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Abstract

Biomass reduction and amino acid content in plants of
Papaver rhoeas L. and Stellaria media L. were investigated
to evaluate response of these species to herbicide stress under
various temperature (25/16 and 8/2 °C) and relative humidity
(50 and 75%) regimes. Weeds were treated with tribenuron me-
thyl (15 g x ha™), a mixture of 2.4-D with florasulam (180 +
3.75 g x ha'), and a mixture of 2.4-D with dicamba (1252.5
+97.5 g x ha). The fresh weight of weeds and the content of
free branched-chain amino acids (valine, leucine and isoleuci-
ne) in plant tissue were recorded. Tribenuron methyl was the
herbicide that most limited biomass productivity, regardless of
weed species and climate conditions. S. media was more sensi-
tive to herbicides than P. rhoeas. Weed response to herbicides
was dependent on temperature, but not on relative humidity.
Tribenuron methyl applied to both weed species under various
temperature regimes caused significant amino acid deficiency.
The reduction in amino acid content in plants of P. rhoeas was
greater at warm temperature compared to the cold regime due
to stronger reaction to tribenuron methyl applied under these
conditions. In most of cases, the mixture of 2.4-D + dicamba
induced overproduction of amino acids.

Key words: Papaver rhoeas L., Stellaria media L., fresh weight
reduction, tribenuron methyl, 2.4-D + florasulam,
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INTRODUCTION

Herbicides disturb the physiological and bioche-
mical pathways and this is ultimately reflected in weed
biomass reduction. The most popular and numerous
is a group of sulfonylurea herbicides which is relati-
vely new; these herbicides inhibit the biosynthesis of
branched-chain amino acids by blocking the activity of
the acetolactate enzyme [1]. Other herbicides widely
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used by Polish farmers are auxinic herbicides such as
2.4-D or dicamba. Their mechanism of action is similar
to natural phytohormones [2].

The response of weeds to a particular herbici-
de is a species-specific inborn property, but it may be
strongly modified by growth conditions. Weather con-
ditions affect both herbicide spray solution activity on
treated surfaces and inside plant tissue as well as the
morphological characters of weeds related to herbicide
uptake, i.e. cuticle thickness, leaf contact angle or leaf
area [3, 4]. It is well known that environmental con-
ditions that are conducive to plant growth also favour
herbicide activity by improving the ability of weeds to
perceive and translocate spray solution [5].

From the practical point of view, biomass reduc-
tion is the most important indicator of weed response
to a herbicide, but there is little information about
the changes in metabolic pathways, especially when
a slow-acting herbicide is used. The application of
sulfonylurea herbicides leads to branched-chain ami-
no acid deficiency in susceptible weeds as a result of
blocking the ALS enzyme and consequently to the in-
hibition of the biosynthesis of these amino acids [6].
Apart from this group, the chemical industry offers
a large number of herbicides with different mode of ac-
tion, changing the content of amino acids in plants by
disturbing other metabolic pathways. Amino acid con-
tent in plant tissue may be affected not only by herbi-
cides designed to inhibit amino acid biosynthesis, but
also by other ones that influence nitrogen metabolism
indirectly [7, 8, 9, 10, 11, 12].

The amino acid pool is subjected to dynamic
changes. For example, Shim et al. [13] reported an
increase in free amino acid content with an increasing
dose of azimsulfuron and explained it by the reactivation
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of metabolic pathways leading to the introduction of
compounds that had been received from amino acid
degradation. Bestman etal. [14] also proved an in-
crease in free amino acid content after chlorsulfuron
application as a result of secondary transformation of
amino acids and proteins in plants. Amino acid con-
tent may also be affected by environmental stress, i.e.
drought, heating stress, pollution or the interaction
between environmental and herbicidal stress. Accor-
dingto Hjorth etal. [15], the increase in amino acid
content in plants of Apera spica-venti L. sprayed with
prosulfocarb may be due to joint action of herbicide
and environmental conditions that induce particular
biochemical processes leading to an abundance of the-
se compounds.

The objective of this study was to evaluate the
effect of tribenuron methyl, the mixture of 2.4-D with
florasulam and the mixture of 2.4-D with dicamba on
biomass productivity and the content of free branched-
-chain amino acids in Papaver rhoeas and Stellaria
media plants.

