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¢ converted into organic compounds in the llVlng OFpn...
are converte ,

“ o . ( W )l tos lmlsm‘;
energy is derived from the solar source for pho ’O‘W"‘hesig N |
&) W : 4.8 . —_ e 8.
rganic matter is converted into morganic m
orgs ¢

atter hy a RLIRY
r ¥ A
mineralization. .

Photosynthesis

Inoreanic forms of
clements in the
environment

A Mineralization

Fig.15.5: Biogeochemical cycle,
Mineralization is essential for the m

aintenance of
Microorganisms play a very important role in bio
Soil microorganisms serve ag biochemical agents for the Mineryfy,

tion of organic carbon, nitrogen, sulfur, phosphorus and otherco
As aresult of mineralization, these elements are returned to the enyiy,
ment, for reuse. Thus the chemical elementg are shed and reygeq.

The following are the Important biogeochemical cycles.

1. Nitrogen cycle 4. Phosphorus cycle
2. Carbon cycle 5. Iron cycle

3. Sulfur cycle

life on gy l

geochemical Cycly

1- Nitrogen Cycle) |
The cyclic movemen of nitrogen befween the living orgr §
isms and the ntis referred to ag nitrogen cycle. i
enin the Living Systems R
uilding block of the protein molecule. 51§
Y Component of (he protoplasm OfPlantS’@b;&'
8. Itis an essengiy constituent of the followite™: ]

environme
1. Nitrog
Nitrogen js o key b
absolutely necessar
and Microorganigm
logically s gnificant

moleculeg: g
d s . i |
- Amino acigy and proteins ¢, Chlorophyll and ol 1e([ o
2. Nucleje acids 7. Purines ok
3. E_nzymes 8. Pyrimidines |
4. Hormoneg 9. Porphyrins
3. Vitaming 10. Alkaloids
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{1 e, pltrogen iy exdatineithers lighly oridized fratn

Thus,
INO),) o il highly vedneed atite (NIL), “The inorganmc nilgeged silis,
o it Dighly waister solubile, Py e dis

mmoninm, nitvite and niteal
fibuted in dilute agueous solution throughout the ecosphiete They

orm small, actively cycled reervoir,
= Livingand dend organic matter ilko provide telatively el e
yvly cycled reservoln I lemperale climmtes, humus foetis o alibistin
and rolatively stable nitrogen fenervolt, The nittogen of TR TIE
conies available (ough mineralization. I troplcal climates, the e
berature and humidity favour (e el nined direct mineralization of
brganic matter, limiting the secumttlation of ey aod i,

L Geologicul deposits of more rendily avalluble cotibined niteogen

e e, “Tho only aatural aectmultion of nitrate OUELE O BOIIE T8
hds. These nitrate deposliy are derived from the decomporition of
BUIno deposited by sea birds, ‘The dry climute of thege iglnneds his

ented the lenching ol nitrate,
Nitrogen Cycling

Nitrogen cyele Involves the (ollowing BlepH: (Hig15.0)
. Proteolysis 4. Nitrate reduction
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Ammonification 3 l)""'i"'i/i'c‘cxtion
Nitrification 0. Nitrogen ﬁxalion
1. Proteolysis
Proteolysiy is the enzymatic hydrolysig of progy,

eing §
organic matter into amino acids. This is bl()ug:,h[ abg b(/d‘
y by

A
»
RN

lowxm, microbes : ™ |
. Clostridium hystolyticum 6. Hay pge; i g

2. Cl. sporogenes 7. Molds

3. Proteus vulgaris ‘ 8. Fungi

4. Pseudomonas fluorescens 9. Actinomycey, ;
. Bacillus cereus '
Thcsc, microorganisms produce two types of Protey
zymes. 1. Proteinases and 2. Peptidases. _‘
Proteinases convert proteins into smaller units of pep,
Peptidases convert peptides to amino acids. The overa]] Teacty, ]
may be summarized:
‘Proteinases Peptidases 1

Proteins |— | Peptides | ————»Aminoaij i,

Jl

The end products of proteolysis are amino acids.
2. Ammonification |

Ammonification is a process in which organic mtrogent -
converted to ammonia. The amino acids are utilized as nuW””bY
microorganisms. Under aerobic conditions, the amino groups®®*
moved from amino acids with the liberation of ammonia. Thns is known
as oxidative deamination. ‘ i

Similarly, urea present in the urine of man and
decomposed by microorganisms such as, Mzcrococcus
Ammonium is released from urea.
3. Nitrification

Nitrification is a process in which ammoma ‘S

nitrate. This process consists of two steps.
In the first step, ammonia is ox1dlzed to mmte
nitrosification. i

2NH, + 30,— 2HNO, + 2H,0 +En° ;y_

Mals is_a!so
ana Protf"-‘ 1
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i ed uCﬁOn ' : : :
* Nl;\,”zatlrt'jtf reduction is'f‘ /,) r()((ss 1{”5 ?}{l{;/t Mitrat iy y
nitrite and then to (u.mnmua. I h(, 'mt.'rt vl((;;iéum fr(x;cgg ’ 5 ﬂ%},
nitrate reduction. Nitrate reduction involveg S€Veryl eay

erall reaction 1S: ‘ o

ovel l;{N()a + L, > N.Hz + .§¥~iz()’ |

This reaction occurs under anaerobic condition, ewin, B
logged soil. The reaction is carried out under the Influence m}{’;
ganisms such as bacteria, % and f]]amf:nt()us f ungi. Singe . %
croorganisms are able to obtain cel ]ul’ar {ntrogcn through, ainy ﬁ:
similation, the process is called assimilatory nitrgy, reducg,,
5. Denitrification | :

Denitrification is a process in which nitrate,
nitrites and subsequently to gaseous nitrogen (NOZ —No i b

NO, - NO, 5 N,O — N, i

Denitrification occurs under anaerobic conditions, eg., . f
seasonal flooding of the land. It is carried oyt under the influery;,
microorganisms such as Thiobacillys denitrificans, Micrycys.
denitrificans, Clostridium, Pseudomonas and Achromobay
Since there is net loss of nitrogen from the soil, the process is cii:
dissimilatory nitrate reduction. 4
6. Nitrogen Fixation

