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Hoagland’s solution

C h e m ic a l used  fo r  1 l i te r  p re p a ra tio n  o f  f u l l  s tre n g th  H o a g la n d ’ s s o lu t io n  are  as fo llo w s .

1. 5 cm 3 o f  1 M  K N O j

2. 5 c m 3 o f  1 M  C a ( N 0 3)2

3. 2  cm 3 o f  1 M  M g S 0 4

4. 1 c m 3 o f  1 M  K H , P 0 4

5. 1 c m 3 o f  m ix e d  m ic ro n u tr ie n t*

6. 1 c m 3 o f  5 m g /c m 3 F e - E D T A

*  M ix e d  m ic ro n u tr ie n t  is  p repared  b y  d is s o lv in g  th e  fo l lo w in g  c h e m ic a ls  in  1 l i t e r  o f  d is t il le d  

w a te r  one  b y  one.

H 3B O 3 2 .8 6  g

C u S 0 4.5 H 20  0 .08  g 

M n C l2.4 H 20  1.81 g 

Z n S 0 4.7 H 20  0 .0 1 9  g 

H 2M o 0 4 0 .0 1 9  g
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Table B -l Shoot dry weight o f four plant species of the 5 and 20 ppm Cd treatment

D u ra t io n I .  a q u a tic a B. o le ra c e a E . p ro s tra ta c. b a rb a ta

(d a ys ) 0 p p m 5 p p m 0 p p m 5 p p m 0 p p m 5 p p m O p p m 5 p p m

2d 0 .8 9 6 0 .79 3 0.511 0 .4 9 0 0 .4 3 4 0 .381 0 .4 4 0 0 .273

l i d 1.333 0 .791 1 .050 0 .9 6 5 1.311 0 .9 9 4 0 .7 3 9 0 .4 2 0

20d 1 .385 0 .7 3 5 1 .572 1 .208 3 .19 8 1 .580 1 .556 0 .703

7d (2 7 ) 1 .36 2 1 .1 3 4 2 .6 3 9 1.195 2 .4 0 4 1.036 2 .7 3 9 1.140

14d (3 4 ) 2 .0 6 9 1.343 3 .523 1.776 4 .683 1.201 2 .9 3 9 1.218

D u ra t io n I . a q u a tic a B. o le ra c e a E . p ro s tra ta c. b a rb a ta

(d ays) 0  p p m 20 p p m O p p m 20 p p m 0 p p m 20 p p m 0 p p m 20 p p m

2d 0 .8 9 6 0 .8 0 6 0.511 0 .5 1 6 0 .4 3 4 0.441 0 .4 4 0 0 .3 6 9

5d 1.351 1 .066 0 .7 2 8 0 .5 1 2 0 .7 0 0 0 .5 4 8 0 .3 5 0 0 .3 2 8

8d 1 .792 0 .9 7 9 1.096 0 .503 0.821 0 .6 4 8 0 .4 3 8 0 .3 1 4

7d (1 5 ) 1 .728 0 .5 5 6 1.673 0 .4 3 6 1.180 0 .7 3 2 1.013 0 .483

14d (2 2 ) 1.441 1.057 1.687 0 .9 3 0 2 .1 3 6 0 .9 6 2 2 .4 8 4 0 .6 8 4

The shoot dry weight is based on gram unit.
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T a b le  C - l  C a d m iu m  a c c u m u la tio n  in  d if fe re n t  p la n t p a rts  exp osed  to  0 and 5 p p m  C d.

