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ABSTRACT 

The problem of pest control on sugar beet is discussed in the context 

of decision making in response to natural hazards in general. The 

production of sugar beet in England, its pests, and the control methods 

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 controls; 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 Humberside 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 value 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 decision making 

in four areas: perceptions; options; 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 describes 

the production and economics of the crop. The pests are introduced in 

Chapter 2, with the emphasis on virus yellows and their 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 a whole, and specifically in the Ely and Brigg`sugar factory areas, 

representative of southern and northern beet growing regions, respectively. 

In Chapter 3 the methods of controlling beet pests are discussed. 

Since chemical insecticides 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 management problem is first illustrated 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 
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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 decision 

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 elements was collected, along 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, Chapter 

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. 
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CHAPTER ONE 

SUGAR BEET  

This chapter provides an introduction to the beet sugar industry and 

the production and economics of the crop, as a background to the study of 

pest control on sugar beet. Beet is an important arable 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, mostly 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 beet sugar production began in Europe and North America 

during the 19th century, but was slower to start in Britain because of 

readily available supplies of cane sugar from the Empire (Anon., 1975). 

Commercial production of beet sugar began in Britain in 1912, with the 

opening of a factory at Cantley, Norfolk. In 1925 the government 

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 Worlr 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 

approximately 25% of the shares, and has three representatives, including 

the Chairman, on the Board of Directors. The remaining 75% of the company 

is in the hands of private investors. 
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individual growers 

,J~ ~ J J %- 

Map 1.1 Distribution of sugar beet acreage, expressed as a % of total 

arable acreage, after Dunning and Davis. (1975). 
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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 agricultural 

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 consolidating, there 

has been an increase in the size of the average contract area, reaching 

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 tonnes of refined. sugar. The 1978 basic contract price is 

£20.98/tonne of clean beet at 16% sugar content, delivered 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 
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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 its 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 usually 

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 orderly delivery 

of the beet to the factories during the processing campaign. 

The industry promotes such research on agricultural improvements for 

the beet crop. As well as the British Sugar agricultural staff, which 

conducts numerous field trials, the Sugar Beet Research and Education 

Committee (S.B.R.E.C.), a government organized body, also administers 

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 Advisory Service (ADAS) also conducts some research and 

offers advice on sugar beet growing, with many other research establish-

ments contributing as well. In 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 
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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 typical 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). 

0 

 

Month hr/ha  

7.1 

Activity  

March 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 

August 

September 	4.4 	harvest; loading 

October 	15.6 	harvest; loading 

November 	18.2 	harvest; loading; ploughing 

December 	2.7 	loading; ploughing 

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 are 

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). 

Table 1.2 Total variable costs and gross margins for severalcommon 

arable crops, after Nix (1976). 

Crop Total variable 
cost (f/ha) 

Gross margin 
(£/ha) 

Sugar beet 210 490 

Winter wheat 77 260 

Barley 66 217 

Main crop potatoes 630 690 

Oil 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) . 

(E/ha) 

Year 
Yield 
T/ha 

Gross 
output 

Seed Fertilisers Sprays Others 
Total 

variable 
costs 

Gross 
margin 

1973 37.8 364.7 12.1 40.8 15.8 41.0 109.7 255.0 

1974 21.0 265.9 13.1 44.7 22.5 33.3 113.6 152.3 

1975 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 yields in 1977, as climatic and 

disease factors became more favourable again. Thompson estimated the 

gross revenue for beet in 1977, based on a predicted yield 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 
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expand their beet production, while those with heavy land, where 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 advisory programme to assist farmers and the 

industry, who are jointly committed to improving the crop. While beet has 

fairly high labour requirements, these are lessening due to technological 

developments, and 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. 
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CHAPTER TWO 

SUGAR BEET PESTS 

This chapter describes the pests of sugar beet in Britain, concentrating 

on the principal pests, viruliferous aphids. The relative 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 pests in Britain. 

Jones and Dunning (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, 

primarily the peach-potato aphid, or greenfly, Myzus persieae (Sulzer), 

and secondarily the black bean aphid, or blackfly, Aphis fabae (Scopoli) 

(Dunning and Davis, 1975). Nematodes, particularly the beet cyst eelworm, 

Heterodera shactii Schmidt, are reduced by mandatory crop rotation 

programmes and so cause little actual damage, though the rotation order 

can be the limiting factor on the acreage of beet on some 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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5.93 

1.64 

.93 

83 .04 

.04 

20 	.01 

Virus vectors 

Flea beetles 

Mangold fly 

Leatherjackets 

Wireworms 

Sugar beet_ eelworm 

Slugs 

10,530 

2,916 

1,660 

142 	.08 

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 
loss 

Percent 
loss 

10 

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 briefly 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 5% of crop area, 1975  

Material* 
	

Primary pest or disease to be controlled 	 % of surveyed 

	

(1-5: area treated in decreasing order) 	 acreage 

Docking 
disorder 

Millepedes ' 
Other soil- 
inhabiting 

pests 

Flea 
beetle 

Aphids 
or 

virus 

Aldicarb 3 4 2 5 1 26.7 

Oxamyl 4 3 2 1 1.3 

Gamma BHC 2 1 • 3 6.5 

DDT 2 1 1.1 

Demephion 1 1.1 

Demeton-S- 
Methyl . 

1 81.7 

Dimethoate 1 16.2 

Formothion 1 3.8 

Oxydemeton- 
Methyl 

1 3.8 

Phosphamidon 1 4.1 

Phorate 1 4.1 

Pirimicarb 1 16.9 

Thiometon 1 2.7 

% of Surveyed 
acreage 

2.6 4.5 5.1 0.9 86.0 

* Telone or DD, disulfoton, menazon, metaldehyde and methiocarb also used but each on less than 1% of surveyed acreage. 



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-free 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 crop, 

an epiphytotic. 

HEALTHY 
BEET 

 

INFECTED 
BEET 

 

i 

IMMIGRATION 

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 

1 
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APHIDS - 
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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 phytopathologists. The 

proportions of the two diseases in the field vary from place to place and 

year to year, with the mild yellows virus causing slightly less loss to 

the plant, although spreading much more rapidly. It is possible for a 

beet plant to be infected by both viruses simultaneously, with each virus 

contributing to a loss in yield. The actual damage relationship between 

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

BYV is not seed transmissable, and resistance to transmission by 

mechanical contact with infected sap is so great that it can be discounted 

as occurring in the field (Bennett and. Costa, 1954). Similarly no evidence 

for seed or mechanical transmission of BMYV has been presented. Various 

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 et 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 Al. 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. 
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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. 

14 

BYO 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 reported 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 Netherlands (Hille 

Ris Lambers, 1955). However, exposure to temperatures below 0°C, 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 Summary of transmission of yellows viruses by M. persicae. 

Acquisition 	Retention 	Inoculation 
period 	period 	period 

BYV 

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

Costa, 1954) 

Optimal 	18.5 hr 	- 	8 hr 
(Sylvester, 1956) 	(Sylvester, 

1956) 

Max. observed efficiency of transmission 	82% 
(Roberts, 1940) 

% aphids infective after being reared on 
	

27% 
infected sugar beet 
	

(Cockbain and 
Heathcote, 1965) 

BMYV 

Range 

Optimal 

1 day + 	up to 9 days 

3 days 

(all after Russell, 1962) 

2 hr + 

3 days + 

Max. observed efficiency of transmission 	100% 
(Russell, 1962) 

% aphids infective after being reared on 
	

75% 
infected sugar beet 
	

(Cockbain 	and 
Heathcote, 1965) 



All stages 
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Viviparous 
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Winter 
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July/August 	 May/June 

Figure 2.2 Life cycle of. M. persicae. 



produced during some winters, even in the open (Davies and Whitehead, 1935; 

Broadbent and Heathcote, 1955), while hard winters cause reductions in the 

population 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 hosts in Britain (Broadbent, 1949). 

2. Mangold clamps (Broadbent 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 aZ., 1965). 

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 et aZ. (1975) stated 

that few M. persicae overwinter in the east or north of England in cold 

winters, while many spring migrations start from infestations 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 (slate) 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 ca., 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 parthenogenetically, and produce a wingless (apterous) generation 

that replicates itself many times during the summer. In July or August, 

an elate sexual generation is produced which leaves the crop for the over-

wintering sites (Broadbent, 1950). Hence, M. persicae is rare in August 

on all its hosts, but increase in abundance in September on their spring 

hosts (Broadbent, 1953), so completing the cycle. 

A. fabae has a very much simpler life cycle (Jones and Dunning, 1972) 

(Figure 2.3). It overwinters only as eggs on spindle trees (Euonymus 

europeaus L.) or sterile guelder rose (Vibernum opulus roseum L.). 

Several apterous parthenogenetic generations occur on these hosts in the 

spring before 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 
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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 increase; and finally 

3) a slowing down as the proportion 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 

75 

0  50 

25 

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). 
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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 amount of that inoculum will affect the subsequent spread, as the 

disease will radiate out from each infected plant as aphids move from 

plant to plant (Ribbands, 1963). The distribution of inoculum is 

important, since the more uniform the distribution the less likelihood 

there is of expanding infected patches overlapping and so slowing the 

spread to uninfected plants (Gregory, 1948). And the actual rate of 

spread determines the level of disease eventually reached after the 

initial inoculum is distributed 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 the level 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 P%% 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 a crop infected with virus yellow. 



predict, in May, the percentage yellows at the end of August. This. 

prediction has proved quite accurate in many years, but it is not perfect, 

for it dramatically underestimated the outbreak of 1974, and has also 

overestimated the actual level of yellows, as in 1967. 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 30% August yellows, when 80% actually 

_'became infected) was still a sign of a worse than average epiphytotic. 

