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EXECUTIVE SUMMARY

1.

The aim of this study was to determine whether there is any difference between
the riskiness of Integrated Farming Systems (IFS) and conventional systems in
terms of spring spraying opportunities and in effects on production and the
environment.

Herbicides have been chosen as ‘role model’ agrochemicals because they are
active against plant material and can be mobile in wind or water. This has
implications for water quality and vegetation in non-crop environments. Two
sets of limitations to pesticide (as defined by herbicides) application have been
studied, those arising from features of the climate and those caused by soil
conditions.

This study takes three approaches, the first looks at spraying opportunities and
requirements at all IFS sites, the second seeks to apply the rotations to two
different sized suitably equipped farms of 200 hectares and 350 hectares and
thirdly it looks briefly at the risk implications of each situation. Contact
herbicides were chosen as the most likely products to be used regularly, and one
application during January to March on winter wheat and winter oilseed rape in
all the rotations, was used as a model.

Where spraying opportunities are limited by the weather, there are two possible
outcomes; operators push ahead and spray in unsuitable weather, or they delay
treatment and spray later in sub-optimal conditions for control. The
consequences for these courses of action are summarised. In both scenarios
where sprays are used sub-optimally, it is implicit that some yield loss will occur.

A single spraying opportunity is defined as a continuous 5 hour period. This is
taken as the minimum time period for which it is worthwhile carrying out a
spraying operation. It is assumed that spray applications in the field trials took
place during one or several of these periods, depending on the extent of the
spraying needed.

The number of spraying opportunities depends on the climate, whereas the
requirements for application depend on the rotation. If there is no requirement
to spray, then there is no problem, but if there is a high requirement and
insufficient opportunities, then there will be consequences for production and/or
the environment.

There was seen to be little limitation to spraying opportunities from April
onwards, so the study concentrated on the ‘early spring’ from January to March.

Although meteorological information suggests that it is possible to carry out a
spraying operation, there may be soil limitations which may prevent efficient
machinery operation, or produce excessive crop damage.
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After looking at the requirement for spraying opportunities of each site and farm
size, the extent to which the spraying expectations were met was determined for
different sized farms under IFS or conventional systems.

Although the model used the average number of opportunities during the early
spring, there was considerable variation depending on the site, with increasing
opportunities from north to south. Years in which there was insufficient time
were referred to as ‘bad years’. The occurrence of ‘bad years’ shows that where
spraying opportunities are limiting, an operation may have been started and left
incomplete due to wind or rain when there may have been an environmental risk.

Because of the small differences and the variability in the ‘real life’ system
comparisons, better comparative data on machinery performance are available
from the modelled output. The time required to cover the ground was the same
on both farm sizes since the advantage of the larger equipment matched the
increased acreage.

The results from the model suggest that the IFS has fewer bad years with
insufficient spraying time, in spite of the fact that it used a larger number of
contact sprays than the conventional system overall. This makes integrated
systems less risky during the January - March period.

In the field trials the more stringent requirements for applying contact herbicides
put a greater load on the IFS spraying logistics than did the conventional
regimes, but at some sites IFS treatments ‘evolved’ during the trial to reduce this
burden.

Even with a satisfactory number of spraying opportunities, there are other factors
occurring before and after the immediate spraying interval that will affect
product efficacy and possibly the need for further treatment.

Where effective spray planning and integrated farming methods avoid reduced
efficacy they will make a significant contribution towards reducing the spread of
herbicide resistance. However, failure to apply herbicides in the limited windows
of opportunity between January and March does not represent a critical failure
risk for herbicide programmes in either conventional or Integrated farming
operations.

There is a greater degree of correlation between the number of spraying
opportunities forecast by the model and the number of applications on the
Integrated systems, than with applications on conventional systems. The greater
use of autumn sown crops and autumn applied residual herbicides may account
for the poor correlation in conventional systems.

Looking at the results of the IFS project, it is clear that there was often little
difference between conventional v IFS approaches. It has been acknowledged
elsewhere that IFS was not a fixed system and much of it had to be learnt as the
project developed. The relatively small differences in herbicide application
programmes in this study exemplify some of these problems.
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1. INTRODUCTION
Background to IFS

Pressures on UK farmers to reduce inputs of agrochemicals have generally been less
than in some European countries, where particular environmental problems associated
with intensive pesticide use and nutrient leaching have had to be addressed. However,
in the last decade, declining farm incomes, the reform of the CAP, the influence of
GATT and the threat and reality of reduced grain prices have increased the need for
farmers to reduce costs per unit of output to maintain profitability. There have also
been strong pressure from the EU, the national government and consumers for farmers
to become more concerned over environmental protection, food traceability, quality
and safety.

Farmers have responded to these pressures in different ways. A small percentage have
adopted an organic system of production and some farmers have continued with high
input intensive farming methods to remain economically viable. However, many
farmers have moved away from using high rates of inorganic fertilisers and from using
prophylactic and insurance pesticides at full recommended rates, effectively moving
towards an integrated system, as a means of coping with these pressures. Although
reduced fertiliser and pesticide use will save costs, yields and profitability will be
maintained only if husbandry practices are also modified to help limit leaching risk,
pest, disease and weed problems, to develop a truely integrated system on the whole
farm.

Definitions

The concept of Integrated Farming Systems (IFS) or Integrated Crop Management
(ICM) has many definitions, some of the main ones are listed below:-

UK - Sustainable Development White Paper

To provide an adequate supply of good quality food and other products in an efficient
manner. To minimise consumption of non-renewable and other resources, including by
recycling. To safeguard the quality of soil, water and the air, and to preserve where
feasible and enhance biodiversity in the importance of the landscape.

UK - British Agrochemical Association in conjunction with the ATB, LEAF and
Sainsburys.

ICM is a method of farming that balances the requirements of running a profitable
business with responsibility and sensitivity to the environment. It includes practices
that avoid waste, enhance energy efficiency and minimise pollution. ICM combines the
best of modern technology with some basic principles of good farming practice and is a
whole farm, long term strategy.

UK - Integrated Arable Crop Production Alliance
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A whole farm policy aiming to provide the basis for efficient and profitable production
which is economically viable and environmentally responsible. It integrates beneficial
natural processes into modern farming practices using advanced technology and aims
to minimise the environmental risks while conserving, enhancing and recreating that
which is of environmental importance.

The aims of integrated farming in America and a number of European countries
including the UK are broadly similar. An overriding principle of integrated farming is
the consideration of all inputs and practices within a crop, within a farm and how they
interact with each other. By understanding where, when and how these interactions
occur, farming practices can be adopted to mitigate some of the actions that may cause
adverse effects, such as effects on non-target species, pollution caused by leaching and
tun-off, loss of habitats, soil erosion and other issues associated with intensive arable
farming practices.

European Research

In 1992, the European Commission financed a Concerted Action of farming system
designers within the framework of the research programme on Agriculture and Agro-
industry (AIR). Its.general objective was to develop a representative European
network of research teams working on Integrated Arable Farming Systems (IAFS).
Two research projects in the UK joined this European network; the Less Intensive
Farming and Environment (LIFE) project (Jordan et al., 1995) and the LINK
Integrated Farming Systems (LINK IFS) project (Ogilvy et al., 1995).

LINK IFS (Integrated Farming Systems)
Sue Ogilvy, ADAS High Mowthorpe

Based on six sites in Hampshire, Cambridgeshire (2), Herefordshire, Yorkshire and
Midlothian, on approximately 50 ha on each farm. This project started in 1992 and has
now completed its first rotational phase. Four of the sites were maintained in 1998 to
assist with technology transfer and the development of a new research programme.
Funded by MAFF, SOAEFD, HGCA, BAA and Zeneca. Details in this report.

Messages from all the IACPA projects were published in October 1998 in a MAFF
report “Integrated farming - Agricultural Research into Practice”. (For a copy please
contact MAFF Publications, Admail 6000, London, SW1A 2XX, tel: 0645 556000.)

Integrated Farming Practices

The replacement of external farm inputs (mineral fertilisers, pesticides and fuel) by
means of on farm produced substitutes and better management of inputs is a major
objective of integrated farming to reduce the environmental impact of agriculture.
Partial substitution of inputs can be achieved by the use of natural resources, the
avoidance of waste and the efficient management of purchased materials. This can lead
to reduced production costs and less pollution.

Integrated farming includes the consideration of the following practices against
background needs of providing a profitable income and the demands of the markets for
crop produce:-
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Crop rotations, soil protection, crop nutrition, crop protection, wildlife & landscape,
energy efficiency, pollution and waste. Some of the principles and practices detailed
above have been built into the LINK Integrated Farming Systems project.

1.2  Herbicides as the 'Role Model' Agrochemicals

In this report, the limitations due to weather and soil conditions in the spring on spray
applications of herbicides are investigated. Herbicides have been chosen as ‘role
model’ agrochemicals because they are active against plant material and can be mobile
in wind or water. This has implications for water quality and vegetation in non-crop
environments. Further, due to the immobility of weeds and their annual life cycle, the
development of herbicides has lead to products that aim to give control from one
application. This single dose makes treatment a more time sensitive operation than
fungicides or insecticides; with these compounds the mobility of pests and diseases has
necessitated the development of products that can be used several times in a season.
Also as fungicides and insecticides are not phytotoxic per se, there is less restriction on
the crop growth stages when they can be used.

While the above assertion that herbicides have been developed as single dose products
is true, variations in efficacy and the different species and patterns of weed growth
mean that in reality several different herbicides are often applied, particularly to autumn
sown crops which remain uncompetitive against weeds for much of the autumn and
spring.

Most fungicides and insecticides need the crop to be present to be effective. Soil
acting pesticides like chlorpyrifos are an exception, but in most cases the crop is
required to provide the substrate for the pathogen. In contrast, herbicides do not need
the presence of the crops although its competitive effects can help increase their
efficacy. Residual herbicides act in either the aqueous or vapour phase of the soil and
kill weeds on germination and during the early stages of emergence. Because of the
diluting effect of working through the bulk of the soil surface layer the applications
have to be either significant in amount (e.g. up to 2500 g active ingredient (ai) per
hectare of isoproturon), or extremely phytotoxic to the weeds (e.g. 6 g ai per hectare
of metsulfuron methyl with residual and contact activity). The purely contact
herbicides are more analogous to fungicides and insecticides in that they need contact
with foliage, but the foliage is that of the weeds rather than crop. In contrast to the
residual products they act on larger weeds. The extreme susceptibility of common
weeds like cleavers to products like fluroxypr have given the products a significant
market share.

Non-selective herbicides like glyphosate, glufosinate, paraquat and diquat are contact
materials that are inactivated on contact with the soil. However, as they are non-
selective they have the potential to kill all plants, but various factors reduce their
activity, so in reality control is not 100% and herbicide use is often needed in following
crops. If applied to perennial plants that are not actively growing due to drought or
cold, the effects of both glyphosate and glufosinate are minimal. They work through
disruption of amino acid synthesis and in periods of low growth this activity in the
plant is much reduced and the herbicides become inactivated before they have had time
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to reduce protein synthesis sufficiently to kill the plants. In contrast, paraquat and
diquat destroy the chlorophyll in green tissue. This desiccation of the foliage kills the
plant through lack of photosynthesised carbohydrate, and symptoms appear far more
rapidly than with the highly translocated protein disrupters. Desiccants are not
translocated to roots and plant storage organs, so perennial plants with stored
carbohydrate can recover. Because of the conditions needed for their successful use,
non-selective herbicides have some time limitations on their application, but this is less
than those used selectively in growing crops.

