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Determination of the changes in the process of degradation of some
pesticides applied in mixtures with plant growth regulators, foliar
fertilizers and spreader-stricker in a vineyard'

Bagda bitki gelisim duzenleyicisi, yaprak gubresi ve yayici-yapistiricilarla karigtirilarak
uygulanan bazi pestisitlerin pargalanma surecindeki degisimlerin belirlenmesi

Giilgin Pinar ORNEK? Enver DURMUSOGLU3

Abstract

The study conducted in 2015-2016 examined effects of plant growth regulators (PGR), foliar fertilizers (FF)
and spreader-sticker (SS) on the process of degradation of pesticides. First physical then chromatographic analyses
were conducted in laboratory to determine whether degradation occurred even in spray tanks. In order to determine if
changes occurred during the process of decomposition of pesticides in mixtures under field conditions, two
experiments were set up in Izmir during the shooting and fruiting of grapevines in 2016. In shooting period, a mixture
of azoxystrobin, imidacloprid and metalaxyl was blended with PGR, FF and SS in double and triple combinations to
create eight treatments applied to three replicates to determine the process of degradation of active ingredients on
leaf samples collected at given intervals. In general, it was observed that degradation of azoxystrobin, imidacloprid
and metalaxyl on leaves applied with PGR, FF and SS was slower and the residues did not drop below maximum
residue limits even after the preharvest interval. During the fruiting period, a mixture of boscalid, chlorpyrifos ethyl and
hexythiazox was applied in the same way as for the shooting period. All mixtures with PGR, FF and SS tended to
increase degradation of boscalid, but had no effect on the degradation on chlorpyrifos ethyl and hexythiazox.

Keywords: Foliar fertilizer, pesticide, plant growth regulator, preharvest interval, spreader-sticker, tank mix
Oz

2015-2016 yillarinda yaratilen bu ¢alismada, asma yapraklarini toplama ve Gzim hasadi 6ncesi dénemlerde
kullanilan bazi pestisitler ile bitki gelisim dizenleyicisi (BGD), yaprak giibresi (YG) ve yayici-yapistiricilarin (YY)
pestisitlerin parcalanma surecine etkisi arastirimigtir. Bagda karisim halinde kullanilan pestisitlerin, ilaglama alet
deposunda pargalanma olup olmadidinin belirlenmesi amaciyla laboratuvarda gergeklestirilen 6nce fiziksel sonra da
kromatografik analizlerde gerek pestisitlerin birbirleriyle gerekse diger preparatlar ile karnigimlarinda herhangi bir
onemli etkilesim goérilmemistir. Karisim halinde kullanilan pestisitlerin arazi kosullarinda parcalanma strecinde
degisim olup olmadigini belirlemek lizere 2016 yilinda izmirin Kemalpasa ilgesindeki bir bagda iki farkli dénemde iki
deneme kurulmustur. Asmanin yaprak toplama déneminde azoxystrobin, imidacloprid ve metalaxyl iceren
preparatlarin Ugli kanigimi BGD, YG ve YY ile tekli, ikili ve Ugli olarak karistirilarak 8 karakterli bir deneme (¢
tekerriirli olarak uygulanmis, amaca uygun araliklarla alinan yaprak orneklerinde aktif maddelerin degredasyon
sureci belirlenmistir. Genel olarak ¢gogu karisimlarda degredasyonunun yavasladigi, bekleme siresi sonunda bile
kalinti miktarinin MRL’nin altina digtrmedigi gérilmistir. Uzim déneminde ise boscalid, chlorpyrifos ethyl ve
hexythiazox igeren preparatlarin Ugli karisimi, ayni asma yaprak déneminde oldugu gibi uygulanmigtir. Bu dénemde
kullanilan tiim karnigimlar, boscalidin degredasyon siirecini uzatmis, chlorpyrifos ethyl ve hexythiazoxun degredasyon
surecinde ise 6nemli bir etki gérdlmemistir.

Anahtar sozciikler: Yaprak gibresi, pestisit, bitki gelisim diizenleyicisi, bekleme suresi, yayici-yapistirici, tank karigimi
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Introduction

A total of 65 Mt of grapes from 7.5 Mha are produced in the world every year, of which Turkey
produces 3.7 Mt from 0.46 Mha. Viticulture has a long history in Turkey dating back to antiquity as well as
being a centre of genetic diversity of grapevines (Anonymous, 2014; TUIK, 2015). Given that there are
numerous pests affecting grapevines, control of vineyard pests is vital. Although a great variety of control
methods exist, it is chemical control that is most widely and effectively used as it achieves rapid, high
level control (Durmusoglu et al., 2010). In the Aegean Region of Turkey, there are numerous sprays
applied to grapevines to control diseases and pests during different phenological periods. Copgu et al.
(2002) reported that about 27 different chemical sprays are applied annually in and around Manisa
Province, which is the main area for viticulture in Turkey.

