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1. In trod action

E nergy  crisis is on e  o f  the  se tbacks  a ffec t ing  the e c o n o m y  o f  o u r  country'. T he  non 

renew ab le  forms o f  energy  such  as coal and  pe tro leum  p roduc ts  are caus ing  a huge  concern  

regard ing  en v i ro n m e n t  and dep le t ion  o f  natural  resources .  H ence ,  w e  have  to go  lor  a lternate  

forms o f  energy  w h ich  is env ironm en ta l  fr iendly and cost  effective.  T he  inclus ion  o f  b io m ass  as 

a form o f  energy  will serv e the pu rpose  to meet  the energy  d e m a n d  to a certain  extent.  O n e  ol the 

v iable  and p ro m is in g  techno log ies  by w hich  the b io m ass  can be conver ted  to en e rg y  is th rough  

the process  o f  br iquett ing.  Even though  it is an age old techno logy ,  there  is m u ch  scope  for 

b r iquett ing  in the presen t  day  to day life.

2. B iom ass  br iquett ing

B iom ass  b r ique t t ing  is an age old dens if ica t ion  tech n o lo g y  invented du r in g  I 8,h - | 9 th 

century .  It is de f ined  as the p rocess  o f  co m p ac t io n  o f  res idues  into a product  o f  h igher  density 

than the original  raw m ater ia ls  (O ladeji ,  2015).

In 1923, the Pacif ic  Coal and  W ood  Co. I.os A nge les ,  Ca l i fo rn ia  m arke ted  w o o d  waste  

b r iquettes  first t ime in the world .  In India, p r im e e x a m p le s  for b r iquettes  are cow d u n g  cakes ,  

fuel balls  from coal dust,  etc. Insula t ion and architec tura l  boards  p roduced  from forage m ater ia ls  

are a lso  the e x a m p le  o f  the techn iques  o f  densif ica t ion .

Plate I. C o w  dung cake Plate 2. Insulation board



3. Agro-residae gen era t ion  by d ifferent  crops  in India

A ccord ing  to M in is t ry  o f  N e w  and  R en ew ab le  E ne rgy  (M N R E ) ,  70 per  cent  o f  res idue  

genera t ion  is from cereals  fo l lowed by l iber  crops  (1 3 % )  and oil seeds  (6 % )  and suga rcane  alone 

is p roduc ing  2 per  cen t  w h ich  is h ighest  for all c rops  (F ig . I ) .  With die increase  in food 

product ion  the c rop  res idue  genera t ion  is also increased.  In India res idue  genera t ion  is about  600 

mill ion tons co m p r is in g  o f  field res idues  and p rocess ing  residues .  A f te r  u t i l iz ing  these  crop 

res idues  for var ious  pu rposes  a surp lus  o f  150- 200 mill ion tons are left as waste .  So. there  is 

availabili ty o f  raw m ater ia ls  for b r ique t t ing  and thus indicat ing  the scope  for b io m ass  br iquette  

product ion .

F ig u r e  1. R e s id u e  g e n e r a t i o n  by d i f f e r e n t  c r o p s  in In d ia
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4. (Need for br iquett ing

4.1. A g ro -res id u e  m a n a g e m e n t :  Ih e  m a jo r  p rob lem  faced by large scale  farmer is the d isposal  

o f  farm and p rocessed  res idues ,  i.e., su rp lus  agro  res idues ,  w h ich  is p o s in g  cha l lenge  to the 

farmers. Ihe re fo re ,  i f  these w as tes  cou ld  he used to genera te  energy ,  it w o u ld  be n w e lc o m e d  

solu t ion  to the p rob lem  o f  waste  d isposa l  and  pollu t ion .

4.2. Easy  h a n d l in g  and storage:  I he b iom ass  mater ia ls  are bu lky  in nature,  so b r ique t t ing  will 

facili tate easy hand l in g  and less space  is needed  for s torage.



4.3. C onsis tent  qua l i ty  fuel product ion:  H ig h  quali ty  fuel w i th  h igh  b u rn in g  e ff ic iency  can  be 

produced  through briquett ing .  T he  b iom ass  fuel b r iquettes  have  the potentia l  to replace  

convent iona l  fuels.

4.4. Prevents  pollution: Fuel b r iquettes  are sm o k e less  with  no fly ash and will not emit  sulphur.  

M ore  over  it is ca rbon  neutral ,  so usage  o f  b iom ass  br iquettes  for hea t ing  pu rpose  will not cause  

any pollut ion to a tm osphere .

4.5. A ddit iona l  in co m e  to farmers:  ' I h e  farmers  will be benef i ted  by tw o  w a y s  ie, res idue  

m a n a g e m e n t  and addit ional  incom e from sell ing res idues  or  briquettes.

5. B iom ass  br iquettes

B iom ass  b r ique t tes  can be p roduced  from w ide  varie ty  o f  mater ia ls  and  mainlv res idues  

from farm or  p rocess ing  unit can be util ized. T h e  m ater ia ls  such  as suga rcane  bagasse ,  m aize  

s tover,  cotton stalks, cereal s traw, co ir  pith, saw dus t  etc. can be m ad e  into br iquettes .  It can also 

p roduced  by using  charcoal  o f  coconu t  shell , rice husk etc. T he  quali ty  charac te r is t ics  such  as 

co lour ,  durabil i ty ,  hea t ing  value  will van. a cco rd in g  to the raw m ater ia ls  used.

Plate 3. B io m a ss  br iquettes

B agasse  b r ique t te W ood  briquette C harcoa l  b r iquette

Sawdust briquette ( o ir  pith br iquette S traw  briquette



B iom ass  b r ique t tes  are m ain ly  util ized as a source  o f  energy  and  have  som e  app lica t ion  in 

agricul ture  as g ro w in g  m ed ia  and  an im al  feed. It is u t i l ized for dom es t ic  hea t ing  and  as industrial  

fuel for agro  p rocess ing  unit  and o ther  industries.  It is m ain ly  expor ted  as ba rbeque  fuel. 

Electrici ty  can be g enera ted  with the help  o f  boilers  and gasifiers.

6.1. B iom ass  br iquettes  as fuel

T he  pictures  sh o w  the util ization o f  br iquettes  in sm oke less  s tove ( p late  4 ) tandoo r  

chu lha  (plate  5) and for ba rbeque ing  (plate 6) i.e.. gril l ing. N o w a d a y s  in s tar  ho te ls  b a rb eq u e  

chu lhas  are kept  on d in ing  table because  o f  its advan tage  that it is be ing  sm oke less .

Plate 4 Plate 5 Plate 6
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V
*

6.1.1. A d v a n ta g e s  o f  b io m a ss  br iquettes  over  conl

The calorif ic  va lue  o f  coal is in the range  o f  .1X00 to 5400  kca l /kg  with high ash content .  I he 

b iom ass  b r ique t tes  a lso  h av in g  the high calorif ic  va lue  in the range  o f  5700  to 4 7 0 0  kca l /kg  with 

less ash content  (T ab le  I). Ih e  co m p a r i so n  o f  coal ove r  b io m ass  b r ique t tes  p roduced  from 

different raw m ater ia ls  sh o w s  that the coal can  be rep laced  by b io m ass  b r ique t tes  s ince  b iom ass  

b r iquette  is a lso h a v in g  h igh calor if ic  va lue  and is c au s in g  less po l lu t ion  (S ingh .  1096).



Fuel Density (g /cm J ) C alor if ic  v a lu e  (kcal/kg) A sh  conten t  (% )

Coal 1.30 3800  - 5300 2 0 - 4 0

Saw dus t  briquette 1.10 4600 0.70

G ro u n d n u t  shell br iquette 1.05 4750 2.00

Rice husk  br iquette 1.30 3700 18.00

S aw d u s t  + cotton briquette 1.12 4300 8.00

6.1.2. G a s i f i c a t io n  e ff ic iency  o f  b io m a s s  b r i q u e t t e s  p r o d u c e d  f ro m  a g r o - r e s i d u e s  

Figure 2. G a s i f i c a t io n  eff ic iency  o f  b io m a s s  b r i q u e t t e s
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Pa reek <v til. (2 0 1 2 )  s tud ied  the gas if ica t ion  e ff ic iency  o f  d ifferent  b io m a ss  br iquettes  

(Fig. 2) G as i f ica t ion  is the p rocess  o f  co n v e r t in g  solid fuel into a g aseo u s  com b u s t ib le  

gas th rough partial ox ida t ion  at h igh  tem pera tu re  in a gnsif ier  I his gas  can  he burned  in a gas 

tu rb ine  to p roduce  electr ic i ty  Mere b r ique t te s  were  p ro d u ce d  from different  b io m ass  mater ia ls



are having  gasif ica tion  eff ic iency in the range o f  65 -7 5 %  w h ich  is the sam e as that  o f  h igh grade  

coal.  So it is ev iden t  that  the b iom ass  br iquettes  can  rep lace  coal for e lec tr ic i ty  product ion .

6.2. B iom ass  br iquettes  in agr icu ltu re

In agricul ture ,  coir  pith briquette  is used as a g ro w in g  m ed ium .  N o w a d a y s  co ir  pith is 

rep lac ing  the sand in po t t ing  m ed ia  since availabi l i ty  o f  sand is l imited and also o f  high cost  o f  

sand. It has  the un ique  property  o f  abso rb ing  and re ta in ing  m ois tu re  to abou t  5 0 0 -6 0 0 %  and thus 

im proves  the w a te r  infi l tration rate and hydraul ic  conduct iv i ty  o f  soil in addit ion to the supp ly  o f  

nutrients.  In foreign countr ies  coir  pith is used as a soil less  m ed iu m  for g ro w in g  plants  and it is 

des irab le  in p rob lem  soils  and also to prevent  soil borne  diseases.  H ence  there  is great  d e m a n d  

for coir  pith briquette.  A large quanti ty  is expor ted  from India to different  countr ies .  Rice straw 

briquette  is used for tree nursery.  A nim al  feed is a lso p roduced  through b r ique t t ing  b> us ing  

cassava  waste ,  de-o i led  rice bran etc with appropr ia te  binder.

Plate 7 Coir  pith br iquette  as g ro w in g  m ed ium

Plate 8 Rice s traw  br ique t te  for tree nursery  Plate 0. A nim al  feed from de-o i led  rice bran



7. Status o f  br iquett ing  o f  b iom ass  in India

A ccord ing  to All G u ja ra t  B iom ass  Briquette  A ssoc ia t ion  ( A G B B A ) .  in India there are 

about 500 briquette  m an u fac tu re rs  g iv ing  direct  or  indirect  e m p lo y m e n t  to m ore  than one lakh 

people. The m ajo r  p roduce rs  are Gujara t .  Punjab  and Tamil  N adu .  In Kerala .  Coirfed  and 

Sterling group  is p roduc ing  and sell ing coir  pith br iquettes.  T he  potent ia l  users  o f  b iom ass  

briquettes in India (D h in g ra  cl a l .. 1996) are listed below (Tab le  2).

Table  2. Potential  users  o f  br iquettes

State T y p e  o f  industry B riquettes  used as 
rep la cem en t  for

Kerala7Tamil Nadu 
Karnataka

l e a  factories, rubber  factories, 
pharm aceu t ica l  industr ies

\ \  ood.  coal

Punjab
Solvent ex trac t ion  oil mills, 
brick kilns

C oal

| Gujarat

L  ■ ... ■  ■  — -------- —  . . .  i

1 cxtile , t h e  and chem ica l
industries

« ■ ■■— ——* —^  - »  — — — —■ -  — -  ■ - —  -

I oal

M a d i n a  Pradesh•f
M aharash tra

1 cxli lc  industries,  

pha rm aceu t ica l  industries,  
hi it;k kilns

t oal

8. Steps involved  in b r iq u e tt in g

Ih e  Steps invo lved  in b r ique t t ing  arc co l lec t ion  and prepara t ion  ol raw materials ,  

br iquett ing with m ach in e ,  coo l ing  and storage. Raw mater ia ls  can be co l lec ted  both Irom the 

Held and p rocess ing  units.  Ih e  p repara t ion  of raw mater ia ls  inc ludes  dry ing .  s i / e  reduction,  

m ix ing  o f  raw m ater ia ls  in correc t  p roport ion ,  m ix ing  o f  raw m ate r ia ls  with  binder.  ( om pac t ion  

process  takes place inside the b r ique t t ing  m ach ine .  I h e  p rocess  d e p en d s  on the br iquett ing  

technology adopted .  B r ique t tes  ex t ru d in g  out o f  the m ach in e  are hoi with tem pera tures  

exceed ing  I()()"( . I hey have  to be co o led  and  s tored  in dry place.

Li



9. Criteria for se lect ion o f  raw  m ater ia ls  for br iquett ing

The selection o f  raw mater ia ls  usua lly  d ep en d s  on w hat  is easilv avai lab le  in the 

surrounding areas w h e re  the b r iquettes  are made.  The  cri teria for se lec t ion  o f  raw materia ls  for 

briquett ing includes m o is tu re  content ,  ash content,  llow charac te r is t ics  and ability to bind 

together.ws

The m ois tu re  con ten t  should  be in the range o f  10-15%. I ligli m o is tu re  con ten t  will pose 

problems in gr inding and excess ive  energy is required for dry ing .  T he  ash conten t  shou ld  be low 

otherwise  it will cause  s lagg ing  in the m achine .  B iom ass  m ater ia ls  generallv h a \ e  low ash
W W W  W  9

content  excep t  in rice husk.  I he material  should  be g ranu la r  and un ifo rm  so that it can llow 

easily in m ach ines .  The m ater ia ls  hav ing  high natural b ind ing  ability can replace  external  

hinders.

10. Process o f  br iqu ett in g

Briquet t ing  can be done  bv two wavs  namelv direct  co m p a c t io n  and co m p ac t io n  after 

pyrolysis  or carbon iza t ion .  Direct co m p ac t io n  can be ach ieved  bv use o f  b inders  and also without  

the use of  binders.  In b inder less  p rocess  the b iom ass  will be semi-  l lu id i / e J  In app lv ing  high 

pressure  so that the lignin present  will he melted  which  will act a s  a binder,  t om pac t ion  with 

b inder  requires  add i t ion  ol ex terna l  b inding  mater ia ls  like m olasses ,  s tarch, sod ium  sil icate, 

l ignosulphonate ,  co t ton  seed  oil. ben ton i te  etc.

Pyrolysis  is the p rocess  ol des truc t ive  dist i l lat ion with the absence  oi m in im u m  presence  

o f  oxygen .  D uring  the p y r o l y s i s  process  the l i lac  content  ol b i o m a s s  is broken which  later 

facilitates in b r ique t t ing  o f  p roduced  charcoal

11. B in d in g  m e c h a n i s m

Densif ica i ion  o f  b io m ass  under  high pressure  br ings  about  m echan ica l  in ter locking  and 

increased adhes ion  b e tw een  the particles,  form ing  in tcrmolect i lar  bonds  m the contact  area. In 

the case  o f  b iom ass ,  the b ind ing  m ec h a n ism s  under  high p ressure  can be d iv ided  into adhes ion  

and cohes ion  forces, a t t rac t ive  forces be tw een  solid part ic les ,  and  in ter locking  bonds  

(<Tebrekiclan and / e s l n s e .  2 d I 5). I ignin o f  b iom ass  w o o d  can a lso  be a s su m ed  to help in binding 

m this way Vnother important  b ind ing  m ech an ism  is van dcr  W aa ls '  forces  I hev arc p rom inent



at extremely  short  d is tances  b e tw een  the adhes ion  partners.  This  type  o f  adhes ion  possibili ty is 

much higher  for pow ders .  Fibres o r  bu lky  part ic les  can in terlock or fold abou t  each  o ther  as a 

result forming in te r lock ing  or  fo rm -c losed  bonds.

12. T yp es  o f  br iquett ing

On the basis  o f  co m p ac t io n ,  the br ique t t ing  techno log ies  can be d iv ided  into high 

pressure com pac t ion ,  m ed iu m  pressure  com pac t ion  and low pressure  c o m p a c t io n  (W ila ipon .  

2009).

In high pressure  br iquett ing ,  pressure  deve loped  is m ore  than 100 M Pa.  Th is  type is 

suitable  for the res idues  o f  high lignin content.  At this high p ressure  the tem pera tu re  rises to 

about  200  - 250" C\ w hich  is sufficient to fuse the liunin con ten t  o f  the residue,  which  acts as a 

binder. At present ,  there  are two h igh-pressure  techno log ies  i.e.. Piston press  and screw press.

In M ed ium  pressure  co m p ac t io n ,  the pressure  dev e lo p ed  will be in the range o f  5 M Pa 

and lOOMPa which  results  in lower  heat genera t ion .  I his type ol m ac h in e s  requires  addit ional  

heat ing to melt  the lignin con ten t  ol the agro  res idues  which  e l im ina tes  the use o f  an addit ional  

b inder  material

Low pressure  c o m p a c t io n  w orks  at a pressure  less than 5 M Pa and room  temperature .  

Th is  type o f  m ach in es  requ ires  add i t ion  ol b inding  mater ia ls  and is app l icab le  for  the carbon ized  

materials  due to the lack ot the lignin material .

13. B r iquett ing  m a c h in e s

Ih e  b r ique t t ing  m a c h in e s  used lor b r ique t t ing  in India inc ludes  m anua l  briqueller .  piston 

press and hydraul ic  p is ton  press,  screw press  and roll press. M anual  b r ique l le r  is mainly used to 

produce  animal  feed and fuel for d o m es t ic  purposes .  Piston press  and  hydraul ic  piston press will 

produce solid br iquettes.  Screw press  will p roduce  high quality b i ique t tc  with  coneen t i ic  hole, 

which will facil itate increased  surface  area  for be lter  co m b u s t io n .  Roll press  m ach in e  is mainly 

used to p roduce  b a rb eq u e  briquettes o f  pillow shaped.



Plate  10. B r iq uett ing  m a ch in es
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13.1. M ech a n ism  o f  w o rk in g  o f  a screw  press

D uring  br iquett ing ,  the raw  mater ia ls  will be fed th rough  hop p e r  and it will m o v e  to w ard s  

the die with the help  o f  a rota ting screw, resu l t ing  in s ignif icant  p ressure  gradient .  T h e  c o m b in ed  

effec ts  o f  wall frict ion, internal friction in the mater ia l ,  and high rotational speed  ( - 6 0 0  rpm ) o f  

the screw, tem pera tu re  will increase in the sys tem  ( f u m u l u m  ct al.. 2010).  So w hen  the mater ia l  

reaches  to m idd le  o f  the screw, lignin in the b iom ass  will melt  and act as a binder.  This  hea ted  

b iom ass  is forced th rough  the ex trus ion  die or m ould  to form the br ique t tes  w here  it gets  

co m p ac ted .

Plate 1 1. W o r k in g  m odel  o f  a screw press

B r i q u e t t e s
out

Screw Healer Die

Solids
conveying

Melting and pumping Pumping



13. 2. Specific  en erg y  c o n su m p t io n  o f  d ifferent  b iom ass  m ater ia l  d u r in g  br iquett ing

The table 3 s h o w s  the specif ic  energy co n su m p t io n  by d ifferen t  dens if ica t ion  units  with 

different b iom ass  mater ia ls .  T he  specif ic  ene rgy  co nsum pt ion  var ies  w ith  the dens if ica t ion  unit. 

The specific energy c o n su m p t io n  for b r iquett ing  o f  saw dus t  and grass  with  piston press and 

similarly switch  g rass  and  a lfa lfa  with pellet mill differs as cited by d ifferen t  au thors .  T he  screw 

press has high specif ic  energy co n su m p t io n  w hich  will p roduce  high qua l i ty  briquettes.

Table  3. Spec if ic  energy c o n su m p t io n  o f  d ifferent  b iom ass  m ater ia l

M ateria ls T y p e  o f  d e n s i f i c a t io n  un i t
Spec if ic  e n e r g y  

c o n s u m p t i o n  ( k W h / t )
R e f e r e n c e

Grass Piston press

I-------------------------------------------------------------------- ---------------------- -------------------------------------- ------------------------------------------------------------------------- ------------------

77
S heppe rson  and 
M archan t  (1078)

Sawdust Piston press
37

Reed cl ill. (1080)

Straw Screw press

—  ■ ■  ------------------------- ■------------------------------------------------------------- -------------  -

150-220
Carre  cl ul. ( 1087)

Alfalfa Pellet mill

>  i ■ ■ ■ ■  —  i —  -------------- —  — |

ill

" —  —  ■  -  — —  — -  ■ — ■  —  -  • - — -  4

1 abil and ^okhansan j  
(1 o o o |

Switch grass Pellet mill
74

Jannasch  cl ill. 12001)

14. Factors  a f fec t in g  br iqu ett in g

14.1. Particle  s i /c :  Partic le  s i / c  p lays an important  role m the dens if ica t ion  p r oc es s .  I ine 

particles g ive  larger  su rface  for b ind ing  I lie b iom ass  material  ol (> S m m  s i / e  with M 15 %  

powdery  c o m p o n e n t  is best suited.  II the particles are o v e rs i /e d .  then the b r ique t t ing  will not he 

smooth  and it will result in c lo g g in g  at the en trance  o f  die.

Kaliyan and  Morey (2010)  w ere  s tudied the effect  o f  part ic le  s i / c  on corn cob  briquettes.  

I lie c o m  cob br iquettes  w ere  p ro d u ce d  at two particle s i / c s  i.e., 2 .8 8 m m  and 0.85 m m  i Plate 12 1. 

I hey have reported  that b r ique t tes  p roduced  at a particle s i / e  o f  0 .85 m m  had good  com pac t ion  

and  strength than the other .  It is be tter  to p o w d e r  corn  co b  for b r ique t t ing  because  o f  its 

hardiness



Particle  size: 2 .88m m

* n r

Particle  size: 0 .85m m

14. 2. M o is t  l ire  c o n te n t :  In general ,  it has been found that w hen  the Iced m ois tu re  content  is 10- 

12%, the br iquettes  will have 8 -1 0 %  mois ture .  At this m ois tu re  conten t ,  the br iquettes  are s t rong  

and free o f  c racks  and the b r ique t t ing  process  is sm ooth .  I 'hereforc. it is necessary to m ain ta in  

o p t im u m  m ois tu re  content.

14. 3. T e m p e r a tu r e  o f  the b iom ass:  I he tem pera tu re  ol b iom ass  du r ing  b r ique t t ing  should  not 

be increased beyond  the d eco m p o s i t io n  tem pera tu re  ol b iom ass .  A low tem pera tu re  will reduce  

the quali ty  o f  b r ique t tes  in te rm s o f  durabil i ty  and strength.

14. 4. T e m p e r a tu r e  o f  the die: Ihe temperature o f  the die should be kept at about 280-300' C 

for better quality briquette production, flic exposure o f  very high temperature to die will cause  

high wear and tear and (bus increase the cost for repair and maintenance.

Bhattacharya et al. (2001)  studied the effect o f  die temperature on briquette production 

and total electricity consumption. Rice husk briquettes were produced at three different 

temperatures ie, 365 ,380 ,100  degree Celsius. It is clear that the briquette production increased



with increase in temperature whereas total electricity consumption decreased. Hence they have  

concluded that briquetting at high temperature will  reduce the cost o f  production by lowering die 

electricity' consumption.

F igure  3. Effect  o f  d ie  tem p era tu re  on rice husk  br iquette  produ ct ion  and total e lectr ic ity  

con su m ption
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15. C h a ra c ter is t ic s  o f  br iquettes

1 5 .1 .  Physical  character is t ics

•  S h a p e  and size: T he shape  and  size o f  b iom ass  b r ique t te  d e p en d s  on the m o u ld s  or  dies 

used du r ing  br iquett ing.  T h e  shape  can be cylindrical ,  square  or  rec tang le  with  vary ing  

d iam ete r  o f  25 -1 0 0  m m . T h e  plate  13 sh o w s  Ihe d ifferen t  types  o f  d ie  and  the br iquettes  

p roduced  with it. F rom  these  im ages  it is c lear  that the sh ap e  and size o f  the br iquette  will 

vary with  the shape  o f  the die.

• Density: r h e  bulk densi ty  o f  br iquettes  d e p e n d s  u p o n  the initial density  o f  b iom ass ,  

b inders  used and the b r ique t t ing  techno logy  adop ted  I he  bulk densi ty  o f  br iquettes  

p roduced  will be h igher  than the hulk dens i ty  o f  r aw  m ater ia ls  Ih e  table 4 sh o w s  the



change  in bu lk  densi ty  before  and after  br iquett ing  fUmesh- Kanna et al.. 2011). The bulk 

density  was  dras t ica lly  increased from loose b iom ass  m ater ia ls  to p o w d e r  form and then 

to briquette .  So the increased bulk  density  o f  br iquette  is des irab le  in easy  hand l ing  and 

s torage o f  residues.

Free v o lu m e  expansion:  T h e  term free vo lum e expans ion  is expressed  as the per  cent 

increase in v o lu m e  dur ing  com press ion .  As the pressure  increases dur ing  br iquett ing  the 

free v o lu m e  expans ion  will decrease.

D egree  o f  densif ication: T h e  term degree  o f  dens if ica t ion  is expressed  as the per  cent  

increase in the bulk density  o f  the b iomass .  As the p ressure  increases  dur ing  br ique t t ing  

the degree  o f  densif ica t ion  will increase.

Round  die 1 l o n e y  c o m b  die

Plate 13. Form s o f  die and briquette

■ i
i -

Briquettes produced with respective die



R aw  m ateria ls B u lk  dens ity  (k g /m J )

L oose P o w d e r Briquet te

S a w  dust 240 .00 615 .00

L e a f  res idues 37.20 316.53 442 .00

Oil seed res idues 148.50 148.50 684 .70

15. 2. M ech an ica l  characteris t ics

• Durabil ity:  r h c  durabil i ty  ol the br iquettes  d e p en d s  upon  the raw mater ia ls ,  b inders  used 

and dens i l ica t ion  techno logy  adopted .  Raw mater ia ls  hav ing  high ca rbon  content  such  as 

saw  dust  and charcoal  hav ing  100 %  durabi l i ty  without  the addit ion o f  b inder.

Figure  4. Fffcct  o f  b lending o f  raw m ateria ls  on briquette  durabil i ty
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W a m u k o n v a  and Jenk ins  (1996)  w ere  s tudied the effect  o f  b lend ing  o f  different raw 

materials on durab i l i t \  o f  b r iquettes  p roduced  from w hea t  straw and saw d u s t  (Fig. 4). The  

sawdust  briquette  is hav ing  high durabi l i ty  percen tage  and thus  high quali ty  w h e rea s  w hea t  straw 

briquette is less durable .  The  saw dus t  is hav ing  high lignin and ce l lu lose  w hich  will improve  the 

b inding and thus durabi l i ty .  So m ix ing  sawdust  with whea t  straw will im prove  the s trength  and 

durabili ty results in lower  cos t  o f  dens i l lca t ion .

Penetration resistance:  It de te rm ines  the hardness  o f  the b r iquette  and is m easured  bv 

using pene trom ete r .  It indicates  stability which  ensures  the qualitv o f  the briquette .

C o m p r e ss iv e  s trength:  It is the m ax im u m  crush ing  load a br iquette  can withs tand  before 

c rack ine  or breaking .

Mitchual cl al. (2014)  s tudied the co m p ress iv e  strength o f  br iquettes  produced  Irom 

m a i / e  cobs anil Cciha pcntinulra  (K apok  tree) at d ifferent  m ix ing  ratio and at vnrving 

com pac t ing  pressure  levels  l I able  5). Ihe  results indicate that, at all co m p a c t in g  p i c t u r e  levels, 

the com press ive  s t rene lh  ol b r ique t tes  produced  Irom m a i / e  cob  part ic les  a lone  was  verv low. 

com pared  to b r iquettes  p roduced  from ( icha pcnhuidra  a lone. It is due  to the l e s s  carbon content 

o f  maize  cobs, f ur the rm orc .  ihe co m p ress iv e  s trength ol br iquettes  p roduced  Irom com bina t ion  

o f  m a i / e  cob  part ic les  and  < pcnUmdru  have high c o m p ress iv e  s trength  c o m p a re d  to m a i / e  cob 

briquettes.

It is revea led  that the br iquettes  p roduced  from m a i / e  cobs  part ic le  a lone al low 

com pac t ing  pressure  and  room  tem pera tu re  will not have adequa te  co m p res s iv e  strength for 

handling. H ow ever ,  the c o m p re s s iv e  s trength  o f  br iquettes  p roduced  from m a i / e  cob  particles 

could be im proved  s ign if ican t ly  w hen  it is c o m b in ed  with saw dust  from ( pcnlundm.



Tabic  5. C o m p r e ss iv e  s trength  o f  briquettes  at d ifferent  c o m p a c t in g  pressure  levels

Biomass

material

M ix in g  percentages  

(W eig h t  basis)

C o m p r e ss iv e  s trength  ( N /m m )

20 M P a 30 M P a 40 M Pa 50 M Pa

Maize cobs
100 0.12 0.12 0.4 1 0.54 i

Ceiha pcntamlra

-----

100 29.23 39.26 40 .40 44.58

( '  pcntamlra  +- 

M aize  cobs 90: U)

— — — —- --

27.29 37.33 4 1.98 59.22

( '  pcntamlra  *- 

M a i /e  cobs 70 :30

1

1 6.60 22.82 30.00

" ■ ■ ■' ■ ■ ■■ ' ■—i

; ;  4 7k • t • r

( ’ pcntamlra L 

M a i /e  cobs  1 50:50 7.72 1 >.02

. -A

19.46 2 4.04

15. 3. C alor if ic  va lue

Calorif ic  va lue  is a m ost  important  character is t ic  o f  a fuel. I his is the m easu rem en t  o f  

energy released by a fuel d u r in g  the c o m p le te  co m b u s t io n  .( a lor i l ic  value  d e p en d s  upon the type 

o f  b iomass  and the b inders  used, B iom ass  br iquettes  have a calorif ic  va lue  in the range  o f  >000 

to 5000  kcol/kg.



Figure 5. C alor if ic  va lu e  o f  co co n u t  lea f  br iq uette  w ith  d if ferent  b inders
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T h e  suitabil i ty  o f  coconut  l ea f  a long  w ith d ifferent  b inders  for b r iquett ing  w as  s tudied  by 

Deepak  and in a n e s h  in 2014 (big.  5). I he calorif ic  value  ol coconu t  leal br iquette  with new s  

paper,  saw dus t  and coir  dust as h inder  w as  ana lyzed  and c o m p ared  with  commercia l ly  avai lab le  

saw dus t  briquette .  The br iquettes  were  p repared  by m ix ing  ch o p p ed  coconu t  lea f  w ith  b inder  in 

the ratio 2:1 and densif ied  by a piston press. Result  sh o w s  that the br iquettes  p roduced  bs us ing  

c o co n u t  leaves and saw dus t  as a b inder  had a high calorif ic  value  than o ther  br iquettes ,  but less 

than the c o m m erc ia l ly  avai lab le  saw dust  briquette.  Ih e  coconu t  leaves with saw dus t  as b inder  

will p roduce  the best b iom ass  briquette ,  which  can be used as a rep lacem en t  for the 

co m m erc ia l ly  ava i lab le  saw dust  briquette .

15. 4. C o m b u st io n  character is t ics

•  Ignition time: It is defined as the minimum time at which the substance ignites and burns 

without further addition o f  heat from outside. The ignition time should he less for a good  

Hriquelte so that fuel briquette will easily ignite and attain steady g low.

Oyelaran et al. (2015)  studied the combustion characteristics o f  briquettes produced from 

combination of waste paper and groundnut shell (I ig. 6). Here ignition time was taken as the 

average time taken lo achieve steady g lo w in g  flame. 1 he ignition time decreased with increase  in 

the content of  groundnut shell A combustible material should be easily ignitahle, particularly



for household .  T h e  ignit ion t ime o f  41 .34  -  48 .84  seconds  ob ta ined  in this exper im en t  is low er  

than 286 seconds  ob ta ined  for coal.

Burn ing  t ime is the t im e taken for the briquette  com bus t ion  to com ple te .  T he  burn ing  

durat ion  o f  br iquettes  decreased  with am o u n t  o f  g rou n d n u t  shell . T he  rapid co m b u s t io n  observed  

as the g ro u n d n u t  shell  increases  could  be due  to the increase in porosi ty  w h ich  enab les  the 

volatiles to leave m ore  readily  and be co n su m ed  rapidly and also can be a t t r ibuted  to poor  

bonding.  So, it can be conc luded  that b inder less  briquette  can be p roduced  from w as te  p ape r  and 

g ro u n d  nut  shell . H o w e v e r  the conten t  o f  g roundnu t  shell should  not exceed  2 5 %  for good  

b inder less  briquette .  H o w e v e r  the 15% groundnu t  shells com pos i t ions  possess  better  quali ty.

Figure 6. C o m b u st io n  character is t ics  o f  w aste  paper-  g r o u n d n u t  shell  br iquette
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•  S m o k e  emiss ion:  B iom ass  br iquettes  are co m para t ive ly  sm o k e less  co m p ared  to o ther  

energy  sources.  D ur ing  br iquett ing  the majori ty  o f  volat i le  c o m p o u n d s  will  go o f f  due  to 

the high tem pera tu re  deve loped  inside the b r iquett ing  m ach ine .

Islam et al. (2014)  s tudied  the effect  o f  b lend ing  o f  coir  dust  (C) and rice hu sk (R )  on quality' 

character is t ics  o f  b r iquettes  (F ig .7). T he  result indicates that br iquette  from 2 0 %  coir  dust  with  

8 0 %  rice husk had  h igher  value o f  densi ty  followed by o ther  briquettes .  It is due  to the low  bulk 

density  o f  co ir  dust  than rice husk and also the high lignin content.  So br iquettes  p roduced  from 

coir  dust  and  rice husk  blend becam e  m ore  co m p ac t  and resulted in high densi ty  products .  The 

calorif ic  value  decreased  s ignif icantly  with the increase in per  cent  o f  coir  dust  w hereas  burn ing  

rate increased. Th is  indicates that the calorific value o f  the briquette  depends  on the calor i l ic  

va lue  ol raw material  and the dens i ty  o f  the briquette .  A slow' bu rn ing  rate is des irab le  b ecause  

less fuel is required.  Hence  it can be conc luded  that the br iquette  p roduced  from 2 0 %  coir  dust 

and 80%  rice husk possess  better  quali ty  than all o ther  briquettes.

Figure 7. Effect o f  m ix ing  ratio o f  coir  dust and rice husk on briquette  quality
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1 5 .5 .  P rox im ate  analysis

Proximate  analys is  o f  br iquettes  g ives  an idea about  their  fixed carbon,  vola t i le  m at te r  and 

ash content.  High va lue  o f  fixed carbon  can be related with h igh hea t ing  eff ic iency.  Volat i le  

mat te r  in the br iquettes  should  be in the range  o f  65-70  %  for be tter  com bus t ion .  A b iom ass  

briquette  usually p roduces  less am o u n t  o f  whi te  ash while  burning.

Figure 8. P rox im ate  analys is  o f  briquettes  from oil palm kernel shell  and  fibre
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Sing and Aris  (2013)  s tudied  the b r iquett ing  suitabil i ty  o f  oil pa lm  mill wastes .  I he  Fig, 8 

show s  the p rox im ate  ana lys is  result o f  oil palm  kernel  shell (6 0 % )  and pa lm  fibre (4 0 % )  

briquettes  with paper  and  starch as binder.  Here  this  co m b in a t io n  w as  se lec ted  because  o f  pa lm  

kernel shell is hav ing  less ash conten t  while  palm fibre is hav ing  h igh  b u rn ing  duration.



The volatile m at te r  con ten t  is high in all the br iquettes  indicat ing  better  com bust ion  

characteristics.  There  is no s ignif icant  d ifference  in the pe rcen tage  o f  ash content.  The fixed 

carbon content  is high for br iquette  p roduced  from 60% palm kernel shell and 4 0 ° o palm fibre 

with paper as binder.  So the briquette  having  high fixed carbon possesses  high calorif ic  value.

16. Limitations

The m ajor  l imitation o f  this techno logy  is o f  its high initial inves tm ent  cost and 

m ain tenance  cost  o f  m ach ine ry .  T he  high electr icity  co n su m p t io n  du r ing  the process  is an 

important  barr ier  affec t ing  the br iquett ing  industry. Undes irab le  co m b u s t io n  character is t ics  often 

observed in low quality br iquettes  such as poor  ign i tab i I i t \ . s m o k e  em iss ion  etc. A no the r  

d raw back  is the tendency o f  br iquettes  to loosen when exposed  to water .  So. there  is a need for 

covered s torage  which  again  increases the cost o f  production.

17. Su m m ary

Biomass  br iquett ing  is an age old dens i l lca t ion  te c h n o lo g y . Densif ica t ion  o f  b iom ass  under  

high pressure br ings abou t  m echan ica l  in ter locking and increased adhes ion  be tween  the particles. 

B iom ass  br iquettes  are mainly util ized as a source o f  energy and have so m e  applica t ion  in 

agriculture  as g ro w in g  m edia  and animal  feed. It is util ized lor dom es t ic  hea t ine  and as an 

industrial fuel for agro  p rocess ing  units and o ther  industries.

Electricity can be genera ted  with the help ol boilers  and gas i l i e r s .  f a c t o r s  affect ing 

briquett ing includes particle size, m ois tu re  content ,  l em pera tu ie  ol the b i o m a s s  and the die. Ihe  

characterist ics  o f  b io m ass  b r iquettes  are physical ,  m echanica l ,  calorific value, com bus t ion  and 

proximate  analysis .

8. Conclusion

rhe art o f  b r ique t t ing  technology  can he a t tem pted  by us ing  var ious  b iom ass  residues, 

and it has proved qui te  a t t ractive  in terms o f  technologica l  value  coup led  with the associated 

economical  and env ironm en ta l  values, B iom ass  br iquett ing  can be adop ted  for the effective 

m anagem ent  and m i l i / a l io n  ol s u r p l u s  agro  residues,  so that they can  rep lace  the convent ional



nonrenewable  source  o f  energy such as coal. pe tro leum  p roduc ts  etc. The  fuel p roduced  through 

biomass briquett ing is e n v i ro n m en t  friendly and cheap.

It is gaining m o m e n tu m  in the Held o f  agricul ture  as a tool for res idue  m an ag em en t  and
'  W  w

for easy handling  o f  bu lky  materials .  With the increase in cosl o f  fossil fuels and deple ting 

reserves o f  natural forests, the net zero carbon em it t ing  b iom ass  br iquettes  may find large scale 

application in industrial  heat ing  besides  sat isfying the energy  d e m a n d s  o f  dom es t ic  needs.

Even though  the b r iquett ing  is advan tageous ,  the high repa ir  cost  o f  m ach iner ies  is 

limiting the profit  from this sector.  How ever ,  this technology lias to be popu lar ized  to meet the 

ever  increasing energy d e m a n d  and to avoid dependence  on coal.  Further  research is needed lo 

improve the efficiency o f  ex is t ing  briquett ing technology.
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20. Discussion

I . What is the d i f fe rence  be tw een  piston press and screw press?

Piston press and screw press  are high pressure  b r iquett ing  m ach ines .  In piston press the 

densif ication carr ied  out  with the help o f  piston and will p roduce  cylindrical  solid 

briquettes w here  as in the case  o f  screw press b r iquett ing  is ach ieved  w ith rotating screw 

and the br iquettes  will have a concentr ic  hole. So good quali ty  br iquettes  can be produced  

bv using screw press.

2. What is carbon neutral fuel?

When a fuel b u r n s  it will emit carbon d ioxide  nalurallv.  S o  while  using b iomass  

briquettes for heat ing  purpose  it will emit carbon  d iox ide  which  is a h e a d )  the part o f  

carbon cycle .  Plants  have the ability t o  sequestra te  carbon and will act a s  renew able  

source Ih e  carbon  em iss ion  and sequestra t ion can be ba lanced  here, w here  as it is not 

possible  in the case  ol non renew able  sources  such as coal. I lcncc  il is called a s  carbon 

neutral fuel.

3. Are there any s tanda rds  lor b iom ass  br iquettes  in international  m arke ts?

Yes. at present  sever.il deve loped  countr ies ,  such a s  Sw eden .  I uropian  I nion. I :,s \  and 

Austra l ia  have  es tab l ished  s tandards  lot de te rm in in g  the qualitv of fuel briquettes.  Ih e  

major  s tandars  include A S b A I  I American S t a n d a r d s  lor b io lo g ica l  and \g i icu l tu rn l  

Engineer ing)  and I I s tandards .  I hey are p resc r ib ing  the p rocedu res  lot conduct ing  

quality tests.

I How br iquett ing  is different from baling?

ba l ing  is the process  o f  c o m p res s in g  the straw h \  us ing  a m ach in e  cal led holer. During 

haling physio logica l  change  does  not occu r  and hence  the form ol material  will not



change. No b inder  is advoca ted  dur ing  baling  w here  as internal or  external  b inder  is used 

in briquett ing and  p rom inen t  physiological  changes  are visible.

Is there any s ign if icance  for shape  o f  br iquettes  p roduced  by us ing  different  t>pcs o f  

dies?

Yes. the shape  o f  the br iquettes  will differ with the tvpe o f  die used and the heal ing  value  

is influenced bv the shape  o f  briquette.  For exam ple ,  the br iquettes  p roduced  bv using 

screw die and hones  c o m b  die will have holes in it. So this will increase the surface area 

for burning and thus improve  the heat ing  value.

What is ( 'eihupentamlra  and which part is used for br iquett ing?

C’eiha pentamlra  is kapok t ree and the sof t  w ood saw dus t  is used for producing  

briquettes.



21. Abstract

B iom ass  briquett ing

Energv crisis is one  o f  the se tbacks  affect ing  the e c o n o m y  o f  our  country .  N o w ad ay s ,  the 

uses o f  non renew able  forms o f  energv such as coal and pe tro leum  produc ts  are caus ing  a huge 

concern regarding en v iro n m en t  and deple tion o f  natural resources.  In o rder  to reduce  such effects  

alternate forms o f  energv ,  which  are env ironm ent  friend I \ and cost effective,  have to be 

considered, fh e  inclusion o f  b iom ass  as a form o f  energv will serve  the purpose  to meet the 

energy dem and  to a certain  extent.

B iom ass  b r iquett ing  is the process  o f  com pac t ion  o f  res idues  into a product  ol' h igher  

density than the original  raw mater ia ls  (Oladeji .  2015).  It is an age old dens if ica t ion  technology 

invented dur ing  IS century .  Every year, million tons o f  agricultural  w as tes  are generated  in 

India which are e i ther  des troyed  or burnt inefficiently in loose form caus ing  air pollution. I hese 

wastes  can be recycled  for p roduc ing  high density carbon-neu tra l  fuel br iquettes .  Briquett ing  (O' 

b iomass  improves  its handl ing  character is t ics ,  increases the vo lum etr ic  calorif ic  value, reduces  

transportation costs,  and m ak es  it available  for a variety o f  applica t ion .  I he process  also helps to 

reduce defores ta t ion  by prov iding a substi tu te  lor fuel w ood  t M an in d e r  11al., 2d I 2 1.

The br iquettes  can be used lor dom est ic  and industrial purposes  in both rural and urban 

areas, f h e  end use o f  b r iquettes  is mainly lor replacing coal in indtistiial  app l ica t ions  and pow er  

generation through gasif ica t ion  of the b iomass .  Briquet t ing  can be done  e i ther  by direct 

compact ion  or co m p ac t io n  a l te r  pyro lys is  or carboniza t ion  Direct co m p ac t io n  can be achieved 

with or without Ihe use o f  b inders .  C o m p ac t io n  with b inder  requires  addit ion o f  external  b inding  

materials  like molasses ,  s tarch, sod ium  silicate, cotton seed oil. etc.

Densification ol b iom ass  under  high pressure  br ings about m echan ica l  in terlocking and 

increased adhes ion  be tw een  the part ic les forming in tcm io lccu la r  bonds  in the contact  area 

(Moral and k h a n .  200 I). On the basis  o f  com pac t ion ,  the br iquett ing  techno log ies  can be div idccl 

into high pressure  com pac t ion ,  m ed ium  pressure  com pac t ion  with a hea t ing  device ,  and low 

pressure com pac t ion  with a b inder  (W ila ipon ,  2000).

Ul



The m ajo r  factors affec t ing  briquett ing include particle  size, m ois tu re  content,  

temperature  o f  b iomass ,  and die. A higher  density  m akes  the br iquettes  burn more  s lowly as 

compared  to the raw mater ia ls  from which  they are m ade  and p rov ides  high heat ing  \ a l u e  

CKaliyan and M orey .  2009) .  Briquettes  have  better physical proper t ies  and com bus t ion  rate than 

the initial waste.

The main l imitation o f  this technologv is high initial inves tment  cost  and high electricity 

consumption  dur ing  the process .  I lowever ,  this technology has to be popular ised  to meet  the ever  

increasing e n e r g y  d e m a n d  and to avoid  dependence  on coal.
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Introduction

Green house  effect, global w a rm in g  and cl imate  change  are con t inued  to be a la rm ing  issues o f  the 21st 

ltury. Global a t tem pt  to tackle c l imate  change  had finished its tw o  decades .  Start ing from Rio earth 

n m i t  in the year  1992 till COP21 held at Paris in 2015 were  ra is ing  sam e voice to reduce  green  house  

5 (G H G )  em iss ion .So  far, none  o f  the act ions  taken to tackle c l imate  change  s low ed  G H G s  inexorable  

e. Keeling  curve, which  plots ongo ing  changes  in the a tm osphere  since 1958 exceeded  4 0 0 p p m  dur ing

15. Even  though m ajo r  share  o f  the an th ropogen ic  em iss ions  are co m in g  from the com bus t ion  o f  fossil 

ris and from industrial processes,  there is a considerab le  contr ibu t ion  from agriculture .  Agricu l tu re  

eases  to the a tm osphere  s ignificant am oun ts  o f  C O : ,  Cl It and N_>0 ( IPC C , 2001).  C rop  product ion  

ntr ibutes to the m ajor  share  o f  agricultural  G IIG  emiss ion .  Calls  for mitigation o f  G H G s  from the crop  

x iuc t ion  sec tor  is becom ing  louder  in recent days as this sector  being a culprit  and m ajor  \ ictim o f  global 

irming.

Agricultural  g r e e n  h o u s e  g a s  e m i s s i o n  s c e n a r i o

C O :.  CTLi and N :O  are the m ajor  an th ropogen ic  ( i l l G s  by vo lum e  basis. Globally ,  agr icu l ture  sec to r  

presents 4 th posit ion with  13 per cent contr ibut ion  to the total G IIG  emiss ion .  I m iss ion  from p ow er  

itions, industrial p rocesses  and transporta t ion fuels s tands  lirsi, second  and third posi t ions  re sp e c t iv eh  

g. I ). Net C O :  em iss ion  Irom agricul ture  sector  is neglig ible  as there is s ignificant am ount  o f  C 

questration. M ore  than 40  per cent ol the ( I f  and Ol per  cent o f  N 4 )  em iss ion  is from agricul ture  

D G A R . 201 I ) This  sector  accoun ts  for es t imated  em iss ions  o f  5 . 1 0 I (it ( ’(T -eq .  yr. including T3 (it 

J : - e q  /y r  as C H i  and 2 .H ( i t  C O  -cq./yr  as N 4  ) (Smith  cl »il 2007).

Power stations I

Industrial process 

transportation fuels 

A gri cm 11 ura I by-pnxhu: I s 

fossil fuel processing

Residential and commercial

I .mil use and biomass hum mu

Fig.I. Globa! annual green house gas emission



Globally ,  emiss ion  sources  accounted  for are enteric fermentat ion in livestock. m anure  m anagem ent ,  

rice cultivation, agricul tura l  soils and burn ing  o f  crop residues.  Agricu l tura l  related total emission is about 

6630 Mt CO- eq. which include 5621 Mt C O :  ^9- o f  direct em iss ion  and 1009 M tC Q 2  eq. o f  indirect 

emission ( G R E E N P E A C E .  2008)

An inventory o f  G H G  em iss io n s  from Indian agricul ture  has been prepared  by Indian N e tw o rk  for 

C limate  C hange  A ssessm en t  l IN C C  \ .  2010). A ccord ing  to them, the agricultural  sector  emitted 334.4 Mt 

o f  C O : eq. as direct  em iss ion  and indirect emiss ion  is about IX4.S6 Mt t () eq. I ivcstock m anagem en t  

consti tuted lion share o f  the direct  t < > eq. emissions.  I nergy use for the ferti lizer p roduct ion  contr ibu tes  to 

the major  portion o f  the indirect  em iss ion .  More details regarding agricul tural  CillG emiss ion  is given in 

table. I

r u b l e  I. G r e e n  house  gas emiss ion f rom a g r i c u l t u r a l  p r o d u c t i o n  

\ g r i c u l t u r c  r e l a t e d  d i r e c t  e m i s s i o n  ( M t  C O :  eq . )

\ \  o r l d 1 u d i a

1 ivcstock 1762
i— —. —

( J
 

1 J

Rice cultivarii>n 6 1 0 60. S"

Soil m an ag em en t 2 1 2X 13. lo

Burning  «> 1 cri>p r e s i d u e 672 0 Ii 1

M anure  m a n a g e m e n t 11 t " 1 i

Sub-total 56 M t ' d  ! 1

V g r i c u l t u r e  r e l a t e d  i n d i r e c t  e m i s s i o n ( Ml ( ( ) ' eq . )

1 (se o f  electricity >(.0 1 to 0 i

1 sc o f  o ther  energy 1 til t t.lili

1 ncrgy use in ferti lizer Production ll>> M A 7

Sub-total 1009 IX 1X6

Grand total 663(1 519.27

(CtRI 1 \IM \ (  1 200X. I \ (  ( \. ?

J. Agricultural sources  o f  g r ee n h o u se  gas emission

I mi s s ion  f rom ag r i cu l t u r a l  p r o d u c t i o n  is mainly  c l a s s i f i ed  into di rect  e m i s s i o n  uul  indi rect  e m i s s i o n  

As  ihe n a m e  ind ica t es ,  d u v e t  e m i s s i o n  is the  e m i s s i o n  ( u e u r s  in the  h e l d  i h e l l  e \  (» b o m  l u l i l i  ei

)



applied  in the soil. Indirect  em iss ion  includes those em iss ions  w hich  m ay  o ccu r  outside the field, but related 

to the p roduct ion  o f  var ious  farm inputs,  e.g., fuel com bus t ion  for ferti lizer production.

A m o n g  the G H G s ,  m e th an e  is p roduced  w hen  organic  mater ia ls  d e co m p o se  in oxygen  deprived 

condit ions,  notably  from fermenta t ive  digest ion by ruminant  l ivestock, stored m an u res  and rice grown 

under  f looded cond i t ions  ( M o s ie r  et al. 1998). N i t rous  oxide  is genera ted  by the microbial  t ransformation  o f  

nitrogen in soils  and  m anures ,  and is often enhanced  where  avai lable  nitrogen exceeds  plant requirem ents ,  

especial ly  u n d e r  w e t  cond i t ions  (Sm ith  and C onen ,  2004). M ajo r  sources  o f  C O :  are bu rn ing  and decay ing  

o f  crop res idue  and  by soil respiration. Small  am ount  o f  CO , N M V O C  and o ther  ox ides  o f  n i trogen are 

emit ted  w hen  b u rn ing  o f  c rop  residues.

3.1 G reen  h ou se  gas  em iss ion  from agricultural  sources  in India

U n d er  Indian scena r io  o f  total G I IG  emiss ion ,  m ajor  portion is from enteric fermentat ion followed 

by lb  per cent  con tr ibu t ion  by svnthetic  ferti lizers and 14 per cent by rice cult ivation. M anure  left on 

pasture, m an u re  m an a g e m e n t  and m anure  applied  to soil a l together  contr ibu te  18 per cent.  O th e r  sources  

are decom pos i t ion  and burn ing  o f  crop res idues  (I \ ( ), 2010).

4% u  In ler i c  fermentat ion 

m S\ mhctic Icrtih/crs

■ Kicc i ullivation

u  Manure  Id)  on pasture 

u  Manure management  

( rop residues 

R Manure appl ied lo soils

■ Burning crop residues

(1 AO.  2010)

Fig.2. G reen  house  gas em iss ion  from agricu ltural  sources  in India



4. Carbon footprint

The term carbon footprint  has b e co m e  tremendous!} popu lar  over  the last few vcars. The  word  ‘C- 

footprint’ was the w ord  o f  the vear  in 2006. Just like the actual footprint,  it is the mark lease  upon the 

environment.  It is def ined  as m easure  o f  total amount  o f  C O 2 and o ther  G H G  em iss ions  for which an 

individual or organiza t ion  is responsible ,  foo tp r in ts  can also be calcula ted  for events  or products  (Carbon 

trust. 2008).  ( footprint  o f  ag r icu l tu re  is m easured  as the impact o f  agricul tural  activi t ies  on the am oun t  ol 

G H G s produced (Pandev and  Agrawal .  2014).

4.1 C a r b o n  f o o t p r i n t  o f  v a r i o u s  p r o d u c t s  f r o m  c r o p s  a n d  a n i m a l s

( a r bon  f t to tpr in t ine  ha s  po t en t i a l  as a tool  lor  a s s e s s i ng  and 0 mipai  ing C111C1 pci foi m a n c c s  ol  d i l l e r en l  

agricultural p r o d u c t s  a l o n e  wi t h  i den t i f i ca t i on  ol po in t s  to i m p r o v e  env i r omnc n t a l  c l f i c i cn c i c s  ( Pandev and  

Agrawal. 2 h l  I). C a r b o n  foo tpr in t  can  varv a m o n g  d i l l e r e n t  p r o d u c t s  a n d  e v e n  wi d i i n  s a m e  p r o duc t  u n d e r  

di f ferent  s i t ua t i ons  and  p r o c e s s e s ,  \ m o n g  d i l l e r e n t  c rops ,  r ice is h a v i n g  h i g h e r  ( footpr in t  w h i c h  is d u e  to 

the high m e t h a n e  efflux f rom f l oode d  c o n d i t i o n  ol  paddv he ld .  H i g h e r  I l oo tpr in i  ol  a n i ma l  p r o d u c t s  is d u e  

lo the enter ic  f e r m e n t a h o n

I a b le  2. ( a r h o n  loo  Ip  m i l  o f  \ a r io i i s  p ro d  11 c l s f r o m  c r o p s  a m l a n im a l s

C rop/an im al  product ( • 11(« e m i s s i o n ( - loot print

( I I , \ ,() ( ()> (g ( t )' C(|. Ivg)

(g A g ) (g' lvg) m kg)

Rice I VD 1) ’ 7 s  11

W heat 0.0 II ] Is II | |0  s

Pulse (I (I (I 8 X V 4 4IIO X

( Jilseed 0.0 1.4 50 .0 122.5

’ Milk ?o.2 0 0 0.0 7 4 *) 2

Mutton lS2.s 0.0 o n 1 2062.7

(Pandev and
•

\ g t  twal, 2014)

4.2 Emission o f  G H G  in life cvc le  o f  rice

Guanti l ica tion ol footprint requires cradle lo grave analysis* 01 life w c l e  assessment* Standard 

method was formulated In UK (m v t .  as I 'ublu allv \vu i luh le  Spec if ica t ions  'M i s O |p \ S  i iso i  | \  it h »!, t / o ; 

( 4 0 1 2 )  Ini done life cycle  asse<smcnl ol rivi in Indian condit ion  I m iss ion  of ( d It • d m . n r  e.'u h aclivilv



from Held si tuation till marke t ing  was  quant i f ied and conver ted  to co r respond ing  G \ \  P in terms o f  C O :  eq- 

G W P  ol each activity w e re  added  together  to find out  C-footprint .  It w as  found to he 1223 .^ kg C O : eq. t.

Ta b le  3. Fmission of ( » I ICis in the life cycle of paddy in India

1 Ac t iv i ty- c o 2 - c CH-i n 2o - n G W P

(kg/l ) (kg/t) (kg/ t ) (kg C O :  eq. / t )

Product ion 26.7 10.6 0.13. 640.2
-

Drying
*

21.1 80.5

Parboil ing 5 LI - - 108.4

Steel hul ler  mil l ing *s -tp - - 1 1.0
----- —----- — — ---  ■ - i — i

Transpor ta t ion I 100 k m ) 1.1 - 5.0

Packaging 15.3
•

- 56. 1

Marketing sN 2 - 2 1 3.0

C - f o o t p r i n t 1 223."

t P a l h a k  i / i i ! . 2 1' 1 2)

5. Low c a r b o n  t e c h n o lo g ie s

L o w  c a rb o n  t e c h n o l o g i e s  ( I t  I s )  lead to l o w e r  the  e m i s s i o n  ol C11 I (. i ̂ . r e d u c e  t i W P  and  thereby (. - 

footpr int .  I h e s e  tech  no  In ere-, a rc  wi th  low, input  c o n s u m p t i o n ,  e f f ic i en t  r e c y c l i n g  xxith i m p r o v e d  input  

eff iciency to c r e a t e  c l e a n  ene rgy  s t ruc tu re .  Ii a l so  h e lp s  in r e d u c e  i c m u i u c  a nd  e n \ i i o m u c n l a l  p r e s s u r e
w

thereby leads  to e n v i r o n m e n t a l  p r o t e c t i o n  a l o n e  wi th  produc t iv i ty  e n h a n c e m e n t  i Pa lhak  and  \ g g a r w a l .  

2012). V a r io u s  c o m p o n e n t s  ol the  I ( I a re  a . l o l l n w s:

•  I uvv input c o n s u m p t i o n

• Recycling

• ( lean ene rgy  s t ru c tu re

• Lnvironmcnta l  protect ion

• Productivity en h an c em en t
0

6. Classif ication o f  low carb on  technolog ies

I Tic techniques  lor mit igat ing f i l K i s  in crop product ion Tall into t w o  broad categor ies  based on 

underlying, m echan ism s  which  .ire emiss ion reducing technologies  ami seques ter ing  technologies  (Singh «•/ 

ul hi | 11 Due to th< c o m p lex  nature ol agricultural  processes  wi thin the ecosys tem one technique can be



combinat ion o f  m ech an i sm s  or  one  technique can mit igate m ore  than one  gas.  Hence,  the net benefit  

depends  on the com bined  effects  o f  more  techniques .

6.1. Emission reducing  technolog ies

Emiss ion reduc ing  technologies  can reduce  (il 1(1 bv m anag ing  more  c!Ticienil\  the Hows o f  C and N in 

agricultural  ecosvs tem.  Emiss ion  reduc ing  technologies  for crop product ion include b road  techniques  like 

land preparat ion,  appropr ia te  varietal  select ion,  nutrient m anagem en t ,  water  m an a g em en t  and residue 

management .

6 .E l  Land preparation

I and  p r e p a r a t i o n  h a s  a p ivo ta l  role  for a be t t e r  c r o p  p r o d u c t i o n .  I i l lage is the  bas ic  act ivi tv lor  a g o o d  

seedbed p r e p a r a t i o n  D u r i n g  in t ens ive  t i l lage  ac t iv i t i es ,  o x i d a t i o n  ol ( in soil  to ( ( L is i n d u c e d  d u e  lo 

increased a e ra t io n .  Soi l  c o m p a c t i o n  leads  to a n a e r o b i c  s i tua t ion  w h ic h  i n d u c e  d c n i l r i l l c a t i o n  a n d  N ; ( )  

emission.  Tillage a c t iv i t i e s  a l so  in f lu e n c e  ( I I .  e m i s s io n .  In o r d e r  to o b t a in  be t te r  v ie ld  wi th  l e s s  C11 Hi 

emission il is be t te r  to a d o p t  o p t i m u m  t i l lage  prac t ices .  \ g r i c u l i u r c .  as p ra c t i c e d  in the  m o d e r n  t im e s  is 

heav i ly  d e p e n d e n t  i>n v a r i o u s  m a c h i n e r i e s  a lurnc .1111011111 ol ( ( ) is e m i t t e d  hv c o m b u s t i o n  ol lucls .  So.  

Energ)  ef f ic ien t  m a c h i n e r i e s  a n d  c a r b o n  nen i i a l  luel r e d u c e  t (> e m i s s i o n  c o i i s i d v r a b l v  d i n i n g  i n e c h a n i / e d

farming.

Lai l2(H)4.t/) r e p o r t e d  e q u i v a l e n t  c a r b o n  e m i s s i o n  d u e  to d i l l e r e n t  tvpc  ol t i l lage o p e r a t i o n s .  

Mouldboard  p l o u g h i n g  a nd  s i ih sn i l ing  lead to m o r e  c a i b o n  e m i s s i o n  c o m p u t e d  to the o t h e r  t i l l age

o p e r a t i o n s  as  d e e p  a n d  heavv  p l o u g h i n g  r e q u i r e s  m o r e  cneip.v.  I ven  t h o u g h  these  d i l l e r e n t  t i l lage  

operat ions h a v e  d i f f e re n t  p u r p o s e s ,  c h o o s e  u l l a g e  o p c i a l i o n .  w i th  low c a i b o n  e m i s s i o n  u n d e r  n o r m a l

situations.

Table  (. (  omparison of different tillage practices on ( . I K .  emission

I illage operation

Mouldboard ploughing

Sub uliim

1 hi sc I ploughing 

I leuvv luiidem di 4 mg 

s tandard tandem di -king,

Iupiiv ali nl ( cm ission(kg(  eq. ha)

I V  I I

7 u

s S * I 1



Field cultivation 4.0 ±1.9

, Rotarv hoeing " 2.0 ± 0.9

( I al. 2004)

Farmers '  part icipatory Held trials al 40  sites for 3 consecut ive  years  in I districts o f  Maryana were  

conducted bv Arval  ct al. (2014) .  Thev found that shiflint! from convent iona l  till to zero till based wheat
m  m  w

product ion reduces  G I I G  emiss ion  by 1500 ke COs-eq ha . F.stimatcd C O ;  emiss ion was  signil icantly 

higher from convent iona l  til lage. I low ever.  N O  emiss ion was  not s igni f icant  be tween  convent ional  till and 

zero till based product ion  sys tem.  Negat ive  value indicates carbon sequest ra t ion  in zero tillage. I his 

difference in C O  emiss ion  mainly cam e  from changes  in soil carbon stock as i n l l u u K c d  by reduced 

num ber  o f  t i l lage opera t ions  and less consumpt ion  ol fuel in zero til lage

T a b l e  5. Ff lee t  <>f zero  ti l lage a nd  c o m  eii l ional  ti l lage on ( . I K .  emission

I r e a t  m e n t

( T whear

/  I vvhe it

C O .

( |vg ( ( ) ,  / h a )

h I s ’

.Nil

N . O  

\g N.O / lui)

T 7 4 1

t s s

T o t a l  C . I IC is  

I kg ( ( ) : et|. / h a )

l~.Ni

: i  ?

V .lines supers..riplcd he dlllerenl letter in .1 v. .Ininn .11 e 1 1111 lie.111!I\ ill I lei cut .il N lo c i

1 \i v .il 17 til.. 2d I 1

No-ti l lage leads to t h e  mit igat ion " I  < ( > emiss ion,  bin m a y  v-mn m o t e  N ( ) a s  compared  lo the 

convent ional  tillage. Flhatia <■/ al ( ‘’OIK) t o m  lul led  a lichl e s p e n m e n i  on lice w h e a l  s y s t e m  at I \KI  to 

asc,css N i ( ) emiss ion  in whea t  grown undc r tonve i i l inn . i l  and no t i l lage and its mit igat ion us ing ni tr i l ication 

inhibitor, d i t y a n d i a m i d e  ( I d  D). ( nmula i ivc  emiss ion ol N () N was  h igher  mulct no tillage compared  to 

the conventional  t i l lage U nder  both si tuat ions total emiss ion ol V n  N reduced when  urea was applied 

along with nitrification inhibitor.  Npplication ol urea a long with nitii lie .it ion inhibitoi reduced cumulat ive  

emission bv 9 5  per  cent under  convent iona l  til lage and lb pci t cn l  undei  no till ovci urea t reatment  and 

may be used to mit igate N T  > emiss ion
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(Bhatia ct al.. 2010)

6.1.2 Selection o f  variety
W

M any  varietal  character s  influence (il  1(1 emiss ion,  most ly  in case o f  rice. F looded  si tuation in the rice 

field and several  root  exuda tes  induce methanogenes i s  and thereby CI l.j emiss ion.  Rice plants  act as  a 

mediator  for t ranspor t  o f  Cl It from soil to a tmosphere .  Some of the varietal characters  like short  durat ion,  

ess nu m b er  o f  unproduc t ive  tiller-.. low exudat ion  anti high vield contr ibute  to low emiss ion.  Pest resistant  

varieties help to reduce  pes t ic ide  appl icat ion cycles  there in  reduce  pest icide product ion related indirect  

.’miss ion and appl icat ion related direct  emiss ion.

