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ABSTRACT 

The concept of the economic threshold and its importance in 

pest management programmes is analysed in Chapter I. The significance 

of plant responses or compensation in the insect-injury-yield relationship 

is also discussed. 

The amount of damage in terms of yield loss that results from 

aphid attack, is analysed by comparing the different components of yield 

in infested and uninfested plants. 	In the former, plants were infested 

at different stages of plant development. 	The results showed that seed 

weights, pod numbers and seed numbers in plants infested before the 

flowering period were significantly less than in plants infested during 

or after the period of flower setting. 

The growth pattern and growth analysis in infested and uninfested 

plants have shown that the rate of leaf production and dry matter 

production were also more affected when the infestations occurred at 

early stages of plant development. When field beans were infested 

during the flowering period and afterwards, the aphid feeding did not 

affect the rate of leaf and dry matter production. 	There is some 

evidence that the rate of leaf area production may increase following 

moderate aphid attack during this period. 

The relationship between timing of aphid migration from the 

wintering host and the stage of plant development are shown to be of 

considerable significance in determining the economic threshold for A. 

fabae. 
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CHAPTER I 	INSECT PEST MANAGEMENT AND 

THE INSECT/PLANT RELATIONSHIP 

1.1 INTRODUCTION 

The development during World War II of modern synthetic insec-

ticides capable of killing large numbers of insects, began a new era 

of pest control. 	The first products, DDT and BHC, were followed by 

a wide range of new pecticides : insecticides, fungicides, herbicides, 

nematicides, rodenticides; and because there seemed to be a direct 

relationship between yield and the amount of pesticides used, farmers 

were encouraged to use them as a prophylactic insurance measure. As 

a consequence pest control came to rely almost entirely on the use of 

chemicals. 
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It took several years to realise that pesticides use was also 

creating problems : first, existing pests were becoming resistant to 

chemicals; for example, the cotton boll worm, Heliothis zea (Boddie) 

and the tobacco bud worm, Heliothis virescens (F), developed resistance 

and today are practically resistant to all available insecticides 

(Adkisson, 1969). 	Second, species previously rare (secondary pests) 

and usually kept below demaging numbers by beneficial insects, became 

primary pests (Luckmann and Metcalf, 1975). Finally and most important 

of all, insecticides were accumulating in the environment producing 

potentially serious hazards to the health of wildlife and man. 

Many governments, institutions and scientists, were encouraged 

to devise alternative measures of controlling pests using biological 

control, cultural measures, plant and animal resistance, etc. 	The 

combined effect of biological and chemical methods introduced a new 

concept, integrated control, which has been defined as an applied pest 

control system that combines and integrates biological and chemical 

measures into a single unified pest control program. 	Chemical control 

is used only where and when necessary, and in a manner that is least 

disruptive to beneficial regulating factors of the environment. 	It may 

make use of naturally occurring insect parasites, predators and pathogens, 

as well as biotic agents which are artificially increased or introduced 

(NA,S, 1969). 	Van den Bosch and Messenger (1973) define integrated con- 

trol as a pest population management system that utilises all suitable 

techniques (and information), either to reduce pest populations and main-

tain them at levels below those causing economic injury or to so manipulate 

the populations that they are prevented from causing such injury. 	Its 
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goal is the reduction of pest populations only to level compatible 

with the economic production of the crop and the concurrent maintenance 

of environmental integrity. 

Each control technique has a potential role to play in pest con-

trol and no individual one, and most emphatically this includes pesticides, 

should be rejected from consideration in integrated control systems. 

There are many pest problems for which the use of chemicals provide the 

only acceptable solution. Pesticides are still widely used throughout 

the world and in practice have remained as the main tool in controlling 

pests. 	The committee on plant and animal pests, National Academic of 

Sciences consider that "contrary to the thinking of some people, the use 

of pesticides is not an ecological sin. When their use is approached 

from sound ecological principles, chemical pesticides provide dependable 

and valuable tools for the biologist. 	Their use is indispensable to 

modern society" (N.A.S.,1969). 	Newson (1970), in speaking to the 

subject of future prospects for insect control, stated that "The intel-

ligent use of chemical insecticides is an ecologically sound and necessary 

component of modern pest management systems." 

1.2 PEST MANAGEMENT 

The concept of integrated control was developed to define the 

blending of biological control agents with chemical control techniques. 

In the early 1960's the first suggestions arose for broadening the con-

cept to include the integration of all the practices, procedures and 

techniques relating to crop production, into a single unified program 



12 

aimed at holding pests at sub-economic level (N.A.S., 1969). 	Geier and 

Clark (1961) have called this conception of pest control "protective 

management of noxious species or pest management", in which all avail-

able techniques are evaluated and consolidated into a unified program to 

manage pest populations so that economic damage is avoided and adverse 

side-effects on the environment are minimised. 

The practice of pest management has been described by Geivr(1966), 

as: 

"(1) determining how the life system of a pest needs to be modified 

to reduce its numbers to tolerable levels; 

(2) applying biological knowledge and current technology to achieve 

the desired modification; and 

(3) devising procedures for pest control suited to current tech-

nology and compatible with economic and environmental quality 

aspects." 

1.3 PEST CONTROL DECISION MAKING 

The incidence of pest on crops can be regarded as a natural 

hazard and the outcome once the protection measures have been taken, will 

depend upon the dimensions of pest attack, the extent of the damage 

caused, the degree to which the damage is reduced by various control 

measures and the cost associated with them (Norton, 19764. 	In his 

paper, Norton examines three factors which have to be considered in making 

a decision: Nature of pest attack and damage the range of control 
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measures available and the objectives of the farmer. 

The nature of pest attack and damage is determined by the 

features of the pest, whether exogenous or endogenous, the degree of 

damage caused and the probability distribution of attack. Considering 

the main features of the pest, we have to look at the size of the pop-

ulation, its distribution and density, the time at which it occurs in 

the life of the crop and its duration. 

Two forms of decision making in pest control can be distinguished, 

depending upon the information on pest attack available. 	(Fig. 1) The 

first category (A) of control measures are determined before the pest 

attack has commenced (prophylactic measures). These can be divided into 

pre-emptive measures, that are necessarily taken before pest attack 

occurs (resistant varieties, multiple cropping, seed dressing, etc.), 

and schedule measures where control agents are applied according to a 

fixed programme (Co-nwo.yoirAt,soron,1976); these measures are prophylactic 

in the sense that the decision on the level of control to adopt and the 

time at which to carry it out is still determined before the period of 

attack. 

In the second category (B), control actions are taken in response 

to specific information on pest attack. This often involves the use of 

an economic threshold criterion. 	This specific information includes a 

forecasting procedure capable of determining the lowest population eco-

nomically allowable. 
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Pest forecasting usually has two main functions: to predict 

whether a pesticide will be needed and to indicate when it should be 

applied (Way and Cammel/) 1973). 	It differs from short term warning 

schemes which are based on examination of newly colonised crops. The 

usefulness of pest attack forecasting depends on the time at which it 

is available. 	(Fig. 2) 	To aid a choice between pre-emptive, schedule 

and economic threshold measures, the forecast must be available before 

sowing. But shorter term forecasts can be used to chose between 

schedule and economic threshold strategies or to determine when to start 

monitoring for an economic theshold strategy (Norton, 19760. 

The third factor affecting the decision making is the farmer's 

objective in carrying out control measures and his attitude towards risk. 

In economic terms, profit maximisation is most often considered to be 

the primary goal of the farming system. 	If the farmer is regarded as a 

profit maximiser, then pest control measures can be regarded as produc-

tion inputs where the objective is to apply the optilinal level of control. 

However, where there is variability in the outcome obtained from a part-

icular measure due to variation in pest attack, the risk preferences of 

the decision-maker have to be considered. Most farmers are "risk 

averters" and usually prefer to minimise risks to the current crop 

rather than maximise long-term profits. The farmer who is risk averse 

will tend to rely on prophylactic control. 	In many cases the measures 

will be strictly pre-emptive, i.e. taken before the attack occurs (Conway, 

1976). 
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Fig. 1 	Pest control measures 
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1.4 ECONOMIC THRESHOLD 

Economic entomology is concerned with the application of ento-

mological knowledge for the purpose of providing economic benefit. The 

aim is to prevent damages from insects and from this concern has come 

the concept of the economic threshold. 

Stern et al (1959), defined the economic threshold of an insect 

infestation as the population density at which control measures should be 

initiated to prevent an increasing pest population from reaching the low-

est density that will cause economic damage to the crop (Economic Injury 

Level). Looking at it from a practical point of view, it might be said 

to be the level of infestation when it becomes economically profitable 

to apply supplementary pest control measures. 	If these are not initiated, 

the pest population will pass the economic injury level and the damage 

caused will result in a loss to the farmer. 	For Graham et a-1 	(1972), 

the economic threshold permits the farmer or supervising entomologist to 

make full use of naturally occurring predators and parasites to control 

the pest, thereby increasing profits and reducing adverse side effects 

encountered when the insecticides are used less indiscriminately. 

Stern's basic concept has been widely disdussed. 	Edwards and 

Heath (1964) say that a pest population has reached the economic thres-

hold when the population is large enough to cause damages valued at the 

cost of practical control. 	The National Academic of Sciences (1969), 

define a more critical threshold density as that where the loss caused 

by the pest equals in value the cost of available control measures. 
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Chiang (1973) points out that where the cost of control equals the value 

of yield lost, there will be no gain to the grower. 	He therefore, pro- 

poses that the economic threshold is "The population level which is 

capable of causing sufficient damage so that the value of increased crop 

yield resulting from the control action will be twice the cost of control." 

This alteration of the concept is on the grounds that the control measures 

will not be 100% effective, that its not possible to accurately predict 

insect populations and that the net benefit from the spray is only a "fair 

return" to the grower. 

Headley (1972) defines the economic threshold as the point where 

the population that produces incremental damage equal to the cost of pre-

venting that damage. The population in this case is referred as the 

optimal population in an economic sense. 	This is conceptually different 

to the definition of Stern et al (1959), where the economic threshold 

population is not the optimal but the maximum allowable before control 

measures are initiated. 	The practical use of Headley's definition is 

severely limited. 	It relies on perfect knowledge of the production 

function and the control function. 	It also assumes that the pest popu- 

lation can be maintained at the optimum level by control actions. 

Apart from Stern et al (1959), none of the definitions discussed 

above have differentiated between the economic threshold and the economic 

injury level. 

Stern (1973) states that the economic threshold concept is not so 

simple as originally proposed because of the lack of economic consider- 
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ations. 	Norton (19764, in studying the economicsof pest control points 

out the information required when the decision to use control measures is 

to be taken: 

(1) Details of the damage function, relating yield losses to pest 

attack. 

(2) The estimated price of the crop. 

(3) Details of the control function, determining the reduction in 

pest attack associated with application of the control measure. 

(4) The cost of the chemical and its application. 

From here he devised a formula for determining the economic 

threshold, where: 

= Level of pest attack in terms of No. of pests. 

d = The damage coefficient expressed on yield/Ha 

lost for unit of pest. 

p = Price of the yield product/Ha. 

K = Effectiveness of control. 

C = Cost of control. 

The loss in revenue associated with pest attack is given by the 

expression: 

p d 0 

and the reduction in loss can be expressed as: 
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pdOK 

Consequently it will be profitable to apply the control measure when: 

pdOK > C 

That is, when the reduction in lost revenue is greater than the cost 

of the control measure. 

Hence, the level of attack at which it becomes profitable to 

apply the control measure is: 

0 C 
p dK 

This economic threshold will increase and decrease as a result 

of changes in the price of the product and the cost of application. 	It 

will be also modified by changes in the damage function, or by changes 

in the control function. 

1.4.1 IMPORTANCE OF THE ECONOMIC THRESHOLD 

The economic threshold is a better alternative to prophylactic 

control in many respects. 	It enables pest control measures to be more 

precisely tuned to the pest population and the damage that is being 

caused. Control is potentially more efficient and hence can serve more 

closely the goal of profit maximisation if this is the objective 

(Conway and Norton, 1976). Where pesticides are used there is the added 

benefit that the amounts applied are likely to be less than under a pro-

phylactic or schedule spraying programme and hence the degree of environ- 
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mental contamination is reduced. 

1.4.2 FIELD USE OF ECONOMIC THRESHOLDS 

The economic threshold, as defined, relies on adequate sampling 

procedures for the pest, a knowledge of the damage relationship and the 

ability to predict the course of events if control measures are not 

taken. However, the nature of most pests, the agroeco_system in 

which they live, and the economics of crop production make it very 

difficult to set specific economic thresholds of infestations for most 

insects on crops (Graham et al, 1972). 

Economic threshold recommendations are now given for a wide range 

of crops (F A 0 , 1971). 	The problem of their practical application to 

crop systems is that they are determined by a wide range of variables 

which may differ between seasons and geographical areas. However, as 

Stern (1973) states"initial tentative values, although conservative, will 

give both useful short term benefits and aid the long term development 

of the concept". 

In any field study the economic threshold should be determined 

for the one or two key pests attacking a particular crop. 	In a pest 

complex a key pest is one that is a perennial, persistant threat domin- 

ating chemical control practices. 	In the absence of deliberate control 

by man, its population density often exceeds the economic threshold one 

or more times during the growing season 	(Smithac Reynolds)  1965). 
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1.4.3 ECONOMIC THRESHOLD EVOLUTION CONSIDERING SOME KEY PESTS 

a. Lygus hesperus  k.  This bug (COREIDAE HEMIPTERA) is considered 

a key pest of cotton in California. 	In 1949 an economic threshold 

was established of an average of 6 adults and nymphs per 50 sweeps 

as a minimum number for a DDT-Sulphordust treatment. Four years 

later the treatment level was increased to an average count of 10 

adults and nymphs per 50 sweeps. The economic threshold remained 

at this level until 1968 (Stern, 1973). 

A better understanding of the dispersal habits of the pest 

(Stern 1967, 1969; van den Bosdnand Sterns  1969), improved sampling 

techniques (Sevacherian, 1970), host preference studies (Stern, 1969), 

and other studies provided back-up for a new economic threshold. As 

a result (Falcon et al, 1971), recommendations for Lygus control in 

California cotton now state that during the period of pre-bloom to 

two weeks after bloom initiation, control measures should be under-

taken where an infestation level of 10 bugs per 50 sweeps is sustained 

over two successive sampling dates. 	After this early fruiting period, 

Lygus populations in the range of 20 to 30 bugs per 50 sweeps maybe 

tolerated without a reduction in yield or quality (Stern, 1973). 

b. Heliothis spp.: 	Currently there are several methods for deter- 

mining the time when insecticide applications are necessary to control 

Heliothis spp. (NOCTUIDAE : LEPIDOPTERA) in the United States. 	The 

1967 method for Arkansas is based entirely on square damage (Lincoln 

at al, 1963). 	The economic threshold changes as the season progresses: 

Treatment should begin when 20% or more of the squares are injured in 
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the first week of squaring with the level dropping to 16, 12 and 8 

percent for the next 3 weeks and then to 5 percent for the rest of 

the season (Barnes 1970). 

The California method for 1970 is based on the number of small 

larvae found in the upper half of the plant (Akesson et al, 1970). 

In untreated fields control should begin when 20 small larvae/100 

plants are found. Fields that have been treated previously should 

be controlled when 15 small larvae/100 plants are found. 	There 

after, treatment should be made when an average of 8 small larvae/ 

100 plants are found. 

In Texas, one method is based on damage as well as larvae counts 

(Graham et al, 1972). 	Treatment should begin when eggs and 4-5 

young larvae are found per 100 terminal buds or when 5 percent of 

the squares and small bolls have been injured by small larvae. 

The variability of these methods shows the complexity in asses-

sing economic threshold for this pest. Furthermore, the increasing 

resistance of Heliothis to insecticides (Adkisson 1969) now makes it 

important to establish a more reliable economic threshold. 

c. Aphis fabae Scop.: 	The black bean aphid, Aphis fabae scop is a 

key pest of spring-sown field beans, Vicia faba L.in the United 

Kingdom. Way and Cammell (1973) have determined an economic thres-

hold for Aphis fabae which relates the percentage of stems colonized 

by alatae migrating from the spindle tree (Euonymus europaeus) to 

the number of overwintering eggs. The mean egg populations on 
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spindle are categorised as follows: 

Category 1 < 1 egg per 100 buds 

Category 2 = 1 to 5 eggs per 100 buds 

Category 3 = > 5 eggs per 100 buds 

A category of <2 is forecast to be equivalent to <5% infestation of 

bean stems. 	This is considered the economic threshold. 	Fig. 3 

shows the relationship between % stem initially infested by A. fabae 

and the yield loss showing the economic threshold level. 

1.4.4 LACK OF CONSIDERATION OF PLANT RESPONSES 

The economic threshold concept has been based on the analysis 

of the damage function, relating yield losses to pest attack; and the 

control function, determining the reduction of pest attack associated 

with application of the control measures. But in the study of the 

damage function, little attention has been given to the effects of plant 

responses to insect attack. Many crops are able to compensate in dif-

ferent ways and this factor should be considered in determining future 

economic thresholds. 

1.5 INFESTATION - YIELD RELATIONSHIP 

A knowledge of the often complex relationship between insect 

populations and their effects on the yield forming processes of crops 

is useful for assessing pest status and for devising methods of mini- 

mising the effects of infestation on yield. 	Bardner and Fletcher (1974), 

pointed out that such relationships vary greatly with different pests 
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Fig. 3 Relationship between % stems initially colonised by A. fabae 

and yield loss 	(After Way and Cammell, 1973). 
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and crops, but an understanding of how insects affect growth and yield 

in any specific insect-crop relationship can be very useful in attaining 

the following three objectives: 

(1) Selection of the measurements of infestation or injury most 

closely correlated with yield, for use in pest assessment studies. 

(2) Prediction of the likely effects of changes in any factor 

affecting the relationship between infestation and yield. 

(3) Determination of the most suitable methods and tactics of pest 

control. 

To clarify the fundamental relationships between insects and crop 

loss, it is convenient to distinguish between the presence of insect 

numbers, the effect of these insects on the plants, and the subsequent 

loss in quantity or quality of the harvested product. 

Smith (1969) discussed ten general factors that might affect a 

pest complex and its damage to the crop : insect numbers, insect pop-

ulation dispersion, insect behaviour, plant condition, plant compensa-

tion, carrying capacity of the plant, stage of plant development, cultural 

practices, physical environment and plant pathogens and other pests. All 

these factors are closely related and to some extent each one has an 

effect upon the others. 	I shall discuss three of them: insect numbers, 

time of attack and plant compensation. 	The reasons in doing so are their 

importance within the objectives of the thesis. 
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1.5.1 INSECT NUMBERS 

The relationship between the level of pest population and the injury 

it causes is linear, at least until densities where intra-specific com- 

petitive interactions take place (SouirlAwooA crn& Noxkorr.)  1973). 	Jones 

and Nirula (1963) studied this relationship by counting the number of 

nematodes and galls produced on tomato plants. Counts of primary galls 

appears to follow closely the numbers of nematodes within root systems 

except where the level of infestation is excessive and causes multiple 

galls. 	The same relationship is shown by Wilson et al (1969) comparing 

the number of cereal leaf larvae per stem and the percentage leaf area 

of oat consumed. 	It would seem that this expression is generally 

applicable to many pest-injury relationships, including direct injury to 

the crop product as well as injury to foliage and roots (SoLiOrku-,(Dock 

o. -\ 61. No'rko.n)  1973). 

The generalised insect numbers - yield relationship is not a sim- 

ple straight line direct function. 	Basically, as pointed out by 

Tames (1961), the relationship is of the sigmoid form. 	This response 

curve represents the general case (Fig. 4), however, in most cases only 

a portion is normally exhibited (Bardner and Fletcher, 1974; Southwood 

and Norton,1973) and the curvature of the sigmoid line may not be appa-

rent in either its upper or lower portion, or both and its slope may 

also vary greatly. 

Crop loss may be caused by insect attack only when many are 

present, but a few acting as virus-vectors may cause serious loss. 	For 
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example, the green aphid (Myzus persicae), is the vector of "virus 

yellows" in sugar beet. The British Sugar Corporation usually warns 

farmers to spray their crops when there is an average of one green aphid 

per four plants (Hull and Heathcote, 1967). However, it is probably 

necessary to have a population of 1,000 black aphids (Aphis fabae) on a 

mature beet plant before their feeding causes an appreciable loss of 

yield 	(Heathcote, 1972). 

Table 1 shows some of the theoretical possibilities in the relation-

ship between insect numbers and crop loss outlined by Smith (1967). 

1.5.2 TIME OF ATTACK 

For most crop plants the relationship between injury and yield 

varies with the growth stage of the plant at the time of attack (Bardner 

and Fletcher, 1974). 	Hence, early planting has long been used as a 

method of cultural control to avoid pest damage : early sown oats would 

escape frit fly (Oscinella frit L) damage, brassicas sown before mid-

April escape beetle attack, and peas sown early May escape attacks by 

the pea moth (Laspeyresia nigricana F.) and the pea aphid (Acyrthosiphon  

piston, Harris) (Edwards and Heath, 1964). 	In the United States early 

planting of corn in northerly regions reduces chances for infestation 

of Heliothis spp and early ripening walnuts are much less susceptible 

to the codling moth (Laspeyresia pomonella) in California (van den Bosh 

and Messenger, 1973). 

