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Introduction -- — 3
debris from the land. Oceanic Sedimem L.

y ; itory of illi
The ocean IS the final rlflfjsos;}lislng during the :pgs! 200 ,mllhon qurs'. Equiel- ;
deposits record the ear uction or incorporated inyg | 6

d b su -'é 1
deposits were apparently destroy® y sup contain a record of the Earth gat

deposits, thus,

* continental blocks. Deep sed. O" - eanic circulation, On lang
.. - " i tic Chdl‘lges on . A Qand, the o

history including effects of climatic o erauide the: tifie dimenat £
oceanic sediments and the fossils they contain p sion for | ud,
sion

ocean studies. : .
' - diment deposits brought in by riy

Most of the ocean bottom 1 covered by se ; : ers,

glaciers and winds alongwith shells and skeletons of marine organisms. Onlyq |/siv

d of ocean sediments, such as those areas that are swept | O

\ hat are newly formed, such as crestsof |: ¢

ocean ridges, have no sediment accumulation. The thickest sediments are found ‘915
_ i

near the continents, especially in marginal ocean basins where ridges do nol p
allow the transport of sediment into the main ocean basin while the thinnest hi;

deposits are formed at mid ocean ridges.

few areas are devoi
clean by strong ocean currents. Areas t

Type of Deposits

Ocean dé'posiis are classified in two different ways:
(1) On the basis of source of origin,

(2) On the basis of particle size.

On the basis of sour {ai ; o
st ource of origin, sediment types are divided into the {ollowmq ';

Table 7.1 Classification of Marine SedIments by Sourcs of ori | \
SEDIMENT TYPE | SOURGE EX r— - %”
| ExaMPLES DISTRIBUTION | % (otatlocenn ¥ | |}
Terrigenous . = |
f;f:;ﬁf of land, Quartz sang, clays, Dominant on - ~45% |
ceruptions, | estuarine mud contl P ° |

ntinental
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hu!hlﬂm'c) dissolved minerals nodules. 1SNt with oty 1% .
[ Maras
from waler phosphorite e dominant
I o | deposits T

co‘mﬂﬂ'""“s Dust from space,

—

L blown dust T ——

o . ::hlns\ Dolar dnugn
Iganic; | .
f us . dars
Blgglﬂﬂ i - Calcg;em's and L—.,h_________‘uh___h“‘
Amuiation of Siliceaus gq Dominant gy foop | pem
hard parts of some TR ataan figq e

matine organisms

(silicaqy g Aoz

: e ————
Iehﬂlé Sphargs, Mixid In vary small | o
01assy naduyleg proportion with
more dominant

sedimaents

meteorites debris

Saurce: Keanapr, 1982 Weihaupt, 1979, Seardvap, Johnsan, snd Fiaming, 1942

Lithogenous deposits

—

Lithogenous deposils are composed of sediments derived [rom the mechanical
and chemical breakdown of silicale rocks on land by the process of weathering
Since, the sediments have been derived from the breakdown of continentel
material, they are called terrigenous materials (torra-Earth: generare-1o
produce). The particles produced by weathering are transported from their
place of origin by water, wind, gravity and ice. Most lithogenous sediments
come from semi arid regions, which are usually mountainous areas. Nermally,

0° 20° 400 60° 80°

"
¥ .
ISR

k and gmvel. :

Percentage
B 8 &
T

=
1

=)
|

' nental shalves.
Flgure 7.4 Occurence.of sediments on world'® Lo
g "

— 17T
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{ %%

t an ;
0 suppor’ continued j of W
s inadequd'® t ils. In Asid: long: & . Mengj, 8 &
rainfall in such areas Isf o erode 50" 1 yield. Low lying tropicql Ureq, N
vegelation, but sumaenincrease Sedmeer unit of drainage basin becq ss 2
agriculture has furthet T W oegiment PE \oreover, weathering breqkg ¢ @ o §
usually supply lrelqh}:rib?ts particle movem \s rather than lecn:*e discrete minerq] A _rij‘rg 2
tropical vegetation m'n soluble compon tures retard chemical breakdown o & [0 ?’
= comp;m?yl[in?ég?ons low temP er:r: are deposited on the conlinepy, [ﬂgz;
ticles. In Pola ' dime ig. 7.1). The li - [l
f:;ks Most of the Jithogenousarfiee to the deepzs}led g ! ”hogen()us i gml' ‘%
. c 6 - e
. smaller amounts aré d (Table o
:le?ﬂrig:;s:ts contain QTUW]' sand it ];ﬂal A
B (5 .
Table .7.2 Classification of ocean deposits " SI0GENOUS (s
SOURCE OF | LITHOGENOUS HYD:J%?;TSU ;
SEDIMENTS | AUT 8
g 2 SEDIMENTS % i
{.
ZONES OF '
—
DEPOSITION Neritic Pelagic
Benthos Plankton ;
mainly mainly i (4
LITTORAL ZONE | Gravel, Sand, | Oolte sands | Shell gravels
SHALLOW Mud - Calcareous and shell
WATER, or muds _sands coral
NERITIC ZONE Evaporites reef and coral
Cementing sands
- materials
BATHYL ZONE Deep Sea Glauconite | Coral muds
Muds and Pyrite, etc. -
Sands . Gementing
materials
: { Phillipsite :
ooze
‘Calcareous
Siliceous
_ Nodules { | b |
k : ) : J gy
Gravel Source: Dufl, Holmes Principles of Physical 6¢olofy |
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These gravels are
form pebble b“nk:o h

§ize range of particles

i 2
& DEscRIPTNE NAME

Coarse sand
Medium sand
| M —

poulder
Cobble
pebble A—64
|
granule 2—4
yery coarse sand 1
| — —2

0.25—0.5

result of wearing of ro
ck. T i
he size of sand varies accordi
ng to the nature

M 0.125—0.25
L\w sand 0.0625—0 1
b . —0.125

P 00039
Sand ranges from ver .

co

Ty coarse (lmm) (o very line (0.125
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: A sporting agen

different rOCIFS, i.e., igneous, Sedirr?em?:-' Sand contains fragments of

thoroughly mixed up. But the major com Y and metamorphic, which is

quartz is the most abundant constituent E{O&en;gi?' quartz grains because

disintegrates easily nor is amenable to chem?cu?::‘k}:cs e
, nge.

& silt, clay or mud
sits are much finer than sand (0.625

muds and their proportion increas
and mud differ from sand compo

d contain aluminium.

These depo
are finer than
the land. Clays

heterogenous an

Silt and clay originates

from the disintegr
the sea where it is

ation
deposited as fine ¢

fo < 0.0039 mm.) Clays
es with the distance from
sitionally in that they are

of the continental rock and is

layey sedimenis.

carried in suspension to
Terrigenous Muds ~
iddle continental slope
e upper and mi oL

are terrigenous mu

ne along th

b Bordering the continents in @ Z°
ds. These aré prough

currents. Terrigenous mu
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t and are f{oy

anic conten nd
Black Mud istively high ;;;91_ with little oxygen present,
aghn

Black muds h"_‘:ﬂ
deposi!ionO] envl

. read depos eper o
nd widesP The blue colour reg

eds. 'Lllt

e most an;ticrlly enc oseld Csts a deficiency of oxygen 01‘?::[1

Blue mud I peonts and in PITIE L gnd reflects © 238 sulphur, which reg %k

the presence & i :r%{ its formatior ls] 2% of amorphous black o u

f oxidation. The process containing - | the Atlantic Oc Sa

?10{( n into a ferrous state {ound along ean, the

the 110 ~d

substances. Blue mu

Medilerranean and the Banda

Grién Mud

Blue Mud

Blue mud is th

deposits are
Sea.

