
ISSN 1067�4136, Russian Journal of Ecology, 2011, Vol. 42, No. 2, pp. 19–26. © Pleiades Publishing, Ltd., 2011.
Original Russian Text © M. R. Trubina, 2011, published in Ekologiya, 2011, No. 2, pp. 102–109.

19

Plants growing under unfavorable conditions
employ different survival strategies, including a stress
avoidance strategy. In plants reproducing by seeds, one
of mechanisms to avoid stress involves a shift in the
time of seed germination (Harper, 1977; Markov,
1990; Donohue, 2002). In temperate climates, for
instance, seed germination delayed until spring
excludes the possibility of seedling death during win�
ter. On the other hand, seed germination in autumn
can provide a selective advantage when the risk of high
seedling mortality during winter is insignificant, since
overwintered plants can enter the reproductive phase
earlier, having grown to a greater size by that time.

Plants exposed to pollution can avoid stress due to
mechanisms limiting the intake of toxic substances in
excess concentrations or facilitating their effective
removal (Il’kun, 1978; Taylor, 1978; Zagryaznenie…,
1988). The rate of toxicant intake depends on environ�
mental conditions. In particular, temperature is
regarded as a major factor determining the response of
plants to pollution stress. At high temperature, plants
take in greater amounts of toxic agents, and damage
they cause becomes more severe as temperature
increases (Nikolaevskii, 1979; Norby and Kozlowski,
1981; Taylor et al., 1985; Umbach and Davis, 1987).
Taking into account the close dependence between
temperature and the rates of gas exchange and plant
growth, it may be assumed that, under conditions of
pollution, the vulnerability and mortality of seedlings
developing at higher temperatures (in spring and sum�
mer) will be higher than those of seedlings developing
at relatively low temperatures (in autumn). The transi�
tion from the spring to the autumn germination strat�
egy may be a mechanism providing for the survival of a

population. In temperate climates, however, autumn
seedlings are at high risk of death during winter. More�
over, low temperatures enhance the impact of pollut�
ants on plants (Caporn et al., 1991; Kleier et al., 1998;
Yoshida et al., 2004), and, conversely, plants exposed
to pollution are more vulnerable to frosts (Dueck et
al., 1990/1991; Power et al., 1998; Caporn et al.,
2000). Thus, the transition from the spring to the
autumn strategy may take place only on condition that
the winter mortality of seedlings in a polluted area is
fairly low and that the spring strategy gives no apparent
advantage to the population.

To verify the above assumptions, we performed
demographic studies on a Crepis tectorum L. popula�
tion growing under conditions of long�term atmo�
spheric pollution with fluorine compounds and sulfur
dioxide.

MATERIAL AND METHODS

Narrow�leaved hawk’s beard, Crepis tectorum L.
(Asteraceae), is a widespread monocarpic, semirosette
plant (Andersson, 1989) growing mainly in arable
fields, roadsides, and other areas with a disturbed soil
and plant cover. Studies were performed in the vicinity
of the cryolite plant located near the city of Polevskoy
(the Middle Urals). The plant (founded in 1907) is the
source of emissions amounting to 6000–7000 t per
year, with sulfur dioxide and fluorine compounds
being the main pollutants. Characteristics of the study
region and specific features of plant community trans�
formations in the vicinity of the plant were described
in detail previously (Makhnev et al., 1990; Trubina
and Makhnev, 1997).
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Two populations were included in analysis: one in
the impact pollution zone (300 m from the plant) and
the other in the background zone (50 km north of the
pollution source). Plants of the impact population
(IP) are characterized by the increased contents of
acid�soluble fluorine compounds in their aboveground
parts, which reach, on average, 4159 µg/g (Trubina,
1990). They grow in disturbed areas with a sparse
ground vegetation layer (total coverage about 30%)
consisting mainly of Cirsium arvense, Artemisia absin�
thium, Festuca pratensis, Sonchus arvensis, Tussilago
farfara, Leucanthemum vulgare, Elytrigia repens,
Potentilla anserina, Pimpinella saxifraga, Lathyrus
pratensis, and Tanacetum vulgare. Plants of the back�
ground (control) population (BP) grow in a field sown
with oats (Avena sativa) and vetch (Vicia sativa) and at
its edges. The most abundant weed species in the field
are Thlaspi arvense, Sonchus arvensis, Cirsium arvense,
Galium aparine, Tripleurospermum inodorum, Capsella
bursa�pastoris, Elytrigia repens, and Chenopodium
album. The total coverage (including cultivated plants)
at the peak of plant development (July) averages 60%
in the field and 90% at its edges, where the herbaceous
layer consists of the above weeds (Elytrigia repens, Son�
chus arvensis, Cirsium arvense, and Tanacetum vulgare
are dominant).

