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ABSTRACT

A possible influence of low growth temperature on the photochemical activity of isolated mesophyll chloroplasts was
studied in three biotypes of kochia [Kochia scoparia (L.) Schrad.] that showed either double resistance to both atrazine
and acetolactate synthase (ALS) inhibitors (Bubny biotype), resistance to ALS inhibitors but not to atrazine (Jihlava
biotype), or sensitivity to both types of herbicides (Karlin biotype). Plants 5 or 12 weeks old since the date of sowing
were examined. The Bubny biotype displayed the lowest values of Hill reaction activity (HRA) among all biotypes
examined, and a significantly lower activity of Photosystem (PS) 1 compared to the Karlin biotype; this applied both
for the control and low temperature-grown plants and for both plant ages studied. The comparison of HRA and PS1
activity in the Jihlava and Karlin biotypes showed lower values of both parameters for the Jihlava biotype. The HRA
of plants grown at low temperature conditions was usually only slightly lower compared to the control plants of all
three biotypes examined. The activity of PS1 in the kochia biotypes grown under low-temperature conditions increa-
sed markedly and significantly compared to the control plants; this increase was slightly higher in the atrazine-sensi-
tive biotypes Jihlava and Karlin than in the resistant biotype Bubny. The differences between resistant and susceptible
biotypes in the HRA diminished under low-temperature conditions whereas the differences in PS1 activity increased.
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Kochia [Kochia scoparia (L.) Schrad.] is a weed
species native to middle- and eastern Asia steppes,
which has been involuntarily introduced into
Europe and North America. A rich network of
railway lines serves probably as a main route for
its expansion in the Czech Republic. As the pres-
ence of weeds in these localities is usually regulated
by along-term regular or irregular treatment with
various herbicides, plants displaying single- or
multiple-herbicide resistance can gradually appear
there and spread out to other locations. Thus, it is
very important to learn more about the nature of
this resistance, as this knowledge could be used
for a better management of weeds.

During the last three years, kochia biotypes show-
ing double resistance to two classes of herbicides,
i.e. PS2 activity inhibitors and acetolactate synthase
(ALS) inhibitors, were found in three localities in
the Czech Republic (Chodova and Mikulka 2000b,
2002). The kochia biotype with this type of multiple
resistance had been previously described only at

two localities in the U.S.A. (Foes et al. 1999, Heap
2003), though various biotypes resistant to either
triazines or ALS inhibitors are known from many
other locations (for the up-to-date summary of
the data on kochia biotypes resistant to various
herbicides see Heap 2003).

Triazine herbicides function as inhibitors of
Photosystem (PS) 2 electron transport in chlo-
roplast thylakoid membranes and the resistance
to them is conferred by a specific change of the
structure of the D1 protein in the PS2 reaction
center (for reviews see e.g. Powles and Holtum
1994, Oettmeier 1999, Devine and Shukla 2000).
However, many other effects are associated with
this change in D1 structure and the resistance of
weeds to triazines is also influenced by other factors
such as the circadian rhythm and plant ontogeny,
temperature, light intensity etc. (Dekker 1993).
Imidazolinone herbicides belong to the class of
ALS inhibitors and as such disrupt the synthesis
of essential branched-chain amino acids (valine,
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leucine and isoleucine) (Whitcomb 1999, Devine
and Shukla 2000). The weed resistance to these
herbicides is also associated with the changes in
the protein structure and several ALS amino acid
substitutions that confer herbicide resistance have
been reported from various weed species (Devine
and Shukla 2000, Tranel et al. 2003). Similarly to
triazine-based herbicides, the ALS inhibitors also
show a temperature dependency that can strongly
affect the efficacy of herbicide application and
could possibly play a role in the manifestation of
the plant resistance to these herbicides (Light et
al. 1999, 2001).