Duration Cone Rep. /. a q u a t ic a B . o le ra c e a E . p r o s t ra ta c. b a rb a ta

R o o t Stem Leaf R o o t S t e m Leaf R o o t S t e m Leaf R o o t S h o o t

2d
0 ppm

1 0.12 0 0.25 0.50 0.125 0.25 0.60 0 0.25 0.12 0.5
2 0.12 0.25 0.37 0.50 0.62 0.25 0.66 0.54 0 0 0
3 0.25 0 0.25 0.25 0.25 0 1.23 0.37 0.50 1.00 0.25

5ppm
1 232.92 36.32 14.92 1152.04 145.43 77.06 351.03 78.00 3.88 480.19 23.59
2 322.40 35.16 12.22 1042.67 160.33 74.89 346.69 69.00 2.49 464.33 19.74
3 408.78 38.24 10.88 899.80 153.42 65.82 355.88 57.96 2.62 484.09 22.82

20d
0 ppm

1 0.12 0.45 0.62 0.12 0 0.25 0.25 0.38 0.87 0.30 0.25
2 0.75 0.37 0.62 0 0 0 0.50 0.25 0.62 0.62 0.50
3 1.37 0.25 0.75 0.12 0 0.25 0.62 0.12 0.50 0.80 0.75

5 ppm
1 1411.65 86.37 32.70 3936.09 257.5 198.25 1023.92 305.41 64.24 685.44 38.71
2 1002.92 42.31 22.66 3162.99 243.77 143.67 1210.80 296.62 68.85 813.48 32.33
3 1347.66 81.46 43.66 3319.73 294.22 148.13 1137.29 425.92 77.27 817.08 37.35

14d (34)
Oppm

1 1.00 0.37 0 0.37 0 0.12 0.12 0.25 0.37 0.75 0
2 0.25 0.87 0.37 0.62 0.25 0 0.87 0.50 0.25 0 0
3 1.50 0 0.25 1.00 0 0 0.25 1.00 0.37 0.12 0

5ppm
1 393.74 80.00 20.99 1979.09 78.44 156.87 354.62 75.86 107.82 256.38 26.70
2 396.68 98.68 37.80 2895.31 115.52 103.75 385.74 162.79 72.50 342.71 27.46
3 354.62 59.06 16.48 2625.48 192.29 132.59 285.33 175.95 93.030 311.44 25.30



Table C-2 Cadmium accumulation in different plant parts exposed to 0 and 20 ppm Cd.

Duration Cone. Rep. I .  a q u a t ic a B . o le ra c e a E. p r o s t ra ta c . b a rb a ta

Root Stem Leaf Root Syem Leaf Root Stem Leaf Root Shoot

2d
0 ppm

1 0.12 0 0.25 0.50 0.12 0.25 0.60 0 0.25 0.12 0.50
2 0.12 0.25 0.37 0.50 0.62 0.25 0.66 0.54 0 0 0
3 0.25 0 0.25 0.25 0.25 0 1.23 0.37 0.50 1.00 0.25

20ppm
1 1056.4 45.26 9.00 3674.24 154.09 11.00 1153.32 59.54 7.36 984.73 43.23
2 913.09 29.44 5.24 3411.13 95.56 10.61 867.15 57.16 2.12 859.95 30.50
3 1379.29 18.75 4.62 3169.07 67.25 9.25 1110.72 85.75 3.37 1610.13 37.35

8d
0 ppm

1 0.87 0.62 0.45 0.12 0 0 0.12 0 0.12 1.50 0
2 1.00 0.45 0.62 0.25 0 0.12 0.5 0 0 0.50 0
3 0.45 0.12 1.88 0.37 0 0.12 0.12 0 0.12 0.65 0

20 ppm
1 1736.14 25.75 3.86 4223.67 207.00 84.00 2223.93 176.59 34.13 1982.32 159.47
2 1495.36 30.22 5.99 4354.94 155.22 35.82 2125.06 177.34 28.46 1702.55 162.74
3 1683.21 27.72 7.50 4921.66 296.91 51.39 2084.68 94.09 17.18 1730.08 67.32

14d (22)
0 ppm

I 1.62 0.37 0.62 0.50 0 0 0.62 1.12 1.12 0.50 0
2 0.87 0.50 0.50 0.25 0 0.12 0.75 0.75 1.38 0.87 0
3 0.75 0 0.37 0.50 0.25 0 1.00 1.12 0.62 0.10 0