An  Internat ional  g ro u p  led hy Su i t al. ( 2 0 1 5) at Swedish  m m  crsits ol agricul tural  sc ience  dc \  e loped  a 

ligh starch low m ethane  emiss ion  t ransgenic  rice varietv SI Sill l2-~~ In in t roducing a single gene  from 

w l e y  into rice favour ing the al locat ion ol photo  .vnlhales to above  ground b iomass  mainlv lo sink over  

exits. Due to that il is hav ing  varietal  characters  like large grains,  less number  ol unproduc t ive  tillers and 

o w  root volume.  All these character s  contr ibute  to less methane  product ion and emission.

ajr'iu:' ii *'l VI'

Plate I. Varietal characters o f  S7 S I  HA 2-77 and Nipponbare h. root b. above ground part< c. panicle



N ippon  bare is the variety into which the gene  was  introduced.  Field trial conduc ted  at Ch ina  showed 

that  SU SIBA2-77  can cut  m ethane  emiss ions  to around 10 per  cent  before f lower ing,  and a lmost  to zero at 

28 days  after  f lowering.  Dry weigh t  o f  filled grains  per  plant  was  also h igher  for SUSIBA 2-77 due  lo high 

starch accumula t ion  in grains.
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Fig.4. a. C H , emission from S( SHi \ 2-77 and Nippnnharc I). Dig weight of filled grains.panicle

A study was conduc ted  in K A I ' at Vellayuni  c am p u s  lor com par ing  ( I Ii eff lux from different  variet ies  

o f  paddy.  Four  m ed iu m  durat ion variet ies such as Aislnvarya,  I nta. M \ S  ‘>40-1 and P M K ( R )  ' were used 

for the study. Ais lnvarya  and  um a  are variet ies I rom K <\l I. M A S  lM n - l . also know n  as Sharadha  is the first 

aerobic rice variety from IJAS Ranga luru  and PM K  ( K ) i is a \ a r i c t \  from 1'amil nadu.  All the three 

varieties except  P M K ( R )  1 showed comparab le  ( I f  cll li ix and grain ) i e ld  whereas  P M k ( R )  3 showed  the 

highest  C H j  eff lux with lower  yield,  which  is undesirable.  H igher  yield and lowest  ( ' l i t  emiss ion  was  

repor ted for M A S  946-1 While  cons ider ing  N 4 ) ,  Cl I, eff lux and grain yield Aislnvarya  and Hina were  

found to be better under  Kerala  condi t ion  (Jinev,  2014).
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6.1.3 Nutrient  m a n a g e m e n t

N:(.) is the m a j o r  ( i f K i  that  can  he c o n t ro l l e d  by nutr ien i  m a n a g e m e n t .  \  ■() is g e n e ra t e d  by the 

microbial  t r a n s f o r m a t i o n  o ( ' \  in soil  a n d  m a n u r e s  i.e. n i t r i f icat ion and  d e n i t r i l i e a t i o n  a nd  is o f ten e n h a n c e d  

where a v a i l ab l e  N e x c e e d s  p lan t  r e q u i r e m e n t  By se le c t i ng  right  type  ol fe r t i l izers  su i t ab le  for c ro p  and  soil 

characters  a n d  bv a d j u s t i n g  t im e  ol a p p l i c a t i o n ,  there  wil l  be in c rea s e  in c r o p  u p t a k e  and  t h e r e i n  r e d u c t io n  

in emiss ion a n d  in c rea se  in v ie ld 'A ell d e c o m p o s e d  m a n u r e s  in d u c e  m in e r a l i z a t i o n  and c r o p  up take ,  ^ i le  

specific nu t r ien t  m a n a g e m e n t  ( S S W I )  i ,  a c o n c e p t  ol f e e d i u p  the  e i o p  w i th  n u t i i e n t s  a s  and  w h e n  it is 

required. A d o p t i o n  ot S S N M  and  all the ac t i v i t i es  i m p i o v m p  i m l n e n t  u se  e U l c i e m v  r e d u c e  e m i s s i o n  and  

increase

Baruail and Baruah ( ? 0 1 5) conduc ted  an exper iment  to o b s e i v e  the e l l e c t s  ol o i g a m c  manures  and 

crop residues on N O emiss ion  in paddy I ive t rea tments  including i n o tg a im  lerti l izer NPK as control,  

cow manure,  rice s t raw,  poultry m anure  and sugarcane  bagasse  were  appl ied in the Held i/ Hi t ha. \ s  

compared with control  the seasonal  cumula t ive  emiss ion decreased by I I  pet cent lor rice straw 

application. I his is due  to h igher  am oun t  ol lignin in rice straw reduces  the avai lable  (. supply and 

depresses  the nil ri Ileal ion and deni t r i l ieat ion processes.  ( a rbon I l l icieney Kalin (( I Ki is the grain yield 

per ( arbon I quivalenl  I miss ion  (( I I ). Deereascd values o f  ( I I and high value ol ( I K would  he 

bcuelicial  for rice prodm livity and an e lk x  live opt ion for mi t igat ing N < > emis  ion f rom m  c ceosvstem



Trea tment

Total  N20 - N  C a rbon  Equivalent
•

emission Emission(CEE) 

(fi gm m V )  ( C O 2 eq. kg/ha)

C a rb o n  -

Efficiency
•*

Ratio (CER)

Yield 1 

(t/ha)

iNPK(control) 2104 286 J O •

-
J c

-

9

1 
1

2.79 J

Cow m an u re 2379 321 c 7.92 J 2.54 J
1 — — II ■  ■  ■ ------L - ■-----------------^ " 1

Rice straw 1814 2 4 5 J 1 1.39 r ’ 2.73 n

Poultrv m anure 2068 282 L 9.42 ,T' 2.65 a

Sugarcane bagasse 1998 2 7 0 11 9.7(i 2.66

Values superscripted bv 411 Keren! letters in .1 column are siunilieautls dillerent at 5 %  level

I Ik imul i  a nd  Hamuli .  201 5)

C o m b i n a t i o n  o f o r g a n i c  m a n u r e  a lo n g  w it Ii Ic r l i l i / c r  s o u r c e s  fur paddv c u l t iv a t io n  is an age  old 

practice in o u r  slate,  So  s e l e c t io n  ol p r o p e r  c o m b i n a t i o n  ol nu t r i en t  s o u r c e s  wi th  less u l l ( i  e m i s s i o n  is 

important.  R e e n a  M a t h e w  (2003)  o f  Kera la  \g r i c i i l l u ra l  I mvers i iv  e o n d u c i e d  u studv lo o b s e r v e  Cl K 

emission f rom p a ddv  lie Id i n f lu e n c e d  bv inter. ictioii  ol o rg a n ic  111.inure  a n d  n i t r o g e n o u s  I ' er l ih/er .  Studv 

was c o n d u c t e d  at Xericul fural  R e s e a r c h  Sta t ion .  Mumui ihv  wi th  th ree  s o u r c e s  ol  o rganic  m a n u r e s  such  as
W  *

s t raw,  g l i r ic id ia  a nd  I Y M  a l o n e  wi th  tw o  s o u r c e s  ol n i t r o g e n o u s  fc r t i l i / c r s  i.e.. urea  and  I a c t o m p h o s .  

T Y M  a l o n g  with  bo th  I c r l i l i / c r  s o u r c e s  s h o w e d  reduce i l  ( IK e m i s s i o n  a m o n g  w h i c h  c o m b i n a t i o n  o i l  Y M  

and  F a e l o m p h o s  w a s  f o u n d  to be  n u u e  ber icl icia l  I his  is hec. i t ise I '1 M is d e c o m p o s e d  m a n u r e  I a c t o m p h o s  

co n ta in s  su lp h a t e  w h i c h  has  m e t h a i i n g e n e  1 • m h ih i i m i '  p iopc i tv

fab le  7. f  II, em iss ion  inf luenced bv inlcrarlimi o f  organic  m a n u re  and n itrogenous  fertilizers

Source o f  IV

------  ---  - — - - ---

Cl l i  emission ( mg 111 M i r 1)

Straw Gliricidia Earm v o id  m a n u re ( ontrol  Mean

Urea 7.81 6.85 2.o'1 1.75 ‘ 1.81

Facto 111 plm* 7.01 3.44 2.01 1 0 6  3.38

Control U l
______ ___

3.58 1 9s 0 .M  2.24



M e a n 6.02 4.29 2.64 1.01

1

CDf 0.05)
*

2.13

(Mathew.  2003)

Bos ei al. (2014)  e s t imated  total G I IG  emiss ion o f  different  c rops  under  convent iona l  and organic 

practices. Wheat .  O n ion  and  win te r  carrot  produced more  G I IG  under  organ ic  cul t ivat ion practices than 

convent ional  whereas ,  o rgan ic  cul t ivat ion o f  pea and sugarbeet  reduced G I IG  emiss ion.  It suggests  that all 

organic cult ivat ion pract ices  mav not work as a dr iving force to reduce  G I IG  emiss ion all the lime. So. 

adoption o f  those organ ic  pract ices  which reduce carbon footprint  will provide  a w in-win benefit  for the 

health o f  human  and planet.
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Fig.6. T o ta l  G I I G  emiss ion f rom di f ferent  c rops  u n d e r  o rgan ic  a n d  conven t iona l  svstcm
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6.1.4 W ater  m a n a g e m e n t

Water management  has a crucial  role in < d l( i producl ion as excess  water  in field will create anaerobic 

condit ion which is conducive  fur ( I f  product ion.  So. ( i | | ( i  emiss ion  can decrease  bv reducing anaerobic 

situation in the field without  reduct ion in the vield. I his is mainlv appl icable  to wet land p a d d y  \v o id in g  

water logged situation in the licld dur ing offseason will helps to achieve  the sam e  object ive  I ess energv 

consumpt ive  irrigation methods  and high water  use c l l k i c n c v  provide  better vield and reduce belli d i r e d  

and indirect emi sion



Water drainage is cons idered  to be one am o n g  the important  pract ices  that reduces  the CI I4 efflux from 

paddv fields. \  studv conduc ted  bv T>agi  ei al. (2009)  com pared  four di fferent  water  m an ag em en t  sys tems

i.e.. continuous  Hooding . wa ter  wi thdrawal  at t il lering stage,  wa ter  wi thdrawal  at mid-season  and  water  

withdrawal  at mul t iple  s tages  to find out  best one to reduce (71 h  emiss ion .  A m o n g  all the four different 

water  m an a g em en t  sys tems  applied,  wa ter  withdrawal  at mid-season and at mul t iple  s tages were found to 

be highlv effect ive in mi t igat ing methane  eff lux which will in turn lower  Ci\\ P. bv up to '7  per cent and 41 

per cent r e sp e c t iv e ly
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F ig .7. (  I I ,  e m is s io n  a n d  C»VVI’ From  p ad d v  Held  u n d e r  d i f f e r e n t  w a t e r  m a n a g e m e n t  svs tem s

( I v agi 11 ill.. 2009)

In aerobic rice, (lie c rop  is es tabl ished in 11011 puddled,  non Hooded and unsati iraled Held, Rice is 

grown like tin upland c rop  with adequa te  input and supplementnrv ini t iat ion.  Studv coiulucled bv l intv 

(2014) o f  K A l 1 observed that me thane  clHuv from aerobic rice was  signil lcanllv less compared  to the 

flooded situation, \ e ro b ic  si tuation in the Held reduces m ethanogenes i s  and thcrebv methane  emission
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Fig.8. ( l i t  efflux f rom paddy field u n d e r  aerob ic  a nd  flooded s i tuat ion

(J i n c y . 2 0 1 4 )

Every  m o d i f i c a t i o n  in c u r ren t  cu l t iva t ion  s y s t e m s  t o w a r d s  a e ra t in g  the soil can s u p p r e s s  the m e t h a n e  

p roduct ion  and  e m i s s i o n  f rom paddy fields.  \  s tudy w a s  c o n d u c t e d  by l a / l i  and  M a n  ( 2 0 1 4 )  to c o m p a r e  

J i f fe fc ren t  cu l t i v a t i o n  p r a c t i c e s  at M a l a y s i a  us ing  a variety M K 2 I 0 .  I h ree  t r e a t m e n t s  in c lude  c o n v e n t i o n a l  

pract ice and  t w o  ty p e  of m o d i f i e d  m e t h o d .  2 1-30 day s old s e e d l i n g s  w e r e  t r a n s p l a n t e d  w ith plant  dens i ty  id 

125 p lan ts  / m \  12 d a y s  o ld  s e e d l i n g s  w e r e  t r ansp lan te i l  vv ith plant  densi ty  ol IS p la n ts  m lor  M C I  and  24  

p l a n t s / m  for Mt 2. M e t h a n e  e m i s s i o n  w a s  d e c r e a s e d  by o f 15 p e r c e n t  a n d  n t i n  per*, t i l l  I rom Mt I and 

V1C2 respect ive lv  in c o m p a r i s o n  wi th  ( W a te r  m a n a g e m e n t  sc en t s  to be m o s t  d e t e r m i n i n g  p a r a m e t e r  in 

his regard.
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6.1.5 R es idue  m a n a g e m e n t

Different  residue m a n a g e m e n t  practices inf luences N ' :0  emiss ion .  O L  emiss ion and SOC content.  

Retention o f  s tubble after  harvest  or  mulch ing  o f  crop res idues  reduce  Gl IG emiss ion .  I his will also reduce 

weed infestation and conserve  mois ture.  C om pos t ing  is done to reduce  C: N  rat io and for easy availability 

o f  nutrients.  This  a lso reduces  Gl  IG emiss ion.

In addit ion to an individual  crop m anagemen t  practice,  the combina t ion  o f  appropriate  cult ivat ion 

practices was  also found lo have  profound inl lucnce on reducing Gl IG emiss ion .  Global  w a n n i n g  impacts  

o f  no-till vs. convent iona l  till, s tubble retention vs. s tubble burning,  and \  ferti l ization vs. no N fertil ization 

in an Austral ian whea t  c ropp ing  sys tem were assessed In Wang and Dalai ( 2 t ) l5 g  I he results demons t ra ted  

all Gf IG emiss ions  for assess ing the global warming  impacts o f  different  m anagem en t  practices.  I h e  

carbon footprints ol  whea t  product ion were hiulier under  ni trogen ler l i l i /al ion than no fertilization. Stubble
m

retention produced less total emiss ion than stubble burning in all eases .  \ o  till leads in less emission than 

convent ional  t il laee.  \  combina t ion  n f  no till with s tubble retention and tin \  fertilizer and convent ional  till 

wiih s tubble  retention and n o N  fertilizer were  produced least field ( -footprint .
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Carbon sequest rat ion i n v o k e s  the net removal  o f  C O :  Irom a tm osphere  and s torage  in long-l ived pools 

of  C. Such pools include the aboveground  plant biomass ,  below ground  b iomass  such as roots,  soil 

microorganisms,  and the relatively stable forms o f  organic and inorganic C in soils and deeper  subsurface  

environments ,  and the durab le  products  derived from b iomass  CNair ct <//.. 2010).

6.2.1 Soil carbon sequestrat ion

The sink capaci ty  o f  soil organic  mat ter  for a tmospher ic  C O:  van be greatly enhanced  by restoring 

degraded soils and ecosys tems ,  conver t ing  agricul tural!)  marginal  soils to natural  vegetat ion or replanted to 

perennial  vegetat ion,  and adopt ing  r ecom m ended  m anagemen t  pract ices on agricul tural  s ink .  I ndcr  these 

condit ions.  SO C can accum ula te  in soils because  b iomass  product ion is enhanced  on degraded  soils, soil 

disturbance,  and risks o f  degradat ion are reduced on highly erodihlc lands, and product ion is enhanced 

through agricul tural  intensif icat ion on pr ime lands. Re com m e nded  agricul tural  pract ices improve s o t  bv 

increasing the input ot ( through crop residues and biosol ids  w i11i less in tensk  e t il lage (

Techniques for SOC sequestration

Restoration of Conversion of Adopting recommended agricultural
degraded soil marginal soil practices

Conservation
Tillage

C o v n r

r r r ips
Manuring ft 

INM
Irrigation

management
A g r o l o i e s t r y

1 Improving biomass production
2 Fnhannng nutr ient  cycle

3 Conserving soil and water 
4 Improving soil quality

Fig. II.  Soil organic carbon sequest rat ion

Soil organic carbon sequest ra t ion  decreases  the rate ol enr ichment  ot  a tmospher ic  concentra t ion ol 

CO- and enhances  ol ihe S ( )( pool thus improve soil quality and agronomic  b i o m a s s  product iv i ty . 

According to I al ( '01)4,6). Indian o i k  has the potential  to sequester  W ) W i l e t  \ i  (table 8 ). Soil



organic carbon sequestra t ion can be improved b\ restoration o f  degraded  soil and by agricultural  

intensification. Potential  to form secondarv carbonates  is 21.8-25.6  Tg  c \ r .

Tabic  8. Total  ca rbon  sequest rat ion potential  of  Indian soil

Process Potential  (Tg C/yr)

a. Soil organic carbon 7.2 - l>.8

- Restoration o f  degraded soil
mm mm /s.s (}.

- Agricultural intent ideal ionc

H. Seeondarv carbonate-. 21.8 - 25.6

c. Erosion control •1.8 -  7.2

Total 3w.3 pi

6.2.2 C a r b o n  s e q u e s t r a t i o n  p o t e n t i a l  oT a g r i c u l t u r a l  p r ac t i c e s

0

Carbon sequest rat ion potential  ol di l lerent  agricultural  pract ices  varies.  I al > i id. ( l ‘WX) reported 

carbon sequest rat ion potential  <»| var ious agricultural  practices (table l , i Soils can store carbon after 

conversion from intensive mechanical  t il lage to conservat ion til lage I l immat ion ol su m m er  l a l low mg m 

arid and semiarid regions.  and adopt ion <>1 conservat ion till.ige vvitli residue mulch ing  improves  soil 

structure, lowers  bulk densi tv .  and increases inli l trat ion capacilv (Shavct  i i  id.. ’mi"*! I >t inkwater  ci id. 

(1608) observed that l egume-based  c ropp ing  .vstems reduce < and \  losses from s»-• iI ludicious nutrient  

management  is crucial  to humif ica t ion of ( m llie resiilue and to soil ( seques trat ion.  \ddi l iot i  o f  organic 

amendments and conserva t ion  til lage is having more  carbon sequest ra t ion potential  \ d o p t io n  o f  more  than 

one agricultural practice will enhance  carbon sequest ra t ion potential  ol c rop  product ion svstem

I'ahle 6. Cor bun sequestra t ion polenlial  of various agr icul tura l  practices

Recommended practices ( srqtirsl ration potential (Mg ( Iki M  i j

f )rganic amendments 6 20 o M)

Conservation tillage 0 l6  0.10



Elimination o f  summer  fallow 0.05-0.20

Winter cover  crop 0.05-0.20

Forages based rotation 0.05-0.20

Soil fertility management 0.05-0.10

Use o f  improved varieties 0.05-0.10

a I cl t //.. I 0 0 8  i

6.2.3 Agroforestry

A g r o f o r e s t r y  r e fe r s  to the  p rac t ic e  o f  the pu rp o se fu l  g r o w i n g  ol t rees  and  c rops ,  in in te rac t ing  

c o m b in a t i o n s ,  for a var iety o f  be n e f i t s  and  se rv ices .  A s  a CillCi m i t i g a t io n  strategy u n d e r  the  K y o to  

Pro tocol ,  it has  e a r n e d  a d d e d  a t t en t ion  as a s t ra tegy  lor  b io log ica l  c a r b o n  s e qu e s t r a t io n .  \ g r o t o r e x t ry  

s y s t e m s  h a v e  a h i g h e r  p o te n t i a l  to s e q u e s t e r  ( than p as tu re s  o r  l ield c rops .  I ree  i n c o r p o r a t io n  in c r o p l a n d s  

and pas tu re s  w o u l d  resu l t  in g rea te r  net  a b o v e g r o u n d  a s  well  a s  below g r o u n d  ( s equ es t r a t io n .  ( a r b o n  

se ques t ra t ion  po ten t ia l  o f  d i f f e re n t  a g m l b r e s t r y  s y s t e m s  had r epo r ted  l\v seve ra l  r e s e a r c h e s  < I ab le  It))

f a b l e  10. Soil c a r h o n  seq u e s t r a t i o n  potent ia l  u n d e r  a g ro  Hires try svs tems

A g ro  fores t ry sys tem / species \ g e Soil d ep th Soil ( Ui It 11 in i
(yr)

,
(cm) (M g h a )

Agrisilviculturc s 0 rai 1 Swami a .I I'mi 200"'

((imetinu arhnrca 1 field crops) i
Agroforestry [P^ciulof'uigu mcnzicsii 1 11 (I IS os. 0 sha l low an 1 1 m u d .  200 1

Trip ilium suhftrrupu*urn)
_  . _ _A _ — —----- -----

Tree hosed intercropping 11 0-20 78 #•A IVichi 11 t i l . 2005

(Hybrid poplar * ffonleum vulgar?)
Silvopastnral  system O 0-100 171.(1 Nme/quita t r , i l . Zoos

[Actjciu mungium * Irachis pintrtf)

Glirii itiia stphtfn  *► Z ta  mays 10 0-200
.

1 ' 1 VI akunibn <1 200"’

KWiliamu et ul ( ?C)I I ) quant i f ied the carbon stock o f  6.5 year  old U u n u  manvinm  in Is \ l  u n d e r  

dlfTerent tree density.  When  the density ol trees decreased from MM)0 to there "  ■ p ropor t iona l  

increase in carbon stock o f  both above  g round  and below ground and total i a r b o n  sequent, e l I his  is



due to the better growth o f  t rees under  increased spacing.  U nder  increased spacing there is more 

prevision for other  crop incorporat ion.

Ta b le  11.Carbon stock of 6.5 venr old Acacia niangimn in Kerala

C arbon  stock (kg C/trce)

No. of trees/ ha Abov e ground Below ground Total

5.000 1 5 28 3.08 , J 16.37 "

2.500 21. 17 '

_  i

I.3X ' 25.8 1

|  L250 t:  so 0.05 1

4

10.50 b

62^

■ ■ ■ ■  ■  ■  ^  —

57.5 1 ’ S.OS i t  "> “s 4(Ml____

i k tm h a m u  , t ,//. 2<>1 I )

4.2.2.2 Bioenergy  c r o p s

A bioencrgv c m p  is considered as solar encrgs collecloi  and l l i c rm o -c h em u a l  cnergs storage 

sysem. Biomass  der ived  Irom hioencrgs  crops  p lass  an impmtunl  role in t d l t i  mit igat ion (Karp and 

Shield. 2008) It acts as an agricul tural  opt ion loi carbon sequestra t ion I liese v iops ai\  h a \ i n g  ahilits lo 

produce laree vo lum e  ol b iomass  and Inph cnergs poieniial  M a m m a l  and dcg iadcd  soils ate gcneralls 

poor  in organic carb< >n f hcsc crops  arc vers well .idaplci I to m a m m a l  and high Is dcgi adcd sods I herehs 

improve the carbon sequest ra t ion  in these an ls  I neips p iodnced  horn hioencrgs  crops  eitliei bs 

combust ion or by e thanol  product ion vc i 11 ol lscl  lossil lucl carbon emiss ion.  Hioencrgs crops arc ol two 

types: perennial  he rbaceous  c rops  and  short rotation woods  crops

Perennial he rbaceous  crops:  I lephantgrnss l rc n n n c tn m  pwpnrcinn),  S s s i t c h g i a s s  i l \m n  nm \

Short rotation woods  crops:  I i iealyptus (Iucahp tus  spp.).  I’oplm {Pnpnius spp.)

Potential ol a b ioenergs  crop depends  upon Ms ahilits to produce  biomass ,  bioluel  and soil organic 

carbon sequestration.  B iom ass  product ion and carbon p e r c e n t  ol S w i t c h m a n .  Poplar and W 11 low were 

reported hy I emu (21)0 I) under  I ' S.si tuat ion Bioluel  product ion and carbon seqticsirali  n of these crops 

were ,ucounted  bs I al ct til. I 1nt) 1). \c i  o rd im  to them. Svs i tchgrass is has me higher  p • ntial than Poplar 

and Willow



■

Properties

Bioenergy crops
• R i  Ic re nee

- ■ ■ 
Switchgrass Poplar W il low

-

Biomass production ( M g  ha ’y r  ') 15.0 I 1.3 9.1

-  -

1 emus. 200-1

C arbon ( % ) -16.0 50.0 19. 1 1 emus. 2004

Potential biofuel production ( T g  y r  )

_ _ . .

1-17.0 162.6 130.1 1 al ci ill.. 200-1

Potential S O C  sequestration ( T g  C  y r  1 )

fc. -  . . .  — . .  -----------------------------------------------------  — ^  J

23.8 15.7 12.9 1 al d  ill.. 2004 j

6.2.5 B io c h a r  for  ( » IH .  m i t i g a t i o n

B i o c h a r  is a r e ca l c i t r a n t  form ol  c a rb o n  w h i c h  s l o w s  the rate  at w h i c h  phoiosvnl l ie t ica l ly  l ived 

carbon is r e tu rn ed  to the  a t m o s p h e r e .  P r o d u c t i o n  ol h i o c h a r  and  its s t o r a g e  in soi ls  h a \ e  been  s u g g e s t e d  as 

means  o f  a b a t i n g  c l i m a t e  c h a n g e  In  s e q u e s t e r i n g  c a rb o n ,  w h i l e  s im u l t a n e o u s ly  p n w i d m g  energy  and  

increasing c r o p  y ie lds .  I ig .12  s h o w s  inputs ,  p roces s ,  o u tpu t s ,  a p p l i c a t i o n s  ol  b n u h a r  and  its im p a c t s  on 

global c l im a te  .( is r e m o v e d  I rom the a t m o s p h e r e  hy p h o t o s y n t h e s i s  to y ield  b i o m a s s  \  I t ac l ion  ol 

these  total b i o m a s s  p r o d u c e d  e a ch  year ,  such  as agr i cu l t u ra l  re s id ues ,  b i o m a s s  u o p s  .n d a p t o lo i e s t r y  

products,  is a v a i l a b l e  to p r o d u c e  h i o c h a r  I b i s  f ract ion ol b i o m a s s  is c o n s o r t e d  bs p s i o l s ^ i s  to yie ld  h io-  

oil. syngas,  p r o c e s s  hea t  a n d  h io c h a r  I h e  bio-oi l  and s y n g a s  a rc  su b se q u e n t ly  c o m b u s u d  to yield energy 

and C O i  I his  en e rg y  &  p r o c e s s  hea t  are  u se d  to o l h c l  lossil  c a r b o n  e m i s s i o n s ,  w h e r e a s  tin. b io c h a r  s tores  

( for a longer p e r io d  than  w o u l d  h a v e  o c c u r r e d  il llie o r ig in . il b i o m a s s  had  bet n Iclt i•» Ic c i\ In add i t ion  

to fossil energy offsets  a n d  c a r b o n  s to rage ,  s o m e  e m i s s i o n s  ol  ( l b  and  \  (» a t e  a v o i d e d  by p r e v e n t in g  

biomass decay and by a m e n d in g  soi ls  wi th  h io char .  A d d i t i o n a l ly ,  the  r e m o v a l  ol t o  In p l io io svnil iests  is 

enhanced by hiochar  a m e n d m e n t s  to previously infertile soils,  thereby p r o v i d i n g  a pos i t ive  feedback ,  t <' 

is relumed to the a tm osphe re  directly through combus t ion  of b io  oil and sy n g a s ,  t h r o u g h  the slow dccuy o f  

hiochar in soils, and through the  use of machinery  to transport  b iom ass  to the  py ro lys i s ,  to transport  

hiochar to iis disposal  si te and lo incorporate h iochar  into the soil  I ven thom -h  ( <1 i- em i t t ed  back to 

atmosphere,  il is less  than the  amount  sequestered I lcnce,  there is a net  p os i t i ve  mit i  imp.it* In

contrast lo hioenergv.  in w h i c h  all C< ) that  is fixed in the  b i o m a s s  bv p h o t o  \ n l h e -  turn.  J  to the

; o



a tmosphere  quickly as fossil carbon emiss ions  are offset.  B iochar  has the potential  for even greater  impact  

on c l imate  through its en h ancem en t  o f  the product ivi ty o f  infertile soils and its effects  on soil G H G  fluxes 

( W o o l f e f  al ., 2010) .

OUTPUTS APPLICATIONS
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Fig. 12. f a r b o n  se q u e s te r in g  a n d  r e d u c in g  concept  of  b io c h a r

A field exper im ent  was  conducted  by / h a n g  cl ul (201 I ) in invest igate the effect o f  b iochar  on Gl IG 

•mission in a ca lcareous  loamy soil poor  in organic carhon from I lennn. China.  Biochar  was  appl ied  al 

ales o f  0. 20 and 40  t ha 1 with or  wi thout  N fertilization. Green  House  Gas  !n tcn s i tv (G I IG I ) is the G W P  

Mr grain yield o f  crop.  U nde r  no fertilizer appl ica t ion ( i l lG I  was  reduced  only at 40  t/ha o f  biochar  

ippllcation. Whereas ,  unde r  N-ler t i l izod condi t ion  reduction in GI IGI  show ed  a posi t ive correlat ion with 

ncreased dose ol h iochar  appl ica t ion Overal l ,  ( i l l (  il was  decreased by 23 .8% under  I K ' i+ N  and by 47 0%  

mder  B f ' ^ N  com pared  to under  B r „ . N ,  respect ively.  These  results suggest  that appl ica t ion o f  biochar to 

nlerti le dry c rop lands  poor  in soil organ ic  carbon will enhance  c rop  product iv i ty  and reduce  ( U K is

missions
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4.3 P o t e n t i a l  low c a r b o n  t e c h n o l o g i e s

Pathak and aggarwal  i 2<i I2)  summer ised  the potential  technologies  lor reducing O W P  o f  wheal  

product ion in lower Indo-gangct ic  plane,  \ c c o rd in g  to them organic  c i i l l i \a l ion.  iniegraied nutrient  

management  and zero t i l lage had profound el Ice t in reducing ( d l ( i s  com pared  to c n m c n t i o n a l  practices.  

They es t imated the area required lor h u m  t ( () mit igat ion.

T a b l e  13. P o t e n t i a l  low c a r b o n  te ch n o lo g ie s  fo r  w h e a l  p r o d u c t io n  u n d e r  Im lo  g a n g c t ic  p la n e

Fechnologv ( , \ \  P (( () ,  ei|. /ha) ( l iange in (> W P  o\ ei 

c o m  eul iona l  pi ne t icesp1 •<)
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4.5  C h a l l e n g e s  o f  low c a r b o n  t e c h n o l o g i e s

Even though there is am p le  opportuni t ies  to reduce the G l I G s  emiss ion  from agriculture or to 

sequester  carbon in soils b> adopt ing al ternat ive agricultural  practices,  the speed o f  its adoption in the 

developing world  is not  much encouraging.  This  might  be due  to the fact that farmers lack scientific 

unders tanding about  G H G  processes  and I ( I s. Knowledge  on local adapta t ion and perfo rmance  o f  such 

technologies  which  help mi t iga t ing c l imate  change without  com prom is ing  vields while  producing higher  

economic  gains.  There are no governmenta l  policies to encourage  farmers  for the adoption o f  LCTs  in 

man> countr ies .  Es tab l ishment  o f  mechan ism for local adaptat ion o f  such technologies  through active 

part icipation o f  farmers  tv) d i ssemina te  this knowledge  to o ther  farmers  and com m uni t i e s  is important .  

Requirement  o f  addit ional  investment  for some o f  I ( Is  such as use o f  ni tr if ication inhibitors mav 

discourage its acceptance .  Mois ture  related risks and weed problems in field si tuation a l s o  act a s  major  

chal lenge.

Farmers  mav not volunlari lv adopt  ( d l( i mit igat ion techniques u n l e s s  thev improve prol l labi l i lv . Some 

techniques,  such as no-till  agricul ture  or strategic ler l i l i /er  placement  and l iming,  alreadv are being adopted 

for reasons other  th in concern  h»r c Innate elianue

5. C a r b o n  c red i t

Trading Carbon credits  is an important  .liategv lo increase the income s t ieam ol latmcrs.  Receiving 

addit ional  income through t rading ol t arhon v rcdils is impoitant  to tIn* l e s o m c e  pooi la imcrs  ol deve lop ing  

countries.

Environmental  protect ion authofifv ol Victoria i 1f)0 ,X) defined vaibou c u d i l  as t u i i e i i c  teim to assign a 

value to a reduction or ol Get ol Gf IG emiss ions .  ii>ualI\ equiv a lent lo one tonne o I 1 < ' eqmv alent"

Carbon credit is tT m arke t ing  m ech an i sm  inwards  redticinn ( il K is l a i m c i s  who  adopt I < I s should be 

able In generate  carbon credit and t rade it 111 carbon markets .  I h e r e in ,  cm bon u e d i t  can avt as a dr iv ing 

force Ibr the adopt ion ol these technologies  However ,  at present there is no insti tutional f ramework  lor 

carbon trading m agr icul ture  in India. I 111 thermore.  exist ing ca ibon  marke ts  have mosilv loeused on G l l G  

e tm aon red u 1 l ions  and offsets from the industrial  and eneruv sen tors

? \



6. C onc lus ion

Applicat ion o f  novel  LCTs  m akes  crop product ion economical ly and socially beneficial  and help to 

protect the c l imate  system.  Agr icu l tu re  has a potential  to mit igate emiss ion o f  CilKis by adopting LCTs.  

India had taken i t ' s  voluntary p ledge to reduce GMG emiss ion for the benefi t  o f  present  and future 

generat ion o f  humankind .  These technologies  help to limit the tempera tu re  increase below 2°C. Cl imate  

friendly techniques  and pract ices  could  serve as a blueprint  for a re-design o f  the agricultural  sector.  So. 

low carbon technologies  in c rop  product ion have to he develop and disseminate .
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S. Discussion

1. What  is Keeling curve?

Keeling curve is a graph which plots ongoing  changes  in the a tmospher ic  C O ;  level since 1958 in 

Mauna  Loa observatorv at Hawaii  Island. It not its name as Keel ing curve  as it vvas' initiateJ bv Charles
•rn  m t W  *•

David Keeling.
w

2. VVhat is the reason for f luctuat ion o f  k e e l in e  curve?

Keeling curve  is having  a saw tooth appearance  because o f  seasonal  variat ion in the a tmospher ic  carbon 

dioxide level. Winter  fall ol trees reduces the photosynthesis  and thereby reduces  C ( ); uptake.  Il leads to 

increase in a tmospher ic  ( < > level.

3. What  is pyrolysis  ’

Il is the thermochemiea l  decomposi t ion  ol organic mater ials  undei e levated temperature  in the absence  

o f  oxygen.

4. What  is the advan tage  ol bioluel  over  l o s s i l  lucl . ’

Combus t ion ol both ol these luels emits  ( < > l l iolucls  aic  carbon neutral.  I he amount  oI CO- released 

when they are used is the same as the amount  absorbed In the plants as thev mew

5. What is global w a rm ing  potential  ’

Global  warming  potential  is a relative m e a a u e  <>l how much heat a ( d l G  traps in the a tmosphere .  It 

compares  the amounl  ol heat t rapped hy .i certain mass  ol gas m i | iiestion to the amount  o f  heat t rapped 

hv a similar mass o f  t (>

h About Oi per cent ol N O  emiss ion is front agricul ture sector.  What are the innjoi sources ol V O  

from agriculture'. '  .

N O  i ; generated by the mic robial t ransformat ion o f  ni trogen in s o i l s  and inanities. and is often 

enhanced where avai lable N exceeds  plant requirements ,  especially under  wet condi t ions  Small  amount  

o f  N O  is emitted dur ing crop burning,

7 Al present is there provision to acquire  C-credi t  from agricul ture In India.’



At present there is no  insti tutional f ramework  for carbon t rading in agr icul ture in India. Exist ing carbon 

markets  have mostlv focused on GI IG emission reduct ions  and offsets  from the industrial and energy 

sectors.

S. According to C O P 2 I .  what  are the regulator} measures  taken to reduce GIIG  emiss ion from
m

agricul ture sector?

C O P 2 I  is p romot ing  an init iative called *4 per 1000 ini t iat ive’ a ims to protect  and increase C stocks in 

soils. It is to increase the amount  o f  ('()-• captured hv the soil In lg. per  k i logram o f  soil. 11 the whole  

planet managed to do this, the w o r l d ’s t ( k  emiss ion would he cancel led out in one  vear. 'I ive b e e f  

c a rb o n ’ is an init iative to reduce ( -footprint  o f  l ivestock. \ S \ P  t \dap ta t ion  for Smal lho lder  

Agriculture Programme)  is to invest c l imate finance in poor  smal lho lder  farmers in developing  

countries.

9. What  is \ l (  R V ’

National Innovat ions on < Innate Resilient \g r icu l tu ie  i \ l (  R \ i  is a network pioject  ol the IC’ \ R  

launched in feb ruary .  2011 I he p m  jet I a ims to enhance  resi l ience ol Indian agricul ture to c l imate 

change and cl imate vulnerabil i tv ih m u u h  stiatceic reseaich and icchnoloev demonst ra t ion.

It). Whether  I f  I s  can he adopted in k e r  i la ’ Suggest  some ol the low m-a and easilv adoptable I C Is  

for Kerala fa rmers ' ’

Most  o f  the I C Is are suitable lor Kerala condi t ion / c m  tillage. wutci w ithdravval al mult iple s tages id 

paddy cult ivat ion and stubble retention are easilv adoptable  I < I s Ii doesn ' t  require addit ional  

investment.
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A b s t r a c t

Global  warming  is an a la rming environmenta l  issue ol the twenty - Ii r^i century.  Ihe  riel emission ol 

green house gases (CiH(js)  from India was  reported to he 1728 mill ion ions ol ( < >- equivalent .  Main 

sectors contr ibut ing n> this emission are e n e rg y . industry ami agricul ture,  i rop product ion contr ibutes  lo 

global warming,  primarily through emission ol ( 11 H is. vi/ .  methane,  n i l ious  ovule  aiul carbon dioxide.  

Total emiss ion Irom agricul tural  sector is >31 I mil l ion ions ol ( () equivalent  ( l \ l  t \ .  2IHU) ol which 

contr ibut ion from crop product ion sccloi is 4 j per ccnl 11 \< >. Nil in I bc ie lo ie .  H is highly pert inent  to 

develop technologies  that help in reducing < d l( i emission l iom m o p  product ion t arbon loo lpnn l  is a 

potential  tool lor assess ing .ind m m  pur ini' ( d h i cm i . snm o I d i l lc ienl  am u uliiii.il pi ml nets

Low carbon technologies  ll ( Is)  help lo r ed iue  < d l ( i  emiss ion bv enhanc ing  input use efficiency and 

sequestering carbon.  Singh cf <//. ("*01 h e  luxsilicd I ( Is mlo two i aiegoi i e s  i e . emission reducing and 

carbon sequester ing technologies .

Adoption ol op t imum  til lage v\ith the use ol energy cHlcienl machiner ie s  and ca ibon  nciiiral fuels 

reduces h l l ( i  emiss ion Use o f  nitr if ication inhibitors,  d eco m p o sed  manure’s, appropr ia te  combinat ion 

ol nutrient sources including organic manures  and I’er l i l i /ers ,  silo speci l ie  nutrient management ,  etc. 

will improve die nutrient use efficiency and thereby reduce emiss ion  Improved  water  use eff iciency and 

suitable residue management  techniques  can also pave way lor reduct ion ol ( il It w

\ccord inp  to Nair  c t  ill. ( 2 0 1(1) carbon sequest rat ion k \  hnoloe ies  involve tlu net rcmiw.il  ol t. t 1 i rmn

.Ltmo’-pheu and storage in long lived p o o h  ot i arbon ( arhon 'eqnes t ra l ion  lev h loloei - in crop



production conserve water .  improve  biomass  product ion and soil quali tv.  \groforestrv svstems.  

bioenergy crops and use o f  b iochar  are the agricultural  opt ions  for carbon sequestrat ion and G H G  

mitigation.

Cont inuous increase in the concentra t ion o f  GIICjs leads to c l imate  change  in the ecosvstem causing 

destruction o f  l ivelihoods,  economic  activitv and human health.  Adopt ion  o f  appropr ia te  resource 

management  and carbon sequestra t ion technologies  in crop product ion offers  imm ense  scope for cl imate 

change  mitigation.  Hence,  various c l imate  friendlv initiatives such as e nhancem en t  o fen c rg v  efficiency,  

use o f  renewable enerszv sources  and introduction o f  env i ronmcntal  measures  like I t I s will address the
w

climate change issues effec t ive!) .
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1. Introduction

The present  status o f  our  convent ional  farming sys tem is a la rming with sex era! man  made issues 

like soil degradat ion,  water  scarcity.  heavy crop losses due to uncontrol lable weeds,  pests and 

diseases,  food contamina t ion  and health injury to all l iving beings.  So the need o f  the hour  is 

sustainable cul t ivat ion and product ion o f  quality foods. The quali t ies  o f  food we eat. water  we 

drink and air us breathe -  in fact the quality o f  all plant and animal  life is de termined by the 

quality o f  our  top soil. So ea r th ’s crucial thin layer o f  soil must  be protected,  maintained,  built 

and nourished.  For that one  o f  our  own indigenous technologies has to be reint roduced into our  

agricultural fields and it is nothing but mulching.

2. Mulch

The word mulch is der ived from the German  word “Molsch meaning  suit to decay.  \  mulch is 

any material  used at the surface ol the so i l  primarily lo prevent loss o f  water  bv evaporat ion,  to 

keep down weeds,  to dam pen  temperature  f luctuations or to promote  so i l  productivity (Jacks cl

al., 1955).

J. Types o f  mulches

General ly mulches  are classif ied into two types i.e. organic and inorganic m u l c h e s

3.1. Organic  m ulches

Organic mulches  arc those derived Irom plant and animal  s o i i k c s  I hey arc more  popular  in 

cropping sys tems as they can suppress  weed growth and reducing the need lor tillage. I hey 

conserve soil mois ture  and enhance  soil biological  activit ies Ihe  most Ircqucnlly used organic 

mulches include plant res idues  such a s  straw, wood shavings,  saw dust,  grass cl ippings,  tree 

leaves and paper  mulches

3.2. Inorganic m ulches

Inorganic mulches  include those derived from inert mater ials  ol synthetic ot natural origin. I hey 

are having a very low replacement  frequency as they will not d ecom pose  in the soil over time. 

But they do not add nutrients  or organic matter  lo the soil. Many o f  the inorganic mulches  like 

rock and rubber  mulches  are mainly used lor aesthetic purposes  IMasiit fabric, rock and rubber  

mulches co m e  under  this category



4. W h y  organ ic  m u lch es?

Inorganic  m ulches O r g a n ic  m ulches

No addi t ion  o f  o rgan ic  mat te r A d d  nutr ients  and  organ ic  m at te r

Do  not  d e c o m p o s e  o v e r  t ime Fast d e co m p o s i t i o n

High initial cos t Cos t  effec t ive

Negat ive  in f luence  on soil plant  m ic ro  c l imate

1

Posi t ive in f luence  on soil plant  m ic ro  c l imate

Less  root  d e v e l o p m e n t Bet te r  root  d e v e lo p m e n t

Organ ic  m u lches  are  preferred  ove r  inorganic  m ulches ,  as they d e c o m p o s e  at a faster rate and 

add nutr ients  to the soil 1 he \  i m p r o \ e  soil phvsical  proper t ies ,  increase  wa te r  retent ion,  regulate  

soil temperature ,  p revent  eros ion ,  suppls  organic  mat te r  and  take part in nutrient  cvc les  1 he\  

suppress  weed  g row th  as well  as increase the b iological  activitv 11 looks  and  Johnson .  JOd. ' i

5. H o w  m u lc h  w o r k s

Figure I.

How mulch works
Plant writs from 
moisture stress

/  /  Rain

Ram and sprinklers 
Rafter and erode 
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(  / / :  ! L
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Mulches protect  the soil from incoming solar radiat ions which will help to reduce the excess loss 

o f  water  bv evaporat ion.  A s  the weed seeds are not exposed  to sunlight ,  thev will remain 

dormant  under  the mulch.  Mulches  also prevent  the erosion o f  soil by reducing the splashing 

effects o f  rain and irrigation water.  A s  organic mulches  decompose ,  it will release nutrients and 

organic matter,  which can be util ized by the g rowing  plants. Solar  radiat ion will directly reach to 

bare soil result ing in the excess  loss o f  water  b\  evaporat ion and plants wilt from moisture stress. 

Also,  a bare soil is a lways  vulnerable  to e lements  like rain and wind and causes  the top soil to 

erode.

6. Organic mulching materials

6.1. Straw

Straw is the stalks and other  residues o f  a mature grain left al ter  harvest.  It is highly effective in 

controll ing weeds  and conserv ing soil moisture.  It is a readiI> avai lable mulching material ,  

however.  lower in nutrient  content .  Straw provides c leaner  and more  persistent mulch that is 

s lower  to decom pose  and highlv effective in conserving snil moisture  and preventing weed 

growth in vegetables  like* pumpkin  and other vine crops. Straw mulch has d isadvantages  like sell 

Sprouting, weed seed contamina t ion  and are easilv carried awav bv heavy wind.

6 .2 .Bark (wood shavings)

Shredded hard wood and s o i l  wood shavings  can use as a mulch lot t rees  and perennial  beds 

Fhey are the byproducts  o f  paper  or t imber  industries I lieu s i / c  can vaiy Irom shredded chips lo 

large pieces o f  logs. Many ol the studies have louiul that thev can reduce the need loi irrigation 

upto 50%.

6.J. Grass c lippings

Grass cl ippings are obta ined from lawn or other  grass fields and form an excellent  mulching 

material for vegetables  and garden beds.  It contains  more  than 7 0 %  of water.  So thev decompose  

quickly and add nutrients to the soil. Grass  cl ippings are best to use as drv and if applied freshly 

spread loosely \ v o id  grass c l ippings  treated with pesticides as it may cause  leaching ol 

chemicals  into the soil and also avoid seeded grass cl ippings in ordei to prevent  the undesirable 

ttirf grass growing on garden beds.



6.4. S a w d u s t

Saw dust  is the finely d ivided wood  powder.  It is highly efficient in conserving  soil moisture by 

increasing infiltration and percolat ion.  Aged  sawdust  is a lways  preferable  than fresh ones.  Major  

drawbacks  o f  sawdust  mulch include chances  for acidification and wash ing  away by heavy rains 

in the slopping fields.

6.5. L e a f  litter

Fresh leaves or naturally falling dry leaves can used as mulch in garden beds.  I hey play an 

important  role in nutrient  recycling as they are rich in calcium and other  micronulr icnts  and also 

contain moderate  am oun ts  o f  N. I* and k .  However ,  there is high chance  o f  contaminat ion with 

weed seeds and we have to avoid leal litter infected with pests and diseases.

6 .6. P aper  mulches

Paper mulches  are low cost al ternative to plastic and straw mulches.  I hey e l iminate  the disposal 

concern associated with plastic mulches  ami there is no chance  ol carrying weed seeds along 

with it. Paper mulches  are permit ted to use in organic product ion excluding glossy or coloured 

sheets. I ITcctiveness ol paper  mulching  lor control l ing weeds  like purple nutsedge was reported 

by Cirujeda ct al l 2d I 2 ) I sc ol paper  mule lies should he according to om weathei  condit ions as 

it will blow and tear away within 2-4 weeks.  So avoid the use ol paper  mulches  in windy or 

heavy rainfall areas

6.7. C r o p  residues

C rop residues like rice hull,  coconut  husk,  areennut husk, banana pseudostcm.  cotton gin waste,  

peanut  hull and m a i / e  s tover  can be used as an effective mulch ing  matei ial  lor resource poor 

soils us it contain substantial  quantif ies ol nutrients.  Ihe  benefi ts  are not only derived from 

nutrient recycling, they arc also effect ive in conserving soil moisture  and suppress ing weed 

growth



C ro p / sp e c ie s N  ( % ) P ( % ) K  ( % )

Cow pea stem 1.07 0.14 2.54

Cow pea leaves 1.99 0.19 2.20

Rice straw 0.58 0.10 1.38

Coconut  husk 0.31 0.02 1.30

M a i / e  stover 0.59 0.31 1.31

Oil palm (processed fibre) 1.24 0.10 0.36

Sesbania 4.0(1 0.19 2.0

( rntaluria ->pp. 2.89 0 .2‘) 0.72

Tephrnsia ipp. 3.73 0.28 1.78

Water hvacinth> 2.0 1 0.37 3.40

Izolhi spp 3.68 o.2o o. 15

Typhu spp 1.37 0.21 2.38

From this tahle we cun find that the highcsl ni trogen content  is in sesbania residue, highest  

phosphorous  content  in water  hyacinth anil potassium content  in cow pea stem residue.

6.8. Live  m ulch

l ive mulch is a last g rowing  ground cover  crop inter planted with a main  crop and intended to 

serve the functions o f  mulch.  I ive mulches  co-exist  with the crops  dur ing the growing season 

continue to grow even the crop is harvested.  I ive mulches  offer  advan tageous  as they not only 

provide erosion control  hut also fix a tmospher ic  nitrogen. I hey can increase soil organic matter  

which can improve the overall  physical  condi t ions  o f  soil.



7. Effects  o f  m u lc h e s

❖ On crop

❖ On soil

•> On micro flora

7.1. Effects  on c r o p

7.1.1. Inc rea se s  sect! g e r m i n a t i o n  a n d  seed l ing  s u r \  ival

Organic mulches  found to increase the seed germination and seedl ing s u r \ i \ a l .  Mulching depth 

is an important  parameter  in this aspect.  Deeper  mulches  are associated with improved weed 

control and are not the best choices  for seeded areas rather than planted.  So a thin laser  o f  mulch 

or mulch applied post seeding is found to he benefited.  Once seedlings h a \ e  emerged,  mulches  

are associated with improved seedl ing performance under  Held condit ions.

T a b l e  2. Effec t  o f  g r a s s  m ulch  on seed g e r m i n a t i o n  r a t e  o f  o k r a

r - f  r c a t m e n t

Grass mulch

No mulch

( I) (0.05)

M e a n  g e r m i n a t i o n %  g e r m i n a t i o n

200H 2009 200,S 2009

11.2 11.1 on So

2 l .h 12.0 15 OS

0.95 1.02

(Anickwc.  201 1 )

I he above study was conducted by Aniokwe (201.1) in the exper imenta l  research farm ol Nigeria 

to assess the effect o f  grass mulches  on the seed germinat ion rate ol okra,  l ie  found out that the 

mean germinat ion rale ol okra seeds was higher  under  the grass mulched  t reatment  compared  to 

control plot and the germinat ion per cent was  double under  the mu lched  treatment than that 

under  no mulch treatment  in the \ e a r  200S. I his shows  the modif ied  microcl imate  ol the seed
W

environment  under  grass mulch.



7.1.2. E nhances  root g r o w th  and e s tab l i sh m en t

N u m e ro u s  s tudies  have  d e m o n s t r a t e d  that  im proved  w a te r  re tent ion and  reduced  w e e d  g rowth  

are corre la ted  w i th  increased  root  g rowth  and  es tab l ishment .  M u lc h e s  a l low roots  o f  trees and 

shrubs  to e x te n d  and  establ ish far beyond  the t runk c o m p a re d  to bare  soil.

T a b l e  3. E f fec t  o f  l e a f  l i t t e r  m u lc h  on r o o t  g r o w  th o f  S tev ia

T rea tm en t Root  d ry 'b io m a ss  (g /plant ) Root  v o l u m e  ( m m )

2010 2011 2010 201 1

L e a f  litter mulch  a  5 t h a 6.78 12 73 22.07 57.82

N o  mulch 4 26 8 09 13.84 43 00

C D ( 0  05) 1 65 2 39 3 96 14 52

(K u m a r  i / a!., 20 1-1)

A studv was  c o n d u c te d  In Imd out ihe c l lec l  ol leal lillci mulch  on the root uiowtl i  o f S l e v i a  b\
~  w -  •

K u m a r  ct al (2014 )  l i e  recorded  the root b iomass  and  \ o l u i n e  o f  Stevia undci  m u lc h ed  and  no 

m u lc h e d  t rea tments  and  found out that both root b iom ass  and vo lu m e  were  h igher  under  grass  

m ulch  c o m p a r e d  to the bare soil C ra ss  m ulch  improves  aggrega t ion  ol soil through high am o u n t  

o f  organic  mat te r  fhe i r  qu ick  d e com pos i t ion  and avai labihlv ol nutr ients  is related wi th the 

bet ter  root g row th  u n d e r  m u lch ed  t reatment

7.1.3.  I m p r o v e s  p l a n t  g r o w t h  a n d  p e r f o r m a n c e

ate I C ap s icu m  unde r  dr ied 
pine needles

Plate  3 St rawberry  under  
straw m ulch



An increased seed germinat ion rate and enhanced root growth leads to improved plant growth 

and performance.  Most  o f  the studies reveal that organic mulches  are highly effective in 

opt imizing the plant  performance  rather than stone or  gravel mulches

T a b l e  4. Effec t  o f  o r g a n i c  m u lch es  on g r o w t h  a n d  yie ld  o f  w a t e r  melon

Trea tments Vine  l cn g th (cm )  a t  60 DAS F r u i t  y ield ( t /ha)

mulch 1 17.49 20.59

Vheat straw mulch a 5 t. ha 138.52

- — ■ - — — - — — — ———------------------ _ - — — — i — — - ■<

1 J
 

-
/ 'sJ

)ry leaves a 5 t h a 140.08 27.56

'D(O.OS) 19.3 1 3.03

i Parmer  c/ </ / .  201 3)

A study was conduc ted  bv Parmer  «•/ nl (201 3) to Imd out the el lcct  ol organic mulches  on 

growth and yield ol water  melon,  in lunagadh Agricul ture I rmers i tv ol (mjara l  I liev observed 

the fruit yield vine length ol water  melon under  wheat  s t raw. drv Icav es  and no mulch t ieatmenis.  

Both Ihe characters  were  higher  under  m id d led  t reatments computed  to the no mulch treatment.  

Water melon grown under  drv leal mulch recorded a giealei  vine Icnglh and higher Imii vield 

compared to others.  A favourable bvdro thermal regime ol soil ami complete  weed free 

environment  leads to better  crop performance  under  mulched condit ions

7.1.4. R ed u c t io n  o f  w e e d s

Organic mulches have been proved to he suitable for so i l  moisture  conservat ion and temperature 

regulation during s u m m e r  and save the crops from ear l)  stage weed  infestation ( t io sw am i  and 

Salta. 2006). Sherri IT e/ al. 11998) reported wheat  and oat straw a s  most  efficient mulches  for 

controll ing weeds  in i ui mbit^



7.1.4.1. How m u lc h  c o n t r o l  w e e d s ?

Phvsical barrier

All types o f  mulches  reduce light, which will stress exist ing weeds  and p re \ en t  the 

germinat ion o f  man> weed species and this mulch barrier will not allow the weed seeds 

to come out o f  the soil layer.

Al lelopathic com p o u n d s

Certain organic mulches  especially wood chips mas control  weeds  through the leaching 

o f  al lelopathic chemicals .  A studs reseals  that rye residues mainta ined on the soil surface 

release b c n / o x o / i n o i d s  ssliich strongly inhibited the germinat ion o f  seseral  dicot and 

monocot  weed  species.

Beneficial o rgan isms

The protected snil habitat created bs the use ol mulches  can increase beneficial 

organisms that pres upon sseeds or cat their seeds.

( ompet i t ion

I iving mulches  can reduce the ssced problems through compet i t ion  bs limiting the light 

and moistnrc .ivailnhilils

A study was conducted  in Kerala Agricultural  I nisei  sits bs M u h a m m c d  d  <// (201m to llnd out 

the weed control eff iciency o f  different organic mulches,  l ie  compared  Use different types ol 

organic mulches  with an tin sveeded control  plot and prc emergent  appl icat ion o f  pendimethalin 

a I.Okg a.i./ha. l ie  concluded  that even though the ssced dry weight  vsas least under 

pendimethalin applied plots, the yield and B: C ratio o f  m an g o  leases  and paper mulches  were 

comparable with that o f  pendimethal in  applied plots. So m ango  leaves and paper mulches  can be 

used as effective al ternat ives lo herbicides in organic farming wi thout  affect ing Ihe yield



Treatments
W eed  dry weight  at 

30 DAS (ku ha)* W
Yield (t ha ') B:C ratio

Mango leaves 28.2 10.06 2.73

Coconut  fronds 64.3 4.55 1.24

Fresh weeds 60.9 4.22 1.13

Paddy straw 41.3 5.01 1.11

Paper 22.8 9.37 2.49

Pendimethalin 10.7
(

9.56
> ■ ■ — ■ ■ — - —— — i». — ■ --------

y-)

uwc 90.1 1.05
. - • —■ — —— — - - » — —

0.30
— — — ■ ■■■ ■ ■ i M i m

CD(0.05) 17.1 1.71

(I irujeda cl ul.. 201 2 )

Another  study conducted by ( irujeda cl ul (2012)  shows  the e l fee l ixeness  o f  papei mulches  in 

controll ing weeds  like purple  nut sedge, l ie  conducted the exper iment  in the tomato Helds o f  

Spain. I le used M O  era It paper mulches  lor this exper iment  which o I high quality I le I omul out 

that weed density under  paper mulches  was \ e r \  less compared to the control  plot

Figure 2. Effect of  paper mulches on control l ing  purple

nutscdge (Cyprrus rulundus)
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7.1.5. R educ t ion  o f  d i seases

Physically.  mulches  will reduce the splashing effect o f  rain or irrigation water,  which can carry 

spores o f  disease o rgan isms  up to the s tems or leaves. Addit ional ly,  the popula t ions  o f  beneficial  

organisms,  colonize  under  mulch materials can also prevent  the diseases  ei ther through 

competi t ion or chemical  inhibition. A study was  conducted by Kumar  (2012)  in the ICAR 

Sikkim centre to find out  the effect iveness o f  mulches  on disease reduction.

T a b l e  6. F.ffcct o f  m u lches  on di sease  seve r i ty  in g i n g e r

Treatment Disease severity (%)

Bacterial wilt

j

Soft rot 1 eat ' spot

.  <

No mulch 3X IX do

Artemisia vulgaris a I5t ha 2o

<

12 3X

Eupatorium ailnralum a 1 5 I ha 15

. -----------

IX

-- - ft

36

Datura spp. a 1 5 I ha

_

10

i

Id

3.51

38

—  —-4
CD(0.05) 2.30 1.03 I

( Kumar,  2<> I 2)

l ie recorded (lie d isease severity ol bacterial will, s o l i  mt and leal spot under  different mulch 

treatments and all the mulched  plots were shown a lesser disease severity compared  to the no 

mulch treatment.  ( l inger grown under  Datura leaf  mulch was  shown the least severity o f  

bacterial will and soft rot Ihesc  can be related with the anti microbial  activity ol the plants used 

as mulches.

7.1.6. Reduction o f  insect pests

Some o f  the studies reveal  the effect ive reduction o f  pest populat ion under  organic mulches,  as 

tin densit ies o f  natural predators will be higher under  an organic mulch.  \  study was conducted

i t



by Mochiah 12012) to find out  the effect  o f  mulches  on pest reduction in Chilli .  First he recorded 

the densities o f  natural predators  in chilli under  straw mulch and a no mulch t reatment

T a b l e  7. Effec t  o f  m u lc h es  on m e a n  p o p u la t i o n s  o f  n a t u r a l  p r e d a t o r s  on chilli

M u lc h  ty pe M e a n  ± (SE)  n u m b e r  o f  p r e d a t o r s  / p l a n t

Scutigera colcoptrala Aryiopc auranliu ( liL'ilonicnc.s sp.

No mulch 1). 8 ± 0.1 1.4 dt 0.3 1.6 ± 0.2

Straw 1.0 ± 0.2 1.7 i 0.2 1.9 -i 0.3

He found out that mean number  o f  insect predators was higher  under  straw mulch compared to 

the no mulch t reatment .  Subsequently he a l s o  studied the insect populat ion on chilli.

T a b l e  S. E f fec t  o f  m u l c h e s  on  in sec t  p o p u l a t i o n  on  chi l l i

Mulch type Mean * (S|  ) number  ol insect pests plant

Aphis ynsw pn / hnps lahitv i Ik'mishi tjhuci

No mulch TO f 0 . to 1.7 • 0 .3 0  

_ |

2.o • 0.30

Straw 1.9 i 0.30 o.7 ♦ 0.20 1.2 i 0 30

( Mochiah.  2012)

l ie recorded the popula t ions  o f  \phis pH. / hrips talun i (in,/Jhnusm ui/un i mulct no mulch 

and straw mulched plots. I he insect populat ion was lower in straw mulch compared to the 

control treatment,  which can he related with the greater densi t ies  ol natural enemies  under  straw 

mulch.

7.2. Effects on soil

7.2.1. Effects on soil tem pera  tare

fJrganii mulches  protect the soil Irom extreme temperatures  b \  keeping it cooler  in 

holi.onditions and warmer  in cold condit ions.  Coarse mulches  arc more  temperature moderat ing



than finelv textured mulches .  Live mulches  also reduce surface soil temperature  b \  e \apora t ive  

cooling

Figure 3. Influence o f  organic  mulches on surface  soil

( 0 - 5  cm) tem perature

35 
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( i rass m u lc h I resh  w e e d s

The a b o v e  studv w a s  c o n d u c t e d  In Y o r d a n o v a  (2 0 1 5 )  m I'uul out  the effect  o f  o r e a n i c  m u l c h e s
a *  m  S

on surface soil temperature  l ie  used different organic mulches  like spent mushroom compost ,  

barley straw, grass mulch and I resh weeds  and recorded the sm lacc  soil temperature.  \  11 the 

organic mulches  were  shown a lower so i l  temperature compared  to the control plot. 

Lowest  soil temperature was measured under bar lev straw m u k h  I his m a \  be vine to the bright 

surface o f  the barley straw reflects s u n ’s rays, p ievcn lmg o v e r  heal ing ol soil surface

7.2.2. Increases soil m oisture  retention

Studies reveal that weeds  can increase cvapolranspirat ion bv 2 5 " n in a summer s e a s o n  and 

mulches reduce Ihe rale o f  evapotranspira t ion by reducing weeds.  I hev a l s o  help lo increase 

moisture retention by increasing infiltration and percolat ion.  Most  o f  compara t ive  s t u d i e s  among 

mulch types indicate that organic mulches  conserve water  more  effective!)  than inorganic.

A studv conducted by C'hotidhary (2 0 1 5 )  reveals the effec t iveness  o f  organic mulches  on 

conserving soil mois ture  in the exper imental  farms o f  l( AR, \ ru n n c h a l  Pradesh



F igure  4 .1nfluence o f  organic  m ulches  on soil m ois ture  content
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Fie used di f ferent  organ ic  m u lches  like paddy straw,  m a i / e  s tubbles ,  thatch  grass and no m ulch  

and m easu red  the soil mois ture  content  at three di fferent  soil depths.  He found out that thatch 

grass is hav ing  the highest  mois tu re  retent ion capacitv fo l lowed by paddv straw T h i s  is because  

o f  the l ignm and polyphenols  content  m thatch grass and  si l icon content  in paddv straw T hese  

character s  m ake  them s lower  to d e co m p o s e  and conse rve  soil mois tu re  for a longer  per iod o f  

t ime

7.2.J. (  ontrols  soil erosion

l a v e  m u lches  are m ore  e l t ec l ive  m reducing soil e ros ion  and co m p a c t io n  bv protes t ing the soil 

f rom wind and wafer  erosion

F i g u r e  5. I ffect of  m u lc h  tv pcs on soil loss
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The study was conducted b> Asante  (2011)  in Ghana soils. He studied the effect iveness o f  

different mulch materials  at three different  applicat ion rates. He found that the highest  soil loss 

reduction value was  under  lawn grass at an application rate o f  6.06t/ha.  So a better soil erosion 

control can be achieved bv increasing the application rate o f  mulching.

7.2.4. Effects on irrigation lev els

As per the studv o f  Agronomic  Research Station (ARS).  Chalakudv.  organic mulches  can 

effectively reduce the irrigation intervals without  affecting the crop vield. I his exper iment  was 

conducted with four levels ol irrigation and two levels ol mulching.  Result  ol the studv is given 

in table 9. f r o m  the table, it is clear that vield under all the levels o f  irrigation were higher under  

dry leaf mulch compared  to the no mulch treatment.  S o  we can reduce the level o f  irrigation bv 

using drv leaf  mulch without  affect ing the vield

f a b l e  9 . Effect  o f  m u lc h in g  a n d  i r r ig a t io n  on f rui t  v icld o f  p in ea p p le

Yield (t ha)

Treat men r . Yo mulch I )i \ leav es ,/ o t ha

No irrigat ion I ' M.  I

1 W/( PI - 0A O.AX 1(1 "X

I W / f P I  - 0.6 l i s t |o o ;

IW c PI Mil ) l I ox 0 >.70

r r x o  o s , n ox

7.2.S. Effects on soil physical properties

(Annual  report - \ R S .  c h a l a k u d v )

The overall benefits ol mulches  in soil seem to influence the physical  propert ies o l  so i l  \  studv 

was conducted b\ Komariah  (2002)  in the pineapple plantat ions o f  Indonesia l ie  studied

IS



physical properties like bulk density and formation o f  water  stable macro  aggregate at two 

different soil depths under  different  mulch types.

