
CHAPTER 1

IN T R O D U C T IO N

1.1 P r o b le m  S ta te m e n t

N o w a d a y s  T h a i la n d  h a s  b e e n  e n c o u n te r in g  a r a p id  d e v e lo p m e n t ,  e s p e c ia l ly  in 

a g r ic u l tu ra l  a r e a  in w h ic h  v a r io u s  to x ic  c h e m ic a ls  b e g in  to  p la y  a  g r e a te r  ro le  a n d  a re  

u s e d  in  g r e a te r  q u a n t i ty . N e v e r th e le s s ,  c a r e le s s n e s s  a n d  m is u s e s  o f  th o s e  c h e m ic a ls  

c o u ld  im m e n s e ly  c a u s e  b o th  h e a l th  h a z a rd s ,  n o t  o n ly  to  u s e r s  w h o  a re  fa rm e rs  

th e m s e lv e s  b u t  a ls o  to  th e  c o n s u m e r s  o f  c h e m ic a l ly  c o n ta m in a te d  p ro d u c ts ,  an d  

s u b s e q u e n t ly  e n v ir o n m e n ta l  p r o b le m s . C a u s a l  f a c to r s  le a d in g  to  e x te n s iv e  u s e s  o f  

p e s t ic id e s  a r e  a s  fo llo w s :

1. T o  im p ro v e  q u a li ty  o f  fo o d s .

2 T o  r e d u c e  p r o d u c t io n  c o s ts .

3. T o  c o n tro l  c o m m u n ic a b le  d is e a s e s  c a u s e d  b y  v a r io u s  in fe c t io u s  

m ic r o o r g a n is m s .

4. T o  p r o te c t  p e ts  a n d  l iv e s to c k .

5. T o  r e d u c e  m a n p o w e r
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Q u a n t i t ie s  a n d  ty p e s  o f  c h e m ic a ls  u s e d  f o r  a g r ic u l tu ra l  p u rp o s e s  g re a t ly  

in c re a s e d  d u r in g  1 9 8 4  -  1 9 9 5  a s  s h o w n  in  f ig u re  1.1 . In  a d d it io n , th e  q u a n t i ty  o f  

p e s t ic id e s  im p o r te d  h a s  a ls o  c o n t in u o u s ly  in c re a s e d . I n s e c t ic id e s  a r e  im p o r te d  in  tw o  

fo rm s , w h ic h  a re

1. C o n c e n t r a te d  c h e m ic a ls ,  w h ic h  a re  f u r th e r  d i lu te d  a n d  m ix e d  in  

T h a i la n d .

2 , F in is h e d  p r o d u c ts ,  w h ic h  a re  n o rm a l ly  d e l iv e re d  in  b u lk y  p a c k a g in g  

a n d  a re  r e p a c k e d  in  T h a i la n d  (D o w n r a i  A ., 1 9 9 6 ).

Figure 1.1 Thailand consistently imported organophosphate two times the 
amount of carbrmate during 1984-1995.

Source: D iv is io n  o f  A g r ic u ltu r a l P la n t a n d  M a te r ia l C o n tr o l. D e p a r tm e n t o f  A g r ic u ltu r e . M in is tr y  o f
A g r ic u ltu r e  a n d  C o o p e r a t iv e s .
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Figure 1.2 The quantities of Organophosphate and Carbamate insecticides 
imported during 1991-1995

Million KG.

Source: W o r k s h o p  o n  "A p p lica tio n  o f  T est K its  f o r  Q uantita tive D e term ina tion  o f  C holinesterase -
F ie ld w ork"  2 6 - 2 8  F eb ru a ry  1 9 9 6  at A s ia  H o te l. B a n g k o k , a n d  H e a lth  S c ie n c e  R e se a r c h  

In s titu te . M in is tr y  o f  P u b lic  H e a lth . N o n th a b u n .

T h e  c a u s a l  f a c to r  f o r  c o n t in u o u s ly  in c re a s in g  q u a n t i ty  o f  in s e c t ic id e s  u s e  w a s  

th a t  th e  m a jo r i ty  o f  f a rm e rs  d id  n o t f o l lo w  th e  in s tru c t io n  la b e le d  o n  th e  in s e c tic id e  

c o n ta in e r ,  a n d  la c k  o f  k n o w le d g e  a n d  u n d e r s ta n d in g  a b o u t  in s e c t ic id e s  (V ic h ie n , 19 80 ). 

A s  in s e c t ic id e s  w e r e  n o t  u s e d  c o r r e c t ly ,  th e  in s e c ts  th e n  g r a d u a l ly  d e v e lo p e d  th e ir  

r e s i s ta n c e  to  th e  e f fe c t  o f  th e  in s e c t ic id e s  (S ir iw a t ,  1 9 7 1 ). F a rm e r s  th e n  n e e d e d  to  

in c re a s e  d o s e s  o f  th o s e  in s e c t ic id e s  to  g iv e  e f f e c t iv e  r e su lts . P re s e n tly ,  th e  n u m b e r  o f  

p e o p le , w h o s e  w o r k  in v o lv e d  in  a g r ic u l tu ra l  c h e m ic a l  u s e s ,  w a s  e s t im a te d  to  be  

a p p r o x im a te ly  18 m il l io n  p e o p le . T h is  p ro b le m  is a lso  c o n s id e re d  to  b e  a c r it ic a l  p u b l ic  

h e a l th  p r o b le m  in  U b o n ra tc h a th a n i  P ro v in c e .

U b o n ra tc h a th a n i  P r o v in c e  o c c u p ie s  1 0 5 ,6 0 8  R a is  o f  a g r ic u l tu ra l  la n d  as 

v e g e ta b le  f a rm s  ( th e  A g r ic u l tu r e  S ta t is t ic  B u re a u , M in is t r y  o f  A g r ic u l tu r e  an d
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C o o p e ra t iv e s ,  1 9 9 1 ). T r a k a n p h u tp h o n  D is t r ic t  o c c u p ie s  3 ,1 8 1  R a is  u s e f u l  f o r  v e g e ta b le  

fa rm s . F a rm e r s  n o rm a l ly  g r e w  v e g e ta b le s  f o r  d o m e s t ic  c o n s u m p t io n  a n d  fo r  

d is t r ib u t io n  to  th e  tw o  lo c a l  m a r k e ts  in  T ra k a n p h u tp h o n  D is t r ic t  w h e r e  th e  v e g e ta b le s  

w e r e  f u r th e r  d i s t r ib u te d  b y  m e r c h a n ts  to  c o n s u m e r s  o f  th e  n e a r b y  d i s t r ic ts .  T h e re fo re ,  

s a fe ty  a n d  q u a l i ty  o f  v e g e ta b le s  c o n s u m e d  a m o n g  th e  p o p u la t io n  o f  T r a k a n p h u tp h o n  

D is t r ic t  a n d  th e  n e a rb y  d i s t r ic t s  la r g e ly  d e p e n d e d  o n  th is  f a rm e r  g ro u p .

T h e  o c c u p a t io n a l  h e a l th  w o r k  in  a g r ic u l tu re  in v o lv e s  a  s c re e n in g  p r o g ra m  b y  

th e  B ig g ’ร M e th o d  ( 1 9 5 8 )  f o r  c h e m ic a l  c o n ta m in a t io n  le v e ls  in  b lo o d  o f  th e  f a rm e rs  

e v e ry  y e a r  u s in g  s p e c ia l  r e a c t iv e  p a p e r s  to  d e te c t  f o r  C h o l in e s te r a s e  e n z y m e . T h is  

te c h n iq u e  is  c o m m o n ly  e m p lo y e d  fo r  m o n i to r in g  h a z a r d o u s  e f f e c ts  o f  O r g a n o p h o s p h a te  

a n d  C a r b a m a te  in s e c t ic id e s .  T h e s e  in s e c t ic id e s  a re  in h ib i to r s  o f  C h o l in e s te r a s e  e n z y m e  

w h o s e  f u n c t io n  is to  d ig e s t  A c e ty lc h o l in e  in to  an  a c id  a n d  C h o l in e  a s  in  th e  fo l lo w in g  

e q u a tio n :

Cholinesterase
A c e ty lc h o l in e  -----------------------------►  A c e t ic  a c id  +  C h o l in e

E n z y m e

T h e  r e s u l t in g  a c e t ic  a c id  w il l  c h a n g e  th e  c o lo u r  o f  B r o m o th y m a l  b lu e  in d ic a to r  

o n  th e  r e a c t iv e  t e s t  p a p e r . T h e  te s t  c o u ld  th e n  in d ic a te  h a z a rd o u s  te n d e n c y  r e s u lte d  

f ro m  th e  a b o v e  in s e c t ic id e  g r o u p s  ( th e  H a n d b o o k  fo r  C h o l in e s te r a s e  E n z y m e  T e s t, 

D iv is io n  o f  O c c u p a t io n a l  H e a l th ,  D e p a r tm e n t  o f  H e a lth ,  M in is t r y  o f  P u b l ic  H e a l th ) .  In  

a d d it io n  to  th e  a n n u a l b lo o d  te s t ,  th e  f a rm e rs  w e r e  e d u c a te d  w i th  c o r r e c t  p r o c e d u r e  fo r  

p e s t ic id e  p r a c t ic e s  e v e ry  y e a r . N e v e r th e le s s ,  th e  te s t  r e s u l t s  f o r  th e  a r e a  o f  B a n  H e e ,
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,  V - r n , r  .

1. In  1 9 9 7 , th e r e  w e r e  5 4 .3 3  %  o f  th e  b lo o d  te s t  r e s u lts  w i th  r is k y  a n d  u n s a fe  

le v e ls .

2 . In  1 9 9 8 , th e r e  w e r e  5 3 .2 0  %  o f  th e  b lo o d  te s t  r e s u lts  w i th  r is k y  a n d  u n s a fe  

le v e ls .

3. In  1 9 9 9 , th e r e  w e r e  5 2 .0 0  %  o f  th e  b lo o d  te s t  r e s u lts  w i th  r is k y  a n d  u n s a fe  

le v e ls .

T h e  s ta n d a rd  lim it is 2 0  %  m a x im u m  ( D iv is io n  o f  O c c u p a t io n a l  H e a lth , 

D e p a r tm e n t  o f  H e a lth ) .

I t c o u ld  b e  s e e n  th a t  th e  f a r m e r s ’ b lo o d  te s t  r e s u l t s  in d ic a te d  a la rm in g ly  h ig h  

p e rc e n ta g e s  o f  th e  p o p u la t io n s  w ith  r is k y  a n d  u n s a fe  c h e m ic a l  c o n ta m in a t io n  le v e ls . 

M o re o v e r ,  th e re  w a s  o n ly  a  s l ig h t  d ro p  o f  th e  c h e m ic a l  le v e l e a c h  y e a r . T h e  s tu d y  on  

f a c to r s  in f lu e n c in g  p e s t ic id e  p r a c t ic e s  f o u n d  th a t  k n o w le d g e , a t t i tu d e s ,  a n d  p a s t  t r a in in g  

e x p e r ie n c e s  a f fe c t  f a r m e r s ’ p e s t ic id e  p r a c t ic e s  ( D i th is a w a d v a te  ร ., 1 9 9 2 ). W h e n  

c o n s id e r in g  e a c h  r e g io n  s e p a r a te ly ,  to x ic  e f f e c ts  m a n if e s te d  a t h ig h e s t  lev e l in th e  

N o r th e r n  r e g io n  T h e  s u b s e q u e n t  r a n k in g  w a s  th e  N o r th e a s te r n ,  C e n tr a l ,  a n d  S o u th e rn  

r e g io n s  r e s p e c t iv e ly . T h e  a g e  g r o u p  fo u n d  w i th  th e  h ig h e s t  p o is o n in g  le v e l w a s  

b e tw e e n  2 5 -3 4  y e a r s  o ld , a s  s h o w n  in  F ig u r e  1.3.

