
C H A P T E R  6

C O N C L U S IO N  A N D  R E C O M M E N D A T I O N

6.1 Conc lus ion

S im ila r  p h y s io lo g ic a l responses o f  fo u r  p la n t species u n d e r C d  stress w e re  o b ta in e d  

th o u g h  each species m a y  d if fe r  in  the  in te n s ity  o f  e xp re ss io n . R esponses a fte r  p la n ts  w e re  

sub jec ted  to  C d  stress are s u m m a riz e d  as fo llo w s .

1. C a d m iu m  u p ta ke  in  ro o t: P la n ts  to o k  u p  the  m e ta l ra p id ly  d u r in g  th e  o n se t o f  stress. 

R a te  o f  u p take  d e c lin e d  w i th  in c re a se in g  ro o t  dam age.

2. R o o t  dam age: R o o ts  are the  f i r s t  ta rg e t o f  C d . C a d m iu m  in te n s e ly  reduced  ro o t  g ro w th  

and cause ro o t  r o t  la te r. In ju re d  ro o ts  w e re  e a r lie r  o b se rved  b e fo re  p la n ts  sh o w e d  o th e r  sy m p to m s  

o f  stress in ju ry .

3. D ecreased  g ro w th : P la n ts  lo w e re d  th e ir  n u m b e r o f  leaves, le a f  area and b io m a s s  in  

response to  C d  stress.

4. C h lo ro p h y l l  c on ten ts  re d u c tio n : R e d u c tio n  o f  c h lo ro p h y ll c on ten ts  w a s  accom p an ied  

b y  decreased R W C  and increased  le a f  C d  c o n te n t. T h is  re d u c tio n  w o u ld  be n o tic e a b le  w h e n  the 

stress p roceeded.

5. P ro lin e  a c c u m u la tio n : T h e re  w a s  a t im e  lag  b e tw e e n  p ro lin e  a c c u m u la tio n  and C d 

exp osure . H o w e v e r, the  a c c u m u la tio n  w a s  n o t  c le a r ly  ob se rved  in  a l l  p la n t species.

6. S h o o t C d  a c c u m u la tio n : M in o r  a m o u n t o f  C d  w a s  tra n s lo c a te d  f ro m  ro o ts  to  s tem s and 

leaves. L o w e r  leaves w e re  l ik e ly  to  a c c u m u la te  m o re  C d. O n ly  E. p ro s tra ta  sh o w e d  re la t iv e ly  

h ig h  sh o o t C d  c o n te n t re la t iv e  to  ro o t C d  con ten t.

V is u a l s y m p to m s  a lso  in d ic a te  the  in te n s ity  o f  stress. W i l t in g  o f  leaves and reduced 

s h o o t g ro w th  w e re  a n o th e r s ym p to m s  a fte r  r o o t  had  dam aged to  som e ex te n t. T h e se  w e re  c le a r ly  

seen in  the 2 0  p p m  tre a tm e n t. T h e n  the  d ea th  o f  leaves p re v a ile d  o v e r  the  d e v e lo p m e n t o f  the 

n e w  ones. F in a l ly ,  c h lo ro s is  w a s  ap p aren t and  c o n tin u e d  eve n  a fte r  p la n ts  w e re  tra n s fe rre d  to  C d -
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fre e  s o lu t io n . I t  s h o u ld  be n o te d  th a t d u r in g  s tress p la n ts  m a y  s u rv iv e  the  to x ic  e ffe c ts  b y  

p ro d u c in g  ro o ts  ab ove  th e  le v e l o f  C d -c o n ta in in g  s o lu t io n .

P ro lin e  a c c u m u la tio n  in  m e ta l s tressed  p la n ts  is  a re s u lt  o f  tw o  m a jo r  fa c to rs , th e  m e ta l-  

ind uc ed  w a te r  d e f ic i t  and  the  m e ta l a c c u m u la tio n . H o w e v e r ,  the  fo rm e r  is  p re d o m in a te d . T h e  

ro le  o f  p ro lin e  a c c u m u la tio n  in  m e ta l to le ra n c e  is  less c lea r. P ro lin e  is  in s e n s it iv e  and n o t  sp e c ific  

to  C d  stress based o n  the  re su lts  o f  th is  s tu d y . E v a lu a t io n  o f  m e ta l s tress u n d e r f ie ld  c o n d itio n s  

b y  d e te rm in in g  o n ly  p ro lin e  a c c u m u la tio n  is  n o t  suggested.

A lth o u g h  B. o le ra c e a  c o u ld  a c c u m u la te  m u c h  m o re  C d  th a n  o th e r  species, E. p ro s tra ta  

resp ond ed  the  C d  stress d if fe re n t ly  f r o m  the  o th e rs . O b v io u s ly ,  c h lo ro s is  and  n ec ros is  w e re  

o b se rved  in  stressed p la n t. M o re o v e r ,  the  p la n t e f fe c t iv e ly  tra n s lo c a te d  m e ta l to  the  above g ro u n d  

parts.

6.2 Recom m endation

1. T h e  h e a v y  m e ta l c o n c e n tra tio n  used  fo r  p la n t u p ta k e  in v e s t ig a t io n  sh o u ld  be 

s u f f ic ie n t ly  lo w . T h is  is  necessary  fo r  sc re e n in g  m e ta l a c c u m u la to rs  o f  w h ic h  a c tiv e  process is  an 

im p o r ta n t u p ta ke  m e c h a n ism  u n d e r lo w  m e ta l c o n c e n tra tio n .

2. C a re  s h o u ld  be ta ke n  w h e n  d e te rm in in g  c h lo ro p h y ll c o n ten ts . A s  fo r  th is  s tu d y , the 

c h lo ro p h y ll con ten ts  re ve a le d  o n ly  the  e x tra c ta b le  c h lo ro p h y ll b y  the  m e th o d  described  in  chap ter 

3, n o t an exac t c o n te n t in  p la n t tissue .

3. T h e  io n s  c o n ta in e d  in  n u tr ie n t  s o lu t io n  m a y  a ffe c t the  u p ta k e  o f  s tu d ie d  m e ta l. 

T h e re fo re , w h e n  c o m p a rin g  the  e ffe c ts  o f  m e ta l,  one  s h o u ld  be a w a re  o f  the  n u tr ie n t  b ackg round .

4. F ie ld  e x p e r im e n t is  needed a fte r  s tu d y  has been p e rfo rm e d  in  c o n tro lle d  e n v iro n m e n t.

5. F u r th e r  รณ d y  sh o u ld  focu s  o n  the  d e te rm in a tio n  w h e th e r  E . p ro s tra ta  is  p oss ib le  to  be 

used as a C d  stress in d ic a to r  a n d /o r fo r  p h y to re m e d ia tio n  p u rp ose  o r  n o t.

6. F u r th e r  in v e s tig a tio n  o n  the  ro le  o f  p ro lin e  u n d e r m e ta l s tress is  necessary. I f  p ro lin e  

c o u ld  s o le ly  be used to  assess the  e n v iro n m e n ta l im p a c ts  f r o m  to x ic  c o n ta m in a n ts , i t  w o u ld  be 

g re a t because p ro lin e  d e te rm in a tio n  b y  c o lo r im e tr ic  m e th o d  is  s im p le  ra p id  and  e ffe c tiv e .


	CHAPTER 6 CONCLUSION AND RECOMMENDATION
	6.1 Conclusion
	6.2 Recommendation


