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Hoagland’s solution

Chemicalused for 1 liter preparation o ffull strength Hoagland’s solution are as follows.
1 5cm30f1M KNO|

2. 5cm3of1M Ca(N032

3. 2cm3of1M MgS04

4. 1cm3of1M KH,P04

5. 1cm3ofmixed micronutrient*

6. lcm3of5mg/cm3Fe-EDTA

* Mixed micronutrient is prepared by dissolving the following chemicals in 1 liter o f distilled
water one by one.

HB032.86 g

CuS045H2 0.08 g

MnCI24H20 1.81 g

ZnS047H2 0.019 ¢

H2Mo0040.019 ¢
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Table B-1 Shoot dry weight of four plant species ofthe 5 and 20 ppm Cd treatment

Duration
(days)
2
lid
204
7d (27)
14d (34)
Duration
(days)
24
5d
&
7d (15)
14d (22)

l. aquatica
Oppm 5ppm
0.896 0.793
1.333 0.791
1.385 0.735
1.362 1.134
2.069 1.343

| aquatica
Oppm ~ ppm
0.896 0.806
1.351 1.066
1.792 0.979
1.728 0.556
1.441 1.057

B. oleracea
Oppm  5ppm
0.511 0.490
1.050 0.965
1.572 1.208
2.639 1.195
3.523 1.776

B. oleracea
Oppm ZOppm
0.511 0.516
0.728 0.512
1.096 0.503
1.673 0.436
1.687 0.930

The shoot dry weight is based on gram unit.

E. prostrata

Oppm 5ppm
0.434 0.381
1311 0.994
3.198 1.580
2.404 1.036
4683 1201
E. prostrata
Oppm 20ppm
0.434 0.441
0.700 0.548
0.821 0.648
1.180 0.732
2.136 0.962

C.barbata
Oppm 5ppm
0.440 0.273
0.739 0.420
1.556 0.703
2.739 1.140
2.939 1218

C.barbata
Oppm Qppm
0.440 0.369
0.350 0.328
0.438 0.314
1.013 0.483
2.484 0.684
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Table C-I Cadmium accumulation in different plant parts exposed to 0 and 5 ppm Cd.

Duration

2

20d

14 (34)

Cone

0 ppm

5ppm

0 ppm

Sppm

Oppm

5ppm

Rep.

W N s W R s W RN s WRN s WR s N s

Root
0.12
0.12
025
232.92
32240
408.78
012
0.75
137
1411.65
1002.92
1347.66
1.00
025
150
393.74
396.68
354.62

/. aguatica
Stem
0
025
0
36.32
35.16
38.24
045
0.37
025
86.37
4231
8146
0.37
0.87
0
80.00
98.68
59.06

Leaf
0.25
0.37
0.25
1492
2
10.88
0.62
0.62
0.75
3210
22.66
43.66

037
0.25
2099
37.80
16.48

Root
0.50
0.50
025
1152.04
1042.67
899.80
0.12

0

0.12
3936.09
3162.99
3319.73
0.37
0.62
1.00
1979.09
289531
2625.48

B. oleracea

Stem

0.125
0.62
025
14543
160.33
15342
0

0

0
251.5
243.17
294.22

025

78.44

11552
19229

Leaf
0.25
0.25

77.06
74.89
65.82
025

025
198.25
143,67
148.13
0.12

156.87
103.75
13259

Root
0.60
0.66
123
351.03
346.69
355.88
0.25
0.50
0.62
1023.92
1210.80
1137.29
012
0.87
025
354.62
385.74
285.33

E.prostrata

Stem

0

0.54
0.37
78.00
69.00
51.9%
0.38
025
012
30541
296.62
42592
025
0.50
1.00
75.86
162.79
1759

Leaf
0.25

0.50
3.88
249
2.62
0.87
0.62
0.50
64.24
68.85
.21
0.37
025
037
107.82
72.50
93.030

Root
0.12

0

1.00
480.19
464.33
484.09
0.30
0.62
0.80
685.44
81348
817.08
0.75

0

012
256.38
342.71
31144

C. barbata
Shoot
05
0
0.25
2359
19.74
22.82
0.25
0.50
0.75
38.71
32.33
31.35

26.70
2146
2530



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

Duration

2

8d

144 (22)

Cone.

0ppm

20ppm

0 ppm

20 ppm

0ppm

20 ppm

Rep.

W N s WO N — W RN s W R s W e W

Root
0.12
0.12
0.25
1056.4
913.09
1379.29
0.87
1.00
0.45
1736.14
1495.36
168321
162
0.87
0.75
768.34
544.56
510.20

I. aquatica

Stem
0
0.25
0
45.26
29.44
18.75
0.62
045
012
25.75
30.22
21.72
0.37
0.50
0
84.54
54.32
60.82

Leaf
0.25
0.37
0.25
9.00
5.24
4.62
045
0.62
188
3.86
5.99
7.50
0.62
0.50
0.37
42.25
24.15
21.65

Root
050
050
0.25
3674.24
341113
3169.07
0.12
0.25
0.37
422367
4354.94
4921.66
0.50
0.25
0.50
2364.42
2715.96
2403.27

B. oleracea

Syem
0.12
0.62
0.5
154.09
95.56
67.25
0

0

0
207.00
155.22
296.91

0.25

142.33
13861
120.27

Leaf
0.25
0.25

11.00
1061
9.25

012
0.12
84.00
35.82
51.39

0.12

14271

129.24
88.25

Root
0.60
0.66
123
115332
867.15
1110.72
012

05

012
2223.93
2125.06
2084.68
0.62
0.75
1.00
823.95
1184.18

E.prostrata

Stem
0

054
0.37
59.54
57.16
85.75
0

0

0
176,59
1717.34
94.09
112
0.75
112
164.66
198.72

92496 1 2019

Leaf
0.25

0.50
1.36
212
337
0.12

012
3413
28.46
1718
112
138
0.62
67.86
5312
64.97

C. barbata
Root Shoot
0.12 0.50
0 0
100 0.25
984.73 43.23
859.95 30.50
161013 371.35
150 0
0.50 0
0.65 0
1982.32 159.47
1702.55 162.74
1730.08 67.32
0.50 0
087 0
0.10 0
894.89 68.34
418.32 60.19
456.69 62.66
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Table D -1 Proline accumulation atdifferentRW C offour plant species

