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PHYSIOL. PLANT. 58: 435-444. Copenhagen 1983

The effects of ultraviolet-B radiation on plant competition in

terrestrial ecosystems

Warren G. Gold and Martyn M. Caldwell

AR T AT TGAT

Introduction

Gold, W. G. and Caldwell, M. M. 1983. The effects of ultraviolet-B radiation on
plant competition in terrestrial ecosystems. — Physiol. Plant. 58: 435-444.

Evidence regarding the interaction of ultraviolet-B (UV-B, 280-320 nm) radiation
and plant competition in terrestrial ecosystems is examined. The competitive interac-
tions of some species pairs were affected even by ambient solar UV-B radiation (as
exists without ozone depletion), when compared to control pairs grown without
UV-B. Also, the total shoot biomass of these species pairs was depressed under
ambient UV-B. Relatively large increases in UV-B radiation (approximating a 40%
ozone layer reduction when weighted with the generalized plant action spectrum)
altered the competitive interactions of some species pairs grown in pots under field
conditions, but did not affect the total shoot biomass production of those pairs.
Recent field experiments have examined the competitive interactions of wheat
(Triticum aestivum L. cv. Bannock) and wild oat (Avena fatua L.) under a simulated
increased UV-B regime resulting from a 16% ozone layer reduction when weighted
with the generalized plant action spectrum. This increase in UV-B altered the com-
petitive interactions of these two species without affecting the total shoot biomass
production of the species pair. The manner in which increased UV-B affected the
relative competitive abilities of the two species was highly dependent upon the en-
vironmental conditions during the early life stages of the plants. The implications of
these results for both agricultural and natural plant communities are discussed.

Additional key words — Ozone reduction, plant interference.

W. G. Gold (reprint requests) and M. M. Caldwell, Dept. of Range Science and the
Ecology Center, Utah State Univ., Logan, Utah 84322, USA.

This paper is part of the contribution to the International Workshop on the Effects of
Ultraviolet Radiation on Plants, held in Delhi, India, 1-5 November, 1982.

a complex of environmental stresses, which affect plant
growth and survival, rather than a set of isolated stres-

Environmental stresses often impose constraints upon
the vegetative and/or reproductive production of higher
plants. These stresses can be either physicochemical
(e.g. temperature, moisture, radiation) or biotic (e.g.
parasitism, competition) in nature (Levitt 1980). The
stresses can act directly (e.g. by affecting the actual
photosynthetic carbon gain ability of the plant) or indi-
rectly (e.g. through an increase in energetic demands to
facilitate survival in a stressful environment). In addi-
tion, plants under natural conditions are usually subject
to many different types of stresses which often interact
with each other. Thus, plants in the field are exposed to

Received 4 November, 1982; revised 21 March, 1983

28 Physiol. Plant, 58, 1983

ses. The nature of this stress complex incident upon a
plant may change through time since the relative im-
portance of individual stresses and the interrelation-
ships between stresses change within and between
growing seasons (e.g. Bjorkman 1981).

Most studies of plant response to an environmental
stress have either isolated plants from all other stresses
present in the natural environment or held those other
stresses constant. Although these studies allow an
examination of the physiological response to a single
stress, they have limited value in predicting the response
to a change in that stress under natural conditions. In
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general, plants appear much less sensitive to increased
UV-B radiation (280-320 nm) in the field (Caldwell
1981) than in the greenhouse, where a significant por-
tion of the stress complex has been removed or altered.
Numerous studies indicate that factor interaction is an
important aspect of a plant’s response to its environ-
ment. For example, Mueggler (1972) and Lee and Baz-
zaz (1980) have shown that plant response to defolia-
tion is highly dependent upon the degree of competition
present. Thus, the interpretation of a change in a single
stress in an ecological context requires the consideration
of other natural stresses, including biotic interactions.

Plant competition is a conflict for resources which
necessarily has both spatial and temporal components.
Competition occurs when two or more neighboring in-
dividuals attempt to acquire the same limited resource
at the same time. All of the studies reviewed in this
paper examined relative changes in shoot biomass,
which suggest the existence of plant interference
(Harper 1977). Although these results will be taken to
indicate the presence of competition, the lack of evi-
dence of a resource limitation leaves open the possi-
bility of other forms of interference such as allelopathic
interactions being responsible for the observed results.
Plant competition is manifested upon an individual
plant through an increase in physicochemical environ-
mental stress, rather than having a direct effect per se.
For example, the actual effect of competition for water
by individual plants will be increased water stress, and
perhaps nutrient stress. Since plants probably often
compete for more than one limited resource over a
short period of time, competition may induce complex
changes in the entire set of stresses that act upon indi-
vidual plants.