T a b l e  10.Effects  on soil phvs ica l  p r o p e r t i e s

Treatment Depth

(cm)

Bulk density ( g / c n v ) Water-  stable macro 
aggregate  (°o)

Initial Final Initial Final

____  _________________________________________________

No mulch 0 - 5 [ 1.14 1.10 2 S.4 v . u

5 - 10 1.17 1.16

------- -----------------------------------  -------------- .—  i

34.2 15.7

Rice husk 

mulch

0 - 5 1.06

— ------------------  -  ,  (

1.01 35.1 10.2

5 - 10 1.22 l . i o

_  — .--------------------------- — —  -  i— . ■ -  . -  —  —  —  - 1

36.X IN.5

—  ——  — ——. — ~  ■  •  —  -  -  - ■  i »  i ■ »  - — i

Cassava

bagasse

mulch

o - 5

1  —

I . n

—  —  -  —  -  • —  —  — — 4

1 ON

_  — ------- — --------------------------------------------------------- ---- -------------

2N.5 53.3

> — ■ - —  -  -  -  #  —  — ----------------— ► — • —  — ■ ■ -  ■ —  i ■  ■  *4

5 - lo 1.10 1.07 30.3 lo.5

( K f i n a l  l u l l .  " M H O

The highest  bulk density reduction and higher formation ol walci stable macro  aggregate  was 

observed under  cassava bagasse  mulch followed In rice husk mulch I he faster decomposi t ion  

capacity ol cassava  bagasse  mulch could have enhanced the phvsical  propert ies  o f  soil

7.2.6. Effects on soil fertility

Organic mulches enhance  soil Icrtililv as they contain substantial  quanti t ies  o f  nutrients and add 

organic matter  by their faster decomposi t ion ,  A field exper iment  conducted in Kerala 

Agricultural I 'nivcrsitv shows the effect iveness o f  organic mulches  for enhanc ing  soil fertility. 

Ihe  tud\ was conducted In M u h a m m cd  cl ul (201 ^ ) and he a n a l ) m l  the soil lor different



parameters under  different  mulch types. The data obtained were compared  wi th that o f  no mulch 

plot and pre exper iment  data.  All the mulched plot were show n a greater  quanti ty o f  available 

nutrient and favourable pH.

T a b l e  11. Ef fects  o f  m u lches  on soil Fer t i l i ty

Treatments pH Organic carbon (%) N( kg/ha) P( kg/ha)

•

Ki kg/ha)

Mango leaves 5.26 1.71 205.33 23.73 240.78

Coconut  frond 5.50 I.H5

m - . . - - - - -r |'||

235.20

-  —  —  -  ■ — ^

25.70

------------- — — .. ■ —---- ^

240.38

Fresh weeds 5.30 1.65

------------------------  -----—<

218.40 25.10

------------ ——--- --— - 4

252.45

-- . - _ ------ -- j
Paddy straw 5.5 3 I.X2 237.20

î——- ■■■ ■ ■ » ... ■——— <

1 J r̂J • 26X.X0

------  ■■
Paper 5.30

.
1 ,H0

9 !

252.00

- - - - — — . . ■ i T — |

J  > S V

— -——

24 1.65

No mulch TOO 1 50

4

1 6 1.06 ( J
 V J yc 220.22

------ ■ -  i
Pre experiment

.

4.HO I IX 105.30 15.17 232.70

-  |
C'D (0.05) 0 ^X 0.21 14.X 5.21 IX.52 I

i M uhnm m cd  r / . / / .  2D 15)

7.3. Effects on micro flora

Organic mulches  can have a direct effect on soil micro organisms as mulches  are serving as a 

food source for them. Mulches  increase the amount  ol organii  matter  and other  nutrients in soil 

which leads to the bui ldup ol micro  organisms.  An exper iment  was conducted  In M uham m ed  it  

al (2015) to find out Ihe effect ol different mulch types on the populat ion ol bacteria,  fungi and 

actinnmycetes.  l ie  found out that all the mulched soil types shown a h igher  number  ol microbial  

populat ions compared to the no mulch plot.



Treatments Bacteria 

(cfu X 10 ) / g

Funui
* "  3

(c fu X 10 ) / g

Act inomycetes  

(c fu X 10 ) / g

No mulch 8.6 40.3 60.6

Mango leaves • O' 60.3 75.3

Coconut  fronds 20.3 57.6 87.6

Paddv straw 
•#

27.3 56.6 76.0

News paper 20.6 *7 ** 7 04.3 I

_ _ i
C D (0 .0 5 ) 7.3 22.4 18.1

(Jodaueicnc .  2010 )

\ri exper iment  vs.is conducted b> Jodauii ienc (20 Kh in the pomological  

garden o f  I i thuanian I niversity ol \gr icul ture .  to lind out the inl luenee ol organic mulehes  on 

urease activity. Me used different mulch types like straw, peat, sawdust  and c ra s s ,  and recorded 

the urease activity under  these di l lerent  mulch tspes.  \ m o n g  the mulches ,  s a w d u s t  was shown a 

higher urease activity compared  to others and this can he related with the greatct moisture 

retention capacity o f  sawdust

F i g u r e  6. Effect  of  o r g a n i c  m u le h es  on u r e a s e  activity
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Organic mulches  are found to h a \ e  an enhancing effect on dehydrogenase  act i \ i ty .  \ n  

exper iment  conducted hy Robert cl al. (2003)  reseals  a higher  dehydrogenase  activity under 

organic mulches  compared  to the bare soil, \ m o n g  di l lcrcnl  mulches,  grass cl ippings recorded a 

higher degydrogenase  activity this may be due to the faster organic matter  supplying capacity o f  

grass clippings,  which could have enhanced the dehydrogenase  activity in soil.

8. Conc lus ion

Organic mulches  are the best option in organic farming a s  they restore the soil health by adding 

substantial  quanti t ies  ot nutrients,  conserving soil moisture,  suppress ing weed growth and by 

maintaining a good microfloru I hey are the best alternative to herbicides m organic farming 

without affecting the yield In the present sccnano  ol global izat ion and health consciousness,  

demand for organic products  has increased world over. I \ eess ive  compet i t ion  has compelled us 

to produce quality food in more  quantities.  So apart Irom using I IYYs and depending on 

fertilizers and chemicals ,  there is a need to utilize environmenta l  or biological  energy lor higher 

production. Mulching is such a healthy way for at taining food security without  any 

environmental  impact.
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1. Explain the mechanisms  o f  disease control by organic mulches?

PhysicalIy. mulches  will reduce the splashing effect  o f  rain or irrigation water,  which can carrv 

spores o f  disease organisms  up to the stems or leaves. Addit ionally,  populat ions o f  saprophvtic 

fungi will be higher  under  mulches  and these fungi produce exogenous  cel lulose enzyme which 

Ivses the cell walls o f  fungi and present  their sporulation.

2. Why aged sawdust  S', preferable?

Sawdust  is having a wide  C: \  ratio which results in a s lower  decomposi t ion  rate, \ g e in g  by 

compost ing will recduce the ( : \  ratio a s  well a s  toxic el lects  ol s a w d u s t .

3. Is mulch is havinu any allelopathic effects on crops?

Allelopathy is the inhibition o f  seed germination and through the release ol chemicals.  

Allelopathic activity is confi rmed bv the inhibition ol seed germinat ion rather than how u affects 

mature plants So established plants are not a l lec lcd bv the allelopathic e l lec ts  ol mulches.

4. Which one is more  cost e l l ec t ive?  < trganic mulch or inorganic mulch

While considering the persistence,  inorganic mulches  are more  c o s t  el lect ive.  Rut il ate using 

using organic mulch ing  mater ials  produced Irom om laim. we can ieduce  the c o s t  ol purchase 

and it will be more economical

5. What is soil mulching?

Soil mulch/  dust mulches  are created bv intensivelv liocirm the soil surface,  creatine a Unciv
«  «  k  C  •

textured layer o f  soil which help to prevent the evaporat ion from the under lying soil  laver

6. Which organic mulch is originated from animal materials? 

Compost .  Hut it is having a limited applicat ion as a mulch.



7. What is the concept  o f  vertical mulching?

It involves dril l ing holes at regular  spaces and these holes are filled with organic materials,  

which found to improve the soil aeration,  percolat ion and more  availabiIi t \  o f  nutrients to the 

roots.

8. Why sawdust  is having acidifying effect?

Sawdust  releases phenolic acids during its decomposi t ion  process which causes acidification to 

the soil environment .

9. Name commercial ly avai lable organic mulch?

Coir  pilh

10. Relevance o f  using sawdust  in p o l y  h o u s e s ?

Sawdust  effectively reduces nematode populat ion under protected cult ivation.



K E R A L A  A G R I C U L T  U R A L  U N IV E R S IT Y  

C O L L E G E  OF H O R T IC U L T U R E ,  V E L L A N I K K A R A  

Department of  A gronom y  

A G R O N  591: M A S T E R ’S S E M I N A R

Name: Reshma N. Venue: Sem inar  I lall

Admission number:  2014-1 1-13 I Date: 19.11.2015

Major advisor: Dr. Sindhu I \  V. I ime: 10.45 a.m.

O r g a n i c  m u l c h e s  

Abst ract

The practice o f a p p lv in g  mulches  to soil is possiblv as old as agriculture itself. Ihe  word 

mulch has been derived from the German word "\h>/\ch" meaning soft to d c c a v . \nv material 

used at the surface ol the soil primarily to prevent loss  id water  In c \apo ra l ion .  to Keep down 

weeds, to dampen temperature  lluctuatioiis or to promote soil ptodueliv ilv is generallv 

designated as a mulch I la c k s  cl al . 1 9 S 5 ).

Mulches can he either organic or inorganic. Grganic m ulches  .ire those derived Irom plant 

and animal sources I lie most Ircquentlv used organic m id d ie s  include plant residues such as 

straw, wood shavings, saw dust,  g r a s s  clippings, tree leaves and papei mulches  Inorganic 

mulches include those derived Irom inert materials ol svnthelic ot natural origin M a s t i c ,  fabric, 

rock and rubber m ulches  com e  under this categorv. t )rganic m ulches  are p re le n e d  over inorganic 

mulches, as they decom pose  at a Faster rate and add nutrients to the soil I hey improve soil

physical properties,  increase water retention, regulate soil temperature,  prevent erosion, supplv

organic matter and lake pari in nutrient cycles.  I hey suppress  weed growth  as well as increase 

the biological activity (Hooks  and Johnson. 2003). lo  achieve op t im um  advantage Irom organic 

mulches, they should he applied either after germination o f  crop or after transplanting seedlings 

(Bhardwaj.  201 J)



Organic mulches have been proved to be suitable for soil moisture conservation and 

temperature regulation during sum m er  and save the crops from earl) stage weed infestation 

(Goswami and Saha. 2006). M ulches  control weeds by acting as a physical barrier, secreting 

allelopathic com pounds ,  promoting  beneficial organisms and com peting  with weeds. Sherr i lTct 

al. (1998) reported wheat  and oat straw as most efficient m ulches  for controll ing w eeds  in 

cucurbits. M ulches from wood shavings are general!) used around trees and in perennial beds. 

Paper mulches can be a low cost alternative lo straw and plastic mulches and are permitted to use 

in organic production excluding  gloss) nr coloured sheets. Kflectiveness o f  paper mulching for 

controlling weeds like purple nutsedge was reported bv Cirujeda cl al. (2012).  I ses o f  live 

mulches enhance nutrient availability for the main crop and increase crop vield. C hances for 

allelopathy, acidification, competi t ion and spread o f  pests and diseases through mulch materials 

are some o f  the problems associated with mulching.

Organic mulches improve soil health and create favourable env ironment for the crops and 

associated microorganisms.  I hey provide more stable landscape, which is sustainable and 

resistant to stress
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Aquatic weeds are those plants growing in or near water and complete at least a part o f  their 
lifecycle in water resources. Any aquatic plant that causes adverse effects physical, chemical or 
biological on water bodies, resulting in economic losses is called aquatic weed. The infestation o f  
aquatic weeds results in critical problems in agriculture, navigation, irrigation, pisciculture and 
public health. A lot o f  resources are required to control infestations o f  aquatic weeds because o f  their 
fast growth, which interfere w ith use o f  water, increase the risk o f  flooding, slow the water flow in 
canals and river, favour the development and growth o f  mosquitoes which threaten public health. 
The menace o f  water weeds is reaching alarming proportions in many parts o f  the world. The 
problem is global, but more pronounced in tropical and subtropical zone, where warm weather 
supports profuse growth o f  aquatic plants. In India large irrigation projects have been reported to be 
adversely affected by profusely growing aquatic weeds. Today a large part o f  inland water-area in 
this country is threatened by the invasion o f  noxious aquatic weeds. Nearly 2 . 100 km o f  the Bhakra 
Canal in the f lissar district is so badly infested with weeds that it has to be cleaned many times in a 
year to sustain the tlow o f  water ( Kumar and Babu. 2015). Keeping in view the loss o f  water through 
weeds, it has become essential to manage weeds to save water for human use. Kerala, bestowed with 
inland water resources and wetlands is facing serious problems due to alien invasive aquatic weeds 
like water hvacmth. salviniu. alligator weed ru  and management o f  these w e e d s  are a major 
concern in many parts o f  the state

Fhe scientists and technologists has now changed their destructive attitude towards these 
apparently troublesome plants, and trying to put them to  productive use. I united research so  far 
being carried out in this line, has yielded encouraging results It has been lound that aquatic weeds 
constitute plants id great potential value I Itese water weeds have been found to have potential for 
use as animal feed, human loud, so i l  additives and luel

2. C l a s s i f i c a t i o n  o f  a q u a t i c  w e e d s

Aquatic weeds in general can he classified into algae, lerns and nngiosperms, \ lgae  are again 
classified as macrnscopic algae and filamentous algae t ham  spp. is nil example o f  macroscopic 
algae and Spirogyra is an example of filamentous algae. Salvinnt malcsia is an example o f  fern. 
Artgiosperms can he again classified as emergent, floating and submerged.

3. M a j o r  a q u a t i c  w e e d s

Kumar and Babu (2015) enlisted sonic o f  the major aquatic weeds found in India. I uhlianiia  
m is  sipes Ipnmova aquatin t Hydrilla verticlllala Salvinia molrsta  are the major weeds o f  
Kerala.Out ol 100 aquativ weeds reported world over. I ichhonira crassipe.s. Salvinia moles la 
S\ mpluuta strllata, Kitlumhn nucifera , Hy dr ilia verfhillaia, Altcnninl/rera philoxcmidcs. I’allisnerui 
spiral is Typha an tat a ( liam  spp., \  hr I la  spp. are ot primary concern to India Among these I 
t:rassiprs S mnli sra, If wrtkiHara, I philoxerohks. / ’. stratiotes are five primary aquatic weeds of 
the world and qualify the status o f  worst weeds in India too.



Sta te W eed  species

Assam. Orissa. W est  Bengal
Charci spp.. Eichhornia crassipes. Hydrilla verticillata, 
Salvinia molest a

Andhra Pradesh. Kerala. Karnataka, 
Tamil Nadu

E. crassipes, Iponwea aquatic. II. verticillata, S. molesta

Punjab. Bihar.Haryana. 1. tiar Pradesh
Cyperns aquatica, E. crassipes, II. Verticillata, Ipomoea 
c ante a,

Gujarat. Madhya Pradesh, Rajasthan Chari-/spp., E. crassipes. 11. verticillata, Ipomoea cornea

j Jammu and Kashmir

I_________________________________________________________________________________

l.cmna minor. Salvinia nalans

( Kumar and Babu. 2 0 15)

Eichhorma irassipes. commonly known as water hyacinth is a free Moating fresh water plant 
o f  family pontederacia that has proven to he a significant economic and ecological burden to main 
subtropical and tropical regions of world. It has its origin in tropical South \m cr ica  . but has become
naturalised in manv warm areas ol the world So it is listed .is the world s worst weed and also one ol

*

the most productive plants on the earth. It was lirst introduced to India as an ornamental plant in 
I 8 %  Irom B r a / 11

Salvinia molcsta. commonly known .is giant water Icrn is a free lloaling aquatic weed ol 
Brazilian origin It reached India p e r h a p s  through introduction into botanical gardens It was lirst 
observed in 1 9 5 0 ’s in Veil lake. I i ivandrum and assumed pest status since l lHv4 Now it is a major 
problem in Africa and South I a 4 Asia al .o

Pistia stratiotes. commonly k n o w n  as waiter lettuce is a free Moating aquatic lem o f  South 
American origin. It was introduced to India in 1960. Now it is widely distributed in M'ricaand South 

East Asia.

Ilternanthera philaxcrnides commonly known as alligator weed is an emergent aquatic plant 
o f  South American origin, hut has spread to many parts o f  World. It was lirst reported in India in 
W e s t  Bengal and Bihar in 1964. It is a recent introduction to Kerala. The ability o f  alligator weed to 
persist in terrestrial, semi-aquatic and aquatic environments and ability for vegetative propagation 

contribute to it’s success as an invasive species.

Hydrilla verticillata. commonly known as hydrilla is a submerged perennial aquatic plant 
Nniong the live primary aquatic w e e ds  reported, hydrilla is the only aquatic weed ol Indian origin II 
is found throughout India. Srilunka. Malaysia. China and I s,



Water hvacintlu/ lchhonua (.rimz/vv)
Water fern (Scilvmia mole ski)

Water lettuce (1'i Jin siriiiioies) I Kdiilla (/1\ilnllti w rtiLil/iitii)

1

Vlligalor wrrd( llh’min/fhhi philnu »)

l



In a balanced ecosystem aquatic plant population is kept under check through interaction o f  
several physical, chemical and biological factors operating both within and outside the water body. 
But for some reason this balance is disturbed, rapid changes in the entire web o f  life is inevitable, 
including the rampant growth o f  aquatic plants. The three major reasons for the occurrence o f  aquatic 
weeds in water bodies in India and elsewhere are

a) Over enrichment o f  water bodies with plant nutrients reaching there through run-off  from 
agricultural lands, as well as through release o f  town sewage loads in them.

b) Heavy silting o f  water bodies from eroded soils o f  catchment areas usualls caused by felling o f  
trees and no- adoption o f  land capability classification norms.

c) Introduction o f  extraneous aquatic plant species from distant continents.

When aquatic plants change its status to aquatic weeds, it creates several critical problems which are 
discussed b e lo w .

4.1. I m p a i r  fish p r o d u c t i o n

Among edible animals, fish is the most efficient u s e m l  water in terms o f  conversion o f  plant 
proteins to animal proteins, \quatic  weeds are responsible lor the loss ol tonnes ol such protein- 
efficient animals in varied wavs. In India, also in man) other countries, the weed) lloating mats ol 
water hyacinth, water lettuce and salvmia are most damaging to lishcries. ( >l the S lakh hectare ol 
fresh water availahlc in India f i r  pisciculture, about lit",, is rendered unsuitable lor llsh production 
because o f  invasion of aquatic weeds.

In Assam in Bccl fisheries water hyacinth has been considered as a major problem. I Mi 
production was found drastically reduced in beds .  Heels are the l o w  land regions ol \ssam  which is 
predominantly meant for fish production

When aquatic weeds cover the water surface, it cause darkness underneath and adversely 
affects the limnology o f  water and prevents normal gaseous exchange between the water and 
atmosphere In darkness the phytoplanktons cannot grow normally nor the fish can locale their food.
I he water becomes cooler than usual and its dissolved oxygen content is disturbed under the cover o f  
weeds I he decomposit ion o f  worn-out roots and leaves o f  other noxious aquatic vegetation raise 

Biological < )xygen Demand (BC)D) of water body.



Open water

Water hyacinth infested

(Chukwuka el al. . 2012)

In a study conducted bv ( hukwuka and co-workers at South Western Nmeria. to detenmne
V  J

the Influence o f  persistent presence o f  water hyacinth on specific physicochemical properties of  
freshwater b<xly it was found that BOD values for water hyacinth infested areas were relatively 
higher running from 0 38 ppm to 2d ppm than those o f  open water w ith o 13 ppm to I <> ppm There 
was no observable difference between both samples in eaily period o f  observation till first 12 days 
flow ever there was a sharp and pronounced increase m the following days with peak between 12"' 
day and 84 h day fhese results indicate rapid depletion in dissolved oxygen concentration in the 
infested areas and steady build up ol organic mattci sediments probably caused by decaying and 
decomposing mats on <>l older water hyacinth plants

4.2. C o v er in g  and b lock ing  o f  w ater  courses

Fxcessive aquatic vegetation impedes the (low ol water in all f inds ol W ate r  wavs In India 
weeds have already cut the water llow m maiiv canals bv 2d-‘>s%  (Kumar and Babu. 2DIM 1 lie 
direct effect o f  this is inadequate water supplies at the distal ends Indnecllv the impediment o lwater  
flow initiates the seepage process which turns vasl aieas of otherwise pioduetivc land around weedv 
canals water logged and subsequently saline billing ol walci ways induces floods in r iv e ts  I lie too 
slow moving weedy water is subjected to accelerated evaporation in comparison to Ihe last moving 
one due to its longer exposure to atmosphere

4.J. H in d r a n c e  to navigation

In rivers and large lakes, aquatic weeds keep back the pleasure o f  nav igation and boating 
The ni"»'th sailing o f  tourist boats in Ashtamudr canal and Veli lake is hindered In the massive 
growth n f  water hyacinth and thus has adversely affected the tourism
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Aquatic weeds invade and obstruct the growth o f  thousands o f  hectare o f  low land paddy in 
West Bengal . Kerala and other coastal parts o f  India. Water hyacinth, salvinia and scum algae cause 
problems in nee  fields by attaching themselves to the young crop seedlings and by forming mats that 
blanket new emerging rice shoots. These weeds cause huge reduction in crop yields, increases the 
cost o f  cultivation, reduce input efficiency, interfere with agricultural operation, impair qualirv and 
act as alternate host for several insect pests, diseases and nematodes.

In a study conducted at Uttar Banga krishi Viswavidyalaya. West Bengal to determine the 
efFect o f  aquatic weed infestation on rice grain yield. Mukherjee cl ul (2008) found that in 
transplanted nee, weedy situation throughout the crop growth caused yield reduction to the tune o f  
57 to 61% in comparison to complete weed-free condition. In wet seeded rice, weed growth 
throughout the season caused vield reduction o f  Cd to oo % as compared to complete weed-free 
situation as shown in figure 2

Figure 2 I iTect o f  aquatic weed infestation on rice grain vield
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(Mukherjee cl t i l . 201*8)

4.5. A d v er se  effects  on h u m an  healf Ii

Aquatic weeds foster mosquito and snail-borne human and animal diseases Small sheltered 
pools formed between aquatic plants like wafer hyacinth, watci lettuce provide perfect breeding 
habitats lor mosquitoes that are vectors ol malaria, dengue fever, encephalitis lu drinking wafer 
bodies certain snails like f ’l lu spp inhabit aquatic weeds and act as alternate hosi o f  helminthic 
worms o f  human and domestic animals



The more invasive species such as water hyacinth and salvinia affect biodiversity by 
replacing native flora and fauna, often causing irreversible changes to habitats. The dense mat 
formations by aquatic weeds interrupt hydro power generation.

M a n a g e m e n t  o f  a q u a t i c  w e e d s

Considering the losses caused by aquatic weeds, their management is o f  utmost importance. 
Management o f  aquatic weeds can be grouped as

5.1. P r ev e n t iv e

The troubles that weeds create in crops, soil and water can be summed up in an adage 'one 
year o f  seeding is seven years o f  weeding’. To avoid such situation a wise step is to follow the 
principle ‘prevention is better than cure ' .  So appropriate measures are to be taken to prevent the 
introduction o f  new aquatic lants from different continents.

5.2. Ph v s i ca  11m c c h a n i ca I

Physical  confr- ' l  »•! aquat ic  w eeds  primarily consis ts  o f  r e m o v in g  the w e e d s  physically Irom 
the water  body.  I his can be do n e  manual ly by hand using hand tools.  Mechan ica l  m e thods  often 
reduce mass ive  nutr ient  load ol eul rophic  water  bodies.  Several  t echn iques  like dredging,  drying,  
netting, m o w in g .  chain ing ,  burning  can he em p lo y ed  lor physical  removal  ol aquat ic  weeds .

5.3. C u l tu r a l  m eth o d

Aquat ic  weed  . can  a lso he control led by man ipula t ing  ol wa ter  level,  light intensity,  nutrient  

availabil i ty and c om pe t i t i ve  d i sp lacem en t  t i iowth ol the aqu. i ik  p lan ts  in small  tanks  and ponds  can 

be checked  hy reduc ing  light reach ini', the water  level

5.3.1. Drying/  w a ter  level m anipulat ion

Ihi s  m e th o d  is s imple  and ef fect ive  way ol control l ing s u b m e rg e d  weeds .  Most  ol the aquatic 

weeds respond quick ly  to c h a n g es  in water  level, f ontrol  is ach ieved  by e i ther  dehydra t ion  o f  the 

vegetat ion or  bv e x p o s u r e  to low tempera ture .  I his method  is not ef fec t ive  for contro l l ing  emergent  

weed •

5.3.2. 1 ight

Growth ol submerged aquatic plants in small tank and ponds can be checked by reducing 
light penetration. Use ol fibre glass screen is popular in some countries Planting ol t r e e s  on the 
hanks o f  canals mav t reate shade to reduce light intensity hence checking the weed growth. However 
• are should he taken that trees or their appendages do not impede water llow I ighl intensity can also 
he i becked by adding dyes to the water. I his type of control is more effective in static water such as 
ponds or tank , where dye remain suspended tor a longer lime.



Planting ot Paragrass (Brcichiaria muiica) in drainage ditches in the Chambal Irrigation 
Project eliminated Typha angustata after 10 to 12 months and yielded green fodder (Mehta and 
Sharma. 1975). Besides direct competition, growth is also suppressed by some plants by shading 
effect.

5.4. C h e m ic a l  c o n tro l

Chemical control through use o f  registered aquatic herbicides and algicides is a technique 
that is widely employed by aquatic plant managers in both private and public water bodies 
throughout the world. No one chemical has been developed so far which would control all aquatic 
weeds. The use o f  chemicals  to control aquatic weeds has resulted in severe toxicity to both water 
quality and aquatic fauna and degradation in water qualitv.

Table 2. Mortality ol ( arihna mlotica I Decapod shrimp) exposed lo different concentration o f  
glyphosate

(Tlyphosatc  ex p o su re  ra te P ercen tage  mortal i ty
( mg/I.)

24 h 48 h 72 h

2»i 1.23 3.75 S.75

40 3.75 S.75

, —  —  - - - - - - - -  a w  ■ ■  n ■ ■  —  -  -

lo.25

80 S.75 21.25

» -  -  4

>8.75

160 12.N) 3().()H 53.75

11 Vepanainla <■/ <//.. 2011)

Several researches has being carried mil in ilus line and m a m  arc in progress. In such an 
experiment conducted at Matara bv Dccpnnandn and co-workcis on assessing the acute toxicity o f  a 
glyphosate herbicide on fresh water crustaceans. I lie bioassav with ( mlolim  was performed in 
gloss aquaria (23x23x35 cm) with a I I capacity, lest  chambers were tilled with 2 I o f  
dechlorinated tap water having the following physicochemical characteristics: temperature. 27.5 ± 
d 5 T ;  pH. 6.8 - 7.3 dissolved oxygen. XT 8 0 mg I . and conductivity, 167 220 mb. Ciroups o f  
experimental animals, each consisting o f  20 individuals, were selected at random and placed into 
aerated aquaria Ihe toxicity lest consisted ol a control and lour concentration groups with four 
replications per group, resulting in a total ol 80 individuals lor each concentration Ihe different 
concern rations o f  Rounduptt  (20. 40. HO and 160 mg I ) were added to the experimental aquaria 
Mcirtalitv was assessed at 24. 48, 72 and 96 h after the start ol the lest lest  solutions were renewed 
every dav. so the animals were transferred to new aquaria containing fresh medium cveiv 24 h 
Animals were not fed during the 48 h adaptation period and throughout the experiment ( onlrols 
were treated in the same wav hui without adding ot pesticide to the test water, It was found that the



percentage mortality in the shrimp exposed to glyphosate showed a progressive increase from the 
lowest to the highest concentration group. Mean mortality rates in the shrimp exposed to all 
concentrations at 72 and 96 hours were significantly higher than that o f  controls. The stud\ indicates

W  wt -

that even low concentration levels o f  RoundupE may have a deleterious effect on a very important 
structural group o f  aquatic ecosystems.

3.3. B io log ica l  c o n tro l

Biological control can be an economically sustainable, environmentally safe, long-term 
option to manage certain targeted aquatic weeds in multi-use waters. Invasive aquatic weeds that 
colonize vast areas o f  water  bodies in monotypic stands are ideal targets for biological control. 
However, biological control is not meant to eradicate a target weed, but merely suppress the weed 
populations substant ia l ly  allowing native species to return. When used in an integrated approach 
with other control techniques, biological agents can stress their host plants, making them more 
susceptible to other controlling forces. 1 wo forms of biological control are practiced: 1) introduction 
o f  non-native organisms that function in a self-maintaining, host-densilv dependent manner with 
their target weeds ithe classical or inoculative biocontrol strategy) and 2j augmentation or 
manipulation o f  indigenous organisms that, with human intervention, can be made to incite weed- 
suppression (the augmentative, inundativc. or bioherbicidc s tra tegy). Ihe most widely used 
biocontrol organisms with a proven record ol success arc lT-.li and insects, \m o n g  insects \cochclinci 
eichhornnic and < \  rtuhugus 'mlvmuc are successlul biocontrol agent'* ol water hyacinth and salvinia 

respect iv el)

Table 3. Notable examples ol aquatic weeds managed lulls or partially hv biological control

r
Vquatic weed Insect bio agents

Xctn lh lmd l it hiim nnw

Water hvacinth t / n hhnrnni < /v/\w/>e\)
,V hnn In

< h llmgdliimlin Icrclv nnii\

Stinh'in/cs dlhigulldh^

Salvinia (Salvinia molcsfa)
( i rtohagu\ uilvnmc

I'liulinia tn iiminnhi

(Kumar and Babu. 2015)

Studies conducted in Ihe Department o f  Plant Pathology. < ollcgc ol \g r i tu l lu re ,  Vellayani. 
indicated that lusrrrium fuilluhrrascum, a will-inducing pathogen isolated from water hyacinth could 
tx trii t the multiplication anti thus cause reduction in the population ol the weeds Ihe initial 
svmptom produced by the pathogen is brown spots with prominent yellow halo towards ihe lip and



margins o f  the leaves, which later enlarged to form large brown, irregular lesions spreading from the 
rip downwards covering a major area o f  the leaves and resulting in rhe blighting and drying up o f  the 
leaves Similar symptoms were observed on the petiole and swollen portion, resulting in the drying 
and sinking o f  the whole plant to the bottom o f  the lake F. pcilhdoroseum was formulated as a 
wettable powder (40°o) and was tested on water hyacinth plants under glasshouse condition, in tanks 
and in an infested lake (Akkulam) at Thiruvananthapuram. Wettable powder formulation (r?1 5 °o 
showed maximum disease intensity on water hyacinth (Naseema el al..2004)

Figure 3. Effect on-'usanunipallnlaroseum formulation on water hyacinth
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□ w P a l n °0 

cCNSL «;:°n
□ C N S I. n -'°n

□ ( NSI i l

t Naseema ei i/ / .  2004 )

Control o f  salvima by < \ri<ihaini\ i-, a classical example o f  biological control o f  aquatic
weeds

6. 1 t i l iz a t io n  o f  a q u a t i c  w e e d s

Attempts to control aquatic weeds with physical, cultmal . biological measure have generall\ 
failed on long term basis (Hindu and Kamasamy. 2012) I liese methods succeeded onl\ in keeping 
weed infestation on check at enormous costs So an alternative coniiol stinlegy lo overcome 
problematic aquatic weeds is to make optimum use out ol n I lie aquatic weeds are luglilv 
productive than conventional terrestrial crops and possess great potential and economic value W lien 
grown on waste they dnnot compete with conventional c t o p s  loi I’crtili/ci. water land I heir natural 
profuse growth in humid tropical and subtropical areas ol llic woihl make them a promising souicc 
o f  multipurpose raw material As a matter of fact these plants have been proved lo be good sources 
o f  livestock feed, human food, fish feed, organic bio fertilizer. energy, fibre and paper I urthei more 
aquatic weeds have the capacity to purify wnstewnlcr through the uptake o f  dissolved heavy metals

6 .L  O rg a n ic  m a n u r e

Aquatic weeds can lie used as a green manure, compost and vemiioompost I oi the vield ol 
good and healthy crops Micronutricnt deficiencies have also been widely reported m some soils f or 
high crop yields addition of nutrients particularly N, P. k  must l»c sufficient Aquatic weeds have



been reported to be a good source o f  available plant nutrients. Many aquatic weeds contain 
appreciable amount o f  Nr P. KTTable 4)

Table 4. Nutrient composition o f  aquatic w eeds

Plant
N utr ien t  content  (% )  on dry  weight  basis

N P K

Water hyacinth
40 2.15 0.56 3.32

Duck weed 3.75 0.23 0.18

Water lettuce 2 21 0.80 to OJ O

Salvinia 2 05 0.67 3 30

Gliricidia 1 7<, 
-  1

0.28 4.60

Pongamia 3 3 1 0 44
' — — — - —-— __-- - _ - _-_-

2 30 :

(Majid. 2010)

Ihe simplest and least cost cornet ami winch can bc accomplished is merely lo compost the 
aquatic weed-. W hilc comparing the N.P k  content ol comport prepaied out o f  watci Inactntli is fom 
times richer than 1 VM I figure 11

Figure 1

I I S
I  06u
6 o-t a.

0 2

(I AO. 2012)

Various studies have heen conducted to hasten the composting process and nutrient \a lue  ol 
compost prepared out o f  aquatic wectk Research at RARS. Kiimnrakom showed that watei hyacinth 
produce a good  compost when composted alone rather than with addition o f  mlditives while the

Compnrison o f  N P.k content in water hyacinth compost, town compost and I ) \1

W ater hyacinth compost FYM Town compost

■  Nitmgen ■  Pho<jnhono ■  PotaMiuin



nutritive value o f  salvinia compos t  was  found to increase by the use o f  additives. The addition o f  
urea enhanced  the nutri t ional  value o f  compos t  (Geetha.2009).

Figure 5 Effect ot additives on composting o f  aquatic w eeds
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6.2 I . ive s tock  feed

Aquatic weeds arc good sources ol protein Ihcsc mas be as such incorporated into the diet 
o f  herbivorous livestock's W ater butfalocs consume aquatic plants, such as. water hsacmth 1 his 
weed is also consumed bv cattle, hut tor good consumption n has to be mixed with right proportion 
o f  other feeds

Figure ft Crude protein content - aquatic weeds vs fodder grass
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Dm L. geese and swans are commonly known to be herbivorous, although dies also consume 
insects snails etc Water weeds may seive as a feed IVu those herbivorous water-birds which provide 
man with meat and eggs In developing countries they me promising for the use in small hums



Processed animal  Teed such  as s i lage can also be prepared out  o f  aqua t ic  weeds .  Aquat ic  w eeds  in 
combina t ion with conven t iona l  forage c rops  \ ield bet ter  qual i ty silage.

Table 4. Proximate  ana lys i s  o f  s i l age  from water  hyacinth and para grass

Source M o is tu r e ( % )
C r u d e

p ro te in (% )
C a r b o h y d ra te !  % )

C r u d e  
fa t (% )

A s h (% )

Para grass 77.94 1.57 9.16 I 22 3.31

W ater hyacinth 90.65 0.85 3.93 0.39 2.01

Para grass +■ 
water  hyacinth 

(1:1)
80.33

I

1.42 7.48 1.56 2.02

(FAC).  2 0 1 2 )

Aquatic weeds can be led as such or a processed Iced to livestock. Various studies being 
carried out. in thi-. line has reported to increase the live weight ol animals led with aquatic weeds. In 
such an experiment conducted at Mohanpur.  I ortv four male cross-bred (Jersey xllarvana) calves (6- 
9 m; 72-120 kg) were used to study the palatability ol water hyacinth in fresh, wilted and iN silage 
with paddy straw P t  a period ol 6 weeks. Ihe quantities ol leed ollered were i/ 2.5°o body weight 
for roughage and I Ird requirements ol drv matter through concentrate. Ihe amount ol leed ollered 
was adjusted cverv lorlnighlly as per live weights ol the animal recorded. Ihe experimental animals 
were provided with Ire.h and clean drinking water daily . Water hyacinth collected Irom pond was 
removed oil root s and rh i /om cs ,  chopped to a -.i/e ol 2.5 to I cm and w 11 ted lor IN h. W ilted v\ alcr 
hyacinth was ensiled dong with paddy straw (4:1 on weight basis), urea ((>.^no) and molasses (5°o) 
on dry matter basis It vva. found that Water hy.icinlh silage with paddv straw was more palatable 
lhan its Iresh or wilted forms. Addition ol molasses while ensiling increased palatabilitv However, 
fresh and wilted forms were equally good in promoting giowth at all levels studied
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6.2.1. Fish feed

(Poddar .  I WO)

Fish nutr i t ionis ts  have  tried since years  to replace the expens ive  llsli meal  co m p o n en t  o f f i s h  
feeds with less expens ive  plant  protein Iced stnl ls.  I or m a x i m u m  growth  ol lish. o p t im u m  protein 
content  in the feed is necessary .  General ly .  protein is r ecogn i / ed  as a frequent  l imit ing factor for 

growth o f  cul tured lish Studies  per ta ining t<> nutri t ion in f reshwater  aquacul ture  had resulted in the 
deve lopment  of  new teed lormti Lit ions L>r carps.  Duck  weed and water  spinach with a high crude 

protein content  can he ut i l ised as lish feed,

Mohapa t ra  and P a  Ira 1 2 0 1 b  conducted  an exper iment  at ( uttack.  to assess  the acceptable  

nutri t ional value of I c m n a  a .  an ingredient  in diets lor ( \/>rimi\ m r/un  (I .> unde r  aqua r ium cul ture 
system lor I 20 d ays  I o r  that purpose  Iry ol approximately  equal  weight  were  dis t r ibuted in groups  

o f  15 to each four aquar ia  al 0%.  I 4*"'.. b>% ami I5"n inclusion levels ol I emna .  I he I n  were  led at 

5% body weight  twice  dai ly m o r n i n g  and evening.  It was  found that the three inclusion levels o f  
duckweed  suppor ted  the g row th  o f t  \/>rinu\ t m/un  but g rowth pe r lo rm ance .  weight  gain growth rate 

was favoured b\  low inclus ion o f  d u c k w e e d  meal  Ih e  study clearly show ed  that I n  foil diet 15% 
d u ckw eed  dietary inc lus ion  per form best result and f ishmeal  was  non rep laceable  but can be 

supplemented  with d u c k w e e d  up to an o p t im u m  level to produce  cost  e f fec t ive  Iced
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6.2,2. Poultrv feed

Now a days, p .*n11r indus try  as one ol the most profitable business ol agriculture in India 
that provides nutritious meats and eggs for human consumption within the shortest possible time. 
Recently, broiler industry has become a rapidl> developing enterprise among the other sector ol 
poultry production I arge numbers ol (arms are being established in dillerenl parts ol the eountrv. 
which create emplovmcnt opportunities to the peoples. Hut they are hieing some problems. Ihe two 
major problem i are higher price and mui-availahilitv ol leed ingredients to the growth ol commercial 
poultry enter price So m order to reduce the cost incurred iu leed . unconveulional leed can be 
utilised. Aquatic weed . with high crude protein content serve as a best alternative.

Figure {) A verage  body weight  ol  the broi lers at different  diet.u v inclusion ol a /o l l a
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(Basak e t u i . .  2002)

Ba.ak e tu i  (2002) conducted an experiment at Bangladesh Agricultural I miverslfv (BAB) 
with seven davs old vencohb commercial  broiler chicks and continued up to fortv two d a v s  ol age to 
del ermine the It a-ibiluv ol a /o l la  ( \~ollu pinnutu) as a feed ingredient in broih r ration Ihe  broilers



are randomly allotted to four dietary treatments: T1 (control diet without azolla meal). T2 (diet with 
5% azolla meal). T3 (diet with 10% azolla meal) and T4 (diet with 15% azolla meal) diets replacing 
sesame meal bv azolla meal. The weekly body weight o f  broilers at different dietry treatments were 
recorded. It was found that the diet containing o f  5% level o f  azolla meal was best in respect o f  body 
weight. The use o f  higher percentage o f  azolla meal had a deleterious effect, resulted in poor growth, 
this might be due to high level o f  non dietry fibre in azolla meal.

6.3. P a p e r  an d  f iber

Increasing concerns for future fiber supplies in pulp and paper industries has shifted interest 
in non wood sources from agriculture residues and aquatic plants. Aquatic plants with short growth 
cycles, in abundance, and with low lignin are a potential liber source, f ib e r  characteristics, short and 
thin libers. Slenderness ratio >60. I lex i hi I it \ coefficient within 50-75 .  and runkel ratio <1. are 
suitable for papermaking. Handmade paper industry is an environmental friendly and very promising 
industry For local entrepreneurship. Papers made from aquatic plants have multiple uses. They can be 
used for writing, food wrapping, tissue paper, and book mark and can be commercialized as value 
added materials for handmade sral ts .

fable 5. Comparison of fibre dimensions and lignin content

Source
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Stem
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(Midin cl i l l . 2015)

6.4. S o u r c e  o f  e n e r g y

A  major source o f  energy lor our dynamtic society is the burning ol fossil fuels such as coal, 
petroleum and natural gas lhese  sources o f  energy have been found to have limited amount* 
available, and therefore are • ml to he depleting resources Scientists are continuously looking to find 
alternatives to lossil. fuels One such alternative is using vegetable oils to make fuel I here are 
number o f  vegetable oils are available, like Jatropha t tinas Pongtmicu glabra Salvalara alcaide  
Mtnlhiii .> miIwti . I :adirai hi Indica Piftcr castor, coconut, sunflower, ground nut, palm trees



etc. But all these have their own medicinal values and other important uses rather than the production 
o f  biodiesel. So. while selecting the best one. it should be considered that such a raw material is to be 
selected which is abundantly available in all times at any place and which is not useful for other 
purpose rather than the production o f  bio-diesel. As the search for alternatives to fossil fuel 
intensifies in this age o f  modernization and industrialization, fuelled by increasing energy costs, 
water hyacinth holds a strong promise in the 21 ’ century bio fuel industry.

Bioethanol has been produced from waste biomass produced by agricultural and forest 
industries such as com cobs, sugar cane bagasse, wheat straw, and wood chip. Instead o f  terrestrial 
plants, aquatic plants are the next promising renewable energy resource. Aquatic plants have many 
advantages such as growing on and in bodies o f  water without competing against most grains and 
vegetables for arable land.

Mishima and co-workers in 2008 evaluated water hyacinth and water lettuce for biocihanol 
production. The sugar contents, aside from arabinose. in water lettuce resembled those in water 
hyacinth leaves. Water lettuce had slightly higher contents o f  starch and lower contents o f  cellulose 
and hemicelluloses. Ihe ethanol yields per unit biomass from the two aquatic plants were 
comparable to th<>-.c from the other agricultural wastes. Ii can be concluded that aquatic plants are a 
promising hiomas-. for ethanol production when the fermentation process is lullv optimized.

Table 6. F thanol production potential >>l aquatic weeds

Biomass I!thanol yield / unit b iomass (g g - b iomass)

i Water hyacinth leaves 0.17

Water lettuce leaves ii

Sugarcane bagasse It 18

( Mishima cl a l . 2007)

Aquatic weeds can also be converted to biogas by methane producing anaerobic bacteria. I he 
high moisture content o f  aquatic weeds is an advantage in this process. Production ol hiogus removes 
carbon from the Ferment, but other elements are hardly lost I lie remaining liquid sludge is an 
organic fertilizer, soil condit ioner equivalent to compos t .

Nlengwe and co-workers in 2010 studied the production of biogas from cow dung, pig and 
chicken manures and from water hyacinth-cow dung mixture in cone -dosed  gas collector I 5 mm 
thick and 0.7 m wide placed in a brick-walled batch-anaerobic digester 1.5 m deep and 0 8 m wide. 
Samples containing substrate (S) were mixed with water in the ratios ol I T. I 1 and 1.5 and loll to 
react with bacteria-dependent enzyme tl ) in the digester lor hydraulic retention limes (HR 1) ol 10 to 

10 days.



P a ra m e te r Cow d u n g Pig m a n u r e W a te r  hyacin th  +
•

cow d u n g  (1:4)

Methane (%) 5 0 - 5 8 4 0 - 6 0 40 - 50

Hydrogen sulphide (%) 0.06 - 0.12 trace

Carhondioxide (%) 42 - 50 59 - 94 40 - 45

pH 6 - 8 6 - 9 6 - 8

Calorific value (VIJ m ) 18 -21 1 7 - 24 16-  18

(Ntengwe. 2 0 1 O')

The composition o f  biogas was found to be mainly methane and carbon dioxide. 1 here was a 
little or trace o f  hydrogen sulphide. Ihe percentage o f  C. I l l  in biogas from cow dung w a s  50-58 % 
while the rest wa-, ( f >2 Ihe composition o f  C III in biogas from chicken manure, pig manure and 
water hyacinth wa> 70-85 %. -40-60 % and 45-55 % respectively at pi I range id’6-8 and 27°C.

6.5. P h v to r c m e d ia t io n
m

Disposal ol polluted water olten create health problems in densely populated countries. It has 
been reported that s o m e  aquatic weeds can scavenge inorganic and some organic compounds from 
waste water, fhesc weeds are capable o| absorbing and incorporating the dissolved materials into 
their own structure. Ihe clean water produced m most situations are suitable for re-use in irrigation 

and industry.

Ihe contamination by heuvv metals is serious concern lor surface watei and ultimately lor 
animal and human health H e a v y  metals, unlike organic pollutants can not be destroyed or changed 
to forms that are harmless Ircutments l"i remediation ol polluted waters, should therefore aim al 
extracting these substances from water anil concentrating them belore final disposal \m o n g  
macrophytes. weeds are more suited to remove heavy metals from water due lo its fast growth 
resulting high biomass. Therefore, phytorcmediation ol heavy metals using locally available 
potential weeds gel more attention as remedial measures in present context. Among the aquatic 
plants. F.fcftkornui tra-wipe*. (water hyacinth) is a common aquatic weed in many tropical countries 
which has the ability to lake up and accumulate elements from water and has been successfully used 
as indicator ol heav y metal pollution Altcnuwtlwra philoxvrohh's (alligator weed) is also a serious 
weed grown both in aquatic and terrestrial environment which were also found to be the potential 
scavengers o f  heavy metals from aquatic environment Roots usuallv show higher heavy mclnl 
content than shoots as they come into contact with the toxic metals ( Iable 8)



A quat ic  weed Plan t  p a r t

H eavy  m eta l  (mg/kg)

Ni Cd Cu Fc Mn

Alligator weed

Shoot 441 16 2.448 3.586 1.666

Root 140 12 2.839 569 1.196

Tota l 590 28 5,287 4,155 2,862

Water hyacinth

Shoot 57 ") 552 2.645 1.014

Root 253 22 I 2.868 6.576 j 6.624

Tota l 310 24 3,420 9.221 1 7,638

I . . _ .

( khankhane  cl al.. 2014)

khankhane  ct al (2014) studied the heavy metal extracting potential id 'c o m m o n  aquatic 
weeds in Madhya Pradesh. Oil Cerent aquatic weed species and water samples were collected Irom 
various pond sites such as Kanital. ( itillowa. Mansingh. Mahanadda. and \dharta l  in Jabalpur, during 
winter 2008 and 2000 [ ive composite water samples were collected randomly Irom the ponds on 
which Ihe test p lan t , were growing. I he live water samples were mixed, tillered through 0.45 micron 
membrane filler tor analysis l o r  each plant species, live plants were collected randomlv at the 
maturity stage. Ihe plant samples were thoroughly washed and dried at To 01 lor 48 hours, ground 
and mixed for metal analysis Weed samples ( I g) were digested in concentrated nitric and perchloric 
acid (5:1) till a clear solution was obtained. Ihe solution was lilteied. icconstitiiled to the desired 
volume and analysed bv atomic absorption .pcilrophotomctei It was reported that water hyacinth 
accumulated higher concentration ol. ( d. . I e and Mn. whcicas alligator weed accumulated greater 

concentration o f f  u and Ni

6.6, S o u r c e  o f  h u m a n  food

Wild rice. taro, swamp taro . arrow head, cattail etc are. carbohydrate rich aquatic plants 
consumed by man. Water spinach and chincse water chestnut are valued as vegetable in some 
tropical countries Some aquatic weeds are even cultivated and used as human food. Hut a good 
number o f  aquatic weeds are not cultivated al all, but their products are harvested and consumed as 
human food in many parts o f  the world. Some examples are furnished in fable 10.



A quat ic  weed Edib le  p a r t

Taro (Colocasia esculent a ) Tubers . leaves

Swamp taro (Cyrtosperma chamissonis) Corm

Chinese water chestnut (Eleocharis dulcis) Corrn

Water spinach ilpomoea acjualica) Young leav es and stem

Lotus (Selumbu nucifcra) Petiole, peduncle, rhizome, seed

W ater lilly (Xymphacu nouchali) Petiole, peduncle, rhizome, seed

-------1
Water cabbage ( / \mmuliar is /lava) Young leaves, stem, inflorescence

Azolla / \mlla pinnaiai W In ilc plant

(Mandal and Jayasankar. 201 1)

The nutritive value • >f edible aquatic weeds are comparable t«* that ol com  eniional terrestrial lood 

crops (Table. I I >

Table 10 ( omparison ol nutritive value ol tubers ol taro and cassava

S o u rce
t —— — — — — — ■ -1— — >

Prote in  (% )
»■ ■ — - ii M ̂  ' — - —- ——— “ 1 “ ™ ^

( arholiv d ra te  (° n) Energy (Real)

I am  (( Dini <7 0 // esc nli nhn \ 21
07

Swamp tarn (( i rtnspcnrw 
chnniissanis) II S IX 5X

t 'assava 1 \faniliot esi nlenla) 1.3ft 38
160

(Mandal and Javnsankar, 201 I )

Some o f  the aquatic weeds are also a rich source o f  carotene, which is n precursor o f  
vitamin V. A/ol la  contain highest amount ol carotene compared lo any other commonly used leafy 

vegetable t I able 12)



Source C a ro te n e  con ten t  (jig/lOOg)

Azolla 63200

Taro leaves 10278

Ipomoea leaves 1980

Amaranth 1A190

C u m  leaves 7560

(Mandat and Javasankar. 20! 1 )

6.7. T h e r a p e u t i c  v a lu c

Many o f  the aquatic weeds were used as source o| medicine in traditional knowledge system 
Fistia stratiotes was used in I gypl (or healing skin diseases and wounds. In India it is used alter 
boiling the leaf juice in coconut oil. \  preparation from the leaves in sugar and rosevvatcr is taken for 
coughs and asthma Ihe  roots provide a laxative and diuretic. I he decoction prepared out ot llowers 
o \ Nelumho nucitcrii is used against Diarrhoea, cholera, lever, piles, dysentery and dyspepsia. I eal 
extract o f  Pmtu stmlmtcs is used lor I c /cma.leprosy, ulcer, piles and syphilis.

6.8 . O t h e r  u ses

Aquatic w e e d s  have many other uses apart Irom the uses discussed above I hey are being 
ised as a substrate lor bio plastic p ro d u c t io n ,  l o r  phy I »* degradation ol textile d y e s ,  maniilacture ol 
ssence s l i c k s  and handicrafts, a . bedding media lm uiii . lu o o m . as beds lot floating garden . lot

hatching eh .

C o n c l u s i o n

bradicathm o f  aquatic weeds has been proved to be impossible inspile ol the sincere efforts 
o f  the scientists and technologists,  therefore, there is a need to divert research activities towards 
their utilisation and ii is essential to design national-level policy lor then proper utilisation 
Abundantly available aquatic weeds should he used as organic fertilizer, livestock feed, human Ibod, 
source ol biogas. fibre and pulp, fhese should also be employed for purifying waste water. 
Measure*, should also be taken to prevent lurther introduction and spread o f  invasive aquatic weeds
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1. What do you mean by Beel fisheries?

Beel Fisheries is the low land areas o f  Assam, which is solely used for fish production.

2. Can you explain the use ol dyes in controlling aquatic weeds?

Blue coloured dyes are used in small ponds as a control measure for aquatic weeds. The 
addition ot dye reduces the light intensity and there by controls the weed multiplication.

3. Para grass is also a weed, how it can he used to displace Typha?

In competit ive displacement,  a more competitive plant is used to displace the aquatic weeds. 
In C h a m b a l irrigation project para grabs was used to control typha. Al that time para grass 
was utilised a> a fodder cr«'p

4. Which is the classical example ol aquatic weed control in Kerala, e s p e c ia l ly  in kuttanad?

Ihe classical example ol aquatic weed control in Kerala and which is widely adopted in 
Kuttanad i-» the biological control ot snlviniu by ( \ rtohagus salviniu < h e r  2lU)(l() hectares ol 
paddy field infested with salvinia was recovered by release ol the biocontrol agent.

5. W hat do you mean by bioplastics?

B io p la s t ic s  ire biodegradable plastic derived Irom b io lo g ic a l  su b s tan ces  rather than 

petroleum

f), I low  b io p la s t ic  is o b ta in e d  from  w a t e r  h yac i
» •

To make poly hydroxyl butvrcnc. researchers dried ami crushed water hyacinth into a line 
powder and subjected it t<> acid and cn /ym e  treatment in the presence o I W ate r .  Ihe end 
product was used t»> grow ( u/triiniihi\ nccalar. a bacterium known to produce PUB. in the 
presence ol organic anti inorganic nitrogen so u rces . \ s  the bacteria grew. P U B  was found to 
accumulate inside them. Researchers ruptured the bacterial cells using an alkaline solution 
and extracted the PUB Maximum PUB. 4.1 grams per litre, was obtained from the bacteria 
cultured using the products of  enzymatic breakdown ol watci hyacinth powder.

7. What is the economic advantage o f  utilisation o f  aquatic weeds over the conventional control 

measures?

I Itilisution «4 aquatic weeds as livestock feed, organic manure, energy source etc reduces the 

< "st incurred.
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A q u a t ic  W eeds  — Prob lem s an d  Potential

A bs t rac t

Aquatic weeds, the vigorously growing plants completing their life cycle in water, are a 
serious menace to the environment and agriculture. In India, out ol about lo<) aquatic weeds, 
Eichhornia cruxxipw < W ater hyacinth) Ipnnun a ai/iiain t \\  ater spinach) Typlni iinym/ahi (C attail). 
Symphucti stellata (Water  lillv). Salvmiti molcsui (Water lern). Xclumho nuci/cra (Water lotus). 
Alternanihcra philnxemitles ( Mligator Weed). Ihdn lla  vcrlicillnui (llydrilla). \\ilh \ncnn spiralis 
(Eel grass). ( hara spp and \iic lla  spp are ol primary concern (Kumar and Mabu. 2015). Kerala, 
bestowed with inland water resources and wetlands is lacing serious problems due lo alien invasive 
aquatic weed', like water hvacinlh, salvinia. alligator weed e/i and management ol these weeds are 
a major concern in many p a r t . o| the slate

Infestation of aquatic weeds allects drainage, navigation, aesthetics. Ilsh production, 
irrigation, biodiversitv and recreational and I.mil values ( Pimentel < / 2 0 1<>>. \ l tem pts  to eradicate
or control aquatic weeds with physical. cultural, biological and chemical measures have generally 
failed throughout the world on a long te rm  basis ( Hindu and Kamasamy. 201 2)

Ihe aquatic plants arc gcnerallv more productive than terrestrial crops and most o f  these 
species can he exploited for varied uses which can he a better alternative lot managing the problems 
caused bv them A num ber  ol aquatic weeds such as alligator weed, water spinach , swamp taro,

w

water chestnut water lettuce <7i are used as human food. Ihe high protein content o f  aquatic weeds 
makes ii a valuable livestock and poultry feed. Aquatic weeds  also have been reported to be a good 
source o f  organic manure,  as many aquatic weeds contain appreciable amount o f  nitrogen, 
phosphorus and potassium (Majid, 2010). Publish (Scir/ws gnma/v)  and (. altail ( Ivpha 
nrmivifolia) are unable aquatic plant species  for papcrmaking based on then fibre characteristics, 
chemical composition and physical properties (Ridin et a l.  2015). Water hyacinth is a good 
feedstock and can he utilized as an energy source Ihe aquatic weeds arc well known lot 
accumulating and concentrating heavy metals, and this properly is being utilized in 
phytoremediation. Some weeds  have medicinal properties and have therapeutic value



Aquatic weeds are generally regarded as a menace, because we are not aware o f  the potential 
uses o f  these highly productive plants. So there is a need to divert research activ ities and it is 
essential to design national level programmes for their proper utilization. Strict laws may also be 
enforced to prevent lurther introduction and spread o f  inv asive aquatic plants.
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1. In t ro d u c t io n

Agar was discovered in 1658 in Japan by Mino Tarozaemon. an innkeeper who was said to have 

discarded some surplus seaweed soup and noticed that it gelled later after a winter  night's 

freezing.

Agar was hrst used in microbiology in 1882 by the German microbiologist Walther I lesse. an 

assistant working in Robert  Koch's  laboratory, on the suggestion o f  his wife Angelina Fannie 

Eilshemius Hesse. He d iscovered  that it was more useful as a solidifying agent than gelatin, due 

to its better solidifying tempera ture .

Agar was first subjected to chemical  analysis in I X5d by the I rench chemist \n se lm e  Paycn. who 

had obtained aear  from the marine algal seaweed species ( iclulmni conicuni. So far our 

knowledge about m arine  a leae  is restricted to its potential in agar production only. However, 

there are immense u>es ol marine  algae in various other fields like agriculture, pharmaceuticals, 

cosmetics and food inJustry.

2. M a r in e  a lgae

Marine algae can be hroadlv classified as marine micmalgac and marine macio.tlgae. Marine 

microalgae(phytoplanktons) are lurther subdivided inti' d iatomsil laci l l io iophyla) .  gicen 

algac(Chlorophyta). golden brown algae!( lirysophyla).blue gieen algactt  yanophyta).

eustigmatophy test I wstigmotophyta).  prymncsiophyles( Prymnesiophy to). Mamie mac io.tlgae 

(seaweeds) are further subdiv ided  into green algae green seaweeds (( hloiophyta).  brown 

algae/brown s e a w e e d s  i Phaenphyta) .  red algae red seaweeds ( Klunlophy ta)

3. Seaweeds

Seaweeds refer to nnv large marine hcmlnc algae that are multieellnlar. mncro-lhnllic. an,I thus 

differentiated from most a lgae  that are o f  microscopic s i /c  (Smith. O  i l).

4. Classification o f  s e a w e e d s

Seaweeds are cItnslfted into three based on the pigments present in their cell wall



Chlorophvta Phaeophyta Rhodophyta

Chlorophyll a, b
Chlorophy ll a, c, 

fucoxanthin
Chlorophyll  a, d, 

phycoervthrin

Closer to shores Cold waters I ) ,eeper waters

4.1 Green seaw eeds

Some o f  the green seaw eeds  arc show n here

Plate I. IJlva lot tin a Plate 2. < <ulium /rinjiU

], Sfumynmarphii m



Plate 5. -hcnphvllum tvnlnsum Plate / limant/nilia cloHgiifti



Plate r>. Porphxr,/ nmhiliculis Plate 10. Palnhiriii palmata

I

Plattj | | ( ,r,u ihirin wrriii nsti

»/

Plate 12 ( hom/nri crinput



This is a very diverse g roup  o f  organisms.  Although they lack true leaves, stems and roots, thev 

have got some structures s imilar  to terrestrial plants. The entire body o f  seaweed is known as 

thallus. no matter  the growth  torm. Each part o f  the thallus can photosynthesize.

B l . i d U w.

R|r)<JrJnr

Figure I. Structure of seaweed



5.1 B lades

glades are the leaf  like structures found in seaweeds. Their  function is to absorb sunlight and 

conduct photosynthetic activity. They are not true leaves since they lack veins. Certain seaweeds 

have only single blade. Som e others have many blades.

Plate I v Sinele  blade Plate 14. Multiple blades

5.2 Floats

Float? are the air  filled sac? present in seaweeds. Floats are also known as bladders or 

pneumatocystg. It help? the blade? to Moat on water. Maximum photosynthesis lakes place in the 

floats. Certain seaweed? have only ample Moat Some other? have many limits. Sometimes lloals

may be absent in some species



5 J  Stipe

Stipes is the stem like or s toke like structures in seaweeds. Their  function is to provide support for 

the seaweeds structure o t  stipe varies from seaweed to seaweed. They can be solid, rigid, flexible, 

hollow. long or short.

Plate I 7. Long and rigid stipes Plate 18. Short and flexible

5.4 Holdfast

Holdfasts are the root like structures. I hey help the seaweeds to attach to bottom scalloor oi tv' 

rocks or to any other substra tum I hey serve more as an anchor. 1 hey does not aid in nutrients 

absorption Ihe linger like protections seen in holdlast is known as haptcia Since all parts ol 

seaweeds are either partially or completely in contact with sea water, they are able to take 

nutrients, fluids or water  directly. As such they do not need any internal conducting system

* ,,H' 19 I loldlast a ttached to



Sizes ot seaweeds vary from tiny Irish moss to large kelps. Seaweeds can be seen attached to 

rocks in the intertidal zone or  floating on ocean surface or washed up on the beach or can be seen 

as giant under water forest.

Plate 2 1 Irish moss

7. C hem ica l  c o n s t i tu e n t s  in seaw eeds

7.1 P o ly sa c c h a r id e s

I ab le  I. P o ly sacch a r id es  p resen t  in seaw eeds

f  h lo ro p h y c e a e R h o d o p h y ccn c P h a c o p h y cc a c

Amy lose, amylopectin Agars . agonmls Alginates

f ellulose
1

Carragccnans
__ _______—

( 'ellulosc
-----------—------ ---------------------------------

Complex hem ice l lu los t
—

Cellulose ( omplex sulfated hcleroglucans
11

Glucomannans Com plex  mucilages 1 ucose containing glycans )
■ - - ■ 1

Mannans 1 urcellarnn 1 ucoidnns

inulin. pectin ( rlycogen ( Hucuronoxvlofucansm

I aminarin xylans M annans  ,xylans 1 nminarans
‘ ■ ------  ■ ■ 1

(Khan «•/ <// 20(W)



Polysaccharides,  l a m in a r a n  and  tucoidan  exhib i t  a w ide range  o f  b iological  actixit ies.  Direct  

effects o f  fucoidan on  p lan ts  h a v e  not  yet  been repor ted,  but  sulfated fucoidans  f rom b row n  algae 

h a v e  evinced b io logica l  ac t iv i t i es  in m a m m a l i a n  sys t em s  .Lamina r in  has  been sh o w n  to s t imulate  

natural defense  r e s p o n s e s  in p lan ts  and  is involved in the induct ion  o f  genes  encod ing  var ious  

pa thogenes is -re la ted ( P R )  protein's wi th  an t imicrobia l  propert ies .  A lg in a te s  pla \  an impor tant  role 

in soil mois ture  re ten t ion .  A g a r s  and  c a r r a g e e n an s  are having  m a i n  industr ial  appl icat ions .

7.2 Growth horm on es

The concentration o f  mineral  nutrient elements present in commercial  seaweed concentrates 

(SWCs) alone cannot  account  for the growth responses elicited In seaweed extracts. Beneficial 

effects observed in various plant growth binassavs have led to speculation that S \ \ t  s contain 

plant tjrovvth-regul ltorv substances.  I urthermore. the wide range o f  growth responses induced b\ 

seaweed extracts implies the presence ol more than one group ol plant growth-promoling 

substances;hormones ( y tokin ins  have been detected in Iresh seaweeds and seaweed extracts 

(Stirk el <//. 200 "D M arine  algae are also reportedlv rich in auxins and auxin-like compounds 

(Crouch el ill 1001) Ih e  water-soluble  l t o w i I i  inhibitors extracted Irom I iinniuirui i/i^iluui and 

I ntnJos'iin / re su l ted  m m arked  inhibition ol lettuce h> pocolv I growth ( I luss.iin and Boncv. I ° 7 3 ». 

