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Abstract: The aim of investigations was to understand the effect of herbicides ap-
plication on soil environment and residues in sugar beet. Field experiments were
carried out during 1997-2001 on arable field near Wroclaw. Herbicides to weed
control in sugar beet were applied at recommended dose alone and in mixture with
adjuvants.

Samples of soil, leaves and roots of sugar beet were taken on the day of harvest. Ad-
ditional, soil samples were taken six weeks (in autumn 2000) and five months (in
spring 2001) after harvest. All samples were analysed (herbicide residues) using
the high-performance liquid chromatography (HPLC) with UV-detection and gas
liquid chromatography (GLC) with ECD.

Residues of active ingredient of herbicides determined in roots and leaves of sugar
beet did not exceed acceptable values included in EU standards and herbicides use
in normal agricultural practice should not present problems for following crops.
Moreover, the addition of adjuvants caused an increase of the herbicide active in-
gredient residue in soil, leaves and roots of sugar beet samples in comparison with
the treatments, where herbicides alone were used.
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INTRODUCTION

Information on the residue and degradation rate of the herbicide active ingredi-
ent allows to evaluation behavior of herbicide in environment. The application of
low levels of herbicide does not guarantee high levels of environmental tolerance.
In some cases, it has been demonstrated that sensitive plants were damaged by dos-
ages lower than 1% of the initial application rate (Bayer et al. 1987). These low soil
and plant residues constitute problems for their determination and make it difficult
to estimate the effect of these herbicides on rotational crops and health of consum-
ers (Menne et al. 2001).
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Herbicides are often applied at rates higher than that required for weed control
under ideal conditions. This is done primarily to counteract losses that occur from
the site of action in the plant zone (McMullan et al. 1998). In soil the biological ac-
tivity of herbicides may be decreased by chemical or biological degradation of active
ingredients. Adsorption by soil colloids, absorption by plants or leaching to lower
layers of the soil profile influences also the biological activity of herbicides in soil
(Edwards 1973; Harris 1969).

Monitoring of herbicidal residues allows quality control of soil and agricultural
products. The results from monitoring researches are comparable with acceptable
amounts showed in standards. Polish laboratories have been used the EU standards
for several years. The standards define maximum residue limits for different active
ingredients and plant products.

The aim of investigations was to understand the effect of herbicides and adjuvant
application on residues in soil and plant of sugar beet.

MATERIALS AND METHODS

Field experiments were carried out during five-year-period (1997-2001) on ara-
ble field near Wroctaw. The field trial was laid out as a randomized complete block
design with three replicates. All farming activities were carried out in accordance
with conventional agricultural practice and in line with recommendations from of-
ficials. Herbicides to weed control in sugar beet were applied at recommended dose
alone and in mixture with adjuvants (Atpolan® 80 EC, Agromix Poland; Olbras® 88
EC, Obrol Poland; Olejan® 85 EC, Danmar Poland - see table 1). The following ac-
tive substances of herbicide were applied: phenmedipham, desmedipham,
ethofumesate (Betanal Progress®” AM 180 EC, Aventis Crop Science), metamitron
(Goltix® 70 WP, Bayer), chloridazone (Expander® 400 SC, BASF), quizalofop
(Targa Super® 05 EC, Nissan Chemical) and fluazifop (Fusilade Super® 125 EC,
Syngenta). The rates of active ingredient of herbicides applied in experiments are
given in table 2.

Table 1. Characteristics of adjuvants used in experiments

Common name of adjuvant Active substances Dose [I*ha ]
Atpolan 80 EC paraffin oil emulsifier 15
Olbras 88 EC post-refined fatty acids emulsifier L5
Olejan 85 EC _rape oil emulsifier i ] 1.5

Table 2. The rate of herbicides’ active ingredients applied in experiments

Active iﬁgredie{lt (a.i.) of herbicide Dose [g a.j.*ha"]

phenmedipham 360
desmedipham 360
ethofumesate 360
chloridazon 2700
metamitron 3500
quizalofop-P-ethyl 125

fluazifop-P-buthyl ) 312
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Samples of soil, leaves and roots of sugar beet were taken on the day of harvest.
Samples were taken from the middle of each plot, to avoid interference and side ef-
fects from the neighboring plots. The soil samples were taken at a soil depth of
0-20 cm. Additional, soil samples were taken six weeks (in autumn 2000) and five
months (in spring 2001) after harvest.

