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R e m o te  s e n s in g  is the sc ience  and  art o f  o b ta in in g  in f o rm a t io n  ab o u t  an o b jec t  

th rough  the ana lys is  o f  da ta  acq u i r ed  by a d e v ic e  that  is not  in co n ta c t  w i th  the o b jec t  

(L i l lesand and  Keifer .  1994).  T h e  te rm re m o te  se n s in g  w a s  c o in e d  by  E v e ly n  Pruitt  in m id-  

1950 in the U. S. O ff ice  o f  N av a l  R e se a rc h  (O .N .R ) .  W e  a c q u i r e  m u c h  in f o r m a t io n  ab o u t  o u r  
su r round ing  th ro u g h  the  s e n s e s  of  s ight  and  h ea r in g  w h ic h  do  not  r eq u i re  c lo se  con tac t  

be tw een  the s e n s in g  o rg a n s  and  the ex te rna l  objec ts .  In a n o th e r  w o rd ,  w e  are  p e r f o r m i n g  
remote  sens ing  all the t ime.  T h e  sc ie n c e  o f  r e m o te  s e n s in g  in its b r o a d e s t  s e n s e  in c lu d es  
aerial, satell i te ,  and  s p a c e c ra f t  o b s e rv a t io n s  o f  the  su r f a c e s  and  a t m o s p h e r e s  of the p lan e t s  in 
our  solar sy s tem ,  th o u g h  the Ear th  is obv ious ly  the  m o s t  f requen t  target  of s tudy .  1 he te rm  is 

normally l imited  to m e t h o d s  that de tec t  and  m e a s u r e  e l e c t r o m a g n e t i c  e n e rg y ,  in c lu d in g  

visible light that has  in te rac ted  w i th  sur face  m a te r ia l s  and  the a tm o s p h e r e .  R e m o t e  s e n s in g  ol 

the Earth has  m a i n  p u rp o ses ,  inc lud ing  m a k i n g  and  u p d a t in g  p l a n im e t r i c  m a p s ,  w e a th e r  

forecast ing. and  Catherine  mili tarv in te l l igence .

2. R em o te  s e n s in g

R em o te  -.ending is a tool to m o n i to r  e a r t h ' s  r e sou rces  u s ing  sp ace  techno logy  in ad d i t io n  to 
ground obse rva t ions . .  O u r  ey es  are  an exce l len t  e x a m p l e  o f  a r e m o te  s en s in g  d e v ic e  W e  are  

able  to ga the r  in fo rm a t io n  abou t  o u r  s u r ro u n d in g s  bv g a u g in g  the a m o u n t  and  na tu re  ol the^  V-

ref lec tance  " t  vis ible  light cnerev  Irom s o m e  ex te rna l  so u rce  (such  as  the sun  o r  a light bu lb)

a .s it reflects  oft o b jec t s  in o u r  field ol v iew.  W i th o u t  d irec t  c o n ta c t ,  s o m e  m e a n s  o f  

transferr ing in fo rm at ion  th rough  sp ace  m us t  be ut i l ized,  l h e  capac i ty  o f  r e m o te  s e n s in g  to 

identity and  m o n i to r  land su r fa c es  and  e n v i r o n m e n ta l  c o n d i t io n s  has  e x p a n d e d  greatly o v e r  

the last lew years  and  remote ly  sen sed  da ta  will be an e ssen t ia l  tool in nutuiul  r e so u rce  

m an ag em en t

3. E lem en ts  o f  r e m o te  s e n s in g

In m u c h  o |  r e m o te  .ensitig.  the p ro cess  in v o lv es  an in le ia c t io n  b e tw e e n  inc ident  

radia t ion and the ta rge ts  ol in terest  I his is e x e m p l i f i e d  bv the use  ol im a g in g  sv s t e m s  w h e r e  

different e l e m e n ts  are in v o lv ed  It a lso  invo lves  the s e n s in g  ol e m i t t e d  eue igv  and  the use o f  
n o n - im ag in g  sensors .

\  Energy so u r c e  or i l l l i im in a l io n

l h e  first r e q u i re m e n t  lor r e m o te  se n s in g  is to h a v e  an energv  so u rc e  w h ic h  

i l luminates  or  p ro v id es  e l e c l ro m a g n e l i e  energy to the target  ol m tc ie s i .

II R adiat ion  and the a t m o s p h e r e

As the e n e rg y  t rave ls  f rom its so u rce  to the target ,  it wil l  c o m e  in con tac t  w ith  anil 

interact with  the n tm o s p h e r e  il pa s ses  th rough .  I his  in te rac t ion  may take  p lace  a s e c o n d  l ime 
as the ene rgy  t rave ls  f rom  the  target  to the sensor .



C  Interact ion  w ith  the target
O n c e  die  e n e rg y  m a k e s  its w a y  to die ta rge t  th r o u g h  the  a tm o s p h e re ,  it in te rac ts  w i th

the ta rge t  d e p e n d in g  on  the p roper t ie s  o f  bo th  the ta rge t  and  the  rad ia t ion .

D R e c o r d in g  o f  energy  by the s e n s o r
A fte r  the e n e rg v  has  been  sca t te red  by.  o r  e m i t t e d  f rom  the ta rge t ,  w e  requ i re  a s e n s o r  

( rem o te  - not in con tac t  w ith  the target)  to co l lec t  and  reco rd  the e l e c t ro m a g n e t i c  rad ia t ion .

E T r a n s m is s io n ,  recep t ion ,  and  p r o c e ss in g
T h e  ene rgy  reco rd ed  by the  s e n s o r  has  to be t r a n sm i t t e d ,  o f ten  in e lec t ro n ic  fo rm ,  to  a 

rece iv ing  and  p ro c e s s in g  s ta t ion  w h e re  the data  are p ro c e s s e d  into an im a g e  ( h a r d c o p y  a n d / o r  

digital) .

F In terp re ta t ion  and an a lys is
The p ro c e s s e d  im ag e  is in terpre ted ,  v isua l ly  a n d /o r  d ig i ta l ly  o r  e l e c t ro n ic a l ly ,  to 

ex trac t  in fo rm a t ion  abou t  the target w h ic h  w a s  i l lum ina ted .

Ci A p p l ica t ion
I he final e lem en t  o f  the r em o te  se n s in g  p ro c e s s  is a c h ie v e d  w h e n  w e  a p p l \  the 

in fo rm at ion  w e  h av e  been  ab le  to ex t rac t  from the im a g e ry  a b o u t  the ta rge t  in o r d e r  to  b e t t e rV-

unders tand  it. reveal  so m e  new in fo rm a t ion ,  o r  assist  in so l \  ing a p a r t icu la r  p ro b le m .



T h e  e le c t ro m a g n e t ic  s p e c t ru m  ( E M )  is the  c o n t i n u o u s  r a n g e  o f  e l e c t r o m a g n e t i c  

rad ia t ion ,  e x te n d in g  f rom  g a m m a  rays  (h ighes t  f r e q u e n c y  &  sh o r te s t  w a v e l e n g t h )  to  ra d io  

w a v e s  ( lo w es t  f r eq u en cy  &  longes t  w a v e le n g th )  and  in c lu d in g  v is ib le  l ight.  R e m o t e  s e n s in g  

involves  the m e a s u r e m e n t  o f  e n e rg y  in m a n y  par ts  o f  the  e l e c t ro m a g n e t i c  ( E M )  s p e c t ru m .  

T h e  m a jo r  reg io n s  o f  in teres t  in satel l i te  s e n s in g  are  v is ib le  l ight,  re f lec ted  a n d  e m i t t e d  

infrared,  and  the m i c r o w a v e  reg ions .  T h e  m e a s u r e m e n t  o f  this rad ia t ion  ta k e s  p lace  in w h a t  

are k n o w n  as spec t ra l  bands .  T h e  d e s ig n  o f  sate l l i te  s e n s o r s  is b ased  on  the  a b s o rp t io n  

charac te r i s t ics  o f  Ear th  su r face  m ate r ia l s  ac ross  all the  m e a s u r a b l e  par ts  in the E M  s p e c t ru m .

Visible Light
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Plate 2. T h e  e l e c t r o m a g n e t i c  s p e c t r u m  

5. Interact ion  p r o c e s se s  in r e m o te  s e n s in g

R e m o te  s e n s o rs  m e a s u re  e le c t ro m a g n e t i c  ( E M )  rad ia t ion  that has  in te rac ted  w i th  the 

e a r t h ’s surface.  In te rac t ions  with  m a t te r  can  c h a n g e  the d i rec t ion ,  in tens i tv .  w a x e l c n g th  

content ,  and  po la r iza t ion  ol I M rad ia t ion  I he na tu re  ol these  c h a n g e s  is d e p e n d e n t  on  the 

chem ica l  and  phys ica l  s t ruc tu re  of the mate r ia l  e x p o s e d  to the  I M  rad ia t ion .  C h a n g e s  in E M  

radia t ion  resu l t ing  from its in te rac t ions  with  the E a r th ' s  su r face  th e re fo re  p ro v i d e  m a j o r  c lu e s  

to thc cha rac te r i s t ic s  o f  the su r face  m ate r ia ls .  A s  sun l igh t  in i t ia l ly  en te r s  the  a tm o s p h e r e ,  it 

en c o u n te r s  gas  m o le c u le s ,  s u s p e n d e d  dust  par t ic les ,  and  ae roso ls .  I hese  m a te r i a l s  ten d  to 

sca t te r  a por t ion  o f  the in c o m in g  rad ia t ion  in all d i r ec t io n s ,  w i th  s h o r te r  w a v e l e n g t h s  

ex p e r ien c in g  lhe s t ro n g es t  effect .  Most  o f  the r e m a in in g  light is t r a n s m i t t e d  to  the  su r face ;  

so m e  a tm o sp h e r i c  g a se s  arc  very e f fec t ive  at a b s o r b i n g  p a r t i c u la r  w a v e l e n g th s .

A s  this m o d i f i e d  so lar  rad ia t ion  r e a c h e s  the g r o u n d ,  it m a y  e n c o u n t e r  soi l ,  ro ck  

surfaces ,  vege ta t ion ,  o r  o th e r  m a te r ia l s  lhat a b s o rb  a po r t io n  o f  the rad ia t ion .  The a m o u n t  o f  

energy  ab so rb ed  var ies  in w a v e le n g th  for each  m a te r ia l  in a c h a ra c te r i s t i c  w a y ,  c r e a t in g  a  sor t  

of  spectra l  s igna tu re .  M ost  o f  the  rad ia t ion  not a b s o r b e d  is d i f fu s e ly  re f l e c te d  ( s c a t te re d )  b a c k  
up into the a tm o s p h e re ,  s o m e  of  it in the d i rec t io n  o f  the  sa te l l i te .
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Plate  3. E M R  in tera c t io n s  in the a t m o s p h e r e  an d  at the  e a r t h ’s s u r f a c e  

6. T y p e s  o f  rem o te  sen s in g

The sun  p ro v id es  a very c o n v e n ie n t  so u rce  o f  e n e rg y  for r e m o te  se n s in g .  R e m o t e  

sens ing  sy s tem s  w h ich  m e a s u re  ene rgy  that is na tu ra l ly  a v a i l a b le  are ca l led  p a s s iv e  sen so rs .  

Pass ive  sensors  can onlv be used to detect  c n e rg v  w h en  the naturallv o c c u r r i n g  cnergv is 

available ,  l or  all re f lec ted  ene rgy ,  this can  only take p lace  d u r in g  the t im e  w h e n  the su n  is 

i l lum ina t ing  the bartl i .  I here  is no  re f lec ted  energy av a i lab le  from the sun at n ight ,  l 'ne rgv  

that i,  naturallv em i t ted  (such  as the rm al  inf rared)  can  be d e tec ted  dav o r  n ight .  as lo n e  as  thek- k»

am o u n t  of energy is large e n o u g h  to be reco rded .  A c t iv e  sen so rs ,  on the o th e r  han d ,  p r o v id e  

their  o w n  energy sou rce  for i l lum ina t ion .  I he s e n s o r  e m i t s  rad ia t ion  w h ic h  is d i r ec ted  to w a r d  

the target to he inves t iga ted .  I he rad ia t ion  ref lec ted  from that ta rec t  is d e le c te d  and  m e a s u r e dV-

hy the sen .or A d v a n ta g e s  for ac t ive  sen so rs  inc lude  the abilitv to ob ta in  m e a s u r e m e n t s  

any t im e ,  reg a rd le ss  ol the t ime of day o r  sea so n  A ct ive  se n s o rs  can  be used  for e x a m i n i n g  

w a v e le n g th s  that arc not su f f ic ien t ly  p ro v id ed  by the sun.  such  as m i c r o w a v e s ,  o r  to be t te r  

contro l  the w ay a target is i l lum ina ted .



7. P la tform
Plat form s are the veh ic les  o r  carr iers  for rem o te  sensors .  P la t fo rm s  for r e m o te  s e n s o rs  m a y  be  
s i tua ted  on the g ro u n d ,  on an a ircraf t  or  ba l loon ,  or  on  a sp acec ra f t  o r  sa te l l i te  o u t s id e  o t  the  

Earth 's  a tm o sp h e re .  G ro u n d -b a s e d  senso rs  are of ten  used  to reco rd  de ta i led  in fo rm a t io n  a b o u t  

the surface  w h ich  is c o m p a r e d  w i th  in fo rm at ion  co l lec ted  f rom a irc raf t  o r  sa te l l i te  sensors ,  

e.g. Senso rs  m a y  be p laced  on  a ladder,  sca f fo ld ing ,  tall bu i ld ing ,  c h e r ry -p ic k e r ,  c rane ,  etc. 

Aer ia l  p la t fo rm s  are p r im ar i ly  s tab le  w in g  aircraft ,  a l th o u g h  he l ico p te r s  are  o c c a s io n a l ly  

used. A ircraf t  are of ten used to col lect  very  de ta i led  im a g e s  and  faci li ta te  the  co l l e c t io n  o f  

data  o v e r  v ir tua l ly  any  por t ion  o f  the Ear th 's  su r face  at any  t ime.  In space ,  r e m o te  s e n s in g  is 

so m e t im e s  c o n d u c te d  from the space  shu t t le  or. m o re  c o m m o n l y ,  f rom  sa te l l i tes .  Sa te l l i tes  

are ob jec ts  w h ic h  revo lve  a ro u n d  a n o th e r  object .  B e c a u s e  o f  the i r  o rb i ts ,  sa te l l i te s  pe rm i t  

repet i t ive c o v e ra g e  o f  the Earth 's  su r face  on a c o n t i n u in g  basis .

Air  based  p la t fo rm



P a ra m eter E q u a t io n R e f e r e n c e

N o rm al ized  D if fe rence  V eg e ta t io n  
Index! N D  VI)

( N IR - R e d ) /  

( N I R + R e d )

R o u s e  cl al  ( 1 9 7 4 )

W ate r  Band In d e x (W B I) 9 0 0 /9 7 0 n m P e t lu e la s  ct al  (1 9 9 7 )

W ater  M ois tu re  Index  ( W M I ) 16 0 0 /8 2 0 n m IT Lint and  R o c k  (1 9 8 9 )

Pho tosyn thes is  Index (531 -5 70)/ (53 1+570 )nm G a m o n  cl al  ( 1 9 9 0 )

Chlorophyl l  B ased  D if fe rence  Index 

| (C l)

( 8 5 0 - 7 1 0 ) / (8 5 0 -6 8 0 )n m Datl  ( 1 9 9 9 )

8.1 .Normalized D i f fe r e n c e  V eg e ta t io n  Index

The N o rm a l i z e d  D if fe rence  V eg e ta t io n  Index ( N I ) V l )  is an  index  o f  p lan t  g r e e n n e s s  
or pho tosyn the t ie  ac t iv i ty .  and  is one  o f  the mos t  c o m m o n ly  used  v e g e ta t io n  indices .  

V ege ta t ion  ind ices  are  based  on the o b s e rv a t io n s  that d i f fe ren t  su r f a c e s  re l lec l  d i f fe ren t  types  

o f  light d if ferent ly .  N D V I  is ca lcu la ted  on  a pc r -p ixe l  bas is  as the n o r m a l i z e d  d i f fe re n c e  

be tw een  the red and  near  infrared bands  from an im aue  us inu  the  fo rm ula .

M ) \  1= ( M R - R E D )  / ( N I K +  KIM))

W here  M R  is the near  infrared band \ a l u c  for a cell and  Rl I) is the red b an d  \ a l u e  for the 

cell N D \  I can be ca lcu la ted  for a m  imaite  that has  a near  in f ra red  band ,  l h e  \ a l u c  r a n e e s  
from -I 0 to I <t tor each  pixel in an image;  he lps  identify a reas  ol \ a r \ i n i '  leve ls  o f  plant 

hiomas-. \  crv low va lues  ol N D \  I (0 I and  below c o r r e s p o n d s  to ba r ren  a reas  o f  rock .  sand.  

M odera te  va lues  rep resen t  sh rub  and  g rass land  (0.2 to 0 .3) .  w h i le  h igh v a lu e s  ind ica te  
tempera te  and tropic.il r a in fo re s t s  (0 .0-0 .8) .

9. Spectra l  s ig n a tu re

Radia t ion  e m i t ted  as a func t ion  ol w a v e le n g th  is ca l led  spec t ra l  s ig n a tu re  l h e  

spectral  s igna tu re s  p ro d u c e d  by w a v e le n g th - d e p e n d e n t  a b s o rp t io n  p r o v id e  the kcv to 

d isc r im ina t ing  d i l fe ren t  m a te r ia l s  in im ag es  of i e I levied solai  energv  l h e  p io p c i tv  used  to 

quantify these spectra l  s ig n a tu re s  is ca l led  spectra l  l e l l e e l a n c e  l h e  spec t ra l  r e f lec tan ce  ol 

d i l le rent  m a te r ia l s  can  be m e a s u re d  in the laboratory or  in flic field,  p i o v i d m g  l e l e i e n c c  da ta  
that can be used to in te rpre t  im ages .

9.1 Spectra l  s ig n a tu r e  o f  e a r th ' s  su r fa ce

l h e  spectral  r e f lec tan ce  cu rve  ol heal thy  g reen  v e g e ta t io n  has  a s i g n i f i c a n t  m i n i m u m  

ol re f lec tance  in the v is ib le  por t ion  o f  the e l e c t r o m a g n e t i c  s p e c t r u m  re su l t ing  I rom the 

p igm ents  in the plant  leaves .  R e f le c ta n ce  inc reases  d ram a t ica l lv  in the  NIK S tressed



vege ta t ion  can  a lso  be de tec ted  b e c a u se  s t ressed  v e g e ta t io n  h a s  a s ig n i f i c a n t ly  l o w e r

re f lec tance  in the infrared.
T h e  spec t ra l  re f lec tance  cu rve  o f  ba re  soil is c o n s id e ra b ly  less  va r iab le .  T h e

ref lec tance  cu rve  is af fec ted  by  m o is tu re  con ten t ,  soil tex tu re ,  su r face  ro u g h n e s s ,  p r e s e n c e  o f

iron ox ide  and  o rgan ic  mat te r .
T he  w a te r  cu rv e  is ch a rac te r ized  by a h ig h  a b so rp t io n  at n e a r  in f ra red  w a v e l e n g th

range  and beyond .  B e c a u se  o f  th is  ab so rp t io n  p ro p e r ty ,  w a t e r  b o d ie s  as w e l l  as f e a m re s

con ta in ing  w a te r  can  easi ly  be de tec ted ,  located  and  d e l in e a te d  w i th  r e m o te  s e n s in g  data .

T urb id  w a te r  has  a h ig h e r  re f lec tance  in the  v is ib le  reg ion  than  c le a r  w ater .

Mid-infrared
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Plate  7. S p e c tr a l  s i g n a tu r e  o f  e a r t h ’s s u r fa c e

0.2 S p ec tra l  s ig n a tu re  o f  h ea l th y  lea f

Plants  a b s o rb  red anti b lue  light,  less a b so rb s  the g reen  weakly  a b s o r b s  the  N I R  and  

s t rong ly  a b so rb s  MR w a v e  bands ,  I h ider  the u p p e r  e p id e r m is  the re  are  p r im a r y  tw o  laye rs  ol 

cells.  The top one  is thc pa l i sade  p a r e n c h y m a  and co n s i s t s  ol e lo n g a te d  ce l ls ,  t igh t ly  a r r a n g e d  

in vert ical m a n n e r  In this layer  c o n ta in s  most  ol the c h lo r o p h y l l ,  c a r o t c n o id s .  a n th o c y a n i n s  

w hich  are re sp o n s ib le  for the a b so rp t io n  o f  light. B e c a u s e  ol those  p ig m e n t s ,  m o s t  o f  the 

vis ible  e le c t ro m a g n e t ic  ene rgy  is a b so rb e d ,  e spec ia l ly  in the b lue  and  red reg io n .  A b s o r p t io n  

in the green  region  is s l igh t ly  w e a k e r ,  w h ich  is w h y  v e g e ta t io n  a p p e a r s  g r e e n  to o u r  eyes .  A s  

a resul t ,  very light e n e rg y  e s c a p e s  the p a l i sade  p a r e n c h y m a  a n d  is re f le c ted  b a c k  to w a r d s  the 

sky. NIR energy  is not a f fec ted  by these  p ig m e n t s  a n d  a lm o s t  c o m p l e t e l y  p e n e t r a t e s  the 

pa l i sade  p a re n c h y m a ,  w h e n  r each es  thc s p o n g y  p a r e n c h y m a ,  thc  p r e s e n c e  o f  a i r  s p a c e s  

c au se s  the ref lec t ion  ol the N IR  e n e rg y  in v a r io u s  d i rec t io n s .  R e m o t e  s e n s o r s  r eco rd  the  
re f lec ted  ene rgy  in the v is ib le  and  N IR  re g io n s  o f  the s p e c t ru m .



PlatcS. S p ec tra l  s i g n a t u r e  o f  h ea l th y  le a f

10. T y p e s  o f  reso lut ion

Reso lu t ion  is the capab i l i ty  o f  the s e n s o rs  to o b s e rv e  the  sm a l le s t  o b je c t  clearly w i th  

d is t inct  b o unda r ie s .  T h e re  are four  types  o f  reso lu t ion  n a m e ly  spat ia l ,  spec t ra l ,  t e m p o ra l  and  

rad iom etr ic  reso lu t ion .  The da ta  co l lec ted  bv each  sate l l i te  s e n s o r  can  be d e s c r ib e d  in t e r m s  

o f  spat ial ,  spectral  and  tem pora l  reso lu t ion .

10.1 Spatia l  reso lut ion

The spatia l  reso lu t ion  spec i f ie s  the pixel s i / e  o f  sate l l i te  im a g e s  c o v e r in g  the ear th  

surface.  It is the m e a s u re  o f  h o w  c lose ly  l ines can  be r e so lv ed  in an im age .  It d e p e n d s  on 

proper t ies  of the sy s tem  c rea t in g  the im age ,  not just the pixel  re so lu t ion  in p ix e l s  p e r  inch 

tpp i)  In r em o te  sens ing ,  spatial  r e so lu t ion  is typically l imited  by d i f f rac t ion ,  o b s e rv a t io n ,  

im perfec t  focus  and  a tm o s p h e r i c  d is tor t ion .

10.2 S p ec tra l  reso lut ion

It is ihc ab i l i ty  to re so lve  spectra l  fea tures  and  b a n d s  into the i r  s e p a ra t e  c o m p o n e n t s .  

I he spec t ra l  re so lu t ion  o f  a r e m o te  s e n s in g  sy s tem  can  be d e s c r ib e d  as its ab i l i ty  to 
d is t ingu ish  d if fe ren t  par ts  o f  the range  rtf m e a s u re d  w a v e l e n g th

10.3 T e m p o r a l  reso lut ion

It is the p rec is ion  o f  a m e a s u r e m e n t  w i th  re spec t  to t ime.  I he a b s o lu te  tem per ;

resolution o f  a remote sens ing  system to image Ihc exact sam e area at the sam e v ie w in g  ang
a second  t im e is equa l  to Ihc revisit  pe r iod  o f  the  sate l l i te  T h e  ac tua l  t e m p o r a l  r e so lu t io n  o f

senso r  d e p e n d s  on  a va r ie ty  o f  factors ,  in c lu d in g  the sa te l l i te /  s e n s o r  c a p ab i l i t i e s ,  the swat  
over lap  and  lat i tude.



D ete rm in e s  h o w  finely a sy s tem  can  rep resen t  o r  d i s t in g u ish  d i f f e ren ces  o t  in tens i ty .  

U sual ly  it is ex p re s sed  as a n u m b e r  o f  levels  o r  a n u m b e r  o t  bits. In p rac t ice  the  e f t e c t i \ e  

rad iom etr ic  reso lu t ion  is typ ica l ly  l imited  by the noise  level,  r a the r  than  by  the  n u m b e r  o f  bits 

o f  represen ta t ion .
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Plate  0. T y p e s  o f  reso lut ion

S e S S f N

I I. Inrlian rem o te  se n s in g  satel l i tes

Satel li te  rem o te  sens ing  invo lves  g a th e r in g  i n h u m a t i o n  abou t  the  e a r t h ' s  s u r ln o

us ing  satell i te  o rb i t ing  a ro u n d  the ear th  Data co l lec ted  In the sa te l l i tes  are then  i ransm it tc i

to g round  s ta t ions  w h e re  im ages  ol e a r t h ' s  su r lace  are reco n s t i tu te d  to ob ta in  the require!

in format ion ,  f r o m  the Indian rem o te  s en s in g  satell i tes ,  da ta  is a v a i lab le  m a varietv ol spal ia

r e s o lu t io n .K A I .P A N A - I  is Ihc first m e te o ro lo g ic a l  sa te l l i te  built  In I S R ( )  I N S \ I  - l \  i

m u l t ipu rpose  satel l i te  for c o m m u n ic a t io n ,  b ro a d c a s t in g  and  m e te o r o lo g ic a l  s e rv ice s  a lom

with K A I .P A N A - I  r A R f O S A  I series .  Rl S O H R (  I SA 1-2. II S ( l e c l m o l o g y  I x p e r .m e n

Satel li te) and IM S (l o w  cost M ic rosa le l l i tc  Im a g in g  M is s io n )  a re  ea r th  o b s e r v a t i o n  satel l i tes

M F / d f A - T R O P l D l  )] is a m e te o ro lo g ic a l  satell i te  w h ic h  g ive  in f o rm a t io n s  ab o u t  w a te r  cveli

in the tropical  a tm o s p h e re .  (H I A N S A  1-2 g a th e r s  d a ta  lor o c c o g rn p h ic .  coasted am 
a tm o sp h e r ic  app l ica t ions .
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I 2. G loba l  Pos i t ion ing  S y s te m  (G P S )

Space  based  nav iga t ion  sys tem  that p ro v id es  locat ion  and  t im e  in fo rm a t io n  in ; 

w ea th e r  cond i t ions  any w here  on earth.  Sate l l i te  ba sed  G P S  p ro v id e  in fo rm a t io n  ab o u t  the 

lati tude, longi tude  and height  in fo rm at ion .  G P S  rece iv e r  m o n i to r s  m u l t ip le  sa te l l i te s  a n d  

so lves  equa t ions  to d e te rm in e  the exact  pos i t ion  ol r ece ive r  and  its d e v ia t io n  from true  t ime.

I 1. G cog  rap hie In fo rm a t io n  S y s t e m  ( G I S )

G eo g ra p h ic  In fo rm at ion  Sys tem  is any sy s tem  d e s ig n e d  to cap tu re ,  s tore ,  m a n ip u la t e ,  

ana lyze ,  m a n a g e  and present  all types  ol spat ia l  o r  g e o g r a p h i c  d a ta .G IS  is a c o m p u t e r  b a se d  

tool I»>r m a p p in g  and  a n a ly z in g  feature  e v en ts  on ear th  su r face .  It in teg ra te s  c o m m o n  

da tabase  o p e ra t io n . ,  aicli que ry  and s tatis tical ana ly s i s  w ith  m aps .  ( d S  can  show d if fe ren t  

k inds o |  data  on one  m a p  sik h as street,  bu i ld ing  and  v e g e ta t io n  I his e n a b le s  p e o p le  to m o r e  
easi ly see. ana lyse  and u n d e rs tan d  pa t te rns  and  re la t ionsh ips .

I3 . l  S o f tw a r e  r e q u ir e m e n ts  in G IS

I he so f tw are  part ol  G IS  in< ludes  the p r o g r a m s  and  the u se r  in te r lace  for d r iv in g  the 

h a rdw are  S o f tw a re  inc ludes  not just core  G IS  m o d u le s  but a lso  v a r io u s  da ta  d r a w in g ,  

m an ipu la t ion ,  s ta t is tical,  ana lys is ,  d ra w in g ,  v isua l iza t ion ,  in teg ra t ion ,  im a g in g ,  d a ta b a s e  and  
o ther  so f tw are  requ i red  for the cap tu re ,  d i sp lay  and  a n a ly s i s  ol data

I VI I. F .RDAS I M A G I N E

II is a raster  based  soil  w are  p a c k a g e  d e s ig n e d  s p e c i f i c a l l y  to ex t rac t  in fo rm a t io n  from 
imagery.



13.1.2. A R C G I S
It is a geo g rap h ic  in fo rm a t ion  s y s te m  for w o r k i n g  w i th  m a p s  a n d  g e o g ra p h ic  

in format ion .  It is u sed  for c rea t ing  m a p s ,  c o m p i l in g  g e o g ra p h ic  data.

14. A p p l ica t io n s  o f  r e m o te  s e n s in g  in a g r icu l tu re

A gricu l tu re  p lays  a d o m in a n t  role  in e c o n o m i c s  o f  bo th  d e v e lo p e d  and  u n d e v e l o p e d  

countr ies .  R e m o te  se n s in g  sy s te m s  have  the capab i l i ty  o f  p ro v id in g  regu lar ,  sy n o p t ic ,  m u l t i 

tem pora l  and  mul t i - spec t ra l  co v e rag e  o f  the country .

14.1 R e m o te  se n s in g  a p p l ic a t io n s  in vege ta t ion

R e m o te  sens ing  is used  in c rop  iden t i f ica t ion ,  c ro p  c o n d i t io n  a s s e s s m e n t ,  c ro p  

m on i to r ing ,  d a m a g e  a s ses sm en t ,  c rop  area  e s t im a t io n ,  c ro p  g r o w th  m e a s u r e m e n t ,  y ie ld  

predic t ion .  In o rd e r  to ident ify  a pa r t icu la r  c rop  w e  need  lo fam i l ia r  w i th  its g r o w th  cy c le  and  

also know how the c rops  ref lect  N IR  at each  o f  the i r  v a r io u s  g ro w th  s tages .  C r o p  c o n d i t io n  

a s s e s sm en t  in the ear ly  g r o w in g  s tage  is essen t ia l  for c ro p  m o n i to r in g  and  c ro p  y ie ld  

pred ic t ion .  A n o rm a l ize d  d i f fe rence  v ege ta t ion  index b ased  m e th o d  is e m p l o y e d  to e v a lu a te  

c rop  cond i t ion .

14.1.1 D a m a g e  asse s sm en t

\  plant b e c o m e s  s t ressed  w h en  a n \  biot ic  o r  ab io t ic  factor  a d v e r s e ly  a f fec t s  g r o w th  

and d e v e lo p m en t .  R em o te  s e n s in g  is a m e a n s  of d e le c t in g  and  a s s e s s in g  c h a n g e s  in p lant  

canop ies  C h a n g e s  in spectra l  s ig n a tu re  due  to d e f i c ie n c ie s  o f  nu tr ien ts  and  d a m a g e s  b \  

pa thogens ,  pest and  d iseases ,  e n v i r o n m e n ta l  factors ,  r e d u c e d  a m o u n t  o f  photosv n the l ie  

p ig m en ts  c au se s  an increase  in red and  blue  re f lec tance  and  of ten  a f fec t s  the vcl low reg ion .* t—

Defect ion of c rop  stress  is one  o f  the m a jo r  a p p l ica t io n s  o f  In  per  spec t ra l  r e m o te  s e n s in g  in 
agr icul ture .

Plate I I. R e f le c ta n c e  sp ec tra  o f  c o t to n  plant
11



This  g rap h  s h o w s  the m e a n  re f lec tance  spec t ra  o f  p lan ts  w i th  d i f fe ren t  leve ls  o f  l e a f  h o p p e r  

infestat ion.  T h e  sa m p le d  p lan ts  w ere  g ra d e d  into five levels  o f  in fes ta t ion  s ta r t ing  f rom  

G ra d e  0 (hea l thy  plant),  and  G ra d e  l ( l o w  infes ta t ion)  to  G r a d e  4 ( s e v e r e  d a m a g e ) .  

Ref lec tance  spec t ra  b e tw een  hea l thy  and  l e a f  h o p p e r  in fes ted  p lan ts  s h o w e d  s ign i f ican t  

dec rease  in b lue  and  red reg ion  and  inc reased  re f lec tance  spec t ra  in N I R  reg io n  ( P r a b h a k a r  ct 
al.. 2011) .  E ven  th o u g h  the p lan ts  s h o w  re f lec tance  in d i f fe ren t  w a v e l e n g th  reg ion ,  the  

sever i ty  o f  l e a f  h o p p e r  infes ta t ion  is c lear ly  d is t in g u ish ed  in N I R  reg ion .

14.2 R e m o t e  s e n s in g  a p p l ic a t io n s  in land use and  land c o v e r

L and  su i tab i l i ty  ana lys is  can  help  to fo rm u la te  the s t ra teg ies  for  im p r o v e m e n t  in 

agricul tura l  p roduc t iv i ty .  G IS  based  m ul t i -  cr i ter ion  dec is ion  m a k i n g  u s in g  IRS P6 L I S S - I V  

data  set w as  used  to ana ly ze  land su i tab i l i ty  for ag r icu l tu re  in hil ly z o n e  ( Z o le k a r  and  V i jay ,  

2015) .  For  this s tudy  they  se lec ted  spat ial  in fo rm a t io n  r e g a rd in g  12 c r i te r io n s  l ike s lope ,  

L U L C ,  depth ,  tex ture ,  m ois tu re ,  o rgan ic  ca rbon ,  m a x i m u m  w a t e r  h o ld in g  cap ac i ty ,  p l l ,  

N . P . k ,  soil e ros ion .  For  o b ta in in g  data  reg a rd in g  o rg an ic  c a rb o n ,  m a x i m u m  w a t e r  h o ld in g  

capac i ty ,  pH .  N ,  P, K soil s am p le s  w ere  co l lec ted  from the se lec ted  si tes and  a n a ly z e d  in 

laboratory, to de tec t  physica l  and  c h em ica l  p rope r t ie s  o f  soi l .  G IS  s o f tw a r e  A R C  10 a n d  

L R D A S  9.2 w ere  used for p ro cess in g  the rem o te ly  se n sed  da ta  and  field m a p s .  T h e  e x p e r t s  

op in ion  and  corre la t ion  ana lys is  w ere  used  to dec ide  the ranks  o f  in f lu e n c in g  c r i te r ion  w h e r e  

as pair  w ise  c o m p a r i s o n  matr ix  is used  to d e te rm in e  the w e ig h t s  (P la te  .12).

All them at ic  layers  w ere  in tegra ted  with  each  o th e r  in G IS  a c c o r d in g  to the i r  rank  

using w e ig h ed  over lay  ana lys is  and  land suitabili ty for ag r icu l tu re  h a v e  b e e n  e x t r a c te d  

(Plate.  I 3). A b o u t  I 7 %  o f  area is c lass i f ied  in the c lass  ‘'h igh ly  su i ta b le ” . 2 9 %  I 12.372 ha)  in 

"m o d e ra te ly  su i ta b le ” , 10% (0514  ha) in " m a rg in a l ly  s u i t a b l e ” . 3 8 %  ( I 5 . 7 9 S  ha) in " n o t  
su i tab le  for ag r icu l tu re  ( I able  2).

Topomap
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Plate 12. Schem atic  preparation o f  image processing anil land suitability analysis
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Weighed overlay analysis

□  H ig h ly  s u i ta b le  ■  M o d e r a t e l y  s u ita b le
□  M a r g i n , i l l y  s u i t a b l e  H  N o t  s u i t a b l e  

( 1 W a te r  b o d ie s

Plate  13. W e ig h e d  o v e r la y  a n a ly s i s  

T a b le  .2. L and  su i tab i l i ty  c lasses

C ateco p ,Cw *

A rea

Sui tab i l i ty  l e \ e l1 la %

Highlv sui tableL— w 7320 17 A g r icu l tu reV*.

M odera te ly  su i tab le 12,372 20 A ra b le  f a rm in g

M arg ina l ly  su i tab le 05 14 10 1 e r race  c u l t i \ a t i o n

Not sui table 1 5 .708 18 Not for a g r ic u l tu r e

14.3 R em o te  s e n s in g  a p p l ica t io n  in im p act  a s s e s s m e n t  trop ica l  c y c lo n e

f ropicnl  c y c lo n e  is a rap id ly  ro ta t ing  s to rm  s y s t e m  c h a ra c te r i z e d  by  a lo w  press t i r  

centre ,  s t rong  w in d s  and  a spira l  a r r a n g e m e n t  of t h u n d e r s to r m s  that p r o d u c e  ra in  R c m o t  

sens ing  da ta  from U ni ted  S ta tes  G e o lo g ic a l  S u rv e y  ( U S U S )  w e b s i t e  w a s  d o w n l o a d e d .  I Ii 

U S G S  satell i te  L A N D S A T  8 o f  mul t i  spec t ra l  s c a n n e r  w a s  s e lec ted  lo r  Ibis s tu d y  for lb 

bet ier  ident if ica t ion  o f  se t t lem en t ,  v e g e ta t io n  and  w a te r  b o d ie s  ( V iv c k  nnd K u m a r .  2015  

(Pla te  18). Im ages  o f  4 lh O c to b e r  2 0 1 4 ,  2 0 th O c t o b e r  2014  a n d  7!h D e c e m b e r  2 0 1 4  w e r  

o b ta ined  f rom L A N D S A I  8 ( fab lc3 ) .  ( lass i f ica t ion  m a p  h a s  b een  p re p a re d  for  s h o w i n g  th



pre -even t  and  pos t  even t  cond i t ion  o f  that a rea  (P la te  19). T h e  c h a n g e s  wil l  be  iden t i f ied  by  

ca lcu la t ing  die a rea  in km" (T ab le  4).

T h e  resu l ts  sh o w ed ,  tw o  w e e k  a f te r  c y c lo n e  p a s s in g  o v e r  the reg io n  s h o w e d  an 

increase  in sparse  vege ta t ion  and  dec rea se  in den se  vege ta t ion .  T h i s  is d u e  to t rees  u p ro o t in g .  

D ur ing  the cy c lo n e  trees  are  m o s t ly  a ffec ted .  T h e  w a t e r  level is a lso  inc reased  d u e  to the  

heavy rainfall .  R ise  in the a rea  o f  se t t l em en t  is due  to deb r i s  o r  r a w  m a te r ia l s  f rom  the  

bu i ld ings  (T ab le  4).

T a b le  3. D eta i l s  o f  sa te l l i te  d a ta

Im age S o u rce D eta i ls

L A N D S  A T  8 ( 4 lhO c t .2 0 1 4 )

United  S ta les  G eo lo g ic a l  S u rv e y  ( U S G S )

Spat ia l

re so lu t ion :

3 0 m

L A N D S  A T  8 ( 2 0 th O c t .2014)

L A N D S  A T  8 ( 7 lh D cc .2014 )

t r - p - i r *  a s w j T . m *  

LAftrftAT H

Plate  14. Mow chart  n f  met l io d o lo g \

4 O c t  2014

Sparse vegetation ■  Dense vegetation ■Se t t lement  I I W a te r



C lass  n a m e A re a  k m “

4 th Oct .  2 0 1 4 2 0 tf1 O c t .2 0 1 4 r  D ec .  2 0 1 4

Sparse  vege ta t ion 275.01 362.31 3 8 5 .5 4

D ense  vege ta t ion 126.43 41.83 3 9 .5 9

S e t t lem en t 132.22 147.39 90 .35

W a te r 174.27 182.29 180.58

14.3.2. D r o u g h t  a s s e s s m e n t

The  o c c u r re n c e  o f  d rough t  is m a in ly  a c l im a t ic  p h e n o m e n o n  w h ic h  c a n n o t  be 

e l im ina ted .  A s tudy w a s  c o n d u c ted  by D ut ta  et al., 2013  for the a s s e s s m e n t  o f  ag r icu l tu ra l  

d ro u g h t  in Ra jas than  us ing  rem o te  se n s in g  de r ived  v e g e ta t io n  c o n d i t io n  index  (V C I) .  In this  

s tudy  N O A A - A V H R R  N D V I  da ta  w e re  used  for m o n i to r in g  ag r icu l tu ra l  d ro u g h t  th r o u g h  

N D V I  based  VCI.  Plate.  16 il lus trates the vege ta t ion  c o n d i t io n  index  for d i f fe ren t  fo r tn igh ts  

o f  k h a r i f  c ro p s  for the yea r  2002  and  2003 .  It w as  found that  s ev e re  d r o u g h t  c o n d i t io n  

prevai led  du r ing  k h a r i f  season  o f  the y e a r  2002  o v e r  a I a rue area  o f  R a jas than .

:oo : j u i p -

/ •

:003  J u i r
Index

| normal

] Drougnt
| Drought

Jul 2s-'

Aug 111

i H  - \

Aug 1 '■

Sep 1 Sep 2 s-

' i A k  a

Aug 2s4

/ ■>.vy  j
m • -i v

Sep 11 Sep 2s-



R e m o te  sens ing  is the m e a s u r e m e n t  o f  ob jec t  p rope r t ie s  o n  E a r t h ' s  s u r f a c e  u s ing  da ta  
acquired  from aircraf t  and  satell i tes .  It a t t em p ts  to m e a s u re  s o m e t h i n g  at a d i s tance ,  ra th e r  
than in situ. and .  for this r e s e a r c h ' s  pu rposes ,  d i sp lay s  those  m e a s u r e m e n t s  o x e r  a tw o-  
d im ens iona l  spat ial  grid.  i.e. im ages .  R e m o te - s e n s in g  sy s te m s ,  p a r t i c u la r ly  those  d e p lo y e d  on 
satell ites,  p rov ide  a  repe t i t ixe  and  cons is ten t  viexv o f  Ear th  fac i l i ta t ing  the  ab i l i ty  to m o n i to r  
the earth sv s te m  and  the e f fec ts  o f  h u m a n  ac t iv i t ies  on  Earth .  Sa te l l i te  r e m o te  s e n s in g  
techniques  are  be ing  o p e ra t io n a l ly  used to p ro v id e  intra seaso n a l  i n f o rm a t io n  on  the spat ia l  
d is t r ibut ion o f  c rops  at d i f fe ren t  levels.  A n a ly s i s  o f  sa te l l i te  da ta  for c ro p s  a lo n g  xvith the  

informat ion  on o th e r  natural  r e sou rces  p ro v id es  v a lu ab le  in f o rm a t io n  to w a r d s  su s ta in ab le  

agriculture.  W hen  ut i l iz ing  sate l l i te  im ag es  to assess  m o s t  ty p es  o f  land c o x e r  c h a n g e ,  

primarily those  invo lv ing  c h a n g e  in xege ta t ion  c o v e ra g e ,  v a r ia t io n s  in c l im a te  m us t  be 
considered .  For  be t te r  con tro l  and  a c c u ra c y  in these  a n a ly se s ,  c o m p a r i n g  im a g e s  a c q u i r ed  
dur inu  the s a m e  m o n th  or  sea so n  is adv isab le .



1. H o w  rem ote  s en s in g  is used  for de tec t ing  p lan t  d i s e a se s?

The  p re se n c e  o f  d iseases  or  insects  feed ing  on  p lan ts  o r  c a n o p y  su r face  c a u se s  
chan g es  in p ig m en t ,  c h e m ic a l  concen t ra t ions ,  cell  s t ruc tu re ,  nu tr ien t ,  w a t e r  u p ta k e  and  
gas ex change .  T h e s e  c h a n g e s  resul t  in d i f fe re n c e s  in c o lo r  a n d  t e m p e r a tu r e  o f  the 
canopy ,  and  a f fec t  c a n o p y  re f lec tance  cha rac te r i s t ic s ,  w h ic h  can  be d e tec tab le  by 

rem ote  sens ing .

2. Flow rem o te  se n s in g  is used  for de tec t ing  e a r th q u a k e s ?

E a r th q u a k e s  are  hard  to predict.  But  r e m o te  s e n s in g  co u ld  im p r o v e  fo recas ts  
us ing S vn the t ic  A p e r tu re  Radar.  Th is  te ch n iq u e  c o m b i n e s  tw o  o r  m o r e  sequen t ia l  
radar  im a g e s  to m e a s u re  a ro u n d  m o t io n  b e tw e e n  th e m  v e rv  a c c u ra te ly  on  the sca le  o f

W  C T  «r  m

a few ce n t im e t re s  o r  ev en  mil l imetres .

3. W hat  is agr icu l tura l  d r o u g h t?

W h e n  there  is insuff ic ien t  soil m o is tu re  to m ee t  the n e e d s  o f  a p a r t icu la r  c ro p  
at a pa r t icu la r  t ime.
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A b strac t

R em o te  se n s in g  is the sc ience  o f  a c q u i r in g  in fo rm a t io n  a b o u t  the ear th 's  su r face  

w i thou t  actually be ing  in con tac t  w ith  il. This is d o n e  by s e n s in g  and  r e c o rd in g  re f lec ted  o r  

emit ted  cnem v  and p rocess ing .  ana lyz ing .  and  ap p ly in g  that in fo rm a t io n .  In r e m o te  sens ing ,  

the process  i n v o k e s  in te rac t ion  b e tw een  inc ident  rad ia t ion  and  the ta rge ts  ol in terest .

Ident i f ica t ion o f  c rops  and d i sc r im in a t io n  from o th e r  c ro p s  is a pr imary  s tep  for 

s tudies about  c rop  cond i t ion ,  m o n i to r in g  o f  c rop  g ro w th  and  c ro p  d i se a se  ana lvs is .  I ach c ro p  

has its o w n  un ique  a rch i tec tu re ,  g ro w in g  period  e n ab le s  its d i s c r im in a t io n  from o th e r  c ro p s  

through rem ote  sens ing  da ta  ( ( i o s w a m i  cl nl.. 2(112). In fo rm a t io n  on  c ro p  area  k  the 

backbone  ol agr icu l tura l  s tatis tical sys tem.  Rel iab le  and  timely in fo rm a t io n  on  c ro p  area  can  

he obta ined  hv rem o te  sens ing .  I his in fo rm a t ion  is ol great  im p o r t a n c e  to p la n n e r s  and  policy 

m akers  lor tak ing  im por tan t  d e c i s io n s  with  respect  to p r o c u r e m e n t ,  s to rage ,  publ ic  

d is tr ibution ,  expor t ,  and  o th e r  re la ted  issues.

Detec t ion ol c ro p  s t ress  is one  ol the a p p l ica t io n s  ol hvpcrspec l r . i l  r e m o te  se n s in g  in 

agr icul ture  l l ' r a b h a k a r  cl nl.. 201 I ) I k e  ol r em o te  sens ing  t e c h n iq u e  lor  d e tec t io n  ol c ro p  

stress due  to pests  and  d i s ea se s  is based  on the a s s u m p t io n  that s t re s ses  in d u ced  bv them  

interfere with p h o to s y n th e s i s  and  physica l  s t ruc tu re  <d I lie plant and  a i l e d  a b s o rp t io n  ol light 

energy  and thus a l ter  the re f lec tance  sp ec t ru m  ol plants.

I .and is a s tab le  part ol the e a r t h ' s  sur face .  I a n d  sui tabi l i ty  a n a lv s i s  can  he lp  to

formulate  the s t ra teg ics  for im p ro v e m e n t  in ag r icu l tu ra l  p ro d u c t iv i ty .  G e o g r a p h i c  In fo rm a t io n

System (G IS)  based  m u l t i -c r i te r io n  dec is ion  m a k in g  a p p r o a c h  u s in g  IRS 1*0 I ISS- IY  sate l l i te

dataset w as  used to a n a ly z e  land suitabil i ty  for ag r icu l tu re  in hillv z o n e s  ( / o l e k a t  and  Bhagal .  
2015).

l h e  natural c a la m i t i e s  such  as  d ro u g h t  and  f loods,  c y c lo n e s  and  lan d s l id e s  cli can 

c l lcc l ivcly  be m o n i to red  us ing  lhc r em o te  s e n s in g  data.  D ro u g h t  m o n i t o r i n g  th ro u g h  satell i te  

based in fo rm at ion  has  b e e n  p o p u la r ly  a c c e p te d  in recen t  y e a r s  lor its low cos t ,  sv n o p l ic  v iew ,  

repetit ion o f  da ta  a c q u is i t io n  and  re l iabi l i ty  ( I )u t ta  c l n l ., 2 0 1 5 )  R e m o t e  s e n s in g  and  G IS  tire 

essential  c o m p o n e n t s  o f  the e n v i r o n m e n ta l  impact  a s s e s s m e n t  p rocess .  R e m o te  s en s in g
19



m ethods  and  g ro u n d  based  spectra l  m e a s u re m e n t s  can  g rea t ly  s im p l i fy  the m o n i to r in g  of c rop  
dev e lo p m en t  and  m a k i n g  dec is ion  to o p t im ize  inputs  on  agr icu l tu ra l  p r o d u c t io n  and  red u ce  

its harmful  e f fec ts  on  e n v i ro n m e n t .
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Now davs scientists are cur ious  about the impact  o f  c l im ate  ch an g e  in d i l le ren t  areas.  
Agricul ture is very sensi t ive to c l imate  change.  H igher  tem pera tu re  even tua l ly  reduces  the yields 
o f  desirable crops w hi le  encourag ing  the weeds  and pest prol iferat ion .  C h an g es  in the 
precipitation pattern will cause  short run product ion failure and w hich  leads to a long run 
production decline. Despite  the technological advances  such as gene t ica l ly  m odif ied  o rgan ism s ,  
improved varieties,  irrigation sys tems etc. w ea ther  is still a key factor for agr icu l ture  product ion .  
The effect o f  c l imate  on agricul ture  relates its variabili t ies in local c l im ate  ra ther  than a global  
climate patterns. So the control or modif icat ion ol the c l imate  is onlv poss ib le  at the 

microclimate  level.

2. C l im a te

Climate  is a long term regime o f  w ea ther  variable  such as rainfall ,  lu imiditv.  tempera ture ,  
wind etc. Based on the horizontal,  vertical and time scale basis the c l im a te  can be ca tegor ized  

into maroclimate .  mesocl imate .  m icroc l im ate  (Rao, 2003).

f a b l e  I. Sca les  o f  c l im a te

Tv pe o f  c l im a te H o r iz o n ta l
(k m )

scale V er t ica l
(k m )

sca le  l im e  sca le

Macri iclimate
■ — •

500 5000 10
*

-1 to 1 0 dav s
•

Mesocl imate 1 100 1 10 ’ 1 10 his

Microclimate ' ' 100 m 200 m
. - - H

o 1 min

Macrocl imate is the clndv ol p in  sica process  nl a tm o sp h e re  foi a lareei area
compared lo the o thers  and that of m esoc l im alc  which lies be tw een  m.icio  and m u l o c l i m a l e  

Microclimate  is the study of a tm ospher ic  process  over  a small  area as c o m p a r e d  to the o ther

3. Microcl imate

Microcl imate  is thc a tm ospher ic  p h en o m en a  and phvsical  p rocesses  tak ing  place over  
limited region o f  the surface  o f  the earth in the lowest layer ol the a tm o sp h e re  ( \ l a v i .  loop) .



T roposphere  is regarded  as the lowest layer o f  a tm osphe re  and w h ich  is neares t  to the 
earth surface and has more  or less uniform decrease  o f  tem pera tu re  with increase  in height .  It has  
got two layers the upper  free a tm osphere  and the low'er, planetar) '  boundary  layer. W ith in  the 
planetary boundary  layer the microcl imate  develops .  Planetary  boundary  layer  is also k n o w n  as 
the a tm ospher ic  boundary  layer, the s t ructure o f  planetary' boundary  layer  var ies  with  the 
seasons, weather  condit ions and time o f  a day. Based on the t ime ol a day  the s t ruc ture  ol 
a tm osphere  varies (Pic. 1). The  surface layer is the lowest  layer  oi planetary' boundary'  layer  and 
by the beg inning  o f  the day the short w ave radiation will heats  the soil surface and it will leads to 
the convect ive  air motion this convect ive  air mot ion  will en cou rages  the d e v e lo p m e n t  ot 
turbulent mixing. Turbulen t  mixing  is the mix ing  o f  w a rm e r  and cooler  air. T h e  process  cal led 
turbulent mix ing  will creates the mixed layer and which  persis t  up to the sunset.  A f te r  the sunset  
this mixed layer will col lapses  and which forms the stable boundary  layer and  w h ich  is capped  
by a residual layer where  the residue o f  the convec t ive  air motion will be seen.

Plate 1. S tructure  o f  planetary bou n d ary  layer

Mixed
Layer

urface Layer

Noon Sunset

Free  A tm o sp h e re

R es idua l  Layer

Stable Boundary Layer

Surface Layer

Mixed
Layer

w Surface Layer

Midnight Sunrise Noon

5. Interactions in m icroc l im ate

I lie in teractive process  in m ic roc l im ate  var ies in clay and  night .  B e g in n in g  at the sunris 
the short wave  radiation will heats Ihc soil and plant sur faces  and  w hich  will leads to if 

m ovem ent  o r  heat from the surface  to the a tm osphe re  w hich  is k n o w n  as the sens ib le  heat flir 
I he sensible heat flux will c reates  turbulence  in the a tm o sp h e re  and w h ich  leads to n unstnbl



condition in the a tm osphere .  The  turbulence will encourages  the evapo ra t ive  loss from the 

surfaces and also it will p rom ote  the exchange  ol C O : .

Accord ing  to Wright.  1967 after the sunset  the s i tuat ion will qu ick ly  reverses  than that ol 
day time. The  soil and plant surfaces  will radiate energy  tow ards  the a tm o sp h e re  and so surfaces  
will become cooler .  So the there is tempera ture  gradient deve lops  which  is exactly oppos i te  that 
o f  the day time and is know n  as the tempera ture  inversion. I he absence  ol turbulent  m ix ing  will 
reduces the evapora t ive  loss and also reduces the ex ch an g e  o f  C O :  be tw een  the plants  and 
atmosphere  and it increase the O:  transport  associated with the respirat ion.

6. Transport  processes  in m icrocl im ate

The energy transport is primarily concerned  with radiat ion and heal t ransport .  Heat is 
transported by mainly three m echan ism s  that are conduct ion ,  convec t ion  and radiation.

Conduct ion  is the transport o f  heat through the materia l  from a region o f  h igher  
temperature to region o f  lower temperature ,  and that o f  convec t ion  is the t ransfe r  ot heal through 
the m ovem ent  o f  particle. Radiat ion is the direct transfer o f  heal without  the aid o f  any material  

medium.

M and m o m en tu m  transport is associa ted with the transfer  o f  ( < K  w ater  vapor  and 
other gases. Mass is transported lay diffusion and m o m e n tu m  is t ransported  bv shear ing  stress 
which i> produced due to the presence ol wind in the a tm osphere .

7. I m p o r t a n c e  o f  m ic r o c l i m a t e

lhe  microc l imate  is the lowest layer o f  a tm osphe re  and many ol i t s  character is t ic  
property de l ines  the presence  ol life on earth.  I lie m ic roc l im ate  is the region w here  the 
turbulence is present and which helps the exchange  o f  different  gases  and also the transfer  o f  
energy, radiation and transport ol water  vapor.

Microcl imate  is the region where  the water  or hydrologica l  cve le  present I Ins is the 
important cycle lor l iving beings.

8. Modif ication o f  m icroc l im ate

lh c  microc l imate  modif ica t ion  can be achieved In three w av s  In c o n l to l l in "  the heat* » • i

load, control l ing lhe wate r  ba lance  and contro l l ing  the turbulence  or w iml \ elocily (Lowry. 2000).

8.1. Control o f  licat load

According to Perry. 201 I contro l l ing  the heat load m ean s  the heat encrgv w hich  is r e q u i r e d

to add to a system for main ta in  lhc tem pera tu re  at an accep tab le  range. I his can be ach ieved  bv 
different ways  such as.



a) Heat evasion
b) Heat trapping
c) Retardation o f  sensible  and latent heat (lux
d) Protection from frost dam age

8.1.1. Heat evasion

In manv areas in tropic and subtropics ,  heal load on so m e  ol the plants  is above  the 
tolerance limit. In such cases  it is desirable  to evade the thermal cnergv in o rder  to ach ieve  good 
results. Shading o f  plants is a c o m m o n  method ol evad ing  solar  radiation. A n u m b e r  ol shade  
structures are used and these are opaque.  I he shade  can be Irom w ood  or  libre. Its beneficial  
effects are that it keeps the tempera ture  low and retards evapolransp ira t ion .  I he materia l  acts as a 
thermostat and can he applied  or rem oved  as required.

\  studv w a s  conducted  bv I ouis  in 2000 in Kerala  Agricul tura l  I 'n ive rs i lv .  w here  the 

effect o f  shade levels on growth and vield o f  three different variet ies have  been com pared .  
Different shade levels such as 25%. 50%. 75%  and a control was m ain ta ined .  I he var ia t ion on 
leaf  temperature  was also com pared  ( I able 2.) as com pared  to the control  the leal tem pera tu re  
was reduced

T a b le  2. P. f feet o f  s h a d e  levels on lea f  t e m p e r a t u r e  o f  t u r m e r i c  va r i e t i e s

Treatm ents  I .eaf  tem p eratu re  ("( ' ) N1 ea n

Kanthi Allcppev Shobha ("( )

S., 18 67 •10.20 IS.70 >{K2?

S, 10 67 10.08 11.01 >0.SS

~S2 j 11.22
•

12.65 20.0 1 11 01

- ______________. 1
St 1 10.61 H 5? 11.80 1 \ 0 I

I lie yield from all the Ihree variet ies also have been ana lyzed .  the vield have been 

increased by using the shade  levels and a higher  yield w as  ob ta ined  Ibr the Unmetic  varieties 
which have been planted under  2 5 %  shade levels.



Table  3. Effect o f  shade  levels on yield o f  turm eric  var ie t ies

Shade Yield (t ha'1 ) M ean

levels k an th i Alleppey S hobha (t ha'1 )

So 26.22 25.64 20 .39 24.08

s, 3 1.46 31.18 27.38 30 .00

S: | 26.84 28.95 20.75 25.51

S, | 26.66 26.62 20.06 24.45

S .1.2. Heat trapping

It is opposi te  o f  heat evasion,  and which is extremely henel le ia l  in tem pera te  c l imates  
where the c row ing  period is comparat ive!}  short. I leal t rapp ing  can he ach ieved  hv taking into 
account the angle o f  solar radiation relative to plants.  Bv p roper  p lacem ent  o f  the c rop  canopv .  
the flow o f  solar radiation and tempera ture  can he increased. I leal t rapp ing  is acco m p l ish ed  hv 
planting the trees on steep sunny slopes and erecting alternate  low stone w a l l s .  I hesc stone w a l k  

reflect the light back towards  the lower port ions and shaded sides o f  trees, \d d i t io n a l lv .  the 

thermal capacity ol the wall material  vvill increases the local source  ol heat hv niehl I his tvpe o f  
heat trapping is pract iced in cool temperate  areas where the s u m m e r  tem pera tu res  are not Inch.

Experiments  have been proved that heal can also he trapped hv e m p lo v in e  an intermittent 
space covering practice, l l ie soil be tween  plant rows is covered  with plastic sheets.  1 hese  sheets  
rellect the Imht to the lower sect ion ol the c a n o p v . \ n  addit ional  bene  lit ol ibis dev ice is that it 
directs rainfall towards  the plants and reduces  evapora t ive  l o s s  from the s o i l

Another method  ol heat t rapping is cult ivat ion ol plants uiulei polv house.  In dav t ime it
a l l o w s  the  p e n e t r a t i o n  o l  s ho r l  w a v e  r a d i a t i o n  I n w a r d s  the  po lv  h o u s e  a n d  il i c s t i i c t s  the  Mow ol

long wave radiation in the night lime. Both llie o i l e d  will leads to the w a rm e d  condi t ion  inside 
the poly house.



Adjustment o f  plant canopy Intermittent space covering by white plastic sheet

In Kerala Agricultural Univers i ty  a work w as  conduc ted  on tomato ,  in open  Held and 
poly house.  In that different w ea ther  variables  like air tempera ture ,  relative humidi ty ,  and  light 
intensity were com pared  in poly house  and open field.

The  w ea ther  variables such as relative humidi ty  (% ) and light intensi ty ( lux)  have  been  
less inside the poly house condit ion and that o f  air tem pera tu re  ( ° C )  have  been h ighe r  inside the 
poly house  as com pared  to the open field.

Figure I. Air tem p eratu re  in open field and poly house
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Figure 2. Relative  hum idity  in open fieid and poly house
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Figure 3. Light intensity  in open field and poly house
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Due to Ih c  microc l imate  modif icat ion the abiotic and biotic s t resses  have  been  no t iced  
less inside the poly house,  and that of open field the mosaic  inc idence  and spot ted  wilt inc idence  
is high.



Variety C rack ing  (%) M osa ic  incidence  (%) Spotted  wilt  
inc idence  (% )

Anagha ( 0 ) 1.63 26.19 36.93

Anagha (P) 0 17.19 12.51

LE 643 (O) 7.88 32.14 13.10

LE 643 CP) 3.52 28.57 12.51

8 . 1 3 .  Retardation o f  soil sensible  and latent heat flux

Meat sensit ive c rops  can be covered  with plastic enc losures  dur ing  the night.  T hese  
enclosures  retard the loss o f  heat from the sur roundings  o f  the crop. This  is an effec t ive  m easu re  
against cold damage.  This  method however ,  cannot  be used for larger plants on a m a jo r  scale.

M ulch ing  and ploughing  are the effect ive m e thods  to retard flux from soil and to save  
crops from excessive  cooling.  M ulch ing  and in troduce a sort o f  barr ier  w hich  reduces  the 
radiation Irom the soil and tends to decrease  transpiration.  I liese m u lches  used can be o f  
different, types. These  can be blanket  o f  part ic les spread over  the soil.

Plate 4. T y p es  o f  m ulches

Organic mulch Inorganic mulch

A study was conducted iri C ollege o f  I lorticulture. RAM in 2015  by barns R 
Muhammed, he used different types o f  mulches in okra lield. [l ie soil temperature was tnki 
from nine and eleven weeks alter sowing.  I he soil temperature was increased by using mulehir



and hiaher  soil tem pera ture  w as  obta ined in the held w here  the plastic m u lches  have  been used 

(Table 5).

Due to the increased soil tempera ture  the weed seed canno t  burs t  and  it canno t  germinate ,  
so bv mulching the weed  can be controlled efficiently.  In Tab le  6. the w eed  control  e f f ic iency is 
compared in all mulched field, the weed control eff ic iency have been increased  in all cases  and a 
higher efficiency to m anage  w eeds  can be obta ined with the field were  the black po ly thene  sheet 
was used.

Efficient weed m an ag em en t  will increases the yield o f  crops.  The  microc l imate  
modificat ion created bv using different  mulches  will control the w eeds  and increases  the vield of 
okra ( Table 7).

T a b le  5. Effect o f  soil t e m p e r a t u r e  on o k r a

M u lc h in g  m a t e r i a l Soil t e m p e r a t u r e  a t  10 cm d e p t h  ( (*)

9 W A S
t - — — —-- - — — —. — -_ _ --------

1 I W AS

Mango leaver .IX. 70 2.S. 00

( nconut  fronds .IX.5b 2X.cS!

fresh  weeds 17.50 2 0 . 1 >

Paddv straw *

,
10.1)0 2X X!

___
Newspaper  12 layers) 10.50 \x.xo

Black polythene sheet 10.so 2 o no

Control IK. 10 7X.7(i



M ulching  material W eed control  eff iciency (%)

30 D AS 60 D A S 90 DAS

Mango leaves 00.77 43.96 34.43

Coconut fronds 49.32 3 1.23 28.74

Fresh weeds 54.67 37.53 20.58

Paddv straw « 79.50 43.91 28.71

N ew spaper  (2 lavers) 04.21 55.98 53.40

Black polythene sheet 05.21 

Control ().()()

96.27 91.67  |

0.00 0 .00  j

T a b le  7. Effect o f  m u l c h in g  on o k r a  yield

M u k h i n "  m a te r i a l

M aneo  leaves

Coconut Ironds

fresh  weeds

Paddy straw

Newspaper  (2 layers)

Black polythene sheet

Control

Total f ru i t  \ ield 

(t ha  ')

I ().()(>

l.sS

0 \ 1

1 5.63

os



At the onset o f  frost, when  tempera ture  decreases  be low  the freezing, the aqueous  
solution which tills the intercellular spaces may turn solid. Prevent ion  o f  Irost and protect ion ol 
plants from dam ag ing  frost can be achieved through both, direct  and indirect m e thods  (Jones,  

2013).

Indirect m ethods  include choice  o f  sites, resistant cult ivars  and the use ol crop growth  
regulators and chemica ls ,  to alter flower bud formation dur ing  the frost occu r r ing  season.  Direct 
methods include screens,  heaters,  sprinklers and sanding.

8.1.4.1. Indirect m ethod s

It includes the choice  sites which means  on before  p lann ing  a c rop  or an orchard ,  the site 
should be selected depend ing  on the climatic  condit ions  prevai l ing  in that location, its s lope and 
soil characteristics.  If  the tempera ture  prevai l ing in a par t icular  locat ion is not sui table  to the c rop  
to be grown, another  location should be chosen.

Depending  on the prevai l ing climatic  condit ions ,  cul t ivars  o f  any appropr ia te  crop should  
be chosen. I or frost prone cl imates,  cold resistant varieties are the obv ions choice.

I se ol growth regulators  and chem ica ls  is done  mainly with the pu rpose  ol de lay ing  or 
advancing the most frost suscept ible  growth stages ol crops to avoid  Irost dam age .  I ihephon  is 
used to improve the winter  bud hardening  and also it delays the f lowering bv I to 2 davs.

8 . 1.4.2. Direct  m e t h o d s

It includes the use ol screens,  healers,  over  head spr inkler  irrigation and sanding.

8 . 1.4 .2 .1. S c re e n s

Screens made  ol any material  with low transmissiv its ol long w av e  radia t ion can be used 
to prevent radiation Irost. ( hcmica ls  have also been used to form sm o k e  covei  or Ion cover  ovei 
crop surfaces.  I nclosirm house  orchards  in low cost metal screen and sprinklim.'  watci on them 

was found to increase the tem pera tu re  In several degrees .  I inlet ideal condi t ion  orchard  
temperature  may he raised by I or 2 '( ( e lv lalcohol  was used to stabil ize log and  resulted in an
increase ol I to 1.5 ( (I lo lcman ct n l . 2 0 12).



Gil and cow orkers  conducted  an exper im ent  on by using thermal screens  in tom a to  fields, 
the weather  e lements  such as air temperature  and relative hum idi ty  is co m p ared  in both 
conditions.  The da> time and night t ime tempera ture  have  been increased and relative hum id i ty  
decreased  which will reduce the frost damage .

Table S. Tffeet o f  thermal screens on air tem peratu re  and relative humidity in okra field

Location T rcatmcnt T e m p e r a tu r e  (°C) Relative  h um id ity  ( % )

-

Day Night Dav
•

Night

Location 1 Without  thermal screens

----------------

17.5 10.5 00.3 o i . o

— ------------------ i

With thermal screens

» — ------ —  -----—

17.7 12.0 07.0 80.0

Location 2 Without thermal screens 10.1 11.2

> - - — - -

ON.3 0.3.0

With thermal screens 10.4 12.5 07.5 o | o

The modif ied cl imate  provided protection against  frost d a m a g e  and which  w as  lead to 
increased tom ato  yield in both the locality where  the screens  have  been used.
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8.1.4.2.2.  Heaters

Heaters  are most  effect ive on nights  with a s t rong tempera ture  inversion.  I leaters increase  
the temperature  by radiat ing energy to plants and soil. T h e y  also p rodu ce  s m o k e  which  
const i tutes a modera te  screens against  radiation loss from the ground.  I leaters fueled wi th the 
pet roleum based products  can be used to protect  orchards .  A heal ing sys tem which  is capab le  o f  

producing 3.5 to 5.5 mil l ion British I hermal  Unit (B T U )  per  acre per  hour  i f  the burn ing  is in 
periphery and that o f  2 to 3 mil l ion B i l l  per acre per hour  i f  it is in be tween  the rows.  Lliis 
would  provide protect ion by raising t empera tures  from 3 to 5" C. 1 his type o f  hea t ing  requi res  35 

to 40 healers per acre. Around  the periphery more  heaters  are required because  the a s ce nd i ng  
plumes  ol hot air allow an inflow ol cold air. I he high costs  coup led with fuel shor tages ,  air and 
noise pollution regulat ions and labour  problems,  are increas ing the interest in o ther  m e t h o d s  o f  
frost protect ion to subst i tute for heaters (Jones, 2013).

Plate 6. Heaters  for frost protect ion

Heaters in between Ihc rows I leaters in periphery



8.I.4.2.3.  Over  head spr ink ler  irrigation

Sprinkl ing the canopy  with water  provides  protect ion from cold by thc release o f  latent 
heat o f  fusion, when water  turns from liquid to ice. As  long as the mixture  ol ice and water  is 
maintained,  the t ransfer  o f  energy  to the plant  is efficient.

If  too little water  is spr inkled,  the da mage  is worse  than i f  no spr inkl ing  was  under taken.  
When ice forms.  energy is released but when evaporat ion is occurs  ene rgy  is required.  In fact as 
much as seven and ha l f  t imes more  energy is needed to evapora te  one  gram of water ,  as is 
released bv freezing. The  net result will be a lowering ol t emperature .  I he t empera ture  of the 
wetted plant under  these condi t ions ,  may reach the wet  bulb t empera tu re  which  is general!} 
lower air temperature.  Thu s  the leaves must  be spr inkled al least  once  a minu te  for successful
protection.  It is necessarv to make  sure that dis t r ibut ion of water  is excel lent ,  the irrigation
system is reliable,  the spr inklers  rotate and eject water  at each minute ,  and that enoug h  water  can 
be applied to provide protect ion.  I he ma jor  d i sadvantage  ol this me thod  is that it is difficul t  to 

regulate the system (J iang cl a / . 2014).

8. 1.4.2.4. S a n d i n g

\ d d i n g  sand in small  quant i t ies to the soil every few years  reduce  frost damage .  \  sandy 
surface warms  easilv and cools  slowly,  by radiation.  Sanding can raise the t empera tu res  o f  clay 

soil by several degrees  (Jones, 2013).

<8.2. C o n t r o l  o f  w a t e r  b a l a n c e

Below a cert.im level of water  supply crop product ion is not possible.  Kelalivelv small  

increases iri mois ture  supply may produce  a marked increase in c rop yield.  By Brun mois ture  
regimes in the soil can be improved in two ways:

a) By increasing the amount  ol water  stored in the root zone 
h) By reducini '  the losses due  to evapolranspira l ion

8.2.1. Water storage  in crop root / o n e

rlie amount  of precipi tat ion taken m by the soil depends  on inn o f f  and infil tration.  Bv 
reducing run o f f  anti increas ing infil tration the amount  watei  stored in the soil can be iik leased.

8 .2 .1 .1, Run o f f  control

Most soil conserva t ion  methods  such as strip cropping,  con tour  p lough ing ,  lei racing.  etc 

aim at reducing run off. Var ious  studies on mois ture  conse rva t ion  ol India,  on shal low loam soil 

receiving 4 0 0 m m  rainfall  annual ly ,  showed  that bl inding is increased soi l  mois tu re  content  by 50 

to 100 per cent,  l l ie protect ion provided by vegeta t ion is a lso usually a ma jo r  factor in mil o f f  

control.  Plants intercept part o f  the rainfall  and reduce  the veloci ty o f  rain drops .  I hey also slow 
down the move ment  ol water  on soil surface.



The rate o f  infil tration o f  water  into soil depends  on the soil s t ructure  and texture,  soil 
cover,  and on the durat ion and intensi ty ot rainfall.  Mulches  ot straw or  crop res idues  by 
breaking the impact  o f  the raindrops,  markedly  improve  infil tration.

The effect  o f  t i l lage me thods  on crop growth and yield are to a large degree  at t r ibutable 
to an increased soil mois ture  reservoir .  This  is achieved by crea t ing  soil condi t ions  that favour 
root growth and penetrat ion,  and improved infil tration and conse rva t ion  ol water.

The studv bv Ajith in COM in 2000.  paddy waste  taken as wa t e r  conse rv ing  material  and 
which is applies in field o f  water  melon al different  depths.  I he Mean  mois tu re  Conten t  ( M M C )  
o f  soil was ana lv /ed  before and after the irrigation.

Table  9. Effect o f  paddy waste  on M M C  o f  soil before and after  irrigation

T reatments MMC' (%) at different soil depth

O-l 5 cm 1 5-50 cm 50-60  cm

m A 1 BI Al BI \ l

M

-

7.85
______

10.56 12.25 18.59 15.22 19.6

: Mi ’ 12.58 19.01 1-1.5 20.24 15.66 22.4

M- ’ 1 1.28 17.56 1 5.59 19. | | 1 1 07 1 5

Tvi , 1115 1 6.86 1.5.7 18.65 1527 5 21.55

I he mois ture  content  in soil was  increased al ter  the irrigation which  means  the paddv 
waste as mois ture  conse rv ing  material  is improved the soil mois ture  and ult imatelv incicascs  the 
water holding c ap ac i tv .

8.2.2 .Modif ication o f  cvap o lran sp ira l ion

8 .2 .2 .1.Reducing evaporat ion  from soil

Evaporat ion from the soil can be minimized  in nu m be r  o f  wav s*

I. IK dec reas ing  turbulent  t ransfer  o f  water  vapou r  to the a tm osp he re ,  bv windbreaks ,  
mulches  etc

1$) decreas ing  capil larv cont inui ty ol the surface laser



3. Bv decreas ing capi l lary f low and the mois ture  hold ing  capaci ty  of the surface soil 

I avers
4. Bv chemical  t reatments  to control  evaporat ion.  It has been found that hexadecanol .  a 

long chain alcohol ,  mixed  with one  quarter  inch o f  the soil reduced evapora t ion  by 40 
per cent.  This  material  which is resistant  to microbial  act ivi ty r emains  effect ive lor 

more than a year.

8.2 .2.2.Modif ication o f  transpiration

Three t>pes o f  chemica l s  arc being tried to reduce t ranspirat ion from plant  canopies  and 

evaporat ion from water  bodies  (Rosenberg.  1984).
*

1. The  subs tances  which form films on leaves or water  bodies  include long chain 
alcohols  such as hexadeconol  which form mono  molec u la r  layers.  I liese are usuallv 
used on open water  bodies  and are unsat isfactory in reducing  the t ranspirat ion from 
leaves. I uvv viscosity si l icone was tested and found to reduce  the water  use by leaves 
without  any detr imental  effects on growth.

2. Stomata  clos ing mater ials  include c o m m o n  herbic ides  like a t t ra / ine .  I liese act like a 
pump affect ing the turgur o f  the s tomata  guards.  I lie anti t ranspiranl  found to be most  
successful  under  field condi t ions  is glyeoryl  h a l f  ester  o f  deceny I succcini  acid. \  12 
per cent reduct ion in water  loss was appl ied to the unders ide  ol leaves o f  broad leaf  
trees.

v lhe  third type o f  chemica l s  used lo reduce ev apot ranspi ra l ion  are cal led rel lecianis .  It 
has been es t imated that by doubl ing  the a lbedo o f  the plants,  t ranspira t ion can be 
reduced by 15 per cent.  So lar the best rcl leclanl  tried is kaolini le.  which when  
applied in a mixture  ol plant gum and surfactant  to a soya bean crop at the rale o f  
196kg per hectare produced satisfactory results

8.3.Control o f  turbulence or wind velocity

Wind is an important  weather  element  and both its direct ion and vclocilv are s inni l icanl .  
lhe  influence ol wind is both local and regional It ml lucnccs  the c o n f i r m a t i o n  and dis t r ibut ion 

o f  plants in region It ml lucnccs  planl life, both mechanic. i l ly and p in  s io log ica l lv . l h e  inllueiice 

is more p ronounced on plants on Mat lands neai the seacoasi .  and on the higher  s lopes  o f  

mountains,  l h c  wind affects  plants directly by increasing l ianspi ra l ion  and the intake ot carbon 

dioxide,  and by caus ing  several  types o f  mechanical  damage .  I ess signif icant  effects  are 

numerous including the generat ion o f  cold and heal waves ,  the m o v e m e n t  o f  c louds  and logs.w

and the changing o f  water ,  light and temperature  condi t ions  (Vei ika tarnman and Krisluian.  I l>l>2).

I Jnder normal  condi t ions ,  wind increases t ranspirat ion.  I lovvever, this increases  is only up 
to a certain point,  beyond  which ci ther  it becomes  constant  or beg ins  lo tall With increasing 

wind velocity,  ihcre is a greater  increase in cuticii lar t ranspirat ion than s tomatnl  transpirat ion.  
Wind increases turbulence  in the a tmosphere ,  thus raising the supply ol carbon  d ioxide  lo the



plants and result ing in greater  photosynthet ic  rates. However ,  the increase in photos?, nthesis  is 
again up to a certain wind speed,  beyond which its rate bec omes  constant .

When the wind  is hot.  it accelerates  the desiccat ion o f  the plants  by replac ing  humid  air 
by dry air in the intercel lular  spaces.  When a hot dry wind  b lows dur ing  the per iod when  the 
cells are expand ing and matur ing,  dwar f ing  o f  plants result.  I his is because  the cells cannot  
attain full turgidi ty in the absence  o f  opt imal  hydrat ion,  thus r emain ing  at sub no rm al  sizes.  When 
the developing shoots  co m e  under  the inf luence o f  s t rong and wind pressure  Irom a fixed 
direction, the normal  form and posi t ion o f  the shoots  are pe rmanen t ly  de fo r med .  A no th e r  sever  
injury to plants caused by s t rong wind is lodging.  The  injury is mos t  c o m m o n  in c rop such as 
maize,  wheat  and sugarcane.  St rong wind breaks the twigs and shed fruit from plants.  Further,  
crops and trees with shal low roots are often uprooted.

