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Executive Summary  

This report summarises recent changes in pesticide use (2005-нлмнύ ƛƴ ǘƘŜ D²/¢Ωǎ {ǳǎǎŜȄ {ǘǳŘȅΣ 

considers the use of seed treatments for the first time, and examines the effect of this pesticide use 

on invertebrate food resources for farmland birds.  This work covers a period that has seen both the 

expansion of agri-environmental management directed towards reversing the trend of declining 

farmland flora and fauna as well as changes in pesticide availability due to legislation and agri-

chemical development.  The analysis on which this report is based draws on a unique dataset, the 

D²/¢Ωǎ Sussex Study, which has monitored both the farming decisions and the cereal ecosystem on 

62 km2 of the Sussex Downs since 1970.  This study is the longest running cereal ecosystem 

monitoring exercise in the world and collates information on cropping, pesticide use, cereal weeds 

and invertebrates.  Results from the analysis of this dataset allow long-term changes in crop 

management and the effects of these changes on cereal ecosystem biodiversity to be assessed.  Two 

earlier reports have examined changes in pesticide use and the effect of this use on the food 

resources of farmland birds (Ewald & Aebischer, 1999 and GCT, 2007).   

When the entire time span of the Sussex Study (1970 to 2012) is considered, there have been long-

term increases in every measure of foliar and residual pesticide use (herbicides, fungicides and 

insecticides), including the intensity of use.  Considering the recent time period, however, we found 

no significant changes from 2005 to 2012 compared to the period from 1970 to 2004 in the overall 

use or intensity of use of pesticides in Sussex (Ewald & Aebischer, 1999 and GCT, 2007). This 

stabilisation reflects changes in cropping on the study area, with recent declines in the area sown to 

winter wheat and an increase in spring cereals and break crops.  On average, over half of all winter 

cereals and break crops planted since 2005 on the study area were treated with seed treatments 

containing neonicotinoids.  We did not find that the use of neonicotinoid seed treatments in winter 

cereals reduced the number of subsequent foliar insecticide applications; in fact we found that, 

conversely, winter cereals treated with neonicotinoids were more likely to be treated with foliar 

insecticides.  This may reflect either farmer risk-aversion or timing of the sowing of crops. 
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We examined the trends in the average annual abundance of six invertebrate groups and three 

chick-food indices over the 43 years of the Sussex Study considered here.  Of these, all six 

invertebrate groups and three chick-food indices declined in the early part of the Sussex Study, in 

concert with the advent of foliar insecticide use across the area.  Two invertebrate groups, 

Carabidae & Elateridae and Aphididae, have declined over the whole of the Sussex Study, with no 

evidence of a recent recovery.  Four of the six invertebrate groups and all three chick-food indices 

have shown some signs of recovery in abundance, with the abundance of three groups in particular, 

Araneae & Opiliones, Chrysomelidae & Curculionidae and Non-aphid Hemiptera, increasing over the 

past ten years.   

The main finding of this work reinforced that of previous assessments of the Sussex Study dataset: 

foliar insecticide use, adjusted for the use of other types of pesticides, is associated with significantly 

lower abundances of all groups of chick-food invertebrates.  Additionally, the use of foliar insecticide 

is associated with a carry-over effect in the year following an application, with the abundance of 

seven of the nine chick-food invertebrate groups examined significantly lower.  With regard to seed 

treatment, aphid abundance was negatively affected by neonicotinoid seed treatments, with seed 

treatments as a group negatively impacting the abundance of four other chick-food invertebrate 

groups.  The overarching negative effect of foliar insecticide applications remained when controlling 

for seed treatments.  Our results indicate that foliar insecticide applications are more of a threat to 

the abundance of chick-food invertebrates examined here than the use of neonicotinoid seed 

treatments, in a cereal ecosystem.  The role and use of neonicotinoids should be considered in light 

of the wider suite of evidence, including their potential impact on the main groups of pollinators not 

monitored in this study.  
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1. Introduction  

In Britain, a large body of scientific evidence links agricultural intensification (including field 

enlargement, increasing chemical inputs, the polarization of farm types and a change from spring to 

autumn-sown crops) to declines in wildlife, encompassing farmland birds, invertebrates and arable 

flora (Potts 1986, Chamberlain et al. 2000, Benton et al. 2002, Boatman et al. 2004, Donald et al. 

2006, Potts et al. 2010). Invertebrates in agricultural environments provide a variety of ecosystem 

services, such as pollination, pest control and serve as food for farmland birds and other wildlife.  

The provision of all these is negatively affected by recent changes in agriculture (Geiger et al. 2010, 

Potts et al. 2010, Power 2010, Rusch et al. 2010, Holland et al. 2012). As global food demand 

increases (Schmidhuber & Tubiello 2007, Godfray et al. 2010, Chakraborty & Newton 2011), farm 

management, including pesticide use, is likely to intensify further in order to maintain and increase 

crop yields.   

Not only have increases in the intensity of pesticide use raised concerns, but so has the use of 

neonicotinoid-based products, particularly in relation to reported declines in pollinators (Blacquiere 

et al. 2012, Walters 2013, Godfray et al. 2014). A recent EU restriction (to be reviewed in two years) 

on the use of three neonicotinoid substances (clothianidin, thiamethoxam and imidacloprid) came 

into effect in December 2013 for flowering crops, but not winter-sown cereals (EC 2013).  The 

restriction was primŀǊƛƭȅ ƛƴǎǘƛƎŀǘŜŘ ŀǎ ŀ ƳŜŀǎǳǊŜ ǘƻ ƭƛƳƛǘ ǘƘŜ άƘƛƎƘ ŀŎǳǘŜ Ǌƛǎƪέ ǘƻ ōŜŜ ǎǇŜŎƛŜǎ 

(http://www.efsa.europa.eu/en/press/news/130116.htm), but the impact of neonicotinoids on 

other invertebrate taxa within the arable ecosystem needs to be considered too.  The impact of 

neonicotinoids on wildlife other than bees has received less attention, although reviews of their 

effects on other vertebrate and invertebrate wildlife have been published (Goulson 2013, Gibbons et 

al. 2014). A recent study implicated neonicotinoid pollution in the decline of farmland birds in the 

Netherlands (Hallmann et al. 2014), with the mechanism believed to be a decline in invertebrates 

that provide food resources to farmland birds in water bodies contaminated with neonicotinoids. 

http://www.efsa.europa.eu/en/press/news/130116.htm
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Monitoring and understanding long-term trends in pesticide usage will enable regulatory authorities 

to make educated decisions regarding their use. The DŀƳŜ ϧ ²ƛƭŘƭƛŦŜ /ƻƴǎŜǊǾŀǘƛƻƴ ¢ǊǳǎǘΩs Sussex 

Study has monitored cereal flora and invertebrates for over 40 years, from 1970 to the current day. 