MATERIALS AND METHODS

Plant material

Seeds of Papaver rhoeas L. (Field poppy) and
Stellaria media L. (Common chickweed) were collec-
ted from mature weeds growing on herbicide-free plots
of arable land located in the Lower Silesia region (Po-
land). Seeds were planted in 10 cm-diameter plastic
pots filled with a mixture of sphagnum peat and sand
(1 : 2 v/v). Ten seeds were evenly distributed over the
area of each pot, at a depth of 0.5 cm. Immediately
after sowing the pots were placed in controlled climate
chambers under different temperature and relative hu-
midity conditions. In the temperature study, two levels
were involved: 25/16 °C and 8/2 °C, under a photope-
riod of 450-500 pmol x m™s light intensity and 14 h
day and 10 h night. In the humidity study, two different
relative humidity regimes were involved: 50 and 75%,
with constant temperature of 20/10 °C, light intensity
450-500 umol x m?s™ and a 14 h day/10 h night cycle.

One day before herbicide treatment, weeds were
thinned to four uniform and healthy plants per pot. At
the time of spraying, weeds were at the 2—4 leaf growth
stage. The following herbicides were used: 1. tribenu-
ron methyl (15 g x ha™') was applied in a mixture with
surfactant (90% of isodecyl alcohol) at a concentration
0.05%; 2. the mixture of 2.4-D with florasulam (180 g
x ha' + 3.75 g x ha'); 3. the mixture of 2.4-D with
dicamba (1252.5 g x ha + 97.5 g x ha). The expe-
riment also comprised untreated plants (no herbicide
treatment). The herbicides were applied using a labo-
ratory sprayer fitted with a beam equipped with Te-
eJet XR 11003-VS flat fan nozzles. The nozzles were
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operated at a pressure of 200 kPa and a speed of 2.5 km
x h', producing a spray volume of 2501 x ha ™.

Three weeks after treatment, the green parts of
weeds were cut above ground and their fresh weight
was determined.

Amino acid analysis

Plant material for amino acid analysis was sam-
pled 7 days after treatment, by cutting whole above-
ground parts of plants. From each treatment, 2 g of bio-
mass was taken for amino acid content analysis. Plant
samples were minced and extracted using 15 ml distil-
led water. The extract was centrifuged at 4000 RPM to
separate the sample matrix and derivatized to obtain
volatile derivatives of amino acids. From each sam-
ple, 12 ml of the solution was taken for evaporation at
50 °C, using a rotary evaporator. The dry remainder
(residues) in the solution was dissolved in 2 ml distil-
led water and centrifuged at 4000 RPM for 10 minutes.
In the next step, derivatives were purified from conta-
minants. To purify the samples and to obtain amino
acid derivatives, an EZ Faast (GC/MS) Amino Acid
Analysis kit (Phenomenex) was used; it contains all
necessary reagents and materials for sample rectifica-
tion and derivative isolation. The EZ:faast amino acid
analysis procedure consists of a few steps. The first
one is solid phase extraction, then derivatization, and
the last one is liquid/liquid extraction. The solid phase
extraction is performed using a sorbent packed tip that
binds amino acids, while other interfering compounds
are not bound and flow through. The bound amino
acids are derivatized with a reagent at room tempera-
ture in aqueous solution. The derivatized amino acids
are then found in the organic layer and are additionally
separated from interfering compounds. Before analy-
sis, the organic layer is removed, evaporated and re-
-suspended. Finally, the derivatives can be analyzed
using gas chromatography with mass spectrometer de-
tection (GC-MS). The system was adjusted as follows:
gas chromatograph VARIAN CP-3800, mass detector
VARIAN SATURN 2200, chromatographic column
VARIAN VF-5ms 30 m length and 0.25 mm diameter,
with temperature 120-130 °C. Carrier gas was nitro-
gen, at a flowing rate of 1.5 ml per 1 minute.

Data analysis

The data obtained from the fresh weight and ami-
no acid analysis were subjected to Tukey’s HSD test
to determine the significance of differences at P<0.05.
The calculation was performed for completely rando-
mized design with three replications per treatment.

RESULTS

At high temperature, P. rhoeas did not show
a varying response to herbicides, although its plants
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tended to be more susceptible to tribenuron methyl
than to the other herbicides. Low temperature differen-
tiated the response of poppy plants to herbicides. The
greatest biomass reduction was noted for plants spray-
ed with tribenuron methyl, while the weakest reaction
to herbicide stress was found for plants exposed to the
mixture of 2.4-D with dicamba, producing only a 52%
biomass reduction (Table 1).

Relative humidity did not affect the reaction of
P. rhoeas to the herbicides. Plants of P. rhoeas were
highly susceptible to tribenuron methyl and 2.4-D +
florasulam at both 50 and 75% relative humidity and
much less sensitive to 2.4-D + dicamba (Table 1).