M o o  2 and  M o o  3 in d ica ted  h ig h  p e rc e n ta g e s  o f  fa rm ers  w ith  p o ten tia l risk s and u n safe

ch em ica l c o n ta m in a tio n  lev e ls  in th e ir  b lo o d  as sh o w n  in th e  fo llo w in g  details:
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Figure 1.3 Reported cases of pesticides poisoning per 100,000 populations by
age group, Thailand, 1989-1993.
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Source: W o r k s h o p  o n  "A p p lica tion  o f  Test K its f o r  Q uantita tive D e term ina tion  o f  C ho linesterase  -
F ie ld w o rk "  2 6 - 2 8  F eb ru a ry  1 9 9 6  at A s ia  H o te l. B a n g k o k , a n d  H e a lth  S c ie n c e  R e se a r c h  

In s titu te . M in is tr y  o f  P u b lic  H e a lth . N o n th a b u n

F ig u r e  1 .4  s h o w e d  p r o p o r t io n  o f  v a r io u s  g r o u p s  o f  o c c u p a t io n s  r e p o r te d  w ith  

p e s t ic id e  p o is o n in g  e f fe c ts .  It w a s  fo u n d  th a t  th e  h ig h e s t  p e r c e n ta g e  o f  p e s t ic id e  

p o is o n in g  w a s  a m o n g  th e  g r o u p  o f  f a rm e rs  w ith  7 7 .8 7  %  o f  th e  to ta l  r e p o r te d  c a se s .
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Figure 1.4 Proportion (%) of pesticide poisoning by occupation, Thailand, 1993.
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Source: W o r k s h o p  o n  "A p p lica tion  o f  T est K its  f o r  Q uantita tive D e term in a tio n  o f  C ho linesterase  -
F ie ldw ork"  2 6 - 2 8  F eb ru ary  1 9 9 6  at A s ia  H o te l. B a n g k o k , a n d  H e a lth  S c ie n c e  R e se a r c h  

In s titu te . M in is tr y  o f  P u b lic  H e a lth . N o n th a b u n

S tu d ie s  o n  p e s t ic id e  p o is o n in g  c la s s i f ie d  b y  p e s t ic id e  g r o u p  fo u n d  th a t  th e  

p e s t ic id e  g r o u p  d e m o n s tr a t in g  th e  h ig h e s t  to x ic i ty  w a s  O r g a n o p h o s p h a te .  T h e  n e x t 

g r o u p s  in r a n k in g  w e r e  H e r b ic id e  a n d  C a r b a m a te  r e s p e c t iv e ly  ( D iv is io n  o f  

E p id e m io lo g y , th e  O f f ic e  o f  P e r m a n e n t  S e c re ta ry , M in is t r y  o f  P u b l ic  H e a lth , 1 9 8 4 -

1 9 9 3 ).

P ro b le m s  c a u s e d  b y  m is u s e s  o f  p e s t ic id e s  c a n  b e  s u m m a r i s e d  a s  fo l lo w s

1. A c u te  to x ic i ty  to  th e  u s e r  a n d  c h ro n ic  to x ic i ty ,  w h ic h  c o u ld  o c c u r  to  

th e  u s e r  a f te r  p r o lo n g e d  e x p o s u r e  to  th e  c h e m ic a ls .

2. C o n ta m in a t io n  o f  p e s t ic id e  r e s id u e s  in  a g r ic u l tu r a l  p ro d u c ts .

3. H e a l th  h a z a rd  r is k s  to  th e  c o n s u m e r s  o f  s u c h  c o n ta m in a te d  p ro d u c ts .
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4. P ro b le m s  o f  e n v ir o n m e n ta l  p o l lu t io n  s u c h  a s  so il, w a te r ,  a ir  a n d  

e c o s y s te m  c y c le s  ( th e  O f f ic e  o f  th e  N a t io n a l  E n v i r o n m e n t  B o a rd ) .

R e g a r d in g  h u m a n  h e a l th  p ro b le m s , p e s t ic id e s  c o u ld  e n te r  th e  b o d y  th r o u g h  3 

m a in  w a y s , s k in  c o n ta c t  (7 1 % ) , in g e s t io n  ( 1 1 % )  a n d  in h a la t io n  (8 % ). O th e r  w a y s  

a c c o u n t  fo r  10 % . P e s t ic id e s  a r e  n o rm a l ly  a c c u m u la te d  in  fa t  t i s s u e  la y e r s  c a lle d  

“ A d ip o s e  t i s s u e s ” . T h e s e  to x ic  s u b s ta n c e s  a re  r e le a s e d  in to  b lo o d  v e s s e ls  a n d  to  o th e r  

m a jo r  o r g a n s  p r o d u c in g  to x ic  e f f e c ts  a t  la te r  s ta g e s . T h is  c o n s t i tu te s  c h ro n ic  to x ic i ty  

a n d  c o n s id e r  a s  c a r c in o g e n s  in  h u m a n . ( P im s a m a n  ร ., 19 97 ).

O r g a n o p h o s p h a te  p e s t ic id e s  h a v e  an  in h ib i to r y  e f fe c t  o n  th e  fu n c t io n s  o f  

A c e ty lc h o l in e s te r a s e  e n z y m e  in  a ll b o d y  o rg a n s . A c c u m u la t io n  o f  A c e ty lc h o l in ­

e s te r a s e  in  la rg e  q u a n t i ty  w i l l  p r o d u c e  d e s t ru c t iv e  e f f e c ts  o r  c a u s e  p a ra ly s is ,  e s p e c ia l ly  

to  th e  c e n tra l  n e r v o u s  s y s te m . S y m p to m s  c o u ld  b e g in  w i th  n a u s e a , v o m it in g , s c a t te re d  

m u s c le  c o n tr a c t io n , a n d  p a in  in  th e  c h e s t . O th e r  p o s s ib le  s y m p to m s  in c lu d e  v o m it in g , 

d ia r rh o e a , b lu r re d  v is io n , e x c e s s iv e  s e c re t io n  o f  s a l iv a , a n d  d r o w s in e s s  S e v e re  

s y m p to m s  a re  c o m a , c o n v u ls io n , b r e a th in g  d i f f ic u l ty ,  a n d  e v e n tu a l  d e a th  d u e  to  

r e s p ir a to ry  f a i lu re  ( P im s a m a n  ร ., 19 97 ).

It c a n  b e  s e e n  th a t  th e  e f f e c ts  o f  c h e m ic a l s u b s ta n c e s  a r e  im m e n s e . M is u s e s  o f  

c h e m ic a ls  a r e  c o m p a ra b le  to  h id d e n  d a n g e r s  th a t  th r e a t e n  life  s lo w ly  a s  m e n t io n e d  

p re v io u s ly . T h e  s tu d y  o f  D e th i s a w a d v a te  ( 1 9 9 3 )  fo u n d  th a t  k n o w le d g e , a t t i tu d e s ,  an d  

p a s t  t r a in in g  e x p e r ie n c e s  h a d  a n  e f f e c t  o n  p e s t ic id e  p ra c t ic e s .  T h e  f ie ld w o rk  o p e ra t io n  

o f  th is  s tu d y  in v o lv e d  lo c a l s t a f f  p r o v id in g  e s s e n t ia l  k n o w le d g e  to  f a rm e rs  a n d
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c o n d u c t in g  b lo o d  te s t s  f o r  c h e m ic a l  c o n ta m in a t io n  o n  a n n u a l  b a s is . H o w e v e r ,  th e  

p e r c e n ta g e s  o f  b lo o d  te s t  r e s u l t s  w i th  r is k  a n d  u n s a fe  c h e m ic a l  le v e ls  w e r e  s till 

e x c e e d in g ly  h ig h e r  th a n  th e  s ta n d a r d  lim it . M o re o v e r ,  th e  m e th o d  o f  h e a l th  e d u c a tio n  

p r o v id e d  o n ly  o n e -w a y  c o m m u n ic a t io n  w i th  la c k s  o f  in te r a c t io n  b e tw e e n  th e  f a rm e rs  

a n d  th e  p u b l ic  h e a l th  s t a f f  o r  a m o n g  th e  f a rm e rs  th e m s e lv e s .

T h e r e  is  a  n e e d  f o r  a  m o re  in n o v a t iv e  s t r a te g y  to  r e d u c e  th e  r is k s  o f  in s e c t ic id e  

an d  p e s t ic id e  to x ic i ty  a m o n g  th e  f a rm e rs .  T h is  p r o je c t  a d o p te d  l i fe  sk ill  te a c h in g  

te c h n iq u e s  b y  a p p ly in g  p a r t i c ip a to r y  le a r n in g  in  th e  o c c u p a t io n a l  h e a l th  w o rk  fo r  

a g r ic u l tu re  a re a . I t w a s  a im e d  to  c h a n g e  f a r m e r s ’ b e h a v io r s  to  c o r r e c t  a n d  a p p ro p r ia te  

u s e  o f  a g r ic u l tu ra l  c h e m ic a ls  to  p r e v e n t  a n y  h a z a r d o u s  e f f e c ts  to  th e  f a rm e rs ,  to  p ro d u c t  

c o n s u m e r s ,  a n d  to  th e  e n v i r o n m e n t  o f  T ra k a n p h u tp h o n  D is t r ic t ,  U b o n ra tc h a th a n i  

P ro v in c e  fo r  b e t te r  q u a li ty  o f  l i fe  in  a lo n g  run .

1.2 Background

1.2.1 Classification of agricultural chemicals
T o d a y , th e re  a r e  n u m e r o u s  c h e m ic a ls  b e in g  u s e d  b y  fa rm e rs .  T h e y  c a n  be 

c la s s i f ie d  in to  g r o u p s  a n d  th e  m o s t  c o m m o n  g r o u p s  u s e d  a re :

1 I n s e c t ic id e s .

2. H e rb ic id e s .

3 F u n g ic id e s .

4  B io lo g ic a l  p e s t  c o n tr o l  a g e n ts .
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1.2.2 Absorption and ways to enter the body.
F o r  p e s t ic id e s  a n d  h e r b ic id e s  to  b e  a b le  to  p r o d u c e  h a rm fu l  e f f e c ts  to  h u m a n s  

a n d  a n im a ls ,  th e y  m u s t  b e  a b s o r b e d  in to  th e  b o d y  m a in ly  th r o u g h  3 m a in  m o d e s , w h ic h  

a re :

1. A bsorp tion  th ro u g h  sk in

A b s o r p t io n  th r o u g h  s k in  is  th e  m o s t  c o m m o n  m e a n  fo r  p e s t ic id e s  an d  

h e r b ic id e s  to  e n te r  th e  b o d y . P e s t ic id e s  a n d  h e r b ic id e s  c a n  b e  a b s o rb e d  th r o u g h  n o rm a l 

sk in  a n d  a t g r e a te r  r a te  th r o u g h  w o u n d  o r  s c ra tc h e d  sk in . F a t - s o lu b le  p e s t ic id e s  an d  

h e r b ic id e s  a re  n o rm a l ly  a b s o r b e d  th r o u g h  s k in  b e t te r  th a n  w a te r - s o lu b le  o n e s . In  

a d d it io n , th e  a b s o rp t io n  r a te  d e p e n d s  o n  th e  s k in  a re a  b e in g  e x p o s e d  to  th e  c h e m ic a ls . 

P e s t ic id e s  a re  p a r t i c u la r ly  w e l l - a b s o r b e d  a t  sk in  a r e a  w i th  d e l ic a te  t i s s u e s  s u c h  a s  te s te s , 

u n d e ra rm s , e a r  c a v ity , f o re h e a d  a n d  h e a d  sk in . R e la t iv e ly  le s s  a b s o r p t io n  o c c u r s  at 

h a rd e n e d  s k in  a r e a  s u c h  a s  f o re h a n d  a n d  fo re fo o t .

A m o n g  th e  o c c u p a t io n  g r o u p  fo r  w h ic h  h a n d l in g  o f  p e s t ic id e s  a n d  h e r b ic id e s  

a re  n e c e s s a ry , h a n d s  h a v e  th e  g r e a te s t  c h a n c e  in  b e c o m in g  in  c o n ta c t  w i th  th e  

c h e m ic a ls . T h e r e fo re ,  u s e s  o f  p r o p e r  p r o te c t iv e  g lo v e s  a n d  r e p la c in g  w h e n  n e c e s s a ry  

a f te r  th e  u s e d  b y  d a te  o r  d a m a g e d  a re  o n e  o f  th e  e f f e c t iv e  m e a n s  to  p r e v e n t  a b s o rp tio n  

o f  th e  s u b s ta n c e s  th r o u g h  th e  h a n d s .

2. A bsorp tion  th ro u g h  th e  lung

A b s o r p t io n  o f  p e s t ic id e s  a n d  h e r b ic id e s  th r o u g h  th e  lu n g  o c c u r s  w h e n  th e  

s u b s ta n c e s  a re  in h a le d . Q u a n t i ty  o f  th e  c h e m ic a ls  a b s o r b e d  th r o u g h  th e  lu n g  d e p e n d s

o n  th e  f o l lo w in g  f a c to r s :
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1. S o lu b i li ty :  T h e  a b s o rp t io n  r a te  th ro u g h  th e  lu n g  d e c r e a s e s  w ith  

w a te r  s o lu b ili ty . T h a t  is, r e a d ily  w a te r - s o lu b le  p e s t ic id e s  a r e  le ss  

a b s o rb e d  th a n  s p a r in g ly  w a te r - s o lu b le  o n e s .

