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Abstract. Detrimental effects of vines on tree growth in 
successional environments have been frequently reported. 
Little is known, however, about the relative importance of 
below and aboveground competition from vines on tree 

growth. The objective of this study was to quantify and 

compare the growth responses of Liquidambar styraciflua 
saplings to below and/or aboveground competition with 
the exotic evergreen vine, Lonicera jap?nica (Japanese 
honeysuckle), and the native deciduous vine, Parthenocis- 
sus quinquefolia (Virginia creeper). Soil trenching and/or 
vine-trellising were used to control the type of vine com- 

petition experienced by trees. Comparisons among un- 
trenched treatments tested for effects of belowground 
competition, singly or in combination with aboveground 
competition. Comparisons among trenched treatments 
tested for effects of aboveground competition. After two 

growing seasons. Lonicera jap?nica had a greater effect on 
the growth of L. styraciflua than did P. quinquefolia. This 
effect was largely due to root competition, as canopy 
competition only had a negative effect on tree growth 
when it occurred in combination with root competition. 
Leaf expansion was consistently and similarly affected by 
all treatments which involved belowground competition. 

Key words: Vines - Aboveground and belowground com- 

petition 
- Lonicera jap?nica - Parthenocissus quinquefolia 

- Liquidambar styraciflua 

Woody vines (lianas) are found in almost every climate 
and plant community where there are trees to support 
them (Richards 1952). In North America, woody vines can 
be found across a wide range of physiognomic regions, 
from open fields to climax forests (Teramura et al. 1991). 

They become particularly abundant when light avail- 

ability is high, such as at forest edges, in tree gaps, and in 

early- to mid-successional forests (Penfound 1974; Boring 
et al. 1981; Putz 1984). Vines can greatly affect the growth 

of their hosts under these circumstances, and arrest the 

regeneration of both woody and herbaceous vegetation 
(Lutz 1943; Penfound 1974; Thomas 1980; Friedland and 
Smith 1982; Whigham 1984; Putz 1984). 

Competition between woody vines and trees, similar to 
other plants, can occur at two different levels: below- 

ground (roots), and aboveground (canopies). What makes 

competition between trees and vines unique is the close 
association between tree and vine canopies that results 
from the vine's dependence on the tree for external sup- 
port. An architecture that emphasizes photosynthetic tis- 
sue over that of support structures enables vines to collect 

light efficiently (Monsi and Murata 1970). Aboveground 
competition thus appears to be the most obvious aspect of 
the interaction between vines and their tree hosts. 

Wilson (1988) concluded that root competition between 
herbaceous species is generally more important than 

canopy competition, at least during the initial stages of 
interaction. Although there have been several studies 
which attempted to separate the effects of root and shoot 

competition (e.g., Donald 1958; Aspinall 1960; King 1971; 
Martin and Snaydon 1982; Wilson 1989), only a few have 
examined the competitive interactions between vines and 
other plants (Patterson 1973; Whigham 1984). 

Most studies on competition between trees and vines 
are based on observations that plants not infested with 
vines grow better than vine-infested ones (Featherly 1941; 
Lutz 1943; Siccama et al. 1976; Thomas 1980; Putz 1984). 
Because vines may predominate in habitats where, for 
unrelated reasons, their hosts do not grow well, and 
because vines may spread more rapidly through hosts that 
have low vigor or are already competitively suppressed, 
studies based on observations of natural vine infestations 
do not allow us to separate vine from habitat effects on 
host plants (Stevens 1987). Manipulative experiments, like 
those conducted by Whigham (1984) and Stevens (1987), 
have helped to separate the effects of aboveground versus 

belowground competition. 
Whigham (1984) performed a vine removal experiment 

in an abandoned field, and showed that the annual growth 
of sweetgum trees (Liquidambar styraciflua) was signifi- 
cantly affected by interaction with vines (mostly Lonicera Correspondence to: D.F. Whigham 
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jap?nica and Rhus radicans). He speculated that the results 

