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Introduction

The economic importance of pests and diseases of ag-
ricultural crops, the availability of new, highly effective 
pesticides, and the negative effects of insecticides, fungi-
cides and herbicides have focused attention on forecast-
ing pest outbreaks. To avoid great yield reductions, there 
has been an increased use of pesticides during recent dec-
ades in most European countries. However, the negative 
effects of insecticides, fungicides and herbicides have 
also been more obvious during this period. Minimising 
the use of pesticides will require better knowledge of in-
sect population dynamics and the epidemiology of virus 
and fungal diseases, as well as economic threshold val-
ues. Such information is essential when developing pest 
management strategies and in decision-making related to 
pesticide treatments, etc. It has also become increasingly 
obvious during the past decade that it is not possible to 
minimise the use of chemicals in agriculture without an 
effective warning system based on the ability to forecast 
damage by pests and diseases. Such information is neces-
sary in order to evaluate the costs and benefits associated 
with a particular chemical treatment. Forecasting pest 
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outbreaks is very important in increasing profitability and 
at the same time minimising the negative effects on flora, 
fauna and drinking water.

In order to minimise the impact by pests and diseases 
on field crops it is important to use several methods that 
are favourable to the crop, but unfavourable to the pest 
or disease. A combination of control techniques in a par-
ticular cropping system includes cultural practices, crop 
rotation, use of resistant varieties and chemical treatment 
only when there is a real need. Crops must be protected to 
prevent unacceptably large yield losses and reduction in 
product quality. However, pesticides have to have a mini-
mal impact on non-target organisms and be accepted by 
society. In several European countries including Sweden 
there is great interest in reducing the use of chemicals in 
agriculture and developing a more environmentally sound 
agricultural system. Forecasting and warning systems for 
pests and diseases have an important role in Integrated 
Pest Management (IPM) and also for advisory services. 
Since 1980 there has been increased interest in develop-
ing forecasting methods as well as in developing an ef-
fective warning system for pests and diseases in Sweden 
and many other countries in northern Europe. This chap-
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ter describes forecasting systems for pests and diseases 
mainly in Sweden and the warning system.

Economic Importance of Pests and Diseases
Several pests and diseases cause great yield losses in 
Sweden. Some of the major agricultural crops affected 
are cereals, oilseed rape, potatoes, sugar beet and peas. 
Yield losses can vary greatly between years as well as be-
tween regions of the country – both within and between 
years.

Aphids are the most important insects on cereals. They 
not only cause direct damage but also transmit virus dis-
eases. Aphicide treatments are profitable on about 70% 
of national barley and oat crops during years with heavy 
outbreaks of cereal aphids, especially Rhopalosiphum 
padi. In years with low attacks, spraying is only profit-
able on 10% or less of the cereal crop. Other insects of 
great economic importance include wheat blossom midge 
on wheat, frit fly on oats, blossom beetle on rapeseed and 
various aphid species on potatoes, sugar beet, oilseed 
rape and peas.

Economically important fungal diseases include pow-
dery mildew and leaf spot diseases (Stagonospora no-
dorum, S. tritici, Rhynchosporium secalis, Drechslera 
teres) on cereals, especially on winter wheat and barley, 
Sclerotinia sclerotiorum and Alternaria brassicae on 
oilseed rape, late blight on potatoes, barley yellow dwarf 
virus (BYDV) on cereals and potato virus Y (PVY) on 
potatoes. Forecasting methods have been developed for 
some of these pests and diseases in Sweden.

The economic importance of different pests and dis-
eases has been estimated in different crops in Sweden 
partly based upon surveys carried out every year and field 
experiments with treatment against pests and diseases. 
Based upon such results, economic threshold values have 
been estimated for the most important pests and diseases 
in cereals, sugar beet, potatoes and oilseed rape. 

Estimates of the proportion of area that can be profit-
able to treat against pests or diseases are based on the 
cost of treatment (chemical, tramlines and driving) and 
the value of the yield increase. Tables 25.1 and 25.2 show 
some examples.

Forecasting Methods

Aphids on Cereals
In Sweden Rhopalosiphum padi is the most important 
aphid species on cereals, especially on oats and spring 
barley, but Sitobion avenae is also of some importance 
in southern Sweden. Because of the great variation in at-
tack intensities between years and regions of Sweden, ac-
curate forecasting methods are needed. For example, it 
is important to estimate the general need for aphicides 
long (several months) before the actual spraying, to allow 
time for delivery. However, specific forecasts can only be 
made a few weeks in advance. Thus both long-term and 
short-term forecasting methods are needed. 

Table 25.1. Estimated yield increase by treatment against pests and dis-
eases in barley. Average of 10-year period. Proportion of area in differ-
ent classes.

Yield increase, Dt/ha Diseases % area Aphids % area

 0-2  30  30

 2-4  30  25

 4-6  20  20

 6-8  10  10

 8-10   5   5

 10-12   3   5

 12-14   2   2

 14-16   0   1

 16-18   0   1

 18-20   0   1

Yield increase, Dt/ha Diseases % area Aphids % area

 0-2  20  5

 2-4  30  10 

 4-6  20  15 

 6-8  15  20 

 8-10  10   25 

 10-12  3   10 

 12-14  2   5  

 14-16  0   5  

 16-18  0   3  

 18-20  0   2  

Table 25.2. Estimated yield increase by treatment against pests and dis-
eases in barley. Year with high incidence or attack by aphids. Proportion 
of area in different classes.
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For more than 25 years suction traps have been used 
in Sweden to relate numbers of autumn and spring mi-
grating aphids to the intensity of attacks on cereals and 
other crops, partly to develop the capability for making 
long-term forecasts. Aphid migration has been studied for 
about 25 years in Sweden, especially with regard to R. 
padi (Wiktelius, 1981). 

There are now nine suction traps in Sweden, ranging 
from the extreme south to the north of the country. The 
distance between the most southerly and most northerly 
traps is approximately 1,600 km. In Sweden R. padi over-
winters as an egg on Prunus padus. The migration during 
autumn has a great influence on the number of eggs laid 
on the winter host and on the number of spring migrators. 

The number of autumn migrators gives rather good in-
formation on the risk of attack in the following year, but 
the relationship between number of overwintering eggs 
and proportion of fields above the damage threshold is 
stronger (r2=0.4), and that between spring migration and 
proportion of fields above the damage threshold even 
stronger (r2=0.7). In some years unfavourable weather 
(i.e. low temperatures and rainfall) makes it difficult for 
the aphids to migrate to spring cereals and during such 
years the severity of attack is much lower than predicted 
based on the winter egg counts. Under such conditions, 
suction traps give good information about the risk of at-
tack by R. padi on spring barley and oats. The forecasts 
together with a good warning system and observations in 
the specific field give the farmer a good basis for deci-
sion-making. 

Forecasting Aphids in Europe

For several years there has been collaboration between 
European countries concerning suction trap catches and 
aphid migration. About 20 countries participate, including 
data from 80 suction traps in Europe (EXAMINE: http://
www.rothamsted.ac.uk/examine/). The map below shows 
the location of suction traps in Europe (Figure 25.1).

Results from suction trap catches in Sweden are used 
in forecasting aphids, e.g. Rhopalosiphum padi. The mi-
gration in autumn gives an indication of the risk of at-
tack in the following year. In 1987 there were very few 

aphids in cereal fields and no need for chemical treatment 
against aphids in cereals. However, in the autumn 1987 
there was a great migration, indicating that 1988 could 
be a problematic year if there were good conditions for 
spring migration in 1988. The results from suction trap 
catches showed that there was a great risk of severe attack 
by R. padi in 1988 and the results from field surveys later 
showed that about 70% of spring cereal fields in central 
Sweden had to be treated against aphids. 

Forecasting Leaf Spot Diseases on Cereals
It is important to study relationships between weather and 
plant diseases in supervised controls. In Sweden the influ-
ence of rainfall before and during heading in winter wheat 
has been studied. A strong correlation was found between 
rainfall and attack by Septoria spp. Such information can 
be helpful when assessing the need for chemical treat-
ments against leaf diseases (Wiik, 1993, 2009a,b).