Pro (moligh)  RWC(%)

. aquatica
RWC (%)

96.34 0.187
95.65 0.187
92.31 0.187
.17 0.310
76.71 0.269
7471 0.269
65.38 0.350
64.29 0.432
55.95 0.432
53.93 0.717
45.65 0.839
41.67 0.717

r=-0.913**

** = Significant at P < (.01
* = Significant at P < 0.05

B. oleracea

PrO(mollgf)  RWC (%)

96.34 0.228
95.65 0.187
92.31 0.269
1.7 0.310
76.71 0.310
7411 0.310
65.38 4914
64.29 2.195
55.95 8.458
53.93 1.155
45.65 8.621
41.67 24.215
r=-0.793**

E. prostrata

100.00 0.147
94.87 0.147
92.86 0.106
83.02 0.187
78.05 0.269
75.68 0.187
11.43 16.265
67.74 10.170
60.71 13.657
r=-0.753*

Pro (molghw)  RWC (%)

98

c. barbata
Pro (moligFW)

100.00 0.147
100.00 0.106
100.00 0.065
86.49 0.106
86.36 0.065
85.71 0.065
74.19 0.391
7353 0.473
65.12 0.269
44.44 6.462
40.74 3.447
37.93 4.140

r=-0.837+*
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Table D-2 Proline accumulation atvarious leafCd contento fthree plant species exposed to

0,5 and 20 ppm Cd

treatment ~ Duration  Position B. oleracea E prostrata ¢. barbata
(days) of leaves

Cd (ppm) Proline Cd (ppm) Proline Cd (ppm) Proline

(ptmol/gDW) (pimol/gDW) (p.moligbw)

0 15d Y 0 6.812 0 1.043 0 2.331

0 15d 0 0 11.131 0 2.143 0 4123
5 ppm 2d Y 74917 7.383 20.916 1.369 4314 11.050
5 ppm 2d 0 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 0 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) 0 212871 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 0 20.192 75.490 1.231 19.117 23.401 7.709
20 ppm 8d Y 76.904 17771 1.655 66.689 28.373 6.486
20 ppm 8d 0 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 7.000 151
20 ppm 14d(22) 0 22.706 57.840 17.436 2.819 40.333 3.879

r=-0.216 r=-0.228 r=0271

Y =young leaves as described in chapter 3

0 =leaves near the position ofthe cotyledon(s) including living and dead leaves

The unit of proline was [J.moligDW .

Dw refers to dry weight. The plant leaves were dried immediately in 105°c oven for halfan hour and
then they were dried for the next 24 hours at 80°C.
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Fig E-I

Fig E-I | a]j.mexposed to 0 ppm (A) and 5 ppm (B) Cd treatment
at day 20 ofexposure
Fig E-2 I. aquatica exposed to 0 ppm (A) and 20 ppm (B) Cd treatment

atday ol exposure
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Fig E-3 Normal Growth ofB. oleracea (the controls) o fthe 0 and 5 ppm Cd
treatment. A-E are 2d, lid, 20d, 7d (27) and 14d (34), respectively.

Fig E-4 Symptoms of Cd-treated B. oleracea (5 ppm Cd) ofthe 0 and 5 ppm Cd

treatment. A-E are 2d, 11d, 20d, 7d (27) and 14d (34), respectively.



103

Fig E-5 Symptoms of Cd-treated B. oleracea (20 ppm Cd) ofthe 0 and 20 ppm
Cd treatment. A-E are 2d, 5d, &l, 7d (15) and 14d (22), respectively.

Fig E-6B. oleracea’ roothbrowning after 8days of20 ppm treatment
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Fig E-7 Normal Growth ofE. prostrata (the controls) ofthe 0 and 5 ppm Cd
treatment. A-E are 2d, 11d, 20d, 7d (27) and 14d (34), respectively.

Fig E-8Symptoms of Cd-treated E. prostrata (5 ppm Cd) ofthe 0 and 5 ppm Cd
treatment. A-E are 2d, 11d, 20d, 7d (27) and 14d (34), respectively.
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Fig E-9 Symptoms of Cd-treated E. prostrata (20 ppm Cd) ofthe 0 and 20 ppm

Cd treatment. A-E are 2d, 5d, &, 7d (15) and 14d (22), respectively.
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Fig E-10 E. prostrata's, roots development after being transferred to

Cd-frce solution for 14 days of tile 0 and 5 ppm treatment.
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Fig E-I1Normal growth ot Ci barbala (the controls) o fthe 0 and 5 ppm Cd
treatment. A-E are 2d, 1Id, 20d, 7d (27) and 14d (34), respectively.

Fig E-12 Symptoms of Cd-treated c. barbala (5 npm Cd) ofthe 0 and 5 ppm

Cd treatment. A-E are 2d, lid, 20d, 7d (27) and 14d (34),respectively.
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Fig E-13 Symptoms ofCd-treated C barbata (5 ppm Cd) ofthe 0 and 5 ppm
Cd treatment. A-E are 2d, 5d, &, 7d (15) and 14d (22), respectively.

Fig E-14 c. barbata' roots development after having been transferred to

Cd-free solution for 14 days ofthe 0 and 5 ppm treatment.
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