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. 
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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 2.7% per week of infection with virus yellows, and 

an average loss in value of 3% 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 (%Y) is estimated at 

the end of June, July, August, and September, and then multiplied by the 



respective number of weeks till mid-October, and summed as follows: 

IPW = 14 (June %Y) + 10 (July %Y-June %Y). + 6 (Aug. %Y-July %Y) 

+ 2 (Sept. %Y Aug. %Y) 

= 4 (June %Y) + 4 (July %Y) + 4 (Aug. %Y) + 2 (Sept. %Y) 

Thirty years ago Watson et al. (1946) determined that the loss from 

yellows was about 5% 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 that 

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 3% of the crop value 

per 100 IPW units, as follows: 

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

A relatively accurate IPW index, can be estimated from observation, and 

the potential revenue can be based on average yields, so reasonable loss 

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 fieldmen 

each year. Certain fields in each factory area, 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 treated 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 England 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 wayof expressing the severity of epiphytotics of virus 

yellows is the percentage of plants infected at the end of August. Hull 

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 

of Britain over the last 30 years, but after considerable effort a 

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 comprehensive 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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1970 

Table 2.4 Monthly yellows estimates from S.B.R.E.C. Reports (% loss 

based on 3% loss per 100 IPW, after control). 

National Average Virus Yellows Incidence, 1962-1977 

June 

Specific field estimates 

July 	August 	Sept. IPW % Loss 

0 0 2 5 19 1 

0 0 1 3 13 0 

0 1 2 3 18 1 

0 1 5 7 38 1 

0 2 6 9 51 2 

0 2 5 7 43 1 
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Year 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1971 0 0 1 3 12 0 

1972 0 1 2 5 22 1 

1973 0 6 12 14 97 3 

1974 42 66 76 589 18 

1975 0 6 36 59 290 .9 

1976 9 18 24 160 5 

1977 0 0 1 2 7 0 



1 0 2 8 1977 

5 

26 

15 

5 

0 

Year June 

Specific field estimates 

July 	August 	Sept. IPW 

1968 0 1 5 7 39 

1969 0 0 2 3 16 

1970 0 0 2 ' 	4 16 

1971 0 1 2 2 12 

1972 0 1 4 14 45 

1973 0 11: 20 29 180 

1974 0 76 94 96 876 

-1975 2 20 66 66 484 

1976 	1 	8 	15 	;28' 	151 

% Loss 

1 

0 

0 

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 
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0 

0 2 0 

1975 —  

1976 

1977 

54 

12 	17 	108 

0 

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

based on 3% loss per 100 IPW, after control). 

Brigg Factory Area Virus Yellows Incidence, 1968-1977 

Specific field estimates 

Year June July August Sept. IPW % Loss 

1968 0 1 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 0 5 0 

1974 0 6 11 18 102 3 
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6 

1957 - 45 

1976 - 18 

1977 - 1 

1956 - 3 	1966 - 

1967 - 

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) 
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1968 	- 4. 

1969 	- 2' 

1970 	- 2 

1971 1 

1972 	- 2 

1973 	- 11 

1948 - 18 	1958 - 14 

1949 - 48 	1959 - 16 

1950 	14 	1960 	16 

1961 - 21 

1962 

1953 - 6 	1963 - 2 

1954 - - - 	g 	1964 	- 	2 . 	1974' 	66 

1955 - 7.._ 	1965 	5 	1975 	
37 

1951 - 4 

1952 - 22 2 

while the leaf pests are exogenous, and hence less predictable. All these 

pests of seedlings 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. 



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 3% of crop value per 

week of infection with the virus, with very severe losses 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. Therefore, 

the controls discussed in the next chapter are necessarily applied with 

considerable uncertainty about the extent of pest attack that will 

eventuate. 
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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 must 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 a 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 
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'.profitable in recent years and the area -actually treated. 

3.1 Non-chemical control methods  

There are a number of non-chemical control practices which can reduce 

the losses 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 



British Sugar, to protect the root grower. Early planting 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 good farming practice, 

it may be affected by such 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  

Chemical insecticides are in widespread use on sugar beet in Britain 

(Dunning and Davis, 1975). Figures 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 insecticidal 

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 pre-emergent granules continued to 

increase, to 47% of the crop. In 1975 and 1976 almost all sugar beet was 

treated with insecticides, often more than once, again implying that 

chemical insecticides are the principal defence against aphids and viruses 
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Figure 3.1 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 notional 1977 prices). 



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, 
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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 leaving 

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, 



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 evident that an aphicide 

cannot be 100% effective in preventing the virus being introduced into the 

crop, even in theory. In practice, experimental trials have shown 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 plant. 

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 effectiveness 

2.3.1. Post-emergent (foliar) aphicides 

Many experimental trials have been performed 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 DS'M. 

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 dates 

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 7% yellows infection at the end of September were used in the 

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

37 



Table 3.2 Effect of DSM spraying (from Hull and Heathcote (1967)). 

Yellows incidence 1954-1966, and percentage decrease with spraying 

No. of 	 Trials with > 7% infected plants at end of September 
trials 
with 	% 
> 7% 	trials 	Average 	% yellows (I.P.W.) 

yellows 	with 	I.P.W. 	decrease with spray 
No. of 	at end 	> 7% 	unsprayed 

Year 	trials 	of Sept. 	infection 	plots 	Early 	Late 	Early + late 

1954* 22 12 
1955 16 9 56 
1956 16 1 6 
1957 20 20 100 
1958 13 8 62 
1959 20 16 80 
1960 2 2 100 
Mean - - 67 

1962 101 27 27 
1963 17 2 12 
1964 18 1 6 
1965 17 7 41 
1966 15 7 47 
Mean - - 20 

111 58 48 71 
106 22 41 60 
721 26 14 36 
256 60 38 70 
450 55 45 60 
759 25 49 
401 41 39 59 

Early 'Warning' Late 

84 19 44 28 
112 6 7 
75 10 39 24 
98 23 24 2 
152 61 71 45 
104 24 37 25 

* Yellows was not estimated sequentially on these trials 



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 
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Mean 	Proportional yield of 
yield of. 	roots (unsprayed = 100) 
unsprayed 

plots 
in/acre) 	Early ` 	Late 	Early + late Year 

No. of 
trials. 

harvested , 

1957 18 14.10 110 103 113 
1958 10 17.95. 107 105 108 
1959 15 15.85 121 120 124 
1960 1 12.10 122 127 133 

These results, and similar ones for other chemicals and other 

trials, are summarised in Table 3.4. In 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 than 50% 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 



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 be made. For a single 

spray of DSM or pirimicarb (the foliar aphicides that account for most of 

the spraying), it seems reasonable to expect an average reduction in 

yellows of about 27%, while for double sprays slightly better results 

should be expected, possibly an average reduction of about 40%. In fact, 

a range of results, depending on conditions, will occur, but it is not 

possible to accurately assign any probabilities to such ranges. 

3.2.3.2. Pre-emergent (in-furrow) insecticide 

Resu1ts of:trials with aldicarb, the. principal in--furrow treat-- 

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 

additional DSM treatments. Aldicarb alone, at 8.9 kg/ha (10 lb/a), the 

highest rate, reduced IPW by 0% to 55%, and gave an average reduction of 

33%. With a later supplemental spray of DSM the range was 0-64%, 

averaging 39% yellows reduction. These were on sites with untreated IPW's 

of 76-585, averaging 380. Yields increased an average of 11% 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 yellows in their 

controls and no reduction in yellows was obvious from a later spray of DSM 

in these plots either. 
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Table 3.4 Reported effectiveness of various insecticides at reducing 

Foliar 

virus yellows IPW. 

Insecticide IPW 
reduction 
(avg.) 

Source 

	

DSM lx, 1955-1966 	37% 	1) Hull and Heathcote (1967) 

	

lx, 1975 	12 	2) unpubl. BSC rept. (1976) 

	

1975 	37 	3) Smailes (1978) 

	

1975 	 26 	4) Dunning and Winder (1976) 

	

1976 	25 	3) 

	

2x, 1955-1960 	55 	1) 

	

2x, 1975 	28 	2) 

34 	4) Demephion, 1975 

Pirimicarb, 1975 	32 	4) 

1975 	44 	3) 

1976 	18 	3) 

Ethiofencarb, 1975 	37 	 3) 

1976 	21 	3) 

Menazon, 1975 	29 	4) 

Dimethoate, 1975 

Phosphamidon, 1975 	10 

Thiometon, 1975 	7 

Formothion, 1975 	8 	4) 

Pre-emergent 

Aldicarb, 1975 	33 	2) 

Aldicarb + DSM lx, 1975 	39 	2) 

16 4) 

4) 

4) 



Disregarding the plots without sufficient yellows infection, 

average reductions in virus yellows of around 35% may be reasonable. 