The conversion of molecylgr nitrogen into nitrogenouscr §
pounds is known ag nitrogen fixation. '

2 ¥
5E

S dre Yedye;, B

&. Carhon Cyc@

The cyclic movement of carbon between the living o1z §

and the €nvironment ig referred to as carbon cycle. . s
Carbon in the Bjotic Environment ~  §
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.,;phm o Nitrogen Fixation
TR SAE RUPOREN IO G EOgenons ¢om-
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i \¥Y
\.\‘ Jing OF HeReone fruls or cosmic radiition i
5 e HITPOREH fixvation,
N atls andeoside radintion provide higlhen

N h\\ e 1
A u l ) ') t
AN Shenieal tarogen txation, 1t takes place in sev

o Al asphetic nitrogen combines with O, under the in
v (o prodduce mitric oxide,

R MR

R i -ms:h CROTRY

R . —p INO

;: s U B R EE & . _
NS conides then oxidized to mitrogen peroxide (NO,) in
\ 1“*‘\\\ o
RS UL £ ad

T Quidasion
4 N0 4 0, »2NO,

— i the \O combines with rain water to form nitrous

3 ol ‘;’1& e ldo

+H.O » HNO, + HNO,
TheT v'nwuc qcid or nitric acid comes to the ground along with
L In the soil, nitric acid reacts with alkali radicals to produce

04 and !!a’fl‘ifc J.
2. Industrial Nitrogen Fixation
: conversion of molecular nitrogen into a nitrogenous us-
mpound through a man made chemical method is known

iy
‘-J.

adesimial nitrogen fixation.
e industrial process for example HabenBosch Process, needs

“perature and pressure to produce ammonia from N,

N 22 400°C
ey > 2NH3 ’
200 atmospheric pressureé 2
(Onf Biological Nitrogen leatlon
pmmf{r:}zon of molecular nitrogen into a n}trogen
[0 1rough the agency of living or, amsms is

Sical nigr. ogen ﬁxatwn. t

OUS Us-
known
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Some microorganisms fix atmospheric nit e :
one atmospheric pressure and at a temperature (, Uf s ;%} £

““}w

the enzyme nifrogenase.
Nitrogenase

N, +3H, » 2NH,
Biological nitrogen fixation contributes 0% Offixey -
earth. mgé%
Biological nitrogen fixation is carried oy by ba i
green algae. The following are the biological mma?i} E&,j nzfg,,

o

1. Rhizobium 4. Beijerinckia 7. Bacip,
2. Frankia 5. Klebsiella “w 8
3. Azotobacter 6. Enterobacter g Deirgffwt

There are two main types of biological m&m@&%
1. Symbiotic nitrogen fixation.
| 2. Non-symbiotic nitrogen fixation.
1. Symbiotic Nitrogen Fixation ;
Symbiotic nifrogen fixation is the Jixing of mp] w |
trogen by bacteria living in the roots s of Iegmnmgug Dl R
was first demonstrated by the French C}lem]StBGHSEmgmk; L: 5»
The root nodule bacteria were later isolated by Befjernick m:‘
Rhwbzum is the symbiotic N, fixing bactenm_

Fj;i 15.12: Bacteroids Jrom the nodules of pea? FM
: z0bia are Grap, - - negative, motile, acrobic, mﬁ*‘g’ﬁ §
ing bacteria, . Pl

The nodules are the sztes of (e
mrmgen ﬁmﬂom e
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‘\,L‘mpmcnt of nodule, initially, the
A o the root zone. These substay
et |
o gwih factors attract the bacteria. As 4 result, the bacte-
! pesS T ooregate around the root hairs.
e m‘d:« pia produce indole acetic acid (IAA)

\ 10 i?

Plant releases some
1CeS are stimulatory

3

as a stimulatory

q . 1 Root hair
YRR R R @? 11z0bia
E Root o) oo
r- A\ E
1 COITC‘\ .'“:.'.... A g
Avade S

3 Curled root hair  {pfection thread

o
b .
> e I' RaX) . .
NN s s s, il
.
+ - - .
vele,els Daa . - . e
s = ""s‘., o g ten et d o

%257 Rhizobium enters through
4 £ the infection thread

% o Mm%
e :

5 dee * .
il . .,
B . . .
gl oS tye " ' .
SR Ros oo
e Tere 0
i
i
19

A
=
12
,,‘.
s

4

Root cell

d infection thread.

fi ; '
415.13: Root hair showing curling a” tip of root ha!

5 Jhe TAA brings about the curling. of the
“Mageregate at the curled root hairs: .
®Rhizobium penetrates the o0t h van'.
Produces an enzyme calledp olyg akw

the Pectin of plant cell wall andmalﬁhw,  hypna

o, Sthe Microbe penetratesinto thGI'O o e

it "ead is formed..

g,

e,
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S Fully mature nodule

4
3
2

Infection of Rhizobium
1 through root hair

Root nodules

o

Fig.15.15: Root nodules.
| The infection thread grows inwards and it beCOme,S, .
The branches reach the inner cortex of the root. i

: et §
The bacteria pass through the infection thread aﬂdar i E

o
into the cytoplasm of the roof cells. i Otchf"mo

As the bacteria invade the cortical cells, dm‘l’lmgt : “‘iSIOmJ”‘
some number takes place in the root cells. As 21542 ©. . §
tissues or tetraploid cells are formed. L eI
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erialcells multiply and colonize i
W !\f‘ pIce is filled. They become qg,
"3 J\;i. N ’

croid 18 irregularly shaped.
L

I " cJubbed. The bacteroids ; N
o ~g'u‘l‘“d cell and the sutrounding diploig cells : ﬁ%atnon.
o s S proliferae to
T L 3 cddish i

N 1 X . > N

® 2\%“{_\,“\“15 float nareddish pigmen ¢

. alled ] ,
" eoytoplasim ot host cells. The pign eghaemogiopin

il 1 3 ent le ha ‘
R ﬁsnwglobm of RBC) acts as a very ghaemoglobin

ol efficient ox
AN . . ygen scay-
L ambines with O, and provides a favourable anaeribic ;
A Con‘

Se. At the same time, it

NS
lde the host cells untj]

_ S callec
Some May be d bacter.