were most likely due to belowground competition. These 

results were surprising, given the fact that the trees that 

Whigham studied were heavily infested with vines 

(Whigham, personal communication). The present study 
was undertaken to experimentally evaluate the relative 
effects of above- and belowground competition of two 
common woody vine species on saplings of Liquidambar 
styraciflua L., a common early successional hardwood 
tree. The vine species selected for this study were Lonicera 

jap?nica (L.) Thunb. (Japanese honeysuckle, an intro- 

duced, evergreen, twining vine), and Parthenocissus quin- 
quefolia L. (Virginia creeper, a native, deciduous, tendriled 

vine). Although competition between paired plants should 
have an adverse effect on both individuals, compared to 
their performance under non-competitive conditions, we 

designed this study to examine competition from the 
"tree's point of view". Three specific questions were ad- 
dressed: 1. is tree growth affected by the presence of vines?, 
2. how do growth responses compare between trees inter- 

acting with vines below and aboveground?, and 3. is 
L. styraciflua affected differentially by competition with 
L. jap?nica compared to P. quinquefolia! 

Materials and methods 

Plant material 

In March 1988, 1 year-old, commercially grown, L. styraciflua 
seedlings (15 to 25 cm tall) were transplanted into 35 cm long citrus 
tubes (2.41) with a 2:1:1 (v: v: v) mixture of peat, sand and compost. 
Rooted shoots of L jap?nica and P. quinquefolia were collected from 
forest edges in Maryland in July of the same year, grown in 18 cm 
pots (2.7 1) with a commercial soil mixture (ProGro 300S). All plants 
were kept outdoors at the University of Maryland greenhouse, 
watered daily and fertilized biweekly with a full strength solution of 
25-5-20, N-P-K. In October 1988 they were moved to the experi- 
mental garden. 

The study site 

This study was conducted at facilities of the Smithsonian Environ- 
mental Research Center (SERC), Edgewater, MD, on the inner 
coastal plain of the Chesapeake Bay (38?53'20"N, 76?33'20"W), 
where all three species are very common (Whigham 1984). Experi- 
mental plots were located in a 25 ? 25 m site in an old field, from 
which all vegetation had been cleared by mowing, prior to tilling. 

Experimental and treatment designs 

The site was divided into 60 regularly spaced 1 ? 1 m plots, the 
centers of each plot being 2.5 m apart. Plot treatment assignment 
followed a 2x2x3 incomplete factorial design. The 3 factors and 
their respective levels were: vine species (L. jap?nica or P. quinque- 
folia), soil trenching (trenched or not), and presence of vine on the 
host (on, off, or absent). Of the 12 possible treatment combinations, 
only 10 were used (Table 1). For treatments where vines were to be 
absent, the two vine species were not distinguished from each other. 
The different competition treatments are illustrated in Fig. 1. Plots 
and treatments were organized according to a randomized complete 
block design, with 6 replicates per treatment. Criteria for blocking 
included field location, and initial size of trees. Also, measurements 
were always taken a block at a time. 

A single tree was planted at the center of each plot, and 2 vines of 
the same species were planted, one at the east and the other at the 
west side of the tree, either 30 cm away from the tree trunk 
(untrenched plots), or just outside each of the 2 trenches, which had 
been dug 30 cm away from the tree, at its east and west sides 
(trenched plots). All plots were covered with shredded hardwood 
mulch to reduce weed infestation and periodically weeded. There 
were no statistical differences in tree size among treatment means at 
the onset of the experiment. Means and standard errors across all 10 
treatments (n = 60) were 65.3 ?0.70 cm, 1.26 + 0.013 cm, and 2.15 
?0.063 m for height, diameter, and total stem length, respectively. 

Soil trenching was used to exclude or minimize root competition. 
The trenches were 1 m long, 40 cm deep, and 15 cm wide, and were 
lined with a double layer of 4 mil black plastic before they were 
refilled with soil. For the trenched plots, we periodically uprooted 
any shoots that had rooted inside the area limited by the trenches. 
For treatments that excluded aboveground competition, vines were 
grown on 1 m tall wire trellises ("tomato cages") that were placed to 
the east and west sides of each tree, to minimize shading effects. There 
was little shading of trees by vines on trellises in the first year, because 
vines were still small. By the time the vines fully covered the trellises 
(second year), trees were twice the size of the trellised vines, and early 
morning and late afternoon shading of the trees was restricted to the 
lower part of the canopy. 