Table 1
Biomass reduction of P. rhoeas treated with herbicides under
various temperature and relative humidity conditions

Fresh weight reduction (%)

Environmental

factor tribenuron  2.4-D + 2.4-D +
methyl florasulam dicamba

25/16 °C 94a 88a 85a

Temperature

8/2°C 83a 74b 52¢

Relative 75% 94a 97a 76b

humidity 50% 92a 97a 69b

Values marked with the same letter do not differ significantly

Amino acid content in untreated plants of
P. rhoeas was related to growing conditions. Tempe-
rature affected differently the level of amino acids in

untreated plants. In all tested samples, the content of
valine was the least and it ranged between 2.03 mg x
kg' and 15.71 mg x kg'. The content of leucine and
isoleucine reached similar values and they were a few
times higher than that of valine. The sum of amino
acids is an appropriate indicator for the evaluation of
the impact of individual climatic factors on plants and
their response to herbicide stress, therefore this value
was took into consideration in the description of the
results and in the discussion. The studied weed species
differed in total valine, leucine and isoleucine content
depending on temperature and relative humidity. A hi-
gher amino acid content was found both in the case of
plants growing at 8/2 °C compared to those growing at
25/16 °C and in the case of plants growing under 50%
relative humidity conditions compared to 75%. Total
amino acid content was more influenced by relative
humidity than by temperature (Table 2a, 2b).

Tribenuron methyl significantly decreased vali-
ne, leucine and isoleucine content in plants of P. rhoeas
at high and low temperature. A little weaker activity was
found for the mixture of 2.4-D with florasulam, irrespec-
tive of temperature. An insignificant decrease in amino
acid content was observed in plants treated with the
mixture of 2.4-D with dicamba (Table 2a). Contrary to
temperature, in the relative humidity study no significant
differences in the reduction of amino acid content were
observed after the exposure of plants to tribenuron me-
thyl and 2.4-D + florasulam. The mixture of 2.4-D with
dicamba induced amino acid overproduction, especially
at low relative humidity (Table 2b).

Table 2
Amino acid content (mg x kg) in plants of P. rhoeas treated with herbicides under various conditions

a. temperature

Temperature Amino acids untreated tribenuron methyl ~ 2.4-D + florasulam 2.4-D + dicamba
valine 8.57 1.00* 6.72 10.84
o leucine 38.19 1.14% 19.93* 42.60
25/16°C isoleucine 40.20 1.72% 21.18%* 21.18*
total 86.96 3.86* 47.83* 67.34*
valine 15.71 4.65% 8.98%* 12.00
8/2°C leucine 55.55 12.00%* 24.3* 54.15
isoleucine 65.34 10.10* 23.2% 47.73
total 136.60 26.75* 56.48* 113.88
b. relative humidity
Relative humidity Amino acids untreated tribenuron methyl ~ 2.4-D + florasulam  2.4-D + dicamba
valine 2.03 0 0 0
750, leucine 14.32 20.83 18.16 22.02%
7 isoleucine 15.98 21.69 20.05 24.98*
total 32.33 42.52 38.21 47.00%*
valine 9.93 4.29% 10.22 19.48%*
50% leucine 54.60 44.72 49.17 79.54%
7 isoleucine 51.07 46.85 60.33 55.78
total 115.60 95.86 119.72 154.8*

*The total amino acid content followed by an asterisk is significantly different (at 0.05) compared to the no-herbicide treatment
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S. media was highly susceptible to herbicides,
irrespective of growth conditions. Biomass producti-
vity was strongly limited (more than 90%) under both
high and low relative humidity. Temperature differen-
tiated the response of plants to the mixture of 2.4-D
with dicamba, resulting in a considerably smaller re-
duction in fresh weight when plants grew at low tem-
perature (Table 3).

Table 3
Biomass reduction of S. media treated with herbicides under
various temperature and relative humidity conditions

Fresh weight reduction (%)

Environmental -
factor tribenuron  2.4-D + 2.4-D +
methyl florasulam dicamba
Temperature 25/16 °C 99a 100a 99a
P 8/2°C 9la 96a 75b
Relative 75% 99a 97a 96b
humidity 50% 97a 97a 96b

Values marked with the same letter do not differ significantly

Temperature and relative humidity affected the
level of amino acids in untreated plants. In all tested
samples, valine reached the highest value and its con-
tent ranged 12.74-12.85 mg x kg™ for the temperature
study and 4.11-5.18 mg x kg™' for the relative humidity

study. Similarly to P. rhoeas, the content of leucine
and isoleucine was found to be approximately six ti-
mes higher than valine content (Table 4a, 4b).

