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Leaf morphology in response to changes in light intensity in
Convolvulus tricolor

Brionnah Fessler
ABSTRACT

Convolvulus ftricolor, native to the Mediterranean regions of Europe, has spread across the world as an
ornamental plant used in gardens and flowerpots. Multiple countries have classified this plant as invasive.
Members of the Convolvulus family cause environmental damage due to the ability to spread and monopolize
resources. To explore why this plant is so successful and invasive across different conditions, we examined the
anatomical and morphological leaf characteristics across two light levels. The results showed that plants in the
high light group have a greater leaf area and perimeter. Leaf shape also varied across the two light treatments,
with the high light group having a greater perimeter to area ratio. While more stomata were present on the adaxial
and abaxial sides of the leaves in the high light treatment, there were no differences in overall stomatal density
across the treatment groups for either leaf side. One interesting trend showed a greater relative investment of
low light plants into stomata on the adaxial leaf surfaces. More research is needed to demonstrate that these
differences are light-dependent. These responses may contribute to this plant family’s ability to thrive in a variety

of environmental conditions.
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INTRODUCTION

Climate change is directly linked to the increased rate
at which invasive species establish and spread
(Walther et al., 2009; Diez et al., 2012; Bellard et al.,
2013). These species threaten biodiversity worldwide,
as well as the economies and public health within
environments that are threatened (Millennium, 2005;
Early et al. 2016). The rate at which these species are
spreading has increased dramatically due to
disturbances of agriculture (Chytry et al., 2009; Early
et al., 2016), changes in native biotic communities,
(Diez et al., 2012), and adjustments in fire frequencies
and regimes (Brooks et al., 2004).

There are different factors that make invasive
species so successful. Alien plant species can
monopolize resources making native plants struggle
for survival (Brooks et al., 2004). Due to the lack of
competition, invasive species can multiply and spread
at a much faster rate than native species with very little
opposition from the environment (MacDougall et al.,
2005). One of the common approaches of controlling
ongoing plant invasions is limiting light availability to
alien species (Perry and Galatowitsch, 2006;
MacDougall et al., 2005).

The effect of light on the performance of plants is
still being studied. Responses to changes in light
depend on environment, stress, seasonality,
reproduction, and anatomy of different plant species
(Bayat et al., 2018; Kozai, 2016). Different light
wavelengths are connected to the performance of
leaves and the photosynthetic properties of plants
(Bayat et al. 2018). However, the way individual plants
species respond to light intensity is still being
researched. Invasive species and native species

compete for light as a resource which ultimately
affects the photosynthetic rate of the different plants
and their stress levels. The invasiveness of plants is
decided by a high number of adaptable traits and
coordination. Invasive plants can reproduce and
spread, which increases their competitiveness and
fitness. This allows these plants to take over native
species habitats and cause damage to the ecosystem
(Osunkoya, 2014).

Invasive species have been found to respond to
different levels of available light by changing leaf
anatomy and cell walls (Boyne et al., 2013). This
adjustment can increase or decrease the plants
reproductive success. One invasive species known
for its successful reproduction rate are plants in the
Convolvulus genus such as Convolvulus arvensis,
also known as field bindweed and Convolvulus
tricolor, a type of decorative morning glory. These
vining plants are successful due to their extensive root
structure and asexual reproduction (Zouhar, 2004),
and are highly competitive and difficult to remove. Due
to the deep taproot, members of this plant genus can
monopolize stored nutrients from deep within the soll,
creating problems for surrounding species (Kennedy
and Crafts, 1931).

The way these plants respond to light strain and
stress allows us to learn more about how to control it
and how it interacts with neighboring species
(Liancourt et al., 2013). Studying stress tolerance
helps increase the understanding of these plant’s
success and their control. The quantity of light affects
individual leaf morphology and photosynthetic
performance which leads to greater plant success
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(Francis and Gilman, 2019; Dwyer et al., 2014). It is
hypothesized that Convolvulus tricolor will adjust leaf
morphology and performance due to different light
intensities. This change has been found and studied
in other invasive vines which shows anatomical
differences in the shape, size, stomatal concentration,
and rate of photosynthesis the individual leaves can
perform (Boyne et al., 2013).

MATERIALS AND METHODS

Convolvulus tricolor were grown from seeds. A total
for forty-two of them sprouted and were separated into
two groups of twenty-one. Each plant was marked with
notched leaves so that new, fully developed growth
was tested while also accounting for the possibility of
losing different specimens. These seeds were started
in an Expert Gardener brand substrate mix of organic
and inorganic substances. There were two different
light groups placed in separate containers and placed
in a greenhouse with windows facing to the south and
east. The low light group was covered with a black
shade cloth. The shade cloth treatment reduced light
levels inside by at least 5x across different direct and
indirect sunlight levels in the greenhouse (without
shade, x = 2724 1x, N = 4; with shade: x = 504 Ix, N =
4). The temperature and humidity levels were kept as
constant as possible for both light groups. This
allowed natural lighting to mimic different light
environments where the plants may grow in the wild.
Each plant was watered to full saturation as needed
and their positions in the sections were rotated
throughout the experiment.

