
3

Abstract. The chemical method is the most popular method of 
weed control due to its efficiency and low costs. A broad assort-
ment of herbicides allows to choose right preparations to control 
weeds in field production of ornamental shrubs. An experiment 
on the use of the foramsulfuron- and methylsodium iodosulfuron- 
-containing herbicide was carried out in 2015. coniferous plants: 
Picea pungens f. glauca, Pinus mugo subsp. mugo and Thuja oc-
cidentalis ‘Smaragd’ were planted in the field and their height 
was measured. When the growth ceased the plants were measu-
red again (in mid-September) and plant material for biochemical 
analyses was then sampled. The results show that spraying plants 
with the herbicide in the dosage of 0.15 kg.ha-1, in April, befo-
re growth started, was not toxic for the conifers Picea pungens  
f. glauca and Pinus mugo subsp. mugo while Thuja occidenta-
lis ‘Smaragd’ proved sensitive to the treatment. The preparation 
applied together with the recommended adjuvant efficiently con-
trolled most of the weeds. The weeds resistant to the herbicide 
were: Convolvulus arvensis, Equisetum arvense and Cerastium 
holosteoides. In two insensitive taxa the foliar application of the 
herbicide resulted in an increase in total soluble sugars, free ami-
no acids and polyphenolic acids as well as in an increased peroxi-
dase activity in plant shoots while the content of chlorophyll and 
catalase activity were decreased. In the sensitive Thuja occiden-
talis ‘Smaragd’ the content of free amino acids and polyphenolic 
acids as well as activities of peroxidase and catalase increased 
while the levels of chlorophyll, total soluble sugars and hydrogen 
peroxide fell.

keywords: organic compounds, ornamental trees and shrubs,  
reactive oxygen species (ROS), weeds

InTROducTIOn

 The most frequent method used to control weeds in 
field nursery production is mechanical method or hand 
weeding, both needing a high financial input, therefore 
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chemical weed control is gaining popularity (Altland et al., 
2003). However, possibilities to use chemicals in agricul-
ture, including ornamental nurseries are under the Eu legal 
restrictions. What more, a number of pesticides registered 
on the European market is decreasing, especially of those 
with a harmful impact on the environment. A relatively 
small acreage of ornamental nurseries as compared to other 
horticultural or agricultural crops as well a huge number of 
species and cultivars of ornamentals make the chances of 
chemical weed control in the Polish nurseries rather small 
as the big chemical companies are not interested in regis-
tration of herbicides suitable for use in the production of 
ornamental trees and shrubs (Falkowski, Matysiak, 2010).
 Herbicides are widely used in forests and nurseries, 
with great control effectiveness and cost-efficiency (Ra-
dosevich et al., 2007). chemical weed control is the best 
technique for the removal of competing vegetation on 
forest and nursery sites where the newly germinated tree 
seedlings are densely and, in most cases, irregularly spaced 
(Willoughby et al., 2003).
 Herbicides, when properly used in ornamental nurser-
ies, are selective in weed control and do not damage or-
namental plants. There are, however, many factors which 
increase sensitivity of crops to herbicides, such as plant 
age (the younger plants the more sensitive they are), time 
after potting (freshly potted plants are more sensitive than 
those well established in containers), developmental phase 
(plants are more sensitive in a phase of intensive growth 
than during dormancy), herbicide dosage and tempera-
ture (the higher temperature the more probable damage)  
(Altland et al., 2003; South, carey, 2005).
 use of herbicides may create a risk of damage for the 
crops. In the case of trees and shrubs the herbicide injuries 
do not result in dying of the entire plant but only in lesser 
injuries or functional disorders, such as dying of shoots or 
growth retardation. A degree of injuries depends on many 
factors, such as atmospheric conditions during and after  
a treatment, plant age and its developmental phase. For 
herbaceous plant, a herbicide application results in a stress 
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which is manifested by biochemical changes, inhibition or 
retardation of shoot and root growth or plant death. due to 
a stress the reactive oxygen species (ROS) are produced 
intensively and their excess may damage proteins, lipids 
and nucleic acids (Štajner et al., 2003).
 The herbicide sulfometuron effectively removes herba-
ceous weeds and improves the growth of newly planted co-
nifer seedlings. However, there are reports that it stunts the 
growth of newly planted tree (Barnes et al., 1990) which is 
not surprising as the agent is known to reduce cell division 
in herbaceous plants.
 The negative results on shoot growth have led to specu-
lation that sulfometuron methyl applications may retard 
root development. In the northwestern uSA, the value 
of sulfometuron for weed control in coastal douglas-fir 
(Pseudotsuga menziesii var. menziesii (Mirb.) Franco) has 
been proved. However, phytotoxicity research is limited, 
and usually restricted to coastal douglas-fir and ponderosa 
pine (Pinus ponderosa Laws) (Busse et al., 2004). These 
studies confirm differences in species sensitivity, and 
also suggest the application of smaller doses than those 
recommended by the label. According to Burney and Ja-
cobs (2009) coastal douglas-fir, western red-cedar (Thuja 
plicata donn Ex. d. don), and western hemlock (Tsuga 
heterophylla (Raf.) Sarg.) treated with label recommended 
doses showed significant decreases in root system develop-
ment during the growing season following site preparation 
treatment. The authors hypothesized that the excessively 
high concentrations of herbicide would result in decreased 
growth and life parameters and suggested that any phyto-
toxic effect of sulfometuron might be alleviated by higher 
substrate moisture and lower substrate pH to hasten residue 
breakdown.
 Sulfonylureas act by inhibiting the enzyme acetolac-
tate synthase, which catalyzes the synthesis of the three 
branched-chain amino acids valine, leucine, and isoleu-
cine. The accumulation of acetolactate synthase substrates 
(e.g., a-ketobutyrate) in leaves may be responsible for the 
cessation of plant growth. Soon after herbicide application, 
plant cell division stops quickly and death occurs within 
one to three weeks (LaRossa, Van dyk, 1987; Brown, 
1990; Boutin et al., 2000).
 The aim of this work was to evaluate the efficiency of 
the herbicide for weed control and its phytotoxicity for co-
nifers produced outdoors. Another objective was to check 
the herbicide phytotoxicity in the case of an accidental 

