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ABSTRAGT

The problem of pest comntrol om sugar beet is discussed in the comtext
of decision making in respomse to natural hazards in gemeral. The
production of sugar beet in England, its pests, and the controlrmethods
available are described. ‘Four elements of the pest control decision are
chosen for detailed investigation: perception of the hazard; recognized
control methods; perceived outcomes of comntrols; and pest control objectives.

The relationship of advice to these decision factors is also studied. A

personal interview survey of 60 sugar beet growers in Cambridgeshire and
South Humbérside was conducted to obtain information directly from farmers
on their pest control decisions.. Results of this survey are reported and
the outcomes are discussed in comparison with a theoretical decision model
using perceptions based on objective evidence of hazards and control
effects, and with a range of economic goals. The wvalue of additional
information, in the form of forecasts or historic probabilities of losses
is estimated, given various goals. On the basis of findings concerning
the decision process and its important inputs, suggestions for research
and extension activities are made to improve pest control decisiqn making

in four areas: perceptions; optiomns; objectives; and rationality.
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PREFACE

Farmers are faced with a range of management problems that require
decisions on the basis of uncertain knowledge of future events. This
thesis deals with one such problem, the control of invertebrate pests of

sugar beet in England.

The first three chapters provide an introduction to sugar beet, its

pests, and the current control measures used. Chapter 1 gives an historic

background to the beet sugar industry in Britain, and briefly describeé
the production and economics of the crop. The pests are introduced in
Chapter 2, with the emphasis on virus yellows and'thei: aphid vectors.
The biological interactions between hosts, viruses, and vectors are
described, and the damage relationship is outlined. Historical records

are presented showing the past variability of the disease in the country

as é'whole; and SPecifica11§iin the Ely and Brigg”sugaf fa¢t5fY areas, - -

representative of southern and northern beet growing regions, respectively.

In Chapter 3 the mefhods of controlling beet pests are discussed.
Since chemicalbinsecticides are the main defence, they are described in
the greatest detail, although non~chemical practices are noted as well.
The chemicals available, their costs, and the pests against which they
are used are listed, while their effectiveness against virus yellows is
described in detail. The mmanagement problem is first 1llustrated at the
conclusion of this chapter by means of a comparison between the area on
which pest control would have been profitable in recent years and that

which was actually treated, the latter being much greater in many years.

The pest control decision and the process by which it is made is

discussed in detail in Chapters 4 and 5. In Chapter 4, along with a brief



review of literature on decision theory, pest control economics, and
adaptations to natural hazards, four main factors are suggested as
elements of the beet pest control decision: 1) the farmer's perception of
the pest hazard; 2) the control methods he recognizes as being available;
3) his perception of their effectiveness; and 4) his objectives for pest
control. On the basis of this theory, and using the objective information
provided in the first three chapters, a theoretical analysis of the

control decision for pre-emergent insecticide use on beet is presented in

Chapter 5.

While such analysis provides some understanding of the degision
process, it is only based on assumptions about. farmers' perceptions and
objectives. To obtain information on farmers' actual perceptions of these
decision making factors a personal interview survey of 60 sugar beet
growers at Ely and Brigg was conducted. Chapter 6 describes how inform—
ation on the four decision eleménts was collected, élong With attitudes to
the advice currently received. The results from this survey are reported

in Chapter 7.

To evaluate the decision model developed. in earlier chapters, Chaptgr
8 compares the decisions on pre-emergent insecticide use actually made by
growers with the choices they might be expected to make according to the
model. The effect of changing farmers' current perceptions is assessed by
comparing choices made under current perceptions with those made under the
objective perceptions outlined in the initial chapters, bearing in mind
their objectives and constraints. Further suggestions on how research and
extension efforts might improve sugar beet pest control decisions are
presented in four main areas: 1) Perceptions; 2) Options; 3) Objectives;
and 4) Rationality. Finally, the importance of this type of study in

designing and evaluating pest control programmes and research is emphasised.



CHAPTER ONE
SUGAR BEET

This chapter provides an introduction to the beet sugar industry and
the pFoduction and economics of the crop, as a background to the study of
pest control on sugar beet. Beet is an important érable crop in England
for several reasons: 1) at present about half of the sugar consumed in the
U.K. comes from domestic beet production, while the remainder is imported
cane sugar; 2) it is grown on over 200,000 ha, ﬁostly in East Anglia,
Lincolnshire, and Yorkshire (Map 1.1) by about 14,500 farmers; and 3) it is
a useful break c—-op in rotation with cereals, a cash crop for sugar

production, and provides byproducts used for animal feed.

1.1 The beet sugar industry

‘ Commercial bee; sugar productign began in Europe and North America 
during the 19th century, but was slower to start in Britain bécause of
readily available supplies of cane sugar from the Empire (Anon., 1975).
Commercial produc;ion of beet sugar began in Britain in 1912, with the
opening of a factory at Cantley, Norfolk. 1In 1925 the govermment
introduced an experimental subsidy and relief scheme to encourage beet
growing, both as a means of improving the agricultural economy, and as a
safeguard to the nation's sugar supply, which had been threatened during
the First World War. By 1928 there were 15 sugar companies processing
beet sugar in Britain. However, in 1936 an Act of Parliament merged all
these companies to form the British Sugar Corporation, Ltd. (B.S.C.).

This corporation is a public limited company, in which the government owns

.-

approx{méteiy.QSZ of the shérés, and has three representatives, including
the Chairman, on the Board of Directors. The remaining 757 of the company

is in the hands of private investors.
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arable acreage, after Dunning and Davis. (1975).

more than 10%

XTI
NN

XS
whe%

dual growers

ivi

less than 1%
d

1n




British Sugar performs a number of functions: 1) it is a centralized
purchasing organization for sugar beet; 2) it processes sugar and its
byproducts; 3) it markets these products; and 4) it conducts research on
production and processing, and supplies advice to farmers on the basis of
this research. The first and last of these functions are of most direct

significance to the farmer.

All sugar beet in Britain is grown under contract to British Sugar.
Contracts between the company and growers are drawn up in the winter
preceding the season, in which the areas to be grown, the tonneage to be
accepted, and the price are stated. The farmer provides the land, labour,
and equipment, while British Sugar provides a market and agriéultﬁralv
advice. Growers are fairly well assured of being able to retain a contract
for a given area year after year, and in recent years, as the total area
under beet has been increasing, and as farms have been goﬁsolidating, there
has been an increase in the size of the average conﬁract area, réachingv

10 ha in 1976 (Hull, 1976).

. For the 1978 season British Sugar contracted for up to 220,000 ha in
the hope of obtaining.8.25 million tonnes of beet, to produce just over
1 million toﬁnes of refined.sugar. The 1978 basic contract price is
£20.98/tonné of clean beet at 167 sugar content,vdelivered to the factory.
Additional bonuses and deductions can alter the price somewhat, adjust-
ments being made according to sugar content, dirt tare, delivery date, and
the final market conditions for sugar and beet pulp. The contracts also
impose certain conditions on the farmer regarding the way in which the
crop is grown. For instance, rotational practices are laid down, and safe
use of agrichemicals is mandated. The prices and conditions of the

contracts are negotiated between British Sugar and the National Farmer's



Union, under guidelines set by the government and the E.E.C.

British Sugar has seventeen sugar factories, each of which contracts
with growers in iés local area. Apart from buying the beet, British
Sugar offers the farmer an advisory service through its agricultural staff,
each factory having its own Agricultural Manager and a staff of fieldmen
responsible for the agricultural aspects of the crop. There are usuglly
about five fieldmen for each factory area, and it is their duty to obtain
the contracts from the farmers, to help the farmer produce his contracted
beet, by offering whatever advice they can, and to ensure ordefly;deli#ery

of the beet to the factories during the processing campaign.

The industry promotes much research on agricultural improvements for
the beet crop. As well as the British Sugar agricultutai staff, which
- conducts numerous field trials, the Sugar Beet Research and Education
Committee (S.B{R.E.C.), a government organized‘bddy,'also.édministers‘
research and education on beet growing with funds derived from a levy on
beet tonneage paid jointly by British Sugar and the farmers. The principal
work of the S.B.R.E.C. is carried out at Broom's Barn Experimental Station,
a department of Rothamsted Experimental Station. The Agricultural
Development and A&visory‘Service (ADAS) also conducts some research and
offers advice on sugar beet growing, with many other research establish-
ments contributing as well. 1In addition, many commercial suppliers of
agricultural chemicals and machinery offer advice through their salesmen

and technical representatives.

1.2 Sugar beet production

Sugar beet is a spring sown annual crop, planted as soon after mid-
March as possible to gain the longest growing season (Clare, 1976). The

principal labour requirements for beet result from thinning and tractor



hoeing in late spring, aphid spraying in early summer, and harvesting,
loading, and ploughing in autumn. Table 1.1, derived from Nix (1976),
shows the typicél hours per hectare per month spent on the beet crop,

along with the activities involved.

Table 1.1 Monthly breakdown of time and activity spent on sugar beet

(after Nix, 1976).

Month hr/ha Activity
March 7.1 fertilizer; cultivation;
drilling
April 4.4 cultivation; drilling
May 12.5 thinning; tractor hoeing
June 13.5 thinning; tractor hoeing
July 1.5 tractor‘hoeing;-aphid spray
M:Sépteﬁgef S 4.4 ﬁarvésﬁ;‘loadiﬁg_
October 15.6 harvest; loading
November 18.2 harvest; loading; ploughing
December 2.7 loading; ploughingv
January - 1.1 loading‘
February . 0

In the past, sugar beet has been heavily demanding on labour. In‘the
last decade, however, as monogerm seed, drilled to a stand, has become
more widely used, reducing the need for thinning and hand hoeing, this
demand for labour has diminished. Nevertheless, some hand hoeing and
thinning of the crop is-still done on many farms, particularly the smaller
ones. Labour demand has also been lessened with the introduction of

multirow harvesters, reducing the time needed for lifting the crop



(Thompson, 1977).

1.3 Economics of sugar beet

This section presents information on the costs and returns of growing
sugar beet, and allows some comparison with other arable crops. Beet has
a relatively high gross margin compared with other crops, though there afe
also high variable costs associated with it as well (Table 1.2). Beet
requires more fertilizer than many crops, and incurs considerable trans-—
port costs once harvested. Fixed costs are also rather high, due to the
cost of labour and specialised machinery necessary for beet growing, and:
this must be considered in estimating profits. Nevertheless, in most
years the profitability of beet compares well with other crops, and there
is noticeable improvement in following cereal crops as well (Sturrock and

Thompson, 1972).

.‘fTabie"112;ﬁbTotéigvariablgw§QSts;and,gross:mérgins2f6rﬁseveralgcpmmqﬁ:ﬁﬂf;;E,,augx

arable crops, after Nix (1976).

Crop Total variable Gross margin

cost (£/ha) _ (£/ha)

Sugar beet , 210 490

Winter wheat 77 - ‘ 260

Barley | : | 66 217

Main crop potatoes 630 690

0il seed rape 105 220

Vining peas 95 310

In recent years, however, due to reduced yields from adverse weather
and disease, returns from sugar beet have been very poor. The variable

costs and gross margins for sugar beet reported by Thompson (1977) for the



years 1973-1976 are much lower than the averages quoted by Nix (Table 1.3).
Yields, and so margins, are quite variable, as the table shows. The

values for sprays include both herbicides and insecticides.

Table 1.3 Costs and returns for sugar beet, 1973-6, (after Thompson,

1977).
(£/ha)

Year %éﬁig :zﬁgﬁi Seed|Fertilisers|Sprays|Others vggggg}e ;2?:?;

1973 37.8 | 364.7 |12.1|  40.8 is.s_ 41.0 | 109.7 |255.0

1974] 21.0 | 265.9 |13.1| 447 | 22.5 | 33.3 | 113.6 |152.3

1075 23.5 | 403.8 |16.3|  64.0 33.8 | 40.5 | 154.9 | 248.9

1976| 29.9 | 463.8 {18.4|  71.7 40.7 | 51.2 | 182.0 | 281.8

There was a dramatic improvement in yieids in 1977, as climatic and
disease factors became more favourable again; Thompson estimated the
gross-revenue for beet in 1977, based on a predicted’jield of 36.6
tonnes/ha (from the long term trend in beet yields), to be £720/ha,>with
a gross margin of £508/ha. The actual gross revenue reported by British
Sugar (Farmer’s Weekly, 1978) averaged £696/ha, on a yield slightly lower
than expected, and while no estimates of gross margins were given, they

were probably quite close to the £490/ha estimated by Nix.

In the distant future many factors could affect beet growing, such
as the world sugar market, E.E.C. regulations, sugar substitutes, and the
relative demands for other agricultural products in Britain. In the near
future, Thompson considers that farmers with few alternatives to beet,

because. of the unsuitability of their soil for other crops, will try to



expand their beet production, while those with heavy laqd,rwhere harvesting
can be difficult and on which alternative crops such as oil seed rape and
vining peas are better suited, will probably reduce their beet production.
He suggests that specialisation among farmers will increase, that many
farmers will become more committed to sugar beet while others will stop

growing it entirely.

1.4 Summary

Sugar beet is widely grown, particularly in the eastern counties of
England, and is a valuable crop, to the farmer growing it, to British
Sugar, and to the country as a whole. Through the contract growing_system
for sugar beet the farmer has considerable assurance of the price for beet,
which makes it a more reliable crop than many others, although there are
still yield fluctuations. There is a relatively centralised and

_coordinated research and adv1sory programme to a331st farmers and the
1ndﬁsrr}; Qho éremjﬁrrrlj commltted to 1mprov1ng‘the crop.' Wh11e beet has A
fairly high labour requirements, these are lessening due to technological
developments, aﬁd despite high costs of»growing beet, it has high margins
and can be profitable in itself, and valuable as a break crop. It is

likely to increase in importance on the farms on which it is grown in the

future, as individual contracts increase in size.



CHAPTER TWO

SUGAR BEET PESTS

This chapter describes the pests of sugar beet in Britain, concentrating
on the principal pests, viruliferous aphids. . The relétive importance of
various pests, the life cycles and damage of the aphids and viruses, and
historical records of the incidence and losses from virus yellows are

reported.

2.1 Pests of sugar beet

Sugar beet is attacked at times by a wide range of peéts in Britain.
Jones and D;nning (1972) discuss over 40 beet pests in the M.A.F.F.
Bulletin on sugar beet pests, including insects, nematodes, small mammals,
and birds. By far the most important pests are the virus vectors,
primari}y_theipgach~po:ato_aphid,_or,grgenfly,,Mygus pergicae:(SQ}zgpza,;
and sécondaril&rfhe Elack Eeén aphid; or blackfly, Aphis f&bae>(Sééé;ii)
(Dunning and Davis, 1975). Nematddes, particularly the beetAcyst eelworm,
Heierodera shactii Schmidt, are reduced by mandatory crop rotation
prog?ammeé and so cause little actual damage, though the rotation order
can be the limiting factor on the acreage of beet on sdme farms. Other
pests are much more sporadic and local and do not cause the widespread
concern that aphids/virus cause. Dunning and Davis (1975) noted the
increase in hazard from vertebrate and invertebrate seedling pests due to
the growing practice of planting to a stand, however, this damage is still

minor compared with losses from virus yellows.

Cramer (1967) illustrates the relative importance of various pests
on beet, using a table from Strickland (1965) (Table 2.1). Although this

table is described as showing the possible average hectare equivalent
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losses to beet in Britain 'assuming no specific control measures', the
text reveals that losses from virus vectors are after all efforts at
control. Even so, the losses caused by virus vectors are estimated at

over twice that caused by all the other pests combined.

Table 2.1 Hectare-equivalent and percent losses from principal sugar beet

pests, after Strickland. (1965).

Pest complex Hectare—equivalent Percent
loss . ~ loss
Virus vectors 10,530 5.93
Flea beetles 2,916 ' 1.64
Mangold fly 1,660 | ' .93
Leatherjackets : 142 .08
Wireworms 83 .04
. Sﬁgarfbéet,eelworm ; ""~‘>',';i' ‘.81 ‘ ; ;‘;_ - " 04
Slugs : - 20 .01
Total 15,432 8.67

The relative importance of virus vectors is also reflected in the use
of pesticides on sugar beet in 1975. Dunning and Davis.(1975) show, from
a British Sugar survey, that all but two of the commonly used pesticides

were aimed primarily or exclusively at aphids or viruses (Table 2.2).

Because of the preponderance of damage caused by the virus vectors,
and because of the overwhelming emphasis put on their control, this
discussion of sugar beet pests will be concentrated on the aphid vectors,
particularly the greenfly, M. persicae, and the viruses transmitted. How~
ever, some of the more common seedling pests will be bfiefly mentioned as

well.



.~

Table 2,2 The relative importance of beet pests, indicated by use of pesticides, from Dunning and Davis (1975).

Pesticides applied during the season and pest or disease

to be controlled: survey of 57 of crop area, 1975

Material¥ ) Primary pest or disease to be controlled Z of surveyed
: (1-5: area treated in decreasing order) acreage
. Other soil=- Aphids
dDi.os‘:k:dnegr Millepedes * " inhabiting bzizie or
pests virus
Aldicarb 3 ’ 4 2 : -1 1 26,7
Oxamyl 4 ' 3 v 2 , 1 1.3
Gamma BHC ' 2 1 3 ' 6.5
DDT _ : 2 1 1.1
Demephion . : 1 1.1
Demeton=S= v o

Methyl . ' i 1 81.7
Dimethoate o : 1 16.2
Formothion : ’ o 1 3.8
Oxydemeton- .

Mothyl ‘ : b 3.8
Phosphamidon 1 4.1
Phorate L 1 4,1
Pirimicarb : 1 16.9
Thiometon C ' ‘ ’ 1 2.7
% of Surveyed 2.6 4.5 Lsa 0.9 .,  86.0

acreage .

% Telone or DD, disulfoton, menazon, metaldehyde and methiocarb also used but each on less than 17 of surveyed acreage,

T1



2.2 Virus yellows in sugar beet

In late spring and early summer, aphid vectors, infected with virus
from wintering sources, migrate into the sugar beet fields and provide the
initial source of inoculum in the fields. These aphids both infect
healthy beet plants and begin to produce offspring, which will be virus-—
free. Along with virus—f?ee immigrants these aphids become infective by
feeding on infected beet and are then able to transmit the disease further
(Fig. 2.1). The following sections describe the virus, the vectors, and
the factors that contribute to the development of the disease in the.c;op,

an epiphytotic.

HEALTHY . INFECTED
BEET [ i BEET
. ... --INFECTIVE -__ : { _ VIRUS-FREE
sl UAPHIDS <. - ¢ . .. .- _APHIDS
IMMIGRATION
IMMIGRATION REPRODUCTION

Figure 2.1 Virus yellows cycle.

2.3 The viruses

Beet yellows virus (BYV) and beet.mild yellows virus (BMYV) cause the
two most important virus diseases of sugar beet in Britain. BYV, which
was first described in Britain in 1936 by Roland, is also an important |
virus disease of beet in the U.S.A. and Europe. In 1958 BMYV was reported
as a different virus (Russell, 1958), and later as unrelated to BYV

(Russell, 1962).

Both viruses cause chlorosis (yellowing) and brittleness of beet
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leaves, while BYV also causes vein etching in young plants. The yellowing
of the leaves is permanent once the plants are infected, and the viruses
reduce both the weight and sugar content of the roots. The two-virus
diseases are very difficult to distinguish in the field and are usually
considered together as 'virus yellows' by all but phytopatﬁologists. The
proportions of the two diseases in the field vary from place to place and
year‘to year, with the mild yellows virus causing élightly less loss to
the plant, although spreading much more rapidly. It is possible for a
beet plant to be: infected by both viruses simultaneoﬁsly, with each vifus
contributing to a loss in yield. The actual damage relationship between

the disease and the beet plant is described in a subsequent sectionm.

BYV is not sged transmissable, and resistance to transmission by
mechanical contact with infected sap is so great that it can be discounted
Vas_gbqurriﬁg in Ehgjfield‘ﬁgennégt:and.Costa,_l954). rsimilarly no evi@enc¢>: :'_;
fér seed of ﬁééhaﬁical transmission‘of BMYV has been pfesented. Vérious
aphids have been found to be vectors of BYV and BMYV on sugar beet, but
M. persicae, the greenfly, is considered to be the most important vector
of these diseases in_Britain (Kennedy ét al., 1962; Russell, 1965; Watson,
1951). While A. fabae, the blackfly, can also transmit BYV, it does so
much less efficiently than M. persicae, and despite occurring in much
greater numbers than M. persicae, A. fabae is still much less significant

as a vector (Jones and Dunning, 1972).

BYV is a semipersistent virus in M. persicae (Sylvester, 1956), it is
lost at each moult, and is not passed to progeny transovarially (Watson,
1960). According to Russell (1962), BMYV is a true persistent virus in
M. persicae: it is not lost at moults, but cannot be transmitted transo-

varially.



Table 2.3 presents a summary of the factors involved in the trans-—
mission of the two viruses by M. persicae. While the acquisition and
inoculation periods for BMYV are longer than for BYV, the retention period
is also longer, and the percentage of aphids actually infective after
being reared on infected beet is much greater, resulting in a more

effective spread of BMYV in the field.

BYV and BMYV have an overwintering host range that includes many of
the host plants of M. persicae. Ribbands (1963) believed that the beet
seed crop and mangolds are the principal virus overwintering sites, but
that the number of other hosts makes the range too wide for complete
control. Russell (1965) has suggested that weed hosts of the virus are
quite important, and found no evidence of any relation between virus
incidence in the seed and root crops. He also noted that BMYV has a

greater number of hosts than does BYV.

2.4 The aphids

M. persicae is probably the most ubiquitous virus vector in the world:
Patch (1938) has listed almost 300 host species for the aphid, and Smith
(1974) has réported'that it is the vector of 50 plant viruses. Its life

cycle is illustrated in Figure 3.2.

M. persicae can overwinter in all of its life stages, depending on
climatic conditions. The eggs can survive freezing temperatures, and are
thought to be the primary overwintering stage in the Nefherlands (Hille
Ris Lambers, 1955). However, exposure to temperatures below OOC, especially
if repeated, is the main mortality factor for overwintering nymphs and
adults (Watson, 1966), although it is rarely cold enough in Britain to
prevent some M. persicae overwintering as nymphs and adults, particularly

in sheltered brassica crops (Jacob, 1944). Several generations can be



Table 2.3

BYV

BMYV

Retention
period

Acquisition
period

Range 5-10 min + up to 3 days
(Watson, 1940) (Bennett and
Costa, 1954)

Optimal 18.5 hr -

(Sylvester, 1956)

Max. observed eff{iciency of transmission

% aphids infective after being reared on
infected sugar beet

Range 1 day + up to 9 days

Optimal 3 days -

(all after Russell, 1962)

Max. observed efficiency of transmission

% aphids infective after being reared on
infected sugar beet

Summary of transmission of yellows viruses by M. persicae.

Inoculation
period

5-10 min +
(Watson, 1940)

8 hr
(Sylvester,
19562 '

- 827 ;
(Roberts, 1940

27%
(Cockbain and
Heathcote, 1965)

2 hr +
3 days +
1007
(Russell, 1962)

75%
(Cockbain and
Heathcote, 1965)



All stages

- Alternative hosts

Viviparous
nymphs & adults

Sugar beet |&——

Figure 2.2 Life cycle of M. persicae.

May/June R
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produced during some winters, even in the open (Davies and Whitehead, 1935;
Broadbent and Heathcote, 1955), while hard winters cause reductions in the
pofulation which are reflected in lessened yellows virus incidence in the

following summers: (Watson, 1966; Watson et al., 1975).

M. persicae has a very wide range of overwintering hosts:

1. Various Prunus spp. are minor hostslin Britain (Broadbent, 1949).

2. Mangold clamps (Broa&benﬁ et al., 1949).

3. Glasshouse crops such as chrysanthemums, tulips, and lettuce
(Broadbent and Heathcote, 1955).

4. Lettuce and spinach (Broadbent and Heathcote, 1955).

5. Beet seed crop (Heathcote, 1967).

6. Brassicae (Shaw, 1955).

7. Wild beet, chickweed, groundsel, plantain, and other weeds (Heath-

cote et al., 1965).

£l

The last two are probably the most important sources now, because of their

abundance.

M. persicae can overwinter throughout England and Wales, but rarely
does in northern Scotland (Broadbent, 1953). Watson etJaZ. (1975) stated
that few M. persicae overwinter in the east or north of England in cold
winters, while many spring migrations start from infestationg south of the
Thames, or on the Continent. Ribbands (1963), however, did not consider

migration from Europe to be significant.

In the spring some winged (alate) female M. persicae appear as early
as March or April, but the wings are often deformed due to wet weather
(Davies and Whitehead, 1935). The earliest sustained migrations begin in

May, often coinciding with the emergence of the beet, but are later in the
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north and west, and can continue into early June (Watson et al., 1975).
The weather may only be suitable for flying for several days in May: wind,
sunlight, temperature, and humidity are major factors involved (Jacob,
1944). Nevertheless, once airborne, it is believed.that M. persicae can
fly long distances (Doncaster and Gregory, 1948), although most of the
migration flights are apparently relatively short, since the summer pop-—
ulation in the crops depends on the proximity of overwintering hosts

(Davies, 1939; Broadbent, 1953).

.Once the alatae are established on their summer host they begin to
reproduce parthenogeﬁetically, and produce a wingless (apterous) generation
that replicates itself many times during the summer. In July or August,
an alate sexual generation is produced which ieavés the crop for the over-
wintering sites (Broadbent, 1950). Hence, M. persicae is rare in August
on all its hosts, but incregse in abundaqcevén September on their spring
.hésté (Brbédbé;f;wlésé):Tégwéoﬁpletingrfﬁé éyélé; | " |

A. fabae has a very much simpler life cyclé (Jones and Dunning, 1972)
(Figure 2.3). It overwinters only as eggs on spindle trees (Fuonymus
europeaus L.) or sterile guelder rose (Viberrum opulus roseum L.).

Several abterous parthenogenetic generations occur on these hosts in the
spring befofe winged females appear. Migration to the summer hosts begins
in April or May. On the summer hosts, vast numbers of wingless partheno-
genetic aphids are produced. When colonies become very large, winged
aphids are again produced and these continue to migrate in the summer host.
In September another set of winged aphids appears, both male and female,

which meet on the winter hosts, mate, and produce the overwintering eggs.

2.5 The disease development

Yellows epiphytotics develop along the pattern illustrated in Figure



Eggs
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September
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Figure 2.3 Life cycle of A. f&bae.-
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2.4, which is based on the average percentage yellows observed at four
times during the summer in 5 fields examined by British Sugar fieldmen in
the Ely factory area in 1975. The actual curves differ from year to year
and place to place, but they all exhibit the same basic.pattern: 1) a
gradual initial rise; followed by 2) a more rapid incfease; and finally

3) a slowing down as the éroportion of plants infected becomes large

(when reinfection becomes more common than new infection), and the vectors

begin to seek winter hosts. In less severe epiphytotics, where only a

small proportion of the hosts become infected, the final trailing off

segment does not always appear.