Samples from each plot were well mixed and stored in polyethylene bags at
-18°C until sample extraction. Soil moisture content was determined for each soil
sample after heating subsamples to dryness at 105°C for 24 h.

Determination of residues consists of three elementary processes: extraction of
active ingredients from samples, chemical cleaning of extract (and esterification if
needed) and quantitative determination. All samples were analysed (herbicide resi-
dues) using the high-performance liquid chromatography (HPLC) with UV-detec-
tion and gas liquid chromatography (GLC) with ECD (Electron Capture Detector)
detection.

Results of residue data from field trials were calculated using the statistical pro-
gram Statgraphics Plus for Windows, version 1.41 PL.

RESULTS AND DISCUSSION

At the harvest time, about 70%-85% of soil, leaves and roots of sugar beet sam-
ples contained detectable residues all of herbicide active ingredients. The level of
residues was dependent on the kind and dosage of herbicide, addition of adjuvant
and weather condition in individual vegetation seasons.

Residues in soil

The maximum residues detected in soil samples collected for six years amount

to:

— for recommended dose of herbicides applied alone:

0.041 mg*kg' of phenmedipham, 0.039 mg*kg"' of desmedipham, 0.062
mg*kg™ of ethofumesate, 0.102 mg*kg™ of chloridazone, 0.118 mg*kg™ of
metamitron, 0.014 mg*kg ' of quizalofop and 0.019 mg*kg" of fluazifop;

— for recommended dose of herbicides applied with addition of adjuvants:
0.047 mg*kg" of phenmedipham, 0.044 mg*kg"' of desmedipham, 0.069
mg*kg" of ethofumesate, 0.120 mg*kg" of chloridazone, 0.124 mg*kg™" of
metamitron, 0.016 mg*kg" of quizalofop and 0.022 mg*kg" of fluazifop.

Residues in sugar beet leaves

The maximum residues determined in leaves of sugar beet samples amount to:

— for recommended dose of herbicides applied alone:

0.056 mg*kg" of phenmedipham, 0.039 mg*kg"' of desmedipham, 0.058
mg*kg' of ethofumesate, 0.158 mg*kg" of chloridazone, 0.098 mg*kg" of
metamitron, 0.010 mg*kg ' of quizalofop and 0.015 mg*kg" of fluazifop;

— for recommended dose of herbicides applied with addition of adjuvants:
0.064 mg*kg’ of phenmedipham, 0.043 mg*kg"' of desmedipham, 0.058
mg*kg™” of ethofumesate, 0.164 mg*kg" of chloridazone, 0.106 mg*kg* of
metamitron, 0.012 mg*kg "' of quizalofop and 0.014 mg*kg™ of fluazifop.
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Fig. 1. Residues of phenmedipham, desmedipham and ethofumesate in soil, leaves and roots
of sugar beet (Biestrzykow 2000)
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Fig. 2. Residues of chloridazon, metamitron, quizalofop and fluazifop in soil, leaves and
roots of sugar beet (Biestrzykow 2000)
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Residues in sugar beet roots

The maximum residues determined in roots of sugar beet samples amount to:

— for recommended dose of herbicides applied alone:

0.016 mg*kg"' of phenmedipham, 0.012 mg*kg" of desmedipham, 0.019
mg*kg"' of ethofumesate, 0.062 mg*kg™" of chloridazone, 0.052 mg*kg" of
metamitron, 0.009 mg*kg "' of quizalofop and 0.012 mg*kg™ of fluazifop;

— for recommended dose of herbicides applied with addition of adjuvants:
0.018 mg*kg" of phenmedipham, 0.015 mg*kg' of desmedipham, 0.022
mg*kg' of ethofumesate, 0.068 mg*kg™” of chloridazone, 0.058 mg*kg"' of
metamitron, 0.011 mg*kg ' of quizalofop and 0.014 mg*kg™ of fluazifop.