plant contact with it, which may also have practical impli-
cations for the growers of ornamental shrubs. The effect of 
the herbicide on the contents of several organic compounds 
in plant shoots and activity of enzymes involved in defense 
system against oxidative stress was also determined.

MATERIALS And METHOdS

 The experiment was carried out in 2015. On March 25, 
3-year old shrubs of Picea pungens f. glauca, Pinus mugo 
subsp. mugo and Thuja occidentalis ‘Smaragd’, produced 
in P9 containers, were planted out in the field into sand-
clay soil, spaced 40 x 50 cm. Each experimental plot had 
the area of 100 m2. The plots were laid out as randomized 
block design. Plants were 20–25 cm high and had well de-
veloped root balls. After they were planted into the field 
their height was measured. The experiment included 4 
treatments, each in three replicates (plots) with 24 plants 
which gave 288 plants of each taxon.
 Two weather parameters (monthly mean temperature 
and total monthly rainfall) during plant growth and the 
herbicide treatments are presented in Table 1. The weather 
conditions might have affected plant development and her-
bicide efficiency.
 The foramsulfuron and methylsodium iodosulfuron- 
containing herbicide was used as recommended by a pro-
ducer, i.e. 0,15 kg.ha-1 plus adjuvant Mero 842 Ec 2 l ha-1.  
The treatments with the herbicide were done on three dates: 
on 15 (T1) and 29 (T2) of April and May 13 (T3). The 
control treatment was the plot sprayed with water and not 
weeded during vegetation. Spraying was done with a pres-
sure sprayer of 20 L volume and a lance with 4 nozzles. 
The soil surface and plants were covered with the herbicide 
and this was done during rainless and windless day, with 
temperature 20–22oc.
 After the treatment, the appearing weeds were counted, 
a degree of weed cover was visually evaluated, the effec-
tiveness of herbicide was determined, its effect on shrub 
growth was described and the damage to conifers was de-
scribed and documented. The evaluation of the herbicide 
effectiveness was based on identification of weeds: tolerant 
to the treatment or damaged by the herbicide: deformed, 
discolored or  chlorotic. The successive observations were 
done every 4 weeks. The final analyzes and measurements 
were performed after growth cessation (in mid September) 
when also damage resulting from the herbicide application 
was evaluated (i.e. the herbicide phytotoxicity).

