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ABSTRACT
Imperata cylindrica represents a significant threat to communities of native vegetation in its 
invaded range. As part of the invasion process I. cylindrica produces compounds that inhibit the 
germination and growth of some plant species, including Pinus taeda, a commercially important 
timber species. These compounds may also inhibit the growth of symbiotic microbial organisms 
associated with P. taeda. We applied treatments of individual components of I. cylindrica exudate 
to plates of modified Melkin-Norans (MMN) agar on which several species of mycorrhizal fungi 
were grown. We analyzed the effect of these treatments on mean area of individual fungi relative to 
a control, several times over the course of 8 weeks. In addition, we performed analyses to determine 
if two isolates from the same fungal species would react similarly to the exudate components. 
All fungi demonstrated a significant time by treatment interaction that did not have a consistent 
causal agent. There were also significant differences between how isolates of the same species 
reacted to the same treatment. This research demonstrates that several compounds consistent with 
I. cylindrica invasion will reduce area of mycorrhizal fungi at concentrations found in natural 
conditions. 

INTRODUCTION
Cogongrass (Imperata cylindrica (L.) Beauv.) is a rhizome producing, C4, perennial grass with a 
multifaceted and dynamic invasion process (MacDonald 2004). Imperata cylindrica is a prolific 
seed producer and reproduces vegetatively from established plants, which makes it an effective 
disperser that thrives on disturbance (King & Grace 2000; MacDonald 2004). Once present I. 
cylindrica can outcompete native vegetation through several strategies such as shading out, altered 
fire regimes, and production of potentially allelopathic compounds (Lippencott 2000; Koger & 
Bryson 2009; Holzmueller & Jose 2011). These compounds were enumerated by Hagen et al. 2013 
and demonstrated to be present in the soil in higher concentrations in I. cylindrica present soil than 
I. cylindrica absent soil.
	
During a 27 month study Daneshgar et al. 2008 showed that Pinus taeda L. seedlings grown in 
plots with dense I. cylindrica cover had lower rates of survival, displayed reduced growth and root 
collar diameter. Similarly, Koger & Bryson 2004 found that treatment with I. cylindrica extract 
resulted in reduced germination and growth of some grass and broadleaf species, concluding that 
I. cylindrica extract may contain allelochemicals. Phenolic acids, comparable to those found in I. 
cylindrica exudate were found to reduce growth of two common mycorrhizal fungi Cenococcum 
geophilum Fr. and Laccaria laccata (Scop. ex Fr.) Berk and Br., although the effect varied (Boufalis 
et al. 1994). Changes to soil-based ecosystem processes may establish positive feedback loops that 
further facilitate invasion; affecting native soil microbes, like mycorrhizal fungi (Ehrenfeld et al. 



2001).  
  
Ectomycorrhizal fungi (ECM) perform functions vital to healthy plant growth and development, 
in particular, exchange of N and P for excess plant C, increase nutrient uptake, heavy metal 
tolerance and disease resistance (Smith & Read 2010; Allen et al. 2003; Ingham 1988). Using 
individual species, without confounding factors, we established a study to measure individual 
components of I. cylindrica exudate on various mycorrhizal species in culture. We hypothesized 
that these compounds would have varying effects and severity on growth of individual species. 
 
 
MATERIALS & METHODS 
 
Cultures 
Fungal specimens were collected from multiple points around Oxford, Mississippi. Specimens 
were preferentially selected if they were in an early developmental stage and less likely to have 
been contaminated by insect feeding. Individual fruiting bodies were split open and internal pieces 
of cap or stalk context tissue were excised and plated on modified Melin-Norkrans (MMN) agar 
under aseptic conditions. Identities of successfully cultured fungi were subsequently identified 
utilizing Sanger sequencing of the ITS regions 1 and 2 (as in Hoeksema et al. 2012). Cultures were 
maintained by sub-culturing when cultures neared plate edge. The following nine isolates of 
ectomycorrhizal fungi were cultured from fruiting bodies and used in this experiment: Amanita 
muscaria (L.: Fr.) Hooker,  Laccaria laccata, Lactarius paradoxus Beardslee & Burlingham, 
Rhizopogon roseolus (Corda) T.M. Fries, Suillus brevipes (Pk.) Kuntze, Suillus hirtellus  (Peck) 
Snell (2 isolates, A and B), Suillus salmonicolor (Frost) Halling (2 isolates, A and B).  
 