00 m in areas devoid of large riverg ang

0-30 .
o depth of 150~ the Atlantic coasts of North Americq X

Green mud ocCurs at Hacific and :
their deposits, such (.xs-the I:}Tiifflricd ond Japan. [ts gr.een CD]OUI:thOH is Eqrgely
lia, .Sou silicates of potassium ~and iron known as

large quantities,

the coasts of Austra ' e
o the presence O : ; resent in
;rfn;%l;ite. B}?esides, calcium parbonate is also pr

Red Mud . .

Red 1;1ud is rarer than Blue mud. The red cplom:c:tior;}is due tolthe PT?Ser?ce o
ferric fron oxide and ochreous matter. Ferric oxide show complete oxidation ¢f | ¢ of
iron and this probably happened during _transporta'tu.:)n... The percentage of ion of
but on an'average it is 32%. Red muds qpe ge ©

js are

calcium carbonate range from 6-61%
Brazil, and large areas of the floor of the \
' o the

found in the Yellow Sea, coasts of

Atlantic,
Turbidites
Turbidites are deposits laid down by turbidity currents (highly turbid waters
moving on continental slopes in long narrow tongues) (see Chapter 2, The
Ocean Floor). Turbidite is an arrangement of layers, changing in texture from
coarse at the bottom to fine at the top. Typically, the basal zone of the turbidite
Shows. a distinctive particle size arrangement known as gr&déa bedding. Above
the basal graded zone, the turbidite consists of d in pafallel Heol d
Jomipetions. The toptmont layo oy f sand in pafallel and ripple
. yer is made of clay sized particles while just below it

is silty clay. .

|

Contourites

Contourites are | it
s conti;zntfslpfzneci lljg ;Uo:rt;ur clurrents (deep bottom currents flowing
turbidites), : i sec™ carryi : _ _ .
ites). Contourites show q we]] sorted finéyéggiizlérind CI?Y ?ggug};;'dzwn hy
s up to m thick.
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rite deposits are formed when evaporation remeves an appreciable
proP? of fresh water {rom the solution and increases the concentration of saits
om® e some 10 precipilate out of solution. The evaporite deposits «ars
cansind) likely to form in shallow seas, cut off from circulation with the sesan,
GSpe”laIlDead Sea or the Great Salt Lake. As the salinity of the water increases.
s to precipilate oul are lhe carbonates—Ifirst calcium carbonates
- mixture of magnesium and calcium (dolomite). I 'r:*mporulfrm
gad thedl © d the salinity increases still further, sulphates begin precipitating

= bean e sorated,
calcium sulphate (gypsum). Alter 90% of water has been svapord ‘;!

K salt (NaCl) starts precipitating. Because of itz high solubility,

ly when a large amount of evaporation has occurred.

precipitates o

Ocaan baain

Continental QTR
Cons macglin

o "o o eyt
Iron-manganess sedimen Carbonate 002 = Turbidite deposita wyit Pelmiie "
e . ontinents w
- 5 |s found near ¢
Figure 7.2 Thickness of deposits In Ocean Basln. The hlgh:’:t[ ;I:Jl::m
“ il ckness 2
decrease towards the ridge where the minimum th!
e
e : _
//r-—""""’
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se nod its of mang‘;‘g:“ered across the deoebpq“ Ang
- U { other sediments. Mﬂngzce“n
found 1yl drogenous sediments. The elemel_ltsne%
hya! ought to the ocean by riverg a they

, pottom. They Precipitalad . Dy
deep ocean waters. I th

[~
@

{s on i
J!::;z oxygen found in
: t of the particles o

contain mMoS =S geng
tthtllsés place around a nucleus, which Com Lully
ahark's teeth. Most manganese nodules fﬁeq
day-—one, one of the Slowrm
eg

; ike s
ticles like layers per t

; wth, mangane
g se NOduyle,

few atomic :
cause of their slow gro
ceiving large amounts b

othe,

n aredas re
cannot reach any su : to6 quCk]Y Consequent]?, nodules cn-e_rure.
be buried th lithogenous sediments. In the Centr:;

sediments; they would o
the Atlantic, which is well suppl'?ate slowly, nodules are quite common i
nodules cover 20% to 50% of the deep;

Pacific, where sediments accumu
bottom. It is estimated that manganese

parts of the Pacific.
—

Biogenous deposits
Although the bulk of the sediments, on the conl'inental margins, are terrigenoyg
fragmental materials, a small amount is provided by skeletal fragmen|s. The

marine organisms that contribute most conspicuously to the sediments of the

rothermd@
disso

on and

constitute !
discharges of hyd :
presence of abundan
eli
Nodules form by a;hc; e o

found in seawater.
sediment particle or pc;r
exceedingly slow]y—;{on ya b
c i tions known. ; .
chamica Tee bstanlial sizé 1

littoral and shallow water zones belong to a group collectively known qg the

benthos (bottom dwellers). This includes seaweeds, molluscs, seq urchins
corals and other forms that live on the sea floor. Deposits of shell frqgmem;

accumulate in favourable situalions but at other places these remains are
dispersed as fossils through the terrigenous deposits.
There are some local reef environments wh i i
_ ere the biogenic compone
dominate. Plants that form reef include mangrove trees, which -trc:rI;)) segitmicile;:
orms of algae, which form mats-with their fronds onds

between their roots and some f
and trap sediments. Animals, that form reefs, tend to use the cemented nted
as the platform, on which the new generations tions
teefs

ﬁkeletons of previous generations
ive, These include oysters and some kinds of tube w

formed by oysters and ube wWOrms dré relatively

orms and corals. The reefs
smaller (a few metres in in

diameter) than the reefs formed by mangroves and ql
Coral reefs, however, : o .l
: | Ree
! oy in
Salty
LT
‘@(lch

Scanned with CamScanner

Scanned by CamScanner



. oceans, the SEdimenls “
fthe_" of deepP ocdecm sedimenyy . Mulate
; r
‘ Iﬂuf"efgaﬂfsms. (callbc ookes) iy the vou - tiny sk
5051‘90' " carrled far out to the sea by ry fine

¢la
e Y8 of
be” ic oozes and red clay of th and wip,

01[6 a . 3]

¥]13 O;;?s (Greek- pelagos-open ocean), abyasal Zone
o

de?

a,«,e \ ‘
Vns;:rthe shelly and skeletq] —

co : e
e longing to a group call .