The resistance of a plant (Levitt 1980) to a change in
the current set of environmental stresses is, in part, a
genotypically controlled, species-specific characteristic.
Thus, an alteration of any single environmental stress
could lead to changes in the competitive situation of a
plant community through the differential resistance of
the competing species to that change. Bennett and
Runeckles (1977) found a change in the competitive
interaction of two species (Lolium multiflorum and
Trifolium incarnatum) as a result of small changes in a
stress (ozone concentration). This change in the com-
petitive situation of certain species could further alter
the productivity of those species beyond that of the di-
rect physiological effects of a change in the stress itself
(Grime 1977, 1979).

Ultraviolet radiation has been recognized as an en-
vironmental stress for over a century (Caldwell 1981).
Caldwell et al. (1982) have suggested that UV-B radia-
tion was a selective force in low latitude alpine envi-
ronments, where the present UV-B sensitivity of the
resident species is lower than their arctic counterparts
(ecotypes or congeners). There is some evidence that
ambient solar UV-B radiation as exists without ozone
reduction can have a substantial effect upon plant
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growth and development and plant interactions in the
field (Bogenrieder and Klein 1982). Observations on
the promotion of flowering in some alpine plants
(Caldwell 1968) and the reduction of solar injury in
certain melon species (Lipton and O’Grady 1980) after
exclusion of solar UV-B radiation suggest some effect.
Additional evidence concerning the effect of ambient
solar UV-B on plant competition will be discussed later.
However, the exclusion of solar UV-B radiation can
sometimes have no effect upon the plants being
examined. Becwar et al. (1982) found no change in the
dry weight of wheat, potato and radish monocultures
grown under filters which excluded UV-B relative to
control plants under UV-B transparent filters (55 mW
m~2 at solar noon using the generalized plant action
spectrum) at a high elevation site in Colorado. Only
wheat plant height increased significantly when UV-B
was excluded.

Current concern over the potential anthropogenic
depletion of the stratospheric ozone layer (NAS 1979,
1982) has led to many studies on the effects upon plants
of the expected resulting increase in ultraviolet-B
radiation. The currently predicted 7 to 16% ozone layer
reduction (NAS 1979, 1982) could result in a significant
increase in the biologically effective UV-B radiation
flux (Caldwell 1977). This would enhance the impor-
tance of UV-B radiation as an environmental stress.
Many higher plants have been shown to exhibit widely
different sensitivity to UV-B radiation (Biggs et al.
1975, Caldwell 1977, Biggs and Kossuth 1978, Kossuth
and Biggs 1981). Thus, this increase in UV-B radiation,
over a relatively short evolutionary time span (50-100
years; NAS 1979, 1982) could lead to changes in com-
petition within plant communities through the differen-
tial resistance to UV-B of competing plant species.
There is substantial evidence that simulated increases in
UV-B radiation can alter plant growth and physiologi-
cal processes under laboratory and greenhouse condi-
tions (Sisson and Caldwell 1977, Biggs and Kossuth
1978, Kossuth and Biggs 1981), but few field studies on
the effects of increased ultraviolet radiation on plant
competition have been undertaken (Fox and Caldwell
1978).

Abbreviations — UV-B, ultraviolet-B.

Intraspecific competition

Intraspecific competition is a situation in which two or
more individuals of the same species compete for lim-
ited resources. The importance of intraspecific com-
petition to plants in a community is dependent upon the
relative impacts of intraspecific and interspecific in-
teractions as well as the overall importance of competi-
tive interactions within the community. Intraspecific
interactions become increasingly important in com-

Physiol. Plant. 58, 1983
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Fig. 1. Relationships between the shoot biomass (g m™2) of
wheat plants produced under control (solar UV-B) and treat-
ment (16% ozone layer reduction simulation using the
generalized plant action spectrum) UV-B irradiance conditions
and total monoculture plot density (plants m™2). Higher
monoculture densities provide higher intensities of intra-
specific competition. The curves are significant (P < 0.01)
quadratic regressions, but are not significantly different from
each other. The data were taken at the final harvest in 1981
(August 24). The data are from W. G. Gold, thesis.

munities which are largely monospecific, such as ag-
ricultural systems. On the other hand, communities
characterized by a high degree of species diversity, such
as low latitude tropical forests, have a relatively low
potential for intraspecific interactions.