A peactivity of the enzyme nitrogeng
&' forthe bacteroids.

* —pe 1542 Specificity of bacteria and legumes

. Bacteria Legumes
Riizobium melitoli Alfalfa, sweet clover
Rhizobium trifoli Red, white, and other clovers,
Rizobian leguaninosarum | Peas, lentil, vetch.
Rhizobium phaseoli Beans
Rhizobium lupini . Lupines
Rhizebium japonicum Soybeans

{2nodules of legumes show significant differences as follows;

Efgﬂmes . Morphology of nodules
351 and clovers - Club-shaped & lobed
i - Longer and branched

wut & lina bean - Spherical

g xl
| FO

3

o g “guminous plant, the bacteria and the nodule con§titute the
i biotc nitrogen fixation. Here both the bactera and the
- “HLby the association.

[
e

hacte; : . : : mthe
B g ma\{ﬁna obtain their nutrients and source of ener:gly tfll:to o
g, um, fix atmospheric nitrogen and make it avallabie

The .. Clerum contains nitrogenase for N, fixaton.

ogen s fixed in the nodules with the help of the enzyme

s |
L
Ly
™
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svinblotie Nitrogen Fixation :

Y NOm=>ym | o
- wversion of atmospheric lel‘u.(‘»(-n ihf“

woreaniny 18 called Hor-gy
\,.\-“'.“V[\ ‘\“" »

N Mrese onanisms are called nor-symy
. A ;‘\"\\ \ (RY \

FIVR

et M
fnhmn‘, } .r'>a¢; K
Wotic nie. ke, 1§

ic m,,.‘)m’ Rey, ik
and a foyy, M iy, ' f
(\ya"" (", E

Ihose onsansms melude some vaererig
Rine sroen alpe),
o li.:a\‘((‘ni:x Lrotobacien Atomonay, "\3"-\‘1’1'!‘1'1/1";1 1

Cyvanobacteria: Anabaena, Nostoc, ' t
e non-symbiotic nrogen fixers, fix abou () 05 |
- S the Cyanol;a kg./a(fe ’
(X 10 timeg More Nitrg
that ot ather e living bactera, sen
Mechanism of Non-symbiotic Nitrogen fixatiop,

The mechanism of non-symbiotic nitrogen fixation hag been. .k
Mo §

annually. Among non-symbiotic nitrogen fixey

mowe etticient i fining nitrogen, They (|

STy Yy
_\§.;s~!\\

din Cyanobactena, especially in Anabge

Heterocyst
Sy

Fig.15.16: Anabaenag.
In Anabaena, nitrogen fixation takes placeina Specialized ) |
called hererocyst. This cell provides an anaerobic conditip, fwf

na,

nIimnm
il

Irogen fixaton.

,1s converted into ammonia. This conversioi

. Six electrons are needed to reduce 1 molectt:
TN, 2 molecules of ammonia,
N s+ OH +

D :
: 6e '\’ ~NH3 bondsi[l

_ > Process requires the break up of three covalent '
firogen molecule N = N.

NEN_GH ony arl
Th? s catalysed by an enzyme called mﬂcoe(‘f :
nase, {t 1S Sensitive tg O, and it loses this activity in thep g
O,. It functiop In an anaeropjc condition. ~
Mechanism of Biological N, Fixation s
_ Mechanism of biological nitrogen fixation has beel weljulﬂ'
In the NOn-symbjotje N, fixer, Azotobacter, an aerobic bact®

reduction of N.i
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ogical nitrogen fixation oceyyg ¢
V n YO . ¢ %3
e re of 20°C and a pressure of 1
el .

P fixation, i tukcsplaccinzldramicc i re. But ip
| cssure of 200 atmosphere, ' Xrc

, 10

N !
£ l 'l] [ . . e
il :vn ixation is carried out by the jrye
(itr0E" ( z0bi
NI e rod-shaped Rhizobiym,

nd h(\( hy t f N f. l. R
T ess of N, fixation occurs in an 4 b
he provt 2 lanaerobic conditiop,

q e pacteroid lives in an a.erobic condition, The aerobic and

,‘f_»robic conditions are provided by the protein pigment,

: ;‘),:arﬂ“’gl"bi"' ! : .

d siological N, fixation requires the following components :

1 ymospheric nitrogen (N,) Leghaemoglobin
Hydrogen T ATP

Nirogenase Ferridoxin, etc.

Bular shapeg bacter.

Tl

4 DN fixation, N, is converted into soluble ammonia. This con-
Ruinisareduction reaction. Six electrons are needed to reduce
| ulcule of N, to produce 2 molecules of ammonia.

| N, + 6H* + 6¢’ , —»2NH,

@ Tisprocess requires the break up of three covalent bonds ina
“Enmolecyle (N=N).

VeN—OH_oNg,

]?le "eduction of N, is catalysed by an enzyme called mtrog,lvc_’-
“enzyme is made up of two components. Compm?ent Ii .
"on-molybdenum protein (Fe-Mo prqtez:;pz. |
K (gz'lase. The component II is called iron-protein ¢ ‘
The eprotei") or dinitrogen reduc.tase.
Hhy bOunzyme has an active site. The mer.t m .
iy "dt0 the active site. The rgduct;gn..l (N,

“actiye site,

olecule ofN,canbe



flecrons (¢+)

N
}*;~(»s"zx"1'_“$"’_ I
D Wl
[ e protein |
Y
Fe-Mo pmtciﬂ

N\
W
A\

Fig.15.17: Mechanism of N, fixation. Arrows represen ;
transfer of electrons. |

2NH
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jised) + H———PFd (Reduced)
Nitrogenase

1 (0\1
od ferredoxinin turn reduces the Fe-profe;
“Protein compo-

L peduc
W rogenase ENzyme.

