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Abstract

The aim of the investigation was to determine the potential of citric acid for accumulation and translocation of
cadmium and their effect on maize growth. The plants were grown in small plastic glasses and treated with 300 mg kg™
CdCl, and 0, 0.25, 0.5, 1 and 2 g kg™ of citric acid. After 10 days, the plants were harvested, dried and root and shoot
biomass weighed. To study the efficiency of maize to bioaccumulate metal, uptake of cadmium was studied in the root and
shoot. The results showed that heavy metal accumulated more in roots than the shoots and application of citric acid
depressed Cd uptake at all concentrations. Percent decrease in Cd uptake was 58, 35, 26, 25 and 63, 46, 44, 42 by Sahiwal-
2002 and Pak-affgoee, respectively at 0.25, 0.5, 1 and 2 g kg™ of citric acid application. Maize proved to be an effective
accumulator for cadmium, however, neither concentration of citric acid showed advantages for phytoextraction of cadmium.

Introduction

Burning oil, automobiles, tire dust, cadmium
batteries, electroplating, polyvinyl plastic, canned foods,
silver polish residue on eating utensils, metal ice trays,
processed meats, pottery, plastic wrappings and the
incineration of municipal waste are the main sources of
cadmium resulting in buildup of cadmium in soil, air and
living organisms (Anon., 1997). Cadmium is non-essential
toxic heavy metal and relatively mobile, thus easily
transferred to food chain from polluted agricultural land
(Xiao et al., 2008; Chakroun et al., 2010; Ahmad et al.,
2011; Mojiri, 2011).

Phytoextraction is an environment friendly technique
to remove heavy metals from contaminated soil or water,
which involves the extraction of metals by plant roots and
then translocation to the shoots (Islam et al., 2007;
Achakzai et al., 2011)). Induced phytoextraction is the use
of some metal-chelates and high biomass crop species to
accumulate and remove heavy metals from the soils.
Synthetic chelates proved efficient for phytoextraction;
however have a drawback of leaching and ground water
contamination. Citric acid is cost effective and environment
friendly chelate for use in phytoextraction without a risk of
leaching and ground water contamination due to the rapid
degradation (Melo et al., 2008; Wuana, et al., 2010).
Several researchers have reported that citric acid proved
beneficial for mobilization and phytoextraction of Cd
(Turgut et al., 2004; Sinhal et al., 2010). A plant used for
induced phytoextraction should have high biomass, tolerant
to metal stress and preferably capable of producing usable
fruit or yield, thus giving some financial benefits after
harvesting (Robinson et al., 2000; Elkhatib et al., 2001;
Mukhtar et al., 2010). Maize has high potential to tolerate
and extract Cd from soil (Mojiri, 2011). Thus, the study
was undertaken to find out the potential of citric acid and
determining its optimum concentration for mediating the
Cd extraction by maize.

Materials and Methods

Seeds of two maize (Zea mays L.) varieties viz.,
Sahiwal-2002 and Pak-affgoee obtained from Maize and

Millet Research Institute Yousafwala, Sahiwal, Pakistan
were sown in small plastic cups filled with sand.
Treatment solution contained 0 and 300 mg kg™ CdCl,
with various concentrations of citric acid (0, 0.25, 0.5, 1
and 2 g kg™).

The plants were harvested after 10 days and roots
were washed with 5 mM ice cold CaCl, solution to
remove extracellular Cd (Rauser, 1987) and then treated
with deionized water. Both roots and shoots were excised,
blotted with filter paper and weighed. All samples were
then oven dried at 70°C and digested with concentrated
H,SO, and H,0,. The concentration of Cd in shoots and
roots was determined using Atomic Absorption
Spectrophotometer.

Translocation factor is the ability of plant to
translocate heavy metal from roots to the shoot and was
determined according to the formula devised by Anamika
et al. (2009).

Shoot metal content
Root metal content

Translocation factor (TF) = X 100

Bioaccumulation coefficient was calculated as
element concentration in plant part divided by the
concentration of that element in the external medium
(Anamika et al., 2009; Liao & Chang, 2004).

