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ABSTRACT
The aim of the procedure undertaken in 2014 was to calculate the concentration of Chlorophyll a,
Chlorophyll b, total chlorophyll (a and b) and Chlorophyll (a/b) ratio in five ages (17, 47, 77, 107, 145)
days from planting date, in leaf of Paddy that’s was grown in three sites has different concentration of
Chromium., two fields (field 1 and 2) near the ultrabasic soil are located in Ranau, Sabah, and the other
field (Field 3) taken as control is at the UKM experimental plot Paddy field in peninsular of Malaysia for
the year 2014. The plant species used in the present investigation is Sarwak merah. The intention was to
evaluate the effects of Chromium in conjunction with the relative age of the plant. The output parameter
were sensitive to increase the Chromium concentration and age of paddy plant, the result showed
significant differences in sites and age of Paddy plant, The most dramatic effect on both types of
Chlorophyll, a and b and by extension therefore, total Chlorophyll was at the Ranau sites, which has high
levels of Chromium specially Ranau field 1. While the lowest effects were recorded at the UKM
experimental plot Paddy field in peninsular of Malaysia. Chlorophyll a, Chlorophyll b and total
chlorophyll (a and b) declined progressively with increasing concentrations of chromium and age of Paddy
plant, while the Chlorophyll (a/b) ratio was increased slightly with increasing chromium concentration and
age of plant also.
Key words: Chlorophyll content, Chromium, Paddy.

INTRODUCTION
The largest contaminant of soils by heavy metal deposits is sewage sludge closely
followed by the detritus left as a result of mining for metal ores1. The disastrous impact on
the environment as a consequence of mining and its dumping of waste products on the
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surrounding landscape is well documented and clearly observable2,3. The negative
consequences of mining are mainly due to the deposits or ‘tailings’ that are left behind them4.
These ‘tailings’ often have characteristics that make them unsuitable, indeed hostile, to
normal vegetative growth. These characteristics include low pH5, high concentrations of
toxic metals5-7, little capacity to retain water and little in the way of essential plant nutrients8.
In addition, tailings are often steeply graded, resulting in instability and consequent erosion.
These are all causal factors leading to degradation, not only in the soil, but also in the water
supply both at ground level and subterranean. Heavy metals in particular do not degrade
rapidly and will continue to contaminate both soil and water for a very considerable time
span9. Some of these heavy metals, such as chromium, constitute a health hazard to human
life. An array of human activities, including the manufacture and use of metal-containing
pesticides, the day-to-day running of power plants, the production of metals such as iron and
steel, the mining of metals in particular, the electroplating of metals, the manufacture of
pigments and the preserving of timber among many others can cause the ground to become
contaminated with heavy metal residues. Increased chromium levels in plants impacts on
biological factors, finally resulting in a complete loss of growth and the land becoming
infertile10. Chromium contamination has therefore become a source of increasing concern in
recent times. Biological symptoms of Chromium contamination include failure to germinate,
poor growth, pale/yellow vegetation (chlorosis) and overall marked decrease in plant size11.
Chromium is not essential for plant growth and is highly toxic12. The impacts of chromium
on photosynthesis, pigmentation, nitrate activity and protein content has shown toxicity in
some algae13. Chromium has not only been found to be harmful to vegetation but when
present in food crops it readily gains access to the food chain and thence to humans. Whilst,
it has been shown that differing plant species have different reactions to the toxicity caused
by heavy metals, some plants managing to survive on contaminated soils and not accumulate
metals, there are others that take up the metals, tolerate them and accumulate them at a
higher rate. These are known as hyper-accumulators. The way that these metals interact with
the plant’s cells can cause a variety of responses inevitably leading to a change in the
developmental growth of the organism14.
It is proven for example that chromium is a causal factor in both pale/yellow leaves
(chlorosis) and cellular death (necrosis) in plants, and increased levels in the overall
environment can have a detrimental effect on various organisms15. However, other heavy
metals, at relatively low levels can actually increase the level of biological activity16. It has
also been shown17 that the degree of contamination by heavy metals depends on a variety of
other environmental factors such as the composition of the soil in terms of organic material,
ferrous and manganese oxides, clay and other minerals, all of which affect the mobility of
the heavy metals, their consequent uptake, release and relationship with other components of
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the environment such as vegetative growth17. Chromium has proved to be an important
component in our environment, usually being found at oxidation rates of (+ III and + VI)18
and this study was conducted in order to observe and note the effects of sites with differing
levels of chromium toxicity and its subsequent effects on the levels of chlorophyll found in
the leaves of a particular plant at various stages in its development.