The data on foliar/residual pesticide use in cereals on the study area have already formed the basis 

of two reports, one to the Joint Nature Conservancy Council (JNCC) in 1999 (Ewald & Aebischer 1999 

ς referred throughout this report as E&A 1999) and one to the Pesticide Safety Directorate 

(Department for Food, Environment and Rural Affairs) in 2007 (GCT 2007). These reports focused on 

the effect of foliar/residual pesticides (herbicides, fungicides and insecticides) on non-target arable 

flora and invertebrates, specifically on taxa that provided food resources for declining farmland 

birds. The last report indicated that the number of foliar insecticide treatments had increased from 

1970 to 1995, then stabilised up to 2004. There was no evidence of an increase in food resources for 

farmland birds between 1995 and 2004, but insecticide treatment showed a significant negative 

effect on the abundance of all chick-food invertebrates examined.  

What was not realised at the time of the last analysis was that, since 1996, some cereal and oilseed 

rape seed had been treated with neonicotinoid dressings.  This new study aims to untangle the 

effects of neonicotinoid seed treatment from that of foliar pesticides.  It examines the suggestion 

that the widespread uptake of neonicotinoid seed treatments has led to a decline in the use of foliar 

insecticide applications (Syngenta 2013) and considers the effect of insecticidal seed treatment on 

invertebrates eaten by birds, using the same approach that we previously applied to foliar and 

residual pesticides in GCT (2007).  Moreover, revisiting the effect of foliar/residual pesticides on 

invertebrates in the Sussex Study will determine whether there has been any change during a time 

when European directives have promoted the use of Integrated Pest Management (IPM), for the 

sustainable use of pesticides in arable agriculture (EC 2008, 2009).  More generally, the Sussex Study 

dataset, which is the longest running monitoring study of the arable ecosystem in the world, 

provides detailed insight into the impact of pesticides on the arable flora and fauna. Comparison of 

data from the Sussex Study with national usage figures (Garthwaite et al. 2006, 2010, 2011, 2013) 
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allows us to gauge how representative the results are likely to be for UK cereal-growing areas as a 

whole.  
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2. Materials and Methods  

Summary of data 
1. This project draws on a long-term monitoring study of the arable ecosystem, the Game and 
²ƛƭŘƭƛŦŜ /ƻƴǎŜǊǾŀǘƛƻƴ ¢ǊǳǎǘΩǎ Sussex Study (1970 - 2012). The Sussex Study covers 
approximately 62 km2 of the chalk-based Sussex Downs and collates information on crops, 
cereal weeds, cereal invertebrates and pesticide use; no effort is made to alter agronomic 
decisions within the study area, though farmers are kept informed of the findings of 
research carried out on their land. Farmers have changed but mainly through family 
succession (i.e. father replaced by son) and management practices have remained similar. 

2. Previous reports (Ewald & Aebischer 1999, GCT 2007) examined the effect of pesticide 
applications on weeds and invertebrates in cereals from the Sussex Study area over 1970 - 
2004. This project uses the same methodology to evaluate the impact of changing pesticide 
usage during the time period 2005-2012. 

3. We collated pesticide information from 2005 to 2012, including both foliar applications and 
seed treatment treatments applied to cereal fields.  

4. We divided herbicides, fungicides and insecticides according to their specificity and mode of 
action: 

- herbicide specificity: grass-weed specific, broadleaf-weed specific, and broad-
spectrum. 
- herbicide mode of action: pre-cultivation, contact, residual, and contact + residual. 
- fungicide mode of action: site-specific/non-penetrative and multi-site/penetrative. 
- insecticide mode of action: pyrethroids, non-systemic organophosphates, systemic 
organophosphates and carbamates (pirimicarb exclusively). 

5. We collected information on seed treatments used from 2003 to 2012.  Seed treatment was 
divided into those containing fungicide only and those that also included insecticides.  Seed 
treatments containing insecticides were divided into those that contained neonicotinoids or 
pyrethroids or a combination of neonicotinoids and pyrethroids.   

6. We examined the effects of pesticide use, including seed treatments, on the abundance of 
six invertebrate taxa and three derived indices important as avian chick-food.  

7. Conservation headlands were used in a proportion of these cereal fields each year. We 
examined the effect of conservation headlands on pesticide use in the remainder of the 
field. 

 

2.1 Study area 

From 1970 to the present day, The Game & Wildlife Conservation Trust has collected data on the 

invertebrate, plant and avian components of the cereal ecosystem, as well as on arable crop 

management, from 62 km2 of farmland on the Sussex Downs in southern England (Aebischer 1991; 

Ewald & Aebischer 1999; 2000; Potts 1986, 2012; Potts et al. 2010).  The study area is situated 

between the rivers Adur and Arun, the dominant soils are chalk rendzinas with abundant flint, 

isolated caps of clay on higher parts and post-glacial deposits along ǘƘŜ ƭƻǿŜǊ ǇŀǊǘǎ ƻŦ ŀ ǎŜǊƛŜǎ ƻŦ ΨŘǊȅ 

ǾŀƭƭŜȅǎΩΦ  ¢ƘŜ ŎǊƻǇǇƛƴƎ Ŏƻƴǎƛǎǘǎ ƻŦ ŀ ƳƛȄ ƻŦ ŎŜǊŜŀƭǎ όǿƛƴǘŜǊ ǿƘŜŀǘΣ ǎǇǊƛƴƎ ōŀǊƭŜȅ ŀƴŘ ǿƛƴǘŜǊ ōŀǊƭŜȅύ 
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with break crops (oilseed rape, linseed and peas) and some grass leys (established through direct 

sowing or undersowing).  Arable crops were classified into four types: break crops (fodder rape, kale, 

linseed, maize, oilseed rape, peas, beans and fodder beet), spring cereals (spring barley and spring 

wheat), winter barley/oats and winter wheat (including bearded wheat), with data collated on 

changes through time.   

No effort is made to influence the management undertaken by the farmers on the study area, 

although they are kept informed of the results of research carried out on their land and from other 

GWCT research. The farmers on the Sussex Study area have incorporated agri-environment in their 

management regimes since the UK instigated schemes to protect and enhance the environment. 