Crops grown on sandy soils in areas where  st rong wind prevai ls  are because  o f  abrasion.  
When the plant cover  is not thick, s t rong wind removes  the dry soil,  exp os in g  their  roots and 
then killing them.W

H.3.1 .Shelter belts

I he use ot shel ter  bells has been one ol the oldest  me thods  e m p l o v e d  bv man  for 
modifying the cl imate.  Properly oriented and designed shel ter  belts are verv effect ive in 
stabilizing agricul ture in regions where  st rong winds  causes  mechan ica l  d a m a g e  and impose  
severe moisture stress on g rowing  crops.  In cold c l imates  wind breaks  save plants  from freezing 
and mechanical  d am ag e  caused by cold winds.  W indbreaks save the loose snil from erosion:  aid 
in the uniform distr ibut ion ol snow cover:  and increase the supplv o f  mois tu re  to the soil in 
spring.

Various tall crops  such as sorghum,  corn,  sunf lower ,  wheal  and oats,  are he ine  
success fully ii .ed as temporary wind barriers to protect crops  like sugar  beet,  sova  bean,  
groundnut  and tomato ( rop yields have been positively affected bv these wind barriers in drv 
continental  cl imates.

Wind speed reduct ion is based on permeabi l i ty,  height,  densitv and shape  ol the shel teibel ts .



Plate 7. W in d  speed reduction based on shelter  belt perm eabi l i ty

Wind direction

Disluncc from shcllcrbclt measured in 
units o f slicltcrbcll height

1'hc opt imal  permeabil i ty o f  thc shel ter  bell depends  on the purpose  for which  the shel ter  
belt is erected,  l o r  equal  dist r ibut ion o f  snow shel ter  belts should  be more  porous ,  than for 
control l ing wind erosion.  N um er ou s  research studies can be cited to show that the o p t im um  
protection to crop plant is provided bv a barrier  which has permeabi l i ty o f  II) - 50 per  cent.

8.3.3. Wind speed reduction is based tin shelter  belt height

I he area protected bv a shel ter  belt increases proport ional ly w ith thc increase in the 
height o|  the barrier.  I lencc higher  trees planted in the belt, result in a greater  area protected.

Plate 8. W ind speed reduction based on shelter  belt height
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The work was conducted  bv Rosenberg  and coworkers  in Punjab in the winter  season in 
order  to protect  the maize  from the heavy wind and also for to reduce  the cold d a m a g e  and the 

shelter belts used were sugar  beets.

The  air temperature  has been increased due to the use o f  shel ter  belts and also the relative 
humidity was decreased so it will provide protect ion Irom the cold damage .

Table 10. Effect o f  shelter  belt 0 11 air tem peratu re  and relat ive hum idity

Date A i r  tern p e rn  t u r e

(°C)

Re l a t iv e  h u m i d i t y•

( % )

( )pen With shcl terbcl t ( )pen W ith shel ierhel t

Aug.  14 19.5 1 9.6 54 60

18 24.6 28.1 66 69

25 23.1 2 1.6 73 74

I Sep. 1 20.2
*

22.6 86 88

3 27.2 25.7 57 65

1 18.1 18.5 59 6 1

So the modif icat ion ol the cl imate  by shel ter  bells also given o p t i m u m  condi t ion  lo the 
plants. Il reduces the d a m a g e  due  to heavy wind Sheltei bells have  been used to provide 
protection from the cold damage.

9. A d v a n t a g e s  a n d  l i m i t a t i o n s  o f  m i c r o c l i m a t e  m o d i f i c a t io n

Microcl imate  modi f icat ion will provides sui table g rowing  cond i t ion  lot the product ion  ol 

crops.  Different  me thods  arc adopted 111 microc l imate  modi f i ca t ion  and the ul t imate  a ims  o f  all 

these methods  arc to protect  the c rops  from different  s t resses and so it p rov ides  sui table growing 
condit ions

Some o f  the me thods  o f  microc l imate  modi f icat ion will  p rov ides  protect ion Irom the
weeds,  pest and d am ag e  because  it is for enhanced  crop product ion ,  so the modi f ied  cl imate will 
restrict the biotic st resses



Another  important  advantage  is it will  provides the olT season c rops  in enti re year  

regardless o f  the cl imat ic condi t ions

There are so m e  l imitat ions also for the microcl imate  modi f i ca t ion  the first one  is il 
requires proper  m a nagem en t  in case o f  poly house  the air t empera tu re  should  be control led 
properly,  too much w arm in g  may negat ively affect the crops.  In case  o f  micro  spr inkler  
irrigation plenty o f  water  should be ensured.  Mulch ing  material  should proper ly  select  accord ing  

to the soil.

Other  l imitat ion is the cost,  many  o f  the methods  are cost ly.  I he initial cost  ol poly house 
is very high and that o f  the heaters,  the operat ional  cost  is very high because  it requires 
petroleum based products  to fuel the heaters,  fl ic initial and the opera t ional  cost  are very high 
for the micro sprinkler  irrigation.

10. S u m m a r v«*

Microcl imate  modi f icat ion is restricted only the modi l l ca l ion  in 100m o f  horizontal  scale 
and 200m o f  vertical scale.  I here different me thods  o f  microc l ima te  modi f i ca t ion  such as 
controll ing the heat load, control l ing the water  balance and control l ing the turbulence  or wind 
veloci ty .

lhe  control  o f  heat load involves the heat evading,  heat t rapping,  retardat ion o f  sensible 

and latent heat llux and prevent ion from frost dam age  and that o f  control  o f  water  ba lance  
includes increasing the water  s toraue in root zone level and reduct ion o f  water  l o s s  ihrouuh 
different ways.  I se ol shel ter  bells is the method to control  the turbulence  or w ind v c loc i lv .

11.Conclus ion

lhe  hifure t rends in agro meteorological  research are focused to bring a b reakthrough in 
the field ol artificial modi f icat ion ol plant envi ronment ,  to keep the o p t i m u m  condi t ion  foi the 
planl growth and yield So great el Idris are required to achieve  this b reakih rouuh  because  

microcl imate modif icat ion will serve as the basic tool to bring enhanced  c rop  p i o d u d i o n  in near  
future.



1. Is there any specif icat ion for the installation o f  screens

The screens can be placed according to the hemisphere .  In case  ol India whic h  is nor thern 

hemisphere  so the shade effect is in southern side so the screens  should  be placed in 

southern side in order  to achieve good radiation in the plant  canopy.

2. Is this BTU is a s tandard unit,  how it will conver t  to o ther  unit

BTU is a source  unit not a s tandard unit. One  B fU  is equal  to 1.05 kilo joule .

3. What  is mean by heal waves

Heat  wave  is a prolonged period o f  excessively hot weather ,  wh ich may be ac co mp an ied  

bv high humidi ty.  especially in oceanic  c l imate countr ies

4. How the o / o n c  layer deplet ion will effect on the plants 

I he changing c l imate  will cause  the deplet ion o f  o / o n c  layer and this is caus ing  much  

damage  on plants an imals  too. Because the o / o n c  is acts as a protect ive layer towards  the 

earth and this will absorbs  ultraviolet  radiation also so the d a m a e e  will del lmtelv caus ing  

the t ransmission o i l  (V radiat ion w it limit the absorpt ion so  which will caus ing  d a m a g e s

What is the fuel used in the heaters

( icnerally pet roleum based fuels and natural gases  also can be used as fuels in hcuici s.

6. Ilovv much percentage  ol modif icat ion in microc l imate  levels can be achieved  thromih 

this methods

A compete  or I Oft per cent  modif icat ion ol microcl ima te  cannot  be poss ible  because  there 

arc some l imitat ions like all the methods  are depend  on the p reva i l ing  wealhei  condi t ions  

so we can modi fy  about  00 to 70 per cent o f  the microc l ima te
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Abstract

level ozone concentrat ions.

( l imate change  will probably increase the risk o f  food security g l o b a l l y  Despi te  the

on agriculture is related to variat ion in local c l imate  rather than in global  c l imate  pat terns.  In t h i s  

context,  modif icat ion ol cl imat ic variables is n e c e s s a r y  and which  is poss ible  onlv at the 

microcl imate level

Microcl imate  deals  with the a tmospher i c  ph en o m en a  and physical  processes  taking place 

over  limited region ol the sm lac e ol the earth in the lowest  lav ei ol the a tm o sp h e re  I \ l a v  i. 19o p )

I he control or modi f icat ion  at the phvsical  envi ionment  pract iced can be g iouped  into three 

categories such as cont rol l ing the heal load, water  balance and wind velocilv oi a tmospher i c  

turbulence ( L o w r y  2000) .

technological  advances  such as improved varieties,  genetically modi  lied o r g a n i s m s ,  and 

irrigation systems,  weather  is still a key factor in agricultural  product ivi ty Ihe  e I'fec I o f  c l imate



srowth regulators to al ter  f lower  and bud formation.  Screens,  heaters,  ove rhead  spr inkler  

irrigation, and sanding are direct  methods  adopted.

Improvement  o f  water  balance can be obtained by increas ing the a m o u n t  o f  wate r  stored 

in the root zone and by reducing the losses due to evapot ranspi ra t ion (Brun et al.. 1985). The  

amount  o f  water  stored in the soil can be increased by reducing  thc r u n o f f  and increas ing the 

infiltration.

W ind is an important  wea ther  e lement  and both its direct ion and velocity are significant .  

It influences plant life both mechanical ly and physiological ly.  1 he use ol shel ter  belts has been 

one o f  the oldest  methods  employed  for modi fying the cl imate.  In cold c l imates  windbreaks  save 

plants from freezing and mechanical  dam age  caused by cold winds  ( Venka ta ram an  and 

Krishnan.  1992).

I he microcl imate  modi l ica t ion me thods  are serv ing as useful  tools for increas ing the crop 

product ion by providing the sui table envi ronment  lor the crops.  I he ma jo r  const raints  o f  c rop 

product ion like weeds,  pests,  and diseases  can also be managed  with this. I here fore, in the near  

future, the microcl imat ic modi l icat ion may serve as the basic tool to m a n a g e  crops.
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1. I n t r o d u c t i o n

Widespread interest in unders tanding past,  present ,  and luture c l imate  c h a n g e  and 

v ariabilit> and the response and feedbacks o f  natural and managed  ecosys tems  lias m o t i \ a t e d  the 

development  and appl icat ion o f  model s  and techniques to provide  c l imate  data at relevant  spatial 

and temporal  scales.  A weal th o f  observat ional  data is avai lable to suppor t  research over  the 

historical record and geologic records provide indirect ev idence  of c l imate  changes  in the past. 

Quanti tat ive est imates o f  paleo and future cl imate ( including a tmospher i c  ci rculat ion as well as 

surface-cl imate variables),  however ,  must  be obtained from cl imate  mode l s  that account  lor the 

interactive changes  in the global  a tmosphere  and oceans  that are dr iven by global  boundary  

condit ions,  such as a tmospher ic  t race-gas concentrat ions  and aerosols,  ear th-sun geomet ry ,  sea 

ice. sea level, and cont inental  ice sheets.

1.1. Cl imate model

In general terms, a c l im ate  model could be de l ined  as a m athem atica l  

representation o| the c l im ate  system based on phvsica l.  b io log ica l  and chem ica l  pr incip les. \s a 

consequence, c l imate  models prov ide  a solution w h ich  is discrete in space and l im e, m ean ing  

that the remits  obtained represent averages over  regions, w hose  si/e depends on model  

resolution, and lor specif ic  limes, l o r  instance, some models p rov ide  onlv g loballv  or /onallv  

averaged values w h i le  others have  a numerica l grid whose  spatial resolution cou ld  be less than 

I0 ( i km l l ie  time step cou ld  he between minutes and several years. depend ing  on the process  

Studied

1.2 Hierarchy ol cl imate models 

Energy balance models (EBM)

As indicated In their name,  energy balance mode l s  es t imate  the changes  in the 

cl imate system from an analysis  ol the energy budget  ol the I artli. In their  s imples t  form, they do 

not include, any explicit  spatial d imension,  providing only globallv ave raged  values  for the 

computed variables.  I hey are thus referred to as / e r o -d imens iona l  I I lMs,  l l ie basis  lor these 

I RMs was int roduced by both Mil/ (2001)  ami Sellers in ( 1060).



I n t e r m e d i a t e  c o m p l e x i t y  m o d e l s

Intermediate complexi ty model s  include representat ion o f  the Ear th ' s  geography ,  i.e. they 

provide more than averages  over  the whole  Earth or large boxes.  Secondly,  they include many more  

degrees o f  freedom than EBMs.  As a consequence,  the parameters  o f  E M I C s  cannot  easi ly be adjusted 

to reproduce the observed character ist ics o f  the cl imate system,  as can be done  with so m e  s impler  

models.  The level o f  approximat ion involved in the development  o f  the model  var ies w idely be tween 

different EMICs.  Some  models  use a very simple representat ion o f  the geography,  with a zonal ly 

averaged representat ion o f  the a tmosphere  and ocean.

2. G e n e r a l  c i r c u l a t i o n  m o d e l s  ( G C M s )

(_i( Ms provide the most  precise and complex descript ion o f  the c l imate  sys tem.  Currently , their  

grid resolution is ty pically o f  the order  o f  100 to 600 km. As a consequence ,  co m p ar ed  to E M IC s  (which 

have a arid resolution between 5(H) km and thousands o f  ki lometers) ,  they provide  much  more  detai led 

information o n  a regional scale. A few years ago. CiCMs only included a representat ion of the 

atmosphere,  the land surface, somet imes  the ocean circulation,  and a very s impl if ied vers ion o f  the sea 

ice. Vov.ada; s. 11( \ C  take more  and more component s  into account ,  and many new mode l s  now also 

include sophist icated models  o f  the sea ice. the carbon cycle,  ice sheet dynamic s  and even a tmospher i c  

chemi .try

( d M essentially consist  ol extensive computer  codes  based on fundamental  mathemat ica l  

equurmn.  n|  motion,  the rmodynamics  ami radiative transfer I hese equat ions  uovein  the: How ol the 

atmo pile re and oceans,  exc l r mee  ol heat between the stirlace and the a tmosphere ,  release ol latent heat 

energy by condensat ion durum cloud and precipitat ion formation,  absorpt ion ol sunshine  and emiss ion 

ol thermal radiation, I he earth s a tmosphere  and oceans are represented bv a three d imensional  mid* c

givirm a three dimensional  view ol  the global a tmospher ic  and oceanic  ci rculat ion.  \s  cl imate research 

becomes increasingly relevant to industry and non-academic s takeholders ,  c l imate  research output  needs 

to become tailored to the end user



! Types M o d e l s In s t i tu t e s
Atmosphere  General  Circulat ion

I Model  ( A G C M  )
HadSM3 Hadley centre

Mad A M3 Had lev centre

Had A M3 p Hadlev centre *

Ocean General  Circulat ion Model  
! (O GC M )

1

ECMAM5-r  1 Neder land ' s  meteorologica l  insti tute

BCM Sweden ' s  meteorologica l  and hydrological  
institute

11 ad C M3 Q3 Hadlev centre

Atmosphere-  Ocean General  
Circulation Model  (AOCiCM)

CM2.1 Gl OL

CM2.4 Gl DL

Plate  I: r>pes o f  G C M s

3 .  C o m p o n e n t s  o f  G C iV Is

1. \ tn iospliere

( lavemis pari above  lhe I arl l i’s s m  laee including traces am oun t s  o f  o ther  gaseous,  liquid 

and .olid snh ' ianees .  R e a d i e r ,  radiation balance.  formation ol c louds  and precipi tat ion,  

atmospheric llow. reservoir  ol natural and anthropogenic  trace eases,  t ransport  ol heal,  water  

vapour  tracers, dust and aerosols.

2. H y d r o s p h e r e

Ml lorms o|  water above and below the I a i t h ’s surface I his includes  the whole  

ocean and the global  water  cycle alter precipitat ion has le. iched the I a r t h ’s sm face, ( i lobal  

distribution and chanties ol the inflow into the di l lercnt  ocean basins,  i ianspoi t  ot ocean water  

masses,  transport  of heat and tracers in the ocean,  exchange  id water  vapou r  and other  gases 

between ocean and a tmosphere ,  most  important  reservoir  ol ca ibon with last turnover .



3. C r y o s p h e r e

All forms o f  ice in the cl imate svstem.  including inland ice masses ,  ice shelves,  sea

ice. glaciers and permafrost .  Long-term water  reserves,  changes  ol the radiat ion balance ot  the

Earth surface, inf luence on the salinity in critical regions o f  the ocean.

4. B io sp her e

Orcanic  cover  o f  the land masses  (vegetat ion,  soil) and mar ine  organisms.  

Determines the exchange  o f  carbon between the different reservoirs ,  and hence the concent ra t ion 

o f  C 0 2  in the a tmosphere ,  as well as the balances ol mans  other  gases,  and therefore  also the 

radiation budget.  Influences the re fleet i \ its o f  thc surface,  hence  the radiat ion balance (e.g.. 

tundra different from grassland),  regulates the water  vapour  i rans lcr  so i l -a tmosphere .  and via its 

roughness,  the mo men tum exchange  between the a tmosphere  and the ground.

\  lllth component ,  which is particularly relevant  for the a ssessment  o f  future 

change^,  is often treated as a distinct part ol the cl imate system: the an th roposphere  consis t ing o f  

the processes which are caused or altered bv humans,  llie most  important  ones  are the emiss ion

o f  -.ubstanccs which alter the radiation balance,  and land use cha n c e  (deforestat ion.
*■*.

deseni l ieat ion.  degradat ion and i ranslbrmai ion into const ructed areas).  Most  ol the c l imate  

models  treat processes and (luxes ol the anthroposphere  as an external  forcing,  i.e.. the t i t  M s  

are run by prescribing a tmospher ic  concentrat ions  and emiss ions  of t () . Prescr ibed are also dust 

and sulphate emiss ions  Imm volcanoes:  for the past based on d o cum en t ed  data and paleocl imat ic  

information ol volcanic erupt ions,  lor llie future lliev may be based on the statistics o f  such 

events. \  complete  ( i( Ms contains  physical  descr ipt ions ol all l ive c o m p o n e n t s  ment ioned  

above and lakes into con udcrnlion their coupling II is pail ol the scientific work  to select an 

appropriate model  combina t ion  and complexi ty,  so that lohust  lesul ls  are produced loi a specific 

science quest ion I ncli c l imale system componen t  operates  on a lanpe  ol chaiac te i i s t ic  temporal  

and spatial scales.  I he knowledge  ol these scales is necessarv lot a c o n e c t  formulat ion o f

O f M s



3.1 Fundamental equations solved in GCMs

1. Conservation o f  energy  (the first law o f  therm odynam ics)

Input energy = increase in internal energy plus work done

2. Conservation o f  m om en tu m  (New to n ’s second law o f  motion)

Force = mass  \ accelerat ion

3. Conserv ation o f  mass

The sum o f  the gradients  o f  the product  o f  densi ty and How-speed in the three or thogonal  

directions is zero. I his must  he applied to air and moisture lor the a tmosp here  and to water  and 

salt for the oceans,  hut can also he applied to other  a tmospher ic  and oceanic  ' t racers  such as 

cloud liquid water.

4. Ideal gas law

Pressure vo lum e is proportional it' absolute temperature clensitv that describe the m ovem ent  ol 

eneruv , mom entum  and various tracers (e.g. water vapour in the a tm osphere  and salt in the 

oceans) and the conservat ion  ol mass is therefore required.

( ienera l lv  the equations are solved to g ive the mass m ovem en t  ( i.e. w ind  field or 

ocean currents) at the next time step, hut models must also inc lude processes such as c loud and 

sea ice formation and heat, moisture and s.di transport. I he first step in obta in ing  a solution is to 

ipcctlv the atmospheric and ocean ic  condit ions at a number ol 'grid  p o i n t s ' ,  obtained l\v div id ing  

the I art It’s surface into a series ol rectangles, so that a tradit ionallv  regu lar  en d  results.

( ondiltons are specif ied al each grid point lor the surface and severa l lavers  m the atm osphere  

and ocean. I he resu ltme set ol coupled non-linear equations is then so lved til each e n d  point 

using numerical techniques Va r ious  lev limques are ava ilah le .  but all use a t im e step approach.

4. S t ruc lu rc  of ( . (  Ms

• ( ons imcf ion of a f i t ' M s  is a task whose  p r i n u p l e s  are easilv unders tood but which in

practice involves mastery o f  a mul t i tude oI technical  details.

• f o r  computa t ional  representat ion,  the cont inuous  fields o f  tempera ture ,  pressure,

veloci t) .  etc. in the a tmosphere  and ocean must  he app rox im ate d  bv a finite number  o f  

discrete values.  I lie most  intuit ive approach to this discret izat ion is to d iv ide  the fluid up



into a number  o f  grid cells and approximate  the cont inuous  held by the average  value  

across the grid.

Cell or  the value at the center  o f  the grid cell. This  can approx imate ly  capture the 

behavior  o f  mot ions  at space scales much larger than the grid cell but obvious ly  omi ts  the 

infinite number  o f  values that a cont inuous  temperature  field has at different  points 

within the grid cell. For each o f  the discrete grid cells,  there would  be a single value of 

each variable (e.g. temperature) .  This  would represent ,  lor instance,  the average  value  

across the grid cell.

Any feature o f  smal ler  scale than the grid cells cannot  be expl ici t ly represented in the 

model  and m u s t  be parameter ized.

lhe  vertical coordinate  is essentially a pressure coordinate,  but modi f ied  so it fol lows the 

large-scale topography.

(irid s p j c m u  is not constant  in the vertical.  I vpicallv the boundary layer has finer vertical 

resolution

lhe  horizontal  grid is in latitude and longitude.  I lie zonal  length o f  the grid cell (in 

kilometer-.).

Fash grid cell commu nic a t es  with its neighbors.  I lie ar rows indicate t ranspor ts  (or

(luxes) ol mass,  energy.  and moisture into a part icular  grid cell.

l he  fluxes are proport ional  to d i l le rcnces  between the grid cells lor each variable:  I lie 

hudgets ol these l luxes are associated with the respect ive equat ion.  I or the velocilv 

equations,  neighbor ing grid cells al lect  each otliei via the pressure  gradient  force, since 

this depend , on the dif ference ol the pressure between a grid cell and Us neighbors .

IK considcr ini '  the balance ol lon.es.  l luxes etc on a given box.  the l ime rate o f  change  

ol wind,  temperature,  etc lor a given grid cell can be co mp uted  Ib i s  is then used lo 

calculate a new value h>i the w mil. temperature,  etc. one short t ime step ( tv pieallv ha l f  an 

hour or less) later I his is then repealed I * *r all the otliei boxes  s(> the solut ion is a\  ai lable 

everywhere  lor the next t ime step

lhe  lime integration proceeds one t ime step at a l ime until the desi red length ol

simulat ion (e.g. 100 years)  is reached (about 2 mil l ion hal f -hour  t ime steps)

lhe  equat ions  arc local in the horizontal  in the sense that I hex onlv involve a grid cell and 

its immediate  neighbors.  However ,  since el lects  are passed Irom neighbor  to neighbor .



the solut ions eventual ly involve the entire izrid. Thus  as the s imula t ion is carried lorvvard
a* ^

in time, the solution involves the whole ulobe.

All G C M s  need observ ed values for part o f  their input,  especial ly in o rde r  to speci fy the 

boundary condit ions,  and all require observat ional  data with which to compa re  their  

results. Some  variables,  such as surface pressure,  are avai lable wor ldwide  and pose only 

the problem o f  evaluat ing the accuracy o f  the observed dataset .Others ,  however ,  are 

sparse in ei ther  t ime or space.  Knowledge  o f  sea ice extent  is largely dependen t  on 

satellite observat ions,  so that there is only a short observat ional  record and.  a l though 

satellites offer informat ion on extent and concentrat ion ol sea ice. there is little they can 

say about  ice thickness.  Thus  it is difficult  to compare  such observa t ions  with any long

term average values obtained from models .  As model lers  include ever  more  sophis t icated 

component s  o f  the cl imate system in their exper iments ,  there is a g row ing  need for 

information on other  parameters  for validation ol models .  One  par t icular  exa mple  is ‘soil 

moisture ' .  I he term could mean all the water  in a soil co lumn (which might ,  technical ly,  

include large reserves o f  g roundwate r  not accessed by the biosphere)  or  might  be l imited 

to the amount  o f  water  accessible lo the biosphere (possibly te rmed 'avai lable  soil 

water ’ ). I here is no consistent  defini t ion between different  model l ing  groups  and no 

validation set comparab le  to tradit ional observat ions  o f  pressure and temperature .  I here 

is still much to he done in the Held o f  model  validation.

4.1 Parameter iza t ion

Subgrid scale phenomena  such as thunders torms.  lor example ,  have to be 

parameler i /ed as n is not possible In deal will) these cxp l iu l lv .  ( )ther processes  nutv be 

parameterized lo reduce the amount  ol compula t ion  i cq imed  ( erlain processes  mav be omit ted 

from llie model  il (heir cnnlribi i l ion is negligible on llie l ime si ale o f  interest .  I or  example ,  there 

is no need to consider  the role ol deep ocean circulat ion whilst  mode l ing  changes  over  t imeL

scales o f  years to decades.  Some  model s  may handle  radiativ e t ransfers  in great detail  but neglectV c

or parameter ize horizontal  energy transport .  Other  model s  mav provide  a 1-dimension 

representation hut contain much less detai led radiative t ransfer informat ion.  Given  their stage o f

development ,  and the l imitat ions imposed by incomplete  unders t and ing  o f  the c l imate  svstem
••

and computat ional  constraints,  c l imate models  cannot  yet he cons idered  as predict ive tools o f



future cl imate chanae .  Thev  can.  however ,  offer a valuable  w i n d o w  on the work ings  ot the 

cl imate sy stem, and o f  the processes  that have influenced both past  and present  cl imate.

4.1.1 Clouds

Weather  and cl imate model  grid boxes have sides o f  be tween 5 ki lometers  (3.1 mi) and 

300 ki lometers (100 mi). A typical cumulus  cloud has a scale o f  less than 1 ki lometer  (0.62 mi),  

and would require a grid even liner than this to be represented physical ly  by the equat ions  ol 

fluid motion.  Therefore,  the processes that such clouds represent  are parameter ized ,  bv processes  

o f  various sophist icat ion.  In the earliest models,  i f  a co lumn of air in a model  grid box  was  

unstable (i.e.. the bot tom warmer  than the lop) then it would be over turned,  and the air in that 

vertical column mixed.  More  sophist icated schemes add enhancements ,  recognizing that only 

some portion' ,  o f  the box might  c o m  eel and that ent ra inment  and other  processes  occur.  Weather  

mode l '  that have grid boxes  with sides between 5 ki lometers  (3.1 mi) and 25 ki lometers  (16 mi) 

can explicitly represent convect ive  clouds,  a l though they still need to parameter i ze  cloud 

microphy sics.

4.1.2 Radiation

I he amount  o f  solar radiation reaching ground level in rugged terrain,  or due  to 

variable cloudiness,  is parameter ized as this process occurs  on the molecu la r  scale.  I his me thod  

ol parameterizat ion i> also done Ibr the surface IIux o f  energy be tween the ocean and the 

atmosphere in order  to determine  realistic sea surface temperatures  and tvpe o f  sea ice found 

near the ocean's  surface. Also,  the grid size ol the models  is large when  co m p ar ed  to the actual 

size and roughness  ol c louds  and topography.  Sun amde as well as the impact  ol mul t iple  cloud 

layers is taken into account  Soil type, vegetat ion tvpe. and soil mois ture  all de te rmine  how much 

radiation goes into warm in g  and how much moisture is d rawn up into the adjacent  a tmosphere .  

I hus, they are important  to parameterize.



5. Downscaling
Downscal ing is a method to convert  the large-scale informat ion that is created by 

coarse Global cl imate model s  (G C M s)  to higher  resolut ion informat ion for the region or locat ion 

o f  interest. There  are two types o f  downscal ing:  statistical and dynamical .  Statistical downsca l ing  

finds statistical relat ionships between coarse cl imate model  output  and local ized observat ions  in 

order to produce a high resolution simulated output.  This  output  is much  closer  to reality than 

GCMs.  which cannot  represent  regional topographic features. Dynamica l  downsca l ing  uses the 

same processes as G C M s.  but at much liner scale. Dynamica l  do wnsca l i ng  models ,  called 

regional cl imate model s  (RCMs) .  are able to resolve physical  processes  ol the general  circulat ion 

o f  the a tmosphere  and surface processes,  using the output  Irom the G C M  as the dr iving 

condit ions in the liner scale RC'M. Global cl imate model s  need to be down sca led  in order  to look 

at information on a local scale. M an \  models  are avai lable that are alreadv downscaled .

5.1 Statistical downscal ing

\  second wav o f  downscal i tm cl imate data is throueh the use o f  statistical recress ions .• ^  w S.

There are a variety o f  such methods  ranging from mult iple regressions that link local var iables  lo 

particular drivers in GCM s.  to more complex methods  using statistics des igned for neural  

networks,  lhe  general strategy ol these methods  is to establish the re lat ionship between large 

scale variables,  such as the driving factors der ived from (i t  Ms. to local level cl imate condi t ions.

< Jnce these relat ionships have been developed for exist ing condi t ions,  they can be used to predict  

what might happen under  the different  condi t ions indicated In l it Ms.

5.2 Regional Cl imate  Models ( l U ’Ms)

Simulat ing cl imate change  al the regional and nat ional  levels is essential  for 

pol icymaking.  Only by assessing what the real impact will be on different  count r ies  will it be 

possible to justify difficult  social and economic policies to avert  a dan ge ro us  deter iorat ion in the 

global climate.  I ur thcrmorc.  unders tanding processes on the regional  scale is a crucial  part o f  

global research Processes  act ing on local or regional scales,  such as mounta in  ranges  blocking 

air llovv or dust c louds interacting with radiation will ult imately have impac ts  at the global level.



One technique used to overcome the coarse spatial resolut ion o f  coupled G C M s  is that of 

nested model l ing,  depicted in the image.  This involves the l inking o f  model s  o f  different  scales 

within a global model  to provide increasingly detai led analysis  o f  local condi t ions  while  using 

the general  analysis o f  the global  output  as a driving force for the h igher  resolut ion model .  

Results for a part icular  region from a coupled G C M  are used as initial and boundary  condi t ions  

for the RCM,  which operates at much higher  resolut ion and often,  with more  detai led topography  

and physical  parameterizat ions.

P la te  2 Regional  c l imate model



Test inc the validitv o f  G C M s  Verification,  val idat ion,  test ing Despi te very careful•*

desian.  there is no guarantee that a computer  model  will be adequa te  lor its intended use: so me  

processes treated as negligible can turn out to be more  important  than initially thought ;  a 

parameterizat ion mav not be valid in the part icular  condi t ions of interest or  may  be incompat ible  

with other hypotheses employed:  the selection ol parameters  can he far Irom opt imal ;  and so on. 

As a consequence.  G C M s  have to be tested to assess their  qual i ty and evaluate  their 

performance.  Al though the principles remain the same,  the tests per formed with a model  

developed to analvsine the development  ol the global carbon cycle over  the last mil l ion years are 

c I carl v different from those lor a model  providing project ions ol future c l imate  changes  at the 

highest possible resolution.

6.1 Verification

\  first step is to ensure that the numerical  model  solves the equat ions  o f  the phvsical  model  

adequjtelv.  I his procedure,  often referred to as verificat ion onlv deals  with the numerical  

resolution ol the equat ions in the model ,  not w ill) the agreement  be tween the model  and real i ty . It 

check,  that no coding errors have been introduced into the program,  l l ie numerical  methods  

used to -.nice the model  equat ions  must also be sufficiently accurate.  Different  methods  are 

available to achieve this goal. \  standard one is to compare  the numer ica l  solut ion with the 

analytical one lor highly idealized lest cases for which an exact  solut ion is avai lable.  It is also 

possible to lormallv tale that some parts ol the code are correct ,  foi instance,  the one that solves 

large s\stern-, ot n linear alL'ehraic equat ions with n unknowns  ( wliich are often produced as part 

o f  the numerical  resolution ol the partial ilillerenli.il equat ions  on the model  grid)

6.2 Validation

I he next step is the validat ion process,  i.e. determining whclhci  the model  accmatelv  represents  

reality, l o  do this, the model  results have to be compared  with observa t ions  obta ined in the same 

conditions.  In particular,  this implies that the boundary condi t ions  and forcings must  be eorreetlv 

specified to represent the observed situation. Val idat ion must  first be pci formed on the 

representation ol individual  physical  processes,  such as the formulat ion o f  the changes  in the 

snow albedo in response to surface mel t ing and temperature  change.  I his is genernlK achieved



for particular locations,  dur ing Held campaigns  specifical ly designed to s tudy this process.  They  

provide a much lareer amount  o f  very speciIic data than global  data bases,  a l lowing  a detai led 

evaluation o f  the per formance o f  the model  on this topic. On a larger scale,  the di l lerent  

components  o f  the G C M s  (atmosphere,  ocean,  sea ice. etc.) have to be tested independent ly,  

ensuring that the boundary condi t ions at the interface with the other  co mpo ne n t s  are well  

defined. Finally. the results o f  the w hole coupled model  have to be compared  with observat ions.  

All those steps are necessary because bad surprises are a lways  poss ible  al ter  the di l lerent  

elements are coupled together,  due to non-l inear  interactions be tween the componen t s .  S om e  

problems with the G C M s  can also be masked bv the formulat ion o f  the boundarv condi t ions  

when component s  are run individually.  However ,  having a coupled model  providing reasonable  

results is not enough.  In order  to lest whether  the results occur  for the correct  reason,  it is 

necessary to check that all the elements  o f  the G C M s  are doing a good job .  and that the 

satisfactorv overall behavior  o f  the G C M s  is not due to several  errors in its var ious e lements  

cancell ing each other  out.

7. Climate change project ion

\ c l imate projection is usually a statement about the l ike l ihood  that som eth ing w i l l  

happen several decades to centuries in the future il certain influential cond it ions  deve lop . In 

contra-.! to a prediction, a projection specif ically  a l low s  for s ign if icant changes in the set o f  

boundarv conditions, such as an increase in greenhouse gases, w h ich  might in l luence  the future 

climate. V. a result, what emerge are condit ional expectations (it this happens, then that is what 

is expected). I or projections extending w e l l  out into the In line, scenarios are deve loped  o f  what  

could happen g iven var ious assumptions and judgments.

7 . 1 I n t e r g o v e r n m e n t a l  P a n e l  on C l i m a t e  ( 'Iisinge ( 11*( ’( ')

I PC ( is a scientific intergovernmental  bodv under  the auspices  o f  the I ' t i t led Nat ions,  

set up at the request id me m be r  governments  It was lit si es tabl i shed in IWSN bv iwo I ' t i t led 

Nations organizat ions,  the World Meteorological  ( )rgani /a l ion ( \ V \ | ( )) and the Fo i l ed  Nat ions  

Environment  P rogramme (I INI P). and later endorsed bv the Uni ted Nat ions  General  

Assembly through Resolut ion 4.V5.V Membersh ip  o f  the l l ’( ( is open  to all me m be rs  o f  the



W M O  and UNEP.  The IPCC produces reports that support  the United Nat ions  F ramework  

Convention on Cl imate Change  (U NF C C C ) .  which is the main internat ional  treaty on cl imate 

chan2e. The ult imate objectiv e o f  the U N F C C C  is to "stabilize g reenhouse  gas concent ra t ions  in 

the a tmosphere at a level that would prevent  dangerous  anthropogenic  [i.e.. human- induced]  

interference with the cl imate sys tem". IPCC reports cover  "the scientific,  technical  and soc io

economic informat ion relevant  to understanding the scientific basis of risk ol human- induced  

climate change,  its potential  impacts and opt ions for adaptat ion and mit igat ion.

The IPCC does not carrv out its own oriuinal research,  nor  does  it do the work  ol moni tor ing 

climate or related phenomena  itself, l he IPCC bases its assessment  on the publ i shed li terature, 

which includes peer-reviewed and non-peer-reviewed sources.

Thousands o f  scientists and other  experts  contr ibute (on a voluntary basis,  wi thout  payment  from 

the IPCC) to writ ing and reviewing reports,  which are then reviewed bv governments .  IPCC 

reports contain a "Summary for Pol icymakers",  which is subject  to l ine-by-l ine approval  bv 

delegates from all part icipat ing governments .  Typically this involves the go vern m en ts  o f  more  

than 12<) countries.

7 . 2  S i m u l a t i o n  o f  ( i C ' . M s

Since the ITU) |p( ( report,  there has been a major  internat ional  effort,  known as the 

Mmospheric Model  Inlcrcompnrison Project (Cates.  | uo2) .  to do cu ment  the compara t ive  

performance of ( d Ms in s imulat ing the contemporary cl imate.  Ihiitv a tmospher i c  ( it Ms were 

forced by observed sea mii I,ice temperatures  and sen ice Ibi the decade  1«>7*) 11)SN Repor ts  from 

2b diagnostic subprojects  were descr ibed at the I irst W i l l ’ Scientif ic ( on l e r ence  I W i l l ’. I T U ) ,  

covering a wide range ol a tmospheric  features that im luded c v d o n e  lrec|tiencies. t ropical  2(1-00 

day oscillation, large-scale southern hemisphere  circulation,  soil mois ture ,  c loudiness ,  ext reme

events,  and many others.  Results have also been reported extensively in the open li terature and in 

I PC ( assessments.

C onlulence  in the abil i ty of ( i( Ms to est imate future c l imate  changes  com es from the 

fact that they arc based on accepted physical  laws such as conserva t ion  ol mass,  eneriw and



momentum,  as well as a weal th o f  observat ions for their more  empi r i ca l ly-based  componen t s  

such as cloud reflectivities or  infrared absorpt ive propert ies o f  g reenhouse  gases.  Model  

simulations are also rout inely compared  against  observat ions o f  the a tmosphere ,  ocean and land 

surface. An example  where  the model  surface temperatures  are compared  to observed global 

temperature changes  o \ e r  the 20th century.  In this example ,  the c l imate  mode l s  have been torced 

by known changes in natural factors (solar insolation and volcanic aerosols)  and in human-  

caused factors ( increasing greenhouse  gas concentrat ion and m a n - m a d e  aerosols) .  There is 

excellent agreement  at the global scale between models  and observat ions .  Note  how well the 

models simulate short- term cool ing fol lowing large volcanic erupt ions:  this is because the 

model-> are ' told'  when the erupt ion occurred and how much aerosol  was deposi ted into the 

stratosphere.  Irregular shor t - l i \ ed  warmings  are also apparent  in the observa t ions  (e.g.. early 

1940s. and 1998). that lie within the model  range but are well a b o \ e  the model  average.  These  

warmines  occurred as a consequence  o f  I I Nino events in the equatorial  Pacific,  and are part o f  

what i> called ' internal variabil i ty'  which cannot  he specif ied in the way the compu te r  

simulations are set up. I hus. llie cl imate models  will develop I I Nino events  through the period 

o f  record, hut they will not line hit in t ime with their occurrence in the real world,  any more  than 

the simulated daily weather  patterns will agree with observed weather  sequences  over  long 

integrations.( i lohal-mean surface temperature,  relative to |9( ) | - | 95(> average,  from observa t ions  

ihlack line) and from 58 s imulat ions (orange lines) by I I global c l imate  model s  reported on in 

the IP( ( four th  \->sessment. llie cl imate model s  are driven by both natural  and human-caused  

lactors that ml luencc cl imate.  I he average over  all model  runs is given bv the red line, with the 

vertical urey b a r . si pm (y ing the dales ol large volcanic erupt ions.
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Plate 3: G C M  simulat ions o f  global  temperature

7.3 F’missions scenario

An emiss ions  scenario,  or Representat ive Concent ra t ion  Pa t lmax  (RCP) .  is an 

est imate of the amount  nl change that might happen,  general ly measured  In changes  m the 

concentrat ion rtf carbon or greenhouse gasscs m the a tmosphe ie  I here could be a large-scale 

shift to clean energy in the next ten veais or emiss ions  could cont inue to rise 1 or this reason,  

models  are usually run for al least three emiss ions  scenar ios  high,  med ium,  and low I he “ low ” 

scenario projects future cl imate even il we s topped adding carbon to the a tmosphere  

immediately Because  some changes  lake a decades  or longer  to affect  the cl imate,  w e  are still 

feeling the effects o f  act ions from 50 years ago Ihc  “ h igh” scenar io reflects what  might  happen 

if we do not make  substantial  emiss ions  reduct ions



7.3.1 RCP Primary Characteristicsto

R C P  8.5 was developed using the M E S S A G E  model  and the IIASA.  Austr ia.  This  RCP is 

characterized bv increasing greenhouse  gas emissions over  t ime,  representat ive  ol scenar ios  in 

the literature that lead to high greenhouse gas concentrat ion levels (Riahi et al. 2007).

R C P 6  was developed b> the AIM model ing team at the Nat ional  Institute lor Envi ronmenta l  

Studies (NIES) in Japan.  It is a stabil ization scenario in which total radiat ive forcing is stabil ized 

shortlv after 2100.  without  overshoot ,  bv the appl icat ion o f  a range o f  technologies  and strategies 

for reducing greenhouse gas emiss ions  ( I 'ujino et al. 2006:  I lijioka et al. 2008).

R C P  4.5 was developed bv the G C A M  model ing team al the Pacific Nor thwes t  Nat ional  

Laboratory ' s  Joint Global Change  Research Institute ( JGCRI)  in the United States.  It is a 

stabil i /at ion scenario in which total radiative forcing is stabil ized shortlv a l ter  2100.  without  

overshoot ing the long-run radiative forcing target level (Clarke ct al. 2007:  Smith and Wiglev 

2006: V- ise ct al. 2000).

RC P2.6 was developed bv the IM \ ( i l  model ing team ol the PHI Nethe r l ands  I nvi ronmenlal  

\ ssessment  \gencv .  I lie emission pathway is representat ive o f  scenar ios  in the li terature that 

lead to verv low greenhouse gas concentrat ion levels. It is a" peak-and-dee l ine"  scenario;  its 

radiative forcing level lirst reaches a value ol around 7.1 \\  m2 bv mid-centurv.  and returns to 

2 0 \\  m2 hv 2 100. In order  to reach such radiative forcing levels, g reenhouse  gas emiss ions  

(and indirectly emiss ions  ol air pollutants)  are reduced substantial ly,  ovei t ime ( \  an \  uuren cl 

al 2007).



Five criteria that should be met  by cl imate scenarios if they are to be useful lor impact  

researchers and policy makers  are suggested:

• Consistencv with global projections.  1 hey should be consis tent  with a broad range ol 

global warming project ions based on increased concent ra t ions  o f  g reenhouse  gases.  This 

ranee is variously cited as 1,4°C to 5.8°C by 2100.  or  1.5°C to 4 . 5 ' C lor a doubl ing o f

atmospheric CQ2 concentrat ion (otherwise known as the "equi l ibr ium cl imate

sensitiv it}").

Physical plausibili ty.  Ihc} should be physically plausible:  that is. the} should not violate 

the basic laws o f  physics.  Hence,  changes  in one region should be physically consistent  

with those in another  region and globally.  In addit ion,  the combinat ion  o f  changes  in 

different variables (which are often correlated with each other)  should be phvsieallv 

consistent.

\pplicabili ty in impact assessments .  I he} should descr ibe changes  in a sufficient  nu mbe r  

ol variables on a spatial and temporal  scale that a l lows for impact  assessment .  For 

example,  impact models  may require input data on variables such as precipi tat ion,  solar  

radiation, temperature,  humidity and windspeed al spatial scales ranging from global  tv' 

site and at temporal  scales ranging from annual  means  to daily or hourly values.  

Representative.  I lie} should be representat ive o f  the potential  range o f  future regional  

cl imate chance  < July in this wav can a realistic range ol possible impacts  be est imated.

• \ccessih il itv . I hey should be straightforward to obtain,  intcipret  ami applv for impact 

assessment  Many impact assessment  projects include a sepaia te  scenar io  devel i 'pment  

component  which .pect in alb. aim . t«> address this last point I he I ) l )( and tins guidance

document  are aUo designed to help meet this need



N am e C o n c e n t r a t i o n  o f  C02( p p m )

I R C P 2 . 6 >1370 in 2100

. R C P 4 . 5 850 in 2100

R C P 6  0 650 in 2100

R C P 8  5 490 before 2100  and then decl ines

Piute 4: Projection o f  carbon dioxide concentrat ion

2 0 4 6 - 2 0 6 5

Scenario Mean Range

RCP2 6 1 0 0 4-1 6

RCP4 5 1 4 0 9-2.0

RCP6  0 1.3 0 8-1.8

P C P 8  5 2 0 1 4-2 6

Plate 5: Projection nl surface leinpcratnre

2 0 8 1 - 2 1 0 0

Mean Range

1 0 0 3-17

1 8 1 1- 2.6

2.2 1 4-3.1

3 7 2 6-4 8
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Plate  6: ( )bserved and s inudaled surface temperature

Compar ison ot observed cont inental-  and global-scale chances  in surface tempera ture  with 

results s imulated bv cl imate models  us me natural and an th ropouemc  forcmus Decadal  averages  

ol observat ions arc shown lor the period l ‘MK> to 2()(>s (black line) plot ted against  the centre o f  

the decade and relative to the corresponding average for I ' M) I  to l l)s(l I mes are dashed  where  

spatial coverage is less than ^f)"n Mine shaded bands  show the ^n n lo ()5nn ranee  foi l °  

s imulat ions from S cl imate models  i ismi’ onlv the natural forcings due to solai activity and 

volcanoes Red shaded bands show the V’„ to o s n„ range for ‘'S s imulat ions  from M cl imate  

models  using both natural and anthropogenic  foicmgs



RCP 2.6 RCP 8.5
(a )  Change in average surface temperature (1986-2005 to 2081-2100)

(b) Change in average precipitation (1986-2005 to 2081-2100)

A
v m m

Hi 10
1
?n 10

Plate 7 Projection of temperature  and precipi tat ion

Change in average surface temperature  (a) and change m average  precipi tat ion (b) based on 

mult i -model  mean project ions lor 2081 2100 relative lo 1080-2005  under  the R ( T 2  (> (left) and 

RC. P8 i (right) scenarios ll ie number  ol models  used lo calculate  the mul t i -model  mean is 

indicated in thc upper right corner ol each panel Slijijilmg (i e . dots)  sh ow s  regions where  the 

projected change is large comjiarcd to natural internal variabil i ty,  ami wher e  nl least 9 0 %  of  

models  agree on thc sign of change  Hatching d e .  diagonal  l ines) shows regions  where  the 

projected change is less than one s tandard deviat ion ol thc natural  internal variability



G C M s  are simplified descript ions o f  complex  processes  wi thin the cl imate 

svstem. Thev are used for the quanti tat ive testing o f  hypotheses  regarding the mech an i sms  ol 

climate change,  as well as for the interpretation o f  instrumental  data from paleo-data from 

various archives.  G C M s  are essential for the operat ional  predict ion o f  the economica l ly  

important ENSO-phc nomeno n  and other  cl imate modes.  A further important  mot ivat ion tor the 

development  and applicat ion o f  G C M s  remains the aim to assess luture c l imate  change.  Research 

developing and using G C M s  has become interdisciplinary and compr i ses  doma in s  o f  physics  

( thermodynamics.  fluid dvnamics .  a tmospheric  physics,  and oceanography) ,  chemistrv (organic,  

inorganic and surface chemistrv.  reaction kinetics,  geochemistry,  cycles  ol carbon,  nit rogen,  etc.) 

and biology (vegetat ion dvnamics .  ecology).  Cont inued emission o f  g reenhouse  gases will cause  

further warming and long-last ing changes  in all component s  o f  the cl imate svstem.  increasing the 

likelihood o f  severe, pervasive and irreversible impacts for people  and ecosvs tems.  I uni t ing 

climate change would require substantial  and sustained reduct ions in g reenhouse  gas emiss ions  

which, together with adaptat ion,  can limit cl imate change risks.

l). D i s c u s s i o n

I What i , the J i l l crcncc  between projection anil prediction' .’ If both are same' .’

Projection and prediction are dil lerent .  Prediction is the probabi l ist ic s tatement  that something  

will happen in the luture based on what is known lodav where  Project ion is the probabil ist ic 

statement that it i . possible that something will happen in the luture il cci lnin condi t ions  develop.

2. Whether any ( d M . are used in India' ’

Yes (if Ms are used in India mamlv I \  11) (India Meteorological  Depa i tmen t )  uses G C M s  to 

project cl imate change.

3. In RCM which equat ions  arc used ’

S.inic equations which are used in ( d Ms. ie. ( onserval inn ol mass,  consulva l ion  ol m o m e n tu m  

conservation ol energy and ideal gas law.



4. What is mean bv vertical laver?m •

Lav er o f  air above the uround is know n as vertical laver.-> «— j

5. hat is the difference between emission and scenario?

Emission is the amount  o f  pollutant mat ter  released in the a tmosphere  from a specific pollutant  

source and in a specific l ime interv al where  scenario is the descr ipt ion o f  a possible future state 

o f  the world.
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G e n e r a l  c i r cu la t ion  model s  in c l im a t e  c h a n g e  p r o j e c t i o n s

A b s t r a c t

Changes in the a tmospher ic  abundance  o f  greenhouse  gases and aerosols ,  in solar  

radiation and in land surface propert ies alter the energy balance o f  the cl imate system.  There is 

considerable confidence that General  ( ireulation Models  ( G C M s )  p ros ide  credible quant i ial ive 

estimates o f  future cl imate change,  particularly .it cont inental  scales and a b o \ e  (Del Genio.  

2003) fi t  Ms are mathemat ical  representat ions o f  the cl imate system,  expressed as compute r  

codes and run on powerful  computers .  Model  fundamentals  are based on establ ished physical  

laws. such as ideal uas law. conservat ion o f  mass,  enerev and m om en tu m ,  a lone  with a weal th o f  

observations (if Ms are routinely and extensively assessed In compar ing  their  s imulat ions  with 

observation . ot the a tmosphere ,  ocean,  crvosphere  and land sui lace

( i( M . depict  the cl imate using a three dimensional  grid o \ e i  the globe.  l\ picallv hav ing 

a horizontal resolution ol between 100 to POO Ian and 20 to U) vertical laveis.  Model s  are works  

based on their physical basis,  and their skill in represent ing observed c l imate  and past c l imate 

changes (Mi/urn d  nl.. 2012).  I hey have consistent l \  p iovided a robust  and unambiguous  

picture of  significant cl imate warming  in response to i n u c a s in g  g reenhouse  gases.  I lie cl imate 

system includes a variety o f  physical  processes,  such as cloud processes ,  radiat ive processes  and

boundary-layer processes,  which interact with each other  on m a i n  temporal  and spatial scales.

Due to the limited resolut ions o f  the models,  many ol these processes  are not resolved adequately 

by the model grid and must  therefore be parametr ized (Soden anti Held.  2IMJP).



Most  G C M s  neither incorporate nor provide information on scales smal l er  than a few 

hundred kilometers.  The effect ive size or scale o f  the ecosys tem on which cl imat ic impacts 

actual I v occur  is usuallv much smaller  than this. So there is a problem ol es t imat ing cl imate 

chanties on a local scale from the essential ly large-scale results o f  G C M s  (Gates  et al.. 1999). 

The prevailing approach for obtaining liner spatial resolution c l imate  informat ion is achieved by 

downscal ing G C M  output  (Rajendran et al.. 2013).  The  two main approaches  to downsca l ing  

climate information are dynamical  and statistical. Dynamical  downsca l ing  requires running high- 

resolution cl imate models  on a regional sub-domain,  using observat ional  data.  Statistical 

downscal ing is a two-step process consist ing o f  the deve lopment  of statistical relat ionships 

between local cl imate \a r iab les  and large-scale predictors.

I imitations in comput ing power  f requenlk  result in the inability o f  model s  lo resolve 

important cl imate processes.  I ow-resolut ion models  fail lo capture m a i n  important  phenomena  

o f  regional and lesser scales, even though G C M s  are credible tool which are current!)  used in 

more than a dozen centres around the world lo enhance the unders tanding o f  c l imate and cl imate 

change and to support the acti \  ities o f  the Intergovernmental  Panel on Cl imate  Change  ( IPCC).  
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When animals move across the face o f  the Earth, somet imes  making journeys  ol 

immense length, their behaviour is generally described as migratory.  It is an adaptive 

behaviour o f  great significance that is observed cross the Animal  Kingdom.  Main  birds, 

animals, mammals  etc migrate. Like that several species o f  insects also display migratory 

behaviour like in case o f  monarch butterfly, locusts, dragon fly. vvhitcfly etc. (Paintal.  2001)

Insect migration is an evolved adaptation and not a reaction to current adversity.  In 

many cases migration is not immediately referable to prevailing adverse condit ions,  but 

commonly begins before these condit ions are met. It forms an essential component  o f  the life 

history and ecological niche o f  insects. Migration plays an important  role in insect dominance 

(Dingle and Drake. 2007)

According to Kennedy (1001).  ' Insect migration is a behaviour  which is persistent 

and straightened movement  effected by the animal ' s  own locomotor ,  exert ions oi bv i t s  

active embarkation on a vehicle. It depends on some temporary inhibition ol s t a t i o n  keepinu 

responses but promotes their eventual disinhibition and recurrence".  Persistent movement  

meant that dispersal was ol long enough duration to carry the animal away Irom its oriental 

habitat lo a new one and straightencd-out meant that dispersal was in a general direction. 

Inhibition to station keeping cues, meant that insects were ignoring those signals provided bv 

plant resources or congeners.  During this time the insects are ol tcn responding to s k v  cues 

while ignoring others. Alter a period, they are disinhihiicd Irom responding to resouicc cues 

and again react to them.



O rd e rs Families E x am p les

Orthoptcra Acrid idae D u cios tau ru s  m a r o c c a m is  

(Moroccan locust).

Locus t  a  m ig ra to r  ici (Migratory 

locust), S ch is toccrca  g r c g a r ia  

(Desert  lo c u s t ) . X om cnlacr iv 

scp tcm fasc ia ta  (Red locust)

Lcpidoptcra Pieridac, Nymphalidac. Lycanidae. 

Sphingidae.Noctuidae

Dan aus  plc.xippits (Monarch 

butterfly) . I 'ancw a  c a n h t i  (Painted 

lady butterfly ). ( d to p s i ln i  f lorclla  

(Vagrant but terf ly). Igrotis inl'usa 

( l logong m o t h )

Odonata 1 ihelliilidae. Aeshnidac

l . ihcllnla i / c f v c w i i  ( Mroad bodied 

chaser), I'anhila t lavcsycns  Ailohe 

skimmer)

( oleoptera ( occinellidae / l ippoihimii i  i iotvergens  

((. o incrgen t  lady beetle). 

. I d a h o  hipiaiLhita  | 1 wo spot 

lady b i r d )

1 lymenoptcra Splice idae. 1 entht idinidae Splu'\ a c g \ p l a n  us (l)igei wasp) . 

\ t l ial ia ro sa c  ( 1 umip  s.iw | | \  i

Diptcra Syrphidac I n s t a l l s  s \ / va tn  us 

Syrplms Itivcndu/iic



Insects migrate from one place to another in search o f  resources like food, breeding 

place and also due to the overcrowding.

2.1 Food in temporary habitats

Insects migrate between temporary habitats such as ephemeral ponds, early 

successional habitat stages, or successively senescing host plants. Temporary habitat is 

ephemeral in nature that means habitats are highly variable through lime. This impermanence 

is a function o f  season, food  will not be available throughout the time. Migration may be a 

favoured strategy to escape deteriorating habitats and to colonize new ones (Southwood. 

1962). A number o f  species and populations o f  water slriders (l lemiptera: Gerridae) occur 

over an array o f  habitats, from small, temporary ponds to large lakes and permanent streams 

to isolated permanent bogs. Species in the more temporary bodies o f  water have w ings and 

undertake regular migrations lo locate their aquatic habitats as they appear and disappear in 

the landscape (llarada el al., 1997). In other cases, the insect's requirement ma\  chance at 

different life stages. So different habitats would be needed. The desert locust. Schisiocerca 

gregaria (Porskal) different regions for feeding and for oviposition (Mathew and Mathew 

2009).

Plate I . Water slrirlcra. f i f ty *  ap. Plate 2. Desert locust, Sclnriocerca  gregaria



Insects migrate from one place to another for breeding purpose. New habitats 

will provide favourable conditions for breeding. Milk weed bug. Oncopeltus fasciatus 

(Dallas) is a wide ranging species found from Canada and South America. It reaches its 

northern areas o f  its range in between spring and early summer. Thc females settle on the 

patches o f  milkw eed, they mate and lay their eggs close to the developing pods. These young 

bugs grow quickly and develop into breeding adults (Mathews and Mathews. 2009). Painted 

lady butterfly. Vanessa curc/ui. (Linnaeus) is a butterfly o f  world-wide distribution which, in 

thc nonhem hemisphere, spreads each summer often to quite high latitudes, and retreats in 

the w inter to dry sub-tropical areas. In the winter it breeds along the edges o f  the North 

African Desert. During the summer il regularly reaches the latitude o f  the British Isles, for 

breeding ( Williams. 1957).

Plate Milkweed Bug. Oncnpdtus fasciatus Plate 4. Painted lady . Wmcssn carriui

2.T ( )vcrcrnwding

Insects also migrate due to overcrowding ellect Due to overcrowding there will be 

competition for food II also lead to polymorphism in insects In Brown plant hopper. 

Nilriparvata lugvw  (Stal) wing dimorphism occm due to overcrowding So they will produce 

winged forms which will migrate to new host. Similarly in desert locust. \ t hhunrn-it 

gregariii overcrowding lead to phase polymorphism (iregatious limns are produced which 

will migrate in swarms to new places



Plate 5. Brown plant hopper  Plate 6. Desert  locust, Schistocerca gregaria

Nilapan'ata lugens

3. Types of migrat ion

According to Tavlor (1986). insect migration can he classified as dynamic migration 

and homeostatic migration based on frequency. Depending on the medium used migration 

can also he classified as aerial, pedestrian and waterborne (Rey nolds ct al.. 2014)

3.1 Based on frequency

3.1.1 Dynamic migrat ion or  One  way movement

One wav movement is a unidirectional movement. It carries insect from a location *

where they were produced to location where they breed and produce the next generation 

before dying (Dingle and Drake. 2007)

I he 1 'niton strainer hug. Dvsdcrcus ciiigiilaltt.s are tropical species which Iced on the 

seeds of various shrubs and Irees in I he order MaUaeeae I! newly emerged adull females find 

seeds sfill nailable.  Ihey Iced and hysloly/c their wing muscles and remain at natal site to 

produce another generation It no seeds are available. I hex migrate to new hosts where feed 

and colonize. In ease <>l host-alternating th ing  aphids, mitialh wingless \o u n g  ones arc 

produced through one or more generations on a primary host. Depending on aphid species, as 

females age. or as host plants senesec young ones are produced with wings. I licsc winged 

offsprings then migrate to a new host plant and produce young there IDanthanaravana. Il>80)



Dysdercits cingulatus
Plate 8. Black bean aph id  

Aphis fabae

3.1.2 Homeostatic  migrat ion or Return  movement

Return movement are also called "round Lrip" migration. Round trip migration is a 

succession o f  oneway movement through a series o f  hreeding areas. In this type o f  

movement, insects return to their general breeding area from which thev have originatedV—

I Dingle and Drake. 2007). The monarch butterfly. Danaus plcxippus (I innaeus) is considered 

the classical example ol migration, formal studies on its migration was started by 

I rquhart. lie was the lirst person who recorded the fall migration o f  monarch butterfly in 

IV6I lie conducted the study by a tagging and recovery method, lhe monarch butterllv was 

tagged with a label and then released, lie recruited several volunteers lo observe this lagged 

monarch butterfly lie look almost 25 years to complete his research (Urc|uhart and Urquhart.

11*771

Population ol monarch butterllv in North America undergo a dramatic migration in 

lhe spring and fill seasons ol each year. In the fall, lhe monarch butterllv ilies upio 2000 

miles Irom < anada and lhc Northern United stales to overwintering sites in southern 

( alilorma I lorula and Mexico In the lollovving spring they migrate back again to the north 

I he southward High I Irom lhe nor I hem breeding areas in lhe lall occurs m large aggregations 

I he butterflies move south vvith lhc weather Ironis, 11 v mg pi imarilv in the miiklle ol the day. 

accumulating in overnight roosts al uighl and dm mg bad weal her and replenishing fuel 

reserves by feeding on net fir II is (bought that most fill migrnnis are newly emerged 

individuals from the previous summer generation, most ol whom are in adult reproductive 

diapause induced by short fall pholoperiod and cool lempcralurc I hey therefore probably 

Hogan migrating very soon after emergence prior to reproduction and remained in 

reproductive diapause throughout lhc cool winter in lhc Mexican mountains In the spring, 

the day length and temperature increases and monarch come out ol the diapause I here



matins occurs and females migrate northward. The first generation leaving die overwintering 

site only  migrates as far north as Texas and Oklahoma. The second, third and fourth 

generation return to their northern breeding locations in the United States and Canada in the 

spring (Dingle. 1977)

Plate 9. M onarch  butterf ly.  Danuus plexippus
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Plate 10. Migratory route oT Monarch butterfly
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Another example tor round trip migration is Cilobe skimmer dragonfly. Panatala 

flavescens (Fabricius). This dragonfly take advantage o f  the moving weather systems and 

monsoon rains to complete the migration from Southern India to Maldives, then to East and 

Southern Africa and then likely back again to South India. The species involved breeds in 

temporary rainwater pools. So it is following the rains, taking sequential advantage of the 

monsoon rain o f  India, the short rains o f  East Africa, the summer rains o f  Southern Africa, 

the lone rains o f  East Africa and then back to India for the next monsoon (May. 2012)

Plate 11. Cilobe skimmer, PantalaJhivcscvns

Pinto I 2. Migratory rruito of  Globe skimmer

R



3.2.1 Aerial migration

Aerial migration is the migration on air currents. It is ot two types, migration by 

ballooning (with the use o f  silk line) and migration without the use ot silk line

3.2.1.1 Ballooning

Silk lines are used for migration. Ballooning is seen in young instar larvae of certain 

Iepidopteran families like Cossidae, Geometridae. Lymantridae. Noctuidae etc. In some tree 

duelling species the adult females o f  these families are flightless and ballooning is the only 

means o f  colonizing new hosts. In the case o f  winter moth. Operophtera bruniata (Linnaeus) 

11 epidoptera: Geometridae) the adult lay overwintering eggs on the top o f  the tree. The new 

emerged larvae spins silken threads. I hen they migrate by ballooning. Ballooning is also seen 

in mites. In ease ol two-spotted spider mite. Tetranychus urticae. they congregate and these 

cluster nl mites may produce a dense mass ol silk at the apices o f  the host plant. I liese are 

then carried awav be \v ind l Bell et al., 2005)

M  »  I1'*’ '
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Plaie 13. Winfer moth
(tpvrnphtcra hrunuifu

Plale N .  iMinrafion h\  bal looning  
in Ian  a of w infer niolli

Plato 15. Iwo-spoUcd sp ider  mile 
Ietranychus urticae 
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The insects launch themselves into the air which is then lifted o f  by the air currents. In 

Cochineal insect. Dactylopiiis austrimis (De Lotto) under thc influence o f  positive phototaxis, 

female crawlers climbed to the uppermost parts o f  the Cactus host during the morning, which 

is then carried by the stronger winds. After the aerial movement female crawler becomes 

photonegative. Then the upward climbing behaviour is ceased and individuals undertake 

walks before finally settling (Moran et al., 1982)

Plate 16. Cochineal insect
Dactylopius uustrinus

3.2.2 Pedestrian migrat ion

It is migration h\ walking and other types ol limbed motions on land like running 

I cursorial movement),  hopping or jumping (saltation). Walking tvpe o f  migration is shown In 

Idescr! locust. S c  h r . i t , <  e r m  y r e y a r i a  ( I ) I he in mphs o f  gregarious phase ol the locust form 

large cohesive groups and march persistently in consistent direction I sinuate ol the distances  

moved by hands ol dcscrl lociisl during the Iile span can total upto ft) km (Kennedy. IWVri 

In the case n \  f f v p o y t i ' U n i n i  s t , c h i l i s  ( l l / e l ) ,  it m in e s  In lumping with anal sacs extended,  

allowing it to stick to thc snow surface in a vertical stance Irom this position it bends  

forward into the normal horizontal position, withdraws the anal sacs, and then rotates itsell 

horizontally on thc spot in order to select thc direction of next jump



Plate 17. CoIIembola,  Hypugastrura socialis Plate 18. Desert  locust, Schistocerca gregaria

3.2.3 W a te rb o rn e  migrat ion

larval stages o f  many insects dwell in rivers and streams use the water current to 

move from natal sites to eo loni /e  suitable microenvironments. First instar larvae o f  man\  

chironomids show behavioural adaptation (phototaxis) which cause them to be temporarih  

planktonie in the surface ol water and can be moved around h\ water current. There are two  

tvpes o f  waterborne migration, they are rafting and floating type and sailing and skimming  

tvpe I l)av tes. 1976).

Plate 19. C h ironomid larvae



In this type o f  migration insects are first carried by the wind, then it 1 al 1 on sea or tresh water 

and are then drifted along the surface of water by wind. The arctic soil collembola, 

Tetraccinthella arciica (Cassagnau). is carried by the wind and then tall into the water. It can 

remain alive in water for many days because o f  the presence ot hydrophobic cuticle which 

allow the collembolan to obtain oxygen by diffusion through it (Coulson et a l 2002).

s

Plate 20. Arctic soil collembola, Tetracuntliellu arctica

3.2.3.2 Sailing and skimming t \ pe

In ,ccts cn water surlace nun also be blown along the surface b\ the wind. This t\ pe 

ol migration is seen in aster root aphid. P e m p h i g u s  i n - l i r r i h ' i  ( foster).  Primars host o f  the 

aster root aphid, is tidal aster. When erosion ol marsh or overcrow dine occur, the 11 rs t instar 

larva become photopnsiiive, crawl uplo ihc soil surlace and arc then move b\ the inconiine
* w

tide and thn . reach new host along marsh edge, f loat ing on water surlace for about T) 

minutes make n photoncgative resulting in movement into cracks cont.iinine aster root
*  C

f foster e t  a l  . I ‘>7X j



4. M igra tory  s \  n d r o m et3

Several physiological and morphological traits that underlie migrator ,  behaviour ol 

insects are called migratory syndrome. The physiological traits include hormone titers, 

distribution o f  energy stores, flight propensity and age speciIic reproduction. W ing 

dimorphism and body size o f  the migrant are examples ol morphological traits (Rofl and 

Fairbam. 2007).

4.1 Physiological traits

4.1.1 Hormone titers

Development in insects are controlled by age specific changes in hormone liters. 

There is a difference in hormonal profiles o f  migrants and non-migrants.  Hormonal 

differences can produce long term irreversible effects such as the production o f  a winged and 

wingless morph. One particularly important hormonal pathway in v o k e d  in migration is 

Juvenile Hormone (J 11) pathway. During key developmental period, the titer o f  .III is 

regulated by Juvenile hormone list erase (.11 IE). During this period the amount ol Ji l l  will be 

high which results in increased degradation ol III. I litis amount o f  .III will be less. I hi'- low 

level "I III promotes the development ol wing and llight muscles and results in the formation 

o f  long winged morph (/.era. 200-1).

4.1.2 Distribution o f  energy stores

Major metabolic fuels were carbohydrate which is stored as glvcoccn in nmsHv. and 

trehalose in haemolymph. I at is stored as triacy Iglycerol in adipose tissue and muscle. 

Migrants must synthesize and store Might fuel sueh as triglycerides. I his is cncigclically 

demanding and may divert energy Irom early investment in reproduction ( / e r a  and Dcnno. 

1907). Hut non-migrants  do not have to store this energy lor Might and hence can utilize 

energy stores for reproduction

4 . I . J  Flight p ropens i ty

It is the capacity for flight. Individuals with fully developed wings aic classified as mmrants 

or long winged morphs. Hut Might propensity often varies in the long winged morph It varies 

in the propensity to initiate a Might, mean duration ol Might and propensity to terminate a 

Might in presence o f  particular cues such as host plants or habitat Some individuals show 

little or no propensity to initiate a long distance Might, whereas  other indiv idttals mav icadilv

n



lake flight and mav require long duration flights before they are behaviorall) and 

physiologically ready to settle down (Fairbaim and Desranleau, 1987).

Plate 22. Red-legged grasshopper  
M elon oplus s ang it in ippes

Plate 23. Codling moth,
Cydia pom onella

4.1.4 Age specific reproduction

Migration usuallv occurs in prc-rcproductivc period, flic adult life o f  an insect is 

separated into migrator} phase followed In the reproductive phase. This design is called 

■'oogenesis (light syndrome". It is the pattern o f  delay in the onset o f  oogenesis, copulation 

and opposition until the end or near the end ol the migratory period (Johnson. 1969). lhe  

main mechanism behind this is change in hormone titers. During this period, the JIl titers are 

low and physiological functions related to flight, flight muscle developmenl and flight energy 

utilization are enhanced whereas reproductive functions such as oogenesis, copulation and 

opposition usually are suppressed Significance ol oogenesis flight syndrome is that it 

reduces the competition for energy resources. If migration and reproduction are sxnehronised 

there will he competition lor energy resources Delay in reproducli\e functions thus reduce 

this competition Meade this il females are carrying eggs n will cause acrodvnamic 

constraints like reduction m flight capacity, flight duration etc So oogenesis flight syndrome 

will help to reduce such constraints.

4.2 Morphological Irnils

4.2.1 Si/c  of the migrant

Size also varies between migrants and non-migrants. Selection may favour larger size 

for migrants. I his is to reduce the water loss or because larger size increases the energetic 

efficiency o f  flight (Roff. 1977).



The most obvious morphological correlate o f  migratory' capability is possession oi 

fully developed wings with associated flight musculature. If the habitat is permanent and 

continuous, if there is a cost to the possession o f  flight machinery or if the flight is not used 

for foraging or mating, then short winged morphs are preferred. But if the habitat is 

temporary in nature then long winged morphs are preferred for migrating to new habitats. 

The main mechanism behind this is low level o f  Juvenile Hormone.

Plate 24. Long winged & short winged 
morphs of (iryllns firm us

In i .indy conducted by / e r a  and llerang in 1‘J‘W. ihc lunctional response ol Ml 

esterase with wing polymorphism is represented In (his study tlic\ compared the Mil acti \ i l \  

ol last mstar o| .hort winged and long winged morphs of  ( ,r \llm  tum in  (Scuddcr) I he 

results showed that the Ji l l  activity ol long winged (ir\llu\ /um u\  ( S i  was maximum on day 

S o f  ihc last moult and it reduced drastically In dav 7 I he ease was similar with short 

Winged morph (,r\/lns firninv ( Sl Hnl the Mi l  activity in long winged morph was as high as 

HO percent compared to the quantity nl INI in short winged morph I his indicates that the 

increased content ol III! promotes long wings whu h in turn helps m migration

IS
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Fig 1. Functional relationship of  Juvenile Hormone Esterase
(JHF) with wing polymorphism in the cricket.  G rvllns firm its

5. Methods used by insects for orientation and navigation

Insects are able lo find their way during migration. I hc> do so using the sensors 

adaptations and navigational capabilities. Different methods are used b\ insects for 

navigation like sun compass,  earth 's  magnetic field and visual cues (S\rglcv and Oliveira. 

2001).

5 . 1 Sun compass

Insects use time compensated sun compass lor orienting over long distances. 

Orientation is manifested by directing the body at a pailicular angle relative to the sun 's  

position I hey use polarized skylight associated with the position ol the sun to delect dis

position o f  the sun even if it is hidden behind the clouds. It is a time compensation 

mechanism. Full compensation require innate or learned information about the position o f  the 

sun over the course o f  thc day. Degree o f  compensation varies with latitude and time ol the 

year. So insect might approximate the position o f  the sun with a t ime averaging function I or

example a migrant might approximate the change in the sun 's  position as | s  pci hour 

(Syrglcy and Oliveira,  2001).

lb



Plate 25. Statini Sulphur, A phrissa  statira

5.2 Earth's magnetic field

Magnetic lield lines radiate between the North and South Poles o f  the earth. Many 

insects can sense and make use o f  magnetic lields for navigation purposes. The polarity, 

intensity and inclination angle o f  the Earth’s lield can provide a reliable sources o f  

navigational information. I liese components can be used to either determine geographic 

position relative to destination or maintain a constant bearing in a particular direction 

(Akesson and lledenstrom, 201)7).

Plate 27. /)n//r/i/v plc.\i[ipn\Plate 26. Earth’s magnetic Held

5.3 Visual cues

Visual cues like land marks, shape ol lhc coastline, topography ol lhc land etc. arc 

used lor navigation by the migrant in short term as well as long term migration I Isually it is 

used lor correcting its flight paths when exposed to a wind drill and also lor positioning the

17



distance from the earth. Pirpinto. Ascia momiste flew in a curvilinear track between islands 

off the Florida coast.

Plate 2H. Pirpinto,  Ascia momiste

6. Significance of insect migrat ion

6.1 Pest management  decision

6 .1.1 Locust

Locust is an important migrator, pest. Accord ing to Uvurov's phase theory there are two 

phases of locust like solitary and gregarious phase. Due to overcrowding efleet solitary phase 

r. transformed into gregarious phase. I his gregarious phase is causing more damage to 

agricultural crops t l ’ener and Verushalmi. IW 7 ) .  I he initial hands o f  locust are called  

outbreaks, when these bands join to lorm a large groups it is called upsurge and these upsurge 

when occur in a region Irom dillerent breeding areas, plague w ill occur Slud\ ol migratory 

locust can aid forecasting outbreak and thus help timely adoption ol management measures.
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Area of  Breeding
Species Period of plague

distribution grounds

Bombay locust. Gujarat. Madras and Open areas o f  1864-66, 1901

Patanga succincta Bengal Western Ghats 1908 and 1935-45

Migratorv locust. . , .Madras
Locusta Rajasthan. Gujarat 1898 - 1 9 5 4

Bangaloremigratona

6.1.2 Whitenv

lAhilcfh is a polyphagous pest. It also act as a vector for v iruses. The information on 

migratory behaviour ol vvhitcfly would aid growers in making decisions concerning the 

timing of crop planting and placement.

Plate 31. VVhitcflv, He mi si a tahaci

Byrne (199'/) conducted lield study lo reveal that vvhitcfly. licmisin t,iha* 

ftrcnnadius) exhibited migrntory behaviour, lie eomlueted both a lab and field studv t 

determine the migratory behaviour ol whitcllv In lab experiment he used a vertical lligl 

chamber. It consisted of  a large, open fronted box with a central opening in the roof A smn 

open box containing a sodium vapour light which provide sky cues is kept inside it Mountc 

on the side o f  the chamber is a 550nm light source that stimulates a vegetative cues. Digiu 

readings from the anemometer measure wind How from above which is an indirect measur 

ol insects rate o f  ascent. Insects ignoring the vegetative cues while living towards the sk



cues for an extended period were identified as being migratory. In this experiment 

approximately 5% o f  whiteflies flew towards the sky cues by ignoring the vegetative cues for 

more than 15 min. Also their movement was persistent and straightened out.

Similarly marked D. tabaci were released in the field and their distribution following 

dispersal across a 21 k m 2 grid was noted. Their distribution was bimodal, one peak o f  

alighting occurring at the Held edge and another peak at a distance o f  2.2 km. Those caught 

near the field were engaged in foraging while others are engaged in migrator} (light b \  

ignoring intervening crops.
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FigZ. Vertical flight c h a m b e r  em ployed  in exam in ing  
flight behav io r  bv Bcmisia tabaci 

A — mercurx  v a p o u r  lam p .  B —  a i r  in take  por t ,  ( '  —  
air  in take fan. I) —  a n e m o m e te r ,  K —  55(1 mil light, F 
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f ig  4. P ro p o r t io n  o f  Bcmisia tabaci t r a p p e d  in 
200 m w ide d is tance  classes dovv n\\ ind

6 . 1 .J Pink boll vv iirm

It is a major pest ol cotton In the late I'tOOs. Hi was introduced to control the pest

But resistance ol this pest against 10 was ol great concern lo  prevent the development o|

resistance, it was suggested to plant a portion ol the crop with refuge ol non-10 cotton crop so

that pest could Iced on plant that do not contain 10 toxin. Dispersal o f  this pest between these

two crops increases chances that resistant adults male with susceptible adults from refuges

and dilute the alleles for resistance and prolong the pest population susceplibilitv iBvrne.

2008).



Plate 32. Larva of pink boll worm 
Pectinoplwra gossypiella

Plate 33. Adult of pink boll worm 
Pectinoplw ra gossypiella

6.2 Beneficial insects

Some beneficial insects are being used to manage the pest. Main o f  the beneficial insects 

show migration. Understanding migrators behaviour also can help enhance the efficacy o f  

natural enemies, fo r  example I.aceuings. Clnysoperla sinica (Tjeder) (Chen et al.. 1963) and 

Convergent lads beetle. Hippodamia convergens (Cluerin-Menes ille) (Williams. 1957) base  

reported undertaking long distance migration flights. In lacesvings. because o f  the weak flight 

capability they h a se e so l sc d  certain morphological, physiological or behavioural adaptations 

to alloss long distance flight. Study ol different facets ol C sinica flight mas aid its 

incorporation in Integrated Pest Management systems (I in et al.. 2011). Convenient lads 

beetle shosv regular seasonal migrations between large summer breeding areas in coastal 

plain ; or lower salleys and ss inter quarters in the mountains, where there is a dormant period, 

fo r  example in field svhen sshitclly parasiloid Pretmocerus eremicus l Rose and /olnross ich)  

are released, control ol svhitelly ssas less. It is because ol the low relalise dispersal distance 

of h eremtc //s a .  compared ssith those ol Hemisia hihacc So studs ol mi unitors behas iour 

would help in selection ol good parasiloid or combination o f  parasitoiils.