EXPERIMENTAL
Materials and methods
Soil analysis
The Paddy plants and soil were obtained from three areas, two fields in Ranau,
Sabah (Field 1 and Field 2) and the other field in UKM Paddy field (Field 3), for the year
2014. The soil samples were air dried and ground to pass through a 63-µm sieve. The wet
digestion method was adopted to extract heavy metals from soil19. One gram of each sample
was weighed into a conical flask, then 15 mL of HNO3 was added followed by 5 mL of
HClO4 (3:1) and the left for 2-3 hr in a sand bath. The digested samples were filtered through
0.45 µm pore size Millipore filter paper and made up to 50 mL with deionized water before
the metal contents were determined with ICP-Mass spectrometer model EIAN 9000. Soil pH
was determined in soil, water ratio of (1:2.5)20 method whereas total organic carbon21.
Table 1: Mean values of soil pH, organic matter (O.M.), Cr concentration and soil
texture for different sites
Soil properties

Ranau/field 1

Ranau/field 2

Control/field 3

pH

5.28 ± 0.11

5.75 ± 0.16

4.25 ± 0.08

O.M.

10.89 ± 0.16

6.48 ± 0.06

2.91 ± 0.03

Cr
Soil texture

4161.82 ± 472.02
Silty clay

312.51 ± 23.62
Clay loam

35.20 ± 1.36
Clay loam

Note: Means within the same row followed by the same letter are not significantly different
to each other at p > 0.05

Chlorophyll extracting
Chlorophyll (a, b, and total) analysis pigment contents of plants were extracted by
using the formula of Arnon22. The leaves were chopped into small pieces that were extracted
with 80% acetone. The absorbance was measured at 645 nm and 663 nm for Chl. a, b by
using spectrophotometer. Then chlorophyll a, b were calculated according to23.
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Chl. a (mg g-1 leaf fresh weight) = [12.7 (OD663) - 2.69 (OD645)] × V/1000 × W
Chl. b (mg g-1 leaf fresh weight) = [22.9 (OD645) - 4.68 (OD663)] × V/1000 × W
Where
OD = Optical Density
V = Volume of sample
W = Weight of sample

Statistical analysis
The experiment was carried out in triplicate. Statistical analysis of the data was
performed by Two-way ANOVA using SPSS software (SPSS ver.20). P values less than
0.05 were considered to be statistically significant. Values were expressed in means ± SD24.

Study area

RESULTS AND DISCUSSION
Chromium concentration in leaf
Data indicated that significant (p < 0.05) differences for Chromium concentration in
leaf of paddy in the sites and age of plant (Table 2). Ranau field 1 was superiority in the
concentration of chromium metal in leaf of paddy (31.05) mg Kg-1, while the UKM field 3
recorded the lowest mean of Chromium concentrations (2.68) mg Kg-1. The data of plant age
showed significant (p < 0.05) differences, the concentration of chromium metal was
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increased with increasing age of paddy (0.23, 6.08, 24.49, 22.09, 22.97) for ages of paddy
(17, 47, 77, 107, 145) days respectively, the highest value was recorded at age 77 days
(24.49 mg Kg-1 but did not differ significantly with age (107 and 145) days. Sites and age of
paddy interaction showed significant (p < 0.05) differences also, the highest concentration of
this metal in the paddy leaf was at the Ranau field (1) and age 77 days that was gave (51.48)
mg Kg-1, while the lowest concentrations of this metal was at the UKM field (3) (0.00) mg
Kg-1.
Table 2: Effect of sites and age of paddy plant on leaf chromium concentration
(mg Kg-1)
Sites