Plate study 
Modified Melin-Norkrans plates were inoculated with one of six components of I. cylindrica 
exudate (hereby referred to as treatments) found by Hagen et al. 2013 to be present in the soil in 
significantly higher abundances in the presence of I. cylindrica compared to control plots. Each 
treatment was mixed to the exact concentration reported in Hagen et al. 2013 in autoclaved 
deionized water using high purity chemicals. Treatments were applied in 500 μl increments with 
control plates receiving 500 μl of autoclaved deionized water. Treatments were applied evenly 
over the surface of the plate with a sterile implement and the autoclaved deionized water was 
allowed to evaporate. Each fungus was plated with each treatment 25 times and all fungi were 
plated within the span of 3 days. Control plates were inoculated the following week, also within 3 
days. Plates were stored in complete darkness in an incubator at room temperature (25° C).  
 
Measurement of growth was conducted every two weeks with a Lasico series 1281 Area/Length 
Meter (Lasico, Los Angeles, California). Measurements were taken and recorded in cm2. Initial 
measurements were calculated for consistency. Fungal colonies that reached plate edge on all sides 
were also calculated for consistency. Plates contaminated by ambient microbes were marked and 
discarded if the contaminant physically interacted with the fungal growth. Measurements were 
taken until the first fungus reached the edge of any plate, to a maximum of eight weeks. Seven 
fungal isolates were measured for the full trial period, but the two isolates of S. salmonicolor 
reached the edge of their plates two weeks early during the six week measurement period. 
 



Statistical analysis 
SAS® version 9.3 (SAS Institute Inc. 2010) and STATISTICA® (StatSoft 2013) were used for all 
statistical analyses. Separate mixed models were constructed for each fungal isolate separately, to 
determine if differences in area existed across treatments. Pairwise Tukey HSD comparisons 
(α=0.05) were also carried out between every treatment and the corresponding control, when 
significant treatment effects were observed. In these models, meanarea was the response variable 
and treatment and time were predictor variables.  
 
Factorial ANOVAs were utilized to determine if final area was significantly different between 
isolates of the same species. Pairwise Tukey comparisons (α=0.05) were also carried out to 
determine which treatments, if any, were significantly different. 
 
 
RESULTS 
Amanita muscaria demonstrated a significant time by treatment interaction (F(6,608)=13.12, 
p<0.0001) (Figure 4.1A). Sinapinic acid elicited an increase in growth compared to control 
treatments (F(2,174)=4.88, p=0.0002) in pairwise comparisons. Laccaria laccata also demonstrated 
a significant time by treatment interaction (F(6,627)=11.35, p<0.0001) (Figure 4.1B). In L. laccata 
cultures treatment with gallic acid resulted increased growth (F(2,169)=4.77, p<0.0001), while 
treatment with sinapinic acid resulted in significantly decreased growth (F(2,169)=3.61, p=0.007) in 
pairwise comparison. Lactarius paradoxus demonstrated a significant time by treatment 
interaction (F(6,630)=11.34, p<0.0001) (Figure 4.1C).  
 
