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Introduction
A long-term field experiment comparing the agronomic, economic and environmental performance of 
current practice and two IPM strategies (named IPM1 and IPM2) in winter wheat-based crop rotations 
was initiated at Flakkebjerg Research Centre in 2011. The experiment is one of 6 long-term on-station 
experiments, of which the other 5 are located in France (2 locations), Germany, Poland and Scotland, 
conducted as part of PURE, an EU FP7 project finishing 1 March 2015.  

The trial will continue for another 3 years, and more definitive conclusions will have to wait until the 
results of the coming years’ cropping are available, but in this paper we present the results from the first 
3 years and the preliminary conclusions that can be made.    
 
Materials and methods
The experiment in Denmark has only run for three years corresponding to one rotation. Three cropping 
systems were compared reflecting (1) common agricultural crop protection practice (current system), 
(2) an intermediate level of IPM, combining existing IPM tools with pesticides (intermediate IPM), and 
(3) an advanced level of IPM with a reduced reliance on pesticides and increasing adoption of cultural 
and non-chemical IPM tools (advanced system). Crop rotation and cultivation practices for each system 
are shown in Table 1. An aerial photo of the experimental site is shown in Figure 1.

Table 1. Description of the three cropping systems (WW=winter wheat (1 and 2 indicate first and sec-
ond year WW), WOSR=winter oilseed rape, SB=spring barley, SO=spring oats, FR=fodder radish (cover 
crop), CPO=Crop Protection Online). 

Current system (CS) Intermediate IPM (IPM1) Advanced IPM (IPM2)
Crop rotation WW1-WW2-WOSR WW-SB-WOSR WW-SO (FR)-WOSR
Soil cultivation Mould board ploughing Mould board ploughing Mould board ploughing
WW cultivar Hereford Maribos Cultivar mixture
Time of sowing (WW) Early September Mid-September Mid-September 

(+false seed bed)
WW crop plant density 300-350 plants/m2 300-350 plants/m2 300-350 plants/m2

Fertiliser Danish quota Danish quota (split) Danish quota (split)
Diseases
WW

WOSR
SB
SO

Current practice
(reduced dose)
Current practice
 

CPO
CPO

CPO

CPO
CPO

None
Pests
WOSR
WW
SB
SO

Current practice
Current practice

CPO
CPO
CPO

CPO
CPO

CPO
Weeds
WW

WOSR

SB
SO

Current practice
(autumn + spring)
Current practice

Autumn (reduced dose) + spring 
(CPO)
Inter-row cultivation + band 
spraying
CPO

Only spring (CPO)
Mechanical
Inter-row cultivation only

CPO
Weed harrowing only
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Besides the treatment listed in Table 1, in the first two years some of the plots were patch-sprayed with 
MCPA against Cirsium arvense. No plant growth regulators were applied.

All crops in the rotations were grown every year and each treatment was replicated three times (27 plots 
in total). 

Weed species and numbers were determined at the onset of the experiment and soil samples were col-
lected for determining the soil seed bank (data not shown). Weed numbers and biomass were assessed 
prior to treatment when CPO was used and again approximately. 3 weeks after the last treatment. Dis-
eases and pests were monitored according to the CPO guidelines. Crops were harvested at maturity and 
yields were determined at 85% and 91% dry matter content for cereals for oil seed rape, respectively.

A cost-benefit analysis including all variable costs was conducted and the average gross margin of each 
cropping system was calculated for each year by subtracting production costs from income. Income was 
calculated as the actual commodity prices of the grain and oilseed rape seeds. Production costs was cal-
culated by putting in the actual costs of inputs such as fertilisers, pesticides, etc., while the costs of field 
operations such as ploughing, inter-row cultivation, etc. were estimated using standard values. 

Pesticide use was assessed by calculating the Treatment Frequency Index, and the potential health and 
environmental impact was assessed by calculating the Pesticide Load, a new Danish pesticide impact 
indicator, for each cropping system. For more information on the indicator, see www.mst.dk.  
 

 

 

 

 

 

 

 
 
 

Results and discussion
Effects on weeds
Overall, weeds were controlled effectively in all three systems and weed biomass in June was generally 
low. Nonetheless, weed biomass in the cereal crops was significantly higher in the advanced IPM system 
than in the two other systems except for second year WW in the current system (Figure 2). 

Inter-row cultivation in winter oilseed rape was very effective in all three years; however, in the ad-
vanced system in which inter-row cultivation was not combined with band spraying with clopyralid, sig-
nificant numbers of Tripleurospermum inodorum were observed in the rows. No effects were observed 
on yields but the seeds produced by the surviving T. inodorum plants could pose problems later in the 
crop rotation. Actually, high numbers of T. inodorum were observed in the third cropping year when the 
seeds shattered in the first year were brought back to the upper soil layer by ploughing.

