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1. Introduction 

Maize (Zea mays L.) is one of the most important crops in Europe and is cultivated for 

different purposes such as grain for food, feed and processing, and as green maize for silage 

or biogas production, thus having an impact on key sectors such as livestock and energy 

production. 

Within the project PURE (Pesticide Use-and-Risk Reduction in European farming systems) a 

working group (WP3) was formed aiming at designing and testing IPM tools/strategies (on-

station and on-farm) that improve the sustainability of maize based cropping systems. The 

experiments were carried out in three major maize growing regions in Europe: Southern 

Europe (Italy, South-France), Eastern Europe (Hungary, Slovenia) and (North West) Central 

Europe (Germany, The Netherlands). 

This is the third and last deliverable of WP3 providing guidelines for European maize 

cropping systems and lessons learnt during the project. The IPM strategies and tools tested in 

the on-station experiments (Task 3.3a) and on-farm experiments (Task 3.3b) were evaluated 

and compared with the current conventional approach (Task 3.4: Ex-post assessment). For 

maize the focus was on weed and ECB (European Corn Borer) control being the major crop 

protection problems in European maize growing areas. In the deliverable, first, the technical 

results (efficacy of weed and ECB control, yields) of the conducted experiments are 

summarized. Subsequently, the sustainability of the tested strategies and tools with regard to 

economy and environmental risks is evaluated. At the end the major lessons learnt are 

summarized. These are first derived from the experiences in the on-station and on-farm 

experiments. Furthermore, the evaluation of the sustainability of the tested strategies and tools 

gave insight in the economic and environmental impact. Finally, also the results and 

discussions in stakeholder meetings (e.g. field days) were taken into account. 
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Maize based cropping systems 

« Results and lessons learnt from PURE » 

 

OBJECTIVES The general objective of WP3 was to identify, test and validate innovative IPM 

solutions for maize based cropping systems for the most important European 

maize producing areas. This was achieved by: 

 Identifying candidate IPM solutions and testing them in on-station and on-farm 

experiments, 

 Evaluating the sustainability of tested IPM solutions. 

APPROACH 

(EXPERIMENTS, 

ASSESSMENT 

TOOLS) 

The experiments were carried out in three major maize growing regions in Europe: 

Southern Europe (Italy, South-France), Eastern Europe (Hungary, Slovenia) and 

(North West) Central Europe (Germany, The Netherlands). 

 

In the experimental work on-station and on-farm experiments were distinguished. 

In the on-station experiments two IPM strategies (packages of measures) were 

compared with the conventional strategy (Table 1), the latter being the current 

farmers’ practice in the region. In the 1
st
 IPM strategy (ADV, i.e. advanced) the 

crop rotation is more diversified (grain maize is substituted partly by soybean or 

peas) and the crop management measures were relatively close to current practice 

(e.g. cultivar choice, using selective pesticides, combination of chemical and 

mechanical weed control). In the 2
nd

 IPM-strategy (INN, i.e. innovative) the crop 

rotation is extended with cover crops (only Italy) and more innovative measures 

(e.g. biological ECB control) are applied. The experiments were conducted in 

Italy, Hungary and France. Additionally, in a Dutch experiment the chemical and 

mechanical weed control (harrowing + hoeing) were compared in different 

reduced tillage systems (not included in Table 1). 

 

In the on-farm experiments separate IPM tools were tested for weed control 

(combinations of chemical and mechanical weed control) and ECB control 

(biological treatment by T. brassicae or B. thuringiensis) (Table 1). The tested 

tools had to be applicable with the available machinery in the region. The 

experiments were conducted in Italy, Germany, France, Hungary and Slovenia. 

Additionally, in Italy and Slovenia, the need of chemical treatment against soil 

pests (granule applied at sowing in Italy, seed dressing in Slovenia) was tested. 

 

Based on the technical results of the experiments, the sustainability of the different 

tools and strategies was evaluated. Important indicators taken into account were 

the economy (total variable costs and gross margin) and the environmental impact 

(assessed with the model SYNOPS). Overall sustainability of the on-station 

experiments was evaluated with the model DEXiPM. 
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Table 1. Tested IPM solutions in on-station and on-farm experiments (DE = Germany, IT = Italy, SI = 

Slovenia, HU = Hungary, FR = France; M = maize, WW = winter wheat, SB = soybean, PE = peas, CC = 

cover crop). 
On station CON IPM1 (ADV) IPM2 (INN) 

Crop rotation    

- IT+HU M-WW-M M-WW-SB/PE M-WW+CC-SB/PE+CC 

- FR M-M M-SB M-SB 

    

Weed control    

- Broadcast spraying IT,HU,FR   

- Band spraying + hoeing  IT,HU,FR IT,HU,FR 

    

ECB control    

- No treatment FR FR FR 

- Broad spectrum Insecticide IT,HU   

- Selective Insecticide not harming  
beneficials 

 IT,HU  

- Bacillus thuringiensis-spraying   IT,HU 

    

Soil pests    

- Granule at sowing IT   

- Seed dressing FR FR  

- No treatment HU IT,HU IT,HU,FR 

    

On farm CON IPM-WEED IPM-ECB 

Weed control    

- Broadcast spraying DE,IT,HU,SI   

- Band spraying + hoeing  DE,IT,HU,SI  

- Spraying based on scouting and 
predictive model + hoeing 

 IT  

- Harrowing + low dose spraying  SI  

    

ECB control    

- No treatment HU,FR,SI   

- Broad spectrum Insecticide IT,HU   

- Trichogramma brassicae release   IT,FR,HU,SI 

- Bacillus thuringiensis-spraying   IT,HU,SI 
 

PESTS The major crop protection problems in European maize growing areas are weed 

control and attacks by European Corn Borer (ECB, Ostrinia nubilalis). 

 
Chenopodium album 

 
Solanum nigrum 

 
Echinochloa cruss-galli  

Amaranthus retroflexus 

 
ECB pupa (Ostrinia nubilalis) 

 
ECB  imagos (Ostrinia nubilalis) 
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TECHNICAL 

RESULTS 

On-station experiments 

 

General remark 

The on-station experiments include crop rotation effects. In Italy and Hungary not 

all crops were present each year. This means that the calculated effects on the 

rotation level can also be affected by the differences in climatic conditions 

between the years. 

 

Efficacy of weed control 

Figure 1 shows the final weed density for the Italian and Hungarian experiments in 

the maize crop at the start and at the end of the 1
st
 rotation cycle. Although at the 

start the efficacy of weed control was lower for both IPM strategies than for the 

conventional strategy, at the end a significant reduction of weed density was 

observed for the IPM-strategies as compared to the start of the 1
st
 cycle. 

In the French experiment the ADV strategy showed equal weed control to CON in 

all years, for the INN strategy this applied to two out of three years. 

In the Dutch experiment the efficacy of mechanical weed control was overall 

comparable to that of the chemical weed control (data not shown). 

 

 
Figure 1. Final weed density in the maize crop (weeds/m2) as affected by the CON and IPM-strategies in Italy 

and Hungary (left) and France (right). Weed assessments were done before harvest except for France 2013 

(end of August). 

 

Efficacy of ECB control 

Only in Italy the ECB pressure was significant. The biological control (INN 

strategy) resulted in a higher crop damage (more broken plants below ear) than in 

the CON and ADV strategies (spraying with a non-selective and selective 

insecticide, respectively) (Figure 2). 

 

 
Figure 2. ECB broken maize plants below and above maize ears in 1st (2011) and 2nd rotation cycle (2014) as 

affected by IPM-strategy in Italy.  
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Soil pests 

In Italy and France in the CON strategy a treatment is done against soil pests. In 

the IPM strategies no insecticides are used (in France this only applies to INN). 

The lack of significant plant damage (data not shown) shows that an insecticide 

application was not necessary. 

 

Mycotoxin content grain 

The mycotoxin content of the maize grain (only assessed in Italy) tends to be 

higher in IPM plots than in CON plots. This might be explained by a higher plant 

stress (known as a key factor increasing mycotoxin production by fungi) caused by 

a higher weed density and by a higher plant damage by ECB in the IPM plots. 

 

Yields 

In Italy in 2011 and 2014 and in Hungary in 2011 the maize grain yields were 

significantly lower in both IPM strategies as compared to the CON strategy. In 

France only the INN strategy had significant lower yields (Figure 3). 

The Dutch experiment showed that for both the conventional and reduced tillage 

systems the mechanical weed control did not decrease yields significantly 

compared to the chemical weed control (data not shown). 

 

 
Figure 3. Relative maize yields of the on station experiments in Italy, Hungary and France (100 = yield 

CON). 

 

On-farm experiments 

 

Weed control 

In a part of the experiments (Germany, Slovenia) the efficacy of the tested IPM-

tools was lower than in the CON treatment (Figure 4, left) while in Italy and 

Hungary no differences were observed. The decreased level of weed control was 

mainly due to unfavourable weather conditions not allowing timely hoeing 

operations. However, grain yield was not significantly affected by the weed 

competition (Figure 4, right). 
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Figure 4. Final weed density for the IPM-tool (IWM) and the corresponding CON treatment in the on farm 

experiments (left) and maize grain yield of CON versus IWM (right) (band+hoe = band spraying + 1-2 

hoeings, pred model = spraying when indicated by predictive model, low dose = harrowing + low dose 

spraying). 

