacteria like Azotobacter, other genera such as

Pseudomonas, Pseudobacterium, Phytomonas, Eriwina, Sarcina,

and other unidentified ones also found on plant surface,

especially on leaf surface.



• The microbial communities of leaves are diverse and include
many different genera of bacteria, filamentous fungi, yeasts,
algae, and, less frequently, protozoa and nematodes.

• Bacteria are the most abundant inhabitants of the phyllosphere.
Epiphytic bacterial populations differ sharply in size among and
within plants of the same species, as well as in close proximity,
and over short time as well as over the growing season.

• Epiphytic microorganisms e.g Escherichia, Brevibacterium,
Bacillus, Diplococuss, Pseudomonas, Flexibacterium, Rhizobium,
Beijerinkia, Azotobacter, Xanthomonas, and Micrococcus have
been isolated from the phyllosphere of maize, cowpea, sugarcane
gram etc. Some of them have proved to be potential nitrogen
fixers.

• Fungi and actinomycetes present on the plant surface are:
Cladosporium, Alternaria, Cercospora, Helminthosporium,
Erysiphe, Sphaerotheca, Podospora, Cryptococcus, Actinomyces
,Streptomyces etc.



• Plants parts, especially leaves are exposed to dust and

aircurrents resulting in the establishment of typical flora

on their surface added by the cuticle, waxes and

appendages which help in the anchorage of

microorganisms.

• These microorganisms may die, survive or proliferate on

leaves depending on the extent of influence of the

materials in leaf diffusates or exudates .

• The principal nutritive factors are amino acids, glucose,

fructose and sucrose etc. If the catchment areas on leaves

or leaf sheaths are significantly substantial, such

specialized habitats may provide niches for nitrogen

fixation and secretion of substances capable of

promoting the growth of plants.



Biochemical reactions in the phyllosphere

• Leaf surface microorganisms may perform an effective

function in controlling the spread of air borne pathogens

causing plant diseases.

• Presence of spores of a pathogen on the surface of leaves and

pods results in the formation of a substance known as

‘Phytoalexin’.

• These phytoalexin may normally be present in plants and the

concentration of such a substance may rise in response to

microbial infection. The term phytoalexin is derived from

Greek phyto meaning plant and alexin meaning warding-off

compound.



Factors affecting the population of microbes 

on leaf surface 

• Fluctuations in the physical and nutritional conditions.

• Pigmented bacteria dominate leaf surfaces because of solar
radiation influences on the phyllosphere.

• Bacterial community diversity being lowest during the
warmest and driest months of the season and highest during the
cooler and rainy months.

• Plant species (influence the microbial carrying capacity of the
leaf): Greater number bacteria of recovered from broad leaved
plants (e.g. cucumber and beans )than that recovered from
grasses or waxy broad leaved plants.

• Composition of leaf.

• Communities on young leaves were composed of a greater
number of taxa than those of old leaves.

• Moisture, temperature, topography, leaf architecture,
presence of enzymes and growth inhibitors etc.



• Compounds which induce the synthesis of phytoalexins are known

as ‘elicitor’.

➢ Biotic elicitors: include complex polysaccharides from fugal and

plant cell walls, lipids, microbial enzymes and polypeptides etc.

➢ Abiotic elicitors: include range from heavy metal salts to

detergents, autoclaved ribonuclease, cold and U-V light etc.

Epiphytic microorganisms :

• involved in processes like the carbon cycle (intercepting carbon

compounds released directly from plants or removed by sucking

arthropods and the nitrogen cycles (nitrification of ammonium

pollutants intercepted by plants ; nitrogen fixation) to processes

affecting the health of individual plants.

• synthesize indole acetic acid etc.



As the phyllosphere is both scientifically and economically
considered as an important habitat for microbes and because of
the importance of many phyllosphere microbial inhabitants to
plant health, as well as some human enteric pathogens are also
reside in the phyllosphere necessitated the detailed study of the
interactions of microbes with plants and among themselves.

Management of phyllosphere:

• Spraying of leaves of crop plants with aqueous solutions or
sucrose or with bacterial suspensions has resulted in enhanced
growth and yield of certain legumes and cereals. Apparently, such
sprays may have intensified the biochemical events on the
phyllosphere towards the beneficial side.

-------------X--------------



Biological Nitrogen Fixation: 
Symbiotic, Associative and Asymbiotic 
Azolla, blue green algae and mycorrhiza 

Biological Nitrogen Fixation 
Biological nitrogen fixation is the reduction of 
molecular form of nitrogen (N2) to ammonia by 

variety of prokaryotes of domains Archaea and 
Bacteria. 

Few bacteria and Archaea 
reducing/assimilate N2 and are known 

diazotrophs' as they possess an enzyme known as 

nitrogenase. 

are capable of 
as 

It remains the single most important process of 
nitrogen fixation in nature meeting most of the 
nitrogen demand of plants. 



It is estimated that about 100 to 170 million 
metric tons of nitrogen is fixed globally 
through microbes in different modes. 

In a report it has been estimated that 
approximately 2.5x10 kg NH, are fixed in 
terrestrial ecosystem by biological nitrogen 
fixation (by legumes and cyanobacteria) 
annually and approximately 8x1010 kg NH 
are manufactured by industry. 

Lightning worldwide may also contribute 
approximately 1x101 kg NH,/year. 

Biological NH, creation (nitrogen fixation) accounts for 
an estimated 170 x 10° kg of ammonia every year. 
Human industrial production amounts to some 80 x 10° kg 
of ammonia yearly. 

The industrial process (Haber-Bosh process) uses an Fe 
catalyst to dissociate molecules of N, to atomic nitrogen 
on the catalyst surface, followed by reaction with H2 

to form ammonia. This reaction typically runs at~450° C 
and 500 atnmospheres pressure. 

These extreme reaction conditions consume a huge amount 

of energy each year, considering the scale at which NH3 is 
produced industrialy. 



Categories of BNF 
(Based on diazotrophs involved) 

1) Symbiotic nitrogen fixation: 
Process of nitrogen fixation in which a mutual 

association exists between two partners to fix nitrogen 
and both the partners are equally benefitted by each 
other. e.g.Rhizobium/Rhizobium-legume association), 

Bradyrhizobium (Bradyrhizobium-soybean association), 
Azorhizobium (Azorhizobium-Sesbania rostrata 

association), Anabaena azollae (Azolla -Anabaena 
association), Frankia (Frankia -Cosuarina association). 

2JAsymbiotic 
Process of nitrogen fixation which is carried out 

by free living organisms without any association. e.g. 
Azotobacter -Aerobic, Beijerinckia, Clostridium 
Anaerobic, Cyanobacteria (Blue green algae) etc. 

nitrogen fixation (Free living): 

3) Associative nitrogen fixation: 

Non symbiotic but associative process of nitrogen 
fixation by some 
microorganisms reside on the surface of the plants 

but association is not obligatory in nature e.g. 
Azospirillum, Herbaspirillum etc. 

microorganisms in which 



Three Types of N-fixers 
Cyanobacteria: Autotrophic N-fixers, protect nitrogenase with 
specialized heterocyst cells. 

Heterotorophic bacterla: Free-living or associative with 
rhizosphere. Use energy from decomposing organic matter to fix 
N, protect nitrogenase by rapidly converting O, to CO, through 
respiration. 

Symbiotic bacterla: 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 O,. protecting nitrogenase enzyme. 

Ecology of nitrogen-fixing bacteria 

System 
N fixation 
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Cross inoculation group (Fred et al, 1932) 

It refers, the groups of legumino us plants that will develop 

effective nodules when inoculated with the rhizobia 
obtained from the nodules from any member of that 
legume group like pea group, bean group etc. 

Cros Inoculation group of Rhicobium: 

Rhicobium spp 
R leguminosarum 

Cross inoculatlon group Legume type 
Pea group Pisum, Victa, Lens 

Phaseolus R phaseoli 

trifoli 
R 

Bean group 
Clover grou 

Alfalfa group 

Lupii group 
Soybean grop 
Cowpea groupP 

rifolium 
melioti | Melilous, Medicago,Trigonela 

Lupinus, Orinthopuslupini 
K Japonicum Gyeine 

igma, Arachis 
** 

Symbiotic rhizobia are classified in two groups: 

Fast-growing: Rhizobium spp. 

Slow-growing: Bradyrhizobium



Biological nitrogen fixation:| 

nitrogenase, N+8 flavodoxin+ 8H*+16 MgATP+18 H,Oo-
2NH,+20H+8 flavodoxin 16 MgADP+ 16H,PO,+ H, 

1. Rare, extremely energy consuming conversion 
because of stability of triply bonded Na 

2. Produces fixed N which can be directly 

assimilated into N containing biomolecules 

N-fixation requires energy input: 

.Reductlon reactlon, e must be added (sensitive to O,) 

|.Requires -35 kJ of energy per mol of N fixed 

(theoretically) 

Actual cost: -15-30g CH per g of NH, produced 

Assimllation of NH, 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 NH 
inhibits expression of nif genes 

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 N, to 2NH, + H, requires 4 pairs of 
electrons, so 16 ATP are consumed per N, 



Nitrogenase
A 220 kD heterotetramer

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 

The enzyme nitrogenase catalyses the convers 16/31 
atmospheric, gaseous dinitrogen (N,) and dihyd1 

to ammonia (NH,), as shown in the chemical equation below: 

N+3 H 2 NH, 

The above reaction seems simple enough and the 
atmosphere is 78% N,, so why is this enzyme so important? 

The incredibly strong (triple) bond in N, makes this 

reaction very difficult to carry out efficiently.
In fact, nitrogenase consumes 16 moles of ATP for 
every molecule of N, it reduces to NH, which makes it 

one of the most energy-expensive processes known 
in Nature. 



Biological nitrogen fixation is the reduction of 
atmospheric nitrogen gas (N,) to ammonium ions (NH,) 

by the oxygen-sensitive enzyme, nitrogenase. 
Reducing power is provided by NAPH/ferredoxin, via an 

Fe/Mocentre. 

Plant genomes lack any genes encoding this enzyme, 

which occurs only in prokaryotes (bacteria). 

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. 

Another nitrogen-fixing association exists between 

an Actinomycete (Frankia spp.) and alder (Alnus spp.) 

Why should nitrogenase need 

ATP?2? 

N2 reduction to ammonia is 

thermodynamically favorable 

However, the activation barier for breaking 

the N-N triple bond is enomous 

16 ATP provide the needed activation 

energy 



Mechanism of BNF 

2 MgADP+ 2P1 

Femedoxin 

prolein 
(oxidised)

MoFe Proteln. 
(Reduced) Flavodoxin 

(Reduced) 

Ferredoxin 

Fe protein 
(reduced) 

MoFe protein 
(oxidised) 

2NH,+H, 
Flavodoxin 
(onidised) 

2 MgATP 

The Dreams. 

If a way could be found to mimic nitrogenase catalysis 
(a reaction conducted at 0.78 atmospheres N. om 

and ambient temperatures), huge amounts 20/31 
Cand money) could be saved in industrial ammon On.J 

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 



|Symbiotic Rhizobia are classified in two groups 

Fast-growing Rhizobiumspp. whose nodulation functions 
(nif. fix) are encoded on their symbiotic 
megaplasmids (pSym) 

Slow-growing Bradyrhizobiumspp. whose N-fixation and 
nodulation functions are encoded on their chromosome. 