The period following plant germination is a critical one because 
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TABLE 1 
	

Theoretical possibilities in the relationship 

between insect numbers and crop loss 	(After 

Smith, 1967). 

Insect 
Numbers 

Plant 
Damage 

Effect on 
Yield 

Economic 
Effect 

Explanation 

None None None None 

None None Loss Loss Lack of pollinators 

Few to None None None 
Moderate 

Moderate Yes Gain Gain Beneficial thinning, 
etc. 

Moderate Yes None None Plants Compensate 

Moderate 
to High 

Yes Loss None Unavoidable Loss; 
a loss to Society 
but not to Producer 

Moderate 
to High 

Yes Loss Loss Economic Loss to 
Producer 
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individual plants usually cannot survive injuries that an older plant 

would tolerate. Seedlings of wheat in the one shoot stage are much 

more easily killed by dipterous stem borers such as Leptohylemyia  

coarctata than older seedlings with two or three shoots (Bardner, 1968). 

As vegetative growth proceeds the plants become more tolerant of injury. 

Wilson et al (1969) found that a comparable infestation of the cerealleaq 

beetle larvae, Oulemalmelanoplug  (L), to that which produced the highest 

damage when oat plants were in the 2-3 inches seedling stage, caused 

less loss in yield when the crop had attained 6 inches of vigorous growth 

before it became infested. 

Before the flowering period the plants become more tolerant to 

injury and usually a moderate infestation is much less likely to affect 

yield than late attacks (Edwards and Heath) 1964 ; Wood, 1965 ; Dina, 

1976). A new critical period is reached when the inflorescence is pro-

duced. Plants with a short flowering period like cereals are usually 

unable to tolerate injury to their reproductive organs (Bardner and 

Fletcher, 1974). 

The length and nature of the flowering period is also important. 

Cotton for example, with a long growing period has much physiological 

shedding of buds, which are beyond the capacity of the plant to ripen. 

In these circumstances an early insect attack will not cause any sig-

nificant damage (McKinlay and Geering, 1957 ; Scales and Furr, 1968 ; 

Tamskiy, 1969). 

The age of the plant is also important in its attractiveness to 
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insects. 	For example, field beans (Vicia faba) sown early in the sea- 

son are not so attractive to A. fabae because o±the time of migration 

and colonisation, plants are unsuitable for the aphids (Way, 1961). 

The contrary was found by Radcliffe and Chapman (1965) in red cabbage 

varieties which presented less susceptibility to early season oviposition 

by the imported cabbage worm, Pieris rapae (L) and to host selection by 

the alate cabbage aphid, Brevicoryne brassicae (L), but their suscepti-

bility to both these species increased as the plants were getting older. 

1.6 PLANT COMPENSATION 

As already indicated, the relationship between pest injury and 

loss of yield is generally considered to be sigmoid (Tammes, 1961). 

Three regions are discernible (Fig. 4): 

Region A - The pests have little effect on yield either because they 

do not harm the final components of yield or because the plants com-

pensate for the damage caused. 

Region B - There is a more or less linear loss in yield correlated 

with pest numbers or injury. 

Region C - A minimum yield is attained. If this is greater than 

zero, there may be a physical maximum limit to the damage that can 

be caused or the yield may be partly produced before the injury occurs 

or the pest population may be biological limited. 

The initial portion of the graph (Region A), is associated mainly 

with foliage and root pests, and results from the ability of many crops 
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Fig. 4 	Schematic representation of yield losses to 

an injurious factor 	(After Tammes, 1961) 

UPPER LEVEL 
COMPENSATION A 

LINEAR RESPONSE B 

LOWER LEVEL C 

THRESHOLD 
LEVEL 

Number of insects 
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to maintain the area of the crop's photosynthetic tissues throughout 

the growing period and so maintain yield despite injury. 	Such compen- 

sation may be the result of the growth of new leaves or shoots or by 

extending the photosynthetic life of existing leaves (Southwood and Norton 

1973). Alternatively, the compensation may occur at the level of the 

crop population, neighbours expanding to fill the gaps caused by dead or 

damaged plants (Conway and Norton, 1976). 

Often, compensation can only be effective if sufficient time 

elapses between the infliction of injury and the end of the yield forming 

process. 	Bardner and Fletcher (1974) described four processes involved 

with compensation: 

(a) Attacked plants or organs are competing with others for space 

in which to absorb water, plant nutrients or light. 

(b) Attacked organs can provide more than harvested organs need. 

This can happen if the source of water, plant nutrients or photo-

synthetic products is longer than the sink. 

(c) Harvested organs are attacked, but are normally produced in 

excess. 	This is the reverse of (b) and occurs when the sink 

is longer than the source, and is commonly seen in crops of 

indefinite growth such as cotton. 

(d) Attacked organs are not essential for yield formation. Under 

these conditions the attacked organs may be in competition with 

harvested organs for the plant's resources, and the yield of the 

plant may even be increased by insect attack. 
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1.6.1 EXAMPLES OF COMPENSATION 

1. Effects by defoliation 

Compensation by the growth of new leaves in sugar been has been 

described by Jones (1953) where pest defoliation of plants of the seed-

ling stage was simulated. Defoliation up to 50% had no significant 

effect on yield and 100% defoliation of the four-leaf stage gave only 

27% loss of yield. 	Greene and Minnick (1967) showed that leaf removal 

from snap bean plants (011aseolus vulgaris) during blooming did not reduce 

yield significantly until over 33% of the leaf area was lost. Prior 

to blooming time, bean plants could lose up to 66% of their leaves at 

one time before yields would be reduced significantly. 	Greene (1971) 

has shown that the bean leaf roller, Urbanus proteus (Hesperidae : 

Lepidoptera), which feeds only on leaves, must eat in excess of and 

up to 2/3 of the total plant leaf area before control measures result 

in significantly higher yields. 

For soybeans Turnipseed (1972) has shown that 17% of defoliation 

on a continual basis did not cause significant losses. Furthermore, 

foliage losses of 17 to 33% apparently allowed more light penetration 

to lower leaves, resulting in compensation by increased photosynthetic 

production in these leaves. 	Simulating damage on peas by Sitona  
cX) 

lineatus (Curculionidae : Coleoptera), George (1962) shows that removal 

of the growing tips of the plants, or defoliation of up to 50% of the 

leaflets (at the 4-leaflet stage), or 25% defoliation followed by a 

further 25% two weeks later, are unlikely to have a significant effect 

on the yield of shelled peas. 
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Another example of how much damage the plant can tolerate is given 

by Hussey and Parr (1963). 	They showed that yield of cucumbers attacked 

by mites was unaffected until the foliar damage rose above a level which 

corresponded to about 30% of the total leaf area. 

Practically all the examples refer to defoliation occurring at 

early stages of plant development and the compensation is related to 

plant recovery by means of growth of new leaves and better efficiency 

of the remaining photosynthetic areas. In a recent paper Brown and 

Mohamed (1972) concluded that when defoliation affects leaves only and 

takes place very early in the growth of the plant (up to the five leaf 

stage in maize), crop loss is negligible. 

2. Effects by thinning 

A further effective form of compensation can occur through the 

re-allocation within a plant of synthates to vegetative or fruit bodies, 

constituting the crop product. 	From data presented by Jessop (1969) on 

simulated slug damage to winter wheat, it can be seen that the actual 

loss in yield caused by thinning is nowhere near the loss one would ex-

pect by observing the reduction in plant population. As a rule, the 

more severe the thinning, the greater the number of tillers, ear and 

weight of grain produced per plot until some upper limit is reached. 

Jones (1953) showed that removal of half the plant population of sugar 

beet produced a loss in yield of only 12%. 
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3. Effect by tillering 

The recovery of rice infested plants from the injury caused by 

the first generation larvae of the rice stem borer, Chilo suppressalis  

Walker, (Pyralidae : Lepidoptera), is remarkable and is affected by 

plant characteristics, soil fertility and climatic conditions (Ishikura, 

1967). 	Taylor (1972) found in simulating cane rot damage that removal 

of half, two thirds or all the foliage from upland rice before tillering 

stimulated the production of tillers and increased yield by 32, 28 and 

9% respectively. 

Well grown guinea corn (Sorghum vulgare) is very tolerant to high 

infestations by the stem borer, Busseola fusca (Noctuidae : Lepidoptera) 

• because of its ability to tiller. 	It seldom if ever suffers loss of 

stand and rapidly replaces any stems killed by borers (Harris, 1962). 

Gough (1946) studying the effects of the wheat bulb fly, Leptohylemia  

coarctata Fall•, gives evidence that attacked wheat plants tiller more 

readily than healthy ones. 

4. Effects by tolerance 

After preliminary investigations indicated that only an intense 

leafhopper population was capable of causing noticeable damage on pubes-

cent soybeans, experiments were conducted to establish damage-density 

relationships (Ongulana and Pedigo, 1974). 	Plots were infested with 

leafhopper adults (Empoasca fabae) and late stage nymphs at 3 soybean 

growth stages : VI (2 trifoliate leaves), R4 (beginning to bloom) and 

R7 (bean beginning to develop). The regression lines derived from the 
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experiments show that the slope tends to be steeper with younger plants 

vs older ones. 	This reduction in slope indicates increasing soybean 

tolerance to leafhopper attack, at least up to stage R7. 

5. Effects by production of surplus materials 

It was found that even in the absence of insect attack, potential 

cotton bolls are shed as buds or immature bolls. It would then seem 

reasonable to assume that to a certain extent loss of fruiting bodies 

following damage by insects is unimportant, because the plant would shed 

them in any case from 'physiological' causes 	(McKinlay and Geering, 

1957). 	Tanskiy (1969) found that cotton is able to restore lost gener- 

ative organs by increasing the rate of formation of new buds and by 

reducing the physiological dropping of buds and sets. 

McKinlay (1965) pointed out that the number of ripe nuts produced 

by the coconut palm is subject to an upper limit, which is determined 

by agronomic factors and greatly exceeded by the number of immature nuts 

formed. 	The excess nuts may be shed at an early stage, either for 

physiological reasons or as a result of biotic factors such as insect 

attack. McKinlay studied the effect of attack by the coreid bug 

Pseudotheraptus wayi Brown on the yield of coconut palms and found that 

yield may remain constant under different levels of pest attack because 

of the presence of a compensating mechanism. 

6. Increases in yield 

In certain crops, compensatory growth may be so effective that low 
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infestations early in the growth of the crop can lead to a higher 

yield (Southwood and Norton, 1973). 	It has already mentioned that 

simulation of cane rot damage in rice stimulated the production of 

tillers and increased yield from 9 to 32% (Taylor, 1972). 	Studying 

the effect of foliage infestation of the English grain aphid (Macro-

siphum avenae Fabricius) on yield of Triumph Wheat, Wood (1965) reported 

that plots kept free from aphids averaged 0.9 bu./acre less than the 

plots with around 200 aphid per lineal foot. Measuring the effect on 

spring wheat by the green bug (Toxoptera graminum), Ortman and Painter 

(1960) found that one variety showed an increase in all measurements 

(leaf length, gain during infestation, dry leaf weight and dry root 

weight) at the lowest infestation. 	This increase was significant only 

in the case of leaf weight. 

In field beans)  few aphids are capable of reducing apical growth 

and nutrients might be diverted to the developing pods (Banks and 

Malcaulay, 1967). 	According to Taylor and Bardner (1968b), yield of 

turnips are not affected because plants under low infestation of Plutella  

maculipennis, retain their older leaves longer than unattacked plants. 

This compensatory mechanism prevented loss of yield and may have increa-

sed it, as indicated by dry weight at the roots. 

In cotton, Tanskiy (1969) and Kinkade et al (1970) evaluating 

the effect of Heliothis sp,gNoctuidae : Lepidoptera) have shown that 

yield of seed cotton is increased in some cases when the fruit is damaged 

early enough for the plant to compensate for the damage by producing new 

fruits.Watson (1965) studying the effects of thrips on cotton yields in 

Alabama concluded that although not significantly different, there were 
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many instances in which cotton attacked by thrips produced more than 

insecticide treated controls. 

1.7 OBJECTIVES OF THE THESIS 

Applied research in pest control has two main objectives: 1) to 

develop new techniques of control and 2) to provide information that en-

ables pest control strategies using existing methods of control, to be 

improved (Norton, 19700. 

Bearing the second point in mind, I shall outline the objectives 

of the present thesis: 

(1) To study the effects on yield of different populations of 

Aphis fabae attacking field beans (Vicia faba) at different 

stages of plant growth. 

(2) To study the external and internal responses of the crop to 

the damage produced. 

(3) Once the information on the insect/plant relationship has been 

examined, to discuss how it can be used within the scope of 

control measures available. 
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2.1 	INTRODUCTION 

The field bean (Vicia faba L) has been grown in the U.K. for 

many years mainly as a source of protein for cattle feeding. However, 

in the last eight years the crop has declined in popularity and the 

acreage grown annually has fluctuated more than that of other arable 

crops (TABLE 2). 	(Kerr, Hebblethwaite and Holloway, 1975). 
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TABLE 2. 	ESTIMATED ACREAGE, PRODUCTION AND 

YIELD OF FIELD BEANS IN ENGLAND 1968-1974. 

CROP YEAR ACREAGE PRODUCTION YIELD  
(TONS) cwts/acre 

1968 228,000 221,000 19.3 

1969 220,000 231,000 21.0 

1970 189,000 157,000 16.6 

1971 152,000 131,000 17.3 

1972 130,000 163,000 25.1 

1973 147,000 184,000 25.0 

1974 166,000 199,000 24.0 

Source : Ministry of Agriculture, Fisheries and Food 

There are many reason for this : the inconsistant performance of beans 

on a field crop, alternative crops such as oil seed rape and the serious 

damage often caused by the black bean aphid (Aphis fabae Scop.) which is 

&el) 
regarded as a limiting factor in crop production (Way 1954). 

The spring field beans are normally sown between February and 

April depending on weather conditions and harvested between July and 

September. Alate primary migrants of A. fabae from the overwintering 

host, the spindle tree, Euonymus europaeus L., usually reach the bean 

crops between mid-May and June, producing when the conditions are 

favourable, huge populations of the apterae form (Fig. 5). 
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FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER 

1 1 	2 	1 	3 	1 4 1 1 	2 	1 3 	1 4 1 1 	2 	1 3 	1 4 1 1 	2 	1 3 	1 4 1 1 	2 	1 3 1 4 1 1 	2 	1 3 	1 4  1  1 	2  1 	3 	1 4 1 1 	2 	1 	3 	1 4 

SOWING  1 	FLOWERING 	 RIPENING 	I 	HARVESTING  

Fig. 5 Life history of Aphis fabae on field beans 
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Relatively few attempts have been made to assess the different 

damage aspects of A. fabae on field beans. The timing of aphid 

infestation and the stage of plant growth are very important factors 

to be considered when final yield is discussed. 31,a9_mico (1952) describes 

the assessment of A. fabae infestation on field beans in a garden plot 

where alternate plants were kept free from aphids. Plants were infested 

early by migrants reaching the beans eight weeks after sowing. 

Comparisons were made between control and infested plants considering : 

number of pods, number of beans and weight of beans per plant. The 

yield was greatly reduced on the infested plants, butIude.1,1<opointed out 

that the results would not necessarily have been the same with plants 

grown in field conditions. 

When field beans are infested in a late stage of plant growth, 

the situation is different. Way (1954) found that aphid attack on field 

beans thirteen weeks old had little effect on flower formation or on the 

number of flowers set, probably because at this stage in growth of the 

plant the aphid population was still relatively low. 

This chapter describes field research carried out during the years 

1974, 1975 and 1976 to assess the effect on yield of different times of 

infestation of Aphis fabae at different stages of plant development. 

In 1974 the infestations were spaced at 3 week intervals on a 

largely arbitrary basis. 	But in 1975 and 1976, more attention was given 

to what appears to be the critical period for aphid attack : that is, 

the pre-flowering and flowering period of the field beans. 
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In 1975 two experiments were carried out. The first, repeated 

the experiment of 1974 but the nature of aphid damage was also studied 

in greater detail by comparing all the possible components of yield. 

In the second experiment the infestations were allowed to persist for 

only five weeks in order to compare the effects on yield of smaller 

populations of Aphis fabae producing damage during the critical periods 

of plant growth. 

In 1976 the objective of the experiment was to assess the effects 

on yield in plants infested at early stages of plant growth compared 

with plants infested at the same time but sprayed with insecticide four 

weeks after infestation. 

APHID SAMPLING TECHNIQUES 

Banks(1954) devised the first method for estimating populations 

of A. fabae in the field. His method Was to place bean stems in one of 

five arbitrary classes: 

Zero (0) 
	

- where no aphids could be seen 

Very light (V) - from one aphid to a small colony confined to 

the very youngest leaves of the cluster 

Light (L) 	- where there were several aphid colonies present 

on the stem and not confined to the uppermost 

leaves 

Medium (M) 	- Aphid present in large numbers, not in recognisable 

colonies but diffuse and infesting a large 

proportion of the leaves and stem 
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Heavy (H) 	- Aphids present in large numbers, very dense 

infesting all the leaves and stem 

Way and Heathcote (1966) increased the number of classes. 	They 

found that the number of aphids per stem represented by a category 

decreased with the crop density (thickness of stem and number of leaves 

decrease with increasing plant density). 

To determine the aphid numbers for each class or category Way and 

Heathcote removed a few plants representing each class from the field 

and counted the population of aphids in the laboratory. However, this 

method is not good enough under field experimental conditions, because 

the criteria used for categorisation are quick impressions based on 

length of infested stem and on appearance of aphid populations on leaves. 

The method does not take account of other criteria which affect numbers, 

such as size and numbers of leaves and thickness of stem. 

In this chapter a new method for counting aphid populations under 

field condition is described. 	Insect numbers are determined by 

categorising the population of each plant under study taking into 

consideration the length of the infested stem and the total number of 

infested leaves. 

2.2 	1974 SEASON 

2.2.1 MATERIALS AND METHODS 

Field beans (Vicia faba L) variety Maris Bead, were sown in Hill 

Field at Silwood Park on the 28th of March of 1974 (Fig. 6). The beans 
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were drilled in rows 14 inches apart using the RANSOMES NORDSTEN DRILL 

MODEL 250. 	Three weeks later, after most of the plants had emerged, 20 

plots of 12 feet by 7 feet each having six rows of bean plants were 

marked off. 

TREATMENTS 

A randomized block design was used with each treatment replicated 

four times. The five treatments were: 

TREAT. A 	Plants infested on the 17th of May or eight weeks 

after sowing. 

TREAT. B .:- Plants infested on the 6th of June or eleven weeks 

after sowing. 

TREAT. C 	Plants infested on the 27th of June or fourteen weeks 

after sowing. 

TREAT. D 	Plants infested on the 18th July or seventeen weeks 

after sowing. 

TREAT. E 	Control or uninfested plants. 

Treatment A and B plots were naturally infested with elate aphids 

migrating from spindle trees (wintering host). 60% of the plants were 

infested in this way and the rest by transferring alatae from 

neighbouring beans. Treatment C plots were infested mainly by alatae 

flying from treatments A and B. However, Treatment D plots did not 

become infested as planned because by July 18th practically all the aphids 
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had migrated from the field beans. Fig. 7 shows the layout of the 

treatments in the field. 

Before the scheduled date of infestation, the plants were kept 

clean of aphids by applying nicotine solution 0.1%. The record of 

insecticide applications per treatment is shown in Table 3. Nicotine 

was used for several reasons: it is less toxic than other insecticides, 

has a low residual effect, and is relatively harmless to coccinellid 

e fA, 
predators of the aphid (Way, 1954) and bee pollinators. 

TABLE 3 RECORD OF NICOTINE APPLICATIONS 

DATE OF APPLICATION TREATMENTS 

27-5-74 B, C, D and E 

3-6-74 B, C, D and E 

11-6-74 C, D and E 

18-6-74 C, D and E 

2-7-74 D and E 

9-7-74 D and E 

SAMPLING 

In the two inner rows of each plot, fourteen plants were labelled 

and numbered. Records of height, number of leaflets and aphid populations 

were made for each of these plants throughout the growing period. Fig. 8 

shows the distribution of sampled plants in each plot. 
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Fig. 7 Layout of treatments in the field. 	Experiment 1974 
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Fig. 8 	Distribution of sampled plants in each plot 
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APHID COUNTS 

Weekly counts were made of the number of aphids per plant. 

Detailed counts were only possible until the fourth week, while the aphid 

numbers were relatively low. When full counts became impossible or 

impracticable, the populations were estimated in the following manner: 

(a) Stem; 	after the fourth week on each sampling occasion, a small 

sample of representative plants in each treatment was inspected 

in the field, and the stem infestations assigned to one of three 

categories : low, medium and high infestation. The mean number 

of aphids for each category was then obtained by direct counting 

of a single square centimetre for each of these plants. 	The 

number of aphids on each of the fourteen designated sample plants 

in each plot (see Fig. 8), was then estimated by measuring and 

categorising the length of the infested stems. 