00%° cms b€ od plank vscopic -

is i : nkton pic mrctrine

1 mG““ef plcn‘ts (dratorns) (the '”UNdcrms). This includes

anic jarfO’”‘S}; certain floating moluscs kit animalg
jo ( the benthos and other mq S Pleropods: most of the —
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k& : other micros y
alongnded in water, and carried by ocean currents, AR
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are knl"ﬂﬂn rin

lasty af
igin theat

clays).
pelagie

Clll’r()nis

(foraminifera  and

ds are blown
small forms are

e plants, which cannot live below the depth of effective sunlight
iration (photic zc;:xef). In the open ocean the growth of diatoms are Io‘.?nd
o @ maximum depth o ‘?}?fjlff 1PU m. Individually, diatoms are invisible to the
up . Jed eye but they aie P“"‘:“ent in such huge numbers that they make the cca

gish. Diatoms are the I:ﬂCIln food for the rest of the planklons whose habitat
-SIug{so confined to the photic zone. Diatoms are largely confined to cold regions
° ther forms of planktons are rare.

ene

aons of these tiny creatures, as lhey die, sink to the ocean bed and
illion late slowly. The residual deposit, which is built up, is usually greyish in
gc'gumUWhén dry. it is a little like flour in texture. If the sediment in an area
to}ogr' f more than 30% fine biogenous sediment by weight it is called ooze.
consists oits of ooze consist mainly of either calcium carbonate or silica and it
Th‘?ici?;?: on the basis of composition that different types of oozes are
is '

T — TRRENres e
ek Sl A G S T . B
? b T R i

recognised. _ -
Types of 0oze

Calcareous 00Z€ ‘Globigérina goze
Pteropod 00z€
Coccolithophore 002€ B
Diatom 00Z€

Siliceous ooze _ ~ |

> e : s fefn'ains of o‘rganismg in the

e -distril ' iliceou
The distribution of calcareous and siliceov

sedim i lated to: : jents to
erlelere Th rtical water movements bring nutrl
ms. The ve

tor. Thus, these
. Jong the eqUAD™ “0 0 . &tive
: o hi titudes and alo duce distinetiv
the water SurmC? o hlg:cigf:a of marine life and Pro
- waters are highly prodt -
“deposits of biogenous sediments. _

OCEANOGRAPHY A Brief Introduction .

(i) The supply of organis

scanned Wan Lamoanner

Scanned by CamScanner



ough which I‘lhe Organism,
and inorganic r?m?iga .
us, their survival de
eTn}-is initially were. Onlyi}izds N
i shells are common Sediment°sl
ified shell fragments are e_QSlly brm{:ry
rvive the long settling time or lqifl
9

ater thr

w

(o]
stituents.
ters-

o noi su

rm on the continental T
. This is also often trugms

constit ]
and readi
exposures d

ion. Biog 3
utio by jerrigen

: enic
Rate of dil ous ente
because O he contin

the deep ocean

{ dilution

{loor pordering

(iii)

l ()llg!]lc}l,lt il "101
a

‘Calcareous ooze

Calcareous oozes are
of small animals and p

of three types: be use
e ca
spI ead OO0Z A lhe gen‘ll

B moc widfe i bound in the s

iqgeri imals foraminifera is @ . 1€ seas of by

giﬁ;%irgn%?L;;Z;;Tgerig?ons and a few distinf:h:.'e sp;etc}::esAltllve in very Colg

waters. Globigerina coze is especially characlerlﬁtllcsg +: eth tlantic, the .
being brought from the ne:‘ghbourhoo'd of Bear Islan dlfl he north to South, -

Georgia in the south. Extensive deposits are also four’l’ in the western Ingjqy
Océan and in parts of southwest and southeast Plcxcu':c.lThe colour is milky
white; away from the coast but near the coast, there is dominance of bluish grey
terials the colour also varies from whijie
is 64.47% calcium, 1.64%

colour. Depending upon the source ma th
yellowish to greyish. The average composition

siliceous content, 3.33% minerals and 30.56% fine washing..

Pteropod ooze consists of the aragonite shells of pteropods. These are small
graceful swimming snails. Pteropod contains 80% calcium carbonate. It is found
away from the continents in shallower waters (800-1000 fathoms), on ridges and

Globigerina coze is by far th

in warm waters in coral reef regions, such as near Azores, Antilles Canary

Islands and on ridges in the Indian Ocean.
single celled plants

. Coccolithopﬁore oozes are
. hos i composed of minute
coccoﬁ!hophorgs, which are covered with calcareous plates called coccolith

Calcium carbonate dissol
ve
This is because cooler WC”S in cooler water masses but not in warm waters ets,
dioxide which makes them sl?r}sl ens 19 Bave slightly more dissolved carbon thon
carbonic acid (H,000] cos T Tore acidic [in water, €O, makes very weak | "%
atmosphere. Thecs C;lé old water dissolves more Cc;rbo 2 d'q es very wed | the
deepest portion eve waters sink to the botto on dioxide from the | the
. nin Temperate gng Tropical | lr:l ;f b SERem o) Hll 2
e cal atitudes
waters ;? ::;fe:zjés tend to dissolve g all depth »
skeletons dissolve q;;nd tropical latitudes, Thp dS " igh latitudes and in dee? -
ast as they accumulate ?s epth, below which calcareous LLTH
18 called the calcium carbonate
l&q
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gjliceous ooze

.low the carbonate co .
jssolves slowly in sea\n'g:gsnf‘}?;io? depth, silicoous soze
nore siliceous tests occumulc:tt.:e!::f' in roglons of Tnlrzn«,Twi:I::::f:m:"7”:' Silica
icund cmong the bottom sediments gr l?\““ they dizzolve, giliﬂ:!:n:: u‘,.]““
up:velling ol netyingl Spremiosn .50:c reglons Include utm::{ni w1;111.n:a
Circumpolar Current and seasonal overluc:?ldb _55°s lat, whets the Rakamtie
the surlace supporting vigorous biological ;ﬁ?";:u“g? laden deep water 1o
found much in corresponding northern waters be‘i““l‘l:z?u};‘:fmflT’I"’ aot
" . & s dilution o
:igg:trlﬁl:s :Silzif:sozfisbe(;::j:c:;r‘lee e 4 b“"“(}!cuhf ;;fmsmzmn:
Al about 14% of all deep ceman afeds
Siliceous oczes consisting of 30% or more of siliceous tests is derived trom @
number of organisms of which diatoms and radiolaria are most impaertant.

ocozes are derived from single celled plants called diatoms.
nd the Antarctica and in a band across norih Pacilic
are plants. they require sunlight and nulrients ilfc :;rbuw:::.
it A surfage: \he nutrients are ?.ro.iuw.; : m.:
| d animal life in the ocearn and \hese autrientd &

e ' ace. It 18 only al

er as by large seale
;. the

{l. tn

™

Diatomaceous
They are found arou
.Because the diatoms
The sunlight is availa
decomposition of all p
liberated in the deeper wal
specific localions that thesé
upward movement ©f deep€’
presence of sunlight along
plant production. Becausé diatoms ¢
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the “1ong spines. Radi Produceg o™ sin
with yia lolariq S @ s by
, occurs pnnmpcll? along N oozg Silice
hrismm_s Island in the Pacif; €ast.ywe
he pacific and Indian Qceq '€ ang ‘lsm.
Equatofic‘l Currents have bn' These q:) i
f calc s . i
/ amount of ¢ areous remaing I‘:}::c;uuicienﬂe-gmna e
t Pt
ﬁed Clay he oy .urrn and Zr\:e o‘?“ |
‘ only o Meagre
ged clay is Iijierhqps the mosi wig |
Jifes 3 122 R ed throughout and ang ypg gic deposiy,  ; :
south Pacific, the eastern Ost of the €I water th tis foung o
tic. Red Clay i Part of the Ing ool Pacify at holds litflg s
Alantic. Y is composed ch; ndian Oc e, the migq) e marine
iefly of €an ond deeper k:? Pl the
asins of the

clay minerals derived from wing b
= Dorne dust

(i)
(ii)

wind blown volcanic ash and
their sources before sinking

volcanic materi
aterials from submarine volcanic e :
ruption,

(iif)
(iif 3
g (iv) roc? wastes dropped by icebergs, and

W insoluble organic materials s . -
(y) whales. uch as shark's teeth and earbones of
ntains calcium (6.70%), siliceous or