17

47

77

107

145

Sites mean

Ranau/Field 1

0.56
± 0.39

12.92
± 1.89

51.48
± 8.66

41.08
± 10.30

49.22
± 3.76

31.05 a
± 21.90

Ranau/Field 2

0.12
± 0.10

3.15
± 1.94

18.28
± 4.68

20.21
± 1.59

17.13
± 4.25

11.78 b
± 9.06

Control/Field 3

0.00
± 0.00

2.17
± 1.41

3.71
± 0.50

4.97
± 2.23

2.55
± 1.12

2.68 c
± 2.04

Age of plant mean

0.23 c
± 0.32

6.08 b
± 5.37

24.49 a
± 21.77

22.09 a
± 16.58

22.97 a
± 20.88

Chromium conc. (mg Kg-1)

Note: Means within the sites column, age of plant row followed by the same letter are not
significantly different to each other at p > 0.05
Ranau/field 1
Ranau/field 2
Control/field 3

70
60
50
40
30
20
10
0

17

47

77

107

Age of plant days

Fig. 1

145
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Chlorophyll a content
Chlorophyll a content in this study decreased significantly with increasing chromium
concentration in leaf of paddy in the experiment sites that were studied (Table 3) the order of
Chlorophyll a content in leaf of paddy was (2.23 > 2.15 > 1.79) mg g-1 FW, for the sites
Ranau field 2, control field 3 and Ranau field 1, respectively. Chlorophyll a was record
significant negative correlated with a chromium concentration in leaf of paddy was (-0.88).
The increasing of age of paddy plant was caused significant decreasing with Chlorophyll a
content depends on the amount of chromium that uptake by paddy plant, the order of
chlorophyll a content was (2.31, 2.22, 2.05, 2.03, 1.67) mg g-1 FW, for ages (17, 47, 77, 107,
145) days, respectively. This is illustrated the value of the correlation coefficient with the
accumulated chromium concentration in the leaves of the plant (-0.50). The interaction
between the sites and age of Paddy plant showed significant (p < 0.05) variation, the highest
content of chlorophyll a was noticed in Ranau field 2 and age 107 days, that was gave
(2.35) mg g-1 FW, but this content did not differ significantly with chlorophyll a content at
age (77) days and the same sites, while the lowest chlorophyll a was recorded at Ranau field
1 and age 145 days (1.42) mg g-1 FW.
Table 3: Effect of sites and age of paddy plant on chlorophyll a (mg g-1 FW) and
correlation with leaf chromium
Sites/Ages

17

47

77

107

145

Sites
mean

Ranau/Field 1

2.32 ±
0.05

2.11 ±
0.10

1.60 ±
0.00

1.48 ±
0.07

1.42 ±
0.04

1.79 c
± 0.38

Ranau/Field 2

2.31 ±
0.12

2.33 ±
0.10

2.35 ±
0.31

2.35 ±
0.04

1.83 ±
0.06

2.23 a
± 0.25

Control/Field 3

2.31 ±
0.05

2.22 ±
0.01

2.20 ±
0.19

2.25 ±
0.06

1.75 ±
0.10

2.15 b
± 0.22

2.31 a
± 0.07

2.22 a
± 0.19

2.05 b
± 0.39

2.03 b
± 0.42

1.67 c
± 0.20

Age of plant
mean
Correlation with
leaf chromium

Correlation
with leaf
chromium

– 0.88

– 0.50

Note: Means within the sites column, age of plant row followed by the same letter are not
significantly different to each other at p > 0.05
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Ranau/field 1
Ranau/field 2
Control/field 3

Chlorophyll a
(mg g-1 FW)