Another major classification feature of herbicides is their differentiation into grass
weed killers (graminicides) and broadleaved weed killers, although some compounds
are active on both types of plant, and indeed some compounds are also both contact
and residual. This versatility contributes to the popularity of a product (e.g.
isoproturon) and thus wider use.

Where spraying opportunities are limited by the weather there are two possible
outcomes;, operators push ahead and spray in unsuitable weather, or they delay
treatment and spray later in sub-optimal conditions for control. The consequences for
these courses of action are summarised below. In both scenarios where sprays are
used sub-optimally, it is implicit that some yield loss will occur.

Table 1. Effects of delay or spraying in unsuitable conditions on crop and
environmental factors.

Unsuitable weather conditions [ Delay
Herbicides
Increased spray drift Higher rates of product use
Reduced application on target Crop grows beyond permitted stage
Poorer control for use (risk of crop damage)
Increased risk of resistance Increased risk of no control

Damage to adjacent crops and vegetation
Contamination of water

Increased risk of leaching

Increased risk of prosecution

Fungicides

Increased spray drift Higher rates of product use

Reduced application on target Poorer control

Poorer control Failure to control latent disease inside

Control of disease on non-crop vegetation the crop plants

Contamination of water Crop grows beyond permitted stage

Increased risk of prosecution for use (after safe harvest interval)
Increased spread within and to other
crops
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Insecticides

Increased spray drift Higher rates of product use

Reduced application on target Poorer control

Poorer control Crop grows beyond permitted stage
Control of pest on non-crop vegetation for use (after safe harvest interval)
Increased risk to non-target species Increased spread within and to other
Contamination of water crops

Increased risk of prosecution

From the above, it can be seen that herbicides show more problems arising from
application in unsuitable conditions and fewer - although possibly more critical
problems - arising from delay. The adverse spring weather conditions, which are the
main focus of this study, thus have a significant impact on the effective use of
herbicides and therefore make them ideal ‘role models’ for comparing conventional and
integrated farming systems.
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2, METHODOLOGY

There were three stages to the study. The first was to ascertain the spraying
opportunities at each site according to its climate, to compare the spraying
requirements of Conventional and IFS rotations and to see what differences were
introduced by changes in cropping and husbandry. The second was to take example
farms of different sizes and apply the experiment rotations. Two farm sizes were used,
200 ha and 350 ha. Details of the rotations are in Appendix 3. The third stage was to
decide which factors would be crucial in determining the risks associated with each
system. In deciding which were significant factors in affecting risk, contact herbicides
were selected as the most relevant group of products. Although they have more
stringent application limits than residual products, they are often used alone or tank-
mixed with residual herbicides during the January - March period.

After looking at the requirement for spraying opportunities of each site and farm size,
the next step was to find the extent to which the spraying expectations were met and
how these differed between sites and systems. The likely impact of the results on the
two farm sizes is considered along with rotational aspects and solil types.

2.1  Spraying Opportunities - Definition

The criteria for calculating spraying opportunities for contact herbicides applied using
low ground pressure (LGP) vehicles were:-

Temperature must be greater than 1°C whilst spraying

Temperature must not fall below 1°C next night

If temperature is <10°C then relative humidity must be greater than 80%
Hourly rain must be <0.1 mm

Total rain in 9 hrs starting 3 hrs before must be <2.0 mm

Rain in each of the three hours after must be <0.1 mm

The general model criteria were:-

Daylight but not outside normal working day (06:00 to 20:00)
Visibility greater than 100 m whilst spraying

No standing water, glaze or frozen ground at 12:00

Wind limit 1: Not greater than 9 Kt but always above 1 Kt
Wind limit 2: Not greater than 13 Kt but always above 1 Kt
Suitable conditions must prevail for 5 consecutive hours *

Sprayer performance is considered as conventional and although alternatives do exist,
they do not fall within the criteria of the Code of Practice (MAFF Green Code, 1998).

N.B. Wind limit 9 Kt at 10m height, not sprayer boom height. (See also 6.4.2
Machinery Complement)

' In this report a single spraying opportunity is thus defined as a continuous 5 hour
period. This is taken as the minimum time period for which it is worthwhile carrying
out a spraying operation. For residual spray criteria, see Appendix 1.
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2.2 The Ecomac Data Set
2.2.1 Ecomac as a Model

Ecomac was created to model for the first time the four technical inputs,
agrometeorology, soil hydrology, mechanisation and business management that affect
crop establishment. The intention of the model is to provide objective information to
the industry on the most cost effective investment in arable cropping; to look at the
effects of structural changes at the farm level, and to show how changes of crops,
climate, technology and economics affect the way land is farmed.

In this project Ecomac has been used to compare available spraying opportunities with
those required by both conventional and Integrated Farming Systems (IFS). The
analysis used a model based on Meteorological Data from 1986-1995 and the field
records from the MAFF funded IFS study done at six sites between 1993 and 1997.
The objective has been to see when, if ever, spraying operations are likely to be
curtailed more often under IFS than in conventional systems or vice versa, depending
on location or soil type. January-March was noted to be a period when spraying
opportunities are particularly limiting. In 1999, spraying during this period has been
essential on many farms following a very wet autumn in 1998. Two sets of limitations
to pesticide use (as defined by herbicides) have therefore been studied, those arising
from features of the climate and those caused by soil conditions.

2.2.2 Ecomac Data Criteria for Spraying

The opportunity to apply herbicides has been modelled using meteorological data. The
criteria which are described in section 2.1 depend on whether contact or residual
herbicides are to be applied.

The model has a built in requirement of 5 mm soil moisture deficit. In spring, soils are
generally moving into a drying phase from being at field capacity. On light soils where
available water capacity is 12.5%, a 5 mm deficit suggests that 40 mm of soil are ‘dry’
and fieldwork may be possible. On heavier soils where available water capacity is
17.5%, a 5 mm deficit suggests that only 28 mm of soil are ‘dry’. Clearly, there will
be a difference in the way these two soils behave even with a low ground pressure
(LGP) vehicle. Although meteorological information suggests that it is possible to
carry out a spraying operation, there may be a soil limitation.

2.2.3 Ecomac Data Criteria - Field Operations

As shown in section 2.1, the number of available work days for spraying is a function
of many climatic factors, but a further consideration is field trafficability. This depends
on the soil type and local climate and is part of the Ecomac data set. . (See also section
2.4.3).

The soils at the IFS sites were classified into light, medium and heavy groups on the
basis of their clay, sand, silt and available water capacity (AWC) as follows:
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Table 2. The percentage of textural components in light medium and heavy soils

clay sand silt + AWC
(2* clay)

LIGHT Sand <16 <31 <120

Loamy Sand <16 <31 >=120
MEDIUM Sandy Loam 16-18 >50

Loam <18 <50 >31
HEAVY Clay Loam 18-35

Clay >35

All values are percentages of the soil components in the top row occurring in the soils
classified on the left hand side of the column. AWC is the plant available water
content (mm) in the upper 90 cm of soil depth.

Further Notes and Additional Classifications

A Sandy Loam was LIGHT if over a Sand or Loamy Sand Subsoil and it was
MEDIUM if over anything else. If soils were shallow (30-40 cm) over chalk or
limestone, then they were classifitd MEDIUM, as were deep peat (>40 cm).
Shallower peats were HEAVY if over clay, or MEDIUM if over sand.

2.3  Meteorological Station Selection - Rationale

The calculation of available work days for spraying requires hourly data on a daily
basis. There are only fifteen meteorological stations in the UK which supply this
information. The stations used to provide the regional data for the sites are shown
below.

Table 3 Matching IFS Sites Meteorological Sites:-
IFS Site Meteorological Region Covered
Station
Boxworth Wyton Eastern England - Heavy Soil
Sacrewell Wyton Eastern England - Light Soil
Manydown Heathrow Southern England
Lower Hope Shawbury West Midlands
High Mowthorpe =~ Leeming Northern England
Path Head Turnhouse Southern Scotland

For eastern England Wyton, near Huntingdon, provided the data for both Boxworth
and Sacrewell. The two IFS sites experience broadly similar weather and are in similar
situations geographically, with no high hills or deep valleys to interfere with local
climate.

For Manydown and southern England, the closest site was Heathrow. The west
midland site at Lower Hope in Herefordshire is 40 miles south of Shawbury, but

10
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experiences similar weather, both sites being in the rainshadow of the Cambrian
Mountains.

High Mowthorpe used data from RAF Leeming in the Vale of York. Despite the
difference in altitude of the sites, no simple relationship exists which would prevent the
Leeming data being valid for spray day calculations at High Mowthorpe, (Barrie,
personal communication).

It is worth noting that the fifteen stations available from which to chose the data are
those studied by Spackman and Barrie (1981) in earlier iterations of spray opportunity
modelling.

‘The Model

The summary in table 4 shows the mean available spraying opportunities for 1986-
1995 at each site for each month of the year and the annual total. Spraying
opportunities increase from north to south. The number of opportunities in early
spring appears very low apart from at Heathrow.

Table 4. Average Number of Spray Opportunities for Contact Herbicides at LGP
1986 -1995

Jan Feb. Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Turnhouse 15 06 1.7 75 154 260 202 227 176 95 26 1.2 126.5
Leeming 15 07 23 7.0 184 204 257 240 192 115 6.4 2.0 139.2
Shawbury 19 25 32 96 232 270 250 284 236 125 58 2.8 165.5
Wyton 27 30 48 98 227 270 252 252 217 140 8.1 4.2 168.3
Heathrow 40 5.1 86 182 330 343 350 379 30.8 205 108 54 243.6

Average values for sites around the Midlands and East Anglia are 230 to 250 spray
opportunities annually.

For this study, data was limited to the ten years from 1986 to 1995 inclusive, although
there was insufficient data from Wyton for 1995.

The individual sites are considered in Section 2.4.2.
2.4  Spray Machinery
2.4.1 Boom Size and Low Ground Pressure

The rotational influences of the conventional and IFS were considered within the two
farm sizes to suggest typical sprayer selections.

Typically the 200 ha farm would have a sprayer with a 1000 litre spray tank fitted with
a 12m wide boom, whilst the larger 350 ha farm would probably include a 2000 litre
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tank with a 20m boom. Although there are many possibilities for selection, any further
variables were considered unnecessary complications (Basford unpublished).

