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Abstract:

Botrytis cinerea Pers., the causal agent of gray mold disease, affects various vegetables,
ornamental plants, tubers, and fruits, including cucumber. Due to its genetic diversity, short
life cycle, and high reproductive potential, it has a strong tendency to develop resistance to
fungicides, making the control of gray mold very challenging. The use of effective fungicides
is the most efficient method for managing this disease. To date, no fungicide has been
registered specifically for the management of gray mold in cucumber in Iran. Therefore,
currently, it is necessary to use fungicides registered for other crops. In this study, the residue
of fungicide boscalid and pyraclostrobin in recommended dose (1.25 g/L) was investigated,
aiming to evaluate both its disease control effectiveness and its residue on harvested fruits. In
this research, foliar spraying of cucumbers with boscalid+pyraclostrobin (Signum® WG
34.4%) fungicides with recommended concentration of 1.25 g/L was carried out at an interval
of 6 days. Residue sampling was conducted at multiple intervals: before spraying, 1 day, 2
days, 3 days, 4 days, 5 days, and 6 days post-application in three replications. The extraction
of residues was performed using the QUEChERS method, followed by analysis through
HPLC-MS/MS in positive mode to determine the concentration of fungicide boscalid and
pyraclostrobin residues. Residue analysis revealed that the levels detected were well below
the national maximum residue limit (MRL) of 1 mg/kg for boscalid and 0.5 mg/kg for
pyraclostrobin, suggesting that the application of Signum is safe for consumer health.
Specifically, the results support a pre-harvest interval (PHI) of 1.3 days. Therefore 3 days for
PHI according to manufacturer's recommendations is acceptable. The assessment of boscalid
and pyraclostrobin residues was conducted by comparing the detected levels against national
MRLs. This study underscores the importance of adhering to recommended application rates
and intervals to ensure both effective disease management and consumer safety. Overall, the
use Signum fungicide presents a viable option for cucumber growers facing challenges from
damping off while maintaining food safety standards critical for public health.

Keywords: Cucumber, Grey Mold, Fungicides, Residue, Pre-Harvest Interval



https://doi.org/10.22034/IJPP.2026.2021893.511
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0

Iranian Journal of Plant Pathology, Volume 61, Issue 1-2. Pages 49-66

Extended Abstract
Introduction

Cucumber (Cucumis sativus L.) is an annual plant of
which about 30 species have been recorded in Asia and
Africa and belongs to the Cucurbitaceae family.
Economically, cucumber ranks fourth among the most
important vegetables in the world after eggplant, cabbage,
and onion (Kaur & Sharma, 2022). The fungus Botrytis
cinerea Pers., the causative agent of gray mold, is a
necrotrophic (dead tissue feeding) species with a global
distribution that can infect more than 200 economically
important crops, including a variety of vegetables,
ornamentals, tubers and fruits. This fungus infects leaves,
flowers and fruits in important agricultural crops and causes
significant pre- and post-harvest losses to the crops (Bi et al.,
2010; Van zyl et al., 2010). In cucumber, the fungus that
causes the disease attacks flowers, fruits and leaves.
Symptoms first appear as sterility and death of the flowers
(latent infection) and then as moldy flowers, causing a
significant reduction in yield. In advanced cases, small and
medium-sized fruits develop mold at the ends and appear
gray. Symptoms on the leaves appear as small to very large
circular spots. Stem infection causes the aerial part of the
plant to dry out. If the infection is severe and continues on
the fruit, hard, black organs, which are the same as the
pathogenic sclerotia (the form of the fungus that persists in
the soil), are formed. These sclerotia enter the soil and will
be the primary source of infection for subsequent years
(Yunes et al., 1990). Given the difficulty of controlling gray
mold, the use of effective fungicides is the best method of
disease management (Bi et al., 2010; Van Zyl et al., 2010).
The biological characteristics of B. cinerea, such as genetic
diversity and high rate of reproduction, have contributed to
the emergence of resistance to fungicides. Although the use
of effective fungicides reduces damage, repeated use of a
limited group of fungicides increases the likelihood of
resistance (Zhao et al., 2010; Orozco-Mosqueda et al.,
2023).

Accordingly, in this study, the fungicide Signum® WG
34.4% produced by BASF, which is a systemic fungicide
with protective and curative properties, was studied. Signum
contains 6.7% pyraclostrobin and 26.7% boscalid. Boscalid
produced by BASF is effective with a unique mechanism of
action on a wide range of pathogenic fungi of fruit trees,
vegetables, hair, grass and many crops. By combining
Boscalid with other products of BASF, a family of
fungicides with a range of effects on a wide range of plant
pathogenic fungi has been produced (Finsgar, 2005).