3.00
2.50
2.00
1.50
1.00
0.50
0.00
17

47

77

107

145

Age of plant days

Fig. 2

Chlorophyll b content
Chlorophyll b content data (Table 4) indicated that significant differences effects
with using deferent sites, the highest mean of chlorophyll b was at Ranau field 2 (0.84)
mg g-1 FW, did not significant differ with UKM experimental plot, while the lowest mean
was at Ranau field 1 that polluted with chromium metal (0.52) mg g-1 FW, as the value of
the correlation with the chromium concentration in the plant leaves (-0.95).
Table 4: Effect of sites and age of paddy plant on chlorophyll b (mg g
correlation with leaf chromium
Sites/Ages

17

47

77

107

145

Sites
mean

Ranau/Field 1

0.84 ±
0.04

0.62 ±
0.04

0.43 ±
0.01

0.39 ±
0.02

0.31 ±
0.01

0.52 b ±
0.20

Ranau/Field 2

0.86 ±
0.03

0.85 ±
0.02

0.86 ±
0.06

0.89 ±
0.03

0.72 ±
0.06

0.84 a ±
0.07

Control/Field 3

0.93 ±
0.08

0.85 ±
0.05

0.83 ±
0.02

0.89 ±
0.02

0.71 ±
0.01

0.84 a ±
0.08

Age of plant
mean
Correlation with
leaf chromium

-1

FW) and

Correlation with
leaf chromium

-0.95

0.88 a ± 0.77 b ± 0.71 c ± 0.73 c ± 0.58 d ±
0.06
0.12
0.21
0.26
0.20
-0.82

Note: Means within the sites column, age of plant row followed by the same letter are not
significantly different to each other at p > 0.05
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Ranau/field 1
Ranau/field 2
Control/field 3

Chlorophyll b
(mg g-1 FW)
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1.00
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0.60
0.40
0.20
0.00
17

47

77

107

145

Age of plant days

Fig. 3
Increasing of paddy age decreasing significantly chlorophyll b (0.88, 0.77, 0.71, 0.73,
0.58) mg g-1 FW for ages (17, 47, 77, 107, 145) days respectively, as the value of the
correlation coefficient with chromium concentration (-0.82). The interaction between sites
and age of Paddy plant recorded significant variation (p < 0.05), the highest content of
chlorophyll b was at the UKM experimental plot and age 17 days (0.93) mg g-1 FW, while
the lowest chlorophyll b was recorded at Ranau field 1 and age 145 days (0.31) mg g-1 FW.

Chlorophyll (a+b) Content
Chlorophyll (a+b) content in paddy leaf decreased significantly with increasing
chromium concentration in the experiment sites (Table 5) the order of total Chlorophyll (a+b)
content in leaf of paddy was (3.07 > 2.99 > 2.31) mg g-1 FW, for the sites Ranau field 2,
UKM control field 3and Ranau field 1, respectively, chlorophyll (a+b) content in Ranau
field 2 did not significant differ with UKM experimental plot, total Chlorophyll (a+b) was
record significant negative correlated with a chromium concentration in leaves of paddy was
(-0.92). The increasing of age of paddy plant was a decreasing with trend in total chlorophyll
(a+b) content depends on the amount of chromium in the leaf of paddy, the order of total
chlorophyll (a+b) content was (3.19, 2.10, 2.76, 2.75, 2.25) mg g-1 FW, for ages (17, 47, 77,
107, 145) days, respectively. The correlation between total Chlorophyll (a+b) and chromium
concentration was (-0.23). Sites and age of Paddy plant interaction showed significant
(p < 0.05) variation, the highest content of total chlorophyll (a+b) was at the Ranau field 2
and age 107 days, that was gave (3.25) mg g-1 FW, while the lowest content of it was
recorded at Ranau field 1 and age 145 days (1.73) mg g-1 FW.
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Table 5: Effect of sites and age of paddy plant on chlorophyll (a+b) (mg g-1 FW) and
correlation with leaf chromium
Sites/Ages

