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 The invasion of non-native plant species disrupts ecological 
processes and biodiversity with dire consequences for food 
chains, further exacerbating the impact of climate change. Florida 
is a hotbed for exotic invaders, ranking as the most invaded 
state in the country, due in part to its warm, humid climate. The 
Brazilian pepper tree (BP–Schinus terebinthifolius) tops the 
list as one of the most tenacious, difficult-to-control invasive 
plants in the Everglades National Park (ENP) and surround-
ing areas (Figure 1). With more than 700,000 acres of Florida 
dominated by this Category 1 invasive plant, current extensive 
and expensive control/restoration measures relying on chemical 
treatment or mechanical uprooting have been minimally  
successful. Unlike Melaleuca (Melaleuca quinquenervia), 
where current control efforts have been successful in restrict-
ing spread, the BP is not only resistant but has expanded its 
range even further north up to Alabama. 
 Land managers in Florida continue to face enormous 
challenges with the fast regrowth of cut stumps, the effective 
establishment of BP even among natural undisturbed land-
scapes and the efficiency of the spread of its numerous seeds 
by frugivorous birds. While the recent release of a thrips 
insect (Pseudophilothrips ichini) and a yellow Brazilian 
pepper tree leaf-galler (Calophya latiforceps) that selec-
tively target BP promise to be a useful biological control for 
established plants, curtailing propagation, competition and 
spread of BP requires additional tools. In fact, the restoration 
of native ecology after mechanical removal of BP is further 

impeded by the poorly understood BP ‘legacy effect’ (Nickerson 
& Flory, 2015), where invaded soils fail to support healthy 
native plant communities. Initial studies of the rhizosphere 
of BP (Dawkins & Esiobu, 2017) showed that like other 
invasive plants it alters the soil microbial community and 
consequently, nutrient cycling f luxes that affect the per-
formance of other native plant species
 In addition to the BP ‘legacy effect’, the low biotic resis-
tance of some Florida communities may play a significant 
role in the vulnerability of its ecosystems to exotic invasive 
species. Biotic resistance is a measure of the relative com-
petition index of resident communities and the invading 
species. It is the ability of a consortium of native species 
(plants, herbivores, microbes) above and below ground to 
reduce invasion by introduced exotic species (Levine et al., 
2004). The phenomenon of biotic resistance is not general in 
all cases of plant invasion. It has been demonstrated in com-
munities (defined by taxa and scale), where the occurrence of 
invasive species is negatively correlated with higher species 
richness and diversity of the native plant species, suggesting 
a role for resource competition and/or enemy release. This 
decrease in the diversity of above ground flora and their 
respective below ground microbial communities provides 
an empty niche in which exotic invaders can get introduced, 
successfully establish and spread. Environments with high 
biotic resistance usually have abundant and diverse native 
flora that compete with exotic invasive plants during intro-
duction and establishment.
 In Florida, the aggressive displacement of native plants 
by the invasive Brazilian pepper tree is the result of resource 
competition faced by resident species among others. But 
what can be done to improve Florida’s low biotic resistance? 
Land managers use methods such as herbicide treatments  
to remove weedy grass species and prescribed burning to  
remove dominant plant species to support a more diverse 
ecosystem. These methods target the above ground flora 
without direct attention to the critical below-ground micro-
bial component of the entire process (Dawkins & Esiobu, 
2016). Our field survey of the prevalence of key potentially  
beneficial mycorrhizal fungi in invaded Florida parks, 
showed a moderately low relative abundance of Glomus 
spp. in the rhizosphere of two native plants compared to the 
invasive Brazilian pepper tree. Acaulospora spp. was nearly 
four-fold less abundant under the Brazilian pepper tree  
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Figure 1: 
Active invasion of Brazilian pepper tree (Schinus terebinthifolius) in Tree Tops Park. 
Arrows indicate proliferation of invasive BP within a dense native plant habitat.  
Photo: Karim Dawkins.
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compared to within the soil under the native plants (Figure 2). 
This could be an indication or result of an undefined inva-
sion mechanism that alters the soil mycorrhizal community, 
potentially to the advantage of Brazilian pepper tree and  
the detriment of native plants. One possible explanation  
for the low relative abundance of Glomus spp. in the rhizo-
sphere of the two native plants in our sample is that Glomus 
spp. populations are historically low in both diversity and 
number in native Florida soils. The introduction of an invasive 
plant with an elaborate root system, BP in this case, mops 
up the available beneficial microbes, leaving a deficit in 
supply for the nearby native plants.
 