2. P a r t ic le  s ize : P e s t ic id e s  a n d  h e r b ic id e s  w i th  f in e  p a r t i c le  s iz e  c a n  

p a s s  th r o u g h  to  th e  lu n g  w i th o u t  r e te n t io n  in  th e  n o s e , m o u th , an d  

b ro n c h i

3. R e s p ir a to r y  ra te :  H ig h  r e s p ir a to ry  r a te  w ill in c re a s e  a b s o rp t io n  o f  

p e s t ic id e s  a n d  h e r b ic id e s  th ro u g h  th e  lu n g . F o r  in s ta n c e , th e  

r e s p ir a to ry  r a te  is n o rm a l ly  h ig h e r  d u r in g  w o rk in g  a c t iv i t ie s  th a n  

d u r in g  s le e p in g , th e  a b s o rp tio n  is th e r e f o r e  g re a te r .  H o w e v e r ,  in 

c a s e  o f  c h i ld re n  w h o s e  a v e r a g e  r e s p ir a to ry  r a te  (5  m V d a y ) is 

n o rm a lly  le s s  th a n  th a t  o f  a d u lts  (2 0  m 3/d a y ) , th e  s a m e  d o s e  o f  

c h e m ic a ls  a b s o rb e d  b y  c h i ld re n  w ill p r o d u c e  h ig h e r  d o s e /  k g  th a n  in 

a d u lts  d u e  to  c o n s id e ra b ly  l ig h te r  b o d y  w e ig h t  o f  c h i ld re n .

4. V o lu m e  o f  e a c h  in d iv id u a l  in h a la t io n :  G r e a te r  v o lu m e  o f  a ir  in h a le d  

e a c h  t im e  w ill in c re a s e  c h a n c e  fo r  th e  c h e m ic a ls  to  p a s s  th ro u g h  to  

th e  lu ng .

3. Ingestion/ absorption through the mouth

I n g e s t io n  o f  p e s t ic id e s  a n d  h e rb ic id e s  m a y  o c c u r  d u e  to  su ic id a l in te n tio n  

an d  a la c k  o f  k n o w le d g e ,  u n d e r s ta n d in g ,  an d  c a u t io n s  o f  p e o p le  h a n d l in g  su c h  

c h e m ic a ls ,  f o r  e x a m p le , fo o d  in ta k e , d r in k in g  o r  s m o k in g  d u r in g  w o rk in g  w ith  

p e s t ic id e s . I t m a y  b e  r e s u l te d  f ro m  a c c id e n ts  su c h  a s  c h i ld re n  p la y in g  w ith  b o tt le s  o f  

c h e m ic a ls  o r  d r in k in g  th e  c h e m ic a l  a n d  so  on .



12

P e s t ic id e s  a n d  h e r b ic id e s  t a k e n  th r o u g h  th e  m o u th  w ill b e  a b s o rb e d  a t  th e  

g a s t r ic  t r a c k  a n d  th e  in te s t in e . T h e  a b s o r p t io n  r a te  a n d  p a r t  o f  d ig e s t iv e  t r a c k  w h e re  th e  

p e s t ic id e s  a r e  a b s o rb e d  v a ry  d e p e n d in g  o n  p r o p e r t ie s  o f  e a c h  ty p e  o f  p e s t ic id e s .

1.2.3 General toxicity of pesticides to health
P e s t ic id e s  o f  lo w  c o n c e n t r a t io n  le v e ls  w h e n  e n te r in g  th e  fo o d  c h a in  c a n  b e  

a c c u m u la te d  in to  h ig h  c o n c e n t r a t io n  th a t  c o u ld  b e  to x ic  to  h u m a n  a n d  e n v iro n m e n ts .  

T a b le  1.1 s h o w e d  e x a m p le s  o f  to x ic i ty  d u e  to  a c c u m u la t io n  o f  p e s t ic id e s  in  h u m a n  a n d  

th e  e n v ir o n m e n t .

G e n e ra l  to x ic i ty  o f  c h e m ic a l  s u b s ta n c e s  c a n  b e  c la s s i f ie d  in to  2  fo rm s  as

fo llo w s :

1. Acute toxicity. A c u te  to x ic i ty  o c c u r s  w h e n  b e in g  e x p o s e d  to  la rg e  d o s e s  

o f  to x ic  s u b s ta n c e s  d u r in g  a s h o r t  p e r io d  o f  t im e  S ig n s  o f  a c u te  p o is o n in g  v a ry  

d e p e n d in g  o n  ty p e  o f  th e  c h e m ic a ls  e x p o s e d
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Table 1.1: Examples of pesticide toxicity to human and environment.

P e s t ic id e s E f f e c ts  o n  h u m a n E f f e c t  o n  e n v ir o n m e n t
Insecticides
A ld r in /D ie ld r in S p a s m , c o n v u ls io n ,  to x ic  

to  k id n e y s , c a rc in o g e n s .
T u m o u r  in  a n im a ls , 
r e p r o d u c t iv e  im p a irm e n t  
in  b i rd s  a n d  fish .

D D T S p a s m , d e te r io r a t io n  o f  
c e n t r a l  n e r v o u s  s y s te m , 
a n d  c a rc in o g e n s .

R e p ro d u c t iv e  im p a irm e n t 
in  b ird s  a n d  f ish , th in -  
s h e l le d  b i rd  e g g s , an d  
tu m o u r  in  a n im a ls .

P a ra th io n A c u te  to x ic i ty K ill w i ld  a n im a ls .

T o x a p h e n e C h r o m o s o m e  m u ta t io n , 
c a r c in o g e n s .

A c c u m u la te d  in  f ish , 
in h ib i t in g  g r o w th , a n d  
d a m a g in g  f ish  liv e rs .

Herbicides
2 , 4 - D P r o d u c e  c a r c in o g e n ic  

N it r o s a m in e .
R e d u c e  h a b i ta ts  o f  w ild  
a n im a ls .

1. M u s c a r in ic  e f f e c ts  in c lu d e  n a u s e a , v o m it in g , d ia r rh o e a , te a r  re le a se , 

s w e a t in g , ir is  c o n tr a c t io n ,  u n a b le  to  c o n tro l  u r in e  a n d  e x c re m e n t ,  

c o n tr a c t io n  o f  b r o n c h i ,  a n d  e x c e s s iv e  s e c r e t io n  o f  p h le g m .

2. N ic o t in ic  e f f e c ts  in c lu d e  s p a s m s  o f  fa c ia l  m u s c le s ,  e y e l id s  a n d  to n g u e . 

In  s e v e re  c a s e s ,  s p a s m s  c o u ld  o c c u r  in  a ll b o d y  p a r ts .

P a t ie n ts  e x p o s e d  to  s u c h  c h e m ic a ls  a t g r e a t  e x te n t  m a y  d ie  d u e  to  r e s p ir a to ry  

f a ilu re . M o re o v e r ,  s o m e  p e s t ic id e s  o f  o r g a n o p h o s p h a te  c la s s e s  c o u ld  c a u s e  to x ic i ty  to  

th e  n e rv o u s  s y s te m  a f te r  s u b s ta n t ia l  p e r io d  o f  t im e . T h is  is  c o m m o n ly  k n o w n  as
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O r g a n o p h o s p h a te  -  I n d u c e d  D e la y e d  N e u r o p a th y  (O P ID N ) . T h e  to x ic  s ig n s  o f  s u c h  

n e r v o u s  s y s te m  b e g in  a t  th e  e n d  o f  le g  n e rv e  c e lls .

Degree of toxicity depends on:
1. T y p e s  o f  p e s t ic id e s .  S o m e  a re  h ig h ly  to x ic ,  w h i le  s o m e  a re  o n ly  s lig h t ly  

to x ic .

2. D o s e  a n d  c o n c e n t r a t io n  o f  c h e m ic a ls  b e in g  e x p o s e d .

3. E x p o s u r e  m o d e s  su c h  a s  in g e s t io n , in h a la t io n , o r  a b s o rp t io n  th ro u g h  th e  

s k in

4. E x p o s u r e  p e r io d  o f  th e  to x ic  s u b s ta n c e s .

2. Chronic toxicity. C h ro n ic  to x ic i ty  o c c u r s  a f te r  a b s o r p t io n  o f  th e  

s u b s ta n c e s  f o r  s u b s ta n t ia l ly  lo n g  p e r io d  o f  t im e . It m a y  o c c u r  a f te r  a  s in g le  p ro lo n g  

e x p o s u re  to  th e  to x ic  c h e m ic a ls  o r  a f te r  s e v e ra l e x p o s u re s  o n  c o n t in u o u s  b a s is .

S u m m a ry  o f  c h r o n ic  to x ic i ty  o f  d i f f e re n t  p e s t ic id e  g ro u p :

1 Organochlorine insecticides
T h is  ty p e  o f  in s e c t ic id e s  h a rd ly  d e c o m p o s e s  le a d in g  to  th e ir  p e r s is te n c e  in 

th e  e n v ir o n m e n t  fo r  a lo n g  p e r io d  o f  tim e .

C h ro n ic  to x ic i ty :  C a n c e r

A n e m ia  ( A p la s t ic  a n e m ia  -  to x ic i ty  o f  C h lo r d a n e  

L in d a n e )

R e d u c t io n  o f  s p e rm  q u a n t i ty  -  to x ic i ty  o f  K e p o n e
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2. Organophosphate and carbamate insecticides
I n s e c t ic id e s  o f  o r g a n o p h o s p h a te  a n d  c a r b a m a te  g r o u p s  a r e  c o n s id e re d  to  

r a p id ly  d e c o m p o s e  c o m p a r e d  w i th  o r g a n o c h lo r in e  in s e c t ic id e s  a n d  d o  n o t  p e r s is t  in  th e  

e n v ir o n m e n t  f o r  a  lo n g  p e r io d  o f  t im e . H o w e v e r ,  o r g a n o p h o s p h a te  a n d  c a rb a m a te  

p e s t ic id e s  p r o d u c e  h ig h ly  a c u te  to x ic i ty  d u e  to  th e i r  in h ib i to r y  e f fe c t  o n  th e  f u n c t io n s  o f  

A c e ty lc h o l in e s te r a s e  e n z y m e . T h e  1983  F o o d  a n d  D r u g  A d m in is t r a t io n  R e p o r t  a n d  th e  

19 85  R e p o r t  o f  th e  O f f ic e  o f  N a t io n a l  E n v i r o n m e n t  B o a rd  fo u n d  th e  h ig h e s t  s ta t is t ic  o f  

p a t ie n ts  f ro m  to x ic i ty  o f  o r g a n o p h o s p h a te  p e s t ic id e s  th a n  f ro m  o th e r  ty p e s  o f  

p e s t ic id e s .

1.2.4 Toxicity in animals and environments
P e s t ic id e s  th a t  m o s tly  a f f e c t  a n im a ls  in  th e  e n v i r o n m e n t  a r e  o f  o r g a n o c h lo r in e  

g ro u p . F o r  e x a m p le , D D T  c o n ta m in a te d  in  so il w ill  b e  a c c u m u la te d  in  e a r th w o rm s  

w i th o u t  p r o d u c in g  a n y  a d v e r s e  s ig n  to  th e  e a r th w o rm s . It is f u r th e r  a c c u m u la te d  in 

b ird s  T h e  o r g a n o c h lo r in e  p e s t ic id e s  a re  th e  c r it ic a l  c a u s e  o f  d e c r e a s in g  in  b ird  

p o p u la t io n  w ith  th e  a c tu a l  c a u s e  o f  b r e e d in g  r e d u c t io n . T h e i r  a c u te  to x ic i ty  c o u ld  k ill 

b ird s , s lo w  th e  r a te  o f  r e p r o d u c t io n ,  o r  e v e n  in h ib i t  e g g  la y in g . T h e  b ird  e g g s  h a v e  th in  

an d  f ra g ile  sh e ll a n d  th e i r  s u rv iv a l  r a te  is lo w . T h is  c i r c u m s ta n c e  o c c u r s  in th e  a re a  

w h e re  lo w  c o n c e n t r a t io n  o f  o r g a n o c h lo r in e  p e s t ic id e s  is u s e d . T h is  ty p e  o f  p e s t ic id e s  

w o u ld  d is tu rb  c a lc iu m  m e ta b o l i s m  o f  th e  b ird s  p o s s ib ly  b y  in h ib i t in g  th e  f u n c t io n s  o f  

C a rb o n ic  a n h y d ra s e  e n z y m e . T h is  m e c h a n is m  r e d u c e s  s u f f ic ie n t  a m o u n ts  o f  c a lc iu m , 

n e c e s s a ry  fo r  e g g s h e l l  d e v e lo p m e n t  p ro c e s s ,  w h ic h  o c c u r s  a t  g r e a te s t  r a te  w ith in  2 0  

h o u r s  b e fo re  e g g  la y in g  a c t iv i ty ,  so  r e s u l t in g  in  th in  e g g s h e l l .  M e a s u re m e n t  o f  

e g g s h e l ls  o f  th e  b i rd s  in  th e  m u s e u m  fo u n d  th a t  th e  th ic k n e s s  a n d  w e ig h t  o f  th e
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e g g s h e l ls  w e r e  c o n s ta n t  th r o u g h o u t  u n ti l  d u r in g  1 9 3 7  -  1 9 4 7 . A f te r  th a t  p e r io d , th e  

th ic k n e s s  a n d  w e ig h t  o f  th e  b i rd  e g g s h e l ls  h a d  d r a m a t ic a l ly  d e c r e a s e d , c o r r e s p o n d in g  to  

th e  t im e  w h e n  th e  a p p l ic a t io n  o f  o r g a n o c h lo r in e  p e s t ic id e s  b e c a m e  p o p u la r . M o re o v e r ,  

th is  ty p e  o f  p e s t ic id e s  d e la y  th e  t im e  o f  e g g  la y in g  p o s s ib ly  b y  in h ib i t in g  p r o d u c t io n  o f  

l iv e r  e n z y m e s  a n d  so  r e d u c in g  th e  a m o u n t  o f  e s t r o g e n  h o rm o n e  in  b lo o d .