There are also two types of nodule that can be formed: 
determinate

and 

indeterminate
This outcome is controlled by the plant host 

Rhizobium 
establish highly specific symbiotic

associations with legumes 

-form root nodules 

-fix nitrogen within root nodules 
- nodulation genes are present on large plasmid 
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1. Bacteria cncounter root: 
they are chemotactically attracted toward specifie 

plant chemicals (flavonoids) exuding from root tissue 
cspecially in response to nitrogen limitation 
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2. Bacteria attracted to the root attach themselves to 

the root hair surface and secrete specific oligosaceharide 
signal molecules (nod faetors). 

O- C 

ol 

CH 

CHOH 

nod factor 

3. In response to oligosaccharide signals, the root hair 

becomes deformed and eurls at the tip;: bacteria become 

enclosed in small pocket. 

Cortical eall division is induced within the root. 

Root hair aftachment and curling 

28/31 



5.Infection thread penetratesthrough several layers 
of cortical cells and then ramifies within the cortex. 
Cells in advance of the thread divide and organize 
themselves into a nodule primordium. 

6. The branched infection thread enters the nodule 
primordium zone and penetrates individual primordium 

cells. 

7. Bacteria are released from the infection thread 
into the cytoplasm of the host cells, but remain surrounded by the peribacteroid membrane. Failure to 
form the PBM results in the activation of host defenses 
and/or the formation of inetfective nodules. 

8. Infected root cells swell and cease dividing. Bacteria 
within the swollen cells change form to become 
cndosymbiotic bacteroids, which begin to fix nitrogen.

The nodule provides an oxygen-controlled environment 
(leghemoglobin = pink nodule interior) structured to 

tacilitatetransport of reduccd nifrogen metabolites
from the bacteroids to the plant vascular system, and of 

photosynthate from the host plant to the bacteroids. 



Events of nodule development in legumes 
Physiodogent event eading to the infreton ean be vummarizrd ai 

Noma*oot ha1r 

Exudatiosa of orgauubtances by roots 

ecmslatiou or Rhuzobiunn n the rhazospher 

Root hau ewlng mnd deformaso 

Lasvolvemnt of lectn in rhizobial recomutson 

lnteractiou of nodD w proacr wth plaat root ecrted naveouoids 

acorporation of Rhtzobrum in to cell wnll and its partiapatio n"anussusception

Thread contauung rod haped bactena xtendung m to root har cell guuded by ucleus or the ar 

Eatnes of uafectiou taread n to root cortex asad its braachng 

od dvelopsat 
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Phyllosphere and its management



Phyllosphere

• The leaf surface is termed as ‘phylloplane’ .

• The zone on leaves inhabited by the microorganisms is known as

‘phyllosphere’and the inhabitants are known as epiphytes.

• J. Ruinen coined (1961) the term ‘Phyllosphere’ from her

observations on Indonesian forest vegetation where thick

microbial epiphytic associations exist on leaves.

• Dominant microorganisms on the leaf surfaces in the forest

vegetation in Indonesia : nitrogen-fixing bacteria e.g.

Beijerinckia and Azotobacter.In general, apart from nitrogen-

fixing bacteria like Azotobacter, other genera such as

Pseudomonas, Pseudobacterium, Phytomonas, Eriwina, Sarcina,

and other unidentified ones also found on plant surface,

especially on leaf surface.



• The microbial communities of leaves are diverse and include
many different genera of bacteria, filamentous fungi, yeasts,
algae, and, less frequently, protozoa and nematodes.

• Bacteria are the most abundant inhabitants of the phyllosphere.
Epiphytic bacterial populations differ sharply in size among and
within plants of the same species, as well as in close proximity,
and over short time as well as over the growing season.

• Epiphytic microorganisms e.g Escherichia, Brevibacterium,
Bacillus, Diplococuss, Pseudomonas, Flexibacterium, Rhizobium,
Beijerinkia, Azotobacter, Xanthomonas, and Micrococcus have
been isolated from the phyllosphere of maize, cowpea, sugarcane
gram etc. Some of them have proved to be potential nitrogen
fixers.

• Fungi and actinomycetes present on the plant surface are:
Cladosporium, Alternaria, Cercospora, Helminthosporium,
Erysiphe, Sphaerotheca, Podospora, Cryptococcus, Actinomyces
,Streptomyces etc.



• Plants parts, especially leaves are exposed to dust and

aircurrents resulting in the establishment of typical flora

on their surface added by the cuticle, waxes and

appendages which help in the anchorage of

microorganisms.

• These microorganisms may die, survive or proliferate on

leaves depending on the extent of influence of the

materials in leaf diffusates or exudates .

• The principal nutritive factors are amino acids, glucose,

fructose and sucrose etc. If the catchment areas on leaves

or leaf sheaths are significantly substantial, such

specialized habitats may provide niches for nitrogen

fixation and secretion of substances capable of

promoting the growth of plants.



Biochemical reactions in the phyllosphere

• Leaf surface microorganisms may perform an effective

function in controlling the spread of air borne pathogens

causing plant diseases.

• Presence of spores of a pathogen on the surface of leaves and

pods results in the formation of a substance known as

‘Phytoalexin’.

• These phytoalexin may normally be present in plants and the

concentration of such a substance may rise in response to

microbial infection. The term phytoalexin is derived from

Greek phyto meaning plant and alexin meaning warding-off

compound.



Factors affecting the population of microbes 

on leaf surface 

• Fluctuations in the physical and nutritional conditions.

• Pigmented bacteria dominate leaf surfaces because of solar
radiation influences on the phyllosphere.

• Bacterial community diversity being lowest during the
warmest and driest months of the season and highest during the
cooler and rainy months.

• Plant species (influence the microbial carrying capacity of the
leaf): Greater number bacteria of recovered from broad leaved
plants (e.g. cucumber and beans )than that recovered from
grasses or waxy broad leaved plants.

• Composition of leaf.

• Communities on young leaves were composed of a greater
number of taxa than those of old leaves.

• Moisture, temperature, topography, leaf architecture,
presence of enzymes and growth inhibitors etc.



• Compounds which induce the synthesis of phytoalexins are known

as ‘elicitor’.

➢ Biotic elicitors: include complex polysaccharides from fugal and

plant cell walls, lipids, microbial enzymes and polypeptides etc.

➢ Abiotic elicitors: include range from heavy metal salts to

detergents, autoclaved ribonuclease, cold and U-V light etc.

Epiphytic microorganisms :

• involved in processes like the carbon cycle (intercepting carbon

compounds released directly from plants or removed by sucking

arthropods and the nitrogen cycles (nitrification of ammonium

pollutants intercepted by plants ; nitrogen fixation) to processes

affecting the health of individual plants.

• synthesize indole acetic acid etc.



As the phyllosphere is both scientifically and economically
considered as an important habitat for microbes and because of
the importance of many phyllosphere microbial inhabitants to
plant health, as well as some human enteric pathogens are also
reside in the phyllosphere necessitated the detailed study of the
interactions of microbes with plants and among themselves.

Management of phyllosphere:

• Spraying of leaves of crop plants with aqueous solutions or
sucrose or with bacterial suspensions has resulted in enhanced
growth and yield of certain legumes and cereals. Apparently, such
sprays may have intensified the biochemical events on the
phyllosphere towards the beneficial side.

-------------X--------------



Rhizosphere and its management



Rhizosphere

Rhizo = Rhiza = root

Sphere = field or area of influence  under the   root

• The term ‘Rhizosphere’ was introduced in 1904 by 

Hiltner to the region of the soil which is subject to the 

influence of plant roots.

• This region is influence by root exudates.

• Variable region where the root production stimulate 

microbial population and activity.



Rhizosphere 

Comprised of different zones:

❑ Endorhizosphere: 

• zone where invasion and colonization of root cortical cells by soil 
microorganisms occurs.

• multi-layered microenvironment, which includes a mucoid layer on 
the root surface, the epidermal layer of the root tissue including the 
root hairs and the cortical cells.

❑ Rhizosplane: Zone of attachment of microorganisms to plant root 
surface (external surface). is the root surface where soil particles and 
microbes adhere. It consists of epidermis, cortex and mucilaginous 
polysaccharide layer.

❑ Ectorhizosphere: outer rhizosphere, that consists of soil 
immediately adjacent to the root.

However, microbial colonization across the soil–root inter face 
is often difficult to distinguish and ,therefore, It is more reasonable 
to consider it as continuum.



Non Rhizosphere

•Zone  of the soil that are not under the influence of 

plant roots.

•It has less microbial activity.



Rhizosphere

Outer rhizosphere

500-5000 µm

Inner rhizosphere

10-500 µm

Rhizoplane

0-10 µm

Root

But defined ‘phases’ may not be helpful because of 

gradients (no sharp boundaries)



Rhizosphere zone



Rhizosphere     vs Non-rhizosphere

In the Rhizosphere:

• Greater number of bacteria, fungi and

actinomycetes etc. are present in the rhizosphere

soil than in non-rhizosphere soil.

• Greater microbiological activity in rhizosphere.

• More enhanced microbial growth.

• More soluble carbon and nutrients.



Microbial diversity in rhizosphere

• Ability to grow on both roots and residue make the

Pseudomonas to dominate in soils among the others.

Other genera of bacteria i.e., Agrobacterium,

Alcaligenes,

Arthrobacter,Azotobacter,Bacillus,Clostridium,Flavobact

erium,Mycobacterium,Cellulomonas,Micrococcus,

Rhizobium and Serratia etc. are either abundant or sparse

in the rhizosphere.

• General influence of microbes varied from beneficial to 

deleterious to near neutral in rhizosphere.



Microorganisms present in the rhizosphere: 

rhizobacteria

• Beneficial :

✓PGPR(Plant Growth Promoting Rhizobacteria)

✓NPR(Nodulation Promoting Rhizobacteria)

✓EPR(Emergence Promoting Rhizobacteria)

✓PHPR(Plant Health Promoting Rhizobacteria) 

✓YIB(Yield Increasing Bacteria)

• Deleterious:

✓DRB(Deleterious Rhizobacteria)

✓DRMO(Deleterious Rhizosphere Microorganisms)



Root exudates

• The plant roots released number of low and high molecular
weight organic substances which are easily available to
organisms.

• Most important contribution of plant is the excretion of root
exudates and sloughed off tissues as source of energy and
nutrients.

• Root exudates directly or indirectly influence the quality and
quantity of microorganisms in the root region.

• The substances exuded by plants roots include amino acids,
sugars, organic acids, vitamins, nucleotides and growth
factors, enzymes many other unidentified substances etc.

• Soil microflora is activated by growing plants and the
nutrient cycling is more rapid in the rhizosphere than in the
non- rhizosphere.



Root exudates: Substrates in rhizosphere

❑ Exudates: Low molecular weight compounds (Sugars, Amino 
acids ,Organic acids  and Vitamins etc.) that leak from the intact 
cells.

❑ Secretions: Compounds that are actively released from the root 
cells.

❑ Plant mucilage: released from various root parts.

▪ By golgi bodies of the root cap cells

▪ Hydrolyates of the primary cell wall between the root cap and 
epidermis.

▪ Secretions from epidermal cells and root hairs with primary walls 
and compounds resulting from the microbial degradation and 
modification of dead epidermal cells.