Plate 34. fireen lace wing 
( Itrysoperla sinica

Plate 35. C onvergent lady hectic 
H ippodam ia convergens



6.3 Ecotourism

Overwintering sites o f  migrating butterflies provide excellent ecotourism opportunities as in 

case o f  monarch butterfly. Several sanctuaries were established in the overwintering sites ol 

monarch butterflies in Mexican countries.

Plate 38. M onarch  Butterflx Sanctuary  
in M ichoacan,  Mexico

Plate 37. FI Rosario Monarch Butterfly Preserve  
(Central  Mexico  and G ulf  Coast,  Mexico)

Plate V ) .  Monarch butterflies in ( )\ crw intcring sites



The migrating insects like locust can be used as a source ol lood. lhe  red. yellow, spotted 

grey , and white locusts are edible. It is rich in protein, zinc and iron.

Plate 40. Fried locusts Plate 41. Chocolate  covered locust

7- Conclusion

Migration is an important natural phenomena. It is an adaptation evolved in insects to 

overcome the adverse conditions. I lie knowledge on insect migration would help in the 

development ol .imulatinn models that serves as an aid to growers in making pest 

management decisions. So detailed research is needed in lliis area. I he overvv interim: sites o f  

migratory butterflies provide excellent eeotourism opportunities. Mi;:ralor\ locusts can be 

utilized lor edible purpose



1. How many davs the monarch butterfly will take to reach their overwintering sites in 

Mexico?

Monarch butterfly will take about 60 to 65 days to reach their overwintering sites in 

Mexico.

2. What is the life span o f  monarch butterfly?

Adult monarchs live only for 3 to 4 weeks. However,  one o f  the mysteries ol these 

insects is their capability to breed what has been termed by scientists as a 'M ethuselah '  

generation. This is a very special generation o f  butterllv. born once a year near the end o f  the 

summer months. These butterflies can live up to 0 months and this generation will not breed 

in the north: instead the butterflies store up nectar from flowers and use this as fuel to enable 

them to migrate south for the winter.

3. H there any research work going on in India?

Mans I ocust forecasting centres were established in India for the control o f  

infestati'>n <d locust.

4. What is the difference between solitary and gregarious phase of locust?

Locusts are the swarming phase ol certain species o f  short-horned grasshopper ' '  in the 

family Acrididae. In the solitary phase, these are called grasshoppers which are innocuous, 

their numbers are low and they cause little economic threat to agriculture In the cicparious 

phase, swarming occurs and cause extensive damage ol agricultural crops I his bch .moui  is 

a response to overcrowding.  Increased tactile stimulation ol the hind leg causes an increase in 

levels rd serotonin I here are also differences in morphologv and dc \c lopm cn l .  I he g/ ego/ /o 

nymphs become darker with strongly contrasting yellow and black markings. ihc\ grow 

larger and have a longer developmental period while solitai\ phase are green in coloui

5. What is the importance o f  milkweed plant in monarch butterllv ?

Monarch butterfly Iced on milkweed which contains higher levels ol cardiac 

glycosides. I he monarch stores this cnrdenolidcs. or cardiac glycosides that it gets horn the 

milkweed. I his makes the hullerlly unpalatable and thus protects it from predators
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Insec t  m i g r a t i o n  

A b s t rac t

Migration is defined as the movement o f  animals in a direction for a certain distance 

which results in temporary or permanent change o f  habitat. It is an adaptive behaviour ol great 

significance that is observed across the Animal Kingdom. Several species ol insects display 

migratory behaviour like in case o f  monarch bultcrlly. locusts, dragonfly,  uhitelly etc 

According to Kennedy (1961). "Insect migration is a behaviour which is persistent and 

straightened-!tut movement effected by the animal’s own locomolory exertions on or by i t s  

active embarkation on a vehicle. It depends on some temporary inhibition o f  station keeping 

responses b u t  promotes their eventual disinhibition and recurrence*'.

Insects migrate Irom one place to another in search o f  resources like food, breeding place 

anil also due to overcrowding cllecl. Insect migration can be classified as dy namic migration and 

homeostatic migration based on frequency ( l a y  lor. IWXO). Depending on the medium used 

migration can also be classified as aerial, pedestrian and waterborne

Several physiological, behavioural and moiphological traits underlie the miuratorv 

behaviour o f  insects that are collcclivclv referred to as migralorv svndrome lhe  phv siological 

traits include hormone titers, distribution ol energy stores. Might propensity and age specific 

reproduction. Wing dimorphism and body s i /e  ol the migrant are examples  ol morphological 

traits (Roff  and Pairhairn. 2007).

Insects are able to find their way during migration by means ol their sensorv adaptations

and navigational capabilities. Different methods are used by the insects for orientation and

navigation includes solar navigation, use o f  earth’s magnetic field, and visual cues iVyglev  ct 

al.. 2001).
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Animal Kingdom is flourished with astounding number o f  symbiotic associations. Most of 

these associations arc for getting food, shelter and transport. Phoresy is a special kind of commensal 

relationship in which one organism (phoretic or phoriont) attaches to another (phoront or carrier) for 

a limited time period to enhance dispersal o f  the phoront from the natal habitat to a new and 

potentially better habitat (Binche. 1994). The etymology o f  the word unites the perspective ot both 

the phoriont (phor (Cir.) means " t h i e f  and the phoront (phom s  (Gr.) means "bearing" within the 

interaction.

Phoretic associations are strictl> temporary and non- parasitic association. The phoriont is 

usuallv much smaller than its host and often several phorionts may attach on an individual phoront. 

The phoriont does not have an effective means o f  independent dispersal (e.g.. wings or oars), 

whereas the phoront usually is quite mobile and larger in s i /e  than phoriont. Phoresy excludes any 

direct physiological benefit during transit. Phoront does not provide the phoriont with food while in 

transit nor does it contribute to the ontogeny or development o f  the phoriont during transit. Usually 

only one member o f  a complex life cycle ol phoriont participates in the phoresy and the other 

members in the life cycle arc not phoretic in nature. In such cases, the phoriont may come from any 

o f  the life stages I Mitchell. 1975).

Phoresy amung arthropods has been recognized since al least the mid-seventies. I irst report 

o f phoresy i. on fly I .miasma sacra,  which is phoretic on dung hectic. Sctiriibiii-us i/anhircnsis  

( I esne. IK9b) Both are inhabited in transient habitats. Am ong  the arthopods. phoretic associations 

among insects are more prominent. Organisms with small si/c. limited mobility and inhabiting  

transient habitats are phorclica lly  associated with insects lor dispersal Insects aie the most popular 

phoronts due to their capacity lor Might, diversity ol their habitats and abundant population. Most ol 

the insect orders have members that paiticipale in phoresy; hovvevci. insects ol ordei Diptera. 

Mymenoptera and ( oleoptera lorm some ol the most extensive phoretic associations w ith other 

insects, nematodes and mites (W ag e . 1979).

2. Classification o f  phoresy

Phoresy can he classified based on ecology, phoront specificity and mode ol attachment 

(Binche. 1994)



2.1 Ecology

Ecology is the study o f  interrelationships between living organisms with their environment.  

Environmental factors play important role in the existence o f  symbiotic  associations. Based on the 

influence o f  environmental factors on phoretic associations,  phoresy can be classified as either 

obligate or facultative.

2.1.1 Obligate phoresy

Phoriont totally depends on phoresy for complet ing their life cycle. The association is 

influenced by environmental factors like temperature,  relative humidity,  light etc. Usually mites 

associated with ephemeral habitats show obligate phoresy. Degradation o f  ephemeral  habitat is 

influenced by environmental factors. Phorionts often have phoretic adaptat ions for enhancing  

phoresy. In obligate phorionts,  phoretic migration is cyclic (recurrent) and regular. Mite  

Poecilochinis sp. is associated with American carrion beetle, Necrophila americuna  for their 

dispersal. Both these are inhabited on decaying human & animal carcasses (Gibbs and Edward,  

2001 ).

\

Plate 1. P n ec iln ch in ts  sn. Plato 2. American carrion beetle,
Necrophila am cricana

2.1.2 Facultative phoresy

Phoretic association is not compulsory for the phoriont to complete  their lifecycle, lh e

association is opportunistic in nature. Here association is not influenced by environmental  factors.

Phorionts randomly choose phoronts for their dispersal Phoretic adpatat ions are absent  (or phorionts.

Mite Glyptholaspis spp hitches on dark flower beetle. Euphoria scpulcrnlis for its dispersal (K ran t / .  

1978).



Plate 3. G lyp tho lasp is  sp. Plate 4. Dark f lower beetle, E u p h o r ia  sep u lcra lis

2.2 Phoront specificity

The relationship between phorionl and phoront is termed as phoront specificity. Based on the 

phoront specificity o f  phorionl,  phoresy can be classified into three types such as euryxenous.  

steno.xenous and oioxcnous.

2.2.1 Euryxenous phoresy

In euryxenous phoresy, phorionl uses a wide range o f  phroronts for their dispersal.  These 

associations are non-specific in nature. Mile I listio^a.stcr arhorsi^nis  is phorctic on forty species o f  

phoront for their dispersal. Eongicorn beetle, ChloriiUi fcftiva  and Southern pine beetle. 

Dentlrncfnmi.s frontalis are comm on phoronts used by the mile ( Lindquist.  l l)l>‘M

Plntp 5. flh lo g  aster nrhnrsignison IMnlo f, l lk w g m le r  n r h o r u ^ i i -  on

‘ M" ’U " P filtlrtic lonm  /ronla lh

\



Stenoxenous phoresy is specific in nature and phoriont prefer phoronts o f  same genus or 

family. Predatorv mite Heniisarcoptes spp. prefers lady beetle Chilocorus spp as phoront. The mite 

prefers fourteen species o f  lady beetle o f  genus Chilocorus spp. for their dispersal (Gordon,  1985).

Plate 7. l/c/uisarcopfcs  spp. Plate S. Chilocorus  spp

2.2.3 Oioxenous phoresy

O ioxenou . phoresy is h igh ly  specific in nature. Phoriont constantlv prefers a specific  phoront 

tor its dispersal. M ite  M u croch dcs  rc t tcu m cycr i  attaches w ith  army ant. b.ciloti du lc ium  for its 

dispersal M ite  attaches on lv  to llie leg m em brane ol the ant during phoresv ( Iw in g .  2001 ).* ' »_ I p

i A  * 1
V\ l /  <**

Plate 9. M a c ro c h d c s  rc tlen m cycri Plate 10. fu  ilon  (luh iiuu



Phoriont can be attached both externally and internally with the phoront.  Based on the mode 

o f  attachment phoresy can be classified into either endophoresy or ectophoresy.

2.3.1 Ectophoresy

In this type phoriont attaches externally to the phoront for its dispersal. Phorionts  often 

attaches to the body wall o f  phoronts. Mite Myialges anchora  attaches to the thoracic region ot 

pigeon fly. Pseudolynchia canariensis during phoresy (Wallace, I960).

2.3.2 Endophoresy

In endophoresy phoriont attaches internally to the phoront for its dispersal. Usually 

nematodes show this type o f  phoresy. Nematode Diplogcister coprophila  attaches to the abdom en o f  

fly Sepsis fulgens  ( Kethlcy and Johnson, 1975)

3. Stages in phoresy

Phoresy involves different stages such as searching o f  phoront,  at tachment to phoront and 

disemharkment (Morand and Binche, 1993).

3.1 Phoront seeking

Phoront seeking or searching o f  phoront is the first stage o f  phoresy. Phoriont identify its 

phoront using different cues like chemical,  visual and auditory ( ( 'hcng, 1901 ).

Chemical cues arc specific in nature and it represents a particular phoront.  Broad mite.  

Pnlyphagntnrsnncnws luiir, exhibits a specific phoretic relationship with whiteflv,  Pcmisia tahiici. 

Mile identify white fly by a chemical component triacontansl Iriaconlanoate present on the wax o f  

white fly (Soroker ct nl.. 2001),

Phfc 11. Polyphngntarsonrmus la (us Plnle 12. Rem I sin la had



Egg parasitoids are often associated with phoresy for reaching their habitat. I hey use host 

insects as their phoront. Majority o f  parasitoid hosts are immature insects. One wav ol locating 

immatures is to hitch a ride on the adult and wait until it oviposits or returns to the nest. I hey Itnd 

their phoront based on any specific chemical produced by them. Parasitoid Mantiharia mantis itself 

attaches to adult Mantis rcligiosa. II it attaches to male, it will transfer to the female during mating. 

When the female oviposit, it will parasitise freshly laid eggs (Morehead and Feener. 2000).

T a b le  I .Chem ica l  cues used for p h o r o n t  seeking

Phoriont Phoron t Chemical  cue Reference

Tricho^raniniu hrawicac I'icris hra.ssicac Benzs 1 c\  anide Anderson cl al.. 2t) 1 3

Tclcnornus ciilvus I’odiMis macn/ivcniris 2- hexenel Aldrich cl al.. 1

Tclcnmmis cwmcsi cn s I ’icris rapac Met Its 1 
sal icy late

Arakaki. I W ‘)

Apncephalu's /him/itincrac I’arapnncra clavala l-melh\ 1-3- 
heplanone

Res nolds cl al.. 2ltl -1

Jris\n/L!/\ hasahs \lnrpanlni luslrinnica 2-decenal
1 t ie and t ola /za.  201 2

Triwnlt 11 s hu\ah\ l li'a Instil', herns l-oxo-(l )-2- 
hexenal.

Okiimur.i and coworkers conducted .111 experiment 011 species spccille  attraction ol nematode 

( 'aenarlnihditis p i p m i n n  towards borrower bug. I’nraslrac lna lapniti nsis.  In this experiment, 

approx i m atch I hoi 1 .and nematodes w ere inoculated on a tiller pa pci in a > cm plast k pet 11 dish, and 

then ( japnnu  r/ lrcc  hues I'm as trm Inn lapnm-nsis l i i h i s i n a  lulla. \l,n 1 a\ i  \ i i i \  / apni nns i s  and 

Armadil l idinm vulparc  were released 111 each dish Iwcnts  loin hours aftei inoculation (at C l  the 

insects were dissected and their bods parts were placed m walet lot 2 1 houts to release nematodes.

I he number o f  nematodes was assessed using ,1 sicreomicroscopc, It was lomnl that the body wall o f  

I’arasinu liia lapnncnsis contain maximum number ol nematodes followed In I i thcslna lulla, 

Macrascytus jnpnncnsis anti Armaddlidinm vulture ( (icnmhahdilis japonica  appears to base a 

species-speeilie pin tret ie association with I'arasinnliin japnmntds due to a chemical.  2- hexencl 

present on the body wall, whereas this chemical was absent in other three hues

f.
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Ceroptera rufitarsis (Diptcra: Sphaeroccridae) is a tiny fly phoretic on several roller dung  

beetles o f  the genus Scar abacus. Niogret and I.umaret (2008) conducted an experiment on phoront 

seeking o f  fly Cernptera rufitarsis towards dung beetle, Searahaeus saeer. They released one 

hundred C rufitarsis at one end o f  a 500 x 40 x 55 111111 tunnel made o f  transparent poly methy l 

methacrylate I he lly was free to move within the tunnel. I ater a live beetle without paint, live beetle 

with paint, live beetle fitted w ith magnetic bar and dead beetle were introduced at the opposi te  end o f  

the tunnel. It was observed that about seventy live Hies were found to be associated with live beetle 

without paint followed by live beetle with paint, live beetle lilted with magnet ic bar and dead beetle. 

Reason for attraction ol flies towards the live beetle without paint is its specific movem ent  and 

metallic hlack colour I hcsc act as specific visual cues for ( ' rufitarsis towards the beetles.
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Like chemical and visual cues, auditory' cues also play an important role in phoront seeking. 

Egg paras i to id Telcnnmus calvm  identifies its phoront spined soldier hug. Pad is us maculivcnrris h\ 

specific vibrations produced from hemelytra o f  the hug (I umann ct al.. 2009)

3.2 Attachment with phoront

After finding specific phoront. the phoriont attaches to the phoront. Certain phorionts have 

special structures like chcliccra, sucker plate and anal pedicel which are used for a ttachment with 

phoront. f  heliccrae are the mouth parts o f  miles. In the case o f  phoretic mile \Licrachclcs 

muscaednmaticac. chcliccra is modified into toothed structure for the attachment with phoront 

Stahle fly. Stnmoxvs cab ilran\ (Axlcll,  1904).

Chcliccra o f  M ncrnclte lcs n w sca ed o m estica c  Plate |ft. M acrochclcs. m m c a a ln n w s tic a v

s t a b l e  fly
on



Deutonymphs o f  Uropodina (the third type) attach themselves to their phoront by means  o f  

anal pedicel. The secretion that builds the pedicel is produced by the gland that opens at the back of 

the alimentary canal. The secretion hardens when it comes in contact with air, and forms a stalk that 

integrates the deutronvmph with an insect (Greenberg and Carpenter,  1999).

Plate 17. Anal  pedicel of  mite

Phoretic mites o f  family uropodidae and parasitidae exhibit special stage called hypopus 

stage. This stage is characterised with special structure called suckerplate.  It is present at the caudal 

region o f  mites and aid in tight attachment w ith phoront ( 11 a 11, 2 0 1 0).

Plate 18. I l y p o p u s  s tage Plate  19, S u c k e r p l a t e  o f  u r o p o d i d  mites

3.3 Disemharkment.

Disemharkment or detachment is the linal stage o f  phoresy. In this stage phorionl detaches

from its phoront when the suitable habitat is reached. Disembarkcmnl is taken place accord ing  to the

cues from the new and potential habitat. Nematode Caenarhahiiifis ja ponm i  is found to be phoretic

on borrower bug, Parastrachia japonensis. I tiey feed on nymphnl cadaver  o f  the bug Ihc

detachment o f  nematode from Ihc hug depends on the presence o f  nvmhal cadaver  (k n v n  anil 

Gaugler., 1991).



Plate 20. Caenorhabditis japonica Plate  21. Parastrachia japonensis

4. Evolution o f  phoresy

Phoresv may begin with unrelated organisms moving independently  am ong  shared habitats. 

Relationship between a phoriont and a phoront can be established when some o f  the m em bers  ot the 

population incidentally and randomly climb on board and are then delivered to a habitat suitable tor 

population growth. If encounters are repeated and consistent, phorionts develop cues to the most 

productive ot thew  associations.  Successful relationships become even more specialized and 

eventually- evolved into phoresy (Houck and Connor.  I b d l ). A wel l-documented case o f  evolution 

of  non phorrtic association into phoresy is in blister beetle. Blister beetles are largely known in the 

biological literature because ol I he i r importance for applied science (biological control o f  

grasshopper. ,  pharmacology, veterinary and agricultural problems) as well as their distinctive 

biology (hypermel.imorpliic development,  parasitoid larval habits, defensive attributes, and diverse 

courtship behavior) C uulm r/ r / / , 2 0 14).

One ol the most recent < lav.ilieations ol Meloidae is based on the evolution o f  phoretic first

instar larvae in the family I amtly Meloidae form three subfamilies such as Mclomac.  I Icticinac and 

Nemognathinac fri iingulins ol subfamily Meloiuae are comparatively gregarious and active than 

Eleticinae and Ncmognalhinae In course ol time, some it iungulins ol Meloiuae evolved for phoresy 

and they are included under a new tribe called Mcloini. I liese l i iungulins have morphological  and 

physiological adaptations for enhancing phoresy. I hey have well developed sensorv organs and legs. 

Presence o f  nine homologous spiniform and directed forward fronlo-elypenl setae on medial anteiior 

pari of the head, ventrally denticulate mandibles,  with teeth representing the apices o f  longitudinally 

serial, rounded indentations and parietal in with unique imbricate, squam ilorm  mieroseiilpture are 

highly specialized phoretic strategy o f  triungulins o f  Meloini I liese morphological  modificat ions

H)



enhances attachment with the abdominal intersegmental membranes  o f  the phoront (Bologne and 

Pinto.. 2001 ).

Plate 22. T r iu n g u l in s  of  N cm ogna t l i inac  Plate  no. 22 T r iu n g u l in s  o f  Meloini

Triungulins o f  blister beetle. Mcloc I'nmciscanus phoretic on digger bee HahropoJu  

pallida Thee teed on pollen grains and developing egg, larvae and pupae o f  bee. I he female beetle 

lay egg on soil. I he emerged larv ae will auuregate together on any vegetation near to them. The\ 

mimie the appearance ol a female bee and produce a sex pheromone produced bv females. Male bees 

confuse the larvae aggregate for a female and attempt to mate. I his results in the larv al aggregation 

attaching to the under .ide o f  the male. When the male finally finds a female and mates, the beetle 

larvae transfer themselves to the female and get transported back to the nest where thev feed on the 

developing egg, larvae, pupae and pollen collected by the female for her offsprings (I eslic and 

M i l l a r . 2006).



4.1 Phoresy to parasitism.

In some instances, phoretic association can become an intermediate step that grades into 

parasitism when the phoretic finds a way to get a meal as well as transport from the phoront.

Evolution o f  phoresy into parasitism is well explained in case o f  egg parasitoids. Egg 

parasitoid Telenomes cveme.scense phoretic 011 sixty live different phoronts.  I his species learn to 

hitch-hike specifically with mated female butterflies and after one successful transport leading to an 

opposi tion into freshly laid eggs. So the phoretic parasitoid evolved into more specific association

i.e. parasitism. The> identify phoronts based on certain specific cues (I lulgens and Martins. 2010).

A well-documented case o f  a phoretic relationship becoming parasitic is that o f  the predatory 

mite lferni\(ircop!c\ spp. and the coccincllid beetle Chiloeorus spp. Both feed on diaspid scale 

Aunidiella aurnniii and the association originated as a phoretic relationship. Ilowexer.  coccincllid 

beetles are reflex bleeders and Ilemisarcu/Ue.s has become adapted to the rellexed alkaloid toxins in 

the haemolymph and use it for their molting. Because o f  feeding and completion o f  ontogenesis are 

part o f  the contribution o f  the phoront and this relationship has graded into parasitism. Other related 

members ol the same mite family ( I lemisarcoplidac). which use other phoretic hosts, remain 

phoretic. I his is a good e\ idenee that phoresy can be an end point and that it can also progress to 

other firms ol symbiosis like parasitism ( ( ierson and Sehenider. l lkS2).

5.Significance ol phoresy

Phoresy is a simple symbiotic association aid in dispersal o f  organism into new habitats 

I here is immense .cope lor phoresy in agriculture and allied fields, powidcd  the dispersed phorionl 

is a pest, natural enemy or decomposers.

5 I Dispersal of pcsis

I he coconut mite. I te rm  i>ncrrcruni\ attacks \01111g fruits ol the coconut palm. ( ’oco\  

nitci/eni (Andre ct nl 201 I ) Although the mites are small and populations can be exlremelx latee. 

I heir feeding can cause scarring and distortion ol I mil. which may cause premature liuil drop. It is 

one o f  the most serious arthropod pests o f  coconut palm. ( oconul miles p robabk  disperse Irom one 

palm to another on air currents or by phoresy. Slinglcss bee / ripnnn spinipes. Italian honex bee lpi\ 

melliferu, Snout moth Athcloca suhni/clln and weevil f'ari.sn.si liocnus nbcsitlu.s are important 

phoronts used by coconut mile for ils dispersal. When these phoronts m i n e  Irom an infested palm It' 

healthy one it enhances dispersal ol mites It is important for understanding the process o f



colonization o f  coconut perianth mite i.e. essential for the improvement o f  control strategies ot this 

serious coconut pest (Galvae et al., 2012)

Plate 26. Aceriu gnerrerotiis Plate  27. Parisuschoetius obesiilus

Varroa mite Varroa jaeohsoni is a highly destructive pest o f  Italian honey bee. Apis mcllifcra. 

It is a small mite that causes precocious reduction in foraging, increased drift ing and high mortali ty 

o f  honey bees by parasite developing larvae and pupae in the bee colony. The varroa mite l ife-cycle 

can be divided into two stages, the phoretie stage and larval stage. In phoretie stage, mites  are 

dispersed by adult bees I leslav, 2014).

Plate  2H. I arroa jaenhsnnii Plate  20. | p i\ niclli/cru  w i th  mite

Dispersal arid co loni /a l inn  of new areas by armored scale inser ts ( l lemiplera .  Diaspididue) i 

achieved by mobile l irsl-mslar nymphs, called crawlers Crawlers  are capable  o f  actively waiulcrini 

over short distances (generally - I m). their dispersal over longer distances is mediated througl 

phoresy. Oleander scale, Asf)nlioin\ neri is a serious post ol lemon dispersed In three insects such a



Argentine ant, Musca domestica . Cryptolciemus montrozieri and Linepithe mahumile. The crawlers 

use special structures to attach themselves to their phoront insects. They have four hairs on the end o f  

each o f  their legs and these hairs end in a suction cup-like structure, reminiscent o f  the attachment 

structures possessed by phoretic mites (Castillo et al., 2010).

Plate  30. Aspidiotus ncri on lemon Plate  31. Linepithem a hit mile

5.2 Dispersal o f  natural enemies

Natural enemies that limit crop pests are key components  o f  integrated pest management  

programs. Important natural enemies o f  insect and mite pests include predators and parasitoides.  

Phoresv plays an important role in the dispersal o f  natural enemies in the agro ecosystem. Predators 

mite ffem harcopte\ coccophapus and II. coorcmani are phoretic on three predatory beetle species 

Chilocnrus hipustulaliis, ( ' c a d i  and ( '  infcrnalis. Moth mites and beetles are predacious on red 

scale, Annidu’lla aurantii, which is a serious pest ol citrus ( I fill d a l . ,  1 0 ‘) ^ )

(he egg parasitoid Trichopraninia hra.wicac is dispersed through phoresy. It is a purasitoid 

on cabbage white butterfly, fieri*  hra.wicuc I his wasp identify the hntterll \  b\  a anti aphrodisiac 

pheromone hen/yl  cyanide. lh c  phcromnnc is transferred by male butterflies to females during 

mating to enforce female monogamy. ( )n delecting the anti-aphrodisiac,  the tiny parasitic wasps  ride 

on the mated female butterfly to reach the nest and then parasitize her freshly laid egg (Patouros d  

al., 2016).



Plate 33. Trichogramma hrassicae Plate  33. Pier is brass icae

5.3 Pollination

Bees, butterflies, wasps. Hies, ants and beetles are important pollinators o f  flowers. Certain 

flower mites are phoretie on these pollinators and enhance pollination. Flower mile, Parasitcllus 

fiLcnrumtxrc phoretie on buff - ta i led  bumblebee, Bomhus tcrrcstris Both are pollinators o f  sunflower.  

Mite. Proctolaclaps spp. are commonly  found on butterflies and moths. Mite Xanthippe sp. 

apparently feed on pollen and nectar in the inflorescences o f  date palm and is phoretie on nilulid 

beetle. Stehdniaocto macutaia  that pollinate the palm .

IS



Carrion is a highly attractive resource to a diverse array o f  arthropods. Compared  with most  

other forms o f  detritus, carrion generates a very' intense but br ief  hotspot o f  biological activity, 

including the rapid arrival and exploitation by arthropods. This  activity results in the recycling o f  

energy and nutrients through different organisms and trophic pathways, making it a critical part of 

ecosystem functioning. Two abundant  groups o f  arthropod at carrion are beetles and mites (in 

addition to flies) Mites are a hyper-abundant component o f  the arthropod fauna at carcasses,  where 

they may predate on fly larvae or nematodes,  and scavenge on animal remains.  Many mite species 

found at carrion are phoretic and they use Ilies and beetles for their dispersal (Perotti and Braig.

2009 ).

The role o f  phoretic mites in decomposit ion o f  human and animal carcasses are applied in 

forensic entomology. Forensic entomology is the study insects and other arthropod biology to solve 

criminal investigations. Insects arrive at a decomposing body in a particular order and then complete  

their life cycle. More than 212 phoretic mite species associated with carcases have been reported 

and among these, mites belonging to the order Mesost igmata form the dominant group, represented 

b^ 127 species. lh e  composit ion of the phoretic mite assemblage on a carcass might provide 

valuable information about the conditions ol and time elapsed since death. Sexton beetle. 

Necrnphoru , beetles often carry on their bodies the mite Poccilochirus carabi. I liese beetle are 

present on tour week old dead bodies. II anv chance the beetle is not present in the deadbodv, the 

phoretic mite can act as the trace indicator o f  its carrier. I Inis time o f  death can be determined 

through post mortem I Barton rt <//., 2014).



Table  2. Phore t ic  mites p resen t  on decaying ca r r ion

Phoret ic  mite C a r r i e r  insect Reference

Ancisirocheles bregetovue Cochliomyia maceIIaria Norton. 1980

Glypiholaspis sp. Phacnicia eximia 

C 'ochliomyia maccllaria

OC'onnor. 2009

.1 lacrocheles ironical is Aphodius spp 

Onlliophayiis spp.

fa in  and Miessen 1997

Macruchclcs jicnicd/iycr Trox scabcr 

7. sahulosiis 

T. iiihcrculalns 

T suyavai

Takaku and Voshida, 2000

Fiirasitus colcoptratorum ( imhophayus spp. W illson and Knollenberu. 

2001

FocL'ilochinis s p . A ccrodcs \uri>uimensi\

\ccrophonis \ c\pilloidc\

Perotti and firaig. 201 3

6. Tonclusitin

Phnrc ,> is ;m important ecological phenomenon, which enhances the diversity and 

complexity ot community interactions within and among habitats. Phoresy acts a s  connecting link lor 

evolution ol ample associations into higher and more specilie associations like parasitism. It plays a 

key role in the dispersal ol pests, natural enemies and other beneficial organisms into the agro 

ecosystem. S o  n has immense scope in integrated pest management It i s  a prevalent lorm ol 

commensalism among insects and one ol the least understood potential ecological interactions. 

However, there is a need h»r more research works in this area for understanding the role id phoretic 

associations in dispersal o|  pest and beneficial organisms.
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1. What is the relation between commensalism and phoresy?

Commensalism is a type o f  symbiotic relationship between two organisms where one 

organism benefits from the other without affecting it. Phoresy is a type commensal relation, where 

one organism associated with the other for their dispersal.

2. W hat is significance o f  phoresy in pest management ?

Pests like coconut mite, Aceria  ynerreroni.s  and oleander scale. A.spii/iotn.s neri  are mainly 

dispersed through phoresv. By understanding the phoront insect aid in dispersal o f  pest, we can 

control the population o f  the pest through managing the phoronts.

Certain natural enemies are also dispersed through phoresv. Egg parasitoids like lelenannis  

calvus. Tr ichayramma japonica.  Telenomns evane.scense identities its phoronts hv sc \  pheromones. 

These sex pheromones can he used for attracting egg parasiloid. I luis we can control specific pests.

3. W hat i< the reason behind phoretie association between L'cropicra rn/ihir^is and dung roller 

beetle

( ' c m p tc r a  nifi iarsis  is a minute llv inhabited on cowdung pits. I hey are phoretie on dung 

beetle. Sctirahaeus s a ic r  I liese beetles have a characteristic feature that, it will rolls down dune•w

where ever thev louiul. So these Ilies phoretie on the beetle i.e thev will get both food as well as 

transpt>rt In mi the pin >r< ml.

I. What are dillerent types ol symbiotic associations?

Symbiosis i. close and oltcn long-term interaction between two dilleienl biological species. 

It is o f  four tvpes such a .  para all an. commensalism. ammensalism and mnlualism \ parasitic 

relationship is one in which one member ol the association benefits while the othei is harmed. 

Commensalism is a relationship between two living organisms where one benefits and the other is 

not significantly harmed or helped. Amcnxalism is the type ol relationship that exisis where one 

species is inhibited and another one is unaffected. Mnlualism is a relationship between indiv iduals ol 

same species where both individuals benefit
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Phoresy is a special kind o f  relationship in which one organism (phorionl) attaches to another 

(phoront) for a limited time period to enhance dispersal from the natal habitat to a new one. Organisms 

with small si/e. limited mobility and inhabiting transient habitats such as mites, nematodes and small 

insects usually resort to phoresy for dispersal. Insects are the most popular phoronts due to their capacity 

for (light, abundant population and di\ crsity ol their habitat si Mine he. I 99 1 ).

f'hore .> can be classified either as obligate or lacullali\e.  Ilascd on the spec i lie it \ o f  phoront. 

phoresy i . lurther cla-.silied as eury xenons, stenoxcnous and oioxeuoust Uinche. 11,111).

f’hore.;. in vo k es  dillerenl stages such as searching ol phoront. attachment to phoront and 

disemharkment I he phorionl is guided In chemical, visual and auditors cues during each ol these 

stages. Phorionls olten have special structures like chelicera. anal pedicel and suckci plate for getting 

attached to the phoront Discmbarkment is the linal stage where the phorionl detaches from its phoront 

upon receipt o f  approprialcslimulii Irom the new habitat I Mot.ind and Rein he. I l)l> 1).

Phoresy plays an important role m Ihc dispersal ol pests such as coconut perianth mite 

(Aceriiiguerrcroms) varroa mile ( \ ’<irnniiiicob\niii) andoleandcr scale I I \/>nlii<in\ncri) | ( ialvaci7 t i l . 

2012). Similarly several natural enemies also reported to hitch- hike lor dispersal. I alourosiv til.. (200b) 

reported that the egg parasitoid. Irwhiiiivonmuijnpimii'uin was dispersed bv cabbage butlcrllv. 

I'ierisbrassicac Similarly. Houck (1999) reported that the predatory mile. lU-niiMiivnptcr-\nnilus was 

dispersed hy lady beetle. ( hilncorn\sp.



The role o f  phoretic mites in decomposition o f  human and animal carcasses is applied in forensic 

entomology. Phoretic mites can act as trace indicators o f  their phoronts and thus help in estimating the 

time o f  death (Barton et al.. 2014).

Phoresv appears to have evolved independently across Animal Kingdom. It is believed to have 

its origin in casual association between organisms with habitats. Many consider phoresy as an 

intermediate step in the evolution o f  higher association like parasitism, as in the case o f  mite 

Hemisarcopte.s and the lady beetle Cluloconis( Bologna ct al.. 2001).

Phoresy benefits the individual, but il can also enhance the diversity and complexity o f  

community interactions within and among habitats. It has immense scope in pest management and 

applied science. However,  there is a need for more research works in this area for understanding the role 

o f  phoretic associations in dispersal o f  pests and beneficial organisms.
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I. IN T R O  D I C T I O N

The term predation is derived Irom the Latin word 'praci/cri' which means ‘to plunder

or 'to take In force' .  Predation evolved independentlv several times in dillerent group ol

organisms over millions o f \ea r s  and is considered to he the major driving lorce which have led 

to the evolution o f  vertebrates.

A predator is an animal that hunts and kills other animals for food and llie prev is a term 

used to describe animals that are hunted and killed In predators,  \ c c o rd m g  to I oppel and 

Merlins ( Id 7 7 ) predator is delined as "an animal which feeds upon other animals (prev i that are 

usuallv smaller and weaker  than itself, frequenilv devouring them completelv and rapidlv". 

Dhuliw a I and \ ro ra  i I ) de lined predator as a tree living oreanism throti ghoul Us hie. U kill- 

its pre>. is usuallv larger than Us prev and rev|tiires more than one prev lo complete Us 

development.

I he interaction between a predator and its prev i> the most povveriul driving lorces

behind evolution Predation is a slione. selective piessure that drives prev organisms to find

wavs to avoid Heim1 eaten. Prev u rM ii is in s  that are d i l l icu lt  to liml. catch 01 u ' iM in i e  are the 

ones that wall uirv ive and rcpiodiiec l l i c i e  nil is lha! over evo lu t ion . ir  tune p ie ' 01 am-im  

have developed a tm im n i’ an.iv ol . t ra tc ie s  to av old being eaten

\bont ’.s'1,, id the insect species are predators 01 paia s i lo u K  \ea r lv  cvi.iv o id u  ol insect 

contains predatorv pec ics Som e specie , aic onlv pivdaloi v a - immalu ies . othei s as adults, and 

still others are predatorv l luo i i i ’hoiil then lile span 'some o u t e r s  aic  cn lnc lv  piedatoiv like 

Odonata. Man lod  a Mcc op ic ia  and \ cu io n le i  a

2. S T M ’S l \  I ’ R I I) \ M O N

Predation inv olvcs four step . / (. -eatch iceognition. e

2.1 Search:  Predators search thc cnvimmncni loi .uccpl.iblc picv Piedt ioi  ad ipt.uions io 

improve foraging success include hctlci visual a imtv.  development ol i ,eau h m im e  md 

i! searches to prev rich habitats Seaieh mv olv es both habitat liinlme i n d m ^ .  i iudme



2.1.1 H ab i ta t  finding: Predator is oriented towards prey rich habitats, mediated by long range 

cues like plant colatilcs. For instance, an experiment was conducted by Zhu cl al. (2005) in USA 

for eliciting the importance o f  corn volatiles in habitat finding by predatory green lace wing. 

They prepared traps using different corn \olati les such as u-terpenol. l-hexanol.  p-larncscne and 

2-pheny leihanol. A mong  these corn \ olati les. 2-phenylethanoI attracts more than 20 insects 

which indicate that there are speci lie cues for attraction o f  green lace wing to the corn ecosystem 

I figure I ).

I igurc I . Attraction o f  green lace w ing to the plant \ olatile
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2.1.2 Prey f ind ing : It can be con-idcicd as pincess ol actually Finding suitable prey within the 

habitat Prey Undine is mediated by shod u n i te  cues It is olicn classified into two. i.e. random 

foraging and direct it >nal loragmg. Kant lorn I or'aging is othci w ise know n as meat and eat s t r a t e g \ . 

Usually the immature stages nl those pieilalnrs show random foraging. Mere the predators share 

similar habitat with their prey and capture the prey upon contact I g. A phidophagous  svrphid II\ 

maggot, hi directional foraging the predator orient to the prey Irom a dis tance with the help ol 

visual, olfactory and acoustic cues I or example, the I uropcaii bee woll w il l  be attracted towards



any flying objects  with similar size and shape o f  Italian bee. The carabid beetle utilises (3- 

famesene from aphid honey dew’ as an olfactory cue and certain cera topogonid  m idges  tm d  their 

prey midges with the aid acoustic cue.

Figure 2 show s  the importance o f  olfactory cues in prey searching  by aph idophagous  

predators in Vicia faba. Olfactometr ies  contrast ing non-infested vs. infested plants  with 

Acyrthosiphon pisum  Harris (Hemiptera: Aphididae)  were  performed to study olfactory prey- 

searching in Hippodcimia variegate (Coleoptera: C'occinellidae) and Trirammatus striatula  

(Fabricius) (C'oleoptcra: Carabidac).  //.  variegata  and T. striatula  were  attracted to infested 

plants when contrasted with non-infested plants. These  results corroborated the importance  ol 

semiochemicals  produced by herbivory in the prey-searching  behaviour  o f  aph idophagous  

predators.  In addition, presence o f  predators on the foliage may favour emiss ion  o f  aphid  alarm 

pheromones, which could  attract //. variegata and T. striatula  (Tapia  et al.. 2010).

Figure 2. Olfactory cues media t ing  prey searching behaviour  in aph idophagous  predators  
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2.2 Recognit ion: Predators quickly learn prey types and adapt lo recognize prey and to avoid 

inedible species. Very specific visual, olfactory and gustatory stimuli involves in prey detection. 

Ihc F.uropean bee wolf. Philanthus irian^ii/um recognizes Italian bee. Apis me 11 i f  era by the 

presence o fcu t icu la r  chemical ( / ) - 1 I -eieoscn-1 -ol. Whereas in case o f  predatory carabid beetle. 

Anchamenus dorsalis aphid honey Jew sugar act as the stimuli (Mcrivce cl al.. 2012). Figure 3 

indicates the role o f  insect \ olati les on prey recognition by Philanthus triangulum. I Icrzner ct al. 

(2005) conducted an experiment using diffcrentk treated honey bee dummies  and they recorded 

the attack rate by Philanthus triangulnm in each category. I he attack rate was around 45 per cent 

when the honey bee dummies  are treated with natural honey hee extract. I he honey bee dummies  

treated w ith a combination o f  hydrocarbon and ( /  ) -1 I -eicosen-1 -ol show s SO per cent attack rate 

whereas, literally no attack was observed when it was treated with hydrocarbon alone. Ibis 

shows the importance o f  ( / ) - 1 I-eicosen-1-ol in prey recognition by Philanlluis trianoulum.

I ieure v  Ro le  ot insect \olat i lcs  on prey recognition by Plii lanilms trian^iilum
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2.3 ( up l ine :  \ I te r  dclecimg suitable picy organism. the picdaloi must be able to capture it 

Adaptations to improve capture c l f iucncy  include both moipholouical  and behavioural 

modifications



2.3.1 M orpho log ica l  a d a p ta t io n s :  The morphological adaptations are usuallv appendage 

modifications. In some predators the legs are modified for capturing and holding their prev. For 

example the raptorial forelegs in case o f  mantidlly and the basket forming legs in dragonflies. 

Also the mouthparts are variously modified in predators insects. Fg. I lornv proboscis in assassin 

hug. long sickle shaped mandibles o f  lar\al  untlion. prehensile labial mask o f  dragonfly naiad.

2.3.2 B ehav ioura l  a d a p ta t io n s :  Insect predators show a large number  o f  beha\ ioural  

adaptations for capturing the prev such a s  thanutosis. ambush predation and trapping

a. Thana tos is :  lhe  inject play dead. Ii is reported in the predatory Fselaphid beetle Clavigcr 

/ev/t/(.e?/> which prev upon the mil. / </s/;o f l a v i i s .  lhe  beetle shows feigning death in lronl ol out  

colony and chemica lly  m im ics  insect cadaver. I he worker ants carry this cadaver  into the brood 

chamber. Once w ith in the ant's co lon ) the beetle become active and start feeding on egg. larva 

and pupa o f  ant.

h. \it)I) 11 sh p red a t ion :  I lie predaloi remains in one place and strike at acceptable prev when  

>_ t .me within their range. I stiallv in eel v is ion is limited to recognition o f  mo\ emcnt so that 

i non-inov ine predator is undetectable to a potential prev organism. M a in  ol' the ambush  

predator are e r p t i c .  r e c m h l i i i f  Ihtn• *■ like bark, lichen, or leaves or some ol them m im ic  an 

oh|cet th it prev are attracted to like flowers. I g. U rch id  mantis concealed in the orchid flowers  

g h »r prev l< > pa . • b v .

e. I ra ppm g l're< I i t o r . v on 11 in I Haps in which to i apt in e prev I his c on Id be o  inside red a s  a 

lorm ol ambush prcd it mu where the pn d.itoi wails  ncai the Hap then pounces on the prev once it 

is ensnared in t h e  trap I in example the snaies o l  \evv Zea land (d o w w o n n .  In n  lu u u w n p a  

hmimnsd  lhe  larv i spins a ne t mil ol ill. on lhe ceil in i ' ol the cave  and then h,int's down vis 

many as 70 threads o f  mlk called snaies lioni around the nest. e.ich up to HI or lOcm long and 

holding droplets o l  mucus I arvac f l o w  to all rad  picv into iheit line.ids. perhaps luring them 

into believing thev are outdoors, lot the tool ol a cave covered w i lh  l.irva can look remarkably 

like a st.irrv sk\ at mt'hi. I’rey iticlude midges, mav flics, c a d d is l lv . mosi|uito. moth or even small 

snail or millipede. \\ hen prev is entanided in a snare, the l.u v a pulls it up bv ingesting the snare



and starts feeding. I lydropsychid caddisflv larvae, an aquatic predator construct nets in which to 

trap prey and also the pit excavated by antlion grub is a highly efficient trap to capture prey.

2.4 H and l ing  : Predators must handle prev hv efficiently subduing them and detoxifying any 

defensive compounds. Adaptations promoting handling efficiency include improved foraging 

appendages to reduce the probability o f  injury and physiological specialization like secretion ol 

toxins for rapid paralysis o f  the prey. I he assassin bug species PUitynwris r/nulamani/ws is 

capable o f  spitting venom up to 30 cm. I he saliva o f  this insect, loaded with a mixture of at least 

proteins including excess  amounts o f  prolease. I lyaluronidase. and Phospholipase causes 

intense local pain. Vasodilation, and edema in prey organism (I dwards.  1002>). I he wasps ollen 

paralyze their prey with a venomous sting which is the modified ovipositor.

Predators also improve foraging efficiency by learned avoidance, a behavior in which predators 

quickly learn to recognize poisonous or distasteful species by remembering adverse reactions 

from attempted predation events.

3. PUI \  DI I I M  I

I he p r c  defend if •* predator either by evasion oi by active resistance to the prcdatoi attack. Prey 

delen e or uiti-predaloi adaptation ale mechanisms developed through evo lu l ion  that 

i .i a prey oreani m m their con .taut struggle against predator. I f i l l ing evo lution insects have  

develop, I an impres ave set ol mechanisms to defend themselv es against natural enemies. I his 

include. i'l ip! 1111 >i i . in flieii nioi pho logy. behaviour, physio logy, and chemistry (I vans and 

Schmidt, I ')')<•) Pi . d it mu pi e . an e i » one ol the most impoi tan! select iv e forces i esult mu in the 

evolution o| c a i p.- f i liav ioi < i v p a a pose mat ism. c he mn il defense (I im.i and I fill. I ' > y?0 > and 

possibl v the mo a e - . iremc do leu a III e 1 u 111 i c i 111 • a limb oi other appendage to the pi edalot i e. 

autothv as and sun id il a l l iu i  in

3.1 M orpholog ica l  a i lap fa t ion :  Many s p e c i e s  ol slug caleipilkii il imacodidac) have numerous 

pn >t 11 be'ra rices and si mi1 ini' spines done theii dm sal sm luces, 'spec icv that possess these slinging 

spines sillier less predation than larvae that lack them \nnthei  type ol delens ive  s tmcluie  culled 

osmeteriiim. an eversible glandular process is present m paptlionid ealerpillar I hev secrete



repellents to avoid predation. Strong mandibles o f  termites, ants, wasps, and bees are also aid in 

anti predation.

3.2 M echan ica l  a d a p ta t io n s :  Caddis ll\ larva evolved a special type o f  evasion mechanism by 

creating retreat Irom debris. I hev make shelter using debris over their body and ii will act like a 

shell. This make most unwelcome to the predators.

3.3 Behav ioura l  a d a p ta t io n s :  Most widclv adopted mechanisms o f  antipredation bv insects are 

behavioual adaptations. I his is mostlv developed from the knowledge o f  previous predators 

even^  through insect learning process.

3.3.1 Diematic  behav io r :  I he prev startles their predators bv sudden display ol evespots or 

bright c l o u r s  "it the hidden bodv parts mostlv on the hind wings. In ease ol owl butterfly. 

('ali'^i> 'pp. when a potential predator approaches,  thev suddenly spread their hind wings which 

bear large evespots which resembles the owl 's  eve.

3.3.2. I hana los js  When a potential predator approaches certain prev will play dead. I hey 

re lea e crip Irom the substrate, fall down and remain motionless.  I g. Tale ( ireen Weevil.

I ' n ! \ i l n i  ,rr, i n i p r c w i f m m

3.3.3. Troti-elivc co lo u ra t io n :  Mvci the course ol evolution insects deveh 'p  ceil.tin adaptations 

to protest thenr.elv e . Itoin predation I lie prev learned Irom previous predation event that 

certain l i n e d .  are avoid rid ol predation In merging vvilh then background. I Ins type tv I prev 

delen e i-. termed i . i a v p a s Ii may eitliei bv camoullage ot In masi |ueiade. In camoti llage the 

in icei merve • >v idi tin1 it b n I monnd like in i use ol and dune ri a s shoppe i . Ual v did and geometer 

moth w hercu . in m i ■> piet ai le pi e v mm lies inanimate objects like d i \ lea I as m case ol k al v did 

and canto moth md twin In in I m .e i i

3.3.3 W a rn in g  co lo u ra t io n :  It is also called apnscimatism. IhtpalaUtble ot otherwise

nnprolitahle prev species sometimes adveilise theii niisuil.ibiliiv to predatois with bright 

ctilouralion (I dmimds. I1* / I t  I hi u d  lo lour  in Milk weed bug. < hi\iuiin\.  orange

colour in Velvet ant Ihiw mitiillii in cidoilalu  and vellow colntii in Yellow jacket



Dolichovcspula sp. Indicates the presence o f  toxins in them, lhe  predator avoids such type o f  

prey organisms based on their previous knowledge.

3.3.5. M im icry :  It is a false advertisement to the predators regarding the prey organism. The 

palatable insect mimics distasteful model so that they can escape from the risk o f  predation. A 

classical example tor mimicry is the palatable vicerov butterfly. I.inicnitis archippus mimicking 

unpalatable monarch butterfly. Danaus plexippus

3.3.6. \ u t o to m v :  It is an active resistance mechanism where the self-amputat ion ol a body part 

occurs, olten a> a reflexive action and along a predetermined breakage plane. It has been 

observed in a wide variety o f  taxa in defense against conspeei lics  or nonspccilics  (Maginnis.  

2n06i. I g. Stick insects.

3.3.“ . I’h ragm os is  Blocking ol the nest entrance with any part o f  the body. In case ol ant. 

I cphal>>iL-\ wiriuns nest d u ra n c e  is blocked by the broad disc shaped head o f  soldier.

3.4. ( hcmical  defense:  I lie defensive chemicals where obtained by the insects cither 

intrin iicall’- or exti in ac.i l lv. \ l .mv compounds arc derived Irom the main lood source ol insect 

where.i , other in .cel arc able to syndic .i/c their own toxins. I’a s tceh  . / ill. ( I'fS h  have div idcd 

•. hemic 11 delcn ,c . into di I terenl chisses siicli vis true poisons, repellents and oilier secretions

3.4.1 I rue  poisonx/class I c o m p o u n d s  iiilcrlcrc w ith spccilic phv sjological pioccsscs or act .it 

certain ale . which im hide biil.n.licnolidcs. canth.n idin. cyanides.  c.udcnolidcs.  .ind alkaloids. 

( arduiolidc . pre.ent m null weed plant is sci|ticslercd by milk weed bur .  (hu opehu^ 6 neuiius 

is used ilmin i 11 • in .cct picdaloi , \ \  hcica . some insects like bomb.iolici beetle lias specialized 

glands on ihc lip ol ii ibdomui  lhai illow , ii lo ducct .i toxie sprav towards predators, lh c  

.pr.iv is generated cxplouvcly  iliiourli oxidation ol hvdiot |uinoncs with livdiogcn peroxide 

outside Us hodv chamber  .it the lime o|  release and is spiavcd al .i temperature ol 100 C

J.4.2 Repellonts/f  lass II c o m p o u n d s  I hcv iirilatc the chemical sensitivity ol predators and 

stimulate seem and tasic receptors so .is to discourage feeding I hey tend to have low molecular  

weight and are volatile and tvtu live me hiding acids, aldehydes . aromatic ketones,  uuinoiies. .md



terpenes. Ant attacks represent a large predatory pressure for many species o f  wasps, including 

the \fi.sc/iocYiturns Lcrhcrus  (Vespidae). These wasps possess a gland located in the VI 

abdominal stemite (van de Vecht 's  gland) that is primarily responsible for making an ant 

repellent substance. lu l ls  o f  hair near the edge o f  thc VI abdominal sternile store and apply the 

ant repellent, secreting the ant repellent through a rubbing behavior ( fogni cl al.. 2008).

3.4.3 O th e r  secre t ions :  Impairment o f  movement and sense organs is ach ieved through sticky, 

slimy, or entangling secretions that act mechanically rather than chem ically  . I his last grouping  

o f  chemical-, has both C lass I and ( l a s s  II properties. As  with Class I and C lass II compounds,  

these three categories are not mutually exclusive, as some chem ica ls  can have multiple elleets.

I or example, majority o f  termite soldiers secrete a rubber like and sticky chemical concoction  

that "c rvc "  to entangle enemies, called a Ibntanellar gun and il is usually coupled w ith  

specialized mandibles. In nastite species ol termites (subfam ily :  Nasutitermitinae). the

mandible-, have receded. I Ids makes way for an elongated, syringic nasus capable ol squirting  

liquid clue A l ie n  this substance C  released Irom the Ironlal gland reservoir and dries, it 

become, a . i e k a n d  i capable ol immobjliz ing allackers. It is highly e l le c l iv e  against other 

arthropo C. including spiders. ants, and centipedes.

3.5 \ la rm  p l ie rum nncs :  Many iimects respond to the threat ol predation by producing alarm  

signal . that warn other mdiv iduals ol the presence ol danger. Marin signaling benefits the Illness 

ol the signaling indiv idual i i .c l l .  lor the anli-predaloi oi escape behavio is  induced by the call 

reduce' the pmh.ibili! '. ol u c c e .d u l  pieilalion ( l logs ied l.  f ' S f  s h a m a n .  IM SM  nr attract the 

predator iwav Irom llie . i <' n , 11 i n i ■ mdiv idual (( liainov and K iebs .  I ' t ’ ti \ larm signals mav be 

visual or auditor', a . a. ell a . c In nm a I ilai m pi icioi nones ne c om m on among in see Is | here are 

aggregative and di -per av e re .pon .c pioduc cd by the msec Is based on I he pi ox im ilv  o I pied at or. 

In case ol soc i 11 msec I., thev w il l  ptodnce an aggiegativ c response when the predator 

approaches their nest ind dispersive response when the ptcdalor is away l iom  the nest W hereas  

in non social insect like aplud alarm phciomone stimulate dispersal ol co lonv. I able I shows  

different alarm pheromones present in various insects.



Insect A la rm  p h c ro m o n e R eference

Aphid, .\fvzns percicac (1 )-[5-l arnesene (IZbf) Bosscrs d a l . .  1972

Ant- f  [ypoponcra opacior

- Lasius fulipiiumis

- Ilia spp.

1 lories bee. . I/>/\ mclli/cm

2.5-dimeihs 1-3- 

isopents 1 p\ ra/ ine

Driffield cl al.. 1976

n-undecane ( formic a c id ) Stoefller ct al.. 2007

1-mcilis l-3-hcptanonc 1 Inches cl at., 2001

isopcnts 1 acetate Boch cl al.. 1962

3.6 Suicidal a l t ru i sm

\n unusual ispe <»t predator deterrence is obser\ed in the M a lass ian  exploding ant ( ( 'omponoius  

-.p. i I wo o', ersi/ed. poison-lllled mandibulai elands run the entire length id the ant’s bods. 

A l ien  combat takes a turn lor the worse, the ant siolcntls contracts its abdominal muscles to 

rupture its hod\ and spins poison in all directions. I hese present predation and ser\e as a signal 

to or her enenr. ant . to stop prcd.it ion o| the rest ol the colons ( Shorter A  Kucppcll .  2 0 1 2).

I. I’R I I) \  I O I M ’I \  V I  M l  II \  I I SM

l|i ‘hi c\ ol c cd predator plant mutualism-, ire commonls seen in ceitain ants. I he tropical ant. 

Ilium, nr.  ,pp present in the \ma/on rainforest base a stunning arras o f  mechanisms to trap 

their p re . I h i .  i reported as a classical example lor irilrophic interaction. I he ant has a 

mntii lli .tic relation .hip with l l n h l l a  pin  \<>/>ln>r,i. an \mn/oninn lice. I he ants live inside leal 

pocket. in the tree So  that the) w ill pel a sale place to h \ o. and the1 plant sei i d e s  ncclai in the 

leal pockets lor leeduu' the m l.  I he \ l ln i in im  ants aie ex l icm cls  appiessixe insect predators, 

and help protect the tree Irom m.ec I pe -I I liese ants also have a lnc in l ls  relationship w ith  a 

Inn mis. m the order t h letotlo. 11 ile-. Nut use I his mould lo c oust i net ti ups I he ants trim aw a\ 

some ol ihc hair like proicelinns on the plant, and then reananpe them as a s iu ictu ia l base. 

Regurgitated mould a d s  as glue to hold these in place, and the mould w i l l  continue to grow once  

regurgitated, provid ing additional support. I lie ants then hollow out holes hi the stem and luck 

themselves in. pist w a i l ing  lor a pres organism



5. O I T C O M E  O F  P R E D A T O R - P R E Y  I N T E R A C T I O N

Predators and prev can influence one anoihcr's evolution. Traits that enhance a predator's abilitv 

to find and capture prev will be selected for in the predator, while traits that enhance the prey's 

ability to avoid being eaten will be selected for in the pre \ .  llie goals ol these traits are not 

compatible, and it i-, the interaction o f  these select i \e  pressures that influences the dynamics ot 

the predator and prev populations.  Predator prev interaction may be highly specific and 

intensive. ( h e r  thc course o f  e \u lu t ion  it ma\ lead to 

(a) C'oevolution 

lb) C hange in prev breadth

5.1 ( Devolution: It is a change in one species (or group) in response lo a change in closelv 

associated species croup. Pavne cl til. i I ‘TS I) reported that I rontalin. an aggregative pheromone 

produced hv female pine beetle. / K iuhocioinis Im nm li \ act as a kairomone for its predator clerid 

bee t le . /hunm im u s iluhius

I here arc similar reports In \ a k a m u i a  i I1)1) I ) in the case ol aphids, llie alarm pheromone. |l- 

I arne en .  produced bv the aphid act as an nllactorv stimuli lor coccinellid beetle, t accincllii

'scplunipwiL Idlti

5,2 ( l iangc in prev breadth

Predaior prev inter. i c t i o n  olieu cam e  change in prev breadth. I here aie different c l a s s e s  ol 

p r e d a t o r  h a  d mi, it I o > I .pec i lie it \ picv hie

5.2.1 V lonop liugous: prcdaloi pec ie . dial are hmhlv iv - l in lc d  in then h o s t  i .uu'c Som etim es  

limited to one -.peeies ol pic". I In vrdalia  beetle, /ws/o/na i tirt/iihih'* lecds onlv on cotlonv 

cushion scale, !< a  mi />m < Ik mi I < I in c In i I ' J ’ I ) i vpoi ted lb ii N \ m u m  im / \  mm is monopliagv  

on hals.nn wools aphid '• /m eoe

5.2.2 Olignpliagmis predator species wilh a narrow host range confined It' a genus oi familv. 

Usuallv the prev share similar lile historv trails or exist m a comm on habitat w ilh the predator. 

Iuri(nhms cri( h \omi  lecds on dillerent species id bark aphids.  | (/<7gcc spp tV I'incm  spp 

certain .lpliidiophauoiis coeeinellids like hlnliii iclrus/'ilohi is also consider as oligophtmons



5.2.3 Polv phagous :  these tvpes o f  predators are also called as general feeders and they are 

having a wider host range, hg. praying mantis, dragonfly, ant

6. P R E D A T O R  P R E Y  D Y N A M I C S

Predator prev dvnamies refers to change in the size o f  population o f  organisms through time.

I he predator prev interaction mav plav an important role in explaining population dynamics in 

man) species. I hev are a tvpe o f  antagonistic interactions, in which the population of one 

species (predators) has a negative effect on population o f  a second (p re v ). while the second has a 

positive effect on the first.

6. 1 Predator  responses

\ real predator does not harvest at a fixed rale or with a constant effort. In nature, the rate ol 

harvest hv a predator population is determined hv two attributes ol the predator's response to 

chance ' in prev dcnsiiv: liinction.il iespouse aiul numerical response. I lolling (l '>5lM explained  

numerical and functional response o| predators.

h i d  Numer ica l  response:  \ c c o u l i i ig io  I lolling, numerical response is the change in predator 

.Jen at i a function ol e l iancc in prev densitv. I here are two tvpes o f  numerical responses 

dcmoeraphie response and agin cent ion al response. I )eniographie response consists of changes in 

the rate, ol prcduloi rcpm dui lion m auv iva l  due to a chances in prev densitv whereas the 

ayyrcienlion.il rcspon ,e is ch an rc  in predatoi population due to imm igrat ion  into an area with  

inc rea cs I prev pi >ptilat ion

6.1.2 E u n e l io n a l  response: ( liani'c in pred.itofs late ol pu v consumption with change in prev 

densitv is considered in him lion d ie .pmi .e 11 i ■ again i la .silied into I v pe I . l\ pc II and Iv pe III 

functional response, (f igure M

6.1,2.1 I v p e  I f im c l io n n l  response It is a lineal increase in intake rale w ilh lood densitv . either 

lor all lood densities, or onlv lor lood densities up to a maximum, bevoiul wh ich  the intake rale 

is constant It is found in passive predators.



6.1.2.2 Type  II func t iona l  response:  It is a decelerating intake rate, which follows from the 

assumption that the consumer is limited b\ its capacity to process food.

6 .1.2.3 I vpc III func t iona l  response: I his occurs in predators which increase their search 

activitv with increasing prev densitx. I 'sualK polyphagous predators follow type III response.

I igure 5. Ciraphical representation o f  functional responses

O

Density  o f  prey populat ion

6.2 f ac to r s  in l luene ino  p r e d a l o r  responses

\ s  cvcrv biologic.il .v acm piedaloi pie\  mtcrau ion  is also d \n am ic  in nature. I he change in 

population ol e.u Ii i ompoiiciil in 111r • i i i i c i a e i i n r  s \s lem i s  intculepeiulcnl. lhe  response ol 

predators to the l liana me population ♦»I p u \  v an he mlluciu cd In several laclois Mich as

a. Population s i /c  ol the pi* \ 

h. S pat i . i I distribution ol pte\  

l . ( )hslniLiioiis m habit.il



Most ot the predators require a minimum number o f  preys lo produce eggs and oviposit. A 

minimum number  must be consumed b\ immature statics to provide energy lor maintenance, 

searching, growth and development.  Ibis can be illustrated by several studies. Batool ct al. 

(2014) confirmed the etlecl ol prc\ population on biolog\ o f  green laccuing .  C'lirysopcrla 

cornea. I hey used Si tot ruga ccrcalc/ln eggs as feed for ('. cornea. As the population size o f  the 

prey increases the pre-o\ iposition period o f  ( '.cornea decreases. Ibis is because when the prey 

population increases the predator tends to reduce its life cycle lo produce as many numbers  ol 

eenerations .u  possible before depre \ ia t ing  the food source. Il is also observed that the number  

n f  eggs lay by the female increases with increase in food availability. I his indicates the positive 

correlation between population si /e  o f  prey organism lo the functional response ol the predator 

I table 2 l

I able 2. I Ilect oI prey population on biology ol ( 7//;isopcrto cornea 

Sitotrnpn < crcnlclla I're-ov iposition per iod  Kggs/femalc

(eggs (lav) (days)

c i ' s  1 ^

J( I L" s (^

0 ( )  C L’ L’ S 1

7 0  e i ’u . -2b

y, () e ;' •1 , I 17

f >mkar and S n . i . t i  i  ̂ ' i' >3 > d< ni"ii .li ilcd I I o 111 n • ■ dilution.il icsponse with ( 'occmcllo

\cpnimpnni/'.no il ible i I hcv ob .e ivcd  dial the consumption i.ilc in ( \cpmnipwh him  was

highest at the hmher prei den aiv N the picy dcnsiiv meicascs l iom so | (, SOU the number o f

prev con -umcd lw the prcdatm mi lease v hciea the pei i cut lonsum pt ion  shows a decreasing

trend. When the prev population increases the the piedatm consumes more no. ol preys but in a 

large population lhe Ir.K iimi ol piey i onsumed by the prcdatm was loo small oi negligible I ’rev 

handling time al-o dec lined as prey population mcieases.  Ibis is because the chances id 

encountering the prey were more m a large population compared to a smallci population



Table j . Inl luence ol pre\ densit\  on prey consumption and handling time by

( occiuellci scpiumpimctata

j P rev

densitv•

Prey  consum pt ion H and l ing  t ime of 

prev

(minutes)

Number Per cent

5<i 46 02.8 3 1.03

1 Oil 87 87.6 16.44

200 143 71.8 10.03

4 0 0 250 50.85 6.02

s o o 527 10.86 1.07

6.2.2 Spat ia l  d i s t r ib u t io n  o f  p rc \

[he d je ree  »>l predator-pre\ spalial m er lap  and predator searching e l l lc iene\ d il lered  ureal 1 y 

.milme plant species. \ studs wus conducted I In  C oil cl ill I 1007) to studv the prev searching  

etfisicnc'. ol anthocia id  hug. < )riu\ msn/u>sit\ in \arios crops like bean, tomato and corn ( l igure  

6) UurinL' their studv thev o ln c iv c d  that m o a  life stages ol ( h u ts  in\UHtt\u\  inhabited the under 

leal urt ice. I ’rcv 'Acre more cvenlv d i t ri but eel on both leal surlaces in tomato aiul bean plants 

hecau e proportionate!'- Icv.ci l lu ip inhabited the lowci leal sin lace ol tomato and beau than ol 

Lorn pi in! < ) ’-ei ill. the distribution-- ol the prev and ol the leeding siages ol l> ///wM/owo 

Invmpli . ind a lull .1 ovc i lapped most on hean plants ( )n tomato and corn the degrees ol overlap  

Acre lower 1 ml in he m did all hie stares ol < > u n i . / io in  occ 111 on the leal sin laee where prev 

would he more ihimdant In tomato and com. the predatoi shilled its disti ibtition during  

development. M o  ,t aduh p o d i im  . (.iboiii 8 0 "n) inhahiteil the undciside ol the leaves ol hean and 

corn where,1. um.t adu lt ,  wcte  icco ided on the 11 ppei leal sin hue  in tomato In the

ihsence o f  p rev . the w ith in  leal d i .n  ihm n m ol ()  s cg rs  dil leied among plant species.

It -cents llial the predator doc .  not lend to deposit its ergs  in places that aie likelv to harboui its 

preferred prev. thrips. In corn. (> in^uliosiis deposited almost hi)11,, ol gs eggs on the upper 

surface ol leaves l ikew ise in hean and tomato, almost all predatoi eggs w e ie  deposited on the 

lower leal surface where onlv about one thud ol the tin 1 p - occuncd  't (Ming predatoi nvitiphs 

were more abundant 011 the leal surface where O  /m/i//ovu\ eggs were laid 1’iobablv . the high 

niubilit v ol <) ui\ii/it>\iis 11 v m pits lav ors ov i posit ion in leal sti net tn es that maxim i/e egg sin v i\ a I



even when only a few preys could be found nearby. Similarly in tomatoes,  predator  adults were  

more abundant  on the upper leaf  surface whereas  their prey inhabited primarily  the under  leal 

surface. It seem s that the predator  and its prey responded differently to plant leaf  st ructures  in 

different crops.

Figure 6. Effect o f  spatial distribution o f  prey on foraging behaviour  ol Orius insidiosus
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6.2.3 O b s t r u c t i o n s  in h a b i t a t

Within a suitable habitat,  predator  laces several obstiuctioiis m the plant. I he nntuiul enem ies  

often act affected by iri< hom es  present on the plant surface. So they prefer g labrous  plants  over  

pubescent ones and the preference changes  with the type ol t r iehomes present in the plants. I lscy 

(1974) reported that ( lirymfn'rld c a rn m  were able to search for their prey at a m uch  greater  

speed on the leaves of cotton than those o f  tobacco, because the m ovem en ts  ol the larvae were  

seriously hampered  hy thc glandular  t r iehomes on tobacco. I he t r iehomes present on cotton were 

not glandular and were  sufficiently sparse that they did not impede the la r \ac .



7. IM POR TA N CE OF P R E D A T O R S  IN A G R IC U L T U R E

Biological control is one ol thc most important strategy in Integrated Pest Management where 

different groups of natural enemies and microorganisms are employed for the management ol 

pest population. I he widelv used natural enemies against agricultural pests are predators and 

parasitoids. ihrc are m a in k  three approaches in biological control, 

la) introduction 

ih) augmentation 

(c) conservation

“ .1 In t roduc t ion

I here arc m an } examples o f  successful classical biological control programs. One ol the earliest 

successes was with thc cottonv cushion settle, lee r }a  purehasi a pest that was devastating the 

( alifornia citrus indListry in the late IX I ltfs .  \ predator} insect, the \cda lia  beetle. Rodo lia  

cardmalN and a parasitoid 11} were introduced from \usiia lia. W ith in  a lew \cars the cotton} 

cushion st.de was co inp lc tek  controlled b\ these introduced natural enemies. C lassical 

h|o|ii , _ 11 mtn il is lone lasting and inexpensive. Other than thc initial costs ol collection,  

importation, and rearing. little expense i - inclined. W hen  a natural encmx is success lu lk  

Cstabli bed it ra rck  iec|uires additional input and it continues lo kill the pest with no direct help  

front human . and at no cost.

7.2 Viigmenlation

lhi> s e c o n d  t x p e  ol biological coiitiol in vo k e s  the supplemental ic lease ol natural enemies. 

Relatively lew natural eiM’iuii". mav be iclcased at a e i i l ica l l ime ol the season ( inocu la t ive  

release) or liter.ilk m il l ion  inav be le le a e t l  t in imdalive telease). W ld i l io n a lk .  the cropping  

system mav be modif ied to lavm oi augment the nalntal enemies I ad} beetles, laeevv ings etc 

like predators arc lrci|tn nllv n lea .ed in In g e  numbeis tm iindative ic lease) I he supplemental 

release ol those predator, is done ih ioueh mass rearing in lahoruloiv. < 7/nvo/v/7i/ on/zcn is the 

important aphidophagpotis predator that is mass rented and lelenscd in liehl



The conservation ot natural enemies is probably the most important and readily availab le  

biological control practice a\a ilab le  to growers. Natural enemies occur in all production systems. 

Irom the backward garden to the commercia l field. I hcv are adapted to the local environment and 

to the target pest, and their conservation is general!) s imple and cost-effective. W ith  re lat ive ly  

little el fort the ac t i\ it )  ol these natural enemies can be observed. Lacew  ings. lady beetles and 

hover fl) larvae are almost alvvavs present in aphid colonies. I liese natural controls are important 

and need to be conserved and considered when making pest management decisions. In man)  

instances the importance ol natural enemies has not been adequately studied or does not become  

apparent until insecticide use is stopped or reduced. Often the best we can do is to recognize that 

these factors are present and m in im ize negative impacts on them. I f  an insecticide is needed, 

cv jrv effort should be made to use a selective material in a selective manner.

S. ( ONC IJ S I O N

Insect predators are important components ol natural ecosvsiem. I lie) plav a major role in 

maintainin',' pest population, lhe  act »»I predation involves several steps such as search, 

recognition. capture anil hand lm r. lhe  predators exhibit several adaptations lot succcsslul 

preda!i»»n Midi a behavioural and 11101 phologica! adaptations, lhe  prev also has evo lved  

deten uvc m ed ian  isms to avoid piedation which includes morphological,  behav ioural. 

medium* il and d iem iea l  delense mechanisms. Successful regulation ot population invo lves  

predator prev dvn iinie . in an undisturbed ecosvsiem. I here is gieal scope lor lhc utilization ol 

insect pred i to r . I*»r pe t manai'cmenl in auriciiltme. However .  Ihis leqm ies more c l lo t is  at 

ulenli lkation ol potential piedatoi .. nudei staiidmr llicii bioccolonv as well as intciuctioiis and. 

evahiaiion aeain •! c i • »|> pe .is



1. Whether anv toxins are responsible lor the development o f  aposeimatic colouration in insects?

Ans. The aposeimatic  colour de \e lopm ent  in insects is due to the presence ol colour 

pigments but not hv the toxins. I he insect predator learns from their previous predator)’ event 

that these colourful insects are unpalatable or toxic. So they will avoid such type o f  insects and 

over the course ot evolution the surv ived prev organisms arc able to use this colour patterns as an 

antipredation mechanism.

2. What is meant hv altruism?

\ns .  \ l t ru ism means sell sacrifice or soilless concern for the well-beiim o f  others. It is anw

animal beha\ ior that benefits another al its m u i  expense. It is most com m onl)  seen in M ala \s ian  

exploding ant i ( tini/yoimim s p p . ). When the predators ants attacks their colon) the soldiers ol 

Mala) -nan ex p h 'dine ants  ̂ iolentl) contracts its abdominal muscles to rupture its hod) and spra) 

poi>on trom the mandibular  eland in all directions.
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Abstract

Killing For a l iving -  predator prey interactions in insects

Predation is easily the most well known interaction o f  the animal world  and involves 
the predator, an o rganism that kills, and the prev. which is killed by the predator.  It is 
considered to be one o f  the most powerful driving forces behind evolution as it exerts a 
strong selective pressure  on prev organisms to find wavs to avoid being eaten and predators,  
wavs to overcome prev defences.

\b.oi t  25 per cent ol all known insect species arc predaceous in nature. Nearly every 
order <d class Insecta contains  predatory species.  Sonic species arc only predatory as 
immatLircs. other', as adults,  and still others are predatorv throughout  their life span. Som e 
orders like the Odmi.ila. M.inhulca. Mccoptcra and Ncuroptcru consists exclusively ol 
predators

llie id  ol predat ion involves loin distinct phases such as search, recognition,  capture 
md h.indium, mediated In a range ol cues that guide the predator. Such cues could  be visual, 

ollaclorv or .njoii .lie m nature. I lie I uropean been  oil’. I'hiLmilnis lri,in^iiluni (Yespidac: 
IIvmenopleraj.  lor instance, are atl iaeled to objects  that are similar  in s i /e  and shape lo that 
of their prev. the Italian bee ., l/'/v mclli/crii. I’rev recognition, hovvevci. is mediated In ( / ) -  

l l - f  icoscn I ol. a volatile component  present in honey bee cuticle ( l l c r /n e i  cl til. 2005), 
Insect predators have evolved several moipliolop.ie.il and behavioural adapta t ions  that serve 

them admirably in llie d i l lerenl  stage-, ol predation W Inle morphological  adaptat ions  maiulv 
include the modif icat ion <>| appendages  such as legs and moulhpai ts .  the behavioural 
adaptations include th.malosis. ambush  |*iecl.ition and trapping.

Antipredator  m echan ism s  that assist prev organisms in llieii constant  struggle to 

avoid being eaten can also be ecpially varied and speetaeular.  llie range ol prev responses to 

threats from predators  can vary Irom as llie simple running away in cockroaches  lo suicidal 

altruism in ease o f  Malaysian  explod ing  ants (Shorter and Rueppe lk  2012).  Sueli responses 

hy prey are aided by adapta t ions  in then behaviour,  morphology,  physiology and ehemistrv 

(I vans and Schmidt .  1ooog



The abilitv ot a predator  in regulating prey populat ions is often expla ined in terms ol 
its functional and numerical  responses.  Functional response refers to the increased kill by a 
predator in response to an increase in prey populat ion while numerical  response refers to the 
increase in predator populat ion corresponding to an increase in prey num bers  (1 lolling. 1959). 
Both are influenced by several factors like the searching efficiency o f  the predator,  
population size as well as spatial distribution o f  the prey and obstruct ions in the habitat. 
Omkar and Srivastava (2U0j>) reported that Cuccinclla scptumpunctcita responded to an 
increase in prey densitv by an increase in the number  o f  prey consum ed  as well as through 
reduced handling time.

Predators have been employed successfully in biological control o f  several important 
crop pests such as cottons cushion scale, leery a purchasi  and the coffee green scale.  Coccus 
viricli.s. I he commonlv employed  techniques involves introduction, augmenta t ion  and 
conservation. However ,  harnessing their potential call for greater efforts at identification o f  
potential predators,  unders tanding  their hioecologv as well as interactions and evaluation 
against crop pests.
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1. Introduction

One ot the reasons lor dom inance  of insects is their ability to adapt quicklv to adverse 

environmental condit ions.  Extremes ot temperature,  crowding,  salinity etc.. often threatens 

survival ot insect populat ions .  One way ot overcoming abiotic stress is by undergoing  an 

inactive phase character ised  by suppressed development  till the environmental  condit ions 

favours. Such condi t ion  can be termed as dormancy. It can be defined as any state o f  

suppressed deve lopm ent  i.e.. ecologically or evolut ionari ly meaningful ,  usually accompanied  

by suppressed metabol ism.  It is lurther classified into quiescence,  d iapause and cryptobiosis 

(K.ostaI. 2006).

2. Quiescence

Quiescence is an arrest o f  development  accompanied bv suppression o f  metabolism 

which muv occur  at anv stage ol ontogenesis  as a response to direct action o f  adverse laetors 

( o r a  shortage o f  vital e lem ents  in the environment) .  It is determined bv external l imiting 

forces, and deve lopm ent  is immediatelv resumed when forces are eliminated.

It is also a form o f  dormancv due to the direct response to external stress. 1 'a l ike other 

forms "I dormancv.  qu iescence  is not regulated bv nem o-horm onal  mechanism.  It is 

considered as consecut ive  dormancv or exogenic.i l ls-regulated dormancv

Due to the scarcitv ol eco-phvsiological studies ol non-diapause doimancv /» 

quiescence whose role in life cvele  regulation remains unclear  and to the l a d  that most 

attention is now paid to d iapauses  ( H e l o / c r o v .  2008).

3. Diapauses

Diapauses is def ined  its ncuro-lio imonallv  mediated, d v i i .i i i i h  stale ol low activ itv that

occurs during a genetically de termined  stage ol metamorphosis ,  usuallv in response to 

environmental stimuli that precede unfavourable  conditions ( Umber and Umber.  10X0).

^•1 . C lassification of  d iapause

Diapause is classif ied into different categories. According to dest inat ion il mav be 

e‘Uior a hibernation (winter  d iapauses)  or an aest ivation ( sum m er  d iapam e) :  aeeo id ing  to the 

aPproaclied ontogenet ic  instar, it may be into egg (embryonie)  or  larval or nvmphnl oi pupal



or adult (reproductive) diapause:  and according to the program may be into obligatory or 

facultative diapauses ( Belozerov.  2008).

3.2. Stages o f  d iapause

Diapause is d iv ided into three main stages: pre-diapause,  diapause and post-diapause 

stage. Each stage m ay  further comprise  some sub-phases,  express ion o f  which depends not 

only on genotype-dr iven  physiological changes but is also inf luenced by environmental  

conditions (Kostal,  2006).

3.2.1. Prediapause stage

During pre-diapause  stage, insects are induced to enter  diapause as a response to 

specific environmental signals  condit ions it receives during unfavourable  condit ions.  Also 

certain preliminary preparat ions are carried out prior to arrest o f  direct development  lakes 

place, [his helps in encounter ing  the various problems during the resting stage. I urther this 

staue is classified into two different  phases.