It is known that tank mixtures of chemicals are extensively used even though this is considered to
be undesirable for vineyard production. When mixtures are made that are not recommended,
phytotoxicity can occur or the intended desirable effects might not be obtained because the active
ingredients and/or other substances react with each.

Pesticides are used separately in all registration experiments. Values such as maximum residue
limits (MRL) and preharvest interval (PHI) are determined using data from these experiments. However,
chemical can be applied in mixtures to save time and reduce depreciation of spray equipment. There are
few studies of the problems caused by pesticides used in mixtures with fertilizers and adjuvants anywhere
in the world, including changes in effects on pesticide residues. Ryckaert et al. (2007) measured effects
of tolyfluanid mixed with four different adjuvants in lettuce and propiconazole mixed with six different
adjuvants in wheat on pesticide degradation using chromatographic methods to determine effects of
adjuvants on fungicides residues in leaves. The results showed that the adjuvants used in mixtures with
fungicides slowed the process of degradation. Kucharski (2007) studied the effect of three different
adjuvants (mineral oil, plant oil and surfactant) on phenmedipham, desmedipham and ethofumesate
finding that they increased residues of the active ingredients by 52 and 33% in soil and plant,
respectively. Kucharski & Sadowski (2009a) found that mixtures of phenmedipham with oil adjuvant
applied to soil slowed degradation of the pesticide. Similarly, Kucharski et al. (2011, 2012) and Kucharski
& Sadowski (2009b) showed that applications of separate ethofumesate, lenacil, chloridazon and their
mixtures with oil adjuvant and surfactant applied to soil extended the PHI. Swarcewicz & Gregorczyk
(2012) applied pendimethalin to soil then single, double and triple combinations of metribuzin, mancozeb
and thiamethoxam. Compared to application of pendimethalin alone, the mixtures were found to extend
the PHI. Swarcewicz et al. (2013) tested the application of linuron alone and mixtures with mancozeb and
thiamethoxam in soil under laboratory conditions and found that the PHI for linuron was extended.
Another study conducted in Turkey found that humic materials mixed with pesticides impacted on the
degradation process. Yilmaz & Durmusoglu (2012) applied separate mixtures of imidacloprid to tomato
leaves with humic acid and fulvic acid, and found that degradation of imidacloprid was accelerated and
found the the same effect in the soil with humic acid, but with fulvic acid degradation was slower.

None of these studies examined degradation of pesticides mixed with plant growth regulators
(PGR), foliar fertilizers (FF) and spreader-sticker (SS), as currently practiced. Viticulture is important
globally and in Turkey, both for domestic consumption and export, however, these different additives
have not been fully tested with the numerous pesticides used either in Turkey or elsewhere. Therefore,
the main aim of this study was to determine whether degradation of pesticides mixed with PGR, FF and
SS was changed.
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Material and Methods

A range of experiments were performed under laboratory and field conditions to determine changes
in the process of degradation of pesticides in samples from spray tanks, and of grapevine leaves and fruit
where PGR, FF and SS had been mixed with pesticides alone or various combinations. The study was
undertaken during two grapevine development periods, shooting and fruiting, when pesticide residue
problems particularly emerge. The shooting period is of concern because foliage is harvested for making
a popular dish (sarma) in which meat or rice are wrapped in grapevine leaves. During both periods,
pesticides and adjuvants of choice are used for controlling many significant pests and diseases,
especially in Izmir and Manisa which are major production areas in Turkey. The details of the pesticides
and adjuvants used in the experiments are presented in Tables 1 to 3.

Table 1. Pesticides used for the shooting period

Commercial name Active ingredient and rate Target organism Application dose (g or ml/100 | water) PHI (d)
QuadrisMaxx SC Azoxystrobin 250 g/| Powdery mildew 75 21
Confidor SC Imidacloprid 350 g/l Thrips 50 14
Ridomil Gold MZ WG Metalaxyl 4% Downy mildew 250 14

Table 2. Pesticides used for the fruiting period

Commercial name Active ingredient and rate Target organism Application dose (g or ml/100 | water) PHI (d)
Cantus WG Boscalid 50% Gray mold 120 7
Dursban 4 EC Chlorpyrifos-ethyl 480g/I Grapevine moth 100 14
Nissorun 5 EC Hexythiazox 50 g/l Spider mite 50 7

Table 3. Adjuvants used for the shooting and fruiting periods

Commercial name Content and rate Purpose Application dose (g or ml/100 | water)

Vulcana Gold Gibberellic acid 20 g/l Plant Growth Regulators 120

9% nitrate nitrogen,
15% water-soluble calcium oxide,

Carnival - calcium nitrate 0.05% water-soluble boron, Foliar Fertilizers 150
0.02% water-soluble zinc
0 - - - -
Slygard 309 - organic silicon 80% 3-(3-hydroxypropyl)- hepta Spreader-Sticker 30

methyltrisiloxane, ethoxlated, acetate

Laboratory studies

Physical and chromatographic analyses were performed in laboratory to establish whether the rate
of degradation of pesticides in mixtures with PGR, FF and SS changed in spray tanks or on the
grapevine. Physical and chromatographic analyses were performed at the Izmir Food Control Laboratory
and Izmir Radix Analysis Laboratory (both accredited for pesticide residue analysis), respectively.
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Physical analyses

Physical analyses of pesticides and their mixtures with PGR, FF and SS were conducted using the
criteria of pesticide formulations by FAO, WHO, EPA and CIPAC (WHO, 1984; FAO, 1985; EPA, 1996;
CIPAC, 2006). The criteria evaluated included reactions in the solution (sudden cooling or warming,
unexpected odor release or permanent foaming), changes in appearance (precipitation, agglomeration,
sedimentation, decomposition or unexpected turbidity) and changes in pH.