Table 5. Effect of increases in sprayer boom width and tank capacity on work
rates (ha/hr)

Boom width (m )
Tank Capacity 1) 12 14 16 18 20 22 24 26

% change 100 117 133 150 167 183 200 217
1000 3.8 4.1 4.4 46 4.8 5 5.1 5.3
100 100 108 116 121 126 132 134 139
1200 4.2 4.5 4.9 51 5S4 56 S8 5.9
120 111 118 129 134 142 147 153 155
1400 4.5 4.9 SV 56 58 61 6.3 6.5
140 118 129 137 147 153 161 166 171
1600 4.7 S.2 S.6 6 63 6.6 6.8 7.1
160 124 137 147 158 166 174 179 187
1800 4.9 S.4 5.9 6.3 6.7 7 7.3 7.6
180 129 142 155 166 176 184 192 200
2000 5.1 SN 6.1 6.6 7 74 1.7 8
200 134 150 161 174 184 195 203 211
2200 5.3 5.9 6.4 69 73 1.7 8.1 8.4
220 139 155 168 182 192 203 213 221
2400 S.4 6 6.6 7.1 7.6 8 8.4 8.8
240 142 158 174 187 200 211 221 232

The above sprayer sizes were then included into the ADAS Sprayer Logistics program
(ADAS, unpublished) developed to forecast sprayer work rates and system efficiencies.
Both systems were assumed to be applying 200 V/ha as the water volume at a forward
speed of 8 km/hour. Both systems were assumed to require the sprayer to return to a
central filling point for tank replenishment, this single journey taking 15 minutes. Once
at the refilling point, a further time of 12 minutes was allowed for mixing chemicals
and refilling the tank. All these values can be varied within the program. The forward
speed selected allows for stable boom function. Sophisticated boom suspension
systems will allow higher speeds, though the distance and refilling times are often
changed.

In this way, the work rates applying to reasonable operation of the 12m and 20m
sprayers were calculated at 4 and 7 ha per hour respectively. The time required to
cover the ground was the same on both farm sizes since the advantage of the larger
equipment was used up by the increased acreage.

2.4.2 Spraying Time Available Using Low Ground Pressure
Acceptable meteorological conditions for spraying of contact herbicides have been
published (Spackman and Barrie, 1981). Initially in the 1980’s, these included

conventional wheeled equipment and tyre pressures resulting in severe limitations in
hours available, as the land was too wet to support imposed loads from higher tyre

12
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ground pressures. Since then the industry has switched to lower ground pressure
equipment for working at critical soil moistures, typical of UK winters (Rutherford
1980). Thus forecasting of suitable conditions now includes “low ground pressure
equipment” which considerably increases the number of winter days available. The
available time for spraying has been published as the number of ‘occasions’ the
requirements of which are described in section 2.1.

Spraying is limited by two groups of factors; atmospheric parameters like wind, rain
and humidity and soil parameters like moisture content and mechanical strength. This
contrast may be a significant factor where a spray needs to be applied and there is a
weather opportunity to do so, but the land is too wet. This happened during the spring
of 1999, where spraying was delayed due to very wet conditions and some farmers
were forced to apply sprays on wet soil, leaving ruts in many fields. In such cases, the
risk of damage to the land must be weighed against the risk of delayed or missed
sprays. This is considered in section five.

It should also be noted that soil trafficability is not just one of supporting the load.
There is often a marginal trafficability period on some unstable soils (silts and silty
clays) when a moist greasy surface will preclude spraying due to tyre pick up of soil
and young plants. Additionally, when soil conditions are difficult, failure to maintain a
uniform forward speed can result overdosing the crop with pesticide.

Spraying Opportunities For Each Site

Spraying opportunities for each month, year and site within the study are shown in
Appendicix 2. There is clearly a significant rise from April onwards at all sites. In
addition, climatic requirements for contact herbicides are unlikely to be limiting from
April onwards. The critical period for the application of contact herbicides is therefore
early spring from January to March. Table 6 shows that there is a large annual
variation in the number of 5 hour opportunity periods, so during this period spraying
opportunities may be limiting, and the inability to apply a spray may have a significant
effect. (Table 1).

At Turnhouse (Pathhead), the average number of opportunities is 3.8, totalling 19
hours (3.8 x 5 hrs) of potential spraying time. Over the ten years, the average ranged
from zero to eleven in one exceptional year. Leeming (High Mowthorpe) shows a
similar variation and Wyton has a minimum of five opportunities in the nine years of
data available with a maximum of sixteen. There is a similar range for the data from
Shawbury (Rosemaund) and Heathrow (Manydown).
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Table 6. Available spraying opportunities between January and March at each of
the six IFS sites over a ten year period

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 Ave

Turnhouse/ 0 5 4 4 2 11 4 5 3 0 3.8

Path Head

Leeming/ 2 2 0 9 8 10 5 5 1 3 4.5
Mowthorpe

Wyton/ 6 9 8 12 10 11 17 16 5 No 94
Sacrewell data
Wyton/ 6 9 8 12 10 11 17 16 5 No 94
Boxworth data

Heathrow/ 8 10 12 19 19 19 25 24 15 17 168

Manydown

Shawbury/ 3 7 7 10 7 10 11 14 5 2 7.6

Rosemaund

2.4.3 Spraying Time Required

The spraying opportunities available depend on the local climate as described in section
2.1 and the spraying opportunities required depend on the rotation. Clearly, where
there is no requirement for a spray there is no problem, but as the number of hectares
requiring treatment rises, the requirement for spraying opportunities rises and
completing the task becomes difficult where requirements outweigh the time available.

The minimum number of spraying opportunities required was taken as the time for one
application of a contact herbicide to winter wheat and winter oilseed rape during early
spring. This was calculated by applying the work rates in section 2.4.1 to the acreages
of winter wheat and winter oilseed rape in the rotations on the two model farm sizes
for each site’s weather data. The number of spraying opportunities required was found
by dividing the spraying hours by five.

Comparing the average time available with the time required indicated a surplus or
deficit of time for conventional and IFS at each site. Where there was a deficit of time,
this constituted a ‘bad year’.

Table 7 below shows the comparison of time required for each rotation and the number
of bad years out of ten during 1986-1995. If more than one spray was required, the
amount of time increased significantly. There is a difference in the opportunities
required depending on the rotation. The requirements to apply one contact herbicide
to IFS are equal to, or lower than the conventional regime.
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Table 7. Early Spring spraying opportunity requirement of each site and no. of
‘bad years’
Opportunities Required
Site Conventional IFS
Turnhouse  Pathhead 6.75 4.50
Bad years 9 7
Leeming High Mowthorpe 6.75 4.50
Bad years 7 5
Wyton Sacrewell 4.50 4.50
Bad years 0 0
Wyton Boxworth 8.00 6.00
Bad years 2 1
Heathrow  Manydown 6.00 6.00
Bad years 0 0
Shawbury =~ Rosemaund 6.75 4.5
Bad years 3 2

Pathhead had the highest number of bad years with nine and seven for conventional
and IFS respectively and for High Mowthorpe, the figure was seven and five.
However, Sacrewell and Boxworth differed even though they had the same
meteorological data because they had different rotations and different soils. At
Sacrewell, there were no bad years, but Boxworth, with a preponderance of autumn
crops, had two for Conventional and only one for IFS.

Manydown experienced no bad years and the lowest number of spraying opportunities
was eight in 1986. At Rosemaund, the number of bad years was low with three and
two for Conventional and IFS respectively.

15

ADAS,@



Svdv

91
99-1T  AON-TI PO-8I dog-p1 3ay-g1 f-4g unf-1{ AepN-z1  1dy-1z b 401  Uer-zg 9JEp UBSA] - [FUOHUIATO))
00T £€°S L9€ L€ 00 L1 €8¢ L1°01 059 Le €81 071 ‘ou fexds ueoy - [EUOHTLATOY
9981 AON-p1 RO-81 dag-p1 3ny-g1 47 unf-6 KeN-¢1  1dy-81  Fe-L] @I-L1  uef-6] 3JBp UBS - PIIBIBNT]
05°0 LT 0$'1 0ST £y £€°1 LTV 05’8 £8'8 0S'E LUT €81 ‘ou exds uesN- paeI3aru]
000 AON-GT PO-LT dag-01 3nv-g1 me-6T ung-g| Ken-61 wdy-01 TeN-9T 000 0 S)ep uespy
0 € S v 4 I S L v r4 I 0 skeids 'ON  [euonuaAuO)
000 000 1008 dag-¢ sny-zz me-s7 ung-g | Ae-81  1dy-p1 000 000 000 a3ep wedN
0 0 I I 9 [ v 6 01 0 0 0 skeids "oN payeIgayug peaqed
%(0-6 AON-9 O-§1 dag-g Sny-11 M-z my-71 Ke-p1 dy-97  TeN-91 000 0 2)ep Ued]y
r4 9 4 € 4 4 v L 6 S 0 0 sfeidsoN  [euonusAuo)
00°0 AON-TT 000 dog-17 Sny-g Inf-6Z ung-z1 AeW-y1  1dy-g1  TEA-ST 000 Ue-07  9jep UBSp L61661
14 (4 0 1 v € 9 01 0l 1 0 1 skeids ‘oN pajeISau] [Tomaneg
%6 AON-¢ PO-0T dag-1z  Sny-g 000 unf-z[ AepN-01  1dv-61  Tew-zI 000 Uef-9]  Sep BN
% v S £ 3 0 9 Sl 14 £ 0 3 skelds oN  [euonuaAuO)
29(0-81 AON-¢ 1P0-€T dag-12 8ny-g7 000 un{-6 AeN-11 dy-zz NI q2.1-87 ue(-g]  9)ep URSly
I 7 4 £ £ 0 8 €1 8 S I 14 sAexds "oN poresdang umopAuey
000 AON-8] PO-€1 dag-91 000 Inr-L1 unf-¢ | Aep-L1 wdy-07 €] 934-6 uef-o7  2)ep WS
0 3 € S I £ 4 L L 4 4 [ skeiddsoN|  [euonusAue)
0 AON-61 PO-SI dog-3 any-g1 f-0¢ ung-¢ AeW-11  1dy-17 IepARs] Q34-¢ 000 dJep uedy
0 4 I I r4 I € 4 9 v € 0 skeids ‘oN pojerdayuy punEUISSOY
0 AON-S1 PO-1T dag-01 Sny-¢1 -6 unf-p AeN-6 1dy-67 000 000 Ue(-G7  9)ep US|y
0 v S 9 4l I 12 6 I 0 0 4 sherds ON  [euonuaAuo)
0 AON-ST PO-1€ dag-¢1 any-¢1 nf-6¢ unf-9 AepN-¢1  1dy-61 TeW-Z1 q2.1-81 uef-¢7  9)8p UBS]N
0 (4 I 8 4! I I (41 S S [4 (4 skeds -oN porexdayuy sduoyimo H
»A-H1 AON-LL POVl dag-¢z 000 000 000 AeN-6 1dy-1z TEN-€ 924-11 000 9jep Ues]y
9 A 4 ! 0 0 0 9 9 I 9 0 seids 'oN  [euonuaauo)
000 AON-€1 0051 dag-g1 uBf-Q me-Z1 unf-g PO-91 dy-61  ®A-IT Qd-0T uBf-G1  djep WBSly
0 S 14 ! 0 r4 v 9 al 9 I 9 sfe1ds "oN pajerSaug YUOMXOF]
NQq AON PO ydag gny Anp aunp Le]q 1dy I8 iEL | uep

quour 1ad 33ep uonestjdde WBSIA ‘SWa)SAS SUTULIE] [PUOIUSALIO,) PUE P3JeISaju] Uo 1L661 - €661 yyuour 13d suoneorjdde oproiqiay [e10] g qe]



3. IFS RESULTS
3.1 Spray Applications Per Site

Table 8 shows the number of herbicide sprays applied per crop per site per month
totalled over the 5 years of the trial. In determining the logistical and environmental
constraints of IFS and conventional systems, it is important that the number of
spraying operations are analysed on the basis of their distribution within years, and
particularly the distribution within periods of the year when application is difficult and
when the consequences of delay are high. Hitherto, analyses of data from this trial
series have not looked at the distribution within such periods in the year, for the
different crops and sites

In tabulating the data in table 10, if there were two spraying occasions of the same
products on two dates very close together, on any one of the crops in the rotation,
those episodes were counted functionally as one application. The layout of fields, the
time of day the job was initially started, and the weather are all factors that can demand
the job was split. But, for the purpose of this analysis, it is the single functional
treatment that counts as one spray application. With 1000 hectares of each crop
several days would be required, but the application would be a single functional
treatment. The effects of the size of crop area were standardized in the model farm
analysis of effects of sprayer size.