17

47

77

107

145

Sites
mean

Ranau/Field 1

3.16
± 0.08

2.73
± 0.11

2.03
± 0.01

1.87
± 0.06

1.73
± 0.03

2.31 b
± 0.57

Ranau/Field 2

3.17
± 0.15

3.18
± 0.90

3.21
± 0.25

3.25
± 0.07

2.54
± 0.09

3.07 a
± 0.30

Control/Field 3

3.24
± 0.07

3.07
± 0.06

3.03
± 0.19

3.14
± 0.05

2.46
± 0.11

2.99 a
± 0.30

Age of plant
mean

3.19 a
± 0.97

2.10 b
± 0.22

2.76 c
± 0.57

2.75 c
± 0.67

2.25 d
± 0.39

Correlation with
leaf chromium

Correlation
with leaf
chromium

-0.92

– 0.23

Chlorophyll (a + b)
(mg g-1 FW)

Note: Means within the sites column, age of plant row followed by the same letter are not
significantly different to each other at p > 0.05
Ranau/field 1
Ranau/field 2
Control/field 3

4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00
17

47

77

107

145

Age of plant days

Fig. 4

Chlorophyll (a/b)
Chlorophyll (a/b) ratio values (Table 6) showed significant differences with different
locations that were studied, the highest ratio was obtained from Ranau field 1 when the
plants were exposed to high concentration of chromium treatment (3.65) as compared to
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control UKM experiment field 3 (2.55), increasing of chromium concentration significantly
increasing Chlorophyll (a/b) ratio, this is confirmed by the value of the positive correlation
coefficient with the chromium concentration in the leaves of the plant (0.98). Increasing of
age of paddy caused significant increasing with Chlorophyll (a/b) ratio, the correlation
between Chlorophyll (a/b) ratio and chromium concentration in the leaves of the plant (0.86),
the order of ratio was (2.65, 2.93, 3.03, 2.99, 3.18) for ages (17, 47, 77, 107, 145) days,
respectively. The data analysis showed that the Chlorophyll (a/b) ratio was significantly
influenced by interaction between sites and age of paddy plant, The highest value was noted
at Ranau field 1 and age 145 days (4.53), while the lowest chlorophyll (a/b) ratio was
recorded at UKM experimental plot and the same age of plant (2.45).
This experiment has shown the plants that was grown in the sites with the highest
levels of Chromium presence showed the greatest effect in terms of Chlorophyll a, b and
total Chlorophyll (a+b) and also in the chlorophyll (a/b) ratio. The increase in Chromium
presence in the vegetative growth led to a steady decline in Chlorophyll A, B and total
Chlorophyll content. At the same time the ratio of Chlorophyll A to B was slightly elevated.
The highest ratio (A to B) was seen in the Ranau site, which has the highest levels of
Chromium present and the lowest ratio (A to B) was at the UKM (experimental control) site,
This was possibly due to Chlorophyll a either collapsing faster or synthesising at a decreased
rate when compared with Chlorophyll B, although levels of this also lowered5. The relative
level of Chlorophyll is often used as an indicator in vegetative growth when studying
environmental stress factors, as differences in colour are an obvious indicator of plant health
or otherwise and also of the efficacy of photosynthesis25. Experimenters have determined
that chlorophyll levels are lower in a variety of plant species that have been subjected to
heavy metal presence, particularly in Oryza sativa (Rice) in its most mature growth stages,
which is the most effective plant stage at which to draw conclusive results26. The growth of
an organism is severely undermined by the action of heavy metals, which have an inhibitory
effect on the plant’s enzymes. Enzymes responsible for the synthesis of Chlorophyll may be
inhibited by the presence of heavy metals, in this case Chromium. Increased ratios of
Chlorophyll (a/b) have also been observed in other plant species e.g. Spinacea oleracea
(Spinach)27. This increased ratio has also been proven to show a change in the PSII – PSI
ratio of foliage under stress, and one of the first reactions of vegetation under any sort of
stress is the production of free radicals. Free radical production, along with reactive
oxygenation, is fomented when vegetation is exposed to heavy metal contaminants and
because of the disruption this causes to growth due to oxidation of the cells, the free radicals
cause severe harm to molecular structure, including membranes and pigmentation. And is
reasoned to be due to the absolute inhibition of the synthetic process providing Chlorophyll
pigmentation. Other scientists have also noted a lowering of Chlorophyll levels
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corresponding to increased levels of heavy metal presence. Chromium has the ability to
negatively impact a particularly critical enzyme in the synthesis of Chlorophyll,
‘aminolevulinic acid dehydrates’ which subsequently impacts on ‘aminolevulinic acid’
(ALA) itself, resulting in a concentration of ALA arising and a consequent decrease in
Chlorophyll levels28. The reduction in Chlorophyll A, B and total Chlorophyll in vegetative
matter faced with increasing Chromium levels is in fact quite similar to the impact of other
environmental contaminants. Lower levels of Chlorophyll could also be the result of electron
inhibition during the process of photosynthesis29. The negative impacts witnessed as a result
of excessive heavy metal contamination in vegetative matter could be due to interference
with Chlorophyll creation in one of two ways; possibly by disruption of enzyme function or
else as a result of it causing a ferrous shortfall30.
This particular current study re-affirmed that an increase in Chromium levels led to a
reduction in the total Chlorophyll level in the leaves of the subject plant and that the largest
decrease in total Chlorophyll was in those plants submitted to the highest levels of
Chromium in Ranau sites. Photosynthetic activity had been decreased as a result of raising
Chromium levels in the soil which proved the negative impacts of Chromium on the plant’s
synthesis of Chlorophyll.
Table 6: Effect of sites and age of paddy plant on chlorophyll (a/b) (mg g-1 FW) and
correlation with leaf chromium
Sites/Ages