Table 1. Rainfall and mean temperatures in 2015 (Experimental Station SGGW, Warsaw).

characteristics April May June July August September

Mean monthly temp. [oc] 7.9 13.3 16.8 18.2 17.4 13.3

Rainfall [mm] 33 53 67 71 58 43
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 Visual evaluation of the weed sensitivity to the herbi-
cide allowed to classify weeds as:
 – non sensitive – with normal growth (without any leaf 

color changes);
 – moderately sensitive – responding with an evident 

growth retardation and leaf yellowing;
 – sensitive – loosing turgidity, and showing leaf yellow-

ing, gradually drying and finally dying.
 Herbicide effect on conifers’ growth and damage to the 
shrubs as well as ont the contents of several organic com-
pounds and enzymatic activities in plants was determined. 
The material for biochemical analyses was randomly sam-
pled from control and treated plants in mid-August when 
the plant growth had ceased. On that day the plant height 
was measured again to calculate a length of new growth.

Biochemical analyses
 For biochemical analyses, the middle parts of the main 
shoot were sampled. One shoot from each of 24 shrubs 
from each treatment and each replication was taken at the 
beginning and at the end of the experiment. The shoot parts 
were finely chopped, mixed, and 0.5 g samples were used 
for the measurements. Triplicate extracts were prepared for 
each analysis and three measurements were done for each 
extract producing nine readings for each data point.
 The total chlorophyll content (chlorophyll a+b) was 
analyzed according to Lichtenthaler and Wellburn (1983). 
Total soluble sugars were determined according to dubois 
et al. (1956), free amino acids were measured by the meth-
od of Rosen (1957). Polyphenolic acids were measured 
by the colorimetric method with the Arnow’s reagent ac-
cording to the Polish norm Pn-91/R-87019. The hydrogen 
peroxide content was measured by the method of Zhang et 
al. (2013). The catalase activity was analyzed according to 
Goth (1991), and the peroxidase activity – by the method 
of nakano and Asada (1981).

Statistical analyses
 Arcsine transformation was performed for all data tak-
en as percentages (Snedecor, cochran, 1967). All data – 
shoot length and the results of biochemical analyses were 
subjected to the one-factorial AnOVA followed by new-
man-Keuls test at α = 0.05 (Wójcik, Laudański, 1989).

RESuLTS

The weed sensitivity to the herbicide tested
 The herbicide containing foramsulfuron and methylso-
dium iodosulfuron, used together with a recommended ad-
juvant, efficiently controlled most of the weeds in the field 
production of conifers. Regardless of the treatment date 
the following species: Convolvulus arvensis, Cerastium 
holosteoides and Equisetum arvense were tolerant to the 
herbicide (Table 2). A medium sensitivity to the herbicide 
was found in Cirsium arvense, Digitaria sanguinalis and 

Polygonum aviculare whose young plants were slightly 
damaged but later recovered during the season. In several 
weeds, i.e. Taraxacum officinale or Chenopodium album 
physiological changes such as leaf discoloration were ob-
served.

The herbicide effect on length of new growth
 The analysis of variance did not show a significant ef-
fect of the herbicide on the new growth in Picea pungens  
f. glauca. Plants from all the treatments had the new 
growth of comparable length (Table 3), however, the tre-
atment carried out on the third date (T3, 13.05.) resulted in  

Table 2. Weed sensitivity to the herbicide.