Cadmium content mg g
dry plant tissue
Cadmium content mg ml™"
nutrient solution

Bioaccumulation coefficient (BC) =

Results and Discussion

Metal tolerance: Significant inhibitory effect of Cd
contamination was determined on various growth
attributes such as shoot, root length, fresh and dry
biomass (Figs. 1, 2). All of these parameters showed
significant reduction under Cd stress. Kabir et al. (2008)
found similar reduction at 10-70umol/L of Cd.

Cadmium at 300 mg kg™ caused 56 and 52 percent
reduction in shoot biomass and 60 and 59% reduction in
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root length of Sahiwal-2002 and Pak-affgoee respectively.
Similarly 60 and 53% reduction in shoot fresh biomass,
51 and 46 in root fresh biomass, 45 and 36 in shoot dry
mass, 43 and 33 in root dry mass were recorded in
Sahiwal-2002 and Pak-affgoee respectively. Sahiwal-
2002 exhibited more reduction as compared to the other
variety. Cadmium inhibited the root growth more than
shoot, which is in line with the finding of Munzuroglu &

Fig. la. Effect of different citric acid levels (2, 1, 0.5, 0.25,0
mg/L) on growth of Sahiwal-2002.

Fig. lc. Effect of different citric acid levels (2, 1, 0.5, 0.25,0
mg/L) +300mg/L Cd on growth of Sahiwal-2002.

Citric acid effect on plant growth: Citric acid when
applied alone resulted in gradual increase in shoot length of
Sahiwal-2002 up to 1 g kg'of citric acid (24.41 cm) as
compared to control (16.05 cm). Maximum root length
(16.77 cm) was observed at 0.25 g kg, whereas fresh and
dry biomass enhanced at 0.5 g kg citric acid. In Pak-
affgoee cv., shoot length increased at 0.25 g kg'and then
gradually decreased at high concentrations. Muhammad et
al., (2009) noted similar increase in root dry weight at 2.5
and 5 mM citric acid application (Fig. 2). Thus, citric acid
at low concentration improved plant biomass by mobilizing
the weakly soluble essential nutrients (Strom et al., 2001).
Citric acid alleviated the toxic effect of Cd on root
and shoot biomass. Application of 0.5 g kg™ of citric acid
showed maximum improvement in plant biomass (Table
1). Previous studies also reported that citric acid
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Zengin (2006), Yasar & Ahmet (2006) and Anamika et
al., (2009). The reduction in root length was due to more
accumulation of metal in root than shoot that resulted in
reduction of mitotic cell division by blocking the
metaphase in meristematic zone (Aidid & Okamoto,
1992). Cadmium retention was more in roots and less
translocation to the shoots, which may be attributed to the
Cd tolerance of plant.

Fig. 1b. Effect of different citric acid levels (2, 1, 0.5, 0.25,0
mg/L) on growth of Pak-affgoee.

Fig. 1d. Effect of different citric acid levels (2, 1, 0.5, 0.25,0
mg/L) +300mg/L Cd on growth of Pak-affgoee.

detoxified Cd and Pb (Chen et al., 2003), Mn (Najeeb et
al., 2009), Al (Ginting et al., 2000) and salinity stress
(Sun & Hong, 2010) by chelation, either externally in the
soil or internally by plant roots (Ma, 2000).

