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ABSTRACT

Aim: Assess the ability of A. auriculiformis to resist arsenic (As) toxicity during germination and
growth.

Place and Duration of Study: The study was conducted in Department of Biology, Universiti Putra
Malaysia Serdang, between September 2016 and May 2017.

Methodology: A. auriculiformis seeds were germinated in series of As solutions (50 ppm-100 ppm).
Each As concentration contained three replicates and each replicate contained ten seeds. After 15
days, germination analysis such as germination percentage, seedling vigor index, relative injury rate
and mean germination time were calculated. Meanwhile, another set of A. auriculiformis’s seeds
were germinated using distilled water and planted in soil treated with different As concentration.
After 60 days, the plant morphology, chlorophyll content and growth rate were also recorded.
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Results: The result revealed that, seed germination percentage, seedling vigor index and relative
injury rate were significantly reduced at 80-100ppm As concentration, but the mean germination
time showed no significant difference between controlled and treated seeds. The growth analysis
showed that growth rate and chlorophyll content of treated plants decreased as much as 63.7% and
76.1% respectively. However, all the plants were able to survive up to 100 ppm exposure.

Conclusion: Therefore, it can be concluded that A. auriculiformis is capable to resist As
contamination during germination and growth, thus showing the potential of species to remove As

from soil, as a phytoremediator.
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1. INTRODUCTION

Arsenic (As) is the twentieth most abundant
element on earth’s crust and naturally present in
the environment through weather and volcanic
activities [1]. The use of insecticides, herbicides

and phosphate fertilizers, semi-conductor
industries, mining and smelting, industrial
processes, coal combustion, timber

preservatives will also add up the accumulation
of arsenic in the environment especially the soil
[2]. According to Agency for Toxic Substances
and Disease Registry (ASTDR) [3], permissible
level of As in soil must not exceed 40 ppm.
However, As contamination has been reported all
over the world since 1961 and most of it occurs
on groundwater [4].

The growing of agriculture and manufacturing
industries has resulted in increased release of a
wide range of xenobiotic compound to the
environment [5]. Low levels of As exposed to
human can stimulate esophageal and abdominal
pain, vomiting and also diarrhea [6]. As
contamination in drinking water can also lead to
cancer and other diseases such as pigmentation
changes, hyperkeratosis and muscular
weakness. Excess deposition of hazardous
waste has become disturbance to the soil thus
limiting crop production [71. Arsenic
contamination in soil especially agriculture area
did affect plant germination and growth rate,
infertility loss, low yield and low quality of yield

[8].

There are few remediation techniques available
for As such as oxidation, phytoremediation,
coagulation-flocculation, adsorption, ion
exchange, electrokinetics and membrane
technologies but in some cases the technique
may produce side product that also has the
ability to cause pollution and contamination [2].
An alternative way to overcome this problem is
by performing a natural process of
phytoremediation through phytoextraction since it

was cost-effective and environmental-friendly in
terms of absorption of organic and inorganic
pollutant or contaminant. Phytoremediation is
the use of plants to remove pollutants from the
environment [9] and phytoextraction is define as
the use of pollutant-accumulating plants to
remove metals or organics from soil by
concentrating them in the harvestable parts [10].
Phytoextraction needs proper selection of plant
species to function as bio-accumulation agent to
remove heavy metal from soil. However, there is
no species fits for all heavy metal absorption
regardless of climates and contamination level
[11]. In general, any plant that are able to grow
in poor soil, fast growing, utilize heavy metal in
their biochemical pathway, wide heavy metal
acceptance range and heavy metal resistance
during embryo development is an excellence
phytoremediation agent [12,13,14]. Several
Brassicaceae such as Alyssum sp., Thlaspi sp.
and B. juncea; Violaceae such as Viola
calaminaria and Leguminosae such as
Astragalus racemosus are known to take up high
concentrations of heavy metals and
radionuclides [15]. However, the ideal plant
species for phytoremediation should have high
biomass with high metal accumulation in the
shoot tissues [16].