Field and laboratory measurements 

Height and diameter at 10 cm above the ground of all trees were 
recorded at the onset of the experiment, and then on a monthly basis 
during the 1989 and 1990 growing seasons. Trunk diameter was 
measured with an electronic digital caliper in 1989, and with a metal 
tape in 1990. In November of each year (including 1988), the height of 
the main stem of each tree and the length of all branches at least 1 cm 
long were measured. These measurements were used to compute the 
total stem length of each tree. 

The expansion of 2 recently unfurled leaves per tree was monitored 
twice per week from 26 April to 25 May in 1989, and from 27 April to 

Table 1. Factorial arrangement of treat- 
ments (for each factor combination, the 
level of competition and the treatment 
legend are indicated) 

L. jap?nica (LJ) P. quinquefolia (PQ) 

Not Trenched Trenched Not Trenched Trenched 

On Host 

Off Host 

Absent 

above + below 
(LJ A + B) 
below 
(LJ B) 
noneb 

above 
(LJ A) 
"none"a 
(LJ OUT) 
noneb 

above-I-below 
(PQ A + B) 
below 
(PQB) 
nnnob 

above 
(PQA) 
"none"a 
(PQ OUT) 
noneb 

(CONTROL#l) (CONTROL#2) (CONTROL#l) (CONTROL#2) 

a "none" indicates that no competition is expected because vines are rooted outside the trenches 
b Because vines were not present, these treatments were represented only once for each level of 
trenching. Instead of 12, the number of treatments used was 10 
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Fig. 1. Schematic representation of treatments. Diagrams represent 
the 6 different types of vine competition 

14 May, and 12 June to 6 July in 1990. This was done by measuring 
leaf length and width with a flexible ruler and then using a linear 
regression equation to estimate leaf area. The regression was based 
on data collected from 50 leaves of trees from the same seedling 
source as those planted in the field. Each leaf was measured for length 
(1) (from base of mid-vein to tip of central lobe), width (w) (greatest 
distance between two opposite leaf lobes), and area (LI-COR model 
3100 Area Meter). The regression equation used to estimate leaf area 
(y) was y = 0.574x(wxl)-0.08 (r2 = 0.96). 

Between 11 and 26 September 1990, all leaves from trees in 3 of the 
6 replicates were harvested by breaking at the petiole base. Total leaf 
area (LI-COR model 3100 Area Meter) and total leaf dry weight for 
each tree were measured. 

Data analysis 

The analysis of treatment effects on tree growth was based on pre- 
planned pairwise comparisons of individual treatment means (facto- 
rial simple effects). A two-way analysis of variance (block and 
treatment effects) was performed, followed by the least significant 
difference (LSD) mean separation technique. Homogeneity of vari- 
ances of the residuals was tested using Hartley's Fmax test, and non- 
homogeneous data were transformed. Statistical significance was 
attributed to those differences which had a probability level equal to 
or less than 0.05 (P<0.05). 

Mean comparisons were separately made for trenched and un- 
trenched treatments. Comparisons of means among untrenched 
treatments tested for effects of belowground competition, singly or in 
combination with aboveground competition. Comparisons among 
trenched treatments tested for effects of aboveground competition. 
For both trenched and untrenched trees, every treatment was 
compared to the control, and treatments involving the same vine 
species were compared to each other. A remark needs to be made for 
comparisons made between trenched treatments. Mean comparisons 
between treatments which had either L. jap?nica or P. quinquefolia 
planted outside the trench (LJ OUT and PQ OUT) and the trenched 
control (CONTROL #2) tested for the effects of vine presence 
outside the trenches on the tree. Because differences between those 
treatments and the control were never statistically significant, the 
comparisons LJ A vs. LJ OUT and PQ A vs. PQ OUT also tested for 

aboveground competition effects on tree growth. 
Analysis of covariance (ANCOVA) was made when comparing 

competition effects on annual growth in height, diameter and total 
stem length. Values of those growth parameters at the beginning of 
each season were used as covariates. Besides block and treatment 
effects, the model used for ANCOVA included the effect of the 
covariate and its interaction with treatment effects. This interaction 
was never statistically significant (P<0.05), so it was removed from 

the model. All statistical analyses were performed using SAS (SAS 
Institute Inc.) 