O r g a n o c h lo r in e s  c o u ld  b e  to x ic  to  f ish  F o r  in s ta n c e , d u r in g  th e  e n d  o f  th e  

1 9 4 0 ’ร ( 1 9 4 7 )  g r e a t  d e a ls  o f  f ish  in  th e  M is s is s ip p i  R iv e r  w e r e  k i lle d . C a tf is h , w h ic h  

a re  s e n s i t iv e  to  E n d r in  to x ic i ty ,  w e r e  k i l le d  d u e  to  a  s p ra y  a p p l ic a t io n  o f  th e  c h e m ic a l in 

s u g a rc a n e  f ie ld s  in  th a t  a re a . A n a ly s is  o f  th e  w a te r  q u a li ty  d id  n o t  f in d  a n y  a b n o rm a li ty  

in p H  v a lu e , D O , t e m p e r a tu r e ,  o r  o th e r  d is e a s e s ;  h o w e v e r ,  E n d r in  w a s  fo u n d  in 

s e d im e n ts  o f  th e  r iv e r .

H e r b ic id e s  h a v e  a d v e r s e  e f fe c ts  o n  th e  e n v i r o n m e n t  a t s im ila r  s e v e r i ty  as 

in s e c t ic id e s  d o . T h e  e v id e n t  e x a m p le  w a s  m il i ta ry  p r a c t ic e  o f  th e  A m e r ic a n s  in 

V ie tn a m  T h e  re s u lt  f ro m  th e  1961 e x p e r im e n ta l  p r o g ra m  w a s  f ir s t  p ra c t ic e d  in 1962  

w ith  th e  m a x im u m  p r a c t ic e  in  1 9 71 . T h e  p r a c t ic e  u s e d  th e  c h e m ic a l  k n o w n  a s  A g e n t 

O ra n g e , w h ic h  w a s  a m ix tu r e  o f  2 ,4 -D  a n d  2 ,4 ,5 -T  a n d  A g e n t  W h ite , w h ic h  w a s  a 

m ix tu r e  o f  2 ,4 -D  a n d  P ic h lo ra m . A n o th e r  la rg e ly  u s e d  c h e m ic a l  w a s  A g e n t  b lu e , w h ic h  

w a s  an  h e r b ic id a l  m ix tu r e  b e tw e e n  a r s e n ic  c o m p o u n d s  a n d  C a c o d y l ic  a c id , 

in te n t io n a l ly  m ix e d  to  d e s t ro y  p la n ts  a n d  v e g e ta b le s  g r o w n  b y  V ie tn a m e s e . 

A p p r o x im a te ly  2 ,0 0 0  s q u a re  k i lo m e te r s  o f  v e g e ta b le  la n d  w e r e  d e s t ro y e d  r e s u l t in g  in 

o n e -y e a r  s h o r ta g e  o f  fo o d  f o r  6 0 0 ,0 0 0  V ie tn a m e s e  p e o p le  w h o  w e r e  th e n  c o n s id e re d  

th e  A m e r ic a n  o p p o n e n ts .  F u r th e r m o r e ,  s p ra y in g  o f  th o s e  c h e m ic a ls  to  d e - le a v e  tr e e s
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p r o d u c e d  f in e  c h e m ic a l  s p ra y s  th a t  c o n ta m in a te d  a n d  d e s t ro y e d  v e g e ta b le s  g re a t ly  

c a u s in g  p s y c h o lo g ic a l  e f f e c ts  to  th e  c o m m u n it ie s .

T h e  H e r b ic id e  A s s e s s m e n t  C o m m is s io n  u n d e r  th e  A m e r ic a n  A s s o c ia t io n  fo r  th e  

A d v a n c e m e n t  o f  S c ie n c e  in  th e  บ .ร .  c o n d u c te d  a  n a t io n a l s u r v e y  o n  V ie tn a m  in  19 70 . 

T h e  s u rv e y  fo u n d  th a t  a p p ro x im a te ly  o n e  f if th  o f  th e  f o re s t  a r e a  o r  h a l f  o f  th e  to ta l 

w e t la n d  fo re s t ,  a c c o u n t in g  fo r  a p p ro x im a te ly  1 ,4 0 0  s q u a re  k i lo m e te r s  w e r e  d e s tro y e d . 

A ll p la n t  p o p u la t io n s  w e r e  e n t i r e ly  d e s t ro y e d  b y  a s in g le  sp ra y . I t w a s  y e t q u e s t io n a b le  

th a t, e x c e p t  f o r  p la n ts  w i th  n o n - e c o n o m ic a l  v a lu e  a n d  c e r ta in  ty p e s  o f  f e rn s ,  th e re  w a s  

n o  e v id e n c e  o f  o th e r  p la n ts  a b le  to  g r o w  in th a t  a re a  fo r  s e v e ra l  y e a rs . A t le a s t s e v e ra l 

d e c a d e s  a r e  r e q u i r e d  to  r e c o n c i le  th e  f o re s t  c o n d i t io n  to  its  o r ig in a l  s ta te

T h e  la b o r a to ry  s tu d ie s  fo u n d  th a t  d io x in s  w e r e  to x ic  to  e m b ry o s  an d  

r e p r o d u c t iv e  s y s te m , r e s p o n s ib le  fo r  d e fo rm ity  o f  n e w b o rn  in fa n ts , an d  w e r e  a n im a l 

c a r c in o g e n s . T h e r e  w a s  a ls o  s tro n g  c o in c id e n c e  fo r  an  a b o r t io n  r a te  o f  p r e g n a n t  w o m e n  

w h o  liv e d  n e a r b y  th e  f o re s t  a r e a  w h e re  2 , 4, 5 -T  w a s  s p ra y e d  to  c o n tro l  u n w a n te d  

p la n ts  in  O r e g o n  S ta te .

R e g a rd in g  p e r s is te n c e ,  d io x in s  a re  p e r s is te n t  in  th e  e n v ir o n m e n t .  F o r  in s ta n c e , 

e g g s  o f  th e  b i rd s  l iv in g  in  th e  a r e a  o f  G re a t  L a k e s  c o n ta in e d  9 -9 0  p p m  o f  d io x in s  a n d  

21 o u t o f  th e  to ta l  6 2  f ish  s a m p le s  c o l le c te d  f ro m  th e  s a m e  la k e  a re a  c o n ta in e d  

a c c u m u la te d  d io x in s . H o w e v e r ,  a  c a r c in o g e n ic  p o te n tia l  o f  th e  p h e n o x y  h e r b ic id e s  

m ig h t  n o t b e  r e s u lte d  s o le ly  f ro m  d io x in  c o n ta m in a t io n ,  b u t, p o s s ib ly  d u e  to  th e  

p h e n o x y  c o m p o u n d s  th e m s e lv e s .  A l th o u g h  th e  p h e n o x y  c o m p o u n d s  d id  n o t c a u s e
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g e n e t ic  m u ta t io n , th e  a b n o r m a l i ty  c a u s e d  b y  th e s e  c o m p o u n d s  w a s  d u e  to  th e  re s u lt in g  

H 2 O 2 , w h ic h  c o u ld  f o rm  e x c e s s iv e  p e r o x is o m e  in  th e  l iv e r  to  th e  le v e l  th a t  is  h a rm fu l  to  

D N A  a n d  c o u ld  e v e n tu a l ly  in d u c e  c a n c e r .

1.2.5 Side effects of pesticides
S p re a d  o f  th e  p e s t ic id e s  in  th e  e n v i r o n m e n t  a s  m e n t io n e d  a b o v e  c o u ld  h a v e  

s e v e ra l  a d v e r s e  e f fe c ts  o n  th e  e n v i r o n m e n t  a n d  o n  th e  e c o s y s te m  a s  o u t l in e d  in  th e  

f o l lo w in g s :

1. Adding problem s

O n c e  p e s t ic id e s  a r e  u s e d  to  w ip e  o u t  o n e  s p e c ie s ,  th is  r e d u c e s  c o m p e t i t io n  

a m o n g  o th e r  s p e c ie s  in  th e  s a m e  e c o s y s te m . In s e c ts  o r  p la n ts ,  w h ic h  a re  n o t  a f fe c te d  

b y  s u c h  c h e m ic a ls ,  w ill  r a p id ly  g r o w  to  r e p la c e  th e  a re a . T h is  p h e n o m e n o n  re s u lts  in 

e v o lu t io n  o f  n e w  u n w a n te d  in s e c t  s p e c ie s  th a t  a re  d i f f e re n t  f ro m  th e  o r ig in a ls  p o s s ib ly  

w ith  e q u iv a le n t  o r  g r e a te r  s e v e r ity . I t c a n  b e  s a id  th a t  o n c e  h u m a n  d e s t ro y  o n e  s p e c ie s  

to  its  e x t in c t io n , th is  s t im u la te s  a  r e p la c e m e n t  e v o lu t io n  o f  a  n e w  s p e c ie s .

2. Increasing resistance

S im ila r  to  th e  r e a s o n  m e n t io n e d  a b o v e , o n c e  p e s t ic id e s  a r e  u s e d , s p e c ie s  

w ith  n o  o r  l i t t le  r e s is ta n c e  w ill  b e  d e s t ro y e d . A f te r  e a c h  g e n e ra t io n ,  in s e c ts  e s p e c ia l ly  

th e  s p e c ie s  w i th  s h o r te r  li fe  s p a n  th a n  th e  p la n t s  w ill g r a d u a l ly  a d a p t  th e ir  g e n e tic  

c o n te n ts  a n d  b e c o m e  b e t te r  r e s i s ta n t  to  th e  r e g u la r ly  u s e d  p e s t ic id e s .  P e s t  c o n tro l  u s in g  

th e  sa m e  c h e m ic a ls  r e q u i r e s  m o r e  a n d  m o r e  c h e m ic a ls  o v e r  t im e . A l th o u g h  th e  

u n w a n te d  p la n ts  h a v e  lo n g e r  life  s p a n  th a n  m o s t  in s e c ts ,  th e i r  a d a p ta t io n  o f  g e n e tic
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r e s i s ta n c e  c o u ld  a ls o  o c c u r  in  th e  s im ila r  m a n n e r . I t  is n o ta b le  th a t  u n w a n te d  p la n ts  o r  

in s e c ts  c o u ld  d e v e lo p  th e i r  r e s i s ta n c e  to  th e  e f fe c t  o f  th e  p e s t ic id e s  b e in g  u s e d  

r e g u la r ly .  T h e r e fo re ,  tw o  m e a n s  o f  r e s o lu t io n  m a y  b e  d e r iv e d  f ro m  th a t  o b s e rv a tio n . 

T h e s e  a r e  1) C i r c u la t io n /  c h a n g e  o f  p e s t ic id e  g r o u p s  p o s s ib ly  e v e r y  y e a r  to  le s s e n  

c h a n c e s  f o r  g e n e t ic  r e s i s ta n c e  d e v e lo p m e n t  2 )  C i r c u la t io n  o f  c r o p s  c o n s t i tu te s  in d ire c t  

c i r c u la t io n  o f  p e s t ic id e s  a s  d i f f e r e n t  c r o p s  m a y  r e q u i r e  d i f f e r e n t  ty p e s  o f  p e s t ic id e s ,  

w h ic h  a re  n o t  h a rm fu l  to  th e  c ro p s  a n d  a b le  to  c o n tro l  th e ir  e n e m ie s  th a t  m a y  a lso  b e  o f  

d i f f e r e n t  sp e c ie s .

3. Increasing doses o f  pesticides

T h is  p r o b le m  is  a  c o n s e q u e n c e  o f  d e v e lo p m e n t  o f  g e n e t ic  r e s is ta n c e  

m e n t io n e d  p r e v io u s ly  w h ic h  le a d s  to  r e q u i r e m e n t  o f  m o r e  a n d  m o re  p e s t ic id e s  in  o r d e r  

to  p r o d u c e  e f f e c t iv e  re s u lts .  A n o th e r  c a u s a l f a c to r  is th a t  m o d e rn  a g r ic u l tu re  re q u ire s  

le s s  p lo w in g  f r e q u e n c y ,  w h ic h  is  c o n s id e ra b ly  d i s a d v a n ta g e o u s  fo r  p e s t  a n d  u n w a n te d  

p la n t  c o n tro l, a s  p lo w in g  h e lp s  to  te r m in a te  life  c y c le  o f  p la n ts  a n d  in s e c ts  in c u b a tin g  

in th e  so il. W h e n  th e re  is  n o  o r  o n ly  f e w  n u m b e r  o f  p lo w in g , th o s e  c ro p  e n e m ie s  a re  

a l lo w e d  to  in c re a s e  th e i r  p o p u la t io n s .  E l im in a t io n  o f  u n w a n te d  p la n ts  b y  c o v e r in g  th e  

so il s u r fa c e  c o u ld  p r o v id e  h a b i ta t  a n d  s u i ta b le  c o n d i t io n s  f o r  in s e c ts  to  lay  th e ir  e g g s . 