Dunning and Davis (1975) stated that the effect of aldicarb or thiofanox 

is usually no better than one or two foliar sprays against yellows, and 

that their effect will last until mid-June. For aldicarb and one spray, 

a reduction in yellows of about 50% 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 Davis, 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 

insecticides can be more convenient to many growers since they do not 

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 sprays 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 beet, as 

the equipment, and in many cases, the aphicide itself, is the same on both-

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 row unit, the cost per hectare depending on the 

amount of use it receives. For instance, on a farm with 15 ha of beet, 

such an applicator, if it lasted 10 years, would cost E2/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. 	available chemical 

controls, their effectiveness, and costs have been 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 % 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 40% and costing 

£5/ha each for materials and £2.20/ha for each application, the net return 
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for a potential loss of 5% is zero. Under these circumstances, a single 

spray with the expected efficiency of 27% would return £2.50/ha. So, to 

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

a potential loss greater than 5%. 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. Heathcote (1978b) estimated that in the 

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

their cost, on average. 

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

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

have been profitable to spray. Heathcote (1978b) presents figures on the 

percentage of the beet crop with greater than 20% August yellows for 

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

the crop actually treated with aphicides in those years. 

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

1975, after Heathcote (1978b). 
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Year August yellows 
over 20% Sprayed. 

1970 1.4% 64% 

1971 .3 24 

1972 3.6 28 

1973 17.5 78 

1974 85.7 85 

1975 70.7 91 

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



table that there was considerable over-treatment. Only 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 with 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 against' 

sugar beet pests, both chemical and non-chemical. The former are the 

principal defence against beet pests, and include twenty compounds, 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 

illustrated, showing the need for early application. The efficiency of 

both pre-emergent and post-emergent insecticides in reducing virus 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 of aphicides against virus yellows vectors would 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 problem. 

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 means of describing 

the problem and choosing solutions. Adjustments to uncertainty are 

discussed, for both 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 considerable 

investment. Chapter 2 described the effect of pests, particularly the 

greenfly that transmits virus yellows, in causing a reduction in crop 

value. This loss was shown to be variable from year to year, so that the 

farmer cannot be 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 discussion 

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 



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 decisions 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 applied by some 

farmers, where, for instance, the first two sprays have not proved 

effective for one reason or another, generally they are no 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 and 

consider what options will be left open to him once that decision is made. 
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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 



No in-furrow 
treatment No second 

foliar treatment 

No foliar 
treatment 

One foliar 
treatment 

No foliar 
treatment 

In-furrow 
treatment 

Two foliar 
treatments 

One foliar 
treatment 

Figure 4.1 Simplified decision tree illustrating series of decisions in beet yellows control. 



risk is one in which each action under consideration leads to a set of 

outcomes that have known probabilities. There are no implications 

concerning desirability of the events in this particular 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 happened after the event. 
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In the strict, economic sense, pest control decisions are not risk 

situations either. .The probabilities associated 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 confidence 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. In the 

last decade decisions on responses to natural hazards have been extensively 



studied, and provide a practical basis for the approach to this class of 

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 natural hazards, such as earthquakes, floods, and 

illness (Norton and Conway, 1977); they are events that 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 occur. 

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: 
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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 



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, =1, 2 ... n. 

2. The possible actions, a., j=1, 2 . . m. 

3. The possible outcomes of these actions, r.. 

4. The utilities of these outcomes, U( .~, which can be 

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 

El, £5, and £10. The states of nature pertaining to natural hazards, 

however, are generally continuous, loss can be spread over an entire 

range ofvalues, from no loss to complete devastation of a crop, for 

instance. Because of the small differences in value of some of these 

losses, or, as is sometimes the case with insect damage, the difficulty 

of estimating loss accurately, 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. 
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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 

s1 	s2 ...  sn  
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Figure 4.2 Outcome matrix. 

4.2.2.4. Utility 

Utility is a measure of the desirability of an outcome to an 

individual; it is simply an individual's subjective rating of an event 

(Halter and Dean 1971; Luce and Raiff a, 1967), which can vary considerably 

from person to person, according to his preferences. In addition, 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 utility. Utility 

functions that incorporate any of these three responses in various parts 

of the outcome range are possible. 

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(r)  > U(r ),  if r
1 
 is preferred to r2. 

1 	2 

2. The utility of a set, R, of outcomes r1, r2  which will occur 

with probability p, 1-p, respectively, is equal to their 

weighted sum. 
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U(R)  = pU(rl) + (1-p) U(r2). 

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: 

1. (Order) Either R1  > R2, R1  = R2, or R2  > R1. Outcomes are 

either preferred, equivalent, or not preferred. 

2. (Transitivity) If R1  R2. and R2  R3, then R1  . R3. 

3. (Continuity) If R1  > R2  > R3,  then there are probabilities 

p such that the prospect of R1  with probability p, and R3  with 

1-p-+ iseither preferred to R2, or not preferred to. R2. 

32 p 1-p) or R2. >.(R1, R3- p, 1-p) . 

4. (Independence of irrelevant alternatives) If RI  > R2, and R3  

is another set of outcomes, then (R1, R3; p, 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 
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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 decision 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: 

I) The rule of maximising expected monetary value (EMV). 

2) The maximin rule. 

3) The maximax rule. 

These three decision rules are related to the three utility functions 

shown in Fig. 4.3, and are determined by the relative values of the 

marginal utility (the rate of change of the utility function) over the 

range of values of the outcomes. Figure 4.4 shows the marginal utility 

functions (the first derivative of the utility function) associated with 

three Utility functions from Fig." 4. 3, and the respective decision 

criteria that approximate them. 
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low 	med 	high r(f's) 

Outcome 

Figure 4.4 Marginal utility functions, with decision rules approximating. 

each. 



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 most 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 ENV rule is for those who are indifferent 

to risk, they look for the best outcome over the long run, regardless of 

same 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 decision, 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 produced 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. 
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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 environmentalists. Each of these can place 

constraints on the farmer's actions through the quality they demand, the 

competition they engender, and the legislation they enact. 



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 ai. (1968), discussing responses to 

geophysical hazards, describe two forms of adjustment to risk: the 

technological approach and the social or behavioural 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 technological efforts 

that reduce the frequency and magnitude of hazards are generally the most 

favoured, as they can provide real reductions in the hazards 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 substitute a different hazard in the future, although this may be 

satisfactory and welcome to many people. Alternatively technology 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 crer 

more people, reducing it for the individual. Similarly, an individual 

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, 1976). 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 long 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 injury level (Stern et al., 1959) and the 

economic threshold (Headley, 1971), which are compared by Southwood and 

Norton (1973). Stern's economic injury level is the lowest level of pest 

population that causes damage such that the cost of control is less than 

the revenue. gained from that control: 

(s (a)) 	(s (a)) 	
Y(5)  .L 

(s). 

	

where C
(a) 
	is the cost of control action 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 with control 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: 

C(a)  - C(a-1) - Y(s(a)) P(s(a)) - Y(s(a-1)) (s(a-1)) 

where C 
(a-1) 
	is the cost of the next lower level of control to a, 

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

a-1, 

P(s(a-1)) is the crop price with control a-1. 
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Hillebrandt (1960a) defines the optimum application rate of pesticide in 

the same way, where marginal cost equals marginal revenue. 

The basic difference is 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 Norton, 1973). Each of these functions is the 

product of several sub-functions: the damage function is made up of a 

pest numbers/crop injury function, a crop injury/yield function, and a 

yield/revenue function; the control function is formed by a control cost/ 

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

generalized damage and control functions are shown in Fig. 4.5a and b. 
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Figure 4.5a and b Generalised damage and contol functions (after South-

wood and Norton, 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) introduce 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 

thoroughly researched pest and control problems in Britain, yet in 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 of 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 mentions cost/benefit, but points out that 

the probability of achieving, or the risk of not achieving, a certain 

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 action 

(the most probable outcome has the lowest degree of potential surprise). 

She suggests that, for a given desired profit level, 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 actions 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 
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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. Baguet et al. (1976) determine the value of a frost forecasting 

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

(1976) use it to model the decision processes for gypsy moth control to 

determine the information requirements for a systems model. The latter 

do not mention risk, however, which seems a significant omission in their 

analysis. Baguet and his colleagues consider risk by using utility 

maximisation, rather 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 experi-

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 pest control decisions. As Carlson 

pointed out, it includes uncertainty directly, in the use of probabilities 

for the various states of nature. In addition, it more realistically 

describes the farmers' 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 

providing a similar framework in which to compare the elements of farmers' 

real decisions with objective, experimental information. 

4.5 Perception of information  

In theoryit 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, particularly floods, has 

shown the importance of the decision maker's perceptions, rather than real 
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information. White (1961) gave as elements in the choice of responses to 

flood hazard the estimate of the extent of the hazard, the range 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 situations. 

People recognize hazards differently, as Burton et al. (1968) 

discovered, again in relation to floods. They noted particularly the 

discrepancy in perceptions of people living in flood plains, but not 

professionally involved with floods, with those of professional 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. 

Burton et al. found a strong positive relation between 'the .perception . 

of hazard and the action taken in response. This appears quite rational, 

and similarly farmers with expectations of severe 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 not use insecticide, while 17% of 

those expecting no problem used insecticides anyway. 

Kates (1970), discussing hypotheses on responses to natural 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 



economic desirability within a perceived time horizon). 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 effectiveness of these measures. 

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

Maxwell allude to the possible conflict of interest that situation allows. 

For sugar beet in Britain, however, British Sugar would be expected to be 

the major source of information on beet pest control, as well as all 

other aspects of beet production. Because they are not in the pest 

control business there is less chance of biased information affecting the 

farmer's perceptions regarding beet pest control. However, all inform-

ation, whether true, biased, or wrong, must be received and interpreted 

by the farmer, and 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 approach to analysing 

the problem. Pests were viewed as natural hazards, and the literature 

on adjustment to natural hazards and pest control economics was briefly 



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 an in-furrow treatment against virus transmitting 

aphids. Initially, 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 thein furrow treatment 

decision: 1) it is the first, and so least certain., decision,. and all 

later actions 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 decisions 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 40% control was achieved in those 
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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. 