Figure 25.1. Location of suction traps in Europe operating 2010. Source: 
http://www.rothamsted.bbsrc.ac.uk/examine/network.html
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Besides Septoria spp., risk assessments for Rhyncho-
sporium secalis and Drechslera teres have also been de-
veloped, partly based on weather data. These risk assess-
ments also take cultivar, nitrogen level and crop rotation 
into account and include field inspection.

Forecasting the Incidence of Eyespot
The economic importance of eyespot (Pseudocerco-
sporella herpothricoides) on winter wheat and rye has 
been studied in field experiments for several years. The 
disease seems to be of less importance in central Sweden 
than in southern and western parts of the country (Olvång, 
1991). This is partly because of differences in weather 

conditions. During the past decade weather data have 
been used to assess the risk of eyespot on winter wheat 
and rye by using data from 50 meteorological stations in 
Sweden belonging to the Swedish Meteorological and 
Hydrological Institute. The data were transferred daily 
to a database at the Swedish University of Agricultural 
Sciences at Uppsala. From there the information is made 
directly available to plant protection officers.

Wheat Blossom Midge
During some years wheat blossom midge (Contarinia 
tritici and Sitodiplosis mosellana) are of great economic 
importance in winter and spring wheat. Severe attacks 

Figure 25.2. Suction trap catches of aphids in 1987 and 1988 in central Sweden
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by the larvae cause considerable yield losses amounting 
to 20-30% in some fields. However, severe attacks are 
infrequent, which is an important fact to consider when 
making a decision on spraying. For more than 20 years, 
annual surveys have been carried out every year in wheat 
fields in central and southern Sweden. In each field, ker-
nel sampling has been carried out to obtain information 
on wheat midge populations. This information together 
with weather data during the growing season allows the 
risk of attack by the midges to be estimated.

Frit fly on Oats
Frit fly (Oscinella frit L.) is a stem-boring fly which 
causes damage to cereals and grasses in many countries. 
In Sweden it is an important pest especially on oats, and 
can cause losses of up to 50%. Chemical control is based 
on the prevention of egg-laying by application of a py-
rethroid before two-leaf stage. Therefore, the farmer has 
to decide the need for spraying early in the cropping sea-
son. To avoid routine spraying and at the same time apply 
insecticides when it is profitable, a reliable forecasting 
method is needed.

Since 1985 a method has been developed in Sweden 
which is now used in practice by advisory services and 
farmers. An important factor to consider is timing be-
tween insect and plant development, but also popula-
tion level and weather during the egg-laying period. The 
method is partly based on meteorological data, biological 
observations and sampling. Sunshine hours in the previ-
ous year and suction trap catches give a good estimate 
of the present population level. During spring and early 
summer the temperature sum is calculated (base tempera-
ture +8oC), which gives an accurate prediction of when 
migration of frit fly will take place. Weather data such as 
temperature are also considered, because this has a great 
influence on frit fly activity and egg laying (Lindblad, 
1993; Lindblad and Solbreck, 1998). 

Based upon the research, a number of risk factors are 
considered when estimating the risk of attack in a spe-
cific field. The method has been validated in more than 
800 oat fields. There is a very good agreement between 
risk assessment (risk points in the specific field) and the 
proportion of main stems infested by the larvae. The 
method is now widely used by farmers. They get neces-
sary information via leaflets, but also interactively via 

the internet from the Swedish University of Agricultural 
Sciences. 

Potato Virus Y
Aphids play an important role in the epidemics of both 
persistently and non persistently transmitted plant virus-
es. Many of the non persistently transmitted viruses are 
known to be vectored by aphids, and a number of spe-
cies have been confirmed as vectors during the past few 
decades. However, only a small proportion of the world’s 
aphid species have been tested to determine whether or 
not they can act as vectors. Interactions between host 
plants, viruses, vectors and the environment are very 
complicated. Environment influences the crop as well as 
vectors and the virus, and consequently there are many 
factors to consider in seed potato production.

Many aphid species are important vectors of non per-
sistently transmitted viruses. Most viruses transmitted 
by aphids in a non persistent manner are believed to be 
acquired and transmitted within fields by the probing of 
aphids flying from plant to plant. Potato virus Y is trans-
mitted mainly by aphid species that do not feed on the 
crop that they inadvertently infect (Sigvald, 1986). After 
probing for 5-10 seconds the aphids acquire the virus 
and are immediately able to transmit it to other plants, 
However, most aphids only remain infective for about 30 
minutes. Starvation prior to probing source plants greatly 
increases the proportion of aphids transmitting non-per-
sistently transmitted viruses.

Suction Traps
Although PVY can be transmitted by aphid species that 
feed preferentially on potatoes, other species that do 
not colonise potatoes seem to be far more important, 
e.g. Rhopalosiphium. padi, Brachycaudus helichrysi, 
Acythosiphon pisum and Phorodon humili (Sigvald, 
1984). In Sweden and in many other countries where 
PVY is a serious problem for seed potato producers, the 
relationship between aphid migration and the spread of 
PVY has been studied by exposing bait plants to vectors 
in the field (Sigvald, 1989). Winged aphids (alates) have 
also been collected and placed on test plants to determine 
whether or not they are viruliferous. 

Insecticide treatment against non-persistently transmit-
ted viruses such as PVY is not very effective. However, 
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PLRV (Potato leaf roll virus), which is transmitted in a 
persistent manner, can be reduced in seed potato fields 
by insecticide treatment. The main vectors of PLRV are 
those aphid species which feed on the potato plant, such 
as Myzus persicae, Macrosiphum euphorbiae, Aphis na-
sturtii, Aphis frangulae and Aulacorthum solani. To mini-
mise the spread of PLRV, treatment with insecticide is 
effective. 

In Sweden and many other countries in northern 
Europe, PVY is one of the most important virus diseases 
on potatoes (Sigvald, 1990). During the past decade there 
has been increasing interest in developing methods for 
PVY forecasting. The main variables used when forecast-
ing the incidence of PVY include the number of winged 
aphids and their vector efficiency, the time of aphid mi-

gration in relation to plant age, and the availability of 
virus sources (Sigvald, 1985, 1986). Simulation mod-
els have also been used to describe the epidemiology of 
non-persistently transmitted viruses (Ruesink and Irwin, 
1986; Sigvald 1986).

In most countries there are programmes for seed potato 
production to minimise re-infection of different diseases 
and thus produce healthy seed potatoes. In Scandinavia, 
aphid borne potato virus Y (PVY) is more frequent on 
potatoes than potato leaf roll virus (PLRV), which is also 
spread by aphids. This can probably be explained by the 
fact that the abundance of Myzus persicae (the main vec-
tor of PLRV) in potato fields is lower compared with that 
of the aphid species vectoring PVY. In central Europe and 
tropical countries PLRV is more important. 

Figure 25.3. The location of suction traps in Sweden (left) and a suction trap (right). Photo: R. Sigvald.
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However, the degree of spread of PVY varies greatly 
between regions and years. In the northern regions of 
Scandinavia the spread of PVY is minimal because vec-
tors are uncommon. By contrast, in southern regions the 
spread of PVY has led to serious problems for seed potato 
growers during some years. Nevertheless, few fields are 
infected so severely as to warrant rejection of the seed 
potatoes produced.

There are many different factors involved in the epide-
miology of potato virus Y and several factors to consider 
to minimise spread of aphid-borne viruses. After meris-
tem culture and production of pre-basic seed potatoes, 
some important factors to consider are:

• Virus-free seed potatoes. 
• Isolated seed potato fields and special regions for 

seed potato production. 
• Early planting and sprouted seed potatoes. 
• Growing period of seed potatoes during periods with 

few vectors.
• Mineral oil to reduce virus infection.
• Minimise virus sources outside the seed potato field 

(potatoes, peppers, etc.).
• Field inspection and removal of virus-infected potato 

plants.
• Early haulm killing before viral infection of progeny 

tubers.
• Forecasting potato viruses to act before progeny 

tubers are infected.