Liquid formulations were pipetted and solid formulations were weighed. These were placed in a 1-L
beaker half filled with water and mixed with a magnetic stirrer. If a pesticide was analyzed alone, hard
water is carefully added to the beaker to a final volume of 1 L. If a pesticide was analyzed in a mixture, all
ingredients were added to the beaker before the water and then mixed with a magnetic stirrer before
dilution to the final volume.

Physical analyses of mixtures of pesticides

All pesticides were prepared according to the combinations shown in Table 4, such that the doses
were twice the recommended dose.

Table 4. Doses prepared for physical analyses of mixtures of pesticides

Commercial names and active Used dose of pesticides Commercial names and active
ingredients of pesticides used for the (g or ml/ vF\)/ater) ingredients of pesticides used for
shooting period the fruiting period

Used dose of pesticides
(g or ml/l water)

QuadrisMaxx - Azoxystrobin (A) 1.5 Cantus - Boscalid (B) 24
Confidor - Imidacloprid (1) 1.0 Dursban - Chlorpyrifos-ethyl (C) 2.0
Ridomil Gold - Metalaxyl (M) 5.0 Nissorun - Hexythiazox (H) 1.0

A+l 1.5+1.0 B+C 24+20
A+M 1.5+5.0 B+H 24+1.0
I+M 1.0 +5.0 C+H 20+1.0
A+1+M 1.5+1.0+5.0 B+C+H 24+20+1.0

An experiment with three replicates and 14 treatments (two mixtures in seven combination) was
conducted to determine if mixtures of pesticides lead to degradation in a spray tank. Mixtures were kept
at room temperature for 10 min, before preparation and assessment under the Regulations of Plant
Protection Products by Ministry of Food Agriculture and Livestock, according to criteria given above.

Physical analyses of mixtures of pesticides and adjuvants

The mixture of pesticides including azoxystrobin, metalaxyl and imidacloprid is named Mixture 1,
which was to represent combinations used during the shooting period when leaves can be harvested. The
mixture was prepared using hard water. The mixture of pesticides including boscalid, chlorpyrifos ethyl
and hexythiazox were called the Mixture 2, which was to represent combinations used during the fruiting
periods when grapes are harvested, and was also prepared with hard water. Table 5 details the
combination of these two mixtures with adjuvants.
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Table 5. Doses prepared for physical analyses of mixtures of pesticides with adjuvants

Mixtures of pesticides with
adjuvants used for the shooting

Used dose of adjuvants
(g or ml/l water)

Mixtures of pesticides with
adjuvants used for the fruiting

Used dose of adjuvants
(g or ml/l water)

period* period

Mixture 1 + PGR 24 Mixture 2 + PGR 24
Mixture 1 + FF 3.0 Mixture 2 + FF 3.0
Mixture 1 + SS 0.6 Mixture 2 + SS 0.6
Mixture 1 + PGR + FF 24 +3.0 Mixture 2 + PGR + FF 24 +3.0
Mixture 1 + PGR + SS 24 +0.6 Mixture 2 + PGR + SS 24 +0.6
Mixture 1 + FF + SS 3.0+0.6 Mixture 2 + FF + SS 3.0+0.6
Mixture 1 + PGR + FF + SS 24 +3.0+0.6 Mixture 2 + PGR + FF + SS 24+3.0+0.6

* PGR, plant growth regulators; FF, foliar fertilizers; SS, spreader-sticker.

The combinations including PGR, FF and SS in single, double and triple combinations in three
pesticides, which made it possible to reduce number of samples and analytical costs by avoiding
unnecessary tests.

The second experiment was conducted with three replicates of these 14 treatments (Table 5) to
determine if mixture of pesticides with PGR, FF and SS caused degradation in a spray tank.
Assessments were the same as in the first experiment.

Chromatographic analyses

Chromatographic analyses were performed with Agilent 6460 Triple Quad LC-MS/MS (Liquid
chromatography-tandem mass spectrometry) equipment. Calibration and recovery studies were
conducted to determine recovery performance of calibration and extraction methods of the equipment
used to perform residue analyses before assessing experimental samples. According to
SANTE/11945/2015 document, at least three different levels are required for calibration. So, calibration
was done with six concentrations (5, 10, 25, 50, 100 and 200 pg/kg) considering the measurement range
for each active ingredient used in the field. In the analyses, matrix matched calibration was used to
compensate the matrix effect. Untreated leaf samples were collected from the vineyard and recovery
studies conducted at three concentrations (10, 50 and 200 ug/kg) for each active ingredient. Details of the
operating conditions of LC-MS/MS equipment used in chromatographic analyses are presented in Table 6.