Year 

Potential losses %. 

Ely 	Brigg 

1968 1 3 

1969 0 0 

1970 0 0 

1971 0 0 

1972 1 0 

1973 8 0 

1974 43 5 

1975 25 13 

1976 8 5 

1977 0 0 

avg. 9 3 

On the basis of these figures the losses expected at Ely can be 

expressed in terms of three broad classes, for convenience and simplicity: 

0% loss (0-5%), with a probability of .6, about 15% loss (6-25%), with a 

probability of .3, and 45% loss, with a probability of .1. This gives an 

average, or expected, loss of 9%. 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% loss, with probability .1, giving an expected loss of 1.5%, 

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 assessing probabilities for 

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-

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

ment (Fig. 4.1). As noted earlier, additional treatments are sometimes 

applied, but since no more than two are recommended, only these will be 

considered here. To begin with, the decision will be observed with just 

two possible actions, no treatment and an in-furrow treatment alone. 

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. 
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Table 5.2 Cost and average effectiveness of control actions. 

Treatment 

a11 	
None 

aZ2 	One foliar 
treatment 

a13 	Two foliar 
treatments 

a21 :In-furrow 
treatment 

a22 	
In-furrow 
+ one foliar 
treatment 

Est. cost 
inc. appl. 
(£/ha) 

0 

8 

16 

27 

35 

Avg. % reduction in 
yellows losses 

0 

27 

40 

35 

50 
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5.1.3. The possible outcomes 

The outcome from a given state of nature and action is determined by 

the following equation, which gives the net revenue (total revenue less 

control costs) for the beet crop: 

Net revenue = Undamaged crop value x (1 -(% Loss/100 x (1 - % Control/ 

100)) - Control costs 

In Chapter 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 actions, this equation 

yields the outcomes shown in the monetary payoff matrix (Table 5.3). This 

shows, for example, that if in-furrow treatment, a2, is applied when 

there is a 15% potential loss from yellows, the farmer will obtain a net 

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



treat 

action 

Table 5.3 Monetary payoff matrix for Ely. 

Outcomes 
(£/ha) 

s  1 

0% 

(.6) 

States of nature 

s2  

15% 

(.3) 

s3  

45% 

(.1) 

Loss 

(prob) 

a1  

a2  

(No treatment) 

(In—furrow 
treatment) 

720 

693 

612 

623 

396 

482 

5.1.4. The choice of action 

The outcomes of the two actions shown in Table 5.3 do not immediately 

reveal one choice to be universally preferable, sometimes it is better to 
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s,) and sometimes it is better not to treat (s1). The best 

o adopt depends on the decision maker's' objectives, and to 

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: 

n 
EMV(a.) = ,El 	i  rid  . p(s)  

Thus for a
1  (No treatment): 

EMV = (720 x .6) + (612 x .3) + (396 x .1) = £655/ha. 



For a2  (In-furrow treatment) the EMV is £651/ha. Therefore a
1 
 is the 

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 10% chance of being £86/ha worse 

off (s3  in Table 5.3)! 

2. The max m;n 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 a2  gives considerably better returns 

if there is a potential loss of 45%, 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, s1.  No 

treatment, al, is best when there is no loss, since the cost of the in-

furrow treatment has been saved. This is accepted, despite the 40% 
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of worse .returns, :because .a:farmer with this decision rule is a 

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 indifferent or risk averse. The degree of risk indiffer-

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 

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 is the payoff matrix for all five possible actions, "under 

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 decisions 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 ENV 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 ENV as 
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612 

Outcomes 
(£/ha) 

a12  (One foliar 
treatment) 

(Two foliar 
treatments) 

No treatment) aI  

the criterion in each control decision should, therefore, choose initially 

al, no in-furrow treatment, and then would apply either one or two foliar 

treatments, since both have the same EMV. In 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 risk averse, he could 

secondarily apply the maximin rule and so select a13,  two foliar treatments, 

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

two choices, and so select a12,  one foliar treatment. 

Table 5.4 Monetary payoff matrix for Ely. 
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States of nature 

Si 
	s2 	s3  

0% 	15% 	45% 

(.6) 	(.3) 	(.1) 

633 	475 	665 

704 	639 	510 	665 

EMV 

720 

712 

396 	655 

a21  (In-furrow 	693 	623 	'482. 	651 
treatment) 

a22  (In-furrow + 	685 	631 	523 	653 
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 a1  at planting time, then later on, 

through observation, learns the state of nature. He will choose not to 

spray, all, or to spray twice, a13, when sl  or s2/s3  occur, respectively, 

and he could choose to spray or not spray similarly if he had chosen a2  

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

sprays with knowledge of the state of nature that will actually occur 

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

£657/ha for a2,  and a1  is again preferred. 

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 s3 in Table 5.4. An in-furrow 

treatment followed by one foliar spray, 
a22,  is the best choice, so 

initially an in-furrow treatment, a2,  should be applied. If it became 

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

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 s1  in Table 5.4. 

No treatment, all, is the best choice, therefore no in-furrow treatment 

should be applied. If information later in the season suggested that 

either s2  or s3  would be the most favourable state additional foliar 

sprays could be applied, but initially no in-furrow treatment would be 

indicated. 
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a2  

_..____--. s2  
EMV = £657/ha 

Outcomes; 
(£/ha) 

720 

s2 	(612) 

s 	(396) 

sl 	(712) 

a12+-_. (633) 

s 	-(475) 

3 

s2  

3 

EMV = £675/ha 

	

sl 	(704) 

a13 	' 	s2 	639 

510 3 

- s3 	(482) 

(685) 

631 

523 

693 

(623) 

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

decision maker knows the state of nature at the second node. 



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 s3. 

Table 5.5 Monetary payoff matrix for Brigg. 

Outcomes 
(£/ha) 

States of nature 

Si 	s2  

0% 	15% 

(.9) 	(.1) 

ENV. 

all  

a12  

a13  

a21  

a22  

(No treatment) 

(One foliar 
treatment) 

(Two foliar 
treatments) 

(In-furrow 
treatment) 

(In-furrow + 
one foliar 
treatment) 

720 

712 

704 

693 

685 

612 

633 

639 

623 

631 

709 

704 

698 

686 

680 

As at Ely no in-furrow 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 al,  no in-furrow 

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

the season. 
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Table 5.6 shows the outcomes for the initial choices followed by the 



optimal number of sprays, given knowledge of the state of nature.. Again 

the EMV of the choice without in-furrow treatment, a
1
, is higher. 

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

ments (shown in parentheses). 

Outcomes 
(£/ha) 

States of nature 

Si 
	s2  

0% 	15% 

(.9) 	(.1) 
EMV 

a 
1 

 (No in-furrow 720 639 712 
treatment) 

(all)  (a13)  

a2  (In-furrow 693 631 687 
treatment) 

(a21) (a22)  
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-farmer using the maximinrule at Brigg should select a different: 

initial control from his counterpart at Ely. Applying two foliar sprays, 

a13, gives the best outcome in the worst situation, and so, no in-furrow 

treatment, al, 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, al,  should be applied at planting time, but if later 

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 
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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 

dealt solely with the effect of such treatment, and of subsequent foliar 

sprays, on virus yellows. However, in addition to controlling yellows, 

the in-furrow treatments also control many of the seedling pests mentioned 

in Chapter 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 controlling seedling 

pests, their control problems are a further factor in choosing in-furrow 

treatments. Treatment with y-HCH or DDT could be used against seedling 

pests, but they are not very widely used (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 2.75%. However, the area suffering yield losses reported 

by Dunning (1975) shows that from 1966 to 1974, the nine years preceding 



the introduction of aldicarb, there was, on average, less than 1% of the 

crop with any loss of yield from all the non-aphid pests. In the worst 

of those years there was still less than 2% 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. 
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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 100% effective in preventing yield 

loss from seedling pests. The question, then, is how much additional loss 

would be required from seedling pests to cause a shift from not using in-

furrow insecticides? This will depend on the decision rules applied and 

the conditions for yellows in the various locations. 

5.3.1. Maximum EMV 

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 loss of 1.7%. If 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 noted 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 



average loss from seedling pests greater than about 2%. 

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 in the worst state of nature 

(s2) 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 1.1% of the crop value) in all fields, so by the 

maximin rule, 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 

using and not using in-furrow treatments (Tables 5.4 and 5.5) differ by 

£27/ha, in favour of no in-furrow: treatment. By the maximax.rule there 

would 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 

Table 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), considering both 

virus yellow and seedling pests, by three decision criteria. 
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Table 5.8 Summary of seedling pest losses needed to cause change to 

in-furrow treatment. 

Seedling pest 
Rule 
	

loss to cause change 	Likelihood 
to in-furrow action 

Ely 	Max EMV 	1.7% avg. 	Local 

(with optimal 	2.5% avg. 	Local 
foliar spray) 

Maximin 	already used 

Maximax 	3.8% always 	Very rare 

Brigg 	Max EMV 3.2% avg. Local 

(with optimal 	3.5% avg. 	Local 
foliar spray) 

Maximin 	1.1% possible 	Almost 
universal 
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Maximax 3.8% always 	Very rare 

Table 5.9 Summary of in-furrow treatment choices, considering yellows 

and seedling pests, Ely and Brigg. 

