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ABSTRACT

In a four-year field experiment, fenhexamid, iprodione, pyrimethanil and thiram were applied in four different 
series as fungicides recommended for the control of grey mold (Botrytis cinerea) in strawberries. The plant 
protection products had no significant effect on the chemical composition of strawberry fruits of the Kent and 
Senga Sengana cultivars with the exception of an increase in the vitamin C level in ‘Kent’ strawberries. They 
also contributed to minor variations in the content of extract, total sugars, organic acids, polyphenols and 
anthocyanins. Dithiocarbamate residues were detected in all samples from the first harvest of strawberries that 
had been treated with the thiram fungicide.
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INTRODUCTION

Strawberries (Fragaria × ananassa Duch.) are 
a widely grown species of berry fruit that are 
characterized by a high nutritional value and health 
benefits. Strawberries are low in calories and 
contain readily available carbohydrates, organic 
acids, vitamins, pectins and fiber (Hakala et al. 
2003). The refreshing taste of strawberries can 
be attributed to their high water content. Recent 
research demonstrated that strawberries are a rich 
source of biologically active compounds, including 
vitamin C and antioxidants such as anthocyanins 
and polyphenols. L-ascorbic acid (vitamin C) in 
fruit plays the role of a natural antioxidant under 
exposure to environmental stressors. Anthocyanins 
and polyphenols are particularly valued on account 

of their anticarcinogenic, anti-inflammatory, 
neuroprotective and antisclerotic properties (Miller 
et al. 2008, Roussos et al. 2009). According to 
numerous studies, the chemical composition of 
strawberries can be modified subject to the cultivar, 
weather conditions and agricultural practices (Kalt 
et al. 1999, Kasperbauer et al. 2001, Skupień 2003, 
Ohtsuka et al. 2004, Kahu et al. 2010). The time 
elapsed between fruit harvest and refrigeration is 
also an important factor, and delayed refrigeration 
leads to the loss of nutritional value in strawberries 
(Nunes et al. 1995). It was found that pollination 
by insects enhances the nutritive value of fruits 
and plays a very important role in organic farming 
(Andersson et al. 2012, Bartomeus et al. 2014). 
So far, non-chemical plant protection methods 
are rarely used in strawberry production. It has 
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been found that the use of fungicide applications 
affect organic compound accumulation in fruits 
to a lesser degree than other factors (Given 1985). 
Smith (2013) reported that fungicide treatment 
caused lower ellagic acid and resveratrol content in 
muscadine grape berries. This was the reason why 
fungicide applications can be considered to modify 
the chemical composition of strawberry fruits. The 
wide use of pesticides, in particular fungicides, 
contributes to the risk of the residual contamination 
of strawberries, which can lower their commercial 
value and consumer acceptance. According to 
Grosicka-Maciąg (2011), the residues of pesticides 
such as thiram, which break down slowly and stay 
in the environment for a long time, contaminate 
food and may cause adverse health effects. It is 
worth noting that the Maximum Residue Limits 
for thiram are different in many countries. For 
example, in Poland value of the MRL is 10 mg kg-1 
(Regulation of Agriculture and Rural Development 
Minister 2008), in Canada it is 7 mg kg-1 (http://pr-
rp.hc-sc.gc.ca/mrl-lrm/results-eng.php), in Egypt it 
is 5 mg kg-1 (Dogheim et al. 2001) and in Australia 
it is only 3 mg kg-1 (Keats 2013).

The objective of this study was to evaluate the 
effect of different fungicide protection levels on the 

chemical composition (a) and contamination with 
dithiocarbamate residues (b) of strawberry fruits. 
The experiment (a) was conducted in 2010-2012 
using the Kent and Senga Sengana cultivars and (b) 
in 2011-2013 using the Senga Sengana cultivar.

MATERIAL AND METHODS

Field experiments were conducted in the 
Experimental Garden of the University of Warmia 
and Mazury in Olsztyn, on brown soil with 2.4% 
organic matter content and a pH of 6.8-7.2 (pHH2O). 
Mineral fertilizers were applied in line with 
standard recommendations based on an analysis of 
the chemical composition of the soil.