Table 6. Operating parameters used for chromatographic analyses with the Agilent 6460 Triple Quard LC-MS/MS

Equipment Model Agilent 6460 LC-MS/MS

Detector Triple Quard MS

Column Poroshell C1s, 2.7um, 3.0 x 75 mm
Mobile Phase A Ultra-pure water with 5mM ammonium formatted

Mobile Phase B 100% acetonitrile

Flow Rate 0.6 ml/min
Injection Volume 5l
Run Time 12 min

189



Determination of the changes in the process of degradation of some pesticides applied in mixtures with plant growth regulators,
foliar fertilizers and spreader-stricker in a vineyard

Chromatographic analyses of mixtures of pesticides and adjuvants

Pesticide and adjuvant mixtures (Table 5) for chromatographic analyses were prepared again as
for the physical analyses.

Aliquots of 50 pl were taken from each mixture and transferred to Teflon tubes with 50 ml of
ultrapure water to give a concentration of 0.1% to avoid any damage to the chromatographic equipment.
These solutions were filtered through PTFE-Polytetrafluoro ethylene-0.20 pl to remove particulate matter.
Three replicates of each solution were analyzed with the LC-MS/MS system. Samples were taken and
analyzed at three different times (10, 60 and 120 min) after preparation to simulate a situation in which
pesticide mixtures are prepared in spray tank and used within 2 h. Therefore, the experiment of 28
treatments (Tables 4 and 5) was analyzed in triplicate and at three times.

Field experiments

Field experiments were conducted in a vineyard located in Kemalpasa County, Izmir Province. Two
experiments were conducted, one during the shooting period (3 May 2016) and the other during the
fruiting period (20 July 2016). The experiments were conducted using standard methods (Anonymous,
2011) for residue trials for plant protection products in plant products issued by Ministry of Food,
Agriculture and Livestock. They were performed using back pulverizes in doses recommended for all
pesticides and adjuvants. Experiments had a complete block trial design with in three replicates plots of
four vines each.

Assessment of degradation of pesticide residues on leave

Degradation of the pesticides on grapevine leaves was determined following their application of
Mixture 1 alone and in single, double and triple combinations with the adjuvants. Pesticide mixtures were
applied soon after unsprayed control samples had been taken to determine if there had been any
previous pesticide application. The sampling procedure was made considering days since the last
standardized spraying and collect following the relevant ministry standards for such sampling. Leaf
samples were taken for residue analyses at nine times; immediately before treatment, and 2 h and 1, 3, 5,
7,10, 14 and 21 d after treatment. All samples were taken to laboratory in cold chain and stored in a deep
freezer at -80°C until analysis. The buffered solution of QUEChERS (Quick, Easy, Cheap, Effective,
Rugged and Safe) method was used for the extraction (Lehotay et al., 2005; Lehotay, 2007).

The QUEChERS method uses a single-step buffered acetonitrile (MeCN) extraction and salting out
liquid-liquid partitioning of the water in the sample with MgSO4. Dispersive-solid-phase extraction
(dispersive-SPE) cleanup was done to remove organic acids, excess water, and other components with a
combination of primary secondary amine (PSA) sorbent and MgSO4; then the extracts are analyzed by
mass spectrometry (MS) after a chromatographic analytical separation (Lehotay, 2007). The basic steps
of the QUEChERS method used were as follows. The sample was homogenized by blender, then 15 g
transferred to a 50-ml teflon tube and shaken vigorously for 1 min. Then 1.5 g of sodium acetate + 6 g
magnesium sulfate was added and vortexed for 1 min. After centrifuging for 4 min at 5000 rpm, an aliquot
of 8 ml of the acetonitrile phase was transferred to a 15-ml dispersive SPE tube containing 0.2 g PSA
(primary secondary amine) and 0.6 g MgSO4, and vortexed again for 1 min, before centrifuging for 4 min
at 5000 rpm. The upper phase was filtered and transferred to a vial for LC-MS/MS analysis.

Analysis of variance was used to statistically examine treatment effects. If significant differences (P < 0.05)
were found, multiple comparison tests were applied to compare the means and LSMeans Student’s t-test
used for groupings. Data was analyzed with JMP 7.0 statistical program (JMP, 2007).
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Assessment of degradation of pesticide residues on fruit

Degradation of the pesticide residues on grapes was determined after application of Mixture 2
alone and in single, double and triple combinations with the adjuvants using the methods described
above for the leaf samples.

Results and Discussion
Physical analyses of mixtures of pesticides

Table 7 gives the pH of solutions prepared with Mixtures 1 and 2. There were no significant
changes in pH values and no other reactions were observed.