100 7

% Yellows
w
o

R

June . July August - " September

Figure 2.4  Average yellows epiphytotic development curve, 'specific

fields' at Ely, 1975 (from S.B.R.E.C. Report, 1976).



There are four principal factors that affect the eventual pro-
portion of a field that is infected: the initial date of inoculation, the
amount of inoculum, the distribution within the field of the initial
inoculum, and the subsequent rate of spread of the inoculum. These are
discussed in general terms by Van der Plank (1975). These factors, and

some secondary elements that contribute to them, are shown in Figure 2.5.

The initial date of inoculation determines the length of time

available for the spread of the disease in the crop (Watson et al., 1975).

The amountvof that inoculum will affect the subsequent spread, as the
disease will radiate out from each iqfected plant as aphids move from
plant to plant (Ribbands, 1963). The distribution of‘iuoculum is
important, since the more uniform the distribution the less likelihood
there is of expanding infected patches overlapping'and so slowing the
»spread to. unlnfected plants (Gregory, 1948). And the actual rate of
spread determlnes the level of dlsease eventuéllyvreached after the ”
initial inoculum is distribﬁted in the field (Thresh,‘1974). In the case
of beet yellows, Ribbands (1963) found that the radius of infection

increased at a rate of approximately 5 ft per month.

By estimating one of these factors, the amount of inoculum, Watson
et al. (1975) developed a>predictive equation for beet yellows. This
was based on regression analysis of'past yellows levels and climatological
factors that affect the vectors in the winter and spring which in turn
affects thehlevel of virus entering the crop. They used the number of
frost days in January, February, and March (i.e. the number of days in
which the temperature fell below freezing, an indication of winter
mortality of M. persicae) and the mean temperature in April (which affects

the early season development and migration of viruliferous aphids) to
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Figure 2.5 Factors affecting the eventual percentage of:é'crop infected with virus yellow.
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predict, in May, the percentage yellows at the end of August. Thisl
prediction has proved quite accurate in many years, but it is not p;£fect,
for it dramatically underestimated the outbreak of 1974, and has also
overestimated the actual level of yellows, as in 19677 Watson and her
colleagues point out, however, that while the prediction is not always
absolutely accurate, it is still a good indicator of relative severity,
even the underestimate in 1974 (about 307 August yéllows, when 80% actually
"became infected) was still a sign of a worse than average epiphytbtic.
Such knowledge could be a signal to increase monitoring of the aphids in
May and June, and to prepare growers to be ready to spray at short notice.
Many of the errors in the predictions probably arise from not considering

the other factors that contribute to the epiphytotic, though it would not

be possible to do so at such an early point in the season.

2.6 The damage relation
" The loss from beet yellows is linearly related to the Length of time
that the beet plants are infected. Heathcote (1978a) reported an average
loss of sugar yield of 2.77 per week of ‘infection with virus yellows, and

an-average loss in value of 37 per week of infection. On a field scale,
the loss in yield is determined by the duration of the infection times the

proportion of plants infected.

An index of virus yellows severity. in a field can be made by totalling
the 'infected-plant-weeks' (IPW) from -June until mid-October, when either
harvest, or reduced aphid activity effectively stops the spread of the .
disease. The IPW index was first mentioned by Watson et al. (1946) and
was further explained by Hull and Heathcote (1967); The percentage of
plants in a field showing symptoms of virus yellows (7Y) is estimated at

the end of June, July, August, and September, and then multiplied by the
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- respective number of weeks till mid-October, and summed as follows:
IPW = 14 (Jume ZY) + 10 (July ZY-June ZY) + 6 (Aug. %ZY-July ZY)

+ 2 (Sept. ZY-Aug. 7ZY)

4 (June ZY) + 4 (July ZY) + 4 (Aug. ZY) + 2 (Sept. ZY)

Thirty years ago Watson et al. (1946) determined that the loss from
yellows was about 57 per 100 IPW units, but in the early 1960's several
authors noted that losses from virus yellows had lessened. Russell (1963)
estimated losses at about 3%, and both he and Hull (1963) suggested thét
the proportion of severe and mild yellowing virus had shifted towards the
latter, which reduced the overall effect of yellows to its current level.
On a field basis, therefore, there will be a loss of 37 of the crop value
_ per 100 IPW units, as follows:

Loss (£/ha) = .03 x IPW x Potential Revenue (£/ha)

A relatively accurate TBW index can be estimated from observation, and -
vthérééﬁéntiéi‘ééQéﬁﬁe caﬁ gé ﬁased on évérage yieidé;‘sb‘fé550nabié:idsé.
estimates can be made after each season. Since yield reduction from
yellows is proportional to yield, it must be noted that there is less
absolute loss in a field with low potential yield than in one with a high

potential yield.

2.7 Historical records of yellows epiphytotics

Virus yellows epiphytotics are monitored by British Sugar,fieldmgn
each year. Certain fields in each factory érea, about 100 in the country
as a whole, are randomly designated each year as 'specific fields' and are
inspected for yellows by the- fieldmen at the end of June, July, August,
and September. Their estimates of the yellows infection are used to
produce the IPW indices. These show marked differences in extent of the

disease over the years, and considerable differences between regions, the
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south being almost invariably the worst afflicted. These measures of IPW
are from samples which may contain a large proportion of treatea fields,
and therefore losses determined from them represent losses despite control
efforts. The following tables (Tables 2.4, 2.5, and 2.6) show monthly
infection estimates, total IPW indices, and estimated percent crop losses
(averaged over all of Engiand for the past fifteen years) and similar
information for the Ely and Brigg factory areas (representative of

northern and southern beet growing areas respectively) over the past ten

years.

Another common way of expressing the severity of epiphytotics of virus
yellows is the percentage of plants infected at the end of August. Hull
N and Heathcote (1967) estimate that if 20% or more of a crop is infected

at the end of August spraying would have been profitable. Table 2.7 lists

the percentage of virus infection at the end of August averaged for all |

30 years, but after considerable effort at -

control,

. it~is apparent that the disease is quite variable and sometimes very
severe. Heathcote (1978b) .reported that the average losses from yellows
in the period 1970-1975 were worth about £4;2 million.at 1974 prices
(which is about £7.6 million at 1977 prices). This was despite control,
which he estimated saved an additional £2.7 million worth of beet each

year.

2.8 Other pests

Jones and Dunning (1972) give a comprehenéive description of other
sugar beet pests. Most other pests of any significance are seedling pests,
attacking either the roots, e.g. eelworms and millepedes, or the leaves,

e.g. flea beetles and mangold fly. The root pests tend to be endogenous,
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Table 2.4 Monthly yellows estimates from S.B.R.E.C. Reports (7 loss

based on 3% loss per 100 IPW, after control).
National Average Virus Yellows Incidence, 1962-1977

Specific field estimates

Year June July August . .Sept. IPW Z Loss
1962 0 0 2 5 19 1
1963 0 0 1 3 13 0o
1964 ) 1 2 "3 18 1 |
1965 0 1 . 5 7 38 1
1966 0 2 6 9 51 2
1967 ) 2 5 7 43 1
1968 . 0 1. - 4 6 31 1
1970 1
1971 0 0 1 3 12 0
1972 o . 1 2 5 22 1
1973 0 6 12 14 97 3
1974 2 42 66 76 589 18
1975 0 6 36 59 290 9
1976 0 9 18 24 160 5

1977 o o : 1 2 7 ' 0



Table 2.5 Monthly yellows estimates from S.B.R.E.C. Reports (% loss

based on 3% loss per 100 IPW, after control).
Ely Factory Area Virus Yellows Incidence, 1968-1977

Specific field estimates

Year June July August Sept. IPW % Loss

1968 0 1 5 7 39 1
1969 o 0 2 3 16 0
1970 0 0 2 C 4 16 0
1971 0 1 2 2 12 0
1972 0 1 4 14 45 1
1973 0 11 20 29 180 5

1974 0 76 94 96 876 26

1977 _ 0 0 1 2 8 0



Table 2.6 Monthly yellows estimates from S.B.R.E.C. Reports (% loss

based on 3Z loss per 100 IPW, after control).
Brigg Factory Area Virus Yellows Incidence, 1968-1977

Specific field estimates

Year June July  August Sept. . IPW Z Loss
1968 0 1 8 13 66 2
1969 0 ' 0 -0 .0 | 2 0
1970 0 0 0 1 3 0 |
1971 0 -0 0 1 2 0
1972 0 0 1 2 8 0
1973 0 0 1. 0 5 0
1974 0 6 11 18 102 3
1975 ’ 38 269
1976 12 R

1977 0 0 0 0 2 0
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Table 2.7 After Dunning and Davis (1975), with additions from Heathcote

(pers. com.).

Estimated % virus yellows infection

at the end of August, 1948-1977

(Specific field counts: see Hull, 1968)

1948 - 18 1958 - 14 1968 - 4}
1949 - 48 1959 - 16 - 1969 - 2
1950 - 14 1960 - 16 . 1970 - 2
1951 - 4 1961 - 21 1971 - 1
1952 - 22 1962 - 2 1972 - 2
1953 - 6 1963 - 2 1973 - 11
1954 = 9 1964 - 2. 1974 - 66
1956 - 3 1966 - 6 . 1976 - 18

1957 - 45 1967 - 5 1977 - 1

while the leaf pests are exogenous, and hence less predictable. All these
pests of seédlings reduce the early vigour of the attacked plants, and can
cause reduced stands. Jones and Dunning point out that there can be
considerable compensation for loss of foliage early in the season, and
that there is a relatively wide range of stand density that produces
similar yields. Strickland (1965) and Dunning (1975) show losses from
these pests to be of fairly minor importance to the crop as a whole,
though Dunning reports that small areas may occasionally have to be resown

as a result of their depredations.
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2.9 Summary

While beet is attacked by many pests, and although some seedling pests
are of local significance, the aphids that transmit virus yellows are by
far the most important. There is a loss of about 37 of crop value per
week of infection with the virus, with very severe loéses occasionally
arising from widespread, early infection. Despite attempts to predict the
severity of yellows epiphytotics early in the season on the basis of
climatological factors affecting the vectors, it is not yet possible to
make totally reliable predictions, even at a regional level. Thereforé,
the controls discussed in the next chapter are'neceSsarily applied with .
considerable uncertainty about the extent of pesf attack that will

eventuate.



CHAPTER THREE

SUGAR BEET PEST CONTROL

This chapter is principally concerned with the methods available for
controlling the major disease of sugar beet, virus yellows. Because there
is no viricide, control mﬁst be directed at preventing the spread of the
virus, mainly by reducing the population of aphid vectors. This is |

attempted mainly by chemical control. Non-chemical control methods are

also available and although they are not as important at present, their:
importance may increase in the future. Therefore, there is a brief
discussion of non-chemical control, followed by é more detailed
description of chemical methods, their action, effectiveness, and costs.
To highlight the decision problem facing the farmer, the chapter concludes
with a comparison of the area on which aphicides would probably have been

‘fprbfitablégih~f¢cént yearé,-and the area'aCtuélly“treated;‘-*~'{-n

3.1 DNon-chemical control methods

There are a number of non-chemical control practices,which»can reduce
the iosses caused by aphids and viruses on sugar beet. These are mainly
cultural practices such as the removal of beet and mangold clamps (or
other alternate hosts) from the vicinity of the beet crop, the isolation
or treatment of the beet seed crop (which overwinters, possibly harbouring
virus and aphids) from the root crop, early sowing (older, fuller stands
are less attractive to aphids), and the use of partially virus tolerant

beet varieties (Hull, 1965; Heathcote, 1978b).

Use of these means is often out of the farmer's personal control,
however. Isolation or treatment of the beet seed crop, for instance, is

only a matter for the seed producing farmer, although it is encouraged by

31
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British Sugar, to protect the root grower, Early planfing is dependent
upon the weather and the farmer's other activities, which he may not be
able to modify. The crop variety used may depend on the availability of
the seed, while other properties besides virus tolerance will affect the
choice of variety. Although hygiene is a matter of gbod farming practice,
it may be affected by sucﬁ factors as the labour supply on the farm, or
the amount of time available, when considering biological control,

predators may appear by chance, or may not reach adequate levels, despite

efforts to encourage them. Consequently, none of these methods is as ;
direct as insecticide application, which can be applied rapidly when
needed, giving an immediate and generally obvious response especially in

the case of foliar sprays. As a result, chemical control is a more easily

managed, and so more favourable, form of control.

3.2 . Chemical control methods - - - L

f:éﬁéﬁicalbiﬁsecfiéidéé é£éiiﬁﬁwidéspféédfﬁéé’oﬁv;uééfvfeét'i;'3£itaiﬁ
(Dunning and Davis, 1975). TFigures reported by Heathcote (1978b) indicate
that at least a quarter of a million pounds was spent on insecticides for
sugar beet each year from 1970-1975, the majority being considered
primarily as aphicide. As shown in Figure 3.1 there was a fairly sharp -
increase in total expenditure beginning in 1975 with the introduction of
in-furrow chemicals such as aldicarb. In 1976, expenditure on imsecticidal
materials alone approached £3 million (estimated from the area treated
reported in SBREC reports) on sugar beet. In 1977, there was very low
incidence of aphids which probably accounts for the dramatic drop in
foliar spray use, although the use of preé—emergent granules continued to
increase, to 477 of the crop. In 1975 and 1976 almost all sugar beet was
treated with insecticides, often more tham once, égain implying that

chemical insecticides are the principal defence against aphids and viruses
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UK expenditure on insecticide for sugar beet

Total
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Figure 3.1

70 1971 1972 1973 1974 1975 1976 1977

Expenditure on sugar beet insecticides in the UK 1970-1977,
for materials only (estimated from reports of areas treated
in SBREC reports, at £25/ha for in-furrow, and £5/ha for

foliar treatments, the notiomnal 1977 prices).
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on sugar beet in Britain.

3.2.1. Available insecticides
Table 3.1 lists the MAFF approved insecticides for sugar beet, along
‘with the time of application, and the pest groups against which they are

directed.

Aphicides can be applied at two periods during the season. Pre-
emergent granular aphicides can be placed in the. seed furrow at sowing,
serving as a prophylactic treatment against both aphids and the earlier
seedling pests: aldicarb is by far the most widely used insecticide in
this group. Later in the season, from late May'into July, other insect-
icides, either liquid or granular, can be applied to the foliage.' The
optimal timing and number of these treatments depends on the arrival time
of the aphids, their numbers, and development rate. Among these chemicals,

' DSM,. pirimicarb, and dimethoate are the most:frequently applied.

3.2.2. Insecticide action

All of the aphicides used are systemic, that is, they are absorbed by
the‘beet plants and are ingested by the aphids as they feed on the plant's
sap. As a result, even when an infective aphid lands on a protected plant,
the aphicide can not entirely prevent the transmission of the virus.
Consequently, the effect of the insecticide is in reducing the survival
and reproduction of the aphids, which lessens their chance of 1eaving»
infected, but treated, plants to inoculate healthy neighbouring plants.
Figure 3.2 illustrates the effect of an insecticide on the development of
the disease in a field: the treatment simply'slows the development but
does not entirely prevent further spread, as some aphids survive treatment,

and further immigration can occur.



Table 3.1 MAFF approved insecticides for use on sugar beet, with

application time and target pest groups.

Pre—emergent

Seedling pests only

y-HCH
Oxamyl
Seedling pests and
aphids
Aldicarb
Carbofuran’
Thiofanox
Post~emergent
Seedling pests
DDT
y-HCH .
Trichlorphon
Aphids
Acephate
Demephion

Demeton—-S-methyl. (DSM)
Dimethoate
Disulfoton
Ethiofencarb
Formothion
Mevinphos
Oxydemeton-methyl
Phorate
Phosphamidon
Pirimicarb
Thiometon
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Figure 3.2 Virus yellows development with and without treatment (data

from a DSM trial from SBREC report, 1976).

Clearly, it is most advantageous to apply the aphicide early in the
development of the epiphytotic. This is an argument for prophylactic use
of insecticides, such as those applied in-furrow at sowing. Unfortunately,
pre—emergent insecticides are steadily leached away from the roots, become
diluted or lost in the sap, or otherwise become unavailable, and the plants
lose their protection. Thus, if an insecticide is applied too early, it
may no longer be useful when the aphids begin to spread the disease,

leaving the plant inadequately protected. On economic grounds, therefore,
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it may be inadvisable to treat before there is at least a threat of a
serious outbreak of the disease, and this would also reduce the likelihood

of resistance in the vectors which is encouraged by prophylactic use.

In view of the mechanisms involved, it is evidént that an aphicide
cannot be 1007 effective in preventing the virus being introduced into the
crop, even in theory. 1In practice, experimental trials have sho&n that
the level of control actually achieved is much less than perfect, the
result of incomplete toxicity to the vectors, improper timing of
applications, or poor conditions for uptake of the chemical by the plaﬁt.
The size of the initial migration of infective aphids also affects the
overall level of control of the insecticides, since the chemicals do not

halt the initial infection.

3.2}3. Insecticide effe;tiyegg§§

e 32 3.1, Post—emergent ¢ follar) Caphicides . o
Many experimental trials have been perforﬁed on sugar beet

aphicides by manufacturers, British Sugar, and research establishments

such as Broom's Barn. The most extensively reported of these trials are

those by Hull and Heathcote (1967), carried out from 1954-1966 with DSM.

Their Tables 1 and 2 are reproduced below as Tables 3.2 and 3.3 to show

the results obtained.

In the 1955-1960 experiments, 'early' and 'late' spray date§
were about a month apart, within the normal spray season, which would be
late May into July. In the later set of trials 'early' and 'late’ are
specifically two weeks before and after the expected 'warning' date, the
time of a British Sugar spray warning card being issued. Only trials with
more than 77 yellows infection at the end of September were used in the

analysis of these experiments, because at lower values differences in IPW



Table 3.2 Effect of DSM spréying (from Hull and Heathcé£§'(1967)).

Yellows ineidence 1954-1966, andfpercentage decrease with spraying

No. of ¢ Trials with > 7% infected plants at end of September
trials o S ‘
with Z L
> 7% trials .- Average % yellows (I.P.W.)
yellows with L LLPLW. decrease with spray
No. of at end > 7% " unsprayed ‘ ‘
Year trials of Sept. - infection - plots - Early Late Early + late
1954% 22 12 - o - - - -
1955 16 9 56 =011 58 48 71
1956 16 1 6 o 106 22 41 . 60
1957 20 20 ' 100 721 26 14 36
1958 13 8 62 . 256 60 38 70
1959 20 16 80 o 450 55 45 60
1960 2 2 100 kN 759 25 49 -
Mean - - 67 T 401 41 39 o 59
Early 'Warning' Late

1962 101 27 27 e 84 19 44 28
1963 17 2 12 112 6 7 -
1964 18 1 6 H 75 10 39 24
1965 17 7 41 L 98 23 24 2
1966 15 7 47 o152 61 71 45
Mean - -

20 - 104 24 37 25

* Yellows was not estimated sequentially on these trials,
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are too difficult to estimate. Because of the direct relationship between
IPW and yield loss described in Chapter 2, the reduction in IPW is a

standard way of assessing a chemical's effectiveness.

Hull and Heathcote's Table 2 (Table 3.3) shows yield increases
for the treatments in the 1957-1960 experiments. Considering the IPW
levels and the reductions in yellows, this suggests a loss of about 5%

per 100 IPW units, as was prevalent at that time.
Table 3.3 Effect of DSM spraying (from Hull and Heathcote, 1967).

Effect of spraying early, late, or early and late

on root yield, 1957-1960 trials

Mean = - : Proportional yield of
yield of . roots (unsprayed = 100)
No. of » unsprayed

ootrials o O
“harvested: “(ton/acre) .-~ Early "~
1957 18 . 14.10 110
1958 10 17.95 107
1959 15 15.85 121

1960 1 12.10 122

These résults, and similar ones for other chemicals and other
trials, ‘are summarised in Table 3.4. 1In addition, Heathcote (1978b)
stated that a single, well-timed foliar treatment may decrease the
incidence of yellows by up to 40%, and Dunning (1976) has written that

control of much better thanm 507 is unlikely, even using more than two

sprays ‘(which he does not recommend).

With this evidence, and noting that:
1) performance in trials is likely to be somewhat better

than in the field (where patches of low infection are also included, and
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application is not always as correct); and

2) resistance to organophosphorous insecticides has become
noticeable since the early experiments (Needham and Sawicki, 1971;

Needham and Devonshire, 1975);

estimates for expected efficiency at present can 5e made. For a éingle
spray of DSM or pirimicarb (the foliar aphiéides that account for most of
the spraying), it see&s reasonable to expect an average reduction in
yellows of about 277, while for double sprays slightly better results ;
should be expected, possibly an average reduction of about 40%. In fact,
a range of results,bdepending on conditions, wili occur, but it is not

possible to accurately assign any probabilities to such ranges.

3.2.3.2. Pre—emergent (in-furrow) insecticide

' Results of erials with aldicarb, the principal in-forrow creat—.
‘ment, are rare, since it has only been generally available for the past
three years. In 1975, British Sugar (unpubl. report, 1976) conducted
trials  of aldicarb at six sites, at several rates, with and without
additionai DSM treatments. Aldicarb élone, at 8.9 kg/ha (10 1b/a),.the
highest rate, reduced IPW by 0% to 55%, and gave an average reduction of
337. With a later supplemental spray of DSM the range was 0-64%,
averaging 397 yellows reduction. These were on sites with untreated IPW's
of 76-585, averaging 380. Yields increased an average of 11Z for the
high rate of aldicarb (advertisements for aldicarb (Union Carbide, 1976)
claim yield increases up to 5.3 T/ha (2.2 T/a), an increase of about 14%),
but the effect on yield did not always correspond to the infection level.
The trial plots with no reduction in IPW had little yell&ws in their
controls and no reduction in yellows was obvious from a later spray of DSM

in these plots either.



Table 3.4 Reported effectiveness of various insecticides at reducing

virus yellows IPW.

Insecticide IPW.
reduction
(avg.)
Foliar
DSM 1x, 1955-1966 37%
1x, 1975 - 12
1975 37
1975 26.
1976 25
2x, 1955-1960 55
2x, 1975 28
Demephion, 1975 34
Pirimicarb, 1975 32
1975 4h
L1976 018
 Ethiofencarb, 1975 ~ 37
1976 21
Menazon, 1975 7 29
Dimethoate, 1975 16
Phosphamidon, 1975 10
Thiometon, 1975 7
Formothion, 1975 8
Pre—emergent
Aldicarb, 1975 33
Aldicarb + DSM 1x, 1975 39

1
2)

3)

4)

Source

Hull and Heathcote (1967)
unpubl. BSC rept. (1976)
Smailes (1978)
Dunning and Winder (i976)
3)
1)
2)

4)
4)
3)
3
3)
3)
4)
4)
4)
L)
4)

2)

2)
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Disregarding the plots without sufficient yeilows infgction,
average reductions in virus yellows of around 357 may be reasonable.
Dunning and Davis (1975) stated that the effect of aldicarb or tﬂiofanox
is usually no better than one or two foliar sprays against yellows, and
that their effect will last until mid-June. For aldicarb and ome spray,
a reduction in yellows of about 507 would be expected. As with sprays,
it is again impossible to give accurate probabilities for the range of

effectiveness possible,

Pre—~emergent insecticides also give very good control of seedling
pests, which are becoming more important as the practice of drilling to a
stand becomes more widespread (Dunning and Dawvis, 1975). This is a distinct
advantage over foliar sprays. In addition, while they are expensive and

little more effective than sprays for yellows control, pre—emergent

require a separate round with a tractor.
3.2.4. Cost of insecticide

Bond and Crawford (1976) estimated that the cost of an aphicide
spray in 1975 was-about £4.10/ha, and the cost of aldicarb about £14.00/ha,
not including application. All sﬁrays and in—furrow granules commonly
used are roughly similar to each other in price, and current 1978 prices,
quoted by manufacturers' representatives, are £5-6/ha for most foliar
sprays, and £25-50/ha for aldicarb or thiofanox, depending on the rate,
while y-HCH costs approximately £6.00/ha. The exact price varies depending
on the individual dealer, the time of purchase, and the amount bought,

with discounts of about 20% from the recommended price possible.

As well as the cost of materials, the cost of application must also

be considered. George (1975) calculated that the cost of applying
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aphicide sprays to cereals was about £2.20/ha, if carried out by the
farmer himself. Presumably it would cost a similar amount on béet, as

the equipment, and in many cases, the aphicide itself, is the same on botlr
crops, though the cost has probably risen somewhat in the last few years.
For in-furrow granular insecticides the cost of an applicator is approx-
imately £300 for a six ro& unit,. the cost per hectare depending on the
amount of use 1t receives. For instance, on a farm with 15 ha of beet,

such an applicator, if it lasted 10 years, would cost £2/ha/year. Apart
from the cost of the applicator there may be a slight reduction in the
rate of drilling caused by refilling the hoppers but this is unlikely to

be significant.

3.2.5. Profitability and use of aphicide

Up to this point the value of the crop and the extent to which it can

©-.% be reduced by virus yellows has been discussed and the.available chemical = .

controls, their effectiveness, and costs have beem considered. From this, =
it should be a relatively simple matter to decide what portion of the crop
required chemical control in any particular season. In fact, after.

reporting on the effectiveness of DSM, Hull and Heathcote (1967) go on to

state that an IPW total of about 200-300 is needed if spraying is to give

'a profitable increase in crop yield'.
The returns from control are easily determined, as follows:

Net returns = | Crop value x % Loss x Z Loss reduction | -
(from sprays) (uncontrolled) (from control)

Cost of control

Given an average crop value of £720/ha, and a control programme consisting
of two foliar sprays, giving an expected efficiency of 407 and costing

£5/ha each for materials and £2.20/ha for each application, the net return



for a potential loss of 57 is zero.

spray with the expected efficiency of 277 would return £2.50/ha.

So,

Under these circumstances, a single

to

be clearly profitable, such treatments need to be applied when there is

a potential loss greater than 5Z.

Using the currently held estimate that

loss is at the rate of 3% per 100 IPW, there would need to be about 200

IPW, as indeed Hull and Heathcote calculated, before spraying can be

expected to return a profit.

period 1970-1975 foliar aphicides, in fact, returned about three times

their cost, on average.

Fields with 20%Z yellows at the end of August generally have an IPW -

Heathcote (1978b) estimated that in the

index of about 200, according to Hull and Heathcote (1967), and so would

have been profitable to spray.

pexcentage of the beet crop with greater than 207 August yellows for

1970—1975 seen in Table 3.5, and this table also shows the: percentage of

the crop actually treated w1th aph1c1des in those years.