In late May 2005, ten 25 × 25�cm test plots located
no less than 1 m from each other were established and
mapped in areas occupies by C. tectorum in the impact
zone. In the background zone, ten 50 × 50�cm plots
were established in the field, and ten more squares, at
its edges. The distance between these transects was 300
m. Below, the respective parts of the background pop�
ulation are referred to as BP1 and BP2. The size of test

plots in the background population was increased
because of a low plant density. All C. tectorum plants
found in the plots in late May were marked with col�
ored sticks and conditionally designated as the “spring
cohort,” since the exact time of their emergence was
unknown. At the end of each subsequent month, all
newly emerging plants were marked with sticks of a
different color and designated as a cohort of the corre�
sponding month (the June cohort, July cohort, etc.).
The numbers of living and generative plants in each
cohort were recorded every month. After plowing (in
early September), the plots in the field were restored to
continue monitoring. Observations in 2005 were
stopped in October, after the establishment of snow
cover. In mid�July 2006, the assessment of plant sur�
vival and enumeration of generative plants were per�
formed for cohorts of the last year. On the whole, 688
C. tectorum plants were marked.

RESULTS AND DISCUSSION

The impact population was characterized by a
higher plant density, compared to the background
population (table), with plants of the spring cohort
prevailing in both of them. New seedlings in BP1
emerged mainly in June and July; in BP2, in June and
September. Summer cohorts in IP were extremely
sparse, especially the July cohort, and the bulk of new
seedlings emerged in September. The relative abun�
dance of June and July cohorts in IP was markedly
lower than in BP1 and BP2, while that of the Septem�
ber cohort was higher (Fig. 1).

In BP1 and BP2, more than half of plants in the
spring cohort were in the generative state in late May
(Fig. 2), and all plants completed the developmental
cycle by late June. Plants of the June cohort in BP1
entered the reproductive phase in August, but only
39% of them completed the developmental cycle dur�
ing the season. All other plants perished in the vegeta�
tive phase because of plowing. In BP2, almost 60% of
plants in this cohort began reproducing in July, and all
plants completed the developmental cycle by the end
of September. The July cohort in BP1 was third in
numbers; 60% of its plants completed the develop�
mental cycle in August, while the rest perished in the
vegetative phase because of plowing. In BP2, plants of
this cohort failed to enter the generative phase and
died during winter. The August cohort was absent in
BP2 and extremely sparse in BP1. Plants of this and
September cohorts in BP2 did not reproduce and died
during winter.

In IP, plants of the spring and, partly, June cohorts
began reproducing during the first season, but the pro�
portion of generative plants was very low (no more
than 40%). Not only plants that completed their
developmental cycle but also some plants at the vege�
tative phase died during the season. Their number
depended on the initial plant density. Pearson’s coeffi�
cients of correlation between the initial number of
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Fig. 1. Proportions of plants from different cohorts (means
± standard errors) in Crepis tectorum L. populations in the
background and impact zones. Asterisks indicate signifi�
cant differences by the Mann–Whitney test (P < 0.05).
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Dynamics of the abundance of cohorts and total plant density (D, ind./m2) in Crepis tectorum L. populations (mean values with
standard errors)