Today, food security is closely related to food safety, and
therefore the effectiveness of pesticides is valuable provided
that there is no residual problem in the product, and pesticide
residue monitoring is a basic requirement for awareness of
their safety conditions. These monitoring is being carried out
every year by different countries. Measuring the amount of
pesticide residues in products that are directly consumed by
humans is of great importance in terms of public health and
well-being (Bitencourt de Morais Valentim et al., 2023; Hua
& Liu, 2024). Therefore, in this study, the residues of the
fungicides boscalid and pyraclostrobin and their pre-harvest
interval (PHI) at the recommended concentration in

greenhouse cucumbers were evaluated.

Methods and Materials

For the experimental planting, the Nicholson cultivar was
used in a greenhouse with a Spanish-style galvanized pipe
structure in Haji Abad County (Hormozgan Province),
Sarchahan area of Shahdadi village (32.1963° N, 62.2884°
E). Each experimental plot consisted of 10 plants spaced 25
cm apart in rows spaced 50 cm apart. Sampling was done
completely randomly at time intervals before spraying and
from 1 to 6 days after spraying, daily at specific times in
three repetitions with an approximate weight of 1 kg of
cucumber.

Certified reference materials (analytical standards) of the
fungicides pyraclostrobin and boscalid were purchased from
BASF and used to validate the process for residue analysis.
The extraction and analysis of pesticide residues from

cucumbers were conducted utilizing the QUEChERS (Quick,
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Easy, Cheap, Effective, Rugged, and Safe) method, which is
recognized for validation. For the extraction process,
essential absorbents such as sodium chloride, anhydrous
magnesium sulfate, sodium acetate, and Primary Secondary
Amine (PSA) were sourced from Agilent, USA. The
separation of target analytes was conducted using an Agilent
LC model 1200 system equipped with MS/MS (6410) with
SB-C18 Zorbax Eclipse column (0.50 x 0.3 mm and 1.8
um), which was maintained at a constant temperature of 40
°C. The mobile phases consisted of acetonitrile and

deionized water, containing 0.1% formic acid.

Results and Discussion

Based on the results of the boscalid residue in cucumber
samples from 1 to 6 days after spraying in order to
investigate the PHI proposed by BASF for evaluating the
PHI of 3 days, in addition to what is seen in Table 1, the PHI
can be evaluated based on the kinetic equation of the
reduction of boscalid in cucumber. Accordingly, from the
second day, when the residual trend decreases, the kinetic
diagram of the reduction can be considered as shown in

Figure 1:

Table 1- Mean (x SD) residual values of boscalid and pyraclostrobin in treated cucumber samples

L Boscalid Residue
Sampling time

Pyraclostrobin Residue

(mg/kg) (mg/kg)

No spray N.D. D
1 Day after spray 0.50 (£0.052) <LoQ
2 Day after spray 0.65 (£0.023) <toQ
3 Day after spray 0.32 (x0.014) <LoQ
4 Day after spray 0.15 (+0.011) <HoQ
5 Day after spray 0.13 (+0.012) <oQ

<LOQ

6 Day after spray 0.10 (+0.010)

N.D.: Not Detected
LOQ=0.01 mg/kg

First-Order Kinetics

0.6

0.5 A

0.4

0.3 A

Concentration (mg/kg)

0.2 1

0.1 A

@ Data points
— Fitted curve

T T T T

2.0 2.5 3.0 3.5

T T T T

4.0 4.5 5.0 5.5 6.0
Time (day)

Figure 1. Kinetics of the reduction of the fungicide boscalid in greenhouse cucumbers from 2 to 6

days after spraying
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Accordingly, the equation for reducing boscalid is as
follows:

C=2.22xg 062

The maximum residue limit (MRL) is an indicator for
evaluating the residual amounts of pesticides in agricultural
products and food, which is determined based on risk
assessment, taking into account factors such as per capita
consumption of people, their eating habits, the nature of the
pesticide, etc. The national MRL of boscalid is 1 mg/kg and
for pyraclostrobin it is 0.5 mg/kg (Iranian National Standard
No. 12581).

Having the kinetic equation of the fungicide and
considering the MRL of this fungicide which is equal to 1
mg/kg, the PHI of this fungicide can be obtained, the

calculation method of which is shown in the following

equation:
MRL
PHI= - ~eo)
k
PHI= - 2
0.62
PHI = 1.29

As shown in above equation, the pesticide follows first-
order kinetics, which happens for most pesticides, the PHI
depends on the MRL, the initial concentration of the
pesticide (Co), and the pesticide decay rate constant (k) and
is not directly affected by factors such as pesticide
formulation, pesticide application method, and other
conditions. According to the above results, the PHI of 1.29
days was obtained for boscalid in cucumber. Therefore, the
3-day PHI proposed by BASF is acceptable (Hosseini and
Mahdavi, 2025).