20 ppm
1 768.34 84.54 42.25 2364.42 142.33 142.71 823.95 164.66 67.86 894.89 68.34
2 544.56 54.32 24.15 2715.96 138.61 129.24 1184.18 198.72 53.12 418.32 60.19
3 510.20 60.82 21.65 2403.27 120.27 88.25 924.96 1 201.95 64.97 456.69 62.66
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T a b le  D - l  P ro lin e  a c c u m u la tio n  a t d if fe re n t  R W C  o f  fo u r  p la n t  species

I. aquatica B. o leracea E. p ros tra ta c . barbata

RWC (%) Pro (mol/gFW) RWC(%) PrO(mol/gFW) RWC (%) Pro (mol/gFW) RWC (%) Pro (mol/gFW)

96.34 0.187 96.34 0.228 100.00 0.147 100.00 0.147
95.65 0.187 95.65 0.187 94.87 0.147 100.00 0.106
92.31 0.187 92.31 0.269 92.86 0.106 100.00 0.065
77.17 0.310 77.17 0.310 83.02 0.187 86.49 0.106
76.71 0.269 76.71 0.310 78.05 0.269 86.36 0.065
74.71 0.269 74.71 0.310 75.68 0.187 85.71 0.065
65.38 0.350 65.38 4.914 71.43 16.265 74.19 0.391
64.29 0.432 64.29 2.795 67.74 10.170 73.53 0.473
55.95 0.432 55.95 8.458 60.71 13.657 65.12 0.269
53.93 0.717 53.93 7.155 44.44 6.462
45.65 0.839 45.65 8.621 40.74 3.447
41.67 0.717 41.67 24.275 37.93 4.140

r = -0.913** r = -0.793** r = -0.753* r = -0.837**

** =  S ig n if ic a n t  a t P < 0.01 
* =  S ig n if ic a n t  a t P < 0.05
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T a b le  D - 2  P ro lin e  a c c u m u la tio n  a t v a r io u s  le a f  C d  c o n te n t o f  th re e  p la n t  species exposed  to  

0, 5 and  2 0  p p m  C d

treatment D u ra tion

(days)

Pos ition  

o f  leaves

B. oleracea E. prostrata c . barbata

Cd (ppm ) P ro line

(p tm o l/gD W )

Cd (ppm ) P ro line

(p im o l/gD W )

Cd (ppm ) P ro line

(p .m o l/gD W )

0 15d Y 0 6.812 0 1.043 0 2.331

0 15d 0 0 11.131 0 2.143 0 4.123

5 ppm 2d Y 74.917 7.383 20.916 1.369 4.314 11.050

5 ppm 2d O 7.512 7.138 4.014 3.227 0.927 2.575

5 ppm 20d Y 109.649 11.539 110.443 9.664 6.262 1.353

5 ppm 20d O 63.563 15.043 48.891 45.502 39.449 3.308

5 ppm 14d (34) Y 119.266 13.005 69.432 4.857 6.526 1.434

5 ppm 14d (34) O 212.871 12.435 68.831 3.960 11.988 1.516

20 ppm 2d Y 23.161 76.468 2.997 41.330 0.958 6.975

20 ppm 2d O 20.192 75.490 1.231 19.117 23.401 7.709

20 ppm 8d Y 76.904 77.771 1.655 66.689 28.373 6.486

20 ppm 8d O 17.584 14.961 19.75 22.751 70.813 7.464

20 ppm 14d (22) Y 96.339 16.754 79.934 3.960 7.000 1.51

20 ppm 1 4 d (22) O 22.706 57.840 17.436 2.819 40.333 3.879

r = -0 .216 r = -0.228 r  = 0.271

Y = young leaves as described in chapter 3
o  = leaves near the position o f the cotyledon(s) including living and dead leaves 
The unit o f proline was |J.mol/gDW .
Dw refers to dry weight. The plant leaves were dried immediately in 105°c oven for half an hour and 
then they were dried for the next 24 hours at 80°c.
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F ig  E - l

Fig E -l I. aqui'.ica exposed to 0 ppm (A ) and 5 ppm (B ) Cd treatm ent 
at day 20 o f exposure
Fig E-2 I. a q u a tic  a  exposed to 0 ppm (A ) and 20 ppm (B) Cd treatment 
at day ร o l exposure
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F ig  E -3  N o rm a l G ro w th  o f  B. o le ra ce a  ( th e  c o n tro ls )  o f  th e  0 and 5 p p m  C d  

tre a tm e n t. A - E  are 2d, l i d ,  20d , 7d  (2 7 ) and 14d (3 4 ) , re s p e c tiv e ly .

