
Investigating the Alielopathic Potential of 
Kalnzia latifolia L, (Ericaceae) 

Abstract - Evergreen, understory shrubs, often members of the Ericaceae, have been 
implicated in the suppression of tree recruitment in Inany ecosystems. One possible 
mechanism of this suppression could be an allelopathic interaction between shrubs 
and seedlings. We tested the allelopathic potential of Kalnlia Zntifolin L., an impor- 
tant component of southern Appalachian forest understories. Aqueous extracts of 
soil, humus, K. Icrtifolia litter, mixed forest floor litter, and green leaves from K. 
latifolia did not inhibit gerinination or initial root elongation of our test species 
Lacf~tca safivu L. (lettuce). Root, shoot, and total bior-nass were reduced in P.  r i y i d ~ ~  
seedlings grown in forest floor substrate collected beneath K. lrtifolin compared to 
those grow11 in forest substrate without K. 1ntiJ"olia. While these differences were not 
significant, they could be exacerbated i n  the field when seedlillgs are exposed to 
multiple stressors (reduced light, water, and nutrient availability). Our findings 
suggest that allelopathy is not a strong mechanism in the inhibition of canopy tree 
recruitment by K. Iaf$olin. 

Introduction 

Kctlmin intifolin L. (Ericaceae) is an evergreen understory shrub found in 
abundance on xeric, southwest slopes in the southern Appalachian Moun- 
tains. Kalnzia krt(fo1in typically forms a dense understory in mixed pine/ 
hardwood stands and occasionally in association with Rl~ododendron nzaxi- 
murn L. (Clinton et al. 1994, Lipscornb and Nilsen 1990, Woods and Shanks 
1959). The chestnut blight of the 1920s, as well as the lack of a major 
disturba~~ce since, has facilitated the establishment of K. InrifoZia in the 
Southern Appalachians (Brose et al. 2002). According to Brose et al. (2002), 
the presence of K. latifofolicr as a prominent understory shrub has ultimately 
contributed to a reduction of P i n ~ t s  pungens Lamb. (Table Mountain pine) 
and Pirztis rigida Mill. (pitch pine) regeneration (Brose et al. 2002). 

Esicaceous shrubs are implicated in  the inhibition of canopy tree re- 
cruitment in many forested ecosystems including Gaulrheria slznlon 
Pursh. in coniferous forests of the Pacific Northwest (Klinka et al. 1989, 
Messier 1993), Rhododenclr-on yonticlint L. in the British Isles (Cross 
1981, Fuller and Boosman 1977, Mitchell et al. 1997), Rhododendron 
inaxinzunz in the southeastern United States (Beier et al. 2004; Clinton 
et al. 1994; Lei et al. 2002; Nilsen et al. 1999, 2001), and Kalinia 
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angustifolia (Small) Ferald. in northeastern Canada (Mallik 1995). 
Furthermore, several studies have reported inhibition of cailopy tree re- 
cruitment beneath K. larifolia in the southern Appalachians (Clinton et al. 
1994, Monk et al. 1985, Waterman et al. 1995). 

The dominance of a particular species in a coinrnunity is often due to 
either a competitive advantage over the acquisition of resources, or the 
production of inhibitory compounds (Gant and Clebsch 1974). In addition to 
the obvious competitive nature that a dense understory will exhibit (e.g. 
reduced light availability), allelopathy may further inhibit seedlings beneath 
ericaceous shrubs. This mechanism is characterized by a release of chemical 
compounds from one plant which may directly or indirectly inhibit or stimu- 
late another plant (Rice 1984). The release of chemicals can occur by various 
means, such as decomposition of leaf litter, foliar leaching, or root exuda- 
tion. For example, Nilsen et al. (1999) found that litter leachates of R. 
nzaximum inhibited seed germination and root elongation of bioassay spe- 
cies, and reduced the growth of some ectomycorrhizal fungi (Nilsen et al. 
1999). However, a direct allelopathic effect by R. marinzum was not demon- 
strated in the field (Nilsen 2002). In addition, K. angustifolia, an understory 
shrub of the boreal forest, was shown to reduce Picea marianu Mill. (black 
spruce) regeneration via allelopathy (Mallik 1987, Peterson 1965). Further- 
more, phenolic compounds isolated from aqueous extracts of K. angust~folia 
leaves were shown to be allelopathic to P. marinna (Zhu and Mallik 1994). 

Given the allelopathic properties of closely related species to K. latifolin, 
we proposed the hypothesis that allelopathy was a potential mechallisin for 
inhibition of canopy recruitment under K. latifolirc in the southern Appala- 
chian Mountains. To test this hypothesis we: 1) assessed the effect of 
aqueous leachates from various K. latifolia substrates on seed germination 
and root elongation of a fast-growing assay species, and 2) compared growth 
and survival of Pinus rigida seedlings grown in forest floor substrate (soil 
and humus) collected below K. lat(fofolia thickets with those grown in forest 
floor substrate collected from areas where K. latifolia was absent. 