Many studies have examined the effect of UV-B
radiation on monoculture production of plants (Biggs et
al. 1975, Biggs and Kossuth 1978). However, in order
to assess the impact of UV-B upon intraspecific com-
petitive response, a gradient of monoculture densities is
necessary. Data from our recent field experiments (W.
G. Gold, 1983. Thesis, Utah State Univ., Logan, Utah,
USA) suggest that increased UV-B (simulating that of a
16% reduction in the ozone layer using the generalized
plant action spectrum; Caldwell et al. 1983) has no ef-
fect upon plant response to a gradient in intraspecific
intensity for wheat (Triticum aestivum L. cv. Bannock),
wild oat (Avena fatua 1.} or jointed goatgrass (Aegilops
cylindrica Host). Figure 1 shows data from these ex-
periments for wheat monoculture production at various
densities with and without the above UV-B enhance-
ment in the field during 1981. The regression curves
represent the response (P < 0.01) of wheat production
to changes in density found at the final harvest (August
24, 1981). The response curves for the UV-B enhanced
plots and control plots are not significantly different.
The data for wild oat and jointed goatgrass monocul-
tures were very similar. Thus, under this range of den-
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sities and particular environmental conditions, an in-
crease in UV-B radiation did not affect the intraspecific
competitive response of these three grass species. This
suggests that the impact of an increase in UV-B radia-
tion upon wheat-based agricultural systems may be of
little consequence in terms of plant intraspecific com-
petitive response.

Interspecific competition

Competition between different species is a potential
selective force which may influence plant community
structure and composition. The actual degree to which
past and present interspecific competitive interactions
influence plant community structure and species
coexistence is currently under debate (Wiens 1977,
Connell 1980, Fowler 1981, 1982, Grace and Wetzel
1981, Grubb et al. 1982). Connell (1975) has proposed
that competitive interactions could be expected to be
more common in natural systems characterized by a
moderate degree of physicochemical stress. In environ-
ments of extreme physicochemical stress, biotic interac-
tions such as competition are often less common. In
environments of low physicochemical stress and thus
where plant requirements become less restricted, biotic
interactions other than competition become relatively
more important (e.g. parasitism, herbivory). In addi-
tion, environments are highly variable in space and
time, and this variability (including major perturba-
tions) could alter the relative importance of the
physicochemical and biotic stresses. This variability may
also play a major role in the maintenance of species
coexistence (Wiens 1977), reducing the importance of
interspecific competition in this function.

The existence and importance of interspecific com-
petition is well documented in agricultural situations.
Bell and Nalewaja (1968) and Henson and Jordan
(1982) have shown that significant decreases in wheat
and barley yields occur in the presence of wild oat.
McWhorter and Patterson (1980) reviewed many
studies that show reductions in soybean yields as a result
of the presence of weeds. However, the existence of
interspecific plant competition in natural plant com-
munities has rarely been documented through experi-
mental field manipulations (Connell 1980, Grace and
Wetzel 1981).