 

ECB control 

The ECB pressure was significant only in Italy and Slovenia. The results showed 

that in these countries no significant differences in crop damage between both IPM 

tools and the CON treatment (insecticide spraying in IT and no treatment in SI) 

(Figure 5, left) were observed and grain yield was also comparable (Figure 5, 

right). However, it has to be emphasized that in general economic thresholds for 

ECB pressure were not exceeded making it difficult to evaluate the efficacy of the 

tested biological tools. 

 
Figure 5. ECB broken maize plants below and above maize ears of the IPM-tool (Trichogramma brassicae, 

Bacillus thuringiensis) and the corresponding CON treatment in the on farm experiments (left) and maize 

grain yield of CON versus IPM (right). 

 

Mycotoxin content grain 

The climate conditions appeared to be the main driver of the mycotoxin content 

differences between years, but there is a tendency to a slightly lower mycotoxin 

content in plots treated with chemical insecticides (CONV) in comparison with 

ECB (biological) treatments. 

SUSTAINABILITY OF 

IPM SOLUTIONS 

On-station experiments 

The sustainability of the tested systems in the on-station experiments was 

evaluated with the model DEXiPM. The results are shown in Table 2. 

For Italy and France the overall sustainability of the IPM systems was higher than 

for the conventional system while for Hungary the overall sustainability was the 

same for the three systems. 

Generally, the IPM systems improved the environmental sustainability due to a 

lower use of pesticides and more diverse crop rotations. In the IPM systems the 

economic sustainability increased in Italy (for both the ADV and INN systems) 

while it decreased for Hungary (ADV and INN systems) and France (INN system). 

This is due to a lower gross margin of soybean/peas as compared to grain maize 

production and to the lower crop yields of especially maize in the ADV and INN 

strategies. 
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The social sustainability was improved in Hungary and France while in Italy it was 

not affected by the IPM systems. 

 
Table 2. Results DEXiPM calculations on-station experiments (VL = very low, L = low, M = medium, H = 

high, VH = very high). 

Country System Sustainability 

  Economic Environmental Social Overall 

Italy CON M VL H M 

 ADV H M H H 

 INN H H H VH 

      

Hungary CON M L H M 

 ADV L L VH M 

 INN L H VH M 

      

France CON M VL M L 

 ADV M L H M 

 INN L M H M 

 

On-farm experiments 

 

Weed control 

 

Cost benefit analysis 

 The difference in total variable costs between the IPM and conventional 

strategies ranged from -€80 to +€30/ha (Figure 6, left). Averaged over all 

tested tools the difference in costs was -€5/ha. 

 The difference in gross margin between the IPM and conventional strategies 

ranged from -€105 to +€60 €/ha (Figure 6, right). Averaged over all tested 

tools difference in gross margin was -€30/ha. 

 

 
Figure 6. Difference in total variable costs (left, costs for herbicides and application) and gross margin 

(right) between the IPM-WEED and CON strategies. 

 

Environmental effects 

In all countries in the CON treatment the risks for terrestrial life are already low to 

very low (Table 3). In contrary, the risks for aquatic life are high across all the 

countries. The tested IPM tools decreased this risk mainly due to a decreased 

herbicide input; however, the risk was still on a high level.  
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Table 3. Environmental risks for aquatic and terrestrial life of CON and IPM-WEED in on farm trials as 

calculated by the model SYNOPS (average of tools, sites and years: red = high, yellow = medium, blue = low, 

green = very low; 

 
 

ECB control 

 

Cost benefit analysis 

 The difference in total variable costs between the IPM and conventional 

strategies ranged between +€5 to +€140/ha (averaged over all tested systems 

+€70/ha) (Figure 7, left). If only the trials in which a pesticide spraying was 

done in the CON treatment (Italy 2011-2014 and Hungary 2011-2012) were 

taken into account on average the total costs increase was +35/ha. 

 The difference in gross margin between the IPM and conventional strategies 

ranged from -€155 to +€85 €/ha (averaged over all tested tools -€55/ha) 

(Figure 7, right). For the trials with a pesticide spraying in the CON treatment 

on average the gross margin decreased with 35/ha. 

 

 
Figure 7. Difference in total variable costs (left, costs for pesticides/biological agents and application) and 

gross margin (right) between the IPM and CON strategies. 

 

Environmental effects 

Since only biological agents were used in the IPM strategies the environmental 

risks were strongly decreased compared to a situation in which a conventional 

spraying is done (Table 4). 

 
Table 4. Environmental risks for aquatic and terrestrial life of insecticide spraying against ECB in on farm 

trials as calculated by the model SYNOPS (average of tools, sites and years: red = high, yellow = medium, 

blue = low, green = very low; 
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LIMITS AND 

CONDITIONS OF 

SUCCESS, 

ADAPTATIONS 

(LESSONS LEARNT) 

The results of the experiments show that IPM-solutions are available but for 

implementation in practice attention has to be paid to the following points: 

 For weed control the IPM tools consist of mechanical operations. The 

observed variable efficacy can be overcome by essential elements like correct 

timing, experience and appropriate machinery. 

 Band spraying of pre-emergence herbicides combined with hoeing was a 

frequently applied tool in these experiments. However, environmentally it can 

be more beneficial to apply a decision support system or a combination of 

early mechanical control (e.g. harrowing) combined with low dose spraying 

preferably with environmentally sound herbicides. 

 The results showed that the need of insecticide applications against soil pests 

is rare and that monitoring methods are reliable; therefore soil insecticides or 

insecticide seed dressing should only be done when monitoring indicates this. 

This offers opportunities to improve farmers’ income while reducing crop 

environmental impact at the same time. 

 Crop rotation was a major measure in the IPM strategy in the on-station 

experiments. The results showed that on the short term a diversification of 

the rotation may economically be less attractive. However, the experimental 

period allowed only one complete rotation to be studied. Ideally, the 

experiments should be continued in order to assess the possible long term 

effects of and adjusted rotation (lower weed pressure, increased soil fertility, 

higher crop yields). 

 For (new) IPM strategies, training and demonstration will be necessary in 

order to build up experience and have IPM adopted by farmers. 

 Sometimes IPM solutions are economically less attractive than the 

conventional strategy e.g. biological ECB control. For cash crops, like maize, 

currently, no higher prices are paid for IPM produced maize. In order to 

motivate farmers to adopt IPM tools subsidy schemes can be considered to 

compensate for possible economic drawbacks. Alternatively, traders could 

try and find market niches that pay higher prices, e.g. food industry parties hat 

implement sustainability policies. 

REFERENCES  D 3.1. First list of tested IPM solutions which improve the sustainability of 

maize based systems. 

 D 3.2 Updated list of tested IPM solutions which further improve the 

sustainability of maize based systems.  

 Vasileiadis, V.P., S. Otto, W. van Dijk, G. Urek, R. Leskovsek, A. 

Verschwele, L. Furlan, M. Sattin, 2015. European Journal of Agronomy 63, p. 

71-78. 

 Razinger, J., V.P. Vasileiadis, M. Giraud, W. van Dijk, S. Modic, I.J. Holb, A. 

Vamos, M. Sattin, G. Urek, 2015. On-farm evaluation of inundative biological 

control of Ostrinia nubilalis (Lepidoptera: Crambidae) by Trichogramma 

brassicae (Hymenoptera: Trichogrammatidae) in European maize production 

(Accepted with major revision). 
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3. Conclusions 

 

On station experiments 

In the on-station experiments the effects of a more diversified crop rotation (maize partly 

substituted by soybean or peas) combined with integrated weed (band spraying + hoeing) and 

pest management measures (biological ECB control, soil pest insecticide application only 

when indicated by monitoring) were investigated. The results show that in the IPM systems 

the overall sustainability was comparable or higher than in the conventional system. However, 

while environmental sustainability increased, the economic sustainability generally decreased 

as the gross margin of the IPM crop rotations dropped. The latter is due to the fact that the 

crop substituting the maize crop in the IPM systems (soybean/pea) has a lower gross margin 

than that of the grain maize. Additionally, sometimes also the crop yields are lower in the 

IPM-systems. 

 

On-farm experiments 

In the on-farm experiments separate IPM tools were tested for weed control (band spraying + 

hoeing, harrowing + low dose spraying and spraying based on scouting and a predictive 

model), ECB control (biological control with Trichogramma brassicae and Bacillus 

thuringiensis). Additionally, in a part of the experiments the effects of soil insecticides were 

assessed. The tested tools for weed and ECB control decreased the environmental risks and 

the resulting economic performance was comparable or slightly lesser than in the 

conventional strategy (broadcast herbicide spraying, insecticide spraying or no treatment 

against ECB). Soil insecticide application had no effect on yield. Therefore, monitoring the 

soil pest pressure offers the opportunity to decrease the costs and environmental impact (no 

insecticide necessary). 