Plants of S. media growing under warm condi-
tions responded to tribenuron methyl by a significant
decrease in valine, leucine and isoleucine. When 2.4-D
+ florasulam were used, the reduction in amino acid
content was only slight, especially in the case of valine.
In plants treated with 2.4-D + dicamba, the amino acid
level was significantly higher compared to untreated
plants. Under low temperature conditions, the amino
acid content in plants exposed to tribenuron methyl was
higher than under high temperature conditions. At low
temperature, the mixture of 2.4-D with florasulam and
2.4-D with dicamba did not affect the level of amino
acids, while under high temperature conditions they
caused a significant decrease in leucine and isoleucine
(Table 4a). Greater differences in amino acid content
between untreated plants and herbicide-treated plants
were found in plants growing at low relative humidity.
Similarly to the temperature study, there was a signi-
ficant reduction in total amino acid content in plants
treated with tribenuron methyl and with 2.4-D + flora-
sulam, but an increase in plants sprayed with 2.4-D +
dicamba. At high relative humidity, a difference was
found only for plants sprayed with the mixture of 2.4-D
with dicamba (Table 4b).

Table 4
Amino acid content (mg x kg') in plants of S. media treated with herbicides under various conditions

a. temperature

Temperature Amino acids untreated tribenuron methyl ~ 2.4-D + florasulam  2.4-D + dicamba
valine 12.85 3.94% 10.50 16.11
leucine 41.67 2.10* 24.16* 65.43*
25/16 °C i .
isoleucine 42.61 3.18% 30.72%* 68.05*
total 97.13 9.22% 65.38* 149.59*
valine 12.74 8.86 11.00 18.60
. leucine 72.66 4.17 42.40 85.80
827C isoleucine 68.40 5.08 44.30 86.20
total 153.80 18.11% 97.70* 190.60*
b. relative humidity
Relative humidity Amino acids untreated tribenuron methyl ~ 2.4-D + florasulam  2.4-D + dicamba
valine 4.11 8.57 4.06 7.22
leucine 15.00 12.92 12.49 26.15
7% isoleucine 16.36 15.72 15.72 31.00
total 3547 37.21 32.27 64,37*
valine 5.18 1.61 3.19 5.85
leucine 28.50 14.02 2232 39.16
S0% isoleucine 22.77 12.34 20.88 43.50
total 56.45 27.97* 46.39* 88.51*

* The total amino acid content followed by an asterisk is significantly different (at 0.05) compared to the no-herbicide treatment
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DISCUSSION

The reduction in biomass and in the content of
amino acids studied in field poppy and common chic-
kweed plants was dependent on weed species, herbici-
de type, and climate conditions. Among the herbicides,
the mixture of 2.4-D with dicamba was the most re-
lated to environmental conditions, especially to tem-
perature, regardless of weed species. It resulted in si-
gnificantly smaller biomass reduction when both weed
species were kept at low temperature in comparison
with high temperature, while the mixture of 2.4-D with
florasulam caused differences only when it was used
against P. rhoeas. This agrees with the results obta-
ined by Coetzer et al. [4] as well as Johnson
and Young [16] who reported that particular weed
species responded to herbicides applied under variable
temperature regimes differently or some of them were
not temperature dependent. Moreover, this study sho-
wed greater biomass reduction under warm conditions
for the mixtures 2.4-D+dicamba and 2.4-D+florasu-
lam. These results are in agreement with the previo-
us reports describing higher herbicide activity under
high temperature conditions compared to low tempe-
rature [5, 16, 17]. In contrast to temperature, relative
humidity did not influence weed response to herbicide
stress. Similar results were reported by Fausey and
Renner [17], but generally this finding is inconsi-
stent with most of the previous papers that have pro-
ven a weaker response of weeds to herbicides at low
relative humidity [4, 18, 19]. The lack of differences
in weed response proved in this research may be due
to the small differences between the relative humidity
levels tested.