❑ Mucigel: Gelatinous material on the root surface composed of 
plant mucilage, bacterial cells, metabolic products, colloidal 
organic and mineral materials.

❑ Lysate: Material released through the lysis of older epidermal 
cells.



❑ Plant species and  age

❑ Soil properties

❑ Nutritional status of the plant

❑ Temperature

❑ Light intensity and duration

❑ Presence of microorganisms etc.

Extent of carbon loss from the roots – Rhizodeposition

• Plays a significant role in the rhizosphere effect.

• Not all compounds are released at one stage of plant growth and

development but during the complete cycle from seed emergence to

senescence.

Nature and amounts of substances exuded are 

dependent on



• Provides energy for microbes.

• Attract greater number of microorganisms.

• Keep the soil around the root moist.

• Change the chemical properties of the soil around the

root.

• Defend the rhizosphere and root against pathogenic

microorganism.

• Inhibit the growth of competing plant species.

• Serve as chemo attractants for rhizospheric bacteria e.g.

attraction of Azospirillum by Benzoate.

• Flavonoids released by roots are important signals to

microbes that form nodules and later reduce fee nitrogen.

Importance of Root Exudates



Rhizosphere effect indicates the overall influence of plant 

roots  on soil microorganisms. 

Factors affecting  the rhizosphere effect are:

•Plant species 

•Plant age 

•Soil type

•Soil moisture

•Soil pH 

•Soil temperature

•Cultural and environmental conditions etc.

Rhizosphere Effect 



R:S ratio
•Katzenelson (1965) suggested rhizosphere : non-

rhizosphere ratio of the population to find out the degree of

influence of plant roots on soil microorganisms.

•It is defined as the ratio of microbial numbers per unit

weight of rhizosphere soil (R) to the numbers in a unit

weight of the adjacent non- rhizosphere soil (S).

•Greater rhizosphere effect is seen with bacteria (R:S values

ranging from 10 to 20 or sometimes more) than with

actinomycetes or fungi.

•Only negligible changes are noted with regard to protozoa

and algae.



Role of rhizospheric microorganisms 

Direct effects

➢ Biological Nitrogen Fixation

➢ Nitrification and Denitrification

➢ Solubilization of inorganic Phosphorus, 

Phosphorus uptake

➢ Organic matter transformations

➢ Mineralization and immobilization of 

nutrients

➢ Improve the availability of Potassium

➢ Oxidation-reduction of Sulfur 

➢ Promotion of  plant growth 

➢ Transformation of other elements

➢ Production of soil enzymes etc.

Indirect effects  
I

➢ Degradation of toxic compounds

➢ Change  in morphology of roots

➢ Provide defense against plant 

pathogens

➢ Provide resistance against abiotic 

stresses etc.



▪ Removing hydrogen sulfide, which is toxic to the plant roots.

▪ Increasing solubilization of mineral nutrients needed by the plant

for growth.

▪ Synthesizing vitamins, amino acids, auxins gibberellins and

certain growth promoting substances etc. that stimulate plant

growth.

▪ Antagonizing potential plant pathogens through competition with

pathogens for essential nutrients and the through the production of

antibiotics and HCN.

▪ Production of soil enzymes e.g. Hydrolases , Lyases, Cellulases,

Dehydrogenases, Ureases ,Phosphatases and Sulfatases etc.

▪ Production of metal chelating compounds.

Beneficial effects of rhizospheric microorganisms on plant



Associative and Antagonistic activities in the rhizosphere

• Dependence of one microorganisms on another for extracellular

products like amino acids and growth promoting factors, etc.

known as an associative effect. e.g. Gibberellins and gibberellin

like substances are known to be produced by bacteria (Azotobacter,

Arthrobacter, Pseudomonas and Agrobacterium )commonly

present in the rhizosphere.

• Microorganisms also influence root hair development, mucilage

secretion and lateral root development of several plants.

• Increased germination due to Azotobacter inoculation may be due

to production of growth promoting substances.

• Secretion of antibiotics by microorganisms and resultant

biological inhibition of growth of other susceptible

microorganisms.



• Soil fungistasis: inability of non-dormant spores, sclerotia or

propagules to germinate even under most favourable conditions of

pH, temperature and moisture in soil.The fungistasis could be

released or undone by the rhizosphere effect of plants which

creates a congenial environment for spore germination. The

fungistasis of the sclerotia of Scelerotium cepivorum is released

by certain volatile stimulators associated with roots of Allium.

• Volatile compound alkyl sulphides produced when alkyl cysteine

sulphoxides coming from roots of Alliumbroken down by soil

bacteria, the germ tube is less susceptible to soil fungistasis

although its further development may be modified.

• Root exudates containing toxic substances such glycosides and

hydrocyanic acid may inhibit the growth of pathogens e.g.

exudation of hydrocyanic acid by the flax variety Bison

resistant to Fusarium.



Plant growth promoting rhizobacteria(PGPR)

• Rhizobacteria having the ability to colonize the
rhizosphere very aggressively and improve the
plant growth e.g. Pseudomonas spp.

• Fluorescent pseudomonads improve the plant 
growth by colonizing the root region aggressively 
and create the hindrance in the establishment of 
deleterious rhizosphere microorganisms(DRM) on 
roots, especially those which produce growth 
inhibiting cyanide. 

• Fluorescent pseudomonads suppress major plant 
pathogens like take-all, a root disease of wheat 
caused by Gaeumannomyces graminis.



Possible mechanisms for beneficial effects of PGPRs are:

• Competition for substrate and niche exclusion: Fluorescent

pseudomonads ‘mop up’ nutrients in the rhizosphere because of their

versatility in growth and nutrient absorption. The points of emergence

of lateral roots are favourite spots for DRBs and PGPRs appear to

compete for these spots very effectively.

• Production of siderophores : Siderophores are low molecular

weight, high affinity iron chelators that transport iron into bacterial

cells. Fluorescent pseudomonads produce siderophores which

specifically recognize and sequester the limited supply of iron in the

rhizosphere and thereby reduce the availability of this trace element

for the growth of the pathogen.

• Production of antibiotics : Role of Agrocin-84 produced by

Agrobacterium radiobacter in controlling the crown-gall symptoms

of plants caused by Agrobacterium tumefaciciens.

Phenazin type antibiotic produced by Pseudomonas fluorescence to

control the take-all disease of wheat. However, more than one

mechanism may operate for mediating a biological control.



Siderophore production in the rhizosphere 

• Many microorganisms respond to a depletion in the 

availability of iron (Fe) in soil by producing 

extracellular, low molecular weight iron transporting 

agents known as  siderophores. These siderophores 

selectively complex with Fe and supply the element 

to the living cell.



Manipulation of rhizosphere

Through 

• Plant management (selection of plant species, 
change in cropping pattern, intercropping etc.), 

• Soil management (addition of organic manure etc.),

• Microbial management (selection of biotic 
community), and 

• System approach where plant, soil and microbes can 
be improved simultaneously. 

Therefore, rhizospheric management can help us 
to improve soil health and plant productivity. 



Alteration of rhizosphere microflora

There are different ways:

✓ Soil amendments

✓ Foliar application of nutrients

✓ Artificial inoculation of seed or soil with preparations having live 

microorganisms, especially bacteria (bacterization). 

❖ Translocation of photosynthates from leaves to roots is a well

known phenomenon occurring as part of normal metabolic activity

of plants. Therefore, it is logical that if materials artificially

applied to leaves get into leaf tissue, translocation may not pose

any difficulty problems.

❖ Foliar sprays of urea are known to alter the number and nature of

microorganisms in the rhizosphere.

❖ Foliar sprays of antibiotics, growth regulators ,pesticides and

inorganic nutrients etc. may serve as a tool in biological control of

root diseases.



❖Microbial seed inoculants  of Azotobacter, Beijerinkia, 

Rhizobium or phosphate solubilizing microorganisms may help 

in the establishment of beneficial microorganisms in the 

rhizosphere in the vicinity of growing roots.

❖ Counts of Azotobacter in wheat rhizosphere increased upon 

artificial seed inoculation indicating the efficiency of 

bacterization as a means of altering and improving the 

rhizosphere microflora. 

__________X_________



Microorganisms 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 man~ 
ways. 



Microbes in food and beverage industry 

Curd- The bacteria Lactobacil/us produces lactic acid that 
partially coagulates the milk protein. It also increases vitamin 

8 12 content. These bacteria are also present in the gut and 
check the growth of other microbes 

Fermented dough to make South Indian delicacies, e.g. ldli 
and dosa. The dough is fermented due to CO2 production by 

bacteria 

Bread production by using the yeast Saccharomyces 
cerevisiae 

Microbes are used to ferment soybeans, fish and bamboo
shoots to prepare delicacies 

Different kinds of cheese having different taste and texture are 
nreoared usina soecific microoraanisms. 

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. 
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Microbes in antibiotics industry 

The first antibiotic produced was Penicillin. It was discovered from 
the fungllls 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. 

Microbes as biocontrol agents ] 
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. 

Baell/us thuringiensis is used to control caterpillars and insed larvae. 
Some plants have been genetically modified and the gene coding for the 
toxin has been Introduced in the plant genome. E.g. St-cotton is 
resistant to pests. 

Trichoderma (a fungus) is used to bio<:ontrol various plant pathogens. 
The fungus is commonly present in the roots. 

Baculoviruses of the genus Nucleopo/yhedrovirus are excellent 
biocontrol agents. They attack arthropods but are harmful to plants and 
other animals such as birds, fish and mammals. 



Microbes in Bioremediation & 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 know n Gobar gas) is produced from the dung of the 
cattle and is used in villages for various purposes. Methanogens. e .g . 

anobacterium are present in the anaerobic s ludge and produce 
s In sew age treatment also. T hese bacteria are also present in the 
n o f cattle and hel in the di estion of cellulose. 

Microorganisms in human welfare: 
Biofertilizers 



I Need of biofertilizers 

Excessive use of chemical fertilizers is linked to pollution and harmful 
effects. Use of miaoorganisms as biofertlllzers 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 
aboospheric nitrogen. Growing leguminous plants alternatively helps in 
increasing the nitrogen content of the soil. 

I 

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 Biofertilizers 

Live preparations of microorganisms, alone or in 
combination, which increase crop productivity by 
way of helping in biological nitrogen fixation , 
solublization of insoluble plant nutrients, 
stimulating plant growth or decomposition of 
plant residues 

The term microbial inoculant (culture) is 
appropriate and generally used after the name 
of microrganisms they contain eg. Rhizobium 

1 
() >culant, Azotobacter lnoculant 



• Potential source of nutrients 

• Cheap 

• Environment friendy 

• Required in less amount 

• Easy in handling and application 

• Give long term benefit 
11 

Classification of Biofertilizers 
------ - ------------------
1) Nitrogen fixing biofertilizer: 

i. Symbiotic nitrogen fixer: 

Rhizobium - legume symbiosis, Rhizobium-Parasponia 
(non-legume) symbiosis, Frankia - Trees (e.g Alder, 
Casuarina ),Azolla - Anabaena etc. 

ii. Non symbiotic /Asymbiotic/ Free living nitrogen 
fixer: 

Azospirillum,Azotobacter, Beijerinckia, Klebsiella, 
Clostridium, Derxia, Anabaena, Nostoc, Calothrix etc. 

iii. Associative nitrogen fixer: 

irillum, Herbaspirillum etc. 