e + Nitrogenase + Ne———pFd oxig
¥ K +N.1tro genase-N, (reduced) )

d Fe-protein of nitrogenase is activated b

e- N, (reduced) + ATP———p R

] | N itrpgenase + ADP + Pi

e duced activated Fe-protein donates its electro

- Ltein component of the nitrogenase enzyme Hencnilzo o
j;g;'i-‘l oxidised and the Fe-Mo protein is reduced | dpid
¥ 1oreduced Fe-Mo protein in turn reduces the N , Into ammonia

e 2AUCE
\';mwgc?ﬂﬁs

; Tn.e regluction of N, to NH3 occurs in three stages. First of all
mr nitrogen (N=N) 18 reduced to diimide NH=NH). The
s reduced to siydrazine NH,-NH,. The hydrazine is finally
®:::d0two NH, molecules. |
( Biofertilizers |

}; “ﬁ”"fé’fﬁlizer is a preparation of microorganisms adde
Halio improve the fertility of the soil.
;mblofemem synthesize and release ¢
ji’e readily utilized by the plant for their gr0
1 '0reduce the use of chemical fertilizers.
. Organisms used as Biofertil
“leria, bl

ue green algae and a fern are us

d to

ertain useful compounds
wth. Biofertilizers

izers
ed as biofertilizers.

Kteng - h !
o Rhizobium
Azotobacter
Blue Azospirillum
| SeenAlgae Nostoc
% Of B Anabaena
ngelmel’tilizers Baice o
X ‘st $ into -
A, Ofthe biofertilizers convert atmospheric N 1! o
Eg. Rhg__z_obmm, na- .

1. 0m
N 0 .
1" Nop unds which are used by plants.
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The tthe Rhizobium fy,,
atmospheri T ')m ‘heq f
condition for nitrogen fixation. a Sui%];
Rhizobium reduces molecular nitrogen G i

[ this process, (he enzyme nitrogenase plt: iy,
then be interconverted by h(’slcc“ys key,
,(ﬁnz (;;i:’

nitrite and ni i
and nitrate jong, ami Ty,
]

Jot nodules protec
coxygen. In addition they iy
e

offects of

yonia may

.'mm
g such as

usable form

pitrogenous bases.
Leguminous plants with Rhizobium containjp

able to fix ten {imes more nitrogen than free liVingd~ Nog, B
o the crop yield and enriches the fertili 1201y,
improves the ¢l Py ! €S efertlhty of th "“Phs
The second way, in which plants can get uesﬂll.
nds, involves nitrogen fixation by free livinsadbk it
‘ 8 digyy,
by

compou
Clostridium, AZOtObaCte” E”te’ObaCter Chlo :
, ? M HOrg;

They include
and Rhodospirillum..
Microorganisms as _’

Biofertilizers
The nutrients of biological origin added to the soil i, [
l 1 eortil ; ue 50il fo g
the soil fertility are called biofertilizers.
. They are often known as microbial fertilizers ot miigfe
inoculants. '
A biofertilizer may contain nitrogen fixing .micrabes
phosphate solubilizing microbes or spores of VAM fungi | ’i
‘ It is supplied to the soil either by seed treatment Ot by spresss
itover the field during cultivation. Biofertilizers recuce the
chemical fertilizers in agriculture and cost of production.
The nitrogen biofertilizer may have nitrogen fixing bt
blue-green algae.
A The nitrogen fixing bacteria include Rhizobiutt AzoSP mi’
AZOlO.bacte;; Azotococcus, etc. Blue green algae such a3 i .
'uloszra, Nostoc, Plectonema and Tolypothrix & used g
biofertilizers. s
Preparatj.ons of phosphate solubilizing bacterid’
megaterium, B. subtilis, Xanthomonas and Pseu o
as phosphate biofertilizers. i
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A1

s of VAM tungi like Glonug
hy

| Gy
. . a 3 .I vl".' | ey
M | rocysTs and Endogone are uged gy V/\}I;’/l !/"””""" oo
Wlel0% 7 ihe followitg e nofertilizery
i igers AVE the foliowing advantages: sy
faole qisors reduce the us ¢
ol ilizers reduce the use of chey ‘
(_, ) Cchemical for
L Jertilizery in
i JEE Y ”l

l' ]
T ‘

They pever cause po Hution in air, water and Jan|
. G 1andd,

’: et ecrete plant growth hormones (o Increase the plant
' J 1 - s plant

,"‘1,1],' They reduce the attack by soil-borne pathogens

1\:‘Thcy improve the quality of soil for more PI‘odué’tiv'i_ ty.
i They 4% peirassy roduced by using rencwable wastes.
yii. No special care 13 required while using biofertilizers.

il The farmers themselves can grow BGA biofertilizers and
il yofertilizer 1n their own lands. |

( Rhizobium |

Rhizobium is a Gram negative, aerobic, rod-shaped bacterium.

ontains a refractive granule.
ltis a soil bacterium present in large numbers in the rhizosphere

—

flegume roots.
Rhizobium invades the roots of legumes and forms nodules on

kroots. Inside the root nodules, the bacteria exist in various
lomorphic forms called bacterioids.
The bacterioids fix the atmospheric nitrogen into ammonia.
.They provide the fixed nitrogen for plant’s use and draw
DO‘“‘Shn_lents from the root cells. '
This type of association 1S called symbiOSiS .
Cell

Flagella

Fig.17.1: Rhizobium. ..
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Different specics oF Rhizobium cay g, 50200,
I y ' Thyisgers s 1 v ;
rin h\).ummnu:e Crops., ”lU(-‘(NL, lh(_,_yhil‘/c h(:(:ngn'"r '
"l ) ! oy Aol i v
Y trogen biolertithzers magriculiue,
i Different species nl'l\’/u';:u/uum s
' )

yused e fre i3, l:’,leat di s 4
ifieity, Henee they can be used ag )1()[(:11_1],',””
SR S

(f"“l“\ . . ' I’/ - / § PO
LR meliloti (Medic-Rhizo M) Lucey "Cangp, B

o BT ] T )] .r_-; Y ) . i ¢ "

2. R trifolii (« ,I()vuwl\/n(,ol)mm.). [L.gyptmn clovgrcn%

3. R leguminosarum (Pczl«l\’hlzul)mm); Le i 4
(Lathyrus) and vetch, P, g
4. R phaseoli (Bczm~I"/uzobmm): Bean, Kidna.
French bean.