Cohort

Year and month of census

2005 2006

 May June July August September July

 Background 1

“Spring” 20.8 ± 6.9 0 0 0 0 0

June – 7.2 ± 3.4 7.2 ± 3.4 4.4 ± 2.5 0 0

July – – 4.4 ± 2.1 0.8 ± 0.5 0 0

August – – – 0.4 ± 0.4 0 0

September – – – – 0 0

D, ind./m2 20.8 7.2 11.6 6.6 0 0

 Background 2

“Spring” 8.4 ± 1.2 0 0 0 0 0

June – 3.6 ± 1.1 1.2 ± 0.6 0.8 ± 0.5 0 0

July – – 0.8 ± 0.5 0.8 ± 0.5 0.8 ± 0.5 0

August – – – 0 0 0

September – – – – 2.4 ± 1.7 0

D, ind./m2 8.4 3.6 2.0 1.6 3.2 0

Impact

“Spring” 537.6 ± 147 385.6 ± 72 310.4 ± 67 212.8 ± 41 174.4 ± 37 73.6 ± 25

June – 68.8 ± 31 59.2 ± 26 33.6 ± 16 32.0 ± 14 19.2 ± 13

July – – 8.0 ± 8.0 3.2 ± 3.2 3.2 ± 3.2 0

August – – – 19.2 ± 9.5 19.2 ± 9.5 11.2 ± 7.9

September – – – – 275.2 ± 86 166.4 ± 50

D, ind./m2 537.6 454.4 370.4 268.8 504.0 270.4

plants and the number of plants that died per month
were 0.92 (P < 0.05) in June, 0.54 (P < 0.11) in July,
0.88 (P < 0.05) in August, and 0.25 in September. Dur�
ing summer and autumn, a peak of plant mortality was
observed in August. The highest mortality was charac�
teristic of the July cohort.

In winter, plant mortality within the cohorts was
significantly higher than in the summer–autumn sea�
son (P < 0.05–0.001). The highest and lowest values of
mortality were recorded in the July and September
cohorts, respectively. The numbers of plants that died
during winter also depended on the initial plant den�
sity in the plot (Pearson’s correlation coefficient 0.82
at P < 0.05). The proportions of plants of the spring,
June, July, August, and September cohorts that
entered the reproductive phase in the next season were
19, 25, 33 and 5%, respectively.

Thus, C. tectorum populations in polluted and clean
habitats proved to differ significantly in the dynamics
of seed germination and, therefore, in the relative
abundance of plants in different cohorts. Both parts of
the background population were characterized by a

very low abundance of the autumn cohort, with plants
of this cohort being found only at the edge of the field.
In the impact population, conversely, the abundance
of summer cohorts (especially of the July cohort) was
markedly lower than that of the autumn cohort.

The spring cohort was the most abundant in all
populations. Data on the survival of plants during win�
ter indicated that this cohort in both parts of the back�
ground population consists mainly of plants emerged
in spring. In the impact population, the spring cohort
is largely represented by plants that emerged during
the previous season. It is noteworthy that the differ�
ences in the time of seed germination observed in nat�
ural populations are in good agreement with the results
of experiments on the effect of temperature on the
early growth and development of seed progeny from
the same populations in the absence of toxic impact
(Trubina, 2006). In particular, the intensity of seed
germination and the viability of seedlings at elevated
temperatures were higher in the progeny from the
background than from the impact population, whereas
the situation observed at decreased temperatures was
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Fig. 2. Time�related changes in the proportions of generative plants in different cohorts of Crepis tectorum L. populations from
the background and impact zones. Cohorts: (1) “spring,?(2) June, (3) July, (4) August, and (5) September.

opposite. In general, these data indicate that the back�
ground and impact population employ mainly the
spring–summer and autumn germination strategies,
respectively.

Interpopulation differences in the timing of seed
germination apparently reflect opposite directions of
selection in the habitats studied. Selection for germi�

nation in spring or autumn depends on the risk of
seedling death during winter and the relative advan�
tage of spring germination and development (Masuda
and Washitani, 1992; Donohue, 2002), with the tim�
ing of germination being regulated via the interactions
of maternal plants with the environment (Byers et al.,
1997; Galloway, 2002). In the background population,
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no natural mortality of plants in the vegetative phase
has been observed during the season, and the preva�
lence of the spring–early summer germination strat�
egy is explained by a high risk of death for plants
emerging in late summer or autumn. Arable fields in
the study region are usually plowed in late August to
September or in early May. In either case, the proba�
bility of survival and transition to reproduction for
plants from the late�summer and autumn cohorts is
significantly lower than for plants emerging in late
spring or summer. The results of demographic analysis
confirm this conclusion.