17

47

77

107

145

Sites
mean

Ranau/Field 1

2.78
± 0.08

3.42
± 0.29

3.69
± 0.46

3.80
± 0.44

4.53
± 0.17

3.65 a
± 0.62

Ranau/Field 2

2.69
± 0.08

2.75
± 0.17

2.75
± 0.56

2.64
± 0.05

2.56
± 0.19

2.68 b
± 0.25

Control/Field 3

2.51
± 0.25

2.63
± 0.13

2.65
± 0.24

2.52
± 0.09

2.45
± 0.10

2.55 b
± 0.17

Age of plant mean

2.65 c
± 0.18

2.93 b
± 0.41

3.03 ab
± 0.58

2.99 ab
± 0.64

3.18 a
± 1.03

Correlation with
leaf chromium

Correlation
with leaf
chromium

0.98

0.86

Note: Means within the sites column, age of plant row followed by the same letter are not
significantly different to each other at p > 0.05
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Ranau/field 1
Ranau/field 2
Control/field 3

5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00
17

47

77

107

145

Age of plant days

Fig. 5
This relationship between increased Chromium and depleted Chlorophyll has been
documented many times; our results are consistent to that of earlier reports by31-35.

CONCLUSION
Results of this experiment showed that, all traits that s were studied such as
chlorophyll a, chlorophyll b, total chlorophyll (a+b) and chlorophyll (a/b) ratio, were
affected by the chromium concentration in the leaves of paddy depends on the age of plants,
the strongest effect of the high concentration of chromium on decrease the concentration of
chlorophyll a, b and (a+b), as well as increased the chlorophyll (a/b) ratio in the leaves of
paddy that’s grown in these sites.

ACKNOWLEDGEMENT
This research was supported by research grant RGS/2/2013/STWN01/UKM/01/2.
Thanks are due to the Faculty of Science and Technology, Universiti Kebangsaan Malaysia
for providing the research facilities to carry out this project.

REFERENCES
1.

A. N. Singh, D. H. Zeng and F. S. Chen, Heavy Metals Concentration in Redeveloping Soil of Mine Spoil under Plantation of Certain Native Woody Species in
Dry Tropical Environment, India. J. Environ. Sci., 17(1), 168-174 (2005).

2.

S. Dudka and D. C. Adriano, Environmental Impacts of Metal Ore Mining and
Processing: A Review, J. Environ. Qual., 26(3), 590-602 (1997).

