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Our experiment aimed at assessing the influence of ultraviolet-B (UV-B) radiation on the growth and 
colonization of roots of two invasive rangeland species: houndstongue (Cynoglossum officinale L.) and 
downy brome (Bromus tectorum L.) with arbuscular mycorrhizal fungi (AMF). As a result, after 13 weeks 
of growth in the presence of 8 kJ*m

-2
 UV-B radiation (estimated as 23% of ozone layer depletion), a 

significant reduction of houndstongue’s lamina length, leaf area, shoot and root dry mass was noted. 
As for downy brome, only the stem length and shoot dry mass were negatively affected. Nevertheless, 
the intensity of UV-B radiation downy brome developed a similar number of inflorescence. For both 
species in the presence of elevated UV-BBE radiation, a significant reduction in the AMF colonization 
was noted, especially for hyphae and arbuscules. In conclusion, the elevated UV-B radiation may affect 
the performance of both weeds and relate with their competition abilities. 
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INTRODUCTION 
 
Continuous reduction of the earth's protective ozone layer 
thickness and as a result, an increase in the amount of 
solar ultraviolet-B radiation (UV-B: 280 - 320 nm) in the 
atmosphere is observed. The increased levels of UV-B 
radiation pose adverse effects on organisms, including 
plants (Ballaré et al., 2010). As a result of such action, 
the reduction in biomass accumulation, growth disorders 
and leaves’ curling could be observed (Furness et al., 
1999), as well as changes in the physiological parame-
ters (Jansen et al., 1998), such as the increase in UV-B 
absorbing compounds (Ren et al., 2010). Different plant 
species are exposed to diverse levels of sensitivity of the 
increased UV-B radiation. In the rangeland phytocenosis 
composed of both grasses and weed species, this differ-
entiated sensitivity may be of importance, as can either 
promote (Smith et al., 2000) or inhibit the growth and 

development of cultivated and weed species (Dai and 
Upadhyaya, 2002; Furness et al., 1999; Stokłosa et al., 
2012). As a result, not only aboveground but also the 
below ground competition between species is affected 
(Zaller et al., 2002).  

UV-B radiation inhibits also the performance of bene-
ficial microbes such as bioherbicidal fungi, Clonostachys 
rosea (Costa et al., 2012) or the conidial growth of freshly 
harvested fungal isolates (Le Grand and Cliquet, 2013) or 
plant symbiotic microbes. Up till now, little is known about 
how exposure to UV-B radiation affects rhizosphere 
microbes. Rhizosphere organisms, which are fed prima-
rily by root-derived substrates, fulfill diverse functions 
such as mineralization, immobilization, decomposition, 
pathogeneity and improvement of plant nutrition 
(Klironomos and Allen, 1995). Among them is a special
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Table 1. Photosynthetically active radiation (PAR) course (mmol m
-2

 s
-1

) for different UV-B treatments during the 
experiment (measured weekly around noon). 
 

Month December January February March April 
Average  

Overcast sunny cloudy sunny cloudy sunny cloudy sunny cloudy sunny cloudy 

U
V

-B
 l
e
v
e
ls

 

0 156 50 158 68 165 134 186 155 441 150 166 

4 121 49 136 63 146 124 224 153 420 128 156 

6 136 52 150 70 172 134 258 147 433 146 170 

8 149 51 157 65 166 131 215 160 526 153 177 

Average 140.5 50.5 150 66.5 162 131 221 154 455 144  

LSD n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. 
 
 
 

role played by arbuscular mycorrhizal fungi (AMF), which 
are responsible for improving the uptake of phosphorus 
from soils (Ahabior and Hirata, 2003). We hypothesized 
that stress, induced by increased UV-B radiation levels, 
may affect this symbiosis. Recent studies of Regvar et al. 
(2012) proved that UV-B radiation decreases the number 
of microsclerotia of fungi colonizing buckwheat 
(Fagopyrum esculentum) and tatar buckwheat 
(Fagopyrum tataricum). 

In this study, we tested the response in growth and 
AMF colonization of roots of two invasive weeds occur-
ring in the grassland area: dicotyledonous houndstongue 
(Cynoglossum officinale L.) and monocotyledonous 
downy brome (Bromus tectorum L.) (DiTomaso, 2000). 
Houndstongue is an allelopathic species, which causes 
external skin irritation of cattle due to the seeds that stick 
to the nutlet and also gastric problems (Upadhyaya and 
Cranston, 1991). Downy brome is an annual, invasive 
grass, of largely extended area of spread in the recent 
years, especially in Canada and USA (Vaillant et al., 
2007). Both studied weeds are of economic importance, 
due to the adverse effects on livestock (houndstongue) 
and a depletion of valuable pasture flora (downy brome). 