One of  these substances  seem ed to he similar to ABA as icvcalcd bv h io u ss . iv .  thin lavci. and gas

liquid c h rom atou raphv  an il’ a

7.3 Retainer

I Kophyllm , noclown,ex trac ts  contain hclames and holainc- l ike  co m p o u n d s !  Hlundcn

at.. 1986) In plan ts .  heta ines  servo  as a c o m p a t ib l e  solute that a l i e n iales osmotic stress induced 

by salinity and d r o u g h t  stress: h o w e v e r ,  o the r  roles  have  al so been  m.ggcsled. sue It as e n h a n c in g  

leaf chlorophyl l  c o n te n l  o f  p lan ts  Following their t renlmcnl  wi th seaweed cMructs. I Ins a ,c ,ease 

in chlorophyll  con te n l  m a y  he  d u e  to a d e c re a se  in ch lo rophy l l  deg rada t io n .  \  icld e n h a n c e m e n t

effects due  h, impr t .ved  c h lo r o p h y l l  con ten t  in leaves  o f  va r ious  c ro p  plants  have  been  at t r ibuted

„v ,1 , , , i I, I, K been  indicated that hctoine  may work  us a ni t rogento the hetaines present in the  s e a w e e d .  It n.is n u n
in,I serve as un osmolvte al hieher concentrations source when provided in low concentration anu s i rv t

o



7.4 Sterols

\ s  with many o ther  eukaryotic  cells, sterols are an essential group o f  lipids. Generally, a plant 

cell contains a mixture  o t  sterols, such as sitosterol, stigmasterol. 24-methy lenecholesterol. and 

cholesterol. Brown s e a w e e J  chiefly contains fucosterol and fucosterol derivatives, whereas red 

seaweeds primarily contain  cholesterol and cholesterol derivatives. Green seaweed accumulates 

mainly ergosterol and 24-methy lenecholesterol (Khan ct al.. 2009).

8. Uses o f  s e a w e e d s

8.1 In d u s t r i a l  uses

P o ly s a c c h a r id e s  present in cell walls ot seaweeds are known as phy cocolloids. I hese 

phycocolloids are ha \  ing many industrial applications. Some ol the industries i iw o h e J  in the 

phycocolloid extraction and Us applications are g i \en  in I able 2.

r u b l e  2. I n d u s t r i a l  a p p l i c a t i o n s  o f  s e a w e e d s

Seaweeds I’hy co -

co llo ides

1 in lus tr ies 1 mlust  rial 

app l ica t ions

1 Red \c . i r \ l  n ine chemicals I Madurai. 

Kerala i

( lolden agar agar (Madurai)

t iel capsules, 

food imlustiy

(—--------
Brown Alginate S \  M ’ Natural ami \ lg inaie

Products 1 td. Kanipel 

Best ( licmicals. Madurai 

Rajagannpaihy < licmicals. Madurai 

\ lu ac  Organic ( hemicnls. Keralac
1 lariharamalha. Kerala

•

l'li ,ii mac culicals.
i

cosmetics, paper, 

cardboards, c loth 

d\  es. processed loods

Best ( licmicals. Madurai
i -

Ice-creams, adhesives
Red • ( 'arragcenan

I Perumal. Madurai for paper bags.

1_____________

addilwes in pesticides



Seaweeds C h em ica l T re a tm e n t

'Zaminciria di^ilata Mineral content Goiter

La mi nun a unfits tat a I.aminine Blood pressure

i Surras sum mu tic urn lucostero l
—  — i ... __

Antihv perlipidaemic activ iiv

Gclidmm sp., Graciluria ^p.
■1 1 ■ ■■— —■*,

Agar Blood anticoagulant
1

Euchcuma cvltnnii ( 'arrageenanW C 'ough
_________________________ __________________________ ___________________

Ecklonia cava 1 ucoidan 1 .eukaemia

('odium pugniformis Imilin Anticareinoma aeliv it\

( ( iupla and I’andev.  2d()7)

Chemical cons t i tuen t s  p resen t  in seaweed*'  are having  iherapeut ie  values .  ( l i inesc have been 

using seaweeds  for m e d i c i n a l  p u rp o s e s  as earlv as '(Kid IK Ihe  phvcoco l lo ids  piesent  in 

seaweeds and fheir c o r r e s p o n d i n g  t r e a tm en t s  are given in lublv. *.

H.J S eaw eeds  as vege tab le s

c i r i i .  . h ive been in use as a vegetable 111 inanv I uiopean andSeaweeds olten relerred as vcget.imcs. nave n w n  m
r . i i < u , i ,r> in k iite i e k  allhoii i 'h seaw eev ls  as a vege tab le  is not  soF ast Asuan co u n t r i e s  l ike ( ninn.  trip.in. roirv.i e u .

i ir .1 11 * mi lit s mentioning its use as a lood ingredient inpopular in India, there are some slrav icpoits  m u iu o m u g

Kanyakumari sector. I lore they used  in prepare a speciu  I -gangi ' out ol / / . / ' - '  ‘•P I' is P»*J

for curing s tomach disorders .  PrcscnMy I I seassccd species 11 aide I. are m ilhorbcd  as s eau ced

vegetables and  c o n d i m e n t s  in the w o r ld  marke t .



Red

( irecn

, I scophylluni nodosum

Fucus ve.siciilosus 

Fucus serratus

flimanthulia clongaia 

I ndana pinnalifida 

Porphxra umbihcals

Falnmria pulmulu

( r r u c i l a n u  v e r r u c o s a  

( h o m l r u s  i n s p u s

f I v a  >pp

/ nli  r o m o r p h a  spp

Common name

Wakame. c|iiindai cai

Nori. amanori. hoshinori. / icai. 

lav er bread 

I )ulse. dillisk, st * I

is|i moss, carrauecnan

(Gupta and PandoY»?007)

8.4 Biost imulants  in \ g r i c u l t u r c

, i t  | . . . i .h l f  m ihe market l iming iiuiit.ultui.il and horticulturalhere are several seaw eed  based ov.iiUimt m me mlhiw t- ,
i . . , r , r ^ . . , , ^ 1 .  1S sources ol organic mailer and lerti l i /er  nutrients have

pplications I he benefit* or s c a w tc a s  ,i
I.- , .rc for icniuries  Some 15 million metric tons ol seaweedcd to their use as soil condit ioners  l<

.. n in s id e r  able portion o f  which is used lor nutrient supplements
iroducts are produced annual ly ,  a consiticra |

. n hn i  urowtli and vieltl A number ol commercial
tnd as biostimulants or b io ler t i l i /e rs  lo incr . p <■

• ■ | | Fnr ..c0 in a e r i e iiIturc and  h o r t ic u l tu r e  ( I a b l e 5 ) .  
i coweed  extract  p r o d u c t s  are  a v a i l a b l e  lor  -

\)



Product nam e Seaweed name

Acadian.Stimplex 

Agri-Gro I Itra

j Alg-A-Mic

I Biovita
, —

Guarantee
. 1 scopln Hum nodosum

Kelp Meal 

Vlaxicrop

Soluble Seaweed I \ t r a c t

Kelpak

Profert

Scusol

Eckltnua maxima 

Ihtrvillva anion nca 
D un iIlea /tnlah>rnm

C om  p a n y

Acadian Auritech

Agri Gro Marketing Inc.

B ioBi/z  Worldwide N.V

PI Industries I id.
■ —

Marine Stream Qrganics 

Acdian Seaplants I id.

Maxicrop I S \  Inc.

I eclinollora Plant Products I id

B \SI

B \SI
• 4 <—

S easo l  In te rn a t io n a l  I’M. I td

9. Seaweed c u lt iva tio n

As the demand for seaw eed  and seaweed based produels grew m e r  die rears,  il w a s  tell dial ibis 

mighl lead lo over  harves t ing  and eventually led In depletion ol natural stocks vers soon. I urge 

scale removal ol seaw eeds  Irnm s h o re s  will endanger Ihe lives ol m a in  .ngialK plants and 

animals. Moreover .1 ma> cause  erosion ol shores also. In otde, to e o m e iv e  the genelie d,versus 

or  Seaweeds naturally alonit  with m eclm g is dem an     ....... p u rp o se s ,  dreie arise lire conceptW0 W
r . , ,,ir,v iii, hi Ih r  m ethod’s ol s eaw eed  u i l l iw i t inn  laic great  I \of seaweed fa rming  or seaw eed  cul t iva t ion  i m. " h h .

varied. A seaweed spec ies  for cultivation Is chosen according to llie location ol a farm and 

cultivation facilities lin the open sea. on the land, in the cold waters ol a temperate /one .  or in 

warm waters n l ' the  tropics)  and on the productivity and nvailnhdi.y ol a species. V, present, there

are eight major types nf seaw eed  cultivation.

Net method
... , , i i..si. .... [in,,, Monostwmu and Pornhrti which arcIhe net method is suitable for ihin seaweed such ax t iva,

I . - , 11v ciiirts from snore collection in nature It was called
cultivated in open areas I he method mostly starts iron* I

. , fi . fjrsf stcp. an overlapping net is placed in shallow
two-Mep I arm mg nursing and cult ivating



vvaters. where m }St seaweed  k.rop> are grown, to collect spores for se \e ra l  days. After the 

germ lings grow 2 - j  k.m long, the net is separated to transfer in a cultivation area. In the cultivation 

area, the net is fixed with a b am boo  pole in the intertidal zone, which will expose the net to the air 

during low tidal levels.

9.2 O ff-bottom  m etho d

Off bottom method is also known as Post and Line method. I he general approach is to suspend 

series of lines ol 10 m length between two posts, which are usually made o f  wood. This technique 

is best suited for lagoons,  where  there is relatively shallow water at low tide and for small scale 

initiatives.

9 J  Long  line m e th o d

Long line method is preferred lor growing large seaweeds such as the k e l p s  Iiinnihiriii and 

L ntlaria. in which seedling lines ol I - 1 m long hang on cultured l i n e s  "Mi-1 hi m long and place in

deep water zones

9.4 M nno l ine  m e th o d

This method is applied in shallow waters lor red seaweeds such as /.uclicumn and Ao/yv//’/n ccr/s 

species. I he propagation by thallus Iragmenl is a commercial wav Keel aieas with depth ol 0 M 

meter a good locality fo r  grow ing  these s e a w e e d s .  Stocking d en s ity  ol 50-10(1 g is tied to the 

mono line o f  10 5 m long. I heir  growth rales are liighct above 5 pet vent pet day.

9.5 Raft m ethod

Ran method is followed in Kerala  lor cultivating t ir,n ilwhi -I' Men- the seaweeds ate udlivalec

using racks made o f h a m h o o  poles, with ropes stretched he,ween poles. (hunches    ciltuia arc

cut and tied lo the main  ropes.  I he entire structure is then placed on the sea.

9.6 Rock based form ing
r . i r ninMv the s i /e  o f  n large list with an clastic band,
( u t t tnp  are initially a t tached to a rock, roughly me

, ,  I , tfthlkhi?* its own fixation points I hen the rocks are
although after a few w eeks  the seaweed e s ta b l i s h  I



placed on the beach. H o w e v e r  there is one m i l™

and that is the requirem ent  for a site well protect >d f r a m t a p p l 'cal,on 01 this lechnique
protected from potentially rough sea conditions.

9.7 Pond m e th o d

Species which are vegeta t ing  all \ e a r  round IiLp r 'r i •
' round l,ke Gractlana are cultivated using this method

Pieces o f  seaweed thalli are  spread to the bottom. O n k  r V . .• . “
. . c  .. . • 7 sp can thrive in pond condition

(low water motion). Salmitv of water  should h.. “> *
—  percent and temperature 2()-_,S°C' 1 - or one-

third of  .seaweed crops  are harvested  everv 4-6 weeks

9.8 T a n k  m e th o d

Tank method i  ̂ done  onlv in sneci il v tin iKi,. i
. w,llk,hk‘ seaweeds m pharmaceutical or premium food

species of  I Iva. ( r r a c i / a r i u  m u l  P u r n h v r a  I h i s  t\n<> „ r  . i, . •
. Pc * culture lias not attracted private investors

because it is n o t  profi table  d u e  to h igher  co s ,  of a d d i t i o n a l  pumping n u t r i e n t s  a n d  c a r b o n  dioxide 

However cultivation in the tank has role , „ r rcproducticc cell collection and   v  m m ul .m on  o f  

Laminaria( Iva. rnrphyru  etc . o culture o |  , iq,  can turn the whole system both economically 

and ecologicalIj profl tahlc



Plate 23. Met method Plate 24. Off bottom method

Plate 26. M ono line method

t13 27 Raft m e t h o d
('late 78 Rork based method

plate 21) Pond method
16 Plate 10 Tank method



10. Applic a 't ions o f  s e a w e e d s  in

r- Soil m a n a g e m e n t  

r- C r o p  m a n a g e m e n t  

^  A l lev ia t io n  o f  e n v i r o n m e n ta l  stress

10.1 Effects on sfiil h ea l th

10.1.1 Soil s t r u c t u r e  a n d  m o is tu r e  re ten t ion

Seaweeds a l le c t  the p h y s ic a l,  ch e m ica l,  and h io log ica l properties o f  soil w h ich  in turn 

influence plant g ro w th  S e a w e e d s  and seaw eed  extracts enhance soil health l\v im p ro v in g  

m oisture-hold ing cap ac ity  and bv p rom oting  the g row th  o f  bene fic ia l soil m icrobes. B ro w n  

seaweeds are rich  in p o ly u ro n id e s  such as a lg inates and luco idans. \ lg in a tc  occurs in the cell 

walls o f  seaweed-, a-, a m ix e d  sail w ith  the m a jo r cations being Na. ( a. M g  and K . Sa lts  ol 

agonic acid  c o m b in e  w ith  the m e ta ll ic  i«»ns in the soil to form h igh-m olccu lar-w e ight 

com plexes that abso rb  m o is tu re , sw e ll ,  retain soil m oisture, and im p io v e  crum b  s in icture 

This result-, in better smiI aera tion  and cap illa rs  activ ity  o l soil po ies w h ich  in tu iu  stimulate 

the growth • >I the p lan t r«»<>i svs tem  as w e l l  as boost soiI m icrob ia l a c t iv i t y

rah lcf t .  Effect  oT seaw eeds  on w a te r  holding capacity

Weight of  s a tu r a t e d  Percent
sam ple  (g) increase  in

m o is tu re

r,7 ! < |S I

Source \V e ight  of  dry
s a m p le  (g)

Seaweed 15

Soil 96 I P l'»

(( libam cl <//. h i |  l )

1. , , , / uuani and bis co-workers in the Doctoral School for
■he above study was conduc ted  by ( hban
o -  , .  the moisture holding enpneitv o f  two supports,s,-'Wnce5 und I echnnlogy. I .ehanon They asscsst. l  thL mo....... .

. . .ill  H»Jir source as a plastici/ei and the other
made nl hr . . . . . .  s eaw eed  Padina pavonUt,w.lh ognr



3Upport made o f  100% so i l - TTley found out that water holding capacity o f  seaweed support was  

seven fold higher than soil support. Increased WHC was attributed to the higher moisture 

absorption capacity o f  phycocolloids present in the cell walls o f  seaweeds.

10.1.2 Effect on  r h iz o s p h e r e  m ic ro b e s

Application ot  seaweeds  and seaweed extracts triggers the growth o f  beneficial soil microbes and 

secretion ot soil condit ion ing  substances by these microbes. As mentioned, alginates affect soil 

properties and encourage  growth o f  beneficial lungi. Extracts o f  various marine brown algae 

[Luminarui japonica  and  Lndaria p i n n a i ifidu] could be used as an AM fungus growth promoter  

by significantly s t imula ting  hyphal growth and elongation o f  arbuscular mycorrhizal (AM) fungi 

(Kuwada et a l . 2006).

A study was conducted  by Alam and his co-workers (2013) to find the effect o f  Soluble 

Ascophyllum Extract P ow der  (S A E P )  on beneficial soil microbes o f  strawberry both under green 

house and field condit ion (Figurc2)  in the Atlantic Food and I lorticulture Research Centre. 

Canada.

Figure2. Effect of seaweed ext rac ts  on growth of beneficial microbes
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They found out that M icrobia l  colony development  varied in response to different SAEP rates and 

application timings under  g reenhouse  and Held conditions. At 4 g /LSAEP. the number o f  

colonies was significantly h igher  under  greenhouse conditions compared with water-treated 

controls, irrespective ol  applica t ion  timings. Iotal colony counts were four- and sevenfold greater 

in die greenhouse than those in the field. I his ditlerence is probably related to ambient 

temperature differences be tw een  the two growing conditions and soil sampling in the green house 

and field. Greenhouse day and night temperatures ranged between 17 and 30°C' during the entire 

growth period, while in the field, day and night temperature ranged between I 1 and 25 V. Cooler 

soil temperatures, in the field plot study may have reduced bacteria in soil relative to the warmer 

crcenhouse environment.

10.2 Effect on p la n t  grow  tli a n d  hea l th

10.2.1 Root d e v e lo p m e n t  a n d  m in e ra l  a b so rp t io n

seaweed products p rom ote  root growth and development.  I lie root growth stimulatory elleet was 

Bore pronounced when extrac ts  were applied at an early growth stage, ami the icsponsi. was similar 

Othat o f  auxin, an important  m ot  growth promoting hormone. \ n  improved root xvxicm could he 

nlluenced by endogenous  a u x in ,  ax well ax ..llier compounds in the cvliaclx Se.meetl  extracts 

improve nutrient uptake bv r o o t s .  resulting in mm systems with improved wale, and nnliiem 

tITiciencv. therebv caus ing  enh inccd ecner.il plain novcili and \ n "i• J

Alam and h isc o w n rk e rs  ( 2 0 0 *  observed  P-xi.ive c l lcc l    U I- o n    length, roc. surface area.

root volume and root num bers  ,n -he greenhouse a. rales he,ween 0 2 and I g I <1 igureH soluble

Ascnphyllum extract p o w d er  at 2 g/l  led to a negative impact on root characteristics. tirovv.h
,  |- ... f1 fn similar to those induced bv plant growth

responses to Aseophyllum extrac ts  have hecn shown

" W b to r .  , uch as u tviolcininx and auxins. In general, cy tok ln ln ,  arc known to stimulate cell

division and differentiation. In turn, root elongation and expansion may be associated with
• „ nPni.e rrttti svstem associated with seaweed extract 

endngenous gibberellin p roduct ion  the more vig< <
.. .. '  „ , nuiritfot and water  uptake and allow for improved
Pplicntion inav provide fl larger surface area »

, n f  imnroved nutrition and the presence o f  plant 
"""B»l nutrition and growth  As a consequence  ot improved



gr^th-promotmg substances  m em .o n ed  above  in seaweed extracts, seaweed extract-treated plants 

often have more v igorous growth  and yield

Figured. Effect o f  Ascophyltum  on root growth o f  strawberry plant in greenhouse

(a)
-7 1700 ■
C*
a 1600 •
3
r iu
r 1500 -
rn
Urn

2 1400 •

I 1300 •
3oH 1200 -

(C)
=• 5.5
2a
"g 5.0 
u

4.5
o>
g 4.0

,2 3 5
0

Root length 
a a

(b)

D

0.2 0.4 1.0
S A E P  r n te  (g / l)

Roof volume

.i

b
b>:

0 2 0 4 1 0
S A E P  r/ite fq/l)

2.0

2.0

350
rz
CJ
i —a
S 300 n ct:3 Q.
o E
o i i  250
k _

"E
oV-

200

(rJ)

cn -  

a. ^
S E
E E3 LO
c o
I -cc

1300

1 100

900

700

0

ri

0

Root area

a

0.2 0.4 1.0

S A E P  rate (y/l)

2.0

b

Root number a 

b

0.4 1.0
SAEP rnln fa/11

2.0

10.2.2 C hlorophyll conten l

Seaweeds and seaw eed  p roducts  enhance  plant chlorophyll  content. I Ins increase ... chlorophyll 

content was a rest,   reduction  in chlorophyll  degradation, which might be caused in part be

hetatnes in the seaweed  extract ,  ( i lycincbctainc  delays the loss o f  pho.osynlhclic ne.ivi.y by

inU;r .• i i  ■ .i ■ i v riitM iwru'rimcnl vvns corned (Uil h\ \k i ln  ond Jc\Q(liiss ininhihiting chlorophyll degrada t ion .  A held experiment

•he Department o f f  Hemistry and Bioscienccs. Sas.ra University. Kuntbakonnm to study the

■ * « .  of  Idliar app l ica t ions  o f  different concentrations o f  seaweed liquid fertiliser (SI I > o f

o .■> v, i#«'iv«*s < Iahlc7)  Scowccd extract implicationX*rwm m  ]vlf<htii on p igment  contenl ol  sunflower leaves ( i non. n

^inlficontly increased the chlorophyll  content in leaves.



^Yeatments Chlorophyll a C h i ^ ^ T b -------------- C a ro te n o id

i Control I.O3±0.UU!) 0 .65±0.02 2 .72x0.05

' 's l f T S ' M 2 . 0 7 x 0 . 0 0 5  1 0 .74x0.01 3 .12±0.05

j~SLF (5.0%) 1 . 9 0 x 0 .0 7  0.66x0.01 3.01 ±0.05

"Chemical Fert i l izer 1 .92x0 .01  0.64x0.05 3.04x0.01

(Akila and Jcvadoss. 2010)

10.2 J  Shoot grow th

Seaweed extracts increase shoot growth and overall performance ol the crop. \  Held experiment 

was conducted He D ogra  and Kakesh in the Regional I loriicultural and I orestrx Research Station. 

Himachal Pradesh to studs the effects ol so il applications ol different concentrations o f  seaweed 

extract (prepared from iscnp/n Hum iunh>\um ion shoot growth and \ ie ld  o f  oniom I ah leS). 

Maximum shoot growth and xteld was obtained at an application rale ol 2.5g n r .

TableX. F.ffcct o f  s e aw eed  e x t r a c t s  on shoot g row th  u n d x i e ld  of  onion

Seaweed

extract(g/m’)

P la n t  he igh t  (cm) Sin

1.5 38.52 S 7

L
2.0 — —

‘ j

M .7I 6.2

I S 58.47 8.9

3.0

1--- ------

55 .20 8.4

.

3.5 56.38 8.7

j Control 22.37 4.5

( H (0.05>
i

5.1 1.2

Sliools/pla u I \  ield (kg n r )

l.V>

5.17

5 00

2 Of)

0 7

(Dogra and K akesh  '*01 ’ >



Seaweed concentrate triggers earls flowering and Iruit set-in a number o f  crop plants. In mans 

crop'’ vield is associated with the num ber  ol flowers at maturits.  As the onset and development o f  

plowering and the num b er  nl  t lowers  produced are linked to the developmental stage ol plants, 

seaweed extracts probablv encourage  (lowering b\  initiating robust plant growth. Vield increases 

in seaweed-treated plants are thought  to he associated with the hormonal substances present in the 

Extracts, especial I v cv tokin ins .  \  field experiment was conducted in summer to studs the c t lect 

of liquid seaweed fertilizer 11 Si ) applied as a foliar sprav bv /o d a p e  and his eoworkers (2007) in 

the Central Salt And Marine  ( h e m ic a h  Research Institute . Bhavnagar. I lie increase in vield due 

to seaweed fertilizer applica t ion  < I ableO) was attributed in the cvtokinins present in the extract.

T a b le 1). F.ffect n f  seaw eed  ex trac ts  on c ro p  vield

Treatments I .eng th o f  fru i t  i D ia m e te r of fruit No. of 1 I'll 11

(c m ) (cm) fru its/pla n t

Control 7.27 1.15 1 1 no 5.70

2.5% 0 SX 1.10 in. 30 n.97

yi
l

? 
1

a ' 
,

8 91 M l | s  111 n 17
•

7.5% 8.53 1.27 1 1 70 n. 1 1

11 80 5 7o
100% 8 08 1 21 k ' | f * '

4
-------- ------------- - _ I . I on I in
f DtO.05) O.fiO o 02

(/.oilape c7 ul., 2007)

10.2.5 Vegetative p ropagation

,n-.l veuelalivc propagation in m ain  crop species
Seaweed products are explo i ted  in co rne r  (
-ru • hormones present in seaweed exlrBcts. \ n  mv tiro mass
I fa* is due to ihe p re fence  ol plant grovvtr . . .

. . v:ntbees and his eoworkers (2014) in the Department ol
Propagation smdv was conducted  by Salht  >
i, m t„ rhe study was aimed to develop a cost-elTeciive and
0 «tan>. A v  C. ( ollegfl. and lamtl Nadu.

. hiflh-uuallty seedlings of lllthaniu *on
^nicient protocol for m ass  propagation ‘

n m i /c n i



(AJWagandha) rough tissue culture by using Seaweed extract as biostintulants instead of 

synthetic chemicals. MS media containing different concentration of seaweed extract (10 20 40 
60. 80 and .00 %) were tested individually for shoot inductjon (Fjgure4) ^

supplemented with 40 % seaweed extract exhibited maximum number of shoots with about 8.6 

shoots/ callus and 80 % seaweed extract exhibited 4.3 shoots/ callus. 1, is evident from this study 

m  seaweed extracts can be used as substitute for synthetic growth hormones for micro 

propagation of medicinally important plant If. s„mmfor clonal propagation and conservation.

Figure 4. Effect o f  Seaw eed  extract on in vitro shoot multiplication o f  somnifera
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(Snthccs cl a l . 2014)

^   ̂ ^fleets on a llev iating  environm enta l stresses

•*-1.1 Abiotic stress

' h’>uie stresses such as drought, snlinity. and temperature extremes can reduce the yield of mttjor 

' r,'ni and limit agricultural production worldwide Many abiotic factors such as drought, salinity. 

^  "wperauin- are manifested as osmoli. s t« «  and cause sec ondary effects like oxidative stress.



|ealJing to an accumulat ion  ot reactive oxygen species (ROS) such as the superoxide anion and 

hydrogen peroxide. These  are know n to damage DNA, lipids, carbohydrates,  and proteins. 

Seaweed extracts increases an tiox idant  capacity' by increasing the activity o f  antioxidant enzymes 

ead thus scavenging R O S  (Chandin i  e, al.,2008). Also seaweed products elicit abiotic stress 

tolerance in plants and  that the  bioactive substances derived from seaweeds impart stress 

tolerance and enhance plant performance.  The chemistry' ol bioactive compounds in the seaweed 

and the physiological m echan ism  ol action ol the compounds that impart this tolerance arc largely 

unknown. However,  a n u m b er  ot  reports suggest that the beneficial antistress effects o f  seaweed 

extracts may be related to cytokinin activity. However, it has also been reported that Kelpak 

seems to mediate stress to lerance by enhancing K uptake.
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Extracts of  the brown seaw eed  Ascophyllum nodosum enhance plant tolerance against 

environmental stresses such as drought,  salinity, and frost (Rayirath et a l 2009). They 

investigated the effect ol A. nodosum  extracts and its organic sub-fractions on freezing tolerance 

of Arabidopsif thaliana. Ascophyllum nodosum extracts and its lipophilic fraction significantly 

increased tolerance to freezing temperatures  in vitro and in vivo assavs (l iuure 5). Untreated 

plants exhibited severe chlorosis ,  tissue dam age!f igu re  6), and failed to recover from freezing 

treatments while the extrac t- t rea ted  plants recovered Ironi freezing temperature o f -7.5 C in vitro. 

Treated plants exhibi ted 70°o less chlorophyll  damage ( f igu re  7) during freezing recovery as 

compared to the controls ,  and this correlated with reduced expression o f  the chlorphv llase genes 

AtCHI.1 and \t( HL2. fu r the r ,  the A. nodosum extract treatment modulated the expression o f  the 

cold response genes. COR15A. RD2*)A, and ( All" 3. resulting in enhanced tolerance to freezing 

temperatures. Taken together ,  the results suggest that chemical components  in I nodosum 

extracts protect m em b ran e  integrity and allcct the expression ol stress response genes leading to 

(feezing stress tolerance in I thalamic

10.J.2 Biotic stress

Seaweed extracts have been shown in enhance plant delensc against pest and diseases Besides 

influencing the physiology and metabolism ol plants, seaweed piodticts p ion iok  plant health by 

affecting the rh i /o spherc  microbial  community .  Maiine algae can s u m  .is an inipoilant source ol 

plant defense elicitors \  variety ol poly saccharides present m algal extracts include cllective 

elicitors of  plant defense  against plant diseases Soil application ol In,,ml seaweed extracts to 

stimulate the growth and activity o f  microbes that were antagonistic to fungal pathogens. Sultana

and his co-workers (20 I D  studied the ellicacy ol two seaweeds Spaloylossum va, labile and

I j , ,  . . i \i ■ I i-i i|ii> lunmcide I opsiu-iVI and a nemuticide'Utlunothumnus irfaqhmainii compared  with tin. mngic.uc ,
f  .  i  ,  I -  i  i  l i r w i n / 1  i u u r e s S  & 9 ) . Seaweed and pesticides showed more or
f ttrbofuron in tomato  under  held condition! I igur

i .i , n f io m a to  In reducing fungal root inleeiiond igurcK,similar suppressive effect on root pathogens ol tomato ny icu * »
tT * in \f,’lnidov\me u m n m a  (1 igurc9) I ligliesl reduction in 

Swweed also showed inhibitory effect on Miioiaayym ,

p e n e . r a . i - m  in r n o l s  a c h io v c a  h> .h e  m ix e d  a P r  ...... - V « ■ * * *  « ■

c*hofimin. Seaweed e x tm c . .  a.Tec.s .he r e p r o d u c e  capaci.y o fn c m a .o d c s  a h o
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Figure1). Effect o f  seaweed extracts in controlling  root knot nematodes of tomato
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In the context ot c l imate  change  and its impacts on global as well as regional le\els. it is o f  

necessity to develop effec t ive  c l imate  resilient strategies. Zacharia and his coworkers (2015) at

i locuscd on the scope o f  seaweed farming along 

Indian coastal waters as a c l imate  resilient strategy. Carbon sequestration ability o f  seaweed 

(Table 10) makes its farming an option to combat ocean acidification and further bulk conversion 

of the substrate into stable b iochar  o i le rs  additional long term soil C sequestration means. Climate 

chance had negatively a l lee ted  the rural livelihoods o f  fishermen community in several coastal 

villages. Seaweed farming, its harvest and processing requires manpower and provides 

opportunity to enhance  the rural livelihood.

T a b le  ID. C a r b o n  s e q u e s t r a t io n  by seaweeds  of Ind ian  w a te rs

Seaweed
species

W eig h t  o f  seaw eed s
(t)

C ( )2 seques te red  
(t (lay)

Seq uest ra t ion effieiency 
(mg ( ( )2 g seaweed 

hour)

Green 1.82.6 1 3 ’ 7 1X7 

•

4 . ID 1 

—* *%
Brown 11.741) OXI

h

2 . o

i jit
j Red 36.523 sX 1 i (ii i

I / . k  haria < i >il 2D1 5 1

11. Conclusion
\I • , , , , ,  , ii.»n reu in led  as an uiulenilili/cd bio resomcc. although theyvlarinc algal seaweed species  arc olien rcgaruiu
i , , r r i ;r , ,i , ,urnl r iw materials, and in therapeutic and botanicalhave been used as a source  of food. industrial raw m . n u n

w.,ic in.I spuveed products are increasinglv used in crop applications for centuries.  M oreover  seaweeds and seaweed p  e*.
* , M , f„<w| n m (iuclion due lt> the increasing occurrence o f  biotic

production. The recent cha l lenges  to food producti
. . . o n , h in up and will further reduce viclds and or will have

-Jnd ahioiic stresses is likely due  t«» climate th a n g
. sr_fn— research into developing sustainable methods to 

“n impact on crops in (he 2 1 1 century, rherelorc,  rescartn
.. op. pni studies have shown that seaweed extracts

"Heviite tliL-s. s lreiaes should  ho a priority. Kectnl  siuuic
nhiotic stresses and o i lers  potential lor held

protect plants against  a num ber  ol biotic •
.Mxi.lered an organic farm input as they arc

application Further, seaw eed  extracts arc v»

""■Imnmentalls henign end sole lor .he hcahh ol nn.maK .n d  humans
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, what  is the cost  ol s eaw eed  based products? Whether any products are available in 
market? What is its taste?

The cost will vary dep en d in g  on the type o f  products. For cosmetic seaweed products the 

cost vary from Rs.500  to 1000/'-. For china grass the cost varies from Rs.30'- to 150 - for 

50g. Seaweed tastes  savory and salty.

2. Can we use seaw eed  as an animal feed?

S e a w e e d s  are used as teed lor pigs and hullalos to increase their bods weight. It is also
•

used as a fish feed.

3. Among three types  o f  algae. which is beneficial?

Three groups are having its own importance, l irown algae are having numerous 

applications in hort icul ture  ami agriculture. Red algae arc mostly used lor agar production, 

which is an important  consti tuent ol laboratory works, (ireen algae are mostly used lor 

biofuel production  Moreover,  green algae have the highest carbon sequestration

efFiciencv

4. ( an we grow seaw eed  . in Ire .h water ’

Freshwater a lone  is not suitable lor seaweed farming. I resh water and scawale. together

can he used for seaw eed  cultivation • ihe proper growth ol sea w ee d s  2 .5% salinity and 

temperature in the range  of 2ti-2c' I is requiu d

3. Why marine algae are ‘miracle  '
. • r,. rili k  n r r i e d  out bv marine algae Sometimes, evervFifty percent o f  pho tosynthes is  on earth is corrtcu i

i a , in in hr h u e  come Irom marine algae 
second m olecu le  o f  O xygen  we mhalc mtg

Any toxic effects of marine  algae are r tpor ted .

S « m eed s  s .u n c u n v s  con.ain CO in . M r  W d e ,  which arc   or ,q u . , ic

organisms M arine  m icroalgae  may som etim es creak  algal

U



Bv iarse scale cul t iva t ion  o f  red aluae Gelidinm Cn . .•
SP- Exploration ol new species havir

phycocolloid agar  in their  cel l  wall.

Difference be tw een  holdfast  and stipe?

Holdfast is a root like structure.  Stipe is a stem like structure.

i). Where in k e r a l a  are  the seaw eeds  cultivated commercially? 

Kochi

|0. Which are the growth  h o rm o n es  present in seaweeds? 

Auxin . C'vtokinm and \ B  \
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M i r a c l e  m a r i n e  a l g a e  a n d  t h e i r  a p p l i c a t i o n s  in a g r i c u l t u r e

A b s t r a c t

Marine algae are vital c o m p o n e n t s  ot  the mar in e  ecosys tem,  and are broadly classif ied into micro 

and macro algae.  A m o n g  th e s e  m a r i n e  mav.ro a lgae  are generally referred as seaweeds .  Ihe  term 

‘seaweed refers to anv l a rge  m a r i n e  hcnthie  a lgae  ih.it are nui l l i tc l lular .  macro-thal l ic .  and thus 

differentiated from m u s t  m i c r o s c o p i c  a lgae  (Smith .  I'M l). Structural  c o m p o n e n t s  ol seaweed  

include blades, b l adde rs ,  s t i pe s  a n d  ho ld la s t s  S eaw eed s  are Inrther cl. issificd into i lnce majoi  

groups, green a lgae  (( h l n r o p h y  t a ) b r o w n  a leac  ( I 'haeophy t a ). aiul icd .ilgac i Khoilopli \  I 11

Seaweeds are g loba l ly  p o p u l a r  for then  va lue  as food. Iced and nutraccnt icals  I lie benefi ts  ol 

t w e e d s  as sou rces  o f  o r g a n ic  m a t t e r  and  Icr l i l i /er  nutr ients  have  led to then use as soil

conditioners. A n u m b e r  o f  c o m m e r c i a l  s e a w ee d  products  arc avai lable  loi use in agricul lure

ik u i - i  n m k  Ini d iverse  marke t  p roducts  lead to over'khan et al., 2009) .  [ h e  extensive  use  ol  s e a w ee d s  mr oivci i

hnpio »• . . -  , • . i t ,w iv  S rn v eed  farming is rceentlx initialed to checkMTVWtmg arid depletion of their  natural stocks scaw ccu iunm.u*.

biodiversity loss.
m

W e d  product, exit   growth stimulating activities, and the use o f  seaweed formula, as as

b'mtiinulanls in crop production is well estahhshed < hemieal components o f  seaweeds that 
Knrmoncs betnines and sterols Seaweeds

plant growth include poly s a c c h a r i d e s ,  go
in,i , ..I kt imnrovina moisture holding capacity and In

^aweed extracts en h an ce  soil health by improving
.. nromotes root growth and development 

" W i n g  Che growth o f  honelieial  soil microbes, u also prom.



.jeannin «  ' ^ " - T h e  seaw eed  products  also enhance plan, chlorophvll content. Seaweed

^ t r a t e a  trigger early f lo w e n n g  and t'mi, se, in a number o f  crop plants (Arthur et al.. 2003). 

,tl5 feared that aggravat ing  biotic and abiotic stresses due to climate change will luriher reduce

crop J 'eld 3nd Wi"  haV,; an ' m pac t  on r° od Production. Therefore, research into developing 

sustainable methods to a l lev ia te  these stresses should be a priority. Recent studies have shown

that many seaweed extrac ts  can protect  plants against a number ol biotic and abiotic stresses and 

offers scope for field applica t ion .
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agricultural sector is one  o f  the largest consumers o f  .voter and the demand is con-.uml. 

incre3sing due to the population grouah. Pro.onged periods o f  drought can cause 

cnvrronmental. agncultura l  and economic problems leading to social unrest and humanitarian 

crisis- Usage ot  peat moss,  coir  pith a.s soil conditioners to conserve soil moisture at Held is a 

traditional method being practised over time. W ith the rapid loss ol 'water Irom the soil due to 

evaporat ion and leaching, these methods are tound to he less affective especially, in arid an d  

serni'arid regions. T h e  developm ent  ol non-traditional new technologies to conserve water is 

becoming important t o r  attaining a sustainable economic urowth in auriculiural c o u n t r i e s .  I he 

use ol hydrogel is gaining importance due to its high water retention capacities and 

biodegradabililv.

2. Hydrogel ( f i d - fo rm in g  polymers)

Hvdroael is d e f i n e d  j-. three  d i m e n s i o n . i l  cr< i s s - lm k cd  ne twork  strut lure ob ta ined  li< 111 a el.i'-s 

o f  synthetic and nj tur . l l  p n l v m c r s  w h i c h  van absorb  and retain s igni f i cant  amount  ol  water  

(Rosiak and Y o s h n .  l r) W )  \ g r i c i i l t u r a l  p o l y m e r  can a h s o i h  wate i  m o u  than loo o n u s  its

weight.

Cross-linking o c c u r s  w h e n  p o l y m e r i s a t i o n  is carried out in the p i c s u i c e  ol  a smal l  a im uni ol  

a divinvl compound ( m s s  l in k i n g  w i l l  prevent  inf ini te  s w e l l i n g  and p r o v id e s  m e c h a n ic a l  

strength w h i c h  is i n t e r c o n n e c t i o n s  o l  hyd ro ph i l i c  p o l y m e r  ch a in s  t Plate I)

Plate I. P o lym e r network nf hydrogel

COOM
CGOH

Hydrophilic 
polymer chains

C r o s 3  l in k in g

D i s s o c i a t e d  s o d iu m  
c u r b o x y lo t e  { j r o u p s

Rtpulilon 
between negative? 

churn**



p e n d i n g  on synthe tv vend ,Pons .  type and density o f  covalent bonds that fotan cross-links. 

* ,  polymers can absorb  up to ,0 0 0  tintes their weigh, in pure water and fomt ac,s The 

dissociated sodium carboxylate  groups helps in ntaintain ofelectrical ncutralitv o f th e p o b m e r .

3 Functional features o f  an ideal hydrogel

According to Z o h u n a a n - M e h r  (2006). the functional features o f  an ideal hydrogel  material  are'  

as follows:

a) The highest  a b s o r p t io n  capaci ty ( m a x im u m  equil ibrium swellim.'.) in saline.

b) Desired rate o t  a b s o rp t io n  ip re ter rcd  particle s i /e  and porosiix j depending on the 

applicat ion r e q u i r e m e n t

c) rhe highest  absiarbcncv u n d e r l o a d .

d) The lowest  so lu b le  con ten t  and residual monomer .

e) The highest  durabi l i ty  anil stability in the swell ing e m  ironment ami during tin. Morage.

f) Ihe hiuhest  bmdegru dab i l i t y  wi thout  formation ol toxic s p e c i e s  l o l l o u m g  the

degradatic >n

g) pl I- neutral i ty a l t e r  swe l l ing  in water.

hi ( o lourlessness .  c o lo u r l e s s n e s s  and non-toxic

4. C lassification of hv drogel

The hydrogel is c l ass i f ied  based  its source,  polymeric composi t ion ami network

electrical charge

4.1. Rased on source

Ahmed ( 201 5) c a t ego r i s e  hydroge l  based on sources as I* II

i i . . .  . i .r a r , , ,kmiTs include proteins eg. ( ollagen. gelatineL I . I .  Natural: I l y d r o g c l - l o r m m g  natural  polymers

and p o ly sa c ch a r id e s  such as starch,  alginate,  and agar
■ | .  . . .  a v, mers  are derived Irom cellulose,  which is
L I . 2. Semi s y n t h e t i c :  S cm i - syn the t i c  p< l>

, ,i fin.* ol the first Inilrogels spec dicallv 
chemically combined with petrochemicals. One

i. , . |u  tene polymer  combined with sawdust  
designed for horticulture wns a polyethylene p .

i i  , . , h . t rnrm hydrogels are tradition,.IK prepared using
• Synthetic: Synthetic polymers tru

w

khemieal polymerization methods.

L Based on polym eric composition . .. ,
, . homopotyffwric, coplymeric and mtdt.poKmenc

Hydrogel is further class.lied

interpi uet r . i img p o ly m e r i c  hydiogi  I



monomer, which 15 a basic structural unit comprising o f  any polymer network. 

i l l  Copolymeric  h y d ro g e l s :  It comprised o f  two or more dilTercnt monomer species with 

a, least one hydrophil ic  component,  arranged in a random, block or alternating 

configuration along the chain ol  the polymer network.

*13. Maltipolym er interpenetrating polymeric hydrogel: It is made o f  two independent 

cross-linked synthetic and natural polymer component, contained in a network lorm.

4j ,  Based on network electrical charge

The network electrical charge is important which determines the activ it\ o f  Indrogel in 

the nature ol  the m edium . 1 he hydrogel is classified as:

4J.1. Nonionic: Neutral

4J.2. Ionic: Including anionic or cationic

4 J J .  Amphoteric electrolyte (amplioly tic): ( ontaining both acidic and hasic groups.

4J.4. Zwit ter ionic  (p o ly h e ta in es )  ( ontaining both anionic and cationic groups in each

structural repeating unit.

5. Cross linking bch.iv iou r o f  h \ d rogel

Cross linking id the important property ol hydrogel that he lp s  to absorb w a te r . prevails minute 

swelling and provides mechanic ,  il sirenglli I spos ito  11 ill (I J h o  invi.stir.ated up >> linking 

density, presence o f  ionic groups on the backbone ol hydiogels .is wv.ll .is iIk m.ui v | 

morphology detected by cleclron scanning microscopy, llencc optimal waki  u k n t i  

superahsorhenl polvmer |S - \P )  invcstigalcd suggested that it optimized when

(S0.JT.I8II2O was used ,n -he u n l i n k i n g  h was observed Ihal when less Mum '  v .  M-
. . i.uL.’.l indualini '  that the complex does not

fS0i)s.l8H2O was used the SA P was imdcr-tr  »

have enough isennectiirns I" create the appropriate sized ' " u l  s p a n s  M  ' I 11" 'I

absorbance: while more than 2 .3%  A . i (S (  l . M K I W ' i n d l d c J  .ha.   y m c r  ....
-.l inn ihr void snaccs hm* small loropluntil 

'inked and the  complex had too many c o n n e c t i o n s  making
.1 i i,. ohiain cross linking bcliav ioin . 

water absorbency. fherc  are d ilferent  mcth< i

— I, Methods to o b ta in  cross l ink ing  iu hydrogel

• nohethvlene ovide (PI t ’• polv ladic aviil 
( r "Ss-llnled networks ol synthetic polymers mil *

ri>MA) polvelhvlem glycol (PI t i l  or
,|J| V). polyacrylic acid (PAA), polymcthwryl« c ■

rraficenan. hyaluronan. and carho \ \m ethy l  
Natural h i o p o h m c n  such as a l g i n a t e ,  ch.tosan, car g

to



pilule* (CMC) are  co m m o n ly  used hydrogel. The general methods

ctrernm:al (iCls are described below.
to produce physical and

51 I  Physical cross-linking

There has been an increased interest in physical or reversible gels due to relative ease o f  

pnjduction and the advantage  ot not using cross-linking agents. These agents affect the 

integrity o f  substances to be entrapped (e.g. cell, proteins, etc.) as well us the need for their 

removal before application. Careful selection o! hydrocolloid type, concentration and pi I can 

lead to the formation o f  a broad range o f  gel textures .

5X 1. 1. H-bondcd hydrogel

It can be obtained bv lowering the pi I ol aqueous solution o f  polymers carrying carboxyl 

groups. Such hydrogel is a hydrogen-bound ( M( (carboxymethyl cellulosei netwoik lorrncd 

by dispersing CMC into <> I M I K I I I  akigami ct al.. 2ui)7i. I lie mcdiaiiisin involve- replacing 

the sodium in CMC with hydrogen in the acid solution to promote hydrogen bonding 11 igure - 

- ) .  The hydrogen bonds  induce a decrease ol < Ml solubility in water and r e s u lt  in the

formation n f a n  elastic. h j J m u c l .

Plate  2. IMivsieal c ro s s  linking
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r-h.mh.1 cr— IlnUin* I|ijn? o( mi,nOTrrer,  on ta k h o n e  he

ileal cross-linking covered here .nvo . . th a in v  | he trosv linking of

« «  or the u *  o f  a cn m -lin k in g  ^  ^  ^  M  t o n , f * m

a  and synthetic polymers can he ac ,ara|d«hvilc. tnliph ,i. id .tnd dih.Jr.,/idc

' < K >| I ttm| M l , )  with "*■ 1 , ,



inrong other chemical cross- l inking  methods. IPX (polymerise *
... to form intcmenptmfinr, _  . "  3 m° no™ r m other'  r • M - ense a m°nomer within mother

« i a  10 t0nn  ,nterP'"nelrating network structure, and Indr  h h •
o X T n m ,  i hydrophobic interactions

,Hen„inlc & \  ‘  b> ,nc0rP°™‘ing a polar hydrophilic group tw Indrolvsts or

followed by covalen t  cross-,inking arc also used to obtain chenticalh 'cons'-,inked
permanent hydrogels.

P la te  3. Chem ica l  cross linking

rjH

>
9H

Polymer? ftavinj
flint ».onal rtydn. s /' youP

GMCtCM I ono MCI

t . n u n  i  i  • t r  I r  * .  •  n »  ! .* .  c»  K

5.1.2.1. P r e p a r a t i o n  o f  c a s s a v a  b a s e d  h y d r o g e l  us ing  ch em ica l s  as c ross  l i nke r  

The preparation < > t the s i i p c r a h * r b c n t  poly mcr  I s  \  I *) lo| |ow s a proc edm e iIcm ribeil by s u o  cl 

al. (2007). C a r h o x y m e t h y l  ce l lu lose  sndii im sail (20 g) was mixed wnli M» I ol distilled u.itci  

in a large beaker  us ing  a m a gn e t i c  stirrer. ( assav a si an. Ii I I g ) w .is \ c la tmi /cd m o ml ol

distilled water at KO ( for 15 mm I he g c la tm im l  sl.trih was .u l , Id  to the t Mt . . ' In ......  and

allowed I,, mix lor I hour  rhcn varying amounts ol a   muni Mtllatc u e i e  added lo the hcakci

to Investigate Ihe op t im um  crosslink.,gc. and the solution was allowed lo nos lo, „„ the, 

tolnute,. Ihe solution was then spread on IcHon baking pans and ,fried al "» t until a lilm is 

lnmted. Ihe Him was shredded  with a blender and then ground int.. a powder wi.h ., morta,
m

and pestle.

I** Desirable characteristics o f  hydrogel for ajjricuH
r . -ii ... different amount id water in itscll and
f "r agriculture purpose, hydrogel will reserve d t n t r t

. niinn wu\ nft?>crvinu mu! il Ixî i in walcr
Ultimately Increase, the soil abil.lv o f  water relen.ton an,I prc ...................................

. • I . , . . 1 . hwlrose l  n p p a a n l .  in dn o d d  ol 
kfk lency .  I h e  desirable  characteristic* which matte hydroge 11

^ •cu l tu re  arc as follows:



a ,  elasticity and ngidity o f hydrogels axe governed by their chemi ,
, e , r  mechanical properties, such as the modulus of elasticity H s t r u c t u r e s  and affect

r * * -  -  r  — >.. j -i f • polymenzation techniquei. the diluents, monomer stnirn.r* , - 4
an , m by ^  polymerization teclinique

„ (  t a a >  ^

_ <  »,d p o l»  forces, „  , *  ^  ^  ̂  ^

6.6.1. Swelling b e h a v io u r  of h y d ro g e ls  in different medlum

rhe water-holding capacity drops significantly at sues where the source of irrigation water 

conuuns high levels of dissolved salts (c g efTluem water) or the presence of fertilizer sails 

(Wang and Gregg, 1989). t he amount of water retained is also adversely affected by chemicals 

or ions (Mg2 N Ca2 , Fe2 ) present in the water (Johnson 1984) I lie performance of different 

hydrogels differ on its swelling capacity of hydrogel ( Figure 1)

James and Richards t1 9 8 b )  sugges ted  that these divalent cations develop strong interactions 

with the polymer gels and are able  to displace water molecules trapped within the polvmer 

Even though monovalent  ca t ions  ( Na • ) can also replace water molecules, the effect is not as 

pronounced as with rhe d ivalent  counterparts  as the process is fully reversible In repeated 

making with deionised water

^ 500

Figure I. Effect on swel l ing capacity o f  different hydrogels 

Distilled wafer  m() I 5% Na( I n o  30"o Na< J ■(> 70% Nat I 0 1 lard water 500 ppm

£ 40 50 48

Pusa hydrogel
Agrisorb plus Niitnstil



i  f  *  •  *  » lo each other and rcuularlv
„ each 0 •>> Cr0S*~ “  thus a network. Whcn wffler _  jm<>

° " e ° f  thCSL‘ Chains- 11 15 into .he molecule bv osmosis. Mvdroecls are

characterized by negat.ve (antonic).  positive .cationic,  or neutral chart*. These char,c-c lasses  

arc found in both linear and cross-linked polyacrylamide hydrogels , Marian c, 2t.IT,. The 

charge determines h o *  the> will react with solid and solutes. Cationic hydrogels generally 

binds to the clay com ponen ts  and acts as tlocculanis. Anionic hydrogels can bind with the clay 

a n d  other negatively charged particle- through ionic bridges such a- calcium and magnesium.

Hie stronger ihe dttrLiction between the gel tind surrounding solutes and >t*il purticles. the 

greater the ability of the gel to absorb water, create aggregates and stahili/e soil structure. I he 

more the polymer is cross- l inked,  the lighter the network. I Inis absorption cupacit\ decreases 

hut the polymer remain-, more  -table over  time.

8. Applications of  h y d ro g e l  in a g r i c u l tu re

Hydrogel has a v a nod appl ications in agriculture which arc amended along with lei u li/ci - to 

improve nutrient u >c eff iciency.  I" improve plant growth and also used as a additive- with

chemical. Its appl ica t ion  are  c i ted below as:

N.I.Nutrient release:  Hydrogel  polymeric lerlili/cr prepared Horn cross linking ol iwdiosyl

ethyl cellulose with u rnvcnln»n .11 lertili/crs. urea .uul liquid a ipu  | h | link 

2006). Nutrient-amended polymers  serve .is cllcclivc seedling growth media lot short

term seedling production,  reduce nutrient leaching losses and   alility
□, . . i .ii iikihoinemhiaiie composed ol vvater-
N.2. Soilless cu l t iva t ion :  Plants arc cultivaled <

. . .  nhrmu* absorbs  watei and nutrient- Irom the
soluble polymer and  hydrogel .  I his hydrorr

, i — , i.,i ol line and dense root- do-elv
culture medium. Accordingly ,  the plant dev op

Jttachetl t«■ the hvdron iem brane  surlacc.

.• „ .icrs 80% less fertilizer. protects crops 
'his technology saves 4 0 %  of w a t e r  consumptu n.

* . i n i viruses cannot penetrate the membrane
,r"m diseases via pa thogens  as bacteria • 4

muteri 11 _. 11,> . eel lormulati. 1 tin. n
• J .  W m l  „ | .  | lu l ro k c l  it blended with water to vrv.ttv .

ed control. lydrogei . . .  , 0 m ix. Hydrogel mi x- t  mtwi avit'e against

mixed with Diquot Reglone « ® give a



undesirable broedkaf aquatic weeds. I, also breaks .
. , , r  u i t  , rapidly m natural water and

. * * “  -  “ ;  :  ” * ■  “  " * ~ w  —  p ' » « -  ™ .  ™ , „
i n g r e d i e n t .  which is added to Hydrogel prior to annlicitirm r» ■

pp caticn remains in the target zone.
e n s u r i n g  optimum herbicidal activity.

g.4. Waste m a n a g e m e n t :  The biodegradable hvdrogel with high water absorb.,hiliiv was 

pphed to the disposal o f  livestock excreta. In the case ofdisposal ol livestock excreta. I 

|.5-t'old am ount  ol sawdust  against livestock excreta are usuallv required to 

nrnposting o f  l ivestock excreta.  However, the reduction o f  die amount ol’sawdust was 

achieved bv adding 0 2 ° o dr> hvdrogel to livestock excreta, and therelore the am..uni of  

sawdust became one-sixth .  I he advantage ol using hvdrogels is n«• I on lv  reduction ot 

•vawdiixt hut a ls o  decrease  ol mixture volume, reduction ol work load anil easilv  

transporting of livestock excreta.

a

to

c

8.5. Soil water  c o n s e rv a t io n

Superahsorbcnt has been shown to improve walcr-relention capacity ol the suil iiopi.wc 

snil cluster structures, and enhance the absorption ol water. ( lav so ils  inhibit plant 

development bv inadequate  oxygen levels, ex cess  ol carbon dioxide, and lack  ol diuinugc. 

Hydrogel ctm he em ployed  to improve the structure cliaiaiteiistic - "I clay s. ils. whx.k the 

swelling ol' [he p „ l ) m e r  p . , rlielcs breaks up.irt the siruchirc ,0 ihe m„I and l e a d s  t„ an 

improvement in     heller  dram.me. am .........vide a stable a, gale in Ihe - i i  ll.us

reducing the crusting effect

o r .  x n ii. iiii.n ol hvtliogcK his  «m inlluence on
Improves w a t e r  h o ld in g  capacity: \[ P

.. . ,n i  ini reuse in water retention in the soil at all 
improvement of aggregate  content and

■ i ,t..r is significantlv increased tl l-Iladv
'tuctlons (from 0 - I 5 atm), and the available

. nmnertics ol different soil loiulitioneis are 
and Abo-Sedera. 2006). Water storage p P . . .

. x- vn,ritions ol dissolved salts in irrigation
uignificantly a l lcc ied  bv the nature and conctJ •

851 l,hM ‘,M 1 M h  luced \ ields by the unit of irrigation water milled to
  » « « « r  «*» eff lr fcncy I . .  |f ^  „ >r ^ i n g  vvaU-r cmsnm p.iun  nnd

 hene*      " ,l1
Increasing both w a t e r  and fertilizer

if



aCJ Improves soil perm eability  and infiltration rate- i
, non ra te ,  Hydrogel allows the formation o f

synthetic network that improve both soil
S> 50,1 cohes,on “nd ua ic r  inlihration providing
better hydrophilic properties  o f  the soil

8.5-3- Reduction o f  i r r ig a t io n  f requency :  Hydrogel influences the increase o f  elT.cienc> of  

water usage and decrease ot irrigation frequence (Sivapulan. 2006). I lie use of 

hydrogels increases the amount t>l available moisture in the root /one. thus implying 

loncer intervals hetvveen imitations.
*—r-

8.5.4. Noil erosion.  Super absorbent poly mers allcct water pcnetraiiun rale. deii'.itv. structure. 

compuetne'iS. aggregate  anchorage, soil s water tension. a\ ailablc water. -*oil crispiness 

and finally cause better water management practices m soil, illelalia and I etcy. ION1)) 

Soil-porosity i> improved as the suspended line particles flocculate at the surface and 

•this considerably reduce soil-crosion by stabilizing soil structure. Hydrogel aids in 

ncreasing soil strength by aggregating the soil particles, a h s o ib m g  the impact of 

raindrop energy ariJ increasing so il  moisture.

v d rone  I use. \ critical assessment "I the

9. Factors a f fe c t in g  s u p c r a b s o r h c n t  poly i i h t  p e r fo rm a n c e

Many researchers h ave  docum ented  increased w atcrlio ld ing  capacity, icd iiced irrigaiion 

frequency, creator w a te r  use e f f ic ie n cy .  enhanced infiltration tales. icduccd  n  m| .iclion

tendency and increased  plant perfo rm ance  wi t h

variables lh.il afTect h u l r . g c l  perh.muMcc u  d p  o p i u m  ihe I. - Hut  .........

its efficiency. I h o e  v.iriahlc- tndm k '  H .v n ic r  l>Pc.       w r  nKlh.nl  ..I

applicalion. s a l .m ty  u l  Ihe  ■........   v , l  l o l m e .  l e m p c iu iu k ' .  m ie n . lo l  use  c k

ix . • | | _ in 111 r11 r 111 f 11 ilhsOlhllKN. 11MK llwLllvil I*'
^•I.Type or po lym er:  H y d ro g e ls  d if lc r  vvideh

i , - i i  , -cite in the soil Starch ina ll co p o lym e is  m.i\ lake
hydrate, structural in tcg ritv  and longev ity  in me

• , | . |llxvCvcr starch grail co-polym ers do not possessup to a few  hours t o  h y d r a t e  completely. However.
, i i inm idr acrv la le  co polv mers docs (( m ila  

the gel strength or lo n g e v ity  that cross linked acrylam.de acrvir , .
. i. „ r I n co-Polvm ers is usually lim ited to a single 

Jn<l Huang. I ‘)N2) Activity of starch- g *
, • i . -i, relate co  no lvm ers remain active lor live

scoinn. whereas, the cross  linked  acrylam tde

levcn  years «ir longe i. v m e rN ir * a v a i la b le  in va r iousp artic le  sizes.
-■•Parlick* size of  p o ly m e r :  Water absorbing | « .  .

. rhan 2 mm in diameter. Ihe e fleet ol powders 
In am powders lo coarse* granules gre.i e



■ * - * * • '  " • <       , ,«
water-holding capacity without decreasing the ahili.v r

gtneabil i ix  lor gaseous exchange. If a continuous 
|flyerofpow der  ,s applied,  gas exchange lo the roots mas.be scverelx reduced

OJ. S«il texture: Potential benefit  o f  polxmers on Ui„ , r ^  ^ .........  | |k  ^

texture. Coarse tex.ured soils xxith large pores tend to retain l ess  xxmer than fine ,e x p i r e d

soils. Thus, the amount  o t ' u a t e r  that max be retained bx ineor rating a r  .Ixmcr xx.  ....... ..

greater in coarse textured soils (sands soil, than in fine textured soils telax soil).

0.4. Salt concen tra t ion  in sxa ter  a n d  Soil solution:  \\ ater holding properties o f  polxmers are 

signiiieanllx a l iee ted  bx nature and tlissolxed salts concentration in water o f  imitation. 

Saline vvatcr reduces tibsorplipn urul conservation ol water. Increase in water sulinitv in 

amount < > I more than _. 5 d*s m caused red tic I ion in pol \ mcr c I Icct i \ cncss in loam \ sand \ 

soils and the plants irrigating with 5 d \  m used 1.1"., more th.in that ol with I <» d s  in 

(Bhat at ul.. 2000)

9.5. Rate of app l ica t ion  of  p o ly m ers :  Polyacrylamide i l ’ W li  rates applied to soil may need 

to he adjusted based on soil properties, slope and type ol erosion targeted i I able I > I’ Wl 

with newer longer-chain polymers is more e l lec l i \e  even in lowei iaies i W.iII.kc and 

Wallace. I(>Sri). In some eases, overusing "I hydrogels causes ie\erse icsulis. i .e .u se il

reduces soil air  fo l l owed  by ti l l ing vacant  spaces and gel swelling.  Ihe main icason as 

mentioned is due t<> o c c u p a t i o n  ot mans s.ieaiit spaces ol soil resulting in sevei soil

ventilation I Ahudi-k .mp.u  .m l  Me .Inmusli. 2<K»> S.irx.is <•/.1/ (.’<><)7i in .111 experiment

on Pinniw / . v n m  I s e e d l in g s  obxcrxcil  llt.it In "xei usii.n ol stipe, . ibsorhem .11 soil.

plums were more likclx to be e x p o s e d  I" I m u m " "  diseases.

Table I. Recom m ended dosage ol hydrogel

SI.NoT D o s a g e

1 to 0 g/ k g i d si 

0 2. 0 . 1 and 0 H°n ol so

0 5 to 2.0 g/pot

2 to I g plant  pit 

225 to 0)0 kg ha

I sage

Arid and semi arid region 

Delays permanent wilting point

Im prm c relative water content

S a v e  irrigation water up to 15 to Mi

I0  prevent w

condition

ater stress in extreme arid

tfl



Method of a p p l ic a t io n  o f  p o ly m e r s  The performanrp n f tk  
a>  a c  i ■ e on plant growth depends

fl„ method o f  app l ,canon  as well. „  was shown that s p r a n g  the hydmgels as d n

aanules or m .x ing  them wrth the entire root zone is no. effective (Flannery and Busscher.

1982) Better results seem ed  to be obtained when thr* i
the hydrogels are layered, preferably a

few inches below soil surface

9.6.1. Dry method to su b so i l :  Dry po lym er  ,s applied to the subsoil by mixing with ihe sandy 

5.,,! into depths o f  abou t  15-25  cm and .hen subjecting to welting lor swelling prior lo 

oiluvauon (Plate 5) After  the polymer has swollen the soil structure is improved and the 

water penetration and retention capacity increases, decreasing water runoff and erosion 

This method is applied tor long-term intentions as the polymer has to absorb water prior 

to becoming benef ic ia l . it is not recom m ended  for immediate sowing

9.6.2. Wet method to topsoil  Ihe  po lymer  solution is sprayed onto initially wetted topsoil. 

followed by drying to create water-stable aggregates that resist erosion. This method is 

particularly well adap ted  to sowing immediately afterwards and can also be adopted to 

reduce water consum ption  in irrigation systems where water losses occur due to the soils '  

poor ability to retain m ois ture  These  wet polymer methods can also decrease soil erosion 

by being applied to topsoil or to driveways ol irrigation

9.6.J. Roof dip When applied as a root dip. hydrogels coat tine roots and protect them against 

desiccation f in e  potential  benefit  is that hydrogel dips may function similarly lo the 

natural polymeric m uci lages  produced by healthy roots (Plate 6) Mucilage weakens the 

drop m water potential at the root so i l  interlace, increasing the conductivity of the flow 

path across soil and roots  and reducing the energy needed lo take up water

Plate 5 . 1)rv m ethod  to subsoil



, , ,  Irrigation water: The hydroge, in imgation vva.er w|„ adhere on .„

^  Many researchers found that applicaIion o f  20 kg ha_, pAM ^  ^

irrigation increased infiltration rates and reduced runofTand erosion (Stem ct al.. 1092).

,.7. Biodegradation o f  p o ly m e r :  I he persistence o f a  part icular polymer in the soil ma> aficc, 

to usefulness as a dev ice to delay the release o f  water  and nutrients.  In general,  naturally 

occurr ingpolymers  arc r o a J i K  d e g raded  bv soil microorganisms,  while synthetic polymers 

are more resistant to b io log ica l  b reakdow n .  I lie applied hydrogels inl lucnce the production 

ol'COZ. d is in tegra t ion o l  ce l lu lose  and en /y  malic uctivity and ma> he used as cco- friendly 

water- saving ma te r i a l s  i Sarapa tku .  200  11.

9.7.1. I V  radiat ion I x p o s u r c  to ul t raviolet  radiation, chemical  oxidizers Icrtih/ei  salts, 

mechanical ab ras ion .  a nd  I ree /c - thaw events  will degrade the polymer.  breaking it up into 

smaller f ragments  rhese  smal le r  f ragments  do not have the same propert ies as the larger 

polymers, and thus  the h y d r o g e l ' s  water- re ta ining capacity and other functions arc reduced 

and ultimatelv lost In tense  1 \  radiat ion in the open is known to increase the bteakdown 

rates.Cicls that arc app l i ed  to soil sm laces experience ihcsc env iionmeiit il - u .  s  ̂ > most 

frequently and will  d e g r a d e  most  r ap id ly  especially m soils with high k \<J  ■ solai 

ultraviolet P o ly a c r y l a m i d e  p o l y m e r . degrade  .11 rales o f  .11 l e ad  In' ' ., pci ycai .1- .1 icmiIi 

of physical,  c h e m ica l ,  b io log ica l  ami ph o lo a ic m ica l  processes t l o l s t i U i , / ,,l l " " ’ i

W2. Microbial ac t ion :  \  n u m b e r  ol naturally occurr ing coil microbes have been identified as 

active d e c o m p o s e r s  o I bo th  so lub le  and cross-l inked polva. tv laim.le s i .  I ' --

.ncltodc bacterial s p e c ,e O  f t *  ,//„« .........' • h .............. .

