Elevated CO2 Affects Plant Responses to Variation in Boron
Availability
The growth of most plants is enhanced at
elevated (relative to current) levels of atmospheric CO 2,
and this enhanced growth results in greater demand for
mineral nutrients. The effects of elevated CO2 on
macronutrients have been well studied, but little
research is available for those effects on micronutrients,
especially boron (B). This study investigated the effects
of elevated CO2 on response to variation in B availability
in three unrelated species: seed geranium (Pelargonium
x hortorum), barley (Hordeum vulgare), and water fern
(Azolla caroliniana).
Plants were grown at two levels of CO2 (370 and
700 ppm) and low, medium, and high B (adjusted for
each species). In geranium, there were interactive
effects of B and CO2 on leaf, stem, and total plant mass,
root:shoot ratio, leaf [B], B uptake rate, and steady-state
net photosynthesis (Pn) (Table 1).

Interactive effects of B and CO2 on growth were
confirmed in barley grown at 0, 30, and 1000 µM B,
wherein growth at high CO2 was stimulated more at 30
µM B (Figure 1). Interactive effects of B and CO 2 were
also confirmed with Azolla grown at 0, 10, and 1000 µM
B, wherein growth at high CO2 was stimulated at 0 and
10 µM B (Figure 2). Thus, low and high B both may limit
growth stimulation under elevated versus current CO 2
levels.

Table 1. Results from statistical analysis (P values from
ANOVA) of treatment effects of B, CO2, and their
interactions on various response variables. Geranium plants
were grown at different levels of B (4.5, 45, and 450 μM) and
CO2 (370, 700 ppm).

Figure 1. Effect of B (0, 30, and 1,000 μM) and CO2
(ambient=370 and elevated= 700 ppm) on shoot and root
mass of barley (H. vulgare). Each bar represents the mean (±
1 SD) of three independent replicates. Within each variable,
different letters above the bars indicate a significant
difference among treatments (P<0.05)

For more information, contact: Scott Heckathorn
scott.heckathorn@utoledo.edu, University of
Toledo, Department of Environmental Sciences,
2801 W. Bancroft St., MS #604, Toledo, OH 43606

Figure 2. Effect of B (0, 10, and 1,000 μM) and CO 2
(ambient= 370 and elevated=700 ppm) on total plant biomass
of water fern (Azolla caroliniana). Each bar represents the
mean (± 1 SD) of four independent replicates. P values from
ANOVA for treatments: B=<.0001, CO2=<.0001 and B x
CO2=0.014. Within each variable, different letters above the
bars indicate a significant difference among treatments
(P<0.05).
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