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ls plastic mulching a risk for Deoxynivalenol/Nivalenol soil 
contamination in strawberry cultivation? . 
K. Munoz1, M. Schmidt-Heydt2, D. Diehll, R. Geisen2 and G. E. Schaumann1 

1/nstitute for Environmentol Sciences, Group of Environmental and Soil Chemistry, University Koblenz-Landau, Landau, Germany 
2Max Rubner-lnstitut, Department for Safety and Quality for Fruits and Vegetables, Karlsruhe 

lnt roduction 
Mycotoxln-produdng fungi are an integral 
part of soil microbiology. Therefore, the 
production and fate of mycotoxins in soll 
can be affected by modiflcations on s_oil 
environmental conditions. Plastic mulching 
(PM) has been widely used in agriculture 
because it increases soi/ temperatUre and 
woter conservatlon jlamont, 2005; 
Steinmetz et al. 2016), which lead to i) an 
early production of commodltles, iiJ crop 
cultivation despite of sub-optimal climate 
conditions and ili) extended productive 
seasons. The aiin· of this study is to assess 
which modlficatlon In soil under different 
mulching conditions (Organic mulching, 2· 
years and 4-year plastic niulching) influence 
the fate of the mycotoxins Deoxyilivalenol 
(DON) ·and Nivalenol (NIV) in · strawberry 
cultivated solls. 

Figure 1: Strawberr'( cultivation in orpnic 
(a) and plastlc (b) mulching 

lnftuence of the mulching treatment an soll mlcrobiology and /ungal 
dlverslty 

• Organic mulchlng supports the growth of microbial species In soil (l(allenbach and 
Grandy, 2011; Almeida et al. 2011), whlch was reflected in high C:.,,k and Nm< values. But, 
the use of PM lead first to a reduction of the microbial biomass (2y-PM). However, alter · 
4-years .PM c.,,,, and N.,,, values were comparable to those observed under DM (Fig. 2a
b). 

• The use of PM resulted-in a reduction of soil fungal biomass (Figure 2c), probably as a 
consequence of a m·odified soil physicochemlstry (Flg. 6a-c). (Fern~ndez-calviilo and 
BUth, 2010). 
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Ficu,.. 2: Microbial parameters (a-c) reflecting two different soil depths of strawberry
cultivated flelds with either organic mulching (OM) or plastlc mulching (PM) treatment 

• In comparlson to PM, QM supports a higher fungal biomass •• • • , 
and-species richness (Fig. 2 and 4) 

• After 2y-PM the fungal dlverslty detreased significantly, wlth a 
dominante of Aspergillus and Talaromyces species. After 4y
PM, a clear dominante (> 70%) of Preussla .specles was 
observed, mainly P. terricola. This species is characterlzed for 
·lnhabitlng shaded soil and plant materials Flgurtt 3: P. terricolo 

isolated from PM solls 

Fi1ure 4: Structure of the fungal communities reflecting three different soil treatments In 
strawberry-cultlvated soils. Samples correspond to a soil depth from 0-5 cm. 

Methodology 

.·.<.;. 

Conclusions 
The type of mulchlng and duration of the treatment affect considerably the $Oil microbiology 
and physicochemistry: 
1) Productlon of mycotoxins was evident under PM; although a lower fungal biomass was 

observed (Fig. 2). 
2) Although Fusiirium species were not representatively observed at the sampling time (Fig. 

4), t he higher DON/NIV levels observed under PM (Fig. 5) can be a consequence of: 
-1) Limited degradatlon of DON by bacteria/fungi due to the slightly alkaline soil. pH 

values (He et al„ 1992; Islam et al., 2011) and a reduction of species richness (Shlma 
et al. 1997) 

2) Reduced soll wash-out due to the impervlous matter of the plastlc films. 
Based on these observations, the use of PM mav impllcate a rlsk for OON/NIV soil 
contamination. Further studles are n·eeded to assess in which extent modificiition of soil 
niiCrocllmatlc conditlons under PM affect the mycotoxln productlon and how. the use of PM 
in agriculture can have an.effect on residual DON/NIV levels in food commodities. 
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• DON and ·NfV were detected in soil samples from all treatments. Tlie distribution of 
the mycotoxins among the samples and along the soil column washeterogeneous 
(Figure 5) . A relationship between soll properties and DON{NIV content was not 
statistlcally observed (p >0.05) 

• The hlghest DON{NIV conc.entrations w.ere observed alter 2-years PM. The lowest 
concentrations, in ·organlc mulching. 

• DON values did not correlate with· soll biological para1neters. However, NIV 
concentrations positively correlated with Cm• and Nmk values (p<0.05), and negatively 
with soil fungal blomass (r = -0.600, p = 0.002). Which lnay support the hypothesis 
that mycotoxin production ls an stress-mediated response against artiflcial 
envlronmental condltions (Schmidt-Heydt etal., 2008) 
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E/fect of the mulchlng type on soil physlcochemical properties 

• Multlvariate analys ls of variance showed that soll physicochemical parameters were 
strongly affected by the treatment and duration of cover~ge, as weil as by the soil 
depth (p < 0.005). 

• The use of PM resulted in higher wattr conttnt; pH volues (> 7.5) and. dissolved 
organic conient, compared to OM, specia lly at the 10-30 cm depth (Fil. 6a-c). The 
sllghtly alkaline pH lnfluenced as well the moblllty of cations in soils, whlch was 
reflected in a higher colion t!J<Change capadty valun after 4y·PM . 
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Figure 61•-c): Soil Dhysicochemical parameters as affected by the mulching type and 
soll depth In strawberry cultivation-. 

Crop tttlCrlptlon and sumpltng; Soll samples .from oraanic (OM) a nd plastic (PMJ. mulched solls wen! colJected in Mav 2015 a t the. strawberry fields located in Offenbach an de r Queich, Germany. In total 36 P'OOlt>ct samples 
were collected from three d ifferent fie lds: 4y-OM, 2v-PM and 4y-PM. Three ·different depths Wer! selected: 0-S, s~10 and 10·30 cm. Str1wberry fields (figure 1) were a rtiftcially irrigated and. treated with J)esticides at 
different time poinU. . 

SoJI p/tysko<Mmlstty: The type of soil consisted cf Silt loam {16% cl1y, S4% sllt and 30% sand). Soil physicochemk:il 1na lysls conslsted of: Water content (WC), ISO 11465:1993; pH DIN 1$0 10390:2005·12; cat.iori exchan1e 
capaclty {CEC19) , ISO 11260:2011 . Dissofved orianic carbon (DOC), DIN EN 1484. Elemental Carbon (C'°') and Nitrose n (N 1oe), Vario mic:ro cube, Elementar Analysensysteme GmbH, Ge~ny. Mycotcodn analysis was 
performed via sollct-tlquid extracuon and LC·HRMS (Muilo1 et al. 2015) 

SOii mlctoblology: Microbiological analysis was done at the so il de pths 0-5 and 5-10 cm. Soil mlcroblal blomass was determlned usin& the chloroform fum[J:atlon-extraction {CF.E) a nd a nalysls Of mitr0b iill biomus C a nd N 
(C.,., N„.J (vance et al. 1987). Mycobiome was quantifled via serial d ffuUons. After Jncubatlon the total.colony·formlng unit (CF,U) was determlned and sUtlstka lty evaluated (Munoz e t. 11., 2015) .. 
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