Several other Acacia sp. that has been tested to
resist As toxicity are such as A. mangium and A.
nilotica, but it was found to highly accumulate a
large amount of arsenic on roots and impaired
the formation, increasing the number of
collapsed cells [17,11]. However, according to a
finding in China, A. auriculiformis has been used
as main species for water and soil conservation
and also to improve soil fertility. It was also
introduced to South China for ecosystem
restoration in barren regions [18]. Until now,
there was no report confirmed that A.
auriculiformis is phytoremediator. Thus, the aim
of this study is to evaluate the effectiveness of A.
auriculiformis for arsenic removal from soil.
Acacia auriculiformis has an ability to produce




high biomass vyield, which adapts well to
degraded soil conditions or very poor soil and
long dry season [19]. However, further evaluation
on effectiveness of A. auriculiformis as arsenic
hyperaccumulator on the impact on seed
germination and seedling growth are essential.
Therefore, the objectives were set to assess the
impact of arsenic exposure on A. auriculiformis’s
seed germination and growth.

2. MATERIALS AND METHODS

2.1 Preparation of as Stock and A.
auriculiformis Seeds

Stock solution of Arsenic was prepared by
dissolving 1.0g arsenic trioxide (As;O3) in 10 ml
of distilled water according to method suggested
by Al-Mamun [6].

A. auriculiformis seeds were collected from
Universiti Putra Malaysia (UPM) and were
identified by Prof Dr Rusea Go from Department
of Biology, UPM. According to Malaysian
Meteorological Department, during the collection
of the seeds (September 2016), Malaysia was
experiencing southwest monsoon season with
30°C temperature and monthly average rainfall
was at 250mm. Seed sterilization was carried out
using 4% (v/v) according to the method of Costa
& Sharma [20] before soaked in distilled water for
12h for dormancy breaks purpose [21].

of A.

2.2 Germination auriculiformis

Seeds

Ten A. auriculiformis seeds were placed into petri
dish containing filter paper moistened with 10 ml
of arsenic ranging from 0 to 100 ppm with 10
ppm interval, respectively. All the petri dishes
were left at 33°C +2°C for 15 days and observed
every 24 h to count the number of seed
germinated. The growth analysis on germination
percentage [22], seedling vigor index [23],
mean germination time [24] and relative injury
rate [22] were calculated based on equations as
follows:

Germination percentage (GP) =

Number of germinated seeds

Total number of seeds X100

Seedling vigor index (SVI) =

Seedling length x germination percentage
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Mean germination time (MGT) =
Where,
d= number of days counted from first day of
germination
n= the number of seed germinated on day d
Relative injury rate (RIR) =

GP control — GP treatment
GP control

2.3 Plant Growth of A. Auriculiformis
Assessment

Distilled water germinated A. auriculiformis seeds
were planted in the polybags containing 2 kg of
the mixture of top soil and sand (4:1). The
germinated seeds were watered with 500 ml of
distilled water or As solution with different
concentration for the first time, respectively. The
plant arranged in Random Block Design (RBD)
and was watered with 250 ml distilled water three
times per week. All excess water was collected
to avoid contamination to the surrounding area.
On day 60 also, the leaves morphological
appearance was observed and the chlorophyll
content of the plant leaves was estimated using
SPAD-502Plus  Chlorophyll Meter (Konica
Minolta).

2.4 Data Analysis

All the data collected from the experiment were
then analyzed by one-way Analysis of Variance
(ANOVA) using Duncan’s multiple range test to
analyze mean of more than three means group
using SPSS software version 21.

3. RESULTS AND DISCUSSION
3.1 Germination Percentage (%)

Seed germination is one of the most important
quantitative parameter in studying the effect of
heavy metal on seedling growth because it was a
sensitive process due to lack of defence
mechanism [25]. Gradual decrement of seedling
condition was recorded as As concentration
increase (Fig. 1.), as similar to pattern in rice and
winter wheat germination after exposed to As
[26,27]. Two possible explanations were
proposed previously, it was either due to
limitation to produce plumule and radicle as As



concentration increase during germination [28] or
it may result from interference of As with
protease, ribonuclease and leucine
aminopeptidase [29].