In  a d d it io n , a p p l ic a t io n  o f  h e r b ic id e s  c o u ld  k ill  o th e r  n o n - ta r g e t  p la n ts  th a t  u s e d  to  b e  

h a b i ta ts  fo r  in s e c t  p r e d a to r s .  T h e  e v id e n t  e x a m p le  w a s  a n  a p p l ic a t io n  o f  h e r b ic id e s  to  

c o n tro l  u n w a n te d  p la n ts  a t  a  f e n c e  l in e , in  g a r d e n  a re a s , o r  in f ru i t  g a rd e n s . T h a t  h ad  

le d  to  m o re  d a m a g e s  f ro m  a n  o u tb r e a k  o f  f ru i t  in s e c ts  a s  th e  p r e d a to r s  l iv in g  in  th o s e  

a r e a s  lo s t th e i r  h a b i ta ts  a n d  b e c a m e  d e c r e a s in g  in  th e  n u m b e r  o f  p o p u la t io n  a l lo w in g



20

th e  in s e c ts  to  s p r e a d  o u t. T h e  f a rm e rs ,  th e re f o r e ,  n e e d e d  to  u s e  in s e c t ic id e s  in  a d d it io n  

to  th e  p r e v io u s  a p p l i c a t io n  o f  h e r b ic id e s .

A n o th e r  e x a m p le  o f  s id e  e f f e c ts  d u e  to  a p p l ic a t io n  o f  p e s t ic id e s  is  a  c h a n g e  in 

e c o s y s te m  c o m p le x i ty .  W h e n  a g r ic u l tu r e  b y  a  m in im u m - t i l l a g e  m e th o d  is p o p u la r  a s  a t 

p r e s e n t ,  s o i l - m ic r o o r g a n is m  a c t iv i t ie s  in c re a s e  a s  th e  s y s te m  p r o d u c e s  m o re  c a rb o n  an d  

n i t r o g e n  s o u r c e s  f o r  m ic r o o r g a n is m s  in  th e  so il. H o w e v e r ,  w h e n  h e r b ic id e s  a re  u s e d  

c o n t in u o u s ly ,  m ic r o o r g a n is m s  in  th e  so il w ill  p r o d u c e  e n z y m e s  to  b re a k  d o w n  th o s e  

c o m p o u n d s . T h is  p h e n o m e n o n  a ls o  o c c u r s  w i th  in s e c t ic id e s ,  a s  c h e m ic a l  p r o p e r t ie s  o f  

s e v e ra l  h e r b ic id e s  a r e  s im ila r  to  th o s e  o f  in s e c t ic id e s .  T h e r e fo re ,  g r e a te r  q u a n t i ty  o f  th e  

h e r b ic id e s  a n d  in s e c t ic id e s  a r e  n e e d e d  f o r  e f f e c t iv e  re su lts .

4. Reducing motivation

U t i l i s a t io n  o f  h e r b ic id e s  is  o n e  o f  th e  f a c to r s  in  r e d u c in g  f a r m e r s ’ 

m o t iv a t io n  to  c i r c u la te  c ro p s . T h e  m a in  o b je c t iv e s  o f  c r o p  c i r c u la t io n  a re  to  a d d  p la n t 

n u tr i t io n  to  th e  so il a n d  to  le s s e n  n u m b e r s  o f  p la n t  d is e a s e s  a n d  in s e c ts . T h e  k e y  f a c to r  

d r iv in g  f a r m e r s  to  c i r c u la te  c r o p s  is a  tu r n o v e r  o r  p ro f it  g a in . H o w e v e r ,  a p p lic a t io n  o f  

s o m e  h e r b ic id e s  c o u ld  r e d u c e  th e  a m o u n t  o f  th e  s a m e  c r o p ’ร e n e m ie s  in  th e  n e x t 

g r o w in g  s e a s o n , th e  f a rm e rs ;  th e re f o r e ,  d e c id e  to  g r o w  th e  s a m e  c r o p  a s  it g a v e  b e t te r  

y ie ld s .

A  g o o d  e x a m p le  is  a p p l ic a t io n  o f  A tra z in e , w h ic h  is o n e  o f  th e  m o s tly  u s e d  

c h e m ic a ls  to d a y , in  c o r n f ie ld s  to  c o n tro l  b r o a d - le a v e d  g ra s s e s .  A t r a z in e  c a n  p e r s is t  in 

th e  so il, p o s s ib ly  f o r  a s  lo n g  a s  17 m o n th s . T h e r e fo re ,  u s e s  o f  A t ra z in e  le s s e n  c h a n c e s
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o f  b r o a d - le a v e d  c r o p s  g r o w in g , e s p e c ia l ly  s o y b e a n s , w h ic h  a re  h ig h ly  s e n s i t iv e  to  

to x ic i ty  o f  A tra z in e . T h e  p e r s is te n c e  o f  A t ra z in e  le a d s  to  f a r m e r s ’ a s s u m p t io n  th a t  by  

r e -g ro w in g  c o r n s  in  th e  n e x t  g r o w in g  s e a s o n , th e  c o s t  f o r  h e r b ic id e s  is  r e d u c e d  an d  

p o te n tia l  r i s k s  o f  lo s s e s  f ro m  g r o w in g  b r o a d - le a v e d  c r o p s  a r e  m in im is e d . U t i l i s a t io n  o f  

A tra z in e  in  c o r n f ie ld s ,  th u s ,  in d u c e s  a d d i t io n a l  m o t iv a t io n  f o r  f a rm e rs  to  g r o w  th e  sa m e  

c r o p  in  th e  s a m e  a re a .

M o s t  h e r b ic id e s  h a v e  lo w  p e r s is te n c e  in  th e  so il w i th  lo s s e s  o f  e f f e c ts  a t  th e  en d  

o f  g r o w in g  s e a s o n . H o w e v e r ,  th e r e  a r e  s e v e ra l ty p e s  o f  h e r b ic id e s  s u c h  a s  P ic h lo ra m  

a n d  M o n u ro n ,  w h ic h  c a n  p e r s is t  in  th e  so il f o r  u p  to  2  -  3 y e a rs . T h e  c h e m ic a ls  w ith  

h ig h  p e r s is te n c e  in  th e  s o il w i ll  le s s e n  c h a n c e s  o f  c ro p  c i r c u la t io n  d u e  to  th e ir  a d v e rs e  

e f fe c ts  o n  o th e r  n o n - ta r g e t  p la n ts  a s  m e n t io n e d  a b o v e . 5

5. Effects on p lan t diseases
A n o th e r  d r a w b a c k  o f  h e r b ic id e  a p p l ic a t io n  is p o s s ib le  e n r ic h m e n t  o f  

h a rm fu l  p la n t  d is e a s e s . T h is  c o u ld  o c c u r  th r o u g h  se v e ra l m e c h a n is m s . F o r  in s ta n c e , 

h e r b ic id e s  m a y  r e d u c e  th e  c r o p  to le r a n c e  to  d is e a s e s  c a u s e d  b y  o n e  o f  th e  fo l lo w in g  

e f fe c ts :  r e d u c in g  w a x  p r o d u c t io n  o f  le a v e s , c h a n g in g  m e ta b o l i s m  o f  c a r b o h y d ra te s ,  o f  

n i tro g e n , o r  o f  g lu c o s id e .  T h e y  m a y  a ls o  r e d u c e  o r  s t im u la te  p a r t i c u la r  g r o w th  o f  th e  

c ro p  th a t  f a c i l i ta te s  d is e a s e  d e v e lo p m e n t .  F o r  e x a m p le , a p p l ic a t io n  o f  2 ,4 -D  fo r  

c o r n f ie ld s  c o u ld  p o s s ib ly  le a d  to  a n  in c re a s e  in  c o rn  l e a f  b l ig h t  d is e a s e s , a s  2 ,4 -D  

s t im u la te s  p r o te in  a c c u m u la t io n  in  c o r n s  th a t  f a c i l i ta te s  d e v e lo p m e n t  o f  c o rn  le a f  b l ig h t

d is e a s e s
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6. Supplementary> effects

S o m e  ty p e s  o f  h e r b ic id e s  e n h a n c e  to x ic  e f f e c ts  o f  in s e c t ic id e s  a n d  s o m e  

e v e n  e n h a n c e  e f f e c ts  o f  h e r b ic id e s  th e m s e lv e s .  R e s e a r c h  in  th is  a r e a  c u r r e n t ly  r e c e iv e s  

l i t t le  a t te n t io n , th o u g h  th e r e  s h o u ld  b e  s tu d ie s  o n  c o - e f f e c ts  o f  th e  ta r g e t  c h e m ic a ls  o n  

o th e r  n o n - ta r g e t  c h e m ic a ls ,  o n  e c o s y s te m s  o f  l iv in g  o rg a n is m s  a n d  so  o n , in c lu d in g  

s tu d ie s  o n  te n d e n c y  o f  h a z a rd  p o te n t ia l s  to  h u m a n s  a n d  e n v iro n m e n ts .

7. Effects on other non-target species
T h e  ta r g e t  g ro u p  f o r  p e s t ic id e  a p p l ic a t io n  b y  h u m a n s  is th e  p l a n t s ’ e n e m ie s . 

H u m a n s  a re  a lso  d e s t ru c t io n  ta r g e t s  o f  th e  c h e m ic a ls  b e c a u s e  h u m a n s  a re  th e  c h e m ic a l 

u s e r s  a n d  a re  th e  c o n s u m e r s  o f  th e  p r o d u c ts .  F o r  e x a m p le , w h e n  D D T  w a s  e x te n s iv e ly  

u s e d  d u r in g  th e  W o r ld  W a r  II , s ig n if ic a n t  a m o u n ts  o f  D D T  a n d  c h e m ic a ls  o f  

o r g a n o c h lo r id e  c la s s e s  w e r e  fo u n d  in  h u m a n  fa t t i s s u e s . M o re o v e r ,  d u r in g  2, 4 -D  

h e rb ic id e  p o p u la r i ty  p e r io d , th e  19 65  s u rv e y  in th e  U n i te s  S ta te s  r e p o r te d  th a t  th e  

p o p u la t io n s  c o n s u m e d  a n  a v e r a g e  o f  0 .0 0 1 -0 .0 5  m g  o f  2 , 4 -D  d a ily  f ro m  v e g e ta b le s

1.2.6 Quantity magnification in a food chain
D is t r ib u t io n  o f  p e s t ic id e s  in  th e  e n v i r o n m e n t  le a d s  to  a c c u m u la t io n  o f  su c h  

c h e m ic a ls  w i th in  a f o o d  c h a in  in  m u l t ip l ie d  q u a n t ity . F o r  e x a m p le , d is p e rs a i  o f  D D T  

in to  w a te rw a y s  c o n t r ib u te s  to  D D T  c o n c e n t r a t io n  o f  0 .0 0 5  p p m  in  th e  w a te r .  D D T  

e n te r s  th e  fo o d  c h a in  r e s u l t in g  in  a n  a c c u m u la te d  a m o u n t  o f  0 .0 5  p p m  in  p la n k to n . T h is  

is  a m a g n if ic a t io n  p r o c e s s  o f  D D T  c o n c e n t r a t io n  in th e  f o o d  c h a in . U n til it is 

c o n ta m in a te d  in  f ish  e a t in g  b ird s ,  th e  c o n c e n t r a t io n  o f  D D T  m a y  b e  a s  h ig h  a s  2 5  p p m
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1.2.7 Pest control using natural herbs
T h e r e  is  a  t r e n d  f o r  c o n s e rv a t io n  o f  n a tu ra l  r e s o u r c e s  a n d  e n v i r o n m e n ts  in  th e  

c u r r e n t  s o c ie ty . E n v i r o n m e n ta l  p o l lu t io n  h a s , a t  th e  s a m e  t im e , b e c o m e  m o r e  a n d  m o re  

s e v e re  b e c a u s e  o f  b o th  d i re c t  a n d  in d i re c t  h u m a n  e x p lo i ta t io n . M o re o v e r ,  it c a n n o t  be  

d e n ie d  th a t  a g r ic u l tu re  a c t iv i t ie s  e m p lo y in g  c h e m ic a ls  in  th e  p r o d u c t io n  p r o c e s s  d o e s  

n o t c a u s e  e n v i r o n m e n ta l  c h a n g e s . T h a t  is  b e c a u s e  p r o lo n g  a n d  c o n t in u a l  u s e s  o f  

a g r ic u l tu ra l  c h e m ic a ls  w i l l  r e s u lt  in  c o n ta m in a t io n  o f  to x ic  c h e m ic a ls  in  th e  

e n v ir o n m e n t  a n d  e v e n tu a l ly  a f fe c t  h u m a n s  w h o  a re  th e  c h e m ic a l  u s e r s  a n d  th e  p ro d u c t  

c o n s u m e rs .  B e c a u s e  o f  th e  a b o v e  r e a s o n s , f a rm e rs  to d a y  b e c o m e  m o r e  in te r e s te d  in 

a p p l ic a t io n s  o f  n a tu ra l  h e r b s  fo r  p e s t  c o n tro l.