Rule 	Result of in-furrow treatment decision 

Max EMV 	 No in --furrow* 

Maximin 	 In-furrow 

Maximax 	 No in-furrow 

* In-furrow treatment indicated under occasional local conditions. 



5.4 The value of information  

At several points in the preceding sections the value of information 

has been indicated. For 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 ENV maximiser to accept a 

greater level of seedling pest damage before the change to in-furrow 

treatment becomes profitable (Table 5.8). In addition, a knowledge of the 

local, likelihood of seedling pest damage would be valuable to an EMV 

maximiser trying to decide whether it is profitable to apply an in-furrow 

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 chapter. Appropriate control 

choices were made, based on objective information 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 chapter 

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. 
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CHAPTER SIX 

AIMS AND OPERATION OF THE SURVEY  

This chapter develops the theme presented in the previous two chapters 

and sets forth a number of questions that need to be answered 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 consist 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, etc.). 

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

will be employed. 

4. The goals setby 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 ofview. 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 



Figure 6.1 Factors affecting pest control decisions. 
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control the pest. Increased information on the effectiveness of control 

methods may, however, be useful to someone with a good perception of the 

pest hazard, and so on. All four stages of the decision 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  

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 outcome of the available 

actions will be? 

. How does he define his goals concerning the outcomes associated 

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. 
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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 occurred, or 

as what happened in the previous year, for example. The first three of 

these examples can be further affected by the length of time considered. 

The worst, average, and most frequent loss over the past five years may 

be quite different from those over the past 30 years. The area considered 

can also be important; for instance, the loss in S. Humberside may be quite 

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, he 

can be influenced by the collective experience of his neighbours, his 

agricultural chemical dealers, British Sugar, and the farming press. 

These may alter both the area and time horizons over which he considers 

the hazard. 

As the onset of the pest becomes more imminent the farmer's perception 

can change, so consequently, it is important to note when the perception 

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 

progresses, however, the current year's perception can change in relation 

to this reference point: the weather, or the number of insects seen in the 

crop, for instance, 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 loss 

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. That actions does the farmer currently recognise for controlling 

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

available to control his particular pests from British Sugar, his chemical 

dealers, the ADAS, and several other sources. 
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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 insecticides. 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 control 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 constraints can also affect the methods available. For 

example, lack of a suitable applicator can prevent the use of granular 

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 granules may find it difficult not to use 

such a chemical. In addition, objective constraints 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 



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 from 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 experience, 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. 
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4. Lbw does the farmer define his goals relative 

The overall business objectives and current economic situation of the farmer 

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

Several possible goals were mentioned 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 returns). As 

discussed in Chapter 4, it is a common theory in agricultural economics 

that 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 give 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 questionnaire 

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 

probability of losses from brown rot, their goals, and the actions they 

took to prevent that disease. In Britain, Tait (1977) has conducted a 

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 how they decide to do it, as personal interviews 

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 
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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 classes were based on those used by Sturrock and Thompson (1972) 

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 

increased size, and reduced numbers, of contracts since 1972. Sturrock 

and Thompson selected their classes so that each of the three groups _. 

represented roughly equivalent total acreages. 

Because of limitations in time and money a sample of 60 farmers in 

total was used. An intensive personal interview survey was preferred to 

an extensive postal survey because so much of the study covered perceptual 

rather than factual information, and it was thought 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 from each of the three size groups, 

those contracting 10 ha or less, 10 to 20 ha, and more than 20 ha, for 

both factory areas. 
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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 any 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 next name on the ordered list was used to replace 

him. Only two farmers initially selected had to be replaced, 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. 
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The actual beet hectarage on the farm did not always conform to that 

expected from the contract. Some farmers grew less than they contracted 

for and.:would have gone into the.next.lower group, and some had more than 

one 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) 



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 

were 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 interviews were conducted with 

the person on the farm responsible for deciding on pest controloperations, 

at the convenience of that person. Because of the indeterminant length 

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-

views 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 April, 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 

96 



set of questions was asked of each farmer, once the questionnaire was 

completed the interviews were continued on an ad lib basis for as long as 

the respondents were prepared to talk. More wide ranging problems about 

pest control, or general farm management, often came up in the course 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. In cases where 

a response seemed, from experience, to be unusual, the question was 

rephrased and repeated 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 reproduced 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 obtain inform-

ation 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 beet pest control methods used by the farmer, and any alternatives 

sees available to him. In addition, his perceptions of the cost and 

effectiveness of both used and alternative controls, along with any 

constraints concerning their use. 

6.6.4. Control decisions 

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 necessary 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 was described which attempted to answer some of 

these questions, and the sample, procedure, and aims of the questions used 

in this survey were explained. 
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Sections 2, 3, and 5 are derived directly from the four elements 

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 following six 

sections, corresponding to the five main subjects outlined in the previous 

chapter, but with separate sections for control methods and perceptions 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 

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 lb = .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 if two samples are drawn from the same pop-

ulation, for interval and ordinal responses respectively, and the Chi 

square test is used to test differences in the. frequencies 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 wide range of 
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farm sizes being included smallest farm had:anarea- 

of 6 acres, the largest had a total of 4000 arable acres. The distribution 

of farms according to arbitrary classes of small, medium, and large is 

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



Small 

157 50 
(24) (22) 

36 14 
(14) (22) 

20 9 
(17) 

Crop 

Cereals 

Beet 

Potatoes 

.Vegetables 

Medium 	 Large 

601 
(14) 

130 
(24) 

101 
(17) 
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Cereals, potatoes, and vegetables are the principal crops grown on 

these farms along with sugar beet (Table 7.1). In 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 

102 

The farms were on six major soil types, shown in Figure 7.2. 
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sandy 
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not 
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Figure 7.2 Range of soil types on farms in the sample. 



The person interviewed on each farm was responsible for pest control 

operations. Of the 60 respondents, 35 were owners (including those in 

partnerships and those who owned at least half their land, while renting 

the rest), and 25 were nonowners (including 7 managers, the rest were 

tenants, or owned less than half their land). There was no significant 

relationship between size or location of farm and the ownership status of 

the respondent. 

7.1.2. Sugar beet on the farms 

Beet ranged from 4 to 34% of the total acreage on the farms surveyed, 

with the average proportion at Ely 19.9%, and at Brigg, 13.7% (Figure 

7.3). There is no correlation between total acreage and the percentage 

of the farm in beet. 

0 20 w 

w 
0 

27 
	

5 
14 

1-10 	11-20 21-30 31-40 % 

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 89% of their contracted 

beet acreage at Ely, and 102% 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. Beet 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 than 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 

so disaffected by the past few seasons as those at Ely, and therefore kept 

up their acreage. This practice of maintaining contracts, but not 

acreage, gives evidence of the long term importance of sugar beet 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 crop 

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%. 
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When asked their average beet yield, the mean reported by farmers was 



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 Ely were 

reported as 16.2 T/a, and 15.2 T/a at Brigg, significantly (.05) higher 

at Ely. The distribution of average yields is shown in Figure 7.5 (with 

approximate crop values at £18.5/T included in parentheses as a guide). 
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-.Figure 7.4 Number. of farms 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 at 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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Figure 7.5 Reported average yield (and returns calculated from these 

reports) 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 E18.5/T) is shown in Figure 7.7 

(with differences in yield shown in parentheses). There were three 

farmers who apparently expected a loss from beet each year, two at Ely 

and one at Brigg. 
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-56-18 18 56 92 130 166 204 240 278 £/a 

(-4) (-2) (0) (2) (4) (6) (8) (10) (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 how 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). 



30 - 

"-1 	20- w 
0 

ō 	10 z 
10 13 

9 28 

OK 	Evens 	Extra 	Conflict 
labour 	needed 	with 
demand 	other 

work 

Figure 7.8 Effect of beet on labour requirements on farms in the 

survey. 

Most of the farmers had little or no problem due 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 medium 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 

Farm 
size 

Observed 
(Expected) 

OK or 
evened out 

Conflicts or 
extra needed 

Small 

Medium 

Large 

14 	8 
(13.9) 	(8.1) 

4 	10 
(8.9) 	(5.1) 

20 	4 
(15.2) 	(8.8) 
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X2  = 11.4 	(.01) 



E 

w 

o 20 

ō z 

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. Figure 7.9 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. 
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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 is 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 



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 20% of the farms. The number of beet pest species which 

were named as having occurred on each particular farm is shown in Figure 

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

areas. 
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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). In 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 



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 5 
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Pygmy beetles 

**Centipedes 

Wireworms 

Unclassified 

Leaf pests 

Mangold fly 

Flea beetles 

3 0 3 

1 0 1 

0 

15 13 28 

7 11 18 

10 3 13 

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

millepdes) 



infrequent, 70% of the farmers thought they occurred 1 or less years in 

10. Greenfly and all pests combined were thought to be significantly more 

frequent (.001 and .01, respectively) at Ely, while blackfly was thought 

to be more frequent at Brigg (.001). Observations on the severity of 

virus yellows, reported in Chapter 2, show that the disease is more 

frequently severe in the south. The farmers' belief that greenfly occurs 

more often at Ely is consistent 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 beet, if not controlled, 

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 only two farmers were unable to make any 

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/virus 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, 10%; Brigg, 3%. While these calculated losses 

were after treatment, even if control measures had reduced loss by up to 

40%, as suggested in Chapter 3, the average losses would still be in the 

11-20% and 0-10% 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). 