The experimental plot area was 5.1 m2. Twenty 
strawberry plants were grown in each plot. The 
experiment was performed in four replications. 
All crop protection products were used at the rates 
and on the dates indicated in the Polish strawberry 
protection program in force. The tested fungicides 
were applied using the Tytan backpack sprayer (10 l), 
with 500 l of water per ha. The fungicide treatments 
and their dosages are presented in Table 1. The 
overall dose of active substances in every fungicide 

Table 1. Application terms and dosages of plant protection products in studied objects

Treatments Plant protection products 
and their dosages

Active 
substance

Dates of treatments
2010 2011 2012 2013

I - - - - - -

II

Thiram Granuflo 80 WG  
4 kg ha-1

thiram
3.2 kg ha-1 11.05 10.05 05.05 16.05

Rovral Flo 255 SC  
5 l ha-1

iprodione
1.27 l ha-1 17.05 16.05 09.05 23.05

Teldor 500 SC  
1.5 l ha-1

fenhexamid
0.75 l ha-1 09.06 05.06 29.05 10.06

III

Thiram Granuflo 80 WG
4 kg ha-1

thiram
3.2 kg ha-1 11.05; 02.06 10.05; 30.05 05.05; 18.05 16.05; 04.06

Rovral Flo 255 SC 
5 l ha-1

iprodione
1.27 l ha-1 17.05 16.05 09.05 23.05

Mythos 300 SC 
 2.5 l ha-1

pirymethanil
0.83 l ha-1 24.05 23.05 13.05 28.05

Teldor 500 SC  
1.5 l ha-1

fenhexamid
0.75 l ha-1 09.06 05.06 29.05 10.06

IV

Thiram Granuflo 80 WG 
 4 kg ha-1

thiram
3.2 kg ha-1 - 10.05 05.05 16.05

Rovral Flo 255 SC  
5 l ha-1

iprodione
1.27 l ha-1 - 16.05; 30.05 09.05; 18.05 23.05; 04.06

Mythos 300 SC  
2.5 l ha-1

pirymethanil
0.83 l ha-1 - 23.05 13.05 28.05

V Thiram Granuflo 80 WG 
 4 kg ha-1

thiram
3.2 kg ha-1 - 10.05 05.05 16.05
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Figures 1-4. Meteorological conditions during strawberry fruit vegetation periods in the 2010-2013 seasons
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treatment was estimated at: II – 5.2 kg ha-1, III – 9.2 
kg ha-1, IV – 6.5 kg ha-1, V – 3.2 kg ha-1.

Fruit samples without visible symptoms of any 
fungal infections were collected to evaluate the 
effect of fungicides on the quality of strawberries 
at the harvest maturity stage (I-III treatments). 
Laboratory analyses were performed to determine 
the content of:

• extract – by refractometry (PN-EN 
12143:2000)

• organic acids – by titration with 
phenolphthalein (PN-90/A-75101/04)

• total sugars – by the Lane and Eynon method 
(PN-90/A-75101/07)

• vitamin C – using the spectrophotometry 
method (PN-A-04019)

• polyphenols – using the spectrophotometry 
method (Shahidi and Naczk 1995)

• anthocyanins – using the spectrophotometry 
method (Wrolstade 1993).

The analyses were carried out at the Department 
of Food Plant Chemistry and Processing of the 
University of Warmia and Mazury in Olsztyn.

Strawberries were sampled during the first harvest 
from each plot treated with the thiram fungicide to 
determine dithiocarbamate concentrations (II-V 
treatments). The spectrophotometric analysis was 
conducted at a detection limit of 0.03 mg kg-1 (2012) 
and 0.05 mg kg-1 (2011 and 2013) in the Pesticide 
Residue Analytical Laboratory of the Central 
Laboratory in Toruń.

Data related to the chemical composition of 
strawberry fruits were processed by two-way 
ANOVA (the first factor was fungicide treatment, 
the second, the cultivar), and dithiocarbamate 
concentrations – by one-way ANOVA in the 
Statistica 10.0 application. The significance of 
differences was evaluated by Duncan's test at  
p = 0.05.

RESULTS
The results presented in Figures 1-4 indicate that 
weather conditions were generally favorable for 
strawberry growth throughout the four-year study. 
Ambient temperature was optimal and exceeded the 
multiyear average in most analyzed months. The 
growing seasons (May-June) were characterized 
by high precipitation. Insufficient rainfall was 
observed only at the beginning of the growing 
season in April 2011 and during fruit development 
in mid-June 2013.

The quality of strawberry fruits in the analyzed 
period was relatively high, mainly due to the low Ta
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risk of infections caused by Botrytis cinerea. 
Significant differences in the chemical composition 
of strawberry fruits were observed between the 
analyzed cultivars. Differences were noted in the 
content of extract and total sugars (Tab. 2), which 
were lower in ‘Senga Sengana’ than in ‘Kent’ in 
two years of the study. Anthocyanin (Tab. 3) and 
organic acid concentrations (Tab. 2) were higher in 
‘Senga Sengana’. The applied crop protection agents 
led to minor variations in the chemical composition 
of strawberry fruits, and resulted in lower extract 
content (Tab. 2) and lower concentrations of total 
sugars (Tab. 2) and anthocyanins (Tab. 3) in ‘Kent’ 
strawberries on one sampling date.