Ney bﬂan
5. R. lupini ( Lupin-l"/'zizol)ium): Lllpinesa P

; ; Dl . nd White]upin _"7
0. R. japonicum (Soybcan~.R,hlzobmm); SOybean, |
7. Rhizobium SpS. (C,hickpea-R/zizobium): Chickpea ]
subabul,

&
e 4

8. Rhizobium sps. (Cow

Pea-Rhizobiym) Sunnhemp, i

bean, peanut, jack bean, lablab, .horsegram, moth bean, grecn o fo

blackgram an( pigeonpea, G it

Field Application of Rhizobjum Inoculant th
Rhizobium i noculant

S are recommended for various leguni
Crops by seed lreatmeny: R o
L. A'50 g of cane Sugar is dissolved in 500 ml of waterulj®
boiled for 15 minutes, '
2.200¢ of g
stirred wel] (o di

3. Then
solution

um arabic ig

ol e
added to the boiling sugarsolunsf
ssolveit, The

sticker solution so fonnefi is 0001‘:;‘;2
a200g of Rhizobiyum inoculant is added into ;heS |
and mixed wej] 1 getabiofertilizer slurry, i
Falegume are added into the §l“rlr)¥ ol
: Conxcquenl‘ly, about 105-10° Rhizobia! " &
adsorbe On cach ang Cvery seed.
Sare thep
Clin shade,
S¢eds are

. ding e
S The Seed allowed to dry by spreédmg’ -

Polytene she

9, “.hc SOWn in the main field. i tak
hile adopl.ing this method, (he farmers Shoul_ 4
p.reczmlmn& e
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rseed ;noculation, the seeds shoulq Dot be stored for more
e "

M N
qgicide should be used within one day after sowing the

y
oft

pemical fertilizers should be avojdeq for

§ c . mMor
- Pl edi :
4 cides should be used in small amounts, if requireq,

Crop Response

| ion of a proper Rhizobi in i

i oculation 0 200tum strain increg

‘. geed dl eld of many legumes. Rhizobium usual] i
:“ﬂ]il mes upto 10-35%.

g ajanus caar .it increases yields upto 4-40% in various states
40 Cicer aritinum, it boots the. yield upto 4-67%.

g ignamungo, itincreases the yield upto 4-299%.

plens culinaris, 1t 1mproves the yield upto 21%.

Tecrop rotation of Rhizobium inoculated legumes with cereals
s the yield of the subsequent cereal crop. For example, crop
imof Cajanus cajan with wheat increases the wheat yield upto
1 Similarly, crop rotation of Lens culinaris with rice has increased
ieyield upto 13.2%.

( Azotobacter)

kotobacter is a gram negative, non-symbiotic, nitrogen fixing
tum. Itis an aerobic bacterium present in large numbers in the
iphere soils. Azotobacter includes six species-Azotobacter
vickii, A paspali, A.chroococcum, A.haplophilus, A.vinelandii
Wniscellys, '

y increases the

Fig.17.2: Azotobacter.
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Azotobacter 11Xes 1lbOl1‘t 20-40K g N/ha/ye
" juces plant growth promoting substances lik ar, )
PrO  wiramins (o favour the plant grow A4
acid and vitanins (0 [AVOUL: , growth, Hop ” by
recommended as a biofertilizer [or rice, Wheg it 'E
veeetables, mustard, sunflower, elc. » I liy,
3 Field Applicationg
i. Seed Treatment
Azotobacterinoculant is mixed with g Small qg. -,;
make a slurry and the seeds are kept dipped in the 5], uty%
In the early morning, the seeds are taken oyt and oy, Oronr
field. The remaining slurry is directly sprayed i the fi él ing,
2. Seedling Treatment o
In this method, the roots of seedlings to be transply,
dipped in the slurry for 10-15 minutes. During thig titia ;edﬁff?
number of cells gets adsorbed onto the roots. Thep the s;e(j;ﬂx ,.
transplanted in the main field. e

3. Pouring of Slurry
For crops such as sugarcane, Azotobacterinoculantisdﬂﬂ 1

properly with water and a small volume of the slurry is pouredy:
root zone of the crop.

4. Top Dressing ‘
For cereal crops like rice and wheat, Azozobacter inocil

ha) is mixed with farmyard manure (20-25 Kg/ha) and broat g
by top dressing after transplantation. i
Beneficial Roles of Azotobacter

Azotobacter fixes the atmospheric nitrogen in thesol a“;f;' ]
by saves nitrogen fertilizers in agriculture. Azotobactert0g™,

75% of tccommended dosage of nitrogen fertilizers hoostsI¥
_ 5 s

eibberelljy v icases growth promoting USRS
Ic aczdS, nicotinic acid, pantgthenzc acis me%’“

fhany crop plants,
Azotobacte

rb;;agfhtc. N the thizosphere sojls. These substances” el M -
5 € Crops by giving a good microenvironment «.O(r‘%)),vrice(ﬁ
cabbageo le)aae"increaSeS the crop yield in
barl %), wheat (30%), maize (8-71%), % i
ey (1-21 %), 0at (1_12%), potato (1-8%) andsug .

e |
),Sﬂfgbee,(“

.
e
1
B




v
\~(;r()1?‘7"f gn Symhe_SiSeS Some angy,
. the growth of Fusariy,,, /\s'é .
i ~ er treatment reduces ¢y ; i ; I)Qrgzllu ;
ﬂ,[ob‘lt RN ! LlhcaScS caus lernarig,
N path OB sed by these so.
N | Azosp,irillum
‘\:_(,Spirilhnn 1S a Gram nega(;
\kAn'um. [t occurs in large numbeys ;
‘\f“.qls- grasses and Fubc?r crops. A
:iﬂ the atmospherlc nitro gen und ‘ out 20-4()

RASES ihe vegetative growth and ¢ .

i

&2 0
P T 2T

Fig.17.3: Azospirillum.

Azospirillum includes 4 species- Azospirillum lipoferum,
Lbrasilense, A.amazonese and A.halopraeferns. Among them,
Alipoferum and A.brasilense are in common use as biofertilizers.