U)Kh„m„„s „,„„/<•»*. fluincr,,, l„„ l<■ ,         ,h c
. I... I, ic fin’ll susceptible to Imlhci dcgi.ul.ition In 

lungal species  d i s so lv e  ihe' polymer ,  which
1 .1 r fi„s lvrrnue s i /e  ol the polvmei lo he less than 

many other soil m ic r o b e s .  It is found that (he average
ic .    1 1 o f  microbial  action It thus lux omes  m u i h  more

percent ol the original in only I I day
u; nrnrcsses  ol microbiological  dcgi.ulution It 

sensitive lo (lie a e rob ic  and anncror t p
, , . . .  in* l  to n %  per year) lo O l  . II (> and m l i - g e n

degrades natural ly in soi ls  t u p  to 10 •» n »

i m p o u n d s .  .

. • 1,  n dvmers  degrade al rales ol at least 111” - pci year
T e m p e r a t u r e  In soil,  po ly ac ry lam ide  | •

. . • I ,ir d and phowchcmlcul processes « loKi.kh u  al
** a remit  o f  ph ys ic a l ,  c h e m ica l ,  biologi  ^  ^

"»2) M high Variable Ambient temperature <VM>.

deur,uled



E n z y m i c  act ion:  Natural polymers  contain chemical h ,  a- u 

1 '  common enzymatic hydrolysis  in soils eg. Proteases, c ,V ^  ^

polymers contain chemical  bonds that may be b r o k e n T h T ^ h  ^  ^
• • c^;ic T't1 -i .1 tiirough common en/vmatic

hvdrolysis m soils. The synthetic polvmers tvnicallv , i ,
y , t ' " P * demonstrate much grealer resistance

to biological attack, since soil microbes have not vet decni i i
1 - u  eloped the polymer- specific

enzymes required lor rapid decomposition.

III. Commercial products of hydrogel

There are various products  which arc available in huth inorganic lorn, and also s,arch based 

polymer which arc p rocessed , , , , ,  ol natural starches Iron, cassava, corn and potato etc. I he 

products arc also avai lable  a long with adjuvants such as in Hio-organics where mveorhi/a 

is present as bio-stimulants.  I he common products available arc listed i I able 2i.

f a b l e  2. C o m m e r c i a l  p r o d u c t s  ava i l ab lc

Brand na me  ( hcmica l  class

Pusa hydrogel Inorganic polymer

Bio-Organics Inorganic polymer
— —  i     _  _ _        .   -  = -------- » —  -

Soil Moist l*i >lvac rv L i m i d e
•  —

I ’o K . k i  v l a n i i d e
m m

Starch p< dy mer

10.1. Push hydrogel

* Reduces leaching o f  herbicides and fertilizers In improves 

physical properties ol soil and soilless media.

'  improves seed germination and seedling emergen

* Improves root growth and density (Plate 7).

* I lelps plants w ithstnnti prolonged moisture

I1!- delaying the onset of permanent wilting p

* Reduces nursery establishment period

IN dnvs c m  mired t„ 2N dnvs i n c n t r o l  ,n vegetable,)

Plait I 1‘ iisa In drogcl



.  Reduces irrigation and fertigation requtrements of crops 

it. Decrease in no o f fertigation booms required lo raise nursery 

and *e crop of tomato in field (37 as compared to 52 in control).

.  Promotes early and dense flow ering and fruiting and tillering ( Plate 8).

Plate 7. Effect o f  Pusa hydrogel root growth pattern

P ush hvdrogel

Plate 8 . Ixffecl o f  pusa hydrogel on fruit

P ush hydrogel

^tarrh polym er
Th,*. i , a m i n o s  for the conversion of  starchy

e has been increased interest in developing

^  produce into hydrogel whtch ,s more envtronmenta, M r  -  -

- d c o n s i d e r a b l y  cheaper than the chemtca.lv synthes,zed ones F.lteb. e 

* * « *  Physico-chemical proper,, «  o f  cassava based hydrogel I Ta b ..



Solubility in w ater 

Absorbencv ( g . kg) 

Nature

I n s o l u b l e

42500

Par t i a l ly  h y g r o s c o p i c

II. Research s t u d i e s  o f  h y d r o g e l  for  soil w a t e r  conscrs  a t ion

Various s t u d i e s  h a s  b e e n  c o n d u c t e d  to  p r o v e  t he  c l l e c t i v e n e s s  ol  h y d r o g e l  to  c o n s e r v e  m<iI

water I he utilitv ol  hvdr» >eel in satidv soil is I omul to be more e l l i u c n t  than that ol sandv
^  —  *  *

soils. The c a t i o n  e x c h a n g e  c a p a c i t y  o l  t h e  s o i l  i n c r e a s e s  wi t h  the  a p p l i c a t i o n  ol  h y d r o g e l .

11.1. Hydrogel for t u r f  m a n a g e m e n t

Deep-rooted g rass  Ira n  .p la n ts  r c c c iv  m g  ad eq u a te  m o is tu re  ex h ib ited  h igh  an v iva l la ic s  on 

arid ran g e lan d s . S l . i r c h - b .w c d  h w lr o g c ls  in em b ed d ed  irr ig a t io n  t u l v ,  J c n i h c J  l ie ie  

provided m o is tu re  s . i l f i c i c n l  to  en su re  p lant g ro w th  and rep ro d u c t io n  b eyo n d  a s ing le

growing seas< m
x . .  .1 u..i iiir- hxilration i.itio ol I part hvdroivl to IDAcrylic gels also supported plant growth, but the .

i i , , i ,,r .,vxih am i rep ro d uc t io n  R a t io s  'I I 'On
parts water applied in this study limited
i . . .  I , r>iiicniinis near 0(1^ MPa ( R o w e  <7 til..

Ihydrogel: water) should provide initial watc p
. • ^ rximi nrrlormante.  I ransplants irrigated with

2005). which would significantly improve p .
i..,s^ ill.- best resto ration  o u tco m es  al the

fully hydrated acrylic gels are e x p e c te d  to p «

I"west ccost.

, | -2- Hydrogel Tor i m p r o v i n g  p h y s ic a l  p r o p e r t ie s  o f  soil
,n i mi ion of 0 arid at pressure ol 1.5

»> adding the pu.tw.lum pol jacrv la .e  to the concenlra.
: ib r ihk  irreaier ciiianfifv ol \v*iur al Hu

M l' ,  ,|lere , ,  dilTerence I here is «  consider,
is a great u m c i  v (,| | 5 MPa. Ihe quantity ot ivtillable

hvdrogel retained alter exposure to the P,tsslir
) ^



„tgr was increased at the hydrogel variety bv  H r
'  by dn> « .  (°n dry weight basis). W ith the

■— r f ,r  * ■ *  -  - i .  » * ,

< * • » ■  “  “ p “ l>- ' — - • • •  * ' « ' ■ » • » » ™  « po« „ , ,  F1S1I;

Figure 2. Effect o f  hydrogel on physical properties of soil

60

a 40 *
c
\ 20

0

5 1 7
37 76

2 1 04
9 59

I 171 i 
J H II .  F

Water holding  
capacity

Field capacit> Wilting
( I C )  percentage

(WP)

A\ailable
moisture

Soil ph>sical p roper t ies

Sand □  Sand * llvdrogel

fotal porosity

(I )|uiovic 17 al . 2011)

vap alan , (2006) states that by adding the polyacrylamide, water holding capacity of the soil 

‘l»*d to 0 01 MPa pressure was increased by 21 and 95% by adding 0 03 and 0 07% of  

^yscrylamide to the soil, respectively, but that at greater pressures (I Mi a )  these

Terences are not pronounced

hydrogel on hulk density  o f  soil

’> »  « ,  « *  r—  -  H » ~ * — ; »

'“ " I '» I « h , l .  lliere ...• ■ » > "    ‘
I 1 fnr r ls v  loam and sandy sod (f ig u re

* v Porosity increased with increasing hydrogel r ‘
ii i iiiIf* it decreased in clay loam and sandy
* * * " ,  macro pore s,/e increased in clay sod whde it d e a r

pore si/c compactness and soil health
* Hulk density o f  soil «  im port** .o -le.ermmc * •



Figure 3. E ffec t  o f  s n p e r a b s o r b e n ,  p o l y m e r  o n  h u l k  d e n s i t y  o f  lo a m ,
clay and sandy loam

152 15 I 49
1.5 1 48 148

;  MS ■  ■  1.4. 1-47
Z  1.46 ■  ■  h  1.45 1-46
B  |44

I  1 4 2
I  1 4 I ' ■  ■ !  3 8
'  138 
1 136 
a 134

1.32

1.38

0 Of )3
01 0 17 0 33 0.67

Doses ofsupcrabsorhcnt  p o l \m er (% )

■ I oam  m ( |n\ Sands loam

( Uz cl u l . 2008)

Available water contents  ot loams and clay soils shosvcd highly significant increase (108°o and 

105%, respectively) with fhc highest 0 67%  PAM rale applied due to increase in water content 

at Field Capacity (FC) and decrease  in water content at Wilting Point ( WP) Meanwhile, plant 

available water content o f  sands  soil increased by 55°n since water content at WP increased

When polyacrylamide gels arc mixed with sandy soils the maximum water absorption is 

substantially reduced compared with the gel alone, the swelling ol the gel is limited by 

Lf|nfinement by the soil matrix (Bhardwaj ct al . 2007)

^■4 Hydrogel on chem ical properties of soil

The CEC increases significantly with increase in rinse .showing (he soil ability lo reduce 

'aching of canons from (he lopsoil due in the application of Ihe hydrogel The use of .he 

hyd,»8el in enhance water retention capacity also increases Ihe nutrient holding capacity of the 

The increase can also he interpreted in terms o f the counter ions exchange capacity 

"r,l,e hydrogel which increases the so,I's, Ca2f, Mg2♦, K+ ami Na > ions which consul,,,e the 

' * 0 * 1 . 4 ,  The increase also ,s a r e d e C m o  of .he ability of the applied hydrogel to create

'" ‘ "'n is that are rich in water and nutrients (counter ions)



^  ^  - t e r  a v a i l a b i l i t y  w i t h  h y d ro g e l ^  l5 ^  (o  ^  ^

- U *  md  seedling growth, however there are variations in the response o f  thfferem 

series ,o Pol>mer h v d r o g e l ,  products (Ahmad and Ve^lancke, 1994). Seedlmg emergence 

0d growth of  crop plants increased m soil amended with hydrogel (Wallace and Wallace,

1986)

,1 ft. Hydros6* on  r 0 0 t  v o , u n i e

fhe effect of hydrogel on the root vo lum e was highly significant (P <0.01), compared with the 

control, mainly during the first 60 DAP, because at 100 DAP only the highest dose of  hydrogel 

i25 kg ha-1) was capable  to maintain this effect The low hydrogel dose (12.5 kg h a -1 ) was 

similar to control That m eans  that the root volume is affected at the beginning and this effect 

is maintained only in the high hvdrogel  dose ( f igu re  5) The soil moisture retention in the soil 

increases thereby shows posit ive  correlation with the increase in root volume

Fi«nire 5. Effect of h v d r n n d  on soil m oisture retention in the root volum e of forage c o m

OH1 1

. aohap ■mooAP

( Yanc/-  ( have/  cl <'/. 2014)

n, , ,, renortcil bv Tabffli and Movohedi (2006)
e * * H »  or Mu. study are consistent  wit  ■ > ^  m ai , e

K" :U' c*f hydrogel and organic c amounts o f  other root components
'"Hit copolymer exhibited greater root wctgl



„  is attributed to art increase in the soil temperature and water content due to hydrogel 

icali0,  Du fault and H air  , 1991,  found that the use of the copolymer a, a dose of 3.5 "  i
f  ^  I  ^  I I *  W^  L m  a  I  •  M  A M  M  M  ^   I  I  _ a

Thi5 is
ilicarion 

0f water 

tjeaied pl^nts-

JPP1     ^

„  grow Chill pepper seedlings, produced higher fresh and dr> root n e i g h , , in .he

i |  7. Hydrogel with A zotobactcr  on soil water status

S o i l s  amended with hy'drogel  w e r e  able  to store much more water  than those o f  control soil 

without hydrogel t r ea tmen t .  T h e  A / o t o b a e t e r  inoculation g a \ e  an additional impro \emcni  lo 

the soil and made it s tore  m o r e  water .  It was  obv ious also lhat the high concentrat ions ol ihe 

p o l y m e r  were much  hot ter  than the low concent ra t ions  in storing water  In ihe soil. I he pot was 

inoculated or not wi th  the free l iving ni t rogen fixing bacteria izoiohncicr vim Lnulii. in a rale 

of3 kg bacteria per  h ec ta re  I here  were  significant differences between soils treated w ith o .d% 

and 0.2% in their  capaci ty lo abso rb  water  in the absence ol \ /o lohac ic r .  but there was a 

significant increase in soil w a te r  eonlen t  at 11. 1%  in the presence ol \ / o to h a c t e r  i fable > i.

Table 5. Stockosorh p o ly m e r  ( I l Ci )  a m n u l n i n i l  a n d  I zo to h a c h 'r  ( \ / . )    mi  s o i l -

water status

H(t doses ( % )  { \ /

_1

Soil  w a t e r  e

Control 1)1.75 HI XX

4. 1)1 XX 0 01

" i f f - 1) M X '  1 22

-f n f  16^ 1.71

0.2 - 0 6 . 7 6 1-1 61

.—
f 07.65  i 1 ' ,c;

M
m

0 9 . 9 7  H  W

f H I M  1.01

1 ime o l  5 0 " . . \\ a 11* i n  \ n ; i U

l o s s  (day s) l o s s

0 5 . 2  ‘ 1 1 1

i»*7 s 11 IN/.*. •»

no 1 ■ 1 . 2  1

• V s ' • i

1)7 1 * 1 X 7

•
7<v I'1 ./[», > it

0 8 . 7 ' 1 ill 7 ' 1"
I  n

1 0 . 2 ' 2 1 1

2 . 2  l

7 0 .  1 "  n  

66.7° o
1 •

2 . 5  1
1

SS X" .

7 7  }
0m dm  •  6 * 2.65 ^ ( l  > I I
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^  P ' an,S de,Cn5e * > * " “  " - a . s e ,  stress lol, rancc ,n, o|vmg
^  signalling p a th ^ y  r e a re d  for the recru,tmenl ofosmo|>tes , o|Q) ^

^ e e h a r i d e s  on the cell wall o f  prokary otic bacteria have the capacity to retain water and

rr„mt5 Azotobauter was  found to improve the level n f  ni.r- 
0 tnea°- icvu of nitrogenous compounds in soils.
vvhidi may have facilitated water  uptake (Hayai a  ul., 2010).

, General applications o f  h ydro gel

Hjdrogel ot man> synthetic  and natural polymers ha \e  been produced wiih their end use 

mainly in tissue engineering,  pharmaceutical. and biomedical holds. I)ue n> tlicir hi eh 

water absorption capacity and biocompalibility they have been used in wound dressing, 

drug delivery. sanitary puds us well as trans-dermal systems. denial materials, implants, 

injectable polymeric svstems, ophthalmic applications, hvhrid-ivpe organs (cm. ip-ulalcd 

livine cells). Ihe general applications arc listed as follows:

12.1. D rug  d e l i v e r y  Hydrogel scuflold provides extracellular matrix and p ro v id es  cell 

adhesion sites It a l lows the flexibility ol ce l ls  t.. rearrange m d> orientation. I lus can 

also help immobil iz ing dillercni proteins at the same time Uuropcls  in suspension 

contains several immobil ized molecules lor tissue icgeiicralion. I I t '  pi I 'Uisilivc 

hydrogel is a h i o o m p a l . h l e  water soluble non- h.vic and rapid disnilepralinn Horn ihe

body Kg. Diltiazem
12.2. Wound d ress ing :  Porosity provides ihannvls ihe iheitiie.ik m he de lne .cd  h ean 

regulate therapeutic d rugs  by d,II., .nip. ihmugh Ihe |.nlv,„v,s nelw.uk depeiuhnp on ,hc

drug properties I g. Vigilon and hypol
,1m r.l due to higher wettability and permeability 

12J. f  nntact lens: Soft contact  lenses arc proclu

than those nf hard contact lenses.
Mtirnnsi's Ollll to l!l“ W hcibs liuloots

12.4. Aesthetics Water beads .available for decorarti I I

vviih wide range ol colours
P S  r i ,h skin to prevent ilark circles in eves ami to cure

Cosmetics: It is use to soothe the skin i

rVllKm" ,nM I, rvlaic tvpc produced by polymerizing
     „    ..

" *  - ..................................................................         w v  A  I »
h"lk m presence ol cross linker and iniiiatom



, ,  R«son for low a d o p t io n  o f  h v d r o g e l  in agricu lture

gaearch regarding hvdrogel prove iLs e/Tectiveness i, limi
which is preferred more by the farmers has low m h ' ^  StarCh h>drogel

linking capacity than that o f the synthetic hydrogel d" ' ” ' Slre" Slh ^

fertlltos in the agriculture has led to soil sickness and is ^  n  T " " *  “ “  C tU m > e ', l  
e i i i- easily alTccicd hy dissolved salts

o f  awareness by Indian farmers and low risk bearim, , h r  -- 
. , «  bearing ability 0 | tanners hindcrcj the

jdoption of hvdrogel for agriLuliural p u rp u s e s

14. Summary

Hydrogel ,s a cross- l inked insoluble w.iicr absorbing polymer which can he svmhvsircd

naturally and synthetically.  I he important ideal lea,arcs ol hvdrogel arc vvatc, boldine

capacity, permeability and buxlcgradahihtv I, is known t o  i„,pr„vc physical and  chemical

properties o f  soil Hydrogel in Ihe soil can he hi..degraded hy I \  radiation.

microorganisms, tempera ture  and cMi/vmatic actiim. (i has  wide uses m auriculiure and 

hiomedic.il f i e l d -

15. Conclusion

Hydrogel amended soil  p r o lo n g s  plants  sur \ i \al  and t a n  lie utili/eil ellcctivclv in ai id aiul 

semi-arid regions a n t e  (here is v anahi l i tv in monsoon over  I ho vcai> Ii can he u s e d  lo 

mitigate the effect ol d r o u g h t  stress and as .111 input lor contingent e iop pl. inmne March 

based polymer from yrim. potato,  cassava  and corn can he processed to pioduce 

environmental friendly h v d ro g e l  it large scale

The wafer use ef f ic iency  o f  va r ious  c rops  on dillcrcni soil 1 . .minion 0111 h  1 d w  and 

also to prove its e f f i c i ency  in clayey s o i l  I nrtlier studies can he done loi I.>111: term

applications lor landscape purpose.
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, How does soil texture and sail concentration affect the hvdrogel performance in the 

soil?

T h e  amount ot water  that mac he retained In incorporating a polymer would he greater 

in coarse textured soils (sands soil) than in line lectured soils (clay soil) allow ing a void 

spaces to form an op t im um  interconnections to ahsorh water.

Water holding properties  ot polymers are significantly allecied In iiamreand dissolsed 

salts concentration in ssater o l  irrigation. Saline ssaler reduces absorption and 

conservation o f  water Increase in water salinity in amount ol more than 2.5 ds  m 

caused reduction iri lyrner effectiveness in loamy sandy soils

2 What is the cost effect iveness  in using Indnmcl ’

The coin mi >n hvdrogel it .cd in India .ire rel.it iv el v al lordahlc. I lie price ol pu . i »Ji ogel 

is Rs. 2000 kg and its e l lcU ivcncss  in the s o i l  last lor more than a year, lo r  indooi 

purposes to grow plants, hvdrogel products such as lerrasorh are available in packs ol

100 g, 200 g and ^00 g

 ̂ Is the usage o f  hydrogel c lf i t ien t  in high rainlall utca*
r , , . mu soil its vveichl and retain loi long inleivals
The hydrogel can absorb  water up to
.  . . . , -■ ■ . ne , rt%ervoir ol water which will prevent Ihe loss
So on high rainfall areas it will act as a re

i minmrn t  \bout 05%  ol water  from
ol water retain in the soil through leaching a

. • d immer season this water can he effectively
hydrogel will he available.  During ihe summ

utilised hy the plants.

! How is hydrogel used for drug delivery.
,ml el istic p o lv m e r  allow urn high chances ol

C,h>lcne hydr ' ,,!,’IS ‘ |)iund in cxI, .K dlu l , r  p roW ta)  H M
'"n iva l  in the body ) mimics  gollttgpn-w ■

is



found in natural proteins. Fibrous hydrogel allows for nrr
. i n  ’ arranEeiT,eni in structure o f  cell

PorouS hydrogel a l lows permeabdity  o f  chemicals ,o reach the target organ.

How does method o f application affect the hydrogel performance in soil?

Hydrogel When applied on the subsoil region performs better than those applied over 

ire top soil. The rate of exposure  of hydrogel to the UV rays and temperature will be 

higher on the surface which leads to faster disintegration. I or trees the root dip method 

for seedlings prevents  the seedling roots from rapid desiccation.

6. The scope of  u s ing  h v J r o g e l  for pe-si management ' . ’

Hydrogel is available a-> \ c m a g c l  which is ,i formulation obtained Irom 's/e i iwiiicnui 

ihermophilum a nem atode  which has the potential to kill wide range "I p - -ucli i>s 

pod barer, d iamonth  b jek  moth and boll worm I lie mixture has lonpei shell life than 

those of  commercia l  f irmulali* »n

7. What is the effect of hvJroge l  in extreme dry conditions like in Rajasthan.

The aetivitv nl  ihe hydn .pe l  will he degraded al very high lempei.ilure at abuse 15 
*  *

degree c c lc iu s .  Since R a p t  .than c o n ic s  under a rid  c o n d i t i o n  aiul i> ld<  il aid  

temperature, a p p l i c a t io n  o t h v J r o g e l  w i l l  he re so u rce lu l he o h .a m i.m  w a l e  .0 ,11  Hie 

atmospheric h u m id ify  by rcd u u r ig  the lo s s o l  e va p o ra t io n  I 10111 die

What is the stability ol hydrogel in soil.

, 1 n fin* sources 11 sc cl. I lie siiiiv.li Limit
The stability o f  hydrogel  in soil differs a
. , . | |h so it will he stable in soil Tor one season 01 a
polymer hns lesser mechanical  siicnu

u, thr- cnoacitv to retain moisture lor over K  years, 
year while the synthetic polymer has «P

U.



Hydrogel: A  nascent approach for 5oi, wat6r c„ n s m .ation

Agricultural sector ,s one o f  the larges, consumers o f  water and the demand o f  water

t*tbsnconsistently m creasm g over  the years. The supply o fw a tc r  to plants during the period

gfoner stress is essenttal  for continued growth and survival for which proper soil water

re te n tio n  is a prerequisite. Superabsorbent  hav e been used as soil additive to increase the water

retention of soils, which  can replace peat, the traditional moisture retention aid lor soil

|Bjrbucci el al.. 2000). The use o f  supcrabsorbent polymer for soil water conservation is

itjirting momentum in this context.
0

Insoluble water-absorb ing  polymer-, were lirst introduced lor agricultural Use in the 

earh 1980s. Hydrogel i-. described a> three dimensional network structures obtaineJ Irom a 

class of svnthetic and natural po lymers  which can absorb and retain significant amount o I water 

(Rosiak and Yoshii. 1009). I he polar hydrophilic groups are the lirst to he hydrated upon 

contact with water which leads to the formation ol primary hound water. I IvdrogcK can absorb 

water approximately 100 t imes ol its weight I" lonu gels and can he synthesized h\ physical

and chemical cross linkine

Hydrogel has a wide range <d uses in biomedical applications and agriculture. I lie 

Jesjred features o f  h y d ro g e l* h >r agricultural purposes include high swellini idle. tal ility
a /

M q m h b i l i f y  which can he d lcc l tv c ly  utilized tor its use in - i l  water conservation.

features arc dependent structure ul the polvmcr network. particle u ,c .  .ate and   I

application, and temperature  t h e  larger surface area o. svvullcu  ndc-     at. ■« ,rc

v'"ds in the sod matrix which c m  enhance soil acralnui.

i . . .  i, .v ino n r o n c i l i c s  ol delav mg the onset ol 
Pusa hydrogel, a com m erc ia l  supcrabsorbc

„,, I j • 111 in f l*lI b\ dissoh cil Stills Is* l< unul
P^anent wilting point, gradual hiodegradability and I f .

• I | i,is soil coiulilionei is cUectivc in 
n rcditct the irrigation frequency when apphc 1

rtnr ilrt reasing cumulative evaporation 
•®Wefen nl aggregBtiun. prohibi t ing  capillary water m ■ . •

• *  "fpmvinp growth in vast range o f  plant species (Sivapalnn.

. .  .  irnn,ex ol carhosymethyl cellulose anil starch based
Stperahsurbent po lymers  with a I frlcn(| | v , ,„cndmcnl In soil

truni cassava, c o m .  potato and yam arc P’ , , rin l.m llt
ii, I ru.|i ihrfj inotuunn ••

"a d l Brave,  2 0 1 1). Q*dus ( 201M re p o r t s  . ^  ^  ^  m o a  UJlcr and

in Ptesenec ol u jpcra lwirbcnt  polymer enhance t
{/



rhe time of water loss from soil. Hvdroppl u 
* *  ™ t  • g d  Can b e  ™ J i l> * * " ■ * » ■  b> soilrfTanism^ and  enz>  m a t t e  in so i l .

r tc  usage o f  hvdrogel in agriculture is llmhed since most of the supcrubsorben, 

„  that are currentlv m  the market are acrvlate-basetl products which take longer lime
<mrl misim* snme rnnm.mr -----  . . .

f i t # *    „ ..... ................
. i.,mdation and raising some concerns about tov i . i i .  » , . . . . . .for x i t i t ) .  Researches on linding out last

_ ■ i t ____ I ___  »
bi ucts in large scale are on the ua>.
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Soil contamination is a serious environmental 

^ses of soil contamination are industrialisation, urba^isTh1™  ^  Ma'"
Und filling etc Heavy metal?vs one of die main soil I0”' mm'nS' " ^ '“Itura] activities,

jflnrnes. including coal-fired power production. e lec ir o n Z r 'T ' A nUnlber ° f ‘H*'5'™' 
^  umber treatment, pulp production and mineral ore and netr ^  ^

aqueous wasie products ,„a, are enriched Z  " " "
. -v f i rr i ' S heavy metals. Heavy* metal

contamination not only affects living oreanisms in ihr* cut. r
~ . m the subsurface but also affects the plants

that accumulate contaminants as they crow Time mn.n •
. . bus, contaminants enter the food chain with a

potential impact in public health ( )n the other hmri
Kr ,lailcJ* c°ntammants can be washed out the soil

bv rain and groundwater, resulting in the dissemmniMn r ..b dissemination ol the contamination The
contaminants cause severe health hazards to the human beim» Mnvi nt'tiiinidii iJLing. Most  ol them are carc inogen ic .
many causes allergy , skin diseases, softening of hones.

Urban

Induitr'ai.
Mirnri

Afrtcuhunl
■ 4 4

*

!
Uprjlra by nr|jn0f|B

Plate I. Sources of contamination

The present situation of soil contamination is Hie rcsull of bad practices in the pasl 
**» Pmcc, „ nn, de„ rah|e because Ihe area alTccted by the contaminants is bigger and 

'■ fin d  Ihe possible remediation is more difficuli and costly as the alfec.ed area grows
'wrefore „ j | contamination is a serious problem that requires a rapid solu.ion in order lo
revem . nr„. sr,iinn is the best •technology" to save our soils« more environmental damages I revent ion is

)m contamination

\  nthrnpo^rnu*

u  a r m  o f  h c j \  \  
n r t j i i  m  i o d

t



( ,n[rodncOon

Soil contamination is a senous environmental problem all over the world Main 

aUS* o f« i l  contamination are industrialisation, urbanisation, mining, agricultural activities.

|Jld filing * c- Heav> metaLsi5 one of ^  "inn soil contaminant. A number of industnal 
activities- in c lu d in g  coal-fired power production, electroplating, leather tanning, smelting, fly 

aah. tnnber treatment, pulp production and mineral ore and petroleum relining, generate solid 

and aqueous products that are enriched with various heavy metals. Heavy metal

contamination n o t  o n lv  afFects living organisms in the subsurface but also affects the plants 

thai accumulate contaminants as they grow I bus, contaminants enter the food chain with a 

potential impact in public health ( )n the other hand, contaminants can be washed out the soil 

bv rain and groundwater, resulting in the dissemination of the contamination Hie
9

contaminants cause severe health ha/ards to the human being Most of them are carcinogenic, 

many causes allergy, skin diseases, softening of hones

lirton
i  -i Industrial Ajpfetfrural

_■ i ■ r C  - -r* , Minin* a
I  K  dM

Plate I. Sources nfronlanilnnlic.n

... IV ihe result ul bud practices in llic past 
The prcsem on of sod con.amm^ ^  ^  contan),nnnls 1S higger nml

" P"ICe"  M  ..............   heCa",e ' 'C £|lll and cos,Iv as the alfccied area grows
m  and the possthle remed.at.on is more < ^  r(|pld ,n order ,o

«*fnre sntl contnminalton is a senous pro ethnology" to save our soils
more e n v ir o n m e n ta l  damages P r ev en tio nveni

,1! ’he contamination

Vwllln

\ Rt  I  r o p D { l  I t *  

u-imn o( 
n r l a l i  B J  m d

l



several technologies have been developed to remedia.• „  , •
1004). Commonly used remediaf- ontaminated sues (Shamta

* * * '  '  . . . .  ;  , remedm,,on technologies include soil flushing
sta thermal desorption, bioremediation, and phytorentediation. ~

^  inadequate performance o f the remediation technologies may he attributed lo 

cotnpî  conditions, such as: (1, clayey soils are difficult to remediate because of their

*  permeability and complex composition (mineralogy and organic content): (2) many 

common technologies fail under heterogeneous subsurface conditions (e.g.. clay lenses within 

and formation); (3) hydrophobic organic contaminants such as PAIIs and PCBs arc difficult

0 treat: (4) very R’vv technologies are available to cleanup sites contaminated with heavy 

neuls: and (5) very tew technologies exist that can remediate sites contaminated b\ mixed 

lontanunants (e.g., organic compounds combined with heavy metals and or radionuclides), 

[here is an urgent need to develop new technologies that can overcome these challenges as 

veil as be cost-effective (Reddy. 2* > 1 ‘ 1 Icclrokinctic remediation has great potential to till 

his need. Electroremediatnm is emerging a s  a viable, cost effective in-situ technique for 

leaning heavy metal c»mtaminated soils I \mainland cl nl.. 2<)I 2 1

Reddy and ( hinthamreddv ( 2 0 l> 2 )  s u g g e s t s  at least three general conclusive ideas 

bout electroremediation. iir>t. the technology is applicable to metal and organic 

onlaminants removal Second it i n d i c a t e s  ili.il clectrnkiiiclic works well tuuler tms.imr.tied 

nil saturated soil condition , I bird low pcrmc.ibililv sod can be treated micvcssIiiIIv bv this

•chnologv

• Electrokinetic r em ed ia t io n

...I ilk  c.?1 11 ■ lecbimiue cspeciallv developedFlectrnkinetic  r e m e d i a t i o n  is .in env in m m cr  . .

, , .. ....... . q|iii|tic although it can be applied to
r the removal of contaminants in soil, sedime

_ , . V T fii t ini I \ elcetrokinetie remediation was
nV *ilid porous material (Reddy et « L  - (]l]h) ,n,,,aM> .

,, . wi \nmtI | ‘M6) Its application to the
M ' d  to re m o v e  sal, or alkali Irottt soils (Pun and  Anaml 10. PP
tm , I in the early 1980s (SegalI el uL  1980). Ihe lirst

al or heavy metals was first attempted in the ca . .
' i .v xtirc for soil remediation was perlormed m

eL,'slul demonstration of tlie use ol electro i v

^ Netherlands in 19R6.

( Oniponenis of elcetrokinetie system
,  n system contains an external direct current source.

U a s l c  e l e c t r o k i n e t i c s  rtmievliatm elfclrcnlc (or a cathode)
1 Pc"‘lUvelj c h a rg e d  e l e c l r o d e  ( n r  a n o d e )  and a aegt tH 'vIy



;jnOfll®aI,t PlumeS 1116 rem° Val 0 f 'contaminants and prevention 1m  ^  ^  ^  kn°"1'
fences in determining the arrangement of electrodes Ea I ”, ? ^  mS™ ° n **  b‘g 

.. * l  ^ 1  . ‘ electrode is encased in a
r-dervoir well m which an electrolytic solution ran l  • •
^  u . , . ' 0 Can k  ejected (Sharma and Reddv,
m  The electrolvtic solutions serve both as a conducting media ,or pore tiuid, and ' 

mans t0 extract contaminants and introduce chemicals or biological entities (Acar «, „

m  Another use o f the electrolvtic solution is for control and/or depolanzat,on ol

leOTnde reactions Bv pumping, processing and testing the electrolytic solution at eacl 
lectrode site, the life and efficiency of ihe system can be extended.

as a 
i al.

DC sou rce

Contam inated soil
I* m-- ”' i i  —  -

Plate 2. (  om poncnls  of clcclrtikinclic system

•k Principle o f  e l e e t r o lo n o t i r  r e m e d i a t i o n

nw

Elcctrokmetic rem ed ia t ion  i. based "ii I lie application ol a ducct  electnc cuncn l  ol

intensity to the p o ro u s  matr ix  i<> bc   rntcd t Vein l ' " H |  I lie cUccl ol the

'««nc field induces the m o b i l i / a t io n  and .rnnsPor.nti..n ol contnmmants tfirongh the porous 

™inx towards the e lec t ro des  I h e  con taminants  wiilun the clcclnc held ate  transported to 

™*ie or to the ca th o d e  where  thev are  removed hv one o f  the follow,ng methods 

,« '"xU.lysis  into e lec t ro ly te  solutions,  adsorption onto the electrode,   . . t o n  ot  co

•^'piiatinn at the  e lec trode ,  p n m p tn g  next to the electrode, cotnp.extng w.th ion exchange
- , . m «i„  electrodes, anode and cathode, are

ns- nr capturing in p e rm ea b le  reactive barn
i which is fill with water or the

,eficd mto the soil matrix, normally inside a c

lpPr,'pnaie s o lu t io n  to  en h a n ce  the removal o f  c o n t a m in a n t s



Plate 3. Principle of electrokinetic remediation 

(( am cscllennd Reddy 201 2)

5. ( ontaminant transport mechanisms

Contaminants are  t ranspor ted  out of the soil due several transportation mechanisms 

iKimf/f//,  2002) such  as e lec t rom igra t ion .  electroosmosis and electrophoresis

5.1 Electromigration

Electromigrafu>n i . de f ined  a-> the transportation ol inns m solution m the interstitial 

fluid in the soil matr ix  toward-, the e lectrode <>l the opposite charge ( 'i ciing and (in. 201 I ) 

Cations move tow ar-b fhe  ca th o de  (negative electrode), and anions n u n c  towardohe  anode

'positive electn )de i

Plate 4. M cctrom igration



The ionic m ig r a t i o n  o r  e lec trom ic-ra t ion  d eo en  I- ■ •- ion depends on the sue and charge of the ion and
 ̂ crrength o f  th e  e l e c t r i c  f i e ld .  It i s  t h e  m n -r  •

~ mponant transport mechanism aiding
i*rm?chemieal remediation ( Lageman. 19 9 3  j Rf n „ 0  r ,

^dL ' BeLauSv ot clectromiLiration. ions tend to
concentrate near the opposite charged electrode , Reddy e, ;006>. The electronrigration of

a tion= and anions towards the electrode opposite in charge is proportional lo the ion

concentration in th e  p o r e  w a t e r  s o l u t i o n  a n d  to  th e  e le c t r ic  f ie ld  s tr e n g th  ( K i m  cl a l . .  2 0 0 5 ) .

The ionic mobilit} i s  a term used to describe the rate of migration of a specific ion species

under a unit e lec t r ic  f ie ld.  In so i ls ,  the rate ot ionic m igra t ion  can  be bet ter  def ined  by the

effective ionic m o b i l i t y ,  w h i c h  a lso  a c c o u n ts  tor  soil porosity and  toriuosi tv .  w h ich  can

significantly affect ion migration.

> 1 F lectro-osmomn »•*** ‘

F d e c t ro -o sm o s i> i> the  net t l u \  ot w a te r  or interstitial fluid induced  by the electric  

field. It is a bulk  t r a m  p o r t  of w a te r ,  w h ich  t low s  th rough  the soil as a result o f  the appl ied  

electrical Held i l  y n e h  of al.. 2'Kt"7) I h e  fluid m igra t ion  occurs  mostly from the ano d e  lo the 

cathode, due  to the  p r e d o m i n a n c e  o f  a nega t ive  cha rge  on the soil part icle  sur laces .  I h e  

electm-osmotic How i c a n  ed  by the fact that w hen  an electric  field is app l ied  to a soil, the 

excess o f  ca t ion . d o  e  to oil pa r t ic les  surface  (doub le  layer)  tend to m o v e  tow ards  the 

cathode Ihe  m o v e m e n t  id th e se  ions  and <>| the w ate r  m o lecu les  assoc ia ted  with these 

species Ih y d ra tm n  shell  .). im p a r t  . a net s train on  the pore lluid s u i io u n d in g  the h y d ia l io n s  

shell This Slr jin i .  Iran . f o r m e d  m l "  a .lic.it lo rcc  because  "I llie t i scoM U  ol llie pure  fluid. 

In sum. a ;  there  is ti.ti illv an  e x e c  ■ • "I  ca t ions  c lose  I" soil pan ic les ,  llie e lee t i ie  l ieIJs  leads  

l o a n e l  fo r te  t o w a r d .  llie t i lho . le  w in c h  resiills in .1 pore  l lmd llnx 111 i lus t lnec l ion  1 \ e a r .  

I W l  I fence. Ihe e l e t l n t  l ic ld  t a m e s  the pore  lluitl m  llow l io .n  llie .mode t o m p a i l m c m  lo 

Ihe cathode, p r o d u e in g  .1 l lnx  and  l o t t i n g  ihe w a te r  lahle lo m ise  111 Hie t a l l ,o d e  com p ar tm en t .  

Electro-osmosis ,s  a c o m p l e x  t r a n sp o r t  m e c h a n i s m  that d e p e n d . on  the e lecir ie  ch.ir .iclerisiics

"I t h e    su r face ,  ihe  p r o p e r t i e s    mlersliii . i l  l luid and  Ihe m le r . ichon  b e tw e en  ihe solid

1 i l . i  ,xt,’i i ro -osm otic  llow t ranspor ts  out ol the po rousWrtacc and the c o m p o n e n t s  in so lu t io n  I he e lec tro  o sm  i i
m m,I sed im en ts  are  usiiallv e lec t ronega t ivemalnx any c h e m ic a l  s p e c i e s  in so lu t ion .  Soils  ami s u m u r .
, . . . , | l0 electro--osmolie llow m o v e  towards the

particles a re  n eg a t iv e ly  c h a rg e d ) .  so i ik
. | lr  .  s  th e  e lec tro  osmotic  (low m o v e -  tow aids 

■ t t o d e  In ihe c a s e  ol  e l e c t r o p o s i t i v e  so ln l  matr ixes .

'he ino.lt



Electrophoresis is the transport of charged panicles of colloidal size and bound

contaro'nants du'-' l" lhi-' aPPhcatl°n of a low direct current or v oltage gradient relative to the 

00X W  pore fluid. When a direct current ( D C )  electric field is applied across a c o l lo id a l  

^pension, charged particles and colloids that are suspended in the pore fluid are 

electrostatically attracted to one of the electrodes and repelled from the other. Compared to 

ionic m igration and electro-osmosis, mass transport by electrophoresis is negligible in low 

permeability soil systems. However. mass transport by electrophoresis may become 

significant in soil suspension systems and il is the mechanism lor ihe transportation of 
colloids ( i n c l u d i n g  bacteria) and micelles.

m _ „ , . ..a rliTtnikiiii ' tii '  remedintinn (Reddv 2010)Plate 5. Overview of  m e ch a n i sm  involved in m u i m v . m

**• Processes involved in e lcc trok in etic  icm cdiatiun

. , «  inuilud are clectrolvsis, diffusion, udsorptionIhe physical and chemical processes involved arc

Sorption, precipitation-dissolution and oxidation rcduc

Plcctrnlysis

r. . . .  i vc nrcordiniz to the following reactions
flic electrolysis of water occurs at the elect n i <-

^ 'he anode 211 if) O d g ) ► 411 !

At iha cathode 411 >() * 4 e * 2 H>tBl { 4 0 1 1



Electrolysis  is the  d e c o m p o s i t i o n  o f  w a te r  m olecu les  into hvdrot ten  and hvdroxv l  ions 

(Caffieselle a nd  Reddy.  2 0 12 , .T h e o re t ic a l ly .  in an e lec t rochem ica l  reactor ,  equal a m o u n ts  o f  

current are carr ied  by a n io n s  a n d  c a t io n s  in so lu t ion .  T h e  concen tra t ion  o f  an ions  and ca t ions  

decreases c lose r  to th e  e le c t r o d e s ,  c o m p a r e d  to the bulk  concen tra t ion .  W h e n  the 

concentration re ach es  ze ro ,  the  l im n in g  curren t  densi ty  has  been  reached.  O pera t ion  at 

current h ig h e r  th an  the  l im i t ing  curren t  results  in the w a te r  spli t t ing p h e n o m e n o n

(formation ot I I -  a n d  O i l - ) .  I h e  l im i t ing  curren t  is low er  at the ano d e  than at the ca thode,  

thus an acidic t ron t  is t u n n e d  d eso rb i  ng m e ta ls  and t ranspor t ing  them with  w ate r  and soil 

particles tow ards  the  c a th o d e .  I o r  m e ta l s  ot concern  that are not m ob i le  at low pH leg. A s  or 

Cr (VI)). s u r la c ta n t s  a n d  e o m p l e x i n g  ag en ts  have  been used lo assist in the m igra t ion  

(Ottensen. 1 *>0 7) S u r f a c t a n N  h a v e  a lso  been  used to assis t t ransport  o f  o rgan ic  co n tam in an ts  

in electrochemical r e m e d i a t i o n  11 lek torovvic /  and Lin. 2001).

Ihe  e lec tro ly-us  reaction-,  greatly a l lec t  the rem edia t ion  process  because  the ionic 

products ( I I -  a n d  0)11 ) may e le c l ro m ig ra le  and or  he t ranspor ted  by e lce l roosm ot ie  

advection to w a rd s  the  o p p o s i te ly  c h a rg e d  e lec t rode  location. I bus.  an acid ic  ( I D  lront ol 

solution may m o v e  f ro m  the  a n o d e  to w a rd s  the ca thode ,  and or  an a lka l ine  ((>11 ) lront ol

solution muv m o v e  f ro m  the  c a th o d e  tow ard s  the anode .  Ih e  intc ol c lcc t rom igrn t ion  may
*

also he affec ted  bv ionic  m o b i l i ty ,  and.  s ince  h y d ro g en  ions  are smalle i  and have  a grcalci 

mobility than h y d r o x y l  i o n . ,  the  ac id ic  lront generally m o v e s  faster th rough  the soil (A ca r  

and A lshaw abkeh .  I ' W )  I he  r e . ic t io n  kinetics ,  or  the rate ol the e lec t ro lys is  icac l ions  at the 

electrodes, mav als*. a l l e c t  the  g e n e ra t io n  and m o v c m c n l  ol the h y d ro g e n  and oi hydroxy l

ions

ft.2 Diffusion

.Viu .rv |l,e c o n ta m in a n ts  m o v e  due  lo d i l f e ie n c e  m
D il lu s io n  is ihe  p r o c e s s  wncrc

ii i „ , c  m ,i to n l i ih n tc  to .i siLinilieanl am o u n t  olconcentration g rad ien t  I Ins usually  d o c s  noi c o m m  me

conuuninttn, t ranspor t  in r e n te d , .    I his d e p e n d s  .... .he lortnoxity nml p o r t  I ihe

medium and the c o n c e n t r a t i o n  o f  the spec ies  (S harn ta  and  R ed d y .  2004) .

ftA A d s o r p t i o n - d e s o r p t i o n

. . . lhl. n .(lvement o f  contaniinanls Irmtt pt.re vvate. tn the soil
Adsorption in v o lv e s  the movcim-

i .1 Km a w ou ld  d ep en d  on the pi I ol the soil 
PWiclcs t i e n e r a l h  so i ls  are  nega t ive ly  t h a r p e d  but 0

,, bc / c r o  ,or a pa r t icu lar  va lue  ol pi I and that
(Reddy 2 0 1 0 )  I h e  net  c h a r g e  in soil



iS called the point ot zero charge ,PZC,. I f  the pore water fails to a pH less than PZC then 

adsorption of anrons wtll be predominant and when pH rises above PZC the adsorption of 

cations «  significant. Thus adsorption is dependent on factors including soil type, soil 
charge- contaminant, organic matter and pore water characteristics.

Desorption is the  reverse ot adsorption and involves the transport of contaminants 

from soil to pore water. When pH tails below PZC desorption of cations are significant and 

vice versa. Due to extreme pH dilTerences between the regions near the electrodes, the 

cationic absorption and anionic desorption occurs near cathode. The anionic adsorption and 

cationic desorption occurs near anode. Ihe area ol the IV.C is known as the slippage plane 

and beyond this, free pore water is present in the soil.

6.4 prccipi tat ion-dissolution

Prec ip i ta t ion  is the  fo rm a t io n  o f  solid that results  w hen  the concen tra t ion  ot 

compound exceed-* irs so lu b i l i ty .  D isso lu t ion  is the reverse  w here  c o m p o u n d  forms a 

solution. Both p r o c e s s e s  a rc  highly pi I d e p e n d en t  and w ould  occu r  d e p e n d in g  on their  

location. Ih e  c o n t a m i n a n t s  c o u ld  be prec ip i ta ted  or d isso lved  dur ing  rem edia t ion .  I h e  

dissolved c o n ta m in a n t s  w o u ld  be ea s ie r  lo rem o v e  than the precip i ta ted  co n ta m in an ts  in soil.

6.5 O x i d a t i o n - r e d  n e t  ion

Redox reac t ion*  lak e  p lace  du r ing  the rem ed ia t ion  process ,  \ re . i  nc.n \ n o d c  

experiences o x id a t io n  s in c e  e le c t ro n s  are  lost and  the ca thode  a ica  c v p c t ic n e e s  K di ic t ion  

since there is a d d i t io n  o f  e l e c t r o n s  b o rn e  metal c a t io n s  precipitate  nea r  ca th o de .  I be va lence  

o f  the metal ions  d e c i d e s  o n  the ir  so lub th lv  and thus might  impact  i c m o v a l  t b h a r m a  and

Reddy. 2004)

7. Fac tors  a f f e c t i n g  e l c c t r o k i n c t i c  r e m e d i a t i o n

I here a re  m any prac t ica l  a s p e c t s  o f  .He techn o lo g y  that need   cons idered

carefully b e f o r e  the technology can he successfully implemented in .he field.

7.1 l o t i  type

f.tik nnnlied to clayey to fine sandy soils. Il appears 
lllis technology1 can b« succession: - IP . . .

,1, ' i .tn iikm t limitation on the technology. However,
lhai »oil type does not pose any significant ,

Ixn.n.l heavilv on soil tvpc and environmental 
Cnntaminant transport rates and efficiencies depend >



variables. Soils ot htgh water content, high degree of saturation, and low activin provide the 

favorable conditions for transport of contaminants by electro-osmotic advecion and 

ionic migration. However, sods of high activity, such as Illite. montmorillonite. and impure 

luuhnite. exhibit high acid.base buffer capacity and require excessive acid and/or 

enhancement agents to disrobe and solubilize contaminants sorbed on the soil particle surface 

before they can be transported through the subsurface and removed. Moreover the high 

sorbtive capacity ot the clayey soil for contaminant would further aggravate the problem by 
retarding contaminant transport.

7 2  C ontam inant type a n d  co n ce ntra tio n

A vai lab le  e x p e r i m e n t a l  d a ta s  indica te  that rem oval  ol heavy meta ls ,  rad io -nucl ides ,  

and selected o rg a n ic ^  by e le c t ro k in e t i c s  is leasihle.  It is an t ic ipated  that pollu tant ,  such  as 

PbO. may d is so lv e  a n d  a d v a n c e  th ro u g h  the soil. I he process  helps  in m ig ra t ion  o f  d ifferent  

contaminants in the  soil - s im ul taneous ly . Ih e re ld rc .  the type o f  co n tam in an t  does  not pose a 

significant l im i ta t ion  o n  the  t e c h n o lo g y ,  p rov ided  the co n tam in an t  does  not exist  in the 

sorbed phase on the  so d  pa r t ic le  s u r l a c e  or  vis p recip i ta tes  in the soil pore. H o w e v e r  a high 

concentration o f  ions  in the  p o re  fluid will increase  the electr ical conductivi ty  ot soil and thus 

reduce the e f f lc iencv  ol e l e c t r o - o s m o t i c  lluid llow. M ore  the si leng th  ol the e k e  trie lie Id
m

applied may h a v e  lo be r e d u c e d  to p reven t  excess ive  pow er  c o n s u m p t io n  and heal genera t ion  

during the p rocess .  N o n e t h e l e s s  the co ncen t ra t io n  ol the co n tam inan t  does  not pose  any 

insurmountable h u rd le  to the a p p l ic a t io n  ol the process.

7.3 Electrolyte com p osit ion

C h a n g e s  to  the  e l e c t r o ly t e  c o m p o s i t io n  o c c u r  w h en  d is so lved  sub s tan ces  are r e m m e i l

r , , .1 , 111 , I v 11- 'i i it • I v I e hv depo s i t ing  on the ca th o de  as is theIrnm the soil s a m p le ,  by e n t e r in g  the cal lu ' ty ic  anoiyn. .  > m h
,,1ri ,  . . . , mu ( I l  .med cl al I ‘>91 ) and ( d (Avar  el al or  byease lor manv m eta l  tons ,  s u c h  as I h t i t a m c u  u

m

j i , . 1 • r_ ,m cn | ine  soil at the anode .  So m eta ls  from theevolution of. for  e x a m p l e ,  c h lo r in e  Irnm sanne  son

exhausted electrolyte m u s t  be  e x t r a c te d  and  rem oved .

7’4 PH g r a d i e n t  a c r o s s  t h e  e l e c t r o k i n e t i c  ce l l

I I rlvimzes in the soil pH near the electrodes. Ihe 
Ihe process o f  electrolysis lends to changes

. . I t  nhoiit 7 whereas near the cathode it increases up to 
near anode develops a low pH of about „ wntr

n ,  | iroxvl ions move both due to elcctmmigralmn and
11 or 12 (Figure 1 ) I he hydrogen ancl hydroxyl
... , ,k m  the hvdroxvI ions tend to travel taster

'‘'lluxiun II,c hydrogen ions being smaller than



|eading [0 rapid acid front m .gnm on  at almost twice the speed o f  the base front m,oration.

f te  fr0nt ralgrat'0n 15 even easier in lo"  buffering capacity soils compared to high 

buffering capacity soils since the hydrogen ions gel consumed to neutralize soil consiituents

tShaima and Reddy. 2004) .  The acid dissolves the usual cations in the soil or precipiiaies and 

helps cation removal. If the contaminants are anionic, the acid front would increase 

adsorption and reduce contaminant removal. Both the acid and base front will in turn have an 

e ffe ct on the zeta potential ot the soil intluencing the How.

Figure 1. V ar ia tion  in pH with distance from anode

1 -

D i s t a n c e  f r o m  a n o d e  ( m )

7.5 Voltage and current levels

I he e lec t r ic  c u r r e n t  d e n s i t i e s  used  m most  s tud ies  .tic in the onlc t  ot t e n  tens  ol in \

c m \  A l lhough  h ig h  c u r r e n t  ink- .  c a n  genera te  m o te  acid and increase  the rate ol

transport to fac i l i ta te  the  c o n t a m i n a n t  rem ova l  p m c c s s .  it i n u i a w s  p o w e r  c o n s u m p t io n

tremendously, as power c o n s u m p t i o n  is dtrccllv p r o P o „ i o „ t . l  to the square o l e le c t r i c  current. 

. | io  \  m ' has been demonstrated to be the most
An electric current density m the range cl I - A m

,-r. „ P;„i,. ori.-rt inn cl  e lectr ic  current  densitv andefficient for the p r o c e s s .  H o w e v e r  appropr ia te  se lect ion .
i . i  i iomirnl n m n c r t ie s  cl the soil to be treated,  inelectric Held strength d e p e n d s  o n  the e lec t ro ch em ica l  pn p c i .

IU , lainhpr the electric conductivity o f  the soil, higher 
particular the electric conductivity. I he high
tb/i, , , f ia„,iiv needed  to maintain the required electric Held
Will he the required electric current density

i s o  V m  c a n  b e  u s e d  a s  a n  in i t ia l  e s t im a te  to r
« « a g lh .  1 le c t r ic  licld s t r e n g t h  o f  t h e  o r d e r  o f  5 0  V m e .  , , , , , ,

i ,ar tdectrie Held Strength should be selected
^ p r o c e s s  An optimum electric current c-n^ .

v l i imc req u i rem en ts  ol the  process,  
on soil p rop e r t ie s ,  e l e c t r o d e  sp a c in g  a



^  kjectrical conductivity and field strength

As a re su l t  o f  th e  c h a n g e s  in PH and  ionic s trength,  w h ic h  arise dur ing  

gjcctrorernediation. n o n  u n i f o r m  e lec t r ica l  c o n d u c t iv i ty  and  vol tage  prof i les  qu ick ly  deve lop  

,gruell et 1 9 ) - ) .  T h e  m o ^ t  n o t ic e a b le  d rop  in conduc t iv i ty  and  therefore  rapid ch an ge  in

f i e l d  strength are g e n e ra l ly  o b s e r v e d  n ea r  the ca thode  (F igure  2). T h e se  appear  to co r respond  

jo the sharp pH  j u m p  a n d  to  the  p rec ip i ta t ion  ot heavy  meta l  ion con tam in an ts  as solid 

hydroxides ( H a m e d  at al.. 1991) .  The resu l tan t  s teep potentia l  grad ien t  near  the ca thode  

initially causes a h ig h e r  ra te  o l  e le c t ro -o s m o t ic  How in this region by the h igh negat ive  value  

of the zeta po ten t ia l  n e a r  the  c a t h o d e  (L y k h o l t  and  Daniel 1994). A s  the acid front p roduced  

at the anode p a sse s  t h r o u g h  the soil ,  the overal l  How is reduced.  I : \cn t i ia l ly .  the very h igh 

resistance o f  p re c ip i t a t e d  m e ta l  h y d r o x id e s  and  bubb les  o f  gases,  such as hydrogen ,  p roduced  

by electrolysis, c a u s e  f lu id  flow to b e c o m e  m in im al .  As long as the concen tra t ion  ol ions in 

solution is su f f ic ien t ,  e l e c t r o m ig r a t i o n  resul ts  in s ignif icant  rem oval  o f  ions even  w hen  

electro-osmosis h a s  d e c l i n e d  o r  ceased .  H ow ev e r ,  as i«'il'- are rem oved ,  by m e a n s  ol w a te r  

formation, p re c ip i ta t io n ,  a d s o r p t io n ,  and  co m p lc x a l io n .  conductivity  falls especially in the 

region o f  the pH j u m p  I I c c t m m ig r a tm n  and  therefore  the rate o f  rem oval  o f  con tam inan t

ions become slow

Figure : .  V a r i a t i o n  in e l e c t r i c a l  p o t e n t i a l  w i th  n o rm a l i s e , I  d i s t a n c e  f r o m  a n o d e

0 t 
0

0 6 0 fl 1
0 2 0,1

Normalised distance Irom anode

, .  , ,  shovv, variation in electrical potential with normalised
hgure 2 , 1 lamed e, al ,1 > from anode to a specific point to the

"**• N,’rnl“,,,etl J'-'tiince 1 ’ llK r“" |n e ,cclriea| potential near the cathode
mm anode to cathode. There is a ^

islanr 

wtara e h



^  due to pH jum p and prectpttatton which leads ,o electro-osmotic flow towards cathode

initially-

y 7 S a t o  re and a r ra n g em e n t  o f  e lectrodes

Tbe choice of electrode material affects the electrode process but is limited in practice 

b> cost considerations, ease ot manufacture, and robustness. Generally, inert electrodes are 

preferred as they avoid introducing contamination from dissolution of ihe anode material 

though, in some cases, reactive anodes, such as iron, have been employed (Ho et al.. 1997). 

phev need to have porous casings and open access to ihe electrode compartments so that 

solutions and gases can flow through them. A common choice of material for both electrodes 

jn laboratory studies is graphite while, in held applications, materials such as activated 

titanium with an electrucatalytie coating ol mixed oxides or conductive ceramics are 

sometimes used. Ihe si/e. shape, and arrangement of electrodes and the distance between 

them will also affect rates ot decontamination Very little research has been carried out into 

optimum values lor these p irametcrv

8. Application o f  e lce tro k in e tie  rem ediation

Elcetrokinetie Remediation can be implemented for the remediation ol soils, 

sediments and anv p<irons material I his technique is used on both sanitated and unsalurated 

soils though it works better on saturated soils. Ii can also he implemented on heterogeneous 

soils and used to treat a wide range "I contaminants (Aear el al . I 1)5). I Ik method is verv

effective in removal of strontium ..ml w-nm, Iron, Itigli water cot,lent soil pi I control at the
i ..i ....til.I Ijiuiilru ihe laiuie ol contaminants thatelectrodes Jnd the use ol enhancement agents would nioauui umgc

, I . i.. „i m e r i  urv and cobalt llius. I leetrokinetiecan he treated with this process such as lead.
„  illf |, in tends  to separa te  and extract  rad ionuc l ides ,  

remediation is a develop ing  t e c h n o lo g y  w h ich  in icnus  (
l . • . .* ir.im saturated or unsalurated soils, sludges,
heavy mcMals and organic contaminants

**fanent5 anil groundwater.

Held Applications

. . , Lin .,:r o the anodes are iron or aluminum rods 
In most practical applications o f  electrokinetics.

u .t»rd.'rfmdes are a so used lor both anodes 
Ihe cathodes are steel tithes S o t i i o t i i i i v s  KruphUv electrode

. . ,.n* o f  held npp ications m the Netherlands.
* *  Mihodes. I agon,an. ( I W )  report*! the rvMths "
Hl p /  , r vmnval at a concentration ol 70 g g-l from

• Htudte, demonstrated about 60 % ol / "



* *  dJ- 50951 80 7  remOVa‘ 31 3 C° nCentRUi0n o f9 °S g -1 from heavy clayey soils
^  -j «  of Pb removal at a concentration o f 340g g . ,  from dredged ^  ^

jjpenrfiwr® r j n - v d  t r o m  6 0  to  _ _  J kVVh m - j  o t  soil  p rocessed .  Page and Page  (2002)  applied 

j *  ilectrolvinetic e x t r a c t i o n  p r o c e s s  in c o n ju n c t io n  w ith  the pum p-and- t rea t  m e th o d  in a 

abandoned industr ial  h a r d - c h r o m e  p la t in g  facil i ty  super fund  site in Corva l l is .  O regon .  U SA .  

Their study d e m o n s t r a t e d  th a t  c h r o m i u m  rem o v a l  sl ightly  increased ,  hut they  d idn ' t  p rovide  

any numerical va lu e  o t  r e m o v a l  e f f ic ien cy .  They  pr im ar i ly  conc luded  that ion migra t ion  

plays a signif icant ro le  in the  d e - c o n t a m i n a t i o n  process.  In an o th e r  field s tudy  conduc ted  at 

Siadskanaal. N e th e r l a n d s ,  it is r e p o r te d  that  at an energy ex pend i tu re  o f  20 k W h  m -3 o f  

soil. Pb concen tra t ion  r e d u c e d  to 120 m g  kg-1.  C d  150 m g  kg-1 . and /.n 320  m g k g - 1: at 65 

fcWhm-3 o f  soil,  Pb  c o n c e n t r a t i o n  r e d u c e d  to 00  m g  kg-1. Cd 50 m g kg-1. and Zn 120 mg 

kg-1; and al 180 kZA h m -3  o t  so i l .  Pb  and  Zn concen tra t ions  reduced to less than 10 m g kg- 

land Cd less than 2 m g  k g - 1 .  In all c a s e s  the initial concen tra t ions  o f  Pd. Cd and Zn w ere  

210 mg kg-1. 30 0  m g  k g -1 .  a n d  4X0 m g  kg-, respect ively .  H ow ever ,  a n u m b e r  o f  p ro b lem s  

not encountered in the l a b o ra to ry  s tu d ie s  a rose  in the field trails.

9. Case studies

In 1905 at the  P a d u c a h  si te ,  m K en tucky .  I S . \  a new techn ique  w as  deve loped  for

ford removing heavy  m e t a l s  I n r m  .s o ils  ca l led  the I a sagna  I roccss  t I l o  t / <//.. 1 > I >. simply is

the creation o f  sev e ra l  h o r i z o n t a l  p e r m e a b le  zones  used to p rovide  ireatment i luough  the

. . .  ■ i t  i i |  ..■..hi >ii | in i \  11 ires it' the eleclrolvliv solution,contaminated soil m a t r ix  by a d d in g  d i l k r u i l  a i i im xm ie
■ , . ... , , , u .,1 i..ri 11 ■ i sol i il ions, ox id iz ing  agen ts  in this
Admixtures like s o r b e n t s ,  c a ta ly t ic  reagen ts ,  h u t i u m g  b b

■ , , ,, lti, ,1.,. i,„,il.' near  the ho t lom  and llie ca thode
system are app l ied  t h r o u g h  a ve r t ica l  sy s te m  with Hit .m out

i i.. ..i.l in ih o d c  svs tem  m ake  recycl ing  ol lluid
nwr the top. The o r i e n t a t i o n  o l  ve r t ica l  a n o d e

, . ;i . 1,0 |..«>nma layers is due  to Iraetu i ing in over-
“nd system t r e a tm en t  e a s i e r  I h e  fo rm a t io n  it me la ag

, i , ,r „ipo C o n n l in u  ol the horizontal  e lec t rodes  
WtoBolidated c lav s  b e c a u s e  o t  h o r iz o n ta l  d e c  i

' l m e t h o d  espec ia l ly  e ffec t ive  in rem o v in g
^  a vertical p r e s s u r in g  s y s t e m  m a k e

. . j up n ionccr  test o f  tins p rocess  prov ed 9S o
CQntaminanis f rom  d e e p e r  l a y e r s  o f  the soil.  T P

c*Tcc(ive o f  removing contaminants Irom ihe I adutah

I  ^  ■ finn a n d  rem ov a l  o f  lead d u r in g  e lectrokinet ic
Hie f igure  1 s h o w s  th e  m ig ra t io n  and

, , v/iri nivtc e l a/(2(J02) 111 pb contaminated
'•"W'iiotlon n ,e  experiment w as conducted by . . . .  , ..

v x p t n i i i v i i i  1 A . r ,h e  p r o c e s s  (he  so i l  w a s  div  ided  in to  l iv e
ln" e  m i l  u s ing  e l e c t r o k i n e t i c  r e m e d ia t io n  > ^

" "        . d  r « .  Pb.  i , . » 1,1 “



^vered. The remainmg Lead that desorbed d m n c  

d0Se ro * e  cathode.

Fig0 reJ. Migration and removal o f lead during electroremediaH
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Another ex p e r im en t  with hcxavnlent Chromium also shows 75-80 per cent effieienc\ 

during electrokinetic rem ed ia t ion  Hcxavalent Chromium accumulated towards anode 

because it will form o \ y  anion-, that m ove  towards amxle under the mtluence o f  electnc field 

(figure 4)
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Figure 4. Migration
Ion and removal of he.avalenl O-ron,inn.



|0  1 I n c r e a s i n g  treatm ent duration

Figure _ shows the etteet ot treatment time on the efficiency of electrokinetic 

remediation. As the duration ot treatment increases from 24 to 48 hours the efficiency 
increases to 90 per cent.

Figure 5. Effect o f  trea tm en t  duration in removal efficiency o f  Nickel (Utchinuithu cl al..