Higher concentrations of extract, organic acids 
(Tab. 2) and polyphenols (Tab. 3) were observed 
sporadically. The vitamin C content of ‘Kent’ 
strawberries increased in treatments with higher 
fungicide rates in three successive years of the 
experiment. ‘Senga Sengana’ responded less readily 
to higher fungicide rates, but more than a 70% 
increase in vitamin C concentrations was noted 
on one sampling date (Tab. 3). In two successive 
years, total sugar concentrations (Tab. 2) in ‘Senga 
Sengana’ strawberries decreased in response to 
fungicide treatment, and a drop in anthocyanin 
levels was noted on one occasion (Tab. 3).

Dithiocarbamate residues were detected in 
all samples from the first harvest of strawberries. 
Their concentration varied widely from 0.04 to 1.31 
mg kg-1 in treatments with a single application of 
thiram and from 0.33 to 1.46 mg kg-1 in treatments 
where the fungicide was applied twice (Tab. 4).  
The maximum permissible fungicide residue 
levels in Poland (10 mg kg-1) were not exceeded  
in any of the analyzed samples. However, 
dithiocarbamate residues were detected in all 
strawberry samples after 30 days of treatment with 
thiram fungicide.

DISCUSSION
Chemical plant protection agents are widely used 
in strawberry production, but those compounds 
do not directly influence metabolic processes in 
strawberry plants. Thus, they exert a less significant 
effect on the chemical composition and quality of 
strawberry fruit than other environmental factors 
(Given 1985). The results of this study validate 
the above observations. On the other hand, there 
are many examples given of the good quality of 
strawberries cultivated without the application 
of chemical plant protection products. According 
to numerous authors, food from organic farming Ta
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is characterized by its higher quality, although 
some research findings are inconclusive. Higher 
levels of extract (Nunes et al. 1995), organic acids 
(Kaźmierczak et al. 2011), vitamin C (Tarozzi 
et al. 2008, Reganold et al. 2010, Rochalska et 
al. 2011), sugars (Cayuela et al. 1997, Pirlak and 
Köse 2009, Esitken et al. 2010, Reganold et al. 
2010, Kaźmierczak et al. 2011, Rochalska et al. 
2011), anthocyanins and polyphenols (Fernandes 
et al. 2012) were determined in organically grown 
strawberries. In other studies, organic strawberries 
were found to contain less extract, organic acids 
(Reganold et al. 2010) and vitamin C (Kaźmierczak 
et al. 2011).

Regardless of the evaluated plant protection 
systems, the differences in chemical composition 
do not exert a significant influence on the quality 
of strawberry fruits, in particular if yield losses 
resulting from the absence of chemical protection 
are taken into account. The only exception is 
contamination with pesticide residues, which 
shifts consumers' interest to organic foods. The 
above applies particularly to dithiocarbamates, 
fungicides which are widely used in fruit and 
vegetable farming (Thiram Granuflo 80 WG 
in this study). Dithiocarbamate residues are 
sporadically detected even in organically grown 
strawberries (Szymona 2012). A 2012 monitoring 
study of strawberries in different regions of Poland 
(Łozowicka et al. 2013, Pszczolińska et al. 2013, 
Szpyrka et al. 2013) revealed significant variations 
in dithiocarbamate concentrations in fruit samples. 
They were determined at 0.05 to 0.75 mg kg-1 and 
reached the maximum value of 2.9 mg kg-1 in one 
case. The above contamination levels were similar 
to the values noted in our studies. According to 
Łozowicka and Kaczyński (2009), dithiocarbamate 
levels determined in crops in northeastern Poland 

(tomatoes, lettuce, sweet peppers, beetroots, apples, 
currants, strawberries and cherries) do not pose  
a threat to consumer health.

CONCLUSIONS
1. In the present study the chemical composition of 

‘Kent’ and ‘Senga Sengana’ strawberries was not 
dependent on the fungicide protection level. The 
only exception was the increase in the vitamin C 
content of ‘Kent’ strawberry fruits that had been 
treated with the investigated fungicides.

2. Minor variations in the content of selected 
compounds, i.e. organic acids, sugars, vitamin 
C, anthocyanins and polyphenols were also 
observed. The nature of those changes could 
not be determined unambiguously in this 
experiment.

3. all fruit samples from the first harvest were 
contaminated with dithiocarbamate residues 
regardless of the thiram dose applied.
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