T h e r e  a r e  s e v e ra l ty p e s  o f  h e rb s  u s e d  in  p e s t  c o n tr o l  a p p l ic a t io n s .  T h e  m o s t  

c o m m o n ly  u s e d  o n e s  a r e  m a rg o s a , c i t ro n e l la  g r a s s e s ,  g a l in g a le ,  a n d  a n a m ir ta  o r  a  f ish  

p o iso n .

Margosa or nim  tree

Is a  ra p id  g r o w in g  p la n t  w i th  m e d iu m  to  la rg e  s iz e s . I ts  o r ig in  w a s  b e l ie v e d  to  

b e  f ro m  In d ia  a n d  B u rm a  w i th  la te r  d is t r ib u t io n  to  v a r io u s  t r o p ic a l  c o u n t r ie s .  It can  

g r o w  e v e n  in  th e  a r e a  w i th  p o o r  so il b u t its  g r o w th  d e v e lo p m e n t  c o u ld  b e  r e ta r d e d  in 

w e t  soil.

T h e r e  a r e  th r e e  ty p e s  o f  n im  t r e e s  fo u n d  in  T h a i la n d . T h e s e  a r e  A z a d ir a c h ta  

in d ic a  A. Ju s s , A z a d i r a c h ta  e x c e is a  J a c k , a n d  A z a d i r a c h ta  in d ic a  A . J u s s  v a r . s ia m e m s is

V a lu o n
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N im  t r e e s  h a v e  p r o p e r t ie s  f o r  p e s t  c o n tro l  a n d  p r e v e n t io n  b e c a u s e  v a r io u s  p a r ts  

o f  th e  t r e e , s u c h  a s  b a rk , s te m , le a f , f ru i t ,  a n d  s e e d , a r e  fo u n d  to  c o n ta in  m o r e  th a n  6 0  

ty p e s  o f  s u b s ta n c e s .  T h e s e  s u b s ta n c e s  c a n  b e  c la s s i f ie d  in to  5 g r o u p s  b y  th e i r  c h e m ic a l  

s tru c tu re s .  T h e  m a jo r i t ie s  a r e  T r i te r p e n o id  c o m p o u n d s , e s p e c ia l ly  th r e e  ty p e s  o f  

L im o n o id s  ( T e t r a t r ip e n o id s ) ,  n a m e ly , A z a d ir a c h t in ,  S a la n n in , a n d  N im b in ,  w h ic h  

m o s tly  fo u n d  in  th e  s e e d . In  u n r ip e  f ru i ts , th e  s e e d s  w i l l  la r g e ly  c o n ta in  S a la n n in  w h ile  

A z a d ir a c h t in  q u a n t i ty  w ill  b e  in c re a s e d  in  r ip e  f ru i ts . In  1 9 8 6 , th e s e  th r e e  c o m p o u n d s  

w e re  r e p o r te d  to  h a v e  p e s t  c o n tro l  p ro p e r t ie s ,  e s p e c ia l ly  A z a d ir a c h t in .  T h e y  h a v e  

a d v e rs e  e f fe c ts  o n  s e v e ra l in s e c ts . F o r  in s ta n c e , S a la n n in , a n d  N im b in  p o s s e s s  

p ro p e r t ie s  to  r e p e l  in s e c ts  a n d  r e ta rd  th e ir  f e e d in g , g r o w in g  a n d  s lo u g h in g  p r o c e s s  

T h e y  a ls o  in h ib i t  h o rm o n e s  in  th e  in s e c ts  to  p re v e n t  e g g  p r o d u c t io n  a n d  la y in g . T h e  

p ro p e r ty  o f  s lo u g h in g  in h ib i t io n  is m o re  c r it ic a l  th a n  th e  p r o p e r ty  to  re p e l a n d  in h ib it  

f e e d in g  a c t iv i t ie s  in  k i l l in g  th e  in s e c ts . T h e  e f fe c t  m e c h a n is m  o f  m a r g o s a  is d i f f e r e n t  

f ro m  th a t  o f  in s e c t ic id e s  a s  m a rg o s a  w o u ld  n o t k ill th e  in s e c ts  in s ta n t ly  b u t  w ill s lo w  

d o w n  th e ir  a c t iv i t ie s  s u c h  a s  s lo w in g  d o w n  th e i r  f e e d in g  a c t iv i ty  u n ti l  c o m p le te ly  

in h ib i t in g  th e  a c t iv i ty .  T h e  in s e c ts  a r e  u n a b le  to  s lo u g h  a n d  e v e n tu a l ly  d ie .

Collection of margosa fruits and preparation of margosa seeds
M a r g o s a  c a n n o t  b e  u s e d  d ire c t ly . O n ly  q u a li ty  s e e d s  c a n  p r o v id e  m a x im u m  

e f fe c ts  o f  in s e c t  c o n tro l . T o  p re p a re  a n d  s e le c t  g o o d  q u a li ty  s e e d s , f i r s t ly ,  r ip e  m a rg o s a  

f ru i ts  ( in d ic a te d  b y  y e l lo w  o r  g r e e n - y e l lo w  c o lo u r  o f  th e  f ru i ts ) ,  m a y  b e  c o l le c te d  b y  

s h a k in g  th e  t r e e  to  r e le a s e  its  f ru i ts  o n to  u n d e r l in e d  p l a s t ic  s h e e ts . T h e  n e x t  s te p  is 

s e g re g a t io n  o f  th e  f le s h  b y  s q u e e z in g  th e  r ip e  m a r g o s a  f ru i ts  to  r e m o v e  th e  f le sh . T h e  

f ru i ts  m a y  b e  s to re d  in  a  p l a s t ic  b a g  f o r  1-2  d a y s  f o r  e a s ie r  s e p a r a t io n  o f  th e  f le sh . A f te r
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th a t , th e  s e e d s  a r e  s q u a s h e d  w i th  s a n d  to  f u r th e r  r e m o v e  a n y  r e m a in in g  f le s h  a n d  th e n  

c le a n ly  w a s h e d  w i th  w a te r .  T h e n  th e  s e e d s  a r e  th in - s p r e a d  in  th e  รนท to  ra p id ly  d ry  fo r  

5 -7  d a y s  p r io r  to  a ir in g  in  s h a d e . T h e  s e e d s  c a n  b e  k e p t  f o r  1 y e a r  b y  s to r in g  in  a  n e t 

b a g  w i th  g o o d  v e n t i la t io n  in  a  d r y  a n d  c o o l  p la c e  w i th  n o  h u m id i ty  a t  te m p e ra tu re  

b e tw e e n  21-22 °c.

Uses of margosa
1. Agricultural purposes: th e  se e d  c a n  b e  a p p lie d  in  s e v e ra l  w a y s . F o r  

e x a m p le , p o w d e r  o f  m a rg o s a  s e e d s  c a n  b e  u s e d  to  s p r in k le  a r o u n d  p la n t  t r u n k s  to  

p r e v e n t  u n d e r g r o u n d  in s e c ts ,  v a r io u s  w o rm s , a n d  e a r th w o r m s . M a r g o s a  p o w d e r  

m ix tu r e  ( 1 p r o p o r t io n  o f  m a r g o s a  p o w d e r :  1 p r o p o r t io n  o f  w o o d  s h a v in g s  o r  d ry  c la y )  

c a n  b e  d r o p p e d  o n to  le a v e s  o f  y o u n g  c o rn  t r e e s  o r  s o r g h u m  tre e s .  T h e  m ix tu re  w ill 

d is s o lv e  w h e n  r e c e iv in g  w a te r  a n d  b e  e f f e c t iv e  in  p r e v e n t in g  p e r f o ra t io n  o f  b u d s  an d  

s te m s  b y  w o rm s . M a r g o s a  m a y  a ls o  b e  a p p l ie d  in  a s to r e h o u s e  to  p ro te c t  c ro p  s e e d s  

f ro m  p e s ts  a n d  in s e c ts  d u r in g  s to ra g e  b y  m ix in g  th e  c r o p  s e e d s  w i th  m a rg o s a  o il a t th e  

ra t io  o f  10 c c  m a rg o s a  o il to  1 k g  c ro p  se e d s .

R e g a r d in g  e f f e c t iv e n e s s  o f  m a rg o s a  o n  in s e c t c o n tro l ,  f i r s t ly  it w a s  fo u n d  to  be  

h ig h ly  e f f e c t iv e  o n  s o m e  ty p e s  o f  b e e t le  la rv a e  a n d  b u t te r f ly  a n d  m o th  c a te rp i l la r s . 

S e c o n d ly , it is  w e ll  e f f e c t iv e  o n  g r a s s h o p p e r s ,  l e a f  m in e rs ,  a n d  le a f  a n d  p la n t  h o p p e rs . 

T h ird ly , it is m o d e ra te ly  e f f e c t iv e  o n  s o m e  ty p e s  o f  a d u l t  b e e t le s ,  a p h id s , a n d  w h ite  

f lie s . F o u r th ly , it is  s l ig h t ly  e f f e c t iv e  o n  f ru i t  f l ie s , v a r io u s  b u g s , a n d  s p id e r  m ite s .



26

F a r m e r s  c a n  s im p ly  e x t r a c t  s u b s ta n c e s  f ro m  m a rg o s a  s e e d s  b y  g r in d in g  th e  

s e e d s  in to  f in e  p o w d e r .  O n e  k i lo g ra m  o f  th e  p o w d e r  is m ix e d  w ith  2 0  l i te r s  o f  w a te r  

w i th  o c c a s io n a l  s t i r r in g  a n d  a l lo w e d  to  s o a k  fo r  1 n ig h t. T h e n , th e  m ix tu r e  is f i l te re d  

th r o u g h  s e v e ra l  la y e r s  o f  th in  l in e n  s h e e ts . T h e  f i l t r a te  w a te r  a f te r  m ix e d  c a n  b e  s p ra y e d  

o n to  ta r g e t  p la n ts . T h e  l iq u id  e x t r a c t  sh o u ld  n o t  b e  k e p t  f o r  lo n g e r  th a n  2 -3  d a y s  d u e  to  

p o s s ib le  d e te r io r a t io n .  T o d a y , m a r g o s a  c a n  b e  p r o c e s s e d  in to  in s ta n t  c o n c e n t r a te d  

p ro d u c ts ,  w h ic h  r e q u i r e d  d i lu t io n  w i th  w a te r  p r io r  to  s p ra y  a p p l ic a t io n . T h is  is h ig h ly  

c o n v e n ie n t  f o r  th e  u s e r s  a s  n o  d o m e s t ic  e x t r a c t io n  is n e c e s s a ry .

2. Industrial purposes. M a r g o s a  t r e e s  o f  A z a d i r a c h ta  in d ic a  A . J u s s  v a r. 

s ia m e m s is  V a lu o n  a n d  A z a d i r a c h ta  e x c e is a  J a c k  ty p e s  h a v e  s t r a ig h t  t r u n k s  so  s u i ta b le  

fo r  u s e s  a s  a  m a in  p i l la r  o r  fo r  fu rn i tu re .  M a r g o s a  o f  A z a d i r a c h ta  in d ic a  A . J u s s  ty p e  is 

c o m m o n ly  u s e d  fo r  f i r e w o o d . O il e x t r a c te d  f ro m  m a r g o s a  s e e d s , w h ic h  c o n ta in  a s  h ig h  

a s  3 5 -4 0  %  o f  o il, c a n  b e  u s e d  a s  a la m p  o il. a lu b r ic a n t ,  a n d  in s o a p  in d u s tr ie s  

M a r g o s a  c a n  b e  u s e fu l  in  s k in - ta n n in g  in d u s tr ie s  b y  u s in g  T a n n in  e x t r a c te d  f ro m  th e  

b a rk .

3. M edical purposes. M a r g o s a  o il w a s  fo u n d  to  b e  u s e fu l  fo r  t r e a tm e n t  o f  

fu n g ic id a l  a n d  b a c te r ia l  d i s e a s e s ,  w h e re a s  th e  le a f  is  e f f e c t iv e  f o r  t r e a tm e n t  o f  M a la r ia

Citronella (Tra-krai-hom)

C i t r o n e l la  b e lo n g s  to  th e  s a m e  g e n u s  ( G ra m in e a e )  a s  r ic e . I ts  s c ie n t i f ic  n a m e  is 

C y m b o p o g o n  n a d u s  ( L in n )  R e n d le .  D if f e re n t  r e g io n s  w ill  n a m e  th e  p la n t  d i f f e re n tly  

s u c h  a s  “ J a - c h i - m a g r u d ” , “ T r a - c h i - m a k r u d ” o r  “ T r a - k r a i - d a n g ” . C i t ro n e l la  is e a sy  to
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g r o w  a n d  r e q u i r e  l i t t le  c a r in g . I t  c o n ta in s  e s s e n t ia l  o i l  w i th  a  u n iq u e  s c e n t  in  th e  le a f  

a n d  th e  s te m .