3.2.1.1. Induction phase

Diapause is induced in advance ol the advent ol the environmental  adversity.  

Diapau.se-inducmg stimuli (or cues) are perceived during a 11xeel and speeilie sensitive 

period, which is genetically determined and it ranges Irom various periods within the parental 

generation through di l le reut  stages ol embryonal .  larval and pupal development  to the adult 

individual

lhe  inducing cues are signalling for the coming, i leleiloiation ol env iionmental  

conditions and the term token stimuli is used in the literature to distinguish them Irom direct 

effects o f  other env ironmenta l  factors on the rate ol physiological processes.  \ | s o  sensitiv ily 

to token stimuli may persist dur ing lurthcr phases, where it lakes on dil lereut lolcs. eg. m the 

diapauses maintenance  or termination

Other environmenta l  factors usually modilv .  and sonn times even ievert or 

overwhelm, the effect ol token stimuli lh e  signalling nature o f  token stimuli is best 

understood in the ease o f  photoperiod. In insects, receptors for photopcr iodic  signal are 

localized in various parts o f  brain or the compound  eyes and the pathways by which 

K'ynal is transduced into a developmenta l  p rogram me have recently been investigated



Other env ironmenial tactors such as temperature or oxygen also have acts as the token 

stimulus in those habitats  where  they seasonally  change in a predictable and sufficiently slow 

manner and where photoper iodic  or other token signals are less distinct or available (some 

tropical habitats, soil, caves,  deeper  layers in large water  reservoirs, decaying  wood).

The insects which  undergoes  facultative diapauses requires external cues i.e., token 

stimuli tor inducing diapauses .  \ \  here as in case o f  obligatory diapause, the initiation ol 

developmental arrest  needs  no external cues because it represents a fixed component  o f  the 

ontogenetic p rog ram m e and is expressed regardless o f  the environmental  conditions.  I bus. 

the token stimuli are uti l ized to induce more widespread facultative diapause,  where  

individuals can switch be tween  two ontogenetic alternatives,  i.e. direct development  or 

diapause (Kostal.  2006).

3.2.1.2. Preparation phase

This phase is best documented  in those organisms where the female parent exerts 

control over the deve lopm enta l  fate ol her progeny. I wo relatively well understood eases ol 

maternally induced diapause:  the egg diapause in the s ilkworm. H o m h w  n iu r i  (1 inuncus) and 

the pupal diapause in the llesh tlx . Surcuplm^ii hulhini (Parker),  clearly shows that diapause 

induction leads to specific alterations in gene transcription, neuro-endocrine  milieu and 

metabolic puthwavs and that the individual is destined lor later cutty into a developmental  

arrest Ihe in h u m a t io n  about developmental  destiny is " s to red  during the preparation 

phase. Preparation phase is also characterized hv dil lerent behavioural  activities oi 

physiological processes \ i~ . migration, location ol suitable micro-habi tats ,  aggregat ion,  or 

the building-up ol energy reserves before the filial moult transition into the diapause stage

(Denlinger. 2002)

Mitchell and Hricgel ( I W J )  reported that m the adults lemale mosquito  ol ( uU\ 

pipem  I Linnaeus) which are dest ined to enter, accumulat ion lipids and cai holiv dralcs occurs 

twice as compared to equivalently  aged non diapause lemale adults.



1 day adult females 7 days adult females

Figure 1. Increased accumula t ion  ol lipid content in diapausing adult females ol 
mi isquito. ( ulc.x pi pens during diapause (Mitchell  and Briegcl. 1 dXlM.

3.2.2. Diapause stage

D unne  this phase, direct development  I morphogenesis)  is endogenously arrested anel 

an alternative p rog ram m e ol physiological events proceeds, which is signilicantls modulated 

by changing env iron mental condition.

3.2.2.1. Initiation phase

rhis phase is an early pari ol diapause which can also he called In  d i l le ieu t  names viz . 

entry', onset, initiation, beginning,  shut.  Fixation, inlensilication < onsidci ing  moiphologica l  

criteria, the initiation phase is lomul to begin when the oniogcnetn  stage is kmc heal, at which 

direct development (m orphogenes is )  ceases.

During ilus phase  ci ther  regulalorv factors (n u fn o w n  npsl tcam lactois- i icuiopclidcs.  

hormones), or com petency  o f  target tissues (hormonal receptors- m em bers  ol signall ing 

cascades- eell-cvele regula tors  etc . ). or both found to be involved Recently the roles ol othci 

factors viz , heat shock proteins,  have also received attention.



In addition to cessa t ion  o f  direct development,  the initiation phase ol diapause is also 

characterized by som e  o ther  processes  which allow it to be distinguished this phases from 

subsequent phases. The  regulated decrease ol metabolic  rate probably represents the most 

general feature o f  the init iation phase. In m any  insects which diapause in mobile  stages,  a 

relatively slow decrease  ot metabolic  rate is observed during the initiation phase. Although 

the developmental processes  are blocked, high metabolic activity is required to support 

specific behavioural  and  physiological activities. It is also found, in som e insects which are 

found in temperate  region, stress tolerance mechanisms (typically cold-hardening) will 

become potentiated dur ing  the initiation phase and they arc overt ly expressed later, in 

response to a specific  s t im ulus  (cold). Stress tolerance common!} increases during diapause 

(Hayward et al.. 2U 0o).

3.2.2.2. M aintenance  phase

Despite the fact that environmenta l  conditions alter the initiation phase ol diapause 

are usualh still permiss ive  for continuation o f  direct development,  diapausing individuals 

remain locked in deve lopm enta l  arrest. During this phase, the metabolic  rate is held relativel> 

low and cun.-slant and the individuals  maintain their diapause and remains in arrested state 

over the period ol sev era I weeks  months  be I ore the diapause is tei m mated.

( icncrallv in the lield. insects usuallv initiate vv inter d iapause ( lubei nation-t} pet when 

it is still sum mer  and mainta in  it during the warm sum mer autumn. Similailv.  insects with 

summer (acs l iva t ion- lvpe) and tropical diapauses initiate and maintain then diapause Iv lo ic  

the adversity-period comes.  Ihc  period ol maintenance may extend to scveial v e a i s  oi even 

decades in some species  and specific cases. Also the basic p ioccsscs  w  energy-More 

depletion and somatic aging, likely contiihiilc to giadu.il change ol the phy s io logua l  state

during maintenance (Kostal .  2()0(>).

3.2.2.3. T e r m i n a t i o n  p h a s e

terminat ion o f d i a p a t . s e  is spontaneous process. I oken stimuli which plavs a major  

rule in inducing the in sec ts  to enter diapause is also Ion.id to impoitaiu in ic im m alm g  the 

diapause condition (Kostal .  2006).



When environmenta l  condit ions which favours diapause termination differ Irom those 

favouring resumption ot direct  development  insects are found to remains in exogenously 

locked in the state ot post-d iapause  stage. At the end o f  post-diapause stage, w hen changes in 

limiting factors occurs  it a l lows the insects to continue in direct development.  Thus, post

diapause resumption ot direct dev e lopment  is postponed to the vernal rise o f  temperatures in 

winter-diapausing insects and sum mer-d iapaus ing  insects must usually wait  for the increase 

of humidity. or presence o f  l iquid water.

In some cases,  specific biotic factors, such as seasonal change o f  the biochemistry o f  

the host plant or appearance  ol a food source signalled by allelochemicals .  may stimulate  the 

resumption o f  direct deve lopm en t  (kos la l .  2006).

3.3. E n v i ro n m e n ta l  r e g u l a t io n s  of  d i a p a u s e

3.3.1. P ho toper iod

Seasonal change  in dav lengths is a reliable indicator which is used in predicting 

upcoming periods ol inclemency.  Ii is accurate and can be used to elleclivelv in detecting the 

advent o t  winter or o ther  seasons which has to be avoided. I lie developmental  period / i 

sensitive t o  p h o t o p e r i o d  usiiallv occurs  tar in advance ol the actual d iapause stage. 1 I n i s ,  

diapau ;e i-> not u uiullv an immedia te  reaction to phoiopcriod but occurs  m re^poii'C to signals 

received at an earlier stage. Such early programming makes the insect to prepuic themselves 

lor diapause bv sec|tie . termg food reserves anil making other prepuiuloiv .Kljiisiineuts piioi to

the actual onset ol the devclopincnla l  airest.

Munv insects which  overwinter  m the Icmpctalc teutons. s h o i t  dav lengths dictate the 

expression ol diapause. And those that undergo a siinimci aestivati m and lep ioduce  in the 

autumn, long rather than short daylcnglhs mas he used to piogram liapause. ( tthei species 

may respond to only a narrow range ol dav lengths lor d iapause induction, whereas  

daylcnglhs hoth shorter and longer avert diapause. I he stage sensitive lo photopei iod  varies 

among the insects iD en lm ger .  201)2).

t.



Insect Sensit ive stage Diapausing stage

South-western c o m  borer
Diatracu grandiose I la

-------- ------------------ —1

Early larval stage Late larv al stage

Flesh fly
Sarcophaga crassipalpis

-----------------------------

Early larval stage Pupal stage

"Qdorado potato beetle 
1 Leplinotarsa decemlineaiu

Early adult Late adult

' Monarch butterfly 
1 Danans plexippus

Early adult

■ — —

Late adult

~SiTkworm. lionihy v m a n I.ale cmbrvonic  stage o f  
female parent

1 mhrvonie  slaue o f• w
ol fspring

3.3.2. T e m p e r a t u r e

Temperature has general!' ,  been known to inlluence the photopcriodic control oi 

summer diapause as well as winter diapause. In the both cases,  high temperature acts in 

unison with long photoper iod,  and low temperature with short phoioperiod. Ibis correlation 

is obviouxlv due to the phase relationship between the annual cycles ol photoperiod and 

temperature. S u m m er  d iapause  thus shows again the reverse relation to temperature as 

compared with winter diapause.  In many species, high temperature  lu \ou rs  the induction ol 

summer diapause and low temperature  tends to prevent it I Masaki.  I ‘hXO I.

Near the equator ,  where seasonal changes m day lengths arc loo snbik  to be used as 

enviri m mental cues,  tern p>e rat i ire replaces photo peri oil as the pi tiii.it \ env 11 onmculal  i cgttlaloi 

of diapause. In case llesli fly. Sarcaphaga  ///.-/ (C Tit r a n ) which is living in I ast \  I rica low 

daytime temperature exper ienced  during Inly and \ugus t .  induces the llics to cnlei pupal 

diapause ( I ees. I (*ss >

Jadhav ct al (201 3) reported incidence ol diapause in llcln av //>././;/;//,g, ni  ti mnuei 

during winter and s u m m e r  is governed bv ngrochmali i  htctois. It .s lotiud that multi-veai 

data on the patterns ol winter  and sum m er  diapause development  and em ergence  correlated 

with the field activ itv o f  adult  moth  emergence  is important m belle ' unders tanding  the lolc 

°r  local population dynam ics  m the ecology and genetics ol II arm  gc m  However,  one ol 

'he investigation revealed that shorter day length and cooler tem pcia lu ies  m N ovem lv i



D e c e m b e r  and higher  tempera tures  

diapause.
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Figure  2. Pupal period and adull moth emergence Irom winter diapausing pupae ol 
II arnuvcrci in Andhra  Pradesh, India (Jadha\  cl al.. 201 3 ).
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■V.lJ. Moisture

h plays an important in posl-diapausc growth. Many oitlu pteian eggs,  as well as 

hibernating larvae and adult  insects,  cannot begin their post-diapause growth until moisture 

lla!? been taken up Irom their surroundings.  In ease id diapausing eggs ol grasshopper.
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\lclunoplus differential is (T hom as)  and hessian fly Mayetiolci destructor (Sayj  do not enter 

(he post-diapause grow th  until they come in contact with moisture (Lees. 1955).

3  4. Bchaviroural adaptat ions  during  diapause

4.4.1. Site selection

During diapause  insects  retreat to protected sites like underground, inside stems, leal 

bases ol palm stems,  in dry curled leaves, in tree holes, between root buttresses etc. I he 

diapause site provides protect ion and buffering o f  the physical environment.  The insect will 

further modit> the site by lining the relugia with thick layers o f  silk or other waterproofing 

materials such as resin and wax. I he site o i lers  a microenvironment with humidity and 

temperature ranges which  d i l le r  considerably Irom those ol the environment  at large. l or 

example in diapausing female  o f  ( 'ulex Pipicm  during onset o f  diapause seeks a dark, humid, 

protected hibernaculum. a site buffered Irom the full brunt o f  winter  (Denlinger  and 

Armbruster 2013).

3.4.2. M igra t ion

Diapausing insects  are IouikI to be migrating from feeding and breeding places to 

both aestivating and hibernating sites respect ively. I ong-distanee Might lias been known lor 

noctuid moths I hev aest ivate  at high alt itudes and return to the breeding sites. I his 

behaviour is lound in di l lerent  species in widely separated parts ol the world: Southeastern 

Australia. North America ,  and Japan, \no the r  nocluids in 1 m ope  and Medite i ranean 

countries is also .11 .pec tea I to make acstiv at ion Mights, although the aestiv ating quaitei  s have 

not been discovered. In Southeas tern  Australia,  the adults ol the bogong moth. I.gro/A intusii 

(Boisdual) emerge in I lie spring to mipialc Irom the plains to the mountains ,  vvheie they 

aestivate, lorming huge a g g r e g a t i o n . in lock d e v ic e s  and caves. In any case-, the’ 

microclimatic condi t ions  at the aest ivating site may decrease the metabolic rate and water 

loss, therchv favouring the surv iv,11 ol aestiv aline population' .

Similarly in case ol m onarch  butterllies l)anum p lv \ ip p m  (I mnaeus)  unlike most 

other insects in tempera te  c l imates  cannot survive a long cold winter,  llie eastern North 

American monarch  populat ion is notable lor its annual southwnid lale- 

5unimer/untumn migrat ion from the I 'n i ted  States and southern ( anada lo Mexico  During 

thc Hill migration, m onarchs  cover  thousands o f  miles, with a corresponding mulii- 

HBnenitional return north.  I he western North American populat ion ol monarchs  west o f  the



Rocky Mountains often migrates  to sites in California but has been found in overwintering 

Mexican sites as well .  M onarchs  are the only butterflies to make  such a long, two-way 

^oration. fl>*ng up to 3000  miles  in the lall to reach their winter  destinat ion (Masaki.  1980).

3.4J. Aggregation

Formation ot an aggregat ion  with dispersal o f  individuals at the end o f  diapause is one 

o f  characteristic feature oi d iapaus ing  insects. Distances traversed are unknown, and cues 

used to identity suitable aggregat ion  sites and to provide group cohesion remain undefined.

Many ot these species  are likely to be distasteful and avoid predation by aggregating,  

[n case o f  tropical beetles Sicnoinr.sits rotwulus  (Arrow ). the geckos and ants that live close to 

beetle* assiduously avoid  predat ing on them. Also the beetle aggregates  up to eight layers 

deep. Such high densi t ies  significantly modify the insect’s microenvironment  by reducing 

evaporative water loss and lowering incident radiation, lhe  aggregation is likely to serve 

another important funct ion in case ol hibernating lady beetle. / lijyp<Kluniia cnnvcr^cn* 

(Guerin) as soon as beetle terminate  from diapause, they become reproduclivcly active and 

thus the task o f  searching tor a mate is eliminated (Masaki.  1980).

3.4.4. ( o lour  poly m o r p h i s m

( olour polv m orph ism  is best documented  in tropical species,  where a link between 

diapause and seasonal pat terns  ol colourat ion seen in lepidoplcrous larvae and adults. \  light 

appearance caused hv loss ol p igmentat ion is one ol the earliest and most conspicuous 

indicators o|  larval d iapau .e in .omc nuctuids and pyralid stem borers. Nondinpnusing larvae 

remain dark and retain .pots ol ciilic tilai pigmental ion

It is more prom inent  am ong  certain adult bntteil l ics and moths.  I Ik wv.t-sc.tson 

morph of  the West Alr ican  nymphal id .  I 'm  i* < tamer)  is bright orange with black

markings while the dry-se.ison morph,  which is in reproductive diapause, has a complex 

pattern of  black m ark ings  with blue spots and very little orange. Dry-season m oiphs  that 

occupy open habitats tend to be light c o lo n ia l ,  inhabitants ol sliadv. loiested aieas  tend to be 

dQrk. In Costa fliea. Sa lurmid  Rnlhstluhlin I fhcun  ( ( .uer in)  displays a i.mge ol colom 

morphs Irom light rust to dark chocolate .  Adult moths do not diapause, but light morphs 

normally emerge from d iapaus ing  pupae that have bridged the dry season \ s  the rainy

Wa*°n progresses, more  dark forms appear.

to



In all these cases.  changes  in colour pattern effectively track seasonal shifts in 

b a c k g r o u n d  colouration. In addit ion,  l ight-coloured morphs should be able to reduce thermal 

stress 1̂* ' cl r\ • season (Masaki.  19S0).

3.4.5. Feeding habits

[Tie species which  d iapause  are capable ol (ceding and in species the nutrient intake 

mav be absent, m in im ized ,  or distinctly dillerent during diapause, l or example ,  adult 

Colorado potato beetles.  Lcpiinoiarsu ilucemlincata (Say), do not feed during diapauses,  they 

burrow into the soil and  do not emerge  until diapause is broken. In contrast ,  diapausing adults 

of the black blowfly.  Phorniiii re t in a  (Meigen).  are active and will feed during diapause. 

However, thev co n su m e  SO per cent less than non-diapause adults. Similarly.  d iapausing 

adult females ol the m osqui to  ( ulcx pipiens actively feed on sugar,  but thev avoid taking 

blood meals (Hahn and Denlinger .  2007).

3.5. Physiological regulat ions during  diapause

3.5.1.Water

l ocation ol the relugia.  formation ol dense aggregations and specially constructed 

cells contribute immenxelv to the maintenance ol a favourable humidity in the micio- 

environment In addit ion to this, many tropical species have phy aologie.il oi stiuelui.il 

adaptations which render  insects  to resistant desiccation during diapause

In case oI <Ilapau aiig larv ae ol Hu \ scold  tii\i >i ( I uI lei ) and ( lnli> / \ n  u Hn\ ( S\\ in h o e ) 

survive at low hum id it ies  and lose iimch less water than non diapausing la ivac . \ lso the 

diapausing eggs ol I)i<ilu nli< a  ' u e/A’> </ ( I e< o i i l c ) a ic  tinuv i esislant to desn v at ion. thev aie  

protected h\ structural m o d i f i c a t io n . ol the chorion, the cm h iyo n ic  membrane, and 

encasements produced bv the female accessory glands

Apart from this, insects  which diapause in dillerent stages,  resistance to desiccat ion is 

also found to he ach ieved  by other  two mechanisms like decreasing permeabili ty .>1 the 

cuticle by enhancement  ol the wax layer and decreasing evaporat ive water loss through the 

"Piracies. Since oxygen  d em an d s  are much lower during diapause, watct loss is probablv 

rainimi/ed hy spiraeular  valves and setae that block escape ol wale.  M.po.i. i Denlinger.  

1986)



Storage proteins are tound  to be synthesised before the onset o f  diapause and released 

into the hemolymph and remain  in abundance  throughout diapause. When diapause is 

terminated, they quickly d isappear  trom the hemolymph.  These storage proteins are first 

reported in Southwestern  c o m  borer (Diuircieu grcmdiosella Dyar). Later it is also noticed 

from larvae ot several addit ional  Lepidopterans including the codling moth (CyiJia pomonella  

Linnaeus), pink bo l lw orm  (Pectinop/wra gossypiella  Saunders) ,  stem borer (Busseola f t s c a  

Fuller), spruce budvsomi (( lioriMoncura fiimifercina Clemens)  and the wax moth (Galleria 

mellonelld Linnaeus) ,  as well as adults ol the Colorado potato beetle ( l.epiinotarsci 

decemlineata S a y ) and the red lire bug (Pyrrochori\ apicrus fallen) .

These storage proteins are hexam eric  protein w h ich  is genera lly  referred to as storage 

proteins. Thev are synthesised in fat body. A lthough  these proteins do not appear to be 

utilized durine diapause, thev serve as an important am ino acid source for the extensiv e tissue 

development that occurs  im m ediate ly  alter the diapause termination. 1 he proteins are also 

seen dunna other stages ol deve lopm ent,  and nondiapausing indiv iduals . I I n i s ,  these proteins  

arc not trulv unique to diapause, l l ie  distinction is that they remain abundant in the 

hemolvmph ol d iapaus ing  insects tor a long l ime because deve lopm ent has been arrested, 

where as in nondiapausing indiv iduals tlie proteins are made and quickly u li l i/ed a^ the in-wet 

proceeds with deve lopm en l (I Jcnlingcr. 2002).

3.5.3. H o rm o n a l  c o n t ro l

Several key horm ones  also serve .is regulators ol diapause, but p icc isc ly  wh ich  

hormones are in vo lved  depends on the species and the develop iucn l. i l  stage in wh ich  

diapause occurs Iri b r i e f  c in b rvo m c  diapauses aie eontio lled  m sevc ia l  wavs. I he best- 

known case is the regulation ol ear ly  em bryon ic  diapause m the s i lkm oih . B o m h w  n io n  In 

this species em b ryon ic  d iapause is induced hv the action ol diapause hotmone. a 

neuropeptide released Irom  the stihoesophageal ganglion ol the lemale

In larval d iapause, responses ol ( 'hiln  spp are very s imilar to those ol related 

temperate species. Ju v e n i le  horm one ( .H I )  titer is high at initiation o f  diapause, drops m 

intermediate levels lor the rem ainder ol diapause, and then drops sharply al diapause  

termination. I he e levated  111 liter is essential for mainta in ing diapause and lor d ie ia t inc  that



jbeoccasional moults  occurr ing  during diapause will be stationary tlarva to larva) rather than 

progressive (larva to pupa).  The  drop in JH at the end o f  diapause signals release o f  the 20- 

hydroxyecdysone needed  for pupation.

Regulation o t  pupal d iapause  results from a shutdown o f  the brain-prothoraeic gland 

axis- la Surcophugu ro iundus  appears  to be the same in both tropical and temperate species, 

[n both- diapause occurs  w hen  bruin-prothoracic gland slop scereliim 20-hvdro.\vecdysonc.  

Thus diapause can be te rminated  readily with 20-hydro.xyecdysone or other chemical  agents 

that activate the brain or prothoracic  gland.

Adult d iapause takes p lace w hen J I l  is absent. A  num ber o f  reproductive  events in 

insects are regulated by J I l .  and b lock ing  its production as occurs in diapause, results in the 

cessation o f  egg m aturation , atrophy ol accessory glands, degeneration ol (light muscles, and 

a halt in mating uctiv ity . A e t iv  ation ol the corpus allata. the gland that secretes J I l .  terminates  

diapause: F linht m uscles  regenerate, mating activity ensues, and egg m aturation begins.

A  svneruistie effect o f  J I l  in enhancing  the el'lieaev o f  2(J-hydroxyeedy sone suggests* w m

that trupieal species, like  their temperate eounterparls. u lil i/c  .1 H I pulse as pari ol the signal 

lo initiate deve lopm ent, \du ll d iapause 111 \ icnohirMis m t i m d i t s also I l l s  the pattern ol 

hormonal mediation o b s e r v e d  in temperate species: I I I  defic iency (.luring diapause pi e v e n t s  

egg maturation a n d  llight-nu ise le  deve lopm ent.A pp lica t ion  ol exogenous J I l  p iom otcs  

development ol (light m uscles and m aturation ol the gonads. S i/e  ol the co ip o ia  allata. the 

glandular source ol I I I  is lrec|uenlly correlated w ith sy nthelic aeliv ity 11 Jcn linge i. HD. 1.

3.5.4. Meat shock  p r o t e in s

I Hiring d iapau- .es  I I S I ’ . c ilh c i 1111 lease 01 decicase 111 a iiio im l 01 tem am  eonsianl. w 

changes occurring in an tic ipa tion  ol rulhci than 111 response to sliess. D iapause induced  

modifications in I |S|>s tend to last longer than those caused In  s tie .s  and M S P  production  

occurs without the general inh ib ition  " I  protein m anulaetiire  seen 11 sticxsed ce lls  I I S IM  

synthesis is d ifferently  regulated during  diapause and w ith in  an inse 1 ind iv idua l I IS P s  mav 

cither increase or decrease  .11 d iapause versus non-diapause developm ent Add itiona lly , in an 

'"sect undergoing d iapause, one or m ore I IS P s  mav rise ... amount v« h.le o i l i e r  a,e icdueed  

o r <»o not change, lh e  d .lfe ren lia l synthesis ol I IS P s  and their re ,P ons,h ihtv to, p .o le in  

rol<»ing and storage as m llu cn ced  by A  I I*, predict their role in protein m aintenance and stress

tolerance throughout d iapauses  (King nnd MaeRae. ~0I5).



HSPS in insects undergo in g  diapause it Mirr
Pause at different developmental  stagesr»

T a b ic  2. l-ISPs in during embryonic  diapause

Insect
D p - re g u la t e d  I ISPs

I T r-» .. :---- — Dow n - rc g u la te d  I ISP
5i[k worm. Bomhyx mori Hsp 2 0 . 8 A  -------------- -

r u b l e  3. I ISPs in diapausinu larva

Insect
11 i

D p - re g u la te d  I ISPs
—"------- ------ Dow n - re g u la te d  I ISPs

1 Com stalk borer 

Sesamui nonayrioidc \

S n o l Isp l 9.5 Sno l Isp20.8

Bamboo borer 

Omphi.ui t use ulc Mali's

1 Dp70
• - - ——

1 IspOO

Asiatic rice borer 1 IspOt)

('hilo supprcssalis -

Blowfly. Liitiha scritaia 1 Isp2 D 1 Isp2-I A: 1 Kp 7o 1 IspOl 1

I ab le  4. I ISIVs ii) diapausiim pupa

Insect

Nesh II y

^ u r c h o p h a [ r ( i  ( /v/s s//?r///

Blue berry m aggot 

Rhnj*oletis mem/ax 

r oitun boll worm 

HeliiDverpa urniiyeni 

A»ian tiger m osquito

j Av'^s  alhonicin\

I p - r e g u la le d  I ISPs

I I p/O.  | | ,p 01)

l i sp  70

s p 2 I . I

Don n - r e g u la te d  11 M ’s

I I .pOl I

I I sp20 7 & | IspOO



-— '  Insect

^ ———— — — .

L p - r e g u i a t e j  H S P s

I f M
D o w n - re g u la te d  IISPs

Coloroda potato beetle Hsp/U
Hsp23. I Isp26. I IspdO•

Leptinotarsa decani m em  a

"\fosquito X u le x p ip ic n s _
1 Isp7() '  j

Northern m a lt  fly Drosophila I Isp20 and 1 Isp26 Hsp83
Montana‘

S p e c ie s

Lynuintria dispur 
(2>ps> moth)

Ostriniu nithi/tilis 
(I- uropcan corn borer)

D iap au se  stage

c m b r \  0

I a n  a

Northerns  
N on d iap au se  D iapause

Rhaqnletis suavis 
( " alnut husk maggot)

pupa

Rluigolefh /wmnih’llii 
(apple m aggo t)

I >iiI ).i

Wnndual sc\'ln 
(tobacco h o rn u o r m )

pupa

figure 4. ( 'p -regulation ol I Isp7l) dm mu ilia pause in sevcial insects a I i i ineivni Oiapausmg 

stages (Rinehart cl t i l . .  2004)

PfncticaI s ignif icance o f  insect diapause

a f-arly forecast ing o f  the field emergence  period and a good knowledge ol the 

overwintering survival are the key feature for effective management  o f  pest



b Spniving ot diapause agon is t  in carlv larval siage helps in disrupting the entry into 

pupal diapause.

c. Inducing e g g  d iapauses  in natural en em ies  helps in long shipment or it can also used  

for long time storage.

j  \ u a k e n i n g  the d iapaus ing  stage in insect during the non-crop season helps in ef fect ive  

m a n a g e m e n t  o f  pest.

e B> inducing diapause ,  b lo o d  feeding mosquitos  are made into plant feeders. This  helps  

in controlling ot various  populat ions  which are \ e c to r  tor human diseases .

4. C n p t ° f u ° s ‘s

Cry ptobiosis  is a state ol an organism when u sh ow s  no \ isible signs o f  life and 

when its metabolic activitv b e c o m e s  hardly measurable or co m es  rev crsiblv to a standstill.

It is found in man;, groups ol invertebrates including insects ich ironomids i .  

tardigrades. nematodes ,  rotifers, co l lem b o lan s  and primitive crustaceans (brine shrimp.  

A n e m i a  s a l i n a  I innaeu>i.

( r-ptobi*>iic < iruanisnts can be d iv ided  into two t'-pcs accord ing to the dev clopmentul 

stage in which ciy ptob iosis  o^eur. em bp .om e <»r pou-cm b iyon ic . In the tormer. as in I ; \  »::n 

uihna and cn llem bo la . tcm ulc  parents prepar e the m olecu les necessary lor eiy piobto>is m 

their progenies iceu x i to -ome extent in respon-e to external conditions. In conti.ist. m tlu  

latter case. ,n in eh im n o rm d  .. m o u  tardigrades. nematodes and rotifers, parents do not a ltec i 

induction ot crv ptobm  a . in tlie ir pn .genics .it all. and indiv iduaK  themselv es mu si K  a b L  to 

reversihlv switch their pic. .mlno;. and biochem istry between developm ent and c ivp lob t. 's is

IWatanahc e t u i  dft'i-li 

4.1. T> pcs (»f crv ptnhirit is

a- Tryobiosis  (extremely  low temperature)  

b Osmnhiosis  (extremely  high level  ol solute*)  

c- Anoxybiosis  i lack "I o x y g e n )

Anhvdnibiosis  I des icca t ion  I

If.



The adaptive b iochem ica l  changes  is found during cryptobiosis which involves the

parti':*Pa^ on â r - '_ c o n cen l ra l ions ol poly hydroxy compounds ,  chiefly the disaccharides 

trehalose or sucrose. Stress  heat shock  proteins also reported to be involved, although the 

details are poorly unders tood  and seem to be organism-specific (Clegg. 2001).  And 

m o rp h o lo g ica l changes  also occurs  where organism contracts i tself and constructs the

protective l a y e r .

4j  C r y p t o b i o s i s  in ch iro n o m id  larva

\frican ch i ronom id  larva. rahpc ililum  vamlcr/)hinki (Mint) is the most advanced and 

largest multicellular c ryp tob io t ic  invertebrate (length ol larvae (•> 7mm). 1 his species breeds 

in '.mall temporary pools  lo rm ed  in shallow hollows in unshaded rocks in Nigeria and 

Luanda. The crvptobiol ic  larvae show an extreme!} high thermal tolerance from -2 7 0  to 

103'C and it can revive and grow al ter  submersion in pure ethanol or glycerol. It can also 

survive in cryptobiotic cond i t ion  lor about 17 years. In the field, larvae usually live in pools 

bv construct!na soil nest tu b e s .  I ndcr normal condition larvae contains a small amount (3 per
J —

cent) of trehalose in their blood.  During the cryptobiosis.  larvae accumulate  trehalose about 

20 per cent o f  the dry. hndv weight  (filler sugars and polyols were not detected. I he larvae 

make tubular shelter in the pools  bv incorporat ing detritus or soil with their ^iliv a I lie tubes 

of chironomid . are lound  to have three lunctions. l irst. the tubes allow laivac to obtain 

oxygen and food c l l iu e n t ly .  because  the laivac produce water curicnls  in then tubes by 

undulating their bodies .  winch .crvc to trap lood in the watci .it the open mouth ol the lubes, 

feces can also he wa .bed out Secondly ,  they have a protective iole against piedac ions natural 

enemies. Because many spec ie ,  ol eli ironoinid larvae mehidiii)’ / ’ i , A / / • / « /  are red m 

M y colour due to hem og lob in  u, the l ien.olymph. without then luhcs thev would he easily 

visible to natural enemies .  I hirdlv.  the lube . aic to be pmteeiim ' th - e lmononi id  laivac also

*r"ni chemical toxicants  ( K ikaw ada  ct nl . )

Kikawadc cl al OOOs,  reported upnn ..Icsicc..Ii<.n 11 )W c u ip m a l in g  al « 22 ml M.n 2 I 

in »  P c l r i  dish with M S glass t iip.  larvau will, a  Mhcr papsT l.nUlinp «> I ' ml Mi.nlk-M wak-r 

synthesizing Irchnlose 12 I. after transfer I.. Mu- Mc-siccalm., has. ami .uxmmMakul IK 

irohalnsc i n< I i v ir 11 i;i I be I ore  com ple te  clchyclrnlion.
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Hours alter desiccation

Figure rs Change.-* ot t rehalose content  in / ’ viimJcrplunki larvae during desiccat ion 
iKikawaJa et a.; - 2U<_)5 »

K i k a w a d a  et a !  i 2'  i r e p o r t e d  s ig n i f i c a n t  ro le  ol  the l a r \  al t u b u l a r  nests in i n d u c i n g  

successful anhv J r o h i o > i s .  I r e l i a b l e  c o n t e n t  a n d  re co v ery  in d e s ic c a t e d  l a r \ a c  w i t h  and  

without soil tu b e -  ’a c r e  c o m p a r e d .  I a r \ a e  in soil  tubes w e r e  d e s ic c a te d  w i t h  1X2 m l  D W  

(total water  v o l u m e  is Z o o  m i l  a c c u m u l a t e d  I X  m g  t reh a lo se  i n d i \ i d u a l  b e f o r e  c o m p l e t e  

desiccation and X I . '  n l  t h e m  r e c o ' . e i e d  a l t e r  r c h y d r a t i o n .  W h e n  l a r \ a e  w i t h o u t  the soil  

tubes were J e a s c j t e d  w i t h  Z o o  m l  I )W . the }  . l e e i i m u l a i e d  t reh a lo se  at s i g m l ic a n t ly  l o w e r  

lev el i i f  Z '  rr, j  a nd  < • n 1 '• 4  ' V* <» < ,| t h e m  i e o > \  e red  a l t e r  re by drat  u m W hen tota l  w a te r  \  o l u m e  

in the dish w j r e d u c e d  u > 10 0  m l  in the soi l  tubes a c c u m u l a t e d  3 7  m g  ol  t re h a lo s e  a nd  o . v .. 

recovered a fte r  rchv I r a t m n .  w h e r e a s  those  w i t h o u t  soi l  tubes s y n t h e s i z e d  t reh a lo se  at l o w e i  

level 117 l  m j i  and rm iac o l  t h e m  rccov  e red  a l t e r  rchv drat  ion

rahle 6. R e c o v e r ’, ar id t r e h a l o . e v o

tubes

t ’ ol  d e s ic c a te d  la r v a e  in w i t h  oi w i t h o u t  soil

NVatcr Soil tube  
Vr>lume t[al)

Krcnverv (%)ii
n I rchalose content  

()il/intli\ idual)

200

1 
J XI l a (} IX.X :  i \

20f| 111 n  i b n 1 \ \ n \\ \

100 i 1 0 O i  l a h 5 l /.() o Z \

, loo 15 ' m i  c 17.3 4 l 11



c Conclus ' onJ•

Phenological s tudies  per ta in ing to diapause and cryptobiosis  are vital to both

theoretical and applied biology.  Detai led unders tanding o f  various factors involved in

p-gulating dormant condi t ions  and  also behavioural  and physiological changes occurr ing in 

[nsects during diapause and  cryp tobios is  helps in practical utility o f  pest management  studies 

jnd such studies are now b e c o m in g  widely recognized as essential lor implementing modern 

pest management p rog ram m es .
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j^Tiai is c o r p o r a  al lata?

^  Corpora allata is a paired  g landular  bodies,  usually present one on either side o f  

oesophuu115- produces  Juven i le  hormone,  whose principal function during direct 

development are in the m e ta m o rp h o s i s  and in the adult insects helps in development o f  flight 

muscles and reproductive organs .

i What are changes occu r r ing  in m e m b ra n e  integrity during diapauses?

During diapauses,  in o rde r  to resist desiccation under prolonged dr\ the euticular 

perm eability is  reduced b> depos i t ion  o f  large amount  o f  lipid molecules.

3. What is token stimuli

Ans : Token stimuli is a term given to the environmental factors which acts as signal for 

inducing diapause. I his term is used to distinguish the direct effects o f  other environmental 

factors on the rate ot ph> siological processes.

4. How insects will recognize  the unfavourable  conditions?

Ans: In insect.-., receptors for p lio toperiod ic  signal are localized in various parts ol brain or

the compound eves, and these organs helps m recognizing the unfavourab le  conditions.

5. Is there anv method  to break d iapause  in eggs ol silk woim m commt.iv.iul s^t_d

production '

Ans: Yes. It is done hv treating d iapaus ing  eggs w ith  IK  I ol speeilie gravity ol 1 it s w ith  

15%concentration and hea ling  to do ( lor about d-7 minutes,

h. Why monarch huttcrllv  m ig rate  > dm ing cli;ipauses/

Ans: The monarch h u lle r l lv  t  iruioi w ithstand freezing weather in the \ o ith e m  and ( ental 

continental clim ates m the w m te i A l  .o. the la iva l lood plants do not glow m then vvmtei 

overwintering sites St. the spring L'cnerulioii mu .1 llv hue K to no ilh  p la n s  vvIk k  tlu | l.iut

plentiful

1 Weather there is a m  u . i t  c m r k - l c  U .m in ,  I  ...........  | . . . |.u l.n in n  1

An... vi . t a . M . m  tii-d However,  the population can KNo. the complete  popula t ion  cannot he cliniiiu

hy tmdcrsliinilinti tit.- I d l e r s  rc-yi.latinfc: the tliai’nusc in inns. , .......
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Sleeping through  hardsh ips  - how insects overcome abiotic stress?

Abstract

One of  the reasons  for d o m in a n c e  o f  insects is their ability to adapt quickly to adverse 

environmental conditions .  1 \ t r c m c s  ol temperature,  crowding etc. often threatens survival ol 

i n s e c t  populations. One  wav ol ove rco m in g  abiotic stress is by undergoing an inactive phase 

characterised by suppressed d eve lopm en t  till the environmental condition favours. Dormancv 

is a state of  ^ u p p re ^ e d  deve lopm en t  which encompasses  three different stages viz.. 

quiescence, diapause and cry p io b io d s  i Kostal. 2<)0b).

Quiescence is a state ol suspended development under unluvouruhlc cmiduiwiis and 

the insect resumes aetivilv as soon a-> the condit ions become favourable lor developmeiii.  

Diapause is an induced dorm ancv  which  occurs  through the eflccl ol token stimuli signalling 

during unfavourable condi t ion  I nvironmetit.il hietors viz photoperiod, temperature and 

moisture are involved in regula t ing diapause. I’hotoperiod acts as a reliable indicator lor 

predicting upcoming period ol inclemency I cmpcraturc  acts m unison with phoioperiod and 

•he moisture helps in p rom o t in g  po . t-diapausc growth Hehav iomal adaptation' '  like siu 

selection, migration, aggrega t ion  and colour pol>morphism are seen in insects which prepare
I CT*

to undergo diapause (M asak i .  19X0)

During diapause, metabol ic  activit ies remain eitliei low >>i lonMaiii • ndei long di> 

^ason. the diapausing insecU d ev eh .p  an ellicieiH water conscivation mechanism In some 

^  insects, h ex am en e  pro te ins  are synthesised which -eive a .  an impoitaui souice ol 

^ o a c d  for (issue d e v e lo p m e n t  that occurs immediately lol lowum diapause te .mmaUou 

‘Dnnonal mediation is a lso noticed m insects, which helps in the mmation.  mam .enauce  and 

^ i o n  nl diapause. I leat shock proteins (I ISPs) arc also produced which help to prevent

P’tolemdenah,ration dur ing  s tress  period (King and MacRae.  2015).
r i . in insect when subjected to extreme

r>ptnhiosis is a unique  p h en o m en o n  lha tc
rnvtrnn.. • ,,ia.. «inn ol life and nclnbolic activitv as in

I l l c i ' 1 condition, w here  they show no visible sign



^  duronerm d t a n a .  Polypedrtum vanderp lanki H im

r a c  ts i tself by fo rm in g  soil tubes  as a n • ‘•u re m e  dr> pcnod .  the

d . ° llVe Ia>e r  lnl^niall%. trehalose content
in ^  blood and JCL5 35 chem ica l  chaperons  io n n . »  i

^  '  P ecl *-he cells (Watanabe el ul..
$PJ-

Pbcnological s tud ies  per ta in ing  to diapause m  l -  » . .
. . . . . .  nd c n p to b .o s i s  are vital to both

, ^ v a l  and applied b io lcgv .  Such  studies m ,  n- .
^  ncm becoming \% idel> recognized as
gssaioaJ for  implementing m o d e m  pest  m anagem en t  programmes.
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Plant diseases have been a major  concern to mankind all through the ages. There have 

ta,n periodic outbreaks ot certain diseases which caused large scale death and famine like Irish 

famine of 1845 in Ireland, devastating colfee rust in Srilanka and Panama wilt incidence in 

Australia made cultivation inconceivable.  Such plant diseases caused by phyu.pathogenic 

microorganisms cause significant yield loss and it can also affect the quality and safety o f  

auncultural products. For the past several decades, management o f  plant diseases has been 

increasingly dependent on the extensive use ol toxic chemicals. Mow ever, continuous and 

widespread use ot these chemicals  has developed pathogenic strains that are resistant to certain 

tunaicides and antibiotics. Moreover ,  public concerns about the potential side effects on human 

h e a l t h  and environment, has stimulated research to develop new antimicrobial agents ihui meet 

c u r r e n t  health and safety standards.  Since then antimicrobial peptides have been the object o f  

attention in the past few years as candidates o f  plant protection.

1.1 Antimicrobial peptides

Peptides are short chains  o f  amino acids joined together either by eupeptide 01 i 'opcptide 

bonds. They are distinguished from proteins purely on the basis ol the number ot icsiducs 

present, conventional I v understood to he less than 50. while those shorter than 20 residues lend 

to be labeled as oligopeptides. Antimicrobial peptides lAM I’sl are portions ol pathogen-related 

proteins which disrupt pathogen membranes ,  although this is not their only tai get. siiKc they also

Wto inactivate ribosomes and thereby inhibit their synthesis ol protein

Majority o f  A M Ps are encoded In genes, while others are products ol sccond.iiy 

metabolism or synthesized by non-ribosomal peptide synthases M .lessen and Maialucl. Ml A 

^rtain AMPs are generated after post-translational modilKiiiions. have cyvliv tiikiiiic oi 

“" “in unusual amino acids <1 avcrty ef al 2 0  11. Sources ol \M P s  o.ngc Irom 

"“ "’organisms l0 plants, vertebrates and inverlehralcs. S i /e  nl these compounds He belvveen I -» 

majority o f  the A M P s  isolated arc ol cationic in nature due to the presence ot basic 

* iJs  like Lysine  and Arginine.  Itv their own nature. AMPs provide resistance to cartons 

Pta«Pathogens ineluding bacteria,  lung, and viruses, l ienee, they present mnovattve approaches 

Pta'it protection in agriculture.

R



Timeline o f  antimicrobial peptide advancement was by the discovery o f  first antibacterial 

-ju'de from wheat endosperm, purothionm which was first suggested by Alexander Fleming 

|92l as wheat Hour containing lysozyme like peptide having antimicrobial properties. 

UP, Balls and collaborators during 1974 purified purothionin to u and p purothionin. Over the 

\ears. several additional peptides u i t h  antibacterial activity have been characterized, which
4 , ,
havin'!antimicrobial properties  against  many phytopathogenic organisms. Peptides like cecropin, 

vvasthe lirst reported a  helical A M P  discovered by Boman et al. on 1981. also ZasIoffe /  al. on 

1987isolated and characterized magainin from African clawed frog.

3. Classif ica tion

A n t i m i c r o b i a l  peptides can he classified into several categories based on three 

dimensional structure, net charge and b io log ica l sources h\ which they are isolated. Based on 3- 

Dstructure there are five types o f  antim icrob ia l peptides like cyc lic , helical, extended, looped or 

hairpin and a and p mixed peptides, \m ong these peptide classes cyc lic , looped and it and p 

mixed peptides are having d isu lfide  bonds which  provide stability to the 3-1 )  structure. M o s t  ol 

the AMPs arc linear helica l in structure and such 3-1) t<>11led structures are attained only when  

these compounds are interacting w ith  a solid membrane therein adopt a stable amphipathic 

conformation.

Secondly, these \ M I \  are c la v  died based on net charge. \ M I \  isolated from di I lei ent 

sources can either he cationic, an ion ic  or neutral as lar ;is net charge is conceined. I Ik chad giv c 

helow(Fig. I.) is showing the s im ila r result, out ol the total A M I 's  isolated, moie than thousand 

m cationic whereas eighty in num ber are neutral and appioximalely seventy live id them aic

•tonic (Wang. 2010).



Fit*. 1. D is t r ibu t ion  of  A M I S  based on nut c Ii :i rtic

Third classification is based on thc biological source in which the\ arc isolated. 

Bactcrincins arc \ M IN  isolated Irom bacteria. S im ila r ly , there are Archaeal A M I S .  I ’roto/oan 

WIPs. Tuneal \ M IS .  Plant A M I S .  A n im a l A M I S  and I luman A M I S .  \bout 7 3 "n o f  the \ M I S  

isolated Irom animal >. second com es plant as biological source, whereas least number ol \ M I S  

isolated Irom arch tea, if is cv iden! Irom the pie diagram ( Mg. 2.).

to



□ Bacteriocins

□ Archacal AMPs

Animal AMPs

Fungal AMPs

Plant AMPs

□ Protozoan 

Per  cent  AMPs AMPs

Fig. 2. Per cent A M P s  isolated from different biological sources

3.1 Plant AMPs

Out o f  total A M P s  isolated. 15% o f  them are from plants. A total o f  271 plant A M P s  

have been recorded in current version o f  PhytAM P which is the database for plant AM Ps.  

Different families o f  plants secreted A M P s  are Amaranthaceae.  Andropogoneae.  Mrassieaeeae. 

Oryzeae, Santalaceae. Spcrm acoccae ,  Iri t iceae, Vieieac and Violaeeae. Predominant genera  ol 

AMP producers are Viola f loin i ly Violaeeae) and Arahidopsis  (family Mrassieaeeae) o '  

exhaustive studies have heen carr ied out on these species. C lassilleation ol plant A M Ps into 

different families has hcen proposed  on the basis ol primary structure (( astro and I ontes. 20(15). 

Plant AMPs in thc database are classif ied as cyelolides. delensins.  I levein-like. knottins.  lipid- 

transrer proteins, snnkms.  th iomns.  viei lm-l ike (I ig V). I'hc majorilv ol these A M Ps  possesses 

antifungaI Also these possess  insecticidal,  anlnveast  and sodium channel blocker actions (lig, 

4 )' These findings may be useful in isolating and characterizing novel plant A M Ps  or designing 

novel peptides with higher potency against pathogens or with broad antimicrobial spectra. (51%).  

“"'bacterial (3 3%) and antiviral  (10% )  activities,  as shown in pie diagram



Fig. 3 Plant A M P  families

3.1.1 Structural fea tu re s  o f  p la n t  A M P s

S o d iu m  
ch a n n e l 
b lo ck e r 1%

ln r. « c f  icidal

**• Arrtiyeast
------------------------  _  7 * .

Fig. 4 Functions o f  plant A M P s

Structural features ot A M P s  relate with the mode o f  action by which they can act. Total 

imino acid number (residue number) ,  net charge, number  o f  disulfide bond and secondary 

structure arc the major characterist ic  features determine the properties o f  AMPs. I he table given 

below shows the characteristic features o f  families o f  plant A M Ps  ( fable l .).

h- helix. I- loop, s- sheet

Vide family

ftmins

kfeuins

fcnTiuT

tins 

Glides' 

fcikins 

!Wtnnsfcr proteins

R e s id u e  n u m b e r ( b a rg e Disulfide bonds Second  a n  •
_«  4 M l l l t l  I t  M<>

4*3-47 • 7 or ■ 1 0 7 or 4 11. s

I v v l 1 6 4 11. s
 ̂ _

43
i

-1 4 11. I.S
----------------

30 ‘ 3 1 11. 1. s

2 X - 3 7 -2 to 1 I 7 11. I.S

63 ‘ K. t9 0 11. 1. S

ns 90-100 1 8 4

% « n  _

11

l ablc I. S tructura l  features o f  plant AMPs



0f A\ lP s  in plant disease management

antimicrobial peptide com pounds  are synthesized as part o f  innate defense mechanism of  

plants and animals at l e u  concentrations.  Ihus use o f  such antimicrobial agents in disease 

Ujmagement has immense scope to ward oil infections caused by phytopathogens. One of  the 

tfiinas that make AM Ps attractive as antimicrobial compounds for plant disease management is 

toe mechanism o f  action against  the target microorganism. Mechanism b> which these 

compounds are synthesized naturally as defense response is quite interesting. Such induction ol 

impounds are initiated bv plant-pathogenic interaction.

4 1 Innate defense m e c h a n i s m  o f  A.MI’s

:1ri
Plant-pathogen interaction triggered bv pathogen secreting en /vm es  that breakdown the 

plant cell wall and. once this defense is broken, plants distinguish a pathogen's  presence through 

s e n s i n u  pathouen-i 'oociated molecular  patterns (PAMP) through iransmcmbrane receptors. I his 

enhances programmed cell death to the vicinity o f  pathogen action and such response is localized 

resistance mechanism which later leads to initiate systemic resistance, mediated bv Systemic 

Acquired Resistance i S \ K ) .  S \ l<  is facilitated bv synthesis o f  Pathogenesis Related Proteins 

iPRPs). cither bv Salicvlic acid (SA) or bv simultaneous induction ol lasmonic acid (.1 \ i  and 

ethylene, \moni* the two pathways. J.A and ethylene causes SAK to initiate against systemic 

management of phy topa thogei i . i lJuhc. 2012 ).

An experiment conducted bv Peiiiiinck.x cl <il in I00S to piove inlluuicc ol I \  and

ethylene in induction ol \ M I \ .  I hey used three cullivars ol ln//m/o/>s/A sp.. namely l olombian
*

wild type (fnl-fl). I ihylcne insensitive fl in2-1 ) and lasmonic acid msciisitiv c K oil Ii where 

E'n2-| and < ,,11-1 .me mulaled w lm  h does not .yiilhesis IA and ethylene ie s |u M i \e l \ .  I thylene

(%pm). Paraquat (25MM). Methyl invmonalc (45 |iM) and 5  ........   leal as cont.ol applied

°n each cultivnrs. I heir finding shows llial onlv the cullivai. ( o l- iUan synilursis etliy h u e  and I \ 

WOW induce plan, defensin whereas o.her c . l i .vnrs  lack cill.c, I \  n, e.hvlene could no. mdtiee. 

proves that IA and e .hvlene have synerg ism  cllec. which act ... paiallel pathways lo,

Auction of plant defensin in Ar<ibnlnl }SIS ^  ^ ^
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Fig. 5 I n d u c t io n  o f  p la n t  dcfens isn  in Arahidupsis  sp.

4.2 Isolation o f  A M P s

Antimicrobial peptides  sy nthesized in any organisms can be isolated and purified using 

usual protein extraction and purificat ion procedures.  First, the biological source is inoculated 

with a pathogen o f  our interest. It will tr igger the synthesis o f  A M Ps which will he antagonistic 

to the pathogen \ n d  a control  is also maintained as well. I hen. usual protein extraction 

procedures is followed to lor both treated sample and control Compound which tire synthesized 

due to pathogen inoculation is identified by compar ing  w ith running control sample also. SDS 

PAGE followed hv HPI.f and m ass  spectrometry can separate peptide fraction from other  

compounds

•U Mode of  ac t ion

AMPs typically have a broad spectrum <>| againsl pathogenic lungi. bacteiiu and viruses. 

M<*teukaryotic peptides act on ha t te r ia l  m em branes  or other generalized targets, in contrast to 

^antibiotics,  which usually ftirfc'cf specific proteins.

^m odc  of action .,1 these pep, ides hue h c c .  .....re clearly debited recently. AMIN are selective 

'* ^ a r y o l i c  m em branes  over  eukaryot ic  m em brane  .lue lo lhe prcdominanils  negatively

S e d  Phospholipid, m lhc nuler  leallel o f  lhc prokaryotic  mcm hrane  ( I nssi   Such

ie considered a regul.-itr.ry hmcl ion  in large, selectivity. Al,hough, lhc overall charge 

* * * * *  is important.  „ j ,  k n o w n    -.her features play a role in potency and spectrum o f

14



peptide. The size, sequence,  structure (per cent helical comen, , ,  overall hvdrophobichv. 

#phipa,hich>- and width ol the hvdrophobic  and hjdrophil ic regions o t  the peptide have a 

tion in tfie et^ cienc-v thc PcPticle (Tossi et ul.. 2000).

4J | Antibacterial a c t io n

Lvtic or pore  forming action and non-lvtic action arc the two ways in 

hich A.MPs act against phytopathogcnic  bacteria.

4j 1 I Lvtic or pore forming action

AMPs which arc unstructured in acjiicons solution when interact with a solid 

membrane as monomeric units. I atcr. unstructured monomeric peptides adopt a three- 

dimensional structure upon thc interaction with thc bacterial membrane and fold into amphiphilic 

molecules, with positive!) charged sides direct!) interacting with the anionic lipid headgroups ol 

ihe bacterial membrane. I lie lipids are then displaced hv the peptides, causing a thinning o f  the 

outer leaflet of the bacterial mem brane  leads to pore formation. I luce pore forming models are 

barrel stave model, toroid pore model and carpet model. Pol)meric complex peptide formed 

irom monomeric peptides Liter transformed into barrel like structures and enter perpendieularl) 

through the hvdrophobic core. I oroid pore model is also similar lo barrel stave but. the banels  

formed is intercalated with the phospholip ids ol bacterial membrane. I bird model, carpet model 

causes a phospholipid d isplacement that alters membrane lluiditv and or icduees the b.inici 

properties of membrane Ii also leads to membrane disruption and. lurthei . lo cell death Hue lo 

the unfavourable cnergv oh served alter the membrane bilaver becomes curved, sell upturn and 

lysis will occur Ml the three model . later results in imbalance homeostasis ol haclcnul cell due 

to efflux ol ions brine about dc ill) "I bacterial cells.

Alan and l arlc m 2001 vomp.ired llncc lu ic  repihlcs.  M S    Mammon II and < e u n p n ,

8 » p i lK I  v l ,  p v  / ’ v o . / m n m n n  I "  " ™ > m „  \ , n „ W , . n „ n

“ "penm pv  m „ . |W. ..... .....

* P  h;nvi ni , s u h s p  rbrami    hv

^  < ecrnpin I, has luuml inhibited , u „  speeics ol f « ( - i -  ami..... .......... ..

at lower , , C- I i M ‘sl «)«) also inhibited both species ol / \ ,W o /m m , ;vnvcr Lonceniraficm. Similarly,
W f i » , f  .tiir*iiinn Mill n o  n c p l i t l c  f a n  i c s i s i  p n w ih  o l

" u,nu‘» a \  sp  a n d  (  l u v i h t n  t e r  s p  at s a m e  c o n c e n t r a t i o n ,  u n i .  | I

,t,(i whnuiceuriini even at highest concentration (1 dl l̂^
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MS1-99 
M IC MIC

10

^ ' ^ r r ^ w n estns pv vesica long  3 
 Z77md,nmns,s nv . 5

•McW
michizanensis

carotovoru  
lnlhemi

nrOipx^rci 
■drotovoraj}^£_ d m

10
10

s

U)knacearum_
J_5
>30

—  --------. _

M again  in 11 Cccropin B
MIC M I C 1 MI CTi M I C 1
1 0 2 0 5 5*" j
0 2 0 5 5
5 1 0

— — -  1
5 5

15 2 0 2 0 2 0

1 0 >30 5* 5

1 0 >30 5 5 _________________________

>30 >30 •30 >30
Tiihlc 2. Sensitivity o f  b ac te r i a l  pliint pa thogens  to lytic peptides 

4j  12 Nnn-lvtic action

Proline rich AMPs act without extensive membrane damage, mostly targeting Gram-negative 

bacteria (Casteels. 1989). I hey have been shown to penetrate into bacterial cells bv tianslocatinu 

across the membrane, suggest a stereospecihe mode ol action involving interactions with a 

innsport system followed by inhibition o f  specific intracellular target!s). rather than a non

specific disruption o f  mem brane  integrity. Apidaecins. py rrhocoricins are the two major proline 

rich AMPs with antibacterial action. ( asteels in I 9,S') tested purified forms o f  three apidaecins. 

la. II) and 2 asam-a fornhuclcrinni limicfadc)i\. i.rw inui anniorora  var. stilicrs. /\riulomonii\ 

ynni'ae pv tomato. < nrm  htu tcrimn ut\iilin\mtt l ie has lound that, .ill the three puiilied loinis 

were active acainsf .li 'm h ijttcn iun  s p . and I.rw mm  sp. at similar concentrations, whereas, the 

peptides could not rest .1 ( orn\hm  trrmni insiiliomim I I able 3.) I he table shows the examples ol 

few antibacterial \ M P s i  [able  I i

B ac te r ia l  s t r a in s

M in im a l  inh ib ito ry  concentration  

(jig/m l) o f ap idaec ins

Agrnhuc tcruim limn'/iit it'tts 

invinia am ylnvam  var \nlit A 

PseiirffHHrHUjs’ wrini*<ic pv. tanuitf)

| f nrvnchciclcrinni insidinsum

T a b l e  J. Kffocl   coins against plant p»lli«Sens

la I I I 1

0.2 0 2 0 2

0.02 0 02 0.02

0.2 0 1 0 1

50 50 100

If-



pun^ion,n 

idiionin)

Wheat Pseudomonas solanacc arum 

Xanlhomonas phascoli

SiSN2 

,gialdn)

Potato C lavihacter michipanenxis 

Ralstonia solanaccarum
Lobo cl a l . 2002

Alfalfa Enviniu caralovora Spelhrink ct i l l . 200 I

,Jetensm)_______ __________
dr-13 (thionin) Tobacco Pseudomonas syrinpac pv. tomato Rayapuram cl a/., 2008

Tachyplesin

itucin A

Horseshoe
crab 
\ i  moth

Ani m m  caralovora ( ioval and Matloo. 2 0 1 -1

Xanlhomonas axonopodis pv. ciiri ( io \a l  and Maitoo. 2014

Table  4. F.xamplcs o f  an t ibac te r ia l  AM IN

4J.2 Antifunsal action

Antifungal VMPs also uti l i /c  cationic and amphipalhic property lor membrane 

interaction and permeahilixation ot fungal hypliae thus inhibiting luneul growth through altering 

homeostatic balance, \n o th e r  mechan ism  is that, alter entry ol AMPs into lungal hyphae. it 

enhances prnduction o f  React ive Oxypcn Species (KOS) which is deleterious to lungi lew 

exdmples of anti fungal \  MPs are listed ( I able 5.).

AMP

Ace-AMPI 
iU P ^
Rj-AFP|

Source Su scep t ib le  species
—• *- - 

f in ion / nsarium os i spot urn

Radish l!nir\li s i incrca
—---- -------- ------

fou r  () clock , llicrnai iu allcrniila
i■ — - ~ __„____  — i

A sper pi Hus /{olrvlis i incrca
I

Sill* moth \ fapnaporthc orvzac
- *---

Trog rIn  top/llhora in k  stalls
_______  ______ _ .

1 Inman f  usarium oxvsporum

T ab le  5. Fx am ple*  o f  an t i funga l  AMIN

Reference

( ammue cl al I >

I )e I in i a i / al I ooo

( ItlO I' / i l l  I io |

( io\al and Matloo. 2014 

( iny al and Matloo. 2014 

( io\al  and Matloo. ?(*l 4



Vv-AMP'
cinerea.

a M I i s o l a t e d  n u n ,  „ „ „  Vt,HJKru 1S l n o c u l a t e d  a g a j n s t  ^  p a t h o g e n i L  i u u & i

. gaff** FuSariUm ox>'sPoriim- Fusarium solani. Verticillium dahlia. Experiment

ducted b> Beer in 2° ° 8 USCd tW°  concen tra t i°n s  o f  V v A M P l ,  6 pg m f  and 9 pg ml '. A M P

9 pg ml ' reS' St aH thC fungal pathogens successfully (Fig. 6 .).

Botrytis cinerea

4 Fusarium oxysporum

Fusarium solani

Control t f  V v A M P l  
(6 ng ml 1 )

Vv AMP1
(9.6 pp, ml ‘)

Verticillium daliliae

(Beer, 2008)

Fig 6 . Inhibition o f  fungal plant pathogens  by V v A M P l

Another experiment done  by Segura  et a l , 199X examining el feet ol two peptides,  snakin 

defenstn isolated from potato  against  both bacterial and lungal pathogens. Snakin (SN1) is 

against 6 pathogens and shove n hundred per cent inhibition except Ralsnniii, soli nun , a n  un 

Aspergilla solan, D efcnsm  t l ' l l l l )  is leslcd against Insari,m , solum. Clavibactcr 

tyonensis subsp. sepedonicus  a n d  R a h m a n , solanaccarnm  All the three pathogens were 

foiled by PTI11 (Fie. 7 .).



P e p c d e  c o n c e n t r a a o n  ( u M )

SNl- s nak in 

£> E jp o icn :  m end is

Peptide concentration (uM)
P T H 1- dpfensin

O  Clcnibacter michip.anerisis subsp j eocdoniciL 

0  Ralstoma solanacearuni

Fusarium solani
(Segura er a l ,  1990)

f r o m  p o t a t o  a g a i n s t  p i n n ( p a t h o g e n s

Vasque/ (2000) conducted  a held s tud\ comparing the efllcienc\ o f  AMP. Ib-AMPd 

igainst two commercial agrochemicals ,  propicona/ole  aiul a /o w s l ro b in  on black sieatoka 

disease. 25. 50 and 7 5 u g m l  concentrat ions ol all the three chemicals were spra\ed on the 

aeatoka affected banana crop. I able shows the result, at 75 pp ml Ib-AMI’ I and propicona/ole 

found effective a cam a the disease whereas a/oxyslrobin showed l e s s  e I lie iencs at the same

concentration ( I able 0 >



. , ^ ' 3c,ion

.\VlPs isolated from several  sources  show  antiviral property too. These compounds

jfcit pr°tein 5>ntheSIS- eitHer C° at p m te m s  or m ovem ent  proteins which are essential for the 

infection o f  viral d iseases .  A n o th e r  mechan ism  by which viruses can be inhibited by

[jiodfl112 rephcadon °* part icles.  Certain A M P s  like peptamine synthesized from

chlororaphis inhibit  \ i r a l  infection by st imulating Induced Systemic Resistance

JSRI-

jJJ-11
M e c h a n i s m  of  antiviral pep tam in e

• J.' Pi A

Mr-p

m J

p

£ C “  1 .1 r J m J *. , P f II'.

V^cu îr o-i>.

» »,

t 7 „ u r .

3'■‘3 : cklcroraohtS

F ig. H. M e c h a n is m  o f  antiviral peptamine

^ P e p t i d e ( P I , P / D ) ,  C o a l  P r o t e i n  ( (  P ) ,  M o v e m e n t  P r o t e i n  ( M P ) ,  R c p l i c a s c  ( R e p )  

■jjjjtocell m o v e m e n t  ( C - C M ) .  P l a s m o d c s i n a t a  C P I . D M ) ,  R u n g  D i s t a l  M o v e m e n t  ( I . D M )  

^ a p t a m e r s C P f . Y ) ,  N u c l e i c  A c i d  ( N A ) ,  S a l i c y l i c  a c i d  ( S A ) .  l t l n l e n e  ( I I ). 

Oxygen  S p e c i e s  ( R O S )
ppn. . , . . I'snnlntnojuis tliloroiiinliis st imulate
eptamine. synthesized by non-pa thogen ic  bacteria,

. r .  ir-il m r i ic les  hv inducing ethylene and ***** genes which  resist lone  distant movem ent  o f  viral particles v h .
^tivp r. . ho irnnsform ed into plant and thus

Oxygen Species (RO S) .  Also these p ep tam ine  can he trans .on  i
*** comr, . , o„a Innn distant movement o f  viral

mPound cause inhibiting coll to cell movem ent  and long



Effect o f  peptam ine  against To bacco  M o sa ic  V iru s  (TMV) is vc 

^ , a r f g o 'end reSUI‘ th a ‘ 31 1000 d S m l  resisled 9 5 %  infection (T ig . o .,.

vcrilied by i in
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10 100 1000 C on tro l

Peptamine (po/ml)
Fig 9. Effect o f  p e p ta m in e  agains t  T M V

Mel ill in is a n a tu ra l  W l l *  b e i n g  iso la ted  I r o m  hones bee is has ing antis ir.il proper! s due 

Dsequence homology  on I M V  in f e c te d  c rops  (t i l l se r  cl til I9d5) (I ig- '■>.). I luis. Marcos m 

1995 generated a n a lo g u es  o l  m e l i t t i n  and  c h e c k e d  the e l ’l ic iencs  against  I M \ .  Analogues ol  

nelhtin were formed. S u h K 7 l ) .  S u h K 7 (  i. S u h K 7 l  and S u h K 7 1 bs s i ibs i i tu l ing  a m m o  acid  

ysine. SuhK7| showed  be t te r  resu l t  hs c a u s in g  losses! per  cent  necro t ic  lesion and this is cross  

“ f e t e d  with other v i ruses  l ik e  h . M V ,  O h .  S I I M V  Since l o M V  s h o w i n g  highest h o m o lo g s  

^ T M V .  the m e l i t t in  a n a l o g u e  e x h i b i t e d  h ighest  resistance against  >i w h e ie a s  s | l \ | \  is leasi  

’““Wlogous became i m p o s s i b l e  to m a n a g e  (I ig. I I >

TMV C P  / I . f l Y N A V L D P L V T A L L O A r o r  • R R R

I I I I I I 1 1
M nllllln  q . O A V L K V L T T O L P A L I S W I K R K R O O

T M V  C P  T o m a t o  M o s a i c  V i n o  C ° a I P .  " t H »

nn jif* TMV coat protein and Melittin > 1
Fig. II) Homologous sequence of ' 1
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ETCIffHE
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Fig 12. Fffect o f  S.il>K7l on other viruses



p|es for other antiv iral A M P s  are enlisted.

~pintol(JCca Tobacco  mosaic virus

arnerit unci Cau I i flovver mosaic v irus

Cabbage  mosaic virus

Solunum
tuberosum

Bos taitrus

Potato \ irus V

Tobacco  mosaic v irus

M ode  of  action

_______

Reference

Inhibit protein Chen
sv nthesis

d a l . .  IWI

Unknovv n 1 ri path i

d a l . ,  -006
.

Unknown Bhargaw a

ci til.. 2007 1

T a b le  7 . F . \ am p le s  of  antiv iral A M Ps

5.Svnthetic AMPs

The purpose o f  designing svnthetic peptides is to optimi/e  their desired activitv as gene 

widucts prior to clone them int.. o plains. Researches lor shorter, more potent, non-toxic 

peptrdes have led lo the discovery ol' synthetic- peptides with hrouder mid higher tmlnmerobttil 

airily than their natural eot.nlerp.trls ( Alt. dOWI). Design ol AMIN hioinlomtntie,  tools like 

M ,  model. I rasset  p av e ,  a ness pull, in predicting a,id developing synthetic \ M I V  

Substitution, ehain elongation or deletion ol amino acids on natural conlomtatton ol \M I thus 

rectifying the defects in antimicrobial molecule make litem highly ellecltve than tutnr.tl

counterparts.

Ali I2t»|l») e x a m i n e d  the  e l l c U  o l  l o r n  synthe l ic  pepl l r les.  I 'ep <>. I cp  . l > |  11 l s |

» u  Phyliiphlhiiru r a / n m r n  lllrrm inn  vu/."«. I ,mI ’I

caralnvint suhcp rilrnuplit “ I spcrlinenl showed lltal synthetic AMI -.1-1

* *  against .. ................. ........ ..................... *        N >

whereas Pep II m h t b n e d  / .™ m m ,  o r o lnW ,      7 ' " ' ................................' " ’ l

11- Vince lhe AMPs w e r e    lliese AMIN lesterl for................. . .......... ..

hahle 9 ,



IC 50 values (pM )

plant Pa thogen Pep 6 Pep 7 Pepl  1 Pcp20

56.0 910.0 17.0 14.0

14.1 72.7 3.3 2.7

r ^ ^ r a to v o r a  sub sp. carutovora >500 >500 6.3 5.2

sub sp. alrosepiica

——' r . LlUUinn r\f f n n d ’.ll il n f1 1 f A • i

>500

f  1 W  \ /  1 /  » t l  ( • 1 V .

>500 ~i 7 2.0

T re a tm e n t

(200p \ I )

-

S h o o t  length of 

p o ta to  (cm)

Fresh weight of  pota to 

p lantlc t  (mg)

Pep 6 3 .4 -0 .3 0 62.0: 4.90

Pep 7 2 .O l d .21 50.6:5 .02

Pep 1 1 3 .8 -0 .35 71.1 l0.07

Pep 20 4.2 • 0.3 1 71 3! 4.27 |

Kanamvcin*
J

2 1; 0.29
|

30.4; 3. IX

( ontrnl 1.5 : 0 21 71.St 2.62

fable 9. Test ing pliv lot ox icily of synthetic AMI s

" W w m m y  synthetic A M I's  be ing synfhes i/ct l  t t t t t n k i tw   ...... '' - .......«■- »»•' < * * * » « *

^Performance against plant pathogens. ( crlaiti examples  are enltsleil I I tthle Ml I



Thionin 

Cecropin 

[ndolicidin 

Cathelicidin 

Magainin

Xanthomonas campestris pv. Perello et al., 2003

Rajasekharan et al.. 2005Th ielaviopsis basicola

Tobacco  mosaic virus

Xanthomonas campestris pv.

A lie m aria  brass icac

Bharuava et al.. 2007

Jung et al.. 201 3

Rustagi et al.. 2 0 1 1

^ ^ T o T E x a n i p l e s  o f  synthetic  A M P s and their sources

5.1 Transgenic a p p r o a c h

Novel approaches in plant genetic transformation and prompt development m 

mhinant DNA techniques have made possible to introduce selected genes into plants to 

• nfcrdisease resistant pheno lspes  (Owens. I I). 1005). AMPs has received limited attention 

jniil recently in plant disease m anagem ent  through transgenics. I i el al. (2001) have reported 

Ji;ease resistance, to both a fungal and a bacterial pathogen, conferred by expression o f  a 

magainin analog. Mvp30. in transgenic tobacco comma tahucum var. Petit Havana).

Cecropins. a small famils o f  naluralK . .p u r r in g  Klic peptides found in 

^ p t C h e  giant silk moth I h«> exhibit a bread spectrum el nntihactcnal ac.ix as . m a i n s ,  b e , I ,  

Gran negative and f i ram positive bacteria. I his ehservatiett incited scientists propose the tdea 

•fusingthe genes cloned Irom insects to enhance bacterial disease resistance in plants.

•samples of successfully I r a n  .formed plants using cloned genes nl A M I s  has u i l i  tc.

lowing systemic resistance to susceptible pathogens.

Plants VMP S u s c e p t i b l e  p a t h o g e n s KcIV rcnccs

tninsformed

Rice

Arabidopsjf sp

Mtacco

Banana

f e c r o p i n A . l t  Mavnapm thc y r n m

l"mati)

Rev I 

A If-AI P 

M S I-09 

I )m -A M f 

M j-A M P I

pcnm o''P " '11 tabat 

I'erlit illim" <bihlmc

\yrrobac tcrimn tumcfm iens

flotrvlis cinercn 

AItenutria sohati

( OC.I . I ill 1

\ini? c’/ ill * ^

( iao ct t i l . 2000 

Vidal ct n l . 200h 

I in rim ct ill 2004 

Schaefer ct ill *MH)5

TahlcTl.  IJst o f    et. p.nn.s wi.h A M P s  expressing gcae



N a t u r a l
source

Suscep t ib le  pa thogens

’ --------- —

Reference

Thionin AanifwniOHcis campesiris
.. m .  i . l i— —Lt*i* • vi pv. Perello et al.. 2003

Cccropm I h ielaviopsis busicolu Rajasekharan et al.. 2005
[ndolieidin I obacco mosaic \ irus Bhargava et al.. 2007
Cathelicidin X anihom otias campesiris pv. Jung et al.. 2d 1 3
Magamin . ll ten ia r ia  hraw ieae Rustagi et al.. 2d 1 1

T a b l e  10. E x a m p le s  o f  s\  n t h e t i c  AMIN a n d  their  sources

I I I

; 1 Transgenic a p p r o a c h

Novel approaches in plant genetic transformation and prompt development i 

recombinant D N A  technicpjes have made possible to introduce selected genes into plants to 

, r!er Ji ea e r.wutant pheno l} pes (O w ens . I . I). 1095). A M IN  has received limited attention 

rrl recentlv in plant disease m anagem ent through transgcnies. L i et al. (2001) have reported 

case resistance, to both a fungal and a bacterial pathogen, conferred h\ expression ol a 

tiacainin analoa. N[sp50. in transgenic tobacco ( Xicotiana lahaciini var. Pet it I lav ana i.

fecropins. a small fam ilv o f  naUiralh. occurring I\ tie peptides tound in /l\ a loplmra  

Mmpm. the aiant ilk moth. I hev exhibit a broad spectrum ol antibacterial activ itv „ ra i iu l  both 

Gram negative and Oram p o . it iv e  bacteria. Ib is  observation incited scientists to piopo>c the idea 

"t living llie acne , cloned 1 r< >iti insects to enhance bacterial disease lesistance m plant'. f c ila in  

1'ample, of succe . ,1 iillv (ran .formed plants using cloned genes ol A M IN  lias enlisted below.

Howing ,tcmic re a .tance to ,u .ccptible pathogens.

Plants \ M I* Suscep tib le  pathogens References

iiansfiirrni' d

P ice re c ro p in  \. [; \lui'Uti[H>> the iv  /S(,o l Ok .1 t 1 ill '<>1)1

^dhulnpsi'• p I ’ev i /’(■; m i l ) a  a t< ibai in> i \  ini’ • l a/

b'Kll.i.d M f-A I 1’ 1 1 > In illiimi i lahhae ( i .io </<//. JOOH

'Onana ' M N l-dd l^rnbat h > nun ttnnehn /r/n \ id,il a  a l . "non

Hrinjal 1 Mil- \ M I ' I Hull t h\  i ini n <i
1 in i ini c/ id 1111

*''ni;i||,
M j - A M I ’ I l l l e n i a n a  ailatit

S tliae lc i i■ / i 1 n*)s

1 able 1 1 1 isl oi lran c l|n rn l l ,,| p lan ts  " O h  \ M IN  <M» evsinji i;enc



,onof A M P s are not site specific as they target cell membrane, transport systems, external 

proteins- outer surface lipids, nucleic acids and impairing plant pathogens. Antibacterial.

jnfuflgal and anti' iral pr° perl> o f  AN,Ps calcy°rized them as broad spectrum compound which 

^regarded as future antibiotics or an alternative to conventional antibiotics. Even though these 

impounds are active at low concentration, biodegradable and low cytotoxic commercializing 

tbrmulaii°ns 35 antibiotics are not much economical.  Also there are few drawbacks In which 

fflin\ novel researches are pulled oil .  they are toxic eltects ol these compounds on beneficial
:t* •

microbes inside the plant species and degradation ot AMPs hv endogenous proteases in plants.

Certain bacteriocins like Ciramicidin isolated Irom Bacillus brevis. Valinomvcin Irom 

Sireptomicev fulvissimus and Agrastat in are being commerciali /ed as novel antibiotics against 

plant pathogens.

* Conclusion

\s in plant disease managem nt  areas. AMPs could play strong roles as plant protection 

products. Successful m e  "I \ M P s  has been achieved through the commercial development ol 

biopesticides. However, exploitat ion o f  the great number o f  AMPs as active ingredients ol 

pesticides has mu been accomplished  vet. lhe  majority ol AMPs with potential uses have been 

studied at the in vitro level, fewer com pounds  have been tested on plant paihosys t e m s ,  and only a 

few are on the market. Development  ol compounds suitable lor agriculiuial use as p c s tk u k  

ingredients have several con .iraint . mainly due to the intrinsic toxicity and low stability .>1 some 

of'he compounds, the rci | iiircmcni to develop suitable humiliations, ami the need loi 

inexpensive products in plant protection I herchuc. hiturc areas ol inicresi consist ol developing 

•W toxic find more stable co m pounds

lsy/ell ax decreasing p m d .K h n n  v d x  by   |m.T .ir.ime synthesis ..ml N n t a t a n t v k n l

   m iu .„bi, |  , vslL.,„x nr .mnxgeme u n | . s  as plan. \ l s„ .  xeve,.d

,,an''^n1<. p|an„  express ing \ M | ' x  lh .,1 u n d e r  -littcrcnl degrees nl    ae.un-l dwe.wex

<lcvcU,pcl. c m m c r u a  vars haxc ...» O n , ..................................................... ...........

a„,l   lecrnx. S v n . h c k   .............. ......................................................... ............... ...

^  " O c c d c s  derived Iron, nn.ural c o m  « k  « , l h  no, cd   —  - l e v ie d

 .Re-ns, .nehuhnu decreased cy l ,an x ie ty  and increased pro.cnxe sl.,1 „  O . ........



^ d f o n  and comme _ uiuucs ^  ^  ^  ^ ^

^  works are focused on transgenic crop i .p r o v e n r e n ,  Bu, such approaches have leua 

^  as obstacle. Titus c o m m e r c a h z .n g  them  as novel biocides a, low  cos, is the need o f  th

hour-



Whether AMPs are synthesized during stress conditions?

yes, AMPs do synthesized during stress conditions also. Plants, microbes like bacteria, 

m  produces AMPs as defense system in their tissues or cells under stress.

i What is the difference between A M P s  and antibiotics?

AMPs are regarded us future antibiotics. Many conventional antibiotic-, became 

,nettedive t0 existence ot resistant strains ot pathogen which was supposed to be destroyed, 

[nthis circumstances A M Ps as novel source of antibiotics lias its importance.