In most weed species examined to this date (e.g.
Amaranthus sp., Conyza canadensis, Senecio vulgaris,
Solanum nigrum) it seems that the biotypes resistant
to triazines are better adapted to low temperatures
and worse adapted to heat and high light intensity
compared to the sensitive ones (McCloskey and Holt
1991, Dekker 1993, Plowman and Richards 1997,
Kremer and Lotz 1998, Dulai et al. 1999, Szigeti
and Lehoczki 2003). Kochia is a plant with C4 type
of photosynthesis and as such normally prefers
warmer temperatures to cold (Nord et al. 1999,
Fischer et al. 2000). However, the relationship be-
tween a sensitivity/resistance to triazines (or other
herbicides) and growth temperature has not been
as yet analyzed in this species. The aim of our study
was therefore to examine the possible influence
of low growth temperature on the photochemical
activity of isolated chloroplasts in three biotypes
of kochia which showed either double resistance
to both atrazine and ALS inhibitors, the resistance
to ALS inhibitors but not to atrazine, or the sensi-
tivity to both types of herbicides, and to compare
these three biotypes with respect to the efficiency
of their photosynthetic electron transport.

MATERIAL AND METHODS

The photochemical activity of isolated mesophyll
chloroplasts was measured in three biotypes of
kochia [Kochia scoparia (L.) Schrad.] derived from
three localities in the Czech Republic. The seeds
of biotypes Bubny and Jihlava were originally col-
lected from plants growing along the railway tracks
and at lay-by areas of the railway stations Praha-
Bubny and Jihlava, in 1999. They were sown in
April 2000 at the experimental fields of the Research
Institute of Crop Production at Praha-Ruzyné (di-
mensions 14 x 14 m; the fields were separated from
the surrounding areas by 2.5 m-wide zones). These
fields have been treated with herbicides Gesaprim
500 FW [in a dose corresponding to 500 mg/m? of
atrazine as its active ingredient (a.i.)] and Granstar
75 WG (in a dose corresponding to 3.617 mg/m?
of tribenurone as its a.i.) in regular one-year in-
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tervals, always in June. In the case of the Jihlava
biotype, the experimental field has been treated
only with Granstar 75 WG. The plants used for
the measurement of photochemical activities of
isolated chloroplasts were grown from the seeds
collected from these experimental fields in October
2001. The plants of the third biotype examined,
i.e. Karlin, were grown from the seeds collected
at the road margin and adjacent uncared-for areas
at the locality Praha-Karlin also in October 2001.
We presume that kochia plants found at this local-
ity came originally from the now-defunct railway
track that lies near-by:.

The resistance/sensitivity of the plants to ALS
inhibitors and atrazine was examined prior to the
measurement of photosynthetic characteristics by
a bioassay (see Chodova and Mikulka 2000b for
details). The results of this test showed that the
biotype Bubny is resistant both to ALS inhibitors
and atrazine, the biotype Jihlava is resistant to
ALS inhibitors but not to atrazine, and the biotype
Karlin is sensitive to both types of herbicides.

The plants used for the measurement of photo-
chemical activities of isolated mesophyll chloro-
plasts were grown at growth chambers in plastic
pots containing a 2:1 mixture of topsoil and com-
mercial soil substrate (pH 6.8). The dimensions
of pots were 10 x 10 cm. The day/night regime at
growth chambers was 12/12 hrs, the light inten-
sity 130 pmol/m?/s and the relative air humidity
65-80%. The temperature was set to either 30 +
1°C (control) or 10 + 1°C (low temperature). The
first experimental series was conducted 5 weeks
after the date of sowing (the average height of
plants was 3-5 cm), the second experimental series
concerned 12-week-old plants (average height of
10-15 cm). Both series were conducted during the
first quarter of 2002 year.

The analysis of the photochemical activity of
isolated mesophyll chloroplasts was performed
as in Kornerova and Hola (1999). The mixture of
leaves from 10-15 plants was used for the isola-
tion of each sample, representing one biotype in
one temperature treatment. The Hill reaction ac-
tivity (HRA) was measured polarographically as
the amount of oxygen formed by the chloroplast
suspensions in the white light (approx. 750 umol/
m?/s PAR); 0.007M K,[Fe(CN),] was added as an
artificial electron-acceptor. The activity of PS1 was
measured similarly, as a consumption of oxygen by
the suspensions of isolated mesophyll chloroplasts.
0.15mM reduced 2,6-dichlorophenolindophenol
was used as an artificial donor of electrons and
0.1mM methylviologen as an electron acceptor. The
inhibitor of PS2 activity in this case was 0.1mM
3-(3’,4’-dichlorophenyl)-1,1-dimethylurea. The ex-
periments were repeated four times; the differences
between the biotypes or between the temperature
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Figure 1. The relative values of Hill reaction activity (HRA) in
two biotypes of Kochia scoparia (L.) Schrad. resistant either to
both ALS inhibitors and atrazine (biotype Bubny) or resistant
to ALS inhibitors but sensitive to atrazine (biotype Jihlava);
the values are expressed as percentage of values shown by
biotype Karlin, which is sensitive to both ALS inhibitors and
atrazine; plants were grown either at 30 or 10°C and were 5- or
12-weeks-old during the measurements of HRA