Available data show that the prevalence of the
autumn germination strategy under conditions of
long�term pollution (chronic stress exposure) is
explained by a high mortality of seedlings emerging
and developing at relatively high temperatures as well
as by a high winter survival rate of autumn seedlings. A
low viability of spring seedlings may be due to the
combined impact of high temperatures and pollution,
since the rate of toxicant intake and vulnerability of
plants increase at higher temperatures (Nikolaevskii,
1979; Norby and Kozlowski, 1981; Taylor et al., 1985;
Umbach and Davis, 1987). The results of experiments
on the combined effect of temperature and fluorine
pollution on early stages of C. tectorum growth and
development (Trubina, 2007) also show that the
adverse effect of pollution on the size and viability of
seedlings manifests itself stronger at higher tempera�
tures. Moreover, the viability of summer seedlings may
decrease under the combined effect of drought and
pollution, which may be additionally enhanced due to
the sparseness of ground vegetation in polluted habi�
tats. The fact that these stress factors have an additive
effect has been confirmed in a number of experiments
(Gordon et al., 1999; Takács et al., 2001). It is note�
worthy that in populations of Crepis tectorum ssp. pum�
ila growing in dry habitats, where the risk of plant
death from drought in summer is especially high, the
seeds germinate mainly in autumn (Andersson, 1992).
The low viability of summer generations in the impact
population may also result from enhanced competi�
tion for resources in the period of the most active plant
growth under conditions of high plant density.

One more difference between the impact and back�
ground populations concerns the time of transition to
the reproductive phase and the duration of the life
cycle. The majority of plants from the background
population entered the reproductive phase and com�
pleted the developmental cycle during the same grow�
ing season. Moreover, a considerable proportion of
these plants began reproducing within one month.
The spring cohort completed the developmental cycle
after 2 months; the June cohort, after 3 months. The
main contribution to the total seed pool in the field
came from the spring, June, and July cohorts; at the
field edge, from the spring and June cohorts. The delay
in the development of plants from the June cohort at
the field edge could be accounted for by higher density

of the herbaceous layer, compared to that in the field
(see above). In the impact population, none of the
cohorts succeeded in completing the developmental
cycle during one season. Plants that began reproduc�
ing during the first season were mainly from the spring
cohort, with the proportion of generative plants in the
population remaining small throughout the season. A
major part of overwintered plants from this cohort still
remained in the vegetative phase in the middle of the
next growing season. Plants from other cohorts usually
began reproducing only in the next year, with the pro�
portion of generative plants in each cohort (the Sep�
tember cohort in particular) remaining very small even
in the middle of the growing season.

These data are in good agreement with the results
of previous studies, which show that C. tectorum pop�
ulations from polluted habitats are characterized by
the prevalence of plants in the pregenerative state, with
the generative component consisting mainly of bien�
nial plants (Trubina and Makhnev, 1999). Moreover,
this retardation of growth and development also man�
ifests itself in the C. tectorum seed progeny grown in the
absence of pollution impact (Trubina, 2005).

The retardation of growth and development and
decrease in reproductive activity are a widespread
response of plants to adverse environmental condi�
tions. In ruderal species, however, the response to
stress factors often manifests itself in the reduction of
the period of vegetative growth and redistribution of
resources in favor of seed production (Grime, 1977;
Harper, 1977; Markov, 1990), which eventually leads
to a reduced duration of the life cycle.

The fact that the life cycle of C. tectorum, a typical
ruderal species, becomes longer under pollution
impact can be accounted for by several factors. In the
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Fig. 3. Time�related changes in the proportions of dead
generative plants (means ± standard errors) in different
cohorts of Crepis tectorum L. populations from the impact
zone. Cohorts: (1) “spring,?(2) June, (3) July, (4) August,
and (5) September.
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majority of annual and biennial rosette and semiro�
sette plants, rosette growth is a distinct phase of indi�
vidual development during which practically all
assimilatory plant organs are formed (Markov, 1990).
The size and leaf area of the rosette largely determine
the probability of plant survival, transition to flower�
ing, and contribution to reproduction (Harper, 1977;
Gross, 1981; Maddox and Antonovics, 1983; Farris
and Lechowicz, 1990; Markov, 1990; Holderegger,
2000). Thus, the delayed transition to reproduction in
the impact population may be due to insufficient
development of the rosette and its assimilatory surface.
Suppression of rosette growth may be a result of direct
exposure to toxic agents, additive action of pollutants
and natural stress factors, or high plant density and,
consequently, deficiency in resources for normal
growth and development. The delay in transition to
reproduction can also be explained by an increase in
the proportion of plants with a low rate of growth and
development in populations from polluted habitats
(Cox and Hutchinson, 1981; Wilson, 1988; Trubina,
2005).

