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Residue dynamics of fl uopyram and trifl oxystrobin in grapes: 

Consumer safety insights from Saudi agriculture
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Summary   This study examines the dissipation and residue behavior of fl uopyram, trifl oxystrobin, 
and their metabolites (fl uopyram-benzamide and trifl oxystrobin acid, CGA 321113) in grapes grown in 
Al-Qassim, Saudi Arabia. The fungicide Luna Sensation® 500 SC (250 g/L fl uopyram, 250 g/L trifl oxys-
trobin) was applied at the recommended rate (100–150 g a.i./ha). A multi-residue LC-MS/MS method 
was developed and validated according to SANTE 11312/2021 guidelines, demonstrating high linearity 
(R² > 0.999), low detection limits (0.00021–0.00094 mg/kg), and recoveries of 84.8–94.8% with RSDs < 
20%. Dissipation studies revealed fi rst-order kinetics, with fl uopyram exhibiting faster degradation (t1/2 

= 2.23–3.02 days) than trifl oxystrobin (t1/2 = 3.46–4.04 days). CGA 321113 dissipated to below detectable 
levels within 3 days, while fl uopyram-benzamide remained undetected. Terminal residues were below 
the maximum residue limits (MRLs) of 3 mg/kg (trifl oxystrobin) and 2 mg/kg (fl uopyram), with pre-har-
vest intervals of 6.29 and 2.13 days, respectively. Chronic dietary risk assessments confi rmed negligi-
ble health risks and provided valuable insights for eff ective pest management and the safe use of pes-
ticides in Saudi grape cultivation.
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pests and insects (Conde et al., 2007). Pesti-
cides play a crucial role in protecting crops 
from diseases and minimizing economic 
losses (Heshmati et al., 2020), with approxi-
mately 7% of agricultural pesticides used in 
viticulture (Zengin and Karaca, 2018). Sev-
eral factors, including dosage, formulation, 
application method, frequency, climate con-
ditions, grape variety, growth dilution, and 
degradation processes such as photochem-
ical breakdown, infl uence pesticide dissipa-
tion. While pesticides off er essential benefi ts 
in agriculture and viticulture, their potential 
risks must also be taken into consideration 
(Fantke et al., 2012).

Fluopyram (ISO common name; IUPAC: 
N-{2-[3-chloro-5-(trifluoromethyl)-2-pyridyl]
ethyl}-α,α,α-trifl uoro-o-toluamide; Fig. 1a) is 
a pyridylethylamide fungicide with broad-
spectrum activity (EFSA 2023). It eff ective-
ly controls pathogens such as Botrytis spp., 
Sclerotinia spp., and Monilia spp., as well as 
powdery mildew and leaf spot diseases in 
various crops (Kandel et al., 2018). Fluopyram 
functions by inhibiting succinate dehydro-
genase (SDH), also known as complex II in 
the mitochondrial respiratory chain, a key 

Introduction

Grapevine (Vitis vinifera L.) is widely cultivat-
ed for the sweet, juicy fl avor and diverse ap-
plications of its fruit. Beyond their culinary 
appeal, they off er signifi cant health ben-
efi ts, rich in vitamins C, B1, and B6, as well 
as antioxidants and phytonutrients protect-
ing against diseases such as cancer, heart 
disease, and diabetes (Zhou et al., 2022). In 
2021, Saudi Arabia produced over 106,400 
tons of grapes from approximately 3,925 
hectares, making it one of the largest grape 
producers in the Middle East (Taylor, 2005).

However, due to their high carbohydrate 
content, grapes are highly susceptible to 
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component of the tricarboxylic acid cycle 
(Abad-Fuentes et al., 2015).

Trifl oxystrobin (ISO common name; 
IUPAC: methyl (2E)-(methoxyimino)(2-{[({(1E)-
1-[3-(trifluoromethyl)phenyl]ethylidene}ami-
no)oxy]methyl}phenyl)acetate; Fig. 1b) is an-
other broad-spectrum fungicide belonging 
to a class of fl uorine-containing compounds 
(EFSA, 2025). Derived synthetically from nat-
urally occurring strobilurin found in wood-
decaying fungi, trifl oxystrobin is widely 
used to combat diseases such as powdery 
mildew, downy mildew, and anthracnose in 
fruits, vegetables, and cereals (Ziegler et al.,
2003). It disrupts mitochondrial respiration 
by inhibiting electron transfer in the elec-
tron transport chain (Bartlett et al., 2002).

Assessing the metabolism of these fun-
gicides is critical when evaluating their res-
idues. Fluopyram-benzamide (Fig. 1c) and 
trifl oxystrobin acid (CGA 321113) (Fig. 1d) 
are the primary metabolites of fl uopyram 
and trifl oxystrobin, respectively. Research 
suggests that these metabolites may pose 
greater environmental and health risks than 
their parent compounds due to their mobil-
ity and persistence (Bartlett et al., 2002; Wei 
et al., 2016). Therefore, it is essential to quan-

tify fl uopyram, trifl oxystrobin, and their me-
tabolites to ensure consumer safety (Shar-
ma et al., 2022; Cui et al., 2023).

Luna Sensation® 500 SC is a suspension 
concentrate containing 250 g/L trifl oxys-
trobin and 250 g/L fl uopyram. This systemic, 
preventive, and curative fungicide controls 
a range of pathogenic fungi, including pow-
dery mildew and botrytis rot in fruits, as well 
as sclerotinia and monilia diseases in various 
vegetables and crops (Bayer Crop Science 
2026).