Table 7. pH of pesticide mixtures

Treatment (shooting period) pH (meantSD) Treatment (fruiting period) pH (meantSD)

Azoxystrobin (A) 7.64+0.01 Boscalid (B) 7.48+£0.10
Imidacloprid (1) 7.09+0.03 Chlorpyrifos-ethyl (C) 7.97+0.41
Metalaxyl (M) 7.59£0.02 Hexythiazox (H) 7.45+0.11
A+l 7.21£0.02 B+C 7.93+0.05
A+M 7.24+0.07 B+H 7.22+0.04
I+M 7.11+£0.04 C+H 7.84+0.04
A+1+M 7.12+£0.03 B+C+H 7.83+0.05

Physical analyses of mixtures of pesticides and adjuvants

Table 8 gives the pH of solutions prepared with Mixtures 1 and 2 and adjuvants. There were no
significant changes in pH values and no other reactions were observed. The pH of the PGR, FF and SS
alone were 7.25, 6.72 and 7.59, respectively.

Table 8. pH of pesticide and adjuvant mixtures

Treatment* (shooting period)  pH (meantSD) Treatment (fruiting period) pH (meantSD)

Mixture 1 + FF 7.04+0.06 Mixture 2 + FF 7.27+0.05
Mixture 1 + SS 7.43+0.05 Mixture 2 + SS 7.62+0.04
Mixture 1 + PGR 7.19+0.05 Mixture 2 + PGR 7.43+0.06
Mixture 1 + FF + SS 7.03+0.05 Mixture 2 + FF + SS 7.55+0.20
Mixture 1 + FF + PGR 6.99+0.07 Mixture 2 + FF + PGR 7.49+0.07
Mixture 1 + SS + PGR 7.19+0.06 Mixture 2 + SS + PGR 7.34+0.02
Mixture 1 + FF + SS + PGR 7.13+0.05 Mixture 2 + FF + SS + PGR 7.53+0.06

* PGR, plant growth regulators; FF, foliar fertilizers; SS, spreader-sticker.
Chromatographic analyses
Calibration and recovery

Correlation coefficients calculated for the calibration curves were 0.996 for azoxystrobin, 0.995 for
metalaxyl, 0.992 for imidacloprid, 0.990 for boscalid, 0.997 for chlorpyrifos ethyl, 0.993 for hexythiazox.
Miller & Ambrus (2005) reported that the coefficients for acceptance of linear calibration should be =0.99.
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Triplicate recovery studies conducted for three different concentrations (0.01, 0.05 and 0.20 mg/kg)
of each active ingredient gave average recovery of 0.0105, 0.0524, 0.2098 mg/kg for azoxystrobin; 0.079,
0.0546, 0.1991 mg/kg for imidacloprid; 0.0804, 0.0530, 0.1992 mg/kg for metalaxyl; 0.0924, 0.0576,
0.1983 mg/kg for boscalid; 11.24, 48.24, 200.31 mg/kg for chlorpyrifos; and 0.0106, 0.0492 0.2002 mg/kg
for hexythiazox, respectively. According to SANTE (2015) 'Method Validation and Quality Control
Procedures for Pesticide Residue Analysis in Foods and Feeds', recovery values must be within the
range of 70-120%, which was achieved in the current study.

Mixtures of pesticides and adjuvants in a spray tank

Tables 9 to 12 summarizes the results the degradation of pesticides in mixtures with and without
adjuvants in a spray tank. Given the dilutions used in the analysis, the expect concentrations for Mixture 1
were 0.5, 11.5 and 1.5 mg/kg for azoxystrobin, imidacloprid and metalaxyl, respectively. In Mixture 2 to the
expected concentrations were 11.5, 10 and 2 mg/kg for boscalid, chlorpyrifos ethyl and hexythiazox, respectively.

It is clear from Tables 9 to 12 that values quite very close to the expected values when measured
2-h period after pesticides mixtures were prepared. The variation between the values is consistent with
normal experimental error, and variation in laboratory measurement variation and the of sensitivity in equipment.
Therefore, mixtures of pesticides did not cause and statistically significant changes in in the first 2 h, which is the
normally recommended maximum time between mixing and application of pesticides.

Considering various factors, such as pH and hardness and mineral content of water in spray tank
as well as chemical properties of pesticides, numerous studies (Okdemir et al., 1965; Adar et al., 1991;
Fishel, 2002; Whitford, 2009; Lo & Lee, 2010; Park & Chong, 2010) have examined the effects of such
factors on degradation of pesticides. For example, one study examining the effects of humic matter mixed
with pesticides (Yilmaz & Durmusoglu, 2012) showed no significant effects of humic matter on
acetamiprid, imidacloprid and pymetrozine.