. ’ a i : o, 2
P (85.35%). ganism remains (2.39%), minerals
brown clay or brown mud. The red brown

Red clay co

Re |
(5 (556%] Gnd

Ry Red clay is known variously as

col colour is due to the oxidising (rusting) of the iron present in the sediment.
At Although traces of red clay are found throughout the oceans, il only becomes
. substantial component of the sediment in areds where sediments from other
3 sources do not mask its presence.

i
Cl .
2 | Cosmogenous deposits |
eoritic debris that continuously
{s tiny micrometeors.

ived {from the met sty &
re derl e majority 15

Ca

o Cosmogenous deposils d

i bombards the Earth. Some are quite large s irike the outer atmosphere an
e which are like tiny feathers and as s000 o= theY; earth gains several thousen
. h the earth’s surface- 11° his lands in ocean®
i they gently float down o 2¢ ay nd most of thi Sunting to a0

tons of this meteoritic ma‘erlal'beu jon to tot | sediment cover, o1
conirl

is of miniscule

However, it
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IONOF MATTER IN THE ECOSYSTEM

oF o which are rcquire.d by plants but the
Jom® 1s which are most required by plants are iron,

.gls“"r “anganese, zinc, boron, chlorine, molybde-

opP®
‘pmalc.

Besides chem'!cal ele_rnents. there are also
pic materials which are mvol.ved in the circula-
{ elements or nutrients in the biospheric
e‘;osysmﬂ_ The organic mz_uerlals comprise (i)
fecom poscd pans of either a}we or dead plants and
animals. and (ii) waste materials excreted (released)
by animals (¢-g. dung).

A few of the chemical elements act as organic
catalysts or enzyems because they help chemical
reactions but seldom undergo chemical changes
themselves.

The elements (chemical or inorganic and
organic) which are circulated in the biosphere
belong to three main phases : (i) atmospheric phase
(hydrogen, oxygen, carbon, nitrogen), (ii) sedimen-
tary phase (potassium, calcium, magnesium, phos-
phorous, sulphur etc.), and (iii) organic phase
(organic matter including both plants and animals).

org8
ton ©

%’ BIOGEOCHEMICAL CYCLES

Biogeochemical cycles may also be termed as
geobiochemical cycles because the necessary nutri-
ents are provided by the soils and the roots of
phototrophic green plants take the nutrients in
solution form through the process of root 0smosis
from the soils. The biologists prefer to use the term

biogeochemical cycles because plants play activerole

in the cyclic pathways of nutrients.

‘A biogeochemical cycle is the cycling of
chemical element’ through the earth’s atmosphere,
oceans and sediments as it is affected by the
geological and biological cycles. It can be described
as a series of compartments or storage reservoirs,
and pathways between these reservoirs’ (D.B.
Botkin and E.A. Keller, 1982). P.A. Furley and
W.W. Newey (1983) have defined biogeochemical
cycles as ‘large scale cycles, involving inorganic
substances which pass through a biotic phase and
then return to an inorganic state’.

The elements derived from the atmospheric
and sedimentary reservoirs are pooled into soils. The
chemical or inorganic elements stored in sedimen-
tary phase are made available to soil pool or
reservoir due to weathering and erosion of rocks.

113

The inorganic elements of the atmospehric phase are
brought to the soils under the impact of precipita-
tion. The inorganic elements or nutrients pooled in
the soil reservoir are teken up by plants in solution
form through the process of root osmosis. The plants
then convert these inorganic elements into such
forms which are easily used in the development of
plant tissues and plant growth by biochemical
processes (generally photosynthesis). Thus the
nutrients driven by energy flow pass into various
components of biotic communities through the
process known as biogeochemical cycles.

In a generalized form the biogeochemical
cycles include the uptake of nutrients or inorganic
elements by plants through their roots in solution
form from the soils where these inorganic elements,
derived from sedimentary phase, are stored (fig.9.1).
Some nutrients are leached from the soil pool and are
brought back to the sedimentary phase while some
nutrients (chemical or inorganic matter) are washed
out and are brought to the ocean by rivers (fig. 9.1).
The inorganic elements or nutrients taken up by
plants are transported to various trophic levels along
the food chain through energy flow (fig. 9.2). -

Y eer

ATMOSPHERIC PHASE
h Y 7 A
ORGANIC PHASE Y FASHES-
] AND
| GASES
l
1
I
1
[
1
|
|
[
1
ﬁﬁﬁﬁﬁ '
1
I
l
1
Weathering <
Erosion b,
o .\‘_\_. fas Volcanoes
SEDIMENTARY PHASE

Fig.9.1: Generalised and simplified biogeochemical

cycle (based on D.B. Botkin and E.A. Keller,
1982). ;
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ENVIRONMENT
(1) Through the decompoaltien op \ -
114 lants, dead plants, parts of plapg ang Uy olY
L from P by microbes (decomposers) majp) dc'd inY o
I7 anlm; 3) The gradual degradation of deag :ﬁtgﬁl i“c,;l’w
1 (fig- '(L:}OM) in the litter layer by Sap'ro?"h ’11.:1;11‘,['
11 [ trophic level 3 mallli:rorgﬂnisms which feed on organic g, PVl ol
H (" plants and animals) has been shoyy A4 el
e . :
1L wophic level 2 —,_:}], + waste g 9.3. These organic maleriNisdtiee decoy ‘Tasill'gh oorﬂl
! i dea fig ;;g:liﬂ converted into inorganic materia) wh’,“n Gw‘c
arc ‘ . I s
i trophiclevel 1 _Jdeath ;gain join the soil pool. h e’
weathering input - (2) Through burning of vegetation by lighy, | ele?!
Human input decompasers . accidental forest fires or deliberate foregy ;. ele”
Output Soil erosion El:gicd by man. The portions of organic Matte oXY
feaching removal b:u'nin gare released to the atmosphere and gy, fl;:. sulf
Fig. 9.2 :  Generalized pattern of nutrient cycling (gct down on the ground 'Surface under the Mpact , sed
C.C. Park, 1980). recipitation and again bfacomc so.luble inorgap;, int
, form of element to join soil pool (soil storage) whily |
When nutrients are used and assimilated in the some portions in the form of ashes after their f)| o 9.2
building of plant tissues and their bodies anfi when g ground surfaces are decomposed by hmeﬁ“
Hisspraciiais antuinilyedas s dlffetrc"“ activity and these again join soil storage.
organisms of different trophic levels, these ma eri- .
als become organic matter and are stored in biotic 13) The waste ma:er:zls‘; i::r;:::d Or releaseq "‘I’:
reservoirs or pools of organic phase. The organic by animals (dung, stool etc., e omposed by 10
elements of plants and animals are released in a  microbes (dccomp_oscrs? (mmn.y acteria) and are
variety of ways as given below : again converted Into inorganic clements which hy
again find their way in soluble form to soil storage | th
(fig. 9.4). ttl;
cm " t!
= ATMOSPHERIC PHASE "
% - bumning :
- p% Earthworm f 1
.;; mm &g g (" A A \ '
-; l‘@ % Vegelation g‘?ﬁ“
Collembolen 3
§ 100 micron ,...___g _______ death & wastes
. Q | T | |
A S i i soluble | decompo |]
10 micron ” Mite | [morganic form| | ORGANIC || PHASE
— 0
k Q 1:»_ ¢ element | cieesy release from organic
S Wm b compoundsg, by bacteria
- fO y ocba
| 1 micron : .
Key +lerosich stomgc:. of element in
S = Saprophytic decomposition i sediments etc.
olcanj .
\eleanic enuptions _spyMENTARY PHASE
Fig. 9.3 : The gradual degradation of dead organic Fig. 94 . |