Cadmium accumulation/ uptake: Sahiwal-2002
accumulated more Cd (76.67 in shoot and 206 mg kg™ in
roots) as compared to Pak-affgoee (36 in shoot and 124.3
mg kg in roots). Cadmium accumulated more in roots
than in shoot, which showed that roots of maize are more
effective in Cd extraction. Retention of Cd in roots of
maize and limited translocation to the shoot can be
attributed to Cd tolerance of the plants (Bavi et al., 2006).
This is also in line with findings of Jadia & Fulekar
(2008), Xiao et al., (2008), Anamika et al. (2009), ,
Aisien et al., (2010), Mojiri (2011).
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Fig. 2. Effect of induced Cd and citric acid levels on some growth attributes of two maize varieties.
Table 1. Analysis of variance for two maize varieties under different concentrations of Cd and citric acid.
Mean squares
Source df Shoot Root Shoot fresh | Root fresh Shoot dry Root dry Shoot Cd Root Cd
length(cm) | length(cm) weight(g) weight(g) | weight(mg) | weight(mg) (mg kg™ (mg kg™
Varieties 1 1.06 ns 12.51%%%* 0.007 * 0.0061 *** 1050.01%** 4.70 ns 9.6 **%* 9095.86 ***
Cadmium 1 744.27 *** 472.42%** 0.72%*%* 0.098 *** 11979.41%**  141.07*** 122.92 *** 2128495 ***
Citric acid 4 33.98%** 2.50%%* 0.02%%* 0.007 *** 837.99 *** 43.73 *** 8.03 #** 5721.5 ***
Interaction
Var * Cd 1 38.98%** 34.38 *** 0.041 *** 0.007 *** 1135.35 ***  190.10 *** 10.42 *** 9286.5 ***
Var * citric acid 4 28.78%** 5.52%%* 0.031*** 0.009 *** 162.27 ** 95.24 *** 1.76 ** 970.6 **
Cd*citric acid 4 20.53 *** 31.66 *¥** 0.016 *** 0.0171 *** 848.86 *** 191.27 **%* 8.13%%* 5737.7 ***
Var *Cd* citric acid 4 12.68 *** 3.78%** 0.0171 *** 0.0018 ** 113.81%* 17.55* 164.44%* 941.3 **
Error 40 0.59 0.311 0.001 3.46e-4 24.27 6.40 37.59 222.6
Total 59
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Influence of citric acid on cadmium accumulation:
Cadmium (Cd) uptake by roots was up to 206 and 124.3
mg kg' in Sahiwal-2002 and Pak-affgoee varieties
respectively (Table 1). The application of citric acid
significantly decreased Cd uptake by plants. Percent
decrease in uptake was 83.9, 64.1, 54.4 and 48.7 in
Sahiwal-2002 with increasing citric acid concentration.
Slight increase was observed at 0.25 mg kg’ in Pak-
affgoee, which then showed 84.2, 83.4 and 70.8%
reduction at higher concentrations. Shoot Cd uptake was
76.7 and 36 mg kg’ in Sahiwal-2002 and Pak-affgoee
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respectively without citric acid addition. Percent
decrease in Cd uptake was 58.26, 35.2, 26.5, 25.2 in
Sahiwal-2002, and 62.97, 46.3, 44.4, 41.7 in Pak-
affgoee, respectively at 0.25, 0.5, 1 and 2 mg kg'of
citric acid levels (Fig. 3). Lin et al., (2001) reported
similar Cd uptake reduction by root and shoot, in the
presence of citric acid. Reduced uptake might be due to
the reason that Cd is highly soluble and bioavailable
(Arabi et al., 2011), whereas citric acid might transform
the exchangeable Cd to relatively stable organic and
residual forms (Mojiri, 2011).
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Fig. 3. Cd uptake by root and shoot at different citric acid levels.

Previous studies have shown that organic acids such
as citric acid proved less effective for mobilization and
phytoextraction of metal as compared to synthetic
chelators (Lombi et al., 2001; Melo et al., 2008) as
natural organic acid usually chelate and solubilize
essential nutrients, instead of heavy metals (Nascimento,
2006). The negative effect of citric acid on Cd uptake
might be due to its rapid degradation (Strom et al., 2001).
Jia et al. (2009) examined that 20% of citric acid
degraded between 1 and 4 days, and further 70%
degradation within 20 days. Mineralization of citric acid
by soil microorganisms (Lesage et al., 2005) and/or its re-
precipitation and re-adsorption of metal on soil might also
be the reasons (Nascimento, 2006). Citric acid less
efficiently desorbs soil Cd (Elkhatib et al., 2001). Turgut
et al. (2004) observed that low concentrations of citric
acid (0.1 and 0.3 g/kg) were unsuccessful in enhancing
the Cd uptake, whereas higher concentration showed
severe phytotoxic symptoms with reduced uptake.
Contrary to that, Duarte et al. (2007) reported that the 25
and 50 pM of citric acid enhanced the uptake of Cd in
shoots and roots by Halimione portulacoides.