 

Overall 

The tested crop management oriented IPM-tools for weed control and ECB control decreased 

the environmental risks and the resulting economic performance was comparable or slightly 

lesser than with the conventional tool. However, a diversification of the crop rotation, tested 

in the on-station experiments, decreased the economy significantly on the short term as the 

gross margin of the maize crop is generally higher than the crop substituting a part of the 

maize (soybean or peas). 
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ANNEX 1 

On-station evaluation of IPM tools in European maize-based 

cropping systems: agronomic efficacy (Task 3.3a) 

 

1. On-station experiments in Italy and Hungary  

According to the protocol, three maize-based cropping systems with three different levels 

(treatments) of crop protection were compared in these experiments during the four years of 

the project: conventional, advanced IPM1 and innovative IPM2 systems. 

a) Conventional system uses the most common rotation in the region and the standard 

agricultural practices (i.e. commonly applied good agriculture practices). 

b) Advanced IPM1 system uses more diversified rotation(s) always depending on the region. 

Cultural practices like sowing date and false seed bed preparation, crop cultivars choice as 

well as use of monitoring and forecast systems, herbicide band applications coupled with 

mechanical weeding are considered. 

c) Innovative IPM2 system implements the most recent innovations made available and make 

use of all tools that reduce the dependence on pesticides. It deals with more complex 

rotations, (e.g. cover crops between two main crops), monitoring and forecast systems and 

innovative biological tools. Generally, non-chemical methods are preferred, although they 

may be more expensive and/or less effective. 

The experimental design used in these experiments was a randomised block design where the 

plots were the three systems tested with plot size in both experiments higher than 300 m
2
. 

There were three replicated blocks and total of 9 plots.  All crops from each MBCSs tested 

were not present every year, thus maize was present in all plots in 2011 that was the 

beginning of the 1
st
 rotation cycle and in 2014 that was the beginning of the 2

nd
 rotation cycle.  

 

ANOVA determined significant difference in final weed densities between experimental sites 

(i.e. Country), years, weed management and most of interactions (Table 1). CON had higher 

weed control in 2011, which was the 1
st
 rotation cycle maize (previously continuous maize 

was grown in both sites for 3 years), both in Italy and Hungary (Figure 1). In the 2
nd

 year 

maize, weed density in CON and IPM1 was not significantly different in Italy, whereas in 

Hungary all systems did not differ between them. A significant reduction in weed densities 

and fresh weed biomass (Figure 2) was observed in the 2
nd

 rotation cycle maize of IPM1 and 

IPM2 systems, showing an overall effect of the diversified crop rotation on weed density.  
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Also the ECB management differed between systems, however the pressure was very low in 

Hungary and no treatments were applied in the 2
nd

 rotation cycle maize. In Italy, results 

showed that plants broken by ECB above maize ear (%) were not significantly different 

between CON and IPM systems but only between years (Table 2; Figure 2). On the other, 

ANOVA indicated significant higher plants broken below maize ear in IPM2 (Bt spraying).  

 

Mycotoxin contents of maize grain (assessed in 2011 and 2104) tend to be higher in IPM plots 

than in CON plots (Table 3). This might be explained by a higher plant stress (known as a key 

factor increasing mycotoxin production by fungi) caused by a higher weed density and by an 

higher plant damage by ECB in IPM plots. 

 

In terms of yield, significant differences were observed between experimental sites, pest/weed 

management and “country x year” interaction. In Italy, CON had significantly higher yields in 

both years than IPM systems, whereas IPM systems did not differ between them. In Hungary, 

CON was not significantly different from IPM1 in 2011, whereas in 2014 all systems had 

similar yields (Figure 3). 

 

Table 1. Effect of “Country”, “Weed management”, “Year” and their interaction on final 

weed density in maize and grain yield (data 2011-maize and 2014-maize)
a
. 

Factors  
Final weed density  

(plants m
-2

)  

Grain yield  

(t ha
-1

) 

 DF F P F P 

Country (C) 1 54.51 *** 24.92 *** 

Year (Y) 1 305.46 *** 1.82 NS 

Weed management (WM) 2 29.47 *** 15.18 *** 

C x Y 1 24.11 *** 12.32 ** 

C x WM 2 9.08 ** 1.91 NS 

Y x WM 2 16.46 *** 0.58 NS 

C x Y x WM 2 0.15 NS 0.01 NS 

Error 24     

Total DF  35     

a 
Degrees of Freedom (DF), F-values and statistical significance levels (***, P < 0.001; **, P 

< 0.01; *, P < 0.05; NS, non-significant).  
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Figure 1. Final weed density (weeds m

-2
) in 1

st
 rotation cycle and 2

nd
 rotation cycle maize as 

affected by the two integrated pest management (IPM) levels tested against conventional 

management (CON)  (columns indicate the mean and bars the standard error). Where: IT, 

Italy; HU, Hungary.  

 

 
Figure 2. Fresh weed biomass (kg m

-2
) in 1

st
 rotation cycle and 2

nd
 rotation cycle maize as 

affected by the two integrated pest management (IPM) levels tested against conventional 

management (CON)  (columns indicate the mean and bars the standard error). Mean values in 

the same column not sharing the same lowercase letter are significantly different at P < 0.05 

according to Fisher’s protected LSD test. In Hungary no weed biomass assessments were 

done. 
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Table 2. Effect of “ECB management”, “Year” and their interaction on plants broken below 

and above maize ear (data 2011-maize and 2014-maize)
a
. 

Factors  
Plants broken below 

maize ear (%)  

Plants broken above 

maize ear (%)  

 DF F P F P 

Year (Y) 1 11.81 ** 14.87 ** 

ECB management (ECB) 2 12.20 ** 2.97 NS 

Y x ECB 2 1.91 NS 0.24 NS 

Error 12     

Total DF  17     

a 
Degrees of Freedom (DF), F-values and statistical significance levels (***, P < 0.001; **, P 

< 0.01; *, P < 0.05; NS, non-significant).  

 

 
Figure 2. ECB broken plants below (light grey) and above (grey) maize ears in 1

st
 rotation 

cycle and 2
nd

 rotation cycle maize as affected by the two integrated pest management (IPM) 

levels tested against conventional management (CON)  in  Italy (columns indicate the mean 

and bars the standard error). Where: IT, Italy; HU, Hungary. 
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Table 4. Mycotoxin (total fumonisins B1 + B2) content of the maize grain in the Italian on-

station trial in 2011 and 2014. 

System Total Fumonisins B1+B2 (µg/kg) 

2011 2014 Average 2011+2014 

mean SD
1
 mean mean SD

1
 

CONV 847 160 3054 1951 1560 

IPM1 (Advanced) 4447 1526 1349 2898 2190 

IPM2 (Innovative) 15607 8496 5050 10328 7465 

1 SD =  standard deviation 

 

 
Figure 3. Grain yield (t ha

-1
) in 1

st
 rotation cycle and 2

nd
 rotation cycle maize as affected by 

the two integrated pest management (IPM) levels tested against conventional management 

(CON)  (columns indicate the mean and bars the standard error). Where: IT, Italy; HU, 

Hungary.  

 

2. On-station experiment in southern France 

In France, the experimental design included all crops of the maize-based crop rotations tested 

present every year therefore data from three years of maize were obtained. As in Italy and 

Hungary, two IPM levels (maize/soybean rotations with advanced IPM1 and innovative IPM2 

levels) were tested against CON (continuous maize). ANOVA showed significant differences 

in final weed densities, fresh weed biomass and grain yield between years, weed management 

and their interaction in the case of weed densities and biomass (Table 4). Overall, CON and 

IPM1 had similar weed control, fresh weed biomass and grain yields, and both were 

significantly different with IPM2 (Figure 4, 5, 6). ANOVA to determine the rotation effect is 

under analysis. With regard to weed density it must be emphasized that the date of assessment 
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was different for the three years: in 2012 and 2014 before harvest, in 2013 end of August. 

This may have affected the results. 

 

Table 4. Effect of “Weed management”, “Year” and their interaction on final weed density in 

maize and grain yield in France (data 2012, 2013, 2014 maize)
a
. 

Factors  
Final weed density  

(plants m
-2

)  
Grain yield (t ha

-1
) 

 DF F P F P 

Year (Y) 2 13.82 *** 25.50 *** 

Weed management (WM) 2 8.85 ** 16.32 *** 

Y x WM 4 3.82 * 1.46 NS 

Error 18     

Total DF  26     

a 
Degrees of Freedom (DF), F-values and statistical significance levels (***, P < 0.001; **, P 

< 0.01; *, P < 0.05; NS, non-significant).  

 

 

Figure 4. Final weed density (weeds m
-2

; in 2012 and 2014 assessed before harvest, in 2013 

end of August) in maize as affected by the two integrated pest management (IPM) levels 

tested against conventional management (CON) (columns indicate the mean and bars the 

standard error). Where: CON, conventional continuous maize; Maize IPM1, maize-soybean 

rotation with advanced IPM level; Maize IPM2, maize-soybean rotation with innovative IPM 

level. Mean values in the same column not sharing the same lowercase letter are significantly 

different at P < 0.05 according to Fisher’s protected LSD test. 
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Figure 5. Fresh weed biomass (kg m

-2
) in maize as affected by the two integrated pest 

management (IPM) levels tested against conventional management (CON) (light grey 

columns indicate the raw data means and grey columns with bars the log transformed [log (x 

+ 1)] means and their standard error). Where: CON, conventional continuous maize; Maize 

IPM1, maize-soybean rotation with advanced IPM level; Maize IPM2, maize-soybean 

rotation with innovative IPM level. Mean values in the same column not sharing the same 

lowercase letter are significantly different at P < 0.05 according to Fisher’s protected LSD 

test. 