2012)

100

24
36

48
Time (h)

It).2 I s ing  se le c t iv e  m e m b r a n e s

, / c a l m  , I I  , C ( I  I d  URIC,ISC the cllicicncN In d ec rea s ing  pi If Qtinn se le c t iv e  m e m b r a n e  (< V\l> w a s  u k u  . -
i :,,r ill ( 111 mils due  lo elect rol \  sis ol w a te r  at the ioreuthnde. In order to restr ict  the m ig ra t ion  ot m i  u
. i i m  nriNfin c ol the C'SM d ecreased  the pi I ol the solidtion elect rude ,  a C S M  w a s  inser ted .  I Ik  presence  i

,i, 1.11 , 1,-v i in,hi il inuiv ft). An c \ e n  d is t r ibu t ion  ol l*b tase th roughout  ihe c lay c o l u m n  w ith  p n  dev ia t ion
i ■ i . i in,l icit  ini' lli.il the I S \  I w as  c l lcc l ive  in 

as observed  th r o u g h o u t  ' l ie clay c o lu m n  indicatm/.
, , > i i  i „ n s  Irom  the  ca lh o d c  c h am b er .  I h e  ( S \ l  dec reases  the

tpprcssing the’ m o v e m e n t  ol  t ) l  I 11

li and thus p reven t  the p rec ip i t a t ion  ol' I’h near  ca thode



Effect w i thou t  CSM
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Effect with CSM

1 Z
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(vjcrrm alb^d d i s t a n c e  f r ^ r n  a n o d e

Normalised distance from anode

||)J Lsing clectroly tc e n h a n c e m e n t  solutions

Electrolyte e n h a n c e m e n t  so lu t io n s  im p ro v e s  co m p lex a t io n  and mobility o f  both meta ls  

and organic c o n t a m i n a n t s  s u c h  as c i t ra te  lor I’h and Cu (C h a n g  cl til.. 2010).  acetate  lor Cu 

[Chen cl al.. 2 0 1 0 ) .  E D I  \  for  h c a \>  m e ta l s  in general .

Table 1. The removal  efficiency of enhanc ing  agents

Enhancing agen ts  Removal efficiency ( /a)
• — 

Ethylene IT iam in e  Ic ir . i  \ c c t i c  ac id  I
J

| (EDTA)
! ■  —  i .  »  ■ ■  —

Acetic acit
■ -  .

Sulphuric ac id

Sodium c h lo r id e

, ( itrie acid

57 

7 '  

7‘) 

S2

10.4Circulat ing fresh  e l e c t r o ly t e

,nc , , . , Iliffcronl modes (continuous, periodic, AC /D O
10.5 Applying e lectric  potentia l  in

c°tnbinations)

. .  . . i„irnducinB oxiilnnls such .is hydroRcn
Osidaiinu mnv lie en h a n ced  In

P^rn\i«fe.

lb



Compared to c o n v e n t i o n a l  r e m e d ia t io n  technolog ies ,  e lectrok ine t ics  has  several  

m a n a g e s .  Based  o n  the  re su l t s  o t  labora to ry  tests and  field appl icat ions ,  e lectrokinet ics

fact been sho" "  hC “  Pr° m i s i n g  m e th o d  ° r  cover ing  ionic  and  water-so lub le  

contaminants. It is easy to  o p e r a t e  and  requ i res  s im p le  e q u ip m e m .T h e re  is m in im al

exposure to the o p e r a t i n g  p e r s o n n e l  a n d  the  su r ro u n d in g  env ironm en t .  It can  be used as

,0- ,/m or ex-sin, r e m e d i a t i o n  s> s te m ,  as a delivers- sys tem ,  as a c o n ta in m en t  system, or

0  a combination o f  th e s e  s y s t e m s .  It is ap p l icab le  for a w ide  range o f  m edia :  It m ay  be 

used tor soils,  s lu d g e s .  s e d i m e n t s ,  and  nr  g roundw ater ,  ldee t rok ine t ic s  is ideal for

subsurface c o n d i t io n s  tha t  p o s s e s s  low permeabil i ty  soils or soil depos i ts  with  strati lied 

lav ere or lenses o t  v a r i a b l e  p e rm e a b i l i ty .  Mere the convent ional  remedia l  m e th o d s  are
j

commonly def ic ien t .  It t> a l s o  a p p l i c a b le  lor a variety ol con tam inan ts :  It may be used for 

metals, volatile o r  s e m i - v o l a t i l e  o rg a n ic  c o m p o u n d s ,  and rad ionucl ides .  I here are 

currently no o th e r  vi lb le  m -^itu  m e t h o d s  lor t reat ing inorganic  and organic  c o m p o u n d s  in 

porous media s i m u l t a n c  m -d y . Ionic  c o n ta m in a n t s  are absorbed  to sed im ent  part icles and 

are often not a v a i l a b le  lor removal by the s im p le  Hushing act ion ol water.  Ihe  pi I shill 

produced by the electro lysis <d the w a te r  e l lecl ively  d e so ih s  c o n tam in a t in g  ions. In 

clayey sediments ,  h v d ru u l i e  tlovv th ro u g h  pores  can be extremely l imited. I Icctiokinclic
w J

remediation is ,m e l l e c f t v c  ntclluti l  *d induc ing  i inwcmeii l  ol water ,  ions, and  col lo ids  

through f ine-gra ined  s e d i m e n t  I lie p ro ces s  is com pe t i t ive  in cost and  rem edia t ion

effectiveness to o th e r  m e t h o d  • cu r ren t ly  m use.

12. D isa d v a n ta g e s

I , ,| M, |„bilnv Ot ihe eonl . tminant  and the
I lie e l e c t ro k in c i t e  p r o c e s s  is itmiicti >

1 . i ,_iv 11...u v meta ls  in then metal l ic  state hnv e
dworptinn ol c o n t a m i n a n t s  I rom  the soil matri

■ I. ... *i e-imnli's I lie p iocess  is also not
lot been successfully d i s s o lv e d  a n d  sepa ra ted  Iron
. r r  • | in<| non target ion concen t ra t ion  is high.
efficient when the ta rge t  ion  c o n c e n t r a t io n  is
. . . .  , . , m r()rn ,d e  so m e  anode  materia ls ,  ( o n v  entional
Acidic condi t ions  mul clccin*l\ii<- tlocav

1 • 1,1 mi urate  Irom thcii initial location to
elcetrokinetie r e m e d ia t i o n  r e q u i re s  con t tm un .

,1 be lone or there could  be stagnant
■  S t r o d e .  In s o m e  crises.  Hie m ig ra t io n  path  cou ld  I m p

rv niti iiI irIv s low, both  (d w lueh  result 
/nnes between w e l ls  w h e r e  the  rate of  m ig ra t ion  1

. i /,»ne M oreover ,  sharply convergen t
1,1 ‘C o m p le te  r e m e d ia t i o n  o f  the c o n ta m in a te d



^ c a i  fields can result m heatmg and potential losses in the vicinities of electrodes A 

^ ia te d  deposition can cause contaminants to be removed from solution prior to

arnvol al *  P ™ *  SUrtaCe 01 P0Int ot removal (Murdoch. 1995). Electrolysis reactions 
ra &  vicinity ot the electrodes may cause changes in ambient pH that may change the

solubility and speciation o f the contaminants. Heterogeneities or subsurface anomalies at

sites, such as butldtng inundations, rubble, large quantities of iron or iron oxides, large

^  or gravel, or submerged cover materials such as seashells. can reduce removal

efficiencies. The presence ot buried metallic conductors or insulators in the soil and

reduction ox ida t ion  a n d  p H  c h a n g e s  induced  by the process  e lec t rode  react ions can

reduce the e f f e c t iv e n e s s  o t  the  p ro c es s .  Prec ip i ta t ion  ol spec ies  c lose  to the ca thode  has

been an im p e d im e n t  to  the  p r o c e > v  Heav y m eta ls  can prematurely precipitate  close to the

cathode at their  h y d r o x i d e  so lub i l i ty  va lue  il the chemistry o f  the c lectro lvte  at the

electrodes is not a l t e re d  o r  c o n t ro l l e d .

13. C onclusion

The success  o f  e l e c t r o k in e t i c s  in soil res torat ion and de c o n tam in a t io n  in te rms ol

inorcanic c o n ta m in a n t s  (h e av y  m e ta l s )  has d e m on s t ra ted  its ability to be one  ol the most

cost effective and  v ia b le  ih-miu  r e m ed ia t io n  processes  c o m p a ic d  to tlis conven t iona l

remediation t e c h n o lo g ie s  s u c h  ax so i l  w ash ing ,  l igand extrac t ion ,  and v acu u m  extinction.

thermal desorp t ion ,  h y d r a u l i c  I rac tu rm g .  bio t rea tment ,  im m obi l iza t ion  by encapsula t ion .

und placement o f  b a r r ie r  s y s t e m s .  Maxed on the li terature icvicw and ic^eaiches .  il i

obvious that the f ie ld a p p l i c a t i o n  ol  e lec t rokine t ic  technology to rem ed ia te  heavy metal

.• *, , i it., sncci l ic  VkliinMi.il hiboralorxcontaminated soils /sediments is verv limited an I I

studies and m o re  p i lo t -  a n d  fu l l - sca le  m l o n n u n n n  I ' - ' ' '1 " P P 1* ........................................... . fW

better understanding of the technology and lo cut.lo.ni/c the process in different Held

TOfitions.

M. Research gaps and future  needs

• . 1 cost  effect ive  in-silu and  cx-silit soil
E lec t rok ine t ics  is Iasi e m e r g i n g  a «

i o nronnic and inorganic contaminants, 
c ita t io n  tachnolngy for the removal ol organic *

. commercial viability and technical
N®ieroua Held scale tests have proven
... | to other commercially available methods.

of the process when comps c #
a nrocess by various mechanisms has lu-cn 

ability o f  I K to enhance the removal p



_  v  * * 100* * ^  i t s  e f f e c t i v e n e s s  m  eround -
_ . . . .  ” d ic t ion  technologv .  In addit ion.

. - ^ c h J T - «  - - -  lhaar  e f f e c t s  c a n  be  ta i lo red  o r  - , i w ^  - 
-  ‘ * a l tered in o rde r  to:  (1) S peed  u p

« *  ± e  “  01 *=*£“ *• c f a a n k a l  su rfac tan ts  etc- n »  , 1 -la^uiiiLs etc .  (_)  lock in n o n -c n u c a l
- m  th e  soil by i m m o b i l i z a t i o n :  1 >» , -

nhan*.e rem ov a l  o t  target  con tam inan ts
£  s c ® c :  4  • m o s t f i e l d  le c h n o lo c n V *  i.e.* ^

*- '  ex p e n s iv e  n o n re a c u v e  m eta ls  as

* * * &  * * *  “  ° F “ U nium  coaIed metJ'-s. The consideration for the use o f

Bums arirr-r.e. a . : . \ e : e d  carbon or carbon fibers) needs to be further exploited.

* * * * *  re lics  e b  in exp en sixe  and easier to produce. In addition, carbon in its xarious

e o d  i n d i g e n o u s  a l m o s t  all countr ies .  P a n i c u l a r h  in the th ird world .

g^esccb*uw — P l  c o n t r o l s  in  th e  pa>t h a \ e  been  absen t  o r  ^adlv lack ine .  use  o f  locallv

0& tblc and ■ electrodes could render the technology available to the p o r e s t  o f

g j B K ( 4 i  jOidy ■ v a r i o u s  e l e c t r o d e  g e o m e t r i e s  to en h an ce  e lectroconduct iv i ty  o r  a l low

surface —~ea e \ r *  'U_. ’ ê o f  hollowed out electrodes to allow p u m p in g  in and

a  of jK  rr* "

rff * e  pr <cc(' 1

* r .

r  d ix * : ---- "

a ! '  * e n h a n ce  the 1 k. Process . * w

- a -  e can  ue  fu rth e r re d u ce d  to in c re a s e  the  cos t

S.- a d d re '^ e  J  w i t h  the  u-e o i  m o re

o : l \  e!eelr«*conducti\ilv bv\  1 I  I t

. h r  . .

tXll *—4 cncm ica i  j : h j :
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I WTiat is the  e f f e c t  o f  e l e c t r o k in e t i c  remediation
m ed la l ,on  on m ic roo rgan ism s?

fr was found that most ot the bacteria u-pr>
II " ere ^ P o r te d  by electro-osmosis. After 25 
^  of remediation the cell number and microbial diversity reduces especially in

culturable bactena like B aalim , on the other hand dehydrogenase activity and several

microbial populations uere increased. So we should have better understanding about 
the native microbes and the contamination process.

2. Whether  the r e m e d i a t e d  s i te  is a m e n a b le  to susta in  g ro w th 0

There are s o m e  c o n c e r n s  a b o u t  the c o n d i t io n  ol site once  it w as  rem edia ted .  Soil m ay  

not he able  to s u s t a i n  g r o w th .  I his  is mainly due  to physical ,  chemica l  and biological  

changes. The t e c h n o lo g y  may be m o re  app l icab le  at industrial site w here  the concerns  

may not be an i ' .sue

3. What are  the e l e c t r o d e ' ,  u se d  the e lec t rok ine t ic  rem ed ia t ion?

Commonlv  u s e d  e l e c t r o d e s  arc  ca rbo n ,  t i tan ium etc. I snally inert e lec trodes  are used
90

because it d o e s n ' t  c a u s e  any c o n ta m in a t io n  to the system.

4. What is po in t  ol z e r o  c h a r g e  '

It is ihe pH at w h i c h  the  net c h a rg e  on  soil is zero.

5. What is n o r m a l i s e d  d i s t a n c e  f rom an o d e .

11 is Ihe ratio ofd,stance Irnm anode   pccilk   te .mode to ethnic.

6. W he th e r  w e  c a n  u s e  a l t e r n a t in g  cu r ren t   ........   direct  c r r c o l ?

, • i u i  ,>liM irical re s i s t i \ c  hea l ing  rem edia t ion .  It is
II we use AC' th e  t e c h n i q u e  is ca l led  a

. i c . l  ii iii<-Ii contain  volati le  organic  c o m p o u n d  
used for ihe r e m e d i a t i o n  o f  u n sa lu ra lcd  soil w hich

us impuri ty .  I he  t e c h n i q u e  d e p e n d s  on  hea l ing  ol

7 Is this technique applicable lor sandy soils.
. -candy soil along willi water Hushing.

Ycifc ii can be used for decontnrnina «

N What is the  co s t  ol th is  t e c h n iq u e .
. i r t h e  e n e r g y  c o n s u m p t i o n  is 5 0 0 k W h r  , It c o s t s

It depends on energy c o n s u m p t i o n

aro u n d S  25 m ’
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Electrokinetic r e m e d i a t i o n  is an  env ironm entaM y safe  techn ique  especia l ly  deve loped  

r ^ ffl0va, o t  c o n t a m i n a n t  in  so , , ,  s e d i m e n t ,  and  s ludg ,  a I lhough  c a „  be

»  #  matenal ' Redd> "  ° L  2° 0 6 ) ' 11 ^  » - d  on the app,ication o f  a direct
* *  current ot low m tens.ty  to the porous matrix to be decontaminated. The effect o f  the

* 0*  field induccs the moblllZatl0n and transportation o f  contaminants through the porous 

^ t o w a r d s  the electrodes. Electrodes are inserted inside a chamber which is filled with 

^  o r  appropriate solution to enhance the removal o f  contaminants.

Contaminants  a re  t r a n s p o r t e d  ou t  ot the soil by several  t ransportat ion  m ech an ism s  

such as e l e c t ro m ig ra t io n  e l e c t r o - o s m o s i s ,  and  e lec t rophores is  (K im ct al 2002).  

Electromiuration is d e f i n e d  . o  th e  t r a n sp o r ta t io n  ol ions tow ards  the e lectrode  o f  the opposi te  

charge (Yeung and  ( i u .  2'»1 I) I l e c l ro -o sm o s ix  is the hulk transport o f  water,  which  Hows 

throuizh the soil as a r e s u l t  o t  th e  a p p l i e d  e lectr ica l  11 cl el 11 yneli cl al.. 2007).  l-.Iecirophoresis 

<ihe transport o f  c h a r g e d  p a r t i c l e s  •>! co l lo ida l  s i / e  and  hound  con tam inan ts .

The main p r o c e s s e s  i n v o l v e d  in e lec t rok ine t ic  rem edia t ion  are e lectro lysis  ol water ,  

diffusion, ox ida t ion ,  r e d u c t i o n ,  a d s o rp t io n ,  desorp t ion ,  precip i ta t ion  and dissolution.  

Electrolysis o f  w a te r  c r e a t e s  an  i u d  lront at the an od e  and a base lront at the cathode.  I his 

generation g f  ac id ic  c o n d i t i o n  m ay  h e lp  t<» m o b i l ize  sorbed metal co n tam in an ts  lor t ransport

to the collection s y s te m  at the  c a t h o d e
. . . i  iv mi ii-t-s ovei the o ther  rem edia t ion  

Electrokinetic r e m e d i a t i o n  o i l e r s  several  a <1
i , I . . .  sii-Uii ncr cent less expens ive  than the

Methods that are in w i d e s p r e a d  use  today It I
■ i, i, exlrcmclv el lee live m low

• r o l y  avai lable  m e ta l  r e m e d i a t i o n  l e th n n l i ig t i s -  H al

^rmeable soils.

• nc n viable, cost effective in-silu technique for 
Electrokinetic remediation is emerging *

. . . ? ( | | 2 ) .  I lie held application o!
■ t®ng heavy m e ta l contaminated soils iN.rmtmatu ‘ ^ ^  soi|s/s£dimcnts is vcrv

technology to remediate hern;» ^ ^  ^  ^  ^ | ( l l t w  a a .

dand site- specific .  Additional laboratory _ ^  ^  mnjn |tml, ,  o f  r,,lure research

c»'ry tor the further understanding ol ihe  ̂ combine elcetrokinetie

^  to lie in the developm ent o f  hybrid lcchnolog.es

with pntcesaes like biorcmediauon
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A number o f  la rge  e x is ten t ia l  env i ronm en ta l  chal lenges have been recognized for the 

parable  d eve lopm en t  o t  humanity and  planet earth. These  are Food Securitv. Water Security.

E * ®  Securil- ■ C ' im aIe  C h a n g e  AbaK'mCm' b iodivers i ty  Protection and Fcosvstem Service 

Delivery (Bouma and M c B r a l n e y .  2 0 1 3 ) .  It is est imated that, hv 2015 our  earth will be having 

overninc billion inhab i tan ts .  I h is  c o u ld  result m an increase o f  70% and 40%  in world food and 

#aierdemand respec t ive ly .  T h e  In te rnat ional  I nergy Agency is expecting a K»°b increase in the 

jejnanJ f°r energy g lo b a l ly .  O th e r  environm enta l  challenges such as climate change,

biodiversity loss and o v e r u s e  o t  na tural  resources  are critically linked to the sustainability ol 

^system. The m ajo r  e c o s y s t e m  se rv ices  are under  great pressure globally. I his will have grave 

impact on the capacity o t  e c o s y s t e m  t»> ensure  continued food, water and energy security.

For all these i ssues ,  vve need  ac tum  at all the levels, i.e from local to global W e require

comprehensive so lu t ions  and  c o n c re te  results .  I hcse major  environmental  issues arc studied by

various disciplines that  otrert o p e ra te  so m e w h a t  independently More interaction between these

disciplines can result in m o r e  c o m p r e h e n s iv e  characterizat ions ol system eaitli. which, in turn.

can help to deve lop  m o r e  e t t e c l iv e  scenar ios  lor the issues concerned. I 01 the cllcclivc

., | . *. | * I ' • i » i * tiii1 hi*i* in R* mcccssutn . I li i s Il*iI I*' I lie i illhh Iul 1 ioncooperation nl d isc ip l ines ,  LonncUini!  kl\ 4 ‘wk ncLiimt

ofa new concept 'So i l  S e c u r i t y '  I he  Soil ( .uhon  Initiative I 21 upivste . l  the m u o ju c l io u  o f

f e b m a d l e r m  s o d  s c c i . n l > '  r a t h e r  t l u n  t h e    p a s s i v e ,   ....... .......... ..  ................. .

Soil science as a c o n n e c t i n g  k cv s to n c

sni .1 , In  lien lies, we can recognize that soil has a 
When o ne  a n a ly s e s  these  environrnc  *

, • , -mofo Soils need lo be re Iramed. ic a l i /m g  that most
part to plav in all ol th e se  (H er r ick .  *.0 )■

. .  lertililv loss, salinity, ncidilication. 
' ^ e s  are land re la ted  Soil d e g rad a t io n  such ns c • -

. u reported and are recognized a> thicats hy

 “ eel ,no.  mid................................................................................. ......... for agricultural

' '  IUr" P<-'''ln ' ' k  T  ,reonho m e  gases and loss o f  hi vomitv (Koch
Productivity, p n n  ialon o f  w a te r .  in< rcasec p v ^  <|{ |o | id  mu| m ,rc „ l  clcn„

i o n i .  Without se c u re  soil Wt cannot hv s u n  ^  poU.„i,.,l ol -oil lo act ns a

fr'shwnier. o r  o f  d ive rs i ty  in the  landscape. Wt .1 so



A num ber o f  large existential environmenta l  chal lenges have been recognized for the 

f i n a b l e  d eve lop m en t oFhumar.it> and planet earth. These are Food S e c u r in .  Water  Security. 

E„erg> Security. C lim a te  Change A b atem en t .  Biodiversity Protection and Fcosystem Service 

Delivery (Bouma and M c B r a tn e y .  2013) .  It is est imated that, by 2015 our  earth will be having 

over nine billion  inhab i tan ts .  I his  cou ld  result in an increase o f  70%  and -10% in world food and 

w a t e r  demand r e s p e c t i v e l y  T h e  International  Energy Agency is expecting a 40 %  increase in the 

Jemand for energy g lob a l ly .  O th e r  environmental  challenges such as cl imate change, 

biodiversity loss and  o v e r u s e  ot natural  resources are critically linked to the sustainability ol' 

ecosystem. Ihe  m a jo r  e c o s y s te m  serv ices  arc under great pressure globally. I his will have grave 

impact on the capacity  o l  e c o s y s te m  to ensure  continued food, water and energy security.

For all these issues, w e  need action  at all the levels, i.e. from local to global. W e  require 

comprehensive so lu tio n s  and concre te  results. I liese m ajor environm ental issues arc studied by 

various d iscip lines that o ften  operate  som ew hat independently. M o re  interaction between these 

disciplines can result in m ore  co m p reh en s ive  characterizations ol system caith . whit.li. in turn, 

can help to d eve lo p  m o re  e l le c t iv e  scenarios lor the issues concerned, lo t  the c lle c t iv c  

cooperation o f  d is c ip lin e s , a co n n ec tin g  keystone becam e necessary. I Ins led to the introduction 

of a new concept ‘ S o il Secu rity-  Ih e  S o il < arhon In itia tive  I '*<>1 I i suggested the introduction ol 

the broad term 's o il s e c u r ity ' rather than the more passive, com m on term ‘soil p io tcc .ion '

2. Soil science as a connecting  keystone

a il i h illcni'cs we t an rccoenize. that soil has a When one  a n a ly se s  these  environm enta l challenge .
. i  i sn o o t  Soils need lo he re framed, realizing that most 

part to play in all o f  these  (H err ick .  2lH»n ><,||S
......................... . Lll(.h ,s erosion, fcrtililv  loss, sa lin ity , a u d illcn lio n .

issues are land-re la ted  'soil degrada t ion
i, , lone been reported ami are recognized as threats by 

sml carbon dec l ine ,  and  c o m p a c t io n  ha
.1 , v hove detrimental consequences  lor agricultural

the European U nion  «  1 C .  2006) .  I h e *  have cictri
I  J  1CV, greenhouse  gases and loss o f h i o d i v m . t v  (Koch clPraduetivitv. prov i s ion  o f  water,  increased grcu i  , ,
&  . , lu. , mv o f  secure supplies o f  food and lihre, ol clean

1,1 2013). Without secure  soil we cannot he
, | rtno We also reduce the potential ol soil !o act as a

•reshwater. o r  o f  diversity in the landscape.



• fhp carbon c^clc, ond vve remove at core nlntfn.1 r 
^  *  ■ - platform For the production o f  renewable enerev

,n:&■ 0ecause 0 r security  o f  soil in i tself  should hr.
, promoted to the status o f  a elobal

^ntial challenge (Koch el al., _Q1 j  jn press) This is th0 gjjsBSrtiai f  I his is the concept o f 'so il  security'.

Soi, security can be defined as the maintenance and improvement o f  the world's soil 

source to produce food, fibre and freshwater, contribute to energy and climate sustainability, 

and maintain the biodiversity and the overall protection or the ecosystem (McBratney el a l.  

2012). In this definition, security is used in the same sense that it is used for food, water and 

energy-

3. How soil and e n v ir o n m e n t a l  ch a l len ges  are connected?

The European I n ion  has  m a d e  a m ajor  contribution to societal and political awareness  o f  

soil science by a p p ro v in g  a Soil Pro tec t ion  Strategy in 2006 that del ines  threats to soil and soil

functions (CEC. 2006)  Soil func t ions  have universal relevance and are delined as:

( 1) Biomass p ro duc t ion

(2) Storing, f i ltering and  t rans fo rm at ion  ol nutrients, substances and water

(3) Biodiversity pool

(4) Physical and cu l tu ra l  e n v i ro n m e n t

(5) Source o f  raw m ate r ia l

(6) Acting as carbon pool

17) Archive o f  g eo lo g ica l  and archeologica l  heritage

c •, . . , , . Ih„ 1V < a , s o c i e t a l  challenges through these seven soilSoil security is a n c h o re d  t"  the six gion.n v . . s r
.. . iu.i.it .,i hint I arc affected h\ tun ing  a functioning

ninctinns. The quan t i ty ,  qua l i ty  and  accessibili ty
. • i .. . . .  «s„ii nets for the provision o f  clean water

Available to produce food and avoid contamint
mi . . .  .t ^.vMiaminniion o f  water ways and maintaining itsto storage as well as a filter minimizing the contamination m u j
a ,\ . .• ihn usc o f  plants for energy production (e.g.
®lHty to produce food and protect biodiversity.

,n nnrl sustainable water resource use but
^®iol) Is not a lw ays  synerg is t ic  w ith  food pro
uni • ,„n(\ in soil and in plants that the soil supports,
111113 e*Mnlial Carbon and nutrients arc sequestered in

. r, . „r soil for raw materials is also a major^ Ut|ng the release o f  greenhouse g a s e s .  The use
. i a;,/^rkii\ o f  species, vvhic h enables the 

con»nt. Soil i ,  ,|,e habitat for the large?! gena pool and

;



^ C h n g  " e  and  Pro v is io n  1" “ ‘r io i t s  affect ing food and water  sacuritv. Soil provides a 

^  « ,  o f  e c o sy s te m  s e r v ic e s  that  contr ibute  to -soil as natural capital ' ,  which is also 

jR^nji^ed by natural  s to ck s  an d  ecosys tem  goods.

4  D i m e n s i o n s  o f  s o i l  s e c u r i t y

To frame the c o n c e p t  o f  soil sccuritv. a set o f  d imensions need to be established and 

jetined. As with o th e r  c o n c e p t s  such  as lood and water securitv. these dimensions should 

account tor the quan t i tv .  quali tv  and  accessibili ty ol the soil. It is also essential to recognize that 

[his concept is not b e ing  d e v e lo p e d  in vacuo and those similar concepts  ol soil qualitv. soil 

health and soil p ro tec t io n  h a v e  a lso  been proposed lo address the need to maintain and manage 

the condition o f  the soil I D oran  and / l e s s .  2000: Karlen ct al .?()()I: Houma and Droogers.  

■*007). The d im e n s io n s  o f  soil security should address biophysical attributes a> well as the 

economic, socij l  and policy aspects .  I his would require a multi-dimensional,  multi disciplinary 

approach re c o g n i / in e  all s takeho lde rs ,  and therefore. a Iramework is required with d imensions  

that explicitlv d is t ingu ish  the a s sessm en t  ol the optimal stale and the v. mrent state ol the soil and. 

how the soil is ef fec t ive ly  ut i l ized.  Such a distinction will enable a clearer compai ison  ol the 

current condition o f  the svs tem  relat ive to its capability and an account ol the values and contest
90

affecting how the soil sy s te m  is be ing  utilized in order to reconcile the m e a s u r e s  using scientific 

principles and re la t iv ism  I he concep t  acknow ledges  live d imensions  mcli a

1. Capabilitv

2. Condit ion.

T Connectivitv

4. Capital

5. Codification
These are the live ( s ’ tha t  need  to be assessed in order to scenic a soil 

O  Olmcnviiin 1: (  apu11iIi[y

K  . .. ,  ils potential liincliormlilv. Ihe quc-tinn that
Ihe capability ul any given soil L . . .

,iti« soil be expected lo perform, and m doing so
**J»bHity can answer is, ‘what functions can
I I  it iv cuuallv important to understand the so i ls

m  it p r o d u c e ? ’ I o a n s w e r  this question.



in the con tex t  o t  its o w n  re ference  state RPfAr3 
cap0*5 ' ~laU" Reference state defines an optimal capacity o f
*  soil w "H ich  the c u r r e n t  co n d i t io n  o f  the soil can be compared.

Dtoogers and B o u m a  ( 1 9 9 7 ,  r e c o g n iz e d  m anagem en t  changes to soil and proposed that soil 

should be classified a c c o r d in g  to its geno fo rm  and phcnofbnn.  The gcno lbrm  would he a soil in 

jo natural state and  re c o g n iz e s  that u e  know about soil and its genesis. Implicitlv the> 

recognized this as a r e fe re n c e  state . I he  phenoform would he an account o f  how a soil has heen 

altered. In part icular ,  the  p h e n o lo r m  recognizes the long-term or  short-term effects o f  

management c h an g in g  a soil ,  [ . s a m p le s  include, management  resulting in erosion means a soil 

loss that cannot he re tu rned :  or  d ecad es  of organic farming that increased the organic matter 

content of  soil in the N e th e r la n d s  (Minima. Um O i.

4.2 Dimension 2: ( o n d i t i o n

The cond ition  " f  the soil is concerned  w ith  the current state ol ihe soil and relors to the 

shift in eapabilitv co m p ared  to the reference state I he concept ol st>il condition strengthened in 

the 1990 san d  the cu rren t v e rn a cu la r  w ou ld  refer to soil cond ition as soil health ik u r lc n  i tt.il.. 

1997). H o w ever there is little  va lu e  m ta lk ing  about the health ol anv g iven s.*l. unless there k

an understand in e o t how  h e a lth y ' il can actually he Regulatory bodies and land m anagers

recognize the g ro w in g  need for m fo rm a lion  on soil condition so .hey arc inform ed ahoul the 

impact o f changes in m anagem ent practices and justification loi investm ent lo m aintain oi

improve the soil resource  (S c h ip p e r  and Sp o ilin g . AfdO.VV ilson « I ill

• ■ i ii « «t 111 i i a \ in |i 11 H il<UK i* I*' 111'\N l{ I s MKIIItll't d t 111 d
As with cap; ih ih t> .  the soil ..........   will v.ttx m ."*■

,, . , in in in «i 'v *iv tluii is  ̂onsisiont w ilh il*>
'he nature o f  the in tended  u-c .  II the  -"'1 tx being m  '

I nr t'v nnnlc n* il il 11 c 1111111 c ii v>il with high 
••pability. i t ,  c o n d i t ion  will  he  lit tor pitrpt.sc I n n x u i n p K . n  ,.

. , r.<i,ir m in mcmcnl.  while a low capahililv soil
capability can have  p o o r  y ie lds  resu l t ing  I r o n  poor g
Ik I r. Iiiizh  y ie ld s  (Houinn. 20(P :  I ugel 17(// NHls).
through e x c e l le n t  m a n a g e m e n t  con produt

.1 . nnncitv ol a soil to function, within land use and 
Soil a m    cun he d e f in ed  »  'he  , ,  ,

I ■ , hiciiiiiv maintain environmental  health, and 
•w > «em  boundaries. to sustain h io ln g .a t l   ......(*« '«> • "

Unmnifc a n jm a |. a(ld  h u m a n  health (Doran  nnd A  tv..



Sto . la r .y  the ey o  a stxstatnable use o f  the soil is to match its intended use with its

^ h i l i t v .  he. sod  sh o u ld  n o t  only he v iew ed  through a lens focusing on its abilitv to produce

(gpbinson e r a / .  2012) .  T h e re to rc .  th e  performance ,  productiv ity or functionality o f  a soil is the 
^ o f  i t s  capability and  condit ion*.

r\ s  with soil qual i ty  and  soil health  the s o i l  r n m t ; . ; ™  t >sc it condit ion can he assessed us m e a set ol

usually more quickly v a ry in g  ind ica to rs  w hich  are commonly grouped as physical,  chemical and 

biologi^1 and are l inked to a soil junct ion ( l )oran and Parkin, h m ,  and there is a call to adopt 

standardized m e th od s  to e v a lu a te  these ( \ o r t c l i l l .  2002). Recently, the s o i l  science community 's  

Jeeper understanding o t .  and  ability to assess, the s o i l  hiologv has resulted in a suimcstion that 

soil biota in the future may he a s ignif icant  aiul broad indicator ol the s o i l ' s  condition i / ak cl u l . 

2003: Barrios. 2007).

4,2.1 Influence o f  m a n a g e m e n t  p r a c t i c e s  on soil

In one so i l  ser ies  in the N ether lands  (the ^cnntorni) ihrcc diMcrcm /mce* '<» v//\ were 

formed as a result •»f’d i f fe ren t  m a n a g em e n t  practices. I oealioiis were identi l ieJ  using a soil map 

md interviews with t a n n e r s .  O rgan ic  matter,  hulk densities, and poiositic^ wvic. significantly 

iifferent lor the three  p h e n o lo r m s :  b indynam ie  management  (Hio). conventional management  

Conv). and pe rm anen t  g ra ss lan d  (R erun  I lie lir,l management type, abbreviated as Hi,.. In 

teen managed lor 70 yr a c c o rd in g  h» b iodynam ic  principles i Reganokl. I »> i. which implie 

hat no chemical f e r t . I . / e r  o r  chem ica l  c rop protection was uti l . /ed.  bin that sod qu il.tv was

Tiaintamcd by a favorab le  c ro p  rotat ion and In use ol organic le in l i /c i  I Ik second type is the

, i • .»(1 / ■  / i / 1 1 /iff  ///At ' i ' t i v///// I K i M a s s l a n d .  s i i L M i b c c l
Bnventionnl (( o nv )  w i th  a c ro p  rotation ol polato f.^nhiin
rn . , . < h cm i taK  Soil tillage activities were comparable
Bela vulgar in I . a nd grain* and list ol iif~r
r * • • ...iimiii I., i dvnih ol ^  to U1I as the main
for IJin and ( ,mv.  and  c o n s i s te d  ol  p loughing   ....................   I
,*1 •  ̂ n i vr n-old tcinpoiars giassland v\as sc lev led I licit
®»ge activity. For Hit. as well .is lor < onv. a --yv.tr "I

■ • | m .in .iurmenl Ivne is an old meadow (I’erm). **» pan o f  the c rop  ro ta t ion  used.  I be ihifd management  typ

^presenting a soil struct are with a more o r  less natural

IN



Field M an agem en t I3ulk density

(M g  m~J)
Organic matter

(S 1<JT')

B io d yn am ic  tem pora ry  

grass land

( Conventional 

temporary  g ra s s la n d  

P erm anen t  c r a s s  land

I .-17 33.00

.68

.38

Porositv
%

(m J m-3)

11.-12“"

17.00 0.36

5o oo 0. 16

Temporary g ra s s la n d  has  highest  hulk density amoim the three. Ihe  ori 'amc matter 

content is more lor permanent grass land  and least lor the temporarv grassland and it is similar in 

the case for porosity iD r o o g c r s  and B o u m a .  1007)

Fven though the th ree  p h e n o ln r m s  belong to a single genolorm. they exhibit entirely

different soil propert ie  d u e  t"  the adop t ion  ol dillerenl management practices

4J Dimension 3: ( ap i t . i l

By placing a cap i ta l  nr miuietaiy value on an asset serves to value »>i h m i u  that asset 

The concept o f  c . ip iu l  can  l v  d is t inguished  K-luccn  lice principal loiuis  K in o .  Im.inciul. 

Mnufacmreil. human, seeial ami mil.ir il capi ta ls  < II these ...aural c.ipiul  is iIk- Mod Ins ical

M  Malagical r e s o u r c e s . ,  ml is c o m p r i s e d  "I r c . n w . M c  ' c . e  I ' ' " ' "  "I’^ i e s .  non u m - u a h l c  (e.g. 

abseil assets, such  as p c l m l c u m  and  coa l , ,  rcplcnishalilc (c g polaMi u.Hc, I c l d c  sods ,  nnd 

“ titivated le.g c ro ps  a n d  forest  p lan ta t ions)  n.ilnrnl t . ip i ia l-• ( \iom on . /

According ,o K o h in so n  e .  .1 .2 .KN) placing •  on - u K    dune ,o hinnnn
.. n , , „ ppflnnree or Ms contribution to the system in any
"'H-being avoids  the  n eg lec t  o r  o m iss io n  ol a resource
H,. , infmiiion lor soils'  natural capital bv Ion is ing  on
^ o n - m a k i n g  p ro cess  I hey d e v e lo p e d  a delinitton

• i iiiri* r. 'nmeralure and structure ate valuable 
m“H  M lW u re  and energy a n d  found lhai sod moisture, tempcrnlu

along « , t h i n , .m a n i c  nnd organ ic  materia ls  ( I able 'I



Tjble2. Naiural stocks o f  soil and its economic value .based

Type o f  s e rv ic e I n d i c a t o r

M a s s

on Robinson el ul.. 2(.»fi0)
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I n o r g a m e  m a te r i a l
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Nutrient stock
C ost ol building material 

Replacement cost ol Ici'tili/cr-.
►
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premium lor div ci

hon with a

us |

O r g a n iz a t i o n •

r
Physico-chemical 

structure 
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i v*pmio-iemporal

j structure

Soil p l iv s i i •* i hcmical

i »riiiini/atM m

[iiodivcrsiiv and lood

w e b
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and  grad ien ts

\  aluc* ol un icased 

capiK iiv

1 ) i \ersi l \  premium 

1 oi caihon 

Not rcpoiled

watei holding 

a multiplier

/



, | Gr«n VValer Credit (G W C )

0ree„ Water Credit (GWC, is a mechanism for payment ,o land users in return for 

^  ,and and sod management activities Ota, determine the supply of fresh water a, source 

^  payment enables better management A pilot study in Tana nver basin, of Kenya serve to 

the scheme. Together with the Kenyan research institute KARI, ISRIC started testing 

t j K  c o n c e p t  of Green Water Credits in the lana River Basin in 2007 (Droogers et al., 2014)

figure I Principle o f  GWC

' N

LAND
, i w

t i

C f O p ,  

t t v r i t o c  k f  o o u

T. r[ .r n kVnvn f'ires severe challenges to meet increasing waterI he Upper Tana Basin in Kenya rate
. ,1. M Milim ri ill 2000) The basin IS of strategic 

®®*ndg due to poverty and population growth (
• r ,I1P rnnntrv Water downstream is used for 

“Pnrtance for the water and energy supply ° f

■ * ■ » » » .        -     1       ..

» > » . -  * « n d « y „„ the er - ......... ....... — “  ”
. .jnn to nay for water management services
“Portent downstream water users who are m a P*uwrwun imgatorg , jpgtream farmers

term hydro electric power, Nairobi city
y p< resulting from higher available water and

^ I v e t  may also benefit by higher crop yid



,„uer !o^'es o f  ferti ,e l° P soil b> e ros ion .  F.leven rnnc«
T, r ' al ,0n measi,res w ere considered for the

study They are.

.  Bench terraces

, Conservation t illa g e

• Contour tillage

• Fanya jn u  terraces

• Grass strips

• M ic ro -ca tc h m e n ts

• Mulching

• Ranuclands
w

• Ridging

t Riverine p ro tec t ion

• I rash l ines

Ihe  f igure  2 e x te n d s  the  a n a ly s i s  In  exp ress ing  l in ane ia l  h e n e l i ls  ol each ol" the I I  

measures lor all p a r tn e rs  i n v o l v e d  in the ( i W (  d iscuss ions .  I h e  co n se rva t io n  m easures  such as 

bench terraces. Fanya  p in  t e r r a c e  . r id g in g  and m u lc h in g  pn>\ itle m a x im u m  revenue  Fur the w a te r  

sectors cons ide red  I l ie  s c e n a r io  s tud ies  h a ve  sh o w n  that the h en e l i ls  »>i U i c u i  W a te r  

Management la r  out . tr ip  the  m  t am i that a Fund and p ro g ra m m e  h>i ram  led fa rm ers  is 

feasible P o te n t ia l l \ . a c c o r d in '/  to these  a n a ly se s ,  im p lem en ta t io n  ol ihe t i \ \ t  seem u ios  w o u ld  

h a v e  h en e lils  that c o u ld  go  up  to a lm o  .( I ( |  m il l io n  I S's um m ullv

In 201 I. partly  due lo  the outcom es ol il.e-e scenario studies, m iem aim nal aid K enyan

Parties agreed in assisi  in ii . i ino - .m .i l IM .Ier  lanncrs  n. ilw l a m  K iw i  Iu m h  mmm -a ImiuI o I

'■I* million c r e n e l  h> II U> .nnl Konv-.n   I U ixlr i .  ii>   mmw-  I k  i--.il ol ik-

( ’» r 'ram  nun K  ass is . ih c s c  k e n y m  s iak e lm M .T v  an.I . . I -  M aU -ho ldo- in m h o  . .n .h m a m

in >He world I Hal u a n l  in m e  H.c p r in t  ip l t s  ol < -rtt-n Water 1 . e d i t s    o l  land and u . i ler

(Urru,K,,, ,  |1( |(/



. i Total revenues (benefits minus costs) nfimrnam * 
figiff2 " P mentation of the GWC scenarios for the

dominant w a te r  s e c t o r s
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4.4 Dimension 4: ( onnectivitv

Connectivity b r in g s  in a social  d imension  around soil In part il is concerned with

whether the person w h o  is re spons ib le  for die soil m any go-ui  piece ol land has the nglit

knowledge and re so u rce s  to m a n a g e  the sod  according to its capability It could be argued that if

.l • . .. c(1.| .Kell may nol be valued and is prone to not being
mere is no connect ion  to the soil (hen Ihe soil use

f .1 n,MMirr knowledge and skills has to do more than 
managed to its best condit ion Iransfcr o f  soil

I those with soil science knowledge also
just provide accep tab le  so lu t ions  to com plex  j
L . i fr»iinw ilus with effective com m unica t ion  ol
‘•w  to be able lo identify w h a l  the needs  arc  and follow Ibis

solutions

hrokers who in this case are those withThe sharing o f  knowledge involves knowle  g
L , nmvirle  relevant soil science advice  (Bounin
hQrd knowledge and socia l  in te l l igence '  w ho  can |



,1

so

. 201U The continued engagement 0 f  f e e  know,edge brokers would facih.a .e

a * * - * "  b e W e e "  reSearCh 3,1(1 eduCal’° "  communit ies  and those who require tins 
w0«!edge so that c h a n g e  c a n  be co l labo ra t ive ly  addressed  (Stockmann 2013).

The demand for those wtth good soil knowledge is h,gh (Havlin al.. 2010),  and the

^ o r g o f  the discipline is mainly housed in geology, geography, environmental science and 

^culture programmes (Brevik, _009) contributing successfully to these areas (Hopmans, 

JOOT). Smiles et ol. (2000) noted that the future challenge for soil science education is to 

somulate curiosity and innovation as well as a good grounding in existing knowledge (Field et 

J.. 2010).

44.1 Soil conservation on rented and owned fields

Land tenure security is w ide ly  considered  to be a fundamental factor in motivating 

farmers to adopt su s ta inab le  land m an ag em en t  practices The study conducted by Frazer (2004) 

aims to establish w h e th e r  it is true that ovvncr-opcralors adopt more effective soil conservation 

measures than ten an t -o p e ra  tors  An ana lys is  of the level ol adoption o f  three types ol erosion 

control measures such as w id e  row  crops ,  soil improving crops and contour (arming, on _63 

blocks of arable land e n d a n g e r e d  by water  erosion m the Czech Republic has proved that all 

measures were adop ted  by o w n e r s  sign 11 leant ly more frequently than by tenants. I rom the figure

2. it is clear that,  in all 3 cases ,  o w n cr-opem to rs  appear to adopt conservation measures

agnificantly more responsibly

pigurc3 Adoption o f  control measures by tenants and owners
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No matter how  se c u re  soil m a y  be through o ronrr  mn
f • , nagement o f  condition, valuinc the

■„i md connectivity to soc ie ty  there  still rerrminc *u 
aP'uiim . . m a ' nS ‘he need for Public policy and r e f l a t i o n ,  at
lasl.  a safety net.  and  at  bes t  to synerg ize  and positively feed back into the other 'aspects  o f  

Jjil security (d tm ens tons) .  G o o d  policy and policy decisions are dependent on including the 

appropriate s takeholders  w h o  wil l  be  ab le  to articulate these challenges, and which are framed so

jrttHievcan translate the  c o d i f ie d  k n o w le d c e  m t h k n c p  m :i , .b ' 1,1 lI1,s cascs soil science knowledge into improved 

2nd more effective w a y s  to p ro v id e  practical  solutions (Cirimsson. 2007). This  relies on the

willingness lor the c o m m u n i ty  o f  sc ient is ts  to collaborate with government authorities and the 

private sector.

E v en  though there  is a genera l  agreem ent  about the principle o f  soil protection, the 

manner in which na t iona l  ru le s  a n J  regula t ions  are to he defined is still unclear. But. there have 

been a n u m b e r  o f  in i t ia t ives  to g ive soil a s t ronger  policv focus. I lie W orld Soils Policv leading 

to the World Soil C h a r te r  w ja  d e v e lo p ed  in the earlv 1980s focusing on a set o f  principles on 

management o f  the land r e so u rc e  to im prove  their productivity and conservation lor luturc 

generations (FAD. 1082) I h i s  resulted in I nitcd Nation's Environmental  Programme (I \ l  Pi 

assessing global and reg iona l  soil degradat ion  which was published as the World Atlas ol 

D esertification (U N E P ,  1907) D oran  and Inncs (1996) noted that protecting soil qualitv should 

I*as fundamental a goal .is p ro tec t in g  air and water quality. Ihe lnternatinn.il 1 ' .non o l 'S u i l  

Sciences developed the W o r ld  So i ls  A g e n d a  Incusing on three tasks, being: science, policy and 

■tplementatinn. The s c ie n ce  w a s  focused on monitoring degradation, developing appropriate

^icators and p ro p o s in g  t e c h n o l o g i e s  and approaches  lo enable frameworks for sustainable land

. i iriiMiii i o f  identifying on international multi-PagBment.  The po l icy  task  p ro d uced  on agendo 01 m e n u n  *
Hie,; i' nmrniiirni nancl on soils, and to provide advice.
dl5ciplinary ne twork ,  a lo n g  with  an in ter-govcrnmcn p

e n̂p and im plement  n a t io na l  soil policies.

l and and srdl conservation  in India.mu son  c o n s e r v a i m i i  •**

nne o f  the essential inputs for increasing
and w a te r  c o n s e rv a t io n  m easures  a

_  vvcrc first launched during the first plan.

    • > .       ...

very beg inn ing ,  e m p h a s i s  h.is bee

ioil i 

irnl



•wification. e n a c tm e n t  o f  app rop r ia te  legislation nna
lu ii i C c°nsti tution o f  policv coordination
_ The cen t ra l ly - sp o nso red  sc h e m e  o f  soil c o n ^ n a . -  • ,
^  ' nscrvation in the catchm ents o f  River V a liev

^  ( B V P ,  «  s ta r ted  in the  third f ive - tea r  plan. Subsequently.  a c e n t ra , , . s p o n so re d  

^hente o f  rec lamation  o f  a lka l ,  sotl  w as  taken up i „  Pun jab . , , ar>ana a n J , , lUir |1|.; | J . ̂  Ju r jn g

4e Seventh F ive  t e a r  P la n . D u r in g  the ninth plan, extension o f  the schem e to a ll other S lates o f  

India vva-s approved w h e re  a lk a li so il p rob lem s exist as per sc ien tific  parameters. I he schem e 

aims at im proving  p h y s ic a l co n d it io n s  and productivity status o f  a lka li soils for restoring 

optimum crop p rod uctio n . I he schem e ol watershed developm ent project in shifting cu ltivation  

areas vva.s launched in seven  north-eastern slates during the eighth plan from IO ‘M-05 w ith  100 

percent central ass is tance  to the state plan. I he schem e aim s at overa ll developm ent of ilium

areas on watershed basis. N a t io n a l Bu reau  ol So il Survey and I and I sc Plann ing Kil.es care ol

soil surveys, co n se rva tio n  p ro g ram m es etc.

4.5.2 Policies a n d  p r o g r a m m e s  in K e r a la

Our state K era la  h a s  e n v i ro nm en t  policy .is well as organic larmine policy. I he lormcr 

one focuses on so i l  onlv a s  a pari o l  the agricultural lands.  But. the latter a i ms  at >oil health

improvement

Department ol .oil airvcy and  oil conservat ion  has been involved in vainui  \  . nJ w a iu  

conservation p ro g ra m m e  . s ince  the lirst l ive ye.u plan. Ii i i ie I title s .

I e^ i i . ,i,.r ln-,1 I v i s i s  vv illi a v ievv lo sustain aiM ki i l tural  product ionI. Soil and w ater co n se rva tio n  on w aler men navis w m i .1

1 I 1 , v  \ l l \ K I I  I lie maiol w orks nionosed .no gradedand rejuvenate the ecosy stern Ii is ,1-. .1 .led by 1 m m.u 1 1 1 1

bunds, moisture co n se rva tio n  pits, terracing , agm  Io n  vii \ c k

-1 . 1 , 1 1.. * |||. I.*. I m illio n  •»I I % 11UI s 1111C |Mi |1C 111 l* 11 ̂
- Stabilization ol lands l ide  a reas  w as  nnp lem e c
1 , . 1 1  ., ,.v.vsiem | he itnnoi woi ks  pioposed are giaded
landslide affected a reas  and  res tore  degraded  ecosystem.

Ending, v e iiv c r  p lnn lm g . stubb le  n iu k lic s .  co ir  g o  icx lilcv  c l.

, Imwni ol reservoirs lor drinking waicr si hemes in 
lev also g ive  thrtixl to protecl  the catchment

* r . . ^ n , s o i l  erosion and p io U i t  Ihc u-vorvoir I m m
ruvikkara and S a s th n m k o l ta  wi t h a view to p c

•1 .1 , .w rpuoncr.iiion v .iiio iis
s,1,a|ion The w orks  p ro p o s e d  " " " U ht‘lp 1 11 1 • ,
1 11 pitched contour graded h u i n k  moisture
 ...... specific c o n . e r v a . u m  in .crvenfions  hkc Mon. P * *



creation pits, terracing, stream bank stabilization stmn,

protection o f  the  c a tc h m e n ts .  ' ^  ' U," S CtC arc ciUTiod

.Thread to soil security
• r  *

The European C o m m i s s i o n  has identified five thrums >„ • , - r  amrLais to soil security, classified as

aosion. compaction, c o n ta m in a t io n ,  o rgan ic  mat ter  decline, salinization, landslides, and surface 

sealing. Manv ot  th ese  w o u ld  re late  largely to soil condition, capability and capital. A non- 

exhaustlve wider list o f  th rea ts  to  soil security is given in (he loll,m ine table and clearly, in any 

given situation, an e v a lu a t io n  ol the  intensity o f  these llireais needs 10 lie made for Ihe proper 

security of soil ( \ l c B r a t n c >  ct ul ) I J >

Table 3. Threats o f  soil security

Capability

I h r e n t s

I ni ' . icii .  landsl ides ,  sealiru1 b \  infrastructure. source ol raw niateri.ils

Condition

( apital

C o n n e c t  iv it v

Codification

( o n f a m i n a t i o i i .  lo^s o l  orL'anie matter, p hys ica l  soil  degradat ion .

i i l l in i /a t io r i .  f l o o d s

I n a d e q u a t e  a s s e s s m e n t  o l  ' so i l  s tock  xa luc .  i iu l i ser imiimle  irea im eiu  ol  soil

I n a d e q u a t e  s o i l  k n o w l e d g e  o l  laiul m a n a g c i s .  

l ack  o l  rccoL'n it ion  o l  so i l  s e r v ic e s  In society

I I . I. . i . i i i i cuor lv  n o o i l \  d e s i g n e d  l eg i s l a t i o nI n c o m p l e t e  p o l i c y  l i . i m c w o i K .  poo i  i> (

®* Summary

e . . .  . ........................ .. jn , hc global environmental  sustainability. v h a l l e g e s  ,d
’Oil has an integral part to plav in

f, i io t- i.m ate  stability, biodiversity, and ecosystem
*w  w arily . water security, energy security, vhmau ...................

-1S these i s s u e s  and should be highlighted and 
lcw. Indeed, soil has t h e  s a m e  existential statu .

• , nt soil that is similar to looJ. \yater and
^  similarly I here is an imperative for a concept

IV. multi-dimensional It recognizes capability.
rH> security Ihe concept • »l soil scunity



use

^Jirion- ^ p i t a l -  c o n n e c t iv i ty  and  cod if ica t ion  o f  soil entities and
omk „ d  b iophys ica l  sc iences .  encom Pa^ s  the social.

The capability o f  soil  c a n  be thouuht  in terms o f  a n-r»r 
f . . . .  reference stale that defines on optimal

n f  the soil to w h ic h  the cu rren t  cnnHitinn w i 
^Pat " ean c c o m pared. l o  determine if a soil is

or -bad- for a  p a r t i c u la r  p u rp o s e  or if its use enhances or degrades its condition w 

Jependon what va lue  socie ty  p la e es  on this soil, u h o  influences how i, is used, and how this

he regulated.  To a c c o u n t  for th is  v a lu e -k u le n  r.m.m . . •, . 1inav ne l iducn rclatiVL criteria w e  suguest  that three

jnnensions identified as  cap i ta l ,  cunneet iv  i i \ ,  and codification he delined.

Placing a v a l u e  o n  t h i n g s  ihul con tr ibute  to hum an w e l l -h e i im .  a v o i d s  the n e e le e t  or
w

omission of 3 r e s o u r c e  or  its c o n t r i b u t i o n  to the s y s t e m  in any dcc is ion-m akim .'  process .  I hat 's  

the importance of  the  d i m e n s i o n  c a p i ta l  ( o u n ec t iv i ty  is e o n e e r n e d  with w h c ih c i  the oerson  \\  ho  

is responsible for the  s o i l  in any  g i v e n  p i e c e  ot land has  the right k n o w l e d g e  and resou rces  to  

manauo the  so i l  a c c o r d i n g  to  its c a p a b i l i t y .  \ o  matter how secure  soil  may be through proper  

management o f  c o n d i t i o n ,  v a l u i n g  the capita l  and con n ec t iv i ty  to socie ty  there '•till rem ains  ihe 

need for public  p o l i cv  a n d  r e g u l a t i o n ,  at least as a safety net. and at bcM to y a e i i ' i / e  and  

positively feed hack  in to  th e  » •!her  a s p e c t s  o l  so i l  s e c u r i t y .

These f iv e  d i m e n s i o n  . .h o u ld  be  a c c o u n t e d  tor the proper security ol so il  Ihe  I u io p e a n  

Commission has  i d e n t i f i e d  l i v e  t h r e a t , c l a s s i f i e d  as ero s io n ,  c o m p a c t io n ,  co n ta m in a t io n ,  organic  

matter decl ine ,  s a l i n i z a t i o n .  l a n d s l i d e s ,  ami sur face  sca l in g  I h c s e  th ieats  s h ou ld  be  identi f ied

■ndevaluated to ensu re  soil set. u n r

7• f 'inclusion

,  .. . . . ,  in toitr i l ivc vnneepl ihon 'soil finality’, ' s  te.ilth' or  'soil
Voil securitv is a  w ide r ,  m o re  i n t e g r a n t .  i

. u , , h ,  thu propositi o f  Ihe soil ctipahiliiv. enpit.il. . o n n c v tm ty
Uion . because  it is s t r e n g th e n ed  by llic | I

. <v n I ir i 1 1v ident i f ied  in the other  c o n c e p t s  I here is a 
ed i f ica t ion  d i m e n s i o n s ,  w h i c h  are n o  L P . . . .

I • l hnscd fram ew ork  lor a s s e s s in g  soil security 
®*iv* need for d ev e lo p in g  a thorough
. ' , . „ , ina the d imensions.  A lot o l  work . needed lo
b- rcg io na lh .  na t ional ly  and  globally
, . | _i U h ised soil security a s s e s s m e n t  a n d  polity
lnP Hus eoncep t  in to  a fully deve loped
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^ ir  combination.

jj_ Discussion

ich ol ihe dimensions and

, is the d i f fe rence  b e tw e e n  the concep ts ,  soil security , soil quality and soil health?

The concepts so i l  qual i ty  and  s o i l  health focus only on the condit ion o f  soil. Hut  d ie  soi l  

security concept is s t r e n g th e n e d  by the proposal  o f  the soil  capability, capital, o .n n o v m  ily and 

modification dimension*., w h ic h  are nol explicitly ideniilicd in the oilier concepts hoinu 

compared.

2. Can you explain a b o u t  soil ca rb o n  init iallye?

Soil carbon init iative, a  s u m m i t  lead by \ iu lrca  Koch. yvas conducted on I ehmary 'd  I n> re

vitalize the role ot soils  t»n   J security and t. lunate cliaime iimb'ation

3 What you mean b \  .ca lm / by in lrastruct i irc  '

Loss of soil r e so u rce s  d u e  t "  cover ing  ol the soil surlacc yyitb impeiy urns mateiials  loi 

Killing, roads, co n s t ru c t io n  vvorf etc

1 . f ii,.. m-nnro \yln> to i ise iyc  soil and walci conservation ’Arc there any m e c h a n i s m s  to suppor t  the p c i . o n .  y

ru., . . . . .  . r e , in ,n sc hemes have been implemented lw Meparlmenl*nc answer is su b s id ie s  V a r io u s  s ta te  i tan senem
.. l i ,  li is soi l  a n d  w a t e i  c o n s c i y a l i o i i  mi  w a t e r s h e d

3tV)iI survey and soil c o n s e rv a t io n  m Kerala siicl .
l . . „ . , h n u n l s  ol ic sc iy ou s  water supply

tthbilization of lan d s l id e  areas,  protection <
. 1, - i  I ... i|„. i-nse ol stabilization ol landslide mens.
^m ee tc .  A lm ost  10()°o subs idy  is provided  in the c.

5‘ ^ h a t  is the s ta tu s  o f  so i l  s e c u r i ty  in K e ra la ?

.  slirvcv anil il rev ea led  a  crilienl defic iency  of
trola S late  Planning h o a r d  hav  c o n d u c t s  • M • i. irililv in fanni

k I iiitrh tfciditv a rc  e ro d in g  soil Itertilitv in inrms.
" " ( •w w td in g lv  h i g h  l e v e l ,  o f  p h o a p h o to u ,  am • • •



^ „ „ j "  « • * - « » „ . a , , „ „ „

„ l«  were def ic ient  in b o ro n ,  w h i le  76 per  cent wPm  i 
^  , r  • , ln ma8n« i u m .  and 41) per cent low
.calcium- Boron de f ic iency  c a n  lead to stunted growth and 4.-r
® . y  111 and de te rm ines  in plants while low
uafltcsium levels resu l t  m ye l low  leaves  and fruit rot. Calcium deficiency is responsible for

impaired root growth and  Iruit rot. I illy per  cent  ol the soil samples  were found to he high in

phosphorous and 18 p e r  c e n t  h igh  in potass ium while 23 per cent o f  the samples were low in

mtjugen. 26 per cent  low in su lp h u r ,  and  12 per cent deficient in / inc.
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T h e  d im ensions of soil securilv

\ l ) s ( r a c l

Soil s e e u r i f v  is a n  o v e r a r c h i n g  c o n c e p t  <>l soi l .  m o t i v a t e d  h \  s u s t a i n a b l e  d e v e l o p m e n t .  It
m

concerned with the m a in t e n a n c e  ami nnpn» \em en l  ol the global soil k m u i k c  to pi< duee lot d. 

re and freshwater,  c o n t r ib u te  to c.iergv and climate st.stai.iab,l,t>. and to m a n ta in  the 

xliversity And the overa l l  p ro tec t ion  ol the c c o s W c m  t \ I c I i i a tn c > *7

. iL ih il il is \\  itlclN M S L* 11 ll'l ItMkl .lllJ U ilK’I
uCuritv' is used here  lor  soil in the s.une sense ^
i, . , , iu . . , i n |n l c n v i i o n m c u t a l  s t i s i a u u h i l i l v  v h a l k m v v  ol  lood
it m b  an i n t e g r a l  pa r t  t o  p l av  in Hie

m h i v  c l i m a t e  s lah i l i lv .  h o d . v c i s i l v .  ami  e c o s v M e m  
curtly, water secur i ty ,  en e rg y  si is tnmabil i t ) .

, , | i n  ,i1L. Sl, m e  e s i s i e n l i a l  Aa t iw a s  t h e s e  i s s u e s  a n d
Mce delivery i l l e r r iek .  2004)) Indeed.  sn|

°uld be r e c o g n i z e d  a n d  h i g h l i g h t e d  s i m i l a r l y .
a  ii it k n o w  leih'Cs I lie l ive d i m e n s i o n s

Ihe concept o f .  K m .   I. iuki» >
. i • I, il(U| c o i l i l i e a l io n .  o l  soil  c i i l i tu  v w h ic h

w p a h d i tv .  c o n d i t i o n .  c a p i t a l ,  c o n n e c  , IM, | u \  aid leual
, ; ,| s c i e n c e s  a n d  r c i o g m / c  p o l i o  ami  tcgni

‘•" " 'p a s . i h e  s u e d ,  e c o n o m i c  nod K i o p h > - M . I

e word

'I refers to i,s poR'ntiid functionalily m . h e  cv.  o f  its
Ihe capnhility ol  any given «■ , , c m ,n i / ed .he  m a n a p c m c n l  c h a n g e '  ... soil

^ference stale Drnogers and H oum a (



-utfpfi thiii soil should he  classified nr.-rvr.i;^
„J proP1' d aCCOrdm8 10 'W genoform and phenolorm. The

. ^ nf the soil reters to the shift in cannhiliu ^
compared to the reference stale. The

^ c e  nr func t ional i ty  o f  a  soil is the sum o f  its capability and condition. By placing a 

^ io l  or monetary v a lu e  on an asse t ,  that  asset  seems to be secure. Defining natural capital by 

gnbtacing mass, ene rgy ,  a n d  o rg an iza t io n .  Robinson e, „/, (200h. found that the soil moisture 

pl structure are v a lu a b le  s tocks ,  a lo n g  with inorganic and organic materials. Connectivity 

^ 2 3  in a social d im e n s io n  a ro u n d  the soil. Il there is no connection to ihe soil then the soil 

Bclfmay not be v a lued  an d  is p ro n e  to not being managed to its best condition.

fransler ol soil s c i e n c e  k n o w le d g e  and skills has to do more than just provide acceptable 

alutioris to complex  problem-*. ( iood policy and policy decisions are dependent on including the 

ppropriate s takeholders  a n d  w h ic h  are trained so that they can translate the codified knowledge, 

n© improved and m ore  e f f e c t iv e  way s lo prov ide practical solutions Hu imssun. 2()l>7) I here i-< 

[persuasive need for d e v e lo p in g  a thorough  risk-based framework I'oi assessing soil security 

ocally. regionally, n a t ion a l ly ,  an d  globally using its dimensions.
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fh
Carbon is the  15 most a b u n d a n t  e l e m e n t  in th,- ror.i,-c . . . rm me Ldrth s crust and the fourth most

abundant element in the u n iv e r s e  h> m ass  after hydrogen, helium, and oxygen. Soil carbon is the

largest terrestrial pool  ol c a rb o n :  it is more  than three times the amount o f  carbon present in

atmosphere. Soil c a rbon  p lavs  a kev role in the carbon cycle, and thus it is important in global

climate models. Soil c o n ta in s  c a rb o n  (( ) in both organic and inorganic forms. In most soils the

c is held as soil o rgan ic  c a rb o n  i s (  )C >.

1 Volume c o m p o s i t io n  o f  m i n e r a l  suils

The average c o m p o s i t i o n  ol so i l  consists  ol 25 per cent water. 25 per cent air. 15 per cent 

mineral particles and  l ive per  cen t  organic  matter.  I his live per cent organic matter governs the

whole properties o f  soil I h e  te rm  soil organic matter (SOM ) is used to dcsciibc the organic

constituents in the soil I t i s sue -  Irom dead plants and animals, products produced as these 

decompose and the soil m ic rob ia l  b iomass) .  Ihe  term soil organic carbon ic lcis  to the f 

occurring in S O M  m soil S O M  con ta ins  about 50 SK per cent ol s o t  b> weight. So if a soil 

contains 11% organic ( I rom a soil test, it can estimate that about 1.7",, ol the soil In weight is 

organic matter. ( a rbon  co n ten t  m the s<ul is the majoi lactoi in its o v u a l l  health, heiiee

known us universal kev s tone  indic ator lot -oil health, 

figure I Volume c o m p o s i t io n  ol mineral  s o i l s

Air 25%

W a te r  25%

Mineral
P a r t ic le s  45%

1 1 ^

O rganic Matter 5%



Soil carbon is the largest terrestrial pool o f  n rh n n  •
n aining about 2.200 billion tonnes o f

< * * •  ThiS iS m ° re 6 UmCS thL’ a m ° Un‘ o r c ^ o n  held in ,he atmosphere (Batjes.
m  carbon s tored  ,n so ,Is  w o r ld w id e  represents  the third larges, sink in existence, after

^  and geolog,c  s inks .  T h e r e  is t u o - l b u r  t imes as much C stored in soils as there is in the

* * * * * *  and a PPr° x im a ,u l> r° Ur l im cs  C ^ o re d  in vege.aiive material (i.e. plants). Soil 

^ o n  is found as e i th e r  in o rg a n ic  (i.e. mineral)  or organic materials. Soil inorganic carbon pool

consist of 700 bill ion to n n e s  a n d  SOC pool is aboui 1,500 billion tonnes (Lai. 2 0 15).