Field Use of Azospirillum
~ Azospirillum inoculant is applied to various crops by three ways-
1. Seed Treatment _ | . |
- Azospirillum inoculant is mixed with water 1n a container to f?fl;l
“lumy. The seeds are soaked in the slurry overnight before SOWIIS:
| Aboélt 2kginoculant is required fora hectare.
' Seedling Treatment g Srof

One kilc?gram of Azospirillum inoculant1s nmtizdtrzllgpi anted are

: tr o make a.slurry. The T0OtS o seedlll;%;; ransplanted in the
mp- dipped in the shurry for 15 minutes an

din
: ..t water and spraye
| thalnﬁeld- The remaining slurry 18 diluted it ¥ - Bl
- Clielg, - »

; Wate
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3, Top pressing _ s ,
+ of Azospirillum inoculant jg |

hod, 3 kg
{ soil. This mi
I'his mixture j ke Wej)

In this met
1 25 kg O

75 kg of FYM ant
» SN 7 ) . ‘.SH‘ ,.' 2P A ‘ : ’
(hmnphmll the “.l l'(l h.) l(l)l (ll(.. ::]z; I his method i ‘ Qﬂqﬁg
young st cdling of rice mhe main hield. i suitg(*hﬁ
t?-!

esponse
os the atmospheric nitroge
‘ ) ,cn . ) :-_
genand rgl,, B

Azospirillum fix
g substances. So the crops grow wel| e, |
i P and . VafE
d Blvep:

n@"g

growth pmmotzin

yield.
Jcreases the straw yield as well a
: S graj

1. Azospirillum 1
hum, bajra and fodder oats

rice, wheat, barley, SOIg
2. Azospirillum (reatment saves about 25% of the ]

I

ecommen@

dose of nitrogen fertilizer for sugarcane. Meantime, it j »
sugar level in the canes. » 1t nCreg, h
Ilum treatment INCreases phenolic contents ingg "

| g, B

3. Azospiri
Hence, the crop becomes resistant to sorghum shootfly ;&
oolfly u;f

Antherigona soccata.

(Blue - Green Algae (BGA) Biofertilizer |

TheyBZ;z-ﬁZilzlalgae are p.hotoautotrophic, prokaryotic oz B
Cromobucterid Ni' free lz.vmg. They are otherwise call ‘
At soilsl H any species of BGA fix the atmospheric it ]
R . Hence BGA inoculant has been recommendeds!
i ;r or flooded rice in marny countries. .
ke Glznecolude both unicellular species as well as filamen”
capsa is an example of unicellular species. o

o thick- " B

Amon
g the filamentous forms, some have specialized E
na, etc. Al ol?

L }’i(:}d;

3
R
3

cells
heterocce;gf(()juhetemcy‘gts' Eg.Nostoc Anabae
: S species ) R L et
of nitrogen fixation do nitrogen fixation, as the heterQCySF 15“’
Heterocyst i ' P ates 60 T
species are kgjxialtogeﬂler absent in some filamentou SPeCle;iﬁj‘
a few species can iig on-heterocystous species- Amdﬂg‘ﬂlrz; ar685
species of Oscillator o v Shiy NH,. For exarmp le’dézﬂﬁ?‘e
atmospheric nitrogen ia in India, but only four specles
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ant being releasec .
alant b “r”’iu ';‘"’*“' by TARI (New Dol
s 1eS O ' g b 20 () ¢
N S L.“ ( {'.”” aena, Aulosira, Nostoe /l,‘,) cOALng
‘-‘3}‘/\‘ A 1118 supcnmrlo||‘mlmcull‘un‘cv~4 (£ ROIRENG
[’U{“’ ¢ BGA Inoculants '
el . TA IOC 1Q 1’
g oke ((U(ln}/(\“;l\l(').:.l;\hllll 18 recommended for one heetare of
: A 1he bU akes are dispersec . fare o
. ice: hic ; "“ : & c; chmpu.&cd and l'n'oudczwlc(; over
g aftel }.}l\.ﬂT antation. The application 0/?”(. A
lgalization. ) BOA 10

ot

past
'i.\"‘."\

e
"‘ ; Ci 1ce fields increases .
mmul.nmn ‘ol li ‘ ;A 11‘|;|ce 119](1:»( increases the yield upto 34 per
e 580 kh/ha). 1LSaves about 30% of the recommended dose of
“-mwu s for flooded rice. ¥
e :
(‘Phosphate Biofertilizers )

e the bound phosphates and rock
are called phosphate
hosphobacteria.

vhich solubil
Je soluble phosphates
Iubilizing bacteria otp

A'Ii(‘robes !

ghogphates into Simp

‘mlubilizers, phosphate SO
A Ty secrete organic acids such as formic acid, acetic acid, lactic acid,
aeinic acid, propionic acid and hydroxy acids to solubilize the bound
3 josphates In the soils. The simple phosphates arc readily available
i frthe plants.
g The phosphate biofertilizers can $ave 30-50 kg of super phosphate
& x:hectare and increase the yield upto 200-500 kg/ha.

The following are important phosphate biofertilizers: -

Bacteria i ,

Bacillus megaterium Aspérgillus awamorii

varphosphaticum AspergilluSﬂaV“S

Bacillus subtilis | Aspergillus niger

Bacillus striata Aspergillus fumigatus

Bacillus pul\}i]"aciens PenlCllll m digimtu

i ze“domonas striata
PS§“d01n011as rathonis
Figy dA “dO_monas liquifaciens
1 mppllcation 4 i Lean
»With guep hosphate biofertilizéIiiS dﬂutedWl _reaslu
] M arabic and calcium carbaﬂ"te 0
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the slurry for some time and dpj
{is made to form a pellet ed iy, e B
main field. on the ¢, %, f

. Sogs F

be sown are soaked in
the inoculan

this Eooomm.
geeds are then sown 11 the

:UE _ua VE:Q _V:
._.h “— i .N@ te
eria SO. Om@g S m:& C

?o%:og&
309% of phosphate required for the Crops. Phosphate | :5,5.__,.