Results 

Vine cover in tree canopies was limited during the first 

year, but, by the end of the growing season, L. jap?nica had 
twined around the main stem and had reached the top of 
the trees in the below and aboveground competition 
treatment (LJ A + B). In most cases, L. jap?nica had not 
reached the top of the tree in the aboveground competition 
treatment (LJ A). Parthenocissus quinquefolia infestations 
on tree canopies were less than L. jap?nica in the first year, 
mostly due to herbivory by Japanese beetle (Popillia 
jap?nica). In the second year, L. jap?nica infestations had 
increased dramatically. All trees were overtopped and 
most leaves were either fully or partly shaded by the vines 
in the LJ A + ? treatment. Vine cover was less dense in the 
LJ A treatment, with a greater percentage of tree leaves 

receiving direct sunlight than in the LJ A + ? treatment. 

Light penetration through the tree canopies at mid- 
summer were reduced by 65 and 40% in the LJ A + ? and 
LJ A treatments, respectively, compared to controls (un- 
published data). Some of the shoots of P. quinquefolia that 
had reached the tops of trees in the first year had died-back 
or were detached from the tree branches by the second 

year. Infestations of P. quinquefolia leaves by powdery 
mildew and grazing by Japanese beetle also contributed to 
lower amounts of vine cover on tree canopies in the second 

year. Trees in the PQ A + ? and PQ A treatments had a 
35% reduction in light penetration compared to control 
trees during mid-summer (unpublished data), and a much 
more diffuse vine cover than trees in the LJ A + ? and LJ A 

treatments. 

By the end of the first growing season, there was no 

significant effect of vine competition on tree height, dia- 

meter, and total stem length (Fig. 2). Instead, trees com- 

peting below- and aboveground with L. jap?nica grew 
significantly taller than control trees. After two growing 
seasons, however, trees interacting below- and both be- 
low- and aboveground with L. jap?nica grew significantly 
less than control trees, but were not significantly different 
from each other (Fig. 2). Compared to controls, trees 

competing belowground with L. jap?nica grew 43, 36 and 
53% less in diameter, height, and total stem length, 
respectively. Growth reductions for trees competing both 
below- and aboveground with L. jap?nica were only 
slightly greater for diameter (56%), height (61 %), and total 
stem length (59%). This relatively greater reduction in 

height growth was, in part, due to the weight of the vines, 
which bent the main stem of the tree: the reduction in 

height would still be significant, however, had the length of 
the stems that had been bent been included in the height 
measurement. Belowground competition with P. quinque- 
folia resulted in significant reductions in tree height (37%) 
and diameter (27%) growth, after two years. Surprisingly, 
below- and aboveground competition together had no 

significant effect on tree growth. 
No differences among treatments were found for 

trenched trees, demonstrating no detectable effects on tree 

growth from aboveground competition alone (Fig. 2). 
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Fig. 2. Annual increases in height, diameter, and total stem length. 
Vertical bars are individual standard errors of the mean; ? = 6. 
Significant differences from the control within each trenching group 
are indicated by "*" (P<0.05). No statistical differences were detec- 
ted between paired treatments involving the same vine species. 
Pooled standard errors from ANOVA were height = 2.75, diameter 
= 0.38, and stem length = 0.27 in 1989, and height = 5.40, diameter 
= 0.84, and stem length = 0.86 in 1990. Treatment legends as in 
Table 1 

In fact, trees with only aboveground competition grew 
more in height and total stem length than control trees 

(CONTROL # 2) or trees that had vines growing on wire 
trellises outside the trenches (LJ OUT and PQ OUT) 
(Fig. 2). 

By the end of the second growing season, total leaf area 

(50% reduction) and leaf biomass (48% reduction) were 

significantly reduced in trees competing with L. jap?nica 
belowground, compared to controls. Total leaf area (60% 
reduction) and leaf biomass (57% reduction) were also 

significantly reduced for trees competing both below and 

aboveground with L. jap?nica (Table 2). The two treat- 
ments were not statistically different from each other. 
Neither of the belowground competition treatments with 
P. quinquefolia had any significant effect on total leaf area 
and total leaf biomass of trees. 