Figure 1. Aerial photo of the experimental site.
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Effects on disease and pests         
In winter wheat, Septoria disease dominated during the 3 seasons. The level of attack varied depend-
ing on the cultivars grown. In general, the level of diseases was lowest in the cultivar mixture grown in 
IPM2.  As an average of the 3 years, there was a clear ranking of attack between the 3 systems. Severe 
attack was seen in the most susceptible cultivar - Hereford, less in Mariboss and least in the cultivar 
mixture grown in IPM2. In the spring crops - spring barley and spring oats - only limited levels of dis-
ease attack were present. In oil seed rape, no attack of Sclerotinia was seen in any of the years and only 
minor attacks of blossom beetles were found in the trials during the 3 years. Similarly, aphids were not 
a major problem in cereals.

Yields
Crop yields within cropping systems and years revealed some differences (Table 3). In 2012, winter 
wheat yields were similar for the current and IPM1 systems, while the yield in the IPM2 system was 
lower due to severe weed competition until it was effectively controlled in late April. In 2013, the higher 
winter wheat yield in the conventional system was due to its earlier sowing time than the other two sys-
tems, presumably making the conventional wheat more resistant to the harsh winter in 2012/2013 and 
the drought in the spring of 2013. No major yield differences for winter wheat were encountered among 

Figure 2. Weed biomass in cereal crops in late June 2014 (back-transformed LSMs). 

Table 2. Per cent of Septoria attack on the flag leaf of winter wheat assessed at GS 75. The treatments 
in treated oats varied from 0 to 2 treatments.

% attack of Septoria on flag leaves
2012 2013 2014 Average

CS        Untreated 10.0 30.0 53.0 31.0
CS        Treated 0.7 3.0 21.0 8.2
IPM1    Untreated 0.1 32.0 21.0 17.7
IPM1    Treated 0 3.0 2.2 2.6
IPM2    Untreated 0.5 0.7 13.0 4.7
IPM2    Treated - 0 7.3 -
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the three systems in 2014. Overall, the variation in winter wheat yields between years was more variable 
in the IPM2 system than in the other two cropping systems.  

Winter oil seed rape produced consistent yields across cropping systems within all three years despite 
differences in row spacing and herbicide inputs. Very dry growing conditions prevailed in the spring and 
early summer of 2014, which may have caused the relatively low yields of the two spring cereals in that 
particular year (Table 3).

Cost-benefit analysis
The outcome of the cost-benefit analysis is shown for each cropping system and the years 2013 and 2014 
in Table 2. The 2012 results were omitted from the analysis because there was no second year winter 
wheat crop in that year. 

The gross margins for all cropping systems were higher in 2013 than in 2014 and for the two IPM sys-
tems even higher in 2012. Besides yield variations the key factor determining the gross margin was 
commodity prices that went down significantly from 2013 to 2014. In contrast, production costs varied 
very little between cropping systems and years. In both 2013 and 2014, the current system had a higher 
gross margin than the two IPM systems, and the IPM1 system was consistently performing better than 
the IPM2 system (Table 4).  

In the IPM1 and IPM2 systems, second year winter wheat was replaced by spring barley and spring oats. 
In 2013 the gross margins of the spring cereal crops were comparable to that of the second year winter 
wheat crop while in 2014, due to the very high winter wheat yield, gross margins of the spring cereal 
crops were significantly lower.

Table 3. Least square means (LSM) of crop yields (t ha-1) from mixed analyses on cropping system and 
crop effects. LSMs are shown for each crop type within cropping system and year. LSMs for similar crop 
having different letters within years are significantly different (P<0.05). Standard errors from the mixed 
analyses are given in parentheses.

Year Crop type Cropping system
CS IPM1 IPM2

2012 Winter wheat 10.95a (0.411) 10.11a (0.582) 6.69b (0.582)
Winter oil seed rape 3.23a (0.391) 3.05a (0.391) 3.25a (0.391)
Spring cereals: barley - 8.02a (0.409) -
Spring cereals: oats - - 6.68a (0.409)

2013 Winter wheat 9.10a (0.556) 6.34b (0.556) 6.34b (0.556)
Winter wheat 2nd year   7.70ab (0.556) - -
Winter oil seed rape  3.97a (0.087) 4.02a (0.087) 3.90a (0.087)
Spring cereals: barley - 6.00a (0.666) -
Spring cereals: oats - - 6.45a (0.666)

2014 Winter wheat 8.77ab (0.609) 9.31b (0.609) 8.40a (0.609)
Winter wheat 2nd year 9.33b (0.609) - -
Winter oil seed rape 4.69a (0.221) 4.58a (0.221) 4.28a (0.221)
Spring cereals: barley - 6.00a (0.627) -
Spring cereals: oats - - 5.35a (0.627)
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Treatment Frequency Index (TFI) and Pesticide Load (PL)
The TFI and PL values for each cropping system and each year is shown in Table 5.