Extensive research has employed liq-
uid and gas chromatography to analyze the 
dissipation behavior of trifl oxystrobin and 
fl uopyram residues in various crops, both 
individually and in combination with other 
analytes (Jyot et al., 2010; Mohapatra et al.,
2010; Sahoo et al., 2012; Patyal et al., 2013; 
Dong and Hu 2014; Paramasivam et al., 2017; 
Katna et al., 2018; Sharma et al., 2019; Ren et 
al., 2023). Investigating the dissipation pat-
tern of a ready-to-use trifl oxystrobin and 
fl uopyram formulation in grapevines holds 
signifi cant practical value. However, data on 
their behavior in grapevines remains limit-
ed, despite similar studies on onions (Shar-
ma et al., 2022) and chili peppers (Mandal et 

Figure 1. Chemical structure of a) fl uopyram, b) trifl oxystrobin, c) fl uopyram-benzamide and d) CGA 321113 (trifl oxys-
trobin acid).

(a) (b)

(c) (d)
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al., 2023; Parmar et al., 2023).
In this study, the persistence, dissipa-

tion kinetics, terminal residues, and con-
sumer risk estimation of a trifl oxystrobin 
and fl uopyram formulation (Luna Sensa-
tion® 500 SC) under Saudi Arabian climat-
ic and cultivation conditions were assessed. 
 Although Luna Sensation® 500 SC is a reg-
istered product and has undergone regu-
latory evaluation as part of the authoriza-
tion process, residue behavior can vary with 
crop, climate, and agricultural practices. 
Therefore, generating residue and dissipa-
tion data under local Saudi fi eld conditions 
supports evidence-based risk management 
and helps confi rm compliance with relevant 
maximum residue limits (MRLs) and pre-har-
vest intervals.

Materials and Methods

Chemicals and Reagents
Certifi ed reference standard of trifl oxys-

trobin (99.4% purity) was obtained from 
Chem Service Inc. (West Chester, PA, USA). 
Certifi ed reference standard of fl uopyram 
(98.7% purity), fl uopyram-benzamide 
(99.6% purity), and CGA 321113 (98.68% pu-
rity) were sourced from Dr. Ehrenstorfer 
GmbH (Augsburg, Germany). HPLC-grade 
methanol, acetonitrile, LC-MS-grade for-
mic acid, and ammonium formate were ob-
tained from Fisher Scientifi c Ltd. (Lough-
borough, UK). Sodium chloride, trisodium 
citrate, disodium hydrogen citrate sesqui-
hydrate and anhydrous magnesium sulfate 
were purchased from Chem-Lab NV (Zedel-
gem, Belgium). A ceramic homogenizer was 
purchased from Chrom Tech, Inc. (Copure®, 
Apple Valley, MN, USA). Bulk sorbents, in-
cluding primary secondary amine (PSA) and 
Octadecylsilane (C18), were obtained from 
Macherey-Nagel (Chromabond, Düren, Ger-
many). Ultrapure water was produced using 
an Evoqua Ultra Clear system (Evoqua Water 
Technologies LLC, Günzburg, Germany). The 
commercial formulation Luna Sensation® 
500 SC (Bayer Crop Science Ltd.) was ac-
quired locally and contains 25% fl uopyram 

and 25% trifl oxystrobin.

Standard solution preparation
Individual pesticide standard stock solu-

tion of each of the four tested analytes (1000 
mg/L each) were prepared in pure acetoni-
trile. An intermediate standard mixture of 
acetonitrile was prepared at 100 mg/L by 
mixing the individual stock solutions. The 
working standard mixture of the four ana-
lytes (10 mg/L) was prepared from interme-
diate solutions at serial concentrations of 
0.001-0.5 mg/L for the construction of sol-
vent-based or matrix-matched calibration 
curves, respectively, by diluting with aceto-
nitrile or the fi nal sample extracts. All stan-
dard solutions were stored in a freezer at 
-20°C. 

 Field Experiments
The open-fi eld trials were conducted 

in Buraidah City, Al-Qassim Region, Saudi 
Arabia, in August 2024. The cultivated ta-
ble grape area was divided into 12 plots: 
four plots were treated with Luna Sensa-
tion® 50 SC at the low recommended appli-
cation rate of 400 mL/ha (equivalent to 100 
g a.i./ha of fl uopyram and 100 g a.i./ha of tri-
fl oxystrobin), and four plots were treated 
at the high recommended application rate 
of 600 mL/ha (equivalent to 150 g a.i./ha of 
each active ingredient). The remaining four 
plots were maintained as an untreated buf-
fer zone between treated areas to minimize 
spray drift. The formulation was diluted with 
tap water to a spray volume of 1000 L/ha and 
applied using a knapsack sprayer calibrated 
before application. Spraying was conducted 
by walking along the vine rows and apply-
ing the spray uniformly to the canopy and 
grape clusters in each plot to achieve con-
sistent coverage.

Approximately 2 kg of grapes were col-
lected from each treated plot at 0 (2 h), 1, 3, 
7, 10, 14, and 20 days after application to as-
sess dissipation and to determine half-lives 
(t1/2) and pre-harvest intervals (PHIs).

