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Table S1. Volume of modified Hoagland’s nutrient solution (NS), water, and 0.229 M metal lactate or metal

chloride solution added to each cultivation vessel for each selected treatment.

Treatment Hoagland’s NS (mL) Water (mL) Metal Solution (mL) n
ML =5
0.343 mM 12.5 37.43 0.0749
MC=5
ML =5
3.43 mM 12.5 36.45 0.749
MC=5
ML=5
34.3 mM 12.5 30.01 7.49
MC=5
ML =5
100 mM 12.5 15.76 21.83
MC=5
Control (0 ML=5
125 37.5 0
mM) MC=5

The number of replicates (1) for each metal lactate (ML) and metal chloride (MC) treatment and the control are

indicated in the far-right column.



Table S2. Final nutrient concentrations in modified Hoagland’s nutrient solution.

Nutrient Conc. (mM)
NH:H2POx 0.25
KNO:s 1.5
Ca(NOs)2- 4H0 1.0
MgSOs - 7H20 0.5
HsBO:s 1.16x102
MnClz - 4H-0O 2.29x103
ZnSOs - 7H20 1.9x10+
CuSOs 1.3x10+
Fe-EDTA 1.12x102
(NH4)sMo7O24 - 4H20) 8.09x106
MES buffer 10

Concentrations in mM represent the final concentrations of each nutrient in the cultivation vessel solution. The
nutrients that were added as metal lactate and metal chloride treatments that are also included in Hoagland'’s

nutrient solution (i.e., Zn, Cu, and Mn) were excluded from the Hoagland’s solution.
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Figure S1. Set up and growth of the wheat cultivation vessel experiment to measure uptake and toxicity of
metal chlorides and metal lactates. (A) A sample cultivation vessel after sowing a 3-day old wheat seedling
within the 6 mm glass bead physical support matrix and covered with black polypropylene pellets to
prevent excessive light exposure on seedling roots. (B) Growth at 13 days after sowing with black plastic
covers on the bottom exterior portion of each vessel to further inhibit light exposure on roots. Scale bar
equals 6 mm.
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Figure S2. Representative dose response of 16-day old wheat (Triticum aestivum) plants to zinc chloride (A)
and zinc lactate (B). Individual plants were treated with the following concentrations (left to right in each
picture): 0, 0.343, 3.43, 34.3, and 100 mM zinc chloride (ZnCl2) or zinc lactate, respectively. Scale bar equals
1 cm. Images were obtained on a Epson V700 flatbed scanner at 600 dpi.