Reduction of metabolic rate is a widespread mech�
anism to improve resistance to stress factors, and a low
rate of growth and development is a common feature
of stress�tolerant plant species (Grime, 1977). Selec�
tion in favor of individuals with a low rate of growth
and development under conditions of pollution may
be due to deficient nutrient supply in such habitats
(Jowett, 1964). Another relevant factor is that slow�
growing plants are more resistant to pollution because
of a low intake rate of toxic substances and the possi�
bility of their metabolic redistribution and release
(Nikolaevskii, 1979; Rozhkov and Mikhailova, 1989).
A low rate of growth and development may also deter�
mined by the necessity of increased resource expendi�
ture for the formation of protective mechanisms
allowing plant survival under chronic stress (i.e., by an
increased adaptation cost), but this aspect needs spe�
cial evaluation.

On the whole, the relevant data indicate that pop�
ulations of annual and biennial plants can employ dif�
ferent survival strategies when growing under condi�
tions of pollution or its absence. Population success in
species reproducing by seeds depends on the size of
total seed pool (Harper, 1977; Markov, 1990). Seed
production and individual size depend on specific fea�
tures of the life cycle (an annual or biennial strategy, or
a spring or winter annual strategy), which, in turn, are
closely connected with the timing of seed germination
(Harper, 1977; Farris and Lechowicz, 1990; Markov,
1990; Donohue, 2002).

Ruderal plant species typically grow in potentially
productive environments periodically subject to severe
disturbances. Under such conditions, population
reproductive success is achieved via rapid succession
of several generations during the growing season,
which, in turn, is accounted for by the prevalence of
plants with a high rate of growth and development and

the spring–summer germination strategy. A high rate
of growth and development is regarded as a basic fea�
ture of ruderal plants adapted to environments with
periodically deteriorating conditions (Grime, 1977),
since rapid seed production ensures restoration of
populations after disturbances. Adherence to the
spring–summer germination strategy is a way to cope
with the adverse consequences of high seedling mor�
tality during winter and as a result of regular plowing.

Thus, factors accounting for success in reproduc�
tion of plant populations under conditions of chronic
pollution include delayed transition to reproduction,
longer individual life span (slow succession of genera�
tions), and prevalence of the autumn germination
strategy. Prolongation of the pregenerative period of
development allows plants exposed to chronic stress to
form the assimilatory surface sufficient for transition
to the reproductive phase, and the autumn germina�
tion strategy allows the population to avoid the adverse
consequences of combined impact of toxic pollutants
and natural summer stress factors.

ACKNOWLEDGMENTS

The author is grateful to E.L. Vorobeichik for his
valuable comments on the manuscript.

This study was supported by the Program for Sup�
port of Science and Education Centers (contract no.
02.740.11.0279) and the Program for Interdisciplinary
Projects of the Presidium of the Ural Division of the
Russian Academy of Sciences.

REFERENCES

Andersson, S., Phenotypic Selection in a Population of
Crepis tectorum ssp. pumila (Asteraceae), Can. J. Bot., 1992,
vol. 70, pp. 89–95.
Andersson, S., Variation in Heteroblastic Succession
among Populations of Crepis tectorum, Nord. J. Bot., 1989,
vol. 8, no. 6, pp. 565–573.
Byers, D.L., Platenkamp, G.A.J., and Shaw, R.G., Varia�
tion in Seed Characters in Nemophilla menziesi@i: Evi�
dence of Genetic Basis for Maternal Effect, Evolution,
1997, vol. 51, no. 5, pp. 1445–1456.
Caporn, S.J.M., Mansfield, T.A., and Hand, D.W., Low
Temperature�Enhanced Inhibition of Photosynthesis by
Oxides of Nitrogen in Lettuce (Lactuca sativa L.), New
Phytol., 1991, vol. 118, pp. 309–313.
Caporn, S.J.M., Ashenden, T.W., and Lee, J.A., The Effect
of Exposure to NO2 and SO2 on Frost Hardiness in Calluna
vulgaris, Environ. Exp. Bot., 2000, vol. 43, pp. 111–119.
Cox R.M. and Hutchinson, T.C., Multiple and Co�Toler�
ance to Metals in the Grass Deschampsia cespitosa: Adapta�
tion, Preadaptation, and “cost,” J. Plant Nutr. 1981, vol. 3,
nos. 1–4, pp. 731–741.
Donohue, K., Germination Timing Influences Natural
Selection on Life�History Characters in Arabidopsis
thaliana, Ecology, 2002, vol. 83, no. 4, pp. 1006–1016.
Dueck, Th.A., Dorl, F.G., Ter Horst, R., and Van Der Eer�
den, L.J., Effects of Ammonia, Ammonium Sulphate and