The impact of ambient solar UV-B radiation (as
exists without ozone reduction) on interspecific plant
competition has been investigated by Bruzek (B.
Bruzek, 1977. Staatsexamensarbeit, Univ. of Freiburg,
West Germany) and Kiliani (S. Kiliani, 1978. Staats-
examensarbeit, Univ. of Freiburg, West Germany).
These experiments were carried out in a region of rela-
tively low ambient solar UV-B flux (Freiburg, West
Germany, 200 m altitude, 48°N. latitude), using
ecologically relevant species pairs. There are no meas-
ured data available for integrated daily UV radiation
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Fig. 2. Shoot biomass (g m™) produced by species in competi-
tion experiments using species pairs without solar UV-B (-UV)
and with a rough approximation of solar UV-B irradiance at
Freiburg, West Germany (+UV) in the greenhouse. Error bars
indicate one SE. Percentage changes in shoot biomass pro-
duced under solar UV-B relative to no solar UV-B is indicated
above the bars for each species. The asterisks indicate a sig-
nificant (P < 0.05) effect of solar UV-B radiation on shoot
biomass production of a species by Student’s t-test. The species
pairs are: Sinapis alba : Raphanus sativus, Brassica chinensis :
Brassica oleracea, Beta vulgaris : Spinacia oleracea and Acer
pseudoplatanus : Fraxinus excelsior. The data are taken from
B. Bruzek, Staatsexamensarbeit.
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flux at Freiburg. However, calculations with the Green
et al. (1980) model indicate that this flux (weighted with
the generalized plant action spectrum) is about 32%
lower than that calculated for Logan, Utah (40°N.
latitude, 1500 m elevation) at the time of maximum
solar radiation. Caldwell et al. (1980) give a measured
value of 1462 J m™ day™ for UV radiation weighted
with the generalized plant action spectrum at Logan,
Utah under those conditions. In greenhouse experi-
ments, Bruzek (B. Bruzek, 1977. Staatsexamensarbeit,
Univ. of Freiburg, West Germany) found differential
changes in the relative dry matter production of some
pairs of species grown together under UV-B lamps very
roughly approximating an ambient solar UV-B flux
compared to control mixtures grown without any UV-B
irradiation (Fig. 2). In three of the four species pairs
shown in Fig. 2 (Sinapis alba : Raphanus sativus, Beta
vulgaris :  Spinacia oleracea, Acer pseudoplatanus :
Fraxinus excelsior), there was a significant change in the
relative dry matter production of the two species. The
Brassica chinensis : Brassica oleracea mixture did not
show this change. Field experiments, involving the ex-
clusion of solar UV-B, also showed changes in the rela-
tive dry matter production between the species of each
pair tested (Fig. 3). The true nature of the effect of solar
UV-B on interspecific competition is difficult to ascer-
tain without data on the monoculture response of the
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Fig. 3. Shoot biomass (g m™2) produced by species in competi-
tion experiments using species pairs without solar UV-B (-Uv)
and with solar UV-B irradiance (+UV) in the field at Freiburg,
West Germany. Error bars indicate one SE. The percentage
change in shoot biomass produced under solar UV-B relative
to no solar UV-B is given above the bars for each species. The
asterisks indicate a significant (P < 0.05) effect of solar UV-B
radiation on shoot biomass production of a species by Stu-
dent’s t-test. The species pairs are: Fraxinus excelsior - Car-
pinus betulus, and Rumex obtusifolius : Rumex alpinus. The
data are taken from B. Bruzek, Staatsexamensarbeit.

two species to solar UV-B stress. For instance, the dif-
ferential response of the species observed in the mix-
tures could be the same as that of the species in mono-
cultures. Thus, the response of each of the species in
mixture may be simply a direct physiological response
to the UV-B stress with both the existence of competi-
tive interactions and the possible effect of UV-B upon
these interactions being uncertain. The only monocul-
ture data taken were for Rumex obtusifolius and Rumex
alpinus (at different densities than in the mixture). The
changes in shoot biomass of each species under UV-B in
monoculture [R. obtusifolius (-13%) and R. alpinus
(—=20%)] were similar to those seen for the species un-
der UV-B in mixture. This suggests that UV-B had only
a direct physiological effect upon these two species in
mixture. Kiliani (S. Kiliani, 1978. Staatsexamensarbeit,
Univ. of Freiburg, West Germany), in similar field ex-
periments, also found significant changes in the relative
biomass production of different species pairs under am-
bient solar UV-B radiation as compared to pairs grown
without UV-B radiation (Fig. 4). The relative changes
in shoot biomass of these species in monoculture under
UV-B relative to no UV-B [corresponding to each of
the mixture trials: T. vulgare (-38%) and S. sylvaticus
(-35%), V. phlomoides (+18%) and T. officinale
(-16%), V. phlomoides (+9%) and B. perennis
(=22%)] were different than when they were grown in
pairs (Fig. 4). The experiments of Bruzek and Kiliani
were recently published, in part, by Bogenrieder and

Physiol. Plant. 58, 1983
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Fig. 4. Average plant shoot biomass (g) produced by species in
competition experiments using species pairs without solar
UV-B (-UV) and with solar UV-B irradiance (+UV) in the
field at Freiburg, West Germany. The error bars indicate one
SE. The percentage change in shoot biomass produced under
solar UV-B relative to no solar UV-B is given for each species.
The asterisks indicate a significant (P < 0.05) effect of solar
UV-B on shoot biomass production of a species by Student’s
t-test. The species pairs are: Tanacetum vulgare : Senecio syl-
vaticus, Verbascum phlomoides : Taraxacum officinale, and
Verbascum phlomoides : Bellis perennis. The data are taken
from S. Kiliani, Staatsexamensarbeit.