Both 50 ppm and 60ppm seedlings were able to
germinate beyond the safe limit of As at 40 ppm
[3]. With reduction of 36-42% on length of
seedling compared to control, it was indicated A.
auriculiformis resistance towards As toxicity at
low concentration like A. fernesiana [30,31,32]
and potentially be explored as As
hyperaccumulator agent. The length and size of
the seedling were shown significant decreases
starting from 70 ppm (mg/L). In the case of
excessive arsenic exposure such as in 70 ppm
and above, critical malfunction in metabolic
processes shall be started leading to shut down
of plant defence mechanism and further
increment of As concentration may lead to the
death seed germination as shown at 100 ppm
[33,34]. The hypocotyl of the seedling exposed to
arsenic was appeared to be dark red coloured,
showing phosphorus (P) deficiency [35]. Arsenic
has almost similar properties to P and due to
that, it able to substitute P in the phosphate
groups of DNA [36] causing failure in
photophosphorylation, genetic transfer, the
transportation of nutrients, and phospholipid cell
membranes which finally leading to drop in seed
germination and growing rate [37]. Germination
percentage (GP) reflects the reaction rate of
plant seeds to their living environment [27] which
also estimated the viability of seed population for
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early seedling growth [38]. After 15 days of As
exposure, seed GP was found to be in dwindling
trend (Table 1). Even though A. auriculiformis
seeds showed negative relationship between GP
and As exposure, it was still better compared to
other plants such as rice reported previously [27]
where only 50.2% reductions on GP were shown
by A. auriculiformis at 50ppm As concentration
(above the safe level limit).

3.2 Seedling Vigor Index

Similar decline of pattern is also seen for SVI
with significant impact was shown by above 70
ppm exposure. SVI not only calculated to
determine the level of activity and performance of
seed but also measure the germination capacity
and growing tendency of seedling [39].
Decrease in SVI value tells that the performance
of the seeds was decreased due to several
physical and biochemical process such as
imbibition, enzyme activation and reduction in
water uptake [34]. The presence of As will
accelerate the accumulation of phenolic
compound which lead to mucilage excretion,
deaths of lateral root buds and root wrinkling
[11]. The absence of root in early germination
can leads to water deficiency which ultimately
causes reduction of enzyme activities to degrade
stored material in endosperm [40]. Prior to this,
water uptake was decreased and caused failure
in seed germination. This was supported by the
increasing of relative injury rate (RIR) value
(Table 1).

%
51 f(:-# ®

90PPM 100PPM

Fig. 1. Acacia auriculiformiss’ seedlings length after exposed with different
concentration of arsenic



3.3 Relative Injury Rate and Mean

Germination Time (days)

RIR indicates that high amount of arsenic
exposure do have great impact to the seeds.
Increased in RIR value together with increasing
of mean germination time (MGT) value indicates
that A. auriculiformis take longer time to repair
itself after As exposure. The highest As exposure
caused the seed to have delay in time taken to
germinate (6.67 days) while the normal seed only
takes 3.98 days to germinate. Even though no
significant different (p<0.05) between exposed
seed and control recorded, the seedling size
produced were different for each treatment (Fig.
1). Thus proved that, MGT only indicates the
time taken for seed to germinate but not the
health status of the seed. At the early stage of
exposure 0-24hours, the seeds mitotic activities
might have be disturbed with the presence of As
[41]. Osborne [42] found that the damaged DNA
in germinating seeds was repaired during the lag
period in the early stage of hydration and for
seed that has been exposed to As, all healing
processes on the DNA can be completed within
96-120 hours [35] before it was able to germinate
as seen in this study.

3.4 Growth Rates (CmeDay)
Chlorophyll Content (Spad Unit)

and

Although Karataglis [43] stated that germination
assessment is the best indicator for testing metal
toxicity, Kapustka [44] believe that germination is
less sensitive and effective compared to other
plants end point responses such as plant height,
numbers of leaves, fresh weight, dry weight and
chlorophyll content were analysed to assess the
potential of plant to grow in high As
concentration. After 60 days of As exposure, A.
auriculiformis plant height and leaves size do not
show a drastic decreasing pattern (Fig. 2). The
mean height for control A. auriculiformis plant
was 16.97 cm while the mean height for 50 ppm,
60 ppm, 70 ppm, 80 ppm, 90 ppm and 100 ppm
exposure were reduced ranging from 33.6% to
48.3% compared to the control plant. In many
tolerant plants, As present in root cells and
rapidly combined with single molecules to form
phytochelatin (PC) [45] and sequestered in the
vacuole [46]. The sequestration of As-PC into
vacuole was important to complete As
detoxification because As-PC found to most
stable in acidic environment which is vacuole
[47]. This process will prevent As interaction with
cellular metabolism and cell disruption. From the
results obtained, all the plants treated with As
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were able to survive and suggested that As-PC
formation is taken place in A. auriculiformis thus
make it resistance towards As toxicity.