Total leaf area and leaf biomass were significantly 
greater for trees competing aboveground with L. jap?nica 
than for controls. Similarly, trees competing aboveground 
with P. quinquefolia had a greater total leaf area than 
control trees. 

Table 2. Final leaf area and leaf biomass of L. styraciflua. Data are 
mean ? standard error (n = 3). Means are compared within each 
trenching group 

Treatment Leaf Area m2 Leaf Biomass g 

Not trenched 

LJA + B 0.52 + 0.09* 41.7 + 9.12* 
LJB 0.63 + 0.05* 51.6 + 4.49* 
PQA + B 0.89 + 0.13 74.3 + 12.0 
PQB 0.80 + 0.09 74.7 + 16.9 
CONTROL#l 1.22 + 0.24 104.0+15.8 

Trenched 

LJA 1.32 + 0.05* 112.7 + 8.14 
LJ OUT 0.99 + 0.07 80.0 + 6.93 
PQ A 1.51+0.26* 128.2+19.6* 
PQOUT 1.28 + 0.07 105.5+10.1 
CONTROL#2 0.86 + 0.25 70.9 + 21.3 

Pooled SEMa 0.16 14.2 

a Standard error of the mean from ANOVA 
* Significantly different from the control at ? < 0.05; no statistical 
differences between paired treatments involving the same vine 
species were detected 
Note: LJ - L. jap?nica, PQ - P. quinquefolia, A - aboveground 
competition, ? - belowground competition, OUT - vine rooted 
outside trench 

L. styraciflua produces about the same number of leaves 
later in the season as those preformed in the terminal bud 
in the spring (Zimmermann and Brown 1977). Measure- 
ments of leaf expansion taken in the spring were thus on 
leaves emerging from terminal buds. Leaf measurements 
made in early summer were made on leaves that developed 
from new leaf primordia. For measurements taken in the 

spring of 1989, leaves from trees competing with vines 
below and aboveground tended to attain a greater leaf size 
than leaves from controls, but differences in final size and 

expansion rate were not statistically significant. Indepen- 
dent measurements of leaf size done on 26 June 1989 in 5 

representative leaves per tree also showed no effect of 

competition (data not shown). In the spring of 1990, there 
was again no competition effect on leaf expansion (Table 
3). In contrast, significant treatment effects were found for 
leaf expansion rates and leaf size in early summer of 1990. 
Trees competing belowground with vines had significantly 
slower rates of expansion and smaller final leaf sizes than 
control trees (Table 3). Consistent with these results, leaf 
sizes measured independently on 6 July 1990 in 5 repre- 
sentative leaves per tree were also significantly smaller 

(22% reduction) than leaves on controls (data not shown). 
Aboveground competition alone had no effect on leaf 

expansion. 

Discussion 

Effects of vine competition on tree growth 

Belowground and below- and aboveground competition 
with L. jap?nica led to a clear reduction in growth of L. 

styraciflua after two growing seasons. Tree growth was less 
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Table 3. Leaf expansion rates (LER) and final leaf size (LS) for L. styraciflua. Data are mean + standard error (n = 6). Means are compared 
within each trenching group 

Treatment Spring 89 Spring 90 Summer 90 

LERa LS LER LS LER LS 

cm2/day cm2 cm2/day cm2 cm2/day cm2 

Not trenched 
LJA + B 1.68?0.15 38.7 + 3.15 1.43+0.30 23.5+1.98 1.97 + 0.09* 37.0 + 2.09* 
LJ ? 1.20 + 0.20 33.4 + 3.25 1.59 + 0.17 26.8 + 3.11 1.93 + 0.28* 36.1 ?4.45* 
PQA + B 1.65 + 0.16 41.1+4.65 2.21+0.33 35.4 + 4.29 2.02 + 0.23* 37.5 + 4.33* 

PQB 1.51+0.24 35.0 + 4.90 1.77 + 0.33 27.7 + 4.29 1.79?0.20* 33.0?3.47* 
CONTROL#I 1.37 + 0.16 33.6 + 4.49 1.89 + 0.31 29.9 + 2.97 2.74 + 0.24 50.6 + 5.14 