 

 

Figure 6. Maize grain yield (t ha
-1

) as affected by the two integrated pest management (IPM) 

levels tested against conventional management (CON) (columns indicate the mean and bars 

the standard error). Where: CON, conventional continuous maize; Maize IPM1, maize-

soybean rotation with advanced IPM level; Maize IPM2, maize-soybean rotation with 

innovative IPM level. Mean values in the same column not sharing the same lowercase letter 

are significantly different at P < 0.05 according to Fisher’s protected LSD test. 
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ANNEX 2 

On-farm evaluation of IPM tools in European maize production: 

agronomic efficacy (Task 3.3b)  

 

1.  Integrated weed management tools vs. conventional management  

 

1.1. Results from 2011-2012 growing seasons 

The IWM tools tested in the different countries during 2011-2012 were the following:  

Germany: early post-emergence herbicide in band application combined with hoeing and 

followed by a second hoeing; 

Italy: early post-emergence herbicide broadcast application when indicated by a predictive 

model of weed emergence (ALERTINF; Masin et al., 2011) and after performing one 

scouting in the field, followed by hoeing;  

Slovenia: tine harrowing at 2-3
rd

 leaf stage of maize and low dose of post-emergence 

herbicide.  

Statistical analysis of the final weed density data determined significant differences between 

“Weed management”, “Countries”, “Years” and their interaction (Table 4). These results can 

be seen better in Figure 6 where the significance level between means is shown according to 

Fisher’s protected LSD test.  According to the LSD test there was no significant difference in 

Italy across weed management and years, whereas the final weed density differed between 

CON and IWM in Germany 2011 and Slovenia 2012.  

In Germany 2011, weeds were not controlled efficiently by hoeing operations in IWM due to 

late entry for the second hoeing since soil conditions were not ideal (i.e. 100 mm rainfall in 

June), resulting in high final weed densities (35 plants m
-2

). In Slovenia 2012, the control 

level in IWM was lower compared to the CON (final weed density of 26 vs. 5 plants m
-2

). 

Instead, the early post-emergence herbicide broadcast application when indicated by the 

predictive model of weed emergence ALERTINF (Masin et al., 2011) and the scouting 

followed by hoeing in Italy showed as good weed control as CON in both years, resulting in 

no herbicide treatments in 6 out of 10 farms (during 2 years) but only hoeing was 

implemented. In all cases, ANOVA of dry weed biomass indicated no significant effect of any 

factor or their interaction, showing that densities in Germany 2011 and Slovenia 2012 were 

mostly of new weed emergence that did not compete with maize. This is also confirmed as in 

all countries, ANOVA of the grain yield data indicated only a “Country” and “Year” effect, 
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whereas all interactions and the effect of “Weed management” on yields were not significant 

(Figure 3).  

 

Table 1. Effect of “Country”, “Weed management”, “Year” and their interaction on final 

weed density and grain yield in 2011-2012 growing seasons. 

Factors  
Final weed density  

(plants m
-2

)  
Grain yield (t ha

-1
) 

 DF F P F P 

Country (C) 2 11.1 *** 24.0 *** 

Year (Y) 1 21.1 *** 22.7 *** 

Weed management (WM) 1 13.8 ** 0.1 NS 

C x Y 2 1.1 NS 3.2 NS 

C x WM 2 2.9 NS 0.2 NS 

Y x WM 1 0.6 NS 0.2 NS 

C x Y x WM 2 5.2 * 0.1 NS 

Error 24     

Total DF  35     

a 
Degrees of Freedom (DF), F-values and statistical significance levels (***, P < 0.001; **, P < 0.01; *, P < 0.05; 

NS, non-significant).  

 

 
Figure 1. Final weed density (weeds m

-2
) as affected by integrated weed management (IWM) 

tools and conventional management (CON)  tested in the various countries-regions in 2011-

2012 growing seasons (columns indicate the mean and bars the standard error). Where: DE, 

Germany; IT, Italy; SI, Slovenia. Mean values in the same column not sharing the same 

lowercase letter are significantly different at P < 0.05 according to Fisher’s protected LSD 

test. 
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Figure 2. Dry weed biomass (g m

-2
) as affected by integrated weed management (IWM) tools 

and conventional management (CON)  tested in the various countries-regions in 2011-2012 

growing seasons (light grey columns indicate the raw data means and grey columns with bars 

the log transformed [log (x + 1)] means and their standard error). Where: DE, Germany; IT, 

Italy; SI, Slovenia.  

 

 

 

 
Figure 3. Grain yield (t ha

-1
) as affected by integrated weed management (IWM) tools and 

conventional management (CON) tested in the different countries in 2011-2012 growing 

seasons (columns indicate the mean and bars the standard error). Where: DE, Germany; IT, 

Italy; SI, Slovenia; M.C., moisture content.  
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1.2 Results from 2013-2014 growing seasons 

The IWM tools tested in the different countries during 2013-2014 were the following: 

Germany: early post-emergence herbicide in band application combined with hoeing and 

followed by a second hoeing;  

Hungary: early post-emergence herbicide in band application followed by harrowing; 

Italy: pre-emergence herbicide in band application followed by hoeing;  

Slovenia: early post-emergence herbicide in band application followed by hoeing. 

Final weed density data was square-root-transformed to normalize data distribution before 

statistical analysis. ANOVA of the square-root transformed data indicated significant 

differences between countries and between CON and IWM, whereas all other interactions 

were not significant (Table 2). Results showed that the IWM tools tested for two growing 

seasons in Hungary and Italy provided good weed control as there was no significant 

difference in final weed densities with the CON management that was based on broadcast 

herbicide application in both countries (Figure 4 indicating real and square-root transformed 

means of final density data). In both cases, no significant differences in yields between IWM 

and CON were determined each year as maize didn’t suffer from high competition from 

weeds (Table 2; Figure 6). 

 

Table 2.  Effect of “Country”, “Weed management”, “Year” and their interaction on final 

weed density (square-root [√(x + 1)] transformed data) and grain yield in 2013-2014 growing 

seasons. 

Factors  
Final weed density  

(plants m
-2

) 

Grain yield 

(t ha
-1

) 

 DF F P F P 

Country (C) 3 7.9 *** 5.3 ** 

Year (Y) 1 1.0 NS 25.2 *** 

Weed management (WM) 1 5.0 * 0.1 NS 

C x Y 3 0.9 NS 4.6 ** 

C x WM 3 1.5 NS 0.1 NS 

Y x WM 1 0.4 NS 0.002 NS 

C x Y x WM 3 0.9 NS 0.067 NS 

Error 32     

Total DF  47     
a 
Degrees of Freedom (DF), F-values and statistical significance levels (***, P < 0.001; *, P < 0.05; NS, non-

significant).  

 

The efficacy of IWM tools tested in 2013 Germany and 2013-2014 Slovenia were once again 

affected by weather conditions that didn’t allow entering on-time with the hoeing. This led to 
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high weed densities between rows, whereas along the row weed density was similar to CON 

(broadcast herbicide application) due to efficient band-application of early post-emergence 

weed herbicide that kept maize lines weed free during the critical period and did not suffer 

competition (data not shown). ANOVA of dry weed biomass also indicated no significant 

difference in these countries between CON and IWM showing that these densities were 

mostly related in new emergence between rows (Figure 5). This resulted in no significant 

differences in yield between CON and IWM in both countries. 

 

 

 

 
Figure 4. Final weed density (weeds m

-2
) as affected by integrated weed management (IWM) 

tools and conventional management (CON)  tested in the various countries-regions in 2013-

2014 growing seasons (light grey columns indicate the raw data means and grey columns with 

bars the square-root transformed [√ (x + 1)] means and their standard error). Where: DE, 

Germany; HU, Hungary; IT, Italy; SI, Slovenia.  
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Figure 5. Dry weed biomass (g m

-2
) as affected by integrated weed management (IWM) tools 

and conventional management (CON)  tested in the various countries-regions in 2013-2014 

growing seasons (light grey columns indicate the raw data means and grey columns with bars 

the log transformed [log (x + 1)] means and their standard error). Where: DE, Germany; IT, 

Italy; SI, Slovenia. No weed biomass assessment done in Hungary. ANOVA showed 

significant difference between “weed management” and “country x year interaction”. 

 

 
Figure 6. Grain yield (t ha

-1
) as affected by integrated weed management (IWM) tools and 

conventional management (CON) tested in the different countries in 2013-2014 growing 

seasons (columns indicate the mean and bars the standard error). Where: DE, Germany; HU, 

Hungary; IT, Italy; SI, Slovenia; M.C., moisture content.  
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2. Integrated pest management tools vs. conventional management 

 

2.1 ECB control 

 

Results from Trichogramma tested in 2011-2012 growing seasons 

 

Statistical analysis of the ECB damage evaluated at harvest (Table 3) showed no overall 

significant difference between ECB management (i.e. conventional vs. biological control) and 

the country x ECB management interaction, but only a significant difference between 

countries with Italy and Slovenia having more plants broken above ear compared to France 

and Hungary. Hungary had significantly fewer plants with any ECB damage compared to all 

other countries (Figure 7). Statistical analysis considering all factors showed no significant 

difference in grain yield between ECB management regimes but only a country and year 

effect and their interaction since yields in Italy and Slovenia were significantly lower in 2012 

due to adverse weather conditions (Table 4; Figure 8). 