Terminal residues 
Terminal residues were assessed in a 



© Benaki Phytopathological Institute

Abdallah et al.36

separate set of plots (independent of the 
dissipation study). For the terminal residue 
study, each application rate (low and high) 
was applied twice, with a 7-day interval be-
tween the fi rst and second applications. 
Grape samples (~2 kg per plot) were collect-
ed at 3 and 7 days after the second (fi nal) 
application to determine terminal residues 
under a repeated-use pattern. Applications 
and sampling were conducted at a late pro-
duction stage close to commercial maturity 
to refl ect residue-relevant pre-harvest con-
ditions.

During the fi eld trial, temperatures 
ranged from 29 to 45°C, with a mean relative 
humidity of 13–18%. Samples were trans-
ported under cold conditions, frozen over-
night, homogenized, thoroughly mixed, di-
vided into sub-samples, and stored at −20°C 
until analysis.

LC-MS/MS
The LC-MS/MS analysis was conduct-

ed using a Dionex Ultimate 3000 RS UHPLC 
system (Thermo Fisher Scientifi c, Austin, TX, 
USA) coupled with a TSQ Altis triple quad-
rupole mass spectrometer (Thermo Fisher 
Scientifi c, Austin, TX, USA). Chromatograph-
ic separation was achieved on an Accu-
core RP-MS C18 column (100 x 2.1 mm, 2.6 
μm fi lm thickness) (Thermo Fisher Scientif-
ic, Ireland), maintained at 40°C. The mobile 
phase comprised (A) water with 0.1% formic 
acid (v/v) and (B) methanol with 0.1% formic 
acid (v/v). The gradient elution program be-

gan with 10% B, held for 1 minute, and in-
creased to 90% B over 5 minutes, where it 
was held for 2 minutes. At 8.1 minutes, the 
mobile phase returned to 10% B and was 
maintained for 6 minutes, resulting in a to-
tal run time of 14 minutes.

The analytes were detected in multiple 
reaction monitoring (MRM) mode (Table 1), 
optimized with positive electrospray ion-
ization (ESI+) at a capillary voltage of 3.8 kV. 
The sheath and auxiliary gas were set to 40 
and 10 Arb, respectively, with the vaporiz-
er and ion transfer tube temperatures set to 
350°C and 275°C, respectively. High-purity 
nitrogen was used as a nebulizer gas. Data 
acquisition and processing were carried out 
using Trace Finder software (version 4.1).

Extraction and cleanup 
Extraction was based on the citrate-buff -

ered QuEChERS approach, followed by dis-
persive-SPE cleanup using MgSO4, PSA, and 
C18 to reduce co-extractives from the grape 
matrix. A 10-g sample of frozen, homoge-
nized berries was weighed into a 50-mL cen-
trifuge tube. For extraction, 10 mL of ace-
tonitrile was added, followed by vigorous 
vortexing for 2 minutes with a ceramic ho-
mogenizer. A salt mixture containing 4 g of 
magnesium sulfate, 1 g of trisodium citrate, 
0.5 g of disodium hydrogen citrate sesquihy-
drate, and 1 g of sodium chloride was added, 
then vortexed for 1 minute and centrifuged 
at 5000 rpm for 5 minutes. Two milliliters 
of the acetonitrile supernatant were trans-

Table 1. LC-MS / MS Parameters.

Pesticide tR (min)
Precursor ion 

(m/z)

Product ion 

(m/z)

Collision

energy (v)

RF lens

(v)

Trifl oxystrobin 8.61 409.1 145 44 57

186 18 57

CGA 321113 8.04 395.1 145 41 50

186 18 50

Fluopyram 7.68 396.9 208 22 75

173 29 75

Fluopyram-benzamide 5.76 190.1 170 12 30

130 22 30

The underlined ions used as quantifi er ion.
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ferred to a 15 mL tube containing 300 mg of 
magnesium sulfate, 50 mg of PSA, and 50 mg 
of C18, vortexed for 30 seconds, and centri-
fuged again at 5000 rpm for 5 minutes. Fi-
nally, 1 mL of the cleaned extract was fi ltered 
through a 0.22 μm nylon syringe fi lter (What-
man, USA) into an LC-MS/MS vial for analysis.

Method validation
The method was validated according to 

SANTE guidelines (European Commission, 
2021). Selectivity was evaluated by analyz-
ing six replicates of blank grape berry sam-
ples alongside six replicates of grape berry 
samples spiked with the target analytes at 
the method’s limit of quantifi cation (LOQ). 
Chromatographic data were examined to 
confi rm the absence of peaks at the reten-
tion times of the target analytes in the blank 
samples, ensuring no interference from ma-
trix components. Linearity was evaluated 
using matrix-matched calibration curves 
prepared at eight concentration levels cov-
ering 0.001–0.2 mg/L in the fi nal cleaned ex-
tract. The matrix eff ect (ME) was assessed by 
comparing the slope of the matrix-matched 
calibration curve with that of the calibration 
curve constructed in pure acetonitrile. De-
tection sensitivity was evaluated using the 
limit of detection (LOD), defi ned as the low-
est concentration detectable at a signal-to-
noise ratio (S/N) of 3. The LOQ was defi ned 
as the lowest concentration that could be 
quantifi ed with acceptable accuracy (70%–
120%) and precision (RSD < 20%).  Recovery 
experiments were performed at 0.01–3 mg/
kg to assess accuracy across a broad range, 
while LOQs were confi rmed separately at 
0.0025 mg/kg (trifl oxystrobin, fl uopyram) 
and 0.005 mg/kg (CGA 321113, fl uopyram-
benzamide) based on S/N ≥ 10 and accept-
able accuracy/precision. Accuracy and preci-
sion were assessed by fortifying blank grape 
samples at 0.01, 0.1, 1, and 3 mg/kg (n = 6 per 
level). Precision at the LOQ was evaluated as 
intra-day repeatability (n = 6, RSDr) and in-
ter-day reproducibility (n = 18 across three 
days, RSDR). All fi nal residue concentrations 
are reported as mg/kg (fresh weight) of 
grape berries.