Bioaccumulation coefficient and translocation factor
(BCF):  Bioaccumulation coefficient (BC) and
translocation factor (TF) were used to evaluate the
potential of maize to remediate Cd from soil and its
translocation from root to shoot. Addition of citric acid
reduced this factor from 0.94 (control) up to 0.73, 0.53,
0.44, 0.4 in Sahiwal-2002 and from 0.534 in control to
0.52, 0.40, 0.4, 0.34 in Pak-affgoee at 0.25,0.5, l and2 g

kg™ citric acid respectively (Fig. 4) while, BCF values
should be greater than 1 for feasible phytoextraction. Low
BCF wvalues indicated that citric acid is inefficient for
induced phytoextraction. BCF of Cd increased with
growth period of plant and decreased with increasing
metal concentration in soil (Han et al., 2005; Niu et al.,
2011). In the present studies, Cd concentration in soil
(300 mg kg) might be the possible reason for low BCF.
In contrary to the present studies, Qu et al. (2011)
reported that application of sodium hydrogen phosphate/
citric acid increased BCF for Cd by 0.94 and 1.37 for
shoot and roots of alfalfa.

TF values showed the percent of root Cd,
translocated to the shoot and was 37 and 29 in Sahiwal-
2002 and Pak-affgoee respectively (Fig. 5), which then
decreased with citric acid application. Maximum decrease
(18 in Sahiwal-2002 and 15% in Pak-affgoee) was
observed at 1g kg™ citric acid level. Similar decline of TF
values of Cd was observed by Qu et al. (2011), after
sodium hydrogen phosphate/citric acid application.

Conclusion

Maize is relatively tolerant to Cd stress as it showed
limited toxicity symptoms at relatively high Cd
concentration. Two varieties showed different response to
Cd accumulation as Sahiwal-2002 exhibited BCF~=1,
whereas Pak-affgoee had BCF<I at 300 mg kg of Cd.
Pak-affgoee accumulated less Cd in root and shoot and
thus can more likely behave as an excluder. Citric acid
proved inefficient for Cd phytoextraction however
ameliorated the toxicity of Cd.
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Fig. 4. Bioaccumulation of Cd in plant parts from medium
having different citric acid levels.

Acknowledgment

The study presented here is a part of research work
conducted by Sumera Anwer, PhD student, Department of
Botany, University of Agriculture, Faisalabad.

References

Achakzai, AKK., Z. A. Bazai and S. A. Kayani. 2011.
Accumulation of heavy metals by lettuce (Lactuca sativa
L.) irrigated with different levels of wastewater of quetta
city. Pak. J. Bot., 43: 2953-2960.

Ahmad, K., Z.I. Khan, A.R. Bayat, M. Ashraf and Y. Rizwan.
2011. Cadmium and chromium concentrations in six forage
species irrigated with canal, sewage or mixed canal sewage
water. Pak. J. Bot., 43: 2411-2414

Aidid, S.B. and H. Okamoto. 1992. Effects of lead, cadmium
and zinc on the electric membrane potential at the xylem:
symplast interface and cell elongation of Impatiens
balsamina. Environ. Exp. Bot., 32: 439-448.

Aisien, F.A., O. Faleye and E.T. Aisien. 2010. Phytoremediation
of heavy metals in aqueous solutions. Leonardo J. Sci., 17:
37-46.

Anamika, S., S. Eapen and M.H. Fulekar. 2009.
Phytoremediation of cadmium, lead and zinc by Brassica
juncea L. Czern and Coss. J. Appl. Biosci., 13: 726-736.

Anonymous. 1997. Agency for Toxic Substances and Disease
Registry (ATSDR), 1997. Toxicological profile for
cadmium. Draft for public comment. Public health service,
U.S. Department of health and human services, Atlanta,
GA.

Arabi, Z., M. Homaee and M.E. Asadi. 2011. Comparison
effects of citric acid and synthetic chelators in enhancing
phytoremediation of cadmium. J. Sci. Technol. Agric.
Natural Resources, 14: 85-95.

Bavi, K., B. Kholdebarin and A. Moradshahi. 2006. Effect of
cadmium on some of the biochemical and physiological
processes in bean plants. Am. J. Plant Physiol., 1(2): 177-
184.

Chakroun, H.K., F. Souissi, J.L. Bouchardon, R. Souissi, J.
Moutte, O. Faure, E. Remon and S. Abdeljaoued. 2010.
Transfer and accumulation of lead, zinc, cadmium and
copper in plants growing in abandoned mining-district area.
Afr. J. Environ. Sci. Tech., 4(10): 651-659.