Heathcote (1978b) presents figures on the

Table 3.5 Percentage of beet crop 'needing' and using aphicides 1970-

1975, after Heathcote (1978b).

Year

1970
1971
1972
1973
1974

1975

August yellows
over 207

1.47
.3
3.6
17.5
85.7

70.7

Sprayed

647
24
28
78
85

91

If sprays were expected to be profitable, it is apparent from this

Pl
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table that there was considerable over—treatment. Onlj in 1974 were the
two areas the same, though there is no guarantee that the fields in the
85% 'needing' treatment were the same as those receiving the treatment.
While it is relatively straightforward to decide ﬁith hindsight what would
have been profitable, these discrepancies imply that at the time the
sprays were applied, it was not so simple, or else profitability was not

always the criterion used.

3.3 Summary

This chapter has introduced the control methods available aga:ifnsti
sugar beet pests, both chemical and non-chemical. The former are the
p:incipal defence against beet pests, and include twenty‘compoundé, which
can be applied at sowing or as foliar applications later in the season.
The effect of insecticides on the development of yellows in a crop was

111ustrated show1ng the need for early appllcatlon. The eff1c1ency of

'both pre—emergent and post—emergent 1nsect1c1des 1n reduc1ng,v1rus yellows

was discussed in detail, and the cost of such treatments was also presented.
Using estimates of cost and efficiency, the conditions under which the

use af aphicides against virus yellows vectors ﬁould be profitable was
calculated. Then the areas in recent years on which sprays would have

been profitable were compared with the areas on which treatments were
actually applied, showing the essence of the farmer's decision problen.

The next chapter introduces the theory of such decisions, while sub-

sequent chapters discuss this specific decision problem in more detail.
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‘CHAPTER FOUR

DECISION MAKING IN PEST CONTROL

This chapter sets out the pest control decision problem facing sugar
beet growers, and decision theory is introduced as a ﬁeans of describing
the problem and choosing ;olutions. Adjustments to uncertainty are
discussed, for Soth pests and natural hazards in general, and a brief

review of the literature on pest control economics is presented to

illustrate other approaches to the problem of choosing a pest control -

action.

4.1 The sugar beet yellows control problem

The previous three chapters have introduced the pest control problem
on sugar beet in England. In Chapter 1 sugar beet was shown to be a

 valuable crop to the farmer, and one in which he may have a comsiderable . -

vt thomeis  Sopectbed Che sEfest ot woske. et ontirts o
greenfly that transmits virus yellows, in causing a reduction in crop

value. This losé was shown to be variable from year té year, so that the
farmer cannot bé certain of the degree of infestation in the next season.

Finally, Chapter 3 introduced the potential control methods that are

‘

available to the farmer; two main types of treatment which include a

score of possible chemicals, at various levels of effectiveness,
convenience, and cost. Heathcote (1977) presents a general discussiop

of this decision problem, the use of aphicides on sugar beet in particular,

from a researcher's point of view.

In practice, the farmer is faced with a series of decisions during
the season, since some treatments are applied early and others late, and

some may be repeated. A simplified decision tree, Fig. 4.1, illustrates
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the principal sequence of decisions in this problem.

In Fig. 4.1 each node represents a decision, and the decision maker
must move along one or the other branch at each such point. The tree is
simplified by ignoring decisions on the particular chemicals or brands to
use in each case, and is shortened to exclude decisiops on application of
three or more foliar sprays, or more than one foliar spray in conjunction
with an in-furrow treatment. While additional sprays are épplied by some
farmers, where, for instance, the first tﬁo sprays have mnot proved
effective for one reason or another, generally they are-ho more effective
than just two treatments. Each decision in the series must be made
separately, but to do so rationally the decision maker must look ahead andv
consider what options will be left open to him once that decision is made.

A framework in which the researcher can study the decision maker's

‘- options and choices is-needed.. Therefore, at this point. the general theory . -

of decisions is introduced, and in the following chapter it is applied to
the initial choice in the beet yellows problem, whether or not to apply

an in-furrow treatment.

4.2 General decision theory

This section provides an introduction to decision theory, which
provides a basis on which to study decisions. It describes the conditions
under which decisions are made, the information elements that comprise

the decision, and the criteria by which choices are made.

4.2.1. Classes of decisions
Luce and Raiffa (1967) describe decisions in three classes, those
under certainty, risk, and uncertainty. Under certainty, each action

under consideration leads to a known, specific outcome. A decision under
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Figure 4.1 Simplified decision tree illustrating series bf decisions in beet yellows control.
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foliar treatment

Two foliar
treatments

8%



49

risk is one in which each action under comsideration leads to a set of
outcomes that have known probabilities. There.are no implications
concerning desirability of the events in this particuiar usage of the
term, whereas in everyday use risk is the chance of an undesirable event
occurring. Lastly, in a decision under uncertainty, each possible action

leads to a set of outcomes that have unknown probabilities.

Decisions under certainty are not applicable to agricultural pest
control, the situation is never certain; the level of attack, effect of
control, and crop potential all vary. Even advertisements for pesticides
frequently state what a product 'can' do, rather than what it 'will' do.
In fact, as was seen in the trials results noted in Chapter 3, it is
‘often difficult to tell what has happehed after the event.

In the strict, economic sense, pest cpnt;ql decisions‘aré no;vrisk

Situations;eithér;',Ihefpidbébilitiés'a336Ciéted_With a set of outcomes =~

from a pest control action are at best subjective, if known at all.
Probable effects of a treatment may be 'known' from limited experience of
trials and use, but the continually changing biological, agronomic, and
climatic conditions make it impossible to assign probabilities to the
outcomes of a pest control treatment with the.confidencé}given to those
for the outcomes of, for instance, a true coin being tossed, or a die
being played. Pest control decisions are, therefore, properly decisions
under uncertainty, although the possibility of assigning subjective
probabilities to events can move them along the continuum from uncertainty
to risk. Webster (1977) points out that the distinction between risk and

uncertainty made by Knight (1921) is, in practice, not so clear.

Many decision problems fall into the class of uncertainty. 1In the

last decade decisions on responses to natural hazards have been extensively
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studied, and provide a practical basis for the approach to this class oﬁ
decision problem (Slovic et al., 1974; Kunreuther, 1974; Kates, 1970; Burton
et al., 1968). Attacks by insect pests on crops have characteristics
similar to many other mnatural hazards, sucﬁ as earthquakes, floods, and
illness (Norton and Conway, 1977); they are events thét occur unpredictably
and sporadically, yet can.result in serious losses to many individuals.

Both the frequency and magnitude of losses are uncertain, but in these

and many other examples, some action can be taken to either reduce the

frequency of potential loss or the magnitude of the loss that does occﬁr.
For a crop pest, -the probability of attack can sometimes be reduced by
cultural methods, e.g. removal of sources of overwintering aphids and
viruses from near a beet field, while the magnitude of loss can often be
reduced by insecticides, for example. As with adaptations to other

natural hazards, such responses have several common characteristics:

1) The responses are not unique or obligatory, it is necessary

to make some choice about which, if any, to choose;

2) They all have costs, which may be different for each choice;

and

3) The amount of loss they reduce is uncertain, because the
potential loss is often variable,.and because the responses themselves are

often variable in their effectiveness.

Under these conditions an individual must decide how to respond to
the problem he sees. The considerations used in making such a choice are

described in the following section.

4.,2.2. The four decision elements

There are four elements in the general decision problem described by
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Luce and Raiffa (1967), which are also applied to agricultural problems
by Halter and Dean (1971), and to pest control decisions by Norton (1976):

1. The states of nature, Si"i=1’ 2 ... n.
2. The possible actions, aj, i=1, 2 ... m.
3. The possible outcomes of these actioms, rij'

4., The utilities of these outcomes, U(r’ ) which can be
ij )

ordered.

4.2.2.1. The states of nature ;
The states of nature express the set of all possible situations

that could develop if left unaltered. These can be discontinuous; like
the.results of tossing a coin, heads or tails, or a lottery with prizes of
£1, £5, and £10. The states of nature pertaining to natural hazards,
however,‘are generally continuous, lqss can be spread over an entire
range of values, from no loss to camplete devastation of a crop, for S
instance. Because of the small differences in vélue of séme of these
losses, or, as is sometimes the case with insect damage, the difficulty
of estimating losébaccurately, it is often useful to group losses into

wider classes which can be more readily identified.

4.2,2.2. The possible actions
The possible actions are the set of all actions that are
feasible and which could affect the state of nature, as well as taking no
action. Some selectivity should be applied in choosing this set, only
actions that have some likelihood of altering some state of nature to give
a more desirable outcome, or at least do not make all states worse, should

be included.



4.2,2.3. The possible outcomes
The interaction between these actions and the states of nature
produces the set of possible outcomes. There is a specific outcome that
results for each action under each state of nature, as illustrated in the
following matrix, Fig. 4.2. This is the basis of the:payoff matrix, as
used by Norton (1976), which is also used in the following chapter in

further discussion of the sugar beet yellows control problem.

States of nature

S]. S2 S Sn
b T L & T 12 > Tin
8 | Ty
Actions . . ‘ .

TREIN L

Figure 4.2  Outcome matrix.

4£.2.2.4, Utility
Utility is a measure of the desirébility of an outcome to an
individual; it is simply an individual's subjective.rating of an event
(Halter and Dean 1971; Luce and Raiffa, 1967), which can vary considerably
from person to person, according to his preferences. In additionm, utility
depends a great deal on the current situation of the decision maker, and
may not remain constant even within an individual. Expressed in relation

to monetary outcomes, three utility functions are illustrated in Fig. 4.3.

In function A, utility is linearly related to the monetary value

of the outcome. Function B shows decreasing marginal utility, with



diminishing increases in utility for subsequent increases in monetary
value, while function C shows increasing marginal dtility. Utility
functions that incorporate any of these three responses in various parts

of the outcome range are possible.

(r)

Outcome r(£'s)

Figure 4.3  Three basic utility functions.

The utility function has several properties that allow outcomes,
and so the actions that produce these outcomes, to be ordered according

to preference. Halter and Dean (1971) discuss these properties:

1. U(rl) > U(rz), 1f r, 1s preferred to Iy.

2. The utility of a set, R, of outcomes rys T, which will occur
with probability p, 1-p, respectively, is equal to their

weighted sum.
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U = pU + (1-p) U .
(R) (rl) (r,)

3. The utility function is finite.

These allow the following ordering properties (Halter and Dean, 1971;
Chernoff and Moses, 1959), which provide a theoretical framework for

choosing among actions that result in different outcomes:

or R, > R,. Outcomes are

1. (Order) Either R1 > R2, R1 = RZ’ 2 1

either preferred, equivalent, or not preferred. ' ;

2. (Transitivity) If Rl 2 Rz‘and R.2 2 RB’ then R1 2 R3.

1 2
p such that the prospect of R

3. (Continuity) If R, > R, > R3, then there are probabilities

with probability p, and R, with

1 3

Aeither_p;eferred.tQ»Rzlor~not preferred to.Rz.

2

4. (Independence of irrelevant alternatives) If R1 > R2, and R

is another set of outcomes, then (Rl, R3; ps 1-p) >

(R2’ R3; p’ 1_P)'

4.2.3. Decision criteria

While, in theory, utility values could be substituted for the outcomes
in the payoff matrix shown in Fig. 4.2, and the action with the greatest
average (expected) utility chosen, in practice, utility is very difficult
to determine precisely. On the other hand, in selecting actions, it may
only be necessary to have an indication of the gross characteristics of
the utility function for an individual, which determine the basic shape of

the curves in Fig. 4.3. These can be fairly easily obtained, and from

o Ry, Ry e, 1)

3
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these, decision rules can be made by which to select actions on the basis

of their monetary outcomes.

The choice of décision criteria is discussed by Moore and Thomas
(1976) and Luce and Raiffa (1967). Three decision rules are presented-
here as examples, showing their relationship to utility and risk:

l)nThe rule of maximising expected monetary value (EMV) .
2) The maximin rule.

3) The maximax rule.

t

These three decision rules are related to the three utility functions
shown in Fig. 4.3, and are aetermined’by the relative values of the
marginal utility (the rate of change of the utility functibn) éver the
range of values of the outcomes. Figure 4.4 shows the marginal utility
functions (the first derivative of the utility function) associated with
‘ﬂh Ehévéﬁfééfﬁ;iii;iifﬁ#éﬁ?o#;_fqu'Fig;?4;3;fénd?fhégrééﬁééti#é;Aé;isiqni

criteria that approximate them.

UV

(r) c
Maximax

ey

::‘{

o

33

3

= A

A max EMV

b0

-

5]

= B
Maximin

low med - high r(£'s)
Outcome

Figure 4.4 Marginal utility functions, with decision rules approximating

each.
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By the rule of maximising EMV the decision maker chooses the action
that gives the best monetary outcome averaged over all states of nature.
The maximin rule suggests that the decision maker selects the action that
produces the best result under the worst state of nature. And by the third
rule, the maximax, the decision maker would choose the action that gives
the best outcome for the ﬁost favourable state of nature. Each of these‘
will be discussed in the following chapter when the beet yellows control

decision is analysed.

These rules can also be expressed in terms of risk, which is used’
here, and subsequently in this thesis, in its ordinary sense as a chance
of an undesirable event. The maximin rule is for risk averters, who are
unwilling to accept the most undesirable outcomes possible, and seek to
guard against them. The maximum EMV rule is for those wh§ are indifferent

.‘:to\;igk;;;heyilqok for_therbest”outcbme;oygrhthejlong run, regardless of

'some potential poor outcomes being possible. And finally the maximax rule |
is for risk takers, who will accept a relatively high chance of poor out-

comes for the low chance of a highly desirable outcome.

All these criteria in fact seek to approximate maximum utility, and

~ are different in form only because of differences in the utility functions
of the decision makers using them. ' Utility maximisation is the classical
decision criterion (Simon, 1959) and initially seems quite reasonable; .
what better rule than to do what appears likely to give the greatest ~

utility, or happiness, to the decision maker?

Simon goes on to point out some difficulties in maximising profits,
however, which also apply to utility maximisation, and which suggest the
following questions: Over what time span does one maximise? How can the

sum of several unrelated, intangible outcomes be maximised? If the
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decision maker is not the direct beneficiary of the deéision, say he is
manager rather than owner of a firm, how would he be motivated to maximise?
Is it worthwhile expending effort to search for the information that will
allow maximisation? And what motivates the effort toward the maximum

after the satisfactory has been obtained?

Simon's suggestion is that 'satisficing' is a more realistic goal.
When a decision maker finds a strategy that appears to produce a satis-
factory outcome he uses it, either until that situation changes in some
way that renders the outcome préduced unsatisfactory, or until his )
aspirations rise beyond the level of outcomes obtained. Evidence of
satisficing is found in the limited effort to which people normally go
to find alternative actions. It is often only in crises, when their

normal actions are no longer satisfactory, that they begin to seek alter-

natives.

While 'satisficing' may be the most realistic goal, the problems of
determining what satisfies particular individuals are similar to those
of determining their utility functions. As a result, in the analyses
presented later only the three objectives mentioned earlier will be

considered.

While it is the individual farmer or farm manager that generally
makes the ultimate decision regarding the control of pests, he does not
represent the only group with an interest in pest control. Norton and
Conway (1977) mention the interaction between farmers and consumers, the
chemical industry, and envirommentalists. Each of these can placé
constraints on the farmer's actions through the quality they demand, the

competition they.engender, and the legislation they enact.
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4.3 Adaptation to uncertainty

Pest control is an attempt to reduce risk to farmers, and some
measures that either reduce the frequency or magnitude of hazards were
mentioned previously. Burton et al. (1968), discussing responses to
geophysical hazards, describe two forms of adjustment.to risk: the
technological approach and the social or behévioural approach. The
technological approach attempts to alter the elements of nature to reduce

their uncertainty or undesirability. Social and behavioural adaptations

are ways of affecting the human systems, which must accept the risks, to
try to reduce the effect of the risks. In practice, a combination of the

two is often taken.

Burton and_his colleagues suggest that the techmological efforts
that reduce the frequency and magnitude of hazards are generally the most
fayqu;ed,‘askthgy»can_p;gyidgﬂ:eal ?edugtions in thevhazards‘with a
minimal behavioural adjustment. The latter is less acceptable because
its effect is more direct and immediate to a person's normal way of life.
Sometimes, however, a technological solution may simply delay the hazard,
or ;ubstitute a different hazard in the future, although this may be
satisfactory énd welcome to many people. Alternativeljltechnology may
put the hazard on someone else's doorstep, which may also prove acceptable

to the people originally faced with the hazard.

Behavioural adaptations, such as crop diversification; can reduce
the effect of a particular hazard, by spreading the risk of crop failure
over a number of crops, and increasing the chance of obtaining a reason-
able income. Social adaptations, such as insurance, spread the risk over
more people, reducing it for the individual. Similarly, an iﬁdividual

can save before, or borrow after, a catastrophe to spread his loss over
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time. People can reduce, and even remove, perceived risk by altering
their state of mind; hazards can be ignored, they can be thought to be
less serious than they really are, or they can be thought of as less
uncertain than they really are (Burton et al., 1968). They could, of
course, be made worse by the reverse process. Finally, loss can just be
accepted and borne, the acceptance, or resignation, making the

undesirability less significant.

Agricultural pest control, since the introduction of chemical
insecticides, has concentrated on reducing the risk from pests by
technological means (Headley, 1972b), although Norgaard (1976) believes

the solution to pest problems will come through changing human behaviour.

At present farmers use insecticides to respond to the risk presented

by pests in three ways:

1) Scheduled treatment programmes. that set the time  and number of
treatments independently of pest numbers, making uncertainty irrelevant

to the decision by using a standard operating procedure;

2) Opportunistic treatments, such as an application of an insecticide
along with a fertilizer or herbicide, not because it is felt necessary,
but because it is an opportunity to be 'safe' for little extra effort,

opportunity becomes more important than uncertainty; and

3) Treatments based on population of pests derived from intuition,
monitoring, or forecasts, in which uncertainty is replaced by assumed

certainty, or at least assumed probability.

4.4 Pest control economics

The economics of pest control has been the subject of several reviews
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in recent years, in both entomology (Headley, 1972b; Norgaard, 1976) and
phytopathology (Ordish and Dufour, 1969; Carlson and Main, 19765. Ordish
and Dufour emphasise social and political factors in pest control, Headley
concentrates on benefit analysis and its difficulties, Norgaard on the
ideal conditions for deciding on pest control actions; and Carlson and
Main discuss short and 1otg term adjustments to pests, and the value of

forecast information.

Two important principles basic to the conventional economic theory of
pest control are the economic iﬁjury level (Stern et al., 1959) and the
economic threshold (Headley, 1971), which are compared by Southwood and
Norton (1973). Stern's ecomomic injury level is the lowest levelvof peét
population that causes damage such that the cost of control is less than

the revenue gained from that control:

e -Y, \ P '
A() (S(a)) (S(a)) - :(S)jr‘ (s) -~
whéfe Ctéj is the cost of control actlon a,
Y(s) is yield with pest population s,

Y(s{a)) is the yield with pest population s controlled by action a,

P(s) and P(s(a)) are crop prices without and withJCOntrol action a.

Headley's economic threshold is the level of pest population such that
the marginal cost of control equals the marginal revenue gained from that

control:
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where C( is the cost of the next lower level of control to a,

a-1)
Y(s(a—l)) is the yield with pest population s controlled by action

a-1,

is the crop price with control a-l.

Pista-1))



Hillebrandt (1960a) defines the optimum application rate of pesticide in

the same way, where marginal cost equals marginal revenue.

The basic difference 1s that Stern's economic injury level gives the
lowest pest population for which a control will be profitable, while
Headley's economic threshold gives the level of control which will be

most profitable.

To arrive at either of these points, the economist or entomologist

requires two sets of information: a damage function that relates the
intensity of pest infestation to reduced crop revenue, and a control
function that relates expenditure on control to a decrease in pest
numbers (Southwood and Nortoh, 1973). Each of these functions is the
product of several subffunctions: the damage function is made up of a

pest mumbers/crop injury function, a crop injury/yield function, and a
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,yield/revenue_fpnqtiqn; thgmcpptrpllfunctionvis,fofméd by a contfélicqsp[‘,;; e

control level function and a control level/pest number function. Two

generalized damage and control functions are shown in Fig. 4.5a and b.

b. Control

No. of pests
No. of pests

£'s revenue £'s control

Figure 4.5a and b Generalised damage and contol functions (after South-

wood and Nortom, 1973).



Knowing these functions, the level of pests at which the marginal
cost of control equals the marginal increase in revenue can be easily
determined and the farmer can be advised to use the level of control that
satisfies that condition, given perfect knowledge of the damage and
control relationships. To improve on the model of Headley (1971), Hall
and Norgaard (1973) introénce more complex and realistic damage and control
functions, including the timing of controls, while Talpaz and Borosh
(1974) consider the further possibility of repeated applications of pest-

icides and the frequency of such treatments.

However, the damage and control functions available to establish the
economic threshold, or to optimise control through more complicated models’
such as those by Regev et al. (1977) and Shoemaker (1977), are not precise

enough for those purposes in practice. This is clear from the earlier

- discussion of sugar beet yellows -damage and control, one of the most . .- - = ..

‘thbfdughly resééféhedvpeét and control probleﬁs'in Britéih,‘yétniﬁ which
- neither function is entirely certain or static. Headley (1972a) notes
the difficulties of actually applying these maximising or optimising

principles:

1) they depend on the farmer's knowledge 6f damage’ and control

functions;

2) they assume no opportunities for greater returns from the resources

used in pest control;

3) they assume all control decisions are independent (there are no

carry over effects to following seasons, etc.); and

4) they assume that populations of other pests do not increase with

the decrease of the controlled pests.
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He then says of these assumptions, 'seldom will they be satisfied in an
operational pest control situation'. The lack of definite knowledge of
damage and control functions, and other uncertainties, makes the insurance

use of pesticides more attractive.

Cost/benefit analysis has been discussed for pest control by Courshee
(1965). He states that there are many ways of comparing the costs and
benefits, but suggests that increase in profit from pest control over

increase in cost is the most preferable. He believes that farmers use an

expected benefit/cost ratio of at least 2 as a rule of thumb to decide'
whether or not to spray. By spraying only when the expected benefit/cost
ratio is 2 or more, Courshee suggests that the farmer can be almost sure
of at least breaking even all.the time, although this is unsupported by
evidence. Strong (1970) also mentiomns cost/benefit, but points out that

the probability of achieving, or the-risk of not achieving, éfcertain,g

benefit/cost ratio is also very important.

Hillebrandt (1960b) views uncertainty in pest control'in terms of
the degree of potential surprise associated with the outcome of the actién
(the most probable outcome has the lowest degree of potential surprise).
She suggests that, for a given desired profit 1eve1, the least amount of
pesticide that gives that.outcome with a satisfactory degree of potential
surprise should be used. This hinges on the farmer's subjective degree

of potential surprise, which is unclear in practice.

Actual risk analyses of control éctions have been made in several
cases. Gilmour and Fawcett (1973) calculate the maximum and total risk.
(in this case, the expected opportunity cost of making a wrong decision)
of various mildew control strategies on barley in Scotland, and Webster

(1977) analyses control actions for Septoria on wheat in S.E. England



from the point of view of farmers' risk attitudes.

An alternative approach to conventional cost/benefit and marginal
analyses is the decision theory approach presented by Carlson (1970). As
he says, 'the presence of uncertainty in the level of crop loss indicates
the need for a decision framework which treats uncertainty directly rather
than minimizing its importance®’. Carlson demonstrates the procedure with
an analysis of control of the brown rot disease of peaches in California,

making decisions on the basis of subjective probabilities of loss and

several economic goals of growers.

The decision theory approach can be used to evaluate current and

potential information and suggest what information is required for a

decision. Baquet et al. (1976) determine the value of a frost forecaéting~

scheme for Oregon peach growers using this theory, and Valentine et al.

e (1976)_usé“it'to”mbﬂél the decision prbcesses“forfgypsy*mothftontrdl_td v

determinéifhe information féquifements'for a systems model. The latter
do not mention risk, however, which seems a significant omission in their
analysis. ' Baquet and his colleagues consider risk by using utility
maximisation, réther—than profit maximisation, as a goal in their assess-

ments. - ‘

Norton (1976) uses decision theory to suggest appropriate strategies
for potato blight control in various regions of England, based on expgri—
mental evidence of loss probabilities and a maximum expected value goal.
He goes on to show why farmers may have other goals, and that farmers'
actual decisions also depend on their own perceptions of losses. Norton
observes that there are three ways in which research and extension
programmes can improve crop protection decisions:>they can 1) widen the

range of choices available; 2) improve the perception of relevant inform—-
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ation; and 3) improve the decision rules by which farmers operate. He
notes that improvement of farmers' decisions is dependent on the
constraints they encounter, and can only be successful if these are
identified and efforts at improvement are designed with the other

constraints in mind.

The decision theory approach seems to have several advantages over
the conventional economic approach to pést control decisions. As Carlsom
pointed out, it includes uncertainty directly, in the use of probabili;ies
for the various statés of nature. In addition, it more realistically
describes the fa;mers' actual decision processes, by considering their
subjective appraisals of losses and controls, and accounting for individual
goals. As a result it should offer greater potential for actually
improving the farmers' situation than other economic procedures, by
providingbafsimi;ar framework in which to compare the elements.of'farmers'

real decisions with objective, experimental information.

4.5 Perception of information

Intheory it is generally assumed that the decision maker has
objective information on the hazard facing him and the responses available
to him, but this assumption is not necessarily'valid for real farmers.

As Simon (1959) points out:
'The classical theory is a theory of a man choosing

among fixed and known alternatives, to each of which is

attached known consequences. But when perception and

cognition intervene between the decision-maker and his

objective environment, this model no longer proves adequate.'

Research on responses to natural hazards, pafticularly floods, has

shown the importance of the decision maker's perceptions, rather than real



66

information. White (1961) gave as elements in the choice of respomses to
flood hazard the estimate of the extent of the hazard, the rangé of
choices actually open to- the decision maker (those he is aware of and able
to use), the perception of the suitability of the technology, the apparent
economic efficiency.of the alternatives, and the actions of other people

in similar situatioms.

People recognize hazards differemntly, as Burtomn et al. (1968)
discovered, again in relation to floods. They moted particularly the |
discrepancy in perceﬁtioﬁs of people living in flood plains, but mot '
professionally involved with floods, with those of profeséional people
such as flood control engineers. Non-professionals had lower tolerance

to uncertainty than professionals, and whether their estimates were high

or low, they tended to be more sure of what would or would not happen.