Calculations

Residual concentrations: The residual con-
centrations were calculated according to 
the residue defi nition for risk assessment, 
in particular total trifl oxystrobin and total 
fl uopyram were expressed as the sum of the 
parent compound and its specifi c metabo-
lite,  using equations 1 and 2, where a con-
version factor to parent compound of 1.04 
and 2.1 for trifl oxystrobin and fl uopyram re-
spectively was used by dividing the molec-
ular weight of the parent compound by the 
molecular weight of its metabolite: 

Total residue of trifl oxystrobin = 

Trifl oxystrobin residue + 

[1.04 × CGA 321113 residue]   (Eq. 1)

Total residue of fl uopyram=

Fluopyram residue + [2.1 × 

Fluopyram-benzamide residue]  (Eq. 2)

Dissipation rates: The dissipation rates of 
trifl oxystrobin and fl uopyram were calculat-
ed using the fi rst-order kinetics equation 
(Eq. 3). The half-lives (t1/2) were calculated us-
ing equation 4 (Hoskins, 1961). The PHI or 
the safe waiting period was calculated using 
equation 5 (Hingmire et al., 2015; Abdallah et 
al., 2023).

    (Eq. 3)

    (Eq. 4)

 (Eq. 5)

where Ct is the concentration of total tri-
fl oxystrobin and fl uopyram residues at time 
t, C0 is the initial concentration, and k is the 
dissipation rate (days−1),  kt denotes the prod-
uct of k and time t (days) in the exponential 
term of the fi rst-order dissipation equation.

Chronic dietary risk assessment: The long-
term dietary risk of total trifl oxystrobin and 
fl uopyram was evaluated by determining 
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the hazard quotient (HQ) using equations 6 
and 7 (EFSA 2018; Malhat and Abdallah, 
2019) as follows:

 (Eq. 6)

    (Eq. 7)

where NEDI (mg/kg bw/day) represents the 
national estimated daily intake, STMR (mg/
kg) is the median total residue of the super-
vised trials, and Fi (kg/day) is the mean daily 
consumption of fresh table grapes used for 
chronic exposure assessment (Fi = 0.0168 kg/
day) (FAO/WHO, 2014). bw (kg) represents 
the mean adult body weight (60 kg), and ADI 
is expressed as mg/kg bw/day. The calcula-
tion used STMR values consistent with the 
residue defi nition for risk assessment (i.e., 
total trifl oxystrobin and total fl uopyram, 
where total residues represent the parent 
compound plus relevant metabolites using 
the conversion factors described in Eqs 1–2). 
The chronic dietary risk assessment was 
conducted for adult consumers, and the ref-
erenced consumption value was used as an 
input to evaluate consumer safety under 
Saudi conditions.

Results and discussion

Method Validation

Selectivity and linearity: The selectivity as-

sessment confi rmed the absence of interfer-
ing peaks at the retention times of the target 
analytes in the blank grape berry samples. 
Spiked samples showed clear, well-resolved 
peaks corresponding to the analytes, dem-
onstrating the method’s ability to accurate-
ly diff erentiate and quantify the target com-
pounds in the grape berry matrix. 

The linearity of the LC-MS/MS meth-
od was assessed by constructing a matrix-
matched calibration curve for each analyte 
in the fi nal cleaned extract, as described in 
the proposed procedure. The curves were 
constructed using eight concentration lev-
els, ranging from 0.001 to 0.2 mg/kg (equiv-
alent to mg/L). Satisfactory linearity was ob-
tained for trifl oxystrobin and fl uopyram in 
the range of 0.001-0.2 mg/kg with coeffi  -
cients of determination (R2) of higher than 
0.9996, and 0.0025-0.2 mg/kg and 0.005-0.2 
mg/kg for CGA 321113 and fl uopyram-benza-
mide with coeffi  cients of determination (R2) 
of 0.9994 and 0.9995, respectively (Table 2). 
Samples containing concentrations above 
the upper limit of the calibration curve are 
diluted with a blank extract to bring them 
within the calibration curve’s range.

Matrix eff ects: The signal enhancement or 
suppression percentage was investigat-
ed using the formula ME% = Sm/Ss × 100, 
where Sm is the slope of the matrix-matched 
calibration curve, and Ss is the slope of the 
in-solvent calibration curve. To minimize in-
strument drift, solvent- and matrix-matched 
calibration standards were injected in the 

Table 2. Validation results.