 

Table 3
a
.  Effect of “Country”, “ECB management” and their interaction on broken plants 

below and above maize ear (%) (arcsine transformed data)  (mean of 2013-2014 growing 

seasons
b
). 

Factors  
Plants broken below 

maize ear (%)  

Plants broken above 

maize ear (%)  

 DF F P F P 

Country (C) 3 4.19 * 12.28 *** 

ECB management 

(ECB) 
1 0.02 NS 0.05 NS 

C x ECB 3 1.01 NS 0.21 NS 

Error 40     

Total DF  47     
a 
Degrees of Freedom (DF), F-values and statistical significance levels (***, P < 0.001; *, P < 0.05; NS, non-

significant).  
b 
The factor “Year” could not be included due to lack of one year of assessment in Slovenia.  
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Figure 7. ECB broken plants below (light grey) and above (grey) maize ears in different 

countries and types of ECB management as evaluated at harvest (columns indicate the mean 

of 2013-2014 growing seasons (not arcsine transformed) and bars the standard error). Where: 

FR, France; HU, Hungary; IT, Italy; SI, Slovenia. 

 

Table 4.  Effect of “Country”, “ECB management”, “Year” and their interaction on grain 

yield in 2011-2012 growing seasons. 

Factors  Grain yield (t ha
-1

) 

 DF F P 

Country (C) 3 13.28 *** 

Year (Y) 1 28.05 *** 

ECB management (ECB) 1 0.17 NS 

C x Y 3 8.32 *** 

C x ECB 3 0.13 NS 

Y x ECB 1 0.01 NS 

C x Y x ECB 3 0.10 NS 

Error 36   

Total DF  51   

a 
Degrees of Freedom (DF), F-values and statistical significance levels (***, P < 0.001; *, P < 0.05; NS, non-

significant).  
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Figure 8. Grain yield (t ha

-1
) as affected by Trichogramma releases against European corn 

borer and conventional management (CON) tested in the different countries in 2011-2012 

growing seasons (columns indicate the mean and bars the standard error). Where: FR, France; 

HU, Hungary; IT, Italy; SI, Slovenia; M.C., moisture content. 

 

 

Results from Bt spraying tested in 2013-2014 growing seasons 

Results showed that the ECB pressure and damage differed between countries with lowest 

being reported in Hungary and the greatest in Italy, followed by Slovenia. The CON 

management in Hungary and Slovenia was without any insecticide treatment against ECB as 

pest pressures are overall low in these countries, whereas in Italy a broad spectrum insecticide 

was applied in both years and all farms. ANOVA of the plants broken below and above maize 

ear indicated only significant differences between countries, and not between CON and Bt or 

between years and their interactions (Table 5, Figure 9). This result is more important for Italy 

where ECB pressure is generally high and broad spectrum insecticide is applied as the CON 

management, as the plants broken below maize ear that cause most yield loss was kept non-

significant and in low % (2.7% in Bt vs. 1.3% in CON, mean of 2 years). The no significant 

difference between CON and Bt in terms of damage was reflected in non significant 

differences in grain yield across all countries and years (Figure 10). 
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Table 5.  Effect of “Country”, “ECB management”, “Year” and their interaction on broken 

plants below and above maize ear (%) (arcsine transformed data) and grain yield in 2013-

2014 growing seasons. 

Factors  
Plants broken below 

maize ear (%)  

Plants broken above 

 maize ear (%)  

Grain yield  

(t ha
-1

) 

 DF F P F P F P 

Country (C) 2 8.88 *** 27.21 *** 4.06 * 

Year (Y) 1 0.24 NS 0.60 NS 25.44 *** 

ECB management (ECB) 1 0.02 NS 0.29 NS 0.04 NS 

C x Y 2 1.31 NS 0.20 NS 7.74 ** 

C x ECB 2 1.44 NS 1.97 NS 0.16 NS 

Y x ECB 1 0.06 NS 0.01 NS 0.09 NS 

C x Y x ECB 2 0.03 NS 0.22 NS 0.07 NS 

Error 32       

Total DF  43       

a 
Degrees of Freedom (DF), F-values and statistical significance levels (***, P < 0.001; *, P < 0.05; NS, non-

significant).  

 

 
Figure 9. ECB broken plants below (light grey) and above (grey) maize ears in different 

countries and types of ECB management as evaluated at harvest in 2013-2014 growing 

seasons (columns indicate the mean (not transformed) and bars the standard error). Where: 

HU, Hungary; IT, Italy; SI, Slovenia. 
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Figure 10. Grain yield (t ha
-1

) as affected by Bt spraying against European corn borer and 

conventional management (CON) tested in the different countries in 2013-2014 growing 

seasons (columns indicate the mean and bars the standard error). Where: HU, Hungary; IT, 

Italy; SI, Slovenia; M.C., moisture content. 

 

 

Conclusions 

Data from different European countries in four years show that IPM against ECB is feasible. 

With regard to the first IPM principle according Directive 2009/128/CE (pest control 

treatments may only be applied after  that pest population levels have been found above pre-

determined economic thresholds for crop protection) it was proved that there is a great 

variability among countries and years and that low population pressure (< economic 

threshold, not giving economic damage) is prevalent. In fact population levels in 2013 – 2014 

on which BT did not improve the yield (in comparison with untreated plots), similar or higher 

than those assessed in 2011-2012, are clearly predominant.  

Because of this general low population levels, the trials could  not give useful information 

about the second important principle of IPM (if economic thresholds are exceeded agronomic 

or biological control or physical treatment or any other non-chemical pest control method 

should be considered as a replacement for chemical treatment); in fact no experiment shows a 

significant yield improvement due to the biological treatments applied so that the efficacy of 

biological tools has not been proved. 
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2.3 Results from trials about soil insecticide effects in 2011-2014 growing seasons 

 

In order to assess how to reduce reliance on soil insecticides (this category often represents 

the highest quantity of insecticides applied in Europe) the following IPM procedure, 

according to provisions of the Directive 2009/128/CE, was implemented:  

 

a) Evaluation of the agronomic factors that increase the risk of soil pest damage such as 

continuous soil cover with vegetation in previous year/years, organic matter content  (>5% 

significant risk increase), soil pest damage in the past, type and population level of the main 

pests (suitable tools for estimating pest population levels are pheromone traps (YATLORf)). 

The absence of risk factors greatly decreases the likelihood of economic damage and makes 

the application of soil insecticides useless. 

b) When agronomic risk factors were present and/or sex pheromone traps detected high 

beetle population densities, bait traps for larvae (Chabert and Blot 1992; Furlan, 2014) were 

used to pinpoint the areas with wireworm populations that exceed the economic threshold.  

In order to further prove the reliability of the method, bait trap placement was sometimes 

done even where no risk factors were present. 

The reliability of the prediction was evaluated by assessing crop stand (plant density), soil 

pest damage (mainly by wireworms) and yield in strips treated (Force
®
 15 kg/ha) and 

untreated with insecticides or leaving completely untreated the field. The hybrid Korimbos 

(FAO 500) was used in all the Italian fields at the density of m 0,75 x 0,18/0,19.  

In Italy the procedure, including the comparison between alternated untreated and treated 

strips, was implemented at 5 sites from 2011 to 2014; in Slovenia at two sites in 2011 and 

2012. The comparison was done in all three main objects (CON, WEED and ECB), so in 

every trial there were three comparisons resulting in 60 comparisons for Italy (4 years * 5 

sites * three main objects) and 12 comparisons for Slovenia (2 years * 2 sites * 3 main 

objects). 

 

Statistical methods  

Data were analyzed in IBM-SPSS Statistics Vers. 22.0. Data with normal distribution 

(Shapiro Wilks test) were anlysed by ANOVA and HSD-Tukey. The other parameters were 

analyzed by the non-parametric multiple comparison Kruskal-Wallis test using Dunn’s 

procedure. 
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Results  

 

Risk evaluation-assessment of actual soil pest populations and comparison with thresholds 

The prevalent species found in the bait traps was Agriotes sordidus Illiger; the threshold for 

this species is 2 wireworms/trap (Furlan, 2014). In most cases the risk level of the fields was 

low; accordingly, found wireworm population densities were below the threshold (table 6). 

 

Table 6: Agriotes sordidus Illiger wireworm densities in “on-farm” fields in Italy (2011 – 

2014): bait traps according the procedure described in Furlan 2014 were used. 

 

 

 

Estimation of maize stand and wireworm damage on plants 

The maize stand was generally optimal and wireworm damage low (most of the sown seeds 

gave healthy plants, Figure 11 and 12). 

 

 

Figure 11. Maize stand (healthy plants) in  “on farm” trials in Italy (2011 – 2014) and  

Slovenia (2011 -2012). Data average of 72 fields.    