ﬁ;Burtoh”éﬁ;aZ£ﬁi;undla;st:qu‘positiVerelatiqn.betwgen'the,per¢ep§iqﬁ ;

of hazard and the action taken in response. This appears quite ratioﬁal,
and similarly farmers with expectations of Qevere pest attack would be
expected to apply more extensive control. In fact, Turpin and Maxwell
(1976) showed that farmers with higher perceived levels of soil insect
problems on maize used insecticides more than those with lower expected
damage. The perception of the hazard is not the only influence in the
decision, however, since these authors also found that about 20% of those
expecting moderate and heavy damage did mot use insecticide, while 17% of

those expecting no problem used insecticides anyway.

Kates (1970), discussing hypotheses on responses to matural hazards,
mentions three factors in the individual's response decision:. his
perception of the hazard, his awareness of adjustments to the hazard, and

his evaluation of these adjustments (their feasibility, efficiency, and
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'

economic desirability within a perceived time horizom). Norton (1976;
describes these same determining factors in terms of agricultural pest
control decisions:

1. Perception of the hazard.

2. The range of available protection measures.

3. The cost and effeétiveness of these measures.

4, The objectives and decision rules employed by the farmer.

Perceptions relative to the first three factors will be partially
derived from the farmer's sources of information; the reality of their
perceptions and the value of this information will depend on its
accuracy. Three studies in the U.S.A. (Beal et al., 1966; Brown, 1968;
Turpin and Maxwell, 1976) showed that the chemical dealers were the
farmer's principal source of information on pesticide use. Turpin and
Magwell allude to the possible conflict of interest that sitgation allows.
Fér‘éugéf‘ﬁéét in“Bfitéin,xhdw;vér; Britiéh43ﬁgar’ﬁou1d be ex@ecfédﬂtd'be
the major source of information on beet pest control, as well as all
other aspects of beet production. Bepause they are not in the pest
control bﬁsiness fhére is less chance of biased information affectiﬁg the
farmer's perceptions regarding beet peét control. However, all inform-
ation, whether true, biased, or wrong, must be receivéd;and interpreted
by the farmer, gnd weighed along with his perceptions of his own

experience to form his expectations for the future.

4.6 Summary

This chapter has outlined the pest control decisions facing sugar
beet growers and introduced decision theory as an apﬁroach to analysing
the problem. Pests were viewed as natural hazards, and the literature

on adjustment to natural hazards and pest control economics was briefly
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reviewed. The importance of the farmer's perception of the hazard and
possible responses, rather than the real situation, was stressed. In the
following chapter the beet pest control decision is examined in detail

using the decision theory approach described here.
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CHAPTER FIVE

THE SUGAR BEET PEST CONTROL DECISION

This chapter is cOncerned‘with a detailed analysis of the initial
decision in the decision tree presented in Figure 4.1; the decision
whether or not to apply aﬁ in—furrow treatment against virus transmitting
aphids. 1Initially, only virus yellows control is considered in

establishing the parameters of the problem and in choosing actions,

although after choosing suitable control strategies for yellows the

|
degree of secondary seedling pest control that would be needed to cause
an alternative to be chosen is discussed. Also, while attention is

focused on the decision to apply in-furrow treatment, the outcomes of

subsequent decisions on foliar sprays are taken into consideration.

"< There are two reasons for concentrating on the in-furrow treatment .-

“decision: 1) it is the first, and so least 'éert’aii{;‘,xdééirsiléﬁ,; andall
later action§ and choices depend on the result of that initial choice;

and 2) it is more appropriate to use a decision theory approach based on
information on long term losses and states of nature to analyse a decision

on a prophylactic, in-furrow treatment, rather than de;isions in response

to actual infestations, as would be the case for later foliar sprays.

5.1 The sugar beet yellows control decision

5.1.1. The states of nature

While the states of nature in this problem are strictly the level of
virus yellows attack that occurs, it is more convenient to express them
as the losses expected from uncontrolled virus yellows. Tables 2.4 and
2.5 show estimates of these losses, after control; over the past 10 years,

for the Ely and Brigg regions. Assuming 407 control was achieved in those



years these tables can be transformed to give potential losses without:

control for the two areas, as shown in Table 5.1,

Table 5.1 Potential losses without control, 1968-77, from virus yellows

at Ely and Brigg.

Potential losses 7.

Year Ely Brigg
1968 1 3
1969 0 0
1970 0 0
1971 o .0
1972 1 0
1973 8 0
1974 43 5
1975 25 13
1976 .8 : 5
i977 0 0

avg, 9 3

On the basis of thése figures the losses expected at Ely can be
expressed in terms of three broad classes, for convenience and‘simplicity:
0% loss (0-5%Z), with a probability of .6, about 15% loss (6-25Z), with a
probability of .3, and 45% loss, with a probability of .1. This gives an
average, or expected, loss of 97, For ease of comparison losses at Brigg
can be put into the first two of these classes, 0% loss, with a probability
of .9, and 15% losg, with probability .1, giving an expected loss of 1.5Z,

only slightly less than the actual average loss of 3%.

Ten years is a somewhat arbitrary length of time to use to determine

probabilities for the states of nature. However, a period must be chosen
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that is sufficiently long to give a reasonable perspective on occasional
abnormal conditions, while at the same time being short enough to
represent a period in which cultural practices, crop varieties, and virus
strains are fairly consistent. Under these considerations 10 years seems
a good compromise. It may, on the other hand, be argued that greater
account should be taken of the current trends, for instance the steady
decline in yellows in the past 3 years, in assessiﬁg probabilities fo:

the states of nature. However, this may place undue emphasis on short

term events which, because of inadequate understanding of the dynamics of

the disease, can not be expected to continue with certainty.

5.1.2. The possible.actions
There -are five possible actions in response to virus yellows that

will be considered: no treatment, one and two foliar treatments, an in-

Siment‘(Fig.'4.1),
applied, but since no more than two are fecommended, only these will be
considered here. To begin with, the decision will be observed with just
two bossiﬁle actions, no treatment and an in-furrow treatment alomne.
This simplifies the decision to illustrate the process without the
complication of the later foliar treatments.. After this initial view,
the in-furrow treatment decision will be considered again, taking the
later foliar treatment decisions into account as well. The cost and

average effectiveness of these treatments are summarised in Table 5.2.

_furrow treatment, and an in-furrow treatment followed by a foliar treat- .

“As noted earlier, additional treatme‘n'tsj are sometimes
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Table 5.2 Cost and average effectiveness of control actionms.

Treatment Est. cost Avg. % reduction in
inc. appl. yellows losses
(£/ha)
a1 None o) ' 0
a,, Onme foliar ' 8 27
treatment
a4 Two foliar 16 40
treatments
an - In=furrow 27 35 |
treatment . i
459 In-furrow 35 N : 50
+ one foliar
treatment

5.1.3. The possible outcomes

‘the following equation, which ‘gives the net revemue (total revenue less == = = ™

control costs) for the beet crop:
Net revenue = Undamaged crop value x (1 —=(Z Loss/100 x (1 - Z Control/

100)) —~ Control costs

InAChapter 1 the average gross crop value was shown to be about
£720/ha, based on the 1977 price and long term yield trends. Using the
values for loss for the three states.of nature at Ely, along with the
respective cost and efficiency of the two control actioms, this equation
yields the outcomes shown in the monetary payoff matrix (Table 5.3). This
shows, for example, that if in-furrow treatment, ay» is applied when ‘
there is a 157 potential loss from yellows, the farmer will obtain a net

revenue of £623/ha, and likewise for other combinations.

Ihe‘pgtcpmeﬂﬁrom,amgivenlstate_qijnature“and,aétiongis,de;erminedhby L
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Table 5.3 Monetary payoff matrix for Ely.

States of nature
51 ) 53
Outcomes .

(£ /by 07 157 45%  Loss
(.6) .3 (.1) (prob)

a; (No treatment) 720 612 396

a, (In-furrow 693 623 482

treatment)

5.1.4. The choice of actiqn
The outcomes of the two actions shown in Table 5.3 do not immediately

reveal one choice to be universally preferable, sometimes it is bettef to
‘treat (s ,.s ) and sometlmes 1t is better not to treat (s ). The best
“5aet10n to adopt depends onAthe dec151on maker s obJectlves, and to‘ es o
illustrate this, the three decision criteria introduced in Section 4.2;3.
will be applied to this problem. They are again:

1. The maximum EMV rule,

2. The maximin rule.

3. The maximax rule.

1. The maximum EMV rule, a long term profit maximising rule,. selects
the action that has the greatest expected monetary value (EMV). The EMV

for each action, using the notation of Chapter 4, is:

EMV =
(ai)

hewp

Y.. . P
. i S.
j=1 3 ( J)
Thus for a; (No treatment):

EMV = (720 x .6) + (612 x .3) + (396 x .1) = £655/ha.
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For a, ({In~furrow treatment) the EMV is £651/ha. Therefore a, is the

1
preferred action by this rule at Ely. The risk indifference implicit in
this rule is well illustrated here. For an average improvement of £4/ha,

a farmer using this rule would ignore.a 107 chance of being £86/ha worse

off (53 in Table 5.3)!

2. The maximin rule does not ignore this potential loss, however.

By this rule the action with the best outcome in the worst state of nature

is chosen. The in~furrow treatment a, gives considerably better returns

if there is a potential loss of 457, and thus would be selected.

3. Finally the maximax rule chooses the action that maximises the

outcome associated with the most favourable state of nature, s No

1°

treatment, a;s is best when there is no loss, since the cost of the in—

furrow treatment has been saved. This is accepted, despite the 407

~ chance of wo¥se returns, because a farmer with this decision rule-isa. = - .

risk taker.
With the choice of actions restricted to no treatment and an in-

furrow treatment alone, and decision criteria reflecting three attitudes

toward risk, the actions selected are as shown below:

Maximum EMV No treatment
Maximin In-furrow treatment
Maximax No treatment

Given a choice between these two actions under the conditions
prevalent at Ely, it is clearly important to the choice whether the
farmer is risk ind}fferent or risk averse. The degree of risk iﬁdiffer-
ence is important as well, someone who will not ignore the risk of an

£86/ha loss for an expected gain-of £4/ha may be prepared to do so if the



expected gain was much greater.

Other rules could also exist of course, and in fact there would be a

range of rules used between the extremes from maximin to maximax, depending

on risk attitudes and individual conditions. In addition, rules such as
doing what would have been best in the previous year or whatever a neigh-
bouring farmer does could also be adopted, but for this exercise the

three rules illustrated here cover a sufficient range.

In reality, the later foliar treatment decision must also be kept in

1

mind when the in-furrow treatment decision is made. Hence, in the next
section, the latter is re-examined with the possibilities of later treat-—

ments as well.

5.2 The in-furrow treatment decision, considering later foliar treatments

_.as well -

- Table 5;4’13ztﬁé”paYOffﬁmafrix:fbf'élitfive_?oséfblé"actions,}uﬁder'
the states of nature drawn from historical records at Ely, and also

includes the EMV for each control action.

5.2.1. Choosing by the maximum EMV rule

The EMV's of the initial in-furrow treatment choices depend on how
the later decislons concerning foliar treatments are made. EMV's for the
initial treatment followed by foliar treatments chosen in two ways will

be calculated to illustrate this.

A farmer who uses the maximum EMV .rule to decide on in-furrow treat-
ments might be expected to use that rule in making the foliar treatment

decision as well. ¥From Table 5.4 all the control actions that follow an

initial decision not to apply in-furrow treatment have higher EMV's than

those following in-furrow applications. A farmer using maximum EMV as

15
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the criterion in each control decision should, therefore, choose initially
a;, mo in-furrow treatment, and then would apply either one or fwo foliar
treatments, since both have the same EMV. 1In a case like this where two
EMV's are the same, the decision maker can choose between them by the use
of a secondary decision rule. If he is slightly riskraverse, he could

secondarily apply the maximin rule and so select a two foliar treatments,

13°
or if he is slightly risk taking, he could apply the maximax rule to. the

two choices, and so select 312’ one foliar treatment.

Table 5.4 Monetary payoff matrix for Ely.

States of nature
51 S2 S3
Outcomes
(£/ha) | 0% 152 - 457 EMV
aii (No treatment) i 720 - 612 396 655
aj, (One foliar 712 : 633 475 665
treatment)
a.,, (Two foliar 704 639 510 665 -
13
treatments) :
a (In~furrow 693 623 482 651
21
treatment)
a (In-furrow + ' 685 631 523 653
22 .
one foliar
treatment)

This means of selection has ignored an important feature of the
foliar treatment decision, namely that the decision is made at the time
when aphid infestations are beginning to appear. This means that the

farmer may have fairly good information at that time on which particular



state of nature will occur in that particular season, and could choose the
foliar treatment level that gives the best outcome for that given state of’

nature. This can be illustrated by reference to Figure 5.1.

Assume that the farmer chooses ay at planting time, then later on,

through observation, learns the state of nature. He will choose not to
spray, a;;, or to spray twice, a;3s when s; or 32/53 occur, respectively,
and he could choose to spray or not spray similarly if he had chosen a,

to begin with. Thus the opportunity to decide on the number of foliar

1

sprays with knowledge of the state of nmature that will'actually occur

increases the EMV's from those seen in Table 5.4 to £675/ha for a; and

£657/ha for a,, and a is again preferred.

1

5.2.2. Choosing by the maximin rule

The control action with the greatest return in the worst situation

" can be determined by looking at column s, in Table 5.4. “An in-furrow -

‘treatment followed by‘one'foliar SPray, 2,9s is the best choice, so

initially an in-furrow treatment, a,

apparent later that there would be no loss (sl), the additional spray

> should be applied. If it became

could be dispensed with.

5.2.3. Choosing by the maximax rule
The control action giving the best outcome in the most favourable

state of nature can be determined by referring to column s, in Table 5.4.

1

No treatment, a 1° is the best choice, therefore no in-furrow treatment

1
should be applied. If information later in the season suggested that
either s, or s, would be the most favourable state additional foliar
sprays could be applied, but initially no in-furrow treatment would be

indicated.



EMV = £675/ha

EMV = £657/ha

Figure 5.1 Decision tree for in-furrow and foliar treétménts at Ely. The dashed branches should not occur if the

decision maker knows the state of nature at the second node.
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5.2.4. The decision at Brigg
The same procedure can be followed for the decision at Brigg. Table
5.5 is the payoff matrix for the five possible control actions under the

conditions at Brigg, which parallels Table 5.4, but without Sge

Table 5.5 Monetary payoff matrix for Brigg.

States of nature
51 52 _
Outcomes '
(£/ha) OZ 15% EMV i
(.9) (1)
ajy (No treatment) 720 612 709
a,, (One foliar ’ 712 633 704
" treatment)
a , (Two foliar 704 639 698
77 treatments) ’ - :
ay (In~furrow 693 623 ' 686
treatment)
a (In-furrow + 685 631 680
22 X
: one foliar
treatment)

As at Ely no in-furrﬁﬁ.treatment is the preferred choice based on
maximum EMV at Brigg, regardless of how the foliar treatment decision is
made. If maximum EMV is applied to the foliar treatments as well it can
be seen from Table 5.5 that all choices without an in-furrow treatment

have higher EMV's than those with such treatment, so a,, no in—furrow

1
treatment, is the best initial choice, with no foliar treatments later in

the season.

Table 5.6 shows the outcomes for the initial choices followed by the
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optimal number of sprays, given knowledge of the state of nature. Again

the EMV of the choice without in-furrow treatment, a,» is higher.

Table 5.6 Monetary payoff matrix for Brigg, with optimal foliar treat-—

ments (shown in parentheses).

States of nature
51 )
Outcomes
(£/ha) 0% 157 MV
.9) (.1)
a (No in-furrow 720 639 712
treatment) (all) (313)
a, (In—furrow 693 631 687
treatment) (a21) (a22)

 éiﬁgfthé;ﬁégimiﬁkfﬁieléf Bfiggiéﬁéuidzéélect a différenﬁ ¥‘HJ‘f v ;Q

initial control from his counterpart at Ely. Applying two‘foliar sprays,
a;g» givgs the best outcome in the worst situation, and so, no in—furrowv
treatment, a, should be taken initially, with later sprays applied as

necessary.

The most favourable state of nature at both Brigg and Ely is no loss,
and therefore the same action is most profitable in both places. No in-

furrow treatment, a., should be applied at planting time, but if later

1’
evidence indicates that some loss may occur, the farmer may elect to

spray then.

5.2.5. Summary of in—furrow treatment choices
Table 5.7 summarises the in-furrow treatment choices made for Ely

and Brigg, with consideration of later foliar treatments. The actual



choices for foliar treatments are not included since they may depend on
the eventual states of nature that occur in each season. The only
difference in choice between the two regions would be by risk averse

farmers using the maximin rule.
Table 5.7 Summary of in-furrow treatment choices.

Rule Result of in-furrow treatment decision
(with later foliar treatments possible)

Ely Brigg
Max EMV No in—furrow No in-furrow
Maximin In—furrow No in~furrow

Maximax No in—furrow No in-furrow

5.3 Effect of seedling pest control on in—furrow treatment choice

The previous discussion of the in—furrow treatment decision has - -

’ dééitiéoieiy“ﬁithlfhé’éffééfﬁbf‘SﬁéhvtrééEﬁEhf; and “of subéedﬁéh£ foliéf'f

sprays, on virus yellows. However, in addition to controlling yellows,
the in—furrow treatments also control many of the seedling pests mentioned
in Chapﬁef 2, and while these are less important than yellows on the
national scale, they can be locally important. Since foliar sprays are
applied‘too late in the season to be of any use in cont?olling seedling
pests, their control problems are a further factor in choosing in-furrow
treatmeﬁts. Treatment with y—HCH or DDT could be used against seedlipg
pests, but they are not very widely ﬁsed (Dunning and Davis, 1975) and

are not considered in this discussion to avoid further complication.

Average losses estimated from all the seedling pests listed in Table
2.1 are about 2.757%. However, the area suffering yield losses reported

by Dunning (1975) shows that from 1966 to 1974, the nine years preceding
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the introduction of aldicarb, there was, on average, less than 17 of the
crop with any loss of yield from all the non—-aphid pests. 1In the worst
of those years there was still less than 27 of the crop suffering some
loss of yield. Nevertheless, a seriously infested field could required
resowing, which would entail considerable expense, and would have a

reduced yield due to a shortened growing season.

Control should be quite effective against these pests, since it is
the pests themselves that do the damage (not a virus), and the level of
attack at which loss is caused will be higher. Let us assume for
simplicity that control is virtually 1007 effective in preventing yield
loss from seedling pests. The question, then, is how much additignal loss
would be required from seedling pests to cause a shift from not using in-
furrow insecticides? This will depend on the decision fules applied and
the conditionsmfor Xgl}ows”inrthe varigusvlchtions,,
5.3;i.ﬂthimumvEMV.‘ 

At Ely (Table 5.4), with a maximum EMV rule, in—furrow treatment, at
£653/ha, is not as favourable as foliar spraying, at £665/ha. There would,
therefore, have to be an.expected loss of over £12/ha due to seedling
pests to make an in-furrow treatment preferable. This is equivalent to
an average ioss of 1.7%Z. 1If the farmer could apply his foliar treatments
on the basis of accurate knowledge of the state of nature, the respective
EMV's become £657 and £675/ha, a difference of £18/ha, or 2.5% crop loss.
Both these figures, and those calculated similarly for Brigg, are greater
than the average loss for any single seedling pest nmoted in Table 2.1,
and are greater than the losses indicated by Dunning's records as well.

On this basis, and with a maximum EMV rule, there would be no reason to

change to an in-furrow treatment, unless local conditions suggested an
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average loss from seedling pests greater than about 27%.

5.3.2. Maximin

At Ely, using the maximin rule, an in-furrow treatment would already
be justified for yellows control alone. At Brigg, referring to Table 5.5,
the best result without in-furrow treatment iﬁ the worst state of nature
(82) is £8/ha better than the corresponding action with an in—furrow
treatment. The worst potential loss from seedling pests is probably
greater than £8/ha (only 1.17 of the crop value) in all fields, so by the
maximin ruie, a farmer at Brigg should, in fact, adopt an in-furrow treat-

ment when seedling pests are also considered.

5.3.3. Maximax
At both Ely and Brigg outcomes in the most favourable state from
ru§ing and nq;.using %pjfurrow_treatments (Tab1e575f4 and 5.5)7differ'by
© £27/ha, in favour of no in-furrow treatment. By the maximax rule there . - -
woﬁld therefore have to be a loss of £27/ha (3.8%) every year in order to

cause the choice to be changed, which is unlikely.

5.3.4. Summary of seedling pest losses needed to change yellows control
choice |
Tabie 5.8 summarises-the levels of losses from_seedling pests
necessary to alter the initial treatment choice in favour of an in-furrow
treatment, along with a subjective indication of the likelihood of such

a loss, for each decision rule at both Ely and Brigg.

5.3.5. Summary of in—furrow treatment choices, for virus yellows and
seedling pests
Table 5.9 summarises the in—furrow treatment choices (taking into
account possible subsequent foliar spraying as well), comsidering both

virus yellow and seedling pests, by three decision criteria.



Table 5.8

Brigg

Table 5.9

Summary of seedling pest losses needed to cause change to

in—furrow treatment.

Rule

Max EMV

(with optimal
foliar spray)

Maximin

Maximax

Max EMV

(with optimal
foliar spray)

Maximin

" Maximax - -

Seedling pest

loss to cause change
to in—-furrow action

1.7% avg.

2,57 avg.

already used

3.87% always

3.2%Z avg.

3.5% avg.

1.17% possible

f“3,SZ always"l'

Likelihood

Local

Local

Very rarel

I

Local

Local

Almast
universal

" Very rave -

‘Summary of in-furrow treatment choices, considering yellows

and seedling pests, Ely and Brigg.

Rule

Max EMV

Maximin

Maximax

* In—-furrow treatment

No in~furrowk

In-furrow

No in-furrow

Result of in—-furrow treatment decision

indicated under occasional local conditions.
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5.4 The value of informdtion

At several points in the preceding sections the value of information
has been indicated. TFor instance, comparing Figure 5.1 and Table 5.4, the
EMV of no in~furrow treatment followed by foliar sprays based on knowledge
of the actual level of loss from virus yellows is £10/ha greater than for
no in-furrow treatment followed by foliar treatment based only on historic
probabilities (£675 and £665/ha respectively). To someone making such a
decision at Ely the value of accurate information on the level of attack
is therefore £10/ha. The same information, to a similar person at Brigg,

however, is worth only £3/ha (Tables 5.5 and 5.6).

Such information on yellows also allows an EMV maximiser to accept a
greater level of seedling pest damage before the change to in—furrow
treatment becomes profitable (Table 5.8). 1In addition, 'a knowledge of the .
‘ 1ocal.1ike1ihooq qugee41ing pest-damage would be valpablg»to.an EMV -
méxiﬁiéer téyiﬁg fo:decide<whéthef it ié frofitable to abply aﬁ'in—f;rrow
treatment. The value of information is further discussed in later chapters

in the appraisal of extension and research programmes for sugar beet.

5.5 Summary-

In this chapter the decision on applying an in-furrow insecticide
treatment to sugar beet has been analysed in detail, using the decision
theory approach-described in the previous chapfer. Abpropriate control
choices were made, based on objective iﬁformation on states of nature and
control actions, for a range of goals. The effect of both virus yellows
and seedling pest damage was considered, and the value of information on
levels of these pests was briefly discussed. The following éhapter
describes a survey designed to obtain information on the subjective
perceptions, goals, and practices of real farmers who make these decisions,

for a later comparison with this objective analysis.



"CHAPTER SIX

ATMS AND OPERATION OF THE SURVEY

This chapterrdevelops the theme presented in the previous two chapters
and sets forth a number of questions that need to be énswered in order to
improve the understanding'of the factors that influence sugar beet growers
in making pest control decisions. A personal interview survey of sugar

beet growers is presented as a means of answering these questions, and the

sampling and interviewing procedures for this survey are described.

6.1 The decision problem

As discussed in Chapter 4, the decision making process for sugar beet

pest control is seen to comsist of four elements:

1. Perception of the pest hazard (probability and magnitude of

.. “attack, relative significance of the loss, etc.). = -

2, Perception of available measures to counteract the pest hazard

(chemicals, varieties, constraints, etc.).

3. Perception of the results of using these control methods (reduction

in loss, cost, ete.).

4. Application of a decision rule based on the goals of the farmer
(maximise expected net return, minimise greatest expected loss,

etc.).

To make a decision therefore, the farmer has to gather information,
to define his goals (relative to this pest control problem), and then
apply an appropriate decision rule. Although this procedure is unlikely

to take place explicitly in most cases, it does take place, and may be
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repeated many times as new information or estimates of relevant factors

are recognised, or as goals change.

The factors thought to influence the farmer's response to a pest
problem are shown schematically in Figure 6.1. The four principal inputs,
perceived pest hazard, available actions, peréeived outcomes of the
actions, and goals, all have additional modifiers attached to them. The
ability to draw rational conclusions is the final link between the

reception of all the inputs and the actual response that results.

The choice of this response will be affected in the following ways:

1. The greater the perceived hazard from pests, the more likely is

the response to be the application of controls,

2. Only control methods perceived as available can be used.

3. The control method with the most favourable perceived net outcome

will be employed.

. 4. The goals set by the farmer will determine which outcome is the

most favourable.
5. Rationality will determine the consistency of the decision.

It is important to understand this decision making process from the
farmer's point of view. Without such understanding, the techniques,
information, and advice that are actually useful to the farmer may not be
provided. For instance, a farmer with goals that are extremely risk
tolerant or averse may be rather insensitive to additional information on
the probabilities of pest attack. Increased information on pest hazard

may be of little use to a farmer with limited alternatives available to

87



FARM PRESS,
ADVERTISEMENTS
, ADVISORS
EXPERIENCE k/////, —
— -| . CoNSTRAINTS
MONITORING EXPERIENCE PERCEIVED e""”"
OF PESTS AVAILABLE
ACTIONS ~. | nercusours
AG. CHEM. AG, CHEM.
DEALER DEALER
v
3| PERCEIVED ‘ ABILITY TO
ADVISORS  |~————| PEST —~——————s| FARMER |-—————=—3| MAKE RATIONAL |=———————>| RESPONSE
’////////z HAZARD — DECISIONS
NEIGHBOURS AG. CHEM. EXPERIENCE
DEALER
: v
— g ADVISORS
FARM PRESS ' GOALS PERCEIVED |e—
ADVERTISEMENTS s OUTCOMES
6\\“-\~\ FARM PRESS,
\ ADVERTISEMENTS

ATTITUDE TO
RISK

NEIGHBOURS

ECONOMIC ASPIRATIONS
SITUATION -

Figure 6.1 Factors affecting pest control decisions. i . )

88



control the pest. Increased information on the effectiveness of control
methods may, however, be useful to someone with a good perceptien of the
pest hazard, and so on. All four stages of the decisiqn making process
are linked, and only through an understanding of the relations between
them, and the degree of knowledge and ability already present at the -
various stages, can the researcher.or advisor proceed to efficiently

improve on the quality of the decision as a whole.