The TFIs of IPM1 and IPM2 were on average 44 and 80% lower than that of the current system. The 
TFI of the current system was comparable to the average national TFI values reported in the annual 
“Bekæmpelsesmiddelstatistik (see www.mst.dk) . For example in 2012, the average TFI of winter cereals 
and winter oilseed rape was 2.81 and 3.24, i.e. the average national TFI of a crop rotation consisting of 
two winter wheat crops and one oilseed rape crop would be 2.95, which is not different from the value 
of 2.90 calculated for  the experiment. In 2013 the average national TFI of a crop rotation similar to the 
current system was 2.98, being slightly higher than the value of 2.63 calculated for for the experiment.

Throughout the 3 years, pesticides were not selected with the objective to minimise the PL. For example, 
prosulfocarb was applied in the IPM1 system although this is one of the herbicides with the highest PL 
value per recommended dose. Similarly, fungicide and insecticide recommendations from CPO were 
strictly followed whether the decision support system proposed products with a high or low PL value. 
Nonetheless reductions in PL were comparable to those of the TFI with reductions of 49 and 81%, re-
spectively.      

Conclusions
The results of the first 3 years have shown that weeds could be effectively controlled with reduced her-
bicide doses (winter wheat) and partial or complete replacement of herbicides by mechanical weeding 
(winter oilseed rape and spring oats). Except for winter wheat in the first year, weeds were not assumed 
to have caused yield reductions. The long-term experiment was established in a field that had been 
farmed organically for  several years and although spring barley was cultivated in the whole field the 
year before initiating the experiment, weed infestation was high albeit dominated by dicotyledonous 
weed species in contrast to many farmers’ fields where grass weeds are the main weed issue. Thus the 
acceptable effect of the integrated and non-chemical weed control methods could not be ascribed to a 
low weed density. A conclusion also supported by the significant yield loss in the IPM2 system in 2012. 

Table 4. Average gross margins (EUR/ha) for each cropping system. 

Harvest Cropping system
year CS IPM1 IPM2
2012
2013
2014

747
299

1079
608
190

815
523
92

Average
2013-2014 523 399 308

Table 5. The TFI and PL values for each cropping system and each year.    

Harvest
Year

Cropping system
TFI PL

CS IPM1 IPM2 CS IPM1 IPM2
2012 2.90 1.96 0.66 2.45 2.08 0.57
2013 2.63 1.18 0.53 2.78 1.48 0.51
2014 1.98 1.08 0.24 2.75 1.85 0.39
Average 2.51 1.41 0.48 2.65 1.36 0.50
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Disease control mainly focused on Septoria in winter wheat. The level of attack was highly influenced by 
the cultivars chosen. The yield reductions seen in IPM2 and IPM3 cannot be linked to the lack of disease 
management but is more linked to delayed sowing.
 
Delayed sowing was one of the IPM tools that were applied in the IPM1 and IPM2 systems. Delayed 
sowing can reduce weed infestation and minimise the risk of some of the most important cereal dis-
eases like Septoria and barley yellow dwarf virus, which is spread by aphids in early autumn and may 
require insecticide treatments. The main risk associated with delayed sowing is early onset of the winter 
hampering plant growth and especially root development. If early onset of the winter is followed up by 
a dry spring, then the reduced root volume can result in crop plants being drought stressed early in the 
season. This was most likely the cause of the significant yield reduction of approx. 30% in the IPM1 and 
IPM2 systems in 2013. In contrast, the winters of 2012 and 2014 were mild and yield differences could 
not be attributed to delayed sowing. 

The outcome of the cost-benefit analyses clearly showed that IPM, as it was implemented in the present 
experiment, was associated with a loss of income. Production costs were similar in all systems, i.e. the 
costs of inter-row cultivation, weed harrowing, etc. were made up by the reductions in pesticide costs. 
However, due to overall lower yields in winter wheat and the replacement of second year winter wheat 
by spring barley and spring oat the overall gross margins of the IPM1 and IPM2 systems were on average 
24 and 41% lower, which would be unacceptable to farmers. The benefits of the IPM systems were very 
pronounced reductions in pesticide use (TFI) as well as in the potential impact of the pesticide on health 
and environment (PL) particularly in the IPM2 system. 

An ongoing discussion is whether the benefits of IPM in terms of lower pest infestations due to for exam-
ple a more diverse crop rotation in the long term will make it up for short-term yield losses. The present 
experiment cannot answer this question as it has only been running for three years but the economic 
losses observed within the first three years were significant and question whether farmers will adopt 
such changes. The experiment will be continued for another three years and at that time we can or will 
be in a better position to answer the question of long-term benefits of IPM versus short-term losses. Up 
till now, no shifts were observed in the composition of the weed flora but this may become more appar-
ent in three years’ time. Finally, it should be stressed that this experiment represents just one location 
and one cropping system and therefore more general conclusions cannot be drawn. Fortunately, the five 
other experiments within the PURE project will also continue and with results from six experiments 
running for six years at six locations more firm conclusions can be drawn.
                                                          