Fully developed and undamaged leaves were
harvested from each specimen from the two light
groups. Following harvest, a clear nail varnish was
applied to the lower (abaxial) and upper (adaxial)
surfaces of the leaves. The varnish was transferred to
slides and examined under a microscope to determine
stomatal density (Boyne et al., 2013). Leaf shape was
measured by taking a picture of the leaf and uploading
it to the computer program ImagedJ. This was to make
a more accurate comparison between different leaf
shapes, perimeter, and area. These tests were
performed once using leaves after the plants were
around four months old. The mean of the different
measurements was calculated, and T-tests were run
to determine the difference between the two groups.

RESULTS

Light had a significant effect on the mean leaf area,
with higher values for the plants grown under high light
conditions (T=7.465, P< .001, Table 1). Leaf shape
also varied across the two light treatments, with the
low light group having a greater perimeter to area ratio
(U=11.0, P< .001, Table 1).

Table 1. The average leaf area, perimeter, and ratio
which shows the difference in leaf size and shape for
both groups.

High Light Low Light
Mean Leaf Area (cm?) 13.47 54
Mean Leaf Perimeter (cm) 21.71  13.77

Perimeter to Area Ratio 1.61 2.55

Leaves had stomata that were generally paracytic
across both groups. Stomata were found on both the
adaxial and abaxial surfaces of the leaves, with more
stomata found on the abaxial surfaces. The overall
number of stomata were different across light
treatments (U=3.00, P< .001), with a greater number
of them found on the high light group. While the overall
stomata numbers were different across the two
groups, the stomatal density was the same (P= 0.514
P= 0.342). With each plant, the allocation of stomata
on the adaxial and abaxial surfaces tended to depend
on the light level they were adapted to. Plants in the
high light group tended to have more abaxial than
adaxial stomata. The plants in the low light tended to
follow the same pattern but with less difference
between the two (Figure 1). These differences in
stomatal allocation between light treatments was
marginally insignificant (F=2.87 P=0.098).

50

40

30

20

10

0

High Light Low Light

Stomatal Density (# / cm?)

DO Adaxial  ® Abaxial

Figure 1. The stomatal density found on the adaxial
and abaxial leaf surfaces for both the high light and
low light groups

DISCUSSION

This study found that Convolvulus tricolor has the
ability to adjust to light intensities. Other plants have
been shown to respond to environmental stressors by
modifying the anatomy and morphology of their leaves
(Miner et al. 2005). Modifications are common in
plants that grow with limited light availability
(Markesteijn et al. 2007). The plants growing in lower
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light conditions had smaller leaves. These
observations of leaf morphology and anatomy of C.
tricolor align with previous research performed on
other invasive vine plant species (Boyne et al., 2013).
This response to light intensity is likely to be adaptive
for plants that experience variable light conditions
(Markensteijn et al., 2007). While this limits the
investment of costly resources, it allows for the plant
to function at a greater rate depending on the
resources which are available. This also allows the
plant to be successful in a large number of
environmental conditions. This is because individual
plants can adjust their photosynthetic surfaces to their
surroundings.

Stomata control gas exchange, water loss, and
temperature of leaves. More stomata could allow more
carbon dioxide to diffuse faster into the structure of the
leaf. This can increase the rate of carbon fixation
where light and water are not limiting but would be
inefficient where resources are scarce (Boyne et al.,
2013; Osunkoya, 2014). While marginally
insignificant, results showed a greater relative
investment of low light plants into stomata on the
adaxial leaf surfaces. For the plant to be successful in
a low light environment, the greater number of stomata
can allow individual leaves to function at a similar rate
as the leaves with more available light. These low light
plants will also lose less water as the stomata open
and close which allows more stomata to be on the
upper surface of the leaf due to the slower rate of
evaporation.

More research is needed to demonstrate that these
differences are light-dependent. More importantly,
future research should focus on how these changes in
leaf morphology affect overall leaf performance and
photosynthetic rate. It could be that leaves from low
light conditions are actually more efficient due to these
adjustments in leaf shape. These responses may
contribute the plant’s ability to thrive in a variety of
environmental conditions.

Because only one leaf per plant was examined, it
cannot be determined if the light intensity effects the
morphology of all the leaves on the plant or if it effects
the morphology of each leaf individually. Future work
should look at the plasticity in leaf shape and
development when different portions of the plant
experience different light levels. Understanding these
adaptations may be useful when trying limit the
reproduction and spread of invasive plant species.