The research aimed at evaluating the effect of UV-B 
radiation on 1) growth of two rangeland weed species 
and 2) their root colonization with arbuscular mycorrhizal 
fungi. 
 
 

MATERIAL AND METHODS 
 

Seed source and plant culture 
 

Two rangeland weed species: houndstongue (C. officinale L.) and 
downy brome (B. tectorum L.) were collected from field populations 
in southern British Columbia, Canada. Three pre-germinated seeds 

per pot were transferred into four pots (9.0 × 9.0 × 10.0 cm) filled up 
with non-sterilized top layer of soil (66.1% sand; 24.9% silt; 9.0% 
clay; 8.4% organic matter; 4.14% C; 0.24% N; 115.8 ppm P2O4; pH 
5.90). Germinated plants were later thinned to one per pot. Pots 
were placed under the UV-B treatments in the greenhouse and 
plants were allowed to grow for 13 weeks. There were 2 sets of 
experiment, between December 2009 and April 2010. 

Supplemental lighting (16-h photoperiod) was supplied by high-
pressure sodium lamps. Photosynthetically active radiation (PAR) 

was measured weekly at noon with a LI-COR LI-185B portable light 
meter (Table 1). 

Ultraviolet-B radiation treatments 
 
UV-B treatments were provided by ten UVB-313 40W fluorescent 
tubes, installed 1.10 m above the greenhouse bench, in a 1.20 m 
long × 1.20 m wide × 1.25 m high frame enclosed on all four sides 
with Mylar film (Type D, 0.127 mm thick). Within this frame, smaller 

frames (60.0 × 32.0 × 40.0 cm high) were covered with either a 
layer of Mylar film, or one, two or three layers of cellulose acetate 
film (diacetate type, 0.127 mm). Mylar film absorbs all UV-radiation 
below 320 nm and cellulose acetate below 290 nm (Barnes, 1988). 
Different number of cellulose acetate layers provided different 
levels of UV-B radiation, whereas Mylar treatment was employed to 
simulate the ambient greenhouse condition. 

UV-B radiation (290 - 320 nm) was measured in single nano-
meter increments using an International Light IL 1700 Radiometer 
interfaced with an IL782A double-slit monochromator. Single nano-
meter readings were taken in an experimental chamber covered 
with opaque black plastic to exclude interference from visible light. 
Biologically effective UV-B (UV-BBE) radiation was estimated from 
these readings using Caldwell’s (1971) generalized plant damage 
action spectrum normalized to 300 nm. Daily UV-B exposure for 8 
h, centered on solar noon, provided approximately 0 (control), 4, 6 
and 8 kJ*m

-2
 of UV-BBE radiation in frames covered with a layer of 

Mylar film, and three, two, or one layer(s) of cellulose acetate film, 
respectively. The applied UV-B radiation refer to the zero, field-
ambient (4 kJ*m

-2
), 13% (6 kJ*m

-2
) and 23% (8 kJ*m

-2
) of ozone 

layer depletion. 
 

 
Growth and morphological response to UV-B radiation 

 
After 3 months of growth experiment was terminated plants taken 

for measurements. For dicotyledonous houndstongue leaf number 
was counted, also length of petiole and lamina was measured along 
with leaf area. For monocotyledonous downy brome the length of 
main stem and panicle was taken, tillers number and spikelets 
number per plant was counted. Roots and shoots were dried at 
50°C for 72 h and weighed. 

 
 
Mycorrhizal colonization measurements 
 
The intracellular structures of AMF naturally occurring in the tested 
soil were tested in this experiment. Magnified intersections method 
(McGonigle et al., 1990), was used to determine the proportion of 
root length in which arbuscles, vesicles or hyphae were present. 
For this purpose roots were cut into pieces of 1 cm long, cleared in 
10% KOH (w/v), acidified with 5% HCl (v/v) and stained in 0.05% 
trypan blue. AMF colonization of roots was quantified using a 

compound Leica microscope (100×). 1000 intersections were 
examined per roots of single plant. The arbuscular colonization
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Table 2. Morphological traits of houndstongue (C. officinale L.) growing under different levels of UV-
BBE radiation, n = 8. 
 