treatments were analysed using paired Student’s
t-test with a critical probability level 0.05.

RESULTS AND DISCUSSION
The comparison of HRA and PS1 activity in

three biotypes of kochia grown either at 30 or
10°C is shown in Figures 1 and 2 and Table 1. The
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Figure 2. The relative values of Photosystem (PS) 1 activity in
two biotypes of Kochia scoparia (L.) Schrad. resistant either to
both ALS inhibitors and atrazine (biotype Bubny) or resistant
to ALS inhibitors but sensitive to atrazine (biotype Jihlava);
the values are expressed as percentage of values shown by
biotype Karlin, which is sensitive to both ALS inhibitors and
atrazine; plants were grown either at 30 or 10°C and were 5- or

12-weeks-old during the measurements of PS1 activity

Bubny biotype, which was resistant both to ALS
inhibitors and atrazine, displayed the lowest HRA
values among all biotypes examined; this applied
both for 30°C- and 10°C-grown plants and for both
plant ages studied (Figure 1). However, the statisti-
cally significant differences in HRA between this
biotype and two other biotypes were confirmed
only for the 5-week-old plants, whereas in the 12-
week-old plants of the Bubny biotype (though also

Table 1. Comparison of Hill reaction activity (HRA) or Photosystem (PS) 1 activity in three biotypes of Kochia scoparia (L.)
Schrad. sensitive or resistant to ALS inhibitors or atrazine; biotype Bubny shows double resistance to both ALS inhibitors and

atrazine, biotype Jihlava is resistant to ALS inhibitors and sensitive to atrazine, and biotype Karlin is sensitive to both types

of herbicides; plants were grown either at 30 or 10°C and were 5- or 12-weeks-old during the measurements of HRA and PS1

activity; the values of statistical significancy (p) resulting from t-test are shown

5-weeks-old plants

12-weeks-old plants

Comparison

30°C 10°C 30°C 10°C
Hill reaction activity
Bubny — Karlin 0 0.038 0.117 0.057
Bubny - Jihlava 0.001 0.057 0.704 0.494
Jihlava - Karlin 0.002 0.566 0.115 0.097
Photosystem 1 activity
Bubny - Karlin 0.049 0.004 0.054 0
Bubny - Jihlava 0.555 0.100 0.070 0.001
Jihlava — Karlin 0.004 0.046 0.398 0.009
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Table 2. Comparison of Hill reaction activity (HRA) or Photosystem (PS) 1 activity in plants of three biotypes of Kochia scoparia
(L.) Schrad. grown at 30 and 10°C; biotype Bubny shows double resistance to both ALS inhibitors and atrazine, biotype Jihlava
is resistant to ALS inhibitors and sensitive to atrazine, and biotype Karlin is sensitive to both types of herbicides; plants were
5- or 12-weeks-old during the measurements of HRA and PS1 activity; the values of statistical significancy (p) resulting from

t-test are shown

Hill reaction activity

Photosystem 1 activity

Biotype

5-weeks-old 12-weeks-old 5-weeks-old 12-weeks-old
Bubny 0.463 0.443 0 0
Jihlava 0.148 0.483 0 0
Karlin 0.014 0.639 0 0

displaying lower HRA than the sensitive Karlin
biotype) this difference was not statistically sig-
nificant, and the HRA values of the Bubny and
Jihlava biotypes apparently did not differ at all
(Figure 1, Table 1).