1250

W. M. Hadif et al.: Influence of Chromium Metal on….

3.

J. Nouri, N. Khorasani, B. Lorestani, N. Yousefi, A. H. Hassani and M. Karami,
Accumulation of Heavy Metals in Soil and Uptake by Plant Species with
Phytoremediation Potential, Environ. Earth Sci., 59(2), 315-323 (2009).

4.

J. Nouri, B. Lorestani, N. Yousefi, N. Khorasani, A. H. Hasani, S. Seif and M.
Cheraghi, Hytoremediation Potential of Native Plants Grown in the Vicinity of
Ahangaran Lead-zinc Mine Hamedan, Iran. Environ. Earth Sci., 62(3), 639-644
(2011).

5.

J. W. C. Wong, C. M. Ip and M. H. Wong, Acid-forming Capacity of Lead-zinc Mine
Tailings and its Implications for Mine Rehabilitation, Environ. Geochem. Health,
20(3), 149-155 (1998).

6.

M. R. Norland and D. L. Veith, Revegetation of Coarse Taconite Iron Ore Tailing
using Municipal Waste Compost, J. Hazard. Mater., 41(2-3), 123-134 (1995).

7.

C. M. Zvinowanda, J. O. Okonkwo, P. N. Shabalala and N. M. Agyei, A Novel
Adsorbent for Heavy Metal Remediation in Aqueous Environments, Int. J. Environ.
Sci. Tech., 6(3), 425-434 (2009).

8.

M. H. Wong, Ecological Restoration of Mine Degraded Soils, with Emphasis on
Metal Contaminated Soils, Chemosphere, 50(6), 775-780 (2003).

9.

J. Nouri, A. R. Karbassi and S. Mirkia, Environmental Management of Coastal
Regions in the Caspian Sea, Int. J. Environ. Sci. Tech., 5(1), 43-52 (2008).

10.

B. K. Dube, K. Tewari, J. Chatterjee and C. Chaterejee Excess Chromium Alters
Uptake and Translocation of Certain Nutrients in Citrullus, Chemosphere, 53, 11471153 (2003).

11.

A. Sharma and N. C. Aery Studies on the Phytoremidiation of Zinc Tailings, I.
Growth Performance of Wheat, Vasundhara, 6, 45-50 (2000).

12.

C. Cervantes, J. Campos-Garcia, S. Debars, F. Gutierrez-Corona, Loza-Tavera H.
Carlos-Tarres-Guzman and R. Moreno-Sanchez, Interaction of Chromium with Micro
Genesis and Plants, FEMS Microbial. Rev., 25, 335- 347 (2001).

13.

D. Rai, B. M. Sass and D. A. Moore, Chromium (III) Hydrolysis Constants and
Solubility of Chromium (III) Hydroxide, 26, 345-349 (1987).

14.

F. Assche Van and H. Clijsters, Effects of Metals on Enzyme Activity in Plants, Plant
Cell Environ., 13, 195-206 (1990).

15.

T. Naimo, A Review of the Effects of Heavy-metals on Fresh-water Mussels J.
Ecotoxicol., 4, 341-362 (1995).

Int. J. Chem. Sci.: 13(3), 2015

1251

16.

Z. L. He, X. E. Yang and P. J. Stoffella, J. Trace Elements in Medic. Biol., 19, 125
(2005).

17.

E. F. Covelo, F. A. Vega and M. L. Andrade, J. Hazard. Mater., 140, 308 (2007).

18.

J. Kotas and Z. Stasicka, Chromium Occurrence in the Environment and Methods of
its Speciation, Environ. Poll., 107, 263-283 (2000).

19.

AOAC, Official Method of Analysis, 14th Edn. Sidney William, Association of
Official Chemists, Inc. Virginia, USA (1984).

20.

B. W. Avery and C. L. Bascomb, Soil Survey Laboratory Meth-ods, Technical
Monograph No. 6, Soil Survey, Harpenden, UK (1982).

21.