Chen, Y.X., Q. Lin, Y.M. Luo, Y.F. He, S.J. Zhen, Y.L. Yu,
G.M. Tian and M.H. Wong. 2003. The role of citric acid on
the phytoremediation of heavy metal contaminated soil.
Chemosphere, 50(6): 807-811.

1835

45 Sahiwal
40
35 4
30 -
25 4
20

Pak affgoee

10 A

root to shoot
=
(%]
l.
HH

% translocation of Cd from

Conc. of citricacid (g kg'*)+Cd (mg kg™*)

Fig. 5. Changes in Cd translocation factor of two maize varieties
at different concentrations of citric acid.

Duarte, B., M. Delgado and 1. Cacador. 2007. The role of citric
acid in cadmium and nickel uptake and translocation in
Halimione portulacoides. Chemosphere, 69(5): 836-840.

Elkhatib, E. A., A.G. Thabet and A.M. Mahdy. 2001.
Phytoremediation of cadmium contaminated soils: role of
organic complexing agents in cadmium phytoextraction.
Land Contam. Reclam., 9(4): 359-366.

Ginting, S., S. Wilkens and B.B. Johnson. 2000. Comparison of
pyrocatechol violet and aluminon for the determination of
‘reactive' aluminium in the presence of organic acids. Aus.
J. Soil Res., 38(4): 807-822.

Han, Z., X. Hu and Z. Hu. 2005. Phytoremediation of mercury
and cadmium polluted wetland by Arundo donax. Ying
Yong Sheng Thai Xue Bao., 16(5): 945-50.

Islam, E., X.E. Yang, Z.L. He and Q. Mahmood. 2007.
Assessing potential dietary toxicity of heavy metals in
selected vegetables and food crops. J. Zhejiang Univ. Sci.
B, 8(1): 1-13.

Jadia, C.D. and M.H. Fulekar. 2008. Phytotoxicity and
remediation of heavy metals by fibrous rootgrass in soil -
vermicompost media. J. Appl. Biosci., 10: 491-499.

Jia, W., S.P. Stacey, M.J. McLaughlin and J.K. Kirby. 2009.
Biodegradation of rhamnolipid, EDTA and citric acid in
cadmium and zinc contaminated soils. Soil Biol. Biochem.,
41(10): 2214-2221.

Kabir, M., M.Z. Igbal, M. Shafiq and Z.R. Farooq. 2008.
Reduction in germination and seedling growth of Thespesia
populnea L. caused by lead and cadmium treatments. Pak.
J. Bot., 40(6): 2419-2426.

Lesage, E., E. Meers, P. Vervaeke, S. Lamsal, M. Hopgood,
FM. Tack and M.G. Verioc. 2005. Enhanced
phytoextraction: II. Effect of EDTA and citric acid on
heavy metal uptake by Helianthus annuus from a
calcareous soil. Int. J. Phytoremed., 7(2): 143-152.

Liao, S.W. and W.L. Chang 2004. Heavy metal
phytoremediation by water hyacinth at constructed
wetlands in Taiwan. J. Aquat. Plant Manage., 42: 60-68.

Lin, Q., Y., Chen, H. Chen and C. Zheng. 2001. Effect of
organic acids on soil chemical behavior of lead and
cadmium and their toxicity to plants. Ying Yong Sheng Tai
Xue Bao, 12(4): 619-22.

Lombi, E., F.J. Zhao, S.J. Dunham and S.P. McGrath. 2001.
Phytoremediation of heavy metal-contaminated soils:
natural hyperaccumulation versus chemically enhanced
phytoextraction. J. Environ. Qual., 30: 1919-1926.

Ma, J.F. 2000. Role of organic acids in detoxification of
aluminum in higher plants. Plant Cell Physiol., 41: 383-
390.



1836

Melo, E.E.C., C.W.A. Nascimento, A.M.A. Accioly and A.C.Q.
Santos. 2008. Phytoextraction and fractionation of heavy
metals in soil after multiple applications of natural chelants.
Sci. Agric., 65(1): 61-68.