6.2 The research problem

t

To improve such understanding, therefore, the following questions
should be answered:

1. How does the farmer see his pest problem?

2. What actions does he currently recognise for reducing the problem?
3. Before he decides, what does he think the outeome of the available

;jactipns‘will_be2j;
4.:Hoﬁ doee he:defiee'his‘goéis.éeneernieg tﬂe.eeécbmes esseCiated
with this pest problem?

5. What is his ability to make decisions consistent with the above?

These questions—examine the four primary influences on the decision

maker, and the rationality that affects his response, and are now posed

in greater detail.

1. How does the farmer see his pest problem? A farmer's perception
of the hazard presented by a pest such as greenfly to sugar beet can be
expressed in several ways, and the perceptions can derive from a variety

of sources.

The hazard perceived at a given time depends on what has been

experienced in the past, which in itself can be seen in a number of ways.



It can be viewed in terms of the worst that has happened, the average loss
that has occurred, the most frequent class of loss that has occﬁrred, or

as what happened in the previous year, for example. The first three of
these examples can be further affécted by the length of time considered.
The worst, average, and most frequent loss over the pést five years may

be quite different from tﬁose over the past 30 years. The area cohsidered
can also be important; for instance, the loss in S. Humberside may'be_éﬁite

different from the loss in the rest of England. Finally, although the

farmer’'s own experience will be local, and limited by age and memory, ﬁe
can be influenced by the collective experience of his neighbours, his
agricultural chemical dealers, British Sugar, aﬁd the farming press.
These may élter both the area énd time horizons over which he considers *

the hazard.

As the.onsgt of‘the_pest becomes more imminent the farmerfs perception
can'chéﬁgé; 56 édﬁsequénﬁly,bit is important to ﬁéte'ﬁhén the;pércepﬁion
is being made., At planting time, for example, the virus yellows hazard
can only be thought of in terms of some past reference; As the season
progfesses, however, the.current year's perception can change in relation
to this reference point: the weather, or the number of insécts seen in the
crop, for instancey may alter the farmer's expectations. The monitoring
of pests, forecasting.of later disease or insect development, and the
advice received in warning cards can also change the expectation of 1933
as time passes. The importance of these possible changes in expectations

can only be measured in terms of the effect they have on the response to

the problem.

2. What actions does the farmer currently recognise for controlling

the pest problem? To reduce virus yellows and other pests a farmer can

9¢
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only use those methods he is aware of, either from his own experience or
some other information source. For insecticides he can learm what is
available to control his particular pests from British Sugar, his chemical

dealers, the ADAS, and several other sources.

As the farmer's perceptions of his pest hazard changes over the
season, so does the range of pesticides available. Before planting, the
farmer has the option of both in~furrow application and foliar treatment
later in the season, while after—planting the available actions are
limited to a range of foliar imsecticides. Hence, the range of choice
available to a grower will decrease the longer he waits, and this must be
balanced against the possible changes in pest hazard.and coﬁtrol effect
that he may expect as new information arrives. In practice, the actual
compound used may be set by the farmer's experience, especially if he is

. satisfied with his previous choice.. . .. . .

Physical constfaints canrélso.affect the metﬁﬁds available. For
example, lack of a suitable applicator can prevent the use of’granulaf
insecticides, weather unsuitable for spraying may prevent timely spraying,
or the lack of sufficient labour may hinder some control practices. On
the other hand, a small farmer whose beet is sown by a contractor whose
drill is set up for applying grénules may find it difficult not to use
such a chemical. In addition, objective comstraints may apply, such as
dislike of some properties of a particular chemical, such as smell or

human toxicity, which make it unacceptable.

3. What does the farmer think the net outcomes of these actions will
be? Since insecticides prevent only a proportion of the possible losses,
the returns expected from them are directly tied to the level of loss that

is expected. Both the efficiency of the insecticide and its cost must be
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considered in estimating returns, and these costs thought of in relation

to the total value of the crop.

The farmer's expectations of the outcomes froh his actions depend on
his own experience with trying to control pests, but this may often be
limited to the use of one or two insecticides. It may be difficult to
judge by even this experiénce, since weather conditions can occasionally
affect the efficiency of the insecticides, or the insect population may
show variable resistance to some insecticides. In addition, the farmer
must rely on the experience or advice of others to estimate the likely
outcomes of methods that he has been unable to experience himself.
Advertisements for insecticides, for instance, may cause him to seek
others with such experience, or may themselves give him some idea of what

to expect from the products.

L 4 .. How does - the farmeg’ :define his goals reZat'gi)e' “to pest ‘c‘ont‘rc:)fl,? e
The overall business objectives and current ecomomic situation of the farmer

will be reflected in his requirements of a virus yellows control programme.

| Several possigle goals were mentiomed earlier in this chapter, and
in Chapters 4 and 5, including maximisation of expected returns (max EMV),
and minimisation of the worst possible loss (maximin re.rturns).. As
discussed in Chapter 4, it is a common theory in agricultural economics
fhat profit maximisation is the goal of some farmers, by which the scheme
with the highest EMV would be chosen, assuming a neutral attitude towards
the risk of high loss or gain under some conditions. The risk averse goal
of minimising the worst possible loss is an insurance procedure that is
insensitive to potential high returns from other programmes. The maximax
rule, a particularly risk accepting goal, was- also illustrated. These

goals are determined in accordance with the farmer's utility function, and



while generally fairly stable, could occasionally change due to short term

economic factors.

5. Does the farmer have the ability to make a choice consistent with
his goals and perceptions? Only if the farmer is rational is it useful
to givé him additional information and advice, and only then if it alters
his response to a more appropriate action, considering his goals and the

real pest control situation.

6.3 Answering the questions ~ a survey of farmers

!

In an attempt to answer the questions posed above, a questionﬁaire
was drawn up and a survey of beet growers was conducted. Discussion, and
examples, of survey methods and design can be seen in Moser and Kalton
(1971) and LeVay (1975). 'Carlson (1969) conducted a somewhat similar
survey of California peach growers to determine their perceptions on
‘.prdbabilitjfoﬁ3¥g§seé:frgm:BIQWnﬁrOt,]theif-goals; aﬁd;thé;aqtioﬁsvthey
took to pfevent thét‘diSease:: In Briﬁaiﬁ, Tait (1977) hasvcon&uctea ar
survey on pesticide use by fruit and vegetable growers, though with less

emphasis on perceptions and goals.

A direct approach to farmers seemed the only feasible way of obtaining
information on the factors affecting farmers' pest control decisions on.
beet, since observation of pest control practices would only show what
the farmers do, and not sow they decide to do it, as personal intervi?ws

could show.

Since the perception of pest hazards and their effect on the control
decision form an important part of the study, it was thought useful to
compare two areas with different pest intensities. Accordingly, the

survey was conducted in two areas which experience different levels of

23
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virus yellows, the Ely and Brigg sugar factory areas. The severity of

virus yellows in these two regions was shown in Tables 2.5 and 2.6.

Apart from its location, the size of a farm was also felt to be
important in choosing the sample, as it was thought there may be differ-
ences in objectives, perceptions, or constraints due to the scale of
operation. The size of beet contracts are fairly indicative of the size
of the farms and equal numbers of farmers with small (up to 10 ha),
medium (10-20 ha), and large (20 ha or more) beet contracts were chosen.
The size clésses were based on those used by Sturrock and Thompson (19%2)
in their study of the potential for expanding U.K. sugar production, which
were 1-20 ac, 20-50 ac, and 50 + ac. The upper limit of the smallest
class was raised from 20 ac to 10 ha (25 ac) in view of the trend toward
incréased size, and reduced numbers, of contracts since 1972. Sturrock
”andi?homps@n‘selgctg§ thei;Tglg§5es¥ég»that~each of thg threg-groups_§-f:,g§f§§;¥ib

" represented roughly equivalent total acreages.

Because of limitations in time and money a sample of 60 farmers in
total was'used. An intensive personél interviéw survey was preferred to
an extensive postal survey because so much of the study covered perceptual
rather than factual information, and it wés thoﬁght important that an
interviewer (the author) be present with the questionnaire to ensure

understanding of what was being sought, and what was meant by the responses.

6.4 The sample

The sample for this survey was provided by British Sugar from their
list of beet contracts at Ely and Brigg. It included.15 names selected
randomly by the British Sugar computer %rom each of the three siée groups,
those contracting 10 ha or less, 10 to 20 ha, and more than 20 ha, for

both factory areas.



While only 10 farmers in each group at each factory were to be seen,
15 names were drawn for each group to provide reserves in case ény farmer
selected was unable or unwilling to participate. The 15 names in each
group were ordered using a random number generator, the first 10 thus
ordered were contacted, and in the event that one of the first 10 could
not be interviewed, the néxt name on the ordered list was used to replace
him. Only two farmers initially selected had to be replacéd, both at

Ely; one was on holiday and could not be contacted, and the other claimed

to be too busy to be interviewed. The total number of contracts in each
category in the two factory areas, and the sample as a percentage of that

number, are shown in Table 6.1.

The actual beet hectarage on the farm did not always conform to that
expected from the contract. Some farmers grew less than they confracted:
foifand;wpuld havgigéneiinto the.next‘iower'group,»and Sbmg‘had.mo:e thén
ome contract, so that their actual hectarage was larger than expected
from the sample procedure. The actual sample drawn (Table 6.2) did,

however, represent a wide range of farm size, which was the intention, and

as such was satisfactory.

Table 6.1 The number of farms in each beet contract size class at Ely

and Brigg, with the sample as a percentage of that number in

parentheses.
Total £ 10 ha 10-20 ha 20 ha <
Ely 948 658 178 112
(3.2) (1.5) (5.6) (8.9)
Brigg 747 420 169 158

(4.0) (2.4) (5.9) (6.3)
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Table 6.2 The number of farms in the sample in each beet hectarage class

at Ely and Brigg by actual, rather than contracted, hectarage.

€ 10 ha 10-20 ha 20 ha <
Ely 11 10 9
Brigg 9 ' 9 12

6.5 Procedure
The 10 farmers in each group that were selected to be interviewed»

wefe contacted first by British Sugar, who advised them that the study'
had been approved by them and asked for their cooperation. At Ely some
appointments for interviews were arranged by the fieldmen, others were:
arranged personally by telephone, while at Brigg all the appointments

were arranged personally by telephone. The intervieﬁs were conducted with
. the person on the farm responsible for deciding on pest- control operations,»
.’;t'thé;éﬁﬁ;éﬁiéﬁéexéfntﬁéf‘péféén;J'Bécéﬁ3eiof’thé ihdetérminéﬁt‘iengfhﬁ ;
of time required for each interview, ranging from 20 min to 2 hr, the
appointments had to be made several hours apart to allow for long inter—
vieﬁé and travel, As a result, only four, or fewer, interviews could be

conducted in one day. The survey was started at Ely at the beginning of

July, 1977, and finished at Brigg in mid-August, 1977.

The interviews were conducted using a questionnaire form as a guide
from which questions were asked and on which responses were recorded. To
help design this questionnaire, a set of three pilot interviews were done
in the Felsted sugar factory area (Essex) in Apvril, 1977. The sense of
the questions was kept constant, but the actual wording and any necessary
explanation of the questions varied, depending on the character and under-

standing of the farmer. While the questionnaire ensured that a standard
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set of questions was asked of each farmer, once the questionnaire was
completed the interviews were continued on an ad %Z7b basis for és long as
the respondents weré prepared to talk. More wide ranging problems about
pest control, or general farm management, often came up in the courée of
these post—questionnaire discussions, and these helped to provide a

better appreciation of the farmer's attitudes and problems.

An effort was made to maintain rapport at all times. No information
or opinion relevant to the questions was given by the interviewer, and no
surprise was shown at responses that seemed questionable. 1In cases where
a response seemed, from experience, to be unusual, the question was
rephrased and répeated in a way that would hopefully allow the farmer to

correct it, if in fact he had misunderstood, without embarrassment.

6.6 The questionnaire

A copy of the questionnaire is réproduced in the Appendix. The
questions are directed at five main subjects, with some questions relating
to more than one of these areas:

1. Farm description
2. Experience of beet pests
3. Control of beet pests
a, Methods
b. Perceptions
4, Control decisions

5. Advice
The principal aims of each of these sections are outlined below.

6.6.1. Farm description

The first page of the questionnaire is designed to obtain a
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description of the farm, and also begins the questionning with fairly

straightforward factual questions which the farmer could readily answer.
The questions in this section explore the status of the farmer, the size
and diversity of the farm, and the importance and effect of beet on the

farm.

6.6.2. Experience of beet pests

The second page of the questionnaire is_designed to obtein inform—
etion on what beet pests the farmer has experienced, their importance »
(based on the necessity to control them), and the farmer's perception of
their frequency and damage potential. Three estimates of damage are

sought, the average, the worst, and the likely current loss in 1977.

6.6.3. Control of beet pests

The third and fourth pages, up to Question 26, are concerned with
the béet pest control methods used by the farmer, and any alternatives he
seee aﬁaiiable to him; In addition, his perceptions of the eost and |
effectiveness of both used and alternmative controls, along with any

constraints concerning their use.

6.6.4. Control decisionms
Questions No. 27-33 and 38-40 deal with the beet pest control
decisions that are made, the objectives of such controls, and how they

are judged.

6.6.5. Advice

Questions No. 34-37 and 40-42 relate to advice the farmer receives,
or may wish to receive, on pest control. The sources and usefulness of
such advice are sought and the farmers are asked their opinion on an over-

all solution for virus yellows as a conclusion to the questionnaire.
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6.7 Summary

This chapter has discussed the information thought necessafy for a
pest control decision, and the inputs into such decisions were illustrated.
General questions were introduced to identify these inputs and the
importance of answering such questions was stated. A personal interview
survey of beet growers wag described which attempted to answer some of
these questions, and the sample, procedure, and aims of the questions used

in this survey were explained.




CHAPTER SEVEN

RESULTS OF THE SURVEY

This chapter reports the results of the survey of sugar beet growers
described in Chapter 6. The information is presented in the folloﬁing six
sections, corresponding to the five main subjects outlined in the previous
chapter, but with Separate sections for control methods and pefceptions of
their effectiveness:

1. Description of farms in the Sample
2. Perceived hazard of pests

3. Pest control methods

4. Pest control perceptions

5. Pest control objectives

6. Pest control advice

*. . Sections 2;?3; 4, and 5 are defived,directly from thé.four elements~:'”””;’“’
of the general decision problem introduced in Chapter 4, and attempt to
describe these elements as they exist in the sugar beet pest control

problem, as seen by the farmer.

Since all of the farmers interviewed preferred to speak in Imperial
units (only 2 were prepared to respond in metric terms) these units are
used throughout this chapter of results (1 acre = .405 hectare; 1 ton =

1.016 tonnes; 1 1b = ,454 kg).

The statistical analysis of the results of the survey is directed at
testing differences between groups in the sample. Three tests are used
to do this, depending on the nature of the data being compared:

1. t test (Yeomans, 1968)

2., Mann-Whitney U test (Siegel, 1956)

3. Chi square test for two independent samples (Siegel, 1956)
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The former are used to test 1f two samples are drawn from the same pop-
ulation, for interval and ordinal responses re3pective1y,.and the Chi
square test is used to test differences in theffrequencies of responses
between independent groups. In discussing the results, differences with |

error probabilities greater than .05 are considered not significant.

7.1 Description of the farms in the sample

The description of the farms in the sample is in two main parts — a
section on general information, size, ownership, cropping, etc., and an

account of the effects and importance of sugar beet on the farm.

7.1.1. General information
The 60 farms visited were in the Ely and Brigg sugar factory areas,
which roughly cover Cambridgeshire and South Humberside. The stratification

according to beet hectarage contracted resulted in a very w1de range of

The smallest farm had an area

: Slzes belng 1ncluded 1n thevsample;f
of 6 acres, the largest had a total of 4000 arable acres. The distribution
of farms accord1ng to arbitrary classes of small, medium, and large is

showvn in Figure 7.1.

30 - .
g .
o8 20 -
H
S

10 1 22 24
S 14 '
=

0-150 151-300 301+

Total arable acres

Figure 7.1 Number of farms, by size class, in the sample.




Cereals, potatoes, and vegetables are the principal crops grown on
these farms along with sugar beet (Table 7.1). 1In addition to these crops,

40 of the farmers kept stock, either sheep, cattle, or pigs.

Table 7.1 Average acreages of the four principal crops grown, by farm

size group, with the number of farms in each group growing

each crop in parentheses.

Farm size
Crop Small Medium Large '_

Cereals 50 157 601

- (22) (14) (24)

Beet 14 36 130
(22) . (14) (24)

Potatoes . 9 20 101
(17) _ (11) (17)

. Vegetables . . - .. .8 e 27 Lo .212 L

e e

The farms were on six major soil types, shown in Figure 7.2.

m ,
£ 20-
L2
4
© 101 4
o 12 8 14 11 11
= .
Sandy Mixed Light Med. Heavy Mixed
sandy not not
sandy sandy

Figure 7.2 Range of soil types on farms in the sample.
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The person interviewed on each farm was responsible for pest control
operations. Of the 60 respondents, 35 were owners (including ﬁhose in
partnerships and those who owned at least half their land, while renting
the rest), and 25 were nonowners'(inéluding 7 managers, the rest were
tenants, or owned less than half their land). There was no significantA
relationship between size'or location of farm and thg ownership status of

the respondent.

7.1.2, Sugar beet on the farms

Beet ranged from 4 to 347 of the total acreage on the farms surveyed,
with the average proportion at Ely 19.9Z, and at Brigg, 13.77 (Figure |
7.3). There is no correlation between total acreage and the percéntage

of the farm in beet.
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Figure 7.3 Beet, as a percentage of total arable acreage, on the farms

in the sample.

A shortfall in contracted acreage was found at Ely, but not at Brigg.

The acreage that farmers reported in the survey was 897 of their contracted

beet acreage at Ely, and 1027 at Brigg. A part—time farmer and haulier

who was interviewed in the Ely area explained the reduced acreage there as
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the result of the past several beet seasons being very poor. Bget had
become less popular recently and farmers were not so keen to maintain

. their acreages. However, most recognise that beet's relatively poor
returns in the last few years are likely to be temporary and that once beet
contracts have been reduced it may prove difficult to get them increased
again when beet growing becomes favourable once more. Consequently many
farmers keep their contracts steady but grow a bit less than they are

expected to, though a bit more than they may really want to, in order to

keep their place for the future.

The variation in beet yield from year to year is very much greater in
the south thén in the north; the range and standard deviation of yearly
average yields in‘the south being double that in the north (unpublished
British Sugar report). As a result, farmers at Brigg were probably‘not
S0 disaffected by_the.past>few seasons as those at Ely, and therefore képt
up their acreage. This practice of maiﬁtainiﬁg contracts, but not
acreage, gives evidence of the long term importance of sugar béet on these

farms.

The four principal crop:types were ranked in order of their importance
in contributing to the income of the farm. The number ranking each cfop
first was not significantly different between the two areas (Figure 7.4).
Four farmers ranked pairs of crops as equally first in importance, while
six were unable to rank their crops at all. An additional 25 farmers
considered sugar beet as their second most important crop, although on
the 45 farms on which both potato and beet were grown, potatoes were
considered more important than beet on 47%, and equally important or both

unranked on 16%.

When asked their average beet yield, the mean reported by farmers was
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15.7 T/a. Most spoke only of tons per acre, although a few noted the
sugar content separately, usually about 15%. Mean yields at El& were
reported as 16.2 T/a, and 15.2 T/a at Brigg, significantly (lOS) higher
at Ely. The distribution of average yields is shown in Figure 7.57(with

approximate crop values at £18.5/T included in parentheses as a guide).
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Beet Cereal Potato Veg. Unranked

.Figure 7.4 NumBer ofjhrms'in the survey on which each_crop‘was;ranked:

as most important to income.

. The mean 1976 beet yield reported on the farms surveyed was 14.2 T/a,
with no significant difference between the two areas, although the overall

yield was significantly (.005) lower than normal. Drought was probably

the main cause of the lower yield in 1976.

The average yield ét which farmers felt they broke even, i.e. where
gross returns equal fixed costs plus variable costs, was 11.7 T/a, which
was not significantly different between the two areas. The distribution
of break—even yields is shown in Figure 7.6 (again with approximate crop

values at £18.5/T included in parentheses).
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of farms

No.

12-13 14-15 16-17  18-19  20-21 T/a
(240) (277)  (314)  (351)  (388) (f/a)

Figure 7.5 Reported average yield (and returns calculated from these
repofts) for beet on farms in the survey (2 at Brigg were

uncertain of yield and are not included).
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Figure 7.6 Reported break-even yields (and returns calculated from these

reports) for beet on farms in the survey (6 were uncertain).
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The difference in the reported average and break-even yields (i.e.
normal profit, in terms of yield) was calculated for each farm; The range
of expected net returns (calculated at £18.5/T) is shown in Figure 7.7
(with differences in yield shown in parenthesés). There were three
farmers who apparently expected a loss from beet each year, two at Ely

and one at Brigg.

30 - ;
1] .
E i
8 20
Y
[}
. 107
S 9 3 | 18 | 15 4 0 0 3
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-56 =18 18 56 92 130 166 204 240 278 %£/a
(-4 (=2 (0 (2) (@ () (&) (1) @12) 14) (T/a) -

Figure 7.7 Expected net returns (calculated) for beet for the farms in
the survey, with the differences in reported average and

break—even yields in parentheses.

The farmers in the survey were asked hoﬁ sugar beet growing affected
labour requirements on their farms. The results are summarised in Figure
7.8 according to four response groups: 1) no extra needed, no conflicts;
2) beet evens out labour demand (work on beet keeps normal labour force
busy at what would otherwise be slack times); 3) extra needed (full or
part time labour must be kept or obtained to handle the beet); 4)
conflicts arise with other work (with the current labour force, resources

are strained at times, or work is delayed).
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Figure 7.8 Effect of beet on labour requirements on farms in the

survey.

Most of the farmers had little or no problem dué to labour demands
from beet, however, 9 of the 60 did have conflicts, and 13 needed extra
‘labour for beet. Large farmers had significantly (.01) less labour -
problems associated with beet than would be expected, while mediﬁm farmers
had significantly more problem with labour demands (Table 7.2). There was

no significant difference in labour effects between the two factory areas.

Table 7.2 Reported effect of beet on labour requirements on farms in the

survey.
Effect of beet growing on farm
labour requirements
Observed OK or - Conflicts or
(Expected) ' evened out extra needed
Small 14 8
(13.9) (8.1}
€ , (8.9) (5.1)
Large 20 4
(15.2) (8.8)

x% = 11.4 (.01)
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There were three basic reasons given for growing sugar beet: 1) as a
break crop for cereals; 2) as a cash crop; 3) as a crop that fits the
labour situation on the farm. Figureb7.9 shows the number of times each
of these was mentioned among the first two reasons for growing beet,

emphasising the importance of beet as a break crop.

56 o g
40 -

20 27

No. of farms

,13

Break - Cash . 'Labqur"

Figure 7.9 The reasons for growing beet named first or second by farmers

in the survey.

7.2 Perceived hazard of pests

The pest hazard 1s comprised of several parts: the type and range
of pests that may come, the frequency of attack, and the potential damage
they can cause. The farmers' experience and estimates of all these were

gathered in the survey, and are reported in the following sections.

7.2.1. Pests experienced
The invertebrate pests of beet experienced by farmers in the survey
fell into three groups: aphids, root pests, and leaf pests (other than

aphids). Table 7.3 shows the number of farmers who stated they had
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experienced each pest, at any time in the past,

Aphids had been experienced on beet at some time on all 60 farms in
the survey. On one third of the farms no pests other than aphids had ever
been experienced, and apart from aphids, no single pest was experienced
on more than 207 of the farms. The number of beet pest species which
were named as having §ccurred on each partigular farm is shown in Figure

-7.10; there was no significant difference in response between the two

areas. |
1
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Figure 7.10 Number of beet pest species named as having occurred on

farms in the survey.

7.2.2. Pest frequency

Farmers were asked to estimate the frequency of each pest they had
experienced, in terms of years in 10 in which the’pest is "noticeable' on
their farm (Figures 7.11, 7.12, 7.13). 1In cases where a farmer did not
indicate he had experienced a certain pest or group of pests, his estimate
of its occurrence was taken as 0. The mean responses for Ely and Brigg
were significantly different for frequencies of greenfly, blackfly, and
all pests combined (farmers were specifically asked about the frequency
of all pests combined, it is not simply a sum of responses for individual

pests). Secondary root and leaf pests were generally thought to be-very
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Table 7.3 Pests of beet experienced on farms in the survey.

Number of farmers experiencing pests

Ely Brigg Total
Aphids 30 30 60
Greenfly/YV 23 30 53
Blackfly 14 29 43
Unclassified 7 0 7

Non-aphid pests 22 18 40
Root pests 14 10 24
Millepedes 7 6 13
Eelworms 4 1 : 5
Cutworms 3 2 N 5

'Pygmybbeéties SR 3. L  »0-, S o v v‘,3'kt
*%Centipedes 3 0 3
Wireworms 1 0 1
Unclassified 0] 3 3
Leaf pests .15 13 28
Mangold fly 7 11 18
Flea beetles 10 3 13

%% Centipedes are in fact beneficial, and are probably confused with

millepdes)
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infrequent, 707 of the farmers thought they occurred i or less years in
10. Greenfly and all pests combined were thought to be significantly more
frequent (.00l and .01, respectively) at Ely, while blackfly was fhought
to be more frequent at Brigg (.001). Observations on the severity of
virus yellows, reported in Chapter 2, show that the‘disease is more ‘oo
frequently severe in the éouth. The farmers' belief that greenfly occurs
more often at Ely is consiétent with these observations, while blackfly

may, in fact, be less frequent at Ely because of the scarcity of spindle

trees in the Fens.

7.2.3. Loss estimates

Three estimates of loss caused by each pest on beét, if not controllea,
were sought: the average, the worst possible, and the current year's (1977)
expected damage (as estimated at the time of the survey - July/August,
when aphid spraying is usually just finishing). The.estimates were given
in classes of 10% loss, and 6n1y two farmers were uﬁaﬁlé to make éﬁy
estimate of losses. Where the estimates in the two regions have signi-
ficantly different means the figures show the responses for the two areas
separately, otherwise combined results are displayed. Means are deter-—

mined by averaging the midpoint values.