Table 9. Residues (mg/kg) in pesticides mixtures (Mixture 1) at different sampling times

Sampling times

Active Ingredient Treatment 10 min 60 min 120 min
Mean+SD Mean+SD Mean+SD
Azoxystrobin 0.48+0.01 0.48+0.00 0.47+0.01
Azoxystrobin + Metalaxyl 0.46+0.00 0.48+0.01 0.45+0.02
Azoxystrobin
Azoxystrobin + Imidacloprid 0.47+0.00 0.46+0.00 0.46+0.00
Azoxystrobin + Metalaxyl + Imidacloprid 0.49+0.01 0.48+0.01 0.48+0.01
Imidacloprid 11.57+0.05 11.15+0.08 11.52+0.07
Imidacloprid + Azoxystrobin 11.02+0.15 11.13+0.07 11.40+0.08
Imidacloprid
Imidacloprid + Metalaxyl 11.11+0.09 11.06+0.10 11.22+0.32
Imidacloprid + Azoxystrobin + Metalaxyl  11.47+0.31 11.70£0.15 11.43+0.14
Metalaxyl 1.40£0.01 1.45+0.01 1.45+0.01
Metalaxyl + Azoxystrobin 1.50£0.01 1.46+0.00 1.48+0.02
Metalaxyl
Metalaxyl + Imidacloprid 1.60+0.01 1.60+0.01 1.58+0.01
Metalaxyl + Azoxystrobin + Imidacloprid 1.54+0.00 1.54+0.01 1.52+0.02

According to the LSMeans Student’s t-test (P > 0.05) there was no difference between the values in the groups.
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Table 10. Residues (mg/kg) in pesticides mixtures (Mixture 2) at different sampling times

Sampling times

Active Ingredient Treatment 10 min 60 min 120 min
Mean+SD Mean+SD Mean+SD
Boscalid 11.85+0.09 11.60+0.07 11.17+0.07
B id Boscalid + Chlorpyrifos ethyl 11.72+0.06 11.42+0.10 11.01+0.20
oscali
Boscalid + Hexythiazox 11.39+0.43 11.27+0.33 10.81+0.75
Boscalid + Chlorpyrifos ethyl + Heyxthiazox 10.82+1.20 10.96+0.41 11.52+0.41
Chlorpyrifos ethyl 9.79+0.42 9.42+0.68 10.05+0.73
Chlorpyrifos ethyl + Boscalid 10.17+0.03 10.59+0.36 11.11+0.17
Chlorpyrifos-ethyl
Chlorpyrifos ethyl + Hexythiazox 9.70+1.45 9.68+0.54 10.12+0.44
Chlorpyrifos ethyl + Boscalid + Hexythiazox 10.28+0.38 10.33+0.36 9.88+0.41
Hexythiazox 2.27+0.10 2.22+0.10 2.36+0.12
Hexythiazox + Boscalid 2.05+0.10 1.98+0.12 2.10+£0.18
Hexythiazox
Hexythiazox + Chlorpyrifos ethyl 1.93+0.23 1.90+0.23 2.02+0.16
Hexythiazox + Boscalid + Chlorpyrifos ethyl 2.15+0.15 2.06+£0.10 2.08+0.23

According to the LSMeans Student’s t-test (P > 0.05) there was no difference between the values in the groups.

Table 11. Residues (mg/kg) in pesticide (Mixture 1) and adjuvant mixtures at different sampling times

Sampling times

Active Ingredient Treatment 10 min 60 min 120 min
(mean+SD) (mean+SD) (mean+SD)
Mixture 1 (A + | + M)* 0.49+0.01 0.48+0.01 0.48+0.02
Mixture 1 + FF 0.54+0.01 0.49+0.02 0.50+0.02
Mixture 1 + PGR 0.51+0.01 0.49+0.01 0.51+0.01
Azoxystrobib Mixture 1 + SS 0.49+0.02 0.48+0.03 0.51+0.02
Mixture 1 + FF + PGR 0.50+0.01 0.50+0.04 0.53+0.03
Mixture 1 + FF + SS 0.50+0.01 0.55+0.04 0.54+0.05
Mixture 1 + PGR + SS 0.52+0.02 0.49+0.01 0.49+0.03
Mixture 1 + FF + PGR + SS 0.51+0.02 0.50+0.04 0.51+0.03
Mixture 1 (A + | + M) 11.4710.31 11.70+0.15 11.43+0.14
Mixture 1 + FF 11.60+0.31 11.23+0.18 11.25+0.52
Mixture 1 + PGR 11.49+0.42 11.87+0.55 11.57+0.30
. . Mixture 1 + SS 11.7410.34 11.48+0.39 11.22+0.20
Imidacloprid
Mixture 1 + FF + PGR 11.9840.67 11.80+0.59 11.48+0.27
Mixture 1 + FF + SS 11.22+0.61 11.59+0.38 11.55+0.16
Mixture 1 + PGR + SS 11.80+0.98 11.44+0.21 11.67+0.54
Mixture 1 + FF + PGR + SS 11.82+1.11 11.9340.34 11.92+0.21
Mixture 1 (A + | + M) 1.54+0.00 1.54+0.01 1.52+0.02
Mixture 1 + FF 1.63+0.03 1.57+0.04 1.55+0.07
Mixture 1 + PGR 1.565+0.06 1.58+0.02 1.54+0.08
Metalaxyl Mixture 1 + SS 1.565+0.08 1.56+0.10 1.53+0.05
Mixture 1 + FF + PGR 1.568+0.05 1.49+0.07 1.58+0.05
Mixture 1 + FF + SS 1.57+0.04 1.65+0.10 1.56+0.06
Mixture 1 + PGR + SS 1.568+0.05 1.50+0.04 1.53+0.04
Mixture 1 + FF + PGR + SS 1.61+£0.05 1.59+0.08 1.63+0.10