(b) Leaves; when the aphids had moved to the leaves, the 

populations were estimated using the same method described for 

the stems. 	In this case the leaflet was taken as the basic unit 

of measurement. 

EXAMPLE: 	Total number of aphids in plant 12. 

Category: 	High 	Medium 	Low 
= 200 /cm2) 	= 100/cm2) 	50/cm2) 

TOTALS 

(a) stem 	4cm2  = 800 	6cm2 	= 600 	10CM2T 500 1,900 

(TE=100/haflet)(17=50/leaflet)(R=20/leaflet) 

(b) leaflets 	10 = 1,000 	15 = 750 	10 = 200 1,950 

TOTAL APHIDS/PLANT 3,850 
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LABORATORY COUNTS 

Counts were made in the laboratory for comparison with the field 

estimates. All the aphids in each of eight plants per treatment carried 

to the laboratory for growth studies (see Chapter III) were removed and 

placed in glass tubes with alcohol 70%. Before counting, each individual 

sample was transferred to a petri dish and placed under a stereo 

microscope and counted using a hand counter. 

HARVESTING 

All the treatments were harvested on the 23rd of August (22 weeks 

after sowing). Each plant was placed in a plastic bag and carried to 

the laboratory. 	Since some of the pods were not yet ripened, all the 

individual samples were kept one week in the C.T. Room at 25°C to obtain 

uniformity. All the samples were then weighed using the METTLER 1.200 

scale. 

2.2.2 RESULTS 

1. DIFFERENCES IN YIELD 

The earliest treatment (plants infested on the 8th week after 

sowing) was heavily damaged by the aphids. The plants appeared to have 

insufficient time to recover from the infestation and no yield was 

produced. The aphid populations were present on the crop for 8 weeks 

reaching peak numbers in the 6th week (Table 26). 

The second treatment (plants infested on the 11th week after 
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sowing), was greatly affected by the aphids but not to the same degree 

as the 1st treatment. 	The yield was 42% lower than the control. 	In 

this treatment the aphid populations were present for 6 weeks reaching 

peak number in the 4th week (Table 26). 

In the third treatment (plants infested on the 27th of June when 

the plants were fourteen weeks old), the aphid populations did not 

increase, either because at this age the field beans were unsuitable for 

aphid reproduction or, as was observed in the other treatments, because 

the aphids were beginning to fly away to alternative hosts. Nevertheless 

the yield was 18% lower than the control yield. 

The fourth treatment remained uninfested because of the lack of 

population build up in the third treatment. The plots were considered 

as an additional control. 	The yield of the different treatments are 

shown in Table 4. 

TABLE 4. SUMMARY YIELD IN GRAMS 

TREAT. 	REP. I 	REP. II 

MEAN SEED WEIGHTS PER PLANT. 

REP. III 	REP. IV TOTALS 

A 0.0 0.0 0.0 0.0 0.0 

B 10.2 10.7 12.8 8.5 42.2 

C 17.6 13.4 12.6 13.1 56.7 

D 18.6 18.0 15.1 16.4 68.1 

E 14.0 22.7 16.6 16.0 69.3 

TOTALS 60.4 64.8 57.1 54.0 236.3 
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ANALYSIS OF VARIANCE 

The analysis of variance indicates significant differences among 

treatments (Table 5). To examine these differences, the Multiple Range 

Test (DUNCAN) was used. This method is one of the most reliable and 

powerful for determining significant differences among population means. 

( tAJ0J ? 	) 	1968). 

Yields in treatments D and E (controls) were found to be 

significantly greater than the yield of treatment B. Yields treatments 

C, D and E were not significantly different and there was no significant 

difference between B and C. The yield from treatment A was clearly 

significantly lower from the other treatments but cannot be formally 

analysed because of the zero term. 

COUNTING METHOD 

A comparison of aphid numbers counted in the field and in the 

laboratory can be seen in Table 6. 	The field numbers are the mean of 

total aphids per plant counted in fifty-six plants per treatment. 	The 

laboratory numbers are the mean of total aphids per plant counted in 

eight plants per treatment. 
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TABLE 5. ANALYSIS OF VARIANCE, YIELD RESULTS 1974. 

SV SS DF MS 

REP 16.41 3 5.47 

TREAT 118.15 3 39.38 

ERROR 59.28 9 6.59 

TOTAL 193.84 15 

F 

.83 

5.97 Sig at 5% 

MULTIPLE RANGE TEST (DUNCAN) 

a= 0.05 	2 	3 	4 	\FT = 1.284 

rp 3.199 3.339 3.420 

Rp 4.1054 4.2856 4.3896 

rcB 	Rc 	 XD 	 TIE 

10.57 	14.20 	17.05 	17.29 
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TABLE 6 . FIELD AND LABORATORY APHID NUMBERS PER PLANT PER WEEK 1974. 

TREAT 17/5 24/5 31/5 7/6 14/6 21/6 28/6 6/7 12/7 19/7 TOTALS 

FIELD A 

LAB A 

1 

1 

9 

16 

37 

63 

281 

398 

694 

1,360 

2,423 

1,680 

3,091 

1,397 

363 

240 

0 

0 

0 

0 

6,899 

5,155 

6/6 13/6 20/6 27/6 5/7 11/7 

FIELD B 

LAB B 

- 

- 

- 

- 

- 

- 

1 

12 

15 

41 

131 

332 

481 

786 

1,500 

1,074
,41 

967 

213
2 

0 

0 

3,095 

2,458 

1  Counted on the 7th 2  Counted on the 14th 

The field populations were easily counted in the first four weeks. 

The differences in numbers in the early weeks between field and laboratory 

appear to be due to exclusion of the younger nymphs feeding on the clusters 

which were difficult to count without disturbing the plants. From the 

fifth week onwards, the method used in the field overestimated the 

population size by approximately 40%. This difference might be due to 

the fewer number of plants sampled in the laboratory. 

2.3 	1975 SEASON 

2.3.1 MATERIALS AND METHODS 

Field beans (variety Maris Bead) were sown in Hill Bottom on the 

first of March 1975 	(Fig. 6). 	Late in April, two experiments of 16 

plots each were set up on the field 	(Fig. 9). 	The first repeated the 
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Fig. 9 Layout of treatments in the field Experiments 1975 
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experiment of 1974, but the nature of aphid damage was studied in greater 

detail by comparing all the possible components of yield. 	In the 

second experiment the infestations were allowed to persist for only 5 

weeks in order to compare the effect on yield of similar aphid numbers 

producing damage at different stages of plant growth. 

Because of low natural populations, plants were infested artificially 

with aphids reared in the laboratory. 

2.3.1.1 EXPERIMENT 1975a 

TREATMENTS 

The experiment was set up as a randomized block design with four 

treatments: 

TREAT. A 	Plants infested on the 15th of May or eleven weeks 

after sowing. 

TREAT. B 	Plants infested on the 29th of May or thirteen weeks 

after sowing. 

TREAT. C 	Plants infested on the 19th of June or fifteen weeks 

after sowing. 

TREAT. D 	Uninfested plants (control). 

Treatment A was originally infested on the 8th of May, but had to 

be reinfested because of high numbers of ladybirds (Coccinellidae - 

COLEOPTERA). At this stage plants were an average of 15cm. in height 
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and had five expanded leaves (10 leaflets). 	The original intention was 

to infest at the same time from sowing as in treatment A of 1974 (8 weeks), 

but this was prevented by bad weather conditions. 

Treatment B was infested two weeks later and at this stage plants 

were an average of 36cm. in height and had seven expanded leaves (14 

leaflets). 	Some of the plants were already showing the first flower buds. 

Plants in treatment C were infested on the 19th June, but the 

infestation was too late and the aphid populations did not increase. In 

the analysis this treatment was considered as a control. 

In this experiment the aphid populations were allowed to build up 

their numbers undisturbed. It was not necessary to apply any 

insecticide as in 1974 to keep the plants clean before infestation, 

because of the low natural population levels and the presence of predators 

(ladybirds). 

ARTIFICIAL INFESTATIONS 

Treatments A, B and C were infested artificially by means of 

aphids reared in the laboratory. The aphids were reared in three large 

cages (1.5m.x ]m•x 1m) each containing twelve pots with 4 to 8 field bean 

plants in each pot. 	These were maintained in the glasshouse at 16hr. 

daylight and 65°F. Plants in each pot were infested with a few aphid 

alatae and after two weeks were ready to be used in the field. From 

the glasshouse, the infested plants were carried to the field where all 

the treatment plants located in the four inner rows of each plot, were 
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infested by putting pieces of infested leaves or stems on the top of the 

clusters or top leaves. 	Fig. 10 shows the rearing technique in the 

glasshouse. 

SAMPLING 

Each plot measured 60" (5 feet) width by 120" (10 feet) length, 

having six rows of field beans. 	In the two inner rows, 20 plants were 

numbered and records of height, number of leaflets and aphid populations 

were carried out throughout the growing period. In the next two rows, 

20 plants were labelled and two from each plot were removed weekly to 

the laboratory for growth analysis. 

APHID COUNTS 

The first treatment was infested on the 8th of May and reinfested 

on the 15th. From here onwards, weekly counts were made of the number 

of aphids per plant. 	When full counts were impossible, an estimate 

using the same technique described in the 1974 experiment, was used. 

HARVESTING 

All the plants were harvested on the 6th of August or 23 weeks 

after sowing. Each of the twenty plants in each plot was placed in a 

plastic bag and carried to the laboratory where the following components 

of yield were recorded : number of pods per node, total number of pods 

per plant, number of pod seeds per node and total pod seed per plant, 

seed weights per node and total seed weights per plant. 
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Fig. 10 Rearing of A. fabae in the laboratory (glasshouse) 
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2.3.1.2 EXPERIMENT 1975b 

The objective of this experiment was to assess the damage resulting 

from aphids feeding on the plants for a limited period, in this case five 

weeks. The experimental design and methods of sampling, counting, 

infesting and harvesting the plots were similar as in experiment 1975a. 

TREATMENTS 

TREAT. A : Plants infested on the 15th of May and sprayed with 

nicotine solution on the 19th of June. 

TREAT. B 	Plants infested on the 29th of May and sprayed on 

the 3rd of July. 

TREAT. C 	Control 

TREAT. D 	: 	Control 

Plants on treatment A were infested on the 15th of May and aphids 

were allowed to feed for five weeks. The second treatment was infested 

on the 29th of May and five weeks later practically all the aphids had 

gone. 	Even so the spray was carried out. 

SPRAYING 

Both treatments A and B were sprayed with nicotine solution 0.1% 

using a hand sprayer machine. 



2.3.2 RESULTS 

2.3.2.1 EXPERIMENT 1975a 

(a) Total seed weights and seed weights per node 

The earliest treatment (plants infested on the 11th week after 

sowing), was greatly affected by the aphids but not to the same degree 

as the first treatment in the 1974 experiment. The yield was 34% 

lower than the control. 

The second treatment (plants infested on the 13th week after 

sowing), was not affected by the aphid populations and the yield 

reduction was only 5% compared with the control. Table 7 shows the 

yield of the different treatments. 

TABLE 7 MEAN SEED WEIGHTS PER PLANT (gr.) EXPERIMENT 1975a 

TREAT. A 	TREAT. B 	TREAT. C 	TREAT. D 	TOTALS 

REP. I 4.68 9.75 8.26 9.19 31.88 

REP. II 5.45 7.18 8.71 8.48 29.82 

REP. III 6.20 7.38 7.43 8.75 29.76 

REP. IV 5.85 7.56 9.08 7.25 29.74 

TOTALS 22.18 31.87 33.48 33.67 121.20 

The analysis of variance of total seed weights showed a highly 

significant difference among treatments (Table 8). Use of the 

Multiple Range Test (Duncan) indicated significantly lower yield in 

treatment A than the rest; treatments B, C and D did not differ 

62 
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'significantly from one another. 

TABLE 8. TOTAL SEED WEIGHTS ANALYSIS. 

SV SS DF MS 

REPLICATE .833 3 .278 .30 NS 

TREATMENT 22.467 3 7.489 8.07 Sig. at 1% 

ERROR 8.345 9 .927 

TOTAL 31.645 15 

Analysis of the seed weights showed a highly significant difference 

between nodes and a significant treatment times node interaction 

(Table 9). The use of DUNCAN indicated significantly lower seed 

weights per node for nodes 7, 8, 9 and 10, but not for nodes 6 and 11, 

for treatment A compared with the others. Treatments B, C and D were 

not significantly different except in node 9. The highly significant 

difference between nodes per plant is expected because field beans 

normally produce most pods on the middle nodes. In 1975 the main pod 

bearing nodes were the 6th, 7th, 8th, 9th, 10th and 11th. 

(b) Total pod numbers and pod numbers per node 

The total number of pods per plant was 34% lower in treatment 

A compared with the control. Treatment B was 7% lower than the control 

(Table 10). 
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TABLE 9. 

SV 

SEED WEIGHTS ANALYSIS, 	EXPERIMENT a, 1975. 

DF 	SS 	MS 

TREAT 3 3.7445 1.2482 8.08 	Sig. 	at 	1% 

REP 3 .1388 .0463 .30 

ERROR (a) 9 1.3907 .1545 

TOTAL A 15 

NODES 5 62.3534 12.4707 253.47 	Sig. at 1% 

TREAT x NODES 15 1.8609 .1241 2.52 	Sig. at 5% 

ERROR (b) 60 2.9496 .0492 

TOTAL 95 72.4380 

MULTIPLE RANGE TEST (DUNCAN) 

(a 	= 	0.05) 2 3 4 — 	= 	.1109 

rp 2.829 2.976 3.073 

Rp .314 .330 .341 

(a 	= 	0.01) 2 3 4 

rP 3.762 3.922 4.031 

Rp .417 .435 .447 

(Continued) 
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TABLE 9 (Continued) 

NODE 	TREATMENT 	YIELD (g) 	1% 	5% 

6 	 B 	.94 

6 	 C 	.75 

6 	 D 	.67 

6 	 A 	.56 

7 

7 

7 

7 

8 

8 

8 

8 

B 

C 

D 

A 

D 

C 

B 

A 

2.00 

1.80 

1.78 

1.32 

2.83 

2.61 

2.50 

1.90 

9 

9 

9 

9 

C 

D 

B 

A 

2.20 

2.18 

1.72 

1.38 

10 
	

C 	.79 

10 
	

D 	.75 

10 
	

B 	.58 

10 
	

A 	.39 

(Continued) 
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TABLE 9 (Continued) 

NODE 	TREATMENT 	YIELD (g) 	1% 	5% 

11 	 B 	.24 

11 	 C 	.23 

11 	 D 	.23 

11 	 A 	.00 
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TABLE 10. MEAN POD NUMBERS PER PLANT 1975a. 

TREAT. A TREAT. B TREAT. C TREAT. D TOTALS 

REP. I 3.83 7.72 7.16 7.65 26.32 

REP. II 4.44 6.05 6.21 6.28 22.98 

REP. III 4.79 5.66 6.49 6.88 23.82 

REP. IV 4.67 5.50 7.52 5.61 23.30 

TOTALS 17.73 24.93 27.38 26.42 96.42 

The analysis of total pod numbers per plant (Table 11) shows 

the same outcome as for total seed weights; i.e. highly significant 

reduction in pod numbers in treatment A, compared with the rest, but 

no differences between the other treatments. 

TABLE 11. TOTAL POD NUMBERS ANALYSIS. 

SV SS DF MS 

REPLICATE 1.773 3 .591 1.01 

TREATMENT 14.355 3 4.785 8.18 Sig. 	at 1% 

ERROR 5.229 9 .581 

TOTAL 21.357 15 
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There is a significant reduction in the number of pods per 

node for treatment A compared with the rest. Duncan indicated 

significant reduction for nodes 7, 8, 9 and 10; but no significant 

differences for nodes 6 and 11 (Table 12). 

(c) Total seed numbers and seed numbers per node 

The analysis of total seed numbers per plant and seed numbers 

per node showed the same outcome as the previous components of yield 

(Table 13). 

(d) Seed numbers per pod and mean seed weights 

No significant differences were found in the number of seeds 

per pod and in mean seed weights for the main nodes (7, 8, 9 and 10). 

(Table 14). 

2.3.2.2 EXPERIMENT 1975b 

(a) Total seed weights and seed weights per node 

In this experiment, the earliest treatment (plants infested on 

the 11th week after sowing and sprayed after 5 weeks of infestation), 

the yield was 22% lower than the control but not significantly differ- 

ent. 	The second treatment (plants infested on the 13th week after 

sowing) was not affected by the aphid populations and the yield was 

8% lower than the control. 	Table 15 shows the yield of the different 

treatments. 	Table 16 shows the analysis of variance for total seed 

weights. 



69 

TABLE 12. POD NUMBERS ANALYSIS, EXPERIMENT O. 1975. 

SV 	DF SS MS F 

TREAT 	3 2.3990 .7997 8.38 

REP. 	3 .2960 .0987 1.03 

ERROR (a) 	9 .8590 .0954 

TOTAL A 	15 

NODES 	5 35.0148 7.0030 214.82 

TREAT x NODES 	15 1.0079 .0672 2.06 

ERROR (b) 	60 1.9563 .0326 

TOTAL 	95 41.5330 

MULTIPLE RANGE TEST (DUNCAN) 

S2  
(a 	= 	0.05) 	2 3 4 

rp 	2.829 2.976 3.073 

Rp 	.2563 .2696 .2784 

(a 	= 	0.01) 	2 3 4 

Sig. at 1% 

Sig. at 1% 

Sig. at 5% 

= .0906 

rp 3.762 3.922 4.031 

Rp .3408 .3553 .3652 

NODE 	TREATMENT 	YIELD (N0) 	1% 	5% 

6 	B 	.63 

6 	C 	.57 

6 	D 	.47 

6 	A 	.44 	
(Continued) 
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NODE 

12 (Continued) 

TREATMENT YIELD (N°) 

7 B 1.46 

7 D 1.33 

7 C 1.32 

7 A .96 

8 D 2.08 

8 C 2.04 

8 B 1.85 

8 A 1.48 

9 C 1.89 

9 D 1.82 

9 B 1.50 

9 A 1.14 

10 C .75 

10 D .67 

10 B .57 

10 A .43 

11 C .28 

11 D .27 

11 B .24 

11 A .00 

] 

] 
I 

70 
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TABLE 13. 

SV 

SEED NUMBERS ANALYSIS, 	EXPERIMENT 01- 

DF 	SS 	MS 

1975. 

TREAT 3 23.49 7.830 6.73 Sig. 5% 

REP. 3 3.32 1.107 .95 

ERROR (a) 9 10.48 1.164 

TOTAL A 15 

NODES 5 350.4430 70.0986 214.70 Sig. 1% 

TREAT x NODES 15 10.5365 .7024 2.15 Sig. 5% 

ERROR (b) 60 19.5805 .3265 

TOTAL 95 417.9000 

MULTIPLE RANGE TEST (DUNCAN) 

(a = 	0.05) 2 3 4 — = .2857 

rP 2.829 2.976 3.073 

Rp .8082 .8502 .8780 

(a = 	0.01) 2 3 4 

rp 3.762 3.922 4.031 

Rp 1.0748 1.1205 1.1517 

NODE TREATMENT YIELD (N°) 1% 5% 

6 B 2.21 

6 C 1.80 

6 D 1.55 

6 A 1.22 
(Continued) 
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TABLE 13 (Continued) 

NODE TREATMENT YIELD (N°) 1% 

7 B 4.71 

7 C 4.34 

7 D 4.25 

7 A 3.02 ] 

8 D 6.69 

8 C 6.29 

8 B 5.82 

8 A 4.72 ] 

9 C 5.46 

9 D 5.43 

9 B 4.14 ] 

9 A 3.34 

10 C 2.07 

10 D 1.97 

10 B 1.49 

10 A 1.03 

11 D .67 

11 C .62 

11 B .62 

11 A .00 

5% 

1 
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TABLE 

SV 

14. 

DF 

SEED NUMBERS PER POD , 

SS 	MS 

EXPERIMENT 0.. 1975. 

TREAT 3 .268913 .089638 .59 

REPLICATE 3 .073325 .024492 

ERROR (a) 9 1.355513 .150613 

TOTAL A 15 

NODE 3 2.914288 .971429 17.26 Sig. 	1% 

TREAT x NODE 9 .526399 .05849 1.04 

ERROR (b) 36 2.025705 .05627 

TOTAL 63 7.164144 

TABLE 15 SUMMARY MEAN SEED WEIGHTS PER PLANT EXPERIMENT1975b 

TREAT. A TREAT. B TREAT. C TREAT. D TOTALS 

REPLICATE I 8.30 8.52 9.81 10.09 36.72 

REPLICATE II 6.02 8.57 11.62 8.33 34.54 

REPLICATE III 6.65 7.67 8.39 7.88 30.59 

REPLICATE IV 7.04 8.61 7.53 8.80 31.98 

TOTALS 28.01 33.37 37.35 35.10 133.83 
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TABLE 16 . TOTAL SEED WEIGHTS ANALYSIS, EXPERIMENT 1975b. 