3 How does plant differentiate a pathogen and non-pathogen about to infect?

[fa pathogen is coming  in contact with a plant tissue, the receptor present in the plants 

recottnize based on pathogen-associa ted molecular pattern (I’AMP) which is the receptor o f  the

pathogen.

i.Can we use AMPs as biocontrol agents?

Yes. AMPs are s>nthes i /cd  in m ain  bacteria and fungi species, such species can be 

utilized as biocontrol agents, l o r  example, cyclic lipopcptides Irom liucillns um\h>liijm huU-ns 

FZB42 has the ability to control h isa n u m  nxys/uniim. M\ct>subi i I in produced b\ K u . l l m  

subtilis A TC C'fifiVI were more el l e d  is e in controlling l i t h i u m  dampiny-oll on tomato.

5*Whether AMPs are synthcxi/cd as secondary metabolites:

AMPs synthesized bv bacteria are by „„n.r,hn,nu,. t l  synthesis as v w n l i n  mh-u Iv .I.v 

process.

W  there any chances o f  using A M f ’s us prophylactic pes t ic ide’

AM P, ,h„vv system ic ‘type  o f  disease m nnagem en. us   I an   and le u  nthe,

Ihesc c o m p o u n d s  a re  not  adv t s ab l e  t„ apply as  I "  « " » >

^ , e a„ ,  arreclC(1 hy endngcn„ Us pro,case ethically. Ihn -  apply tng .. «-

AhM docs mn bring  about n ianagcn ic in  nl plant disease



* lH a t is  the s t a tu s  ° f  commercial product'

Commercialp ro d u c t io n  „  ' ° "  " ' A M *  as

rfiucost o f  p ro d u c tio n . A n d  p r o d u c - ? " ° Ve ' P e s tic ides  . ' ° S m  'n d ia ?

* * A WP s  S *  s c a t  ' ranS4' eniC ^  • C ^ s;,S deVe' 0p i' ^  »■ *. because

f i” Js  m o re  economical
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p1jtopalh°£en‘c microb,;s cause Sl=n | l |canl yield loss and ii can also affect the quality and safety

Jfjjri«ltnral Products- F° r the paSt several dccadcs ' management o f  plant diseases has been 

fcOtasingly dependent on the extensive use o f  toxic chemicals. However, continuous and 

s p r e a d  use ot these chemicals  resulted in development o f  resistant strains o f  pathogens in 

jjjirionto their adverse effect on the environment.  Concern o f  these adverse effects resulted in
,•     n r O i  n i  i o  r  r~\ n m l  n n o n t r  m i / I   . 1  . • • . . .

is me
*

jje search for new antimicrobial agents  and one such antimicrobial agent o f  promise 

jntimicrobial peptides.

Antimicrobial peptides (A M Ps)  are the lirst line of defense in plants and animals against 

invasion of pathogenic organisms and they are short sequence peptides with general I v fewer than 

-'0 amino acid residues reported in living systems (Momesinos. 2007). About more than 900 

\MPshave been reported from prokaryotes and eukaryotes. I hey are produced by ribosmnal or 

non-ribosomal synthesis and expresses genes coding for the synthesis of  these compounds 

c o n f e r r i n g  partial or total resistance to plant pathogens. In plants, innate defense mechanism is 

mediated by pathogenesis related proteins I PR IN) synthesis through hypersensitive response

'HR)followed by salicylic acid independent pathway utilizing jasmonic acid and ethylene for the

induction of AMPs (Dube. 2012). Such naturally synthesized AMPs can be isolated and purified 

by usual prntein extraction procedures  which are proved ellcctivc against many phy topathogciis

Mode o f action ol A M P s  against limgal and bacterial pathogens depend upon the net

positive and amphipath.c nature of the c o m p o u n d .  A M P s  can lyse bacterial cells by pore forming

mechanism nr reduce hacter.al growth by non-lylic methods. Ant.fungal action ot \ M I \  

depends nn the membrane interaction ol limgal hyphae and also by formation ol le.ici.ve oxygen  

sPcc'cs (R f)S ) (Rahnam aeian . 201 I )  A n tiv ira l peptides res,net viral .ep luation  mh.h.t

Protein s y n t h e s i s .

T\ • I liLi* SvAlSiS MlOllcl i 111 i I I I ■' IS M' I | \ 1 \CN .1 I1CW
Design of  AMPs using bioinlormalic  tools like

path in n. i- . . A M P c  Research on shorter, more potent, nontoxie
n predicting and deve lop ing  synthetic A M I

Deni;,i i . • <;,ioc iciih broader and hiizhcr antimicrobial
ptp,uJc'i has led to the creation o f  synthetic peptides with nroaucr

Iheir natural   herpnrK  ,<,">"1  ‘" ^ w h

HS  encoded  A M P ,  which can he u,ili,c<l for  ................   r -nspank ,d . ,n„  .  w

^  to reduce ihc pmhnbil i iy  n f  n palhogcn nvercommi! ihc rccisinnic a



* *  * *  b,0deS!B<Ubl4- ' eSS Ph-V,0,0' ic active at lower concentration 

AN1* can N  JUd,CI0US'> “ Sed f0r ™ P9ning  resistance in host plants aaa.rs l

  roninate use may lead to development o f  resistance in pathoeens as reported ir

^  andbioucs. Hence, future thrust should be relied on exploitation o f  a number 

plant disease management and to develop less toxic stable compounds u s in g  bio:. ,  

tools employing microbial systems or transgenic crops.

r '
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plants accumulate a d iverse  array o f  natural products, w h ich  arc thought to he involved

. ^  i n t e r a c t i o n s  w ith  the e n v iro n m e n t .  M a n y  ol these compounds have been referred to as

nJarv m e t a b o l i t e s  These secondary m etabolites  are likely to he essential for successful

mpelition ( Theis and I erdau. _<)0 o). U n e  per cent ol these secondary metabolites are 'vo la t i le

rnmpounds i V O C  s )• V O C s  arc invo lved  in a range ol eeolouical lunclions. includinu  
Liniarnc LU 1 w

direct plant detense against insects, po l l ina to r  a ltraelion. p lanl-p lani eo innum ica iion  and 

Unt pJthoncn interactions. M o r e  than 1 0 0 .0 0 0  chemical products are know n  to he produced  

frpm Pcr CL*nl P^anls ^ 'Cklsl ' these arc know 11 1 1 > he \ olalilcs.

In fact- it h a ^  h e e n  e s t i m a t e d  t h a t  t h e  e m i s s i o n  ol  \  ( >( s I n  t e r r e s t r i a l  p l a n t s  a c c o u n t s  l o r

'h» 36°o o f  the w h o l e  p h o t m \ m h a t c s  a n d  in t ha t  n m r e  t h a n  5 0  p e r  c e n t  o l  \  ( ) C s  a r e  r e l e a s e d  

lunn" p l j n t - p a t h o ’j e n  i n t e r a c t i o n  i k e s s e l m e i e r  a n d  S t a n d i  1 0 0 0 )  I h e s e  Y< )( s a r e  r e l e a s e d  In  

plants at the t i m e  o l  ree» » e n i t i o n  o l  t h e  p l a n t  a n d  t h e  p a t h o g e n ,  l i e n e e  t h e s e  c a n  h e  u t i l i / e d  l o r

carh detect ion • d i > e a > e -  \ t  p r e s e n t  t e c h n i q u e s  u s e d  l o r  t h e  d e t e c t i o n  o l  p l a n t  d i s e a s e s  a r c

.maiiin-j .ind p c s t r  . . p i .  K J u m p i e r  s p - i c  ir.ip-s . m d  m<• Iccu l . u  t e d u m | u c s .  lUil  t h e s e  arc

unable to d e t e s t  i n d  i d e n t i t y  a  d i  s u v c  a l  v e r y  c u r l y  s t a g e  M o r e o v e r  t h e s e  m e  h i g h l y  l a b o u r

intensive and  le -  a c c u r a t e  < - v s r  t h e  k.  . d e c a d e  p r o t e c t e d  c l t . v u l . o n  h a s  a t t r a c t e d  > o m c  s e n , u s  

interest a m o n g  p e o p l e  ' n d . r  au . l i  a  s , n e e a l s d  e i n  . . o n m c . i t  Y< >< s e m i t t e d  by d i s e a s e d  p l a n t s  

seems to be a m t v c l  appr< st. . It  t o  u p p , i  t ear l ; ,  d e t e c t i o n  " I  p l a n t  d i s e a s e

2. VO I W i l l  ( ) H ( .  \ M (  ( O M I ’O I  N I  )S (V C )( s)

>. , . i  | , v f i( i „ c defined as aiiv organic m iu p u u iu l  with vapm
Volatile *»rLMnte e» »nip« mud . I v i m .i k

i . u . / .-.I mi t t  I h e  a l m o s p h c i c  11 bv k c  a n d
pressure h i g h  e n o u g h  u n d e r  it* »r i n d \ . « m d i t i o i t  . t o  I k  • | 1

, I u IK ,i i h \  * 111 o 1 e ii y t • u i p o  111 u I s u ' D l . i i n i n "
I°rct(». 21)10) \ ( )( s . i r e  a u m t p k x  m i x t u r e  " I  ^aM M-

i .. i.its i. 11 i mi | v .11 h o n  d i o x i d e  i. whlv. l t
chemical s p e c i e s  l e v e l u d i n a  e l e m e n t a l  c a r b o n ,  l a i b . - n  m<

i ,v . |, | m  •. \  * n s a r e  t h o s e  «>iI ' ai ta
Jfc V(i|,ni|L i i . i n 11, | |  t e m p e r a t u r e  a n d  p r e s s u r e  11 I u

I , . . . .  m l  t l.l 'a at 'Mis ( S p i n e  III ,7 , 1 /
c,,mp<>iin<Js whose sapor pressure range Irom



VOCs arc classified into tw o  groups n a m e h  anthropogenic V O C s  and biogenie V O C s  

0 VOCs). VO Cs produced b> vege ta t ion  and soil are called B V O C s .  B V 'O C s are classified into

micro
p j o f t o u l  V O C  present in that a tm osphere  (G uenther.  19SI7). Plant emitted V O C S  are

nr*

. T bial VOCs. lungal V O C s  and plant em itted  V O C s .  Plant emitted V O C s  accounts for two  

pj of inul V O C  present in that a tm osphere  (G uenther.  1QSI7). Plant emitted V O C S  are 

duced JurHT— plant pathogen  in terae l ion . herbivore  infestation, p lani-p lan i com m unication ,  

gening of truiLs and dur ing  ab io t ic  stre

4 (I.A.S.MFIC V r i O N  O F  IM \ M  \  ( ) (  S

Plant volatiles constitu te  lo r  about I per cent of plant secondary metabolites and are 

mainlv represented hv var ious  elapses like vo lat i le  plant hormones, green leal volali les. isoprene 

groups like monoterpeiie-.. hom .-te rpencs  and sesquiterpenes (Plate I )  iD u d are v a  e/ ,//.. N H l l i  

Plant VO( s emitted dur ing  plant pathogen interaelion is represented in I able I

Volati le

plant h o r m o n e .

C5 L O X  products  

(G re en  Leaf Volatile?.; Monotcrpcncs (C 5)

H-C - OH \ ! II I

I . I

S ^ r. q u i ? e r p r n e 9  ( C I O )

i l «, c

I loniotci pcnc f»

;i '̂ 4

f  I |P* | IOJ *•* Vi
r . I I

I- ( Isissi firn I ion of plant \  s
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Plants emit V( >< . . lu rm  ■ iht .lie. t ie  . l ike e M ie i i ie  le m p e u tn ie .  k iJ .  0 1  excess moisture. I .uk  

.f rtccs, liL'lit. ilurin ■ nutr ient . Id le iu is>  Plant also emits \  < )( s durum herbivore in k -m m m ..

tnlerpln.il t o m m o n . e . t t r . M .  , l . . r n . /  t . p e t . n . f  o l  I r t i i t -  and  ......   I’ lan l  p a l h o r e n  i n k , . i o n  W

and I o r c i o .  2 0 1 H i

FI Nf T IONS Ol  IM \ M  \  ( H S

Ahovc ijroiiml
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V(*  remitted helps in the .i l lr . ietnui " I  poll inators u l ,K

pupulatn mi l l  h e  lit I it. 1.11 i n s e c t s  III the'  \  I c I n 11 \  " I  I



b. B * *  ” nlUt,<l

Soil b « «  PaIhogem “ d  lhc roo,s and <S«« exudaus uhich omii VOCs irum plans.

will ® n .c t  •M K ' 1 c i 1 ' 1  m i c r o b , : 5  l ikc  r h i /o b ia - I’ e P K  in lhc r lw o s p h c rc  nl' plums. Th is  

,cr t  numcnt acquis it ion  b> plants.

p,  VM  V O C s  A S  C O M  M l  M C  \ T O R S

plant  v o l a t i l e ^  h e l p  t h e  p l a n t  t o  c o m m u n i c a t e  w i t h  t h e  o u t s i d e  w o r l d  a n d  c a n  e a r r \  h o t h  

%ale and p u b l i c  m e s s a g e s  a n d  t r a n s m i t  i n f o r m a t i o n  w i t h i n  a p l a n t  a n d  p o t e n t i a l l y  b e t w e e n  

plants V O C s  t ha t  a r e  r e l e a s e d  I r o m  i n l e e t e d  p l a n t s  c a n  s e r \ e  a s  a i r b o r n e  s i g n a l s  a n d  c a n  h e  

ibcil as a l arm c u e s .  I l i e s e  a i r b o r n e  s i e n a l s  w a r n  n e i e h h o u m i L 1 p l a n t s  a b o u t  p a l h o n e i i  a t t a c k  a n d  

e l i c i t  the a c t i v a t i o n  o l  t h e  J e l e n s e  m e c h a n i s m  t h u s  a l l o w i n g  l o r  a s t r o n g e r  r e s p o n s e  in f u t u r e  

attach i K e s s e l m e i e r  a n d  S t a u d t  I {>{>'>>.

-  M F ( U  \ M S M  O K  V O C  K M I S S I O N

W h e n e v e r  1 p . i f h o - j e n  c o m e s  in c o n t a c t  w i i h  l h e  h o s t ,  e l i e i l o i s  a i e  p r o d u c e d  by t h e  

pathogen I l i c i t o r s  a r e  c h e m i c a l  s i g n a l s  p r o d u c e d  I n  t h e  p a t l i o e e n  d u r u m  t h e n  en t r y  in t o  h o s t  

which arc r e c c m / c . l  h ;  , p e u l u  r o . e p i . i r  m o l e c u l e s  m  l h e  p l . m l  I h . s i  r e c e p t o r s  m i c r . k t  w i t h  

dicili.rs and r c e e p i  -r o , t  , U r . H u l  m  t h e  p l . m l  c e l l  \  . .. rc-.ul i  i m c l e n i i d c  h m d n m  s , k -  i N M S i

in gene gel a c l i v u k d  . m l  t h e .  | m  k m  h m d n m  m  O S A  . . Hem g e n e    c . u h . m  lo

activalmn .>1 d e k n . c  r c . p . m  I h e n  l i p - . w m i u s c s  .mi l  p l i c i m l , . M . l . m e  ■ p a l h u a v s  ge l  . k i i v . i k d  

This result m  the  r c L  m ,  . .1 p h . i m h  u l k v l k  a u d  " l l i e i  l i . m s d i k c i  . m  l h e  p l . m l  e J I  I l k - .  

Phloem m o b i l e  re m l .  . m  h , , h e r  l e v e l  - I S A  ; , .ul  mc l l i v  I s a l i cv  l . i k  p r o d u c t i o n  a n d  l e a d -  m

Wivalmn n |  p a i h n L ' c i e - . i s  r  h i .  .1  .......... ... H u s  a e l , v a l e s  s v s . e m i e  a c q m . e . l  r c s . M a . u v  « s \ U »

“ntl l imlier s p r c . i . h . l  p , i l h n L. , .n is r . - l r i  l e d  I he -e v <Hali le m e l l i v l  . a l u v l a i i  . .U i . i iulu.  .

. 111.. iki s, i I lu is \  a n d  I c i d a u  \ I .  
^ f l l s m i . t l K r p h n l s  , i nd  n . r e i ,  l h e  r c s i  . l a n c e  I "  ...... • d , . c i . e s ,  .

21)0 1 )

Si gna l l i ng  p a l l m a v s

, ,1V been r e e « > g m / e d  a s  i m p m I n n l  I m p l a n t
m a j o r  i l e l e n s e  s i i m a l m i 1. p a l h w a  * , t i

   W a a c l i . m s  ,1. ,  .........  a , . . I  .rn.l M K ^ h o l . - . c i . l  nuxl.ak-.l  .......... -  ...............................

Whways  i nd i \  u l i ml l v  l e d  |«» . l e l e - n s e  r e s p o n s e s .  s i i J i  a s  lhe pi

s c  s i pn .

rnclii. I m u  n l  .i n i l . an v n l a l i k s



m o r e  s t r o n g K  in response to biotrophic
pathogens such as Povvden, m i ld e u  and D o u n> mildewn> m i ld e u .

insecis.

llierc are three m ajor steps in the m easurem ent ol plant \  < K \ .  I he\ are

Ul Collection o f  the p la n t -e m it te d  \  < K s

,AlSeparation t the p la n t -e m it te d  \  i M blend

iL)Mentilieali'>n and t | i ian t i l"Lat ion  <d the separated \  < )(. s

8.1 Collection o f  the p la n t - e m i t t e d  \  ( ) (  s

\  IraLlM-n •»! f lu  <.« *1 1 1 p Mint Is em itted  I m m  the plants is collected I his samphire step is 

in general •mhin-.tl vvith the p m .*  Miecniralh-n <>! the \ ( n > present in tlm air to a J u e \L  the 

detectmn limits ul u » i n n r m h  used ana ly t ica l  instruments

r^o methuds tire 'jLiier.i l  I •. I « » 11 * * vv«-: ■ I !«• prcconccnlratc the \ f K  s present 1 1 1 *1 1 1 .

Add Dynam ic  p r c c u n c c n t r a l i u i i  u l  \  ( ) (  s.

bridge packed w itli a m ate r ia l  that tr.i| 1 . l l ie u  »mp*•i inds «>1 m l i  1 es t



The commonly used materials are porous polymer tenax [poly-(2 ,6 - diphenyl-^-phenylene 

je],Plate 2) and carbon-based adsorbents, where the preconcentration depends on adsorption. For a 

[jw oth£r materials, such as poly dimethyl siloxane (Plate 3), the preconcentration depends on

absorprion.

fne cniena for the selection o f material for preconcentration are 

la) Homogeneous and inert surface to avoid irreversible adsorption and catalytic effects 

junnn sampling and desorption 

l(n Complete and fast adsorption or absorption o f the VOCs o f interest 

l c ) Low affinity with water

Plate 2- Porous poly mer tenax Plate 3- Poly dimethyl siloxane

8-2Separation of the plant-emitted V O (  blend

^•1 (.as chromatography ( ( . (  )

ft



An i n t o , o n  b> n , U n „ M „ n ,  , | v  ^  ^

■" " * ■ ■ * * * * *  ■" / - u - M g u - i a c o ,  anJ m m n  rui i i i s ta s o s "
r  i_ 'phenol as cluiniL'tcnsiiV V O f

^ i k  infected p o m n n  o l  the straw b e m  P m H l in g  o f  such V O (  cttuh] be „ ■ I ■

.Jenul} Che c>pc and nature ot m le c t io n  and can he used tor disease di-mn | ^  ' - 1K‘mS ''
. , . diagnosis and eonlirm ation

n,cv„ la„ ,  bignJIurc o l  p la in ,   ......   be a n „ K m  „ i in g    ( , ( . „

• * * *  ^  llK ' ' PCCifiC V ' "  '  " " "  " ’J l—  . - • »  O r „ a , N o  diseioe , J « „
I

2 0 1 ) 0 1

SJ Menlificatinn a nd  q u a n t i f i c a t i o n  „ r  the p la n t -e m i t te d  \  ( ) ( \

\ l te r  separate *n. a detector  ,s used tor the idem ,l iea t ion  and quant,l ication ol the 

imj,v,clual Vn< > prevent ,n the sample. \  he> spec,lieation o f  a , ,  detector is , t s  Inn,, ol 

detection i l n h ,  and I ,nu t  id  q u an t , l ie a t io n  H u n ,  ls „ cnLTilM> j e | | | l o | ,,s | |r  | ( IU l .s(

quantity ol  a , u h  * U n . .  t h a t  , a n  h e  d , s t , „ m „ s | , s  J  I n . , , ,  t h e  a b s e n c e  o |  t h a t  s u b s t a n c e  u  i l l , in a 

stated e . . n n J - . . _ e  l i m i t  I n c . ,  , m m d m d  ,1 b o t h  d e t e c t i o n  a n d  q u a n t , l i e a t m n  t h e  

o'nLcniri l iou a r .  r e q u i r e d  I - t  t h e  ( i I o |  L imp h e a l t h  n n  ui i toi  urn i I an s e n  u  !() I I , I , »| K  a r e  

ei'.cn i„ t’o .  d i l l . r e n t  u n i t ,  ah*., • l u t e  a m o u n t s  m  u a n o m a m s  d m )  m  p i e o c r a t n s  , p m .  o r  w i t h  

respect in the e> aie . n ' r . iMi  in m  a i r  I ()<.»*, a r e  r e p r e s e n t e d  in u a i i o i ' r . i m s  p e r  l i t e r  o l  a n  t i i e l  > 

"rpieti 'L-rim . p e r  111_ r * ■! . n r  i p e  I i

l I s pes  of dctci tors

I he ii iu.i pi, pn| K* i | ,  i. a . that a le  used lor the identif ication and qnantil ua t ion  ol 

pl*inl emitted \  nr  . ,h* 1 1  mi i >ni/ it i> >n dclce tor 1 1  I I )) and die mass spec I ion tele i , M S  ,

'^dd.l Mann* Inn i / a  I ion D e le ,  l o r  1 1 I D )

i ,  i ,e l en t  11 k  m  a r u m ,  nl  di  ii m e a a m  • Hu . .   I ......... . l ine p u u -  m  i

ps s,rL'-"'i I' I* llie m o , |  Ireqncnlls  m c d  detect.•( in --a .   p in I hi. o p u . i l n n  ol i lk

1 1 0  ls llUscd on the , 1 . tee HoII n| n i t .  Im m o l  dm ini' e o m h u s tn n  ■ ' o i i 'a m . compounds u, a 

I lame I lie I ' e i k i a l n u  ol these n n s  is proportional to dn o m . . n l ia lm n  ol o ie an u



in the sample gas stream (Plate 4, 5). Flame ionization detectors are used very widely in
r  ^aiography because o f a number o f advantages.
#5

_ Cost Flame ionization detectors are relatively inexpensive to acquire and operate.

_ [_0v, maintenance requirements: Apart From cleaning or replacing the FID jet, these 

detectors require no maintenance.

Rueged construction: FIDs are relatively resistant to misuse.

, L ineari ty  and detection ranges FIDs can measure o r g a n i c  s u b s t a n c e  c o n c e n t r a t i o n  a t  

very low and very high levels, having a linear response o f 10".

collector — irjnit f?r

1
a /

I

1| burner jo!

lrydrorjen

l 0
LnrJ of colum/

Plate 5- Parts of FID

Die mechanism o f  M S  is based on mass o f  charged m olecu le  fraction It is w id e ly  used 

fa the detection o f  \ ( ) (  s in v u d c  d y n a m ic  concentra t ion  range.

8J.I.J fias c h r o m a t o g r a p h y -  m a s s  s p e c t r o m e t r y  ((»( —M S)

Tr i . r  r \ / ( U '  - rn a ra t io n  and analysis, ihc gas c h n im a lo j i ra p h y
>o enhance the p e r fo rm a n c e  o l  V< K >cparnn

isorirn, , 4 t r r  M S I  | | , c  ( i f  - M S  is c o m m o n ^  used technique
wen combined w ith  mass s p e c trn m e trv  ^  d - M n '

'« < - M t ta h v e  as w e l l  as q u a m i .a l i v c  analysis  o f  v o la l . lc  m ctnhohlcs  released b y  plants I he

n'amcomponents o f  ( ,i - M S  arc source, a n a ly ze r .  ,on dc .ec ,or and data ana lyze, „> la ,e  b, I he

nr uc  . . 1  .  r inm vP  in volntilcs caused by bacterial or
J  ̂ studies have been p e r fo rm e d  to eva luate

r"nsal infection



A n a ly u r

Mass Spectrum

Vacuum Pumps

Plate 6 - C o m p o n e n t s  o f  G C - M S

Prithiviraj el al. (2004) assessed the variability in the volatiles released from onion 

bulbs infected vvith bacterial (Erwinia  caro tovora  causing soft rot) and fungal species 

t f y j a r i m  o x y s p o ru m  and Botrytis  a l l i i  causing basal and neck rots) using HAPSITE. 

commercial portable G C-M S instrument. lhe slud\ indicated that 25 volatile compounds 

l3Inon2 the 59 consistentls detected compounds) released from onion can be used to identify the 

disease based on VOC protding. Some of the examples o f VOCs emitted by plants during 

pathogen infection is listed in fable 2 .

T a b l e  2-Plant V O C s  e m i t t e d  d u r i n g  p a t h o g e n  a t t a c k

Crop Pathogen

N o .  o f  

V O C s R e fe r e n c e

Potato Phytophthnra infesUms, lA l lu u n i  

ullimum . B o tr \ t i \  u n e rc a

32 ( Lui cl a l. .2 0 0 5 )

Carrot Botrytis c inerea A spe rg i l lu s  m ye r 39 ( Vikram cl al.. 2 0 0 0 )

Mango Lasindiplndia thcahranme.  

Colletotrichiim %l o e o i p o r w u l c s

35 ( M u a l e n m a n  cl al.. 2 0 0 7 )

••HOW V O C S  A C T S  A S  I V I A R K F - R S  I N  P L A N T  D I S E A S E  D E T E C T I O N .

r  . n d n r tc d  bv L a o th n w o m k i tk u l  cl til.. 2 0 1 0  regard ing
t ase s t u d y - A n  e x p e r im e n t  w a s  conduct

"*“ t o f  VOC, as d iagnos t ic  m a r k e r ,  for laic blight disease  in l»>'»'"-



'  ' W , L - lV" m  nl j n1' u , - r c  red In

J*hcaJ-IM'-'-' - jm p l i ' l - -  1 |K' s i m p l m "  » a ,  June  in four periods ,  e. 28  1 2 . 52 on. 70  »ll.  .ind

, ,  I h ift*-r i n o L i i l a t i o n  1 11 \ l  t. I he sam p les  w e re  m  iU /,*,! u, i . .t,,)ii l l - ' 1 JU 1 a n a l \ / e d  h \  a a as c h n > m n to y r a p l i \  l l a m e

d c t - ^ -  r ,(,(v l ’ l h ^ Ss d i l l e r c n c c s  in \ i d a l i l c  i i i m c r p r m t s  b e t w e e n  t h e

,nI^ t d - p | J nl  =r0UP a n J  ° ' n m ’ 1 y ™ u p s .  I l ie samp les  w ere  s i i b se q u e iu l y  a n a l > / e J  b \  gas

j i r,-. i rai ' ' rraPl l> mass sPi X l r ‘ , m c l r > l ”  nJ^mi lX spec i f i c  peaks o h s c rs c d  I n  t i t '  I I I ) .  Spore

. i-rninan*>n- i n l - C t i o n .  s y m p t o m  d e v e l o p m e n t  and s p o r u ln l i o n  were  a lso m o n i l o r e d  in ascer ta in

,h i -ea-u JCs J . ' p i n . - H l - d  stage.
.i  .V v* -

| i -e l i rv .  xj. i n p u  m is  <•I m l e d  ion  w e r e  n i s i h l c  a I ter  i w u d n \  v  I h i v e  m a r k c i  \ o ln l  i l es  i.e.

, •-’' -ht . \ -TuI .  - e t h > l - : ( . M I ) - l u r a n n i i e  a n d  b c i i / e n e - c l h a i n d  w e r e  I m i n d  hi l l ie t h i r d  a n d  l o u r l h  

j r j npin1 p L n - J '  <" I d a > s  a l t e r  i n o c u l a t i o n ) w h e n  s p o r a n m o p h o r c s  w e r e  a l r e a d }  f o r m e d  

(|.(„ur | i l h .  ’- f d a t i l e  m e t a h o l i l e s  I r o m  b l i g h t e d  p l a n t s  c o u l d  h e  a p p l i e d  l o r  s e n s o r

ic\ 'I TiTijn:  I d j t - v t  t h e  u e e i i r r e n e e  o l  t h e  d i s e a s e  in t h e  Hel d  n> w e l l  a s  I n r  m \ e s t i m a t i o n  id 

p p . J u . t i  - i in r e l a t i o n  I "  p l a n t  r e s p o n s e s  t«> m l  ee l  i nn  S o m e  ol  t h e  e \  a m p l e -  id \  s 

f i . m a r l  e r > h a p l a n t  d i s e i i s L^  a r e  r e p r e s e n t e d  in I a i d e  N
• V .  . 1 I I

B

I i / )O d te \c n n

"* el l i  \ I >1 I > lman.MiL

; i t -c u / c n c  e l h a n i

ei uni  s l a i u l a i  v

\  \  u l a l i l e  p n d i l e s  id c o n l i o

p  \  . 11 i n k  p o d  lie o l  p l a n t s  m l c

W till r / l \  l> ’/ ' lu l l '  H O /Om S/ i / / / S

^linn* I \  ( if s ils {11 a •>! i (r> 1 1 1  m a r K c t  s Ini la I*
s ias i  m p u la ln

anl  

e ted
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10.
vp V A NC I n  T I  f  M M O l  F S  F O R  P I . A N T  Y Q C  A N A L Y S I S

in order to enhance the c H lc ie n e \  of diseam- d.-t..
LLdon usiny \o la t i Ie  profi l ing. more

instruments are used w h ic h  include biosensors and electronic noses.

IQ.I Biosensor

\  biosensor is a p ar t icu la r  t \ p e  ul chemical sensor that uses the highlv sensitive 

recognition properties ol \  u i  v  Since its inception, biosensors u e re  predicted to p la \  a 

sULniticant a n a k t k a l  role in agr icu lture .  I he basic principles ol a biosensor are s e n s i t i \ i t \ .  

reliability jnJ  stahilit} ( I rasco and (. ham otakis . .  2 ()()d).

I l l  1.1 E l e m e n t s  o f  B i o s e n s o r  a m i  i ts  u s e s

- Bi..reeept'  *r • It i> the \  t )( that  is in  he a n a l \ / c d

I r a n ^ d u . ^ r  - * o m i n o n k  u m . i I l i a n s d u c c i s  l o r  the de te c t i on  ol  \  ( K s a ie iM m 'p a r t i c l e .  

p j n n l ' jE . .  r u n  »’a  i re 

■ D c t je to r  - I -M.J I»t  the  a i n p l i l i e a l n * n  o l  s igna ls

.1.2 N a n o p a r t i c l c  b a s e d  b i o s e n s o r

I »r i m p n  * v m e  d e t e c t i o n  o l  \  ( if s released h \  d iseased p lants,  n a n o p a i t i e l e  l \ i>ed 

biosensor are v.«>miu» *n I \  u «ed < m »111 ua i i opa i  I k  les are the w i d e k  used n n i i o m a tc i  u l  d i k  to its 

hiL'h cks.tr ■ne-air .  i l \  a nd  c k e t n  'Die eo i idue  11\ i t )  h»r e lec t ron  t rans le i

l l ie  . i p p l r  , i l i  tu I •• >1.1 i i .up • | ). 111 h. le I X u M ’ l m o i l i l i e i l  e lee tnu le  has heen i c p u iU a l  lu i

•hc f l cc l r - .ehLmK. i l  'I I .1 I inc lh ; .  I . a hcv la le .  a U v  p lan l  vo la t i l e  o n -a m c  i o m p o i m . 1

released hv p|, ,n i , . h i r n m  m l ,  m .n . In . u M i l i u i i  lo  go ld  nan op a i l i e le s .  sem i  c o i i . I i M ivl n k l a l
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Figure

p o t e n t i a l  ( V  v s .  A g / A f l C I )

2 - Sensit ivity o f  m e t a l  o x i d e s  to V O C s

* a - S n 0 2-with VOC

* a'- S n 0 2 -w ithout VOC

* b - T i 0 2 -with VOC 

b'- T i0 2 -w ithout VOC

Cyclic voltammetry responses o f (a and a’) Sn02 and (b and b’ ) T i0 2 (a and b) with and 

(land br) without the presence o f 0.17 mM />ethylguaiacol in strawberry infected with 

Pktophthora cactorum  causing crown rot disease (Fang cl al., 2014). Figure 2 shows the 

increased sensitivity o f metal oxide SnO; to the VOC />cthy lguaiacol and this show that SnO; is 

the best metal oxide that can be used lor the analysis o f VOC than I i( ) 2

lfl.IJ E n zy m a tic  e l e c t r o c h e m i c a l  b io s e n s o r

The use o f enzvmc as bio-recognition element can provide highly selective detection o f
*

the target VOC due to the high specificity o f enzymes towards the VOC. An enzyme specitic 

for the VOC of interest is immobilized on the nanomaterial modilied-electrode. I he 

amperometric detection is based on the bio-electrocatalytic reaction between the target 

m) electrode. rvhich result, in an electrical signal (current! that can he used lor sptami.ativc

detection of the VOC (Fang cl al.. 2 0 1 -J).
n . nhi'iined throimh either direct or mediated electronThe amperomctric signal can be obtaincu g

Unfer based electrochemical reactions. Ilccnusc o f its high specificity, the enzymatic 

Petrochemical biosensors have been successfully commercialized. I nzymes specific for

Particular VOC is listed in Table 4.
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E n z y m e
P a th o g e n

Alcohol dehydrogenase Botrytis cinerea

Salicylic acid methyl transferase Tobacco Mosaic Virus

101-3-1 Types of enzymatic nanopartic lc  based biosensor

T h e r e  are mainly two types ot enzymatic nanoparticle based biosensor. They are

Protein mediated enzymatic biosensor-For 
analyzing VOCs in liquid state

Direct enzymatic biosensor-For analyzing 
VOC in caseous state

Plate 7 -T y p e s  of biosensors

10.2 Electronic nose ( E - n o s e )

. . .  ; .. M-ri.-s o f  cas sensors that are sensitive to a
An e lectronic  nose sys tem  consists ol a scric

r*t- r / / 1 1 n i a .  fne h  sensor has specific  sensitiv it ies ,
o f organic c o m p o u n d s  (S a n k a r a n  cl a l .  2 0 1 0 ) .  As cacii sens. |

•l_ , , # . . .  , i lfl ,iirr riminalc different compounds present
c ->cnsitivities o f a series o f sensors could be u *cd

9

ln'he atmosphere.
.. . „ nn mimic human ollaction (Plate 8 ). lhe 

eovcr E-noses are sensor array systems that
"Pplicijon of electronic nose systems for identifying plnnl diseases is rclnlivcly a new domain. 

E- «  instrum ents are good a, addressing the chemical integrity o f a sample, which is to



* hid"er lhe Sample i5 the 5ame 35 0r difrere"> r ™  a certain standard. Early and 
■ijettdion o f disease is the most important characteristics o f E-noses. The main drawback

cT̂ ms is that the LOD oF most oF the^p ^vctpmr * i — i ^g-nose s>s . stems is in the gg L range (Markom er

al. 2 » 9)'

Sensor used in E-noses are metal-oxide-semiconductor (MOSFET) devices which is a 

p e r u s e d  for am plifying or switching electronic signals. This works on the principle that 

molecules entering the sensor area w ill be charged either positively or negatively, which should 

have a direct effect on the electric field inside the MOSFET. Thus, introducing each additional 

parsed particle w ill directly atfect the transistor in a unique way. producing a change in the 

VIOSFET signal that can then be interpreted by pattern recognition computer systems. So each 

detectable molecule w ill ha\e its own unique signal for a computer system to interpret.

Olfactory 1 ltTS H t tin

V«mar Array Mtcr*pr«c « t i « C r f l w a .

Plate 8- Parts of F.-nosc 

ld-2.1 Types of F.-nosc

Plate ‘)- C'\ rannsc 320

liMwommn types 0 r electronic noses arc ryrnnosc'ki 12(1 and l>l N2. < yrnnoscK 121! is an 

"» yo f32 conducting polymcr-hased s e n s o r s    pnslharvcsl fungal disease in hluchcrrics

ln a controlled environment w h e r e a s  f t  N 2 .  an I -nose developed in licrmany. consists ol an
arrno„r r Ihc profile o f VOC s released from wheaty of 10 metal oxide-based sensors for measunr l P

damaged by insects.



Li "  J l  , 2 0 0 9 )  conductcd  an e x P ° r im c n t for the detection Of V O C s  using I -n o s e  

ŝ o n « Tab,e 5 * ,,C U,Cd a C > r a n ° ScK 3 2 0  1 0  d c U x ' 1  posthan esl fungal disease in blueberries  

a c o n tro l^  e n v iro n m e n t .  B lueberr ies  were  first disinfected with  ethanol to e l im inate  an> 

iurall> Present fungal spores and bacteria. Once  the blueberries were rinsed with distilled  

t^  to remove residual e thano l ,  tliev were  inoculated with spore suspensions o f  three fungal

Ruin!!'* cinerea. (  o l le ln ir ichun i  izlocosporididc.s and A her in i r  in sp. thal cause izra\ 
speu^* ^ *-
fl-U anthracnose. anJ A l lc n u i r ia  I rm t m l  in postharxesi blueberries. r c s p e c l i \ e l \ . I he berries 

. . nlaeed in a 5 0 0 m l  b o l l lc  and headspace eases u e re  lusted usine C \ ra n o s e «  '20 .  U C  M SiVcTw [ 1

anaM*

Jheases

was a U ‘ p e r fo rm e d  to ideiil i  1 \  specific compounds llial could be related to Iuu lu

Tihlc 5- D c l c c f n m  o f  \ u l a t i l e s  u s i n g  e - n o s e  s \ s l e m

\ < ) (

cnnccnlration 1 1 1" ) ( o n l r o l { I f e n m r i a  s p .

Hntry t is

c i i i e r r a

( ' ( i l l e t o l r i e l i i u u  

" l i n ’o s p n r i a i d i ’ s

Sp. rcne II u l  1 ss I I I )  |s / ,0 DO tDD | O il

I M e t l v  IM 1 I 

m eth } le th > 11 

h c n / e n e

I l iL . ib .  |'iii .1

I) 0 0  | o ;

11 DO ID l

0 0 1  MX

i n n

> o

k \ . m e
o o | ()7 I o i r  loo

11 pSCUL
o o i r / H

( I l l ’ l l

I Vine 1 p. 1 1 t_onip« me nt analysis plots indi

" ' ^ h  h c r n c s ,  a n d  b e r r i e s  w . i h  I n , u m I i M k e l , - m s  I I k I k . i i . - "

distinct|vel\ d i l le re i i t ia h  d In -m  the other groups, ilmm-

L;l k ,l . 1 clear deh ic.il ion between tin o-i

•, , (r/1 it i \ j ' i  11 n •/. h v l 1 0 1 111 be

eu  u is soim o \  1 1  lap in lli i \  I H

lfi



o f  the hen-ics infected u i t h  I I  c inema  and H u m a n a  sp. G (
^  1 1 1 u ' " u n a n a  sp. G C  M S  Jala indicated that

nc I-meih > 1 I m a i n l a h v  b u i / c n c .  eucalvpiol .  u n d e e a n e .  and ihujopsenc contributed

*  classification o f  the four  groups (three diseases and one h ea lths ). This  research work  

rhir ihc total v o la t i le  hlend k  r„_

profile 

st} rene-

jo tfa w 1 uisuases and one h ea lths ). I his research work

demonstrate that the total v o la t i le  blend is constant for specific plant and disease and the

potential f o r a p p K i n e  V < >C p ro l i l in g -h as e d  technique for non-destructive detection o f  plant 

diseases ( Li o / *.//.. 2 0 0 )

K) \ vpplicalion o f  V O C  p ro f i l in g  in protected eu11i\ nlinu

\  novel  a p p r o a c h  to  s u p p o r t  the inspec t ion  ol  polv house c rops  is hascd on the 

fncJ>urcment o l  v o l a t i l e  o r g a n i c  c o m p o u n d s  e m i t t e d  hv unheal thy  p lants.  I his approach  has 

attracted some ^ r i o u s  in te res t  o v e r  the last decade  N o w a d a v s  polv houses f i t ted w i t h  e-noses 

arc constructed w h k h  h c lp >  in r a p id  d e te c t i o n  ol  diseases as car lv a s  '’- a  davs (I a n a  c /  <//..

II. VIFRITS Ol \  O f  IM*OI I U M .  ( ) \  I'M O l  11 I K  TK(  11\  IOI  I S

Fhc mer i t ,  ..I u •* i n e  \  ( p n • 111 in a  a re

• I arh.  d e t e c t  I *11 • d l  i . i  -c

\ p p l k  ili 'ii in hi  ! j c h  a u i c 11I I i i i l  a n d  in po l v  house-*

I )etce I i on  . .| p« . I I i . i rv c  I d  i »casc .

* No n  -cles tnie t iv e m e t h o d  * * I p l a n l  d r . e a s e  d e l e c

# I se»l a > p l a n l  v . i l l  i i k  .

I I . I  \ ( ) (  s as p lan t  \ arc incs

«• i

IL \  (

1 1»11 a i  a n  I I k  i e d u v  i i o n  o l

I I U U  iv e Me ss i*| \ . »lal d e  

hae lei ial anpulai leal spot 

I is studied I h u e  was an

S»oil! and Kve in >,!l ' u ' M i h h l u l  a** e \ |H i  

bacterial disease in e i ieu in her  hv the trciilnietil w ith  *

0fuanic enmpmmd ( V (  K j m ed ia ted  induced resistance a u i i

   I "  111 " |,L "  1
, , a ,,1(i | n 1 1 N I ' hulam'in. .uunisi

, . a u i m  res,stance hs in  n M  lK 11 j n i 1



r
i^ oru x  syringoe  pv. Lachrymans (Figure 3). The severitv nr

r,ty symptoms was scored from
, . fniiows: 0 - no symptoms: 1- yellowish color- i  „ l i  

u 5 35 ’ chlorosis only; 3 - partial necrosis
?■

o ID

^  ^ o f t h e  inoculated area  
n e c ro s 13 u

l l ,*? pull ld l  IICv IU j Ij

* - " « rosis o f the -e a  and expanded chlorosis and 5 - conrple.e
c.u* mnnilated area.

0  —
1 0 6

3-pentanol
I f ) 1

3-pentanol
I 0 :

2 -butanone
1 0

2 -butanone
1O'* benzo- 
ihiodizolc

cont ro l

Figure 3- Supression o f cucumber bacterial angular leaf spot pathogen. P seudom onas  

syringcie p v .  la c h ry m a n s  using VOC s

Disease severity o f cucumber treated with 3-pcntanol anJ2 -butanone was assessed 

days after infection with P. s \ ' r i n y to e p \ . lachrymans. Water and ImM henzolhiadizole (H IM ) 

were used as negative and positive controls respectively. From the experiment it was known 

that VOCs like 3-pcntanol and 2 -hutanone has same cf I eel in the disease suppression as that o f 

bcnzothiodizole ( B i l l ) ,  a systemic resistance inducer

Since application o f V O f's  helps in the suppression o f diseases in plants, this method 

can be explored for the production of engineered crops.

I2-CHALLENGES IN  VO C A N A LY S IS

’ A u to m a t io n  o f  th e  t e c h n i q u e  in Held c o n d i t i o n s  w h i c h  is c o s t l y  

S p e c i f ic i t y  o f  p la n t  VOCs 

Loss p rocesses  o f  p la n t  VOCs



fTventhough volatile profiling provides a scope lor earls detection o f plant diseases, 

controversies regarding the speeiliciiv o f VOC' for a particular plant and disease, .lanscn 

i j l  (-^09) through their experiments proved that plant VOCs emitted during disease infection 

_un,pecifie. Thev have shown that when dillerent plant species were challenged with a similar 

■ jgction. there was the emission ol same VOC. l or example. I MV infection in tobacco as well 

5 in tomato induced an increase in the emission ol methvl sal ic\ late. I hex have also shown that 

f̂ n -ante plant s p e c i e s  is intecled with dillerent pathogens, there was emission o f same VOC. 

for example, infection on tomato plant bv Hmriiis em erea  and Oiiliimi nenlyeopersiei emits the 

VUC u-pinene

However. I i ct ti l ..  c o n d u c te d  e x p e r im e n ts  w h ic h  proved the spcc il ie i lv  ol \  (>(. s

emitteJ Jurin_t p la n l -p a lh o u c n  in te ra c t io n .  I hex have shown that eve n lh o u g h  a certa in  plant  

■nccics ma_v emit s im i la r  \  ( )( s u p o n  in d u c t io n  bv d i l le re n t  diseases and d i l le re n t  plant species  

ma\ emit the ante V. O t  s a l te r  b e ing  c h . i l le n g e d  w ith  a s im i la r  disease, the total \  OC b lend

emitted is specitic t«»r a p a r t ic u la r  p lan l  and the pathogen ( I able > i.

12.2 loss processes ol p l;in l \ ( M  s

Due I , . I k '  I..H   m l lu i- l .  v i p m "  provniro  " I  pl.inl o m in o J  V I  u s .  llioro .no oIk i i k o -.

Hirlhe eso.ipo >»I Iho .o V O l  . l l io  ............   S o m e  " I  .ho >o.,m   ' " o o  I------------no

I , ,  - i v m  in il,e le m o v a l  ol lliese \  O l  s bv an transpoil
1 H i c l i r s i l o s s p r o c e s N l o r p l . i n i  m i l le d  \  < >< • 1 ■

Air transport mav he n a t u r a l  i m  w in d  o r  m c c l i a n a a l  \ m hm  • in  a |

. , i \ a  it s d u e  to c a s  phase t e a .  l ions. In the
the soon,,I | „ , s p r „ Less is . l ie  . lo o r .n l .U " " '  " I  '  '

i , v m i  s i r e  r e a c t i o n s  w i t h  h v d r o x v l  l a d i c a K  
a 'm nsp here . t h e  m a j o r  d e g r a d a t i o n  p r o c e s s e s  l o r  p  m

 ............. .......................... ..  ' ’ I I’ lV I . k l l l ' " ! '   " I O S .
nilraic r.ulu : i k  i \ ( ) i :tiul n/<>nc



ru .fh ird  process to be taken into account as an im nom m i i
3 riK 1 1 , 1 niportant loss process is the solution ol

rOCs *n 'valcr SUw^ as r a m drops or condensate.

4 Thc fourth p r o c e s s  l o r  l o s s e s  o f  Y < ) C \  is u p t a k e  bv t h e  p l a n t  i t s e l f .  T h e s e  l o s s e s  c a n  o c c u r  h> 

a d s o rp tio n  o n  t h e  c u t i c l e  a n J  u p t a k e  t h r o u g h  t h e  s t o m a t a  . U p t a k e  o f  V O C s  t h r o u g h  s t o m a t a  

q u i r e s  a l o u e r  c o n c e n t r a t i o n  o l  t h e  c o m p o u n d s  in t h e  s t o m a t a l  e a \  its t h a n  in t h e  s u r r o u n d i n g  

ail- P h i s  c o n c e n t r a t i o n  d i l t e r e i K e  is i m p o r t a n t  b e c a u s e  g a s e s  m o v e  a l o n g  t h e  c o n c e n t r a t i o n  

gradient b e t w e e n  t h e  i n s i d e  a n d  thv. o u t s i d e  o l  t h e  l e a l .  I h e  s t o m a t a l  c a \  11\  is c o v e r e d  h \  w a t e r ,  

[herelore.  \ <  s t h a t  c a n  b e  d i s s o l v e d  in t h i s  w a t e r  a n d  t h e r e  a l t e r  i n c l a h o l i / e d  in p l a n t  t i s s u e s  

can maintain a c o n t i n u o u s  u p t a k e  p o t e n t i a l  ( J a n s e n  .7 2 0 1 I ).

13. FI T l  R F  D I K I  C I I O N S

\ (  ii > pr  • l l h n e  I-' - t i l l  a n  e m e r e i n : '  t i e l d  o l  a n a l y s i s  I n s t r i i i n e n l a t n » n  a n d  w i | m p m c n l  a r c  

still hc i n j  J -  J  'p's-d a n d  r J i n c d  a n d  I n r t h c i  a d v a n c e s  m , n m p l i n n  a l l o w  • • i c n l u  u * \ v u r A  ol  

VtK’s t n b e  s . o l L ‘- t c d  M o r e  - c i i s i t i \ c  i n s l n i m c n l s  w i t h  l o w u '  d e t e c t i o n  l i m i t s  a n d  l a s l c i  s e a n  

rates detect  u l t r a - l o w  a b u n d a n c e  c o m p o u n d s .  a n d  s u i t a b l e  d a t a  a n a l y s i s  m e t h o d s  loi  d a t a  

inierprctati«>n i re ill e c e n t i . i l  l«»i I m t l i e r  d e v e l o p m e n t  o l  Y< >( p i o l i l i n y .  I v c n i h o u e h  m o i c  

studies arc n e e d e d  m  p r - . v c  t h e  , p e u l i c i l >  . d  \  U(  s. t h e r e  is c n o t m h  s c o p e  l o r  n m i g .  t h e s e

tcihnu| i ie.  l o r  pi  ml  d i  • a «l. I..  .......    p e n  f i e ld  w i t h  t h c  h e l p  ol  m o r e  s e n s i t i v e  m s i i , i n t e n t s

Real t ime m m n m , - , , , .  -I p h o t  d i c e .  i . u >  b e  p n s s i b l c  bv i n k m a h i m  v . d a l . L  | m l i l m  

equipment w i t h  a n  . i n k i n . i ,  I > •, l u i l l u u l  v e h k l e  V« )( p o d , h i m  h.i ■ a m e a t  s, . . , h  m  s a i l s  

disease d e t e c t i o n  a n d  Hu . m a d e  .1 - u p p l k u l m n  " I  V« » a s  d i u . M. os i K m a i U . s  m  t h e  d e l a t i o n  o l

diseases in o p e n  l i c l d  a n d  in p« d\ I i* »n .c .

I r 0N( I I s o  ) \

‘ , 1 1  \  O l . c , Ii wi l l  b e  .i v h a l k  nee  lo
I h s c i i s e d  p l a i n s  u m  11 d i l k u i i l  I ’- p c ,  a n d  a n . o n  

. .  i I > . n i n, |  \  ( i( s L.in b e  u-w d lo  e h.u av. te i i / i
,dcn"l> Hie d i , e a s e  b a s e d  o n  V< «  e i m s s . o t i  - n K  H ' " -  P 1' 11"
ii i . i i «i i i * * i ■ i • i i h,* ret i i i  l e d  l e c h n u a l  s p c e i l i e  a l i o n s

L‘ disease In a d d i t i o n  i n s t r u m e n t s  a r e  a v n i l u b k  >■
I . i s  . .  . . i o n  o l  Y< X s is b a s e d  o n  h m h l v  s e n s i t i v e
'"dote-et these- V< K s in .111 n u n c u l l u r a l  s e l l i n g .  D e t e e t u

;n



* * * > «  'ndud 'nS G C ' " DS- ° C A ,S - bi° SCnsors c-noscs. Am oim  I -no*.-, p t

fc rca lj J ';,CC,,"'n 01 b> »nal.«i„g t h e  VOCs, Besides this. V O C  s u ill

f g *  *  " a> ' ° r  p la m  ' aCCination- Som c » f  challenges in these techniques arc

i i a W l i c "  **1 lhe techn ique  lo r  a specif ic  pin.,, and disease and anlonraiion ol' ,l,e leehnicpie 

forcontinuous m o n ito r in g  ol plant diseases Held conditions.

15. D IS C I  S M < ) N

Ql [low V O C s  a c t  a s  c o m m u n i c a t o r s  111 n e i g h b o u r i n g  p l a n t s ?

Wh e n e v e r  a p a t h o g e n  c o m e s  in c o n t a c t  w i t h  a  p l a i n .  \  ( K  \  wi l l  h e  e m i t t e d  I r o m  lhe  

infected p l a n t -  a n d  t h e  n e i g h b o u r i n g  h e a l t h )  p l a n t s  h a v e  a e a p a e i l v  l o  s e n s e  t he  \ ’c K - e m i t t e d  

fjvm the d i - c a - c J  p l a n l  I h e n  a d e l e i i s c  m e e h a n i s i n  is a c t i v a t e d  in l h e  n e i g h b o u r i n g  h e a l t h s  

plants p r o t ec t i ng  t h e m  I r o m  l i i t u r e  a t t a c k  hv l h e  s a m e  p a t h o g e n .

0 1  What  i .  t he  - o > p c  l o r  \  ( M p r o f i l i n g  in I n d i a /

\  , \  ( f( . in.11*, a •• 11 n< »w w n l e l v  ii ncJ  m  p r o t e c t e d  c u l l  i \ at  i on .  c m  rei i l lv il h a s  k . s  s c o p e  m

India. Hut n'  - o n i n .  . e a r  - t h e s e  l c c h n H | i i c s  c a n  h e  Used  in o p e n  He l d  c o n d i t i o n  I n  m m i m i / m g
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.i . transducers detect \  ( )C_ s in biosensors 9
q5 Ho*  u j

me mam transducers used in biosensors are gold nanopanieles which is I m i n g  high 

e|cdroncgaUvil> and e lec tro  c o n d u c i n g .  G o ld  nanopanieles h a \e  piezoelectric cl'leet and 

(then a pressure is exerted b \  the \  ( ) (  s on transducer, the pressure is eon \e r le d  into eleelrieal  

.^aLs which w i l l  be a m p l i f ie d  and detected using a detector.

q6. What tvpes ol e n /> m e s  are used lor detection ol V (  K \  in c u /e m a l ic  electrochemical

(^ioscn^r'
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\  o la l i lc  i i r - ia im -  n . m p m i n d s  as d iagnostic  m a r k e r s  fo r  p lan t  diseases

\ h s l r a c l

\ »»Li t 11c o re u n i c  c o m p o u n d s  ( \ (  K s i  are d c l i n c d  as an \  o rgan ic  c o m p o u n d  w i t h  \ a p o u r  

pressure lueh en u ieh  u n d e r  n o r m a l  c o n d i t i o n s  to he \ a p t u i n / e d  inn* thc aim»*spheie ( N i c k c  

and I I'Tct**. I he e m i s s i o n  <•! \  ( )( s I r o m  p lants  accoun ts  l o r  about  tw o  th i rd  ol  the total

\ i  H. s present in the atm* * >pheie V a r i o u s  p i n s i c o - c I ici111c;iI and b io l o g i c a l  factors a l l c c l  the 

V0( relea.c I r a n  t i n  p lant- .  M a u l s  have heen s h o w n  to chance  the \ ( H  em iss ion .  w h e n  

infectious p lan r di  e . i .e -  a i l e d  t h e m  t Sankaran  t7 til . ' * 0 |U |  I l icsc chances mas he m l o r m a t i \ e  

ennii'Ji h r  the d d e d i ' U i  <•! p lan t  d isease at a scrs eat l> stace /e . at the t ime  ol  r e c o g n i t i o n  

between the p lant  and  the p a l l m v e n  In a d d i t i o n .  \  (M s can induee sss tem ic  resistance to a 

particular di s l  a
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c-,n.T anJ ( - 0 1 3 )  conducted an e\nerim.»r.i i
5on= '  experiment to demonstrate the effectiveness o f

VOCs os p l a *  ' * * * " "  a ^ain_Sl lhc  bac le r ia ' lea f  spot pathogen. Pscubmonas s y r i n ^

p  ijclrnrruJ” '- in the open f ie ld . I here was an induction o f  systemic resistance by the V O C s .

|(f n\ !  3 -pentanol and I 0  n \ l  2 -bu tanone  against the bacterial disease, s imilar lo that o f  U / 'n M

bcnZ0 lhiadi^ l c , B T I , K  a resistance inducer which was used as control.

Biosensors and L -noses are the latest and highly advanced instruments used to detect

VOCs al ver> carl} stage ot p lant disease. I.i ct cil. ( 2 0 1 0 )  used I>noses and found that infection

^  post-harvest tungal pathogens in blueberries can be delected b \  the change in volatile profile.

\ t  p resen t, potential ot \  < K based techniques for earl)  detection ol plant disease has been

demonstrated o n l)  in protected cu lt iva t ion  I venthough more studies are needed to prove lhc

pai tie it} «tf* \  r K s. there is enough scope lor using these techniques for plant disease detection

in open field u i th  die he lp  ol m o re  sensitive instruments. Real l im e m onitor ing ol plant diseases

l , n p ^ ib lc  b \  m te e ra tm e  volat i le  profi l ing  equipment with an automated agricultural  
ITU/ ' I — w

vehicle
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| 0. r»J“ cnon

Indigenou5 Technical Knowledge is the local knowledge -  knowledge that is unique 

B ,  given culture or society. It contrasts w ith  the international knowledge system generated 

by universities, research institutions and private firms. It is the basis for local-level decision 

» * K  i» apiculture, health care, food preparation, education natural resource management 

Jjd a host o f Other activities in rural communities (Warren 1991). The advent o f the concept 

jusiainable agriculture in late eighties in Indian agricultural scenario has evoked interest 

on indigenous technical knowledge (IT K ) that lias the element o f use o f natural products to 

solve the problems pertaining to agriculture and allied activities. Indian farmers, over 

centuries have learnt to grow tood and to survive in d ilficu lt environments, where rich 

tradition ot ITK has been interwoven w ith the agricultural practices followed by them. The 

enhancement ot the quality ot life  ol the Indians who in great majority live in and depend on 

aiiricultural production systems would he impossible by keeping this rich tradition o f ITK  

aside.

2. Indigenous technical knowledge

Indigenous technical knowledge is defined as the actual knowledge o f given 

population that reflects the experiences based on tradition and includes more recent 

experiences with modern technologies (I laverknrt. 1W5).

ITK embraces people's knowledge o f tool and techniques the assessment, acquisition, 

transformation and u tiliza tion <>| resources, which are speciIic to a paiticular location.

3. Diversity of IT K

3.1. A g r i c u l t u r e

. . .  , , >■ „ n a  P c i  a r e  an u n w r i t t e n  b o d \  o f  k n o w l e d g e .  I h e re  is
In d ig e n o u s  a g r i c u l t u r a l  p r a c t i c e s  MAI s) are an uu

110 systematic record to describe wha. they arc. wha. they do and how they do wha, they do. 

can he changed, .heir operations, their boundaries and their applications.

kdinnhotany
c11■ /1v o f plants is the scientific study o f the 

Idlinolng - study o f  culture and botany Y

'll,i"n 'liips that exist between peoples and plants.



Elhno b o t a n i s t s a i m  to  d o c u m e n t ,  d e s c r ib e  a n d  e x p ,a in  c o m p le x  re la t ionsh ips  b e tw e e n

Stores and (uses o t )  p la n ts ,  f o c u s m g  p r im a r i l y  o n  h o w  p lants  are  used, m a n a g e d  and

le tv e d  across h u m a n  s o c ie t ie s .  T h i s  in c lu d e s  use fo r  food, c lo th in g ,  c u r re n c y ,  r i tu a l ,  

j. dve- c o n s t r u c t io n ,  c o s m e t ic s  a n d  a lo t  m o re

u  E t h n o -  e c o l o g y  m e d i c i n e

Ethno- ecology medicine is the interdisciplinary' study o f dynamic relationships 

aniong people, biota, and environments with relation to medicinal properties. 

Etlinoecological studies are based on a multidisciplinary perspective that draws on the 

jisiiihts from the natural and behavioural sciences at multiple levels- from the views o f 

villagers in developing nations to those ol policy-makers in industrial nations.

3.4. Meteorology

M e te o ro lo g y  is the interdisciplinary scientific study o f the atmosphere. Studies in the 

field stretch back m illennia, though significant progress in meteorology did not occur until

the 18th century.

Fite beginnings ol mcteorologv can he traced hack to ancient India, as 

the I panishadi contain serious discussion about the processes ol cloud formation and rain 

tnd the seasonal cvcles caused h\ the movement ol earth around the sun. \  arnhamihirn s 

classical work B rih a tsam lu ta .  written about 500 AD. pros ides clear evidence that a deep 

knowledge o f atmospheric processes existed even in those times.

3.5. Social science and hum anities

c i -  i ,, tin iv -md the relationships among individualsSocial science is concerned w ith society aim me i
r , i i11r■ 111111' I’L’ononiies. political science, humanwithin a society. Ihc mam social sciences inciucic c c o m  i

geography, demography and sociology.

n  . .1, , n iitns lc il w i t h  n a t u r a l . p h y s i c a l  a n d  s o m e t i m e s
H u m a n i t i e s  are more lrct|tienllv conirasicu

, . ■ ■ n , „  i m m u n i t i e s  i n c l u d e  a n c ie n t  a n d  m o d e r n
Oal sciences as w e l l  as p r o f e s s i o n a l  t r a i n i n g .

S » m .  literature.  p h i l o s o p h y ,  in te rna t iona l  relat ion* and  musico logy .



. vn i cul t ur e  
rrK  in A=

i. Saturc
of ITK

I.
^ ■ e i y v n m c  in nature and may include experimentation in the integration o f new planl 

ir spt̂ 5 in l°  ex,stlng f a r m i n 8  s>slems or a traditional healer is lest o f new plant

medicines.

1  U K  does not m e a n  th a t  the  k n o w l e d g e  is o ld  o r  non  tec h n ica l  in  nature ,  but t ra d i t io n  

based, the w a y  in w h i c h  th a t  k n o w l e d g e  is c rea ted ,  p reserved  and d is s e m in a te d .

3 . [TK is social in n a tu re  a n d  o f t e n  c o n s id e re d  to be the p ro p e r ty  o f  the ent ire  c o m m u n i t y  

a n d  not belonging to any s in g le  in d iv id u a l  w i t h in  the c o m m u n i ty .

4 , It is transmitted t h r o u g h  s p e c i f i c  c u l tu ra l  to t ra d it io n a l  in fo r m a t io n  e x c h a n g e  m e c h a n is m ,  

for example, it is m a i n t a i n e d  a n d  t ra n s m it te d  o r a l ly  th rough  e lders  o r  specia l is ts  (b ree d ers ,  

healers etc.) and o f t e n  to o n ly  a s e le c te d  l e w  p eo p le  w i t h in  a c o m m u n i ty .

5. Difference between t ra d i t io n a l  knowledge system and western scientific system

SI. No. T r a d i t i o n a l  k n o w l e d g e  s y s te m W e s t e r n  s c ie n t i f ic  s y s te m

1 \ l l  parts  o l  th e  n a tu ra l  w o r ld  arc- H u m a n  l i fe  is gen era l ly  regarded  as

regarded  as a n i m a t e ,  a l l  l i f e  fo rm s  as super io r ,  w i th  a m o ra l  l ig h t  to con tro l

in te rd e p e n d e n t o th e r  l i fe  fo rm s

w K n o w l e d g e  is t r a n s m i t te d  la rg e ly K n o w le d g e  is t ran s m it te d  largely th ro u g h

through  o ra l  m e d i a lhe w r i l te n  w o rd

----------------  i
K n o w le d g e  is d e v e lo p e d  and

K n o w le d g e  is genera l ly  learned  in a

acqu ired  t h r o u g h  o b s e r v a t io n  and
s itu a t ion ,  w h ic h  is re m o te  f ro m  its a p p l ie d

i T " ~ —  

■—
15 -------

pract ica l  e x p e r ie n c e

K n o w l e d g e  is h o l is t ic ,  in tu i t iv e .

q u a l i ta t iv e  a n d  p ra c t ic a l

K n o w l e d g e  is g e n e r a te d  b y  resource

users in a d i a c h r o n i c  ( lo n g  te rm )

l im e  scale

con tex t

K n o w le d g e  is essentia l ly  re d u c t io n is t ,  

q u a n t i ta t iv e ,  a n a ly t ic a l  a nd  the o re t ic a l .  

K n o w le d g e  is g en e ra te d  largely  by  

spec ia l is t  researchers  on a s y n c h ro n ic  

(short  te rm )  t im e  scale



fhe nature and status o f particular 

, jjjovvledge is influenced bv socio 

cultural factors such as spiritual 

beliefs, and is com m unally held
-----" " • i ■ * * —

The nature and status o f particular 

knowledge is influenced on peer review, 

ttnd is held by individual specialists

Explanations behind perceived 

phenomena are often spiritually 

based on subjective

Explanation behind perceived phenomena 

are essentially rational and objective

Knowledge is used to make suitable 

decisions under variable conditions
Knowledge is used to put forward 

hypothesis and to verify underlying laws 

and constants

6. Sources o f  11 K

[here are sources o f I I K hidden in our village, communities and countryside. The main

sources are

I. Farmers or tribes

ICommunitv leaders *

3 Elder persons 

•I Folklore, song and poetrs

5. Ancient records 

6 NGOs

^ Extension agencies

 ̂ Published materials of different languages



ro£r; is „o feed method for collect,on o f ITK. I, depends on type o f ITK , situation, people.

■ I system. cultural values and other aspects.

7.1. Interaction w ith  com m un ity  leaders o r ciders: Contacting with the leaders or elder 

persons of village or a fam ily , we can gel information locally practised from that particular

locality-

7.2. Rapid Rural A p p r a i s a l .  An approach used by non-governmental organizations fNGOs) 

jnJ other agencies involved in international development. 1 he approach aims to incorporate 

the knowledge and opinions ot rural people in the planning and management o f development 

projects and programmes.

■'J. Case s tu d y :  A case study is a "published report about a person, group, or situation that 

has been studied over tim e." I f  the case study is about a group, it describes the behaviour o f 

the croup as a whole. not behaviour o f each individual in the group.

7.4. Participators v i d e o :  A form o f participator, media in which a group or community 

creates their own film  1 he idea behind this is that making a \ ideo is easy and accessible, and 

is a great way ot hringing people together to explore issues, voice concerns or simply to be

creative and tell stories. It is therefore primarily about process, though high quality and

accessible films (products) can he created using these methods il that is a desired outcome.

7.5. History: rhrough h i s t o r i e s  we can seek many traditional practices practiced by farmers 

m earlier days

U. Interview m ethod: An interview is a enliven:,  between Iwn nr more people

"herequestions are a sked  b y  th e  in « e .v ie w e r .«  e l ic i t  fa c ts  - r  M n tem en ts  l in n ,  the 

interviewee"I In te rv ie w s  a rc  a s ta n d a rd  p a ri n fc |u a l i la t iv c  research.

77 p .  .• . v, r . h c p r v o i i n n  is o n e  t y p e  o f  d a ta  c o l l e c t i o n  m e t h o d
’ • ‘ ar t i c i p a n t  o b s e r v a t i o n :  P a r t i c i p a n t  o b s c r  •

l<»nc in the  q u a l i t a t i v e  research  p a r a d ig m .



1 S storming: Brainstorm ing ,s a group creativity lechnique by ^  ^  ^

^  lo find a conclusion lo r a speed,c problem by gathering a list o r ideas spontaneously 

> b a te d  by its members.

r -nun d i s c u s s i o n .  Group Discussion! Is a mptlmrir-jr.
7.9- Group methodology or in a simple language you
-j. call it an interview process or a group activity.

740. Field observations: Field observations are a method where you observe people in Teal' 

locations and situations, such as w orkplaces, homes, etc. They can be particularly helpful i r  

die causes o f  wasteful’ energy behaviour are not clear to you.

1 1 . S u n e y s :  M e t h o d  t o r  c o l l e c t in g  q u a n t i ta t iv e  in fo r m a t io n  about  i tem s  in a p o p u la t io n

7.12. S W O T  A n a l y s i s :  A  s t ru c tu re d  p la n n in g  m e th o d  used to e v a lu a te  the strengths,  

weaknesses, o p p o r tu n i t ie s  a n d  th re a ts  in v o lv e d  in a p r o j e c t . A  S W O T  ana lys is  can be c a rr ie d  

out for a product, p la c e  o r  p e rs o n .

1TK in p lant  d is e a s e  m a n a g e m e n t

8. Histnrv

In the past w h e n  In d ia n s  w e r e  g a in in g  k n o w le d g e  on the p re d ic t io n  o l  r a in la l l .  

management o f  a g r ic u l t u r e ,  f a r m  o p e ra t io n s ,  h a rve s t in g ,  and storage, n o th in g  w a s  k n o w n  

"bout plant p ro te c t io n  I l ie  o n l y  m e t h o d s  lo protect lhe crop  w e re  p rayers  and  m a n lra s .  Il w as  

believed that the c rop .  ,s p ro te c te d  il the m a n tra  was w r i t te n  w i l l ,  red la c -d y e  and  l ied  lo  the

«"P hill II c a n n o ,  he  s o u  , 1  lhe  p e o p le  n l  that l im e  w e re  u n a w a re  ol inscels  and  o th e r

petty and the ir  damage. S o m e  o l  lhe  p o s ts  t in  S a n s k r i t !  a l l e e l in g  c rops  w e re  g a n d h i .  S h a n k h i .  

hwdantiundi. d h u l i .  a n d  s h r in g a r ,  Il i t  ce r ta in  Hull g a n d h i  (n l l 'e n s i tc  o d o u r  I is u h a l  is c a l le d  

the gandhi b u g  t l . c p t o c o r i s a  v a r ie n rn is  I 'd :  shankh i m ust he a sna il  ( l - i l a  sP . l :  and

* * n m m d i  m e a n s  w h i t e  h e a d  w h i c h  is the ty p ic a l  s y m p to m  o f  the  a ttack  o, r ice  s te m  hore ,

rr„ . • tivnt tin'v' k n e w  lhe rice s tem  b o re r  and  its
Opory/a in c e r tu lu s  W a l k e r ) .  It is c e r ta in  that they

!Ym„, • , a nnss ih le  that this w o r d  must h a v e  been used
• 1ptom ol a i tack .  D h u l i  m e a n s  p o w d e r  a nd  it i. P •

fit. , , . , . n r ,| “ s l i r in g a r i"  in S an skr i t  ind ica tes
° r powdery m i l d e w  o l  w h e a t  a n d  b a r le y .  '1C vvortl ^
inn, t . •! i , ii, it d ie  te rm  w as  used lo r  m st diseases.

cll'ing ndornecl w i l l ,  red  c o l o u r  a n d  il is possible that the



ft is significant that people at that time p.
considered tin t 1

•jOlar ph>-siolog>'. Therefore, they divided the h - ‘S and human beines have
dISeases o f nln •

jpCSDsi * * *  external. The internal diseases were th ^  Categ0ries like

(gr3diol defoliation. lower and fru it drop, generally v e lT  ^  by

(leaf  yellowing: premature drop, decay 0f  flowers ° W m 8  ° f  ^  “ pitta”

delayed and fruits are tasteless and ripen p re m a tu re ly " !^ 1̂ ’ ^  'kapha’,( F r u i t ' b e a r in 8

diseases were those which were caused bv , W p, u-’ ° ° Zmg U lth° Ut Wounds) and external
* ,UbLCIs. birds, and wpnthr^ -n 

be attributed today to tungi. bacteria, viruses and categories can

non-insect pests, frost, water logging, and drought J o u r n a l  2 ^ " “ ' ^

9. Materials rccom ntcndcd in ancicn, davs

9.1 Botanical s h o w i n g  a n t i  f u n g a l  p r o p e r t y

SI. No. M a t e r i a l s
A u t h o r /  p e r i o d  ””j

1 R o o t  o l  \asika ( J u u i a u  lu lh u im la )
T D l l  7 ----- -------------- Varahamihira ( 5 0 5  - 5 8 7  A D )

Branches and leaves o l  atimuktaka 

(H ip tu g e  h e n xha lcn s is )
t r i  * \ 7 '--------------------------

Varahamihira ( 5 0 5  - 5 8 7  A D )

hile mustard (H rass ica  u lhu )
S u ra p a la  ( 1 0 0 0  A D )

-------- ----------

9 , 2  Bofnmcals s h o w i n g  a n t i  h a c l e r i a l  p r o p e r t y

SI. No. M a t e r i a l s

B id a n g a  I /  m h c / iu  r ih c \  j

Mahua I M i k I I u u h  ,pp )

Hh i la la

(Semeinrjm\ r (in/mm )

A u t h o r / p e r i o d
4  —  -  ----------------- --- ----------------------- _  _  _

Surapala (  I 0 0 0 A D ) .

S n m c s lm a r a  1 ) c \  ,i( 1 1 A

S nrapa la  ( 1 0 0 0  A l ))

S n ra p a la  ( 1 0 0 0  A D )



jjj Materials a n d  p r a c t i c e s  t h a t  n e e d  o u r  e a r ly  a t t e n t io n  

j  j \ i i l k  a n d  m i l k  p r o d u c t s  :

ylilk and ghee h a v e  b e e n  used  to r  cen tur ies .  E v e n  b u t te r m i lk  w a s  fo u n d  usefu l .  A b o u t  4 0 %  

of total am in o ac id s  in  m i l k  a re  g lu ta m a te ,  le u c in e ,  and p ro l in e .  M i l k  is rep or ted  to co n ta in  

plant growth p r o m o te rs .  A  re c e n t  re p o r t  c la im e d  that m i l k  sprays in d u ce d  s y s te m ic a l ly  

acquired resistance in  c h i l l i  a g a in s t  l e a f  c u r l ,  a v i ra l  disease. M i l k  ( 1 0 %  aqueous  suspens ion )  

alao has been e f f e c t iv e ly  u sed  fo r  c o n t r o l l in g  p o w d e r y  m i ld e w s .  B es ides , m i l k  has e x c e l le n t  

sticker-spreader p ro p e r t ie s .  The a m in o a c id  p ro l in c  has been fo u n d  to s y s te m ic a l ly  induce  

resistance in p lants . It s t im u la t e s  p ro d u c t io n  o f  a n t im ic ro b ia l  p h en o l ic s .  H i g h  a m o u n ts  o f  

endogenous p ro l in c  in c re a s e  c o n te n ts  o l  c y to k in in  and aux ins .  B es ides  m i l k ,  p ro l in e  is 

present in the c o n n e c t iv e  t issues  o f  a n im a ls  in c lu d in g  fish.

9J.2. A p p l ic a t io n  o f  cow dung :

Use o f  cow d u n g  to r  d re s s in g  seeds, p la s te r in g  cut ends o f  v c g e ta l iv e ly  p ro p a g a t in g  units  

such as sugarcane setts, d re s s in g  w o u n d s ,  s p r in k l in g  d i lu te d  suspens ion  on plants , and  

applying to soil has b e e n  in d ic a te d  s ince the t im e  o f  k a u t i l v a  ( 3 0 0  B C ) .  In d ia n  fa rm e rs  

continue to use c o w  d u n g  in v a r io u s  w a y s ,  lh c  m e ta b o l ic  f rac t ion  c o m p r is e s  substances  

originating in the hndv s uch  as re s idu e s  o f  the b i le  and o th e r  d ig e s t iv e  ju ices, e p i th e l ia l  ce l ls  

from the a l im e n ta ry  t ra c t ,  a nd  the  b ac te r ia l  residues. In short,  leea l  residues c o m p r is e  

undigested f iber,  d e b r is  I r o m  s lo u g h e d - o l I  in tes tina l  e p i th e l iu m ,  s o m e  e xc re te d  produc ts  

derived Irom h i lc  (e g .  p ig m e n t s ) ,  in tes t ina l  bac ter ia ,  and m u cus .  I here are m o re  than 6 0  

species ol bacteria  a n d  o v e r  1 0 0  spec ies  ol p r o t o /o n  e n c o u n te red  in the iu m e i i  o l a c o w .  \  

majority o l  the b a c te r ia  a re  c e l lu lo s e ,  h c m ic c l lu lo s e .  and pect in  le im e n te rs .  1 u t u o h e p n l i c  

circulation in v o l v i n g  b i le  salts, a s m a l l  part is Inst ih ro t igh  bacter ia l  d e g ra d a t io n  in the feces

asdyslysin w h ic h  is the  s l im v  m a te r ia l

*^•3. Liquid m anure (kunapa ja la  )j i i i u i i  u  i i  \ n u i i u i / u i " ” " r

V r ; i , , „ n n l '  nr l i q n . d  m a n u r e ,  i n v o l v e ,  h u l l i n g  ' h e  H e sh .  I'm a n d  marrow nl

■ * * »  such ns J e e r .  p i g s .  f i s h ,  s h e e p  n r  g o a ls  in  w a t e r ,  p l a c i n g  th e  h n i l e r l  m a n e ,  in  „ n

, o ’ cnc im e  o i l  c a k e :  b la c k  g r a m  b o i l e d  in  h o n e y ,  a 
Pot a n d  a d d i n g  m i l k :  t h e  p o w d e r s  o f  s e s a m e  o n

n  io n n  l i v e d  p r o p o r t i o n  f o r  th e  i n g r e d ie n t s .  I he
o f  p u ls e s ,  g h e e  a m i  h o t  w a t e r .  I h e re  is n o  l i x c d  prc P<

pot hr, M .  r e  „,v,vL-s T h e  r e s u l ta n t  f e r m e n t e d  l i q u i d  is m a n u r e
n,Jld he p u t  m  a w a r m  p la c e  l o r  t w o  w e e k  .

earthen

Reaction



4 *  tom apajol- W ,th plan,-based composts, there is always a danger o f passing on d o n ™ ,

pahogcns ,0  fields. There should be no such danger with the application o f kunapajala. Also, 

wastes are hkely ,0  have microfiora that migh, provide be„ er bioconto, o f p|an,

pathogens and diseases than plant-based composts.

10. Application of IT K  practices in plant disease management

10.1. Control of bacterial leaf blight by spraying cow dung slurry

Disease and causal o rg an is m . B acter ia l  le a f  b l ight (Xanthomonas oryzae pv. oryzae)

Location o f  use o f  I T K .  K o ip u r a m .  E zu m a tto o r  ol Pathanmuthitta district. Kerala.

Cow dung  ( _ 0  k g )  is m ix e d  w ith  2 5 0  1 w ater  thoroughly  and kept for 3 -4  hours till the 

coarse materials settled d o w n .  The solution on top is filtered and sprayed on paddy le a f  for  

control o f B L B .