Trenched 

LJ A 1.04 + 0.14 28.5 + 2.25 1.57 + 0.22 27.2 + 2.79 
LJ OUT 1.08 + 0.15 28.7+1.38 1.21+0.23 24.4 + 2.33 

PQA 1.12 + 0.16 27.3 + 2.82 1.66 + 0.19 29.8 + 2.22 

PQOUT 1.43+0.18 38.9 ?2.78 2.15 + 0.26 34.5 + 3.13 
CONTROL#2 0.99 + 0.21 30.9 + 2.83 1.65 + 0.19 31.5 + 3.47 

Pooled SEMb 0.18 3.2 0.27 3.1 0.21 3.7 

a Calculated based on the linear portion of the expansion curve 
b Standard error of the mean from ANOVA 
* Significantly different from the control at ? < 0.05; no statistical 
differences between paired treatments involving the same vine 

species were detected 

Note: LJ - L. jap?nica, PQ - P. quinquejblia, A - aboveground 
competition, ? - belowground competition, OUT - vine rooted 
outside trench 

affected by competition with P. quinquefolia. A significant 
reduction in leaf expansion rates and final leaf size in the 

summer of 1990 suggests that this process is one of the first 

to be affected by belowground competition. The respon- 
siveness of leaf expansion even to incipient water and 

nitrogen stress has been reported (Radin and Boyer 1982; 

Boyer 1988; Roden et al. 1990; Steinberg et al. 1990; 

Wullschleger and Oosterhuis 1990), and Chapin (1991) 

suggested that a fast leaf growth response may be an early 

warning system that enables plants to reduce growth and 

change allocation patterns before a severe imbalance of 

carbon and nitrogen-containing metabolites develops. 
The lack of a negative effect on leaf expansion in the spring 
of 1990 could relate to those leaves being pre-formed in the 

fall of the previous year. 

Comparative effects of the two vine species 

The greater competitive effect of L. jap?nica, compared to 

P. quinquefolio, was not surprising, considering its well- 

documented weediness and identification as one of the 

worst pest species in managed forests (Bruner 1967; Brown 

and Brown 1972; Slezak 1976). P. quinquefolia, in com- 

parison, only occasionally outcompetes supporting veg- 
etation in disturbed sites and woodland borders (Bell et al. 

1988; Boring et al. 1981; Brown and Brown 1972). 

Comparative effects of below- and aboveground competition 

The ability of L. jap?nica to heavily cover other plants 

(Leatherman 1955; Little 1961; Bruner 1967; Slezak 1976; 
Thomas 1980; Friedland and Smith 1982) suggests that 

aboveground competition should be very effective. The 

results of this study, however, indicated that belowground 

competition is more important than aboveground com- 

petition during early stages of vine-tree interactions. 
Patterson (1973) found that root competition by the 

exotic weedy vine Celastrus orbiculatus had a negative 

impact on the growth of the herbaceous species Amaran- 

thus hybridus and Setaria lutescens. Kennedy (1981) show- 

ed that the final height and diameter of 6 young hardwood 

species, including L. styraciflua, was substantially im- 

proved by eliminating competition from vines and other 

weeds by disking the soil for 4 consecutive years. When 

weeds were only mowed, there was no significant improve- 
ment on tree growth. Although disking may have affected 

tree growth through factors other than reduction of com- 

petition (changes in soil structure, aeration, water infiltra- 

tion, etc.), these results suggest that root competition was 

more important than canopy competition in determining 
the growth of those trees. Whigham (1984) found that L. 

jap?nica had a negative effect on diameter growth of L. 