Trifl oxystrobin CGA 321113 Fluopyram Fluopyram-benzamide

Linearity (mg/kg) 0.001-0.2 0.0025-0.2 0.001-0.2 0.005-0.2

Correlation coeffi  cient (r) 0.9996 0.9994 0.9997 0.9995

LOD (mg/kg) 0.00021 0.00055 0.00027 0.00094

LOQ (mg/kg) 0.0025 0.005 0.0025 0.005

RSDr
a 10.71 11.33 8.94 11.58

RSDR
b 15.42 16.81 14.24 16.25

Matrix eff ect (%) -8.16 -6.25 -4.73 +11.14

a RSDr: the relative standard deviation (intra-day repeatability, n=6).
b RSDR: the relative standard deviation (inter-days repeatability, n=18).
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same batch using a bracketing sequence 
and QC checks; therefore, slope diff erenc-
es were attributed to matrix eff ects rath-
er than signal instability. For all test analyt-
es, a weak matrix eff ect was observed, with 
signal suppression noted in trifl oxystrobin 
(-8.16%), CGA 321113 (-6.25%), and fl uopyram 
(-4.73%). In contrast, the fl uopyram-benza-
mide signal was enhanced by 11.14% (Table 
2). Ferrer et al. (2011) reported a weak matrix 
eff ect when values were within ±20% (Fer-
rer et al., 2011). To achieve more accurate, 
precise results, matrix-matched calibration 
curves were used to quantify trifl oxystrobin, 
fl uopyram, and their metabolites in the test-
ed samples, thereby compensating for ma-
trix eff ects (MEs).

LODs and LOQs: The confi rmed limits of 
quantifi cation (LOQs) were 0.0025 mg/kg for 
trifl oxystrobin and fl uopyram, with recov-
ery rates of 81.3 ± 9% and 79.8 ± 6%, respec-
tively, and 0.005 mg/kg for CGA 321113 and 
fl uopyram-benzamide, with recovery rates 
of 83.2 ± 7% and 78.5 ± 7%, respectively. 
The limits of detection (LODs) were 0.00021 
mg/kg for trifl oxystrobin and 0.00055 mg/
kg for CGA 321113, while fl uopyram and 
fl uopyram-benzamide had LODs of 0.00027 
mg/kg and 0.00094 mg/kg, respectively. 
These LOQs were well below the established 
MRLs of 2 mg/kg for total trifl oxystrobin and 
3 mg/kg for total fl uopyram, highlighting 
the high sensitivity of the analytical method 
described. Representative chromatograms 
for all tested analytes at these LOD and LOQ 
levels are provided in Figures S1 and S2.

Recovery and precision: The recovery study 

was conducted using four spiking levels: 
0.01, 0.1, 1 and 3 mg/kg. These levels includ-
ed concentrations lower than, equal to, or 
higher than the MRL of the tested analyt-
es. For each spiking level, six replicates were 
analyzed. The recoveries ranged from 90.8 
to 94.5% and 84.8-89.7% for trifl oxystrobin 
and its metabolite CGA 321113, respective-
ly, and from 90.7 to 94.8% and 83.3-86.2% 
for fl uopyram and its metabolite fl uopyram-
benzamide, respectively (Table 3). The rela-
tive standard deviations (RSDs) ranged from 
2.6% to 8.4%, which satisfi ed the require-
ments of the SANTE guideline of 70-120% 
and RSD of <20%. Method precision was es-
timated at the LOQ level for each analyte, 
relative standard deviation (RSD) in terms 
of intra-day repeatability (RSDr), which were 
10.71, 11.33, 8.94, and 11.58%, and inter-day 
repeatability (RSDR) that were 15.42, 16.81, 
14.24, and 16.25%, for trifl oxystrobin, CGA 
321113, fl uopyram, and fl uopyram-benza-
mide, respectively (Table 2), which are with-
in the satisfactory limit of < 20%, indicating 
consistency of the proposed method.

The present study’s validation criteria 
data satisfi ed the SANTE method valida-
tion guideline. It is considered appropriate 
for quantifying the residue of trifl oxystrobin 
and fl uopyram, as well as their metabolites, 
in grape berries.

Dissipation patterns of trifl oxystrobin 
and fl uopyram in grape berries

Dissipation of trifl oxystrobin and its metab-
olite CGA 321113: The dissipation patterns 
of trifl oxystrobin and its metabolite CGA 
321113 in grapes are summarized in Table 4. 

Table 3. Average recoveries ± RSD (%) of the tested analytes in grape berries.

Spiking level (mg/kg)
Average recoveries (%)

Trifl oxystrobin CGA 321113 Fluopyram Fluopyram-benzamide

0.01 91.4±6.2 87.4±8.4 90.7±3.3 84.8±8.1

0.1 94.5±4.8 85.2±6.5 92.4±5.4 86.2±3.7

1 93.3±2.6 89.7±3.1 94.8±7.8 83.3±4.4

3 90.8±4.1 84.8±4.9 93.1±6.8 85.1±7.1

RSD refers to the relative standard deviation of replicate measurements (n = 6).
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Initial deposits of trifl oxystrobin (including 
its metabolite CGA 321113) were 0.97 mg/
kg and 1.08 mg/kg for the low (100 g a.i./ha) 
and high (150 g a.i./ha) application rates, re-
spectively. The dissipation followed fi rst-or-
der kinetics, as demonstrated in the semi-
logarithmic dissipation curves (Fig. 2).