Weed susceptibility Weed species

Sensitive weeds

Amaranthus retroflexus L.
Anagallis arvensis L.
Artemisia vulgaris L.
Calendula officinalis L.
Capsella bursa-pastoris L. (Med.)
Chenopodium album L.
Echinochloa crus-galli L.
Euphorbia helioscopia L.
Galinsoga parviflora cav.
Geranium pusillum L.
Impatiens parviflora dc.
Lactuca virosa L.
Lamium purpureum L.
Matricaria chamomilla L.
Oxalis corniculata L.
Oxalis stricta L.
Phacelia tanacetifolia Benth.
Plantago lanceolata L.
Plantago major L.
Poa annua L.
Poa arvensis L.
Rorippa silvestris L.
Rumex crispus L.
Senecio vulgaris L.
Sonchus asper L.
Sonchus oleraceus L.
Stellaria media L.
Taraxacum officinale L.
Thlaspi arvense L.
Trifolium pratense L.
Trifolium repens L.
Veronica arvensis L.
Vicia cracca L.
Vicia sativa ssp. nigra L.

Moderately sensitive 
weeds

Cirsium arvense L.
Digitaria sanguinalis L.
Polygonum aviculare L.

non sensitive weeds
Convolvulus arvensis L.
Cerastium holosteoides Fr. em. Hyl.
Equisetum arvense L.

susceptibility czy sensivity
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Table 3. Increase in shoot length [cm] in conifers treated with the herbicide. 

Species control T 1 T 2 T 3 Standard error
Picea pungens f. glauca 4.6 a 4.7 a 4.5 a 4.8 a 0.327
Pinus mugo subsp. mugo 4.5 b 4.2 b 4.3 b 3.2 a 0.322
Thuja occidentalis ‘Smaragd’ 7.0 c 2.1 a 2.1 a 3.2 b 0.234

Means in each row followed by the same letter do not differ significantly at α = 0.05
date of herbicide application: T1 –15 April, T2 – 29 April, T3 – 13 May

pisownia cudzysłowu w Smaragd‚

Table 4. Effect of herbicide on total chlorophyll, total soluble sugars, polyphenolic acids, free amino acids, hydrogen peroxide, catalase 
and peroxidase activity in shoots of coniferous shrubs.

content/activity Species control T 1 T 2 T 3 Standard 
error

chlorophyll
[mg·g-1 d.m]

Picea pungens  
f. glauca 1.9 b 2.0 b 2.1 b 1.2 a 0.06

Pinus mugo 2.2 b 2.1 b 1.9 a 1.8 a 0.04
Thuja occ. ‘Smaragd’ 2.3 c 2.1 b 1.8 a 1.9 ab 0.06

Total soluble sugars
[mg·g-1 d.m]

Picea pungens  
f. glauca 38.6 a 40.9 b 45.9 c 41.8 b 0.445 

Pinus mugo 26.5 a 30.1 b 32.7 c 28.9 b 0.610
Thuja occ. ‘Smaragd’ 19.7 c 15.2 a 16.8 b 16.3 ab 0.365

Free amino acids 
[µM of leucine g-1 d.m.]

Picea pungens  
f. glauca 120.8 a 151.0 b 250.6 c 316.3 d 6.74

Pinus mugo 140.3 a 193.0 b 183.9 b 259.5 c 7.63
Thuja occ. ‘Smaragd’ 158.9 a 429.8 c 341.7 b 342.2 b 17.41

Polyphenolic acids 
[mg g-1 d.m.]

Picea pungens  
f. glauca 11.5 ab 10.7 a 12.8 bc 13.4 c 0.431

Pinus mugo 13.8 a 14.3 b 14.9 bc 15.5 c 0.148
Thuja occ. ‘Smaragd’ 9.9 a 12.9 b 12.9 b 13.1 b 0.409

Hydrogen peroxide 
[µg H2O2 g

-1 d.m.]

Picea pungens  
f. glauca 30.6 a 31.3 a 32.6 a 32.4 a 0.899

Pinus mugo 39.3 ab 38.8 a 41.3 b 40.5 ab 0.739
Thuja occ. ‘Smaragd’ 87.3 c 83.1 b 78.3 a 78.1 a 0.998

catalase activity 
[mkat g-1 d.m.]