In L. paradoxus cultures treatment with caffeic acid (F(2,169)=6.27, p<0.0001), salicylic acid 
(F(2,169)=4.69, p=0.0001), sinapinic acid (F(2,169)=4.99, p<0.0001) and emodin (F(2,169)=4.88, 
p<0.0001) all resulted in negative growth according to pairwise comparisons. Rhizopogon roseolus 
likewise yielded a time by treatment interaction (F(2,639)=11.63, p<0.0001) (Figure 4.1D), although 
no treatment differed significantly from the control. Suillus brevipes demonstrated a time by 
treatment interaction (F(6,629)=5.19, p<0.0001) (Figure 4.1E). Gallic acid (F(2,171)=3.55, p=0.009), 
sinapinic acid (F(2,171)=3.73, p=0.005), cinnamic acid (F(2,171)=3.12, p=0.034) and emodin 
(F(2,171)=4.05, p=0.002) were correlated with decreased growth in pairwise comparisons. 
 
Two isolates of Suillus hirtellus were examined. Specimen A (S. hirtellus A) didn’t demonstrated 
a significant time by treatment interaction (F(6,620)=1.20, p=0.307) (Figure 4.1F). No treatment 
decreased growth of S. hirtellus A but caffeic acid (F(2,171)=3.49, p=0.011) was consistent with 
increased growth. Specimen B (S. hirtellus B) had a significant time by treatment interaction 
(F(6,625)=6.81, p<0.0001) (Figure 4.8G). Again no treatment was consistent with decreased growth 
but salicylic acid (F(6,170)=3.43, p=0.013) was consistent with increased growth. Final growth of S. 
hirtellus A and S. hirtellus B were compared and it was determined that a significant difference 
existed between isolate growth (F(6,292)=4.29, p=0.0004) (Figure 4.2). Specifically, a difference 
was observed in S. hirtellus response to cinnamic acid (p=0.048) and emodin (p=0.006). 
 
Two isolates of Suillus salmonicolor were also incorporated. Specimen A (S. salmonicolor A) 
displayed significant time by treatment interaction (F(6,460)=11.21, p<0.0001) (Figure 4.1H). In this 
specimen all treatments resulted in significantly decreased growth: gallic acid (F(2,177)=3.15, 
p=0.031), caffeic acid (F(2,177)=3.48, p=0.011), salicylic acid (F(2,177)=3.82, p=0.003), cinnamic 



acid (F(2,177)=5.95, p<0.0001) and emodin (F(2,177)=3.15, p=0.031). Specimen B (S. salmonicolor 
B) had a time by treatment interaction (F(6,476)=49.46, p<0.0001) (Figure 4.1I). Gallic acid 
(F(2,170)=4.75, p<0.0001), caffeic acid (F(2,170)=8.93, p<0.0001), salicylic acid (F(2,170)=8.81, 
p<0.0001), cinnamic acid (F(2,170)=7.75, p<0.0001) and emodin (F(2,170)=5.95, p<0.0001) 
treatments all resulted in decreased growth relative to the control. Final growth of S. salmonicolor 
A and S. salmonicolor B was compared and a significant difference was present between similar 
treatments of different isolates (F(6,286)=5.42, p<0.0001) (Figure 4.3). Suillus salmonicolor had two 
treatments that were significantly different between specimens of the same species: caffeic acid 
(p=0.003) and salicylic acid (p=0.010). In total gallic acid and emodin were the two most common 
sources of reduced area (Table 4.1) 
 
 
DISCUSSION 
Emodin most frequently resulted in reduced growth when applied to plates on which mycorrhizal 
fungi were grown (4 out of 9). Emodin is found across 17 families in a diversity of growth forms 
worldwide (Izhaki 2002). In experiments on a variety of media and taxa emodin has been found to 
reduce the growth of several plant species and soil bacteria, in some cases at minimal 
concentrations (Inoue et al. 1992, Hasan 1998, Izhaki 2002). Emodin has also been recorded to 
decrease availability of Mn2+ and increase the availability of Na+ and K+ (Inderjit & Nishimura 
1999). The preponderance of these findings was consistent with conditions observed in other I. 
cylindrica invaded plots (See chapter 3).  