3.2  Spray Applications Per Function

Each of the individual crop species sown in the rotations at all sites have the same
basic herbicide requirement at their various growth stages i.e. for the crop to be free of
grass and broad leaved weeds (BLW). The active ingredients listed in table 9, are all
those applied for the occasions listed in table 8 between 1993 and 1997 at all sites.
Also shown is the basic function and target group of weeds. The balance of individual
species varies from site to site, the selection of both broad-spectrum products and
those with more specific targets means treatments can easily be tailored to any
requirement. Spring crops offer scope for much simpler weed control programmes
because there is not the protracted germination period that is a feature of autumn sown
crops, and rapidly growing crops can quickly produce a very effective weed
suppressing canopy. Additionally spring cropping may allow the fuller use of
glyphosate and other non-selective products for the clearance of weeds before
planting.
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Table 9. Active ingredients applied to individual crops in rotations at all sites

Cereals

Active ingredients Function * Weeds *
applied (major target first)
Benazolin (with HBN) | Contact BLW
Bromoxynil+ Contact BLW
Toxynil (HBN®)
Clodinafop-propargyl Contact Grasses
Difenzoquat Contact Grasses
Diflufenican* Residual BLW and grasses
Fenoxaprop-ethyl Contact Grasses
Flamprop-m-isopropyl | Contact Grasses
Fluroxypyr Contact Galium aparine and other BLW
Glyphosate Contact Non-selective
Isoproturon Residual and contact Grasses' and BLW
Mecoprop Contact BLW
Metsulfuron-methyl Contact and residual BLW
Pendimethalin Residual BLW and grasses
Simazine (with IPU) Residual BLW and grasses
Trifluralin Residual BLW and grasses
Triasulfuron’ Contact and residual BLW
Thifensulfuron-methyl® | Contact and residual BLW
" Grasses includes volunteer cereals and wild oats for some products.
? Spring barley.
* HydroxyBenzoNitriles

Oilseed rape
Active ingredients Function Weeds
applied
Benazolin+ clopyralid | Contact BLW
Cyanazine Contact and residual BLW and grasses
Cycloxydim Contact Grasses
Diquat Contact Desiccant (non-selective)
Fluasifop-p-butyl Contact Grasses
Glufosinate Contact Desiccant (non-selective)
Metazachlor Residual BLW and grasses
Propaquizafop Contact Grasses
Propyzamide Residual BLW and grasses
Pyridate Contact BLW
Trifluralin Residual BLW and grasses
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Beans

Active ingredients Function Weeds
applied
Bentazone Contact BLW
Cycloxydim Contact Grasses
Diquat Contact Desiccant (non-selective)
Fluasifop-p-butyl Contact Grasses
Fomesafen Contact and residual BLW
Glufosinate Contact Desiccant (non-selective)
Glyphosate Contact Desiccant (non-selective)
Pendimethalin Residual BLW and grasses
Prometryn Contact and residual BLW and grasses
Simazine Residual BLW and grasses
Terbutryn Residual BLW
Peas

Active ingredients Function Weeds
applied
Bentazone+ Contact BLW
MCPB
Cyanazine Contact and residual BLW and grasses
Cycloxydim Contact Grasses
Glyphosate Contact Desiccant (non-selective)
Isoxaben+ Residual BLW
Terbuthylazine BLW and grasses
Pendimethalin Residual BLW and grasses
Simazine + Residual BLW and grasses
Trietazine BLW
Terbuthylazine+ Residual BLW and grasses
Terbutryn BLW '

Linseed
Active ingredients Function Weeds
applied
Metsulfuron-methyl Contact and residual BLW

Glyphosate Contact Desiccant (non-selective)
Cycloxydim Contact Grasses
Fluasifop-p-butyl Contact Grasses
Diquat Contact Desiccant (non-selective)
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Potatoes
Active ingredients Function Weeds
applied
Bentazone Contact BLW
Cycloxydim Contact Grasses
Diquat Contact Desiccant (non-selective)
Glufosinate Contact Desiccant (non-selective)
Glyphosate Contact Desiccant (non-selective)
Linuron Residual and contact BLW and grasses
Metribuzin Contact and residual BLW and grasses
Monolinuron Residual BLW and grasses
Paraquat Contact Non-selective
Sulphuric acid Commodity chemical Desiccant

a) UK Pesticide Guide 1999

There is a wide range of possible spray applications per weed group. Forty separate
active ingredients were used on the above seven crops (2 cereal types). Cycloxydim
(graminicide) and glyphosate (non-selective herbicide or desiccant) were the most
widely used. Because of the large number of products that are both contact and
residual, and the frequent tank mixing of individual contact and residual products,
analysis of safe spraying days has been done on the basis of contact acting products
(section 2).

The number of applications are ultimately a reflection of the number of functions that
need to be carried out. Tank mixing two or more products with different functions
allows the number of application operations to be combined, but in some situations
incompatibility of products limit the range of mixable products or enforces a separation
interval between products. Some idea of the range of tank mixes used is shown in
table 10. Certain mixes like isoproturon (IPU) + fenoxaprop-ethyl, and metsulfuron-
ethyl + fluroxypyr are common at several of the sites. The former mix represents one
of the commonest and most reliable mixes for the control grass weeds and some broad-
leafed weeds. It is a mix of residual (IPU) and contact products and can be used from
autumn after the crop has emerged until early spring. Fenoxaprop is particularly active
against black-grass (dlopercurus mysuroides). The second mix is of two contact
broad-leafed weed herbicides; the metsulfuron-methyl has activity against a wide range
of weeds, whilst fluroxypyr is a more targeted product with very high activity against
cleavers (Galium aparine). These two examples show how, using mixtures of
products, the function of residual and contact weed control can be combined with both
a general and targeted approach to various weed species.

Selecting the right product for the target weed; the correct dose rates for the weed
size; applying the spray in favourable weather, and at the correct weed growth stage
are all important in maintaining efficacy. Failure in any one aspect reduces efficacy,
and failure on several counts may well require follow up treatments. It is important
however, to distinguish between follow up treatments dictated by the emergence of
weeds at different times of the year (e.g. autumn IPU to control grass and some broad-
leafed weeds, and spring applied tank mix of contact graminicides and broad-leafed
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weed herbicide), and follow up treatments because of failure of the first treatment to
provide normal levels of control. The latter cases have been few in this trial (italics in
table 10). It is of note that for an herbicide to have sufficient active persistence to
cope with weeds all the way through the open canopy phase of an autumn sown crop
(September - April), would require an ability to persist that could cause problems with
acceptance by the registration authorities.

3.3  Variation Within Sites in Spray Application

Table 10 shows the products used from January to April for the conventional and
integrated systems and the variation within that period in the timing of product use.
The products used in the January-March period of the spray opportunity model are
shown in bold type. In years with no treatments shown, autumn sprays may have been
timely and adequate for full weed control, or sprays were applied later, during May and
June. Products like metsulfuron-methyl are described in the comments section as
‘contact’ products even though they have some residual activity, on the basis that they
are deployed in weather and timing terms, as contact products.

21 AIIA S@@



D-svav 7

uoneordde jo sayep nioyy pue [udy - Arenuer Suunp says [je 3 sdoxd [[é U0 pasn SJUSIPAISUI SAIIOR SPIDIQIAY Y,

(L6
L661 4dy 8 - wipfxopoh) P 9661 !
"(Amf - AeA) Suuds oy ur 19)e] (WIPAXO[OAD -/+ TAow-uoIymsIsy 10 [A1ng-g-doyiseny,)) syusunear L661 14V ¢ - [AoW-UOIMnSION do4o 4a1utm)
pey 2139q passty jou sdoid [ pue ‘Suppjup-aid spsom ApIes jsowr parjonuod ajesoyd£[3 Sumos-aig €661 931 (07 - NesogdL|n I paasury
. sjenbapeur paaoid
jusuniean) Iaquiojdsg aje| 33er-mof e Joye spomururess dn MO[[o] B Sem peou jusunesn Sunds ATuo oy, | £661 oI § wIpAxoh) o) ASOM
L661 1dy , 14dAxom(]
L661 UEf 9T ulfeqiauipudd +0dl
9661 VBl ST UIfeq)dWIpud+) I
S661 114dy 8¢ - 1y19-doidvxoua,y
“Jonu0o 9ANS 10y Srenbopeur pasoid 1onpoid Jo sjer mof AjTes ue Suisn udyMm SUOISEI0 M3 6661 1udy g - NgH + doxdoosspy
91} JO 30 ST 'Y/ [SL°0 YA Judunean Jaye ¢661 Tudy 87 uo [Ayie-doxdexousg ey ¢'¢ I Jusuneas S661 YIBIA €T - [Aya-dordexoudf+n dy
=31 9y, "uwmyne g3 ui parjdde usaq oAy AfTeuLIou pnom syusunesn /6] pue 9661 241 "Suuds oy [pun $661 Y21 97 - [Ay3o-doadexond g+ 41
PaAEIop 2q 0) Surdeids pamojre [ewn sy Jo sTeak sory) Isiy 3y} ur uwmne 3y ur syesoyd4iS yo asn oy €661 1dy 0f - IKdAxom[I+NgH I MM
9661 14y 97 14dAxom]J
14dAxoinyy Suuds $661 1udy 8z - 1Ay1o-dordexousy
A JUSWIEIN P3oU SISABID INq ‘JMM UO SIPIOIqIaY AQ Paonpar 3q 0) pus) [IM M TG JBSYM PUOIIS ¥661 Q34 01 -uediuwdyniq+0dl
€ SV "SJBO pIM pue sassei3 Jo ysn[y puodss 10y papssu dosdexousg ‘MM I0J Se jusunesn Iia/ndi sve1 £66T Q34 91 - wedIWIMyIQ Ndl o) MM
L661 1dY £ - 1AdAxomyy/dordodajy + NgH
L66TUES 9T UIEqIWIPUdJ+N dI
966TUEl ST UIEYRMWIPUdJ+ I
$661 1dv g - NgH-+doidooopy
S661 YdIe]N €1 [£y3-doadexouag+nd1
"nurmne oy ut AjredonerAydoxd perdde oq Afjeuwiou pinom ureisunpuasd ¥661 1dy 0¢ - NgH-+doidossjy
+ NdI dwida SJ-uou e 1opup ‘samssaxd uonemdod poom ur d3ueyo e Junoseger iAdAxomy 10 NgH €661 1dv €1 - NgH+doxdosopy
0} [AISW-UOINJNSISW WO YOIMS ) ‘SJUSUIEdI} Mg Suuds 1eoid&) are 1onpoxd suped + doxdoospy €661 1dv €1 - [Apow-uornyrnsiopn-+dordosopy I IMAM
L661 1dy 7 - NgH-+doidosopy
usunesn Mg Suuds [eord£) are mofaq pue s1oy sAeds $661 1dy 61 doxdooopy
[udy oq1 uwrmne oy ur suonrpuoo Surkeids Jood 03 anp Suuds/ISIUIM 0] I9A0 paLLIed Apusnbaly are £661 1dy ¢1 - NgH+doxdosopy
SusunEsy uuljne Mo[3q pue 3y Jnq ‘swmgne oy ui parjdde oq A[feuLIou pinom Jusuness) JIq/NdI UL £661 424 ST -DeduNNIA+NdI J TAM
JusuUIuIo)) WUSIPIBUL AT | /D
qioMxog