SV 
	

SS 	DF 	MS 

REPLICATE 4.72 3 1.57 1.29 

TREATMENT 11.05 3 3.68 3.01 NS 

ERROR 10.99 9 1.22 

TOTAL 26.76 15 

The analysis of variance showed highly significant difference 

for nodes and a significant treatment times node interaction. The 

use of Duncan indicated significant reduction in seed weights per 

node for nodes 8 and 9 between treatment A and the controls. 

Treatment A and B were not significantly different except on the 

8th node. 	(Table 17). 

(b) Total pod numbers and pod numbers per node 

The analysis of total numbers of pods per plant showed a 

significant difference for treatments. Using the multiple range 

test it was found that treatment A and the controls were significantly 

different but treatments A and B were not. Table 18 shows the 

analysis of variance for total pod numbers per plant. 
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TABLE 17. SEED WEIGHTS ANALYSIS, EXPERIMENT IS 1975. 

SV DF SS MS 

TREAT 3 1.9810 .6603 

REP. 3 .9260 .3087 

ERROR (a) 9 1.6920 .1880 

TOTAL A 15 

NODES 5 56.6979 11.3396 

TREAT x NODE 15 2.4499 .1633 

ERROR (b) 60 3.9932 .0666 

TOTAL 95 67.740 

MULTIPLE RANGE TEST (DUNCAN) 

(a 	= 	0.05) 2 3 4 

rp 2.829 2.976 3.073 

Rp .3655 .3845 .3970 

(a 	= 	0.01) 2 3 4 

rp 	3.762 	3.922 	4.031 

Rp 	.4814 	.5067 	.5208 

F 

3.51 

1.64 

170.26 Sig. at 1% 

2.45 Sig. at 5% 

iT 
— = .1292 n 

NODE 	TREATMENT 	YIELD (g) 	1% 	5% 

6 	B 	.95 

6 	A 	.92 

6 	C 	.77 

6 	D 	.74 
(Continued) 



TABLE 17 (Continued) 

NODE TREATMENT YIELD (g) 

7 B 1.86 

7 D 1.69 

7 C 1.62 

7 A 1.59 

8 C 3.02 

8 D 2.65 

8 B 2.47 

8 A 2.06 

9 C 2.47 

9 D 2.26 

9 B 1.89 

9 A 1.63 

10 C 1.05 

10 .98 

10 B .86 

10 A .68 

11 D .46 

11 .42 

11 .32 

11 A .14 

1% 	57 

76 
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TABLE 18, TOTAL POD NUMBERS ANALYSIS, EXPERIMENT 1975%0. 

SV 	DF 	SS 	MS 

REPLICATE 3 .60 .20 .42 

TREATMENT 3 8.25 2.75 5.73 Sig. at 5% 

ERROR 9 4.36 .48 

TOTAL 15 13.21 

The analysis of variance showed a highly significant difference 

in pod numbers per nodes and mean significance (Table 19) in the 

treatment times per node interaction. The use of Duncan indicated 

a significant reduction in the number of pods per node for nodes 8 

and 9 between treatment A and the control. Treatments A and B are 

not significantly different. 

(c) Seed numbers per plant and seed numbers per node 

No significant differences were found among treatments in the 

analysis of total number of seeds in plant and seed numbers per node. 

(Table 20). 
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TABLE 

SV 

19. 	POD NUMBERS ANALYSIS,EXPERIMENT b 	1975. 

DF 	SS 	MS 	F 

TREAT. 3 1.3768 .4589 5.70 Sig. 5% 

REP 3 .1004 .0335 .42 

ERROR (a) 9 .7245 .0805 

TOTAL A 15 

NODES 5 34.0683 6.8137 150.08 Sig. 1% 

TREAT x NODES 15 1.2202 .0813 

ERROR (b) 60 2.7268 .0450 

TOTAL 95 40.2170 

MULTIPLE RANGE TEST (DUNCAN) 

(a = 0.05) 
	

2 	3 	4 	— = .1068 

rP 
	2.829 	2.976 	3.073 

Rp 	.3021 	.3178 	.3282 

(a = 0.01) 	2 	3 	4 

rp 	3.762 	3.922 	4.031 

Rp 	.4018 	.4189 	.4305 

NODE 	TREATMENT 	YIELD (N°) 	1% 	5% 

6 	B 	.65 

6 	A 	.65 

6 	C 	.61 

6 	D 	.60 
(Continued) 
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TABLE 19 	(Continued) 

NODE TREATMENT YIELD (N°) 1% 	5% 

7 D 1.29 

7 B 1.28 

7 A 1.20 

7 C 1.16 

8 C 2.30 

8 D 2.14 

8 B 1.90 

8 A 1.65 

9 C 2.06 

9 D 1.97 

9 B 1.61 

9 A 1.41 

10 C 1.01 

10 D .90 

10 B .74 

10 A .66 

11 D .44 

11 C .41 

11 B .32 

11 A .16 
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TABLE 20, 

SV 

SEED NUMBERS ANALYSIS ) EXPERIMENT b 

DF 	SS 	MS 

1975. 

TREAT 3 9.680 3.2267 2.50 

REP. 3 3.490 1.1633 .91 

ERROR (a) 9 11.610 1.2889 

TOTAL A 15 

NODES 5 326.7093 65.3419 125.20 Sig. 	1% 

TREAT x NODES 15 13.6120 .9075 1.74 (1.84) 

ERROR (b) 60 31.3167 .5219 

TOTAL 95 396.4180 
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2.4 	1976 SEASON 

2.4.1 MATERIALS AND METHODS 

Field beans variety Maris Bead were sown in Hill Bottom (Fig. 6) 

on the 27th of February of 1976. Eights weeks later an experiment 

having 25 plots was set up in the field. 	Each plot measured 60" (5 feet) 

width by 180" (15 feet) length having 6 rows of field beans. 	The 

objective of the experiment was to assess the effect on yield of aphid 

populations on plants infested at early stages of plant growth (pre-

flowering and flowering periods) compared with plants infested at the 

same time but sprayed four weeks after infestation. 

As in 1975, plants were infested artificially with black bean 

aphids reared in the laboratory. The sampling, aphid counts and 

harvesting was similar as well. 

TREATMENTS 

The experiment was set up as a randomized block design with five 

treatments and five replicates: 

TREAT. Al 	Plants infested on the 10th week after sowing. 

TREAT. A2 	Plants infested on the 10th week after sowing and 

sprayed with nicotine solution 0.1% four weeks later. 

TREAT. B1 	Plants infested on the 13th week after sowing. 

TREAT. B2 	Plants infested on the 13th week after sowing. 
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TREAT. C 	Control (uninfested plants). 

Treatments Al and A2 were infested on the 6th of May and reinfested 

a week later because of the presence of large numbers of predators, 

mainly ladybirds (Coccinellidae - Coleoptera). Treatment A2 was 

sprayed with nicotine solution 0.1% on the 5th of June. 

Treatments 81 and B2 were infested on the 27th of May but on this 

occasion the infestations did not increase because of the ladybirds. 

Table 21 shows the daily numbers of ladybirds removed from treatments 

Al and A2 during the infestation period. 	In the analysis of the 

experiment, treatment B1 was considered as a control. 

2.4.2 RESULTS 

(a) Total seed weights and seed weights per node 

Treatment Al (plants infested on the 10th week after sowing) 

was greatly affected by the aphid populations. The yield was 80% 

lower than the controls. Treatment A2 (plants infested on the 10th 

week after sowing and sprayed four weeks later) was also greatly 

affected but in this case yield was only 26% lower than the control. 

Table 22 shows the differences in yield for the different treatments. 
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TABLE 21. COCCINELLIDAE NUMBERS COLLECTED IN THE FIELD, 1976. 

DATE TIME SEVEN SPOTS OTHERS TOTAL 

10/5/76 9pm. 170 170 

11/5/76 4pm. 86 86 

12/5/76 4pm. 85 14 99 

13/5/76 10am. 80 25 105 

14/5/76 4pm. 95 14 109 

15/5/76 10am. 44 5 49 

17/5/76 4pm. 147 18 165 

18/5/76 4pm. 203 21 224 

19/5/76 4pm. 84 4 88 

21/5/76 10am. 122 12 134 

23/5/76 10am. 149 8 157 

25/5/76 4pm. 136 14 150 

27/5/76 4pm. 176 21 197 

29/5/76 4pm. 118 118 

1/6/76 10am. 240 32 272 

3/6/76 10am. 184 10 194 

Five species were identified : 

Coccinella septempunctata L. 

Propylaea gnaterordecimpunctata L. 

Adonia variegata Goeze 

Adalia bipunetata  L. 

Coccinella undecimpunctata L. 
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TABLE 22 . SUMMARY MEAN TOTAL SEED WEIGHTS PER PLANT)  EXPERIMENT 1976. 

TREAT. Al TREAT. A2 TREAT. B TREAT. C TOTALS 

REP. I .46 3.99 4.94 4.91 14.30 

REP. II .76 3.65 5.60 4.75 14.76 

REP. III 1.05 4.03 4.30 5.45 14.83 

REP. IV 1.05 3.78 5.57 6.05 16.45 

REP. V 1.67 3.72 4.97 5.06 15.42 

TOTALS 4.99 19.17 25.38 26.22 75.76 

The analysis of variance of total seed weight showed a highly 

significant difference among treatments. Yields from treatments 

Al and A2 are significantly lower than for treatments B and C 

(controls). 

There was a significant treatment times node interaction. The 

use of Duncan indicated highly significant reduction in seed weights 

per node in nodes 8, 9 and 10, but not in nodes 6 and 7 in the 

comparison of treatments A2 with the controls. There was a highly 

significant difference between treatment Al and the rest. 	Table 23 

shows the analysis of variance and Duncan test for seed weights. 

(b) Total pod numbers and pod numbers per node 

The total number of pods per plant was heavily reduced by the 
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TABLE 23 . 

SV 

SEED WEIGHTS ANALYSIS 	EXPERIMENT 

DF 	SS 	MS 

1976 

TREATMENT 3 11.5649 3.855 93.80 Sig. at 1% 

REPLICATE 4 .1368 .0342 .83 

ERROR (a) 12 .4927 .0411 

TOTAL A 19 

NODES 4 22.7952 5.6988 412.96 Sig. at 1% 

TREAT x NODES 12 3.8667 .3222 23.34 Sig. 	at 1% 

ERROR (b) 64 .8837 .0138 

TOTAL 99 39.740 

MULTIPLE RANGE TEST (DUNCAN) 

= 	0.01) 

rP 

2 	3 

3.762 	3.922 

4 

4.031 

—n = .0525 

RP .1974 	.2058 .2116 

NODE TREATMENT Tf SEED WEIGHTS 	SIG. 1% 

6 C .524 

6 B .524 

6 A2 .494 

6 Al .124 

(Continued) 
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TABLE 23 (Continued) 

NODE TREATMENT 3E' SEED WEIGHTS 	SIG. 	1% 

7 C 1.662 

7 B 1.588 

7 A2 1.416 

7 Al .424 

8 C 1.898 

8 B 1.700 

8 A2 1.392 

8 Al .376 

9 B .994 

9 C .936 

9 A2 .532 

9 Al .074 

10 B .270 

10 C .224 

10 A2 .00 

10 Al .00 
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aphid population in both treatments Al and A2; 76% and 30% lower 

than the control respectively. In this experiment the main pod 

bearing nodes were the 6th, 7th, 8th, 9th and 10th and of these, the 

nodes 7, 8 and 9 were the most important. Table 24 shows the mean 

pod numbers per treatment. 

TABLE 24. MEAN PLANT POD NUMBERS PER TREATMENT, EXPERIMENT 1976. 

TREAT. Al TREAT. A2 TREAT. B TREAT. C TOTALS 

REP. I .85 4.60 6.20 6.15 17.80 

REP. II 1.40 4.45 6.95 6.20 19.00 

REP. III 1.75 4.90 5.67 6.55 18.87 

REP. IV 1.35 4.25 6.70 7.10 19.40 

REP. V 2.25 4.30 6.05 6.30 18.90 

TOTALS 7.60 22.50 31.57 32.30 93.97 

The analysis of total pod numbers per plant and pod numbers 

per node showed the same outcome as total seed weights and seed 

weights per node. 	(Table 25). 
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TABLE 25. POD NUMBERS ANALYSIS EXPERIMENT 1976. 

SV 	DF SS MS 

TREATMENT 	3 15.8550 5.2850 119.30 Sig. at 1% 

REPLICATE 	4 .0708 .0177 .40 

ERROR (a) 	12 .5314 .0443 

TOTAL A 	19 

NODES 	4 30.7892 7.6972 368.29 Sig. at 1% 

TREAT x NODES 	12 4.5198 .3767 18.02 Sig. at 1% 

ERROR (b) 	64 1.3355 .0209 

TOTAL 	99 53.1013 

MULTIPLE RANGE TEST (DUNCAN) 

(a 	=. 	0.01) 	2 3 2 _ = .06465 

rp 	3.762 3.922 

Rp 	.2432 .2536 

NODE TREATMENT 7 POD NUMBERS 	SIG. 1% 

6 C .58 

6 B .57 

6 A2 .54 

6 Al .18 
(Continued) 
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TABLE 25 (Continued) 

NODE TREATMENT "EPOD NUMBERS 	SIG. 1% 

7 B 1.81 

7 C 1.79 

7 A2 1.53 

7 Al .59 

8 C 2.33 

8 B 2.12 

8 A2 1.66 

8 Al .60 

9 C 1.37 

9 B 1.36 

9 A2 .77 

9 AI .15 

10 B .45 

10 C .39 

10 A2 .00 

10 Al .00 
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2.5 DISCUSSION 

The three years field work have shown that early infestations 

(before the flowering period) of Aphis fabae are capable of producing 

considerable damage to field beans. 	The degree of damage depends 

upon the level of aphid populations on each occasion. 

When the infestations occur at the beginning of the flowering 

period, aphid attack has little effect on flower formation and the 

number of flowers set, but if the populations then become large, the 

plants are damaged during the period of pod setting. 

Late infestations of A. fabae (after the flowering period) did 

not affect the yield in any of the experiments. Way (1961) suggested 

that at this stage the field beans are unsuitable for aphids to feed 

on. 

The time of aphid infestations, the number of aphids per week 

and the stages of plant growth, are summarised in Table 26. 
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TABLE 26. TIME OF INFESTATION, APHID NUMBERS PER PLANT PER WEEK AND 

STAGE OF PLANT GROWTH IN 1974, 1975 AND 1976.  

WEEKS BEFORE 
THE FLOWERING 

PERIOD 

FLOWERING 
PERIOD 

POD SETTING AND 
FRUIT 	MATURING 

TOTAL 

APHID 

WEEKS 

YIELD 

(grs) 
 1 2 3 4 5 6 7 8 9 10 

1974 A Inf. 9 37 281 694 2,423 3,091 363 0 0 6,898 0.00 

1974 B - - - Inf. 15 131 481 1,500 967 0 3,094 10.55 

CONTROL - - - - - - - - - - - 17.18 

1975a A Inf. 2 8 30 295 675 533 74 0 0 1,617 5.55 

1975a B - - Inf. 8 69 122 34 0 0 0 233 7.96 

CONTROL - - - - - - - - - - - 8.39 

1975b A Inf. 2 8 30 83 344 0 0 0 0 467 7.00 

1975b B - - Inf. 10 24 63 14 0 0 0 111 8.34 

CONTROL - - - - - - - - - - - 9.05 

1976 Al - Inf. 10 25 240 467 650 530 395 0 2,317 1.00 

1976 A2 - Inf. 10 25 221 442 0 0 0 0 698 3.83 

CONTROL - - - - - - - - - - - 5.24 

2.5.1. 	1974 Season 

The earliest treatment was infested when the plants were 8 cm. in 

height and had 4 expanded leaves (8 leaflets). 	The aphid populations 

increased to large numbers and the severity of the damage was enormous; 
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just a few plants flowered and practically none set any pods. 

The situation was different in the second treatment. Plants 

were infested at the beginning of the flowering period and the aphid 

population was still low when floration was completed. However, the 

aphids became abundant during the pod setting and maturing periods. 

The final yield (total seed weights per plant) was 42% lower than the 

controls. 

2.5.2 1975 Season 

The lack of natural populations was the reason for infesting the 

plants with artificially reared black bean aphids. 	However, the 

populations did not increase, either, because of the presence of predators, 

or because the plants suffered a prolonged dry period. 	Even so, the 

results showed that field beans attacked early in the season are more 

affected, and the damage occurred mainly in the area where the most 

important pod bearing nodes are located. 

The total number of aphid-weeks in the earliest treatment was a  of 

the total number in 1974, nevertheless the yield was 34% lower than the 

control. 	Total seed weights, number of pods and number of seeds per 

plant were equally affected. Differences between infested and uninfested 

plants in the number of seeds, number of pods and seed weights per node, 

were found in the main pod bearing nodes, (7, 8, 9 and 10) (Figure 11). 

It is noteworthy that in the uninfested plants many flowers were set on 

the later nodes (above the 10th) but the pods dropped at an early stage 
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of development. Probably the dry summer was partly responsible, 

though normally only 10-20% of field bean flowers give ripe pods (Soper, 

1952). 

The effect of low numbers of aphids during flower formation 

seen in the experiment sprayed after 5 weeks of aphid infestation. 

The total number of aphids-weeks was comparatively low (1/6 of the total 

in the experiment a) but still the reduction in yield was 22%. 

The infestation during the flowering period did not affect the 

yield in infested plants in both 1975mand 1975b experiments. 	The low 

populations were unable to damage the plants significantly. 

2.5.3 1976 Season 

The 1976 experiment was carried out basically to confirm the 

results obtained in previous years. 	Once again the aphid population 

produced considerable damage when the infestation occurred before the 

flowering period. 	The population was 1/3 of the 1974 experiment and 

yet the yield was reduced by 80%. 	When the plants were sprayed 

(Treatment A2) after 4 weeks of aphid infestation the reduction in 

yield was 26%, very similar to the 1975b experiment. 

The effects of aphids on the different components of yield, e.g. 

total seed weights, and pod numbers per plant, were similar between 

infested and uninfested plants. 	On this occasion, the main pod bearing 

nodes were the 7th, 8th and 9th. 
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In general the field beans were affected greatly when infested 

ot.v:t•4■• 
before the -\0‘,..1a.vv•NeAl The differences on final yield depende4 upon the 

size of the populations in each particular year. 	Once the pods are 

formed, there is no damage from late infestations. 

The variations of yield in the different controls from year to 

year can be attributedL, to the inconsistent performance of field beans 

due to the effect of climatic factors (rainfall and temperature). 

Figures 12 and 13 show the rainfall and temperature records of the three 

years study at Silwood Park. 	It is noteworthy that 1976 was the driest 

year in the United Kingdom since records began. The bean crop has a 

large summer d nand for water and suffersbadly from drought. 	In both 

1975 and 1976 the control yields were about half the yield of 1974 when 

conditions were better. Undoubtedly the aphid populations were also 

affected because under water stress they lower the rate of reproduction. 

(Kennedy et a(1 1958) 	Figures I4a, 14b, 14c and 14d show the sizes of 

aphid populations and their relation to total seed weights per plant in 

1974, 1975 and 1976. 
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CHAPTER III 
	

THE EFFECTS OF INFESTATION BY 

Aphis fabae Scop. ON THE GROWTH 

PATTERN OF Vicia faba L. 

3.1 	INTRODUCTION 

Vicia faba usually develops a single unbranched stem, but it is 

not rare to find plants with one or even two branches arising from the 

first and second nodes. Leaves appear in opposite pattern as the stem 

elongates and consists of two leaflets at the lower nodes increasing to 

seven or eight leaflets per leaf at the upper nodes (Crawley, 1973). 

Flower buds appear in the leaf axils above the sixth node. Ishag 

(1969) has shown that just a fraction of the buds produced develop into 
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flowers and only 23% of these form pods. 	The flowers require cross 

pollination by insects (usually by bees) and develop pods which contain 

three or four seeds on average. The final numbers of pods is very low 

compared with the initial setting, only 10 - 20% of field bean flowers 

give ripe pods (Soper, 1952). 

Many papers have been published concerning Aphis fabae and its 

relationship with field beans, but only a few of them have dealt with 

the effect of aphid populations on growth of the plant. 

The first workers were conelned with the susceptibility to A. 

fabae of different bean varieties. 	Davidson (1922, 1925) recorded the 

multiplication rates of A. fabae when placed on potted plants and 

suggested that susceptibility was related to physiological differences 

affecting sap nutriousness. 	Muller (1953, 1958) however, rejected 

Davidson's hypothesis and stated that any difference could not be 

analysed without considering the growth pattern of the plants. 	Tambs 

Litche and Kennedy (1958), reached the same conclusion from a study of 

growth pattern differences among varieties and suggested that this was 

the cause of their unequal susceptibility. 	They described the 

relationship between the varietal resistance of the host plant to aphid 

attack and the morphological changes occurring under infestation. 

The quantitative aspects of growth and fruit production in 

healthy Vicia faba, have been described by Ishag (1969). 	He studied 

varietal differences in terms of yield components, flowering pod set 

and pod shedding, dry weight production and the effect of plant density 



on yield. 