By the third day after application, tri-
fl oxystrobin residues had dissipated by 49% 
for the low application rate and 46.46% for 
the high application rate. By the 10th day, 
dissipation reached 89.96% and 83.25%, re-
spectively, and by the 20th day, residues de-
creased by 97.72% and 96.50%, resulting in 
fi nal residues of 0.022 mg/kg and 0.038 mg/
kg, respectively. The half-lives (t1/2) for tri-
fl oxystrobin were calculated to be 3.46 days 
and 4.04 days for the low and high applica-
tion rate, with dissipation rate constants (k) 

of 0.2005 and 0.1714 days-1 (Table 4).
The dissipation behavior of trifl oxys-

trobin can be attributed to its lower water 
solubility (0.16 mg/L at 20°C) and relatively 
low vapor pressure (1.2 × 10-3 mPa), which 
likely reduces its rate of volatilization and 
leaching. The observed hydrolysis of tri-
fl oxystrobin, leading to the formation of its 
metabolite CGA 321113, contributed to over-
all dissipation. The metabolite CGA 321113 
exhibited a rapid decline, with its highest 
concentration observed at one day post-
application and subsequently falling below 
the detection limit (BDL) by the third day. By 
the 20th day, metabolite levels were below 
the quantifi cation limit of both application 
rates (LOQ).

In previous studies, Mohapatra et al. 
(2010) reported longer half-lives for tri-

Table 4. Dissipation kinetics of total trifl oxystrobin and total fl uopyram in table grape ber-
ries.

Total trifl oxystrobin (mg/kg) Total Fluopyram (mg/kg)

100 g a.i/ha-1 150 g a.i/ha 100 g a.i/ha 150 g a.i/ha

Slope (C0) (mg/kg) 0.8496 0.9985 1032.3 1215.4

Intercept (k)(day-1) 0.2005 0.1714 0.3104 0.2295

R2 0.9692 0.9902 0.9802 0.9871

t0.5 (days) 3.46 4.04 2.23 3.02

EU-MRL (mg/kg) 3 3 2 2

PHI (days) 6.29 6.42 2.13 2.17

Figure 2. Semi-logarithmic dissipation curves of total trifl oxystrobin and fl uopyram across high-low doses of 100 and 150 
g a.i./ha.
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fl oxystrobin when combined with tebucon-
azole (Nativo 75 WG), with half-lives of 8.3 to 
8.6 days in grapes (Mohapatra et al., 2010). In 
contrast, shorter half-lives were observed in 
crops such as chili (1.58–1.81 days) (Sahoo et 
al., 2012), gherkin (2.9–3.7 days) (Mohapatra, 
2015),  and tomatoes (1.08–2.13 days) (Shar-
ma et al., 2019). These diff erences suggest 
that the dissipation rate of trifl oxystrobin 
depends on crop type and environmental 
conditions. The primary degradation path-
way involves hydrolysis, producing the me-
tabolite CGA 321113 (Banerjee et al., 2006), 
which has been shown to dissipate rapidly 
in matrices such as tea (Paramasivam et al., 
2017).

Dissipation of fl uopyram and its metabo-
lite fl uopyram-benzamide: The dissipation 
kinetics of fl uopyram and its metabolite 
fl uopyram-benzamide in grape berries are 
presented in Table 4. Initial fl uopyram de-
posits were 1.04 mg/kg and 1.32 mg/kg for 
the low (100 g a.i./ha) and high (150 g a.i./
ha) application rates, respectively. The dissi-
pation of fl uopyram followed fi rst-order ki-
netics, as shown by the linear decline in con-
centration over time on a semi-logarithmic 
scale (Fig. 2). By the third day, fl uopyram res-
idues had dissipated by 64.08% and 55.23% 
for the low and high application rates, re-
spectively. By the 10th day, dissipation 
reached 96.38% and 92.55%, with residues 
falling below detection limits by day 20.

Fluopyram exhibited shorter half-lives 
than trifl oxystrobin, with half-lives of 2.23 
and 3.02 days at the low and high applica-
tion rates, respectively, and dissipation rate 
constants (k) of 0.3104 and 0.2295 days-1. The 
faster dissipation of fl uopyram can be attrib-
uted to its higher water solubility (16 mg/L at 
20°C) and greater vapor pressure (2.4 × 10-3 
mPa), which enhance volatility and hydroly-
sis under hot, dry conditions. The absence of 
detectable levels of fl uopyram-benzamide 
throughout the study suggests that it un-
dergoes rapid degradation or is not formed 
in grape tissues. Fluopyram’s half-life vary 
across diff erent crops, with values ranging 
from 4.04 to 5.18 days in pomegranates (Pa-

til et al., 2018), 6.48 to 6.60 days in watermel-
ons (Dong and Hu, 2014), and 3.8 to 4.4 days 
in peppers, tomatoes, and cucumbers (Wei 
et al., 2016). Patel et al. (2016) reported lon-
ger half-lives of 8.85 to 9.12 days in onions 
(Patel et al. 2016), highlighting the infl uence 
of crop type and environmental conditions 
on residue dissipation. 