Our finding that the triazine-resistant biotype
of kochia shows lower efficiency of PS2 electron
transport is not much surprising. The resistance
to triazines is associated with the reduced bind-
ing affinity of these herbicides to the Qy site of the
D1 protein, which is most commonly conferred by
a structural change due to the substitution of gly-
cine to serine at residue 264 of this protein (Foes et
al. 1999, Oettmeier 1999, Devine and Shukla 2000,
Kumata et al. 2001, Sibony and Rubin 2003, Varadi et
al. 2003). Though this structural change still allows
for the plastoquinone binding to the Qj site, which
is necessary for a successful transport of electrones
between PS2 and cytochrome b f complex of chlo-
roplast thylakoid membranes, the efficiency of the
photosynthetic electron transport is reduced. Many
reports of this phenomenon exist for triazine-resist-
ant biotypes of various weeds (e.g. Ort et al. 1983,
Dekker 1993, Chodova et al. 1994, 1995, KGrnerova
et al. 1998, Devine and Shukla 2000).

However, our results suggest that this difference
between the triazine-resistant and -sensitive bio-
types could decrease with advancing ontogeny of
plants, at least under optimum growth conditions.
In most plant species, the reproductive phase of
ontogeny is accompanied by a decrease in pho-
tosynthetic efficiency (Evans 1993). Such was the
case for the double-sensitive Karlin biotype and,
less markedly, for the ALS inhibitors-resistant, atra-
zine-sensitive Jihlava biotype grown at 30°C, which
at the age of 12 weeks were already flowering. The
HRA values measured in chloroplasts isolated from
12-week-old plants of Karlin or Jihlava biotypes were
about 80 or 87% of those measured in 5-week-old
plants, respectively. On the other hand, the HRA of
the double-resistant Bubny biotype did not change
with the plant age (the HRA values measured in
chloroplasts isolated from 12-week-old plants
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were 99% of those measured in 5-week-old plants)
when plants were grown at 30°C. In 10°C-grown
plants, this decrease of HRA with the plant’s age
was not much evident (the HRA values measured
in chloroplasts isolated from 12-week-old plants
were about 98, 90 and 98% of those measured in
5-week-old plants for the Bubny, Jihlava and Karlin
biotypes, respectively), which was probably due to
the fact that at this temperature even 12-week-old
plants did not yet start flowering. The changes in
the efficiency of photosynthetic electron transport
observed in the triazine-resistant biotype of kochia
could therefore be accompanied also by the changes
in its ontogenetic course.

The activity of PS1 measured in the suspen-
sion of mesophyll chloroplasts isolated from the
double-resistant Bubny biotype was significantly
lower compared to the double-sensitive Karlin
biotype; this applied for both temperature treat-
ments and for both plant ages analysed (Figure 2,
Table 1). The difference in this parameter between
the Bubny and Jihlava biotypes was statistically
significant only for 12-week-old plants grown at
10°C; for the other three temperature-plant age
combinations studied we did not find any dif-
ference in the PS1 activity between this pair of
biotypes (Table 1). The decreased activity of PS1
in the triazine-resistant biotype could be theoreti-
cally associated with the lowered availability of
reduced plastoquinones (and, consequently, with
the reduction in the rate of entire photosynthetic
electron transport). However, this can hardly be
the case in our experiments where measurements
of PS1 activity were done on isolated chloroplasts
supplied with sufficient amount of artificial elec-
tron acceptors and donors. On the other hand,
the decrease in the ratio of reduced/oxidized
form of plastoquinone, which should result from
the lowered efficiency of the PS2 photosynthetic
electron transport, could lead to the changes in
the redox state of chloroplasts, and such changes
are known to have far-reaching consequences on
the quantity and function of various components
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of photosynthetic apparatus including PS1 (Wise
1995, Sonoike 1998).