Banksand Macaulay (1967), have shown that small infestations of 

A. fabae on field beans can increase yield probably because they decrease 

apical growth. The contribution of any part of a plant towards yield 

on the harvested organ depends not only on its function but also on its 

location upon the plant. 	In field beans for example, the contribution 

made by photosynthetic tissue to yield varies greatly between interaodes; 

McEwan (1972) has shown that the removal of the leaves on the first nine 

flowering nodes had a much larger effect on yield compared to removing 

the leaves below or above the flowering nodes. 

Crawley (1973), introducing his simulation model of the growth 

and fruit development of V. faba under aphid attack stated "rather less 

attention has been given to the precise ways in which aphid infestation 

affects the growth of the host plant, or to the effects of various plant 

attributes on the performance of the aphid population". 	The purpose 

of his model was to investigate the relationship between aphid feeding 

and bean yield. He believed that by determining the periods during 

which the plant is most sensitive to damage by aphid feeding, and the 

quantitative responses of bean yield to aphid numbers, it should be 

possible to suggest the basis of a rational and biologically feasible 

strategy for aphid control on this crop. He concluded saying that 

field beans appear to be very sensitive to the time of infestation and 

the necessity for control measures increases with the earliness of 

aphid arrival in the crop. 	Crawley showed how Vicia faba responds to 

A. fabae infestation under one set of greenhouse conditions, but most 

1 0 2 
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of his work was largely theoretical and requires to be demonstrated in 

the field under natural conditions. 

This Chapter is devoted to a more detailed study of the effects 

of A. fabae on the growth pattern of Vicia faba. 	In 1974 an experiment 

was set up to compare the effects on plant growth of A. fabae infesting 

the plants at different stages of plant development. 	Comparisons were 

made of total leaf areas, total number of leaves and height of the plants. 

In 1975 and 1976 the objectives were similar but more attention 

was given to the effects on flower formation and pod setting. The 

nature of pod shedding was also studied. 

3.2 MATERIALS AND METHODS 

(a) Experiment 1974 

The experiment was the same that was used for investigating 

yield effects described in Chapter II. 	In each plot twenty plants 

were numbered (for details see Fig. 8) and two removed each week to 

the laboratory and records of leaflet areas, heights, numbers of 

leaflets and number of nodes were registered. 

(b) Experiment 1975 

In this year two plants per plot from the field experiment 1 

were harvested on each sampling occasion and carried to the laboratory. 

Each plant was divided into three regions: 
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I. nodes 0 to 6 (approximately the area below first 

flowering node) 

II. nodes 7 to 16 (approximately all flowering nodes 

III. node 17 and above. 

For each region the following records were made: length of the stem, 

numbers of leaflets, leaflet areas, leaflet dry weights, stem dry 

weights and pod dry weights when present. Once the pods were visible 

the number per node was monitored each week. 

(c) 	Experiment 1976 

Following the same procedure as in previous years, two plants 

per plot from the experiment described in Chapter II, were harvested 

each week from the third week after the first treatment was infested, 

and carried to the laboratory. 	Records of total leaflet areas, total 

leaflet numbers, leaflet dry weights, stem dry weights and pod dry 

weights were registered. The number of pods per node was also 

recorded. 

A paton Electronic Planimeter (Fig. 17) was used for recording 

leaflet areas. 	This procedure saved considerable time and permitted 

the handling of a large number of plants per week which otherwise would 

have been impossible. 	Before counting, all the leaflets corresponding 

to each region (1975) or plant sample (1976) were cut away and after 

the reading placed in a numbered paper bag. 	Immediately after recording 

the areas, all the paper bags containing the leaflets, stem and pods were 

put into an oven at 800C for 48 hours. The bags were then removed and 
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Fig, 17 Paton Electronic Planimeter 



placed in a desiccator in order to avoid gains in weight by humidity. 

The dry weight was recorded using the Metter P 1200 Scale. 

3.3 RESULTS 

3.3.1 Plant phenology and damage 

In 1974 visible effects of the aphid infestation were observed 

in treatment A three weeks after the plants were infested. 	Initially 

the aphid populations increased in the terminal cluster and the folded 

upper surface of very young leaves. 	But as these leaves opened and 

expanded, the aphids moved to their preferred position on the undersides. 

(Stage 3, Fig. 18). At this stage the topmost leaves were curled and 

wilted and there was a light covering of honeydew and cast exuvia.. 

In the fourth week after infestation with first buds starting to show 

(Stage 4, Fig. 18) the adult apterae began to walk down the plant and 

colonised the stem and lower leaves. On the stems the aggregates grew 

rapidly in size and density, eventually becoming even larger than the 

aggregates on the leaves. 	By the fifth week, the stems were scarred 

and blackened particularly at the upper internodes where aphid aggregates 

had been dense. A week later, the aphids were located mainly on the 

leaves from where adult alatae emigrated searching for new hosts. At 

this stage almost all the leaves were curled and wilted showing the 

characteristic "burn" of their upper surfaces caused by fungus in the 

honeydew substrate. 	In this particular treatment very few plants 

flowered and practically none set any pods. 	Figures I9a and 19b show 

the damage during the flowering period in treatment A compared with the 

control. 
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Fig. 19a Damage during the flowering period in treatment A 1974 

Fig. 19b Control 
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When the second treatment (B) was infested, the plants were 

eleven weeks old and the flowering period was about to start. Aphid 

populations were still low two weeks later when most of the flowers 

were opened. 	(Stage 5, Fig. 18). 	The yield was significantly lower 

than the control (see Chapter II), but other plant observations seem to 

indicate some plant responses to aphid damage at this stage, e.g. increase 

in leaf area. 	The pattern of aphid feeding both in treatment A and B 

throughout the growing season, are shown in figures 20a and 20b. 

In 1975 the aphid populations were lower and both treatments A 

and B were not affected as in 1974. Treatment A was infested 3 weeks 

before the flowering period (similarly as 1974), but the low number of 

natural population of aphids, the presence of a large number of predators, 

mainly ladybirds (Cocinellidae : Coleoptera), and a prolonged dry period 

after aphid infestation, did not allow the same level of damage as the 

year before. 	The pattern of aphid feeding was also similar as 1974; in 

the first 3 weeks after infestation the artificially introduced aphids 

increased on the clusters and top leaves. 	In the fourth week the apterae 

form walk down infesting the stem, and flower buds. By the seventh 

week the aphids were present mainly on the leaves from where they 

emigrated to new hosts. 

Flowers and pods were damaged significantly (see Chapter II), 

but as happened in 1974 with treatment B, some other characteristics did 

not differ in the four treatments. 	This will be discussed later. 

Figures 21a and 21b show ripening pods at the end of the infestation 

period in treatment B and control. 
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Fig. 21a Ripening pods at the end of the infestation period 

Treatment B 	1975 

Fig. 21b 	Ripening pods in the control 	1975 
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Treatment B was infested just as the flowering period started 

and by the time the aphids reached peak numbers, the pods were already 

well formed. The level of infestation was mild and there were no 

differences between this treatment and the controls (see Chapter II). 

In 1976, the plants infested before the flowering period 

(treatment Al), were affected in the same way as the first treatment 

in 1974. 	The aphid populations increased in numbers during the 

flowering and pod setting period and this was the cause for 80% of the 

reduction in yield. When the aphids were sprayed after four weeks of 

feeding (treatment A2), the effects:in yield was less but the early 

feeding on the terminal clusters and topmost leaves had already produced 

a significant damage. Furthermore, the plants were unable to recover 

because of the water stress induced by the lack of rainfall in that year. 

3.3.2 Leaf Area Analysis 

3.3.2.1 1974 Season 

1. Total leaflet areas 

The analysis of variance compares the weekly means of leaflet 

areas per plant. Treatments and treatments per date interaction were 

significant at 5%. 	The differences were further analysed by a Multiple 

Range Test. Until the twelfth week after sowing, there was no signifi- 

cance among treatments. 	From the thirteenth week onwards, however, 

leaflet area of treatment A was significantly smaller than the others. 

But, treatment B and the control were not significantly different 
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throughout the experiment. 	(Table 27). 

The result indicates the heavy effect of large populations of 

aphids on the rate of leaflet growth when plants are infested early in 

the season. 	Treatment B was infested on the 11th week after sowing and 

two weeks later flower formation was completed. The peak of aphid 

populations (1Pr = 1,500 aphids/plant) was recorded three weeks after the 

flowering period ended, this heavy population of aphids occurring during 

pod formation and filling is probably responsible for the difference of 

42% in yield between this treatment and the control. 

Fig. 22 compares the differences in leaflet areas between control 

and treatment A and between control and treatment B. The histogram 

indicates that although there was no statistical differences between 

control and treatment B, during the 13th, 14th and 15th weeks, the growth 

in leaflet area was larger in treatment B. 

2. Total Leaflet area per region 

In order to obtain a better understanding of the differences 

between treatment B and the control, each plant was considered in terms 

of four regions: 

I nodes 0 to 6 

II nodes 7 to 12 

III 	nodes 13 to 18 

IV nodes 19 to 24. 
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TABLE 27. 	TOTAL LEAFLET AREAS ANALYSIS, 1974. 

SV 	DF 	SS 	MS 

TREAT 	4 5.7733 1.4433 11.51 * 

DATE 	9 16.9227 1.8803 14.99 ** 

REPLICATE 	3 .4279 .1426 1.14 

TREAT x DATE 	36 7.8945 .2193 1.75 * 

REP x DATE 	27 4.9576 .1836 1.46 

TREAT x REP 	12 .9008 .0750 .60 

ERROR 	108 13.5410 .1254 

TOTAL 	199 50.4178 

MULTIPLE RANGE TEST (DUNCAN) 

(a 	= 	0.05) 	2 3 4 5 

rp 	2.8058 2.9528 3.0506 3.1486 DF = 108 

Rp 	.4972 .5233 .5406 .5579 \ 
-n  = .1772 

DATE 
	

TREATMENT 	LEAFLET AREAS (Log 10) 

13 
	

B 	4.978 

13 
	

E 	4.870 

13 
	

C 	4.811 

13 
	

D 	4.758 

13 
	

A 	4.334 

5% 

(Continued) 

VcCs c- 	 CN(IN CALI Sgl 5 %-(Q. `101€-- 177 - 
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TABLE 27 (Continued) 

DATE TREATMENT LEAFLET AREAS (Log 10) 

14 E 5.061 

14 B 5.023 

14 C 4.869 

14 D 4.830 

14 A 4.494 

15 D 5.108 

15 C 5.046 

15 B 5.041 

15 E 4.894 

15 A 4.531 

16 D 5.116 

16 E 5.093 

16 B 5.066 

16 C 5.057 

16 A 4.148 

17 E 5.003 

17 C 4.972 

17 D 4.903 

17 B 4.845 

17 A 3.387 

5% 

I 

] 
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Table 28 shows the distribution of total leaflet areas and leaflet 

numbers per region. Figure 23 shows the same, but in this case each 

area has been drawn in scale. Figures 23a and 23b compare both 

treatments before infestation. 	In Figures 23d, 23e, 23f, 23g and 

23h, the total leaflet area between nodes 7 and 12 is always bigger 

in the moderately infested plants (treatment B). 	The same is true of 

nodes 13 to 18 (Figures 23f, 23g and 23h). 

This result is of interest because it is in those two areas 

(mainly between nodes 7 to 12), where most of the pods are borne. 

The analysis of variance for the region including nodes 7 to 12 

(Table 29) shows highly significant difference between treatment A and 

the other treatments with the exception of week 15. Treatment B did 

not differ statistically from control, but in practically all the cases 

the leaf area of this region was bigger. 

3. Mean leaflet area per region 

As a next step mean leaflet areas were analysed. Data was 

obtained by dividing total leaflet areas over total number of leaflets 

per each region. 

The analysis of variance for the main region (nodes 7 to 12) 

indicates that from the 13th week onwards, the tendency of moderate 

infested plants (treatment B) was to produce bigger leaflets in areas 

of pod bearing nodes (significant at 57 level on the 16th week) (Table 

30). 	Figure 24 shows the average leaflet sizes per region in control 

and treatment B at different times. 
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TABLE 28. TOTAL LEAFLET AREAS AND LEAFLET NUMBERS PER REGION, 1974, 

Leaflet Leaflet Leaflet Leaflet 
areas 	areas 	areas 	areas 

2 	2 	mra2 	2 MM 	MD1 	 MD1 

Leaflets N°  (x) 

I II III IV 
DATE TREAT 	Nodes Nodes Nodes Nodes I II III IV T 

1-6 7-12 13-18 19-24 

Week 8 B 	9.144 :8 8 

17/5/74 Control 	9.955 8 8 

Week 9 B 	20.992 12 12 

24/5/74 Control 18.048 12 12 

Week 10 B 	18.020 3.489 12 3 15 

31/5/74 Control 23.105 5.832 12 4 16 

Week 11 B 	21.598 18.892 12 12 24 

7/6/74 Control 22.845 14.551 13 9 22 

Week 12 B 	18.126 26.127 12 21 33 

14/6/74 Control 21.206 33.646 12 21 33 

Week 13 B 	23.688 52.658 20.486 10 29 18 57 

21/6/74 Control 16.047 35.629 17.194 10 26 16 52 

Week 14 B 	22.833 56.379 27.723 10 27 23 60 

28/6/74 Control 17.624 46.473 33.201 8 27 30 65 

Week 15 B 	7.654 40.332 48.510 13.616 3 19 37 21 80 

7/7/74 Control 	3.003 34.571 44.307 22.999 1 19 33 28 81 

Week 16 B 	5.452 50.642 58.949 11.182 2 21 39 13 75 

14/7/74 Control 	4.002 41.085 53.284 30.201 2 23 36 32 93 

Week 17 B 	846 28.008 45.284 6.355 1 11 30 9 51 

21/7/74 Control 	997 25.011 37.693 23.441 1 16 33 28 78 



01 

CO 	0 
I 	 
01 
a,  

m- 
= 	 

u) 

01 CO 	 Co 

er 	 CO 	 04 
N 	 ..■ 	 Co 	 0 

Co 	0 

■ 

119 

E 
-C3 
04 

-----1 F----  
CO CO 01 

■, CO 

V 	 Co 	 04 
N 	 11-• 	 .• CO Co .0 

I 	 I 
t•I N 

0 a) 

W 
CO 

Fig. 23 Total leaflet areas per region per week drawn in scale 

Experiment 1974 



120 

TABLE 29. 	TOTAL LEAFLET AREAS (log 10) NODES 7-12, 	1974. 

SV 	DF 	SS 	MS 	F 

TREAT 2 	2.840386 	1.420194 	19.41 	Sig. 	at 	1% 

REPLICATE 3 	.273583 	.901194 	1.25 

ERROR (a) 6 	.439031 	.073172 

TOTAL 11 

WEEK 3 	.169850 	.056617 	1.00 

TREAT x WEEK 6 	.417514 	.069586 	1.24 

ERROR (b) 27 	1.516828 	.056179 

TOTAL 47 	5.657192 

DUNCAN 	(a 	= 0.05) 2 	3 

rp 2.904 	3.05 

Rp 
— 
n .3441 	.3614 	f 

= 	.1185 

(a 	= 0.01) 

rp 3.889 	4.056 

Rp .4608 	.4806 

WEEK TREATMENT 	AREAS (Log 10)(30 	1% 	5% 

13 B 	4.72 

13 Co. 	4.55 

13 A 	3.92 	] 

(Continued) 



TABLE 29 (Continued) 

WEEK TREATMENT AREAS (Log 10)(N) 

14 B 4.74 

14 Co. 4.65 

14 A 4.24 

15 B 4.60 

15 Co. 4.53 

15 A 4.35 

16 B 4.66 

16 Co. 4.61 

16 A 3.98 

1% 	5% 

121 
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TABLE 30, 	MEAN LEAFLET AREAS ANALYSIS (NODES 7-12))  

SV 	DF 	SS 	MS 

1974. 

TREATMENT 2 .093519 .046759 28.77 Sig. at 1% 

REPLICATE 3 .012158 .004052 2.99 

ERROR (a) 6 .009748 .001625 

TOTAL A 11 

WEEK 3 .012675 .004225 3.82 Sig. at 5% 

TREAT x WEEK 6 .001931 .000322 .29 

ERROR (b) 27 .029869 .001106 

TOTAL 47 

DUNCAN (a 	= 0.05) 2 3 

rp 2.904 3.05 S2 	
= .01663 

 

Rp .0483 .0507 

(a 	= 0.01) 

rp 3.889 4.056 

Rp .0647 .0675 

WEEK TREATMENT LEAFLET SIZES (Y) dm2  1% 	5% 

13 B .183 

13 Co. .145 

13 A .078 

(Continued) 
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TABLE 30 (Continued) 

WEEK TREATMENT LEAFLET SIZES (x) dm2 	1% 

14 B .200 

14 Co. .173 

14 A .083 

15 B .208 

15 Co. .183 

15 A .118 

16 B .233 

16 Co. . 178 

16 A .120 

5% 
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3.3.2.2 1975 Season 

1. Total Leaflet areas 

Total leaflet areas of plant infested early in the season 

(treatment A), were significantly smaller (0.05) than the controls from 

the seventh week (after infestation) onwards (Table 31a). Plants 

infested later (treatment B) did not differ from the controls in any 

week. Treatments A and B were both different on the 8th, 9th and 10th 

weeks after A infestation. 

These results were similar to those in 1974. 	Early infestations 

of aphids which increase to moderate or large numbers were capable of 

reducing total leaflet areas significantly. When plants were infested 

later, the aphid attack did not affect total leaflet areas. 	Fig. 25b 

shows total leaflet areas (dm2) for treatments A, B and control. 

2. Total Leaflet area per region 

In 1975 each plant was divided into three regions: 

I nodes 0 to 6 

II nodes 7 to 16 (area of pod bearing nodes) 

III nodes 17 and above. 

The analysis of region II showed no differences among treatments (Table 

31b). This result indicates that leaflet areas were not affected in 

both treatments A and B in the main pod bearing areas. 
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SV DF SS MS 

TREATMENT 3 .5584 .1861 

REPLICATE 3 .0670 .0223 

ERROR (a) 9 .3577 .0397 

TOTAL A 15 

DATE 4 1.9191 .4798 

TREAT x DATE 12 .3245 .0270 

ERROR (b) 48 1.1084 .0231 

TOTAL 79 4.3351 

DUNCAN 

(a 	= 	0.05) 2 3 4 

rp 2.846 2.994 3.090 

Rp .2163 .2275 .2348 

4.69 

.56 

20.77 	* * 

1.17 

TT. 

 
= .076 
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TABLE 31a. TOTAL LEAFLET AREAS ANALYSIS (Log e) )  1975. 

HARVEST 	TREATMENT 	AREAS (log e) 	1% 	5% 

6 	 A 	 2.16 

6 	 B 	 2.10 

6 	 C 	 2.10 

6 	 D 	 2.08 

(Continued) 
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TABLE 31a(Continued) 
HARVEST TREATMENT AREAS (log e) 	1% 	5% 

7 C 2.36 

7 D 2.30 

7 B 2.21 

7 A 2.00 

8 D 2.26 

8 B 2.21 

8 C 2.18 

8 A 1.98 

9 2.01 

9 2.00 

9 B 1.98 

9 A 1.72 

10 C 1.92 

10 D 1.85 

10 B 1.80 

10 A 1.64 
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TABLE 31b. LEAFLET AREAS ANALYSIS (Region II), 

SV 	DF 	SS 	MS 

1975. 

TREATMENT 3 .3056 .1019 2.75 

REPLICATE 3 .0326 .0109 .29 

ERROR (a) 9 .3336 .0371 

TOTAL A 15 

HARVEST 3 1.5908 .5303 21.47 ** 

TREAT x HARVEST 9 .2613 .0290 1.17 

ERROR (b) 36 .8905 .0247 

TOTAL 63 3.4144 

3.3.2.3 	1976 Season 

In 1976 Leaflet areas were recorded from the third week after 

the infestation of treatments Al and A2. The analysis of variance 

indicates highly significant differences for treatments and treatment 

per harvest interaction. From the third harvest or fifth week after 

infestation, both treatments Al and A2 showed highly significant reduction 

in total leaflet area compared with the controls (Table 32). 	Even so, 

it is interesting to point out that treatment A2 (sprayed after four weeks), 

had a recovery, although not significant, on the 6th week (Fig. 26b). 

Treatments Al and A2 were both different from each other at harvests 4 

and 5 (weeks 6 and 7 after infestation respectively). 
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TABLE 32 . 

