HEAVY METAL SOIL TOXICITY
IN A CO2-ENRICHED WORLD
Are plants at greater risk or better protected from the dangers of soil toxicity?

SPPI & CO2SCIENCE ORIGINAL PAPER ♦

October 10, 2012

HEAVY METAL SOIL TOXICITY IN A CO2-ENRICHED WORLD
Citation: Center for the Study of Carbon Dioxide and Global Change. "Heavy Metal Soil Toxicity in a CO2-Enriched World.” Last
modified October 10, 2012. http://www.co2science.org/subject/h/summaries/heavymetaltoxicity.php .

Noting that copper (Cu) is "an essential micronutrient [that] plays a vital role in maintaining
normal metabolism in higher plants," but that it "is toxic to plant cells at higher concentrations
and causes the inhibition of plant growth or even death," Jia et al. (2007)1 grew a Japonica rice
cultivar in control and Cu-contaminated soil for one full season at ambient and elevated
atmospheric CO2 concentrations (370 vs. 570 ppm), while measuring leaf Cu concentrations at
the tillering, jointing, heading and ripening stages of the crop.
At the tillering stage of the plants' progression, results indicated that leaf Cu concentrations in
the plants growing in the Cu-contaminated soil of both CO2 treatments were about 90% greater
than those in the plants growing in the uncontaminated soil of both CO2 treatments. By the
time the plants had reached the jointing stage, however, the mean leaf Cu concentration in the
plants growing in the Cu-contaminated soil in the CO2-enriched air had dropped all the way
down to the same level as that of the plants growing in uncontaminated soil in ambient air; and
this
equivalency
was
maintained
throughout the plants' subsequent heading
and ripening stages. For the plants growing
The negative effect of a morein contaminated soil in ambient air,
than-five-fold increase in soil Cu
however, leaf Cu concentrations were still
50% greater than those of the plants
concentration, which increased leaf
growing in contaminated soil in CO2enriched air at the end of the experiment.
Cu concentration by approximately
Thus, the negative effect of a more-thanfive-fold increase in soil Cu concentration,
which increased leaf Cu concentration by
approximately 90% at the crop tillering
stage, was completely ameliorated
throughout the rest of the crop's
development by a mere 54% increase in the
atmosphere's CO2 concentration.
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Noting that "mining and smelting, disposal
of sewage sludge and use of cadmium (Cd) rich phosphate fertilizers have contaminated large
areas throughout the world, causing an increase in the Cd content of the soil (Liu et al., 2007),"
which they indicate is an unfortunate development because "cadmium is a non-essential
element that negatively affects plant growth and development processes, such as respiration
and photosynthesis (Vega et al., 2006), water and mineral uptake (Singh and Tewari, 2003), cell
division (Fojtova et al., 2002) and cellular redox homoeostasis (Romero-Puertas et al., 2004),"
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Jia et al. (2011a)2 set out to investigate the interactive effects of Cd contamination with
atmospheric CO2 enrichment on a perennial ryegrass (Lolium perenne). More specifically, they
grew L. perenne from seed hydroponically in half-strength Hoagland solution for 3 days, which
was followed by growth in full-strength Hoagland solution for 5 and 20 days and at a range of
Cd concentrations ranging from 0 to 160 µmol/liter, while the five researchers monitored plant
growth and development. And what did they learn?
The scientists report that regardless of Cd treatment, they found that "the Cd concentration
was much lower under elevated CO2 than under ambient CO2," most likely due to the "fast
growth triggered by elevated CO2," such that in their experiment "the dry biomass increased by
81.2% for shoots and 55.2% for roots under non-Cd stress, and an average of 99.1% for shoots
and 68.5% for roots under Cd stress, respectively." As a result of such findings the five Chinese
scientists conclude that "under elevated CO2, L. perenne may be better protected against Cd
stress with higher biomass, lower Cd concentration and better detoxification by
phytochelatins." In addition, they state that
"lower Cd concentration in plants under
elevated CO2 may relieve the Cd toxicity to
Total Cd uptake per pot,
plants and reduce the risk of Cd transport in
calculated on the basis of biomass,
the food chain."
was significantly greater under
Similar results were obtained in a
contemporaneous study by Jia et al.
elevated levels of CO2 than under
(2011b)3, who hydroponically grew two
important forage crops (Lolium perenne and
ambient CO2, increasing by 42Lolium multiflorum) at three different Cd (0,
73% in plant shoots. Yet at the
4 and 16 mg/L) and two different
atmospheric CO2 (360 or 1000 ppm)
same time, there was a reduction
concentrations in individual pots in