 Bioinoculants are a subcategory of biofertilizer. Biofertil-
izers are biological products containing living microorganisms 
that, when applied to seed, plant surfaces, or soil, promote 
plant growth (Vessey, 2003). The environmental benefits of 
biofertilizers have been known for many decades (Mącik et al., 
2020) but biofertilizers are just reaching mainstream agricul-
ture due to improved microorganism strain selection. 
 We hypothesized that the use of appropriate bioinocu-
lants will improve the growth rate and yield of Florida native 
plants by improving their competitive advantage for limited 
resources like water, phosphorous and nitrogen. The appli-
cation of bioinoculants to broader ecosystem restoration 
deserves attention. Bioinoculants come in many forms includ-
ing commercial varieties you can purchase at farm stores 
or online and contain a concoction of beneficial fungal and 
bacterial microbes that are able to improve the performance 
of a variety of plant species (Figure 3). 
 Here we summarize the results of our studies that point 
to the potential value of biofertilizers as important tools in 
Florida ecological restoration. The bioinoculants used for 
this study contain arbuscular mycorrhiza (AM) fungi from 
the phylum Glomeromycota and ectomycorrhiza (EM) fungi 

from the class Basidiomycetes and Ascomycetes which  
form symbiotic relationships with the roots of numerous 
plant species. We also tested bioinoculants that contain  
beneficial bacteria such as Rhizobia spp., Bradyrhizobium 
spp., Bacillus spp., Trichoderma spp., and Pseudomonas  
spp. How do these different microbes benefit the native 
plants during restoration? Are microbes even important?
 Microbes are the single most important organisms able  
to break down recalcitrant organic matter into available  
nutrients that can be reused by plants and other organisms. 
The microbial community supports the above ground 
vegetation, and the plants supply the microbes with carbon 
substrates. Plant growth promoting microbes (PGPM) found 
naturally in soil benefit plants usually by three main mecha-
nisms: 1) as biofertilizers improving the allocation of essential 
soil nutrients like phosphates and nitrates from soil eg.  
fungal mycorrhizas & Rhizobium spp., 2) phyto-stimulators  
– producing plant-like hormones that can improve root  
growth like Azotobacter spp., and 3) biocontrol agents eg. 
Trichoderma, Pseudomonas and Bacillus spp. to prevent 
infection from other pathogenic microorganisms.
 Up to 80% of terrestrial plants associate with AM/EM 
fungi. When in association with plants, AM are able to 
extract and supply inorganic phosphate using their exten-
sive hyphal network in return for organic carbon exudates 
from plants usually in a mutualistic symbiosis. AM and 
EM are also integral in improving water uptake in drought 
conditions and providing protection from soil pathogens. 
In general, plants with slower developing root systems or a 
lower root: shoot ratio are more positively affected by AM/
EM association. Mycorrhizal interactions are also affected  
by abiotic factors such as soil condition, pH, phosphate  
concentration and other soil chemistry factors. 

Experimental Design 
 The use of soil inoculum and conditioners can improve 
recovery of an entire disturbed ecosystem by boosting the 
competitive edge (a component of biotic resistance) of native 
plant communities to some invasive species (Perkins & 
Hatfield, 2016). In this report, we present the initial evidence 

Figure 2: 
Relative abundance of five mycorrhizal fungi associated with the rhizosphere of  
Brazilian pepper tree (S. terebinthifolius), two native plants (Hamelia patens and  
Bidens alba) and bulk soil devoid of plants. Photo: with permission from Dawkins  
and Esiobu 2017.

Figure 3: 
Microbial soil inoculants (mycorrhiza only & mycorrhiza + bacteria) used as  
biofertilizers in this study. Photo: Karim Dawkins.