styraciflua trees (15 m tall) that were growing alone in an 

abandoned field. His results suggested that belowground 

competition was more important than aboveground com- 

petition, but his experimental design did not allow the two 

to be examined separately. The importance of below- 

ground competition on tree growth has also been demon- 

strated for non-vine species (Jones et al. 1989; Jones and 

Sharitz 1990; Cogliastro et al. 1990; Kolb and Steiner 

1990). 
The trend toward increased growth in diameter, height 

and total stem length, and significant positive effects of 

aboveground competition on total tree leaf area and leaf 

biomass was surprising, considering the reported shade 

intolerance of L. styraciflua (Baker 1950; Borman 1953; 
Jackson 1967). A possible explanation for this result is that 

it took longer for vines that were rooted outside of the 

trenches to grow into the canopy of the host. As a result, 
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negative effects of competition would have been slower to 

develop in the aboveground competition treatment. How- 

ever, this does not explain the apparent positive effects of 
the aboveground interaction. The greater leaf area and 
biomass in trees that competed aboveground with vines in 
the absence of belowground competition may indicate an 
increased allocation to leaf production in response to the 

presence of vines. There are other studies suggesting 
that shading does not necessarily reduce the growth of 

sweetgum trees. Holbrook and Putz (1989) have found 

that, despite changes in canopy architecture, the final 

aboveground dry weight of 2-year old L. styraciflua was 
not significantly affected by uniform lateral shading with a 
10% transmittance shade cloth. Bormann (1953) also 
called to attention the fact that, in upland forests of North 

Carolina, L. styraciflua grows mostly under the shade of 

pines. These conflicting observations can be resolved to 
some extent if one also accounts for belowground pro- 
cesses. Plants growing under the shade of a forest not only 
experience canopy competition for light, but also root 

competition (Horn 1985; Jones and Sharitz 1990; Jones 
et al 1989). The expression "shade tolerance" accounts for 

only one of the environmental factors that plants experi- 
ence in the understory, and may not be entirely appropri- 
ate. Horn (1971) concluded that the axiom that shade 
tolerance increases with successional status of trees can 

only be confirmed if tolerance is defined to include the 
effects of root competition as well as shade. The inter- 
action of root competition and shading in determining 
the tolerance of this and other species to existence 
in the understory should be subject to experimental 
investigation. 

Clements et al. (1929), Donald (1958) and Caldwell 

(1986) have suggested that the effects of root and shoot 

competition should interact synergistically. Despite the 
lack of effects of canopy competition alone, there was a 
consistent trend for trees competing both below and 

aboveground with L. jap?nica to grow even less than those 

competing only belowground. However, it is not possible 
to ascertain whether this resulted from interactive effects of 
root and canopy competition or from simple additive 
effects, since trees experiencing only aboveground com- 

petition with L. jap?nica were less accessible to the vine 
shoots than untrenched trees, due to the distance between 
the bases of trees and vines imposed by trenches. The 
consistent and strongly negative effect of root competition 
with L. jap?nica, however, provides strong evidence for the 

importance of root competition during the early stages of 
vine-tree interactions, and may provide an additional 

explanation for the lower vine infestations on trees which 
did not have their growth suppressed by vine root com- 

petition. Supporting the role of root competition in deter- 

mining the degree of aboveground infestation is the 

similarity in vine infestation between trees competing 
aboveground and trees competing below- and above- 

ground with P. quinquefolia, and the reduced effect of root 

competition from this vine on tree growth. 

The significance of vine competition in nature 

The results of this study are most relevant to early stages of 
succession, where vine-tree interactions appear to be most 

intense. The results are also relevant to other highlight 
situations such as those that occur on forest edges and in 

large tree gaps. Clearly, there are differences in the com- 

petitive abilities of the two vines. Trees in areas infested 
with L. Jap?nica are more likely to have lower growth 
rates than trees growing in areas infested with P. quinque- 

folia. The results presented by Whigham (1984) also sug- 
gest that the effects of root competition observed in the 

study might be long-lasting and that they may affect trees 

long after they have grown tall enough to grow beyond the 
influence of the vine canopy. Particularly in the case of 
L. jap?nica, our results suggest that the ultimate fate of a 
tree that is experiencing vine competition can be greatly 
affected by the intensity of belowground competition. If 
the negative effects of root competition develop quickly, 
trees are likely to have a smaller chance of "outgrowing" 
the vines. Since L. jap?nica often forms dense and extensive 
mats in the forest floor, belowground competition is likely 
to be an important mechanism by which this weedy vine 
affects the structure and dynamics of successional forests. 
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