However, positive characteristic in the survival in
As contaminated soil does not reflect on the
growth rate. The growth rate (cmeday’) of
exposed plant was lower than the normal plant
growth where the control A. auriculiformis growth
rate was at 0.28 cm.day'1 and As exposed plant
were ranging from 0.13-0.08 cm-day’1. Lower
growth rate is the accumulation outcome of
decline in physiological activity such as
photosynthesis [48]. Ability to sustain the growth
progress in any plant is much depending on the
effectiveness of the plant to provide sufficient
resources. Exposure to As has caused reduction
in chlorophyll content (Table 1) which can
consequently lead to disruption of photosynthetic
machinery [27]. Since A. auriculiformis is from
Fabaceae family which usually characterized as
hyperaccumulator, any absorbed As is not
immobilized in the roots but instead moves
through xylem to the leaves and other parts of
the plants [49]. Due to this, the cellular
membranes become damaged and causing

electrolyte leakage [50] and effect the
photosynthesis process prior to lack of
photosynthetic pigments. Protochlorophyllide

reductase activity also inhibited due to presence
of As [51]. In addition, the decreasing in number
of chlorophyll has been reported in spinach [52].
Chlorophyllase activity increase due to the
presence of As where it will hydrolyse chlorophyll
and reduce the amount of it [53]. According to
Seregin [54] excessive accumulation of As in
chloroplast will substitute Fe**, Zn**, Mg®* and
then destroyed the structure and function of
chloroplast. Thus, this causes marginal reduction
in chlorophyll content. Leaf chlorophyll content is
directly associated with the efficiency and
capacity of the photosynthetic apparatus and
hence provide useful information about
photosynthetic potential of A. auriculiformis after
exposed with As. In the case of 100ppm
exposure, 76.1% drop in chlorophyll content
caused up to 68% drop in growth rates. This was
clear indication of A. auriculiformis inability to
sustain the significant amount of resources with
inefficient photosynthesis.

Presences of As not only reduce the chlorophyll
content, it also affect numbers of leaves and
chlorosis symptoms of the young leaves (Fig. 2).
However, most of the plants recovered from
chlorosis as soon as the true leaves appear but
the size of the leaves appear slightly impaired.
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Table 1. Mean comparison for germination and growth analysis of A. auriculiformis after exposed with serial concentration of as

Concentration Germination Seedling vigor index Relative injury rate Mean germination Growth rates Chlorophyll content
(ppm) percentage (%) time (days) (cmeday™) (SPAD units)

0 76.7 £ 11.5° 283.7 + 15.3° 0.0 £ 0.0° 39+1.9° 0.2767 48.5+2.6°

50 50.0 + 10.0° 82.5+6.6" 0.3+0.1%° 45+1.1° 0.1131 31.442.3°

60 43.3+15.3° 60.6 + 41.3> 04+0.3° 50+ 1.6° 0.0828 21.3+0.8%

70 40.0 £ 17.3 31.3 +9.5™ 0.5+0.1° 5.2 + 3.0° 0.0969 18.4+2.7%

80 30.0 + 17.3 26.0 + 4.6° 0.6 £0.3% 49+19° 0.1348 24.0+2.7°

90 10.0 + 17.3° 12.3+17.1° 0.9+0.3° 6.0+ 3.6° 0.1055 16.7+1.4%

100 13.3 + 15.3% 11.9 + 2.3° 0.8+0.2° 6.7+2.5° 0.1004 11.6£1.7°

Values are mean and standard error measurement made on three replicates. Superscripts within the means of each column (a-d) with different letters
indicate significant difference
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Fig. 2. Development of A. auriculiformis’s leaves after 60days exposure to selected
As concentration (a) Comparison on the size of leaves (b) Emergence of
chlorosis and necrosis

The chlorosis observed in A. auriculiformis
leaves also indicates chlorophyll degradation
[11]. Chlorosis symptoms appeared at three
highest concentration of arsenic exposure which

could be a proof of increased arsenic
concentration in the leaves membrane [55].
Necrosis also happens when As is been

translocated to the leaves which reflects to
deficiencies of nutrients such as potassium,
phosphorus and nitrogen [56]. The ability of As to
substitute phosphorus causing the occurrence of
necrosis.

4. CONCLUSION

A. auriculiformis seeds were able to germinate
up to 80 ppm As level. Although all seed growth
analysis shown negative correlation, the A.
auriculiformis itself is able to survive and grow in
As-contaminated soil up to 100ppm.
Nevertheless, the growth rate of exposed plants
was different compared to the normal.