2)Phosphorus solubilizing/ mobilizing biofertilizer: 

i. Phosphate solubilizers: 
Baci/Ju.s,Pseudomonas,Aspergillus,Penicillium etc. 

ii. Phosphate mobilizers: 

VAM, Glomus, Acaulospora, Gigaspora, Sclerocystis etc. 

3) Organic matter/Compost biofertilizer: 

i.Cellulolytic: 

Trichurus~ Chaetomium,Aspergilluus, Penicillium, Trich oderma, 

Paecilomyces, Cytophaga,Cellulomonas etc. 

ii. Lignolytic: 

Fames, Agaricus,Pleurotus,Polyporus etc. 

4) Plant Growth Promoting Rhizobacteria: 

Agrobacterium, Arthrobacter, Bacillus, 
Xanthomonas, Azotobacter, 
Pseudomonas etc. 

Pseudomonas, 
Azospirillum, 

5 )Potassium Mobilizers: Frateuria aurantia and Bacillus 
sp. 

6) Zinc Mobilizers: Bacillus, Pseudomonas etc. 



Rh.izobium lnoculant 

✓ Rhizobium fomis root nodules in legumes 

✓Bioferti lizer for pulse crops, groundnut and soybean 

✓ Rhizobium - legume association could fix 40-200 kg 

N/h a/s1eason1 

• . 

✓Different crops fix different amount of N depending on 

the Crop, Soil and Environmental conditions. 
15 



Azotobacter and Azospirillum 
inoculants 

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 
i:;n%. 

16 

BGA inoculant 
□ Biofertilizer for low land rice 

□ Can fix 20-30 kg N/ha/season 

□Appl ication of 10 kg soil based BGA culture in 

rice can increase the yield up to 10 % under 
optimum conditions. 

□ Grazers and green algae create 

ablishment 



Azol/a 
O Azolla. a fresh water fern, is biofertilizer for rice 
o The fern harbours a N fixing BGA 
O Can grow in shallow water to produce large biomass 
o Each kg Azo//a can fix 1.9 to 2.5 kg N in one month 
0 Azolla contain about 5.0 %. N on dry weight basis 
o Can be used in rice crop by two ways: 

Green manure or as Dual crop 
O One crop of Azo//a of 25-30 days gives benefit 

equivalent to 30-40 kg N/ha 
O The limitation in Azo//a use is scarcity of water and 

temperature in north India 

Some bacteria( Pseudomonas and Bacillus )and fungi 
(Penicillium and Asprergillus ) can solublize insoluble P in 
soil to make it available for plants 

The mechanisms of solublization appears to be either acid 
production 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 % 



Mycorrhiza 
1. Ectomycorr iza: 
► Also known as ectotrophic mycorrhiza. In this type of 

association, the fungus completely encloses each feeder 
rootlet in a sheath or mantle of hyphae. 

► The hyphae penetrate only between the cells of the root 
cortex (intercellular) but lack but lack intracellular 
penetration into epidermal or cortical cells. 

► An ectomycorrhizal root is devoid of root hairs and is 
covered by a layer or sheath of fungal hyphae which 
almostlook like a host tissue.This layer is known as 
'pseudoparenchmatous sheath'. 

► from thissheath, hyphae enter the cortex and remain only 
in the outer cortical cells to form a network known as 
'Hartig net 

► All the nutrients are absorbed by the fungal mantle 
and transported to the root through hartig net. 

► Sheath or Mantle increases the surface area of 
absorbing roots and provides protection to the roots. 
Hartig net can act as storage and transport organ for 
phosphorus,nitrogen and potassium from surrounding 
soils. 

► Ectomycorrhizae are common on trees like Pines, Fir, 
Spruce, Poplar, Oak, Chesnut,Birch, Alder and Willow 
etc. 

► The fungi forming ectomycorrhizal association are 
Laccaria , Lactarius, Suillus, Rhizopogan, Amanita, 
bo/etus, entoloma etc. 



2.En omycorr izae: 
► Endomycorrhizae consist of different sub groups, but the most common 

are the Arbuscular Mycorrhizal fungi. 
► Endomycorrhizae are formed by nearly 90% of the land plants. In this 

type of association, the fungus does not form an external sheath but 
lives within the cells of the root (intracellular) and establishes direct 
connections between the cells of the root and surrounding soils. 

► VAM develop special structures known as 'arbuscules' and 'vesicles'. 
Vesicular-arbuscular mycorrhizae(VAM) colonization starts from hyphae 
arising from soil borne propagules. 

► On reaching the cortex, hyphae grow into cells by tree like dichotomous 
branching to give 'arbuscules' which helps in the transfer of nutrients 
(especially phosphates) from the soil into the root system. When 
colonizat ion is well established oval structures called 'vesicles' may 
form which have storage function.This occuirs in most angiosperms as 
well as in gymnosperms,pteridophytes and bryophytes. Most plant 
species of leguminoseae and gramlnae are mycorrhizal. 

► The fungi forming ectomycorrhizal association are Glomus, Acau/ospora, 
Gigaspora, Sclerocystis Endogone, , Entrophospora and Scutellospora). 

e of these fungi has yet been successfully cultured axenically. 

3. Ectendomycorrhizae: 
• Some times when the defence recation of the higher 

symbiont diminishes as is likely to happen in 
senescent or diseased trees. The lower symbiont 
may become endotrophic, this type of association is 
known as 'ectendomycorrhizae'. 

• In this form sheath may be much reduced or even 
absent .The hartig net is well developed and the 
hyphae also penetrate into the host tissue. 
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Beneficial effect of mycorrhizae on plant growth and yields 
. 
► Improved up take of phosphorus especially but also 

improve the uptake of other nutrients like, Zn, Cu, Fe, K, S 
and NH4• etc. 

► mobilizing the nutrients, through greater soil exploration. 

► Also increased the availability of P through siderophore 
production. 

► provide protection to host roots from root pathogens. 

► improve water supply to plants. 

► Provide tolerance to stress like soil salinity, heavy metal 
pollution, drought, high soil temperature, unfavourable 
pH and to transplantation shocks etc. 



Factors affecting efficiency of biofertilizers 

• Host crop and genotype 
• lnoculant quality 

• Crop management 

• Soil factors like available N, moisture, pH, 
temperature etc. 

• Environmental conditi'ons 

Methods of biofertilizer application 
• The main objective of application is to increase the population of 

Al Ms in the vicinity of roots so that microbes can increase their 
population vis-a-vis activity. 

• Resultant of this would be the improvement of nutrient supply 
and PGPR activity in the rhizosphere. 

• There are many ways to apply biofertilizer 
a) Seed inoculation 
b) Seedlings root treatment 

oil application 



Seed inoculation OR Seed treatment 
• This is the most common practice of applying biofertilizers. 

• The seed treatment has been found to be the suitable method 
for inoculation. 

• Son1e adhesive is used to make proper contact benveen seeds 
and inoculants (bacteria). 

• In this 1uethod, the biofertilizers culture po\vder are n1ixed 
· 10% preboiled and cooled jaggary solution in (an 

·i \'e) in normal tap \Vat er. 

Seed inoculation OR Seed treatment Conti ... 

• Generally, 7-10 grams of biofertilizer is required to treat the 
one Kg legu1ne seeds depending upon the size of the seeds. 

• The slurry is then poured over the seeds spread on a 
cemented f1oor and mixed properly in a way that a thin 
layer/coat is fonned around the seeds. 

• The treated seeds should be air dried in the shade( avoid direct 
sunlight/heat) for I 5 to 30 minutes and then they should be 
used. 



Seedling root treatment 
• The seedling roots of transplanted crops are treated for half an 

hour in a slurry/solution of biofertilizers (as described earlier) 
before transplantation in the field. 

• In this method, the seedlings required for one acre are 
inoculated using 2-2.5 kg biofertilizers. 

• For this, a bucket having adequate quantity of water is taken 
and the biofertilizer is mixed properly. 

• The roots of the seedlings are then dipped in this mixture so as 
to enable the roots to get inoculum. 

• These seedl ings are then transplanted. This method has been 
found very much suitable for crops like tomato, rice, onion, cole 

1 and flov,ers. 

Main field application/Soil Application 
• This method is mostly used for fruit crops, sugarcane and other 

crops where localized application is needed. 

• At the time of planting of fruit trees, 20 g of biofertilizer mixed 
with compost is to be added in the ring of one sapling. 

• The same quantity of biofertilizer may be added in the ring soil 
of the seedling after it has attained maturity. 

• Sometimes preincubated compost with desired biofertilizer can 
applied in the furrows before or along with the seed 
ement. 



Main field application/Soil Application Conti ..... 

• Sometimes, biofertilizers are also introduced in the soil but this 
may r1equire four to ten times more biofertilizers. 

• Before use, the inoculants should be incubated with the desired 
amount of well decomposed granulated farmyard manure 
(FYM) for 24 hours. The FYM acts as nutrition medium and 
adjuvant ( carrier) for biofertilizers. 

Tuber /Sets inoculation 
• This method is exclusively suitable for application of Azotobacter or 

Acetobacter. 

• In this method, 50 liters of water is taken in a drum and 4-5 kg 
of desired biofertilizer is added and mixed properly. 

• Planting materials required for one acre of land are dipped in this 
mixture. 

• Similarly, if we are treating potato, then the tubers or if sugarcane 
then sets are dipped in the mixture and planting is done after drying 

materials in the shade. 



LIQUID BIOFERTLIZER APPLICATION 

Liquid biofertilizers are the microbial preparations containing 
specific beneficial microorganisms which are capable of fixing or 
solubilizing or mobilizing plant nutrients by their biological activity 

How to apply biofert with Agrochemicals? 

• In addition to these, combined use of bacterial biofertilizers can 
also be done. 

• Bacterial inoculants should not be mixed with insecticide, 
fungicide, herbicide and fertilizers. 

• But can be applied even when there is requirement of seed 
treatment with insecticide or fungicides. 

• The method is FIR means first we should treat the seed with 
fungicide then insecticide and then Rhizobium means any 
biofertilizer. 

• Seed treatment with bacterial inoculant is to be done at last 
seeds are treated with fungicides or insecticide. 



Constraints in biofertilizer adoption 

Production and Distribution level Storage and Distribution level 
• LC7N incentive to dealer J 

1 

• Unavailability of good strains • Poor storage faciity 
• No sale net work 

• Unavailability of good carrier • Less expiry period 

• Poor storage facility • No buy back Guarantee by 
manufacturers 

• 

Field level 
rene.- among 'fat,, ,era 

lblllty fn the market 
product available 

do not 'IIO handling anc:I u.-
• 

ifthc~ • 
al"'reaponae 

TIPS TO GET GOOD RESPONSE TO 
BIOFERTILIZER APPLICATION 

,Biofertilizer products must contain an appropriate population of good 
effective strains and should be free from contaminating microorganisms. 

, Select the right combination of biofertilizers and use before the expiry 
date. 

, Use the right method of application and apply at appropriate time as per 
the information provided on the label. 

,For seed treatment, adequate adhesive should be used for better results. 

,For problematic soils, use corrective methods like lime or gypsum pelleting 
of seeds or correction of soil pH by use of lime. 