The distinct dissipation rates of trifl oxys-
trobin and fl uopyram can be attributed to 
their physicochemical properties. Trifl oxys-
trobin’s lower solubility and vapor pres-
sure result in slower dissipation, where-
as fl uopyram’s higher solubility and vapor 
pressure enhance its degradation, particu-
larly under high-temperature and low-hu-
midity conditions. This was evident from the 
study results, which showed that residues of 
both fungicides declined below the relevant 
EU MRLs.  For trifl oxystrobin, the EU MRL for 
table grapes is 3 mg/kg (EU-MRL database). 
For fl uopyram, EU legislation distinguishes 
between table grapes (2 mg/kg) and wine 
grapes (1.5 mg/kg) (EU-MRL database); since 
the present study was conducted on table 
grapes, compliance was assessed against 
the 2 mg/kg MRL. The calculated pre-har-
vest intervals (PHIs) were 6.29 days (tri-
fl oxystrobin) and 2.13 days (fl uopyram). The 
extended ripening period in grapes, com-
bined with the environmental conditions 
in the Al-Qassim region of Saudi Arabia—
high temperatures (29 to 45°C) and low hu-
midity (13% to 18%)—likely contributed to 
the rapid dissipation observed The fi ndings 
confi rm that both fungicides, when applied 
at recommended rates, are safe for use in 
grape cultivation in the Al-Qassim region, as 
they meet food safety standards well before 
harvest.

 Terminal Residues of Trifl oxystrobin and 
Fluopyram

 Terminal residue results are presented 
for the parent compounds (trifl oxystrobin 
and fl uopyram) (Table 5). The metabolites 
(CGA 321113 and fl uopyram-benzamide) 
were below the LOQ in samples collected; 
therefore, total residues (parent + metabo-
lites) were eff ectively equivalent to parent 
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residues under the conditions of this study. 
At a lower application rate of 100 g a.i/ha, af-
ter two applications with a short 3-day har-
vest interval, trifl oxystrobin residues were 
0.663 mg/kg, and fl uopyram residues were 
0.55 mg/kg. Extending the harvest interval 
to 7 days resulted in a signifi cant reduction 
in residues to 0.38 mg/kg for trifl oxystrobin 
and 0.21 mg/kg for fl uopyram, demonstrat-
ing eff ective dissipation over time Increas-
ing the application rate to 150 g a.i/ha raised 
residues up to 0.74 mg/kg for trifl oxystrobin 
and 0.67 mg/kg for fl uopyram with the same 
3-day interval. However, a longer 7-day in-
terval eff ectively reduced residues, under-
scoring the benefi t of extended pre-harvest 
periods in promoting dissipation.

All recorded residue levels were well be-
low the established MRLs of 3 mg/kg for tri-
fl oxystrobin and 2 mg/kg for fl uopyram, in-
dicating compliance with safety guidelines. 

The calculated PHIs were approximately 
6.29 days for trifl oxystrobin, 2.13 days for 
fl uopyram at the lower application rate, and 
6.42 days and 2.17 days at the higher ap-
plication rate. Given the combined use of 
these fungicides, a 7-day PHI is recommend-
ed to ensure compliance and safeguard con-
sumer health.

Chronic dietary risk assessment 
The dietary risk analysis, using Nation-

al Estimated Daily Intake (NEDI) and Hazard 
Quotient (HQ) metrics (Table 6), confi rmed 
a low consumer risk, even with higher appli-
cation rates. For the 100 g a.i/ha application 
rate with two applications and a 3-day har-
vest interval, NEDI values were 1.40E-04 mg/
kg bw for trifl oxystrobin and 1.12E-04 mg/kg 
bw for fl uopyram. The corresponding HQ val-
ues were 0.14% and 0.93%, which dropped to 
0.06% and 0.47% with a 7-day interval.

Table 5. Terminal residues of trifl oxystrobin and fl uopyram in grapevine.

Dosages

(g a.i/ha)

Number of 

applications

Harvest 

interval (days)

Mean residues (mg/kg)

Trifl oxystrobin Fluopyram

100 2 3 0.6633 0.5517

7 0.3782 0.2113

150 2 3 0.7426 0.6738

7 0.4572 0.2324

Mean residues are reported for the parent compounds; metabolites were below the LOQ in terminal samples; 
therefore, total residues were eff ectively equivalent to parent residues under these conditions.

Table 6. Supervised trials median residues (STMR), national estimated daily intake (NEDI, 
mg/kg bw/day), and hazard quotient (HQ, %) values of trifl oxystrobin and fl uopyram in 
grape berries.

Dosages

(g a.i/ha)

Number 

of applica-

tions

Harvest 

interval 

(days)

STMR (mg/kg) NEDI (mg/kg bw/day) HQ (%)

Tr
ifl

 o
x

y
st

ro
b

in

F
lu

o
p

y
ra

m

Tr
ifl

 o
x

y
st

ro
b

in

F
lu

o
p

y
ra

m

Tr
ifl

 o
x

y
st

ro
b

in

F
lu

o
p

y
ra

m

100 2 3 0.524 0.418 1.40E-04 1.12E-04 0.140 0.934

7 0.228 0.208 6.13E-05 5.59E-05 0.061 0.466

150 2 3 0.613 0.513 1.65E-04 1.38E-04 0.165 1.147

7 0.294 0.267 7.89E-05 7.15E-05 0.079 0.596

STMR values correspond to total residues according to the risk-assessment residue defi nition; metabolites were 
<LOQ in terminal samples.
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At the higher 150 g a.i/ha application 
rate, NEDI values rose slightly to 1.65E-04 
mg/kg bw for trifl oxystrobin and 1.38E-04 
mg/kg bw for fl uopyram after the second 
application with a 3-day interval. HQ val-
ues of 0.165% and 1.147% were observed for 
trifl oxystrobin and fl uopyram, respective-
ly. These fi gures are signifi cantly below the 
100% threshold, demonstrating that resi-
dues, even with intensive use, remain at safe 
levels for chronic exposure.