RUSSIAN JOURNAL OF ECOLOGY  Vol. 42  No. 2  2011

THE SURVIVAL STRATEGY OF CREPIS TECTORUM L. 25

Sulphur Dioxide on the Frost Sensitivity of Scots Pine
(Pinus sylvestris L.), Water Air Soil Pollut., 1990/1991,
vol. 54, pp. 35–49.

Farris, M.A. and Lechowicz, M.J., Functional Interactions
among Traits That Determine Reproductive Success in a
Native Annual Plant, Ecology, 1990, vol. 71, no. 2, pp. 548–
557.

Galloway, L.F., The Effect of Maternal Phenology on Off�
spring Characters in the Herbaceous Plant Campanula
americana, J. Ecol., 2002, vol. 90, no. 5, pp. 851–858.

Gordon, C., Woodin, S.J., Alexander, I.J., and Mullins, C.E.,
Effects of Increased Temperature, Drought and Nitrogen Sup�
ply on Two Upland Perennials of Contrasting Functional Type:
Calluna vulgaris and Pteridium aquilinum, New Phytol., 1999,
vol. 142, pp. 243–258.

Grime, J.P., Evidence for the Existence of Three Primary
Strategies in Plants and Its Relevance to Ecological and Evolu�
tionary Theory, Am. Nat., 1977, vol. 111, pp. 1169–1194.

Gross, K.L., Predictions of Fate from Rosette Size in Four
“Biennial” Plant Species: Verbascum thapsus, Oenothera
biennis, Daucus carota, and Tragopogon dubius, Oecologia,
1981, vol. 48, no. 2, pp. 209–213.

Harper, J.L., Population Biology of Plants, London: Aca�
demic, 1977.

Holderegger, R., Changes in Rosette Size Distribution of
Saxifraga mutata in a Successional Sere, Bull. Geobot. Inst.
ETH, 2000, vol. 66, pp. 3–10.

Il’kun, G.N., Gazoustoichivost’ rastenii (Gas Resistance of
Plants), Kiev: Naukova Dumka, 1978.

Jowett, D., Population Studies on Lead�Tolerant Agrostis
tenuis, Evolution, 1964, vol. 18, pp. 70–81.

Kleier, C., Farnsworth, B., and Winner, W., Biomass, Repro�
ductive Output, and Physiological Responses of Rapid�
Cycling Brassica (Brassica rapa) to Ozone and Modified Root
Temperature, New Phytol., 1998, vol. 139, pp. 657–664.

Maddox G.D. and Antonovics, J., Experimental Ecological
Genetics in Plantago: A Structural Equation Approach to
Fitness Components in P. aristata and P. patagonica, Ecol�
ogy, 1983, vol. 64, no. 5, pp. 1092–1099.

Makhnev, A.K., Trubina, M.R., and Pryamonosova, S.A.,
Forest Vegetation in the Vicinities of Nonferrous Metal
Plants, in Estestvennaya rastitel’nost' promyshlennykh i
urbanizirovannykh territorii Urala (Natural Vegetation in
Industrial and Urbanized Territories of the Urals), Sverd�
lovsk: Ural. Otd. Akad. Nauk SSSR, 1990, pp. 3–40.

Markov, M.V., Populyatsionnaya biologiya rozetochnykh i
polurozetochnykh maloletnikh rastenii (Population Biology
of Short�Lived Rosette and Semirosette Plants), Kazan:
Kazan. Gos. Univ., 2990.

Masuda, M. and Washitani, I., Differentiation of Spring
Emerging and Autumn Emerging Ecotypes in Galium spu�
rium var. echinospermon, Oecologia, 1992, vol. 89, pp. 42–46.

Nikolaevskii, V.S., Biologicheskie osnovy gazoustoichivosti
rastenii (Biological Bases of Gas Resistance of Plants),
Novosibirsk: Nauka, 1979.

Norby, R.J. and Kozlowski, T.T., Relative Sensitivity of
Three Species of Woody Plants to SO2 at High and Low
Exposure Temperature, Oecologia, 1981, vol. 51, pp. 33–36.