The epidemiology of potato virus Yo (PVYo) in a given 
field has been studied in Sweden and described in a 
relational diagram. The model output predicts the ex-
tent to which the proportion of progeny tubers infected 
with PVYo will increase during late summer. Some of 
the following parameters and variables are included in 
the simulation model for potato virus Y: Healthy po-
tato plants, Newly PVYo-infected potato plants, Potato 
plants with PVYo-infected progeny tubers, Total PVYo-
infected potato plants acting as virus sources, Length of 
latent period, Level of mature plant resistance, Vector 
efficiency, Cultivar susceptibility, Mineral oil applica-
tion rate, Date of haulm destruction, Removal of PVY-
diseased potato plants and Proportion of progeny tubers 
infected with PVYo.

There is a close correlation between forecasted and ob-
served values. The study shows that the PVYo simulation 
model can be used in forecasting the risk of virus spread. 
In Sweden during years when the incidence of PVY is 
low, there is no need to test progeny tubers after harvest. 
Thus by using the simulation model to forecast PVY inci-
dence, farmers would be able to skip post-harvest testing 
during low-disease years, thereby reducing their opera-
tional costs. Similarly, disease incidence can be reduced 
by taking prophylactic measures at an early stage. 

The seed potato grower would also benefit from being 
able to predict the proportion of progeny tubers infected 
in late summer. If there is a great risk that the level of in-
fection of the tuber yield will exceed the threshold set for 
seed potatoes, it may be more profitable to delay haulm 
destruction and market the potatoes for consumption or 
industrial use (starch or ethanol). During the past five 
years the forecasting method presented here has shown 
great promise when applied under practical conditions.

In Sweden and several other countries suction traps 
have been used in aphid forecasting. There are often great 
differences in trap catches between years and regions. 
In Sweden, R. padi is the most common aphid species 
caught in the traps in southern, central and northern parts 
of the country in most years. In 1989 there was a great 
difference in suction trap catches between southern and 
northern Sweden (Table 25.3). 

Several aphid species were more commonly trapped 
in southern Sweden than in northern, especially 
Acyrthosiphon pisum, Aphis fabae, Brachycaudus heli-

Aphid species Southern (M) Northern (AC)

May June July May June July

Acyrthosiphon pisum  18  77  263  0  0  0

Aphis sp.  7  67  558  0  0  0

Brachycaudus helichrysi  104  400  983  0  0  0

Metopolophium 
dirhodum

 10  158  664  0  0  0

Myzus persicae  0  0  0  0  0  0

Phorodon humuli  2  37  83  0  0  0

Rhopalosiphum padi  45  2,405  6,482  0  165  136

Other aphid species  234  2,161  3,646  2  88  136

Table 25.3. Number of alatae caught in suction traps in southern and 
northern Sweden, 1989.
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chrysi, Metopolophium dirhodum and R. padi, which re-
sulted in a great spread of PVY in the southern regions 
that year. However, in some years there is also a large 
migration of aphids in northern Sweden during the grow-
ing season of potatoes. In 1990 there were many aphids 
in the suction trap in northern Sweden in comparison to 
1987 (Table 25.4) and this resulted in great differences in 
spread of PVY between those years. 

There are also examples from other countries of 
Europe, where R. padi plays an important role in the 
spread of PVY. In 1976, there were large migrations of 
R. padi in both western and northern parts of Europe and 
this was probably the main reason for the great spread 
of potato virus Y during that year. Differences between 
years and regions in aphid migration have a great influ-
ence on the spread of several aphid-borne plant viruses, 
e.g. PVY, and this is very important to consider in seed 
potato production.

Results from suction trap catches in Sweden show 
that there is a rather weak relationship between the total 
number of winged aphids and proportion of PVY-infected 
progeny tubers (r2 ≈ 0,5), but this is increased by taking 
into account only the main vectors of PVY (Figure 25.4). 
The relationship is very good when also taking into ac-
count the effect of mature plant resistance and proportion 
of virus sources (Sigvald, 1985).

Wheat Dwarf Virus
Wheat dwarf virus (WDV) is a severe disease of winter 
wheat, with the causal agent being a geminivirus trans-

mitted by the leafhopper Psammotettix alienus. Field 
surveys of WDV incidence and vector occurrence have 
been conducted for the past 10 years in wheat fields in 
central Sweden. The objective was to estimate the ex-
tent of primary spread of WDV in the autumn by adult 
leafhoppers migrating into the fields, and the secondary 
spread in the following early summer by the progeny of 
the immigrants. 

The aim of these studies is to estimate the risk of 
spread of WDV and make a risk assessment based upon 
number of vectors, developmental stage of the crop when 
infected with WDV, occurrence of virus sources and also 
weather data. The results so far indicate that occurrence 
of vectors at an early stage in the autumn will increase the 
risk of spread in areas with many virus sources. 

Figures 25.5 and 25.6 show some results from the in-
vestigations. In the autumn 2006, many P. alienus were 

Table 25.4. Number of alatae caught in suction traps in northern 
Sweden 1987 and 1990.

Aphid species 1987 1990

May June July May June July

Acyrthosiphon pisum 0 0  0 0  0  3

Aphis sp. 0 1  11 0  3  1

Brachycaudus 
helichrysi

0 0  0 0  0  1

Metopolophium 
dirhodum

0 0  0 0  0  0

Myzus persicae 0 0  2 0  0  0

Rhopalosiphum padi 0 3  40 3  298  2,226

Other aphid species 0 2  228 2  137  286 Figure 25.4. Relationship between total number of aphids in suction 
traps in different regions and years and post harvest testing of progeny 
tubers.

Figure 25.5. Number of vectors in yellow water traps per week in cen-
tral Sweden (nymphs and adults).
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caught in the yellow water traps in central Sweden. This 
indicated a high risk for 2007.

The number of wheat fields with WDV in 2006 was 
relatively low. Samples taken in winter wheat fields in 
autumn and winter 2006/2007 showed primary infection 
with WDV to be rather high. Early occurrence of the vec-
tor when the crop is still very susceptible will increase the 
risk of secondary spread. To prevent great yield losses, it 
is possible to use insecticides. 

Forecasting Late Blight on Potatoes
Interest in reducing fungicides in potatoes has led to in-
creased efforts to develop methods for forecasting the 
risk of late blight in potatoes. Attacks by late blight on 
potatoes in Sweden differ very much between regions 
and years. During 1992 the dry weather in most parts of 
the country was unfavourable to late blight, but in 1993 
the weather was very favourable. 

During the past decades we have evaluated a few mod-
els for late blight in Sweden (Andersson, 1994). The daily 
weather data needed are automatically transferred from the 
Swedish Meteorological and Hydrological Institute to the 
Swedish University of Agricultural Sciences. The results 
so far are promising. The forecasting method indicates that 
treatments recommended by the model are close to actual 
requirements and less than routine spraying, but further 
studies will have to be carried out to make the forecasts 
more reliable. During 1994 the model was tested with 
weather data from different sources, including synoptic 
weather stations, automatic weather stations in the potato 

field, interpolated weather data and weather data from 5-
day forecasts. The results were very interesting and will be 
very valuable when validating the model for late blight. 

About 15 years ago the mating type A2 was discovered 
in Europe and in 1986 in Sweden. During the past dec-
ade there has been increased interest in investigating the 
occurrence of A2 in several countries in Europe as well 
as in Sweden. Since 1995 observations in Sweden and in 
other countries in Europe have indicated the presence of 
soil-borne inoculum of late blight, Phytophthora infestans 
(Andersson et al., 1998, 2007). In potato fields in Sweden, 
both mating types A1 and A2 were isolated in 1996 and 
1997 and oospores were found on leaves and stems as well 
as in stolons. The importance of soil-borne inoculum of 
late blight for early infections is of great interest.

Sclerotinia Stem Rot
Sclerotinia stem rot (Sclerotinia sclerotiorum) is one of 
the most important diseases on spring-sown oilseed rape. 
During years with high humidity, yield reduction can 
reach 60% in heavily infested fields and in such years 
chemical treatment is profitable in 40-60% of the fields. 
Sclerotinia stem rot can be effectively controlled by fun-
gicide treatment during full flowering. Routine spraying 
is not profitable, since the cost of chemical treatment is 
high and disease incidence varies greatly between years 
and regions and also between fields within a region, thus 
justifying a forecasting system. 