Therefore, it can be concluded that A.
auriculiformis is resistance and tolerance to As
toxicity.

ACKNOWLEDGEMENTS

The authors are expressed gratitude to the
Ministry of Higher Education Malaysia for their
financial support through FRGS Grant no.
FRGS/1/2016/TG03/UPM/02/8/5524946.

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Jayasumana C, Fonseka S, Fernando A,

Jayalath K, Amarasighe M, Siribaddana S,
Gunatilake S, Panaragama P. Phosphate
fertilizer is a main source of arsenic in



10.

11.

12.

13.

areas affected with chronic kidney disease
of unknown etiology in Sri Lanka.
Springerplus. 2015;4:1-8.

Singh R, Singh S, Parihar P, Singh VP,
Prasad SM. Arsenic contamination,
consequences and remediation
techniques. Ecotoxicol. Environ. Saf. 2015;
112:247-270.

ASTDR. Department of Health and Human
Services, Agency for Toxic and Disease
Registry. Toxiclogical Profile for Arsenic.
Atlanta, United States; 2007.

Yeh S. Relative incidence of skin cancer in
Chinese and Taiwan: With special
reference to arsenical cancer. Natl. Cancer
Inst. Monogr. 1963;10:81-107.

Kumar A, Bisht BS, Joshi VD, Dhewa T.
Review on bioremediation of polluted
environment: A management tool. Int J.
Environ. Sci. 2011;1:1079-1093.

Al-Mamun M, Poostforush M, Mukul SA,
Parvez K, Subhan A. Biosorption of as (lll)
from aqueous solution by Acacia
auriculiformis leaves. Sci. Iran D. Comput.
Sci. Eng. Electr Eng. 2013;20:1871-1880.
Kamaludeen SPBK, Arunkumar KR,
Avudainayagam S, Ramasamy K.
Bioremediation of chromium contaminated
environments. Indian J. Exp. Biol. 2003;
41:972-985.

Sanal F, Seren G, Guner U. Effect of
arsenite and arsenate on germination and
some physiological attributes of barley

(Hordeum vulgave L). Bull. Environ.
Contam. Toxicol. 2014;1:3-9.

Cunningham SD, Lee CR.
Phytoremediation: Plant-based

remediation of contaminated soils and

sediments bioremediation. Sci. Appli.
1995;1:145-156.

Salt DE, Smith RD, Raskin I
Phytoremediation. Annu. Rev. Plant

Physiol. Plant Mol. Biol. 1998;49:643-668.
Cipriani HN, Dias LE, Costa MD, Campos
NV, Azevedo AA, Gomes RJ, Fialho IF,
Amezquita SPM. Arsenic: Behavior in the
environment, plant uptake mechanisms
and human health risks. Rev. Bras. Cienc.
Solo. 2013;37:1423-1430.

Shahid M, Pinelli E, Dumat C. Review of
lead availability and toxicity to plants in
relation with metal speciation; Role of
synthetic and natural organic ligands. J.
Hazard. Mater. 2012;220:1-2.

Malar S, Manikandan R, Favas PJ,
Vikram-Sahi S, Venkatachalam P. Effect of
lead on phytotoxicity, growth, biochemical

Sofea et al.; ARRB, 18(1): 1-10, 2017; Article no.ARRB.36490

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

alterations and its role on genomic
template stability in Sesbania grandiflora:
A potential plant for phytoremediation.
Ecotoxicol. Environ. Saf. 2014;108:249-
257.

Souza LA, Fernando AP, Roberta CN,
Ricardo AA. Use of non-hyperaccumulator
plant species for the phytoextraction of
heavy metals using chelating agents. Sci.
Agric. 2013;70:290-295.

Reeves RD, Baker AJH. Phytoremediation
of Toxic Metals: Using Plants to Clean Up
the Environment. Wiley: New York; 2000.
Chaney RL, Li YM, Brown SL, Homer FA,
Malik M, Angle JS. Improving metal
hyperaccumulator wild plants to develop
phytoextraction systems: Approaches and
progress. Florida: Lewis Publisher; 2000.
Baig JA, Kazi TG, Shah AQ, Kandhro GA,
Afridi HI, Khan S, Kolachi NF. Biosorption
studies on powder of stem of Acacia
nilotica: Removal of arsenic from surface
water. J. Hazard. Mater. 2010;178:941-
948.