The comparison of HRA and PS1 activity in the
ALS inhibitors-resistant, atrazine-sensitive Jihlava
biotype with the Karlin biotype (sensitive to both
types of herbicides) showed that the values of both
parameters measured for the Jihlava biotype were
lower than those measured for the Karlin biotype.
However, while for HRA this difference was statisti-
cally significant only in 5-week-old plants grown at
30°C, the significance of the difference between this
pair of biotypes in PS1 activity was high at almost
all temperature-plant age combinations examined
(with the exception of 12-week-old plants grown at
30°C) (Figures 1 and 2, Table 1). Biotypes of weeds
resistant or susceptible to ALS inhibitors usually
do not differ in growth parameters, seed produc-
tion or general character of ontogeny (Thompson
et al. 1994, Christoffoleti et al. 1997, Sibony and
Rubin 2003), but the resistance to this class of
herbicides is often accompanied by a decreased
feedback inhibition of ALS by valine, leucine or
isoleucine, and increased levels of free branched-
chain amino acids in seeds or leaves (Dyer et al.
1993, Eberlein et al. 1999, Chodova and Mikulka
2000a, Devine and Shukla 2000). Whether and/or
how this phenomenon could be reflected in the
decreased efficiency of photosynthetic electron
transport, and why PS1 seems to be more affected
compared to PS2, remains yet to be resolved.
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Figure 3. The relative values of Hill reaction activity (HRA) in
three biotypes of Kochia scoparia (L.) Schrad. sensitive or resist-
ant to ALS inhibitors or atrazine and grown in 10°C; biotype
Bubny shows double resistance to both ALS inhibitors and
atrazine, biotype Jihlava is resistant to ALS inhibitors and
sensitive to atrazine, and biotype Karlin is sensitive to both
types of herbicides; the values are expressed as percentage
of values shown by plants grown at 30°C; plants were 5- or
12-weeks-old during the measurements of HRA
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Kochia belongs to the C4 photosynthesis class
of higher plants and we have therefore expected
to find a decrease of its photosynthetic efficiency
(particularly of PS2 function) due to the low-tem-
perature treatment of the plants. However, the HRA
measured in mesophyll chloroplasts isolated from
the plants grown at 10°C was usually only slightly
lower compared to those found for the 30°C-grown
plants of all three biotypes examined (Figure 3).
These differences were statistically non-significant
with the exception of 5-week-old plants of the dou-
ble sensitive Karlin biotype (Table 2). A possible
explanation of this phenomenon could lie in a rela-
tively low light intensity (130 umol/m?/s) used for
the cultivation of the plants. As negative effects of
low-temperature stress on plants are often associ-
ated with the photoinhibition and photodamage
(McKersie and Leshem 1994, Wise 1995, Sonoike
1998, Pessarakli 1999), it is possible that under the
relatively irradiance used for the cultivation of
our plants no such damage to the photosynthetic
apparatus occurred and the function of PS2 was
not much affected.

The response of HRA to low temperature was
very similar in all three biotypes (Figure 3). It is
now widely accepted that the resistance of plants to
triazines, caused by the specific mutation(s) at the
Qg site of the D1 protein, is associated not only with
the lowered efficiency of photosynthetic electron
transport but also with the increased sensitivity
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Figure 4. The relative values of Photosystem (PS) 1 activity in
three biotypes of Kochia scoparia (L.) Schrad. sensitive or resist-
ant to ALS inhibitors or atrazine and grown in 10°C; biotype
Bubny shows double resistance to both ALS inhibitors and
atrazine, biotype Jihlava is resistant to ALS inhibitors and
sensitive to atrazine, and biotype Karlin is sensitive to both
types of herbicides; the values are expressed as percentage
of values shown by plants grown at 30°C; plants were 5- or
12-weeks-old during the measurements of PS1 activity
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of plants to photoinhibition and the decreased
efficiency of some protective processes (e.g. the
light-induced formation of zeaxanthin) (Darko
et al. 1996, Plowman and Richards 1997, Devine
and Shukla 2000, Kumata et al. 2001, Szigeti and
Lehoczki 2003, Varadi et al. 2003). The triazine-
susceptible biotypes are therefore usually better
adapted to the growth under high light condi-
tions compared to the resistant ones. Plowman
and Richards (1997), who examined the effect of
high and low light and three temperature regimes
on atrazine-susceptible and -resistant Brassica rapa,
have found that under high light conditions the sus-
ceptible biotype showed a greater photon yield and
relative competitive ability than the resistant biotype
when grown at high or medium temperatures, but
atlow temperature the situation was reverse. Under
low light conditions, the chlorophyll fluorescence
parameters of both biotypes did not differ in either
temperature regime examined, which agrees well
with our results. Kumata et al. (2001), who exam-
ined simazine-resistant and -susceptible biotypes
of Poa annua also did not find any differences in
photosynthetic performance of these biotypes when
grown under shaded conditions, whereas under
full-sunlight conditions the resistant biotype showed
a reduced capacity of photosynthesis.