SV 	DF 

TOTAL LEAFLET AREAS ANALYSIS ) 	1976, 

SS 	MS 

TREATMENT 	3 34.303 	11.434 	16.94 	Sig at 1% 

REPLICATE 	4 1.511 	.378 	.56 

ERROR (a) 	12 8.098 	.675 

TOTAL A 	19 

HARVEST 	5 418.33 	83.66 	278.87 

TREAT x HARVEST 	15 43.63 	2.91 	9.70 	Sig at 1% 

ERROR (b) 	80 23.61 	.30 

TOTAL 	119 529.48 

DUNCAN 	(a = 0.01) 2 	3 

rp 3.742 	3.90 S2 	
= 	.245 

Rp .917 	.956 

H1 H2 	H3 

TREAT. 	(3T) LA dm2  Sig. 1% TREAT. (3E) LA dm2  Sig 1% 	TREAT (7) LA dm2 Sig 1% 

Al 	4.27 	C 	5.54 	B 	6.13 

A2 	4.16 	Al 	5.52 	C 	6.10 

C 	4.02 	 A2 	5.47 	 A2 	4.04 

	1 B 	 B 	 Al 	3.60 

(Continued) 
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TABLE 32 (Continued) 

H4 	 H5 

TREAT (7c) LA dm2  Sig. 1% 	TREAT (7) LA dm2  Sig. 1% 

C 6.20 C 5.83 

B 6.14 B 5.32 

A2 5.11 A2 4.22 

Al 3.28 Al 3.06 
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3.3.3 Production of new leaves 

One of the most obvious effects of the aphid infestations in 

1974, was in slowing the rate of leaflet production. 	Plants under 

heavy attack by aphids were unable to produce new leaflets because 

the rate of sap removed by the aphid feeding in the terminal cluster 

and top leaves, was sufficiently high to affect the incorporation of 

photosynthates into the new tissues. 	Crawley (1973) pointed out that 

the side effects of aphid presence (tissue damage and saliva injections) 

may also act to reduce the potential of the meristematic tissue to 

produce new leaves. 

The analysis of variance for total leaflet numbers showed highly 

significant differences for treatments and treatment per week inter- 

action (Table 33). 	The use of Duncan's test indicates highly significant 

fewer leaflets in treatment A compared with the rest. Treatment B with 

a moderate infestation did not differ from the control until week 16. 

Figure 27a compares the number of expanded leaflets in the different 

treatments. 

Analysis of region II (nodes 7 to 12) showed no significant 

difference between treatment B and the controls, but in most weeks the 

leaflet numbers were greater in the infested plants (Table 34). 

In 1975 the analysis of total leaflet numbers showed no differences 

among treatments until the 8th week after infestation of treatment A. 

From this week onwards, the Duncan test indicated significantly fewer 
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TABLE 33. 

SV 

TOTAL LEAFLET NUMBERS ANALYSIS, 	1974. 

DF 	SS 	MS 	F 

TREATMENT 2 22,860.51 11,430.25 144.23 ** 

REPLICATE 3 324.07 108.02 1.36 

ERROR (a) 6 475.49 79.25 

TOTAL A 11 

WEEK 3 3,417.57 1,133.19 11.59 ** 

TREAT x WEEK 6 2,540.49 423.42 4.31 ** 

ERROR (b) 27 2,653.19 98.27 

TOTAL 47 32,271.32 

DUNCAN (a = 0.01) 2 3 

rp 

Rp 

	

3.889 	4.056 

	

19.274 	20.102 

n— 	= 4.956  

WEEK TREATMENT LEAFLET Nos. (30 	1% 

13 B 57.0 

13 Co 51.0 

13 A 19.5, 

14 Co 65.5 

14 B 61.5 

14 A 30.8 

(Continued) 
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TABLE 33 

WEEK 

(Continued) 

TREATMENT LEAFLET Nos. 	(r) 	1% 

15 Co 83.8 

15 B 78.3 

15 A 28.3 

16 Co 95.0 

16 B 72.0 

16 A 22.2 



13 	B 	29.0 

13 	Co 	24.8 

13 	A 	12.3 

TABLE 34 

SV 

LEAFLET NUMBERS (NODES 7-12) 1  

DF 	SS 	MS 

TREATMENT 2 684.38 	342.19 

REPLICATE 3 17.17 	5.72 

ERROR (a) 6 123.45 	20.58 

TOTAL A 11 

WEEK 3 487.67 	163.22 

TREAT x WEEK 6 285.45 	47.57 

ERROR (b) 27 584.88 	21.66 

TOTAL 47 2,185.00 

DUNCAN (a 	= 0.01) 2 	3 

rp 3.889 	4.056 

Rp 9.050 	9.440 

(a 	= 0.05) 

rp 2.904 	3.050 

Rp 6.888 	7.097 

WEEK TREATMENT LEAFLET Nos. (R) 

1974. 

16.62 ** 

.28 

7.54 ** 

2.20 

\FT 
= 2.327 —s 

1% 	5% 

136 

(Continued) 
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TABLE 34 

WEEK 

(Continued) 

TREATMENT LEAFLET Nos. (TO 	1% 	5% 

14 B 28.5 

14 Co 27.0 

14 A 23.0 

15 B 19.3 

15 Co 19.0 

15 A 16.8 

16 Co 23.0 

16 B 20.8 

A 11.8 16 ] 



leaflets in treatment A compared with the others. Treatment B and 

the control were not significantly different. 	(Table 35). 

In 1976, as in previous years, the rate of leaflet production 

was greatly affected by aphids feeding during the early stages of plant 

growth. The analysis of total leaflet numbers showed highly significant 

differences for treatments and treatments x harvest. From the third 

harvest or fifth week after infestation, both treatments Al and A2 had 

significant fewer leaflets than the controls (Table 36). Figure 26a 

shows the total number of leaflets per plant in the different treatments 

in 1976. 

3.3.4 Plant Height 

In 1974 visible effects on plant height were apparent from the 

comparison of the different treatments. Plants in treatment A were 

distinctly shorter from the sixth week after infestation or 13th week 

after sowing. At harvest time, plants were 46% smaller compared with 

the control. Plants in treatment B were shorter from the 14th week 

after sowing and in this case plants were 19% smaller than control at 

harvest time. 

The analysis of variance (Table 37) showed highly significant 

height differences for both treatments A and B compared with the control. 

Figure 28 compares the height differences in treatments A, B and control 

in relation with time of aphid infestation and floration. 

1 3 8 



SV DF 	SS 	MS 

TREATMENT 3 	979.65 	326.55 

REPLICATE 3 	26.05 	8.68 

ERROR (a) 9 	110.65 	12.29 

TOTAL A 15 

DATE 4 	4,125.55 	1,031.39 

TREAT x DATE 12 	715.35 	59.61 

ERROR (b) 48 	714.30 	14.88 

TOTAL 79 	6,671.55 

DUNCAN (a 	= 0.01) 2 	3 

rP 3.7998 	3.9641 

Rp 7.3287 	7.6450 

26.57 ** 

.70 

69.31 ** 

4.00 ** 

4 

4.1412 TT 
n. = 1.9287 

7.9870 
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TABLE 35 . TOTAL LEAFLET NUMBERS ANALYSIS, 1975. 

DATE TREATMENT LEAF NUMBERS 

6 A 42.75 

6 B 40.75 

6 C 39.50 

6 D 37.50 

(50 
	

1% 

(Continued) 
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TABLE 35 (Continued) 

DATE TREATMENT LEAF NUMBERS () 	1% 

7 C 56.25 

7 D 54.75 

7 B 53.50 

7 A 49.00 

8 D 64.00 

8 C 63.00 

8 B 61.75 

8 A 52.50 

9 D 64.25 

9 C 61.50 

9 B 59.50 

9 A 51.00 

10 C 63.00 

10 D 58.50 

10 B 54.80 

10 A 45.00 
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TABLE 36 

SV 

. 	TOTAL LEAFLET NUMBERS ANALYSIS 	1976. 

DF 	SS 	MS 	F 

TREATMENT 3 1822.75 607.58 45.3 Sig. at 1% 

REPLICATE 4 69.89 17.47 1.3 

ERROR (a) 12 160.90 13.41 

TOTAL A 19 

HARVEST 5 41294.62 8258.92 1376.5 Sig. at 1% 

TREAT x HARVEST 15 2785.40 185.69 30.9 Sig. at 1% 

ERROR (b) 80 479.82 6.00 

TOTAL 119 46613.38 

DUNCAN (a 	= 0.01) 2 3 

rp 3.742 3.90 52
= 1.095 

n 
Rp 4.10 4.27 

HI 	 112 

TREAT (i) L No. 	Sig. 1% 
	

TREAT (2) L No. 	Sig. 1% 

	

Al 	25.9 	 C 	33.8 

	

A2 	24.7 	NS 	Al 	33.7 	NS 

	

B 	23.4 	 B 	33.6 

	

C 	23.1 	 A2 	32.4 

(Continued) 



142 

TABLE 36 (Continued) 

H3 H4 

TREAT. (17) L No. Sig. 	1% TREAT (2) L No. Sig. 	1% 

C 46.5 C 59.9 

B 44.9 B 57.5 

A2 34.6 A2 53.3  

Al 32.5 Al 37.8 

H5 

TREAT. (R) L No. Sig. 1% 

C 64.2 

B 61.7 

A2 58.4 

Al 36.9 



143 

TABLE 37, 	PLANT HEIGHT ANALYSIS 	FIELD EXPERIMENT, 

SV 	DF 	SS 	MS 

1974. 

TREATMENT 3 8,961.14 	2,987.05 100.6 ** 

REPLICATE 3 223.24 	74.47 2.54 

ERROR (a) 9 263.42 	29.27 

TOTAL A 15 

WEEK 5 12,195.57 	2,437.11 

TREAT x WEEK 15 2,876.61 	191.77 97.34 ** 

ERROR (b) 60 118.00 	1.97 

TOTAL 95 24,637.98 

DUNCAN (a 	= 0.01) 	2 3 	4 

rp 3.762 3.922 	4.031 

Rp 2.633 2.745 	2.82 n _ 70 

WEEK TREATMENT HEIGHTS (70 1% 

12 D 38.95 

12 E 37.63 

12 B 36.55 

12 A 36.13 

13 E 52.58 

13 D 52.42 

13 B 49.93 

13 A 41.40 
(Continued) 
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TABLE 37 

WEEK 

(Continued) 

TREATMENT HEIGHTS (7) 	1% 

14 D 65.40 

14 E 64.75 

14 B 59.13 

14 A 42.80 

15 D 78.03 

15 E 73.70 

15 B 65.23 

15 A 44.32 

16 D 80.70 

16 E 79.40 

16 B 66.25 

16 A 43.3 

17 D 82.70 

17 E 81.05 

17 B 66.55 

17 A 44.0 

% Height reduction due to aphid feeding 

TREATMENT A 	early infestation 	= 46.26% 

TREATMENT B 	late infestation 
	

18.72% 
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In 1975 the low population of aphids did affect plant height as 

in 1974. 	The earliest infested plants were 14% smaller than the control 

and the plants infested later were 7.3% smaller. 	Table 38 shows the 

mean height records for the different treatments. No statistical 

analysis was made in this occasion. 

3.3.5 Pod Shedding 

According to Ishag (1969), the natural pod shedding on the variety 

Maris Bead of field beans accounts for 57% of the maximum of pods initially 

produced. The nature of pod shedding in both infested and uninfested 

plants was studied in 1975 and 1976 by recording the weekly numbers of 

pods left on the plants. 

In 1975 a large number of flowers and immature pods dropped 

naturally from the uninfested plants. At harvest time the final number 

of pods was 75% lower than the maximum number attained by the plants 

(Table 39). 	In the infested plants (treatment A), the pod shedding was 

72% of the maximum of pods present at the peak of aphid infestation. 

Comparing both treatments, the maximum pod numbers produced in treatment 

A was 40% lower than the controls. The final number of pods in treat- 

ment A was 34% lower. 	During the process, control dropped 20.23 pods 

and the infested plants 11.75. 
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DATE 

TABLE 38, 

TREAT. A 

(R) HEIGHT RECORDS , 	1975 

TREAT. B 	TREAT. C 

(in cm). 

TREAT. D 

Week I 8.2 9.1 9.6 8.5 

Week 2 15.6 14.6 15.1 14.8 

Week 3 25.3 24.0 25.6 24.4 

Week 4 36.8 36.3 37.0 37.9 

Week 5 49.7 50.8 49.9 51.2 

Week 6 70.9 78.8 81.5 75.2 

Week 7 89.3 90.9 100.0 95.0 

Week 8 89.3 96.0 99.2 98.4 

Week 9 87.7 92.9 102.7 101.7 

Week 10 87.2 96.5 103.3 102.0 

FINAL HARVEST 87.13 94.10 102.24 100.95 

% height reduction in treatments A and B. 

Control = C + D 
2 • 101.15 	= 100% 

TREATMENT A 	

• 	

early infestation 	= 	14% 

TREATMENT B 	

• 	

late infestation 	= 	7.3% 
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TABLE 	39 

TREATMENT 

CONTROL 

TREATMENT B 

TREATMENT A 

A % of Control 

MAXIMUM POD SET PER PLANT, FINAL NUMBERS OF PODS 

AND POD SHEDDING PERCENTAGE IN THE DIFFERENT 

TREATMENTS 	1975. 

MAXIMUM POD 	FINAL NUMBERS 	POD SHEDDING 
SET / PLANT 	OF PODS 

	

27.13 	6.9 	74.6 

	

24.00 	5.2 	78.3 

	

16.25 	4.5 	72.3 

40% 	34% 

Figure 29a shows the regression lines of total pod numbers 

against time for treatment A and the controls. The comparison indicates 

no differences between the slopes of the regression. 	(Table 41). 

A similar result was observed in 1976 between the controls and 

treatment A2. 	On this occasion the nature of pod shedding was studied 

by comparing the maximum number of flowers set and the final number of 

pods. Pod shedding in both the controls and treatment A2 account for 

85% of the maximum of flowers initially produced (Table 40). 	The 

maximum flowers set in treatment A2 was 20% lower than the controls and 

the final number of pods 25% lower. 	Throughout the period, control 

dropped 29.8 flowers and pods and treatment A2 22.09. 
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Fig. 29b Regression lines of total pod numbers against time for 

treatment A2 and the control 1976. 
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TABLE 40 . MAXIMUM FLOWERS SET PER PLANT, FINAL NUMBER OF PODS AND 

POD SHEDDING PERCENTAGE IN THE DIFFERENT TREATMENTS. 

TREATMENT 

CONTROL 

TREATMENT A2 

TREATMENT Al 

A2 % of control 

MAXIMUM FLOWERS 
SET PER PLANT 

35.0 

26.0 

28.0 

20% 

FINAL NUMBERS 
OF PODS 

5.20 

3.91 

1.04 

25% 

POD SHEDDING 

85.14 

85.00 

96.30 

Figure 29b shows the regression lines of total pod numbers for 

treatment A2 and the controls. As the previous year, the comparison 

show no differences between the slopes of the regression. 	(Table 42). 
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TABLE 41. REGRESSION ANALYSIS FOR DIFFERENCES IN POD NUMBERS. 

1975 SEASON 

a) CONTROL (pod numbers in log 10) 

al 	= 	1.519 	di 	= 	antilog al 	= 	33.04 

131 = -.092 

Y1 	= 	d1 10 l 	yl 
bx 	= 	33.04 x 10-.092x1 

XI 	1 	2 	3 	4 	5 	7 

Y1 	26.86 	21.83 	17.74 	14.42 	11.72 	7.75 

b) TREATMENT A (pod numbers in log 10) 

a2 	= 	1.303 
	

d2 = 	antilog a2 = 	20.09 

b2 = -.079 

Y2 	= 	d2 10bx2 
	

Y2 
	= 	20.09 x 10 -.°79x2 

X2 	1 	2 	3 	4 	5 	7 

Y2 	16.71 	13.90 	11.56 	9.62 	8.00 	5.53 

COMPARISON OF THE REGRESSION COEFFICIENTS 

bl = -.092 	b2 = -0.79 

	

S12  = .00267 	S22  = .0109 

	

E(x1-71)2  = 	169.6 	E (x2-72)2= 	84.4 
(Continued) 



b1 	b2 

d 

   

-1.12 	NS 

   

    

s12  

E(xl -R02  

S22  

E(x27a2)2  

1 5 2 

TABLE 41 (Continued) 



TABLE 42. REGRESSION ANALYSIS FOR DIFFERENCES IN POD NUMBERS. 

1976 SEASON 

a) 	CONTROL (pod numbers in log 10) 

al = 1.624 	di = antilog al = 42.07 

b1 = -.173 

Y1 	d1 10bxl 
	

Y1 
	= 	42.07 x 10-.173x1 

X1 	1 	2 	3 	4 	5 

Y1 	28.25 	18.97 	12.73 	8.55 	5.74 

b) 	TREATMENT A2 	(pod numbers, in log 10) 

a2 = 1.563 	d2 = antilog a2 = 36.56 

b2 = -.192 

Y2 	= 	d1 x 10b 1x2 
	

Y2 
	36.56 x 10 .192x2  

X2 	1 	2 	3 	4 	5 

Y2 	23.50 	15.10 	9.71 	6.24 	4.01 

1 5 3 

(Continued) 
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TABLE 42 (Continued) 

COMPARISON OF THE REGRESSION COEFFICIENTS 

b1 = -.173 b2 = -.192 

S12  = .00979 S22  = .00854 

E(xl-)2 = 100 E(x2-Y2) = 50 

b1 	b2 
d 

  

1.15 	NS 

  

    

S12  

E (xi-V1) 2  

S22 

E (x2-72) 2  



3.4 DISCUSSION 

The three years of field studies on the effects of Aphis fabae Scoe. 

infestations on the growth pattern of Vicia faba L.have shown the large 

damage produced to field beans when the aphid migrating from the 

wintering host, the spindle trees, Gucrrymus europaeus) reach the crops 

early during plant growth. When the conditions are suitable, as 

happened in 1974, the first migrants are capable of producing large 

populations in a short period of time (Table 26). 	They start feeding 

on the terminal clusters and topmost leaves damaging the meristematic 

tissues. This early attack affects the production of new leaves and 

height of the plants. 	The pattern of aphid feeding (Figure 20) shows 

that once a high density of apterae adults is produced, they move down 

infesting the stems. 	This period is critical because the aphids reach 

their peak numbers (x = 3,000 aphid/plant) during the pod setting 

period. From the stems, the aphids move to the leaves producing mostly 

alatae forms which migrate to new hosts. 

Total leaflet areas and total number of leaflets were significantly 

fewer in the earliest infested plants compared with the controls from 

the seventh week after infestation onwards. At maturity plants were 

437 smaller than the control. 	However, completely different results 

occurred when plants were infested during the flowering period. Plants 

were 19% smaller than the controls, but the total number of leaflets 

and total leaflet areas were unaffected. 	Even more important, 

measurement of region II (area of the main flowering nodes) showed bigger 

leaflets in infested plants. 	This result is significant because of the 
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importance of this area as a photosynthetic contributor. McEwen (1972) 

has shown that removing either the A zone (leaves on nodes below the 

first flowering node) or C zone (leaves above the first nine flowering 

nodes), had only small effects on yield, but removing the B zone (leaves 

on first nine flowering nodes) had a much larger effect. 

In general plants reached maturity on the 15th week after sowing 

and from there, the total leaflet areas were reduced by the dropping of 

the older leaves from the first nodes. 

In 1975 the results were similar. However, the plants infested 

earlier were not affected as in the first treatment in 1974. At 

maturity plants were only 17% smaller than control compared with 43% in 

the previous year. The analysis of total number of leaflets and leaflet 

areas indicated significant difference between control and the first 

treatment from the seventh week after infestation onwards. The aphid 

population in 1975 was of the population recorded in 1974, nevertheless 

its effect on leaf production and leaflet areas was the same. 	Hence 

the importance of the time of infestation. 

The total number of leaflets and total leaflet areas in the 

second treatment (plants infested during the flowering period), did not 

differ from the control. 	In this case I would have expected better 

growth in the infested plants because of the low aphid populations, but 

presumably the long dry period during the flowering period and afterwards 

did not allow any plant responses. 	In 1974 when these responses were 

1 5 6 
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observed, conditions were wetter (Figure 12). 

In 1976 conditions in the field were even drier practically no 

rain was recorded (Figure 12) and the presence of large populations of 

ladybirds made impossible the infestation during the flowering period. 

Once again the early infested plants were severely affected and the 

total number of leaflet and total leaflet areas were significantly 

smaller than the controls from the 5th week after infestation. The 

plants sprayed after 4 weeks of infestation did have a recovery, but 

not significantly different from the controls (Figure 26b). 

POD SHEDDING 

In field beans a very large percentage of flowers fail to develop 

into mature pods. This percentage was estimated between 80 and 90% 

by Soper (1952). 	According to Ishag (1969), the natural pod shedding 

in the variety Maris Bead accounts for 57% of the maximum of pods 

initially produced. He pointed out that there is no information on 

the causes of pod shedding in Vicia faba, but suggested that shedding 

of young pods of beans appears to be a complex phenomenon governed by 

both internal and external factors. 

The results of 1975 and 1976 showed that a great deal of flowers 

and pods are lost during the process of pod filling. 	In 1975 the 

uninfested plants shed 75% of the maximum number of pods produced and 

the infested ones 72%. At harvest time the total number of pods in 

the infested plants was significantly lower than the control, but the 
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infested plants had shed fewer pods. 	These results suggest that 

plants under a moderate attack of aphids are capable of maintaining 

the rate of shedding at the same level as uninfested plants. 	In 1976 

the control plants shed 85% of the maximum number of flowers initially 

produced. A similar percentage was observed in the infested ones. 

In both years the final pods were located on the main pod 

bearing nodes; the 7th, 8th, 9th and 10th in 1975; and the 7th, 8th 

and 9th in 1976. Practically no pod was set above the 10th node. 