Materials and Metl~ods 

Leachate preparation 
Forest floor substrate and green K. latifolia leaves were collected several 

times in the spring and summer of 2002 (March-June) from sites containing 
a dense K. latifolia subcanopy at Coweeta Hydrologic Laboratory in the 
Nantahala Mountains of western North Carolilla (35"02'N, 83O24'W; Swank 
and Crossley 1988). The collection sites consisted of xeric east-facing ridge- 
top locations (elevation 1 17 1 1n) that contained a mixed oak-hickory forest 
that is being used in a larger study on the inhibition of tree regeneration by 
understory evergreen shrubs. These sites were chosen so that results from 
this study colrld be integrated into the larger study. Forest substrate was 
separated into litter (distinguishable fallen leaves), humus (decomposing 
organic matter), and mineral soil. A subsample of the litter collection was 
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further separated into two groups, one containing K. latifolia leaf litter only 
and the other containing mixed litter from all forest species including that of 
K. latifolia. Samples of green leaves (close to abscission) were removed 
from the shrub. We prepared leachates for use in bioassays by placing 
substrate (K. lntifolia green leaves, K. latifolia litter, mixed litter [forest 
floor with K. latifolin], humus, and mineral soil from under K. latifolia) in 
sealed bags with distilled water at a 1:5 substrate to water ratio by mass 
(Nilsen et al. 1999). These mixtures were incubated in a growth chamber for 
24 h at 25 OC and gently-shaken periodically. Samples were filtered first 
through cheesecloth to remove large debris and again through Whatman 
Number 3 filter paper. Leachates were stored at 4 "C and used within 5 days 
after filtration. Leachate pH and osmolality were measured before all experi- 
ments using a pH meter (Fisher Accumet Model 610A; Fisher, Pittsburg, 
PA) and a vapor pressure osmorneter (VAPRO model 5520; Wescor, Logan, 
UT), respectively . 

Bioassay of solution toxicity 
We used Lacruca sativa L. (lettuce: "Black-Seeded Simpson," all from 

same lot number) as a test species because of its rapid germination and 
frequent use in bioassay studies (Del Moral and Cates 197 1, Rice 1979). To 
test the allelopathic effect of leachates on seed germination, we placed 30 
seeds in a petri dish containing 2 layers of Whatman number 1 filters, which 
were moistened with 3 ml of leachates from green leaves, K. Zatifolia litter, 
mixed litter, humus, and mineral soil. Leachates were evaluated with dis- 
tilled water serving as the control. The petri dishes were sealed with parafilm 
and placed in a growth chamber at 25 "C, 60% relative humidity, and a 12/12 
h day/night (photosynthetic photon flux density 90 pmol m'* s-I). Germina- 
tion percentage of each dish was calculated each day for five consecutive 
days after imbibing (maximum germination was reached by day five). The 
experiment was replicated seven times. 

We tested the effect of leachates on root elongation by arranging 20 
seeds in two rows down the middle of a petri dish containing 2 layers of 
Whatman number 1 filter papers. Each seed was oriented for root growth 
towards the edge of the plate. These petri dishes were moistened with 3 ml of 
leachate and incubated as above for five days. A calibrated scale was placed 
within each petri dish and the dish with germinating seeds was photographed 
(CCD Camera, model 4815-5100; Cohu, San Diego, CA) with a macro lens 
(50mm 1 :3.5; Canon, Lake Success, NY) attached to a computer (Macintosh, 
model G4; Apple, San Jose, CA). Digital images were stored for later 
analysis. The scale provided in each dish was used to calibrate root length 
measurelnents made on the digital images using an image al~alysis program 
(NIH Image; Research Services Branch, National I~lstitute of Health, http:// 
rsb.info.nih.gov/nih-image). Root length of each germinated seed in all petri 
dishes was recorded each day for five consecutive days. Mean root length 
was calculated for each plate (treatment) on each sampling date. This experi- 
ment was replicated seven times. 



386 S ~ ~ ~ t l w ~ ~ ~ t e i - ~ z  N~lt . l fr~~l ix t  VoI. 4, No. 3 

Pinus rigid& greenhouse experirnell t 
In  J~ine 2002, we collected forest floor substrate (soil and ~LIIIIUS) from 

five blocks with collections from sites with a dense K. kctifolia subcanopy 
(Kl+) and from five paired sites where K. lat(folin was absent (KI-). Paired plots 
were within 10 In of each other. These five blocks were chosen within the 
forest at the Coweeta Hydrology Laboratory, where substrate collectio~~s for 
leachate preparations were made. Each block was more than 10 m away from 
each other. The soilihumus substrate was placed in 1 5-cm pots and transported 
to a greenhouse on the campus of Virginia Tech. Three cores from each site 
were collected for a total of 15 pots of each treatment (Kl' and KZ-). 