*A + 1 + M, Azoxystrobin + Imidacloprid + Metalaxyl; PGR, plant growth regulators; FF, foliar fertilizers; SS, spreader-sticker
According to the LSMeans Student’s t-test (P > 0.05) there was no difference between the values in the groups.
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Table 12. Residues (mg/kg) in pesticide (Mixture 2) and adjuvant mixtures at different sampling times

Sampling times

Active Ingredient Treatment 10 min 60 min 120 min
(mean+SD) (mean+SD) (mean+SD)
Mixture 2 (B + C + H)* 10.82+1.20 10.96+0.41 11.52+.041
Mixture 2 + FF 11.34+0.37 11.3040.32 10.22+0.58
Mixture 2 + PGR 11.3040.08 11.2540.35 11.17+0.21
Boscalid Mixture 2 + SS 11.76+0.74 11.5340.63 11.86+0.55
Mixture 2 + FF + PGR 11.58+0.38 11.3340.34 11.41+0.35
Mixture 2+ FF + SS 11.80+0.42 11.55+0.44 11.41+0.52
Mixture 2 + PGR + SS 11.86+0.09 11.9440.52 11.71+0.54
Mixture 2 + FF + PGR + SS 11.4410.25 11.320.17 11.41+0.12
Mixture 2 (B + C + H) 10.28+0.38 10.33+0.36 9.88+0.41
Mixture 2 + FF 9.93+0.63 9.87+0.32 10.16+0.27
Mixture 2 + PGR 9.97+0.64 10.32+0.49 9.85+0.20
. Mixture 2 + SS 10.24+0.43 10.1040.20 10.36+0.04
Chlorpyrifos ethyl
Mixture 2 + FF + PGR 9.57+0.59 9.90+0.23 10.11+0.18
Mixture 2 + FF + SS 10.06+0.73 9.93+0.35 9.77+0.44
Mixture 2 + PGR + SS 10.10+0.55 9.66+0.88 10.00+0.39
Mixture 2 + FF + PGR + SS 10.39+0.52 9.98+0.51 9.78+0.42
Mixture 2 (B + C + H) 2.15+0.15 2.06+0.10 2.08+0.23
Mixture 2 + FF 2.13+0.12 2.03+0.06 2.09+0.11
Mixture 2 + PGR 1.84+0.04 1.85+0.14 1.89+0.11
Hexythiazox Mixture 2 + SS 1.98+0.25 1.94+0.07 2.08+0.22
Mixture 2 + FF + PGR 2.01+0.18 2.04+0.12 2.02+0.17
Mixture 2 + FF + SS 1.92+0.11 2.16x0.17 2.18+0.11
Mixture 2 + PGR + SS 1.85+0.11 1.94+0.09 1.90+0.04
Mixture 2 + FF + PGR + SS 2.09+0.20 2.10+0.24 1.96+0.02

*B + C + H, Boscalid + Chlorpyrifos ethyl + Hexythiazox; PGR, plant growth regulators; FF, foliar fertilizers; SS, spreader-sticker
According to the LSMeans Student’s t-test (P > 0.05) there was no difference between the values in the groups.

Pesticide residues on leaves

No residues were found on the unsprayed control leaf samples collected immediately before
treatment. Tables 13 to 15 summarizes the results of the degradation of active ingredients in mixtures
containing azoxystrobin, imidacloprid and metalaxyl applied during the shooting period.

Table 13 shows the residues of azoxystrobin on leaves in different sampling times. The residues on
leaves at the end of PHI (21 d) for azoxystrobin were over MRL in mixtures with PGR + SS, PGR + FF
and PGR + FF + SS.
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Table 14 shows the residue of imidacloprid on leaf samples after 14 d dropped below the expected
level following its application without adjuvants, but in mixtures with SS and with SS + FF the residues of
remained above the MRL despite PHI (14 d). Therefore, regardless of PHI of 14 d, mixtures were found
with residues over the MRL even in the samples collected after 21 d. For example, leaf samples from
plots treated with a mixture including PGR had 2.82 mg/kg imidacloprid even after 21 d. Also, when it was
applied with PGR + FF, the same problem occurred and its residue approached the MRL at 2.11 mg/kg.
The treatment with the three adjuvants had a residue of 5.06 mg/kg in leaf samples collected after 14 d,
remaining much higher than MRL and even leaf samples following 21 d also exhibited a residue as much
twice the MRL. Mixing with PGR + FF + SS slowed degradation of imidacloprid leading to the highest
residue.