The activity of PS1 in the kochia biotypes grown
under low-temperature conditions increased mark-
edly and significantly compared to the 30°C-grown
plants, both in 5-week-old and 12-week-old plants
(Figure 4, Table 2). This agrees with the results of
other experiments made on cold-stressed plants,
where the increased efficiency of electron transport
around PS1 complex was observed (Sonoike 1998,
Pessarakli 1999). PS1 is probably less susceptible
to low temperature-induced damage compared to
PS2, particularly under low-light conditions when
no photodamage to this complex should occur
(Nie and Baker 1991, Kornerova and Hola 1999,
Sonoike 1998, Pessarakli 1999). All three biotypes
examined responded to the cultivation at 10°C by
an increase of the PS1 activity; this increase was
slightly higher in the atrazine-sensitive biotypes
Jihlava and Karlin than in the resistant biotype
Bubny (Figure 4). It is possible that the changed
efficiency of photosynthetic electron transport
and/or other changes of chloroplast function,
which are characteristic for the triazine-resistant
biotype, affect also the response of photosynthetic
apparatus to low temperature.

Our study has shown that a) the biotypes of
Kochia scoparia (L.) Schrad. resistant to the triazines
and/or to ALS inhibitors display lower efficiency
of photosynthetic electron transport compared to
the sensitive biotype; b) this difference depends
on the plant age and ontogenetic stage; c) the low-
temperature treatment does not necessarily have

PLANT SOIL ENVIRON., 50, 2004 (1): 10-17

a negative effect on the photosynthetic efficiency
in this species presumed that plants are grown
under conditions of low light; d) the differences
between resistant and susceptible biotypes in the
HRA diminish under such conditions whereas the
differences in PS1 activity increase.

REFERENCES

Chodova D., Mikulka J. (2000a): Changes in free amino
acids content in Kochia (Kochia scoparia) resistant to
ALS-inhibitors. Pl. Prot. Sci., 36: 15-19.

Chodova D., Mikulka J. (2000b): Identification of resist-
ance to imazapyr and cross resistance to selected sul-
fonylurea herbicides in Kochia scoparia. Z. Pfl.-Krankh.
Pfl.-Schutz., 17: 383-388.

Chodova D., Mikulka J. (2002): Differences in germina-
tion and emergence rates of kochia (Kochia scoparia)
resistant and sensitive to chlorsulfuron and atrazine.
Z. Pfl.-Krankh. Pfl.-Schutz., 18: 213-218.

Chodova D., Mikulka J., Kocova, M. (1995): Comparison
of chlorophyll fluorescence and chlorophyll content in
triazine resistant and susceptible common groundsel.
Ochr. Rostl., 31: 185-194.

Chodova D., Mikulka J., Kocova M., Janacek J. (1994):
Different growth and photosynthetic efficiency of tri-
azine resistant and susceptible biotypes of Poa annua
L. Biol. Plant., 36: 341.

Christoffoleti P.J., Westra P., Moore F. (1997): Growth
analysis of sulfonylurea-resistant and -susceptible
kochia (Kochia scoparia). Weed Sci., 45: 691-695.

Darko E., Varadi G., Dulai S., Lehoczki E. (1996): At-
razine-resistant biotypes of Conyza canadensis have
altered fluorescence quenching and xanthophyll cycle
pattern. P1. Physiol. Biochem., 34: 843-852.

Dekker J. (1993): Pleiotropy in triazine-resistant Brassica
napus — leaf and environmental influences on photo-
synthetic regulation. Z. Naturforsch., 48: 283-287.

Devine M.D., Shukla A. (2000): Altered target sites as
a mechanism of herbicide resistance. Crop Prot., 19:
881-889.

Dulai S., Molnar 1., Peli E., Lehoczki E. (1999): Short-
term responses of photosystem II to heat stress in
cold-acclimated atrazine-resistant and susceptible
biotypes of Erigeron canadensis (L.). Z. Naturforsch.,
54: 665-670.