Picea pungens  
f. glauca 6559.1 b 5629.1 a 5213.3 a 5282.3 a 88.24

Pinus mugo 6760.5 b 5619.1 a 5652.2 a 5500.3 a 79.56
Thuja occ. ‘Smaragd’ 5516.6 b 6688.5 d 6096.4 c 5110.7 a 38.86

Peroxidase activity  
[nkat min-1 g-1 d.m.]

Picea pungens  
f. glauca 0.09 a 0.12 b 0.11 b 0.10 ab 0.005

Pinus mugo 0.05 a 0.09 b 0.07 b 0.08 c 0.003
Thuja occ. ‘Smaragd’ 0.09 a 0.10 a 0.12 b 0.13 b 0.006

Means in each row followed by the same letter do not differ significantly at α = 0.05
date of herbicide application: T1 –15 April, T2 – 29 April, T3 – 13 May

a slight yellowing of new growth. The new pine shoot parts 
in plants treated on T1 and T2 were as long as the control 
ones, however, those sprayed on T3 were over by ¼ shorter. 
 Thuja occidentalis ‘Smaragd’ sprayed with the herbi-
cide produced new growth shorter than in the control tre-
atment – even by 70% in case of the first and second date, 
i.e. in April. Generally, treatments with the herbicide nega-

tively affected shrubs which were growing poorly and their 
shoot tips were getting brown and dying.

Results of biochemical analyses
 In spruce plants sprayed with the herbicide on T1 and 
T2 the chlorophyll content was comparable to that in con-
trol treatment while in plants treated on T3 its level was 
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37% lower (Table 4). The pine plants sprayed on T2 and T3 
had the chlorophyll content decreased as compared to T1 
and the control. In arborvitae the chlorophyll content was 
lowered by the treatment done on all 3 dates.
 The total soluble sugar content increased in spruce sho-
ots sprayed with the herbicide (Table 4), the highest having 
been found in shrubs sprayed on T2 – 19% higher than in 
control plants. Also in pine plants the treatments – regar-
dless of their date – increased the sugar content relative to 
the control. In plants sprayed on T2 the sugar content was 
by 23% higher than in control plants. In arborvitae the tre-
atments with the herbicide resulted in decreased amounts 
of sugars probably due to the preparation being toxic to this 
species.
 Regardless of the treatment date the levels of free ami-
no acids in conifers’ shoots were elevated (Table 4). Spruce 
plants sprayed on T2 and T3 had two- and  2.6-fold amount 
of amino acids, respectively, as compared to the control. 
In pine plants sprayed on T1 and T2 the amino acid con-
tent was by 37% higher than in untreated plants while in 
those sprayed on T3 – almost twice as high. The amount 
of free amino acids increased more than twofold in arbo-
rvitae plants sprayed on T2 and T3 and almost threefold 
in those treated on T1. The levels of polyphenolic acids in 
plants treated with the herbicide were increased, especially 
in plants sprayed on T2 and T3 (Table 4).
 The contents of H2O2 in shoots of spruce and pine tre-
ated with the herbicide remained on the level of the re-
spective control treatments (Table 4). In arborvitae the 
herbicide application resulted in its small decrease: 5% in 
T1 to 10% in T3, due probably to the phytotoxicity of the 
preparation for this species. catalase activity in shoots of 
spruce and pine treated with the herbicide decreased by ap-
prox. 20% while in arborvitae it increased by 21% in T1 
and 10% in T2, i.e. in the treatments where the important 
damages were observed due to the herbicide application 
(Table 4). Peroxidase activity increased in all the plants 
from the treatments where the herbicide application was 
involved, regardless of its date (Table 4).