5%@55‘& ,.
»ﬁ“ “

suited for all types of crops.
« In groundnut Bacillus megaterium together wig,

ith pr,:
Rhizg, B

boosts the yield upto 28%.
o Aspergillus awamorii increases the groundnut yieq
Upiogs, §

« By providing 10 kg of phosphobacteri
g m . :
fertilizers can be avoided for sugarcane. S Phogg
« Co-inoculation of B.me 1 :
. .megaterium and Pse
with Azotobacter chroococcum INCreases the Emgmwmmmas o
. €, moﬁam

and cotton.

?ommo:_m_‘ - Arbuscular Mycorrhizal m::&

The vesicular arbuscul
ar mycorrhiz: » ;
eroup of symbiotic, endotrophi ycomhizal fungi (VAM FEkeeg
of higher plants. The P Bv\o.o::ﬁm | fungi found in thenteg
Zygomycetes. <>§M_Mq ) Eo._cana in the family Endogonacet|
and arbuscles in the Sewmcm infecty s platioorant o8 ik
on the root’s surface potiXanda pepnaney! mantie &&_%
VAM fungi inf |
soybean oomMmH infect many crop plants like rice
citrus, m«momaosv tobacco, sugarcane, tomato Ecm
s OomeOu H@N. cacao, mumwm, N@@—O,rf Mum.ﬁm
Gerdemann and M:m-.m of VAM Fungi
VAM fungi based o rappe (1973) have recognised fi
i Glomus: nwe@ spore morphology. They & . g
microcarpus, Gifa qnmwwvdom%g es with a single stalk. Be.0
P at
By Qﬂ.r Gigaspora: OFM:? G.mosseae, €tc. e )
-Gigaspora nigrg, amydospores with 2 pulhvr: - |

iii. Acaulos
. pora: 3
scrobiculata, a: Chlamydospores sessile: Eg.

maize. E}

or. strav 7}
vaand**

ve g

&ﬂmww
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) mg._.,_...a..u\m_\_m" Chlamydospores thick-walled. Eg. Scl
:;..,_\::.:. g.oclero-

0" ndogon L

___;z:? _<_O_._U_JO_OQ< O_“<>Z_
yAM has three distinct regions-
| ixternal hyphae
:.?.ccmo_om

jii. Vesicles
The external hypha is aseptate, dimorphic, thick-walled and

d on the root’s surface. It extends upto about 1 cm

%moq o_%_.owmo
fom the root’s surface. At the point of contact sgaowss:ooﬁ»

pears an appresoriumt.

Zygospores inside the sporocarp. Eg. Endogone ,

I

o:oﬁ_oamw:m_% branched, brush-like haustorium

Anarbuscle is adi
poduced at the tip of fungal hyphain cortical cell. It gets digested as
(he host cell matures.
al, thick-walled structure

The vesicle is a spherical or oV
Jlular space or inter cellular

produced at the tip of hypha in the intrace .
space. Ttis rich in fat droplets and hence serves as astorage organ.

Endodermis T :
n showing

5.%.:.# Ilustratio
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he spote gorminates into a hypha Cfiglml ’{’f"'“"“'lthvpi
the toot sucface, This hy ‘.‘M . ”Swmrf ‘m.d tl”‘?k-w“”et}. '[{q.()n
watkad short-lived hyvphae acse from the l*“ Saalicl hyph“ ang, nehln‘
aoot hatts or epiderms to reach the CN’(K‘-‘X "

Lo the cottex, they grow through the inter cellular Spaceg 1
e colls. Tips of these hyphae enter the cells and form arbyg, s Xn
vevicies, {

Sone of these thin-walled hyphae come out of the plant (00t
produee spores called ehlamydospores.

Field Application

VAM tungal inoculant is diluted with water and mixed wig, Seedy
o make apeller of inoculant on them. The seeds are then sowpj, te
main ficld as usual.

In another method, the inoculant is spread uniformly all over .
field before ploughing and then crops are transplanted or seeds are
sown in that field as usual.

Importance of VAM Fungi
VAM tungi play the following important roles in agriculture;
1. VAM fungi help the plants to infake more Zn, S, Cu,P,Cs,
K. Fe, Mn and Br from the soil. |
2. VAM fungal infection increases the growth rate in plants.Eg.
Citrus, maize, wheat, barley, etc. | | |

3. VAM fungal infection increases the absorption of water b_y
plants from the soil. It helps to overcome the water stress in thesoll
while drought prevails, ‘ :

4. VAM fungal infection increases the concentration of cytokin®
and chlorophylls in the plants.

5. Itreduces the sensitivity of Crops towards high Jevel of salt
and heavy metals in the soil,

; v gl
6. Itimproves the hardiness of transplant stocks by servi®é !
extra root hairs. Eg. Pine. ¢
7. VAM provides resistance to pl il bo”
plant pathogens causing root diseases
R L A i . fungﬂl
8. In fumigated soils, plants show stunted growth. VAM
infection reduces the stunting of the plants in such soils.

ants against various SO




9 yAM fungalinfe
3 17('4 h:lrloy, C!C. . .
! 0 when the infected plang g
o own food and protect (he p

C‘L ‘l' ) ] I
‘; } » )l,{".'/(),

AVIng for o V
’ i ), VAM pives
ant (Hq Yymann, | 974)UV% =
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azolla: A Green Manure Cym Biof

o

ertilizer

1€ plant body congists
¢ stem and submerged

i Alla isa l’l'c.:(:—l,]oul,ing freshwater fern, T
‘,((-m\"’d“l mass-like leaves on a bl’illl(:h(:d fragil
‘ QO1S: : | :
The leaves are arranee alt, ;

| lI h,u( )I:;::/:s] :‘; :ll; lc dnlz:cl(]l;sl 'two alternate rows. The lc%xf is triangular
apolyg ) s an upper lobe called aerial lobe and 2
| wer lobe called submerged lobe. The ventral surface of the acrial
| jobe bears mucilage cavitics harbouring the blue-green alga, Anabaenz
 qollae. | |
Anabaena azollae is a filamentous, heterocystous alga lacking
E mucilage sheath. The cells are barrel shaped. Azolla synthesises sugars
| nd provides them to Anabaena. On the other hand, Anabaena fixes
| (he atmospheric nitrogen in the heterocysts and provides the reduced
| NH, to the Azolla. Thus Azolla and Anabaena are living together as
| symbionts.