, Ensure supply of phosphorus and other nutrients. 



PRECAUTIONS BEFORE BIOFERTILIZER 
APPLICATION 

• The packet has to be used before its expiry, only for the 
specified crop and by the recommended method of application. 

• Biofertilizers are live products and require care in their storage. 

• Both nitrogenous and phosphate biofertilizers are to be used to 
get the best results. 

• It is important to use biofertilizers along with chemical fertilizers 
-. . . 

38 ~ 
rganic manures. Biofertilizers are not a replacement of 
ers but can supplement plant nutrient requirements. 

PRECAUTIONS BEFORE BIOFERTILIZER 
APPLICATION 

• Biofertilizer packets need to be stored in a cool and dry place away 
from direct sunlight and heat. 

• Right combinations of biofertilizers have to be used. 
• As Rhizobium is crop specific, one should use it for the specified 

crop only. 
• Other chemicals should not be mixed with the biofertilizers. 
• When purchasing, one should ensure that each packet is provided 
with all necessary information like name of the product, name of the 
crop for which it is intended, name and address of the manufacturer, 
date of manufacture, date of expiry, batch number and instructions 

se. 

























































Ex. 1
Introduction to microbiology 

laboratory and its equipments



1. Inoculation wire / loop: Inoculation wire/loop is made
of a long wire of an inert metal i.e. nichrome or
platinum inserted into a metal shaft that serves as
handle. Generally used to transfer the culture from
stock culture to agar slopes or to media (sub-culturing)
or making streak plates.

2. Hot Air Oven: used for sterilization of glassware’s( test
tubes, pipettes and petri dishes etc.).Glassware’s are
sterilized at 180°C for 3 hours.

3. Autoclave: used not only to sterilize liquid substances
(e.g. prepared media and diluents solutions, but also
to sterilize glassware’s, when required. Usually
sterilization is done at 121 °C (a pressure of 15 pounds
per square inch i.e. 15 psi) for 15 minutes.



4. Fridge (Refrigerator): It serves as a repository for
thermo labile chemicals, solutions, antibiotics,
serums and biochemical reagents at cooler
temperatures. Stock cultures of bacteria are also
stored in it between sub-culturing periods. It is also
used for the storage of sterilized media, so as to
prevent their dehydration.

5. Deep-fridge: It is used to store chemicals and
preserve samples at very low sub-zero
temperatures.

6. Electronic Top-pan Balance: It is used for weighing
large quantities of media and other chemicals,
where precise weighing is not of much importance.

7. Electronic Analytical Balance: It is used to weigh
small quantities of chemicals and samples precisely
and quickly.



8. Quebec Colony Counter: Colonies are very small and too
much crowded making it difficult to count. Counting
becomes easy, when a mechanical hand counter, called
Quebec colony counter, is used.

9. Vortex Mixer: It is an instrument used for thorough mixing
of liquids in test tubes.

10. Laminar Flow Chamber: It is a chamber used for aseptic
transfer of sterilized materials, as well as for inoculation of
microbes. An air blower blows air from the surrounding
and passes it through a HEPA filter (High Efficiency
Particulate Air filter), so as to make it dust free (microbe-
free). An UV lamp fitted inside the chamber sterilizes the
chamber before operation. It has a stainless steel platform
with provision for gas pipe connection for a bunsen burner.

11. Centrifuge: A device used for separation of different
components of liquids based on density and is also used to
purify microbial cells. It is also available with cooling system
for microbial work.



12. Incubator: maintains a constant temperature
specifically suitable for the growth of a specific
microbe.

13. Spreader: to spread the inoculum uniformly on agar
plates.

14. Distilled Water Plant

15. Microwave Oven

16. pH Meter

17. Shaker

18. Shaking Water Bath

19. Glasswares etc.



Ex.2 
Microscope- Parts, Principles of 

microscopy, Resolving power and 
Numerical aperture



• Microscope is used to view smaller specimens such as
cell structures which cannot be seen at lower levels of
magnification.

• The standard ordinary light microscope is called a
bright-field microscope, because it forms a dark image
against a brighter background.

• A compound microscope with a single eyepiece (ocular)
is called monocular and with two eye pieces is called
binocular.

• A compound microscope consists of structural and
optical components.



1. Structural Components:

The three basic, structural components of a
compound microscope are the body, base and arm.

✓ Body houses the optical parts in the upper part of
the microscope.

✓ Base of the microscope supports the microscope and
houses the illuminator.

✓ Arm connects to the base and supports the
microscope head. It is also used to carry the
microscope.

• When carrying a compound microscope always take
care to lift it by both the arm and base,
simultaneously.



2.Optical components:

Two optical components in a compound microscope:
Eyepiece and Objective Lenses

i. Eyepiece or Ocular: Typically, standard eyepieces
have a magnifying power of 10x.

• Eyepieces of varying powers are available. Eyepiece
tube holds the eyepieces in place above the
objective lens.

• Binocular microscope heads typically incorporate a
diopter adjustment ring that allows for the possible
inconsistencies of our eyesight in one or both eyes.
The monocular (single eye usage) microscope does
not need a diopter.



ii. Objective Lenses: are the primary optical lenses on
a microscope. They range from 4x-100x and
typically, include, three, four or five lens on
microscopes. Objectives can be forward or rear-
facing.

A. Stage is a flat platform where the specimen to be
viewed is placed.

B. Stage Clips are used when there is no mechanical
stage. The viewer is required to move the slide
manually to view different sections of the
specimen.

C. Aperture is the hole in the stage through which the
base (transmitted) light reaches the stage. The
object to be viewed is positioned on the stage over
this opening so that it is brightly illuminated.



D. Illuminator (light source): A mirror or an electric
illuminator is a light source for a microscope located in
the base of the microscope(generally in-built).

E. Condenser is used to collect and focus a cone of light
from the illuminator on to the specimen. It is located
under the stage often in conjunction with an iris
diaphragm.

F. Iris Diaphragm: controls the amount of light reaching
the specimen. It is located above the condenser and
below the stage. High quality microscopes include an
Abbe condenser with an iris diaphragm (control both
the focus and quantity of light applied to the
specimen).A lever(sometimes a rotating knob)is
provided on the condenser for operating the
diaphragm.



G. Condenser adjustment knob: moves the condenser up or
down to control the lighting focus on the specimen.
Lowering the condenser decreases the amount of light
that reaches the object. It is best to keep the condenser
fully raised and to adjust light intensity with the iris
diaphragm.

H. Nose piece: Above the stage, attached to the arm, a tube
holds the magnifying lenses through which the object is
viewed. The lower end of the tube is fitted with a rotating
nosepiece. Nosepiece houses three or four objective
lenses. As the nosepiece is rotated, any one of the
objectives can be conveniently selected. The upper end of
the tube holds the ocular lens, or eyepiece (a monocular
scope has one; a binocular scope permits viewing with
both eyes through two oculars).



I. Coarse and fine adjustment knobs: are used to focus
the microscope which are located on the arm.
Depending on the type of microscope used, either the
rotating nosepiece or the stage can be raised or
lowered by coarse and fine adjustment knobs.



Magnification in microscope
The total magnification achieved with the microscope
depends on the combination of the ocular and objective
lens used. The total magnification of microscope is
calculated by multiplying the magnifying power of the
objective lens by the magnifying power of the ocular
lens.

Representative magnification values for a 10 X ocular
are:

• Scanning (4X) x (10X) = 40X magnification

• Low power (10X) x (10x) = 100X magnification

• High dry (40X) x (10X) = 400X magnification

• Oil Immersion (100X) x (10X) = 1000X magnification



Microscope Resolution 
• Objective is the important part in the microscope which

is responsible to produce a clear image. The resolution
of the objective is most important.

• Resolution is the capacity of a lens to separate or
distinguish between small objects that are close
together.

• The major factor in the resolution is the wave length of
light used. The greatest resolution obtained with light of
the shortest wavelength, that is the light at the blue
end of the visible spectrum in the range of 450 to 500
nm. The highest resolution possible in a compound light
microscope is about 0.2 µm i.e. the two objects closer
together than 0.2µm are not resolvable as distinct and
separate.



Numerical Aperture

• The resolving power of a light microscope
depends on the wavelength of light used and the
numerical aperture (NA) of the objective lenses.

• The light microscope is equipped with three or
four objectives.

• The working distance of an objective is the
distance between the front surface of the lens
and the surface of the cover glass or the
specimen.

• Objectives with large numerical apertures and
great resolving power have short working
distances.



• The numerical aperture of a lens can be increased by
increasing the size of the lens opening and/or
increasing the refractive index of the material
between the lens and the specimen.

• The larger the numerical aperture the better the
resolving power. It is important to illuminate the
specimens properly to have higher resolution. The
concave mirror in the microscope creates a narrow
cone of light and has a small numerical aperture.
However, the resolution can be improved with a sub
stage condenser.

• A wide cone of light through the slide and into the
objective lens increases the numerical aperture there
by improves the resolution of the microscope.



Oil immersion lens

• This objective is the most useful of the three for the
microbiologist because its high magnification permits
clear viewing of all microorganisms (viruses require an
electron microscope).

• As its name implies, this lens must be immersed in a
drop of oil placed on the object to be viewed. The oil
improves the resolution of the magnified image,
providing sharp detail even though it is greatly
enlarged.

• The function of the oil is to prevent any scattering of
light rays passing through the object and to direct
them straight upward through the lens.



• Notice that the higher the magnification used, the more
intense the light must be, but the amount of illumination
needed is also determined by the density of the object. For
example, more light is needed to view stained than unstained
preparations.

• Oil immersion lens is designed to be in direct contact with the
oil placed on the cover slip. An oil immersion lens has a short
focal length and hence there is a short working distance
between the objective lens and the specimen.

• Immersion oil has a refractive index closer to that of glass than
the refractive index of air, so the use of oil increases the cone
of light that enters the objective lens.

• Because of refractive index the light passing from the glass into
air makes the light to bend. The light passing from glass
through oil does not bend much because the oil has similar
refractive index to that of a glass.

• immersion oil with a refractive index of about 1.5 increases the
numerical aperture and increases the resolving power of the
microscope.



Oil immersion objective and resolution



Care and Handling of the Microscope
1. Always use both hands to carry the microscope, one

holding the arm, one under the base.

2. Before each use, examine the microscope carefully and
report any unusual condition or damage.

3. Keep the oculars, objectives, and condenser lens clean.
Use dry lens paper only.

4. At the end of each laboratory period in which the
microscope is used, remove the slide from the stage,
wipe away the oil on the oil-immersion objective, and
place the low-power objective in vertical position.

5. Replace the dust cover, if available, and return the
microscope to its box.



Ex.3
Methods of sterilization



Sterilization
✓ Sterilization is the freeing of an article from all living organisms,

including bacteria and their spores.
✓ Sterilization of culture media, containers and instruments is

essential in microbiological work for isolation and maintenance of
microbes.

Sterilization can be achieved in a variety of ways:
I. PHYSICAL METHODS
A. Heat :
1. Dry heat
2 Moist heat
B. Radiations
1. Ultraviolet radiations
2. Ionizing radiations
C. Filtration
II. CHEMICAL METHODS
Sterilization can be achieved by sunlight------natural method of 

sterilization).