A method for forecasting the incidence of Sclerotinia 
stem rot has been developed in Sweden (Twengström and 
Sigvald, 1993). Besides field experiments and laboratory 
studies, data from more than 800 fields have been col-
lected to improve the method as well as for validation of 
the risk assessment. The method is mainly based upon a 
number of risk factors, such as crop density, crop rotation, 
level of previous Sclerotinia infestation (estimation of in-
oculum in soil), time for apothecia formation from scle-
rotia, rainfall during early summer and during flowering 
and weather forecast. An initial risk assessment showed 
very good agreement between risk points and Sclerotinia 
stem rot incidence. To further improve the model, spe-
cific field data were analysed by logistic regression. The 
results showed that the model could be simplified and 
still give very good or even better predictions (Yuen et 
al., 1996; Twengström et al., 1998).

Figure 25.6. Wheat Dwarf  Virus in a wheat field in 2006 in the province 
of Uppland, Sweden. Photo: R. Sigvald.
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The method has been used by farmers during the past 
decade. It has been available in the form of risk points, 
but during recent years also interactively via the internet. 
Since the method was introduced about 20 years ago, the 
proportion of fields profitable to spray has increased, and 
today there is very good agreement between the need for 
spraying and actual treatments. This has been investigated 
e.g. in the province of Uppland from surveys in farmers’ 
fields (unsprayed plots) and data from the statistical de-
partments (Figure 25.7). The great success of the forecast-
ing method for Sclerotinia stem rot is probably to a great 
extent due to the fact that advisory services and farmers 
have participated in validation and implementation. 

Cabbage Stem Flea Beetle on Winter Rape Seed
A method for forecasting the intensity of attacks by cab-
bage stem flea beetle (Psylliodes chrysocephala) has been 
used in Sweden (Rufelt, 1993). Experience has shown that 
the method works very well and, furthermore, it is a very 
good example of a case where the use of chemicals could 
be reduced sharply with only a minor reduction in yield. 
Chemical treatment of winter rapeseed is recommended 
when the population exceeds the control threshold of 0.5 
larvae per plant during the winter proceeding the growing 
season. During about half the years studied, seed treat-
ment against cabbage stem flea beetles has been needed 
and thus a considerable reduction in the use of chemicals 
against this insect has been achieved.

Beetle populations fluctuate greatly between years. 
During the past 30 years there have been three peaks. 
These fluctuations seem to be strongly related to climatic 
conditions. Apparently, several successive mild winters 
allow the population to increase enormously. However, 
there are undoubtedly other factors involved in regulating 
populations of the cabbage stem flea beetle.

Future Aspects on Forecasting Pests and 
Diseases

Further improvements of forecasting systems for pests 
and diseases on field crops rely on close collaboration be-
tween researchers, advisory services and farmers, espe-
cially for validation and implementation of methods. The 

research and development of currant forecasting methods 
included validation using field-specific data from more 
than 3,000 fields of different crops. In addition, weather 
data have been included in the models to improve them. 
In the near future the availability of forecasting methods 
via the internet will increase and thereby improve the 
possibility for farmers to have direct access to new mod-
els for specific fields. 

Warning Systems for Pests and Diseases 
in Sweden and Northwest Russia

There is a great need for effective warning systems for 
pests and diseases. Growers need information about the 
risk of attack by different pests and diseases long before 

Figure 25.7a (above) Sclerotinia stem rot on oil seed rape. Photo: R. 
Sigvald. b (below). The figure shows the proportion of fields, which are 
profitable to treat (black) against Sclerotinia stem rot and the propor-
tion of fields which have been treated (white) in central Sweden.
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spraying. Warnings are especially critical when high lev-
els of attack are expected, which would lead to severe 
losses if farmers were unprepared.

For more than 15 years a warning system has been 
under development in Sweden in a partnership between 
the Unit for Applied Plant Protection at the Swedish 
University of Agricultural Sciences and the Swedish 
Board of Agriculture. In each of five regions there is a 
Regional Plant Protection Centre to organise the work 
and handle the local information about the actual situa-
tion, which is then presented via the internet for differ-
ent pests and diseases. Such information and availability 
of forecasting methods for different pests and diseases is 
very important in integrated pest management. 

In southern and central Sweden, more than 1,200 fields 
representing a variety of crops are inspected weekly. The 
number of insects per plant or the disease incidence is 
recorded using special protocols. Surveys are made on 
Monday every week. The data are analysed and stored 
in computers. When the weekly analysis is ready, a sum-
mary is faxed to the extension service in the region. The 
day after the field evaluations are received, each Plant 
Protection Centre holds a telephone conference with ad-
visors in the region concerned. The actual information 
is then mailed or faxed to farmers and advisory service 
personal. 

Information Systems
During the past decade information systems have devel-
oped very rapidly in many different areas. In the agricul-
tural sector there are many new ways of informing farm-
ers and advisory services on new results from research 
and development. Besides the more conventional ways 
via reports, leaflets, conferences, field days and courses, 
there are also good possibilities via the internet.

Different organisations working in this area of infor-
mation systems to agriculture have also changed greatly 
during the past decade. Traditionally there were a number 
of steps before the results reached the farmers. At the 
Swedish University of Agricultural Sciences about 20 
years ago there were departments working on more basic 
research and applied departments. Then the results were 
rewritten in a more suitable way for advisory services by 
the Research Information Centre at SLU. Different reports 
and results from projects were then made available to 

farmers via regional plant production officers or the local 
branch of the Swedish Board of Agriculture.

That system of information channels has now changed. 
For more than 20 years, a number of individual advisors 
have been serving a number of farmers (each advisor 
about 40 farmers) and the farmers pay for this service. 
These advisors are sometime private consultants and 
sometime connected to a local or regional organisation. 
Besides these advisors, the farmers’ organisations have 
many in-house advisors and the farmers pay for the serv-
ice to some extent. Different companies also have advi-
sors, who inform farmers about chemicals, fertilisers, etc. 

In 1995 the Research Information Centre was reorgan-
ised at our university and now the different departments 
are responsible for the information from research activi-
ties. Besides the more conventional ways, we also use the 
internet. This makes it possible for advisory services and 
farmers to directly get new results from the university 
and this will probably be important in the future.

Forecasts for different pests and diseases are given via 
the internet. This information is available for advisory 
services and farmers. 

Use of Meteorological Data in Forecasting Pests and 
Diseases
In Sweden weather data have been used as a complement 
to other data in forecasting pests and diseases for more 
than 30 years. From about 50 meteorological stations be-
longing to the Swedish Meteorological and Hydrological 
Institute, weather data are automatically transferred to 
a database at the Swedish University of Agricultural 
Sciences at Uppsala. Besides weather data, such as tem-
perature, humidity, rainfall and radiation, various calcu-
lated values are also transferred automatically, e.g. the 
temperature sum for frit fly and carrot fly, risk values for 
P. herpothrichoides, output from different models pre-
dicting the risk of late blight on potatoes and the risk of 
Sclerotinia stem rot on spring rapeseed crops.

Such data together with other biological information 
on pests and diseases are directly available to plant pro-
tection officers at the Swedish Board of Agriculture and 
researchers in plant protection. These data are intended to 
complement other information, such as warning letters, 
articles in different magazines, telephone conferences, 
and meetings during the growing season.



Reducing the Risks Associated with the Use of Plant Protection Products 

196

Close Collaboration between Researchers and 
Persons Working with Applied Plant Protection
For several years there has been close collabora-
tion between researchers at the Swedish University of 
Agricultural Sciences and plant protection officers at the 
Swedish Board of Agriculture as well as other plant pro-
tection specialists. The Unit for Applied Plant Protection 
at the Swedish University of Agricultural Sciences has 
two main objectives in the above-mentioned area: 1) To 
develop forecasting methods for important pests and dis-
eases together with specialists at the university; and 2) 
to keep the general public informed about any develop-
ments in the area of plant protection.

Data from the warning system can be used to evaluate 
different models. From each of the 1,200 fields subjected 
to weekly inspections, field data as crop rotation, cultivar, 
soil preparation, sowing date, etc. are also collected. Such 
data are valuable when assessing the reliability of differ-
ent forecasting methods. The data can also be used when 
calculating the economic impacts of pests and diseases. 
Data on disease incidence and pest attack intensity are also 
valuable when trying to establish relationships between 
climatic factors and various plant protection problems.