8   ●   Palmetto   Volume 38:1   ●   2022 

that the application of biofertilizers will support native plants 
and help to curb BP invasion. Specifically, we evaluated the 
effect of two soil remediation/biofertilizer treatments on BP/
native seedling performance and the infection level of fungal 
mycorrhiza over a 45-day period. Soil was collected near  
the local Florida Atlantic University Davie Greenhouse  
and amended 2:1 with commercial topsoil. Seeds from  
beggarticks or Shepherd’s needle (Bidens alba) and South 
Florida slash pine (Pinus elliottii var. densa) were collected 
from a local plant nursery. Brazilian pepper tree (Schinus 
terebinthifolius) seeds were collected from the local U.S. 
Department of Agriculture branch office in Davie, Florida. 
These seeds were subsequently used in the germination and 
growth experiments. Beggarticks or Shepherd’s needle (N1) 
is a weedy, mycorrhiza-dependent native plant species in 
Florida and is usually found growing alongside BP and also 
in some disturbed areas. Florida slash pine (N2) is a com-
mon species found in pine flatwoods which are currently close 
to being threatened. Slash pine was also previously shown to 
be subdued when grown with Brazilian pepper tree in a previ-
ous greenhouse study (Nickerson & Flory, 2014). All the seeds 
were pre-germinated, and the seedlings transferred to the  
sets of the experiment with non-invaded soil as follows: 1) 
No treatment control (NT), 2) mycorrhizal fungal inoculant 
(Myco) and 3) bacterial + fungal inoculant (M+B). For each 
of the different treatments, we had BP grown alone, BP+N1, 
BP+N2, N1 alone, N2 alone and plant free pots which were 
grown for 45 days. All treatments were done in three replicates. 

Bioinoculants can be used to improve germination 
rates and seedling performance of natives
 Seedling performance is a great limiting factor of native 
plant restoration efforts (Perkins & Hatfield, 2016). Invasive 
plants alter the soil microbial community in native soil which 
contribute to seedling performance. Our controlled grow 
room study assessing the effect of bioinoculants on germina-
tion rate was also promising. Combining native plants with 
BP in a pot amended with mycorrhizal bioinoculants showed 
a significant improvement in the percentage seed germination 
rate (Figure 4). Slash pine and Shepherd’s needles germina-
tion rate increased approximately two fold with the mycorrhiza 
bioinoculant in invaded pots. Some species of mycorrhiza/
bacteria have the ability to initiate germination in plants.  
This can undoubtedly give the native plants a competitive 
advantage and a better chance of establishment. 

Florida native plants show improved growth  
and competition with microbial soil  
amendment preparations
 Figure 5i, shows the dry weight biomass of two native plants 
(SP & SN) grown with and without Brazilian pepper tree (BP). 
There was a significant increase in above and below ground 
biomass of the slash pine native (SP) in monoculture and during 
invasion of BP with bioinoculant treatments compared to 

non-amended controls. These yield increases were more pro-
nounced in the mycorrhiza and bacteria bioinoculants (M+B)  
for the Shepherd’s needle native than the no treatment control.
 Images of the plants after 45 days when grown in invaded 
pots are shown in Figure 5ii corresponding with the plant 
performance for each native seen in Figure 5i. The slash pine 
native exhibited a substantially improved seedling perfor-
mance with both biofertilizers, but more-so for the mycorrhiza 
only biofertilizer. Figure 6(A-C) are micrographs of the heavy 
infection of the slash pine native with fungal vesicles and 
hyphae when treated with the bioinoculants, which correlated 
with a high infection level of mycorrhiza and native seedling 
performance. The micrograph of SP native without bioinoc-
ulant addition shown in Figure 6D has a reduced network of 
hyphae compared to the treatments in Figure 6(A-C). In terms 
of bioinoculant type, the opposite was seen for the Shepherd’s 
needle native where a higher seedling performance was 
observed in the M+B biofertilizer (Figure 5ii). In this case the 
combination of beneficial fungi and bacteria were integral to 
its success. This underscores the need for careful selection 
and screening of the appropriate strains and types of microor-
ganisms for restoration of a given ecology or native plant. 
 As also shown in figure 5ii Brazilian pepper tree showed 
no significant improvement in performance and size in the 
no treatment control and both bioinoculant treatments 
(mycorrhiza only and mycorrhiza and bacteria). This was 
expected as a previous meta-study (Levine et al., 2004), has 
shown that the inclusion of fungal mycorrhizas has a mixed 