7.2.3.1. Greenfly/vifus yellows
Average losses, due to virus yellows, have been estimated from
the surveys of yellows made by British Sugar fieldmen, shown in Chapter 2.
The average losses in the two areas for 1972-1976, calculated from the
yellows counts, were: Ely, 107%7; Brigg, 3%. While these_calculated losses
were after treatment, even if control measures had reduced loss by up to
407, as suggested in Chapter 3, the average 1os$es would still be in the

11-207 and 0-107 classes, respectively.
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Figure 7.11 Greenfly frequency, estimated by farmers in the survey (7
farmers at Ely did not distinguish between aphid species,

and these are not included above).
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Figure 7.12 Blackfly frequency, estimated by farmers in the survey (7
farmers at Ely did not distinguish between aphld spec1es,

and these are mot included above).
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Figure 7.13 Frequency of all pests combined, estimated by farmers in the

survey.
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The median estimates given by the farmers for average losses
from greenfly/YV are in fact within these classes in these two £egions
(Figure 7.14), and only 2 farmers at Ely and 3 at Brigg gave responses
more than one class removed from the average loss estimated from fieldmen's
5 year records in their area. However, when compared with the 10 year
average loss (in the 0-102 class in both regions), 7 farmers at Ely and 3
at Brigg had_estimateé that were more than one class higher, ﬁhich may

indicate that their time horizon is relatively short. It was shown earlier

that farmers perceptions of the frequency of greenfly were generally
correct, and it appears also that farmers have a fairly good idea of the

normal losses in their own area, when compared to the observed five year

average.

When estimating the worst loss from greenfly/YV farmers in both
regions,gavevthebsame.median response, in the 21-307% class, although with
»consideréble variation. This is despite~the fact th;t fﬁe ﬁorst 1oss; N
calculated for the Ely area since 1948 is three times that of the Brigg
area. Based on observations by British Sugar fieldmen it‘is estimated
that-theré were losses of 87 at Brigg in 1975, and 26% at Ely in 1974, the
worst recorded years, respectively, though this is, once more, after
treatment. Lf the loss had again been reduced by about‘40% due to treat-
ment, the potential losses at Brigg would have been in the 11-207 class,
and in the 41-507 class at Ely. At Brigg 13 farmers gave estimates more
‘than one class higher than the actual worst loss, and at Ely 2 were more
than one class above, and 12 were more than one class below the actual.
There was no significant difference in either the mean or variance of the

estimated responses in the two regions.

It appears that farmers at Brigg tend to see this pest as worse
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Figures 7.14a, b, ¢ Estimated losses (in 107 wide classes) expected from

greenfly/YV by farmers in the survey.
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than has actually occurred (when viewing its worst potential), and those
at Ely tend to see it somewhat less potentlally harmful than has been
recorded. It may be that in considering the worst possible attack, the
two groups are influenced by the same source, such as publicity over the
severe, but partially controlled, epidemic in the south in 1974, which

may well have had more impact than actual local conditions.

Estimates for 1977 losses were all uniformly low, which was .
correct, though these estimates were made relatively late in the season,

when it was quite apparent that damage would be negligible.

7.2.3.2. Blackfly and seedling pests
None of the three estimates of potential losses from blackfly

(average, worst, and current) (Figure 7.15) were significantly different
between the two regions. The mean response for average loss from blackfly
was, however, significantly (.005)'1ower than thé combined. mean for green-
fly/YV damage in both regions. Thus farmers apparently see blackfly‘as
normally being less serious than greenfly/YV, a view shared: by researchers,
who place less priority on this pest on beet. However, the estimates of
worst and current losses from blackfly were not significantly different

from those for greenfly/YV.

Losses estimated for secondary root and leaf feeding pests of
seedlings were not significantly different from losses expected from_“
blackfly, except in the case of the worst damage from leaf feeding pests,
which was thoughtAto be significantly (.005) lower than that from other

pests.

7.2.3.3. All pests combined

The mean estimate of average loss from all pests combined
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Figures 7.15a, b, ¢ Estimated losses (in 107 wide classes) expected from

blackfly by farmers in the survey.



118

(Figure 7.16) was significantly (.0l) greater at Ely than Brigg, due
principally to the greater estimated loss from greenfly at Ely. The mean
response for the worst loss possible from all pests combined was signi-
ficantly (.005) higher than from greenfly/YV, or any other individual
pest, while there was no significant difference between mean estimates of

average and current losses from all pests combined and any individual pest.

7.2.4, Significance of pests

An attempt was made to rate the significance of these levels and -
frequencies of damage by asking the farmers to say how frequently it was
necessary to apply insecticides against each of these pests, on a scale of
never-always. Figures 7.17, 7.18, and 7.19 illustrate these responses.
In cases where a pest was not mentioned a response of 'mever' is assumed
for necessary spray frequency. Most of the farmers felt it was always
. necessary to treat beet'agéinst some pest; significantly (.002) more So

at Ely.

7.2.5. Reasons for low 1977 perceptions of loss

- It was shown earlier that the 1977 beet season was seen to be
uniformly light in aphids. Even some farmers who responded that it was
'always' necessary to treat for aphids noted that 1977 was exceptional,
and some in fact did not fréat in that particular year. Reasons that
farmers gave for this state covered a wide range. Most were weather
factors: dry, windy, or warm summer; wet, overcast, windy spring
conditions; cold, frosty winter and autumn. Removal of hedges and bolters
was cited as a local cause of reduction. The abundance of ladybird
beetles in 1976 was metioned by 36 farmers, though not all were sure that
they were very effective in reducing aphids. The recent increase in the

use of aldicarb insecticide was also mentiomned by several farmers. There
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Figure 7.17 Greenfly
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Farmers' responses on the necessity for chemical treatment of beet pests.



were several suggestions that the aphids had changed hosts, because of the
large number of aphids on cereals in 1977 instead! Most of.the farmers
had a fair understanding of the basic relationship between weather
conditions and aphid populations, and most had noticed for themselves, in

the field, the lack of aphids in 1977.

There were three farmers interviewed who did not appear convinced
that aphids spread virus yellows, and a fourth thought that the virus also

spread in beet seed, and from sources in the soil as well.

7.3 Controls available and used

In the survey farmers were asked what control methods, both chemical

and non-chemical, they used, and what others were available. Constraints
on the use or non-use of insecticides were sought, and the respondents
were asked their ideas on long term solutions to the problems of virus.

yeliows.

7.3.1. Non—chemical controls

Farmers were asked directly if they used any non-chemical methods
against sugar beet pests, but only 8 replied explicitly that they did so,
while 2 more said théy had done so in the distant past. Hygiene (i.e.
removing hedges, bolters,. weeds or other potential sources of pests) was
practised by 5 of them, a virus tolerant sugar beet varietj was grown by
2, 3 said they encouraged predators (by the use of selective aphicides),
1 left a fallow strip in the headlands in an attempt to retard flea-
beetles (in fact a practice of dubious value), and another mentioned

rotation against eelworm.

One man said that many years ago they had crushed pygmy beetles by

hand, and another spoke of spreading ordinary dust on the leaves of beet
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to make them less attractive to blackfly. However, neither of these were

practised now on any of the farms visited.

In fact, many more farmers actually practise non-chemical control,
either withéut recogniziﬁg it, or with such control as a secondary
objective. Hygiene is a 'good farming practice' and could be thought of as
such by many without thinking conseciously that‘reduction of pest sources
is one of the reasons why it is ‘'good'. For instance, rotation is
enforced by contract, and so is necessarily practised. Again While 36
farmers mentioned the presence of predators recently, only 3 of them noted
éncouraging them as a control measure when asked specifically about non-
chemical control. Others stated protection of predators as a reason for
choosing a particular aphicide, but they apparently did not intérpret this

as a non-chemical control method.

7.3;2. éhémicalréontfbl

Chemical control was clearly the main defence aéainst pests of beet.
The extent of insecticide use was determined by asking the.farmers what
insecticides, if amy, they had used on sugar beet in the last thrge years.
All but two had used an aphicide at least once during the last three years,-
and ali had used an insecticide at least once to control.some pest on

sugar beet in the last five years.

7.3.2.1. Chemicals used
Details of the use of insecticides on beet on the surveyed
farms from 1975-1977 are shown in Tables 7.4 and 7.5. Table 7.4 shows the
number of farms on which particular insecticides were used in the survey,
while Table 7.5 shows the number of farms times the number of treatments
per farm for each chemical. Half farms appear in the tables because there

were cases where one chemical was used on part of the crop and another, or
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Table 7.4 Beet insecticides used on surveyed farms.

Number of farms using chemicals

Insecticide
1975 1976 1977
Pre-emergent
Aldicarb 5.5 7.5 10 Ely
4 6 6 Brigg
- 9.5 13.5 16 Total
y-HCH 2.5 1.5 1
1 L 2
3.5 2.5 3
Post-emergent
' DDT 2 2 1
1.5 1.5 1.5
3.5 3.5 2.5
Pirimicarb .3 13 4
2.5 2 Y
5.5 15 4
DSM 21.5 17 3.5
12.5 13.5 1
34 30.5 4,5
Other 9.5 9 3
Organophosphates 13 6.5 .5
(Dimethoate, 22.5 15.5 3.5
Formothion,
Thiometon,
Phosphamidon)
All OP's 25 19 6.5
2% 1 1.5
49 38 8
All Chemicals 28 28 23
28 23 11

56. 51 _ 34
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Table 7.5 Beet insecticide treatments on surveyed farms.

Number of farms x number of

Insecticide treatments
1975 1976 1977
Pre-emergent
Aldicarb 5.5 7.5 10 Ely
\ 5 6 o Brigg
9.5 13.5 16 Total
y-HCH 2.5 1.5 1
1 1 2 .
3.5 2.5 3
Post-emergent
DDT 2 -3 1
1.5 1.5 1.5
3.5 4.5 2.5
Pirimicarb 9 225 4
2.5 2 0
11.5 24.5 4
DsSM 49.5 24 3.5
: ‘16 ©715.5 1
65.5 39.5 4.5
Other 17.5 14 3
Organophosphates 13 845 )
(Dimethoate, 30.5 22.5 3.5
Formothion,
Thiometon,
Phosphamidon)
All OP's 67 38 6.5
29 24 1.5
96 . 62 _ 8
All Chemicals 86.5 73 23
38 34.5 11

124.5 107.5 34




none, on a different part.

There is no significant difference in the proportion of farms on
which pre—emergent aldicarb or y-HCH treatments were used in any of the
three years between Ely and Brigg. However, the average number of post—
emergent insecticidal sprays was significantly (.00l) greater at Ely than

Brigg over the period 1975-1977 (Table 7.6).

Table 7.6 Average number of foliar sprays by farmers in the survey at

Ely and Brigg.

Ely Brigg
$1 ' 7 27
3 yr. avg.
No. of sprays
1< E 23 , 3

x2 = 24,50 (.001)

The use of aldicarb increased steadily and gradually over this
three year period, only one farmer who began using aldicarb in 1975 or
1976 did not continue to use it in 1977. The use of y-HCH remained fairly

constant, and was less widespread.

There was, on the other hand, considerable variation in the use
of post—emergent insecticides over the three years. TFor instance, in 1975,
post—emergent insecticide was used on beet on 55 of the farms, while in
1977 it was used on only 15. The difference is even more striking when
viewed as numbers of farms times treatments. In 1975 there were 111 post-
emergent treatments on the surveyed farms, while in 1977 there were only

15. This difference in use of post—emergent chemicals follows the .
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decrease in the severity of virus yellows from 1975-1977, and is certainly

not accounted for by the use of aldicarb on an additional 6 farms.

These changes suggest that farmers can respond to prospective
yellows severity in the use of post-emergent insecticideé, which they do
not do immediately with pre—emergent chemical use. This would be expected
because of the relative timing of the two types of treatment. It would be
interesting to compare the number of farms using aldicarb, etc. in 1978

with the previous years, to see if there is a delayed response to the

record low yellows infection in 1977.

7.3.2.2. The use of pre—emérgent chemicals

Because of the difference in potential responsiveness to aphid
infestations between pre— and post-emergent insecticides it is important
to look at the characteristics of the farms on which they are used.
Virtualiy‘ail,the farmers sﬁrvéjed have used a pﬁst¥émergent'spray some
time in the past three years, so the principal differences are those be-
tween farmers using and not using the pre—emergent insecticides, aldicarb
and y-HCH. While use of post—emergent sprays can be pased on a current
appraisal of pest severity, based on field monitoring, the use of pre-
emergent chemicals must be based on other factors, possibly longer term
considerations of pest hazards. It should be noted that while aldicarb
provides some control of both aphids and seedling pests, y-HCH is useful
only against the latter, and the motivations for their use are therefore

somewhat different.

Pre—emergent insecticides were used significantly (.0l1) more on
the larger farms surveyed (Table 7.7). There was significantly (.02)
greater usage of aldicarb on beet on farms with larger potato acreages, a

crop on which aldicarb is widely used against cyst eelworm and aphids,
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but these farms also tended to be larger overall as well. On the larger
farms there is a greater amount of beet needing protection, the outlay on
applicators and the insecticide itself can be more readily afforded, and,
when spread over the total acreage of beet, the per acre cost of the
applicator is minimised. Some smaller farmers use aldicarb because they
have beet drilled by cont?actors, who again, because of the large areas
they cover, have the necessary equipment. |

Table 7.7 Use of pre-emergent insecticides on beet on small and larger

farms -in the survey.

Total arable acreage
150- 151+
Pre-emergent None 19 20
.chemical
.used in B T L : T
1975-1977 Aldicarb 3 ' 18
on beet or y—HCH

x2 = 5.56  (.01)

Farmers who used pre—emergent chemicals some time during the past
three years named significantly (.0l) more beet pests when asked what pests
they had experienced on beet than those who did not use such insecticides

(Table 7.8).

Farmers having experienced three or more pests on beet had more _
experience of secondary pests than those naming only one or two pests.
Since these seedling pests cannot always be controlled by later foliar
sprays, it is reasonable that farmers who have experienced them should use
pre-emergent treatments to a greater extent. Indeed, the potential

presence of these pests may prove to be more important than their perceived



damage when deciding on the use of pre-emergent chemicals.

Table 7.8 Use of pre—emergent insecticides on beet by farmers with

experience of few and many pest species on beet.

No. of pests experienced on beet
1-2 3+
Pre—emergent None 21 18
chemical
used in
1975-1977 . Aldicarb 4 ! : 17
on beet or y-HCH

X2 = 5.44  (.01)

While farmers using pre—emergent insecticides thought that they

suffered from a greater number of pest species, their estimates of pest

damage did not differ significantly from those of farmers who did not use

them. Comparison of the use of pre-emergent insecticide in at least one
of the past three years and both average and worst loss estimates for
greenfly, blackfly, root pests, leaf pests, and all pests combined showed

no significant difference (Tables 7.9 and 7.10).

Table 7.9 Use of pre-emergent insecticides on beet and farmers' expect-

ations of average losses from all pests.

Avg. loss est. for
all pests combined
0-20% 217+
Pre—emergent _None 31 7
chemicals
used at
some time
1975-1977 Aldicarb 12 7
on beet or y—-HCH

x2 = 1,43 (N.S.)

128



Table 7.10 Use of pre—emergent insecticides on beet and farmers' expect-

ations of worst losses from all pests.

Worst loss est. for

all pests combined

0-407 417+
Pre—emergent None 20 19
chemicals
used at
some time
1975-1977 Aldicarb 8 11
on beet or y-HCH '

l

x2 = .14 (N.S.)

Use of.aldicarb, however, which is active against aphids as well
as seedling pests, was significantly (.05) greater in 1975 and 1976
(;hough only at (.10) in 1977) among farmers with expected average losses
from all péétéxéombined‘gréétér‘than'ZO? (Tablé'?.li).~ However, thererﬁas
no significant relationship between aldicarb use and the.worst expected

losses from any pests.

While recommendations imply that the use of aldicarb should
reduce the need for sprays againsf aphids later in the season, it is
interesting to note that no significant difference could be seen in the
average number of post-emergent sprays used by farmers using or not using
aldicarb over the past three vears (Table 7.12). Even in 1977, a record
low year for aphid infestations on beet, there was no significant differ-
ence between foliar aphicide use by those using or not using aldicarb
Table 7.13). Indeed, use of pre—emergent insecticide appears unaffected
by soil type, estimated insecticide effectiveness, foliar aphicide spray
threshold for greenfly, or the extent to which the British Sugar spray

warning card is followed.

129



Table 7.11

Farmers' estimates of average losses from all pests combined

in 1975, 1976 and 1977, and their use or non—use of aldicarb

(2 farmers did not estimate losses).

Avg. loss est. for
all pests combined

0-207% 217%+
Pre—emergent None 39 9
chemical use
1975 Aldicardb 5 5

x2 = 2.872  (.05)
1976 None 37 - 8
Aldicarb | 7 6
x2 = 3.021  (.05)
1977 None 35 8
Aldicarb 9 6

x2 = 1734 (.10)
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Table 7.12 Three year average number of foliar sprays for users and

non—users of aldicarb.

Three year avg. aphicide sprays

<l >1
Aldicarb 25 21
never used R
Aldicarb used
each year 4 6
1975-1977
x%2 = .22 (N.S.)

Table 7.13 The use of foliar aphicides and aldicarb in 1977 by farmers

in the survey.

Foliar aphicide use, 1977

None . ) Used
No aldicarb 31 13
Aldicarb used 14 2

x? =1.02 (N.S.)
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In summary, pre—emergent insecticides are used on beet to a
greater extent on larger farms, which are presently more likely to have
applicators for them, and also have greater acreages to be protected.
There may be some connection between use of aldicarb on potato and beet,
since aldicarb is used more on beet on farms with considerable potato
acreage. Farmers with exberience of more than two pests on beet (and
therefore greater seedling pest experience) use pre-emergent insecticide

moxre, and those using aldicarb expected greater average losses from beet

pests (if uncontrolled) than non-users: however, there was no ‘éignificént
difference with farm size, number of pests experienced, or average damage
expected. The principal influences on the use of pre—emergent insecticides,
particularly aldicarb, appear, therefore, to be factors prevalent on large
‘scale farms (greater opportﬁnity and more cost effective use), the presence
of sgedling pests, and, when aldicarb first became available, greater

éveragé expected loss from pests.

7.3.2.3. Knowledge of alternative chemical controls
The majority of farmers interviewed had some knowledge of other
cheﬁicals suitable for controlling beet pests. Of aphicidal spréys:

41 knew of other sprays by name, either through experience or
outside contacts,

13 knew of éther sprays, bﬁt not by name, and

6 did not know of other sprays, mainly relying on contractors
or merchanté to supply them with the most appropriate

chemical.

0f pre-emergent granules:
7 were unaware of them, 5 of them because of reliance on

contractors or merchants.
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About half of the farmers mentioned some constraints associated

with certain chemicals:

On aldicarb:

12 noted their lack of an applicator (though most of them could
have obtained one if they decided to use aldicarb),

5 said that aldicarb was too expensive to be used on their
farm,

4 said that it was too dangerous for them to use,

1 said it had been out of stock when he tried to purchase it,

and |

2 relied entirely on their contractor or neighbour for

application.

On y-HCH:
1 stated that perSistence was-a.prdblem‘(fbr,tainfing‘following

crops and affecting the soil).

On aphicidal sprays:
2 felt DSM was too dangerous to use safely,
2 with very large farms mentioned the difficqlty of spraying
their entire acreage at the appropriate time,
1 found it difficult to begin spraying early enough (due to
lack of intelligence on aphids) to get optimum control, and
1 said that he had once had problems with the availability of

DSM.

7.3.3. Long term solutions to yellows
The farmers interviewed were asked for their ideas on a general

solution to the virus yellows problem on sugar beet (Table 7.14).



Table 7.14 Long term solutions to yellows given by farmers in the survey

(4 gave two suggestions).

Wider use of aldicarb, or similar 12
Resistant/tolerant beet varieties 10
Better spray timing (mostly earlier) 9
Remove alternate aphid/virus hosts 6
Fertilizer (increase use) 4
Encourage predators ‘ 3
Keep aphids away from beet 2 i
(by unspecified means)

“Virus free seed! 1
Virus yellows isn't a problem now! 1
No suggestions 16

7 Ine suggestion of using ‘aldicarb more widely may sten from an
association between its introduction and the recent (though possibly
unrelated) decline in the severity of virus yellows. There are approx-—
imately equal numbers of responses suggesting chemical and cultural
solutions, though some are presently impractical (truly resistant varieties
or removipg all alternate hosts, for instance), or of doubtful effect-
iveness (for example, increased fertilizer use and earlier sprajing),

though some improvements may result from attempts towards them.

7.4 Control perceptions

Three aspects of control perception were sought in the survey: the
cost of control, its believed efficiency, and whether it is satisfactory.
Farmers were asked about these for the control programme they used them—

selves, and for relative estimates for alternatives as well.
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7.4.1. Costs
Table 7.15 shows the mean and range in costs of insecticides for beet
reported by the farmers surveyed. These costs are for material only and
are for 1977 (or the most recent year in which they were purchased).
There were 9 farme;s who pould not give any costs for insecticides (due to
poor memory, difficulty of itemizing costs when chemicals for several
crops are included on one bill, or lack of cormmunication between the
manager, who orders the chemical, and the owner, who receives the bill).
In addition, one farmer had not used any insecticide on beet in the paét -

3 years.

The average cost of about £2.20/acre reported for the 3 most popular
aphicides, DSM, pirimicarb, and dimethoate, are in line with prices
supplied by manufacturers' representatives. There is‘a range of man-
2,i§factﬁrer75/§riceé fbt,aldicarb,because of different'rateé for various;’,; ff e
goiis; The‘7;5>ib/a réte,rused ﬁy fhrée quarters of the aldicarb users,
has a suggested cost of £15/acre. The manufacturers' representatives
noted, however, that chemicals cogld often be obtained at discounts,

depending on the dealer, and the time and amount of the purchase.

There were 40 respondents who were able to compare ﬁheir aphicide
spray costs with those of alternmative sprays. Of these, 4 felt that there
were cheaper (bﬁt otherwise less effective or desirable) altermatives
available, 28 thought all aphicides were much the same in cost, and 8
thought any alternatives were dearer. Of 18 comparing the cost of aldicarb
to that of foliar sprays, only 1 thought it was not considerably more

expensive.

While some farmers were unsure of insecticide costs, the majority of

farmers interviewed appeared to have fairly good recognition of the costs,



Table 7.15 Farmers' reported insecticide costs from the survey.

Insecticide

Aldicarb
y-HCH

DDT
Pirimicarb
DSM
Dimethoéte

Formothion
Thiometon

Phosphamidon

Contract spray
(inc. appl.)

Mean
cost
£/a

10.30

2.00

2.35

2.10

2.25

1.50
4.00

1.75

3.40

Range
£/a

5.00-
15.00

1.50-
3.00

.40~
1.25

1- 48_
5.00

1.25-
3.60

1.50-
3.00

1.70-
5.00

No. of
reports

17

12

26

11

Manufacturer's
approx. price
£/std. ratefa

10.00-
20.00

2.50

1.50

2.75

2.00

2.00

2.00
2.25

2.00
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both of those chemicals used on their own farms and of others known to be
available. The range of costs reported by the farmers for the various
insecticides reflect some variation in the rates applied, in prices
charged by different merchants, and possibly errors in the farmers'
estimates. In general, though, farmers seem aware of the direct cost of
insecticides, as would be expected since most of them receive the bills

themselves.

7.4.2. Efficiency

The farmers were asked to estimate the efficiency of their particular
insecticide programme, in terms of the percentage yield loss prevented.
A numerical estimate was given by 53 farmers, 6 stated in unquantifiable
terms that they believed insecticides to be very effective, while 1 felt

they were not very effective. The results for those responding

-numerically (Figure 7.20) show that 757 believe that .insecticides prevent

at‘least 907 of the poténtialjiésstfrom Beet pests, includihékvirﬁs
yellows. The question was clearly stated in terms of percenfage yield
loss prevented, and not as percentage of aphids killed. In some cases,
wheﬁ the question was repeated to be sure that the respondent understood
this, a lowér estimate was given, while in others the farmer replied that
if the ziphid kill were near perfect the prevention of loss from the virus

would be similarly near perfect.

This belief that insecticides are very effective is surely an
important inducement to the farmer in using these chemicals. All but one
of the farmers responding with numerical estimates of insecticide
efficiency gave figures greater, and often considerably greater, than 707Z.
However, 71% was the greatest reduction in yellows reported by Hull and

Heathcote (1967) from experiments carried out over 12 years, using several
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sprays of DSM. 1Indeed, in a recent issue of the beet grower's jourmal,
Dunning (1976) has stated that a reduction in yellows infection.by foliar
sprays (the most common treatment) better than 50% is unlikely. From
further evidence presented in Chapter 3.it appears that the virus control
estimates made by most of the farmers are beyond the capability of any

currently used aphicide.

20 4

10 -

No. of farms

1 9 2 2 1_1 14 14

60 65 70 75 80 8 90 95 100Z

Figure 7.20 Farmers' estimates of insecticide efficiency, in terms of
percentage reduction in loss from beet pests, including virus

yellows.

There are several poésible reasons for this épparent misperception.
First, none of the farmers surveyed left an untreated area for comparison
of aphicidal sprays. In 1976 one put aldicarb on a few acres as a trial,
but later sprayed the entire field twice with DSM, while in 1977, two
farmers used aldicarb on trial portions of their beet, but there was so
little infestation in 1977 that no valid comparison could be made. As a
result they have little or no way of checking their belief in the

efficacy of their chemicals through comparisons. Secondly, it is possible
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that farmers do not properly understand the principles of disease
development and damage, which result in aphicides being less effective in
reducing losses from the virus than they are in killing the vector. As a
result, farmers may simply trust in the effectiveneés of insecticides
promoted by advertising, or think that the usually rapid and widespread
mortality of aphids resu1£ing from aphicides is indicative of equivalent

reduction in loss from the virus.

There were 40 growers who compared the efficiencies of the foliar

treatments they used themselves with those of the available alternatives
as they saw them. Of these, 16 thought the altermatives were less
effective, 19 that they were all much the same, and 5 thought that there
were more effective sprays available (which weren't used primarily due to
their danger or undesirableness to the sprayer operator). Aldicarb was
cémpa;edﬂin efficiency to foliar sprays_by 18v£armer$, 6 thought it

similar in effectiveness to sprays, while 12 considered it more effective.

7.4.3. Satisfaction with insecticides

Most farmers interviewed felt that insecticides were consistently
quite good, provided they were applied under proper conditions. This was
despite the fact that many had applied as many as four sprays against
aphids on beet in some recent years, but this is apparently acceptable to
them. Only 9 of the 60 expressed dissatisfaction with their insecticidal
control programmes, the others were generally satisfied. There was, how-
ever, significantly (.02) more dissatisfaction with insecticides at Ely
than Brigg (Table 7.16), which is not surprising, since virus yellows
particularly is much worse there and the chemicals are thus put to a much

stiffer test.



Table 7.16  Satisfaction with insecticides by farmers in the survey at

Ely and Brigg.