01 d1q8L




Desvawv -

1 s10d pRg
"197e] pue ABJA suump parjdde O pue | yjoq 01 sjusunean [y D s1od paog
"AB\ U1 patjdde Suteq sjuounean Jsow ur pa)[nsal oS sy} 18 sunds 9661 1dy Of - JAdAxom[g
3918 YL "Yeak yoea parjdde 21om sopIoIqIay 10BIu00 Sunds nq ‘1661 ur parydde ATuo renpisal wwmny S66T UBL 7 - WedWINIC + NdI 1 IAM
S$661 AIENUR( UT JUSUIIEST) 318 "¢661 1d20X2 SIBAK [[€ Ul parjdde [enpisal uwimny S661 UBL ST - UeRWINQIQ + Ndl o) TAM
L66T YIIBIN ST - UAIINQII ] +UIJEsIWO0 Y
9661 1V +T - UANNQIS ] +UaJesauIo]
S661 JBIA 6 - AyesoqdL1o)
661 1d20x2 s1eaA [ Ut popasu sem spaam pue doId JO UONeIoISap 1S9ATRY-21g $661 IdY 11 - UANOWOI] + UIBYIAWIPU I sueag §
UOSEDS S[0YM 31} 10j a1enbaope paAoid pue parjdde uwmne a1om sjuaunean [y 0 ASOM
I SpIse-}og
"SWT3aI | O} U0 JOU INQ ‘SWITSaI ) Oy UO SUN[ UT PIST SeA ajesoydLn 8) opise-19g
L661 1dy 9 - 1AdAxom[g
9661 1dy (g - 14dAxomyg
9661 PUE (ABJA 1) $661 UI Suri3al | Sy3 uo posn sem 14dAxommy pue ‘oungar ) 3} UO pasn Sem JudUNean S66T Vel ST - UBRNWINNQ + NdI
UBOTUJNIIP + NI UWINE UB UdYM 9661 Ul 1da0xa a)1s STy} J& Je[Iuls AI9A 21am S)uSUnea) | pue o) L €661 1dy 67 - NgH+ doadooopy 1 1AM
sjusunean I pue 3 3y 10q U0 SUTUIQUIOD Je Pesp 31oMm [eLISjeur dOIO USAI3 pUE SPasM [[€ oINsus o) pasn
sem 91esoydA[3 isoarey-a1d 1661 PUB 9661 U] "YHOMXOG JE S[I0S AB]O oy UO uey) ssaf Ajqejou st anssard S661 UEl §T - WBWIINYIA + Ndl
PaoM sseId ‘spsom woxy amssaid psonpaz 9IS SIy) Jo spmnye J9y31y pue uonenys AISYLIOU dI0W Y], £661 3dy 67 - NgH+ doxdoooiy 9 MM
JUSWUIO)) JUSIpAIZul 9ANDY | /D
dIoYIMON Y3TH
Sue3q 30§ ATessaoau pareadde sonsadoid [epIoIUTUIEIS YIIM SpIDIGIaY [Bnpisal QWIOS “ABJA] UI 9661 JBIAl [€ - WIPAX0[IA)
PApa3u sem unpAxo[L) 661 Ul "parfdde a1am surzeuns uurmne L66T1 ut pue ‘ajesoyd4|3 mumne ¢g61 ug $661 1dy 17 - wIpAX0[pL) I suead M
suIZewls par[dde UWmNe SAI031 03 JOU TBIA AJUO I} SEM £66] €661 1Ay 17 - WIpAxoosy o) suesg M
L661 10V [ - NgH + doxdoosjy
9661 14V 97 - [Apow-uoImgmsIo
661 1dv 0¢ - 14dAxomn]] + NGH
P661 JEI €7 - [Aq)d-doadexondg + nd1
UONEI01 3] JO LE)S 3 Je Suedq 1B [ MM O3 SIUSUNesI) Ie[uns €661 1dv €1 - NgH + dordoooy I ITMAM
Y661 424 01 - uediwdmpyiq Nd1
ARl UI SI9ABI[D JO [0NU0d M Y 18] swog ‘pardde uwmne syusunesn SO €661 Q34 17 - uvduNIQ Ndl o) TAM

("3u02) yromxog




Desvav v

10

S661 JBIAl 0€ ANesoydi I $30J8104
SpIEMUO ABJA] WIOLJ parjdde a1om ‘umoys se }daoxa sjusunesn) [y o) $2018104
L661 14V 17 - 1AdAxorn]y
L66T 994 € - NdX
L66T UT UMOYS SE pue 9661 ul parjdde wwmyne 1om Inq ‘5661-£66T UI PASO 2Iom S[ENPISAI ON 'L661 661 1dy 91 - doxdossy
PUE 9661 UI Jou Inq ‘6661 ABN ‘v661 1UdY ‘c661 ABN PU YOIBN UI Pasn sem SUIpsom [EOTUEYOSIN €661 1dv ¢1 - 14dAxomyg I MM
L661 1dy 17 - 1AdAxom]J+[AYIow-uoInynsiop
L661 G2 € - wedImNyIq + Ndl
9661 1dy 7T - doxdosopy
$661 1dy ¢1 - 14dAxomy,
$661 JBIN 1T - uenUINYIQ + Ndl
Surun oy w1 Sutkrea 1ea£ 0) Jea WOIY JUSISISUOD €661 3dy ¢1 - 14dAxomiyg
AeAnerar aiojarayy sem dwurerSord sy, ‘uwmne oy ur pardde ueSTUAMIA+NdI PRY 9661 PUE S661 €661 Q4 LT - weDWINIQ+ NdI [ O TMM
L66T JBIAl $1 - Mesoydio
9661 JBIN 9 - Aesoqd4|o
Bumos-o1d parjdde syuouneon |1y S661 IBIN €1 - esoydi|n 1 sueag S
L66T JeAl 9 - doyezinbedoag
€661 434 91 - prrea£dor)
L661 U1 papadu opowurwesd Jurids [eUONIPPY "£661 1d0xd 183K A10A3 Posn s[enpisal uwmny €661 Uer 97 - aptwrezddoag | o ASOM
I opIse-13g
Amnf - Lepy oyy Bunmp owIsa1 ) 91 UO £6- 1661 pasn Ajuo 3jesoydA|D D apIse-19§
L661 1dy 1T - 1AdAxornyg
L66T Q3 € - UBdIuInIq+NdI
9661 1dy 7 - IAdAXOMJ+[ARoW-UCIIMSIBN
$661 1dy 8T - 14dAXOMM 1+ Pow-UOIYMSISN
S661 PUE $661 ABJAl UT Posn 1opsom [EOTURYDSJ "SUIZDI ) UIOL} UOHELIEA JYSI[S MOYS JUSUNEIL €661 el 91 - UBdIUINIQ + NJI I IMM
L661 14y 1T - JAdAXOIM[{+]AQ}oW-UOImMImsIa
"UMOYS sjusunean dJ 3y 10§ L66T 924 € - NI
1dooxa awIrdal ISYHA UO PIST S[ENpISal WUMNE, ON "YOIBJ 7] UO JOP3OM [BSTURyosur Sumorof ‘c661 Ul | 9661 1dV 4 - 14dAXOIM]I+[AqIoWI-uomyms)op
14dAxomy,{ JnOYILM PUE ‘4661 UT AEJA| UT PISN OS[e Jusunean apIoIqIay M 1d Sunds pesn Ajuourwoo A13A | c661 1dy 87 - JAdAxompi+[Aylow-uomymsiop | O TAM
JuduIuIo)) WBIpAISul 9ANDY | [/D

punewasoy



SVAV @

"L661 PUR 966T U UMOYS 35O SI9M PIsh STenplsal A[uo oy,
'$661 1 3daoxa sunf 10 AgJA ut 14dAxom[] £q pomof[oy pue ‘usmoys se porjdde Suuds arom syusunesn nv

L661

e ST-  doadodop+uieyiomipuag+ndl
9661 I8l L - doadodopy+ureqiounpudg+ N dx
9661 Uer 91 - [Afya-doxdexoudg

6661 3dv €1 - 1Aq3a-doadexous,y

¥661 1dv 87 - NgH-+doidooopy

€661 Idv $1 - [Ayiowr-uormynsiop

+ 14q1e-doxdexoua

MM

"€661 1dy ur umoys se 1deoxa sunf 10 ey ut 1938 parjdde sem 1AdAxomyg ‘pasn
SEM [ENPISII OU uayMm Ieak A[uo o} sem G661 "L661 PUR €661 Ul parjdde azom spenpsar parjdde uumny

L66T uer 971 - [Ay)d-doadexoudy

9661 TBIAl L - doxdoddpy+ulfeyromipuad+n dx
$661 1dV €1 - 1Aya-doidexousg

$661 1dy ¢ - [Ayiowr uomynsiop-+dosdossiy
¥661 1dy 07 - [Apow uoIngnsiop-+dordossiy
$661 18N 6 - doxdodoyr+

duizewnl§ +(1d1 +Ul[eqiomIpuag

£661 1dy 67 - 14dAxoin]g

£661 1dy 1 - 14yq1o-dordexousg

(4%

'9661 Ul parjdde a1om sjusunEaI) [eUonIppe a1ayMm 3dooXa SWISSI ) UO 3SOY) YO)BUI SJUSUIIEST)
JO Sk 9661 PUB S661 Ul pesn jonpoid [enpisar ssof ySnoye ‘ownder O oy} 0} SJUSUNEST) JR[TWIIS

9661 1dy 07 - [AqIsw-uomysiop+doidosopy
(pa2p 1vd) 9661 Yoaepy L - doadodopy

9661 Uer 9T - [Ayya-doxdexoudy

6661 1dv (LT - 14qpa-doidexous,y

S661 JBIA 17 - [AY)ou-uoanjnsid|Al

Y661 TEI ST - [AY1dW-uoInyns)dON+ NI
£661 1AV 1T - [AyIow-uomymsispy

€661 1Ay 1 - 14qo-doxdexousy

TMAM

sowrigax
10q 03 Aejy ut parjdde 14dAxomyg "sounda1 [ pue O YIoq UO £66] UI Pasn 21oM AJuo S[ENPISaI UMY

9661 Uer 97 - Apae-doxdexousg

S66T JBIAl 0T - [AYIW-UOININSIPIIA + NI
661 1dy 8T - [APPW-UCINMSION + NdI
€661 1dV 1 - [Apow-uomymsisjy

£661 1dy $1 - [Kpe-doxdexous,y

IMAM

JUSUIIO))

JUSIPAISUT SAROY

170

UMOPAUEBIY

[ate)



esvav o1

"L661 PU® $661 ur pasn oyesoydA|3 1soarey-a1g
‘3unds oy w1 pardde s1npod 10EIN0 [[E SSUMISYIO *L66T 19qUISSS( U pue 9661 Ul poridde syenpisay