Peng SL, Liu J, Lu HF. Characteristics and
role of Acacia auriculiformis on vegetation
restoration in lower subtropics of China. J.
Trop. For. Sci. 2005;17:508-525.

Gilman EF, Dennis GW. Acacia
auriculiformis: Earleaf Acacia. 2013;1:3.
Available:https://edis.ifas.ufl.edu/pdffiles/S
1/ST00400.pdf

(Assessed 5 September 2016)

Costa Da MVJ, Sharma PK. Effect of
copper oxide nanoparticles on growth,
morphology, photosynthesis and
antioxidant response in Oryza sativa.
Photosynthetica. 2016;54:110-119.
Olantunji D, Maku JO, Odumefum OP.
Effect of pre-treatments on the germination
and early seedlings growth of Acacia
auriculiformis Cunn. Ex. Benth. Afr. J.
Plant. Sci. 2012;6:364-369.

Li Y. Effect of salt stress on seed
germination and seedling growth of three
salinity plants. Pak. J. Biol. Sci. 2008;11:
1268-1272.

Moradi DP, Sharif-Zadeh F,
Janmohammadi M. Influence of priming
techniques on seed germination behavior
of maize inbred lines (Zea mays L.). J. Agr.
Biol. Sci. 2008;3:22-25.

Mavi K, Demir |, Matthews S. Mean
germination time estimates the relative
emergence of seed lots of three cucurbit
crops under stress conditions. Seed Sci.
Technol. 2010;38:14-25.




25.

26.

27.

28.

290.

30.

31.

32.

33.

34.

35.

36.

Xioli L, Shuzhen Z, Xiaoquan S, Yong-
Guan Z. Toxicity of arsenate and arsenite
on germination, seedling growth and
amylolytic activity of wheat. Chemosphere.
2005;61:293-301.

Abedin MJ, Meharg AA. Relative toxicity of
arsenite and arsenate on germination and
early seedling growth of rice (Oryza sativa
L.). Plant Soil. 2002;243:57-66.

Mahdeih S, Ghanderian SM, Karimi N.
Effect of arsenic on germination,
photosynthesis and growth parameters of
two winter wheat varieties in Iran. J. Plant
Nutr. 2013;36:651-654.

Imran MA, Sajid ZA, Chaudhry MN.
Arsenic toxicity to germination and
vegetative growth of sunflower (Helianthus
annuus L.). Pol. J. Environ. Stud. 2015;24:
1993-2005.

Mishara S, Dubey RS. Changes in
phosphate content and phosphate
activities in rice seedlings exposed to
arsenite. Braz. J. Plant Physiol. 2008;20:
19-28.

Carbonell-Barrachina AA, Burlo F, Burgos-
Hernandez A, Lopez E, Mataix J. The
influence of arsenite concentration on
arsenic accumulation in tomato and bean
plants. Sci. Hortic. 1997;71:167-176.

Miteva, E. Accumulation and effect of
arsenic on tomatoes. Commun. Soil Sci.
Plan. 2002;33:1917-1926.

Garg N, Singla P. Arsenic toxicity in crop
plants: physiological effects and tolerance
mechanisms. Environ. Chem. Lett. 2011;9:
303-321.

Liebig GP. Arsenic. In diagnostic criteria
for plants and soils. University of
California: California; 1966.

Finnegan PM, Chen W. Arsenic toxicity:
The effect on plant metabolism. Front.
Physiol. 2012;3:1-18.

Patra M, Bhowmik N, Bandopadhyay B,
Sharma A. Comparison of mercury, lead
and arsenic with respect to genotoxic
effects on plant systems and the
development of genetic tolerance: A
review. Environ. Exp. Biol. 2004;52:199-
223.

Tu C, Ma LQ. Interactive effect of pH,
arsenic and phosphorus uptake of As and
P and growth of the arsenic
hyperaccumulator Pteris vitata L. under
hydroponic condition. Environ. Exp. Bot.
2003;50:243-251.

Sofea et al.; ARRB, 18(1): 1-10, 2017; Article no.ARRB.36490

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

International Plant Nutrition Institute.
Function of phosphate in plants. Better
Crops Plant Food. 1999;83:6-7.