The extended 7-day PHI for the combi-
nation of trifl oxystrobin and fl uopyram en-
sures that residue levels drop to safe levels, 
minimizing dietary risk. This adjustment is 
crucial, particularly in grape cultivation in 
Saudi Arabia, as it aligns with both nation-
al and international MRLs. The fi ndings also 
support the safe use of the 50% SC formula-
tion (containing 25% each of Trifl oxystrobin 
and Fluopyram) in integrated pest manage-
ment. The data provide a reliable founda-
tion for establishing national MRLs, which 
support sustainable agricultural practices 
and ensure consumer safety.

Conclusion

In the current study the effi  cient dissipation 
of fl uopyram and trifl oxystrobin, along with 
their primary metabolites, in grape berries 
grown under the hot, dry conditions of the 
Al-Qassim region, Saudi Arabia was investi-
gated. The developed and validated LC-MS/
MS method proved adequate for the simul-
taneous determination of fungicides and 
their metabolites, providing reliable results 
for routine residue monitoring. High tem-
peratures and low humidity contributed 
to the rapid dissipation of fl uopyram, with 
rates reaching levels well below established 
MRLs before harvest.

The study confi rmed that the PHIs of 
6.29 days for trifl oxystrobin and 2.13 days for 
fl uopyram are adequate as to ensure  con-
sumer safety.. The results, therefore, high-
lighted the excellent suitability of the Luna 
Sensation 500 SC formulation for safe, prac-
tical application in integrated pest manage-

ment in grape cultivation. These studies 
provide the information needed to estab-
lish national  MRLs, which will contribute to 
the development of sustainable agriculture 
in compliance with food safety regulations 
in Saudi Arabia.
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Συμπεριφορά υπολειμμάτων φυτοπροστατευτικών ουσιών 

fl uopyram και trifl oxystrobin και εκτίμηση διατροφικής 

επικινδυνότητας σε σταφύλια στη Σαουδική Αραβία

O.I. Abdallah, F.S. Almulhim, A.F. Omar, K.A. Al‐Jamhan και S.S. Alhewairini

Περίληψη   Η παρούσα μελέτη διερευνά τη συμπεριφορά των υπολειμμάτων των δραστικών ουσιών 
fl uopyram και trifl oxystrobin σε σταφύλια που καλλιεργήθηκαν στην περιοχή Al-Qassim της Σαουδι-
κής Αραβίας. Οι δραστικές ουσίες εφαρμόστηκαν με ψεκασμό φυλλώματος, μέσω σκευάσματος τύπου 
SC, στην εγκεκριμένη συνιστώμενη δόση (100–150 g δ.ο./ha). Για τον προσδιορισμό των υπολειμμάτων 
αναπτύχθηκε και επικυρώθηκε αναλυτική μέθοδος LC-MS/MS σύμφωνα με τις ευρωπαϊκές κατευθυ-
ντήριες οδηγίες, παρουσιάζοντας υψηλή γραμμικότητα (R² > 0,999), χαμηλά όρια ανίχνευσης (0,00021–
0,00094 mg/kg) και ικανοποιητικές ανακτήσεις (84,8–94,8%) με σχετικές τυπικές αποκλίσεις (RSD) < 
20%. Οι δοκιμές αποδόμησης έδειξαν κινητική πρώτης τάξης, με το fl uopyram να αποδομείται ταχύτε-
ρα (t1/2 = 2,23–3,02 ημέρες) σε σύγκριση με το trifl oxystrobin (t1/2= 3,46–4,04 ημέρες). Ο μεταβολίτης 
CGA 321113 μειώθηκε σε επίπεδα κάτω από το όριο ανίχνευσης εντός 3 ημερών από τον ψεκασμό, ενώ 
ο fl uopyram-benzamide δεν ανιχνεύθηκε. Τα τελικά υπολείμματα βρέθηκαν κάτω από τα ανώτατα επι-
τρεπτά όρια (MRLs) των 3 mg/kg για το trifl oxystrobin και των 2 mg/kg για το fl uopyram, με τελευταία 
επέμβαση πριν την συγκμιδή (PHI) 6,29 και 2,13 ημερών, αντίστοιχα. Τα αποτελέσματα καταδεικνύουν 
αμελητέο κίνδυνο χρόνιας διατροφικής έκθεσης και τεκμηριώνουν την ασφαλή χρήση των εν λόγω φυ-
τοπροστατευτικών ουσιών στην αμπελοκαλλιέργεια της Σαουδικής Αραβίας.

Hellenic Plant Protection Journal 19: 33-47, 2026
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Supplementary material

Fluopyram-benzamide at the LOQ level

Fluopyram at the LOQ level

Fluopyram-benzamide at the LOD level

TIC

m/z 170

m/z 130

Fluopyram at the LOD level

TIC

m/z 208
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Figure S1. Representative LC-MS/MS chromatograms of Fluopyram and Fluopyram-benzamide at the Limit of Detection 
(LOD) and Limit of Quantitation (LOQ).
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Figure S2. Representative LC-MS/MS chromatograms of CGA 31113 and trifl oxystrobin at the Limit of Detection (LOD) and 
Limit of Quantitation (LOQ).
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