L661 14y £ - 1AdAXOIN]J+[AQIoW-UCIYMSION
9661 1dy 97 - 1AdAxomy -+ yiow-uomymsiopy
9661 Wer 07 - NdI

$661 1dy 1 - NgH+doidosoy

Y661 1dY 9T - AyIow-uoImynsusyIy I +
IAdAxomyy

¥661 1INl ST -(va240 upd) Ag)d-doadexoudy I TAM
6661 1dy Of - 1AdAXoIm[ I+ AqIow-uoInnsIs
661 1dV 6T - 1AdAxom] -+ Aqiow-uoInymsiop
L66T PUB 9661 UI A[UO SjusUNEss) UwImny ¥661 1dy ¢1 - [Ay3e-dordexousg+
‘uwmne yoes parjdde sjuounean Mg pue SseIS [enpisay ‘pe61 Ul SESIE 0M] UO SIUSUNEST) JUSISPI(] [AqIow-uoInynsiop o) TAM
L661 Ul 15oArey-21d
uonedIs3( ‘dunf pue Aepy ur parfdde inq 1ea4 K193 pasn SIPIOIGISY JOBIUOCL) "PISN SIPIOIGIY Tenpisax oN 1 sead
L661 JEIA TT - Ul[EQIWIPUIJ+IUIZEUBAD)
9661 TEIAl #1 - QUIZBII L +IUIZB[AYINGID],
S661 JE ST - SUIZBRLI L HUIZe|AINGd L
L661 U1 1s9ATeY-01d HONEOOISI( “ounf pue KBy ur parjdde Inq 189K L1943 pasn SIpIOIQISY 1RIU0D) $66T JBIAl $T - UIZEIILI] +UIZR[AQINGII], 0) sead
JUSUWIUIOD) JUSIPAISUL 9ANDY | /I
[[PM2138g
Y661 494 6T - PI[eIAdO]D + uljoZeudg
+ dwmzeuek) I ASOM
"Jonuod 3uof uosess sjenbope popiaoid spenprsar parjdde wumne [y o) ASOM
I Sesd
UMOYS SB pue ‘(4661 10)) £661 uumine ur go Surkelds paqpaag “Aepy Suump pordde sfenpisar [y L661 1dy 6T - syesoydA[n %) sead
€661 1dv 0¢ - [Ay1our-uormymsio-+dordosoy I Arreg §
"ABJ UT J3je] UTESE INQ “L661 PUE 9661 UT paridde sem wipAxoy[el] [udy - ATenue[ oyl ueqy
1a1e] parjdde sem J1 €661 Ueq IaYI0 UT Inq ‘SIedk [[e ur soundal ypoq uo pasn sem jusunean) sures a4y | £661 1dy 0f - [Ayiow-uomymsiopn+doidossiy 9) forreg §

("u02) uMOpAUBIA

(41}



D:svav 12

apise-13g
‘pouad [udy- Arenuef oy} 1913 18K A19AD pasn yesoyd4n apIse-13§
L661 1dY [ - 1AdAx0om] I+ q)our-uoInnsiop
9661 1dv T - NgH+doadoosjy
$661 1dy 91 - [Ay3a-dordexousy
§661 1dV 41 - NgH-+dordosopy
¥661 1dy 67 - 14dAxom|]
L661 PUe 9661 10 parjdde syenpisa1 mwniny "pasn SOPISIQISY 19BIUOD ¥661 1dY LT - NGH+Ul[0Zeud>g
Suuds £quo - prayy uo Surpuodop pe61 ut pardde syuounean pm g jua1sgip Jo s8uer ‘oungar O YPIm sy ¥661 1dy 97 - (yo1vd) doxdosoy IMAM
s661 1dv og - Rnbmoa:_mimﬁo&-cgﬁ:ﬁoz
v661 1dv 67 - IhdAxomy I+ jAom-uornymsiop
661 1dy LT - NGH+u0ZBUSH
'L661 UT SIPISIQISY 10eIu00 (KBN) SuLxds 21e] PUE ‘L661-5661 UI Pasn s[enpisa wwmny ‘pasn | peg1 1dy 9z - IApaw-uorgmsisy-+doadosopy
SOpIoIqIaY 10eju0d Sunds Auo - proy uo Surpuadop $661 Ul paridde sluounesn Mg USISNIP Jo a8uey $66T1 JeIAl 81 - 1Aq1o-doadexouo g 1AM
"9661 opIoruTUIRI3 )] B PUR ‘9661 - 661 UI SIUSUNRAIT) L661 - IN
sAnxpes-uou Sunuerd-axd A[uQ ‘saues (e sjoym oy wr sdoxo ndur 9proIQIay 1Mo 3yl JO JuQ $661 1dy 61 - 1enbereg $2018104

go:.m 3501} UBY) JSYIO0 Sun( pue ABJA Ul SUSUNLoN Ty

L661 1dY 0f - urznquisy

9661 1dV 87 - urznquspy

S661 IR €7 - yenbetegiyenbiq +
UIZBIILL L +IWIZBIAYINGID L,

$2018104

212



"SVAV &

fale]

(y661) duny ALxea 10 “Zej ur pa1jdde SapIoIqIay 19E0D S1e] ATU0 I Adpreg’s
L661 1Y - Nd1+d01doSN+NgH-+UT0ZEUSg
9661 PUB ‘661 ‘€661 Ul pasn €661 43 +T - [AYIdW-uoInjns)o+
SWEo poridde je T '9661 PUE G661 UT pasn [enpisar uwmny “(s£o[req Sunds pue 1 Jo XTI - c66]) ueINIA+AdI | D Aspreg'
L661 14y 01 - dosdodsN+NgH+
[Apow-uoInynsiaN
§661 1dy 71 - 1AdAXorn] I+ NgH-+uIozZeUSg
"SP[PY JUSISFIP I0J 191BD O} $661 $661 1dv 71 - [Ayrowr-uornyynsiapy-+dordosspy
ul pasn spnpoxd jo suoneurquios JussgIp om1 “do1d pegl 9} U0 POpasU SBM JUSUIIRII) SPIDIGISY ON £661 1dy ¢ - doxdooopy I MM
L661 1dy T - doxdoddN+NgH+
[AYIoWw-uoINynSIgN
£661
BN 97 - doadoR+[AYIduwI-uoInyNSId A+
$661 Ul S[enpIsal UWNe Pue ‘9661 PUE 661 Ul PISN SI9M SIPIDIQISY 1OBIU0D JJE] UBIUINIA+Ndl D TAM
9661 14V 67 - aresoydiin I JpIse-13§
"pourad 1sn3ny -sung ay) ur sreak 190 re ur pordde sem sesoydAin 9661 14V 67 - Sjesoqdi[n o) apise-1a§
L66T 14V 1T - uoInymsoprury-+do1dosspy
sunf pue ey ut porjdde azom syusunean ggg | $661 1dy 71 - 1Ay1ow-uornymsispn+dordosspy
PUE $661 “Sulids oy} u1 1911185 Pokojdop 21oM SIPIOIGISY JOBIU0D J[NS3I B SB PUB ‘PISN SI9M S[ENPISA ON €661 1dV 7 - [Apour-uonginsiop+doidosopy I TMAM
Sun{ pue ABJA] [[JUN 3SN 15BIUOD [[e PIAE[Op oNIS ST} Je sdoid JO ssoudye] SAME[DI Sy,
"L661 1d20X2 s1eaA [T ur poyydde a1om sOPIOIQISY JoBII0O PUE “L661 - S661 UI PST 210M S[enpISal UwImny J TAM
L66T 1dY ¢ - 10[yoezeIop
9661 1dV 9 - J0[yoeZEIR I
661 $661 1dv ST - J0MyoezeIRN
1d20x9 sTeaA [Te ur Pop3oU Sem WONESOISIP ISIAILY-01d €661 T B Apes ur pordde Sem JORyOeZEIN 661 1dV LT - Jo[ysezelp ) ¥SOS
L661 1dy g - wIp&x0[ok)
"£661 1d20Xa sIeo {[e ul pasn axom s[enpisal patydde wumny €661 JE LT - PIBIAdo[D+ urjozeuag |  H ISOM
U2, WAIpaISul 2ATRY | 17D

peayyeq



34 The Effects of Product Choice

The impact of product choice on spraying programmes is through the effects on spray
timing dictated by the growth stage of the crop and the weeds. Thus it is the weeds
and the crop growth stage that dictate the time of spraying, and the choice of pre- or
post- emergence products for both spring and autumn sown crops. Where weather
and ground conditions delay spraying, it is the changes in the crop and weed growth
stage that may necessitate changes in products. The differences in the crops growth
stages between southern England and Scotland account for some of the differences
between residual and contact herbicide use shown in table 11.

3.4.1 Mode of Action

During the autumn and winter period when residual herbicides are applied, weeds are
small or germinating and emerging. There is little need for foliar rainfastness as
product is taken up by the roots or hypocotyl. Indeed soil moisture is needed for
herbicides to be at their most active. The majority of residual products applied to
autumn sown cereals were applied in the autumn and of those carried over into the
January-April period of this study, the majority were January, February and early
March applied. Only in Scotland was IPU applied to winter barley in early April.

Spring sown crops use largely contact or contact and residual materials. The choice of
mode of action and pre- or post-emergence timings are some of the major decisions in
herbicide selection for crops like peas and potatoes. In warm wet seasons like 1999
pre-emergence residual products effectively control early flushes of weeds, and in
changeable weather give more leeway for the timing of later contact treatments, many
of which are applied after the end of April when spraying opportunities become more
frequent. In seasons when pre-emergence activity is reduced by the dry soil, weed
germination emergence is also delayed. Occasionally an early flush of weeds follows
planting, and then a much later flush occurs when pre-emergence residual activity is
much diminished. The timing of post-emergence contact sprays is crucial to the
success of these treatments, but again these later applications to spring sown crops are
generally in May or June when spray opportunities are not limiting.

Table 11. Total number of sprays January - March, and April period for all crops
from 1993-1997. Percentage of applications with residual activity

Site Conventional Integrated
Jan- % Res Aprii %Res Jan- %Res Apr % Res
Mar Mar
Boxworth 6 100 6 0 10 80 16 0
H. Mowthorpe 2 100 1 0 4 75 6 0
Rosemaund 7 86 7 0 7 43 6 0
Manydown 4 75 11 9 8 38 8 0
Sacrewell 6 83 9 22 2 50 12 0
Path Head 3 66 4 25 0 - 12 25
Mean 4 72.86 543 8 4.43 57.2 857 3.57

' Mode of action of mixtures is residual if a primarily residual product is used in mix

2 ADAS:



CP2

The major difference between conventional and integrated farming systems occurs
when the latter regime adopts spring crops, or deliberately avoids autumn residuals and
seeks to obtain weed control through spring treatments. The table above shows, as a
sum for the total trial period, how the total number of sprays varied in the January -
March, and April periods. It also lists the percentage of applications with marked
residual activity.