Kandil AA, Sharief AE, Ahmed SRH.
Germination and seedling growth of some
chickpea cultivars (Cicer arietinum L.)
under salinity stress. J. Basic Appl. Sci.
2012;8:561-571.

Deng Y, Fang Y, Feng Z, Ding T, Song J,
Wang B. Comparative study on seed
germination characteristics of two species
of Australia saltbush under salt stress.
Sheng Tai Xue Bao. 2014;34:337-341.

Liu WJ, Zhu YG, Smith FA. Effect of iron
and manganese plaques on arsenic uptake
by rice seedlings (Oryza sativa L.) grown in
solution culture supplied with arsenate and
arsenite. Plant Soil. 2005;277:127-138.
Bandyopadhyay B. Studies on the
structure and behavior of some genera of
the family Cactaceae and the effect of
arsenical on plant in vivo. Ph.D Thesis.
University of Calcutta, Calcutta; 1997.
Osborne DJ. Biochemical control system
operating in the early hours of germination.
Can. J. Bot. 1983;61:3568-3577.
Karataglis SS. Zinc and copper effect on
metal tolerant and non-tolerant clones of
Agrostis  tenuis. Plant Syst. Evol.
1980;134:173-182.

Kapustka LA, Lipton J, Galbraith H, Cacela
D, LeJeune K. Metal and arsenic impact to
soils, vegetation communities and wildlife
habitat in southwest Montana uplands
contaminated by smelter emissions.
Environ. Toxicol. Chem. 1995;14:1905-
1912.

Liu WJ, Wood BA, Raab A, McGrath SP,
Zhao FJ, Feldmann J. Complexion of
arsenite  with  phytochelatins reduces
arsenite efflux and translocation from roots
to shoots in Arabidopsis. Plant Physiol.
2010;152:2211-2221.

Mendoza-Cozatl DG, Jobe TO, Hause F,
Schroeder JI. Long distance transport,
vacuolar sequestration, tolerance and
transcriptional responses induced by
cadmium and arsenic. Curr. Opin. Plant
Biol. 2011;14:554-562.

Park J, Song WY, Ko D, Eom Y, Hansen
TH, Schiller M, Lee TG, Martonia E, Lee Y.
The phytochelatin transporters AtABCC1
and AtABCC2 madiate tolerance to
cadmium and mercury. Plant J. 2012;69:
278-288.

Rodriguez-Serrano M, Romero-Puertas
CM, Pazmino DM Testillano PS, Risueno



49.

50.

51.

52.

MC, delRio LA, Sandalio LM. Cellular
response of pea plants to cadmium
toxicity: Cross talk between reactive
oxygen species, nitric oxide and calcium.
Plant Physiol. 2009;150:229-243.

Lombi F, Zhao FJ, Fuhrmann M, Ma LQ,
McGrath SP. Arsenic distribution and

speciation in the fronds of the
hyperaccumulator  Pferis vitata. New
Phytol. 2002;193:665-672.

Singh N, Ma LQ, Srivastava M,

Rathinasabapathi B. Metabolic adaptations
to arsenic induced oxidative stress in
Pteris vitata L. and Pteris ensiformis L.
Plant Sci. 2006;170:247-270.

VanAssche F, Clijsters H. Effects of metals
on enzyme activity in plants. Plant Cell
Environ. 1990;13:195-206.

Barua B, Sasadhar J. Effect of heavy
metals on dark induced changes in Hill

Sofea et al.; ARRB, 18(1): 1-10, 2017; Article no.ARRB.36490

53.

54.

55.

56.

reaction activity, chlorophyll and protein
contents, dry matter and tissue
permeability in detached Spinacia oleracea
leaves. Photosynthetica. 1986;20:74-86.
Jain M, Gadre R. Effect of arsenic on
chlorophyll and protein contents and
enzymic activities in greening maize
tissues. Water Air Soil Pollut. 1995;93:109-
115.

Seregin IV, Shipgun LK, Ivanov VB.
Distribution of toxic effect of cadmium and
lead on maize roots. Russ. J. Plant
Physiol. 2004;51:525-533.

Smith SE, Helle MC, Suzanne P, Andrew
FS. Arsenic uptake and toxicity in plants:
Integrating mychorrizal influences. Plant
Soil. 2010;327:1-23.

Melvin W. Mature Leaf Chlorosis and
Necrosis. University of Hawaii: Moana;
2006.

© 2017 Sofea et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/21264

10