Scientific reason: B ac ter ic id a l  action ot c o w  dung helps to reduce the population o f  the 

bacteria. C o w  d ung  also acts as m e d ia  for hiocontrol agents

f 'o w  clung s lurry Bacterial le a f  blight  

(Xonthnmonns oryzae pv. oryzae)

( I C A R .  2 0 0 3 )

10 2. Control  o f  r„ngnl . l i s e n t e .  in p a d d y  fields by mnrkntl  m m i f ln m  )

Diseases and casual o rgan ism : S h e l l .  M ig h t  UMznclommk,m ). false sum, V h M a g im  

virens). black kernel ( ( 'u rv u h t r ia  lunata)

rocation o f  use o f  I T K :  M is h in g  ir ibc o f  East S iang district, Arunachal I rndcsli

, , ,„c o f  mnrkati  ( Baccurea ram i/ fo ra ) in the fields.
A Her t ransp lant ing , spreading leaves c l



Scientific reason: Chemical like ramifloside. sapidolide and picroioximaesin rvhich is presen, 
jjj plant parts ot markati acts as anti fungal property

M a r k a t i  Sheath blight False smut

(Boccaurea ra m if lo ra  ) (Rhizoctonia s o la n i ) [Usli lag inoidea virens)

(ICAR. 2003)

|0J. Use o f  k a v a lu s a r a k a ( C 'a /r j a  a r b o re a ) bark  to control  blast d isease o f  paddy

Disease and casual o rgan ism : Blast disease ( Pyricu iar ia  oryzae)

Location o f  use o f  I T K :  S h im o g a  district. Karnataka

2-3 kg bark o f  k av a lu s a ra k a  ( Carey a arborea)  is crused in water. A bout  5 00  m l o f  

extract is m ix e d  w ith  I 5 liters o f  w a te r  and sprayed on affected crop. Three sprays each, after  

1 2  days interval are required  to contro l  blast in paddy

Scientific reason: M e th a n o l  extract ol ( areya arborea ( M T .C A )  stem and bark hav ing  

antimicrobial ac t iv it ies  w h ic h  inh ib it  G ra m  positive and G ra m  negative bacteria and some

fungal species

K a v a lu sa ra ka  

(b'areva a rborea)



10.4 .C on,ro1  ° f d ° W" > m ild , !w  in  c u m b u ( P enn ise tum  thypha ides)

and causal o rgan ism : d o w n y  m i ld e w  i 
Dliease an b y m u a e w  (bclerospora graminicola  (Sacc.)  Schroet.)

Location ot'ITK  used: Periyakulam. Tamil nadu

Pongem ia d ecoct ion  is prepared from leaves and 2 0 0 g  cooked rice in 10 litres o f  

water. This solution is sprayed on the plants affected by d o w n y  m ildew .

Scientific reason. A n t i  in f la m m a to ry ,  a n t i - p l a s m o d i a l ,  a n t i n o n c i c e p t i v e .  anti-hyperg lycam ic .  

anti-lipidperoxidative. a m i - d i a r r h o e a l ,  a n t i - u l c e r ,  antihyperam m onic  a n d  a n t i o x i d a n t  a c t i v i t y

Pongemia  

Pongemia p m n n t t i )

D o w t iv  m i ld e w  

(Sclcrospora  gra rn in icnh i)

( I C A R .  2 0 0 3 )

10.5. I so o f  h a r k  o f  m u k u l  [C o m m ip h o ra  m uku l)  fo c o n tro l  loa f  c m  I in ch i l l i

Disease and causal o rgan ism : ( h i l l i  leaf curl \  irus 

Location o f  I [ K used: f la r ia  district ,  I Jahod. ( uijiirnt

The hark o f  m u k u l  and its gum  arc m ixed  w ith  m n i /e  f lour and sugar. 

'Woke o f  (his m ix tu re  is helps in con tro l l ing  chill i  leal curl

V 'entif ic  reason A n t .h n c tc r ia l .  A n t iv i r a l  property present in leaf, hark and stem

It is burnt



M u k  ul

I Commiphora mukul) C hil l i  le a f  curl

( I C A R ,  2 0 0 3 )

10.6. Control o f head smut o f sorghum by using cow urine

Disease and causal o rg an is m  : 1 lead smut o f  sorghum (Splicicelotheca reil iana)

Location o f  IT  K  used: B i ja p u r  district. K arnataka

Soak the sorghum  seeds in c o w  urine for ha l f -an -hour and sun dry ing  them before  

sowing to control head smut and to induce drought tolerance.

Scientific reason: A n t im ic r o b ia l ,  anti fungal and antibacterial property

Sorghum seeds ( o w  urine I lead smut o f  sorghum  

(Sfilnicclnlhcctt  reil iana)

( I C A R .  ZOOM



10.7-1- Control o f  le a f  spot disease o f  banana by tobacco

Disease and causal o rgan ism : L e a f  spot disease (Mycosphaerella musicola)

Diluted tobacco le a f  extract  is sprayed on banana crop to control le a f  spot diseases.

Scientific reason. T o b a c c o  has anti fungal property which causes lysis o f  the germ tubes 

and or growth in h ib i t io n

r , L e a f  snot disease
Tobacco  1

. [Sfycosnhacrclla musicola)
( 'ncotuma inniiL uni) - 1

10.7 2 ( nntrol o l  r h i / o m e  rot by necm oil in banana

Disease and causal o rgan ism : K l i i / o m e  rot ( Eriw in iu  a iro tovo ru  subsp. ( , irotnvori i

n , i i  r '» lii lr  in I III o l i i c e n i  oil dissolved in HM) lit. ol w aterBanana suckers are im m ers e d  lor  a w h ile  in i in.

before planting in o rd er  to prevent r h i /o m c  rot

c • . , • i n t i t iu ir i l  nntioxidnnt properties. O i l  from the
Scientific reason: A n t i fu n g n l .  antibacter ia l ,  anti
I. • i m r» r in imi o f  antibacterial action against G ra m -
leaves, seed and bark possesses a w id e  spectrum 0 1

negative and G r a m -p o s i t iv e  m icroorgan ism s



Banana suckers Neem oil R h izo m e  rot 

( E riw in ia  cciro(ovora)

(K A L I ,  2 0 0 9 )

10.8. C o n t r o l l in g  p o w d e r y  m i ld e w  o f  o ra n g e  using A lo e  vera

Disease and causal o rg an is m . P ow dery ’ m i ld e w  (Oidium c i t r i  and O. Tingitaninnrn).

Location o f  I T K  used: T h a n e .  M ah a ras tra

Greenish Aloe vcra  p lants are cut into small pieces and spread to a radius o f  2 feet 

around the tree d u r in g  f lo w e r in g  to control p o w dery  m ilde w .

Sclentin'- reason: Aloe vera  contains b antiseptic agents like lupeol, salicylic acid, urea  

nitrogen, c in n a m o n ic  acid, phenols  and sullur. I hey all have inhibitory’ action on fungi,  

bacteria and viruses.

V
•> »

It W *

•  • ■1 ~zL II

ft

.  t  * »

A i r v c r a  Powder) '  m i ld e w

[ ( )idium citr i)

( I C A R .  2 0 0 3 )



Banana suckers N e e m  oil
R h izo m e  rot 

( E r iw in ia  ccirotovora)

( K A U .  2 0 0 9 )

10.8. C o n t r o l l in g  p o w d e r y  m i ld e w  o f  o ra n g e  using Aloe vera

Disease and causal o rg an is m . P o w d e ry  m i ld e w  (Oicliitm c i t r i  and O. Tingitaninum).

Location o f l T K  used: T h a n e .  M ah a ras tra

Greenish Aloe  v e ra  plants are eut into small pieces and spread to a radius o f  2 feet 

around the tree d u r in g  f lo w e r in g  to control p o w dery  m ildew .

Scientific reason: Aloe vera  contains 6  antiseptic agents like lupeol, salicylic acid, urea  

nitrogen, c in n a m o n ic  acid, phenols and sulfur. I hey all have inhib itory  action on fungi,  

bacteria and viruses.

Aloe vera Powdery m ildew  

( ( )i(lium citr i)

M



So.
Banana

A m aranths

Bmdhi

spotS ig a t o k a  l e a f  

( A ly cosphae re l la  sp.)

Blast

A ll diseases

ITK p r a c t i c e s

Power oil (Mineral oil) 1 %  emulsion 

is effective in controlling the disease.

Apply rice hull ash @  100  g / m2 

u hich w ill help to reduce the 

incidence o f blast in the 

Nursery

One kg of fresh cowdung is put in 10

lilies of water and the clear solution 

after

filtering the supernatant liquid is 

sprayed at regular intervals

Yellow  mosaic \ irus Spraying neem oil-garlic mixture
/ 10/ iI -  /O )

( K A l  I. 2 0 0 0 )

ID.9 ( u l tu r a l  m e t h o d s

diere ,ire many a g r o n o m i c a l  p ra c t ic e s  p ra c t ic ed  to m a n a g e  the p lant  diseases they are

Rogoing

B u r n in g

■n in ing

Weceding

oooi ling

• tap  c n  >p 

B o rd e r  c r o p

l



H Case studies

Measurement o f plant diseases

percent Disease Incidence (PDI): I, is the percentage o f  diseased plants or parts in the 

sample or popu la t ion  o f  p lants. I t  can be the proportion or percentage o f  diseased leaves in a 

plant, diseased stalks o r  a t i l le r  o r  diseased seedlings in a field.

Disease incidence: N o .  o f  in fec ted  plants x lOO /T o ta l  no. o f  plant assessed

Percent Disease severity ( P D S ) :  D isease severity  is the percentage o f  relevant host tissues 

or organ covered b> s > m p to m  or lesion or damaged by the disease. Severity  results f rom  the 

number and size o f  the lesions.

Disease severity or  In fe c t io n  index  =  Sum  o f  all disease rating x 100 /  Tota l  no. o f  ra ting  x

m a x im u m  disease grade

11.1. Effect o f  i n d ig e n o u s  b o ta n ic a l s  in m a n a g e m e n t  o f  leaf  spot o f  gourd  (C o cc in ia  

grandis (L.) Voig t )

icn

80

60

40

20

0
1

n Cercospora  cocciniae

n  C o l le to t r ic h u m  

p joeospor io ides  
A ltc rn ar ia  a l tc r n a ta

Lantana 10 ArJathorj a Garlic 10% 
% 1 0 %

N p p m  nil M a n c o / p b  

0 2% 0.3%

» h ( 2 « » )  c o n d u c e d  a s tudy in .he Departm ent o f  Plan, Pathology. C o l le g e  o f

trticullure. V e l la n ik k a r a  on m an ag em en t  o n e n f s p o ,  o f  ivy  gourd caused hy C ere ; , , ,on ,

. . ,  . i i I tnmrrr in altcrnata.  H ie  treatment in v o lv in g
ccimae. Co l le to tr ichum  glnensporinules am i A l fa  nor ,a

I . Un m n rr  effect ive to control this disease w h e n  
athnda and lantana 1 0  %  w e re  found to be more e i t c u .v

Spared to M a n c o z e b  0 .3 % .

IG



. i  FfTect of different treatm ent on disen«P
11*2* ncidence and disease severity of Bitter
gourd distortion mosaic \irus  (B G D M V ),

'Treatment

no.

T r e a t m e n t s
Per  cent  disease  

incidence

Per  cent  d isease  

severi ty

Ti N e e m  o il  -  gar l ic  em u ls ion  2 % 87.50°°° 60.46°°

T2 N e e m  seed kerne l  extract 5 %
8 8 .8 8 °°° 56.90°°

h Thespesia populnea  le a f  extract  

1 0 %

90.27°°° 52.15°°

Tx In fec te d  p lant  extract 10-3 

d ilu t io n

9 3 . 0 4 * ° 53.11°°

1 7 C o c o n u t  toddy  1: 3 d ilu t ion 92.49°°° 50.61°°

Tr, C o c o n u t  v in e g a r  1 % 8 5 .5 4 3°° 4 2 .1 3 ab

T7 Im id a c lo p r id  0 .0 2 5  % 76.38° 3 7 .8 4 “

T , C o n tro l 97 .21° 71 .00°

Zachana ( 2 0 0 6 )  reported that the botanical coconut v inegar 1% and neem oil garlic em ulsion  

2% were found to be e f fe c t iv e  w i th  low P D I  o f  85 .54  per cent and 87 .50  per cent over  the 

control with P D I  o f  9 7 .2 1  per cent. S im i la r ly  P D S  o f  4 2 .1 3  per cent was recorded in coconut  

vinecar 1% w h ich  indicates its e l f ic ic n c y  to manage the B G D M V .

*
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?rlsaV *  (2*>y> iluay °y W heal,on o f various botanicals to control black rot o f

oulifloww and it was reported that the botanicals garlic 5%, garlic 10% and turmeric 10% 

^  significant effect w ith lower PDI and higher yield over the control.

1 1 .4. Effect o f  indigenous treatments in management of T o b a cco  m o sa ic  f i n i s  ( T M V )

Treatments

Control

Panchagavya @  5 %

PDI

66.8

3 9 .7

^ H e a f  extract 1 5 0 0  p p m

g ^ I i m d l l e a  le a f  extract  @

! 5%

3 1 .7

4 0 .5

Cured  lea f  yield (kg/ha)

1058

1117

1188

Butter milk Q 5%

Vermiwash 'q> 1 0 %

53.1

4 2 .9

1247

1269

1078

Hundekar et al.. 2 0 1 0  studied m a n ag e m en t  o f  Tobacco  M osaic  V irus  ( T M V )  m anagem ent by  

indigenous treatm ent and observed P D I  and y ie ld  that neem le a f  extract 1500 ppm show ing  

less PDI. Butter m i lk  a '5 %  and b o u g a in v i l le a  le a f  extract @  5 %  showed high y ie ld .

11.5. Effect o f  ITK  t r e a t m e n t s  on rust inc idence  in soybean

1 0 0

2 0

60
40
2 0

0

f  or.frol fJccm oil (Ip 

1 %

Cl m3 mu
Cow urinp @ Cow urine g? Hexaconaiole 

1 0  % 1 0 % * @ 0  1% 
Ponp.nmi.i oil

(0) 0 5%

P  2008 

□ 2009

   envhoan nist bv I I K- treatment in tw o
lahagirdar, 2 0 1 0  conducted  study on mnnngem

r m o / ( nnnyem ia  oil (5 )0 .5%  sow ing  e ffec t ive  
different years and reported  c o w  urine i i ’ 0

control disense in 2 0 0 8  and 2 0 0 9 .

12. Why we d o c u m e n t  I T K ?
r . documentation o f 11K . They arc
f j 'rach (2 0 0 7 )  e x p la in e d  the reasons for docum

IB



c.-onomic- s o c ia l  a n d  p o l i t i c a l  f a c to r s  a re  o r a d m l l v  
[. £ . - u p r o o t in g  m a n y  s u c h  u n ta p p e d

in. JS from  th e i r  n a t i v e  h a b i t a t s  r e s u l t in g  in l n «  .
a n d  e ro s io n  o f  v e ry  r ich  in d ig e n o u s

p l e d g e .

2. Rapid pace  o f  a c c u l t u r a t i o n  /  u r b a n i z a t i o n  h a s  t r e m e n d o u s  in f iu e n c e  on  th e  l ives  o f  

indigenous c o m m u n i t i e s .

3 . Modernization has re s u l te d  in to  lo s s  o f  th e ir  peculiar culture  and her itage .

i. The k n o w le d g e  s u r v iv e s  th r o u g h  w o r d  ol m o u th  p a r t ic u la r ly  a m o n g  the o ld  g en e ra t io n ,  

pocumentation o f  t h e i r  v i ta l  k n o w l e d g e  on d i f fe re n t  subjects is necessary  b e fo re  the o ld  

generation passes a w a y .

5. Documentation has g re a t  p ra c t ic a l  u t i l i t y  in a lm o s t  e v e ry  a c t iv i ty  o f  h u m a n  l i fe  such as 

health, anim al h e a l th ,  l i v e s t o c k  m a n a g e m e n t ,  food, a g r icu ltu re ,  t im b e r ,  d y e .  re l ig io u s  

ceremonies, she lte r  etc.

6 . It proviJes u s e fu l  c lu e  fo r  p la n n in g  pro jects  for  c on s erva t io n  o l  b io lo g ic a l  d iv e rs i ty ,  

sustainable uses ol n a tu ra l  re so u rc es ,  in d ig e n o u s  hea lth  practices etc.

1. The data is the in te l l e c tu a l  p ro p er ty  o l  the in fo rm a n t  ( ind iv  idual or c o m m u n i t v ).

Benefit sharing  s h o u ld  he th e re  w h e n  data  w i l l  he used lo r  ra is ing  anv bene lit.

IV  A ttem pts  m a d e  to  p r o t e c t  I I K

Globally and n a t io n a l ly  th e re  are  m a n y  slops taken  to d o c u m e n t ,  protect and  d is s e m in a te  the  

traditional k n o w l e d g e  e x i t i n g  in p a r t ic u la r  c o u n try  or  lo ca l i ty .  In te rn a t io n a l ly

U . l .  T r a d i t io n a l  K n o w l e d g e  D i g i t a l  L i b r a r y !  I K D I . )

.r . ,  , , i „  repos ito ry  o f  the t ra d i t io n a l  k n o w le d g e .
I K D L  is an I n d ia n  d ig i t a l  k n o w le d g e  reposu

.. | nci'd in In d ia n  system s o f  m e d ic in e .  Set
Pccially about m e d i c i n a l  p la n ts  a nd  lo r m u l i

... . , . .hr. r m i n c i l  o f  S c ie n t i f ic  and In d u s tr ia l
,p "i 2 0 0 1 , as a c o l l a b o r a t i o n  b e tw e e n  the l  o t inc . i

I>. r  Y n u a  and N a t u r o p a t h y ,  U n a n i ,  S id d h a
Research fC lS IR )  a n d  the  D e p a r t m e n t  o f  A y u r v e d a ,  Y o g a

. .  , r  i ip j ihh &  T a m i l  v  W e l f a r e ,  O o v c r n m c n t  ot
H o m o e o p a th y  ( l ) c p i .  o f  A Y I I S I I ) .  M i n i s t r y  o f  l l c n i m  A i m  y



J ji i i tb i objective o f the library is to protect the ancient and traditional knowledge o f the 

^  from exploitation through btopiracy and unedtica, patents, by docun,Anting i, 

^con ica lly  and class,fying tt as per tntcmational patent classification systems. Apart from 

^  the non-patent database serves lo foster modern research based on traditional 

p le d g e - as it s im plifies access to this vast knowledge o f remedies or practices.

,3  2 . World Inte l lec tua l  P r o p e r t y  O r g a n iza t io n  (W IP O )

In 1998, W orld Intellectual Property Organization (WIPO) began a new set o f 

activities designed to explore the Intellectual Property (IP) aspects o f the protection o f ITK. 

The main objective ot these activities was to identify and explore the IP needs and 

expectations ot the holders ot I K in order to promote the contribution o f the IP system lo 

their social, cultural and economic development. .WIPO Intergovernmental Committee on 

Intellectual Property and Genetic Resources, Traditional Knowledge and Folklore towards 

the development o f  an international legal instrument or instruments for the effective 

protection o f traditional cultural expressions and traditional knowledge, and to address the 

intellectual property aspects o f  access to and benefit-sharing in genetic resources.

13.3. A g reem en t  o n  T r a d e - R e l a t e d  A s p e c t s  o f  In te l l e c tu a l  P r o p e r t y  R ig h t s  ( T R I P S )

T R IP S  is an  in t e r n a t io n a l  a g re e m e n t  a d m in is te re d  by the W o r l d  1 radc  

Organization ( W I t ) )  th a t  sets d o w n  m i n i m u m  standards lo r  m any  lo im s  ol in te l le c tu a l  

property ( IP )  r e g u la t io n  as a p p l i e d  to na t io n a ls  o l  o th e r  W  1 0  M e m b e r s .  It w as  n e g o t ia te d  at 

the end o f  the H n m u a v  R o u n d  o l the G e n e ra l  A g r e e m e n t  on Tar if fs  and Trade ( G A 1  1) in
J

1994 In 4th W T O  M i n i s t e r i a l  M e e t i n g  in D o h a .  2 0 0 1 .  one o f  the k ey  issues raised that there  

is need o f  a m e n d m e n ts  m  the  I ra d c  R e la te d  A spects  o f  In te l lec tu a l  P roperty  R ig h ts  (1 R A 1 P )  

Agreement, so that lhc  m e m b e r s  shall  req u ire  to p ro v id e  that an a p p l ic a t io n  lo r  a patent  

relating to b io lo g ic a l  m a t e r i a ls  o r  lo  I r a d i l i o n a l  K n o w le d g e .

to India national level acts protect traditional knowledge. I hey

13.4.G e o g r a p h ic a l  i n d i c a t i o n s  A c t ,  1999
r , . , ... r r |f.tcd In functions assigned to trademarks and
Geographical indications are closely r *

am. .. •• Kvpii i f  GIs have no properly holder perse,
VVl-ll established in unfair competition la . 

ii, i „,ori ., riohi because their benefit stream is
nevertheless count towards an intellectual pn p 

\W , -tmd.irer of' a product. In addition to I l ’Rs and
Biographical area in relation to lhe p L



ftrion la w .  G I s  a re  s u b je c t  to c o n s u m e r  law s  n* ,u 
jcroF . ' ^  ^-hey e m b o d y  the p re ie ren c e  a

c o n s u l  ma> expreSS t o r  l o c a l l > P ro d u c e d  goods. T h e  b e n e f i t  s tream  (v a lu e )  o f  T K  is

c03pS“ la,ed in the imelieC‘ ° ‘ ,hc humai’ mind- w hi|e Ihe benefil stream o f a Geographical 
^.cation is a particular product originating in a particular geographical region.

[t has been  s u g g e s te d  th a t  G e o g r a p h ic a l  in d ic a t io n s  A c t  w i l l  be h e lp fu l  in p ro tec t ing  

* e  traditional k n o w l e d g e  o f  the  in d ig e n o u s  peop le .  T h e  d e v e lo p m e n t  o f  p lan t  var ie t ies  w o u ld  

c0t be in ^  p ic tu re  u n le s s  these  in d ig e n o u s  p eo p le  w e re  there. T h e  im p o r ta n t  l in k a g e  

between g e o g ra p h ic a l  in d ic a t io n s  and  d e v e lo p in g  countr ies  interest,  corresponds  to the  

protection o l  t r a d i t io n a l  k n o w l e d g e .  P ro b a b ly  the o n ly  e x is t in g  c a te g o ry  o f  in te l lec tu a l  

property rights that  m a y  d ire c t ly  a p p l ie d  to the p ro te c t io n  o f  t ra d it io n a l  k n o w le d g e  is that o f

geographical in d ic a t io n s .

13.5. P ro te c t io n  o f  P l a n t  V a r i e t y  a n d  F a r m e r s  R ig h t  A c t ,  2 0 0 1 ( P P V F R  A c t )

It is an .Act o t  the  P a r l i a m e n t  o f  In d ia  enacted  to p ro v id e  for  the e s ta b l is h m e n t  o f  an  

effective system fo r  p r o t e c t io n  o f  p lan t  va r ie t ie s ,  the rights o f  fa rm ers  and p lant  breeders, and

1 0 encourage the d e v e l o p m e n t  a n d  c u l t iv a t io n  o f  new var ie t ies  o f  plants. T h is  act re ce iv ed  the  

assent o f  the P res id en t  o l  In d ia  on  the  O c to b e r  3 0 .  2 0 0 1 .

The p ro v is io n s  o n  th e  r ig h t  to send specify  that fa rm ers  are e n t i t le d  to save. use. s o w .  

re-sow. exchange, share  a n d  sell I a rm  p ro d u c e ,  in c lu d in g  seeds ol v ar ie t ies  pro tec ted  bv p lan t  

breeder ; r ieht. [ h e v  a re .  h o w e v e r ,  not a l lo w e d  to sell seeds ol pro tected  v ar ie t ies  as b ia n d e d  

packages. A l l  the s a m e ,  th is  s tands a s  the m ost l ibera l le g is la t io n  to date  in this sphe ie .  

allowing fa rm e r 's  a l l  the  c u s to m a r y  r ights  they p rev ious ly  e n jo y e d

13.6. B io log ica l  D i v e r s i t y  \ c t ,  2 0 0 2

It is an A c t  o l  the  P a r l i a m e n t  ol In d ia  for p reserva t ion  ol b io lo g ic a l  d ivers ity  in In d ia .

in, 1 1 , , . u  . d r n m o  ol benef i ts  a r is in g  out use ol t ra d i t io n a land provides m c c h a m  an l<>r c<|in lnblc  s l ia im g  oi u c m c o . ,

'"-logical resources a n , I  k u o u l c l n c  I be  v is ion  n l  N B A  is ihc  e o n s e n a . i o n  an,I s u s la in a b le

llsc o f  Ind ia 's  r ich  b i  v c rs l iv  an, I  n s s o u n . d   ........   p e o p le  p a . U c p a l i o n .  e n s u r in g

11 n i l  nrccpiii uni InU irc  gen era t ions .  1 he m is s io n  id
^ p ro c e s s  o f  b e n e f i t  s h a r in g  fo r  w e l l  b e in g  of present am i g

\ j r i . . , , .; n H id lo u ie a l  D iv e r s i t y  A c t .  2 0 0 2  and  the
” A is to ensure  e f f e c t i v e  im p le m e n t a t io n

iv . aiinn , , f  h io d iv e rs i lv .  susta inab le  use o f  its
Biological D iv e r s i t y  P u l e s  211(14 IBr c o n s e rv a t io n  ............

, • j  h rn p f i ls  a r is in g  m i l  o l u t i l i z a t io n  ol genetic
^Portents and la i r  a nd  e q u i t a b le  s ha r in g

 ̂sources



advantages  o f  I T K
l 4* *

[lbas minimum risk factor 

jjes heavily on genetic and physical diversity 

[exploits optimum u tiliry  o f  local resources

[j is environmental healthy

It takes a holis t ic  w o r l d w i d e

It js readily a v a i l a b l e  a n d  e a s i l y  u n d e r s t a n d a b l e

[t tits into local f a r m i n g  s v s t e m  a n d  is a d a p t a b l e  to m e e t  m u l t ip u r p o s e  need

It ts based on  c u l tu r a l  \  a l l i e s  o f  c o m m u n i t y

It is arrested b> e v i d e n c e s  f r o m  tru s t  w o r th y  s o u r c e s

It encourages t r a n s p a r e n c y  a n d  a c c o u n t a b i l i t y

15. Limitations o f  I I K

l ack o f  rep l icah i i i tx

l.'neven d is t r ib u t io n  a c r o s s  in d ie  id u a ls .  c o m m u n i t i e s  an d  re g io n s

Breakdown in to  la c e  . o l  cr i  .e . o r  e x te rn a l  in te rv e n t io n s  m ust be p ro p er  a tten t ion

It is limited to the lo c a l  p o o l  o l  te c h n iq u e s ,  m a te r ia ls  and genetic  resom ees

Variation in c a p a c i l  v to g e n e ra te  i m p le m e n l  and Irans le r  I ro m  m d i \  u lual to n u l i \  u lual

Mn trnn r , i . a ii mil e c o n o m ic  structure  w i t h in  w h ic h  lh e \^cope tor m a n i p u l a t i o n  o l  s oc ia l ,  p o l i t ic . 1 1 a im  w

occur



,6. S a * inary

Indigenous Technical  Knowledge  (ITK) is t rad i t iona l  based w h e r e  t ransferred  

generation to generation b y  specific a c o m m u n i t y .  ITK is d iv e rs i f ie d  in d i f fe re n t  f ie lds  w i t h  

^ q u e  nature. I n d i g e n o u s  pract ices l i k e  a p p l i c a t io n  o f  botanica ls .  a n i m a l  products  and som e  

0f cultural m e th o ds  p l a v s  i m p o r t a n t  ro le  in m a n a g e m e n t  o f  p lant  diseases. D o c u m e n t a t i o n  o f  

0 -^ jerve as a readv re terences  for the a gr icu l tu ra l  scientists for  further study to d e t e r m in e  

^eir scientific ra t io n a l i t >  a n d  effect iveness A t t e m p t s  are m a d e  to pro tect  I T K  nationally and

internationally.

17. Conclusion

Indian a g r i c u l t u r e  has  r ich  t rad i t io n a l  values  ex is t ing  and carr ied  out  t i l l  today.  

Documentation. i n \ e n i o r >  a n d  v a l i d a t i o n  o f  in d ig e no u s  trad i t iona l  pract ices sh o u ld  consider .  

Awareness a m o n g  th e  f a r m e r s  a b o u t  t rad i t io na l  k n o w l e d g e  and lo c a l l y  a v a i la b le  m a te r ia ls  

which can he e f f e c t i v c h  u>cd in p lan t  d isease m a n a g e m e n t  should  he d o ne  through  e x ten s io n  

aeencies and m e d i a .  1 1 k  p ra c t ic e s  s h o u ld  he m a j o r l y  r e c o m m e n d e d  in In tegra ted  D isease
w

Management.
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|S. 0 i « n 3 s io n

I ffa ft do organ ic  f a r m in g  a n d  IT K  differ?

ITK i s  bastes for organic farming, ITK may or may no, be organic, in ITK. 

timers use locally avatlable materials along with lime. Bordeaux, mixture etc. where 
chemicals is not recommended in organic farming

2. How in tercropp ing  p ra c tic e s  reduces plant diseases?

Intercropping is the c ultivation ot two or more crops simultaneously on the 

same field. The rationale behind intercropping is that the different crops planted are 

unlikely to share disease causing pathogens and to conserve the soil 

Eg. Ground nut intercropping with bajra was found to he the best intercrop in 

reducing the Peanut hud necrosis disease incidence followed bv sorghum 

( Sunkad e t  a l  2<> 15»

3 What is d iffe ren t c hi /u c c n  sea  still and  common \ah

The m u s t  n o t a b l e  d i H c r c n c c s  b e tw e e n  sen salt a n d  ta b le  salt a re  in th e i r  taste ,  

te x tu re  a n d  p r o c e s s i n g  S e a  salt  is p r o d u c e d  th ro u g h  e v a p o r a t io n  o f  o c e a n  w a t e r  o r  

w a te r  I r o n ,  s a l t w a t e r  l a k e s ,  u s u a l ly  w i l l ,  l i t t le  p ro c e s s in g .  I he  m in e r a ls  a d d  f l a v o u r

and c o l o u r  to sea  s ill, w h i r l ,  a l s o  c o m e s  in a v a r ie ty  ol c o a r s e n e s s  le v e ls .  I a b le  salt ,s

i ill i l i ’ nns i ls  I a b le  sail is m o r c  h e a v i ly  p ro c es s e d  
t y p ic a l ly  m i n e d  I r o m  u n d e r g r o u n d  sail  d t p

it , , . „ c  'in , , i , 1111\ c  to p re v e n t  c l u m p in g .  M o s t  ta b leto e l i m i n a t e  m i n e r a l s  a n d  u s u a l ly  c o n ta in

#;,a m i t r i r i i l  that h e lp s  m a in t a in  a h e a l th y  th y r o id ,  
sail a ls o  has  a d d e d  i o d i n e ,  an  e s s e n t ia l

^  W h i c h  I T K  i s  p r a c  I  i c e d  u o r l t l w i d e
7

N t l e a u x  m i x t u r e  is w i d e l y  u s e d  11 R» viiutiw \ 1111 \  I 111 1 - » - J
, 1 1breaks of vine d i s e a s e s  occurred among the 17//,

the 19th century. Severn o  ̂ outbrenka were caused by pests
nes of the c l a s s i c a l  E u r o p e a n  w i n e  rug



# „bic& *ese vines lacked resistance carri d

,-jecimens of American origin. These pesls J  ** b^ g h .  t0 ^  .
^  by the aphid , ^ W a  ^  bm ako ^  0 %  the ^  ^  ^  ^

After the downy mildew had slriJck other l e a s e s  caused by fungi

of the University o f  B o r d e a u x  studied  ^  ’? " *  Pro^ ° r  Pietre-Mane-Alexis

* *  n° led that « n e s  Coses, l0 the of ,he Bordeaux
^  vines were affected. After inquiries, he found „ '  ^  n° ' Show ™ 'dew, while all

* * *  ° f CUS° 4 3nd lime 10 * t e r  passersbv f r o m  ^  ^  Spra>'ed wilb *
,«both visible and bitter-tasting. This lcd Mi||ard 'hc 6rapes’ si™e this treatment

-  trials primarily took place in the vineyards ofChC ^  ' nalS 'h“  ,rea,mew-

Entest David. Dauxac s technical director. Millardci"” 1' he " as as5isled b>'

recommended the mixture to combat downy mildew^! PUbl'SlKd h'S llndinss in IS!i-S and 

has also been known as the \ f ,ji ,r i .r rs •, rilnLC* 1,10 use ° ri3ordeaux mixture
1 ,M ‘J™ u - n a v id  t r e a tm e n t  N , m  ,i • •

countries in the w o r l d .  ‘ ,s w ,(Jo Iy  used in

Fhe
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Indigenous technical knowledge in plant disease management

Abstract

India is a  v a s t  c o u n t r y  w i t h  r i ch  b io d i v e r s i t y  a n d  t r easu re  of t rad i t iona l  k n o w l c d c c .  

Over the years ,  f o r m e r s  a n d  ^ a g e s  d e v e l o p e d  i n n u m e r a b l e  e l l e c t i v e  p r ac t i c e s  to c row c r o p s  

;ind raise a n i m a l s  in agr i>-oct»lngica l  r e g i o n s  ol the s u b c o n t i n e n t  I n d i g e n o u s  T e c h n i c a l  

Knowledge ( I T K )  m th e  a c t u a l  k n o w l e d g e  t>t a g i v e n  p o p u l a t i o n  tluit r c l l ee t s  the e x p e r i e n c e s  

based on t r ad i t io n  a n d  i n c l u d e s  m o r e  recent  e x p e r i e n c e s  wi th  m o d e r n  t e c h n o l o g i e s  

(Haverkort., 1995).

I T K  is d i v e r s i f i e d  in  d i t l e r e n t  l ie ld s  l ik e  a g r ic u l tu r e ,  c t l i n o - b o l a n v . m e t e o r o l o g y . 

cthnn-ecology m e d i c i n e ,  s o c ia l  . u e n c e s  an i l  h u m a n i t ie s .  I l k  is d y n a m i c .  t ra d i t io n ; i l

knowledge b a s e d ,  d e s c r i p t i v e  a n d  a n a l v t . c a l  I I k  can  be c o l le c te d  I n  d . l l c r c n l  m e th o d s  based

■  Ike s i tu a t io n s ,  s o c ia l  systems a n d  c u l t u r a l  v a lu e s .  In a n c ie n t  h i s i o n .  p e o p le  w e r e  a w a r e  o f
*/

u  , . . . .  .j 1 1 . 1  ' in i inn] h u s b a m lr v .  bul u n a w a r e  a b o u t  c ro p
Agricultural m a n a g e m e n t ,  h a r v e s t i n g ,  s to rage  an d  an

nr... • . i i .ti-1' . . i i 'c mkI a lso  b e l ie v e d  in in te rn a l  d iseases
Protection. L a te r ,  p e o p l e  o b s e r v e d  e x t e r n a l  d a m a g e s  a m i

,Vata- pitta and kafa).

. , u .,c v a s ik n  (Juslicin inlluitoihil  n t im u k t n k a
In V r i k s h a y u r v e d a .  b o t a n i c a l *  such  as v a s .u a

W l i u  , r  / , / / ,  , - i h e s )  Mahua [ M a d h u v n  spp.) e t c  were
™ P ' a R e  h t n n h a l w l s ) ,  hidanga ( h m h e h a  n t o s h

Hi. • rtU,ni Some of the animal products r/r cow
droned as effective for plant disease managem 

tin ,• • I mmnire e t c  were also mentioned m other
8 and urine milk honey, animal foi. liquid manor
. ' y  a rnW nrinc in paddy lields, sea salt m
cm literature Application o f  c o w  dung slurry fl ,am A pplicant n practiced by the farmers

basin,. asaloelida and turmeric for wired plants ore . 1



e s t a b l i s h e d  t h e  s p e c i f i c i t y ,  c o n c e n t r a r i n n  j

p —  ^  . 0 0 , s. m e ,h 0 d S  ° f  aPPl iCa, i0n 0 f  , h e se

ReSearCh W° : f  C a fT ied  ° W i n  t h e  D ~ " t  o f  P l a n t  P a t h o l o g y . C o l l e g e  o f

H o .c u . tu r e .  V e l l a n r k k a r a  r e c o r d e d  t h e  e f f e c t i v e n e s s  o f  v a r i o u s  i n d i g e n o u s  m e t h o d s  f o r  t h e  

c a s e m e n t  o t  p l a n t  d r s e n s e s .  D a v i s  ( 2 0 0 3 ,  s h o w e d  th e  e f f e c t i v e n e s s  o f  a d a t h o d a  

{M i c i a  a d h a w d a )  a g a i n s t  l e a ,  s p o t  o f  i v y  g o u r d .  Z a c h a r i a  ( 2 0 0 6 )  r e p o r t e d  t h a t  o n e  p e r  c e n t  

coconut v i n e g a r  w a s  f o u n d  t o  b e  e f f e c t i v e  a g a i n s t  b i t t e r  g o u r d  d i s t o r t i o n  m o s a i c .  

Effectiveness o f  g a r l i c  e x t r a c t  in  r e d u c i n g  b l a c k  ro t  o f  c a u l i f l o w e r  w a s  a l s o  r e p o r t e d  

(Prasanna, 2 0 0 9 ) .

Documentation ot I TK. is e s s e n t i a l  l o r  c o n s e r v i n g  t r ad i t iona l  p rac t i ces  in its o r ig ina l  

form. This is international!} d o n e  t h r o u g h  T ra d i t i o n a l  K n o w l e d g e  Digi ta l  L ib ra ry  ( T K D L ) .  

World Intel lectual  P r o p e r ! }  ( J r g a n i / a l i o n  (\V IPO )  and  na t iona l ly  by G e o g r a p h i c a l  In d i ca t io ns  

(01) Act. Plant  V a r i e t i e s  &  I a r m o r ' s  R i g h t s  ( P V &  I R )  Ac t  and  Bio log ica l  Dive r s i ty  Act .

Even t h o u g h  a p p l i c a t i o n  ol  I 1 K  in a g r i c u l t u r e  has  m a i n  a d v a n t a g e s ,  there  are  s o m e  

limitations l ike l ack  o f  r e p l i e a h i l i t } . u n e v e n  d i s t r i bu t i on ,  a d a p t a t i o n  In socict> etc. In o r d e r  to 

maintain a hea l t h v  e n v i r o n m e n t ,  p r e s e n t  g e n e r a t i o n  need  to he  a w a r e  ol the t r ad i t iona l  

practices. T h u s ,  I I K s h o u l d  b e  a m a | o r  c o m p o n e n t  in in t eg ra ted  plant  d i s ea se  m a n a g e m e n t .
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Title

p h o t o - b l e a c h i n g  ( P B ) .  m o r t a l i t v  t \ m  onrTr , ■ , ----------------
- 1 N| 1 ' Jn d  resistant  or suscept ib le

a s s e s s m e n t s  o f  o r n a m e n t a l  c r o p , ,  s c g c l a b l e s  a n d  w e e d s  i„  

i n o c u l a t i o n  w i t h  P h n n m  nuicrostonm

Per s i s t ence  o \ P m u c rn s i„ „ h , X*-2 IB in Held soil a l ter  I. 2. -I. a n d " '

I 2 m o n t h s  a l t e r  a p p l i c a t i o n  o |  i noculuni  at rates o |  n nr  loot) u /m : 

(untreated or  t r e a t e d ,  r e s p e c t i \ e l \ ).

PC R d e t e c t i o n  o l ' t h e  d i s p e r s a l  ol three  P nnicm shinni  i solate b-l- 

I IB a p p l i e d  at  e i t h e r  •) o r  s o u  m (unt rea ted or treated,  

r e spec t ive ly  > t i n d e r  11 cI«.I c o n d i t i o n s  us i ih1 I ) \  \  s amples  ext racted 

Irom plant, roots, soi l  Irom w i t h in  plots  at a depth  ol I X cm.  and soil 

from out  -tide the  plots at a d i s t a n c e  «>I >0 anil f t f i  sin 

Root  e o f  in i / , if n ut ol  d a n d e l i o n  l u i v e m  lollovviii!'  inoculat ion vv 

Phnm o Wiii > i>\h>nui '> I I l i t  11ed i. dan de l io n  v a s t  ular  tract I lmecu).

I fleet id l e r t i l i / e r  t'  pe  .ind levels  appl i ed  with I p i n  ol the 

h inherhic  nle f 'h m ih i  mat i n \h  miii < > 11 the pe w cut • I i tide I ion t cdin. I ion

at three  w e e k s

S c u n m n u  e l e c t r o n  m i c r o p i a p h  • "I  d i v i l o p i i K i i l . i l  p a l l c i n s  <1 

ind iv  i Ju . i l  p  ilh. >ecn . i p p h c i l  m .1 n   M m e  I"  le.d s u i l . i r c .

I f leet  n l  r x n ,  nl„rhm„mi. L-rccr, Ms '."I h" " ^

c o n d i l i o n s .  I m m  Iclt l<> r.yltl i.t.lresilctl   I. I . c . lm  ulc .dnnc.  

h u m u s  n l i in c .  .tn.l Inntu.s  p in -  h erb ic ide



Weeds are a problem in both cron p r o d u r . i n „  , .
• i , . lur* Srass system. associated

»jlb decline m c r o p  > i d d  a n d  q u a l i ty :  a s  an aesthet ic  nuisance , „ i  r
anu as a source o f  a l lersen ic

^  iGadermaicr «/ al..2014,. Since the posi-vvorld war II introduction of the'firs, 

s|ective herbicides. 2.4-0 and MC'IJ,\ O-meihyM-chloroplicnoxvacelic acid,, such products

« S ni" c a n “ > c h a n 8 c d  , h c  m a n a e c m e m  techn iques  that are em ploye d  by farmers and 

other managers  o f  a n t h r o p o g e n i c  e c o s y s t e m s  .Mi th i l a  , ,  „/..  2011) .  T h e  primary benefi t  

offered by se l ec t ive  h e r b i c i d e s  is the  abil i ty to control  certain weed species  without  harming  

crops- framed on p h y s i o l o g i c a l  d i l l c r e n c e s  he tween species.  Iliis abil i ty has enabled 

siunilicant yield i n c r e a s e s  in m a i n  crops,  and cont inues  to be an important  aspect  o f  

jgroecosystcm m a n a g e m e n t  (M i th i l a  i t  til.. 2 o l l ) .  Current ly,  there are about  25 known 

herbicide target  Mte> at the m ol ecu la r  lc\cl .  c.e. .  disrupt ion o f  l :PSP (5- 

e n o lp y r u v y l s h i k im a te * ' - p h o s p h a te  synthase  t required lor branched amino  acid synthesis  by 

glyphosate ( S a m m o n s  arid ( u i n c > .  2 n i h  or interference o|  auxin pathways  by 2.4-1)

((irossmann. 2 u H h  Mc^pi te  tbi> variety,  in many cases a l imited numb er  ol herbicide 

mechanisms h ivc b e e n  c o n tm n o i i s p .  e m p l o y e d  by operators  based on the low v.ost oi eiise ol 

use associated wi th  rho^e p r o d u c t s  (Heckic .  201 I I. I his pract ice has in many cases  created

Jrtificial s e l e c t io n  p r e .  on  w e e d  p . .pul . ...................... v.momw llie w idespread  e m e r g e n c e  o f

hcrbicide-rcsislani w e d ,  11 l . i rmcl isv.  S H  \ s  "I lime. ’1,17  , cs i s i . ,m-wccd popula l ions  

have been rep« > rf ci I m .1. i.it i* tlh 1 ’ "I I be know 11 herbicide tai Let s.

1. <.iiu lie developed.  weeds  will cont inue to evolveIt is a p p a r e n t  lit.if ■ new h c t m i  nies .m 1
,1 1 ,, innl jecl I "i ibis reason.  I lie cont inuous

m response In w h a t e v e r  ,e l e c t i v e  |". . nit llial m -‘I (
1................. 11 11) ilie oimi ' inu inainlenanee ol

development ol no v e l  w e d  cont ro l  m r t l m d s  1. c . . u n i a t
1 , ,r,* needed  bolli to coti i iol weed popula t ions  that arc

agricultural yields .  I l icse d e v c l - . p m c n t s  . in  h l u k
, | ., (■>,11 ,s well its I" d i \ e i s i l \  weed  eontrol  p la l lorms

resistant to cu r ren t  Is a v a i l a b l e  m o d e s  ol  a r t ion .  .is
• . ‘ , lhVS resistant trails. \ , ldi t .onul l>.  increasing public
•n order to d e lav  the e m e r g e n c e  ol new

.. , ( n c s l i c I d c  r e s i d u e s ,  pa. t ieula . lv ,11 residential  areas (e.g..
concern with the n e g a t i v e  c 11 eels  ol | e

1 1 ip i l tctnat ive met l tods ol cont rol l ing weeds  and
tortgraBS), has led u> increasing dcmant

other pests (Hailey or n l . 2(> M ).

Cl B io lo g ica l  c o n t r o l  o f  weed**

• lcrm refers to the introduction of organisms into 
Biological control * . onc  m „ rc undesirable species (Bailey e l  n l

'"I eensvsii.'in with t h e  intention ol u
m



✓ The}  should be stable in storage

✓ T h e \  should be genet icalK stable i7- th,> ii-m;., . r , iabilit} of lhc organism to maintain
its genot>pe o v e r  popu la t ion

✓ T h e}  should be e f fe c t iv e  under field conditions

✓ Thcv should be to lerant to variations in temperature

✓ I he> should be compat ib le  vv ith other chemicals

. fypcs of mic robia l  h e r b i c id e s

Microbial herbicides  can be divided into microbial preparation herbicide and 

m i c r o b e - d e r i v e d  herbicide bv virtue of the effective components  from the pathogen itself or 

jta phvtutoxin.

5.1 Microhial- de r i ved  h e r b i c i d e s

M i c r o b i a l - d c r i v  c d  h e r b i c i d e s ,  e s p e c i a l l }  m i c r o o r g a n i s m  s e c o n d a r v  m e t a b o l i t e s ,  

arc a n e w  k i n d  o t  m i c r o b i a l  h e r b i c i d e  t o  c o n t r o l  w e e d s ,  w h i c h  a r e  a l v v a v s  p h v t o t o x i n s .  

Mi c r i ' o r e a n i s n i  c a n  p r o d u c e  a  l ot  o f  m e t a b o l i t e s  w h o s e  c h a r a c t e r i s t i c s  a r e  d i v e r s i t v  i n  

st ructure a n d  b i o l o g i c a l  a c t i v i t v .  a n d  c a s i k  d e g r a d e d .  I l i e s e  b i o a c t i v e  c o m p o n e n t s  i n v a d e  

i n t i ' t h e  h o t  p l a n t ,  c a u s e  p a t h o g e n i c  i t v . d e s t r o v  t h e i r  s t r u c t u r e  a n d  l e a d  t h e m  t o  p r o d u c e  

n c c r ’tic l e s i o n s  n r  c h l o i o t i c  h a l o  1 1 i . /  0 / .  '’( l i l t ) .  \ o v v .  b i o l o g i s t s  a n d  a g r i c u l t u r a l i s t s  a r e  

paving m o r e  a t t e n t i o n  t<. n a t u r a l  p r o d u c t s  t h a t  h a v e  h c r b i c i d a l  a c t i v i t v .  l o r  t h e s e  n a t u r a l  

phv loii ' \ i n  •> h a v e  a  s p e c i f i c  l a r g e  I a n d  11c w d  i 11 e  r e n t  c h e m  ic. i l  s t r u c t  t i r e s  w h i c h  a r c  d i f f i c u l t  t o  

s v n t h c a / c  hv c m m o n  p e s t i c i d e  s v i i l h e s i s  m e t h o d .  I h c v  a r c  l e s s  p o i s o n o u s  t o  m o s t  o l  

m a m m a l i a n  v .  a a n  c a  a b  d e g r a d e d  a n d  s o  I a  r r e s u l t  111 n o  b i o l o g i c a l  d i s a s t e r  c o m p a r e d  t o  

che mi c a l  h c r h n  i d  ((  l i a i n d a l l a n .  I ' / ' d ) .  I l i e s e  p l i v t o i o x i i i s  a r e  v e i v  d i f f e r e n t  i n  c h e m i c a l  

s t ructure a n d  s i / . -  Si  . m e  o l  t h e m  a i c  p o l v  p e p l u l c s .  i c r p c n c s  m a c  r oc  \  l i e  a n d  b a k c l i l e  ( S t r o b c l  

''I nl  | 0«>|  , | | l( . i r , , d i i l e n  ai l  m  I l i c i t  h o . 1 p l a i n  p e c i a l i l v .  I h c v  c i l h c i  a p p k  t o  a

•mule s p e c i e s  o r  t o  o n e  k i n d  o l  p i . m l  I ’h v l o i o x u i s  u s e d  l o i  m i c i o b i . t l  h e r b i c i d e s  c a n  b e  

di v i ded  i n f o  i h r e c  I v p o s :  b a c l e r i a l  h i m '  il .u i m o i n v c c i e  d e n v e d  p i o d m .  1

■•I.I f’l iylolovins f ro m fungi

liinU. < >hra and Kenji Morila l"iiiul dial phvtotoxin.  len icrocin  from

f "Hi'intriihum y ln t‘n \ ,um oitlc \  have weed conlrol acl ivik I lie expei imcnl  o f  control l ing 7 

di!feront kinds ..I weeds  indicaled that loinlveteli ( U u In nonn in' virKm n;i)  was extremely 

damaged. Pigweed < \nuir,inline n h n l lc u is )  and H o n d a  beggar  weed [hvMnndium  

' '"‘"“ ' '"a/I were severely burned and would not grow out ol lhe damage,  and lohnsoii grass 

lSn,‘x lm ,  liulc/wHsi') was  stunted hut not killed hv Us extract. IMntotoxins l iom other fungi 

llnvc Weed conirol activity such as A M  ( Mtmuirin nlicnniin) toxin, comcxis t in  and lenfoxin.



^ - t o x i n  and its ana log in st ructure can suppress cearmide synthetase and result in 

sphiflgol accumulation that m akes  membrane  break. Comexi t in is metabolin inhibitor and 

3Clion mechanism o f  this is s imi lar  to aminoacctic salt. It inhibits one isoenzyme o f  

jsparagines aminotransferases ,  but once acid from tricarboxylic acid cycle such as aspartic 

3Cjj and glutamic acid is added,  the activity ol toxin will disappear.  Tentoxin have two 

different action mechan i sms  under di l lerent  conditions.  One is interrupting the formation o f  

chfemplas1 -̂v blocking synthesis  ol coding nucleocytoplasmic protein and the other  is energy 

uanferase inhibitor ot \  I Ikise s coupling (actor lor controll ing photophosphorvlat ion (Duke

etui. 19%).

; 1.2 P h y to t o x in s  f r o m  b a c t e r i a

M o s t  o t  t h e  b a c t e r i a  w i t h  an  a b i l i t y  to  p r o d u c e  t o x i n s  a r c  ( i r a m - p o s t i v c  s u c h  as 

Xtrcptomyces. ( o r y i i e b a c t e r i u m  a n d  v e r y  l e w  a re  g r a m  n e g a t i v e  l i k e  P s e u d o m o n a s  ( K r e m e r  

ci u l . I W O i .  / '  genii'  >nu a id s  s y r i n g e  p v . / i ln i s en / ienU i  is a b a c t e r i a l  p l a n t  p a t h o g e n  w h i c h  

causes halo  b l i g h t  d i s e a s e  a n d  l o c a l i z e d  d e a t h  o n  c o m m o n  b e a n  ( I ’h n s c o l n s  vulgii i i . s  I ) a n d  

kud/u \P u c r a r u i  I n h i ih i ) .  w h o s e  t o x i n  w a s  c a l l e d  p h a s c o l o t o x i n .  ( l u c e  it i n f e c t s  p l a n t  r o o t ,  it 

M i l  spread to  s h o u t  t e r m i n u s ,  t h e n  c a u s e s  s t u n t i n g ,  c h l o r o s i s  a n d  e v e n  c a u s e s  f o l i a g e  n e c r o t i c  

lesi.m . i / i J j c f  a n d  H a c k m a n .  11 > ' > .  < m m s i d d a i a h  a n d  ( i c a l y  ( l ' ) ‘ ) | )  l u i v c  p u r i l i c d  t h e  

phvtntuxm tr<mi 1)7.  w h i c h  w a s  i n h i b i t o r .  to  d o w n y  b r u m e  I P r o n i n s  u \ l o r t n n i  a n d  w a s  a 

u imp lex  c • • n >i .1 1 n o l  at l eas t  t w o  p o l v p e p t i d e s ,  a c h r o m o p h o i c .  ta t t y  a c i d  e s te rs ,  a n d  a 

l i p i .pu lysdcchar i  le m a l n x .  I n r l h c r  p u r i l i c a t i o i i  o l  t h i s  c o m p o u n d  r e s u l t e d  in  n e a r  c o m p l e t e  

lass * * i phyt .  i f  a  in  bee n r . c  p i  i r i  I l ea l  i o n  p i'1 ' c e d i  i res  m a y  d a m a g e  I l ie  p l iy  t o l o x  in  ( ( <ni i i s i d d a i a l t  

and r icah, l u u t i  I n r  l i u l l i e r  e s p l m n i "  p o s s i b l e  m e c h a n i s m  o l  D 7 . I ’ a t i i e k  el  «//. ( I ' )

evaluates I el tec I ,  i >t i crude pi c|>aiali< I I )7 on v ,u ion . p hys i c a l  p io c c s s  in roots o l  d o w n y

hrnnic secillme . It w a . Immd ih.it i ell div raoii. i espn at ion. and synthesis ol protein. RN \.  

Jnd I)NA were not inhibited <>i oiilv Mii'liily inhibited, whilst dismpt ion ol lipid synthesis and 

memhrane intcgritv were sii 'nilicant.  which might accoimi loi inhibition ol root elongat ion 

Imnel repeated this exper iment  with ihc liulhei pm died tovin and lotiiul the same result 

'Patrick et ,,/ p g r , ,  o t h e r  phytotoxins Irom pseudomonas have dil lerent  physiological  

mcchnmsins. I’haseolotoxin.  a tripcptnle from I'seinhnnnnos wringe pv plmseoliett/o. 

"dithjts arginine synthesis  by compet ing with carbamoyl  phosphate lot the binding site on 

,,rni,ll'nc carbamoyl t ranslerasc (Daly.  I«>XI). labloxin Irom P syringe Pv mhoe,  can be 

h>dNy,e . l  to tabtoxininc b lactam, which inhibits glutamine synthetase.  S v r i n g o m y u n .  a 

Pcpiide based phytotoxm Horn /* synngne pv. w ringoe. was originally believed to cause cell 

menillnincs hydrolysis I urlhcr studies showed that this toxin could specifically increase k

4



.0 B and H" -ATPase  acliv. lv and was revealed lo have a possible role in C a : ‘ transport  

1 9 9 3

. ph, totovins  f r o m  a c t i n o m v c e t e s
^  r  I

Herbie  id incs a n d  h e r b i m y c i n s  are h i g h c r - p l a m  to x in s  both p r o d u c e d  by 

Sireptorriy L'L’s s t ig u n o n e n s is .  I h e  t o m i e r  is used to con t ro l  grassy w e e d s  in paddy  f ie ld  as 

eeleciivc h erb ic ides ,  the  la t te r  c o n t r o ls  m o n o c o t y l e d o n o u s  and d i c o t y l e d o n o u s  w e e d s  

(Stephen and l . y d o n .  1 9 8 7 ) .  A n i s m y e i n s  I r o m  S t r e p i o m y e e s  is a k i n d  o f  g r o w t h  i n h i b i t o r  lo r  

annual grassy w e e d s  suc h  as b a r n y a r d n e s s  and c o m m o n  c rab  grass a nd  b r o a d - l e a v e d  w e e d s ,  

[ismechanism is to des t ro y  s y n t h e s is  o l  p lan t  c h l o r o p h y l l  ( Y u l e n  / h a n g .  1 9 8 7 ) .  B i a l a p h o s  is 

i metabolite ot  St r \ [< tnm \ c v s  vi ru{tnl i r i>m<>” ci ics and is w i d e l y  used to c o n t r o l  a n n u a l  o r  

perennial grassy w e e d s  a n d  b r o a d - l e a v e d  w e e d s .  I l ie m e c h a n i s m  here is to be m e l a h o l i / e d  to 

phosphinuthriein in p la n t ,  a nd  then  p h o s p h i n o t h r i c i n  in h ib i ts  g l u t a m i n e  synthes is .  A n i s m y c i n  

can make smal l  s e e d l in g s  o l  b a r n y a u l n e s s  and c o m m o n  erabgrass  d ie  a b o \ e  5(1 p p m .  and  

Inhibit radicle g r o w t h  u n d e r  P . 5 p p m  Its synthe tase  may a e e u m u l a t e  a m m o n i a ,  a nd  c o n t r o l  

phnti'V.nthctie p h o s p h o r y l a t i o n  c a u s in g  p lant  dea th  (I in. 1 9 9 9 ) .  C a r b o c y c l i c  c o l o m i y c i n  a nd  

I l y J a n tu c d in  is p r o d u c e d  I coin Si rc / ih  nn \ i  v \  l i \  g r m o o / , / .  w h i c h  can d ecrease  s y n th e ta s e  

of aclenc l« i s u cc m a le  h \  m e r e a s i n "  con ten t  o l  N i l ’ and ho ld  back  syn thes is  ol  p r o te in  

l Pillm* >* *r. 19 9 8 1 In a d d i t i o n .  p h i l r  < \ a / o l m .  h y t a n t o c i d i u  and h o m o a l a n o s i n  I r o m

Streptnmyce-s can c m i n d  s e \ e r a l  w e e d  ■ i S h c n .  I 9 9  <).

>2 Micrnhial p r e p a r a t i o n  h e rb ic id e

M i c r o b i a l  p i e p a i a l i o n  h c i h i c i d e  is d e l i n e d  as m i e r o o i ' n a n i s m  that can  c o n t r o l  

‘•vccds M o . i  re - .  i rMi  i c p o i p .  re la te  to l im i ' a l  p lant  p a thogens .  loi h a e t e n a l  p a t h o g e n s  w i t h  

weed control a. l i c i t  are  a a r c r  I lie c a i l ies t  i c p o i l c d  m v c d i e r h k  ule is  a c u l t u r e  s us p en s io n  

"I < n l l r m i n ,  him, " h „ n  m, I, % I p •UMi i i i h  h-i v o n l i o l l n m  d o d d e i s  w i t h  the n a m e  

k u h a o N o  I . w h u  h w a s  s tu d ie i l  I n  S h a n d i im -  N c a d u n v  ol  \ m  n u l n a e  S c ie n c e  in ( In n a  m  

llle l% ( ) s  I ' s c i n l n m nn ,,s / / / m / v s ,  r m  H a m  1)7. / ’ / / /m » v \ r  c m  stra in B R (  i 1(1(1 and  

Xanthtmumm ( , i m / u ' M r i \  a rc  h a d c i i a l  a i 'cn ls  used as m u i o h i a l  h e r b i c id e s .  C  

r fnenymr io i i ks  I sp n,'s< h \ m m n n r . I ns i i r i imi  nm  and  I ' h o m a  m i u n n t o n n i  a rc

s,,nii; " I  Ihc f 1 1 1 1 1 >.11 a g e n ts  used as m i c r o b i a l  h c i b i i  ides,  l o h a c c o  M i l d  ( u c c n  M o s a i c  

k'hamovirus i I M ( , M V )  is Ih c  o n ly  v i ra l  agent  used.



,  e v a l u a t i o n  o f  b io h e r b ic i d a l  p o tent ia l  o f  funaal  ,
f j  m n g a i  p a th o g e n s  against  w a t e r  h yac in th

I f jc h h u m  ia era w ip e s>

Water hvacmth is one o! the most invncix ^ .* iosl I rnas*'u aquatic weeds o f  Kerala. In a study by

p^eena and Naseema I 2004).  a survey was conducted in the waterway s o f  four southern 

districts of  Kerala to do cu me nt  the lungal pa thogen,  o f  water hyacinth.  Out o f  the 21 fungi 

(tcortled- 12 were pathogenic .  A m o n g  these. Xlyrotheciuni ailvenu Sacc. is a new report on 

water hyacinth. lhe  v \ t en t  ol damage  produced by the pathogenic fungi on water  hyacinth 

iTable I) ranged Irom 10.07 (( urvuhiriu liniata and sterile fungus) to 0 1 . 1 l°b (,\/. tulwna). 

Only ^  Helvetia and / nsai nmi pallnloioscimi  (Cooke) Sacc. caused more than 50% infection 

of [he weed and hold promise  ;is bioconiml  agents ol water h\acinth.

Tabic I. F.Mcnt o f  (laiiKinc caused  h\  pa thog en i c  fungi on w a t e r  hyac in th

Pathogenic fungi llitciisilx of 

in fcctinii 

1 %  1

Pathogenic  fungi
i

Intensity o f  

in feet ion 

( % )

lltijrHUriij

cichhnrniii

1 ! ! 1 /' />ti!/n/<>)(im'uiii 

i s o l a t e  1

-15.00

( nl/cfnfni hum t s . % /• /hillidi m

i s o  Lite 2

17 1 |

1st ll.ltc 1

l - n l a i e  1

It .  ’ 1 /* jUlllhli >1 fW’/l/JI 

i s o  l a i c  '

> v 1 1

( M'vi/larici hnitifii 1 i , i , / 1 Irhninilnni'ti/ciim ’7.77

r
i usarmm etpirsclti I ’ l l

S p

\ l\ mllh t mm 

,hl\ end

o  1 I I

r  V
‘ mnmhforme I I  7 l'e\ldlnlhi s p

•■'"late 1

wt mil if n r  nn II  % I t  hi 'D( It find snltim *1 %

! i'ulnto }

j ^ ‘-rile hingus 1 0 0 7
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The m echanism 's)  behind the suDnre^im ■ -
>up p r e b s i \ e  act ivi tx

^ n n K  m r i i n l N  i ' °* a ^ ' vcn biocontrol  agent  is
many cases only partially understood. GcncralK bscleris r - ,

, .• . . ' a- bingi and actinomvcetes
pwduces metabolites  » h , c h  w i l l  mtcrrere in metabolic paihwass nr , , ,pathways  ot weeds  and thus supresses  

* *  growth.  F o r  e x a m p le .  P seudom onas  spp.  Producing l lxd rogcn  cyanide , H C N )  and

r h m a  n a c r a s u . m a  produan,macrocidins. Future research into the mechanisms underlying 

these effects will he important to achieve consistent efficacy with bioeontrol agents, as well

as K, evaluate po ten t i a l  i m p a c t s  on  h u m a n  and ecosys tem health, th i s  in turn will be o f  value

[o gaming regula tory  a p p r o v a l .  A d d i t i o n a l l y . unders tanding hioherbicidal  m ec h an i sm s  may

generate novel  h e r b i c i d e s  to o v e r c o m e  current  resistance trails (Hovotehko et ul.. 2000) .  and

will likely also he  o f  p e r i p h e r a l  va lue  to the Held o f  plant palhoUmv.

Mass production

( *t m m e r c l a l i / a t u m  ol hiol icrhicidcs  requires cconomical lv feasible me thods  ol 

production ol the b« ' h e r b i c i d e  accti i  - ( S t o u e l l .  | u o | )  In the case ol fungi, the preferred 

method o f  indus t r ia l  p r o d u c t i o n  i- by m e a n s  ol liquid l a m e n ta t i o n ,  but many fungi do not 

produce spores u n d e r  s u h m e r e c d  cond i t ions  In this case, a biphusic product ion system, 

wherein a lu n e u  , i ,  l ir-t  a i l l m c d  in l iquid shake cul lmcs .  lo l lowt.d by slow drying in a

shallow layer It I, m Imm Ii m iml < ham.Li l ian luu.x........... \ c r  solid support  (Mowcll .  11,01 »•

have been sh ow n t • he p rac t ica l  I > c l  natural  aib- lrales l ife giaiiis. weed seeds,  and other

plan, t issues I \ \  u l  . I u . a y  - H e r  an e c o n o m i c a l  a n d  l a c . l e  l o w - t e c h n o l o g y  m e t h o d

.- . ,. |, .1 .. S,,LI, as f hiiiiJrusteiritin pw pure tun  andot spore p r o d u c t i o n  Ha ■ o 11 • i i n v u  lc s s u m
/ i i , , . Im I , infective mvccl ia  in liquid cul ture oi on ster i l i /cdt \linilrnhu\nliiiin /. vur  e m b e  p r o d n a o l  a .  l imc i

. n .... ., ../ | | o o o ) have deve loped a me thod to 
wood blocks ( M o r r i s  <•/ ul  I ' ^ ' M  \ " i s H l c m  . / < / / (  I

. //,, m u,h  s and / u \ \ \nuri tm  that could
produce stable m v c e l i a l  inociiLi ol i n s u n n n i i

,, , | , | in ihs Ndoption ol the solul-suhst ralc
stored wi thou t  loss o l  m l 'ec f iv i tv  I >r more  I i .i

, n a<i 11 imhisliv i , anolhei  commercia l ly  Icasihlc
Production m e t h o d s  u s e d  in the m u s h r o o m  spa

11plioti

I.i .t Ik-i hicidc ( llino ltiris  eu p h o rb ia ? )  
Evaluat ion  n f  culture m e d i u m  for im c ioh ln l

, . . .  hi lerent f t   media lot the in u
M n r t t c s . ( < iO . ’ t l l  11 e v a lu a te d  ^  ^  ...........  ...................................... .............. ..............

 M h e n M u W "*   *  J   ..........   „ . .......
ers b e c a u s e  it p r o v i d e d  great  sporu ntion ( ^

r *rltal luni'al nioniass *
Silty O') 7%|. nu.I l iirmation o  jn ji( nR. , | ifl s p e c i a l l y  the

I media eooldiul  production w.i-  m a r k e d l y  htb' • ̂ 'l Mil 1.1 til 1.1 U||l Mill | *1  ---



j-jediurn c o m p o s e d  bv  a b le n d  o f  s o rg h u m  gra in  <40% )  a

^  produced 2.3 x 10 conidia g 'o f  medium. The cult'" .S0>bean hulls » « » «  <he

* * *  »* PromOIed a siBniHcam increase in the C"ph° rhiae m  biPhasic

moreeffective for the mass production of fu n g u s  and tn " " "°n’d'a' 1 '1L'
effecme for increasing conidia production. 01 ^  denvat,ves were

Tabic 2. C o n id i a  p r o d u c t i o n  a n d  v iab i l iK  o f  .i ‘ i * i  ’ c u p lw rb ia e  in liciuid media made
from w aste  a n d  a g r o - m d u s t n a 1 hv-proclt.cts  use,I at different

1 iv]uill m e d i a
* f *

v " in t l i a  p r o d u c t i o n \  i a b i l i h•

(■ 10‘/ml) ( % )

S u g a r  c a n e  st i l lage
•

5.K 07. 1

( hce-e. V-. l ie>
* — 1

1.5 .So.l j

< iss.iv.i pre-.' . w a t e r
‘ » “S \ tjf) 1

> e,i si c 1 c a m
.

1 5 •i'i. l

S u e a r  l  me 111• 'la-.ee >
• 1 * % o n .7

1 11 r  v ; i  I m u  s  , i  I ( c  i I H i  I «• I 4 n l ! i \  •• I ■ ^  ^ \ -  h

p h o t o p r r i o r l



Table 3. C onid ia l  production  and viability 0 f B '

with mixtures o f  su b stra tes  at various concentrm ion^' eUph°rbiae in so,id mcdia prepared

Solid m e d ia M i x t u r e

concentration

and

.

So rg hu m g r a i n - , 1 | ( ) 0 % S ( i  0 0 „ SI I

I S( 11 ' Sox a i
1 S()  " o  S ( , ’’ i i  s |  |

bean hu lU  (SI I )

00 S( , • to >•„ s| |

lo s ( , o() ",,S| |

I • S ( , - s o  SI I

C onid ia  production o f  

B ip o la r  is cu p h o rh ia e

<*10 /o m edium )

1.17

I . IS

I is

?.1

ii".,s(, | no si I

Viability

( % )

09.0

00.8

00 o

00  0

( ihsrrv ,if n.»n » .lflcr I M il.i\ \ nf inil in .iimu .11 * 0.5 ( 111 .1 I 2Ii plmlnpiwiud

Tabic 4. ( o n id i . i l  p r o d u c t  ion a n d  x i.111iIiI> id llipnluris cnpliorhiac  a f t e r  b ip h a s i c  

cul t ivat ion fo r  10 d a v >

Biphasic c o m b i n a t io n ( 'mi idia  p r o d u e l i n n  of  

Bi/uilaris ruphorhiar

a  s o l i d  nictlin in )

Sugar cane m o l a , s r .  ( 8" „. S t .  Si I f 10

Sugar cane molasses (8n<’ > s( • ‘ Ut,Lkcd u 111,11 

(HO 2 0 % ,

^•gar canc molasses (8%) ! er.ukecl

l 10:60 % ,

Yeast cream ( 7 0 % )  SC. f SI I ( ID.bO'S)

(I 8

\  iabilitv

( % )

00  0

9 0 . 7

oo o



cream ( 7 0  0 o ) S G  -cracked wheat t80^20%)

cream < 7 0  °o), S I  I - c r a c k e d  w h e a t  ( 4 0 : 6 0

o w r v . t f o . ’  ° « "  “ f c u l lh a i io n  a , 25 I  0.5 '"C  i „  a , 2ll pho.opcriod

q form ulat ions

As stated by G reaves  c l al. (1 9QS> inn,u . .
,nr|ov nitons in lormulat ion technology are

vital ii' arc  lo s u c c e e d  wi th  the next  generat ion o f  bioherbicides.  O u r  types o f

materials; fo rm  u l a t i o n s

have received m u c h  a t t e n t i o n ,  va r i o u s  k inds  ol emuls ions ,  organosi l icone  surfactants  such as 

SiIcvcr 1-77.  h y d r o p h i l i c  p o l y m e r s ,  and alginate- ,  starch-,  cellulose-,  or  ululen-bascd 

encapsulation s y s t e m s  I uch ol these  types has its specific advantage  as well as disadvantage.  

Fmulsions can be c o n s t i t u t e d  to p red i spo se  weeds  to hiohcrhicidc au d i t s  and thereby im p r o \ e  

the efficacy and c o n s i s t e n c y  ol wee d  control .  Sonic surlactants.  such as Si lwet I -77. can 

facilitate direct  ent ry  o |  -mul l  c e l l ,  (bacter ial  cells and small  spores)  into the w e e d s ’ t issues.

Hydrophilic p o b m c T s ,  i .  a b road  c r o u p  include numerous  types ol natural and synthetic

polemers with d i l f e r e n t  l eve l -  o |  wate r  boldine . |u.ilitics I ucapsulat ion me thods  o i l er  

possibilities to apply h i . - he rb ic i de s  as dry material ,  to soil, water,  and aerial plant siirlaccs.

On Ihc negat ive  . le. f  rmi i l a i io„  , o m i p o c d  ol expensive  materials  or  those that require

i i | , | .... | , , m . . | | K- Co . i  o l  l u o h c i h i c i d c  p r o d u c t s  M o r e o v e r ,t echn i ca l  s o p h i  ,ti.. at  c m  a t _  l . o n u . i  t-< i i u r . i c m s

i i , l . | . m I I i ,||, ,ns m,iv not he acceptable  Irom a toxicological
so m e  m a t c r i i i l » u . o l  hi  I ml  x  i * » i m n i . u n m u i  i

i , | . . . .  . . i i |  .I.,,, i iKa  I the cho ice  ol app licat ion  tools
p e r s p e c t i v e  I u r t h c T m o r c  t h e  I. < r n m l a l i o i i  l . | c

. ,, , he anphed  lw convent ional  spraycts  usedand methods:  for e x a m p l e  ce r t a in  - m u l  a . m  . cannot  nc a| |

by farm ers

■ • i i  tUm-ii l ' i l  f o r m  i l l a t i o n s  n v s i i l n h l i .T a b le  5. l ist o f  m ic r o b ia l  l i e i lm n i . i l  i«»m»

1—  - J
Pathogen 1 urge! host

I (iniMilalimi/ 

carrier

Hefei'■cnee

Ahurnurla i le \ i r u i’ns ( II S( llfll SP
Wettahlc powder  

ami granules

Simmons. 1 008

( h m d n te n iim Re growth ol
Puslc containing  

| •

Sell ill. 2002

PUrpiti\ um  strain 1 IQ 1 dec iduous  trees
nivcclia

J*

I

to



Tchhomiae

ztoeosporioides

J ^ r i u m  oxysporum  

sp. or i hoc e r as

E ichhom ia

crass ipes 

Senna obtnsifolia

Orobanche

cu niana

Oil emuls ion

Invert emuls ion

Pesta granules

Shabana.  2005

Boyette.  2006

Mul ler-s tover  and 

Sauerbom.  2007

9. Methods of application

C o l l e g o  a n d  I ) e \  ine are iipplied with convent ional  appl icat ion tools and methods:  

with land-based o r  ae r i a l  s p r a y e r s  . S o m e  a t t empts  have been made  lo apple foliar pa thogens  

through soil o r  on  the  s u r t a c e  ol  soil,  as broadcas ted  pellets or  in-row appl icat ions (Pilelli  et 

al.. 1004). but  the s e  m e t h o d s  general ly  have not been put into practical  use. Thus,  the 

preferred m e t h o d  >d a p p l i c a t i o n  is clearly by post -emergent  spraying with convent ional  

sprayers. L ik e w is e ,  m o s t  e v a l u a t i o n s  in the laboratory have used aerosol  sprayers,  hand-  

pumped sp rayer s ,  a n d  p r o ^ u r i / e d  sp raye r s  propel led by ( () or  compressed  air. l h e  held 

applicators p r o d u c e  a w i d e  ramie  ol  droplet  s i /es  and usually are operated al appl icat ion

volumes o f  less than  2 5 n  | ha  i<. - h h  I ha.

10. Application rate
Rale  O  . ippl iu. i l i ' tn iif microbia l  herbicides  c a r i e s « i t h  lhc microhial  agem

>bial herbicides is Iisteel in table No. h.used.rale o f  a p p l i c a t i o n  ol  s o m e  o |  the micr<

T a b le  6.   rat ion ra le  o f  som e o f  lhc m icro!  .

-------- , . “ 7 -------- i Ra te  of 

n p p l i e a t i o n

R e f e r e n c e
Microbial a g e n t /  J 

toxin

T r a d c  i 

n a  m e

VV ecd Imst

( i r a s se s  and 

broad  leaved weeds

1 kg' ha Ahma d  and
Phnsphoinothricin R u h o u l

Mallocli .  1Q05

| ropical  soda 

apple

400 mg/lin Tharuda t t an  and
IMfiMV S o K  i ti i ^

1 liebert.  2007

■--
[.tendel  ion .12 g/ m Bailey cl nl.. 2011

1 horn a  »/,/, m s io n m Not

spec i 1 ted ------ — ------- -----------------------



" * *  - . . . . . . .  . . . ,
T able  . l i s t  ot c o n im e r c i a l l v  avniinM

' a ' a , , a ble microbial  herbicides.

Pathogen
W e e d  host T r a d e

\^ i ie to tr ichum  gli>ei>spnru>iilc\ 1. sp.
n a m e

lew 7/i nonwnc Colleeci
jcsclnnoniL'ne vir^micu)

C. iTltieoiporinulc s 

p^'horuJrnsterc uni p u r  p u r e  urn

_______________
/ Ickcii sericai 1 lakatak

I'ruuns \cm iina Mioclion

\ ColUfolnchum '’locd^ jm riuu lcs  1. sp . tcscln naincnr (. ' o l leeo

acschynnmenc vii ynih ii)
p --- — - --
( ii loeosp itno idc . IIl kt'i 1 Sl'I Il C(l 1 lakatak

( \rlficnspnnntt lc\  t sp i / / s# ///#/#* 1 U' 'L  illi 1 sp. 1 uMan

Cylmilrnhusuhni /./, i . Ii i/I III s p p S iu in p o u i

( nllctu/ru h u m  rm  - •*. / Im'uiiihm ihi’upliriisii \  c l  CO

I i n  I s \  and t  anada .Sonic
12. M a n u f a c t u r e r s

Maiori l ; .  ..I ll,c m m r - b u l  l i e h i e i d c s  arc m a m . l a , l u r e

ol (he manuraclurcr> ol m u  mbial  hc ihu  itlc « arc lisled hi low 

- \  S lo di) & ( < 'inp in Mnml- it India

»• I !pjt ihn ( tMiipanvM S A 

A hhi-ii I aln»ral'  »rics. I s  ^

* f mid U i o t c t h n « I  ^

" I ncorc  I c c h r m lo g v  g ro u p .  I h \

M a m  m e M in  In n o v a t io n s .  I S ^

Advantages

U.I spccifirlly ^  ^  ^  ^  , <>r ||)K rcnson xu. caB uppl>
Microbial  herbicides  are spec 

without harming the main crop



B a i l e y  e t  a l  ( 2 0 1  I ) e v a l u a t e d  P hom n  -
crost°ma  9 4 - 4 4 B  against  e c o n o m i c a l l v

:mPortant agricultural, horticultural and ornamental
species, as well as target and nontarget 

^  P. macrostoma seas pathogenic to its host plants like dandelion ‘and dutch closer

compared to pink penwmkle. bell pepper, water melon Kentucky blue grass, and gladiolus.

commercial applications tor weed management in lurfgrass, agriculture, horticulture and

forestry seem probable, while domestically management of weeds in lawns, transplanted

ornamental and annual flowering species may provide alternative markets.