Inorganic s o i l  C is  g e n e r a l l y  lou iu l  as carbon ates  ol ca lc ium  (( aC (); .  or l im es to n e )  and  

mauncsium ( M g C O i )  I xcliivlme? c o n c e n t r a t e d  d e p o s i t s  o f  these  materia ls  that arose from
1w

deposition o f  the shell-* o f  a q u a t i c  inver tebrates .  the majority o f  these  inorganic  forms ol  C arc 

found in alkaline xml-.

The o r g a n ic  f o r m s  • >f ( in so i l  are a very d iverse  group o f  materials  that can be d c l m e d  as  

'everything in or o n  th e  -.oil that I-’ o l  b i o l o g i c a l  or igin ,  w h ether  it s a l ive  or dead . I lie SOC 

pool comprises o f  r e la t iv e lv  n n d e u i m p o s c d  b i o m a s s  (rem ain s  ol  plants and a n im a ls )  u n d e r g o in g  

rapid changes in its c o m p o  a l i o n  o v e r  t u n e  or the labile  poo l ,  and highly d e c o m p o s e d  retails itranl 

DBtterial called h u m u s  R o t h  la b i l e  and  recalc itrant  tractions  o l  the SOC poo l  aie s t ionc ly  le la ted

to soil quality, so i l  f e r t i l i ty ,  e s p e c i a l l y  nutrient r e e y e l in g  and a v a i la b i l i i v . is m l l i i c m c d  In the

m u iii-i l e ien t io n  and transm iss ion  propert ies ,
magnitude o f  the  la b i l e  Irac t ion  S o i l  s lri iclurc.  *

i i*i ini’lv mmaetcvl  bv ihe c o n ecn tr . i l ion o f  
susceptibility to e r o s i o n  a n d  L r i i s t m g / c o m p u U i n n  aie g .

f a  humus fraction 11 a I 2f) 15)

Value of  soil o r g a n i c  c a r b o n

i )( has  iivi e c o n o m i c  \ n i n e  w h e n  w e
SOC is finite hut essential nalura cap •

f.,r human Commodil ica l ion  (translnrimilioi,
consider as an asset (hat p ro v id e s  benefits

, .mines that normally may not be considered
'S n o d s u n d s e r v , . . - ,  a s w t l l  a s  id e a s  o r  o t h e r  c nservices, as u inl0 mnrkc, sphere by converting

11 “ mmodily I o f S( K is the process ^  (rue worth monetary

" u ,ninu.tJiiy that lias an e x c h a n g e  value. I cflnnnt he computed bv summing up the

nr|s fust as the m o n e ta ry  v a l u e  ol an aninia , |Ut> ol soil or S ( ) ( 'canno t  be

values o f  n u t r ien ts  in b lood ,  bones,  and tissues, so a so



- * b- - r : r e q u iv a iem  ° r  i,s -  N . , , ^  »  „
^  than the s u m  o t  ,Cs m n a t e  c o n s t , t u e n t ,  W h ite  treating SOC as a mixture  o f  c o m p o u n d s ,  the  

flonetary cost  o t  t h e s e  m p u t s  m u s t  b e  a d ju s te d  for any b e n e f i t s  to hum an  b e in g s  (Lai. 2 0 14 , .

y  3 natural capital S O C  has  an e c o n o m ic  value. According | .a | ,2014 ,  there arc tvvo types o f  

yolue assigned to S O C .

Value to the lurmcrx.  tor  s o 11 qualiiv enhancement  

Ip Value to the soc ie ty :  lor  e co sy s tem  services

rhe increase in M>il c a rb o n  will increase the prolitabilitv ol the farm h\ increasing soil 

fertility, increasing b e n e t ie ia l  species ,  suppress  the diseases, increasing water retention, 

improving dra inage  and  ae ra t ion  and increasing crop yields. I his will reduce the cost o f  

cultivation and e n h a n c e  e t l k i c n e y  ol field. I hen the farmers gel henelils from the better yield.

Bui the in tens i f ica t ion  ot agr icu l ture  degrades the soil quality with depletion ol SOC. So 

farmers should be e n c o u ra g e d  to im prove  soil quality through maintaining high S( )f content by 

considering the ca rbon  a a c o m m o d i tv .  M oreover  government can provide adequate incentives 

for their efforts taken in e n h a n c in g  s i n  status ol soil

5. Societal va lu e  o f  s ( )(

Ecnsyslem s e r v i c e  are the services provided by ,ir;il capital to suppo.1 h,„„.,„ wellJ
l - . . \   hi i,\ll \ )  I '(HIS). I here me lour ivpes ofheing. According to M i l l e n n iu m  I cosy stem \s sc  •

ecosystem services ic , sup p o r t in g ,  regulating,  provisioning an

. , |h c  product ion  ol  e c o s y s t e m  s e i v i c e s  like
a> Supporting s e r v i c e s :  they  arc  n e c e s s a r y  i I

t .tv i' vi Ii ini»e o l  e a s e s  vviih a im o s p h v ic .
nuirieni c y c l i n g ,  w a t e r  r e t e n t io n ,  b iodivers i ty  •

t .  • , i ivt r.’uiilntion ol ecoss stem sci v ices such
b> Regulating se rv ices  th e se  a re  the benefits  nb .amcd by rvguln.n

,1C l( if ;^) emissions,  erosion control
carbon s e q u e s t r a t i o n ,  g r e e n h o u s e  gn

cl , nl in nrov ide  g o o d s  and se r v ic e s  l ike lood.
C| Provis ioning serv ices :  th ey  m a k e  the c c o s y

. " '1'°  i" 1' 1 " UlCr . . b cnc fiit obtained from the ecosystem through
1,1 fullural serv ices  they  are  the rton-ma«em , ,

Oyldoor  recreational pm-ants. lanustnp
spiritual enrichment and aesthetic experte

supporting habitats

vCi v ices



A|l these ecosystem services are inter-rehtPH „ . ,
c n r  in r lnr lp-  ’ n the range ot ecosystem services

r ,ded b> SOC in c lu d e s  tnc reas tng  ne, primar> produclivity ^  ^  h  ^

^  of food and  n u in t i o n a l  secur t ty .  lmproving p |am avai|ab]e ^  ^  ^  ^

^  reducing w a te r  r u n o f f  and  so d  erosion,  minimizing sedimentation and nonpoin, source 

poliutinn. offsett ing a n th r o p o g e n ic  em iss ions  and mitigating/adapting to climate change, 

denaturingpollutants and  pu r i fy in g  water ,  and enhancing biodiversity.

•The societal va lu e  o t  S (K  refers to the monetary equivalent o f  ecosystem services 

provisioned by a unit  a m o u n t  o f  S<)(." (|  a |. 2014).

As per Ban w ar t  t / cil., ( - 0 1 5 ) .  the major  ecosystem services can he categorized as live 

different d im ensions  such  as p rov is ion  ol food, water and energy, regulation o f  climate and 

maintaining biodiversity

5.1 Ecosvstem serv ices: p n » \  is ion o f  food

According to I \ ( ) 12 0 0 0 1. the world population is expected to reach 0.6 billion by 2050. 

Then there will he an a d d i t io n a l  ulohal lood demand ol one billion tonnes per ycai. But the 

global soil resources  a re  s h o w in g  signs ol serious degradation.  Carbon loss  is one ol the major 

reasons to this d e g ra d a t io n  So the real goal is to increase and sustain food production lo meet

the demand o f  l>row ing popul ition with increased s t )(

From the pla te  I. H is c lear  that In adding organic mutter as a source ol carhon to the

Held it will increase  the s . ,( s lants;  the SC.« c h a n c e s  the plntdcal.  chemical and  logical

.1 , a ,,n iho. wlikli  results m more crop y ield iBai cl
properties and w h ich  leads  to im prove  the soil quality

• i ii ciriti lure aiM’ieeale slahililv. watci holding2008). The phys ica l  c h a ra c te r s  such as soil s in .U .m .  agg.eg
r . , ,  , U 1 , i n c r e a s e s  ihe surface area ol mineral particles which
capacity, bulk density  and  soil co lo r  S t)  it •

. • , . . ihh i l i tv  It also has buffering action in soil.
enhances cation e x c h a n g e  capacity and nutric

. ■ | •minimi o f  hOC as a source ol energy lor
filologicol activity a lso  im p ro v e s  due  to lug

microorganisms.



Plate I: M echan ism  ol Inch food production 

Table I : F tTect o f  S t )( on  ag ro no m ic  \ ie ld  o f  crops

C r o p In c re a se  in p rod t ie t i \  its 

(kg I 1 S O C  ha ')

Rice Inn

W heat

S o rg h u m

S oy b ean

Sal l low cr

Pearl millet

15-10

Ufl

15

170

(Srinivnsarno st n l . 2009)



Long-Term Fer t i l ize r  Experiments in India was smn a  - ,r
, n • Slarled ,n 1970 under All India Co-

Research Pro jec t  ( A I C R P )  The  nnmr,
»rJl03lL . . . .  . C PUrp0SC 15 10 'vo lum e  Ihe elTec. o f  long-term
-.rlicaiion ol o rgan ic  an d  ino rgan ic  m anures  on r m n  nr i

on cr°P  production and soil health. N ow  it is
^ducted in 17 cen te rs  ,n d i f f e re n t  soil Iv pes around the country. I TFEs are more useful for

snjd>ing the changes  in soil p ro pe r t ie s  and  processes over time. Change in SOC is one o f  the 

properties thaL can be e s t im a te d  c l e a r k  us ing LTFE.

The result o l  l.TF E in Pa t tam bi  show ed that the application o fo rg an ic  manure along with
c

mineral fertilizers im p r o v e s  the s < )( status (l igure 2) which ultimate!), leads to the increase in 

yield ol the paddv ( l ig u re  •») I II I n ia in k  prosed ihe conjunetise  use o f  chemical fertilizers 

with manures m a in ta in ed  r e l a t i s e k  large amount  ol S O C  leads to more >iekl ( l l s s .  AICRP- 

LTFF Report. 2 0 1 >)

Figure: 2 Treatment e l l e c t  o n  S ( )( in a I I I I  at Pattambi
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FYM

Treatments

Figured: Rice yield in I I I I  at I’a t tamhi

The p e rm an en t  m aur ia l  trials conducted  ai Regional \grietiliural Research Station 

IRARS). Pattamhi ind ica ted  that  flic grain yield and straw yield were the highest lor the cattle 

manure and mineral l e r t i l i / e r s  com bin a t io ns .  Ihe  available nutrients in the soil also get reduced 

due to continuous ap p l ic a t io n  «»l inorganic  lert i l i /er  alone. I lie organic carbon build up was the 

highest in cattle m a n u re  a p p l ie d  fields. Ii is an ongoing project with dwarl indica type o f  rice has 

completed 41 years and 50  yea rs  lor  tall indica type (KAl research report. ?(>l>).

r * . , , , ,i . *11 ihe options to increase the yield and soilEnhancing the SOC s ta tus  in soil is one  ic I

health. So it can be used  as a tool lor improv mg. the m.inkm

•*•2 Ecosystem se rv ic e s :  p r o v i s i o n  o f  wsitei

..nvprcd In water and human body consists about 70 
W  thirds o f  the e a r t h ' s  surface  is covered .

riii.* nrime e l e m e n t s  resp on s ib le  lor 11Ic on
„ f  water. So il is clear that ihe water is one ol the prime P

_i. nn0 billion people in the world do not have
• f t -  Today d e a n  and  sa fe  w a te r  is scarce;  nearly one P I
i. • • n n f  s u f f ic ie n t  q u a lit y  o l  s a le  w a te r.
* * M l n  il. I he goal is to ensure the provision

that r e g u la t e  th e q u a lit y  a n d  q u a n tity  o f  w a te r. St >1 

S O C  d e t e r m in e s  th e  s o i l  p r o p e r  i t s  • ^  ^  f J | c  „ f  m l l c r  a n d

ncrca5es the aggregate stahiliiy ol ‘'ol1 u  ,K 1 | his will ultimalelv increase the
the jusceptihility o f  soil »  water erosion and runoff.



f
pâ  water recharge. SOC acts as a filter to the pollutants hence i, improves the quality of

Brar *  al,(2 0 . 5 ,  estimated the mfiltrahon rate (figure 4) and aggregate ^  wi(h

n r  10 S0C ^  Se'eCted lleatments with different dose of fertilizers and manures. They 
found the positive correlation of SOC with infiltration rate and aggregate stability of soil.
i d * "
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Figure 4 Effect o f  ST )< on  infiltration rate of water

•̂3 Ecosystem services:  prov is ion  o f  energy

m >Un world arc  fossil fuels and gasoline  fo s s i l  luels arc  the
M a|or enen rv  s o u r c e s  in the  wot to

were buried millions o f  years ago Actually they 
Bccumulated rem ains  o f  l iv ing  o rgan ism s  that . . . .

ilinv will produce carbon dioxide during
** Hie forms o f  ca rbon  and no n - ren ew ab le  rcsourc

b"" > » g  S o  it 's  , h c  t im e  to  t h in k  a b o u t  a n  a lt e r n a t iv e  to  f o s s il  t a b .

i . . r ,  hio-energy to reduce the use o f  fossil fuels 
Nowadays p l a n ,  are  be ing  g ro w n  ,  prod c whilc mereasmg the

I «*' " -  - e a s e  b ,o - f„c ,  production to «. ^ ^  # ^  ^  ^  ^

SfnfnH "se oi b io m a s s  lor <nergy P ^   ̂ Maintaining or increasing

emissions and mitigate climate change ' management of soil carbon stocks
fuel production per unit area will require



—  ° f  *  ; l 0 b a ' ,a nd SC aP e ' SOil « * «  m a n a Bcm en i  m ust  bc cons id ered  
^  account ,ng e f f o r t s  a s s o c , a t e d  u i t h  b i o m a s s  fuel  product ion .

Sustainable energy crops like jatropha. p„p|ar. pongamia ^  ^  bc ^  ^

jjd other degraded lands  im p r o v e s  the carbon status along with bio-fuel production . Soil carbon 

i, one o f  primary energy s o u r c e s  o f  microorganism s.  They are producing high energy during 

decomposition- By d e c o m p o s i n g  20  t o f  farmyard manures, they produce about 105 million kilo 

joules IM kJl which  is a lm o s t  equ iva len t  to the energy produced Irom three tonnes o f  anthracite 

coal. The potential e n e r g y  o f  a  hec ta re  furrow slice is o f  a soil with 2.5 per cent organic carbon is 

about 1675 M kJ. e q u iv a le n t  it' the heat value ol 50 i anthracite coal. II this entire potential

energy equivalent w e re  c h a n g e d  to heat,  it would be enough to raise the temperature ol soil up to

600“c (Brady. 2001).  Hut a c t u a l ly  there  is no such heat production because the energv produced 

during decomposition i-. u t i l i / e d  by m icrobes  for their metabolic aeliv i t s .

5.4 Ecosystem se rv ic e s :  r e g u l a t i o n  o f  c l im a te

During the last four  d e c a d e s ,  the concentration o f  CO.* is increased Irom 270 ppm to 400 

ppm. This increase in c o n c e n t r a t io n  ol ( ( t leads to the global warming and cIimate clumge. I he 

real goal is to m it iga te  the c l im a te  change  through reducing the ( i lK . s  h> biological carbon

sequestration.

i .i ...v ,,i ri’niovimi carbon from the atmosphere andCarbon sequ es t ra t io n  is the p ro c e s s  ol removing
. . .  . . .  , ,f  i tmosnhcric ('< K  and its secure storage in
depositing it in a rese rvo ir ,  it en ta i ls  the translcr ■ l
i . ,  i | | <,.*,0 icsti.it ion is done In plants through thelong-lived pools (U N I  ( ( ( . 2 0 0 7 )  Ihe  biological scqiicstiau . i

. . u ni. hinmass. It is estimated that the increase in
process o f  pho to sy n thes is  anil s tored the car

w.7 I.mncs ol < O ’ from Ihe atmosphere
evcry tonne o f  S ( )( rep resen ts  the decrease

i ..ip,. Im hiolouical sequestration such as 
• H W t o d  in the soil.  I here  are  different techniques lor g I

r ,  , rv snd  reduct ion  o f  desert i f icat ion .  I hrough the
^orestation. c o n se rv a t io n  t il lage,  agro fo

* ; nr  reuse the SOC status. Hus will reduce the
Afferent techniques o f  b io log ica l  seq u es tra t io n  • r

i l l  / ,| n is I his will help in mitigation ol
Lnncentrniion o f  C'Oi in a tm o sp h e re ,  one of the po c 

c,imate change.
’s tn t io n  capacity o f  different land use types in 

IJtttta .1 a!..17 0 1 5 ,  stud,e,I < arhnn and eucalyptus have more  rapacity to

* * *  toils „ f  Knm nl, ligure M l hey loun‘1 ,ha



rfCSEr the organic  c a rb o n .  It w a s  clue the high ,eaf  and bark fall a lon„ with 

Ruction o f  those c ro ps .
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Figure: 5 f a r h o n  s e q u e s t r a t i o n  capac i ty  <»l i l i l lerent  land use  types

The p lant ing ..I p e ren n ia l  t rees  on Hie p ro b lem a l ic  and w a s te la n d s  mac d ecrea se  the soil  

degradation th rough c a rb o n  s e q u e s t r a t i o n  and e n h a n c e s  1 lie S ( H  si.it 11 s.

a. Carbon trading and policies

• u* i I* irliihi seuuestration like liioC aibon lund
There arc s o m e  p o l ic ie s  related to hiologit.il t j . n o n  scquc

r , r , I( pi .-carbon lund H io (a ih o n  Tmul is a Financial
Forest Carbon  P a r tn e r sh ip  Facility (I

i i m nn ir ie s  to conxcrxe soil carbon inlance given h i  W orld  Hank lor developing  com m ie
r , i  intended to provide incentives to the developing

Ecosystems. W h e re a s  ( (  PT -carbon  fun

Ties, s takeholders  a n d  ind igenous  people  for conserving soil carbon, n M e ™

» « « ,   ......... .. n . a ,  < ' . « ■  -  S“ " “ '  ‘  ” ”  "  '

1'° ^tate I University.

. l n a  , rc components  o f  national and international attempts 
( arhon m ark e ts  a n d  c a rb o n  trai it h 1 ^  ( } | [ 0  m  convcr(ed to CO? equivalent and

Hllgntfe green h o u se  gas  em iss ion ,  w h t r



led rn carbon m ark e ts .  T h e  currencv used in ,u 
* 11 "  theSe markels «  ^ b o n  credit (one tonne o f
COJ-

Carbon e m is s io n s  t rad ing  is a  form o fe m is s io n s  trading,I,a, specifically targets carbon 

jjtnide (calculated m to n n e s  oI ca rbon  d iox ide  equivalent or , C 0 2e) and i, currently constitutes 

ju  bulk of  emissions t rad ing .  T h i s  lorn, o f  permit  trading is a common method countries utilize 

,0 order to meet the ir  o b l ig a t io n s  specif ied  b> the Kyoto Protocol: namely the reduction o f  

-u-bonemissions in an a t t e m p t  to r edu ce  (mit igate) future climate change (Birla ci al.. 2012).

I nder C arbon  t rad ing ,  a country has mg more emissions of carbon is able to purchase the 

riiiht to emit more and the  country  b a s in g  less emission trades the riulu to emit carbon to other 

countries. More ca rbon  e m i t t in g  countr ies ,  hs this ssas it s to keep the limit o f  carbon emission 

specified lo them. ( a rh o n  fa rm ing  is rapidly becoming the ness agriculture sshere C sequestered 

msoil/trees/wetlands c o u ld  be t raded  just as any other farm produce (I.al.. 2 0 Id).

5.5 Ecosystem se rv ic e s :  m a i n t a i n i n g  biodivers i ty

Convention on H m log icu l  Diversity It HDl Mated lluil human activity i- causing specie-, 

extinction al a rate ol luii-HHUi l im es  than the natural rale. Iliodiveisily is vaiiahilily among the 

living organisms. I n s s  ol h .od .vers i ty  no, only leads to Inn,lumen,al changes in ecosysien, hu,

also negatively a f fee ,  the i r  overa l l  per fo rm ance  ol ecosystem services (Pascoal c» „ L  2015).  Soil
■ 1M1| vn-iahilils am oni’ the helossground flora

« considered as the larges t  re se rve  ot biodiversity an
, . i 11... n . iS . lo se  association helsseen the

and fauna are k n o w n  as  he lossground  biodiver >•
, II, ini rrMsiiui the X status, ihe hiodis crsits ssill he
below ground and a b o v e  g ro u n d  diversi ty .

improved and ul t im a te ly  leads  to im provem en t  in ecosystem s c v n c  g

,  .. . . n h v  -m important role in transformation ol' nutrients Iron,
So,l m ic ro o rg a n i s m s  play an P ^  „ rSCK- .m population in

unavailable form to available forms, .able    , |hc................. .......

J |  I FI «  N a m p u r C l l S S .  A l C R r M . f K  fof |hc  | a , l tmc„, o f  fertilizer will,

* *  85 b*cleria- actinomycetes and a/nl» ac *• 0f energy for microorganisms.
s d u e  lo high a m o u n t  o f  c a rb o n  . -

> m « manure Ii wa



T re a tm e n ts

N o .  o f  B a c t e r i a  (cfu 

x 1 0 V  soil)
No. o f  A c t inom vcetes

(cfu x l o V  soil)

No. of  

A z o to b a c te r  (cfu x 

1()J g 1 soil)

l" '  Control 9.53

--------
19.76 127.83

50%  NPK 24.56

-----  - -

52.4 55.16

100% N 4.55

*■ - 1 ■ — - — - -

46.33 1 1.86

100 % N P 7.96

g — ■ - --- — — ■ —■ ——— — — »- h » ■ ■ — - — ■ ■ » — ■■■- — — ■ . - |

45.5

100 % NPK 1 1.49 20.30 17.5

150 % N PK 6.9 \ 5.75 14.61

100%NPK - f YM 28.68
*7 *> *1 ■»7J. 226.16

Saha or 12»IW> c o n d u c te d  an experiment in the Itontett.udens H U   the

( i i .  , 1 1 1  mi  i iiiif ihi* hii'li iinuuinl ol ^  H ;icciiiiuil»ilion in
fadakkatharapanchnvjih  «»t I hr issur  I hc> l.uintl ih.il me

. . .  i . i . M. nv Mi 1.11IV 6)  I ruin high density to low plant
surface layers  o f  s o i l  w i t h  h ig h  plant density

. . . ..i vi ah soil depth across all the treatments,
cnsity the accum ula t ion  n t  St >( found d e t r e a

; « in icitN to contribute organic carbon to soil.
It is found that  the forest has maxim  P

. .rttinn imvc more S( K accumulation than the large 
homegardens K  I ac re )  and  rubber  plan * 4

n „ r . . n r  accumulation within one meter depth were m the
"’'garde ,  (>  I acre  I ( I tgure  t. he  ■ | | ( i . c()COml| ([„ri |cns> p0(k!,

Creasing order o f forest - small H<i rtthher p a"
. • u ..tt po i  the biodiversity and s o t  status.

nui 2010). which proves (he relationship
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soi, organic carbon is centra, to the essentia, services and cou,d he an important 

jaenninant o, maintenance, buffering and enhancement o f the supply ormany ecosystem goods

and < * * *  ser' ices under chanS inS socio-economic and environmental conditions. A focus on 
SOC enables us to set out the interactions between individual services and to assess appropriate 

synergies associated with actions to enhance SOC from local to global scales.

Actions a f fec t ing  SOC long- te rm  goals will inevitable have interactions and feedbacks. 

For example, as p rev ious ly  d iscu ssed ,  one  interaction is between S O C  and climate. In this case, 

management that ind u ces  S( )( losses contr ibutes  to increasing greenhouse gas concentrations in 

the atmosphere, w h ich  wil l increase  air temperature  and create a feedback In accelerating SOC 

decomposition and fu r ther  losses.  Xclimis focusing on increasing the provision o f  one ecosystem 

service individually o f ten  im pac t  var ious  other ecosystems services negatively. I ypical examples

are the focus on ag r icu l tu re  in tensif icat ion lor lood production, which has led to water pollution

and losses  o f  b indivers i lv  d u e  t<> excess  nutrients and pesticides and the clearance ol native
*

vegetation or d ra inag e  o l  pent lands lor biomass luel pioduction. which also led to losses i t  

biodiversity ,  w ater  qual i ty  and  quanti ty and contributed to climate changes through significant

release of ( O to the a tm o s p h e r e  (R anw art  d  <//.. 201 sj.

One view o f  i n t e r a c t  is ,ha, each essential service has an   e ra    range o f

SOC (plate 21, f-nr example.  Ic ......   « ............   “ " J  " P° " " C '" ' " " ' " 'x
i , , i,. . . id ,  uilier services requiring highei levels ol
low levels o f  S ( )( . the re  is a general  hierarch,

I , rnr.n ihr  benefits. I lie window lor sustainable
to be mainta ined  e f f e c t i v e l y  and  for peop e o

i r  cincks that arc adequate to supply all essential
bvelihocxls is defined as the optimum range ’

. .nr  harriers lo the adoption ol practices that 
crvices. It is necessary tn identify and ovcru m

CCOsystcm services to opt.m./e ellorts and the
enhance SOC. Actions should focus on multipl

b e f i t s  o f  SOC
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The boundar ies  In th ese  operat ional  limits will vary at the local scale hut n i t ,match  are 

w  by the global po ten t ia l  In s tore  SOI \ s  the cnrrcnl stock ol St >< is lie-low the optimal stock 

fromo societal p e rspec t iv e ,  m a n a g in g  s o d s  lor multiple sc,vices implies un rh rng  towards levels 

°fS0C that will a l low  all se rv ices  to he delivered adec|iialel>.

'■ M e a s u r e m e n t  o f  S O C  c o n t e n t

. . , , .  «.,)M content ofa soil is lo hum oil’the organic mailer in
A simple way lo determine ihe M Jivi cc

„ r , -n„ cn( nn assumption can then bc made that
Q fomace and determine the mass lost. fo determine SOC an I

     ...........

* • « « . «  in d e p e n d . ! . . *........ .................................... ............................................. .
,, meins to oxidize the ( ' m SOM to carhon dioxide 

Another method is to use chemical men
a . ■ ll/.ne merit used gives it measure ol the mass ol

•tl and organic acids. I he amount o f the oxidizing



COM

titf 

nre

diwd. This m e th o d  is ca l led  T h e  d ichrom a,e  method '  .  ■, •
I ifh Jin J , A -  u  involves oxidation bv boiling

soil sample w ith an acid dichrom ate solution. It js akn ,
. . , _ ' tel erred to as the Walkley Black

ta d . after the sc ien t is ts  w h o  first docum en ted  its use.

SOC stocks arc estimated from itip
K  S0 C  conten'- estimated bulk density and the

corresponding soil depth bv using the following equation (Choudhury a  a l . . 2013)

SOC density (kg ha 11 = SO C x 131) x soil depth

SOC stock = (SO C  content o f the soil x HI) x area x depth)/IO

Where SOC stock is g iven  in I’g I i n  g | .  S(  i f  content is in' g ( '  g 1 . | ) | )  is in 'M g  m r . area is 

in -VI ha‘ and depth  is in * m\

8. Factors a f fec t in g  soil o r g a n i c  c a r b o n

Soil carbon leve ls  a re  de te rm ined  bv factors such as rainfall, temperature, vegetation, 

management practices a nd  soil type. I hen it reaches ec|iiilihrium values associated with 

individual systems anil loca t ions .  However,  these equilibriums are disturbed when areas are 

cleared and used for ag r icu l tu ra l  production.  I he primary control on the global disti ihution ol 

soil carbon is rainfall w h ic h  leads to greater accumulation ol soil organic carbon m humid 

regions. Temperature p lays  a secondary  role with greater accumulation ol organic carbon in

colder regions (Batjos. 2<> I I i

r-i . .. . , # n ii>r n'lii  iilinre results  in large reduct ions  in SOIGlobally, c le a r in g  natural  v e g e t a t i o n  lor . igr icum uc i

L i  i . in miMiii’ni practices Most ol the reduction in'evels and further d e c l in e s  may occu r  due to m a n a g e m e n t  practice
Sftr • ,  • . o 11) f in I here lore, soil carbon levels ol agricultural soils

'v occurs in the su r face  soil layer. 0 lit cm.
i inn I his difference in SOt indicates the

lower than corresponding soi ls  under  natura g
I in S O C  occurs  when land under natural

Potential fur soil c a rb o n  s torage.  Rapid decline in .
• i. Km restoration o f  S O t  level (e.g. under 

Vegctation is cleared and  co n v e r ted  to agriculture
. .rir-nliiiral svstems, soil eat bon lev els tend to

***** Ullage) occur, at a much slower rale. In agr.cnlh.ral *>.
h,, , nr id ic e s  I he change in s o t  ,s determined by Ihc
”  , «n»hl» and d e p e n d e n t  on  m an ag em en t  practice.

*aee o f  carbon in p u t ,  o v e r  losses



s0C Jevels by e . the r  t n c r e a s m g  tnputs  o r  decreasing losses, e.g. stubble retention. Conservation 

jjogr. cover c rops  and  In teg ra ted  Nutr ient  M anagement  (INM). Inputs can also be increased by 

Ji(tc, additions o t  o rg a n ic  m ate r ia ls ,  composts ,  manure and other recycled organic materials. 

Pucrices leading to inc rea sed  productiv i ty  o f  crops and pastures -  In theory, any management 

practice that can inc rease  p ro d u c t io n  Irom an area o f  land should lead to increased SOC storage 

because ot the increase  in c a rb o n  inputs, f a rm ers  arc familiar with practices such as fertilizer 

application, improved ro ta t ions ,  im proved  cultivars and irrigation which can lead to large yield 

increases. Productivity in c rea se s  can also he achieved by crop intensification practices such as 

multiple and double  c r o p p in g ,  how ever ,  it should be noted that some o f  the yield increasing 

practices involve the u se  ol ferti lizers and irrigation water which require large energy

consumption and th e re fo re  inc rease  carbon dioxide emission (I al.. 2010).

Conservation fa rm in u  is rapidly gaining worldwide acceptance as a tanning piactiee to 

improve soil and w a te r  c o n se rv a t io n .  In cropping,  cultivation is either reduced (reduced tillage) 

or completely e l im in a te d  In<'-tillage) and stubble (crop residue) is iclaincd. Reduced tillage

i i i l • i I,.,. . I ....hit 'iimn nul reduced lossll I l id llviiK ) *llld Stllbblcreduces carbon losses i lm r n  both  reduced aiiu
-i. u . i )  iif ilii'se lead lo SOI increases. Maintaining

retention increases c a rb o n  inputs  u> ihe soil, both
_ _ t i l  I i* *)n/ ,n ih.* runi /one  is essential ll al..
SOC concentration a b o v e  the th resho ld  level ol ~

10- Conclusion

, 11MtIU, soil phvsical.  chemical,  and biological quality 
SOC is a kcv p a r a m e te r  I<t  mam ta i  g

• i n u , | |1C threshold level o f  2% in the root zone is 
Thus, maintaining S O C  c o n cen t ra t io n  a

. „ in s o t  concentration in depleted sods increases crop
^wntial. It is w ide ly  k n o w n  that increase

, , numerous global benefits. Ihe  mngn.ti .de ol yield
) êld and use eff ic iency  o f  input, and has numc b . ,U use ctt iLieney t antecedent SOC concentration, and the

* " * • *  " n S0il ‘>pC- Cr" P '. 7 ' n ' l i ' n g  is rt.pi.lly becoming (he new agriculture
*«H*r during the g r o w in g  season.  < ar on . ^  ns ony 0 |hcr  lnrm proJl lcc .

*, l t t re ( ' sequestered  in soil ( t e e s  wetlands  eon ^  ^  im p |c mcnting policies lor its

*hcrefore, assigning, a p p ro p r ia te  societal



t ious m anagem ent a re  c r i t ica l  to ecological  restoratinn „ r  
“dl , „  , " ° "  01 our and future planet so that
jls will alt t a -vs sa

SOC is a finite bu t  e ssen t ia l  natural  caniinl m a  :• ■
Pllal- antl 11 must  be used, enhanced, and restored

by land use and m a n a g e m e n t  sy s tem s  that create a positive soil/ecosystem C budget, by 

greasing losses (e .g . .  e ros ion  and  decomposi t ion)  and increasing input (e.g.. crop residues, 

cover cropping, and  m a n u r in g )  and  recom m ended  management praclices (e.g.. conservation

^culture) .
9
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What do you mean  by a n th ro p o g e n ic  e
em iss ion?

f is process of emission of GI JGs due to human activities. The •
fossil fuels, power generation  process, minim? n ^  ^  mam,y ,roni lhe buming of

*- ocess and even from the dcsen i lka t ion .

do vou m ean  b \  na tu ra l  capital*^

Il is the existing stock ot natural resources liL'r» i■ % * 
nil organic carbon

i. Whether SOI is sufficient in Kerala condition'.’

to. Kerala is u n d e r  t ro p ic a l -h u m id  c l imate:  due to this d,e o r - in ic  ,,, •,• i<'ij_.imL matiei decomposition rale is
igli which leads to m i n i m u m  s ta tus  ol s o c .  O encra lk  Kerala soils are has Inc 1 - 2 % organic

irton level. So wo sh o u ld  apple organic matter as a source o f  carbon source and do good 

anagement pract ices  (nr mainlainiiiL' enough StK siaius.
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S o c ie ta l  v a lu e  o f  soiI o rg an ic  ca rh o n

The lop metre of the world's soil stores approximate!) 2.200 billion tonnes of carbon, 

two thirds ol which in in the h»rtn ol organic matter. Iliis is more than three limes the amount of 

carbon held in the atmosphere I Hatjes. 199b). In soil, carbon exists in both organic and inoreanic 

forms, the former heine predominant. Soil Organic ( arbon |S()( ) constitutes 58 per cent of the 

organic matter and reflects the soil lertilil) and productivity In maintaining physical. chemical 

and biological properties ol oil il al. 2015).

Ihe main use and value ol soil is commonly associate'll with agiiciiliuiL Ihil the) .tie ol 

basic importance to Ihe provision ol main ecosystem services. I he amoiinl ami dynamics ol soil 

carbon are major determinants ol (lie i|iianlily and ipialilv ol lli.se sei.iees which .lie divided

into four categories. W-.. supporting, rcgnlaling. provisioning and eullural (Hanwari »v«/. 20151.
ri„. . ' i i  ... li.mt tint can lead to social, economic unelIhese services underpin mans of the Inntlmns mat can
,>n. • . r. i . .ini- o f  soil organic carbon refers to the
^vironmental benefi t  to m ank ind .  I he societal value b
mnn . • - nrnvkioncd h\ a unit amount of SOC (I al. 2014).

Hctary equivalent of ecosystem services p
r, , ..•.c'inrr net ntiniarv produetivitv and ngronomic
" *  range o f  e c o s y s te m  se rv ices  includes increasing ncl prim. . | .
,. ,.  ’ . .... :mnrnvini! plant available water, reducing
:',elJ in the context o f  rood a nd  nutri t ional security, improving | s

miiiuntinu climate change and enhancing 
" a,«  n in n ir .  o l i - s e i i i n g  a n t h r o p o g e n ic  e m is s io n s ,  m it ig a t in g

biodiversity



Each o f  th e  e c o s y s t e m  sen ,  ice s  h a s  an ODtirml -
optimal operational range of SOC Certain

SOC a. lo w e r  l e v e l s  vvhtle o th e r s  m a y  o p e ra te  at h ia h e r  levels Th ,
® levels. Ihe optimum ranee o f  

- io n  stocks tha t  a re  a d e q u a t e  to s u p p l y  a ||  e s s e m ia |  P
, cs ls the window for sustainable

jjtlihood (Banwart  el ul.. 2 0 1 a ) ,

The am oun t  o f  S O C  d e p e n d s  on soil texture, climate, vegetation and land use 

Ujnagement. The p r imary  c o n t r o l  on the global distribution o f  soil carbon is rainfall, which 

10* 1° SreaIcr a c c u m u la t io n  o f  soil organic carbon in humid regions. Temperature plays a 

secondary role with g re a te r  a c c u m u la t io n  ol organic carhon in colder regions (Batjes. 201 I ).

One-quarter o l  globed land area has sutlered a decline in produclivitv and the abilit\ to

provide ecosystem se rv ic e s  b e c a u se  o f  S ( )( loss in the past 25 vears (Bai cl ul.. 2008). Such

degraded land w o u ld  re lease  g reenhouse  gases to the atmosphere as a result o f  accelerated 

decomposition e i ther  du e  to land use change or unsustainable land management practices (I ul. 

2010). Management  p ra c t ic e s  d e te rm in e  the actual storage o f  organic carhon in soil h\ increasing

inputs and decreas ing  losses .  M ult ip le  c c o s \ s te m  services can he enhanced hv soil management

that favours S ( )( s tab i l iza t ion  w h ich  ullimalclv leads to human well-being.
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lndia-s p o pu la t ion  has  i n c h e d  from 342 million in |947  „  ^  , , 2 ^  ^  

^  As a resu l t  o l  tn c re a sm g  p „ p u |a l ion. induslria|izmjon ^

generation increased ,n r e c e n t  y e a rs  (U sm an  er «/.. 2012,. An estimated quanti.v 0 r38 .354  MLD 

p.iilion litre per d a y ,  o t  s e w a g e  is generated in major cities o f  India. Discharge o f  untreated 

swage into w ater  b o d ie s  has  resu l ted  in contamination o f  75% o f  all surface water bodies across 

India.

Central P o l l u t i o n  (. o n t r o l  Hoard studied tluil there are 2 6 9  s e w a g e  treatment plants in 

India. This w a te r  p u r i f i c a t i o n  p r o d u c e  large am ou nt  ol  s ludge  and its d isposa l  is a ere at issue,  

land application o l  h i t w d i d s  a c h i e v e s  a c o m p le t e  reuse ol  its nutrients and organic  carbon at a 

relatively low c o s t .  R e c y c l i n g  is the m ost  technica l ly ,  e c o n o m ic a l ly ,  and environmental ly  

appropriate m e t h o d  ( M a t t h e w  >. 1 9 9 8 ) .

2. Biosolids

B io s o l id s  are th e  nutr ien t  rich organ ic  materials  resulting Irom the treatment o f  s e w a g e  

sludtte (I S I  PA 19 9 9 ) .  I h e  term h i o s o l i d s  created in I 9 9 |  In the N a m e  t hangc  I ask I oree  at 

Water E n v iro n m en t  I e d e r . i l i o n  ( W I I ). the water and w astew ater  industry \  m am  trade and

i„ll . , i * . I, i i m ,m v.ii ire ited sevvaue s luilue Irom raw s e w a g e  s lu d g e  and
loony o r g a n i /a t io n  in th e  I S \ .  to  d i s im g u i s i i  irc.ueu

................ . in. i , , , .  i i i ’it w ou ld  he more  acceptab le  to the
facilitate land a p p l i c a t i o n  o l  p r o c e s s e d  s e w a g e  g

public.

d. Production p r o c e s s  o f  h io so l id s

.. , triMiimenl processes in treatment factories. I lie
W a s te w a t e r  u s i . a l l v  u ndergoes  three treatment |

« .  . „r se t t l ing  p rocess  In rent ,w e  s c .h m en t  hut wi t h nil the
Pnmary step is a p h y s i c a l  s c r e e n i n g  or se tt l ing  i
.. V | h f . , c t „„darc  step is n hu , log ica l  p rocess  w h ere

<tuw vod m i n i ' n k  si i l l  in the  e t l l u c n t .  m e
. c o n v cr tcd  into u soli,I m a s s  u s in g  » c u l t . sa ted  culture

"■"tarf b i o l o g i c a l  m u t te r  ,s p r o g r s s s . e e  . o f  b ioheglcal  o x y g e n  d e m a n d  ( H O D .

of indigenous,  w a t e r - b o r n e  b a c te r ia ,  there y ^ ^ q chcmi0ol process e m p l o y e d  to

‘5 removed from the wastewater. A tertian p . crn 0 p Cutrophicalion o f  waters.
i i *h ire ihc  f i i ■ i■ l

remove nutrients especially N and I . "  >K discharge into a stream, river, lagoon, or
Berthe tertiary step, the diluent may he siuta c

* el|and or used lor irr igation.



undergo additional treatments to reduce nathl " ^  0bta'"ed afler “ *  primaI>' Process
OP sludee is used as I a "  aUrac>iveness to vectors and thissewage sludge is used as a soil amendment

Treatment
process Biosolids

Raw
S*wag«

Scv /agc  Sludge

Solid*  
R e m o val «nd 

S t d l  mentation Liquid
fraction

Aerobic 
Digestion Tank

Primary  T rea tm en t Secondary  Treatment

Effluent for 
Discharge

* a * .

Filtration, 
Nutrient 

Removal or 
Disinfection

Tertiary Treatment

P l a t e  I. P r o d u c t i o n  p rocess  o f  biosolids

4-T rea tm en t  p r o c e s s

_  , „ lf <Mr i.mii nnnl teal too the wastewater  residuals  h a \ e  toTo m e e t  t h e  r e g u l a t o r y  req u i rem en ts  lor land a p p n u .m
. , ihn i-Miii'iitial for odor generation, destroys pathogensundergo additional treatments to minimi/c Ihe poh-iui.n t . i p

II , 1  „„ ,h„ innlcrmTs vector attraction potcnlial Treatments
(disease cau sing organisms), and reduces Ihe m nicnni

. , „ pnmnnslma alkaline stabilisation, heat drying““ l«de aerohic digestion, anaerobic digestion, composting.
.. «„»mi nrlor and inactivate heavy metals

fiewatenng. They may be also used to c

Mknlinc *tnhil i /Mtion
. , of treating sludge with alkaline materials to raise the 

Alkaline stabilization is the process ^  ^  of organisms (such as pathogens)

p!l fevel and to make conditions unlavora poft|aml ccment. and fly ash also have been

most common alkali is lime, however.



i vVbere bme or anolher alkaline additive (for evamni
. . . .  . s a m p l e ,  r e c y c l e d  k i l n  d u s t ) ,  i s  r e l a t i v e l y

* # * * * ' ^  3 u .,. 15 ° ften “ *  mosl  cos.-efrec.ive process for wastewater  solids

iobiI|ZaDon So thlS Sta ' ,Zat ,0n  Process  helps to destroy pathogen and minimise the potential 
♦or odour genera t ion  a n d  r e d u c e  v e c to r  attraction.

Alkalin. s ta b i l i z e d  bioso l ids  help  to create  soil pH conditions in which metals  are 

i n s o l u b l e ,  m in im iz in _  plant u p ta k e  a n d  m o \ e m e n t  ot metals to groundwater. Soils which have a 

low pH will b ene f i t  g rea t ly  t ro m  the a lkal ine  material and will be more fertile. Lime is usually 

low in metals and ,  w h e n  blended with  w as tew ater  solids can improve the quality o f  the product 

w i t h  respect to m e ta l s

Alkaline s t a b i l i z e d  b io so l id s  are excellent for land reclamation in degraded areas, 

including acid m in e  sp o i l s  or  m in e  tai l ings Soil condit ions at such sites are very unfavorable  tor 

\e”etative urowth  o f t e n  d u e  to ac id  content ,  lack o f  nutrients, elevated levels o f  heavy metals ,  

and poor soil t e x tu re  A lk a l in e  s tab i l ized  biosolids help to remedy these problems making  

conditions more  f a v o r a b le  for plant g row th  and reducing erosion potential.

P l a t e  2. A lk a l in e  s . a h i l i m l h i < > ' " l i ' l '‘

* - Anaerobic d ig e s t io n  .iim.it ihr nw
that microbially degrades  organic matter  without the use

A naerob ic  d i g e s t i o n  is  a  proccs  ,0 |„bie  and p a r t ic u la t e  a r c  c o n v e r t e d  to c a r b o n

of ° x \ g e n  B i o d e g r a d a b l e  o r g a n i c  m a t t e rs ,  b o t



JioxiJ^- « * « *  and water. The anaerobic, process also reduces and ina 
^  l a l  1999> inactivates pathogens

Organic m a t te r  + 11: ()  —  Cl l; -f C O ;  + 11, ()

A widC ran=C o r m 'c |oor8®nisms primarily prokaryotic. mainly bacteria and methanogens 

je involved in anaerobic digestion. I lie characlerislic of the microbial community depends on

.ho substrate w i t h  w h i c h  t h e  d i u e s l c r  is fed I h e  . s i  • .the ÛLn ~ u conversions ol complex organic materials into
simple matter are carried out by lour types ol microorganism, hydrolytic bacteria. fermentative 

acidogenic bacteria, acetogenic bacteria and methanogens.

4.2.1 Hydrolysis

Hydrolytic bacteria break down large organic molecules (e.g. polysaccharides, proteins) 

into smaller soluble molecules ic.g. sugars, amino acids). Ihe hydrolysis reactions arc catalyzed 

by extracellular en/vmes (ccllula^cs. proteases) produced In the bacteria. Hydrolysis rate 

depends on temperature, biodegradable organic matter, biomass nature, panicles si/c and pi I.

4.2.2 Vcitlotjencsis

Fermentative acid, .genie bacteria transform sugars, aminn ac ids  and limy acids t„ organic 

acids, alcohols, hen m e . < "  am   an anaerobic digester, the acidogcme bacterial

population is the largest coverim ' db".. ol the total.

-1.2.3 Acetogencsis
, i ,.i iii- hnliouen. and caihon dioxide In

Fatty acids and alcohols are converted •'“ '•>tc. n>
, i . |  lt co i-c i i ic  hacleria I liese groups ol bacteria require 

BWtfite and I h  p r o d u c in g  h u c t c r u  called « ^
. . . rsi,,,,S. St,hsliate is converted to pro, tic acid.
low partial pressure lor lattv acid, P P , r , m lli(,„ is reduced under relativelv high 11-tensions.
butyric acid and ethanol and so acetulc ft • produce mellvinc

i n n s  In continually removing I b to pnulim. methane.
Im o g e n s  help in achieving low I • tens _ . ^  ^  ^  that use the

Htt«. the 112 producing bacteria have a sym to IL

^  I Grady e l  a l . .  1999).



. ,  i  vfeth a nogenes is 
1 '

c o :  H i  r~ «  • »  « * „ « ,  „
,  f M t  m dtane gsu - « « < »  .re ure. h,

«  ̂ into Acctirla f**
fgB0S into m e th a n e  a n d  C 0 2, and ,  H : -ox id iz ing  whic m ethanogens which convert

methane In an a n a e r o b i c  d ig e s t io n  n r o c e «  a " convert hydrogen and carbodioxide into
f a m o n e  these subst 

two-thirds o f  the m e t h a n e  p r o d u c e d  u h . r h  • ^ • methanogens use about

* .  «, .m l CO;

4J  Aerobic  Digestion

Aerobic digestion involves the n v i r .  ,
h °  blodeBradable and microbial cellular mailer

b» aerobic microorganisms resulting in the over,II rvt ,
r . . .  reduction in the mass of sludge and

generation of finite amount o f stabilized cell mass

In an aerobic digestion, biodegradable parbeuhne organ,e matter ,s Indrolveed 

converting „  into biodegradable soluble organic mailer releasing ammon,a-N and phosphate 

The biodegradable soluble organic matter thus produced is then converted into water, carbon 

dioxide and active biomass through the action of hcterniropluc bacteria \ he factors affecting ihe 

performance of aerobic digestion are retention time, temperature, pH. mixing, solids tvpe and 

biosolids configuration ( C iradv ct  n l . 1999)

P l a t e  .3. A n a e r o b i c  a n d  a e r o b ic  d iges t ion



C o m p o s t in g  is a e ro b ic  p rocess  of m ix in g  d .  i
g  sludge with agricultunl  hv a 

carbon such as s a w d u s t  s traw o r  w ood  chips.  | n the r ^  b>-Prod“ct sources ot

^ e v v a g e  sludge and  p lan t  materia l  generate heal to k m ^ 0 ° f  ° XySen baCleria di--cs,in-u bo,h
• c Comnostiniz is o n e  o f  'scase causing microorganisms and

parasites. C om pos t ing  is o n e  ot  the m ethods  for treitino k; ,  .•.
, . r h H * oso,lds to create a marketable end

product that is easv to handle, store and use. Several st.uli.cLS rcPnrlcd that compostiim results in 
significant decrease in pathogenic bacteria, lun-i nn.l h ..

=■ *■ helminth egg .  | |  not aerated and stored
properly, unstable compost can emit nuisance odours S . - u d . .  i

. . .  cwagc sludge composts in recent decades
have received great  a t ten t ion  (Senes i  cl w/.. 2007).

rhe three m os t  c o m m o n ic  used methods for eon,posting wastewater residuals into 

hiosolids arc aera ted  stat ic  pile, w indrow and m- vessel composiinu.

4.4.1 Aerated S t a t i c  Pile

Devvatcred hiosolids are mcchanicallv mixed with a bulkine auenl and stacked into lone• C w

piles over a bed ot pipe , through which air is transferred to the composting material. \ s  ihe pile 

is starting to cool down, the material is moved inio a curing pile ( I lickman. loooi.

4.4.2 W inti row

Dcwtitercd wastewater ...ltd . are mixed with hulking agent and piled in lane raw s  Since

“we IS nn piping In m.pplv a,r In the piles, the material is aerated mechaniet.il> I "  de. lees such
in ,|r. . . .  . .  i,lir ,i ori.iinmcnt I his periodic mixing is essential to moveasunimsnnd belts powered bv agricultural equipment. i
nil, . i . ,. n,,s.t'iI lo the hiuhcM temperatures deeper in the° “ter surfaces o f material inward so thcv are exposut m h i i

pi,e After this process, the material î> moved inf" taring pile 

■̂4.J In-Vessel

, ,r colids and bulking agent is fed into u silo, tunnel.A mixture of devvalered wastewater
I ,  aher  d ev i ce s  are used to aerate, mix. and move

cl,a" M .  nr vessel Mtgers. conveyors ,  rttms. or other

He! th rough  the vesse l  to the d i sc h arg e  point.



45 Heat drying
Plate 4. A era ted  static and windrow  composting

This p ro cess  uses the  ap p l ic a t io n  ot heat to kill pathogens and eliminate water content 

Solar drying is u se d  in s o m e  loca t ions ,  how ever  direct and indirect drvers are more c o m m o n  In 

direct dryers the w a s t e w a t e r  sm ld s  c o m e  into contact  with hot gas. which cause  evaporat ion 

Rotary dryer is the m o s t  c o m m o n ly  used direct  dryer In indirect dryers solids remain separated 

from heating m e d ia  hv m e ta l  wal ls  and solids never com e in contact with heating m ed ium  

moisture is e v a p o ra te d  w h e n  w a s te w a te r  soilds contact with metal surface healed by hot m edium  

Heat drying sl ightly lo w e r s  po ten t ia l  lor odor hut greatly reduces volume

4.6 Dewatering

High force  s e p a r a t io n  o f  w a .e r  Iron. ..........  .hat dcca-a.se .he volume o f  solids Mos.

common d e w a te r ,n g  m e t h o d s  a rc  v a c u u m  fillers, cenlr ifuge.s  and d m n g b e d s

'orms of b ioso l id s

,  r_ _ ,  of biosolids products including liquid, eakc. anil pellet
I here are  a la rge  n u m b e r  ol lorm

rn m e directly from the digester without going 

1 , q u , d « . . . « . .  
J any dcwatermg/drying proce ih (hc lcxlurc 0f a wet sponge can be created

dry soh.J content (.1 *%> f Jlkc °  1 nlkoli-stabilizcd with quicklime (calcium

digested liquid sludge or u n d i g e s t e d  K,’" Ĉ  b)0SO,)ds uslially have a s o l id s  content of 11 

* or hydrated lime (calcium h y d r o x i d e ) . ,0 n <j0hd content of more than 00 °o
Pellet biosolids are produced by heating and



From liquid 10 cake to pellet form both volume o n , . . • u '

d increasing economic value by reducing transporta.kT ' ^  SUbSCqUem'y
■| handled  and so read  with sP °™ 'o n  or storage costs. Pellet biosolids

*  be * " '>  handled Sprtad " " h onvcnt|onal agricultural equipments.

6 Composition of biosolids

parameters R a  nge

pH ■U iuj i X •

EC (dS m ‘) 1. 112- 6 . 1)

N |%) 3.0 -  6.0

P(%) 0 . 0 -  | .6

K (%) 0.2 - 0 . S

Ca (mg kg 1) 1.0 2.0

Mg (mg kg ’ ) l . l  3.2

S(mg kg ’)
!

0.2 1.2

• I ses nf biosolirls

I miii | it 11 CUCIl'V PKullklli 'n illlll lilllil iippl K'vll IOM.Uses of biosolids are categorised mi«> cuugy l
i« i i I | , -11nit i| I tin he used us ,i substitute I»'i coal mid
Because o f  very h igh h e a t in g  value  ol dried hiosolids n van

' , |i, ilie process ol gasification (partial oxidation
also biosolids are used for bio duel production I n  P

i , hvdroeen and methane) scngns is produced. 
°fbiomasa and it ,s converted to carhon monoxide. Indrogcn
• i • r . rM,,|c like methanol and ethanol,
uits syngas is used for production o f hm-fue

, , | . I forests, rangelands, or on disturbed land in need ol
Hinsohds are used on agricultural land. .

. d rCp|enish the soil organic matter. It
^Inmition I hev are added to soil to supply nutruni

MKy ° rc R  ̂ nisturt* retention, and reduce soil erosion, which
""Proves soil structure and tilth, enhance i incrc.,scs tlu- drought tolerance ol

i r r rool grow in «»iu 
re lav oral’ v <’ . . vicUI 0 r hnrly (Cianlrncr. / « /  l<w<) Monolith

w-Station. Application o f biosolids increase 1 .
n,n^ 5 conditions m on



supplT nu‘nenU’ are lrnP0rt2 nt t0  plam grou ih  ^

^1  as some essential micronutrients such as nickel • "  e*a'nple- " i,ro8cn and phosphorus, as
ICKel- zmc and copper.

I  Biosolids as soil a m e n d m e n t

agriculture, in tens ive  cu l t iva t ion  practices often lead t„

m atter content o l  the  soil  and  result  in a . .  . ^ aradua ' c*ecrensc in the organic
111 uLtreasc in soil f'rt r

matter that contain  su f f ic ien t  n i t rogen and p h o s p h o r u s M J,0S° ,idS arc rich in orSa n k

significant increase in o rg a n ic  matter ,  nitrogen and nh I ^ ' 2' "'b) rePorled 
•i c -re.no h . • 1 SpllorL,s biosolids u e re  added tosoil. So it ean he used  as a soil am endm ent .  I lie use o f

. . • organic amendments such as sewage
sludge is a c o m m o n  p ra c t ic e  to m p ro v e  n ln s im i  n\ ■ ,

. . P nnvsicai.  chemrcal and hiological properties o f  depleted
soils bv supplving o r g a n ic  m atter 1C arhonell , 21111,

AS a source  o ,  o rg an ic  mat ter  and nutrients it improve. phvsica, properties such as

bulk dens,tv. p o ro sn v .  a g g re g a te  stabilitv. water holding capacitv and  ..... .. rale, chemical

properties such a s  o rg a n ic  m a t t e r  c o n t e n t .  P l I. eation evehange eapacilv and nut r i en t s ,  hiological 

properties such as m ic ro b ia l  act ivi t ies  and microbial biomass, all ol 'which max he rellectcd in 

an increase in cn>p ieldt Harhar iek  a  <//.. 200 11.

uble I. Fffcct o f  b i o s o l i d s  on s o i l  p h v s i e a l  p r o p e r t i e s

Levels of
biosoilds 
bMg ha ')

r onirol

IS111k dens i iv  
(2 c m  ')

I ielil eapaeilv 
( % )

W illinj’ 
I 'oint (” .i)

H 7  0 , I I 2*

1(i if,

1.3 3 0
10.51

50
I 17 3 3.85 18.30



■■Itino n o in l  ITsaHil  Ph>sical properties like bulk density, field
, and w i l t ing  p o in t  iT ^ a d i la s  et alm% 200^1 Ruii- a

C3pflt . ensity is minimum for the soil receiving
dose o t  b io so l id s .  B io so l id s  app l ica t ion  c im ii r  i

* *  -3 - ru  a  5ignifican.lv reduces the bulk density from 1.41 g
i  ' l ' / r r r r n  I  h e  r  P f f p n c p  i n  U . . H -  1

cm

r  3 ~ “ v  me duik density trom 1.4 ig
„  , .2 7 g c m  . e  e c r e a s e  ,n bulk density is most  likely attributed to the increase in

or#ui,c matter co n ten t .  O t h e r  phys ica l  propert ies  like field capacity and wilting point were 

significantly in c r e a s e d  b e c a u s e  ol  b ioso l ids  application.  Field capacity was increased from 

, ?5% m the co n l ro l  to 33 8 « .  in t r ea tm en t  50 Mg h a ’. Similarly wilting point was increased 

trom 14 - J  0 T hey  c o n c lu d e d  that the influence o f  biosoiIds is a consequence  of

mcreasmg soil o rg a n ic  m a t te r ,  w h ic h  is closely related to all these properties.

Figure 1. Effect  o f  b io so l id s  on cotton  yield

4

3.5

3
—4 2.5ra
r
w 2—9
TJ
<b 1 5
>

1

05

0
Control 1

Biosolids (Mb hn ’)

BS 2

B5 1- 10 Mg ha 1 

BS 2 30 Mg ha 1 

BS 3- 50 Mg ha 1

BS 3

r  lk  increased cotton yield from 2 47 ton h a 1 m the 
Biosolids application sign, lea ^  piay bc partiaHy attributed to the

U)ntru| t rea tment  u p  to 3 35  ton  ha in l c   ̂ ^  bccausc o f  positive relationship recorded

^ nelicial effect  o f  b io s o l id s  o rgan ic  matter  ^ ^  ^  (2005) reported that biosolids

1,1'^een organ ic  m a t t e r  c o n te n t  and  co t ton   ̂ p |nnt-nvailoble P, 1 c, Zn, Mn, and B, and

“Pplioation s ig m l lc a n t lv  in c rea se d  total ,n r rc latcd with cotton yield4 ^ s n z m n c a n t l y c o r r c i a i c u

nccntrations o f  all these elem ents \ «-
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■control 

•BS 30 t/ha 

■BS 60 t/ha 

BS 90 t/ha

Sa la /a r  l / ' / /  1 _01 _ i o b s e rv e d  that accum ula ted  inIIllration increased at the higher
c

dose of app l ica t ion  ol biosolids on degraded  soils Organic matter content o f  biosolids increase 

soil aggregate stabiIi ty a n d  it m ay  protect  soils against crust formation and increase infiltration 

rates hy e n h an c in g  the m a c r o  porns i tv  and  reduce the risk o f  soil erosion

Table 2. E f fec t  o f  b io s o l id s  on soil c h e m ic a l  p r o p e r t i e s

Treatments I o t a l  o r g a n i c  
c a r b o n  (g  kg 1)

Buses 
( m g  kg ')

P h o s p h o ru s  
(m g kg ')

Control 0  3 3 7 s 7 ̂g

Fertilized 9 3 I 3 7 '

BS 30 10 3 1 1 K : 2 1 2

BS 60 1 1 2 1 7 2 : 2« 

40 1BS% 1 1 4 23 *

r, „ r  hinsobds on some chemical parameters like total 
Salazar e/,rf (20121 studied Ih cc  <.<•  ̂ |()|a, organic carbon and bases increase

"T8antc carbon concentration ol bases am p ^  ^  ^  ^  i , hj,  conlrnsls with the fertilized

P^Pntlionallv with the dose ofbiosolids Irom  ̂ ^  phosphorus level A ll the

H  svh.cn shows no change except for an in c re -  ^  ^ ^

l,ltmical parameters wera incraW W Bvv"  ' , ,
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Figure 3 s h o w s  pl I e v o lu t io n  over  incubation time A slight acidification is seen for the 

hiuhest dose  o f  in c o r p o r a t e d  b ioso l id  I his acidil ication process could be directly related to 

dissolution o f  so lu b le  b a s e s  I C a ‘ . Mg" ). with its subsequent leaching, comparatively s imilar  to 

what occurs in the p r e s e n c e  ol a high rainfall situation At lower biosolid doses, the pl I remains 

close lo neutrali ty S im u l ta n e o u s ly ,  ii is important to consider the decomposit ion ol organic 

matter that en ta i l s  ihe b io so l id  sys tem ,  producing C<>2 acidifying the soil at the end ol the

experiment (Arrtden n  , i l . 20Mi 

Figure 4. E ffec t  o f  b io s o l id s  on soil ( EC

ion

ATI

71

mcubatlon time (month*)

r  b lo solid application on .he content o f  ammontum acetate 
mre 4 d isp lays  the el l e d  o observed Since the presence o f  both

 increase is
i Hi innti

107/ h i  

TOVhj



p * *  com ponents  and O M  are responsible for th

^  component o f  the w aste , as a result o f , he Va'Ue' 'he increa*  is related to the

j c  capable o f  interact,ng w ith  soil cations. From an a nUmber ' * * * *  rUnclional 8roups 

lend to be more fertile, b ecause  the probability for n = llUni1 standpa'nt- S0|ls with high CEC  

jpageand supply capacity o f  the cultures is ,k nUtnent ,0SSeS by leach|ng is low.
rLS IS thus Obtained

Table 3. C h a r a c te r is t ic s  o f  b ioso lid s  com p ost

A lamer

Parameter?
C h a r a c t e r i s t i c s

7 8

Total organic matter! g kg » 45 4
Nitrogen!g kg i 16 6
Phosphorus! g kg 1 ) 9 6
Calcium!g kg 1 ) 1 19 5

Magnesium! g ku 1 > 4.6

Figure 5. Effect of biosolids on maize* vield

12000

10000

3000

? 5000

'1000

2000

0
r o n  T2

Treatments

T3 m

TO - NPK( 120 40: -10 kg/ha)-* CAN* (100 kg/ha)

T1 20 Mg/ha biosolid compost « CAN (100 kg/ha) 

T2 40 Mg/ha biosolid composl+ CAN (]00 kg/ha) 

T3 SO Mg/ha biosolid compost + CAN (100 kg/ha)

Id  160 Mg/ha biosolid compost ♦ CAN (100 
kR/ha)

tinFigure 5 sh o w s  the influence o f  biosolids compost on maize yield Compost used for 

,",dV was b ioso lid s  obtained  Iron, V id ya ran y ap u rn n i  cfllucnl ircatmcnl plant al Mysore Mere

,lu<lse was m ixed  with saw dusl and I,me and composted for 3(1 days Figure s shows th .l  ggroin

llelJ nr maize w as  s .gn if ica n lly  influenced by different treatments Among Ihe Irenlmenls T .a n d



.  rec0rded higher gram yield (9500 and 9800 kg ha 

M  the use of biosolids compost in appropriate
rates Pr0'  ides a good 

v,eld (Begum- 2011) .

figure 6. Impact o f  b iosolids on carbon sequestration in soil
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Treatments

Figure 6  s h o w s  the a n n ua l  rate ol net soil carbon sequestration was near zero without 

amendment, hut  s ign if ican t ly  posi t ive  with biosolids amendment  Biosolids can improve the 

carbon m e tabo l i sm  o f  m ic ro o rg a n i s m  in agriculture soils and it leads to high carbon 

sequestration Ihev  c o n c l u d e d  that no other soil  amendm ent  like biosolids have displayed such 

high effect iveness in re s to r in g  lost organic  carbon ( I tun cl <il, 2014)

Figure 7. f . f fe r l  o f  b io s o l id s  on b io log ica l  p r o p e r t i e s  a f t e r  15 days  o f  biosolids a p p l i c a t io n

5000
0
1 5000
**Iwm 1000

1  1 won
i  -
1  1 0  9 .woo■
tf 1000
U1u 0

( unltol
i f  r r t ' l i ; r j

-prs 3 0  l/ha 
iBS GO t/ha 
• OS 9 0  t/ha

1 7 3 « 5 ‘  '

I n c u b a t i o n  lime (flays] t - .(<)2 evolution in soil fcr l i l i /cd with the
Figure 7 (S a la /a r  el til.. 20 12 )  prcsc .