Figure 7.12 Blackfly 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 7.13 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 regions 

(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 0-10% class in both regions), 7 farmers at Ely and 3 

at Brigg had estimates that were more than one class higher, which 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 gave the same median response, in the 21-30% class, although with 

considerable variation. This is despite the fact that the worst loss 

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 there were losses of 8% at Brigg in 1975, and 26% at Ely in 1974, the 

worst recorded years, respectively, though this is, once more, after 

treatment. If the loss had again been reduced by about 40% due to treat-

ment, the potential losses at Brigg would have been in the 11-20%,class, 

and in the 41-50% 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. 
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It appears that farmers at Brigg tend to see this pest as worse 
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Figures 7.14a, b, c Estimated losses (in 10% 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 potentially 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) lower than the 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 thought to 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, c Estimated losses (in 10% wide classes) expected from 

blackfly by farmers in the survey. 



(Figure 7.16) was significantly (.01) 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 'never' is assumed 

for necessary spray frequency. Most of the farmers felt it was always 

necessary to treat beet against 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 treat 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 mentioned by several farmers. There 
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Figures 7.16a, b, c Estimated losses (in 10% wide classes) expected from 

all pests combined by farmers in the survey. 
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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 

yellows. 

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 they 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 variety 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 without recognizing 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 consciously 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 

encouraging 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 interpret this 

as a non-chemical control method. 

7.3.2. Chemical control 

Chemical control was clearly the main defence against pests of beet. 

The extent of insecticide use was determined by asking the farmers what 

insecticides, if any, they had used on sugar beet in the last three years. 

Al]. but two had used an aphicide at least once during the last three years, 

and all 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. 

Insecticide 
Number of farms using chemicals 

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 1 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 0 

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 

24 	19 	1.5 

49 	38 	8 

All Chemicals 
	28 	28 

	
23 

28 	23 

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 
4 

7.5 
6 

	

10 	Ely 

	

6 	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 22.5 4 
2.5 2 0 

11.5 24.5 4 

DSM 49.5 24 3.5 
16 15.5 1 

65.5 39.5 4.5 

Other 17.5 14 3 
Organophosphates 13 8.5 .5 
(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 
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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 (.001) 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. 

Brigg 

27 

3 yr. avg. 
No. of sprays 

1 < 
	

23 	3 

X 2 = 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. For 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 insecticides, 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-emergent 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. 

Virtually all the farmers surveyed have used a post-emergent 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 based 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 (.01) 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 contractors, 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 
1975-1977 Aldicarb 
on beet or y-HCH 18 

Farmers who used pre-emergent chemicals some time during the past 

three years named significantly (.01) 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 
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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. 

Pre-emergent 
chemical 
used in 
1975-1977 
on beet 

No. of pests experienced on beet 

1-2 	 3+ 

None 

Aldicarb 
or y-HCH 

21 

4 

18 

17 . 

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% 	21%+ 
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X2 = 5.44 	(.01) 

31 	7 

12 	7 

Pre-emergent 
chemicals 
used at 
some time 
1975-1977 
on beet 

None 

Aldicarb 
or y-HCH 

X2 = 1.43 	(N.S.) 



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 

0-40% 41%+ 
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Pre-emergent 	None 
chemicals 
used at 
some time 
1975-1977 	Aldicarb 
on beet 	or T-HCH 

20 
	

19 

8 	11 

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 

(though only at (.10) in 1977) among farmers with expected average losses 

from all pests combined greater than 20% (Table 7.11). However, there was. 

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 against 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 years (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. 



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). 

Pre-emergent 
chemical use 
1975 

Avg. loss est. for 
all pests combined 

0-20% 	21%+ 

None 

Aldicarb 

39 

5 

9 

5 

x2  = 2.872 (.05) 

1976 None 37 8 

Aldicarb 7 6 

X2  = 3.021 (.05) 

1977 None 35 8 

Aldicarb 9 6 
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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 
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25 	21 Aldicarb 
never used 

Aldicarb used 
each year 
1975-1977 

4 	6 

X2  = .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 

X2  = 1.02 (N.S.) 



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 experience of more than two pests on beet (and 

therefore greater seedling pest experience) use pre-emergent insecticide 

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

pests (if uncontrolled) than non-users; however, there was no significant 
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 opportunity and more cost effective use), the presence 

of seedling pests, and, when aldicarb first became available, greater 

average expected loss from pests. 

7.3.2.3. Knowledge of alternative chemical controls 

The majority of farmers interviewed had some knowledge of other 

chemicals suitable for controlling beet pests. Of aphicidal sprays: 

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

outside contacts, 

13 knew of other sprays, but not by name, and 

6 did not know of other sprays, mainly relying on contractors 

or merchants to supply them with the most appropriate 

chemical. 

Of 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 problem for tainting 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 difficulty 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). 
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The suggestion of using aldicarb more widely may stem 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 removing all alternate hosts, for instance), or of doubtful effect-

iveness (for example, increased fertilizer use and earlier spraying), 

though some improvements may result from attempts towards them. 

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 
(by unspecified means) 

2 

Virus free seed! 1 

Virus yellows isn't a problem now! 1 

No suggestions 16 
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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. 



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 farmers who could 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 communication 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 past 

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-

ufacturer's prices for aldicarb because of differentiates for various 

soils. The 7.5 lb/a rate, used by three quarters of the aldicarb users, 

has a suggested cost of £15/acre. The manufacturers' representatives 

noted, however, that chemicals could 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 their aphicidē 

spray costs with those of alternative sprays. Of these, 4 felt that there 

were cheaper (but otherwise less effective or desirable) alternatives 

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, 
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Table 7.15 Farmers' reported insecticide costs from the survey. 

Insecticide 
Mean 
cost 
£/a 

Ran a 
g  £/a 

No. of 
reports 

Manufacturer's 
approx. price 
£/std. rate/a 

Aldicarb 10.30 5.00- 17 10.00- 
15.00 20.00 

y-HCH 2.00 1.50- 4 2.50 
3.00 

DDT .65 .40- 5 1.50 
1.25 

Pirimicarb 2.35 1.48- 12 2.75 
5.00 

DSM 2.10 1.25- 26 2.00 
3.60 

Dimethoate 2.25 1.50- 11 2.00 
3.00 

Formothion 1.50 - 1 2.00 

Thiometon 4.00 - 1 2.25 

Phosphamidon 1.75 - 1 2.00 

Contract spray 3.40 1.70- 4 
(inc. appl.) 5.00 
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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 75% believe that insecticides prevent 

at least 90% of the potential loss from beet pests, including virus 

yellows. The question was clearly stated in terms of percentage yield 

loss prevented, and not as percentage of aphids killed. In some cases, 

when the question was repeated to be sure that the respondent understood 

this, a lower estimate was given, while in others the farmer replied that 

if the aphid 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 70%. 

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. Indeed, in a recent issue of the beet grower's journal, 

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 3it appears that the virus control 

estimates made by most of the farmers are beyond the capability of any 

currently used aphicide. 

20 - 
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Figure 7.20 Farmers' estimates of insecticide efficiency, in terms of 

percentage reduction in loss from beet pests, including virus 

yellows. 

There are several possible reasons for this apparent 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 



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 effectiveness of insecticides 

promoted by advertising, or think that the usually rapid and widespread 

mortality of aphids resulting 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 alternatives 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 

compared in efficiency to foliar sprays by 18 farmers, 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. 
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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 

by 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 results. 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. 
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7.5.1. Reasons for using insecticide 

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 more 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 they 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 

farmers were asked their spray threshold, i.e. the number of aphids, or 

the conditions, at which 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 notionally 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 spray warning card as the 

median response in this subjective ranking. 
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3 

1 

9 

Table 7.17 Farmers' spray thresholds for greenfly, in subjectively 

arranged order of increasing tolerance. 

Schedule spray 

Any insects seen 	_ 	1 

'Right' conditions 	2 

Any aphids seen 	 7 

2 aphids per field 
	

1 

Easy to find aphids 
	

3 

Aphids/yellow patches/or card 
	

2 

Sprat rep/contractor's advice 
	

3 

1 aphid/20 plants 
	

1 

Aphids increasing 	3 

1 aphid/10 plants 	1 

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 	3 

1 aphid/plant 	 2 

2-3 aphids/plant 	4 

3-4 aphids/plant 	2 

5-6 aphids/plant 	1 

6-8 aphids/plant 	1 

20-30 aphids/plant 	2 
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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. 

143 

Threshold 
card 

Threshold 
> card 

1975 sprays 

1 	> 1 

20 

21 	10 

X2  = 6.67 

1976 sprays 

	

1 	> 1 

	

10 	19 

21 	10 

X2  = 5.37 

In 1977, however, the situation 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 in 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 



Threshold 
card 

Threshold 
> card 

1977 aphicide sprays 

0 

19 	10 

26 
	

5 

X2 = 1.80 	(N.S.) 

their spray thresholds for 

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. 

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 estimated 

frequency, average, worst, or current damage. Nor was there any signi-

ficant difference in spray thresholds 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 given 

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. 
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(+) Precaution/insurance/necessity 	30 

Recommendations/comparisons with 
neighbours 7 

Reduces later sprays/labour 
flexibility 

'Wouldn't be made if it weren't good' 

(-) 	Sprays alone are satisfactory/would 
have to spray as well 22 

Lack of applicator 13 

Too expensive (for its effectiveness) 11 

Lack of experience/information 6 

Too dangerous 5 

Slows down planting 1 

Unavailable sometimes 1 



7.5.3.2. Effect of price 

Of those interviewed, 54 stated that the price 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 for considerable 

increase), for instance, for aldicarb a price up to 75% more than 3 sprays 

was one farmer's limit (which is roughly £10.50/acre, about the average 

cost for aldicarb quoted by farmers now), while another was prepared to 

pay up to £30-i40/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; only one said he would use less (and so 

sacrifice some effect) if the cost increased. 