Power S. A., Ashmore M. R., Cousins D. A., Sheppard, L.J.
Effects of Nitrogen Addition on the Stress Sensitivity of
Calluna vulgaris, New Phytol., 1998, vol. 138, pp. 663–673.

Rozhkov, A.S. and Mikhailova, T.A., Deistvie ftor�
soderzhashchikh emissii na khvoinye derev’ya (Effect of Flu�
orine�Containing Emissions on Conifer Trees), Novosi�
birsk: Nauka, 1989.

Takács, Z., Tuba, Z., and Smirnoff, N., Exaggeration of
Desiccation Stress by Heavy Metal Pollution in Tortula
ruralis: Pilot Study, Plant Growth Regul., 2001, vol. 35,
pp. 157–160.

Taylor, G.E., Plant and Leaf Resistance to Gaseous Air Pol�
lution Stress, New Phytol., 1978, vol. 80, pp. 523–534.

Taylor, G.E., Selvidge, W.J., and Crumbly, I.J., Tempera�
ture Effects on Plant Response to Sulphur Dioxide in Zea
mays, Liriodendron tulipifera, and Fraxinus pennsylvanica,
Water Air Soil Pollut., 1985, vol. 24, pp. 405–418.

Trubina, M.R., Fluorine Accumulation in Forest Phyto�
cenoses in the Region of a Cryolite Plant, in Estestvennaya
rastitel’nost' promyshlennykh i urbanizirovannykh territorii
Urala (Natural Vegetation in Industrial and Urbanized Ter�
ritories of the Urals), Sverdlovsk: Ural. Otd. Akad. Nauk
SSSR, 1990, pp. 129–142.

Trubina, M.R., Intrapopulation Differentiation by the
Rates of Rosette Growth and Individual Plant Develop�
ment in Narrow�Leaved Hawk’s Beard (Crepis tectorum L.):
Aftereffects of Long�Term Stress, Ekologiya, 2005, no. 4,
pp. 243–251.

Trubina, M.R., Influence of Temperature on the Growth
and Development of Narrow�Leaved Hawk’s Beard: After�
effects of Pollution, in Osob’ i populyatsiya – strategii zhizni:
Mat�ly IKh Vseros. populyatsionnogo seminara (An Individ�
ual and a Populanion: Life Strategies. Proc. IX All�Russia
Population Seminar), Ufa, 2006, part 1, pp. 431–436.

Trubina, M.R., Sensitivity of Crepis tectorum L. Seed Prog�
eny to Temperature Influences under Conditions of Acid
Gas Pollution, Biologicheskaya rekul’tivatsiya i monitoring
narushennykh zemel': Mat�ly Mezhdunar. nauch. konf. (Bio�
logical Recultivation and Monitoring of Disturbed Lands:
Proc. Int. Sci. Conf.), Yekaterinburg, 2007, pp. 632–639.

Trubina, M.R. and Makhnev, A.K., Dynamics of Ground
Vegetation in Forest Phytocenoses under Conditions of
Chronic Pollution by Fluorine, Ekologiya, 1997, vol. 28,
no. 2, pp. 90–95.

Trubina, M.R. and Makhnev, A.K., The Age Structure of
Herbaceous Plant Populations under Stress: An Example of
Crepis tectorum L., Ekologiya, 1999, no. 2, pp. 116–120.

Umbach, D.M. and Davis, D.D., Influence of Humidity
and Temperature during Exposure on SO2�Induced Leaf
Necrosis of Virginia Pine and River Birch, Can. J. For. Res.,
1987, vol. 17, pp. 1213–1218.

Wilson, J.B., The Cost of Heavy�Metal Tolerance: An
Example, Evolution, 1988, vol. 42, no. 2, pp. 408–413.

Yoshida, K., Shibasaki, R., Takami, C., et al., Response of
Gas Exchange Rates in Abies firma Seedlings to Various
Additional Stresses under Chronic Acid Fog Stress, J. For.
Res., 2004, vol. 9, pp. 195–203.

Zagryaznenie vozdukha i zhizn' rastenii (Air Pollution and
Plant Life), Treshaw, M., Ed., Leningrad: Gidrometeoiz�
dat, 1988.



26

RUSSIAN JOURNAL OF ECOLOGY  Vol. 42  No. 2  2011

TRUBINA