Sterilization by heat: Heat can be applied in two forms.
1. Dry heat 2. Moist heat
➢ Mechanism of killing by dry heat: kills the organisms by

destructive oxidation of essential cell constituents. Killing of
the most resistant spores by dry heat requires a temperature
of about 160 °C for 60 minutes. This method of sterilization is
employed for glassware; syringes, metal instruments and
paper wrapped goods, which are not spoiled by high
temperatures.

➢ Mechanism of killing by moist heat: kills the organisms by
coagulating and denaturing their enzymes and structural
protein. Moist heat method of sterilization of the resistant
spores generally requires 121 °C for 15-20 minutes. This
method is used for the sterilization of culture media, and all
other materials through which steam can penetrate. Moist
heat is more effective than dry heat. Sterilization can be done
at lower temperatures in a given time at a shorter duration at
the same temperature.



Methods of sterilization by dry heat

1. Red Heat: Articles such as inoculation loops,
straight wires, tips of forceps and searing spatulas
are sterilized by holding them in Bunsen flame till
they become red hot.

2. Flaming: This method involves passing of an
article (scalpel, mouth of culture tubes, glass
slides etc.)through Bunsen flame without
allowing it to become red-hot. Even though most
vegetative cells are killed, there is no guarantee
that spores too would die on such short
exposure. This method too is limited to those
articles that can be exposed to flame.



3. Hot Air Oven: This is the main means of sterilization by
dry heat. Exposure at a temperature of 160 °C for 1 hour
is generally employed. Since air is poor conductor of
heat, even distribution of heat throughout the chamber
is achieved by a fan. The heat is transferred to the article
by radiation, conduction and convection. Articles
sterilized: Metallic instruments (like forceps, scalpels,
scissors), glassware (such as Petri-dishes, pipettes, flasks,
all-glass syringes).

4. Infrared Radiations: Source employed is an electrically
heated element, the infrared rays are directed on to the
object to be sterilized and temperature of 180 °C can be
obtained.



Methods of sterilization by moist heat

Moist heat can be employed at

1. Temperature below 100 °C

2. Temperature of 100 °C

3. Temperature above 100 °C

Moist Heat Below 100 °C:

✓ Pasteurization of Milk: The temperature employed is
either 63 °C for 30 minutes or 72 °C for 20 seconds. All
nonspore-forming pathogens in milk like Salmonellae,
M.tuberculosis are killed.

✓ Tyndallization: In this method, the liquids are steamed
for one hour a day on three consecutive days and the
liquids are incubated at 25-30°C. During the first
steaming, all the heat



sensitive vegetative cells are killed, leaving only the
spores. During the first incubation period, most of the
spores germinate in to vegetative cells. These vegetative
cells are killed by the second steam period. In the second
incubation period, the rest of the spores germinate into
vegetative cells which are killed by the third steaming
period. In this way, the liquids are sterilized without
temperature rising above 100°C.

Moist Heat Above 100°C:

Autoclaving: is the most reliable and widely used method
for sterilization of culture media and surgical Supplies.
Autoclaving is done at 15 lbs. (pounds per sq. Inch
pressure) and 121 °C for 15-20 minutes.



Sterilization by Filtration: Filtration does not kill
microbes, it separates them out. Membrane filters with
pore sizes between 0.2- 0.45 μm are commonly used to
remove particles from solutions that can't be
autoclaved. It is used to remove microbes from heat
labile liquids such as serum, antibiotic solutions, sugar
solutions, urea solution.

TYPES OF FILTERS:
1.Earthenware candles - called Berkfield (Made from

Kieselguhr, a fossil diatomaceous) & Chamberland
filters (Made from unglazed porcelain)

2. Asbestos and asbestos-paper discs filters - called Seitz
filter (Made up of asbestos pads)

3. Sintered glass filters (Made from sintered glass)
4. Cellulose membrane filters (Made up of nitro-cellulose

membranes).
5. Fibre glass filters.



Ex.4.

Nutritional media and their 
preparation



Cultivation of microorganisms
For cultivating microbes in laboratory, we require
culture media. The various mixtures of nutritive
substances used for the laboratory cultivation of
microorganisms are collectively known as culture
media.

Culture Media:
✓Must contain all the essential nutrients required by

the organism for its growth and reproduction.
✓ A suitable source of energy, building materials and

growth factors must be supplied in adequate
amounts.

✓ Since microorganisms show a considerable variation
in their nutritional requirements, no single medium
is suitable for growth of all of them.



Types of media
On the basis of their state:
1. Liquid media(broth): 
✓ No solidifying agent like agar is added e.g. nutrient broth.
Advantages:
• For preparing bulk culture.
Limitations:
• Difficult to isolate different types of bacteria from mixed 

population.
• Difficult to study colony characteristics.
2. Solid medium: 
✓ Solid in consistency. 
✓ Prepared by adding 1.5 to 2.0 % agar. 
✓ Used for colony characterization and colony identification 

etc.



All liquid media, whether complex or synthetic may be
converted to solid media by adding either gelatin (a protein)
or agar (a complex polysaccharide extracted from red
marine algae). Use of agar has an advantage as most
bacteria are unable to hydrolyze this molecule into more
simple components. Since gelatin is a liquid at room
temperature, the use of agar allows the medium to remain
in a solid form while microbes are growing on its surface.

3.Semi solid media: 

✓ Remains in semi solid conditions.

✓ Prepared by adding small amount of agar(<0.5%) or gelatin.

✓ Selective in nature.

✓ Used to study  bacterial motility.

✓ Cultivation of microaerophillic bacteria.



On the basis of their composition:

1. Defined or synthetic media:

✓ These are the media prepared from chemical
compounds.

✓ They are highly purified and specific.

✓ Exact composition is known.

2. Complex or non-synthetic media:

✓ Media that are prepared from ingredients that have
not been precisely defined.

✓ It contains hydrolysed proteins and vitamin extracts.
(Peptone is usually produced by boiling beef, by the
hydrolysis of its protein). Casein peptone and milk
peptone are also used in complex media as the source
of amino acids and nitrogen.



Special media:

No single medium or set of conditions supports the
growth of all the different type of microorgamisms
present in nature. To cultivate ,recognize ,enumerate
and isolate certain types of microorganisms special
types of media are needed.

On the basis of their applications and functions these can
be classified as:

1. Enriched media: In these media substances like blood, 
serum or egg are added to basal medium e.g. blood 
agar, egg medium etc.



2. Enrichment media: These media prepared with
ingredients (some substances are added) that will
enhance the growth of certain wanted microbes as
compared to unwanted ones e.g. tetrathionate
broth(allow typhoid bacilli and inhibit the growth of
coli form)

3. Selective media: They are prepared with
ingredients that inhibit the growth of unwanted
microbes which might be in the mixture. The
inhibitor may be an antibiotic, salt or other
chemical. Mixed culture of microbes originally
grown in enrichment media may be inoculated into
selective media to isolate the desired microbe.



4. Differential media: They are designed to
differentiate among microbes. Different bacterial
species may produce dissimilar colony colours when
grown on differential agar. While in differential
broth cultures, the media change colour. These
media are used to confirm the identity of a microbe
that has already been isolated by culturing in
enrichment and selective media e.g. Mac Conkey
medium on that lactose fermentors are colour less
or pale.



Preparation of media 

Steps in the preparation of media:

(a) Preparation as solutions of chemicals and adjusting the
pH.

(b) Dispensing the media, and

(c) Sterilization.

✓ A broth is prepared by dissolving the appropriate
amount of the components in distilled water and pH is
adjusted by the addition of either dilute NaOH or HCl.

✓ The media are sterilized by autoclaving at a
temperature of 121 °C and a pressure of 15lbs/inch2 for
15 minutes. Heat- sensitive substances present in the
medium are sterilized either by filtering the solution at
room temperature or by using bacteria-proof filter.



Ex.5.

Enumeration of microbial population in 
soil: bacteria, fungi and actinomycetes



Agar plate method for microbial count

Collection of soil sample

Serial dilution

Preparation of culture media

Plating  and inoculation from desired dilution

Incubate the agar plates

Observation(count the colonies)

Calculations



Martin's Rose Bengal Agar medium: Glucose-10g
,Peptone – 5g , K2HPO4 - 1 g, MgSO4.7H2O - 0.5g

Agar - 15g,Rose Bengal - 0.035g ,Streptomycin - 30ug
and Distilled water - 1000mL

Nutrient Agar Medium: Beef extract - 3.0 g ,Peptone - 5.0 
g, Agar - 15.0 g and Distilled water - 1000mL 

Kenknight and Munaier 's Medium

Dextrose - 1.00 g, K2HPO4 - 0.10 g, NaNO3 - 0.10 g, KCI -
0.10 g, MgSO4.7H2O - 0.10 g, Agar - 15.0 g and Distilled
water - 1000mL

Nutrient agar medium-Bacteria,
Martin’s Rose Bengal medium-Fungi
Ken Knight’s medium-Actinomycetes



Serial dilution method



1. The procedure involves successive dilutions of soil. For
that take 10 g topsoil to the test tube with 9mL of
sterilized water. Shake vigorously for 10 minutes to
disperse the soil. This is the 10-1 dilution. Transfer 1 mL
of the 10-1 dilution to another test tube of sterilized
water. Tightly cap and shake to uniformly mix. This
gives the 10-2 dilution.

2. Repeat step 2 using the 10-2 dilution to make a 10-3

dilution and proceed similarly, making 10-4 , 10-5 , 10-6

,10-7 and 10-8 dilutions.

3. From the desired dilutions, transfer 1 mL to each of 2
sterile petri dishes using a sterile pipette.

4. Pour 15-20 mL sterile, melted agar to each seeded
petri dish.



5. Immediately swirl it, to ensure mixing of soil inoculant
and agar medium.

6. After the agar has solidified, invert plates and incubate
at 28±2°C for 24 to 72 hours or for 1 week.

7. Depending upon extent of dilution, plates may be filled
with a huge number of colonies or very few.

8. Next week, count the number of colonies on plates
from the dilution that contains from 30 to 300
colonies.Don't count from those plates that contain
colonies >2 cm diameter.

9. Multiply the microbial colonies count by dilution, take
the average and correct to oven-dry moisture content
of the soil. This gives the number of colony forming
units (CFUs) per gram of soil.



Ex.-6
Objective: Methods of isolation 

and purification of microbial 
cultures



• There are various methods used for isolation of
microbial culture from mixed population or soil or
nodule etc. These methods include

• Spread plate method

• Pour plate method

• Streak plate method or streaking*

(*Commonly used to purify the microbial culture)

Serial dilution is done to avoid overcrowding of
microbial colonies during isolation.Sometimes when
several organisms are present in a mixture, with one
organism predominating, the predominating form
may be isolated by this method.



Spread plate method



Spread plate method

• Prepare agar plates with suitable medium by pouring
about 15-20 mL molten agar medium in sterilized
petridishes and allowing the medium to solidify in
the petriplates.

• Transfer soil suspension from desired dilution in the
centre of the agar plates, in duplicate, with the help
of sterile pipettes aseptically.

• Spread the soil suspension uniformly with the help of
sterilized spreader over the surface of the medium
aseptically.



• Incubate all the petriplates in inverted position at
28±2°C for 24 to 72 hours to obtain sufficient growth.