7.5.3.3. Minimum satisfactory insecticide effectiveness 

To investigate the importance of effectiveness, the farmers were 

asked at what level, in terms of percent loss reduced, they would no 

longer 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 now. It is interesting to 

note that the median level of effectiveness that farmers claimed as the 

least they would accept (75%) is still above the highest actual effective-

ness obtained in trials against virus yellows (70%) reported earlier. 
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4 
	1 

14  

2 3  8 1 	2  

Since the decision to apply insecticide might be expected to 

precede its purchase, farmers were asked when they bought such chemicals 

147 

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 

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 observed 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 season). '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 (.01) 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 



is more often necessary there. 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 	• 11 3 15 15 

Brigg 7 	1 5 	25 

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 

148 

X2  = .003 

(N.S.) 

X2  = 6.08 

(.01) 

5 	10 

16 	29 

Yes 

1977 spray use 

No 

X 2  = .02 	(N.S.) 



Table 7.23 Normal purchase time of post-emergent insecticides and green-

fly spray thresholds of farmers in the survey. 

Early 	Late 

149 

Threshold 
45 card 	• 

Threshold 
> card 

10 	19 

10 	21 

X2 = .01 	(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 

appeared quite satisfied with their insecticidal control programme on beet. 

To determine on what they based their satisfaction, farmers surveyed were 

asked how they judged that the insecticides they used were 'worthwhile' 

(Table 7.24). 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. 



Table 7.24 Judgement criteria for insecticides given by farmers in the 

survey. 

Pre-emergent 

(+) Improved crop (yield &/or appearance) 
over previous non-use or neighbours 

Pests (of seedlings, or aphids) are 
noticeably few or absent 

Faith that it works 

(-) Crop not different than when not used 	1 

No comparison, but feels he is losing 
money 

Post-emergent 

(+) Aphids gone, or few, after spray 
	44 

Aphids don't occur if sprayed 

No virus/crop looks good when sprayed 

Can see yellows where nozzle blocked 
	

1 

Trust recommendation/wouldn't be 
sold if it weren't good 

(-) 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 both 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 

spray against aphids on beet (Hull, 1968).. ' They are sent out after 

monitoring by British Sugar agricultural staff in the farmer's locality 

indicates the aphid numbers have reched a level that would probably result 

in a virus yellows epiphytotic that justifies control (where loss 

prevented exceeds the cost of control), based on a threshold 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 warning, 

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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a 
BRITISH SUGAR CORPORATION LIMITED 

VIRUS YELLOWS  
IN:r 	CARD 

DATE AS POSTMARK 

URGENT. 
Aphids have been found on Sugar Beet crops in your district.,  
You are advised to inspect your crop, and if Aphids are present, 
we recommend that your crop is sprayed NOW with a systemic 
Insecticide in accordance with the manufacturers instructions. 
Due to the very early arrival of Aphids this year, this warning• 
should be particularly noted, and crops sprayed even if they are 
only in the cotyledon stage. Band treatment will reduce the cost.: 
Further sprays may be 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 issued 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 
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5 Warning 
card 

No 
warning 
card 

40 	12 

X2 = .19 	(N.s.) 



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 spray warning cards by farmers in the sample. 

Always spray 
after cards 

(unless sprayed 
beforehand) 

Sometimes do not 
spray after cards 
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5 	 19 

19 	 17 

Never spray 
before cards 

Sometimes 
spray before 
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 



described below: 

1. Threshold level 

Those with low spray thresholds waited for the cards 

significantly (.001) less before spraying 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 
spray 
before 
cards 

Sometimes 
spray 

= 	before 
cards 

Always 
spray 
after 
cards 

Sometimes 
do not 
spray 

after cards 

Threshold 
less than 5 24 14 15 
& inc. card 

Threshold 
more than 
card 

19 	12 10 21 

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, than 

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). 
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X2 = 10.35 	(.001) x2  = 1.00 	(N.S.) 



Table 7.28 Adherence to spray warning cards by farmers in the sample by 

3 year average spray numbers. 

Never 
spray 
before 
cards 

Sometimes 
spray 
before 
cards 

Always 
spray 
after 
cards 

Sometimes 
do not 
spray 

after cards 

51 18 16 7 27 

3 year avg. 
sprays 

>1 6 20 17 	 9 
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X2  = 4.30 	(.02) X2  = 10.52 	(.001) 

3. Ownership status 

When managers or foremen are responsible for spraying, the 

survey found that they always sprayed after receiving the cards, and 

certainly sprayed significantly more (.001) after receiving a card than an 

owner or tenant does. As the former are less directly involved in the 

expense of the operation, while being clearly responsible for 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). 



Table 7.29 Adherence to spray warning cards by farmers in the sample by 
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ownership status. 

Never 	Sometimes 
spray 	spray 
before 	before 
cards 	cards  

	

Always 	Sometimes 

	

spray 	do not 

	

after 	spray 

	

cards 	after cards 

Manager/ 
Foreman 

Owner/ 
Tenant 

	

1 	6 

	

23 	30 

	

X2  = 	1.14 	(N.S.) 

7 	 0 

17 	36 

X2 = 9.23 	(.001) 

Table 7.30 Adherence to spray warning cards by farmers in the sample 

according to reason for use of insecticides. 

Never 
spray 
before 
cards 

Sometimes 
spray 
before 
cards 

Always 
spray 
after 
cards 

Sometimes 
do not 
spray 

after cards 

'Insurer' 17 27 22 22 

'Investor' 7 9 2 14 

X2  = .00 	(N.S.) X2  = 5.40 	(.02) 



5. Importance of cereals 

The only association of other crops with the use of the 

spray warning cards on 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 
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according to crop ranking. 

Never 	Sometimes 
spray 	spray 
before 	before 
cards 	cards  

	

Always 	Sometimes 

	

spray 	do not 

	

after 	spray 

	

cards 	after cards 

Cereals 
ranked 1st 

Other crop 
ranked 1st 

14 	15 

7 	18 

X2 = 1.55 	(N.S.) 

7 	22 

14 	11 

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 farmer 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. 

7.6.2. Suppliers 

There are two types of insecticide suppliers, those dealing in 

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). It 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 Type of supplier for insecticides for farmers surveyed at Ely 
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and Brigg. 

Ely 

Specialist 
merchant 

General 
merchant 

6 

Brigg 

20 

10 24 

X2  = 11.47 	(.001) 

7.6.3. Sources other than British Sugar and chemical suppliers 

Apart from British Sugar and chemical suppliers, farmers can obtain 

information and advice from a number of sources. In the survey they were 

asked to name such sources, and the number of farmers mentioning each 

source is recorded in Table 7.33. The responses in the two regions did 

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 

17 

13 

Agricultural press 	11 

Neighbours 	 9 

No other source 	22 



14 

13 

9 

5 

5 

4 

2 

1 

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 find 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. Again, almost a quarter of the farmers 

felt no advice was needed. 

Table 7.34 Responses on the type of advice that would be most helpful. 

What chemical to use 

When to spray/if to spray 

Early warning for pests/ 
information on their presence 

How to improve the crop 
(to reduce pest/diseases) 

Identification of pests/new pests 

Information on new insecticides 

.Potential loss from pest/diseases 

'Show farms' to demonstrate advice 
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. The 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 be 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 use foliar sprays as much as other farmers. 

Farmers interviewed generally have a good knowledge of the cost of their 

insecticides, and most know of alternatives 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 develop-

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. 
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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 control 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 the 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) Perceptions; 

2) Options; 3) Objectives; and 4) Rationality. Examples of the value and 

likely effect of improving perceptions are given, and some research and 

extension activities in these areas are noted. The chapter 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 based on 

decision theory was introduced. The decision whether or not to apply an 

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 determined by the 

decision model, but using the farmers' individual perceptions of damage 

and control efficiency and their own decision rules 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 
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investment. These reasons give an indication of the decision criteria 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 farmers 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 generally expected, it is 

assumed that the farmers consider 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 foliar 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 usngfoliar 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 

5% 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 

considered equally effective against yellows, while the in-furrow treat-

ment is known to be more expensive, the latter will be rejected if the 

loss to the beet crop is perceived to come entirely from yellows alone. 

However, 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 5% or more, and would therefore be 

expected to use aldicarb according to the model. 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 
within past 3 

years 

Never used 
aldicarb Total 

'Should' use 
in-furrow 
treatment 

12 13 25 

'Should not' 
use in-furrow 
treatment 

4 15 19 

Table 8:2 lists the reasons given by the 13 who would have been 

expected to use an in-furrow treatment for not in fact doing so. In most 

cases some constraint prevents the use of an in-furrow treatment, in 

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 alternative, 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 

Will get drill with applicator when it is time to replace 
current drill 

Tried to purchase aldicarb last season, but it was out of 
stock 

No experience with aldicarb, and no applicator 

Aldicarb is too dangerous to humans, can use y-HCH if needed 

Seedling pests not serious enough for use of aldicarb, but 
use occasional alternative treatment such 'as. DDT or _ r-HCH 

Potential seedling pest damage not really serious enough 
for regular prophylactic control (possibly not risk averse 
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 
that 

Aldicarb 'wouldn't be made if it weren't any good' 

1 

2 

1 
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8.1.5. Investors 

Investors are presumed to be mainly concerned with the long term 

profitability of insecticide use, their decisions on 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 there 

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 5% or more, which would make aldicarb use the more profitable 

treatment. However, only one 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, 
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for investors. 