Dyer W.E., Chee P.W.,, Fay PK. (1993): Rapid germination
of sulfonylurea-resistant Kochia scoparia L. accessions
is associated with elevated seed levels of branched
chain amino acids. Weed Sci., 41: 18-22.

Eberlein C.V., Guttieri M.]., Berger P.H., Fellman J.K,,
Mallory-Smith C.A., Thill D.C., Baerg R.]., Belknap
W.R. (1999): Physiological consequences of mutation
for ALS-inhibitor resistance. Weed Sci., 47: 383-392.

Evans L.T. (1993): Crop evolution, adaptation and yield.
Cambridge Univ. Press, Cambridge-New York-Mel-
bourne.

15



Fischer A.]J., Messersmith C.G., Nalewaja J.D., Duysen
M.E. (2000): Interference between spring cereals and
Kochia scoparia related to environment and photosyn-
thetic pathways. Agron. J., 92: 173-181.

Foes M.]., Liu L.X,, Vigue G., Stoller EW., Wax L.M.,
Tranel P.J. (1999): A kochia (Kochia scoparia) biotype
resistant to triazine and ALS-inhibiting herbicides.
Weed Sci., 47: 20-27.

Heap I.M. (2003): International survey of herbicide-
resistant weeds. Online. Internet. July 11. Available
http://www.weedscience.com.

Kornerova M., Hold D. (1999): The effect of low growth
temperature on Hill reaction and photosystem 1 acti-
vities and pigment contents in maize inbred lines and
their F, hybrids. Photosynthetica, 37: 477-488.

Kornerova M., Hola D., Chodova D. (1998): The effect
of irradiance on Hill reaction activity of atrazine- re-
sistant and -susceptible biotypes of weeds. Photosyn-
thetica, 35: 265-268.

Kremer E., Lotz L.A.P. (1998): Germination and emer-
gence characteristics of triazine-susceptible and tri-
azine-resistant biotypes of Solanum nigrum. J. Appl.
Ecol., 35: 302-310.

Kumata S., Yoneyama K., Ogasawara M., Takeuchi Y.,
Konnai M., Nakajima Y., Nakano T., Yoshida S. (2001):
Molecular basis of resistance to s-triazine herbicides in
Poa annua L. and its photosynthetic properties under
different light conditions. J. Pest. Sci., 26: 236-243.

Light G.G., Dotray P.A., Mahan J.R. (1999): Thermal
dependence of pyrithiobac efficacy in Amaranthus
palmeri. Weed Sci., 47: 644-650.

Light G.G., Dotray P.A., Mahan M.R. (2001): A thermal
application range for postemergence pyrithiobac ap-
plications. Weed Sci., 49: 543-548.

McCloskey W.B., Holt J.S. (1991): Effect of growth tem-
perature on biomass production of nearly isonuclear
triazine-resistant and triazine-susceptible common
groundsel (Senecio vulgaris L.). Plant Cell Environ.,
14: 699-705.

McKersie B.D., Leshem Y.Y. (1994): Stress and stress
coping in cultivated plants. Kluwer Acad. Publ,,
Dordrecht-Boston-London.

Nie G.Y., Baker N.R. (1991): Modifications to thylakoid
composition during development of maize leaves at
low growth temperatures. P1. Physiol., 95: 184-191.

Nord C.A., Messersmith C.G., Nalewaja J.D. (1999):
Growth of Kochia scoparia, Salsola iberica and Triticum
aestivum varies with temperature. Weed Sci., 47:
435-439.

ABSTRAKT

Oettmeier W. (1999): Herbicide resistance and super-
sensitivity in photosystem II. Cell. Molec. Life Sci.,
55:1255-1277.

Ort D.R., Ahrens W.H., Martin B., Stoller E. (1983): Com-
parison of photosynthetic performance in triazine-
resistant and -susceptible biotypes of Amaranthus
hybridus. P1. Physiol., 72: 925-930.

Pessarakli M. (1999): Handbook of plant and crop stress.
Marcel Dekker, Inc., New York-Basel.

Plowman A.B., Richards A.]. (1997): The effect of light
and temperature on competition between atrazine
susceptible and resistant Brassica rapa. Ann. Bot., 80:
583-590.