Klein (1982). The results suggest that ambient solar
UV-B (as exists without ozone depletion) has a signifi-
cant effect upon the competitive interaction of species
pairs. The total shoot biomass production of the species
pairs was reduced under solar UV-B relative to pairs
grown without UV-B in all cases except one (Verbas-
cum phlomoides : Taraxicum officinale, Fig. 4).

Caldwell (1977) has hypothesized that an increase in
incident UV-B radiation could alter the competitive
interactions within plant communities because of the
differential resistances of the component species to in-
creases in UV-B. Fox and Caldwell (1978) examined
the effect of an artificial increase in UV-B radiation on
the competitive interactions of selected species pairs.
Solar UV-B radiation was supplemented with sunlamps
(Sisson and Caldwell 1975) to approximate the daily
dose of weighted UV-B irradiance expected with a 40%
reduction in the ozone layer, using the generalized plant
action spectrum (Caldwell 1971). Three types of species
associations were examined: agricultural crops and as-
sociated weeds, montane forage species, and disturbed
area weedy associates (Tab. 1). The mixtures were sown
in a modified deWit (1960) replacement series design in
pots, which were placed in the field for the duration of
the experiment.

The deWit (1960) replacement series is a model of
plant competition in which plants compete directly for
space and limited plant requirements within that space.
The experimental design maintains a constant overall
plant density while varying the proportion of the two
species present within a given area. The competitiveness
of a species relative to the other species of a particular
pair is evaluated by comparing its performance in the
mixtures to its performance in monocultures of the
same density.

Relative crowding coefficients (k,,) were used to
analyze the competitive situations (Harper 1977). The
relative crowding coefficient is a relative measure of the
competitive ability of one species when it is grown in
mixture with a second species. The relative crowding
coefficient can be calculated by:

0O,'M,"Z,

k =
270, M, Z,

Tab. 1. Relative crowding coefficients based upon shoot biomass for competing species pairs under ambient solar UV-B ir-
radiance (control) and enhanced UV-B simulating a 40% ozone layer reduction (using the generalized plant action spectrum).
The plant associations which the groups of species pairs represent are given. The letter ‘a’ denotes a significant (P < 0.05)
difference between treatment and control relative crowding coefficients for a particular species pair. The data are taken from Fox

and Caldwell (1978).

Plant association

Competing species pair

Relative crowding coefficient

Species 1 Species 2 Control Enhanced UV-B
Agricuitural crops Alyssum alyssoides L. Pisum sativum L. 0.34 0.25
and associated Amaranthus retroflexus L. Medicago sativa L. 3.56 0.73=
weeds Amaranthus retroflexus L. Allium cepa L. 1.89 2.01
Setaria glauca (L.) Beauv. Trifolium pratense L. 2.06 18.74
Montane forage
species Poa pratensis L. Geum macrophyllum Willd. 0.85 2.282
Disturbed area Bromus tectorum L. Alyssum alyssoides L. 6.35 1.63
weedy associates Plantago patagonica Jacq. Lepidium perfoliatum L. 0.75 0.68

Physiol. Plant. 58, 1983
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Fig. 5. Shoot biomass (g m™2) produced by species in competi-
tion experiments with species pairs under solar UV-B ir-
radiance (control) and UV-B irradiance enhanced (+UV-B)
to approximate a 40% ozone layer reduction (using the
generalized plant action spectrum) in the field. The percentage
change in shoot biomass produced under enhanced UV-B re-
lative to solar UV-B is given above the bars for each species.
The asterisks indicate a significant (P < 0.05) effect of UV-B
enhancement for that species. The species pairs are: Amaran-
thus retroflexus : Medicago sativa, Poa pratensis : Geum mac-
rophyllum, and Bromus tectorum : Alyssum alyssoides. The
data are taken from Fox and Caldwell (1978).

where M is the yield of the particular species (1 or 2) in
monoculture, O is the yield of the particular species in
mixture, and Z is the number of plants of that particular
species in the mixture. Calculated in this manner, when
k4, is greater than 1.0, the first species has a competitive
advantage and when k,, is less than 1.0, the second
species has a competitive advantage. When k,, equals
1.0 neither species is at a competitive advantage. The
monoculture and mixture yields can be measured using
any parameter that gives an appropriate reflection of
species’ competitive ability (e.g. biomass, seed produc-
tion).

The relative crowding coefficients based upon total
aboveground biomass (Tab. 1) indicate that there was a
significant shift in the competitive balance of two of the
species pairs examined (Amaranthus retroflexus :
Medicago sativa; Poa pratensis : Geum macrophyllum).
However, the total aboveground biomass production of
the mixtures (except Pisum sativum : Alyssum alys-
soides) was not significantly reduced under UV-B en-
hancement. In some mixtures this was due to an in-
crease in shoot biomass of one species and a reduction
in the shoot biomass of the other species (Fig. 5).