| Azolla biomass gets doubled within 5-7 days by vegetative
" methods. It can fix 40-80 kg nitrogen / ha/ year. Besides this, its
| forms a good green rhanure for flooded rice. An increase of crop yield
L upto 15-20% has been observed while fertilizing therice with Azolla.
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There are xeven .'apt‘('h‘u ol Avollie A colli /-/,,,,//
/4
A, /’//m/;

filiculoides, Aomexicana, Ao ntlptoca, A mleroply Vi, ,
”“(, ',‘l ]'ll/"”. /\“ ‘l"‘;'“.‘ H"(‘(‘i““ l““l“”” ”“' '“.“'“" h’”l’ l,“"i““’,ll
;= e

Anabaena azollae, Azolla pintata s (e cominon BPaCiey iy, hulld
"iia

Acolla microphylla s o heat (olerant species, | Wil Gy,
Ry

with Azolla filicutoides-w cold olerant Faropen specq, 6 F
hybrids. The hybrids are prowing, (aster, (olerant (o feg "”"‘f""’,:n;f
have 4-5% more nitrogen,
Field Application of Azolln
Azollais added to the main ficlds cither g a grooy Mitniry
as adual crop.
Azolla As A Green Manure
The main field is ploughed and levelled about |4 days befo
transplanting the rice seedlings. ‘Then Azolla i raised throughion i,
main ficld. After forming a dense growth, Azolla is mixed wit the
mud by gentle ploughing, and levelling just before transplantation,
Azolla As A Dual Crop
Azolla is grown as an intercrop with rice 122 weeks after
transplanting the rice. Usually it forms a denge growth within 3-4 weeks,
Thereafier, the Azolla biomass is burried in (he mud by using a weeder,
Azolla may once again be cultivated in the same fickd, By this micthod,
0.5 -1'ton of Azolla biomass can be added (o one hectare of rice fild
during a season,
Uses
* Azolla saves 20-30% nitrogen fertilizery required for rice.
* Azollareduces (the mull plication of weeds and their dispersd
in paddy fields, A zolla reduces abou 5% of Lichinocola and 08%
of Marsilia and e iminates ( yperuy in paddy fields, ,.
* InChina, fishes have been cultured in paddy fields, Azolld n.f
grown in such paddy fields, | he fishes feed on Azolla and cxcrct:
theirwastes in the water, Azofy, takes up the excreta for its growh
is noticed that Azollu increases (he productivity of fishes and rice:
* Azolla has also been uged gy 4 nitrogenouy feed o1
growing in ponds,

{
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mycorrhiza and Crop Progyctjop,

q .
| MyCOl"fhlza ls'l‘?lf u?eg Us - root association (Myco = £
. 16 nll e . .' — ju
wd oant root) mycorrhiza is coine by ankngus,

Ay

jplat : e
' orhizais a beneficial symbiotic associati

on between fun gus

S g p:wc orrhiza is common in both cultivated and wild plans, Th
ld_ . fotilld in bryophytes, pteridophytes, gymnosper m‘S aei/l
| ;‘01'05[7 orms. More thaq 90% of vascular plants form mycorrhi:a
:h iC ommonly form1in mycorrhiza. .‘

qr : L
{ The fungi commonly occurring in mycorrhiza are the following:

. . Laccaria lqccata : 6. Glomus

. Leccinum A 7. Scutellospora
4 Lepiota 8. Monotoa

.| 4 Pisolithus 9. Vaccinum

5. Gigaspora 10. Rhizoctonia.

| Mycorrhiza 1s broadly classified into two groups, namely
c whmycorrhiza and endomycorrhiza.
.| Dectomycorrhiza, the fungus grows on
£ huside the root surface, the fungal mycelium
, {ulilayered covering called mantle. ’

the surface of the root.
forms a compact and

- Mycelium

Root hair

Hypha
M}nﬂc
q Fig.17.6: MycortiZ o ex called Hartie
i Ly “fungus forms anetwork of mycehalt g. Lacca” ig laceos?
A dermis: = s doep 1nt0 the;

€ ]
| emyCe«ha never enter the endoc i
the root. Eg. . Glomus, Gigaspo'™
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RN
i Blopesticidos
Sepeniicides ave dotined aw formulations COMtambiy
SN \.: WRERHINC el Qf certain microorganismy Whith g
;‘\;;?:\\\‘cr::v RN QF the pest poplation,
Overd spectos o fingd, D0 wpocion W hacteria, )5() fpccs
otz and mone than L0 specios of wrises hinve bt enllafed
avnenonanizme thatcan bo used as D poesticiden,
1. Bacterlal Pestlcldos
fhe formmdation containing a suitable species of bacteria thal
Sl pests iy Known as acterial pesticide. Many bactorinare kiow
for thelr pest control RCLNLY. They cause charaetoristic dissme
PCSIN v tl.mi the pests die, "The PESEpopulation is kept in control due
o severe tnfection, Bactoia such u Bacillus thuringtensis, Bocili
Popiliiae and Bacillus lentim, pus e used us bactorial pestieldes
a. Bagilluﬂhurlnglansls | .
h:\\h}:: :s(ixl\l:l‘:r‘;:ziri‘i:’0‘ »’lpd;slmpml, SRl herms I)uclt‘;l:il;:‘r'h::
i mdnx‘zu‘z}; -‘\mnn;; Ittlnzcl m\\ld(f the cell, I produces exe ' i
e Ahen, delta endotoxin plays a koy 1ot

pesteaonol, It ovcus as g ¢ _ ) of (e
Sasaerystal of eive W one end
endospare. f glvcoprotein at o1

When the bacterial celle
eadaspore comes oyt Thee
the digestive et af'the insee
VROV 8000, As i ey

RS an fngegt, the cell wall ruplures *“?‘""fs
hdotoxin oty dissolved inalkaline o’
L Thetoxicity of e endotoxin kills e
ult, the pest Population is reduced greatly.