Threshold CO NV WEED ECB CO NV WEED ECB CO NV WEED ECB CO NV WEED ECB

Vallevecchia
Italy, Veneto, 

Caorle
2 wireworms/trap

0 ± 

0,00

0.42 ± 

0,66

0 ± 

0,00

0,33 ± 

0,88

0,67 ± 

1,23

0,17 ± 

0,38

2,08 ± 

1,16

2,00 ± 

1,65

1,66 ± 

1,82

0,50 ± 

0,67
na

0,25 ± 

0,45

Diana
Italy, Veneto, 

Ceregnano
2 wireworms/trap

1 ± 

1,12

1,08 ± 

1,24

1,75 ± 

2,09

0,58 ± 

0,79

0,42 ± 

0,60

0,33 ± 

0,40

0,08 ± 

0,29

0,08 ± 

0,29

0,08 ± 

0,29

0,17 ± 

0,39

0,17 ± 

0,39

0,08 ± 

0,29

Sasse Rami
Italy, Veneto, 

Mogliano V.to
2 wireworms/trap

0 ± 

0,00

0 ± 

0,00
na

1,22 ± 

1,30
na

0,33 ± 

1,27

0 ± 

0,00

0 ± 

0,00

0 ± 

0,00

0,08 ± 

0,29

0,08 ± 

0,29

0,08 ± 

0,29

Cà Bosco
Italy, Emilia-

Romagna, 

Ravenna

2 wireworms/trap na na na
0 ± 

0,00

0 ± 

0,00

0,11 ± 

0,33
na na na na na na

Berra
Italy, Emilia-

Romagna, Berra
2 wireworms/trap na na na

0 ± 

0,00

0 ± 

0,00

0 ± 

0,00
na na na na na na

na= not assessed

Agriotes sordidus  wireworms (n°/trap ± sd)
Farm

2012 2013 20142011
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Damage on plants was mainly caused by wireworms. Damage by viruses, diseases, 

blackcutworms and other soil pests was negligible at all sites in all years. Wireworm attacks 

on plants were low (usually less than 5%); even when damage was higher than 5% the 

differences between untreated and treated plots in the number of damaged plants were small 

(Figure 2). Considering data from the four years together the effect of soil insecticide on 

plants and wireworm attacks is negligible (the means are very close and not statistically 

different, Table 7 and 8)   

 

 

Figure 12. Percentage of wireworm damage (Agriotes  sordidus Illiger) on maize plants in “on 

farm” trials in Italy and Slovenia. Data average of 72 fields 

 

 

Table 7. Maize stand (total and healthy plants) and percentage of wireworm damage in “on 

farm” trials in Italy (2011 – 2014) and  Slovenia (2011 -2012). Data average of 72 fields.    

SOIL 
INSECTICIDE 

total plants/m
2
 

healthy 
plants/m

2
 

% wireworm 
damaged plants 

mean SE mean SE mean SE 

Force 15 
kg/ha 

6.79 0.06 6.66 0.06 1.93 0.28 

Untreated 6.75 0.05 6.57 0.06 2.70 0.26 

F 0.24   1.17       

p 0.62   0.28       

K         2.12   

p-value         0.15   
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Table 8.  Maize stand (total and healthy plants), percentage of wireworm damage and yield in 

“on farm” trials in Italy (2011 – 2014). Data average of 60 fields (3/site - 5 sites/year).  

SOIL 
INSECTICIDE 

total plants/m2 
healthy 

plants/m
2
 

% wireworm 
damaged plants 

Yield (t/ha 14%) 

mean SE mean SE mean SE mean SE 

Force 15 
kg/ha 

6.78 0.06 6.65 0.06 1.95 0.29 9.50 0.34 

Untreated 6.78 0.06 6.60 0.06 2.64 0.28 9.52 0.33 

F 0.00   0.31       0.00   
p 0.98   0.58       0.97   

K         0.66   
 

  
p-value         0.42   

 
  

 

 

Yield 

In term of grain yield (14% humidity) there was no difference between treated and untreated 

plots (Figure 13, Table 8).  

 

 
Figure 13. Effect of Force

®  
 on maize yield (t/ha of grain at 14% of humidity) in “on farm” 

trials in Italy. Data average of 15 fields (3/site) each year.  No statistical significant 

differences between means were found at the 5% level of probability. 

 

Conclusions 

On farm trials showed a general low risk of soil pest damage to maize: soil insecticides did 

not improve agronomic conditions and yield in all field trials. The low risk of pest soil 

damage is clearly confirmed considering all the “on farm” fields which did not receive any 

soil micro-granular insecticide/insecticidal seed dressing (whole fields left untreated or 
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several large strips untreated in the fields) over a four year period.  The total number of these 

fields (60 Italy, 24 Slovenia, 48 Hungary) is 132: no economic damage by soil pests was 

recorded, confirming previous studies (Furlan and Kreutzweiser 2014). Results from “on-

station” plots (see above) are also in agreement. This demonstrates the high potential for IPM 

implementation against soil pests and therefore for a considerable reduction of soil insecticide 

use.  In low risk conditions soil insecticide treatment is pointless and IPM implementation can 

allow at the same time a significant decrease of cultivation cost for the farmers and a 

conspicuous reduction of maize cultivation impact on human beings and environment 
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2.3 Mycotoxin contents 

 

Mycotoxin (Fumonisin B1+B2) contents greatly vary with years and treatments (table 9). 

Climate condition of each year appears the main driver of fumonisin content but there is a 

tendency to a slightly lower mycotoxin content in plots treated with chemical insecticides 

(CONV) in comparison with ECB (biological) treatments. WEED plots tend to have an 

intermediate mycotoxin content. This tendency was also confirmed by one year data from 

Slovenia (data not shown). 

 

Table 9. Mycotoxin (total fumonisins B1 + B2) content of the maize grain in Italian “on farm” 

trials in Veneto. Data average of three fields per each year. 

 

Total Fumonisins B1+B2 (µg/kg) 

2011 2012 2013 2014 2011-2014 

mean SD
1
 mean SD

1
 mean SD

1
 mean SD

1
 mean SD

1
 

CONV 1111 963 3897 6160 16970 9016 2607 1445 6146 7305 

WEED 3032 3079 6798 9702 19598 11143 2034 1442 7866 8086 

ECB 2620 542 6324 5929 24763 8892 4346 2413 9513 10278 

1 SD = standdard deviation 
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ANNEX 3 

Sustainability IPM solutions in European maize production as 

tested in on station and on farm experiments: ex-post assessment 

(Task 3.4) 

 

1. Methodology 

 

Cost Benefit Analysis 

The economic effects of the tested IPM-solutions were evaluated by calculating the total 

variable costs and the gross margin. The total variable costs is the sum of the cost for inputs 

(seeds, pesticides, fertilizers) and application costs. The application costs were based on 

contract work prices including costs for labour, machinery and fuel and were provided by 

regional contract work companies. The gross margin is calculated as the difference between 

the financial yield (physical yield * price) and total variable costs. The grain maize prices 

were taken from the Eurostat database (2011-2012) or local prices (2013-2014). 

 

Environmental effects 

The environmental effects of the IPM strategies or tools were evaluated with the model 

SYNOPS. Within the PURE project a web-based version is developed to be used in the ex-

post assessment. The model calculates the acute and chronic risks of pesticides for terrestrial 

(reference species: earthworms and bees) as well as aquatic organisms (reference species: 

daphnia, fish, algae, lemna and chironomus). 

For all calculations done in WP3, a buffer-zone width of 1m and a drift reduction of the 

spraying technique of 50% were chosen. This was done in order to be able to compare 

different strategies tested in different countries. 

 

Overall sustainability 

The overall sustainability is evaluated with the ex post version of the model DEXiPM. This is 

only done for the on station experiments in which different systems (packages of crop rotation 

and crop management) were tested. 
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2. Results 

2.1 On station experiments 

In Table 1 the crop rotation and crop management with regard to weed control and ECB 

control is given. The crop rotation in the conventional system (CON) is characterized by a 

high share of maize (67-100%). In the IPM systems (ADV and INN) the crop rotation is more 

diversified by substituting a part of the maize by soy bean or peas and by sowing cover crops 

(only Italy). 

The weed control in the conventional system is done by a broadcast spraying with pre and 

post emergence herbicides. In the IPM-systems herbicide spraying is done by a band 

application in combination with hoeing. 

The ECB control in the conventional system is done by a broad spectrum insecticide spraying 

in Italy. In the IPM-systems selective herbicides (Italy) or biological agents (Italy and 

Hungary) are used. 

In Italy in the conventional system a broad spectrum insecticide was applied for control of soil 

pests. In the IPM systems this was only done when indicated by monitoring (number of pest 

organisms captured in traps). Due to low populations there was no need for treatment. In 

France in the CON and IPM1 strategy an insecticide seed dressing was done, in the IPM2 

strategy no treatment was done. 

 

The on station experiments include crop rotation effects. In Italy and Hungary not all crops 

were present each year. This means that calculated effects at the rotation level can also be 

affected by differences in climatic conditions between the years. 
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Table 1. Rotation and crop management in the on station experiments in Italy, Hungary and France 

(MA = maize, WW = winter wheat, SB = soy bean, PE = peas, CC = cover crop). 