Fox and Caldwell (1978) found that the relative
proportion of interspecific and intraspecific competition
had no consistent effect on the UV-B suppression of
individual species’ biomass. Some of the species showed
their most significant biomass suppression due to UV-B
under a high proportion of interspecific competition,
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while other species showed their highest UV-B biomass
suppression under a high proportion of intraspecific
competition. The relative competitive effectiveness of
individuals of one species upon that same species (in-
traspecific) or of individuals of another species upon
that original species (interspecific) depends upon the
particular species and situation (e.g. Haizel and Harper
1973). Hence, the total degree of competitive stress
present (and its ability to alter the effect of the UV-B
stress upon individuals) at a certain proportion of in-
terspecific and intraspecific interactions depends, in
part, upon the particular species involved. It is still not
clear if a relatively high degree of total competitive
stress would enhance or mask the effects of UV-B
stress. In the case of intraspecific competition only, the
total amount of competitive stress present, at least over
a limited range, did not alter the effect of UV-B stress
(Fig. 1).

Recently, we have undertaken field studies to
examine the effect of an increase in UV-B radiation on
the competitive interactions in agricultural plant popu-
lations. We examined the interactions of wheat
(Triticum aestivwn L. cv. Bannock) and a common
weedy competitor, wild oat (Avena fatua L.). In the
spring of 1982, the two species were sown in a deWit
(1960) replacement series in field plots under UV lamp
systems whose radiant emittance changes in accordance
with fluctuations in ambient solar UV flux (Caldwell et
al. 1983). The treatment lamp systems provided two
levels of UV-B enhancement, simulating a 16% and a
40% reduction in the ozone layer (using the generalized
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Fig. 6. Replacement series diagrams of shoot biomass (g m=)
for wheat (Triticm aestivum L. cv. Bannock) and wild oat
(Avena fatua 1..) at the final harvest in 1982 (August 2). The
species were under three levels of UV-B irradiation: solar
UV-B irradiance (control), a simulated 16% ozone layer re-
duction (low UV-B enhancement) and a simulated 40% ozone
layer reduction (high UV-B enhancement). The simulations of
ozone reduction were based upon the generalized plant action
spectrum. The relative crowding coefficients (k;,) of species 1
(wheat) with respect to species 2 (wild oat) suggest an increas-
ing competitive advantage for wheat with increasing UV-B
enhancement. This increase is statistically significant (P <
0.05) by ANOVA only for the high UV-B enhancement. The
data are from W. G. Gold, thesis.
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plant action spectrum). Detailed radiation methodology
and spectral irradiance data are presented by Caldwell
et al. (1983). The aboveground portions of the plants
were harvested at the end of the growing season and the
aboveground biomass was determined for each species,
Replacement series diagrams and relative crowding
coefficients (deWit 1960) indicate that UV-B en-
hancement altered the competitive balance (in terms of
aboveground biomass) in favor of wheat at the end of
the growing season (Fig. 6). The increasing convexity of
the wheat curve under UV-B enhancement reflects a
greater proportional contribution of wheat to the shoot
biomass of the 50:50 mixture than its proportional
presence in the mixture (50%). This suggests an in-
crease in competitive ability for wheat relative to wild
oat based upon shoot biomass production. This was
contrary to the results for wheat:wild oat mixtures un-
der a simulated 16% ozone reduction UV-B treatment
in 1981 (W. G. Gold, thesis), where the competitive
balance was shifted in favor of wild oat. In 1981, the
species were planted much later (late June) than in
1982 (late April). Therefore, in 1981, the seedlings,
which is likely to be the life stage most sensitive to
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Fig. 7. Replacement series diagrams of shoot biomass (g m™)
for wheat (Triticum aestivum L. cv. Bannock) and jointed
goatgrass (Aegilops cylindrica Host) at the final harvest in
1981 (August 24). The pairs were under two levels of UV-B
irradiation: solar UV-B irradiance (control) and a simulated
16% ozone layer reduction (low UV-B enhancement). The
simulation of ozone reduction was based upon the generalized
plant action spectrum. The relative crowding coefficients (k,)
of species 1 (wheat) with respect to species 2 (jointed goat-
grass) suggest an increased competitive ability for wheat under
low UV-B enhancement relative to control conditions. This
increase is statistically significant (P < 0.05) by multiple re-
gression analysis. The data are from W. G. Gold, thesis.