Beginning in 1987, several farmers entered land into the South Downs Environmentally Sensitive 

Area Scheme (ESA) which was particularly directed towards supporting extensive grazing, as well as 

conserving hedgerows and field margins and retaining overwinter stubbles. With the roll out of 

Environmental Stewardship in 2005, all of the farms signed up to the Entry Level Stewardship (ELS) 

and subsequently all have now joined the Higher Level Stewardship (HLS).  Each farmer has selected 

options from ELS/HLS that suit their management (Ewald et al. 2012, Potts 2012).  Several farmers 

have chosen to focus on ELS options (and their HLS equivalents) included in the Farmland Bird 

Package (Winspear et al. 2010) with three farmers using conservation headland options (EF9, EF10, 

HF9, HF10, HF14), three beetle banks (EF7, HF7) and four wild bird seed mixtures (EF2, EF3, HF2, 

HF12). 

 

2.2 Data collection  

2.2.1 Pesticide data  

Detailed data were collected on the application of herbicides (foliar and residual), fungicides (foliar 

and seed treatment), insecticides (foliar and seed treatment), molluscicides and growth regulators.  

Information regarding the rate and timing of an application was collected, if available. In most cases, 

farmers recorded the compounds that they applied to their fields as trade names, not active 
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substances.  Information on active substances was obtained from the UK Pesticide Guide 

(http://www.plantprotection.co.uk/ ύΣ ǇǊƻŘǳŎǘ ƭŀōŜƭǎ ƻǊ ŘƛǊŜŎǘƭȅ ŦǊƻƳ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜǊǎΩ website.  

All available pesticide information was then entered into a GIS (MapInfo Professional 11.0) on a 

field-by-field basis.  Data concerning applications of molluscicides and growth regulators were not 

extensively or consistently recorded and were excluded from analysis.  Information on the use of 

seed treatments was available on a subset of the dataset, beginning reliably in 2003.  

We considered pesticide use coded as both yes/no and as the number of applications.     

The timing of pesticide applications was described by two variables, one for each application period, 

each coded yes/no.  The first variable identified autumn/winter applications (post-harvest from the 

previous year until the end of February).  The second variable identified spring/summer applications 

(beginning of March until the time of invertebrate sampling in June).   

Herbicides were divided initially into three groups based on the type of plants that they were 

effective against, namely dicotyledons (broad-leaved weeds), monocotyledons (grasses) and both 

classes of plants.  They were also divided into four groups reflecting the mode of action and timing 

of application of the products involved: herbicides applied pre-cultivation (usually very broad-

spectrum), those effective only on contact with weeds, residual-acting herbicides, and ones that 

were effective both on contact and as a residual.   

Fungicides were divided on the basis of their activity into two groups, ones that acted on a specific 

target in the pathogen (site-specific and penetrative) and ones that acted against multiple targets in 

the pathogen (multi-site and non-penetrative).   

Foliar insecticides were divided into four groups, reflecting the chemical class of the active 

chemicals:  pyrethroids, systemic organophosphates, non-systemic organophosphates and 

carbamates.  Pirimicarb was the only compound recorded in the carbamate group, and this group is 

henceforth referred to as pirimicarb.  

Seed treatments were divided into ones that were directed only towards fungal diseases (fungicide 

only) and ones that contained insecticide as well.  The insecticide dressings were subdivided into 

http://www.plantprotection.co.uk/
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neonicotinoids, pyrethroids and neonicotinoid and pyrethroid mixes.  One farm had not used seed 

treatments at all, reƭȅƛƴƎ ƻƴ άƪŜǇǘ ǎŜŜŘέ ǘƘŀǘ ǿŀǎ ǘŜǎǘŜŘ ŦƻǊ ŘƛǎŜŀǎŜ ōŜŦƻǊŜ ŘǊƛƭƭƛƴƎ ŦǊƻƳ нлло ǘƻ 

нлмнΦ  ¢ƘŜ ŦŀǊƳŜǊ ƛƴ ǘƘƛǎ ƛƴǎǘŀƴŎŜ ŎƻƳƳŜƴǘŜŘ ά²Ƙȅ ǘǊŜŀǘ ŦƻǊ ŀ ǇǊƻōƭŜƳ ǘƘŀǘ ŘƻŜǎ ƴƻǘ ŜȄƛǎǘΚ1έ 

In addition to pesticide use in the current year, within each field, information concerning pesticide 

use and crop type in the previous year was extracted.  This ŀƭƭƻǿŜŘ ŦƻǊ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ŀ άcarry-ƻǾŜǊέ 

effect. 

2.2.2 National Pesticide data  

Data on national pesticide use on arable crops from 2006 to 2012 is published in a series of Pesticide 

Usage Survey reports (Garthwaite et al. 2006, 2010, 2011, 2013), providing data grouped by crop 

type for Great Britain (2006, 2010) and UK (2011, 2013). We followed Davis et al. (1993) and 

Garthwaite et al. (1995) in using the άpercentage of area treated with pesticides in any one yearέ as 

the total cropped hectarage treated divided by the total cropped hectarage, multiplied by 100.  We 

also calculated the spray area, which takes into account the number of times a field is treated with a 

pesticide (if a field is treated twice then its spray area is twice the area of the field).  This value is 

then transformed to percentage spray area by dividing total spray area by total cropped area and 

multiplying by 100.  The corresponding figures for the Sussex Study were calculated by summing, for 

all cropped fields, the number of pesticide applications in a field multiplied by the cropped area of 

that field, dividing this figure by the total cropped area, then multiplying by 100 to give a 

percentage.   

We used both the national percentage area of crops treated with pesticides and the national 

percentage spray area for comparison with figures from Sussex.  The average number of applications 

per treated field was also included in the analysis, as a measure of intensity of pesticide use. 

                                                           
1
 No information is available on crop failures or yields within the Sussex Study dataset.  Using paired t-tests, to 

compare the use of pesticides on this farm to the remainder of the Sussex Study area from 2003 to 2012, the 
proportion of arable cropping on this farm treated with herbicides (t9 = 0.68, P = 0.511) and fungicides (t9 = 
0.82, P = 0.435) was equal to that across the remainder of the study area while the proportion treated with 
insecticides was lower (t9 = -2.33, P = 0.045).  Fewer applications of herbicides were used on this farm, 
compared to the remainder of the study area, when they were used ς i.e. the intensity of herbicide treatment 
was lower (t9 = -3.70, P = 0.005) but the numbers of fungicide (t9 = -1.25, P =0.244) and insecticide applications 
used were similar to the rest of the study area (t3 = -12.23, P = 0.001). 
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Weighted averages were calculated from the national figures, based on the annual crop composition 

in the Sussex Study area, to ensure that all comparisons between the two datasets were consistent. 