• Observe the development of separate and distinct
colonies.

• Select a distinct and well isolated colony of desired
microorganism and transfer it on to sterilized agar slant
of the same medium with the help of sterilized
inoculating loop.

• Incubate the slant at 28±2°C for 24 to 72 hours to
obtain sufficient growth of inoculated microorganism
and after proper labeling, store the slant culture in
refrigerator for further use.

Sterilize the spreader or bent glass rod every time after
use.



Pour plate method 



Pour plate method 

• It includes diluting of a mixture of microorganisms
until only a few hundred bacteria are left in each
millilitre of the suspension.

• A very small amount of the dilution is then placed in
a sterile petriplate by means of a sterile loop or
pipette.

• The melted agar medium is cooled to about 45°C
and is poured into plate.

• The microorganism and agar are well mixed.

• When the agar is solidified the individual bacterium
will be held in place and will grow to a visible colony.



Streak plate method/Streaking
➢ This is most widely used method of isolation.
➢ The technique consists of pouring a suitable sterile

medium into sterile petriplate and allowing the medium
to solidify.

➢ By means of a sterile loope or straight needle or a sterile
bent glass-rod a small amount of growth preferably from
a broth culture or bacterial suspension is streaked back
and forth across the surface of agar until about one third
of the diameter of the plate has been covered.

➢ The needle is then flamed and streaking is done at right
angles to and across the first streak.

➢ This serves to drag bacteria out in a long line from the
initial streak.

➢When this streaking is completed the needle is again
flamed and streaking is done at right angles to the
second streak and parallel to the first.



Streak plate method/Streaking 



Enrichment technique 

• This procedure involves the use of media and
conditions of cultivation which favour the
growth of the desired species.

• The media are therefore derived, which allow
the rapid growth of the desired organisms, at
the same time inhibiting the growth of other
microorganisms.



Contd 
Biodegradation of agro wastes: 

Composition of agro wastes, 
importanceof C:N ratio and 

methods of composting 

Composting 
Composting is a biological process in which diverse and 
mixed group of microorganisms breakdown organic raw 
material under controlled conditions (optimum 
temperature, moisture and aeration etc.) to stable humus 
like substances. This product has lower bulk volume 
than the original raw material and is free from 
pathogens. It has slow decomposition rate and is 
considered as an organic fertilizer. The quality of the 
product depends upon the nature and characteristics of 
organic raw materials.



Composition of agro wastes 

In general, organic raw materials (rice straw, 
wheat straw, barley straw, oat straw, sawdust, 
groundnut shells, 
dung)contain

Cellulose 16.8 to 53.6 %, 
Hemicellulose - 9.8 to 26.6 %, 

Lignin -11.6 to 28.2 %, 

Proteins - 1.8 to 23.5 %, 

Ether soluble substances 1.2 to 6.3 % 
Hot and cold water soluble fractions(sugars, 

starches, amino acids, urea, ammonium salts) - 2 
to 30 % 

cattle dung and sheep 

Materials used in composting
Compost can be prepared from organic materials from different 

sources like crop residues, straw, paddy, husk, groundnut shell, 
wastes of oilseed crop, sugar cane trash, press mud and wastes 
like city wastes, garbage, kitchen wastes, vegetable / fruit 
wastes, and sewage etc. 

Rate of decomposition of different wastes: 
Simple sugar, proteins, cellulose decompose easily. 

Hemicelluloses and pectic substances have moderate 
decomposition rate. 

Lignin is resistant to microbial attack. 



Principle of composting 

The material to be composted undergoes intensive 
decomposition under thermophilic and mesophilie 
conditions in pits, heaps or windrows. 

Decomposition process is carried out by bacteria, fungi 
and actinomycetes etc. 

Cellulolytic and lignolytic microorganisms play an 

important role in composting process. 

Process of decomposition of organic material in 

presence of air (oxygen)- Aerobic composting 

in the absence of oxygen -Anaerobic composting. 

Methods of composting 

&Two methods, the Indore method (by Sir Albert 

Howard, 1930 ) and Banglore method (by Dr. 
C.N.Acharya,1939) have been widely practiced in 

India. 

Indore method is aerobic and Banglore method is 

initially aerobic but later on anaerobic . 
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Pit method 

Pit size of about 1 m deep and 1.5-2.0 m wide with any suitable length. 
Selected site for the compost pit should be near the cattle shed and water 
source at a high elevation. 

Raw materials used for composting are spread in layers and each layer 

wetted with slurry (made with cattle dung, urine earth and inoculum of 

cellulolytic/lignolytic microorganisms). 

Moisture should be kept at 60-70% initially ;can be reduced to 50% level 
subsequentty.

Pit filled, layers by layer until reach 30 cm above ground. 
Care should be taken to avoid compacting of the material in the pit. 

Turnings of compost done upside down at 15, 30 and 60 days from the 
filling of the pit. At each turning, material is mixed thoroughly and 
moistened with water to maintain around 50% moisture.

Modification of the pit method is practiced, by constructing the bunkers 
from wooden slats on a hard base and are used instead of pits dug on the 

ground. 

Heap method 

In the regions of heavy rainfall heap method is used to 
prepare the compost. 

In Indore method, the basic piles is of dimension i.e.2 m 

wide at base, 1.5 m high and 2 m long. 
The heap is laid with 20 cm layers of carbonaceous material 

followed by another layer of 10 cm of nitrogenous material 
(tresh grass, weeds, garden plant residues/prunings, digested 
sewage sludge etc.).Pattern of filling is continued until the 
pile is 1.5 m high. 

Material is moistened keeping 60-70% moisture.

Pile is covered with soil or dry straw or with a thin plastic 
sheet to retain generated heat. 

Three turnings may be given at fortnight Intervals. Good 

quality compost become ready within 3 months. 
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Bangalore Method 

Useful where night soil and city garbage are used as substrates 
for composting and is suitable for areas with scanty rainfall. 

Overcomes the disadvantages of Indore method but finished 
compost is obtained within six months 

In this method trenches or pits of 1 m deep are made; the 
breadth and length of the pit may depend on the availability of 
land and quantity of material to be composted. Trenches 
should have preferably sloping wals. 

Organic residues and night soil are filled in alternate layers 
and after that the pit is covered with 15-20 cm thick layer of 

refuse and a thin plastic top. 

The materials are allowed to decompose without turning and 

watering for about three months. 
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During this period the materials get bio-composted, and reduced in 
volume, this may again be charged with refuse and liquid waste or 

night soil or cattle dung in alternate layers. 

Refuse is again placed on the top and covered with mud to prevent 
breeding of flies and loss of moisture.

The material undergoes anaerobic decompositionat a very slow 
rate and it takes about 6-8 months to generate the finished 

compost. 
The recovery of the finished compost is more in this method as 
compared to aerobic composting. In addition to it, loss of nitrogen| 
is negligible.

Labour requirement is also less as compared to Indore method. 
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Factors affecting composting and its regulation 

CN ratio of the material used for composting 

Shredding of organic material/particle size 

OBlending or proportioning of raw material 

OMoisture 
Aeration 
Temperature 
pH 
Microbial inoculants 

Amendment 

of compost accelerators 
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Carbon: Nitrogen Ratio (CN ratio 
Narrow CN ratio (< 30:1) : Fast decomposition associated with N 

loss 

Wide C/N ratio (30:1): Slow decomposition 

CN ratio 30-50:1 is optimum 

If the organic material is low in nitrogen, that is if C/N ratio is 
wide, biological activity decreases and several successions or 
cycles of microbial activities may be required to complete the 
process of composting. Thus a finished compost takes longer 
time to produce. If the C/N ratios of raw materials is less than 
30: 1, the proportion of nitrogen is in excess of the requirements 
of the microorganisms. In such conditions although the 
bioprocesS goes on, the unassimilable nitrogen is lost by 
volatilization as ammonia or by denitrification. Low CN ratios 

under unfavourable conditions cause increasing loss of 

12 



Shredding of materials: 
The bioprocess can be accelerated if raw 

materials are shredded into smaller particles size. 

Blending or proportioning of raw material;E 
If the material having the C/N ratio is between 

25-50 No need of blending, although a range 
of 30-40 would be better. 

Substances poor in nitrogen(e.g. sawdust, coir 
pith, coir dust, paper, cereal crop residues and 

stalks/stubbles)
materials(e.g.legumne 
waste, biogas slurry, water hyacinth and slaughter 

house wastes )to obtain an optimum ratio of 30-| 
40. 

mixed with nitrogen rich 
wastes, vegetable/fruit 
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Temperature:
With the multiplication of microorganisms in composting mass 

the heat of exothermic reactions is retained due to the large 
mass. When the temperature rises above 40°C the mesophilic 
microorganisms are replaced by thermophilic microorganisms. 
High temperature is desirable for the destruction of pathogens
weed seeds and maggots etc. The temperature in the middle of 

the pile goes up to 55-70 °C after which gradually cools to 
ambient temperature. Decomposition is fastest in the 
thermophilic range. Optimum temperature for organic matter 

decomposition is 60°C. 

Aerobic system : More (50-70 °C) 

Anaerobic system: low, but prevail for longer time 

Extent of temperature rise will depend on the type of organic 
material being composted as well as the size of the pile. 
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p 

Optimum pH for most microorganisms is 6.5- 
7.5(neutral range) 

Alkaline conditions cause ammonia loss 

For crop residue, dung etc - Not much 

problem 

For Sewage, sludge or Industrial wastes -

may not be favourable 
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Microorganisms:E 
Most of the organic wastes and crop residues carried 

indigenous population of 
significantly in the composting process. 

Fungi and acid producing bacteria appear during 
mesophilic stage. As the temperature increases above 

40C these organisms are replaced by thermophilic 
bacteria ,actinomycetes and fungi. 

Spore forming bacteria develop at still higher 
temperatures and finally mesophilic bacteria and 
fungi reappear as the temperature again falls. 

Many aerobic bacteria are initially present and 
multiply but as the temperature rises their number 
decreases. A minimum is reached at 55-60°C but their 
umbers increase again as temperature drops below 

which contribute 

16P'C. 



The role of mesophilic bacteria may be to raise the 

temperature of the compost for the development of 
thermophilic bacteria which colonize the compost mass. 

Mesophilic bacteria, which flourish during a limited 

most of the readily degradable time consume 
carbohydrates and proteins. 

Bacilhus spp. arc especially involved in degradation of 

proteins, amino acid, peptones and blood meal. 

Actinomycetes degrade starch and also water soluble 
fractions of raw materials. 

Thermophilic bacteria attack proteins, lipids and 

hemicelluloses. 

pids are degraded extensively whereas degradation of 
1Zeuloses and hemicelluloses is comparatively slow. 

Lignin is most resistant compound to bio 

decomposition. 
Actinomycetes such as Thermonospora curvata 

fungi 
decomposition.
and are involved in cellulose

Mesophilic fungi are present in compost as it 
warms up below 40'C and they are quickly 
replaced by thermophilic fungi but reappear as 
the heaps cool to 40'C. They probably persist in 
the outer layers of the heap during thermophilic 

fungi stage. Thermophilic the occur in 

18 perature ranges between 40"'C and 60°C. 