Pa;'u,_-m of terrestrial biogeochemical ycle
S‘f“d arrows indicate major pathways of
rients (afier W.B, Clapham, 1973)

matter(DOM)in the litter layer by sqp

rophy
(after I.G. Simmons 1982), e
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ﬂﬂb;h g jtis obvious that biogeochemical cycles The wat h e
and circulati ‘ ater or hydrologi

jve the moven;:r;;utrients) l:ileartil\?:d ':;f 50111131.3 scale involves the mccifanislg?g?l(i?dc at global

imanf substanc o ;s rom sed.:- water from the oceanic water thro he_’"apor:.mon of -

inartgsff e, atm:-lSp and 1tp =msh Ol Inorganic  conversion of water into water V:g b

njE“slam:es. sedimentary ancz SCOSPICKG ph'ascs are  (first and sccond processes : e et

9o ortant basic components of inorganic phase sses are almost the same),

(iii) transport of : -
ol reanic phs arious bia 5p ol atmospheric moisture over the
orﬂ netns an : ( mnorganic tion, (v) release of atmospheric moisture in the form
WO The study of biogeochemical cycles may be '

of precipitation (either in liqui i
e : : precip n (either in liquid form as water, or in
:FPl‘UﬂChed on two scales e.g. (Il) cyclmg. Of.al.l the  solid form as snow and ice and other minor forms as
Jemes together Orh (él) cycling of individual  dew, fogs etc.) over the continents and oceans, and
Jements €-E- water or hydrogen cycle, carboncycle,  (vi) eventual transfer of water received at the earth’s

oxygen cycle, nitrogen cycle, phosphorous cycle,  surface to the oceans viz various routes and

alphur cycle etc. B.esides, hydrological cycle, hydrological processes, important being surface run
sediment cycle, and mineral cycle are also included  off and rivers (fig. 9.5).
in the broader biogeochemical cycles.

321 HYDROLOGICAL CYCLE

; ; ANy b el ist ai ;
About one third of the important 100 elements Condensation ‘«h; Mojat ar Evaporation

, = N hi =0y M \}G’-.‘, mass Mmoves from oceans
which occur naturally in the earth’s crust are very T, P it

important for the sustenance of life in the biosphere. to continent

Out of these essential elements oxygen, carbon and
hydrogen are by far the most essential elements for
he existence of living organisms because these
three elements constitute 90 per cent of dry weight of
the organic matter in the biosphere. Out of these
(hree.essential elements, hydrogen in the form of
water and oxygen together make up 80.5 per cent of
the total weight of all the living organisms. Since
hydrogen enters the biosphere and goes out of the
biosphere in the form of moisture mainly in liquid
form, the hydrogen cycle is discussed in terms of
water cycle or hydrological cycle.

The water resulting from the association of
hydrogen (2 atoms, Hj) and oxygen (one atom, 0)
(H,0) is by far the most abundant substance in the
biosphere. The water is found on the globe In \'farlous
forms e.g. (i) gaseous form (vapour and moisture),
(ii) solid form (ice), and (iii) liquid form (water). The
water is found in various locations €.g. lak'es. ponds,
tanks, rivers, occeans, groundwater, soils, surfae

and subsurface rocks, living organisms, as water . ) i )
vapour in the atmosphere, as SnOW and ice in the high Oceanic water is heated by insolation and thus

latitude (polar areas) and high altitude (hills and  water is transformed (only a small fraction of
mountains) areas. The water is Very important  oceanic water) into gaseous form-water vapour cr
substance in the biosphere because (1) it is able to moisture. This moisture is transported across the
dissolve almost all substances, (ii it has great ability ~ oceans and over the continents by atmospheric
to store heat, (iii) it takes part in the nourishment of  circulation (winds). The air is cooled because of its
organisms, (iv) ithelps inthe circulationof elements  ascent and thus the moisture is released as precipita-
in the biosl;::hcre etc. tion over the oceans and the continents. The
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Fig. 9.5 : Global hydrological cycle involving different
pathways of watere.g. from the ocean, thro ugh
the atmosphere and the lithosphere back to the
ocean.

The mechanisms of global hydrological cycle
can be presented in the following manner :
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Water vapour

/

Evaporation

Condensation

Precipitation
— 455 km® + 409 km?

Numbers in 000.

Man affects and modifies the internai proc-
ses of hydrological regime of drainage basins ina
uiety of ways. These modifications have both
witive and negative effects. The input of precipita-
imin the hydrological cycle of a drainage basin is
mdified through ‘cloud seeding’ (also see page 293)
frinduced precipitation (increase in input), atmospheric
pllution (both increase and decrease in precipimtion
mput), modified atmospheric circulation (c.g.

“ibanisation induces vertical convective currents
ad thus increases precipitation), forest clearance
(fecrease in precipitation), vegetation modification
thanges in precipitation) etc. Additional input of
Yater on ground surface is provided through
irigation of crops and effluent disposal from urban
eas. Interception storage 18 modified by forest
tlearance (reductionn in interception storage) and
Vegetation modification. Surface storage is modified
by land clearance, cultivation, urbanisation, land

Jrainage, mining etc. while surface runoff is increased

due to deforestation and cultivation and is Supp lemented

by additional input through channeled irrigation for

cropland and effluent disposal from urban arcas.
]nﬁlrati(_m is modified through devegetation (de-
crease in infiltration), urbanisation (decrease),
a'ffore.station and reforestation (increase) and irriga-
tion (increase). Soil moisture storage is positively
affected by irrigation, planting of grasses and plants,

Fig. 9.6 : Global hydrological balance. Source : data from M.L. Budyko (1971).

artificial recharge, seepage from water supply
systems, soakpits,
tively affected by land clearance through deforesta-
tion, burning of grasslands, urbanisation etc.
Groundwater storage is modified through extraction
of groundwater for domestic use and irrigation
purposes while channel storage is modified through
flood plain development, channel modification

cesspools etc. while it is nega-

(shortening or lengthening of channels), river
regulation, construction of dams and reservoirs etc.
The impact of man’s activities on different compo-
nents of basin hydrological cycle may ‘include
increased flood hazard and other changes in river
regime, reduced availability of groundwater, dete-
rioration of water quality and widespread eutrophication
of water bodies and river systems in response 10
increased nutrients’ (K.J. Gregory and D.E. Wall-

ing, 1981)