¢ƘŜ ΨhǘƘŜǊΩ ŎŀǘŜƎƻǊȅ of seed treatments in the national reports contained a wide range of active 

substances, including both fungicide and insecticides; this forced us to either knowingly over- or 

under-inflate the area treated with each type of seed treatmentΦ ²Ŝ ŜƭŜŎǘŜŘ ǘƻ ƛƴŎƭǳŘŜ ǘƘŜ ΨhǘƘŜǊΩ 

category with both insecticide and fungicides in our calculation of weighted national figures, 

reasoning that including these ΨhǘƘŜǊΩ seed treatments would provide ŀ ΨǿƻǊǎǘ ŎŀǎŜΩ ƴŀǘƛƻƴŀƭ 

estimate to compare with Sussex.   

2.2.3 Invertebrates  

The Sussex Study dataset contains information on the abundance of cereal invertebrates in 

approximately 100 cereal fields per year from 1970 to 2012.  Efforts were made to sample every 

cereal field across the study area each year.  Samples were collected in the third week of June using 

a Dietrick vacuum suction trap (D-Vac, Dietrick 1961) to take five ten-second sub-samples, each of 

0.092 m2, along a diagonal transect into the field.  The method of sampling needs to be considered 

when thinking about the results of this analysis.  D-vac suction sampling is known to sample 

invertebrates in the vegetation itself, with pitfall traps more useful for ground-dwelling and larger 

bodied invertebrates, particularly beetles (Sunderland et al., 1995).  D-vac sampling allows for 

efficient sampling on a limited budget with a short time period available for sampling.  An emphasis 

on continuity of methods and changes in invertebrate abundance is the key to extensive studies 

across several years, such as the Sussex Study. 

The invertebrate groups chosen for analysis were ones that figured prominently in the diet of 

farmland birds, especially at the chick stage. They included five from the first pesticide report (E & A 

1999), where taxa had been grouped according to five broad taxonomic categories:  

- Araneae & Opiliones (all sizes of spiders and harvestman)  

- Carabidae & Elateridae (adults of ground and click beetles)  

- Symphyta & Lepidoptera (adults, larvae and shed skins of sawflies, butterflies and moths) 
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- Chrysomelidae & Curculionidae (adults and larvae of leaf beetles and weevils) 

- Non-aphid Hemiptera (adults and nymphs of plant bugs/hoppers, excluding aphids) 

Another four were ones considered additionally in the second report (GCT 2007) and are included 

here: 

- Aphididae (adults & nymphs of aphids) 

- Grey partridge chick food index (CFI) = 0.00614* plant bugs/hoppers (adults & larvae) + 

0.0832* leaf beetles & weevils (adults & larvae) + 0.000368* aphids (adults & larvae) + 

0.1199* caterpillars ς Symphyta & Lepidoptera (adults & larvae) & Neuroptera+ 0.1411* 

ground & click beetles (adults) (Potts & Aebischer 1991). 

- Corn bunting Milaria calandra four-food index (4FI) = harvestmen (all sizes) + caterpillars 

(as above) + Orthoptera (grasshoppers & crickets ς all sizes) (Brickle et al. 2000). 

- Yellowhammer Emberzia citrinella index (YHI) = spiders (all sizes) + Tipulidae (crane flies - 

adults) + Coleoptera (beetles in general - adults) + plant bugs/hoppers (adults & larvae) + 

aphids (adults & larvae) + butterfly & moth caterpillars (Stoate et al. 1998, Moreby & Stoate 

2001). 

2.3 Statistical Analysis  

2.3.1 Trend in pesticide use  

The analysis was carried out on annual values calculated across the study area.  For herbicides, 

fungicides and insecticides we used linear regression to investigate trends over time in the annual 

percentage of cropped area treated with pesticides (transformed to radian angles), annual 

percentage spray area (ln(x+1)-transformed), annual number of pesticide treatments per treated 

field (ln(x+1)-transformed).  Trends were examined for the recent period 2005 to 2012 and the full 

period 1970 to 2012.  We tested for a linear and quadratic effect of year and also fitted a generalised 

additive model (GAM) of year with five degrees of freedom (one for every decade of data available).  

In order to select the model that best fit the trends through time, but which avoided over-fitting the 

data, we used an additional sum-of-squares F test to compare the relative difference in the sums of 
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squares divided by the relative difference in degrees of freedom between the nested models.  The 

best fitting trend was that which significantly fit the data but was the simplest in terms of minimising 

the degrees of freedom in the regression parameters.  We present only the results that best fitted 

the long-term trend. We used linear regression in the same way to investigate trends in the 

percentage of cereal area treated with herbicides and insecticides (transformed to angles) according 

to the timing of applications.   

We compared changes in the use of different types of herbicides (effective against dicotyledons, 

monocotyledons and broad-spectrum or pre-cultivation, contact, residual and contact & residual 

herbicides) as a percentage of the cereal area where herbicides were used, using the same method.  

Similarly, trends in groups of fungicide and insecticide by chemical activity as the percentage of the 

cereal area receiving, fungicide or insecticide respectively were also examined this way.  We 

compared area treated to the area where pesticides were used in order to compare trends in the 

use of different types of pesticides, when a farmer had made the decision to use a pesticide.   

We also used linear regression to examine the trend in use of seed treatments for the Sussex Study 

area (overall and by dressing type) using annual percentage cropped area treated (transformed to 

angles) from 2003 to 2012.  Because of the short run of years, we considered only a linear 

relationships with time for the seed treatments. 

2.3.2 Use of foliar pesticide sprays in relation to use of  neonicotinoid seed 

treatment s 

This analysis was carried out at the level of individual fields. We examined each of the five crop 

groups (spring cereal, winter wheat, winter barley/oats, autumn sown break crops and spring sown 

break crops) separately, as each have different insecticide treatment requirements and grouping 

them together would not produce interpretable results.  For break crop groups we not only analysed 

these as a group but also considered different specific crops (oilseed rape, winter beans in the case 

of autumn break crops and oilseed rape, fodder beet, peas and linseed in the case of spring break 

crops) due to the differences in management between them.  We considered foliar herbicide and 
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insecticide treatments in autumn and spring separately, coded as a binary variable (0 = no foliar 

pesticides; 1 = foliar pesticide applied to the field).  This was analysed using chi-square analysis (with 

¸ŀǘŜǎΩ ŎƻǊǊŜŎǘƛƻƴύ, where at least half of the expected values in a two by two contingency table were 

five or greater, to avoid problems with small sample sizes. 