•3O •
iT✓}
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70
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□ Mortality
Photo b leach ing

Fig I. P h n .n - b l c a c h i n g  ( f l i t .   ...........  I M H  and resistant nr su scep . ih le  a s s e s sm e n ts  t.f

ornamental c r o p s ,  v e g e t a b l e s  a n d  w e e d s  to innenlat inn with I ’h a n m  m a c r o s to m a

11.2 F .nv irnnm rnta l ly  sa fe
. „tjer .is well  as 10 the env i r onmen t  I lievMicroh1.1 l herhicidcs .ire sale lo tin 

neither pose any residue problems rmr contamination to the

1) 2.1 e n v i r o n m e n t a l  sa fe ty  s t u d i e s  o f  P h n m a  ttm croM oou ,  >M- 4411
, r ..c P h n m a  n u i c r o s l o n u i  demonstrated biohe.hiculal 

Several isolates of the fungus ,
. v annlied to soil. Using microbiological and 

fchvity against dandelion seedlings when app
icrytains to disperse and persist in soil were 

""femur genetic techrmpios. the ability o . rose ' ^  ^  Mofontm, lsl.,„,es of /•

   hy    prR : r :  ^  . ■»> — <>
’“  rrnrom,,. were used to detect the iso n e. ^  ^  M)j| sina. wn5 ,10t „llen

'  hiocontrol fungus appeared to have lmu"i "» ^  ^  ^  ^ de|ecloWe |evc|s
'Wei , .

aw ay from lhe nee. where i, was " ■ * " *



forup to 4 months. Hut then its presence declined with Iim. n
. . .  n - r ne >car pos i  application.  P.

m J c r o stoma wa_s c i th e r  nut present  or s ienif ic ' imiv  .
. ,  r .. *" ' PC uc 'n both soil  and plant sam ples

depending on the > ea r  o f  s a m p l i n g .  T h e  results  s u i t e d  ,1m f, - ,
= t esic<j that the isolates  ol  P. mcicrostoma 

..ced lor b io lo g ic a l  w e e d  con tro l  w o u ld  have  . 1

imal environmental  impact due to its
ubiquitous nature,  h m u e d  m o b i l i t y  and w ea k  pers is tence  m e r  seasons .

U n t r e a t e d  soil Treated soil 
2 4

Pig 2. P e r s i s t e n c e  ol  / .  n u u  n is to /im  X5-24U in Held soil a l t e r  I. 2, 4, a n d  12 m o n t h s  

after a p p l i c a t i o n  ol  i n o c u l u m  at  r a l e s  of II o r  lllliii ^ 'ni  * ( u n t r e a t e d  o r  t r e a t e d ,
r e s p e c t i v e l y ).

< w-
V \  N

•A

j m m m  4 ^ r r .  t f i t f M e p p i *  « |  ***

»- * -

Untreated
9 4 - 4 4  I B

T  r e a t e d
94-44B

r , . , , . i i  nl i l o i  r P into 1 osltniiti iso late  ll I 4411 a p p l ie d  atFig J .  pt 14 d e t e c t io n  o f  the d is p e r s a l  " I  l i n n  /.
. , | i-• 11 i•!I r e s m e t i v r l M  u n d e r  field c o n d i t i o n s  u m h j *  l)N \either II o r  Still .T/ m  (1111 t r e a t  n l  n r  11 rat* 'I. 11 spi  u n  c

,1 u i t h i n  p l o t s  at a d e p t h  o l  I S cm,  a n d  soil
samples e x t r a c t e d  f r o m  p l a n t  r o o t s ,  s o i l  I ron ,  u n n m  1

from o u t s id e  t h e  p l o t s  a l  a d i s t a n c e  of  4(1 a n d

I3.J Mult iple  m o d e  ol ac t ion
one

Mien>hes  u i l c c t s  pi; 

nu'' ham ,m | 'aj|s (he o t h e r  w o r k s  success

P,:"Hs W i l l  h c |r v .

| n  more  than one mode  ol action so in;

 ̂ dins deve lopment  ol resistance In the weed



|3. , ,  Multiple mode of action of Phom a m acros,oma  ^  ^

Isolates of the fungus P h n » ,~  ~
-- y+-  4 4 [5

Isolates of the fungus P h n m r ,

i0rtalitj Of Canada thistle (O r  s i u m a n ^ Z T v  ^  Ph°t0b'eaChing and

^ l e a v e d  weeds when applied to the soil. ,n this s ld v  T ^  ^  ^

j* - Bailey et al  (2011)  tound out that
symptoms are caused by the production of macrocidins which have been extracted front

clli!ured m y c e l i u m .  T h e  tu n g u s  e n te re d  the  hosts a , sites p ro x im a l  to roo t  hairs w h e r e

wounding ot the cells was most hkely. and growing imercellularly towards the root core. In

dandelion, the mycehum proliferated around the vascular trachea disrupting the competence

Ot neighboring cells. P  m a c r o s , o m a  boasts potential as a bioherbicide to control susceptible 
broadleaved weeds through more than fine mode of action.

Fig 4. R o o t  c o l o n i z a t i o n  o f  d a n d e l io n  (green)  fo l low ing  inoculat ion with P h o m a  

m a cro s  to n ia  04-4411 (red ) ,  d a n d e l io n  v a scu la r  tract (green).

FI. Disadvantages

FFI. Host specificity
M o s t  o f  the  p a t h o g e n s  a rc  spec , l i e  ... their  host  plants.  In our  c ro p p in g  sys tem

several w e e d s  w i l l  he  p re s e n t  S o  m u r d e r  ,o  co n tro l  each one  ol th e m , it ,s no, e c o n o m ic  to 

apply d i f fe re n t  m i c r o b i a l  h e r b ic id e s  In  this aspect, host s p e c i f ,c i ty  is a d is ad v a n ta g e .

O- Regional specificity
. . . , , ,  h i n h e r b i c i d e s  nrc all used on a re la t iv e ly  s m a l l  scale  (a

l l i e  e x i s t i n g  commercial n io n
r r tn in m l  (o n e  or tw o  slates or p ro v in c e s )  or  

,ax im u m  o f  f e w  th o u s a n d  h e c ta re s )  and  o n  a te g  . . . .  ,
l ■». v -i luc  o f  b io h c rh ic id c s  is re la t iv e ly  m odest  

’C1"  la  fe w  c o u n t r i e s )  bas is  H e n c e ,  the  m a r k e t  va lue
, n " " Sl , . nn l than $ 2 0 0 , 0 0 0  to $ 5 0 0 , 0 0 0  per

H'npare.l to  c h e m i c a l  h e r b ic id e s ,  sa id  to
. | l r , sources).  It is hoped  that s o m e  w e e d s  o l  

loc,m iro l a g e n t  p e r  y e a r  ( a n o n y m o u s  industry

IS



«orkiwide i m p o r t a n c e ,  su ch  as  Am urunthus  son r  

P0rmlaca oU racea .  w e e d y  g r as s e s ,  and  others  mas  T ’T  ^ Cr “ * ° ' " -

a e r a te  sufficient econom ic  incentives for dcvelo '  " I " ™  ^
r , > ->noi Pmcnt  of commerc ia l  bioherbicide

products ( C h a r u d a t t a n .  2001 i.

, 4j .  V ar iab le  e f f e c t s  o f  t e m p e r a t u r e  and dew period

O n e  c o m m o n l y  re por ted  d i s advan tage  is ,he need for cont inuous  moisture 

availability J u n n g  the  p e n o d  in which  the h io com n . l  agent  infects the plan, (Rover ,e  and

Hoagland. 2 0 1 5 , .  It w a ,  r c p . u t c d  that dew p e r   , , ,„re than 12 hours  are commonly

necessary for hi. . h e rb i c id e  c a n d i d a t e s  sueeessfttlly infee, their  hosts,  l h e  interplay o f  

temperature and hum i d i t y  a l s o  has  a signif icant  effect on the success or  failure o f  infection by 

many pa th o g en -  l ( . h -* -heh .2( )Hs ,  vMK| m;i> ;i| ,L.r l()c L.|-,-K..|L.> 0 | hii.lociical control  agents  

d asella cl al . P l ( , i. C * I cl air  can icl.iin lews total n i o i a i n e  than warm air and thus the 

relative humidi ty  i-> m o r e  c o m m o n l y  clcvatctl  al lower temperatures .  I levatcd luunidiiv is 

generally hcn c t i c i a l  f.<» s i icce- s lu l  b iol ic ihic ide  coloni/atii>n because  il decreases  evaporat ion 

rates, rhus me re a a r t  j  the  dur.it  it >11 * • I leal wet l i es , 11 > 11.»\ \  ing inocul.inl appl icat ion ( C asella cl 

al.. 2D IP)

1 4 .4 . f‘ f f c c t  o f  f c r l i l i / e r - p e s t i c i d e  i n t e r a c t i o n  o n  i n  f c e l i o i i s n e s s  o f w e e d  c o n t r o l  a g e n t

It i p , , i h l e  tha t  i n l e r a c t i " i i s  w i t h  I c i i i l i / c r  - a m i  p e s t i c i d e s  c o u l d  a l l e c t  the

infection m e  . .  • • t i . m  l i d  t ie  b i o l o g i i  al w e e d  c o n t r o l  agen t  i B o v e i c h k o .  I l >07).  I o r  e x a m p l e ,  

m in v e s t i g a t i o n  o t  t in-  i b i l i ' -  - I /*  " i n ,  m . i o i i h i  to u m i r o l  d a n d e l i o n s  in u n i  t o m u l  d ia l  c o 

m p l i c a t i o n  w i t h  a i i m l i  .a t  _ o l  m i l . . g d i  l e i l i l i / e r  i n i p i o v e d  its e l f k u c y .  w h e i c a s  c o -

■ I I  I I I .  r l i m  I r), il.f/.illlll Mllph.llC KMNcJ V‘M K .K \ ( n.lik'Napphciifnm v\ nil p i n >.pli- »ni . Iwd m * l IU t ». .mu p«»i.i .mm i

etui.. 2h|  \)

I 1.5. l a c k  o f  s u i t a b l e  p r o d m  loo.  o n  Ihods

  «         .................................

while s c i l m u  up  ......................... r ,  t l W I . M   ............................ .................. .
| , , | | ire has been ai t i ibnicd to i l ia l lenges  with

mmor , „ j n |\111  | | |  | | ,  the l o m m e i .  Ml
i , .nsiste, u \ .  as well as in consisient  elfteney o f  the 

'-.etiMng p r o d u c t i o n  \ n l u m c  ■invJ pr .ul iu •
, mu .1 i oiulitioiis in wliii h stici esslul  inleclion

"due    the m t r n m  r .m p r  " I  env i m n m c n i a U t m d .

'II " ( c u r  i Wat .011 and H a i ley .  1,11 H
r . . m m  i t o  c o n t r o l  d a n d e l i o n s  

U .  F e r t i l i z e r s  . b i o h e r b i c i d e .  /V/" ^  b iohcrh lu l lc  in North America to control

r h " " " ‘ "  - T l t v ' w ,      •’> " ai lc> , ' 1"  ”
’oadleavcil w e e d s  s p e c i e s  in mi l ,mass



g a m i n e  the effect  o f  ni t rogen,  phosphorus ,  potassium 1

0 without applications o f  the bioherbicide h ^  31111 C° mmeTCial fertilizers " ilh

^  M  COndjll° n "  T h e  b ioherbic ide  p r o v e d  ^ 00%  ^ * Kon Undff ^ house

addition o f  n i t rogen  wi th  the bioherbic ide  ,n the f  r  UUl0" ^  ^
/->7 n_ i  nlus  2° Fei  h c  ’ ' ( 4 5 - 0 - 0 ) .  Scotts T u r f  BuilderPro (-’2-0-4 p l u ,  2 /o Fe).  and Scot ts  Lawn Pro . •

.. . .  ^ . w i t h  no iron), s ignif icantly  reduced
dandelion m u re  than  in soil that „ 0 t a m ™ , I .  t ,

_ , I , a]nended wuh fertilizers in the greenhouse and field
Bioherb ic ide  e f f i cacy  on r h n ^ t . ^

L n was 10-20% better with these fertilizer 
P ho sph a t e  (0 -4 6 - 0 t  mmcci , ,™ ,..i , ,, „

or

locanons
'  nvus i u - j u %  better w ith  these fertili;

treatments P h o s p h a te  < 0 -4 6 -0 , .  potassium sulphate ,0 -0 -4 2 , .  and hnte had either no e f l e c , ...

d ,d no. red u ce  d a n d e h o n s  under greenhouse condoions T h is  study showed tha, /■

m acrnsiom a  r e t a i n e d  b i o h e r b i c i d e  e f l i c u w  tut • •
d a n d e l i o n  in  c o n j u n c t i o n  w i t h  t y p i c a l  f e r t i l i t y

p r a c t i c e s  a n d  t h e  c o m b i n a t i o n  o f  t h e  biohnhiriri,- „ ; i tu % ri " il o i o i i l i o i l k j l  w i t h  n i t r o g e n  f e r t i l i z e r s  u n p r o v e d
hioherbicide c IIu q c v , e>|x.%eial l \  in low mirogen soils

3
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n I ow

I c ' I S 11per tuple  
phosphate

f e r t i l i z e r  ra t e  ( Kg/  n r )

Potass ium

sulphate
Scotts mi I 
buihlei pio

f i g  S. F I T e r ,  o f  f r r l i l i / r r  t y p e s  a n d  leve ls    ie . l  w i t h  4 C/ , n 2  o f  th e  h i o h r r  l . i e i d e  P h . . i n n

t h e  p e r r e n l  t l n n d e l i n n  e e d u e t i n r .  . . I  t h r e e  w e e k smacros tom a on

I Ol
Novel a p p r o a c h e s

i r ( . | L „ C, |  I, ,  i m p i o v c  I h c  s p c c l m m  o l  n e e d s  v o n t i o l l c c .  .
vl.mv appioachcs arc h u n g  it

. 1  . I n  .mnroviiiE co n s i s ten t  I lie first is the attempt to use a
ncrease (In? level ol  c on t r o l  wluh 1,1 I

, i cnvrr  .l weeds  I his approach, a mull.plc-palhogcn 
<turc ol three pathogens to conln

r , in, ,'lnnnienl K handrnmolinn and ( harudattan, 2002)  
itegy has promise for further <<

, lu,micn| herbicides along w.th m.crob.al lierb.c.des 
)er appriinches includes the use o >-•

t also the npplicnlion o f  mclagcnoniics  
tctic manipulation <4 microbes and .



singfe- P ° st emi : rg c n t  sprav to con t ro l  n i t rup  i • P*anl Pa t l10gcns applied in a
I lcr^LCU. Sickle n i I

under greenhouse co n d it io n s  b \  C handram ohan ' ^  Sh° ' Vy crolalaria " a s  tested

v̂ erc P hom opsis  u m a r a n th ic o la  fa  Charudattan (2003).  The four pathogens
PJthouen  o f  p i e c e d

pathogen o f  s ick lepod and show \  crotalaria) C oll & S>' A ‘,cnu ,ria  cassiae (a

rosarium uJum  \. sp c r u ta la n a v  ( pa th oge ns  o f  l/Um'tn ‘'"  f‘ Sp‘ cro,aIaria(-’ and

pathogen a lone  i Iff s p o r e s  m l  ' ' )  o r  a mj . . * . d l a n a , ‘ S Porc suspens ions  o f  each
■ -i - lfL "  L‘ ,ullr Pathogens ( | ; | : | ;].  v /v s / ] 05

spores ml ol  e a c h  p a t h o g e n ,  total In " Nn,,r... i
„• ft, ri J UclV lcslCtJ on four- to s i \ - l e a f  static

seedlings ol the three  w e e d  snei-ii-x . . r

. . . .  „ • , ,  . 11 OJ?cl,ler 1,1 P‘,ls- One  week after inoculat ion
l\V \ h .  all s i c k l c p o d  a n d  M o w \  erot .1 ,r i . o . . i r

. ' a lar ,a  sccdl .ngs  u e r c  killed, and all p i g u c e d  sccdliniis
were killed nv h \ \  \ [  w h e n  inoenl  m-.l w ,,i, ,i •

"  ,llLlr "•spoehve pa thogen ,v ,  a lone or  a mixture  „ f
the pathogens.  N o n e  of the w e e d s  m , „ i , i , i . i  .. m  ,

vl Willi the r o o | . , n l O t i , m  pathogen udum
J oy eloped vvdf h \  riu* rim,* ii, • .vr- .*

Ik c \ p e n m e n i  was eompleied  (o \ \  \ I ). I he results
demonstrate the to cimir.*! tin m . . i i. , - ,s .mt i ,  I I I H ^  Weeds smmhnnev.usK u u h  d d l e r e m  fungi without  

lots 01' e l l i e . i e ; .  r . H e r . , , i n  xpcUlki tv  0 , 0 . 0 ,     given mix, , , re.

Scanning c lc . t r ,  n n a „ . o , n  . l , „ue , l  v , , I , l i e , e r n e .  m the uppe. iranec or germinat ion

and h in h c r  ,level ,  .pm.-ni  . ,|  ......   ,| e.ielt path, men on its respect ive host leal vnrl'aee

compared to n< *n h< * .r. leaf u i l . u e - ,  vc lie I he i the pathogen wa> applied alone or in a m i \ t u r e

11,1 ,hc ” ,h,-r P ' r,‘ 1 fu lie I \ p f • Iie.it ,<«n "I ,c". -ral Ii t speci l ie fungal pa thogens  in a

hiohcrhicide m i \ l u r . ;  ,i . i nml l i  c o m p o n e n t  hioher lueide .\-.tcui m a \  he ad \a l l i a ceous  loi 

htrlher devel«»pmeul • >1 a i n u l t a i i e o i i I n o a i l -  .peen mu weed e onirol



F iR 6. S c a n n i n s . c k x m , , ,  ' ' ^ ' n , - n , p h v  , , I ' , I , , | , , , , c n , , , I p , , , u n , s  nl' i n d i v i d u a l  p,Mh„,;cns 

applied in a p a t h o g e n  m ix t u r e  to leaI snrl'accs.

Rnw I: ,1 ItL 'rmiria n i s u n , \  W h i le  a r r n n s  indicate healths appressoria  and black arrow  

indicates a Ivsed a p p r e s s o r i u m .  I \ )  I issue maceration on sicMcpnd (liosi); (H) formation of  

appressoria on s h o w s  c r o ta la r ia  (a l ternat ive  liosi): (( ) | \ s i s  ol an appressor ium  on smooth  

pigweed ( n o n h o s t ).

Row 2: ( o l l r t n i r i i  h  ///// t l r n u i tu m i  l.sp. iro tu liir inr .  Whi l e  arrow indicates a healths  

appressorium anrl b la ck  a r r o w s  indicate  Used appressoria .  (A) fo r m a t io n  o f  a normal

appressorium on s h o w s  cr o la la r ia  (host):  (II) In sis o f  an appressor ium  on sicklcpod  

I non h o s t ); I ( ) l\ sis o f  an a p p ressor  m m  on sumo I h pigw red ( mm h o s t ).

Row .1; P h n n u t p \ i \  i i m a r n i i l h i i o l t i  . W h i l e  a r r o w s  i n d i c a t e  i n i t i a t i o n  o f  s p o r e  g e r m i n a t i o n .  

IA )  S p o re  g e r m i n a t i o n  o n  s m o o t h  p i g w e e d  ( Ims l )  leaf :  (ID u n g e r m i n a t e d ,  c o l l a p s e d  s p o r e s  

on showy  c r o l a l a r i a  ( n o n h o s f ) ;  ( ( ' )  a b s e n c e  o f  s p o r e s  on  s i c U c p n d  ( n o n h o s t ) .

' W  4: F u sar iun ,  u . ln m  f. sp .  r m tn h m n c .  \N Idle a r r o w s  iml iea le  s p o r e  g e r m i n a t i o n

M l  K ' r m l n h c  r . . r m : , ( i o n . I\ I S p o r e  8 c r . . i l , . n l l . „ ,  „ „  -!•«>«>  .  (III . . I m - m x  nl'

ls-2 Microbial licrliirides I chcmioil hcrliicidt-s
I ..end is tools to sMicrgi /c  microbial  herbicides  lor 

S v n ih c l i c  h e r b i c id e s  h a v e  ,1CCI1 ,ISL
. - ... | eoitlrol weeds Herbicides mn\ weckcn

"iipruved e l l i u i c s  m anaaem cni  „l I'."'1
u, ■ v i - ms  tlms making weeds more vulnerable to

and impair their d c l e n t e  s \ s
sctarinc  Nisikido is a imcoherbicule  lor

mK nherb iddc  infection I he li.npus / n r^ ,h irm



-ontrol o f  r « n fox tail ( S e t a r i a  v i r i d i s ) .  However i,s „fr . „
 ̂ , ' e f f i c acy  s u t t e r s  f rom  i n s u t t i c i e n t

s e v e n t y  o n  u n g  e a s e s  . a s  a  r e s u l t  . g r e e n  fo x  tail  t r ea ted  w i th  a lo n e

c . w  r e c o v e r e d  f r o m  t n t t t a ,  , n j u n e s  d u e  to  c o n t i n u o u s  g r o w t h  o f  y o u n g  leaves .  A f t e r  

extensive a s s e s s m e n t  b a s e d  o n  C o l b y  s  s t a n d a r d ,  s e v e ra l  h e r b i c id e s  w e r e  f o u n d  s y n e r g e s t i c  

rrith the f t in g u s .  e s p e c i a l l y  s o m e  o f  t h e  g r a m i n i c i d e s  al r e d u c e d  ra tes  tha t  b o o s t e d  the  

virulence o f  t h e  f u n g u s  s u b s t a n t i a l l y . ,  P e n g  a n d  B y e r ,  2 0 0 5 ) .  In th i s  c a s e  s tu d y ,  P e n g  a n d  

Wolf (201 1) h a v e  u s e d  a  c o m b i n a t i o n  o f  s e t h o x y d y m  a n d  the  f u n g u s  Pyricu laria  se taria .  

Sethoxydym i n h i b i t s  ce l l  div i s i o n  a n d  is p a r t i c u l a r l y  to x i c  to a c t iv e ly  g r o w i n g  y o u n g  t i s su e s .  

50 a c o m b i n a t i o n  o t  t h e s e  k i l l e d  g r e e n  to x  tail  c o m p l e t e l y .  T h i s  s t u d y  h i g h l i g h t s  the  p o te n t i a l  

of synergy in b r o a d e n i n g  w e e d  t a r g e t s  o f  m y c o h e r b i c i d e s .

Fin 7 - F . f fec t  o f  P v r ic u la r ia  sc tar iu  o n  g r e e n  fox ta i l  in g r e e n  h o u s e  c o n d i t i o n s .

F rom  lef t  t o  r m h t :  u n t r e a t e d  c o n t r o l ,  h e r b i c i d e  a l o n e ,  f u n g u s  a l o n e ,  a n d  f u n g u s

plus h e rb ic id e

15J  f i e n e t i r  m a n i p u l a t i o n  o f  m i c r o b e s
i i . i  in f \ n e i  i m e n i  i n w h i c h  ( r 1 / 1c n 1 / / /i h 1011R m o k c r  a t  a l  I ( o i n l i K t c d  .1 1 . c x p u m u o

. „ , ,, m . l o i m e d  willi a gone (h.11) lor res is tance to
iilnensparir>ules I sp  tinment  w, i .wmporinidr*; I f / rw . m  nnm*  .............

1 . lu l led  l"i pathogenici ty a n d  \  imlcnce .  \  
i laphos la na tu ra l  h e r b i c i d e )  and  <
„ , , , .« sbl co n ta in in g  the bar gene was stable and resistant ...
% u e s c h y n f j m e u e  translornaant (4n . ' >

1 p h n t s  were stem-inociil.ated for pathogenici ty  
ialaphos up to ., mneen,ration o f  Ihh mg/ml Plants were............................... .......................

„l, the wi ld- tvpe  or the 4H-5b isolate at rates ol 0 
and foliar s p r a y e d  lor v i r u l e n c e  tests  wit  ^

’ '  . , n and 0 .56  ku n.iVhn. l h c  host  range ol
1 -  5 * l i t1" s p o r e s / n r ’ w i th  h i a l a p h o s  a. ..............................

, ,hc. transformation Disease severity on northern
»■<«. was   Here. y  ̂ ^  |rf(1,mcnls with ,he wild-type and

"'"'vetch (,(,■„ h v m m v w  r/rgmi. «> ^  r (|iscase severity occurring at 2 <

""wlnnnani isolates without hialaphos, wi ,|iwaw severity on northern
'  spores/m- I here was no significant "  ( 1



rintvrtch between treatments o f  the transformed isolate u i,h „ • e
" . i c r XNIlhout  bialaphos.  At 2 5 x

snores-nT. h o w e v e r ,  the  c o a p p l ic a t io n  o f  the i n n e r  
10 *  , r . . „  . . . .  u ^ n s r o r m a n t  w i th  b ia laphos resulted in a
t ;7hi2f  level ot s c v ^ n iv  th a n  that ot the u i L i  i* • i
hb . . >pc ,sulatc wi thout  bialaphos.  Disease
,vi?rirv on nor the rn  j o i n t v e t c h  I rom the t rea tment  , , r  „  •. ■

'  l J - t \ p e  isolate with bialaphos was
sigmUcamK less th a n  th a t  o l  th e  t ra n s fo rm a n t  w i th  b ia laphos a, spore concentrations o f  2.5 

*  h r  to : . 5  *  1 0 ’ s p o res  m  < >n In d ia n  j o i n . s e , eh    m  ,| ,e coapp lica t ion

of bialaphos and  C.̂d,w, „ m e , , e  resul ted in a signif icant  ssncrgis t ic  effect  ( increase in

disease sever i ty)  wi th  the  t r a n s l o r m a n t  and an antagonist ic  cl' lecl (decrease in disease 

severity with the w i l J - t y p e .  I he resul ts  dem..iistr. ilc that at r ecom mended  rales o f  

Cfr .MschynomcnL  t o r  th^ c o n t r o l  id no t ihe rn  joi iuveich.  iliere is no henell t  Irom coappl s inu  

the tungus wi th s u h l e a t h a l  leve l s  ol  b ia laphos .  l l o w c \ e r .  al spore concentra t ions  lower than 

that r ecommended ,  significant!},  g re a t e r  d isease  d e \ e l o p m e n i  can oeeur  when suhlclhal  levels 

o f  bialaphos are a p p l i e d  wi th  h ia l aphos - rcs i s tan t  isolate. I ur lhermore.  the eoappl ieat ion ot 

aich .1 resistant i sola te  w i th  suh lc lha l  l e \ e l s  ol bia laphos  can significantly extend the control 

raiv’e o f  this f u n e u -  t o w a r d  Indian  j<'intv etch.  Ibis  suggests  that improvements  in the 

virulence anti »nfr« • I r a n - c  ul  .1 m \  euheihie  ule m.i> he realized il it were altered to 

cndnt»cnc»usK p r 'diiLC a n • mi select ive phvt»'t»»\in sUlIi as hkilaphos.

r u b l e  M. D i s e a s e  I K  v i l o p n u  u l  o n  N o r t h e r n  . l o i i i h e l e l i  ( I. viri>inifii) 3 ?  D a y s 3 s  D a y s  a l t e i

I r e n t m c n l  w i t h  W . l d - l v p c  ( W  D  a n d  b a r  I r a n s l ' o n n e d  ( I )  ( \  g. a r s c l m w m r m

w i th  I t )  a n d  w i i h n u  I I 2 ) I l i a  la  p l i o s  at  l i m b  f g  a . i .  h a

D i s e a s e  s e v e r i t v  ("«■) " i i  I n d i a n  | o i n t \ e t e l i  

( 1,-st l iviwnit ' i i i '  in , Inn  I

S | ii • i es pei 1 1 1

:nc  Iso la tes

Isolates w i t h  o r

hiolaplios

(0.56 l<g a ,/h a )

w 11 l ion  t

Wild type w it hi ml b ia l ap lu  '•

WiM type w i th  b i a l a p h o s  

transformant w i th o u t  b ia la ph os  

>raii 'dhrmnnt wi th  b i a l a p h o s

’ 1 1 u ' •> |ii 1 S I I I " ' s s | ( ) in :

/ s u \ «)(t |()0 100

Is S 1 S ' 100 100

Kb
1(10 100

1
100

" I OK |l)() 100 100



[ - 4  Appl,c a t 'on  m e t a f f e n o m ic s

Metagenomics refers to the 0 .*^ -
, f  t h e i r  c n v i r o n m  ' " o f  microorgani sms isolateddirectly irom  t he i r  e n v i r o n m e n t ,  w i thou t  the need for

. .  . | . r prior cul tur ing under  laboratory
conditions f I l a n d e l s m a n .  2 0 0 4 ) .  T h u s  the term “ c u lm r .

independent  often accompanies  
Jcscripti0n5 o. metagenomic technk,ucs. Despite the high potential  ol'  bioloaieal  weed

a , „ [roL f e w  c o m m e r c i a l  p r o d u c t s  a r e  a v a i l a b l e  l o r  use I n  p r o d u c e r s  a n d  th e  g e n e r a l  p u b l i c

l l l a l l e i L  - P 0 i t -  V m a j o r  o b s t a c l e  is th e  e \ t c n s i \ c  t i m e  i n v o l v e d  w i t h  i s o l a t i n g  m i c r o b i a l

, trains t h r o u g h  a n  e x h a u s t i v e  s c r e e n i n g  p ro ce s s .  A d v a n c e s  in m o l e c u l a r  b i o l o g y  in the  past

decade h a v e  a l l o w e d  r e s e a r c h e r s  t o  d i s c o v e r  n o v e l  p la n t  m i c r o h i a l  r e l a t i o n s h i p s  r e l e v a n t  to

weed c o n t r o l  ( R e c t o r .  2 U U S ) .  l h e  e x p a n d i n g  l i e l d  o l  m e t . i g e n o m i e s  a l l o w s  b e l l i  m i c r o h i a l

identity a nd  f u n c t i o n  t o  b e  d e t e r m i n e d  by e x t r a c t i n g  I ) \  A a nd  R N A  d i re c t  l \  f r o m  the

e n v i r o n m e n t ,  w h i c h  e i r c i i m v e n l s  t h e  nee d  to iso la te  a n d  c u l t u r e  m i c r o o r u a n i s m s

1 1 l a n d e ls m a n .  2 ( to L >. I ) i rcv. I  i v. • Kiti> m t d I ) \  \  Ir. >m lh e  env i n m i n c n i  in c reases  lhe  di  \  ersi ty o l

microhia l  s t r a in s  r e c o v e r e d  l h e  m a s s i v e  d iv e r s i t y  n l  h a c i e r i a l  a n d  f u n g a l  g e n o m e s  in soi l

provides a p o t e n t i a l ! ' .  v a 4  po>d n l  ’c ues  d ia l  c o d e  lo r  the p r o d u c t i o n  o l  h e r b i c i d a l

compound,  m J  h e r b i c i d e  r e d  dance .  \ s  a c> ^ s e q u e n c e .  two a p p r o v ie h e s  to weed

m a n a g e m e n t 1 c a n  h _■ d e v e l o p e d  1 1  s i n •_■. metu ' . ’e n o m i c  lev ln m p ic s :  i l l  I s o l a t i o n  o l  i n n  el

herbic ides p r o d u c e d  h;. v c U < > r  h o  .1 • e x p i c v s i m -  the b i o s y n t h e s i s  g e n e s ,  a nd  ( 2 )  I d e n t i  b e a t  ion

of herbicide resi a. n ice ■' lie - m vecloi  li">t • exposed to high levels ol heibicidc.

[ ) Vj  N ,T, \ „  , i rc  a v a i l a b l e  loi  d i l l e r e n l  env i r o n m e n t a l  s a m p le s ,  i n e h i d m g

i i | . | i )n \  t■ \11 H led Im >111 env iioiinieul.il samples  is commonlysoil, water  plaid a n d  f o o l  M.vx c x na c i cu
,, v it,-. I ) \  \  e M i . K l i o n .  lhe  s a m p l e  c an  he sev| i ieneed

analyzed  lo r  p h \ I • >_• v n f o . >r l i m c i i o n  M i e i

i , mi in 11ii seiineiicii iL' .  <>i I m u i i o n a l  a n a ly s i s
f o l lo w in g  I ’f  R o r  i I m c i l  m l * - >' I " 1'1 " i i - a n i  an i> i w Muc

i , ( i r i  Ml,,,,es in voiii env i ionmeiilal  sample,  vvhere.is
S e q u e n c in g  p n »v n . lc >  m i  . i m j K  *i * 1 '* l * K

, ,c l l l . •ene  ch is tc i  w h e n  e x p r e s s e d  in a
fu n c t io n - b a s e d  c l o n i n d  r ev ea l s  the  <u

. ,r L ,e , i im c ' i l  iha i  env . . . m m e n t a l  I ) \  \  IV a g m e n ts
compatible l v .s t  P i o n e e r i n g  se.|iK'nc m e  w o T  ' “ l " , K

l  hi 111 hi t  i o h  c e l l s  a nd  then  s e q u e n c e d  u s i n g  S a n g e r  
" e r e  l igalc>l  a n d  i r . m s l o r m c d  i n t o  I o

, V .x,  ttiMier . n o n  s e q u e n c i n g  I N l  . S ) t e c h n o l o g y . such  
based t e e h n o l o g v  i R o i i d o n  < / r/ / .  ’’ OOO). >sc

, • e n l  il) a l lows lor sequencing  wi thout  the need
as Roche 15 1 lllumina. »>r I ifc [ech,ml"fdLS 1

, I, i Sc In d /  <•/ nl .  ■, <" ’ ). I imctional  b ased  sc iccnmg
'ura,„„„g , )NA ih.gn.cn,s ml.. '• .. ^  ^  ^  ^

II..*, II,r the ilivcovery ..I comp.™. < ^  ^  ^  ^  |ln|||nl,ons njlh lhc

sequence. Metagenomic s t u d i e s  have u u i   ̂ ^  c a r | j t.s i s tud i es  in 2 0 0 0  were on a

ftuol o l  f i n d i n g  t h e  g e n e s  i n v o l v e d  w i t h  | pN , „ \ z n c  a n d  w i l d - t y p e
i f  \'(inili°,),on(,s t n  '

ylrulence and xylannsc deficient mut.u



^nthtm onas campesiris  p v .  vesica,oria. W h i l e  the studv „  t-

virufence genes , R a v  e, a,.2000,. the mhcr ^  pv' ^  ™

hypersensitivitv re s p o n s e s  in the  to m a to  Uvcaner  • '  "
h>P u 'p a p e r s ,c a n  escutennun) (Asttia-Monttc e, al.
2000). Additional s tudies  have  found and used a v im ! ,^

nt-e genes  in paihotiens such as
plniophlhora in te r im s  I \ \  h isso n  a  al. 2 0 0 1 j v  ,
' ° ' - ' -ue P '  • pryzuv  (Ochiai  cl al. 2001).  and
[ \ rilaeo hon/ei  I f a n n i n g  ci al. 2()i)l).  o , | u .r Pl.t | inr . .. ,

csearchers  have sought  genes encod ine

secretion p r o t e in ,  i m p o r t a n t  to tov in  release , Bell „  21,02,. Plan,  palhogc-n metagenomic

,iudics have t o c u s e d  o n  spee i l iv .  t a rge ted  ana lyses  will, isolated cultures.  A similar,  targeted 

approach wi th n o x i o u s  w e e d  s p e c i e s  could  prove henelieial  lor herhieide discovery.

16. Conclusion

Ihu w e a l t h  o t  genet ic  poieni ial  ol m ien 'o rga n i sms  on this earth is boundless.

There have been m a n y  mves i igat i ,*ns  ,0 poiential  proi.lin.ls lor weed inanauenienl .  Some  have

been successful  at s u p p r e s s i n g  w e e d s  in the lield and .1 select lew are marketed  products  that 

nnv\ reduce w e e d  inte  stat ions.  I ur lher  studies are needed I" cont inue to search lor addit ional  

tools to c o m b a t  w e e d s .  Inercuwine our  unders t anding  ol p lani -mierobe interact ions will assist

in ibis effort. Hi <c«*ntr* *1 u e c n t s  need I" be speeil ic.  compet i t ive  and well matched with the

weed ol intere i I lie search h a  bj , ,u .ntcd reenis Irom the envi ronment  entails not onl> 

tin,line micro , t  • mi in . tlt.it inliilut a weed.  Inn tli.H .ire | v ,  die lor the weed or  related plant

species and h a .  >11  . .mival l ;  viahle mat  Cel I lost, .nine lest ing and uon-tareel  species

testing are nee,I .si  ifl). m Hie p r o r c  In a,Id,lion, the development  ol  mil . , l iens and

delivery svs tem . , . try.................... .. ihc -Ik-   c l f c * >  nl .he b ioco nh o l  agents  in

...................... .,| | j, 1111d mit be ums ide ie i l  .1 stand .done option,  but may•1 variety ul criv ir» »nmcnl . I #i• • ̂ • 11*i»»i •ii",||U
, » • Mir I 1 • 1 u ' 1 1 111 \ wilh ihosc Ih.il .no ccoloeic;ill>

he hesi il 1111 ce' r . 11v’• I \vifh»>(hcr iikMImmI . ' »l 1 n '
< 11||in|r „„.,it J i e m K . d  h u b n  ides evp.md opt ions in

sound I hi icoiit r> d a g e n t > I" l e d u i t  "i  I
, . . . .  , ,| eudo' -K.i l lv based sv s tems I hey add

uced manaizcmcni  iind tend
   His I heie is .1 wealth ol genetic

additional louls  m the , i r . cn .d "I  weed  m«
nI ,n he cvploied.  sc ieened and tested lor weed

potential in the soil  and  the e n v i r o r i n e

‘’Uppressinn

' '■ Discussion
.  i n - m a s s  p r o d u c t i o n  »d luiiL'iis.

W hy solid  m e d ia  m o r e  c l  feel t v c «  ̂ . , , nutrient content, r  irtjclc agtireg. i t ion.eciudihiuim o! m i l i u n t  content

'hs: I he enhanced surlaec area . Inc " ' ^  (>| mli| dcmvalivcs p,mimic

and appropr ia te  m o i s t u r e  co n t en t  provide  ,
, ...... .mount  ol conidia.



encapsulated forms'’

\ns: h is u5ed t0 contro1 vvood> w e e d  species  like P .  v
' P P a rk m so ma  found wide ly  across North
America.

3. Whether w e e d s  acquire re s is ta n t  to microbial pathogens?  

Ans: N o .  w e e d s  w i l l  n e v e r  a c q u i r e  res is tance  to pathogens.

4. What is m e a n t  by Pesta  g r a n u l e s ?

,Ans: They are w h e a t  b a s e d  formul la t ions .

5. Which m ic ro b i a l  h e r b i c i d e s  a rc  c o m m e rc ia l ly  avai lable in India?

Ans: Most  o t  the c o m m e r c i a l  microbia l  herbicides arc registered and avai lable in Amer ica  

and C a n a d a . B i a l a p h o s  i> a v a i l a b l e  in India.
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r „ ’U,l„nu,wr. wrmxtifp \  / . / icnm/icn/i i .  II r r t / . V i .  44.  h - b - b d

/.hang. Y .  10X 7  I he  d c v c h i p m e n l  ol ag r icu ltu ra l  a n t i b i o t i c . / i ' I n  n/< l O i m . i

, i . j -,(,1,., plant  co lon i / a l inn  and cini romnci i l . i l  late o f  the 
/h im.  I . Ba i l ey .  K I a n d  Derby .  .1

    l u n u i i s  / ' / ........................    / h o i  « ' • .

to
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M i c r o b i a l  he rb ic ide s

A b s t r a c t

\ \  cods pri . c t> > h,. a great menace in both crop production and lurl grass ssstems as 

[hcv arc associated w ith  decline in c lop >icId and c|ualit\. Ii is apparent that as new herbicides 

arc developed, weed-* w il l  continue* to evo lve in response to whatever selective pressure that 

is applied For thm i c j v  di, the eonlinuou-, development ol novel weed control methods is 

essential tor the n n ^ ' i n :1 m am ten.uKe >'l atu iu iliurnl vicld. \ddilion ,illv. increasing public 

concern about rhc rtea lfr .e  cl lev t ol pesticide icdd iics  has led to the increasing demand tor 

alternative meth T  for cn tro l l in L !  weeds and other pests. Bio-herbicides. especially 

mien ibial herb it. i lc >. are h mill v e I lee liv e lor vv eetl eotilrol ami are eeo-l rietkll y as well.

Microbia l  h e r b i c i d e . a ie  living oilmiiisiiis oi their products  that are uselul  in

suppressing w ee d  | - .pul m-am m l k o w  ki.B>*'M I he liml studied microbial  herbicide in

( llin.l was  a l i i I in c -  .Mspcn.nm ..I I ,,11,-lnlru hum  7„/,/,w I s|> with Ihe

name I „ „  I I,. e- .nln. l  doddel  H m . u M e  ,u,w,„/ ,M in the Ph. t l ' s  , t

Microbial h e r l m n l c   he divide,I  »,*■ nmanhi .d  | „c |Mi . ........   herbicide ami mierohud-

dcnvetl herhiei i le  M i c r o b i a l  pr, p a n , .  - r i m .d r  ts . k i l n e d  as   gams, , ,  tha, can

, i i 111-rh11 itlev ,i i e seionilurv metabolites produced Incontrol the weeds M ic ro b ia l derived hcrncioc

ni icnkTganisms w hi t  h arc phv l o t o s i< I" weeds  11
Mi Winns tva i lah le  now relale to l imgal  plant  p a t h o g e n s  

M o s t  ol  i he  r e s e a r c h  p u b l i c a t i o n s  avau .u
I i.itrnl act ivi lv .ire sca rce .  A siudv c o n d u c t e d  at 

alone, as  b a c t e r i a l  p a t h o g e n s  w i th  wee , I  c o n t ro l  nci ivnv
, - I  rvnvL’e m  anti  N a s c c m a  IdOOU re ve a l ed  Ihc hcrb ie ida l
Serala  A g r i c u l t u r a l  I n i v c r s i l y  I n  I r n w c n .

i , ,  I ,1IU| \l\ ioihei iwu titIvcna against  w ater

Potential o l  /• usuriuni |M' 1 . .  N n i A l n l k
l C,| m ic ro b ia l  h e r b i c id e s  arc!  o l l c g o K .  I l i o M a l * .  Ityocinth S o m e  o f  the c o m m e r c i a l l y  re*

„  ,M , -w  IM  s  i r r i lo r  e/r. U han iJa lian  and honor. - I H I " ) .
^um pou t  n . ( horurol . S o l v i N i x  . 1



Despite the p rom ise  sh o w n  bv many microbial h»rk- • .
' m,Crob,al herbicides, only a few have achieved

Kfflg'term — m ere,a ,  su c c e ss .  The possib le  reasons are n a rro , sPeci™ m ofacrir ily . regional

lack or suitable production methods and altered efficacy due Hue,ua,ions in
r mpt'rature humidity (Auld and Morin.1995).

[norder  to i n c r e a s e  the  e t l . cacv  o f  microbial  herbicides,  several  novel techniques  viz.. 

muJtiplc-path° g cn s y s t e m ,  c o m b i n e d  use o f  microbial  herbicides and chemical  

herbicidcs-gcnelic m a n i p u l a t i o n  o t  mi c ro bes  and appl icat ion o f  mc tagenomics  have been 

experimented. M e t a g e n o m i c  s tud ies  helps  to examine  plant pa thogens  with the goal o f  

fimlinir ^  ge nes  i n v o l v e d  wi th  p a th o g e n i c i t y .(Kao-  Kni l l ln cl al.. 2015)

With in t ens ive  r e s e a r c h  in this ticId. there is ample  scope lor the deve lopment  ol new 

weed control s t r a t e g i e s  tha t  can  be e m p l o y e d  to dclav herbicide resistance,  produce food in 

accordance with  con 'Uimcr  u ' i K c n i s  and reduce the envi ronmenta l  impact  o f  modern 

agriculture and e c n s W c m  m a n a g e m e n t
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solelv prepa red  bv M a n j u  M o h a n  T. .3014-11-156) .  under ,m guidance and has nol.bccn 
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I 5.0 Abstract



Title

[ Minera l  n i t rogen,  phosphorus  and sulphur concentrat ions m 

i t rea ted  and unt rea ted  soils alter incubation

h n d o p h s t i c  popula t ions  ol P.seiuhwumas llitnrcsccn.s in leal, 
shou t  and root  t issues ol 2 I da\  s old tomato plants treated 
wi th  P. fht()i\"sccns-I>lL*iin>ius osirctilu.s biofilmed inoeultim 
and an in ocu lu m  ol / '  (Inurew v m  alone.



Title

Proced u re o i’ ex per i men t

Cha n  lie in m t r o g e n a s e  acti \ i t \ .  during lungal imcel ia l  eoloni /at ion 

ot hae le r i a  a nd  b i o h l i n  lormal ion 4ii three stages ol maturation 

I tfect  ol b io ! i l m ed  mierobial  moeulanis on lining bean 

[ I'teet o f  b i o f i l m ed  biofer l i l i /ers  oil mortality i>l eolton seedlings 

I t leet  o t ’ d i f fe rent  ler t i l i /er  appliealions on total root dr\ matter ol 

rubber  p lants

P e r  e e n t  g e r m i n a t i o n  o l  e o t to i i  seeds,  as m l l u e i i e e d  b \  b i o l i l n i s  ,md  

t h e i r  p a r t n e r  >

| \  \  pr> 'H h> the bacteria,  mdi \  iduall>. in dual cultures and a-

hi. itilrn >

1 I ,1 ^ , h|. l i lm c J  I ' l■■ k r i l l . / , I - O I  HI ■> -M'l’ I 'O  muk-r i.uim.t> .mu

licl.1 ..••mill" i. "I  .........   >> " O n  I
‘   .,1 . . " 'U i l .u i lu



Title P it lie No

R h i / o b i a l  b i o l i l m  l o r m a l i o n  on n o n - l e g u m i n o u s  plants  

.[crcmotiiiim  sp r r n c d i a l  colonizat ion h\  N2- l i \ ing  hacteria 

I 'o r m m ii  f u n g a l - b a c t e r i a l  biot' ilms. when dc\c loped mnler Hi mii<>

Cl )0 JlllvUl •»

S c a n n i n g  e l e c t r o n  m i c r o i ' T a p l i s  n l  C o l t o n  p l a i n s  s l m w  i i v j  

c o l o n i s a t i o n  o t  r o o t s  i n \ c c l i a  11 l a m e n t s  a iu l  m a t - l i k e  b i o l i l m s  

‘ 1 , , ' a l  s o i l  b a c t e r i a l  c o l o n i e s  i s o l a t e d  o n  n u t r i e n t  a g a r .  I r o m  s o i l s  

i r  . i t  J  -a i i l l  l u i i  ’ ., o l  r e e o i n m e n d e d  c h e m i c a l  I c r t i l i s e i s  h  I i. 

, , t ( | , , r > n " „  o l  < I t o g e t h e r  u n i t  b i o l i l m c d  l u o l e i  l i l i / u  s

i M l  h i  .) m  a t e a  n urscre



M o s t  o f  o u r  K e r a l a  s o i ls  arc  de ter io ra ted . T h e  ‘ 

such p e s t ic id e s ,  h e r b ic id e s ,  syn th e t ic  f e n T  l>C nm m ale  llsc ° r agrochem icals

depletion, p h y s ic a l  a n d  b io lo g ic a l  d eg rad at io n  rcsultcd ,n soil organic  carbon

constraint fo r  i m p r o v i n g  c ro p  \ j c M s -m I '' ^  q u a l l ly - 11 has bccom e a

u ,  t r u  • P' UC,i' i ' - ' - C o " s i ‘ l'-‘r in t t | l K l. - .> n s c m ,a K c s o rim balanced use o t  c h e m ic a l  fertil izers, < l-m w cqiicm.es ot
• o r ,n ic r o b ia l  in „ a , lu n ,s  a .  .c r l i l i rc rs

m crop im provem ent .s a promising aliem-uiv . „  ,
. . . . . . . . . . .  “  1 ^  Bin. the poor survival and establishment

of single strain b io te r t i l i /c rs  in the licl.t i ; .•
, „ . <-“ ndl| ,o „ „  Olicn limits their widespread , i l i l i / . „ io n

m In tegrated  M i t r i e r u  Management sir- itefi .-s  s ,i
siruKgies. Su. the utmost impm'tuncc hns to he uivcn to

increase th e ir  surv iv a b i l i t y  in the c lv m n r  in m .
. i iK tn.in .Le i r l l l K . e i n , r „ n n , e , i i u l o „ K l i t i „ „ s .  \  rescurth in Sri

Lanka ha> fo u n d  a Iutii»n lor ilu* siirv iv u;i :•. i « .
k  d h 1 1, i \  p r o b l e m s  Ol s i n g l e  s t r a i n  h i o t e n i l i / e r s

through h io td m v  [)e \e lopm en i ot hinHim,*,! >r u* i • i\ i n i i . f i in iL i l  m ic ro b ia l  m u u i la n ts  «i| . i -  ricti 11 u i\i 11 %

im portant m i c r . -  - rg a n is m s  (e n c lo se d  in a m u c i lag in ou s  m a t r i x » n  m c u ' i v  the 

surv ivab il i ty  p m h l e m s  c an  he a new genera t ion  h io le r i i  1 i /or».

2. B ioFilm

\ H i i t f i lm  i .  a c o m p l e x  age iepa l ir>n »>I m i u o m g a i m i n s  e l i . i ia t . ie i i/ ed  In  the 

excre t ion  o l  i p p ' f e c f i v c  a d h e s i v e  m a tr ix  I he c e l l s  | i \ m e  m a h io l i lm  are e m b e d d e d  in 

this p o l y m e r i c  a ib  f . in e c .  w h i c h  p e m i i K  l l iem  I "  adhere  and  c o lo m / c  the i i i i . e s  ,<| 

d if fe ren t  m a t e r i a l  . i l  l e m m n r ' .  "’ o n ' i  \ b o »f i Im  co ns is ts  «>I tw o  c o m p ,a ie n i s  m i u o b i a l

e e l l r a n d  I x t r , i c o I h 1 1. i r I ' o h m c m  S u b s ta n c e s  <1 I ’M  I lie I I ’s  a ie  bo »l\ m e i s p o u lt ic e d

by the m i c r o b i a l  cell-, irw o h  r d  m (l ie  bit > 11 h n pit >diu I h m li p iny  i ties si i iu m u  and s lab  i In \ 

I "  * he m i c r o b i a l  c e l l s  It w i l l  a l .«» -at a . a p io l e i  l i v e  c o v c r n m  loi ihe  liv in-’ m i u o b i a l  ce l ls

in v o lv e d  in (h e  h m l i l m  l o r m a t m n  Iro in  the a d v e ix e  e m u  i n i t i a l  t .-n.lm.-n m j .  i >

extreme pi I. h igh tem perature . I V radiation. osii io l.in i' d«

In snil. n tan.lv  Ihcrc urn Ihrcc I t  p is   ............   h .u lm . . l  lunnul .nnl innr.d

bacterial h n . l i lm  . A  haclcria l hi.-r.lit. i t  fu n n e l  "> Hu- u « lw . i /n   ol haeicri.  roni

i. 1C s,,il narlidcs. I lineal h io li lm  is l . i rm n l In the
surface or a n y  abiotic, surface such as sou parucic

. • i .ru lhiolic surface such as soil particles oi on am
colonization til' fungal m y c e l iu m  on any

■ i i • r.i.n is formed by the colonization ol bacteria on am
row surface, rh c  CunBal-hncierial h io l i lm  is nirmco .

i- « t. >11 net as the biotic sin hue  loi the growth ol
futigpl mvci-lia . I l e v .  m e  fungal ."vee ln m i w i l l  a i l



Formation o f  b i o f i l m  o c c u r s  through different « p nc , c
nt steps (Sw am alakshm i  ei a I.. 201-3).

I. Surface conditioning

O r g a n i c  m o l e c u l e s  are absorbed nn m  r
ert surface and form a conditioning laxcr.

fhe adsorbed o r g a n i c  m o l e c u l e s  s c r \ e  as a mnri,-n. .11 - i ' t a b  a nutrient source for the microorganisms.

3. 2. Adhesion

The primars colonizers are attached with conditioned surface through electrostatic 

attraction and physical forces. \dhcrcncc ol partner organisms to the surface is mediated 

through adsorption, desorption and irreversible adsorption.

3. 3. S l i m e  f o r m a t i o n

M i c r o o r g a n i s m s  in b n d i l m  e x c re te  e x t r a c e l lu la r  p u K m e r s  1 1 ■ I>c <>co I\x  i that ho ld  

the h i o l i lm  r o g e t h c r  a n d  c e m e n t  it to the st ir lace .

3. 4. S e c o n d a r v  e o l o n i / e r s

( uher t- pe . - I  mici-.hial cells attach to the eviracellulai poKmco. I he m c -iu Iuis 

coloni/er. m eU h . . l i/ e  x ,u ic>  In-m the primui> co|..ni/crv

3. 5. F u n c t i o n a l  luof i lrn

i i ,  i.i,,, , i i i .n m lc x  mct.iholic.ilK soopua lo  c oMisoitinm
I h e  m a tu is : .  I n m  t io n a l  b i o l i l m  i s  a c o n i |  i o

, , 1M , , n loini/ed n m io im h c  liulo ulnal o i fam o u s  ha\e
comprising d 11lerenl species h u m

,, I,,, Ii m u  \ i\ c  m ule i m u l t ip le  n ich e s '
less function compared v.idt coinmuni k  .

4. A p p l i c a t i o n s  o f  b i o f i l m

, . - i  . . .  b e  e l l c c l i v c l \  u t i l i z e d  m  d i l l e i c n i  a o  is M i d i
I he posit ive  b e h a v i o r , >1 I1" ’ 1' 1'"  l '" '

„ , r r  treatment ami hinrcmcvlnnnn, H i . . i , l „ .„  , „ , , . l n . , l  
as crop i m p r o v e m e n t .  w a s te  . ^   ̂ ^     ^  ^   ̂ ^  ^

in o c u lu m s  c a n  h e  e l l c c l . v d y  ul .  . / u  • ^  ^  K . u w d  , .    I , .pi    am i

strain b i „ l e r t i l i / c r s .  In w a s t e  w ater  ^ ^  ^  ^  ^  |n | , i..ri-n,ca, . , t ,on

the I r en ted  w ater  w i l l  h e  I ree  ol  " rO " l(- (iiinu,|1|tl| p„ | |n ian ls  us ine  micro,>h'.nnisins

is an  e m e r g i n g  t e c h n o l o g y  l " r  c l e a n  u p  "  hj|>(, i d t m i r i c <l r e i c n i K

I he p o te n t i a l  o l  h i o l i l m  In t h e  p r o c c



S i n c e  t h e  b i o f i l m  p r o t e c t s  the  m i c r o o  

increases t h e  s u r \ i v a b i l i t c  o f  b e n e f i c ia l  ‘ P resen t  in the  b io l i lm  fo rm a t ion ,  it

environmental c o n d i t i o n s .  Th«» ^  m Soil unclcr l,lc adverse
LAiracellular n^i

m i c r o o r g a n i s m  c e m e n t s  t h e  s o i l  n - . r . -  i - n K r 'e s u b s t a n c e s  p r o d u c e d  b \  t h e
un particles to«»ethiT .ni

m a i n t a i n s  a  B o „ d  s l r u c I u r ,  , „  '  ' ' « «  a n d
s l r c s s  ' c  -' l l c l p p l a i n s  I , .  , H ,  K | U t l K .|

6. V p p l i c u t i i . n s  ( , r i ) i „ n i n ,  in c r o p  i N i p r m e n i e n l

Cr" r  " " ' ’ - ' - ' - I  - n  he applied     has, a i , pu. m, , ,
based h " > „ m n , |  s e e m s  a n d   ......... p | .„ „  u , Kk | | a

h. I. l i i o n i m  b a s e d  b i o f e r t i l i / e r s

f nr the success I u | develop,„cnt ..| b io li lm  based hi.dcrl i l i /crs. main studies have 

been conduced In  kn.»u the e l ic i t  n| Hr(ul\rlu=nhinm !\-nn  illiuni  spp. based bin li lm  on 

the nutrient ,jv n luh il i tv  m the m u I was stiulieil In lavasmuhcarachchi and i k v  iratne

1 w e n t L ' l M U l  . « > I f h e  s I C A  C ( l  M i l l  i l l '  ’h  »U I ' l l  l \  III 1 \  Ct  1 W i 111 .III C i | l l . l l  vV v I * 11 i s |
( l i e  s.iiiic | \ n  Ik  Ic s i / c

! «•

♦
K  c n m i v ,11 y»1 ; i \  i 111«i h i c  11111u■ i »11 s

0

I m x i i l . i l m i u d  s o i l  w i t h  t h e  I r e  - h  p e l l e t s . d  m i .  m h . a l  . u l l i i u

*
In c n h . i t i o n  o l  s o i l  l o r  / da>s

R e c o v e r )  o l  m in i
■ra li /ab le  N . I ’ .md b In  lent l im e

ijLiin
v | procedure o f  e x p e r im e n t



The exp er im en t vvas d o n e  with the method described earlier b> Stanford and Smith 

, 1 9 7 2 ) w ith  so m e  m o d i f i c a t io n s .  To incubate the soil fiftv m ill i l i ters leaching tubes were 

used. T w e n tv  cram s o l  th e  s iev e d  soil |<2 mm)' was thoroughly mixed with an equal 

weight o f  w a s h e d ,  oven-dried and sieved sand o f  the same particle si/e. I hen the mixture 

was moistened using a tine sprav ot distilled water to prevent panicle si/e segregation 

during transter to the leaching lubes. I he soil mixture was retained in ihc leaching tube b\ 

means ot a alas-, w oo l pad fixed at the neck ol the tube. A thin glass wool pad (about 5 

m m )vv;ls placed over the soil in the tube to avoid dispersion ol' ihe soil when solution was 

poured into the tube. Minerals, initiallv available in the soil were removed bv leaching 

with 200 ml o f  d is t i l led  water in In ml aliquots. In applying suction, i x u ^  .n.i-'i vv.is 

removed under vacuum. I hen. n .2 g o l  fresh pellet o l  each microbial culture variant 

dispersed in I ml c l  aulcclaved distilled water was introduced to the soil m c a s h  tube, s ix 

loach in ii tubes were maintained for each treatment. I hen ihc tubes were muihaicd m the 

dark Jt p, ( |, ,r | mcnth \ l l e r  the incubation, minerali/able I' and s w e r e  recovered

hv leaching w ith  i n n  ml o M - n l  \ 1  ( a( h and leachates were analv/cd fo, M l  . M M  

p o f a n d  S O )  b v  colorimetric  and lurbid imeliic m e t h o d s  using a - p e c i . o p h  - l o m c t c r

I \nderscn an 1 Ingr mi. l ,, l>' >

| able I M i n e r  il n i t r o o c u .  

soi l - ,  a l t e r  im  u b a l i  m

• IS . . in s  and  s u lp h u r  co n ce n t ra t io n s m u e a l e d  and u n t i e a l e d
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- x w ,  wa i ^ 1 M  , invJj  a n d  P O j 3'  in  tu

j. w  hium  =n P jr ,-  u-  6 S01 U e r e  s ’5 n i h c a n t l y  h i g h e r  w i t h  theftradyrh izobu im  s p  - P e m c i l l m m  s p p  b a s e d  w,^r\  L
B ,  j  f  jL  • * ba^  b io t, !m than w ith  the other microbial culture
variants a t  t h e  e n d  o f  t h e  i n c u b a t i o n  ( T a b l e  h  L

e‘ H ow ever, the b io f i lm  lowered soil SCL2'
concentration compared to other treatments The R m rh ,  1 ■ l -

 ̂ ■ e Brady  / h izo b iu m  sp. alone increased

N H l’ - N ° 3" 21,(1 S° J‘ " concentra l io^  whereas it lowered P ( V  concentration compared to

the control soil. The P e n i c i l l i u m  spp. alone enhanced the availabilities o f  N IV a n d  S O r ' in

the soil, but it decreased NOTand PO '̂concentrations.

To know the e ffect of R h i z o h i u m  based b io f i lm  (F u nga l -R hizoh ium  b io f i lm ) in the 

nitrogen f ixa t ion  o f  non-legum inous plants a study was conducted in Sri Lanka. The root 

system of wheat wa.-> inoculated w ith  both R h izoh iu m  monoculture and a fungal-/?/7/zo/)////n 

biofilm.

t It .111

.. m 1,1 I.-{luminous plants: a) Rhi/ohia l h io l i lm s Plate I R h i /o h ia l  b io f i lm  formation mi nou-lLgummou p
1 , „ „ „  mi iii-d with rh i/oh ia l monocultures; b) Allei

(BF) developed on root hairs ol wheal moc.i la lu i

inoculation o f f  iin.szal- R h izo h iu m  Miofilin-. (I PM)

1 ; I, w as inocu la ted  w i th  the I unga\-Rhizohium  b io f i lm  
f h e  ro o t  s y s te m  o f  w h e a t  w h ic h

, r rhi,„hin as compared In monocultt,re ol IthK obnm
m a in ta in e d  a h i g h e r  c e l l  d e n s i ty

. n n a H|c l ike  structure or crs e iK lo n o d u le s  lo r

The  fu n g a l - R h i z o h i u m  b i o f i l m  actec ■ - . n o n
1 n t . ( iqvas inghcnrachch i and S e n e v ira tn e .  * .004 ) .

    in   “ " I          * ’

     « . . .   ...

ly  ua ,n*  Acrem onnim  sp. n nfyacter as bacteria - D u r in g  this s tudy, the d i f fe re n t

Bf'cidyrhiihohium, Azotohncter  and At  ̂ 0^served under microscope (Plate 2).

maturity stages o f  hiofilni lonnati  ̂  ̂ developed fungal-bacterial biofilm was  

Simultaneously, nitrogenasc activity



measured

(Figure -)-

JJ lLi  1UUI1U vvim the
maturation stage of fungal-bacterial

■ ,7 ,  <jr  Y r j i n

i M J  ■

C(, | „ n i /n t ,o n  by N . - I W i n p  bacter ia  fo r m in g  fu n g a l -
•'Ijhc 2. irrcm onn in i  T  m y tc iu u  ^

, . r vilro  conditions, (n) In.t.nl colonization ol
bacterial h i n f i l m s  w h e n  d e v e lo p e d  uncc ,- i i o m m s .   ̂ ^  f i i |s ip r  fo m ic i |  b y  m u l t ip l ic a t io n  o l  the

 ...........  ’ hC m y C a n m ' , ' lu , Ic r ,  on  I he m y c e l iu m  D a rk n e s s  is d u e  In
c o lo n i /e d  b a c t e r ia ,  a m i  ( O  m a t u r e  c ^  ^  ^

cotton b lu e  s ta in  a b s o rb e d  by e x o p o  ysat



Zi

S

.

lo

M  l ’ u n i ; .  t a n e  I \ L i l u r i t \  sl.i - c  2  \ l . i i u n i '  m u

• i u l i lm  l u n i K i l i o n  s (;i •»c-

f i_i11rc 3 f h i un uc in  n i t n e ' e n a s e  a e l i \ i l \  d u r i n i ’ l u n u a l  i m e e l i a l  c n l o n i / a t i o n  ol  b a c t e r i a
•  4 *  w  m

imJ hn di l rr i  I- -riTi.tfi- mi .it t h r e e  s l u e e .  < >1 in .it n i\it i< mi . de s c r i b e d  in P late

\ I I I u  » I i c h l L k * l l  I * M  * ' . 1 M I III  I '/ i l l  < ^  1 I I >• 1 ‘ ' c \  i l l  H i l l  C  1 1 P " U i  li U i l  I ' I  1 1 1 C 

n i t »' . ( p r <  ) ( u i  , k i  I  r u  h f K A  r n u i  . n u l  l  \ t u n  » l u c  I c 1 1. 1  I m  * »ci l  b i i  > l i l m s  i i i u l  > c L  e k  J  v. . . n u » o . k  U  i i ii  

i ,  h m | j r l i l i / i n  • n p f i ' » n ^  i n  I c n i n i m *  » i k  u < * p ,  i n  I c u n ^  <>l p L m l  i n n w i h  p i o m o l h  n  a i u l

, „ l , I<:r„ h>:    c n i o w r c  l , . u m i „ . l :  I . / .•»/./. I t  .........

| / r I    I /  ' •  .........................   I ■ ’

I  /  . /  ./In i .  I t  I  I H< " ' I  >' U‘ 1 l i l '- ‘
H r i i i l )  r h i  -i i ' / r i m  h  i / t r i m  I l n l o l l i " '  .p

, , I , Ilium  o, , 'ini I ' l . ' l d m  " ,  u u i  i l a u k
Hi'ihh rhi y ih irou  h i t > l i l m  m d  I 0/ i  > 1 1

I | | K  i . >i it n i t  m  i l l  r «  '
taken in t r i p l i c a t e  i w b k h  i* •/' n* i i

..............   , , , , ,1 w,| , | I ) 1 111 I klv k ‘ l M I »uJ
entiled w ith • h -m in i  ’ i k I ' "

i l l  , | ■*„ i \ | (  i a  . ( I k  . i n  K i n : '  . c u i l  a n . l  an 
Mmhmlirnun  n a n e  i i r b " x >  " K l l r . l  e d l n l - c  U

ai l  a n \  i i u u  u l u i n  ( I i w a s  i i m ' i I as
dried  in s h a d e  l«»r I h heh -re  s . iw i n i ’- ( , n l v  (' ," rlL

, . . . .  . . . . .  e \ n e i  i n i f i i t  w a s  m i d e i l a U  n up f> thei ii 1 \ 11 PI I M o I ... 1,1
e  u  > n  I  f t  1 1  S i i w i i l L l  i N m u  <

harvest si.iue ( I ^  «-!   U r,"
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I rcalmcnts

I.e. Per cent increase in a\ a liable \  in the inoculated treatments (o\ cr conin >11

I i aure V I I led ol bmlilmed microbial innculants on mime bean.

I h e  m t n  >aena .e a c l i v i t ' . .  m e a s u r e d  .is \ K  \  I \ K  \  ol  the root n od u le s ) ,  l a n e e d  

from I  ̂ 0 7  t>> o o >  n m o l e - ,  .>1 e t h y l e n e  a Iresh u l  roots  h il iaure ; .o I Ik hml i c s i  

va lues  w e r e  r e u . n J e d  in I l o l l o w o l  h> I . n u l l  I lie mi crobi a l  In >m i . . . I  m m

was s t a t i s t i c a l l y  at par  in I and I (I mure  e h ) .  In t erms  ol  . n a i l a b l e  V  I .aid I.

recorded XH" ,  m .  rc  i . e  o v e r  c m  I. I  « < d  H> 7 . ~ -  ••»>' 1 1

t r c a l m e n t , 1 1 u /u r c  U i

6.  2. Biof i lm b a s e d  b i o c m i l r n l  n u e i i t s
I , , 1 1 b e  III e l l c e l i \ c  t o o l  loi  h i o l o . - i c a l  c • <nl i o |  o l

B i o l i l m e d  m i e r o h . a l  m o e u l . m i .  l . i i i  be  an

, ,  , n  , | , e      polemi . ,1 - I  the d i f l e i v m  N o h l n w  and
d is eas es .  In o rder  i<> e v a l u a t e

M ir n „ o l  c o t ton  plants ,  a pot e x p e r i m e n t  w a s  s d  up In 
i nd iv i dua l  b i o l i l m  p a r t n e r s  o n  c o l l a r

I A R I .  N e w  D e l h i .  , ,r . „ c r e  t i ie -d  w ith  12 kg  ol S o i l  u „ h  , . ,m lv  0 : „  loan,

f h c  .......   d , . m c . c  ^  ^  |)a l; , ilW,  ,■ I M C  I,.,':

. c u r e :  p . ,  7.5: organic < «  I. -  « J  wj(h „  g  ....... .

a v a i l a b l e  K 6 1 0  k g  h a ' .  M w  «>• ' , m i c r o s c | cri lti.i k c  s o d ' i  I l ie
i mi  *eeda ( c o n t a i n i n g

p h a v eo lin u  c o lon i s ed  sorgni implication ol Vil ivnx
. |ria treatments were n

recommended chenoco l



iphanukaAgritech L td : contains Carboxin 7s% ui
. . _  . , '  mutable powder /WP) at a rate o f  7 a Ice’1

of seed, as soil drench. T n c h o d e  '

Biotech Inputs and Research P u . I td Indniv in r  *
“  . nd0PL- lnd ia> a rate o f  4 g WP kg ' 1 o f  seed was
applied as the recommended biological control agent. The

formulation available commerciallv ( 1%. Indore

were- 120:40:40 N P K  kg ha*1 in all
rates o f  application o f  fertilizers

pots except, in the treatments in \o l \ in g  biofilms, 
inclusive of.-l. c h r n n c o c c u m  or A n a h a e n a  torulusa.

In these pots. onl> 75% ol'lhe recommended N application (i.e. 0 0  N kg ha ') was 

Siven along w ith  lu l l  Jose o f  P and k  fertilisers, as ,|. and .1 n a h a c m ,

torulosa  are nitrogen Oxers. I lie other treatments were all given Kill'*., d . -c  o f  all 

fertilisers. S u lh c icn t  humid ity  conditions required lor efficient disease v-.i:iMM • ici i and 

development o f  fungal mycclia  were maintained.

rhe pots were inoculated. I he treatments were h  : \ /  p l iuseo l i im .  I :/ viriile. IT 

:/ ’ f lu o r e s c e n t  I i /»’ s i i h i i h s. I : I chroncucc imi .  L : /  viriife * I' llimrcsL c/o dual. I 

T virnlc • f> M ih l ih s dual. I •: / v irule  ' I c l i roncoi  t inn dual. I / virith P fl i inre\eens  

biofilm. I I v i r u le  /.’ \n h l i h \  h io li lm . I n : /  viru/c I e/irtxn uei um h io li lm . 

[ \ - :A n d h a en i i  - / ’ w V ’/ / / / v  h io l i lm . I i inihticnu sp. /  urn/e hio li lm . I 1 lumical 

control. I and I served a, hio|..gical control 11 ru lunlernni lorimilalion i and ahsolme 

control in ,, in,.eolation w ith  \ l , n n , r l,n„,/»./ or hacteri. i loanoh.icteri. i l  hiolilms).

respectively I he c"ttnM variety used is I u^a NO

7o

tin

si)

10

3 o

70

0
n  i f  1

5 | „  17 IX I 1' I " '  1
I refitments

| 7 | | i  I I I  I I s M(»

, ig t . r o , . m e    l ' io te r i ih /ers on nn
irtality ol collon seedlings



^  u l u c ° n t r o l  a b i l i t y  o f  th h '

index ( F i g u r e  4).  T h e  l o w e s t  m o r t a l i t y  (5.67w ‘°  ‘ S - m o r ta l i t> ' t a k e n  33 30

biol i lm. f o l l o w e d  by  t h e  c h e m i c a l  c o n t r o l  tn> , ° bSerVed m  T

bichest m o r ta l i t y  w a s  o b s e r v e d  in the  t rea tm  l 6 ' 6 7 %  m o n a l i l >- T h e

-X  , t r e a t e d  n e t s  fo l ,  , „  ' nV° 1VinS 0 "'>'T o )  s e a t e d  p o t s ,  f o l l o w e d  b y  a b s o l u t e  c o n t ro l  , 5 0 % ) .(61.17

t~«
ril>* r>’ 

r.-*» ' ’ ' ' * LIB 1 .m.

m nhq o f  c o l lo n  plnnls s h o w in g  co lo n is a t io n  o f  roots  
late 1; S c a n n i n g  e le c t r o n  m ic ro g ra p h s  ot I

u- f i l m s  l i c i t  r ig h t) ,  ( a )  H e a l th y  root tissues; (h )  Roots  
m y c e l ia / l l l a m e n t s  a n d  m a t - l i k e  h to f i lm s  f l t t i  n g n

,, hm fllm s ' ( c ) AniilHiciui-Trichinhrnia  btofihns
colonised hv  T r ic h n d e rm a - l i< ‘CiH»* h l0 ^ ' l m , • H ’ .

, h  ( v an o h ac tc r in l  f i la m en ts  w i th  a ttached huctcrut
entangled with root tissues; («) r.i n

, h , r a n , tissues. Filnck c irc le  indicates b i o l i l m - l i k e  
t d n a b a e n a - B a c i l l m  b i o f i l m s )  c o v e r in g  the root



ol the inoculated ornunism> »IMa le  a ).
SI M  o t  root - a m p le ,  r e g a l e d  colonisation

, - ,m h l in 2  a ne tw ork  l ike tirowth comnrisin.T r..„ t
~ ~ un~al c\anobacterial filaments alone with

bacterial colonies.

To increase the endoplr. t ie  colonization o\' Pseudnnumas  t lu o re secn r  in tomato, a 

stuJ> bccn ^ ‘ »nJueted h> la>usinuhearaehehi and SCne\iraine (2.0 0 M.

| thle -■ 1 nJoplv.t ie  populations ol P s e u d o m o n a s  f luorescens  in leal, shoot and root 

t j a \ u e s ol 21 da>s old tomato plants treated w itli / ’ t l u o r c s c c n s d ’leumiu^ os irca tus  

hj,itilmeJ inocu lum and an inoculum o| / ’ flunrc.sccns alone.

M ic r o b ia l  t rea tm en t I’opula lion ol  P . / l u a r  -s, e n s

1 .(it*in ( (  I d :t f r e sh  i i'.’.h l i

pscudmn.on  / . d m  cm ens  alone

/- f l u , ,r,_ m -  - / ' /< m a i n s  n s i r m m s  h i "

L

Sluu >1 

UlH '1

I eat

Slit n A 

K» M »i

■N ( I 1

5.S

(». 15

11u

(I >u

\  IS | J I M I » )
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, \  ( (M'| |il I, 111 ' ’I \  Oil tl Is

> lilt.
I o l  / '  A | * " "  "  1 K u m l u l  1,1I i pt tpu! i t ,( n '

s u m i I n  - t i l l K  h i t t h  1 n ' P b j o l i l m  i n o u i h i m  m i u f . i a : !  Ii
■ , xv ere tll'oH n ' '  1111
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leal. .ho.,i and i ' " " '  

plants up>wn w 'lh  a pl-11’^ *’ 1,1 

p<ipnlaiam ol P dn<u < Vi
was i« to itka i a

I n i l || e . ' l . ' l l l / . l " 1' "t. least I'.u KH.n
\ o  nciM ii\c  * 1 ^ v l ! it •( u

n mil i. si,..,., diov'cl
..I || h t|l I M / H

n o l . l M .  I*' ' n,'



B i o f i l m  b a s e d  m i c r o b ia l  inocu lan ts  has an i
. . .  m portanl role in the enh ineemcnt ol'

plant growth p rom o tion  activ it ies. lo  know ,hc role o f h in r ,  , '■ ' " - " " ■ m o l
. 1 him based microbial inoculants

in the plant g row th  prom otton. several studies have been conducted.

H e t t i a r a c h c h i  e t  al.  P O l . t i  ttll i: ■ ,
died the eHeetiveness o f  biolilmed microbial

inoculants on enhancement ol root growth o f  rubber seed lines

mure ^
, Meet " I  d i l le rcn l  lc ,h l , /v ,   .....   v n u . tc ,  o ,  tuh lv , glnnt

i ,, ,,i i lu- nl.ml i w a s  m e . is iue t l  .ii I lie end ol die 
In la l  ro o t  d rv  m a t t e r   .......   M"  '

   ( o n s i i le t in i '   ...............  h a l l  .1 ......................................
:r imeiii is given m I i-U'c

, in n l i c a t io i i  l i c i i ln ic n ts  i l  I . I u. sgectiv  e l \ )
mmendcd inorganic lc r l i l i /e i  01

, m ’ l'ited w il l '  root f , , ,u lh  h io le i i i l i /e is  only
l i / c r  application was inversely corrdat

P hi!,hcr n m t g r .m lh lh a n lh c m e c o m .n e iH le d le i l . i l /e r
iment (01 • IJI R I  -1 4 )  g a ve  s ig -

r h I I U s x v j,h in o rgan ic fc r t . I . /e r l rom ha l l  I K i l o  lull I I d  ( I  the

11 1 "  ' " in h in c  " "  "  , inllucnced mol growth than iheii non

imntendcd f e r t i l e  ^  ................ .........

IN  tippltalinn t re a tm e n ts  t - " ' l  an(| ,„|| rCl„ n im entlet l  inorganic

i> r i i l i /e r  with Ml 111 s
nrtmcndeil inorganic



A l i t o r  w i t h  B F B F s  , T „ ,  g a v e  s ig m f ic a m h  h i „ h c r

reeu m m enJed  in o r g a n ic  fe r t i l i z e r  t r e a tm e n t  ( T - i  '  -  ^  ’ c " n' ra rc J

T o  e v a lu a t e  th e  e f H c i e n c v  o f  Trichn/

„   ..........      1  ' k r "“' bascd b io f i lm s ,  seed germinati,
was done ( T r i v e n i  e r  ah.2013). Cotton seeds » •« ,  r  ' sc rm in a t io n  assa>

, ,• ’O , i. , V SUrlaec sterilised hvethanol tor _>0 s. followed h\ 0 1 ° n m,.r.. •
‘ l,nc chloride for 3 m in  and i

times with sterile distilled water. I hese seeds ,
ore a ir-dr ied  u n d e r  lamir-^ir il \ I lieiimvjci U1IIIIIMI II t\ | lie

percent g e r m in a t i o n  o t  the  seedb was tcsuvl hv i n  • i
I k J  b> kccP'ng the surliicc-Mcril i/cd -ec.U I %
water auar tor 48—Ĉ6 h w ith dilTercni . n i l . , r .. • , .