Figure 38 compares the weekly number of pods per node in the different 

treatments of the 1975 experiment in the last six weeks before harvest. 
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CHAPTER IV 	GROWTH ANALYSIS TECHNIQUES IN PEST 

DAMAGE EVALUATION 

4.1 INTRODUCTION 

In the previous Chapter I discussed the effects of Aphis fabae  

on the growth pattern of Vicia faba, considering different times of 

infestation during critical periods of plant developments. 	The 

implications of plant responses and the possibilities of plant 

compensation can be further analysed using techniques of growth analysis. 

Such growth analysis techniques have previously been used on 

various healthy crops in an attempt to analyse yield in terms of 

differences in growth (Evans, 1972). 	Evans and Hughes (1962) used 
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the techniques to correlate growth with variations in the environment, 

but apart from Watson and Watson (1953) and Harrison (1968), there is 

little account of their use in investigating the effects of diseases 

or pests on cultivable crops. 

Watson and Watson's experiments were undertaken to find what 

effects infection with beet yellow or beet mosaic virus has on the 

growth of sugar beet, and how changes in growth reduce yield. 	In 

accordance with the usual growth analysis procedure, measurements of 

leaf area and dry weight were made at intervals throughout the growth 

period, and from these the net assimilation rate (mean rate of increase 

of dry matter per unit leaf area) was calculated. 	In this way 

differences between healthy and infected plants in the progress of dry 

matter accumulation leading to differences in final yield could be 

related to variation in the size of the assimilating system measured 

by leaf area, or its efficiency measured by net assimilation rate. 

Harrison was interested in the host/parasite relations of 

Verticillium wilt of potatoes during the initial stages of infection 

and provides an instructive example of the application of growth 

analysis to a problem in plant pathology. As far as I am aware, no 

one has so far attempted to use these techniques on an entomological 

problem. 

The first step in developing a procedure for analysing growth 

in terms of dry weight was made by Blackman (1919). 	He defined the 

relative growth rate as: 
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R = 1 dw 
w dt 

where w equals dry weight at any time. This represents the efficiency 

of the plant as a producer of new material. A better measure of the 

growing material of the plant is leaf size, and a better measure of 

growth efficiency is the mean rate of increase in dry weight per unit 

leaf area. 	Weber and Gregory (cited by Harrison, 1968) made studies 

of this function which they termed "Assimilationsenergie" and "net 

assimilation rate" respectively. 

Briggs, Kidd and West (1920) cited by Harrison (1968), preferred 

the term "unit leaf rate". 	However, as a result of the great 

contributions which Gregory made in the course of studying a wide range 

of agricultural and horticultural problems from a physiological point 

of view, "net assimilation rate" has become widely used 	(Evans, 1972). 

In the present Chapter, both relative growth rate and net 

assimilation rate were compared in healthy and aphid infested plants in 

the experiments carried out during 1975 and 1976. 	Dry weights, gains 

in dry weight, leaf area ratio and dry weight ratio were also compared. 

4.2 ANALYSIS 

From the measurements of leaflet areas and dry weights in the 

1975 (1) and 1976 experiments, leaf weight ratio (LWR) and leaf area 

ratio (LAR), were calculated for each replicate and the result expressed 

as an average figure per treatment per date. 
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Leaf weight ratio (the ratio of leaf dry weight to plant dry 

weight), expresses the average fraction of the total dry weight in the 

form of leaves. 

Leaf area ratio (the ratio of leaf area to plant dry weight), 

represents the area of the leaves produced per unit dry weight of the 

whole plant. 

A detailed plant growth analysis was made possible using the 

GRAL 4 computer program designed by Dr. P.W. Mueller of the Botany 

Department, Imperial College. 	In this programme special facilities 

are available for the convenient processing of data from series of 

experiments and similar sets of data obtained from one experiment at 

different times. 

From the available data in 1975, the following quantities and 

growth indices were calculated: 

Leaf weight 

Leaf weight 

Leaf weight 

Stem weight 

Stem weight 

Stem weight 

Pod weight 

Pod weight 

Region I 

Region II 

Region III 

Region I 

Region II 

Region III 

Region I 

Region II 
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Leaflet areas 

Leaflet areas 

Leaflet areas 

Total dry weight 

Total dry weight 

Total dry weight 

Total dry weight 

Total leaflet areas 

Total leaf weight 

Total stem weight 

Total pod weight 

Absolute weight growth 

Absolute area growth 

Relative weight growth 

Relative area growth 

Net assimilation rate 

Region I 

Region II 

Region III 

Region I 

Region II 

Region III 

nin 

URLAU  

trin 

Leaf area Ratio (INTERVALS) "LAR" 

In 1976 no divisions were made. 

calculated for the whole plant. 

The different indices were 

Relative growth rate of the whole plant (the increase in dry 

weight per unit dry weight per week), was calculated from the equation 

of Blackman: 

ft - 
loge  W2 - loge  WI 

t2 - t i  
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where W represents the total plant dry weight of the harvest interval 

indicated and t
2 
- t

1 
the time interval in weeks between these harvests. 

Relative leaf growth rate (the increase in leaf area per unit 

area per week), was similarly calculated by substituting area for dry 

weight in the above equation: 

loge  LA2  - loge  LA1  
RLA - 	 

t
2 

- t
1 

Net assimilation rate or unit leaf rate (the increase in dry 

weight per unit leaf area per week), was calculated using the following 

equation (1): 

2- _ W2  
a 	

WI 	
(LA a-1  - LA

1
a-1) 	

a 
- 

LA
2 

- LA a 	
2 

1 

log W2  - log W1  
a - 

	

	 
log LA2  - log LA 1  

(1) 	Whitehead and Myerscough (1962). 

4.3 RESULTS 

4.3.1 Dry weights 

In 1975, the total plant dry weight (Figure 39d), pod dry weight 

(Figure 39c), and stem dry weight (Figure 39b) of the plants infested 

a-1 
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on the week eleven after sowing (treatment A, experiment 1975a), were 

not affected significantly until harvest 8 (8th week after A infestation), 

when gain in these fell behind that of the controls (Table 44). 	For 

leaf dry weight, the analysis of variance showed no significant difference 

between treatment A and the controls. 	(Table 45). 	Treatment B (plants 

infested on the 13th week after sowing). did not differ from the controls 

at any harvest. 

In 1976, the total plant dry weight (Figure 40d), and stem dry 

weight (Figure 40b), of the plants infested on the week ten after sowing 

(treatments Al and A2), were not affected significantly until harvest 3 

or 5th week after infestation, when gain in these fell behind that of 

the controls (Tables 46 and 47). 	Plants in the treatment Al of 1976 

were more affected than in the similar treatment in 1975. Bigger aphid 

populations and drier conditions are probably the main factors affecting 

the production of dry matter. 	Plants in the treatment A2 (infested at 

the same time as Al but sprayed with nicotine solution 4 weeks later), 

did recover after the spray and from the fourth harvest onwards differed 

significantly (0.05) from the Al treatment. 
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TABLE 44 . 

SV 

TREATMENT 

REPLICATE 

ERROR (a) 

TOTAL A 

HARVEST 

TREAT x HARVEST 

ERROR (b) 

TOTAL 

TOTAL DRY WEIGHTS ANALYSIS, 

DF 	SS 	MS 

1975. 

F 

3 128.1815 42.727 7.97 ** 

3 26.3925 8.798 1.64 

9 48.2670 5.363 

15 

4 990.4496 247.612 95.49 ** 

12 64.8404 5.403 2.08 * 

48 124.4778 2.593 

79 1,382.6088 

DUNCAN (a = 0.05) 	2 	3 	4 

rp 	2.846 	2.994 	3.090 	

P- 
- = .805 
n Rp 	2.291 	2.410 	2.487 

(a = 0.01) 

rp 	3.800 	3.962 	4.073 

Rp 	3.059 	3.189 	3.279 

HARVEST 	TREATMENT 	TDW(g)(Y) 	1% 	5% 

6 	C 	9.85 

6 	A 	9.85 

6 	B 	9.40 

6 	D 	8.85 
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HARVEST 	TREATMENT 	TDW(g)(5) 	1% 	5% 

	

7 	C 	13.03 

	

7 	D 	12.98 

	

7 	B 	12.86 

	

7 	A 	10.63 

	

8 	D 	17.75 

	

8 	B 	17.15 

	

8 	C 	16.70 

I 	1 

	

8 	A 	13.85 

	

9 	C 	19.48 

	

9 	D 	19.45 

	

9 	B 	18.08 

	

9 	A 	14.67 

	

10 	C 	20.98 

	

10 	D 	20.02 

	

10 	B 	18.90 

	

10 	A 	15.20 
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TABLE 45. TOTAL LEAF DRY WEIGHTS ANALYSIS, 1975. 

SV DF SS MS 

TREATMENT 3 3.9064 1.302 2.17 

REPLICATE 3 1.4824 .494 .82 

ERROR (a) 9 5.3931 .599 

TOTAL A 15 

HARVEST 4 22.3943 5.599 20.81 ** 

TREAT x HARVEST 12 5.1867 .432 1.61 

ERROR (b) 48 12.9070 .269 

TOTAL 79 51.2699 



TABLE 46. 

SV 

TREATMENT 

TOTAL DRY WEIGHT ANALYSIS)  

	

DF 	SS 	MS 

	

3 	197.452 	65.817 

REPLICATE 4 24.725 6.181 

ERROR (b) 12 28.783 2.399 

TOTAL A 19 

HARVEST 5 346.075 69.215 

TREAT xHARVEST 15 165.952 11.063 

ERROR (b) 80 65.643 .821 

TOTAL 119 828.630 

1976. 

F 

27.44 Sig at 1% 

2.58 

84.30 Sig. at 1% 

13.48 Sig. at 1% 

1 7 2 
	

DUNCAN (a = 0.01) 	2 	3 

rp 	3.742 	3.90 	

F 
= .4052 

n 
Rp 	1.516 	1.580 

	

(a = 0.05) 	2 	3 

rp 	2.815 	2.960 

Rp 	1.141 	1.199 
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TABLE 46 (Continued) 

	

HI 	 H2 	H3 

TREAT (M) DW(g) Sig 1% TREAT (Z) DW(g) Sig 1% TREAT (R) DW(g) Sig 1% 

A2 	4.40 	A2 	6.09 	B 	7.64 

Al 	4.11 	NS 	Al 	5.83 	NS 	C 	7.43 

	

C 3.91 	B 5.81 . 	A2 6.34 

B 	3.90 	C 	5.72 	Al 	5.33 

	

H4 
	

H5 	 H6 

TREAT CR) DW(g) Sig 1% TREAT (M) DW(g) Sig 1% 	TREAT (5) DW(g) Sig 1% 

B 	9.09 
	

C 	11.95 
	

C 	10.92 

C 	8.94 
	

B 	11.26 
	

B 	10.61 

A2 	7.31 
	

A2 	8.19 
	

A2 	8.73 

Al 	5.45 
	

Al 	4.86 
	

Al 	4.20 
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TABLE 47. 

SV 

STEM DRY WEIGHT ANALYSIS )  

DF 	SS 	MS 

1976. 

F 

TREATMENT 3 13.654 4.551 5.27 Sig at 5% 

REPLICATE 4 3.768 9.42 1.09 

ERROR (a) 12 10.355 .863 

TOTAL A 19 

HARVEST 5 61.558 12.310 77.91 Sig at 17 

TREAT x HARVEST 15 10.816 .721 4.56 Sig at 17 

ERROR (b) 80 12.647 .158 

TOTAL 119 112.798 

DUNCAN (a = 0.01) 2 3 

rp 3.742 3.900 = 	.1778 
Rp .665 .693 

(a = 0.05) 2 3 

rp 2.815 2.960 

Rp .500 .526 
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TABLE 47 (Continued) 

HI H2 H3 

TREAT (30 DW(g) Sig. 1% 	TREAT (7) DW(g) Sig. 1% 	TREAT (2) DW(g) Sig. 1% 

C 2.12 B 3.28 B 4.64 

A2 2.10 NS 	A2 3.28 NS 	C 4.51 

Al 2.04 Al 3.13 A2 4.16 

B 1.96 C 3.05 Al 3.52 5% 

H4 H5 116 

TREAT (7) DW(g) Sig. 1% 	TREAT (7) DW(g) Sig. 1% 	TREAT (TO DW(g) Sig. I% 

B 4.14 B 4.69 B 3.17 

C 3.88 C 4.39 C 2.98 5% 

A2 

Al 

3.75 

3.01 

A2 

AI 

3.20 

2.66 

A2 

5% 	Al 

2.39 

2.27 



4.3.2 Leaf area ratio 

Leaf area ratio (LAR), represents the area of the leaves produced 

per unit dry weight of the whole plant. 	In 1975, the LAR/harvest 

period relationship (Figure 41a) showed no differences between infested 

plants and the controls at any time (Table 48). LAR was also calculated 

as an average figure for each harvest interval by dividing relative 

growth rate by net assimilation rate (Figure 41b). The analysis of 

variance shows no differences at any time between infested and uninfested 

plants (Table 49). 	Plotting LAR against total dry weight (Figure 41c), 

it can be seen that in harvest 8, 9 and 10 infested plants have about 

the same percentage of LAR in less dry weight. 

In 1976, the analysis of LAR for the intervals indicates significant 

difference between healthy and infested plants. There was a lower 

proportion of dry weight material within the plant relative to leaf area 

in treatments Al and A2 compared with the controls during harvest 

intervals b and c. 	(Figure 42). 	Table 50 shows the LAR values for 

harvests and intervals in the different treatments. 
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H6 

TABLE 48. 

16/6/75 

LEAF AREA RATIO (LAR) dm2  g-1, 

A 	B 	C 

1975. 

D 

16/6 RI 0.81 0.86 0.90 0.93 

R2 0.92 0.92 0.82 0.95 NS 

R3 0.93 0.89 0.89 0.88 

R4 0.89 0.89 0.88 0.88 

R 0.89 0.89 0.87 0.91 

H7 R1 0.67 0.70 0.76 0.74 

23/6 R2 0.72 0.85 0.83 0.77 

R3 0.75 0.76 0.86 0.79 NS 

R4 0.70 0.60 0.79 0.75 

ic 0.71 0.73 0.81 0.76 

H8 RI 0.54 0.54 0.52 0.60 

30/6 R2 0.52 0.55 0.60 0.54 

R3 0.60 0.52 0.59 0.56 NS 

R4 0.54 0.57 0.52 0.51 

x 0.55 0.55 0.56 0.55 

H9 RI 0.40 0.42 0.43 0.37 

7/7 R2 0.39 0.41 0.37 0.39 NS 

R3 0.36 0.41 0.40 0.44 

R4 0.42 0.45 0.37 0.40 

X' 0.39 0.42 0.39 0.39 
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TABLE 48 (Continued) 

A B C D 

H10 RI 0.31 0.36 0.32 0.37 NS 

14/7 R2 0.39 0.32 0.37 0.33 

R3 0.33 0.34 0.30 0.30 

R4 0.34 0.34 0.33 0.39 

if 0.34 0.34 0.33 0.35 

TABLE 49 	LEAF AREA RATIO ANALYSIS (INTERVALS) 	1975 

SV 	DF 	SS 	MS 	F 

TREATMENT 3 .007688 .002563 2.66 

REPLICATE 3 .003400 .001133 1.17 

ERROR (a) 9 .008662 .000962 

TOTAL A 15 

INTERVAL 3 1.977050 .659017 

TREAT x INTERVAL 9 .008012 .000890 1.52 

ERROR (b) 36 .021088 .000586 

TOTAL 63 2.025900 



TABLE 50. LEAF AREA RATIO (dm2 g-1), 1976. 

TREATMENT 
	

HI 	a 	H2 	b 	H3 	c 	H4 	d 	H5 

Al 	1 1.00 1.06 1.12 .90 .68 .66 .64 .68 .72 

Al  2 1.03 1.01 .99 .84 ..68 .67 .65 .64 .63 

Al  3 1.08 .99 .89 .82 .75 .67 .58 .61 .64 

Al  4 1.05 .98 .90 .78 .66 .67 .67 .64 .61 

Al  5 1.04 .94 .84 .74 .63 .57 .50 .53 .56 

TOTALS 5.20 4.98 4.74 4.08 3.40 3.24 3.04 3.10 3.16 

R 1.00 .82 .65 .62 

A2 1 .92 .93 .94 .84 .74 .73 .72 .63 .53 

A2 2 .99 .93 .86 .75 .64 .67 .69 .64 .58 

A
2 
3 .99 .92 .85 .76 .66 .70 .73 .62 .51 

A2 4 .99 1.01 1.03 .82 .60 .65 .69 .62 .54 

A2 5 .86 .88 .89 .75 .60 .63 .66 .55 .44 

TOTALS 4.75 4.67 4.57 3.92 3.24 3.38 3.49 3.06 2.60 

TE .93 .78 .68 .61 

B1 1.09 1.05 1.01 .87 .73 .74 .74 .60 .46 

B2 1.13 1.05 .96 .91 .85 .76 .67 .58 .48 

B3 1.09 .99 .89 .89 .88 .77 .67 .57 .47 

B4 1.00 .94 .87 .87 .86 .76 .66 .57 .47 

B5 .88 .92 .96 .85 .73 .69 .65 .57 .48 

TOTALS 5.19 4.95 4.69 4.29 4.05 3.72 3.39 2.89 2.36 

R .99 .86 .74 .58 

181 
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TABLE 50 (Continued) 

TREATMENT HI a H2 b H3 c H4 d H5 

Cl 1.19 1.13 1.07 .98 .88 .78 .68 .62 .56 

C2 1.08 1.01 .93 .85 .76 .76 .75 .63 .50 

C3 .98 .99 .99 1.00 1.01 .82 .63 .59 .55 

C4 .92 .93 .94 .83 .72 .71 .70 .59 .47 

C5 1.05 1.03 .99 .88 .76 .73 .69 .56 .42 

TOTALS 5.22 5.09 4.92 4.54 4.13 3.80 3.45 2.99 2.50 

1.01 .91 .76 .60 

a, b, c and d = intervals 

4.3.3 Leaf weight ratio 

Leaf weight ratio (LWR), expresses the average fraction of the 

total dry weight in the form of leaves. 	In 1975, the LWR/Harvest 

period relationship (Figure 43), showed that infested plants (Treatment 

A) produced about the same LWR as the controls. When compared against 

total dry weight (Figure 43b), there is an equal proportion of dry 

weight constituents in the leaf system relative to the whole plant in 

the infested plants. 	Table 51 shows the LWR values for harvest in the 

different treatments. 
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D6 16/6/75 

TABLE 51. 

A 

LEAF WEIGHT RATIO (LWR). 

B 	C 	D 

16/6 R1 0.32 0.32 0.35 0.35 

R2 0.37 0.36 0.32 0.37 NS 

R3 0.40 0.37 0.34 0.32 

R4 0.38 0.33 0.32 0.35 

0.37 0.35 0.33 0.35 

D7 RI 0.32 0.31 0.33 0.33 

23/6 R2 0.32 0.34 0.31 0.31 NS 

R3 0.32 0.34 0.35 0.32 

R4 0.35 0.29 0.31 0.33 

0.33 0.32 0.33 0.32 

D8 R1 0.25 0.26 0.24 0.27 

30/6 R2 0.28 0.25 0.27 0.26 NS 

R3 0.31 0.25 0.30 0.27 

R4 0.29 0.26 0.23 0.28 

0.28 0.26 0.26 0.27 

D9 R1 0.19 0.19 0.21 0.18 

7/7 R2 0.20 0.20 0.18 0.20 NS 

R3 0.17 0.19 0.21 0.21 

R4 0.19 0.20 0.19 0.21 

0.19 0.20 0.20 0.20 
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TABLE 51 (Continued) 

A 

D10 R1 0.13 0.15 0.14 0.15 

14/7 R2 0.18 0.14 0.16 0.14 NS 

R3 0.17 0.15 0.14 0.14 

R4 0.16 0.15 0.15 0.16 

0.16 0.15 0.15 0.15 

4.3.4 Relative plant growth rate (RGR) 

Relative plant growth rate (RGR), expresses the increase in dry 

weight per unit dry weight per week. 	In 1975, RGR was significantly 

higher in control during harvest interval 'a' (H7 - H6). At this stage 

aphid populations in Treatment A had reached peak numbers. There 

were no differences during harvest intervals 'b' (H8-H7), 'c' (H9 - 

H8), and 'd' (H10 - H9). 	(Figure 44b). 	During intervals 'c' and 'd' 

conditions were wetter than during the interval 'a', suggesting that 

the effect of aphids in the increase of dry weight is heavier during 

dry periods. 	Table 52a shows the mean summary of the RGR of the 

different treatments in the intervals. 

In 1976, the results (Figure 45a) showed that during the harvest 

intervals 'b', 'd' and 'e', relative growth rates were much lower in 

infested plants (treatment Al) compared with the controls, whereas 

during the intervals 'a' and 'c', there were no marked differences 

(Table 53). 	Treatment A2 was significantly different from the controls 

during interval 'b' (0.05). 
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TABLE 52a. RELATIVE PLANT GROWTH RATE. 	1975 

INTERVAL A INTERVAL B INTERVAL C INTERVAL D 

TREATMENT A .0667 * .2667 .0339 .0477 

TREATMENT B .3323 NS .2953 .0168 0.674 

TREATMENT C .3234 NS .2176 .1812 .0882 

TREATMENT D .4032 NS .2813 .1024 .0116 

* 	NS 	NS 	NS 

TABLE 52b . RELATIVE AREA GROWTH. 