Results of fungicide residue reduction studies show that
boscalid and pyraclostrobin are rapidly degraded in many
crops after application, with half-lives often being a few days
(e.g., about 3-4 days) and residues reaching levels below the
MRL in relatively short time intervals. This faster
degradation behavior, compared to some protectant
fungicides such as chlorothalonil, which have a longer half-
life, suggests that semi-systemic compounds may be a more

suitable option for use near harvest if the recommended

waiting period is observed (Lv et al., 2022; Zhou et al.,
2019).

On the other hand, specific greenhouse conditions, such
as high temperature and humidity, can affect the rate of
degradation of fungicides and, consequently, their residue
levels in fruit. Therefore, determining the fallow period
based on actual greenhouse conditions, especially in hot and
humid regions, is of particular importance. The results of
various studies show that ignoring this issue may lead to an
increase in pesticide residues in the product and the creation
of health and export restrictions (Jiang et al., 2024).

Informed selection of fungicides, compliance with the
frequency of use based on different groups of mechanisms
of action, and careful attention to the fallow period play a
fundamental role in reducing the risk of fungal resistance
and ensuring product health. Therefore, monitoring
fungicide residues in greenhouse cucumbers can be
considered as an effective tool in optimizing gray mold
disease management programs and producing healthy

products.
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Table 1. Parent ion, retention time and optimal values of fragmentation voltage and collision energy for quantitative and

qualitative of studied fungicides.

. Parention R.etentlon Fragmentation voltage COHISIO.n e'ner.gy Collls.lon.en(?rgy
Pesticide time Vol (quantitative ion) (qualitative ion)
(m/2) (min) (Volt) (eV) (ev)
boscalid 343 7.7 90 140 (15) 307 (20)
pyraclostrobin 388 8.6 120 163 (15) 164 (15)

4 Collision energy
5 Daughter ion
¢ Tune

! Graphitized carbon black
2 Fragmentation voltage
3 Precursor ion (Parent ion)
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Figure 1. Extracted ion chromatograms of quantitative and qualitative of (a) boscalid and (b) pyraclostrobin of 1 mg/kg mixed

standard solution.
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Figure 2. Calibration curve of boscalid in acetonitrile solvent
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Figure 3. Calibration curve of pyraclostrobin in acetonitrile solvent
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Table 2. Figure of merits evaluation of fungicides in cucumber including of the matrix effects, the limit of detection (LOD), the limit

of quantification (LOQ), and the linear dynamic range (LDR) in mg/kg.

Pesticide % matrix effect LOD LOQ LDR
boscalid 11.3 0.003 0.01 0.01-0.5
pyraclostrobin 14.8 0.004 0.01 0.01-0.5

4 Limit of Detection
5 Linear Dynamic Range

! Limit of Quantification
2 Figure of merits
3 Relative Standard Deviation
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Table 3. Calculated recovery and repeatability in cucumber matrix for the fungicides at two concentration levels of 0.1 and 0.5

mg/kg.
0.1 mg/kg 0.5 mg/kg
Pesticide
% Recovery %RSD" % Recovery %RSD
boscalid 86.1 12.3 90.3 10.1
pyraclostrobin 85.0 17.2 86.6 16.0
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Table 4- Mean (t SD) residual values of boscalid and pyraclostrobin in treated cucumber samples

Pyraclostrobin Residue Boscalid Residue L
Sampling time

(mg/kg) (mg/ke)

N.D. N.D. No spray

<LoQ

0.50 (+0.052)

<LOQ

0.65 (£0.023)

L

<Loa 0.32 (:0.014)
<LOQ

0.15 (0.011)
<t 0.13 (0.012)
<LOQ

0.10 (0.010)

1 Day after spray
2 Day after spray
3 Day after spray
4 Day after spray
5 Day after spray

6 Day after spray

N.D.: Not Detected
LOQ= 0.01 mg/kg

£\




Y

FE—FRNFF Jl /1Y o )b/ P\ alo/ 2l s ylow

First-Order Kinetics

0.6

0.5 1

0.4

0.3

Concenftration (mg/kg)

0.2 1

0.1

@ Data points
— Fitted curve

2.0 2.5 3.0 3.5

Time (day)

4.5 5.0 5.5 6.0

wﬂ:«nﬂj‘ﬂ)’})?UV}‘M%)\:"JDQ&M}{UZSG)U&AK%fJSJ

Figure 4. Kinetics of the reduction of the fungicide boscalid in greenhouse cucumbers from 2 to 6 days after

spraying
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