ACKNOWLEDGEMENTS

| would like to thank McPherson College and the
McPherson College Natural Science Department for
funding for this research. | would also like to thank
my advisor Dr. Dustin Wilgers and co-advisor Dr.
Karrie Rathbone for the guidance and feedback
throughout this process. | would also like to thank

Dr. Allan van Asselt, Lindy Reynolds, and Kaitlyn
van Asselt for their assistance and support
throughout.

LITERATURE CITED

Bayat, L, M Arab, S Aliniaeifard, M Seif, O
Lastochkina, and T Li. 2018. Effects of growth
under different light spectra on the subsequent
high light tolerance in rose plants. AoB PLANTS
10:ply052.

Bellard, C, W Thuiller, B Leroy, P Genovesi, M
Bakkenes, and F Courchamp. 2013. Will climate
change promote future invasions? Global Change
Biology 19:3740-3748.

Boyne R, O Osunkoya, and T Scharaschkin. 2013.
Variation in leaf structure of the invasive Madeira
vine (Anredera cordifolia, Basellaceae) at different
light levels. Australian Journal of Botany 61:412.

Brooks, ML, CM D'Antonio, DM Richardson, JB
Grace, JE Keeley, JM DiTomaso, RJ Hobbs, M
Pellant, D Pyke. 2004. Effects of Invasive Alien
Plants on Fire Regimes. BioScience 54:677—-688.

Chytry, M, P PySek, J Wild, J Pino, LC Maskell, and
M Vila. 2009. European map of alien plant
invasions based on the quantitative assessment
across habitats. Diversity and Distributions 15:98-
107.

Diez, JM, CM D'Antonio, JS Dukes, ED Grosholz, JD
Olden, CJ Sorte, DM Blumenthal, BA Bradley, R
Early, | Ibafiez, SJ Jones, JJ Lawler, and LP Miller.
2012. Will extreme climatic events facilitate
biological invasions? Frontiers in Ecology and the
Environment 10:249-257.

Dwyer JM, RJ Hobbs, and MM Mayfield. 2014.
Specific leaf area responses to environmental
gradients through space and time. Ecology
95:399-410.

Early, R, BA Bradley, JS Dukes, JJ Lawler, JD
Olden, DM Blumenthal, P Gonzalez, ED Grosholz,
| Ibafez, LP Miller, CJ Sorte, and AJ Tatem. 2016.
Global threats from invasive alien species in the
twenty-first century and national response
capacities. Nature Communications 7:12485.

Francis B, and RT Gilman. 2019. Light intensity
affects leaf morphology in a wild population of
Adenostyles alliariae (Asteraceae). Italian Botanist
8:35-45

Kennedy PB, and AS Crafts. 1931. The anatomy of
Convolvulus arvensis, wild morning-glory or field
bindweed. Hilgardia 5:591-622.

Kozai, T. 2016. Why LED Lighting for Urban
Agriculture? In: Kozai T, K Fujiwara, E Runkle
(eds) LED Lighting for Urban Agriculture. Springer,
Singapore.

Liancourt, P, LA Spence, DS Song, A Lkhagva, A
Sharkhuu, B Boldgiv, BR Helliker, PS Petraitis,
and BB Casper. 2013. Plant response to climate



Leaf responses to light intensity in Convolvulus tricolor — Fessler

change varies with topography, interactions with
neighbors, and ecotype. Ecology 94:444-453

MacDougall, AS, and R Turkington. 2005. Are
invasive species the drivers or passengers of
change in degraded ecosystems? Ecology 86:42-
55.

Markesteijn L, L Poorter, F Bongers 2007. Light
dependent leaf trait variation in 43 tropical dry
forest tree species. American Journal of
Botany 94:515-525.

Millennium Ecosystem Assessment. Ecosystems
and Human Well-being: synthesis World
Resources Institute. 2005.

Miner BG, SE Sultan, SG Morgan, DK Padilla, and
RA Relyea. 2005 Ecological consequences of
phenotypic plasticity. Trends in Ecology and
Evolution 20:685-692.

Osunkoya, OO, R Boyne, and T Scharaschkin. 2014.
Coordination and Plasticity in Leaf Anatomical
Traits of Invasive and Native Vine Species.
American Journal of Botany 101:1423-36.

Perry, LG, SM Galatowitsch. 2006. Light competition
for invasive species control: A model of cover
crop—weed competition and implications for
Phalaris arundinacea control in sedge meadow
wetlands. Euphytica 148:121-134.

Walther G-R, A Roques, PE Hulme, MT Sykes, P
Pysek, et al. 2009. Alien species in a warmer
world: risks and opportunities. Trends in Ecology &
Evolution 24:686-93.

Zouhar, K. 2004. Convolvulus arvensis. In: Fire
Effects Information System, [Online]. U.S.
Department of Agriculture, Forest Service, Rocky
Mountain Research Station, Fire Sciences
Laboratory (Producer). Available:
https://www.fs.fed.us
/database/feis/plants/vine/conarv/all.html [2020,
November 18].