Trait 
UV-BBE level (kJ*m

-2
) 

±SE P level 
0 4 6 8 

Leaf number 5.3 4.1 4.5 4.3 0.38 0.1 

Lamina length 9.9 9.8 8.5* 8.2* 0.31 <0.0001 

Stalk length 4.9 5.0 5.3 4.7 0.22 0.4 

Leaf area 28.2 27.1 25.5 19.5* 1.25 <0.0001 

Shoot dry mass 1.0 0.9 0.6 0.5* 0.06 <0.0001 

Root dry mass 2.0 1.4 1.1* 0.9* 0.13 <0.0001 
 

*Denotes significant difference, as compared to control (0). 
 
 
 

Table 3. Morphological traits of bromegrass (B. tectorum L.) growing under different levels of UV-BBE 

radiation, n = 8. 
 

Trait 
UV-BBE level (kJ*m

-2
) 

±SE P level 
0 4 6 8 

Stem length 36.4 31.2 29.6 23.7* 1.06 <0.0001 

Panicle length 13.2 13.6 14.3 13.4 0.41 0.4 

Spikelets number 106.6 121.9 89.5 80.3 11.48 0.1 

Shoot dry mass 1.4 1.1* 1.3 1.1* 0.03 <0.0001 

Root dry mass 1.1 1.2 1.0 1.0 0.09 0.4 
 

*Denotes significant difference, as compared to control (0). 
 
 
 

(AC) and vesicular colonization (VC) were calculated by dividing the 
count for the 'arbuscules' and ' vesicles' categories respectively by 
the total number of intersections examined. Hyphal colonization 
(HC) was calculated as the proportion of non-negative 
intersections, according to McGonigle et al. (1990). 

Both, the UV-B radiation on the plant growth as well as AMF 
analyses were carried out on the same plant material. There were 8 
plants/biological replicates used in the statistical analysis (4 plants 
per one set, with two sets of a whole experiment). The analysis was 
carried out using STATISTICA 10 software (StatSoft 2011). One 
way ANOVA was applied to the tested objects. Significant 
differences between analyzed objects were assessed at p≤ 0.05. 
 
 

RESULTS 
 

Influence of UV-B radiation on growth of downy 
brome and houndstongue 
 

Since there were no significant differences in the PAR 
radiation between different UV-B treatments, it can be 
assumed, that all the differences in the growth and 
development of both tested species are due to the 
reaction to the diversified UV-B levels (Table 1). After 13 
weeks of growth, houndstongue was in a vegetative 
phase of growth, whereas downy brome was in the phase 
of flowering. Both tested species turned to be sensitive to 
the highest applied UV-BBE dose (8 kJ), at the same time 
monocotyledonous downy brome was less susceptible, in 
comparison with dicotyledonous houndstongue. Two 
lower  doses  of  UV-BBE  did not influence the growth and  

morphological features of both tested species.  
Downy brome plants growing under elevated UV-BBE 

conditions developed significantly shorter stems, by 
about 35%, as compared to plants growing under the UV-
free conditions (Table 2). At the same time, the panicle 
length remained unchanged, regardless of UV-B stress. 
Shorter downy brome plants accumulated significantly 
less biomass in the aboveground parts (by about 23%, in 
comparison with the control), still the root biomass was 
not influenced by UV-B treatment. After 3 months of 
growth, downy brome plants were in the phase of flo-
wering, so seeds were not developed yet. Still, it was 
possible to count the number of spikelets which, even 
though not significantly different, still were decreased by 
elevated UV-B levels by about 25% as compared to 
plants growing without UV-B light (Table 2).  

In the presence of increased UV-B radiation (8 kJ), 
houndstongue plants developed insignificantly lower 
number of leaves (by about 20%), as compared to plants 
growing in UV-free conditions (Table 3). At the same 
time, houndstongue’s leaves growing under 8 kJ of UV-
BBE had significantly shorter lamina (by about 18%) and 
significantly smaller leaf area (by about 31%), whereas 
stalk length was not affected. All UV-B induced changes 
in the morphology of houndstongue influenced shoot and 
root dry mass, which was significantly lower in the pre-
sence of 8 kJ of UV-BBE, by about 45 and 55%, respec-
tively (Table 3). 
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Figure 1. Arbuscular mycorrhizal colonization of downy brome and houndstongue roots growing in 

the presence of different levels of UV-BBE radiation. VC- vesicule colonization, AC- arbucule 
colonization, HC- hyphae colonization. 

