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Background
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Figure 1: Annual Mean UV-B 1)

While global change studies have provided evidence of shifts in
plant species performance to date, more recent research ambitions have identified
the importance of testing for the role of interacting components of global change.
Plant invasions also have to face new environmental challenges and are influenced by
different aspects of global change, including more stressful environmental conditions
e.g. in temperature, precipitation and UV-B radiation. We investigated Verbascum
thapsus, an exotic plant species of New Zealand grasslands, which in its invaded
range is exposed to two concomitantly limiting abiotic factors: high levels of UV-B and
drought. We assessed the effects of these interacting stress factors in a greenhouse
experiment with native (German) and exotic (New Zealand) populations. While we
10,500
assume that New Zealand plants are adapted to higher levels of UV-B in the field (Fig.
1), both origins are supposed to display a similar drought sensitivity as the species
occurs at dry sites in both native and exotic ranges under comparable situations of [mm] 0
annual precipitation (Fig.2). We thus expected a higher resistance of exotic plants to
potential additive detrimental effects of UV-B and drought.
Figure 2: Annual Precipitation 2)

Results
Drought effects were predominant at all levels of
responses. In addition, significant effects of UV-B
radiation were found but there was only sparce
evidence of drought x UV-B interactions (Tab. 1).
The number of leaves was
significantly smaller for
plants under drought
conditions, with a more
distinct effect of water
availability on
native
German origins (p=0.01).

Percentage
of
upper
epidermal layer of total
leaf cross section was
significantly
reduced
under drought conditions.
UV-B showed a more
gently decreasing effect
on relative epidermal
thickness of well-watered
plants (p=0.038).

Table 1: Summary of linear mixed effect models (lmer)
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Significances: *** (p<0.001), ** (p<0.01), * (p<0.05), . (p<0.1)

A negative effect of UV-B
radiation could be observed only for well-watered
plants, whereas individuals under drought appeared
less UV-B sensitive. We found no evidence for additive
detrimental effects of UV-B and drought on V. thapsus
individuals but our findings hint at comparable
physiological responses in plants which can be similarly
evoked by any of the two investigated environmental
stress factors. We conclude that drought resistant plant
species might be predisposed to deal with high UV-B
levels and, thus, possess a valuable advantage during
invasions in such exposed habitats.

Study species

Experimental design

Verbascum thapsus L. (Scrophulariaceae)
Habitat:
• dry grasslands, ruderal habitats
• strong prevalence in open,
unshaded habitats

Range:
• native from Europe to Central Asia
• naturalized in North America,
Hawaii, Australia, New Zealand

Productivity
Total biomass
Aboveground biomass
Belowground biomass
Shoot:root
Rosette area
Leaf number
Leaf length
Leaf width
Leaf traits
Trichome density
SLA
LDMC
Upper stomata density
Lower stomata density
Upper epidermis (%)
Palisade parenchyma (%)
Spongy parenchyma (%)
Lower epidermis (%)
Physiology
PS II efficiency

UV-B

Conclusions

The maximum photochemical quantum yield
was significantly lower for
plants
under
UV-B
radiation. This effect was
stronger
under
wellwatered conditions than
under drought (p=0.03).

Biology:
• highly drought tolerant
• long tap root
• monocarpic, generally biennial lifecycle
• leaves and stems densely covered with woolly,
branched stellate trichomes
• common pasture weed

Origin

Factors
Drought O x U O x D U x D

Data collection
after an experimental period of 12 weeks

2 origins
Germany
New Zealand
10

populations

• Monitoring (all individuals): rosette diameter,
maximum leaf length/width, leaf number

9

4 individuals per population and treatment

T1

T2

T3

T4

4 treatments (T1-T4, : drought, : UV-B)

• Harvests (1 individual per population and treatment): aboveground and belowground biomass, leaf
dry matter content (LDMC), specific leaf area (SLA),
shoot to root ratio
• Leaf anatomy (4 individuals of all origin treatment
combinations): relative thickness of upper and lower
epidermal layers, palisade parenchyma and spongy
parenchyma, stomata density of the upper and lower
leaf surface, trichome density
• Photosystem II efficiency (all individuals): maximum
photosynthetic quantum yield (Y), minimum and
maximum fluorescence yield (F0, Fm)
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