controlled environment chambers for three
of Cd concentration within the
weeks. Their results indicated that "root
morphological parameters, including root
plants' tissues at elevated CO2.
length, surface area, volume, tip number,
and fine roots, all decreased under Cd
exposure," while "by contrast, elevated levels of CO2 significantly increased all those
parameters in the presence of Cd, compared to the CO2 control, suggesting that elevated levels
of CO2 had an ameliorating effect on Cd-induced stress." The extra 640 ppm of CO2 also
increased the shoot dry weight of L. multiflorum by 68%, 92% and 90% and that of L. perenne by
65%, 61% and 67% at low, medium and high (0, 4, and 16 mg/L) cadmium concentrations, while
it increased the root dry weight of L. multiflorum by 65%, 54% and 50% and that of L. perenne
by 47%, 67% and 10%, under the same respective set of conditions. In addition, the authors
report that "total Cd uptake per pot, calculated on the basis of biomass, was significantly
greater under elevated levels of CO2 than under ambient CO2," increasing by 42-73% in plant
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shoots. Yet at the same time, they report there was a reduction of Cd concentration within the
plants' tissues at elevated CO2.
Based on such findings, the seven scientists noted that due to high Cd uptake under CO 2enriched conditions, the two Lolium species show great potential for use in the
phytoremediation of Cd contaminated soils in a CO2-enriched world of the future. And at the
same time, because of much greater biomass production, the Cd concentration reduction in
their tissues suggests that the ongoing rise in the air's CO2 content could well improve the
safety of these forage crops in decades to come, much as was demonstrated by Guo et al.
(2006), who according to Jia et al. (2011b), "reported decreased Cd accumulation in leaves,
stems, roots and grains of rice at elevated CO2," and by Zheng et al. (2008), who "showed that
Pteridium revolutum and Pteridium aquilinum grown on Cu-contaminated soils accumulated
less Cu in plant tissues at elevated levels of CO2 than at ambient CO2," and by Li et al. (2010),
who working with rice also "found that elevated levels of CO2 diluted grain Cd concentration."
In one final study, Tukaj et al. (2007)4 report that cadmium has been demonstrated to cause
"inhibition or inactivation of many enzymes, thereby disturbing the growth, respiration, or
photosynthesis in plant cells and algae (Tukendorf and Baszynski, 1991; Sanita di Toppi and
Gabbrielli, 1999; Prasad et al., 2001; Faller et al., 2005)." Against this backdrop, the group of
four Polish scientists grew the unicellular green alga Scenedesmus armatus for periods of one,
two and three days in batch cultures that contained a 93µM concentration of cadmium and
were continuously bubbled with air of either 0.1% or 2% (v/v) CO2 - equivalent to approximately
1,000 and 20,000 ppm CO2, respectively - while making a number of measurements of algal
properties and physiological processes. So what did the experiment reveal?
It showed that the density of the cultures grown for 3 days at 2% CO2 "was markedly higher in
comparison to cultures grown at 0.1% CO2 concentration mainly due to the growth rate
acceleration during the first day of culture." After 24 hours of cadmium exposure, for example,
they found that "growth was inhibited to about 49% at 0.1% CO2, whereas at 2% CO2 only to
about 74% of the controls." In addition, they
report that "cadmium inhibited the rate of
oxygen evolution (70% of control) of cells
Algae living in conditions of
cultured at 0.1% CO2 [but] had no effect on
elevated CO2 are better protected
the rate of oxygen evolution of cells cultured
at 2% CO2."
against cadmium than those at
Based on these findings, the researchers say
ordinary CO2 level.
their results suggest that the protective
mechanism(s) directed against cadmium was
(were) "more efficient in algae cultured under elevated CO2 than algae cultured under low level
of CO2." In further support of this suggestion, they also note that "the main detoxifying strategy
of plants contaminated by heavy metals is the production of phytochelatins (PCs)," as described
by Cobbett (2000); and in this regard they report that "cells grown at 2% CO2 - after 24 hours of
exposure - produced much more PCs than cells cultured at 0.1% CO2." In fact, their data
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indicate that the CO2-induced phytochelatin enhancement of their study was in excess of tenfold. Consequently, they conclude that "algae living in conditions of elevated CO2 are better
protected against cadmium than those at ordinary CO2 level."
Taken together, the above results bode well indeed for the ability of plants in a CO 2-enriched
world of the future to better deal with the problem of heavy metal soil toxicity.