Ely ~ Brigg
Satisfied 22 29
Not satisfield 8, 1

x2 = 4.71  (.02)

The problem of resistance by aphids to certain aphicides was mentioned
ﬁy 12 farmers, 6 each at Ely and Brigg. Some had experienced it, noting
that DSM no longer controlled aphids as long as it used to, and sometimes
required an additional treatment to get the same Tesults. However, there
seemed to be a generally held faith that the chemical companies and

scientists would continue to produce new products to take the place of

- those to which resistance develops. This was further expressed by many

when they were asked what the minimum acceptable level of insecticide
efficacy would be for them. Some had difficulty imagining them being less
effective than they are currently, and when pressed with the hypothetical

question replied that they would switch to other products with high

effectiveness that would undoubtedly continue to be developed in the

future:

7.5 Objectives
In this section results from the survey are presented that pertain to
the farmer's reasons for using insecticides, the choice and purchase of an

insecticide, spray thresholds for greenfly, and factors used in judging

results of insecticide use.

140



141

7.5.1., Reasons for using imnsecticide

Farmers were asked directly why they used insecticide on beet. There
were 44 that replied that insecticides were either a form of insurance or
necessity, in either case that their use was essential to ensure minimal
crop loss. There were 14 that responded that insecticides were more like
an investment, returning ﬁore than their cost. The distinction between
these is that the latter appear to see insecticides as a means of

increasing profit rather than reducing losses, as the former did. The

remaining 2 said that insecticides were generally unnecessary, but
occasionally a foliar treatment on an obviously severe infestation of

\
pests was worthwhile. These can be considered with the 'investors' as
they use insecticides only when they are sure théy will yield a benefit,
while 'insurers' could be expected to use insecticides at times when they

are not sure of positive returns (when there is a chance of not breaking

even because of lower than average pest populations developing).

7.5.2. Spray threshold for greenfly

In making the decision to apply foliar aphicide against greenfly the
farﬁers were asked their spray threshold, i.e. the number of aphids, or
the conditions, at ﬁhich they considered it time to spray. Table 7.17
lists these, in a subjective order of increasing tolerance. The British
Sugar spray warning card is notionallf based on a level of 1 aphid per
4 plants, the economic threshold determined from trials at Broom's Barn
Experimental Station. The table shows a very broad range of responses,
from simple schedule spraying and the sighting of any insect, aphid or
not ('they all look the same, and if there's one, there's sure to be more'),
to the extremely tolerant 20-30/plant (when they are surely classed to-
gether with blackfly), with the British Sugar Spréy warning card as the

median response in this subjective ranking.



Table 7.17

Farmers' spray thresholds for greenfly, in subjectively

arranged order of increasing tolerance.

Schedule spray

Any insects seen -
'Right' conditions

Any aphids seen

2 aphids per field

Easy to find aphids
Aphids/yellow patches/or card
Spray rep/contractor's advice
1 aphid/20 plants

Aphids increasing

1 aphid/10 plants

-~ 10 infested plants clumped

1‘aphid/5 plants
Spray warning card (BSC)
1 aphid/4 plants
Aphids and card
1 aphid/3 plants
1 aphid/2 plants
1 aphid/plant
2-3 aphids/plant
3~4 aphids/plant
5~6 aphids/plant
6~8 aphids/plant

20-30 aphids/plant

142



143

As would be expected, farmers with spray thresholds lower (i.e. less
tolerant) than, or equivalent to, the spray warning card sprayed signi~
ficantly (.01) more foliar aphicide on beet in 1975 and 1976 than did

those with higher thresholds (Table 7.18).

Table 7.18 Number of foliar spraYs against aphids versus spray threshold

for farmers surveyed.

1975 sprays 1976 sprays
- <1 > 1 g1 > 1 |
Threshold 9 : 20 10 19
€ card :
Threshold 21 10 21 10
> card
x2 = 6.67 x% = 5.37
o1y (oD

In 1977, however, the-sitﬁation was different, as there was
universal recognition that greenfly infestations were unusually low.
Spray warning cards were sent out in only:one fieldman's area at Ely
(including 8 farmers iﬁ the survey), and in none at Brigg, although 15 of
the farmers interviewed had applied a foliar aphicide to beet in 1977.
There was, however, no significant difference;in spraying between those
with spray thresholds above or below the card (Table 7.19), and only one
of those with a'high threshold who sprayed had received a spray warning
card. This situation may be explained by a lack of confidence on the part
of farmers that their estimates of low aphid numbers were correct,
especially after several seasons of relatively heavy attack. This could

result in some farmers, even with fairly tolerant thresholds, becoming



less sure about their perception as the normal spraying period progressed,
and so spraying after all. Other farmers, meanwhile, with lower
thresholds, but greater confidence in their estimates™ that aphids were

indeed few, may not have sprayed.

Table 7.19 Farmers spraying and not spraying, by spray thresholds.

1977 aphicide sprays
.0 ! 21
Threshold . '
< card 19 10
Threshold
> card 26 5

x2 = 1.80 (N.S.)

‘gifi"i;iisfnpﬁfEléaf'hdwifhéff&fﬁétsfchqéé theifiébray‘;hréshéids'fbr“a4
aphid control. There is nothing to suggest a connection between spray

thresholds and perception of greenfly hazard in the results of these

interviews: there was no significant relationship between spray threshold

and any of the elements of perceived hazard for greenfly; its estimaﬁed
frequency, average, worét, or current damage. Nor was there any signi-
ficant difference in spra& thresﬁolds for those using or not using
aldicarb (the observation that aldicarb users spray as much as non-users
suggests their thresholds are just as readily reached, despite the
additional early season protection that would be expected from aldicarb).
There was also no significant difference in the spray thresholds of those
considering insecticides as an insurance or as an investment, nor with

size or location of the farms.
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7.5.3. Choice and purchase of insecticides

7.5.3.1. Choice of pre-emergent insecticide
Table 7.20 shows responses to a question on what factors the
farmer considers when deciding on the use of a pre—emergent insecticide.
Not all those giving positive reasons for pre-emergent chemical use
actually use them themselves, often a stronger, negative reason was giveﬁ
as well. The. principal favourable feature is again the\insurance value,

particularly against secondary seedling pests in cases where the beet is

drilled to a stand. The main negative factor is current satisfaction '
with foliar sprays, with the pre-emergent chemical not seen to be

sufficiently better to cause a change in practice.

Table 7.20 Considerations on pre-emergent insecticide use noted by

farmers in the survey.

(+) Precaution/insurance/necessity ' 30

Recommendations/comparisons with 7
neighbours :
Reduces later sprays/labour 4
flexibility
'Wouldn't be made if it weren't good’ 1
(-) Sprays alone are satisfactory/would
22
have to spray as well
Lack of applicator 13
Too expensive (for its effectiveness) 11
Lack of experience/information ' 6
Too dangerous 5
Slows down planting . 1

Unavailable sometimes : o1
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7.5.3.2. Effect of price

Of those interviewed, 54 stated that the pricé of insecticide
had little or no effect on its use, that effectiveness was the main
factor. Nevertheless, some put upper limits on the cost, frequently that
it be 'within reason' (though this seemed to allow fo% considerable
increase), for instance, for aldicarb a price up to 757 more than 3 sprays
was one farmer's limit (which is roughly £10.50/acre, about the average
cost for aldicarb quoted by farmérs now), while another was prepared to
pay up to £30-f40/acre for insecticide on beet, since that was the loss he
thought occurred otherwise. The remaining 6 appeared to be more cost
conscious, and tried to use the cheapest product, as all were thought
generally effective. Nevertheless, the necessity for effectiveness was
still felt by these farmers;bonly one said he would use less (and so

sacrifice some effect) if the cost increased.

7.5.3.3. Minimum satisfaétdry‘inseéticide effectiveneés
To investigate the importance of effectiveness, the farmers were
asked at what level, in terms of percent loss reduced, they would no
longér find insecticides satisfactory on beet, i.e. at what point would
insecticides no longer satisfy their objectives. There were 39 numerical
responses (Figure 7.21), the rest were unsure or, as mentioned before,

had difficulty imagining them not as effective as at present.

These responses reflect the high level of effectiveness that
farmers believe they achieve with insecticides nmow. It is interesting to
note that the median level of effectiveness that férmers claimed as the
least they would accept (757) is still above the highest actual effective-

ness obtained in trials against virus yellows (707%) reported earlier.



No, of farms

10+

14

" ‘
} = ] ] : [

L ¥ T t

35 40 45 50 55 60 65 70 75 80 85 90 95 100%

Figure 7.21 Minimum satisfactory insecticide effectiveness reported by

farmers in the survey.

7.5.3.4. Purchase time

Since the decision to apply insectiecide might be‘expected to
ffége&é ifsbpuféhése; fa?mers ﬁere ééked>when.theyfboﬁght Sﬁéﬁ éﬁémicéls
for beet. While insecticide can.be stored for following seasons, once
purchased, the farmer is committed to using it some time in the future,
if not in that season. Table 7.21 shows the relative time of purchase of
both pre- and post-emergent insecticides for beet normally obserﬁed by
farmers at Ely and Brigg. 'Early' includes any who purchase more than a
month before use, or who buy 'when the price is low' (generally well
before the seasﬁn). 'Late' includes those who purchase within a month

(usually much less in the case of foliar sprays) of use, or call in a

contractor as needed, or, for foliar sprays, decide in the end not to buy

at all.

Foliar aphicides were purchased significantly (.0l) earlier at
Ely than Brigg, as would be expected considering the greater expected

frequency of greenfly by farmers at Ely, and their belief that treatment
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is more often necessary there.

148

No significant difference in purchase

times for pre-emergent chemicals was found, which might be expected since

there is no difference in their use between the two regions.

Table 7.21 Purchase times of insecticides by farmers in the survey.

Pre-emergent

Early Late

Post-emergent

Early - Late

Ely

Brigg

11 3

x2 = .003

(N.S.)

15 15

5 25

x2 = 6.08

ol

The farmer with insecticide in hand when the normal foliar spray

season commences might be expected to use insecticide more, and to use it

more readily, than the man who buys at the time it is needed. However,

early purchase doesn't necessarily result in use, as a comparison between

spray use in 1977, a year of unusually low spray use, by normally early

and late purchasers shows (Table 7.22).- Nor is there any relation with

spray threshold (Table 7.23). As a result, early and late buyers could

be equally likely to respond to advice on spraying.

Table 7.22 Normal purchase time of post—emergent insecticides and

spraying in 1977 by farmers in survey.

Early ‘Late
Yes 5 10
1977 spray use
No 16 29
2

.02 (N.S.)

>
il



Table 7.23 Normal purchase time of post-emergent insecticides and green-

fly spray thresholds of farmers in the survey.

Early _ Late
Threshold
< card 10 19
Threshold
> card 10 21

x2 = .0l (N.S.)

7.5.4. Effect of suppliers

There is no evidence to suggest that the type of chemical supplier
affects the decision to spray. There was no significant difference in
spray use by those dealing with spray specialists or general merchants,
nor any differences in use between those who found their‘chemical

. suppliers 'helpful’ or'not{

7.5.5. Judging insecticides

It was noted in section 7.4.3. that a large proportion of the farmers
appéared quite satisfied with their insecticidal control programme on beet.
To determine on what they based their satisfaction? farmers surveyed were
asked how they judged fhat the insecticides they used W;re 'wor thwhile®
(Tab1e17.24). The two types of insecticide application have different
criteria: long term considerations of yield and appearance are important
in assessing pre—emergent chemicals, while foliar sprays are judged more

on their immediate effect in killing aphids.
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Table 7.24  Judgement criteria for insecticides given by farmers in the

survey.

Pre—emergent

(+) Improved crop (yield &/or appearance) iﬁ

over previous non-use or neighbours
Pests gof seedlings, or aphids) are 7
noticeably few or absent
Faith that it works 1
(=) Crop not different than when not used 1 ‘
No comparison, but feels he is losing 1
money
Post—emefgent
(f) Aphids gone, or few, after spray 44
;-GM{,,.lprhids don;F46CCufbif‘spréyed.:‘»7!;,.1' o L
No virus/crop looks good when sprayed 5
Can see yellows where mozzle blocked ' 1
Trust recommendation/wouldn't be :
sold if it weren't good 3
(=) Could get good yield without spray : 6

7.6 Advice

All beet growers can receive advice on pest control from British

Sugar, in the form of spray warning cards, and through contact with their-

fieldman; the British Sugar agricultural staff also produce leaflets
describing beet pests and their control, which are available to all

growers. The British Sugar Beet Review, published by British Sugar and
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containing regular articles on pests and their control from bpth British

Sugar and research establishment personnel, along with advertisements from
manufacturers, is sent to all beet growers. The suppliers of agrichemicals
also provide a source of information. Thus, through the amount of contact
they have with the farmer, British Sugar and chemical suppliers are likely

to be the most important advisors on pest control for sugar beet.

This section deals with the overall sources of advice on pest control
on sugar beet, how helpful it is, how satisfied the farmer is with it,

and what advice he would find most helpful.

7.6.1. Spray warning cards

Probably the most direct form of advice on pest control received by
the farmers are the spray warning cards (postcards such as illustrated in
Fig. 7.22) which are mailed by British Sugar to help them decide‘when to
'LAéﬁrayhagaiﬁétléphidélbh Béét'kHuii;A1968>;7ﬂTheyAéré Sént?égﬁféfteffff'

~ moniﬁoring by British Sugarvagricultural staff in the farmer's locality

indicates the aphid mumbers have reched a level that would p?obably result
in a virus yellows epiphytotic that justifies coﬁtrol (where loss
prevented exceeds the cost of control), based on a fhreshold of approx-—

imately .1 aphid per 4 beet plants.

7.6.1.1. Adherence to the cards
Many farmers, in fact do not always adhere to the spray Wa;ning,
and may make their decisions independently of the warning card. In 1977,
for instance, 8 of the surveyed farmers received a-spray warning card,
but.the use of foliar aphicides was entirely independent of the cards

(Table 7.25).
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BRITISH SUGAR CORPORATION LIMITED

VIRUS YELLOWS
LYARNING CARD

DATE AS POSTMARK

URGENT. :

Aphids have been found on Sugar Beet crops in yowr district.r
“You are advised to inspect your crop, and if Aphids are present,
-we recomend that your crop is sprayed NOW with a systemic
Insecticide in accordance with the manufacturers instruction§.
Due to the very early arrival of Aphids this year, this warming: -
should be particularly noted, and crops sprayed even if they are
ortly in the cotyledon stage. Band treatment will reduce the cost.:
Further sprays may bz needed during the season. :

AVOID SPRAYING IN THE HEAT OF THE DAY,
WASH SPRAYER OUT THOROUGHLY BEFORE USE.

.

G.H.Battle,
Agriculturist.

Figure 7.22 An example of a spray warning card, as iésued by British .

Sugar. >

Table 7.25 Use of foliar aphicides in 1977 with and without receipt of a

spray warning card by farmers in the sample.

Use of foliar aphicides in 1977
No Yes
Varning 5 3
card
No
warning , 40 12
card ‘

.19 (N.5.)



To look at the 'timing' aspect as well, farmers were asked
whether they ever sprayed before the receipt of a card, or sometimes did
not spray after one was received. It can be seen in Table 7.26 that only
5 always respond according to the advice of the spray warning cards, with
equal numbers sometimes spraying before, or sometimes not spraying after,

receiving a card.

Table 7.26  Adherence to spréy warning cards by farmers in the sample.

Always spray
after cards Sometimes do not
(unless sprayed spray after cards

beforehand)

Never spray 5 19

before cards

Sometimes

spray before 19 17

cards ' '

Analysis of the survey data shows no difference in adherence to
the cards at Ely and Brigg, and it made no difference if the farms were
large or small. Use or non-use of aldicarb had no influence on whether

the farmer would spray before receiving a card or after receiving one,

though users of aldicarb could have been expected to feel more secure and

so be more likely to wait for the cards than their neighbours. None of
the elements of hazard perception, the average, worst, or current damage
expected from greenfly, nor its expected frequency, appeared to affect

the use of the spray warning cards either.

7.6.1.2. Characteristics of users and non-users of spray warning cards

The question of what characteristics are associated with use or

non—-use of the cards then arises. Five such areas were found and are
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described below:

1. Threshold level
Those with low spray thresholds waited for the cérds
significantly (.001) less before spréying than those with higher thresholds
(Table 7.27). This table also shows there was no difference in the
frequency of those always spraying if a card was received between those
with high and low thresholds. This may be explained by the fact that some

of those with low thresholds who did not spray after receiving a card may

-have already sprayed before its arrival.

Table 7.27  Adherence to spray warning cards by farmers by spray

thresholds.
Never Sometimes - Always Sometimes
_ o spray - spray spray do not
ooorel - beforel <o before ..o | -after - ‘spray - 0
cards - cards’ * cards - after cards
Threshold :
less than 5 24 14 15
& inc. card
Threshold
more than 19 12 10 21
card

x2 = 10.35 (.001) x? =1.00 (N.5.)

2. Spray application frequency
Those who wait for the card to arrive before deciding to
spray applied significantly (.02) less sprays, on a 3 year average,'fhén
those who sometimes sprayed before receiving a card. Those who always
sprayed after receiving a card, on the other hand, sprayed significantly

(.001) more, on a 3. year average, than those who did not (Table 7.28).



Table 7.28 Adherence to spray warning cards by farmers in the sample by

3 year average spray numbers.

Never Sometimes Always -  Sometimes
spray spray spray do not
before before after spray
cards cards . | . cards after cards

g1 18 16 7 27

3 year avg.
sprays
> 1 6 20 17 9 _
i

x%2 = 4.30 (.02) x2 = 10.52  (.001) .

3. Ownership status

When managers or foremen are fesponsible for spraying, the
survey found that they always sprayed after receiving the cards, and
' ééffainlﬁlsﬁfajéd}éignificantlﬁzﬁore>(.601);aftéf’feéeiving a ga#d'fhéﬁ én
owner or tenant does. As the former are less directly_involved in the
expense of the operation, while being clearly responsible fo¥ the outcome,
they may be more cautious about not following written advice. They were,
however, no more cautious than owners/tenants when not faced with written
advice, i.e. before receiving a card, as they showed no inclination to

spray more before receiving a card than did owners or tenants (Table 7.29).

4. Objectives
As expected, 'investors' are less likely to spray (.02)
after receiving a card than 'insurers', being more risk tolerant. However,

they do not differ-in their actions before the cards arrive, (Table 7.30).
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Table 7.29  Adherence to spray warning cards by farmers in the sample by
ownership status.
Never Sometimes Always Sometimes
spray spray spray " do not
before before after spray
cards cards cards after cards
Manager/ 1 6 7 0 .
Foreman
Owner/ 23 30 17 36
Tenant
x2 =1.14 (N.S.) x2 = 9.23  (.001)
Adherence to spray warning cards by farmers in the saﬁple

Table 7.30

according to reason for use of insecticides.

Never Sometimes Always Somet imes

spray spray spray do not

before before after spray

cards .cards cards after cards
'Insurer’ 17 27 22 22
'Investor’ 7 9 2 14

x2 = .00 (N.S.) x%2 = 5.40 (.02)
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5. Importance of cereals
The only association of other crops with the use of the
spray warning cards oﬁ beet comes from cereals (Table 7.31). Those who
rank cereals as their most important crop are less likely to spray after
receiving a card (.02) than those who had some other crop, either beet,
potatoes, or vegetables, as their mainstay. There was also a tendency,
though not statistically significant, for the latter to spray before the

card more than cereal growers. Cereal growers may be less spray conscious

than those who are principally reliant on one of the other crops, which

have more frequent and serious pest problems.

Table 7.31 Adherence to spray warning cards by farmers in the sample
according to crop ranking.
Never . .Sometimes Always  Sometimes . ..
. spray. _ .. ...spray - . .spray - . domot.
before before ‘after ~ spray
cards cards cards after cards
-:Cereals
ranked 1st 14 L 7 22
Other crop
ranked lst 7 18 14 1
x2 =1.55 (N.S.) x2 = 4.47  (.02)
In summary, then, it would appear that those

1) with lower spray thresholds, and

2) who spray more times during a season,

are more likely to spray before receiving a warning card.

And those who

1) spray fewer times during a season,

2) are owners or tenants, rather than managers or foremen,



3) are ‘'investors' rather than ‘insurers', and
4) are principally cereal growers,

are less likely to spray after receiving a card.

7.6.1.3. Usefulness of spray warning cards

Despite the large numbers who do not always follow the advice of

the spray warning cards, only 11 said they were not useful in some way.
Many who did not always follow them still wished to have the advantage of
another opinion, or an idea of the general level of infestation in the',
area, which the cards provide. The cards appear to have some value in
reassuring the farﬁer in the decision he has made and clearly show him
that the Corporation is doing something about one of his problems. The
farmers, in general, appear to like having the information the cards

provide, but also like to make their spray decisions independently.

7620 ,Suppli:,e'fs; -

There are twé types‘of insecticide suﬁpliers, tﬁése dealing iﬁ
agrichemicals alone (sometimes including their application) and general
agricultural merchants (who deal in agrichemicals, as well as seed, feed,
and other goods). There was significant (.001) difference in the type of
supplier used for beet insecticide at Ely and Brigg. General merchants
were used more at Ely, and specialist merchants were used more at Brigg
(Table 7.32). 1t is unclear whether this reflects a difference in the
preferences of the farmers, or in the structure of the marketing system

in the two regions.

Specialists in sales of agrichemicals might be expected to provide
better advice on insecticides than general merchants, but no significant
difference was found when farmers were asked how helpful their suppliers

were. All but 10 found both types of supplier helpful in giving advice on
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the use of insecticides.

Table 7.32

7.6.3.

Apart from British Sugar and chemical suppliers, farmers can obtain
information and advice from a number of sources.
asked to name such sources, and the number of farmers mentioning each .

source is recorded in Table 7.33. The résponses in the two regions did

Sources

Type of supplier for insecticides for farmers surveyed at Ely
and Brigg.
Ely Brigg
Spec1allst 6 20
merchant
General
merchant 24 10
x? = 11.47  (.001)
other than British Sugar and chemical suppliers

not differ appreciably on this subject.

Table 7.33

Sources of information and advice on control, other than

British Sugar and chemical suppliers.

ADAS

Manufacturers of chemicals

reps/mailings
Agricultural press
Neighbours

No other source

17

13

11

22

In the survéy they were
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7.6.4. Satisfaction with advice

The interviewed farmers were asked if they found the information and
advice currently available from all sources, including British Sugar,
adequate to make a satisfactory choice about how to control beet pests.
It was satisfactory to 36, unsatisfactory to 6 (either too late, too
general, or too difficult'to get), and the remaining 18 replied to the
effect that it was unnecessary, that they could make a good decision,

based on their own experience, without advice.

7.6.5. Advice wanted | '
Nevertheless, when asked what kind of advice they would.finﬂ most

helpful, most farmers gave one or more suggestions (Table 7.34). About

half the responses dealt specifically with advice on aspects of chemical

control, while only five wanted to know more about how to improve the crop

culturally to reduce pests, and only two stated an interest in information

on the actual damage from pests. 'Agaih; almost a quarter of the farmers

felt no advice was needed.

Table 7.34 Responses on the type of advice that would be most heipful.

What chemical to use - 14
When to spray/if to spray 13
Early warning for pests/ 9
information on their presence
How to improve the crop
. 5
(to reduce pest/diseases)
Identification of pests/new pests 5
Information on new insecticides 4
. Potential loss from pest/diseases 2
'Show farms' to demonstrate advice 1

is correct

No advice is needed - 13
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7.7 Summary

This chapter has reported results from the survey of sugar beet
growers conducted near Ely and Brigg. Beet appears to be a fairly
important part of the cropping system on these farms, with most farmers
expecting reasonable returns from it. A wide range of pests have been
experienced, but greenfly/yellows is the most important. Tﬁe farmers'
perceptions of average losses from yellows appear fairly accurate, while
the estimates of worst loss were not quite as good, which may have
implications for those considering treatment as an insurance against
potential severe losses. Most feel that chemical control is always |
necessary to control pests on beet, while few consciously use non-chemical
controls. The in-furrow treatment aldicarb tends to bé used on larger
farms, and, in 1975 and 1976, was used significantly more on farms with
greater expected average losses. Despite this early season protection,
‘however, aldicarb]users,still,uée foliar'sprays'éé‘much.as other farmers. - -:
Farmers interviewed generally have a good knowledge of the cost of their:

insecticides, and most know of altermatives that could also be used.

The area of greatest misperception is in estimating the efficiency of
insecticides in reducing losses from.virus yellows. Farmers consistently
overestimate the effect of their insecticides, possibly due to a lack of
untreated comparisons or incomplete understanding of the disease develbp—
ment process. Most are satisfied with their chemical control programmes,
though there is noticeably less satisfaction at Ely, where the controls
must contend with a more severe yellows problem. The minimum level of
insecticide effectiveness that farmers said would still be satisfactory is
also very high, reflecting opinions of current effectiveness, and is in

most cases greater than the effectiveness actually reported in trials.



Most farmers use insecticides as an insurance, while about a quarter
consider them more as an investment. A wide range of spray thresholds for
greenfly was reported, though no basis for this range could be found from
their other responses. In 1977, when there was a very low incidence of
aphids, some farmers appeared to lose confidence in their perceptions of
aphid numbers and sprayed.below their threshold. There is little
dissatisfaction with current advice on pest control, although few farmers

always followed the advice of the spray warning cards strictly, and about a

quarter feel advice is not needed.

The following chapter discusses the implications of these findings
for improving contrel of sugar beet pests, and presents general conclusions

on the study as a whole.
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CHAPTER 'EIGHT

CONCLUSION

In this final chapter thé decisions of farmers in the survey are
compared to those expected on the basis of decision theory, validating
the decision model as a description of farmers' actual decisions. Four
areas for improving pest control decisions are presented: 1) Peréeptions;
2) Options; 3) Objectives; and 4) Rationmality. Examples of the value and
likely effect of improving perceptions are given, and some research and
extension activities in these areas are noted. The chaptér concludes with
a statement on the general usefulness of this approach to other pest

control problems.

8.1 Model and actual farmer decisions

In Chapters 4 and‘5 a‘model'of,pest control decision making basgd on
Vdééision:thebfy‘ﬁaé'iﬁtroduCéa} The deéision wﬁetﬁefvof nbt toféﬁﬁlyrén
in-furrow insecticide such as aldicarb was examined for a range of
decision criteria using 'objective‘ estimates of pest damage and control
effectiveness. In this section the actual in-furrow treatment decision
made by farmers in the sample is compared with. that detgrmined by the
decision model, but using the farmers' individual perceptibns of damage
and control efficiency and their own decision_rulés and constraints. This
is done to show the validity of the model as a description of a farmer's
decision making process, so that in later sections it can be used as the

basis for assessing methods for improving farmers' decisions.

8.1.1. Decision rules
Each of the farmers in the sample can be grouped according to his

general reasons for using insecticides, either as an insurance or an



investment. These reasons give an indication of the deecision eriteria the
farmers would use in making their decisions; insurance and investment
being approximated by the maximin and maximum EMV decision rules,
respectively. In fact, farmers would probably fall along the continuum
between these rules, but as a simplification this sharp distinction is
made. None of the farmeré in the sample appeared to be risk taking to

the extent that the maximax rule would be an appropriate decision

criterion.