Impact of Climate Change on Pests and 
Diseases of Field Crops

Climate has a great influence on the occurrence of pests 
and diseases of field crops. Dry conditions are often fa-
vourable to insect pests and wet conditions to fungal dis-
eases, but there are several other factors which have a great 
influence on pest and disease development. Calculations 
of the damage to crops as a function of climate are com-
plicated and research within this area is working to de-
velop methods for both understanding and predicting the 
effects of climate change on the dynamics of insects and 
diseases (fungal, viral, bacterial) and on the damage they 
cause to crops.

Insect attacks on crops will probably increase in the 
future. There are several reasons for this. Higher tem-
perature will increase the number of generations dur-
ing the growing season and warmer climate during the 
winter will be favourable to insects and they will prob-

ably survive and therefore be more numerous in the 
spring. Aphids are very important in many countries of 
the world not only because of direct damage since they 
feed on the crop, but also indirect damage through the 
ability to transmit various viruses of different crops. In 
Sweden there are more than 50 aphid species of great 
importance for various crops. Some of these species will 
probably survive during mild winters and most regions 
of Sweden will probably experience increased problems 
with damage caused by insects and virus diseases, but 
the increase will be greatest in southern Sweden and in 
dry areas. Insects will be active considerably earlier in 
the spring than at present since the growing period will 
be extended. However, in some regions more rain is ex-
pected in late winter and early spring and therefore sow-
ing time can be delayed and earlier attack by insects can 
be expected in comparison to the developmental stage 
of the crop.

The greater numbers of aphids at spring sowing and 
the fact that spring crops will be exposed to virus diseases 
at an earlier stage of development will increase the need 
for pesticides unless there is an increase in other methods 
such as use of resistant varieties. Insects are also favoured 
by high temperatures in summers and the need for insec-
ticides will probably increase in most crops.

Aphids and virus attacks in autumn are currently lim-
ited, but the future climate will make great changes. The 
number of aphids (vectors of virus diseases) is relative-
ly low at present, but milder autumns and higher winter 
temperature by 3-4oC will have a great influence. Some 
aphid species such as Rhopalosiphum padi will probably 
survive during the winter on grasses and winter cereals. 
Winter wheat and winter barley can be infected with bar-
ley yellow dwarf virus (BYDV) by R. padi, which is an 
important vector of BYDV. Sitobion avenae will also con-
tribute to transmission of BYDV on winter cereals. This 
will increase damage by aphids and viruses and increase 
the need for insecticides to winter cereals. Aphids can 
also transmit viruses of winter oilseed rape and the future 
warmer climate will probably increase numbers of such 
vectors and increase problems with viruses in this crop. 

In autumn 2006 the weather in southern Sweden was 
very mild and this was very favourable to aphids. Winged 
aphids, mainly R. padi, were trapped in the suction trap in 
southern Sweden until late November (Figure 25.8). 
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This indicates that R. padi could be a problem in win-
ter wheat in the following year because of its ability to 
transmit BYDV. In early spring 2007 many winter wheat 
fields showed symptoms of BYDV. Analyses from sam-
ples in southern Sweden showed that fields were infected 
with BYDV, mainly PAV strain. There were great dif-
ferences in virus incidence in wheat fields in southern 
Sweden, from very low to high. In some fields the yield 
reduction was probably more than 25%.

In a future warmer climate, there will probably be 
more aphids in the autumn, while newly introduced 
spring-sown crops such as maize that grow long into the 
autumn can act as a green bridge for viruses from spring-
sown to winter-sown crops and thereby virus attacks will 
increase on winter wheat and winter barley. New insect 
pests will probably become established in Sweden, de-
pending on the crops grown and winter conditions, but 
it is difficult to predict the insect species involved and a 
monitoring system is needed to follow developments in 
this area. Colorado beetle is one example of an insect pest 

that will probably be introduced in the coming 20 years. 
This will cause greater problems for potato growers. In 
addition, insects can be transmitted long distances by the 
wind, thereby increasing the risk of new insect pests.

In most crops moisture and higher temperature are fa-
vourable to fungal diseases. In some regions of Sweden 
with more rain during the growing season we can expect 
greater attacks of late blight in potatoes. On the other 
hand, there may be drier conditions in south-east Sweden 
and thereby less problems than today. Winter cereals will 
be particularly vulnerable since they will have a long in-
fection period in the autumn and thus diseases such as 
brown rust will increase. For spring cereals the effect can 
be less than at present in areas with a predicted relatively 
dry early summer period, such as southern areas of the 
country. In northern Sweden fungal diseases of cereals 
will probably increase due to the generally wetter and 
warmer climate.

In the future warmer climate with more aphid species 
also in northern parts of Sweden, seed potatoes will run 

Figure 25.8. Rhopalosiphum padi in a suction trap at Alnarp in southern Sweden 2006-2007.
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a greater risk of virus attacks than at present. The need 
may then arise to establish special areas for seed potato 
production in which cultivation of ordinary commercial 
potato crops with a high proportion of virus-infected po-
tato plants are restricted. Increased incidence of differ-
ent insect pests on most crops will increase the use of 
pesticides, an undesirable development from a number of 
perspectives. Improved cropping systems, increased use 
of resistant varieties and a good crop rotation to decrease 
the occurrence of pests and diseases will therefore be of 
increasing importance.

Forecasting System for Pests and 
Diseases of Field Crops in North-west 
Russia 

The first regional plant protection stations in Russia were 
organised in 1870-1880. The Entomological Bureau 
was created in 1894 and the Phytopathological Bureau 
in 1907, both functioning under the State Department 
of Agriculture in St. Petersburg (since 1929 to present 
as laboratories of the All-Russian Institute of Plant 
Protection). 

The single centralised Forecasting and Warning Service 
in the former USSR was finally established in 1957 to 
work with large collective and state farms. Each collec-
tive farm had a position for a plant protection agronomist 
responsible for phytosanitary conditions and information 
from the collective farm fields.

Regional observation posts had plant protection agrono-
mists, who helped collective farms with the monitoring of 
pests and diseases in one or two small districts. The posts 
were managed by the Forecasting Departments in the Plant 
Protection Station in oblast, territory or republic. They 
had entomologists and phytopathologists, responsible for 
information from several regions. The Plant Protection 
Stations received information from all regions belonging 
to the oblast, territory or republic and, when necessary, en-
tomologists and phytopathologists inspected fields in the 
regions and helped with pest and disease monitoring. The 
All-Russian Institute of Plant Protection (which used to be 
the All-Union Institute), gathered phytosanitary informa-
tion from the territory of the whole Soviet Union.

This phytosanitary information was used for the creation 
of forecasts for major crop pests and diseases in the coun-
try. The forecasts were sent to the Ministry of Agriculture 
(located in Moscow), which planned the amount of pesti-
cides needed for the country. Now the agricultural system 
is less centralised and the Ministry of Agriculture cannot 
plan the amount of pesticides needed nationally. The All-
Russian Plant Protection Institute (VIZR) is responsible 
only for research in pest monitoring.

The present phytosanitary situation in Russia could 
be considered an emergency. The total number of plant 
protection activities has decreased dramatically, and con-
sequently the losses to grain crops due to various insects 
and other harmful organisms have increased significantly. 
The plant protection services that were developed in the 
former Soviet Union cannot adequately function in the 
current situation. It is desirable, however, to develop sus-
tainable agricultural systems based on the existing infra-
structure. The current land use pattern in Russia includes 
large-scale farms created from the collective farms, 
small-scale farms and individual land ownership. All this 
land is affected by fluctuations in pests and diseases, and 
the farmers need information on the dynamics of pests 
and diseases in the different regions of NW Russia.