A. Walkley and I. A. Black, An Examination of the Degtjareff Method for
Determining soil Organic Matter, and a Proposed Modification of the Chromic Acid
Titration Method, Soil Sci., 37, 29-38 (1937).

22.

D. T. Arnon, Copper Enzymes in Isolated Chloroplast Polyphenol Oxidase in Beta
Vulgaris. Plant Physiol., 24, 1-15 (1949).

23.

H. K. Lichtenthaler and A. R. Wellburn, Determination of Total Carotenoids and
Chlorophylls a, b in Leaf Extracts in Different Solvents, Biochem. Soc. Trans, 11,
591-592 (1983).

24.

A. Bryman and. D. Cramer, Quantitative Data Analysis with IBM SPSS 17, 18 & 19:
A Guide for Social Scientists: Rutledge (2012).

25.

D. Parekh, R. M. Puranik and H. S. Srivastava, Inhibition of Chlorophyll Biosynthesis
by Cadmium in Greening Maize Leaf Segments, Biochemie Physiologie der Pflanzen,
186, 239-242 (1990).

26.

Onceli, Y. Keles and A. S. U. Stun, Interactive Effects of Temperature and Heavy
Metal Stress on the Growth and some Biochemical Compounds in Wheat Seedlings,
Environ. Poll., 107, 315-320 (2000).

27.

D. E. Lfine S, A Lvino A, V iliani MC, and L Oreta F. Restric- tions to Carbon
Dioxide Conductance and Photosynthesis in Spinach Leaves Recovering from Salt
Stress, Plant Physiol., 119, 1101-1106 (1999).

28.

P. Vajpayee, R. D. Tripati, U. N. Rai, M. B. Ali and S. N. Singh, Chromium (VI)
Accumulation Reduces Chlorophyll Biosynthesis, Nitrate Reductase Activity and
Protein Content in Nymphaea Alba L. Chemosphere, 41, 1075-1082 (2000).

1252

W. M. Hadif et al.: Influence of Chromium Metal on….

29.

H. Bohner, H. Bohme and P. Boger, Reciprocal Formation of Cytochrome C-553 and
the Influence of Cupric Ions on Photo-synthetic Electron Transport, Biochemical et
Biophysical Acta, 592, 103-112 (1980).

30.

V. A. N. Assche and C Lijsters H., Effect of Metals on Enzyme Activity in Plants,
Plant Cell Environ., 13, 195-206 (1990).

31.

A. Ghani, Effect of Chromium Toxicity on Growth, Chlorophyll and some Mineral
Nutrients of Brassica Juncea L. H. Botany Egypt, Acad. J. Biolog. Sci., 2(1), 9-15
(2011).

32.

B. Dheeba and P. Sampathkumar, A Comparative Study on the Phytoextraction of
Five Common Plants Against Chromium Toxicity, Oriental J. Chem., 28(2), 867-879
(2012).

33.

Fikriye Kirbag Zengin and Omer Munzuroglu, Effects of some Heavy Metals on
Content of Chlorophyll, Proline and some Antioxidant Chemicals in Bean (Phaseolus
Vulgaris L.) Seedlings, Acta Biologica Cracoviensia Series Botanica, 47(2), 157-164,
(2005). R. Gabbrielli, T. Pandolfini, O. Vergnano, M. R. Palandri, Plant and Soil, 122,
271 (1990).

34.

M. Liu, X. Liu, M. Fang and W. Chi, Neural-network Model for Estimating Leaf
Chlorophyll Concentration in Rice under Stress from Heavy Metals using Four
Spectral Indices, Biosystems Engg., 106, 223-233 (2010).

35.

Servilia Oancea, N. Foca and A. Airinei, Effects of Heavy Metals on Plant Growth
and Photosynthetic Activity, Analele Stint Nalele Ştiinţ Ifice Ale Universit Ăţ Ii “Al.
I. Cuza” Iaşi Tomul I, s. Biofizic ă, Fizică medical ăş i Fizica mediului (2005).

Revised : 26.05.2015

Accepted : 29.05.2015