Aeration: Regulate microbial activity in composting 

Aerobic conditions: Fast decomposition

Anaerobic conditions: Slow decomposition with gaseous 
nitrogen losses 

Factors affecting aeration: Watering, quantity of fine and 

green material, heap dimensions frequent turning, inserted 

bamboo pole etc. 
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Microorganisms involved in composting 

Bacteria
Bacillus, Cellulomonas, 
Sporocytophaga, Vibrio, Clostridium and Erwinia etc. 

Cytophaga, Pseudomonas, 

Fungi 
Aspergillus,_ Alternaria,
Fusarium, Fomes, Paecilomyces, Polyporus, Poria and 
Phanerochaete etc. 

Trichoderma, Chaetomium, 

Actinomyvcetes
Streptomyces,
Streptosporangium 

Tiemompnospora etc. 
20 

Nocardia, 
Thermoactinomyces, 

Micromonaspora, 
and 



Compost accelerators 
To speed up the composting process 

Microorganisms: 

Aspergillus niger, Aspergillus awamori , Trichoderma 
viride, Phanerochaete chrysosporium, Trichurus spiralis, 

Paeciliomyces 
thermophilhum,Humicola insolens and Sporotrichum 
thermophilum etc. 

fusisporus, Scytalidium 
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Quality control of compost 

Some standards (Table 1) for quick evaluation of maturity and 
quality control 
Gaur(2010).With the increased commercial production of 
compost there is need to develop some standards to control the 
quality of compost. Many countries are now started guidelines
of standards to control the quality ,sale and export-import of 
the compost. 
There was no regulatory body or legislation existed in India to 

control the quality of biological inputs like compost, vermi 
compost, bio fertilizers etc. But now bio fertilizers and organic 
manures covered under FCO (1985) and a brief account about 
the present standards in India is given in(Table 2). 

of compost have been suggested by 

22 



Table 1: Standards for evaluating maturity of compost 

Parameters Good quality Poor quality 
Colour Brown to black Varies 

Smell Pleasant earthy smell Bad odour 

pH 6.5-8.0 <6, >8 

CN ratio 10-20: 1 <10,>20 

Temperature 30-45C >45C 

Moisture 25-30% >30% 

Humus% >4% <4% 

Plant assay Good growth Growth inhibition 

Nitrogen >1.25% >1% 

23 (Gaur,2010) 

Table 2: Standards of city compost as described in Fertilizer Control 
Order (1985) 

Parameter Compost 
Molsture per cent by welght 15.0-25.0 

Colour Dark browm to black 

Odour Absence of foul odour 

Particle size Minimum 90% material should pass 

through 4.0 mm IS sieve 

Bulk density (lem) <I.0 

Total organlc carbon, per cent by weight, minimum 12.00 
Total nitrogen (as N), per cent by weight, minimum 0.8 

Total phosphates (as P,0, per cent by welght, 0.4 

minimum 

Total potash (as K,O), per cent by welght, minlamum 04 
<20:1 C:N ratio 

pH 6.5-7.5 

Cendaetivity (as dsm Not more than 4.0 
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Parameter Compost 
Heavy metal content, as mg/kg), per cent by welght, 

maximumn 

Arsenic (as As,O 10.0 

Cadmium (as Cd) 5.0 

Chromium as Cr) 50.0 

Copper (as Cu) 300.0 

Mercury (as Hg) 0.15 

Nickel (as Ni) 50.0 

Lead (as Pb) 100.0 

Zinc (as Zn) 1000.0 
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Improved methods of composting

Compost is poor n plant nutrients as compare to mineral fertil1zers. 

Therefore, there is need to improve the quality and nutrient content of 
compost using low cost enrichment technique. 

Enrichment with phosphorus:Cheap sources of phosphorus like 
powdered low grade rock phosphate(<11%P) can be used for 
enrichment. In addition to P it is a rich in calcium and fair source of 
micronutrients. Similarly, bone meal contains both 2.4%N and 9.11%P. 

Enrichment with nitrogen: Addition of chemical nitrogen to the 
compost@ 2% to bring down CN ratio to 10:1 but it increased cost of 
production. Thus, low cost amendment like cellulolytic and nitrogen 
fixing microorganisms may be used. 

Rapid compostingof agricultural waste by cellulolytic inoculants:
Some of the cellulolytic fungal isolates viz. Aspergillus niger, Pencillium 

digitatum, Trichoderma viride, and Trichurus spiralis etc. are used to 
hasten the process of composting under optimum environmental
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Biological process of composting 

There are four phases of composting procesS 
*Mesophilic phase (moderate temperature phase): 

Active stage, with a duration of a couple of days. 

Thermophilic phase (high temperature phase) 
High rate stage ,with duration from some days to several 

months. 

Coolingphase:_controlled stage with a several-months
cooling 
Maturation phase: 

The process of composting cannot be completed without these 
four stages which starts from the active stage and ends With 

the maturing stage. These stages influence the kind of 
roorganisms that are involved in compsting. 
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The initial decomposition is carried out by aerobic mesophilic 
microorganisms, which rapidly break down the most easily 
biodegradable compounds like sugars, organic acids and 

amino acids etc. 

It is related with the consumption of oxygen and release of 

carbon dioxide and energy. The heat produced by them causes 
the fast increase in temperature. When the temperature
reaches 40C, the mesophilic microorganisms become less 
competitive and are replaced by the thermophilic ones. This is 
a thermophilic phase, which proceeds with high velocity and 
its duration depends on the characteristics of the substrate. 
When the compounds (easily degradable)
metabolized during the first stage are exhausted, the | 
composting process continues with the more complex organic 

lecules; causes the longer time for degradation. 

that are 
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At temperature reaches above 55°C, human / plant 
pathogens and weed seeds are destroyed, while, 
when it reaches 60°C parasites are destroyed. 
Temperature must not exceed 65°C.because it may be 
harmful to useful microbes and may result in a 
decrease of the rate of decomposition. Mixing should 
be done to maintain the temperature below this point 

through aeration 
composting material is done to ensure the cooling of 

the substrate and also to support the oxygen supply to 

the biomass. 

Turning or mixing of the 

During the thermophilic phase, high temperatures 
accelerate the breakdown of proteins, fats, and 
complex 

hemicellulose, the major structural molecules in 

29 Jants. 
carbohydrates like cellulose and 

When these compounds are exhausted, the compost temperature 

gradually decreases and mesophilic microorganisms once again 
take part for the final phase of "curing" or maturation of the 
remaining organic matter. 

The beginning of this stage is followed by the death of a huge part 
of microbial population, because of exhaustion of available food. 
In addition to it, the fast decrease of temperature is followed by 

changes in the population of active microorganisms from 
thermophilic to mesophilic. During this stage the temperature 

reaches 40-45C and decrease to room temperature. Duration of 
this stage could be a few months. 

During the mesophilic phase actinomycetes appear and degrade 
actively the starch, cellulose, and lignin compounds necessary for 

the synthesis of humus components. They also play a role in the 
formation of humus and aromatic compounds. 

The maturation stage is characterized by the disintegration of the 
compost material(i.e. formation of small particles by the action of 
invertebrates 1.e. earthworms, ticks, and centipede etc.). 
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NADEP method of composting
The NADEP method of making compost was first 

invented by a farmer named 
Pandharipande (also popularly known as "Nadepkaka") 
living in Maharashtra (Pusad ). 

Narayan Deorao 

The NADEP method of making compost is unique not 
because it is successful in making good compost but 
also the large quantities of compost can deliver with a 
minimum of human effort within a specific period of 
time. 

Compost can be prepared from a wide range of organic 
materials including dead plant material such as crop 

idues, weeds, forest litter and kitchen waste. 
31 

This of making compost 
construction of a simple, rectangular brick tank with 
enough spaces maintained between the bricks for 
necessary aeration. Tank can be constructed with mud 

method involves the 

mortar or cement mortar. 

This method basically involves placing layers of different 

types of compostable materials in a mud-sealed structure 

designed with brick and mud water. 

The entire tank should be filled in one go. Filling should 
be completed within 24 hours. Before charging the tank 
with the materials, it is advisable to wet the inner walls 
and the tank bed with cowdung dissolved in water. 
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First layer: Plant waste is filled up to a height of six 
inches. This will take up at least 100 to 120 kg of the 
material. 
Second layer: 4 kg of cowdung should now be mixed 
well in 125 to 150 litres of water and sprinkled on 
the plant waste in such a way that the material is 
completely wet with it. More water will be required 
in summer for the wetting. 
Third layer: The wet cowdung-sprinkled waste is 
covered with another 60 kg of clean, filtered soil and 
water is sprinkled on it again. 

Thereafter, the tank continues to be filled with this 

series of three layers in the same sequence up to one 
and a half feet above the rim of the tank in the shape 
of a cone. Usually, the standard tank can take 11 or 
12 series of layers. 
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As the filling is completed, then the tank should be 
sealed. by covering the top with about three-inch layer of 
soil all around. The soil layer is then plastered with 
liquid cowdung surry carefully so that no cracks 

emerge. 
After a period of 15 to 20 days, due to microbial activity 
that has already commenced, the material above the rim| 
of the tank will shrink to below the tank rim. 

The tank should be opened and filled again with the 
same sequence of layers up to a height of one and a half 
feet above the tank rim. Once again, the material should 
be covered in three inches of soil and sealed with liquid 
cowdung slurry. 
Thereafter, in order to maintain the moisture level (about 
15% to 20%) and also to prevent cracking, cowdung 

mixed with water is sprinkled on the compost heap. 
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Water may also be sprayed through the holes on the tank 
sides. The entire tank is covered with a thatched roof to 
prevent excessive evaporation of moisture. At no point of 
time should the compost be allowed to become dry. 

Under no circumstances should any cracks be allowed to 
develop. If they do, they should be promptly filled up 

with slurry and the entire tank is covered with a thatched 
roof to prevent excessive evaporation of moisture. 

In this method, approximately 2.5 tons of compost (deep 

brown colour with a pleasant smell) can be prepared in 
about 90 to120 days. 

After sieving ,sieved material is used as fertiliser and the 
remains placed back into the tank for the next 

composting process. Each large tank can be harvested 
three times in one year. 
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Vermicomposting 

Vermicomposting 
Vermicomposting is a method of making compost, with 
the use of earthworms, which generally live 1n soul, eat 

biomass and excrete it in digested form. This compost is 
generally called vermicompost or Wormicompost

Vermiculture:

Vermiculture means seientific method of breding and 

raising earthworms in controlled conditions. 
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Earthworms used in vermicomposting 

Epigeies (surface feeders)- Eisenia foetida and Eudrius 
eugeniae are exotic worms and Perionyx excavatus is a 
native one being used for vermicomposting in India. 

Epianecie - are feeders on leaf litter and soil at upper 

layers of soil. Lampito mauritü is indegenous and is 
active in in-situ decomposition of organic wastes and 
residues in soil. 
Both epigeics and epianecics are slender, shorter in 
length and red to dark brown. They have high 
reproduction activity. Eisenia foetida and Eudrilus 
eugeniae are potential agents in vermicomposting and 
can grow at a wide range of temperature varying from 0- 

40 C (optimum 20-30 C). 
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Nutrient content in organic manures 

Vermi Farmyard 
Element compost manure 

N (%) 2.1 2.6 1.1 1.55 

P(%) 1.5- 1.7 0.7 0.8 

K (%) 1.4 1.66 0.6- 0.7 
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