 
All treatments but cinnamic acid elicited a statistically significant response of some kind in 4 out 
of 9 fungi. The effect we observed was not, however, consistent; some species increased in growth 
in the presence of an exudate constituent that decreased or had no effect on other species. From 
these results we determined that although almost every fungal species demonstrated a time by 
treatment interaction, no one compound was singularly responsible. Instead it is far more likely 
that compounds act in tandem to exclude some individual species of mycorrhizal fungi and 
facilitate others in situ. 
  
In addition, within the confines of our limited replications (n=2) we observed a divide in the effect 
of compounds on growth of two isolates of the same species, although these results were also 
inconsistent. To this end we conclude that isolates within the same species responds similarly, 
within the confines of our experimental design, but not the same and that additional research is 
necessary to provide more strength to this trend. 
    
Few other researchers have investigated the effects that invasive species utilizing allelopathic 
compounds may have on belowground mutualists. Those that have largely confirm our findings 
that invaders may disrupt some aspects of these mutualisms. Garlic mustard (Allaria petiolata [M. 
Bieb.] Cavara & Grande) may produce compounds that inhibit germination and reduce inoculum 
of arbuscular mycorrhizal fungi in the soil (Roberts & Anderson 2001, Stinson et al. 2006). 
Anderson et al. 2010 found that mycorrhizal fungi recovered from removal of A. petiolata more 
slowly than non-mycorrhizal species. Beyond the role of mycorrhizal fungi, disturbance to 
belowground communities may affect biogeochemical cycling, other soil microbial organisms that 
have direct effects on plant growth as well as soil structure (Wolfe & Klironomos 2005).  
 



CONCLUSION 
A significant time by treatment effect was observed in every mycorrhizal fungi. No single 
compound was the sole cause of decreased area. We therefore conclude that different compounds 
provoke different responses in mycorrhizal fungi and that almost all compounds produce both 
positive and negative effects to area. When multiple isolates of the same species were exposed to 
the same treatments a few treatments produced different responses. We attribute this to variations 
among a species and note that for neither of the two species with more than one specimen did the 
control treatments vary significantly. 
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Figure 4.1. Mean values of fungal colony area measured across four collection periods ((a) 
Amanita muscaria, (b) Laccaria laccata, (c) Lactarius paradoxus, (d) Rhizopogon roseolus, (e) 
Suillus brevipes, (f) Suillus hirtellus A, (g) Suillus hirtellus B) or two collection periods ((h) Suillus 
salmonicolor A, (i) Suillus salmonicolor B), each two weeks apart. Pairwise comparisons (α=0.05) 
were made between individual treatments and controls in the same collection period, not among 
collection periods. Significant differences are denoted by growth rates (cm/day), bars denote 95 % 
standard error. 
 



 
 
Figure 4.2. Mean final area of fungal colonies is compared across like treatments of different 
specimens of the same fungal species Suillus hirtellus. Significant differences (α=0.05) are denoted 
with asterisks. 
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Figure 4.3. Mean final area of fungal colonies is compared across like treatments of different 
specimens of the same fungal species Suillus salmonicolor. Significant differences (α=0.05) are 
denoted with asterisks. 
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Table 4.1. Effects of individual components of I. cylindrica exudate are summarized across fungal 
species of isolates of the same species, differentiated with the variable “A” or “B.”  Cells with “+” 
indicate that mean area was greater than control. Cells with “-” indicate that growth was retarded 
compared to control. Cells with “0” denote no difference was observed between treatment and 
control.  
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Amanita muscaria 0 0 0 + 0 0
Laccaria laccata + 0 0 - 0 0
Lactarius paradoxus 0 - - - 0 -
Rhizopogon roseolus 0 0 0 0 0 0
Suillus brevipes - 0 0 - - -
Suillus hirtellus A 0 + 0 0 0 0
Suillus hirtellus  B 0 0 + 0 0 0
Suillus salmonicolor  A - - - 0 - -
Suillus salmonicolor B - - - 0 - -