Physiol. Plant. 58, 1983

UV-B, were exposed to considerably higher levels of
water stress, ambient solar UV-B stress, and high tem-
perature stress. As in the study by Fox and Caldwell
(1978), the total aboveground biomass of wheat:wild
oat mixtures was not altered by UV-B enhancement
despite changes in competitive interactions (W. G.
Gold, thesis).

In 1981 the competitive interactions of wheat and
jointed goatgrass (Aegilops cylindrica Host) were
examined under a treatment simulation of a 16% ozone
layer reduction (using the generalized plant action
spectrum; W. G. Gold, thesis). The competitive balance
was shifted in favor of wheat under UV-B enhancement
relative to the control plots (Fig. 7). This was contrary
to the depression of the competitive ability of wheat in
wheat:wild oat mixtures under UV-B enhancement in
1981. Thus, it is clear that the effect of UV-B enhance-
ment upon a species’ competitive ability depends, in
part, upon the particular species it is competing with
and their relative sensitivities to UV-B. The total
aboveground biomass of wheat:jointed goatgrass mix-
tures was not altered by UV-B enhancement.

Conclusions

There is evidence that current levels of solar UV-B
radiation can affect the relative biomass production of
certain species pairs in the greenhouse and the field (B.
Bruzek, Staatsexamensarbeit, S. Kiliani, Staatsexa-
mensarbeit, Bogenrieder and Klein 1982). Bogenrieder
and Klein (1982) suggest that this was due to the differ-
ential height of the competitors. The smaller species
usually benefited under UV-B stress, presumably as a
result of a relatively reduced UV-B flux in the shade of
the taller species. This suggests that ambient solar
UV-B, in an area of not particularly intense UV-B, can
alter plant interspecific competitive relationships. How-
ever, the lack of complete monoculture response data
leaves the existence of interspecific competitive in-
teractions between species of some pairs open to ques-
tion. In addition, ambient solar UV-B significantly de-
pressed total biomass production in mixtures (Bogen-
rieder and Klein 1982).

There is substantial evidence that enhanced levels of
UV-B can alter the competitive interactions of some
species pairs. A high level of UV-B enhancement (ap-
proximating a 40% ozone layer reduction) changed the
competitive balance of some species pairs grown in pots
under field conditions (Fox and Caldwell 1978). A
more realistic level of UV-B enhancement (simulating a
16% reduction in the ozone layer; NAS 1979, 1982)
also changed the competitive interactions in certain ag-
ricultural species pairs in the field (W. G. Gold, thesis).

In many of the situations where competitive balance
of species pairs was altered by UV-B enhancement, an
increase in biomass production of the apparently more
resistant species was observed (Fox and Caldwell 1978,
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W. G. Gold, thesis). This was accompanied by a de-
crease in the biomass production of the apparently more
sensitive species. Thus, the apparent beneficial effect of
enhanced UV-B radiation for one species may be the
result of decreased competitive pressure from a more
sensitive competitor. In addition, the species pairs did
not exhibit a decrease in total biomass production under
UV-B enhancement. This supports Caldwell’s
hypothesis (1977) that because of the subtle nature of
UV-B radiation stress, an increase in UV-B may be
more likely to alter competitive interactions within an
ecosystem than to alter the total primary productivity of
that system. However, a decrease in UV-B stress,
through solar UV-B exclusion, resulted in an increase in
total mixture production, as both competitors re-
sponded with an increase in shoot biomass (Bogen-
rieder and Klein 1982).

The overall production of some species pairs appears
to have been constrained by current levels of solar
UV-B. However, increases in this UV-B stress did not
result in a further decrease in overall production of
other species pairs, because of compensatory biomass
changes between apparently differentially sensitive
competitors. Unfortunately, no species pairs have been
examined both without UV-B and under UV-B en-
hancement to test this observation.

Temporal variability in environments can change the
nature of competitive interactions and hence, the im-
pact of a UV-B enhancement upon those interactions.
The nature of the entire stress complex during the
young life stages of competing species may be especially
critical in altering the effect of increases in UV-B on
interspecific competition. When the seedlings of wheat:
wild oat mixtures emerged under conditions of high
physicochemical stress, wild oat exhibited an increase in
competitive ability under enhanced UV-B (W. G. Gold,
thesis). However, when the seedlings emerged under
conditions of relatively lower physicochemical stress,
wheat exhibited an increased competitive ability under
UV-B enhancement.