 
 

 

Influence of UV-B radiation on arbuscular 
mycorrhizal colonization 
 
Houndstongue roots were more intensively colonized by 
mycorrhizae fungi, as compared to downy brome roots 
(Figure 1). The highest percentage of colonization with all 
intracellular fungi structures (hyphae, arbuscules and 
vesicles) was observed in the controlled, UV-free condi-
tions. The percentage of roots colonized with hyphae in 
the control conditions was 63% for houndstongue and 
50% for downy brome (Figure 1e and f). Applying UV-B 
stress caused significant decrease in the hyphae and 
arbuscules colonization of roots of both species. The 
higher doses of UV-BBE (6 and 8 kJ) caused reduction of 
hyphae by about 20 and 17% for downy brome (Figure 
1e) and by about 42 and 47% for houndstongue (Figure 
1f). In the case of arbuscules colonization, the reductions 
were by about 58 and 50% for downy brome (Figure 1c). 
The amount of arbuscules formating on houndstongue 
roots turned to be significantly susceptible to even the 
lowest UV-BBE treatment, and the reductions observed 
were: 33, 41 and 26% for 4, 6 and 8 kJ, respectively (Figure 
1d). The vesicles colonization, remained significantly un-

chained regardless of UV-BBE treatment, although a visi-
ble decrease was noted for both hounstongue and downy 
brome grown under UV-BBE (Figure 1a and b).  
 
 
DISCUSSION 
 
Both species tested in the experiment showed a different 
susceptibility to UV-B radiation. As expected, more sus-
ceptible in terms of growth and development turned to be 
dicotyledonous houndstongue. Monocotyledonous weeds 
are generally less susceptible to UV-B radiation as com-
pared to dicotyledonous species (He et al., 1993). The 
highest dose of UV-B, 8 kJ, affected all, except leaf num-
ber and stalk length, tested traits of houndstongue. The 
most susceptible turned to be leaf lamina length as well 
as leaves area. Our findings are similar to those of 
Furness et al. (1999), who studied properties of 
houndstongue seedlings in the presence of UV-B of 7 - 
11 kJ*m

-2
 and observed a reduction of leaf, stem and root 

fresh weights, leaf area and leaf: shoot ratio and increase 
in shoot dry matter content, specific leaf weight and leaf 
greenness.  Downy  brome  was less susceptible to UV-B  
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radiation and after 3 months of growth a reduction of 
stem length and shoot biomass was only noted. At the 
same time, the number of downy brome inflorescence per 
plant was not affected, suggesting that this species may 
still produce seeds under the UV-B radiation stress, 
which can add to its invasiveness properties and grasses 
plasticity, similarly to Deschampsia antarctica studied by 
Day et al. (1999). On the other hand, Dai and Upadhyaya 
(2002) have proved, that seedlings of downy brome ex-
press susceptibility to much more elevated UV-B radia-
tion of 11 kJ*m

-2
 at the germination phase (during 10 

days of germination process), which can influence the 
later competitive abilities of this species.  

Two structures of arbuscular fungi, associated with 
both houndstongue and downy brome, were significantly 
reduced by the elevated amounts of UV-B radiation: 
hyphae and arbuscules. Our findings are confirmed by 
Klironomos and Allen (1995), who observed a reduction 
of mycorrhizal symbiosis between Acer saccharum in the 
conditions of increased UV-B radiation and shift to a 
saprobe/pathogen system. Similar findings for the grass-
land communities in the five-year-long field observations 
were reported by van de Staaij et al. (2001). We also 
observed a strong reduction in the formation of vesicles 
in both species but, due to the large differences between 
single samples, this effect was insignificant. As a result of 
such changes, it is highly possible, that both species will 
have less ability to absorb minerals from the soil, espe-
cially phosphorus. This in turn can possibly lead to the 
reduced growth of both, shoots and roots, especially for 
houndstongue, and can have the influence on both 
species’ competition abilities. 

Summing up, the results of our study show, that under 
the elevated UV-B radiation (8 kJ*m

-2
) both weeds de-

monstrate the differential growth responses. Also, the 
increased levels of UV-B radiation cause a significant 
reduction in the hyphae and arbuscule formation of 
mycorrhizal arbuscular fungi associated with both downy 
brome and houndstongue. Both findings may have signi-
ficant implications for invasive species ability to compete 
with each other and with associated rangeland species. A 
further research should be undertaken to assess the 
actual competitive abilities of houndstongue and downy 
brome in the presence of grassland species in the condi-
tions of the elevated UV-B radiation. 
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