, n m n  Alter 15 days of incorponilion ol biosolids, the soil 
u irealments US 10 BSfiO and BS90 AIK-

T hev  observed  that there were no great differences
pics were  c o l l e c te d  find nnnlyscu y

incorpora. ion o f  the biosolids into the soil requires
Pared to the c o n t ro l ,  ind ica t ing  that the



was additional organic matter available
„,ore «"*• <" s>stemS wlth added bio»l,ds where there

„ source o f energy for microorganisms, microbial respiration, •
. . .  , ' r e sp i ra t io n  was increased

Fig„re 8. Effect o f  b io s o l id s  on b io log ica l  properties after 4
months of biosolids application

icoo

0u1u
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1 O400U i/l
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0u■u
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'Fertilized 
B S30t/ha 

BS GOt/ha 
BS 90t/ha

0
3 4 5 6 7 8

Incubation time (days)
10

Figure 8 s h o w s  tha t  tou r  m o n th s  a l ter  the incorporation o f  biosolids into the soil and 

before harvesting. B S  o(i m pa r t icu la r  presented the highest level o f  microbial activity They 

concluded that af ter  p ro p e r  inco rpo ra t ion  o f  biosolids microbial activity was increased

Table 4. I.ong term effects of biosolids on microbial activity 

Year of application M H ( (mg kg-1) M B N ( m g k g ' ) M BP  (mg kg-')

Soil depth : B- l5 cm

0

5

25

134

56 

2 ^ 7  

4 9 6

30

s?

o

10

16

30

Soil dep th  : 15 -3 0  c m

0

2

5

25

84

117

I 52 

257

II

13

14

27

8 

8 

1 I

16

................  , 0,1 microbial b iomass  and associated biological

l ab le  4  ( Yucel  el al  ,2 D O )  ^  ,c mporal efTects o f  h iosohd  application I he

l ' ' "Pcmc,  w e re  s ign i f ican t ly  in f lu e n c e d  w ^  ( |fp|ll vva,  higher bv I 4  and  3 7 folds in

(microbial  b io m a s s  c a r b o n )  con ten t  at



}snd 25 v a n *  o f  b io so l id  a p p l ie d  fields respecfivelv lhan l„ ,u
' l*le control. Similar responses o f

, l8c  10 biosolid app l ica t ion  at 15 to 30  cm depth were -m c
m  . . . . .  P ere also observed. While MBN (microbial
^  n i trogen,and M B P I m .c r o b ta l  b iomass phosphorus, contents were higher in ,he 25 years

efbiosolid applied f ie lds,  they did not c a n  among the control and short-,erm biosolid-applied

fields-

9 Impact o f  b io s o l id s  o n  w a t e r  q u a l ity

The U.S. E n v i ro n m e n ta l  Protect ion Agency and a panel o f  scientists with hiosolids expertise 

examined all aspects  o l  b io so l id s  in the environment, including potential effects on ground water 

quality, and food qual i ty .  R esea rch  showed that land application o f  hiosolids at calculated rates 

poses little or no n-.k to g ro u nd w ate r .  I he organic lorms o f  nutrients in hiosolids are less able to 

dissolve in water  than ch e m ica l  fertilizers and less likely to leach into groundwater or run off  

into surface water

Guidelines con tro l  how .  where,  how much, and how often hiosolids can he spread to ensure 

that ground and su r face  w a te r  is not contaminated. Hiosolids are applied at a rate that allows the

crops to use musl  ..I the  nu t r ien ts  us they become available. I his keeps Hie nutrients from ending

\ f  .i il in hiosolids arc in a form lliat is haul lo Jissolxc inup in ground and su r face  u a t c r s .  Mclals  in ninsoou
i .i . .. . r . innlif!I P.tk'niial impacts to water sources arewater and tend not to m o v e  Irom where  they wltc .i| p

minimized h\ p roper  m a n a g e m e n t  practices, including.

■ Not over app l \  m g  h ioso l ids
. . ,, tn-it. ..ui lace water bodies anil groundwater.

• M a i n t a i n i n g  b u f f e r  z o n e s  b e t w e e n  a p p l i e s  1

'  Following soil c o n se rv a t io n  practice

, .    in h i o s o l i d s  arc u s e d  c l l k i c , i l l y  by c o p s  b e c a u s e
The o r g a n i c  n i t r o g e n  a n d  p h o s p h o r u s  .

. , , u K l h roughoul II,c growing sc   I Ins enables ,be eroP .o
plan, nutr ients  are  re lease  s i  . rncienc> lessens the likelihood o f  groundwater

•btorb these nu tr ien ts  as the c ro p  u i"w s .  1 ^  a p r ,k.ll(i(,ns

Pollution by n i t rogen and p ho sp h o ro u s  th.it c<



Bi050' idS Can ^  ; a f ; '  USCd 10 f i x -  - o p s .  This issue lias been studied by
c u l t u r a l  scientists  o r  ccades .  T h e  sa le tv  o f  food crops was a major consideration in setting

u  standards tor  b io so l id s  that  could  be used in agriculture. Research and Held experience

ennfirms that c rops  w e r e  not negatively alTected when the regulations are followed. Scientists

from Washington Sta te  I mversi ty  have repeatedly tested crops feriili/ed with biosolids and

found no differences in quali ty  from those treated with chemical fertilizers. Decades o f  research

and actual appl ica t ion  of b ioso l ids  have resulted in scientific agreement amonu qualified

researchers that the Use of b ioso l ids  in accordance with existing federal and state guidelines and

regulations presents  n eg l ig ib le  risk to the consumer,  to crop production, and to the environment.

In fact, the sc ience -based  app roach  used in developing the biosolids standards could serve as a

model for policy and r e g u l a t i o n  in other areas o f  agricultural production and food safety.

11. Qua I i tv c r i t e r i a  o f  b io so l id s

file S tandards  lor  the I SC o r  Disposal ol Sewage s ludge  were developed and published 

by Ihe I S I f  Ml nitcd M ales  I nv irmimcnlul i-rolee.ion \gcnc>. 1‘W‘M on I ehru.in  l ‘> . I W .

They established b io    .prality r e q u i r e m e n t s  for i t -  land «Pplica.i..n I hese i c q i n r c m c n t s

address pathogen and v ec to r  a t t rac t iveness  reduction, m e ,a ...... iding and concent, . ,no....... nils, and

nutrient limits

11 1 Pathogen r e d u c t i o n
r / m  h e l m i n t h s )  can cause disease, \cco rdm g  to US

Pathogens (e .g .bac ter ia ,  viruses, pro »•
g ,, lu. re(|,,eed prior lo land appheanon ,o m inuni .e

f-PA regulations p a t h o g e n s  m bm solu ls  urc i
, n f  nathogcn reduction: ( lass \  and ( lass It ( lass

Potential for d iseases .  I Here a r e t w o c l n ^  ^  ^  ^  ^       ...................       ,

M m g e n  reducfion is necessary  , ^  ^  pathn(!ell densifies be redPothogen reduction is necessary  it h ' " S,' l ' ^ l L  and r e q u i r e s  p n f h n g e n  densities he reduced

l y m  0 l’ land’ or hfl^ ed f° r S a le ’ Mr ‘,m ‘ i |ensi(>,  | or e x a m p le  Salmonella s P less than 3 

,n helow detection l imits  (dry w e i g h t  h.i' i > biosolitK and less than I viable

1 1,1 per [ g  biosol ids .  enter ic  viruses less than I

^lmintli nvn per I p hiosolnl*-



C|35S b  pathogen ductton ,s necessary for an,  olhor ^

^  «  in the  t rea ted  sew ag e  sludge tbiosolids, less then 2 million CFU pcr gram 

bi0S0|ids. Public access  ,s n o .  res .r .c ted lor biosolids that meet Class A requirements. Since 

ctos B btosolids st,II c o n ta in s  considerable pathogens, site restrictions tha, limit crop 

harvesting- animal g ra z in g ,  and  public access lor a certain period o f  time is required.

11.2 Vector attractiv eness reduction

As vectors le .g.  roden ts ,  birds, insects) can spread diseases by harboring and transferring 

pathogens, reduc ing  the a t t rac t iveness  id biosolids to vectors reduces the potential for 

transmitting d iseases  t rom  pa thogens  in biosolids. I realments like anaerobic and aerobic 

digestion, alkaline s tab i l iza t ion  will changes the characteristics o f  biosolids and reduce 

attractiveness to vectors .

11J Nutrient  l im its

Nutrients R a n g e  ( % )

Nitrogen 

Phosphorous 

'sulphur 

* alcinm

Magnesium

Potassium

I .5-1.5

(i r»-1 l

I- I

0 \- 0 X

0 I - O.fi

f  . .l inn rules in federal bins,-lids regultitions are not well 
Although m a x i m u m  nu.r tcnl  aPP «• ^  cx tccdcd. I o protect groundwater

do l ined. the standards s t ipu la tes  that a g r o n n u u c  • ^  ngronnmic ralc „p r roneh. requiring an

or surface water  qual i ty ,  n i t rogen  is r e g u

Climate o f  crop N need and  biosolids  N a v . n l a b i h t .



Trace metal C o n c e n t r a t i o n
( m g  k g 1)

Arsenic 42

Cadmium 39

Copper 1503

Lead 301

Mercury

Nickel 421

Selenium 100

Zinc 2.X 05

I and app l ica t ion  • • t b iosol ids  must meet the limiting concentrations for these traee

elements set in the I S I I’ \  reuulat ion.  It the concentration limit o f  am  one o f  these elements is
* — •

exceeded, the b ioso l ids  can n o t  he land applied. Biosolids that meet Class \  pathogen reduction 

requirements, metal-, l imits (pollutant concentrations), and vector control requirements are 

considered to be ' i  xcep t iona l  Q u a l i ty ” (I (.)) biosolids. I \ceptional quality biosolids can be used

with few -mo restr ict ion .

12. A dvantages

r, . , i in Ui’ii ils with an organic mailerwonlent o f  upto s()%.Biosolids are nu tr icn t- r ich  organic in.iicri.ns wmi h
i u r .  . i i .  mil  i-oiidilionei in improve phvsical. chemical,  andtherefore, b ioso l ids  can  be uti lized as a soil column i

, ,i .. i ..n'wlrd or ilislurbed soils. Biosolids addition notbiological propert ies  o f  soils ,  especially those degraded or
. . . , i . .  i1(.ins io solve serious env ironmenlal problems concerning

only improves soil p rop e r t ie s  hut also helps
, ,, ,i ■»o()7) Besides acting as a food source for

disposal o f  Inrge u u an l i t ie s  o f  wastes  (W cher  .7 t i l . . . .  .
- k ifnIino loenls for aggregate formation and 

tiicroorganisms. o rg an ic  m a te r i a l ,  arc the major himhng ■«*"■ k
- improves many other important soil physical and

,lahih/ation O n t in tu m  soil structure,  in
;«v, water retension. cation exchange capacity, 

“ ■ m i d  propert ies  such  as hulk density, porosity. r
1 P . . n<l, n :i fauna thus contributing to disease suppression

•er.uion, drainage, n u croh ia l  con im u m tic  r | ucc hulk dcnsilv and im p ro .c  water
«  reduced .o i l   ..........  Applica t ion  of hiosohds can



Holding capacity in sho r t - te rm  may be mainly due to biosnliH. a -

jjgsaic matter con ten t ,  and  partly due  to its e lTect on as T '  d ' ' U" ° n " S
«i7 i> rlistrihiiti k i B^regate lormation and stabilization.

|mproved pore size i s t r ,bu t ton  by long , rm application ofbioso | i ( |s  jn ^  ^  ^  (o

^  vo lum e o ,  m a c ro p o r e s  or micropores,  depending on the texture o f  the soil. Biosolids 

ffaKd sod was less sen s i t ive  to compaction  than untreated soil due to the improved pore 

l0|ume. Biosolids h a v e  the a d v a n tag e  o f  high organic matter contcn, and have been used ,o 

^mediate sites p rev ious ly  c o n ta m in a te d  with trace metals by binding and convening the metals 

to less soluble fractions.

Uexides im p ro v in g  soil quality, biosolids application can supplement or replace 

commercial fertilizer. \ n  a d v an tag e  ol using biosolids to supplement or replace fertilizer is its 

ability to s low-re lease  nutr ien ts .  Hiosolids release N and other nutrients over several growing 

seasons. Alkali-stabil ized b io so l id s  can be used as liming material in alleviate soil acidity and .Al 

toxicity pi I vvjv inc reased  from 5.7 to 6.0 Ibr .m acid clay sandy loam and from 1.5 to 6.0 for a

stronglv acid sandv loam

IJ. D isadvantages

Odour . .
ndor ,s o ne  ,d ihe re., .mis Inr lack id public acceptance. Mumigeine,,, ,echn,v|„es such as

incorporating  .......... ...  Ihe soil,  .......   buffers, liming o. .be  .............   e k  can be used

to reduce odour  p rob lem  •

Excess lo a d in g  o f  n u t r i e n t s

, , , , r . i r  to meet the crop's nitrogen need Since the
Biosolids are genera l ly  applied  at . .

|a (jvcK h igh. more  p h o sp h o tu s  can be apphed than the 
phosphorus content  ol b ioso l id s  can be

t I I iin in the soil. With continued application, excess 
plants need. O v e r  t ime,  ph o sp h o ru s  can bu
L - rrcatinu pollution problems.

phosphorus can m o v e  into surface  wate .

Heavy metals- - • • r j  meia is
and copper, arc essential for plant growth. bin some 

Many o f  ihe m e w ls ,  such as /me n n ^  ^  ^  ^ o w r h  or animal heal.l. I S I PA

lnc,a,s in large quan t i t ie s  can create p n  ^  ^  maximum amount ol n metal

" Inited States l-.nvironmentnl Protection Agency) sc ^



Jjtfcan be applied to a site. T h e s e  limits « e r e  based on the low .  ,

ld create a hea l th  p ro b le m  for people, animals or piants M T ' ‘

plan[s or rvater svhen the  soil pH  is near neutral. S o ! s  n  ” ”
... | I , . ‘ should not he over-limed because a

few metals like m o ly b d e n u m .  arsenic ,  selenium become mom nv-.ii i i .
more a\ai lablc  and move more easil\

jjtjjplants (Sciubba et aL, 2 0 14).

Pathogen

[n biosolids. the primar> source  o! pathogens is human wastes. C lass A biosolids are 

extensively treated so there  are very leu  or no pathogens. C lass B biosolids are also treated to 

reduce the levels o l  p a th o g e n s ,  though some are still present. According to regulations. Class B 

biosolids are to he inco rpora ted  into the soil or restrict site access to surface-applied biosolids to 

minim i/e potential ex p o su re .  ( omposl ing .  il conducted properk ,  is a verv effective method for 

disinfection and d es t ruc t ion  ol pa thogens  primarily l\v exposing pathogens to high temperatures 

fora prolonged per iod  ol lime.

14. C onclusion

B i o s o l i d s  , . a very important  so i l  amendment for sustainable agriculture. It improves 

organic matter statu ■» ol the so i l  li also adds macro and micmnutriciits to the -oil Impiovcmuil  

inorganic matter  con ten t  in so i l  helps m improving soil physical conditions, iciuvcnatmg soil

L i i  ■ * i •* ■!« Cl r i r i t i K* Ill ' ll  ICT III I l l OS ol l t is  ICcll lCC^ I Ilk 11L I\ C.health and s t im u la t in g  b io lo g ic a l  ac t i v i t y  O rg an ic  m a iu r  . .
i „ i i iiti .T po l l u t an t s  In b i n d i n g  c o n t a m i n a n t s .  H i g h e r  environmental e l l e c t s  ol h e a v y  m e t a l s  a n d  o ther  p o n u u m  . . .

■ . . . r . , .h(,n and mitigate greenhouse gas emissions,
level of soil organic  m at te r  can secpic-tcr

. , |hcir numher can he significantly reduced before
Regarding the p a th og en  in sewage sludge.

. irp.otienls. An enhanced microbial activity due to 
aPplication to soil hv appropr ia te  sludg ■

. . f  • pathogens in soil. Ihcrolorc. use ol biosolids in
Edition o f  b iosol ids  reduces  the survival o f t h  p . . . .

r  • .1 if annlied accord ing  to appropriate guidelines to

*  * ....... —  flml - T  qnd...................................m i . ,  1-encH.s h„  . M a i n e ,

^ ■ -  -  ^  ^     .
“gricullural p roduct iv i ty .  In .he future. Inn, nJ  ,hc t.m  ironll1ent,

Wential impacts o f h i o s o l i d s  land . p p l . c « . n n  on «•>' 1 “



j5. Discussion

I What is syngas?

Syngas is a c o m p o s i t io n  o f  carbon monoxide. Hydrogen and mctbanc.This svneas is 

produced by the process  ot  g a s ,h e a t ,o n . ln  gasification biomass undergoes partial oxidation and i, 

is converted to syngas .  Thts syngas  is further used for the production o f  bio-fuels

2,Which method o f  t r e a tm en t  is m ore  efficient?

Composting  is a m o re  c l l ic ien t  method. It is a proven method for pathogen reduction and 

results in a product  that is easy to handle, store, and use. Ihe end product is usuallv a Class A .  

humus-like material  w i tho u t  detectable  levels-ol  pathogens that can be applied as a soil 

amendment and fert i l izer  to gardens ,  loud and Iced crops. I his compost prov ides large quantities 

of organic matter  and  nu tr ien ts  (such as nitrogen and phosphorus) to the so il  and it improves 

soil texture, soil e x c h a n g e  capacity and it have .ill characteristics ol a good organic lertilizer.

3.What is the actual c<> ,1 lor heat dry ing process?

I xact c o s t s  o l  hcat-drviiiL' wastewater  so l i d s  arc dillicull to estimate and aic dependent
*

on the specific type ..I dryer ,  luel source, uirvl moisture content ol the feed s o l i d s  t o s t s  lor hem- 

drying equipment Iv pic.illy ranged  belcveeii SI 27.0UO mid S-UX.OOO.

4*How bulk density a l lc c t  y i e l d ’

. | . I(1 i,„Hin,n lor sti uc t in ol support, water, solute
Bulk density ref lec ts  the soil s ability i«. luncii.Hi

.• , . ... .110111111 l <'"n "I organic matter, this will reduce
Movement, and soil ae ra t ion  Riosolul  conU *

; in. noised. Plants can easily penetrate loots into 
foitk density o f  soil,  so pore  size distribution s

•he soil and absorb  suff ic ien t  w ater  and nutrients.

m

there any regu la t ion  in india.
conlinued application o f  sludge as a manure. So in

(,|a has no l e g i s l a t i v e  m ensurcs  li develop the protocol for economic

'"‘Han e n d    long te rm  exper im en t  should undertaken .

utl|i«ttion o f  h ioso l ids  in agricul ture  licM



(j Is this biosolids can com m erc iQ lise  in india"1

Yes. India has a g o o d  potentia l  for the .
. . . . . .  n a usc sewage sludge uerrcrales in

various metros and municipalities. So after proper trcaimon. ,i •1 ' lrcalments this sewage sludge can he used as
a soil amendment.
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P. Abstract

Water pu r i f ica t ion  p roduces  large amount ol waste or sludge, ihe disposal ol which is 

important because s o m e  <»l its com ponen ts  may he coin cried into pollutants that can have a 

negative impact on  the cnv in .nn ie . i l  K clis cl ../■■ 2»0(.|. I and ..pplie.nion ol this slud.ee alter 

Pmper treatment is h e n e l i c . d  n a y  ol recycling organic mailer and nutrient .

. mil,>riils resulting from the iieatment ol sewage Hiosolids are  nu tr ien t  rich organic matciiais g
. 1, , fir  .rnniment factories wastewater usiiallv undergoes
sludge (US r PA. IVW). In was tew ater  trcutmci
, . , ^ cpdiments. lo  meet the regulatory requirements

Physical screening or set Mine process  to rcm<
r , ,  . 1 ii.cr ccltling process Mac c* to undergo lurlhcr licalincnls

land application, the sludge obtained nl i . i , , „ i „
.  . . , iv „ii„c  stabilization. composting nnd heat drying It.
W . .  - d  — u .  “ “ “  ..........................  ., .................

rcduce pathogen and

vccmr attraction. Composing i» one nr Ihe unpor an me .

1 .1 .1 k  L>asv to handle, store unit ii'c.
'Il%  lo creale .. mnrkctnhle end product lha



bigh

Liquid, cake  and  pel le ts  are the three fomls o f b-

niBji w a t e r  content (94-97%) and low solid content r  producls- Lkh'id biosolids have

content of I M O0-  and pellets have more ,han g0% ^  b'°S° lids usuall> ha"-‘ a solid
- s o l id  content (Lu 2012).

Biosolids are r ich in both  organic  matter (45-70°/ 

be utilized as a soil amendment or  fertilizer Soil amend eSSe" ‘lal P 'am nutnenls which can

1 *  - a — , .   ............ ...................................................................
" lahlc lor n lam S to« th .  Biosolids ui l l  improve

physical, chemical  and  b io log ica l  properties o f  soil (Sala/ar , ,  „ /  t u p ,  , ■ ,
Ll | he hiLiher oreamc

matter content of b io so l id s  will help to sequestrate c-.rh.m ;i > • •
l n in soil and mitigate greenhouse mis

emission I Nan cl a l. .  2 0 1 h  N utr ien t\alue ol'hiosolids wirins wIII, .6 . ,• " .i*iiss With the source ol wastewater and
wastewater t reatment  p rocess .wastewater treatm ent  p r o c e s s .

A c c o r d in g  to  I s  l m i r o n m c n t . i l  Protect ion A gcn cv  ( U S  I I 'M .  land application o f  

biosolids shiiuld m e e t  th e  c|tialitv criteria l ike pathogen reduction,  vector  attraction reduction,  

nutrients and trace  e l e m e n t s  l im i t s  (I S I  | \ \ .  | 9 9 9 ) .  Odour is one  o l ' i l ie  main problems lor lack 

of public a c c e p t a n c e  1 • >r b i o s o l i d s .  O rgan ic  and inorganic lorms ol  sulphur, am m o nia ,  am ines  

and organic fattv acid-.  ,ire i d e n l i l l e d  as the most  o l l e n s i \ e  odour caus ing  co m p ou n d s .  Proper 

digestion p r o c e s s  vv 1 11 r e d u c e  o d o u r  o l  b ioso l id s .

B io s o l id s  iv s o i l  a m e n d m e n t  in agriculture  wi l l  not o n l \  pro\ idc plant niilrients and 

humus hul a l so  r e s u l t . in h v g i c n k  d i s p o s a l  o l  s e w a g e  s ludge  which  o ih erw ise  cause  pol lution.  In 

future, long term e x p e r i m e n t s  s h o u l d  he con d u cted  lo d c w c l o p  a protocol lor e c o n o m ic  i . t i l i /ation  

ot biosolids
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The most  recen t  repor t  o f  the Intereovemmentni d ,
' , . , - ernmenlal Panel on Climate Change (IPCC)

indicates that the average global temperature will probably rise betwee„  U n i 6  ?09Q

,fl*  as coropared to 1 9 8 0 - 1 9 9 9  tempera tures ,  with the most likely rise being between ' ,  8 and 

0 >c(Rounsvell er at., 1994).  C l im a te  change will also influence global precipitation patterns, 

altering both the a m o u n t  o f  precip i ta t ion  received and the distribution o f  precipitation over the 

course of an average y e a r  in m a n y  locations.  With this change in climate there will be effects on 

the environment, inc lud ing  the soil. Soils  are also important to climate change and food security 

has the potential to th rea ten  tood  security through its effects on soil properties and processes. 

Understanding these e f lee t s  and what  we mas do to adapt to them, requires an understanding of  

how climate and soils  in terac t  and boss changes  in climate will lead to corresponding changes in 

soil. Therefore, here sse focus on what we know about soil-climate interactions with a particular 

focus on the C arbon  and  N it rogen  csc les .  boss climate change may alter soil properties and 

processes, and what  that m igh t  m ean  for soil erosion and food security in the future.

2. What are soil P r o c e s s e s ?

Soil processes arc  the p rocesses  which occur iu soil at two different stages which arc

before the soil d e v e lo p m e n t  and  a l ter  the well developed soil is formed. Before the soil

development there are  I I p rocesses  are leads to the development o f  soil under the influence ol
.r ...i m iiL-rial relief and time they arc as

five soil forming factors  like c l imate ,  organisms, p̂

follows.

2.1 Soil processes before the soil formation
nf individual particles like sill, clay and sand

2-1.1 Structure developm ent : I lie arrangeme

with humus into agg rega tes .

■ o f  raw organic matter into humus by biochemical 
2 1 2  Humification : T he transformation o f  raw org

^com pos i t ion .

2.1.3 I caching : T  he process o f  removal o f  soluble sails from the so,I.

11 * Salinization : I he  process  o f  accumulation o f  sal



2-1-4 Lessivage : The process of removal of clav fmm

7.1.5 Ferruginization : The release o f  iron from ' UPPert°  lov>er o f  s0 '1-
■ c Primary minerals which disperses as

coa t ings  on soil part icles  which impart red colour to the soil

2*, 6 U te r iZ a t i0 n  : R e m ° Val ° ^ i ' i c a  soil and accumulation
2.1.7 Podzolization : Removal o f  iron and ai„m; •

and alLJminium complexes with humus from
upper  par t  to low er  part o f  the soil.

2.1.8 C a lc i f ica t ion  : P rocess  o f  accumulation o f  calcium carbonate in lower pan  o f  the 

soil.

2.1.9 G vp s i l ic a t io n  . T he  process o f  accumulation o f  calcium sulphate in lower region 

o f  the soil.

2.1.10 Gleizut ion : I h e  reduction o f  iron under anaerobic conditions with production o f  

bluish lo g reen ish  grey colour with or without mottles.

(Brady,  1984)

2.2 Soil processes after the soil formation

After the well d e v e lo p ed  soil different processes are taking place in soil which are 

categorized into physica l ,  chem ica l  and biological or biochemical processes.

3. Soil p h y s ic a l  p r o c e s s e s  :

U nder  physica l  processes there is changes in physical con,position o f  the

, • .• 111 * * n* -ire manv processes are taking place they arc ascompounds and its properties.  I here arc many m

follows.
Inm ntion  requires a cementation ol flocculated

3.1 A ggrega te  form at ion  : Aggregate formation rcc,
. . s. ,|)C major binding agent o f  different soil particles. In

particles and here  organ ic  matter
• i c nml hieli temperature cause less accumulation ol 

arid c l imate  w h e re  precipitat ion is less and high temp
r rmnfinn and vice versa in humid condition.

; r : cr t,er,ead5: " — .*« * ^
 -  —   *v arian ten. At nigncr I -  . duc |() ,css vcge,alien.

and at lower precipitation the crosi  in ch in g  o f  bases from upper

M M  * ........  »  “ " ” “ 1 - 1
i n  » t  . . I  d «  ,o

to lower



3.4

condition

entry

Infiltration : A t lower rainfall areas the rate „ r  ■ r , • 
iition and high temperature but in humid j - • ' ' lrat' ° n decreases due 10 dr>'

f , , ter tn low r, d't,0n “  iS increases "™>8h downwardentry o* vvat^r to lower profile.

3.5 Leaching . The d o w n w a r d  movement  of salts soil mrt- i
, sou particles into lower horizons high

at high precipitation and in case of arid climate it is decreased.

4. S o i l  c h e m i c a l  p r o c e s s e s

These  are  the processes  where chemical composition o f  substances vary with the
*

various c l im at ic  factors  mainly rainfall, temperature and different organisms. Chemical 

processes are tak ing  place at the surface with the alteration or disappearance o f  some 

compounds and form at ion  o f  new compounds. The rate o f  chemical reaction increases

with increase in the a m o u n t  o f  dissolved CO: and other compounds in water and with

temperature. It is m in im al  in desert areas due to scarcity o f  water and in cold regions due 

to low tem pera tu re  and \ ice versa in humid tropical climate. I lie presence of organic and 

inorganic acids  w hich  arc formed as a result ol microbial breakdown of plant residues 

also accelera tes  chem ica l  weathering and for clear understanding individual processes are

described be low  they are as lollows.

4 . 1 Ion e x c h a n g e  :
The e x c h a n g e  .,1 equal amount o f  ions between solid and solution phase. In and

• • ■ I iu«. inn .•M'h mi’c will also less due to accumulation o fclimate w here  precip i ta t ion  is less the ion exchange
•. m „n,.p k  ilie main source o f  dilTcrcnl ions in soil, organic matter  is less because  organic matter is the mam

~;i ii„« p v i - l n n o f  hydrogen ions w ill more so 
The Plate I. sh o w s  that in humid region soil the exchange nv g

■ i rni/inii exchange o f  ammonium ions will cause soil 
the soil b e c o m e  acidic  but in aru

become alkal ine .

Of dissolving solid in liquid it separates solid into soluble ions.
4.2 Solution : The process

 N f / t - 0  +112°
NaCl + H iO  « = = £ >  Na

(lla ly le )



A d s o r b e d  c a t io n s :  climate effect

Hamid region sod
And region soil

r

Low pH I acidic)
Mg

High pH (basic)

w  ' - I  ■ ( • ! !

(Bear, 1964)

P l a t e . 1 I o n  e x c h a n g e  in  d i f f e r e n t  c l i m a t i c  r e g io n

4.3 Hydration : C h e m ic a l  c o m b in a t io n  o f  water  molecules with a compound to form new 

compound.

CaSOj + 2 H : Q  « :>  C a S O , 211:0

(anhydrite) (g y p su m )

4.4 Hydrolysis T he  p rocess  o f  breakdown o f  water molecules into hydrogen and oxygen ions.

Feldspar + wafer Silicate clays

«  Oxidation : O c c u r s  well in well  aerated soil i.c in arid region.

2Fe + 3 0 2 »' — C >  2 F c 3 0 i

(limonite)

I rsnditinn i.c humid condition.
‘fG Reduction : O c c u r s  in w a te r  logged ct 

AljO, + 3H 20  c= = 0  A ljO i
. r rnrhon dioxide with any base which produces 

4 7 Carbonation : Process o f combination of

carbonates and bicarbonate*)-



H'O+ H 2C O 3

(C arbon ic  acid)

Biological/Biochemical processes

Thk.se are the p ro ces ses  w here  the involvement o f  both living organisms and chemical 

oxidation reduction reac t ions .  Here the soil respiration is a major process which influence the 

Co: emission by b reak in g  ol  organic  compounds and it accounts 84% (Brevik. 2012) among all 

the green house gases  and o ther  processes are nutrient transformation and organic matter

decomposition.

5.1 Soil respiration :

Soil respiration refers  to the production o f  carbon dioxide when soil organisms respire.

This includes respirat ion o f  plant roots, rhizosphcre. microbes and soil fauna.

F i g u r e  1 : Soil re sp ira tio n  process

Atmospheric
COj

Residues
consumed

(hclerotroph & 
release C O j,

Organic
compound

photosynthesis)

Plants use to 
build structural

compoun
respire



to

he

Soil respiration is a k ey  e c o sy s te m  process that rel 

(W1 ofCCh.CO: is acquired  from the atmosphere and rr° m SO" " "

^  o f  photosy n th es is .  Piants use these orga„ic compounds 7 "“  C° mP° UndS “  ^
uom rn re lease e n e ro v  vvt structural components orresnire them to re lease energy .  W hen p ant resnimtinn rx . i

* *  . . „  . , rLSP'rallon occurs below ground in the roots, it adds
soil respiration. O v e r  l ime, plant structural comnonems nr.

mponcnts arc consumed by heterotrophs. This
terotrophic consum ption releases CO: and when this CO k i i

L O : is released by below ground
0rganisms. it is c o n s id e red  soil respiration.

6. Types o f  s o i l  r e s p i r a t i o n

6.1 Microbial respirat ion

Microbial resp ira t ion  is ano ther  process in which cells gain energy from oreanic 

compounds. In this m e tab o l ic  pa thw ay  energy is derived from the carbon compound without the 

use of oxygen The p ro d u c ts  of this reaction arc carbon dioxide and usually either ethyl alcohol 

or lactic acid. Due to the lack o f  oxygen,  this pathway is described as anaerobic respiration. This 

is an important source  o f  C f ); in soil respiration in water logged ecosystems.

6.2 Root respiration

Plants respire  s o m e  o f  the carbon compounds which were generated In photosynthesis.

u/l„ ,i • . . .  it in s.ni I resniration Root respiration usimllv accountsWhen this respirat ion o c c u rs  in roots, it actus to son rcspn.im i
r ■ . . . . .  i Mm., ill.' ' .mount o f  C O ’ produced throuch rootfor approximately hall  of all soil respiration. I Hus me .lmmmi w  I

I - „,1(| en.’cilie root respiration rales. Directly next to
respiration is de te rm ined  by the root biomass and p
,l . i . . I,., !, nko nlavs an important role in soil respiration,toe root is the area known as rhi/osphcrc which also piays i

Rlii/ospherc resp ira t ion
r  ,n k  next to the root surface with its neighbouring soil. 

The rh i /n sp h e rc  is a / o n e  im m ed ia te  . 
i • t-.ptween the plant ami microorganisms. Roots
ln 'his zone there  is a c lose  interaction betwee

, l h p , o i i Ihesc exudates include sugars, amino
S in u o u s ly  release substance , nr exudates tnto ,h ■ ^  ^  ^  ^  ^  ^

vitamins, long chain c a r b o h y d r a t e s ,  c y con, | j e rnhly between plant species. It

"■"n break. Ihe amount o f  carbon lost as cxu a ^  ^  ofcarbon acquired by photosynthesis 

1,85 h« n  demonstrated that up to 20% (Alkm “  ' ^  ^  j ccoinp(«cd  primarily by bacteria,

“ "leased into the soil as root exudates. Ihcsc cxu



bacteria will resp ire  the ca rbon  compounds  through the T C A  c v , l  n
. . .  ;s Hue to rh^ i^ l r  cycle, however, fermentation• oko present. I ms is aue  to the lack ot oxygen due

lS ^  P . . ^  ^ UC l°  grealer oxygen consumption by the root
jscompared to the b u lk  soi l ,  w h e n  soil at a greater dislance from ,|K. r001

F i g u r e  2: D iffe re n t  types o f  soil respiration

I Soil animals
i Ivirieri i ami lungi as vvcll as ingest and break up 

Soil an im a ls  t t ra /c  on  populat ions f
. .. . , re m  ule UP o f  the smallest soi l  animals. Ihcsc

lcr lo increase soil respirat ion .  Micro aun inuestim?
. |- S0I| bacteria and lungi and b> ingesting

dude nematodes and miles. I his group sp imnounds and was
c iniiinllv in plant organic compounds and was

«« organisms, c a rb o n  d iox ide  that wa ^  ^  ^  ^  ^  ^  t|w ^  nnimn| Meso 

Mrpnrated into bac ter ia l  and  fungal structures wi i | lch| (Alkin „, . .2000) in
are soil animals from 0.1 to 2 millimeters (0.0039 to ■

tth and will ingest soil litter.
   arcnter amount o f    h .v« a greater surface

I he taecal mater ia l  vvill ho 1 oronier amount ol soil respiration.
\i*11 liusnis aiui a

» fhis will a l low  for new attack by micr



Macro fauna are o rg a n ism s  from 2 to 20 millimeters (0 079 to 0 7 R7 ■ u

such as earthworms and termites .  Most  macro  launa fra„ ,• '  <HU' SCh "  " ' ' 20° 2)

— -  Z Z Z Z Z Z  r -  •
density, breaking up soil agg rega tes  and increasing soil

7. Soil factors r e g u la t in g  so i l  respiration

or ingest litter, reducing soil bulk 

aeration and the infiltration o f  water.

Regulation o f  C O ; product ion  in soil is due to various abiotic or non-living factors like 

Temperature, soil m o is tu re  and  nitrogen all contribute to the rate o f  resnimtirespiration in soil.

7.1 Temperature

Temperature a t l e e l s  a lm os t  all aspects ol respiration processes. The Temperature will 

increase respiration exponent ia l ly  to a maximum, at which point respiration will decrease to zero 

when enzymatic activity is interrupted. Root respiration increases exponentially with temperature 

in its low range w hen  the* respiration rate is limited mostly by the TCA cycle. At higher 

temperatures the* t ranspor t  o f  sugars  and the products o f  metabolism become the limiting factor. 

At temperatures ove r  35 T  root respiration begins to shut down completely. Microorganisms are 

divided into three* temperature* groups; cryophiles. mesophiles and thermophiles. I cmperature 

increases lead to g rea te r  rates ol soil respiration until high values retard microbial 1 unction. this 

is the same pattern that is seen with soil moisture levels.

Figure 3 : R e l a t i o n s h i p  betw een m ean a n n u a l resp iration  and sod heat index  

expressed by a n n u a l  d e g re e  days

non t*on 1100 u r n

Anmmt o v "  P*”* irv*vV



Cheng ei a u z v v / )  s tudied  that

low

to

Uo/llp between
degree days here the  m ean  annua |  ™ a n  annual respiration and annual

.  ^ ^creQses Yintk
jjponentiallv to a m a x im u m ,  at which p o im respiration ■ annUal degree da>s

activity is interrupted and  they are  directly proporti ln l lTo  ‘°  2ero when enzymatic

7.2 Soil m o is tu r e

Soil moisture  is an o th e r  important factor inn„„  ■ 

in dry condi t ions  and  increases  to t n n  • ^  respirallon- Sdi1 respiration is

— - — ~   * *, 1  * * . . . y s  n. This allows anaerobic conditions to prevail
and depress aerobic  microbia l  activity Smdipc u .

. . , • dKS havc show" 'hat soil moisture only limits
respiration at the low est  and  highest  condit ions with n l , r  i

- L Pl j 'e’au existing at intermediate soil
moisture levels for m os t  ecosys tem s  T h k  m n  , i .

S) stems. I Ins can decrease the rale o f  soil respiration temporarily

but .he lysis o t  bacter ia  causes  for a spike in resources for many other bacteria. Root respiration 

will increase with inc reas ing  soil moisture,  especially in dry ecosystems. Upper levels o f  soil

moisture will d ep res s  root  respiration with the exception o f  wetland plants, which have 

developed speeitic m e c h a n i s m s  for rool aeration.

Figure 4: R f f e c t  o f  s o i l  r e s p i r a t i o n  o n  d i f f e r e n t  m o i s t u r e  leve l

L o w  i n  d r y  
c o n d i t i o n s

Maximum at 
intermediate 

moisture

r f l c c r c j u c  

w h e n  h i g h

L  moisture 
le> cl



Soils - o f  S lobaI Carbon and Nitrogen cycles

Soils are integral parts o f several global nutrient tu  .& nutrient cycles. These are the most important

^  the perspective o f  so ils  and climate change interactions are the carbon and nitrogen cycles  

because C and N  are important com ponents o f  soil organic matter and because carbon dioxide 

(CChh methane!C H 4), and nitrous oxidefN^O) are the most important o f  the long-lived 

greenhouse gases. T he  global C and N cycles were in balance with inputs approximately 

equalising outputs prior to the industrial revolution when low populations and levels o f  

technology m in im ized  the anthropogenic generation o f  greenhouse gases but the burning o f  

fossil fuels, tilling o f  soil,  and other human activities have altered the natural balance such that 

we are now releasing more C and N into the atmosphere each year than is taken up by global 

sinks. Human m anagem ent o f  so ils  can have a profound impact on the balance ol C and N gas 

emissions from those so ils ,  and therefore influences global climate change.

15
Plate 2: G lo b a l  c a r b o n  cycle (1 Pg -  10 g)
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^  largest  ac t ive  terrestrial  C poo, is in soi,, which contains m  ^  2>50Q pg

coWpared »  620 Pg o m terrestrial  btota and detritus and 780 Pg o f  C in the atmosphere. 

Carbon i5 readily e x c h a n g e d  be tw een  these pools therefore they are called active pools. In 

addition to the ac t ive  poo ls ,  there  are approximately 90,000,000 Pg o f  C in the geological 

formations o f  Earth s crust ,  38 ,000  Pg o f  C in the ocean as dissolved carbonates, 10,000 Pg o f  C 

sequestered as gas hydra tes ,  and  4 ,000 Pg o f  C in fossil fuels (Brevik, 2 0 1 2 ) .  However, most of 

the C in the pools is locked up over  long periods ol geologic time and not readily exchanged, 

leading to these pools  b e in g  re terred  to as inactive pools.

f /



When discussing agriculturally related
• e,aled aspects of cli.

^ r e  attention due  to the abil i ty  o f  C to move ra idl Chan8G the actlve poo,s receive

inactive pools, par t icu lar ly  though the c o n l  } bel" e e n th c m - b u l t h e r e l e a s e ° f C f r o n i

anthropogenic source  o f  g reenhouse  gases. Soi l s  n a t u r a l ^  ^  ^  ^  “  imPOrtam
_  „  „ h m ,  n h n . „ Sv „ , h ~ ™  , L _ . . .  Urall> set>ueslcr C th o u g h  the soil-plantsystem as plants p h o to sy n th e s iz e  and then add dead tis , „  , u ■ r° U soi|-Plant

a fr m crtiic oc r n  1 r^Li CS °  S0'*’ ^'ar^0n is also naturally
emitted from soils as C O 2 and C l  l4 gases due to m i r r n h m i

10 m,CrobiaI respiration, with the form o f  the C gas
depending on the o x y g e n  sta tus  o f  the soil system WpM ™ , 1

■ ” e ‘l-aerated soils are dominated by COo
emissions, while  a nae ro b ic  condi t ions  are associated with CM, generation. The balance between

C added to the soil and  C emit ted  from the soil determines whether the overall C levels in a

given soil increase o r  decrease .  When C levels in a soil increase that C is taken from the

atmosphere, dec reas ing  a tm ospher ic  levels, and when C levels in a soil decrease that C is added 

to the atmosphere, inc reas ing  a tmospheric  levels.

Human ac t ions  s trongK influence the C balance in managed soils. Soil management

techniques such as no-till  sys tems may result in lower CO; emissions from and creator C

sequestration in the soil as com pared  to management systems based on intensive tillage although

some recent s tudies  have indicated that 110-till systems may simplv result in higher C

accumulations in the upper  15 20 cm o f  the soil with no increase in C when the entire soil

profile is considered.  O th e r  m anagem ent  changes such as using cover crops, crop rotations

instead o f  m o n o c ro p p in g  and reducing or eliminating fallow periods can lead to C sequestration

in soil as can re turn ing  land Iroin agricultural use to native loresl or grassland. Sequesliation ol

c  lends 10 he rapid  initially with declining rales over lime. Most agricultural soils will only

sequester C for abou t  5 0  150 years following management changes before they reach I

saturation.



Tab|el :1 Soil o rg a n ic  carb on  stocks in rttrr
^ ------------- ^ d if fe r e n t  soil orders in India

pool (Pg)

(V c lay u t l i am  ct a!., 2000)

Vclayufham ct <//.t2000) observed that soil organic carbon stocks in different soil orders 

like entisol. inceptisol .  vert isol.  aridisol. mollisol, alfisol.ullisol and oxisol and lie found highest 

organic carbon in ar id isol  i c 7.67 and 20.30Pg at 30 & 150cm respectively.

8.2 Global N i t r o g e n  ( vclc

Nitrogen is o n e  o f  the primary nutrient component o f  many biomolecules including 

proteins. DNA. and ch lo rophy l l  and critical lor the survival of  all living organisms. Although 

nitrogen is very a b u n d a n t  in the a tmosphere and it is largely inaccessible in this form to most 

organisms. Only  w h en  n i trogen is converted from dinitrogen gas into ammonia (N ib )  does it 

become available  to p r im ary  producers  such as plants.

In addition to N . n n d  N i l , ,  nilrogcn exists in many different forms, including both 

'"organic , am m o n ia ,  nitrate)  and  organic (amino and nucleic acids) forms. Thus nitrogen 

Ul>dergoea m any  di Horen, transformations o f  applied nitrogen through external inputs like 

fertilizer, manure, plan, dead  t issues and acid rain in the ecosystem, changing from one for,,, to 

as o raan ism s  use  i, for g row th  and in some case,  energy. The major transformations o f



Soil
Particles Nitr *»ubon

NITROGEN CYCLE Leaching

(M o r fo r d  e t  a L , 2011)

nitrogen are n i t ro g e n  f ixation,  nitrification, denitrification, and ammonification. The 

transformation o f  n i t rogen  into its many oxidation states by the activities different
W  *  *

microorganisms su c h  as bac ter ia  and fungi. I here are Four processes are involved in the nitrogen 

cycle through the b io sp h e re  like nitrogen fixation, ammonification, nitrification and

denitrification.

8.2.1 Nitrogen F ixa t ion

The n i t rogen  m o le c u le  (N j )  in quite  inert to hreak it apart so that its a toms can combine 

with other a t o m ,  r e q u i r e ,  the input o f  substantial amounts  o f  energy, t here arc three processes 

*e responsible for m o s t  o f  the n i t rogen  fixation in the biosphere are as follows.

• a tm o sp h er ic  f ixa t ion  by l ightning.
. • fllnnc or ill a symbiotic relationship with some

• biological  f ixa t ion  by certa in  microbes alone y

plants and anim als.

' industrial f ixa t ion  by fertilize1” manulact g

]Li



7 ? Ammonification :

The proteins made by plants enter and na« th. > ,

^ h o l i s m  produces  o rg an ic  ni t rogen compounds t t a J L T l r ^  “  ' r° PiC ^  

^ i o n s .  The lino, b en e l lc ia r ie s  o f  these materia,s are microbia, 

inexcretions and dead  o rg a n i s m s  into ammonia.

gj.3 Nitrification :

A m m onia  c a n  be taken up directly by plants usually through their roots. However, most

0f the ammonia p ro d u c ed  by d ecay  is converted into nitrates. Until recently this was thought 

always to be a c co m p l i sh ed  in two steps :

. Bacteria o f  the N i t ro so m o n a s  oxidize N i l ,  to nitrites(N02~).

. Bacteria o f  the N i t ro b ac te r  oxidize the nitrites to ni t ra tes(N03").

8.2.4 Denitrification :

Denitrification reduces  nitrates and nitrites to nitrogen gas. thus replenishing the 

atmosphere. In the p rocess  several intermediates are lormed like nitric oxide (NO), nitrous oxide 

(N20)(a greenhouse  gas 3 00  t imes as potent as C'()2). nitrous acid (UNO:) and some lire hazards

also cause to em iss ion  ol n i t rous  oxides.

9. Influence o f  S o il  p ro c e s s e s  on clim ate change

Soils con ta in  large s tores  o f  organic carl..........and ni.rogcn i.c 1500 MOO Pg C „  lough,on

/ morn iIimi. 'inline on the soil depth. Iliesc stores arc
.2005) and 190 Pg N (M a c k en z ie  cl a L W »> depending i

v  n mill a range o f  additional biologically mediated 
continuously exposed  to decom posi t ion

o nil three major greenhouse gases ( C 0 2. N2Q. and C 114). 
transformations that genera te  or consum e . ,

a  r«fnre hovo the potential to cither enhance or reduce
Globally, soils and their  m an agem en t  therefore n(:Qnrin,cd climate

, c_ aa<;cs nnil the magnitude ol any associated climate
a|atosphcric concentrations o f greenho sc g ^  (Jarbon conlaincd in soi| and the

c|wnge. Using respective estimates ol 15 < C O l(M „ un„ n„d R y a a 2 0 l0 )a  1%

Wmoiphere and an atmospheric concentration o . proximntely to an 8ppm change in

cl,ange in the amount o f  carbon stored in soils won



^ o s p h e r i c  C O ;  c o n c e n t r a t t o n , p r o v id e d  all o ih e r co m p on e n ts o r  ,1
o f  the carbon cycle remained

constant-

However, given the potential mediating resnnnc ,
h rhic n l  I t ’ • provided by photosynthesis and oceanic

exchange, when this ca lcu la t ion  is coupled with thp nhco .• .
. servation that initiating agricultural

production results ,n a  . 0 - 7 0  A  reduction in the amount o f  carbon stored in soils (Luo e, aL  

, 0I0) the way in w h tc h  agricul tura l  soils are managed has the potential to either enhance or 

^ a c e  atmosphertc  con cen t ra t io n s  o f  CO;.  Additionally, the impact o f  agricultural management 

practices on em iss ion s  o f  N ; 0  and CM., must  be considered, given their high levels o f  radiative 

forcing relative to C O ;  ( 3 10 and 2 1 t imes that o f  CO; over a 100 year lime frame, respectively) 

(Luo si at-,2010).  C o n c e rn  also exists over the potential positive feedbacks that a changing 

climate mav have  on rates  ot g reenhouse  gas emission from soil in view o f  the strong impact that 

climate can have on the b iological  processes leading to production and consumption or storage o f  

CO:, N :0  and C l  h .

9.1 Soil processes that influence emission o f green house gases(G H G ) to 

atmosphere from so il

Emission o f  g re en h o u se  gases Irom soil fluctuate both temporal!) and spatial In due to

variations in en v i ro n m en ta l  factors and soil properties and quantification ol multiple processes is

i\ • . i . ti i vMmnli* nft ( ' ( ) '  emissions result from the balanceoflen required to de f ine  net fluxes, l or example, net luu» i

i . i .i ri.ni r ' o ,  ri'lf'ivtf from respiration b\  plants, animals,between CO: uptake  th rough  photosynthesis  and C U . ru
• .i conri f  o f  soil organic carbon and organicand microbes. The soil o rgan ic  matter is the main source ol sou organ

. • t i mi-iciiinn in well aerobic soil through mineralization
nitrogen which u n d e rg o es  microbial  dccomp

• iiiic -lminonia undergoes nitriIication will
process the protein is conver ted  into m nmoma and this ammonia y

, • ■. -n rim presence o f  hctcrotrophic bacteria and this nitrate
converted into nitrate th rough  nitrite in P

•• iic nvirlr through denitri I ication and by the action
,Jnder anaerobic co n d i t io n s  converted  into n i l r o i . . ,^ w  mc(hanc nm| cmiucd t0 utmo.sphere and

*  methanogenic bac ter ia  th .s  am ,non  ^  ^  cmis3,all „ f  carbon dioxide to the

llle ° rganic e x p o u n d  used  in microbta  rvspir. tr!inslormcd into dead organic
S p h e r e  and the p lan ,  roots  and tissues get decomposed aga

malter in the s o il.

I t



plate :4 Soil p r o c e s s e s  th at in f lu e n c e  emissinr. r
atmosphere f r o m  s o i l  green house g a s e s (G H G ) to

Soil surface

C02

Respiration

As:im!a:jon

Oecompcsition
4

Organ: 
car ben

CH<

Denitrification

NH<
/

► NO,
4 Nitrification

Organic 
n trcgen

Soil organic matter 
including decomposer

organisms

A e r o b i c  soil  

c o n d i t i o n s

M e t h a n o g e n ic
organisms

A n a e r o b i c s o i l

c o n d i t i o n s

(B n ld o c k  c t  r//.,2012)

Pathak „  al. 2010 studied that green house gas ends,ion from dilTercnt agriculture

•ystems in that r ice cu l t iva t ion  contributes  highest methane production i.e 3.33M, and agriculture

• o n i a Mi respectively due to different environmental 
,r'il have highest n i t rous  ox ide  production i.

conditions in agriculture .



Table 2: Green house gas emission from Indian agriculture

S o u r c e

__________________________________________________________________________________________________________________________1

C R ,  (M t ) N 20  (M t )

Rice cultivation 3.33
-

| A g r i c u l t u r a l  soil 0.14

'  Crop residue burning 0.23 0.06

Total 3.56 0.14

( P a t h a k  e t « /. ,  2 0 1 0 )

10. I n f lu e n c e  o f  c l i m a t e  c h a n g e  o n  so i l  p r o c e s s e s

C h a n g e s  in a tm osphere  CO ; conccnlralion. temperature & precipitation modify 

soil plant sy s tem  like soil organic matter decomposition and increase or decrease in soil

fertility and b io logical  activity.

Organic matter Decomposition ►

Soil fertility ►

Biological activity

(Cheng e t  a l t  2007)



Soils  act  as both sink and sour™ .
Carbon affects carbon storage, because o f  

temperature, m o is tu re  and  radiation Soil u , ™ -  ,
U n o r r  n n n -7 z o n i n g  and drying leads to 32% reduction in

soil carbon ( IP C C ,  2007)  predicts  global avem™
rage temperature to increase by 1.1-6.4 C

during curren t  century-. Global  warming is expected to profoundly impact ecosystem 

processes such  as soil organic  matter (SOM) dynamics. Carbon (C) in SOM accounts for 

80% ot  terrestr ial  C pool and is regarded as an important potential C sink that may help 

off set the g re e n h o u s e  effect (Maia el a /. ,2010). Small changes in SOM stock under 

global ch an g e  can potentially cflcct atmospheric CO 2 concentrations. In addition, 

warming induced  changes  in SOM regulate the availability o f  nitrogen (N) for plant 

growth and ult imately influence the net primary productivity o f  terrestrial ecosystems. 

Hence, it is im pera t ive  to understand how global warming will effect SOM dynamics.

For ex a m p le ,  cl imatic  warming increases soil temperature and hence accelerates 

organic matte r  d e c o m po s i t ion  rates, leading to loss ol soil C and N. Conversely', some 

studies have repor ted  that warming  leads to increases in soil C and N because ol great 

increases in b io m a ss  and litter inputs in tundra ecosystems (Da\ cl til.. 20118]. These 

differences are  not surpr is ing given response o f  soils to warming depends on mans

factors, such  as soil moisture  and temperature and in particular on plant species that

provide ca rbon  inputs  to soils.

t <k  <i function o f mean an n ual
Figurc2: S o il o r g a n i c  c a r b o n  (SCK  ) as a

tem p era tu re (iV IA T )

miivp relationship between MAI and SOC stocks. 
Follet el a U 2 0 1 2 )  s tudied t at a n | |pn iann  el a /  (2007) observed that

upon geographic location and omm MAT for a|| SCven ecological

SOC i„ the 20cm ,7 .0 in ch )  depth was negattvely « ^  ^  ^  ^  nnnlysis

"g'ons. Temperature and SOC stocks w e r e ^  ^  J0Q pc(JoIls represon,i„g range land 

including about 300  pedons representing u i ti a linked to increasing soil

Will Decreases in SOC stocks with increasing temp

Aspiration and SO M  decomposition.



(FoIIet e t  a l . , 2012)

FigureS . S o il  o r g a n i c  c a r b o n  ( S O C )  as a function o f mean annual

temperature! . M A T )

10.2 Im pact o f  c l i m a t e  c h a n g e  o n  s o i l  fertility  and so il  b io lo g ic a l  act iv ity

Climate ch an g e  may have  stronger or weaker, permanent or periodical, favourable or 

unfavourable, harm ful  ( .sometimes catastrophic), primary (direct) or secondary (indirect) impact 

on soil processes. A m o n g  these processes soil moisture regime plays a distinguished role. It 

^ e rm in es  the wate r  supply  o f  plants, influences the air and heat regimes, biological activity and 

Plant nutrient status o f  soil. In m ost  cases il determines Hie ngro-ecologlcal potential. Ihe biomass 

Production o f  va r ious  na tura l  and  agro-ecosystems and the hn/nrd o f  soil and or water pollution.



jrjgure 6. The relationships between soil mo'
conditions and soil fer tility  ,S Ure reg»me, other soil ecological

Soil technological properties

tf
Soil moisture reg im e  inf luences  

soil ecological cond i t ions  (air, 

heat, nutrient  reg im e  and 

biological ac t iv i ty )

Y I A i W , E l V I F N T  A S P F C  I S

Greenhouse gas (Cill( i)  management help to reduce harmful elTects on soil 

processes and  assess ,  moni to r  and manage their (illCi emissions associated with their 

activities, p roduc ts  to help mitigate (il ICi emissions.

*1-1 Mitigating C O .  e m iss io n s

• Site energy  au d i t s  and  implementat ion o f  energy management technologies have reduced 

refinery ' e m i s s io n s  by 5%  through earefi, ten,ion to energy consumption and

measurement.

_ , . . ftnn ncr year and reduced emissions by 8,000(AIIcn el al
' One business  unit  saved $265,000 p > . . .

, , „  „ „ t„o  the nractice o f  maintaining spare capacity in on-site
..2003) tonnes  a yea r  by challenging P

electricity genera tors .
, •.» r>i>rinin crude oil components, thus reducing heat

* Fired hea te r  lube* can be fouled wi incrcnsinu
■ shortening run times, and increasing

transfer elTiciency increasing  pressure i n p , >



operating and m aintenance costs.

Boiler and tired heater tubes develon
. . . fi °n  thc Hred side o f  the tube and Past

procedures  r e q u t r e d  tu n ta c e  shu td o w n  for cleaning on a regular basis.

A p e t ro c h e m ic a l  c o m p le x  im plem ented  improved divided wall column technology. 

Energy e f f i c . e n c y  m c re a se d  by 3 0 % .C O 2 emissions were reduced by 30%(Cheng er

a l.,2006)

] \ew tu rb ine  techn o lo g y  that a l lows us to take advantage o f  the pressure drop as fluid is 

brought  into a te rm ina l  is genera t ing  3M W (e)  (megawatts  o f  electrical power) o f  extra 

electricity f rom  p re v io u s ly  w as ted  energy.

Flaring ( b u r n in g )  o t  w as te  hydrocarbon streams has been routine practice from the 

earliest d a y s  ot  the oil and  chem ica l  industry because it is the safest disposal method.

R ep lacem en t  o f  c o n v e n t io n a l  gas actuated valves to control How from gas wells with no 

loss sy s te m s  e l im in a te d  cold  ven t ing  o f  methane from a large production operation.

Figure 7. RfTccf o f  lillaR® on C se<,uM,r*



Brevilu20l2) showed that VUIImi n ,,„i
L f| 9(||| |

#hi|e management c h a n g e s  such  as a c n n v e „ |0M „„  ......  "  '  " "  '* * " *  ‘ <•"»*.

organic C as compared to conventional l|||oge u.( m,y ^  rtKr" Md »*>

Typical changes in soil organic carbon will. n.

rOtotl represents the soils under a native ecosystem aV iT  ^  * ' " *
* v , , l was broken for agricultural 

production using c o n v e n t io n a l  ullage,  leading to „ dccllno i n . i
F .  . . no m v.il organic matter. The - projected
^ i v e  system is e e x p e c te d  soil organic matter content ,1 the native e c c y q c m  had no, been

disturbed. At t2. m a n a g e m e n t  was changed to sequester carbon ,n the soil The -Projected 

conventional t i l lage"  is the  expec ted  soil organic mailer content if conventional tillage had been 

maintained. N o te  that c h a n g e s  in organic carbon content are rapid immediately following 

management changes but rates ot change decrease and then stop as the soil reaches carbon 

equilibrium.

11.2 Mitigating m ethane emissions

r  Alternate w e t t in g  & dry mg reduces 60-90% ( Peer et al.. 1995 • m paddy fields. 

A p p r o p r i a t e  w a t e r  & n u t r i e n t  m a n a g e m e n t

* Incorporating d u c k s  into rice systems.

r  Reducing the w ate r  saturation in rice fields

> Avoid app l ica t ion  ol organic  matter to the live lieUN

* Excess phosphorrm v application leads to decie.iw m nutha iK  I i o u  .o

? Reduce the coal  ex trac t ion ,  refining uml liiinspoilulu n

M itigating N e m is s io n s

> The app l ica t ion  o f  N fertilizers biiaeil on retomnuMKUuon u pun** ^  ltx’  ̂ ^

growing period ^  „ . hK>1 the ntW ol dvvo».,Hv„l,on bv the
* Use of nitrification inhibitors

k  reducm * " * « " * ' 1 * »  *  * " " *  • *
*  Avoid the use of a/nmonital hu3L‘

denitri Heat ion



I imited and 
timely 

application o 
fertilizers

Using
nitrification

inhibitors

Avoid NHj 
based 

fertilizers

Apply as 
shallow as 

possible
Choice of 

crops

( C a m p b e l l , 1990)

> A ppl ica t ion  o f  fer t i l izers  at surface layer easily absorbed by the plants and deep

placement  c a u s e  leach ing  and wastage  ol nutrients takes place.

^  P rac t ice  o f  g row  ing high nutrient use efficiency crops in the field w ill reduces the

e m is s io n  o f  n i t rous  ox ide  from the soil to atmosphere.

12, Conclusion :

The Earth climaic  ................I * ..............“ «” >    '

* .  - « , h . re ;  r h «  ..................  ~  " ....... *  ”  7
, vi i tii important c o m p o n e n t s  ol  soi l  organic matter, the 

of the  C  and N  c y c l e s  and  ( and N  arc P
.. ... he influenced by climate change. C hanges in average

organic matter content of soils will nintirr Thjc jn turn
■ • • nn,terns will also influence soil organ.c matter. 1 Ins m turn

temperatures and in precp.U t.onp fnnnnlion „„d  a b ility , water holding

will alTec. important soil properties sue r.;xoctly how soil organic matter

capacity, cation exchange capacity nnc sot  ̂ ^  ^  comp|Cx and interconnected systems

w‘ll he influenced by climate change involves ^  ^  jempcrnUjre pr precipitation patterns, 

(hat make it difficult to isolate a single variable,



and reach m ean ingfu l  conc lus ions  about how a chanee '

system being studied. However, we do know that there "  ' ^  S'ngle Var'able afrecls the 
contribute increasing amounts o f greenhouse gases m ^  P° SS'bl,'l-v that soils could

ad «  * sink for C 35 g |oba l  tempera tures  increase. T h e r e i s T h e t h ^  ^  ^  “h " 1' 5’ “

impacts on physical  and  chem ica l  properties o f  our soils that ^  7 " " "  * *
, re essential for the production

of food and fibre produc ts .  H ow ever ,  we do know that • l, • .
. . .  . uo Know that there is the possibility that soils could

contribute increasing  a m o u n ts  ot greenhouse eases to tho mmnc i
c almospherc and lose their ability to

act as a sink tor C as global  tempera tures  increase

However,  the research  done  on soils and climate change to date has generated many 

questions with tew tirm answ ers .  It is critical that we better understand how C sequestration in 

soil IS influenced by l im ita t ions  in nutrients like N and P. We also need to know more about the 

effects ot climate c h a n g e  on the N cycle, an area ol research that has received lar less attention 

than the C cycle. At  presen t ,  little is known about how climate change will impact soil organisms 

and those o rganisms are scry important  in driving the portions o f  the C and N cycles that take 

place in the soil. C h a n g e s  in a tmospher ic  C O :  levels might alter metal uptake by plants, which 

could lead to food p ro d u c ts  with unsafe levels o f  those metals in their tissues, but research in this 

area has not p rov ided  cons is ten t  results. A better understanding ol these areas is crucial to 

provide us with insight on how changes  in soil processes and properties might influence soil

erosion and food seenrit  v

I h in k  globally  and  act locally
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S o i l  p r o c e s s e s  in r e la t io n  to c l i m a t e  c h a n

A bstrac t

According to the lourth assessment  report of Intergovernmental Panel on Climate 

Change (IPCC), global  t em pera tu re  is expected to increase between 1.1 and 6.4 CC durinu the 

21 century which will inf luence  precipitat ion patterns, altering both the amount o f  precipitation 

and its distribution. \Vith this change  in climate there will be effects on soil environment which 

has potential to threaten  food security through its effects on soil properties and processes. In 

order to make so lu t ions  to the problems o f  predicted global environmental changes, it is 

necessary to unders tand  the interactive physical,  chemical, and biological processes in soil that 

regulate the total earth  sys tem  (Rounsevel l  and Loveland, 1994).

Soil p rocesses  can  he ca tcg o r i /c d  into Iwo (il .soil formation processes and lii) processes 

taking place in well  d ev e lo p ed  soil system. Ihe  major soil formation processes (pcdogenic 

processes) are s t ruc ture  developm ent, humification, iranslocntion o f  lime. Icachmg. salinization, 

"ay migration o r  less ivage .  ferruginisation.  la.cri/ution. podsoliza.ion, rcgur formation. 

SWzation. These p ro c es se s  are  infiuenced by five different factors like climate, organisms, relief.

ParcrH material and time.

r nffccts on soil processes. Among these, soil 
Climate change has d.ffcrent types wfltersupply o fplants, innuences the

"'"isture regime plays very important role it . <:tcrml |n(,uencc l,rc|imntc
I -  -  activity and plan, nu, n - ~  ^  ^  ^  ^

Lha"ge on soil structure (type, spatial arrnngemen



;010) 

Ranges

2008)

is a complex process. The integral influence of climal

3  ^  reflected by  the field w a te r  balance and s o i l " ™ 6 '  h'Vdr0l° S>' ' VeSeti“ i°n - land use
01* moisture regime /Vn n

8 me (Varallyay and Farkas,

soils contain large s to res  o f  organic carbon and „i trogen -  

aposed to decom posi t ion  and a range 0 f' additional biolo ' ”  ^  COnlinuousl>'

generate or consum e all three  m a jo r  green house gases f c o '^ Ĉ m ed 'aled transf°™ations that
IL .U 2, N i O  and P H  \ u-  l

increases leaching, fi lt ration losses and reductive processes I ’ ’ Precipitation

„ lobi,ity. mobility and  availabil i ty  o f  available elements and c o m p o u ^ I " " 0 " ^

Methane: and nitrous oxide emissions from Indian agricultural soils are responsible for
only about 0 . -3  and 0 .1 %  respec t ive ly  o f  the iWnh-ii

1 C yl0bal warm,ng caused by the world’s C O
emissions. Thus o v e r  all g reen  house  uas emission fro m  in,i;.,„ • it  emission trom Indian agriculture, especially from the
soil is a small fraction o f  the total world  green house gas emission (Bhalia 2004).
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