dIScuSSIOn

 Presence of weeds may be dangerous for crops. Young 
plants are particularly sensitive to weeds, especially during 
dry and hot summers when they are threatened by water 
deficit and less light access. The most frequent methods to 
control weeds are hand weeding and herbicide applications 
(Altland et al., 2003).
 The experiment confirmed the efficiency of the herbi-
cide under study against weeds listed in its label for ex-
ample: Amaranthus retroflexus, Capsella bursa-pastoris, 
Chenopodium album, Echinochloa crus-galli, Galinsoga 
parviflora, Poa annua, Poa arvensis, Sonchus asper, Stel-
laria media, Taraxacum officinale, Thlaspi arvense, Vero-
nica arvensis, Vicia cracca. On experimental plots the sen-

sitivity to the herbicide of such weed species as Artemisia 
vulgaris, Euphorbia helioscopia, Geranium pusillum, La-
mium purpureum, Matricaria chamomilla, Oxalis stricta, 
Plantago major, Rorippa silvestris, Senecio vulgaris, Tri-
folium repens was also evaluated. Studies on the applica-
tion the same active substances – foramsulfuron and meth-
ylsodium iodosulfuron – were also carried out by Falkows-
ki and Matysiak (2010). Their experiment revealed a me-
dium sensitivity to the herbicide of Chenopodium album 
and Rumex crispus. damalas et al. (2011) tried to control 
weeds of Echinochloa species by sulfonylurea herbicides. 
Foramsulfuron was more efficient when applied to weeds 
in the phase of 2–3 leaves while the addition of sulcotrion 
increased its efficiency even by 20%. Efficiency of the 
above substances against Amaranthus retroflexus, Echino-
chloa crus-galli and Chenopodium album was confirmed 
in the experiments of Kir and doğan (2009).
 A limited range on the Polish market of chemicals for 
weed control in the ornamental plant production may be 
related to a relatively small acreage of nurseries and the 
large number of taxa under culture. usually, herbicides 
used in horticultural and agricultural production act selec-
tively therefore they should not affect the crops. The stud-
ies show however, that in some plants toxicity symptoms 
may occur such as shortening of new growth (Falkowski, 
Matysiak, 2010). In this experiment this was visible in ar-
borvitae ‘Smaragd’. Similarly, Robertson and davis (2012) 
reported a considerable shortening of new growth in Larix 
occidentalis, Pseudotsuga menziesii and Pinus monticola 
after the application of another active substance from the 
group of ALS inhibitors, i.e. sulfmeturon. The authors of 
this work report the new growth in pine plants treated with 
the herbicide on date 1 and 2 to be comparable to the con-
trol untreated plants. In spruce – regardless of the treatment 
date – no differences in new shoot length was observed 
between treated and control plants. neither did the use 
of glyphosate in the experiment of nilsson and Örlander 
(2004) on spruce nor in that of coll et al. (2007) on poplar 
affected the length of new growth.
 In all the conifers under study the chlorophyll content 
fell due to the herbicide application. Similar observation 
was reported by Matsumoto et al. (2002) in Echinochloa 
oryzicola treated with pirazol. However, no differences in 
chlorophyll amounts in corn leaves were found between 
control and treated plants after application of a herbicide 
containing foramsulfuron and methyl iodosulfuron (Idzi-
ak et al., 2014). Relative to the respective controls all the 
treated taxa contained more free amino acids in their shoots 
which is in line with the results of Marczewska et al. (2006) 
who studied the effect of chlorsulfuron on Apera spica-
venti. Such an accumulation was also observed by Zabalza 
et al. (2006) in soybean leaves after the use of a herbicide 
from the ALS inhibitors’ group (imazethapyr). Zabalza et 
al. (2004) observed an increase in total soluble sugars in 
pea leaves after treatment with herbicides containing chlor-
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sulfuron and imazethapyr. A similar response was observed 
in this experiment in spruce and in pine while in arborvitae 
the sugar content decreased probably due to phytotoxicity 
of the preparation for this taxon. Polyphenolic acids par-
ticipate in the reduction of oxidative stress and their in-
creased content means a start of the defense response of an 
organism against stress factors. It was proved that treating 
cucumber with caffeic acid mitigated the effects of cold 
stress, limited growth inhibition and increased production 
of polyphenolic acids while reducing free radicals (Wan et 
al., 2015). In this experiment the contents of polyphenolic 
acids were increased in all the conifers sprayed on T2 and 
T3. Similarly, the increase in the amounts of phenolic com-
pounds in response to a herbicide treatment was observed 
in potato (Zarzecka, Gugała, 2011). different results were 
reported by Kjaer et al. (2001) in leaves of Fallopia con-
volvulus where herbicides from the group of the inhibitors 
of amino acid synthesis (methsulfuron and chlorsulfuron) 
decreased the contents of phenolic compound, caffeic acid 
including.
 In spruce and pine plants treated with the herbicide the 
catalase activity was decreased. This was also reported by 
Song et al. (2007) who used chlortoluron in wheat (Triti-
cum aestivum) production. According to Lü et al. (2009) 
catalase may have a lesser impact on oxidative stress in-
duced by herbicides. Such an opinion is not in line with our 
results on arborvitae where the increase in catalase activity 
after the first and second date of treatment was observed, 
concomitant with damages resulting from the herbicide ap-
plication. Browning and dying of shoot tips was observed 
probably due to a grave phytotoxicity of the preparation for 
this taxon. Hydrogen peroxide as one of the reactive oxy-
gen species is produced continuously in the plant cell as  
a by-product of metabolic paths. Increased reactive oxygen 
species (ROS) production occurs in defense response to 
wounding (Apel, Hirt, 2004). In this experiment the H2O2 
level in spruce and pine plants treated with the herbicide 
remained on a level of control untreated plants. In arborvi-
tae a decrease in the hydrogen peroxide content occurred 
due to the treatment with the herbicide – which may be 
associated with phyotoxicity of this preparation for this 
taxon. A herbicide application induces stress in herbaceous 
plants – both crops and weeds – which results in inhibition 
of seed germination, weakened growth of roots and shoots 
or dying of entire plants (Štajner et al., 2003). under stress 
conditions the oxygen reactive species are intensively pro-
duced. They appear due to the escape of electrons from 
the electron transport path in membranes of chlorophyll 
tylacoids. The excess of ROS may damage proteins, lipids 
and nucleic acids what can be mitigated by antioxidant en-
zyme activity such as peroxidase. In corn and broad bean 
an increase in peroxidase activity was observed after the 
application of herbicides containing fluometuron, atrazine 
or rimsulfuron (Hassan, nemat-Alla, 2005). In this experi-
ment the increase in peroxidase activity in all the conifers 