7/.2.2 CARBON CYCLE

The carbon which moves in the biosphere
through various parthways has three phases of its
storage and movement e.g. (i) gaseous phase in
which carbon is present as gas (CO,;) in the
atmosphere, (ii) liquid phase which includes dis-
solved carbon dioxide in water, and (iii) solid phase
which includes carbon stored in the sediments, fossil
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fuels and organic _maltcr.
in solid and liqui
(gaseous form)iso
around 50 percent oOf OT¢
and its movemetns withi
bound up with the flow 0
W.W. Newey, 1982). _ . o of
The carbon cycle invo!vmg the (:,-I:u]aatimways
carbon within the biosphere 1nc]udt?sht invl:JIVSS i
or cycles e.g. (i) gaseous cyele, }Vhl'c E ) which
movement of carbon as carbon dioxide (CO2 ;

here and as a 82

is found as free gas in the atmoSp 3
dissolved in the water of the land and of the seas @

the oceans, and (ii) non-gaseous or i"m:ga.mc c{;le
involves the solid phase of carbon wh_erem itresiaes
in carbohydrate molecules (CH0) in the organic
matter, as hydrocarbon compounds 1n the r .
the earth’s crust (in coal etc.) and as mineral
carbonate compounds such as calcium carbonate.
The carbon dioxide of the atmospheric pool
enters the biological cycles through the process of
photosynthesis wherein carbon, hydrogen and oxy-
gen are combined by the autotrophic green plants of
the terrestrial and marine ecosystems with the help
of sunlight and thus organic compounds are formed.
The flow of energy and elements in the ecosystem
(biosphere) is controlled by different components of
the system. The component whcih issues energy or
element is called donor component and the compoent
which receives energy or elements is called recipient
component. In the case of carbon cycle in th~
biosphere the transfer of carbon from the atme
pheric pool or reservoir (donor component) to the
living organisms or organic reservoir (recipient
component) is both donor-controlled and recipient
controlled. The rate of uptake of carbon dioxide by
green P!ants (recipients) from the atmospheric
reservoir depc|_1d§ on the density of plants and their
activities (rcce:pu?nl f:on.lrollcd) and on the concen-
tration of carbon dioxide in the atmosphere and other
environmental factors (light, water, nutrients etc.
and processes (donor controlled).

Thus the carbon dioxide assimilateq by plants
is stored in the woody tissues of plants. This i called
as organic reservoir (fig. 9.7) of carbon. Forests
mainly tropical evergreen rainforests, lemp_erate:
evergreen and deciduous forests, and the boreal
forests are significant storages (reservoirs) of
biological carbon of the biosphere, Carbon i
released from the living organisms due to bn’:al:s

i i tasi
articular interes
f[f) organic matter by dr
1 the biosphere
f energy’ (P.A.

ocks of -

ENVIRONMENT 4

. R\“
bohydrates during reg.: pa?
wn of O ‘ iratj,
dos iration by the biota tf?ﬂsforms ‘“'Eanin‘ i C
re Ends {o gaseous carbon dioxide whicy, i rc oy o
b:ck to the atmospehre. ety :
some of the carbohydrates (chemica 9

produCCd by the autotrophic p'lants at ‘fnp}:::ergﬂ

I are consumed by the hcrbwc;ur.m,s a"ima:‘fq
wrophic level 2 and Caf““'“fzus animals g g, 4 -
jevels 3 and 4 and these heterotrophig , imlc
release carbon as carbon dl.o:ude dge to bl‘eak 0;h
of their carbohydrates (durlng_ respiratiop, fig, g \
Dccomposition of fallen leaf Illtter, and deaq Orga*n_].
tissues (of both plants and animals) l?y decﬁmpo;:c
oxidizes further carbon to carbon dioxide Whichrii
returned back to the atmospherc. Some Carbo ;
released as COy due to burning of vegetatig, ang
animals and is returned back to the atmosphey,
reservoir. The microbes or decomposers alsg releag,
carbon in gaseous form through respiration whey

they decompose dead organic tissues.

Some carbon goes to the sediments beloy the
ground surface and is stored in sedimentary regey.
voir. Some of the dead organic matter is also storeg
in the soil or in deep-sea sediments for longer periog
of geological time. The terrestrial organic matteris
transported to the oceans by the geological proc
esses in the form of dissolved or particulate organic
matter. The geological processes include rivers,
wind, glaciers etc. The organic materials brought to
the oceans are generally converted into rocks and
thus carbon enters the sedimentary phase.

The sedimentary reservoir or geological
reservoir stores carbon mainly in the form of
inorganic carbonates and to some extent in the form
of peat, soil or coal or animal (e.g. shells, bonesetc)
r.cmainS, or mineral oil. Carbon has a long residence
time in the sedimentary phase because it remains
Stored in the sedimentary reservoirs for fairly 3
10“_3*“ period of geological time. Carbon from 1h°
sedimentary phase may be released only when cither
M the rocks are weathered and eroded, or (ii) "
fossil fuels (coal, peat, petroleum and natural 8%
are burnt during their uses in the factories, 2u10™"
bllc.s or domestic affairs. Carbon released from' ;
zt:dl{ncmary reservoirs (through weathering a:ic

oston of rocks, burning of fossil fuels and voict t
ﬁ:}lpump goes back to the atmospheric rescr"mrb:,
lir:f Sedimemar)’ cycle of carbon takes much lonk

€ of geological time scale.
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C

The movement of carbon in the marine
scosyster™ is much simpler. Atmospheric carbon
oxide S taken by the marine autotrophic
ytoplanktons who transform carbon together with
Fygen and hydrogen Into carbohydrates during the
prﬂwss 'of photosynthesis. Some portion of carbon
slﬂfcd in phytoplanktons goes to sedimentary
{Orages after their death, some portion is trans.
fm.med into organic matgcr t.o form petroleum and
qatural gas and some portion is transferred (o marine
animals when they feed on phytoplanktons and on

119

suc1! animals which feed on zooplanktons. Some
portion of carbohydrates stored in the marine
animals is broken down during respiration and thus
cari?on isreleased from marine animals as carbondioxide
Which is returned back to the atmospheric reservoir.
The remaining portion of carbon of marine organ-
ISms goes to sedimentary reservoir as carbonate
sediments and hydrocarbons. Carbon stored in the
sedimentary reservoirs may be released to the
atmosphere after long period of geological time scale
through weathering and volcanic eruption (fig. 9.7).

< '““““‘.‘“ ATMOSPHERIC STORAGE [€——- - -
+ P OF CO, i " |
o, o ! f | |
i
for | I plant Respiration | -
phmos:yn- ' ! plagl ! ! : . [
thesis respira- | photosynthesis e i outgassing
tion | : } !
T land animal l organic storage of CO, COMBUSTION
! respiration BURNING IN
[ AUTOMOBILES
| FACTORIES
A J
phyto- marine |
animals land crops trees VOLCANO
........................ animals coal mineral oil
L AND and gas
organic sedimentary rocks _*
= (hydrocarbons)
carbonate rocks
CaCO, EED]MENTARY STORAGE OF CO, .

—————— » gain of CO, to atmospheric
storage

——> loss of CO, from atmospheric storage during

. photosynthesis

Fig. 9.7 : Ilustration of simplified carbon cycle.

su"‘Jn*uary of Carbon Cycle

anism of gaseous and non-

T idmech
he aforesaid mec marized in the

Baseous carbon cycles may bs sum
following S

m the atmospheric reser-
Y0ir (pool or storage) of carbon dioxide in gu:;
Ormation of carbohydrates bY the autotrop 1d
'ettestrial plants and marine phytoplanktons an

Carbon is spent fro

thus carbon is stored in the organisms of different
trophic levels of terrestrial and marine ecosystems
(organic pool/storage of carbon). The atmospheric
pool receives carbon from the respiration of
microbes or decomposers (soil respiration), animals
and plants of terrestrial ecosystems and from the
respiration of phytoplanktons and animals of marine
ecosystem, from the combustion of fossil fuels( coat™
and petroleum) (that is carbon from man’s industrial
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role), from au.tomobiles and a
volcanic eruption.