Used aldicarb 
within past 3 

years 

Never used 
aldicarb 

Total 

1 	 4 	5 
'Should' use 
in-furrow 
treatment 

0 
'Should not' 
use in-furrow 
treatment 



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 

Difficult to attach an applicator to the drill, and in-
furrow treatment may be phytotoxic 

Uses y-HCH, doesn't believe aldicarb is any better, and is 
expensive 

Only recently began drilling to a stand, before then seedling 
pests weren't a problem, may have to use aldicarb as an 
insurance in future 

Of 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 if seedling pests became a regular problem as a result of 
drilling to a stand. 

8.1.6. Summary 

It appears 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 the 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' decisions it is essential to have an 

understanding of what the current factors are that are used in decision 

making. This study has examined these, from the farmer's view, in five 

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, and 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. Options 

3. Objectives 

4. Rationality 

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. In assessing the values of programmes to change perceptions 
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Figure 8.1 Areas of potential improvement in farmer's pest control decision making. 



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 on 

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. The 

second is a pre-planting forecast of pest attack, to allow a decision on 

in-furrow treatment each year. 
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8.2.1.1. Objective, historic probabilities 

The effect on control actions of changing farmers' perceptions 

of damage and control from those they hold currently to those determined 

'objectively' by fieldmen and researchers for their area can be seen by 

comparing their current actions with those derived from the decision 

model when these objective perceptions are used. In Table 8.6, column 1 

shows the current actions of the farmers in the sample, categorized 

according to their location and whether they are investors or insurers. 

Column 2 shows the number of farmers who would be expected to use or not 

use in-furrow treatment based on the objective perceptions 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 



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). 

Current 
actions 

Actions with 
'objective' 
perceptions 
of yellows 

only 

Actions with 
'objective' 
perceptions 
of yellows 

and seedling 
pests 

Ely 

Insurers 
In-furrow 11 24 24 

No in-furrow 13 0 0 

Investors 
In-furrow 0 0 0 

Brigg 

Insurers 
In-furrow 5 0 20 

No in-furrow 15 "4  20 0 

Investors 
In-furrow 1 0 0 

No in-furrow 9 .....  :) 10 10* 

* If, in local situations, there was reason to expect an average loss from 

seedling pests of about 3% or more then some investors would find it 

worthwhile to apply in-furrow treatments. 
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treatment (from Fig. 5.1, Tables 5.6 and 5.8). 

loss from seedling 
pests to be controlled 

to break even if 
using in-furrow 

EMV 	Worst 
outcome 

Ely 	-£18/ha 	+£13/ha 

A EMV 
changing to 
in-furrow 
(yellows 
only) 

4 Worst 
outcome 

changing to 
in-furrow 
(yellows 
only) 

2.5% 
avg. 

in more detail. 

Ely 

The 24 insurers at Ely would all be expected to use an in-

furrow insecticide if they held the objective damage and control 

perceptions, with or without thought of seedling pests, assuming a maximin 

decision rule. At present, only 11 of these use an in-furrow treatment, 

so up to 13 could be expected to change their action, given such new 

perceptions. The outcome of changing to in-furrow treatment at Ely is 

shown in Table 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 

Brigg 	-£25/ha 	-E8/ha 3.5% 	1.1% 
avg. 	possible 

In fact, 3 of the 13 expected to change already hold 

perceptions that should result in use of an in-furrow insecticide, 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 use 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 use of an in-furrow 

chemical as a result of being 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 2.5% they might be wise to change 

(Table 8.7). 

Brigg 

For the 20 insurers at Brigg the appropriate action is 

dependent on consideration of seedling pests, because the worst 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 in-furrow treatment, 

unless there was also control of seedling pest amounting to just over 1% 

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 1.1% 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. 
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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 

induced to change their actions as a result of changing their perceptions 

of damage and control. 

The 10 investors at Brigg would be expected not to use 

in-furrow 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 unlikely to be persuaded 

that they are not a problem if he has experienced them 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 
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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 25% 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 if 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 changing to an in-furrow treatment would 

probably be smaller than this, as additional constraints could appear, 

and the change could be slow since it would involve the purchase of 

applicators and an adaptation to new practices. It may also prove 

difficult for advisory personnel to alter farmers' perceptions to these 

objective views, as suggested, from results shown in Chapter 7, by the 

relatively large number of farmers who do not appear to be interested in 

additional advice, and from the variable response to the spray warning 

card scheme. In addition, because 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 their 

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 expected, 

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 10% of the 

time at Ely, and never at Brigg. It is questionable whether farmers would 

maintain in-furrow insecticide applicators for use so infrequently. A 

pre-planting forecast of, yellows alone would therefore probably be of 

little use. 

However, this ignores the question of seedling pests. If seed-

ling pests were included in the forecast as well, it may predict conditions 

warranting an in-furrow treatment often enough to make it worthwhile to 

have an applicator on hand for occasional use. However, there is not 

enough objective information on likely seedling pest damage to evaluate 

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 perceptions. 

This would be a key question to be answered before launching any new 

advisory programmes. 

The decision analysis has highlighted the need for further 

research on seedling pests, when they will occur and the level of losses 

likely from them. Uncertainty over the probability of seedling pest 

losses becomes quite important when the decision based on yellows alone 

is marginal, as it is in many cases. Information on seedling pests also 
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becomes increasingly important as the practice of 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. 



c) Farmers could be encouraged to keep records of the presence 

and damage of pests in their crop, so that they could build up a system-

atic, subjective 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. 
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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 improved chemicals 

and application methods, better varieties, and alternative approaches to 

risk, such as insurance, their feasibility and potential value could first 

be tested against conventional practices using the decision model. 

The survey of beet growers showed that some farmers were not 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, both 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. 
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8.2.3. Objectives 

As noted before, this study has determined a 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: for instance, 

reducing pollution, delaying the development of insecticide resistance, 

or maintaining an adequate domestic food supply. If, on the basis of 

these wider goals, it is thought necessary 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 accomplishing this, though discussion 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 scope 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, 



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 areas 

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 

additional research. is mneeded,  and new developments - in technological,:. 

cultural, and economic responses can be evaluated as well, using the 

decision model to test how well they will meet the farmer's 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. Because it is farmers who are the ultimate users 

of pest control it is essential when designing pest control 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 

QUESTIONNAIRE 

Farm No. 

Position 

1. Total arable acreage 

2. Crop 	1977 	1976 	Rank 
Acreage 	Yields 	(income) 

(and avg.) 

3. Has this cropping pattern been used regularly over the past three 
years? 

4. If there have been any recent changes, what are they and what are the 
reasons for them? 

5. Why do you grow sugar beet? 

6. Do you keep any livestock, and if so,'. the type and. number? 

7. What is the predominant soil type on the farm? 

8. How does beet growing affect the labour needs and uses on this farm? 

9. What yield of beet do you consider necessary to break even? 
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Farm No. 
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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 ratings (% loss range, if not controlled on. this farm): 

.(A-avg loss, B-worst.,likely loss, C-this year's expected loss) 

0-10% 

11-20 

21-30 

31-40 

41-50 

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? 



Farm No. 

15. Do you try to reduce beet pests by any other means than chemicals? 
If so, what do you do? 

16. 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 

17. If any changes above, what are the reasons for changing? 

18. Why did you choose these particular chemicals? 

19. Do you use any of the chemicals for controlling beet pests on any 
other crop pest problems? If so, which? 

20. 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 
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Farm No. 

21. How much loss from beet pests do you estimate is prevented by your 
current chemical control methods? 

22. What factors affect your chemicals' effectiveness, and how variable 
is their control? 

23. Apart from the chemicals that you use, what other chemicals could 
you use against beet pests? 

24. If any, why don't you, or why can't you, use them? 

25. How much would they cost? 

26. How effective do you think the other control methods available are? 

27. Why do you use (or not use) insecticides? 

28. How do you decide whether or not to use pre-emergent chemicals like 
Temik or Dacamox? 

29. How do you judge whether an insecticide you are using is worthwhile? 

30. How effective must an insecticide be to be satisfactory for your use 
on beet? 
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Farm No. 

31. What influence does the price of the chemical have on the effective-
ness you can accept, if any? 

32. Are you satisfied with the chemicals that you use now? 

Why? 

33. When do you buy your insecticides? 	pre-emergent 

What is the delivery time? 
	

post-emergent 

34. Who supplies your insecticide (dealer, rep, etc.)? 

35. How helpful are the suppliers of your chemicals in giving information 
on the benefits and problems likely to result from the use of 
chemicals? 

36. Do you find the information on pests and controls available to you 
adequate to make a satisfactory choice about how to control beet 
pests? 

37. 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? 

38. Have you ever sprayed before, or without, receiving a spray warning 
card? If so, how do you decide to spray? 
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Farm No. 

39. Have you ever not sprayed after receiving a warning card? 
If so, why? 

40. Do you think the spray warning card system is useful? 

41. What kind of advice would you find most helpful from'advisors about 
pest control? 

42. What do you think is the solution to the problem of virus yellows on 
beet? 
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