2.3.3 Agri -environment Schemes (AES) and pesticide use  

General linear models were used to compare the area treated with herbicides, fungicides and 

insecticides (as well as seed treatments where available), the total spray area treated with each type 

of application and the number of applications on fields with AES options, i.e. conservation 

headlands, to those without these options, controlling for crop and year of study.  For each measure 

of pesticide use we first tested for an interaction between crops in the use of pesticides on fields 

with conservation headlands versus those without conservation headlands.  If a significant 

interaction was found we examined each crop separately, testing whether fields with conservation 

headlands differed from fields without conservation headlands in their foliar/residual pesticide use 

and in the seed treatments used.  If no significant interaction was identified then the analysis 

considered all crops together, again testing to see if having a conservation headland on the field 

edge influenced the decision to use pesticides in the middle of the field.   

2.3.4 Trends in i nvertebrate abundance  

The analysis was carried out on the annual mean number of invertebrates, and included samples 

across the study area. We used generalized linear models with Poisson error distribution and 

logarithmic link function, corrected for over-dispersion and weighted by the sample size, to 

investigate trends over time in the average annual abundance of each of the invertebrate groups.  

We tested for a linear and quadratic effect of year and also fitted a generalised additive model 

(GAM) of year with five degrees of freedom (one for every decade of data available). We presented 

the trend that best fitted the long-term trend, again selected using an extra sum-of-squares F test to 

select the most parsimonious model in terms of minimising the degrees of freedom in the regression 

parameters.  
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2.3.5 Invertebrate abundance in relation to pesticide use  

The analysis was carried out at the level of individual fields.  It sought to identify pesticide 

treatments that were associated with significant changes in invertebrate abundance, after 

accounting for crop and year effects.  It also checked whether any relationships changed between 

the two time periods (1970 - 2004 v. 2005 - 2012) by testing the interaction between period and the 

pesticide variable.  Pesticide treatment (coded as yes/no), the effect of multiple applications of 

pesticides and the timing of application of pesticides were all investigated in this manner.  From 

2005 to 2012, 91 locations where invertebrates were sampled were not treated with herbicides, 

owing to the presence of conservation headlands.  This allowed us to include herbicide treatment 

(yes/no) as a factor for this time period in the analysis. The uses of herbicide, fungicide and 

insecticide were examined simultaneously so that any detected effect took into account the use of 

other pesticides. For a given invertebrate group, the number in each sample was ln(x+1)-

transformed before analysis in order to normalise the distribution and stabilise the variance.   

Invertebrate abundance was related to the different groups of herbicides, fungicides and insecticides 

using general linear modelling. When testing for differences between groups of a particular pesticide 

type, e.g. insecticide, the effects of the other two pesticide types (e.g. herbicide and fungicide) were 

accounted for by including two binary variables (coded yes/no) ŀŎŎƻǊŘƛƴƎ ǘƻ ŜŀŎƘ ƻƴŜΩǎ ǳǎŜΦ 

The relationship between invertebrate abundance and pesticide use in the previous year was 

examined using general linear modelling.  In this analysis the effect of, in turn, herbicides, fungicides 

and insecticides in the current year, together with the effects of crop and year, were taken into 

account along with the crop of the previous year. 

The results of the analyses of invertebrate abundances were expressed as the percentage difference 

in adjusted mean density between treated and untreated fields relative to the mean density in 

untreated fields.  In practice it was calculated by exponentiating the regression coefficient of the 

treatment factor, subtracting one and multiplying by 100. 
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To evaluate the effects of seed treatment on invertebrate abundance, the dataset was restricted to 

fields for which seed treatment information was available.  The previous analyses were rerun, with 

the presence/absence of seed treatment, and seed treatment groups, as additional factors.   

2.3.6 Interpretation of statistical significance  

Because multiple tests were undertaken in the analyses, the likelihood of finding a significant 

difference solely by chance at the 0.05% level of significance is one in twenty.  The more tests are 

performed, the higher is the likelihood of finding such a difference by chance.  This should always be 

borne in mind when interpreting the results.  Generally speaking, we tended to disregard 

significance levels between 0.05 and 0.01, but considered that where P < 0.01 the null hypothesis 

was reliably rejected.  As well as examining the significance levels for individual taxa, we gave 

consideration to the overall pattern of effects across all taxa, whether or not statistically significant.  
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3. Results 

Summary of Pesticide Use Patterns 
1. Since the last analysis of the Sussex Study pesticide applications the proportion of the Sussex 

Study planted to break crops and spring cereals has increased from 2005, particularly so with 
the loss of set aside in 2008.  Winter cereals, which expanded in area from the 1980s, have 
declined.   

2. Pesticide use was measured as the percentage of arable crop area treated with herbicide, 
fungicides or insecticides, with intensity of their use measured as percentage spray area and 
as number of treatments per field.  Across the whole of the Sussex Study (1970 - 2012), all 
measures of pesticide use increased.  There was no significant change in any measure 
between 2005 and 2012, indicating that the early intensification in pesticide inputs in Sussex 
has stabilised. 

3. Herbicide use (percent area treated) in Sussex from 1970 to 2012 matched that across the 
UK but was less intense (measured as percentage spray area) than nationally.  Autumn 
applications of foliar herbicide have stabilised since 1990.  In Sussex after the mid-1990s the 
use of foliar herbicides in the spring increased, and remained steadily high between 2005 
and 2012.   

4. The use of broadleaf- and grass-specific herbicides increased after the mid-1990s, before 
stabilising in the latter part of the study. Broad-spectrum herbicide use increased until the 
1990s and has stabilised since then.  

5. Pre-cultivation and contact & residual herbicides both increased in usage between 1970 and 
2012. Contact herbicide use declined from 1970 to 1990, before steadily increasing and 
becoming almost uniformly applied by the late 2000s. Residual herbicide use increased from 
1970 to the late 1990s, before levelling off. 

6. Fungicide use (percent area treated) in Sussex from 1970 to 2012 matched that across the 
UK, whereas the intensity of fungicide use was lower than nationally. 

7.  The use of different types of site-specific foliar fungicides did not change over the duration 
of the study, while the use of multi-site foliar fungicides increased linearly between 1970 
and 2012.  

8. Insecticide use and intensity were equal to national figures. Autumn applications of foliar 
insecticide declined slightly over the last ten years, which could be a consequence of the 
move away from autumn sown crops to spring sown varieties.  Spring foliar insecticide 
treatments increased between 1970 and 2012 across the study area.  