For metalaxyl only two treatments were below of MRL at 14 and 21 d; i.e., metalaxyl with adjuvants
and with FF (Table 15). All other treatments have residues above MRL even after 21 d, so they had
slowed the degradation of metalaxyl.

Pesticide residues on fruit

Residues of boscalid, chlorpyrifos ethyl and hexythiazox for treatments applied during the fruiting
period are given in Tables 16 to 18. No residues were detected in the unsprayed controls collected just
before the application of the treatments.

Degradation of boscalid (Table 16) on the grape samples when applied without adjuvants was
faster than in mixtures with adjuvants, and after 7 d its residue was under the MRL. Wheres, with all
combinations with adjuvants after 7 d residue exceeded the MRL. Chlorpyrifos ethyl residues at PHI of 14
d were below the MRL in all treatments (Table 17). However, considering the reports published by EPA
and EFSA concerning plant protection products including chlorpyrifos ethyl emphasized its danger for
human health and the directive of EU in August 2016 to set the MRL for chlorpyrifos ethyl to 0.01 mg/kg,
the residues in all the samples after 14 d were above this EU MRL. The resides of hexythiazox, were
below the MRL in all treatments after 7 d, in other words at the end of PHI (Table 18).

Although there are no similar studies published for grapevines or other contexts, there are some
studies on effects of a number of adjuvants on the degradation of pesticides. Kucharski (2007) reported
that three different adjuvants (mineral oil, plant oil and surfactant) applied to sugar beet and soil increased
the residues of phenmedipham, desmedipham and ethofumesate. Consistent with the findings reported
hare, Kucharski & Sadowski (2009b) reported that mixture of an oil adjuvant with ethofumesate tended to
decrease degradation of ethofumesate applied alone (PHI increased at 8 to10 d) and the residue in soil
was higher. Kucharski et al. (2011; 2012) repeated the same study using lenacil and chloridazon with
similar results. Another study supportive of the present one was reported by Ryckaert et al. (2007). It was
reported that some adjuvants mixed with tolyfluanid increased residues compared to controls in pepper,
but mixture of tolyfluanid with another adjuvant, magic sticker, showed the opposite effect. The sticker
increased the rate of degradation of tolyfluanid and thus decreased its residue. From the present study, it
follows that mixture of FF with pesticides reduces residues of some active ingredients but decelerated the
degradation of others with a risk that the residues could exceed the MRL. In fact, another study similar to
the present one conducted by Yilmaz & Durmusoglu (2012) showed that combination of humic matter
with imidacloprid applied on leaves, (humic and fulvic acid) accelerated up the degradation of that active
ingredient. However, application of imidacloprid with fulvic acid to soil was observed to accelerate uptake
of imidacloprid by the plant, as well as decelerate and lengthen the process of degradation. Application of
imidacloprid with humic acid to soil was found to retard transport of imidacloprid to leaves, as well as
speed up the process of degradation. Consequently, application of pesticides with humic matter was
reported to be likely to cause changes in the process of degradation residues in plants, which could
cause variable results depending the humic matter content and chemical properties of the pesticides.

It is clear from the results for grapevine leaves that most mixtures gave residues above MRL s for
most of active ingredients, with a few exceptions. The MRL for grapevine leaves are the lowest, based on
LOD (limit of detection), under Turkish Food Codex which adopts the EU analytically lowest limit.
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Determination of the changes in the process of degradation of some pesticides applied in mixtures with plant growth regulators,
foliar fertilizers and spreader-stricker in a vineyard

Considering the results from the fruiting period with application of a mixture of boscalid, chlorpyrifos
ethyl and hexythiazox (Mixture 2), single, double and triple mixtures with PGR, FF and SS tended to
lengthen the process of degradation of boscalid but did not affect the degradation of chlorpyrifos ethyl and
hexythiazox. In summary, PGR, FF and SS affected the process of degradation of some active
ingredients with some failing to drop below the MRL even after the PHI.

Despite the fact that producers comply with the PHI on the pesticide labels, the unexpected residue
problem caused by the additives in mixtures could negatively affects the health of consumers. The
practical benefits of mixtures in conjunction with the lack of information on the effects of these mixtures
motivated for this work, which attempted address some unanswered questions on this topic.
Nevertheless, the pesticides used in this study should be further investigated by examining the effects of
other preparations using PGR, FF and SS in different concentrations. Likewise, other active ingredients
and mixtures, and other cultivated plants need to be studied. It is also recommended that manufacturers
be informed about tank mixes and their potential risks. Similarly, it should be emphasized that, while
pesticides approved for cultivated plants are recommended to producers, producers should not mix with
unapproved adjuvants.

In conclusion, it was observed that using pesticides in mixtures with PGR, FF and SS could lead to
slower degradation and higher residues, and this could vary with chemical properties of the pesticide, and
nature and concentration of the adjuvants.
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