Changes in free amino acid content can be an
indicator of plant response to herbicides [13]. The gre-
atest changes in the level of amino acids are observed
when weeds are treated with herbicides influencing
the biosynthesis of these components. Sulfonylurea
herbicides act by inhibiting the acetolactate synthase
(ALS) — the key enzyme in the biosynthesis of bran-
ched-chain amino acids: valine, leucin and isoleucine
[1]. According to their mode of action, the level of
amino acids in plants treated with tribenuron methyl
was considerably lower compared to untreated weeds,
regardless of temperature and at low relative humidity,
while at high relative humidity it was similar to the
no herbicide treatment. Deficiency of branched-chain
amino acids (valine, leucine and isoleucine) as a re-
sult of their biosynthesis inhibition in plants treated
with ALS inhibitors was described by Shaner and
Singh [20]. Similarly, Marczewska et al. [21]
found that weeds sensitive to ALS-inhibitor responded
by a significant reduction in fresh weight and amino
acid content. Moreover, the higher reduction in amino
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acid content in plants of P. rhoeas at 25/16 °C compa-
red to 8/2 °C, which was observed in this study, sug-
gests a stronger response to tribenuron methyl under
warm conditions. In the case of S. media, the decrease
in amino acid content was similar for both temperature
regimes, which may be explained by a weak relation-
ship between temperature and plant response to tribe-
nuron methyl. These findings are in agreement with
the previous study that reported a lower level of ami-
no acids in weeds exposed to herbicides under warm
compared to cold conditions [22]. An opposite respon-
se was observed in weeds sprayed with the mixture of
2.4-D with dicamba. There was an increase regardless
of temperature or relative humidity. Being typical au-
xinic herbicides, this mixture stimulates physiological
processes leading to unrestricted plant growth, inclu-
ding tissues, cells and organic compounds like amino
acids.

Some data obtained from this study on amino
acids were not always reflected in a decrease in fresh
weight and therefore they may suggest weak ALS-
-inhibitor activity when biomass is compared to the
amino acid content in untreated plant. The study also
found that there was no increase in amino acid con-
tent in plants of P. rhoeas, which had been expected
as a result of the application of the mixture of 2.4-D
+ dicamba. This incoherence makes it difficult to give
an unequivocal conclusion about weed response, be-
cause apart from herbicide activity, amino acid content
in plant tissues is influenced by numerous factors and
therefore it is not always possible to obtain results that
may be correlated with biomass productivity.

CONCLUSIONS

1. Temperature affected biomass reduction of Papa-
ver rhoeas treated with the mixture of 2.4-D with
florasulam and 2.4-D with dicamba. Relative humi-
dity did not differentiate the response of plants to
the herbicides.

2. Stellaria media was sensitive to tribenuron methyl
and the mixture of 2.4-D with florasulam, regar-
dless of temperature and relative humidity. Its sen-
sitivity was significantly reduced when plants were
sprayed with the mixture of 2.4-D with dicamba
under low temperature conditions.

3. Tribenuron methyl applied to both weed species
under various temperature regimes caused signifi-
cant amino acid deficiency. In most cases, the mi-
xture of 2.4-D + dicamba induced overproduction
of amino acids, regardless of climate factors.

4. The reduction in amino acid content in P. rhoeas
plants was greater at warm temperature compared
to the cold regime due to a stronger response to tri-
benuron methyl applied under these conditions.
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Zawarto$¢ aminokwaséw i produktywnos¢
biomasy wybranych gatunkéw chwastéw jako
wskaznik ich reakcji na stres herbicydowy

Streszczenie

W pracy okreslono redukcj¢ biomasy oraz za-
wartos¢ aminokwaséw w roslinach Papaver rhoeas
L. i Stellaria media L. w celu oceny reakcji tych ga-
tunkéw na stres herbicydowy w zréznicowanych wa-
runkach temperatury (25/16 1 8/2 °C) i wzglednej wil-
gotnosci powietrza (50 i 75%). Rosliny potraktowano

tribenuronem metylu (15 g x ha'), mieszaning 2,4-D
z florasulamem (180 + 3,75 g x ha') i mieszaning
2,4-D z dikambg (1252,5 + 97,5 g x ha'). Okreslono
Swiezg mase chwastow i zawarto$S¢ wolnych amino-
kwaséw o laidcuchach rozgalezionych (waliny, leu-
cyny i izoleucyny) w ich tkankach. Herbicydem naj-
silniej ograniczajagcym produktywnos¢ biomasy byt
tribenuron metylu, niezaleznie od gatunku chwastu
oraz czynnika klimatycznego. S. media byta bardziej
wrazliwa na herbicydy niz P. rhoeas. Reakcja chwa-
stow byta zalezna od temperatury, natomiast nie byta
zalezna od wilgotnosci powietrza. Tribenuron metylu
zastosowany w zréznicowanych warunkach tempera-
turowych spowodowal znaczacy ubytek zawartosci
aminokwaséw w obu gatunkach chwastéw. Reduk-
cja zawartosci aminokwaséw w roslinach P. rhoeas
byta wigksza w warunkach cieptych w poréwnaniu
z chtodnymi, z powodu silniejszej reakcji na tribenu-
ron metylu aplikowany w tych warunkach. W wigk-
szosci przypadkéw, mieszanina 2,4-D + dikamba wy-
wotywata zwigkszong produkcje aminokwaséw.
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