9. Pyrethroid insecticides have been used at consistently high levels since the early 1980s. Non-
systemic foliar organophosphates showed a significant increase between 1970 and 2012, 
while systemic foliar organophosphates declined from 1970 onwards; they were last used on 
the study area in 2004. 

10. Data covering the use of seed treatments was available from 2003 to 2012. The use of 
fungicide based seed treatment was 28% higher across the Sussex Study than nationally. 
There was an increase in the use of insecticide seed treatments on Sussex, with the same 
trend present in the national figures; insecticide seed treatment use in Sussex matched 
national figures.  

11. Neonicotinoid seed treatments were used on winter cereals and break crops in Sussex from 
2003, with 20% of spring cereals treated with pyrethroid-based seed treatments from 2005 
onwards. 

12. Winter cereals treated with neonicotinoid seed treatments were more likely to be treated 
with either foliar herbicides or foliar insecticides in the autumn/winter. Winter break crops 
treated with neonicotinoid seed treatments were as likely as crops not treated with these 
types of seed treatments to receive either a foliar herbicide or a foliar insecticide treatment 
in the autumn/winter.  Fields of autumn-sown oilseed rape treated with neonicotinoid seed 
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treatment were less likely to be treated with autumn foliar insecticide than crops without 
neonicotinoid seed treatment but more likely to be treated with either a foliar herbicide or a 
foliar insecticide in the spring.  Spring-sown oilseed rape crops treated with neonicotinoid 
seed treatments were more likely to receive a foliar herbicide application in the 
spring/summer than spring oilseed rape crops without these seed treatments. 

13. Several farms within the study have undertaken management through the Higher Level 
Scheme (HLS, NE 2013b), including the use of conservation headlands, with limited foliar 
pesticide applications on cereal headlands.  We compared in-field foliar pesticide 
applications (percentage fields treated, percentage spray area and number of treatments) 
and seed treatment use between conservation headland fields and non-conservation 
headland fields.  There were no differences in fields with or without conservation headlands 
in the proportion that received foliar herbicide or fungicide treatments.  Fields of winter 
cereal with conservation headlands were more likely to be treated with foliar insecticides.  
The intensity of herbicide and fungicide applications (measured both as percentage spray 
area and number of treatments) were lower on fields with conservation headlands.  The 
percentage spray area of insecticides was higher on winter cereals with conservation 
headlands than fields without conservation headlands but there was no difference in the 
number of treatments.  The use of neonicotinoid seed treatments was more common on 
winter cereals that had conservation headlands.  

 

3.1 Trends in cropping  

The main change in the composition of crops grown in Sussex since 1970 has been the increase in 

winter wheat from the 1980s until 2005, with an increase in spring cereals since then and a 

subsequent decline in winter wheat (Figure 1).  Set-aside was an important component of the area 

until it was abolished in 2008, and there was an early shift from rotational grass to non-rotational 

grass in the late 1980s coinciding with the Environmentally Sensitive Area scheme. The area of break 

crops sown has steadily increased following the abolition of set-aside in 2008. 
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Figure 1. Changes in cropping through time on the Sussex Study area as percentage area per crop 
from 1970 ς 2012. 
 

3.2 Trends in pesticide use  

3.2.1 Trends in foliar herbicide use  

Overall, from 1970 to 2012, the percentage area treated with herbicide increased significantly (F1,41 = 

27.01, P < 0.001, Figure 2).  There were no significant changes in percentage treated area between 

2005 and 2012 for herbicide across the arable area (F1,6 = 0.20, P = 0.672). When compared with the 

national figures there was no difference between percentage area treated with herbicides (t14 = -

0.04, P = 0.967).  Percentage spray area showed the same pattern as treated area, with significant 

increases in herbicide use between 1970 and 2012 (F1,41 = 257.60, P < 0.001). There was no 

significant change in the percentage spray area of herbicide between 2005 and 2012 (F1,6  = 0.99, P = 

0.357).  Despite the increase, herbicide percentage spray area was lower on average compared with 

the national trend (25% lower) (t15 = -6.33, P < 0.001). Overall, the number of applications of 

herbicide increased significantly between 1970 and 2012 (F1,41 = 363.50, P < 0.001). There was no 

significant change in the number of applications of herbicide between 2005 and 2012 (F1,6  =0.80, P = 

0.406). 
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Figure 2. Long term trend in foliar herbicide usage in arable crops on the Sussex Study area (black 
line) and national figures (red squares). National figures are adjusted to reflect the cropping 
composition on the Sussex Study area. The treated area percentage of herbicide increased from 
1970 to 2012 (F1,41 = 27.01, P < 0.001).The spray area percentage of herbicide increased from 1970 
to 2012 (F1,41 = 67.53, P < 0.001). The number of treatments of herbicide also increased significantly 
between 1970 and 2012 (F1,41 = 363.50, P < 0.001). 
 

We examined trends in the timing of herbicide application on cereals (Figure 3).  Herbicide 

applications in the autumn/winter increased through the 1970s to the 1990s, and have stabilised 

since then (F2,40 = 29.40, P < 0.001) at, on average, 61% of the cereal area.  The percentage of the 

cereal area treated with spring/summer herbicide treatment was high at the beginning of the Sussex 

Study, with an average of 89% of the cereal area receiving herbicide treatment between 1970 and 

1985.  Use declined from 1986 to 1996 to an average of 61% of the area treated, increased to 87% 

from 1996 to 2000 and has subsequently increased again to an average of 90% of the study area 

treated since 2000.   
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Figure 3.  Trends through time in the timing of herbicide application. Autumn herbicide (F2,40 = 29.40, 
P < 0.001) increased from 1970 to the mid-1990s, before decreasing from then on. Spring herbicide 
(F5,37= 8.05, P < 0.001) usage declined from 1970 to 1990, before increasing and returning to the high 
values seen at the start of the study.  
 