The sedimentry storage poo

y

L eeqpic mineral
grated and decomposed into nu?rl..].ll‘tl;]f:m'r e
matter which accumulates on the mf. o amnre
converted into sedimentary strata. Carbon l\s for
in these sedimentary state u_::f carlmn_:ftc r:“';-c-‘tdil)'
long period of geological time and 1s :!.U A ;;mu-
available to general carbon cycle. Orf‘.'”m cerile
pounds synthesized by marine ph)'lupl:m‘l-\t.l.ln.‘qti o
down on the ocean floor and are transformed 1 i?
hydrocarbons (pertoleum and natural gas) and thus
these join the sedimentary storage pool of carbon.
Plants are converted into peat and coal on the lands
and thus organic carbon joins the sedimentary
storage poo[..bCarhon is released from the scd:lmcn-
tary storage pool through weathering and erosion of
rocks, combustion of fossil fuels (coal, petroleum
and natural gas) and volcanic eruption (Fig. 9.7).
The concentration of carbon dioxide in the
atmosphere is 0.036 percent of the total gases of the
atmosphere which is equivalent to 0.007 percent
carbon. There has been gradual increase in the
concentration of atmospheric carbon dioxide. It is
estimated. that at the beginning of the industrial
revolution (1860) atmospheric carbon dioxide was
290 ppm (part per million) and since then the carbon
content in the atmosphere has risen to 360 ppm (upto
1990). It is estimated that there is addition of carbon
content to the atmospheric storage pool of carbon at
the rate of 5-6 x 10? tons per year due to release .*
carbon from the combustion of fossil fuels. This
means that there is an increase of carbon af the rate
of 2-3 ppm per year. D.R. Kester and R.M.
Pytkowicz (1977) have predicted that if the present
rate of increase of CO, is maintained there will be
fourfold increase in the atmospheric carbon within
about 80 years. According to another estimate the
concentration of carbon in the atmosphere was
predicted to reach 300 to 400 ppm by the turn of the
20th century which has come almost true. It has been
predicted by IPCC (Intergovernmental Panel on
Climate Change) Report of 2001 that the CO,
concentration may go upto 540-970 ppm which may
sause rise in global termperatue by 1.49-5.80C by the
Tun of 21st century. The gradual increase in the
‘oncentration of CO, in the atmosphere would have
ar reaching consequences on all living organisms

eroplancs and from

| receives carht:m
arbonate built

ENVIRONMENTAL iy, BT
A

including man. Increase in carbon digyj
chain effects 10 the biosphere,

incrcasc—-—ncmpcramrc pf both the lapg -
surfaces increases—which may affect gy,

e Icad= tQ

Po m 1
i i 2 r H
l:ltiOﬂ. mcl“ng ()f 1ce C:II!S and Ice I ahnr'

these affect broader u:mrl'd climatic Patterns. <Al
will be considerable risc in 1hc sea level i 'e:
upon the melting of glaciers, ice caps ang lon s X
due to increase In temperature. In_crcasc in carp,
Jioxide will also lead to increase in the .
effects of the znnlmsphcrc W-'thh means incregg, .
temperature. ’I'h1§ !rcnd'wﬂl adversely affect the
living nrg:misnu.i in the biosphere (see section 135
chapter 13 of this book).

prccipi

9.2.3 OXYGEN CYCLE

Oxygen plays a si'gnificant role in the
biosphere and is very essential glcmcnt fgr the living
organisms because it supports life :m‘d arises fromit,
The circulation of oxygen also helps in the cycling of
other elements in the biosphere. Oxygen is chemi.
cally very active because it combines with majority
of the elements in the biosphere. It generally forms
about 70 percent atoms in living matter and plays a
very important role in the formation of carbohy-
drates, fats and proteins. It is required for respiration
process by the animals including man and for
photosynthesis by the plants. The oxygen cycle in
the biosphere is very much complicated because of
its various chemical forms e.g. molecular oxygen
(O2), water (H,0), carbon dioxide (CO,), different
inorganic compounds as oxides (iron oxides-Fe,0;),
carbonates (calcium carbonate-CaCO,) etc.

Itis believed that there was no free oxygenin
the original earth-atmosphere. The molecular OXy-
gen probably was formed only after the development
of photosynthesising organisms due to splitting of
water molecules by plant cells, Water is split by
pl_an_t cells and is reconstituted in about every 2
million years and thus oxygen produced circulatesin
the atmosphere through various components and 1§
again recycled after about 2000 years. Thus it is
obvious that the residence time of oxygen in the
atmosphere is much longer (2000 years, that is
oxygenisrecycled in 2000 years) than the residence
time of carbon (300 years, that is the carbon released
by plants and animals through respiration is avail-
able again for them after 300 years).The ox}'gcﬂ'
continued to concentrate in the atmosphere from the |
time of its formation and now it constitutes about 2!
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9.2,4. NITROGEN CYCLE

. in 4

“Nitrogen moves through the hmsf::lr:i::ins

gaseous cycle in which the mm-osphcrc'mngc poo
78 percent nitrogen by volume, is a vast StoF: A,
available to organisms' (A.N. Stlrnhlcl' - for all
Strahler, 1976). Nitrogen is very n_n;_mrmnt‘ C =
life forms in the biosphere because it is an ¢SSeN :
part of amino acids which make up pr(?lclll:w-l
Nitrogen generally exists in seven forms in :
atmosphere e.g. molecular nitrogen (N3), oxides 0
nitrogen (e.g. N, O = nitrous oxide, NO = nitric
oxide and NO, = nitrogen peroxide) and hydrogen-
nitrogen compounds (e.g. NH = amino, NH3 =
ammonia and HNO, = nitrous acids). Though
nitrogen constitutes the largest proportion of atmos-
pheric gases by volume, but living organisms cannot
use nitrogen directly rather they obtain nitrogen in
the form of ammonium salts and nitrate through their
roots from the soils. Animals get nitrogen from the
plants by eating them. The nitrogen cycle involves
the conversion of atmospheric nitrogen into differ-
ent usable compounds (which become usable for
living organisms) under the process of nitrogen
fixation; transfer of nitrogen to the plants through
their roots from the soils and liberation of nitrogen
as gas through the process of denitrification and
final return of nitrogen as gas to the atmospheric
storage pool of nitrogen. The nitrogen cycle is

completed through the following steps :

(1) Transfer of atmospheric nitrogen into soils
or nitrogen fixation—Nitrogen fixation means the
conversion of the atmospheric molecular nitrogen
(N3) into usable forms (e.g. ammonia and nitrate) in
the soils which can be taken by the plants through
their roots-the process known as root osmosis. There
are only two major natural pathways of nitrogen
fixation or conversion of molecular atmospheric
nitrogen into ammonia, nitrate ion or amino acids
e.g. (i) lightning, and (ii) biological activity, There is
also artificial fixation of nitrogen by man through the
use of chemial fertilizers.