Many authors have recently suggested that the role of
plant competition in the maintenance of species coexis-
tence and community structure in many natural plant
communities may be relatively minor (Wiens 1977,
Connell 1980, Fowler 1981, Fowler and Antonovics
1981, Pickett 1980). Other factors, such as high
physicochemical stress, environmental variability (spa-
tial and temporal), major perturbations (non-equili-
brium systems), and functional niche differentiation,
have been suggested to be important. The impact of an
increase in UV-B radiation may not be important in
natural communities where plant competition has little
effect upon such community properties. However, the
impact of UV-B radiation upon agricultural com-
munities could have serious consequences since harvest
yield quantity and quality are often influenced by in-
teractions with weedy species (Bell and Nalewaja 1968,
McWhorter and Patterson 1980).
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Implications for further research

The impact of UV-B radiation upon plant competition
in natural communities and ecosystems is difficult to
ascertain from laboratory or greenhouse experiments.
Field experiments are necessary to obtain ecologically
relevant results. Field lamp systems providing realistic,
modulated UV-B supplements (Caldwell et al. 1983)
are also desirable for studies concerning the effects of
increased UV-B radiation resulting from predicted
stratospheric ozone depletion. The initial work on the
interaction of plant competition and UV-B radiation
(B. Bruzek, Staatsexamensarbeit, Fox and Caldwell
1978, S. Kiliani, Staatsexamensarbeit, W. G. Gold,
thesis) has been progressively more ecologically realis-
tic, but other considerations are still necessary.

Competition experiments with species pairs are rela-
tively easy to interpret but are ecologically realistic only
in communities that are characterized by one or more
pairs of competing species, such as a wheat field with a
serious infestation of wild oat. In many communities,
complex species interrelationships, often termed diffuse
competition, invalidate the concept of discrete, com-
peting species pairs (e.g. Fowler 1981). Thus, experi-
ments involving multiple species would be useful in as-
sessing the effect of increased UV-B radiation on com-
petition within many plant communities. The relative
ecological performance of individual species within
multiple species mixtures exposed to different levels of
nutrient stress has been assessed by Austin and Austin
(1980). This approach to examining the effect of a
changing stress upon individual species within a com-
munity environment (Austin 1982) should be consi-
dered also for the evaluation of the effects of UV-B
radiation. In addition, the impact of organisms from
other trophic levels, such as herbivores, should also be
considered in such experiments. The possible interac-
tions of UV-B radiation and soil microbes or plant
pathogens have also been neglected. Fox and Caldwell
(1978) speculated about the suppression of plant
pathogens by UV-B as a possible explanation for
observed increases in both species of a mixture (Bromus
tectorum : Alyssum alyssoides) under UV-B enhance-
ment. The possibility of these types of interactions
should not be overlooked in attempts to assess the effect
of increased UV-B radiation upon plant communities.

Although information on the belowground systems of
plants can be difficult to obtain in field situations,
knowledge of these interactions and responses are
necessary to properly evaluate the response of competi-
tive situations to changes in any physicochemical stress.
For instance, results that indicate changes in above-
ground biomass under UV-B radiation enhancement
could be due to a change in the allocation of plant re-
sources to aboveground versus belowground biomass
rather than a decrease in total plant biomass.

Most of the studies on the interaction of plant com-
petition and UV-B radiation have assessed competitive
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ability on the basis of shoot biomass (B. Bruzek, Staat-
sexamensarbeit, Fox and Caldwell 1978, S. Kiliani,
Staatsexamensarbeit). However, in order to assess the
long term competitive situation, an analysis of competi-
tive ability based upon reproductive success is also
necessary (Harper 1977). Preliminary data from our
field experiments indicate that the competitive ability of
wheat based upon reproductive biomass production in-
creased relative to wild oat under UV-B enhancement
in 1982 (W. G. Gold, thesis). This parallels the effect of
UV-B enhancement upon competitive ability based
upon shoot biomass production, but it is only an isolated
case.

Finally, long term studies of natural plant com-
munities are crucial for a more realistic assessment of
the impacts of UV-B radiation. The relative species
composition of many natural plant communities is
highly variable through time (Grubb et al. 1982), partly
as a result of changes in such physicochemical stresses.
The effect of increased UV-B radiation on interactions
within a plant community is likely to change as the rela-
tive species composition of that community and other
physicochemical stresses change over time.
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