As the figures in table 11 are the total for 1993 -1997, the number of sprays applied
per annum at each site are relatively small and thus between years there is considerable
scope for variation. The various scenarios can be summarised by the programmes at
Boxworth and Pathhead. The other sites are variations between these two extremes.
On the chalky boulder clays at Boxworth where autumn planting predominates (and
spring cultivations can be difficult), across the rotation there is a reliance on herbicides
with residual activity all through winter. Once the warmer drier spring weather arrives,
there is a wholesale adoption of contact herbicides. In contrast, the later development
of crops and weeds in Scotland at Pathhead and a lower total number of spraying
opportunities, produced an increase in the percentage of later sprays that contained
residual materials.

The annual number of spray applications between January and March derived from
table 11 show virtually no correlation at all with the number of spraying opportunities
in the conventional farming systems (r = -0.08). In the IFS however the correlation
between the number of spraying opportunities and the number of applications is 0.78.
In the absence of an empirical causal link such a relationship is tenuous, but the degree
of difference does suggest that on IFS spraying is more linked to the availability of
opportunities. On conventional regimes the greater amount of residual use in the
autumn reduces the need to seize opportunities.

3.4.2 Environmental Impact

The environmental impact of herbicides and the risks of spraying in adverse conditions
are taken into account by MAFF’s recent publications on Local Environmental Risk
Assessments for Pesticides (LERAPS) (MAFF 1999). Previous guidelines on best
practice for spraying were contained in the Code of Practice for the Safe Use of
Pesticides on Farms and Holdings (MAFF/HSE 1990) and the program used to define
the frequency of safe spraying intervals took into account the necessary safe conditions
with respect to wind speed and freedom from rain after spraying (see General Criteria,
section 2.1)

If safe spraying conditions are complied with, the main environmental impact arises
from the movement of residual herbicides to water courses ( White et al. 1997).
Various studies have shown IPU to be one of the main sources of water contamination
by herbicides (Harris, Bailey and Mason 1991) and of that contamination the vast
majority arises from point sources such as sprayer filling and spillages. The spraying
conditions being studied here between January and March will not differ in this respect
from operations at any other time of the year. The difference in the relative usage of
residuals and contact products between Conventional and Integrated systems, although
marked in some years varies from year to year as shown in table 10, but more
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importantly there is considerable variation between sites. Overall, however, the bias
towards contact products is more marked on the Integrated regimes.

The more stringent requirements for applying contact herbicides (section 2.1) mean

that the integrated programmes with a higher usage of contact herbicides put a greater
load on the spraying logistics than do the conventional regimes.

5 ADAS:



4. MACHINERY COMPLEMENT

Relating sprayer size to any area to be treated is a relatively simple but detailed
process. Most businesses will be able to predict the number of spray treatments
required within a system for each crop and relate these to the areas grown.

Calculation of sprayer work rates is possible simply, or by using such aids as the
ADAS Sprayer Logistics program (ADAS 1999). Any parameter within the
computation can be varied and the significance of altering tank size, speed of field
travel, boom width, application rate, travelling and refilling times can be tested.

Alongside such calculations the opportunity “window” for spray treatment can also be
considered. This relates to the time available for completion of the spray treatment to
ensure effective treatment. This time will vary dependent on pest, disease or weed
build up and on crop development. For instance for a cereal crop it is considered that
any spray treatment should be completed within 25 spraying hours from the time when
the decision to treat was made. These hours may be within a 2 -3 day period after
which time conditions of either target or crop will be considered to have changed
significantly, possibly requiring a reconsidered treatment or product.

Thus knowing the largest area to be treated and the potential work rates for any size
of sprayer system, the sprayer work rate needed can be calculated.

The annual and operational costs can vary widely since more than one solution to any
area can be produced because support system provision and function are of major
influence (Bailey and Graham unpub.). Sprayer selection must be related to the work
rate and system but also to tramline widths, treatment constraints, local climatic
conditions (particularly exposure to wind) and economics (Barrett unpub.).

For the two sizes of sprayer considered there are likely to be changes in tractor size
and hence costs included as below:

200 ha Farm, 12 m boom and 350 ha Farm. 20 m boom and 2000
1000 litre tank. Mounted on 80 hp litre tank. Trailer sprayer pulled by 95
2 wheel drive tractor. hp 4 wheel drive tractor

Table 12: Operating costs per hour and per ha for spray treatments

Farm size
200 ha 350 ha
Tractor 4.54 7.87
Sprayer 5.59 6.97
Labour 6.00 6.00
Costs per hour (£) 16.13 20.84
Cost per hectare (£) 4.03 2.98
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The lower operating costs for the larger sprayer on the larger holding are to be
expected for both the sprayer and tractor would be operated for a greater number of
hours. This use would not be expected to increase dramatically the wear rates on
either machine (Basford unpub.).

Under the model farm conditions in table 7 there is possibly less spraying to be done
with the IFS approach thus possibly increasing the hourly per hectare charge. Though
this has not been conclusively demonstrated to date; it does suggest lower annual costs
may be possible through extending the service life of a sprayer thus incurring a lower
depreciation figure.
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5. DISCUSSION
5.1 The Effects of Weather: IFS v Conventional

Overall, the differences between Integrated and Conventional rotations have been
small. In some instances, the management can be seen to have evolved in the
integrated regime, as it became clear that certain operations in the conventional
armoury were perhaps more benign that the planned integrated options. For example,
at Rosemaund the mechanical weeding of wheat after spring beans was replaced in the
last two years of the trial with an autumn/winter residual herbicide. At Sacrewell
autumn/winter residual herbicides were introduced in the wheat crop for the last two
years of the trial.

The use of residuals reduces the demand for timely use of contact herbicides. Clearly
the reduction does not remove the need for timeliness, but having some residual
activity slowing weed development adds some flexibility to the spraying dates. Also,
as the residual activity of autumn/winter applications degrades in the spring, so the
number of available spray days makes timeliness easier.

In spring sown crops, there is very little difference between integrated and
conventional systems. Weeds and crops develop together and weeds must be
controlled early if crops are to establish well. Winter cereals on the other hand, can
tolerate weed competition, provided it is not too aggressive, until the start of stem
extension in March and April. If a residual herbicide is used in the autumn or winter
there is possibly more leeway in the timing of the spring contact ‘stem-extension’
herbicide. Viewed in this light the ‘spring only’ strategy is ‘high risk’, as failure to get
the first contact herbicide applied at the right time can lead to higher doses to treat
larger plants, incomplete control, or the need for repeated spraying (See table 1); all
features which are the antithesis of integrated farming operations.

The recent increase in the popularity of early September sown autumn cereals means
that the early stem extension stage of first and second node can occur in March and
early April. As this analysis shows, spraying opportunities increase after this time. If
integrated farming plans to use early sowing of autumn cereals to spread the burden of
field operations, this risk of applying herbicides to crops at later growth stages pushes
growers to using products like metsulfuron-methyl, thifensulfuron-methyl, fluroxypr,
fenoxaprop-ethyl and clodinafop-propargyl. These enable the grower to apply
herbicide as late as flag leaf emerges - but the penalty for such delays are that weeds
can have an effect on yield.

If the recent spell of mild winters becomes the norm, the risk of overwinter weed
growth in early sown crops would mean spring applied contact herbicides would more
often be too late to avoid yield loss from competitive weeds
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5.2 Variation Between Modes of Action

Herbicides have a wide range of biochemical modes of action, from the prevention of
protein formation, to the more direct effects like the prevention of photosynthesis by
destroying chlorophyll. However, in reviewing the limits to herbicide use in
Integrated and conventional farming systems, it is the physical attributes of the modes
of action that are of more importance.

The solubility and volatility of residual herbicides are important determinants of their
performance, and therefore of their weather requirements. The arylureas (IPU on
cereals and linuron and monolinuron on potatoes) are absorbed from the soil by plant
roots and therefore need moisture to ensure they work. Too much moisture means
they can be moved through the soil, and heavy rain after the application of IPU can
move it out of the rooting zone of young weed seedlings, markedly reducing its
efficacy. The criteria used in modelling suitable spraying intervals for both residual and
contact materials do not take into account weather in the days immediately following
application.

Similarly the days and weeks before a product is used are not taken into account.
Dinitroaniline herbicides (pendimethalin and trifluralin) are either incorporated or
surface applied products that have some action derived from their volatility. Seedbed
quality is thus important for such compounds and labels carry information on sowing
depth and depth of incorporation. Their mode of action therefore relies to some extent
on the weather before drilling and its effect on the quality of seedbeds that can be
produced. Good seedbed quality -fine, firm and flat- is a general requirement of all

residual products.

The above points show how the mode of action of residual products is affected by the
weather outside the immediate period used by the model for calculating spraying
opportunities.

The mode of action of contact herbicides are also affected by the weather outside the
immediate spraying period used by the model, but only because it affects the growth of
the weeds and crop. Warm moist weather in the period prior to spraying will produce
'soft' sensitive growth in both weeds and crop. This increases the sensitivity of the
weeds to herbicides, and at the same time makes the crops more vulnerable to side
effects like scorch or transient discoloration. Although the model has a frost limit built
in (no frozen ground at 12 noon), frosty weather in the period prior to spraying causes
disruption to the protective layer of leaf wax on crops, and for some products a period
for the recuperation of wax cover is recommended. Some products even suggest the
use of solvent based dyes to check there is adequate wax cover. Windy weather
which rubs leaves together also produces the same symptoms and again can lead to a
period for recovery of leaf wax before spraying. Some products can be applied "on the
frost", notably the graminicides used in cereals for grass weed control. This
procedure allows tractors to run on frozen ground and apply herbicides, provided the
crop foliage is free from frost which on thawing would drain away along with the
herbicide.
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Rainfastness in the immediate spraying window is taken into account by the model.
However, unlike residuals, heavy rain in the days following application will not affect
product efficacy as the material is then in the plant.

The mode of action of contact herbicides is also affected by the overall growing
conditions. The weather and nutrient status of the soil can affect the nature of the leaf
surface (this has already been mentioned in relation to soft growth), and on weeds with
leaf hairs or surface roughness these features can vary from site to site as growing
conditions vary. Rougher or hairier leaves can make spray adhesion more difficult.
The other attribute of weeds that vary with growing condition is their size. Where
spray has to hit the leaves of the target weeds, larger leaves intercept more spray.
Arguably this is of little extra benefit as larger weeds are harder to kill.

The above resume of the physical aspects of modes of action show that even with a
satisfactory number of spraying opportunities there are other factors occurring before
and after the immediate spraying interval that will affect product efficacy, and possibly
the need for further treatment.

5.3 Rotational Effects on Spray Programmes

There are two main areas where the rotation affects spray programmes. The first is
that the species of crops chosen determine the types of sprays which can be used. The
choice of crop ultimately arises from decisions about profitability. This in turn is based
on assumptions about yield and selling price of the produce, and the costs of
production. There is such a wide range of products available for most crops (table 9),
that decisions about production costs based on agrochemical inputs are usually of a
general nature e.g. Sugar beet can incur high herbicide costs; spring barley can have
low or zero herbicide costs; crops grown on high organic soils like Fen peats face a
predictable challenge from high levels of weeds and need a good programme of contact
herbicides. At the planning stage example programmes can be priced, but changes in
growing and spraying conditions can force a change of product. The sort of modelling
done in this report can provide useful guidance about how herbicide programmes
should be put together, but only on a general basis. Thus the figures in Table 6
suggest that at Pathhead and High Mowthorpe the low level of spraying opportunities
in the January- March period implies either a need for residual autumn herbicides on
autumn sown Crops, or an increase in spring sown crops.