Forecasting Systems in Leningrad Oblast, Russia 
All Regional Plant Protection Stations were re-organised 
in 2007 as Phytosanitary Departments of regional branch-
es of the Russian Agricultural Centre of the Russian 
Ministry of Agriculture. The Regional Phytosanitary 
Department at Saint Petersburg contains about 10 small 
forecasting and diagnostic stations (sometime called lo-
cal stations or observation posts), evenly distributed in 
the Leningrad region. Forecasting specialists, each using 
identical methods, inspect fields of all the main crops. 
They carry out observations noting phenological devel-
opment and search for early symptoms of diseases and 
signs of impending pest outbreaks. Specialists from the 
Forecasting and Diagnostic Laboratory transfer informa-
tion to plant protection agronomists in the districts. 

At the moment this service mainly provides diagnostic 
and warning information, but there is a great need for ad-
ditional information and implementation of methods in 
plant protection. Consequently, it is essential to develop 
new forecasting methods and effective warning and infor-
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mation systems. New agricultural producers and farmers, 
some of whom have no agricultural education, need good 
advice so that they can implement effective pest manage-
ment practices in a timely fashion and, when possible, 
avoid the unnecessary use of chemicals.

Advisory Service and Information Systems in Crop 
Protection in NW Russia 
Information on crop protection obtained through research 
at universities and at the All-Russian Institute is passed on 
to the advisory service at Phytosanitary Departments and 
farmers in different ways. There have been changes dur-
ing the past 10 years, but in many ways contacts still work 
and new ways are being established. From the All-Russian 
Institute of Plant Protection, there are contacts between 
central (in Moscow) and regional advisory services (for-
merly Plant Protection Stations) in the following ways:

1. Exchange of written information by mail and e-mail.
1.1. The All-Russian Institute of Plant Protection 

receives seasonal and annual reports from advi-
sory services. Now all 76 regional branches of the 
Russian Agricultural Centre have active e-mail 
connections through the e-mail network in NW 
Russia (including Leningrad, Pskov, Novgorod 
and Karelia) established in 2007-2008.

1.2. The All-Russian Institute of Plant Protection 
sends its reports and published information to 
central (the Russian Agricultural Centre at the 
Ministry of Agriculture of the Russian Federation 
in Moscow) and regional advisory services at the 
regional branches of this Centre. Now the Institute 
publishes dozens of recommendation books and 
collections of papers every year (in Russian). 
The Laboratory of Phytosanitary Diagnostics and 
Forecasts places some reports and information 
(in Russian mainly, with English abstracts) on the 
Institute website: http://www.vizrspb.narod.ru/in-
dex-en.htm/ (which is managed by the All-Russian 
Institute of Plant Protection). 

2. The All-Russian Institute of Plant Protection or-
ganises meetings and training courses for advisory 
service workers in all of Russia and NW Russia every 
year. Many of the researchers at the All-Russian 
Institute also participate in regional meetings on Plant 

Protection in various parts of Russia, where they give 
lectures and reports. There was a long gap in this 
work, but now the number of participants is progres-
sively increasing every year.

3. The Institute researchers work closely with 
Leningrad, Pskov Regional and with some district 
branches of the Russian Agricultural Centre, and with 
several collective farms in Leningrad oblast. They 
carry out demonstration trials on the Institute experi-
mental plots and on fields of some collective farms. 
The Leningrad branch of the Russian Agricultural 
Centre supplies and receives written and oral in-
formation every week during the season, and the 
All-Russian Institute of Plant Protection helps them 
prepare recommendations and reports, e.g. in map-
ping of weeds, pests and diseases. 

Therefore the combined work of this project between 
Sweden and Russia (in the form of published recom-
mendations) can be quickly disseminated among farm-
ers through regional and district branches of the Russian 
Agricultural Centre. In different ways, we plan to get 
comments from advisory service workers and farmers on 
the recommendations. This will help in future work to 
develop effective information systems on crop protection 
for advisory service workers and farmers. 

Information Systems
Traditional problems in gathering, transferring and 
processing phytosanitary information with a view to fore-
casting yield losses from harmful organisms and the cost 
of protective actions are solved today using new methods 
of phytosanitary diagnostics and monitoring.

The development of modern systems of phytosani-
tary monitoring is impossible without the use of com-
puter-based spatial modelling involving geoinformation 
systems and methods of molecular genetic diagnostics. 
A practical output of this long and labour-consuming 
scientific work is the computer handbooks supplied with 
the text information, together with high-quality colour 
photos and maps of the distribution and harmfulness of 
species and intraspecific forms of harmful organisms. The 
Agricultural Atlas of Russia and adjacent countries (2003-
2008) is one example of the work completed in this area. 
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The Agricultural Atlas is accessible through the internet 
collection of agrobiocenotic and phytosanitary informa-
tion, which makes up the information-diagnostic database 
for phytosanitary monitoring, as it contains references to 
huge amounts of printed materials, and also links to many 
biological and phytosanitary internet resources.

Active application of research findings in plant pro-
tection science is impossible without regular updating 
of internet resources, including updating by users. This 
requires electronic forecasting systems with which users 
can work in automatic mode, entering agroecological and 
phytosanitary data of a region. It is anticipated that this 
will become possible in the near future.

Since 2002, VIZR has created a system of exchange of 
new phytosanitary information between the central and 
regional laboratories and some industrial organisations. 
The Russian-Swedish cooperation within the Baltic Sea 
Regional Project allowed a similar system to be created 
in the conditions of NW Russia. The availability of mod-
ern techniques (portable laptops with wireless internet 
connection) facilitates and accelerates information in-
terchange between experts of the agrarian and industrial 
complex, consulting services, administrative workers at 
all levels and experts at research organisations. Using mi-
croscopes equipped with digital cameras, practical work-
ers can provide qualitative images of harmful objects or 
damaged plants from a site near the field, for example in 
a car. Using GPS-navigators, they can register the exact 
coordinates of a sample, while laptops with a 3G or Wi-
Fi adapter allow the images and other information to be 
sent for identification to an expert in the area of pests, 
plant diseases or weeds. The image can also be placed on 
one of specialist biological internet forums, where pre-
liminary identification of the material is frequently made 
within an hour.

A database (DB) was developed in 2009-2010 for ac-
cumulation of data on phytophages, plant pathogens and 
weeds populating agroecosystems in NW Russia. The 
main task is to simplify the problem of data storage, 
search and delivery experienced by the Plant Protection 
Service in forecasting and prevention of dangerous phy-
tosanitary situations. The DB interface developed by 
means of SQL technology includes 22 connected tables. 
The DB scheme includes the components: “Province”, 
where names of north-west regions (oblasts) are entered; 

“Region”, for names of administrative territories in oblasts 
and republics; and “Farm” for names of farms. The com-
ponent “Field” is used to identify certain fields in which 
inspections will be made, their area and the geographical 
co-ordinates of their south-west corners. Co-ordinates can 
be defined by means of portable navigating equipment 
or maps on Google Earth. Latin, English and Russian 
names of agricultural crops are registered in the “Crop” 
component, while varieties of crops found in NW Russia 
(English and Russian names) are collected in the com-
ponent “Variety”. The component “Pest, Disease, Weed” 
contains English, Russian and Latin names of all pest ani-
mals, plant pathogens and weeds recorded in NW Russia. 
The Table “Unit” is for physical units used in the DB, i.e. 
hectares, kg, litres etc. “Indicator type” shows the types of 
indicators used at inspection of fields to define the popula-
tion of harmful organisms, an estimation of their numbers, 
distribution and pathogenicity. Types of parameters (data 
on soil structure, crop, nitrogen status) are registered in 
the component “Param type”; while “Param” contains pa-
rameters measured in the field regularly every year; and 
“Year” a record of the calendar year. Names of types of 
actions performed in the field (application of pesticides, 
fertilizers, etc.) are entered in the component “Action 
type”. The actions carried out during a vegetation season 
in the field are recorded in the “Action” component. The 
DB manager is responsible for entering and checking the 
information in the components listed above. Users cannot 
change these data, but should inform the manager about 
any discrepancies observed in the basic information. DB 
users fill and check the following DB components: “Field 
year”, for data about the fields chosen for observation 
during a vegetation season (field year). “Indicator”, the 
largest table where various information on the character-
istics of indicators is recorded: phytophage, pathogen or 
weed species, crop name, type and indicator name, unit 
of measurement, minimum and maximum phases of crop 
development when a harmful species is observed, and 
dates of its occurrence on crops or plantings. Minimum 
and maximum values of an indicator (number, abundance, 
harmfulness etc.) are also recorded. “Field param” in-
cludes data on parameters by which a field is surveyed. 
The “Reading” component contains information on dates 
when a field is visited for recording, scoring and verbal es-
timation of crop developmental phase and other character-
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istics of field conditions. Data about parameters on which 
a field is surveyed on the current year are stored in the 
component “Field year param”. Data about pests, diseases 
and weeds in a given field are stored in the component 
“Indicator reading”. The component “Field year action” is 
for information accumulated about the actions performed 
directly in fields. Four shell components are preliminarily 
allocated: “Field history” for information on all actions 
in the field, results of inspections and measurement of 
parameters for all years of survey; “Distribution map”, a 
cartographical block for creating on demand dot maps for 
phytophage, pathogen and weed distribution on the basis 
of data accumulated in the DB; “Statistics” a block of sta-
tistical operations necessary to calculate average indexes 
for farms, regions, oblasts and republics; and “Reports”, 
summary forms for printing and electronic reports. The 
basic objective of such database “shells” is accumulation 
of data about numbers of pests and diseases, abundance 
of weeds, etc. 