We split herbicide treatments into groups based on specificity and groups based on mode of action 

(Figure 4).  The use of dicotςspecific herbicides was high in 1970, but declined steadily through to 

the early-1990s. Usage then increased until the early-нлллΩǎΣ ǿƛǘƘ ǘƘŜ ǘǊŜŀǘŜŘ ŀǊŜŀ ǇŜǊŎŜƴǘŀƎŜ 

similar to those seen at the start of the study. More recently the use of dicot-specific herbicides has 

started to decline.   Monocotςspecific herbicides were rarely used until the 1990s, averaging 3% of 

the area treated with herbicides before 1990, but their use became more widespread since 2000, 

with an average of 60% of the area treated with herbicides since then receiving at least one 

application of these compounds.  The use of broad-spectrum herbicides increased until the 

beginning of the 1990s; they have been used on an average of 74% of the area treated with 

herbicides since 1991.   
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Figure 4.  Trends through time in the type of herbicide used, grouped by specificity. Dicot-specific 
herbicide use declined from 1970 to 1990 but then steadily increased from 1990 to 2012 returning 
to levels similar to those in 1970 (F5,37 = 8.53, P < 0.001). Overall, from 1970 to 2012, there has been 
an increase in the use of monocot-specific (F5,37 = 42.35, P < 0.001), with a sharp increase during the 
1990s and early 2000s, before stabilising during the latter part of the 2000s. Broad-spectrum 
herbicide usage increased from 1970 through the 1990s, before stabilising and then declining slightly 
in the late 2000s (F2,40 = 31.10, P < 0.001). 
 

Considering herbicides grouped by mode of action (Figure 5), the use of pre-cultivation herbicides 

has increased, with some year-to-year fluctuations; over the last five years (2008-2012) 38% of the 

area treated with herbicides received this type of herbicide.  Although contact-acting herbicides 

were commonly used at the beginning of the Sussex Study (average 90% of the cereal area treated 

with herbicides from 1970 to 1974) their use declined until 1992, when only 28% of the area treated 

received this type of herbicide, with use expanding since then to an average of 94% over the past ten 

years.  Residual-acting herbicide use increased throughout the first two decades of the Sussex Study, 

with use levelling off in the latter part of the study, averaging 68% of the area treated over the last 

two decades.  Herbicides that have both a contact & residual action have increased in use 

throughout the study, with large year-to-year variation.  Use of contact & residual-acting herbicides 

was particularly high from 2001 to 2004 with an average 57% of the area treated with this type of 

herbicide.   



25 
 

 

Figure 5.  Trends through time in the type of the herbicide used, grouped by mode of action. Each 
mode of action showed a significant increase in usage between 1970 and 2012: pre-cultivation (F1,41 
= 25.04, P < 0.001) and contact & residual (F1,41 = 10.39, P = 0.002) herbicides both showed a linear 
increase across the whole time period. Contact herbicide use declined from 1970 to 1990, before 
steadily increasing and becoming almost uniformly applied by the late 2000s (F5,37 = 12.29, P < 
0.001). Residual herbicide use increased from 1970 to the late 1990s, before declining slightly 
throughout the 2000s (F5,37 = 17.96, P < 0.001). 
 

3.2.2 Trends in foliar fungicide use  

Overall, from 1970 to 2012, the percentage area treated with fungicide increased significantly (F1,41 = 

79.79, P < 0.001, Figure 6).  There were no significant changes in percentage treated area between 

2005 and 2012 for fungicide (F1,6 = 1.33, P = 0.291) and when compared with the national figures 

there was no difference between percentage area treated with fungicides on the Sussex Study area 

(t14 = 0.75, P = 0.478).  Percentage spray area showed the same pattern as seen for treated area, 

with significant increase between 1970 and 2012 for fungicide (F1,41 = 60.60, P < 0.001). Fungicide 

percentage spray area was significantly lower on the Sussex Study area than the crop weighted 

national figures (27% less on Sussex, t15 = -3.80, P = 0.002). There were no significant change in the 

percentage spray area of fungicide between 2005 and 2012 (F1,6 = 0.57, P = 0.478). Over the long-

term the number of applications of fungicide increased significantly between 1970 and 2012 
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(fungicide F1,41 = 125.60, P < 0.001), but there were no significant change in the number of 

applications of fungicide between 2005 and 2012 (F1,6 = 0.42, P = 0.541). The number of fungicide 

treatments on the Sussex Study area was 9% lower than the weighted national values (t13 = -2.53, P = 

0.025). 

Figure 6. Long term trend in foliar fungicide usage in arable crops on the Sussex Study area (black 
line) and national figures (red squares). National figures are adjusted to reflect the cropping 
composition on the Sussex Study area. The treated area percentage of fungicide increased from 
1970 to 2012 (F1,41 = 79.79, P < 0.001).The spray area percentage of fungicide increased from 1970 to 
2012 (F1,41 = 257.60, P < 0.001). The number of treatments of fungicide also increased significantly 
between 1970 and 2012 (F1,41 = 126.60, P < 0.001). 
 

Foliar fungicide use on the Sussex Study area took place in the spring/summer, so no analysis could 

be undertaken on timing of applications. We looked at the use of different types of fungicide on the 

area where fungicides were applied.  Site-specific foliar fungicide use was nearly universal across the 

area where fungicides were used, particularly from the mid-1990s.  Multi-site specific foliar fungicide 

use showed wide year-to-year variation but increased overall (Figure 7).   
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Figure 7. Trends through time in the type of fungicide used. There was no trend in use of site-specific 
fungicides from 1970 to 2012 (F1,40 = 3.80, P = 0.058), while multi-site fungicides showed a significant 
linear increase (F1,40 = 29.45, P < 0.001). 
 

3.2.3 Trends in foliar insecticide use  

Overall, from 1970 to 2012, the percentage area treated with insecticide increased significantly (F1,41 

= 55.99, P < 0.001, Figure 8). There were no significant changes in percentage treated area between 

2005 and 2012 for insecticide (F1,6 = 0.36, P = 0.572). When compared with the national figures there 

was no difference between percentage area treated with insecticide on the Sussex Study area (t14 = 

0.04, P = 0.967.  Percentage spray area showed the same pattern as seen for treated area with 

significant increase between 1970 and 2012 for insecticide (F1,41 = 67.53, P < 0.001) and there was 

again no significant difference between insecticide percentage spray on the Sussex Study area when 

compared with the national trend (t15 = 0.70, P= 0.494). There were no significant change in the 

percentage spray area of insecticide between 2005 and 2012 (F1,6 = 0.14, P = 0.717). Over the long-

term the number of applications of insecticide increased significantly between 1970 and 2012 (F1,41 = 

23.88, P < 0.001) and there were no significant change in the number of applications of insecticide 

between 2005 and 2012 (F1,6 = 2.39, P = 0.173). There was no significant difference in number of 

insecticide treatments between the Sussex Study area and the national figures (t13 = -1.60, P = 

0.133). 
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Figure 8. Long term trend in foliar insecticide usage in arable crops on the Sussex Study area (black 
line) and national figures (red squares). National figures are adjusted to reflect the cropping 
composition on the Sussex Study area. The treated area percentage of insecticide increased from 
1970 to 2012 (F1,41 = 55.99, P < 0.001).The spray area percentage of insecticide increased from 1970 
to 2012 (F1,41 = 60.60, P < 0.001). The number of treatments of insecticide also increased significantly 
between 1970 and 2012 (F1,41 = 23.88, P < 0.001). 
 