T h e r e  a r e  tw o  c i t ro n e l la  s p e c ie s  c o m m o n ly  e x t r a c t e d  f o r  o il. T h o s e  a r e  L a n k a  

s p e c ie s  ( C y m b o p o g o n  n a d u s  R e n d le )  a n d  J a v a  s p e c ie s  ( C y m b o p o g o n  w in te r ia n u s  

J o w it) ,  w h ic h  a re  c o m m o n ly  g r o w n  in  T h a i la n d .

Cultivation and nurture process
C itro n e l la  c a n  g r o w  w e ll in  e v e ry  ty p e  o f  so il a n d  to le r a te  d r o u g h t  c o n d itio n . 

C i t ro n e l la  s p r o u ts  s u i ta b le  fo r  t r a n s p la n t in g  s h o u ld  b e  c u t  le a v in g  2 -3  jo in t s  b e lo w  th e  

o u te r  le a v e s  a n d  s h o u ld  h a v e  4 -5  le a v e s  c o v e r in g  th e  b u d . T h e  t ip  o f  th e  le a v e s  is 

r e m o v e d  p r io r  to  t r a n s p la n t in g .  D is ta n c e  1.5 X 1.0 m e te r s  s h o u ld  b e  a l lo w e d  b e tw e e n  

e a c h  s te m  C i t ro n e l la  s h o u ld  b e  g r o w n  in  o p e n  a re a  w ith  fu ll s u n l ig h t ,  a s  it is  a  ty p e  o f  

p la n t  th a t  lik e s  s t r o n g  s u n lig h t .  T h e  s u i ta b le  g r o w in g  s e a s o n  is d u r in g  th e  b e g in n in g  o f  

ra in y  s e a so n . I f  th e re  is r e c e s s io n  o f  ra in , w a te r  s h o u ld  b e  g iv e n  a s  r e q u i r e d  U n w a n te d  

p la n ts  m a y  b e  e l im in a te d  d u r in g  2 -3  m o n th s  a f te r  t r a n s p la n t in g .  In  c a s e  o f  f e r t i le  so il, 

a d d it io n  o f  f e r t i l iz e r s  m a y  n o t b e  r e q u i r e d  d u r in g  th e  b e g in n in g  p e r io d . F e r t i l i z e r s  w i th  

b le n d e d  f o rm u la  s u c h  a s  1 6 -1 6 -8 , 1 6 -2 0 -0 , o r  1 5 -1 5 -1 5  m a y  b e  a d d e d  a f te r  s e v e ra l 

p ro d u c t  h a rv e s ts .  U s e s  o f  f e r t i l iz e r s  a g a in  d e p e n d  o n  f e r t i l i ty  o f  th e  so il. A f te r  c u t t in g  

th e  le a v e s , u r e a  o r  a m m o n iu m  s u lp h a te  f e r t i l iz e r s  m a y  b e  a d d e d  a t  th e  p r o p o r t io n  o f  15- 

2 0  k g s  p e r  R a i to  e n h a n c e  g e r m in a t io n  o f  n e w  le a v e s . T h e y  w il l  a ls o  in c re a s e  l e a f  s iz e s  

a n d  q u a n t i t ie s  o f  e s s e n t ia l  o il. I t  w a s  fo u n d  th a t  th e r e  a r e  n o  d is e a s e s  o r  in s e c ts  th a t  

c o u ld  r e d u c e  p r o d u c t iv i ty  o f  c i t ro n e lla .
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Harvesting
H a r v e s t  o f  c i t ro n e l la  is  d o n e  b y  c u t t in g  th e  le a v e s  a t  2 5 -3 0  c m  a b o v e  th e  

g ro u n d . F o r  r a p id  g e n e r a t io n  o f  n e w  le a v e s  o n  th e  r e m a in in g  s te m s , c u t t in g  o f  th e  

le a v e s  s h o u ld  b e  d o n e  o n  3 - m o n th  in te rv a l b a s is . T h e  h a r v e s te d  le a v e s  m u s t  b e  le ft fo r  

1 -2  d a y s  p r io r  to  th e  o il e x t r a c t io n  p ro c e s s . I f  th e  le a v e s  a r e  n o t  c u t a f te r  7 m o n th s  o f  

a g e , th e  lo w e s t  le a v e s  w ill  b e g in  to  d ry  o u t w ith  th e  4:1 w e ig h t  r a t io  o f  f re s h  le a v e s  to  

d ry  le a v e s . T h is  n a tu ra l  m e th o d  c o u ld  g iv e  a  to ta l  p r o d u c t iv i ty  o f  4 5 0  kg/' R a i. F re sh  

le a v e s  c a n  b e  e x t r a c te d  fo r  e s s e n t ia l  o il b y  s te a m  d is t i l la t io n  fo r  3 0  m in u te s . T h a t is, 

a f te r  w a te r  is b o il in g , th e  e s s e n t ia l  o il is  s e p a r a te d  f ro m  th e  w a te r  y ie ld in g  

a p p ro x im a te ly  1 .4 2  %  o f  c r u d e  o il T h e  s te m  p a r t  n o rm a l ly  y ie ld s  0 .5  %  o f  c ru d e  o il 

C i t ro n e l la  g r o w n  in  s a n d y - lo o s e  so il w i th  w e ll  c a r in g  a n d  th e  p la n t in g  d is ta n c e  o f  1.0 X

1.0 m  o r  1 ,6 0 0  t r e e s /R a i ,  i f  e a c h  c lu s te r  c o n ta in s  1 3 0 -1 5 0  tr e e s ,  w ill y ie ld  f re sh  le a f  

p r o d u c t iv i ty  o f  a p p ro x im a te ly  8 ,0 0 0 -1 0 ,0 0 0  K g /R a i f o r  e a c h  h a r v e s t  o n  e v e ry  3 m o n th  

b a s is .

Uses of Citronella
1. A g r ic u l tu ra l  p u rp o s e s :

F i l t r a te  liq u id  o b ta in e d  f ro m  f e rm e n ta t io n  o f  f re s h  fu l ly  m a tu re  le a v e s  w ith  

f re s h  g a l in g a le  a n d  m a rg o s a  le a v e s  c a n  b e  s p ra y e d  fo r  p e s t  c o n tro l  111 v e g e ta b le s ,  r ice , 

a n d  s o m e  f ru i ts  s u c h  a s  o r a n g e  a n d  lo n g g o n g . F u lly  m a tu r e  le a v e s , f re s h  o r  d ry  m a y  be  

u s e d  fo r  b a r n - g r o u n d  l in in g  to  p re v e n t  in v a s io n  o f  in s e c ts  in  a  s to re h o u s e . In  a d d it io n , 

an  e x t r a c t  f ro m  th e  s te m  a n d  th e  l e a f  c a n  b e  u s e d  to  re p e l in s e c ts .
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2. I n d u s t r ia l  p u rp o s e s :

C i t r o n e l la  is  u s e d  in  m a n u fa c tu r in g  in d u s tr ie s  o f  so a p , s h a m p o o , s y n th e tic  

o d o rs , w a x , a n d  o d o r a n ts .  T h e r e  w e r e  d a ta  in d ic a t in g  th a t  a  d e m a n d  f o r  c i t ro n e lla  

e s s e n t ia l  o i l  w a s  a s  h ig h  a s  15 to n s  e a c h  y e a r  in  T h a i la n d . T h is  a m o u n t  c a n n o t  b e  

s u f f ic ie n t ly  m a n u f a c tu r e d  f ro m  w i th in  th e  c o u n t ry ;  th e re f o r e ,  s o m e  m u s t  b e  im p o r te d  

f ro m  o th e r  c o u n t r ie s  m a in ly  f ro m  E n g la n d  a n d  F ra n c e .

3. M e d ic a l  p u rp o s e s :

C i t r o n e l la  e s s e n t ia l  o il is  s p ra y e d  to  re p e l m o s q u i to e s  a n d  u s e d  to  

m a n u f a c tu r e  m o s q u i to - p r e v e n t iv e  lo tio n . I t is  a ls o  u s e d  f o r  t r e a tm e n t  o f  s to m a t i t i s  a n d  

in d ig e s t io n .

Galingale

G a l in g a le  is a  p la n t  th a t  is u s e d  a s  s p ic y  h e rb s  a n d  f la v o u r  a d d i t iv e s  fo r  se v e ra l 

ty p e s  o f  f o o d s  f o r  a  lo n g  tim e . I t b e lo n g s  to  th e  Z in g b e r r a c e a e  l in e a g e  w ith  th e  

s c ie n tif ic  n a m e s  o f  A lp in ia  g a la n g a l  (L in n )  ร พ . a n d  A lp in ia  o f f c in a r a m  H a n c e . 

D if f e re n t  r e g io n s  n a m e  th e  p la n t  d i f f e re n t ly ,  fo r  e x a m p le , “ K h a - d a n g ” , tLK h a - y u a k ” 

( N o r th e rn ) ,  “ K h a - lu a n g ” , a n d  “ S a -e r - k e r y ” ( M a e h o n g s o n  p r o v in c e ) .  G a l in g a le  is 

c o n s id e re d  to  b e  a  p la n t  o f  T ro p ic a l  r e g io n . I t is g e n e r a l ly  fo u n d  a s  a c o m m o n  d o m e s tic  

v e g e ta b le  in  T h a i  h o u s e h o ld s .

G a l in g a le  is  a  s h o r t - l iv e d  p la n t  w i th  s e v e ra l  y e a r s  o f  li fe  sp a n  a n d  

a p p ro x im a te ly  1 .5 -2 .0  m  h e ig h t .  I ts  u n d e r g r o u n d  r o o t  h a s  w h i te  c o lo u r  w ith  a p p a re n t  

jo in ts .  T h e  in n e r  f le s h  o f  th e  r o o t  h a s  y e l lo w  c o lo u r  w i th  a  u n iq u e  s c e n t . G a l ig a le  le a f  is
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o f  a  s in g le  l e a f  ty p e , a r r a n g in g  b y  a l t e r n a t io n  o f  th e  w a x y  s id e . T h e  o u te r  le a v e s  

w r a p p in g  th e  s te m  h a v e  s p e a r  s h a p e . T h e  le a v e s  a r e  o v a l  lo n g  le a v e s  w ith  

a p p ro x im a te ly  2 0 -4 0  c m  w id th . I ts  f lo w e r  o c c u r s  a t  th e  p e a k . T h e  f lo w e r  is o f  sm a ll 

s iz e  w ith  c r e a m y  w h i te  c o lo u r  a n d  p o s s ib ly  w i th  r e d  d o ts  o n  th e  la r g e  p e d a ls .  T h e  f ru i t 

h a s  o v a l s h a p e  w i th  a p p ro x im a te ly  1 cm  in  d ia m e te r .  T h e r e  a r e  a p p r o x im a te ly  2 -3  s e e d s  

in s id e  th e  f ru i t. G a l in g a le  is  c o m m o n ly  r e p r o d u c e d  u s in g  th e  ro o t . I t  d o e s  n o t lik e  

w a te r - h o ld in g  a re a . T h e y  c a n  b e  p la n te d  w h e n  th e  so il is  lo o s e , r e c o m m e n d e d  d u r in g  

b e g in n in g  o f  r a in y  s e a so n .

T h e  g a l in g a le  r o o t  c o n ta in s  a p p r o x im a te ly  0 .0 4  %  o f  e s s e n t ia l  o il, w h ic h  is 

c o m p o s e d  o f  s e v e ra l  c o m p o u n d s  s u c h  a s  M e th y l  c in n a m a te ,  C in e o l ,  E u g e n o l ,  C a m p h o r , 

P in e n e s  a n d  so  o n . T h e  e s s e n t ia l  o il h a s  b a c te r ia l  r e s i s ta n c e  p r o p e r t ie s  w h i le  a  g a l in g a le  

a lc o h o l e x t r a c t  h a s  p r o p e r t ie s  o f  fu n g ic id a l  r e s is ta n c e .

Uses of galingale
1 A g r ic u l tu r a l  p u rp o s e s :

L iq u id  o b ta in e d  f ro m  f e r m e n ta t io n  o f  f r e s h  c i t r o n e l l a  le a v e s  w ith  f re s h  

g a l in g a le  r o o t  a n d  m a r g o s a  le a v e s  c a n  b e  s p r a y e d  to  c o n tro l  in s e c ts  in  v e g e ta b le s ,  r ice , 

an d  in s o m e  ty p e s  o f  f ru i ts .