Mojiri, A. 2011. The potential of corn (Zea mays) for
phytoremediation of soil contaminated with cadmium and
lead. J. Biol. Environ. Sci., 5(13): 17-22.

Muhammad, D., F. Chen, J. Zhao, G. Zhang and F. Wu. 2009.
Comparison of EDTA- and citric acid-enhanced
phytoextraction of heavy metals in artificially metal
contaminated soil by Typha angustifolia. Int. J.
Phytoremed., 11(6): 558-574.

Mukhtar, S., H.N. Bhatti, M. Khalid, M. Anwar-ul-Haq and
S.M. Shahzad. 2010. Potential of sunflower (Helianthus
annuus L.) for phytoremediation of nickel (Ni) and lead Pb)
contaminated water. Pak. J. Bot., 42: 4017-4026.

Munzuroglu, O. and F.K. Zengin. 2006. Effect of cadmium on
germination, coleoptiles and root growth of barley seeds in
the presence of gibberellic acid and kinetin. J. Environ.
Biol., 27(4): 671-7.

Najeeb, U., L. Xu, S. Ali, G. Jilani, H.J. Gong, W.Q. Shen and
W.J. Zhou. 2009. Citric acid enhances the phytoextraction
of manganese and plant growth by alleviating the
ultrastructural damages in Juncus effusus L. J. Hazard.
Mater., 170(2-3): 1156-1163.

Nascimento, C.W.A.D. 2006. Organic acids effects on
desorption of heavy metals from a contaminated soil. Sci.
Agric., 63(3): 299-311.

Niu, Z.X., L.N. Sun and T.H. Sun. 2011. Characteristics of
cadmium and lead phytoextraction by sunflower
(Helianthus annuus L.) in sand culture. Adv. Mater. Res.,
183-185: 1496-1504.

Qu, J., C.Q. Lou, X. Yuan, X.H. Wang, Q. Cong and L. Wang.
2011. The effect of sodium hydrogen phosphate/ citric acid
mixtures on phytoremediation by alfalfa and metals
availability in soil. J. Soil Sci. Plant Nutr., 11(2): 85-95.

S. ANWER ET AL.,

Rauser, W.E. 1987. Compartmental efflux analysis and removal
of extracellular cadmium from roots. Plant Physiol., 85(1):
62-65.

Robinson, B.H., T.M. Millis, D. Petit, L.E. Fung, S.R. Green
and B.E. Clothier. 2000. Natural and induced cadmium-
accumulation in poplar and willow: implications for
phytoremediation. Plant Soil, 227: 301-306.

Sinhal, V.K., A. Srivastava and V.P. Singh. 2010. EDTA and
citric acid mediated phytoextraction of Zn, Cu, Pb and Cd
through marigold (Tagetes erecta). J. Environ. Biol., 31:
255-259.

Strom, L., A.G. Owen, D.L. Godbold and D.L. Jones. 2001.
Organic acid behaviour in a calcareous soil: sorption
reactions and biodegradation rates. Soil Biol. Biochem., 33:
2125-2133.

Sun, Y.L. and S.K. Hong. 2010. Effects of citric acid as an
important component of the responses to saline and alkaline
stress in the halophyte Leymus chinensis (Trin.). Plant
Growth Regulation, 64(2): 129-139.

Turgut, C., M.K. Pepe and T.J. Cutright. 2004. The effect of
EDTA and citric acid on phytoremediation of Cd, Cr, and
Ni from soil using Helianthus annuus. Environ. Pollut.,
131(1): 147-154.

Wuana, R.A., F.A. Okieimen and J.A. Imborvungu. 2010.
Removal of heavy metals from a contaminated soil using
organic chelating acids. Int. J. Environ. Sci. Tech., 7(3):
485-496.

Xiao, X., C. Tongbin, A. Zhizhuang and L. Mei. 2008. Potential
of Pteris vittata L. for phytoremediation of sites
contaminated with cadmium and arsenic: The tolerance and
accumulation. J. Environ. Sci., 20: 62-67.

Yasar, K. and S. Ahmet. 2006. The effects of cadmium on seed
germination, root development and mitotic of root tip cells
of Lentils (Lens culinaris Medik). World J. Agric. Sci.,
2(2): 196-200.

(Received for publication 3 February 2011)