<-s nnxiuies hiolilins. I lie trcaiments used were 
F | : T rich n ilc rm ii  v im lc .  h -  l i n e , I I iII !-• I h u n i , , ,  sulM,l,s. | e A z n i o h a c i t r  chroncocci im.  T4:

r s e u J n m n m i ,  f l n n r c w n ,  I : /; s u h n h s / Vlrulc. I - : . I. c h r o o c o c c u m  / urnlc .  I

P t l u o r c w u  /  v i r n l c  I / v ,rule-  11 snhii ln  hiu/ilm. I : / v i n d c -  I t h m o c n c c u n i

biofilm I I v i r u i c - r  fl in n \ ' \ l\ i i \ bm l ,h n ,  I Control w ii l i  \ tucn>r lumur.o p l u i ^ i l i n u

and I ( ' »nlr< >1

011

I icn l i i i i  i i k

r  it »i seeds as inlliicncccl hv h io l i lm s  .mil llieii partners  
l igure 6 :  P ercen t g e r m in a t io n  ol co <

, r r M „  w as showed hv the inocu la t ion  .-I / v n n li  * H 
I he h ighest g e r m in a d o n  p c r t u

,  , n ,h,orescens h io f i lm .  H ie  g e rm in a t io n  pcrcc.i.uue was

tuhiihs  hiofilm and / " ,u le  P f

lowest in the  c o n i r o l  t re n tm e n i



T h e  I A A  p r o d u c t i o n  ab i l i tv  0 | - lh 

(Hartmann «  al. .  1 9 8 3 , .  It is  f o u n d  .ha t  al! thc m a a m d

values r a n g i n g  f r o m  0 . 0 1 3  to  0 . 0 8 3  „ g  m | , r i e u  ^  U A  p ro d u c c r s ' " ilh

produc t ion  c o m p a r e d  w i t h  t h e  s in g l e  c u l t u r e s  Th \  • , ^  ' ,ii?hCr U A
P . .  , '  cu l tu re s .  T h e  h ighes t  va lues  o f  IAA p ro duc t ion  w ere
observed  w i t h  t h e  / .  fluorcscens^-  7 i•/*-;/ i i

1 d l,a l cullure and bioli lms o f
fluoresceris a n d  T. v iru le -  II suhiilis  id  m o  \ ,

/S ( U)X-  Mg' ml. 0.072 pu ml and 0.074 pg'ml
respec t ive ly ) .

-ji

0 . 0 0  

0.08 

0.07 

0 . 0 0  

I) 1)5 

0  0  1

-  0 0 7

i )
I I I 1 I 5 |d

I r c a lm cn ts

S 10

. i nf igure 7 ; I \  \  p n , lncln m by Ihc baUeria. imliv id ii. i l ly. m «
I I /  , I, !,/,■■ I P o i l ' l i l i v .  I , :  I i l n>Oi  O L ,  unr.  I d  / ’

I real m e n  i . n u m b e r .  d c n " i t  I '
, / | / . iii t 11 HI ’ I ' " '•h ■ * / ’ d7 < >f, v, t //v ‘

llunres,en s . I / /  w / W / v  I >' ' ' "
r  i \ I I / '  s u h l i l n  b n . b l m .  I ■ /  ' " • " / • ■  1 > h n u H , x u „ u  h i o l i l m .  I /
I  v i ru le :  I vt: /  v i r u l e  -  / •

virule- / '  fhinreseens  h u d i l m .

7. R e s t o r a t i o n  o f  d e t e r i o r a t e d  so il s  , . . .
. • s r i  I onka  to k n o w  the ro le  o l  h u - l i lm c d  m u r o h i a l

An experiment vvn ^  ^  s()j|s (Scnev iratne r / 7 , | l ,  l lu -m .dy  was

,U ,l; ln ,S ,n lhC rCStnra ! . .  , |t, (, d  f ie ld  w a s  under the a p p l i c a    o. l e O ih / c i s  and

ndueted ... a tea plantation. c ^  ^  w a t m c n l s  llsed were ion-,, ol recommended

r . ,c h e m ic a ls  fo r  the  pas. M > -W  y * *  m elukl\ c h em ic a l  Ic r . i l i /c r s     I , and

emicul fcrtlli /er  r in o % C l )■ '  " ‘ >rer, j , i / Crs  ............. ...

chem ical ler l i l i /ers  and hm lilm tt



h

HxroC 5 0%C T  

I rea tm ent

5 ( ) % C T •  H I  H I

f t

" ( S O " .,( I I l i l

I rc;ilmciils

> i i  i . I | , i MI HI ' . )  . innl k-iI u n . k i  m i i s u v  .iiul he ld  
i re X I 11 c i  I -•! b n . h l m c l  b i - - l . m l i / t i  . <m m  n

d it inns n l’ tea u i ln v u tm n  in bn I unU
, h n i k i l i l i / c r s  al--lit! 'Mill 'Ilf s "°'" u o - m i n c i u k x l

I l ie i i pp l i t n i i - - n  " I  b ,(’I*1
„ ,|u- s,-. l  m o i s t u r e  uMilcnl  as  u - m p a i c . l  I.- Hu- I («»".. t l i e m . e n l

mical le r l i l i /e rs  increases fl i t
. ^  „ 1(| mniniains ilic pi I let el - I  Hit so,I I.on, a \e r \

i l i /e r  ;ipplieali<'ii. Ii also mere.

n ^ l v  a c i t l i c  c o n d i t i o n  (f i££l|re 8 ) ..
• I fron1 , |1C c a i l i  Ircalni f i i i  (I lute l> I lit so i l sIhev a h o  isolateH the mial h a d t n a l  ir

, is serially tliluteil and plated on miinent M ic  , ,1k

h " L a m U . , ()% reduction in the application ol recommended t l i . m . c l

m a t in , i  was taken. rn i ,sideniMe level. Hie hiuhcsi population ol
iliy.*r u o * ir  iu« reases the population



bacteria w a s  r e c o r d e d  in  th e  c o m b in e d  use o f  sn° '  u

bio fe r t i l ize rs .  ~ ° C 0miCal fe r t l l ize r  and b io f i lm e d

100% CF 50% Cl

Plate 4: Total soil bacterial colonies isolated on nutrient agar, from soils treated w ith  100% 

of recommended chemica l fertilisers (Cl ), 50% o f  CF or 50% o f  CF together w ith 

biofilmed b io le r t i l i /e rs  (HI BFs) in a tea nurserx were plated on petri dishes and observed 

on day 7 Persistence o l the applied HI HI s in the soil was evident from larger colonies 

developed from large colons form ing units or b io fi lms o f  the 50% CF and HFHI s 

treatment.

8. M a s s  p r o d u c t i o n

M a s s  p r o d u c t io n  '>1 h i o l i l m c d  inicrcihial inncu lants  in v o lv e d  the separate c u l lu r in i i  

o f  p a r tn e r  o n a n i s m .  » I. a .  b a c te r ia  a m i  fu ng i  H i g u r e  " I  I «»»gi are genera l ly  c u l tu re d  in

potato d e x t r o s e  h r o th  m c d n i  t h e  e u l iu r in g  " I  bacteria  can he done  in .ins specif ic  m e d ia

n  m ed ia  for irotol'iu tcr. Jensens' m e d ia  etc ). 
(eg: lo r  Pseiii/rtmana* K in g  s n  m i m a .

, * | , i(|"( ,1 static posit ion  for one w e e k  am i
The fu n ga l  c u l t u r e  has to be in cu b ated  at h i  m i

m ;l shaker incubator  lo r  4,8 hours. A  Her 10 days  
bacterial c u l tu r e  at a te m p e r a tu r e  o l  »«» ( 1,1 ■'

I 0,1 lav iin' liinuus and bacteria hits to be extracted 
ofbioftlm formation, the biofilms produced b>

• , , ., ii -d w a ter .  I lien the lu n g a l  and h a c lc n n i  cu ltures  h a v e  to  
and washer! t h o r o u g h l y  vviih chstilU •

, i, m act a uniform suspension. I he next important 
he centrifuged and vnrtexed separately. W g *  1

• nnrl funu i to produce  fungal bacteria l  h io l i lm s .  1 he

,,ep is ,he ~  *  ° r   .  ^ ■ „ »
vnrtexed uniform suspenston, «  ^  ^  ^  o f    .„ nSed hiolilm,

tu i la h le  media ( e g :  T h e t n o s .  suttab l ^  ^  w h i.e

^ i t h  n st/h filh  a n d  P fhn trescem  w«.re



for A chm ncoccum  the highest values were prod •

2012)»- A f te r  5 w e e k s  o f  incubation the culture can h^ W " " ^  ^
L miXcc* " f t *1 the carrier material.

1 -

Incubation

\ t ra c t io n  ot h io t l ln i  and *
w ashinu J

I xtraction ot b io li lm  aiui 
w ashiivj

t entr i l i iL ’ed and \o r te \ed ( entrilimed and \o i ic \e d

a

| i - ' n r c  ' )  \ l ; i s s  pi • h Ii k lh'ii «»l hi*»lIImctl n ik 11thiiil inofiiLmi

(  n m m i r i  i;iI f n r i n u l ; * l i ( , i i s

,l |, t <ii ili-: l.i..lil„,c,l h i , , Id , I ,a - ,  ■ w e e  1 'ii •

| „ n  h i n r n l . l  S I . . . I K  s „  I . , „ k ;  I I c . i  K  c - c . h     l ' l

IU(, |  I, 1.1   ................. I '1" " ' .............. " "  •'

II I milk J.

, < I 1 ‘ 11»I 11II K\l
   „ " i , i  ........................■.......................................................... .............

 ......j      " ........ .......  ........ ....... ....... ........

n  I ink., I I iO .T l l l 'A T -    1 l l ie i lll. 'llln, I III, 1,1,11 M.

................      ,,,.,,/C. „c c  '" " I  I ,k". „  I V . I , ' , ! '  11,0 .1,0

ka S o

. ,1', I I I id R'N ' levi  I" H-ll  ...................
I i i n k i 1  | t i o l e r l i l i / e r s

. . . . , m l l / c  i icc . n n l  v ci' i  t a b l e s  i i - . p u l i w
„ „ l  m „ n i m  V c o

. . . .  | ,1 ,0  honc lK i-il „,ior->l‘0 '  I ,on,  h i ,  I ',"1",
)L. i he n a m e  i so late  . .

, j, Ihoro h m i o n n i m o K , . . !  I „ i i„„ l . , l „ -
■ i h c  Sri  I i .nl -an -*"K n'.

i .. . h.mn 11( WU‘ 111 IIU11»1 •

k’i!



• T h e  E P S  p r o d u c e d  bv the
. m i c r o o r g a n i s m s  he lps  (heir s u n h a l  under stress

c o n d i t i o n s  s u c h  a s  h ig h  tem nem nir* .
-  t e m p e r a t u r e ,  e x t r e m e  pi I. U V  radia t ion  etc.

• T h e  m i c r o b i a l  c e l l s  in th e  h i n f l im ,
re h ig h ly  p ro tec ted  from the  ac t ion  o f  toxic

s u b s t a n c e s  s u c h  a s  a n t i b io t i c s .

.  T h e  f u n g a l - r h i / o b i u m  h i o l i l m  c a n  h,* . o r . . , -  , . . .  , .can  he e i lec l ive lv  u t i l i / cd  in \ -  f ixation ol n o n 
l e g u m e s

inrmonc^.. Enhances plant grow th bv the production ofp lant growth liori

. Plants w ithstand environmental stress such as moisture stress. I he I PS can trap

water mo I ecu I es w ith in  their si rue lure with the help i > I h\ droeen bond inc.

1 1. D i s a d v a n t a g e s

• I he b io f i lm  i> very destructive in (heir nature, \bmit oS"„ n f  l i i lcciin.is diseases 

are caused by b io f i lm  

» Ihe ir i isr > -r_:.irii >m s w i l l  hcci'ine drug resistant and more resistant t "  antibiotics

d u e  h • the  b i o f i l m  h>rmaii>>n.

» If cause. b b n J u u c " !  irrigation pipes especiallv in lalerals.

I 2 . ( ( inc lus ion

l l i .d l lm c d  iiii.-l* >h i . 11   U ilu  u s i n u  .I*,* nculliH .ii l> loc lu l m u ,    .....................

Ihc heller per .1 .Icncc .......................... . .id—  cl,w,oilmen,.   one

plli.tti«m .................   h.e.e I "  he   die,    c ro p    m u . „  - I ,  ,o

. . . . . .  II, , -  soil a p p l i i . 111 > • 11 ol I K i t s  a .  bi.- l i lnu . l  mouila
.rohial herb ic ide.. b n >pc <iic mIc .

, . ...a,,. ,. I,, he ai a.lined in m i l .un i  , k p l , k , l  I h , 's and 
tears to be imp*>runt it soil k  .

, M l j | |(l ||,e a h .e n c e  .<1 iln-ii ho is l l - . v e v e r .
v iva l  " I  r l i i / " b i a  is lo  be  i m p f • ’v‘ ' .

r scree because U is si.II unde. a . .d ied  V le d io n  ol 
ll ications " I  this biotechnology aic c.

■ | . i  cllicicMic v. simultaneous h io k i i ih / i iH '  and

 ..................  r m i C t r J i n I ^ r c « n r c , H n ....................»  ' ....... .........

i c n n t r o l l i n g  a c t i v i t i e s  . c o n .li l i . .ns in o l d e r  m  u p t i i n h c  h io l i lm c d

mid he  d i m e  u n d e r  lnho ra lo r>  an

innciila lor various crop1



ontinuous

e no

,. What are the m eth o d s  used tor removina biofi|m r • . '

Ans: Normal chorine  treatment can',  remove bi0 R|m T  “ T ' ™  

ozone treatment and ch lor ine  dioxide treatm • , resi5lant d,lorinc- c

Whv it is not com m erc ia llv  available in India?3" h'0 "'"’ irrIgalion pipes' 

A",: S ince there are no ex ten s ive  studies con d u ced  in „,dia on a pilot scale, there are 

biofilmed bio fertilizers are com m ercial!)  available.

3 . [ low we w i l l  ensure the h io l i lm  I'omnimn • -
■ ormation on rooi m held condition?

Ans: B io t i lm  form ation  can he observed tlimm.h^ r \L U  through scanning electron microscope.
4 f ie ld  application »*t Ik ju id  b io lc r t i l i / c r s ’

Ans: Spraving in the root /one u iih . .. ,n , , i \ . „ .  .. i .• ,a j.ap o l one week ol the application ol half o f  the
recommended chemical lert i l i /e rs .

5. "Biocap.Lile i> a recent technology in hi..lertil i/ers technology. I low it differs from 

biofilmed h i t ' fe r t i l ize rs . ’

\ni: Hi cap .'lie > increases only the shell lile ol hiolcrlili/ers up io I \car as compared to 

convcnrion il h io lert i l i/ers . hi11 nm m the lield conditions. Hut. the hiolilmcd n . m  ih/crs 

increases fhe s11re p.ability o| llie hiolcrtdi/crs in adverse lield conditions mic'i as high 

temperature xfrcmc pi I c k

b ( in the m i c r o b e . f o r m  h io l i lm  naliiralh in s o i l . '  Il y e s .  I hen wl i a l  is the need ol  

hioli lmcd hi- dcrf i l i / c r ..’

\nv M m rohc . lorm h io l i lm  naturally in soil. S.. the aim ol hiolilmcd hioieitili-vrs. is it. 

increase the cell population hy l.clp.m- llicm lo miiliiply and n> p .odmc hi Him in

labor,tinrv to n d i i i .m  tI.e.. n is . ' l ' l ' l ' « .......... . .......... " K  .... . C " u u

micnu»rgani sin ,

7 Where the s t u d i e s  related lo h io l i lm  m  .....   Held is m i l .a id  1

Ans I 'ro l ( , aniim Seneviralne " I  I"
, m m .- r id i/ e is  in 1n i r  In h i l l s .  II v  lo .- cd u i  w i lh  l e a  

in i t ia led  d ie  r e s e a r c h  o n  h i o l i l m c d  h i o l u i i n / u s
, | p.,I,| n ia l  o l h i o l i l i m .1 hi.a. . l i f  t. ' >i lea

R v s v a rd i  In s t i   O K I .  c o m i n c m c . l  I k  I ..............

planiatic m.

( ,| I ii iMl.inienl. i l  ' s i imIics .11 s,. s M I ank.i

;o



A m e lla l .  N .  G . .  B u r t i n .  F . .  and H e u l in .  T  19ok r m  • •
. . .  ' L o | o m za tion  o f  w hea l root In  an

e x o p o ly  s a c c h a r id e  p r o d u c in g  p anlni.„ ,
g g h n w r a n s  strain and its e f f ec t  on  

r h i z o s p h e r e  s o i l  a g g re g a t io n .  APP,M  .u ,V m W o ,. M .

Anderson. I. V I .  a n d  In g r a m .  J. s . m x  ,w  ,

H andbook ot \M h o d s .  ( . M i l  Pub lish ing . W a l l in g fo rd .

F l e m m i n g .  II.C . - Oi l . . .  I l i o l o u l i n g  in s ta l er  s > s l u ms -  casus ,  c a u s e s  and c u i m t e n u c u M n e s .  

I p f ’l lC i l  I f i c r o h n ;/ f i i i t l c c h n n l  5 ‘); 6 2 9 - h K ) .

Hartmann.  \  . s i n e h .  \ 1 . .  a n d  k  I imam l i l ler.  W.  11>S3. Iso la t io n  and ch a ra c te r iz a t io n  o f  

I :> 1 \ p i n l l t o n  m u ta n t s  e x u d i n g  h igh  am o u n t  o l in do le  ace t ic  ac id . A  \ h s . r o h i i > l

2 ») o |o - o 2 V

| lerath. I I  M  I I .  M c m k d i w c l a .  k  K . .  lea lav  ithana. \ I ) . ,  and S c n c v  iratnc. 1 1 -201 s.

U e v c l o p e J  l im g a l- h a c l e r i a l  h io l l lm s  h a v in g  n i t rogen  O xcm  u n ive rsa l
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increased the soil moisture content (Senevinnne el 2 0 1 1 ,
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soil fert i l i ty . The synergy in the multiple mode ol action combined with increased 

sUrvivabilitv ot b io tem hzers  can provide enhanced nutrients and biological control. It w il l  

also result in long term sustainable crop production, besides widespread adoption o f  

biotertil i/ers.
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[ N T R O D I C T T O N

Wastewater  t reatment  is the removal o f  c o m ,  •

^  it includes physical ,  chemical  and biological „ ^  ^
i 7 Q0 4 ) 7-},^ m  . Pr°cesses  so that the w a te r  can be re -used

„ _ d , d  m l m b l o i<,g i t „  „ d  m i . t  g u . j f c _ ^  m  ^

opetauonal a n d  m ain tenance  requirements ( T r i v e d y ,  .. 2 0 0 7 :  N h a p i .  20 0 9 ).

V e r m i t i l t r a t i o n  t e c h n o l o g y  w h i c h  uses e p ig e ic  e a r th w o r m s  has in c re a s in g ly  b e c a m e  

a n e c o - f n e n d ly  w a s t e w a t e r  t r e a t m e n t  te c h n iq u e  ( A z u a r a n d  Ib r a h im .  2 0 1 2 ) .  T h e  idea  w as  l irst  

advocated b y  J o s e  T o h a  f r o m  C h i l e  in  the  y e a r  ! 9 9 2 ( B o u c h c  and Q iu ,  198 ;  A g u i le r a .  2 0 0 3 ;  

Li. et o l.  - 0 0 8 ) .  I t  is a  t r e a t m e n t  c o m b in a t io n  ol c o n v e n t io n a l  n i t r a t io n  process w i t h  v e m i i  

com posting  t e c h n o l o g y .  It  is a  l o w  cost, o d o u r le ss  and n o n - la b o u r  in te n s iv e  m e th o d  o f  

wastew ater  t r e a t m e n t  ( M a l e k ,  cl al.. 2 0 1 2 ) .  I lie resu lt ing  v e r m i -H l t e r e d  w a te r  is c le a n  and  

disinfected e n o u g h  to  b e  re u s e d  lo r  fa rm s  i r r ig a t io n ,  in parks  and garden s  (C iha tnekar .  cl al. .  

201 0).

D uring  v e rm it i l t ra t io n .  there is no sludge formation in the reactor which requires 

additional expend itu re  <>n hind 1111 disposal, instead a \ ermicompost which is a b io - le r t i l i /e r  is 

formed (M P D B .  2 0 0 0 } V e rm i l i l t ra t io n  also removes heavy metals, solid and l iquid organic 

waste in the w astew ate r through the action ot earthworms (X ing. 1 1 a l . .  - 0 1 0 ). \  arious 

earthworm species have been used in verm it i l tra t ion  o f  municipal wastewater i S m h a  u  a l

2010).

I hc ea r thw o rm s  body w ork  as a b io - l i l tc r  and earthworms have been found to reduce 

biological oxygen  dem and (1101)5). chemical oxygen demand (CO D), mini dissolved solids 

(TDS). total d isso lved  and suspend* Is I I IK S ,  and turhidity Iron, w as ,cw a tc r , Malek. e,

al., 2 0 1 2 :  X i n g ,  cl a l.. 2 0 1 0 )
. i .,c .•hi-mieals and ver\ high loads ol organic matterSewage w astew ate r c a r n c s  l i a / a r d n u s  chum cais  . g

■ r.i I n-i iment ol this wastewater lor sustainableWhich must b e  treated b e f o r e  Its d tspo sa l.  h c a l t n c m

.• m i  In* a c h ie v e d  b v  the use o l  e a r t h w o r m  s 
d e v e lo p m e n t  w i t h  e n v i r o n m e n t a l  p ro le c  it «■ -

• . . m n u r  s o lu t io n s  to s o c ia l ,  e c o n o m ic ,  e n v i r o n m e n ta l  and
species w h i c h  p r o m i s e s  to  p r o v i d e  c < p  ̂ .

b e l l s e ( | f o r  irrigation p u r p o se s  (S tn l tn .  . I l l t i l .
health. V e r m i  I i l l  r a t i o n  o l  w a s t e w a t e r  c a n  nc
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trttot t»n*t (black 
gray watar)

Iniuaiion dIdc

Layer I
Laver II *

Laver III
Laver IV*

Laver V

L a y e r  I

Soil bed +  E ar thw orm s  

L a y e r  II 

Net wire mesh 

L a y e r  III

Sand + 5 m m  aggregate  

L a v e r  IV

10 to 16 m m  aggregate  

L a y e r  V

20 m m  aggregate

FUNCTION O F  V E R M I  FI LI  R A T  I ON UNIT

V e r m i f i l t r a t i o n  u n i t  c o n s i s t s  o f  w a s t e w a t e r  c o l l e c t i n g  tank ,  v e n n i f i l t r a t i o n  b e d  a n d  

treated w a t e r  c o l l e c t i n g  t a n k  W a s t e w a t e r  wi l l  he  c o l l e c t e d  in the  w a s t e w a t e r  c o l l e c t i n g  

(PVC) d r u m .  I h e s c  d r u m  a r e  k e p t  o n  an  e l e v a t e d  p l a t f o r m  j u s t  n e a r  the  v e r m i l i l t e r  b e d .  1 he  

PVC d r u m  h a s  t a p  a t  t h e  b o t t o m  to  w h i c h  a s p r i n k l e r  s y s t e m  is a t t a c h e d .  I h e  t r e a t e d  w a t e r

col lec t ing  t a n k  w i l l  h e  a t t a c h e d  at  t h e  b o t t o m  ol  the  v e r m i l i l t e r  b ed .

In t h e  t o p  m o s t  l a y e r  n l  t h e  t i l l e r  . sys tem,  e a r t h w o r m  b e d  m a te r i a l  is p l a c e d  in w h i c h  

e a r t h w o r m s  a r e  r e l e a s e d  I h e  b e d  m a t e r i a l s  c o n s i s t s  o f  p u r e  g a r d e n  so i l .  I he s p r i n k l e r  s y s t e m  

is u sed  fo r t r i c k l i n g  t h e  wastewater t h r o u g h  u n i f o r m  d i s t r i b u t i o n  o n  t h e  soil  s u r f a c e .  

W a s t e w a te r  f r o m  t h e  PVC drum s M ow s  t h r o u g h  d ie  i r r ig a t io n  p i p e s  In  g ra s  ity.

i . i i h ro i iu h  v a r i o u s  l av c r s  in the  v c n n i l l l l r a t i o n  b e d
T h e  w a s t e w a t e r  is p e r c o l a t e d  d o w n  l l i ro ugn

■ i n a r i h w o r m s .  s a n d y  layer ,  a n d  g r a v e l  layer .  I he
pass ing  t h r o u g h  t h e  s o i l  l a y e r  m h a h i k

i i I., , . , ,  111 i t r e a te d  w a t e r  c o l l e c t i n g  t a n k .  F a r t h w o n n s  
Sea ted  w a t e r  vv.ll b e  c o l l e c t e d  a t  t h e  b o t t o m  in a i rca ie

n n i i m i i m  n u m b e r  o f  c a r t h w o m i s  a d d e d  in th e  
plays a m a j o r  r o l e  in  t h e  v e r m i f i l t r a t i o n  un i t  O p t i m u m

vermifiltration b e d  is 8 0 0 0 - 1 0 0 0 0 / m

P R I I N C I P I . E S O F V K R i V l i n i . T R A r  ^  ^ . c h t m i c a l  p a r a m e t e r s  s u c h  a s  B i o l o g i c a l

V e r m i f i l t r a t i o n  w h i c h  r e  u c c  ^  ^  ^  ^

Jxygen Demand (ROD ),  C hemical <»xyg 

N id a fT D S S ) ,  and turbidity, 

biological Oxygen Dem and



BOD refers to the amount  o f  dissolved oxvtten ■ 

contaminants by aerobic  bacteria. In venrufiioation uJ bcT T  “

• * *  « " * » — — “ “ ” d 
Chem ica l  O x y g e n  D e m a n d

C h e m i c a l  d e c o m p o s i t i o n  o f  o r g a n ic  and
r&an ic  c o n ta m in a n ts  can be increased in  

the v e r m i f i l t r a t . o n  t h r o u g h  e n z y m e s  w h i c h  are  p resen ,  in the e a r th w o r m s  gut.

Total D i s s o l v e d  a n d  S u s p e n d e d  S o l i d s

O r g a n ic  a n d  i n o r g a n i c  s o l id s  w h ic h  are  c i th e r  in the fo r m  o f  d is s o lv e d  o r  suspended  

solids can he  r e d u c e d  t h r o u g h  th e  s o l id s  eaten  b y  e a r th w o r m  and  e x p e l le d  as verm icasts .

T u r b id i t y

T u r b id i ty  i> c l o u d in e s s  o l  the  w a s te w a te r .  Ib is  can be redu ced  th ro u g h  a d s o rp t io n  o f  

suspended s o l id s  by e a r t h w o r m s  a n d  g e o lo g ic a l  m a te r ia l  w h ic h  are present in the f i l te r  bed.  

For r e m o v in g  th e  t u r b i d i t y ,  g e o lo g ic a l  m a te r ia l  p lays  a m a jo r  ro le .

R O L E  O F  E  \ R T I I V \  O R  M S  I N  T H E  V E R M I  F  I L L  R  A  T I O  N  U N I T

Earthw orm '! are \e r>a t i le  waste eaters and decomposers. Ii promotes the growth o f  

beneticial decom pos ing  bacteri.i in the wastewater and acts .is an aerator, grinder, crusher, 

chemical degrader and a b io log ica l stimulator ( Sinlui cl al . .  2 0 1 )8 ).

[he w as tew n ie r  w i l l  be sprinkled on the top layer o f  the verm il i l t ra l ion  bed. the 

dissolved s o l id ,  w i l l  be trapped by the solid particles and then il w il l  be processed by the 

earthworms and led in  the soil microbes immobil ized through the soil bed I hen. the

e a r th w o rm s  b o d y  i . l - .o a d  . orb  the  d i s s o h e d  a nd  s u s p e n d e d  s o l i d s  a nd  s t a b i l i z e d  t h i o u e h  

. . .  , (  ...i a ■>() 1 s ) S t a b i l i z a t i o n  wi l l  o c c u r  in the so i l  layei
complex degrada lnm  process (( mik.u. < / at. .  -

,i k, a. ,,,|i, i • 111uIncIix iI\ and natuial aci.Uion ol the organic Fa rthw nrm s m< re i -e . the h y l u u l u  com m c.
. 1I1I(. n i I | , r |e s  in to  sm all  par t ic les  ( ( i l ia ln e k a r  .7  «// 2 0 1 0 ) .  In

particles b y  g r a n u l a t i n g  the  o r g a n ic  p a in
i i n vim I particles, mcicasmg the total specific suilace  

addition the enrthwormx grind the silt .tmls.iii'i
.  ................. , k „ r|, the tirgttitit- tin>l inorganic I 'n t t ic lc s  I ro n )  tltc

area w h ic h  e n h a n c e s  th e  a b i l i t y
. , i 1(1071 In c re m e n t  nl soil processes and  so,I . te in l io n  I n  the

w a s te w a te r  ( S m h a .  et a l-
i r . t i r ' i i io n  sNslem to b e c o m e  e l l i c ie n t  th e

e a r th w o rm s  e n a b le s  th e  s o i l  s lnbilt /nhnn
, | ...r u la t io n  as w e l l  as the e n z y m a t ic  d c g ia d a t io n  ol

processes o f  m i c r o b i a l  s t i m u l a t i o n ,  t‘ L (S in lvL  a  al
i v .m k  in the v c r m i f i l l r a l t o n  sys tem  (S m h a .  lI al..

waste so l ids  by e a r th w o r m s  s imultaneously  work

-""7 > | N  t h e  V K R M I F l l . T K M  ION I Nl  I

C N . 0 C E  F E A T U R E S  O F  ' mltr l ,organ,stns  .............................  I - ........

E a r t h w o r m  h o s t  m i l l  tons  ( n n m ber o f  b a c te r ia  and a c i i n o i m c e i e s

E d w a rd  a n d  F l e t c h e r .  s h o w e d  ^



c0„.ained in the ingested material increased up t0 , ,000 ,  . ,  . .

population o f  ear thw orm s  numbering about 15.000 will ” "  PaSS'" S ‘hC A
0f billions o f  millions. ln ‘Um losler a mi™ bia l  population

S i n g l e t o n  et cil.. ( 2 0 0 3 )  a ls o  s tu d ie d  v
f , acterial flora associated with the intestine

^  verm,casts ot the earthworms and fou n d  species | |k e  Pscud_  ^

Paenibacillus, A : o a r c u , B u r k i n a .  Spirophsmand w h ic h

has potential to degrade several cateuones nl'nrmninc < <■rt anics. Acahgenes  can e v e n  d e g rad e  PC’ Bs
and \fucor  dieldrin.

e c o l o g i c a l  a d a p t a t i o n  f o r  s u r v i v a l  i n  h a r s h  e n v i r o n m e n t

E a r t h w o r m s  a re  b u r r o w i n g  a n im a ls  and fo rm  tunne ls  b y  l i te ra l ly  e a t in g  th e ir  w a y

through the  s o i l .  I h e  d i s t r i b u t i o n  ot e a r t h w o r m s  in soil depends  on  factors  l ik e  soil m o is tu re .

availab il i ty  o t  o r g a n i c  m a t t e r  a n d  pi I o l  the soil.  1 hev o c c u r  in d iv e rs e  hab ita ts  specia llv

those w h ic h  a re  d a r k  a n d  m o is t  E a r t h w o r m s  are genera l ly  absent o r  rare in soil w i th  a very

coarse te x tu r e  a n d  h ig h  c lay  c o n te n t  o r  soil  w i th  pi I • 4. E a r th w o r m s  are also to le ran t  to

moderate salt  s a l in i ty  in  s o i l ,  b u t  s o m e  species l ik e  the t iger  w o r m s  (Iiiscnin Icrii/n) has been

found to He h ig h ly  salt  to le r a n t  ( c o n c e n t r a t io n  ol 15 g kg  o f  soil and s u rv iv a l  ranges f ro m  SO

100%). This m e a n s  th a t  /  fctulii can  to le ra te  soils  nearly ha l l  as sally as s e a w a te i .

E arthw orm s can also tolerate toxic chemicals in environment \ I te r  the Sevoso

chemical p la n t  e x p l n .  0 7 h >  in M . i K . w h e n  a vast area w as  c n n ia m m u tc d  w i th  c s t r v m c K

toxic chemical l ike  I < 1) 1) id . fa .K - ic t ra ch lo rn d ih e n /n -p -d in s in l .  .several fauna perished

except fur s „ m c  s p c o e . o l  the earthworms .hat survived. fa r ih u o n n s  w inch ingested

c o n ta m in a ted  s , „ l  r w e r e    i , .a c c u m u la te  d io x in  in th e ir  tissues and  c o n c e n tra te  „  on

i I.,, i., .1 n siirv ivc i l  I s".. c n u lc  o i l  c o n ta in in g  severa l
average 14.5 fo ld  (S a tchc l l .  I W H  > I ' 1"'1' *,lso

toxic organic po l lu tan ts  ( f d ( IE 2dd0).
r L    In c h  c o n c e n t ,a   s o l  h e a rs  m e ta ls  ,n the c n v i , o n m c m
Earthw orm s can 1K 0  to k ra ic  >-

. l .l i m l l | . , |L. HP to 7601) m g  ol lead ( I ’ h E g m  o l the dry
Som e s p ec ie s  h a v e  b e e n  lo t .n d  m  b u u u c u m u l a k  ,t| t

, , , t P R l ,  Ih c v  can to le ra te  a te m p e r a tu r e  b e tw e e n  5 and  _ »  C
weight o t  t h e i r  t is s u e s  ( I r e l a n d ,  I n ) .

7 S %  arc o p t in u im  lo r  g oo d  w o i m  lu n e t io n
a * r m  i  s 1'(* 'intI a moisture o IA te m p e r a tu r e  ol 211 25 C and dchulrn.ion
(Hand. 1988), G e n e r a l l y  e a r t h w o r m s  c a n  a l s o  to l e ra t e

(R°ots. h()rmfu| nm| incfTccti\c mierobes in the
I arthwonns also gra/ ^  mcj iun, ,md maintain a culture ol effective

Wastewater selectively, prevent chok g 

b i o d e g r a d e r  m i c r o b e s  to  l u n c l i o n



^  r  • "  ^  in —  - «  « »  - n  « .
« « «  e ,  s e n s i t i v e l o  o f f e n s iv e  s m e „  „  lh e y  lov,  lQ , , e and  ^  on  J ,

Jung and  e v e n  e  s lu d g e .  H o w e v e r ,  o f f e n s iv e  snrel, can persisr o n ly  fo r  a  s h o n  w h i le  in

any e n v i r o n m e n t  w h e r e  w o r m s  are  a c t iv e .  T h e v
arrest all odour problems b\ killing 

anaerobes and pathogens that create foul odour through the celeomic fluid which has anti
bacterial propert.es and arrest the fomtation of all microbes that cause rotting (Pierre e, a,.. 

1982).

Some bacteria and lung i fostered by the worms also produce ‘ antib iotics' which k i l ls  

die pathogenic o rgan ism s in the waste biomass making the medium v ir tua lly  sterile and 

odourless. Fungus /  unc i l l i u m  spp. producing antibiotics ‘ penic il l in  has been reported trom 

the intestine o t earthworm-.. I he removal ol pathogens. lecal co l i lo rm s (/•. co l i ) .  S a l m o n e l l a  

^pp., enteric v iruses, and h e lm in th  ova Irom sewage and sludge appear to be much more rapid 

when thev are processed bv /■ fe l i i la .  O f  all. II. co l i  and S a l m o n e l l a  were greatly reduced 

(Bajsa el  a l . .  2003 ).

E N O R M O U S  P O W E R  O F  R E P R O D U C T I O N  A N D  RAIMI) R A T E  O F

MULTI PL I f  M I O N

Farthvvi •mi'h are b i -e \u a l  animals and multip ly very rap id ly . \ f te r  copulation each

worm eject - le m o n -T a p e d  ‘ cocoon ' where sperms enter to ferti l ize the eggs 1 p to a

i i, . i I nm i ,■ u h eoeoon about 10 12 tins worms emerge. Iicocoons/ w o rm  week are produced. I rom each coeoou.

indicate that thev d o i ih le  the ir  number at least every 0 0  70 days.

In ,hc o p t im a l  e n d  . e l  n.o.su.re, .cn.peralnrc, and feeding ma.erials. e . in lm onns

can   p ly h> 2 * . i.e 2 « .  «........... .severs - , h s  Irn.n a single .nri.r nlnal I acl, ot .he 2 * .

i i.. nmiluee a huge biomass ol worms in a slioit time,
worms m u lt ip l ie s  in the same propur o

. , n i |  ,| i \s  I lies pioduee >00 4 0 0  voung ones w ith m
I he total l i fe  c y c le  o l  the w o r m  is about <--0 day I Ik . I

lull r ' l l l  ' i l l ; 1111 ICpliHllK l l \  c u ; I I \\) v\ 1111111 < I -
this l i fe  p e r io d  ( l l . i n d .  O X X )  A  m a tu r e  n ilu li  .......  I

,,... I v.nnns lakes nuh -I <- «eeks become scvualh
weeks o f  h a t c h i n g  I r u m  the  cucuu

i i11niie tu grow ihrutighuui then l i k
m ature  ( A R R I T  1 . 2 0 0 5 ) .  F a r t h w o r m s  t

Earthworm species used
• I igcr W orm  (Eisenia feuda l

•  R e d  I ig c r  W orm andrci).

• Indian B lue  W o rm  ( P e r m n y x  e x c a v a te . ).

• African N.gh, Crawler



.  R e d  w o r m  [L u m b n cu s  ntbellus) are  best su ited  f  . ■

a n d  l i q u i d  o r g a n i c  w a s te s  u n d e r  nii .• * ' e r m i t r e a lm e nt o f  v a r ie ty  o f  so l id

,  ,  m a U c  c o n d it io n s  ( G r a f f  19 S 1 1
.  Eisenia feridaa n d  E. andreiare  c lo s e ly  re la ted  4  ’f

combined together  works  meticulously. ’ ' ^  * '  ab° Ve ^  SP*d “
m

•  The £  fe tid a . P. excavatus. and F
, . , , ' u8 mae are v o ra c io u s  w aste  eaters and
b io d e u r a d e r s .

*—*

CRITICAL F A C T O R S  A F F E C T I N G  V E R M I FIL TR A T IO N  PR O C E SS

•  H y d r a u l i c  R e t e n t i o n  T i m e  ( I I R T )

L o a d i n g  R a te  ( I 1 L R )

• Selection of tiller media

•  b a r t h u o r m  b io m a s s

H y d r a u l i c  r e t e n t i o n  t i m e  ( H R T )

H ydrau l ic  re tention t ime is the time taken Hy the wastewater to How throuuh the soil 

profile (v e rm it i l te r  bed) in w h ich  earthworms inhabits. It is \e r \  essential for the wastewater 

to remain in the v e m i ih l t r a t io n  system and be in contact \ \ i th  the worms for certain period o f  

time. HR 1 depend a • »n the Ilow rate <>l wastewater to the \e rm i l i l l ra t ion  unit, volume o f  soil

profile, a n d  q u a l i t y  " t  o i l  used .

H P  f | ,  v e r y  c r i t i c a l ,  b e c a u s e  th is  is the a c tu a l  t im e  spen t  by e a r t h w o r m s  w i t h

wastewater l . .  r e t r i e v e  o r g a n i c  m a i l e r  I r u m  it as lo u d .  D u r in g  this, e a r t h w o r m s  c a n ;  .nit UK-

physical a n d  h i n e h c n n c . i l  p ro c e s s  n .  r e m o v e  nu tr ien ts ,  u l t im a te ly  re d u c in g  H O D .  f o i l ,  and

the TOSS I he longer the wastewater remains in the system in contact w ith  earthworms. the

ii i i , t r .-nnmiocessinp ami retention o f  nutrients I lence. the How otgreater w i l l  be the e l f ic iency  o l vcrm ipm cc nip
IM| , MN>.iilciation as it determines the retention ol

wastewater in lhe system is mi important con unman
I , |,,|e I i l l in it w i t h  the e h e m i c a l s  a d s o r b e d  to s e d im e n t  

susp end ed  o r g a n i c  m a t t e r  a n d  s o l i d s  ( a l o n g

particles)
. -clr.wer rate ol wastewater discharge' on the soil 

M a x im u m  HR I can results m
, , n JMvvcr percolation into the bed. Increasing the volume ol 

profile ( verm i Ii I ter bed) and hence . . .
, he number o f  live adult worms, functioning per unit

soil p ro f i le  c a n  a ls o  in c r e a s e  th e  M K

area in the vermi filter bed can also influx  ̂ ^

h r  r  o r  v c r m i f i l . r a . i . M .  V .  v o lu m e  o t t l ,  sc ro lt lc

I I R 1  I h e o r e t i c a  m  « w h jc h  hflvc  | jv c  c a r l ln v o n n 9

i v e n m l i l t e r  b e d , ,  t h r o u g h  w h i c h  the  w n s t c w a t a



(cum)- q =  Po r o s i t y  o f  e n t i r e  m e d i u m  ( e r a v H

H w a s t e v v a t e r  =  F l o w  n t p  r  " ^  S° * ^  th ro u g h  w h ic h  w a s te w a te rflows. Q w a s t e w a i e r  t  l o w  ra te  o t  w a s t e w a t e r  rh™  u ,

T ”  ” r  ,h “  ■ » "  — — . . « « ™ i
jn area a n d  d e p t h  o t  th e  s o i l  m e d i u m  in the v e r m i f i l t r r  • u- L .

e r  h'-h in w h i c h  the  e a r t h w o r m s  1 i\  e)  c a n
r e a s o n a b l y  t r e a t  i n  a  g i \*_n t i m e  is t h e  h v d m i l i r  t rvou;  r

loading rate o f  the verm if i l tc r  system. MLR

can thus be  d e f i n e d  as th e  v o l u m e  o l '  w a s te w a te r  a p p l ie d ,  p e r  u n it  a rea  o f  soil p ro f i le  

(v e rm if i l te r  h e d i  p e r  u n i t  t i m e .  It c r i t i c a l l y  d e p e n d s  upon  the n u m b e r  o f  l i v e  a d u l t  e a r th w o rm s  

function ing p e r  u n i t  u r e a  in  th e  v c r m i l i l i c r  bed. T h e  s i / e  and  h ea lth  o f  the  w o r m s  is also  

critical fo r  d e t e r m i n i n g  th e  I 1 I . R .

MLR o f v e r m i - f i l t r a t i o n  s y s te m  c a n  he c a lc u la te d  as

M L R  V  ( A  • t )

V - v o lu m e tr ic  f low  rate o f  wastewater (cum). A - Area o f  soil profile exposed (sq.m).

- time taken by the wastewater to flow through the soil profile (h). High hydraulic loading 

ate leads to reduced In d ra u l ic  retention time (MR I ) in soil and could reduce ihc treatment 

iff ic iencv M vdrau lie  load ing  rales w i l l  vary trom soil to soil.

S e le c t io n  o f  f i l t e r  m e d i a

f i l t e r  media  p lays an cv lr .m rd i iu ry  role in ilie vern i i l i l l ru t inn . since changes ol the

rxotic env ironm ent play a cruc ia l role on the structure and function ol the e a r t h w o r m ' s  body 

•vail, w h ich  ,s c lose ly  re la ie tl w i th  earthworm 's  activity and  ......  inetaholis,,, , \ „ , g  c

</. 2011»
. Ic I , ,  h r  emnloved because soil is ihc mosi suitable substrate

Soil in some <|iiuniit> needs lo Ik  u n |  \c
, . 1M . i . , c i c a e l o r .  ami lhal  e a i i h w o i m  a e l i M l i e s  had  n o

for n i t r i f y i n g  h a e l e n a l  e o i n m u n i l i e s  
I m irobacteriu at different soil depths (Wang a  

significant cl le d  on the com m un ity

// i() | | j
. • .  medium was particularly identified loi its ability 

f  o i l  e in d e r-co n vc r to r  slag mi's ,ls ‘ 
i ty . in i ' c/ (// '’OHM A m ix ol black eolton

In reduce phosphorus levels in Ihc diluent '
R f   ̂ ^  c 11 j or domestic waslewatei (k h a iu a d e  and

soil and gravel has been found to vv ccramsilc studied for domestic wastewater
Khedilcor. 2 0 , , .  Stnularly. OX i ng, 2 0 0 , .
'realmeni showed positive imp-w

livvnrm liimn: ICC



T h e  earthworm b io m a s s  in c re a s e d  s lo w ly

p e r io d  v a r ie d  between 7.4% and
3  2 , - 1

• w* n f  e a r t h w o r m  b i o r m ^ - i  A l°  V e r m ' ^ t r a l 'on bed. T h e  increase in
weight o t  e a r t h w o r m  b i o m a s s  during the vermif i l trat ion

* *  t  “ “  “  h > J “ *  * - » «  -  = 5  d u r in g
.  J M . F„  o p r im a ,  r . n . r i . ,  0 p , „ L , m

of earthworms per square meter of the worm bed nnH ;
and in quality as 10  kg per n r  o f  soil

({Com arow ski,  2 0 0 1 ) .

a p p l i c a t i o n  o f  V E R M I F I L T R A T I O N  t e c h n o l o g y

V e r m i f i l t r a t i o n  h a d  w i d e  a p p l ic a t io n  on d i f fe re n t  w a s te w a te r  sources such as. 

•  D o m e s t i c  w a s t e w a t e r  ( L a k s h m i ,  et a l 2 0 1 4 )

•  S e w a g e  w a s t e w a t e r  ( M a n y u c h i  et  a l 2 0 1 3 )

•  D a i r y  w a s t e w a t e r  ( I c la n g  and  Pate l ,  2 0 1 3 )

• Indus tr ia l  wastewater ( Das e t  a l . ,  2 0 1 5 )

Domestic w a s te w a te r  t re a tm e n t  bv verm if i l tra t ion
*

a.Cnllection o f  E a r t h w o r m s

Indian blue w o rm .

In i t ia l  d e n s i t>  o |  7 5 g  w a s  se lec ted  for  l l ie  e x p e r im e n t .

b. P r e p a r a t io n  o f  b e d  m a t e r i a l  fo r  E a r t h w o r m s

In the  fo p  m o s t  In v e r  o f  the  f i l te r  svs tem , bed m a te r ia l  p laced  in w h ic h  E a r th w o r m s  

were re le a s ed  I h e  b e d  m a t e r ia ls  cons is ts  ol pure  g ard en  soil,  saw  dust and cow  d u n g .  S o i l

and sawdust were m ixed  at a vo lum e ratio o f  L I .  Sawdust was added as a bu lk ing agent

i . > . .... e.,il n .-rmeih il i tv  and enhance earthworm growth andbecause it has been show n to improve soil pcrrncamm\

i . i . . id.* nu tr ien ts  o f  e a r th w o rm s  d u r in g  a c c l im a t iz a t io n
survival C o w  d u n g  w , i . a d d e d  to p ro v id e  m i t i k i i i s

period o f  the exper im en t

c. Desi{jn o f  v e r m i f i l t e r  s y s t e m  - Hcncli  S c a le  R tn c
. , r . h r r  svs tem  w as  d es ign ed  in w h ic h  a r ra n g e m e n t  has

A  l a b o r a t o r y  m o d e l  o f  v e r m i l i l t e r  system
' , as w e l l  as co l lec t  the treated w a s te w a te r  h o rn

been m a d e  to  s u p p ly  the  w a s t e w a t e r  P
fc(, hy gravity How and w ith  the help ol

'he b o t to m  o f  th e  s y s t e m .  I h e  w a s te

’P rm k lc r  . f  p v c '  d ru m .  I lie d e s ig n e d  m o d e l  has been I rca l

, h e  h o d ,  o f  -h e  r e a c t o r   _  ̂  n rcn . , hc  d e p th  o f  4 0  c m

liters o t  w a s t e w a t e r  p e r  r a y .   ̂ ^  ^ e(j fo r  e a r t h w o r m  w e r e  p la ce d

has been  d i v i d e d  in to  4  p a r ts  in w h i c h  g ra v e  . san

*r° n i  b o t to m  l a y e r  to  to p

n



were

T h e  t o p m o s t  l a y e r  o f  a b o u t  10 cm ™  •
u  L m  consists  o f  soil  b H * 

released. T h e  w o r m s  w e r e  g i v e n  a r o u n d  o n e  w e e k  r  ■ “ *  lhc  e a r th w o rm s  w

jjj [he new e n v i r o n m e n t .  l 'me ‘n l *le  s° h  hed to a c c l im a t iz e

p j i  4 ■ E u r u t  o f  d o n ^

H ^

< • -»

• i

§
d. Operat ion o f  the re a c to r

A round  4> l iters o l wastewater was kept in P V C  drum. These drums were kept on an

elevated p la t fo rm  ju s t  near the ve rm i l i l te r  unit. I lie P V C  drums had tap at the bottom to

which a spr ink le r xy stem was attached, lh c  sprinkler system consisted ol simple 16 mm 

polypropylene pipe w ith  holes h»r tr ick l ing  water that allowed uniform distribution o f  

wastewater on the s o i l  surface.

W astewater Im m  the drums l lowcd through the irrigation pipes by gravity, lhe  

wastewater p e ru d a te d  d o w n  through various layers in the ve rm il i l te r  bed passing through the 

soil layer inhabited hv e a r t h w o r m s ,  the sandy layer, and the gravels. Next day this treated 

wastewater l ro m  both .v .tenis were collected and analyzed lo r lH M ) .  C OD. pi I. tu ihidity and 

the TSS.

To starl up lhc n o n -v c rn i i l i l lc r ,  vccdi.ig " . i s  adopted using less polluted wastewater lo  

develop m ic ro b ia l  f i lm  layer on lhe f i l le r  he.l. tins »,M he   degrade the organic mailer

content l h c  s e e d i n g  w a s  d o n e  for  d u r a t io n  o l  7 days  h c lo .e  s ta r l in g  a c tu a l  w a s te w a te r

r, , ^ J t t r p  vvts repealed as same as ve rm il i l te r  operationfeeding. A f te r  seeding, the actual procedure was rcpcauu

Results  o f  th e  e x p e r i m e n t

Variat ion  in p H  v a l u e  o f  t r e a te d  w a s t e w a t e r
i ii value o f  raw wastewater is almost neutralized by the 

Results indicated that the p l l  * 
. , ,  f.i i value ol treated wastewater without earthworms 

carthworms in the vermili lter unit, lhc  pH value 

• h .  improved h„. h was no. consis .en.  Ihroughou. lhe expcnmenl.

' «rhldi,y removal bv earlhwonm waa nv, r %%
Results indicated lhat lhe average reduvl.



whfle in the control unit was also significantly high (80°/ , „
■t nlavs verv im nom m  m i  - aPpears that the filter media of

the un« plays very important role m turbidity removal k„ a
o f  The soil a '  ' adsorP>lon of suspended panicles

on the surface of the sod, sand and the gravels. Turbidity of treated wi

KLR-
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•n a . r-, u r m  ( n n  I D S S  n i l  a n d  l u r h i d i U  in d o m e s t ic  UJOtSttU^ais-r
Ifl 1  . E f f e c t  o f  v e r m i f i l t r a t i o n  o n  H O I ) ,  (  O i l ,  P , l l , , , u  h ' C t f i r r t f n t

Removal o f  T o ta l  S u s p e n d e d  Solids
.  ,|,| ci.MiilieantK rem o\e the suspended solidsResults showed that the e a r t h w o r m s  c o u l d  u g m i i c a m . )

,  . , Ki.n, -vli.i-l, in die cnnlrid m il l  vvhere geological and microbia l
Irom the wastewater by over * 8  «. w m uJ

system works together was over 60%  onlv

Removal o f  T o t a l  D issolved Solids . ,
, , r l  m s S )  and  total d is so lv e d  so lids  ( I D S )  s h o w e d  drast.e  

Io t r i l  snsncnc  erl s o lu ls  ( ! • » • )  . 1 1
p , , „ d  vcrmifillrnlinn process I he lolal reduel,on ,n

eduction during bio f i l t ra t ion  (control) ■
" *  T h m t i n n  unit  and  ll.nl w a s  s ig n i f ic a n t ly  h ig h e r  than

l l ) S content was about 9 5 %  in vcriniHllr  

total removal in control unit ( 75%)*

Removal o f  B io c h e m ic a l  o i y g e n  demand ( wastewater. | he ROD load in
• f ra to r  o f  organic loati 01 vvo

R O D  is also an  im p o r t a n t  in< i cionificnntlv l o w e r  than initial levels,
cmuliliration unit was s.g

^ n e n t s  From conirol unit and vt



tu t  v e r m i - b i o f i l t r a t i o n  s h o w e d  m o r e  r e m o v a l  e f f ic ie n c v  th«

r r h w n r m s  c a n  r e m o v e  R f m  i o , c o n tro l  unit.  R esu lts  show that
^  e a r th w o r m s  c a n  r e m o v e  B O D  lo a d s  b y  o v e r  9 2 %  R o n

_ 00 , ' r e m o v a l  in the contro l  unit  is ju s t
around / o / o .

Rem oval  o f  C h e m ic a l  O x y g e n  D em a n d  (COD)

R e s u lts  s h o w e d  t h a t  th e  a v e r a g e  COD r e m o v e d  f ro m  the  w a s te w a te r  b v  e a r th w o r m s  is 

oter  6 5 %  w h i l e  t h a t  w i t h o u t  e a r t h w o r m s  is ju s ,  o v e r  5 2 % .  COD r e m o v a l  bv  e a r th w o r m s  is 

not as s i g n i f i c a n t  as  th e  BOD. as b u t  at least m u c h  h ig h e r  than the  m ic r o b ia l  system . A g a in ,  

the e n z y m e s  in  the  _ u t  o t  e a r t h w o r m s  h e lp  in the d e g ra d a t io n  o f  severa l o f  those c h e m ic a ls  

which o t h e r w i s e  c a n n o t  he  d e c o m p o s e d  b v  m ic ro b e s .

From th-w expe r im en ta l  data it was lound that ve rm if i l le r  is more efficient than non- 

vermifilter in e f f ic iency  o f  removal o f  BOD. C O D  as well as solids. Results o f  \e rm if i l te r  

technology are m ost cost e t lec l ive .  odour tree tor treatment w ith  effic iency, economy and 

potential decen tra l iza t ion . W hen compared to the acceptable value for ROD in treated 

wastewater is l - 1 5 m g  I. C O D  is 40-70mg I and p l l  is 7.0. I he values obtained from the 

experiment are w e l l  w i th in  the l im its , shows verm it i l tra t ion system has good performance

in treatment o f waste water.

S E W  A G  F. W  \ S T I . \ \  \ T E K  T K K A T M E Y I

a . T y p e  o f  e a r t h w o r m  u s e d

500 F.iscnui  t c t n h i  earthworm s were used.

b. V c r m i f i l t r a t i o n  Bed

Ihc  v c rm t l l l t r . i t i i i i i  bed ons .M uted  o> a layer ol the fibrous plastic l ih c r  ,o cove, the

base ol Ihc h e  I I l ie hi .Mum mosi layers were made up ol aggie gales . I
I iv it  nl 'u' im v im Ics ' O-'vO cm jm l  l i l lud up lo

m  i i i . i  i n rn ( )11 Inn » tl 11filled up l<> Ihc dcp ih  n l n . -  rn* u n  i« p
. i , m l i| . . n \ c l  mixed w i i h  snnl \\ii^ uilnuluccd

an o th e r  d e p t h  o r  II 2 m  \ n o i h c r  IH em  l a y e r  ol s m a l l  g i a i e l

11 . . n must Inver w a s  then made up ol I 5cm ol garden so i l
with a d e p th  n f  a b o u t  o 2 5  c m .  I h c  P ,

1 ,r< II l lr(tduccd into Ihc worms were given one week
and was the one in w h ic h  w orm s u l  ».

    m "1C f ̂  ̂iTkirrin uIwL,  h e      b e

A s  Ih c  e a r t h w o r m s  . s c w „ y e w a t e r  w a s  even ly  d i s l r i h n l e d  ,n the-

and p o p u l a t i o n  d e n s i t y  i n c r e a s e d ,  m k

v e r m i l l l t r a t i o n  b e d .  ^  v c r m i f i l t e r  b e d  w a s  k e p t  u n i l o m i l y j a r :

I h c  h y d r a u l i c  r e t e n t i o n  t i m e  ( H i  > ^  b i o - l i l t e r  w e r e  r e p l i c a t e d  >
i r u uh i h e  v c rm i l ih u  c
hours .  Al l  e x p e r i m e n t s  l o r  b o t h

times.



c Results o f  this e x p e r im e n t  

Change in pH v a lu e  o f  treated  sew ag e

The raw w as tew ate r 's  pH value (6.45) o f  th„
• rh_ -r , , rau sewage water was neutralized by the

earthworms in the vermifil ter  bed to a pH o f  around 7 u
. , * H o w e v e r ,  pH v a lu e  o f  treated  s e w a g e

w astewater w i t h o u t  e a r t h w o r m s  a lso  im p r o v e d  tn a r u
^ but n°t as high as those in the

iermitiUer. Furt ermore .  this pl l is ideal for optimum earthworm activity.

R e m o v a l  o f  B O D

The ear thw orm s in the vermifilter removed BOD loads by about 98% whilst the

control bio-filter bed indicated a BOD removal o f  around 75%. These are still acceptable for 

water to use in irrigation purposes.
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s e w a o e  v e r m i f i l t e r
* P'.’l

l :  Effect o f  v e r m if i l l r a l io n  in HOI), C O D .T D S S .  p l l  and t.irhidilj in sewage wastewater

Removal o f  TDSS
r l l  Ci. •mil\ removed lhe IDSS from lhe sewagelhe  ea r thw o rm s  m the ve rm i l i l te r  Mgmlicanll> run .

I I r . i in r  t in  I m d ie a te d  a (>0% deercase. l h e  I O S S  
water by a b o u t  9 5 %  w h i l e  the  c o n t r o l  b .o - l . l t c .  bed u u i ic a ic u

 ............ . i i , r  c r w a e c  w a te r  w e re  a lso a c c e p ta b le
values I l-t-1 5 m g / l  .l remaining alter vc rn . i l i l ln . l io n  ol lhc sewage

In ruse  o f  th e  t r e a te d  s e w a g e  w a t e r  fo r  i r r ig a t io n  pun

, nBC w a te r  l i i rb id i .V  b y  e a r ih w o r m s  in .h e  v c r m i f i l . e ,rhcrc  was a reduclion in lhe sewage *
^ |)|o (.| |tcr hc(, sh0wed a sigmlicanl

V over 98% while the sewage water i ^ ^  ^  ^  ^  , „ Ss  has a direct link

C r e a s e  o f  a b o u t  9 5 % .  H i e  s u c c e s s fu l  r t  ^  su cc e s s fu l ly  used lo r  i r r ig a t io n a l

lo turhidity r e d u c t i o n  as w e l l  s u c h  that the w a

Purposes



Vermifiltration technology js 

treatment in developing countries. Vermifiltrat' C S° 1Ut,0n f° r sevvage wastewater 

wattr which can be used for W ga.ion  purposes 2  ^

Sewage wastewater treatment by consortia vermifiltration
a. Earthw orm  c o l lec t io n

£  fe tid a , P. excavatus. a n d  £  eueinap  - im ■
oracious waste eaters and biodeeraders. 

Mixture o f  these three species started w ith  son • ,
1 U ' " '  5 0 0  " m s  m 0.025 cum o f  soil bed used in ibis

experiment.

b. Formation of verm if i l te r  heel

The bo ttom  most laser is made o f  gravel aggregates o f  size 7 .5  cm and it fi l ls up lo 

the depth ot 2? cm. A b o v e  this lies the aggregates o f  3.5-4.5 cm sizes f i l l ing  up to another 25 

cm. On the top o l  thi> is the 20 cm layer o f  aggregates o f  10-12 mm sizes mixed w ith  sand. 

The topmost layer o l about 10  cm consists ol soil in which the earthworms were released. 

The worms were g iven  around one week settling time in the soil bed to acclimatize in the 

new environment

7 5 cm 
aggregates

Soil + 
earthworm

Sand + 10-12 
mm aggregates

3 5 -4  5 cm 
aggregates

c. Result of the experiment
Improvement in pll value of treated sewage t

. r  u v  s c  w a g e  is a lm o st n e u tra l iz e d  b y  theResults indicate d i a l  t h e  p H  value of r, .
I vf trrnfed sewage without e a r th w o r m s  also

earthworms in .he verm ifiUer kit. pH value of treated sc g

' " lp rn ved  but it whs nol consistent in all experiment 

Removal o f  B O D



Results show that the earthworms can „
n '  c a n  r e m o v e  R o n  1 j  t

complete at hydraulic retention time of  1-7 h <rk ° Ver 98% ° r near,y
[cit was just around 77%. udhaiy, 2006). BOD removal in die control
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Fig  2: F f f r c t  o f  c o n s o r t ia  s r r m i f l l t r a t i n n  nn H O I ) ,  ( O l ) ,  I D S S , p l l  and  t i . r l m l i h  in sew age

vv a -sit \> <1 i t  I ti t ,i I ill i ii t

R e m o v a l  o f  f  O l )

R e m i t ;  ;li- >v. fh.it flic average  < < >1 > rem oved I tem  the sewage In e a i i l m o r m ,  was

.i , i. nisi nvei 1 Kno (( liamlharv. 2 0 0 hiover 4 5 °n while  rhat without earthworms was iiisi

Removal o f  r.SS
, ,i , „ . h u n i . i ) s  can smnilicaiiih remove the suspended solids

Results shows that the earth
,  wlttch ... lhc control Ml where geological ami microhial

Itoiti lhe sewnge by over w  rt-
<q°' nnlv (( hnmlhnry 0 0 ft)

w«;|pni wnrk^ in^e^flirr wn i ovf*r

" ’ rh i,U ,y r " " nV' "  , , the average re,.....................   In  enrihwonn, ,s over 9« "„
Results indicate .hat ■ ^  ^ ^ n i f i c a n l l v  high niul over 97"»

while  Hull w tiho i i i  earthwomts in the o n  1

<< haudhnry. i n u n i



Any wastewater from the households ,„a  
„ , , , commercial organizations can be

successfully treated by the earthworms and the tprhn 1
hnology can also be designed to suit a

p art icu lar  w a s t e w a t e r  ( U N S \ V  R O U ,  2 0 0 2 ) .

d a i r y  w a s t e w a t e r

a> Earthw orm  collection

2 0 0  Eiseniafetidaea r t h w o r m s  w e r e  used based on 5 0 0 0 - 1 0 0 0 0  w o r m s / m 2.

b. Preparation o f verm ifilte r bed

V e r m i h l t e r  b e d  m a d e  up  o t  d i f f e r e n t  layers  o l  g ra v e l ,  sand and g a rd en  soil w i th  

e ar th w o rm s .  T h e  b o t t o m  m o s t  l a y e r  w a s  m a d e  o f  4 - 5  c m  o f  a g g reg a te  at a dep th  o f  4 0  m m .  

above th is  l a v e r  c m  o t  a g g r e g a te  at a depth  of 3 0  m m .  A n o t h e r  la y e r  a g g reg a te  1-2 c m  

size m ix e d  w i t h  s a n d  w a s  in t r o d u c e d .  T h e  top m o st la y e r  consists o f  g a rd en  soil w i th  w o r m s  

at a depth  o f  1 2 0  m m

c. Result o f  this ex p e r im e n t

Variation in pH

N o  c o n s id e r a b l e  v a r ia t io n  w a s  o b s e rv e d  b e tw e e n  v e r m i  treated w a s te w a te r  and

untreated d a i rv  w a s t e w a t e r  I he  u ra p h  s h o w s  an increase in pi I o f  e f f lu e n t  hut w i th in  l im i t .+ *

BOD and C O D  R e m o v a l

R e s u lts  in d ic a t e  tha t  the o v e r a l l  e f f ic ie n c y  o l  H O I )  and I  0 1 )  o l  the treated  d a i ry

w astew ate r  f r o m  th e  v e r m i f i l t e r  w e r e  fo u n d  to he a lw a y s  g re a te r  than » o  %  and  8 5 % .  I he  

R O D  v a lu e s  r e m a i n i n g  a l t e r  v e r m i b i o f i l t r a t i o n  o f l l t e  da iry  w a s te w a te r  w as  a c c e p ta b le  fo r  use

o f  i r r ig a t io n  p u r p o s e
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F £ j 4 :  E f f “ ‘  o f  v e r m i n ' , r a t i o n  in  B O D ,  C O D ,  T D S S ,  p H  a n d  . u r b i d i l y  in  d a i r y  w a s . c w n . c r

Removal o f  T S S  a n d  T D S

E a r t h w o r m s  in I l ie  v e r m i l i l t e r  s ig n i f ic a n t ly  re m o v e d  the I D S  f ro m  the d a i r ;  

w a s te w a te r  by a b o u t  8 0 - 8 5 % .  I he  T S S  f ro m  the  d a i ry  w a s te w a te r  by  about 0 0 - 9 5 % .  

E a r th w o rm s  c o n s u m e  th e  s o l id  b io m a s s  and  c le a r  the path lo r  e f f ic ie n t  process c o n d it io n s  and  

resulted in to  h ig h  r e m o v a l  e f f i c ie n c y  o l  I SS and 1 D S  f ro m  w a s te w a te r .

Results showed that ve rm i l i l te r  achieves good performance: the results were better 

than conventional wastewater treatment. I he verm il i l te r  treatment was cost effective. 60 to 

70% o f  cost reduct ion  is possible, odour free w ith the good efficiency o f  removal ol 

parameter. I he 1301). < O l ) .  I SS. ID S  and Oil & (  irea.se were reduced by 6705% . f f l . o d 'V  

84.27%, 76 36% . and HA 1 7%, respectively.

Integrated microbial-vcrmiflltration technique for ay ut v etlie inclustiial 

effluents
a. C o l l e c t i o n  o f  e a r t h w o r m  s p e c i e s

E i s c n i a  k ' u h t  ca rd ,w arm s were e,.Heeled Hon, Hie eomp.wiing .mils o f  Kerala

, . . r r .  \  i >. i i ■ i M111 v I li mill effluents were collected Irom \vurvcdaAgricultura l U n ive rs i ty  ( K M D .  Manm ifhy. ' Oniu

Industry .

b. Earthworm b e d  m a t e r i a l s
• ■ r  e m u  co w  d u n e ,  v e g e ta b le  scraps w e re  used a l te r

B e d d i n g  m a t e r i a l  c o n s is t in g  o f  s t n m .  cow d u n g  g

s te r i l i z a t io n  in  the  u p p e r  m o s t  la y e r  o f  v c r m ic o m p

c. Isolation of enzyme producing strains

, n „  . t r a in s  w e re  iso la ted  I r o m  the e f f lu e n t  by standard  
P r o le a s e  a n d  l ip a s e  p r o d u c in g  *

, c  (R acillns s p . ) and Iipose {Ihicillus sp .)  p r o d u c in g  b a c te r ia  w e re  
p la l in g  te c h n iq u e s .  A  p ro te o s e  ( n t

selected.

d. Pre-treatment o f  the effluent



E x p e r i m e n t s  w e r e  c o n d u c t e d  o n  a lab s ca le  F u  • .
. • . .  ' corneal flasks were inoculated with

pro tease  producing strain (B acillius Sp). Hna«  j  •
r  p r o d u c in g  stra in  (Bacilllus sp), and

c o n s o r t i u m  ( M i x t u r e  o f  p ro te a s e  a n d  l inage nrnA •
 ̂ ucing strains) with 1 ml o f  overnight

cultures. E f f e c t  o l  p r e - t r e a t m e n t  o f  e f f lu e n t  w i th  ™
_  o n s o r t iu m  and  selected strains on re d u c t io n

o f  B O D  a n d  C O D  w a s  s tu d ie d .

e. V erm if i l tra t ion  o f  raw eff luent

T h e  r e s e r v o i r  w a s  f i l l e d  w i t h  I I  o f  r a w  e f f lu e n t  w i th o u t  p re - t re a tm e n t ,  and  w a s  

u n i fo rm ly  d i s t r i b u t e d  at a  l l o w  ra te  o f  9 .3  I /h r  to the  surface  o f  the v e r m i f i l t e r  set up. T h e  

entire s v s te m  w a s  r e t a in e d  to r  _h rs .  A  H er  2 hrs the treated  w a te r  w a s  c o l le c te d  at the b o t to m  

outlet. T h e  e n t i r e  set u p  w a s  a l l o w e d  to re m a in  to c o n v e r t  the b e d d in g  m a te r ia l  in to  h u m i f ie d  

vermi c o m p o s t .  T h e  t r e a te d  w a t e r  c o l le c te d  at the b o t to m  o u t le t  w as  c h e c k e d  fo r  its BOD. 

COD, o i l  a n d  g r e a s e  c o n te n t .

f. V erm i Hit rat  ion  o f  p r c - t  r e n te d  e f f lu en t  (X j jU A v a A o .

2L o t raw e f f luen t was pre-treatcd w ith  individual enzyme producing strains and 

consortium. Ih e  reservo ir was ti l led w ith  II .  o f  pre-trealed effluent, and was un ifo rm ly  

distributed at a l lo w  rate o f  9.3 I hr to the surface o f  the verm if i l te r set up. 1 he entire svstem 

was retained to r 2 hrs. A l te r  2 hr^ the treated water was collected at the bottom ol the outlet 

and checked fo r its H O I) .  ( O l ) .  O i l  and grease content.

g. Result
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f  . n o n  sC O D  OOIL 8 GREASE

, m  u n i t e *  e f f l u e n t
f t  5 ;  Performance ° /  v e .n w t/U tW  1
P r M r e a t m o t  Of the  e f f lo e n .  producing strain (/.,«■■///,« sp). lipase

Ayurvedic effluent was mocu a ^  (mixture o f  prolcasc and lipase producing 

producing 'itram [B a c i l lu s  spl.  and consor ^  microbial prc-treatmcnl. Prolease

strains) incuhalcd al .17 C. R e d u c t io n  o f



• adilv available for consumnf u PT̂ m 'm lhe efTluent and make!t readil> a v a i l a b l e  t o r  c o n s u m p t i o n  b y  m ic ro b e s  and  earthw 
orms.
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FiR 6 : E f f e c t  o f  In  Uatahd m icrobial -  V4rm I/f(h-aEoH on aifuiveda- U'aSttuJ 

Varia t ion  in p H  v a l u e  o f  t r e a t e d  w a s t e w a t e r  T r e a t

R e s u l t ,  i n d i c a t e  that the p l l  va lue  o l  both raw d i l u e n t  and ireated d i l u e n t  h a v e  an

average v a lu e  o l  f> 2.

R e m o v a l  o f  T o t a l  S u s p e n d e d  S o l id s

Results showed d u l  lhe m a n . h c  und o r t l m - n m  « i  s.gniHcanlly remove lhc

suspended s o l id s  f r o m  lh c  w n s lc w n l c r  hy o v n  ^  "

Removal o f  T o ta l  D isso lved  Solid
, , r ,  'uid | dial Dissolved Solids ( I D S )  showed drastic

I o t a  I suspended solids f I N S )  and  i<
. , :r.iiroii<»n nroecss. 1 lie total re d u c t io n  in ID S  

reduction d u r i n g  in te g r a te d  m i c r o h i a l - v e r m
»: ,n i m j| w i th  p rc - t rc a tm c n t .  Results  thus c le a r ly

content w a s  a b o u t  7 5 %  in v c r m . h H r n t .o n  unit  I
, c m  r e m o v e  so lid  fractions  o f  w a s te w a te r  d u r in g  

suggested the  c a p a b i l i t y  o l  e a r t h w o r m s

integrated m i c r o h i a l  - v e r m i  It R a tio n  proces

Removal  o f  B i o c h e m i c a l  O x y g e n  Dem and ( B O D )



T h e  B O D  lo a d  in  e f f l u e n t s  v e r m i n i t

th a n  i n i t i a l  l e v e l s  A * 10n ^  Pre trea tm e m  w a s  s in n i f ic a n th
[ower th a n  i n i t i a l  l e v e ls  a n d  in te g r a te d  m irm Kin i .

p  i t v  l  ~ ' e n r u f i l t r a t io n  s h o w e d  m o re  re m o v a l
e f f ic ie n c y .  R e s u l ts  s h o w  th a t  th e  e a r t h w o r m s  ^

° m iS  can rerno v e  B O D  load  b y  o v e r  9 8 . 4 3 % .

R e m o v a l o f  C h e m i c a l  O x y g e n  D e m a n d  ( C O D )

Results showed t h Qt the ftverapp r n n  i
t  COD removed Irom the wastewater b y

venn if i l t ra t ion  w i th  pretreatment was over 98.03% indicating degradation o f  several 

chemicals by e n /y m e s  in the gut o l earthworms which is not usually degraded b> microbial

pre-treatment.

Integrated m ic ro b ia l -  \  e rm il i l t ra t ion  technique for the treatment o f  avurveda liquid 

el fluent wa^ deve loped. It is a decentralized and cost c t lec live meihod which can be applied

to treat both dom est ic  and industria l waste water treatment. A  huue reduction in various

effluent parameters l ike  B O D . C O D . I SS. IDS. Oil cV grease, was observed. Presence o f  

heavy metal', in ayu rved ic  e ff luent was almost zero. Irealed effluent well suited the 

imgational water qua lity  criteria.

GLO B U .  S T A  F I S O l  \  F .R M I M L ' I  R A T I O N

Due to it^ ' . im p l ic i tv  and cost-cllcctiveness. vc rm il i l t ra l ion  ol both municipal and

industrial wastewater i ,  destined to become a global movement. In ( lii le. over I on sewage 

treatment p la n e  of d i t tc re n l  sizes, going Irom individual houses to plants loi 12.0'm persons 

and bigger pi mi , I t .r  industr ies arc already work ing. It hat. been introduced on commercial

scale in M e x ic o  and Venezuela i Solo ami I oha. I 118).

In,ha and B raz i l  are al , . ......... dneing the tcclmol,.g> on commercial scale ll is being

. I m . . . . , ,  Vietnam Cambodia and / im b a b w e  loo lor
considered m I S. \n . i r a l ia .  < lima. Kussia. \ ic tn .un .
, , . . . , „  . in India llic IK  \N S t I I I  M \ g n k v l ,  I i d .  h is  also

decentralized treatment of waste v.an i
i . . 11... | i ve rm if i l l ia t ion  plant 111 Bhavanagar. lunar, u 

c o m m e r c ia l i z e d  I he  t e c h n o lo g y     ins ta l led  a
I ' 111(it11 TOO sq m ol land l ianslom ied mlo bio- 

for treatment o l 400 K l  sewage every day al I

h l le r  ( S i n h a  el <il. TO oR )

A D V A N T A G E S  O F  v  I .H VII I d I I H A I ION I I ( 11
i„« r . ic rm  & a n c i e n t  system 

'  * .......- n ' - l i o n o r w a — , "  *  ^   ........................................... actors which

A c t i v a t e d  S lu d g e  Process. rt ^  (ipcnlt).. |„ sermililleratton the capital and

Eire h ighly  en ergy  intensive, cost y

onoraimo i nsis are less



T h e  s l u d g e  is  a  ' b i o h a z a r d '  a n d  •
. r  q u i r e s  sa fe  l an d l i l l  d i s p o s a l  at  h i e h  cos t .  T h e

g r e a t e s t  a d v a n t a g e  o f  v e r m i  f i l t r a t i o n
ls ^ al  th e re  is n o  f o r m a t i o n  o f  " s e w a g e

sludge ( H u g e s  et. a l.. 2 0 0 5 )  T h e  u n ™ ,  i
o i m s  d e c o m p o s e  the  o r g a n i c s  in th e  w a s t e w a t e r  a n d

a lso  d e v o u r  t h e  s o l i d s .  T h e v  fe e d
. u p o n  the  s l u d g e  c o m p o n e n t s ,  r a p id ly  c o n v e r t

Lhem in to  v e r m i c o m p o s t . .

,  N o  f o u l  o d o u r

E a r t h w o r m s  a r r e s t  r o t t i n g  a n d  d e c a y  o l  all p u t r e s c ib l e  m a t t e r s  in the  w a s t e w a t e r  a n d  

the s l u d g e .

• Disinfected and detoxified water fit for non-potable uses

\  e r m i t i l l e r e d  w a t e r  is t r e e  o t  p a t h o g e n s  a n d  to x ic  c h e m i c a l s  ( h e a v y  m e t a l s  & 

e n d o c r i n e  d i s r u p t i n g  c h e m i c a l s )  a n d  s u i t a b l e  lo r  ' reuse*  as  w a t e r  fo r  n o n - p o t a b l e  p u r p o s e s .

• W o r m s  r e m o v e  e n d o c r in e  d isrupting  chemicals f r o m  sewage

Earthw orm '. h a \e  also been reported to bio-accumulale 'endocrine disrupting 

chemicals' i l  [M s) Irom  sewage which otherwise is not removed In our conventional 

sewage treatment plants.

• Treated w a t e r  fit for park  irrigation

The ve rm i t i l le red  water also becomes 'highly nutr it ive ' rich in \ K P  and other 

nutr ient, the w o rm s  release them into water during the process, lh c  wuici is very

suitable for i r r ig a t io n  in parks and goll courses.

D I S A D V  \  V I  \ < d l  S  O l  \  I . K M I M E  I K A  I I O N  I Iv(  I I I \ O I T ) ( . \

• C l e a n i n g  o f  t h e  t a n k

.1 m i lor  11ea t in g  w a s te w a te r  so c le a n in g  ol the  
B ecau se  it w a s  a p e r m a n e n t  s |

ve rm i l i l i ra t io n  bed is very cr it ic . i l

•  R e q u i r e  m o r e  t a n k s  f o r  t r c a t r m n t

. u n i s  ..I p o l l u t i o n  s o  u c .n u . f !  linn u . M c w n l c  n
S o m e  o f  t h e  w a s t e w a t e r  c o n t a i n  h i g h e r  

req u ires  m o r e  I l ia n  o n e  ta n k  or bet

• T e m p e r a tu r e  v a r ia t ion  , ,  ,
n i n d s  s o m e  bea t  wil l  be  g e n e r a t e  this

W h i l e  d e g r a d a t i o n  o f  o r g a n ic  an d  in o rg a n ic  c< n | 

w i l l  affect th e  e a r t h w o r m s  a c t iv i ty -

C o n c l u s io n  f r ie n d ly  te c h n o lo g y  w h ic h  is the  m ost s u . l t .M e  one

V e r n i i H l t r a t i o n  is n h . w  cost ,  cc | |CS
. and developing countries.

lor treating wastewater both devc opc
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V e r m in i tra t io n  -  a low cos,  w ,- tam a b le  technology for wastewater  treatment

Abstract

Wu.slewatvr treatm ent is the biggest problem in many developing countries, due to 

high estahlishmcut and runn ing  cost ot a wastewater treatment units. Majoritv ol urban areas 

in developing eoum r e-- dispose the w isicwater w ithout any ircalmcnt. So. ihcv need to treat 

wastewater ar : ' ■ _ ,o w ithou t a n ;  ire; i t ive impact on llie env ironmenl.
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