Powles S.B., Holtum J.A.M. (1994): Herbicide resistance
in plants: Biology and biochemistry. CRC Press, Boca
Raton.

Sibony M., Rubin B. (2003): Molecular basis for multiple
resistance to acetolactate synthase-inhibiting herbi-
cides and atrazine in Amaranthus blitoides (prostrate
pigweed). Planta, 216: 1022-1027.

Sonoike K. (1998): Various aspects of inhibition of photo-
synthesis under light/chilling stress: “Photoinhibition
at chilling temperatures” versus “Chilling damage in
the light”. J. Plant Res., 111: 121-129.

Sonoike K. (1999): The different roles of chilling tem-
peratures in the photoinhibition of Photosystem I
and Photosystem II. J. Photochem. Photobiol., 48:
136-141.

Szigeti Z., Lehoczki E. (2003): A review of physiologi-
cal and biochemical aspects of resistance to atrazine
and paraquat in Hungarian weeds. Pest Manag. Sci.,
59: 451-458.

Thompson C.R., Thill D.C., Shafii B. (1994): Germination
characteristics of sulfonylurea-resistant and suscepti-
ble kochia (Kochia scoparia). Weed Sci., 42: 50-56.

Tranel P.J., Wright T.R., Heap .M. (2003): ALS muta-
tions from herbicide-resistant weeds. Online. Internet.
July 11. Available http://www.weedscience.com.

Varadi G., Polyanka H., Darko E., Lehoczki E. (2003):
Atrazine resistance entails a limited xanthophyll cycle
activity, a lower PSII efficiency and an altered pattern
of excess dissipation. Physiol. Plant., 118: 47-56.

Whitcomb C.E. (1999): An introduction to ALS-inhibiting
herbicides. Toxicol. Industr. Health, 15: 231-239.

Wise R.R. (1995): Chilling-enhanced photooxidation:
The production, action and study of reactive oxygen
species produced during chilling in the light. Photo-
synth. Res., 45: 79-97.

Received on September 12, 2003

Vliv nizké riistové teploty na aktivitu Hillovy reakce a fotosystému 1 u tfi biotyptu bytelu metlatého [Kochia
scoparia (L.) Schrad.] s odlisnou citlivosti vii¢i atrazinu a ALS inhibujicim herbicidaum

Byl sledovan vliv nizké rtistové teploty na fotochemickou aktivitu izolovanych chloroplastii tii biotypt bytelu metla-
tého [Kochia scoparia (L.) Schrad.] s dvojnasobnou rezistenci vii¢i atrazinu a inhibitoriim acetolaktatsyntazy (ALS)
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— biotypu Bubny, s rezistenci viiéi inhibitoraim ALS a citlivosti viiéi atrazinu — biotypu Jihlava nebo s citlivosti viiéi
obéma herbicidiim - biotypu Karlin. Hodnoceni probéhlo za 5 a 12 tydnti od vysevu semen. Biotyp Bubny vykazoval
mu (PS) 1 ve srovnani s biotypem Karlin u rostlin kontrolnich i péstovanych pfi nizké teploté v obou fazich rastu.
Porovnani aktivit HRA a PS 1 u biotypti Jihlava a Karlin ukazalo niz$i hodnoty obou parametri u biotypu Jihlava.
Aktivita HRA rostlin, péstovanych pfi nizké teploté, byla jen mirné nizsi oproti kontrole u vSech tfi biotypti. Aktivita
PS 1 u biotypti bytelu metlatého péstovanych za nizké teploty byla pritkazné zvySena v porovnani s kontrolnimi
rostlinami, a to o néco vice u biotypt citlivych vi¢i atrazinu Jihlava a Karlin nez u rezistentniho biotypu Bubny.
Diference mezi biotypy rezistentnimi a citlivymi v aktivité¢ HRA se zmensSily pfi nizkych teplotnich podminkach,
zatimco diference u PS 1 aktivity se zvétsily.

Klicova slova: Kochia scoparia; inhibitory ALS; atrazin; rezistence viic¢i herbicidtim; aktivita fotosystému 1; aktivita
Hillovy reakce; nizka teplota
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