8.1.2. Perceived damage and control

In the survey, farmers gave their estimates of average and worst
damage'from the pests they had experienced on sugar beet, along with the
effectiveness they believed their control programme gave against losses
from pests. Since many were unable to compare the effectiveness of

~different control methods, but also to simplify the analysis, keeping in

mind the high insecticide effectiveness that was geherallyﬁeXpected, it is

assumed that the farmers comsider the two broad categories of in-furrow
treatment and foliar sprays to be equal in effectivenss against virus
yellows. It is also assumed that the farmer's perceived effectiveness for
controlling seedling pests with the in-furrow treatment, aldicarb, is as
great as that against yellows, while the foliér sprays are recognized as

too late to be of any effect against seedling pests.

8.1.3. Choice of treatment

The comparative benefits of the two treatments were determined in the
following manner: Since,‘in the farmer's view, it is assumed that foliar
treatments and in—-furrow treatments are more or less equally effective
against aphids and yellows, the less expensive foliar treatments should

always be favoured if aphids and yellows are the only problems encountered.
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However, if there is a possibility of seedling pests, the additional
returns from the use of an in-furrow treatment may be great enough to make
it preferable to usmgfoliar aphicides. The additional returns from
seedling pest control will depend on the anticipated value of the crop,
the percentage damage from seedling pests, and the effectiveness of the
control measures. With the costs, perceived effectiveness, and crop
values for all of the farmers in the sample, any seedling pest damage of
57 or more would be profitable to treat with an in~furrow chemical. The
choices of in-furrow insecticide use made with subjective perceptions by
'insurers' and 'investors' are now compared with the choices expected from

‘objective' inputs into the decision model.

8.1.4. Insurers

As already noted, if the in-furrow and foliar treatments are
;gdnsidered eqpally effectiyg]ggaipgt»yellqwsz‘whilebthg‘in-furrow‘trgatf" 
ﬁent is kﬁéwn to bé-mére é#ﬁensive, fhe lattef Will‘be rejeéted:if ﬁhé"
loss to the beet crop is perceived to come entirely from yellows alone.
Howéver, if there is a chance of more than a few percent loss from seed-—
ling_pests, then in-furrow treatment will be more valuable as an

insurance.

There were 44 farmers in the sample who used insecticides as an
insurance, and all of them had an expectation of worst damage and control
effectiveness that would result in profitable use of insecticides in the
worst situations they envisioned., Of these 44, 25 thought they had a
chance of seedling pest damage of 57 or more, and would therefore be
expected to use aldicarb according to the modél. In fact, only 12 had
used aldicarb within the past three years, while another 4, who did use

it (Table 8.1), would not have been expected to (due to lack of expected
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seedling pest damage).

Table 8.1 Expected and actual use of in-furrow treatment, aldicarb, for

insurers.

Used aldicarb Never used
within past 3 . Total
aldicarb
years o

'Should' use
in-furrow 12 13 25
treatment
"Should not!'
use in~furrow 4 15 19
treatment

Table 8.2 lists the réasons given by the 13 who would have been
expected to use an in-furrow treatment for not in fact doing.so,. In most
cases soﬁeiédﬁStrainﬁhpreveﬁts the’uée deQﬁ in-furrow ﬁfeétménf;”ih
others an alternative control programme, using DDT or y-HCH as required
against seedling pests, is used, while in the four remaining, the use of

the maximin criterion as a working decision rule appears incorrect.

Table 8.3 lists the reasons why 4 farmers use in-furrow treatments
when they would not have been expected to. In all cases in-furrow treat-
ment was thought to be noticeably superior -to foliar sprays alone,
contrary to the earlier assumption that the two treatments would be seen

as similar.

All 12 farmers using in—-furrow treatment as anticipated by the model
recognized its usefulness against possible seedling pest attack, part-
icularly when drilling to a stand. Of the 15 not using in-furrow treat-

ment, and who were not expected to, 10 were satisfied with foliar treat-
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ments alone, 3 were unaware of the in-furrow altermative, and 2 said that
in the future they would consider getting an applicator for aldicarb
because they believed it would give better aphid/yellows control than the

foliar treatments alone.

Table 8.2 Reasons for not using an in-furrow treatment when one would be

expected to be used, for insurers.

Neighbour drills the beet and has no applicator, but would

use aldicarb if applicator were available L
Will get drill with applicator when it is time to replace 2‘
current drill

Tried to purchase aldicarb last season, but it was out of 1
stock

No experience with aldicarb, and no applicator 1
Aldicarb is too dangerous to humans, can use y-HCH if needed 2
Seedling pests not serious enough for use of aldicarb, but 9

‘use occasional altérnative freatment such as DDT or.y-HCH - -
Potential seedling pest damage not really serious enough

for regular prophylactic control (possibly not risk averse . 4
to the extent of using the maximin rule)

Table 8.3 Reasons for using an in-furrow treatment when one would not
be expected to be used, for insurers.

Others use aldicarb and get better results than they did

before using it

Must kill aphids as early as possible, aldicarb guarantees 2
that

Aldicarb 'wouldn't be made if it weren't any good' 1



8.1.5. Investors

Investors are presumed to be mainly concerned with the long term
profitability of insecticide use, their decisions oﬁ in-furrow treatment
being based on the maximum EMV rule. Again, farmers are initially assumed
to consider the two treatment types equally effective against yellows,
with only in-furrow treatment being effective against seedling pests.
Using the maximum EMV rule, the investor is interested in average returns

from treatments, therefore when there is an average loss from aphids or

yellows alone the in-furrow treatment should be rejected, but when thelre
is an average loss from seedling pests greater than a few percent then the

in-furrow treatment will be more profitable in the long run.

There were 16 farmers in the sample who used insecticides on an
investment basis. Of these, 5 had average loss expectations from seedling
- pests of_SZ or more, which would make‘éldicarb use the more profitable
tfeatment. Hdwévef, onlylone of these 5 had actually used in-furrow

‘treatment within the past three years (Table 8.4).

Table 8.4  Expected and actual use of the in—furrow treatment, aldicarb,

for investors.

Used aldicarb
within past 3
years

Never used-

aldicarb Total

'Should' use
in—-furrow 1 4 5
treatment

'Should not'’
use in—furrow 0 11 11
treatment ‘
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Table 8.5 lists the reasons given by the 4 expected to apply in-furrow
treatment for not doing so. There is again a range of constraints and

alternatives.

Table 8.5 Reasons for not using an in—furrow treatment when one would be

expected, for investors.

Borrows drill without applicator, would use aldicarb if that

drill had an applicator 1
Difficult to attach an applicator to the dr111 and in- 1
furrow treatment may be phytotoxic : f
Uses y-HCH, doesn't believe aldicarb is any better, and is 1

expensive
Only recently began drilling to a stand, before then seedling

pests weren't a problem, may have to use aldicarb as an 1
insurance in future

- 0f the 11 not using an in—furrow treatment, as expected, 9 were
satisfied with foliar treatment alone, while 2 said they might consider
using aldicarb Zf seedling pests became a regular problem as a result of

drilling to a stand.

8§.1.6. Summary

Itbappears that all of the farmers in the sample made decisions
concerning in-furrow treatment that were consistent with the decision
model outlined earlier, using their own perceptions, goals, and

constraints,

The problem of defining farmers' actual objectives precisely is the
principal difficulty in this attempt to validate the model. The gross
distinction between insuring and investing seemed the only practical way
of defining goals within tﬂe terms of this study; a much more intensive

investigation of each farmer would have been required to rigorously
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determine goals. However, the simple classification used appears to be
adequate to approximate the farmers' goals, and is satisfactory for a
reasonable working model. This model can now be used to assess the value

and potential effect of improving farmers' decisions.

8.2 Improving decisions

To consider improving farmers' decisionms it is essential to have an
understanding of what the current factors are that are used in decision
making. This stu&y has examined these, from the farmer's Qiew, in fivg
main areas: 1) pest hazard; 2) control actions available; 3) control |
effectiveness; 4) goals; and 5) attitudes to advice. With objective
information on pests and control, information from the survey on the
current perceptions, goals, and constraints of farmers, aﬁd the decision

model, it is possible to investigate and assess potential areas for

improving decisions.

There appear to be four areas in which decisions could be improved:

1. Perceptions

2. Optioms

3. Objectives

4. Ratiomality
Each of these will be discussed in turn, together with suggestions for
research or extension, to illustrate the value of the approach in developing
and evaluating improved pest control programmes. A range of areas of

potential improvement are presented schematically in Figure 8.1,

8.2.1, Perception
Decisions could be improved if farmers' subjective perceptions, of
pest hazard or control effect, for instance, could be replaced by objective

perceptions. 1In assessing the values of programmes to change perceptions

170



TIMING
© CHECK PLOTS
- \ CONTROL EDUCATION
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Figure 8.1 Areas of potential improvement in farmer's pest control decision making.
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three factors must be considered: 1) To what extent can perceptions be
changed?; 2) Will the change'in perceptions cause a change in action?;
and 3) What is the value of such a change? To consider how the last two
may be evaluated, an assessment is made of the potential effect omn
farmers in the regions sampled of two potential information programmes to
improve their perceptions; The first is a scheme to make farmers aware
of the objective, historic probabilities of losses in their area, on
which they could base a long term decision on in-furrow treatment. -Tﬁe
second is a pre-planting forecast of pest attack, to allow a decision on

)

in—furrow treatment each year.

8.2.1.1. Objective, historic probabilities
The effect on control action; of changing farmers' perceptions

of damage and control from those they hold currently to those determined
'pbjgctivelyf”by fieldmen and researche;s“fqr>thei: area cap»be”seenrby
comparing their current actions with those derived from the decision
model when these objective peiceptions are used. In Table 8.6, column 1
shows the current actions of fhe farmers in the sample, categorized
according to theif location and whether they are investors or insurers.
Column 2 shows the number of farmers who would be expected to use or hot
use in—-furrow treatment based on the objective perceptiéns of control

effectiveness and yellows damage alone (from Chapter 5), while in the final

column consideration is also given to seedling pest infestation.

From this table, without taking into account any constraints that
may apply, it appears that 13 farmers would be expected to change their
actions at Ely, and either 6 or 16 at Brigg, depending on whether seed-
ling pests are also considered. Each of the groups, the insurers and

investors, at both Ely and Brigg, will now be considered separately, and
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Table 8.6 The current actions of farmers, and the actions suggested for
'objective' perceptions, with and without consideration of
seedling pests (the arrows indicate the changes associated with

altering perceptions).

. . ti i
Actions with Actions with

Pt .y 'objective'
objective .
Current . perceptions
. perceptions ;
actions of yellows
of yellows .
and seedling -
only
pests

Ely
- Insurers
In—-furrow

No in-furrow

Investors
In-furrow 0 0

(o]

~...No -in-furrow . - .- -

Brigg

Insurers
In—-furrow

No in-furrow

Investors
In-furrow

No in-furrow

* If, in local situations, there was reason to expect an average loss from
seedling pests of about 37 or more then some investors would find it

worthwhile to apply in-furrow treatments.



in more detail.

Ely i

The 24 insurers at . Ely would all be expected to use an in-
furrow insecticide if they held the objective dgmage and control
percep?ions, with or without thought of seedling pests, assuming a maximin
decision rule. At present, only 11 of these use an in-furrow treatment,
50 up to 13 could be expected to change their action, given such new
perceptions. The outcome of changing to in-furrow treatment at Ely isl
shown in Taﬁle 8.7. While the value of the worst outcome increases by '
» £13/ha, this would be at the expense of reducing the EMV by £18/ha, unless

there were additional benefits from controlling seedling pests as well.

Table 8.7 Changes in values associated with changing to an in-furrow

treatment (from Fig. 5.1, Tables 5.6 and 5.8).

Z loss from seedling
pests to be controlled
to break even if
using in-furrow

A Worst
outcome
changing to
in-furrow

A EMV
changing to
in~furrow

(yellows
only) (ziigirs EﬁV Worst
y outcome
Ely -£18/ha +£13/ha i"rzz | -
- . (- 1’ (-
Brigg ~£25/ha ~£8/ha 2v§? poss%gle.

In fact, 3 of the 13 expected to change already hold
perceptions that should result in use of an in-furrow imsecticide, but
they have constraints that prevent them doing so. One considered aldicarb
too dangerous to use, so would be unlikely to change with new perceptions;
one had been unable to borrow an applicator, and the other one had found

aldicarb out of stock when he tried to purchase it. So, of these, one is
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unlikely to change, and two would change regardless of attempts to alter
their perceptions. None of the other 10 farmers, who did not uée in—-furrow
treatment, mentioned any constraints that would prevent them using such
treatments if they thought them to be more appropriate. As a result, up

to 10 of the insurers at Ely might change to the usé of an in-furrow
chemical as a result of béing given objective perceptions of damage and
control. The lack of applicators at present could make such a transition

slow, however.

The 6 investors at Ely would be expected to continue
without applying in—furrow treatment even with objective perceptions.
However, in some localized situation where average losses from seedling
pests are thought to be-greater than 2.57 they might be wise to change

.

(Table 8.7).

| Brigg .

For tﬁe 20 inSurers‘at Brigg the appropriate action is
dependent on consideration of seedling pests, because the wofst objective
loss from yellows alone is not quite sufficient to recoup the cost of
aldicarb treatment (Table 8.7). Even with the worst yellows attack there
would be a loss of £8/ha resulting from changing to an ip—furrow treatment,
unless there was also control of seedling pest amounting to just over 17

loss. In addition, the EMV would be reduced by £25/ha by this change,

unless further loss from seedling pests was also controlled.

When seedling pests are also recognized to occasionally
cause over 1.17 loss, then all insurers at Brigg would be expected to use
an in-furrow treatment, and the 15 non-users could be expected to change

as a result of altered expectations (Table 8.6). By their own perceptions

8 of these 15 should already have been.using aldicarb, but were not



because of other factors. As at Ely, one thought aldicarb too dangerous
to use, and would therefore not be likely to change his action. There
were 4 that thought seedling pests were never serious enough to warrant

aldicarb treatment, which suggests they are possibly less risk averse

than other insurers, and might prefer to wait and apply y-HCH or DDT if a

seedling pest problem did develop. There was one with no experience of
aldicarb, and no applicator, though he could presumably acquire one if he

were more certain, as a result of receiving the objective perceptions,

that such an in-furrow treatment was his best course, The remaining 2;
stated that when it came time to replace their drills they would get new
ones with granule applicators fitted anyway, so their actions would not
change with a change in their perceptions. The other 7 non-users did not
reveal any constraints against their use of an in—furrow treatment. As

a result, it is possible that up to 12 of the insurers at Brigg could be
b ihduéed”t0 Chaﬁge;théir aétions as-é;feéuitfof changinngﬁéif'p¢r¢epti6hsi

of damage and control.

The 10 investors at Brigg would be expected not to use
in—fﬁrroﬁ insecticides because of the reduced EMV that would result
(Table 8.7). The single investor currently using aldicarb, because of his
experience of perennial seedling pest problems is unlikély to be persuaded
that they are not a problem if he has experiénced tﬁem regularly. As a
result there is unlikely to be any change in action as a result of
objective perceptions by investors at Brigg, though in some localized
situations, where there is reason to expect average seedling pest losses

of more than 3.5%, an investor should begin to use aldicarb.

Overall effect

In summary, up to 22 of the 60 farmers, all of them

-

176



177

insurers, could be expected to change to an in-furrow treatment if their
perceptions of damage and control were changed to the objective.ones and
seedling pests were considered as well. All could have reduced EMV's as
a result, but from an insurance point of view such a change could have
considerable benefit; the prevention of a 257 loss due to seedling pests
would be worth £180/ha in'a £720/ha crop. However, this 'insurance' has
an expected cost of about £20/ha per year (£18-£25), though this would be

offset somewhat Zf there were control of occasional seedling pest damage

as well., In some cases with aldicarb there is also an increase in yield
beyond that expected from pest control alone, which could further balance

the insurance cost.

The actual number chanéing to an in—furrow treatment would
probably be smaller than this, as additional constraints could appear,
,'apé‘the_ghapge\could:betgléﬁléipceAi; Wou1d;inv§1vewthe purchase o£i i ”

'aﬁﬁliééférs andiaﬁté&aptéfian ﬁd héﬁ“brﬁcticééfiulf may‘éiga‘ﬁrqvé*ﬁi
difficult for advisory persomnel to alter farmers' perceptions to these
objective views, as suggested, from results shown in Chapter 7, by the
relétiyely large number of farmers who do not appear to be interested in
additional advice, and from the variable response to the spfay wafning
card scheme. In addition, becausé of variation in the infestations of
insects it is possible that some farmers' perceptions of their pest
problems may, in fact, be better than the regional 'objective' for thgir
own farm, in which case altering their perceptions may be counterproductive.
This is a further problem in this type of analysis; it is difficult to
judge the relationship between the regional pest hazard and those of
individual farms within the region. Additional research on this relation-
ship is needed before truly accurate assessments can be made. The time

horizon, on which probabilities are based, can also be a source of
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variability in such assessments.

8.2.1.2. Pre-planting pest forecast
Another way of improving the accuracy of farmers' perceptions
is to provide a pre-planting pest forecast that would predict the level
of pest hazard for that season. An evaluation of the potential usefulness
of such a scheme can also be derived from the decision theory approach,
using both objective information and that obtained from the survey of beet

growers.

If the forecast were for yellows only, it would be exéected,
from the last 10 years' records of losses from the disease (Table 5.1),
to predict that a farmer should use in-furrow treatment only 107 of the
‘time at Ely, and mever at Brigg. It is questiomnable whether farmers would
maintain in-furrow insecticide_applicators for use so infrequently. A
'vpre—planting‘fofeqast‘of yeilows alone-would therefdre probéblywbe.of

‘little use.

However, this ignores the question of seedling pests. If seed-
ling peéts were iﬁcludedbin the forecast as well, it maﬁ prediét conditions
warranting an in-furrow treatment often emough to make it worthwhile to
have an applicatOt on hand for occasional use. However, there is not
enough objective information on likely seedling pest damage to evaiuate
such a forecast accurately. There is some subjective information from
the survey, however. On 20 farms in the sample no seedling pests had been
experienced, and with this as an indication of the future likelihood of
such a problem, a forecast would not be useful for those farms. On the
remaining 40 farms, where at least sporadic seedling pest attack is
expected, the potential value of a forecast would depend on the actual

level and frequency of loss occurring, which is still highly variable and
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not well known.

8.2.1.3. Other areas for improvement of perceptions
While this study has shown the effect and value of changing
perceptions, additional research into the response to advisory schemes
such as the spray warning card system for sugar beet may be useful to
find out to what extent it is, in fact, possible to alter perceptiomns.
This would be a key question to be answered before launching any new

advisory programmes.

The decision analysis has highlighted the need for furthef
research on seedling pests, when they will occur and the level 6f losses
likely from them. Uncertainty over the probability of seedling pest
losses becomes quite important when the,&ecisionvbased on yellows alone

is marginal, as it i1s in many cases. Information on seedling pests also

;Bécdyes;incregs;nglyJiﬁﬁbrtanf7és_;helpractiéé,bf{drilling to a stand

increases, resulting in greater potential losses from these pests.

Several areas of misperception were noted in the results of the
survey, particularly on control effectiveness and the worst damage likely
to occur. It may be possible to correct these by extension work. For

instance:

a) Farmers could be encouraged to leave small untreated strips
in their fields so that they can test a chemical's effect themselves, or

with the help of their advisor.

b) Information on the worst damage likely from various pests,
and the likelihood of economic damage, could be given to farmers, based
on regional observations by fieldmen. The farmer would then have some

objective basis for making a control decision.
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c) Farmers could be encouraged to keep records of thg presence
and damage of pests in their crop, so that they could build up a system—
atic, subjgctive basis on which to assess losses and probabilities for
decision making. This could be promoted by supplying them with printed
forms or booklets to go with their other farm records, and could include
space for recording information for improving other aspects of the crop

as well.

8.2.2. Options

Additional options (Fig. 8.1) that better satisfy objectives, or
involve fewer constraints, could improve the outcomes of decisions; the
“wider the range of choice, the more likely a satisfactory action can be
found for individual situations. When searching for imﬁroved chemicals
and application methods, better varieties, and alternative approacheé to
- ;iQR,“sgph a§iinsurance, fﬁéir;feésibilityvand'pctential-value could first

be tested against conventional practices using the decision model.

The survéy of beet growers showed that some farmers were ndt aware
of such common practices as in-furrow insecticide: treatment on beet.
Extension effort should be directed at giving the grower the widest
possible knowledge of available alternatives, boﬁh.chemical and non-
chemical, to increase the likelihood of the one best suited to his needs

being chosen.

Physical constraints may also be reduced by extension activities.
Hiring out drills with insecticide applicators, as done by some sugar
factories in Belgium, could reduce the difficulty of applying in-furrow
treatment for the small grower, for instance. On the other hand, such
factors as environmental legislation, which are designed to satisfy wider

objectives, can be viewed as setting constraints on farmers' control



options and narrowing the range of options open to them.

8.2.3. Objectives

As noted before, this study has determined é rough estimate of.
farmers' pest control objectives. Further research may be able to show
the implications of these objectives on the overall use of pesticides and
consequently on their impact on wider national goals: fof instance,
reducing pollution, delaying the development of insecticide resistanpe,
or maintaining an adequate domestic food supply. If, on the basis of
these wider goals, it is thought neceséary to try to change farmers'
objectives, this could be attempted through programmes that point out the
more general and long-term implications of pesticide use, possibly bringing
into play other, broader objectives that the farmer may have. In
practice, legislational and institiutional changes may be most effective -
in accompli;hing this, though»discuggion_of_this aspect is beyond the

limits of this thesis.

8.2.4. Rationality

. While the farmers interviewed all appeared to make pest control
decisions on a rational basis there may be scop; for improving the
decisions, or making them easier, by clarifying the process for the
farmer. This may be possible by providing them with an example of the
step—by—step procedure used, for instance, in Chapter 5. An advisory
leaflet illustrating the decision problem with a decision tree, and with
a practical example using objective information on sugar beet pest control,
could point out to the farmer the kind of information he needs to have
in order to make good decisions. He could then set about systematically

estimating his losses, effectiveness, costs, etc., in conjunction with the

objective information provided, and make his decision as a result. Also,
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in some cases, confronting a sugar beet grower with the objective inform-
ation on the cost and effect of his insecticide as an insurance, or
conversely on the.potential loss without it, may cause him to reconsider
the viability of his objectives. As a result, the farmer could practise
decision making in a more logical and structured manner, and may be more

likely to search for objective information.

8.3 General usefulness of the approach

This thesis has shown that a relatively simple decision model can
describe the farmer's decision process and can be used to suggest areasi
for improvement in sugar beet pest control. In addition, this type of
study would be directly applicable to other crop and pest problems in
which evaluation of information or control options is wanted. It can
also serve to identify sensitive areas in pest control decisions where
»_hadditional,rgsgarch;isfneeded, and new develdpmentslin technological, .

“cultural, and economic responses can be evaluated as well, using the
decision model to test how well they will meet the farmerfs needs and

expectations.

The underlying premise of this work has been that it is necessary to
know what and how the farmer thinks about pest control in order to improve
pest control decisions. Eecause it is farmers who are the ultimate users
of pest control it is essential when designing pest contrél programmes
and conducting research that the farmers' objectives, perceptions, and

constraints be kept in mind from the beginning.
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" APPENDIX

SUGAR BEET PEST SURVEY

QUESTIONNATRE
Farm No.
Position
Total arable acreage
Crop 1977 1976 Rank
Acreage Yields (income)
(and avg.)

Has this cropping pattern been used regularly over the past three

years?

If there have been any recent changes, what are they and what are the
reasons for them?

Why do you grow sugar beet?

Do you keep any livestock, and if so, the type and number?

What is the predominant soil type on the farm?

How does beet growing affect the labour needs and uses on this farm?

What yield of beet do you consider necessary to break even?



Farm No.

10. Pests experienced on beet:

All
Pests

11. How often is it necessary to apply chemicals against these pests?

always

often

sometimes

rarely

never

12. Occurrence of pests (years in 10):

13. Damage ratlngs (7 loss ‘range, if not controlled on thlS farm)

(A-avg loss, B—worst 11kely'loss, C—thls year s expected loss)

0-107

11-20

21-30

31-40

41-50 e

51-60

61-70

71-80

81-90

91-100

14. If this year's expected loss is different from the average for any
pest, why do you think it will be different this year?
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15.

16.

17.

18.

19.

20.

Farm No.

Do you try to reduce beet pests by any other means than chemicals?
I1f so, what do you do?

What chemical control methods did you use against beet pests in:
(with rates, and for sprays, the number)

1975 1976 1977

Pre-emergent

Post—emergent

If any changes above, what are the reasons for changing?

Why did you choose thése'particular chemicals?‘.'

Do you use any of the chemicals for controlling beet pests on any
other crop pest problems? If so, which?

What has been the cost of your control programme against beet pests

this year?

pre—emergence post—emergent

cost of chemical

man hours in application

equipment type (other use)

if by contract, price

199



21.

22.

23.

24.

26.

27.

28.

29.

30.
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Farm No.

" How much loss from beet pests do you estimate is prevented by your

current chemical control methods?

What factors affect your chemicals' effectiveness, and how variable
is their control?

Apart from the chemicals that you use, what other chemicals could:
you use against beet pests? ‘

If any, why don't you, or why can't you, use them?

‘Howfmuchpruid‘they édstzl’fl;x;'

How effective do you think the other control methods available are?

Why do you use (or not use) insecticides?

How do you decide whether or not to use pre-emergent chemicals like
Temik or Dacamox?

How do you judge whether an insecticide you are using is worthwhile?

How effective must an insecticide be to be satisfactory for your use

on beet?



31.

32.

33.

34.

35.

36.

37.

38.
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Farm No.

What influence does the price of the chemical have on the effective-
ness you can accept, if any?

Are you satisfied with the chemicals that you use now?

Why?
When do you buy your insecticides? pre—emergent
What 1is the delivery time? post—emergent

Who supplies your insecticide (dealer, rep, etc.)?

How helpful are the suppliers of your chemicals in giving'infdrmétion
on the benefits and problems likely to result from the use of
chemicals?

Do you find the information on pests and controls available to you
adequate to make a satisfactory choice about how to control beet
pests?

Where else, other than the BSC and chemical suppliers, do you get
information on pests and controls? If any, what kind of information
is received?

Have you ever sprayed before, or without, receiving a spray warning
card? If so, how do you decide to spray?



39.

40.

41.

42,

Farm No.

Have you ever not sprayed after receiving a warning card?

1f so, why?

Do you think the spray warning card system is useful?

What kind of advice would you find most helpful from advisors about
pest control? ' ‘

What do you think is the solution to the problem of virus yellows on
beet?
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