Figure 4: 
Germination rates of slash pine (SP) and Shepherd’s needle (SN) native seeds 
when sown with invasive BP seeds with application of the two bioinoculants – 
Myco (mycorrhiza only) and M+B (mycorrhiza and bacteria) and a no treatment 
control after 45 days.
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Figure 5: 
i) Above and below ground biomass of 
both native plants – slash pine (SP) and  
Shepherd’s needle (SN) when grown as  
a monoculture (only) or with BP after 45 
days and in the three treatment conditions 
– NT (no treatment), MYCO (mycorrhiza 
only treatment) and M + B (mycorrhiza 
and bacteria treatment).

ii) A) Slash pine and B) Shepherd’s  
needle native plants grown with  
invasive BP after 45 days in the  
different treatments C) Brazilian  
pepper tree invasive plant growth in  
the different treatments after 45 days.  
NTC (no treatment control), MYCO  
(mycorrhiza only), M+B (mycorrhiza  
and bacteria). Scale bar = 1mm.

CONTINUED ON PAGE 11

Fig 6. Trypan blue stains after 45 days. A) SP native (mycorrhiza only treatment) – 400X  
total magnification showing multiple networks of hyphae indicative of ectomycorrhiza;  
B) SP native with M+B inoculant – 100X total magnification with multiple fungal vesicles;  
C) @400X total magnification; D) 400X total magnification of SP native (no treatment control); 
E) 100X magnification of invasive BP (no treatment control).

positive and negative effect on exotic invaders due 
to the sometimes species-specific nature of these 
microorganisms. It is also quite possible that in the 
case of invasive BP, mycorrhizal infection is already 
saturated in the no treatment soil which would still 
contain some native mycorrhiza. In Figure 5ii image 
C, invasive BP had a more extensive root network 
than the treatment conditions. Mycorrhiza and other 
PGPMs can also help stimulate root production. High 
mycorrhiza infection levels were also seen using 
microscopy for invasive BP even without bioinoculant 
treatment (Figure 6E). 

Conclusions
 The addition of beneficial microbes in our study 
improved the biomass yield of natives but not that of 
BP suggesting a deficit of these microbes in Florida 
soils. Early germination and establishment of native 
plants will augment their competitive advantage and 
resilience against invasion; underscoring the potential 
relevance of bioinoculants as a tool to improve native 
plant restoration efforts. An ideal remediation/biofer-
tilizer treatment should increase the performance of 
the natives while decreasing the performance of the 
invasive plant or even decreasing the performance of 
the invasive plant with a neutral effect on the native. 
The former was closer to what we observed in our ex-
periment, but no significant decrease was seen in the 
performance of the invasive Brazilian pepper tree. 
 Neutralizing the effect of invasive plants with 
microbial inoculants containing beneficial fungal 
and bacteria species has great potential to bolster 
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ongoing restoration efforts. Changes in the soil microbial 
community brought about by natural and anthropogenic 
factors that affect specific microbes needed by native plants 
may be undesirable and eventually lost, affecting subsequent 
native populations. These lost microbes can be replenished 
through the use of biofertilizers to protect plants and supply 
nutrients. Besides being costly, the production of chemical 
fertilizers depletes nonrenewable resources and the oil and 
natural gas used to produce these fertilizers pose numerous 
human and environmental hazards. It would obviously be 
advantageous to employ efficient biological nitrogen and 
phosphorus sources to plants as a substitute for at least a 
portion of the chemical fertilizers currently used.
 The many potential benefits of this new ecological resto-
ration tool emphasize the need for repeating the study in  
a field type setting before deploying it for wider applications.  
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