Figures 1 and 2 show exemplary results from field experiment conducted in

2000 year on sugar beet plantation located in Biestrzykow (near Wroctaw).
The residues of active ingredient of herbicides determined in roots and leaves of
sugar beet did not exceed acceptable amounts showed in EU standards (Tab. 3).
Monitoring of residues in soil and plant materials is conducted for different
crops and herbicides. Dgbrowski et al. (1996; 2001) demonstrated similar results
for other crops, where determined residues concentration was lower than accept-
able values showed in standards.
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Fig. 3. Residues in soil 6 weeks after sugar beet harvest (Biestrzykow 2000)
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Table 3. Maximum residue of herbicides active ingredient detected in experiments
(1997-2001) and EU standards (Rézanski 1996)

o ) Admissible level of residues Maximum residues detected
Active mg.rejdlent (EU standards) [mg*kg '] in experiment [mg*kg ']
of herbicide ————— ———
Sugar beet Roots of beet Leaves of beet
phenmedipham 0.1 0.018 0.064
desmedipham 0.1 0.015 0.044
ethofumesate 0.1 0.022 0.043
chloridazon 0.5 0.068 0.164
metamitron 0.2 0.058 0.106
quizalofop-P 0.1 0.011 0.012
fluazifop-P 0.1 0.014 0.018

The results of the residue analyses in the soil samples taken additionally demon-
strated that low residue concentrations six weeks after sugar beet harvest (Fig. 3)
and lack of detectable residues in soil in spring (5 months after harvest) should not
cause any problems for following crops.

The addition of adjuvants caused an increase of the herbicide active ingredient
residue in soil, leaves and roots of sugar beet samples in comparison with the ob-
jects, where herbicides were used only. Other authors obtained similar results with
adjuvants and trifluralin (Swarcewicz 1996; Swarcewicz et al. 1998), atrazine
(Swarcewicz and Mulinski 1996) and phenmedipham (Kucharski 1998; Sumistaw-
ska and Kostowska 1991).

CONCLUSION

Researches and monitoring of herbicidal residues allowed quality control of soil
and plant products. Residues of active ingredient of herbicides determined in roots
and leaves of sugar beet did not exceed acceptable values included in EU standards
and herbicides use in normal agricultural practice should not present problems for
following crops.

Moreover, the addition of adjuvants caused an increase of the herbicide active in-
gredient residue in soil, leaves and roots of sugar beet samples in comparison with
the treatments, where herbicides alone were used.
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POLISH SUMMARY

WPLYW STOSOWANIA HERBICYDOW I ADIUWANTOW NA POZIOM ICH
POZOSTALOSCI W GLEBIE I BURAKACH CUKROWYCH

Celem prowadzonych badan byta ocean wplywu stosowania herbicydéw na poziom pozo-
stalosci substancji aktywnych tych herbicydéw w glebie, lisciach i korzeniach buraka cukro-
wego. Badania prowadzono na polach produkcyjnych w latach 1997-2000, zlokalizowanych
w okolicy Wroctawia. Herbicydy stosowane do odchwaszczania plantacji buraka cukrowego
aplikowano w dawkach rekomendowanych samodzielnie oraz z dodatkiem adiuwantéw
(Atpolan 80 EC, Olbras 88 EC, Olejan 85 EC).

Proby gleby, lisci i korzeni buraka cukrowego pobierano w dniu zbioru. Dodatkowo préoby
gleby z omawianych doswiadczen pobrano 6 tygodni po zbiorze (jesien 2000) oraz 5 miesig-
cy po zbiorze (wiosna 2001). Analize pozostalosci wykonano technikg chromatografii cie-
czowej (HPLC-UV) i chromatografii gazowej (GLC-ECD).

Monitoring zanieczyszczen herbicydowych pozwala na jakosciowa kontrole gleby i pro-
duktéw roslinnych. Wyniki badan nie wykazaty, by w liciach i korzeniach buraka cukrowego
wystgpilo nagromadzenie pozostalosci substancji aktywnych oznaczanych herbicydow, w
stezeniu przekraczajgcym wartosci podane w normach. Przestrzeganie zalecen producentow
$rodkéw ochrony roslin, jak réwniez zasad dobrej praktyki rolniczej znaczaco ogranicza moz-
liwosci wystgpienia jakichkolwiek skazen gleby, czy produktéw roslinnych i nie stanowi za-
grozenia dla upraw nastepczych. Ponadto, wyniki doswiadczen wskazuja na mozliwos¢
wzrostu pozostatosci substangji aktywnych herbicydéow po zastosowaniu ich Igcznie z adiu-
wantami.