The other consideration of rotational effects are those arising from the restrictions on
the following crops which may be grown using certain herbicides. Table 13 shows
some of the commoner restrictions
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Table 13. The effect of herbicide use on subsequent cropping and field operations.

Active ingredient Restriction

Metsulfuron-methyl Only cereals, oilseed rape, field beans or grass may be sown in the
same calendar year.
Only cereals should be planted within 16 months of use in a

linseed crop
Metribuzin Do not sow lettuce or radish in the following year
Linuron/monolinuron Do not sow with lettuce in the following year
Simazine Allow at least 7 months before drilling or planting other crops

Trifluralin Minimum interval between application and drilling or planting
may be up to 12 months

Pendimethalin In the event of crop failure specified crops may be sown after at
least 2 months following ploughing to 150 mm.

Terbuthylazine + Subsequent crops may be planted 12 weeks after original use

terbutryn

Terbutryn + trietazine Plough or cultivate to 15 cm before sowing or planting another
crop. Any crop may be sown or planted after 12 weeks (14 wk
for brassicas)

Some restrictions are for periods of 12 months or more, whilst others simply restrict
the choice of replacement crops within the same year. In horticultural areas lettuce
after the potato crop is problematic with both metribuzin and linuron/monolinuron
carrying restrictions. However this has a minor impact on most production systems
compared with the restriction applying after metsulfuron-methyl. But it is of note that
this is one of the most widely used spring herbicides, and was commonly used in this
trial series. So although the restrictions exist they have little impact in practice. Those
growers wishing to follow their cereals with a sensitive crop like sugar beet use
alternative products.

Herbicide resistance is an increasing problem amongst intensive cereal growers with
high levels of black-grass infestations, (Orson and Harris 1997). Although not
commonplace, it occurs frequently enough to be on the 'check-lists' of reasons for
failure when herbicides fail to work. Its occurrence and treatment have been well
publicised by the Weed Resistance Action Group (HGCA 1997). Changing the
rotation and modifying products used on various crops, along with adopting a ‘best
practice' cultivation programme are significant tools in overcoming the problem. There
are two type of resistance, enhanced metabolism and target site resistance, the former
is often associated with residual products like IPU, whilst the latter - which produces a
complete failure of herbicides, rather than a marked reduction in efficacy- is linked to
the contact graminicides (so-called -fops and -dims). At sites where the number of
spraying opportunities are limited, herbicides will be at a higher risk of use in
suboptimal conditions (see table 1). Reduced efficacy and the need to repeat
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treatments are some of the reasons why resistance increases in weed populations.
Where effective spray planning and integrated farming methods avoid these conditions
they will make a significant contribution towards reducing the spread of herbicide
resistance.

S.4  The Impact of ‘Contact’ and ‘Residual’ Weather Windows

5.4.1 The Selection of Products

Theoretically, where the weather windows of opportunity are wide, and there are
adequate spraying opportunities there is scope for the deployment of contact based
herbicides. The timing can meet the crop and weed growth criteria and efficacy is
maintained. Where windows narrow and the risks of failure increase, the need is for the
more sustained activity obtained from residual products.

However, the treatments listed in table 10 show that the residuals were invariably
followed later in the season by contact herbicides. For example, at Sacrewell peas
received a pre-emergence residual herbicide each year, and were always followed by
post-emergence contact herbicides to deal with later emerging weeds. These were
applied in May and June when spraying opportunities for contact herbicides were not
limiting. At Pathhead where the date spread of treatments was foreshortened residual
and contact herbicides were applied together.

While looking at the impact of weather windows in the January-March period on the
selection of products it should be remembered that product selection is affected
probably more by what has been used earlier in the season, and what will be used later.
This holistic approach reduces the apparent risks arising from an inability to spray
during the winter months. The autumn 1998/99 has been an exemplary season for
showing the risks of failure to spray at the right time. Many crops were not sprayed at
all in the autumn and very limited herbicide spraying was possible in the January -
March period; the last two weeks of March saw a very large area of crops sprayed
with higher rates of herbicide than would have been required earlier in the season. Yet
despite these delays growers have caught up with weed control by killing weeds at
later than normal growth stages. Failure to apply herbicides in the limited windows of
opportunity between January and March does not represent a critical failure risk for
herbicide programmes in either conventional or Integrated farming operations.

5.4.2 Environmental Problems

The IFS spray programmes include more contact spray chemicals. This may dictate a
greater reliance on sprays to be applied by nozzles within the “fine” BCPC nozzle
classification. This requires a greater level of attention to drift limitation. Recent
developments of drift reducing nozzles and drift control systems may therefore be
more important with the IFS approach in order that spray opportunities are not missed,
particularly in sensitive locations (Young 1991).

Conversely a greater reliance on residual action chemicals within the conventional
approach may lessen the drift risks within assessments and allow spray opportunities
to be taken more easily without the need to include changes to the application system.
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Spray Drift

Spray drift is the most significant environmental risk factor within any pesticide
application system. The loss of spray outside the target area constitutes both an
environmental nuisance and a financial waste. Selecting a correct opportunity to
enable spraying to commence will heavily depend on wind speed and to some extent on
application equipment. This latter factor only relates to nozzle selection and use in
relation to wind speeds quoted in the MAFF Code of Practice (1998).

Within this study the wind speed limits are those measured by the Meteorological
Office at 10 m from the ground. The actual wind speed at boom height (critical for
drift) is deemed to be roughly half the figure used, thus fitting the codes
recommendation for spraying conditions.

New systems of spray drift control i.e. air entrainment or air assistance have not been
considered within this study as the Code of Practice does not currently permit
differentiation in wind speeds for such systems (Miller, 1991), (Taylor, 1991). The
ability of spraying systems to apply sprays with reduced drift will, however, be one of
the factors that will be taken into account in assessing local environmental risk
(LERAPS, PSD 1999). Their contribution is considered to be one of reducing drift
under normal conditions rather than extending working hours. There is no doubt that
with proven data resulting in spraying being possible at higher wind speed, a greater
number of spray occasions will be possible and thus increase the potential output from
any one sprayer.

Spray Run Off

Spray run off from the target normally occurs when high volumes of water are applied.
The application volume of 200 1/ ha is considered conventional within this study with
little recorded evidence of run off problems. Within combinable crops this volume is
unlikely to be exceeded other than for desiccation of oilseed rape for example. Higher
volumes are used e.g. up to 400 I/ha to ensure correct contact action but large leaf
canopies normally justify this volume and do not normally lead to excess of spray being
lost. A contributory factor to drift when desiccants are applied would be the use of
higher nozzle working pressures , e.g. around 3.5 bar rather than 2 -3 bar for other
treatments. This higher pressure is necessary for small droplet production for contact
action, thus attention to windspeeds is again critical.

5.5  Risk Implications of IFS v Conventional

One of the main objectives of this report was to consider whether the spraying
requirement of an IFS approach involved more risk than conventional. However,
when considering risk, there are always a number of factors to choose from and
reducing one risk often raises others.
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5.5.1 Production Cost Risks

In most years from April onwards, weather was unlikely to be a limiting factor for
spraying. However, for the period January to March, there was a lack of spraying
opportunities. It was assumed that there would be a need to apply one contact
herbicide during that period. The results are different where more than one
application is necessary.

There was a greater lack of opportunities at more northerly sites, with the least
available at Pathhead. Where winter wheat and winter oilseed rape are included, the
model assumed a requirement for at least one early spring contact spray in the January
to March period. Rotations with a high proportion of these crops will require the
capacity to take account of it. At Pathhead, of the five courses in the Integrated
rotation, only the two winter wheat crops required spring treatment. Rotations with
spring crops avoid the early spring period and have a higher requirement for spraying
opportunities in the later spring and summer.

In this context, the risks to production arise from:-

1) Failure to apply an early spring spray due to poor weather
2) Failure to apply an early spring spray due to insufficient machine capacity
3) Transferring the demand for spray opportunities to later spring and

experiencing the same problems as 1 and 2 together higher treatment costs.

There will be various consequences of these, such as allowing black-grass to become
established in wheat, resulting in substantially lower yield and difficult harvesting due
to green material in the crop. It is for this reason that farmers have historically over
invested in machinery capacity. Additionally other pesticides need to be applied during
the January-March period, such as insecticides for the control of wheat bulb fly and
fungicides for the control of light leaf spot and phoma on oilseed rape.

3.5.2 Model v Aétual Requirements

The modelled requirements for the actual crops grown at the trial sites structures the
rotations in an idealised format, see Appendix 3. In this format the systems are truly
comparable; field areas and layout are equal, access times are equal and the inevitable
daily operating problems are all equal between the conventional and Integrated
systems. In this model state, the IFS has a lower requirement for a single spray
opportunity (5 five hour occasions per annum cf. 6.45 for conventional - Table 7). In
reality, however, the Integrated systems needed more ‘opportunities’ to apply slightly
more sprays (Table 11), 4.43 sprays over 5 years compared to 4 on the conventional
systems. The small differences highlight the problems of trying to look at statistically
valid subsets of data drawn from multi-year system comparisons, and would probably
be non-significant if valid comparisons could be made.

Because of the small differences and variability in the experimental data, more
objective comparisons are available from the model. This suggests that due to
rotational differences, IFS is a lower risk option in spite of a higher use of contact
sprays that the conventional system.
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The rate of contact sprays used by the two systems expressed in terms of IFS:
conventional was 1.3:1 in the experiment and 1:1.3 in the model. The reasons for this
reverse are the management in the experiment and rotations in the model. That is more
contact sprays were used on IFS in the experiment, although the rotation requirement
was greater in conventional.

5.5.3 Environmental Risks

The environmental risks arising from drift and run-off are unlikely to occur within the
model parameters of the spraying opportunities. However, this is a prediction based
on probabilities and for each operation it is always uncertain whether wind strengths
will build up during operations or if rain will begin once spraying has started or shortly
after completion before the product is reinvest.

As with production risks, the fact that IFS rotations had a lower requirement for
spraying opportunities means that they are inherently less risky than conventional.

The occurrence of ‘bad years’ shows that where spraying opportunities are limiting, an
operation may have been started and left incomplete due to wind or rain inevitably

increasing the environmnetal risk.

Extent of the Project

This project was limited to the IFS sites and soil types. Further extension of the
study to cover all of England and Wales would provide an assessment of the
advantages of IFS in all relevant farm situations nationally

IES has begun to be promoted nationally both directly and as a result of such schemes
as ACCS and the appearance of LERAPS and no spray zones.

Looking at the results of the IFS project, it is clear that there was often little
difference between conventional v IFS approaches. It has been acknowledged
elsewhere that IFS was not a fixed system and much of it had to be learnt as the
project developed. Larger differences between IFS and conventional regimes would
have produced larger differences in the results of this project.
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Residual Spray and LGP Vehicles

Temperature must be greater than 1°C whilst spraying
Hourly rain must be less than 1.0mm

FARRFRRRRER General criteria ¥*¥FFFFFEFRRRRR KL KRS
Daylight but not outside normal working day (06-20)
Visibility greater than 100m whilst spraying

No standing water,glaze,or frozen ground at 1200hrs
Wind limit 1:

Not greater than 9kt but always above 1kt

Wind limit 2:

Not greater than 13kt but always above 1kt

Suitable conditions must prevail for 5 consecutive hrs

APPENDIX 1
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