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Abstract:  Bush honeysuckle (Lonicera maackii), garlic mustard (Alliaria petiolata) and lesser celandine (Ranunculus ficaria) are three species which invade Midwestern forests. Allelopathy was investigated by making leaf extracts of each of these three species. In a fully factorial experiment, the effect of extract type and extract concentration on germination, growth and reproduction of Arabidopsis thaliana was investigated. A control of distilled water was also used. A subsequent experiment investigated the effect of these treatments solutions on germination over 7 days of three agricultural species (Lactuca sativa, Brassica oleracea, and Ocimum basilicum). Germination of A. thaliana was significantly delayed by the two highest extract concentrations of L. maackii compared to the control. There were significantly fewer siliques when plants were treated with extracts of L. maackii. There was a trend for delayed flowering in plants treated with extracts of R. ficaria. Across all test species, R. ficaria extracts affected germination the least, while A. petiolata extracts affected germination the most. However, the extracts impacted species germination differentially; L. sativa and O. basilicum were more sensitive to A. petiolata extracts and B. oleracea was more sensitive to L. maackii extracts.  These results provide evidence of differential allelopathic effects as well as providing tentative preliminary evidence of some allelopathic potential of R. ficaria.

Invasive species pose a threat all over the world, costing money and time to manage, as well as reducing biodiversity (Pimentel et al. 2005). There are many life traits that make certain species more invasive than others. One of these traits in plants is allelopathy, which is the release of a chemical from the roots or leaves that is harmful to germination, growth and/or reproduction of surrounding plants. Plants that exude these chemicals are more likely to take over a new environment rather than their native ones because their native neighbors have adapted to their chemicals (Callaway & Ridenour 2004).   

In this research we focus on three invasive species to the Midwest: Lonicera maackii, Alliaria petiolata, and Ranunculus ficaria. Lonicera maackii (Amur honeysuckle) is native to Asia, but has become invasive after being brought to the United States as an ornamental plant. It has been shown to inhibit germination (Dorning & Cipollini 2006). Alliaria petiolata (garlic mustard) is also an invasive plant in the United States.  It is native to Europe, and has been shown to exhibit allelopathic effects on Geum sp. (Prati & Bossdorf 2004). The allelopathic effect may vary by target species, as there was no allelopathic effect of A. petiolata on A  thaliana (Cipollini et al., 2008). Ranunculus ficaria is native to Europe and is an emerging invasive species in riparian zones.  To date, there has not been any published research on its effects as an invasive, nor on its allelopathic potential.  

Extracts were made from Lonicera maackii, Alliaria petiolata, and Ranunculus ficaria by soaking the leaves for 48 hours in distilled water and then filtering the solutions. The extracts were then diluted to three different concentrations: 0.3, 0.2, and .01g fresh leaf tissue/mL distilled water. Ten mL of these solutions were added every other week to Arabidopsis thaliana (Brassicaceae) planted in 100 mL pots with potting soil. Control plants were given only distilled water.  Plants were monitored for percent germination, flowering, and rosette diameter. After 12 weeks, the number of siliques per plant was counted. The allelopathic potential on germination was explored by applying similar extracts and extract concentrations (using new batches of each) to three agricultural species in three separate families:  Lactuca sativa ‘Grand Rapids, Tipburn Resistant’(Asteraceae), Ocimum basilicum (Laminaceae), Brassica oleracea ‘Copenhagen Early Market' (Brassicaceae).  Ten seeds of each were placed on paper towels and watered with 10 ml of extract solution.  Germination (measured as emergence of the radicle) was followed for 8 days.  There were four replicates of each treatment combination for each experiment.  Data were analyzed using appropriate (M)ANOVAs.
Figure 1.
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Figure 2.  
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For A. thaliana, There was significant delay in germination for the first two days (p = 0.002 and p < 0.001) in the two highest extracts of L. maackii.  Reproduction, as measured by number of siliques, was was suppressed by extracts of L. maackii (p = 0.049, Figure 1).  Extracts of R. ficaria showed a trend (p < 0.071) in reducing reproduction and delay flowering in A. thaliana.  There was a significant (p < 0.001) interaction between extract type, extract concentration and test species. Germination of B. oleracea was most affected by extracts of L. maackii, while germination of O. basilicum and L. sativa were most affected by extracts of A. petiolata (Figure 2).  Germination of B. oleracea decreased with increasing concentration of R. ficaria extract, though not as steeply as in L. sativa and O. basilicum.

In our experiments, we found evidence of allelopathic effects of three invasive Midwestern species:  R. ficaria, L. maackii, and A. petiolata. Effects of extracts of L. maackii were greatest on species from the Brassicaceae, while extracts of A. petiolata had the highest inhibitory effect on species in other families  Extracts of A. petiolata did not strongly affect the two species in the Brassicaceae, as in previous work (Cipollini et al. 2008).  This is most likely caused by the similar chemical composition of plants in the same family, which makes A. thaliana and B. oleracea more resistant to the effects of these chemicals. Effects of extracts of R. ficaria were generally weaker though still inhibited germination, particularly at the highest concentration.  

Further experiments are warranted to more fully explore the allelopathic effects of these species.  In the experiment with A. thaliana, there were some issues with uneven watering and crowding that may have affected the results.  A similar experiment is being re-conducted.  For the germination experiments, germination was followed for 8 days only; germination will continue to be followed.  It is possible that germination may only be slightly delayed, which may not have much ecological relevance.  Additionally, we used a model organism and agricultural seeds, which limits the realism of our experiments; further studies will seek to use native species.  A comparison of the allelopathic affects of invasives versus native species would also elucidate the degree to which these invasives truly represent a novel threat.  Nevertheless, our study does provide important information on the relative impact of each invasive species, as well as illustrate the importance of using multiple test species to incorporate consideration of differing sensitivities to allelopathic effects.
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