REFERENCES
Cobbett, C.S. 2000. Phytochelatins and their roles in heavy metal detoxification. Plant
Physiology 123: 825-832.
Faller, P., Kienzler, K. and Krieger-Liszkay, A. 2005. Mechanism of Cd2+ toxicity: Cd2+ inhibits
photoactivation of Photosystem II by competitive binding to the essential Ca 2+ site. Biochimica
et Biophysica Acta 1706: 158-164.
Fojtova, M., Fulneckova, J., Fajkus, J. and Kovarik, A. 2002. Recovery of tobacco cells from
cadmium stress is accompanied by DNA repair and increased telomerase activity. Journal of
Experimental Botany 53: 2151-2158.
Guo, H.Y., Jia, H.X., Zhu, J.G. and Wang, X.R. 2006. Influence of the environmental behavior and
ecological effect of cropland heavy metal contaminants by CO2 enrichment in atmosphere.
Chinese Journal of Geochemistry 25: 10.1007/BF02840155.
Idso, S.B. 1989. Carbon Dioxide and Global Change: Earth in Transition. IBR Press, Tempe, AZ.
Jia, H.X., Guo, H.Y., Yin, Y., Wang, Q., Sun, Q., Wang, X.R. and Zhu, J.G. 2007. Responses of rice
growth to copper stress under free-air CO2 enrichment (FACE). Chinese Science Bulletin 52:
2636-2641.
Jia, Y., Ju, X., Liao, S., Song, Z. and Li, Z. 2011a. Phytochelatin synthesis in response to elevated
CO2 under cadmium stress in Lolium perenne L. Journal of Plant Physiology 168: 1723-1728.
Jia, Y., Tang, S.-r., Ju, X.-h., Shu, L.-n., Tu, S.-x., Feng, R.-w. and Giusti, L. 2011b. Effects of
elevated CO2 levels on root morphological traits and Cd uptakes of two Lolium species under Cd
stress. Journal of Zhejiang University - SCIENCE B (Biomedicine & Beitechnology) 12: 313-325.
Li, Z.Y., Tang, S.R., Deng, X.F., Wang, R.G. and Song, Z.G. 2010. Contrasting effects of elevated
CO2 on Cu and Cd uptake by different rice varieties grown on contaminated soils with two levels
of metals: implication for phytoextraction and food safety. Journal of Hazardous Materials 177:
362-361.
Liu, Y.G., Wang, X., Zeng, G.M., Qu, D., Gu, J.J., Zhou, M. and Chai, L. 2007. Cadmium-induced
oxidative stress and response of the ascorbate-glutathione cycle in Bechmeria nivea (L.), Gaud.
Chemosphere 69: 99-107.

5

Pradad, M.N.V., Malec, P., Waloszek, A., Bojko, M. and Strzalka, K. 2001. Physiological
responses of Lemna trisulca L. (duckweed) to cadmium and copper bioaccumulation. Plant
Science 161: 881-889.
Romero-Puertas, M.C., Rodriguez-Serrano, M., Corpas, F.J. and delRio, L.A. 2004. Cadmiuminduced subcellular accumulation of O2.- and H2O2 in pea leaves. Plant, Cell and Environment
27: 1122-1134.
Sanita di Toppi, L. and Gabbrielli, R. 1999. Response to cadmium in higher plants. Environmental
and Experimental Botany 41: 105-130.
Selvi, F. 1997. Acidophilic grass communities of CO2-springs in central Italy: Composition,
structure and ecology. In: A. Raschi, F. Miglietta, R. Tognetti and P.R. van Gardingen (Eds.), Plant
Responses to Elevated CO2: Evidence from Natural Springs. Cambridge University Press,
Cambridge, UK, pp. 114-132.
Singh, P.K. and Tewari, R.K. 2003. Cadmium toxicity induced changes in plant water relations
and oxidative metabolism of Brassica juncea L. plants. Journal of Environmental Biology 24:
107-112.
Tukaj, Z., Bascik-Remisiewicz, A., Skowronski, T. and Tukaj, C. 2007. Cadmium effect on the
growth, photosynthesis, ultrastructure and phytochelatin content of green microalga
Scenedesmus armatus: A study at low and elevated CO2 concentration. Environmental and
Experimental Botany 60: 291-299.
Tukendorf, A. and Baszynski, T. 1991. The in vivo effect of cadmium on photochemical activities
in chloroplast of runner bean plants. Acta Physiologiae Plantarum 13: 51-57.
Vega, J.M., Garbayo, I., Dominguez, M.J. and Vigar, J. 2006. Effect of abiotic stress on
photosynthesis and respiration in Chlamydomonas reinhardtii: induction of oxidative stress.
Enzyme and Microbial Technology 40: 163-167.
Zheng, J.M., Wang, H.Y., Li, Z.Q., Tang, S.R. and Chen, Z.Y. 2008. Using elevated carbon dioxide
to enhance copper accumulation in Pteridium revolutum, a copper-tolerant plant, under
experimental conditions. International Journal of Phytoremediation 10: 161-172.

6

Cover photo of soil in pot provided by Microsoft.

www.co2science.org

7