 CON ADV INN 

Rotation
2
    

- Italy MA-WW-MA MA-WW-SB MA-WW+CC
2
-SB+CC

2
 

- Hungary MA-WW-MA MA-WW-PE MA-WW-PE 

- France MA-MA MA-SB MA-SB 

    

Weed control    

- Italy - Broadcast spraying pre-

emergence herbicide 

- Broadcast spraying post-

emergence herbicide 

- Hoeing 

- Band spraying pre-

emergence herbicide 

- Band spraying post-

emergence herbicide 

- Hoeing 

 

 

- Band  spraying post-

emergence herbicide 

- Hoeing 

- Hungary - Broadcast spraying post 

emergence herbicide  

 

- Band spraying post 

emergence herbicide  

- Hoeing 

- Band spraying post 

emergence herbicide  

- Hoeing 

- France - Broadcast spraying pre-

emergence herbicide 

- Broadcast spraying post-

emergence herbicide 

 

- Broadcast spraying pre-

emergence herbicide 

- Band spraying post-

emergence herbicide 

- Hoeing 

- Band  spraying pre-

emergence herbicide 

 

 

- Hoeing 

    

ECB control    

- Italy - Broad spectrum 

insecticide 

- Selective insecticide not 

harming beneficials 

- Biological treatment 

with Bacillus 

thuringiensis 

- Hungary - No treatment - No treatment - Biological treatment 

with Bacillus 

thuringiensis 

- France - No treatment - No treatment - No treatment 

    

Soil pests control    

- Italy - Granule at sowing - Granule only when 

indicated by monitoring 

- Granule only when 

indicated by 

monitoring 

- France - Seed dressing - Seed dressing - No treatment 

- Hungary - No treatment - No treatment - No treatment 

1 MA = maize, WW = winter wheat, SB = soy bean, PE = peas, CC = cover crop 

2 Only in Italy 

 

 

Cost benefit analysis 

In Table 2 the difference in total variable costs, financial yield and gross margin is given for 

the three on station experiments. All values are given as an average of the crop rotation. 

As mentioned before the in the experiments in Italy and Hungary not all crops were present 

very year. Therefore, three types of analysis were done. In the first one the yields of the crops 
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in the first complete cycle of the rotation (2012-2014) were used for integration on the 

rotation level. For maize this means that for CON the maize yield of 2012 is taken and for 

ADV and INN the maize yields of 2014. In the second analysis the yields of winter wheat for 

CON, ADV and INN are averaged while the maize yields were the maize yields were the 

same as in analysis I. In the third analysis the winter wheat were averaged as in analysis II and 

the maize yields of 2014 were taken (also for CON). In Table 2 it can be seen that especially 

in Italy there were big differences in results. This is mainly due to differences in yield 

between the years. Finally it was decided to use analysis I. 

 

For Italy and France the total annual variable costs of the tested IPM-systems were lower than 

for the conventional strategy, in Hungary the costs of the IPM-systems were higher (Table 2). 

The higher costs for Hungary are mainly due to higher costs for soy bean cultivation as 

compared to grain maize (see Figure 1A). For Italy and France, generally, the variable costs 

of the cultivation of soybean are lower than for grain maize. 

 

Generally, the gross margin on the rotation level of the both IPM-systems is lower than for the 

conventional system (Table 2). This is due to the lower gross margin of soy bean as compared 

to grain maize (Figure 1C) and to the lower crop yields of maize and soy bean in the ADV 

and INN strategy (Figure 1B). 
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Table 2. Difference in financial yield, total variable costs and gross margin between the 

advanced/innovative (ADV/INN) and the conventional system. 

Site Analysis/year Financial yield 

(€/ha) 

 Total variable costs 

(€/ha) 

 Gross margin (€/ha) 

  ADV INN  ADV INN  ADV INN 

Italy Analysis I
1
 -121 -224  -341 -269  220 45 

 Analysis II
2
 -339 -435  -308 -286  -31 -149 

 Analysis III
3
 -624 -720  -228 -206  -396 -514 

          

Hungary Analysis I
1
 -375 -389  113 122  -489 -511 

 Analysis II
2
 -359 -389  114 116  -473 -505 

 Analysis III
3
 -224 -254  21 24  -246 -278 

          

France 2012 -257 -359  -91 -73  -166 -286 

 2013 -335 -471  -10 -58  -326 -413 

 2014 -584 -793  -87 -174  -498 -619 

          

 Average -392 -541  -62 -102  -330 -439 

1 Maize as measured in experiments 2012 (CON) and 2014 (ADV and INN), winter wheat as measured in 

experiments 2012 (ADV, INN) and 2013 (CON), soybean as measured in experiments 2013 

2 Maize as measured in experiments 2012 (CON) and 2014 (ADV and INN), winter wheat as average of CON-

2013, ADV-2012 and INN-2012, soybean as measured in experiments 2013 

3 Maize as measured in experiments 2014, winter wheat as average of CON-2013, ADV-2012 and INN-2012, 

soybean as measured in experiments 2013 

 

 

Figure 1A. Total variable costs of grain maize, soybean and winter wheat (FR-avg = 

average of 2012, 2013 and 2014). 
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Figure 1B. Yields of grain maize, soybean and winter wheat (FR-avg = average of 2012, 

2013 and 2014). 

 

 

Figure 1C. Gross margin of grain maize, soybean and winter wheat (FR-avg = average of 

2012, 2013 and 2014). 
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Environmental risks 

In Table 3 and 4 the results of the SYNOPS calculations are given for the three compared 

systems (maximum and average values of the rotation). The main conclusion points are: 

 In all three countries risks for terrestrial life are low to very low in all three compared 

systems. 

 The risks for aquatic life in the conventional system are high in Italy and Hungary and 

medium for France. In the IPM-systems (ADV and INN) the risks decrease, however, 

only in Italy this leads to a significant decrease from high to low risk. In Hungary and 

France the toxic risks are due to herbicides that are still used in the IPM systems be it as a 

band instead of broadcast application, but this measure does not strongly reduce the toxic 

risk. 

 

 

Table 3. Results of SYNOPS calculations (maximum values in rotation, maximum value 

calculated in one of the crops of the rotation). For aquatic and terrestrial toxicity 

risks: red = high, yellow = medium, blue = low, green = very low; for leaching 

risks: red = very high, yellow = medium to high, blue = low to medium, green = 

very low 

 

 

  

Acute Chronic

Aquatic Terrestrial Aquatic Terrestrial

Italy CON 1.56 0.01 32.02 0.27

ADV 0.37 0.09 2.87 0.78

INN 0.06 0.00 0.16 0.06

Hungary CON 1.75 0.01 27.69 0.08

ADV 1.30 0.02 25.86 0.18

INN 1.30 0.02 11.43 0.18

France CON 0.86 0.01 4.53 0.36

ADV 0.86 0.01 4.53 0.37

INN 0.46 0.00 0.46 0.28
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Table 4. Results of SYNOPS calculations (average values in rotation, average of the 

maximum value per crop). For aquatic and terrestrial toxicity risks: red = high, 

yellow = medium, blue = low, green = very low; for leaching risks: red = very 

high, yellow = medium to high, blue = low to medium, green = very low 

 

 

 

 

Overall sustainability 

Figure 2-4 give the results of the calculations with DEXiPM for the experiments in Italy, 

Hungary and France, respectively. In the graphs the integrated results are given for the social, 

economic, environmental and overall sustainability of the three compared systems. For Italy 

and Hungary the results are given for analysis I as analysis III (see Table 2). As mentioned 

before for the evaluation analysis I was used. 

 

The main conclusions are: 

 The environmental sustainability of the conventional system is very low to low in the 

three countries, but improves to medium to high in the IPM-systems. For Hungary and 

France the environmental sustainability of the innovative system is higher than that of the 

advanced system, for Italy it was the same. 

 The social sustainability of the conventional system is high in Italy and Hungary and 

medium in France. For Hungary in the IPM systems the social sustainability is improved 

to very high, in the Italy and France it does not change. 

 The economic sustainability of the conventional system is medium in all three countries. 

In the IPM systems the economic sustainability increases in Italy (for both the advance 

Acute Chronic

Aquatic Terrestrial Aquatic Terrestrial

Italy CON 1.17 0.01 29.83 0.20

ADV 0.15 0.03 1.07 0.03

INN 0.02 0.00 0.09 0.02

Hungary CON 1.75 0.01 24.75 0.00

ADV 0.63 0.01 13.16 0.00

INN 0.55 0.01 4.56 0.00

France CON 0.86 0.01 4.53 6.42

ADV 0.74 0.01 3.39 3.27

INN 0.40 0.00 0.40 0.00
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and innovative system) while it decreases for Hungary (advance and innovative system) 

and France (innovative system).  

 For Italy and France the overall sustainability of the IPM systems is higher than for the 

conventional system (In Italy increase from medium (conventional) to high (advanced) 

and very high (innovative) and for France increase from low (conventional) to medium 

(advanced and innovative). For Hungary the overall sustainability was the same for all 

three systems (medium). 
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Figure 2A. Results of DEXiPM in Italy (Analysis I) 

 

 

Figure 2B. Results of DEXiPM in Italy (analysis III) 
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Figure 3A. Results of DEXiPM in Hungary (Analysis I) 

 

 

Figure 3B. Results of DEXiPM in Hungary (Analysis III) 
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Figure 4A. Results of DEXiPM in France 2012 

 

 

Figure 4B. Results of DEXiPM in France 2013 
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Figure 4C. Results of DEXiPM in France 2014 

 

 

Figure 4D. Results of DEXiPM in France average 2012-2014 
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2.2 On farm experiments 

In the on farm experiments separate IPM-tools for weed control and ECB control were tested 

(Table 5). In the conventional tool weed control is done by a broadcast spraying, no 

mechanical operations were done except for the experiments in Italy were a hoeing was done 

to incorporate the urea fertiliser being a common practice. ECB control in the conventional 

treatment was only done in Italy and Hungary (only 2011-2012) by a spraying with a broad 

spectrum insecticide. In Hungary (2013-2014), France and Slovenia no treatment was done. 