We obtained Pinus rigida seeds all of the same lot number from the 
USDA Forest Service, Erainbert/Black Creek Seed Orchards. Seeds were 
placed under cold running water for 24 h,  and 25 seeds per petri plate were 
imbibed with distilled water for three weeks between two saturated layers of 
Whatman number 1 filter paper in a growth chamber. Of the five hundred 
imbibed seeds, 37% germinated. We placed five germinated P. rigidu seeds 
in each pot containing forest floor substrate. Seedlings were kept well 
watered with tap water and grown in the  greenhouse for 15 weeks and 
survival for each pot was monitored weekly. Seedlings were harvested after 
15 weeks and above and below ground biomass were measured after clrying 
at 60 "C for 48 hours. 

Data analysis 
Differences in pH and osmolality of leachates and the distilled water 

control were assessed utilizing analysis of variance (ANOVA) with six 
different treatment levels (distilled water, green leaf, mixed litter, K .  
lorifolia litter, humus, and soil). Differences in percent germination (arcsin- 
square soot transformed) and root elongation were compared among the 
treatments each sampling day using repeated measures ANOVA. Differ- 
ences in percent survival (arcsi11-square root transformed) and mean 
aboveground, belowground and total biomass of pitch pine seedlings in each 
pot were compared between substrate types using one-way ANOVA with 
blocking by site (5 blocks with 3 replicates per block) for two treatment 
levels (total 11 = 30). 

Results 

Effects of aqueous extracts on lettuce germination and root elongation 
There were no significant differences among treatments in pH or osmolal- 

ity of leachates (p > 0.05; data not shown). Seed germination was reduced in 
each leachate compared to the distilled water control after one day (F = 2.2, 
P = 0.076; Fig. I). Perceilt germination at day one was highest in the distilled 
water control, green leaf, and soil leachates, intermediate in the inixed litter 
and K. laiifolia litter leachates, and was lowest in the humus leachate (Fig. 1). 
Gennination in the humus leachate was consistently lower throughout the five 
day trial, although these differences were not significant (Fig. 1). 
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--O- Control 
-+ Mixed litter -- Humus 
-+- Soil 
--t- Kalmia litter 
--+- Green leaves 

I i 

Figure I .  Mean (+ 1 SE) seed germination in aqueous leachates (soil, humus, K. lnr$olin 
litter, mixed litter [including K. lntifolia], K. Irtifulin green leaves) and a distilled water 
control. Seeds were imbibed on day zero and percent germination of each plate was 
determined each day for five days. Points represent the mean of seven replicates. 

-O- Control 
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--r-- Humus 
4- Soil 
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- 
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Figure 2. Mean (k I SE) root elongation in aqueous leachates (soil, humus, K. 
lnt[folia litter, mixed litter [including K. lcitifoiia], K. lntifoiia green leaves) and a 
distilled water control. Seeds were imbibed on day zero and the mean root length of 
each germinated seed per plate was calculated each day for five days. Points repre- 
sent the mean of seven replicates. 
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We found no significant differences in root elongation among any 
leachates or control over the course of the experiment (Fig. 2). Root elonga- 
tion was consistently lower in the distilled water control than in the 
leachates. Although this difference increased throughout the course of the 
experiment, it was never significant. 

Effect of K.  latifolia substrate on P. rigida seedlings 
Seedling survival after fifteen weeks was lower in the KZ' pots (42.8 k 

5.8%) than in the KI' pots (5 1.8 + 5.0%), although these differences weren't 
significant (F = 0.61, P = 0.693). Both above (Fig. 3A) and belowground 
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Figure 3. Mean (k 1 S.E.) shoot biomass (A) and root biomass (B) of harvested pitch 
pine seedlings grown in forest or K. lntifolia substrate for 15 weeks. 
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(Fig. 3 3 )  and total (KI- = 107.2 + 12.3 mg; Kl' = 96.0 12.6 mg) biomass of 
pitch pine seedlings grown on Kl' were reduced relative to those grown on 
KZ- substrate; however, these differences were not significant (above: 
F = 0.38, P =0.860; below: F =  1.94, P = 0.099; total: F=0.67, P = 0.645). 

Discussion 

Kalmia latifolin has been associated with suppression of tree recruit- 
ment. One potential inechanism of this suppression is the production of 
allelopathic chemicals. Inderjit and Mallik (2002) propose three criteria that 
must be satisfied to demonstrate allelopathy. In the context of our study, 
they are: 1) Does K. latifolin possess toxic chemicals? 2) Do these organic 
compounds release and accumulate in the environment? and 3) Is allelopathy 
sufficient to explain K. latifolia's inhibition of tree seedlings? We will 
address each of these criteria separately. 