(i) Molecular atmospheric nitrogen and OXy-
gen are combined by natural lightning discharge to
form nitiric oxide (NO). Due to additional oxygen
nitric oxide is oxidized to form nitrogen peroxide
(NO,;) which changes to nitric acid (HNO;) after
combining with water (H,0). This acid (nitric acid)
is brought to the soils by rainwater where it changes
to nitrates after reacting with calcium carbonateg

ENVIRONMENTAL GEOGR

: nitrates accumy|y,. .
alkalis. These Ulate

: ar :
lst;’:ig food. The aforesaid procesgeg
¢ : atmospheric procesg

fixation of nitrogen by P ©S may

be cxprcsscd in lh(.': following forms :
Lightning Discharge
N, + Jé)z —2NO (nitrogen oxide) ‘
2NO + 02—+2N02 (nitrogen pcr(?xl‘dc)
4NO, + 2H,0 + 0 = 4HNO; (nitric acid)
4HNO; + CaCO;—Ca (NO3); +CO; (calciyn

prepﬂr

nitrate) . .
It is estimated that this process of nitrogen

fixation results in the formation of 2,50,000 tons of

acid within 24 hours. _
(ii) The other natural proces's.c?f nitrogen
fixation is performed by the activities of the
organisms. ‘One of thf: more curious and Important
points we should keep in our mind about the nitrogen
cycle is that the conversion of mol'ecular nitrogen
ammonia or nitrate, and other chemical transforma-
tions of inorganic forms of nitrogen, can be done
only by bacteria and blue-green algae-members of
the prokaryotic forms of life’ (D.B. Botkin and E.A.
Keller, 1982). The nitrogen fixing organisms are
divided into two categories e.g. (i) free living
organisms mainly bacteria and algae, and (ii) the
organisms having symbiotic association include
Plants and bacteria which live together. The free-
!ng. organisms are basically autotrophic organ-
isms h.ke bluegreen alagae and some photosynthetic
E?Tetzcl:i;iMany SymbioFic bacteria living in the roots
soybge ans “EL‘LZ Plants (like peas, gram, clover, alfafa,
fixation 'It is ?S’ peanuts etc.) help in nitrogen
* mportant to note that bacteria and

Organismse,g, bacterj
pheric nitrogen in the
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ﬂaﬂ) mgra“““"“' pitrification and transfer of
) Mm soils to plants and animals : Mineraliza-
Mﬂ i cation are the processes of transfor-
aite en in such forms in the soils that

casily (aken up by plants. When organic
i compounds are transformed into an
; mineral form (either ammonia or

¢ process is called mineralization or
' n where as the process of the conver-
. onium salts into nitrite and nitrate is
gion © itrification: Thus plants take nitrogen in the
. ou nitrates from thc’soils through their roots.
form on taken UP by plants (in the form of nitrates)
r:hlrois rmed into complex organic compounds
is “aprolei") which are transferred to herbivorous
(e'%als of trophic level 2 where plant protein
wing pitrogen) is converted intolanimal protein.
sin nitrogen (in the form.of animal protein) is
ransferred 10 carnivorous animals at trophic levels
3and 4. The protein disintegrates in the bodies of

123

::'famsms and is transformed into amino acid, urea

(3) Denitrification and return of nitrogen to the
atmosphere : Ammonifying bacteria living in the
soils convert amino acid and urea present in the
excreted wastes of the animals into ammonia and
ammonium salts. Similarly, soil-living bacteria
decompose dead plants or their parts and dead
?nimals and transform amino acid and urea present -
in them into ammonia and ammonium salt. These
ammonium salts and ammonia are again trans-
formed into nitrates by nitrifying or nitrosifying
bacteria, the process being known as nitrification as
referred to above.

The opposite process of nitrification is known
as dinitrification which means transformation of
nitrates into gaseous nitrogen (molecular nitrogen)
by denitrifying bacteria and fungi which operate in
anaerobic conditions which goes back 10 the
atmospheric storage pool and thus the nitrogen cycle

Atmospheric storage
pool of Nitrogen .

Gas (Ny)

Lightning
Fixation

Nitrogen

Soil Storage
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Nitrates

Fixation by
Organisms

Decomposers
Soil Bacteria,
Algae

Transfer 0
Hetrotrophic
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Fig9.9: Nitrogen cycle.
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‘trates are also
is completed (fig. 9.9). Some Ormrznll;;t to the sea
lost to groundwater and some EL stream runoff.
through erosion and transport by isms releases
Bacterial decomposition of organis soluble in
ammonia to the atmosphere, which bein dg ontineats
water is returned back to the oceans an ‘13 "
with rainfall in the form of ammonium sulp s
ammonium nitrate. It is important to nofactors
Organisms are the controling and regplatmg e
of the nitrogen cycle because bacteria fix ni ”gas
and perform the process of nitrification as we hoe
these also perform denitrification, It is evident :
the ‘removal and addition of nitrogen to the
atmosphere are primarily controlled by bacterial
activity’ (D.B. Botkin and E.A. Keller, 1982).

It is expected that the removal of nitrogen
from the atmospheric storage pool and fixation of
nitrogen by terrestrial and marine organisms should
be balanceq by the addition of nitrogen through
denitrification from the terrestrial and marine
c€cosystems but the amount of nitrogen available to
plants is mych larger than the amount of nitrogen
returned back to (he atmopsheric storage pool by

dcnilrificntion because of increased use of industrial
nitrogen (chemical fertilizers).

9.2.5 PHOSPHOROUS CYCLE

Phosphorous js the
(water being the most imp
biosphere which s most es
organisms because i li
biospheric ecosystem,
supply as it is found

second most important
ortant) substance in the
sential for the growth of
mits production in the
Phosphorous i in short
in phosphate rocks which are

and salt which are carried as salt s
or blown as dust from 1
deposits and active mines.

pray from the seq
he areas of phosphate

The very interestin
rouscycle is thatit is grad
as phosphorous tends to

g feature of the phospho.
ual, very slow and ope way
move from the lands 1o the
runoff via rivers ang very
Orous is returned from the

oceans to the lands. Most of phosphorous js stored in

ENVIRONMENT A GEQGM

dimentary rocks in the form of
the sedi hen these rocks are weathere d, phe
rocksj “:ransferrcd to the soil storage S0l
rous 1s tto point out that phosphorgyg CXists
s:g_n!ﬁf;: form of minerals combined iy, e
soil In| m, magnesium, iron and phOSphate_ Not ::I
Potassllll;rc;us present in the soils and rocks takes -
PhOSP cle rather only 10 percent is involyeg iy
::n ::?i::c:athways because phosphorous jg relalivﬂy
ir?solublc in water.

Plants take up phosphor0u§ in the
inorganic phosphate from the soils lhrou_
roots under the process of root OSmMOsis. Th,
inorganic phosphates are .convcrtcd ‘lnto Organic
forms in the plants wl'lnch (organic forms o
phosphate) are circulated in the food chain l‘hrough
different trophic levels (from plants to .hcrblvorous
animals and from herbivores to carnivorous ang
omnivorous animals). Phosphate is returned back tq
the soils when dead organisms (plants and animals)
and their excreted wastes are dccomposcd by soil-
organisms (decomposer organisms-micmhcs) and
through mineralization of organic form of phosphate
(i.e. conversion of organic form of phosphate to
inorganic form), Some portion is leached and
washed out to the oceans while some portions of
phosphate are maintained as organic compounds
(e.g. bones) which Store and preserye phosphatic

materials for long periogd. These are returned to the
soils when these are ;

ain converted into mineral
f“"f‘s but this process | completed after long period
Mportant to state that a sizeable

sorbed by the Plants remains

form of
gh thejr

€return of phos
the langs IS not regular

Phoroys from the oceans to
ingly slow an

feature rather it is exceed-

OCcasiong| feature. Phosphorous
oral 4¢

% returneg p Cas of the Seas and the oceans
(Whes i ack g the l;mds lhrough salt spray, fish
irds by i) ‘Cfre§tr:al animalg mainly man) and
the seas a " portio of hosphoroys drained to
sedim € Oceang IS moved in the deeper
i ks Iy SUCh cageg
availap] : :

» Phosphoroys may be

€N there jg emergence or

Ceanjc holtoms,
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