2. M e d ic a l  p u rp o s e s :

G a l in g a le  h a s  p r o p e r t ie s  fo r  t r e a t in g  o f  in d ig e s t io n  w i th  th e  s im p le  

p re p a r a t io n  a s  in  th e  f o l lo w in g  s te p s : U s e  th e  r o o t  w i th  a  s iz e  o f  a  th u m b  ( f r e s h  w e ig h t  

o f  a p p ro x . 5 g  o r  d ry  w e ig h t  o f  a p p ro x . 2  g ), s l ig h t ly  b a s h  a n d  b o il  in  w a te r .  T h e
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r e s u l t in g  h e rb a l  w a t e r  is  r e a d y  f o r  d r in k in g . A l te r n a t iv e ly ,  u s e  a  m a tu re  ro o t , f in e ly  

g r in d , th e n  m ix  w i th  2  c u p s  o f  l im e w a te r ,  s tir  a n d  f i l te r  th e  l iq u id  th r o u g h  a  w h i te  l in e n  

sh e e t . D r in k  h a l f  a  c u p  o f  th e  l iq u id  a t  a  tim e . I t c a n  a ls o  b e  u s e d  f o r  t r e a tm e n t  o f  sk in  

d is e a s e s  s u c h  a s  r in g w o r m  a n d  l iv e r  s p o ts  b y  u s in g  a  m a tu re  ro o t ,  s l ig h t  b a s h e d  o r  c u t 

in to  th in  s lic e s , f e r m e n te d  in  e th y l a lc o h o l  f o r  1 n ig h t, a n d  th e n  a p p ly  o n to  th e  in fe c te d  

a re a . T o d a y , g a l in g a le  is  p r o c e s s e d  in to  t r e a tm e n t  c r e a m  p r o d u c ts  fo r  c o n v e n ie n t  u se s .

Anam irta  or a f is h  poison.

A n a m ir ta  is  a  c l im b  p la n t  o f  a  h a rd  w o o d  ty p e , b e lo n g in g  to  th e  P a p i lo n a c e a e  

l in e a g e . I ts  s c ie n t i f ic  n a m e  is  D e r r is  e l l ip t ic a  B e n th . V a r io u s  n a m e s  a re  g iv e n  in 

d i f f e r e n t  r e g io n s  in c lu d in g  “ O w a r d - n a m ” , “ L h a i - n a m ” ( N o r th e r n ) ,  “ P o - ta - k r a ” (K a re n -  

M a e h o n g s o n  p r o v in c e ) ,  “ H a n g - lh a i” , “ K a - la - p a w ” ( P e tb u r i  p r o v in c e ) ,  “ C r e r - lh a i - n a m ” , 

a n d  ■LH a n g - lh a i - d a n g ” .

T h e  e f f e c t iv e  c o m p o u n d  in  a n a m ir ta  is R o te n o n e ,  w h ic h  h a s  in s e c t ic id a l  e f fe c ts  

o n  s o m e  ty p e s  o f  f l ie s , m ite s , a n d  w o rm s , A n a m ir ta  is to x ic  to  f ish , b u t  n o n - to x ic  to  

w a r m - b lo o d e d  a n im a ls . I t  is e a s i ly  d e g ra d a b le ,  so  d o e s  n o t r e s u lt  in  c h e m ic a l  

c o n ta m in a t io n  in  th e  p r o d u c ts ,  w h ic h  is, th e re fo re ,  s a fe  f o r  c o n s u m e rs .

U se s  of anamirta
F o r  a g r ic u l tu ra l  p u rp o s e s ,  a n a m ir ta  is p r e p a r e d  b y  u s in g  th e  ro o t ,  h a rd  g ro u n d  o r  

b a s h e d , to  s o a k  in  w a t e r  w i th  th e  ra t io  o f  1 K g  a n a m i r ta  to  2 0  l i te r s  w a te r  th e n  a l lo w  

f e rm e n t in g  fo r  2  d a y s . D u r in g  th e  f e r m e n ta t io n  p e r io d , th e  m ix tu r e  s h o u ld  b e  s ti r re d  

u s in g  a w o o d  s tic k  f o r  3 -4  t im e s . A f te r  2  d a y s , f i l te r  o u t  th e  s o l id  m a te r ia ls .  T h e  liq u id
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f i l t r a te  is u s e d  to  s p ra y  o n to  p lo ts  o f  v a r io u s  v e g e ta b le  la n d s  a n d  f ru i t  g a rd e n s . I ts  

a p p l ic a t io n  is  n o t  r e c o m m e n d e d  o n  th e  a r e a  n e a rb y  w a te r  s o u rc e s  a s  it c o u ld  c a u s e  

d e a th  to  f ish .

1.2.8 Participatory learning
P a r t ic ip a to r y  le a r n in g  in  th is  s tu d y  is  a  p r o c e s s  to  e m p o w e r  a n d  r a is e  k n o w le d g e  

b y  e n c o u r a g in g  th e  p a r t i c ip a n ts  to  s h a re  th e ir  id e a s , e x p e r ie n c e s  a n d  k n o w le d g e  w ith  

e a c h  o th e r . It e n a b le s  th e m  to  id e n t i fy  th e i r  k n o w le d g e  a n d  m a k e  d e c is io n  o n  p e s t ic id e s  

u s e  a n d  d e v e lo p  c o r e  p r a c t ic e s  u n d e r  o p e n n e s s  a tm o s p h e r e  b e tw e e n  th e  f a c i l i ta to r  an d  

p a r t ic ip a n ts .

Concept of participatory learning
P a r t ic ip a to ry ' l e a r n in g  is a n  e f f e c t iv e  le a r n in g  a n d  te a c h in g  m e th o d  f o r  b e s t 

d e v e lo p m e n t  o f  p e r s o n n e l  in  te r m s  o f  k n o w le d g e , a t t i tu d e s ,  a n d  sk ills . A  p r im a ry  

s t r u c tu r e  o f  p a r t i c ip a to r y  le a rn in g  c o m p r is e s  o f  an  e x p e r ie n t ia l  le a rn in g  p ro c e s s  in 

c o m b in a t io n  w i th  a g r o u p  p ro c e s s . S in c e  e v e ry  le a r n e r  h a s  h is /h e r  in d iv id u a l p a s t  

e x p e r ie n c e s ,  w h ic h  c o u ld  b e  a d o p te d  a t th e ir  m a x im u m  b e n e f i ts  th r o u g h  p ro c e s s e s  o f  

g r o u p  d is c u s s io n  a s  w e ll  a s  o f  e x p e r im e n t in g  th e  k n o w le d g e  in  a c tu a l  p ra c tic e .

P a r t ic ip a to r y  le a r n in g  is a  le a rn in g  p ro c e s s ,  w h ic h  f o c u s e s  o n  le a rn e r s  as th e  

le a r n in g  c e n te r ,  c o m p r is in g  o f  th e  b a s ic  p r in c ip le s  a s  s h o w n  in  F ig u r e  1.5.
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Figure 1.5 Component of participatory learning

Source: T h e  H a n d b o o k  o f  L ife  S k ills  T e a c h i n g  f o r  A I D S  p r e v e n t i o n .  M in is tr y  o f  P u b l ic  H e a lth .
M in is tr y  o f  E d u c a t io n , a n d  M in istry  o f  D e f e n s e . 1 9 9 6 .
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B a s e d  o n  th e  c o m p o n e n ts  i l lu s t r a te d  in  F ig u r e s  1 .5 , e d u c a tio n  b y  p a r t ic ip a to r y  

a p p r o a c h  c o n s is ts  o f  k e y  p r in c ip le s  w h e n  m a y  b e  d e s c r ib e d  f o l lo w s  ( B is h o p  e t al, 19 98  

a n d  A rn o ld  a n d  B u rk e ,  1 9 8 3 ):

1. L e a r n in g  a n d  te a c h in g  e m p h a s is e s  o n  e n c o u r a g e m e n t  p e o p le  to  s e e  a 

r e la t io n s h ip  b e tw e e n  th e m s e lv e s  a n d  th e  s u r ro u n d in g  a n d  to  b e l ie v e  th a t 

th e y  a re  a b le  to  in i t i a te  c h a n g e s  to  th e ir  h e a l th , to  th e  c o m m u n ity , a n d  to  th e  

s o c ie ty .

2. L e a rn in g  is  in i t i a te d  f ro m  e x p e r ie n c e s  o f  th e  le a rn e rs  w h o  a re  a l lo w e d  to  

th in k  a n d  a n a ly s e  b y  in te g ra t in g  p e o p l e ’s p r o b le m s  w ith  so c ia l f a c to r s  th a t 

c a u s e  th e  p r o b le m s

3. L e a rn in g  a l lo w s  a c tu a l  p a r t i c ip a t io n  o f  th e  le a rn e r s  in  e v e ry  s te p  f ro m  i) 

s e le c t in g  le a r n in g  to p ic s  th a t  a re  im p o r ta n t  to  th e  le a rn e rs  as w e ll a s  b e in g  

o f  th e i r  in te r e s t ,  ii) p a r t ic ip a t io n  in a c t iv i ty  p la n n in g , in  a c t iv i ty  

o r g a n iz a t io n ,  in  le a r n in g  ,a n d  in  s e l f - a s s e s s m e n t ,  an d  iii)  e v a lu a t io n  o f  

p r o je c ts / l e a r n in g  a c t iv i t ie s  G r o u p  le a rn in g  is w h e n  e v e ry  le a rn e r  te a c h e s  

a n d  le a r n s  f ro m  o n e  a n o th e r  b y  h a v in g  te a c h e r s  as le a r n in g  s u p p o r te r s  o r  

c o o rd in a to r s .  T h e  le a rn e r s  a re  a b le  to  m u tu a l ly  e x c h a n g e  th e ir  k n o w le d g e , 

id e a s , a n d  e x p e r ie n c e s .  T h e re  is  c o l la b o r a t io n  in  p la n n in g  an d  p ro b le m  

s o lv in g  o r  in  c h a n g in g  th in g s  a c c o rd in g  to  th e ir  n e e d s .

4. L e a rn in g  in i t i a te s  c h a n g e s  b y  e n c o u r a g in g  th e  le a rn e rs  to  p a r t ic ip a te  in 

p la n n in g  o f  a c t iv i t ie s  fo r  a  c h a n g e  p u rp o s e ,

5. L e a rn in g  a n d  te a c h in g  is a  f le x ib le  a n d  c o n t in u o u s  p ro c e s s  w ith  a d ju s tm e n t  

o f  c o n te n t ,  m e th o d , a n d  le a r n in g  m e d ia  to  su it th e  n e e d s  o f  th e  le a r n e r s  an d  

o f  th e  g r o u p . M o r e o v e r ,  th e  le a rn in g  is n o t  l im ite d  w i th in  th e  c la s s r o o m  as
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th e  le a r n e r s  c a n  le a r n  n e w  th in g s  f ro m  re a l e x p e r ie n c e s  a n d  s e lf -p ra c t ic e s  a t 

a ll t im e .

6. L e a r n in g  a n d  te a c h in g  is  e n te r ta in in g  a n d  in te r e s t in g , a t  th e  sa m e  tim e  

h a v in g  c le a r  le a r n in g  o b je c t iv e s  f o r  e a c h  a c t iv i ty .

Teachers have key roles in participatory learning and they are as follows:
1. T e a c h e r s  o f  p a r t i c ip a to r y  le a r n in g  m u s t  a d a p t  th e i r  ro le s  to  b e  c o o rd in a to r s  

a n d  le a r n in g  s u p p o r te r s  r a th e r  th a n  b e in g  t e a c h e r s  o r  k n o w le d g e  p ro v id e rs .

2. P r o m o t in g  le a r n in g  b y  o r g a n iz in g  th e  le a r n in g  a tm o s p h e r e  th a t  p e r s u a d e s  

m a x im u m  p a r t i c ip a t io n .  T h e r e  a r e  e x c h a n g e s  o f  e x p e r ie n c e s  a n d  o p in io n s , 

w h ic h  le a d  to  d e v e lo p m e n t  o f  n e w  k n o w le d g e .

3. P r o m o t in g  d e v e lo p m e n t  o f  id e a s  a n d  p r a c t ic a l  s k i l ls  in  o r d e r  to  in it ia te  

c h a n g e s  a t  p e r s o n a l  a n d  s o c ia l  le v e ls .

4 . T e a c h e r s  a n d  le a r n e r s  e a c h  le a rn  f ro m  o n e  a n o th e r  b y  c o n s id e r in g  o th e r s  as 

th e i r  s o u rc e s  o f  k n o w le d g e  a n d  id e a s .

P a r t ic ip a t io n  o f  th e  g r o u p  w ill le a d  to  le a rn in g  p r o c e s s ,  w h ic h  in  tu rn  w ill le ad  

to  b e h a v io r a l  c h a n g e s  f o r  p e o p le  in  c o m m u n i t i e s  to  e v e n tu a l ly  h a v e  g o o d  h e a lth . 

H o w e v e r ,  a  t e a c h e r  o f  p a r t i c ip a to r y  le a r n in g  m u s t u n d e r s ta n d  th e  c o n c e p ts  an d  

p r in c ip le s  o f  p a r t i c ip a to r y  le a rn in g , a s  w e l l  a s  b e in g  a b le  to  a p p ly  te c h n iq u e s  a n d  

c o n te n ts  to  s u i t  a  p a r t i c u la r  g r o u p  o f  le a r n e r s  a n d  a  ta r g e t  ta sk .
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