Does K. Iatifolia possess toxic chemicals? 
While we did not perform chemical analysis in this study, there is ample 

circumstantial evidence that K. latifolin contains toxic compounds. It has 
been noted that the foliage is toxic to livestock and possesses cytotoxic 
compounds (Mancini and Edwards 1979, Marsh and Clawson 1930). Kalnria 
lntifolia is also evergreen and many related evergreen species have high 
phenolic content in their leaves as an anti-herbivore defense (Coley 1988). 
The closely related species, K. nngustifolin has been shown to possess toxic 
phenolic compounds (Zhu and Mallik 1994), so it is probable that K. latifolia 
also possesses such phenolics. 

Do these organic compounds release and accumulate in the environment? 
We addressed this criterion in two ways, the first was to use aqueous 

extract soIutions and the second was to use actual forest floor substrate 
collected from areas with and without K. Zat~oZia. Inderjit and Dakshini 
(1995) and Inderjit and Nilsen (2003) advise caution in the design of allelo- 
pathic bioassays, recommending the use of unadulterated substrate in aque- 
ous solutions to simulate natural conditions of chemical release. Many 
studies use macerated substrate, which may release chemicals that might not 
be naturally leached or exuded, and thus may not be ecologically relevant 
(Inderjit and Dakshini 1995). We followed the protocol described by Nilsen 
et al. (1999) in the formation of leachates for our bioassays. However, the 
substrate-to-water ratio that was used in this study may not simulate the 
concentrations of plant chemicals experienced in the field, but are likely 
more concentrated. 

Our second experiment involving actual substrate from areas with and 
without K. latifolia was meant to better simulate field conditions. There 
were slight decreases in survival and both above- and belowground growth 
in those seedlings growll in the Kl+ substrate, although these were not 
significant. It is possible that any allelochemicals that had accumulated in 
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the forest floor substrate leached out of the pots during the fifteen weeks of 
the study, and without living shrubs, there was no replace~nent of these 
chemicals via throughfall, litterfall, or root exudation. The pine seedlings 
grew very slowly and it is possible that the slight differences between 
treatinents may have become more pronounced if the experiment were 
allowed to continue longer. 

Is allelopathy sufficient to explain K.  latifolia's inhibition of tree seedlings? 
Our results suggest that allelopathy is not a strong factor in the inhibition 

of seedling growth under K. latifoliu. There was no significant effect on test 
species seed germination although, germination in the humus leachate was 
co~~sistently lower and more variable than germination in the other 
leachates. This could indicate the accumulation of allelochemicals in the 
humus layer below K. lutifolin and inay affect seed germination under shri~bs 
in the field. Root elongation was higher in all leachates than in the distilled 
water control. Although these differences were not significant they suggest a 
possible stimulation of elongation in the aqueous leachates relative to the 
control. Thi.s could be due to the fact that the distilled water control had no 
nutritional content to support root elongation and the L. sativa seeds had 
little endocarp to support elongation. 

We found no differences in survival and small, but not significant, 
differences in biomass of P. rigida seedlings grown in substrate from under 
K. lcttifolin and substrate from forest sites without K. Inrifolia. The slight 
differences in P. rigicln seedling biomass observed in this study could be 
exacerbated in the field when seedlings face multiple stressors (Rice 1984). 
There may be multiple stress factors induced by K. latifolio on tree seedlings 

J. including reduced light, water, and nutrient availability as seen with R. 
maximum in the southern Appalachians (Nilsen et al. 200 1). Evergreen 
shrubs are known to alter soil carbon-to-nitrogen ratios, which could alter 
nutrient cycling processes and potentially reduce nitrogen availability 
(Inderjit and Mallik 1999). Additionally, ericaceous shrubs are shown to 
negatively affect inycorrhizal colonization (Walker et al. 1999, Yamasaki et 
al. 1998), which could further reduce seedling performance. 

Kalnlia lntifolin is implicated in the suppression of tree regeneration in 
pine-hardwood forests in the southern Appalachian Mountains. This inhibi- 
tion likely stems from a colnbination of factors including resource competi- 
tion and potentially, allelopathy. Our bioassays have failed to determine a 
strong allelopathic potential in aqueous leachates of K. lnti$olia litter and 
humus. However, slight reductions in tree seedling performance due to the 
productioil of allelochemicals may be further exacerbated by a combination 
of multiple stressors resulting from competitive interactions between the 
shrubs and seedlings. The nature of these interactioils should be addressed in 
more detail in field-based experiments to fully ullderstand the inhibitory 
mechanisms ii~volved. 
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