An offline version of the database has been established 
using SQL technology on two computers in St. Petersburg. 
It is already possible to work there on entering informa-
tion and correction of the DB interface. A demonstration 
version (in English and Russian) of the basic components 
contained in the database is now available at the website 
www.plantprotection.narod.ru/Fitosan/Phytosanitary_
Eng.htm.

The information system developed after successful 
appraisal in NW Russia may be offered to other federal 
districts and republics for the organisation of information 
support systems. It will allow automated storage, search 
and delivery of the data needed by the Phytosanitary 
Service for forecasting and prevention of dangerous phy-
tosanitary situations. The economic efficiency of such 
systems is not in question, as they will allow the informa-
tion stream in plant protection to be accelerated compared 
with the old archaic system of information interchange.

The information system created has no counterpart in 
the plant protection service of the Russian Federation.



References

480

Brooks, G.T. and Roberts, T.R. (eds.) 1999. Pesticide chemistry and bi-
oscience. The Food-Environment Challenge. Proc 9th Int. Congress 
on Pesticide Chemistry. Publ. by The Royal Scociety of Chemistry, 
Spec. Publ. No. 233. ISBN 0-85404-709-3. 438 pp.

Castillo, M.dP., Torstensson, L. and Stenström, J. 2008. Biobeds for 
environmental protection from pesticide use. A review. In: J. Agric. 
Food Chem. 56, 6206-6219

Domsch, K.H. 1992. Pestizide im Boden. Mikrobieller Abbau und 
Nebenvirkungen auf Mikroorganismen. VCH, Weinheim and 
Cambridge. 575 pp. ISBN 3-527-28431-1.

Eijsackers, H. 1998. Soil quality assessment in an international per-
spective: Generic and land- use based quality standards. In: Ambio 
27:1, pp. 70-77.

Fomsgaard, I.S. 1999. The mineralization of pesticides in surface and 
subsurface soil – in relation to temperature, soil texture, biologi-
cal activity and initial pesticide concentration. Ministry of Food, 
Agriculture and Fisheries, Danish Institute of Agricultural Sciences, 
Research Centre Foulum, Tjele. Ph. D. dissertation, No. 19 Plant 
Production . 224 pp. 

Helweg, A. 1994. Threats to water quality from pesticides – Case histo-
ries from Denmark. In: Pestic. Outlook, 5 pp. 12-18

Tomlin, C.D.S. (Ed.) 2005. The pesticide manual. A world compen-
dium. B.C.P.C., ISBN 1-901396-14-2. Also on CD, The e-Pesticide 
Manual Version 4.1, ISBN 1-901396-42-8.

Torstensson, L., Pell, M. and Stenberg, B. 1998. Need of a strategy for 
evaluation of arable soil quality. In: Ambio Vol 27:1, pp. 4-8.

Torstensson, L. 2000. Experiences of biobeds in practical use in 
Sweden. In: Pestic. Outlook, 11 pp.206-212. 

Chapter 24

Kreuger, J. 1998. Pesticides in stream water within an agricultural 
catchment in southern Sweden, 1990-1996. In: The Science of the 
Total Environment 216: pp. 227-251.

Kreuger, J. and Brink, N. 1988. Losses of pesticides from agricul-
ture. In: Pesticides. Food and environmental implications. IAEA/
FAO International Symposium on Changing Perspectives in 
Agrochemicals, 24-27 Nov. 1987. IAEA: Vienna. pp. 101-112. 

Torstensson, L. and Castillo, M.dP. 1997. Use of biobeds in Sweden to 
minimise environmental spillages from agricultural spraying equip-
ment. In: Pesticide Outlook 8: pp. 24-27. This article was previously 
published in 2001 BCPC Symposium Proceedings NO. 78: Pesticide 
Behaviour in Soil and Water

Chapter 25

Andersson, B. 1994. Output from the NEGFRY warning system for po-
tato late blight with various types of weather input data. Workshop 
on Weather Information and Plant Protection, models, forecast-
ing methods and information systems, Uppsala, Sweden 9-10 
November.

Andersson, B. 2007. Sexual reproduction in Phytophthora in-
festans. – epidemiological consequences. Doctoral Thesis No. 
2007:77, Faculty of Natural Resources and Agricultural Sciences, 

Acta Universitatis Agriculturae Sueciae. Swedish University of 
Agricultural Sciences.

Andersson, B., Sandström, M. and Strömberg, A. 1998. Indications of 
soil borne inoculum of Phytophthora infestans. In: Potato Research 
41, pp. 305-310.

Grichanov, I.Ya. 2002. General information about important pests of 
different crops in NW Russia. Crop Protection conference – Pests, 
diseases and weeds in NW Russia, St Petersburg, Pushkin, May 22-
30, 2002. Conference Report 01. Uppsala, Swedish University of 
Agricultural Sciences.

Grichanov, I.Ya. 2010. Modern information technologies of phytosani-
tary monitoring. International conference on databases and infor-
mation technologies for diagnostics, monitoring and forecasting the 
major weed, plants, plant pests and diseases. St Petersburg, Pushkin, 
June 14-17, 2010. 

Grichanov, I.Ya. and Ovsyannikova, E.I., 2010. Climate change and 
agricultural insect pests in Russia. NJF Seminar 430: Climate 
change and Agricultural Production in the Baltic Sea region – Focus 
on Effects, Vulnerability and Adaption, Uppsala, Sweden. May 4-6, 
2010. NJF Report, Vol 6, No1. Website: http://www.njf.nu

Lindblad, M. and Solbreck, C. 1998. Prediction Oscinella frit popu-
lation densities from suction trap catches and weather data. In: 
Journal of Applied Ecology, 53: pp. 871-881.

Lindblad, M. 1993. Forecasting frit fly damage on oats using meteoro-
logical and monitoring data. Workshop on Computer-based DSS on 
Crop Protection, Parma, Italy, 23-26 November 1993.

Lindblad, M. and Sigvald, R. 2004. Temporal spread of wheat dwarf vi-
rus and mature plant resistance in winter wheat . In: Crop Protection 
23 (3), pp. 229-234. 

Lindblad, M. and Sigvald, R. 1999. Frit fly infestation of oats in rela-
tion to growth stage and weather conditions at oviposition. In: Crop 
Protection 18 (8), pp. 517-521.

Olvång, H. 1991. Lönsamhet av bekämpning mot utvintringssvampar 
och stråknäckare vid förändrade spannmålspriser. 32:a Svenska 
Växtskyddskonferensen, Uppsala.

Ruesink, W.G. and Irwin, M.E. 1986. Soybean mosaic virus epidemiol-
ogy. A model and some implications. In: McLean, G. D., Garret, 
R. G. and Ruesink, W. G. (eds.). Plant virus epidemics monitoring. 
Modelling and predicting outbreaks. p 295-313. Academic Press, 
Australia

Rufelt, S., 1993. Starka angrepp av rapsjordloppa 1992. Erfarenheter av 
18 års prognosundersökningar. In: 34:e Svenska växtskyddskonfer-
ensen, Uppsala, 1993.