under study resulted from the herbicide use, regardless of 
the treatment date. In conclusion, choosing a right date 
of herbicide application is essential for the success of the 
treatment. The sprays should be carried out in early spring 
before the new vegetation starts. A preparation used at the 
beginning of April may efficiently control weeds without 
damaging the crops. The symptoms of phytotoxicity might 
have been lesser if the treatment had been done in early 
spring and some covers had been fixed on booms or anti-
splash nozzles were used to protect the shoots of conifers.

cOncLuSIOnS

 1.  Foliar application of the herbicide (0,15 kg ha-1) 
done in April before the start of growth was not toxic for 
conifers Picea pungens f. glauca and Pinus mugo subsp. 
mugo.
 2.  Shrubs of Thuja occidentalis ‘Smaragd’ were sensi-
tive to the herbicide showing foliage yellowing, browning 
and drying what contributed to growth inhibition.
 3.  The herbicide applied together with a recommen-
ded adjuvant controlled most weeds in the field production 
of conifers. The weeds resistant to the herbicide were: Ce-
rastium holosteoides, Convolvulus arvensis and Equisetum 
arvense. Moderate sensitivity to the herbicide showed the 
following: Cirsium arvense, Digitaria sanguinalis and Po-
lygonum aviculare.
 4.  In shrubs resistant to the herbicide (spruce and pine) 
its application resulted in the elevated levels of total so-
luble sugars, free amino acids, polyphenolic acids and in 
the increased activity of peroxidase while the chlorophyll 
content and catalase activity decreased. In the sensitive 
arborvitae ‘Smaragd’ the levels of free amino acids and 
polyphenolic acids as well as activities of catalase and pe-
roxidase increased, while the contents of chlorophyll, total 
soluble sugars and hydrogen peroxide diminished.
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