F ig  E -4  S y m p to m s  o f  C d -tre a te d  B. o le ra c e a  (5  p p m  C d ) o f  th e  0 and 5 p p m  C d  

tre a tm e n t. A - E  are 2d , 1 Id ,  20d , 7d  (2 7 )  and 14d (3 4 ) ,  re s p e c tiv e ly .
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F ig  E -5  S y m p to m s  o f  C d -tre a te d  B. o le ra ce a  (2 0  p p m  C d ) o f  th e  0 and 2 0  p p m  

C d  tre a tm e n t. A - E  are 2d , 5d , 8d, 7d (1 5 )  and 14d (2 2 ) , re s p e c tiv e ly .

F ig  E -6 B. o le ra c e a  ’ร ro o t  b ro w n in g  a fte r  8 days o f  2 0  p p m  tre a tm e n t
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F ig  E -7  N o rm a l G ro w th  o f  E . p ro s tr a ta  ( th e  c o n tro ls )  o f  the  0 and 5 pp m  C d 

tre a tm e n t. A - E  are 2d , 1 Id ,  20d , 7d (2 7 )  and 14d (3 4 ), re sp e c tive ly .

F ig  E -8 S y m p to m s  o f  C d -tre a te d  E. p ro s tr a ta  (5  p p m  C d ) o f  the 0 and 5 ppm  C d  

tre a tm e n t. A - E  are 2d, 1 Id , 20d , 7d  (2 7 )  and 14d (3 4 ) , re s p e c tiv e ly .
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F ig  E -9  S y m p to m s  o f  C d -tre a te d  E. p ro s tr a ta  (2 0  p p m  C d ) o f  the  0  and 20  ppm  

C d  tre a tm e n t. A - E  are 2d, 5d, 8d, 7d  (1 5 )  and  14d (2 2 ) ,  re s p e c tiv e ly .

F ig  E -1 0  E. p ro s tra ta 's ,  ro o ts  d e v e lo p m e n t a fte r  b e in g  tra n s fe rre d  to  

C d -frc e  s o lu t io n  fo r  14 days o f  tile  0 and 5 p p m  tre a tm e n t.
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F ig  E - l  1 N o rm a l g ro w th  o f  c. b a rb a la  ( th e  c o n tro ls )  o f  the  0 and  5 p p m  C d  

tre a tm e n t. A - E  are 2d, 1 Id ,  20d , 7d (2 7 )  and 14d (3 4 ) , re s p e c tiv e ly .

F ig  E - l 2  S y m p to m s  o f  C d -tre a te d  c . b a rb a la  (5  n p m  C d ) o f  the  0 and 5 p p m  

C d  tre a tm e n t. A - E  are 2d, l i d ,  20d , 7d (2 7 )  and 14d (3 4 ) , re sp e c tive ly .
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F ig  E -1 3  S y m p to m s  o f  C d -tre a te d  c. b a rb a ta  (5  p p m  C d ) o f  the  0 and 5 pp m  

C d  tre a tm e n t. A - E  are 2d, 5d, 8d, 7d (1 5 )  and 14d (2 2 ) ,  re s p e c tiv e ly .

F ig  E -1 4  c . b a rb a ta ' ร ro o ts  d e v e lo p m e n t a fte r  h a v in g  been tra n s fe rre d  to 

C d -fre e  s o lu t io n  fo r  14 days o f  the 0 and 5 p p m  tre a tm e n t.
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