Saulich, M.I. and Grichanov, I.Ya., 2010. The database “Pest, Disease 
and Weed Warning System in Northwest Russia”, NJF Seminar 430: 
Climate change and Agricultural Production in the Baltic Sea region 
– Focus on Effects, Vulnerability and Adaption, Uppsala, Sweden. 
May 4-6, 2010. 

Sigvald, R. 1984. The relative efficiency of some aphid species as vec-
tors of potato virus Yo (PVYo) In: Potato Res 27, pp. 285-290.

Sigvald, R. 1985. Mature plant resistance of potato plants against potato 
virus Yo (PVYo) In: Potato Res, 28 pp. 135-143.

Sigvald, R. 1986. Forecasting the incidence of potato virus Yo. In: 
McLean, G.D., Garret, R.G. and Ruesink, W.G. (eds.). Plant virus 
epidemics monitoring. Modelling and predicting outbreaks. pp. 
419-441. Academic Press, Australia.



References

481

Sigvald, R. 1989. Relationship between aphid occurrence and spread of 
potato virus Yo (PVYo) in field experiments in southern Sweden. In: 
J. Appl. Ent. 108, p. 34-43. 

Sigvald, R. 1990. Aphids on potato foliage in Sweden and their im-
portance as vectors of potato virus Yo. In: Acta Agric. Scand. 40: 
pp. 53-58.

Sigvald, R. 1992. Progress in aphid forecasting systems. In: Neth. J. Pl. 
Path, 98, Supplement 2: pp. 55-62.

Twengström, E. and Sigvald, R. 1993. Forecasting sclerotinia stem 
rot using meteorological and field specific data. Workshop on 
Computor-based DSS on Crop Protection, Parma, Italy, 23-26 
November 1993.

Twengström, E., Sigvald, R., Svensson, C. and Yuen, J. 1998. 
Forecasting Sclerotinia stem rot in spring sown oilseed rape. In: 
Crop Protection, 17:5, pp. 405-411.

Wiik, L. 1993. Väderleken och Septoria Spp. Sambandet mellan några 
klimatparametrar och skördeförlusten orsakad av Septoria Spp. In: 
34e svenska växtskyddskonferensen, Uppsala, 1993.

Wiik, L. 2009a. Yield and disease control in winter wheat in southern 
Sweden during 1977-2005. In: Crop Protection 28 (1), pp. 82-89

Wiik, L. and Ewaldz, T. 2009b. Impact of temperature and precipita-
tion on yield and plant diseases of winter wheat in southern Sweden 
1983-2007. In: Crop Protection, (Article in Press).

Wiktelius, S. 1981. Studies on aphid migration with special ref-
erence to the bird cherry oat aphid Rhopalosiphum padi (L.). 
Växtskyddsrapporter avhandlingar 5. Sveriges Lantbruksuniversitet, 
Uppsala.

Yuen, J., Twengström, E. and Sigvald, R. 1996. Calibration and veri-
fication of risk algorithms using logistic regression. In: European 
Journal of Plant Pathology 102:847-854.

Chapter 26 

Chulkina, V.А., Тоropova, Е.U., Chulkin, U.I. and Stetsov, G.J. 2000. 
Agrotechnical methods in plant orotection. – Мoscow.: (in Rus).

Encyclopedia Britannica, 1999.
Soroka, S.V. (ed.) 2005. Integrated Pest Management in agriculture. 

Мinsk.: 2005 (in Rus)

Chapter 27

Eilenberg, J., Hajek, A., Lomer, C. 2001. Suggestions for unifying the 
terminology in biological control. In: BioControl 46, 387-400.

Chapter 28

Alakukku, L. 2000. Response of annual crops to subsoil compaction 
in a field experiment on clay soil lasting 17 years. In: Horn, R., 
van den Akker, J. J. H. and Arvidsson, J. (eds.) Subsoil compaction. 
Distribution, processes and consequences. Advances in Geoecology 
32: pp. 205-208.

Alakukku, L. 1999. Subsoil compaction due to wheel traffic. In: 
Agricultural and Food Science in Finland. 8: 333-351.

Alakukku, L., Ahokas, J. and Ristolainen, A. 2002. Response of clay soil 
macroporosity to stress caused by tracked tractors. In: Pagliai, M. 
and Jones, R. (eds.) Sustainable land management. Environmental 
protection. A soil physical approach. Advances in Geoecology 35: 
319-330.

Alakukku, L., Weisskopf, P., Chamen, W.C.T., Tijink, F.G.J., Van Der 
Linden, J.P., Pires, S., Sommer, C. and Spoor, G. 2003. Prevention 
strategies for field traffic-induced subsoil compaction: a review, 
Part 1. Machine/soil interactions. In: Soil & Tillage Research 73: 
pp. 145-160. 

Ansorge, D. and Godwin, R.J. 2007. The effect of tyres and a rubber 
track at high axle loads on soil compaction, Part 1: single axle-stud-
ies. In: Biosystems Engineering 98: pp. 115-126.

Arvidsson, J. 1998. Influence of soil texture and organic matter con-
tent on bulk density, air content, compression index and crop yield 
in field and laboratory compression experiments. In: Soil Tillage 
Research 49: pp. 159-170.

Arvidsson, J. 2001. Subsoil compaction caused by heavy sugarbeet 
harvesters un southern Sweden. I. Soil physical properties and crop 
yield in six field experiments. In: Soil Tillage Research 60: pp. 67-
78.

Arvidsson, J. 1999. Nutrient uptake and growth of barley as affected by 
soil compaction. In: Plant and Soil 2008: pp. 9-19.

Arvidsson, J. and Håkansson, I. 1996. Do effects of soil compaction 
persist after ploughing? Results from 21 long-term field experi-
ments in Sweden. In: Soil Tillage Research 39: 175-197.

Arvidsson, J., Trautner, A., Van den Akker, J.J.H. and Schjønning, P. 
2001. Subsoil compaction caused by heavy sugarbeet harvesters in 
southern Sweden II. Soil displacement during wheeling and model 
computations of compaction. In: Soil Tillage Research 60: 79-89.

Ball, B.C., Scott, A. and Parker, J.P. 1999. Field N2O, CO2 and CH4 
fluxes in relation to tillage compaction and soil quality in Scotland. 
In: Soil Tillage Research 53: 29-39.

Blackwell, P.S., Graham, J.P., Amstrong, J.V., Warc, M.A., Howse, 
K.R., Dawson, C.J. and Butler, A.R. 1986. Compaction of a silt 
loam soil by wheeled agricultural vehicles. I Effects upon soil con-
ditions. In: Soil Tillage Research 7: 97-116.

Blake, G.R., Nelson, W.W., Allmaras, R.R., 1976. Persistence of sub-
soil compaction in a Mollisol. In: Soil Science Society American 
Journal 40: 943-948.

Chamen, T., Alakukku, L., Pires, S., Sommer, C., Spoor, G., Tijink, F. 
and Weisskopf, P. 2003. Prevention strategies for field traffic-in-
duced subsoil compaction : a review, Part 2.Equipment and field 
practices. In: Soil Tillage Research 73: 161-174. 

Chamen, W.C.T., Chittey, E.T., Leede, P.R., Goss, M.J. and Howse, 
K.R. 1990. The effect of tyre/soil contact pressure and zero traffic 
on soil and crop responses when growing winter wheat. In: Journal 
of Agricultural Engineering Research 47: 1-21.

Commision of the European Communities 2006. Proposal for a 
Directive of the European Parliament and of the Council establish-
ing a framework for the protection of soil and amending Directive 
2004/35/EC. COM (2006) 232 final http://ec.europa.eu/environ-
ment/soil/pdf/com_2006_0232_en.pdf).

Ehlers, W. 1982. Die Bedeutung des Bodengefüges für das 
Pflanzenwachstum bei moderner Landbewirtschaftung. In: 
Mitteilungen Deutsche Bodenkundliche Gesellschaft 34: 115-128.


	ehsa 1_cover.pdf
	FULLTEXT01-53.pdf