 

Table 5. Tested IPM tools for weed control and ECB control. 

 IPM-tool Country Years 

Weed control Band spraying + 1-2* hoeing Germany 2011-2014 

  Italy 2013-2014 

  Hungary  2013-2014 

  Slovenia 2013-2014 

 Harrowing + low dose spraying Slovenia 2011-2012 

 Spraying based on scouting + predictive model Italy 2011-2012 

    

ECB control Trichogramma release Italy 2011-2012 

  Hungary 2011-2012 

  Slovenia 2011-2012 

  France 2011-2012 

 Bacillus thuringiensis spraying Italy 2013-2014 

  Hungary 2013-2014 

  Slovenia 2013-2014 

 

 

Cost benefit analysis 

 

Weed control 

 The difference in total variable costs between the IPM and conventional strategy ranged 

from -€80 to +€30/ha (Figure 5, left). Averaged over all tested tools the difference in costs 

was -€5/ha. 

 The difference in gross margin between the IPM and conventional strategy ranged from -

€105 to +€60 €/ha (Figure 5, right). Averaged over all tested tools difference in gross 

margin was -€30/ha. 
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 No significant differences in yield between CON and IPM-WEED were observed (Figure 

6). 

 

 

 

Figure 5. Difference in total variable costs (left) and gross margin (right) between the 

IPM WEED and CON strategy (band+hoe = band spraying + 1-2 hoeings, Pred 

model = only spraying when indicated by scouting and predictive model, Low 

dose = harrowing + low dose spraying). 

 

 

 

Figure 6. Yield CON versus IPM-WEED for the tested IPM tools (band+hoe = band 

spraying + 1-2 hoeings, Pred model = only spraying when indicated by 

predictive model, Low dose = harrowing + low dose spraying). 
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ECB control 

 The difference in total variable costs between the IPM and conventional strategy ranged 

between +€5 to +€140/ha (averaged over all tested systems +€70/ha) (Figure 7, left). If 

only the trials in which a spraying was done in the CON treatment (Italy 2011-2014 and 

Hungary-2011-2012) were taken into account the total costs increase ranged from +€5 

(Bt-spraying) to+€20/ha (Trichogramma release) for Italy and +€70/ha (Trichogramma 

release) for Hungary. 

 The difference in gross margin between the IPM and conventional strategy ranged from -

€155 to +€75 €/ha (averaged over all tested tools -€55/ha) (Figure 7, right). No significant 

effects on yield were observed (Figure 8). If only the trials in which a spraying was done 

in the CON treatment (Italy 2011-2014 and Hungary-2011-2012) were taken into account 

the difference in gross margin ranged from -€110 (Bt-spraying) to+€5/ha (Trichogramma 

release) for Italy and -€5/ha (Trichogramma release) for Hungary. 

 

 

Figure 7. Difference in total variable costs (left) and gross margin (right) between the 

IPM ECB and CON strategy (Trichogramma = Trichogramma release, Bt-

spraying = spraying with Bacillus thuringiensis). 
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Figure 8. Yield CON versus IPM-WEED for the tested IPM tools (Trichogramma = 

Trichogramma release, Bt-spraying = spraying with Bacillus thuringiensis). 

 

 

Soil pest control 

As described in paragraph 2.3 in the experiments in Italy and in a part of the experiments in 

Slovenia, additionally the effects of chemical treatment against soil pests were tested. These 

plots were not included in the cost-benefit analysis, however, soil insecticide application 

never increased yield. Therefore, it can be concluded that the implementation of IPM 

principle (no treatment when the pest is below the threshold) will result in a decrease of costs 

and will improve the gross margin. 
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Environmental risks 

In Table 6A-C the results of th SYNOPS calculations are given. Table 4C gives the results for 

all separate experiments. In Table 6A and 6B the results are summarized.  

 

In all countries in the CON treatment the risks for terrestrial life are already low to very low. 

The risks for aquatic life are high in all countries. The tested IPM tools decrease the risk, 

however, the risk is still on a high level. The IPM tool reduces the risk to al lower level 

mainly due to a decreased used of herbicides. 

 

Table 6A. Results of SYNOPS calculations (average of tools, sites and years). 

 

 

Table 6B. Results of SYNOPS calculations (average of sites and years). 

 

 

  

Acute Chronic

Aquatic Terrestrial Aquatic Terrestrial

GE CON 0.60 0.00 5.32 0.01

IPM 0.41 0.00 3.61 0.00

SI CON 0.39 0.01 2.85 0.12

IPM 0.19 0.00 1.24 0.02

HU CON 0.32 0.00 3.06 0.02

IPM 0.24 0.00 2.24 0.01

IT CON 0.44 0.00 3.00 0.10

IPM 0.27 0.00 1.39 0.03

Acute Chronic

Aquatic Terrestrial Aquatic Terrestrial

GE Band+hoe CON 0.60 0.00 5.32 0.01

IPM 0.41 0.00 3.61 0.00

SI Low dose CON 0.38 0.01 2.57 0.12

IPM 0.12 0.00 0.47 0.00

Band+hoe CON 0.39 0.01 3.13 0.13

IPM 0.26 0.00 2.02 0.04

HU Band+hoe CON 0.32 0.00 3.06 0.02

IPM 0.24 0.00 2.24 0.01

IT Pred model CON 0.50 0.01 3.45 0.11

IPM 0.23 0.00 0.37 0.00

IT Band+hoe CON 0.38 0.00 2.55 0.09

IPM 0.32 0.00 2.42 0.05
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Table 6C. Results of SYNOPS calculations (results per experiment). 

 

Acute Chronic

Aquatic Terrestrial Aquatic Terrestrial

Band+hoe 2011 HE1/2 CON 0.61 0.00 5.47 0.01

IPM 0.40 0.00 3.50 0.00

2012 HE1/2 CON 0.62 0.00 5.46 0.01

IPM 0.42 0.00 3.69 0.00

2013 HE1/2 CON 0.56 0.00 4.94 0.01

IPM 0.40 0.00 3.52 0.00

2014 HE1/2 CON 0.61 0.00 5.43 0.01

IPM 0.42 0.00 3.73 0.00

Low dose+harrow 2011 Rac CON 0.38 0.01 2.73 0.12

IPM 0.12 0.00 0.55 0.00

JAB CON 0.37 0.01 1.96 0.09

IPM 0.08 0.00 0.14 0.00

2012 Rac CON 0.39 0.01 2.80 0.13

IPM 0.13 0.00 0.62 0.00

JAB CON 0.39 0.01 2.78 0.13

IPM 0.14 0.00 0.56 0.00

Band+hoe 2013 SLO1 CON 0.40 0.01 3.14 0.13

IPM 0.26 0.00 2.02 0.04

SLO2 CON 0.39 0.01 3.08 0.13

IPM 0.26 0.00 2.00 0.04

2014 SLO1 CON 0.40 0.01 3.15 0.13

IPM 0.26 0.00 2.03 0.04

SLO2 CON 0.40 0.01 3.14 0.13

IPM 0.26 0.00 2.02 0.04

Band+hoe 2013 HU1-4 CON 0.32 0.00 3.01 0.02

IPM 0.24 0.00 2.21 0.01

2014 HU1-4 CON 0.33 0.00 3.11 0.02

IPM 0.24 0.00 2.26 0.01

Scouting+model 2011 RAV CON 0.34 0.00 2.60 0.09

IPM 0.00 0.00 0.00 0.00

BER CON 0.34 0.01 2.68 0.12

IPM 0.00 0.00 0.00 0.00

DI CON 0.51 0.01 3.68 0.14

IPM 0.00 0.00 0.00 0.00

SR CON 0.31 0.00 2.41 0.08

IPM 0.00 0.00 0.00 0.00

VV CON 0.69 0.01 5.68 0.15

IPM 0.00 0.00 0.00 0.00

Scouting+model 2012 RAV CON 0.34 0.01 2.64 0.12

IPM 0.00 0.00 0.00 0.00

BER CON 0.34 0.01 2.74 0.15

IPM 0.01 0.00 0.36 0.00

DI CON 0.44 0.01 3.42 0.13

IPM 0.62 0.00 0.88 0.00

SR CON 0.31 0.00 2.38 0.08

IPM 0.32 0.00 0.47 0.00

VV CON 1.36 0.01 6.22 0.14

IPM 1.36 0.00 1.95 0.00

Band+hoe 2013 RAV CON 0.34 0.00 2.66 0.10

IPM 0.30 0.00 2.29 0.05

BER CON 0.29 0.00 2.13 0.05

IPM 0.27 0.00 1.99 0.04

DI CON 0.53 0.00 0.74 0.00

IPM 0.35 0.00 2.57 0.05

SR CON 0.32 0.00 2.39 0.06

IPM 0.30 0.00 2.24 0.04

Band+hoe 2014 RAV CON 0.33 0.00 2.50 0.08

IPM 0.29 0.00 2.21 0.04

BER CON 0.34 0.01 2.70 0.12

IPM 0.30 0.00 2.31 0.06

DI CON 0.53 0.01 4.28 0.16

IPM 0.41 0.00 3.18 0.08

SR CON 0.39 0.01 3.02 0.13

IPM 0.33 0.00 2.57 0.06
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