We examined trends in the timing of foliar insecticide application on cereals (Figure 9).  Across the 

Sussex Study area, insecticide use has been undertaken predominately in the autumn/winter.  

Although there were sporadic instances of autumn/winter use in the 1970s, insecticide use in the 

autumn/winter began in earnest in the mid-1980s.  Through the late 1980s and the 1990s, although 

there were large year-to-year variations, an average of 56% of the cereal area was treated with 

insecticides in autumn/winter, followed by a slight decline to an average of 47% of cereal area 

treated in the last ten years.  On discussion with the farmers, applications at this time of the year 

were made to limit the spread of Barley Yellow Dwarf Virus (BYDV) by controlling the aphid hosts of 

the virus.  Spring/summer insecticide use was sporadic in cereals on the Sussex Study area until the 

later part of the 1980s, when it peaked at an average of 44% of cereal fields treated from 1988 to 

1990.  Thereafter insecticide applications in spring/summer in cereal crops have shown large year-

to-year variations; they have averaged 18% of the cereal area, and never exceeded 41%.  
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Figure 9.  Trends through time in timing of insecticide application. Autumn insecticide use (F5,37 = 
35.50, P < 0.001) increased from 1970 to the mid-1990s, before decreasing from then on. Spring 
insecticide increased from 1970 to 2012 (F1,41= 11.51, P = 0.002). 
 

Foliar insecticide use on the Sussex Study was dominated by pyrethroids since they were first used in 

1984, with 91% of the area treated with foliar insecticides each year receiving at least one 

application of this type of insecticide since then (Figure 10).  Pirimicarb use has been sporadic 

throughout the 43 years where information is available and was last reported used in 2010.  Non-

systemic organophosphate was first used in 1984 then showed large year-to-year variation, with the 

last large-scale use occurring in 2010; on average since then 10% of the area treated with foliar 

insecticides has received non-systemic organophosphates. Systemic organophosphates were last 

used in 2004 on the Sussex Study area.   
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Figure 10.  Trends through time in the type of foliar insecticide used. Pyrethroid insecticides showed 
a significant increase from no use between 1970 and the mid-1980s, and were used at consistently 
high levels since then (F5,30 = 22.95, P < 0.001). Non-systemic organophosphates showed a significant 
increase between 1970 and 2012 (F1,35 = 18.89, P < 0.001). Systemic organophosphates showed a 
significant decrease over the same time period (F1,35 = 21.74, P < 0.001). 
 

3.2.4 Trends in use of seed treatment  

The area where seed treated with fungicide only had been used was 28% higher on average on the 

study area than the weighted national figures (t4 = 7.81, P = 0.001), but with no significant change on 

the study area between 2003 and 2012 (F1,8 = 1.30, P = 0.287, Figure 11). There was a significant 

increase in insecticide seed treatments from 2003 to 2012 (F1,8 = 10.79, P = 0.011) and no significant 

difference between the Sussex figures and the national trend (t4 = 0.97, P = 0.385, Figure 11).  

Figure 11. Long-term trend in use of dressed seed in arable crops on the Sussex Study area (black 

line) and national figures (red squares). National figures are adjusted to reflect the cropping 
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composition on the Sussex Study area. Use of fungicide-only seed remained steady between 2003 

and 2012 with no significant change in area (F1,8 = 1.30, P = 0.287).  Use of insecticide seed treatment 

increased significantly in area from 2003 to 2012 (F1,8 = 10.79, P = 0.011). 

 

3.3 Foliar pesticide use following insecticidal seed treatment  

The use of neonicotinoids differed between the four crop types, with very few spring cereal crops 

treated with these types of seed treatments (Figure 12).  Each crop type was considered separately 

in the analysis of pesticide use following neonicotinoid seed treatments (we split the break crops 

into those sown in autumn and those sown in spring to make it easier to take into account the 

timing of foliar insecticides and then into each main break crop).   

Autumn foliar herbicide use following planting was more common in those winter wheat and winter 

barley/oats crops that were treated with neonicotinoid seed treatments, but there was no 

significant difference in the use of herbicides at this time in autumn break crops (Table 1).  There 

was no difference in the use of spring/summer applied herbicides in spring cereals, winter wheat or 

winter barly/oats depending on the use of neonicotinoid seed treatments.  In 96.2% of autumn sown 

break crops treated with neonicotinoid seed treatments (all winter oilseed rape), spring/summer 

herbicides were used, compared to only 61.5% of those break crops not treated with neonicoitinoid 

seed treatments.  Spring sown oilseed rape crops also showed a similar pattern, with all those crops 

that were treated with neonicotinoid seed treatments receiving a spring/summer herbicide after 

sowing while only 55.6% of those not treated with neonicotinoid seed treatment received a 

spring/summer herbicide application. 
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Figure 12. Trends in the percentage area of each crop type treated with insecticide seed treatments, 
separated by crop type.  Spring cereals were treated with pyrethroid seed treatments when 
insecticidal dressings were used, winter wheat and winter barley/oats were treated with 
neonicotinoids and break crops were treated with both neonicotinoid and pyrethroid seed 
treatments. 
 

The use of neonicotinoid seed treatments was associated with an increased use of fungicides in 

spring oilseed rape crops, 85.7% of those fields treated with neonicotinoid seed treatments were 

treated with fungicides, while no fields of spring-sown oilseed rape without neonicotinoid seed 

treatments received a fungicide treatment (Table 2).  There were no other differences in fungicide 

use in all other crops considered, based on the use of neonicotinoid seed treatment. 

For winter wheat the percentage of fields treated with foliar insecticide in the autumn (Table 3) was 

significantly higher where neonicotinoid seed treatments were used with 82.6% of fields where 

neonicotinoid seed treatments were used treated with foliar insecticides in the autumn while only 

62.8% of fields without neonicotinoids received an autumn application of foliar insecticides. For 

winter barley/oats, the percentage of fields treated with foliar insecticide (93.1%) was higher on 

fields with neonicotinoid seed treatments than on fields without neonicotinoid seed treatment 

(20.0%).  In the case of autumn-sown break crops overall there was no difference in autumn 

insecticide use depending on neonicotinoid seed treatments.  However when autumn-sown oilseed 








































































































