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ABSTRACT
The interacting effects of heavy metal contaminated soil and drought on the photosynthesis of Betula populifolia (gray 
birch) were studied in the summer of 2015. Climate change predictions suggest North America will experience more 
intense droughts, frequent heat events, and extreme precipitation. In the urban environment predictions about the 
effects of climate change – particularly changing hydrologic patterns – on plant growth may be complicated by pollution 
from both current and historic sources. The interaction between heavy metals contamination and plant water relations 
during drought is complex. Side effects of heavy metal exposure appears to confer drought tolerance in some species but 
not in others. The study tests the hypothesis that photosynthetic and transpiration rates of mature gray birch growing in 
high metal load (HML) soils will be less affected by a short heat wave and drought followed by a month of below average 
precipitation compared to the low metal load (LML) plots. Photosynthesis and transpiration were measured monthly from 
May 2015 to September 2015 using a portable gas exchange analyzer. Measurements were made in trees from two LML 
plots and two HML forested plots in Liberty State Park, Jersey City, New Jersey. 

INTRODUCTION
• Heavy metal (HM) pollution from historic and current sources is a global issue1

• North America climate change forecasts: more intense droughts, frequent heat 
events, and extreme precipitation2

• How will changing climate patterns – particularly drought – influence the growth 
rate of trees growing in HM contaminated soils? 
• Some plants appear to develop a tolerance for drought when exposed to HM3

• Other studies document metal stress amplifying the effects of drought4

• Hypothesis: mature Betula populifolia (gray birch) growing in high HM plots will 
exhibit lower photosynthetic and transpiration rates compared to low HM plots. 

STUDY PERIOD WEATHER
Figure 1: Daily maximum and minimum temperatures with precipitation totals from 
May to September 2014 (A) and 2015 (B). Purple box indicates heat wave in July 2015.

METHODS
Gas exchange measurements on B. populifolia leaves from excised branched were used 
to calculate photosynthesis and transpiration rates.
• Measurement conditions: 400 μmol CO2 m-2 s-1, 1500 μmol photons m-2 s-1

• May to September 2014 and 2015

Table 1: Experimental design. HML = High metal load. LML = Low Metal Load. Total 
metal load = rank sum index of As, Cr, Cu, Pb, and Zn concentrations.

Plot 25 14/16 48 41

Total Metal Load4 4.31 3.56 1.56 0.85

Grouping HML HML LML LML

Trees per month 5 5 5 5

Leaves per tree 2 2 2 2

RESULTS & DISCUSSION
Figure 2: Net photosynthetic rates measured at four LSP study plots from 
May to October 2014 and 2015. Solid circles represent mean values for a 
plot in a given month, bars show standard deviation. 

Figure 4: Mean of photosynthesis (A) and transpiration (B) measurements 
made from July to September 2015 (post drought) normalized to June 2015 
plot means (pre drought). Bars indicate standard deviation. 

Figure 3: Net transpiration rates measured at four LSP study plots from May 
to October 2014 and 2015. Solid circles represent mean values for a plot in a 
given month, bars show standard deviation. 

Inter-annual variation
• Photosynthesis and transpiration dramatically decrease following heat 

wave in July 2015
• Rates remain low in August 2015 (monthly precip. 2 in. below average)

Plot to plot variation in summer 2015
• Normalized photosynthesis and transpiration in July – September 2015 to 

mean rates in June 2015 for each plot
• Accounts for inter-plot variability under average conditions

• Differences between plots tested with Kruskal-Wallis one way ANOVA
• TP-41 (low metal load) rates in August 2015 significantly higher than 

other plots in August
• Second low metal load plot showed no difference
• Inconclusive if metal load had an effect on drought response

ACKNOWLEDGEMENTS
This project was funded through a McIntyre-Stennis Grant (NJ Project #17325). Special 
thanks to Cat Dillon, Booker George, and Longju Jun for their assistance with the 
project. And thanks to NJAES for loaning us the science van.

WORKS CITED
1. Ajmone-Marsan, F., Biasioli, M., 2010. Trace Elements in Soils of Urban Areas. Water, Air, Soil Pollut. 213, 121–143.
2. Romero Lankao, P., Davidson, D.J., Diffenbaugh, N.S., Kinney, P.L., Kirshen, P., Kovacs, P., Ruiz, L.V., 2014. North America, in: Barros, V.R., Field, C.B., Dokken, D.J., 

Mastrandrea, M.D., Mach, K.J., Bilir, T.E., Chatterjee, M., Ebi, K.L., Estrada, Y.O., Genova, R.C., Girma, B., Kissel, E.S., Levy, A.N., MacCracken, S., Mastrandrea, P.R., White, L.L. 
(Eds.), Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part B: Regional Aspects. Cambridge University Press, Cambridge, UK and New York, NY, USA, pp. 
1439–1498.

3. de Silva, N.D.G., Cholewa, E., Ryser, P., 2012. Effects of combined drought and heavy metal stresses on xylem structure and hydraulic conductivity in red maple (Acer rubrum
L.). J. Exp. Bot. 63, 5957–5966.

4. Poschenrieder, C., Barcelo, J., 2004. Water relations in heavy metal stressed plants, in: Prasad, M.N.V. (Ed.), Heavy Metal Stress in Plants: From Biomolecules to Ecosystems. 
Springer, Berlin, pp. 223–248.

5. Gallagher, F.J., Pechmann, I., Bogden, J.D., Grabosky, J., Weis, P., 2008. Soil metal concentrations and vegetative assemblage structure in an urban brownfield. Environ. Pollut. 
153, 351–61. doi:10.1016/j.envpol.2007.08.011

STUDY SITE
Figure 5: Plots of the 
interior forest of 
Liberty State Park (LSP) 
in Jersey City, New 
Jersey. An abandoned 
rail yard spontaneously 
colonized by early 
successional hardwood 
forest and several 
other vegetative 
assemblages.4
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