INTERVAL A INTERVAL B INTERVAL C INTERVAL D 

TREATMENT A -.1557 * -.0224 -.2652 7.0501 

TREATMENT B -.1080 NS .0076 -.2334 -.1879 

TREATMENT C .2624 NS -.1914 -.1754 -.0765 

TREATMENT D .2264 NS -.0438 -.2481 -.1620 

* 	NS 	NS 	NS 

TABLE 52c. NET ASSIMILATION RATE. 

INTERVAL A INTERVAL B INTERVAL C INTERVAL D 

TREATMENT A .0851 .4654 .0709 .0909 

TREATMENT B .4104 .4679 .0745 .1802 

TREATMENT C .3831 .3027 .4057 .2899 

TREATMENT D .4831 .4426 .2217 .0779 
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TABLE 53 . 

SV 

RELATIVE DRY WEIGHT GROWTH ANALYSIS ) 	1976 . 

DF 	SS 	MS 

TREATMENT 3 .7230 .2410 42.28 Sig. 	at 1% 

REPLICATE 4 .0356 .0090 1.58 

ERROR (a) 12 .0679 .0057 

TOTAL A 19 

INTERVAL 4 1.9102 .4775 16.08 Sig. at 1% 

TREAT x INTERVAL 12 .4626 .0386 1.30 

ERROR (b) 64 1.8987 .0297 

TOTAL 99 5.0980 

DUNCAN (a = 0.01) 2 3 

rp 3.762 3.922 — = .077 

Rp .290 .302 

(a = 0.05) 2 2 

rp 	 2.829 	2.976 

Rp 	 .218 	.229 



TABLE 53 (Continued) 

Interval a Interval b Interval c 

TREAT RDW Sig. 1% TREAT RDW Sig. 1% TREAT RDW Sig. 1% 

B .3943 B .2759 C .1813 

C .3883 NS C .2593 B .1679 

Al .3569 A2 .0475 A2 .1488 

A2 .3172 Al -.0873 Al .0036 

Interval d Interval e 

TREAT RDW Sig. 1% TREAT RDW Sig. 5% 

C .2976 A2 .0523 

B .2090 B -.0535 

A2 .1021 C -.0911 

Al -.1043 Al -.1949 

1 9 0 
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4.3.5 Relative leaf growth rate (RLGR). 

In 1975, the pattern of relative leaf growth rate was more or 

less the same as for relative plant growth rate. 	Significant 

differences occurred between control and treatment A during harvest 

interval a, but none in b, c and d (Table 52). The negative values 

in the intervals b, c and d are the result of falling leaves during 

the last stages of plant maturity and translocation of reserves to the 

forming pods (Figure 44a). 

4.3.6 Net assimilation rate (NAR) 

In 1975, the net assimilation rate (the increase of dry matter 

per unit leaf area) showed a pattern similar to that for RGR. (Figure 

46). 	Under heavy infestation and drier condition (the interval a), 

NAR was considerably lower in infested plants than in the controls. 

During the intervals b and d when conditions were wetter and few aphids 

present, little differences appeared in the net assimilation rates of 

healthy and infested plants. Table 52c shows the mean summary of NAR 

in the different treatment during the intervals. 

In 1976, the results (Figure 45b) showed as happened in the 

previous year, the net assimilation rate had a pattern similar to that 

of relative growth rate. 

4.3.7 Increments in dry weights 

Table 54 shows the weekly increments in dry weights in 1975 from 

harvest 6 to 10 in terms of the different parts of the plants. 	The 
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TABLE 54. INCREMENTS IN DRY WEIGHT (g), 1975. 

INTERVAL A (H7 - H6) 

CONTROL 

TREAT B 

TREAT A 

INTERVAL B '(H8 - H7) 

LEAVES 

1.14 

.83 

-.19 

LEAVES 

STEM 

2.00 

2.00 

.50 

STEM 

PODS 

.76 

.80 

.51 

PODS 

TOTAL 
INCREMENT 

3.90 

3.63 

.82 

TOTAL 
INCREMENT 

CONTROL .30 1.60 2.10 4.00 

TREAT B .38 1.86 2.29 4.53 

TREAT A .22 1.83 1.12 3.17 

INTERVAL C (H9 - H8) 

LEAVES STEM PODS 
TOTAL 

INCREMENT 

CONTROL -.74 .70 2.69 2.65 

TREAT B -.51 -.91 2.56 1.14 

TREAT A -.99 -.50 2.12 .63 

INTERVAL D (H10 - H9) 

LEAVES STEM PODS 
TOTAL 

INCREMENT 

CONTROL -.80 -.90 3.01 1.31 

TREAT B -.68 -.20 2.19 1.31 

TREAT A -.37 -.80 1.97 .80 
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negative values on leaves and stems during the c and d intervals, are 

probably related to translocation of reserves to the farming pods (Figure 

47). 	The regression analysis for pod dry weight increments, shows a 

positive curvilinear response in both treatment A and the controls 

(Figure 48). 	The comparison of the regression lines shows no differences 

between them in the rate of weekly increments (Table 55). 

The higher negative values in 1976 in the rate of weekly 

increments during intervals b, c and d (Figure 49 and Table 56), suggest 

that under drier conditions the movement of reserves from leaves and 

stem to the forming pods is larger. 	The dry season affected also the 

increment in pod dry weight. The weekly increment rate in both 

treatments A2 and the controls were similar, but the combined effect of 

aphids and drought was too much for the plants in treatment Al. 

4.4 DISCUSSION 

The reactions of plants to injury are often very complex. 

Although the nature, site and intensity of the injury are important 

the effects of injuries on yield depend very much on the growth process 

of the plant, its genetic constitution, stage of development and on 

various environmental factors affecting its growth. 	An understanding 

of some of these processes is provided by the results and theories of 

crop physiology, especially the techniques of plant growth analysis, 

which analyses growth in terms of effective photosynthetic area and the 

production of dry matter and its distribution between various organs of 

the plant " (Bardner and Fletcher, 1974). 
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TABLE 55 REGRESSION ANALYSIS FOR WEIGHT INCREMENTS 1975 

CONTROL 

y 1 = 1.86 x .58 
	

Correlation = .84 

Testing significance of the regression coefficient: 

computed t value = 8.2329  

t .01 {30} = 2.576 

ANOVAR 	DF 	SS 	MS 	F 

REGRESSION 	1 .545453 .545453 67.78 ** 

RESIDUALS 	30 .241419 .008047 

TOTAL 
	

31 	.786872 

TREATMENT A 

  

Y2 = 1.50 x .55 Correlation = .83 

Testing significance of the regression coefficient: 

computed t value = 5.8839  

t .01 {14) = 2.977 

ANOVAR 	DF 	SS 	MS 	F 

REGRESSION 	1 .244516 .244516 34.62 ** 

RESIDUALS 	14 .098877 .007063 

TOTAL 	15 	.343393 



TABLE 55 (Continued) 

COMPARISON OF THE REGRESSION LINES (d) 

b 	= .58 	b 	= .55 
1 	 2 

S 2 	= 	.00805 	S 2 	= .00706 
1 	 2 

“x -X )2 	= 1.6355 	E(x - R )2  = .8177 
1 	1 	 2 	2 

d 
b2  - b i  

= .26 NS 

   

   

-1 S1 + S2 
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E(xl - 371)2 	E(x2 - x2)2 
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TABLE 56. 

LEAVES 

INCREMENTS IN DRY WEIGHTS )  

STEM 	PODS 

1976. 

TOTAL 
INCREMENT 

CONTROL .37 1.41 - 1.78 

A2 -.62 .88 - .26 

Al -.86 .39 - -.47 

H4 - H3 

LEAVES STEM PODS 
TOTAL 

INCREMENT 

CONTROL .45 -.56 1.61 1.50 

A2 .37 -.41 1.01 .97 

Al .09 -.51 .54 .12 

H5 - H4 

LEAVES STEM PODS 
TOTAL 

INCREMENT 

CONTROL -.25 .53 2.32 2.60 

A2 -.71 -.54 2.13 .88 

Al -.38 -.35 .14 -.59 

H6 -115 

LEAVES STEM PODS 
TOTAL 

INCREMENT 

CONTROL -1.37 -1.50 2.04 -.83 

A2 -.57 -.81 1.92 .54 

Al -.45 -.39 .18 -.66 
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The results of the 1975 experiment indicates that plants infested 

early in the season and sustaining a moderate number of aphids (1,600 

aphids-weeks), were unaffected in the rate of leaf area and leaf weight 

produced per unit dry weight of the whole plant (LAR and LWR 

respectively). 

The analysis of relative plant growth rate, leaf growth rate and 

net assimilation rate, indicate that the rate of dry matter production 

was the same in both treatment A and the controls, except in the interval 

a when the increase in dry matter was lower in the former. At this 

interval the aphid populations were present mainly on the leaves and in 

large numbers. 	Once the aphids migrated to new hosts, the infested 

plants maintained the same rate of dry matter production as the controls 

(intervals b, c and d). 

The analysis of weekly increments in dry weight in the different 

parts of the plants (excluding roots), suggests that at the end of the 

maturity period reserves were moved from the leaves and stem to the 

forming pods. 	The result of the analysis of dry weights per harvest 

indicates lower pod dry weight in treatment A compared to the control 

from the 8th week after infestation onwards; but the regression lines 

showed a similar trend in both treatments in the rate of weekly increments. 

In 1976, the aphid population in the treatment infested before 

the flowering period was larger (2,300 aphids-week) compared to the same 

treatment in the previous year. 	Conditions were also drier; practically 
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no rain was recorded during flower formation and pod filling. These 

two factors were the main causes involved in the different pattern 

observed in the analysis of plant growth in this year. 

The rate of leaf area produced per unit dry weight of the whole 

plant indicates a lower proportion of dry weight material within the 

plant relative to leaf area in the infested plants compared to the 

controls during the last stages of plant maturity. 

The increase in dry weight per unit dry weight per week (RGR) and 

dry matter per unit leaf area (NAR), were also much lower in the infested 

plants. The analysis of the increments in dry weight for the different 

parts of the plant indicates a larger removal of reserves from leaves 

and stem to the forming pods in 1976 compared to 1975. 	This might be 

due to the severe drought observed in 1976. 

On the experience of these two dry years it would be interesting 

to know what happens when the conditions are different. 	In 1974, for 

example, conditions were wetter and leaf areas in the region of the 

main pod bearing nodes (see Chapter III) were consistently higher in 

moderate infested plants. Although no records of dry matter were 

recorded, there is a strong possibility that the rate of leaf area and 

leaf weight relative to total dry weight could be higher in infested 

plants. 	Harrison (1968) indicated that Verticillum species are capable 

of influencing the host growth pattern very early in development and 

before morphological differences are apparent. Explaining the higher 

leaf area and leaf weight produced per unit total plant dry weight in 
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infected plants compared with the controls, Harrison pointed out that 

some form of compensation occurs within the host. To counter the 

reduced photosynthetic ability of the plant, more synthetic materials 

are directly utilised in the leaves to produce more leaf tissue. 
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CHAPTER V 
	

THE IMPORTANCE OF THE STAGE OF PLANT DEVELOPMENT 

IN THE ANALYSIS OF THE ECONOMIC THRESHOLD OF 

Aphis fabaeScop. ATTACKING Vicia faba L. 

5.1 	INTRODUCTION 

Both routine preventive treatment using a persistent systemic 

insecticide in early June (before the arrival of the aphids), and 

eradicant treatment applying a systemic insecticide when aphid colonies 

are exposed, have been officially recommended in the United Kingdom to 

control the black bean aphid (Aphis fabaeScop.) attacking spring sown 

field beans (Vicia faba I.). (Anon., 1974). 	Both have disadvantages, 

eradicant treatment can still result in crop losses because the control 
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measure is usually delayed until infestations are obvious to the farmer. 

Routine preventive treatment sometimes involves unnecessary insecticide 

applications because they are applied without knowing if the aphids 

will or will not reach the crops. 

According to Way, Smith and Potter (1954), a single application 

of a suitable systemic insecticide such as systox or isopestox will 

protect the crop if made near the end of primary migration of aphids to 

beans from the overwintering primary host, the spindle tree, Euonymus  

europaeus L. 	But Gould and Graham (1969 ) suggested that with the 

newer more persistent pesticides such as disulfoton or phorate granules, 

demeton-s -methyl, menazon and vamidothion sprays, it is not necessary 

to wait until the primary migration is over. 

In 1973, Way and Cammell introduced a forecasting scheme to 

determine the economic threshold of the pest i.e. the minimum pest density 

that justifies the cost of the control measures. 	This forecasting scheme 

had two main functions: to predict whether chemical treatment is required 

to prevent economic loss and time when it should be applied. Evaluation 

of the forecasting scheme (Cammell and Way, 1976) was made by comparing 

it with other pest control strategies using two criteria: First the 'risk' 

of lost revenue incurred from making a wrong pest control decision. 

Second, the profitability of different strategies, which can be compared 

in terms of gross margin (calculated by deducting from the crop revenues 

the variable costs including that of pest control). 	The result showed 

that the forecasting scheme involved less risk and relativeto the routine 

treatment, a gain of £3.78/Ha. of bean crop would have been made between 
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the years 1970 and 1975 by adopting control based on the forecasting 

scheme. 

The forecasting work, which is discussed in more detail later, 

is based in the number of stems infested by adults migrating from the 

spindle trees; the number of alate depends upon the number of 

overwintering eggs. The economic threshold thus depends on the counts 

of overwintering eggs and does not consider the effects of timing of 

aphid attack and plant responses. 

In this Chapter I shall discuss the importance of the stage of 

plant growth during aphid migration to the beans and the effects of 

plant responses and how the economic threshold should be implemented in 

order to maximise the profits to the farmer. 

5.2 Stage of Plant development and plant responses in field beans 

Bank and Macaulay (1967) pointed out that small infestations 

(400 - 800 aphids) of A. fabae at early stages of plant development are 

capable of increasing yield because they reduce the apical growth of the 

plant inducing the reallocation of materials to most important areas. 

McEwen (1972) showed that the removal of the leaves from the area of the 

pod bearing main nodes, produced significant reduction in the yield 

compared with no reduction when either the area below or above the first 

nodes were removed. 

From the studies in plant growth between 1974 and 1976 reported 

in this thesis, it can be suggested that field beans are capable of 
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responding to aphid attack in two different ways. 	First, by producing 

bigger leaflets in the area where the main pod bearing nodes are borne. 

This effect was seen in 1974 in the plants infested during the flowering 

period. 	Second, by dropping comparatively fewer pods as happened in 

1975 and 1976. 

The effects of the plant responses on yield depend upon the level 

or intensity of the attack during the critical period of the plant's 

growth. From observations of the pattern of aphid feeding (Figure 20), 

the critical period appears to be reached when the aphids start walking 

down the stem. The effect is high, medium or low depending upon 

whether the plants have open flowers, young pods or mature pods respec-

tively. Table 58 shows the relation between the number of aphid-weeks, 

time of plant infestation, rainfall and the effect in yield in the 

different treatments in 1974, 1975 and 1975. 

Figure 50 shows the insect numbers - yield relationships in the 

pre-flowering and flowering periods. The pre-flowering curve shows a 

great reduction on yield with relative low populations; less than 1,000 

aphids are capable of reducing yield by 30%. The flowering curve shows 

a different pattern; to produce the same reduction in yield (30%), a 

population of about 3,000 aphids is needed. 

In most of the cases when plants are infested before the flowering 

period, reduction in yield occurs because the aphids reach peak numbers 

during the pod forming process. 	When the infestations occur during the 

flowering period, damage can and cannot be significant depending upon 
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TABLE 58 Aphid/weeks, time of infestation and their effects on yield 

in the different treatments in 1974, 1975 and 1976 

APHIDS/WEEKS 
TIME OF INFESTATION 

PRE-FLOWERING FLOWERING 
RAINFALL EFFECT 

ON YIELD 

110 X (s) Low None 

230 X Low None 

470 X (s) Low None 

400-800 X INCREASE 
(Banks) 

700 X (s) NIL DECREASE 

1,600 X Low DECREASE 

2,300 X NIL DECREASE 

3,000 X Average DECREASE 

6,900 X Average DECREASE 

(s) Sprayed 

the build up of the aphid populations: In 1975 for example, a low 

population (230 aphid-weeks) did not produce significant damage, but in 

1974 a moderate - high infestation (2,900 aphid-weeks) produced 34% 

reduction on yield (this was the treatment where leaflet areas were 

consistently bigger than the controls). Generally the aphids do not 

affect flower formation but the damage is produced during pod filling. 

Aphid reaching the crop at late stage of maturity do not affect 

yield because the plants are less attractive. (Way, 1961). 
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5.3 Climatic factors 

One of the reasons for the inconsistency in yield in field beans 

from year to year is the variation in weather conditions. Field 

beans are greatly affected by water stress and this appears to affect 

the ability of infested plants to withstand a particular aphid population. 

1974 can be considered as a 'normal' year with rainfall and temperatures 

near average and where the plants grew steadily throughout the season. 

1975 was a poor year and plant growth was affected in two ways: First, 

there was a retardation during emergence because of a long cold period 

including some days of frost early in April (Figure 12). 	Second, there 

was a long dry period during flower development and pod formation. As 

a result, yield in control plants was 50% lower than the control in 1974. 

In 1976 conditions were even worse with a long dry period throughout the 

whole season. At harvest time the yield in control plants was 69% 

lower than the control in 1974. 

5.4 Aphid populations 

Way and Cammell (1973) indicate that populations of black bean 

aphids on crops tend to be large and small in alternate years (Figure50. 

They point out that the widespread use of insecticides, which stop 

expected outbreaks from developing, the extensive use of herbicides which 

have made alternative weed hosts scarcer, and the weather may be factors 

that can alter the basic cycle in some areas. Experience during the 

experiments carried out at Silwood Pard suggest that bad weather conditions 

and the presence of large number of predators were responsible for the low 

2 1 0 
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populations found in 1975 and 1976. 	Figure 51 explain graphically 

the seasonal fluctuation of A. fabae during 1974, 1975 and 1976. 

5.5 Evaluating the economic threshold for Aphis fabae in field beans 

The forecasting scheme of Way and Cammell (1973), is based on 

sample counts of overwintering eggs in December and January, supplemented 

by counts in Spring on active stages of the aphid on sample spindle 

bushes. They correlated the number of eggs with the percentage of stem 

subsequently colonised in the field at the end of the migration period 

(see Chapter I, page 3). 

The relationship between proportion of stems infested and crop 

loss was obtained from records of previous field plot experiments (Way 

1958, 1967). 	The crop losses from bean aphid attack on untreated plots 

were calculated by Way and Cammell in terms of 25 cwt/acre yield on 

plots where the aphid was controlled by a systemic aphicide. Five per 

cent colonisation which they consider as the economic threshold, caused 

a mean loss of about 2.1 cwt/acre (Figure 3). 

Forecasts are put in one of the following three categories: 

Unlikely - (<5% of initially-colonised bean plants expected). 

Insecticide treatment not justified except possibly 

on April sown crops. 



213 

Possible - (5-10% of initially-colonised bean plants expected). 

Damage justifying treatment may occur on some crops. 

Probable - (>5% of initially-colonised bean plants expected). 

Treatment will be needed on many or all crops. 

On receipt of an area forecast of "probable" damage, the farmer 

could, without further checks, arrange to apply the insecticide at the 

correct time. 	On receipt of a forecast of "possible", he should delay 

the final decision until he has examined the crop. 	In both cases the 

"correct time" refers to the percentage of stems colonised at the end 

of the migration period. Way and Cammell, however, did not consider 

the stage of plant growth at the time of infestation which has been the 

object of discussion of this thesis. 	They suggested the possibility 

of insecticide treatment in the "unlikely" forecast on April sown crops 

because at the time of migration the plants would be smaller and more 

likely to be killed. 

From the evidence of the research reported here, the forecasting 

procedure should be supplemented by a field check of the stage of plant 

growth at the time of aphid migration from the spindle trees. 	If the 

aphids reach the crop before the flowering period, the recommendations 

would remain as before, but if they reach the crop during or after the 

flowering period, which might happen with early sown field beans, the 

economic threshold should be increased and control measures delayed or 

cancelled depending upon the intensity of the attack and the vigour of 

the plants. 	This should avoid the risk of "lost revenue" from a wrong 
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decision i.e. the application of an unprofitable treatment. 

The work described in this thesis demonstrates that the damage 

function relating yield losses in field beans to aphid attack depends 

not only on the time of infestation and stage of plant development, but 

also on the length of infestation, climatic conditions and plant 

responses (Figure 52). A true economic threshold must therefore 

include these factors as well as the costs and effectiveness of control. 

However, there are clearly many difficulties in integrating these 

factors to produce a practical scheme for farmer's use.' 

44 Ge.e. A‘scos-.to-y 	 rIn 	c-.0?1 cAk ‹.‘kwood, PO,TK . 
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